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Abstract: Eugenia unifl ora L., Myrtaceae, leaves contain high amounts of phenolic 
compounds which are responsible for several pharmacological activities. In order to 
evaluate the phenolics seasonal variation leaves were analysed on a monthly basis 
during the period of two years for the contents of hydrolysable tannins, total phenols, 
fl avonoids, and nutrients (N, P, K, S, Ca, Mg, Mn, Zn, Cu, and Fe). Results were 
correlated with climate conditions (rainfall, humidity, and mean temperature) by 
Principal Component and Cluster Analysis which allowed four groups to be distinguished 
with respect to the age of the leaves and the content of some metals. Young leaves were 
characterised by high levels of Zn and nitrogen whereas old leaves contained high 
levels of Fe and calcium, and both groups had moderate amounts of phenolics. Adult 
leaves were divided in two groups and results revealed that while one group had the 
highest levels of all phenols and lowest amounts of Mn and Cu, the other showed 
opposite quantities. The Canonical Correlation Analysis confi rmed a highly signifi cant 
negative correlation between phenol contents and Mn and Cu. These facts suggested 
that fl avonoids and tannins production depends of the amounts of foliar nutrients, Cu 
and Mn in particular, which are cofactors of enzymes involved in phenol degradation 
and lignin biosynthesis. This knowledge can improve this specie cultivation in order to 
enhance the phenolic compounds concentration.
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Introduction

 Eugenia uniflora L., Myrtaceae, also known 
as “pitangueira”, is a semi-deciduous tree which is 
widespread in Brazil and in other countries of South 
America. Its leaves have been used in folk medicine 
for the treatment of diarrhea (Brandelli et al, 2009), 
inflammation (Schapoval et al., 1994), hyperglycemia, 
hyperlipidemia, hypertriglycemia (Arai et al., 1999; 
Matsumura et al., 2000) and hypertension (Consolini 
et al., 1999). In addition, they have been used as an 
antimalarial and spasmolytic agent (Wazlawik et al., 
1997; Morioka et al., 2000) as well as an inhibitor of 
DNA polymerase, maltase, sucrase, and α-glucosidase 
(Lee et al., 2000; Matsumura et al., 2000). 
 The leaves of this plant are rich in polyphenol 
compounds, such as tannins and flavonols (Auricchio 
et al., 2007). Phytochemical studies have isolated 
three macrocyclic ellagitannin dimmers: oenothein B, 
eugeniflorins D1 and D2, and the flavonol myricitrin 
(Lee et al., 1997). Previous studies have identified 
oenothein B as responsible for the inhibition of 60 
kDa heat-shock protein (HSP60) and (1,3)-β-glucan 
synthase (Pbfks1) transcript of Paracoccidioides 
brasiliensis (Santos et al., 2007), the etiological agent 

of one of the most prevalent human systemic mycosis 
in Latin America. 
 Tannin and terpenoid amounts alter during 
the development of the plant and also as a response 
to environmental changes (Salminen et al., 2001; 
Salminen et al., 2004; Scogings et al., 2004; Santos et 
al., 2006; Solar et al., 2006; Fang et al., 2011). Previous 
studies showed the seasonal influence on the terpenoids 
composition of the E. uniflora leaves oil (Costa et al., 
2009). These variations influence directly the quality 
of the leaves as a medicinal plant. 
 The aim of this study was to investigate the 
influence of seasonal variations of foliar macro and 
micronutrients, climate factors such as temperature, 
rainfall, and humidity on the levels of tannins and 
flavonoids in E. uniflora leaves. The results obtained 
will possibly contribute to an understanding of the 
phenolic metabolism in this plant, as well as the 
cultivation conditions to reach higher amounts of 
pharmacological active compounds.
 
Materials and Methods 

Plant material and climatic data
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	 Eugenia uniflora L., Myrtaceae, adult green 
leaves were collected monthly in the city of Anápolis 
(16o20’12.8”S, 48o56’19.3”W), Goiás State, Brazil, 
during the period between Dec/2001 and Dec/2003. 
Samples were authenticated by Professor Heleno 
D. Ferreira at Departamento de Biologia Geral, 
Universidade Federal de Goiás. Voucher specimens are 
deposited at the Herbarium of Universidade Federal 
de Goiás (UFG, code number 25477). The Air Base 
of Anápolis-Goiás provided climate data of the study 
period.

