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ABSTRACT

The mango is a climacteric fruit, containing mainly carbohydrates ranged between 90.1 and 93.6% and a dietary fiber level between 3.85
and 12.64%. The carbohydrate profile of this fruit is modified during the ripening process from complex carbohydrates such as starch to
single sugars such as monosaccharide (glucose, fructose) and disaccharides (sucrose). Additionally, the mango fruit has other components
of the dietary fibre such as cellulose, hemicelluloses and lignin. Pectin is other polysaccharide present in the fruit in the unripe stage that
is hydrolyzed during ripening. The mango variety and ripening stage play an important role in the amount of carbohydrates present in the
fruit. A direct relationship was found between aroma compounds and ethylene production during ripening of the fruit, and the increse in
fatty acids level during ripening was related to an increase in the aroma of the fruit. Due to the high starch amount in the unripe fruit, it is
possible to obtain flour with a high level of indigestible carbohydrates to use in bakery products. This review summarizes the present
knowledge of carbohydrates in mango fruit at different ripening stages.

Keywords: pre-ripening, ripening, starch, sucrose-phosphate synthase, sucrose synthase
Abbreviations: DF, dietary fiber; IDF, insoluble dietary fiber; SDF, soluble dietary fiber; SPS, sucrose-phosphate synthase; SS, sucrose

synthase; WHC, water holding capacity
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INTRODUCTION

The mango (Mangifera indica L.) is the most important
member of the Anarcadiaceae family. The mango is native
to southern Asia, especially Burma and eastern India. It

spread early on to Malaisya, eastern Asia and eastern Africa.

The genus Mangifera includes approximately 50 species,
but only 3 to 4 produce edible fruits. The fruit usually
named mango has a weight between 150 g and 2 kg with an
ovoid-oblong shape, with a size between 4 to 25 cm long
and 1.5-10 cm thick.

The mango tree has become adapted in many tropics
and subtropics regions of the world. However, its fruit is
fragile and significant postharvest wastage occurs in produ-
cing countries due to insufficiently established practices of
handling, convoying, storage and ripening (Sreenath et al.
1987). When the fruit is ripe it is consumed raw as a dessert
fruit, while the rest of production is processed into diverse
products such as nectar, juice powder, canned mango slices
in syrup chutney, etc. (Wu ef al. 1993).

Mango fruits are harvested at a mature green stage and
stored for ripening. If fruit is fully-grown and ready for
picking, the stem snaps easily. Depending on the variety
and environmental conditions, the fruit takes 6-10 days to
ripen under ambient conditions (temperaure and relative

humidity), and become over-ripe and spoiled within 15 days
after harvest provoking that fruits are eliminated and not
consumed (Tharanathan et al. 2006; Fig. 1).

CHEMICAL COMPOSITION

Mango is a climacteric fruit composed mainly of water and
carbohydrates, with small content of dietary fiber, protein,
lipid and vitamins (Table 1). Depending on the mango vari-
ety the carbohydrate content (on a dry weight basis) ranges
between 90.1 and 93.6% with a caloric supply of between
62 and 68 Kcal (Table 1). The dietary fiber amount ranges
between 3.85 and 12.64%, indicating that this fruit is an
adequate dietary fiber source. The principal vitamin present
in mango is ascorbic acid, with levels that range between 27
and 80 mg/100 g of fresh pulp. The predominant carbohy-
drate in the unripe mango is starch, which in the mature
fruit is replaced to a great extent by monosaccharide and di-
saccharide like sucrose, glucose and fructose (Wu et al.
1993; Oll¢ 1996). Aroma is an important parameter in man-
go. Volatile compounds that contribute to the aroma in this
fruit have been widely studied in various cultivars. Volatile
compounds are synthetized during ripening of the fruit from
acetyl CoA, which is produced by several metabolic path-
ways (Gomez-Lim 1997). It was reported that more than
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Fig. 1 Color of mango. Color skin of unripe mango (A) color skin of ripe
mango (B), color pulp of unripe mango (C) color pulp of ripe mango (D).

