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Abstract 

Background and objective: Mango (Mangifera indica L.) and cashew (Anacardium occidentale L.) are 

tropical trees widely cultivated in Nigeria. They are rich in lipid but their functionality has not been studied 

well. In this study, we investigated lipid composition of both mango seed and cashew nut kernels. 

Materials and methods: Fresh mature and disease-free mango seed and cashew nut were collected from 

farms of Agyaragu in Nasarawa state (Nigeria) in April 2020. Kernel of the samples was separated and their 

oil were extracted by Soxhlet method for analysis. Profile of fatty acids, phospholipids, and sterols were 

determined by gas chromatography in the laboratory. To evaluate the health attributes, amounts of saturated 

fats, unsaturated fats, essential fatty acids, and ratio of saturated to unsaturated fats were calculated.  

Results and conclusion: In mango seed kernel, palmitic (23.83%), linoleic (23.18%), and oleic (19.85%) 

acids had the most concentration. In comparison, linoleic (57.21%), oleic (25.30%), and palmitic (5.73%) 

acids were the abundant fatty acids in cashew nut kernel. Caprylic, capric, and lauric acids were determined 

in mango seed kernel, but they were not detected in cashew nut kernel. Margaric, arachidic, behenic, 

palmitoleic, arachidonic, and erucic were present in small quantities in both samples (less than 1%). Total 

amount of essential fatty acids in cashew nut kernel (62.42%) was much higher than that of mango seed 

kernel (31.9%). In addition, a higher ratio of polyunsaturated/saturated fatty acids, that is strongly 

associated with human health, was determined in cashew nut kernel (6.11 vs. 0.74). However, mango seed 

kernel was rich in phospholipids especially phosphatidylethanolamine, phosphatidylcholine, and 

phosphatidylinositol, which have significant role in cellular vital processes such as membrane fusion, cell 

circles, autophagy, and apoptosis. High concentration of phytosterol in cashew nut kernel (295.69 mg/100 

g) compared to mango seed kernel (51.18 mg/100 g) was also of importance. Accordingly, we concluded 

that both oils have a potential for consumption in foods and cosmetics, and animal feeding. 
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1.  Introduction 

Oilseeds are commonly cultivated in commercial 

scale for oil production. However, there are some 

tropical sources including cashew nut and mango 

seed that their byproducts such as kernel can be 

used as a healthful source of lipid [1]. Such 

byproducts are not used industrially but they may 

be found in diet of rural populations in tropical 

regions, especially in places where they are 

cultivated locally or grown in wildtype [2]. The 

increasing demand for edible fats and oils with 

high nutritional value has led to development of 

nutritional and toxicological studies on the oils 

obtained from unconventional sources and agri-

cultural waste products including rice-bran, 

cleome viscose, mahua, kapok, neem oil, cashew 

nut kernel, and mango seed kernel [3]. 

The word lipid refers to fat-soluble molecules 

including fats, oils, waxes, sterols, fat-soluble 

vitamins, monoglycerides, diglycerides, trigly-

cerides, fatty acids, and phospholipids. They pose 

vital biological functions in human body. For 

example, their metabolism toward energy pro-

duction, acting as structural component of cell 

membranes, and participation in cell signaling are 

of main roles of lipids in the body [4]. Incorrectly, 

lipid is sometimes used as a synonym for fat, that 

is a subgroup of triglyceride, diglyceride, and 

monoglyceride [5]. Lipids are classified into 

three groups of simple, compound, and complex 

molecules [6]. Phospholipids are of complex 

lipids containing a chemical group of phosphate. 

Phospho-glycerides are glycerol-based phospho-

lipids, which have a backbone of glycerol [7]. 

Specific function of a phospho-glyceride depends 

on the molecule that is attached to the phosphate 

group [8]. Fatty acid end of phospho-glycerides 

is soluble in fat, and the phosphate end is water 

soluble. It makes phospho-glycerides water- and 

fat-soluble, by which they show many functions 

in biological systems [9]. Lipids are of macro-

nutrients in human diet and produce high energy 

after metabolism. Nevertheless, their high con-

sumption is detrimental to health.  

