
 

 https://biointerfaceresearch.com/  1 of 11 

 

Article 

Volume 13, Issue 1, 2023, 21 

https://doi.org/10.33263/BRIAC131.021 

 

Lemon (Citrus limon L.): Antioxidative Activity and Its 

Marker Compound 

Defri Rizaldy 1 , Muhamad Insanu 1,* , Nurma Sabila 1 , Ariranur Haniffadli 1 ,  

Aliya Azkia Zahra 1 , Sausan Nabila Ednoliani Pratiwi 1 , Siti Nurul Mudrika 1 , Rika Hartati 1 , 

Irda Fidrianny 1  

1 Department of Pharmaceutical Biology, School of Pharmacy, Bandung Institute of Technology, Bandung – 40132, 

Indonesia 

* Correspondence: insanu@fa.itb.ac.id (M.I.); 

Scopus Author ID 55479820400 

Received: 17.10.2021; Accepted: 15.12.2021; Published: 22.01.2022 

Abstract: This study aimed to investigate the antioxidative activity of the lemon peel and flesh, analyze 

the relationship of total phenolic content (TPC) and total flavonoid content (TFC) also their correlation 

with the antioxidative activity, along with the identification and quantification of the marker. The TPC 

and TFC were evaluated by the colorimetric method. The antioxidative activity was determined using 

DPPH (2,2-diphenyl-1picrylhydrazil) and CUPRAC (Cupric ion Reducing Antioxidant Capacity). The 

correlation between TPC and TFC with antioxidative activity and a correlation between two measures 

was analyzed using Pearson's method. HPLC performed the identification and quantification of the 

marker (high-performance liquid chromatography). The AAI (Antioxidant activity index) in the DPPH 

method had a range of 1.388–14.923 and the CUPRAC method 0.112-0.784. The highest TPC and TFC 

were given by the peel’s ethanolic extract (1.52 ± 0.02 g GAE/100 g) and n-hexane extract oh the flesh 

(3.02 ± 0.20 g QE/100 g), respectively. A positive and significant correlation was found between the 

TPC in lemon peel extract and the AAI using DPPH. The DPPH and CUPRAC methods did not give 

linear results to the antioxidative activity of lemon peel and flesh. Luteolin 7-O-glucoside was 

confirmed as a marker compound, and its content was 0.0238% in ethanolic extract of lemon flesh. 
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1. Introduction 

Reactive oxygen species (ROS) are known to be involved in various cellular processes, 

such as cell signaling and defense systems. Cellular ROS can react with various components, 

such as carbohydrates, lipids, proteins, and DNA. Excessive ROS cause cell damage and 

various chronic diseases for human [1]. The balance between ROS and antioxidants is very 

important to maintain health and reduce the risk of chronic disease. Our body naturally relies 

on the antioxidants to maintain permissible levels of ROS, which includes: (i) endogenous 

antioxidants, such as albumin, bilirubin, glutathione (GSH), and uric acid; (ii) antioxidant 

enzymes, such as superoxide dismutase (SOD), catalase, glutathione peroxidase, heme 

oxygenase, and NADPH; and (iii) antioxidants from food, such as vitamins C and E, 

carotenoids, and various polyphenolic compounds [2]. 

Lemon (Citrus limon L.) is the third most important crop in citrus species after oranges 

and mandarins, with production reaching 4.200.000 tons in 2007, and is a high demand plant 
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among Indonesian in pursuance of a healthy lifestyle [3]. Lemons contain multiple important 

natural components for health, such as phenolic compounds (mainly flavonoids) and other 

important nutrients such as vitamins, minerals, fiber, essential oils, and carotenoids [4,5]. 

Compounds with health-promoting effects and properties are vitamin C and flavonoids, which 

provide natural antioxidative activity [6,7]. In general, the fruit is mainly used for promoting 

health since it contains the most antioxidant compounds, especially in the skin part of the fruit 

[8]. 

