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ABSTRACT 

Fruits and vegetables that are rich in polyphenolic compounds, especially flavonoids, may be used to benefit human health by reducing the 
incidence of cancers and cardiovascular diseases. Previous studies have demonstrated the antioxidant activity of guava, a fruit widely available in 
Brazil, possibly due to the presence of these polyphenolic compounds. The aim of this study was to analyze the total phenolic and flavonoid contents 
of various guava extracts, assay their antioxidant activity and record the chromatographic profiles of these extracts, to determine a simple and low 
way of extracting these compounds efficiently from guava. The results confirmed the presence of polyphenols in guava, including flavonoids, and its 
antioxidant activity. Furthermore, it was demonstrated that the 70% ethanol (by volume) was the most effective solvent to extract these compounds 
from the fruit, among those tested. 
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INTRODUCTION 

Despite the scarcity of studies in this regard, it has long been known that 
plants are a rich source of organic compounds that can be extracted 
economically and in sufficient quantities to be used as raw materials for 
scientific studies and commercial and technological applications1,2.  

The interest in using these organic compounds derived from plants 
arises from the fact that the consumption of fruits and vegetables is 
associated with reduced incidence of cancer and cardiovascular 
diseases, while many bioactive compounds are beneficial to human 
health. Recently, scientists have found evidences that specific 
combinations of phytochemicals are more effective in protecting 
against diseases than the isolated compounds3, pointing to a need to 
study the synergy among active compounds in plants, for example, 
by experimenting with plant extracts. 

Psidium guajava L. is an evergreen tree of the Myrtaceae family 
found in several tropical and subtropical regions in the world, which 
produces the guava, one of the most nutritious fruits of these 
regions4,5, which has been gaining visibility in the agro-food industry 
due to its taste and high nutritional value6. The products that result 
from its industrial processing are juice, squash, jam, jelly and the 
guava itself. The fruit contains sugars, iron, calcium, phosphorus and 
vitamins A, B and C in higher concentrations than most other fruits. 
It is rich in fiber and carotenoids, particularly lycopene, a substance 
important in the prevention of some types of cancer4,7-8. 

Many pharmacological activities of this plant have been described: 
antioxidant, hepatoprotective, anti-allergy, antimicrobial, 
antigenotoxic, antiplasmodial, cytotoxic, antispasmodic, 
cardioactive, antitussive, antidiabetic, anti-inflammatory and 
antinociceptive activities, stimulating many studies with this plant9. 

In guava there are phenolic compounds, especially the flavonoids, 
and vitamin C, both of which are powerful antioxidants, of great 
importance in preventing the action of free radicals in the body and, 
therefore, able to prevent cancer and help to prevent premature skin 
aging10-12. The health-related properties possessed by phenolic 
compounds are based mainly on their antioxidant activity, 
particularly as free-radical scavengers13 and as metal chelators 
capable of catalyzing the peroxidation of lipids14,15.  

It has been demonstrated that polyphenols have the ability to 
counteract the toxicity, mutagenicity and carcinogenicity of various 
chemical products16-18. Since these compounds can be beneficial to 
human health, the aim of this study was to improve the extraction 

procedure of secondary metabolites from guava fruits in order to 
increase the levels of phenolic compounds and flavonoid in the 
extract, assessing their contents by colorimetric assays associated 
with the study of its chromatographic profile and antioxidant 
activity. The techniques employed in this study to assess the extracts 
are constantly used because they are simple, inexpensive and 
provide meaningful data19,20. 

Other studies have assessed the phenolic and flavonoid contents of 
guava fruit6,21,22, but usually it has been done in the fresh fruit and 
without stabilizing and concentrating the active compounds by 
drying the guava. 

