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ABSTRACT  
 
This study investigates the effects of harvest times, fruit sizes, and parts of lemon 
fruit on the contents of hesperidin, diosmin, limettin and bergapten, and the 
antioxidant properties of Citrus limon. Results show that hesperidin content was 
significantly higher at peak harvest period (6.11 and 7.57 mg/g in June and 
September, respectively). However, the contents of diosmin and bergapten were 
highest in October and that of limettin was highest in the off season (that is, 
December and January). The contents of hesperidin, diosmin and bergapten were 
found to be higher in smaller fruit and, in a small-sized lemon fruit, the flavedo and 
albedo respectively contained the highest amounts of hesperidin and bergapten. 
Results of in-vitro antioxidant assays using the dosage model indicated that DPPH 
free-radical scavenging activity and reducing ability were higher in the flavedo of 
small fruit. 
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INTRODUCTION 
 
Citrus fruits are one of the world’s most important fruit 
crops, and are known for their nutritive values and special 
aroma. Citrus is mainly consumed as fresh fruit or juice. 
Many in-vivo and in-vitro studies have reported citrus fruit 
to be effective against many chronic diseases, such as 
cancers and vascular diseases (So et al., 1996; Miyagi et al., 
2000; Poulose et al., 2006; Vanamala et al., 2006). In the 
United States, citrus juice is the most popular type of juice, 
with annual consumption of about 33.6 kg/person/year, or 
2.25 times of that of the distant second apple juice. Fresh 
citrus fruit consumption is about 5.6 kg/person/year 
(Pollack et al., 2003). The production of citrus juice 
generates a large quantity of waste including fruit peel and 
seeds, and high contents of flavnoids, carotenoids, 
polyphenols and limonoids are left in the fruit peel and pulp 
(Vikram et al., 2007; Wang et al., 2007). These contents 
could potentially be developed into value-added products 
such as food additives and health enhancing drugs. 

Lemon (Citrus limon Burm. cv. Eureka), a perennial tree 
in the family Rutaceae, is an important type of citrus tree in 
Taiwan due to its nutritionally rich juice and uniquely 

aromatic peels. Hesperidin (3’,5,7-trihydroxy-4’-methoxy-
flavanone 7-rhamnoglycoside) and diosmin (3’,5,7-
trihydroxy-4’-methoxyflavone 7-rutinoside) are flavonoid 
glycosides and are known to lower hepatotoxicity induced 
by carbon tetrachloride (CCl4) and lipopolysaccharides 
(LPS), minimize oxidation stress caused by nicotine, reduce 
blood sugar and cholesterol, and inhibit carcinogenesis of 
the bladder (Yang et al., 1997; Tirkey et al., 2005; Jung et al., 
2006; Kaur et al., 2006). In addition, the concentration of 
hesperidin is used to determine the purity of a citrus juice 
(Ooghe et al., 1994). Bergapten and limettin are coumarin 
compounds widely distributed among higher plants, 
especially in Rutaceae and Apiaceae, followed by Legumi-
noceae, Orchidaceae, Oleaceae, Solanaceae and Asteraceae 
(Stanley and Jurd, 1971; Gray and Waterman, 1978). 
Coumarin compounds have been reported to have some 
important physiological properties such as pathogen 
inhibition (Khan et al., 1985; Vernenghi et al., 1987; Afek 
and Sztefnberg, 1988; Kim et al., 1991; Ortuno et al., 1997). 

Component analysis of flavonoids has been performed in 
a  number  of  studies  in C. limon (Vikram et al., 2007; Wang  

 

Pei-Hsin Shie and Horng-Liang Lay* 
 

Department of Plant Industry, National 
Pingtung University of Science and 
Technology, Neipu, Pingtung County 
91201, Taiwan, ROC. 
 
*Corresponding author: E-mail: 
layhl@mail.npust.edu.tw. Tel: +886-8-
7740365. Fax: +886-8-7740415. 