Various methods can be used to determine the antioxidative activity of plant specimens, 

including the 2,2-diphenyl-1-picrylhydrazyl (DPPH) and the cupric ion reducing antioxidant 

capacity (CUPRAC). Many studies have been carried out previously to determine the 

antioxidative activity of lemon plants using the DPPH and CUPRAC methods [9-13]. Lemon 

has a variety of phytochemical compounds with diverse polarity indexes, including nonpolar, 

semipolar, and polar compounds. The various polarities of these compounds will give different 

results of the antioxidative activity. There have been no studies reporting the antioxidative 

activity of the flesh and skin of lemons extracted using solvents with different polarities. 

The objective of this research was to determine the antioxidative activity of various 

extracts (n-hexane, ethyl acetate, and ethanol) from the lemon flesh and peel using DPPH and 

CUPRAC assays and their correlation with the total phenol and flavonoids content in each 

extract. This research also identifies and determines the marker compounds in the ethanol 

extract of lemon flesh. 

2. Materials and Methods 

 2.1. Sample preparation. 

 Lemon peel and flesh were collected from Lembang, West Java, Indonesia. They were 

sorted, washed, dried, and ground into powder. 

2.2. Extraction. 

 Each powdered sample (300 g) was extracted by reflux using three solvents with 

different polarities. The solvents used were n-hexane, ethyl acetate, and ethanol. The extraction 

for each solvent was repeated three times to get the maximum amount of the extract. The total 

was six extracts consisting of n-hexane peel extract (P1), n-hexane flesh extract (F1), ethyl 

acetate peel extract (P2), ethyl acetate flesh extract (F2) and ethanol peel extract (P3), and 

ethanol flesh extract (F3). 

2.3. Antioxidative activity by DPPH assay. 

 Bloid's method [14] with slight modification was carried out to determine DPPH 

scavenging activity. This method is begun by preparing a DPPH solution 50 µg/ml. Ascorbic 

acid was used as standard. DPPH 50 µg/ml was used as control, and methanol was used as the 

blank. Each extract was prepared in various concentrations and mixed with DPPH 50 µg/ml  

(1:1). The absorbance was measured at 517 nm by a UV-visible spectrophotometer after 30 

minutes of incubation. Analysis was performed in triplicate. Inhibitory concentration 50% 

(IC50) was determined by calibration curve between % of DPPH scavenging activity and 

concentration. Dividing the final concentration of DPPH with IC50 of DPPH was used to 

evaluate the antioxidant activity index (AAI). 
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2.4. Total phenolic content. 

 The determination of phenolic content was using Folin-Ciocalteu reagent) [15]. Gallic 

acid was used as standard with different concentrations (40-160 µg/ml) to obtain the calibration 

curve. The absorbance was observed at 765 nm using a UV-visible spectrophotometer. 

Analysis for the standard and each extract were done in triplicate. The total phenolic content 

of each extract was determined by calibration curve and expressed as gram gallic acid 

equivalent per 100 grams extract (g GAE/100 g). 

2.5. Total flavonoid content. 

 Total flavonoid content is determined by Chang's method [16]. Quercetin was used as 

standard with different concentrations (30-120 µg/ml) to obtain a calibration curve. The 

absorbance was measured at 415 nm using a UV-visible spectrophotometer. The analysis was 

performed in triplicate for the standard and each extract. The total flavonoid content of each 

extract was calculated using a calibration curve and reported as gram quercetin equivalent per 

100 grams extracts (g QE/100 g). 

2.6. Statistical analysis. 

 Statistical analysis was determined using one-way ANOVA followed by post hoc 

Tukey performed by SPSS 20 for Window. Each sample measurement was conducted in 

triplicate. All results were presented as means (standard deviation). Correlation between the 

total phenolic, flavonoid, and antioxidative activity and the correlation between antioxidative 

activity testing methods was determined as Pearson's correlation coefficient. 

