
 

~ 813 ~ 

International Journal of Chemical Studies 2017; 5(6): 813-821

 
 
 
 
 
 
 
 
 
 
 
P-ISSN: 2349–8528 
E-ISSN: 2321–4902 

IJCS 2017; 5(6): 813-821 

© 2017 IJCS 

Received: 09-09-2017 

Accepted: 13-10-2017 

 
Shafat Khan 

Department of Food Processing, 

Indian Institute of Technology 

Kharagpur, West Bengal, India 

 

Souman Ghosh 

Department of Food Processing, 

Indian Institute of Technology 

Kharagpur, West Bengal, India 

 

Nadiya malik 

Department of Food Processing, 

Indian Institute of Technology 

Kharagpur, West Bengal, India 

 

Shakeel Ahmad Bhat 

Division of Agricultural 

Engineering, Department of 

Agricultural and Food 

Engineering, Sher i Kashmir 

University of Agricultural 

Sciences and Technology 

Kashmir, Jammu and Kashmir, 

India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correspondence 

Shafat Khan 

Department of Food Processing, 

Indian Institute of Technology 

Kharagpur, West Bengal, India 

 

 

 

 

 

 

 

 

 

 

 

Antioxidant properties of garlic essential oil and 

its use as a natural preservative in processed food 

 
Shafat Khan, Souman Ghosh, Nadiya malik and Shakeel Ahmad Bhat 

 
Abstract 

An essential oil is a concentrated hydrophobic liquid containing volatile aroma compounds from plant. 

Essential oils are generally extracted by distillation often by using steam. In this study essential oil from 

garlic was extracted using steam distillation and its optimization was carried out. The physicochemical 

analysis of the Rice bran oil obtained after addition of garlic essential oil was carried out followed by 

FTIR analysis. Peroxide values, Free Fatty Acid content, oryzanol content of rice bran oil were analyzed. 

The results showed a slightly higher level of degradation of pure rice bran oil compared to the blended 

Rice bran oil during deep fat frying. FTIR analysis also revealed the same trend as there was not much 

difference in the graph obtained except for the higher transmittance in case of the pure rice bran oil 

depicting a slightly higher level of degradation compared to the blended one. It may be concluded that 

garlic essential oil can be used as a natural anti-oxidant. Rice bran oil is stable oil good for deep fat 

frying and addition of garlic essential oil as a natural antioxidant enhances the stability of the oil during 

frying. 
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1. Introduction 

Allium sativum L., commonly known as garlic, belongs to the onion family Alliaceae and is 

closely related to the onion, shallot, leek, chive, and rakkyo (Block, 2010)  [2]. It has been used 

throughout the world for both culinary and medicinal purposes (McGee, 2004) and its world 

production was about 25 million metric tons in 2012 (fao.org). It has a pungent and spicy 

flavor, which is mainly related to sulfur containing compounds such as allicin, alliin, dially 

disulfide, dithiin ands-allylcysteine. It is believed that dially disulfide is an important odour 

component in the garlic. Allicin is the component responsible for the spiciness in the raw 

garlic and has powerful antibiotic and antifungal properties. It derives from the precursor alliin 

in fresh garlic tissue through the enzymatic action of alliinase. Allicin and other degradation 

products from alliin also give garlic a characteristic flavor and are extracted from its essential 

oil (Block, 1992) [3]. Essential oil is extracted from garlic with the help of modified Clevenger 

apparatus and radical scavenging activity of this oil is estimated using DPPH. Crude rice bran 

oil procured from factory is chemically refined in the lab before using it for frying purposes. 

Deep-fat frying involves immersion of food in hot edible oil at a temperature above the boiling 

point of water for a given period of time (Farkas et al., 1996) [9]. The process involves both 

mass transfer, mainly represented by water loss and oil uptake, and heat transfer (Vitrac et al., 

2002) [27]. Degraded lipid compounds, formed after frying such as free fatty acids, mono and 

diacylglycerols and polymers may affect the quality of the frying medium (Moriera, 1999) [21]. 

