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Abstract
The aim of this study was to compare phenolic compounds contents between different positions
within the crown and between collection periods, and to evaluate the tannin contents by the Folin-Ciocalteu method. The collections were performed in Lavras, in the southern region of the Brazilian state Minas Gerais. The experiment was conducted in a completely randomized design (factorial 3 × 4); the first factor being the position (base, middle, top); and the months, the second factor (February, May, September and December). We verified that the leaves of S. adstringens present higher total phenolic and tannin contents at the top (23.05% and 18.23%) and base (21.42%
and 16.61%) of the crown, in May (25.79% and 20.85%) and September (25.57% and 20.50%),
respectively. There was no difference in the residual phenol and flavonoid contents between the
positions within the crown or in the months of collection. These facts suggest that within the
crown and climatic changes may be one of the factors affecting phenol levels in Stryphnodendron
adstringens.
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1. Introduction

The Cerrado is a biome that stands out for its biodiversity, having a great extension and diverse vegetal heterogeneity [1]. However, it is one of the most threatened biomes in the planet, due to the rate at which human activity is transforming natural areas [2].
Stryphnodendron adstringens (Mart) Coville, one of the native species of the Cerrado, is popularly known as
“barbatimão”. The main economic use of this species is tannin extraction from the bark and leaves. This species
has many uses in popular medicine [3], due to their therapeutic properties as gastric antiulcerogenic, [4] [5] trypanocidal, [6] antimicrobial, [7]-[9] antioxidant [10] [11] and as wound healing [12].
Tannins are phenolic compounds formed from the secondary metabolism of plants and are biosynthesized by
the shikimic acid pathway [13]. They are important in the vegetable’s defense mechanism against solar radiation
and herbivory. In addition, the total phenol and flavonoids are also produced by the plant, and are important to
its growth and reproduction. These compounds are also formed under some adverse conditions, like injuries [14],
and their contents vary according to plant tissues, age and size of the plant, the fragment collected, and season or
collection site [15].
In their habitat, these plants are exposed to intense solar radiation, which degrades extremely important molecules for the photosynthetic processes through photo-oxidation, such as chlorophylls and other pigments. To
protect themselves against this radiation, plants synthesize phenolic compounds, which absorb the radiation on
the epidermal layers of the leaf tissues, regulating the antioxidant system in the cells. The concentration of these
compounds in the vegetable can be influenced by several factors, such as water stress, temperature, light and
circadian rhythm [16].
Several environmental factors vary with different positions in a plant crown [17]. These differences of environmental factors also bring different stresses for leaves in different canopy positions. Previous studies about
this species that refer to the variation in the tannin contents in different positions within the crown are important
to determine the position in which they are produced more intensely, and facilitate understanding of ecophysiological adaptations, besides contributing to the increase of scientific knowledge of this native species.
In this regard, the aim of this study was to compare phenolic compounds contents between different positions
within the crown and across different collection periods.

2. Materials and Methods
2.1. Study Area
The study was performed from February to December 2010, in a Cerrado fragment in Lavras, in the southern region of the Brazilian state of Minas Gerais. The meteorological data regarding temperature, precipitation and
insolation were collected in the main Climate Station at Federal University of Lavras.

2.2. Botanical Material Sampling
We collected leaves from the crown of each individual, dividing each crown into base, middle and top, according to (Figure 1). Reference material was incorporated into the Herbarium (ESAL), Department of Biology,
Federal University of Lavras.

2.3. Extract Preparation and Determination of Phenolic Compound Contents by the
Method of Folin-Ciocalteu
200 mg of ground leaf tissue were used after being extracted in 10 mL of methanol 50% at room temperature on
a magnetic stirrer (150 rpm) for 4 h, following the methodology described by [18]. The final extract volume was
completed to 10 mL. The samples were processed in triplicates.
We employed the standard protocol of [19] with some modifications to obtain the total and residual phenolic
contents. The difference between these contents constitutes the total tannin content of the vegetable. For the
dosing of total phenol, 0.1 mL from the crude extract was transferred to a 15-mL test tube, in which 0.5 mL of
Folin-Ciocalteu reagent at 10% (v/v) and 1.0 mL of sodium carbonate aqueous solution at 7.5% (w/v) were
added, completing the volume with distilled water. After 30 minutes, we measured the absorbance with a spectrophotometer with a 760-nm wavelength.
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Figure 1. Schematic representation of leaf-gathering of S.
adstringens in different positions within the crown.