Academia Journal of Medicinal Plants; Shie and Lay      050
 
 
 
et al., 2007; Del Río et al., 2004; Nogata et al., 2006; Wang et 
al., 2008). However, no attempt has been made to discern 
the effects of seasonal variation on the content of flavonoids 
and coumarins in C. limon. Likewise, the contents of 
coumarins in essential oils or juice processed from citrus 
fruits have been studied, but no comparison has been made 
of the effects of fruit size on the concentrations of 
coumarins in C. limon fruits. A few studies have investigated 
the antioxidant activities of the peel, edible tissues or juice 
of citrus fruits (Rehman, 2006; Anagnostopoulou et al., 
2006; Mokbel and Hashinaga, 2006; Abeysinghe et al., 
2007). However, no research has yet investigated the 
antioxidant activities of C. limon by fruit size. This study 
used HPLC to analyze the differences of hesperidin, 
diosmin, bergapten and limettin in C. limon fruits by 
varying harvest time, size, and part. The relationship 
between antioxidant activity and different lemon fruit size 
and part was also investigated. Furthermore, the 
simultaneous analysis of multi-components in C. limon 
fruits by HPLC has been developed in order to pick out the 
most promising conditions for the production of flavonoids 
and coumarins of possible technology. 
 
 
MATERIALS AND METHODS 
 
Materials  
 
C. limon fruits were collected in Jiou-ru Township, Pingtung 
County, Taiwan. Quantity analysis of fruit chemical 
components was conducted at different harvest times 
during August 2005 and July 2006. C. limon fruits were 
randomly sampled at the fruit wholesale market in Jiou-ru 
Township on the first to fifth of each month. Voucher 
specimens are maintained in the laboratory of 
corresponding author in the NPUST Department of Plant 
Industry. Fruit samples were washed with water and then 
freeze-dried. The freeze-dried fruits were sorted by length 
and width into large (> 9 x 6.5 cm), medium (7-9 x 6-6.5 
cm), and small (< 7 x 6 cm). The fruits were then separated 
into flavedo, albedo and pulp. The freeze-dried samples 
were powdered and stored at -20oC for analysis.  
 
 
Chemicals and reagents 
 
Hesperidin and diosmin were obtained from Sigama 
Chemical Co., bergapten was purchased from Extrasynthese 
Co., limettin was purified from C. limon in our laboratory, 
and internal standard naphthalene was purchased from 
Fluka Co. Acetonitrile and methanol (HPLC grade) were 
obtained from Mallinckrodt, Inc. (USA), and phosphoric acid 
(analytical-reagent grade) from Kanto Chemical (Japan). 
Ultra-pure distilled water with a resistivity greater than 
18.2 M was prepared with a mini-Q system (Millipore, 
Bedford, MA, USA). 

 
 
 
Gallic acid, quercetin, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 
butylated hydroxyltoluene (BHT) , Folin & Ciocal-teu’s 
phenol reagent, Potassium ferricyanide, trichlo-roacetic 
acid, and ferric chloride were purchased from Sigma 
Chemical Co., (USA). All other reagents were of analytical 
grade. 
 
 
HPLC analysis 
 
Preparation of sample solutions 
 
0.5 g sample was weighed and shaken-extracted with 100 
ml methanol using an ultrasonic shaker for 30 min. The 
extract solution was filtered, evaporated, and adjusted to 10 
ml by adding 75% methanol; and naphthalene as an 
internal standard was added simultaneously to each 
solution at 30 μg/ml.  The final solutions were subjected to 
subsequent HPLC analysis after filtration through a 0.45 m 
membrane filter. 
 
 
HPLC instruments and conditions 
 
HPLC was performed by using a Hitachi system equipped 
with a degasser DG-2410, pump L-7100, UV/Vis detector L-
7420, and an auto-sampler L-7200. Peak areas were 
calculated with D-7000 HSM software.  

Samples were eluted by using an Inertsil ODS-2 column 
(4.6 mm i.d. × 250 mm)detected at 220 nm with a flow rate 
of 1.0 ml/min. The column temperature was set at 40oC. 
The elution was carried out by gradient mobile phase (A) 
10% acetonitrile and (B) 70% acetonitrile, starting from 
100% A for 0-11 min, 100-77% A for 49 min, 77-46% A for 
21 min, 46-0 A for 14 min, and 0-100% A for 5 min. An 
aliquot of 20 l of each sample solution prepared as 
described above was injected into the HPLC column for 
analysis.  
 
