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ABSTRACT 
Physical and anatomical responses to mechanical injuries in banana fruits were analyzed. Fruits were submitted to 
the following treatments: non-injured fruit (control), 60cm free fall (three impacts per fruit at the same place on 
the median region), three longitudinal cuts (70mm long and 2mm deep) on the median region, three longitudinal 
scratches (50mm long and 2mm wide) on median edges and, compression on the median region for 15 minutes 
(equivalent force of 42.4 Newton (N)). Fruits were stored for 20 days at 20oC (±5ºC) and 60% (±5%) RH. While 
loss of fresh mass and color were evaluated every two days (L*, c and h). Injuries were also analyzed using 
electronic scanning microscopy. A completely randomized experimental design with 4 replicates. Cut and 
scratching injuries increase transpiration and, consequently, the loss of fresh mass, being also detrimental to the 
skin color of banana fruits. 

 
CARACTERIZACIÓN FÍSICA Y ANATÓMICA DE FRUTOS DE BANANA 

DAÑADOS MECÁNICAMENTE 
Palabras clave: Musa spp.; maduración; color; daño; post-cosecha. 

 
RESUMEN 

Fueron analizados respuestas físicas y anatómicas de frutos de banana dañados mecánicamente. Los frutos fueron 
sometidos a los siguientes tratamientos: frutos sin daño mecánico (testigo), caida libre desde 60cm (tres caidas 
por fruto en la región del medio), tres cortes longitudinales ( 70mm de largo por 2mm de ancho) en la región del 
medio, raspados longitudinales (50mm de largo por 2mm de ancho) en la región del medio y, compresión el el 
medio del fruto por 15 minutos (con una fuerza equivalente de 42,4 Newton (N)). Los frutos fueron almacenados 
por 20 dias a 20oC (±5ºC) y 60% (±5%) HR. Fueron evaluados la pérdida de masa fresca (%) y el color (L*, c y h) 
a cada dos dias. Los tratamientos también fueron analizados con un microscopio electrónico de barredura. El 
diseño estadístico utilizado fue el completamente al ocaso con 4 repeticiones. Los daños por corte y raspado 
incrementaron la transpiración y, consequentemente, la pérdida de masa fresca, asi como perjudicó el color 
(pardeamiento) de los frutos de banana.     
 
 

 

INTRODUCTION 
Banana (Musa spp.) is the most widely 

grown fruit for fresh consumption in Brazil. It is 
also one of the most important fruits in the 
world, representing the basis of the economy 
of some countries (Gonçalves et al., 1994). 
Brazil is nowadays the second world producer 

of bananas, while India is by far the largest 
producer (FAO, 2004). Cultivar Nanicao, 
Cavendish group, is the main commercial 
cultivar in the Brazilian and international 
markets (Campos et al., 2003).  

Only 50 to 60% of the bananas 
produced in Brazil reache the end consumers 
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due to high losses during the commercialization 
process (Mascarenhas, 1999).  

Mishandling, vibration, impacts, 
compression and/or superficial bruises are the 
basic causes of banana fruit injuries leading to 
fruit deterioration and favoring the 
development of diseases (Cortez et al., 2002). 

Chitarra (1998), describing the effect 
of cuts and injuries on plant cell membranes, 
comments that such injuries lead to the 
rupture of organelles, modify cell permeability 
and favor cell disorganization, triggering the 
ethylene synthesis and increasing respiration 
rates. Upon cutting, the free (polyunsaturated) 
fatty acids from banana react with the O2 
through lipoxygenases forming hydroperoxides 
that lead to losses in the nutritional value, to 
detrimental alterations in taste and aroma and 
to the formation of dark pigments. The 
induction of the ethylene synthesis and the 
increase in respiration rates cause variations in 
the maturation rates of injured and intact 
tissues, increasing water loss by exudation, 
accelerating defense reactions in tissues, 
deteriorating fruit quality and reducing their 
shelf life.  