2.7. Identification and quantification of marker compound. 

 Marker compound identification and assessment of their content were conducted using 

high-performance liquid chromatography. LiChrospher® 100 RP-C18 5 µm was used as 

stationary phase. The mobile phases were 0.01% H3PO4 (A) and methanol (B) with a flow rate 

of 1 ml/min (Pump CTO-20A, Shimadzu, Japan). The elution gradient started with 40% until 

60% A for 5 min, increased to 70% A until 10 min, followed by 40% B until 15 min. The 

injection volume was 20 µm, and the column temperature was 30ºC. UV/Vis SPD-20A 

(Shimadzu, Japan) was used to detect at 360 nm. Luteolin 7-O-glucoside used as a standard 

was 5 µg/ml, and 10000 µg/ml of extract was used. Marker content of the compound calculated 

using this formula: 
𝐴𝑈𝐶 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖𝑛 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝐴𝑈𝐶 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
x

µ𝑔/𝑚𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

µ𝑔/𝑚𝑙 𝑒𝑥𝑡𝑟𝑎𝑐𝑡
x 100% 

3. Results and Discussion 

Previous studies [9-13, 17] have reported that C. limon L. has antioxidative activities. 

No studies have focused on the antioxidative activity of different extracts (n-hexane, ethyl 

acetate, and ethanol) from the peel and flesh of lemons grown in Lembang, West Java – 

Indonesia, using DPPH and CUPRAC methods. 
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3.1. AAI of peel and flesh extracts from the lemon. 

 DPPH and CUPRAC assays have been widely used to determine the antioxidative 

activity of various extracts or pure compounds. DPPH is a free radical with a purple color and 

absorbance at a wavelength of 517 nm. Antioxidants will transfer hydrogen to DPPH, thus 

forming a stable compound and turning yellow [18]. The CUPRAC assay uses neocuproine 

reagent combined with cupric chloride in ammonium acetate buffer pH 7. If the sample is an 

antioxidant, then Cu2+ is reduced to Cu+ and forms a yellow complex with neocuproine, which 

can be read at a wavelength of 450 nm [19]. 

Before starting the test using both methods, it is necessary to carry out a verification 

process using ascorbic acid as the standard in this study. Ascorbic acid using the DPPH method 

had AAI 64.141 ± 2.537, and the CUPRAC method had AAI 9.295 ± 0.083. Subsequently, the 

sample was tested using both methods. The AAI of DPPH and CUPRAC from lemon peel and 

lemon flesh in various extracts were presented in Table 1. 

In the DPPH method, IC50 is the concentration of the sample or standard that can reduce 

about 50% absorbance of DPPH. In the CUPRAC method, EC50 is the concentration of the 

sample or standard that can increase 50% absorbance of the CUPRAC. The lower the IC50 or 

EC50 value, the stronger the antioxidative activity. However, if the concentration of the radical 

solution were different, the result of IC50 and EC50 values would also be different. Thus, the 

AAI is used to produce an equivalent value. AAI was divided into 4 groups, poor (AAI < 0.5), 

moderate (0.5 ≤ AAI ≤ 1), strong (1 ≤ AAI ≤ 2), and very strong (AAI > 2) [20]. 

Extraction was carried out using three solvents with increasing polarity; n-hexane, ethyl 

acetate, and ethanol, respectively. n-Hexane is a nonpolar solvent that selectively extracts 

nonpolar compounds. After n-hexane extracts nonpolar compounds, then ethyl acetate will 

extract semipolar compounds. Finally, ethanol is a polar solvent that will extract most polar 

compounds and a small number of semipolar and nonpolar compounds. Using this method, the 

maximum yield of nonpolar, semipolar, and polar compounds were obtained and the 

antioxidative activity was compared. The AAI of DPPH and CUPRAC of lemon peel and 

lemon flesh affected by increasing polarity solvent were given in Table 1. There were 

significant differences between the AAI of the three different extracts in lemon peel and lemon 

flesh. 