270 volatile compounds have been identified until today, of
those, monoterpene and sesquiterpene are the most abun-
dant, whilst esters and lactones were found that play an im-
portant role in the unique flavour of certain cultivars (Pino
and Mesa 2006). The profile of volatile compounds during
ripening seems to be mediated by ethylene, because ethy-
lene production and respiration reached a peak on the
fourth day of ripening of ‘Kensington Pride’ mango, with
the concomitant increase in the fatty acids contents during
ripening (Lalel et al. 2003). The increase in fatty acids du-
ring ripening of mango was related to an increase in the
aroma of the fruit (Lalel and Singh 2004). However, non-
direct relationship has been found between carbohydrates
and the compounds responsible of aroma in mango.

POLYSACCHARIDES
Starch

Starch is the major storage carbohydrate of higher plants.
This polysaccharide is deposited in the first stage of deve-
loping of the fruit in the form of granules partially crystal-
line. Starch owes much of its functionality to two major
high-molecular weight carbohydrates components, amylose
and amylopectin, as well as to the physical organization of
these macromolecules into the granular structure (French
1984). After harvest, the starch content of var. ‘Carabao’
decreased from 11.41% (1 day) to 0.17% (7 day), whilst in
var. ‘Haden’ starch level decreased from 260 mg/g of alco-

Table 1 Chemical composition of mango.

hol insoluble matter to none after 10 days of storage (Table
2).

Studies on mango starch characterization isolated from
the pulp, showed that granule size has an average of 10 pum,
with an A-type X-ray diffraction pattern and an amylose
content of 13%. The gelatinization temperature of starch
mango was lower than that obtained for corn starch, but the
water retention capacity, swelling and solubility values were
higher in mango than corn starch (Aparicio-Saguilan et al.
2005). In other study, starch was isolated from kernels of
five different Indian mango cultivars and its physicoche-
mical, morphological, thermal and rheological properties
were assessed. The granule size ranged between 15.8 and
21.7 um and amylose content was in the range reported for
the starch isolated from the unripe mango pulp (9.1-16.3%).
The peak temperature was in the range of 77.9 and 80.2°C
with enthalpy values between 12.0 and 13.2 j/g. The authors
concluded that various properties of mango kernel starch are
comparable with starches from diverse sources such as corn,
wheat, rice and potato and could be effectively utilized as a
starch source in diverse industrial applications (Kaur et al.
2004).

Dietary fiber

Chemically, dietary fiber (DF) consists of cellulose, hemi-
cellulose, lignin, pectin, B-glucans and gums (Gallaher and
Schneeman 2001; Figuerola et al. 2005). The parenchyma-
tous tissues and cell walls are the DF supply for fruits and
vegetables. DF components are grouped in two major clas-
ses: polymers that are soluble in water (SDF), such as
pectins and gums, and those water insoluble materials (IDF),
where cellulose, hemicellulose and lignin are included (The-
baudin and Lefebvre 1997).

A high DF intake has been related to several physio-
logical and metabolic effects (Drzikova et al. 2005). In the
digestive tract, DF exerts a buffering effect that links excess
of acid in the stomach, increases the fecal bulk and sti-
mulates the intestinal evacuation; besides, it provides a fa-
vorable environment for the growth of the beneficial intes-
tinal flora. In the past decade, high dietary fiber materials
from fruits or its peel (citrus, apple, grape and others) have
been steadily introduced in the occidental world markets.
According to Saura-Calixto (1998), the presence of signifi-
cant amounts of bioactive compounds, such as flavonoids
and carotenoids, in DF from fruits imparts them conside-
rable nutritional value. The antioxidant properties of flavo-
noids and carotenoids increase the nutraceutical effect of DF.
The DF of mango fruit depend of the variety and ripening
stage (Limonta-Carvalho et al. 2004; Bally 2006), ranging
between 12.64 and 3.85%. Otherwise, mango peel is a rich
source of indigestible polysaccharides that are components
of the DF, principally IDF. Larrauri et al. (1996) reported
DF content in a powder obtained from mango peel of 65-71

