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Abstract 

The peels of citrus fruits contain a high concentration of bioactive compounds. Among these compounds, hesperidin 

stands out for its beneficial health effects. This study had the objective of evaluating the hesperidin content in peel 

samples of different citrus fruit and to propose the development of a functional product obtained from these peels. The 

peels were lyophilized and had the total flavonoids analyzed by high-performance liquid chromatography. The peels 

of several fruits were dried in a microwave oven and ground in a blender to obtain a homogeneous powder. This 

material was submitted to extraction and quantification of hesperidin. The highest concentrations were found in the 

‘Ponkan’ tangerine, ‘Murcott’ tangerine and ‘Navel’ orange, while the lowest were found in the ‘Sicilian’ lemon and 

‘Lima’ orange. The functional ingredient obtained from the ground peels after microwave drying can be used for 

direct consumption or to enrich food preparations. 

Keywords: Functional food; Phytochemicals; Food waste; HPLC. 

 

Resumo  

As cascas de frutas cítricas contêm alta concentração de compostos bioativos. Dentre esses compostos, a hesperidina 

se destaca por seus efeitos benéficos à saúde. Este estudo teve como objetivo avaliar o teor de hesperidina em 

amostras de cascas de diferentes frutas cítricas e propor o desenvolvimento de um produto funcional obtido a partir 

dessas cascas. As cascas foram liofilizadas e tiveram os flavonoides totais analisados por cromatografia líquida de alta 

eficiência. As cascas de diversas frutas foram secas em forno de microondas e trituradas no liquidificador para 

obtenção de um pó homogêneo. Este material foi submetido à extração e quantificação de hesperidina. As maiores 

concentrações foram encontradas na tangerina ‘Ponkan’, na tangerina ‘Murcott’ e na laranja ‘Baía’, enquanto as 

menores foram encontradas no limão ‘Siciliano’ e na laranja ‘Lima’. O ingrediente funcional obtido a partir das 

cascas moídas pode ser utilizado para consumo direto ou para enriquecimento de preparações alimentícias.  

Palavras-chave: Alimento funcional; Compostos bioativos; Resíduos de alimentos; HPLC. 

 

Resumen  

Las cáscaras de los cítricos contienen una alta concentración de compuestos bioactivos. Entre estos compuestos, la 

hesperidina destaca por sus efectos beneficiosos para la salud. Este estudio tuvo como objetivo evaluar el contenido 

de hesperidina en muestras de piel de diferentes cítricos y proponer el desarrollo de un producto funcional obtenido de 

estas cáscaras. Las cáscaras se liofilizaron y se analizaron los flavonoides totales mediante cromatografía líquida de 

alta resolución. Las cáscaras de varias frutas se secaron en un horno de microondas y se molieron en una licuadora 

para obtener un polvo homogéneo. Este material se sometió a extracción y cuantificación de hesperidina. Las 
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concentraciones más altas se encontraron en la mandarina "Ponkan", la mandarina "Murcott" y la naranja "Bahía", 

mientras que las más bajas se encontraron en el limón "Siciliano" y la naranja "Lima". El ingrediente funcional 

obtenido de las cáscaras molidas después del secado por microondas puede utilizarse para consumo directo o para 

enriquecer preparaciones alimenticias.  

Palabras clave: Alimentos funcionales; Fitoquímicos; Resíduos de alimentos; HPLC. 

 

1. Introduction 

A diet rich in fruits is recognized as a factor that can prevent non-transmissible chronic diseases and generally protect 

health (Gillman, et al., 1995; He, et al., 2007; Bae, et al., 2008). Citrus fruits are among the main preferences of a large portion 

of consumers, attracted by the organoleptic properties, and are thus among the leading fruits cultivated in the world. They 

contain a wide range of nutrients, such as vitamin C and A, folic acid, potassium and phosphorus, as well as fibers. Citrus fruits 

such as oranges, tangerines, limes and lemons have various health benefits due to their contents of bioactive substances 

(naringin, hesperidin, hesperetin, neohesperidin, alkaloids and hydroxamic acids), many of which belong to the flavonoids 

class (He, et al., 2011; Mencherini, et al., 2013; Cicero, et al., 2015; Salvo, et al., 2016; Zhou, et al., 2016; Metro, et al., 2018). 

Flavonoids are produced by the secondary metabolism of plants and compose the major group of known natural 

products, among which are flavanones, flavones, chalcones, flavanonols, flavonols, isoflavones, flavan-3-ols and 

anthocyanidins (Cazarolli, et al., 2008; Coutinho, 2009). Hesperidin us a flavone found in large amounts in citrus fruits, and 

indeed is the main bioactive component of these fruits. Among its health benefits are treatment and prevention of obesity 

(Ohara et al., 2015), type II diabetes (Homayouni, et al., 2018) and cardiovascular ailments (Salden, et al., 2016), as well as 

action against hepatocarcinogenesis (Fernández-Bedmar, et al., 2017) and enhancement of neurocognition (Matias, et al., 

2017) and capillary permeability (Garg, et al., 2001). 

