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TÓM TẮT 
Nghiên cứu này được thực hiện nhằm đánh giá ảnh hưởng của bao gói khí quyển điều chỉnh 

đến sự phát triển của tổn thương lạnh và biến đổi sinh lý, hóa sinh của quả chuối bảo quản ở nhiệt 
độ thấp. Chuối được bảo quản trong túi PE có đặt chất hấp thụ ethylene và CO2, sau đó bảo quản ở 
nhiệt độ  10oC trong một tháng. Sự biến đổi màu sắc, trạng thái cấu trúc của vỏ quả, chỉ tiêu cảm 
quan (chỉ số tổn thương lạnh), tình trạng bệnh và chỉ tiêu hóa sinh (Chất khô tổng số, acid hữu cơ 
tổng số) đã được đánh giá. Chuối bảo quản lạnh không được bao gói bằng túi PE có triệu chứng tổn 
thương lạnh và mức độ tổn thương ngày càng trầm trọng theo thời gian bảo quản.  Quả chuối bảo 
quản trong túi PE có đặt chất hấp phụ ethylene có biểu hiện bị tổn thương do nồng độ CO2 tích lũy 
sau một thời gian bảo quản, dẫn đến bị biến màu trên vỏ quả. Bảo quản quả chuối trong túi PE có đặt 
chất hấp phụ ethylene và CO2 có tác dụng hạn chế tổn thương lạnh và duy trì chất lượng của quả sau 
bảo quản. 

Từ khóa: Bảo quản lạnh, chuối, khí quyển điều chỉnh, nhóm Musa AA, tổn thương lạnh. 

SUMMARY 
This research was carried out to investigate the effect of modified atmosphere packaging on 

chilling injury development and physical and biochemical changes of bananas stored at low 
temperature. Bananas were placed in PE packages with ethylene absorbent, with and without carbon 
dioxide scrubber and then stored at 10oC for a month. Changes in colour, texture,  sensory attribute 
(chilling injury), decay, TA and TSS were analysed. Bananas stored at low temperature without 
packaging severely developed chilling injury during storage. Bananas in the packages with ethylene 
absorbent had a symptom of carbon dioxide injury after long storage, resulting in peel discolouration.  
Storage of bananas in the packages with ethylene absorbent  and carbon dioxide scrubber could 
alleviate chilling injury and retain the fruit quality.   

Key words: Banana, chilling injury, low temperature storage, modified atmosphere packaging, 
Musa AA Group.  

1. INTRODUCTION  
Banana is an important world food crop. After 

harvest, fruit will be stored and transported for a 
specific duration, before selling it to the consumer. 
Bananas at commercial maturity have a relative 
short postharvest life. On its journey from the 
plantation to the consumer the fruit goes through 

the three phases of ripening.  In order to control the 
ripening, various measures have been applied in 
which storage at low temperature proves to be  an 
efficient method to delay the ripening and prolong 
the shelf life of many fresh commodities. However, 
an exposure of several tropical commodities to low 
temperature below the optimum level of storage 
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causes  a serious physiological disorder  called 
chilling injury (Wang, 1993). 

Banana fruit is very susceptible to chilling 
injury (CI). For most banana cultivars grown in 
ASEAN countries, the limiting temperature below 
which chilling damage occurs is around 12-13oC 
(Pantastico et al., 1990). CI symptoms of banana 
include pitting, peel discolouration, abnormal 
ripening, hardening of the central placenta, 
complete loss of flavour, flow of clear latex, 
subepidermal brown streaking, appearance of 
water-soaked areas and abnormal high 
susceptibility to mechanical damage and decay 
(Grierson et al., 1967; Nguyen T. B. Thuy, 2006).  

The degree of chilling injury can be 
minimized by several techniques. Modified 
atmosphere packaging (MAP) is one of the most 
simple and efficient methods. The desired 
atmosphere is obtained through the combined 
effects of natural respiration of fruits and the use of 
sealed semi-permeable enclosures, such as low 
density polyethylene (LDPE) bags. 

MAP has been reported to maintain the quality 
of several tropical fruits and also to be 
advantageous in maintaining some minimally 
processed tropical fruits such as durian, jackfruit, 
mangosteen, papaya and pineapple (Wang, 1993). 
For crops which are sensitive to chilling 
temperatures, the increase in humidity and the 
reduction in O2 concentration and accumulation of 
CO2 within the package often are beneficial for 
preventing the development of chilling injury 
symptoms (Forney and Lipton, 1990).  

Nonetheless, the reported results for MAP are 
very variable. Many factors must be considered 
when trying to develop a MAP system. These 
factors include the type, thickness and fabrication 
method of the film, the package size, the 
temperature, humidity and the length of storage. 
More theoretical research is still needed to study 
gas exchange characteristics of different 
horticultural crops, and ideal packaging materials 
with respect to gases and to water vapor 
permeability for typical crops. Therefore our study 
aims to investigate the effects of MAP on chilling 
injury development and physical, biochemical 
changes of “Kluai Khai” bananas grown in 
Thailand during low temperature storage.  