In order to prevent deterioration due to oxidation use of antioxidants is practiced, which 

inactivates the free radical. An antioxidant, is any substance, present at low concentrations, 

significantly prevents or delays the oxidation of the substrates (Halliwell, 1995)  [13]. Free 

radicals produced by oxidation reactions can start chain reactions that leads to further 

oxidation by chain reaction. Antioxidants terminate these chain reactions by removing free 

radical intermediates and inhibit other oxidation reactions by themselves being oxidized (Saha 

and Tamrakar, 2011) [24]. Antioxidants are of two types Synthetic and Natural. Synthetic 

antioxidant may cause adverse effects to humans. The International Agency for Research on 

Cancer classifies synthetic antioxidants such as BHA (Butylated hydroxyanisole) as a possible 

human carcinogen. Therefore synthetic antioxidants due to their possible deleterious effects on 

health need to be replaced with natural antioxidants thereby preventing the occurrence of 

rancidity in foods and increasing their stability in a bioactive way. 
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So in order to explore the potential of natural antioxidants 

from plants or edible sources for inducing and promoting 

rapid free radical scavenging activities in foods especially in 

oils, this research involving rice bran oil blended with garlic 

essential oil in which essential oil of garlic has been used as 

one such natural antioxidant and its effect on deep fat frying 

of Rice bran oil has been studied. 

 

2. Materials and methods 

Cloves of local variety of garlic were procured from the local 

market at IIT Kharagpur and the transparent shell of garlic 

samples were removed manually and were sliced into small 

pieces of dirrerent sizes prior to essential oil extraction. 

 

2.1 Extraction of essential oil 

The fresh garlic (having 64+1% mc wb) was procured from 

the local market as and when required for the experiments and 

the same variety was used for all the experiments. Fresh garlic 

samples were subjected to separation of cloves-peeling, 

scaling, slicing and paste making. The moisture content of the 

peeled garlic cloves was determined by using gravimetric 

method using digital weighing balance for the quantitative 

determination of an moisture content based on the mass of a 

solid. Essential oil of garlic was extracted by hydro 

distillation which involves the diffusion of essential oil into 

hot water through the plant membrane (hydro diffusion). 

Modified cleavenger apparatus (Betel leaf oil extractor, Patent 

No. 202600) was used for extraction of essential oil of garlic 

(Guha 2007 & 2010). For each experiment 400 grams of 

garlic clove slices of desired thickness were taken into a 5 

litre round bottom flask and 600 ml of water was added. 

Three different temperatures were taken for optimization i.e 

900 C, 950 C and 1000 C (Fig 1, Fig 2, Fig 3). The volatile oil 

insoluble in water was obtained after hydro distillation. 

 

2.2 Determination of antiradical activity 

The antiradical activity of garlic essential oil was measured in 

terms of hydrogen-donating or radical scavenging ability by 

etiolation of purple colored methanolic solution of the stable 

radical DPPH. The diluted solutions were prepared in 

methanol to obtain final concentrations ranging from 4 to 

12µg/mL of the stock essential oil solutions (20 µg/mL) and 

were introduced into test tubes. Two milliliters of fresh 

methanolic solution of DPPH at a concentration of 0.0015M 

were added. The samples were shaken and kept in the dark for 

four hours to develop its final colour. The decrease in 

absorbance at 517 nm was determined using a 

spectrophotometer for all samples (Fig 4). Methanol was used 

to zero the spectrophotometer and the anti radical activity was 

calculated by the formula given below. The radical 

scavenging activity of garlic was then compared to that of 

synthetic antioxidants such as BHT and BHA. 

 

Antiradical activity(%) = 100 ×
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 –𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 

Equation 2.1 

 

2.3 Refining of crude oil 
Crude Rice bran oil was obtained from BK Agro oil mills 

Jhargram, Midnapore West Bengal. It was then refined using 

the process as mentioned by B.K. De and D.K. Bhattacharyya 

(1998) [7]. 

 

2.4.5 Oryzanol content determination  
Oryzanol content was determined in accordance to the method 

described by Krishna et al. (2006) [18]. Samples of accurately 

weighed RBO (10 mg each) taken in triplicate were dissolved 

in hexane and volume made up to 10 mL and mixed well in a 

vortex. Oryzanol content was determined with the formulae 

given below with specific extinction coefficient taken as 

358.9. 