Because of its chemical structure, hesperidin (Fig. 1) has low solubility in water, which explains its greater 

concentration in the peels of citrus fruits compared to the pulp (Fernández-Bedmar, et al., 2017; Garg, et al., 2001; Nielsen, et 

al., 2005). In turn, the peels are the main byproduct of industrial processing of citrus fruits, and their disposal is an important 

source of envrionmental pollution (Wang, et al., 2008). 

 

Figure 1. Chemical structure of hesperidin. 

 

 

 

 

 

 

 

 

Source: Devi et al. (2015). 

 

The peels and seeds of many fruits contain bioactive substances (Abrahao, et al., 2010), thus attracting the 

investigation of scientists. This composition can add value to the byproducts of fruit processing, for use as inputs in the 

pharmaceutical industry or as nutritional supplements and functional ingredients in other foods (Oliveira, 2014). 

Although there are no recommendations for consumption of given levels of bioactive compounds, various studies 

have sought to determine the effect of different doses of hesperidin on human health. Nevertheless, there is a lack of data on 
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the therapeutic clinical effects, dosage and bioavailability, mainly in humans (Parhiz, et al., 2015). The consumption of 

byproducts of processed foods is still low, due to cultural factors and social customs, meaning many consumable parts of plants 

that are beneficial to health go to waste (Gondim, et al., 2005). 

In this context, the objective of this study was to quantify the concentration of hesperidin in the peels of various citrus 

fruit varieties sold supermarkets in a city in Northeast Brazil, to analyze the possibility of using these residues as a functional 

ingredient, based on their nutritional composition, and in particular their antioxidant activity. 

 

2. Methodology 

Obtaining and preparing the samples 

The peels were obtained from fresh fruits sold in supermarkets in the city of Fortaleza, capital of the state of Ceará. 

We selected the following citrus species: ‘Pera’ orange (Citrus sinensis L. Osbeck var. pera), ‘Lima’ orange (C. sinensis L. 

Osbeck var. lima), ‘Persian sweet lime’ (C. limetticoides), ‘Navel’ orange (C. sinensis L. Osbeck var. baía), ‘Murcott’ 

tangerine (C. aurantium x reticulata var. mucorte), ‘Clementine’ (C. clementina), ‘Ponkan’ tangerine (C. reticulata Blanco var. 

poncan), ‘Key lime’ (C. aurantifolia), ‘Tahiti’ lime (C. latifólia) and ‘Sicilian’ lemon (C. limon).  

The fruits were manually peeled, and the peels were ground, frozen and vacuum lyophilized at – 50ºC, under 5 Mtorr 

(9.67x10-5 psi) for 48 hours in a benchtop lyophilizer (Edwards, West Sussex, United Kingdom). The resulting material was 

stored in a hermetically sealed glass container for later analysis. 

 

Extraction of the hexane-soluble fraction (volatile and fixed oils) and total flavonoids 

The essential oils and pigments were extracted as described in the patent document (Craveiro, et al., 2009). 

Approximately 30 g of each freeze-dried and powdered sample was submitted to extraction with 800 mL of hexane P.A. (Saint 

Loius, USA) in a Soxhlet system for 24 hours. Then the total flavonoids were obtained by treating the resulting sample with 

800 mL of methanol P.A. (Saint Loius, USA) for 24 hours. The resulting solution was concentrated under vacuum in a rotary 

evaporator until forming a precipitate. The concentrated material was then filtered, dried and weighed.  

 

High-performance liquid chromatography (HPLC) analysis 

High-performance liquid chromatography (HPLC) was used for quali-quantitative analysis of hesperidin in each 

extract obtained, using a Shimadzu (Kyoto, Japan) LC 10Avp chromatography system equipped with an LC-10ADvp pump, 20 

µL loop, manual injector with fixed volume of 100 µL, CTO-10Avp column oven at 40°C, SPD-M10Avp detector, and Shim-

pack C18 column (CLC, ODS, 150 mm x 4.6 mm). The chromatograms were processed at 280 nm, with run time of 20 

minutes and flow of 1.2 mL/min, operating in isocratic mode, with the mobile phase composed of a 79% acetic acid (Nuclear, 

São Paulo, Brazil) solution (0.025% v/v) and 21% HPLC-grade acetonitrile P.A (J. T. Baker, State of Mexico, Mexico) 

(Anagnostopoulou, et al., 2006). 