 
Calibration curve 
 
The standard solutions of each marker substance were 
diluted by 75% methanol to give a sequential concentration 
of hesperidin at 48.75, 97.5, 195, 390, and 780μg/ml; 
diosmin at 4.69, 9.38, 18.75, 37.5, 75, and 150 μg/ml; 
limettin at 3.75, 7.5, 15, 30, and 60 μg/ml; bergapten at 
0.94, 1.88, 3.75, 7.5, and 15 μg/ml. Each dilution contained 
30 μg/ml naphthalene. After filtering through a 0.45 m 
membrane filter, an aliquot of 20 l of each concentration 
was injected into the HPLC column for analysis. The 
calibration curve was plotted by using the ratio of the peak 
areas corresponding to each standard solution and the 
internal standard solution on the Y-axis, against each 
concentration on the X-axis. Linear  regression  analysis  
was used  to  evaluate  the  parameters  of y = ax+b  and  the  
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correlation coefficient (r). 
 
 
Precision 
 
Standard stock solutions were diluted with 75% methanol 
to three different concentrations. Intra-day test (injecting 
each concentration three times within 24 h), and an inter-
day test (injecting each concentration four times over 7 
days with each injection separated by at least 24 h) were 
conducted to check reproducibility. The standard deviation 
and relative standard deviation (R.S.D., %) were calculated. 
 
 
Accuracy   
 
Each standard stock solution of a series of concentrations 
was spiked into a methanol solution of C. limon fruits. The 
internal standard solution was added to each solution until 
a final concentration of 30 g/ml. The solution was filtered 
and then subjected to the HPLC analysis in triplicate. The 
recovery (%) was calculated by the equation of [(A-
B)/C]×100%, in which C represents the amount of each 
standard spiked, B represents the amount of each marker in 
methanol solution of C. limon fruits in October 2005, and A 
represents the total amount of each marker in the solution. 
 
 
In vitro antioxidant activity 
 
Sample preparation  
 
One gram of sample powders was added to 100% methanol 
100 ml. The solution was then subjected to supersonic 
oscillation extraction for 30 min. The extract was vacuum 
filtered, then subjected to evaporated condensation at 42oC 
to remove the solvent. The condensed coarse extract was 
vacuum freeze dried until completely dehydrated. The dried 
coarse extract powder was carefully weighed to obtain the 
extracting rate, with the formula listed below. The extract 
was sealed tightly and stored at -20oC for use in antioxidant 
assays. 
 
Rate% = (dry weight of extracted coarse extract / dry 
weight of original sample powder) × 100% 
 
Total phenolics content 
 
Total phenolics content was determined by the Folin-
Ciocalteu assay by Li et al. (2006). Fifty micro-liter of 
sample solution (1 mg/ml) was mixed with 250 μl of 10% 
Folin-Ciocalteu solution, then added to 750 μl of 7.5% 
(w/v) Na2CO3, and incubated at room temperature for 2 h in 
the dark. The absorbance was measured at 765 nm using a 
UV-visible spectrophotometer (ChromTech Co., Taiwan). 
Total   phenolics  contents  were   calculated  using   various  

 
 
 
concentrations of gallic acid solution (8.13~130.0 μg/ml) 
from a calibration curve. 
 
 
Total flavonoids content 
 
Total flavonoids content was determined by the aluminum 
chloride colorimetric method (Chang et al. (2002). Fifty 
micro-liter of sample solution (1 mg/ml) was mixed with 
0.1 ml of 10% aluminum chloride, 0.1 ml of 1 M potassium 
acetate, and 2.8 ml of Milli-Q water, and then incubated at 
room temperature for 30 min in the dark. The absorbance 
was measured at 415 nm. Total flavonoid contents were 
calculated using various concentrations of quercetin 
solution (1.56-50.0 μg/ml) from a calibration curve. 
 
 
Radical scavenging activity using DPPH method 
 
The scavenging ability of methanol extracts on 1,1-
diphenyl-2-picrylhydrazyl (DPPH) free-radicals was 
estimated by the method of Shimada et al. (1992). 2ml of 
each test sample was mixed with 0.5 ml of 1 mM DPPH in 
methanol. The mixture was shaken vigorously and left to 
stand for 30 min at room temperature in the dark. The 
absorbance of the resulting solution was measured at 517 
nm against an aliquot blank. The scavenging ability was 
calculated as follows:  
 
Scavenging ability (%) = [(ΔA517 of control – ΔA517 of 
sample) / ΔA517 of control] × 100%.  
 