In the present study, the AAI on DPPH method from peel and flesh extracts of lemon 

fruit had a range of 1.388–14.923. The highest AAI using the DPPH method was found in the 

ethyl acetate flesh extract (F2) 14.923, followed by the ethanol peel extract (P3) 11.636, and 

ethyl acetate peel extract (P2) 11.073. The standard ascorbic acid using the DPPH method had 

an AAI 64.141. In the CUPRAC method, AAI in the peel and flesh extracts of lemon fruit 

ranged from 0.112-0.784. The highest AAI using the CUPRAC method was found in n-hexane 

peel extract (P1) 0.784, followed by ethyl acetate peel extract (P2) 0.550, and ethanol peel 

extract (P3) 0.403. The standard ascorbic acid using the CUPRAC method had AAI 9.295. 

Based on the results, it presented that by using the DPPH method, four extracts belong 

to the very strong AAI group, which were ethyl acetate and ethanol extracts of lemon peel and 

flesh. Meanwhile, both n-hexane peel and flesh extract were included in the moderate and 

strong AAI group. In the CUPRAC method, two extracts belong to the moderate AAI group, 

the n-hexane and ethyl acetate lemon peel extracts. The four other extracts belong to the poor 

AAI group. 
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Al-Sayyed [21] reported that in the DPPH method, methanol flesh extract had higher 

antioxidative activity than ethanol extract. On the other hand, in the CUPRAC method, 

methanol flesh extract had higher antioxidative activity than ethanol extract. Makni [17] 

reported that using the DPPH method, lemon peel's ethanol-water extract (7:3 v/v) had higher 

antioxidative activity than lemon flesh. This was related to this study that ethanolic extract of 

lemon peel had higher AAI  than ethanolic extract of lemon flesh. Papoutsis [22] reported that 

methanol lemon pomace extract had higher antioxidative activity than ethanol in the DPPH and 

CUPRAC methods. In addition, the ethanolic extract of lemon pomace still had higher 

antioxidative activity than the acetone lemon pomace extract in the DPPH and CUPRAC 

methods. Lemon pomace was a residual waste from the lemon fruit, which contained the skin, 

flesh, and seeds. It was reported that the petroleum ether peel extract had the highest 

antioxidative activity compared to chloroform, methanol, and ethyl acetate extracts in the 

DPPH method, respectively [23]. 

Table 1. Antioxidative activities of lemon extracts by DPPH and CUPRAC assays. 

Sample AAI DPPH 

Peel Flesh Ascorbic acid 

n-Hexane extract 1.388 ± 0.100 a 0.760 ± 0.063 a 64.141 ± 2.537  

Ethyl acetate extract 11.073 ± 0.920 b 14.923 ± 0.444 b 

Ethanol extract 11.636 ± 0.795 b 3.231 ± 0.138 c 

  AAI CUPRAC 

n-Hexane extract 0.784 ± 0.019 a 0.157 ± 0.003 a 9.295 ± 0.083 

Ethyl acetate extract 0.550 ± 0.009 b 0.112 ± 0.004 b 

Ethanol extract 0.403 ± 0.006 c 0.193 ± 0.002 c 

a-c = different letters in the same column show the significant difference (p < 0.05) 

3.2. Total phenolic content and total flavonoid content. 

 Total phenolic content (TPC) in each extract was calculated using a gallic acid 

calibration curve (y=0.0053x + 0.0368) and expressed as gallic acid equivalent (GAE). TPC in 

the various extract of lemon peel and flesh showed various values ranging from 0.14 to 1.52 g 

GAE/100 g. N-hexane extract of lemon flesh had the lowest TPC (0.14 g GAE/100 g), and the 

highest TPC was given by ethanol extract of lemon peel. Meanwhile, total flavonoid content 

(TFC) in various extracts were determined using linear regression equation of quercetin 

(y=0.00655x + 0.0232) and expressed as quercetin equivalent (QE). TFC in various extracts of 

peel and flesh from lemon showed results in the range of 0.85-2.89 g QE/100 g. The lowest 

TFC was given by ethyl acetate flesh extract, while ethanol peel extract showed the highest 

TFC (Table 2). A recent study stated that higher TPC and TFC were attained by increasing the 

solvent's polarity [24]. This statement was in accordance with the TPC result from this study. 

Table 2. Total phenolic and flavonoid content in lemon extracts. 

