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ABSTRACT 
 
The present work was designed to quantify the caffeine and total polyphenols in the extractive solution and the 
granulated form from the seeds of Paullinia cupana var. sorbilis, by the spectrophotometric method. The method 
showed linearity for the caffeine and polyphenols in the range of 5-25 µg/ml and 2.4-5.6 µg/ml respectively. The 
solutions of the semipurified fraction (EPA) and granulated form (GRA) showed linear responses in the range of 
0.288-0.672 and 0.4-1.2 µg/ml, respectively. The precision and accuracy were determined for the EPA solution at a 
concentration of 100 µg/ml. The spectrophotometric method performed well in quantifying the caffeine and total 
polyphenols. 
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INTRODUCTION 
 
The seeds from Paullinia cupana var. sorbilis 
(guaraná), a plant native to the Amazon region, are 
popularly used as a brain-function stimulant, 
aphrodisiac, tonic, diuretic, and sedative, among 
others (Henman, 1982; Duke, 1985). Reports have 
shown that the extracts from its powdered seeds 
show antioxidant (Ushirobira, 2003; Mattei et al., 
1998), antiplatelet (Bydlowski et al., 1988), 
antifatigue (Espínola et al., 1997) and 
antidepressant activities (Otobone et al., 2005). 
The analyses of P. cupana demonstrated that the 
caffeine (Henman, 1982; Corrêa, 1984; 
Ushirobira, 2003; Bempong et al., 1993; Andrade, 
1996) and condensed tannins such as flavan-3-ol 
and procyanidins (Ushirobira, 2003; Andrade, 
1996; Carlson et al., 1998) were the main 
constituents of the extracts from its seeds. The 

relationships between these substances and certain 
biological effects (Basile et al., 2005) indicate the 
desirability of quantifying these constituents in the 
phytopharmaceutical preparations, as well as of 
validating the analytical methodologies (Brasil, 
2003). The spectrophotometry has been used as a 
quantification method, because of its simplicity 
and rapidity (Andrade, 1996). The Brazilian 
Pharmacopeia describes the methodologies based 
on the bonding of tannins with the skin powder 
and photometric determination at 691 nm of blue-
color complexes derived from the reduction of the 
phosphotungsten reagents. The tannin content is 
calculated in terms of pyrogallol. The method 
reported to analyze the caffeine involves a 
complex reaction, with detection at 271 nm 
(Farmacopéia Brasileira, 2003). The purpose of 
the present work was to standardize the quality 
control of the semipurified extract (EPA) and the 
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granulated form (GRA), obtained from the dried 
and crushed guaraná seeds. 
 
 
MATERIAL AND METHODS 
 
Chemicals and reagents 
The following reagents were used: Folin-
Ciocalteau 2 mol l-1 (Laborclin) reagent, 14.06% 
sodium carbonate solution (w/v), and 2.5% 
sulfuric acid solution (v/v). Pyrogallol (Merck) 
and caffeine (Merck) were used as the external 
standards. 
 
Apparatus 
A Cary 1E Varian UV-VIS Spectrophotometer 
was used. 
 
Calibration curves 
The pyrogallol standard was dissolved at 10 
mg/100 ml in water. Five dilutions were prepared: 
0.03, 0.04, 0.05, 0.06, and 0.07 mg/ml. From each 
dilution, 2.0 ml was removed and transferred to a 
volumetric balloon (25.0 ml), to which 10.0 ml of 
distilled water, 1.0 ml of Folin-Ciocalteau reagent, 
and calcium carbonate solution (14.06%, w/v) 
were added, yielding the concentrations of 2.4, 
3.2, 4.0, 4.8, and 5.6 µg/ml. This process was 
carried out with the protection from light. The 
reading was done after 15 min at 740 nm, using 
distilled water as the compensation solution. The 
assay was repeated three times, and the curves 
were fitted by the linear regression. 
The caffeine standard was prepared by dissolving 
in sulfuric acid solution (2.5%, v/v), yielding 
concentrations of 5.0, 10.0 15.0, 20.0, and 25.0 
µg/ml, and analyzed at 271 nm, employing 
sulfuric acid solution (2.5%, v/v) as the 
compensation solution. The assay was repeated 
three times, and the curves were fitted by the 
linear regression. 
 
Preparation and analysis of the extractive and 
granulated form 
 
Preparation of the extractive solution 
The extractive solution was prepared by 
partitioning 50.0 g of the crude extract lyophilized 
from the powder of the crushed seeds (Patent 
pending PI#0006638-9-Brazil; 
http://www.inpi.gov.br). The semipurified fraction 
was concentrated, lyophilized, and then dissolved 
in the water, yielding concentrations of 0.192, 

0.288, 0.384, 0.48, 0.576, 0.672, 0.768, 0.864, 
0.96, and 1.056 µg/ml. 
 