 
Determination of reducing power 
 
The method described by Jayaprakasha et al. (2008) was 
modified as follows: 250 μl testing samples with different 
concentrations (5,000, 2,500, 1,250, 625, 312.5, 156.25, 
78.13, 39.06 μg/ml) were measured separately. Each was 
then added to 250 μl phosphoric acid buffer (0.2 M, pH 6.6) 
and 1% Potassium ferricyanide (K3Fe(CN6)). These were 
mixed and place in 50oC water for 20 min and then cooled 
rapidly with ice. Each was then added to 250.0 μl 10% 
trichloroacetic acid and allowed to react for 10 min in the 
dark. Then, 1 ml Milli-Q water and 200 μl 0.1% ferric 
chloride (FeCl3) were added and allowed to react for 10 
min. The absorbance was measured at 700 nm, and 
absorbance value correlates positively with reduction 
ability. The reduction ability tests were run in triplicate. 
 
 
Statistical analysis 
 
All the experiments were carried out in triplicate and each 
experiment was repeated three times. The data were 
analyzed   by  SAS  (Statistical  Analysis   System).   One-way  
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Figure 1. HPLC chromatograms of standard solution and sample solution from C. limon. (A) Standard solution; (B) 
Sample solution 

 
 
ANOVA with Duncan’s multiple range tests was used to 
determine the significance at p < 0.05. 
 
 
RESULTS AND DISCUSSION 
 
Separation of components by HPLC 
 
Figure 1 shows the HPLC chromatograms of the methanol 
extracts of C. limon. The chromatograms show that the 

retention times were 50.5 min for hesperidin, 76.4 min for 
limettin, 78.8 min for bergapten and 95.2 min for the 
internal standard, naphthalene. The peak purity of the 
marker substances in C. limon were quatified by HPLC with 
a photodiode array detector. High purity (that is, > 0.99) of 
each peak was shown for each marker substance. The 
results showed high purification and good separation 
efficacy in that hesperidin, diosmin, limettin, and bergapten 
were well separated and were not interrupted by other 
compounds  under  the  analytical  conditions  performed in  
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Table 1. Monthly variation of component contents from C. limon in 2005-2006. 
 

Date  Hesperidin    Diosmin   Limettin  Bergapten 

2005 Aug. 5.40 ± 0.08d 0.93 ± 0.02d 0.11 ± 0.01ed 0.02 ± 0.00c 

    Sep. 7.57 ± 0.15b 0.49 ± 0.09e 0.14 ± 0.01cde 0.01 ± 0.00c 

   Oct. 3.43 ± 0.07f 1.40 ± 0.03a 0.15 ± 0.01bc 0.03 ± 0.00a 

    Nov. 4.00 ± 0.12e 1.25 ± 0.15abc 0.14 ± 0.01bcd 0.02 ± 0.00b 

    Dec. 3.85 ± 0.06e 1.13 ± 0.21bcd 0.21 ± 0.03a N.D. 

2006 Jan. 1.82 ± 0.04h 1.05 ± 0.06dc 0.19 ± 0.01ab N.D. 

   Feb. 3.91 ± 0.16e 1.07 ± 0.13dc 0.14 ± 0.01cde N.D. 

   Mar. 3.23 ± 0.07g 0.47 ± 0.14e 0.16 ± 0.07bc N.D. 

   Apr. 6.25 ± 0.12c 0.32 ± 0.01e 0.14 ± 0.02cde N.D. 

   May. 5.29 ± 0.16d 1.29 ± 0.03ab 0.13 ± 0.01cde N.D. 

  Jun. 8.34 ± 0.10a 1.00 ± 0.3bcd 0.10 ± 0.02ed N.D. 

       Jul. 6.11 ± 0.13c 1.04 ± 0.18cd 0.10 ± 0.01e N.D. 
 

Values are means ± standard deviation of triplicate determinations (mg/g D.W.). Means with different letters in 
the same column are significantly different (p < 0.05) by Duncan’s multiple range test. N.D. is not detected.  

 
 
this study. Therefore, the above conditions can be used for 
quantification of the marker substances. 
 
 

Calibration line 
 
The regression equations and correlation coefficients of the 
calibration lines for the marker substances are as follows: 
 
Hesperidin in the concentration range of 97.5-1,560.0 
g/ml; y = 0.0062x + 0.012, r ＝ 0.9999 (n = 5). 

