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ABSTRACT 
To retain the carotenoid content of mangoes (cvs. ‘Himsagar’, ‘Langra’ and ‘Fajli’), they were preserved in sucrose (50� Brix), 5% NaCl 
or 1% citric acid solutions. In addition, some of these mangoes were thermally treated at 70�C for 30 min while others were cooked under 
pressure (1 atm) at 121�C for 10 min. They were then stored in a chest freezer at -18�C for 80 days. The carotenoid content was found to 
be higher in thermally processed mangoes but decreased in untreated mangoes and those preserved in citric acid. The carotenoid content 
initially increased during the first 10 days of storage when the mangoes were treated with sucrose and NaCl solutions, after which it 
decreased. 
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INTRODUCTION 
 
Mango (Mangifera indica L.) is reported to be the second 
largest tropical crop, with the highest producing countries 
being India, China and Mexico, the leaders in the interna-
tional trade being India, Mexico and the Phillipines (FAO 
2000). Nevertheless, mango is scarcely commercialized 
when compared to the quantity produced due to the difficul-
ties in post harvest management in the producing countries. 
There are more than thousand mango varieties in India. 
However, only about 30 varieties are grown on commercial 
scale in different states. The three varieties indigenous to 
the Eastern Indian states are ‘Himsagar’, ‘Langra’ and 
‘Fajli’. 

Since the harvesting period of mangoes is limited to a 
few months, they are susceptible to a variety of disorders 
during post harvest handling and storage (Yahia 1998). The 
post harvest life of mangoes usually does not exceed 2-3 
weeks and is limited by physiological deterioration of the 
fruit related to over ripening and by pathogen development 
leading to decay (Gonzalez-Aguilar 1997). To maintain the 
fruit quality for long periods, controlled temperature and 
atmosphere of storage are required, which is, in many cases, 
not available in producing countries. Limited storage life 
has resulted in the waste of huge amounts of this valuable 
fruit. Methods for extending the storage life even by a few 
weeks are urgently needed, not only to save a valuable food 
material from wastage but also to stabilize the economic life 
of the growers. Refrigeration is the most widely used 
method to preserve mangoes; however, the fruit can be sus-
ceptible to chilling injury. 

Several studies have shown the presence or predomi-
nance of carotenoids and consequently high vitamin A acti-
vity of mangoes, although the values are likely to vary 
(Krisnamurthy et al. 1960; Fonseca et al. 1969; George et 
al. 1969; Morga et al. 1979). The demand for carotenoids 
has increased due to its reported anticancer (Sims et al. 
1993; Halter 1989; Ziegler 1989), free radical quencher and 
other biological, e.g. antioxidant activities (Bendich and 
Olson 1989; Krimsky 1989). Mangoes are a good source of 
pro-vitamin A, containing an average total carotenoid con-

tent of 0.4–2.1 g/100 g, depending on the cultivar. 
In this paper, the carotenoid content of three varieties of 

mangoes preserved in sucrose, NaCl and citric acid solu-
tions was studied. The change in the carotenoid content 
with thermal treatment and subsequent storage at low tem-
perature of the preserved mangoes were also studied. 

 
MATERIALS AND METHODS 
 
Three varieties of mango (cvs. ‘Himsagar’, ‘Langra’ and ‘Fajli’), 
selected on the basis of similar degrees of ripening, were pur-
chased from a local market. The skin was removed and two slices 
parallel to the stone were cut from each fruit. The mangoes were 
further cut in dimensions of 3 � 2 � 1 cm3 and approximately 10 
mango slices of 10 gm each were soaked separately in sucrose 
(50° Brix), 5% NaCl and 1% citric acid solutions (250 ml) for 24 
hr. The slices were removed from the soaking solution after 24 hrs 
and the surface moisture removed with tissue papers and the total 
carotenoid content was measured along with a set of control (un-
treated) mango slices. The treated mango slices along with the 
control was thermally treated by placing the mangoes in a beaker 
in a temperature controlled water bath at 70°C for 30 min and the 
other set of mangoes was cooked under pressure in a pressure 
cooker (1 atm) for 121°C for 10 min. Each temperature treatment 
was repeated at least three times. After removal, the samples were 
rapidly cooled (1 min in ice water) and the contents were immedi-
ately analyzed for carotenoid content. Then the thermally pro-
cessed samples along with the control (no thermal treatment) were 
sealed in polypropylene bags and kept for storage at –18°C in a 
chest freezer for 80 days. 

