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A B S T R A C T 

Phys io logica l factors likely to affect the storage and ripening of plant-

ains (Musa AAB) at ambient temperature of 20°C have been investigated, 

using Ghanaian plantains of a F r e n c h - t y p e cult ivar , Apem. The pre 

c l imacter ic phase as measured by following either rates of CO^ evolution 

in single plantain f ingers or colour change of the peel was used as an 

indicator of the potential storage life. 

Of all the factors tested, water s t r e s s had the largest effect on the p r e -

c l imacter ic period of plantains. T y p i c a l l y , an increase in weight loss 

of 0. 5% per day was accompanied by a decrease of 65% in the potential 

preel imacteric period of cu l t ivar Apem and of two other plantain cu l t ivars . 

Under s imi lar conditions of water s t r e s s , plantains were more sensit ive 

than bananas. The prec l imacter i c period was extended when the storage 

temperature was reduced, but 1 4 ° C was the lowest temperature where 

f ru i ts were free of chi l l ing in jury , which was observed in green f ru i ts 

at 10° and 6 ° C . Treatment with gibberel l in extended the pree l imacter ic 

period when subsequent storage was under conditions favouring low 

weight loss (i. e. at high humidity), but had no effect under water s t r e s s 

( i . e . at low humidity). Treatment with aqueous CaCI^, extended the p r e -

cl irnacteric per iod, but -i salicylhydroxamicacid had no effect. 

An examination of the co-ordinat ion of ripening changes showed that 

water s t r e s s and gibberel l in had no effect on the respiratory patterns , 

but water s t r e s s increased the maximum rate of ethylene production and 

also the A C C content of the pulp. The synchronisation of ripening of 

pulp and of peel remained unchanged when the preel imacteric period was 

reduced by water s t r e s s and when it was extended by treatment with 

gibberel l in ( G A A / 7 ) . However , there was a transient delay in peel 
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colouration and pulp softening in s t res sed fruit. 

The mode of action of water s t r e s s in the prec l imacter ic period was in-

vestigated by measuring ethylene production and respiratory rates of un-

r ipe fruits and resp i ra tory ra tes and prec l imacter ic period of f ru i ts 

treated with low concentrations of ethylene. T o measure production of 

s t r e s s ethylene by unripe f r u i t s , other methods such as A C C and accum-

ulation in a c losed system were tested and discarded in favour of ethylene 

trapping in a continuous flow system using mercur ic perchlorate. Water 

s t r e s s markedly increased both ethylene production and resp i ratory ra le s 

of prec l imacter i c plantains. Treatment with ethylene reduced the p r e -

c l imacter ic period and inc reased resp i ratory rates of prec l imacter i c 

plantains. The effects of exogenous ethylene on the precl i rnacter ic period 

and resp i ratory rates were quantatively s imi lar to the effects of water 

s t r e s s on the prec l imacter i c per iod and on respi ratory rates. T h u s , the 

large effect of water s t r e s s on the prec l imacter ic period of plantains is 

probably mediated wholly or largely through increased synthesis of endo-

genous ethylene in response to s t r e s s . 
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C H A P T E R 1 

I N T R O D U C T I O N 

1.1. Genera l Introduction 

Banana belongs to the family of Musaceae which cons ists of two 

main genera - E n s a t e and Musa. The genus Musa is composed 

of four sect ions. Near ly all edible bananas are derived from 

two wild diploid spec ies - Musa acuminata (AA) and MUSa 

balbias iana (BB) (Simmonds, I966). Diploid, triploid and tet ra-

ploid groups of M. acuminata are derived from the wild A A 

group and most edible cu l t ivars are triploid. No diploid (BB) 

form of M. balbis iana is known which has edible or partheno-

c a r p i c fruits and no tr iploid of M. balbisiana (BBB) ' - ex ists . 

P lanta in (Musa A A B group) and cooking banana (Musa A B B ) are 

a lso triploid and they a re derived by A A x B B hybridisation. 

P lanta in comprises of two main forms: F r e n c h plantain with 

seven to ten hands per bunch and numerous f ingers and Horn 

plantain with three to five hands per bunch and fewer individual 

large f ingers (Burden and C o u r s e y , I977). 'Apem' (Plate 1) is the 

local name of the F r e n c h type of plantain which was mostly used in 

the present studies and its charac te r i s t i c s have been fully 

descr ibed by K a r i k a r i (1970, 1973). Apantu and Osa , both of 

the Horn type, were other cu l t ivars used in experiments 

descr ibed in this t h e s i s (Plate 1). 

P lanta ins and cooking bananas (Musa A A B and A B B ) a r e an 



(a) Apem (French type) 

Photographs showing three cultivars of plantains 

(b) Apantu (Horn type) (c) Osa (Horn type) 
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important staple food in many regions of the humid tropics 

arid small quantities a r e exported to Europe , especia l ly 

B r i t a i n where it is consumed by non-European immigrant 

groups. 

T h e Food and Agr i cu l ture Organisation (FAO) estimated the 

world production of plantains in 1976 at 18 million tonnes per 

annum which could have increased since that date. In Ghana 

where the material for this study was grown about 1 ml 11 ion 

tonnes per annum are produced ( K a r i k a r i , 1970). 

T h e uti l isation of plantains is highly influenced by traditional 

cooking prac t i ces : unripe (green) fruits a re usually boiled or 

mashed, occas ional ly roasted; r ipe fruits are boiled or 

s l i c e d and fr ied. 

The total volume of plantains imported into Europe and 

United S ta tes is difficult to a s s e s s as total trade s tat i s t i cs 

from known supplying countr ies are often inaccurate. In 

B r i t a in alone, imports a re currently estimated at between 

2 ,500 and 10,000 tonnes per annum mainly re-exported from 

Holland (unpublished data). 

F r u i t s for both domestic and export markets a re harvested 

firm and green, but ripening can easi ly commence during 

col lecting and transportation, thus the storage life is 

usually short and se r ious losses often occur . Despite these 

l o s s e s , very little r e s e a r c h into the post-harvest physiology 
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and biochemistry during storage and ripening of plantains has 

been undertaken, though a lot is known about the behaviour of 

dessert bananas of the Musa A A A group. 

The subject of post-harvest physiology and biochemistry of 

bananas including plantains has been reviewed in the past 

( L o e s e c k e , 1949; Simmonds, 1966; P a l m e r , 1971) and more 

recently a comprehensive review has appeared (Marriott, 

1980); consequently this review is limited to a reas 

relevant to the present studies. These include: 

1. the p rec l imacte r i c period and the role of exogenously 

and endogenously produced ethylene ( s t res s ) , temperature 

and growth regulators in its control. 

2. the mechanism of co-ordination of the c l imacteric . 

T h e greater part of the review will be based on se lected 

publications on bananas , on which more work has been done, but 

attempts will be made to review all published data on the 

relevant topics on plantains. 

1. 2. Measurement of the i P pecl imacteric period 

The prec l imacter i c per iod of fruits including bananas and 

plantains is defined as the time which e lapses between 

harvest and the initiation of ripening, (ie to the start of the 

c l imacter ic) . T h i s per iod has been shown to be a useful 

physiological measurement of the storage life of bananas 

(Peacock and B l a k e , 1970). In the prec l imacter ic phase , 

bananas and plantains a r e usually green and very firm. In 

this state the fruitScan be successful ly stored as they a r e 



- 18 -

less suscept ible to both mechanical damage and fungal 

infection. When the c l imacter ic commences, the fruits rap-

idly lose both their green colour and f irmness becoming 

more susceptible to both mechanical damage and fungal infec-

tion, and thus have ,very short shelf life. In general , there-

fore , the length of the prec l imacter i c phase 

is a good indicator of the storage potential of bananas and 

plantains. In this thes is the term "prec l imacter ic period" 

will be used to mean the storage period or green life. 

P r e v i o u s l y , the effect of var ious storage conditions on the 

storage life of bananas was a s s e s s e d by measurement of the 

proportions of r ipe hands within replicated groups after a 

fixed per iod, se lected according to the des i red transit time, 

typical per iods of 15, 20 and 25 days have been used 

(Simmonds, 1966). T h i s method lacks a quantitative bas i s of 

comparison of storage life under different conditions. In 

recent invest igations, the prec l imacteric periods of s'r.gle 

fruit f ingers have been measured and data from these invest-

igations show that the prec l imacter i c period is c losely co-

ordinated within a s ingle bunch. F o r a bunch, the 

prec l imacter ic per iod i n c r e a s e s from the proximal to the 

distal end of the bunch, thus the sixth hand has a prec l im-d 
a c t e r i c period 30% longer than the f i rst hand. At the 

Sandy Trout Food P r e s e r v a t i o n Laboratory , investigations 

involving the effect of v a r i o u s storage conditions including 

the effect of temperature, water s t r e s s , ethylene and other 

factors on bananas have been measured by observing the 

prec l imacter ic per iod of single f ingers ventilated at a 

constant rate with humidified ethylene-free a i r (eg B lake 
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and P e a c o c k , 19 71; Littmann, 1972a,b ,c ; Peacock , 1973a, 

b; Peacock and B l a k e , 1970). 

K a r i k a r i et al (1979) have also examined the duration of the 

prec l imacter ic per iod of individual f ingers of plantains (cv. 

Apem) using f ingers both from different hands within a bunch 

and from different bunches of different ages. They observed 

significant d i f ferences between hands of the same bunch and 

between bunches of different ages but observed no difference 

in both the pattern of c l imacter i c respirat ion and mean 

maximal rates of C O production between hands of the same £ 
bunch or between bunches of different ages. 

T h i s approach r e q u i r e s a high degree of repl icat ion, but 

provides estimates of the separate effect of each s t r e s s while 

avoiding effects caused by interaction between different 

f ingers . It can a l so be used to measure the interaction 

between fruit maturity at harvest and different storage treat-

ments, s ince s ignif icant differences could be observed within 

bunches by dividing and randomising f ingers from adjacent 

hands between treatments. 

1 .3 . Effect of temperature on the precl imactaric period 

Investigations on the effect of temperature (Peacock and 

B l a k e , 1970) showed that, over a small range of temperature 

c lose to the optimum for storage (1 2. 5-21. 5 °C) the p rec l im-

a c t e r i c period in bananas was an inverse linear function of 

temperature, with the temperature coefficient in the range 

of 1 to 3 days for 1°C . T h i s coefficient is generally un-
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affected by fruit maturity. F o r a given temperature change, 

the proportional change in the prec l imacter ic period is con-

stant i r re spec t i ve of the maturity at harvest . A s imi lar 

observation has been made on bananas of dessert clones 

(Musa A A A A group) stored at 12 and 1 4 ° C (Marriott et a l , 1979). 

On the c o n t r a r y , B lake and Peacock (1971) observed that at a 

broader temperature range (15-35°C) the relationship between 

the duration of the p r e c l imacteric phase and temperature is log-

arithmic: log g = MT + C ; Where g is the prec l imcter i c period in days: 

at temperature T and M and C are constants. Th i s relationship 

which implies a constant proportional reduction in the p r e -

c l imacter i c period for a given increase in temperature is in 

agreement with the observat ions by Peacock and Blake (1970) 

that proportional changes are independent of fruit maturity, 

though for a pa r t i cu la r l y immature bunch (cv. Giant Cavendish) 

it was observed that the prec l imacter ic period was greater at 

17° than at 15° or 1 3 ° C . It is likely that at lower temperatures 

(13° or 15°C) chi l l ing injury occurs in the fruits and the less 

mature bunches a re more susceptible than more mature ones. 

If this hypothesis i s va l id it may explain why Marriott and New 

(1975) a lso observed a reduction of 1. 1 day in the prec l imacter i c 

per iod of bunches of "Valery1 1 stored at 1 2 ° C when compared 

with those stored at 14°C . It should be further noted that 

these temperatures with the exception of 1 7 ° C are within the 

range (10 - 15°C) at which chil l ing injury is known to occur . 

L i z a n a (1975) observed that at 40 - 4 2 ° C ripening was normal 

(ie the c l imacter i c occur red) , though the preclimac'teric period was 

the same at 3 5 ° C , but at 5 0 ° C ripening was not normal. T h i s 

is in agreement with B lake and Peacock (1971) who observed 

that ripening may be part ia l ly suppressed at high temperatures. 
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T h e r e hove been two limited studies on the effect of temperature 

on plantain storage (Hernandez, 1973; Guillemot, 1976). 

Hernandez (1973) has shown that plantains stored at 1 2 ° C had 

their p r e c l i m a c t e r i c per iods extended when compared with 

f ru i ts stored at ambient temperature (25°C) and when s imi lar 

f ru i ts were stored in sea led polythene bags containing ethylene 

absorbent at I 2 ° C the prec l imacteric period was further 

extended to 55 days . S i m i l a r l y , at 1 2 ° C the prec l imacter ic 

period of plantains which was previously 12 days was extended 

to 65 days when f ru i t s were stored in sealed polythene bags 

containing ethylene absorbent (Guillemot, 1976). Green 

plantains were damaged by chil l ing at 8 ° C (Hernandez, 1973) 

and at 1 0 ° C (Guil lemot, 1976), but remained undamaged at 

1 2 ° C in either investigation. Bananas and plantains may have a 

s imi lar temperature range for ripening and and may have a Similar 

temperature : 0 0ffj ci e nt . 

1. 4. Effect of ethylene on p rec limacter ic period 

1.4. 1. Effect of exogenously applied ethylene 

The effect of exogenous ethylene on the prec l imacter ic period 

of bananas and plantains is c r i t i ca l to the understanding of the 

onset of the c l imacter i c and the technology of bulk storage. 

T r a c e quantities of ethylene shorten the prec l imacteric period 

and high concentrations rapidly induce the c l imacter ic . In 

Tab le 1 is a summary of some of the published data on the effect of 

low concentrations of ethylene on the precl imacteric per iod 
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of bananas. E thy lene concentrations as low as 0.01 ppm can 

reduce the duration of the prec l imacter ic period and this 

reduction is usually a logarithmic function of ethylene concen-

tration. L i u (1976a) observed a consistent response of bananas 

to 0. 1 ppm ethylene and an intermediate but significant 

response to 0. 015 and 0. 05 ppm, which are lower than the 

internal concentration of 0. 06-0. 20 ppm in the fruit. Peacock 

(1972) observed that the sensit ivity of bananas stored at 20 °C 

to ethylene decreased a s the fruit maturity increased, when 

ethylene treatment was applied immediately after harvest . He, 

however , further observed that when fruits were treated at 

different per iods (1-6 days) after harvest , the sensit ivity to 

ethylene increased with increas ing time between harvest and 

the commencement of ethylene treatment. Both the data of L i u 

(1976a) and P e a c o c k (1972) are not in agreement with the hypo-

thesis of Burg and B u r g (1965) that there is a threshold con-

centration of ethylene approximately equal to the internal 

concentration below which exogenously applied ethylene is 

ineffective and further testing of this hypothesis is required. 

L i u (1976b) treated bananas with a high concentration of 

ethylene (10 ppm) for short periods (up to 28 hours) soon after 

harvesting. He observed that there was a minimum length of 

time (threshold length of time) below which the prec l imacter ic 

period was unaffected and above which the c l imacter ic was 

induced at once. F o r 29 bunches harvested over a wide 

range of maturity, he found a good corre lat ion between the 

prec l imacter i c per iod and the threshold length of time 

which could be used as a rapid test to predict the p r e -



T a b l e I 

The effect of low concentrations of ethylene on the storage of bananas. 

a) Cv . V a l e r y , bunch age 111 days , at unspecified temperature 

were continuously exposed to ethylene as stated and colour s cored to 

2. 

b) Cv . Giant Cavendish , at 2 1 ° C f ru i ts were continuously exposed to 

ethylene as stated and resp i ra t ion rate measured. 

c) Cv . Dwarf Cavendish , at 2 0 ° C fruits were exposed to 0 .44 ppm ethylene 

for 4 days and green life determined ~ not determined. 

Ethylene 
treatment 

(ppm) 

S o u r c e 

P a l m e r (1971)3 L _ iu ( l976) b Peacock (1972)° 

P r e c l i m a c t e r i c P e r i o d (days) 

0. 00 

0. 01 

0. 05 

0. 10 

0. 50 

1 .0 

16 

10 

3. 5 

2 

13. 5 

9. 5 

6. 5 

3 

1 

1 

38. 9 

26. 4 
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c l imacter ic period. These data also suggest that conditions 

exist when bananas can be exposed to high concentrations (10 

ppm) of ethylene for a limited period (up to 24 hours) without 

any effect on the prec l imacter i c period. In contrast , Peacock 

(1972) observed that exposure of bananas to 0. 4 ppm ethylene 

for a period of 1 - 6 days caused a reduction in the prec l imacter i c 

period proportional to the period of exposure, but exposure to 

60 ppm ethylene for 6 hours had no effect. Both Peacock (1972) 

and L i u (1976b) proposed that for a limited period after harvest 

banana.fruits remain re lat ively insensit ive to ethylene as has 

been reported for avocados (Gazit and Blumenfield, 1970). 

T h i s is consistent with the hypothesis by Burg and Burg (1965) 

that when a fruit is attached to a t ree , it rece ives a ripening 

inhibitor which s u p p r e s s e s its response to ethylene. 

Recently New (1976) and Marriott et al (1979) have s imi lar ly 

observed that very mature fruits harvested pr io r to ripening 

in the field may st i l l be stored 10 to 20 days pr ior to the onset 

of the c l imacter ic . F u r t h e r work into factors which determine 

this, insensit ivity of f resh ly harvested bananas to ethylene is 

advocated as it may help to explain changes leading to the on-

set of the c l imacter ic . 

Although the ripening of plantains can be induced by ethylene 

treatment in a manner comparable to that used for desser t 

bananas, the sensit iv ity of plantains to ethylene has only been 

tested at high concentrations (ie 1 ,000 ppm) (Sanchez-Nieva et 

1970; K a r i k a r i et a l , 1979). It i s , however, not known 

whether at low concentrations plantains will respond to 

ethylene in a manner s imi lar to bananas. 



Effect of s t r e s s ethylene 

Many t i ssues including those of prec l imacter ic plantains and 

bananas which usual ly evolve little or no ethylene show a 

surge in ethylene production 3 to 10 times the basal level upon 

applying treatments such as wounding, extremely high temper-

atures^/ exposure to light which impose physiological s t r e s s on 

the t i ssues . Ethylene so produced is cal led s t r e s s ethylene or 

sometimes wound ethylene - if s t r e s s is caused by wounding. 

Littmann (1972a) c a r r i e d out detailed investigations into the 

effect of water loss ( s t ress ) during banana storage in which 

other va r i ab les such as temperature^ ventilation were controlle 

P r e c l imacter ic bananas were compared at two humidities - low 

(13.1 + 4 . 0 % re lat ive humidity) and high ( 9 5 . 0 + 1.8% relative-

humidity). He observed a l inear relationship between the rate 

of weight loss and the prec l imacteric per iod, with a reduction 

in the p rec l imacte r i c per iods of about 30% at a maximum 

weight loss of 1. 2% per day. In other investigations he a lso 

observed that the rate of ethylene production of bananas under 

s t r e s s increased by factors between two - three compared 

with unst ressed fruits (Littmann, 1972b). S i m i l a r l y , he 

observed that during s t r e s s the resp i ratory rate during the 

prec l imacte r i c per iod was increased (Littmann , 1976c) and the 

c l imacter i c peak depressed. He proposed that ethylene 

production, as a result of physiological s t r e s s , was the 

mediator of both resp i ra tory r i s e and the decrease in p r e -

c l imacter i c period. However , ethylene may not be the sole 

rnediator as other growth hormones may be involved. If 

L i tmann's conclusion is va l id , then it would be consistent with 

the sensit iv i ty of bananas to prolonged exposure to low con-

) 
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centra Hons of ethylene already discussed (Peacock, 1972; 

L i u , 1976 a). 

Thompson et a I (1974) also investigated the effect of water 
CL 

s t r e s s on the r ipening of plantains. In^series of experiments 

in which preel imacter ic fruits were stored under low and high 

re lat ive humidity, they observed that at low humidity with a 

higher rate of water loss per day the rate of ripening was 

greatly increased. 

Maxie et al (1 968) c a r r i e d out investigation on the effect of 

i r radiat ion on the r ipening of banana fruits. F r u i t s from two 

cu l t ivars - G r o s Michel and 'Va lery ' were given var ious doses 

of gamma i r radiat ion and respirat ion r a t e s , ethylene production 

and other ripening parameters determined in both unirradiated 

and i r radiated fruits . They also investigated the effect of 

injury on the ripening and the interaction between physiological 

s t r e s s e s such as mechanical injury and irradiation. Both 

ripening and the onset of ethylene production was delayed by 15 

to 23 days when fru i ts were treated with 35 krad dose. 

S i m i l a r l y , i r radiat ion (50 krad) delayed the onset of ripening 

in injured fruits by s e v e r a l days but did not completely 

eliminate the wounding stimulus. When fruits were treated 

with 1 ,000 ppm ethylene for 24 hours at 6 2 ° F and subjected to 

35 k r a d , they needed 12-24 hours longer treatment with 1,000 

ppm ethylene than unirradiated fruits before they r e a c h e d CL 

comparable stage of r ipeness . Maxie and co-workers 

suggested that the inhibition of ripening caused by i rradiat ion 

involves a dec rease in sensit ivity to the ripening action of 

ethylene. They further suggested that the accelerated 
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ripening observed in fruits result ing from mechanical injury may 

have been caused by increased ethylene production, though 

they were unable to detect increased ethylene production. 

T h i s may explain why Peacock (1973a) got a smal ler reduction 

(10%) in the p rec l imacte r i c period with less severe in jur ies 

such as b r u i s e s and sc ra tches . 