Sample Phenolic content 

(g GAE/100 g) 

Flavonoid content 

(g QE/100 g) 

P1 0.89 ± 0.08b 2.72 ± 0.03a 

F1 0.14 ± 0.02c 3.02 ± 0.20a 

P2 1.38 ± 0.07a 2.49 ± 0.40a 

F2 0.90 ±0.14b 0.85 ± 0.10b 

P3 1.52 ± 0.02a 2.89 ± 0.04a 

F3 1.47 ± 0.17a 1.04 ± 0.07b 

Data: mean ± SD. a-c = different letter in the same column show significant difference (p<0.05), GAE: gallic 

acid equivalents; QE: quercetin equivalents, P: peel, F: flesh, 1: n-hexane extract, 2: ethyl acetate extract, 3: 

ethanol extract, n = 3. 
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Another study reported that TPC of lemon peel (20.4 g GAE/100 g) was higher than 

the flesh (10.6 g GAE/100 g) [17]. It was similar as TPC of the peel was higher than the flesh 

for every extract in this study. Other research stated the TPC of ethyl acetate peel extract (0.72 

g GAE/100 g) was higher than n-hexane extract (0.55 g GAE/100 g) [9]. This research also 

showed the TPC of ethyl acetate extract (1.38 g GAE/100 g) was higher than n-hexane extract 

(0.89 g GAE/100 g). The previous study showed the TPC and TFC of methanol extract of the 

leave of lemon were 9.81 g GAE/100 g and 3.87 g GAE/100 g [25]. TPC of methanol extract 

of pulp and seeds of lemon ranged from 0.24 to 0.35 g GAE/100 g and 0.21 to 0.34 g GAE/100 

g. TFC of the pulp and seeds varied from 0.39 to 0.54 g GAE/100 g and from 1.86 to 2.53 g 

GAE/100 g, respectively [26]. TPC and TFC of lemon seed oil by different methods showed 

various results. Lemon seed oil's highest TPC and TFC were found in the supercritical fluid 

extraction method, 165.90 μg GAE/ml and 21.69 μg QE/ml [27]. 

Among various extracts (water, ethanol, acetone, 50% ethanol, and 50% methanol 

extract), the absolute methanol extract of lemon peel had the highest TFC (0.50 QE/100 g). 

Then followed by 50% ethanol and 50% methanol extracts (0.42 and 0.38 g QE/100 g, 

respectively) [22]. This result is in accordance with current research, which presented the 

highest TFC for ethanol extract (2.89 g QE/100 g). TFC of ripening and unripe peel of lemon 

in various extracts (ethyl acetate, acetone, ethanol, and methanol) also showed varying values. 

TFC of the ripen peel in the range of 27- 48.2 g QE/100 g. Methanol extract of ripening peel 

was the highest TFC of the ripen peel, and the lowest was ethyl acetate extract. Meanwhile, 

TFC of the unripe peel expressed result in the range of 24.5-42.5 g QE/100 g. Similar to the 

ripen peel, the highest TFC of the unripe peel was shown by methanol extract and the lowest 

ethyl acetate extract [28]. This research also showed the ripen peel of lemon has a higher result 

than the unripe peel. 

The previous study showed the increase of TFC and TPC by irradiation pretreatment 

using UV-C, which is suspected by the increasing of phenylalanine ammonia-lyase activity 

that had an important role in the synthesis of the compound [29]. Pretreatment with microwave 

significantly affected TPC and TFC of lemon pomace. TPC increased from 1.07 to 2.21 g 

GAE/100 g as the sample was pre-treated with microwave (120-480 W for 2 minutes). 

However, TPC would decrease above 600 W. The increase of TPC can be explained due to the 

electromagnetic radiation from the microwave, which causes the cleavage of flavonoids. 

However, irradiation power above 600 W might cause total degradation of flavonoids so that 

the result would decrease. This condition also applied to TFC [30]. 

3.3. Correlation between the TPC and TFC with AAI DPPH and CUPRAC in lemon extracts. 

The strong antioxidative activity was indicated by the high AAI value in each method. 