Total carotenoid content was measured according to the 
method of Ranganna (1986) and Alasalvar et al. (2005) with slight 
modifications. Mango slices were homogenized in 125 ml of di-
acetone alcohol. The homogenate was filtered through a Whatman 
No 4 filter paper and washed until the residue was colourless. The 
filtrate was extracted with petroleum ether and further purified 
with diacetone alcohol, methanolic KOH and distilled water. The 
resulting solution was filtered with anhydrous sodium sulphate and 
read on a spectrophotometer at 450 nm against petroleum ether as 
a blank. All the analytical work was repeated three times. 
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Data analysis 
 
The experiment was conducted using a split plot design where 3 
mango cultivars (r=3) served as whole plots, which consisted of a 
single way treatment structure. Two thermal treatments (a=2) 
(70°C for 30 min and 121°C for 10 min) were randomly assigned 
to the whole plots within each block. Each whole plot was divided 
into three split plots with the type of preservative added (b=3) (50° 
Brix sucrose solution, 5% NaCl solution and 1% citric acid) were 
randomly assigned within each split plot. Each split plot was 
further divided into sub-split plot and storage days (c=5) were ran-
domly assigned. Statistical analysis was done using the software 
STATISTICA version 5.0. (StatSoft). 
 
RESULTS AND DISCUSSION 
 
Fig. 1 shows a significant difference in the carotenoid con-
tent in the three mango cultivars (p < 0.05). 

Thermal treatment led to an increase in the carotenoid 
content of untreated mangoes (Fig. 2). It can be seen from 
Fig. 2 that the increase was slightly more in mangoes 
cooked under pressure (1 atm) at 121°C for 10 min than for 
the thermally treated mangoes at 70°C for 30 min. The in-
crease was about 59.429% in ‘Himsagar’, 94.26% in ‘Lang-
ra’, 38.92% in ‘Fajli’ in when mangoes are cooked under 
pressure (1 atm) at 121°C whereas in thermally treated 
mangoes at 70°C for 30 min. the increase was 53.626% in 
‘Himsagar’, 78.88% in ‘Langra’, 28.40% in ‘Fajli’ as com-
pared to the control. Thermal processing led to an increase 
in the carotenoid concentration, perhaps due to greater che-
mical extractability (Rodriguez-Amaya 1999) and loss of 
moisture and soluble solids. Heat treatment inactivated 
some oxidative enzymes with the rupture of cellular compo-

nents that lead to higher carotenoid content (Howard et al. 
1999; Vander Berg et al. 2000). But when mangoes were 
cooked under pressure at 121°C, it led to the removal of air, 
preventing the carotenoid from getting oxidized. As a result 
higher carotenoid content was observed in the mangoes 
cooked under pressure (1 atm) at 121°C for 10 min. Rod-
riguez-Amaya (2002) reported that high temperature short 
time processing is a better method for retention of carote-
noids in fruits and vegetables. 

Preserving the mango pieces in sucrose solution (50° 
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Fig. 3 Effect of sucrose solution (50° Brix) on the �-carotene content of 
mangoes. Means with different letters are significantly different (p<0.05).
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Fig. 4 Effect of NaCl solution (5%) on the �-carotene content of 
mangoes. Means with different letters are significantly different (p<0.05).
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Fig. 5 Effect of citric acid solution (1%) on the �-carotene content of 
mangoes. Means with different letters are significantly different (p<0.05).
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Fig. 1 �-carotene content in three varieties of mangoes. Means with 
different letters are significantly different (p<0.05). 
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Fig. 2 Effect of thermal processing on the �-carotene content of 
mangoes. Means with different letters are significantly different (p<0.05).
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Brix) led to a decrease in the carotenoid content in all vari-
eties as compared to the control (untreated) (Fig. 3). Prob-
ably, osmotic dehydration took place resulting in rapid re-
moval of water with subsequent replacement of sugar in the 
vacuole. Ramakrishnan and Francis (1979) reported that 
water had a protective influence on the auto-oxidation of 
carotenoids. With the loss of water, the protective influence 
of water for carotenoid oxidation was not present leading to 
a loss of carotenoid. 

The carotenoid content of mangoes soaked in 5% NaCl 
solution was less than the untreated ones (Fig. 4). However, 
mangoes soaked in NaCl solution after thermal treatment 
had a higher carotenoid value than the control. Thermal 
treatment lead to the removal of gases from the fruit sur-
faces and from intracellular spaces, resulting in enhanced 
extraction efficiency of carotenoid. It could be possible that 
the osmotic gradient induced by salt and followed by ther-
mal treatment could promote the disassociation of carote-

noid from the protein complex in the mango slices. 
Soaking mangoes in citric acid solution leads to a de-

crease in the �-carotene content. The loss in the �-carotene 
value in ‘Himsagar’ is around 22%, 24% in case of ‘Langra’ 
and about 10% in ‘Fajli’ as compared to the untreated (Fig. 
5). Being highly unsaturated carotenoids are prone to iso-
merization and transformation from the trans to cis and this 
is enhanced with acid, heat treatment and light (Rodriguez-
Amaya 2002). 
 
