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ABSTRACT

Mango (Mangifera indica) fruits are consumed, among other reasons, for their pleasant
flavour. They are rich sources of vitamins A, Bg and C. Mango fruits are being increasingly
processed into products such as dried mango slices (chips). These products have longer
shelflife and, therefore, assure all year round availability of mango in different forms. The
stage of ripening of mango fruits influences consumer acceptability. This is because it affects
the physico-chemical characteristics of the mango fruit. In order to produce mango chips of
acceptable quality, determination of the most appropriate stage of ripening of fruits for chip
production should be known. This study was, therefore, carried out to determine the effect of
stage of ripening of Keitt mango fruits on eating quality of its derivative chips. Some physico-
chemical changes occurring in fruits were monitored during ripening. The results showed that
there were significant increases (P<0.05) in total soluble solids and pH while titratable acidity
and vitamin C content declined with ripening. No significant differences were observed
between the different stages of ripening in any of the proximate parameters with the exception
of the ash content. Chips showed increased levels of ash with ripening. Magnesium levels in
chips increased with ripening whereas the levels of phosphorus, potassium, calcium and
sodium declined. Sensory evaluation of the chips revealed that chips produced from fully ripe
Keitt mango fruits were more acceptable than half ripe and unripe mango fruits. The chips
from the fully ripened had the best scores for appearance (1.37), taste (1.27), flavour (1.38) as
well as mouthfeel (1.45). The texture of chips produced using the fully ripened Keittt mango
fruits were adjudged to be satisfactory (2.64). The study showed that fully ripened mango
fruits were better in producing chips of acceptable sensory quality than both unripe and full-
ripe mango fruits. The taste which was mainly due to the sugar content of the mango chips
contributed significantly to overall acceptability and therefore could be used as a quality
indicator of Keitt mango chips.
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INTRODUCTION

Mango (Mangifera indica L.), a fruit native to the tropics and sub-tropics belongs to the
family Anacardiaceae [1] and is usually consumed for its pleasant taste and flavour [2]. It is a
rich source of vitamins A and C as well as dietary fibre.

Mangoes make up 50% of all tropical fruits produced worldwide. Global production of
mangoes was estimated to be 35.04 million tonnes in 2009. India was the leading producer
with 13.65 million tonnes in 2008 [3]. In 2005, the world’s export of mango reached 912,853
metric tonnes and was worth US$543.10 million [4]. In spite of these economic indicators,
mango is a delicate and highly perishable fruit and is therefore processed to ensure all year
round availability in different forms [5]. The production of novel products from mango can
increase the value of mango. Mango is utilized for the processing of juice, nectars, fruit
leather, and frozen pulp as well as a flavouring product for baked foods, ice cream and
yoghurt [6]. Dried pieces may be added to salads and fruit cocktail. The most popular export
mango cultivars include Kent, Haden, Tommy Atkins and Keitt [7].

The quality of processed mango depends on many factors including quality of fruit at harvest.
Though mango fruits are much appreciated when harvested after full ripening, harvesting at
the half-ripe stage is generally recommended. The importance of the stage of ripening at
harvest is critical as notable changes occur in the fruit during ripening.

Dried mango pulps are among important mango products with great potential in addressing
food security and nutrition concerns around the world. Mango at various stages of ripening
can be dried and consumed. This study therefore sought to assess the effect of stage of
ripening on the eating quality of dried mango pulp produced as chips.

MATERIALS AND METHODS

Sample Collection

Fully mature Keitt mango fruits were harvested from Dormehsco Farm at Somanya in the
Eastern Region of Ghana and transported to the laboratory of the Department of Horticulture,
Faculty of Agriculture, KNUST, Kumasi, Ghana for analysis.

Sample preparation

One hundred and eighty fruits were selected from mature mango fruits plucked from the same
tree for the study. Selected fruits were uniform and undamaged with no visible symptoms of
infection. Fruits were cleaned and randomly grouped into 3 groups (60 mangoes per group).
Each group was subdivided into 3 subgroups (replicates) with each subgroup having 20 fruits.
Fruits were allowed to ripen under room conditions (30-33°C). The first group (60 fruits) were
analysed unripe, the second analysed half-ripe while the third was analysed fully-ripe. The
procedure for determining the stage of ripening of mango fruits was used with slight
modification [8]. Fruits were considered unripe when firm with no depression when thumb-
pressed. Fully ripe fruits had strong perfume, and indented upon pressing with the thumb
while half-ripe indented slightly. Five mango fruits per replicate of 20 were used for the
analyses and another 10 used for chip production. This procedure was repeated for all
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treatments.

