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Abstract  Vitamins and flavonols occur naturally in foods consumed daily and highly common in diets, including fruit of 
Physalis peruviana. The aim of this study was to analyze the levels of flavonoids determined by HPLC through the 
optimization and validation of analytical methodology using central composite rotational design (DCCR) to ext ract observing 
the effects of HCl concentration and hydrolysis time at three levels. The concentration of 8 mol. L-1 HCl for 90 minutes 
corresponds to the best condition extract ion and hydrolysis of rutin, myricet in and kaempfero l, with a content of 78.64 and 
4.67, 2.38 µ g. 100 g-1, to the fru it Physalis peruviana-RS and 22.36, 0.99, 1.35 µ g. 100 g-1 to Physalis peruviana-PR, 
respectively. 
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1. Introduction 
Physalis peruviana is a small round fru it with pulp, color 

dark orange, within a calyx, featuring a set of vitamins and 
flavonols ([1],[2],[3]). 

Flavonoids comprise the largest group of phenolic 
pigments in fruits, vegetables and grain used by the 
chemical, pharmaceutical and food industries[4-13].  

Identified flavonoids have anti-oxidant, anti-allergic, 
anti-inflammatory, antiviral, vase-protecting and 
anti-hepatotoxic activ ities ([5],[6],[7],[8],[9]) related to 
oxidation processes that vary according to the matrix´s 
phenolic contents ([10],[23],[8],[30]). 

The above-mentioned compounds occur in fruit in the 
form of g lycosides or aglycons, characterized as 
diphenylpropane with 15 carbon atoms arranged in two 
benzenic rings, linked to a pyran ring and divided into 
classes according to their chemical qualities ([11],[12]). 
Several combinations may be formed  with hydroxyls and 
methoxyls on such structures. The following main 
classifications may be ment ioned: flavones, flavanones, 
flavanols, anthocyanidins, isoflavones and flavonols. 

The latter has been mainly analyzed with regard to 
quercetin, myricetin and kaempferol as natural anti-oxidants 
found in fruits and vegetable ([13],[14],[15]). 
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Owing to the high number of glycosides in each 
compound, the glycosylated form (linked  to sugar 
molecules) makes difficu lt the determination of quantity. 
Hydrolysis is the most practical method for the release of 
aglycons whose glycosides are normally hydrolyzed with 
acidified methanol in HCl or ethanol, acetone or their 
mixtu re or combinations ([16],[17],[18]). 

Time, temperature, ext raction method, acid concentration, 
sample size, p rocessing conditions, the presence of interferi
ng compounds such as wax, fat, chlorophyll, are factors that 
affect and differentiate themselves for each phenolic 
compound of the plant (diversified vegetal materials that 
interact among themselves) which trigger the formation of 
insoluble complexes ([19],[18],[20],[21],[4], [22]).  

High efficient liquid chromatography is the technique 
used to detect flavonols, coupled to the optimization and 
validation of analytic methods due to differences in the 
flavonoids matrix. The importance of optimizat ion coupled 
to the Response Surface Methodology is highlighted 
([23],[24]). It aid determine the effects among factors and 
interactions through the relationship between response and 
variables for the optimization of products or processes 
([25],[26],[27], [28]). 

The goal of this study aimed at establishing the best 
chromatographic conditions for the separation and 
determination of flavonol rates by optimization, validation 
and ext raction by hydrolysis, with regard to the fruit of 
Physalis peruviana. 

2. Raw Materials 
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2.1. Samples 

Calyx-enveloped fruit from the region of Vacaria/RS 
Brazil (Italbraz®) and Ponta Grossa/PR Brazil were 
transported and kept at 7.0 ± 0.5℃  until analysis. Selected  
color dark orange and big-sized fru its were separated from 
the calyx and ext racted with organic solvent to compare data 
and analyze the effects of climate, soil and planting on 
flavonol contents. 

2.2. Reagents and Standards for Chromatography 

Rutin, myricet in, quercetin and kaempfero l standards in 
current assays were obtained from Sigma Chemicals Co.® (St. 
Louis, USA). Standard stock solutions were prepared by 
dissolving each flavonoid in methanol at chromatography 
degree at a concentration of approximately 200 μg. mL-1, at 
–18℃ , and protected from light. Stock solutions had a higher 
than two months stability under the above conditions. 