2. MATERIALS AND METHODS 
2.1. Experimental design 

Banana  cv. “Kluai Khai” (Musa cavendishii 
[Musa acuminata] AA Group) were harvested at 
commercial maturity  (80% maturity - light full ¾ 
of fruit), in a plantation in the Petchaburi province 
(Western Thailand). Dehanded bananas were 
placed in cardboard boxes and transported by 
refrigerated truck (25oC) to Kasetsart University 
within 3 hours of harvest. In the laboratory, hands 
were selected for uniformity of size and colour. 
They were cleaned in a solution of 0.5% 
magnesium sulfate (MgSO4) to remove latex from 
the cut surface. The fruits were then dipped for 2-3 
min in 500 ppm thiabendazole (TBZ) solution to 
control fruit rot, and allowed to dry at ambient 
temperature.  

Ethylene absorbents (EA) were made by 
soaking pieces of chalk (0.7 cm diameter and 0.5 
cm thickness) in saturated potassium permanganate 
(KMnO4) solution and 30 g of the dried material 
was placed in perforated polyethylene (PE) sachet. 
Carbon dioxide scrubbers (CS) were made by 
placing 30 g of calcium hydroxide (Ca (OH)2)  in 
small paper bags. 

Six hands of banana cv. Kluai Khai were 
randomly placed in non-perforated LDPE bags (75 
cm wide x 110 cm long x 0.11 mm thick) with three 
sachets of both EA and CS, then placed 
individually in corrugated cardboard boxes (40 x 48 
x 22 cm). Another treatment of MA packaging was 
similar except for the inclusion of CS. Control 
fruits were placed in corrugated cardboard boxes 
without PE bags nor EA and CS. Boxed bananas 
were stored at 10oC and 85% RH. One hundred and 
twelve hands of banana were used for this 
experiment. Nine boxes of different treated banana 
were randomly transferred to room temperature 
every 6 days and checked right after removing from 
the cold room. Banana were analysed for 
biochemical and physiological changes. 

2.2. Analytical methods 

2.2.1. Chilling injury (CI) assessment  

The change in colour in bananas (cvs. Kluai 
Khai and Kluai Hom Thong) upon chilling, was 
different from the dark browning observed during 
CI in other fruit such as lychee. It is a rather grey 
brown.   

CI in banana fruits was scored visually. A 
rating scale from 1 to 5, based on the intensity of 
surface browning, was used; score 1 = no chilling 
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Fruit rot in banana was assessed visually. The 
decayed incidence was expressed as percentage of 
decayed fruits. Nine banana hands from each 
treatment were assessed. 

injury; score 2 = mild injury; score 3 = moderate 
injury; score 4 = severe injury; score 5 = very 
severe injury. At score 2 there was no visible 
browning on the skin surface but if the epidermal 
tissues were peeled, grayish areas were observed 
close to the surface. Cross-section of the peel 
showed that these areas were globular in shape. At 
score 3 there were more such areas, which were 
larger and darker. At score 4 grayish brown patches 
were visible on the skin. Cross section of the peel 
showed larger and darker areas than at score 3. At 
score 5 there were relatively large dark patches on 
the skin surface. Nine banana hands from each 
treatment were observed. 

2.2.6  Determination of gas composition 
Concentrations of C2H4, CO2 and O2 within the 

PE bags were measured by sampling through the 
plastic film with a syringe and injecting the samples 
into a gas chromatograph equipped with a flame 
ionization detector (Shimadzu GC-14) for C2H4 and 
a thermal conductivity detector (Shimadzu GC-
RIA) for CO2 and O2. Holes in the plastic film were 
sealed with tape between the weekly sampling 
dates. 2.2.2. Colour development  

Change in colour of banana peel and pulp was 
determined using a colorimeter. Banana peel was 
measured at the central part at both sides. Banana 
pulp was measured immediately after cutting at the 
same part.  L and b values were recorded where:  L 
= brightness, ranging from  0 (black) to 100 
(white); b = yellow / blue hue component ranging 
from –60 to 60. Thirty fruits from each treatment 
were measured. 

2.3. Statistical analysis 
Differences between treatments (P<0.05) 

were determined by analysis of variance (using 
time as repeated measure) and Wilcoxon rank-sum 
test. On percentage data of rot incidence, an arsine 
square root transformation was performed to 
stabilise the variance, before the data were 
subjected to analysis of variance. Where possible, 
means were compared using Duncan’s new 
multiple range test (DMRT). 2.2.3. Determination of fruit texture 

Firmness of banana peel and pulp were 
determined using a fruit firmness tester (Effegi). 
Measurement of banana peel was made by a 
spherical plunger 0.2 cm in diameter. Unripe and 
ripe banana pulps were measured with a plunger 
0.5 cm and 1.1 cm in diameter, respectively.  The 
plunger was inserted to the depth of 0.5 cm and the 
force recorded in Newtons. Thirty fruits from each 
treatment were measured. 