Mango (Mangifera indica L.) seed kernel 

contains 8.15-13.16% lipid. It is a good lipid 

source because of its health beneficial properties. 

It has edible components known as structural and 

functional constituent of the cells in biological 

systems [10].  

Cashew (Anaccardium occidentale L.) nut be-

longs to Anacardiaceae family. It is an evergreen 

tree, native to the northeast region of Brazil, 

which further transferred to the south American 

countries. Then, it was cultivated in India, Africa, 

and Portuguese in the 16th century. Cashew tree 

spread from India to all-over southeast Asia. 

Cashew nut is a nutritious food containing 44% 

lipid. Cashew nut kernel is mainly composed of 

lipid accounted as 40-47% [11].  

Organoleptic attributes of foods are mainly 

contributed to the lipid content. It has been shown 

that lipid changes are of main causes of quality 

loss in foods [12]. Therefore, several researchers 

have focused on lipid composition and health 

attributes of unknown sources in the world. To 

this contribution, we assessed the lipid content of 

mango seed kernel and cashew nut kernel. 

Indeed, we analyzed and compared the compo-

sition and the amounts of phospholipids and 

sterols in the both kernels other than their fatty 

acid profile and nutritional health benefits for the 

first time. 

2. Materials and methods 

2.1. Sample collection 

Fresh mature and disease-free mango fruit (2 kg) 

and cashew nut (3 kg) were collected directly 

from farms of Agyaragu town located in Nasa-

rawa state of Nigeria in April 2020. The samples 

were further transferred to the chemistry labo-

ratory of Federal University of Lafia for analysis.  

2.2. Chemicals 

Cholesterol and α-cholestane were purchased 

from Sigma Aldrich (USA). Standards of stigma-

sterol and β-sitosterol were supplied by Chroma 

DEX (USA). Campesterol, ergosterol, avena-

sterol, phosphatidylethanolamine, phosphatidyl-
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choline, phosphatidylserine, lysophosphatidyl-

choline, phosphatidylinositol, phosphatidic acid, 

petroleum ether, boron trifluoride, chloroform, 

and benzene were purchased from Sigma Aldrich 

(Germany). n-Hexane were provided by Merck 

(USA). Potassium hydroxide and hydrochloric 

acid were prepared from Macron (Mexico), and 

deionized water was obtained using a Millipore 

purification system (Billerica, MA, USA). All 

chemicals were of analytical grade. 

2.3. Sample preparation 

Kernel of mango seed and cashew nut was 

removed by using a kitchen knife. The kernels 

were separately sundried for 5 days and then oven 

dried at 65 ºC for 30 h. In the next, the dried 

samples were ground into powder by electrical 

grinder. The ground samples were stored in 

airtight container at -5 ºC until analysis.  

2.4. Oil extraction  

About 50 g of the ground kernel was added to 

extraction chamber of Soxhlet extractor (Bionics 

Scientific Technologies Ltd., India). Then, 200 

ml of petroleum ether was added. The mixture 

was heated for 24 h to help lipid extraction. Then, 

the solvent was evaporated and the extract was 

rinsed twice with additional petroleum ether. At 

the end, pure extract was transferred to pre-

weighed flask [13]. 

2.5. Analysis of fatty acid profile 

At first, methyl esters of fatty acids were prepared 

in accordance to the method described by Aremu 

et al. [14]. Accordingly, 50 mg of the extracted 

oil was saponified with 3.4 ml of KOH solution 

in methanol (0.5 M) at 95 ºC for 5 min. The 

mixture was neutralized by HCl (0.7 M), 

followed by addition of 3 ml of boron trifluoride 

solution in methanol (14%). The final mixture 

was heated at 90 ºC for 5 min to complete 

methylation. Fatty acid methyl esters were 

analyzed by HP 6890 gas chromatograph (Bio-

nics Scientific Technologies Ltd., India) equip-

ped with flame ionization detector. Nitrogen was 

used as carrier gas. A polar (HP INNO Wax) 

capillary column (30 m × 0.53 mm × 0.25 μm) 

was used for separation of fatty acids. Initial 

temperature of the column was set at 250 ºC and 

then increased at rate of 5 ºC/min to reach a final 

temperature of 310 ºC. Injector and detector 

temperatures were 310 ºC and 350 ºC, respec-

tively. Quantitative evaluation was carried out by 

calculation of peak areas. Recovery of 0.96 was 

achieved by using heptadecanoic ester. 