Chromatograph degrees methanol and analytic degree 
formic acid were obtained from Merck (Darmstadt, 
Germany). Water fo r samples and movable phases was 
purified in Milli-Q, Millipore system (Bedford, USA), 
filtered with polytetrafluoroethylene filters (PTFE), from 
Millipore®, with 0.45 μm diameter pores. 

2.3. Chromatographic Parameters 

Liquid chromatograph Agilent 1200 Series, G1311A, 
controlled by Software EZChrom Elite, with automat ic 
liquid sampler (ALS), d iode arrangement detector (DAD), 
quaternary pump, Zorbax Eclipse XDB-C18 column (4.6 x 
150 mm, 3 μm) was employed for the separation of 
compounds. 

Spectra were obtained at 200-600 nm in DAD with regard 
to the respective retention times of injected standards. 
Identificat ion of phenolic compounds occurred at 370 nm by 
external standardization. Discharge of the movable phase 
was 0.2 mL. min-1 with an in jection volume of 5 μL. 

A mixture of rutin, myricetin and kaempferol standards, 
dissolved in methanol, provided the best separation 
condition of flavonols for the Physalis fruit by employing 
different gradients of movable aqueous phases in the tests, 
coupled to solvent organic methanol acid ified with 0.3% 
acetic or formic acid. The best separation condition for 
standards was adjusted until the flavonols´ chromatogram 
resolution in the matrix under analysis was obtained by 
hydrolyzed extracts of samples with or without the addition 
of standards. 

2.4. Flavonol Extraction Conditions 

2.4.1. Extract ion with Organic Solvent 

Since Physalis may contain flavonol glycosides, either 
coupled or polymerized, extraction efficiency of these 
compounds was verified  with acetone or methanol by 
employing 15.0 g  of the homogenized fru it with  0.02 g of 
anti-oxidant ascorbic acid, fragmented in a pestle till 
disintegration, with different percentages of the aqueous 

solutions of organic solvents in u ltrasound for 60 minutes. 
Extract was filtered in a 50 mL volumetrick flask and filtered 
a second time in  Millipore filter 0.45 μm d iameter (PTFE) 
for later injection in the chromatograph. 

2.4.2. Flavonol Extraction by Hydrolysis 

Rotational center composite design (RCCD) was used to 
find the best extraction and hydrolysis condition without 
producing the degradation of flavonoids in Physalis.  

Extraction started with the disintegration of 15.0 g of the 
fruit by 0.02 g ascorbic acid in the preparation of the sample 
with the addition of 10 mL of HCl in molar concentrations at 
three codified levels (-1, 0 and 1) and 25 mL with methanol. 
The resulting solution formed different final molar 
concentrations of HCl in an aqueous solution at 50% 
methanol (v/v). Ext racts were reflowed at 90℃  during three 
codified periods (-1, 0 and 1), cooled and volume completed 
to 50 mL with methanol. Each sample was filtered with 
paper filter and then in Millipore Filter 0.45 μm diameter, 
prior to injection in chromatograph. 

2.4.3. Planning of Experiment  

RCCD comprising 12 randomly performed experiments 
was employed to establish the best experimental condition 
for the optimizat ion of flavonols´ extraction  and hydrolysis. 
Table 1 shows the factors used. 

Table 1.  Factors and Levels of Rotational Center Composite Design for 
the Extraction and Hydrolysis of Flavonols in Physalis peruviana-RS 

Factors (mol. L-1a/minb) Physalis peruviana 

Lower axial point (-1.41) 3.2 mol. L-1 /60 min 

Lower level (-1) 4 mol. L-1 /30 min 

Intermediate level (0) 6 mol. L-1 / 60 min 

Upper level (+1) 8 mol. L-1 /90 min 

Upper axial point (+ 1.41) 8.8 mol. L-1 /60 min 
a HCl molar concentration in hydrolysis solution; b time of hydrolysis 

RCCD made up of x factors and three levels requires an 
experiment formed by 2x + 2x + C, in which 2x points lie on 
the corners of the table and represent the size of the 
experiment, the axial point 2x lies at  a codified  distance ± 
1.41 (± α) with regard to the design center and measure the 
possibility of non-linearity rates from flavonols as a function 
of factors. 

