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ABSTRACT 
This study aims to investigate the chemical composition and antioxidant activity of 

different solvent extracts of lemon peels which contain useful ingredients of the food for industry 

and also possessing some biological properties.  Phytochemical investigation by test tube method 

revealed the presence of terpenoids, flavonoids, phenolic compound, steroids, carbohydrate, 

saponins, glycosides and tannins while the absence of reducing sugar, α- amino acid and alkaloids in 

the peels of lemon. The petroleum ether extract of  the lemon peel was separated on a silica gel 

column, using toluene – petroleum ether (1:1) as eluent, giving as nerol and linalool as main 

constituents as suggested by UV and FTIR spectroscopy. In the DPPH assay, the antioxidant activity 

was lower in the ethanol extract (IC50 8.84 µg/mL) than the water extract (IC50 7.74 µg/mL).   
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INTRODUCTION 

Citrus medica Linn.is commonly known as Than-Pa-Yo in Myanmar. Man 

has cultivated the lemon for about two thousand years. Lemon has become the 

popular citrus fruit and is cultivated in warmer climate across the globe. Lemon 

peel is derived from the fruit of citrus lemon. Lemon peel is used medicinally. In 

Africa, lemon peel is used to treat colic, and India, and to treat upset stomach. The 

British pharmacopoeia lists lemon peel as aromatic for use as an aroma and flavor 

enhancement. Lemon oil can be beneficial for rheumatism and arthritis and is also 

useful for cleaning acne, cleaning greasy skin and hair, as well as removing dead 

skin cell and earing painful, cold sores, mouth ulcers, herpes and insect bites. 

Lemon peel indicated in recent research shows that this herb may help reduce the 

occurrence of squamous cell skin cancer (Ralph Nader, 2002). The aim of research 

study is to investigate the chemical composition and antioxidant activity of different 

solvent extracts of lemon peels which contain useful ingredients of the food for 

industry and also possessing some biological properties. 

MATERIALS AND METHODS 

Plant Material 

 Fresh lemon peels were collected from environs of Higher Education 

Department (Yangon), lower Myanmar. The plant material was identified and 

authenticated at Department of Botany, University of Yangon. The peels were cut 

into small pieces and used fresh in the extraction made in research work. 

Phytochemical Tests 

 Phytochemical tests were carried out to detect different types of organic 

constituents present in Citrus limon fruit peels (Anasari,et al., 1988).    

Extraction of Essential Oil from Citrus limon Fruit Peels by Solvent Extraction 

 The sample (1100 g) was placed in a glass container and added PE (60- 80 

ºC) and added until the peels were submerged about 4 cm under the surface of PE 

and stored at ambient temperature for one week, shaking from time to time. The PE 

extract was filtered and then filtrate was distilled to obtain the essential oil extract 

(0.1 %). The PE extract obtained was separated by column chromatography. The 

glass column was filled with silica gel, using toluene: PE (1:1), the solvent system 

chosen for the column. A chromatographic column (diameter 1.7 cm) with a tap 

attached was clamped, so that it was perfectly vertical. The column was a half-filled 
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with the solvent system and pugged by pushing a small piece of cotton wool 

through the solvent with a glass rod. Silica gel (60 cm
3
) was measured, placed in a 

beaker and made into a thin paste with the solvent system and the suspension was 

thoroughly stirred. A portion of the slurry was poured into the column and at the 

same time, the top was opened so that the solvent flowed as a slow but constant 

rate. The slurry was continuously poured into the column. As the column material 

slowly settled to the bottom, the side column was tapped with a rubber stopper so as 

to achieve on air bubble- free, uniform packing. The solvent was allowed to flow 

out until its level was about above the top of the gel. 

Identification of Isolated Compound by Spectroscopic Methods 

 Ultraviolet Spectroscopy 

         The UV spectra of the samples were recorded on a Shimadzu UV-240, UV-

visible spectrophotometer. Spectra were recorded directly on the methanolic 

solution obtained after addition of NaOH solution. A small amount of isolated 

compound was dissolved in methanol and this solution was introduced into a quartz 

cuvette of 3 cm
3
 capacity and the UV spectrum was taken against method-blank. 

 FTIR Spectroscopy 

 The infrared spectrum of isolated compounds was recorded on a Perkin-

Elmer Spectrum GXFTIR spectrophotometer. The isolated compound was sample 

as 1 % KBr pellet. 

