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ABSTRACT 

 

Two different coatings were developed from the mucilage of Cactus and their effects  were 

investigated on the  microbial qualities of mango fruits. The two experimental coatings were: Pure 

mucilage extracts (ME) and Mucilage extract mixed with 5ml glycerol (MEG) which served as 

plasticizer. Samples of the mangoes  were immersed into these coatings  and they  were stored for 

seven weeks at an average temperature of 27±2°C and relative humidity55-60% under Evaporative 

Coolant System(ECS) . The Cactus mucilage treatment of mangoes significantly attenuated the 

microbial growth on fruits compared to control. Concentration of yeast and mold was found to be 

decreased from 10.23log CFU g
-1

 to 0.34 log CFU g
-1

 (MEG) and  2.11log CFU g
-1

 (ME),also the 

concentration of  aerobic Psychrotrophic  bacteria was decreased from  23.56log CFU g
-1

 in control to  

1.23 log CFU g
-1

 (MEG) and  5.30 log CFU g
-1

 (ME) mucilage treated fruits while the concentration 

of  aerobic mesophilic  bacteria was decreased from  20.84log CFU g
-1

 in control to  1.07 log CFU g
-1

 

(MEG) and  3.12  log CFU g
-1

 (ME) mucilage treated fruits. The overall result showed that Cactus 

mucilage coating hindered the growth of microorganisms significantly (P<0.05) and  extended the 

shelf-life of mango fruits when compared to untreated in the order, MEG>ME>Control.  

Keywords: Antimicrobial coatings, Evaporative Coolant System, Cactus mucilage, microbial 

qualities. 

 

INTRODUCTION 

 

Fruits and vegetables are an extraordinary 

dietary source of nutrients, micronutrients, 

vitamins and fiber for humans and are thus vital 

for health and well being. Well balanced diets, 

rich in fruits and vegetables, are especially 

valuable for their ability to prevent vitamin C 

and vitamin A deficiencies and are also 

reported to reduce the risk of several diseases 

(Kalia and Gupta, 2006). 

Fruits and vegetables are widely exposed to 

microbial contamination through contact with 

soil, dust and water and by handling at harvest 

or during postharvest processing. They 

therefore harbor a diverse range of 

microorganisms including plant and human 

pathogens (Nguyen-the and Carlin, 1994; Dunn 

et al., 1995; Carmo et al., 2004). Differences in 

microbial profiles of various fruits and 

vegetables result largely from unrelated factors 

such as resident microflora in the soil, 

application of nonresident microflora via 

animal manures, sewage or irrigation water, 

transportation and handling by individual 

retailers (Ray and Bhunia, 2007; Ofor et al., 

2009). Thus despite their nutritional and health 

benefits, outbreaks of human infections 

associated with the consumption of fresh or 

minimally processed fruits and vegetables have 

increased in recent years (Hedberg, 1994; 

Altekruse and Swerdlow, 1996; Beuchat, 1996, 

Beuchat, 2002). Enteric pathogens such as 

Escherichia coli and Salmonella are among the 

greatest concerns during food-related outbreaks 

(Buck et al., 2003). 

Even though pharmacological industries have 

produced a number of new antibiotics in the 

last three decades, resistance to these drugs by 

microorganisms has increased. In general, 

bacteria have the genetic ability to transmit and 

acquire resistance to drugs, which are utilized 

as therapeutic agents (Gislene et al., 2000). For 

a long period of time, plants have been a 

valuable source of natural products for 

maintaining human health. The use of plant 

extracts and phytochemicals, both with known 

antimicrobial properties, can be of great 

significance in therapeutic treatments 

(Seenivasan et al., 2006). Many plants have 

been used because of their antimicrobial traits, 

which are due to compounds synthesized in the *Corresponding author: e-mail: charliguitar@yahoo.com 
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secondary metabolism of the plant. These 

products are known by their active substances 

e.g. the phenolic compounds which are part of 

the essential oils, as well as tannin (Tyagi and 

Malik, 2010). 