𝑂𝑟𝑦𝑧𝑜𝑛𝑎𝑙, 𝑔% =
𝑂𝐷 𝑜𝑓 ℎ𝑒𝑥𝑎𝑛𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑤𝑡.𝑜𝑓 𝑜𝑖𝑙 𝑖𝑛 𝑔𝑚×10
×

100

358.9
 Equation 2.2  

 

2.4.6 FT-IR Analysis  
FT-IR (Fourier transform infrared spectroscopy) was used to 

evaluate the degree of oxidation after heating and frying 

processes. FT-IR spectrum of oil samples before and after 

frying were recorded with the help of a Fourier Transform 

Spectroscopy Model I-R Prestige 21 Shimadzu and Omnix 

software. 
 

3. Results and Discussion 

In this work an effort has been made for optimization of 

essential oil extraction from garlic cloves using modified 

hydrothermal distillation techniques which may be helpful if 

commercial extraction of garlic is to be done. Essential oil 

extraction from garlic cloves was carried out at various 

combinations of temperatures i.e 90, 95 and 100 oC (Fig 1, 

Fig 2, Fig 3) and different set of particle sizes ( i.e whole 

clove, slices of 6 mm, 4 mm, 2 mm thickness and garlic 

paste). The ratio of raw material and distilled water was kept 

constant at 1:1.5 throughout all set of combinations. Through 

experimental studies on hydrothermal extraction of essential 

oil from garlic cloves it was found that the yield of oil 

depended on particle size and operating temperature and 

maximum yield was obtained by optimizing different process 

parameters. The maximum oil yield was found to be 

0.7ml/400grams or 1.8 ml/kg (Fig 3) in case of garlic paste at 

100oC after 110 minutes.  

 

 
 

Fig 1: Oil yield of garlic essential oil at 90 oC at different lengths of extraction time 
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Fig 2: Oil yield of garlic essential oil at 95 oC at different lengths of extraction time 

 

 
 

Fig 3: Oil yield of garlic essential oil at 100 oC at different lengths of extraction time 

 

3.1 Antioxidant Activity 

Further in the present study, antiradical activity or antioxidant 

activity of the essential oil obtained from garlic was studied in 

Rice bran oil. Antiradical activity of essential oil of garlic as 

measured by the DPPH model system was found out to be 

42.93%. The IC50 value of essential oil samples was found as 

IC50 = 6.17µg/ml. The radical scavenging activity of garlic 

was then compared with some of the synthetic antioxidants 

(Fig 4) and a comparative analytical graph was prepared for 

better understanding. 

 

 
 

Fig 4: Comparative graph of DPPH Radical scavenging activity of Garlic essential oil with respect to synthetic Antioxidants 

 

3.2 Physico Chemical Analysis 

Deep fat frying of potato chips was carried at 180oC with pure 

Rice bran oil as well as the Rice bran oil blended with the 

garlic essential oil. Various Physicochemical parameters were 

assessed and the results were analysed as follows. 

3.2.1 Peroxide Value  

The peroxide value of the different samples of oils were 

ascertained and results were analysed. 
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Fig 5: Peroxide Values after various stages of frying 

 

Results show that the peroxide values for pure Rice bran oil 

increased from 1.73(present at normal 35 oC) to 

5.83meq/kg(after frying at 180 oC) in case of pure Rice bran 

oil and to 5.13 meq/kg (third frying frying) in case of blended 

rice bran oil(Fig 5). There is a successive increase in peroxide 

value when the same oil was used for frying with a piece of 

potato. The Peroxide Values of the pure Rice bran oil and the 

blended Rice bran oil were found with oil samples taken out 

regularly after three batches of frying. The peroxide values for 

both the oils showed similar trends however the oil blended 

with antioxidant rich garlic essential oil showed lower levels 

of Peroxide values indicating effective role of antioxidants 

during deep fat frying. 

