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Abstract:- The mango (Mangifera indica L.) is a 

climacteric fruit and manifests high postharvest losses 

due to its high perishable nature and requires special 

postharvest treatments to extend its shelf life. The study 

was undertaken to determine the effect of 1-

methylcyclopropene (1-MCP) concentration, packaging 

material, storage temperature and time on the 

postharvest quality attributes of two mango cultivars 

namely Broken and Dausha grown in Gboko, Benue 

State, Nigeria. The fruits were harvested at green-mature 

stage and were treated with 1-methylcyclopropene (1-

MCP) (0, 1000, 3000 and 5000 ppb) in closed air tight 

plastic containers for 24 h. The fruit samples were 

divided into two, one part was packaged in paperboard 

and another part unpackaged. The samples were stored 

for 90 d at 11, 13, 15 and 29 oC (ambient) respectively. 

Treatments were laid out in factorial arrangement in 

randomized complete design (RCD) with three 

replications. The results showed that decay/chilling 

injury, colour change, firmness, total carotenoids (TC), 

vitamin C, pH, titratable acidity (TTA), total soluble 

solids (TSS) and TSS/TTA ratio were significantly 

(p˂0.05) affected by 1-MCP treatment, paperboard 

packaging, storage temperature and cultivar throughout 

the storage period. The 1-MCP treated and packaged 

fruits showed better performance, retaining quality in all 

physiological ripening parameters as well as reduced 

senescence up to 90 d at the lowest storage temperature of 

11 oC and highest 1-MCP concentration of 5000 ppb. The 

untreated and unpackaged fruits on the other hand 

stored only for 15 d at all the temperatures studied. In 

terms of variety performance, Dausha mangoes recorded 

low fruit decay and maintained remarkable quality up to 

the end of 90 d in packaged paperboard at 11 oC while 

Broken stored for 75 d under the same conditions. The 

research findings show great potential of reducing 

postharvest loss of Dausha and Broken mango cultivars 

in Benue State thereby boosting the economy of mango 

farmers in the State. 
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I. INTRODUCTION 
 

Most of our food consists of plant based agricultural 

produce, which are usually seasonal and spoil quickly. To 

make food available throughout the year, preservative 

methods have been developed to prolong the storage life of 

foods. The spoilage process can be delayed by adding 

preservatives, optimizing storage conditions or applying 

modern techniques [1]. 
 

Fruit have health benefits for consumers due to their 

content of fibre, vitamins and antioxidant compounds [1]. 

However, for the antioxidant compounds there are changes in 

their composition during harvesting, preparation (fresh-cut 
fruit) and storage and therefore, have to be preserved. Fruit 

consumption has been reported to contribute to the 

prevention of degenerative processes, particularly lowering 

the incidence and mortality rate of cancer and cardio-cerebro-

vascular diseases [2]. They also contain phytochemicals 

which act against oxidative reactions in the human body and 

are rich source of flavanones. Fruit have been shown to 

possess several physiological properties which can help 

inhibit cell proliferation and promote cell differentiation [3]. 
 

However, due to the perishable nature of fruit, high 

post-harvest losses occur immediately after harvest, during 

distribution and marketing, due to lack of cold storage 

facilities on the farms, improper handling and inadequate 

processing/preservation methods [4]. Storage and 

preservation technologies have now been utilized to 
transform these perishable fruit into safe, delicious and stable 

products that can be consumed all year round, and 

transported safely to consumers all over the world.  
 

Nowadays almost all food products have preservatives 
which are either natural or artificial. The purpose is generally 

to preserve the natural characteristics of the food and to 

increase its shelf life as well as inhibit natural ageing and 

discolouration that do occur during food storage and 

preservation such as the enzymatic browning reaction in 

fruits after they are cut [5]. 
 

Natural methods of preservation are usually aimed at 

excluding air, moisture, and microorganisms, or at providing 

environments in which organisms that might cause spoilage 

cannot survive [6]. Natural ways of food preservation can be 

done by boiling, freezing, pasteurizing, dehydrating, smoking 
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and pickling [7]. Sometimes sugar is combined with alcohol 

for preservation of food products and this inhibits efficiently 
the growth of bacteria in food [8].  

 

Food preservation is also achieved through artificial 

methods including, nuclear radiation, vacuum packing, 

chemical preservative and hypobaric packing. Chemical 
preservatives such as sodium benzoate, benzoic acid, sodium 

sorbate, potassium sorbate, sodium nitrite are used as 

antimicrobial agents that inhibit the growth of bacteria, 

moulds and other microorganisms in food [9]. Some 

substances are used as antioxidants (they act as free radical 

scavengers) in food. These are vitamin E, vitamin C, pine 

bark extract, grape seed extract, sodium erythorbate, sodium 

diacetate, sodium succinate, sodium dehydroacetate, succinic 

acid and ascorbic acid, parabens, erythorbic acid and 

proplyphenols [10]. Some chelating agents such as disodium 

ethylenediaminetetraacetic acid (EDTA), polyphosphates and 
citric acid also work well as preservatives. Monosodium 

glutamate (MSG), disodium guanylate and disodium 

inosinate are used as food flavouring agents [11]. These 

synthetic chemicals and organic compounds used as food 

preservatives are the most effective for a longer shelf life and 

stop or delay the growth of bacteria, suppress the reaction 

when food comes in contact with oxygen or heat, they also 

prevent the loss of some essential amino-acids and vitamins 

that enhance the food flavours and colours [12]. 
 

The organic compound 1-methylcyclopropene (1-MCP) 

is widely used in delaying ripening of climacteric fruit by 

competing for the binding site of ethylene with its receptors 

and, in doing so, inhibiting the activation of the ethylene 

signal transduction pathway. Postharvest application of 1-

MCP delays or decreases: softening, internal browning, 

respiration rate and ethylene production in fruit [13].  
 

1-MCP does not leave any residues either on or inside 

the fruit and in the environment [14]. The structure consists 

of a simple carbon and hydrogen molecule. After it attaches 
itself to the ethylene receptor site, 1-MCP is broken down by 

the fruit’s natural process and biodegrades into simple 

molecules containing carbon, hydrogen and oxygen which 

are naturally present in the atmosphere ([15]. Its safety, 

toxicity and environmental profiles with regard to humans, 

animals and environment have been reported, approved and 

registered in 1999 by the United State Environmental 

Protection Agency (US-EPA) and is sold under the trade 

name of SmartFresh [16]. In each country approval is for  

specific crops, and  among those (depending on the country) 

are apple, apricot, avocado, carrot, kiwifruit, mango, melon, 

nectarine, papaya, peach, pear, pepper, persimmon, 
pineapple, plantain, plum, squash, tomato and tulip bulbs. 

 

At present, there has been increasing research interest 

concerning the preservation, packaging and storage of 

climacteric fruits using 1-MCP throughout the world. 
Nonetheless, this global research on the use of 1-MCP to 

preserve Mangifera indica L had been on cultivars that are 

not found in Nigeria and most specifically in Benue State. In 

Nigeria, there is limited information and experience in the 

postharvest handling of mangoes in general and particularly 

in the use of 1-MCP as postharvest technology to extend the 

shelf life of mangoes. Also, there have been no standard 

packaging systems in Nigerian mango industry. Hence, there 
is dearth of information about the performance of our local 

mango cultivars under standard packaging system during 

extended storage/shipping conditions. So far, there are no 

available literatures in this area concerning the use of 1-MCP 

as a postharvest tool on mango cultivars produced in Nigeria. 

Therefore, the present research was initiated to evaluate the 

effective use of 1-MCP in managing postharvest loss of 

Broken and Dausha mango varieties grown in Benue State, 

Nigeria. 
 

II. MATERIALS AND METHODS 
 

A. Study Area 

The study area Gboko, lies within latitude 60 28’’ to 80 
13’’ N and longitude 80 04’’ to 90 16’’ E. It is located in the 

North Central Zone of Nigeria. This area produces the 

studied mango fruit varieties in very large quantities. 
 

B. Experimental Design 
The experiment was conducted in the months of May 

through August 2018. Two mango cultivars (Dausha and 

Broken) were used to investigate the effect of 1-

Methylcylopropene (1-MCP) concentration, storage 

temperature, fruit variety, corrugated paperboard (CPB) 

packaging and storage time on the postharvest quality of 

tropical fruit. Sampling of fruit from the orchards was made 

in a randomized complete design (RCD) with three 

replications. The treatments were arranged in a factorial 

scheme and followed 2244  factorial arrangement, 
with four levels of 1-MCP concentration (1000, 3000, 5000 

ppb) and 0 ppb (as control); four conditions of storage 

temperature (11, 13, 15 and 29 oC -ambient temperature), two 

levels of packaging (packaged with corrugated paperboard 

and unpackaged) and two mango varieties (Dausha and 

Broken). The fruit were observed for 90 d and quality 

evaluation was carried out for every 15 d interval (0, 15, 30, 

45, 60, 75 and 90).  
 

C. Determination of Sample Size 

The number of samples (n) for the analysis was 

determined using the formula below: 

Number of samples (n) = ZYXTC    (1) 

Where C is concentration of 1-MCP in ppb (4 levels), 

 T is storage temperature in oC (4 levels) 

 X is cultivar (2 levels) 

Y is packaging (2 levels) and  
Z is number of times of analysis (6 times). 

Therefore, 

Sample size n = 62244   =384 samples (2) 
 

D. Sample Collection  

A sample size consisting of 384 mature green mango fruit 

was collected from the two orchard farms, Mtswenen Tyo 

farm, behind new government reserved area (GRA) and Tse 

Apev compound, Yandev, both in Gboko Local Government 

Area of Benue State using hand picking method with the 

stalk intact. Each cultivar was collected and labelled. The 
procedure for determining the stage of maturity was used 

with slight modification. Fruit were considered mature green 

when firm with no depression when thumb pressed and visual 
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appearance as determined by the size, shape (fullness of 

cheeks), skin colour (dark green to light green) and specific 
gravity (ratio of mango density to the density of water) [17]. 

Clean open air plastic containers were used in transporting 

samples to the Chemistry laboratory, Benue State University, 

Makurdi, Nigeria. The samples were properly identified by a 

Botanist in the Department of Biological Science, Benue 

State University, Makurdi.  
 

