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ABSTRACT 

Theobroma Cacao L. (Malvaceae) is one of the major cash crops of 

Nigeria that has use in cosmetics, Pharmaceuticals and food industries. 

While the seed powder is used as herbal medicine for diabetes, cancer 

and heart disease, the seed oil provides good moisturizing effect (cocoa 

butter) for cosmetics, suppository base (Theobroma oil) in 

pharmaceuticals and chocolate in confectionary industries. The aim of 

this study is therefore to assess the physicochemical and in vitro 

antioxidant properties of the seed oil of Theobroma cacao L grown in 

Southern Nigeria. The yield obtained from the leaching process in a 

Soxhlet apparatus using n-hexane as solvent of extraction after 6 h of 

heating was 45.0%.  The chemical analysis were mostly titrimetric and 

the results obtained were acid value (4.10 mg KOH/g oil), hydroxyl value (72.39 mg KOH/g 

oil), saponification value (187.65 mg KOH/g), iodine value (45.03 g iodine/100 g oil) and 

peroxide value (1.09 meq. O2 / Kg of oil). The IC50 of 29.12 and 27.11 µg/mL were obtained 

for theobroma oil and standard antioxidant ascorbic acid respectively by in vitro antioxidant 

studies using  1, 1 diphenyl-2- picyrlhydrazyl (DPPH) radical scavenging assay for 

comparison. These results reveal that T. cacao has excellent natural antioxidant activity and a 

source of high quality oil. 
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INTRODUCTION 

Most countries of the world desire to have local content in all sectors of development by 

achieving sustainable development through agriculture and its products.
[1]

 This will give 

incentives to local industries to harness raw materials from their immediate environment and 

reduce the over-dependence on foreign products and importations and hence revive the ailing 

economies and create employment.
[2] 

 

The country Nigeria is known to grow cocoa in large quantities especially in the South-

Western part of the country. Hitherto, this has served the food and confectionary industry as a 

source of raw material for production of beverages but the need to expand to other sectors 

such as the pharmaceuticals and cosmetics has caused researchers to investigate how to 

further harness the potentials of T. cacao seed in the development of raw materials. 

 

The tropical tree Theobroma cacao belongs to the family Malvaceae and grows wild in the 

forests of Central America though it can be cultivated in West Africa and Asia. The botanical 

name of the cacao tree is Theobroma cacao which means ‘food of the gods’ in Greek 

language due to its value to the native Americans. There are about 20 species of the genus 

Theobroma but Theobroma cacao is the most important because of its commercial value. The 

cocoa seed remains the source of cocoa powder and cocoa butter from which food 

(chocolate), cosmetics and ethno-medicine
[3]

 is obtained but recently researchers using the 

non-edible parts (leaf, bark, root and husks) of the plant unveils more medicinal values and 

use.
[4-6] 

Research shows that health related benefits of cocoa such as protection from heart 

disease, cancer and diabetes mellitus may be due to the presence of compounds such as 

polyphenols, flavonoids and procyanidins.
[7-9] 

of which theobromine is also an antioxidant 

compounds. The seed oil from T. cacao is of great economic importance globally. Seeds, 

usually contain an abundant reserve of fats and oils more than any other parts of the plant. 

Fats and oils are triesters formed from glycerol and long chain fatty acids and are thus called 

triacylglycerol.
[10]

 Some of the fatty acids occurring in nature are stearic, palmitic, linolenic 

and oleic acids. The difference between fats and oils is that while fats are solids at 25
◦
C and 

have a larger percentage of saturated fatty acids, oils are liquids at same temperature and have 

mostly the unsaturated fatty acids.  Fats and oils from a chemical point of view contains two 

reactive sites, the double bond in the unsaturated fatty acid chain and the acid group of the 

fatty acid chain. They can become rancid on long storage and on exposure to air. These 

changes which result to an unpleasant odour arise due to chemical reactions such as 
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hydrolysis of the glycerides, oxidation of saturated fatty acids to ketones and oxidation at the 

double bonds of the unsaturated fatty acids
[11] 

Physicochemical analysis of fats and oils are 

essential to determine their identity and to assess their quality since these properties are 

affected by climate, method of extraction, storage, handling and adulteration.
[12]

 Antioxidant 

supplements (natural or synthetic) are important in cosmetics and medicine to scavenge or 

neutralize free reactive oxygen species produced as a result of exposure of skin to ultraviolet 

B (UVB) light.
[13]

 These free radicals causes accelerated skin damage and photoaging by 

inducing oxidative stress.
[14] 

This study therefore, aims to characterize the physicochemical 

and the in-vitro antioxidant properties of Theobroma cacao seed oil originating from southern 

Nigeria. 

