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1. Introduction 

 
Mango is one of the most important fruit crops in 

tropical and subtropical regions of the world 

(Salunkhe and Desai, 1984; Islam et al., 2016). Its 

fruits are fleshy, generally sweet in taste and vary 

considerably in size, shape, colour, flavour, and 

composition (FAO, 2002). Like other tropical 

fruits, mango is seasonal, with relatively short 

post-harvest shelf life due to its perishability. 

Mango is now cultivated throughout the tropical 

and subtropical world for commercial fruit 

ABSTRACT 

A study was carried out in 2018 to determine the effect of fruit maturity stage on physical properties of 

Mabrouka mango fruits in Benue State with a view to establishing appropriate harvest criteria for the variety. 

Mango orchards for the study were selected from three Local Government Areas (LGAs) of the State, namely, 

Gboko, Konshisha and Otukpo. Five trees in each location, based on similarities in age and vigour were sampled 

for data taking. Fruit maturity or ripening stages were based on weeks after flowering (WAF). The experiment 

was a 3 × 6 factorial arranged in completely randomized design (CRD) and replicated three times. The factors 

were the three locations (Gboko, Konshisha, Otukpo) and 6 maturity stages (21, 22, 23, 24, 25 and 26 WAF). 

Analysis of variance showed that location significantly influenced all physical parameters evaluated except 

specific gravity and pulp: stone ratio. Fruits from Konshisha were heavier and longer but had shorter girths. Fruit 

ripening stage significantly influenced all the physical traits examined. Most of the traits increased with increase 

in weeks after flowering except stone percentage and pulp: peel ratio that took the opposite trend. Fruits from 

Konshisha were also more firm compared to the other locations. Peel firmness, pulp firmness, days to ripening 

and shelf life were inversely proportional to fruit maturity stage (weeks after flowering). It was generally 

observed that fruits harvested 26WAF had highest weight and pulp percentage but the shortest shelf life. Fruits 

harvested 21 WAF had the longest shelf life. It may be concluded that for immediate consumption, fruits could 

be harvested 26 WAF while for delayed consumption like shipment to distant markets, harvest could be done 

earlier. 
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production, as a garden tree, and as a shade tree 

for stock (Bally, 2006). World production of 

mango reached 38.67 million metric tonnes in 

2010, an increase from 35.62 million metric 

tonnes recorded in the previous year (FAOSTAT, 

2012). Africa accounts for approximately 10.77% 

of global mango production while America and 

Asia accounts for approximately 12.62% and 

76.49% respectively (FAOSTAT, 2012). Mango is 

commercially grown in 90 countries. India is the 

largest producer among the mango producing 

countries, accounting for 42.25% of global 

production in 2010 with a yield of 16.34 million 

metric tonnes, followed by China and Thailand at 

4.35 million metric tonnes (11.25%) and 2.55 

million metric tonnes (6.60%), respectively. Other 

leading mango producing countries and their 

respective share of world production in 2010 

include Pakistan (4.61%), Mexico (4.22%), 

Indonesia (3.40%), Brazil (3.07%), Bangladesh 

(2.71%), the Philippines (2.14%), Nigeria (2.04 

%), Egypt (1.31%) and Peru (1.18%), respectively 

(FAOSTAT, 2012). 

The stage of development at which a product is 

regarded as mature depends on its final use (El-

Ramady et al., 2015). Harvesting at optimum 

maturity is a critical step, which determines the 

potential storage life, flavour and consumer 

acceptance of mango fruit (Medlicott et al., 1988; 

Seymour et al., 1990; Singh and Singh, 2011). 

The degree of maturity at harvest is the most 

important factor that determines the fruit quality 

as well the period for which fruit can be stored 

without losing quality. Kader (1999) asserted that 

the eating quality of mangoes when ripe depends 

upon maturity at harvest. Picking of the fruits 

either earlier or later than proper harvest maturity 

subjects the fruit to physiological disorders. 