 

3.2.2 Free fatty acid test 

 

 
 

Fig 6: FFA percentage after various stages of frying 

 

The value of free fatty acid ranged from 0.24-0.65 % for pure 

Rice bran oil and 0.19-0.55% for blended Rice bran oil after 

deep fat frying (Fig 6). It was observed that FFA increased 

significantly during deep frying in the experimental Rice bran 

oils as was earliar repeated by (Chaudhary 2013). Blended 

Rice bran oil showed relatively lower levels of free fatty 

acids.  

 

3.2.3 Viscosity test 

 

 

 
 

Fig 7: Change in Viscosity after various stages of frying 
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The oil viscosity has a direct relationship with some chemical 

characteristics of the liquids, such as the degree of 

unsaturation and the chain length of the fatty acids that 

constitute the triglycerides. Viscosity slightly decreases with 

the increased degree of unsaturation. (Fig 7) 

 

 
 

Fig 8: Shear Stress-Stress relationship in RB oil blended with garlic 

 

Rice bran oil is Newtonian Fluid. (Formo et al., 1979) [10]. The 

results demonstrate the linear dependence of shear stress on 

shear rate. Fig 8 displays Rice bran viscosity as affected by 

repeated frying of potato chips. As one can see there is a 

marked increase in Rice bran oil viscosity during repeated 

frying. This has been observed previously for several oil types 

under different experimental conditions (Miller et al., 1994) [20]. 

 

3.2.5 Oryzanol Content Determination 

The natural antioxidant present in the rice bran oil was  

determined using UV spectrophotometer method. The 

oryzanol content decreased with the frying cycles. Figure 

showed the degradation of γ-oryzanol in pure RBO over the 

frying cycles. The concentration of γ-oryzanol in RBO was 

seen to decrease significantly however the oil containing 

garlic essential oil showed a higher oryzanol retention 

indicating a synergistic effect of the two natural antioxidants. 

In accordance to the number of frying batches. Fresh oil, 

containing 1.75 %-oryzanol, was reduced to 0.64% at the 

third cycle while as for the blended oil it was to 0.8% (Fig 9).

 

 
 

Fig 9: Oryzanol content after various stages of frying 

 

4.4. Storage Study 

Samples of crude and fully refined rice bran oil were placed 

in a series of transparent glass bottles having a volume of 200 

mL each. The bottles remained tightly capped without 

exposure to atmospheric oxygen, and without using an inert 

gas or vacuum. The samples were kept in the dark or were 

exposed to daylight for up to 90 days at 30o temperature. 

After every 15 days, samples were taken and analysed. The 

storage experiments were stopped when the stored oils had 

undergone perceptible deterioration. 

 

Peroxide Value 
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Fig 10: Peroxide Values of RB Oil and blends under storage conditions 

 

The peroxide value of the fried oils was found out in terms of 

the method of the American Oil Chemists’ Society (AOAC, 

1990). All determinations were done in triplicate. A slightly 

lower Peroxide Value was obtained with the Rice bran oil 

blended with garlic essential oil. The concentration of 0.25% 

addition of garlic oil to Rice bran oil was taken as the 

optimum concentration to be used as an antioxidant.  

 

Free fatty acid value 

 

 
 

Fig 11: FFA percentage of RB Oil and blends under storage conditions 

 

The free fatty acid was determined according the American 

Oil Chemists’ Society (AOAC, 1990). The oils having garlic 

essential oil added to it displayed lower levels of free fatty 

acid content. A concentration of 0.25% was taken as the 

optimum concentration and was used to blend with Rice bran 

oil during deep fat frying. 

 

3.2.6 Ftir Analysis 

Fig 12 and Fig 13 show the FTIR spectra of pure and blended 

rice bran oil. Almost all the transmissions were found to be 

the same. The decrease in transmission from 3465cm -1 (fig 

13) to 3432cm-1 reveals the lack of formation of 

hydroperoxide. This might be due to the effectiveness of 

antioxidants in RBO. Transmission at 3008 cm -1 shows the 

higher presence of Linoleic and linolenic acyl groups. 2854 

cm-1 has been formed due to symmetric and asymmetric 

stretching of –CH 2 group. The broadening of 1743 to 1744 

cm -1 may be due to production of saturated aldehydes 

functional groups. 
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Fig 12: FTIR graph of pure RB Oil at all three stages of frying 

 

The transmission rate in case of the pure Rice bran oil was 

observed to be higher (Fig 11) than that of Blended Rice bran 

oil (Fig 13) depicting higher deterioration in case of pure rice 

bran oil. The comparatively lower transmission rates in 

blended Rice bran oil may be due to the presence of 

antioxidants in it. There is a slight difference in intensity in 

peaks at 3007cm-1 and 1237cm-1 depicting that the thermal 

degradation in the pure sample is slightly more than the 

blended sample. 