E. Sample Preparation 

Only samples that were fresh free from disease and 

defects and of closed uniform maturity were chosen for the 

study. The fruit were thoroughly sorted, washed under 

running tap water and air dried in the laboratory. A total of 

three hundred and eighty four (384) mango fruit (92 Dausha 

and 92 Broken fruit) were sampled from two cultivars of 

mango for investigation. 
 

F. Sample Treatment/Fumigation with 1-MCP 

 1-MCP was applied to the mango fruit (Broken and 

Dausha) on the day of harvest. Two hundred and eighty eight 

(288) mango fruit were labelled according to the three 1-

MCP concentrations (1000, 3000 and 5000 ppb) and then 
grouped into three lots of ninety six (96) fruit of Broken and 

Dausha. These lots with equal amount of Broken and Dausha 

mango fruit were placed inside the corresponding labelled 

air-tight lidded 250 L capacity plastic containers together 

with a beaker containing a known amount of 1-MCP (1000, 

3000 and 5000 ppb) needed to generate the required 

concentration of the gas. The containers were covered 

immediately and sealed after adding 20 mL of distilled water 

into the beaker to release the 1-MCP gas and were kept at 18 
oC for 24 h for the reaction to complete. The other ninety six 

(96) fruit (control) were labelled and kept on the laboratory 

bench for 24 h to be stored at the same time with the 
fumigated fruit. 

 

G. Packaging and Storage 

A total of three hundred and eighty four (384) fruit were 
used. One hundred and ninety two (192) fruit (both Broken 

and Dausha) were packaged in thirty two (32) corrugated 

paperboard boxes consisting of six (6) fruit per box according 

to 1-MCP concentrations. The other one hundred and ninety 

two (192) fruit were stored without packaging. All the fruit 

were stored for ninety (90) days at 11, 13, 15 and 29 oC 

(ambient temperature) for quality evaluation.  
 

H. Quality evaluation 

The quality evaluation was performed six times at day 15, 

30, 45, 60, 75 and 90 of storage. 

a) Decay/Chilling Injury  

Decay/Chilling injury during the experiment was 

estimated by using the following formula [18]. 
 

100
entper treatmfruit  ofnumber  Total

entper treatmfruit  affected ofNumber 
 (%)injury  lingDecay/Chil 

              

 

                                                                               (3) 

b) Colour 

Colour of the skin and flesh were measured using a 

Colorimeter (Model: Precise Colour Reader WR-10). 

Mango samples were cut longitudinally and the 
readings were taken in the central region of the slices. 

The system L٭, a٭, b٭, were employed, where L٭ is 

the lightness of the colour (for black L0= ٭ and for 

white L100= ٭) .The a٭ axis varies from green (-a٭) 

to red (+a٭) and the b٭ axis varies from blue to 

yellow (+b٭) [19]. 
 

c) Firmness 

Firmness was measured using a penetrometer (Model: 

PIVOT 81-PVO103). A thin patch of skin was 

removed along the cheek side or equatorial position of 

the fruit. The fruit was placed on a firm surface for 

testing pressure. Firmness was measured using a 

penetrometer with the 5 mm diameter stainless steel 

probe. The maximum value recorded by the probe in 

Newton (N), while passing through the fruit to a depth 

of 10 mm without hitting the seed was used as 

firmness of the fruit. The process was repeated on the 

other cheek and the average value recorded [18]. 
 

d) Total carotenoids 

Exactly 2 g of crushed and homogenised pulp was 

mixed with 50 mL of ternary solvent 

(hexane/ethanol/acetone) in the ratio of 50: 25: 25 and 
agitated for 30 min. After filtration, the mixture was 

placed in a separatory funnel and washed three times 

with 25 mL of distilled water to remove the ethanol 

and acetone. The standard curve for all 

spectrophotometric readings was obtained using 

absorbance readings from standard β-carotene 

capsules dissolved in hexane at concentrations of 0.00 

to 0.06 mg/mL. The absorbance was measured at 450 

nm, using a UV-Visible spectrophotometer (Model: 

JENWAY 7315). This wavelength corresponds to the 

five predominant carotenoid species (β-carotene, 
zeaxanthin, lycopene, lutein, β-cryptoxanthin).  The 

calculation of β-carotene was as follows [20]. 
 

β-carotene (mg/100 g)=
W

DVmlmgcaroteneobserved 100)/(     

(4) 

Where V = total volume of extract  

D = dilution factor 

W = weight of sample    
 

e) Vitamin C 

Vitamin C (ascorbic acid) was determined by the 

method of titration using 2, 6-dichloroindophenol 

following Method 967.21 of AOAC [21]. Exactly 10 g 

of sample was mixed with distilled water and agitated 
for 10 min and filtered through Whatman No 4 filter 

paper. 10 mL of the filtrate was transferred into 250 

mL conical flask and 15 mL of 21 % oxalic acid 

solution was added. The sample was titrated with 2 % 

dichloro indophenol till pink colour appeared. The 

results were calculated using the following formula 

and expressed in mg/100 g fresh weight.  
 

100
sample of volume× takenfiltrate of volume

up made volume×factor dye×titre
g) (mg/100 CVitamin 

      (5) 
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f) Titratable acidity and Ph 
Total titratable acidity (TTA) was determined 
according to the method by Nagata and Yamashita 

[22]. Exactly 15 g of the mango pulp were blended 

with 100 mL of distilled water using an electric 

blender. The pH of the blended solution was measured 

at room temperature after calibrating the meter 

(Moddel: OAKTON pH/CON 510 Series) with 

buffers at pH 4 and 7 solutions. The blended solution 

was titrated with 0.1M NaOH to an end point of pH 

8.2 using phenolphthalein indicator and the result was 

recorded in millilitres of NaOH used. Titratable 

acidity was calculated using the following formula: 

 

 (6)  

. 

g) Total soluble solids 
The total soluble solids (TSS) was determined using 

Abbe’s refractometer (Model: abbe 60/DR) following 
Method 932.12 of AOAC [21]. Before use, the 

instrument’s glass prism was cleaned with a cotton 

wool and adjusted to zero at room temperature using 

distilled water. An appropriate quantity (1-2 drops) of 

the juice from the blended fruit of each sample was 

placed on the prism-plate of the refractometer with the 

help of a glass rod after folding back the cover. A 

tissue paper was used in cleaning the excess juice 

around the prism of the refractometer. For each 

sample, the instrument was calibrated using distilled 

water. The reading on the screen was directly recorded 
as total soluble solids. 
 

h) TSS/TTA ratio 

The ratio of TSS/TTA was estimated by dividing the 

value of TSS obtained by that of TTA [21]. 
 

a. Statistical Analysis 

Data was analyzed by one way analysis of 

variance (ANOVA) without blocking. Means 

separation was done using least significant 
difference (LSD) test for multiple means 

comparism. The GENSTAT statistical package 

was used for all analyses (The GENSTAT Release 

10.3DE, PC/Windows 7, Edition 17th, VSN 

International Ltd, Rothamsted Experimental 

Station). All test of significance were at p≤0.05. 

Results were expressed as mean±standard 

deviation. 
 

III. RESULTS AND DISCUSION 
 

The results of the analysis of the quality parameters of 

Broken and Dausha treated with concentrations of 1-MCP 

and stored at different temperatures are presented in Tables 

1-11. The physico-chemical parameters determined were: 

decay/chilling injury, colour (L*, a*, b*), firmness (FM), total 

carotenoid (TC), vitamin C,  pH, titratable acidity (TTA), 

total soluble solids (TSS) and TSS/TTA for day 15, 30, 45, 

60, 75 and 90. The result showed that 1-MCP concentration, 

packaging, storage temperature and time significantly 

(p˂0.05) affected the parameters tested. Values are presented 

as mean±standard deviations (SD). The number of replicate 

determinations (N) is six. 
 

A. Decay/Chilling injury  

The results indicate that decay/chilling injury of mango 

fruit were affected significantly by 1-MCP treatment, 

paperboard packaging, storage temperature and cultivar 
throughout the storage periods. At day 15, there was no 

significant difference (p˃0.05) in all 1-MCP treated, 

packaged and non-packaged fruit except the non-treated 

(control) (Table 1). Decay/chilling injury accelerated from 

day 30 to day 90 irrespective of packaging material and 1-

MCP treatment imposed. However, the 1-MCP treated 

mango fruit showed significant (p˂0.05) lower rates in the 

decay/chilling injury as compared to the untreated. The 1-

MCP (5000 ppb) treated and packaged Broken cultivar 

attained 91.67 % deterioration at 75 d of storage at 11 oC 

while the unpackaged samples treated at the same 
concentration deteriorated completely at 45 d of storage at 

the same temperature. On the other hand, the Dausha cultivar 

treated with 5000 ppb 1-MCP and packaged attained 68.25 % 

deterioration at 90 d, while the unpackaged samples 

deteriorated at 45 d at 11 oC. On commercial basis, modified 

atmosphere and low temperature storage are often combined 

to reduce fruit metabolism, delay decay and maintain quality. 

It has been reported that storing fruit at low temperatures 

causes chilling injury. However, 1-MCP is known to 

suppress disorders related to low temperature storage such as 

chilling injury [23]. 
 

The observed decrease in the rate of decay/chilling 

injury with increase in 1-MCP concentration can be 

attributed to the inhibition action of 1-MCP which is known 

to reduce endogenous and exogenous ethylene and 

respiration, delay ripening and senescence as well as reduced 
incidence of peel greasiness, core flush, mealiness and 

chilling injury [24, 25]. The 1-MCP may have also inhibited 

the activities of enzymes related to cell wall degradation, 

fruit browning and ethylene biosynthesis, such as 

polygalacturonase (PG), polyphenol oxidase (PPO),1-

aminocyclopropane-1-carboxylic acid synthase (ACS) and 1-

aminocyclopropane-1-carboxylic acid oxidase (ACO) [26, 

27]. When ACS and ACO activities are decreased, 1-

aminocyclopropane-1-carboxylic acid (ACC) synthesis and 

oxidation is reduced resulting in decreasing ethylene 

biosynthesis and consequently ethylene-induced respiration. 
These findings are also in line with the observations of Silva 

et al., [28], who reported that mango fruit treated with 1-

MCP concentration showed reduced metabolic activities, 

compared to the nontreated (control). The difference in the 

decay/chilling injury between the two mango cultivars at the 

optimum 1-MCP concentration of 5000 ppb and temperature 

of 11 oC  may be due to species, cultivar, physiological 

difference and maturity stage during harvest. This is in 

agreement with other researchers who stated that the efficacy 

of 1-MCP depends on the cultivar and fruit maturity [29]. 
 