 
Diosmin in the concentration range of 9.38-300.0 g/ml; y 
= 0.0047x + 0.087, r ＝ 0.9998 (n = 5) 
 

Limettin in the concentration range of 7.5-120.0 g/ml; y = 
0.0125x + 0.003, r ＝0.9999 (n = 5) 
 

Bergapten in the concentration range of 1.88-30.0 g/ml; y 
= 0.0264x - 0.001, r ＝0.9998 (n = 5) 
 
 

Precision and accuracy  
 

Analysis results for the four components in the intra-day 
and inter-day tests indicated that the R.S.D. of the intra-day 
and inter-day tests for hesperidin were 0.64-0.91 and 2.00-
3.72%, respectively; 0.10-2.10 and 1.38-4.55% for diosmin; 
0.45-0.88 and 1.82-3.89% for limettin; and 0.40-0.79 and 
1.16-3.63% for bergapten. These R.S.D. values were all 
below 5%, indicating that the HPLC method was highly 
precise and reproducible. 

In the additive tests, the recovery of hesperidin, diosmin, 
limettin, and bergapten were 92.09-101.35%, 101.99-
103.97%, 98.71-102.29%, and 98.09-102.05%, respectively. 
All recovery rates were between 80 and 120%, indicating 

that the extraction results produced by the analytical 
methods used in this study were reliable. 
 
 

Analysis of the sample content  
 

Variation of component contents in C. limon fruits 
harvested in different months 
 

C. limon fruits were harvested from August 2005 to July 
2006. Whole fruits were quantitatively analyzed using the 
HPLC method, with results presented in Table 1. The annual 
peak production period of the four season C. limon in the 
Pingtung area is between June and October. 

Results showed that C. limon harvested in June and 
September had a significantly higher content of hesperidin 
(8.34 and 7.57 mg/g, respectively). Diosmin content was 
highest in October but was lowest in March, April and 
September. Limettin content, however, was highest in 
December and January (0.21 and 0.19 mg/g, respectively). 
This indicates that the limettin content may be temperature 
dependent because December and January are usually the 
coldest months of the year in the Pingtung area. Bergapten 
was only detected in samples taken between August and 
November, with peak content found in October at 0.03 
mg/g. 

These results showed that the highest contents of 
herperidin, diosmin and bergapten occurred in the peak 
harvest months between June and October. However, the 
highest limettin content occurred in the non-peak harvest 
months of December and January. The differences in the 
contents of the four marker components detected in this 
study indicated that hesperidin had the highest content, 
5.18 times higher than that of diosmin. Also, in coumarin, 
the limettin content was about 7.2 times higher than that of 
bergapten. This finding could be used as a reference in 
timing the harvesting of C. limon in the Pingtung area. 
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Table 2. The content of compounds in different fruit sizes and parts of C. limon  
 

Size Tissue 
Hesperidin Diosmin Limettin Bergapten 

Mean ± S.D. 

Large flavedo 3.01 ± 0.09b 0.55 ± 0.03a 0.26 ± 0.02a N.D. 

 albedo 8.31 ± 0.51a 0.09 ± 0.00c 0.03 ± 0.01b N.D. 

 pulp 2.12 ± 0.03c 0.39 ± 0.01b N.D. N.D. 

      

Middle flavedo 7.10 ± 0.44b 1.32 ± 0.11a 0.37 ± 0.01a N.D. 

 albedo 10.38 ± 1.58a 0.22 ± 0.03c 0.04 ± 0.00b N.D. 

 pulp 3.43 ± 0.14c 0.68 ± 0.03b N.D. N.D. 

      

Small flavedo 7.15 ± 0.74b 1.27 ± 0.03a 0.46 ± 0.08a N.D. 

 albedo 14.40 ± 1.01a 0.28 ± 0.02c 0.08 ± 0.00b N.D. 

  pulp 5.67 ± 0.42c 0.68 ± 0.13b N.D. N.D. 
 

Values are means ± standard deviation of triplicate determinations. (mg/g D.W.). Means with different letters in the same 
column are significantly different (p < 0.05) by Duncan’s multiple range test. N.D. is not detected.  