2.6. Analysis of phospholipids 

Phospholipid content of the samples was deter-

mined by gas chromatograph (HP 5890, Bionics 

Scientific Technologies Ltd., India). At first, 0.01 

g of the extracted oil was added to a test tube and 

was exposed to stream of nitrogen gas to ensure 

complete solvent removal. Then, 0.04 ml of 

chloroform and 0.1 ml of chromogenic solution 

were added to the tube. The mixture was heated 

at 100 ºC for 1 min in water bath. After cooling, 

5 ml of n-hexane was added and the tube was 

shaken vigorously. In the next, the content was 

left until the solvent and the aqueous phases were 

separated. The solvent layer was removed and 

used for analysis by gas chromatograph equipped 

with pulsed flame photometric detector. The 

analysis was carried out by split ratio of 20:1, 

inlet temperature of 250 ºC, detector temperature 

of 300 ºC, by using HP5 column (30 m × 0.25 mm 

× 0.25 µm), and nitrogen as carrier gas. Initial 

temperature of oven was set at 50 ºC, which 

increased at rate of 10 ºC/min for 20 min, and 

maintained at final temperature for 4 min. Then, 

temperature was increased at rate of 15 ºC/min for 

4 min, and maintained at final temperature for 5 

min [15]. 

2.7. Analysis of sterols  

Analysis of sterols was done as described by 

AOAC method [16]. At first, the extracted oil was 

saponified in a capped test tube by addition of 3 

ml of KOH solution in ethanol (10%) and 0.2 ml 

of benzene (to ensure miscibility) followed by 

heating at 90 °C for 30 min. Then, 2 ml of n-

hexane (nonpolar solvent) and 3 ml of deionized 
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water (polar solvent) were added to separate un-

saponifiable materials and polar materials, resp-

ectively. After vertexing, polar and nonpolar 

phases were separated. To maximize the yield of 

analysis, extraction of the remained sterols in the 

polar phase was done by 2 ml of n-hexane during 

three steps for 1 h, 30 min, and 30 min, respec-

tively. All the nonpolar extracts containing unsa-

ponifiable materials were combined and exposed 

to stream of nitrogen gas to remove the solvent. 

Determination of sterols was carried out by gas 

chromatograph under similar condition described 

for fatty acids methyl esters analysis [14]. 

2.8. Statistical analysis 

Data were analyzed by Microsoft Excel 2010. 

The results are presented as mean ±standard devi-

ation (SD). In addition, data variation is expres-

sed as coefficient of variation (CV) in the tables. 

The experiments were done in three replications. 

