
Incidence of Chilling Injury in Salacca zalacca 

M. S. Mahendra and John Janes* 

THE susceptibility of tropical and subtropical fruits to 
chilling injury has been widely reported in the literature 
(Lyons 1973; Couey 1982; Brown 1986; Wills et al. 
1989; Kays 1(91). At temperatures of 0-13°C the tis
sues of many horticultural crops or hoth tcmperate and 
tropical origin weaken because of the failure to maintain 
normal metabolic activities (Wang 1(92). 

In bananas cv. Lady Fingers it has been rcported that 
chilling injury is only a slight prohlem when they are 
stored at 12.5°C (Mahendra ct al. 1(92). Low tempera
ture storage is widely used to extend fruit shelr lire. For 
fruit with a markcd seasonal production or in fruits that 
are transported over considerable distances resulting in 
a long period bctwcen harvesting and consumption. 
there is a need to extend the shelf life of the product. The 
sensitivity of tropical fruit to chilling limits thc usc of 
reduced temperature as a means of preserving frcsh fruit 
for consumption at some later time. 

While there have been detailed reports of thc low
tcmperature susceptibility of many tropical fruits. thcre 
appears to have been limited work on the incidence of 
chilling injury in salak (Sa/acm :a/acca). The plant 
which produces the edible fruit. salak. belongs to the 
lepidocaryoid palms (Bcccari 1918. in Mogea 1(78) 
which includc sago and raphia palms. TIle fruit has a 
scaly pericarp containing three crcamy. edible. fleshy 
'fruits' of varying sil.e. 'l1le edihle parts are not fruits 
botanically, but fleshy arils that surround thc brown, 
stony seeds. The arils arc outgrowths of thc funiculus 
(stalk) of each ovule (LA. Stall. pers. COITlIll. 1993). 

Salak has a marked seasonality of production in Bali, 
the major fruit season being December-February fol
lowing a minor fruiting in June-JUly. The lluctuating 
supply of fruit and the distance it has to travel to markets 
on other islands dictates a need to extend its shelf life. 

The aim of the experiment reported here was to eval
uate the effects of storage temperatures between 3 and 
32°C on harvested salak fruit, with special attention 
being given to the occurrence of chilling injuries. 

Materials and Methods 

Fruit were obtainl'd Crom a local ranller in Bali. They 
were picked at maturity about 6 months after !lower
ing. All fruit were examined individually on arrival at 
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the lahoratory and only those in good condition were 
allocated randomly to each treatment in the experi
ment. The experiment was conducted in a randomised 
block design (RBD) which consisted of five treatments 
with 4 replication<;. TIle five treatments consisted of 
storage in air temperatures of 3-5°C, 7-IO°C, 15°C, 
22-24°C, and at ambient temperatures (29-32°C). 
Each treatment lInit consisted of 10 fruit. An analysis 
of variance of data from the randomised block experi
ment was carried out. A square root transfonmation of 
data expressed as percentages was applied before 
analysis (Gomez and (lome!. 1(76). Further to analysis 
of variance, where significance was shown. differences 
between treatments were established using Duncan's 
Multiple Range Test. 

Observations were made on the first visible symptom 
and on the rate of development of chilling injury using 
the following score: 0 = none; I = slight injury; 2 = 
moderate injury; and 3 = severe injury (Mahendra et al. 
1992). Fruit shelf life was visually assessed daily. Fruit 
was considered unsaleable and discarded from the 
experiment when the sample reached 10% damage. The 
criteria for damage were: mouldy. soft texturc, wrinkled, 
and skin discoloration. Fruit Cirmness was measured 
ohjectively with a fruit pressure tester (Effegi Model FT. 
011, Alphonsine. Italy) fitted with a 0.8 cm plunger. The 
pressure (kg force) required to puncture the fruit was 
recorded. Thl' mean value of an individual fruit was cal
culated from three readings taken at three points around 
the fruit. The fruit weight loss was assessed by subtract
ing final fruit weight after storage from the initial 
weight. 

Results and Discussion 

The Illost common symptoms of chillmg injury 
observed in the fruit of Salacca z.alaccil were skin pit
ting and external discoloration. The more severe symp
toms were necrotic areas. wilting, and a smoky to dark 
or brownish black peel col,)ur. Fruit flesh tended to tum 
brown and occallll' sort textured. 

The development oC l'hilling injury in the fruit over 
time at low temperatures is shown in Figure I. It was 
observed that fruit ~;tnred at .3 SoC and 7-IO°C exhib
ited chilling injury symptoms aCter 2 and 3 days (score 
I). respect ivcly. The symptoms became moderate 
(score 2) aftcl IS day" and severe (score 3) after 32 and 
.B days or storage at each of the two lowest tempera
ture regimes (3-5° and 7-IO°C). Chilling injUry of the 



rruit pulp was indicated by flesh that had turned brown 
and sort. No symptoms of chilling injury were 
observcd on fruit stored at I )oC or above. These rcsults 
indicate that thc fruit of Sa/acca zalacca are as sus
ccptible to chilling injury as other tropical and sub
tropical fruit. 
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Figure I. The pattern or development of chilling injury in 
fruit of Salae('(/ ~(//(/eca. 

Thc longest storagc lifc was shown by fruit stored at 
3-5°C (25 days). followed by fruit stored at 7- 10°C (23 
days) (Fig. 2.). However, both thcsc groups suffered 
from moderate to severe chilling injury. Whilc thc stor
agc life of the fruit was extcndcd 15 and 14 days, 
respcctively, in thc two lowcst temperature conditions 
compared with fruit stored under ambient temperatures, 
this advantage was offset by moderate to severc chilling 
injury. Cooling the fruit to 15°C achieved a gain in stor
age lifc of only 2.5 days with no chilling injury evident. 
This result represents only marginal improvement in 
storage lifc which would be of limitcd valuc to local and 
regional marketing of the fruit and of lillie assistance to 
the exported product. 
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The fruit firmness was measured after 0,7, 14,21, and 
28 days at each of the temperature regimes (Fig. 3). No 
significant ditTerence (P > 0.(5) in thc value of fruit pulp 
firmness was observed on day 0, with the values for the 
deternlination ranging from 6.1-6.8 kg force. Fruit 
firmness deteriorated with an increase in storage tem
peraturc. It was observed that fruit stored at ambient 
temperature (29-32°C) had the lowest valuc measured 
after both 7 (5.8 kg force) and 14 days (3.0 kg force). 
Fruit stored at 3-5 and 7-1 O°C showed an increase in 
fruit firmness measured after 7 days (8.55 and 8.0 kg), 
which then decreased gradually after 14 days (6.6 and 
8.0 kg), 21 days (6.5 and 6.8 kg), and 28 days (6.4 and 
6.3 kg), respectively. A rapid decrease in fruit finnness 
during storage was observed on fruit stored at 15 and 
22-24°C measured after 7 days (X.O and 7.2 kg) and 14 
days (8.0 and 5.X kg), respectively. 

Fruit weight loss was measured over the period or 1-
4 weeks at each of the temperature trcatments. It was 
observcd that percentage of fruit weight loss increased 
significantly with increasc in storage time (Fig. 4). The 
lowest value was observed on fruit stored at 3-5 and 7-
10°C measured after eithcr 1 (9.8 and 8.9%) or 2 weeks 
( 14.2 and 14.5%), while a significantly higher perccnt
agc of weight loss was observed on fruits storcd at 15, 
22-24. and 29-32°C measured after I (16.9, 15.3, and 
13.7(Y, and 2 weeks (22.9, 23.6, and 22.4(71~), respec
tively. The fruit stored at the two lowest temperaturcs 
lost a considerable amount of water at 3 weeks ( I X.I and 
18.9%), and 4 weeks (21.0 and 22.9%), respcctivcly. 
Thcsc rcsults indicate that considerable fruit weight loss 
occurred over the storage period and methods to control 
this loss may be worth investigating. 

Conclusion 

Cooling was shown to extend the storage life of thc fruit 
of Sa/(Jcca zalacca by up to 15 days but the low temper
ature treatments imposcd, namely 3--5°C and 7--lOo C 
caused moderate to scvere chilling injury. Methods that 
may reduce thc incidence of chilling injury in the fruit 
need to be researched if the benefits of increased storage 
life by refrigeration of the salak fruit are to be realised. 
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Figure 3. The effect of storage temperature on the fimmess of fruit over the period of storage. The same letters indicate that there 
is no significant difference between means at the 0.05 level of probability. 
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Figure 4. Percentage weight loss of the fruit of Salaew 
zalacca stored at the different temperatures over the 
period of storage. The same letters indicate that 
there is no significant difference between means at 
the 0.05 level of probability. 
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Internal Carbon Dioxide and Ethylene of Avocado Fruit 
(Persea americana Mill.) Measured by 

an Equilibration Technique 

Ubol Bonruengsri*, David Simons*, and Daryl Joycet 

RIPENING of avocado fruit does not occur as long as the 
fruit remains attached to the tree (Schroeder 1953; 
Tingwa and Young 1975). Changes in the internal 
atmosphere of avocado fruit after harvest are associated 
with ripening (Burg and Burg 1962a; Ben-Yehoshua et 
al. 1963). The means used for obtaining the internal 
atmosphere of avocado fruit include vacuum extraction 
(Burg and Burg 1962a,b; van Eeden et al. 1990) and 
sampling from a cavity bored in the fruit mesocarp 
(Ben- Yehoshua et a!. 1963). 

The purpose of the present study was to measure the 
internal concentrations of carbon dioxide (C02) and 
ethylene of mature avocado fruit during preharvest and 
postharvest periods. A non-injurious equilibration tech
nique was used to obtain samples of atmosphere in 
equilibrium with the internal atmosphere of the fruit. 

Materials and Methods 

Five uniform fruit were tagged on each of 2 'Hass' avo
cado trees. Glass tubes (1.8-2.0 mL internal volume), 
each with a septum secured beneath a screw cap, were 
attached with Blu-tack® [Bostik (Australia) Pty Ltd] to 
the widest circumference of these fruit (Fig. I). Two 0.2 
mL gas samples were withdrawn for each fruit for anal
ysis of CO2 and ethylene. A Shimadzu GC-8A gas 
chromatograph (TCO detector) operated at oven and 
detector temperatures of 20 and 30°C, respectively, was 
used to measure CO2, A Shimadzu GC-8A gas chro
matograph (FlO detector) operated at oven and detector 
temperatures of 80 and 120°C, respectively, was used 
for ethylene measurement. The lower limit of detection 
was approximately 0.004 ~ ethylene/ L in a 10 mL air 
sample (Y . Robertson, pers. comm.). 

After sampling on the tree for 15 days the 10 fruit 
were harvested and randomly allocated to two sample 
lots . The samples of unwrapped and wrapped (PWGS 
cling-wrap plastic film) fruit were then held at 20°C and 
50-60% relative humidity. CO2 and ethylene concentra
tions in the attached tubes were generally measured 
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daily. Fruit colour changes were monitored using a 
colour rating scale of 0 (green), I (25% darkcning), 2 
(50% darkening), 3 (75% darkening), and 4 (100% 
darkening). 

Screw cap 

Figure I. Gas equilibration system used for obtaining 
samples of the illlemal atmosphere of 'Hass' 
avocado fruil. 

Results and Discussion 

No measurable intcrnal ethylene was detected during 
the preharvcst period (Fig. 2). Thus, preharvest equilib
rium ethylene concentrations were in the order of 0.004 
~L or less. Ethylene was first detected 7 and 15 days 
after harvest in unwrapped and wrapped fruit, respec
tively (Fig. 2). 