MATERIAL AND METHODS 

Chemicals and reagents 

Sodium hypochlorite 0.2% (LabSynth), ethanol (LabSynth and 
Chemis), Folin-Ciocalteau reagent (Imbralab), sodium carbonate 
(Na2CO3) (Quimex), gallic acid (Sigma), sodium nitrite (NaNO2) 
(Merck), aluminum chloride (AlCl3) (Merck), sodium hydroxide 
(NaOH) (Chemis), rutin (Sigma), quercetin (Sigma), 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical (Sigma-Aldrich), methanol PA and HPLC 
grade (Merck, Chemis), ascorbic acid (Galena), ABTS (Sigma), 
potassium persulfate (Synth), solid phase extraction cartridges (SPE) 
of reverse phase (C18) 200 mg/3 mL (Phenomenex), Phenomenex 
Synergi Hydro C18 column (250 × 4.6 mm i.d.; 3.5 μm particle size), 
membrane filter 0.45 μm pore size (Millipore), acetonitrile 
(Mallinckrodt, Baker Inc), trifluoroacetic acid (Riedel-deHaën). 

Plant material 

P. guajava L. (Myrtaceae) fruits, Paluma cultivar, were picked trees 
in March 2009 in São Lourenço do Turvo, São Paulo (Brazil).  

Preparation of fruit extracts 

The whole guavas were disinfected in a sodium hypochlorite 
solution (0.2%) for 2 hours and then rinsed in distilled water. Next, 
fruits were cut into small pieces, dried at 60 ⁰C to constant weight 
(around 72 hours) in an air circulation chamber, and finely 
powdered in a knife mill (590 μm mesh size). Samples of 50 g of the 
milled plant were percolated with 1.5 L of ethanol (70 vol%, 90 vol% 
or absolute) at room temperature, or macerated with the same 
volume of deionized water (Gehaka, São Paulo, Brazil) at 5±2 ⁰C for 
96 hours. Before the percolation process, 300 mL of the water-
ethanol mixture was left in contact with the fruit powder for 18 
hours, after which 1.2 L of the mixture was added and the 
percolation process was carried out for 78 hours. 
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The extracts were filtered through filter paper, concentrated under 
reduced pressure (MA-120, Marconi rotavapour) at 60 °C, frozen, 
and lyophilized (Modulyo D Freeze Dryer, Thermo Scientific). The 
fruit extracts were stored in amber flasks at a controlled 
temperature (5 ±2 oC) and assigned according to their extractor 
liquid as E70 (70% aqueous-ethanol), E90 (90% aqueous-ethanol), 
E100 (absolute ethanol), EAq (distilled water) extracts. 

Phytochemical analysis of fruit extracts  

The phytochemical screening of guava fruit extracts was performed 
according to standard procedures in order to identify the major 
secondary metabolites present23,24. A combination of tests was 
applied to hydroethanolic solutions of extracts, which were 
subjected to thin-layer chromatography (silica gel 60 F254 aluminum 
sheets, 20 × 20 cm, 0.2 mm thickness, Sorbent Technologies). 
Alkaloids were investigated by spraying the TLC plates with 
Dragendorff’s and iodoplatinate reagents, associated with 
precipitation reactions with Bertrand, Mayer, Bouchadart, and Hager 
reagents. Flavonoids were detected by their intense fluorescence 
under UV light on TLC after spraying with natural 
product/polyethylene glycol (NP/PEG) and 5% aluminum chloride, 
in addition to the results from Shinoda, Pew, Pacheco and Taubock 
reactions. Tannins were characterized by precipitation reactions 
with 5% ferric chloride in methanol and with 1% gelatin solution. 
Coumarins were investigated by their fluorescence under UV light 
after spraying TLC plates with 10% potassium hydroxide in 
methanol. Triterpenes and steroids were analyzed by Liebermann-
Buchard, Keller-Kiliani, Pesez and Kedde reactions, and by spraying 
anisaldehyde-sulphuric acid reagent on TLC (observed after heating 
the plate for 5 min at 100 oC). Anthraquinones were investigated by 
the Borntrager reaction. For saponins was used the foaming test. 
The Guignard (picrate) reaction was used for cyanogenic glycosides 
and Fehling’s reagent for reducing sugars.  