Immature harvested fruits are subject to 

shrivelling, mechanical damage and inability to 

achieve premium quality standards required by 

consumers. On the other hand, ripe and overripe 

harvested fruits will be too soft or mealy with 

tasteless flavour and cannot reach consumers 

(Kader, 1999). Generally, a compromise between 

an earlier and a late harvest has to be reached to 

achieve the premium quality for consumer and in 

the same time extend post-harvest life for 

marketing. Mango fruit have better aroma quality 

(Bender et al., 2000), if harvested at advanced 

maturation, but reduces the storage potential 

(Seymour et al., 1990). In order to meet the 

quarantine requirements, mango fruit must be 

harvested at optimum harvest maturity to suit to 

the post-harvest vapour heat or hot water 

treatments (Jacobi et al., 2001; Jacobi and Wong, 

1992). Commercial harvesting decision by farmers 

are usually influenced towards achieving better 

shelf life and receiving a good market price by 

harvesting fruit at appropriate maturity stage. 

There is a guideline of maturity indices which can 

be applied to determine fruit maturity (Amarakoon 

et al., 1999). According to Mitcham and 

McDonald (1992), six stages of maturity and 

ripeness of “Keitt” and “Tommy Atkins” mangoes 

are as follows: (1) Immature- green 

(underdeveloped shoulders); (2) Mature-green 

(well-rounded shoulders); (3) Firm (yields slightly 

under pressure); (4) Fairly-firm (yields 

significantly under pressure); (5) Soft-ripe (soft 

fruit); and (6) Over-ripe (extremely soft, mushy). 

Maturity at harvest is the most important 

determinant of storage-life and final fruit quality 

(Kader and Rolle, 2004). There is no particular 

parameter for judgment of fruit maturity; it 

depends on mango type, variety, production 

conditions, and location (Mitra and Baldwin, 

1997). Fruits harvested before they reach full 
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maturity may not be ripened adequately after 

harvest, or in some cases (when harvested 

immature) they will never ripen. On the other 

hand fruits harvested when over-ripe are very 

sensitive to bruising, decay and to water loss and 

quality deterioration, and will not have a long 

post-harvest life (Yahia, 1999). In addition, fruit 

harvested over-ripe will show defects, such as 

jelly seeds or jelly pulp very shortly after harvest, 

and major quantitative and qualitative losses will 

occur. Jelly seed, which shows in large quantities 

of fruits and especially those picked over-ripe, 

deteriorate the internal quality of the fruit (Yahia, 

1999).  Post-harvest physiologists over the years 

have distinguished three distinct stages in the life 

span of fruits and vegetables: maturation, 

ripening, and senescence (Addo et al., 2015). 

Maturation is indicative of the fruit being ready 

for harvest (FAO, 2008; Addo et al., 2015). It 

must be ensured that properly matured fruits are 

harvested because maturity stage is the starting 

point of post-harvest quality management. Fruits 

should be allowed to reach the appropriate stage 

of development based on physiological and 

horticultural maturity before they are harvested 

(Ahmad and Siddiqui, 2016). 

Traditionally mango is harvested based on 

judgments through the growers by observing the 

appearance of the fruit. Common criteria for 

judging maturity include physical attributes such 

as skin colour, flesh firmness, size, shape and 

moisture or solid contents; chemical attributes 

such as sugar, starch or acid contents; estimation 

of development stage and morphological 

evaluation (Sultana et al., 2017). Kader and 

Mitcham (2008) reported that there are several 

factors which affect fruit quality including 

maturity at harvest as an important factor in 

determining eating quality of ripe mangoes. Many 

maturity indices have been tested however, due to 

differences among cultivars, production 

conditions and locations, there is no consensus on 

maturity indices (Mitra and Baldwin, 1997).  

Mabrouka is one of the mango varieties grown in 

Benue State, due among others, to its taste and 

high yield. Huge post harvest losses are 

experienced yearly due to several factors 

including wrong time of harvesting. In most fruits, 

quality is maximized when the fruits are harvested 

more mature or ripe, whereas shelf and storage life 

are extended if they are harvested less mature or 

unripe (Toivonen, 2007). Fruits harvested 

prematurely especially those targeting far-flung 

markets fail to attain optimal sensory attributes 

which affects consumer acceptance. Also, their 

shelf life is very short because they are highly 

susceptible to mechanical damage (Yahia, 2011). 