 

MATERIALS AND METHODS 

Sampling Procedure 

Fresh and healthy matured pods of Theobroma cacao were purchased from Elele market in 

Rivers State, Nigeria. A sample of the pod was identified and authenticated in the Department 

of Pharmacognosy of Madonna University, Elele. Rivers State where a voucher specimen 

was deposited. The seeds were harvested manually from the pods, sorted, washed and oven 

dried at 50
◦
C for 12 h. The roasted seeds were then dehusked and pulverized to a fine powder 

and stored. 

 

Oil extraction and yield determination 

The oil was extracted by leaching in Soxhlet apparatus using 200 mL of n-hexane (b. p. 40 -

60 
◦
C) as a solvent. The milled dried mature seed sample (25 g) was placed in a thimble and 

loaded into a Soxhlet extractor. Six runs of the condensing solvent (lasting 6 h) was sufficient 

to extract all the oil from the sample. The process was stopped when the condensing solvent 

passing through the sample turned colourless. The solvent/oil mixture was separated at 40 
◦
C 

using a rotary vacuum evaporator Type 349/2 (Buchi, Germany) and finally air oven at 40- 

50 
◦
C. The resulting theobroma oil weight was expressed as a percentage of powdered sample 

weight. The extracted seed oil was capped in an airtight dark brown vial and placed in a 

freezer at -2 
◦
C until used for further analysis.

[15]
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Analysis of the physicochemical properties of Theobroma oil 

The chemical analysis of the theobroma oil was carried out using the methods of the 

Association of official Analytical Chemists, AOAC
[16]

 and Olaniyi et al.
[17]

 All 

determinations were done in triplicates and the values of the parameters expressed as mean ± 

standard deviation. 

 

Specific gravity determination 

The specific gravity bottle of 50 mL was washed, oven dried at 60 
◦
C and then finally cleaned 

with acetone and air dried. The weight of the empty bottle and its fitted stopper (W) was 

taken, after which the bottle was filled to the brim with distilled water and the stopper also 

inserted. The   weight (W1) was recorded for specific gravity bottle and its water content. The 

distilled water was then removed and the bottle was again dried at 60 
◦
C to remove moisture. 

The theobroma oil was finally loaded into the bottle and the stopper fitted in, after which the 

weight (Wo) was taken and finally the specific gravity of the oil was computed using the 

mathematical formula below. 

 

 

Refractive Index determination 

The refractive index was determined using Abbey refractometer model A 80251 (BS). The 

glass prism of the refractometer was thoroughly cleaned and drops of the oil sample was 

placed on the lower prism, spread thinly. The equipment was adjusted using both coarse and 

fine adjustment knob until the fine and thin demarcation between light and black shadow 

appears on the cross wire indicator. The reading of the telescope were recorded to give the 

value of the refractive index of the oil at room temperature. 

 

Viscosity 

A 20 mL volume of Theobroma oil was placed in a 50 mL beaker and the viscosity was 

determined using Brookfield viscometer (DV2T, Brookfield Engineering Laboratories, 

Massachusetts, USA) by inserting the spindle down to a depth of 1 cm in the oil sample. 

Analysis was done using spindle #62 at 12 rpm for 5 min at 27.5 
o 

C. Determinations were 

carried out in triplicates. 

 

Acid Value 

Diethyl ether (20 ml), ethanol (20 ml) and 1ml of 1% phenolphthalein solution were mixed in 

an Erlenmeyer flask and neutralized with 0.1M KOH solution until a pink colour persisted for 
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30 seconds. The oil sample (2 g) was dissolved in the neutralized diethyl ether/ethanol 

mixture. This mixture was warmed in a water bath at 40
◦
C and titrated with 0.1M ethanolic 

KOH using 1 ml of 1% phenolphthalein solution as indicator. 

 

 

Where; M = molarity of KOH solution (0.1M), V = volume of KOH solution (titre value), 

and W = weight of oil sample (g). 

 

Saponification value 

A 2 g quantity of T. cacao oil and 20 ml of 0.5 M KOH solution were placed in a distillation 

flask fitted with a reflux condenser and boiled for 1h with occasional shaking. The amount of 

KOH remaining after saponification (refluxing) was determined while still hot by titrating 

with 0.5 M HCl using 2 drops of phenolphthalein as an indicator. A blank experiment was 

also carried out by repeating this procedure without the oil sample. The saponification value 

was derived from this equation. 

 

Where; X = volume of HCl used in the blank titration, V = volume of HCl used in the test 

titration, M = molarity of HCL (0.5M) and W = weight of the oil sample (2g). 