Burg and Burg (1962a) found by vacuum extraction 
that the internal concentration of ethylene in 'Cho-



quette' avocados at thc time of harvest ranged from 
<0.01 to 0.06 J1llL. The lowest concentration of ethy
lene which could be mcasured in thcir study was 0.01 
J1llL. Very low ethylene concentrations in 'Hass' avo
cados 4 days after harvest were determined in gas sam
ples obtained by partial vacuum extraction (van Eeden 
et al. 1990). Thc abscnce of detectable ethylene before 
the climacteric peak could indicate a difference between 
the equilibration and vacuum extraction techniques. 
Vacuum extraction may remove dissolved or bound 
ethylene from the tissue, not just from the intercellular 
space. 
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Conccntrations of CO2 fluctuated around 1-4% 
before harvest (Fig. 2). After harvest, CO2 concentra
tions in wrapped fruit were consistently higher than in 
unwrapped fruit (Fig. 2). The peak CO, concentrations 
for unwrapped and wrapped fruit were recorded 15 and 
23 days after harvest, respectively (Fig. 2). Peak ethy
lene concentrations in unwrapped and wrapped fruit 
occurred II (at colour rating 1-2) and 19 (at colour 
rating 2-3) days after harvest, respectively (Fig. 2). 

Film wrapping with PGWS film after harvest 
increased thc internal CO2 concentration from I -4% to 
5-7% during the preclimacteric period and dclayed peak 
CO2 and ethylene levels (Fig. 2). Wrapping also delayed 
fruit colouring (Fig. 2). Similarly. Joyce and Shorter 
(1992) reported that wrapping in LOPE eling film 
extended the green life of 'Hass' avocado fruit, with an 
associated decrease in the rate of water loss and an 
increase in CO, concentrations beneath the wrap. 

Attaching vi:t1s to the surfacc of avocado fruit with 
Blu-tack to obtain equilibriuTll atmosphere samples was 
used successfully during both pre- and postharvest peri
ods. The technique is simple and non-destructive, and 
appears to be a valid means for measuring internal CO2 
and ethylene concentrations for avocado. Film wrapping 
after harvest increased the internal CO2 concentration 
and delayed peak CO2 and ethylene levels in association 
with delayed fruit ripening. 
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Effects of Plantation and Postharvest Management Factors 
on Shelf Life of 'Williams' Banana 

J.A. Seberry and D.R. Harris* 

ALTHOLIGH New South Wales (NSW) growers consis
tently supply about 2S% of the 3.8 million cartons of 
bananas sold annually on the market in Sydney, Aus
tralia, NSW bananas consigned there have gained a 
reputation for poor ljuulity. There is a marked prefer
ence in retail demand throughout the year for north 
Queensland (NQ) bananas. which constitute the 
remaining 7S% supplied to the market. Despite a lack of 
documented evidence, bananas grown in NSW are often 
regarded as inferior to those from Queensland, because 
they arc perceived by retailers and wholesalers to have 
a shorter shelf life (SL) (Moody 1993). This is reflected 
by the prices paid for NSW bananas which arc often 
$4--7 per 13 kg carton lower than for comparable fruit 
from NQ. The lower prices paid for their bananas are 
estimated to be costing NSW growers between $3 mil
lion and $6 million annually. Because of concern about 
these problems, the NSW Banana Industry Committee 
(BJC) and the Horticultural Research & Development 
Corporation (HRDC) agreed to flll1d research on banana 
SL by NSW Agriculture. 

There arc significant climatic differences between the 
NQ and NSW banana production areas. Most of the fruit 
from NQ is grown in wet tropical conditions on the 100 
km coastal strip between Innisfail (I 7"30'S) and Card
well (18° I S'S). Annual rainfall is 2100-3800 mm, but 
most plantations are irrigated and capable of a more 
regulated supply of fruit than those in southern areas. 
However, NQ is subject to summer cyclones and tem
perature tluctuations, with occasional chilling condi
tions. Production areas in NSW are located on the coast 
between Tweed Heads (2S0S) and Macksville (31°S), 
with annual avcrage rainfall of IS00-2200 mm and 
subtropical temperatures. Plantings are mostly on hill
sides and slopcs to avoid frost and providc cold air 
drainage. The buneh-to-buneh cycle in NSW plantations 
is 14--16 months, comparcd with about 12 months in 
NQ. 

It has been suggested that SL or fruit might be rclated 
to a range of plantation factors, such as soil type, plant 
nutrition, pest and disease control (particularly leaf dis
eases), soil moisture levels. bunch pruning. and physio-

* NSW Agriculture Posthancst Group. Horticulture Research 
and Advisory Station, Gosford, New South Wales 2250. 
Australia. 
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logical age of the fruit at harvest, as well as ripening and 
storage practices in the market. 

Sample cartons of 10-12 commercial lines of green 
bananas (cv. 'Williams') from NSW districts and NQ 
have been purchased each month from Sydney Market 
since the project commenced in October 1991. The 
bananas have been transported to Gosford, ripened with 
ethylene undcr simulated commercial conditions for 
4--S days at 16-ISoC to CSIRO standard colour index 3 
or 4 (Anon. 1971). and thell storcd at 20°C for SL 
asscssments. 

On removal from the ripening room, the bananas were 
rated each day by a panel of 8-10 people for quality of 
skin colour and general appearance, until the fruit was 
considered to be commercially unacceptable because it 
was overripe or rotting, as described by Peacock (19S0). 
Changes in peel colour, pulp firmness, and development 
of postharvest rots were monitored as the fruit ripened. 
Fruit weight and finger length/diameter were recorded, 
and pulp and peel samples were oven-dried to determine 
dry matter content. Samples of the dried fruit were also 
analysed for mineral nutrients in an attempt to determine 
whether there is any correlation bctween composition 
and fruit SL 

Seasonal differences in SL between NSW and NQ 
bananas 

Between October 1991 and June 1993, 158 grower 
lines from NSW and S6 from NQ were evaluated. The 
comparative SL of fruit sourced from NSW districts 
and Queensland varied according to season (Figs I and 
2). Thc mean SL of Queensland fruit was longer than 
that of NSW fruit in the spring months of October and 
November in both 1991 and 1992. Much of the NSW 
fruit marketed in these periods showed brown discol
oration under the peel aftcr ripening, and had a dull 
yellow colour, a typical indication of chilling injury 
which probably occurred in the plantation. However, in 
both years by mid-suTllmer fruit frolll both sources had 
similar SL and colour. By February and March 
(autullln), SL of NSW fruit was superior. From late 
autumn through to early spring, there were differences 
in keeping quality between fruit from NSW and 
Queensland, but these did not appear to be consistent 
from year to year. 
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Figure 1. Seasonal tluctuations in shelf life at 20°C, after ripening, of hananas from New South Wales and north Queensland 
sampled between October 1991 ,mel September 1992. 
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Figure 2. Seasonal Iluctuations in shelf life at 20oe, after ripening, of bananas hom New South Wales and north Queensland. 
sampled between September 1992 and June 1993. 

Chemical composition of hanana fruit in relatioIl to 
SL 

Over the past two years wc also analysed 71 lines of 
thc fruit obtained for SL asscssmcnts, using inductivcly 
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coupled plasma (Iep) techniques and Kjeldahl extrac
tions to determine 6 major and:; minor nutrient cle
ments. Samples consisted of two fruits from a single 
hand of green bananas from each grower line, separated 
into peel and pulp, weighed, ami ovcn-dricd to constant 



Table 1. Mean concentrations of N. 1'. K. Ca. Mg. B, and Mn in banana peel dry matter in relation to fruit shelf life (SL) 

Month of State of N P K 
sampling origin (S0) (fil) (%) 

Apr 1992 NSW 1.2 0.16 6.7 
QLD I.S 0.19 6.8 

May 1992 NSW 1.3 0.17 6.5 
QLD I.S 0.16 5.9 

Sep 1992 NSW 1.3 0.18 6.9 
QLD 1.4 O.IS 6.1 

Oct 1992 NSW 1.4 0.20 7.5 
QLD 1.6 0.17 6.1 

weight, before being stored in a freezer. This material 
provided dried samples of peel and pulp from hands 
with a wide range of SL scores. Results of analysis of 
samples, taken in April, May, September, and October 
1992, to determine nutrient concentrations in peel dry 
matter in relation to fruit SL, are shown in Table I. 
There were no consistent correlations between any of 
the peel and pulp mineral elements and the mean SL 
scores for these lines of fruit. 

Precooling and refrigerated transport 

Until recently, unrcfrigerated rail vans were the most 
common method of transport for NSW bananas to 
Sydney, with refrigerated road transport being used by 
Queensland producers. In summer, l\;SW fruit could 
often be subjected to high temperatures at the railhead 
and during transport for 3-4 days. A series of trials has 
been commenced to compare the effects on SL of rail or 
road transport at ambient temperatures in summer with 
precooling and refrigeration. To date we have been 
unable to demonstrate that the latter have any beneficial 
effect on SL. 

Discussion 

There is a general perception among merchants and 
retailers in Sydney that NSW bananas have a shorter SL 
than Queensland fruit, especially on either side of the 
NSW peak season between January and April when 
supplies of NSW fruit arc greatest. The major supplies 
of fruit to the southern Australian markets from NQ are 
between May and December. The survey described here 
confirmed that NSW bananas harvested in the spring 
months are generally of poorer quality than comparable 
fruit from NQ. The NSW fruit marketed in this period 
comes from bunches which have hung in the plantation 
over winter. 

Our results provide evidence that the cool winter 

Ca Mg B Mn SL 
(%) (Ii( ) (ppm) (ppm) (days) 

0.19 0.17 22 120 2.1 
0.22 0.21 22 94 2.1 

0.16 0.19 20 61 5.0 
0.16 0.18 22 167 6.1 

0.17 0.11 24 133 3.6 
0.16 0.12 23 169 2.6 

0.20 0.14 23 ~7 4.5 
0.20 0.19 23 73 5.1 

conditions in many NSW plantations, and the occur
rence of chilling injury, arc not only affecting the 
appearance and colour of fruit adversely, but may be 
also directly or indirectly reducing SL. It is possible that 
poor leaf health is reducing spring fruit SL. The effects 
of severe leaf disease, especially sigatoka leaf spot, on 
fruit filling and premature ripening arc well known. It 
has also been suggested that bunch pruning during stress 
periods will improve the quality of the remaining fruit, 
but this has not been tested. However, we were unable to 
show any relationship between gross fruit composition 
and SL. 
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Optimisation of Indigenous Ripening Systems for Bananas in 
the Philippines 

A.L. Acedo Jr* and O.K. Bautista-r 

BANANA is the prime fruit commodity in the Philip
pines. Producers and entrepreneurs. XO% of whom are 
smallholders, usually harvest the fruit green and ripen it 
with calcium carbide (CaC2 ). or with leaves of gltricidia 
(Gfiricidia sCjJium Steud.) or rain tree (Samancu saman 
Merr.). Ethylene is used only by the large, export
orientated firms. 

Very little research has been done to examine and 
improve the indigenous ripening systems in b<lnanas. 
Earlier studies by the authors in 'Saba' bananas (Mu.w. 
BBB Group) showed that the conventional rate of Cae) 
application Dr 25 gil 00 fruit produced during a 24-h()uf 
treatment at least 10 times more acetylene (10,000 IJ.lJL) 
than required for inducing ripening. It was also found 
that gliricidia leaves at 5% of fruit weight (w/w) applied 
for I day effectively enhanced ripening. This is much 
lower th~lI1 the traditional rate of 10-30% of fruit weight 
(w/w) applied for 2-4 days. Moreover, fruit disllrders 
such as CaC 7 injury, soft-green disorder, ripe fie,;h 
hardening and poor flavllur development, arc not 
uncommon in fruit ripened by traditional methods. 