To optimize fruit quality and enhance shelf life of 

produce, it becomes pertinent to look at physical 

attributes of mango fruit that will correctly 

indicate the right time of harvest of Mabrouka 

mango fruit. This study was therefore embarked 

upon to investigate the effects of fruit maturity 

stage on physical attributes and shelf life of 

Mabrouka fruit in Benue State, Nigeria.  

2. Materials and Methods 

Private mango orchards were selected in three 

Local Government Areas of Benue State, in 

Southern Guinea Savanna of Nigeria (Latitude.to, 

2018). The Local Government Areas were 

Konshisha (Latitude 7º 01'47.75” N, Longitude 8º 

39’37.33” E) Otukpo (Latitude 7º 16' 1.06” N, 

Longitude 8º 04’3.50” E) and Gboko (Latitude 7º 

18' 58.18” N, Longitude 8º 54’6.01” E). 
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Five mango trees of similar age and vigour were 

selected from each location and tagged at 50% 

flowering. The number of days from 50% 

flowering to physiological maturity of fruit 

(mature green stage), based on flesh colour 

(yellowing of the flesh around the seed) was 

established as stage one (1) [21 weeks after 

flowering or 147 days after flowering]. 

Subsequent stages were stage two (2) [22 weeks 

after flowering or 154 days after flowering], stage 

three (3) [23 weeks after flowering or 161 days 

after flowering], stage four (4) [24 weeks after 

flowering or 168 days after flowering], stage five 

(5) [25 weeks after flowering or 175 days after 

flowering] and stage six (6) [26 weeks after 

flowering or 182 days after flowering] were taken 

seven (7) days apart. At each harvest date, 10 

fruits were harvested from all over the tree using a 

cloth bag attached to a long pole. The fruits were 

immediately washed in water which was sanitized 

using 1% acetic acid for disinfection. Only 

uniform fruits were selected. Selected fruits from 

each mango tree in the same location were bulked 

and divided into two lots of 25 fruits each. One lot 

was analysed as fresh fruits for physical characters 

while the other lot was analysed after ripening 

under laboratory conditions to determine physical 

characteristics and the number of days required for 

ripening of the fruits. Physical characters were 

determined in the Physics laboratory of Benue 

State University Makurdi. 

The experiment was a 3 × 6 factorial laid out in 

Completely Randomized Design (CRD). The 

factors were: 

i. Three locations (Konshisha, Gboko and 

Otukpo). 

ii. Six stages of maturity; defined as 21, 22, 23, 

24, 25 and 26 weeks after flowering as stated 

earlier. The mango variety “Mabrouka” was 

used for the experiment.  

Data were collected on pertinent physical 

parameters. As such, six fruits were randomly 

selected from each location at each stage and their 

lengths and girths were taken using a 100cm 

measuring tape. The fruits were also weighed 

using an electronic weighing balance 

The specific gravity of mango fruits was 

determined by dividing the weight of the fruit in 

air by the volume of the fruits as obtained by 

water displacement method. 

Specific Gravity = 
Weight of fruit

Volume of fruit
 

The pulp, peel and stone percentage were 

determined by randomly selecting two mango 

fruits which were peeled and the flesh separated 

from the stone using a kitchen knife. The peel, 

pulp and stone were weighed separately and the 

percentage weights were calculated accordingly 

and this was repeated three times. 

The pulp, peel and stone were separated, weighed 

individually and expressed as pulp to peel ratio. 

 Pulp to peel ratio = 
Pulp weight

Peel weight
 

The pulp, peel and stone were separated, weighed 

individually and expressed as pulp to stone ratio.  