Packaged fruit were with lower rate of percentage decay 

compared to non packaged fruit (Table 1). Though not all 

treated and packaged fruit stored up to day 90, the 

paperboard packaged samples showed significant differences 

(p˂0.01) in reducing decay/chilling injury throughout the 
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storage period. The higher relative humidity and modified 

atmosphere (MAP) created within the packages may have 
been responsible for the significant reduction in 

decay/chilling injury for packaged mango fruit. The result is 

in agreement with other researchers [28, 30, 31]. The MAP 

created may have caused reduced respiration and metabolic 

activities through depletion of oxygen and increase carbon 

dioxide in the paper board packaging free space. CO2 inhibits 

ethylene production rates and O2 uptake rate. An inhibition of 

respiration results in reduced adenosine triphosphate (ATP) 

production that is involved in the conversion of ACC to 

ethylene and also the protein phosphorylation that would 

have been necessary for activation of ACC oxidase [31, 32]. 
 

Generally, the decay/chilling injury increased with 

storage time and temperature throughout the storage period. 

Minimum losses were recorded at the beginning of storage 

and lower temperatures while maximum losses were 
observed towards the end of storage and at higher 

temperatures.  

 

 

 

  

Packaging 

 

Cultivar 

 

Treatment 

(ppb) 

              Storage period (d)   

15 30 45 60 75 90 

Packaged Broken 0 (control) 45.00 100.00 - - - - 

  1000 0.00 28.17 69.00 83.33 100.00 - 

  3000 0.00 25.22 61.20 77.00 100.00 - 

  5000 0.00 18.00 40.00 66.67 91.67 100.000 

 Dabsha 0 (control) 14.33 86.20 100.00 - - - 

  1000 0.00 23.00 50.00 70.00 100.00 - 

  3000 0.00 17.00 41.00 62.00 78.00 89.33 

  5000 0.00 9.00 24.00 40.23 65.00 68.25 

Unpackaged Broken 0 (control) 66.35 100.00   - - - - 

  1000 0.00 36.33 82.50 100.00 - - 

  3000 0.00 29.17 76.00 100.00 - - 

  5000 0.00 25.00 60.00 100.00 - - 

 Dabsha 0 (control) 21.10 100.00 - - - - 

  1000 0.00 29.17 78.00 100.00 - - 

  3000 0.00 25.00 65.00 100.00 - - 

  5000 0.00 22.00 56.00 100.00 - - 

  LSD 

p≤0.05) 

 0.34 0.01 0.03 0.01 0.01 0.01 

Table 1: Decay/Chilling injury (%) of Broken and Dausha mango as affected by 1-MCP treatments, packaging and storage 

temperature during storage period of 90 d 
 

- no value 
 

B. Colour 

a) L* value 

The L* value which is an indicator of lightness of 

colour of the fruit decreased with increased 1-MCP 

concentration, and increased storage time resulting in 

more loss of the green colour and  increased ripening 

(Table 2). The fastest change in colour was observed in 

the control samples, where they turned to yellow 

(56.46) within 15 d of storage. The drastic increase in 

L* value of control within a short storage period, may 
be attributed to the decreasing chlorophyll content of 

the peel with an increase in β- carotene mediated by an 

increase in enzyme chlorophylase and peroxidase or 

both as ripening progresses [33]. 
 

Statistically, there was a significant (p˂0.05) 
decrease in L* values with corresponding increase in 1-

MCP concentration across the storage time. That is, the 

higher the concentration of 1-MCP the lower the L* 

value and the healthier the skin quality. The lower L* 

value may be attributed to the property of 1-MCP in 

delaying skin colour change in climacteric fruit [33]. 

The delay in colour changes in the treated fruit may be 

due to the suppression of ethylene activities by 1-MCP. 

This result is contrary to the findings of Pauziah and 
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Ikwan [34], who used 1-MCP concentrations of 2000 

and 4000 ppb on Chokanan mangoes but rather had 
shrink and dull skin colour. The variation with the 

reported work may be due to differences in cultivar, 1-

MCP concentrations, storage conditions and growing 

region. 
 

The peel colour change (L* value) increase 

progressively as the temperature increases irrespective 

of 1-MCP concentration throughout the storage time. 

Lower L* values are recorded at 11 oC and higher L* 

values at 15 or 29 oC (Table 2) indicating low and high 

ripening of fruit at those temperatures respectively.  
 

This result shows that temperature has a very 

important effect on the efficacy of 1-MCP. Also, low 

temperatures retard metabolic activities of enzymes 

whereas high temperatures speed metabolic activities. 
The result of this study is in line with other researchers 

who found. 

 

  

 

 

Variables 

Storage period (d) 

15 30 45 60 75 90 

 1-MCP 0 

(control) 

56.46±0.02 - - - - - 

      1000                                                     54.65±0.01 55.63±0.01 46.34±0.05 57.90±0.01 - - 

      3000                    54.33±0.00 54.46±0.03 54.49±0.03 55.60±0.02 59.68±0.00 61.20±0.03 

      5000                     54.44±0.03 54.34±0.01 54.50±0.01 55.40±0.03 55.37±0.04 55.67±0.05 

 LSD (p≤0.05) 0.01 0.01 0.01 0.01 0.01 0.02 

ST     11 51.41±0.00 55.36±0.02 55.49±0.03 56.22±0.10 57.10±0.06 57.28±0.01 

          13               53.24±0.02 57.06±0.01 61.04±0.02 - - - 

          15              55.35±0.03 57.73±0.03 - - - - 

          29              55.56±0.01 - - - - - 

LSD (p≤0.05) 0.01 0.01 0.01 * * * 

PB    packaged 53.89±0.02 55.19±0.02 55.45±0.02 56.30±0.05 57.22±0.01 57.61±0.07 

        Unpackaged 55.91±0.04 56.43±0.03 50.89±0.02 - - - 

    LSD (p≤0.05) 0.01 0.01 0.07 * * * 

Cultivars    

Broken 

54.81±0.02 55.56±0.02 56.75±0.02 57.60±0.01 57.92±0.02 - 

                   

Dausha 

52.99±0.01 54.06±0.01 55.78±0.02 55.90±0.03 55.94±0.01 56.05±0.08 

        LSD 

(p≤0.05) 

0.01 0.01 0.01 0.01 0.01 * 

                   SE 1.42 0.97 0.27 0.09 0.12 0.50 

                   CV 

(%) 

Interaction 

p. 1-MCP×ST 

p. 1-MCP×PB 

p.1-

MCP×Cultivar 

1.87 

 

S 

S 

S 

8.43 

 

S 

S 

S 

1.52 

 

S 

S 

S 

3.28 

 

S 

S 

S 

4.06 

 

S 

S 

S 

4.72 

 

S 

S 

S 
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Table 2: Peel colour L* of Broken and Dausha mango as affected by 1-MCP concentration (ppb), storage temperature (oC), 

packaging material and cultivar during storage period of 90 d. 
 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, 

storage temperature in oC; PB, paperboard packaging; LSD, 

least significant difference at 5% level; *Values not compare 

with any at this level; - no value; Values are presented as 
Means±Standard deviations (n=6); S, significant at p<0.05 

level that the efficacy of 1-MCP depend on concentration and 

temperature [25]. 

 

Generally, peel colour change of mango fruit was 

significantly affected (p˂0.05) by 1-MCP treatment, storage 

temperature, paperboard packaging and cultivar throughout the 

storage period. Packaged and unpackaged samples showed no 
significant difference (p˃0.05) in peel colour on day 45. 

 

  

 

Variables 

                                      Storage period (d) 

15 30 45 60 75 90 

1-MCP  0 (control) 10.86±0.02 - - - - - 

               1000 -8.13±0.04 13.02±0.01 -10.40±0.03 10.23±0.03 - - 

               3000 -7.85±0.05 -1.59±0.01 -10.00±0.05 7.03±0.02 4.36±0.04 3.93±0.04 

               5000 -5.87±0.02 -1.59±0.01 -6.49±0.02 1.29±0.01 1.93±0.03 1.47±0.02 

     LSD (p≤0.05) 0.55 0.26 0.01 0.01 0.01 0.03 

ST          11 -4.45±0.05 -5.36±0.03 -6.62±0.03 5.25±0.01 4.30±0.08 6.05±0.01 

               13                                                        -6.11±.02 -5.38±0.04 -11.30±0.01 - - - 

               15          -1.92±0.01 16.86±0.01 - - - - 
               29            20.22±0.04 - - - - - 

    LSD (p≤0.05)      0.55 0.26 0.01 * * * 

 PB         Packaged      -8.05±0.03 -2.32±0.02 -11.56±0.04 10.12±0.02 9.05±0.01 9.02±0.03 

          Unpackaged           8.30±0.04 12.74±0.01 -6.36±0.01 - - - 

    LSD (p≤0.05)          0.39 0.22 0.01 * * * 

Cultivars    Broken 12.08±0.05 18.18±0.03 10.88±0.03 12.24±0.02 1.05±0.03 - 

                  Dausha               -4.27±0.02 6.88±0.04 7.04±0.05 6.12±0.01 5.24±0.04 5.15±0.01 

       LSD (p≤0.05) 0.39 0.22 0.01 0.01 0.01 * 

                SE 1.36 4.31 1.78 3.34 4.28 5.06 

               CV (%) 

Interaction 

p.1-MCP×ST 
p.1-MCP×PB 

p.1-MCP×Cultivar 

16.6 

 

NS 
NS 

NS 

10.21 

 

NS 
NS 

NS 

6.90 

 

S 
S 

S 

6.73 

 

S 
S 

S 

5.35 

 

S 
S 

S 

7.89 

 

S 
S 

S 

Table 3: Flesh colour a* of Broken and Dausha mango as affected by 1-MCP concentration (ppb), storage temperature (oC), 

packaging and cultivar during storage period of 90 d 
 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, 

storage temperature in oC; PB, paperboard packaging; LSD, 

least significant difference at 5% level; - no value; *Values not 

compare with any at this level. Values are presented as 

Means±Standard deviations (n=6); NS, nonsignificant at 

p>0.05 level; S, significant at p<0.05 level among the two 

mango varieties studied. However, packaged fruit recorded 

low peel colour change (50.89) while unpackaged fruit showed 

higher peel colour change on other storage days (55.45). The 

unpackaged fruit may have more access to oxygen which is 
needed in the synthesis and oxidation of ethylene, metabolism 

of sugars and respiration of fruit, thus resulting to colour 

change from green to yellow than the paper board packaged 

mango samples. On the other hand, the delay in colour 

changed of packaged mango fruit may be due to retarded 

respiration and ethylene biosynthesis as a result of modified 

atmosphere (depletion in O2 and accumulation of CO2) in the 

packaging material. This result is in line with the earlier report 

by Cocozza et al., [30] who observed a delay in skin colour 

change in ‘Tommy Atkins’ mangoes due to modified 

atmosphere. 
 