This study optimised the treatment with CaC2 and 
leaves of gliricidia or rain tree on 'Saba' banana, the 
most important commercial cultivar. CaC2 treatment 
was also optimised on 'Latundan' banana (MUML AAB 
Group). the leading table cultivar. Freshly harvested 
fruits of 'Saba' (full three-quarters stage) and 'Latun
dan' (full stage) were used. CaC2 at 0-25 gil 00 fruit was 
applied for I day in a 20-L bucket covered with four 
layers of newsprint. The CaCz was wrapped in news
print and placed at the bottom of the container. Gliricidia 
at 5-1 or;; of fruit weight (wiw) was applied for 1-2 days 
in a O.05-mm thick, 35 Clll x 25 em polyethylene (PE) 
bag \Iith 16 diffusion holes. Immature, fully expanded 
leaves were used since they produced higher ethylene 
levels than mature ones. Ten fruit were treated in each 
PE bag. The effect of gliricidia was also compared to 
that of ethephon (2-chloroethyl phosphonie acid) at 
1000 IlllL applied as a 5-minute dip. Rain tree treatment 
was the same in rate and procedure as that of gliricidia 

* Postharvest Physiology Laboratory. Department of Horticul
ture, Visayas State College of Agriculture. Baybay, Leyte, 
Philippines. 

. ;. Postharvest Horticulture Training and Research Center, Uni
versity of the Philippines at Los Banos, College, Laguna, 
Philippines. 
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but malllre leaves were used. Since the leaves produced 
high CO2 levels, a CO2 scrubber - calcium oxide 
(CaO) or ordinary lime at 10% of leaf weight (w/w) and 
wrapped in newsprint - was incorporated during treat
ment. Ethylene, CO2, and 02 levels during gliricidia and 
rain tree treatment were measured by gas chromatogra
phy. After treatment, the fruit were kept in air. The 
experiments were done on a non-commercial scale 
under ambient conditions (26-3 J 0c, 68--85% relative 
humidity). A completely randomised design with 3 rep
licates (I () fruit/replicate) was used. Two trials were 
done for each experiment and results were consistent. 

C<leo at 5 g or more per 100 fruit enhanced ripening 
of 'Saba' and 'Latundan' fruits (Table I). However, 
'Saba' required a higher level (15 g CaC2) than' Latun
dan' (5 g CaCz) to ripen in 2 days from harvest, similar 
to that effected by the conventional rate of 25 g CaC 2' 

Table 1. Ripening period and weight loss at the ripe stage of 
'Saba' and 'Latundan' hananas treated with 0-25 g 
CaC2/J 00 fnJit for I day. 

CaC2 level 
(g/ I 00 fmit) 

Ripening perioda 

(days from harvest) 

A. 'Saba' (,"vll1sa. BHH Group) 

0 11.0a 
S 3.2b 

10 2.Se 
IS 2.~·d 

20 2.ld 
25 2.ld 

R. 'Latundan' (MUSil. AAB Group) 

0 7.5a 
5 2.3b 

10 2.0b 
15 2.0b 
20 2.0b 
25 2.0b 

Weight loss 
('Ie) 

11.1 a 
4.2b 
4.4b 
4.2b 
5.7h 
5.4b 

J 1.1 a 
5.5h 
4.3b 
4.4b 
4.2b 
4.4b 

a Number of day\ to reach peel colour stage 4 _~ for 'Saba' and 6 for 
'Latundan', the rirene"" stage when the fruit-., are usually utilised 
(inclusive of treatment period). Peel colour index (CI): I-green; 
2-firsllrace of yellow; 3 more green than yellow; 4-more yellow than 
green; 5-yellow with green tips and:or angles; 6-full yellow . 

Means having a common Jetter within columns per cultivar are not 
significantly difkrenl hy DMRT 5%. 



At the ripe stage, total soluble solids, titratable acidity, 
and sensory quality did not vary between CaC2-treated 
and untreated fruit but weight loss of the Cormer was 
abllut 50'lr, lower than that of the latter (Table I), CaC) 
injury was not observed. -

Gliricidia leaves at 5% of fruit weight (w/w) applied 
for i day ripencd 'Saba' fruit in 3-4 days from harvest 
(Fig. 1 a), confinning earlier results. Treatment with 
10% leaves did not result in faster ripening than with 5% 
leaves. Two-day treatment slowed down peel yellowing 
(Fig. I a) due possibly to high CO2 and low 02 (Table 2). 
Cntreated fruil ripened in 7-10 days from harvest. Rel
ative to ethephon. gliricidia was less effective in 
advancing ripening. but only by I day. The same trend in 
respiration and ethyicnt' production was observed, 
except that ethephol1-dipped fruit eVlllved high amounts 
of ethylene immediately after treatment and thereafter. 
Their internal ethylene content concomitantly increased 
to 3--4 !JUL, which can initiate ripening if treated for 8 
hours. In contrast. during gliricidia treatment, ethylene 
slowly accumulated and on the 6th hour, was about 0.3 
!JUL which is the minimum concentration for a 2A-hour 
treatment to initiate ripening. The 6-hour lag period can 
render the treatment ineffective. However, the accumu
lated ethylene on the 12th hour, about 1.0 pUL, was 
sufficient to enhance ripening as it requires only 12 
hours treatment time. 

Rain tree treatment had a similar effect as gliricidia in 
enhancing 'Saba' fruit ripening (Fig. I b). However, 
when the leaves were applied for 2 days, about 30-40% 
of the fruit became soft but green. This WJS observed 

(a) 

,/ ILSD
o5 

/ 

I 

I 

/ 

I 

Days from harvest 

/ 

/ 

10 

0, control 

5%,1d 

5%,2d 

12 14 

immediately after treatment and I day later. The green
soft fruit eventually turned yellow during holding in air 
but they became unacccptably so!"t. 

Higher ethylene and CO2, and lower 02 levels pre
vailed during rain tree treatment as compared with those 
during gliricidia treatment (Table 2). These conditions, 
particuiJrly those during the second day of treatment, 
possibly induced green-soft development. Reducing 
CO2 levels with CaO slightly increased ethylene accu
mulJtion (Table 2) and improved the ripening
enhancing effect of rain tree only when applied for 2 
days. The fruit turned yellow more rapidly thJn those 

Table 2. Elhyll'ne, CO2, and 0, levels in PE bags during 
treatment of 'Saha' bananas with 5% gliricidia or 
rain tree leaves (w/w) for 1-2 days. 

Days from Ethylene CO2 °2 treatment (pULl (%) (%) 

A. Gliricidia 
I 5.2b 7.6b IO.2a 
2 8.5a n,Oa 7.2b 

B, Rain tree 
withoutCaO I 6.6b IO.7b 7.7 

2 9.la 14.5a 6.2 
withCaO I 7.6b 2.4c 73 

2 9.9a 11.70 6,8 

Means having a coml11on leIter within column:-. per leaf type are not 
significantly different by I)MKT 5%. 
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Figure 1. Peel colour development of 'Saba' bananas treated with 5% (wiw) gliricidia (a) or rain tree leaves (0) for 1-2 days. 
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treated without CaO (Fig. I b). '!11e green~soft disorder 
was also inhibited. affecting less than 5';(, of the 2 day~ 
treated fru i t. 

The results indicate that the traditional quantities of 
CaC?, gliricidia, or rain tree used for ripening bananas 
are excessive. Using traditional rates, the fruit are 
exposed for prolonged periods to conditions such as low 
02 and high CO2 which can antagonise the effect of the 
ripening agent and induce the development of fruit dis-
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orders. Optimisation studies have been on a non
commercial scale. The identified optimum rates of 
CaC2, gliricidia, anel rain tree application need to be 
validated under normal commercial treatment where 
large volumes of fruit of mixed maturities are involved. 
Only then can a technically and economically efficient 
indigenous resource-based ripening system in bananas 
be established. 



Fundamental Studies on Respiration Rates and Storage 
Properties of Some Tropical Fruits Grown on Okinawa 

Takayoshi Akinaga and Y oshihiro Kohda* 

IT is a essential to know the rate of respiration governing 
the storage life of fresh fruits so that the precooling 
facilities can be designed for maximum efficiency. The 
rate of respiration is a good index of the quality of fresh 
produce, ami can be measured nondestruetively. There 
is a large body of scientific literature on the rates of res
piration in fruit, vegetables, and cut t10wers (see, e.g., 
Lutz and Hardenburg 1968). However, the measurement 
methods, maturity of samples, and time after harvest 
have not been reported in detail. 

Respiration rates of fruit arc usually measured by 
infrared CO., gas analyser, a high-cost item (e.g. Yen 
2 O()() ()()O p;r unit). There is also a chemical method, 
however, using a CO2-absorbent agent (Matsumoto 
1936), which docs not require a high-price measuring 
instrument. This paper reports chemical measurements 
of rates of respiration of some Okinawan-grown sub
tropical and tropical fruits at various temperatures. 

Materials and Methods 

Measurement of respiration rate by titration 

Twenty-five mL of 2N KOH wcre placed in an evap
orating dish on the bottom of a fixed-volume plastic 
vessel. Test fruits were placed in the vessel, which was 
then tightly scaled. The plastic vessel, test fruits. and the 
chemical were kept in the dark at a constant, pre-set 
temperature in a constant temperature and humidity 
chamber. The CO2 generated in the vessel was absorbed 
by the KOH. After a fixed time (2-4 hours). the evapo
rating dish was removed and the KOH immediately 
poured into a 250 mL graduated flask containing 10 mL 
of 25'.; BaCI 2. Distilled water was added to constant 
vol ume and the contents of the flask allowed to settle 
after shaking well. BaC03 settled as a white precipitate. 
Fifty mL of the supernatant liquid were taken and neu
tralised with O.2N HCl, using phenolphthalein as an 
indicator. As a control, 25 mL of KOH held in a plastic 
vessel under the same conditions as the test fruit was 
titrated. 

The following equations describe the chemical reac
tions involved (Nakagawa 1981). 

* Department of Bioproduction. College of Agriculture. Uni
versity of the Ryukyus. I Senbaru. Nishihara. Okinawa. 
903-() I. Japan 
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CO2 + 2KOH = K2C03 + Hp 

2HCI + 2KOI-l = 2KCI + 2Hp 

Therefore I mL of O.2N HCl was equivalent to 4.4 rng 
of CO2, and CO2 generated 

= 4.4 x a x (1/1) x (l/w) xjx (250/50) 
= 22 afl Ill' (mg/kg/hr) 

where a = (volume ofO.2N Hel in control) - (volume 
of O.2N HCI on sample) (Ill L) 

w = sample mass in (kg) 
I = measuring time in (hours) 
j = factor of O.2N HCI 

Materials 

Green-ripe banana cv. Ogasawara were harvested in 
1992 in the courtyard of the College of Agriculture. 
Sound fingers were selected. Respiration rates of bana
nas were measured at fruit temperatures of 0 35°C, at 
SoC intervals, Fully ripe pineapples cv. N67-IO were 
harvested on R December 1992 in Nago. Respiration 
rates of pineapples were measured every 5°C from (}-
30°C. Fully ripe mangoes cv. Irwin were harvested on 
20 July 1992 in Ginoza. Respiration rates of mango 
fruits were measured every 5°C from 5-35°C, Full ripe 
papaya fruits cv. Solo-Sunrise were harvested on 18 
November 1992 in Higashi. Respiration rates of papaya 
fruits were measured every 5°C from 5-35°C. 

Arrhenius plot 

Respiration rates and inverse absolute temperatures 
were plotted on semilogarithmic graph paper as 
Arrhenius plots (Kitagawa 19S6). It was found that they 
lay approximately on two straight lines. There was a 
large change at the lower temperature end of the line. 
which suggested a chilling temperature. 