Subsequently, in a 25 mL Erlenmeyer flask, 6 mL of crude extract, 10 mL of distilled water and 1 g of casein
were mixed. The sample was agitated for three hours so as to stimulate the complex formation of tannins
through the tannin-protein link. After this period, the contents were filtrated through 9-mm Whataman filter paper into a 25 mL volumetric flask, adding distilled water to the filtrated content until the volume was complete.
0.5 mL of this solution was transferred to a test tube, and the same procedure described for total phenol dosing
was used, obtaining the concentration of residual phenol, according to the standard protocol of [19].

2.4. Histochemical Tests
Histochemical tests on leaves were performed to verify the chemical composition of the cell wall in sections of
material newly collected and not fixed. The sections were obtained freehand and treated with hydrochloric acid
and vanillin 9% for the identification of tannins [20].

2.5. Determination the Total Flavonoid Contents
The total flavonoid assay was performed using as a standard solution of 100 μg∙mL−1 rutin in a methanol solution of 2% aluminum chloride, based on the construction of a calibration curve [21]. An aliquot of 100 µL of
hydromethanolic extract was used for spectrophotometric determination. Readings were taken at 425 nm and all
determinations were made in triplicate. The result was expressed in percentage of flavonoids per gram of dry
matter.

2.6. Statistical Analysis
The experiment was developed using a completely randomized design in factorial 3 × 4, with the position as the
first factor (base, middle or top), and the month as the second factor (February, May, September or December).
The data from the experiment were analyzed with variance analysis and a Tukey’s test, both at a 5% significance level. The analyses were performed using the SISVAR 4.2 software [22].
Principal component analysis (PCA) was by using PCORD to study the interaction between climatic data and
phenolic compounds content and Cluster analysis (CA) for the similarity analysis of phenolic compounds in different strata of the canopy were statistic 5.0.

3. Results and Discussion
3.1. Phenolic Compounds Content of Position Crown
Statistical differences were observed in the total phenolics and tannin contents through the Folin-Ciocalteu me-
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thod, between the different positions analyzed within the crown (p < 0.05) (Table 1).
The leaves located in the top and base of the crown presented higher total phenolic and tannin contents
(23.05% and 18.23%, 21.42% and 16.61%, respectively). This was statistically different from the middle of the
crown, which presented lower total phenolics (17.10%) and tannin contents (12.35%). The fact that the highest
concentrations of total phenol and tannins are located on the top and base of the crown is possibly because of
photoprotective mechanisms that the individuals of S. adstringens utilize to protect from excess radiation. Since
the crowns of barbatimão present irregular shape, there is a greater emission of photons, both at the top and base
of the crown. In the middle of the crown, the concentrations of total phenol and tannins were lower and statistically different. Such fact can be justified by the reduced need to synthesize tannin molecules, once the light penetration is reduced in that area.
Histochemical analysis reveals the distribution of tannins in leaf tissues between the different positions of the
crown as (Figure 2), showing its presence in both the epidermis and the palisade and spongy parenchyma, in
greater proportion at the top followed by the base of the crown, corroborating the results obtained by the Folin
Ciocalteu colorimetric method.
Aiming to protect from this radiation, plants of S. adstringens synthesize phenolic compounds, like tannins,
which has 254 nm of wavelength. This way, these compounds act in the absorption of radiation in the epidermal
layers of the leaf tissues, regulating the antioxidant system in the cells [23].
In relation to residual phenol contents, denominated non-tannin phenols, differences between the positions
within the crown were not observed: base (4.79%), middle (4.75%) and top (4.82%). By analyzing other
non-tannin phenols, like flavonoids belonging to this class of phenolic compounds, it can be observed that they
presented the same pattern as residual phenols, detecting no differences in the flavonoids contents between the
analyzed positions. The top of the crown presented 3.50%, the base 3.28% and the middle 2.70%.
Cluster analysis based on the contents of phenolic compounds in the leaves ordered positions of the canopy
into two distinct groups (Figure 3).
A group middle the contents present in the canopy and the other group brought together the top and base contents of the canopy. From this result we can infer that there was a greater focus on the contents of total phenolic
and tannin contents, this being brought together in a single group.
Table 1. Average total phenolics, residual phenol, tannins and flavonoid contents among the trees of S. adstringens, in different positions within the crown in (%).
Position

Total phenol

Residual phenol

Total tannins

Flavonoids

Base

21.42 b

4.79 a

16.61 b

3.28 a

Middle

17.10 a

4.75 a

12.35 a

2.70 a

Top

23.05 b

4.82 a

18.23 b

3.50 a

Average

20.52

4.79

15.73

3.16

Averages followed by the same letter do not differ by Tukey’s test at a 5% significance level.