Pulp to stone ratio = 
Pulp weight

Stone weight
 

To estimate moisture and dry matter contents, an 

empty container was weighed on an electronic 
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micro balance and labelled ‘A’. Chopped fresh 

pulp samples were transferred into the container 

weighed and labelled ‘B’. The samples were 

placed in an air ventilated electric oven at 100°C 

for 24 hours (Kushman et al., 1966). The samples 

were then transferred with the container from oven 

into a desiccator and cooled at room temperature 

and then weighed to obtain the dry samples ‘C’. 

Percentage moisture and dry matter content of the 

samples was calculated using the following 

formula; 

a. Wet weight of sample = B – A   

b. Dry weight of sample  = C –A    

c. Moisture content (%)   =   
D−E

E × 100
 

A penetrometer was used to determine firmness of 

fruits. Peel firmness was measured at three 

different points on the fruit while flesh firmness 

was determined from the peeled portions of three 

sampled fruits at all the maturity stages. The probe 

was allowed to penetrate to a depth of 1.5cm and 

the corresponding force required to penetrate this 

depth was determined. Firmness was expressed as 

kg/square cm. 

The colour of both the flesh and peel was 

measured using WR10 Portable Precise 

Colorimeter. 

The number of days taken for the complete 

ripening of fruits was determined by counting the 

number of days from the date on which the fruit 

was harvested to the day it attained desirable 

flavour, quality, colour, palatable nature and other 

textural properties. This was achieved with the 

help of judges and general appearance of the fruits 

(Sensory properties are reported elsewhere). 

The shelf life (days) of mango fruit from each 

treatment was recorded during the period of 

storage. Mango was stored in woven baskets and 

covered with a cloth. This was calculated from the 

date of harvesting to last edible stage. 

3. Results  

A summary of the effect of maturity stage on 

fruits physical attributes of Mabrouka mango 

cultivar across the studied locations is presented in 

Table 1. Location exerted significant effect on all 

the parameters investigated except specific gravity 

and pulp: stone ratio. The longest fruits with 

shorter girths were obtained from Konshisha 

location. They were also comparatively heavier 

than those from the other two locations, with fruits 

from Gboko having the least weight. Fruits gotten 

from Otukpo had higher pulp content (63%) 

compared to the other locations. Interestingly, 

fruits from Gboko had the lowest fruit length, fruit 

weight, and peel percentage, but best pulp: peel 

ratio. Stone percentage was in the order Gboko > 

Konshisha > Otukpo. 

Fruit ripening stage however significantly 

influenced all the traits examined. Generally, fruit 

length, fruit girth, fruit weight, specific gravity, 

pulp percentage and peel percentage increased 

with increase in weeks after flowering from 21 to 

26. Conversely stone percentage and pulp: peel 

ratio decreased with increase in weeks after 

flowering. Pulp: stone ratio on the other hand did 

not show any defined pattern of change as 

flowering time increased. 

Table 2 summarizes main effects of location and 

ripening stage on firmness of peel and pulp as  
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well as days to ripening and shelf life of 

Mabrouka fruits. Fruits from Konshisha were 

more firm than those from Otukpo, the least being 

the fruits from Gboko. Location did not influence 

peel firmness, days to ripening and shelf life.  In 

contrast, maturity stage significantly influenced all 

the attributes considered. There was an inverse 

relationship between peel firmness, pulp firmness, 

days to fruit ripening, shelf life and ripening stage.  

Interaction effect of the factors on evaluated traits 

is summarized in Tables 3 and 4. Apart from 

specific gravity, pulp firmness, days to ripening  

Table 1: Effect of location and ripening stage on physical attributes of Mabrouka mango fruit from 

Benue State, Nigeria 

Treatment 

Fruit 

length 

(cm) 

Fruit 

girth 

(cm) 

Fruit 

weight 

(cm) 