1.5. B iosynthes i s ofethylene and its mode of action 

1.5. 1. B iosynthes i s of ethylene 

Most investigations into the biosynthetic pathway for ethylene 

during fruit r ipening have been largely rest r i c ted to temperate 

and sub-tropica l fruits . T h u s , little or no work has been done 

on ethylene biosynthesis in either bananas or plantains. Even 

where studies on ethylene biosynthesis have been undertaken 

in other fruits our understanding of the nature of the pathway 

or pathways is limited by our inability to purify the enzymes 

by the usual procedures . Past reviews (eg Abe les , 1973; 

L ieberman , 1975; Y a n g , 1974; Yang and Pra t t , 1978; 

L ieberman, 1979) should be consulted for more detailed 

d iscuss ion. B iosynthes i s of ethylene in most fruits is v ia the 

oxidation of L-methionine and Burg and Clagett (1976) have 

demonstrated the ability of ripe banana fruits to oxidise 

carbon 3 and 4 of L-methionine to ethylene. In apple t i s s u e s , 

methionine is metabolised v ia s-adenosyl methionine (SAM) as 

an intermediate in the pathway to ethylene (Adams and Y a n g , 

1977). The evidence for SAM as an intermediate was obtained 
lb* .; w/6 

after feeding C methionine y apple t issues and identifying 

5-mfithyl thioadenosine (MTA) and methylthioribose (MTR) 
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which corre la ted with ethylene production. When ethylene 

production was inhibited by aminoethoxyvinyl-glycine (AVG) , 

no MTA or MTR was detected in t issue extract. P r e c l i m a c -

ter i c apple t i ssues did not produce MTA or MTR from C 

labelled methionine, this is understandable as prec l imacter ic 

t issue does not normally produce ethylene. These provided 

some evidence that S A M may be an immediate p r e c u r s o r in 

the convers ion of L_-Methionine to ethylene. Adams and Yang 

(1978) studied the metabolism of C ' methionine in apple plugs 

held in nitrogen and in a i r . In nitrogen a radio-act ive com-

pound designated X accumulated, which when fed to apple 

plugs in a i r produced the radio-act ive ethylene. The com-

pound was identified as 1-aminocyclopropane-1-carboxyl ie 

acid (ACC) . A C C has been extracted from bananas and 

other t i ssues and determined by convers ion to ethylene 

(Hoffman and Yang , 1980). P rev ious studies also show that 

A C C stimulated ethylene evolution in different t i s s u e s , 

including fruit t i s sues from a wide range of plant spec ies 

(Cameron et a l , 1979). Although no t racer studies have been 

reported on bananas, it is probable that the major biosynthetic 

pathway for ethylene in this fruit is from methionine via s -

adenosyImethionine and A C C . E a r l i e r reports of biosynthesis 

of ethylene in r ipe banana fruits from ^3-hydroxypropionate via 

ac ry l i c acid (Shimokawa and K a s a i , 1970a,b ,c ) may be an alt-

ernat ive but less important pathway as A C C is widely d i s -

tributed in fruits . 

P r e s e n t evidence a lso shows that most s t r e s s ethylene i s 

der ived from L-methionine , perhaps by the same biochemical 

pathway s imi lar to basal ethylene. However, during s e v e r e 
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wounding, ethylene may be produced by peroxidation of lir.o-

lenic acid which a lso resu l t s in some ethylene production 

(L ieberman and Kunishi , 1968). 

Recent studies (Mattoo and L ieberman, 1977) show that apple 

s l i c e s gradually lose the ability to synthesise ethylene when 

they are incubated with a mixture of enzymes that digest the 

cel l wall . The r e l e a s e d protoplast did not produce ethylene, 

but after culturing for severa l days , ethylene production was 

observed concomitant with the generation of the cell wali 

material . Protoplast wi l l produce ethylene if supplied with 

methionine and the system was inhibited by A V G and N-propyl 

gal late. L ieberman (1979) quotes an unpublished data by 

Andersen in which protoplasts obtained by less dras t i c 

lytic methods produce ethylene frorrrC labelled methionine 

in complete absence of ce l l wall^ £hus suggesting that 

ethylene forming system is local ised on the surface of the 

plasma membrane. 

1 . 5 . 2 . Mode of action of ethylene 

Information on the mode of action of ethylene in bananas is 

indirect and fragmentary. Kidd and West (1S45) suggested 

that ethylene was a frui t-r ipening hormone and that a minimum 

threshold concentration is necessary to exert physiological 

activity in fruit t i s sues . The effects of var ious concentrations 

of exogenous ethylene on the precl imacteric period of whole 

bananas have been rev iewed in 1. 4. 1. and this should be con-
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suited fop a more detailed discuss ion. Vendrel l and Mc-Glasson 

(1971) observed that when banana s l i c e s were treated with 

ethylene, the onset of c l imacter ic was accelerated and/ethylene 

production during the c l imacter ic was also stimulated, and 

post -c l imacter i c ethylene production was partial ly suppressed 

re lat ive to the untreated s l i c e s . The inhibition of post-

c l imacter i c ethylene production was a function of ethylene concen-

tration (5-10 ppm) and the duration of ethylene treatment (0. 5 -

3 days). A s imi l a r inhibition of ethylene production in post-

c l imacter i c bananas, in which ripening was induced by 

propylene, has been observed by McMurchie et al (1972). 

Consequently, McMurchie and c o - w o r k e r s suggested that in 

bananas, two systems regulate ethylene biosynthesis. In 

naturally r ipening f r u i t s , ethylene biosynthesis is initiated by 

some factors in the regulation of ageing process - system 1. 

The ethylene produced by this system reaches a level in the 

fruit sufficient to initiate the resp i ratory c l imacter ic and 

assoc iated ripening changes. The r i s e in respirat ion is 

accompanied by a further increase in ethylene production -

system 2. Although system 1 is circumvented if bananas a r e 

treated with either ethylene of propylene, . : system 2 is then 

part ia l ly suppressed. McMurchie et al (1972) suggested that 

the suppress ion of ethylene synthesis by system 2 could not 

be a simple end product inhibition, as it pers i s ted even 

after the end of the ethylene treatment. P r e c l i m a c t e r i c 

ethylene production in bananas (New, 1976) and in plantains 

( K a r i k a r i et al , 1979) i s low and usually undetectable, but 

a sudden onset and inc rease in synthesis occur pr ior to 

the c l imacter i c i n c r e a s e in respirat ion. The maximum 

ethylene evolution in plantains is much greater (about 
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10 fold) than for d e s s e r t bananas whether related lo f resh 

weight or dry weight ( K a r i k a r i et a l , 1979). 

Sa lkve i t et al (1978) haxfe-shown that when Ag( l ) as aqueous AgNo^ 

is applied to bananas both ethylene synthesis and the response to 

exogenous ethylene w e r e inhibited. A s this inhibition was not 

r e v e r s e d when f ru i t s w e r e treated with ethylene, they suggested 

that Ag( l ) may have inter fer red with the primary action of 

ethylene in the banana ti ssue. fl £imi lar effect of Ag( l ) on 

ethylene production in a different fruit t issue has been reported 

(Janes and F r e n k e l , 1978). Data of Sall<v,eit and c o - w o r k e r s may 

give an insight into the complexity of ethylene action, but do not 

give a clue to the actual nature of the ce l lu lar binding s i te or 

s i tes in bananas. H o w e v e r , var ious studies on ethylene binding 

s i tes in other t i s sues have been undertaken and these have been 

reviewed e l sewhere (L ieberman, 1979). 

Both the peel and pulp of banana produce ethylene during 

r ipening, but the latter produces more ethylene than the former 

(Vendrel i and McGlasson , 1971). Ethylene production in the 

peel o c c u r s only during senescence (ie c l imacteric) . Unl ike 

the pulp, the peel does not show any resp i ratory r i s e during 

the c l imacter i c comparable to the whole f ru i t , although a 

reasonable transient re sp i ra tory r i s e can be induced with 

ethylene (Tera i et a l , 1974). In previous studies T e r a i et al 

(1973) a l so showed that in bananas treated with ethylene at one • 

end, those girdled by removal of peel at the centre evolved 

markedly less ethylene at the untreated end than did ungirdled 

bananas. They suggested that the peel t issue plays an import-

ant part in ethylene diffusion. T h i s diffusion can be important 
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in fruit ripening. 

Although var ious r e a s o n s have been advanced for the role of 

s t r e s s ethylene in fruit ripening (Matsuno and Ur i tan i , 1972; 

V e n d r e l l , 1970b), the actual role is st i l l not fully understood. 

Sa lkve i t and Di l l y (1978) suggested that the damped osci l lat ion 

curve for wound ethylene production in pea stem t issue they 

observed may ref lec t a return to a proper hormonal balance 

and that s t r e s s ethylene may be the symptom of hormonal 

imbalance induced as a result of metabolic s t r e s s . 

1 .6 . Effect of growth regu la tor s 

S i n c e fruit r ipening is a developmental process under hormonal 

contro l , emphasis is now being placed on the role of hormones 

other than ethylene. Vendre l l (1969, 1970a) observed that 

auxin applied by vacuum infiltration delayed ripening in 

green banana s l i c e s and delayed but increased peaks in ethylene 

production and rate of respirat ion. In contrast , when the whole 

fruit was dipped in auxin , ripening was accelerated. Apparently , 

when auxin was applied as a dip very little penetrated the pulp, 

but when the s l i c e s w e r e vacuum infiltrated both the peel and 

the pulp were penetrated. Vendrel l (1970a) concluded that 

although auxin stimulated ethylene production in the s l i c e s , it 

extended the p r e c l i m a c t e r i c period by increas ing their r e s i s -

tance to ethylene induced ripening. He confirmed this by treat-

ing both previously auxin infiltrated and uninfi Itrated s l i c e s 

with 10 ppm ethylene for 24 hours. Auxin infiltrated s l i c e s 

needed an extra 24 hours treatment with ethylene before reach-

ing comparable colour with untreated s l i c e s . 
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S i m i l a r l y , g ibbere l l ins can extend the prec l imacter ic period 

of bananas. L e o n c e (1974) and Kapoor and T u r n e r (1976) 

observed a cons iderable increase in the prec l imacter i c period 

of bananas when individual f ingers were dipped in gibbercl lins. 

T h e r e was more response to GA 4/7 at 10 ppm than to GA 3 at 

100 ppm. Vendre l I (1970b) a lso studied the effect of GA 3 on 

the ripening of bananas. Whole fruits and s l i c e s were dipped 

-5 - 2 

and vacuum infi ltrated respect ive ly with GA 3 (10 M to 10 M). 

In one experiment s l i c e s were treated with ethylene (10 ppm) 

for 24 hours and later treated with gibberel l ic acid. 

G ibber l l i c acid did not affect ethylene production in either the 

s l i c e s or the whole f ru i t , but ripening was delayed in the whole 

fruit in contrast to the t i ssue s l i c e s in which it was 

acce lerated. T h e aspect of ripening delayed in the whole fruit 

was the yel lowing of the peel. A s imi lar delay in the peel 

yellowing was observed when previously treated ethylene' 

s l i c e s were treated with gibberel l ic acid. Thus , Vendre l l 

(1970b) suggested that g ibbere l l i c acid may have opposite 

effects in the peel and pulp. In the peel g ibberel l ic ac id may 

induce or inc rease the production of a substance (or substances) 

which when trans located into pulp may cause a delay in the 

p r o c e s s of ripening. F u r t h e r work into the nature of this sub-

stance or substances is needed. 

1. 7. ^Co-ordination of the c l imacter ic 

S tudies on the integration and control of ripening in c l imac-

ter i c f ru i ts including bananas and plantains have been centred 

' around the role of ethylene. Ethylene is considered to trigger 

biochemical changes associated with ripening, though of late 
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other growth hortnones such as auxins^/ gibberel I ins have been 

implicated. P r e v i o u s studies were limited by the difficulty in 

following some of the biochemical changes in intact f ru i ts . 

F o r instance, test solutions cannot penetrate very eas i ly the 

t issue of green bananas and plantains. However , Pa lmer and 

McGlasson (1 969) observed that normal ripening occurs in 

s l i c e s cut t r a n s v e r s e l y a c r o s s both peel and pulp, 

with a thickness of 6 mm. These s l i c e s could be vacuum infi l-

trated with test solution without causing major disturbance to 

their metabolism. When the s l i c e s are maintained under 

s t e r i l e conditions with or without ethylene they pass through a 

preel imacter ic per iod and then a c l imacter ic phase apparently 

comparable to the intact fruit. 

P r e v i o u s studies have, however, shown that s l ic ing of f ruits 

causes major injury and s t r e s s which wil l affect r ipening 

( L a t i e s , 1963;' ftp. Re&s, 1968; Mcglasson and P r a t t , 1964). 

T h i s probably led to the development of a technique for 

vacuum infi ltration of labelled metabolites into intact f ru i ts 

( F renke l et al (1969). The effect of s t r e s s including wounding 

on ethylene production in fruits has been reviewed (1. 5. 2. ). 

1 .7 . 1. P rote in synthes is 

Data on bananas and on other fruits show that RNA and total 

protein content do not change drast ica l ly during ripening (eg 

Richmond and B i a l e , 1967; Wade et al , 1972), although 

P a l m e r (1971) reported data of S a c h e r which showed a s ignif-

icant inc rease in total protein content about 5 days before on-

set of Jc\imacteric. V a r i o u s investigations into protein 
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synthes i s during r ipening in banana s l i c e s infiltrated with 

IQ'C ' amino acids have been c a r r i e d out (eg Brady et al , 1970 a j 

1976; Wade et a l . 1972). F r o m this study it was f i r s t dem-

onstrated that during the ear ly part of the c l imacter ic 

following ethylene production, both the rate of uptake of amino 

ac ids into ce l l s and the rate of incorporation in protein 

increased (Brady et a l , 1970a). There was redirect ion of 

protein synthesis as shown from changes in soluble protein 

observed after gel e lec t rothroes i s and the inhibition of r ipen-

ing by protein inhibitors . S imi l a r changes in protein patterns 

after gel e lec t rophores i s have been reported e lsewhere 

(Skakoun and Daussant , 1973). However , Wade et al , (1972) 

observed no change in protein content re lat ive to the total 

level of nitrogen in the pulp tissue. They further showe^d that 

there was no evidence for movement of nitrogen between the 

peel and the pulp t i s s u e s during ripening and concluded that no 

substantial inc rease in the amount of ribosomal mater ia ls 

occur in the ear ly c l imacter i c . These conclusions were based 

on the fact that they observed no change in both total content 

of R N A or the base content of RNA in pulp tissue. More 

recent ly , Brady and O'Connel (1976) treated banana s l i c e s 

with ethylene (5 ppm) for durations of 6 and 12 hours and 

compared the rates of protein synthesis . Treatment for 6 

hours produced only a small and transient respirat ion response 

so that the c l imacter i c occurred at the same time as in un-

treated s l i c e s , whereas when s l i c e s were treated for 12 hours 

the c l imacter i c was rapidly induced. They found that changes 

in protein synthesis w e r e very s imi lar for the two per iods of 

ethylene treatment, and concluded that the redirect ion of pro-

tein synthes is they observed was a response to ethylene 
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treatment rather than to ripening. They also used double 

labelling experiments to establ ish that the increase in protein 

synthes is involves the redirect ion of large range of soluble 

protein and is not limited to the synthesis of a specif ic protein. 

They concluded that there is as yet no evidence that the syn-

thesis of a p a r t i c u l a r protein not previously present is 

tr iggered by ethylene treatment which leads on to ripening. 

Confl ict ing r e s u l t s have been reported on the change of total 

pectin methylesterase (PME) activity in banana, espec ia l ly in 

the cult ivar G r o s Michel. Hultin and Lev ine (1965) reported a 

four-fold i n c r e a s e , with a water soluble fraction (1), but Deswardt 

and Maxie (1967) found no change in total P M E activity. Brady 

(1976) extracted, pur i f ied and character i sed this enzyme. It 

had a molecular weight of about 30,000. After i soe lec t r i c 

focuss ing, the enzyme was found in two peaks at pH 8. 8-8 . 9 and 

9. 3-9 . 4. The enzyme in the two peaks had the same molecular 

weight and showed only minor difference in response to pH, 

salt concentrat ions, etc. during assay . He suggested that the 

multiple forms prev ious ly reported (Hultin et al, 1966) may have 

developed during extract ion and fractionation and the two 

fract ions he obtained could have a r i sen s imi lar ly . F u r t h e r 

work is needed to r e s o l v e this conflicting report. An inc rease 

in peroxidase activity during the c l imacter ic has been 

reported (Haard, 1973). T h i s increase in peroxidase activity 

was assoc iated with the part iculate fractions which increase 

in activity three-fold during the c l imacter ic rather than the 

soluble fract ion in which activity did not change appreciably. 

T h e isoenzymes of perox idases have been partial ly c h a r a c t e r -

ised from ripe bananas (Nagle and Haard, 1975). It i s , 
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however , not c l e a r whether changes in peroxidase activity 

reported ref lect the synthes is of new protein. 

1. 7. 2. Permeabi l i ty and lipid changes 

The theory that fruit r ipening resul ts from marked inc rease 

in membrane permeabi l i ty with accompanying ce l lu lar decomp-

artmentation of enzymes and substrates is sti l l an influential 

idea in studies on fruit ripening. P r e v i o u s permeability 

studies on banana have been reviewed e lsewhere (Pa lmer , 

1971). Brady et al (1970b) have shown that in banana s l i c e s 

treated with ethylene the resp i ratory response commenced 

within 8 hours after ethylene treatment but changes in t i ssue 

permeabil ity were not measurable until after 32 hours. T h i s 

suggests that t issue permeabil ity may not have caused the 

resp i ra tory r i s e . Wade and Bishop (1978) have also shown 

that the content of total l ipid in banana fruit pulp tissue 

remained constant during ripening induced by ethylene, but 

the fatty acid composition of the lipid changed. P h y s i c a l 

measurement showed that motion and fluidity of lipid l ayers 

a lso increased during ripening. Recent ly , Wade et al (1980) 

studied t issue permeabil ity and membrane lipid composition 

in whole banana fruit treated with propylene. They found 

a temporary corre lat ion between the change in membrane 

lipid composition and the onset of rapid increase in leakage 

of ions from the t issue. Though leakage of ions increased 

p r o g r e s s i v e l y 44 hours after propylene treatment, 

there was no further inc rease in the 
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proport ions of l inolenic acid between 36 and 68 hours. Wade 

and c o - w o r k e r s concluded that the increase in the leakage of ions 

observed in the pulp t i ssue of banana was caused by either 

changes in the membrane lipid composition or changes in other 

fac tor s , such as t issue water potential. The involvement of 

the latter , however , remain unknown. Rao and 

Bandyopadyay (1978) have also studied changes in the compon-

ent of fatty ac ids in pulp lipids of two cu l t ivars of bananas and in 

one cu l t ivar of p lanta ins , of the F r e n c h type. Total l ipid 

composition in bananas and in plantains were almost identical 

and did not change during ripening. But there were increases 

in fatty ac id composition especia l ly in palmitic and l inoleic 

ac ids as r ipening progressed . T h i s is in agreement with other 

reports that during r ipening there are changes in fatty ac id 

composition in banana (Brady et al , 1970b; Wade and Bishop, 

1970) and Awan and Ndubizu (1978) indicate that changes in 

plantains a re s imi la r . 

1. 7. 3. Resp i ra tory changes 

Dur ing ripening bananas and plantains exhibit a c l imacter ic 

pattern of resp i rat ion ( L o e s e c k e , 1949; B i a l e , 1960; Pa lmer 

and McGlasson, 1969;. K a r i k a r i et a l , 1979). After harvest 

at 2 0 ° C , the r e s p i r a t o r y rate within 2 to 3 days r i s e s from a 

steady value of about 20 mg/Co2/kg/h in the green hard banana 

fruit to about 125 mg/Co^/kg/h at the c l imacter ic peak and then 

fa l l s to about 1 00mg/Co2/kg/h as ripening proceeds. Cons ider -

able var iat ion from this typical pattern has been reported. Some 

fru i ts p a s s through the c l a s s i c typical preel imacteric minimum 

(Tager and B i a l e , 1957); in others the resp i ratory rate r i s e s con-
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and B l a k e , 1970) and in some f ru i t s , during the prec l imacter i c 

period there is a downward drift (New, 1976). On the average 

the increase from prec l imacter ic to c l imacter ic peak v a r i e s 

from four to ten-fold depending on the cu l t ivars and storage 

condi tions. 

In plantains of the F r e n c h type stored at 2 5 ° C , the p rec l im-

ac te r i c rate of CO^ evolution fell from 44 mg/kg/h to 24 with 

an average rate of 0. 74 mg/kg/h per day. In both plantains and 

bananas the i n c r e a s e in c l imacter ic respirat ion is usual ly p r e -

ceded by inc reased synthes i s of ethylene and the composition 

of gases in the storage atmosphere affect both ethylene and 

C O evolution (Young et a l , 1962; Mapson and Robinson. 1966; z 

Quazi and F r e e b a i r n , 1970). Mapson and Robinson (1966) 

c a r r i e d out studies into the effect of low oxygen tension on both 

ethylene and C O evolution and other ripening changes in 
z 

bananas. They observed that at 18°C the r i s e in c l imacter i c 

resp i rat ion and ethylene production did not occur in bananas 

unless the oxygen concentration of the storage atmosphere was 

above 7. 5 - 8. 0%. At concentrations between 5 - 7 . 5% , the 

onset of ripening was delayed, but when 2. 7 ppm ethylene was 

included into the s torage atmoshphere the r i s e in resp i ratory 

c l imacter i c and other r ipening changes occurred. They con-

cluded that the delay in ripening of banana fruits held at 

low oxygen tension was due to the inability of the fruit 

to synthes ise ethylene and was not caused by the inhibition of 

the associated r e s p i r a t o r y changes. If this conclusion is 

va l id then the stage in ethylene synthesis likely to be inhibited 

is the convers ion of I-aminocyclopropane-l-carboxyl ic ac id 
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( A C C ) to ethylene; CIS present evidence suggests that the ' 

convers ion of A C C ^ ^ e t h y l e n e is more c r i t i ca l ly dependent upon 

oxygen (Adams and Y a n g , 1979) than other stages in the pathway 

for ethylene synthes i s (see 1.5. 1. )• McGlasson and Wi l l s (l 972) 

have investigated other causes of the inhibition of ripening in 

bananas stored at low oxygen tension (controlled atmosphere). 

They held green banana fruits in humidified gas streams com-

pr i s ing a i r as contro l , A (5% C O ^ 20% O , 75% N2 ) ; B (0% 

C 0 2 , 3% O , 97% N ); and C (5% C O ^ 3% O z , 92% Ng). 

Compared with a i r , A , B and C delayed ripening and the 

greatest delay was in C with the lowest oxygen concentration. 

Although A , B and C reduced the ra le s of oxygen uptake, but 

because of delay in the prec l imacte r i c per iod, the total oxygen 

uptake was inc reased during the pree l imacter ic period. 

Although i n c r e a s e s in organic acid content occurring within 

the f i r s t four days of applying treatment to the fruits were v a r -

iable in A , B and C , the largest change in acids was"- within 

the f i r s t day of the treatment. By application of the c r o s s -

over theorem of Chance to these data, they suggested that low 

oxygen limited the operation of K rebs cyc le between pyruvate 

and c i t ra te , and 2-oxoglutarate and succinate. No control 

points to explain the inhibition caused by carbon dioxide were 

apparent. The oxygen leve l s reported by both Mapson and 

W i l l s (1966) and McGlas son and Wi l l s (1962) exceed the level of 

oxygen n e c e s s a r y to saturate (0. 01 - 0. 2%) the cytochrome oxidase. 