Data statistical analysis was performed by Statistica for 
Windows 7.0, Statsoft, with results for flavonols evaluated 
by the analysis of variance (ANOVA) to  verify the 
acceptability of models and the analysis of response 
surfaces. 

2.4.4. Validation of Method 

Standard solutions and analytic curves were perfo rmed in 
triplicate with five different concentrations[29], 
foregrounded on bands calculated from the fruit rates. 

Method preciseness was prepared with sample triplicates 
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within ext raction and hydrolysis conditions of flavonols for 
three strength levels from stock solutions of standards 70 µg. 
mL-1 (myricetin and kaempferol), 150 µg. mL-1 (rut in) and 
200 µg. mL-1 (quercetin), homogenized and filtered in 
Millipore filter 0.45 μm diameter, prior to injection in the 
chromatograph. 

Preciseness was achieved by repeating the seven samples 
according to the best conditions established for the 
methodology. 

The linearity of the method under analysis was verified by 
the coefficients of determination of analytic curves of each 
flavonols standard. Detection (DL=3.3 SD/S) and 
quantification (QL = 3 DL) limits were defined in which SD 
was the standard deviation of control and S the analytic curve 
inclination corroborated by the injection of solutions 
prepared according to the data calculated above. 

3. Results and Discussion 
3.1. Chromatographic Conditions 

Chromatographic separation started with column Zorbax 
Eclipse XDB-C18 (4.6 x 150 mm, 5 µm), in jection volume 
20 µL, d ischarge 1.0 mL min-1 and several compounds of the 
movable phase water:methanol, acid ified with 0.3% acet ic 
acid, which was only slight efficacious to separate quercetin 
from kaempfero l, as described in the reference literature[21]. 
The movable phase was acidified up to 0.45% of acetic acid 
to improve chromatograph conditions, even though result 
failed to separate the component elements. Acidification at 
0.45% occurred when formic acid was introduced and the 
separation of flavonols was performed, albeit with 
asymmetry of peaks. Gradient started with 80:20 (water: 
methanol) and maintained for 5 min; it reached 58:42 at  7 
min; it  was kept until 25 min  and returned to 80:20 at 26 min, 
remain ing thus until 36 min , at linear gradient. 

Efficacious separation occurred when a new column 
Zorbax Eclipse XDB-C18 (4.6 x 150 mm, 3 µm diameter of 
the particle) was used, with injection volume of 5 µL and 
discharge at 0.2 mL min-1, for grad ient water:methanol 
(acidified with 0.45 % formic acid). Start  proportion was 
80:20 maintained for 5 min  and reached 48:52 at 6 min; it 
was maintained thus till 29 min and changed for 28:72 at 30 
min up to 40 min; proportion returned to 80:20 at 43 min and 
remained thus till 60 min for the re-equilibrium of the 
column prior to the next inject ion. The elution of the 
flavonols rutin, myricet in, quercetin and kaempferol 
occurred respectively at 30.05; 38.40; 44.90 and 49.20 min. 

3.2. Extraction and Hydrolysis of Flavonols 

Samples were prepared with different concentrations of 
water solution and different types of methanol and acetone 
organic solvent so that extraction and hydrolysis could be 
defined. Table 2 shows the results of the experiments. 

The extraction of flavonoids with acetone presented 
lower rates than extraction by methanol. The best condition 

for flavonol extract ion in Physalis peruviana-RS occurred 
with organic methanol at proportion 60% in a water 
solution for rutin and at  proportion 32% for myricetin and 
kaempfero l. Quercetin was not detected in the conditions 
mentioned above. 

Table 2.  Concentration of Solvent in the Extraction of Flavonols for 
Physalis peruviana-RS 

Concentration of flavonols 
 (µg. 100 g-1) 

Solvent 
32 60 80 

Rutin Methanol  46.95 83.51 62.50 
Acetone 34.57 71.16 78.64 

Myricetin 
Methanol  5.69 3.12 2.30 
Acetone 5.11 4.72 4.67 

Kaempferol Methanol  3.22 1.90 2.04 
Acetone 1.16 1.90 1.33 

Since rutin was the flavonol obtained in large quantities 
for the fru it under analysis, methanol concentration at 60% 
was the most indicated for ext raction conditions. It  was 
indeed close to that used in ext ractions mentioned in 
research on flavonols by several authors[30],[31] who 
employed the 50% proportion. The above percentage was 
used in current assay while taking into consideration that 
the best extraction for other flavonols, such as myricetin 
and kaempferol, was obtained at 32% methanol. 