Mechanical injuries may be defined as 
plastic deformations, superficial ruptures and 
destruction of vegetal tissues led by external 
factors. Such injuries lead to physical 
modifications (physical damages) and/or 
physiological, chemical and biochemical 
alterations that alter color, aroma, flavor and 
texture of vegetables (Mohsenin, 1986). 
Injuries can be classified as compression, 
impact or cut. Impact is generally caused by 
the collision of the fruit against solid surfaces 
or against other fruits during harvest, handling 
and transport. Compression injuries are caused 
by a variable pressure on the fruit surface 
exerted by an adjacent fruit or by the container 
holding the fruits. Cut injuries are generally 
due to the collision of the fruit against a sharp 
surface that ruptures the epidermis, or due to 
the pressure exerted by uneven surfaces, such 
as the container edges, against the fruit 
(Mattiuz & Durigan, 2001b). 

The purpose of this experiment was to 
evaluate different mechanical injuries, as well 
as their influence, on the physical parameters 
of banana fruits stored at room temperature. 

MATERIAL AND METHODS 
Plant material. Harvesting of banana 

fruits cultivar Nanicao was carried out in 
banana orchards from Piracicaba (SP) region 
when the central fruit of the second bunch 
showed 34±2 mm diameter, which 
characterizes the harvesting time. Fruits were 
immediately and carefully taken to the 
Physiology and Post-Harvest Biochemical 
Laboratory of the Biological Sciences 
Department at the Escola Superior de 
Agricultura “Luiz de Queiroz” – USP. 

 
Treatments.  Fruits were, then, selected 

for firmness, absence of mechanical injuries 
and visible infections. Later, only the second, 
third and fourth bunches were selected, from 
which fruits were removed and individualized. 
 A completely randomized experimental 
design was used, with four replicates for 
treatments analyzing color and loss of fresh 
mass. Each experimental plot was composed of 
one banana fruit. Treatments were: 

 
T1 = non-injured fruits (control), 
T2 = 60cm free fall (three impacts per fruit at 
the same place on the median region),  
T3 = three longitudinal cuts (70mm long and 
2mm deep) on the median region,  
T4 = three longitudinal scratches (50mm long 
and 2mm wide) on median edges and,  
T5 = compression on the median region for 15 
minutes (equivalent force of 42.4 Newton (N)).
    

Injured areas were demarked and 
fruits were placed on polystyrene trays. 

 
Assessments. Banana fruits 

(weighing about 150g) were placed on 
polystyrene trays and stored at room 
temperature (around 20oC (±2oC) and 60% 
(±5%) RH) to evaluate the loss of fresh mass 
and color. 

The loss of fresh mass was determined 
by subtracting the final from the initial mass of 
each replicate and results were expressed in % 
of fresh mass loss.  

Luminosity (L*), a* and b* values, 
were determined using a colorimeter (Minolta 
CR-300). Results enabled the determination of 
the hue angle (color) and the corresponding 
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saturation (Chroma), as recommended by 
Minolta (1994). Readings were conducted 
directly on the banana skin, comprising an 
average of four readings per fruit. The median 
region and the surroundings of mechanically 
injured areas were identified for the conduction 
of readings. 

Evaluations of color and loss of fresh 
mass were carried out every two days for 20 
days.  

In order to evaluate better the injures 
to which fruits were submitted, tissue samples 
from the median region and the surroundings 
of mechanically injured areas were fixed in 
2.5% glutaraldehyde buffer solution of sodium 
cacodylate 0.05M, pH 7.2, for 72 hours at 5ºC 
and analyzed in an electronic scanning 
microscope. Next, samples were washed five 
times in sodium cacodylate buffer solution 
0.05M, pH 7.2, and fixed in osmium tetroxide 
1% for one hour. Fruits were then dehydrated 
in a gradual series of acetone solutions (30%, 
50%, 70% 90% and 100%). Samples were 
dried to critical point using liquid CO2 and 
metallized with gold to enable the analysis 
under electronic scanning microscope LEO 
435VP – ZEISS.  