Sample preparation

	 Dried and grounded leaves (10 g) were 
extracted with acetone:water 7:3 (4 x 50 mL) by stirring 
in an erlenmeyer at room temperature. Each extract was 
evaporated under vacuum to 30% volume, filtered in 
order to remove fats and chlorophylls, and then freeze-
dried. 

Colorimetric assays

	 The total phenolic contents of the extracts 
were determined using FeCl3 following the adaptation 
(Mole & Waterman, 1987) of the Hagerman and Butler 
method (1978). Hydrolysable tannins were quantified 
using KIO3 (Willis & Allen, 1998) and were also 
measured by the protein precipitation assay with the 
use of Bovine Serum Albumine (Hagerman & Butler, 
1978). The total flavonoid content was determined by 
a modification of the Pharmacopoeia Helvetica method 
(Petry et al., 1998) using AlCl3. All samples in the four 
assays were analysed in triplicates and the standard 
curves were constructed with tannic acid (Merck) 
for total phenolics, hydrolysable tannins, and protein 
precipitation assays. Rutin was used to prepare the 
standard curve for total flavonoid assay.

Foliar nutrient analysis

	 Samples were digested with nitric-perchloric 
acid. Concentrations of K, Ca, Mg, Cu, Fe, Mn, and Zn 
were measured by flame atomic absorption spectrometry 
(AAS, Perkin Elmer), phosphorous and sulphur were 
determined by spectrophotometry, and N content was 
assessed by the standard Kjeldahl procedure. Three 
replicate measurements were performed per plant 
sample.

Statistical analyses

	 Principal component analysis (PCA) and 
Cluster analysis (CA), with the use of SPAD.N software 
package (Lebart et al., 1994), were applied to examine 

the interrelationships between the climatic data, foliar 
nutrients, and the polyphenol content. Nearest neighbour 
complete linkage technique by Benzécri algorithm 
(Benzécri, 1980) was used as an index of similarity. 
Hierarchical clustering was performed according to 
Ward’s variance minimizing method (Ward, 1963). 
Polyphenol levels and foliar nutrient relationships 
were obtained by a canonical correlation analysis 
implemented using the SAS CANCORR procedure. 
Average multiple comparisons were established by the 
Tukey test. p-values less than 0.05 were considered to 
be significant.

Results and Discussion

	 E. uniflora has a typical phenology in the 
Brazilian Cerrado which is characterised by a short 
period of flowering in the beginning of the rainy season 
and fructification occurring from October to December 
in the wet season. During the dry season part of the 
leaves falls, mainly in August and September, when the 
mean temperature is higher and humidity is lower. With 
the beginning of the rainy season there is a flush of new 
leaves; which grow rapidly to the maximum size.
	 A combination of CA and PCA showed the 
existence of four principal clusters which are mainly 
characterized by the development stage of the leaves 
and the foliar nutrients. The majority of the data could 
be represented in two main axes which contained 
51.83% of total variance (x=31.38 and y=20.45; Figure 
1). The First Principal Component separates samples 
with high contents of all phenolics from samples 
with lower amounts of these constituents. The strong 
negative correlation between phenolic variables and 
the variables of metals Mn and Cu is clear. The Second 
Principal Component showed a gradient of leave age, 
from young leaves (Sep-Nov, cluster I) through adult 
(Dec-Apr, clusters II and III) up to old leaves (May-
Aug, cluster IV), and distinguished samples from the 
rainy and dry seasons.
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Figure 1. Scatterplot of Eugenia uniflora samples for the two 
principal components extracted in PCA to which cluster it 
belongs: I (♦), II (■), III (●), and IV (□). aAxes refer to scores 
from the samples. bAxes refer to scores from the discriminants 
which are represented as vectors from the origin.
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behaviour. While cluster II presented the lowest levels of 
all phenols, cluster III showed the highest ones (Table 1). 
The difference between these groups can be correlated 
with concentrations of Cu and Mn, 8.9 and 21.4 mg/kg in 
group II and 5.8 and 13.2 mg/kg in group III, respectively. 
In fact, the canonical correlation analysis (Table 2) shows 
a highly significant negative correlation between phenol 
contents and Cu and Mn.
	 The last cluster (May 2nd-Aug 2nd and May 3rd-
Sep 3rd), which comprised samples of old leaves from 
the dry season, was characterised by higher levels of Fe 
(499.11±158.01 mg/kg) and Ca (4.58±0.83 dag/kg) and 
moderate levels of all phenols (Table 1). In this case no 
significant relationships were found between the contents 
of Fe or Ca and tannins or flavonoids in leaves.
	 In contrast to previous studies (Scogings et al., 
2004; Santos et al., 2006; Fang et al., 2011) the levels of 
all phenolics did not present any correlation with climatic 
changes, such as rainfall and temperature. Clusters I and IV 
have no significant differences in all phenol levels despite 
occurring in distinct seasons (Table 1). In addition, in the 
present study there was no direct relationship between 
phenols and the developmental stage of the leaves, which 
was an important factor for influencing phenol variation for 
deciduous trees from temperate climate such as Quercus 
robur (Salminen et al., 2004), Juglans regia (Solar et al., 
2006), and Betula pubescens (Salminen et al., 2001).
	 Levels of phenolics in plant tissues have been 
related with the availability of nutrients. In the majority 
of studies phenolic production decreases at high nitrogen 
availability and increases under nitrogen deficiency 
(Treutter, 2010). This trend was not followed by E. 
uniflora phenolics, which showed no correlation in their 
contents with nitrogen levels. The same was observed for 
condensed tannins in Colophospermum mopane (Ferwerda 
et al., 2005). In fact, the canonical correlation analysis 
between phenols and foliar nutrients (Table 2) revealed 
that the first axis of phenolic constituent data (set 1) was 
highly correlated with the first axis of foliar nutrients (set 
2). Indeed, the first pair of canonical variates (V1 and 