The fruit extracts were additionally analyzed by High Performance 
Liquid Chromatography coupled to Photodiode Array Detection 
(HPLC-UV/PAD). A Jasco 2000 HPLC system was used, fitted with a 
PU-2089 Plus pump, a MD-2010 Plus photodiode array detector, and 
an AS-2055 Plus autosampler. Prior to HPLC analysis, fruit extracts 
(40 mg) were subjected to solid-phase extraction cartridges (Sep-
Pak C18, 200 mg, Phenomenex), eluted with methanol:water (8:2, 2.0 
mL, v/v). The HPLC eluents were filtered through a 0.45 μm 
polytetrafluoroethylene (Millex, Millipore) membrane filter and 
subjected to HPLC-PAD analysis. Separation was achieved with a 
Phenomenex Synergi Hydro C18 column (250 × 4.6 mm i.d.; 3.5 μm 
particle size) equipped with a Phenomenex security guard column 
(4.0 × 2.0 mm i.d.). The mobile phase consisted of water (eluent A) 
and acetonitrile (eluent B), both containing 0.05% of trifluoroacetic 
acid. The gradient program was as follows: 5-10% B for 10 min, 10-
40% B for 40 min, and 40-95% B for 60 min, at a flow of 1.0 mL/min. 
Peaks were monitored by PAD, scanning from 200 to 600 nm. The 
program EZCrom Elite 3.1.7 (Agilent Technologies) was used for 
data acquisition and processing. The room temperature was kept at 
25 oC by an air-conditioning system.  

Total Phenolic Content  

Total phenolic content was determined by reaction with Folin-
Ciocalteu reagent (Imbralab), as described by Singleton and Rossi 
(1965)25 and Kähkönen et al. (1999)26. Briefly, solutions of the four 
extracts in deionized water were prepared to give a final 
concentration of 6 mg/mL. Each solution (400 μL) was mixed with 2 
mL of Folin-Ciocalteu reagent (which had previously been diluted 
10-fold with distilled water) and allowed to stand at room 
temperature for 8 min; 1.6 mL of 7.5% Na2CO3 solution was added to 
the mixture. Contents of the tubes were mixed and allowed to stand 
in the dark for 30 min, after which the absorbance was measured at 
765 nm (Hitachi U-2001). The results were expressed as gallic acid 
equivalents per 100 mg of crude extract (mg GAE/100 mg extract). 

Flavonoid content  

Flavonoid content was determined by the procedure described by 
Zhishen et al. (1999)27. Solutions of the four extracts in deionized 
water were prepared to give a final concentration of 6 mg/mL. Each 

solution (5 mL) was mixed with 0.3 mL of 5% aqueous NaNO2 (w/v) 
and allowed to stand at room temperature for 5 min; 0.6 mL of 10% 
AlCl3 solution (w/v) was added to the mixture. After 6 min, 2 mL of 
1M NaOH and 2.1 mL of water were added to the mixture. The 
absorbance was measured at 510 nm (Hitachi U-2001). The results 
were expressed as quercetin (Q) and rutin (R) equivalents per 100 
mg of crude extract (mg Q or R/100 mg extract). 

DPPH Method  

The radical scavenging activity was determined by using the stable 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical (Sigma-Aldrich), as in 
Mensor et al. (2001)28 and Falcão et al. (2006)29, with modifications. 
Solutions of the four extracts in deionized water were prepared to 
give final concentrations in the range of 0 to 30 mg/mL. An aliquot of 
each solution (1 mL) was mixed with 2.5 mL of 0.004% DPPH 
solution in methanol. After 30 minutes of incubation in the dark, the 
absorbance was measured at 515 nm. The antioxidant activity was 
expressed as IC50, defined as the final concentration of the tested 
sample required to scavenger 50% of the DPPH radical. 
Linear regression analysis was used to calculate the IC50 values30. 
The same procedure was followed with ascorbic acid, a standard 
antioxidant substance. 