 

Peroxide value 

A known weight (2.5 g) of theobroma oil was dissolved in a solvent mixture (glacial acetic 

acid: chloroform, 3:2). Then 0.5 mL of saturated potassium iodide solution was added. After 

1 min, 30 mL of distilled water was added and this was titrated with vigorous shaking with 

0.01M sodium thiosulphate (Na2S2O3)  solution using freshly prepared starch mucilage as 

indicator. A blank titration was carried out and the peroxide value was calculated using the 

formula below. 

 

Where F is the factor of 0.01M Na2S2O3, A is the titre value of the oil sample and B is the 

titre value of the blank titration. 

 

Hydroxyl value determination 

This is defined as the number of milligram of potassium hydroxide (KOH) equivalent to the 

hydroxyl content of 1.0g of the substance (oil).
[11]

 The hydroxyl value is determined by 
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acetylating the substance and titrating the cooled solution with 0.5 M ethanolic KOH using 

Phenolphthalein as indicator. The hydroxyl value is obtained from the formula. 

 

Where a in the equation is the acid value of the substance and V is the difference in mL 

between the titration. 

 

Iodine value (Wij’s method) 

Wij’s reagent is a solution of iodine monochloride in glacial acetic acid and is produced by a 

mixture of iodine trichloride solution and iodine solution.  The Wij’s reagent was prepared by 

dissolving 8 g ICl3 in 200 mL glacial acetic acid in a conical flask, and dissolving 9 g of I2 in 

300 mL Carbon tetrachloride (CCl4) in another flask. These two solutions were mixed 

together and diluted to 1 L with glacial acetic acid and kept in a bottle as Wij’s reagent. A 

quantity of T. cacao oil (0.5 g) was dissolved in 2 mL of CCl4, then 20 mL of Wij’s reagent 

was added, mixed and allowed to stand for 30 minutes. Then 15 mL of 10 % KI and 100 mL 

of water was added. This was mixed thoroughly and titrated with 0.1 M sodium thiosulphate 

(Na2S2O3) using few drops of 1% starch mucilage as an indicator towards the end point. The 

detection of the end point is the disappearance of blue colouration. Blank titration was also 

carried out with the omission of the oil. The titre volumes for the determination and blank 

were noted as Vs and Vb respectively. 

 

 

Antioxidant activity test (DPPH radical scavenging capacity test) 

This assay compares by in vitro method, the DPPH (1, 1- diphenyl-2- picryl hydrazyl) radical 

scavenging ability of the Theobroma cacao oil with that of standard antioxidant ascorbic 

acid
[18]

 A stock solutions of 100 µg/mL of theobroma oil and standard ascorbic acid (Kermel) 

were prepared differently in methanol from which further dilutions gave various 

concentrations (10 -50 µg/mL). The 2.0 mL of the different concentrations of the theobroma 

oil and standard ascorbic acid respectively were mixed with 2.0 mL of 0.5 mM DPPH 

solution, mixed vigorously and incubated for 30 min in the dark at room temperature after 

which the absorbance of the mixture were measured at 517 nm using a UV Visible 

spectrophotometer (Techmel & Techmel, USA) while using methanol as a blank. A solution 

of DPPH in methanol was used as control for all the experiment. The free radical scavenging 

activities of the test samples, expressed as percentage of inhibition were calculated using the 
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equation below.  The IC50 values were calculated from linear regression by plotting the graph 

between concentration and % inhibition (Figure 1). 

 ] × 100 

Where Ac is the absorbance value of the control samples, As is the absorbance values of the 

test or standard. 

 

RESULT AND DISCUSSION 

The physicochemical properties of the seed oil of Theobroma cacao were assessed 

chemically by titrimetric analysis using appropriate standard titrant /reagents while the 

antioxidant properties  was investigated by DPPH radical scavenging method. The results 

obtained from the chemical and physical analysis of theobroma oil are presented in Table 1. 

The yield of the oil obtained from the dried seeds of T. cacao was 45.0 % of the total seed 

weight. The extraction of oils usually takes place in an industrial scale by hot or cold press 

from the milled seeds while on a laboratory scale, while soxhlet extractor was used.
[19,20]

 

Traditionally extraction is done by boiling the powdered seed in distilled water for about 4 h. 

Stability of the oil and free fatty acid content are dependent on factors such as the method of 

extraction, geo-origin of plant and the specie, temperature changes, storage and handling / 

refining processes.
[21,22]

 These quality parameters serves as a criteria for quality control, 

adulteration assessment and grading of raw material such as oils for food, cosmetics and 

pharmaceutical industry.
[12]

 The colour, taste and odour of the oil is an indication of the 

authenticity and non- rancidity of the oil.  Typically, theobroma oil has chocolate taste and 

odour. Specific gravity and refractive index are also important physical properties of oils for 

quality control and detection of the level of adulteration.
[20]

 The specific gravity obtained for 

the theobroma oil is 0.92 ± 0.14 which is in agreement with the literature value.at 25 
◦
C.