3. RESULTS 
3.1. Changes in atmospheric composition during 
       modified atmosphere storage  

C2H4 concentration was not significantly 
different in MA packages with and without carbon 
dioxide scrubber (CS). C2H4 concentration in the 
polyethylene bags containing bananas increased 
rapidly over the storage period (Figure 1). O2 
concentration sharply decreased in both MA 
packages with and without CS during the first week 
and slightly decreased in the MA packages 
containing ethylene absorbent (EA) only.  On the 
other hand, O2 concentration in the MA packages 
containing both EA and CS moderately decreased 
until day 12, then slowly increased until the end of 
storage. On day 30, O2 concentrations were 14.30 
and 13.82% in the MA packages with and without 
CS, respectively, whereas it was almost 20% in the 
air (Figure 1). In contrast, CO2 concentration in the 
MA packages without CS sharply rose until the last 
day of storage. Using a CS in MA packages 
resulted in a low CO2 concentration during the first 
two weeks. At the end of storage, CO2 
concentrations were 4.05 and 6.92% in the MA 

2.2.4. Determination of titratable acidity (TA) and 
          total soluble solids (TSS) 

Analysis of TA and TSS was followed by the 
method of A.O.A.C (1984). Ten gram of pulp tissue 
per each sample was homogenized in 30 ml 
distilled water for 5 min. After blending, the sample 
was centrifuged at 7000 rpm for 15 min. The 
supernatant was collected for measuring TA and 
TSS. Three samples per each treatment were 
analysed. TSS was measured by using hand 
refractometer (Atago, Japan). The value was 
expressed in percent. TSS = reading value x 
dilution factor. TA was determined by titrating the 
pulp extract with 0.1N sodium hydroxide (NaOH) 
using phenolphtalein as indicator and expressed as 
percent malic acid. 

2.2.5. Fruit rot assessment 
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packages with and without CS, respectively, while it was about 0.03% in the air (Figure 1). 
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Figure 1.  Changes in oxygen (A), carbon dioxide (B) and ethylene (C) concentration in 
MA packages containing bananas with and without carbon dioxide scrubber during storage at 10oC. 

Vertical bars indicate standard deviations of means 
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(L value) in the peel of bananas did not show any 
difference. Thereafter, the L value in control 
bananas and bananas held in PE bags without CS 
slightly decreased whereas it remained stable in 
bananas held in PE bags with CS. During this time, 
discolouration could be observed just after peeling 
the skin. After 18 days, L value declined in all 
treatments resulted in the reduction of banana peel 
brightness (Table 2A). 

3.2. Chilling injury symptom 
After 6 days of storage at 10oC, the peel of 

control bananas showed discolouration. Grayish 
areas were found under the skin surface, after 
peeling. This CI symptom was initially mild but it 
steadily increased until day 30. MA packaging 
resulted in a reduction of this CI symptom, as it did 
not show until day 18. The discoloration was mild 
at this time and slowly increased thereafter. In the 
MA packages containing EA only, this symptom 
was observed on day 12 and it rapidly increased 
until the end of storage while it changed slowly in 
bananas stored in MA packages containing EA and 
CS after 18 days (Table 1). The Wilcoxon rank-
sum test showed a highly significant difference 
(P<0.001) in visible CI between bananas with and 
without MA packaging.  

The hue (b value) in bananas decreased with 
a similar pattern. It continuously declined in the 
control bananas over time while it showed a slight 
increase between day 6 and day 12 in bananas 
with MA packaging. During the last week, the 
decrease in b value of bananas held in MA 
packages with EA and CS was less than that in the 
other treatments. The decrease of b value in 
banana peel also caused the dark areas of banana 
peel (Table 2B)....................................................... 

3.3.  Changes in colour of banana peel  
When stored at 10oC for one week, the brightness 

Table 1. Chilling injury symptom in the peel of bananas with and without MA packaging stored at 10oC

Storage time (days) 
Treatment 

0 6 12 18 24 30 

Control 1.00 1.33 2.00 2.67 3.00 3.67 

MAP with EA 1.00 1.00 1.33 2.00 2.33 3.33 

MAP with EA+CS 1.00 1.00 1.00 1.33 1.67 2.00 

MAP with EA = Modified atmosphere packaging with ethylene absorbent 
        MAP with EA+CS = Modified atmosphere packaging with ethylene absorbent and carbon dioxide scrubber 

Table 2A. Changes in peel colour (L value) of bananas stored at 10oC with and without MA packaging

Storage time (days) 
Treatment 

0 6 12 18 24 30 

Control 60.49a 59.82a 58.38a 58.31b 56.26b 53.98b

MAP with EA 60.49a 59.85a 59.6a 59.23b 57.11b 56.47ab

MAP with EA+CS 60.49a 60.09a 60.67a 60.57a 58.71a 57.38a

Means in a column followed by the same superscript are not significantly different at 5% level based on DMRT 

Table 2B. Changes in peel colour (b value) of bananas stored at 10oC with and without MA packaging

Storage time (days) 
Treatment 

0 6 12 18 24 30 

Control 26.51a 25.07a 24.19b 24.10a 22.99b 22.51b

MAP with EA 26.51a 24.53a 25.48a 24.06a 23.03b 21.26b

MAP with EA+CS 26.51a 24.97a 25.71a 24.21a 23.83a 22.62a
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3.4.  Changes in texture of peel 
The firmness of banana peel stored at low 

temperature tended to decrease over time. There 
was not much difference in bananas with and 
without MA packaging, at least during the first 3 
weeks. At the end of storage, however, bananas 
with MA packaging were still firm while the 
control bananas showed a considerable decrease in 
firmness (Table 3). 
3.5.  Changes in total soluble solids  

When stored at 10oC, TSS continuously 
increased in the control bananas. Bananas with MA 
packaging showed a similar tendency, although at a 
lower level of TSS. The concentration of TSS in 
control bananas was 3.07% on day 30, and was 
2.33 and 2.20 % in bananas held in MA packages 
with and without CS, respectively (Table 4). 
3.6.  Changes in titratable acidity 

TA did not show a significant difference in 
bananas with and without MA packaging stored at 