This is explained by TPC and TFC values that contribute to antioxidative activity when the 

correlation is positive and significant (Table 3). 

Table 3. Pearson's correlation coefficient of TPC and TFC of lemon extracts with AAI DPPH and AAI 

CUPRAC. 

Antioxidative parameter Pearson's correlation coefficient (r) 

TPC TFC 

AAI DPPH Peel 0.977** 0.019ns 

AAI DPPH Flesh 0.249ns -0.689* 

AAI CUPRAC Peel -0.952** -0.168ns 

AAI CUPRAC Flesh 0.309ns 0.207ns 

ns = not significant, * = significant at p < 0.05, ** = significant at p < 0.01. 
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In this study, the final results used AAI as antioxidative activity, where the higher AAI 

had the higher antioxidative activity. As shown in Table 3, the TPC gave a significant positive 

correlation with AAI DPPH only for lemon peel extract (r = 0.977, p < 0.01). The higher TPC 

in lemon peel extract is related to the higher antioxidative activity. It indicated that phenolic 

compounds in lemon peel extract contributed to antioxidative activity by the DPPH method. 

The TPC showed a positive but not significant correlation in lemon flesh extract by DPPH and 

CUPRAC methods (0.249 ≤ r ≤ 0.309). 

Meanwhile, the TFC did not provide a significant positive correlation in any extract. 

The TPC gave a negative correlation with AAI CUPRAC of lemon peel extract. Many studies 

used IC50 and EC50 in the final results, so the higher TPC and TFC will be related to the lower 

IC50 and EC50 thus, the correlation will be negative and significant. 

High antioxidative activity in the extract was influenced by the presence of phenolic 

compounds with more hydroxyl groups or conjugated double bonds. Flavonoids belong to a 

group of phenolic compounds with OH in ring A and or ring B. High antioxidative activity is 

recorded in flavonoids with a hydroxyl group at C-3'-C-4', OH at C-3, oxo function at C-4, 

double bonds at C-2 and C-3. The hydroxyl group with ortho position at C-3'-C-4' provides 

high antioxidative activity for flavonoids. Aglycone flavonoids will contribute to higher 

antioxidative activity than flavonoid glycosides [31]. The TFC in P1 (2.72 g GAE/100 g) was 

higher than P2 (2.49 g GAE/100 g), but the AAI DPPH of P1 (1.388) was lower than P2 

(11.073). These data suggested that most of the flavonoid compounds in P1 had OH at other 

positions, while in P2 had a hydroxyl group at C-3'-C-4', OH at C-3, oxo function at C-4, and 

double bonds at C-2 and C-3, hence the antioxidative activity is different among two extracts. 

The TPC in F2 (0.90 g GAE/100 g) was lower than F3 (1.47 g GAE/100 g), but AAI DPPH of 

F2 (14.923) was greater than from F3 (3.231). From these data, it can be predicted that the 

number of phenolic compounds in F2 had a higher ability to transfer hydrogen than F3. 

Table 4. Pearson's correlation coefficient between DPPH and CUPRAC assays. 

Antioxidative parameter Pearson's correlation coefficient (r) 

AAI CUPRAC Peel AAI CUPRAC Flesh 

AAI DPPH Peel -0.928**   

AAI DPPH Flesh   -0.840** 

** = significant at p < 0.01. 

The correlation between two antioxidative activity methods in this study was analyzed 

using Pearson's method (Table 4). Pearson's method can analyze whether the AAI in each 

method presents linear results or not. Both methods showed linear results when their correlation 

expressed a positive and significant correlation, which means that one method with another 

presented different results, but both methods exposed linear results. The data in Table 3 figured 

that the two methods did not give linear results for the lemon peel and flesh extracts (r = -0.928, 

p < 0.01 and r = -0.840, p < 0.01, respectively). 