Base

Middle

TOP

Figure 2. Schematic representation of the distribution of tannins in leaf tissues of S. adstringens, in different positions within the crown. (Ep) epidermis; (Pp) palisade parenchyma;
(Sp) spongy parenchyma.
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Figure 3. Dendrogram representing the similarity relationships of chemical composition among positions the crown
analyzed for S. adstringens to which clusters belong.

By analyzing other non-tannin phenols, like flavonoids belonging to this class of phenolic compounds, we
observed the same pattern as residual phenols, with no differences in the flavonoid contents between the positions analyzed, possibly due to the way the quantity of tannins is calculated with the Folin-Ciocalteu method:
first, the total phenols are measured, then tannins are removed from the extract through protein precipitation,
leaving the residual phenols. The final value of tannin contents in the samples is given by the difference between
the total and residual phenolic contents [19]. The top of the crown presented 3.50%, the base 3.28% and the
middle 2.70%. Like flavonoids, differences in the residual phenol contents were not observed among the positions analyzed within the crown. [24] relates that the hypothesis of the phenolic compounds protective function
against UV radiation is supported by the increment in flavonoids contents in plants exposed to strong radiation,
although, in this study, differences in the contents of this compound along the crown were not observed.

3.2. Phenolic Compounds Content of Climatological Periods
The PCA results arising in Figure 4 show the distribution of phenolic compounds and their relative position in
the sampling period. The axes 1 and 2 represented 93.84% of the total variance in the data set.
Axis 1 explains 82.78% of total variance and shows a strong correlation between the phenolic compounds and
the temperature, precipitation and insolation and are related to samples collected during the dry season (May and
Sept). Axis 2 explained 11.6% of the total variance and show the clustering behavior along this axis, between
the phenolic compounds and the environmental variables.
Higher total phenolic and tannin contents were observed in leaves collected in May and September (Table 2).
In May, these contents were 25.79% and 20.85% and in September, 25.57% and 20.50%, respectively. The
climatological data presented in Table 2 show that May and September presented temperatures of 18.7˚C and
21.6˚C and rainfall indices of 19.9 mm and 127.8 mm, which were lower than the other months, leading to a
higher concentration of phenolic compounds.
In studies with Eugenia uniflora L. production of tannins was also higher in the dry season, the author reports
that this fact is probably in response to the combination of higher incidence of light and drought stress [25].
Seasonal variations in leaf tannins have already been reported for deciduous trees from temperate climates, such
as Quercus robur [26] and Betula pubescens [27]. In these studies, phenol variations were related to leaf growth
and development, as well as to herbivore pressure. Besides abiotic factors, other factors may influence the contents of these phenolic compounds, like herbivory. When herbivores feed on leaves, the leaf tissues are damaged
and the tannins react with proteins, making the leaves less susceptible to the digestive juice of animals [28]. This
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Figure 4. Principal Component scatter plot of sampling months for S. adstringens. Res phe: Residual phenol; Tot tann: Total tannins; Tot phe: Total phenol; Flav: Flavonoids; Prec: Precipitation; Sws: Soil water storage; Temp: Temperature; Insol:
Insolation.
Table 2. Variation in the total phenols, residual phenols, tannins and flavonoid contents, analyzed in different months in (%)
and climatic data.
Months

TP

RP

T

Flav

Temp (˚C)

Rain (mm)

Insol (h)

S.w.s (mm)

Feb

19.25 a

4.94 a

13.72 a

2.19 a

24.2

181.7

191.80

195.8

May

25.79 b

5.53 a

20.85 b

3.33 a

18.7

19.9

222.20

25.4

Sept

25.57 b

5.07 a

20.50 b

3.22 a

21.6

127.8

202.60

125.3

Dec

20.22 a

5.04 a

15.18 a

2.25 a

22.4

382.5

162.20

379.2

Average

22.71

5.15

17.56

2.75

21.7

178.0

194.7

181.04

TP: total phenols; RP: residual phenols; T: tannins; Flav: flavonoids; Temp: temperature; Rain: rainfall; Insol: Insolation; Sws: Soil water storage.
Averages followed by the same letter do not differ by Tukey’s test at a 5% significance level.

