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Abstract 

In this study, oil was from Kachia ginger extracted and characterized. The 

extraction was carried out at different particle sizes of 60 𝜇m, 150 𝜇m, 250 𝜇m, 

350 𝜇m, and 425 𝜇m of the Kachia ginger. A constant period of 2 h, equal 

solvent (ethanol) volume of 250 ml and extraction temperature of 100 oC were 

maintained. The oil yield was found to increase as the particle sizes of the 

ginger decreases, and the optimum particle size was 250 𝜇m which gave the 

maximum oil yield of 3%. From the physiochemical analysis of the oil, the 

results showed that the saponification value, iodine value, Acid value, free fatty 

acid and pH are 92 mgKOH/g, 16.23 gI2 /100g, 5.01 mgKOH/g, 2.5 mg/g, and 

5.7 respectively. The oil composition was also determined using gas 

chromatograph-mass spectrometry (GC-MS) and the results showed the 

presence of saturated and unsaturated fatty acid as follows: 3-Iodo-thiophene-

2-carboxamide (41.13%), 3,6-Bis(N-formamido) carbazole (16.34%), 1-1-

Bromoundecanoic acid (6.25%), 3,5-bis(methylthio)-4-phenil- Isothiazole, 

(5.49%), 6-Methyl-trizolo(4,3-b)(1,2,4)-triazine (4.74%) and Undecanoic acid 

(4.62%). The physicochemical analyses of the extracted oil revealed that the oil 

possess antioxidants which makes it suitable for consumption. 

 

Keywords: Kachia ginger, Oil extraction, particle sizes, oil yield, 

physiochemical analysis, GCMC analysis. 

 

1.0 Introduction 

Ginger (Zingiberofficinale Roscoe, Zingiberaceae) is one of the most 

commonly consumed dietary condiments in the world (Ugwoke and Nzekwe 

2010). It is also a very important cash crop in Nigeria due to its essential oil and 

oleoresin contents. Powdered ginger is used in the preservation of meat, soup 
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and ginger drinks (Dziezak, 1989) The oleoresin (i.e., oily resin) from the 

rhizomes (the roots) of ginger contains many bioactive components, such as 

gingerol (1-[4-hydroxy-3-methoxyphenyl]-5-hydroxy-3-decanone); a primary 

pungent ingredient believed to exert a variety of remarkable pharmacological 

and physiological activities. Among other spices that are being used in Nigeria 

such as cardamom, turmeric, clove, garlic, onion and pepper, it is the lead that 

is commercially grown for export in Nigeria and it has a very high demand in 

the international market because of its oleoresin (non-volatile) and essential oil 

(volatile) contents responsible for the characteristic aroma and pungency 

respectively (Famurewa et al., 2011).  Ginger contains other components such 

as fats, proteins, carbohydrates, vitamins (C and B) and minerals which 

determine its quality.  

The spicy aroma in the oleoresin (non-volatile) component of ginger is mainly 

due to presence of ketones, especially the gingerols, which appear to be the 

primary component of ginger studied in much of the health-related scientific 

research. The rhizome, which is the horizontal stem from which the roots grow, 

is the   main portion of ginger that is consumed. Ginger’s current name comes 

from the Middle English gingivere, but this spice dates back over 3000 years to 

the Sanskrit word srngaveram, meaning “horn root,” based on its appearance. 

In Greek, it was called ziggiberis, and in Latin, zinziberi (Edris, 2007). In the 

northern Nigeria where it is mostly grown such as in Kachia area of Kaduna 

state, it is popularly known as “citta” in hausa language. The Yoruba people call 

it “Atale” while the Igbo people call it “ohuru” 

Ginger is used in numerous forms, including fresh, dried, pickled, preserved, 

crystallized, candied, and powdered or ground. The flavor is somewhat peppery 

and slightly sweet, with a strong and spicy aroma. The essential oils 

concentration in ginger depends on the maturity period and the intended use of 

the rhizome determines its harvest time. Ginger meant for oil extraction 

purposes are often harvested at 9 months or longer (Edris, 2007). 