F u r t h e r investigation into 0 2 penetration into the fruit t issue 

may reso lve the d i sc repancy between the oxygen requirement 

for resp i rat ion in the whole fruit and that for cytochrome 

oxidase. McGlasson et al (1971a, b) studied metabolic pathways 

in banana s l i c e s using infi ltration of both^fc labelled metabolic 
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intermediates and of metabolic inhibitors. Both approaches • 

indicated that the tri carboxy I ic acid (TCA) cyc le and the pentose 

phosphate pathway a r e the main pathways of respi rat ion follow-

ing s l ic ing of prec l imacter ic bananas and also during the ear ly 

stages of ripening. Although both monofluoroacetate and 

cycloheximide inhibited r ipening, the resp i ratory c l imacter ic 

st i l l occurred . In contras t , inhibitors such as potassium 

cyanide (CN) which inhibited respi ratory c l imacter ic invariably 

inhibited other r ipening parameters . Thus McGlasson and co-

w o r k e r s (1971b) concluded that although the resp i ra tory r i s e 

is not itself dependent on other ripening changes, it is a p r e -

requis i te for the initiation of the non-respiratory components 

of ripening. T h i s i s not in agreement with previous reports 

that the r e s p i r a t o r y c l imacter i c in some fruits including bananas 

can be stimulated without affecting the non-respiratory compon-

ents of ripening (Vendre l l , 1969; Janes and F r e n k e l , 1968; 

F r e n k e l et a l , 1968). Other workers (eg McGlasson and W i l l s , 

1 972; Sa l iminen and Young, 1975; T e r a i and Ogata, 1976) have 

a lso advanced evidence for the util isation of the T C A (Cycle) 

during the c l imacter i c . In a s e r i e s of investigations, Solomos 

and L a t i e s (1974, 1976) observed that potassium cyanide as 

well as ethylene stimulated the c l imacter ic and ripening in a 

wide range of f ru i ts . They observed that ethylene respons ive 

f ru i ts (c l imacter ic f ru i ts ) were invariably C N res is tant . 

Recent ly , Theologis and L a t i e s (1978) have tested this hypo-

thesis in apples arid bananas. They investigated the effect 

of spec i f i c resp i ra tory inhibitors using banana s l i c e s from 

three stages of the c l imacter i c . In the intact fruit C N 

induced resp i rat ion and caused ripening as in natural or 
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of the cytochrome cha in , increased the respi ratory rate of 

p r e c l i m a c t e r i c s l i c e s , but m-chlorobenzydroxamic acid (CLAM)' 

alone did not. C L A M and C N together inhibited resp i ra t ion , 

thus confirming the operation of the cyanide resistant oxidase 

in the re sp i ra tory p r o c e s s . In the presence of weak acid un-

couplers of oxidative phosphorylation, the respiratory r a t e s of 

preel imacter ic s l i c e s were increased by a factor which was 15 

times that of the intact c l imacter ic fruit , suggesting that a huge 

unexpressed r e s p i r a t o r y capacity ex ists in the intact p r e c l i m -

a c t e r i c fruit . Mid-c l imacter i c s l i c e s were also cyanide-

res i s tant and the r e s p i r a t o r y rate was sharply inhibited by C L A M 

in the presence of CN. T i t rat ion data of coupled and uncoupled 

s l i c e s (from the pree l imacter ic fruit, and mid-cl imacteric per iods) 

with C L A M in the p r e s e n c e and absence of C N suggested that 

during both the p r e c l i m a c t e r i c and mid-cl imacter ic phases , 

resp i rat ion was mediated by the cytochrome oxidase pathway. 

They concluded that the capacity of this pathway is sufficient to 

susta in the c l imacter i c and there is no evidence for the involve-

ment of the cyanide res i s tant oxidase. 

Dur ing ripening there is an increase in the resp i ratory ra tes of 

both the peel and the pulp. Data of T e r a i and Ogata (1977) 

showed that the r e s p i r a t o r y act ivit ies of both the peel and the 

pulp are enhanced by ethylene treatment, but unlike the pulp r e s -

pi ratory activity of the peel is not sustained thereafter. T h i s 

response to ethylene does not involve the synthesis of new r e s -

p i ratory enzymes and may be mediated by the enhancement of the 

T C A pathway comparable to the situation in the pulp. 

Despite the effort that has gone into trying to understand the 
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ro le of resp i ra t ion in fruit ripening in general and in banana 

ripening in p a r t i c u l a r , we sti l l do not understand fully the 

role resp i rat ion p lays in ripening. 
• , » 

1. 7. 4. S t a r c h - s u g a r convers ion , 

The hydro lys i s of s t a r c h and accumulation of sugars a r e the 

most s t r ik ing compositional changes which occur in bananas and 

plantains during r ipening (Loesecke , 1949). S t a r c h which 

forms about 85-95% of the dry matter of green banana pulp is 

degradated rapidly at the onset of ripening, such that the ripe 

pulp contains 5-15% s t a r c h and 70-80% sugars . The sugars 

a re mostly g lucose , f ructose and sucrose . Data from other 

studies (Kawabata and Sawayama, 1974; Roma and Patwardhan, 

1976) a r e consistent with this pattern. Enzymes involved in 

carbohydrate metabolism have been studied as well (Kumar and 

S a n w a l , 1977; Shuk la et a 1, 1973; S igh and Sanwal , 1975; Desai 

and Deshpande, 1975; Young et al , 1980). Young et al (l 980) 

determined the rate of convers ion of s tarch to sugar as well as 

the activity of the enzymes responsible for s tarch hydrolys i s 

at var ious stages of the c l imacter ic of banana fruit . S t a r c h 

hydro lys i s did not commence until the respirat ion rate had 

inc reased to two-thirds of the c l imacter ic rate and this co-

incided with the peak of ethylene production. Act iv i t ies of both 

amylases and phosphofructokinase started to increase when the 

resp i ra tory rate of the fruit had increased to more than one-half 

of the c l imacter i c level . The increase in act iv i t ies of these 

enzymes did not involve de novo synthesis of the enzyme pro-

teins. S i n c e s ta rch h y d r o l y s i s occurred well after the c l imac-

t e r i c , Young and c o - w o r k e r s suggested that starch hydrolys is 
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could not have initiated the c l imacter ic . They concluded that 

during ripening phosphofructokinase is activated and that its 

affinity for substrate changes, with control (through a negative 

co-operat ive effect) becoming less stringent as ripening p r o -

g r e s s e s . The change in enzyme activity is sufficient to account 

for the increase in resp i ra tory activity during the c l imacter ic . 

Dur ing r ipening, changes in s tarch and total free sugars in 

plantains are consistent with the pattern in bananas (Stratton 

and L o e s e c k e , 1930; Marriott. et a l , 1981), but s tarch hydro lys i s 

is s lower and less complete than in bananas (Simmonds, 1966; 

Marriott et a l , 1981). The s tarch content of ful ly ripe p lantains 

has been var ious ly reported as low as ze ro/ f resh weight and as 

high as 28. 6 % / f r e s h weight (Ketiku, 1973). More recent ly , the 

s ta rch content in fully r ipe plantains has been reported as 9%/ 

f resh weight (Marriott et a l , 1981). F u r t h e r investigation may 

reso lve these d i s c r e p a n c i e s reported. At a s imi lar stage of 

r ipeness plantains a re f i rmer and have more dry matter than 

bananas (Marriott et a l , 1981). 

1. 7. 5. Ac id changes 

The pH of banana pulp fa l l s during ripening from about 5. 4 (+ 

0. 04) in the green fruit to about 4. 5 (+ 0. 31) in the r ipe pulp 

(Pa lmer , 1971). T h e titratable acid (8 me<^/l00 g f resh 

t issue) of plantains is about twice that of dessert bananas 

( L o e s e c k e , 1949). P r e v i o u s data reviewed by Palmer (1971) 

and recent ones (Kawabata and Sawayama, 1974; Shimokawa 

et a l , 1972) a re in agreement that mal ic , c i t r i c , oxal ic a re 

the main organic ac ids in bananas. Both Shimokawa et a l , 

1972 and Urado and Ogata (1976) have studied changes in 

oxal ic acid content in bcinana tissue homogenates during ripen--
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ing. The activity of the enzyme which was an oxalate oxidase 

was higher in c l imacter i c than in prec l imacter ic fruit. 

1 • 6. Pigment changes 

During ripening chlorophyll content of banana peel decreases 

from between 50 and 100 jUg/g/fresh weight to almost ze ro and 

no appreciable changes in carolenoids fractions occur ( L o e s e c k e , 
of 

1949). S i m i l a r degradation chlorophyll has been observed in 

bananas in which r ipening was ethephon ( S r i n i v a s a n 

et a^, 1973). G r o s s et a I (1976) have also studied changes in 

carotenoid composition of the peel and the pulp of r ipe bananas. 

The peel-carotenoid concentration was 5-6 | jg/g/fresh weight 

and consisted of m a i n l y ^ - c a r o t e n e (7%)', ^ - c a r o t e n e (14%) and 

lutein, (56%). T h e concentration of carotene in the pulp was 

between 0. 6-1 f jg/g/fresh weight and consisted of fib-carotene 

(31%), ^ - c a r o t e n e (28%) and lutein, (33%). Studies on the 

activity of the enzyme, chlorophyIlase show that the activity 

of this enzyme c lose ly follows a pattern identical to the c l imac-

ter i c resp i rat ion (Looney and Pat terson , 1967). In plantains 

studies on changes in pigment during ripening have been con-

fined to pulp carotene. Paul and Southgate (1969) gave values 

of carotene content as 60 and 200 f jg/g for r ipe pulp of plant-

ains and bananas respect ive ly . The value for plantains is un-

expectedly low, as although some A B B group of cooking bananas 

do not have a white f l e sh , most true plantains (AAB group) have 

an orange-tinted pulp. Moreover, data from e a r l i e r studies 

(Asanjo and P o r r a t a , 1956) show carotene content of 1040 and 

670 j>jg/mg in green and ripe fruits respect ively . 
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1. 8. Conclus ion 

In general data in this rev iew shows that the post-harvest 

physiology and biochemistry of plantains show many s imi l a r i t i e s 

to desser t bananas of the A A A group, in chlorophyll degrada-

tion, t issue softening, in at least partial hydrolys is of s tarch 

to sugar (Saf lchez-Nieva et a l , 1970; Marriott et a l , 1981), in 

r ipening in response to high concentration of ethylene (Sauchez-

Nieva et al , 1970; K a r i k a r i et a j , 1979) and in the extension of 

the preel imacter ic period in response to decreas ing temperature 

or storage in low oxygen tension (Guillemot, 1978; Hernandez, 

1973). Dur ing r ipening, however , plantains differ from desser t 

bananas in ethylene production (Kar ikar i et a l , 1979); in f i rm-

n e s s , s t a r c h - s u g a r convers ion and in dry matter (Marriott el a I, 

1981). However , unlike bananas, only limited detai led work has 

been done on plantains to justify such s imi lar i t ies and differences. 

It is with this intention that the present studies directed at 

investigations into the effect of var ious treatments including 

humidity^ growth regulators • on the storage and ripening of 

plantains at ambient temperature was undertaken. 
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C H A P T E R 2 

M A T E R I A L S AND M E T H O D S 

2. 1. Mater ia ls 

P lantain f ru i t s , mostly cult ivar 'Apem1, were produced at the 

Univers i ty of Ghana, Agr icu l tura l R e s e a r c h Stat ion, Kade , 

using standard p r a c t i c e s ( K a r i k a r i , 1971). Dates of fruit 

emergence and harvest ing for each bunch were recorded. 

Bunches were cut and packed as individual f ingers and labelled 

according to hand and bunch and a i r freighted to T rop ica l 
4 

Products Institute ( T P I ) , UK. At Kade, f ingers were 

treated with benomyl (1 ,000 ppm) and selected fingers w e r e 

also treated in T P I at 3 5 ° C pr ior to commencement of storage. 

Bunches not immediately used for experiments were stored at 
O tn 

14 C and re lat ive humidity of 80-90%. Except where spec i f ied , 

plantains were of the cult ivar Apem and bananas obtained from 

commercial s o u r c e s were typical f ruits of the Cavendish sub-

group, probably cu l t ivar Robusta. 

2. 2. Methods 

2. 2. 1. Biochemical methods 

2. 2. 1. 1. Chlorophyl l determination 

Chlorophyl l content of the peel was determined by the method 

of Holden (1976). F i v e d i scs were cut from the middle of a 

finger and were immediately put into a sample bottle containing 
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10 ml acetonc/wotor mixture (80:20, v/v) . Duplicate samples 

were taken from each fruit . The discs were then homogenised 

in the acetone/water solvent , using s u c c e s s i v e volumes of 

the solvent until no t r a c e s of green colour were left in the 

res idue. The extract was f i l tered through a Buchner funnel 

and the final volume made up to 15 ml. The fi ltrate was centr i -

fuged at low speed for 10 minutes in a centrifuge ( ser ies M S E , 

S u p e r Minor). T h e amount of chlorophyll was determined 

spectrophotomet' r i c a l ly (spectrophotometer s e r i e s SP.6-400 P y e 

Unicam) at 663 nm and 645 nm wavelengths. These wavelengths 

corresponded to absorption maxima for chlorophyll a and b 

respect ive ly . S i n c e the spectra for a and b overlap on these 

wavelengths, chlorophyl l content was calculated using 

equations der ived by Mackinney (1941). 

( Chlorophyl l a ) = 0 . 0 1 2 7 + A ^ , - 0.00269 + A c / c 663 645 

( Chlorophyl l b ) = 0. 0227 + A f i 4 5 - 0. 00468 + A 6 6 , 

Where A = absorbances and the resulting concentrations are in 

g/i . 

2. 2. 1. 2. Total soluble sol ids 

Total soluble so l ids w e r e determined by the method descr ibed 

by Wade a nd Bishop (1978) in which 2 g of f resh pulp t issue was 

homogenised in 10 ml d ist i l led water , taking duplicate samples 

from each fruit. T h e homogenate was centrifuged at low speed 

for 20 minutes using the centrifuge descr ibed in 2. 2. 1. 1. 2-3 

drops of the supernatent were used for determining total 

soluble sol ids using a refractometer ( S e r i e s Abbe 60 A76191 , 

Bellingharn and Stanley L td . , Tunbridge W e l l s , UK). 
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2. 2. 1. 3. A s s a y for 1 -amincocyc lopropane- l - ca rboxy l i c acid ( A C C ) 

A C C was extracted by the method descr ibed by Bo i l e r et al (19?9): 

2 g of f r e e z e - d r i e d t issue (peel or pulp) was extracted with 

20 ml of cold 80% ethanol containing 0. 05% (v/v) mercapto-

ethanol. The sample was thoroughly homogenised and the 

homogenate centrifuged for 25 minutes at 12,000 x g in a 

centrifuge ( s e r i e s M S E high speed 18). The supernatent was 

concentrated in vacuo at 3 8 ° C to dryness and made up to the 

final volume of 1 ml. S e r i a l dilutions of standard A C C were 

a lso made. The extract and standard A C C solutions were assayed 

using the method of Lizae^a and Yang (1979). T o 0. 1 ml of the 

extract or standard A C C solution in a 25 ml test tube, 0. 1 ml 

6 

10 M HgCI^ was added. The volume was brought up to 0. 9 ml 

with dist i l led water and the test tube was sealed. A duplicate 

sample was taken from each extract or A C C standard. The 

test tubes were kept at 0 ° C . Approximately 0. 1 ml of a cold 
mixture of 5% Na 0<C1 and saturated Na OH (2. 1 , v/v) was 

Re-
injected through the stopper using ;1 ml syr inge fitted with a 

25 gauge needle. The react ion was vigorously agitated for 

about 1 minute. After 2 .5 minutes it was again agitated before 

5 ml of gas sample was withdrawn. Ethylene was then analysed 

as descr ibed in 2. 2. 2. 3. Internal standards were used to 

determine the convers ion of A C C to ethylene in the extract. 

An extract was spiked with a known concentration of A C C and 

convers ion of A C C to ethylene in the t issue calculated. 

Convers ion of A C C to ethylene in the t issue was about 55%. 

2. 2. 1. 4. Ethylene trapping 
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Ethy lene was trapped in m e r c u r i c perch lorate using the method 

of Ward et al (1978). 

R e s p i r e d gas s t r e a m s from each f inger w e r e bubbled at a 

constant rate (4l/h) through a fine s intered g l a s s head in a 

Quick fit t u b c (v . 100 ml). T h e tube contained 20 ml of 0, 25 M 

m e r c u r i c p e r c h l o r a t e solution in 2. 0 M p e r c h l o r i c acid. The 

m e r c u r i c p e r c h l o r a t e solut ion was prepared by d isso lv ing 10.8 

g red m e r c u r i c oxide in 40 ml p e r c h l o r i c acid containing 10 ml 

of water in a f l a sk kept at 0 ° C . After d i sso lv ing all the 

m e r c u r i c oxide the solution was made to a final volume of 200 

ml by adding water . No f i l ter ing was required. 

Af te r trapping ethylene for a per iod of 24 hours , each co l lect ion 

tube was removed and the s in tered g la s s head r i n s e d with a few 

drops of the solution. Addit ional solution was added to make a 

final volume of 25 ml. E a c h tube was made a i r - t ight to prec lude 

fur ther absorbt ion of ethylene from the a i r . Equiva lent samples 

w e r e co l lec ted as b lanks using ethylene-free a i r . 

F o r l iberat ing ethylene from the e thy lene/mercur i c perch lorate 

complex, 4 ml of the al iquot was pipetted into a 250 ml f lask 

taking duplicate samples at each time and the f lask was f lushed 

with nitrogen gas for about 5 minutes. T h e nitrogen gas d i s -

p laced ethane from the f l a s k and thus minimised contamination. 

T h e f lask was made a i r - t ight using a suba sea l . 6 ml of 2 .0 

MHCI was gently in jected into the f lask through the sea l . 

A f te r 15 minutes, a gas sample (about 5 ml) was withdrawn 

through the sea l using an a i r - t ight g lass syr inge and ethylene 

ana lysed as desc r ibed in 2. 2. 2. 3. In pre l iminary invest iga-
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t ions, the eff ic iency of trapping was determined by trapping 

var ious known concentrat ions of ethylene vary ing from 0. 01 to 

1 ppm. After trapping, the ethylene was re leased and 

eff ic iency of trapping calculated. The mean trapping efficiency 

was 75-80% (see resu l t s ) . 

2. 2. 2. Gas handling and a n a l y s i s 

2. 2. 2. 1. General gas handling system 

F i g u r e 1 is the genera l i sed schematic diagram of the handling 

system. Two pumps drew f resh a i r from the f resh a ir inlets. 

P r e s s u r e governors reduced the a i r p r e s s u r e to a suitable 

level and a throttle situated between the two lines equalised 

the p r e s s u r e . Two further throttles, one in each l ine, 

control led the flow ra t es . Al l these flow rates and p r e s s u r e 

control throttles were p r e ' S c £ . 

The a i r in each channel was then passed through two s u c c e s s -

ive tower f i l te r s with 'pel lets ' of purafil to scrub ethylene. 

E t h y l e n e - f r e e a i r at equal p r e s s u r e and flow rates emerging 

from the outlet was humidified as descr ibed in 2. 2. 2. 6. 

and then passed to two s e t s of manifolds, one in each storage 

cabinet. F r o m each manifold, the a ir was passed onto a set of 

12 sealed conta iners , each with a single finger. The r e s p i r e d 

gas streams were then passed to a gas handling system (the 

Analyt ical Development Company, A D C , Hoddesdon, H e r t s , 

U K ) , which fed each stream of a i r to the carbon dioxide analyser . 

F r o m the C O analyser the sample gas was re-routed through 

the gas chromatography v i a a pneumatically operated switch 
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valve. During an automatic cyc le , the dwell time for each 

channel was 7. 5 minutes in a three hour cycle . In studies in which 

a flow through system was net used, f ruits were put on shelves 

of the storage cabinets . The cabinets were periodical ly vent-

i lated by opening the doors for a brief period (approximately 

5 minutes) every day. 

2. 2. 2. 2. Carbon dioxide a n a l y s i s 

CO^ was analysed using an infrared gas analyser ( s e r i e s 

200 ,310 , A D C , Hoddesdon, H e r t s , UK) with two ranges 

and 0 - 1 % . The a n a l y s e r had devices for both manual and auto-

matic switching from one range to the other. The ana lyser was 

ca l ibrated thus:- the z e r o setting was on CO^ free a i r , ie a i r 

which had been st r ipped of C O was routed to the ana lyser 
z 

ce l l . 0. 16% CO^ in a i r from a cyl inder incorporated into the 

system was used for setting the sensit ivity of the ana lyser . 

C O ^ readings from each fruit were continuously recorded using 

a chart r e c o r d e r or a digital print-out (see F i g u r e 1 for a 

descr ipt ion of the gas handling system). 

2. 2. 2. 3. Ethylene ana lys i s 

F o r ethylene a n a l y s i s , the resp i red gas was fed through a gas 

sampling valve (V. 1 ml) , and a sample was automatically 

injected into a gas chromatograph fitted with a flame ionisation 

detector ( S e r i e s 1400, V a r i a n Aerograph, Walton-on-Thames, 

S u r r e y , UK) and with e i ther a porapak type or an alumina column, 

( s e r i e s F l -8200) . The column and the detector temperatures 
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were 8 0 - 9 0 ° C and 2 5 0 ° C respect ively . The injection temper-

ature was kept low as ethylene being a gas did not require 

vapourisation. F l o w ra tes of gas streams (ml/min) were: 

nitrogen ( c a r r i e r gas ) 15; hydrogen 20; and a i r 350. 

Ethylene coming out of the gas chromatograph was measured 

as peak height us ing a chart recorder or an integrator 

(Hewlett P a c k a r d , 3380A) . F o r most of the studies the gas 

chromatograph was fitted with a porapak column and ethylene 

peak heights were measured using a chart recorder . 

In later studies involving stat ic sampling, an alumina column was 

used and peak heights of ethylene were measured using an 

integrator. The alumina column gave a better separation of 

ethylene and ethane and thus minimised the interference by 

ethane (Ward et a l , 1978). 

2. 2. 2. 4. Determination of ethylene in prec l imacter ic fruits 

T h i s simple method for extracting ethylene from within the 

t issue was a modification of the sampling procedure adopted by 

Musgrave et al (I972). E a c h finger was submerged beneath an 

inverted funnel, the stem of which was capped with a suba 

seal. Whi le the fruit w a s st i l l beneath the funnel it was cut 

into two halves and each half was squeezed using a hand screw 

developed for bananas. Gas bubbles l iberated from the fruit 

accumulated jn the stem of the funnel. A sample of the gas 

(3 ml) was withdrawn through the top using an air-t ight 

syr inge and ethylene was analysed as descr ibed in 2. 2. 2. 3. 

At least three f ingers w e r e sampled from each treatment. 
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2. 2. 2. 5. Ethylene dilution sys tem 

Ethy lene dilution sys tem in F i g u r e 2 was a slight modification 

of the one desc r ibed by Sa l tve i t (1978). The resevo i r was 

f i l led with 5% ethylene in nitrogen from a cyl inder by d i sp lac-

ing a i r from the j a r . T h e lid of the j a r was then replaced and 

clamped. Al l jo ints were f i rs t made air-t ight and the t r a n s -

parent tubing joining the two ends of the tygon tubing (0. 8 cm 

diameter) a lso g reased to make it less porous to ethylene. 

