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ABSTRACT

The purpose of this study was to evaluate theénftas from variables of preparation on dry residunl total
tannins from macerates of Astronium urundeuva barkss, a 3factorial design was used to study the importance
of plant proportion (10, 15 and 20 %, w/v) and #tbanol concentration (40, 60 and 80 %, v/v) on sbkected
response. Mathematical models were fitted accordingxperimental data. The validated equations wesed to
generate response surfaces. The analysis of tHacas showed that the optimum conditions to ob¢ainactive
preparations with high extractive efficiency fontans were: 10 % (w/v) of plant with ethanol 40 W) as solvent.
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INTRODUCTION successfully used as a chemical marker for the
species.
Extractive solutions from the roots éfstronium However, the absence of studies for the
urundeuva (alleméo) Engl. (Anacardiaceae) arestandardization of extractive solutions frof
widely used in Brazilian traditional medicine for urundeuva hampers the reproducibility of the
the treatment of several diseases such @&kxtractives qualities, which could affect the
antiulcerogenic (Formigoni and Carlini 1988; Racefficiency and safety. Thus, the standardization of
et al, 1987), analgesic (Viana et al., 2003)plant extractive solutions should be the first step
antiinflammatory (Meneses et al., 1985; Viana eduring the technological development of
al., 2003), antioxidant (Demarchelier et al., 1999phytopharmaceuticals. The influence of several
and antimicrobial (Raposo et al., 2002).parameters such as extractive method and
Notwithstanding the active constituents from thdechnology, type and concentration of solvent, as
roots of A. urundeuvaremain undefined: several well as plant concentration, and their influence in
authors attribute their biological activities toeth the physical-chemical properties of the extractive
hydrolysable and condensed tannins, which are tig®lutions should be evaluated and quantified (Audi
main constituents of the extractive solutionset al., 2001).
(Formigoni and Carlini 1988; Viana et al., 1997).Experimental design is a widely used tool for the
In this way, this group of substance can beystematic and effective evaluation  of
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modifications of manufacture conditions (Box etcompensation solution. The non tannin fraction
al., 1978; Myers and Montgomery, 1995). With(NTF) was determined after magnetic stirring of
this kind of approach, it is possible to createlO mL from extractive solution with 150.0 mg of
response surfaces that allow the ranking of eaatasein during 30 min. The solution was filtered
variable according to its significance on theand 5.0 mL were diluted with distillated water to
studied responses. Therefore, with reduced tim25 mL and the absorbance was determinate at 263
and experimental effort, it may be possible toim using distillated water as compensation
predict what extractive condition will produce asolution.

desired or optimum response (Box et al., 1978The total tannin content (TTC) was expressed as
Myers and Montgomery, 1995; Canteri-Schemirgram of Gallic Acid per 100 g of extractive
et al., 2005; Soares et al., 2005). solution according to the equations below (1 to 3).
The aim of this work was to use the experimentalhe results represent the mean of three
design to evaluate the effect of the plandeterminations (Costa et al.,, 2005; Solon et al.,
proportion and the ethanol concentration on th007).

dry residue and total tannin content of extractive

efficiency of solutions fromA\. urundeuva TP = A, DF )
mA L.
Icm
A, [DF
METHODS NTF=—2—— )
mLA L,
Raw Material TTC=TP-NTF (3)

The raw material wasAstronium urundeuva ) _ _ _
collected from Alagoinhas — Paraiba (Brazil). TheWhere' TP = total polyphenols (g%); NTF = non

: _ tannin fraction (g%); TTC = total tannin content
ground material (g = 0.630 mm) was compared ) - . s
by Thin Layer Chromatographic with an authentic(g%)' A = absor.bance_ (A.U.); 150': B d”l_rf'on
sample (voucher specimen deposited at herbariufdctor; m = extractive weight and;,, = specific
of the Universidade Federal do Rio Grande dabsorption of Gallic Acid (521.1)

Norte - Natal/Brazil, under the registration number

3266). Extractive Efficiency
The extractive efficiency (EE) represents the
Preparation of the Extractive Solutions solvent ability to extract tannin. The EE was used

The extractive solutions were prepared byas response and calculated according to equation

maceration for four days, using hydroalcoholic(4):

mixtures. The influence of plant proportions and

ethanol concentration in the efficiency on theEEzTTC ()

extraction of tannins were evaluated by a factorial DR

design 8 The factors and levels were selected ) , - . _

according to Matos (2004). The matrix of theWhere' EE = extractive eﬁ'c'e'.‘cy- TTC = total
tannin content and DR = dry residue.

factorial design is summarized in Table 1.