10oC until day 18. The lack of changes in TA 
during the last 2 weeks, in bananas with MA 
packaging, was associated with a delay in ripening. 
TA in control bananas rapidly increased between 
day 18 and day 24 and remained stable thereafter. 
TA continuously decreased in the control bananas 
and bananas stored in MA packages without CS, as 
long as they were kept at 10oC. However, TA in 
bananas held in MA packages with EA and CS 
remained at a higher level during the first 4 weeks 
and declined at the end of storage (Table 5).  
3.7.  Decay  

Storage at 10oC, which caused CI in bananas, 
did not slow down the development of crown rot. 
Crown rot was severe in control bananas, as all 
bananas hands showed the symptom on day 30. 
MA packaging reduced crown rot. On day 30, the 
average was 44.4 and 55.6% in bananas kept in 
MA packages with or without CS, respectively 
(Table 6). 

Table 3. Changes in peel firmness (Newton) of bananas stored at 10oC with and without MA packaging

Storage time (days) Treatment 
0 6 12 18 24 30 

Control 71.95 a 71.22a 69.11a 68.75a 66.76a 64.08b

MAP with EA 71.95a 69.84a 70.40a 68.93a 68.38a 67.14a

MAP with EA+CS 71.95a 70.14a 71.23a 69.06a 68.34a 67.57a

Table 4. Changes in total soluble solids (%) of the pulp of bananas stored at 10oC with and 
without MA packaging

Storage time (days) 
Treatment 

0 6 12 18 24 30 
Control 1.67a 1.87a 2.13a 2.27a 2.33a 3.07a

MAP with EA 1.67a 1.73a 1.67b 1.73b 1.93b 2.33b

MAP with EA+CS 1.67a 1.67a 1.73b 1.80b 1.87b 2.20b

Table 5. Changes in titratable acidity (%) of the pulp of bananas stored at 10oC with and 
without MA packaging

Storage time (days) 
Treatment 

0 6 12 18 24 30 
Control 1.07a 1.21a 1.25a 1.25a 1.52a 1.52a

MAP with EA 1.07a 1.14a 1.21a 1.20a 1.25ab 1.25a

MAP with EA+CS 1.07a 1.16a 1.16a 1.16a 1.20a 1.25a

Table 6. Changes in rot incidence (%) of bananas stored at 10oC with and without MA packaging

Storage time (days) 
Treatment 

0 6 12 18 24 30 
Control 0.00 11.11a 44.44a 55.56a 88.89a 100.00a

MAP with EA 0.00 0.00a 11.11b 11.11b 33.33b 44.44b

MAP with EA+CS 0.00 0.00b 22.22a 33.33ab 44.44b 55.56b
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4. DISCUSSION 
Modifying the storage environment, particularly 

the atmosphere surrounding the commodities, can 
alter responses of fruits and vegetables to chilling 
temperature. MA storage using PE bags has been 
successful in extending the storage life of various 
banana cultivars, at both ambient and chilling 
temperature (Scott et al., 1983; Agillon et al., 1987; 
Tiangco et al., 1987; Ketsa et al., 2000). In our 
study, storage of ‘Kluai Khai’ bananas in MA 
packages with ethylene absorbent and carbon 
dioxide scrubber slowed down postharvest changes, 
reduced pathological deterioration and remained 
fruit acceptability. Retardation of physical and 
biochemical changes (development of peel and pulp 
colour, changes in texture of peel and pulp, a low 
level of titratable acidity and total soluble solids) in 
MA packed bananas is apparently due to the 
suppression of ethylene production under MA 
condition. It was previously found that keeping the 
ethylene concentrations at relatively low levels 
prevents precocious ripening. In our tests we 
included an ethylene absorbent and a carbon 
dioxide scrubber in the packages. This resulted in 
relatively low ethylene and carbon dioxide levels. 
Therefore, the respiration rate of bananas in MA 
packed was reduced and fruits maintained the 
preclimacteric stage for longer time. A similar 
result found in ‘Latundan’ and ‘Lakatan’ bananas 
subjected to MA storage strongly support our 
finding (Agillon et al., 1987).  

Hassan et al. (1990) reported that carbon 
dioxide concentration greater than 10% cause peel 
and pulp injury in packaged bananas during 
storage. This injury, however, was found in 
bananas held in MA packages (with presence of 
ethylene absorbent) in our experiment when carbon 
dioxide concentrations in PE bags without the 
scrubber rose to almost 7%. This resulted in typical 
carbon dioxide-induced injury, which is found 
during ripening at room temperature (colour 
remains faint yellow, a hard core in the pulp, and 
incomplete starch conversion).    

It has been showed that elevated carbon 
dioxide and reduced oxygen concentrations are 
effective in alleviating CI symptoms in chilling-
sensitive crops (Fourney and Lipton, 1990). 
Depending on the commodity, MA packaging may 
be beneficial, detrimental or have no effect in 
reducing CI. MA packaging has been effective in 
reducing CI symptoms in lime and grape fruits 
(Wardowski et al., 1973), avocado (Scott and 

Chaplin, 1978; Meir and Harel., 1991), cucumber 
(Wang and Qi, 1997) and mango (Pesis et al., 
2000). MA packaging has also been applied 
effectively in pineapple where chilling-induced 
black heart disorder was delayed (Hassan et al., 
1985). A significant difference in CI effects 
between bananas with and without MA packaging 
was found in our study (Figure 1). The result thus 
suggests that MA packaging with the ethylene 
absorbent and the carbon dioxide scrubber is 
beneficial for banana to alleviate CI. Our result 
thereby supported the findings of Ketsa et al. 
(2000).  

