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 To validate a new method obtained with a combination of

 alternative, effective, selective, reproducible, low cost and high-
yield sequential two-step extraction procedure using ultrasound-
assisted technique for obtaining hesperidin from citrus peel;

 specific, selective and simple analytical HPLC procedure for
quantitative determination of hesperidin in the obtained dry
extracted product and citrus peel.

 To evaluate measurement uncertainty of the combined method
based on the validation study.

Research Goal
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Hesperidin Biological and Pharmacological 
Effects:

 Anti-oxidant, anti-inflammatory, anti-
carcinogenic, antimicrobial,
antihyperlipidemic, cardioprotective,
antihypertensive, antidiabetic, UV
protective, skin lightening;

 Stimulating of epidermal
proliferation, enhancing epidermal
permeability barrier homeostasis;
wound healing.

Hesperidin - C28H34O15 MW=610.56 (3,5,7-
trihydroxyflavanone-7-rhamnoglucoside)
[CAS #520-26-3] is a flavanone glycoside
(flavonoid) found abundantly in citrus fruits.

Citrus Agro-Industrial Waste Material – Citrus Peel
Tangerine 

(Citrus Unshiu)  Juice (30-40 %)
Tangerine waste

Tangerine processing waste – >70 % citrus peel
(Flavedo – cellulosic material, carotenes, chlorophylls,
flavonoids, essential oil, vitamins, triterpenoids and
paraffin waxes and Albedo – pectin, flavonoids)

Tangerine Peel (30-40 %)Rag and Pulp (10-20 %)
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Sequence of Extraction and Analytical Combined Process 

Drying, grinding to powder and 
weighting of the dried citrus peel

Extraction Stage I – steam 
distillation – obtaining essential oil 

and pectin 

Washing of the remained residue with 
hot acidified water and filtration

Further 
procedure for 
essential oil 

Extraction Stage II – UAE 
extraction – obtaining 

hesperidin and carotenes 

Further 
procedure for 

pectin Dual-frequency ultrasonic bath 
DW-5200 DTS
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Sequence of Extraction and Analytical Combined Process (continued) 

Filtration and solvent vaporization 
to obtain syrup

Dilution, cooling to crystalize 
hesperidin and filtration

Standard and sample preparation - weighing of the dry 
extracted product and dilution

Further 
procedure for 
beta-carotene

Drying to obtain the dry 
extracted product –

hesperidin

HPLC analysis of 
hesperidin

15 mg→50 mL 
(DMSO + Methanol 1:9) Column - Agilent SB-C18 4.6×250 mm, 5 μm; Standard solution/test

solution – 0.25 mg/mL. External standard method for quantification.

LC-20AD Prominence HPLC System
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Validation Parameters:

 Robustness – standard solution stability/
filter compatibility test/study of critical
factors effect

 Specificity - Forced degradation

 Linearity-Range
 Accuracy
 Sensitivity - Limit of Detection (LOD); 

Limit of Quantitation (LOQ)
 Precision – repeatability (intraday) and 

intermediate precision (inter day) (n=6)

 System Suitability Test (SST)

Method validation and
measurement
uncertainty according to
ICH, USP, EDQM,
Eurachem guidelines
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 System Suitability Test (SST) – standard solution with 6
replicate injections (n=6) at 0.25 mg/mL

The chromatogram of standard solution 
detected at 280 nm

The UV-Vis absorption 
spectra obtained with 

standard solution scanned at  
200-800 nm

The UV-Vis absorption spectra of hesperidin peak 
obtained with standard solution measured  at  different 

wavelengths

 Specificity – standard solution, test solution and the background
control - blank (diluent) solution.

Chromatograph
ic system is
suitable and
has a good
performance.
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The chromatogram of test solution detected at 280 nmThe chromatogram of blank solution detected at 280 nm

The UV-Vis absorption spectra obtained with blank 
solution scanned at  200-800 nm

 Specificity

No interference from blank and
hesperidin peak is pure (>99 %). Diff, %
between retention times <1%.

The overlay UV-Vis absorption spectra obtained with standard 
and test solutions scanned at  200-800 nm

The intensity of hesperidin peak obtained with test 
solution measured at different wavelengths
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The chromatogram obtained with the test 
(oxidative degradation) detected at 280 nm

The intensity of hesperidin peak measured at different 
wavelength and obtained on the test solution (oxidative 

degradation) – worst condition

The UV-Vis absorption spectra obtained with the test solution 
(oxidative degradation) scanned at the range 200-800 nm

 Specificity – forced degradation - samples of the dry extracted
product treated under stress conditions before sample
preparation.

Hesperidin peak is pure (>99 %);
Absence of any other peak in the
same retention time; peak purity
passed in worst conditions.
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 Linearity-Range - working standard solutions (n=3) at 11
different concentration levels. AC: Square of corr. coefficient –
R2≥0.998.

Calibration (linearity) curve over the concentration range - 0.000025-
0.5 mg/mL for hesperidin

 Sensitivity - LOQ and
LOD - a number of series
of stepwise diluted working
standard solutions (n=3)

The method is highly
sensitive.

