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INTRODUCTION

Flavonoids as the biggest group of plant polyphenols 
are widespread, but mostly can be found in angio-
sperms. Actually, they are pigments responsible for 
the flowers, fruits and leaves colors, but they also take 
parts in numerous metabolic and physiologic process-
es in plants. 

Availability of citrus fruits all around the world 
nowadays, during the whole year, leads to numerous 
studies focused on the effects of hesperidin (Hesp), a 
flavonoid that consists of aglycone hesperitin and sug-
ar rutinoside (Figure 1).

Figure 1. The molecular structure of hesperidin

Hesperidin is flavanone mainly stored in the inner 
peel of citrus fruits, called albedo. Hesperidin can be 
used alone or in combination with other bioflavonoids 
and/or vitamin C as dietary supplements. 

Positive effects of hesperidin are mainly attributed 
to its strong antioxidant activity, increasing its ability 
to scavenge free radicals [1]. Some of the most often 
reported positive effects of hesperidin are anti-inflam-
matory, antiallergenic, antiviral and anticarcinogenic 
effect [2]. Hesperidin contributes to strength of the 
blood vessels walls, leads to the bruise preventing and 
some conditions related to certain vascular disorders 
[3]. Further, even promising effects of orange juice dai-
ly consumption have been reported as the results of 
performed studies, such as lowering of diastolic blood 
pressure [4]. Further, significant radioprotective effect 
of hesperidin has been reported [5]. 

As a very important fact in hesperidin usage, no 
signs of toxicity have been reported with the normal 
intake of hesperidin or related compounds. Further, 
both hesperidin and its aglycone hesperetin have been 
observed to possess a wide range of pharmacological 
properties.
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Abstract
Hesperidin is the flavonoid heteroside most found in citrus species, such 
as grapefruit, lemon and orange. It is applied in the treatment of numero-
us cardiovascular diseases, with many products containing hesperidin in 
combination with other flavonoid heterosides or vitamin C. The aim of this 
study was to develop and validate a simple, rapid and sensitive and low-
cost method for determination of hesperidin in tablets and orange juices. 
The developed spectrophotometric method is based on the formation of 
the Zn(II)-hesperidin complex in 70 v/v% methanol at pH 3.12, with max of 
absorption at λmax= 283 nm. The method of variation of equimolar solu-
tions confirmed the stoichiometry of the complex as hesperidin: zinc= 2:1. 
The stability constant of the complex was obtained by the Bjerrum method 
and it is logβ2 = 17.01 at pH 3.12. Linearity range for the developed method 
was defined as 0.61-7.32 μg/mL, (confirmed by coefficient of determination, 
r2 = 0.9882), while limits of detection and quantification were calculated 
as LOD = 0.15 μg/mL and LOQ = 0.45 μg/mL. Fairly high precision of the 
method is indicated by low values of CV, varying in the range 0.26-1.23%. 
The proposed method fulfills all aimed requirements, and it was successfully 
applied for determination of hesperidin in tablets with recovery value 92.2 
% and commercially available orange juices. 
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Hesperidin possesses the strong ability to form 
complexes with transition metal ions, helping the plant 
defense mechanism against the pathogens and plan-
teaters. The same ability of metal ions complexation is 
used as the quality test for the presence of flavonoids 
in extracts and biological specimens. 

Hesperidin can be determined alone and/or with 
other flavonoids by many methods, such as HPLC [6,7], 
adsorptive-stripping voltammetry [8], spectrophoto-
metry [9,10], and pulse perturbation of the oscillatory 
reaction system [11]. The very sensitive method for 
hesperidin determination in plasma has been reported 
to be liquid chromatography tandem mass spectrome-
try (LC-MS/MS) [12]. 

Considerable numbers of the reported methods are 
based on the analysis of flavonoid-metal complexes 
with aim to follow the quality control of dietary supple-
ments and food products. 