5. CONCLUSIONS 
MA packaging with an ethylene absorbent and 

carbon dioxide scrubber alleviates CI, reduces the 
peel discolouration and maintain the quality of 
bananas stored at 10oC for a month.  This technique 
could be applied in order to prolong the shelf life 
and maintain the quality of bananas stored at low 
temperature. 
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TÓM TẮT


Nghiên cứu này được thực hiện nhằm đánh giá ảnh hưởng của bao gói khí quyển điều chỉnh đến sự phát triển của tổn thương lạnh và biến đổi sinh lý, hóa sinh của quả chuối bảo quản ở nhiệt độ thấp. Chuối được bảo quản trong túi PE có đặt chất hấp thụ ethylene và CO2, sau đó bảo quản ở nhiệt độ  10oC trong một tháng. Sự biến đổi màu sắc, trạng thái cấu trúc của vỏ quả, chỉ tiêu cảm quan (chỉ số tổn thương lạnh), tình trạng bệnh và chỉ tiêu hóa sinh (Chất khô tổng số, acid hữu cơ tổng số) đã được đánh giá. Chuối bảo quản lạnh không được bao gói bằng túi PE có triệu chứng tổn thương lạnh và mức độ tổn thương ngày càng trầm trọng theo thời gian bảo quản.  Quả chuối bảo quản trong túi PE có đặt chất hấp phụ ethylene có biểu hiện bị tổn thương do nồng độ CO2 tích lũy sau một thời gian bảo quản, dẫn đến bị biến màu trên vỏ quả. Bảo quản quả chuối trong túi PE có đặt chất hấp phụ ethylene và CO2 có tác dụng hạn chế tổn thương lạnh và duy trì chất lượng của quả sau bảo quản.


Từ khóa: Bảo quản lạnh, chuối, khí quyển điều chỉnh, nhóm Musa AA, tổn thương lạnh.

SUMMARY


This research was carried out to investigate the effect of modified atmosphere packaging on chilling injury development and physical and biochemical changes of bananas stored at low temperature. Bananas were placed in PE packages with ethylene absorbent, with and without carbon dioxide scrubber and then stored at 10oC for a month. Changes in colour, texture,  sensory attribute (chilling injury), decay, TA and TSS were analysed. Bananas stored at low temperature without packaging severely developed chilling injury during storage. Bananas in the packages with ethylene absorbent had a symptom of carbon dioxide injury after long storage, resulting in peel discolouration.  Storage of bananas in the packages with ethylene absorbent  and carbon dioxide scrubber could alleviate chilling injury and retain the fruit quality.  


Key words: Banana, chilling injury, low temperature storage, modified atmosphere packaging, Musa AA Group. 

1. INTRODUCTION 


Banana is an important world food crop. After harvest, fruit will be stored and transported for a specific duration, before selling it to the consumer. Bananas at commercial maturity have a relative short postharvest life. On its journey from the plantation to the consumer the fruit goes through the three phases of ripening.  In order to control the ripening, various measures have been applied in which storage at low temperature proves to be  an efficient method to delay the ripening and prolong the shelf life of many fresh commodities. However, an exposure of several tropical commodities to low temperature below the optimum level of storage causes  a serious physiological disorder  called chilling injury (Wang, 1993).


Banana fruit is very susceptible to chilling injury (CI). For most banana cultivars grown in ASEAN countries, the limiting temperature below which chilling damage occurs is around 12-13oC (Pantastico et al., 1990). CI symptoms of banana include pitting, peel discolouration, abnormal ripening, hardening of the central placenta, complete loss of flavour, flow of clear latex, subepidermal brown streaking, appearance of water-soaked areas and abnormal high susceptibility to mechanical damage and decay (Grierson et al., 1967; Nguyen T. B. Thuy, 2006). 


The degree of chilling injury can be minimized by several techniques. Modified atmosphere packaging (MAP) is one of the most simple and efficient methods. The desired atmosphere is obtained through the combined effects of natural respiration of fruits and the use of sealed semi-permeable enclosures, such as low density polyethylene (LDPE) bags.


MAP has been reported to maintain the quality of several tropical fruits and also to be advantageous in maintaining some minimally processed tropical fruits such as durian, jackfruit, mangosteen, papaya and pineapple (Wang, 1993). For crops which are sensitive to chilling temperatures, the increase in humidity and the reduction in O2 concentration and accumulation of CO2 within the package often are beneficial for preventing the development of chilling injury symptoms (Forney and Lipton, 1990). 


Nonetheless, the reported results for MAP are very variable. Many factors must be considered when trying to develop a MAP system. These factors include the type, thickness and fabrication method of the film, the package size, the temperature, humidity and the length of storage. More theoretical research is still needed to study gas exchange characteristics of different horticultural crops, and ideal packaging materials with respect to gases and to water vapor permeability for typical crops. Therefore our study aims to investigate the effects of MAP on chilling injury development and physical, biochemical changes of “Kluai Khai” bananas grown in Thailand during low temperature storage. 