 
 
Quantitative analysis of different parts and sizes of C. 
limon fruits 
 
Quantitative analysis of C. limon fruit samples was 
conducted to further discern the distribution of each 
marker substance in different parts of a C. limon fruit. 
Results showed that the hesperidin content was higher in 
small-sized fruits (5.67-14.4 mg/g) than in mid-sized fruits 
(3.43-10.38 mg/g) (Table 2), which was higher than in 
large-sized fruits (2.12-8.31 mg/g). Among these different 
sizes of C. limon fruits, hesperidin content was significantly 
higher in the albedo than in the flavedo. Hesperidin content 
was the lowest in the pulp. 

The content of diosmin was higher in small- and mid-
sized fruits than in large-sized fruits. Among the three sizes 
of fruits, diosmin content was significantly higher in the 
flavedo than in the pulp, and lowest in the albedo. 

Limettin content was higher in small-sized fruits (0.08-
0.46 mg/g) than in mid-sized fruits (0.04-0.37 mg/g) which, 
in turn, had higher limettin content than large-sized fruits 
(a difference of 0.3-0.26 mg/g). Among these three sizes of 
fruits, limettin content was significantly higher in the 
flavedo than in the albedo, and was not detected in the pulp. 

Bergapten content, however, was not detected in fruit of 
any size. Bergapten is one of the coumarins, which was not 
detected in this study as the C. limon fruit samples used 
were collected in April 2006. A previous year-round survey 
showed that bergapten was detected only in C. limon 
samples collected between August and November. 
Therefore, this study made no attempt to establish the 
correlation between bergapten contents with C. limon of 
different size. 

Each part of the C. limon fruit was quantitatively 
analyzed to provide advance insight into the distribution of 
each C. limon fruit component. The results showed small 
sized fruits had higher hesperidin content than medium 

sized fruits (with content varying from 5.67-14.4 and 3.43-
10.38 mg/g respectively). Meanwhile, medium sized fruits 
had higher hesperidin content than large fruits (2.12-8.31 
mg/g). The hesperidin content in the albedo was 
significantly higher than in the flavedo, and was lowest in 
the pulp. Small and medium sized fruits had higher diosmin 
content than large fruits, and diosmin was most highly 
concentrated in the falvedo, followed by the pulp and the 
albedo. Limettin content in small sized fruits was higher 
than in medium sized fruits (0.08-0.46 mg/g and 0.04-0.37 
mg/g respectively), which was higher than in large sized 
fruits (0.03-0.26 mg/g). Limettin was most concentrated in 
the flavedo, followed by the albedo, and it was not observed 
in the pulp. Bergapten was not observed in any size fruit for 
reasons explained above.  

In seven of eight citrus fruits studied by Kawahara and 
Tanaka (1996), the content of naringin was negatively 
correlated with the diameter of the fruit. In addition, the 
variation of the content of hesperidin was only negatively 
correlated with the diameter of C. unshiu Marc fruit. As for 
C. limon (cv. Lisbon, Fino-49 and Eureka) fruits, the content 
of hesperidin and diosmin in immature fruits at 30 days 
after flowering was higher than in mature fruits at 150 days 
after flowering, indicating that the content of those two 
marker substances are negatively correlated with fruit 
maturity. The content of eriocitrin, on the other hand, was 
positively correlated to fruit maturity. As for the alkaloids, 
in C. sinensis, fruit diameter is negatively correlated to the 
content of p-synephrine (Arbo et al., 2008). These results 
show that fruit diameter and/or maturity might be related 
to the content of marker substances and, in this study, 
hesperidin, diosmin, and limettin had similar results. No 
prior research has discussed whether the content of 
coumarins varied with fruit size. 

Previous studies have reported that, in the majority of 
citrus   fruits,   the   content   of  flavonoids  is  higher  in the  
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Table 3. The methanol extract rates, total phenolic, and total flavonoid content in different fruit size and parts of C. 
limon. 
 