The following graph (Fig 12) was found out after third level 

of frying for the two samples consisting of blended Rice bran 

oil and the pure rice bran oil. Pure garlic oil (Fig 11) showed 

higher transmission rates compare to the blended one. 

 

 
 

Fig 13: FTIR graph after first stage of frying for pure and blend RB Oil 

 

 
 

Fig 14: FTIR graph of blended RB oil after third stages of frying 
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4. Summary and Conclusions 

Essential oil from garlic was extracted through modified 

Clevenger assisted hydrodistillation setup. Maximum oil yield 

was obtained in the paste form (1.8ml/kg) due to maximum 

exposed surface area to the heat. Temperature optimization 

was carried out for modified Clevenger assisted 

hydrodistillation setup and it was found out that maximum oil 

yield can be obtained at 100oC for 110 minutes of running the 

setup. The radical scavenging activity of essential oil of garlic 

was determined using DPPH assay and IC50 values were 

found out using regression model in excel. The 

IC50(Inhibition Capacity) value which is the concentration of 

the sample required to decrease the absorbance of DPPH by 

50% (IC50) obtained was 6.17µg/ml which depicted a 

moderate antioxidant activity in the essential oil. The values 

obtained were compared to that of some of the commonly 

used synthetic antioxidants such as BHA and BHT. The 

synthetic antioxidants showed a higher antioxidant activity 

than the garlic essential oil. 

Rice bran oil was chemically refined in the lab and was 

blended with various concentrations of garlic essential oil. 

The optimum concentration of garlic essential oil was chosen 

to be 0.25% (after storage study analysis) and was blended 

with Rice bran oil. Deep fat frying of Rice bran oil at 180oC 

was done and three stages of frying were carried out to assess 

the various physicochemical features of oil. The peroxide 

value of blended Rice bran oil showed a slightly lower value 

than the pure sample containing only Rice bran oil however 

after second stage of frying the effect of antioxidant ceased to 

exist due to heating at very high temperature. The maximum 

peroxide value of rice bran oil was found at 5.13 meq/kg for 

blended oil while as it was 5.80 meq/kg for the pure rice bran 

oil after three levels of frying (Fig 5). Values for L 

(lightness), a (redness), and b (yellowness) were recorded 

which showed a decrease in the value of L depicting an 

increase in the darkness of the oils (Table3.1). It may be due 

to the formation of acrylamides to the oil. Viscosity of oil was 

found out for oil samples taken after three stages of frying. 

The results showed an increasing trend in viscosity after every 

level of frying, it may be due to the addition of amides from 

the fried product into the oil. Based on the rheograms, all the 

samples of Rice bran oils studied were found to be Newtonian 

fluids. Oryzanol content was determined for all the samples of 

Rice bran oils and there was a constant decrease in the 

oryzanol content after each level of frying (Fig 9). However 

rice bran oils added with garlic essential oil showed a slightly 

higher oryzanol retention hinting of scope for a study of 

synergistic effect of garlic essential oil with oryzanol. FTIR 

analysis of rice bran oil of unheated and heated rice bran oil 

was performed which showed that almost all the trends of the 

transmissions are found to be the same. The decrease in 

transmission from 3465cm-1 to 3432cm-1 revealed the lack of 

formation of hydroperoxides (Fig 11, 3.11, Fig 12). This 

might be due to the presence of of antioxidants in RBO. 

However higher transmissions were obtained for the pure 

Rice bran oil depicting a comparative higher level of of 

degradation. Rice bran oil is a stable oil good for frying and 

addition of garlic essential oil proves to be beneficial in 

adding more stability to the oil.  
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