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ABSTRACT 

Background: Bioactive compounds are naturally occurring compounds in plants and animal products. They are known 

to have a variety of physiological functions in the body system such as: promoting general body development and 

prevention of the occurrence of some deadly diseases. The high burden of treatment of some deadly diseases like cancer, 

high blood pressure, and cardiovascular diseases has raised the need for scientists to generate empirical evidence on 

preventing these diseases using a dietary approach. Nuts have been identified as plants with potential to improve human 

health and prevent diseases when consumed adequately because of their rich constituents. This research work was 

conducted to evaluate and elucidate the bioactive components of locally grown nuts and their potential health benefits. 

Methods: The Phenolic compounds, phytosterols, tocopherols, and tocotrienols contents of the nuts were analyzed 

using standard methods. 

Results: Fourteen phenolic compounds were detected in the two nuts with cinnamic and gallic acids detected in 

appreciable amounts in groundnuts and caffeic acid in cashew nut. The total amount of tocopherols in cashew nut was 

14.08 mg/100g and 37.95 mg/100g in groundnut and the total tocotrienol was 0.85 and 4.00 × 10-3 mg/100g for cashew 

nut and groundnut respectively. Both samples have high quantity of sistosterol (251.36mg/100g and 238.95 mg/ 100g 

for cashew nut and groundnut respectively) with cashew nut having significantly higher amount. 
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Conclusion: The results showed that the nuts are rich in bioactive compounds and could be considered as natural sources 

of bioactive compounds that can be obtained from diets rich in these nuts to prevent the occurrence of certain deadly 

human diseases that are of high burden worldwide.    
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INTRODUCTION 

Bioactive compounds are chemical compounds found in 

certain foods with proven or potential health benefits. 

They are naturally occurring compounds in plants and 

animal products and are known to have a variety of 

physiological functions for promoting general body 

development and disease prevention [1]. They can be 

found in fruits, vegetables, and in nearly every plant 

structure. Some examples of bioactive compounds 

include phenolic compounds, polyphenols, lignans, 

phytosterols and stilbenoids [1]. 

Bioactive compounds are typically present in very 

small quantities but seem to provide powerful health 

benefits in relation to their concentration in the food 

matrix. They are produced from plants mainly used for 

medicinal purposes and act on different systems of 

animals including man [2]. Different types of bioactive 

substances such as polysaccharides, pigments, minerals, 

peptides, and polyphenols, which have valuable 

pharmaceutical and biomedical potential have been 

found in plants. Even though these bioactive substances 

are present in virtually all plant foods, their levels vary 

enormously among diets depending on the plant`s type 

and quantity of such plant in food diets.  Phenolic 

compounds, commonly referred to as polyphenols, are 

present in all plants and, thus, could be obtained from 

diets containing such plants. There are 8,000 phenolic 

structures that have been identified and they vary 
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structurally from being simple molecules (e.g., phenolic 

acids with a C6 ring structure) to being highly 

polymerized compounds like tannins [3]. Another 

example of bioactive compounds is phytosterols which 

are plant sterols that occur naturally in the 

unsaponifiable fraction of plant oils. They are present in 

low amount in human tissues because they are not 

synthesized in human and are poorly absorbed [4] thus 

they are better obtained from nutrition and diets from 

plants sources.  Phytosterols have been found to have 

numerous health benefits. For example, they lower 

absorption of unhealthy cholesterol levels in human and 

are also useful in prevention of cardiovascular heart 

diseases [4].  

Chemoprevention involves the use of drugs, 

vitamins, or nutritional supplements to reduce the risk of 

developing or having a recurrence of some diseases 

including cancer. The consumption of whole plant foods 

as chemo-preventive agents is highly recommended in 

the dietary guidelines because of the health benefits 

from dietary phytochemicals present in them that have 

been observed in epidemiological studies [5]. Therefore, 

there is the need to conduct much scientific research on 

potential sources of bioactive compounds to be able to 

make science – based dietary recommendations rich in 

bioactive compounds from plant sources because quite a 

few bioactive compounds appear to have beneficial 

health effects. 