Chips production

Keitt mango fruits were washed, peeled and sliced into slices (2cm x 4cm x 0.5cm) and
spread evenly on trays lined with aluminum foil. Trays were then placed in a Wagtech oven
(Model GP120SSE300HYD, Wagtech International Ltd, USA) at a temperature of 40°C for
18 hours. The slices were turned every 2 hours to ensure uniform drying. The dried slices
were allowed to cool for about 30 minutes in a dessicator prior to analysis [9].

Chemical Analysis

Standard procedures of the AOAC were used for proximate determinations, pH, total soluble
solids, titratable acidity, Vitamin C and mineral content [10]. pH was measured using a
Suntex electronic pH meter (model FF 701, Suntex Instuments Co. Ltd, USA). Total soluble
solids was determined with a Bellingham and Stanley Delta hand refractometer. Potassium
and sodium were determined by flame emission photometry (Jenway PFP-7, Jenway Ltd,
England), calcium and magnesium by EDTA complexometric titration while phosphorus was
determined by Ammonium Molybdate method.

Sensory evaluation

Sensory evaluation was carried out on the chips using 15 trained panelists. Sensory attributes
assessed were appearance, taste, aroma, crispness, mouthfeel and overall acceptability. A
hedonic scale of 1-5 (1 - Like very much; 2 - Like slightly; 3 - Neither like nor dislike; 4 -
Dislike slightly; 5 - Dislike very much) was used for the assessment [11].

Data analysis
Analysis of variance was carried out using GENSTAT (Discovery edition 3). Least significant
difference (LSD) test was used to determine differences between means.

RESULTS

Physico-chemical characteristics of mango fruits at 3 stages of ripeness

Table 1 shows some chemical changes in the pulps of Keitt mango fruits (used for mango
chip production) during ripening. Moisture content of the fruits increased significantly
(P<0.01) during ripening from 79.75% to 83.11% and correlated positively with both taste
(R=0.94) and aroma (R=0.97) of chips. Similarly, total soluble solids content increased
significantly (P<0.01) in the mango pulp from 7.00% to 15.95%. As regards the pH, ripening
resulted in significant increase from 2.47 to 3.90. There was a significant (p<0.01) decrease in
Vitamin C content from 29.08mg/100g to 3.45mg/100g. Titratable acidity content in the
mango fruits showed significant decline (P<0.01) with ripening.

Nutritional composition of chips

As indicated in Table 2, the moisture content of the chips produced showed marginal but
insignificant increase with ripening from 8.74% to 11.43%. Changes in crude protein, crude
fibre and carbohydrates of chips were not significant (P>0.01). However, significant increase
in ash content was observed. The ash content of the chips produced using mangoes at
different stages of ripening showed an increase from 5.80% to 8.58% with ripening. Mango
chips produced using ripe mangoes showed significantly higher magnesium content
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(0.624mg/100g) 1.63 times that of chips produced from unripe mangoes. Phosphorus content
of the mango chips ranged between 0.09mg/100g and 0.13mg/100g showing a marginal
decrease as indicated in Table 3. Similarly, there were insignificant decreases in potassium
(0.78 to 0.67mg/100g), calcium (0.48 to 0.32mg/100g) and sodium (0.66 to 0.56mg/100g).

Sensory evaluation of mango chips

Table 4 shows sensory scoring for mango chips by the sensory panel. Crispness of the chips
produced from unripe fruits was the most preferred (1.72) followed by half ripe (2.29) and
then full ripe (2.64). The difference in crispness between the various stages of ripening were
significant (P<0.05). There was a strong inverse association (r=-0.99) between crispness and
total soluble solids.