Linearity curve over the range - 0.000025-0.5 mg/mL is linear and R2=0.99992 is
highly significant; Peak area is directly proportional to the concentration of
hesperidin. The method has a good linearity.
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 Precision - repeatability (intra-day precision) and time dependent
intermediate precision (inter-day precision) - standard solution with 6
replicate injections (n=6) and 6 individual determinations of hesperidin in
test solutions (100 %).

The method gives the
repeatable and
reproducible results.
The method has a
good precision.

The chromatogram obtained with the 
test solution detected at 280 nm
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 Accuracy
 2 standard solutions and 3 spiked test solutions prepared using standard

addition method by spiking the known amounts at 100 % concentration
level with 3 individual determinations with 3 replicate injections (n=3).

 The recovery – Rec, % of the method including extraction procedure:

 The similarity factor (Sf):

 AC: Rec, % - 90.0 –110.0%; the RSD of Rec, % (n=3×3=9) ≤10.0%; The
similarity factor (Sf) between 2 standard solutions 98.0 %-102.0 %

The method gives the accurate results and has a good recovery.
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 Robustness – study of critical factors effect - small changes in the
critical parameters as critical factors affected on the results of analysis.

 Both quantitative
and qualitative
critical parameters
of the method were
assessed and
selected using risk
assessment
approach;

 Risk parameters:
o Risk severity (S) 
o Risk probability (P)
o Risk detectability (D)

 Risk level:
RL=(S)+(P)+(D)

 Risk category: 
o Critical
o Significant
o Negligible
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 Robustness – study of critical factors effect
 Based on the risk assessment 11 critical parameters or factors (Xi) with

small variations (low “-” and high “+” levels) of nominal “0” level

 12-run experiments with 11 critical factors according to the DoE by
Placket-Burman approach.
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The results of 12-run experiments for the robustness parameter
12
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 Robustness – study critical factors effect
 The histogram plotted based on the analytical data obtained the precision

and robustness parameters (N=24). There is a multi-modal data
distribution;

 The analytical data spread is from 0.211 mg/mL to 0.281 mg/mL;
 Abs. Diff.=0.058 mg/mL of the robustness is very close to Abs. Diff.=0.064

mg/mL of the precision; Diff.,%= 5.73 % between the precision (n=12) and
robustness (N=12) average results ≤15 % (Precision AC).
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 Robustness

 Standard solution stability
Standard solution stored under refrigeration is stable within 7 day – Diff, %
between peak areas obtained with two standard solutions, one stored under
refrigeration for 7 days and another prepared freshly - 1.75 %<3 % (AC);

 Filter compatibility test
o Both type membrane filters – 0.45 µm membrane PVDF filter and MCE

membrane filter were evaluated;
o The Diff, % between peak areas of filtered and non-filtered standard

solutions (0.25 mg/mL) - 0.59 % and 0.89 %, respectively (AC≤2 %);
o No adsorption of each analyte on the filter and no affect on the result of

analysis.

The method has a good robustness.
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Step I – Identification of the measurand

Step II – Identification of uncertainty 
contributors and sources  by Ishikawa 

diagram

Step III – Quantification of measurement uncertainty by a 
combination of bottom-up and top-down approaches

Step IV – Calculation of combined standard 
uncertainty and expanded uncertainty 

Standard uncertainty arising from 
each individual source (B Type)

Standard uncertainty by replicate 
measurements (A Type)
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Ishikawa Diagram for Identification of Uncertainty Contributors

Measurand - The content of hesperidin – X, mg per 1 g of the dry sample of citrus peel was calculated by the
formula:

where, AS – The peak area of hesperidin obtained with the test solution; ASt – The peak area of hesperidin obtained with
the standard solution; WSt – The weight of the standard, mg; VSt – The dilution of the standard, mL; P – The purity of the
standard, %; W - The weight of the dry sample of citrus peel, g; WS - The weight of the extracted product sample taken for
test solution, mg; VS – The dilution of the extracted product sample, mL; Wd - The weight of the obtained extracted product
after extraction, mg.
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Measurement Uncertainty of the Method
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 The content of hesperidin in mg per 1 g of tangerine peel varies from
34.13 to 36.32 mg/g (from 3.41 % to 3.63 %); The average content of
hesperidin is 35.36 mg ± 0.62 mg (U; k=2 (1.98), approximately 95% level
of confidence) per 1 g tangerine peel;

 The purity of the extracted product is high and varies from 85.17 % to
92.62 %;

 The average value of the total content of hesperidin equals to 90.13 % ±
1.76 % (U; k=2, approximately 95% level of confidence) .

The content of hesperidin in tangerine peel and the extracted product.
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 The developed method obtained with a combination two-stage sequential
extraction and analytical HPLC procedures of hesperidin is a simple,
effective, eco-friendly, reproducible, low cost, selective, sensitive, specific
and full validated with measurement uncertainty.

 The proposed method can be successfully used to apply for determination
the content and the purity of hesperidin in the dry extracted product and
citrus waste material in routine and stability study analyses;

 The method fully supports the developed laboratory technologies for
utilization of citrus agro-industrial waste materials to obtain simultaneously
four bioactive valuable compounds – essential oil, pectin, hesperidin and
beta-carotene from one citrus waste material in the same process which
can easily be adapted to industrial conditions and to design a
manufacturing technological process.
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