Fruits, vegetables, and nuts play important roles in 

human nutrition; they are sources of vitamins, minerals, 

and fiber [6]. A daily intake of 30g per day of nuts is 

recommended to protect human health [6].  Groundnut 

(Arachis hypogaea), generally known as peanut, is an 

important food and is known as one of the most 

important oil seed crops in the world [7] because it has 

high concentration of edible nutrients. Groundnut 

belongs to the legume family and is one of the major 

sources of edible oil and food in Nigeria.  They are 

nutritious and rich in oil; thus, they are good sources of 

nutrients worldwide [7]. Fatty acids present in groundnut 

have been found to demonstrate beneficial effects on the 

cardiovascular system [8]. They also have anti-

inflammatory properties, which are mainly attributed to 

their ability to modify prostaglandin and lipid synthesis 

[7]. Their anti-inflammatory properties and fatty acid 

components protect against heart diseases in human [7-

8]. 

Cashew (Anacardium occidentale) is popularly used 

worldwide in making sweet and savory dishes. It belongs 

to the Anacardiaceae family, of the genus Anacardium.  

Cashew fruit has an oval shaped seed attached to it which 

contains nuts that are generally eaten as snacks after 

processed.  Cashew nuts are rich in nutrients and 

beneficial plant compounds and so, they help to improve 

the health conditions of humans.  Cashews are rich 

sources of polyphenols and carotenoids.  Consumption of 

the nuts have been linked to benefits like weight loss, 

improved blood sugar control, and a healthier heart [9]. 

Some authors have found that nuts are rich sources of 

fatty acids, carbohydrates, protein, fat, and vitamins [7, 

10]. They have also been found to help in providing 

protection against certain deadly diseases like coronary 

heart disease [11]. Due to the various beneficial effects 

of these nuts, and because of the growing interest in 

evaluating their roles in a healthy diet, there is a need to 

research more on the hidden benefits that could be 

derived from these nuts. Thus, this research focuses on 

evaluating and comparing the bioactive components 

present in two locally grown nuts, with the aim of 

highlighting their potential health benefits to humans. 

This will help provide evidence to show the need for 

regular consumption of these nuts for prevention of 

deadly diseases that can be prevented through diet. This 

would be helpful due to the high burden of treatment of 
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such diseases worldwide. This research is very apt, 

especially for the less developed parts of the world where 

the burdens of poverty can impact preventable human 

diseases. 

MATERIALS AND METHODS 

The groundnut and cashew nut were collected from local 

markets around Ado – Ekiti metropolis of Ekiti State 

Nigeria. All chemicals used were of analytical grade and 

purchased from Sigma Aldrich, Germany. The samples 

were washed thoroughly and air- dried, after which the 

samples were ground using electrical grinder. 

Extraction of oil: About 150g of the powdered samples of 

each seed flour was weighed and extracted in Soxhlet 

extractor using diethyl ether for 5 hours at a temperature 

of 40 – 50oC. After extraction, the oil was concentrated 

using rotary evaporator (Rotavapor R110, Buchi 

laboratoriums- Technik AG).  

Determination of phenolic compounds: 50 mg of the 

extracted oil was reacted with 5 ml of 1M NaOH on 

orbital shaker at ambient temperature for 16 hours as 

described by Provan et al. [12] with slight modification. 

The sample was then centrifuged, rinsed with water, 

centrifuged again and the supernatants were combined 

and placed in a disposable glass test tube and heated at 

90oC for 2 hours to release the conjugated phenolic 

compounds. The heated extract was cooled, titrated with 

4M HCl to pH less than 2.0 diluted to 10 ml, with 

deionized water and then centrifuged to remove the 

precipitate. The supernatant was analyzed using gas 

chromatography.  The gas chromatography equipment 

and conditions: Hewlett-Packard Packed 6890 Gas 

Chromatograph (Agilent Technologies, Inc.,Wilmington, 

DE, USA) column length – 30m, injection temperature – 

250oC, detector – flame ionization detector, carrier gas – 

nitrogen, initial temp – 60oC for 5 min, first rate – 15oC 

for 15 min and second rate – 10oC for 4 min.  