Previously, we have developed the methods for 
the determination of hesperidin in human plasma and 
pharmaceutical forms based on the fluorescence pro-
perties of the aluminium-hesperidin complex in the 
presence of zwiterionic surfactant sulfobetaine – SB 12 
[13], and without presence of surfactant [14]. The met-
hods have great sensitivity but a spectrofluorimeter is 
still a too expensive instrument for regular daily control 
of the products. 

In this work we have proposed a spectrophotome-
tric method based on the absorption of the zinc(II) – 
hesperidin complex for the determination of hesperi-
din. We have tested and chosen the optimal conditions 
for the formation of zinc(II) – hesperidin complex with 
aim to apply the developed method for the quantifi-
cation of hesperidin in tablets and several samples of 
orange juices.

Material and methods

Reagents and Materials

Hesperidin (Fluka AG), methanol, NaOH, CH3COOH, 
CH3COONa, zinc-chloride, (Merck), all p.a. grade, were 
used. The stock solution of zinc-chloride (1.0 × 10-4 
mol/L) was prepared by dissolving ZnCl2 in doubly dis-
tilled water. The stock solution of hesperidin (1.0 × 10-4 
mol/L) was prepared by dissolving hesperidin in meth-
anol (70 % v/v) and was stored in a refrigerator.

Working solutions of the zinc(II)-hesperidin com-
plex was prepared by dilution of the stock solutions of 
zinc(II) (2.5 × 10-5 mol/L ZnCl2 and hesperidin (5.0 × 10-7 
to 1.0 × 10-5 mol/L). 

Acetate buffers (in 70 wt% methanol and pH 3.12), 
previously prepared according to Perrin [15], were used 
for all spectrophotometric measurements.

Instruments

Spectrophotometric measurements were performed 
on a Beckman DU-650 spectrophotometer, using 1 cm 
of quartz cells. 

Measurements of pH were carried out using a Met-
tler Toledo mp 120 pH meter, equipped with a combi-
nation electrode. 

Sample preparation

Procedure for analysis of hesperidin in pharmaceutical 
preparations

Chosen tablets Helopyrin (Rosch & Handel, Vienna, 
Austria) were prepared for analysis according the fol-
lowing procedure. Ten tablets were weighed and pow-
dered using pestle and mortar. A portion of the pow-
der, equivalent to weight of one tablet, was dissolved 
in 100 mL 70 v/v % of methanol and kept in an ultra-
sonic bath at 25 0C for 30 min, after which the solution 
was filtered through Millipore membrane filter.

Appropriate volumes of each filtrate and a 3.0 mL 
portion of 1.0 × 10–4 mol/L ZnCl2 were mixed in a vol-
umetric flask of 10 mL and diluted to the mark with 70 
v/v% methanol.  The expected concentration of hes-
peridin in prepared solutions was approximately 5.0 × 
10-6 mol/L. Values of pH of these solutions were adjust-
ed to 3.12. The absorbance of prepared solutions was 
measured at λmax= 283 nm against 70 v/v % methanol 
at pH 3.12 as blank.

All measurements were performed in triplicate. Ori-
gin 7 software was used for all necessary calculations 
and to obtain appropriate analytical parameters. 

Procedure for analysis of hesperidin in orange juices

To the aliquot of 0.25 mL of tested orange juice, add 
2.5 mL ZnCl2 of concentration 2.5 × 10-5 mol/L and 7.25 
mL of acetate buffer pH 3.12 in methanol and centri-
fuge at 900 rpm for 5 min. Measured absorbance of 
transparent supernatant at λmax= 283 nm with 70 v/v % 
methanol at pH 3.12 as blank was used with previously 
obtained calibration curve to calculate the hesperidin 
content in tested samples. 

RESULTS AND DISCUSSION

Complex formation between hesperidin and 
zinc(II)-ion 

Hesperidin is poorly soluble in water, but it dissolves in 
methanol, where the water and methanol ratio  strong-
ly affects the solubility of hesperidine. It was found that 
the most favorable ratio of methanol to water is 70:30, 
since that is the optimum condition for the formation 
of the Zn2+ -hesperidin complex.