Screening of Antioxidant Activity 

 To determine the DPPH radical scavenging activity, the ethanol extract (0.1 

mL) was added and mixed with 3 mL of freshly prepared 60 M DPPH solution in 

ethanol. Then, the reaction mixture was maintained at 37 ºC for 20 min before 

measuring the absorbance at 515 nm using a UV/visible spectrophotometer (UV 

7404). Ascorbic acid solution (0.02-0.2 mg ascorbic acid / mL distilled water) was 

used to draw the standard curve. DPPH radical scavenging activity was expressed 

as mg ascorbic acid equivalent per 100 g of dry weight (mg AAE g
-1

 DW). 

RESULTS AND DISCUSSION 

Phytochemical Test of Citrus medica L. 

              The phytochemical tests revealed the presence of terpenoids, flavonoids, 

phenolic compound, steroids, carbohydrates, saponins, glycosides and tannins as 

well as the absence of reducing sugar, α- amino acid and alkaloids of the lemon 

peels. 

Table 1            Results of Phytochemical Test of the Lemon Peel 

No. Tests Extract Test Reagent Observation Remark 

1 Terpenoids CHCl3 Acetic acid, Conc: H2SO4 Greenish blue + 
2 Flavonoids Ethanol Mg ribbon, Conc: HCl Pink colour + 
3 Phenolic Compounds Ethanol 5 % FeCl3 Deep blue + 

4 Steroids Pet ether Acetic acid, Conc: H2SO4 Blue or green + 
5 Carbohydrates H2O 10 % α Naphthol Red ring + 
6 Saponins H2O Distilled water Frothing + 
7 Glycoside H2O 10 % Lead acetate White ppt. + 

8 Reducing sugar H2O Benedict’s solution No brick colour _ 
9 α –amino acid H2O Ninhydrin reagent No violet colour _ 
10 Alkaloids 1 % HCl Wagner’s reagent No brown ppt. _ 
11 Tannins Ethanol 2 % Gelatin Green colour + 

        (+) present     (-) absent      (ppt.) precipitate 
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Extraction of Essential Oil Extracts of Lemon Peels 

 The essential oil extract was prepared from lemon peel by solvent extraction 

with petroleum ether. The petroleum ether extract obtained after filtration and 

evaporation of the essential oil was then submitted to column chromatography for 

the isolation and identification of organic constituents. The yield of essential oil was 

0.1 %. The essential oil was isolated by column chromatography on silica gel from 

the petroleum ether extract of the grated peel of lemon. The petroleum ether extract 

could contain non-volatile constituents with the low polarity, such as fats and 

waxes, in addition to the essential oil. 

   Both compounds were detected as coloured spots (Figure 1) on silica gel 

layer in TLC analysis with anisaldehyde-H2SO4 reagent, suggestion a terpenoid 

compound. On heating with this spraying reagent Compound-2 appeared (dark 

green, Rf 0.26) first, and only by further heating appeared compound 1 (purple, Rf 

0.39) on silica gel plate using toluene- petroleum ether (1:1) solvent system. In the 

UV spectra of compound 1 (Figure 2) and compound 2 (Figure 3), no significant 

shift of absorption bands to longer wavelength due to addition of NaOH could be 

observed, suggesting absence of a phenol group in any of the two compounds 

(compound 1 and compound 2).  

 In the FTIR spectrum (Figure 4) of compound 1 , the strong broad band with 

maximum at 3418 cm
-1

 and broad at 1164 cm
-1

 suggested that an alcohol group, the 

bands at 1642 and 1316 cm
-1

, a trisubstituted olefin, the usual stretching bands of 

methyl and methylene groups, namely υas CH3 at 2961 cm
-1

 , υas CH2 at 2924 cm
-

1
,υsy CH3 at 

 2870 cm
-1

, υsy CH2 at 2854 cm
-1

, as well as the usual in –plane bending of methyl 

and methylene groups, namely δCH2 and δasCH3 at 1463 cm
-1

 and δsyCH3 at 1378 

cm
-1

 can be observed in Table 2. 

 Similar bands were observed in the FTIR spectrum (Figure 5) of compound 

2. The main difference is the absorption at 993 and 845 cm
-1

, which showed a vinyl 

group. The trisubstituents olefin was also suggested by the band at 814 cm
-1

. The 

detailed assignment of bands was given in Table 3. The structure of the isolated 

compound 2, containing an alcohol group, a trisubstituted olefin group and a vinyl 

group, may thus be assigned as that of linalool. 