3.3. Optimization of Flavonols´ Extraction and 
Hydrolysis 

Optimization conditions for extraction and hydrolysis of 
flavonol rates in Physalis peruviana-RS ranged between 
5.33 and 78.64 µg. 100 g-1 for rutin; between 0.41 and 6.59 
µg. 100 g-1 for myricetin; between 0.67 and 11.57 µg. 100 g-1 
for kaempfero l, as shown in Table 3. 

Table 3.  Experimental Conditions for Optimization and Rates of 
Flavonoids for Physalis peruviana-RS 

Assay 
Real variables 

HCl       Time 
(mol. L-1)   (min) 

Concentration of flavonols 
(µg. 100 g-1) 

Rutin Myricetin Kaempferol 
1 4 30 5.33 0.41 0.67 
2 8 30 48.88 6.38 0.67 
3 4 90 29.82 4.27 3.18 
4 8 90 78.64 4.67 2.38 

5 3.2 60 34.57 5.11 11.57 

6 8.8 60 40.11 5.46 0.94 

7 6 18 61.49 6.59 1.23 

8 6 102.3 53.56 2.36 1.30 

9 6 60 21.16 2.17 1.81 

10 6 60 23.65 2.84 1.90 

11 6 60 29.86 1.89 1.48 
12 6 60 26.83 1.19 1.13 

Table 4 shows that rutin was the only flavonol with 
significant regression coefficient o f the quadratic polynomial 
model (p < 0.05). Quercetin was not detected in the sample 
under analysis within the conditions of current experiment. 
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Table 4.  Estimates of Regression Coefficients of the Polynomial Model 
for Response of Flavonol Rate for Physalis peruviana-RS 

 RUTIN 
 Coefficients p-valor* 

B0 19.48* 0.0438 
B1 – 5.19* 0.0408 
B11 – 0.34 0.0660 
B2 – 0.19 0.1449 
B22 2.8x10-4 0.6826 
B12 0.04* 0.0203 

Table 5 shows the mathematical model that explains the 
experimental data for rutin (R2 0.91), with coefficient of 
determination R2 and FCAL (ratio between mean regression 
square and mean residue square) higher than FTAB. 

Table 5.  Equation for Rutin Rates (Y) in Physalis Peruviana-RS as a 
Function of Molar Concentration of Hydrochloric Acid[HCl] During 
Hydrolysis 

EQUATION Y= (µg rutin. 100 g-1 fruit) (codified rates) 

Y= 18.19 – 5.04[HCl] – 0.33[HCl]2 – 0.15 min + 0.04[HCl] min 
R2 FCAL FTAB(α,υR, υr) 

0.91 14.38 4.39 

R2= coeffi cient of determination; Fcalc= (QMRegressão /QMResíduo); α = significance 
level (5%); νR= regression degrees of freedom; νr= residue degrees of freedom; 
[HCl]= molar concentration of HCl;  min hydrolysis time in minutes. 

Figure 1 shows that response surface indicates that 
acceptable extraction condition may be above the highest 
used in the assay ([HCl] = 8 mol. L-1 for 90 minutes). 
However, extraction/hydrolysis condition was used to obtain 
and maintain the structure of rutin, the glycoside flavonol 
(quercetin 3-o-rhamnoglycoside) released by the hydrolysis 
of glycoside in the conjugated or polymerized fo rm in the 
fruit[32]. 

It should be highlighted that the model shows a 
progressive growth in  rutin  levels when acid concentration 
and hydrolysis time are increased. However, maximum 
experimental conditions may trigger the release of the 
aglycons form, quercetin, and thus the decrease of rutin rates. 

 
Figure 1.  Response surface to determine rutin in Physalis peruviana-RS 

3.4. Validation of Methodology 

So that methodology could be validated, analytic curves 
passed through the starting point and showed linearity for the 
concentration bands under analysis (Table 6), according to 
coefficients of determination which were higher than 0.987. 