Storage tests 

Storage tests were carried out to estimate the suitable 
storage temperatures of tropical fruits produced on Oki
nawa. Bananas, pineapples, mangoes, and papayas were 
stored from 7-14 days in constant temperature and 



humidity chambers, and were periodically inspected for 
qualities such as fruit hardness, peel colour, weight loss, 
moisture content, total soluble solids, and acidity. 

Results and Discussion 

Figure I shows the typical Arrhenius plots of respiration 
rates of bananas and temperatures. The critical chilling 
injury temperature was cstimated from this plot at about 
i 5°C. The recommended storage temperature for bana
nas given in the USDA handbook (Lutz and Hardenburg 
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1968) is 13-l4°C. Thus, the storage temperatures for the 
test were set at 15°C and 25°C at 85% RH. 

Figure 2 shows the plots of pineapples. The critical 
temperature for pineapples was estimated at about 10°C. 
The USDA-recommended storage temperature for full) 
ripe pineapples is 7-lOoC (Lutz and i-lardenburg 196K). 
Storage tests of pineapple were therefore carried out at 
5, I 0, and 25°C and 80% RH. 

Figure 3 shows the plots of fully ripe mangoes. The 
critical temperature of fully ripe Irwin mangoes was 
about 7°C. as ~'ompared with the liSDA-recommended 
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10°C. Storagc tcsts of nnngocs were carried out at 5, 12, 
and 25°C at 85% RH. 

111C plots for papayas (Fig. 4) show a critical tcmper
ature of about 10°C, From thc USDA handbook, sincc 
papayas are subject to chilling injury, they should be 
held at a temperature closc to, but not below rc. Stor
agc tests of papayas were carried out at 5, 10, and 25°C 
at 85'7r RH. 

From the results of storage tests, the recommended 
storage temperatures for banams, pineapples, mangocs, 
and papayas were estimated at 15, 10, 12, and 12°C. 
respectivcly. 

Conclusion 

Arrhenius plots of respiration rates and fruit tempera
tures were an effcctive method for predicting thc tem
pcrature bclow which fruit chilling injury will occur. 
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Respiration rates of thc tropical fruits were easily meas
urcd by the titration method, at lower cost than usc of an 
infrared gas analyscr. 
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Reducing Decay and Extending Shelf Life of Bell-peppers 
and Mangoes by Modified Atmosphere Packaging 

V. Rodov, S. Ben-Yehoshua, S. Fishman, S. Gotlieb, T. Fierman, 
and D.Q. Fang* 

PREVIOUS research has shown that seal-packaging fruits 
in plastic films reduces weight loss and preserves the 
fimmess and freshness of stored produce (Bcn
Yehoshua et al. 1983). However, this method also has 
problems with some fruits. With peppers (Capsicum 
annum L.), in spite of positive results reported for indi
vidual seal packaging, high relative humidity may 
increase the risk of fungal decay, especially late in the 
season. With mangoes, the altered in-package atmos
phere inhibits normal ripening of the fruit (Ben
Yehoshua et al. 1990; Somsrivichai et al. 1992). Tn this 
paper, we present some modified atmosphere packaging 
(MAP) approaches enabling the reduction of the unde
sirable effects of scaling. 

Materials and Methods 

Bell-peppers of Maor and Maccabi cultivars were 
packed in plastic trays sealed in low density polyethy
lene (LDPE) of 20, 40, and 80 J.lIl1 thickness, four fruit 
per tray. Sodium chloride (NaCl) was added to bell
pepper packagcs within the pouches of spunbonded 
polyolefin (Tyvek, Du Pont Co.). Mangoes of Tommy 
Atkins and Keitt cultivars were individually sealed in 
shrinkable Cryovac polyolefin films of 15 or 19 )1111, 

either non-perforated (MD film) or perforated: MPY (8 
holes of 1.7 mm diameter per square inch) or SM60M (8 
holes of 0.4 mm diam. per sq. inch). Part of the fruit was 
scaled in the same films within foam polystyrene trays. 
Rotronic 1-108 probes were used for monitoring the in
package relative humidity (RH). 

Results and Discussion 

Modified humidity packaging of bell-pepper 

Relative humidity in the scaled tray-packages holding 
4 fruit reached 99-100%, and condensation occurred on 
the Cilm. Hygroscopic material (NaCl) was used to con
trol the RH in the packages (Shirazi and Cameron 1992). 
The humidity level was stabilised by the amount of 
NaCI added, varying from 96-98% with 5 g NaCl to 
86-90% with 15 g. Water condensation inside the pack-

* Agricultural Research Organisation, The Volcani Center, 
P.O. Box 6. Bet-Dagan 50250. Israel. 
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ages was prevented or significantly reduced, depending 
on the amount of NaCI added. Lowering relative 
humidity in the package markedly reduced the decay of 
bcll-peppers (Fig. I). Nevertheless, fruit in the packages 
with modified humidity still had significantly iower 
weight loss and retained bctter finmness and quality than 
the non-sealed control (Fig. i). 

It should be added that decay in the tray packages was 
higher than that observed on individually scaled fruit. 
This difference may relate to the absence of water drop
lets and the lower RH (97%) in the individually scaled 
packages (Ben-Y ehoshua et al. 1983). 

Effect of film perforation on mango quality 

According to predictions based on a mathematical 
model of the package, perforation of the film markedly 
changes the package atmosphere while only slightly 
intluencing the relativc humidity. In our experiments, 
using perforated polyolefin films for mango packaging 
enabled normal ripening of the fruit and reduced weight 
loss and decay as compared with a non-scaled control 
(Fig. 2). Thc best results after 2 3 weeks of storage at 
14°C and one additional week at l70e were achieved 
when film with 0.4 mm perforations was combined with 
increased free volull1e inside the package by scaling the 
fruit within polystyrene trays. 

Prolonged storage of sealed Keitt mango 

The delayed ripening of fruit scaled ill non-perforated 
film was advantageous during prolonged storage of 
Keitt mango. After 3 weeks of storage and 1 week of 
shelf life the scaled fruit displayed inferior quality to the 
control because ripening was inhibited. However, with 
longer storage (4--6 weeks plus I week shelf life) the 
difference in physicochemical parameters (TSS, acidity, 
firmness) hetween scaled and non-scaled fruit became 
Icss, and scaled Cruit received higher taste scores 
because oVTrripenillg was prevented, Thc effect of seal
ing on fruit colour was less significant for typically 
green Keitt mango than for yellow varieties. However, 
seal ing did not reduce decay of mangoes stored for long 
periods. The combination of scaling with decay-control 
measures such as hot water or fungicide dips may be 
useful in these cases. 
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Conclusion 

These results show that application of additional factors 
such as hygroscopic materials or perforation may pre
vent the harmful effects of tray-scaling in plastic film 
while retaining its advantages. Mathematical modelling 
may help to predict the llptimal packaging parameters. 
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Modified AtInosphere Storage of Bananas at 
Chilling Temperatures 

S.K. Hewage**, H. Wainwright**, T.N. Swinburnet, 
and R.S. Wilson Wijerathnam§ 

THE green life of Cavendish bananas can be extended 
using a modified atmosphere (MA) in which oxygen is 
reduced and CO2 concentration increased (Scott et al. 
1971; Scott and GanJcnagara ! 974). This was achieved 
by sealing the fruit in polyethylene bags which allowed 
the development of a stabil ised MA in 3-4 days. Shorter 
stabilisation times were obtained in bags evacuated 
beforc sealing (Badran and Lima 1969). This technique 
has been adopted commercially and is known as the 
'banavac' system. In addition to extending storage life, 
MA storage has been reported to reduce the incidence of 
chilling injury for avocado (Scott 19n) and tomato 
(Hobson 19!\7). The green life for bananas could be 
extendcd by lowering the temperature below 13.5°C if 
the incidence of chilling injury could be minimiscd by 
MA. This paper reports experiments in which bananas 
wcre held in a MA below the critical 13.5°e. 

Material and Methods 
Cavendish bananas harvested approximately 2 weeks 
earlier in Equador and sea transported at 14°C were 
used for the study. Hands were separated into clusters 
whieh eontained 5 fingers. Individual clusters were 
enclosed in 41 x 2!\ cm, 0.05 em gauge. low density 
polyethylene bags (PEB). Excess gas in the bag was 
evacuated until the film adhered to the fruit surface and 
the bag was then sealed. Another set of clusters was 
enclosed in similar size perforated PEB. Immediately 
after sealing, 12 bags from each were transferred to 8, 
II. and 14°e. 

Oxygen and CO2 concentrations in the PEB system 
wcre measured three times per week. Gas concentrations 
were measured using a gas chromatograph with alumina 
column and thermal conductivity detector. Four bags of 
each treatment were removed from the store at 10-day 
intervals for peel colour measurements. Bags were 
unsealed and peel colour of fruits was monitored using 
a Minolta colour meter (CR 200 Japan). L * value of the 
colour meter was used to measure the chilling injury of 
the fruits. 

** Natural Resources Institute. Chatham Maritime, Chatham. 
Kent. ME4 4TB. U.K. 

t Wye College. University of London. Ashford, Kent, TN 25 
6RS, U.K. 

§ Ceylon Institute of Scientific and Industrial Research. P.O. 
Box 787, Colombo 7, Sri Lanka. 
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A centimetre thickness of transverse section of fruit 
was used to measure firmness of pulp using a Macmesin 
electronic force gauge with a 6 mm plunger. A 10 g 
sample of pulp from the middle of the finger was homo
genised using a known amoLlnt of distilled water and 
filtered through cotton wool. A few drops of the filtrate 
were used to measure total soluble solids (Brix) using an 
Abbe type refractometer at 2()°C. A 10 mL aliquot of 
filtrate was titrated against O. INN aOH to measure the 
titratable acidity and the acidity was expressed as malie 
acid. Three fingers from each cluster were treated with 
1000 ppm ethylene to induce ripening at 17°e. Peel 
colour, firmness, TSS, and TA of the ripe fruit were 
measured as described earlier. Organoleptic evaluations 
were conducted to test the quality of ripe fruit. 

Results 

Oxygen levels within the MA at each temperature are 
given in Figure I. At 14°C, the 02 concentration 
remained stable (10 12'k) throughout the storage 
period. The initial higher levels of 02 at both II and 
8°C declined. and became significantly lower than at 
14°e and 6 clays storage. However. the 02 level in the 
bags stored at Iloe gradually increased up to the level 
of bags stored at 14°(', 'lhe oxygen content of the MA 
in the bags stored at SoC remained significantly lower 
than at 11 and 14°C throughout the storage period. The 
CO2 content of the MA (results not shown) behaved in 
a manner converse to that of 02' 

Peel colour measured as L* of green and ripe fruit at 
each sampling time is presented in Table 1. After 10 
days storage, L* was significantly lower in MA stored 
fruit at !\0e. There were no differences in green fruit 
stored in either sealed or perforated bags after 10 days of 
storage. No difference in L* of green fruit was detected 
after 20 days of storage. A higher L* was observed in 
fruit stored in perforated bags after 30 days of storage, 
compared \vith those stored in scaled bags, due to ripen
ing of some fruit in the perforated bags. 

A one-way analysis of the results showed that firm
ness, TSS, and T A of both green and ripe fruit stored in 
sealed bags were not significantly affected by storage 
temperature (results not shown). No significant differ
ences in sensory parameters (flesh colour, aroma, tla
vour. and texture) were detected by the taste panel 
assessment of ripe fruit (results not shown). 
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Figure I. Percentage 02 content develop"d ill polyethylene bags stored at 14. II, and Soc: (e) 14°C, (_) 11°(" and (.A.) soc, 
Treatment means having a common ictter in a day are not significantly different by DMRT 5%. 