Specific 

gravity 
Pulp % Peel % Stone % 

Pulp: 

peel 

Pulp: 

stone 

Location 

Gboko 18.1 31.1 541.6 1.01 62.6 22.6 14.8 3.04 5.51 

Konshisha 18.9 30.8 575.4 1.00 62.1 24.7 13.2 2.48 5.38 

Otukpo 18.5 31.0 558.5 1.01 63.0 24.2 12.9 2.70 5.48 

LSD (0.05) 0.11 0.19 7.49 NS 0.60 0.38 0.77 0.15 NS 

Ripening Stage 

21WAF 17.0 29.2 489.8 0.97 58.6 18.2 23.2 4.01 5.78 

22 WAF 17.8 30.3 509.9 0.99 60.4 22.5 17.1 2.80 5.39 
23 WAF 18.4 30.8 538.3 1.00 62.1 24.0 13.8 2.68 5.71 

24 WAF 18.9 31.1 569.4 1.01 63.6 25.2 11.2 2.68 5.40 

25 WAF 19.2 32.0 607.2 1.03 64.5 26.1 9.4 2.21 5.19 

26 WAF 19.8 32.3 636.7 1.04 66.0 27.1 6.9 2.05 5.22 

LSD (0.05) 0.14 0.26 5.31 0.01 0.85 0.54 1.69 0.22 0.23 

 

Table 2: Main effect of location and ripening stage on peel firmness, pulp firmness, days to ripening 

and shelf life of Mabrouka mango fruits 

Treatment 

Moisture 

content 

(%) 

Dry 

matter 

(%) 

Peel Firmness 

(kg/cm2) 

Pulp Firmness 

(kg/cm2) 

Days to 

Ripening 

Shelf Life 

(Days) 

Location       

Gboko 76.2 23.8 7.4 2.6 7.2 13.8 

Konshisha 76.9 23.1 7.6 3.3 7.1 13.6 

Otukpo 75.8 24.2 7.4 3.0 6.9 14.2 

LSD (0.05) 0.23 0.23 NS NS NS NS 

Ripening Stage 

21WAF 71.6 28.4 9.7 4.6 11.4 19.6 

22 WAF 72.1 27.9 9.1 4.4 9.8 15.7 

23 WAF 73.8 26.2 9.1 3.8 7.6 13.4 

24 WAF 79.0 21.0 7.9 2.8 6.6 13.2 

25 WAF 80.0 20.0 5.0 1.6 4.7 12.3 

26 WAF 81.2 18.8 3.9 0.4 2.4 8.9 

LSD (0.05) 0.33 0.33 0.32 0.14 0.81 1.57 
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and shelf life, the rest of the traits considered 

responded significantly to interaction of the 

factors. Generally, among traits showing 

significant response, there was an increase in 

value of the traits as maturity advanced. The only 

exception was stone percentage, pulp: peel ratio, 

pulp: stone ratio, dry matter and peel firmness. 

The magnitude of change however, appeared to 

vary with location. 

Table 5 presents results of location, maturity stage 

and their interaction on the peel colour (L* a* b*) 

of Mabrouka fruits. The lightness (L*) of 

Mabrouka fruit increased with increase in the 

number of weeks after flowering in all the 

locations evaluated. In all the locations, the peel 

colour of Mabrouka fruit became less green and 

more yellow as the number of weeks after 

flowering increased. Similar observation was 

made for pulp colour. 

On a general note, the peel colour of Mabrouka 

fruits (54.68) from Gboko was lighter than those 

from Otukpo (52.22) and Konshisha (48.69), 

respectively. However, Konshisha produced 

greener fruits (-7.34) than Otukpo (-6.25) and 

Gboko (-5.74), respectively while Gboko 

produced more yellowish fruits (47.81) than 

Otukpo (44.72) and Konshisha (41.40). 