Numerous studies have been published on the 

antimicrobial activities of plant extracts and 

many of these studies have included plants used 

in ethno medicine. Some of the compounds 

responsible for the antimicrobial activity 

observed from the plants have been isolated by 

activity-guided fractionation and characterized 

using various spectroscopic methods. The 

antimicrobial agents from plants can, therefore, 

be classified into groups such as essential oils 

and terpenoids, tannins, phenols and alkaloids 

to name a few (Cowan, 1999). 

The greatest losses in food are due to 

microbiological alterations. Many chemical and 

physical processes have been developed to 

preserve food quality. Among such processes, 

adequate packaging is a fundamental factor in 

the conservation and marketing phases. Thus, 

packaging plays a prominent role in 

maintaining food quality (Debeaufort et al ., 

1998). Antimicrobial films and coatings have 

innovated the concept of active packaging and 

have been developed to reduce, inhibit or delay 

the growth of microorganisms on the surface of 

foods in contact with the packaged product 

(Appendini & Hotchkiss, 2002). In most fresh 

or processed foods, microbial contamination 

occurs at a higher intensity on the food surface, 

thus requiring an effective microbial growth 

control (Padgett et al., 1998). Traditionally, 

antimicrobial agents are added directly to the 

foods, but their activity may be inhibited by 

many substances in the food itself, diminishing 

their efficiency. In such cases, the use of 

antimicrobial films or coatings can be more 

efficient than adding antimicrobial agents 

directly to the food since these may selectively 

and gradually migrate from the package onto 

the surface of the food, thereby high 

concentrations being maintained when most 

necessary(Ouattara et al., 2000). 

Edible films and coatings can be used to help in 

the preservation of fruit and vegetables because 

they provide a partial barrier to moisture, O2 

and CO2, also improving mechanical handling 

properties, carrying additives, avoiding 

volatiles loss and even contributing to the 

production of aroma volatiles (Olivas & 

Barbosa-Ca´ novas, 2005). 

Edible coatings may be composed of 

polysaccharides, proteins, lipids or a blend of 

these compounds (Mahmoud and Savello, 

1992; Park et al., 1994a, b; Guilbert et al., 

1996; Li and Barth, 1998; Arvanitoyannis and 

Gorris, 1999). Their presence and abundance 

determine the barrier properties of material 

with regard to water vapor, oxygen, carbon 

dioxide and lipid transfer in food systems 

(Guilbert et al., 1996). However, none of the 

three constituents can provide the needed 

protection by themselves and so are usually 

used in a combination for best results (McHugh 

and Krochta, 1994a, b; Guilbert et al., 1996). 

Cactus mucilage is an example of edible 

coating containing  polysaccharides that is  

commonly used  in food, cosmetics, 

pharmaceutical and other industries. The 

complex polysaccharide is part of dietary fibre 

and has the capacity to absorb large amounts of 

water, dissolving and dispersing itself and 

forming viscous or gelatinous colloids 

(Dominguez-Lo´pez, 1995). 

Mango (Mangifera indica L) is a very delicious 

tropical fruit which belongs to family 

Anacardiaceae. It is an abundant source of 

vitamins, minerals and is famous for its 

excellent flavor, attractive fragrance and 

nutritional value. It is as an emerging tropical 

export crop and is produced in about 90 

countries in the world with a production of over 

820,877MT. The magnitude of post harvest 

losses in fresh fruits and vegetables is an 

estimated 5-25% in developed countries and 

20-40% in developing countries, depending 

upon the commodity (FAO, 2001). 

The present study is aimed to evaluate the 

effect of prickly pear cactus (O. ficus indica) 

mucilage as an edible coating on the 

microbiological properties of mango fruits 

during storage in ECS. 

 

MATERIALS AND METHODS 

 

 Source of fruits and Coating materials 

Ogbomoso mangoes, common consumer 

varieties, were purchased from a local market 

on the day after harvest and were immediately 

placed in ambient storage (27
o
C ± 2).Uniform 

sized, defect-free fruits were selected. Cactus 

stems were obtained from a local farmer and 

were stored at 23
o
C ± 1 prior to formation of 

the coating solution. Glycerol (99.5%) was 

purchased from Sigma Chemical Co. 
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Preparation of Coating solution 
Cactus stems were peeled and cubed (1 cm

3
). 