Table I. Peel colour of green and ripe hananas expressed as 
L * after storage for In. 20. ami 30 days in modified 
atmosphere and perforated polyethylene bag. 
Treatment rncans having a COTllTllon Jette-r(s) in a 
colullln of green or ri[x' fruit arc not significantly 
different hy DMRT 5%. 

Treatment Storage tin1C in days 

10 20 30 

(jrccnti-uil 
Scaled 14°C 60.lla 5S.70 'i6.69bc 
Scaled 11°(, 58.02ab 'i5.10 54.17d 
Sealed 8°C 53.1& 'i4.72 54.ned 
Perforated 14°(, 57.47ab 58.60 61.()9a 
Perforated I 1°C 57.31 ab 'i6.04 'i5.33bcd 
Perforated go(' 55.42bc 55.54 57.31 b 

Ripe }i-t:il 
Sealed 14°C 64 .. 13 a 72.34a 71.48a 
Sealed II DC 59.07hc 65.46h 66.17b 
Seakd 8°C 56.82c 54.<)l)d 56.65c 
PerilJrated 14°C 61.65ab 69.84a 70.84a 
Perforated I 10 (, 58.50bc 63.45hc 63.45b 
Perforated goC 58.5011c 60.51c 58.03c 

Discussion 

The consistently lower 0 0 levels in the MA at XOC could 
have been due to chilling-Linduced respiration or changes 
in permeability of the film at low temperature. A chill
ing-induced rise in respiration has been observed in 
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sweet potatoes (Lewis and Morris 1956) and cucumbers 
(Eaks and Morris 1956). Tcmperature is also known to 
affect the gas permeability of plastic films at lower tem
peratures \Hayankawa et al. 1')75). Further research is 
required to measure the contribution of each factor with 
respect to the gas composition of the '\lA. 

Lower values of L * in low-temperature stored fruit 
compared with those stored at 14°C arc indicative of 
chilling damage having occurred in fruit stored at the 
former. Chilling injury damage developed at II and 
8°C, and the MA in the bags failed to prevent thc 
damagc. The chilling damage observed in green fruit 
was more pronounced after ripening. In addition to the 
Clliour meter assessments. ripe fruit stored at chilling 
temperatures appeared dull and less attractive. 

With the exception peel colour. other physicochcmi
cal parameters remained unafrccted by chilling temper
atures. No difference in eating quality between chilled 
and unchilled fruit was detected by the taste panel in 
bananas at these temperatures. These results confirm 
those of Aziz ct al. (1976). 

Conclusion 

The MA achieved using evacuated PEB was not elkc
tive in alleviating chilling injury in hananas stored at II 
or XOC for a minimum of I () days. The MA may be 
elTective fllr periods less than I () days. Althoullh the 
green life was equally extended at either I lor 8°C unlkr 
MA conditions. chilling damage limits the opportunity 
to usc these temperatures. 
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Storage of Fresh Pineapples 

Ratiporn Haruenkit*t and A. Keith Thompson* 

As with many other fruit, the pineapple is very sensi
tive to storage temperature. Storage at 7-8°C and 10°C 
has heen reeOllllllended for ripe and unripe fruit, 
respectively (Anon. 1989). Akamine et a!. (1975) incli
cated that the maximuIll storage period at 7°C was 4 
weeks. Pineappil's which arC' stored at less than rc for 
longer than 7 days will dcvelnp chilling injury, usually 
llIanifested as internal browning. Fruit which were 
stored at 4°C and 8°C for I () 20 days, followed by 
storage at 2()OC devclopccl internal browning. Also, 
fruit stored at I (l°e for 50 days dcvelopcd this symptom 
(Wills ct a!. 1(85). Rohrbad-I and Paull (1982) reported 
that storage of pineapple at 8°C for 1 week was long 
enough tn cause the development of internal browning. 
Paull and Rohrbach (1985) flluml that storage of pine
apple at 3. 8, and 12°C for 2- 3 weeks can induce 
intemal hrowning within 2 days when fruit were trans
ferred to 18-3()°C. In a storage experiment with the 
eultivar Mauritius. fruit were stored at 79°C for up to 
19 days without developing internal browning 
(Thompson 1987). Internal browning was detected in 
this cuitivar when it was stored at 8°C and 12°C for 3 
and 2 weeks. respectively. On storage at 5°C for 3 
weeks the fruit suffered chilling injury but did not 
develop internal hrowning (Hassan and Atan 1983). 

Akamine and Goo (1971) found that the storage life 
of Smooth Cayenne pineapple was significantly 
extended under 2't 0, at 7.2°C compared with air. Dull 
et a!. (1967) found th'lt the respiration rate of pineapple 
decreased as th~ concentration of 0 0 decreased. CO, 
levels up to IOc, had no detectable effect on the respira~ 
tion rate of pineapple at the commercial maturity stage. 
Kader et al (1985) recommcnded 5'.{. 0; and I W!c CO, 
at 10--1 5°C for pineapplc storage. Paull and Rohrbach 
(1985) found that stmage at Yk 02 and 5'k CO2, or 3'7c 
0 0 and O'k CO, did not suppress intemal browning 
sy~nptoms in Slllooth Cayenne stnred at 8°C. If fruit 
were exposed to 3% 0) in the first week of storage at 
22°C followed hy 8°C-. the occurrence was reduced. 
Storage of pineapple under hypobaric conditions was 
reponed to extend the storage life by up to 30-40 days 
(Staby 1971',). Storage of Mauritius pineapple under 

* Postharvest Technology Department. Si Isoc College. Cran
field University. Silsoe. Hedford MK4S 4DT. U.K. 
Present address: King Mongkut's Institute of Technology. 
Ladkrahang. Bangkok. Thailand. 
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modified atillosphere. using polyethylene film bags. for 
2 weeks at 10°C resulted in hlack heart development. 
The final 02 and CO2 contents in the bags were lOCk· and 
7'k. respectively (Hassan et a!. 1985). 

Smooth Cayenne pineapples from Mexico were har
vested at two maturities and stored at gas compositions 
of 2't 02 + 0'( CO2, 2% 02 + 10't· CO2, and 1'1<, 02 + 
0';; CO). and temperatures of 4,8, and 12°C. After stor
age, fnlit were transferred to 22°C for 3 and I', days. 
Pineapples stored under 1 'i'. 02 or 2% 02 and 10o/c CO2 
showed a delay in the development of internal brown
ing. The shell colour of pineapple changed at a slower 
rate when fruits were stored under controlled atmos
pheres rather than air. The half mature pineapples could 
be stored longer than mature fruit hy approximately 3 
days at 22°C. The change in shell colour of the fruit was 
retarded at 4°C but the subsequent development of the 
colour was incomplete at 22°C. Fruit also suffered from 
chilling injury during subsequent storage. The shell 
colour of the mature fruit changed to slightly orange
yellow at 8°C and 12°C after 3 weeks storage. The 
development of internal browning occurred with fruits 
stored at 12°C without being subjected to subsequently 
higher temperatures. The results indicate that pineapples 
should be stored for less than 3 weeks in all the condi
tions tested in these experiments. 

Materials and Methods 

Fresh Smooth Cayenne pineapples were shipped from 
Mexico by air. Fruit were originally graded from the 
field into mature and half mature. 

Controlled atmosphere storage 

Weighed fruits were placed in 25-litre sealed plastic 
boxes fitted with inlet and outlet tubes in temperature 
controlled rooms. The humidity inside the hox was 
created by placing 300 mL of water in each box with the 
fruit stored above. but not touching the water. Each gas 
mixture from a premixed cylinder was passed conti
nously through the fruit boxes at a now rate of 400 mL! 
minute. The gas compositions used were: 2'k 02 + ()Gt 
CO2, 2% 02 + lOS; CO 2, I 'k 02 + O'} CO2 ami an air 
control. Storage was at 8°C for 2 weeks followed by I 
week under normal air. 



Storage temperature 

Pineapples were ,tc)red at 4.8. and 12°C for 3 weeks. 

Assessment 

After storage fruits were transferred to 22°C for 3 and 
6 days before evaluation of fruit quality. TIle mature 
fruit were evaluated after 3 days while the half mature 
Cruit were evaluated after 6 days using scales described 
bv Rohrbach and Paull (1985). The scale of shell colour 
\;as 0-5, where 0 = green and 5 = yellow, orange
yellow, and coppery red. The scaic of pulp translucency 
was 0--4, where 0 = no translucency and 4 = maximum 
translucency. The internal browning scalc was 0-··6, 
where 0 = none ancl 6 = complcte brO\vning. Browning 
was scored separately ror each fruit both on the basis of 
ineidence and severity. Brix and acidity were measured 
using the juice from 'the centre slices or the fruit. Brix 
was measured using an Atago digital refractometer. 
Acidity, as percentage of citric acid, was determined by 
titration with 0.125N NaOH using bromothymol blue as 
indicator. 

Results 

Controlled atmosphere storage 

Aftcr 2 weeks storage the shell colour of the fruit was 
very similar to the initial colour. the change of colour 
started in the third week or storage. This continued more 
rapidly when the fruit were removed to noe (Table I). 

Table 1. Effect of controlled atmosphere storage at 8°C on 
the shell colour of pineapple (0 = green; 5 = yellow 
orange) 

Controlled Original Days at 22°C following 
atmosphere colour CA storage 

0 3 6 

2% 02 +0% CO2 
Mature 1.75 3.5 5.0 
Half mature 0.5 1.5 3.5 

2% 02 + 10% CO2 
Mature :1.25 3.0 3.0 
Half mature 0.75 D.75 4.5 

1% O2 +0% CO2 
Mature 2.25 .1.75 4.5 
Half mature 1.25 2.25 4.5 

Air 
Mature 2.0 4.0 5.0 
Half mature 1.0 2.5 5.0 
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Internal bruwning was not detected in the flesh when 
pineapples were stored at XO(' f,)r -' weeks in all treat
ments. The symptom developed when fruit were subse
quently stored at 22°C. The mature fruit did not develop 
internal browning within 3 days at 22°C following stor
age in a mixture of 2% 02 + 10% CO2 or 1% 02 + 00/<.' 
CO2 but the half mature developed internal browning 
within 6 days. The half mature fruit developed severe 
internal browning symptoms at 22°C following storage, 
which might be due to a too long storage period for the 
stage of maturity. The results showed that both the 
mature and the half mature fruil can develop this disor
der (Table 2). From this experiment it was noted that, at 
low oxygen concentration. the additive effect of high 
carbon dioxide could delay the development of internal 
browning for a short period. 

The pulp or the mature fruit rr,l[J1 all storage treat
ments turned translucent after :1 days at 22°C. The 
pulp of the half mature fruit was checked after 6 days 
at 22°C and the degree or translucency was about the 
same as that of the mature fruit. Translucency of the 
pulp is related to senescence which might be retarded 
if fruits were kept at low temperature under controlled 
atmosphere. The results from this experiment showed 
that the benefit of controlled atmosphere on the 
translucency of the pulp was limited (Table 3). 

Storage temperature 

The degrecning of the shell of pineapple was affected 
by temperature. At 4°C the shell eolour remained 
unchanged during storage for 2 or 3 weeks for both the 
mature and the half mature fruit. At 8°C and 12°C the 
shell colour of both types chang cd during storage. 
During storage at 22°C, following the low temperature 
storage, the shell colour of thc mature fruit changed to 
light orange-yellow within 3 days while for the half 
mature fruit the colour change took 6 days. Degreening 
of the shell colour of pineapple was temperature depen
dent (Table 4). The shell colour did not appear bright 
yellow after fruit had been stored at any of the low tem
peratures used in this experiment. It was observed that 
the development of the yellow colour was better after 
storage at 12°C than at 4°C and goe, particularly at 4°C 
the fruit developed a coppery red colour which indicated 
that the fruit had suffered from low temperature injury 
(Table 4). 