[22,23]
 

 

Table 1: Chemical and Physical Properties of Theobroma oil. 

Properties Value 

Colour Pale yellow 

Odour and taste Chocolate odour and taste 

Oil yield (%) 45.0 

Specific gravity (g/ml) 0.92 ± 0.14 

Refractive index 1.4465 ± 1.24 

Viscosity (centipoise) 121.5 ± 1.06 

Acid value (mg KOH/ g of oil) 4.10 ± 0.43 

Saponification value (mg KOH/ g of oil) 187.65 ± 0.71 

Peroxide value (meq. O2 / Kg of oil) 1.09  ± 0.35 

Hydroxyl value  (mg KOH/ g of oil) 156  ± 0.78 
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Iodine value (g of iodine /100 g of oil) 45.03 ± 2.45 

Values are means of ± standard deviation for n = 3 

Previous study by Anietie et al
[24]

 showed similar results for the refractive index and specific 

gravity of theobroma oil at 1.455 and 0.914 respectively. 

 

Viscosity describes the rheological properties of fluids and it is a measure of internal 

resistance to flow of fluids.
[25]

 The viscosity of theobroma oil from our study shows a high 

value of 121.5 cp. This high value for viscosity is of pharmaceutical interest because an oil 

with high viscosity is used as a suppository base and for ointments for drug delivery. Oils 

usually contain a small quantity of free fatty acid which on exposure to air is responsible for 

its rancidity and oxidation with resultant unpleasant odour. The acid value has been defined 

as the number of milligram of potassium hydroxide required to neutralize the free fatty acids 

in I g of the oil. The acid value determination defines quality and edibility of oils, thereby it 

helps in rejecting both low grade and rancid oils.
[25]

 The acid value recorded in the current 

study is 4.10 mg KOH/ g and it is within the value (1-6 mg KOH/ g) accepted for most fresh 

fats and oils.
[17]

 The peroxide value is the number which expresses in milliequivalent of 

active oxygen, the amount of peroxide contained in 1 kg of the oil. High concentration of 

peroxide in oils is an indicator for poor quality. The value of peroxide from this study is 1.09 

meq. O2 / kg of oil and this shows good grade of oil and less liable to oxidative rancidity in an 

adequate storage system. Saponification value is the number of mg of KOH required to 

neutralize the fatty acids obtained by complete hydrolysis of 1 g of the oil. It is a measure of 

the total fatty acids (free and combined) present in the sample. The saponification value from 

the study is 187.65 mg KOH/g oil, which is also similar to the results obtained by Anietie et 

al.
[24]

 Though saponification value does not identify the particular oil, but it may be indicative 

of purity. Hydroxyl value can be defined as the number of mg of KOH required to neutralize 

the acid combined by acylation in 1g of the oil.  The hydroxyl value obtained for theobroma 

oil is 156 mg KOH/ g of oil. The iodine value is the number of grams of iodine absorbed per 

100 g of oil or fat. It is the measure of unsaturation in the oil. The study reveals an iodine 

value of 45.03 g of iodine /100 g of oil which indicates a high level of saturation and physical 

appearance as fat or semi-sold state and its important application as suppository base. The 

iodine value of 35.27 g of iodine /100 g of oil was obtained from a previous study.
[24]

 

 

The DPPH radical scavenging of theobroma oil was evaluated using ascorbic acid as the 

reference antioxidant compound. Theobroma oil and ascorbic showed a concentration 

dependent radical scavenging (Figure 1) with IC50 of 29.12 and 27.11 µg/ ml respectively. 
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The free radical scavenging activity demonstrated by theobroma oil in the study with IC50 

value comparable to that of the standard ascorbic acid may support their use in cosmetics as 

antioxidant to neutralize the reactive oxygen species elicited by sun rays. Theobroma cacao 

has been known to be a rich source of polyphenols, flavonoids, procyanidins which are all 

natural antioxidant compounds.
[3]

    

 

 

Figure 1: Comparative analysis (% inhibition) of Theobroma cacao oil with standard 

(ascorbic acid) antioxidant for DPPH free radical scavenging assay. 

 

CONCLUSION 

This study shows that the Theobroma cacao seed has high percentage yield which makes 

them a veritable source of raw material for the industry. The oil also has good 

physicochemical properties which may be profitable for food, cosmetics and pharmaceuticals. 
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