	 Cluster I (Figure 1 and Table 1) was 
characterised by high levels of zinc (19.21±1.23 mg/kg), 
nitrogen (3.75±1.36 dag/kg), and medium temperature 
(22.95±1.07 °C), which were higher during the periods 
from Sep 2nd to Nov 2nd and from Oct 3rd  to Dec 3rd. 
Levels of all phenols were moderate in these periods, 
which correspond to the beginning of the rainy season 
and to an intense metabolism due to the flush of new 
leaves, flowering, and fruiting.

Table 1. Contents of phenolics and foliar nutrients in Eugenia 
uniflora leaves and climatic conditions as mean valuesa 

obtained for each cluster.
Variable Clusters

I (n = 6) II (n = 5) III (n = 5) IV (n = 9)

Total phenols (TP) 
(mg g-1 dw)

82.61 a 57.15 b 97.86 c 83.68 a

Astringency (PP)  
(mg g-1 dw)

35.06 a 24.55 b 44.55 c 33.43 a

Hydrolysable tannins 
(HT) (mg g-1 dw)

112.21 a 85.12 b 134.97 c 118.05 a

Flavonoids (FL)  
(mg g-1 dw)

3.57 a 2.09 b 4.23 a 3.36 a

Humidity (%) 69.67 ab 77.00 a 83.20 a 62.11 b

Temperature (oC) 22.95 a 22.10 ab 22.04 ab 21.26 b

Precipitation (mm) 143.63 a 197.62 a 214.92 a 11.84 b

K (dag kg-1) 0.94 a 0.79 a 0.93 a 0.83 a

Ca (dag kg-1) 2.48 a 4.23 b 4.15 b 4.58 b

N (dag kg-1) 3.75 a 2.28 ab 2.26 ab 2.40 b

Cu (dag kg-1) 8.33 a 8.90 a 5.80 ab 5.33 b

Zn (dag kg-1) 19.21 a 13.46 b 15.33 bc 15.63 c

Mn (dag kg-1) 17.58 ab 21.40 a 13.20 b 15.56 b

Fe (dag kg-1) 350.92 a 251.00 b 235.60 b 499.11 a
aMean values followed by the same letter in row are not significantly 
different at 5% level using Tukey's test.
	