Statistical Analysis  

All determinations were performed at least in triplicate; average 
values and standard deviations (SD) were calculated. Differences 
were analyzed by ANOVA and Tukey’s test if necessary. Significance 
was accepted if p<0.05. 

RESULTS AND DISCUSSION 

Preparation of fruit extracts 

When the plant material was dried to constant weight, it lost 84.48 ± 
0.33% of its original weight, showing that this is the percentage of 
water in guava. This result corroborates those of Medina and Pagano 
(84.3 ± 0.1%)31 and Franco (86.07%)32. This step allowed better 
preservation of the plant material, since high humidity enables the 
proliferation of microorganisms and occurrence of enzymatic 
reactions which could impair its quality33. 

During the powdering process, the hard seeds remained unbroken 
and were separated from the powder, despite the presence of 
phenolic compounds, because the presence of cytotoxic compounds 
in the seeds, such as phenylethanol glycosides, could have undesired 
effects when using these extracts in high concentrations in food, 
pharmaceutical or cosmetic products34,35. 

The size of the fruit particles is an important parameter that should 
be taken into consideration to optimize the phenol content in the 
extracts. For this reason 590 μm mesh was selected for the extract 
preparation. The reduction of the particle size led to increase of the 
contact surface area between plant material and extraction solvent, 
promoting a more efficient extraction process and increasing the 
yield of extract, while reducing the volume of solvent used and 
decreasing the extraction time36.  

The extraction procedure was carried out by using water and 
ethanol as extractor liquids. This choice was based on two concepts: 
the molecular affinity between the antioxidant compounds and these 
solvents and, also, the inherent safety in using these liquids and their 
low impact on the environment37-39. Another advantage is easy 
availability and low cost39.  

Four different solvent systems were used: water, absolute ethanol, 
and aqueous ethanol at 90 vol% and 70 vol%. According to a 
review of techniques37, the steps employed in the present study to 
choose the best extraction method for bioactive compounds from 
guava were appropriate, since, for the identification and isolation 
of bioactive compounds from natural sources is suggested the 
extraction with solvents of varying polarities. This procedure 
allows results to be compared, so as to optimize extraction 
efficiency. 

The use of percolation as the method of extraction was based on the 
simplicity of this process, which does not waste energy and needs no 
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filtration step, and can be done at room temperature and without 
incidence of radiation. The two last characteristics are of great 
importance when dealing with compounds sensitive to light and to 
temperature, such as phenolic compounds. Moreover, according to 
Kassing et al. (2010)40, in the percolation process there is a 
constantly high concentration gradient which results in an almost 
complete leaching of extractable components. 

However, in the case of extraction with water as solvent, the fine 
particle size hindered the flow of the solvent through the plant 
material, excluding the use of percolation as the extraction method 
in this case. For this reason, the aqueous extract was obtained by 
maceration. 

The extraction was performed at room temperature, thus avoiding 
high temperatures, as the plant extract is rich in polyphenols whose 
structures are readily modified. 

The yield of each extract is shown in Table 1. Statistically, the yield of 
the extraction in 70 % ethanol (E70), 90% ethanol (E90) and water 
(EAq) were equal. Only the extract obtained in absolute ethanol 
(E100) had a lower yield. Hence, on the industrial scale, E100 would 
probably be of less interest. However, this parameter cannot be used 
alone in choosing the best extraction process, since the amounts of 
compounds of interest present in the extracts should also be analyzed. 
For this reason, phytochemical analyses were performed, to examine 
the contents of such compounds in each extract. 

 

Table 1: Total yield of extracted solids in 70 vol% and 90 vol% aqueous ethanol, absolute ethanol and water. 

Extract Extraction 1 Extraction 2 Extraction 3 Mean SD Yield (%) 
E70 22.30 22.73 23.17 22.73a 0.43 45.03 
E90 23.89 23.11 21.63 22.88a 1.15 45.76 
E100 15.27 17.48 15.81 16.19b 1.15 32.37 
EAq 18.68 22.64 20.32 20.55a 1.99 41.10 

a,b At p<0.05, the yields are different for different letters. 
 