Table 3: Interaction effect of location and ripening stage on physical attributes of Mabrouka mango 

fruit from Benue State, Nigeria 

Location 
Ripening 

Stage 

Fruit 

length 

(cm) 

Fruit 

girth 

(cm) 

Fruit 

weight 

(cm) 

Specific 

gravity 

Pulp 

% 

Peel 

% 

Stone 

% 

Pulp: 

peel 

Pulp: 

stone 

Gboko 21WAF 16.9 30.0 477.9 0.97 59.1 14.6 26.3 5.0 6.0 

 22 WAF 17.6 30.4 505.8 0.99 60.2 21.6 18.2 3.1 5.5 

 23 WAF 18.0 30.8 522.2 1.03 60.9 23.6 15.6 2.7 6.2 

 24 WAF 18.3 31.4 544.1 1.01 63.3 23.7 13.0 3.1 5.7 

 25 WAF 18.7 31.8 578.6 1.04 64.8 25.3 9.9 2.3 4.8 

 26 WAF 19.4 32.3 62.2 1.04 67.1 27.0 5.9 2.1 4.8 

           

Konshisha 21WAF 17.1 28.4 501.7 0.98 57.5 20.9 21.7 3.2 5.6 

 22 WAF 18.1 30.3 513.9 0.99 59.2 23.0 17.8 2.7 5.3 

 23 WAF 18.9 30.6 554.3 0.99 62.2 24.6 13.2 2.7 5.3 

 24 WAF 19.5 30.8 595.6 1.01 63.7 26.0 10.4 2.4 5.1 

 25 WAF 19.7 32.1 635.8 1.02 64.5 26.7 8.9 2.0 5.6 

 26 WAF 20.1 32.3 652.3 1.03 65.3 27.3 7.4 1.9 5.5 

           

Otukpo 21WAF 17.0 29.2 489.8 0.97 59.1 19.2 21.7 3.9 5.8 

 22 WAF 17.8 30.3 509.9 0.99 61.3 23.0 15.4 2.6 5.4 

 23 WAF 18.4 30.8 538.3 1.00 63.3 23.9 12.8 2.7 5.7 

 24 WAF 18.9 31.1 569.4 1.02 63.8 25.9 10.4 2.5 5.4 

 25 WAF 19.2 32.0 607.2 1.03 64.5 26.2 9.4 2.3 5.2 

 26 WAF 19.8 32.3 636.7 1.04 66.0 27.1 7.4 2.2 5.4 

LSD (0.05)  0.23 0.45 12.97 NS 1.47 0.93 1.89 0.37 0.41 
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4. Discussion 

Data obtained from the study showed that 

Mabrouka fruit growth in terms of length, girth 

(breath) and weight increased significantly with 

increase in maturity. This is consistent with the 

findings of Wongmetha et al. (2015) and Banik 

and Sen (2003) who also reported an increase in 

fruit weight, length and width during growth. 

Fruits such as mango express a single sigmoid 

seasonal growth pattern (Dutta and Dhua, 2004) 

which is characterized by an initial slow increase 

in size after bloom followed by a relatively rapid 

increase in size and then a slowdown in growth as 

fruit maturity is approached (Lakso and Goffinet, 

2003). Fruit growth also varied with location. 

Among the locations evaluated, Konshisha 

produced the highest fruit length and weight but 

Gboko produced the highest fruit girth. The 

differences in fruit size among the locations may 

be due to differences in environmental conditions. 

Final fruit size is mainly controlled by 

temperature during the first weeks after bloom, i.e. 

during the period of cell division (Lurie, 2002; 

Tromp and Wertheim, 2005). Other environmental 

factors such as available soil moisture and nutrient 

availability influence fruit development and final 

quality. 

Table 4: Interaction effect of location and ripening stage on firmness properties, days to ripening and 

shelf life of Mabrouka mango fruit from Benue State, Nigeria 

Location 
Ripening 

Stage 

Moisture 

content (%) 

Dry 

matter 

(%) 

Peel 

Firmness 

Pulp 

Firmness 

Days to 

Ripening 

Shelf 

Life 

(Days) 

Gboko 21WAF 72.2 27.8 4.4 9.7 12.0 19.3 

 22 WAF 71.8 28.1 4.5 9.1 10.3 16.7 

 23 WAF 71.9 26.1 3.5 9.0 7.3 13.7 

 24 WAF 70.2 20.8 2.0 8.0 6.3 12.7 

 25 WAF 80.0 20.0 0.7 4.6 4.7 11.7 

 26 WAF 80.1 19.8 0.3 3.8 2.7 8.7 

        

