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ABSTRACT

Mangifera indica Linn (family of Anacardiaceae) is a tree indigenous to India, whose both unripe and ripe fruits 
(mangoes) are widely used by the local population. After consumption or industrial processing of the fruits, 
considerable amounts of mango seeds are discarded as waste. The kernel inside the seed represents from 45% to 
75% of the seed and about 20% of the whole fruit and lipid composition of mango seed kernels has attracted the 
attention of researches because of their unique physical and chemical characteristics. Our study showed that fat  
of  the mango kernel  obtained  by Soxhlet  extraction  with hexane had a  solid  consistency  at  environmental 
temperature (27°C) because it is rich in saturated acid. The fat contents of the seed of  Mangifera indica was 
calculated to 10% and are comparable to the ones for commercial vegetable oils like soybean (11-25%). One 
problem found in the storage of fats  and oils is  the attack by microorganisms and the sterilization process 
becomes  necessary.  Samples  of  mango  kernel  fat  were  irradiated  with  gamma  radiation  (60Co)  at  room 
temperature and air atmosphere at 5 and 10 kGy (sterilization doses). The data of GC-MS analysis revealed the 
presence of four major fatty acids in the sample of mango kernel examined and that the chemical profile of the 
sample not altered after being irradiated. Moreover, analysis of Proton Nuclear Magnetic Resonance (NMR H1) 
was used to obtain the mango kernel fat parameters before and after gamma irradiation. The data interpretation  
of RMN H1 indicated that there are no significant differences in the acidity and saponification indexes of fat.  
However, it was found an increase of 14% in iodine index of fat after irradiation. This result means that some 
double bonds were formed on the irradiation process of the fat. 

1. INTRODUCTION

A number of tropical plants growing within the rain forest of Brazil  have fruits, some of 
which are edible, but its seeds are discarded. Studies have shown that some of the seeds could 
find industrial application as animal feeds and as raw materials for paint formulation based on 
the amounts and nature of the oils contained in them [1].
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Mangifera indica Linn (family of Anacardiaceae) is a large tree reaching a height of 15 m, 
indigenous to India, where both unripe and ripe fruits (mangoes) are widely used by the local 
population [2]. After consumption or industrial processing of the fruits, considerable amounts 
of mango seeds are discarded as waste. According to mango varieties, the seed represents 
from 10% to 25% of the whole fruit weight [3]. The kernel inside the seed represents about 
45% of the seed and about 20% of the whole fruit [4]. Thus lipid composition of mango seed 
kernels has attracted the attention of researches because of their unique physical and chemical 
characteristics [5, 6].The identification and application of new materials is important for the 
development of new technological approaches toward the use of traditional raw materials. 
Agroindustrial  residues  may  become  unconventional  sources  for  these  traditional  raw 
materials. Vegetable fats and oils are widely used in the food, pharmaceutical, cosmetic, and 
chemical industries and are normally obtained from oil seed such as cotton seed.

Mango seed kernel (MSK) lipid has been the subject of several research studies because some 
of its characteristics show resemblance to those of cocoa butter [7]. The MSK lipid also has 
been  used  along  with  other  classical  traditional  anti-diarrheal  drugs  like  Holarrhena 
antidysenterica and Qxoylom indicum [8]. However, one problem found in the storage of fats 
and oils is  the attack by microorganisms. Radiation treatment  is  a process with excellent 
potential  for  controlling  or  eliminating  microorganisms  in  food.  However,  there  are  few 
studies on the effect of gamma radiation on the molecules of oil and fat, especially Brazilian 
mango seed kernel.

Considering mango seed might be an interesting source of lipid, the aim of this research was 
to determine the physic-chemical properties of Brazilian mango seed kernel lipid before and 
after gamma irradiation. 

2. EXPERIMENTAL

Mangoes from  Mangifera indica L.,  variety sword, were obtained from Brazilian orchard 
located in Petrolina/PE. The stage of physiological maturity used for manufacture is mature.

Seeds of mango were dehydrated at 60°C for 24h. Once dried, the kernel was removed of 
inside of seeds and were manually crushed and ground, and then they were stored at 18°C 
until use. Lipid extraction from dried crushed and ground kernel was performed in a soxhlet 
apparatus utilizing n-hexane as solvent. An 8h extraction was carried out for total removal of 
lipid. Solvent was removed from the resulting product using a simple distillation at 60°C. The 
lipid was kept away from light and air at 18°C until processing and analysis took place.