Size Tissue 
Extraction  

rate (%)x 

Total phenolics  

(μg of GAE/mg D.W.) y 

Total flavonoids 

(μg of quercetin/mg D.W.) y 

Large flavedo 26.85 ± 0.91b 51.22 ± 0.48a 13.14 ± 0.41a 

 albedo 33.58 ± 0.86b 40.94 ± 0.48b 7.67 ± 0.24b 

 pulp 66.47 ±7.77a 11.22 ± 0.48c 2.90 ± 0.24c 

     

Middle flavedo 23.67 ± 0.65c 81.50 ± 2.89a 26.48 ± 0.63a 

 albedo 33.21 ± 0.69b 60.11 ± 2.41b 13.14 ± 0.82b 

 pulp 66.71 ± 5.58a 15.11 ± 0.96c 5.29 ± 0.41c 

     

Small flavedo 26.86 ± 3.40c 95.67 ± 1.67a 31.71 ± 0.41a 

 albedo 36.99 ± 0.86b 73.44 ± 2.55b 13.14 ± 0.41b 

  pulp 67.27 ± 1.41a 20.94 ± 0.48c 6.95 ± 0.24c 
 

xunit: g/100 g of fruit D.W. yD.W. is dry weight of methanol extracts. Values are means ± standard deviation of triplicate 
determinations. Means with different letters in the same column are significantly different (p < 0.05) by Duncan’s multiple range test.  

 
 
flavedo than in the edible parts (Del Río et al., 2004; Nogata 
et al., 2006; Wang et al., 2008). The hesperidin content in C. 
limon cv. Eureka found in this study was similar to that 
found in C. limon cv. Fino-49 reported by Del Río et al. 
(2004). 

In this study, in C. limon cv. Eureka the diosmin content in 
the albedo was only second to that found in the flavedo, 
which differs from previous reports that diosmin content in 
the pulp was lower than in the flavedo or the albedo of C. 
limon cv. Fino-49 (Del Río et al., 2004). They may be 
attributable to the difference in cultivars used in these two 
studies. 

It has been reported that many chemical components 
with biological activities occur in greater quantity in the 
flavedo than in the pulp. This higher content of chemical 
components with biological activities in the flavdeo is 
probably due to the plant’s strategy to prevent plant 
pathogens in its fruit (Arcas et al., 2000; Del Río et al., 
1998). 
 
 
In-vitro antioxidant activity 
 
Tests on extraction rates 
 
Results of the study on the extraction rates of different sizes 
and parts of a C. limon fruit by using methanol as solvent 
showed that, in all three fruit sizes, the extraction rates 
from the pulp (66.47-67.27%) were significantly higher 
than that from the albedo (33.21-36.99%) or the flavedo 
(23.67-26.86%) (Table 3). 

The high extraction rates from the pulp may be 
attributable to the pulp’s richness in soluble sugars and 
organic acids (Arcas et al., 2000). It is also known that the 
flavedo contains a high content of flavonoids, some of which 

(e.g., hesperidin and diosmin) have lower water solubility, 
resulting in a lower extraction rate from the flavedo than 
from the pulp. 
 
 
Total phenolic and flavonoid contents 
 
Table 3 presents the results of the total phenolic contents in 
different sizes and parts of a C. limon fruit. Using five 
different concentrations of gallic acid (8.125, 16.25, 32.5, 
65.0, and 130.0 μg/ml), standard curves were plotted 
according to the regression equation y = 0.0012x+0.0152 
with r = 0.9995. This indicates a goodness of fit in a linear 
regression between gallic acid at different concentrations 
and rates of photo absorbance, which can be used as a 
reliable method for estimating the total phenolic contents 
in a test sample. The results showed that, among the three 
different fruit sizes, the total phenolic contents in the 
flavedo (51.22-95.67 μg/mg) were significantly higher than 
that in the albedo (40.94-73.44 μg/mg) and the pulp 
(11.22-20.94 μg/mg). 

When fruit size is considered, the total phenolic content 
in the flavedo was highest in small-sized fruits (95.67 
μg/mg), followed by mid-sized fruits (81.5 μg/mg) and 
large-sized fruits (51.22 μg/mg). 

Table 3 presents results of the total flavonoid contents 
for different sizes and parts of C. limon fruits. Using six 
different concentrations of quercetin (1.56, 3.13, 6.25, 12.5, 
25, and 50 μg/ml), standard curves were plotted according 
to the regression equation y = 0.0014x-0.0024 with r = 
0.9995, indicating a goodness of fit between quercetin at 
different concentrations and their photo absorbances, 
which, much like gallic acid, may be used for estimating the 
total flavonoid contents in test samples. 