Effect of storage at –18°C on the carotenoid 
content 
 
As seen in Fig. 6A-C, the carotenoid content decreased in 
the untreated mangoes for all thermal treatments with sto-
rage. It is further seen from these figures that the decrease 
was lesser during the first 20 days of storage after which it 
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Fig. 6 Degradation of �-carotene in the untreated samples and kept 
for storage at -18°C for ‘Himsagar’ (A), ‘Langra’ (B) and ‘Fajli’ (C). 
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Fig. 7 Degradation of �-carotene in the samples treated with sucrose 
solution (50�Brix) followed by thermal treatment and kept for storage 
at -18°C for ‘Himsagar’ (A), ‘Langra’ (B) and ‘Fajli’ (C). 
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degraded drastically. The losses could be due to non-oxi-
dative changes (cis-trans isomerization, epoxide formation 
or thermal degradation) or oxidative changes. Such a de-
crease in carotenoid content was also observed in the case 
of chopped green beans and intact pardon pepper when kept 
at -22°C for 12 months (Oruna-Concha et al. 1997). 

An initial increase in the carotenoid content was ob-
served during the first five days of storage for the mangoes 
preserved in sucrose solution followed by thermal treatment 
(Fig. 7A-C). The heavy sucrose solution glazed the mango 
surface, protecting the mango slices from subsequent de-
hydration and exposure to oxygen. Similar results were ob-
served by Chavasit et al. (2002) during preparation of can-
died fruits. With storage time, the carotenoid content gradu-
ally decreased, the decrease could be due to non-oxidative 
changes such as transformation and epoxide formation. 
Epoxide formation was reported by Godoy et al. (1987) 

during the processing of mango slices (cv. ‘Tommy Atkins’) 
and mango puree (cv. ‘Golden’). 

Storing the thermally treated mango slices in 5% NaCl 
solution lead to an increase in the carotenoid content for the 
first 10 days of storage (Fig 8A-C). The increase might 
have resulted from certain changes in the mango tissue 
during salting, producing a higher release of carotenoid 
during the extraction process. Many researchers have men-
tioned similar changes (Poster et al. 1947; Oser et al. 1943; 
Park 1987; Hart and Scott 1995; Sungpang et al. 1999) 
while studying the carotenoid content in different vegeta-
bles. These studies indicated that the lower values of caro-
tenoid found in raw vegetables was apparently due to the 
incomplete extraction of carotene from the stable lipopro-
tein complexes. Carotenoid might have been released from 
the lipoprotein complex during the salting process and this 
extraction continued for at least another 10 days. This is 
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Fig. 8 Degradation of �-carotene in the samples treated with NaCl 
solution (5%) followed by thermal treatment and kept for storage at 
-18°C for ‘Himsagar’ (A), ‘Langra’ (B) and ‘Fajli’ (C). 
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Fig. 9 Degradation of �-carotene in the samples treated with Citric 
acid solution (1%) followed by thermal treatment and kept for sto-
rage at -18°C for ‘Himsagar’ (A), ‘Langra’ (B) and ‘Fajli’ (C). 
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seen in Fig. 7A-C. From the 20th day to the 80th day, the 
carotenoid released from the lipoprotein complex led to 
auto-oxidation with the decrease in the carotenoid content. 

The �-carotene content of the citric acid treated man-
goes also decreased during the 80 days of storage period for 
all three varieties (Fig. 9A-C). The loss was in the range of 
26-33% in the control samples, 20-31% for mangoes soaked 
in citric acid solution and thermally treated at 70°C for 30 
min and 28-41% for mangoes soaked in citric acid and 
cooked under pressure (1 atm) at 121°C for 10 min in all 
three varieties. The decrease in �-carotene in mangoes 
soaked in citric acid solution was probably due to cis-trans 
isomerisation, which lowered the �-carotene content of 
mangoes. Chen et al. (1996) observed a reduction of lutein, 
�-carotene and �-carotene in acidified pasteurized carrot 
juice stored for three months, which increased with increase 
in storage temperature. 

The split plot analysis yielded some significant interac-
tions of the variety, thermal treatment, preservative used 
and duration of storage on the degradation of carotenoid 
(Table 1). There is a significant difference in the carotenoid 
values for cultivars, preservatives added and storage days 
(p<0.001). However, the two thermal treatments did not 
bring any significant difference in the carotenoid values. 
The interaction between the mango cultivars, thermal treat-
ments and preservatives used were highly significant, im-
plying that the carotenoid content in the mangoes were 
highly dependent on these factors (p<0.001). However, 
mangoes soaked in different soaking solutions (sucrose, 
NaCl, citric acid) had a significant effect (p<0.05) on the 
carotenoid content when stored for a period of 80 days. But 
when these processed mangoes were coupled with thermal 
treatment significant difference in the carotenoid content 
during storage was not observed. However, the decrease in 
the carotenoid values was more or less similar in all three 
varieties. There is a significant difference in the interaction 
between the mango cultivars, thermal treatment and the 
preservatives added. 
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Table 1 Results of the split plot analysis on the �-carotene content of 
mangoes. 
Source of Variance  
Cultivar (r) ** 
Processing Treatment(a) ns 
Preservatives added(b) ** 
Storage days (c ) ** 
r � a ns 
a � b ns 
a � c ns 
b � c * 
r � a � b ** 
a � b � c ns 

** :significant at p < .001  
* :significant at p < .05 
ns : not significant. 
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