Apsorption spectra of hesperidin, ZnCl2, and 
Zn-hesperidin complex solutions were recorded in the 
range 250 nm – 400 nm against 70 v/v% methanol as 
blank. The complex is stable in a wide range of pH val-
ues, from pH 1 to pH 7. It is confirmed that complex 
Zn2+ – Hesp shows maximum of absopbance at λmax = 
283 nm, at pH 3.12, while the solution of ZnCl2 does 
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not exhibit considerably significant absorbance in the 
same range, 250 – 400 nm. 

The ratio of Zn2+ and hesperidin in their complex 
were determined by the method of variations of equi-
molar solutions [16], prepared in acetate buffer pH 3.12 
in 70% methanol; as a result, the complex was defined 
as ZnHesp2. The composition of the zinc – hesperidin 
complex was also followed by the mole ratio method 
[17], confirming the zinc–hesperidin ratio 1:2 for the 
complex formed at pH 3.12. 

The dependence of absorbance intensity on pH was 
tested in the acetate buffers (in 70 v/v % methanol) of 
different pH values, prepared according to Perrin [15]. 
Figure 2 represents the absorbance intensity as func-
tion of solution pH, where the strong pH dependence 
can be noticed. 

Figure 2. Dependence intensity of absorbance on the pH

Spectrophotometric determination of hesperidin-
method development

For the spectrophotometric determination of hes-
peridin based on absorbance depending on the con-
centration of formed Zn2+-hesperidin complex, the 
calibration curve method was applied. Eight solutions 
of hesperidin were prepared, with hesperdin concen-
trations increasing from 1.0 x 10-6 mol/L to 1.2 x 10-5 
mol/L, while Zn2+ ion was in excess, c = 2.5 x 10-5 mol/L. 
All used solutions were prepared in acetate buffer, pH 
3.12. Solutions were prepared 0.5 h prior to spectra 
recording at λ = 283 nm against 70%v/v methanol as 
blank. 

Linearity

The high value of the stability constant 
of the zinc(II) – hesperidin complex guar-
antees the quantitative determination of 
hesperidin based on the absorbance char-
acteristics of the complex. The calibration 
curve method was used, requiring solu-
tions containing constant concentration 
of ZnCl2 and different concentrations of 
hesperidin in acetate buffer pH 3.12 (70 

v/v % methanol as solvent) and acetate buffer pH 3.12 
as blank. Linear dependence of the absorbance of the 
complex on the concentration of hesperidin was ob-
tained in the interval as 0.60 – 7.32 μg/mL. The regres-
sion equation; 
A= – 0,0079 + 0,0186 · c
was calculated with the aid of Origin v. 7 software, 
where A is absorbance (λ = 283 nm) and c is concen-
tration in μg/mL. The good linearity of the calibration 
curve and small scatter of experimental points resulted 
in a high coefficient of determination, r2 = 0.9882.  

LOD (Limit of Detection) and LOQ (Limit of 
Quantification) 

The limit of detection (LOD) was calculated according 
to the formula: LOD = 3.3 sb/a, while the limit of quan-
tification (LOQ) was determined by using the formula: 
LOQ = 10 sb/a.  where sb is the standard deviation in the 
intercept and a is the slope of the calibration line [18, 
19]. It was found that LOD, establishing the minimum 
level at which hesperidin can be detected, is 0.15 μg/
mL, while hesperidin can be quantified at a concentra-
tion of 0.45 μg/mL.

Precision

The repeatability of the method was determined for 
four different hesperidin concentrations (Table 1). The 
accuracy and repeatability of the method are satisfied, 
as indicated by good recovery and low values of CV.

The quantitative spectrophotometric 
determination of hesperidin 

The formation of a stable zinc-hesperidin complex in 
methanolic solution with enhanced absorbance can 
be utilized for quantitative determination of hesperi-
din in both tablets and orange juices in considerable 
amounts. 