Lengths of the tygon tubing were var ied according to the ethylene 

concentration requi red . The c a r r i e r gas was ethylene f ree 

a i r bubbled through water to almost full saturation. E x c e s s 

moisture in the c a r r i e r gas was f i r s t trapped in a j a r before 

it was passed through the dilution system. Ethylene diffusing 

through the tygon tubing was diluted by altering the flow rate 

of the c a r r i e r gas. The concentration of ethylene in the 

effluent gas was d i rec t l y proportional to the length of the tygon 

tubing and inverse ly proportional to the c a r r i e r gas flow rate. 

A s the lengths of the tubes were fixed, ethylene concentration 

was control led by a l ter ing the flow rate of the c a r r i e r gas 

which were continuously monitored on meters. In the Table 

2 are typical combinations of flow rates of the c a r r i e r gas 

and lengths of the tygon tubing corresponding to the ethylene 

dilution required. 

2. 2. 2. 6. Control and ana lys i s of water vapour 

F o r most of the studies low and high humidities only were used. 

T h e effect of vapour p r e s s u r e deficit (VPD) was determined by 

measuring the rate of weight loss of each fruit. E a c h finger 
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OUTLET FOR INLET FOR 
CARRIER GAS CARRIER GAS (AIR) 

QUICK FIT RESERVOIR FOR 
JAR ETHYLENE 

(5%) 

F i g u r e 2: Ethylene dilution system. 
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Table 1 2 

The combinations of gas flow nates and lengths of tygon tubing corr-

esponding to the var ious ethylene concentrations required. 

Required 

concentration of 

ethylene (ppm) 

Length of tygon F low rate of 

tubing (cm) c a r r i e r gas (1/min) 

0.01 1 .0 4 . 0 - 4 . 5 

0 . 0 3 3 . 0 2 . 0 - 2 . 5 

0. 10 10. 0 0. 9-1. 0 

The above dilutions and flow rates were constantly checked and var iat ion 

in ethylene concentration is reported in the section for resul ts . The 

r e s e r v o i r was never recharged. 
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was weighed before each experiment and then three days after the 

onset of the c l imacter ic . The mean weight loss per day was 

then computed. The mean loss per day for low and high 

humidities were about 0. 6% and 0. 1 % respect ively . 

In later studies , water vapour p r e s s u r e (VVVP) was 

measured using an infrared vapour p r e s s u r e analyser (type 

225-NK3, se r ia l number 4004, A D C , Hoddesdon, H e r t s , UK) . 

T h i s ana lyser was not used in previous studies because it was 

not avai lable. T h e ana lyser had two ranges , range A 0-25 and 

range B 0-40 mb. Before water vapour p r e s s u r e measurements 

were taken, the ana lyser was f i r s t cal ibrated. With the 

se lector switched to A B S ze ro , and the range at A , al! ce l l s 

were purged with dry a i r and the zero set , using the ins t ru-

ment zero control. A i r bubbled through water to full sa tura-

tion at 20 °C was then passed through the small ana lys i s cel ls-

After an equil ibrium per iod, the fine gain control was adjusted 

to give a reading equal to the vapour p r e s s u r e of the saturated 

a i r . T h e ana lyser was then ready for absolute measurement on 

range A and when n e c e s s a r y the B range was used. T h e WVP 

in each sealed j a r containing a single fruit was measured by 

determining the water vapour concentration in both the influent 

and the effluent l ines. The difference between the two readings 

was equivalent to the amount of water gained or lost by the fruit. 

F o r each humidity at least three readings were taken. 

A major disadvantage in using the vapour p res sure ana lyser 

was that there was a long time lag between readings from diff-

erent humidities and hence only a few readings were taken 

from each treatment. T h e different humidities were controlled 
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as fo l lows : - High humidity (wet air) was a i r humidified almost 

to full saturat ion, i . e . about 96 - 98% re lat ive humidity, by 

bubbling it through water. Low humidity was either ambient 

a i r of about 60 - 70% relat ive humidity or a i r dr ied by passing 

it through two s e r i e s of drying towers containing self- indicat ing 

s i l i c a gel. On the average this a i r was 4% relat ive humidity. 

There were two intermediate humidities which were mixtures of 

wet and dry a i r in the following preparat ions : -

1. two parts wet a i r and one part dry a i r . 

2. two parts dry a i r and one part wet a i r . 

F l o w rates of component a i r of each mixture were metered and 

the 2:1 rat io corresponded to meter readings of 1. 0 and 0 .5 

l/min, respect ive ly . W V P readings were frequently taken 

using the water vapour ana lyser and these have been reported 

under resu l t s . U n l e s s stated, in this thesis low and high 

humidities mean 96 - 98% and 60 - 70% relat ive humidity 

respect ive ly . 

2. 2. 3. Other methods 

2. 2. 3. 1. Vacuum infi ltration 

F r u i t s were treated with test solutions using methods 

descr ibed for apples by Scott and Wi l l s (1977). Vacuum 

infiltration involved fruits in contact with water , with or 

without additions specif ied in the resu l ts for a total of 70 

minutes which consisted o f : -2 minutes in contact with water 
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or solution before vacuum was appl ied, 5 minutes to r e a c h 

the reduced p r e s s u r e of 650 - 1 10 mm, 2 minutes at reduced 

p r e s s u r e , 1 minute during the r e l e a s e of the part ia l vacuum 

and 60 minutes in contact with the solution while being r e -

moved from the vacuum tank. T h e uptake of solution for a 

s ingle fruit was 0. 4 g which level led off after 60 minutes. 

Where CaCI^ was used it was e x p r e s s e d as a % (w/v) commer-

c ia l product , not a s % of calcium. 3e fore salicylhydroxamic 

ac id and benzyladen:ne were used for vacuum infi l trat ion they 

w e r e f i r s t d i s s o l v e d in about 10 ml acetone. 

2. 2. 3. 2. Pu lp rupture f o r c e 

Pu lp rupture f o r c e was determined as descr ibed by New and 

Marr iott (1974) for bananas. A compress ion force was app-

lied to the pulp at a constant speed (1 cm/min). T h e probe 

was fitted with a f o r c e gauge oil a motorised stand which 

elevated the sample at a constant speed. T h e stand w a s made 

at T P I workshop. T h e load ce l l ( s e r i e s G9 , S A N D O M O N O 

Weston C o n t r o l s L t d . , Bognor , S u s s e x , UK) had a maxima 

range of 60 lbs. (W/kg. ). 

T r a n s v e r s e sec t ions taken from the middle of the pulp (1 cm 

thick) w e r e cut us ing a double bladed knife. T h e probe was 

inser ted axia l ly into the cortex avoiding v a s c u l a r s t r a n d s and 

the minimum f o r c e on the force distance recorded. B e f o r e 

measurements of pulp rupture force were taken the instrument 

was ca l ib ra ted thus: - T h e range was set at 25 and the z e r o 

set and a force of 50 lb (static) was applied and the duo dial 

was manipulated to read 0 .500 . 
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2. 2. 3. 3. Colour assessment 

Colour was a s s e s s e d using a standard colour chart developed 

by L o e s e c k e (1949) for bananas. Colour was rated from dead 

green (1) to fully yel low (6). 

2. 2. 3. 4. Determination of the duration of the prec l imacteric 

T h e prec l imacte r i c phase was measured directly by CO^ evol-

ution or by inference from measurement of the pulp rupture 

force and colour (Peacock , 1966). v a ' u e s each 

fruit were plotted and specimen curves are shown in the 

section for resu l t s . P r e c l imacteric periods for each finger 

were then estimated graphical ly . F o r most studies an average-

of 11 f ingers were sampled. 

2. 2. 3. 5. Chi 11 ing injury 

Chi l l ing injury was a s s e s s e d by visual inspection of the under-

peel injury (S tover , 1972) in three green fruits after the var ious 

storage periods speci f ied in the resul ts (Table 4, 3. 2. 1. ). 

Ch i l l ing injury was s cored as nil (0), slight (1), moderate (2) 

and s e v e r e (3). F r u i t s which were already ripening (turning) 

were excluded from this assessment as they were more suscep-

tible than unripe fruits to chil l ing damage (Simmonds. 1966). 
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C H A P T E R 3 

E F F E C T O F S T O R A G E C O N D I T I O N S ON T H E P R E C L I M A C T E R I C 

P E R I O D O F P L A N T A I N S 

3. 1. Introduction 

P lanta ins are frequently transported in bulk at a temperature 

of 25 °C or above and fruits may take up to seven days in transit 

before reaching urban markets , which are often hundreds of 

miles from production a r e a s . During this period, se r ious 

losses occur through ripening, softening and subsequent 

physical damage. In contrast , bananas are transported in 

ref r igerated ships or l o r r i e s and transit ripening is minimised 

by control of both maturity at harvest and temperature during 

storage. The pattern of production of plantains by small 

farmers with minimal inputs will make refr igerated transporta-

tion and control of fruit maturity at harvest difficult to 

achieve with plantains destined for internal markets. 

However , the poss ib i l i t ies of manipulating plantain storage 

by control of temperature, by chemical treatment and by reg-

ulation of water loss (which is an unavoidable factor at 

ambient conditions in the tropics) are described. P lantains of 

cv. Apem were used in all studies and in selected experiments 

they were compared directly with bananas and/or with plantains 

of other cu l t ivars . 

3. 2. Resul ts 
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3. 2. 1. Measurement of the prec l imacter i c period 

T h e duration of the prec l imacter ic was determined by either 

following rates of C O evolution in single plantain fruits or 

colour change of the peel during ripening. The duration of 

the prec l imacter ic was calculated by extrapolation of CO^ 

evolution at B in F i g u r e 3 back to the basal rate , so that the 

prec l imacter ic per iod was taken as ending at A (i. e. 37 days). 

Investigations involving the determination of the prec l imacter ic 

period by colour change show that the f i r s t detectable change 

in peel colour o c c u r r e d one day after the increase in CO^ out-

put ( i . e . after the commencement of the c l imacter ic ) , and the 

peel was uniformly yellow (i. e. colour score 6) three days 

later (F igure 4). 

3. 2. 2. Ef fect of storage temperature 

To measure the effect of temperature changes on the p r e -

c l imacter i c per iod, unripe fruits from three plantain cu l t ivars 

were stored at four temperatures ranging from 6 ° C to 25°C . 

At measured in te rva l s , after the commencement of storage, 

individual green f ru i t s (i. e. three from each temperature) 

were removed and chi l l ing damage a s s e s s e d by v isual inspection 

of the underpeel injury (brownish nectrotic t i s sues , see 

2. 2. 3. 5. ). In T a b l e s 3 and 4 are resul ts on the duration of the 

prec l imacte r i c per iod and the chil l ing injury s c o r e s re spec t -

ively. At 2 5 ° C , all three cul t ivars had prec l imacteric 

per iods less than one week. At 14°C , the precl imacter ic 

period for each cult ivar was double that at 25°C and s imi lar ly 

at 10°C the duration of the preclirriacteric for each cult ivar 
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following rates of CO^ evolutiorraf single plantain f ingers. B , f i rst 
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period. 
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peel colouration ( O—O) of s ingle plantain f ingers. A , end of period 

pr ior to colour change; B , calculated prec l imacteric period; C , 

c l imacter i c peak. F r u i t s w e r e scored until they became full yel low. 
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Table 1 2 

The effect of temperature on the prec l imacter i c period of three plantain 

cu l t ivars . F r u i t s were stored in bulk and the duration of the preel imacter ic 

a s s e s s e d by colour change. Data a re means of observation for ten 

frui ts. 

Mean period (days) to reach full yellow 

Cu l t i va r s colour at different temperatures 

6 ° 'C 10° C 14°C 2 5 ° C 

> 2 8 20 10 5 

>28 18 8 4 

> 2 8 12 6 3 

A chil l ing injury was apparent in a l l three cu l t ivars within one week 

at 6 ° and 10°C. 

Apem 

Apantu 

Osa 
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Table 1 2 

Chi l l ing injury score for three cu l t ivars of plantain stored at 6 ° and 

10°C. Data are means for three fruits . 

Chi l l ing injury score at different 

temperatures 

6 ° C 10°C 

Storage period (days) 7 14 21 28 7 14 21 28 

Apem 3 3 3 3 1-2 1-2 2 

Apantu 3 3 3 3 1 - 2 1 - 2 2 -

Osa 3 3 3 3 1-2 1-2 - -

cl - indicates fruits beginning to colour. 
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was double that at 1 4 ° C . At 6 ° C all three cu l t ivars had p r e -

c l imacter ic per iods exceeding 28 days. 

Ch i l l ing injury s c o r e s given in Table 3 do not include temper-

atures of 1 4 ° C and 2 5 ° C , as at these temperatures no chi l l ing 

damage was observed. At 6 ° C all cult ivars showed severe 

chi l l ing damage (chil l ing score 3) within one week after the 

commencement of storage. In the third week, all fruits stored 

at 6 ° C became heavily pitted and when they were t ransfer red 

to 2 5 ° C , they remained green and then turned black. Within 

two weeks after the commencement of storage at 10°C , chi l l ing 

injury in al l cu l t i vars ranged from slight to moderate ( score 1 

to 2) and after three weeks of storage, f ru i t s , mostly Apem 

and Apantu, had moderate chil l ing injury (score 2) and when 

these f ru i ts were t rans fe r red to 25°C they remained green for 

some time and finally turned black. 

3. 2. 3. Treatment with calcium chlor ide 

The effect of calcium as aqueous C a C l was a s s e s s e d by 

vacuum infi ltration of plantains with varying concentrations 

of calcium chlor ide up to 16% (w/v). Infiltration with water 

had no effect compared to undipped fruits and treatment with 

4% to 16% C a C I ^ signif icantly increased the precl imacteric 

per iod, although treatment with 16% C a C l also caused black 

spots on the peel (Table 5). 

3. 2. 4. Treatment with s a l icy lhydroxamic acid (SHAM) 

T o show whether the alternate oxidase associated with the 



- 69 -

T a b i c 5 

The effect of aqueous C a C I on the preel imacteric period of plantains. F r u i t s 

were stored in bulk and r ipening a s s e s s e d by colour change. Data are meansft 

20 f ingers . The s ignif icance of differences between comparable means 

was tested using Duncan's multiple range test. Means followed by 

d i f ferent ' letters were signif icantly different at the probability level 

P = 0. 05. 

Mean period to reach full 
Treatment 

yellow colour (days) 

Uninfi Itrated 13. 2 a 

Water infi Itrated 12. 1 a 

4% C a C I 2 (w/v) 

8% C a C I ^ (w/v) 

16% C a C I (w/v) 
2 

16. 0 b 

17. 0 b 

15. 2 b 

S E 1. 36 
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resp i ra tory chain was important, in the control of the pre--

c l i m a c t e r i c , plantains and bananas were vacuum infiltrated 

— 3 — 2 

with S H A M using two concentrations (10~ M and 10 JM). 

Neither concentration significantly (P=0. 05) affected the 

duration of{ preel imacter ic period in plantains or in bananas 

(Table 6). S i m i l a r l y , they did not affect pulp softening in 

plantains during ripening (Table 7). 

3. 2. 5. Ef fect of Indole Acet i c Ac id (lAA) and Benzv I adenine 

In a single experiment, using only bananas, the effect of 

IAA and benzyladenine on the duration of the prec i imacter ic 

was examined by vacuum infiltration of green fruits with 

— 2 —3 

aqueous IAA (10 m) and benzy ladenine (10 m). Both IAA 

and benzy ladenine reduced the preel imacteric period, the 

former by X 5 days and the latter by Utyr days , when compared 

with untreated f ru i ts (Table 8). The effect of these chemicals 

on plantains was not investigated. 

3. 2. 6. Treatment with gibberel l ins (GA^ and G A , /„) 

In three experiments , the effect of gibberel l ins on plantain 

storage was tested by dipping whole plantain fruits in gibb-

e r e l l i c acid ( G A j (10"^M) and in gibberel l in A,, and A „ 
O l>t ( 

—5 

( G A ^ ^ ) (10 M). In the f i r s t experiment, both gibberel l ins 

extended the prec l imacte r i c by one to two days when com-

pared with untreated fruits (Table 9). S i m i l a r l y , in the 

second and third experiments, gibberel l ins extended the p r e -

el imacter ic period by five to seven days (Table 9). 
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Table 1 2 

T h e effect of : salicylhydroxamic acid (SHAM) on the prec l imacter i c period 

of plantains and bananas. F r u i t s were stored in a continuous flow system, 

using fifteen fruits per treatment. Ripening was a s s e s s e d by colour change. 

Treatment Mean period to reach full colour (days) 

P lanta ins Bananas 

Water infiltrated 

S H A M (10~3M) 

SHAM (10~2M) 

21.8 

23. 2 

23. 0 

16. 6 

15. 6 

15. 9 

S E 1.12 1. 05 



Table 13 

The effect of SHAM on pulp softening in plantains. Data are means 

for five fruits . 

Treatment 

Water infi ltrated (control) 

SHAM (1C~3M) 

SHAM (10"2M) 

Mean pulp rupture force (kg) 

at different colour s c o r e s 

2 6 

Mean S D Mean S D 

3 . 9 0 .80 0 .35 0 .015 

4. 0 0. 60 0. 38 0. 020 

4. 0 0. 85 0. 45 0. 10 
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Table 1 2 

The effect of growth regulators on the prec l imacter ic period of bananas. 

F r u i t s were stored in a continuous flow system, using fifteen fruits per 

treatment - and the duration of the preel imacteric a s s e s s e d by colour change. 

Mean period to reach 
Treatment 

ful I yel low (days) 

Mean 

Control (water infiltrated) 16.6 

IAA(10~ 2 M) 14.1 

— 3 Benzy ladenine (10 M) 15.4 

S E 1.15 
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T a b l e J L 

The effect of gibberel l ins on the preel imacteric period of plantains. 

Gibberel l ins were applied by dipping fruits for fifteen minutes. F r u i t s 

were stored in a continuous flow system using a total twenty fruits per 

treatment and ripening a s s e s s e d by colour' change. 

Treatment Mean period to reach ful I yel low colour (days) 

Experiment 1 Experiment 2 Experiment 3 

Undipped 10 15 15 

Water 10 14 -

G A 3 (10~4M) 11 20 -

G A 4 / 7 (1°~5M) 12 19 22 
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3. 2. 7. Effect, of humidi ty_ 

T o determine the effects of water s t r e s s , individual fruit 

' f ingers of plantains and bananas were ventilated at a constant 

flow rate (4 l/h) with a i r at different humidities. In some 

experiments, water vapour concentration of influent and 

effluent a i r s t reams was measured. T h i s work was repealed 

using other plantain c u l t i v a r s , which were also compared with 

bananas. In Tab le 10 a re data for prec l imacter ic period and 

water loss in two experiments with plantain (cv. Apem) with 

standard e r r o r s , which show that differences between low and high 

humidity were very significant. Data from these experiments 

and severa l others with the same cu l t ivar , with two other 

cu l t i va r s (Apantu and Osa) and with bananas, are summarised in 

Tab le 11. T y p i c a l l y , an increase in the rate of weight loss by 

about 0. 5% per day was accompanied by a decrease in the pre-

c l imacter i c period of about 60% (Table 11) in ail the plantain 

cu l t ivars . In bananas the precl imacteric period was reduced 

by about 40% for an inc rease in weight loss per day compar-

able with that for plantain cu l t ivars . 

\ 

A further experiment was c a r r i e d out to examine changes in 

prec l imacter ic period of plantains at intermediate humidity 

using wet and dry a i r in the ratio 1:0; 2:1; 1:2; 0:1. The 

resu l t s are given in F i g u r e 5. There was a large reduction 

in prec l imacter ic period when the mean weight loss was 

increased from 0. 05 to 0. 41 % per day. There was a further 

substantial reduction in the prec l imacter ic period when the 

mean weight loss was increased to 0.62% per day which 

seems to be the upper limit as a further increase to a value 
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period of plantains, vert i ca l bars denote twice the standard e r r o r 

(s. e. ) for eleven fruits . 
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Table 1 2 

The effect of humidity on the peec l imacter ic period of plantains. Data 

are means for eleven fruits . The s ignif icance of differences between 

V means were tested using d'^ test. 

Humidity 
P r e e l imacter ic Pe r iod 

(days) 

Mean weight- loss 

(%/ day) 

Exper iment 1 Mean S E 

Low humidity 8. 4 0. 56 0. 012 

High humidity 22. 7 0. 16 0. 003 

S E 0. 51 

Exper iment 2 Mean S E 

Low humidity 12.5 0. 60 0. 015 

High humidity 42. 9 0. 1 2 0. 006 

S E 0. 97 
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Table 1 2 

The effect of humidity on the prec l imacter i c period of three cu l t ivars 

of plantain and on bananas. Data are means of observation on eleven fruits . 

Mean prec l imacter i c period (days) Reduction in tx rate 
prec l imacteric of weight 

High humidity Low humidity period (%) loss/day 

Cv . Apem 

23 8 65 0. 40 

26 9 65 0.51 

37 18 51 0 . 4 8 

38 15 61 0 . 5 7 
q O 

43 13 6$. 0 . 3 8 

42 13 70 0. 48 

Cv . Apantu 

35 14 60 0 . 4 8 

Cv . Osa 

39 14 64 0 . 4 8 

Bananas 

22 15 32 0 . 5 3 

25 14 44 0 . 5 7 
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Table 1 2 

Effect of humidity on water loss and weight loss during plantain storage, 

a and b denote means for 11 and 6 fruits respect ively , c and d a re 

converted from water vapour concentration data - of ventilating a i r 

and a i r around fruits (flow rate 4 l/h). F r u i t weight was about 200 g. 

/- a Humidity Water loss** Weight loss 

(%) (g/day) (g/day) 

c d 
Influent A i r Effluent A i r 

Mean s. d. Mean s . d. Mean s. d. Mean s. d. 

97. 0 0. 58 100 0. 010 0. 12 0. 022 0. 09 0. 030 

59. 0 2. 02 90. 0 0. 010 0. 56 0. 044 0. 72 0. 100 

27 1. 15 80. 0 4. 04 0. 96 0. 102 0. 98 0. 150 

4. 0 0. 58 83. 0 2. 02 1. 41 0. 044 1. 50 0. 152 
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of 0 .89% pen day produced little effect. Table 12 shows that 

the data on water loss were comparable to those on weight 

loss (see d iscuss ion) . 

3. 2. 8. Effect of humidity and GA 4/7 

T o investigate whether GA ^^ could increase the duration of 

the prec l imacteric in plantains , under conditions favouring high 

weight loss , green f ru i t s were vacuum infiltrated with this 

- 5 

chemical using 10 M and then stored under two levels of hum-

idity. In the two experiments , the separate effects of humidity 

without application and of GA^y^ at high humidity were s ignif-

icant (Table 13) and were comparable with e a r l i e r resu l t s 

(Table 9). Moreover , when fruits were treated with GA^y^, 

and stored under low humidity, their prec l imacter ic periods 

were not s ignif icantly different from untreated fruits stored 

under s imi lar humidity. 