The samples were prepared by dissolving 5 mg of the methanolic extract obtained from each citrus variety in 50 mL 

of methanol (HPLC grade). Then this solution was diluted in 25 mL of the same solvent and a small sample (1 mL) was 

removed, filtered and injected in triplicate in the chromatograph. The hesperidin was detected by comparison between the 

retention times (RT= 6.7 min) obtained for each sample in comparison with a reference standard (hesperidin, Sigma-Aldrich, 

97% HPLC).  

The hesperidin was quantified by the external standard method, with a calibration curve obtained with standard 

solutions with four concentrations (3.92, 0.789, 0.392 and 0.784 µg.L-1), injected in triplicate, with rejection of area values 

with variations greater than 5%. After optimization of the chromatographic conditions, the method was validated as described 
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in Table 1. The quantitative results were expressed in mg of hesperidin/100 g of freeze-dried peel.  

 

Table 1. Validation of the method for quantifying hesperidin in the peels of citrus fruits. 

Parameter Value 

Limit of detection 2.0 10-3ng.mL-1 

Limit of quantification 2.0 10-2ng.mL-1 

Linearity† y = 40,803 x + 6,087.3 

Linear correlation coefficient (R2) 0.9989 

†Where x= concentration; y= area under peak. Source: Authors. 

 

Preparing the functional ingredient 

To prepare the functional ingredient, fruits of the varieties ‘Navel’ orange and ‘Ponkan’ tangerine were peeled and the 

peels were cut manually and dried in a microwave oven (Consul®) for 7 minutes at power of 100 kw. The dried peel material 

was then ground in a blender until forming a homogeneous powder. The objective of this preparation method was to obtain a 

product that is easy to prepare, so as to stimulate the consumption of citrus fruit peels. The choice of the two varieties was 

based on the excellent hesperidin yield and their availability for purchase.  

 

Statistical Analysis 

The statistical analysis was performed with Excel, to calculate the mean, standard deviation and coefficient of 

variation of the values obtained after chromatography. 

 

3. Results and Discussion  

Hesperidin was detected in all the citrus peel samples analyzed by HPLC, by the presence of the characteristic peak, 

with retention time of 6.7 min, near that obtained by injecting the reference standard, producing the same ultraviolet (UV) 

absorption curve, as shown in the chromatograms presented in Figures 2 and 3. 

 

Figure 2. (a) Chromatogram obtained by injecting the hesperidin standard at 280 nm and retention time of 6.7min. (b) UV 

curve of the peak at 6.7 min. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Authors. 
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Figure 3. (a) Chromatogram obtained by injecting a sample of total flavonoids from ‘Pera’ orange at 280 nm. Retention time: 

6.7 min. (b) Peak of UV curve at 6.7 min. 

 

 

 

 

 

 

 

 

 

 

Source: Authors. 

 

The quantification of hesperidin was carried out after the chromatographic analysis of all the samples, based on the 

quantitative parameter of the area under the curves obtained for the analyte in the different matrices. Comparison with the 

calibration curve was used to calculate the concentrations of hesperidin present in the samples of dried citrus peel, as presented 

in Table 2.  

 

Table 2. Concentration of hesperidin in mg/g in dried peel samples of citrus fruit varieties. 

Sample Concentration of hesperidin in 

mg/g of dry peel 

‘Ponkan’ tangerine (PT) 

‘Morcott’ tangerine (MT) 

‘Navel’ orange (NO) 

‘Persian’ sweet lime (PSL) 

‘Pera’ orange (PO) 

Clementine (C) 

‘Key lime’ (KL) 

‘Tahiti’ lime (TL) 

‘Lima’ orange (LO) 

‘Sicilian’ lemon (SL) 

21.57±0.59 

20.34±1.19 

16.97±0.12 

16.68±0.43 

13.820.10 

13.55±0.16 

12.77±0.13 

8.07±0.23 

6.59±0.05 

4.780.20 

‘Navel’ orange by microwave drying only 

(NOM) 

13.280.06 

‘Ponkan’ tangerine by microwave drying only 

(PTM) 

23.100.10 

The results are expressed as mean ± standard deviation (n = 3). Source: Authors. 

 

Hesperidin is the main flavonoid contained in oranges, lemons and limes (Garg, et al., 2001). In this study, the highest 

concentrations of hesperidin (in mg/g of freeze-dried peel) were obtained in the varieties PT (21.57±0.59), MT (20.34±1.19), 

NO (16.97±0.12) and PSL (16.68±0.43) respectively. Curiously, the ‘Ponkan’ tangerine is the tangerine variety consumed 
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most by brazilians (Pio, et al., 2005). In turn, the lowest concentrations were found in the varieties LO (4.780.20) and SL 

(6.59±0.05). 