We have applied the standard addition method to 
test the matrix effect of the tested samples. Those pre-
liminary tests showed that nonspecific absorption from 
juice matrix is eliminated by high dilution of tested 
juices and there was no need to apply the standard ad-
dition method. The same preliminary test (the standard 

Table 1. The spectrophotometric determination of hesperidin in aqueous –  
methanolic solutions.
_______________________________________________________________

Taken (μg/mL)        Found (μg/mL)         Recovery (%)           SD               CV(%)
_______________________________________________________________

0.80                          0.79                          98.75             9.75 × 10-3     1.23

2.40                          2.38                          99.17            1.66 × 10-2      0.70

5.00                          5.01                         100.20           1.32 × 10-2      0.26
_______________________________________________________________
n=5
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addition method) was performed prior to application 
of the proposed spectrophotometric determination of 
hesperidin in tested tablets. 

Hesperidin content in dietary suplement tablets

As a result, by the proposed spectrophotometric meth-
od, 18.44 mg of declared 20 mg was found in tested 
suplement tablets, with recovery value of 92.2 % and 
coefficient of variation 0.70 %. 

Hesperidin content in orange juices 

Taking into account that citrus and citrus juices are nat-
urally abundant sources of hesperidin, it is necessary 
to develop a simple, accurate and precise method for 
its determination in such samples. We found that the 
method we have proposed has more than satisfactory 
sensitivity for the routine determination of hesperidin 
in citrus juices. 

The results of hesperidin spectrophotometric deter-
mination based on the zinc complex for four commer-
cially available orange juices available on the Serbian 
market are given in Table 2. The recovery values are 
not given as the tested orange juices do not have de-
clared content of hesperidin.

Without doubt, the reported spectrofluorimetric 
method [13] leads to better sensitivity and precision of 
determination, necessary for the quantification in bio-
logical fluids. However, having in mind the expected 
quantity of hesperidin in orange juices, the spectro-
photometric method is more than satisfactory.   

The linearity range for the spectrophotometric de-
termination of hesperidin reported in literature was 
from 2.5 x 10−5 mol/L to 1.75 x 10−4 mol/L [10], while the 
here developed method may be successfully applied in 
the range from 1.0 x 10−6 mol/L to 1.2 x 10−5 mol/L. Lin-
earity in such low concentration range provides the use 
of very diluted samples of juices, which leads to avoid-
ing of matrix effects, as we have confirmed by the stan-
dard addition method in our preliminary experiments 
to verify the method applied to juice samples.

As it was mentioned before, the highest concen-
tration of hesperidin in citrus species fruits are present 

in the albedo. That is the explanation why citrus juices 
obtained by squeezing the fruits don’t have high con-
centration of this flavonoid, comparing to industrial 
produced orange juices, as the most represented cit-
rus juice on the market. These juices are produced by 
grinding whole fruits, explaining their very high con-
centration of hesperidin. 

According to the Code of Practice for evaluation of 
quality and authenticity of fruit and vegetable juices, 
published by the AIJN-European Fruit Juice Associa-
tion [20], the content of hesperidin is one of the spe-
cial requirements for quality of citrus based juices such 
as oranges, lemons and grapefruits, and that has to be 
250-700 mg/L.

Results of hesperidin determination of the here 
proposed spectrophotometric method are within the 
defined range for all tested juices, except for one, Sam-
ple 1. Although the “pulpy” is part of the name of that 
product, according to very low content of hesperidin, 
67.8 mg/L, the fact is that it is not fruit juice, but diluted 
fruit base with added pulp. 

Sample 2 is labeled as nectar, and that is the prod-
uct containing less than 50% of fruit content. If we 
compare the hesperidin content for Sample 2 (281.9 
mg/L) with contents for samples 3 and 4 labeled as 100 
% fruit (443.9 and 423.2 mg/L), it can be observed that 
two times more fruit content do not result in doubled 
flavonoid content, such as hesperidin in this particu-
lar case. It has been previously reported in literature 
that sometimes juices labelled as consisting of 50% 
fruit nectar content have almost the same quality as 
those declared as 100% fruit juice [21]. Although it has 
been observed a high correlation has been observed 
between the flavonoids content, the total phenol con-
tent, and antioxidant capacities of fruit products such 
as juices, fruit juice labels based only on fruit % could 
sometimes misinform consumers.