Konshisha 21WAF 71.5 28.5 4.9 9.7 10.7 17.3 

 22 WAF 72.4 27.6 4.3 9.1 9.3 14.7 

 23 WAF 74.5 25.5 4.2 9.1 8.3 13.0 

 24 WAF 79.6 20.4 3.7 8.2 7.0 14.0 

 25 WAF 80.6 19.4 2.4 5.3 4.7 13.3 

 26 WAF 82.8 17.2 0.5 4.0 2.3 9.3 

        

Otukpo 21WAF 71.3 28.7 4.6 9.7 11.7 22.0 

 22 WAF 71.0 28.1 4.4 9.1 9.8 15.8 

 23 WAF 73.1 27.0 3.8 9.1 7.0 13.7 

 24 WAF 78.3 21.7 2.8 7.9 6.3 12.8 

 25 WAF 79.5 20.5 1.6 5.0 4.7 12.0 

 26 WAF 80.7 19.3 0.4 3.9 2.2 8.7 

LSD (0.05)  0.57 ???? 0.24 NS NS NS 
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Location and location x maturity stage had no 

effect on specific gravity of Mabrouka but 

maturity stage showed significant effect. The 

specific gravity of Mabrouka increased with 

increase in the number of days after flowering and 

ranged from 0.97 to 1.04. Yahia (1998), reported 

that specific gravity ranges from 0.97 to 1.04 and 

may sometime be an unreliable maturity index. 

Pal et al. (1987) concluded that specific gravity of 

about 1.02 was a good maturity index. This 

suggests that Mabrouka fruits should be harvested 

between 24 to 25 weeks after flowering for 

optimum fruit quality.  

The pulp and peel percentage of Mabrouka 

increased as maturity increased but the stone 

percentage was observed to decrease with increase 

in maturity. Kudachikar et al. (2003) also noted 

that both peel and pulp percentage increased as 

fruit growth advanced towards maturity. Pulp, 

peel and stone percentage varied with location due 

to differences in environmental conditions of the 

locations. Otukpo, Konshisha and Gboko 

produced the highest pulp, peel and stone 

percentage respectively.  

As maturity proceeded, the pulp to peel ratio of 

Mabrouka decreased. This contradicts the findings 

of Amin et al. (2015) and Kamol et al. (2014) who 

reported an increase in pulp to peel ratio with 

advancement in maturity stage in banana and 

pineapple respectively. The decrease could be 

attributed to greater increase of sugar in the peel 

than pulp and/or the osmotic transfer of moisture 

from the pulp to the peel with physiological 

advancement of the fruits. The decrease in pulp to 

stone ratio with advancement in maturity could 

also be ascribed to transfer of moisture from the 

pulp to the stone during ripening. 

Dry matter percentage of Mabrouka dwindled 

with advancement in maturity. The maximum dry 

matter percentage was produced at 21 weeks after 

flowering while the minimum dry matter 

percentage was obtained at 26 weeks after 

flowering. This contradicts the findings of Kapilan 

and Anpalagan (2015) who reported an increase in 

dry matter content of Kilichondan mangoes. The 

decrease in dry matter percentage of Mabrouka 

with increased maturity period may be due to the 

increased water accumulation in the pulp.  

Percentage moisture content of Mabrouka 

increased as maturity advanced probably due to 

accumulation of water in the various 

compartments of fruit growth. This is consistent 

with the findings of Tridjaja and Mahendra (2000) 

who reported an increase in fruit moisture of 

mango with increased fruit maturity. Mango is a 

fleshy fruit containing more than 80% water 

(Lakshimnarayana et al., 1970). Fruit growth after 

cell division consists in the enlargement of fruit 

cells characterized by a large accumulation of 

water that results from the balance between 

incoming fluxes such as phloem and xylem, and 

outgoing fluxes such as transpiration (Ho et al., 

1987; Léchaudel and Joas, 2007). Otukpo 

produced the highest dry matter percentage of 

Mabrouka among the locations studied while 

Konshisha produced the highest percentage 

moisture content. The variation in dry matter 

percentage and percentage moisture content of 

Mabrouka among the locations is probably due to 

variation in soil water content, soil fertility, 

temperature and other environmental factors. 