The essential oils are volatile, and therefore the most common methods of their 

extraction include hydro-distillation, steam distillation (hydro-diffusion), 

solvent extraction, effleurage, and cold pressing. Essential oils, being 

hydrophobic and nonpolar, can be extracted using organic solvents, especially 

organic solvents. Effleurage is a classical method for extracting aroma from 

flowers. The cold-pressing method is used in fresh citrus peels (Edris, 2007).   
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Reports from researches have shown that ginger functions as an inhibitor of 

prostaglandin and leukotriene biosynthesis (inflammatory mediators produced 

from arachidonic acid) to produce its ameliorative effects in arthritis done by 

the inhibition of the production and release of metabolic products from lipid 

membranes, peptides, proteins and amino acids (Srivastava and Mustafa, 1989). 

The effect of ginger on the stimulation of bile secretion was studied to identify 

the basis of its action as a metabolism enhancer. Studies have shown that the 

acetone extracts of ginger, which consist the essential oils and the pungent 

recipe, produce an increase in bile secretion. Bile acid enhances the absorption 

of fat, electrolytes and peristalsis of the small intestine. Studies have also shown 

that long term dietary intake of ginger has hypoglycaemic and hypolipidaemic 

effect (Ahmed and Sharma, 1997). In Nigeria today, ginger has widely been 

used for the treatment of various diseases, and also as energy drinks cases of 

depression, and impotence (Mbaveng and Kuete, 2017). Numerous active 

ingredients have been reported to be present in gingers which include both 

volatile (approximately 1-3% of its weight) and nonvolatile components 

(Onwuka et al., 2002). The chemical compositions of ginger oils are affected 

from the source of rhizome, freshness or dryness and extraction methods. It has 

been recorded in research articles that Nigerian fresh ginger oil (1.02% w/v) 

using solvent extraction was found to have β-zingiberene (12.2%), 1,8 

cineole+limonene+β-phellandrene (10.5%), geraniol (15%), neral (8.9), β-

bisabolene (5.6%) and β sesquiphellandrene (6.5%), while the oil from dried 

rhizomes (1.84% w/v) had β-zingiberene  (28.1%), 1,8-cineole+limonene+β-

phellandrene (4.5%), geraniol (9.0%), neral (5.3%), β-bisabolene (8.4%) and β-

sesquiphellandrene (10.6%) as the main components (Ekundayo et al., 1988). 

The Nigerian ginger oil extracted by hydro-distillation method (2.4% w/w) was 

reported to contain zingiberene (29.5%), sesquiphellandrene (18.4%), farnesene 

(6.46%), germacrene D (3.6%), neral (2.5%), geranial (3.56%), neryl acetate 

(1.2%), and (E,E)α-farnesene (1.9%) (Onyenekwe and Hashimoto, 1999).The 

research studies shows that the ginger dried rhizome has higher essential oil and 

β-zingiberene contents than that of fresh one. 

In this study, extraction and characterization of oil from specie of ginger grown 

in Kachia in northern Nigeria is conducted to determine its percentage oil 

content, its chemical composition and the major active ingredients it contained. 
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2.0 Material and methods 

2.1 Material 

The sample used in this study was fresh ginger (Zingiber Officinale Roscoe) 

which was purchased at Kachia in Kachia local government area of Kaduna 

state. The raw ginger was carefully pilled to remove the outer layer, it was 

properly washed with tap water and then dried in an oven for 7 h at a 

temperature of 70 oC. Thereafter, the ginger samples were grinded using a ball 

mill and the resulting smaller particle sized material was dried in an oven for 1 

h at 70 oC and then sieved into different particle sizes of (60 𝜇m, 150 𝜇m, 250 

𝜇m, 350 𝜇m and 425𝜇m. 

 

2.1.2 Oil extraction procedure  

Solvent extraction method was employed in this study as described by Emendu 

and Emendu, (2014) using Soxhlet extractor.  

Oil extraction was carried out using soxhlet apparatus with ethanol as solvent. 

100g of the dried ginger sample was measured using a digital weighing balance. 

The sample was poured into the thimble and placed in the inner tube of the 

apparatus. The apparatus was fitted to a 500ml round bottom flask containing 

240ml ethanol. The setup was placed on a heating mantle and then heated at a 

constant temperature of 100 oC for 2h. The oil was obtained after the solvent 

was recovered from the oil-solvent mixture by heating the mixture to 80 oC for 

a period of 20 min. The heated solvent boiled gently and the vapor passed up 

through the tube and condensed by the condenser and then withdrawn. The 

process was repeated 5 times with different particle sizes (60 𝜇m, 150 𝜇m, 250 

𝜇m, 350 𝜇m and 425 𝜇m) following the same procedure. 
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Figure 1: Oil Solvent extraction setup using Soxhlet apparatus  

2.2 Physiochemical Properties of the Extracted Oil 

2.2.1 Determination of Density  

The density of the oil was determined by measuring some quantity of the oil 

sample in a beaker of known mass. The final weight of the beaker was noted 

after the sample was poured into the beaker. The volume of the oil sample was 

also noted after which the density was evaluated. 