 

There was a significant interaction effect (p˂0.05) 

between 1-MCP concentration and storage temperature, 1-

MCP concentration and packaging material, 1-MCP 

concentration and cultivar on the peel colour L* change of 

Broken and Dausha. 
b) a* value 

Varied values of the skin redness (a*) of Dausha and 

Broken were recorded during the storage period (Table 

3). This might be because of differences in 

physiological composition and cultivar difference 
among the mango fruit samples. The effects of 1-MCP 

concentration, storage temperature, packaging and 

cultivar were nonsignificant (p˃0.05) on redness values 

for Broken and Dausha for day 15 and 30 but 

significant (p˂0.05) at day 45, 60, 75 and 90. There 

was no shift in the negativity to positivity, indicating 

inhibition of ripening, in the 1-MCP treated samples. 

However, the control fruit started shifting from 

negative (-a*) values towards positive (+a*) within 15 

d of storage (Table 3) indicating rapid degradation of 

chlorophyll and accumulation of carotenoids [33]. 
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 The results showed that 1-MCP treatment could 

delay the colour change of the fruit’s flesh during 
storage. Both 3000 and 5000 ppb treatments maintained 

low flesh colour index during storage and changed 

progressively from green to red at the end of storage 

period without much difference between them. Similar 

to the result of skin colour, the flesh colour changes in 

Broken and Dausha may have been caused by 

chlorophyll degradation and carotenoids synthesis [33]. 

The delay in flesh colour changes due to 3000 and 5000 

ppb treatment might be due to the ability of the higher 

doses of 1-MCP in inhibiting the biosynthesis of 

carotenoid, water soluble anthocyanins as well as 

betalains which impart red colour during fruit ripening 

[35]. The ability of the 1-MCP treated fruit to 

eventually develop acceptable red colour (ripening) 
after storage is an indication that the full nutritional 

benefits of carotenoids of the fruit are not lost at the 

end of storage period. 
 

There was significant effect (p˂0.05) on redness 
values among the two cultivars except on day 15 and 

30 (Table 3). Broken was with higher redness values 

while Dausha was with lower redness values with some 

having negative value. The difference in redness values 

may be as a result of genetic composition and low 

values may also be due to the inhibition action of 1-

MCP at those concentrations. 

   

 

Variables 

                                            Storage period (d) 

15 30 45 60 75 90 

1-MCP 0(control) 57.95±0.04 - - - - - 

        1000 51.60±0.01 55.92±0.01 56.76±0.01 56.79±0.02 - - 

        3000 51.48±0.01 55.79±0.03 56.22±0.03 56.05±0.01 46.61±0.03 46.67±0.02 

        5000 51.20±0.03 55.39±0.02 55.48±0.05 56.53±0.02 45.63±0.05 45.62±0.02 

LSD(p≤0.05) 0.01 0.01 0.01 0.01 0.02 0.02 

ST   11 49.67±0.03 52.80±0.04 55.90±0.02 52.98±0.01 49.28±0.07 47.22±0.03 

        13 51.69±0.02 56.78±0.01 43.83±0.03 - - - 

        15 57.23±0.03 59.52±0.03 - - - - 

        29  57.34±0.01 - - - - - 

LSD (p≤0.05)               0.01 0.01 0.01 * * * 

PB   Packaged 51.82±0.05 55.63±0.03 53.33±0.04 51.05±0.02 50.34±0.01 49.86±0.04 
        Unpackaged 55.89±0.02 56.44±0.02 40.25±0.02 - - - 

LSD (p≤0.05) 0.01 0.00 0.01 * * * 

Cultivars Broken 56.48±0.02 60.29±0.02 41.16±0.01 50.98±0.01 51.96±0.03 - 

                Dausha 51.23±0.01 51.77±0.01 52.43±0.04 48.73±0.01 50.18±006 50.05±0.03 

LSD (p≤0.05) 0.01 0.00 0.01 0.01 0.02 * 

               SE 0.02 0.04 0.60 0.03 0.70 0.01 

           CV (%) 

Interaction 

p.1-MCP×ST 

p.1-MCP×PB 

p.1-MCP×Cultivar 

0.00 

 

S 

S 

S 

0.01 

 

S 

S 

S 

0.30 

 

S 

S 

S 

0.00 

 

S 

S 

S 

0.05 

 

S 

S 

S 

0.91 

 

S 

S 

S 

Table 4: Flesh colour b* of Broken and Dausha mango as affected by 1-MCP concentration (ppb), storage temperature (oC), 
packaging material and cultivar during storage period of 90 d 

 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, storage temperature in oC; PB, paperboard packaging; LSD, least 

significant difference at 5% level; - no value; *Values not compare with any at this level. Values are presented as Means±Standard 

deviations (n=6); S, significant at p<0.05 level  

The effect of paperboard packaging on redness values 

among the two mango cultivars was nonsignificant (p˃0.05) 

on day 15 and 30 but significantly different (p˂0.05) on day 45 

to 90 (Table 3). Packaged fruit recorded lower redness values 

while unpackaged fruit recorded comparatively higher redness 

values. The lower values may be as a result of the modified 

atmosphere (MAP) created (depletion of oxygen with 

increased carbon dioxide) in the packaging material which 

results to decreased metabolic activities. The effect of storage 

temperature on redness among the two mango cultivars was 

nonsignificant (p˃0.05) on day 15 and 30 (Table 3) but 

significantly different (p˂0.05) on day 45 to 90. The redness 
increased with increasing temperature with the values 

changing to positive at ambient temperature (29 oC). This 

implies that low temperature retards metabolic activities of 

enzymes that degrade chlorophyll [35]. 
 

The interaction effect between 1-MCP concentration and 

storage temperature, 1-MCP concentration and packaging, 1-
MCP concentration and cultivar on redness of Broken and 

Dausha mangoes was not significantly different (p˃0.05) on 

day 15 and 30 but significantly different (p˂0.05) from day 45 

to 90 (Table 3). 
  

c) b* value 

The 1-MCP concentrations, storage temperature, 

packaging, storage time and their interactions, 

significantly (p˂0.05) affected the yellowness (b* 

value) of mango fruit (Table 4).Yellowness colour of 

the matured green fruits which was initially noticed on 
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the 15th day, increased with storage period and 

temperature, attaining a maximum value on day 60. 
Among all the treatments imposed, 3000 and 5000 ppb 

delayed the increase in yellowness the most. After the 

first 15 d of storage, yellowness colour of the control 

increased sharply due to the fact that both exogenous 

and endogenous ethylene were not inhibited by 1-MCP 

which paved the way for drastic degradation of 

chlorophyll and carotenoids synthesis as noticed from 

the results; higher concentrations of 1-MCP (3000 and 

5000 ppb) maintaining the low colour index during 

storage. The dependency on concentration for 1-MCP 

efficacy has also been reported previously by other 

researchers [36, 37]. 
 

The yellowness of mango fruit increased with 

storage temperature and decreases with storage time 

(Table 4). Storage temperature significantly affected 
(p˂0.05) flesh colour yellowness of mango fruit 

throughout the storage period. Mango fruit stored at 

lower temperatures (11 oC) showed low flesh 
yellowness changes while those stored at higher 

temperatures (29 oC ambient) recorded higher flesh 

colour yellowness values throughout the storage period. 

Yellowness values differed significantly (p˂0.05) from 

day 15 to the end of storage period. The yellowness in 

mango fruit is due to the presence of carotenoids which 

are highly susceptible to degradation by heat, low pH 

and light exposure [38]. The change from the initial b* 

value of 44.21 and 45.34 for Broken and Dausha to 

56.48 and 51.23 respectively may have been due to 

increase in corresponding storage temperatures from 15 

oC to 29 oC. It has been reported that low storage 
temperatures reduce the rate of enzymatic activities in 

fruit [39, 40]. The study shows that low temperatures 

(11 oC) are best for storing the mangoes under study.

 

 

Variables 

Storage period (d) 

15 30 45 60 75 90 

1-MCP 0 (control) 0.89±0.01 - - - - - 

            1000         1.46±0.04 0.59±0.02 0.73±0.03 0.45±0.02 - - 

            3000                                            2.30±0.02 1.80±0.01 1.90±0.05 1.11±0.01 0.18±0.04 0.85±0.06 

            5000       3.78±0.00   3.45±0.04 2.07±0.01 1.96±0.01 1.47±0.03 1.17±0.02 

LSD (p≤0.05) 0.01 0.01 0.01 0.02 0.02 0.02 

ST       11 2.87±0.02 2.89±0.02 2.15±0.00 1.89±0.03 1.63±0.01 1.25±0.07 

            13                                 1.35±0.00 1.07±0.02 0.75±0.02 - - - 

            15                0.14±0.01 0.09±0.01 - - - - 

            29                0.09±0.00 - - - - - 

 LSD (p≤0.05)                   0.01 0.01 0.01 * * * 

PB      packaged 1.99±0.03 1.88±0.02 1.55±0.02 1.42±0.01 1.31±0.03 1.21±0.04 

           unpackaged           0.76±0.04 0.72±0.01 0.56±0.01 - - - 

 LSD (p≤0.05) 0.01 0.01 0.01 * * * 

Cultivar Broken 1.85±0.05 1.75±0.01 0.71±0.04 0.57±0.02 0.13±0.00 - 

              Dausha                   3.87±0.03 3.35±0.03 2.02±0.03 1.77±0.01 1.46±0.03 1.18±0.01 

 LSD (p≤0.05) 0.01 0.00 0.01 0.02 0.02 * 

                   SE 0.01 0.50 0.03 0.93 0.01 0.04 

              CV (%) 

Interaction 
p.1-MCP×ST 

p.1-MCP×PB 

p.1-MCP×Cultivar 

0.70 

 
S 

S 

S 

0.81 

 
S 

S 

S 

0.60 

 
S 

S 

S 

2.04 

 
S 

S 

S 

0.68 

 
S 

S 

S 

0.50 

 
S 

S 

S 

Table 5: Firmness (N) of mango fruits as affected by 1-MCP concentration (ppb), storage temperature (oC), packaging and cultivar 

during storage period of 90 d 
 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, storage temperature in oC; PB, paperboard packaging; LSD, least 

significant difference at 5% level; - no value; *Values not compare with any at this level. Values are presented as Means±Standard 

deviations (n=6); S, significant at p<0.05 level 
 

The effect of packaging material on the flesh yellowness 
of Broken and Dausha mango samples was significantly 

different (p˂0.05) throughout the storage period (Table 4). The 

unpackaged mango fruit exhibited higher flesh yellowness 

while the packaged fruit had lower flesh yellowness. The 

lower colour b* value recorded in the packaged fruit may have 

been because of the modified atmosphere in the packaging 

material. Similar results were also reported [30, 32] where 

packaged mango fruit showed delayed and low flesh 
yellowness. 