3. 3. D i s cuss ion 

T h e end of the p rec l imacte r i c period was measured by e x t r a -

polation from r e a d i n g s recorded automatically once each 

three hours (0. 125 days) . Thus the prec l imacter ic period was 

determined with a p rec i s ion of + 0. 25 days. When measurement 

of the duration of the prec l imacteric was based on changes in peel 

colouration, the f i r s t detectable change in colour was observed 

one day after CO^, output increased and the interval between the 

start of the c l imacter i c (ie GO^ liberation) to when a fruit be 

came uniformly yel low was almost constant - and was about four 

days. Peacock (1966) observed a si mi far constant interval for 

bananas and used colour changes as an indicator of the end of 

the c l imacter ic . Thus data in F i g u r e 4 suggests that change 
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Table 13 

T h e effect of humidity and g ibbere l l in s on the p r e c l i m a c t e r i c p6r iod of 

plantains . Data a r e means for e leven f ru i t s . The s ignif icance between 

comparable means was tested using Duncan's multiple range test. Means 

followed by different let ters s ignif icant ly different at the probabi l i ty leve 

P = 0. 05. 

Humidity Treatment 
Mean pree l imacter ic Weight 

(period (days) loss (%/day) 

L o w humidity 

L o w humidity 

High humidity 

High humidity 

S E 

L o w humidity 

L o w humidity 

High humidity 

High humidity 

S E 

E x p e r i m e n t 1 

Nil 

G A 4 / 7 

Nil 

G A 4 / 7 

E x p e r i m e n t 2 

Nil 

GA, 

Ni 

G A 

v4/7 

4/7 

8. 6 a 

8. 3 a 

26. 0 b 

36. 4 c 

0. 65 

13. 4 a 

13. 7 a 

40. 8 b 

53. 4 c 

2. 16 

Mean S D 

0. 63 0. 040 

0 . 6 2 0 .030 

0 . 12 0.021 

0. 11 0. 040 

Mean S D 

0 . 3 8 0 .030 

0 . 3 7 0 .030 

0 .06 0.021 

0 .06 0 .020 
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in peel colour should be a rel iable indicator of when a 

plantain fruit began its c l imacter ic and consequently of the 

duration of its prec l imacter ic period. 

The mean daily temperature in most plantain growing countr ies 

is usually between 24 and 28°C. It had been intended to c a r r y 

out these investigations at 25°C but at this temperature, con-

densation o c c u r r e d in the effluent (temperature) lines due to 

the lower temperature of the laboratory (normally about 22°C) 

and consequently 2 0 ° C (+ 0 .5 ) was used as the highest temper-

ature readi ly obtainable. The short prec l imacter ic per iod 

observed at 2 5 ° C for the three cu l t ivars is consistent with the 

short storage life of plantains at ambient temperature. The 

100% inc rease in prec l imacteric period observed in all cult-

i va r s when the storage temperature was reduced from 25° to 

14°C and from 14° to 1 0 ° C is intermediate between inc reases 

previously reported by Hernandez (1973) and Guillemot (1 976) 

for a s imi lar reduction in the storage temperature of plantains. 

The chi l l ing damage observed at 6 ° and 10°C and not at 1 4 ° C is 

consistent with previous observations that green (unripe) 

plantains a re damaged by chil l ing at 10°C (Guillemot, 1976) 

and at 8 ° C (Hernandez, 1973), but are uninjured at 1 2°C . It 

would appear that the chi l l ing injury range for plantains may 

be s imi lar to the range (13° - 15°C) for bananas. 

Vacuum infi ltration of green plantains with calcium chloride 

solutions delayed the onset of the c l imacter i c , but at the 

highest concentrations used (16% CaCI^) fruits showed signs 

of skin in jury , hence this concentration may be injurious. 

T h e r e is littie published data on the use of calcium 
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chlor ide as a post harvest treatment in the storage of either 

plantains or bananas, though this compound has been tested 

as a pre and post harvest treatment in the storage of other 

f ru i ts (Scott and W i l l s , 1975; 1977; Wi l l s et a l , 

(1977). The effect of calcium on the preel imacteric per iod of 

plantains observed in this thesis is s imilar to previous 

observations that calcium delays ripening in tomatoes (Wil ls 

et a l , 1977) and in avocado (Tingwa and Young, 1974). 

T ingwa and Young (1974) found that in avocado treatment with 

calc ium (0. 1 m CaCI^) depressed both respirat ion and ethylene 

production at the c l imacter ic peak - and the magnitude of 

decrease was negatively corre lated with high calcium levels 

in the fruit. The delay in ripening was , however, posit ively 

corre la ted with high calcium in fruits . 

Sa l i cyhdroxamic acid (SHAM), an inhibitor of the alternate 

oxidase pathway, was applied to see if it could delay the onset 

of the c l imacter i c in plantains and bananas. Data in Tab le 6, 

however , suggest that the two concentrations used had little 

or no effect on the c l imacter ic in plantains or bananas. F o r 

p e a r s , Janes and Fenke l (1978) found that SHAM at concen-

- 3 -2 

trations of 10 M to 10 M did not delay the onset of the 

c l imacte r i c , but delayed pulp softening after its commence-

ment. in plantains pulp softening was well co-ordinated with 

other ripening changes once the c l imacter ic had commenced. 

No explanation was given why SHAM delayed softening in 

pears . Although S H A M might have inhibited the alternate 

oxidase in plantains and in bananas, the pulp softening which 

occur red in plantains suggests that the r i s e in repiratory 

c l imacter i c may not ref lect the operation of this enzyme. This 
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is consistent with observat ions by Theologis and l_aties (1978) 

who show that in banana s l i c e s , the capacity of the cytochrome 

mediated resp i ra tory pathway is sufficient to accommodate the 

c l imacter ic and there is no evidence for the involvement of the 

alternate oxidase resp i ra tory pathway (see 1 . 7 . 4 . for more 

detai I). 

Banana fruits vacuum infi ltrated with IAA and benzy ladenine 

had shorter preel imacter ic periods when compared with un-

treated f ru i t s , though these differences were not significant (P = 

0. 05). Resu l ts with IAA are in agreement with those in a p r e -

vious report that IAA acce le ra tes ripening in whole banana 

f ru i ts (Vendrel 1, 1969; Broughton and Wu, 1979). IAA has a l so 

been shown to stimulate ethylene production in bananas (Vendre l l , 

1970a). S i m i l a r l y re su l t s with benzy ladenine are in agreement 

with Blunden et al (1979) who showed 30 ppm kinetin, another 

form of cytokinin, acce le ra ted ripening in bananas. 

When plantains were dipped in gibberel l in, their prec l imacter ic 

per iods were inc reased , but treatment by d i w a s less consistent 
l 

and had less e f f e c t compared with that by vacuum infiltration 

(see Tab les 9 and 13). S i m i l a r l y , g ibberel l ins , espec ia l ly GA^, 

have been shown to delay the onset of the c l imacter ic in bananas 

(Vendre l l , 1970b; L e o n c e , 1974; ^Poor and T u r n e r , 1 976) and 

G A 4 / 7 was more effective than GA^ (Kapoot a n c j T U r n e P j 1976). 

In bananas, GA^ (10 M) had little or no effect on the c o -

ordination of changes in respirat ion and ethylene production 

during the c l i m a c t e r i c , but peel yellowing was delayed by two to 

five days after the commencement of the c l imacter ic . Although 

fruits were r ipe (as shown by both respiratory changes and soluble 
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so l ids) , the peel was st i l l green; the condition general ly 

r e f e r r e d to as 'green ripe1 . The effect of gibberel l in on the 

co-ordination of r ipening in plantains was further investigated 

and is reported in Chapter 4. 

F a c t o r s which determine the rate of weight loss in fruits 

include temperature, re lat ive humidity and rate of ventilation. 

In all the investigations reported in this thes i s , both temper-

ature and the rate of ventilation were kept constant.so weight 

loss was largely dependent on the remaining factors . In a 

-continuous flow system, the combined effects of re lat ive 

humidity and vapour p r e s s u r e deficit of the influent and 

effluent a i r s t reams establ ish an equilibrium humidity around 

f r u i t s , which is at the same humidity as the effluent a i r . 

T h i s equil ibrium, which is affected by flow ra tes , determines' 

the rate of desiccation. 

Humidity data in T a b l e 12 were converted from water vapour 

concentration, measured by an infrared water vapour anal-

y s e r . S i m i l a r l y , data on water loss v^o- calculated from 

differences between water vapour concentration in the influent 

and effluent a i r . Dur ing the precl i rnacter ic phase, the rate 

of transpirat ion is constant, but during the c l imacter i c , t rans-

piration r i s e s rapidiy then fa l l s , paral le l with resp i ratory 

changes (Wardlaw and Leonard , 1940). Consequently, measure-

ments of vapour p r e s s u r e were limited to the prec l imacteric 

phase. T h u s , data on water loss are more re l iable indicators of 

water s t r e s s than those on weight loss. However , there was 

general ly good agreement between data on loss of water and 

loss of weight (Table 12) and in the absence of water loss data 
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from many of the experiments , weight losses are reported 

and are believed to be an adequate indicator of water s t r e s s . 

The magnitude of the effect of water s t r e s s observed with 

plantains is surpr i s ing ly large, representing a reduction in 

the p r e c l i m a c l e r i c period approaching three-fold for a change 

in weight loss from 0. 12% - 0. 16% per day (at high humidity) 

to 0. 56%-£»60% per day (at low humidity). Weight losses of 

0. 5% per day a re frequently exceeded under ambient con-

ditions in the t rop ic s , so that water s t r e s s must be a ve ry 

-important factor in determining the duration of the prec l im-

a c t e r i c period of plantains during marketing and that of their 

tendency to ripen p r i o r to sale. Data in F i g u r e 5 shows that 

up to a weight loss of 0. 62% per day, the duration of the pre-

c l imacter i c period was direct ly related to weight loss , but 

this seemed to be the upper limit as an increase in weight of 

0 .89% per day produced little reduction in the duration of the 

preel imacter ic period. 

Thompson et al (1974) showed that low humidity acce lerated 

ripening of plantains (Horse plantain, Horn type from Jamaica). 

Although their data did not distinguish between the effects of 

water s t r e s s on the pree l imacteric period and on the rate of 

peel colouration, it is evident that^where weight loss was 

almost 0 .5% per day under s t r e s s conditions, peel colouration 

commenced after about 1 2 days rather than after 22 days when 

fruits were stored in moist coir dust. 

Littmann (1972a) showed that water s t r e s s reduced the duration 

of the preel imacter ic period of bananas and that the reduction 
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was direct ly re lated to the rate of water loss per day (up lo 

1. 2% per day). If a l inear relationship between weight 

losses and p r e c l i m a c t e r i c periods is assumed for data in 

Table 1 1 (i. e. up to 0. 6% per day weight loss) in the p r e -

sence of water s t r e s s , reductions in the prec l imacter i c periods 

for plantains (three cul t ivars) and bananas are 66% and 38% 

respect ive ly for a weight loss of 0 .5% per day. Th i s means 

that for fruits with the same potential prec l imacter ic per iod, 

for 0 .5% per day weight loss , the residual prec l imacter ic 

period of plantains will be about half of that for bananas. 

Thus for uns t ressed control fruit with a prec l imacter i c period 

of 22 days and a weight loss of 0. 5% per day, the 

res idual p rec l imacter i c period would be 8 and 15 days 

for plantains and bananas respect ive ly , whereas Littmann 

(1972a) observed 19 days. 

The effect of water s t r e s s over-rode the effect of gibberel l in on 

the prec l imacter ic per iod, so that at low humidity the prec l im-

ac te r i c period was as low as the control (Table 13). Although 

it is probable that at intermediate levels of s t r e s s such as 

those tested in F i g u r e 5 , gibberel l ins would have some effect 

in extending the prec l imacte r i c per iod, it is evident that 

qibberel I in is not likely to be an effective means of extending 

the prec l imacter ic per iod under conditions favouring weight 

lo s s , such as occur at ambient conditions. 
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C H A P T E R 4 

T H E C O - O R D I N A T I O N O F R I P E N I N G C H A N G E S IN P L A N T A I N S 

4. 1. Introduction 

In the preceding chapter , water s t r e s s and gibberel l ins were 

shown to affect the preel imacteric period in plantains in a 

manner qualitatively s imi lar to that reported for bananas. In 
r 

bananas, g ibbere l l i c acid (GA^) has also been shown to delay 

peel yellowing after the commencement of the c l imacter ic 

(Vendre l l , 1970b), so that treated fruit become 'green-r ipe 1 . 

In this chapter the effect of water s t r e s s and GA ^^ on the 

co-ordination of changes in respi rat ion , ethylene production, 

colour and texture changes during the c l imacter ic in plantains 

wil l be descr ibed. T h e s e studies investigated whether storage 

conditions which affect duration of the preel imacteric a lso 

disturb the co-ordination of changes associated with the 

cl imacteric . 

4. 2. Resu l t s 

4. 2. 1. Changes in resp i ra t ion and endogenous ethylene production 

during the c l imacter i c 

T o examine the effect of humidity and G A ^ , - on changes in 

respi rat ion and ethylene production during the climacteric^ 
_5 

Unr ipe f ru i ts were vacuum infiltrated with GA^y^ (10 M) 

and then continuously ventilated with a i r at two humidities. 

CO^ and C evolution by single f ingers were monitored 
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four - five days after the commencement of the c l imacter ic . 

Resul ts of this experiment, which are given in Table 14, 

indicate that both humidity and G A ^ 7 had little or no effect 

on resp i ra tory ra tes at the c l imacter ic maximum or on the 

time taken to r e a c h this from when the c l imacter ic was 

initiated. The resp i ra tory patterns of single fruits 

(F igure 6) a lso show that humidity and GA^y^ did not affect 

normal c l imacte r i c patterns of respirat ion exhibited by plant-

ains. Data on the separate effect of humidity on ethylene 

production ( F i g u r e 7) show that the co-ordination of changes 

in CO^ a n c* ^2^4 e v o ' u t ' o n after* the commencement of the 

c l imacter i c was s imi l a r at the two humidities. Both at low 

and high high humidity, ethylene peaked 3 .5 days before the 

c l imacter i c peak, but the magnitude of ethylene production at 

low humidity was a little greater than that at high humidity. 

4. 2. 2. Co-ordinat ion of r ipening changes 

T o examine the effect of G A ^ ^ on the synchronisation of 

ripening in the peel and pulp, unripe plantains were vacuum 

infi ltrated with GA^y^ (10 M) and both treated and control 

(water infiltrated) f ru i ts were continuously ventilated at con-

stant rate (4 l/h) using a i r of two humidities. C O evolution 

by each fruit was monitored until three days after the 

commencement of the c l imacter ic . At measured intervals 

after the commencement of the c l imacter i c , individual f ru i ts 

were removed and pulp and peel separated. Pee l colour was 

a s s e s s e d using standard colour chart for bananas (see 

2. 2. 3. 3. ) and chlorophyll content determined by extraction 

and measurement of absorbe»nce (see 2. 2. 1. 1. ). F i r m n e s s 
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Table 1 2 

Changes in resp i ra tory activity of plantains during the c l imacter ic . Data 

are means of observation of three fruits . The signif icance of differences 

between comparable means was tested using Duncan's multiple range test. 

Means followed by different letters were significantly different on the 

probability level P = 0 .05 . 

Maximum rate Time from onset to 
S torage GA, 4/7 

of < 
it 

(mg/kg /h ) c l imacter ic (days) 

of CO^ production maximum of 
Humidity Treatment 

Low - 128. 3 a 2 .8 a 

Low + 135.5 a 2. 7 a 

High - 108.8 a 3. 1 a 

High + 127.0 a 3,1 a 

S E 10.49 0.42 



^ g. Storage Period (days) Storage Period (days) 
Resp i ra tory patterns of s ingle plantain fruits treated with G A a n d stored at two humidities. Untreated (A) and treated 
(B) stored at low humidity. Untreated (C) and treated (D) stored at high humidity. 
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F i g u r e 7: Rates of C 0 2 ( ©—e ) and ( O—O) evolution for single plantain f ingers stored at two humidities. L o w humidity 
(A) and at high humidity (B). 
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in the pulp was a l so determined. A C C levels in f r e e z e -

dried samples of the peel and the pulp of precl imacteric and 

c l imacter i c fruits was determined by extraction and measure-

ment of ethylene re leased by extracts (see 2. 2. 1. ). In 

F i g u r e 8, a re summaries of resu l ts on changes in CO^ evol-

ution by the whole f ru i t , peel colour and chlorophyll 

and texture changes in the pulp. Treatment with G A ^ y had 

little or no effect on peel colouration or on pulp softening 

or on C O evolution by the whole fruit. S i m i l a r l y , humidity 
z 

had no effect on CO^ evolution by the whole fruit or on peel 

colouration and pulp softening after two and three days from 

the commencement of the c l imacter ic . After one day, peel 

colouration (as measured by chlorophyll degradation) and pulp 

softening were s ignif icantly delayed at low humidity when 

compared to changes at high humidity, this effect being evident 

both without and with gibberel l in treatment. Data on the 

A C C content of c l i m a c t e r i c plantains (Table 15) 

indicate that storage at low humidity increased the A C C level 

in the pulp, when compared with storage at high humidity, but 

the difference was only significant one day after the commence-

ment of the c l imacter i c . A C C was undetectable in the peel of 

c l imacter i c f ruits and in either the peel or the pulp of p r e -

c l imacter i c f ru i ts s tored at either humidity (i. e. less than 

0. 03 n moles/g dry weight). 

4. 3. D i s c u s s i o n 

T h e l i terature on the effect of water s t r e s s on banana storage 

is confl ict ing, whereas Broughton and Wu (1979) found that 

water s t r e s s had no effect on the respiratory rates at the 
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F i g u r e 8: E f fect of humidity and GA^/y on changes in respirat ion (a); 
colour (b); chlorophyll (c); and pulp rupture force (c) in plantains at 1 , 
2 and 3 days after the start of the c l imacter ic . Untreated (A) and treated 
(B) with.GA. and stored at low humidity. Untreated (C) and treated (D) 
and stored ai high humidity. Ver t i ca l bars indicate twice the standard 
e r r o r of means for 3 fruits . 
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Table 1 2 

Changes in A C C content of plantain pulp during the cl imacteric . Data 

are means of observation on three fruits. The mean efficiency 

conversion of A C C to ethylene was 5 4 + 1.5%. 

Per iod after 

commencement of the Low Humidity High humidity 

c l imacter ic 1 2 3 1 2 3 

(days) 

A C C content 

(n moles/g) + S E 

1. 85 0. 93 1.10 1.10 0. 85 0. 96 

0 .056 0.061 0.031 0.031 0.086 0 .058 
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c l imacter i c peak, data from other studies (Littmann, 1972; 

Haard and Hultin, 1969; L i z a n a , 1975; Wardlaw and L e o n a r d , 

1940) show that water s t r e s s depressed it. T o further 

complicate the p ic ture , Haard and Hultin (1969) found 

that bananas stored at a humidity less than 80% did not 

undergo a resp i ra tory c l imacter i c ( i . e . ripening was ab-

normal). Data of L i z a n a (1975) and Broughton and Wu (1979), 

however, show that bananas exhibited normal resp i ratory 

c l imacter i c at humidities which were very c lose to zero. 

T h e r e a r e a lso conflicting reports on ethylene production,' 

while some w o r k e r s ( L i z a n a , 1975) found that water s t r e s s 

depressed^ethylene peak at the c l imacter ic peak, others 

(Broughton and Wu, 1979) observed no effect of water s t r e s s , 

T h e s e d i s c r e p a n c i e s , both in respirat ion and ethylene prod-

uction, may have resul ted from the different storage con-

ditions and cu l t ivars used by the var ious workers . In some of 

the 

experiments , bananas were apparently left in open rooms 

and after var ious storage periods ripening patterns of f ruits 

sampled from the va r ious rooms were studied. T h e r e was 

thus no control of humidity or flow rates of a i r used for vent i l -

ation. The effect of these and other factors on the rate of 

weight loss and consequently the effect of water s t r e s s have 

been descr ibed in Chapter 3 ( 3 . 3 . ) . F o r instance, in a con-

stant flow system, the equilibrium humidity of the effluent a i r 

is a function of both the humidity and the flow rate of the 

influent a i r . In some of the experiments different cu l t ivars of 

bananas were used. F o r instance, Littmann (1972) used 
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Giant Cavendish , but Broughton and Wu (1979) used G r o s 

Michel. While G r o s Michel r ipens readi ly , Cavendish 

cu l t ivars do so with difficulty. Moreover, Gros Michel 

produces more ethylene than Giant Cavendish , thus the two 

cu l t ivars may respond to ethylene produced under s t r e s s con-

ditions differently. In order to resolve these conflicts in 

banana l i terature , a common methodology should be es tab-

l ished and comparisons should be made between s imi lar 

cu l t ivars . The method used in the work on plantains reported 

in this thesis is s imi la r to that used by Littmann (1972a ,b ,c ) 

and Broughton and Wu (1979) for bananas and the resu l t s 

reported here are quantitatively s imi lar to theirs in that in 

each case water s t r e s s accelerated the onset of ripening 

and a well defined c l imacter ic was observed. Data of 

Ward I aw and L e o n a r d (1940), "of Haard and Hultin (1969) 

and of L i z a n a (1975) a re completely contrary to these r e s u l t s 

in that the c l imacter i c was both delayed and part ial ly or 

completely supressed . The discrepancy cannot be reso lved 

from published data and methods. A l l studies with plant-

ains were repl icated as were those of Littmann ( I 9 7 2 a , b , c ) 

and resu l t s were consistent with those of Littmann ( I 9 7 2 a , b , c ) , 

Broughton and Wu (1969) . The flow rate was as for Littmann 

and resu l ts were fully reported, other flow rates were not 

determined. 

Data in Tab le 14 show that water s t r e s s has no effect on the 

magnitude of CO^ evolved by plantain fruit at its c l imacter i c 

peak and m 4 W s are s imi lar toj^kat by Broughton and Wu (1979). 

T h e synchronisat ion of ripening of peel and of pulp in plant-
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ains at 2 0 ° C is very c l o s e , so that the peel colouration ( i . e . 

chlorophyll breakdown and subsequent peel colouring) and 

pulp softening, both commence within one day of the commence-

ment of the resp i ratory c l imacter ic . In bananas and in tomatoes 

treatment with GA^ has been reported to delay peel colouration 

after the onset of the c l imacter ic (Vendrel l , 1970b; Babbitt 

et a l , 1973). T h i s delay in peel yellowing has been r e f e r r e d to 

as 'green-r ipe ' (see 3. 4. ). In plantains, G A ^ ^ treatment 

(which has been found to be more effective in delaying ripening 

in bananas than GA^) did not disturb the co-ordination of 

r ipening, so that this chemical may be more pract icable as a 

means of extending the storage life of plantains than it is for 

bananas. At low humidity both peel yellowing and pulp soften-

ing were delayed, re lat ive to the onset of the c l imacter i c , when 

compared to changes at high humidity, but this difference was 

only significant after one day not after two or three days. 