Pineapples stored at 4°C and goC did not develop 
internal browning during storage, but the symptom 
developed after they were transferred to noe (Table 5). 
Fruit previously stored at 4°(, for 2 weeks developed 
symptoms of chilling injury and no development of 
internal browning. At 12°C fruit developed internal 
browning before or after they were stored at 22°C. It was 
found that about half of the sample did not show the 
symptom of internal browning while they were held at 



Table 2. Development of internal browning (0 ~ none; 6 ~ complete browning) of pineapples under controlled atmosphere at 
soc. 

Controlled atmosphcn: Days at noc following CA storage 

2% ° 2+0% CO2 

Mature 
Half mature 

2% 02 + 10% CO2 
Mature 
Half mature 

1% 02+0%C02 
Mature 
Half mature 

Air 
Mature 
Half mature 

incidence 

0.0 

0.0 

0.0 

0.0 

0 

severity 

0.0 

0.0 

0.0 

0.0 

Table 3. TIle effect of controlled atmosphere at goC on the 
translucency (0 ~ no translucency, 4 ~ maximum 
translucency) of pineapple pulp. 

Controlled Days at 22°C following CA storage 
atmosphere ---

0 3 6 

2% °2+0% CO2 
Mature 0.5 4.0 
Half mature 3.0 

2% O2 + 10% CO2 
Mature 0.0 4.0 
Half mature 3.5 

1%02+0% CO2 
Mature 0.5 3.0 
Half mature 4.0 

Air 
mature 1.0 3.5 
Half mature 3.0 

12°C. The results from this experiment showed that 
internal browning can develop at 12°C without being 
subject to higher temperature storage. 

At 22°C, the pulp of the mature and the half mature 
fruit had become translucent within 3 and 6 days 
respectively regardless ofthe previous storage condition 
(Table 6). When the half mature fruit were stored at 
12°C for 4 weeks, without subsequent storage at 22°C, 
the tlesh was slightly opaque but the fruit was severely 
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3 6 

incidence severity incidence severity 

2.0 2.0 
4.0 5.0 

0.0 0.0 
6.0 5.0 

0.0 0.0 
2.0 2.0 

1.0 3.0 
1.0 1.0 

Table 4. Ine effect of low temperature storage on the shell 
colour (0 ~ green; 5 ~ yellow~orangc) of pineapple 
under normal air. 

Storage Original Days at 22°C following low 
temperature colour temperature storage 

0 3 6 

4°C 
Maturea 1.4 1.4 4.0 
Half mature 0.3 0.3 3.0 

SoC 
Mature 2.0 4.0 5.0 
Half mature 1.0 2.5 5.0 

12°C 
Mature 2.0 4.9 5.0 
Half mature 0.6 3.S s.o 

a Pineapple stored for 2 weeks 

diseased. This could have been due to initial bruising of 
the fruit during transit from Mexico. 

Discussion 

Paull and Rohrbach (19X5) found that CO2 at 5% had no 
effect on internal browning development in pineapples. 
CO2 elevation has an additive effect with low oxygen 
concentration so that the optimum concentration should 



Table 5. Development of intemal browning (0 ~ none; 6 ~ complete browning) of pineapples stored at low temperature. 

Storage temperature Days at 22°C following low temperature storage 

4°C 
Mature 
Half mature 

goC 

Mature 
Half mature 

12°C 
Mature 
Half mature 

incidence 

0 
0 

0 

1.5 

0 

severity 

0 
0 

0 

1.5 

be specified for each commodity. However, the effect of 
controlled atmosphere storage on pineapples was not 
extended to the fruits when they were removed to air. To 
overcome this problem, Hassan et al. (1985) suggested 
storing Mauritius pineapples in modified packaging 
until they reached consumers. This limitation of con
trolled atmosphere storage of pineapples indicates that 
the shelf life time after removal must be specified. 

Table 6. The effcct of low temperatures on the translucency 
(0 ~ no translucency; 4 - maximum translucency) 
of pineapple pulp. 

Storage Days at 22°C following low 
temperature temperature storage 

0 3 6 

4°C 
Mature 0.5 3.5 
Halfmature 0.0 3.5 4.0 

goC 

Mature 1.0 3.5 
Halfmature 3.0 

12°C 
Mature 1.75 3.0 
Half mature 2.0 

The result of our experiments also agree with previ
ous work (Wills et al. 1985; Paull and Rohrbach 1985) 
indicating chilling temperatures induced internal 
browning. The range of temperature that favours the 
development of internal browning is from 5°C to 21°C 
(Smith 1983). At 4°C fruit showed the development of 
chilling injury in the subsequent higher temperature 
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:1 6 
------~-------

incidence severity incidence severity 

1.25 1.25 
1.0 1.0 2.0 5.0 

1.0 3.0 
1.0 1.0 

1.75 2.75 
5.5 5.5 

storage with no development of internal browning. The 
same observation was reported with Mauritius pineap
ple (Hassan and Atan 1983). However, not all of the 
tested samples developed chilling injury which might 
have been related to the stage of maturity of each indi
vidual fruit. Grading offruit by using shell colour cannot 
reliably reveal the physiological maturity of fruit (Smith 
1983). 

Chilling injury was more severe on bruised fruits than 
on undamaged ones. The bruised area extended as the 
fruit were stored for longer periods and became con
taminated with microorganisms which resulted in spoil
age of the fruit during subsequent storage at 22°C. Fruit 
stored at 8°C developed internal browning after being 
placed at 22°C. In other work, maximum development 
of internal browning for fruit stored at this temperature 
occurred within 10 to 20 days (Wills et al. 1985). 
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The Effect of Sucrose Ester Coating on Ambient 
Temperature Storage of Several Fruits 

M. Bcpcte, N. Nenguwo, and J.E. Jackson* 

RU'RI(;I-:I{ATIUN facilities arc required for reducing the 
temperature of produce and holding it at the desired 
temperature until it is sold or used. Where this is not 
possible, other means of extending the shelf life have to 
be considered, One possibility is to reduce the gaseous 
exchange of the produce, TIlis willlO\\ier the rate of res
piration and therefore retard the rate of deterioration, 

It has been found that sucrose ester coatings alTect 
gaseous exchange (Kader et a!. I 9~6; Lidster I 9~7) by 
reducing oxygen uptake and carbon dioxide loss, These 
coatings also reduce transpiration, It was therefore sug
gested that they might be useful when refrigeration 
facilities arc not available, A trial was begun in January 
1990 at the Horticultural Research Centre (HRC) in 
Marondera. Zimbabwe, using 'Semperfresh' as the 
sucrose ester. 

Materials and Methods 

Five experiments were conducted on grapes, apples, and 
passion fruit. 
Ic~\perimCllI I, 0 and O.7 Cjb Semperfresh on five table 
grape cultivars - Black Sultana, Earlihane, Giant Isa
bella, Steuben and Thompson Seedless, 
Ic~\l'erim('fl1 2,0, Land 1,5';; Semperfresh on the apple 
cultivars Drakellstein and Mollies Delicious, 
Erperililenl 3. 0, I, and 1,5\;( Semperfresh on passion 
fruit (Purple variety, Passi{/ora cdulis), 
£xpcrimcnI 4, 0, I, and 1.5';; Semperfresh on the wine 
grape cultivar Chenin Blanc, 
/:'.rj)crimclll 5,0, I, and 1,5Cft Semperfresh Oil the apple 
cultivars Anna, Elah, Michal, and Maayan. 

Fruit ["rom the IIRC orchard were harvested at full 
maturity and treated immediately, There were 12-20 
fruit per treatment. 

The' Semperfresh' concentrations were prepared by 
first mixing the required amount with a small volume of 
water in a blender. This slurry was then stirred into the 
required volume of water in order to achieve the desired 
concentration, 

The fruit were dipped in the required concentration 
and allowed to drip dry, For the shelf-life observations, 
they were then placed on newsprint-lined trays in the 

Horticultural Research Centre, p, Bag 3748, Marondera, 
Zimbabwe. 
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laboratory, The control treatment (OCk.' Semperfresh) was 
applied by dipping the fruit in water only, 

The fruit were kept in the open at ambient temperature 
and observations made on d,lily weight changes and the 
occurrence of blemishes, Each fruit was discarded when 
symptoms of deterioration became obvious. 

The results were analysed by analysis of variance 
(with arcsine transformation for percentage weight loss 
data). 

Results 

Table grapes 

Coating table grapes with O,7 c/r Sernperfresh signifi
cantly (p < OJ)OO I) reduced weight loss by between 2.2 
and 19, I ,;( (9 days after treatment) compared with con
trols (Table I), The rate of weight loss reduction varied 
with cultivar, with Steuben showing least response and 
Thompson Seedless the highest For shelf-life extension 
Thompson Seedless showed the greatest response - 12 
days - followed by Black Sultana with 6 days Crable 
2), Earlihane, Giant Isabella, and Steuben all had three 
days shelf-life extension for coated materiaL '111e main 
cause of loss of shelf life was disease development and 
shrivelling, 

Table L Effect of Scmperfresh on weight loss of tablc 
grapes after 9 days at ambient temperature. 

Grape cultivar 

Black Sultana 
Earlihane 
Giant Isabella 
Stcuhen 
Thompson Seedless 

Percent weight loss/bunch 

o O.7'/r Semperfresh 

25.3 
25.4 
27.4 
14.8 
33,6 

15.9 
22.4 I1.S. 

19.5 
12.6 n.s. 
14.5 

n.s. = not significant H r- = significant at the O.Sq} level 

Apples 

Weight loss by Drakenstein and 'v1ol!ics Delicious six 
days after treatment was small and there were no sign i 1'
icant dil"fcrenccs between the different Sernperfresh 



concentrations Crable 3). However for all three levels 
cultivar Drakenstein lost signi ficantly (p < 0.000 I) more 
weight than Moll ies Del icious. The 1% Semperfresh 
coat had no effect on shelf lire of Drakenstein but 
extended Mollies Delicious shell' life by 2 days (Table 
4). The 1.5% coat extended Drakenstein shelf life by 4 
days. but had no effect on Mollies Delicious. 

Tablc 2. Effect of Semperfrcsh dip on the shelf life of table 
grapes held at ambient temperature. 

Grape cultivar Shelf life (days) 

0 0.7% Semperfresh 

Black Sultana :1 9 
Earlihane 3 6 
Giant Isabella -' 6 
Steuhcn 9 12 
Thompson Seedless 6 IK 

Table 3. Effect of Semperfresh on weight loss of fmit of 
apple. passion fmit and grape after 6 days at 
amhient temperature. 

Fruit Weight loss (%) 

o 1.0 1.5'0 Semperfresh 

/\I'pll' 
Drakenstein 5.2 5.5 5.7n.s. 
Hollies Delicious 3.3 3.7 4.:1n.s. 

Passion.t;-uit 27.3a 19.1b I K.5b** 

Grapc 
Chenin Hlanc 17.5 19.1 15.2n.s. 

n.s.= not significant; ** "" significant at the I ~Y(J levl.?l 
Across rows, means followed by the same letter are nol significantly 
different. 

Table 4. Erfect of Semperfresh on the shelf life (days) of 2 
apple varieties. passion fmi!. and a wine grape 
variety held at ambient temperature. 

Fruit Shelf life (days) 

0 I.() I.Se'; Sempcrfrcsh 

Apple 
Drakenstein 8 8 12 
Mollics Delicious 2 4 2 

P(Jssionjruil 2 6 6 

Grape 
Chen in Blanc 2 2 2 
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Weight loss of apples after 9 days was generally small 
and the response to Semperfresh nol significant (Table 
5), except for Michal and Maayan which showed signif
icant reduction for I and 1.5'1< as compared with the 
control. TIlere was no effect of Semperfresh coating on 
shelf-life extension of Michal and Maayan Crable 6). 
The I.S'/r, concentration had an adverse effect on Elah, 
reducing the shelf life, while the I % coating had a posi
tive effect. For Anna the I and 1.5'!i) coatings extended 
shelf life by 3 and 4 days, respectively. 