Samples were homogenized (20% w/v) in 

distilled water. The slurry was centrifuged for 

10 min at 4500 × g and the supernatant 

obtained was used to prepare the edible coating 

(Sa´enz, Va´squez, Trumper, & Fluxa´, 1992). 

It was then pasteurized to form a pure mucilage 

extract(ME) .Mangoes were dipped in coating 

solution for 30secs, the excess coating was 

drained and the coated mangoes were dried in a 

forced-air dryer (20 
o
C) for 30 min. Mangoes 

dipped in distilled water were used as a blank. 

  

Treatments 

To (control):-Mangoes that wasn‟t coated with 

cactus mucilage  ; T1:-
 
Mangoes coated with 

Pure mucilage extract (ME); T2:-Mangoes  

coated with mucilage extract(ME)  as described 

above was  mixed with 5ml glycerol (MEG)  

serving as plasticizer for the antimicrobial  

compounds present on the pure mucilage 

extract to be  directly attached  to mango fruits. 

The treated and untreated fruits were packed in 

small plastic baskets and each basket contained 

20 mango fruits. The baskets were stored at 

ECS temperature and relative humidity 

(27±2°C and 55-60%).  

 

The evaporative cooling system 

The evaporative cooler used for the study 

consisted of a double-walled rectangular brick 

construction with the interspaces filled with 

riverbed sand saturated with water. The clay 

brick used in the wall construction was factory 

baked (at 600
 o

C) and was of dimensions 25.5 

cm x 12.0 cm x 6 cm thick. The sand was 

previous to water. The water used was clean 

and free of foreign matter so as to maintain 

previousness and avoid clogging of the sand. 

The interior surfaces of the cooling chamber 

walls were given a smooth finish with 1.2 cm 

thick cement plaster, while a heat insulating 

cover of 1.9 cm thick particleboard closed the 

top. The walls were built on a short plinth of 

concrete to prevent water seepage into the soil. 

Two framed doors of sawn wood were fixed 

one to each of the adjacent walls on a side to 

provide access to the 1.38 m
3
 capacity 

chamber.  These two doors were considered 

adequate for the needed thermal insulation 

against heat flux but an additional polystyrene 

foam board could be installed for more 

insulation. The permanent structure was erected 

in open space exposed to free air but shaded 

from direct solar radiation with an open sided 

shed of thatch 

 

Microbial analysis 

Thirty grams of mango fruit pulps were 

removed aseptically from each treatment. The 

sample was then homogenized in peptone 

saline solution (8.5 g l
-1 

NaCl+1 g l
-1

 peptone 

(Oxoid, L34)) for 1 min in a stomacher (S400, 

Shanghai Scientific Instrument Co., Ltd., 

Shanghai, China). After making serial dilutions 

in peptone water, the samples were plated on 

different media as follows: (1) plate count agar 

(PCA, OxoidCM325) for isolating total aerobic 

psychrotrophic micro- organisms was 

incubated at 30
o
C for 72 h; (2) Sabouraud 

media (Oxoid CM41) for isolating yeasts and 

molds was incubated at 25 
o
C for 120 h. (3) 

Mesophilic aerobic counts were enumerated 

using Plate Count Agar (Oxoid) and incubation 

at 30
o
C for 3 days. Colonies were counted and 

the results expressed as CFUg
-1

 of mangoes. 

Analyses were carried out periodically in 

randomly sampled pairs of trays within 7 

weeks. Two replicate counts were performed 

for each tray. 

 

Statistical analysis  
Statistical analysis of the data was carried out 

employing analysis of variance (ANOVA) 

package included in StatSoft Statistica 8.0 (Hill 

and Lewicki, 2007). 