Variety
Determination Unknown' Mexican mango varieties”* Haden® Tommy Atkins®
Total carbohydrates (g/100 g) 92.89 90.10 93.86 93.10
Energy (Kcal/100 g) 65 62-64 68.3 63.3
Ascorbic acid (mg) 27.2 80.0 36.6 31.7
Proteins (g/100 g) 0.51 0.50 0.14 0.30
Lipids(g/100 g) 0.27 - 0.29 0.27
'Bally, 2006

*Infoagro.com/frutas 1996
*Limonta-Carvalho et al. 2004

* Varieties: Haden, Tommy Atkins, Kent, Keitt, Ataulfo, Zill, Sensation, Oro, Manila, Manilla, Irwin, Diplomatico, Criollos.

Table 2 Changes of starch content during mango ripening.

Storage time (days)

Variety 0 1 2 4 6 7 10 Reference
Carabao (%) - 11.41 9.78 3.37 0.36 0.17 - Morga 1979
Haden (mg/g) 260 - 175 132 102 0 0 Fuchs 1980
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Table 3 Changes of mango pectin at two ripening stages (g/100 g of pulp).

Variety Améliorée Keitt Mango Palmer
Stage Pre-ripe Ripe Pre-ripe Ripe Pre-ripe Ripe Pre-ripe Ripe
Pectin 22 1.7 1.8 1.6 2.0 24 2.1 1.7
Based on Kansci et al. 2003
Table 4 Sugar composition of the mangoes at pre-ripe stage during storage at 20.3°C + 0.3 and 85 % RH (g/100 g of fresh matter).
Determination
Varieties Sucrose Fructose Glucose Reference
Améliorée 2.8 4.0 0.55 Kansci et al. 2003
Keitt 0.7 24 0.55 Kansci et al. 2003
Mango 1.8 34 0.1 Kansci et al. 2003
Palmer 1.7 33 0.44 Kansci et al. 2003
Haden 1.3 2.1 1.0 Castrillo et al. 1992

Table 5 Sugar composition of the mango at ripe stage during storage at 20.3°C + 0.3 and 85% RH (g/100 g of fresh matter).

Determination
Varieties Sucrose Fructose Glucose Reference
Améliorée* 4.5 9.4 1.4 Kansci ef al. 2003
Keitt* 1.7 6.4 1.5 Kansci et al. 2003
Mango* 4.7 8.1 0.8 Kansci et al. 2003
Palmer** 43 8.0 1.0 Kansci et al. 2003
Haden** 10.5 4.1 0.1 Castrillo et al. 1992
Mango*** 247 4.5 0.26 Sanz et al. 2004

Varieties from: *Cameroon, **Spain, ***Venezuela

2/100 g of dry sample; this powder presented total soluble
polyphenols of between 44 and 70 mg/g of dry sample. The
functional properties of DF of mango peel showed that the
water holding capacity was 11 g of water/g of dry sample
and the oil holding capacity of approximately 4 g of oil/g of
dry sample. With the idea of diversifying the use of mango
fruit in an unripe stage, a mango dietary fiber (MDF) was
obtained from the whole fruit (pulp and peel) (Vergara-Va-
lencia et al. 2007). The MDF powder presented a DF con-
tent of 28.1 g/100 g of dry sample, with a good balance of
SDF (14.25%) and IDF (13.8%) that is important from a
nutritional point of view. Other DFs obtained from peel
fruits such as Mexican lima (Ubando et al. 2005), Citrus si-

nensis (Chau and Huang 2003), guava (Jiménez-Escrig et al.