The taste of the chips was significantly affected by the stage of ripening of the fruits used for
producing the chips. The taste of chips produced from the full-ripe mango fruits was
preferred (1.27) compared to both the unripe (2.91) and half-ripe (2.52). However, the
preference for the chips produced using half-ripe fruits was not significantly different from
the full ripe. A strong positive correlation was found between taste and total soluble solids
(r=0.96) as well as taste and pH (r=0.98). However, taste correlated inversely (r=-0.98) with
titratable acidity.

The aroma of chips produced from the full-ripe mangoes was the most preferred (1.38)
followed by half-ripe (2.41) and unripe (2.89).

The appearance of the chips produced from mangoes produced using mangoes at different
stages of ripening differed significantly from each other. Chips produced from full-ripe
mango fruits were the most preferred (1.37) as compared to those from the half-ripe (2.33)
and unripe (2.61) mangoes.

The results of the study indicated that chips produced using full-ripe mangoes gave the most
preferred mouthfeel with a score of 1.45. This was followed by half-ripe (2.49). The chips
from the unripe mangoes were the least preferred. There were strong positive correlations
(R=0.99) between both mouthfeel and total soluble solids as well as mouthfeel and titratable
acidity.

Mean scores for overall acceptability for the chips were 3.13, 2.56 and 1.38 for unripe, half-
ripe and full-ripe respectively. Differences in overall acceptability of mango chips produced
from the unripe and half-ripe mangoes were not significant (P<0.05). However, differences
between unripe and full-ripe as well as half-ripe and full-ripe were significant. Regression
analysis showed significant coefficient of regression (R?=0.36; P=0.0004) for taste.
Regression analysis showed that the contribution of taste to overall acceptability was
governed by the equation ‘y= 0.823+ 0.5385 (taste)’

DISCUSSION
Changes in Moisture, pH, TA, TSS and vitamin C during ripening of fruits

Table 1 shows some chemical changes in Keitt mango fruits during ripening. The increase in
moisture content of the fruits during ripening could be attributed to loss of moisture from the
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peel to the pulp. During ripening, carbohydrates are hydrolysed into sugars increasing osmotic
transfer of moisture from peel to pulp [12]. The observed increase in moisture content of the
mango pulp was therefore expected. Water is an important solvent for many soluble
substances such as salts, sugars that are known to influence taste in fruits. The increase in
moisture content of the fruit pulps during ripening therefore could have enhanced the taste
and aroma of the fruits as shown by the strong positive correlations between moisture content
(fruit pulps and mango chips) and taste as well as aroma of chips.

Soluble sugars of mango pulps are mainly composed of fructose, with about 30% sucrose and
20% glucose [13]. Similarly, sucrose has been reported to be the major sugar in mango [14].
Significant increase in sucrose content of mango has been observed during ripening and this
has been attributed to an increase in total soluble solids during ripening. This is due to
transformation of starch into soluble sugars as the carbohydrates in the fruit are broken down
under the action of phosphorylase enzyme during ripening into simple sugars [15, 16]. On the
other hand, hydrolysis of starch in the ripening mango fruit has been associated with amylase
activity [17]. The increase in total soluble solids during ripening was expected and this
suggests the extent of sweetening [18]. The effect of increased total soluble solids was
observed in the taste of chips produced as it correlated positively with taste.

Similarly, a decrease in titratable acidity of mango fruits during ripening has been reported
[15]. Titratable acidity gives a measure of the amount of acid present in a fruit [19]. Citric
acid is known to be the major acid in mango [11]. The decline in acidity could be due to
susceptibility of citric acid to oxidative destruction as impacted by the ripening environment
[20]. The decreases in acidity suggest reduction in sourness with the potential of improving
the sweet taste as was observed in chips produced in this study (Table 5). The decline in
acidity during ripening is a consequence of starch hydrolysis leading to an increase in total
sugars and a reduction in acidity[17].

Increase in pH during ripening of mango fruits has been reported by other authors [21] and
was similar to what was observed in the present study ]. According to the authors, there is an
inverse relationship between titratable acidity and pH. The increase in pH (decline in acidity)
could be due to utilisation of acids as respiration substrates [19].