 

2.2.2 Determination of Hydrogen ion concentration (pH) 

The probe of the pH meter was inserted into the oil and removed. The color 

indicator was observed and matched with various color samples on the pH scale 

and the true pH value was determined by the appropriate color. 

 

2.2.3 Determination of Refractive index 

The refractive index was determined by placing a drop of the oil on the glass 

slab of a refractometer and the adjustable knob of the meter was carefully 

adjusted until a dark surface within the meter coincide with a value on the scale 

which is the value of the refractive index. 

 

2.2.4 Determination of Viscosity 

The viscosity of the oil was determined by using Viscometer. The oil poured in 

one side of the meter later withdrawn from the other side until it reached an 

upper graduation of the meter, from where it was released. The time taken for 

the oil to reach a certain point is multiplied by the viscometer constant.  

 

2.2.5 Determination of Melting point                                                                                                      

The oil sample was first solidified using a refrigerator and then melted over hot 

water. The value of the melting point was obtained from the thermometer which 

has been inserted into the sample. 

 

2.2.6 Determination of Boiling point  

Part of the extracted oil was poured into a beaker. A thermometer was then 

immersed into it and carefully heated until bubbles began to form; the reading taken 

from the thermometer gives the boiling point of the oil. 
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2.2.7 Determination of oil yield  

The oil obtained from the extraction process was weighed and the yield calculated 

using (1) 

𝑌𝑖𝑒𝑙𝑑 =  
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑜𝑖𝑙 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑔𝑖𝑛𝑔𝑒𝑟
 × 100 %                               (1) 

 

2.2.8 Determination of specific gravity 

A 25ml capacity specific gravity bottle was filled with the extracted oil and 

weighed; the mass of the oil was noted as W1. Similarly, the bottle was filled 

with water and weighed; the mass of water was noted as W2. The specific 

gravity was calculated as follows: 

Specific gravity =  
W1

W2
  (2) 

 

2.2.9 Determination of Free Fatty Acid  

According to Aremu et al. (2012-15), 2.0g of the extracted oil was measured 

into 250cm3 Erlenmeyer flask, 100cm3 of ethanol was added followed by 2cm3 

of phenolphthalein indicator. The mixture was thoroughly mixed and titrated 

against 0.1M NaOH with continuous shaking until a slight pink color appeared 

which persisted for 30 seconds, the free fatty acid was determined using the 

expression as in equation 3: 

% FFA = 0.503 x Acid Value                                                         (3) 

 

2.2.10 Determination of acid value  

1.0 gram of the oil was weighed out into a flat bottom flask. 30cm3 of a mixture 

of ethanol and Diethyl ether in the ratio of 1:1 was measured using a measuring 

cylinder and poured into the oil sample in the flat bottom flask. The solution 

was titrated with 2 drops of 0.5m of alcoholic phenolphthalein. The solution 

was titrated while shaking with 0.5M alcoholic potassium hydroxide solution 

until it remains just pink. The process was repeated three times using the same 

oil.  

Acid value =  28.01 ×
(B)

C
  (4) 

Where 

B = Sample titrated in cm3  
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C = grams of oil used 

 

2.2.11 Determination of iodine value 

0.25 g of the extracted oil (ginger oil) was measured out and put into a dry 250 

ml glass stopper sample bottle. 10ml carbon tetrachloride was added to the oil. 

25cm3 of iodine solution was added with the pipette into the container 

containing oil and carbon tetrachloride and the whole content was allowed to 

drain for the same time. During this time, excess of iodine will be absorbed and 

the content was left in dark for about 30 minutes at room temperature. 0.20cm3 

of potassium iodide solution and 100cm3 of water was then added.  

The iodine solution was titrated with 0.1m sodium thiosulphate solution using 

starch as an indicator. 0.1m sodium thiosulphate was added gradually until 

yellow color of the solution has fairly disappeared and 2 drops of starch 

indicator was added and titration continued until the blue color entirely 

disappeared. 

At the end, the flask was covered with a stopper and the content was mixed 

thoroughly to make sure that any remaining iodine in the carbon tetrachloride 

solution is taken up by the potassium iodide solution.  