The statistic analysis and experimental design
Five extractive samples of 20.0 g from eachThe experimental matrix was & factorial design

extractive solution were separately analyze@nd it was used to evaluate the influence of plant

according to German Pharmacopoeia (Hartke arly oportions_ (w/v) and ethanol_concentraf[ion (V)
Mutschler, 1986) on the efficiency of the extraction of tannins (&b

1). The experiments were performed at random
and without replication. The dry residue (DR),

For determination of total polyphenol (TP), 5.0t?¢]?l. tannIiEnE content d(TTC) and extractive
mL of the extractive solution were diluted with & iciency (EE) were used as responses.

distillated water to 25 mL Standard Solution (SS)The statistical_ analysis of the factorial desigrswa
From SS, 5.0 mL were diluted with distillated Performed using the software STATISTIC/.0

water to 25 mL and the absorbance waéStatSoft, USA). The experimental data were
determined at 263 nm using distillated water a&nalyzed by ANOVA and adjusted to a polynomial

Dry residue

Total tannin content
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second-order equation (5) by the Partial Lesstatistical analyses of the
Square (PLS) method (Box et al., 1978; Myers andummarized in Table 2.
Montgomery, 1995). The proposed mathematical models showed good
multiple correlation coefficientsy). For both dry
residue (DR) and extractive efficiency (EE), the
calculated multiple correlation coefficients
indicated that more than 99 % of the experimental
where:y is the response (dry residue, total tannirvariance could be explained by the proposed
content or extractive efficency), anih to b, are  equations. Additionally, for the total tannin
the regression coefficients. content (TTC), the mathematical model described
more than 98 % of the experimental behavior.
Because the lack-of-fit (LOF) test was not
significant, the experimental variations could be
attributed only to a randomized error. Thus, the
The results for dry residue, total tannin contemt a fitted models provide an adequate approximation
extractive efficiency are presented in Table 1. Thef the true values and no violations of the model
experimental data were used to generate secor@ssumptions occurred (Wherlé et al., 1993, 1995;
orders models for each response studied. THgoares et al., 2005).

equations are

y =l + byxy + X, + bu()(l)2 + bzz(X2)2 + boXaXp +
blzle(xz)2 + b112(X1)2X2 + buzz(xl)z(xz)2 %)

RESULTS AND DISCUSSIONS

Table 1. -Matrix of the factorial design®3

Exp. Codified variables Natural variables DR (g%) TTC (g%) EE (TTC/DR)
Plant Solvent Plant (w/v) Solvent (v/v)
1 -1 -1 10 40 1.13 1.73 1.53
2 -1 0 10 60 1.15 151 1.31
3 -1 +1 10 80 1.01 1.24 1.23
4 0 -1 15 40 1.66 0.89 0.53
5 0 0 15 60 1.67 0.63 0.38
6 0 +1 15 80 1.47 0.50 0.34
7 +1 -1 20 40 2.14 0.41 0.19
8 +1 0 20 60 1.62 0.36 0.22
9 +1 +1 20 80 1.86 0.26 0.14

Exp. = Experiment; DR = dry residue; TTC = total tancontent; EE = extractive efficiency

Table 2 - Statistical analysis of the mathematical models.

Terms Dry Residue (g%) Total Tannin Content (g%)  Exractive Efficiency (TTC/DR)
Coeffic. ¢-test) F Coeffic. ¢-test) F Coeffic. ¢-test) F