The integrated signal of Proton Nuclear Magnetic Resonance (1H NMR) spectrum of MKS 
lipid was used to determine the fat chemical characteristics including degree of insaturation 
(DI),  acidity  index  (AI),  saponification  index  (SI),  Iodine  index  (II),  average  molecular 
weight  (Mw),  and  ratio  of  olefinic  to  aliphatic  hydrogen  (Roa)  using  the  methodology 
described by Carneiro et al (2005) [8]. The H1 NMR spectrum was obtained with a Varian 
Unity Plus, 300 MHz with CDCl3 as solvent and 14 ppm acquired width, 3s acquisition time, 
1.3s relaxation delay, 45° pulse width, and 16 scans.
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The samples of lipid were exposed to gamma radiation from a 60Co source (rate of 9.25 
kGy/h) at doses 5 and 10 kGy, in presence of air and at room temperature.

For esterification was used a sample of 40 mg of MSK lipid and it was placed in a test tube 
equipped with a Teflon-lined cap. Methanolic 0.5 N NaOH (1.0 ml) was added and the tube 
capped and heated in a boiling water bath for 15 rains. After the tube had cooled, 2 ml of 
BF3/CH3OH (14%) was added; then, the tube was recapped and heated in the boiling water 
bath for an additional 15 min. The tube was cooled, and 1 ml of heptane and 2 ml of saturated 
aqueous NaCI were added. The tube was shaken vigorously for 1 min, and then allowed to 
stand until  the phases separated.  The upper,  heptane layer was transferred with a Pasteur 
pipette to a vial containing anhydrous Na2SO4. The vial was capped and shaken, then allowed 
to stand for at least 20 min. 

The sample esterifield was analyzed by GC-MS in a Varian system (220 MS – 431 GC) 
equipped with an AOC-20i autosampler under the following conditions: J&W Scientific DB-
5MS fused silica capillary column (30 cm × 0.25 mm i.d.) and capillary VF-WAXms column 
(30 m × 0.25 mm i.d. × 0.25 μm) from Varian, operating in electron impact mode at 70 eV. 
Helium gas was carrier at a constant flow of 1.0 mL min-1. The injection volume was 4 μL 
(split ratio of 1:5), the injector temperature was 270 °C and the ion-source temperature was 
280 °C. The oven temperature was programmed from 100 °C with an increase of 4 °C per 
min  to 270 °C. Mass spectra were taken at 70 eV with a scan interval of 0.5 s and fragments  
from 40 to 650 Da. Identification of individual components of the sample was performed by 
computerized matching of the acquired mass spectra with those stored in the NIST21 and 
NIST107 mass spectral libraries of the GC-MS data system as well as by analysis of standard 
fatty acid methyl esters solution under the same conditions.

3. RESULTS AND DISCUSSION

3.1 Characterization of MSK lipid

The  MSK lipid  content  was  12% and  is  comparable  to  the  values  seen  for  commercial 
vegetable oils like soybean (11-25%) [10].The oil  content for other variety of  Mangifera 
indica  showed  values  of  14-25%  [11].  The  lipid  extracted  in  this  study  had  a  solid 
consistency at ambient temperature (27°C) and presented a creamy color with a characteristic 
aroma. The lipid is then characterized as a fat.

Figure  1  showed  the  1H  NMR spectra  of  MSK  fat  and  Table  1  shows  1H  NMR peak 
assignment  [9].  The  physical-chemical  properties  of  MSK  fat  before  and  after  gamma 
irradiation are showed in Table 2. A similar behavior was found in the spectrum obtained for 
MSK sample after gamma irradiation and it is not presented in this paper. 
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Figure 1. 1H NMR spectrum of Brazilian mango seed kernel fat (non irradiated) 

Analyzing the data  it can be observed that  gamma irradiation had little  influence on the 
physico-chemical properties of  the  samples, because  it  was little  difference between  the 
values of non irradiated sample and values obtained for sample irradiated.