3. Results and discussion 

3.1. Fatty acid profile of mango seed kernel 

and cashew nut kernel 

As seen in Table 1, the highest concentration was 

related to palmitic acid (23.83%) in mango seed 

kernel and linoleic acid (57.21%) in cashew nut 

kernel. Palmitic acid was the predominant 

saturated fatty acid in both samples (23.83% and 

5.73% in mango seed and cashew nut kernel, 

respectively). Cashew nut kernel was free of 

caprylic, capric, and lauric acids, possibly due to 

the different environmental condition in which 

the plant was grown. The fatty acid profile 

detected in our study was similar to those 

reported for apple and pear seed oils in study of 

Yukui et al. [17]. In their study, oleic acid was the 

main fatty acid in both samples (43.03% in apple 

seed oil and 56.80% in pearl seed oil). Similarly, 

oleic acid was detected in relatively high concen-

tration in our samples. In agreement, high con-

centrations of palmitic (3-18%) and linoleic (1-

24%) acids were reported by Nadeem et al. in 

analysis of Mangifera indica L. kernel [18]. Kim 

et al. detected 44% palmitic acid and 28.6% lino-

leic acid in chufa (Cyperus esculentus L.) tuber 

oil [19]. Similarly, high amount of oleic acid 

(56.78%) and linoleic (42.64%) acid was reported 

by Aremu et al. in analysis of breadfruit (Arto-

carpus altilis) seed and wonderful kola (Buchhol-

zia aoriacea) seed, respectively [20]. Further-

more, 35.65% and 33.56% linoleic acid in kernel 

and pulp of Balanites aegyptiaca was reported by 

Aremu et al. [21]. Linoleic acid was also the main 

ingredient in citrus seed oil (36.1-39.8%) follo-

wed by palmitic (25.8-32.2%), oleic acid (21.9-

24.1%), linolenic (3.4-4.4%), and stearic acid 

(2.8-4.4%) in study of Anwar et al. [22].  

 

Table 1– Fatty acids profile of mango seed kernel and cashew nut kernel 
Fatty Acid Mango seed kernel (%) Cashew nut kernel (%) Mean ±SD (%) CV (%) 

Caprylic Acid (C8:0) 1.61 0.00 0.81 ±0.80 99 

Capric Acid (C10:0) 3.40 0.00 1.70 ±1.70 100 

Lauric Acid (C12:0) 7.80 0.00 3.90 ±3.90 100 

Myristic Acid (C14:0) 4.96 0.22 2.59 ±3.35 129.34 

Palmitic Acid (C16:0) 23.83 5.73 14.78 ±12.80 86.60 

Margaric acid (C17:0) 0.03 0.04 0.04 ±0.01 25.00 

Stearic acid (C18:0) 3.38 3.53 3.46 ±0.02 0.58 

Palmitoleic acid (C16:1) 0.57 0.82 0.61 ±0.18 29.51 

Oleic acid (C18:1) 19.85 25.30 22.62 ±3.90 17.24 

Linoleic acid (C18:2) 23.18 57.21 40.20 ±17.02 42.34 

Linolenic acid (C18:3) 8.72 5.21 6.97 ±2.48 35.58 

Arachidic acid (C20:0) 0.40  0.50 0.45 ±0.07 15.56 

Arachidonic acid (C20:4) 0.05  0.06 0.06 ±0.01 16.67 

Behenic acid (C22:0) 0.31 0.33 0.32 ±0.01 3.12 

Erucic acid (C22:1) 0.22 0.24 0.23 ± 0.02 8.70 

Lignoceric (C22:4) 

Total 

1.69 

100  

0.81 

100 

1.25 ± 0.62 49.6 
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3.2. Fatty acids distribution and health index 

of mango seed and cashew nut kernels 

Distribution of fatty acids in terms of mono-

unsaturated fatty acid (MUFA), polyunsaturated 

fatty acid (PUFA), saturated fatty acid (SFA), di-

unsaturated fatty acid (DUFA), unsaturated fatty 

acid (UFA), essential fatty acid (EFA), oleic/ 

linoleic acid ratio (O/L), and polyunsaturated/ 

saturated fatty acid ratio (PUFA/SFA) is 

presented in Table 2. We observed that concent-

rations of both unsaturated and essential fatty 

acids in cashew nut kernel were higher than those 

of mango seed kernel, while concentrations of 

saturated and non-essential fatty acids in mango 

seed kernel were higher than cashew nut kernel 

(45.72% vs. 10.35% for SFA; 68.1% vs. 37.58% 

for non-essential fatty acids, respectively). 

Amount of SFA in mango seed kernel was much 

higher than those reported for processed pinto 

bean (9-12.9%) [23], Brachystegia eurycoma 

(17.06%) [24], Daucus carota (23.36%), and 

Cucumis sativus (20.15%) [13], and processed 

black variety of tigernut (20.5-24.8%) [15].  