bo 1.668 (210.7%) - 0.664 (23.6*8) - 0.399 (11.7**) -

b, 0.239 (42.7%)  14488.18 -0.576 (-37.3*)  1390.00 -0.587 (-31.3***) 981.7f

b11 -0.283 (-29.2%) 422.07 0.248 (9.3*%) 86.02 0.355 (10.9***) 119.86

b, -0.097 (-30.1%) 907.06 -0.171 (-11.1*) 123.12 -0.092 (-4.9***) 24.13

b2, -0.102 (-10.5) 139.02 0.009 (0.3) 0.11 0.025 (0.8) 0.58

b1> -0.039 (-9.9%) 97.09 0.086 (4.5**) 20.57 0.064 (2.8) 7.71

b12> 0.225 (-32.8%) 1077.13 - - - -

112 - - - - -
b1120 0.252 (21.2%) 450.38 - - - -
LOF - 0.09 - 1.14 - -

r? 0.9979 - 0.9869 - 0.9974 -

t- test fora = 0,05 [E1:36)]*’ [t (ngil**, t(lyg)]***; F for

a =0,05 ['r(l,se)]a, [F(l,18)] b, [F(1,3)]C-
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Dry residue (DR), Total Tannin Content (TTC) quadratic term. The contribution of the second-
and Extractive Efficiency (EE) order term was interpreted as the presence of
All responses, observed and obtained, showed carvature and represents the nature of the response
similar profile of influence of studied factors. surface system (maximum, minimum or saddle
Either the plant proportion as well as ethanobystem), indicating that there was optimum
concentration showed significant influence on the&onditions. Thus, the negative signal for quadratic
DR, TTC and EE of the extractive solutions.terms revealed the convex form of the curve, as
According to thet test for coefficients, plant was observed for plant proportion and DR (Fig. 1).
proportion was the main factor for all responsesOn the other hand, the positive signal for quadrati
The linear term was the principal factor and had serms demonstrated the concave form of the curve,
negative effect revealed by a decrease on the TT&% was observed for plant proportion and TTC or
and EE responses, but a positive effect on the DRE (Fig. 2 and 3) (Myers and Montgomery, 1995).
response. It was followed by the plant proportion

Figure 1 - Effects of plant proportions and ethanol concéiang on the dry residue (DR) of the
extractives.

(URAW)

Figure 2 - Effects of plant proportions and ethanol concéiung on the total tannin content
(TTC) of the extractives.
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Figure 3 - Effects of plant proportions and ethanol concditng on the extractive efficiency
(EE) of the extractives.

The response surfaces indicated the TTC and BEBethodology were used satisfactorily to evaluate
responses were inversely proportional to the plarihe influence of plant proportion and ethanol
proportion. This fact could be explained throughconcentration on the properties of extractive
the solvent saturation, the increase of drugolutions from A. urundeuva The statistical
proportion seemed to reduce the solvent efficiencgnalysis performed by the multiple coefficients of
on tannin extraction, but on the other hand this diregressiont-test for the coefficients and analysis
not affect the dry residue of the extractive soluti of variance showed the adequacy of the
which was directly proportional to the plantmathematical models, providing reliance to the
proportion. The DR was composed for all thesurface generated. Thus, the study demonstrated
soluble solids presents in the extractive solutiorthat the plant proportion affected all the respsnse
therefore the tendency was that the larger plamtecreasing their values, while the ethanol
proportion were the larger solids extractedconcentration showed a slight influence with
However, a specific group of substances wasimilar profile to the plant proportion. To
dependent of the solvent efficiency (List andconclude, the optimum condition to prepare the
Schimdt, 1989). Comparing Figure 1 with Figureextractive solutions of A. urundeuva with
2, it was found that the higher DR, the lesser wasiaximum dry residue and total tannin content
the TTC, which mean that there was a competitiothigher extractive efficiency), was found using 10
of tannins and other substances for the solvent. % (w/v) of plant and ethanol (40 %, v/v) as the
Concerning the ethanol concentration, there wasextractive solvent. At these conditions, the
minor influence on the responses. Although axtractive showed dry residue of 1.13 %, total
statistical importance was found for the ethanolannin content of 1.73 % and efficiency of 1.53 %.
concentration, only a significant technological
influence was observed for DR response (Fig. 1).
Due to interaction between the factors, quadratiRESUMO
behaviors for ethanol were observed at
intermediary and higher levels of plant proportionO objetivo deste trabalho foi avaliar as influéscia
However, the quadratic influences of ethanobe variaveis de preparagdo de macerados das
disappeared for both other responses, remainingaiscas déstronium urundeuvaobre residuo seco
only a slight linear and negative influence (Fig. 2e teor de taninos totais. Desta forma, um desenho
and 3). fatorial do tipo 3 foi empregado para avaliar a
importancia da propor¢édo de planta (10, 15 e 20
%; m/v) e da concentracdo de etanol (40, 60 e 80
CONCLUSIONS %; v/v) sobre as respostas eleitas. Modelos
matematicos foram ajustados aos dados
The factorial design and response surfacexperimentais. As equagbes validadas foram
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usadas para gerar superficies de respostas. Matos, F. J. A. (2004)Constituintes quimicos ativos e
andlise das superficies demonstrou que aspropriedades biologicas de plantas medicinais
condicbes 6timas para obtencdo de preparagaegrasnewas.Fortaleza: Editora UFC, pp 86-90.

extrativas com elevada eficiéncia extrativa d

taninos foram: 10 % (m/v) para planta e etanol 40

% (v/v) como solvente.
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