2. MATERIALS AND METHODS


2.1. Experimental design


Banana  cv. “Kluai Khai” (Musa cavendishii [Musa acuminata] AA Group) were harvested at commercial maturity  (80% maturity - light full ¾ of fruit), in a plantation in the Petchaburi province (Western Thailand). Dehanded bananas were placed in cardboard boxes and transported by refrigerated truck (25oC) to Kasetsart University within 3 hours of harvest. In the laboratory, hands were selected for uniformity of size and colour. They were cleaned in a solution of 0.5% magnesium sulfate (MgSO4) to remove latex from the cut surface. The fruits were then dipped for 2-3 min in 500 ppm thiabendazole (TBZ) solution to control fruit rot, and allowed to dry at ambient temperature. 


Ethylene absorbents (EA) were made by soaking pieces of chalk (0.7 cm diameter and 0.5 cm thickness) in saturated potassium permanganate (KMnO4) solution and 30 g of the dried material was placed in perforated polyethylene (PE) sachet. Carbon dioxide scrubbers (CS) were made by placing 30 g of calcium hydroxide (Ca (OH)2)  in small paper bags.


Six hands of banana cv. Kluai Khai were randomly placed in non-perforated LDPE bags (75 cm wide x 110 cm long x 0.11 mm thick) with three sachets of both EA and CS, then placed individually in corrugated cardboard boxes (40 x 48 x 22 cm). Another treatment of MA packaging was similar except for the inclusion of CS. Control fruits were placed in corrugated cardboard boxes without PE bags nor EA and CS. Boxed bananas were stored at 10oC and 85% RH. One hundred and twelve hands of banana were used for this experiment. Nine boxes of different treated banana were randomly transferred to room temperature every 6 days and checked right after removing from the cold room. Banana were analysed for biochemical and physiological changes.


2.2. Analytical methods


2.2.1. Chilling injury (CI) assessment 


The change in colour in bananas (cvs. Kluai Khai and Kluai Hom Thong) upon chilling, was different from the dark browning observed during CI in other fruit such as lychee. It is a rather grey brown.  


CI in banana fruits was scored visually. A rating scale from 1 to 5, based on the intensity of surface browning, was used; score 1 = no chilling injury; score 2 = mild injury; score 3 = moderate injury; score 4 = severe injury; score 5 = very severe injury. At score 2 there was no visible browning on the skin surface but if the epidermal tissues were peeled, grayish areas were observed close to the surface. Cross-section of the peel showed that these areas were globular in shape. At score 3 there were more such areas, which were larger and darker. At score 4 grayish brown patches were visible on the skin. Cross section of the peel showed larger and darker areas than at score 3. At score 5 there were relatively large dark patches on the skin surface. Nine banana hands from each treatment were observed.


2.2.2. Colour development 


Change in colour of banana peel and pulp was determined using a colorimeter. Banana peel was measured at the central part at both sides. Banana pulp was measured immediately after cutting at the same part.  L and b values were recorded where:  L = brightness, ranging from  0 (black) to 100 (white); b = yellow / blue hue component ranging from –60 to 60. Thirty fruits from each treatment were measured.


2.2.3. Determination of fruit texture


Firmness of banana peel and pulp were determined using a fruit firmness tester (Effegi). Measurement of banana peel was made by a spherical plunger 0.2 cm in diameter. Unripe and ripe banana pulps were measured with a plunger 0.5 cm and 1.1 cm in diameter, respectively.  The plunger was inserted to the depth of 0.5 cm and the force recorded in Newtons. Thirty fruits from each treatment were measured.


2.2.4. Determination of titratable acidity (TA) and
          total soluble solids (TSS)


Analysis of TA and TSS was followed by the method of A.O.A.C (1984). Ten gram of pulp tissue per each sample was homogenized in 30 ml distilled water for 5 min. After blending, the sample was centrifuged at 7000 rpm for 15 min. The supernatant was collected for measuring TA and TSS. Three samples per each treatment were analysed. TSS was measured by using hand refractometer (Atago, Japan). The value was expressed in percent. TSS = reading value x dilution factor. TA was determined by titrating the pulp extract with 0.1N sodium hydroxide (NaOH) using phenolphtalein as indicator and expressed as percent malic acid.


2.2.5. Fruit rot assessment


Fruit rot in banana was assessed visually. The decayed incidence was expressed as percentage of decayed fruits. Nine banana hands from each treatment were assessed.


2.2.6  Determination of gas composition


Concentrations of C2H4, CO2 and O2 within the PE bags were measured by sampling through the plastic film with a syringe and injecting the samples into a gas chromatograph equipped with a flame ionization detector (Shimadzu GC-14) for C2H4 and a thermal conductivity detector (Shimadzu GC-RIA) for CO2 and O2. Holes in the plastic film were sealed with tape between the weekly sampling dates.


2.3. Statistical analysis


Differences between treatments (P<0.05) were determined by analysis of variance (using time as repeated measure) and Wilcoxon rank-sum test. On percentage data of rot incidence, an arsine square root transformation was performed to stabilise the variance, before the data were subjected to analysis of variance. Where possible, means were compared using Duncan’s new multiple range test (DMRT).