Determination of tocopherols and tocotrienols: To 

quantify the tocols in the seed oils, the methods of Du 

and Ahn [13] and Ahsan et al. [14] were used with slight 

modifications. 100-150 mg of oil samples were weighed 

into 50 ml Erlenmeyer flasks and esterified with 10 ml of 

a freshly prepared mixture containing ethanol, 33% KOH 

solution, and ascorbic solution (to prevent oxidation of 

the tocols during esterification). Sample were 

homogenized and incubated at 500C for 1 hour, 5 ml each 

of deionized water and redistilled hexane was added. The 

mixture was then thoroughly shaken and allowed to 

stand for about 15 hours for the phase to separate.  After 

phase separation, the unsaponifiable matter was 

transferred to a scintillation vial under nitrogen. To 

derive tocopherols, pyridine, and a mixture of 99% bistri 

fluoro acetamide and trimethyl chlorosilane were added 

and to derive tocotrienols, trimethyl siliane was added.  2 

ml of internal standard solution and 7 ml of hexane were 

added, and the lipids were derived overnight at room 

temperature before analysis by gas chromatography 

(GC). The GC equipment was the same as described 

above. The conditions were as follows: The capillary 

column used was 30 m×0.25 mm ×0.25 µm for tocopherol 

and 15 m×0.25 mm×0.15 µm supported on BaCO3 for 

tocotrienol, initial temperature 180oC (10 min); increased 

from 8oC/min to 260oC, then to 280oC at 2oC/min, 

maintained at 13 min. The injector and detector 

temperatures were 290oC and 300oC, respectively. 

Helium was used as the carrier gas at a flow rate of 1.2 

and 2.5 mL/min for tocopherols and tocotrienols, 

respectively. Peak areas were measured using a Hewlett- 

Packard Packard 7860 integrator (Agilent Technologies, 

Inc.). 

file:///C:/Users/DMM/Downloads/BCHD


Bioactive Compounds in Health and Disease 2021; 4(12): 301-310 BCHD   Page 305 of 310

Determination of phytosterol content: The composition 

of the phytosterols was determined according to the 

method of the International Organization for 

Standardization [15]. Approximately 250 mg of oil, 

saponified with an ethanolic potassium hydroxide 

solution was added to 1ml of internal standard solution; 

the unsaponifiable fraction was isolated by solid-phase 

extraction on an aluminum oxide column, and the steroid 

fraction was obtained after thin layer chromatography. 

Bands were visualized using n-hexane/diethyl ether (1:1, 

v/v) as the developing solvent. The sterol profile was 

analyzed using GC analysis as described for phenolic acid 

determination above with little differences such as 

carrier gas - Nitrogen at a flow rate of 35 mL/min and a 

pressure of 22 psi, 1 ml/min. The injector and detector 

temperatures were 250oC and 320oC, respectively, and 

the oven was programmed to decrease in temperature 

from 60 to 15oC at 4oC/min. The injection volume was 1 

ml, with a split ratio of 20:1. The total sterol content was 

determined by considering all peaks of sterols eluted 

between cholesterol and Δ7-avenasterol. Peaks were 

identified by comparing the relative retention times of 

samples with those obtained from standards. 

Statistical Analysis: All values were expressed as means 

of triplicate analysis. Correlation paired t test and Mann- 

Whitney test was performed using GraphPad Prism 

program version 5 for windows and differences among 

the means were determined for significance at p< 0.05. 

RESULTS AND DISCUSSION

Phenolic compounds: Fourteen phenolic compounds 

were detected in the two investigated nuts (Table 1). 

Caffeic acid was present in appreciable amounts in 

cashew nut, while cinnamic acid and gallic acid were 

detected in appreciable amounts in groundnut. 

Groundnut has a significantly higher amount of total 

phenolic compounds than cashew nut.  All classes of 

phenolic compounds have various biological functions.  

For example, gallic acid has been found to have 

numerous health benefits; it acts as a preservative in the 

food industry, it is useful in ameliorating occurrences of 

certain diseases like cardiovascular and intestinal 

diseases [16-17]. Also, cinnamic acids have been found to 

have good antifungal and antibacterial activities [18]. 

Likewise, protocatechuic acid (PCA) has been found to 

have beneficial effects on osteoblast and osteoclast cells 

in vitro [19] hence, useful for bone health. Furthermore, 

consumption of caffeic – rich foods has been found to 

lead to having a protective effect against carcinogenesis 

by preventing the formation of nitro compounds 

(nitrosamines and nitrosamides) that are the main 

inducers of this pathology [20-21]. The phenolic 

compound of peanut reported in this present work is 

comparable to the reports of Sales and Resurreccion [22] 

that reported the presence of caffeic acid, p-coumaric 

acid, and Ferulic acid as the major phenolic compounds 

detected in peanut kernels. 