Tablc 5. Errect of Semperfresh on cumulative weight loss 
(%) of 4 apple varieties after 9 days at amhient 
temperature. 

Apple variety Weight loss «1,) 

() 1.0 I.Y!' Semperfesh 

Anna 
Elah 
Michal 
Maayan 

6.7% 
5.47b 
9.40b 
S.29b 

S.Ua 
3.52a 
6.67a 
5.47a 

n.s. = not significant: ** significant at the 1 <'v level 

5.77a*1" 
4.69b** 
6.18a** 
5.26a** 

Across rows. means follov·:ed hy the same letter arc not '\ignificantly 
difflTcnt. 

Table 6. Effect of Semperfrcsh 011 the shelf life (days) of 4 
apple varieties. 

Apple variety Shelf life (days) 

0 1.0 1.5'1, Semperfesh 

Anna 12a ISh 16b** 
Elah 14a 19b 11e** 
Michal 9 9 9n.s. 
Maayan 7 7 7n.s. 

n,s. = not significant; ** significant at the I q-; level 
Across rows. means followed hy the same letter arc nol significantly 
different. 

Passion fruit 

Coating purple passion fruit with Semperfresh signif
icantly (p < 0.(5) reduced weight loss (Table 3). How
ever, there was no significant difference in weight loss 
between I and 1.5';(., concentrations. Semperfresh coat
ing extended the shelf life of passion fruit by 4days and, 
as with weight loss, increasing the concentration from I 
to 1.5"", had no effect on shelf life Crable 4). 

Wine Grape ev. Chenin mane 

Treating Chenin Blanc with I.CVX- Scmpcrfresh accel
erated weight loss (Table 3). whereas a 1.50/,: coating 
significantly (p < 0.(5) reduced it. There was no effect 
of Semperfresh on shelf life (Table 4). 



Discussion 

The pOSitive effect of Semperfresh on weight loss 
reduction and shelf-life extension of table grapes 
(almost 20'/0 weight loss reduction for Thompson Seed
less) was most probably due to reduction of moisture 
loss, as the untreated material shrivelled at a much faster 
rate than coated fruit. Gourley (1922) attributed the 
greatest loss in weight to moisture loss. That the exten
sion of shelf life was related to weight loss further con
firms this observation. Grapc cv. Steuben had a longer 
shelf life for the control than other cultivars, most prob
ably because of its thick skin, further supporting the 
notion that moisture loss is a major contributor to weight 
loss. 

The variability in response to Semperfresh coating 
shown by both the conventional and low-chill apple 
cultivars might be due to differenccs in cuticle thickness 
or inherent ability to control water loss. However, the 
small weight losses suggest that the effect on shelf life 
was mainly a result of metabolic activity. This is sup
ported by the observation that coated material had a 
lower rate of colour loss and texture deterioration. The 
importance of texture and ground colour as quality 
attributes was stressed by Smith et al. (1987). 

The response of passion fruit to Semperfresh shows 
that increasing concentration from I to 1.5% is of little 
benefit to both weight loss reduction and shelf-life 
extension. The delay in the external wrinkling of the 
skin of treated fruit has important implications in the 
marketing of fresh passion fruit. 

429 

The wine grape Chen in Blanc showed no response to 
Semperfresh treatment, highlighting the variable range 
of responses to sucrose ester coatings. 

The variability in the degree of weight loss for the 
various fruit types, apart from species and concentration 
differences. was also due to the magnitude of the 
mass:surface area ratio (Smith et al. 1987), with larger
sized fruit (with a higher ratio) such as apples, losing 
less weight than grapes. 
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Effects of Different Precooling Methods and Times 
on the Storage Quality of Car am bola Variety BIO 

Azizah Osman and Razali MustafTa* 

CARAMBOLA or starfruit (AI'crrhoa carambo/a L., 
family Oxalidaceae) is quickly gaining market recog
nition (Sankat and Balkissoon 1992). It is popular in 
major markets of Singapore, Hong Kong, and Tokyo, 
as well as in Europe and America. Malaysia's exports 
of carambola are increasing annually (Mohd Idris 
1987). However, postharvest handling is complicated 
by the thin epidermis, and the fragile, ribbed shaped. 
and easily damaged fruit. Storage of earambola at as 
low as 10°C was found to be an effective means of 
prolonging shelf life (A. Osman, unpublished data). 
The objective of the study reported here was to deter
mine the effect of different precooling methods and 
times before cold storage (10°C) on the storage char
acteristics of carambola. 

Materials and Methods 

Fruit source 

Fruit of commercial maturity were obtained from one 
of the fruit fam1s owned by FELCRA at Cheras, Kajang. 
Only sound fruit, free from any mechanical injury and 
rots were used in the study. 

Precooling methods 

Fruit were subjected to different precooling methods 
(room temperature, rapid cooling, and hydrocooling: 
hereafter denoted as RT, RC, and HDr, respectively) and 
times (0, 12. 24, 36, and 48 hours) before cold storage 
(10 ± 1°C; 85-88% relative humidity). Fruit for RT 
precooling were left at ambient temperature (27 ± 1°C; 
60 80% relative humidity, RH). while fruit for RC pre
cooling were placed ncar the fan (with air velocity of 6.4 
metre/hour) of the cold room (5 ± 1°C; 61-84% RH). 
Hydrocooling was achieved by placing the fruit in a 
mixture of water and icc (to ensure that the water tem
perature was in the range of 0-3°(' throughout the pre
cooling time). 

* Department of Food Science, Faculty of Food Science and 
Biotechnology. Uniwrsiti Pcrtanian Malaysia. 43400 Ser
dang, Sclangor. Malaysia. 
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Weight loss and surface glossiness 

Three fruit x 3 replicates from cach precooling 
method and time were weighed and assesscd for skin 
surface glossiness on a scale from 5 = 100'1<, of fruit 
surface glossy to I = 0% of fruit surface glossy) at 10-
day intervals until day 40. 

Measurements of other physicochemical parameters 

Triplicate samples of 2 fruit from each precooling 
method and time were used in each determination. Tex
ture was determined using the Instron Universal Testing 
Machine model 1140. Colour was evaluated subjec
tively according to the colour index for carambola 
(FAMA 1990). 

The same 2 fruit used for texture determination were 
blended and pooled together for the determination of 
other parameters. Total soluble solids were determined 
using a hand refractometer (Kyoma HR-14 model). pH 
values were determined by Coming digital pH meter 
model 240. Titratable acidity was estimated by titrating 
the juice with 0.1 M NaOH using phenolphthalein as the 
indicator. Ascorbic acid was determined by the method 
of Ranganna (1977). 

Results and Discussion 

The results of this study are shown in Tables 1-4. The 
different precooling methods had a highly significant 
effect on all the physicochemical parameters. Hydro
cooled fruits lost less weight and exhibited less colour 
change (Table 3). The different precooling times had a 
highly significant effect on all the physicochemical 
parameters except for rate of moisture loss and ascorbic 
acid content. For the physical parameters, values gener
ally decreased with increased precooling times, but no 
consistent trene! was observed for the chemical parame
ters. 

The different storage times showed highly significant 
effects on all the physicochemical parameters studied. 
A longer storage time significantly reduced the surface 
glossiness, firmness, and titratable acidity. but signifi
cantly increased colour index. rate of moisture loss. 
ascorbic acid content. pH. and total soluble solids. 



Significant interactions were shown between the 
three main treatments in most of the physicochemical 
par~meters. suggesting that suitable combinations of 
these treatments could improve carambola quality 
during storage. 

Conclusion 

The three different precooling methods - RT, RC, and 
HDr - had variable influences on the physicochemical 
parameters associated with storage quality of carambola. 

Table 1. Mean squares of the analyses of variance of four physical parameters of carambola variety 8 10, 

Sourc~ of variation df Colour index Glossint'ss Rate of moisture Firmness 
(score) loss (kg force) 

Precooling mClhod (PM) 2 4.011 '* 1.731 ** 83.372** 1.502** 

Precooling time (lYf) 4 3.286** 0.803** 19.605 0.163** 

Slorage time (ST) 4 140.627** 120.003** 908.560** 18'()OO** 

PMxST S 1.137 0.242"* 29.320 0.901** 

PMxPT 8 1.368 0.133*" 16.051 0.128** 

STxPT 16 2.398** 0.156** 16.370 0.154** 

PM x IYfxST 32 0.805 0.04:1 13.742 0.077** 

Error 150 0.728 0.056 16.618 0.016 

TOlal 224 

* ** arc ~jgnificanl at YYr and 1 (,~(; Ic\cls rC."ipectivcly. 

Table 2. Mcan squares of the analyses of variance of five chemical paramelers of carambola variety H J(). 

SOlllTC or variation df Ascorbic acid Tilralahle pH Total soluble Ratio of 
acidity (TA) solids (TSS) TSS:TA 

(mg!100 g) (%) n3rix) (%) 

Precooling method (PM) 2 150.226** 16.484** 0.012** 2.090** 1.149** 

Precooling lime (PT) 4 21.192 3.509** 0.024*1 0.721 ** 0.125** 

Storage lime (ST) 4 514.433** 74.70·+** 0.143*'* 0.403** 6.169** 

PMxST 8 60.898** 4.036** 0.004** 0.298** 0.289** 

PMxPT 8 27.279* 1.264** 0.003* 0.489** 0.095** 

STx PT ](i 26.662** 2.509"'" 0.013* 0.211 * 0.205** 

PM x VI' x ST Y2 13.391 O.5XY'* o.om' 0.105 0.055** 

Enor 150 12.102 (J.2.N CWO I 0.109 0.035 

Total 224 

*. ** are ~jgnificant at 5% and I % levels respectively. 
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Table 3. Mcan values for colour index, glossiness, rate of moisture loss. and firmness of carambola variety BIO 

Main cffect' Colour index Glossiness 
(score) 

Precooling method (PM) 
RT 3.65 2.87 
RC 3.43 2.69 
HOr 3.19 2.56 
LSOO.05 0.31 0.09 

Precooling time (PT) 
o hours 3.58 2.85 
12 hours 3.57 2.80 
24 hours 3.61 2.76 
36 hours 3.39 2.62 
48 hours 2.96 2.53 
LSOO.05 0.39 0.11 

Storage time (ST) 
o days I.eX] 5.00 
10 days 2 .. 15 3.57 
20 days 3.68 2.56 
30 days 4.75 1048 
40 days 5.33 0.94 
LSOO.05 0.39 0.11 
Grand Mean 3.42 2.71 

aRT, RC. HDr are room temperature. rapid precooling and hydrocooling respectively 
NS - not significant. 