The observed decrease in Vitamin C content of the mango fruits during ripening is of concern
as it is an important vitamin for both consumer health [22] and chips stability during storage
[23]. A similar trend has been observed by other authors during ripening of different mango
varieties [8]. This decrease is attributable to susceptibility of Vitamin C to oxidative
destruction during ripening [20]. The reduction in Vitamin C content during ripening coupled
with heat treatment (oven drying during chip production) suggests that the chips would need
to be fortified with Vitamin C to meet the US daily reference intake of 75 and 90mg/day for
women and men, respectively [23].

Nutritional composition of mango chips

Similarly, an increase has been observed in the ash content during ripening of banana [24].
The high ash content of the chips suggests Keitt mango chips could be rich in minerals as was
observed in this study [25]. The high carbohydrate content of the chips suggests they could be
very good sources of energy. Since the mango chips had high mineral content, they could be a
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useful source of minerals. As regards the effect of stage of ripening on mineral content, the
observed decreases in phosphorus, calcium, and sodium content suggests that chips produced
from fully ripe mangoes would supply less of the minerals. Since the chips produced using
full ripe mangoes had lower levels of sodium, they could be consumed without much
apprehension about excessive sodium intake. On the other hand, the increase in magnesium
with ripening indicates that chips from full ripe mangoes could supply part of the magnesium
requirement in humans. Magnesium has been reported to be essential in enzyme systems and
helps maintain electrical potential in nerves [26]. Considering the daily requirement of
magnesium of 400mg/day for an adult, consuming 100g of the ripe mango chips would be
sufficient to provide the daily magnesium needs of an adult human [27].

Sensory evaluation of mango chips

The preference for the crispness of the chips produced using unripe mango fruits was
probably due to their brittleness. Ripening is known to induce physico-chemical changes such
as softening in fruits. Unlike the chips from the ripe mangoes which were soft and elastic,
those from the unripe mangoes were crispy. The declining acceptance of crispness with
ripening could be attributed to the softening of the pulp, high moisture as well as high total
soluble solids content at full ripeness. It was observed that the chips from the ripe fruits were
softer and more elastic instead of brittle. It is known that an increase in total soluble solids in
fruits is closely associated with ripening which is usually accompanied by softening. This
explains why the chips with higher total soluble solids recorded the lowest crispness.
Crispness correlated inversely (r=-0.99) with total soluble solids. Since there was significant
difference between chips produced using half-ripe and full ripe mangoes it suggests that both
gave similar degree of crispness.

There were significant differences in taste of chips produced from the three ripening stages
(p<0.05). Taste of chips produced from the full-ripe mango fruits was most preferred (1.27)
compared to both the unripe (2.91) and half-ripe (2.52) which had similar taste. Full-ripe
chips performed better probably due to their reduced acidity and increased total soluble solids
(sweetness) since there was a strong positive correlation (r=0.96) between taste to total
soluble solids as well as taste and pH (r=0.98). However, there was an inverse relationship
(r=-0.98) with titratable acidity. From the observation, it could be inferred that the taste of the
mango chips was closely related to their sweetness and acidity as has been reported [28].
Taste improved with increasing sweetness and decreasing acidity. This explains why the ripe
chips were preferred. However, as far as taste was concerned, half-ripe was as good as full-
ripe. Acids are known to be responsible for the taste in most fruits with low pH. As starch in
fruits is transformed into sugars during ripening, the taste becomes sweet due to increased
sugar levels contributing to the taste of the fruit.

The panelists however, did not like the taste of chips made from the unripe fruits due to their
sourness (acidic).

The aroma of fruits improves during ripening and this explains why the aroma of chips
produced from the full-ripe mango fruits was preferred to the others by the panelists [29]. The
characteristic aroma of fruits is usually derived from the production of different volatile
compounds. Mono- and sesqui-terpene hydrocarbons are known to be the major aroma
compounds in mango [30].
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Chips produced from full-ripe mango fruits scored highest for appearance (1.37) as compared
to those from the unripe (2.61) and half-ripe mangoes (2.33). During ripening, the intensity of
yellowing increased in the mango fruit. This might have contributed to the attractiveness of
full-ripe chips. There were significant differences observed in the appearance between the
different chips produced from the green-mature, half-ripe and full-ripe mango fruits.