Table 1. Peak assignment of the 1H NMR spectrum of Brazilian mango seed kernel fat.

peak δ (ppm) Proton Chemical groups
A 0.90 -CH3 All acyl chains
B 1.2 -(CH2)n- All acyl chains
C 1.6 -CH2-CH2-COOH All acyl chains
D 2.0 -CH2-CH=CH- Allylic protons (unsaturated fatty acids)
E 2.2 -CH2-COOH All acyl chains
F 2.8 -CH=CH-CH2-CH=CH- Bis-allylic protons (unsaturated fatty acids)
G 4.10-

4.40
-CH2-O-COR Glycerol (α position)

H 5.20 -CH-O-COR Glycerol (β position)
I 5.30 -CH=CH- All unsaturated fatty acids

The average  molecular  formula  of  triacylglycerols  was determined prior  to  their  average 
molecular weight (Mw). In order to do that, we assumed that fat have a unitary composition, 
consisting of a single type of triacylglycerols. Thus 837g/mol value represents a hypothetical 
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triacylglycerol, meaning the weighted average of all triacylglycerols present in non irradiated 
fat. Similar value of Mw  was obtained for MSK lipid after irradiation and indicate that the 
gamma irradiation not provoke break in the triacylglycerols groups.

Table 2. Physico-chemical characteristics of fat sample before and after gamma 
irradiation

Characteristics non irradiated Irradiated
5 kGy 10 kGy

DI (%) 37 38 38
Mw (g/mol) 837.00 839.00 838.00

SI (mg KOH/g) 201.05 200.58 200.74
Roa 0.24 0.27 0.26

AI (mg KOH/g) 2.00 1.84 1.91
II (mg I2/g) 34.72 39.71 38.07

The relative low acidity index (AI) found for MSK fat indicated that it is free from hydrolytic 
rancidity and enables the direct use in industries without further neutralization as described 
by Arogba (1997) [4]. The high saponification index value (SI) of MSK indicate that lipid 
can be very useful in the soap industries.

On the other hand, the fat had a high quality due to the low Roa value, i.e, high oxidative 
stability because the fat has a low degree of unsaturation. This result is reinforced by relative 
low DI then it means a saturation degree of 63% and justifies the MSK lipid to be a fat, which 
is rich in saturated fatty acid and not oil. This conclusion is confirmed by GC-MS results. The 
high quality of MSK fat and its degree of saturation were not  significantly influenced by 
gamma irradiation. 

Figure 2. The chemical profiles (GC-MS) of the MSK lipids for non-irradiated and 
irradiated samples.
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The more significantly change was found in the Iodine index (II) values. It was found an 
increase  of  14% and 10% in iodine index of  fat  after  irradiation at  5  kGy and 10 kGy,  
respectively.  This result means that some double bonds may have been formed in the fat 
irradiation.

The chemical profiles obtained by GC-MS of the samples of non irradiated and irradiated 
MSK fat were identical (Figure 2) and the irradiation does not cause significant changes in 
the percentage composition of the fat. The fatty acid composition for both samples is listed in 
Table 3. Four major fatty acids were identified in MSK fat as being  9-hexadecenoic acid 
(palmitoleic acid), 8,11-octadienoic acid, oleic acid, and stearic acid. The major amount of 
saturated acid (stearic acid) agrees with results obtained from 1H NMR spectra of MSK fat.

Table 3. Fatty acid composition of the MSK fat

Fatty acids non irradiated  
(%)

Irradiated (%)
5 

kGy
10 

kGy
Palmitoleic acid 7.3 6.6 6.7

8,11-octadienoic acid 8.9 4.8 7.6
Oleic acid 19.2 18.2 20.6

Stearic acid 22.4 20.8 21.6

3. CONCLUSIONS 

Our study showed that lipid extracted of the mango kernel had a solid consistency at ambient 
temperature  (27°C) because it  is  rich in satured fatty acids.  Physico-chemical  analysis  of 
sample showed the high quality of mango fat by high oxidative stability because the mango 
fat  has  a  low  degree  of  unsaturation. On  the  other  hand,  it  was  observed that  gamma 
irradiation has no significant  influence on the physic-chemical properties of the samples. 
Except the small increase in iodine index of the irradiated mango fat. In addition, the major 
amount of fatty acids identified in MSK fat was  stearic acid and no influence of gamma 
irradiation in the chemical composition of MSK fat was found.
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