Comparison of the hesperidin concentrations measured in the samples obtained in the two drying methods (microwave 

and lyophilization) showed NOM values of 13.28±0.06 and NO of 16.97±0.12 mg/g, and PTM of 23.10±0.11mg/g, but PT of 

21.57±0.59. The statistical analysis showed that the two drying methods produced highly homogeneous results (coefficient of 

variation near zero). Xu and colleagues tested various methods to dry tangerine peels and concluded that the infrared method 

was most efficient to preserve the nutraceutical components and also to optimize the time (Xu, et al., 2017). However, the 

method proposed here, of microwave drying, produced levels near those obtained via lyophilization, thus having the advantage 

of lower cost and easier availability of equipment.  

In the peels of hybrid citrus varieties grown in China, the hesperidin concentrations varied from 0.837 to 7.995 mg/g 

(He, et al., 2011). Among them, the highest concentration was found in the hybrid obtained from crossing Citrus unshiu Marc. 

x Citrus clementina Hort ex Tanaka, a result similar to that for TL in this work (8.07mg/g). The values found in this study are 

greater than those in the study by He and colleagues (2011), probably due to the differences in methods and varieties of the 

species.  

Another study, conducted in South Korea, analyzed the nutritional content of different citrus species grown in that 

country, and found the highest hesperidin levels in the peel of the ‘Yuzu’ variety (Citrus junos Sieb. Ex Tanaka) (7.49mg/g), 

followed by the tangerine (Citrus sunki Hort. ex Tanaka) (6.39mg/g) and orange (Citrus sinensis) (4.23mg/g) (Assefa, et al., 

2017). When comparing the peel with the respective pulp, the authors obtained levels 1.91 to 4.40 times higher in the peels. 

These findings support the importance of investigating the composition of citrus peels and their relevance to the food industry 

and for consumption as a source of bioactives compounds.  

In Brazil, data about the concentration of hesperidin in citrus fruits are scarce (Arabbi, et al., 2004). A study carried 

out in São Paulo applied HPLC to analyze the hesperidin content in the peel of citrus fruits sold in the city. The authors 

concluded that methanol was the best solvent to extract hesperidin (highest yield). Among the varieties analyzed, the “Navel’ 

orange obtained the highest yield (37.84 mg/g), followed by the ‘Seleta’ orange (36.36 mg/g) and ‘Ponkan’ tangerine 

(29.10mg/g). The lowest levels were obtained for the ‘Persian’ sweet lime (3.30 mg/g) and ‘Morcott’ tangerine (3.60 mg/g) In 

this study, the values of the varieties with best yield are similar to those found by Pereira (Pereira, et al., 2017). 

A study carried out with patients suffering from type 2 diabetes tested supplementation of 500 mg/day of hesperidin 

for 6 weeks, and found a significant percentage difference in the systolic, diastolic and mean arterial pressure, besides 

reduction of inflammatory markers such as tumor necrosis factor alpha, interleukin 6 and C-reactive protein in comparison 

with the placebo group. Based on these results, the authors suggested that hesperidin can have anti-hypertensive and anti-

inflammatory effects in patients with type 2 diabetes (Homayounu, et al., 2018). 

Based on that study, to obtain the hesperidin dose of 500 mg would require supplementation of 23,2 g of dried 

‘Ponkan’ tangerine peel (about 1 tablespoon) and 29,5 g of dried “Navel’ orange peel (roughly one and a half tablespoon). This 

product could be added in the preparation of many foods, such as breads, cakes, cookies and also smoothies.  

A study evaluating the consumer acceptance of bread prepared with substitution of fat with 2.5% orange peel fiber 

combined with the use of 30 ppm of the enzyme α-amylase found an acceptance index of about 80%, indicating the 

effectiveness of this form of using citrus byproducts (Stoll, et al., 2015). Another study showed that flour made from orange 

bagasse from industrial juice extraction presented sufficient yield for preparation of enriched bread and also obtained 

acceptance near 80% (Storrer, 2017). 
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4. Conclusion 

In the present study, the peel of all the citrus varieties analyzed had good hesperidin yields, with the best being 

‘Ponkan’ tangerine, Morcott tangerine, ‘Navel’ orange and ‘Persian’ sweet lime, all of which are good sources of the 

substance. 

The process of drying and grinding the peel can be carried out simply and inexpensively with a microwave oven and 

blender. The product obtained can be consumed directly, added to nutraceutical preparations or included as an active ingredient 

in other foods.  

Therefore, it is necessary to stimulate the consumption of the entire citrus fruit, especially the peel, due to the 

presence of high levels of bioactives compounds. However, further studies are necessary to evaluate the bioavailability of these 

nutrients in fruit peels in vivo.  
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