Detection limits (DL) for rutin, myricetin, quercetin and 
kaempfero l were 3.69; 0.56;  0.35 and 0.62 µg. 100 g-1, 
respectively. 

Table 6.  Analytic Characteristics of Curves and Flavonol Standards 

Flavonoid 
Concentratio

n band 
(µg/mL) 

Coefficient of 
determinatio

n (r2) 

Coefficient of 
variation among 
triplicates (%) 

Rutin 0.6 – 14 0.987 1.0 
Myricetin 0.5 – 23 0.999 0.9 
Quercetin 0.4 – 46 0.999 0.9 

Kaempferol 0.5 – 23 0.998 0.9 

Prevision of method was confirmed when coefficients of 
variation showed repetitions 1.5 %; 1.5 %; 1.9 % and 1.5 %, 
respectively, for rutin, myricetin, quercetin and kaempferol. 
Mean percentage of flavonoids´ recovered rates added to the 
sample corroborated the preciseness of the methodology in 
90.35 %; 110.24 %; 83.85 % and 105.26 %, respectively, for 
rutin, myricetin, quercetin and kaempferol, confirming the 
best performance of the method. 

3.5. Flavonol Contents in the Fruit of Physalis 
peruviana-RS by Validated Methodology 

The best condition for extract ion/hydrolysis comprises the 
use of HCl 8 mol. L-1 for 90 minutes for the ideal 
chromatograph separation, for the fruit variety Physalis 
peruviana-RS and its calyx and for Physalis peruviana-PR, 
whose rutin, myricet in and kaempfero l rates are described in 
Table 7. 

Table 7.  Flavonol Contents in Physalis peruviana 

  Physalis 
 peruviana RS 

Physalis 
 peruviana 

PR 

Calyx  
Physalis 

 peruviana RS 
Rutin 

(µg/mL) 
78.64a 22.36b 14.34c 

Myricetin 
(µg/mL) 

4.67a  0.99b 0.63c 

Kaempferol 
(µg/mL) 

2.38a  1.35b  1.10c 

Different capital letters on the same line differ signi ficantly at 5% by Tukey´s 
test 

Validity methodology for flavonols (rutin, myricetin and 
kaempfero l) shows higher rates for the fruit Physalis 
peruviana-RS when compared to calyx and the fru it of 
Physalis peruviana-PR. Differences are attributed to soil 
conditions, climate, p lanting and other factors. 

4. Conclusions 
Highest flavonol rates in Physalis peruviana-RS occurred 



 International Journal of Food Science and Nutrition Engineering 2013, 3(1): 1-6  5 
 

 

with column Zorbax Eclipse XDB-C18 (3 μm), with 
movable phase flow 0.2 mL. min-1 and in jection volume 5 
μL. 

The best chromatograph separation occurred when 
acidified water and methanol movable phase was employed 
with fo rmic acid 0.45% (v/v) with linear gradient in the 
movable phase proportion starting with 80:20 (water: 
methanol), maintained for 5 minutes, until 48:52 at  6 minutes 
and remaining thus up to 29 minutes. Proportion 28:72 was 
reached at 30 minutes and maintained until 40 minutes, 
returned to 80:20 at 43 minutes; and conserved until 60 
minutes for the recondition of the column. 

Optimization of flavonol extract ion and hydrolysis 
indicated molar concentration HCl 8 mol. L-1 and hydrolysis 
time of 90 min as the best condition for the flavonol rutin.   

The best separation condition provided rates of the 
flavonols rutin, myricetin and kaempferol 78.64; 4.67 and 
2.38 µg. 100 g-1, respectively for the fruit  of Physalis 
peruviana-RS, and rates 22.36; 0.99 and 1.35 µg. 100 g-1 for 
Physalis peruviana-PR from the region of the Paraná, Brazil. 

Physalis calyx was only employed for the sample´s 
pre-vious assessment. The best chromatograph condition for 
extraction and hydrolysis (of the fruit of Physalis peruviana) 
resulted in concentrations 14.34; 0.63 and 1.10 µg. 100 g-1, 
respectively for rutin, myricetin and kaempfero l in the 
Physalis calyx. 
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