3.4. Identification and Marker Content. 

Marker compound of ethanol lemon flesh extract was identified using HPLC. Ethanol 

lemon flesh extract had the highest yield compared to the other sample. Luteolin 7-O-glucoside, 

rutin, quercetin, kaempferol and apigenin was used as standard. Figure 1 demonstrated that 

peaks number 1, 2, and 3 had similar retention time with standard, 5.062 with 4.958 (luteolin 

7-O-glucoside), 5.475 with 5.466 (rutin), and 8.350 with 8.345 (quercetin), which means the 
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ethanol lemon flesh extract contained luteolin 7-O-glucoside, rutin, and quercetin. Kaempferol 

and apigenin were not detected in the chromatogram. The highest AUC in extract 

chromatogram was represented by luteolin 7-O-glucoside, so it was stated as a marker of 

ethanol lemon flesh extract. After calculation of the AUC in extract and standard, the content 

of luteolin- 7-O-glucoside as a marker in lemon flesh extract was 0.0238%. 

 
Figure 1. Marker content in ethanol lemon flesh extract. A: ethanol lemon flesh extract, B: standards. 1: 

Luteolin 7-O-glucoside, 2: Rutin, 3: Quercetin, 4: Kaempferol, 5: Apigenin. 

A previous study revealed that rutin, hesperidin, eriocitrin, and neohesperidin were 

detected in lemon juice by HPLC analysis. The mobile phase was H2O/formic acid (0.1%) (A), 

and acetonitrile (B), C18 RP column was used as stationary phase. The juice's two abundant 

compounds were eriocitrin and hesperidin, with concentrations of 16.7 and 14.1 mg/100 ml 

juice [32]. Caffeoyl N-tryptophan, vicenin 2, hydroxycinnamoyl-O-glucoside acid, 

kaempferol-3-O-rutinoside, eriocitrin, and quercetin-3-O-rutinoside were found in the ethanol-

water extract of lemon peel. Six phenolic compounds were identified using HPLC coupled with 

mass spectrometry (LC-MS/MS). Formic acid solvent 0.1% (A) and acetonitrile (B) were used 

as mobile phases and C18 300A as stationary phases [17]. Seven phenolic compounds, 

naringin, hesperidin, erocitrin, kaempferol, kempferol-7-O-glucuronide, p-coumaric acid, and 

gallic acid, were detected in lemon through HPLC-MS analysis. Eriocitrin showed the highest 

concentration (3.35 mg/g) and naringin showed the lowest concentration (0.11 mg/g) [33]. 

Sixteen phenolic compounds were detected from methanol extract of lemon peel using 

the HPLC system. Gallic acid (2.39 mg/100 ml) and 1,2-dihydroxybenzene (2.30 mg/100 ml) 

were detected as two abundant compounds. The lowest phenolic compound was p-coumaric 

(0.01 mg/100 ml) [34]. Other research reported eleven volatile compounds discovered from 

previous research served as biomarkers. The eleven biomarker compounds were trans-α-

bergamotene, β-bisabolene, limettin, cis-α-bergamotene, citronellal, β-pinene, caryophyllene, 

α-cubebene, champene, α-terpineol, and (Z)-β-farnesene. These eleven compounds of lemon 

peel were higher than other citrus species [35]. Coumarin and psoralen also displayed 

protonated molecules in the ESI(+)MS spectra from lemon's flavedo [36]. Twenty-six volatile 

compounds were identified by GC-MS in the lemon peel oil. These compounds consisted of 

four main chemical families, monoterpenes, sesquiterpenes, aldehyde, and esters [37].  
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4. Conclusion 

Various antioxidant test methods can be used parallel to determine antioxidant activity 

because each method will give different results. All ethyl acetate and ethanol extracts of lemon 

peel and flesh have very strong antioxidant activity using the DPPH method. All lemon peel 

and flesh extracts had moderate to poor antioxidant activity using the CUPRAC method. The 

phenolic compound in lemon peel extract contributed to antioxidative activity by the DPPH 

method. The DPPH and CUPRAC methods did not give linear results in the antioxidant activity 

of lemon peel and flesh. The marker compound of lemon flesh extract was luteolin 7-O-

glucoside, and its content was 0.0238%. Lemon peel can be used as a natural antioxidant in the 

food and nutrition industry. 
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