A C C levels in the peel of c l imacter ic plantains were measured 

to determine whether humidity affected the re lat ive ethylene 

production in the two t i s sues during the c l imacter ic . Unfort-

unately, A C C level in the peel was not measureable even 

during the c l imacter ic . Hoffman and Vang (1980) showed that 

A C C level in the pulp of prec l imacter ic bananas stored at high 

humidity was undetectable and estimated it as less than 0 .05 n 

moles/g. However , after the commencement of the c l imact-

e r i c > A C C levels in the pulp increased from an undetectable level 

to 6. 5 n moles /g within four days after ripening and then dropped 

to 2 n moles/g on the s ixth day. They compared the efficiency 

of A C C convers ion to ethylene in purified banana extract with 

that of unpurified extract and reported 70 - 80% and 50 - 60°ja 
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for purif ied and unpurified extracts respect ively . The 

convers ion eff ic iency of 53-1-1.5% observed here for unpurified 

plantain extract is comparable to that reported for bananas. 

Changes in the level of A C C (^determined by the rate of A C C 

synthes is re lat ive to its rate of uti I isation ( i . e . convers ion 

to ethylene) or degradation. T h u s , a decrease in the level of 

A C C during ripening wil l indicate that the rate of ethylene 

synthes is is greater than that of A C C synthesis . In plantains 

stored at high humidity, the level of A C C dropped from 1. 10 u 

moles/g dry weight to 0. 85, within two days after the onset of 

the c l i m a c t e r i c , though on the third day there was a slight 

inc rease (Table 15). In bananas, A C C level remained high for 

four days and then decreased. The difference in the level of 

A C C might be attributed to the fact that plantains have much 

higher ratesof ethylene production than bananas and this 

ut i l i ses more A C C . 
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C H A P T E R 5 

T H E R O L E O F E T H Y L E N E IN T H E E X T E N S I O N OF T H E 

P R E C L I M A C T E R I C P E R I O D O F P L A N T A I N S 

5. 1. Introduction 

Data previously rev iewed in this thesis (1.4. 1. ) suggest 

that endogenously produced ethylene is a likely cause of 

the acce lerated ripening and of the stimulation of resp i ra t ion 

observed in preel imacter ic bananas which have been subjected 

to water s t r e s s . S i m i l a r l y , when preel imacteric bananas are 

continuously exposed to low ethylene concentration, the 

duration of their preel imacteric period is reduced and 

resp i ratory rate increased ( L i u , 1976a). T h i s study d e s -

cr ibed here was c a r r i e d out to determine whether or not 

endogenously produced ethylene could have a role in the effect 

of water s t r e s s on the duration of preel imacteric per iod of 

plantains (Chapter 3). 

5 . 2 . Resu l t s 

5. 2. 1. Changes in re sp i ra tory rates and in ethylene production in 

prec l imacter i c plantains 

T o investigate the mode of action of water s t r e s s in initiating 

r ipening, green f ru i ts were continuously ventilated with a i r 

of two humidities (low and high humidity). CC>2 evolution by 

each fruit was monitored until the onset of the c l imacter ic . 

At measured interva ls during the prec l imacter ic phase ( i .e . 
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before the initiation of r ipening), individual fruits (three 

from each humidity) were removed for internal ethylene 

measurements by cutting and expulsion of gas whilst immersed 

under water (2. 2. 2. 4. ). Before each individual fruit was 

removed, a gas sample taken from the effluent a i r was analysed 

for ethylene using a gas chromatograph (2. 2. 2. 3. )* if detect-

able ethylene production was observed, the fruit was not used 

for internal ethylene measurements. After cutting, a pulp 

sample was used for determination of refractometr ic so l ids 

(2. 2. 1. 2. ). Data in Tab le 16 showing mean internal ethylene 

concentration suggest that low humidity ra i sed it by two-fold. 

Data on refractometr ic sol ids show that all fruits sampled 

were st i l l in their p rec l imacte r i c phase. In another e x p e r i -

ment, a detailed study on changes in resp i ratory rates and 

in ethylene evolution was undertaken at intermediate humidity 

using mixtures of wet and dry a i r in the rat ios 1:0, 2:1 , 1:2, 

0:1. F r u i t s were continuously held under these humidities 

and CO^ evolution by each fruit monitored until the commence-

ment of the c l imacter ic . At measured intervals during the 

prec l imacte r i c phase , ra tes of ethylene evolution by f ru i ts 

s t o r e d at the different humidities were determined by 

trapping ethylene in the effluent gas stream (using three 

fruits from each humidity treatment). After a trapping period 

of 24 hours , ethylene was re leased from the ethylene mercuric 

perchlorate complex and the concentration determined (see 

2. 2. 1. 4. for trapping method). In Table 17 a r e resu l t s 

showing the eff ic iency when known concentrations of ethylene 

were trapped. F o r the four ethylene concentrations 
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Table 16 

Ef fect of water s t r e s s on internal ethylene concentration in prec l im-

a c t e r i c plantains. Means a r e observation on nine fruits . 

Ref rac tome tr ie 

sol ids 

(% / f resh weight) 

Mean s. e. Mean s. d. 

Low 0 . 0 2 2 0.0085 3 . 8 0 .10 

High , 0 .010 0 .0036 3 . 9 0 .17 

Internal C H 
Humidity ^ 

(ppm) 

Weight losses were 1. 20 and 0. 10 % per day for low and high humidity 

respect ive ly. 
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trapped, the eff iciency ranged from 75 - 81%, with a mean 

of 70% , this f igure being used as a correct ion factor in c a l -

culation of ethylene production rates measured by trapping. 

In Tab le 18 are mean respi ratory rates computed halfway 

through the prec l imacte r i c period. L o w e r humidities (i. e. 27% 

and 4% re lat ive humidity) significantly decreased the r e s p -

i ratory rates of p rec l imacter i c fruits when compared to those 

at 97% re lat ive humidity. Data in F i g u r e 9 showing changes 

in resp i ra tory ra tes at var ious stages of the precl imacter ic 

phase indicate that resp i ra tory rates increased sharply with 

decreased re lat ive humidity. Thus at 97% relat ive humidity 
> 1 

the resp i ratory rate was almost constant, i . e . 17 trig/kg'/hr 

throughout the p r e c l imacter ic phase, but at 4% relat ive 

humidity the resp i ra tory rate increased by almost 12 mgCo 2 / 

kg'/h* within five days. 

T o compare rates of ethylene production, means were com-

puted through the f i r s t quarter and halfway through the prec l im-

ac te r i c period and the data in Tab le 1 8showsrthat the rate of ethylene 

production was signif icantly increased by 4% and 27% re lat ive 

humidity when compared with that for 59% or 97% re lat ive 

humidity. Data on changes in ethylene production patterns 

in F i g u r e 10 show that at relat ive humidity of 97% ethylene 

production was l e s s than 0.01 jjl /kg/h ? but it increased very 

sharply with decreased humidity, so that it was evident that 

with lower humidity (i. e. 2^ and 4% relat ive humidity) 

ethylene production continuously increased. The prec l imac-

ter i c periods given in Table 18 were for the experiment 

descr ibed in Chapter 3 (3. 2. 7. ). (see discussion). 
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Table 1 7 

E f f i c i e n c y of ethylene trapping. Data a r e means of observation, on three 

f ru i t s . 

Concentrat ion of 
Concentrat ion of E f f i c i e n c y of 

ethylene r e l e a s e d after 
ethylene trapped trapping 

trapping 
(ppm) (%) 

(ppm) 

Mean S . E . Mean 

0 . 0 1 0 0 . 0 0 1 3 0 . 0 0 8 

0 . 0 3 2 0.0051 0 . 0 2 4 

0 . 5 0 2 0 . 0 1 0 0 . 4 0 6 

1.101 0 . 0 3 0 0.871 

S . E . Mean S . E . 

0.0010 £0 . 0 1.12 

0 .0035 7 5 . 0 2 .15 

0.0131 8 0 . 9 1 .65 

0.0251 79.1 2 .10 
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Table 18 

Effect of water s t r e s s on resp i ra tory rates and ethylene production by 

prec l imacter i c plantains. Data are means for three fruits . The s ignif-

icance of differences between comparable means was tested using 

Duncan's multipl le range test. M e a n s fol lowed by different letters were 

significantly different at the probability level of P - 0. 05. 

e Mean; rates of ethylene 

Humidity 

(%) 

Mean CC>2 

evolution 

(mg/kg/h) 

production 

(p'/kg /h ) at times 

preel imacteric period 

Prec l imacter i c 

period 

(days) 

Influent A i r 25% 50% 

P r e e l imacteric Pe r iod 

93. 0 17. 3 a 0. 005 a 0. 0060 a 37. 5 

59. 0 19. 9 ab 0. 0080 a 0. 0098 a 21. 1 

27. 0 21. 7 b 0 .0248 b 0.0338 b 15. 2 

4. 0 39. 8 c 0 .0272 b 0 .0352 b 13. 9 

S E 1. 05 0.00281 0.00296 b 

e - for detai ls see text, 

f - see text. 

i 
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Figure 10: Effect of humidity on ethylene evolution patterns in 

single preclimacteric plantain fingers. 
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5. 2. 2. E f fect of exogenous ethylene on the p r e c l i m a c t e r i c p e r i o d 

and on r e s p i r a t o r y rate 

T h e effect of exogenous ethylene on the duration of the p r e -

c l i m a c t e r i c per iod and on r e s p i r a t o r y ra tes during the p r e -

c l i m a c t e r i c phase was examined to show whether or not it 

could be c o r r e l a t e d with that of s t r e s s ethylene. In two 

exper iments , unr ipe plantains were exposed to ethylene, 

us ing different low concentrat ions maintained at a constant 

level . In the f i r s t experiment, f ru i ts from two separate 

bunches were treated with three concentrat ions of ethylene 

ranging from 0. 101 to 2. 501 ppm, and in the second e x p e r i -

ment f ru i t s from a s ingle bunch were treated with 0. 01 3 to 

0. 105 ppm ethylene. 

T h e s e concentrat ions w e r e obtained by diluting ethylene 

using the dilution system a l ready descr ibed (2. 2. 2. 5. ). In 

o r d e r to exclude the effect of ethylene produced during 

water s t r e s s , al l f r u i t s were continuously venti lated with 

wet a i r , which c a u s e d minimal or no water s t r e s s . ' C 0 2 

evolution by each fruit was monitored until the commencement 

of the c l i m a c t e r i c . R e s u l t s from the two experiments a r e 

given in T a b l e 19. In the f i r s t experiment al l three ethylene-' 

concentrat ions s ignif icant ly reduced the duration of the p r e -

c l i m a c t e r i c per iod and a lso i n c r e a s e d the r e s p i r a t o r y r a t e s 

during the p ree l imacte r i c phase , when compared with un-

treated f ru i t s . D i f f e r e n c e s between the two bunches in their 

re sponse to ethylene w a s probably due to d i f ferences in 

bunch ages and matur i ty , s ince bunch B was more mature 

than A . C o n s i d e r i n g the r e s u l t s of the f i r s t and second 
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exper iments it is evident that plantains respond to ethylene 

over a range from 0. 01 - 0. 5 ppm, but there i s only a small 

fur ther response when concentrat ions a s high as 2 . 5 ppm 

a r e tested. 

Data on mean r e s p i r a t o r y ra tes ca lcu lated halfway through 

the p r e c l i m a c t e r i c per iod show that ethylene at concentrat ions 

from 0 . 0 3 9 to 2.501 ppm signif icantly i n c r e a s e s the r e s p i r a -

tory r a t e , when compared with that for untreated f ru i ts . The 

effects of ethylene treatments on the k inet ics of changes in 

r e s p i r a t o r y r a t e s given in F i g u r e 11 show that five days 

after exposure to ethy lene , the r e s p i r a t o r y ra tes had i n c r e a s e d 

and that this pattern w a s maintained throughout the p r e c l i m -

a c t e r i c per iod. T h e r e s p i r a t o r y ra tes of untreated f ru i t s 

w e r e , however , almost constant. 

Di s c u s s i o n 

In the p r e c l imacte r i c p h a s e , plantains exhibit an i n c r e a s e 

in r e s p i r a t o r y r a t e s a s the re la t ive humidity was dec reased . 

T h i s i n c r e a s e in rate is different from the r i s e in r e s p i r a t o r y 

c l i m a c t e r i c , which is of a different magnitude. Dur ing the 

c l i m a c t e r i c , the r e s p i r a t o r y rate normally i n c r e a s e s by a l -

most 80 mg CO^/kg/h within a 24 hour period. W h e r e a s the 

la rgest change observed under water s t r e s s or with low 

concentrat ion of ethylene applied to p r e c l i m a c t e r i c f ru i t s 

w a s that in F i g u r e 9 at 4% re lat ive humidity, where the 

/ •*RI / **1 

r e s p i r a t o r y rate i n c r e a s e d by 30 mg CO^/kg /h over a ten 

day per iod. 



Table i g 

E f f e c t of exogenous ethylene on basal r e s p i r a t o r y r a t e s and on the pree l imacter i c per iod of plantains . In experiments 

one and two ethylene treatments commenced 5 and 3 days after harvest ing f ru i t s respect ive ly . A l l f ru i t s were cont in-

ously treated with the ethylene concentrat ion stated, x means observat ion of e leven f ru i ts ; y means read ings during the 

experimental -period. T h e s ign i f i cance of d i f ferences between two comparable means was tested using Duncan's 

multiple range test. Means fol lowed by different let ters w e r e s ignif icant ly different at the probabi l i ty of P = 0 .05 . 

E thy lene treatment 

(ppm) 

Mean basal C 0 0 production 

(mg/kg/h) 

Mean pree l imacter i c per iod 

(days) 

.x 

Mean s . d. Bunch A Bunch B Bunch A Bunch B 

Exper iment 1 

0. 00 
0. 101 
0. 502 
2. 501 

0. 00 
0. 013 
0. 039 
0. 105 

0.0101 
0 .0212 
0. 0180 

S E 

0 . 0 0 2 9 
0. 0031 
0. 0083 

15. 8 
25. 1 
38. 6 
48. 0 

14. 2 a 
24. 4.b 
32. 7 c 
46. 5 d 

3. 15 4. 15 

Exper iment 2 

15. 3 
17. 9 
20. 3 
26. 5 

20. 5 a 

2. 3 b 
1 . 2 c 

1. 02 

42. 0 a 
32. 0 b 
26. 0 b 
13. 0 c 

28. 4 a 
2. 4 b 
0. 83 c 
0. 75 c 

0. 98 

S E 1. 92 1. 05 
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P u b l i s h e d data on the effect of water s t r e s s on the r e s p i r a -

tory r a t e s of p r e c l imacter i c bananas a r e confl ict ing, so that 

w h e r e a s Ward law and L e o n a r d (1940), L i z a n a (1975) and 

Broughton and Wu (1979) found that water s t r e s s had no 

effect on the p r e c l i m a c t e r i c r e s p i r a t o r y r a t e , L ittmann (1972c) 

reported the r e v e r s e . Out of these accounts , in two of the 

invest igat ions where no change was observed in r e s p i r a t o r y 

r a t e , there was a l s o a small i n c r e a s e (two days) in p r e c l i m -

a c t e r i c per iod in r e s p o n s e to water s t r e s s (Wardlaw and 

L e o n a r d , 1940; L i z a n a , 1975) and in the third one, the 

observed d e c r e a s e in the p r e c l i m a c t e r i c per iod was 

about four days (Broughton and Wu, 1979), compared with 

.11 days reported by Littmann (1972a). T h u s , the s ituation 

observed with p lanta ins is s imi la r to L ittmann's o b s e r v -

ation in that there i s both a substantial reduction in the 

p r e c l imacter ic pe r iod and an i n c r e a s e in re sp i ra tory r a t e s 

p r i o r to the onset of the c l imacter i c . 

T h e r e a s o n for the i n c r e a s e in the p r e c l imacter ic r e s p i r a t o r y 

r a t e s with water s t r e s s is not known, but it may suggest p o s s -

ible s i t e s of r e s p i r a t o r y control . If the control i s e x e r c i s e d 

by the phosphate potentia ls as has been suggested by L a t i e s 

(1967), i n c r e a s e in r e s p i r a t o r y ra tes probably r e s u l t s from 

e i ther the ut i l i sat ion of energy or the uncoupling of oxidative 

phosphorylat ion. Bozhenco (1965) found that microelements 

(i. e. ions) which provided plants with resistance toi water 

s t r e s s ( i . e . drought) a l so inc reased A T P content in these 

plants and thus suggested that the abil ity of plants to w i th-

stand drought invo lves energy metabolism. On the other hand, 
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s ince water s t r e s s stimulates ethylene production and s ince this 

gas has been shown to increase the activity of adenosine 

tr iphosphatase in yeast micochondria (Olson and S p e n c e r , 1958) 

L ittmann (1972c) suggested that the uncoupling may be effected 

by this enzyme. T h i s is-,—hrnA7?v^r^=detaatable. A s water 

s t r e s s i n c r e a s e s s u c r o s e inversion in harvested sugar cane 

(Laur i tgen and B a l c h , 1934), it is also possible that the 

inc rease in resp i ra tory rates of plantains might have been 

caused by increased mobilisation of substrates. P r e s e n t 

evidence, however , suggests that there is little or no change 

in the level of substrates (carbohydrate) in prec l imacter i c 

plantains (Marriott et a l , 1980) to cause the increase in 

re sp i ra tory rates reported here. 

Ethylene production by prec l imacteric fruits was investigated 

f i r s t ly by measuring the internal concentration of the gas in 

fruits (with destruct ive sampling) and because each fruit sampled 

was destroyed, it was not possible to a s s e s s the rate of ethylene 

production in the same fruit up to the onset of the c l imacter ic . 

The build up method descr ibed by Littmann (1972b) was a lso 

tr ied and before ethylene measurements were taken, f ru i ts 

removed from s t r e s s i n g conditions. T h i s method gave 

inconsistent readings as ethane from the laboratory inter -

f e r r e d with ethylene peaks. A C C (precursor of ethylene) 

was a lso determined, but the level in prec l imacter ic fruit was not 

detectable. S i m i l a r l y , Hoffman and Yang(l 980) found that 

A C C content in p r e c l imacteric bananas was not detectable. 

F i n a l l y , the trapping method was tried and this proved to be 

re l i ab le , sens i t ive and permitted non-destructive measurements, 

without interferr ing with the s t r e s s imposed on the fruit . 
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Data on ethylene production are s imi lar to that of Littmann 

(1972c) who showed that water s t r e s s increased ethylene 

production of pree l imacteric bananas. His data showed that 

ethylene production for s t re s sed fruits (i. e. at 13% 

re lat ive humidity) was two-fold greater than that of un-

s t r e s s e d fruits ( i . e . 95% relat ive humidity). Ethylene 

production for s t r e s s e d plantains (i. e. at 27% re lat ive 

hum;c(bty) was four-fold greater than that for unst ressed 

fru i ts ( i . e . 97% re lat ive humidity), so that although plantains 

were subjected to less s t r e s s than bananas, they st i l l prod-

uced more ethylene. T h i s difference in ethylene production 

might be due to physiological differences between plantains 

and bananas or to the different methods used for dete r -

mining ethylene production d i scussed above. 

S i n c e the rate at which a fruit r e l e a s e s ethylene out of its 

t i s sues is re lated to the concentration within the t i s sues 

(Burg and B u r g , 1961), it is possible to estimate the internal 

ethylene concentration in fruits from data on rates of 

ethylene produced or v ice v e r s a . Burg and Burg (1962) 

investigated the relat ionship between ethylene concentration 

within fruits and the rates of production of the gas for a wide 

range of f ru i ts including bananas. F o r bananas, they found 
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that ethylene concentration within the fruit was related to 

the rates of production by a factor of 1. 9 ppm for I f/ l /kg /h . 

Assuming that this factor is the same as for bananas, and that 

it does not vary at different levels of vapour p r e s s u r e deficit , 

ethylene concentrations in the t issues of precl imacter ic 

plantains corresponding to data on rates of ethylene prod-

uction given in T a b l e 18 are: for the f i r s t quarter of the 

prec l imacter i c per iod 0. 010, 0. 015, 0. 047, 0. 051 ppm at 

97%, 58%, 27% and 4% relative humidity respect ively ; for 

halfway through the prec l imacter ic period 0. 011 , 0. 01 9, 

0. 064, 0. 067 ppm at 97% , 58% , 27% and 4% relat ive humid-

ity respect ive ly . T h u s , as early as the f i r s t quarter of the 

prec l imacte r i c per iod the difference between s t ressed and 

unst ressed fruit should be about 0. 04 ppm and this difference 

would tend to inc rease . 

T h e sensit ivity of plantains to ethylene was measured to 

investigate whether or not the effect of exogenous ethylene 

on the prec l imacter ic period was comparable to the effect 

of water s t r e s s (which generated endogenous ethylene) on 

the prec l imacter i c . 0. 1 ppm ethylene decreased the p r e -

c l imacter i c period by 92% and 70% in the f i r s t and second 

experiments re spec t i ve ly , whereas 2 .5 ppm and 0 .013 ppm 

ethylene reduced the prec l imacter i c period by 96% and by 

24% in the f i r s t and second experiments respect ively . The 

difference in sens it iv i ty ( i .e . at 0. 1 ppm ethylene) between the 

two experiments can be explained by considering published 

data on bananas. T h e r e are a lot of d iscrepancies in the 

l i terature on the sensit iv ity of bananas to ethylene. Both 

data reviewed by P a l m e r (1971) and that of L i u (1976a) 
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show that the sensit iv i ty to ethylene increases as the fruit 

approaches its maturity, whereas Peacock (1972) observed 

that the sens i t iv i ty of bananas to ethylene decreased with 

increased maturity. He also observed that sensit ivity to 

ethylene inc reased with time when ethylene was applied to 

f ru i ts . T h u s , when ethylene treatment was applied four and 

s ix days after harvest ing f ru i t s , the duration of the p r e -

c l imacter i c per iod was reduced by 4% and 16% respect ively . 

In the f i r s t and in the second experiments descr ibed here , 

treatment with ethylene was commenced two and five days 

after the f ru i ts were harvested respect ively . S i n c e the 

duration of the p rec l imacte r i c period of untreated fru i ts in 

the f i r s t experiment (Bunch B) was s imi lar to that for un-

treated fruits in the second experiment, it is unlikely that 

the difference in sensit iv ity was caused by differences in 

maturity, but it is quite possible that it was caused wholly or in 

part by the di f ferences in the time when ethylene was applied. 