The availability of the phenolic compounds in these 

nuts show they could serve as sources for these 

compounds in the human body system when adequately 

consumed. Furthermore, the nuts are cheap and readily 

available. Of note, is the presence of cinnamic, gallic and 

caffeic acids in appreciable amounts in these nuts thus, 

regular consumption of these nuts could help to supply 

these phenolic compounds into the human body system, 

thereby protecting the system against occurrence of 

certain deadly diseases. This is more important for the 

less developed parts of the world, where the burden of 

preventable human diseases is high, and there is a dearth 

of resources to combat them due to the many competing 

needs and inadequate fund availability in these settings. 

file:///C:/Users/DMM/Downloads/BCHD


Bioactive Compounds in Health and Disease 2021; 4(12): 301-310 BCHD      Page 306 of 310 

Table 1. Phenolic compounds content of composition of the two nuts 

Phenolic compounds Cashew nut (mg/100g) Groundnut (mg/100g) 

Salicyclic Acid 3.74 × 10-2 2.99 × 10-3 

Protocatechuic acid 1.33 × 10-3 1.35 × 10-3 

O – coumaric 3.34 × 10-1 9.27 × 10-4 

Vanillic acid 1.63 ×10-4 1.76 × 10-4 

p- hydroxybenzoic 1.28 × 10-2 3.40 × 10-3 

Cinnamic acid 4.28 × 10-2 1.00 

Gallic acid 2.12 × 10-3 2.24 

Caffeic acid 1.78 1.32 × 10-2 

Ferulic acid 2.15 × 10-3 2.32 × 10-1 

Syringic acid 2.17 × 10-3 2.23 × 10-3 

Ellagic acid 2.25 × 10-3 2.24 × 10-3 

Piperic acid  7.18 × 10-7 7.05 × 10-7 

Sinapinic acid 3.13 × 10-6 5.06 × 10-6 

Chlorogenic acid 7.03 × 10-3 4.35 × 10-3 

Total 2.22 3.50 

Table 2.  Tocopherols and tocotrienol composition of the nuts 

Tocopherols Cashew nut (mg/100g) Groundnut (mg/100g) 

α tocopherols 3.59a 23.70b 

γ tocopherols 9.83a 9.78b 

β tocopherols 5.29 × 10-2a 7.15 × 10-1b 

δ tocopherols 6.09 ×10-1a 3.75b 

Total  14.08 37.95 

Tocotrienols 

α tocotrienols 3.49 × 10-1a 1.51 × 10-3b 

γ tocotrienols 5.03 ×10-1a 2.49 × 10-3b 

β tocotrienols 4.11 × 10-5a 3.33 × 10-6b 

δ tocotrienols 1.31 × 10-5a 4.39 × 10-7b 

Total  0.85 4.00 × 10-3 

Total Vitamin E  14.93 37.95 

Means followed by different letters within each row indicates significant difference p<0.05 

Tocopherols and Tocotrienols: All classes of tocopherol 

were detected in the two nuts. Groundnut has 

significantly higher amount of α- tocopherol and δ- 

tocopherol.  Cashew nuts have higher total tocotrienols 

than groundnut while the total vitamin E content is 

significantly higher in groundnut (Table 2). Low levels of 

vitamin E in the human nutrition could be associated with 

a potentially higher risk of atherosclerosis or other 

degenerative diseases [23].  It has also been linked to the 

occurrence of cardiovascular heart diseases. The 

availability of each class of tocopherols and tocotrienols 

in these nuts is noteworthy because individual tocols 

have specific functions. For instance, α- Tocopherol has a 

main function of being a radical chain breaking 
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antioxidant in membranes, lipoproteins and in foods. It 

helps in cell proliferation, inhibition of platelet 

aggregation, and monocyte adhesion. It protects the 

body against degenerative malfunctions particularly 

cancer and cardiovascular diseases and are better at 

scavenging reactive oxygen species thereby having the 

best protection against fat oxidation and human diseases 

related to these [24]. 

Likewise, γ tocopherol has been found to act as an 

anti-inflammatory agent, it aids in cell signaling and can 

lower cancer risk [25]. Both tocopherols and tocotrienols 

have been reported to kill breast cancer cell lines through 

apoptosis and reduce tumor cells in animals thus, they 

are useful in reducing the risk of breast cancer [26]. These 

vitamin Es also play roles in monocyte production which 

are large white blood cells that fight against viruses and 

harmful bacteria [27]. 