Preparation of a solution of the granulated form 
The granulated form was prepared from the 
semipurified suspension (humid process) 
employing the Aerosil 200®: talc (1:1, w/w) as a 
pharmaceutical adjuvant. To each 50.0 g of the 
suspension 2.0 g of adjuvant was added. The 
aqueous granulated solution was prepared and 
filtered through #1 filter paper (Whatman, UK), 
yielding the concentrations of 0.4, 0.6, 0.8, 1.0, 
1.2, 1.4, 1.6, 1.8, 2.0, and 2.2 µg/ml. 
 
Validation 
The linearity was determined for the calibration 
curves obtained by the spectrophotometric 
analyses of the pyrogallol and caffeine for the 
extractive (EPA) and granulated (GRA) solution 
curves. The range of the appropriate amount of the 
samples was determined. The slope and other 
statistics of the calibration curves were calculated 
by the linear regression. The linearity was tested 
by the ANOVA and the residual analyses 
(Montgomery, 1991). 
The detection limit (DL) and quantification limit 
(QL) were calculated based on the standard 
deviation (S.D.), and the slope (S) of the 
calibration curves (Brasil, 2003). The precision of 
the method was determined following the 
ANVISA guidelines (Brasil, 2003). For the 
evaluation of the repeatability, the S.D. and 
residual standard deviation (R.S.D.) of three 
analyses were considered. The accuracy was 
determined by the recovery, adding the measured 
amounts of the pyrogallol and caffeine to the 
extractive solutions. The recovery experiment was 
performed at three concentration levels. The 
recovery was determined by subtracting the values 
obtained from those samples that were prepared 
with the added standards, dividing by the amount 
added, and then multiplying by 100 (Brasil, 2003). 
 
 
RESULTS AND DISCUSSION 
 
This work reports the standardization of a method, 
based on the spectrophotometric determination for 
the assay of the caffeine and polyphenol in an 
extract and the granulated form of the seeds of P. 
cupana. The tests of the accuracy, precision, 
specificity, linearity, confidence interval, and 
robustness of the method were performed in order 
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to validate the analytical methods according to the 
ANVISA guidelines (Brasil, 2003). The type of 
the method and its respective use determine which 
parameters should be evaluated, especially when 
the samples are complex matrices, as in the case of 
solutions of plant extracts. 
The linearity of the method was investigated for 
the pyrogallol in the range 2.4-5.6 µg/ml, and for 
the caffeine in the range 5-25 µg/ml, both at five 
concentration levels. The linearity of the method 
was also investigated by employing different 
amounts of the extractive and granulated solutions, 
obtaining three calibration curves. The calibration 
curves for the pyrogallol and caffeine were linear 
in the range of 2.4-5.6 µg/ml and 5-25 µg/ml, 
respectively, with the excellent correlation 
coefficients (r). The representative linear 
equations for the pyrogallol and caffeine were y = 

0.0224 + 0.14782x (n= 3, r= 0.9966) and y= 
0.0012 + 0.0455x (n= 3, r= 0.9999) respectively. 
The linearity was confirmed by the residual 
analyses, as shown in Tables 1 and 2. The R.S.D.s 
of the slope of three lines were 1.31 and 0.78 % 
respectively. 
The detection limits, taken as the lowest absolute 
concentration of the analyte in a sample which 
could be detected but not necessarily quantified 
under the stated experimental conditions were 0.21 
and 0.18 µg/ml for the pyrogallol and caffeine 
respectively. The limits of the quantification, taken 
as the lowest concentration of the analyte in a 
sample which could be determined with the 
acceptable precision and accuracy, were 0.69 and 
0.59 µg/ml for the pyrogallol and caffeine 
respectively. 

 
Table 1 - Variance and residual analyses for pyrogallol calibration curves. 

Sources of variation Quadratic total Gl Quadratic mean Calculated F Tabulated F 
Linear regression 0.419539 1 0.419539 1900.020* 4.67 
Residuals 0.002871 13 0.000221   
Lack of fit 0.001877 3 0.000625 6.29** 6.55 
Pure error 0.000994 10 0.000099   
Total 0.422410 14    
Explained variation: 99.32% 
Maximum explicable variation: 99.76% 

*Significant for α< 0.05; **Not significant for α< 0.01 

 
 
The selectivity of the method and the interference 
from the adjuvant were evaluated by a 
spectrophotometry scan of the EPA and GRA 
solutions with the Folin-Ciocalteau reagent. Both 
the solutions showed an absorbance peak at 740 
nm, the same peak obtained for the pyrogallol 
solution. Considering that the plant samples were 

complex matrices, and also considering the 
associations of the adjuvant pharmaceutics in the 
granulated form, the presence of interference was 
possible. Therefore, the extractive and granulated 
solution curves were used to determine the sample 
amounts of the EPA and GRA, where the linearity 
was observed in terms of the pyrogallol. 

 
Table 2 - Variance and residual analyses for caffeine calibration curves. 