Comparing the effect of exogenous ethylene on the prec l im-

a c t e r i c per iod in the second experiment (where fruits were 

treated with ethylene soon after harvest) with the effect of 

water s t r e s s on internal ethylene content and on p r e c l i m -

a c t e r i c per iod, it is evident that the effects of both exo-

genously applied and endogenously elevated ethylene concen-

tration on the preel imacter ic period are quantitatively s imi lar 

T h u s , 0. 013 ppm of exogenously applied ethylene reduced 

the p r e c l i m a c t e r i c per iod by 24% , whereas water s t r e s s (which 

elevated endogenous ethylene concentration to 0 . 0 1 5 - 0 . 0 1 9 

ppm) reduced the prec l imacter i c period by 45%. S i m i l a r l y , 
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ethylcne 0. 039 - 0. 105 ppm reduced the prec l imacteric 

period by 60%; whi le water s t r e s s ( i .e . 27% - 4% re lat ive 

humidity, which elevated the endogenous ethylene concen-

trations to 0, 047 - 0. 064 ppm) reduced the prec l imacter ic 

period by 60%. S i m i l a r l y , comparing the effect of exogenously 

applied ethylene on the basal resp i ratory rates with the 

effects of water s t r e s s on the basal respi ratory ra tes , it is 

evident that the effects of both exogenously applied ethylene 

and endogenously elevated ethylene concentration have a simi-

lar effect on basal resp i ratory rates . T h u s , the increase in 

basal re sp i ra tory rates of 17% caused by 0 .013 exogenously 

applied ethylene is s imi lar to that of 15% caused by water 

s t r e s s , which elevated endogenous ethylene concentration to 

0. 015 - 0. 01 9 ppm. S i m i l a r l y , exogenous ethylene of 0. 039 

ppm increased the prec l imacteric respi ratory rate by 33%, 

which is comparable to the inc rease of 25% in the basal r e s -

piratory ra tes caused by water s t r e s s ( i .e . 2?% re lat ive 

humidity) which elevated ethylene concentration within the 

fruit to 0. 047 - 0. 064 ppm. However , the resp i ra tory r e s -

ponse of plantains to very high water s t r e s s (4% re lat ive 

humidity) was notably different in that compared to a lower 

level of s t r e s s (27% relat ive humidity), there was little further 

reduction in the prec l imacter i c period (F igure 5, weight loss 

0. 62%/day) or further increase in ethylene production 

(F igure 10), but there was a large further increase in the 

resp i ra tory ra te , for which no explanation can be offered 

at present. 

Water s t r e s s and application of exogenous ethylene differ in 
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that ethylene concentration increases with time in the former 

(F igure 10) and is constant in the latter , and this is reflected 

in that the rate of change in CO^ production with time is much 

greater in the former (F igure 9) than the latter (F igure 1 1). 

Moreover , it is evident that the levels of ethylene generated 

within the f i r s t quarter of the prec l imacter i c phase a r e high 

enough to cause measureable effects both in resp i ratory rates 

and in p rec l imacte r i c period and that the effects are of a 

s imi la r magnitude to changes which occur in water s t r e s s . 

It is thus probable that the very large effect of water s t r e s s 

on the p rec l imacte r i c period of plantains descr ibed in 

Chapter 3 is mediated wholly or largely through inc reases 

in synthesis of endogenous ethylene in response to this 

s t r e s s . 
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C H A P T E R 6 

G E N E R A L D I S C U S S I O N 

6. 1. Effect of Water S t r e s s 

Of all the physiological factors tested in the present study, 

water s t r e s s had the largest effect on the preel imacteric period 

of plantains. Typ ica l ly , for a weight loss of 0. 5% per day, 

there was a reduction of 65% in the potential prec l imacter i c 

per iod, where the potential prec l imacter ic period is that of 

unstressed fruits . F o r the same weight loss , Littmann (1972a) 

reported a reduction of 15% in the potential preel imacteric 

period of bananas. S i m i l a r l y , weight losses of 0 .5% and 1. 2% 

per day caused reductions of 30% and 36% in the potential 

p rec l imacteric per iod of pears and avocados respect ively 

(Littmann, 1972a). In another study (Adato and Gaz i t , 1974) 

there was a reduction of 30% in the potential preel imacter ic 

period of avocados for a weight loss of 2% per day. 

Broughton and Guat (1979) found that water s t r e s s reduced 

the potential p rec l imacte r i c of custard apple (Annona 

squamosa L ) by 50% , but gave no weight loss data. Comparing 

the data for plantains and bananas to those for avocados, pears 

and custard apple, it is evident that for s imi lar weight losses* 

plantains a re more sens i t ive to water s t r e s s than bananas and the 

other three fruits . T h u s , when developing methods for the 

storage of plantains , it is necessary to control water s t r e s s 

pr ior to storage and during storage. Rapid movement of 

fruits from field to store is likely to be part icular ly c r i t i ca l 
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bccause the level of water s t r e s s will bo part icular ly high 

during dehanding and bulking up of bunches. Storage t r ia l s 

show that the p rec l imacte r i c periods of both plantains 

(Hernandez, 1973; Guillemot, 1976; Ndubizu, 1976) and of 

bananas (Scott , 1971; Scott^et a l , 1970) can be considerably 

extended by stor ing fruits in sealed polythene bags, with or 

without ethylene absorbent. F low-through investigations with 

bananas show that the level of oxygen in this treatment is 

more c r i t i ca l than that of carbon dioxide (McGlasson and 

W i l l s , 1972; Mapson and Robinson, 1966). Because of the 

large effect of water s t r e s s on the prec I imacteric period of 

plantains, it is poss ib le that when they are stored in a 

sea led system with an ethylene absorbent, the effect in 

reduction of water s t r e s s is comparable in importance to 

the effect of reduction of oxygen tension in extension of the 

prec l imacter i c phase. If this is true, then the rate of water 

toss could a lso be reduced by rest r i c t ion of ventilation and 

this should be effective in extending plantain storage. How-

e v e r , s ince re s t r i c t ion of ventilation tends to encourage the 

build up of endogenous ethylene the use of this method along 

with an ethylene absorbent is likely to be more beneficial . 

Investigations into the mechanism by which water s t r e s s 

reduced the prec l imacter ic period of plantains show that both 

the resp i ra tory rates and ethylene production during the 

prec l imacte r i c phase increased continuously when fruits a re 

stored under s t r e s s conditions, and that the rate of inc rease 

was proportional to the level of s t r e s s . The only previous 

data on the effect of water s t r e s s on endogenous ethylene 

production is that of Littmann (1972c) on bananas. The high 
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effect observed with plantains compared with that observed 

by Littmann suggests that plantains are likely to be more 

suitable for studying the effect of water s t r e s s on the storage 

of c l imacter i c f ru i ts than bananas. 

Although the role of ethylene alone was investigated, other 

growth hormones may a lso be involved in the accelerated r i p -

ening result ing from water s t r e s s . F o r instance, a b s c i s i c 

acid (ABA) has been shown to stimulate ripening (Addicott and 

L y o n , 1969) and water s t r e s s increases the level of this acid 

in t i ssues (Aharoni et a l , 1977). It is therefore likely that the 

effect of water s t r e s s on the precl i rnacter ic period of plantains 

involves changes in endogenous levels of A B A , as well as 

ethylene. 

While there was evidence that re lat ive to the onset of the 

c l i m a c t e r i c , water s t r e s s slightly delayed the rate of the 

onset of the degradative p r o c e s s e s both of chlorophyll b r e a k -

down in the peel and of softening in the pulp, the delay that 

was evident at 24 hours was not sustained at either 48 hours 

or 72 hours , so this was transient. T h u s , in contrast to the 

situation in bananas, where water s t r e s s normally either 

d e c r e a s e s the rate and extent of the c l imacter ic and/or p r e -

vents normal r ipening (Haard and Hultin, 1969), the effect 

of water s t r e s s on plantains is apparently rest r i c ted to the 

prec l imacter i c period. 

6 .2 . Effect of Gibberel l ins 

Treatment with gibberel l in has been shown to extend the p r e -
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c l imacter i c period in var ious fruits such as tomatoes, bananas 

(Vendrel1, 1970b; Babbitt et a l , 1973; Dostal and Leopold, 

1967). Apparent ly , after fruits were treated with gibberel l in 

they were subsequently stored at high humidity. Although 

treatment with gibberel l in extended the prec l imacter i c period 

of plantains, it only did so when storage was at high humidity; 

at low humidity it had no effect. Thus suggesting that g ibber-

el l in is not l ikely to be an effective means of extending the pre— 

c l imacter ic per iod of plantains under conditions favouring 

high weight lo s s , such as would occur at ambient conditions. 

Treatment with g ibbere l l i c acid (GA^) has a lso been shown to 

retard peel colouration (ie synthesis of lycopene) and pulp 

softening in tomatoes after the commencement of the c l imacter i c 

(Babb i tt et a 1, 1973), without affecting the patterns of repirat ion. 

S i m i l a r l y , GA^ has been shown to retard peel colouration 

(chlorophyll breakdown), re lat ive to the r i s e in respirat ion and 

pulp softening in bananas (Vendrel I , 1970b). Results with plant-

a ins , however , show that treatment with gibberel l in (GA^y^) had 

no effect on either peel colouration or pulp softening. The 

synchronisat ion of ripening of peel and pulp of plantains is ve ry 

c l o s e , so that both peel colouring and pulp softening commence 

within 24 hours after the commencement of the c l imacter i c , thus 

treatments which disturb the co-ordination of these changes in 

other fruits may not have s imi lar effects on plantains. 

Effect of C a 2 + 

P r e v i o u s reports show that vacuum infiltration of var ious 

fruits with C a C I ^ solution delayed fruit ripening (Tingwa and 

Young, 1974; Wi I Is et a l , 1977). The resul ts with plantains 



a r e consistent with this finding. While plantains tolerated 

concentrations as high as 8% CaC I^ (w/v) without any s igns 

of skin in jury , 6% C a C I 9 solution caused necros i s of the 

skin in Jonathan apples (Bengerth et a l , 1972). 16% C a C I 2 , 

however , caused a s imi lar skin injury in plantains, and 

nearly exceeds the maximum safe concentration. 

2+ Infiltration of C a into fruits has been shown to reduce the 

resp i ra tory rates (Faust and S h e a r , 1972; Tingwa and 

2+ 

Young, 1974). High endogenous C a concentrations in 

avocado fruit a lso reduced the resp i ratory rates during the 

prec l imacter i c and c l imacter ic phases (Tingwa and Young, 2+ 

1974). In cont ras t , low Ca concentration in apples 

inc reases the resp i ra tory ra tes , and this increased r e s p i r a -

tion causes metabolic d i sorders such as internal breakdown 

and bitter pit (Faust and S h e a r , 1968). Consequently, the 

sever i ty of these d i s o r d e r s could be minimised if CaCI 

solution is applied to fruits in sufficiently high concentrations 

(Wil Is and S c o t t , 1977). Bain and Mercer (1 973) a l so show 

that increased resp i ra t ion result ing from low endogenous 

2+ 
C a concentration in apples causes ce l lu lar disorganisation. 

A s fruit r ipening is usually accompanied by a p r o g r e s s i v e 

increase in ce l l permeabil ity with alterations in the compartrnent--

ation of enzymes and substrates (Solomos and L a t i e s , 1 973) it is 

2+ 
l ikely that C a delays ripening by preserv ing the cel l mem-

brane, Brady et al (1970b) showed that in bananas there is a 

steady increase in amino acid leakage and thus probably in 

membrane permeabil ity as the preel imacteric phase p rogres ses . 2+ 
T h u s , the effect of C a in extension of the preel imacter ic 

period of plantains may be exerted through an effect in stabil-

ising the cel l membrane. 



- 124 -

R E F E R E N C E S 

A b e l e s , F . B . (1973). Ethylene in Plant Biology. Academic P r e s s , New 

Y o r k and London, pp. 161-178. 

Adams, D. O. and Yang , S . F . (1977). Methionine metabolism in apple 

t issue. Plant Phys io logy , 60, 892-896. 

Adams, D. O. and Yang , S . F . (1978). Effect of anaerobiosis on ethylene 

production and metabolism by apple tissue. Plant Physiology (suppl . ) , 

6J! , 90. 

Adams, D. O. and Yang , S . F . (1979). Ethylene biosynthesis: identif i-

cation of l -aminocyc lopropane- l -carboxyl ie ac id as an intermediate in 

the convers ion of methionine to ethylene. Proceedings of the National 

Academy of S c i e n c e s , U . S . A . , 76, 170-174. 

Adato, I. and Gaz i t , S . (1974). Water deficit s t r e s s , ethy lene produc -

tion and ripening in avocado frui ts . Plant Phys io logy, 53, 45-46. 

Addicott, F . J . and L y o n , J . T . (1969). Physiology of absc i s i c acid and 

related substances. Annual Review Plant Phys io logy, 20, 139-164. 

Aharon i , N. , Blumenfeld, A . and Richmond, A. E . (1977). Hormonal 

activity in detached lettuce leaves as affected by leaf water content. 

Plant Phys io logy , 59, 1169-1 173. 

Ap R e e s , T . (1966). Ev idence for the widespread respirat ion in s l i c e s 

of plant t issue. Aust ra l i an Journal of Biological S c i e n c e s , 1 9, 981-

990. 



- 1 25 -

A s e n j o , C . F . and Ponra ta , E . I. (1956). The carotene content of green 

and r ipe plantains. Journal of Agr icu l ture of Univers i ty of P u e r t o 

R i c o , _40, 152-155. 

Awan, J . A. and Ndubizu, T . O. C. (1978). Some aspects of nutrient 

changes in stored plantain fruits . P a r a d i s i a c a , 3, 18-23. 

Babbitt , J . K. , P o w e r s , M . J . and Pat terson , M . E . (1973). E f fec t s of 

growth regulators o n c e l l u l a s e polygalacturonase, resp i rat ion , colour 

and texture of r ipening tomatoes. Journal American Society Hort -

icultural S c i e n c e , 98, 77-81. 

B a i n , J .M. and M e r c e r , F . V . (1964). Organisation res i s tance and 

the respi rat ion c l imacter ic . Aust ra l i an Journal of Biological S c i e n c e s , 

]_7, 78-85. 

B a k e r , J . E . , L ieberman, M. and Anderson, J . D . (1978). Inhibition of 

ethylene production in fruit s l i c e s by a rhizobitoxine analog and free 

radica l scavengers . P lant Phys io logy , 61 , 886-888. 

B a u r , A. K. , Yang , S . F . , P r a t t , H. K . and B i a l e , J . B. (1971). Ethylene 

biosynthesis in fruit t i s sues . P lant Phys io logy, 47, 696-699. 

Sangerth , F . , D i l l e y , D . R . and Dewey , D. H. (1972). Effect of post 

harvest calcium treatment on internal breakdown and respirat ion of 

• apple fruits . Journal of American Society of Horticultural S c i e n c e , 

97, 679-682. 

B i a l e , J . B. (1960). T h e post harvest biochemistry of tropical and sub-

tropical fruits . Advance in Food R e s e a r c h , 10, 293 354. 



- 126 -

B i a l e , J . B . , Young, R . E . and Olmstead, A . J . (1954). F r u i t re sp i ra t ion 

and ethylene. Plant Phys iology (Lancas te r ) , 29, 168-174. 

B l a k e , J . R . and P e a c o c k , B . C . (1971). Effect of temperature on the 

p rec l imacteric life of bananas. Queensland Journal of Agr i cu l ture 

and Animal S c i e n c e s , 28, 246-248. 

Blunden, G. , Jones , E . M . and P a s s a m , H. C . (1978). Effect of post 

harvest treatment of f ru i t s and vegetables with cytokinin-active s e a -

weed extracts . Botanica Marina, 21 , 237-240. 

B o i l e r , T . , H e r n e r , R . C . and Kende, H. (1979). Assay for and enzymatic 

formation of an ethylene p r e c u r s o r , l -aminocyc lopropane- l -carboxyl ic 

acid. P lanta , 145, 293-303. 

Broughton, W . J . and Wu, K . F . (1979). S torage conditions and r ipening 

of two cu l t ivars of banana. S c i e n t i a Hort iculturae, 10, 85-93. 

Broughton, W . J . and Guat, T . (1979). Storage conditions and ripening 

of the custard apple Annona squamosa L . Sc ient ia Hort icuIturae , 10 , 

73-82. 

Bozhenko, V . P . (1965). The influence of microelements on A T P content 

in plants in the presence of water deficit and under the influence of 

high temperatures. In "Water S t r e s s in P l a n t s " , S l a v i k , B . (edit .) , 

pp. 238-243. Proceed ings of Symposium, P rague , 1963, 

Czechos lovak ia Academy of S c i e n c e , Prague. 

B r a d y , C . J . (1976). The pect inesterase of the pulp of the banana fruit. 

Aust ra l i an Journal of Plant Phys io logy, 3, 163 -172. 



- 127 -

B r a d y , C . J . and O'Connel I, P . B. H. (1976). On the signif icance of 

increased protein synthes is in ripening banana fruits . Austra l ian 

Journal of Plant Phys io logy , 3 , 301-310. 

B r a d y , C . J . , P a l m e r , J . K . O'Connel l , P . B . I-I. a n d S m i l l i e , R .M. 

(1970a). An increase in protein synthesis during ripening of the banana 

fruit. Phytochemistry , 9 , 1037-1047. 

B r a d y , C . J . , O'Connel l , P . B . H. , Smydzuk, J . and Wade, N. L . (1970b). 

Permeabi l i ty , sugar accumulation and respirat ion rate in ripening 

banana fruits . Aus t ra l i an Journal of Biological S c i e n c e s , 23, 1143-

1152. 

Burden , O . J . and C o u r s e y , D . G . (1977). Bananas as a food crop. In 

"Food Crops of the Lowland T r o p i c s " . L e a k e y , C . L . A. and W i l l s , 

J . B . (edits . ) . Oxford Univers i ty P r e s s , Oxford, 97. 

B u r g , S . P . and B u r g , E . A . (1961). Ethylene evolution and sub-cel lular 

part ic les . Nature, 191 , 967-969. 

B u r g , S . P . and B u r g , E . A. (1962). Role of ethylene in fruit ripening. 

P lant Phys io logy , 37, 179-189. 

B u r g , S . P . and B u r g , E . A. (1965). Relationship between ethylene 

production and ripening in bananas. Botanical Gazette, 126, 200-204. 

B u r g , S . P . a n d C l a g e t t , C . O. (1967). Convers ion of methionine to 

ethylene in vegetable t i ssue and fruits. Biochemical and Biophysical 

R e s e a r c h Communications, 27, 125-130. 



- 1 28 -

Cameron, A. C . , Fenton , C . A. L . , Adams, D. O. and Yang, S . F . (1979). 

Increased production of ethylene by plant t issues treated with I-

aminocyclopropane-l-carboxy I ic acid. Horticultural S c i e n c e , 14, 

178-180. 

D e s a i , B . B . and Deshpande, P . B . (1975). Chemical transformations in 

three var ie t i e s of banana (Musa parad is i ca L i n n . ) fruits stored at 

2 0 ° C , Mysore Journal of Agr icu l tura l S c i e n c e , 9, 634. 

De S w a r d t , G. H. a n d M a x i e , E . C . (1967). Pect in methylesterase in the 

ripening of bananas. South Af r i can Journal of Agr icultura l S c i e n c e , 

W , 501-506. 

Dosta l , H. C . and Leopold , A . C . (1967). Gibberel l in delays ripening of 

tomatoes. S c i e n c e , 158, 1579-1580. 

F a u s t , M. and S h e a r , C . B . (1968). Corking d isorders of apples. A 

physiological and biochemical review. Botanical Review, 34, 411-469. 

F a u s t , M. and S h e a r , C . B . (1972). Effect of calcium on resp i rat ion of 

apples. Journal of the Amer ican Society of Horticultural S c i e n c e , 

97, 437-439. 

F r e n k e l , C . , K l e i n , I. a n d D i l l e y , D. R. (1968). Prote in synthesis in 

relation to ripening of pome fruits . Plant Physiology ( L a n c a s t e r ) , 

43, 1 146-1153. 

F r e n k e l , C . , K l e i n , I. and Di I ley, . D. R . (1969). Methods for the study 

of ripening and protein synthes is in intact pome fruits . Phytochemistry, 

_8, 945-955. 



- 1 29 

Gaz i t , S . andc3lumcnfielcJ, A . (1970). Response of mature avocado 

fruits to ethylene treatments before and after harvest. Journal of 

the American Soc iety of Hort icultural S c i e n c e , 95, 229-231. 

Goldstein, J . L . and Wick , E . L . (1969). L ip id in ripening banana fruit. 

Journal of Food S c i e n c e , 34, 482-484. 

G r o s s , J . , Carmon, M. , L i f s h i t z , A. and C o s t e s , C. (1976). 

Carotenoids of banana pulp, peel and leaves. Lebensmittel 

Wissenschaft und Technologie , 9j 211-214. 

Guil lemot, J . (1976). S t o r a g e t r i a l s with plantains. F r u i t s , 31 , 698-670. 

H a a r d , N . F . (1973). Upsurge of particulate peroxidase in ripening 

banana fruit. Phytochemistry , 1 2, 555-560. 

Haard , N. F . and Hultin, H. O. (1969). Abnormalit ies in ripening and 

mitochondrial succionoxidase result ing from storage of preel imacter ic 

banana frui t at low re lat ive humidity. Phytochemistry , 8, 2149—2152. 

Hernandez, I. (1973). S to rage of green plantains. Journal of Agr i cu l t -

ure of the Univers i ty of P u e r t o R ico , 57, 100-106. 

Hoffman, N. E . and Yang , F . Y . (1980). Changes of l-aminocyclopropane-

l - ca rboxy l i c acid content in ripening fruits in relation to their ethylene 

production rates . Journal of the American Society of Hort icultural 

S c i e n c e , 105, 492-495. 

Holden, M. (1976). Chemistry and biochemistry of plant pigments. 

Goodwin, T . W. (edit .) . 2nd Ed i tion Volume II Academic P r e s s . 



- 1 3 0 -

Hult in, H. O. and L c v i n e , A . S . (1965). Pect in methylesterase in the 

ripening banana. Journal of Food S c i e n c e , 30̂ , 917-921. 

Hult in, H. O. , S u n , B . and B u l g e r , J . (1966). Pect in methy les terase 

of the banana. Pur i f i cat ion and propert ies . Journal of Food 

S c i e n c e , 3J , 320-327. 

J a n e s , H. W. and F r e n k e l , C . (1978). Inhibition of ripening process in 

pear by inhibitors of cyanide-res i s tant respirat ion and s i l v e r . 

Journal of the American Soc ie ty of Horticultural S c i e n c e , 1 03, 394-

397. 