 

There was significant difference (p˂0.05) in flesh 

yellowness of Broken and Dausha throughout the storage 
period (Table 4). Broken exhibited high flesh yellowness 

while Dausha recorded low flesh yellowness. There was a 

general increase in colour flesh yellowness for the first 30 d 

and, thereafter a gradual decreased in the rest of storage days. 
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The variation in flesh yellowness value between Broken and 

Dausha may be due to the difference in genetic makeup of 
horticultural crops.  

 

The interaction effect between 1-MCP concentration and 

storage temperature, 1-MCP concentration and packaging 

material, 1-MCP concentration and cultivar on flesh 
yellowness of Broken and Dausha mango fruit was 

significantly different (p˂0.05) throughout the storage period 

(Table 4). 
 

C. Firmness 
The 1-MCP treatments, storage temperature, paperboard 

packaging and cultivars had significant effect (p˂0.05) on 

firmness of mango fruit throughout the storage periods (Table 

5). There was significant difference in firmness between the 

control and 1-MCP treated fruit during storage regardless of 1-

MCP concentrations used. Irrespective of storage period, fruit 

treated with 3000 and 5000 ppb had higher firmness values 

when compared to control. The firmness of the control fruit 

dropped drastically from –4.62 to 0.89 N by day 15 of storage 

as the fruit reached the texture of edible condition.  
 

The rapid decline in firmness of the control samples may 

be due to ethylene action which accelerated the softening of 
the mango fruit. Generally, fruit softening is associated with 

cell wall disassembly, during which pectin and hemicelluloses 

in cell walls undergo solubilization and depolymerization 

which contribute to cell wall loosening [41]. These wall 

modifications are likely brought about by the action of 

pectolytic enzymes during ripening such as polygalacturonase 

(PG), pectin esterase (PE) or galactosidase [42]. The reduction 

of softening enzyme activities following 1-MCP treatments 

has been reported by several researches. Opiyo and Ying, [43] 

found that 1-MCP treatment delayed the activities of both 

cellulose and pectinase in cherry tomato but the effect on 

cellulose appeared to be more pronounced. PG activity was 
reported to be suppressed completely in avocado after 1-MCP 

treatments [44]. Studies have shown that the activity of β-

galactosidase and pectin methyl esterase can be greatly 

suppressed when treated with 1-MCP [45]. 
 

For the 1-MCP treated fruit, distinct differences in 

firmness were observed after 15 d of storage with the treated 

samples being more firm than the untreated (Table 5). 1-MCP 

has been known to bind irreversibly to ethylene receptors and 

   

Variables 

Storage period (d) 

15 30 45 60 75 90 

1-MCP  0 (control) 3.12±0.02 - - - - - 

              1000 3.02±0.01 3.19±0.02 3.39±0.03 4.50±0.02 - - 

              3000 2.98±0.05 3.03±0.01 3.34±0.01 4.14±0.06 2.24±0.04 4.37±0.04 

              5000 2.56±0.05 2.37±0.01 2.42±0.02 2.54±0.07 2.75±0.01 2.93±0.01 

LSD(p≤0.05) 0.01 0.01 0.01 0.01 0.01 0.01 

ST         11 2.71±0.04 2.72±0.02 3.79±0.05 3.67±0.01 3.85±0.02 4.05±0.01 

              13 3.10±0.01 3.14±0.01 2.89±0.03 - - - 

              15 3.12±0.00 3.33±0.01 - - - - 
              29  3.13±0.02 - - - - - 

 LSD (p≤0.05) 0.00 0.01 0.01 * * * 

PB     packaged 3.00±0.03 3.05±0.01 3.18±0.02 3.10±0.04 3.26±0.01 3.71±0.06 

         Unpackaged 3.03±0.01 3.09±0.02 2.87±0.02 - - - 

LSD(p≤0.05) 0.00 0.00 0.01 * * * 

Cultivars Broken  3.00±0.00 3.06±0.01 2.88±0.04 4.44±0.02 2.34±0.02 - 

                Dausha            3.01±0.02 3.07±0.03 3.60±0.02 3.69±0.04 4.06±0.06 4.17±0.01 

 LSD (p≤0.05) 0.00 0.00 0.01 0.01 0.02 * 

                     SE 0.01 0.01 0.90 0.02 0.15 0.03 

             CV (%) 

Interaction 
p.1-MCP×ST 

p.1-MCP×PB 

p.1-MCP×Cultivar 

0.40 

 
S 

S 

S 

0.60 

 
S 

S 

S 

0.10 

 
S 

S 

S 

2.00 

 
S 

S 

S 

0.23 

 
S 

S 

S 

1.02 

 
S 

S 

S 

Table 6: Total carotenoid (mg/100g) of broken and Dausha mango as affected by 1-MCP concentration (ppb), storage temperature 

(oC), packaging and cultivar during storage period of 90 d 
 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, storage temperature in oC; PB, paperboard packaging; LSD, least 

significant difference at 5% level; - no value; *Values not compare with any at this level. Values are presented as Means±Standard 

deviations (n=6); S, significant at p<0.05 level 
 

ripening of fruit is delayed until new binding sites are 
synthesized [46]. Before new binding sites are formed due to 

depletion of 1-MCP, the firmness of the fruit remain 

preserved. There was no significant difference for fruit 

firmness at the three levels of 1-MCP concentrations (1000, 

3000 and 5000 ppb). This indicates that 1-MCP could be 

effective at the various concentrations for shelf life elongation 

of the mango cultivars studied, similar trends of result have 
earlier been reported [28, 33]. Interestingly, at 5000 ppb 1-

MCP concentration, some packaged Dausha fruit samples 

remained green and firm without being ripened at 90 d while 

the other fruit treated with lower concentrations spoilt at or 

before 90 d. The result indicates that Dausha variety has 
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potential to store beyond 90 d at 5000 ppb or higher 

concentrations. 
 

The effect of 1-MCP treatment on fruit firmness 

significantly (p˂0.05) varied with storage temperature and 

time. As shown in Table 5, the firmness of the fruit stored at 

11 oC was significantly (p˂0.05) maintained up to day 90. 
However, at 29 oC of storage, firmness decreased more 

drastically at day 15, and further more rapidly to 90 d. The 

steady decrease in fruit firmness during storage is a natural 

phenomenon for almost all climacteric fruit which is as a 

result of biochemical changes of the cellular structures during 

ripening. Similar trends have been reported by other 

researchers [47]. Ripened Langra and Samar Bashisht 

Chaunsa Mango showed significant higher firmness when 

stored at 20 oC when compare with higher storage temperature 

of 30 and 40 oC [48]. Higher storage temperatures induce more 

activity of ripening and softening enzymes thereby reducing 
firmness. 

 

The packaging material exhibited a significant difference 

(p˂0.05) on the firmness of the mango samples throughout the 

storage periods (Table 5). Packaged fruit required more force 
to penetrate showing that they were firmer than the 

unpackaged ones. For instance, 1.99 N was required to 

penetrate packaged fruit on day 15 while 0.76 N was needed to 

penetrate the unpackaged fruit stored under the same 

conditions. The effect of packaging in delaying loss of 
firmness could be due to MAP created within the packaging 

free space which may have shown influence to reduce rate of 

respiration and other metabolic activities in fruit [49]. Similar 

findings have also been reported on mangoes [30, 50]. 

In all the storage periods, significant differences (p<0.05) 

were observed with regard to firmness between the two 

cultivars. Dausha was firmer than Broken (Table 5). The 

observed variations of firmness among cultivars may be due to 

genetic differences. This may also be associated with variation 

in physiological and physical characteristic among the 

cultivars. With thick skin, the force needed for penetration of 

the penetrometer is more. Also, with thick skin, a barrier is 
formed and this barrier reduces the rate of diffusion or amount 

of 1-MCP reaching the ethylene binding sites. This may also 

be as a result of differences in tissue density among cultivars 

[51]. 
 

The interaction effect between 1-MCP concentration and 

storage temperature, 1-MCP concentration and packaging 

material, 1-MCP concentration and cultivar on the firmness of 

the mango samples was significantly different (p˂0.05) 

throughout the storage period (Table 5).  