Iodine value =  12.6 ×
(B−A) M

C
  (5) 

Where 

A = Volume (cm3) of Na2S2O3 solution required for titration of the sample.  

B = Volume (cm3) of Na2S2O3 solution required for the titration of the blank  

C = Grams of the oil sample used.  

M = Molarity of the Na2S2O3 solution 

 

2.2.12 Determination of Saponification Value 

1g of oil was weighed into a flask. 50cm3 of potassium hydroxide (KOH) 

solution and a few pieces of porous pot were added. The flask was then fit with 

a reflux condenser and the solution was boiled for forty-five minutes after which 

the solution becomes clear.  

The solution was titrated against hydrochloric acid (HCl) to find the volume of 

potassium hydroxide KOH solution which was used.  

Saponification value =  28.01 ×
(A−B)

C
  (6) 

Where 
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A = Blank determination value in cm3  

B = Sample titrated in cm3  

C = Sample weight in grams. 

 

2.2.13 Gas Chromatography-Mass spectrometry 

 The gas chromatograph and the mass spectrometer were used to determine the 

chemical components and the active constituents in the ginger oil using standard 

methods by Food and Drugs Administration (U.S. FDA, 2009). 

 

3.0 Results and Discussion 

The results of the oil extraction and the analysis of the extracted oil are 

presented in Tables 1 to 3 

Table 1: Results of the ginger oil extraction process using ethanol as solvent 

Particle 

size(µm) 

Mass of 

ginger 

sample 

(g) 

Vol. of 

solvent  

(ml) 

Time  

(h) 

Mass of 

oil 

extracted  

(g) 

Vol. of 

extracted 

oil (ml) 

Yield  

(%) 

425 100 250 2 1.1 0.96 1.1 

350 100 250 2 2.5 2.18 2.5 

250 100 250 2 3.0 6.61 3.0 

150 100 250 2 1.70 1.48 1.70 

60 100 250 2 1.45 1.26 1.45 

 

Table 2: Result of Physicochemical analysis of the ginger oil  

 

S/N Properties  Unit Value 

1 Specific gravity  0.870 

2 Density (g/cm3) 0.870 

3 Viscosity (mPa.s) 9.8 

4 Kinematic viscosity (mm2/sec) 11.01 

5 pH  5.7 

6 Refractive index  1.486 
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7 Saponification value (mgKOH/g) 92.00 

8 Acid value (mgKOH/g) 5.01 

9 Free fatty acid (mg/g) 2.505 

10 Iodine value (gI2/100g) 16.23 

 

Table 3: Chemical analysis of the extracted ginger oil using GCMS 

S/N Parameter Composition (%) 

1 Isobutylamine 3.3466 

2 3,6-Bis(N-formamido)carbazole 16.3381 

3 N-Ethylformamide 2.615 

4 Isothiazole, 3,5-bis(methylthio)-4-phenyl- 5.4891 

5 3-Iodo-thiophene-2-carboxamide 41.1329 

6 2-Butanamine, (S)- 3.8392 

7 Undecanoic acid 4.6172 

8 11-Bromoundecanoic acid 6.2476 

9 Pentadecanoic acid 1.9626 

10 9-Oxononanoic acid 1.2198 

11 1,2,4-Dithiazole-3-thione 2.1346 

12 6-Methyl-triazolo(4,3-b)(1,2,4)-triazine 4.7381 

13 Urea 1.1533 

14 Acetic acid 1.1142 

15 Hydrazine, 1,1-dimethyl- 1.6342 

 

Table 1 shows the results for the extraction of ginger oil using soxhlet apparatus 

with ethanol as solvent, at a constant temperature, contact time and constant 

amount of solvent with five different particles sizes. It was observed that as the 

particle size of the ginger was being reduced from 425 µm to 250 µm, the yield 

of the ginger oil extracted increased from 1.1% to 3%. This can also be observed 

clearly from figure 2 showing the effect of particle size on the yield of oil 

extracted. This increase in the yield of oil extracted as the particle size was 

reduced can be linked to the increase in surface area of contact between the 

ginger and the solvent, causing more of the oil pigment within the ginger to be 

more readily exposed to the solvent for sorption to occur.  
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Figure 2: Effect of particle size on volume of oil extracted  