2001) and mango (Larrauri et al. 1996), showed a higher
proportion of IDF.

The total soluble polyphenols content in MDF was 16.1
mg/g of dry sample, a lower value than that obtained in DF
of mango peel, indicating that this type of compound is pre-
sent in the peel of mango fruit. The water holding capacity
(WHC) value of MDF increased with processing tempera-
ture. This behavior might be due to the high SDF and starch
contents present in this fiber preparation. Oil holding capa-
city (OHC) in MDF ranged between 1.0 and 1.5 g of oil/g
of dry sample. These values were lower than those reported
in other fiber concentrates, e.g. mango peel DF (approxi-
mately 4 g of oil/g of dry sample) (Larrauri ef al. 1996) and
in citrus peel fiber (2.35-5.09 g of oil/g of dry sample)
(Chau and Huang 2003). The authors concluded that MDF
may be appropriate in products where emulsifying proper-
ties are not required (Vergara-Valencia et al. 2007).

Pectin

Pectin denotes a family of compounds which is part of a
larger family of “pectic substances”. Chemically pectin is
formed by galacturonic acid with various contents of me-
thyl ester groups. Pectins are present in the cell walls and
intracellular layers of all land plants. The functionality of
pectin in the tissue of fruits is to provide firmness, when the
fruit is unripe the pectin concentration is high and the level
decrease during ripening of the tissue. Pectin content of di-
verse pre-ripe mango varieties ranged between 1.8 and 2.2
g/100 g of pulp (Table 3); However, when fruit ripe the
pectin content decreased, except for the var. “mango”
where pectin increase from 2.0 g/100 g of pulp to 2.4 g/100
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g of pulp. This pattern is related with polygalacturonase ac-
tivity, because this enzyme is responsible for pectin degra-
dation and an increase in its activity was shown during the
ripening of the fruit (Ketsa et al. 1999). Lower pectin con-
tents were determined in ripe mango of var. ‘Haden’ (1.10
g/100 g of pulp) and ‘“Tommy Atkins’ (0.95 g/100 g of pulp)
(Limonta-Carvalho ef al. 2004). In a study carried out in var.
‘Carabao’ to evaluate the effect of the storage time on pec-
tin content, pectin concentration increased from 0.45 g/100
g of pulp in the sample stored for one day after harvest to
0.83 g/100 g of pulp after 7 days (Morga 1979).

These results showed that the synthesis of pectin is pre-
sent in this fruit during storage and perhaps the activity of
pectinesterase is high. The pectinesterase hydrolyzes the
methylester linkage of pectin and produces pectic acid and
methanol, whilst polygalacturonase depolymerizes the pec-
tin (acting on glucosidic bond between two galacturonic
acid monomers) producing monomers. For this reason poly-
galacturonase is related with ripening of the fruit. In var.
‘Nam Dokmai’ the activity of pectinesterase decreased with
storage time of mango and the polygalacturonase activity
increased (Ketsa ef al. 1999). However, the storage condi-
tions (temperature and relative humidity) were also impor-
tant factors in this pattern.