3. RESULTS


3.1. Changes in atmospheric composition during
       modified atmosphere storage 


C2H4 concentration was not significantly different in MA packages with and without carbon dioxide scrubber (CS). C2H4 concentration in the polyethylene bags containing bananas increased rapidly over the storage period (Figure 1). O2 concentration sharply decreased in both MA packages with and without CS during the first week and slightly decreased in the MA packages containing ethylene absorbent (EA) only.  On the other hand, O2 concentration in the MA packages containing both EA and CS moderately decreased until day 12, then slowly increased until the end of storage. On day 30, O2 concentrations were 14.30 and 13.82% in the MA packages with and without CS, respectively, whereas it was almost 20% in the air (Figure 1). In contrast, CO2 concentration in the MA packages without CS sharply rose until the last day of storage. Using a CS in MA packages resulted in a low CO2 concentration during the first two weeks. At the end of storage, CO2 concentrations were 4.05 and 6.92% in the MA packages with and without CS, respectively, while it was about 0.03% in the air (Figure 1).












Figure 1.  Changes in oxygen (A), carbon dioxide (B) and ethylene (C) concentration in
MA packages containing bananas with and without carbon dioxide scrubber during storage at 10oC. Vertical bars indicate standard deviations of means


3.2. Chilling injury symptom


After 6 days of storage at 10oC, the peel of control bananas showed discolouration. Grayish areas were found under the skin surface, after peeling. This CI symptom was initially mild but it steadily increased until day 30. MA packaging resulted in a reduction of this CI symptom, as it did not show until day 18. The discoloration was mild at this time and slowly increased thereafter. In the MA packages containing EA only, this symptom was observed on day 12 and it rapidly increased until the end of storage while it changed slowly in bananas stored in MA packages containing EA and CS after 18 days (Table 1). The Wilcoxon rank-sum test showed a highly significant difference (P<0.001) in visible CI between bananas with and without MA packaging. 


3.3.  Changes in colour of banana peel 


When stored at 10oC for one week, the brightness


(L value) in the peel of bananas did not show any difference. Thereafter, the L value in control bananas and bananas held in PE bags without CS slightly decreased whereas it remained stable in bananas held in PE bags with CS. During this time, discolouration could be observed just after peeling the skin. After 18 days, L value declined in all treatments resulted in the reduction of banana peel brightness (Table 2A).


The hue (b value) in bananas decreased with a similar pattern. It continuously declined in the control bananas over time while it showed a slight increase between day 6 and day 12 in bananas with MA packaging. During the last week, the decrease in b value of bananas held in MA packages with EA and CS was less than that in the other treatments. The decrease of b value in banana peel also caused the dark areas of banana peel (Table 2B)....................................................... 


Table 1. Chilling injury symptom in the peel of bananas with and without MA packaging stored at 10oC

		Treatment

		Storage time (days)



		

		0

		6

		12

		18

		24

		30



		Control

		1.00

		1.33

		2.00

		2.67

		3.00

		3.67



		MAP with EA

		1.00

		1.00

		1.33

		2.00

		2.33

		3.33



		MAP with EA+CS

		1.00

		1.00

		1.00

		1.33

		1.67

		2.00





MAP with EA = Modified atmosphere packaging with ethylene absorbent
        MAP with EA+CS = Modified atmosphere packaging with ethylene absorbent and carbon dioxide scrubber


Table 2A. Changes in peel colour (L value) of bananas stored at 10oC with and without MA packaging


		Treatment

		Storage time (days)



		

		0

		6

		12

		18

		24

		30



		Control

		60.49a

		59.82a

		58.38a

		58.31b

		56.26b

		53.98b



		MAP with EA

		60.49a

		59.85a

		59.6a

		59.23b

		57.11b

		56.47ab



		MAP with EA+CS

		60.49a

		60.09a

		60.67a

		60.57a

		58.71a

		57.38a





Means in a column followed by the same superscript are not significantly different at 5% level based on DMRT


Table 2B. Changes in peel colour (b value) of bananas stored at 10oC with and without MA packaging


		Treatment

		Storage time (days)



		

		0

		6

		12

		18

		24

		30



		Control

		26.51a

		25.07a

		24.19b

		24.10a

		22.99b

		22.51b



		MAP with EA

		26.51a

		24.53a

		25.48a

		24.06a

		23.03b

		21.26b



		MAP with EA+CS

		26.51a

		24.97a

		25.71a

		24.21a

		23.83a

		22.62a





3.4.  Changes in texture of peel

The firmness of banana peel stored at low temperature tended to decrease over time. There was not much difference in bananas with and without MA packaging, at least during the first 3 weeks. At the end of storage, however, bananas with MA packaging were still firm while the control bananas showed a considerable decrease in firmness (Table 3).


3.5.  Changes in total soluble solids 


When stored at 10oC, TSS continuously increased in the control bananas. Bananas with MA packaging showed a similar tendency, although at a lower level of TSS. The concentration of TSS in control bananas was 3.07% on day 30, and was 2.33 and 2.20 % in bananas held in MA packages with and without CS, respectively (Table 4).


3.6.  Changes in titratable acidity


TA did not show a significant difference in bananas with and without MA packaging stored at

10oC until day 18. The lack of changes in TA during the last 2 weeks, in bananas with MA packaging, was associated with a delay in ripening. TA in control bananas rapidly increased between day 18 and day 24 and remained stable thereafter. TA continuously decreased in the control bananas and bananas stored in MA packages without CS, as long as they were kept at 10oC. However, TA in bananas held in MA packages with EA and CS remained at a higher level during the first 4 weeks and declined at the end of storage (Table 5). 