Therefore, the high quantity of tocopherols in these 

nuts (most especially groundnut) and the availability of 

all classes of vitamin E in the nuts showed they could be 

good sources of essential nutraceuticals and can provide 

the body with the different classes of this important 

vitamin E when consumed. That commercially available 

vitamin E supplements mostly contain only α-tocopherol 

provided as either unesterified or usually as the ester of 

acetate, succinate, or nicotinate [28] further reinforces 

the advantage of consuming these nuts.  Also, it is 

generally agreed that vitamin E is safer and more 

beneficial when consumed through natural plants 

sources as food because they are fat soluble and not 

readily eliminated from the human body in cases of 

accidental excessive intake, which could readily occur 

through consumption of artificial or processed sources. 

Little wonder the American Heart Association (AHA) 

recommends obtaining antioxidants including vitamin E 

by eating a well-balanced diet high in fruits, vegetables 

and whole grains, rather than from supplements [29].  

Therefore, the nuts in the current study, which are also 

good dietary sources of α-, β- and γ-tocopherol, can serve 

as sources of vitamin E to the body system when 

consumed in adequate amount.  The vitamin E content of 

peanuts reported in this work is comparable to the 

reports of Silva et al. [30], while that of cashew nuts is 

higher when compared to the report of Rico et al. [31] 

but lower to the report of Ryan et al. [10]. Also, the 

vitamin E content of the nuts reported in the present 

work is higher when compared to the report of 

Kornsteiner et al. [23].  The discrepancies in these reports 

may be because of differences in geographical locations 

of the samples. 

The recommended dietary allowance (RDA) of 

vitamin E for adult age 14 – 51+ is 15mg, [32] and because 

these tocols are only biosynthesized in photosynthetic 

organisms, it is essential for human beings to acquire 

them from diets to meet the vitamin E requirements [33]. 

Therefore, consumption of about 100g of cashew nut and 

50g of groundnut will adequately provide the 

recommended dietary allowance for vitamin E (Table 2).  

Phytosterols: The two nuts have a high quantity of 

sistosterol but cashew nut has significantly higher value.   

The samples also have high quantity of campestrol with 

groundnuts having the highest value.  Groundnut also has 

a high quantity of stigmasterol while 5 – Avenasterol was 

detected in appreciable amounts in the samples (Table 

3).  Phytosterols from the diet have been found to play a 

protective role in the development of some types of 

cancer like breast, colon, lung, stomach, and prostate 

[34].  Since these sterols cannot be synthesized in the 

body system, their consumption through diet is highly 

recommended.  It has been found that a dose of 2- 4 g of 

phytosterol in a day can reduce low density lipoprotein 

cholesterol by approximately 10% [34-35]. Of note is the 

averagely high amount of sistosterol, campestrol and 

stigmasterol in the two samples. Also, the high total 

phytosterol of the samples showed that these nuts are 

rich sources of plant sterols therefore, consumption of 
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about 60g of these nuts will adequately supply a dietary 

intake of 150mg of phytosterols which can help in 

combating the occurrence of some of these diseases. The 

phytosterol contents of cashew nut evaluated in the 

present work is higher than the value reported by Rico et 

al. [31]. This further justifies the health importance of 

these nuts.  

It will be interesting in the very near future if the 

use of these nuts is put into real time applications 

through randomized control trials on their beneficial 

effects in combating some prevalent human diseases as 

doing so will further drive home their health benefits and 

relevance. 

Table 3. Phytosterol composition of the two nuts 

Phytosterols Cashew nut (mg/100g) Groundnut (mg/100g) 

Cholestanol 3.50 × 10-6 5.84 × 10-6 

Ergosterol 3.41 × 10-6 3.55 × 10-6 

Campesterol 11.97a 20.70b 

Stigmasterol 1.65a 11.99b 

5 – Avenasterol 1.66 2.30 

Sistosterol 251.36a 238.95b 

Total  266.64 273.94 

Means followed by different letters within each row indicates significant difference p<0.05 

CONCLUSION 

These nuts have a high quantity of bioactive components 

which have been found to be of great importance to 

humans when consumed.  They are very rich in vitamin E, 

phytosterol and some phenolic compounds which are 

essential components that could only be supplied to the 

body from plant sources. Thus, consumption of these 

nuts would help to supply these bioactive compounds to 

the body system and help to prevent occurrence of 

certain deadly diseases which have been advocated to be 

prevented using diet rather than waiting for their 

manifestations and treatments.  

Abbreviations: (AHA): American Heart Association, 

(RDA): recommended dietary allowance, (GC): gas 

chromatography, (PCA): protocatechuic acid  
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