 

 

Variables 

Storage period (d) 

15 30 45 60 75 90 

1-MCP  0 (control) 24.28±0.01 - - - - - 

            1000 34.29±0.02 31.31±0.01 28.61±0.03 31.40±0.01 - - 

            3000 44.83±0.04 43.77±0.06 40.95±0.01 37.80±0.02 34.16±0.02 27.21±0.02 

            5000 46.75±0.01 45.46±0.04 45.89±0.03 32.28±0.01 40.83±0.00 37.01±0.01 

LSD(p≤0.05) 0.02 0.01 0.01 0.01 0.02 0.02 

ST       11 45.57±0.04 45.21±0.02 43.76±0.02 42.56±0.01 38.91±0.05 38.32±0.01 

            13 40.09±0.03 30.04±0.01 24.26±0.01 - - - 

            15 32.28±0.05 28.19±0.02 - - - - 

            29  25.31±0.01 - - - - - 

LSD(p≤0.05) 0.02 0.01 0.01 * * * 

PB       packaged 45.52±0.00 44.61±0.02 45.05±0.02 42.09±0.01 41.06±0.03 39.09±0.01 

           Unpackaged 38.56±0.04 30.08±0.03 26.44±0.04 - - - 

LSD(p≤0.05) 0.01 0.01 0.01 * * * 

Cultivar.Broken 40.77±0.02 39.41±0.01 38.81±0.01 35.67±0.01 23.61±0.02 - 

             Dausha 46.06±0.01 45.67±0.03 45.09±0.03 44.98±0.03 39.38±0.05 39.87±0.02 

LSD (p≤0.05) 0.01 0.01 0.01 0.01 0.02 * 

                 SE 0.05 0.19 0.05 0.09 0.03 0.01 

            CV (%) 

Interaction  

p.1-MCP×ST 

p.1-MCP×PB 
p.1-MCP×Cultivar 

0.20 

 

S 

S 
S 

0.61 

 

S 

S 
S 

0.02 

 

S 

S 
S 

0.01 

 

S 

S 
S 

0.04 

 

S 

S 
S 

0.02 

 

S 

S 
S 

Table 7: Vitamin C content (mg/100g) of Broken and Dausha mango as affected by 1-MCP concentration (ppb), storage 

temperature (oC), packaging and cultivar during storage period of 90 d 
 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, storage temperature in oC; PB, paperboard packaging; LSD, least 

significant difference at 5% level; - no value; *Values not compare with any at this level. Values are presented as Means±Standard 
deviations (n=6); S, significant at p<0.05 level 
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D. Total Carotenoids 

Statistically significant differences (p˂0.05) were found 
regarding the effects of 1-MCP concentration, storage 

temperature, packaging and cultivar on total carotenoids 

content of mango fruit (Table 6). The significant increase in 

carotenoids from the initial values for the control and treated 

samples during storage was due to onset and progressive 

ripening. The 1-MCP treated fruit recorded lower increases in 

carotenoids values compared to the control. Higher amount of 

carotenoids in the control was because the control fruit were 

fully ripened and reached early climacteric stage on day 15. 

The higher total carotenoid content exhibited by the control 

shows that 1-MCP treatment had significant effect on 

carotenoid.  
 

The results of this study agree with Mostolji et al., [52] 

who also reported low carotenoids in tomato fruit using 1-

MCP. The lowest carotenoids values recorded for 5000 ppb 
concentration shows that 1-MCP inhibits respiration, ripening 

and senescence processes in the stored fruit. Also, 1-MCP with 

low storage temperature interaction inhibits enzymatic 

activities that lead to biosynthesis of anthocyanin thereby 

slowing down ripening process [53].  
 

Generally, there was a gradual increase in the level of 

carotenoids with storage time irrespective of treatments. These 

findings are in line with that of [54] who found a sharp 

increase in carotenoids during ripening. 
 

 

 

There was a significant difference (p˂0.05) between the 

packaging material and the change in total carotenoid of the 
two mango cultivars (Table 6). The paperboard packaged fruit 

maintained lower carotenoids levels throughout the storage 

period while the unpackaged showed high levels. Carotenoid 

levels reached their peak on day 60 and thereafter decreased 

till day 90. Dausha recorded higher level of carotenoids 

compared to Broken probably due to cultivar differences. The 

low carotenoids recorded in the packaged fruits could be as a 

result of the controlled atmosphere in the packs which reduced 

availability of oxygen required for metabolic enzymes that 

give rise to respiration, ripening and senescence. The results of 

this study is in line with Chilungo et al., [55] who attributed 

the high loss of carotenoids in stored orange-fleshed sweet 
potato flours to its degradation by oxygen. He submitted that 

sealing of flour in kraft paper led to high oxygen transmission 

into the package causing carotenoid oxidation, and hence the 

losses. He however, attributed low loss of carotenoid recorded 

in flour packaged in aluminium foil laminate (AFL) to the 

opaque nature of the AFL as well as the vacuum sealing, 

which might have prevented carotenoid degradation through 

photoisomerization and oxidation. 
 

The interaction effect between 1-MCP concentration and 

storage temperature, 1-MCP concentration and packaging 

material, 1-MCP concentration and cultivar recorded a 

significant effect (p˂0.05) on the total carotenoids of both 

Broken and Dausha fruit throughout the storage period, 

indicating the dependency of these variables on each other 

(Table 6). 

    

 

Variables 

                                        Storage period (d) 

15 30 45 60 75 90 

1-MCP 0 (control) 6.03±0.02 - - - - - 

           1000 5.08±0.03 5.10±0.02 5.47±0.02 7.40±0.02 - - 

           3000 4.30±0.04 4.57±0.01 5.19±0.04 6.20±0.01 6.76±0.03 7.35±0.02 

           5000 4.18±0.05 4.27±0.03 4.38±0.03 5.01±0.00 5.25±0.02 7.02±0.00 

LSD (p≤0.05) 0.09 0.01 0.01 0.09 0.02 0.04 

ST      11 4.26±0.01 4.35±0.02 5.08±0.02 5.10±0.05 5.22±0.01 6.04±0.07 
           13 5.19±0.02 5.06±0.03 4.63±0.04 - - - 

           15 6.14±0.00 7.12±0.01 - - - - 

           29  6.70±0.01 - - - - - 

  LSD (p≤0.05) 0.09 0.01 0.01 0.01 0.02 0.01 

 PB    Packaged 4.30±0.04 4.94±0.01 4.11±0.00 5.16±0.01 5.65±5.65 5.95±0.04 

          Unpackaged 6.04±0.02 7.02±0.04 7.28±0.01 - - - 

 LSD (p≤0.05) 0.06 0.00 0.01 * * * 

 Cultivar  Broken 5.75±0.04 5.09±0.03 6.31±0.02 7.26±0.02 7.46±0.01 - 

                Dausha 4.68±0.05 4.87±0.02 5.09±0.01 5.04±0.01 5.36±0.03 5.62±0.01 

LSD (p≤0.05) 0.06 0.00 0.01 0.07 0.02 * 

                      SE 0.22 0.06 0.01 0.08 0.04 0.41 

                CV (%) 

Interaction  

p.1-MCP×ST 
p.1-MCP×PB 

p.1-MCP×Cultivar 

4.00 

 

NS 
NS 

NS 

5.41 

 

S 
S 

S 

0.45 

 

S 
S 

S 

7.00 

 

S 
S 

S 

3.12 

 

S 
S 

S 

3.13 

 

S 
S 

S 

Table 8: The pH of Broken and Dausha mango as affected by 1-MCP concentration (ppb), storage temperature (oC), packaging 

and cultivar during storage period of 90 d 
 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, storage temperature in oC; PB, paperboard packaging; LSD, least 
significant difference at 5% level; - no value; *Values not compare with any at this level. Values are presented as Means±Standard 

deviations (n=6); NS, nonsignificant at p>0.05 level; S, significant at p<0.05 level 
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E. Vitamin C  

Significant differences (p˂0.05) were observed between 
treatments and vitamin C throughout the storage period (Table 

7). There was an increase in vitamin C content from day zero 

to day 15 with a gradual decrease from day 45 to 90. The 

control showed faster decrease in vitamin C than the fruit 

treated with 1-MCP. Among the treatments, fruit treated with 

5000 ppb 1-MCP recorded significantly higher value of 

vitamin C followed by fruit treated with 3000 ppb 1-MCP on 

day 15. A decreasing trend was observed from day 30 of 

storage up to the end. The results obtained from this study 

indicate that 1-MCP treatments were significant in retarding 

the degradation of vitamin C content of mango fruit during 

storage. Decrease in vitamin C during storage has been 
reported in studies on vegetables such as, capsicum [56], 

banana [57], tomatoes [58] and in mango fruit [30, 59]. The 

decrease in vitamin C content of mango fruit during storage 

may be attributed to the biochemical processes that fruit 

undergo before and after harvest. 
 

There was a significant effect (p˂0.05) between storage 

temperature and vitamin C content (Table 7). The changes in 

vitamin C showed dependence on temperature, with vitamin C 

content decreasing as the temperature increased. For example, 

the vitamin C content recorded on day 15 was 45.52 mg/100g 

and 25.31 mg/100g at 11 oC and 29 oC (ambient) respectively 

and decreases with storage time. The higher vitamin C losses 

at 29 oC than 11 oC may be due to the instability of vitamin C 

at higher temperatures, being heat labile. This result is in line 

with other studies in which increased temperature and storage 
time were associated with increased vitamin C losses [60, 61]. 

These finding show that the combination of 1-MCP treatment 

and low temperature storage will retain more vitamin C during 

storage. Similar results have been reported where juice stored 

at 10 oC with preservatives retained more vitamin C than that 

stored at 29 oC (ambient) temperatures [62]. 
 

The PB packaging also recorded significant effect 

(p˂0.05) on the vitamin C content of mango fruit throughout 

the storage time (Table 7). On the first 15 d of storage, PB 

packaged fruit recorded 45.52 mg/100g of vitamin C while 

unpackaged fruit recorded 38.56 mg/100g. The unpackaged 

recorded lower vitamin C content because it was exposed to 

free oxygen in the atmosphere and can oxidize readily in the 

presence of oxygen by both enzymatic and nonenzymatic 

catalyst [63]. Irrespective of packaging; the vitamin C content 
of the fruit decreased significantly (p˂0.05) with increased 

storage period. Vitamin C losses were lower in fruit stored in 

PB packaging than unpackaged. Similar trend was observed by 

other researchers where mango juice was packaged in 

polyethylene films, polyethylene tetraphthalate (PET or 

Plastic) bottles and transparent glass bottles and stored at 

different temperatures (6 oC, 26 oC and 34 oC) [64]. 
 

There was significant difference (p˂0.05) between 

Vitamin C content and cultivars during storage (Table 7). 

Broken showed slightly higher losses in vitamin C content 

than Dausha throughout the storage period. The difference in 
vitamin C exhibited by cultivars could be as a result of 

maturity, variety, genetic and physiological composition. The 

vitamin C values recorded for various treatments were 

sufficient at day 60 to meet the 45 mg recommended daily 

allowance (RDA) for adults [65], the values above 60 d of 

storage were lower than the RDA.  
 