For   all   fruit   sizes,   the   total  flavonoid  content  in  the  
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Table 4. The DPPH half scavenging concentration in different fruit parts and size of C. limon. 
 

Size Tissue SC50 (μg/ml) n r Regression equation 

Large flavedo 429.50 5 0.9995 y = 0.1126x+1.638 

 albedo 833.98 5 0.9960 y = 0.0530x+799 

 pulp 1912.82 5 0.9995 y = 0.0209x+10.022 

Middle flavedo 291.26 5 0.9920 y = 0.1212x+14.699 

 albedo 583.78 5 0.9910 y = 0.0608x+14.506 

 pulp 1249.71 5 0.9995 y = 0.0359x+5.1354 

Small flavedo 225.66 5 0.9995 y = 0.1924x+6.5827 

 albedo 472.18 5 0.9995 y = 0.0984x+3.5376 

 pulp 931.47 5 0.9990 y = 0.0475x+5.7553 
 

SC50: half scavenging concentration (μg/ml)  
 
 

 
 
Figure 2. The K3Fe(CN)6 reducing ability in different size and parts of C. limon. The shown data 
were the K3Fe(CN)6 reducing power at the concentration of 2.5 mg/ml. Values are means ± standard 
deviation of triplicate determinations. Means with different letters in the same column are 
significantly different (p < 0.05) by Duncan’s multiple range test. 

 
 
flavedo (13.14-31.71 μg/mg) was higher than in the albedo 
(7.67-13.14 μg/mg) and the pulp (2.9-6.95 μg/mg). When 
fruit size is considered, the total flavonoid content in the 
flavedo was highest in small-sized fruits (31.71 μg/mg), 
followed by mid-sized fruits (26.48 μg/mg) and large-sized 
fruits (13.14 μg/mg). 
 
 
Scavenging ability of DPPH free radicals  
 
The scavenging ability of DPPH free radicals using SC50 as 
an index was determined, and Table 4 presents the SC50 of 
DPPH free radicals from different sizes and parts of C. limon 
fruits. The results show that the SC50 of small-sized fruits 
(225.66-931.47 μg/ml) was lower than that of mid-sized 
fruits (291.26-1249.71 μg/ml) and large-sized fruits 

(429.5-1912.82 μg/ml). This indicates that the DPPH free 
radical scavenging ability of the extracts from small-sized 
fruits is better than those from mid- and large-sized fruits. 

Furthermore, the DPPH scavenging ability of the extracts 
from the flavedo was better than that from the albedo, 
which in turn was better than that from the pulp. Based on 
a comparison of the DPPH scavenging ability of extracts 
from different sizes and parts of C. limon fruits, the flavedo 
of small-sized fruits had the highest scavenging ability 
among all the extracts tested, with an SC50 estimated at 
225.66 μg/ml. 
 
 
Reduction ability 
 
Figure 2 shows the reduction of K3Fe(CN)6 using a 2.5 mg/ml  
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concentration of methanol extracts from different fruit 
sizes. The reduction ability of the extracts from the epicarp 
was significantly higher than that from the mesocarp, 
followed by the sarcocarp. At 700 nm, the photo absorbance 
of the extracts from small-, mid- and large-sized C. limon 
fruits was 2.11, 1.88 and 1.47, respectively, indicating that 
the reduction ability of the extracts from small-sized fruits 
was significantly higher than those from mid- and large-
sized fruits. 

It has been reported that more bioactive components 
were found in the flavedo than in the pulp of citrus fruits 
(Wang et al., 2007; Wang et al., 2008). The contents of these 
bioactive components may have an effect on their 
antioxidant activity or other properties. Thus, it is 
suggested that bioactive properties of the flavedo of small-
sized citrus fruits be evaluated first. 

 
 
Conclusions 
 
Peel, including the flavedo and albedo of C. limon fruits 
contained higher amounts of the marker substances. The 
albedo also had higher contents of the phenolics and 
favonoids and was superior in its ability for DPPH 
scavenging and reduction. 

Further studies are needed to determine the relationship 
between the contents of other marker substances and the 
diameters of C. limon fruits and the distribution of these 
substances in different parts of the fruits. Also, future 
studies are needed on other bioactive components in the 
flavedo of C. limon or other citrus fruits, and on the 
relationships of these components with their biological 
activities. 
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