However, it was observed that the oil yield increase reached its peak at the 

particle size of 250 µm, and further reduction led to decline in oil yield. The 

reduction in oil yield with further reduction of particle size is as the result of 

reduced oil volume extracted due to the problems associated with channeling 

inside the extraction chamber, causing a loss of efficiency and hence decrease 

in oil volume extracted as can be seen in figure 2. The results of the oil 

extraction shows that the particle size of 250 µm is obtained to be the optimum 

as it gave the yield of 3% as the highest yield of oil extracted. These results 

conform to the literature and also agree to the reports of Famurewa et al., (2011) 

who reported that increase in oil yield is caused by the enhancement of surface 

area with the particle size reduction. The average particle size should range 

between 0.25 mm and 2.00 mm approximately, and that when the particles sizes 

are too small, they can pose problems with channeling inside the extraction 

apparatus, causing a loss of efficiency and decrease in yield.  The 

physiochemical analysis conducted on the oil includes the following 

parameters: pH, saponification value, iodine value, density, viscosity, refractive 

index, specific gravity, acid value and free fatty acid, the results of which are 

shown in Table 2. The refractive index of the Kachia ginger in this study was 

found to be 1.486 which conforms to the literature value range for refractive 

index (RI) of ginger oil of 1.488 to 1.495. The saponification value 

92.00mgKOH/g indicates that the oil can be used in soap and shampoo 

industries (Pearson 1976), the acid value was 5.01mgKOH/g, while the free 
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fatty acid value was 2.505mg/g. The low values of free fatty acid and acid value 

are indication that the oil can be refined to an edible state (Aruoma, 2003). The 

iodine value was 16.23g I2/100g, this shows that the oil is non-drying oil and 

apart from this, it implies that the oil is more of unsaturated acid and it does not 

congeal at ordinary temperature (Ekundayo et al., 1988). The analysis 

conducted on the oil indicated that the oil can be utilized in many industrial 

applications and personal uses. 

The active components of the Kachia ginger oil as obtained from the gas 

chromatography-mass spectrometry (GCMS) analysis conducted on the oil, 

which revealed 15 different compounds as shown on table 3 above are also 

applicable in disease control and management. 3-Iodo-thiophene-2-

carboxamide (41.1329%) is important heterocyclic compounds that are widely 

used in the synthesis of many agrochemicals and drugs in pharmaceutical 

companies (Mbaveng & Kuete, 2017). The benzene ring of a biologically active 

compound may often be replaced by a thiophene without loss of activity. 3,6-

Bis(N-formamido) carbazole (16.3381%) is a form of formamide, also known 

as methanamide. It is an amide derived from formic acid, a clear liquid miscible 

with water and an odor similar to that of ammonia. It is chemical feedstock for 

the manufacture of hydrocyanic acid, herbicides, pesticides, sulfa-drugs and 

other pharmaceuticals (Aremu et al, 2015). It has also been used as solvent for 

resins and for many ionic compounds (Aruoma, 2003). 6-Methyl-triazolo(4,3-

b)(1,2,4)-triazine (4.7381%) is used in treatment of cold related problems, 

Isothiazole3,5-bis(methylthio)-4-phenyl (5.4891%) are antimicrobials used to 

control bacteria, fungi, and algae in human, animals and other processes such 

as potable water purification and oil extraction systems (Aremu et al, 2015) . 

They are also often used in personal care products such as shampoos and other 

hair care products. Acetic acid (1.1142%) is used in making vinegar and other 

therapeutic uses. Urea (1.1533%) is used for dermatology as diuretic and in 

barbiturates. Acetic acid (1.1142%) is an important chemical used as an acidity 

regulator and as a condiment. In biochemistry, the acetyl group, derived from 

acetic acid, is fundamental to all forms of life. When bound to coenzyme A, it 

is central to the metabolism of carbohydrates and fats. It is used in the treatment 

of some cancers (Ugokwe & Nzekwe, 2010). Other components found are some 

unsaturated fatty acids such as Undecanoic acid, 11-Bromoundecanoic acid, 

Pentadecanoic acid and 9-Oxononanoic are rare in nature, being found at the 
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level of 1.2% in the milk fat from cows and natural breast feeding mothers. The 

butterfat in cow’s milk is its major dietary source and it is used as a marker for 

butterfat consumption (Ememdu & Emend, 2014) 

4.0 Conclusions 

The results obtained from this study revealed that the oil yield is influenced by 

the particle size of the ginger rhizomes. Particle size of 250µm was found to 

give the highest oil yield. The GCMS and physiochemical analyses also 

revealed that the oil is edible and contain antioxidants which makes it nutritious. 
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