The interaction effect of 1-MCP concentration and 

storage temperature, 1-MCP concentration and packaging, and 

1-MCP concentration and cultivar on the changes in vitamin C 

content were significant (p˂0.05) (Table7) 
 

F. pH 

At the initial stage, the pH of all the mango samples was in 

acidic medium. However, at 15 d of storage, the pH of 

untreated samples moved faster towards alkalinity while that 

of treated samples moved with a smaller margin towards 

alkalinity but were still within the acidic range (Table 8). At 

day 60 of storage, the 1000 ppb treated samples of Broken 

attained pH in alkalinity region while Dausha remained in 

acidic range, increasing marginally to 5.62 at 90 d of storage. 
In general, the 1-MCP treated fruit maintained their pH in 

acidic region and with increased concentration of 1-MCP 

throughout the storage time. The highest pH values were 

recorded by the control while the lowest was by the 5000 ppb 

1-MCP treated samples.The pH differed significantly (p˂0.05) 

on days 30, 45, 75 and 90 irrespective of treatments (Table 8).  

Lower pH value indicates more acidic fruit and the minimum 

changes in pH may be due to a slower rate of respiration and 

metabolic activities in 1-MCP treated samples [66]. The 

general retention in pH of treated samples might also be due to 

the inhibition of organic acids biosynthesis and ripening by 1-
MCP.  The 5000 ppb 1-MCP treated samples significantly 

(p˂0.05) showed lower pH values compared to 1000 and 3000 

ppb 1-MCP. 
 

Storage temperature had significant (p˂0.05) effect on 
the pH of mango fruit except on day 15 (Table 8). The pH 

increases significantly (p˂0.05) as the storage temperature 

increased at various storage days throughout the storage time. 

Lowest pH values were recorded at   11 oC and higher values 

at 15 oC and ambient (29 oC). Higher temperatures favour 

biosynthesis of organic acids in the fruit resulting in higher pH 

values [67]. 
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Variables 

Storage period (d) 

15 30 45 60 75 90 

1-MCP 0 (control) 0.66±0.03 - - - - - 

            1000 0.81±0.02 0.60±0.02 0.51±0.02 0.41±0.02 -  

            3000 1.36±0.00 1.31±0.02 1.25±0.04 1.08±0.01 0.92±0.2 0.76±0.03 

            5000 1.44±0.01 1.38±0.03 1.32±0.01 1.28±0.02 1.22±0.04 1.17±0.02 

 LSD (p≤0.05) 0.01 0.04 0.01 0.02 0.02 0.03 

ST     11 1.43±0.02 1.40±0.02 1.15±0.01 1.42±0.05 1.31±0.07 1.20±0.01 

          13 1.06±0.03 0.81±0.01 0.35±0.03 - - - 

          15 0.95±0.02 0.70±0.04 - - - - 

          29  0.89±0.02 - - - - - 

 LSD (p≤0.05) 0.01 0.04 0.01 * * * 

PB    packaged 1.39±0.04 1.37±0.02 1.34±0.03 1.32±0.01 0.98±0.01 1.10±0.05 

         Unpackaged 0.78±0.02 0.72±0.01 0.34±0.02 - - - 

 LSD (p≤0.05) 0.01 0.04 0.01 * * * 

Cultivars.Broken 1.06±0.00 1.01±0.02 0.96±0.04 0.93±0.02 0.60±0.04 - 

                Dausha 1.45±0.10 1.28±0.04 1.26±0.01 1.23±0.01 1.06±0.02 0.97±0.01 

     LSD (p≤0.05) 0.00 0.04 0.01 0.01 0.02 * 

                 SE 0.01 0.35 1.23 0.06 0.32 0.04 

                CV (%) 

Interaction  
p.1-MCP×ST 

p.1-MCP×PB 

p.1-MCP×Cultivar 

1.40 

 
S 

S 

S 

0.03 

 
S 

S 

S 

8.00 

 
S 

S 

S 

0.02 

 
S 

S 

S 

0.01 

 
S 

S 

S 

1.02 

 
S 

S 

S 

Table 9: Titratable acidity (%) of Broken and Dausha mango as affected by 1-MCP concentration (ppb), storage temperature (oC), 

packaging and cultivar during storage period of 90 d 
 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, storage temperature in oC; PB, paperboard packaging; LSD, least 

significant difference at 5 % level; - no value, *Values not compare with any at this level. Values are presented as 

Means±Standard deviations (n=6); S, significant at p<0.05 level 

There was a significant (p˂0.05) variation between the 

pH of packaged and unpackaged mango fruit throughout the 

storage period except on day 15 (Table 8). Packaged fruit 

recorded lower pH values than unpackaged fruit. The lower 

pH values recorded in packaged fruit may be due to high 

humidity in the packs which delayed ripening and resulted in 

slow hydrolysis of organic acids [68]. 
 

There was also significant difference (p˂0.05) in pH 

among cultivars throughout the storage time except on day 15 

(Table 8). In each storage period, pH was found to be higher in 

Broken compared to Dausha. The variation in pH might be due 

to differences in maturity stage and genetic dissimilarities 
among the two cultivars [69]. This study, therefore, showed 

that treatment of mango fruit with 1-MCP has significant 

effect on pH and their effectiveness is concentration 

dependent. The pH of mango fruit is determined primarily by 

the acid content of the fruit. The result is in agreement with the 

findings of other researchers [70, 71].  
 

 

 

 

 

There was a significant interaction effect (p˂0.05) 

between 1-MCP concentration and storage temperature, 1-

MCP concentration and packaging material, 1-MCP 

concentration and cultivar on pH of the mango samples 

throughout the storage period except day 15 (Table 8).  
 

G. Titratable Acidity 

The titratable acidity (TTA) of the mango fruit was 

significantly affected (p˂0.05) by 1-MCP concentration, 

paperboard packaging, storage temperature and cultivars 

throughout the storage period (Table 9). Mango fruit subjected 

to 1-MCP treatment showed significantly higher TTA content 

compared to those untreated throughout the storage periods. 
Irrespective of experimental conditions, TTA was found to 

decrease during storage due to ripening of fruit at all storage 

conditions. On the initial day, the TTA of the mature green 

fruit was 1.43 and 1.46 % for Broken and Dausha respectively 

and at 75 d; it decreased to about 0.60 and 1.06 %. The 

decrease in TTA across the storage period may be due to a 

decrease in the concentration of organic acid as ripening 

progresses. There was also conversion of citric acids into 

sugars which were further utilized in other metabolic process 

of the fruits [67, 72]. The sugars may have been consumed 
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during transpiration and respiratory processes [73]. Also, 1-

MCP may have possibly delayed the metabolism of 
carbohydrate [74]. The above mentioned behaviour of the 

mango cultivars studied is in line with that found in tomato 

[75] and strawberry [76]. This result is in line with other 

studies on Guava [77], Pineapple [78] and Plum fruit [79].  
 

The paperboard packaging significantly affected (p˂0.05) 

the changes in TTA of mango fruits during the storage periods. 

Packaged fruits exhibited higher TTA compared to the 

unpackaged fruit (Table 9). The higher TTA associated with 

packaged fruit may be due to low availability of oxygen in the 
storage environment for organic acids biosynthesis. This might 

also be because of slow rate of ethylene production by the 

packaged mangoes [80]. Generally, TTA was high at the early 

stage of storage than the late stage, showing that unripe fruit 

are more acidic than ripe fruit and that ripening reduces the 

acid content in fruit. The findings in this study are in line with 

those earlier reported [28, 30]. 

   

Variables 

Storage period (d) 

15 30 45 60 75 90 

1-MCP 0 (control) 22.04±0.01 - - - - - 

           1000 20.66±0.02 21.94±0.01 21.87±0.00 22.00±0.01 - - 

           3000 19.83±0.02 20.48±0.04 19.10±0.03 20.26±0.03 19.71±0.02 19.86±0.04 

          5000 18.07±0.03 18.25±0.01 17.35±0.00 19.18±0.01 19.13±0.05 18.16±0.01 

  LSD(p≤0.05) 0.07 0.02 0.01 0.02 0.01 0.03 

ST       11 18.16±0.03 18.66±0.01 18.12±0.02 19.08±0.06 18.36±0.01 18.46±0.02 

            13 19.97±0.01 20.85±0.03 16.03±0.05 - - - 
            15 20.33±0.02 21.25±0.01 - - - - 

            29  22.14±0.00 - - - - - 

 LSD (p≤0.05) 0.07 0.45 0.01 * * * 

PB    packaged 18.18±0.02 18.51±0.04 18.62±0.02 19.23±0.01 18.46±0.07 18.22±0.01 

        Unpackaged 20.63±0.00 20.66±0.01 22.53±0.01 - - - 

 LSD (p≤0.05) 0.05 0.37 0.01 * * * 

Cultivars.Broken 20.68±0.02 21.04±0.01 19.68±0.02 20.74±0.02 18.06±0.03 - 

               Dausha 18.13±0.04 18.14±0.02 19.47±0.05 20.55±0.01 19.58±0.01 19.54±0.06 

  LSD (p≤0.05) 0.05 0.05 0.01 0.01 0.01 * 

                  SE 0.17 0.21 0.14 1.07 0.09 1.04 

              CV (%) 
Interaction  

p.1-MCP×ST 

p.1-MCP×PB 

p.1-MCP×Cultivar 

0.80 
 

NS 

NS 

S 

0.90 
 

NS 

NS 

S 

0.60 
 

S 

S 

S 

5.12 
 

S 

S 

S 

0.34 
 

S 

S 

S 

0.07 
 

S 

S 

S 

Table 10: Total soluble solids (%) of Broken and Dausha mango as affected by 1-MCP concentration (ppb), storage temperature 

(oC), packaging and cultivar during storage period of 90 d 
 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, storage temperature in oC; PB, paperboard packaging; LSD, least 

significant difference at 5% level; - no value; *Values not compare with any at this level. Values are presented as Means±Standard 

deviations (n=6); NS, nonsignificant at p>0.05 level; S, significant at p<0.05 level 
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Variables 

Storage period (d) 

15 30 45 60 75 90 

1-MCP  0 (control) 33.40±0.02 - - - - - 

             1000 25.51±0.00 33.57±0.02 34.72±0.04 34.96±0.01 - - 

             3000 19.44±0.03 32.15±0.03 33.25±0.03 33.51±0.03 28.08±0.03 17.44±0.02 
             5000 17.34±0.00 19.37±0.02 21.55±0.01 21.63±0.02 19.41±0.01 18.03±0.01 

LSD (p≤0.05) 0.07 0.02 0.02 0.01 0.01 0.01 

ST         11 16.08±0.02 17.58±0.01 21.32±0.04 21.58±0.02 20.22±0.10 19.10±0.01 

              13 20.22±0.02 21.74±0.02 22.80±0.03 - - - 

              15 21.40±0.03 22.36±0.01 - - - - 

              29  25.78±0.07 - - - - - 

 LSD (p≤0.05) 0.10 0.03 0.03 * * * 

PB       packaged 17.38±0.10 18.01±0.01 19.68±0.02 20.34±0.10 20.13±0.03 18.56±0.01 