High dietary intake of SFA is a risk factor of 

obesity and cardiovascular diseases [25]. Interes-

tingly, high amount of UFA (89.65%) makes 

cashew nut kernel a healthful candidate for 

nutritional applications. However, it has been 

approved that highly unsaturated fats/oils are 

susceptible to oxidation, and high intake of foods 

containing the oxidized lipids may put the body 

at risk of oxidative stress and the associated 

diseases [15]. On the other hand, linoleic and α-

linolenic acids, known as omega-6 and omega-3 

fatty acids respectively, are of the most important 

EFAs required for body maintenance, growth, 

and physiological functions [26]. They work 

together in a competitive balance to regulate 

blood clotting, immune response, and inflam-

matory processes. Linoleic acid deficiency may 

lead to dry hair, hair loss, and poor wound 

healing. In addition, dietary intake of linolenic 

acid decreases the risk of cardiovascular diseases 

and protects the consumers against fatal ischemic 

heart disease [27,28]. It has been reported that 

linoleic acid could reduce serum cholesterol and 

low-density lipoprotein (LDL) levels [29]. Acco-

rding to our result, the higher concentration of 

EFA in cashew nut kernel (62.42%) than mango 

seed kernel (31.9%) introduces it as source of 

omega fatty acids for domestic use or food 

supplements and also cooking under mild heat-

ing. Moreover, O/L ratio is important in technical 

view. Oleic acid is one of MUFAs, known as 

omega-9, and its abundance in edible oils makes 

the matrix resistant to oxidative reactions under 

deep frying [30]. To this contribution, O/L ratio 

in mango seed kernel (0.86) was significantly 

higher than that of cashew nut kernel (0.44). 

 

Table 2- Fatty acids distribution in mango seed kernel and cashew nut kernel 

Quality parameter Mango seed kernel (%) Cashew nut kernel (%) Mean ±SD (%) CV (%) 

MUFA 20.64 26.36 23.54 ±4.10 17.42 

PUFA 33.64 63.29 48.47 ±20.97 43.26 

SFA 45.72 10.35 28.04 ±25.01 89.19 

DUFA 23.18 57.21 40.20 ±24.06 59.85 

UFA 

EFA 

54.28 

31.90 

89.65 

62.42 

71.97 ±7.91 

47.16 ±21.58 

10.99 

45.76 

O/L 

PUFA/SFA 

0.86 

0.74 

0.44 

6.11 

0.65 

3.42 

 

MUFA: mono-unsaturated fatty acid; PUFA: poly-unsaturated fatty acid; SFA: saturated fatty acid; DUFA: di-

unsaturated fatty acid; UFA: unsaturated fatty acid; EFA: essential fatty acid; O/L: oleic/linoleic acid ratio; 

PUFA/SFA: polyunsaturated/saturated fatty acid ratio

3.3. Concentration of phospholipids in mango 

seed and cashew nut kernel oils 

According to the results, there were 701.92 and 

90.67 mg phospholipid per 100 g of mango seed 

and cashew nut kernel oils, respectively. 
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Phosphatidylcholine (PC) (410.2 mg/100 g) and 

phosphatidylserine (PS) (53.61 mg/100 g) had the 

highest concentration in mango seed kernel oil 

and cashew nut kernel oil, respectively. In 

comparison, PS showed the least concentration 

(1.03 mg/100 g) in mango seed kernel oil, and 

Lysophosphatidylcholine (LPC) was detected at 

least concentration in cashew nut kernel oil (1.89 

mg/100 g). Several beneficial effects have been 

reported for dietary phospholipids. For example, 

PC participates in maintenance of cell-membrane 

integrity, transfer of genetic information from 

DNA to RNA in protein synthesis, and signal 

transduction [5]. It has been found that PC 

concentration is high in infancy but it decreases 

during aging and may drop to 10% of cell 

membrane in old age [31]. Therefore, its daily 

supplementation is recommended to maintain the 

brain’s function and memory capacity in 

adulthood [32]. The US Food and Drug Admin-

istration has stated that consumption of PS may 

reduce rate of dementia and cognitive dys-

function in elderly people. In addition, it reduces 

mental stress and improves mental function in 

young people [33]. Supplementation with PS 

promotes hormonal balance in athletes and could 

reduce physiological deterioration occurring 

under overtraining and/or overstretching [34]. 