SUGARS

Reducing sugars is a group of carbohydrates that have the
capacity to reduce silver or copper (II) ions. During this re-
duction the aldehyde group of aldoses is oxidized to a car-
boxyl group, and under alkaline conditions of the Fehling
test, the ketoses are isomerized to aldoses. In mango, when
starch hydrolysis is carried out during ripening of the fruit
some oligosaccharides, maltose and glucose are produced
(depending on the ripening stage) and they are quantified as
reducing sugars. Additionally, fructose is produced by the
fruit and it is quantified inside this group. Total reducing su-
gars is determined using glucose as standard. For unripe
mango var. ‘Tommy Atkins’, the reducing sugars were 1.5%
(de Oliveira et al. 2001), lower than that determined in ripe
‘Coité’ mango (3.8%, Cabral et al. 2003) and ripe var.
‘Kensington’ (4.3%, Malik et al. 2006). This pattern is due
to the fact that in the unripe fruit only the reducing groups
of starch chains were determined, and for ripe mango oligo-
saccharides from starch hydrolysis, maltose, glucose and
fructose were quantified. Depending on the mango variety,
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the non-reducing sugars can be present in higher content. In
var. ‘Haden’ (Fuchs 1980) non-reducing sugars were lower
(0.8%) than reducing sugars (3.5%), but an inverse pattern
was showed in ‘Tommy Atkins’ (de Oliveira et al. 2001)
and Kensington (Malik et al. 2006) varieties where non-
reducing sugars were higher (3.5 and 11.6%, respectively)
than reducing sugars (1.5 and 4.3%, respectively). Princi-
pally, non-reducing sugars of mango are due to the presence
of sucrose, which increases during ripening (Fuchs 1980;
de Oliveira et al. 2001). The application of exogeneous
polyamines on fruitlet retention in mango was tested and no
substantial effect was shown between reducing and non-re-
ducing sugars; this pattern was due to the slower conver-
sion of starch to sugars and that the polyamines may have
suppressed the activity of sucrose phosphate synthase (SPS)
involved in sucrose synthesis (Malik ef al. 2006).

Individual sugars such as sucrose, fructose and glucose
were determined in mango varieties during the pre-ripe
stage (immediately after harvesting). Sucrose was higher in
var. ‘Améliorée’ (2.8 g/100 g of fresh matter) and var.
‘Keitt’ (0.7 g/100 g of fresh matter) showed the lowest va-
lue, other varieties had sucrose between 1.3-1.7 g/100 g
fresh matter (Table 4). A similar pattern was shown in the
fructose level, where ‘Améliorée’ presented the highest
value (4.0 g/100 g of fresh matter) but ‘Haden’ had the
lowest level (2.1 g/100 g of fresh matter). Glucose was the
lowest sugar in mango in the pre-ripe stage with values that
ranged between 0.1 and 1.0 g/100 g of fresh matter (Table
4). When mango was analyzed in the ripe stage, the values
of sucrose and fructose increased, but glucose concentration
decreased (Table 5). This pattern is associated with the syn-
thesis and degradation of sucrose by SPS and sucrose syn-
thase (SS), respectively. It was found that SPS activity (ap-
proximately 10 umol.h™.g” (fresh weight)) increased with
the ripening period (105 pmol.h™.g" (fresh weight)), indi-
cating that synthesis of sucrose was carried out with the
concomitant decrease of glucose and increase of sucrose
(Castrillo ef al. 1992). In general, the principal sugar in ripe
mango is fructose, although var. ‘Haden’ has a higher
amount of sucrose. This is an important nutritional charac-
teristic of ripe mango, since the metabolism of sucrose and
fructose is different to that of glucose. The metabolism of
those sugars is related with the glycemic charge, because
glucose is very quickly metabolized increasing its level in
blood, an undesirable characteristic for diabetic or over-
weight people.

CONCLUDING REMARKS

The mechanisms of synthesis and degradation of carbohy-
drates present in mango affect the nutritional and technolo-
gical application of the fruit. In the unripe stage the main
carbohydrate is starch that during the ripening process is
hydrolyzed to glucose, this monosaccharide participates in
the biosynthesis of sucrose and fructose in the ripe stage of
the fruit, thus the majority of the mango varieties show high
levels of both sugars and low amount of glucose. Unripe
mango may be a good source of starch and dietary fiber,
mainly for dietary fiber where it was found to have similar
levels of soluble and insoluble fractions. In addition, in the
commercial source of dietary fiber prepared with citrus and
grape skin the insoluble fraction is the predominant.

Due to the high starch level present in the unripe mango
flour is possible to modify it using an acid hydrolysis and to
obtain flour with higher dietary fiber due to the resistant
starch formation. The idea is to diversify the use of mango
fruit and produce a functional ingredient.
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