           Unpackaged 19.45±0.01 20.69±0.04 24.37±0.01 - - - 

 LSD (p≤0.05) 0.30 0.02 0.05 * * * 

Cultivars.  Broken 18.22±0.04 20.68±0.01 21.67±0.01 22.85±0.02 24.60±0.02 - 

                  Dausha 17.19±0.03 19.15±0.02 19.47±0.01 19.95±0.01 19.24±0.04 18.67±0.03 
 LSD (p≤0.05) 0.10 0.03 0.05 0.01 0.01 * 

                SE 0.47 0.08 0.14 0.09 0.02 0.36 

            CV (%) 

Interaction  

p.1-MCP×ST 

p.1-MCP×PB 

p.l-MCP×Cultivar 

10.16 

 

NS 

NS 

NS 

0.01 

 

S 

S 

S 

0.45 

 

S 

S 

S 

0.23 

 

S 

S 

S 

0.12 

 

S 

S 

S 

0.33 

 

S 

S 

S 

Table 11: Total soluble solids/titratable acidity ratio of Broken and Dausha mango as affected by 1-MCP concentration (ppb), 

storage temperature (oC), packaging and cultivar during storage period of 90 d 
 

1-MCP, 1-Methylcyclopropene concentration in ppb; ST, storage temperature in oC; PB, paperboard packaging; LSD, least 

significant difference at 5% level; - no value; *Values not compare with any at this level. Values are presented as Means±Standard 

deviations (n=6); NS, nonsignificant at p>0.05 level; S, significant at p<0.05 level 
 

There was a significant variation (p˂0.05) between the 

storage temperature and TTA throughout the storage period. 

The TTA decreases with storage temperature and time and is 

highly temperature dependent. The TTA values for day 15 at 

11 oC was 1.43 % and at 29 oC (ambient) 0.89 %. The TTA 

of the fruit stored at 29 oC (ambient) was lower than samples 

stored at 11, 13 and 15 oC. During storage, the fruit kept at 
room temperature (29 oC) recorded TTA similar to that of the 

control (Table 9). At high temperatures, the mango fruit 

ripened in a relatively short storage time resulting to decrease 

in acidity thereby reducing the desired quality of fruit [81]. It 

was also observed from the result of the study that TTA is 

inversely proportional to the TSS content of the fruit.  

Highly significant variation (p˂0.05) was observed in 

the TTA and cultivars throughout the storage period (Table 

9). Dausha exhibited higher TTA values compared to Broken 

at various days of storage. The TTA values of Dausha and 

Broken on day 15 were 1.45 and 1.06 % respectively. The 

difference in TTA of the two mango cultivars might be due to 
genetic and physiological composition. 

 

The interaction term, 1-MCP concentration and storage 

temperature, 1-MCP concentration and packaging, 1-MCP 

concentration and cultivar significantly (p˂0.05) contributed 
to changes in the TTA of the mango fruit throughout the 

storage period. 
 

 

 

 

 

 

H. Total Soluble Solids 

Regardless of storage period control fruit exhibited higher 

total soluble solids content (TSS) compared to the 1-MCP 

treated. There was a tremendous increase in TSS content in 

control (22.04 %) samples for the first 15 days of storage. 

The 1-MCP treated fruit recorded relatively slow increase 

rates in TSS for the first 30 d which gradually reached peak 
values on day 60, and decreased thereafter till the end of the 

storage period (Table 10). The findings of this study are in 

line with the findings of Tefera et al., [82] who also reported 

initial increase in TSS followed by subsequent decrease until 

a full senescence stage was reached. The low TSS content 

recorded in the treated samples at the initial stages of the 

preservation process shows that ripening process was 

inhibited by 1-MCP. Among the 1-MCP treatments, 3000 

and 5000 ppb recorded lower TSS contents with 5000 ppb 

treatment being the lowest. The observed increment in TSS 

to peak levels and subsequent decline followed natural fruit 

ripening and senescence processes seen in related traits like 
colour change and firmness which are typical of postharvest 

change in climacteric fruit [83]. This result is in agreement 

with the findings of Dharmasenal and Kilmari [84] and 

Salvador et al., [85] who reported increase in TSS of 

different banana varieties from 0 to 17 % over a storage 

period of 16 d. The increase in TSS of the mango fruit in this 

work could be due to the hydrolysis of various structural 

polysaccharides, such as starch, pectins, and other 

oligosaccharides in the cell wall. These polysaccharides 

when solubilized in the aqueous phase become part of the 

cellular juice [86]. In the same way the starch that has 
accumulated during fruit maturation is being degraded to 
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simple sugars by the enzymatic action of α-amylase, β-

amylase and starch phoshorylase thereby increasing the TSS 
content [48]. 

 

There was significant variation (p˂0.05) in the effect of 

storage temperature on TSS (Table 10). The TSS content 

increased with storage temperature throughout the storage 
time. On day 15 and at 11 oC, TSS was 18.16 %, at 29 oC 

(ambient) it increased to 22.14 %. Higher storage 

temperatures yielded rapid increase in TSS of the mango 

fruit. At 29 oC, the mango fruit exhibited a shorter time for 

ripening resulting to higher TSS. On the other hand, the 

mango fruit stored at 11, 13 and 15 oC ripened more slowly 

and therefore had low TSS content. A delay in change in TSS 

content indicates prolongation of the postharvest life of the 

mango fruit [87].  
 

There was significant difference (p˂0.05) in the TSS of 

packaged and unpackaged mango fruit during the storage 

period (Table 10). Mango fruit packaged in paper board 

maintained low TSS (18.18 to 19.23 %) throughout the 

storage period. Unpackaged fruit on the other hand had 

higher TSS (20.63 to 22.53 %). This clearly shows that 
packaging delays ripening process. The unpackaged fruit 

attained the highest TSS level on day 45 while paperboard 

packaged fruit reached maximum TSS level (19.23 %) on 

day 60. This result showed that PB packages delayed 

ripening period of mango fruit for more than 60 d. This 

similar trend was observed by Alye [31]. 
 

The difference in TSS between PB packaged and 

unpackaged could be as a result of modified atmosphere 

created by the packaging system and the binding of 1-MCP 

with ethylene receptor. The delay in ripening of the fruit may 

be due to slow hydrolysis of starch, pectic acid, proteins and 

fats resulting to low TSS. The decrease in TSS after 60 d of 

storage may be due to further utilization of sugars during 

respiration and degradation of total soluble substances 

because of prolonged storage. Zagory and Kedar [49] and 
Golding et al., [88] both reported similar trends. On the other 

hand the observed increment in TSS content of unpackaged 

fruit may be due to high respiration rate and ripening thereby 

resulting in quality deterioration with the onset of senescence 

]89]. 
 

There was significant difference (p˂0.05) in TSS of the 

mango fruit varieties (Table 10). Broken exhibited higher 

TSS throughout the storage period while Dausha showed 

lower TSS. The differences in TSS among mango varieties 

might be due to genetic and physiological characteristics. It 

has also been reported that the ability of 1-MCP to inhibit 

ethylene production varies with cultivar [29].  
 

The interaction effect showed no significant difference 

(p>0.05) between 1-MCP concentration and storage 

temperature, 1-MCP concentration and packaging on day 15 

and 45 but significantly different (p<0.05) on day 45 to 90 

while the interaction effect between 1-MCP concentration 

and cultivar on total soluble solids of mango fruit showed 

significant difference (p<0.05) throughout the storage period 
(Table 10). 

 

 

I. TSS/TTA Ratio 

The delay in the degradation of starch and organic acids 
by 1-MCP has given rise to significantly lower TSS/TTA 

ratio in 1-MCP treated fruit when compared with the control 

(Table 11).  Whereas at day 15, the control had high 

TSS/TTA ratio of 33.40, that of 5000 ppb 1-MCP treated 

samples was low, being 12.55. The TSS/TTA ratio for day 15 

of treated samples was nonsignificant (p˃0.05) but 

significantly different (p˂0.05) from day 30 to 90 of the 

storage time. This may be due to the metabolism of sugars 

and organic acids as the effect of 1-MCP tends to depreciate. 

The results obtained in the present work for TSS/TTA ratio is 

higher than 10.81 reported for the control, 9.90 to 10.44 for 

the 1-MCP treated on day 15, 10.52 to 11.72 and 9.61 to 
11.85 reported for 1-MCP treated on day 30 and 45 

respectively by Rosa et al., [90]. However, the findings in the 

study are lower than those reported by Zucoloto et al., [91]. 

The differences in the values could be as a result of 

treatments, variety, climate and time of harvesting. It has 

earlier been reported that the TSS/TTA ratio is often better 

related to palatability of the fruit than either TSS or TTA 

levels alone [34]. The ratio is considered as a key 

characteristic determining the taste, texture and feel of fruit 

segments. It is also an indicator of commercial and sensory 

ripeness. Therefore, fruit with high TSS/TTA ratio are rated 
high in quality while those with low TSS/TTA rated low in 

quality [70]. However, the low TSS/TTA ratio recorded at 

the initial stage in treated fruit does not mean that they have 

inferior eating qualities but because they have not reach their 

ripening stage due to 1-MCP treatments.  
 

The results showed significant interaction (p<0.05) 

between 1-MCP concentration and cultivar, 1-MCP 

concentration and packaging, and 1-MCP concentration and 

storage temperature for TSS/TTA ratio throughout the 

storage period indicating that the ratio is concentration-

dependent. 
 

IV. CONCLUSION 
 

The 1-MCP concentration, packaging material, storage 

temperature and time exhibited significant effect (p˂0.05) on 

the postharvest quality of the two mango cultivars, Broken 

and Dausha. The 1-MCP treated and packaged fruit stored at 

refrigerated temperatures showed the least decay/chilling 

injury, better colour retention and firmness. It maintained 

total carotenoids, vitamin C, titratable acidity, low pH values 

and TSS/TTA ratio for the two cultivars investigated. The 

results showed that 1-MCP application could be used in 

maintaining the postharvest quality of mango fruit. Further 

investigation may be needed to evaluate other forms of 
application of 1-MCP (liquid or spray) and packaging 

materials on mango cultivars and other food crops grown in 

Nigeria.                             
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