Mouthfeel is an indicator of the sensation of food in the mouth. The results of the study
indicated that chips produced using full-ripe mangoes gave the most preferred mouthfeel. This
was followed by half-ripe with unripe being the least preferred. It could be deduced that the
total soluble solids content and acidity were important quality parameters that influenced the
perception of mouthfeel by the sensory panel. Preference for the mouth sensation given by the
full-ripe chips could be attributed to their high sugar content and titratable acidity of their
pulps since total soluble solids correlated positively to mouthfeel (r=-0.99) and inversely to
titratable acidity (r=-0.99).

The panelists generally preferred chips produced from the full-ripe Keitt mango fruits to those
made from the mature-green mangoes or half-ripe mangoes. This was due to higher total
soluble solids content. Regression analysis showed that the taste of the chips contributed
significantly to the observed overall acceptability as indicated in the regression analysis.
However, since only 36% of the variability was explained by taste, it suggests quality
indicators other than those assessed were probably used by the sensory panel in deciding on
overall acceptance. This

notwithstanding, taste could be used as an important determinant of acceptability of Keitt
mango chips.

CONCLUSION

The study indicates that the stage of ripening of Keitt mango has chemical, nutritional as well
as sensory implications on chips produced from it. Ripening resulted in a higher magnesium
content of the chips but a decrease in phosphorus, calcium and sodium. With the exception of
texture all the other sensory parameters monitored were most accepted for the chips produced
using full-ripe mangoes. The results of this study have shown that full-ripe mangoes are better
for producing mango chips and that taste is an important quality indicator for the acceptability
of mango chips.
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Table 1: Chemical changes in Keitt mango fruits during ripening

Stage of Moisture Total soluble Titratable pH Vitamin C
ripening (%) solids acidity (mg/100g)
(%)

Unripe 79.751£0.01 7.00+0.04 0.86+0.01 2.47+0.01 29.08+0.02
Half-ripe 81.57+0.02 11.50+0.03 0.69+0.01 3.06+0.02 19.54+0.03
Full-ripe 83.11+0.05 15.95+0.03 0.47+0.02 3.90+0.04 3.47+0.01

Lsd (P=0.05) 1.00 1.20 0.11 0.34 2.12
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Table 2: Proximate composition of chips (%)

Stage of fruit ~ Moisture Crude Crude fat Crude Ash Carbohydrates
ripening Protein fibre

Unripe 8.74+0.01 4.90+0.03 0.09+0.02 1.52+0.03 5.80+0.02  78.95+0.01
Half-ripe 9.74+0.03  4.46+0.05 0.15+0.03 1.73+0.03 8.37+0.03  75.55+0.07

Full-ripe 11.43+0.05 4.01+0.01 0.27+0.02 1.80+0.04 8.58+0.06  73.91+0.02

Lsd (P=0.05) 2.72 0.92 0.19 0.31 0.63 5.19

Table 3: Mineral composition of Keitt mango chips (mg/100g)

Stage of fruit ripening Phosphorus Potassium  Calcium  Magnesium  Sodium

Unripe 0.13+0.01 0.78+0.02 0.48+0.02 0.38+0.03 0.66+0.02
Half-ripe 0.12+0.01 0.72+0.03 0.48+0.04 0.62+0.01 0.64+0.01
Full-ripe 0.09+0.03 0.67+0.02 0.32+0.06 0.62+0.03 0.56+0.01

Lsd (P=0.05) 0.02 0.18 0.10 0.03 0.08
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Table 4: Panelists scoring for sensory parameters of Keitt mango chips

Stage of fruit Crispness Taste Aroma Appearance Mouthfeel Overall
ripening acceptability
Unripe 1.72 291 289 2.67 3.09 3.13
Half-ripe 2.29 252 241 2.33 2.49 2.56
Fully ripe 2.64 127 1.38 1.37 1.45 1.38

Lsd (P=0.05) 0.81 061 0.61 0.59 0.67 0.62

Table 5: Correlation between chemical characteristics of Keitt mango fruits and
sensory attributes of mango chips

Parameters Studied Crispness Taste Aroma Appearance Mouth Overall
Feel Acceptability

pH -0.93 0.98 0.99 0.99 0.99 0.99

Total soluble solids -0.99 0.96 0.98 0.96 0.99 0.98

Total titratable acidity 0.98 -0.98 -0.99 -0.98 -0.99 -0.99
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