 
Data analysis. Data on loss of fresh mass and 
color were submitted to F-test variance 
analysis and means were compared by Tukey 
test at 5% probability, using the statistic 
software SAS. 
 
RESULTS AND DISCUSSION 

The fresh mass loss generally 
increased in a similar way for the control, the 
impact and the compression treatments 
throughout the experiment. The loss of fresh 
mass for the cutting and scratching treatments 
were both significantly higher than those for 
the other treatments (Figure 1).  

Although not differing statistically from 
the scratching treatment, the cutting treatment 
showed the greatest mass loss of the 
experiment (25.42%), significantly exceeding 
the mass losses for the other treatments from 
the 14th day of evaluation on. Such results are 
due to a greater transpiration rate caused by 
the seriousness of the mechanical injury, as in 
fruits of the cutting treatment, as a response to 

the increase in vapor pressure deficit between 
the vegetal tissues and the environment. 
Transpiration also increases along with the 
increases in the vegetal specific surface caused 
by the open cuts. As a consequence, fruits lose 
a considerable amount of mass, besides 
displaying the negative effects of injuries on 
their appearance.  

 
Figure 1. Weight loss (%) in banana fruits under 
mechanical injuries, during storage at 20 oC (±5 
oC) e 60% (±5%) RH. Vertical bars represent ± SD 
(n=5). (T1 = non-injured fruits; T2 = 60 cm free 
fall; T3 = three longitudinal cuts; T4 = three 
longitudinal scratches and T5 = compression). 

 
The fresh mass losses of fruits from 

the control, and from treatments involving 
impact, cutting, scratching and compression 
were 13.12%, 15.19%, 25.42%, 22.97% and 
12.82%, respectively (Figure 1). Harvesting 
ceases the water supply to vegetal organs, 
making subsequent water losses responsible 
for quantitative and qualitative losses in 
products. Losses between 5 and 10% in 
humidity can reduce the quality of most fruits 
and vegetables (Finger & Vieira, 1997). 

Images from the electronic scanning 
microscopy evidenced the anatomical 
differences in fruits undergoing the different 
treatments tested. Such differences influenced 
the physiological and physical behavior of 
banana fruits. Figure 2A (control) shows totally 
turgid epidermal cells of the banana skin, 
differently from what can be observed in Figure 
2B (free fall treatment), where cells are wilted 
and display membrane injuries. Figure 2C 
shows intact epidermal cells in the non-injured 
part of fruits from the cutting treatment, as 
well as totally dilacerated epidermal 
parenchyma cells from injured areas of fruits 
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from the same treatment. Figure 2D 
(scratching treatment) shows totally injured 
epidermal cells and an open stomatal pore 
probably due to the loss of the ability to control 
the opening and closing of injured guard cells, 
which leads to high percentages of fresh mass 
loss in the scratching treatment. The 
compression treatment (Figure 2E) caused a 
certain turgidity loss in epidermal cells.  

Regarding color, luminosity (L*) values 
generally decreased during storage. Initial 
figures changed from 55.39 to 36.31 (cutting 
treatment) on the 20th day. The lowest 
luminosity figure was observed in the cutting 
treatment, while the greatest figure was found 
in the compression treatment. Statistic 
significant differences were observed for the 
cutting and scratching treatments, when 
compared to the other treatments, which 
evidenced that these treatments caused 
darkening of fruit skin. Such injuries are 
considered serious and the darkening probably 
is a consequence of enzymatic oxidative 
reactions (Figure 3). 

Mattiuz and Durigan (2001a), working 
on mechanical injuries in guavas, observed that 
impacts led to greater darkening in guava 
fruits. 