 

RESULTS AND DISCUSSION 

 

 
 

Fig 1: Effect of mucilage coatings on Total 

aerobic psychrotrophic count of mango fruit 

during storage in ECS 
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Fig 2: Effect of mucilage coatings on Moulds 

and yeast count of mango fruit during 

storage in ECS  

 

 
Fig 3: Effect of mucilage coatings on Total 

aerobic psychrotrophic count of mango fruit 

during storage in ECS 

 

The predominant microflora which influences 

the shelf life of fruits and vegetables are 

psychrotrophic bacteria (Garcia- Gimeno & 

Zurera-Cosano, 1997; Hotchkiss & Banco, 

1992). Changes in the total aerobic 

Psychrotrophic count, total number of yeasts 

and moulds in mangoes stored for seven weeks 

at an average temperature of 27±2°C and 

relative humidity55-60% are shown in Figs. 1 

and 2. During the period of storage coating 

significantly hindered the increase in total 

aerobic psychrotrophic count compared with 

the control samples (Fig.1). Similar effect of 

coating was observed in reducing the growth of 

yeasts and moulds during the storage (Fig. 2). 

At the end of 7 weeks of storage, virtually 

apparent differences were observed between 

coated MEG and ME and the control samples 

(p<0.05) at both temperatures. 

At harvest, mangoes had 13.5 and 3.8 log CFU 

g
-1

 for total aerobic psychrotrophic and yeast 

and mold counts, respectively. Following 7 

weeks  of ECS  storage at temperature of 

27±2°C and relative humidity55-60%, the 

microbial populations of Cactus mucilage-

treated mangoes were significantly reduced, the 

reduction being slightly more effective for 

yeast and mold counts  from coated mangoes  

MEG and ME which were (0.34 log CFU g-1) 

and (2.11log CFU g
-1

)  respectively than for 

aerobic Psychrotrophic   counts  from coated 

mangoes  MEG and ME which were (1.23 log 

CFU g
-1

)  and (5.30 log CFU g
-1

) respectively. 

Moreover,  the  yeast and mold  from  uncoated 

mangoes fruit significantly increases to  

(10.23log CFU g
-1

)   while the  aerobic 

Psychrotrophic in  the uncoated mangoes fruit 

significantly increases to  (23.56log CFU g
-1

) , 

but which  were significantly reduced in Cactus 

mucilage-coated mangoes. 

Fig 3. shows that the Cactus mucilage  reduces 

the  microbial load of mesophilic  population 

on the coated mangoes MEG and ME which 

were (1.07 log CFU g
-1

) and (3.12 log CFU g
-1

) 

compared to the uncoated mango which had 

(20.84 log CFU g
-1

) at the end of storage. 

The microorganisms present in fruits and 

vegetables are a direct reflection of the sanitary 

quality of the cultivation water, harvesting, 

transportation, storage, and processing of the 

produce (Beuchat, 1996; Ray and Bhunia, 

2007). 

The number of mesophilic aerobic microflora 

present was very similar to that of 

psychrotrophic microflora and therefore most 

of the microorganisms were able to grow at 

storage temperatures. Garg et al. (1990) pointed 

out that mesophilic and psychrotrophic counts 

may be of similar magnitude at the time of 

processing. Storage at refrigeration 

temperatures generally selects in favour of the 

growth of psychrotrophic microorganisms, 

including the pectinolitic pseudomonads 

(Nguyen-the and Carlin, 1994). Nevertheless, 

mesophilic microorganisms may continue to 

grow at low temperature, albeit at reduced 

growth rates (Vescovo et al., 1996; Carlin et 

al., 1990). 

Observed numbers of yeasts and moulds were 

lower than bacteria, during storage in this 

study. Tournas (2005) obtained similar results 

with samples of fresh and minimally-processed 
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vegetables, and sprouts. The role of yeasts in 

the spoilage of fresh vegetables is not well 

studied, although they have been implicated in 

the spoilage of fermented vegetable products 

and the development of soft rot (Fleet, 1992). 

However, some authors (Tournas, 2005; 

Tournas and Katsoudas, 2005) have pointed out 

the possible health problems associated with 

the presence of moulds in fruit and vegetables, 

as some may produce mycotoxins and others 

are known to cause allergies when they are able 

to produce large numbers of conidia. 