It is well known fact that the concentration of bio-
active compounds (such as flavonoids) in fruits is a 
very complex mulitifactorial dependence, related to 
geographical region, climate, soil type, cultivar meth-
ods, growing season, harvest date, storage conditions, 
low-dose irradiation, and other conditions [22, 23], so 
like for other compounds, the content of hesperidine 
could vary in a wide range.  

However, here represented results of hesperidin 
content for all tested samples are in agreement with 
the Code of Practice for evaluation of quality and authen-
ticity of fruit and vegetable juices, and indicates just the 
origin, production method and thus the quality of final 
product are satisfactory. 

Although the numerous beneficial effects of daily 
fruits and vegetables (and therefore flavonoids) intake 
are a wide spread fact, it should be noted that over-
large intake of hesperidin may trigger a number of side 
effects, including abdominal pain, diarrhea, and nau-
sea [24]. Because of hesperidin effects, it is necessary 
to have in mind its possible interactions with certain 

Juices Hesperidin 
content, mg/L

Sample 1 – pulpy 67.8

Sample 2 – nectar 281.9

Sample 3 – 100 % fruit 443.9

Sample 4 – 100 % fruit 423.2

Table 2. Hesperidin content in tested orange juices.
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medications such as anticoagulants, blood pressure 
drugs, and calcium channel blockers. That is one more 
reason for having more precise data about the content 
of flavonoids, including hesperidin, and finding the ap-
propriate low-cost method for routine products’ analy-
sis, such as juices and dietary supplements. 

CONCLUSION

In this work, a simple spectrophotometric determina-
tion of hesperidin in orange juice, after its complexation 
with zinc(II)-ion, provides good accuracy and precision 
and may be used for routine analysis for both tablets 
and orange juices. Tested orange juices fulfill the re-
quirements considered for the content of hesperidin. 
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Spektrofotometrijsko određivanje hesperidina u suplementima i 
sokovima od pomorandže

Kratak sadržaj
 Hesperidin je flavonoidni heterozid koji se najčešće nalazi u citrusnim vr-

stama, kao što su grejpfrut, limun i pomorandža. Primenjuje se u lečenju 
brojnih kardiovaskularnih bolesti, sa mnogim proizvodima koji sadrže hes-
peridin u kombinaciji sa drugim flavonoidnim heterozidima ili vitaminom 
C. Cilj ove studije je razvijanje i primena jednostavne, brze i osetljive, a pri 
tome pristupačne metode za određivanje hesperidina u tabletama i sokovi-
ma od pomorandže. Razvijena spektrofotometrijska metoda zasniva se na 
formiranju Zn(II)-hesperidin kompleksa u 70 v/v% metanolu pri pH 3,12, sa 
maksimumom absorbancije na λmax= 283 nm. Metodom varijacije ekvimo-
larnih rastvora utvrđena je stehiometrija kompleksa hesperidin: cink = 2:1. 
Konstanta stabilnosti kompleksa dobijena Bjerumovom metodom iznosi 
logβ2 = 17,01 pri pH 3,12. Linearnost razvijene metode utvrđena je u oblasti 
0,61 - 7,32 μg/mL, (potvrđeno koeficijentom određivanja, r2 = 0,9882), dok 
su izračunati limiti detekcije i kvantifikacije LOD = 0,15 μg/mL i LOQ = 0,45 
μg/mL. Na visoku preciznost metode ukazuju niske vrednosti koeficijenata 
varijacije (CV je u oblasti 0,26 – 1,23 %).  Predložena metoda ispunjava sve 
postavljene zahteve i sa uspehom je primenjena za određivanje hesperidina 
u tabletama uz recovery vrednost 92,2 % i komercijalno dostupnim sokovi-
ma od pomorandže. 
Ključne reči: hesperidin, sok od pomorandže, spektrofotometrija, kom-
pleks cinka.
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