way, its accumulation in leaves and fruits make them unpalatable, inhibiting the action of herbivory [29].
[30] found tannin contents in leaves of S. adstringens (12.30%) lower than those that were found in this study.
Jacobson et al. (2005), while evaluating the contents of these compounds in barks of S. adstringens, found higher concentrations of total phenols and tannins in the rainy season. [31] mentioned that the total phenolics and
tannin contents were, respectively, 30.8% and 29.9%. This demonstrates that most of the phenolic compounds
found in S. adstringens are tannins, which are directly influenced by edaphoclimatic factors.
Variations in residual phenols and flavonoids (Table 2) were not observed during the months of this study,
demonstrating that there was no influence of the seasons on non-tannin phenols and flavonoid contents. These
levels in May were 5.53% and 3.33%, respectively.
In February and December, lower concentrations of total phenol and tannins were detected, as a result of the
high rainfall and high temperatures registered in these months.
According to the sampled results in (Table 2), the months of May and September presented lower water percentage in the soil, with values of 25.4% and 125.3%, respectively. This hydric deficit may have also influenced
the tannin concentration in these months, being inversely proportional. Although in September the soil accumulated about five times more water than in May, there was no statistically significant difference in the tannin
production, which was 20.85% in May and 20.50% in September.
There was a lower production of phenols and tannins in February and December, confirming that the contents
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of these compounds in the vegetable can be influenced by several abiotic factors, such as hydric deficit, light
and temperature. [32] points out that these variables regulate the activity of enzymes present in the primary and
secondary metabolisms of the vegetable; for example, the phenylalanine ammonia-lyase (PAL).
[33] relates that lower production of phenols and tannins may be related to annual, monthly and daily variations of temperature, which is one of the factors with the highest influence on the vegetable’s growth. This may
be due to the temperature being a consequence of other factors, like altitude and season, although there are not
many studies on the influence of temperature alone on the production of secondary metabolites [16].
High levels of solar radiation coupled with higher temperatures lead in some cases to modifications in the accumulation of polyphenols in the plant. The resulting modifications make it difficult to determine whether physiological changes related to phenolic synthesis in the plant are caused by the effects of either solar radiation or
high temperature. The literature has reported that temperature can be positively or negatively correlated to the
accumulation of polyphenols during growth or processing for several plant species [34]. An example of the effect of temperature and light can be seen in the significantly high level of phenolics found in the seed and skin of
winter berries compared to summer berries [35].
As mentioned, another environmental factor that interferes with the production of these compounds is the hydric deficit, which frequently has significant consequences on the contents of secondary metabolites in plants
(especially tannins). Several findings in the literature indicate that these conditions usually lead to an increase in
the production of many types of secondary metabolites [16].
The author also relates that the carbon availability for secondary metabolism may be influenced by the climate and the photosynthetic efficiency of plants in each season. Hence, it is not only the energy provided for
carbon assimilation (carbon resources for biosynthesis) but also the quality, namely UV fractions (light intensity), which stimulates the formation and accumulation of certain phenolic compounds in plants [34].
This could explain the lower photosynthetic efficiency, since the species in question is native to the Cerrado,
whose microclimate is characterized by elevated temperatures and low water availability [36] [37]. However,
low temperatures during winter also limit the photosynthetic rate, restricting the elevated productivity of plants
to spring and fall, when new leaf growth occurs. This may also explain the decrease of tannin contents in February and December. According to [38], the contents of these metabolites depend on genetics but can also be determined by environmental conditions.

4. Conclusions
The leaves of S. adstringens produce total phenolics and tannins in higher levels on the top and base of the
crown in May and September. There were no differences in the residual phenolic and flavonoid contents between the positions within the crown or over the months analyzed.
The tannins in barbatimão show promise economically due to its wide use in folk medicine and can be studied
using quantitative techniques relatively easy and inexpensive. Approaches on the influence of seasonality, alternatives for obtaining tannin tree species and comparison of the levels of tannins between parts of the same plant
deserve to be explored in more depth in order to guide a more sustainable extraction. These results will probably
contribute to better understand the metabolism of phenolics in this species.
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