The Cactus mucilage treatment of mangoes 

significantly attenuated the microbial growth 

on fruits compared to control. Concentration of 

yeast and mold was found to be decreased from 

10.23log CFU g-1 to 0.34 log CFU g
-1

 (MEG) 

and  2.11log CFU g
-1

 (ME),also the 

concentration of  aerobic Psychrotrophic 

 bacteria was decreased from  23.56log CFU g
-1

 

in control to  1.23 log CFU g
-1

 (MEG) and 

 5.30 log CFU g
-1

 (ME) mucilage treated fruits 

while the concentration of  aerobic mesophilic 

 bacteria was decreased from  20.84log CFU g
-1

 

in control to  1.07 log CFU g
-1

 (MEG) and 

 3.12  log CFU g
-1

 (ME) mucilage treated fruits. 

Rojas-Gra¨u et al. (2007) found that 

lemongrass, oregano, and vanillin essential oils 

in alginate coatings reduced the growth of 

psychrophilic aerobes, yeast, and molds on 

apple cuts by more than 2 log cfu/g. Natamycin 

in a bilayer coating of chitosan significantly 

decreased fresh melon decay caused by two 

strains of spoilage fungi (Cong et al. 2007). 

Clove, cinnamon, and oregano essential oils 

totally inhibited the growth of Candida 

albicans, Aspergillus flavus, and Eurotium 

repens in vitro when they were used in paraffin 

coating of paper packaging materials and 

completely protected strawberry from visible 

fungal growth during storage for 7 days at 4
o
C 

(Rodriguez et al. 2007). Chitosan is a natural 

antimicrobial compound and is capable of 

forming stable coatings on fresh-cut papaya 

that suppress microbial growth (Gonz´alez-

Aguilar et al. 2009). 

Addition of glycerol to the cactus mucilage 

extract greatly improves the increase the shelf 

life of mangoes during storage compared to the 

mangoes without plastizicer.  

Edible films and coatings need to have good 

elasticity and flexibility, a low brittleness, a 

high toughness and to prevent cracking during 

handling and storage (Barreto et al. 2003). 

Therefore, plasticizers of low molecular weight 

(non volatile) are typically added to 

hydrocolloid film forming solutions to modify 

the flexibility of edible films. Plasticizers with 

characteristics such as small size, high polarity, 

more polar groups per molecule, and greater 

distance between polar groups within a 

molecule generally impart greater plasticizing 

effects on a polymeric system. Indeed, they act 

by increasing the free volume or in other word 

by decreasing intermolecular attractions 

between adjacent polymeric chains by reducing 

hydrogen bonding between polymers chains 

(Myllarinen et al. 2002). 

Several studies on plasticization of chitosan 

films revealed that poly (ethylene glycol) 

(PEG) could improve the elastic properties of 

chitosan. Caner et al. (1998) observed that 

chitosan plasticization using PEG was stable 

until 9 weeks of storage. On the contrary, 

Butler et al. (1996) found the water barrier and 

mechanical properties of plasticized chitosan 

films with glycerol changed during storage. 

Other authors used plasticizers in chitosan 

blends. Hosokawa et al. (1990) used glycerol to 

plasticize chitosan/cellulose composites, 

whereas Arvanitoyannis et al. (1998) used 

sorbitol and sucrose to plasticize chitosan/poly 

(vinyl alcohol) blends. They stated that the 

elongation of blended films increased with 

increasing plasticizer contents, but at high 

plasticizer contents there were decreases in 

both tensile strength and modulus. 

 

CONCLUSIONS 

 

The results of this experiment showed that the 

use of an antimicrobial coating consisting Pure 

mucilage extract (ME) and mucilage extract 

mixed with 5ml glycerol (MEG) ,  is a viable 

alternative in controlling the microbiota present 

in minimally processed mango, since the 

growth of psychrotroph sand  yeasts and molds, 

was substantially inhibited by the application of 

MEG and ME . 

Based on the concept of protection barrier 

technology, the use of such coating may 

contribute to improve safety in mango fruit 

thereby prolonging its shelf life. Coating may 

be applied on fruits and vegetables, combined 

to other types of controls, such as quality raw 

material, hygienic processing conditions and 

storage temperatures. The combination of these 

treatments as barrier offers a greater potential 

for shelf-life extension of fruits and vegetables. 
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