Phosphatidylethanolamine (PE) is of abundant 

phospholipids in animals and plants with signi-

ficant role in membrane fusion, cell circles, 

autophagy, and apoptosis. It is of building blocks 

in membrane bilayer [35]. According to Table 3, 

mango seed kernel oil can be considered as a 

good source of PE. 

Table 3- Concentration of phospholipids in mango seed kernel oil and cashew nut kernel oil 
Phospholipid Mango seed kernel 

oil (mg/100 g) 

Cashew nut kernel oil 

(mg/100 g) 

Mean ±SD 

(mg/100 g) 

CV 

(%) 

Phosphatidylethanolamine 100.13 4.29 52.21 ±67.8 129.86 

Phosphatidylcholine 410.20 21.13 215.67 ±275.1 127.56 

Phosphatidylserine 1.03 53.61 27.32 ±37.2 136.16 

Lysophosphatidylcholine 1.79 1.89 1.84 ±0.1 5.43 

Phosphatidylinositol 108.06 9.28 58.67 ±69.9 119.14 

Phosphatidic acid 80.71 4.70 42.71 ±53.8 125.97 

Total 701.92 90.67   

 

3.4. Composition of sterols in mango seed and 

cashew nut kernel oils 

Phytosterols have positive role in treatment of 

rheumatoid arthritis and prevention of heart 

diseases. However, excessive intake of dietary 

phytosterols and stanols may contribute to 

increased blood pressure [36]. Total concent-

ration of 51.18 and 295.69 mg sterol per 100 g of 

mango seed and cashew nut kernel oils, 

respectively, were calculated (Table 4). The least 

and the highest sterol in cashew nut kernel oil was 

ergosterol (1.49 mg/100 g) and β-sitosterol 

(235.49 mg/100 g), respectively. In comparison, 

cholesterol (1.76 mg/100 g) and β-sitosterol 

(35.32 mg/100 g) was the least and the highest 

sterol detected in mango seed kernel oil. 

High level of total cholesterol and LDL 

cholesterol in the blood is of main risk factors for 

coronary heart diseases. Phytosterols are effec-

tive in lowering total cholesterol and LDL 

cholesterol and inhibit intestinal cholesterol 

absorption. Indeed, phytosterols compete with 

cholesterol in the small intestine, thereby reduce 

intestinal absorption of cholesterol and its 

concentration in the blood. Therefore, dietary 

intake of phytosterols in favor of reduced 

cholesterol absorption will reduce the risk of 

atherosclerosis [15]. 
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Table 4- Concentration of sterols in mango seed kernel oil and cashew nut kernel oil 
Phytosterol Mango seed kernel oil 

(mg/100 g) 

Cashew nut kernel oil 

(mg/100 g) 

Mean ±SD 

(mg/100 g) 

CV (%) 

Cholesterol 1.76 4.02 2.89 ±1.6 55.36 

Cholestanol 2.29 9.17 5.73 ±4.9 85.51 

Ergosterol 2.23 1.49 1.86 ±0.9 48.39 

Campesterol 5.90 44.55 25.23 ±0.5 1.98 

Stigmasterol 6.03 9.63 7.83 ±27.3 348.66 

Avenasterol 3.93 6.06 5.00 ±2.6 52.00 

β-sitosterol 35.32 235.49 135.41 ±141.5 104.50 

Total 51.18 295.69 
  

4. Conclusion 

Lipid profile and health benefits of mango seed 

and cashew nut kernels were investigated in the 

current work. Sixteen and thirteen fatty acids 

were identified in mango seed and cashew nut 

kernels, respectively, of which unsaturated fatty 

acids were predominant in both the samples. 

Cashew nut kernel contained high level of PUFA, 

EFA, and phytosterols compared to mango seed 

kernel, making it a healthy choice for food 

preparation and supplementation. Although, high 

PUFA concentration in cashew nut kernel oil 

makes it inappropriate for deep frying. However, 

mango seed kernel was rich in phospholipids with 

higher contents of PE, PC, and phosphatidyl-

inositol. We concluded that both the kernel oils 

have potential for domestic and industrial uses, 

through which lower wastes are produced which 

results in reduced environmental pollution and 

improved financial benefits. 
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