Rate of moisture loss Finnncss 
(%) (kg force) 

6.08 1.63 
6.69 1.46 
4.86 1.35 
1.31 0.09 

6.99 1.54 
6.11 1.54 
5.95 1.46 
5.48 1041 
5.31 1.44 
NS 0.11 

0.00 2.17 
3.33 2.13 
6.46 1.27 
8 ,1_ 0.94 

j 1.!:lL 0.88 
1.69 0.11 
5.95 1.48 

Table 4. Mean values for ascorbic acid, tilralable acidity (TAl . .' ',1 soluble solids (TSS), pH. and ratio of TSS:TA of 
carambola variety B 10 

Main effcct" Ascorbic acid Titratablc acidity (TA) 
(mgllOO g) \ (/, ) 

Precooling method (PM) 
RT 28.29 6.04 
RC 29.90 5.53 
HOr 27.08 5.10 
LSOO.05 1.211 0.26 

Precooling time (PT) 
o hours 27.51 5.98 
12 hours 29.39 5.1l5 
24 hours 28.31 5.33 
31l hours 28.67 5.52 
48 hours 28.24 5.29 
LSOOO5 NS 0.:13 

Storage time (ST) 
o days 24.78 7.05 
10 days 27.28 6.73 
20 days 31.75 5.30 
30 days 32.24 4.23 
40 days 26.08 4046 
LSOO.05 1.65 0.33 
Grand mean 28.42 5.56 

aRT. Re, HDrart.~ room temperature. rapid precooling and hydrocooling l't.',"'pedivdy. 
NS not significant. 
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pH Total soluble solids (TSS) Ralioof 
(OBrix) TSS:TA (%) 

3.78 8. IS 1043 
3.79 8.12 1.68 
3.79 7.85 1.55 
0.01 0.12 0.08 

3.81 8.20 1049 
3.75 8.10 1.52 
3.78 7.87 I.Sf> 
3.81 8.04 1.58 
3.80 7.98 1.62 
0.01 0.15 NS 

3.72 7.91 1.13 
3.74 XJ12 1.22 
3.79 SJ)6 1.62 
:'-85 8.17 1.98 
3.84 8.04 1.82 
0.01 0.15 0.10 
3.79 8.04 1.55 



Generally, HDr gave the lowest value, followed by RC 
and RT. Precooling times of more than 24 hours showed 
a deteriorating effect on the storage quality. Although 
the three precooling methods afrect the storage quality 
differently. all the fruits were unacceptable by day 40. 
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Effect of Maturity, Damage, and Humidity on the Ripening 
of Plantain and Cooking Banana 

R.S.B. Ferris*, H. Wainwrightt, and A.K. Thompson§ 

PLANTAIN and banana (MUSil spp.) arc major staple 
crops grown throughout the humid tropical !.One. They 
provide both a primary source of carbohydrate amI rev
enue for small-scale farmers. In sub-Saharan Africa, 
Musa crops provide more than 25% of the carbohydrates 
in the diet of more than 70 million people (IITA 1992). 

Estimates of postharvest loss of Musa crops in the 
traditional marketing systems range from 20-S0'/(). 
(FAO 1977; Olorunda and Aworth 19S4). The causes of 
such high levels of loss remain unclear but Karikari et al. 
(19XO), suggested that damage caused during harvesting 
and marketing was a major factor contributing to post
harvest loss of plantain. A link betweerl mechanical 
damage. early ripening, and economic loss of banana 
fruit suggested by Rippon (1974) and Littmann (1972). 
established th,}t moisture loss from preclimacteric fruit 
hastened ripening. The experiments in this study inves
tigated the effects of damage, fruit maturity, and storage 
humidity on the ripening ,ud climacteric response of 
Musa fruit. The treatments simulated the types of 
damage and storage conditions experienced by fruit in 
the traditional, tropical marketing process. 

Materials and Methods 

'111e experiments in this study were carried out at Kade 
Agriculturi" Research Station (Ghana). Silsoe College 
(U.K.), and the University of the Philippines at Los 
Banos. 

Three Ghanaian plantain cultivars were used in 
experiment I to detcmline the crfect of damage and 
maturity on ripening. The plantain cultivars were har
vested at three maturity stages based on days after tlow
ering. viz: fully mature, mature, and immature. After 
harvest, fruit were systematically treated using four 
damage treatments: control (no damage), impaction, 
abrasion, and quasi-static loading (Ferris 1992). Rate of 
fruit ripening was assessed by recording changes in peel 
colour until stage X - yellow peel with large coalescing 

, Plantain and Banana IIllpr()\L'Illcnt Programme. International 
Institutc of Tropical Agriculturc, f'.M.B. 5320. 01'0 Road, 
lbadan. Nigeria. 

;. :--Iatural Resource Institute. Chatham Avenue. Chatham Mar
itiIlle. Kent ME4 4TB. U.K. 

~ Silsoe College. Cranliclll InstitutL' of Technology. Silsoc. 
Bedfordshire. MK45 4UT. U.K. 

black spots (Von Loeseke 1949). Fruit moisture loss was 
measured by weighing fruit at regular intervals. 

Experiments 2 and .3 were conducted in controlled 
environment rooms at Silsoe College. These experi .. 
ments aimed to determine the effect of damage and 
humidity on fruit ripening. The plantain for these exper
iments were airfreighted from the West Indies by the St 
Lucian Ministry of Agriculture. In experiment 2, fruit 
were treated using three damage techniques: control (no 
damage), impaction, and abrasion. The fruit were then 
stored at low and high humidity: 55-65% RH and 96 
100<;1 RH. respectively. 

In experiment 3, fruit were abraded at four levels: 
control (no abrasion). I ()'I< of the peel abraded, 25% of 
peel abraded, and SO'k of the peel abraded. Temperature 
was controlled at 20°(, and relative humidity ranged 
from 70 to X5'X RH. A porometer (Mk 2. Delta T 
Devices, Canlbridge, U.K.) was used to compare the rate 
of water loss of control and abraded banana peel. 

Experiment 4 was conducted at Los Banos. This 
experiment was to determine the effect of damage and 
humidity on the preclimacteric period of cooking 
banana. Ethylene produced by cooking banana fruit was 
measured in a static system using a Shimadw gas chro
matograph series GC--RA, fitted with a flame ionisation 
detector. 
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Results and Discussion 

'111e results from experiment I (Table I) confirmed that 
the more mature the fruit was at harvest, the more rapid 
was the rate of ripening (George and Marriott 19X3). 
These data also showed that the largest reduction in 
ripening period was caused by abrasion to least mature 
fruit Crable I). Abrasion also caused a significant 
increase (P <; 0.(5) in weight loss (Fig. I). TIle effect of 
impaction on fruit ripening was inconsistent and only 
impaction of immature fruit ,'aused a significant, though 
limited, reduction in ripening period. 

Quasi-static loading had no effeet on ripening. In a 
similar study by Maxie et al. (196X). involving corn
pressiun damage u[' banana fruit. which arc physiologi
cally and l11orphologically similar to plantain and 
cooking banana, there was a substantial reduction in the 
prn'iimacrene pcriod. The difference in results from 
these two compression studics may be explained by the 
severity of damage. The compression treatment used by 



Maxie et al. (1968) involved a loading treatment which 
disrupted the peel membrane. In contrast, although 
quasi-static loading caused a consistent pulp injury, the 
peel remained intact. This difference in response related 
to peel integrity is clearly an important factor in terms of 
ripening time and suggests that preclimateric green fruit 
are a highly robust storage unit that can withstand con
siderable pressure without loss of quality or ripening 
period, providing the peel is not corrupted. 

Table I. 11lC effect of fruit maturity and damage on the 
ripening period of plantain 

Fruit maturity Types of damage 

Control Impact Abrasion QS loading" Mean 

Immature 22.3 20.2 13.7 22.1 19.7 
Mature 15.1 15.2 1 1. I 15.1 14.1 
Fully mature I 1.9 12.0 10.0 I 1.3 11.3 
Mean 16.4 15.K 11.6 16.3 

c.y. ~ 21.)% a Quasi-static loading 
LSD (1'<0.05) for comparison of any mean in main table ~ .1.28. 
l.SD (P$O.05) for comparison of mean at same level ofmatufity 2.0.1 

Experiments by Peacock (1973), found that a drop 
impact treatment and a 10% peel abrasion treatment 
reduced the 'green life' of bananas by only 11.5% in the 
most extreme case. Peacock considered this reduction 
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Figure I. The effect of damagl' treatments on percent change 
in weight of French plantain stored at ambient 
tropical temperature and humidity: recorded 
temperature range, 26-3 1°C; recorded relative 
humidity range. 70-96%. 
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was of no commercial significance. The results in 
experiment 1 confirmed that impact had a minor effect 
on ripening. ! !owever. abrasion caused a significant, 
(P :s; 005), 39% reduction in the ripening period of least 
mature fruit. Abraded fruit ripened 9 days earlier than 
the control. This considerable difference between the 
two experiments may be explained by the interaction 
between damage and storage humidity. 

When the effect of abrasion on fruit ripening was 
studied at high and low humidity (experiment 2), it was 
revealed that abrasion and impaction had no effect on 
ripening of fruit stored at high humidity (I OWla RH). 
However, at 55'X RH. abrasion caused a significant 
reduction in the ripening pl'riod (Ferris 1992). Evidently 
the accelerated ripening caused by abrasion is a passive 
effect dependent on humidity. Abrasion caused a reduc
tion in the 'green lire' or only fruit stored at a humidity 
of less than 100'k RH. 

Further investigation of abrasion at increasing levels 
of severity, on fruit stored at 75-R5% RH, showed a 
power relation between abrasion and fruit weight loss 
(Fig. 2). The data in Figure 3 also show a power relation 
between level of abrasion and ripening period. These 
data sets show that, over the initial ranges, i.e. from 2 
4% daily weight loss and 0-5% peel area abraded 
respectively, there was a dramatic reduction in ripening 
period. The significant change in weight loss and early 
ripening of abraded fruit may be explained by an 
increase in peel permeability to water. Figure 4 shows 
data obtained rrom porometric observations from sec-
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Figure 2 .. 111e power relation hctwl'l'n average percent change 
in weight per day and time to ripening or hananas 
stored at 70--80% relative humidity and 20°C. 
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Figure 3. The power relation between percent abrasion and 
the time to ripening of bananas stored at 70--85% 
relative humidity and 20°e. 

tions of undamaged and abraded pee\. The abraded peel 
shows a significant (P ~ 0.05) increase in pcel pennea
bility to water which is indicated in Figure 4 as a sig
nificant (P ~ 0.05) reduction in diffusion resistance, 
compared with the control pee\. 

When the effect of abrasion and humidity were stud
ied in terms of ethylene production and climacteric 
response, it was found that abrasion caused a consistent 
increase in ethylene pruduction. Fruit stored at 100% 
RH produced a stress ethylene peak in response to 
damage but, after this. ethylene produced by damaged 
fruit returned to near control levels after 2-3 days. Con
sequently, both damaged and control fruit stored at 
100% RH entered the climacteric almost simultaneously 
after approximately 15 days (Thompson et al. 1992). In 
contrast, damaged fruit stored at low humidity reached 
peak climacteric ethylene production after 7 days and 
control fruit stored at low humidity reached peak ethy
lene production after approximately ]() days. 

Conclusion 

The results from this study have important commercial 
implications, as ripening determines the 'green life' or 
'marketable period' of Musa fruit in the transport and 
marketing chain. Abrasion caused the Ilhlst significant 
reduction in ripening period and it was considered that 
the accelerated ripcning was caused by increase in peel 
permeability to water vapour. This water loss induced a 
water stress which triggered the climacteric response 
and hastened ripening. However, abrasion is not an 
active mechanism, because it does not induce the clim-
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Figure 4. The effect of abrasion on the moisture diffusion 
resistance of banana peel stored at 70-85% 
relative humidity and 20°e. 

acteric response independently. Banana fruit progres
sively lose water as humidity is reduced from 100%, and 
the rate of water stress is merely exacerbated by abra
sion. The results also showed that although abrasion was 
a serious form of damage, a simple manipulation of 
ripening environment, i.e. high humidity storage, could 
enable a retailer to avoid the detrimental effects of peel 
damage. When high humidity storage is not feasible, it 
is of practical importance for the harvester and retailer to 
be aware that small changes in the level of abrasion, i.e. 
from 0--5%, may cause dramatic reductions in ripening 
period. Hence. working practices should aim to avoid or 
minimise damage when a long market life is desired. 
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