There was a reduction in peel firmness as maturity 

advanced. The highest and lowest peel firmness 

was observed at 21 and 26 weeks after flowering 

respectively. A similar trend was observed with 
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pulp firmness where pulp firmness abated with 

progression in maturity stage. This is consistent 

with the findings of Okoth et al. (2013a) who 

reported a decreasing trend with ripening for both 

skin and flesh firmness. This trend may be 

attributed to the natural degradation of fruit cell 

wall. Cell wall degradation is the major factor that 

causes softening of several fruits. This involves 

the degradation of cellulose components, pectin 

components or both (Paliyath and Murr, 2008; 

Wongmetha et al., 2015). With respect to 

firmness, panellist scores showed that at harvest, 

there was a preference for fruits harvested at 24 

and 25 weeks after flowering. The variation in 

pulp firmness observed in the locations evaluated 

was due to variation in environmental factors. 

As maturity progressed, the peel of Mabrouka 

became lighter, gradually lost its greenness and 

became more yellowish. The pulp also became 

lighter and reddish yellowish. This result is in 

partial agreement with the findings of Okoth et al. 

(2013a). This indicated a synthesis and 

accumulation of β-carotene (Azzolini et al., 2005) 

in parallel to degradation of chlorophyll and a 

possibility of unmasking of the yellow/red colour 

(Okoth et al., 2013a). Change in fruit colour is the 

most obvious signal of maturity (Wills et al., 

2007). Skin colour has an effect on the final 

consumers’ favourite choice and taste 

(Tharanathan et al., 2006) and it has been 

recognized as an acceptable maturity index for 

many fruits such as mango (Sultana et al., 2017) 

but sometimes inaccurate. In this study, it was 

observed that the preferred peel and pulp colour 

was at 26 weeks after flowering. The peel and 

pulp colour of Mabrouka varied with location 

probably due to differences in environmental 

conditions.  

As maturity of Mabrouka advanced, fewer 

numbers of days were required to ripen. Dick et 

al. (2009) made a similar observation when they 

evaluated the influence of maturity stage of mango 

at harvest on its ripening quality. Maturity stage of 

fruit at harvest has significant effect on the 

ripening time. Fruits harvested at a less mature 

stage stay green for a long time before ripening, 

totally unlike those harvested later. This fact is 

apparently typical of climacteric fruits, and has 

been observed on some mango cultivars like 

Tommy Atkins (Baldwin et al., 1999) as well as 

papaya (Paull et al., 1997). In this study, panellist 

preferred the taste of fruit harvested at 26 weeks 

after flowering and had higher overall 

acceptability scores for fruits harvested at 25 

weeks after flowering. It is important to note that 

fruits harvested 25 and 26 weeks after flowering 

have a short shelf life of between 8 to 12 days at 

ambient room temperature and are not suitable for 

long distance travel due to low fruit firmness. 

The main effect of location and the interaction 

effects of location × maturity stage were not 

significant on the shelf life of Mabrouka but shelf-

life of Mabrouka significantly abated with 

advancement in maturity. Shelf life is a period of 

time which starts from harvesting and extends up 

to the start of rotting of fruits (Mondal, 2000). 

Harvesting of fruits at appropriate maturity is vital 

for improving the shelf life and quality of the 

fruits (Gupta and Kadam, 1995). Mango being a 

highly perishable fruit possesses a very short shelf 

life and reach to respiration peak of ripening 

process on 3rd or 4th day after harvesting at 

ambient temperature (Narayana et al., 1996).  

The best physical maturity indices can be obtained 

at 26 weeks after flowering. Fruits meant for short 

distant markets can be harvested at this stage or 
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even at 25 weeks after flowering for optimum 

consumer acceptance. However, fruits for long 

distant markets could be harvested earlier to 

procure extended shelf life. 
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