Sources of variation Quadratic total Gl Quadratic mean Calculated F Tabulated F 
Linear regression 1.553598 1 1.553598 80114.12* 4.67 
Residuals 0.0002521 13 0.000019   
Lack of fit 0.0000968 3 0.000032 2.08** 3.71 
Pure error 0.000155 10 0.000015   
Total 1.55385 14    
Explained variation: 99.98% 
Maximum explicable variation: 99.99% 

*Significant for α< 0.05; **Not significant for α< 0.05 

 
 
The calibration curves for the EPA and GRA were 
linear in the range 0.288-0.672 µg/ml and 0.4-1.2 
µg/ml respectively, with acceptable correlation 

coefficients (r). The representative linear 
equations for the EPA and GRA were y = 0.0789 + 
0.8123x (n=3, r= 0.9978) and y= 0.0864 + 
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0.4994x (n=3, r= 0.9967) respectively. The 
linearity of the method was confirmed by the 
residual analyses as shown in Tables 3 and 4, 
which explained 99.55 and 99.35% of the variation 
(r²), respectively. The R.S.D.s of the slope of three 
lines were 1.61 and 2.24% for the analyses of the 
EPA and GRA solutions respectively. 

The detection limits under the stated experimental 
conditions were 0.03 and 0.06 µg/ml for the EPA 
and GRA solutions respectively. The limits of the 
quantification determined with the acceptable 
precision and accuracy were 0.09 and 0.19 µg/ml 
for the EPA and GRA solutions respectively. 

 
Table 3 - Variance and residual analyses for EPA calibration curves. 

Sources of variation Quadratic total Gl Quadratic mean Calculated F Tabulated F 
Linear regression 0.182442 1 0.182442 2909.87* 4.67 
Residuals 0.001782 13 0.000137   
Lack of fit 0.001175 3 0.0003917 6.46** 6.55 
Pure error 0.000607 10 0.000061   
Total 0.183257 14    
Explained variation: 99.55% 
Maximum explicable variation: 99.67% 

*Significant for α< 0.05; ** Not significant for α< 0.01 

 
 
 
Table 4 - Variance and residual analyses for GRA calibration curves. 

Sources of variation Quadratic total Gl Quadratic mean Calculated F Tabulated F 
Linear regression 0.2993 1 0.2993 1987.92* 4.67 
Residuals 0.0020 13 0.0002   
Lack of fit 0.0002 3 0.0001 0.3404** 6.55 
Pure error 0.0018 10 0.0002   
Total 0.3013 14    
Explained variation: 99.35% 
Maximum explicable variation: 99.41% 

* Significant for α< 0.05; ** Not significant for α< 0.01 

 
 
The accuracy of the method for the assay analysis 
of the recovery was determined by preparing the 
samples by adding the pyrogallol and caffeine 
standards to the EPA solution. The observed 
percent recoveries were 102.45, 103.02, and 
97.02% for the pyrogallol, and 98.73, 98.16, and 
98.49% for the caffeine standard. The solution 
curves for the semipurified fraction (EPA) and the 
granulated form (GRA) showed linear responses in 
the range of 0.288-0.672 µg/ml and 0.4-1.2 µg/ml, 
respectively in terms of the pyrogallol. The 
precision was demonstrated for all the analyses. 
The accuracy was demonstrated for the EPA 
solutions by recovering the amounts of the 
caffeine and pyrogallol. 
The analytical methods employed conformed to 
the ANVISA requirements in showing the 
specificity, sensitivity, precision, and accuracy for 
the indicated interval. The methodologies for the 
determination of the caffeine and polyphenols 

were suitable for quality control of the EPA and 
the granulated form. 
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RESUMO 
 
A qualidade de preparações fitofarmacêuticas deve 
ser avaliada de acordo com os requisitos 
estabelecidos pela Agência Nacional de Vigilancia 
Sanitária na RDC n. 48 (ANVISA-BRASIL). As 
análises para avaliar a integridade dos produtos da 
droga vegetal incluem a quantificação de 
substâncias marcadoras através de métodos 
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validados. O trabalho objetivou quantificar cafeína 
e polifenóis totais em soluções extrativas e no 
granulado obtidos das sementes de P. cupana var. 
sorbilis através de método espectrofotométrico. O 
método apresentou linearidade para a cafeína e 
polifenóis no intervalo de 5-25 µg/ml e 2,4-5,6 
µg/ml, respectivamente. Soluções da fração 
semipurificada (EPA) e do granulado (GRA) 
mostraram resposta linear no intervalo de 0,288-
0,672 µg/ml e 0,4-1,2 µg/ml respectivamente. A 
precisão e exatidão foram determinadas para a 
solução de EPA na concentração de 100 µg/ml. O 
método espectrofotométrico obteve um bom 
desempenho na quantificação de cafeína e 
polifenóis totais, uma vez que a presença de 
interferentes foi previamente avaliada. 
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