Kapoor , J . K . and T u r n e r , J . N . (1976). Plant growth regulators for 

tropical f ruits . Outlook on Agr i cu l ture , 9, 52-56. 

K a r i k a r i , S . K . (1970). Problems of plantain (Musa parad is iaca L inn. ) 

production in Ghana. Ghana F a r m e r , 1 4, 52-54. 

K a r i k a r i , S . K . (1971). P lantain cultivation in Ghana. Legon 

Experimental Bul let in , 4 , 12pp. 

K a r i k a r i , S . K . (1973). Some toxomic assessments of contributions of 

Musa acuminata and Musa balbis iana to the origin of plantains and 

bananas. in Ghana Journal of Agr icultura l Science, 6, 9 -19 . 

K a r i k a r i , S . K . , Marr iott , J . and Hutchins, P . (1979). Changes during • 

the resp i ratory c l imacter i c in ripening plantain fruits . Sc ient ia 

Hort icu l turae , 10, 369-376. 



- 131 -

Knwabata, A. and S a w a yama, S . (1974). Changes in contents of s u g a r s , 

s ta rch and pectic substances and in acidity of bananas during ripening. 

Journal of the Japanese Soc iety of Food Nutrition, 27, 21-25. 

Ket iku , A. O. (1973). Chemical composition of unripe (green) and ripe 

plantains (Musa paradis iaca) . Journal of the S c i e n c e of Food and 

Agr i cu l ture , 24, 703-707. 

K idd, F . and West , C . (1945). Respi ratory activity and duration of 

life of apples gathered at different stages of development and sub-

sequently maintained at a constant temperature. Plant Physiology 

( L a n c a s t e r ) , 20, 467-504. 

Kumar , A. and S a n w a l , G . G . (1977). Multiple forms of s tarch phos-

phorylase from banana leaves. Phytochemistry , 16, 327-328. 

L a t i e s , G . G . (1963). Control of resp i ratory quality and magnitude during 

development. In "Control Mechanism in Respirat ion and F e r m e n t -

ation". Wright, B . (edit .) . Roland P r e s s , New York . 

L a t i e s , G . G . (1967). Metabolic and physiological development in plant 

t i ssues . Aust ra l i an Journal of Biological S c i e n c e s , 30, 193-203. 

L a u r i t z e n , J . I . and B a l c h , R . T . (1934). S torage of mi 11 cane. U . S . 

Department of Agr i cu l tu re , Technica l Bul let in , 449. 

L e o n c e , F . S . (1974). The use of Gibberel l in A^, A 7 (A^/7) for the 

improvement of crown rot control of bananas. In Proceedings of the 

3rd A C O R B A T Conference , Institut de Recherches sur les F r u i t s et 

Agrumes, Martinique, 85-91. 



- 1 2.0 -

L ieberman , M. (1975). B iosynthes i s and regulatory control of ethylene 

in fruit ripening. A rev iew. Physiologic Vege'tale, 1 3, 489-499. 

L ieberman , M. (1979). B iosynthes i s and action of ethylene. Annual 

Review of Plant Phys io logy , 30, 533-591. 

L i eberman , M. a n d K u n i s h i , A. T . (1968). Origins of ethylene in plants. 

In "Biochemical Regulation in D iseased Plants or Injury". H i r a i , T. , 

Hidoka, Z . and Ur i tan i , I. (edits . ) . Phytopathological Society of 

Japan. 

L ittmann, M. O. (1972a). E f fect of water loss on the ripening of c l im-

ac te r i c fruits . Queensland Journal of Agr icu l ture and Animal 

S c i e n c e , 29, 103-113. 

Littmann, M. O. (1972b). Ef fect of water s t r e s s on ethylene production 

by prec l imacter i c banana fruits . Queensland Journal of Agr icu l ture 

and animal s c i ence , 29, 131-135. 

Littmann, M. O. (1972c). Ef fect of water s t r e s s on the resp i ratory 

gas exchange of banana fruit and tissue. Queensland Journal of 

Agr icu l ture and Animal S c i e n c e , 29, 115-130. 

L i u , F . W. (1970). S torage of banana 

absorbent. Hort icultural S c i e n c e , 

L i u , F . W. (1976a). Banana response 

Journal of the American Soc iety of 

224. 

in polythene bags with an ethylene 

94, 635-637. 

to low concentrations of ethylene. 

Horticultural S c i e n c e , 101, 222-



- 133 -

L.iu, F . W. (1976b). Cor re la t ion between banana storage life and min-

imum treatment time required for ethylene response. Journal of the 

American Soc iety of HortiouItural S c i e n c e , 1 03 , 63-65. 

L i z a d a , M. C . C. and Yang , S . F . (1979). A simple and sensit ive assay 

for l -aminocyclopropane- l-carboxy I ic acid. Analytical B iochemistry , 

100, 140-145. 

L i z a n a , L . A. (1975). The influence of water s t r e s s and elevated temp-

eratures in banana ripening. Proceedings Tropica l Region American 

Soc iety of Horticul tural S c i e n c e , 1 9 , 137-141. 

L o e s e c k e , H. W. Von (1949). Bananas. 2nd edition. Intersc ience , New 

Y o r k . 

Looney , W. E . and P a t t e r s o n , M. E . (1967). ChlorophyI lase activity in 

apples and bananas during the c l imacter ic phase. Nature ( Lond . ) , 

214, 1245-1246. 

Mackinney, G. (1941). Absorption of light by chlorophyll solutions. 

Journal of Biological Chemis t ry , 140, 315-322. 

Map.son, L . W. and Robinson, J . E . (1966). Relation between oxygen 

tension, biosynthesis of ethylene, respirat ion and ripening changes 

in banana fruits . Journal of Food Technology, 1 , 215-225. 

i 

Marriott , J . (1980). Bananas - physiology and biochemistry of storage 

and ripening for optimum quality. C . R. C . C r i t i ca l Reviews in Food 

S c i e n c e and Nutrit ion, J_3 (1), 41-88. 



- 134 -

Marriott , J . and New, S . (1975). Storage physiology of banana from 

new tetraploid clones. T r o p i c a I S c i e n c e , 17, 155-163. 

Marr iott, J . , New, S . , D ixon, E . A. and Martin, K. J . (1 979). F a c t o r s 

affecting the prec l imacter i c period of banana fruit bunches. Anna Is 

of Applied Biology, 93, 91-100. 

Marr iott , J . , Robinson, M. and K a r i k a r i , S . K. (1980). S t a r c h - s u g a r 

transformation during ripening of plantains and bananas. Journal of 

the S c i e n c e of Food and Agr icu l ture (in press) . 

Matsuno, H. a n d U r i t a n i , 1. (1972). Physiological behaviour of 

peroxidase isozymes in sweet potato root t issue injured by cutting or 

with black rot. P lant Ce l l and Physiology, 13, 1091-1101. 

Mattoo, A. K. and L ieberman , M. (1977). Loca l i sat ion of ethylene s y n -

thesising system in apple t issue. Plant Physiology, 60, 794-799. 

Maxie, E . C . , Amezquita, R . , Hassan , B . M. and Johnson, C. F . (1968). 

Effect of gamma i r radiat ion on the ripening of banana fruits . P r o -

ceedings of the Amer ican Soc iety of Horticultural S c i e n c e , 92, 2,35-

254. 

McGlasson, W. B . , P a l m e r , J . K. . Vendre l l , J . K. and B r a d y , C . J . 

(1971a). Metabolic studies with banana fruit s l i ces . II Effect of 

inhibitors on resp i rat ion , ethylene production and ripening. 

Austra l ian Journal of Biological S c i e n c e s , 24, 1103-1114. 

McGlasson, W. B. , P a l m e r , J . K. , Vendre l l , M. and Brady , C . J . (1971b). 

Metabolic studies with banana fruit s l i ces . I Changes in the incorp-

oration of C ^ compounds in response to cutting. Austra l ian Journal 

of Biological S c i e n c e s , 2,4, 7-14. 



- 135 -

McGlasson , W. B. and W i l l s , R. B . H. (1972). Effects of oxygen and 

carbon dioxide on resp i ra t ion , storage life and organic acids of 

green bananas. Aus t ra l i an Journal of Biological S c i e n c e s , 25_, 35-42. 

McMurchie, E . J . , McGlasson , W. B. and E a k s , I. L . (1972). Treatment 

of fruit with propylene gives information about the biogenesis of 

ethylene. Nature , 237, 235-236. 

Musgrave, A. , Jackson , M. B . and L ing , E . (1972). Ca l l i t r i che stem 

elongation is control led by ethylene and gibberellin. New Biology, 

238, 93-96. 

Nagle , N. E . and Haard , W. F . (1975). Fract ionat ion and c h a r a c t e r i s a -

tion of peroxidase from r ipe banana fruit. Journal of Food S c i e n c e , 

40, 576-579. 

New, S . (1976). Post harvest factors affecting the fruit physiology of 

new tetraploid c lones during storage and ripening. P h . D . T h e s i s , 

presented to Counci l for National Academic A w a r d s , T rop ica l 

Products Institute L i b r a r y (unpublished). 

New, S . and Marr iott , J . (1974). Post harvest physiology of tetraploid 

banana fruit: response to storage and ripening. Annals of Appl ied 

Biology, 78, 193-204. 

O lson , A. O. and S p e n c e r , M. (1968). Studies on the mechanism of 

action of ethylene II. E f fects of ethylene on mitochondria from rat 

l iver and yeast and on mitochondrial adenosine triphosphatase. 

Canadian Journal of B iochemis t ry , 46, 283-288. 



- 136 -

P a l m e r , J . K . (1971). The Banana. In The Siochemi stry of F r u i t s and 

thei r Products" , Hulme, A . C . (edit.) . Volume 2, Academic P r e s s , 

London and New Y o r k . 

P a l m e r , J . K. and McGlasson , W. B . (1969). Respirat ion and ripening 

of banana fruit s l i c e s . Aust ra l ian Journal of Biological S c i e n c e s , 

22, 87-99. 

P a u l , A. A. and Southgate, D. A. T . (1978). McCance and Widdowson's 

the Composition of F o o d s , 4th edition. Her Majesty's Stat ionery 

Off ice, London. 

P e a c o c k , B . C . (1972). Role of ethylene in the initiation of fruit r ipen-

ing. Queensland Journal of Agr icu l ture and Animal S c i e n c e , 29, 147-

168. 

P e a c o c k , B . C . (1973a). Effect of mechanical injury on the preel imacteri c 

life of banana fruits . Queensland Journal of Agr icul ture and Animal 

S c i e n c e , 30, 39-43. 

P e a c o c k , B . C . (1973b). Effect of vitamin K on the prec l imacteric 

life of bananas. Queensland Journal of Agr icul ture and Animal 

S c i e n c e , 30, 41-43. 

P e a c o c k , B . C . (1966). Re l ationship between certain physical changes 

and the cl imacter ic phase in bananaS* Queensland Journal of A g r i c -

ulture and Animal S c i e n c e , 23, 77-80. 

P e a c o c k , B . C . and B l a k e , J . R. (1970). Some effects of non-damaging 

temperatures on the life and resp i ra tory behaviour of bananas. 

Queensland Journal of Agr icu l ture and Animal S c i e n c e , 2 7 , 1 47-1 68. 



- 137 -

Quaz i , M. H. and F r e e b a i r n , H. T . (1970). The influence of ethy lene, 

oxygen and carbon dioxide on the ripening of bananas. Botanical 

Gazette, 131, 5-14. 

Rao , B . Y . K . and Band yopadhyay, C . (1978). Changes in the component 

fatty acids in pulp lipid of ripening banana. Acta Al imentar ia , 7_, 

35-40. 

Richmond, A. and a l e , J . B . (1967). Prote in and nucleic acid metabol-

ism in fruits . II RNA synthes is during the resp i ratory r i s e of the 

avocado. Biochimica et B iophys ica Acta , 138, 625-627. 

Roma, S . A . and Patwardhan, M. V . (1976). Changes in keto a c i d con-

centration in bananas during storage and ripening. Journal of Food 

S c i e n c e and Technology (India), 13, 262-263. 

S a l k v e i t , M. E . (1978). A simple apparatus for diluting and dispensing 

trace concentrations of ethylene in a i r . Hortsc ience , 13, 

249-250. 

S a l k v e i t , M. E . , B radford , K . J . a n d D i l l e y , D. R. (1978). S i l v e r ion 

inhibits ethylene synthes is and action in ripening fruits . Journal of 

the American Soc iety of Hort icultural S c i e n c e , 103, 472-475. 

Saifc;veit, M. E . a n d D i l l e y , D. R. (1978). Rapidly induced wound ethylene 

from exc ised segments of etiolated Pisum sativum I C V . Alaska. 

II Oxygen and temperature dependency. Plant Phys io logy, 61 , 675-679. 

Sa lminen, S . O. and Young, R. E . (1975). The control propert ies of 

phosphofructokinase in relation to the respi ratory c l imacter ic in 

banana fruit. Plant Phys io logy , J35, 45-50. 



- 138 -

S a n c h e z - N i e v a , F . , Hernandez , I. a n d V i n a s , C . B . (1970). S tud ies on 

the ripening of plantains under controlled conditions. Journal of 

Agr icu l ture of the Univers i ty of Puerto R i c o , 54, 517-529. 

S c o t t , K . J . (1971). Polythene bags and ethylene absorbent for t rans -

porting bananas. Agr icu l tura l Gazette, New South Wales , 82, 267 

Scot t , K . J . and W i l l s , R. B . H. (1975). Post harvest application of Ca 

as a control for storage breakdown of apples. Hortscience, 

JJO, 75-76. 

S c o t t , K . J . and W i l l s , R. B . H. (1977). Vacuum infi Itration of ca Icium 

chloride. A method for reducing bitter pit and senescence of apples 

during storage at ambient temperatures. fiortscience, 1 2, 

71-72. 

S c o t t , K. J . , B l a k e , J . R. , S t r a c h a n , G. , Tugwel l , B . L . and McGlasson, 

W . B . (1971). T r a n s p ort of bananas at ambient temperatures using 

polythene bags. T rop i ca l Agr icu l ture (Tr inidad) , 48, 245 

Shimokawa, K. , E b i h a r a , M. , K inushita , S . and Murakami, H. (1972). 

Changes in ac id content in banana fruit (jMusa sapientum I ) during 

ripening. Bul let in of the Facu l ty of Agr icu l ture , Univers i ty of 

Miyazaki , 19 (1), 329. 

Shimokawa, K. and K a s a i , Z . (1970a). The role of j3-hydroxypropionate 

1 4 in ethylene biosynthesis . I Ethylene formation from acetate-2-C 

1 4 

and fumarate~2-3-C in banana fruits . Agr icu l tura l and Biological 

Chemist ry , 1633-1639. 



- 1 3 9 -

Shimokawa, K. and Kasa i , Z . (1970b). The role of p-hydroxypropionate 

in ethylene biosynthesis . II Ethylene formation from propionate-2-

1 4 

C in banana s l i c e s and homogenates. Agr iculture and Biological 

Chemis t ry , 34, 1640-1645. 

Shimokawa, K. and K a s a i , 2 . (1970c). Ethy I ene formation from aery I ic 

ac id by a banana pulp extract . Agr icul ture and Biological Chemis t ry , 

34, 1046-1651. 

Shimokawa, K . , Ueda, Y . and K a s a i , Z . (1972). Decarboxylation of 

oxal ic acid during ripening of banana fruit (Musa sapientum L . ) . 

Agr icu l ture and Biological Chemist ry , 36, 2021-2024. 

S h u k l a , R. N. , S ingh , S . , D a s , N. , B a i j a l , M. and S a n w a l , G. G. (1 973). 

Carbohydrate metabolism in Musa paradis iaca , Phytochemistry , 1 2, 

979-985. 

Simmonds, N. W. (1966). Bananas . 2nd edition, Longmans, London. 

S i n g h , S . and S a n w a l , G . G . (1975). Character i sat ion of multiple forms 

of L - glucan phosphorylase from Musa paradis iaca fruits . Phyto-

chemistry , 14, 113-118. 

Skakoun, A. and Daussant , J . (1973). The ripening of bananas (Poyo 

var iety) . Studies on soluble proteins and enzymes. Bul let in of the 

International Institute of Ref r igerat ion , Annexe 3, 99. 

So lomos , T . and ^ i a l e , J . B . (1974). Respirat ion and fruit ripening. 

Col loques Internationaux C . N. R. S . No. 238, P a r i s , pp. 221-228. 



140 -

Solomos , T . a n d L n t i e s , G. G. (1973). Ce l lu la r organisation and fruit 

ripening. Nature , 245, 390-392. 

So lomos , T . a n d L a t i e s , G. G. (1976). Induction of ethylene cyanide-

res is tant respirat ion. Biochemical and Biophysical R e s e a r c h 

Communications, 70, 663-671. 

S r i n i v a s a n , C . , Subbiah, R . and Shanmugami, A. (1973). Effect of 

ethephon on the chlorophyll fract ions of banana during ripening. 

Hort icultural R e s e a r c h , 13, 147-149. 

S t ra t ton , F . C . and L o e s e c k e , H . W . Von (1930). A chemical study of 

different va r ie t i e s of banana during ripening. United F r u i t Company, 

R e s e a r c h Department, Bul let in No. 32. 

S t o v e r , R. H. (1972). Banana, plantain and abaca d iseases . London, 

Commonwealth Mycological Institute. 

Sur rendranathan , K . K . a n d N a i r , P . M . (1976). Stimulation of the 

glycoxylate shunt in gamma irradiated banana. Phy tochemistry , 15 , 

371-373. 

T a g e r , J .M. and B i a l e , J . B . (1957). Carboxylase and aldolase activity 

in the ripening banana. Phys io logia Plantarum, 10, 79-85. 

T e r a i , H. , Ueda, Y . and Ogata, K . (1973). Studies on the mechanism 

of ethylene action for fruit ripening I. Journal of the Japanese 

Soc iety for Hort icuItural S c i e n c e , 42, (1), 75-80. 



- 141 -

T e r a i , H. , Yosh ioka , H. and Ogata, K. (1974). Studies on the mech-

anism of ethylene action for fruit r ipening, II. Respirat ion response 

of banana peel and pulp to ethylene treatment. Journal of the Japanese 

Soc iety for Hort icultural S c i e n c e , 43, (3), 308-313. 

T e r a i , H. and Ogata, K. (1977). Studies on the mechanism of ethylene 

action for fruit r ipening, IV. The role of g lycolys is in the r e s p i r -

ation of banana fruits stimulated by ethylene. Journal of the Japanese 

Soc iety for Horticul tural S c i e n c e , 46, (3), 361-368. 

Theologis , A. T . and LatifiS, G. G. (1978). Respiratory contribution of 

the alternate pathway during var ious stages of ripening in avocado 

and banana fruits . P lant Phys io logy, 62, 249-255. 

Thompson, A. K . , Been, B . O. and P e r k i n s , C . (1974). Effect of humidity 

on ripening of plantain bananas. Exper ient ia , 30, 35-36. 

T ingwa, P . O . and Young, R . E . (1974). The effect of calcium on the 

ripening of avocado ( P e r s e a americana Mill. ) fruits . Journal of the 

American Soc iety for Hort icultura l S c i e n c e , 99, 540-542. 

Ueda, Y . and Ogata, K. (1976). Changes of oxalates in banana fruits 

during ripening. Journal of Food S c i e n c e and Technology, 23, 311-315. 

V e n d r e l l , M. (1969). R e v e r s i o n of senescence effects of 2 . 4 -

dichlorophenoxyacetic ac id and indoleacetic acid on resp i rat ion , 

ethylene production and ripening in banana fruit s l i ce s . Aust ra l i an 

Journal of Biological S c i e n c e , 22, 601-610. 

V e n d r e l l , M. (1970a). Relationship between interna! distribution of 

exogenous auxins and acce lerated ripening of banana fruits. 

Aust ra l i an Journal of Biological S c i e n c e , 23, 1133-1142. 



- 142 -

V c n d r e l l , M. (1970b). Acce le rat ion and delay of ripening in banana 

fruit t issue by g ibbere l l i c acid. Austra l ian Journal of Biological 

S c i e n c e , 23, 553-559. 

V e n d r e l l , M. and McGIasson, W. B . (1971). Inhibition of ethylene prod-

uction in banana fruit t issue by ethylene treatment. Austral ian 

Journal of Biological S c i e n c e , 24, 885-895. 

Wade, N. L_. (1974). E f fects of oxygen concentration and ethephon upon 

the resp i rat ion and ripening of banana fruit. Journal of Experimental 

Botany, 25, 995-964. 

Wade, N. L . and B ishop, D. G. (1978). Changes in the lipid composition 

of ripening banana fruits and evidence for an associated inc rease in 

cel l membrane permeabiIity. Biochimica et Biophysica Acta , 529, 

454-464. 

Wade, N. L . , Campbell , L . C . and Bishop, D. G. (1980). T i s s u e perm-

eability and membrane lipid composition of ripening banana f ru i ts . 

Journal of Experimental Botany, 31 (123), 975-982. 

Wade, N. L . , O'Connel l , P . B . H. and Brady , C . J . (1972). Content of 

R N A and protein of the r ipening banana. Phytochemistry, 1 1 , 975-979. 

W a r d , T . M . , Wright, M. and Rober t s , J . A . (1978). Analytical p r o -

cedures for the assay and identification of ethylene. In Isolation of 

Plant Growth S u b s t a n c e s , Hi l lman, J . R. (edit .) . Soc iety for 

Experimental Biology S e m i n a r , S e r i e s 4, Cambridge Univers i ty 

P r e s s , pp. 137-149. 



- 1 43 -

Wardlaw, C . W . and L e o n a r d , E . R . (1940). Studies in tropical f ru i ts , 

IX. The respi rat ion of bananas during ripening at tropical temper-

atures. Annals of Botany, 4, 269-315. 

W i l l s , R . B. H. , T i r m a z i , S . I. H. and Scot t , K . J. (1977). Use of. 

calcium to delay ripening of tomatoes. Horts cierice, 1 2, 

551-552. 

Yang , S . F . (1974). The biochemistry of ethylene biogenesis and meta-

bolism. Recent Advances in Phytochemistry , 7, 131-164. 

Y a n g , S . F . and P r a t t , H . K . (1978). The physiology of ethylene in 

wounded plant t issue. In "Biochemistry of Wounded Plant S to rage 

T i s s u e s " , K a h l , G. (edit .) . B e r l i n and New York . 

Young, R. E . , Romani, R . J . and B i a l e , J . B . (1962). Carbon dioxide 

effects on fruit resp i ra t ion , II. Response of avocado, bananas and 

lemons. Plant Phys iology ( L a n c a s t e r ) , 37, 416-422. 

Young, R. E . , Salminem, S . and S o r n s r i V i c h a l , P . (1980). Enzyme 

regulation assoc iated with ripening in banana fruit. Colloque 

Internationaux C . N . R . S . No. 238, F a c t e u r s et Regulation de la 

Maturation des F r u i t s , 271-279. 