	 Clusters II (Dec 1st-Apr 2nd) and III (Dec 2nd-Apr 
3rd) were both constituted by samples with adult leaves 
from the rainy season. However, they revealed an opposite 

Table 2. Canonical structure (loadings) of discriminant phenolic compounds and foliar nutrients with their canonical variates.
Phenolic compounds (mg/g) (set 1) Canonical variate (V1) Foliar nutrients (mg/kg) (set 2) Canonical variate (W1)

Total phenols (TP) 0.969 Copper - 0.645
Astringency (PP) 0.893 Zinc 0.388
Hydrolysable tannins (HT) 0.846 Manganese - 0.812
Flavonoids (F) 0.736
Eigenvalues 1.313
Canonical correlation 0.753
Wilks' Lambda 0.219
Degrees of freedom 16
p-value 0.0215
Redundancy index (%) 42.47
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W1) was correlated; their canonical correlation coefficient 
was equal to 0.753. Since the p-value of the first pair of 
CV was 0.022, the considered data sets were statistically 
correlated ca. 98% confidence level by Wilks’ multivariate 
lambda test and may be used to interpret the relationship 
between variables. Thus, phenolics revealed significant 
relationships with only three micronutrients (Zn, Cu, and 
Mn) and no correlations with macronutrients. 
	 Zinc presented a moderate positive correlation 
with flavonoids and hydrolysable tannin levels. Similar 
effects were observed for condensed tannins in seedlings 
of Aegiceras corniculatum (Guangqiu et al., 2007) and 
for flavonoids in roots of Medicago sattiva (Parry et al., 
1994). However, Manthey et al. (2000) found that in 
citrus leaves the flavonoid concentration increased with 
zinc-deficiency. In fact, plants exposed to zinc had a high 
expression of lignin biosynthesis genes (Van de Mortel et 
al., 2006) which revealed the participation of this metal 
in the shikimic acid pathway. It is premature to affirm 
whether zinc influence is always positive or negative, as 
there are very few studies relating to phenol biosynthesis 
and to this metal.
	 On the other hand, several works have reported 
the involvement of Cu and Mn in the shikimic acid 
pathway leading to the biosynthesis of several phenols, 
such as flavonoids, tannins, and lignin (Santiago et al., 
2000; Diaz et al., 2001; Loponen et al., 2001; Lin et al., 
2005; Guangqiu et al., 2007). Moreover, it is known that 
Cu and Mn influence the activity of many cellular enzymes, 
such as phenylalanine ammonia-lyase (PAL) (Santiago 
et al., 2000; Kováčik & Klejdus, 2008; Treutter, 2010), 
peroxidases (Diaz et al., 2001, Lin et al., 2005, Gross, 
2008; Kováčik et al., 2009), laccases (Lin et al., 2005), 
and shikimate dehydrogenase (Diaz et al., 2001, Kováčik 
et al., 2009). 
	 In plants with copper and manganese deficiency 
lignification is impaired and phenolics accumulate in the 
plant tissues (Marschner, 1997; Lin et al., 2005). Guangqiu 
et al. (2007) observed a dose response effect of copper 
on foliar condensed tannins in seedlings of Aegiceras 
corniculatum. At first tannins decreased with an increase 
in copper supply; however, when copper reached toxic 
levels the tannin concentration also increased. These 
results demonstrated that the biosynthesis of phenolic 
compounds is dependent on Cu and Mn levels: in deficient 
tissues lignification is inhibited, then so the production of 
other phenolics is enhanced, which is probably the case of 
cluster III. When Cu and Mn achieve sufficient levels (6.0 
and 20 mg/kg respectively) lignin biosynthesis increases, 
most likely using other phenolics as intermediates. 
	 The reduction in hydrolysable tannins in cluster 
II (Table 1) also could be due to the insolubilization of the 
ellagitannins as already observed in birch leaves. The latter 
showed an increase in the amount of insoluble ellagitannins 
related to increase in leaf toughness (Salminen et al., 

2002), indicating that part of the phenolics can be bound 
to cell wall polymers. In addition, the amount of polymers 
of ellagitannins might also be increased, as a laccase-like 
phenol oxidase, which is copper-dependent, is responsible 
for the oxidative condensation of ellagitannin monomers 
(Niemetz & Gross, 2005).
	 In summary, the seasonal production of flavonoids 
and hydrolysable tannins depends of various biotic and 
abiotic factors and there is not a unique trend emerging from 
the various studies, as conflicting results have already been 
observed. It appears that the balance among micronutrients, 
such as Zn, Cu, and Mn, may influence a competition 
between the different classes of phenolic compounds. In a 
practical view the optimization of micronutrients fertilizer 
levels could regulate the amounts of specific active 
phenolic compounds. Thus, more information concerning 
the possible role of these metals in the biosynthesis of 
each class of phenols is necessary for the improvement of 
medicinal plants cultivation practices. 
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