        Thus compound 1 (nerol) is a primary alcohol and compound 2 (linalool), 

tertiary alcohol. Tertiary alcohol is easier to be dehydrated by heating in the 

presence of H2SO4 and this also perhaps explains why compound 2 revealed itself 

before compound 1 on TLC plate upon heating with anisaldehyde- H2SO4 reagent. 

 

 

 

 

 

 
 
 

 

 

 

 

 

 
Figure 1. Thin Layer chromatogram of isolated compounds 1 

and 2 

Support               : Silica gel 

Solvent system   : Toluene:Petroleum 

ether(1:1) 

Detection agent  :anisaldehyde- Conc: 

H2SO4 
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Figure 2UV spectrum of isolated compound 1 

Figure 3 UV spectrum of isolated compound 2 
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Table 2       FTIR Spectrum Assignment of Isolated Compound 1 from Lemon Peels 

Wavenumber(cm
-1

) Vibrational Mode Functional Group 

3418 υO-H OH 

2961 υCH3 CH3 

2924 υasCH2 CH2 

2854 υsyCH2 CH2 

1616 υC=C C=C 

1463 δCH2 and δasCH3 CH2 

1378 υsyCH3 CH3 

1164 υCO (alcohol) CO 

803  δoop= CH(trisubstitutedalkene)                   CH                                

Figure 4 FTIR spectrum of isolated    compound 1  
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Table 3  FTIR Spectrum Assignment of Isolated Compound 2 from Lemon Peels 

Wavenumber(cm
-1

) Vibrational Mode Functional Group 

3416 υO-H OH 
2924 υCH3 CH3 

2854 υsyCH2 CH2 
1637,1618 υC=C C=C 

1462 δsyCH3 CH2 
1378 υsyCH3 CH3 
1164 υCO( 3º alcohol) CO 

993, 845 δoop= C-H (vinyl) CH 

814 δoop= C-H(trisubstituted alkene) CH 

DPPH Radical Scavenging Activity of Lemon Peels 

         DPPH assay is used to determine the scavenging potential of the antioxidant 

extract based on its capacity as hydrogen donator.  In this study, six different 

concentrations (0.625, 1.25, 2.5, 5, 10, 20 µg/mL) of different extract were prepared 

by serial dilution. Vitamin C is used as standard and ethanol without crude was 

employed as control. Absorbance was measured at 517 nm in visible region. The 

resultant average % RSA of lemon peel samples with different concentrations 

(0.625, 1.25, 2.5, 5, 10, and 20 µg/mL) were tabulated in Table 4 and Figures 6, 7. 

According to these data, antioxidant activity of the ethanol extract is lower 

(IC508.84 µg/mL) than water extract (IC50  7.74 µg/mL) 

Table4% RSA (Radical Scavenging Activity) and IC50 Values of Crude Extracts of 

 Lemon Peels 

 

No.  Extract       % RSA (mean ± SD) in different concentrations (µg/mL)  IC50 

0.625        1.25        2.5         5       10           20          (µg/mL) 

 1    Ethanol26.67      28.16   31.31     39.68     53.01      62.40             8.84 

 ±7.58      ±0.73     ±5.02    ±5.92       ±3.93     ±3.47 

 2    Water    26.03     30.29    37.76  44.91     58.13       62.03             7.74 

 ±5.31      ±5.06       ±1.42     ±7.23    ±4.72      ±4.09 

 3    Ascorbic   25.20      53.58  65.53     74.82     83.32       90.15        1.17 

Figure 5 FTIR spectrum of isolated compound 

2 
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       Acid            ±1.40      ±0.88     ±1.13      ±0.59    ±0.78       ±0.48 
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Figure 6 Radical scavenging activity of different concentrations of crude 

extracts lemon peel 
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Figure 7IC50 values of crude extracts of lemon peel 

CONCLUSION 

 In the phytochemical investigation, terpenoids, flavonoids, phenolic 

compound, steroids, carbohydrates, saponins, glycosides and tannins were found to 

be present while reducing sugar, α- amino acid and alkaloids were absent in the 

lemon peels. Nerol and linalool were isolated from petroleum ether extract and 

identified by TLC, UV and FTIR spectroscopy. The radical scavenging activity of 

the ethanol extract was lower (IC50 8.84 µg/mL) than water extract (IC50 7.74 

µg/mL) in the lemon peel. Therefore, lemon peels are a natural source of 

antioxidant and phytochemicals to use for the food and health care industries. 
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