3.7.  Decay 


Storage at 10oC, which caused CI in bananas, did not slow down the development of crown rot. Crown rot was severe in control bananas, as all bananas hands showed the symptom on day 30. MA packaging reduced crown rot. On day 30, the average was 44.4 and 55.6% in bananas kept in MA packages with or without CS, respectively (Table 6).


Table 3. Changes in peel firmness (Newton) of bananas stored at 10oC with and without MA packaging

		Treatment

		Storage time (days)



		

		0

		6

		12

		18

		24

		30



		Control

		71.95 a

		71.22a

		69.11a

		68.75a

		66.76a

		64.08b



		MAP with EA

		71.95a

		69.84a

		70.40a

		68.93a

		68.38a

		67.14a



		MAP with EA+CS

		71.95a

		70.14a

		71.23a

		69.06a

		68.34a

		67.57a





Table 4. Changes in total soluble solids (%) of the pulp of bananas stored at 10oC with and
without MA packaging

		Treatment

		Storage time (days)



		

		0

		6

		12

		18

		24

		30



		Control

		1.67a

		1.87a

		2.13a

		2.27a

		2.33a

		3.07a



		MAP with EA

		1.67a

		1.73a

		1.67b

		1.73b

		1.93b

		2.33b



		MAP with EA+CS

		1.67a

		1.67a

		1.73b

		1.80b

		1.87b

		2.20b





Table 5. Changes in titratable acidity (%) of the pulp of bananas stored at 10oC with and
without MA packaging

		Treatment

		Storage time (days)



		

		0

		6

		12

		18

		24

		30



		Control

		1.07a

		1.21a

		1.25a

		1.25a

		1.52a

		1.52a



		MAP with EA

		1.07a

		1.14a

		1.21a

		1.20a

		1.25ab

		1.25a



		MAP with EA+CS

		1.07a

		1.16a

		1.16a

		1.16a

		1.20a

		1.25a





Table 6. Changes in rot incidence (%) of bananas stored at 10oC with and without MA packaging


		Treatment

		Storage time (days)



		

		0

		6

		12

		18

		24

		30



		Control

		0.00

		11.11a

		44.44a

		55.56a

		88.89a

		100.00a



		MAP with EA

		0.00

		0.00a

		11.11b

		11.11b

		33.33b

		44.44b



		MAP with EA+CS

		0.00

		0.00b

		22.22a

		33.33ab

		44.44b

		55.56b





4. DISCUSSION


Modifying the storage environment, particularly the atmosphere surrounding the commodities, can alter responses of fruits and vegetables to chilling temperature. MA storage using PE bags has been successful in extending the storage life of various banana cultivars, at both ambient and chilling temperature (Scott et al., 1983; Agillon et al., 1987; Tiangco et al., 1987; Ketsa et al., 2000). In our study, storage of ‘Kluai Khai’ bananas in MA packages with ethylene absorbent and carbon dioxide scrubber slowed down postharvest changes, reduced pathological deterioration and remained fruit acceptability. Retardation of physical and biochemical changes (development of peel and pulp colour, changes in texture of peel and pulp, a low level of titratable acidity and total soluble solids) in MA packed bananas is apparently due to the suppression of ethylene production under MA condition. It was previously found that keeping the ethylene concentrations at relatively low levels prevents precocious ripening. In our tests we included an ethylene absorbent and a carbon dioxide scrubber in the packages. This resulted in relatively low ethylene and carbon dioxide levels. Therefore, the respiration rate of bananas in MA packed was reduced and fruits maintained the preclimacteric stage for longer time. A similar result found in ‘Latundan’ and ‘Lakatan’ bananas subjected to MA storage strongly support our finding (Agillon et al., 1987). 


Hassan et al. (1990) reported that carbon dioxide concentration greater than 10% cause peel and pulp injury in packaged bananas during storage. This injury, however, was found in bananas held in MA packages (with presence of ethylene absorbent) in our experiment when carbon dioxide concentrations in PE bags without the scrubber rose to almost 7%. This resulted in typical carbon dioxide-induced injury, which is found during ripening at room temperature (colour remains faint yellow, a hard core in the pulp, and incomplete starch conversion).   


It has been showed that elevated carbon dioxide and reduced oxygen concentrations are effective in alleviating CI symptoms in chilling-sensitive crops (Fourney and Lipton, 1990). Depending on the commodity, MA packaging may be beneficial, detrimental or have no effect in reducing CI. MA packaging has been effective in reducing CI symptoms in lime and grape fruits (Wardowski et al., 1973), avocado (Scott and Chaplin, 1978; Meir and Harel., 1991), cucumber (Wang and Qi, 1997) and mango (Pesis et al., 2000). MA packaging has also been applied effectively in pineapple where chilling-induced black heart disorder was delayed (Hassan et al., 1985). A significant difference in CI effects between bananas with and without MA packaging was found in our study (Figure 1). The result thus suggests that MA packaging with the ethylene absorbent and the carbon dioxide scrubber is beneficial for banana to alleviate CI. Our result thereby supported the findings of Ketsa et al. (2000). 


5. CONCLUSIONS


MA packaging with an ethylene absorbent and carbon dioxide scrubber alleviates CI, reduces the peel discolouration and maintain the quality of bananas stored at 10oC for a month.  This technique could be applied in order to prolong the shelf life and maintain the quality of bananas stored at low temperature.
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