The initial Chroma (c) value of 31.85 
changed to 31.38, 31.10, 29.72, 16.13 and 
13.03 for the control, compression, impact, 
cutting and scratching treatments, respectively, 
on the 10th day of storage. On the 20th day of 
storage, these values changed to 28.54, 28.22, 
27.66, 11.44 and 8.68, respectively. Fruits from 
the cutting and scratching treatments were 
significantly worse than fruits from the other 
treatments throughout virtually all the 
experimental period and, on the 20th day of 
storage, showed highly significant differences 
from fruits of the other treatments. Mattiuz e 
Durigan (2001a), studying the effects of 
mechanical injures on the firmness and color of 
guavas, verified a tendency in chromaticity 
values to increase along the experiment 
regardless of the injuries applied.  

The results showed that banana fruits 
undergoing cuts and scratches show alterations 
in their normal skin color during ripening, 
displaying strong dark color (Figure 4). The 
main parameter indicating quality of a 

vegetable product is its color, once consumers 
relate color with product quality (Kays, 1991).  

Highly significant differences for hue 
(h) values among treatments were observed 
from the 2nd day of storage. Hue figures 
reached 101.97, 101.26, 87.84, 75.64 and 
62.28 for the compression, control, impact, 
scratching and cutting treatments, respectively, 
on the 20th day of storage, when the cutting 
treatment showed to be statistically worse than 
the others. The scratching treatment was 
statistically worse than the control, impact and 
compression treatments, while the impact 
treatment was statistically worse than the 
control and the compression treatments. The 
control and compression treatments did not 
differ statistically from each other, and were 
statistically better than the remaining 
treatments (Figure 5). 

Color results (L*, c and h) for the 
control, impact and compression treatments 
slightly decreased throughout the experiment, 
which evidences that the amount of green 
pigments (chlorophyll) decreases, while the 
amount of yellow pigments (carotenoids) 
increases as fruits ripen. Fruits from the cutting 
and scratching treatments showed color results 
almost always worse when compared to fruits 
from other treatments, including control, 
showing a lower synthesis of pigments in 
injured areas or an excessively fast 
degradation of these areas. 

Variations in skin color during the 
ripening process of banana fruits will certainly 
influence negatively the purchase decision of 
consumers, once appearance is among the 
most important characteristics considering the 
preference of consumers for vegetables in 
supermarkets.  

Cut and scratching injuries increase 
transpiration and, consequently, the loss of 
fresh mass, being also detrimental to the skin 
color of banana fruits. 
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Figure 2. Electronic scanning microscope pictures of the treatments: (A) control; (B) free fall; (C) cuts; (D)
scratches and (E) compression of the peel in banana fruits under mechanical injuries, during storage at 20 oC
(±5 oC) e 60% (±5%) RH.. Bar = 20 µm. 
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Figure 3. Lightness (L*) of the peel in banana fruits 
under mechanical injuries, during storage at 20 oC 
(±5 oC) e 60% (±5%) RH. Vertical bars represent ± 
SD (n=5). (T1 = non-injured fruits; T2 = 60 cm free 
fall; T3 = three longitudinal cuts; T4 = three 
longitudinal scratches and T5 = compression).  

 

 
Figure 4. Chroma (c) of the peel in banana fruits 
under mechanical injuries, during storage at 20 oC 
(±5 oC) e 60% (±5%) RH. Vertical bars represent ± 
SD (n=5). (T1 = non-injured fruits; T2 = 60 cm free 
fall; T3 = three longitudinal cuts; T4 = three 
longitudinal scratches and T5 = compression).  

 
 

Figura 5. Hue (h) of the peel in banana fruits under 
mechanical injuries, during storage at 20 oC (±5 oC) 
e 60% (±5%) RH. Vertical bars represent ± SD 
(n=5). (T1 = non-injured fruits; T2 = 60 cm free 
fall; T3 = three longitudinal cuts; T4 = three 
longitudinal scratches and T5 = compression).  
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