Phytochemical analysis 

Phytochemical screening by TLC indicated a qualitatively similar 
chemical composition in all fruit extracts. The main classes of 
secondary metabolites were suggested to be phenolic compounds, 
flavonoids, tannins, terpenes, steroids and reducing sugars; while 
alkaloids, anthraquinones, coumarins and cyanogenic glycosides 
were not detected. 

The HPLC-UV-PAD fingerprints of the fruit extracts are shown in 
Figure 1. Despite a few differences in the number of peaks, from our 
analysis of the UV spectrum and retention times (Rt) of the eluted 
peaks we suggest that all chromatograms (at 254 nm) are 
qualitatively similar, with respect to the major compounds. Peaks 1 
(Rt 4.2 min), 2 (Rt 5.5 min), 3 (Rt 6.3 min) and those in region 5 (Rt 

10.228.7 min) exhibited two absorption maxima, around 209 and 
260-290 nm, which is indicative of phenolics, without any specific 
assignment. Peak 4 (Rt) showed intense UV bands at 224 and 284 

nm for another phenolic compound. In the region 6 (Rt 2936 min), 
the UV spectrum displays bands of maximum absorption at 257 and 
359 nm, typical for flavonoids41.  

A general comparison of the hydroalcoholic extracts E70, E90 and 
E100 suggested that they are similar, probably because of the 
proximity in polarity of the solvents, which implies that these three 
solvents were able to extract the same class of metabolites. The most 
significant difference between these hydroalcoholic extracts appears 
to be in the concentration of the active phenolics, since the peak 
areas of E70 suggest higher concentrations in this extract than in the 
others, leading to the conclusion that 70 vol% ethanol was the 
solvent that extracted the compounds of interest to this study most 
efficiently. On the other hand, the chemical fingerprint of EAq 
showed more pronounced qualitative differences, suggesting that 
the use of water to extract the guava led to extraction of the same 
groups of metabolites, but in different amounts. 
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Fig. 1: HPLC-UV/PAD profiles and UV spectra of the representative compounds in the fruit extracts of P. guajava L. For chromatography 
conditions see text. 

Total phenolic content  

The total phenolic content results (Table 2) showed that the most 
effective solvent to extract phenolic compounds from the dried and 
powdered P. guajava L. was 70% (v/v) aqueous ethanol, followed by 
water and finally by 90% ethanol and absolute ethanol, these last 
two showing the same extraction efficiency. These results are 
consistent with a study by Shouqin et al. (2005)42, which showed 
that the amount of flavonoids extracted is strongly influenced by the 
concentration of ethanol in water, rising with increasing ethanol 
concentration up to 75 vol%, but falling with increasing ethanol 
concentration beyond this point. 

Combining these results with the total yield of the extraction, it is 
possible to infer that the E70 and EAq extracts are of greater 
interest. 

It can be seen that, while both ethanol and water are solvents able to 
extract phenolic compounds, the mixture of these solvents 
containing ethanol at 70 vol% has a greater capacity in the 
extraction of these compounds from Psidium guajava L. 

Alothman et al. (2009)22 assayed the total phenolic content of the 
Thai seedless cultivar of guava, using the fresh fruit, and obtained 
155 ± 2.12 mg GAE/100 g fresh weight which corresponds to 
15.39% of the content found in the E70 extract in this study. 

Flavonoid content  

The flavonoid content of the extracts was investigated because of the 
interest in exploiting the power of these compounds to reduce 
oxidative damage to cells, demonstrated in several studies43. The 
results obtained are shown in Figure 2. 

 

Table 2: Total phenolic content expressed as gallic acid equivalents per 100 milligrams of crude extract (mg GAE/100 mg extract) 

Extract Extraction 1 Extraction 2 Extraction 3 Mean SD 
E70 0.99234 1.162536 1.059676 1.071517 a 0.085713 
E90 0.746877 0.701582 0.745857 0.731439b 0.025862 
A100 0.606330 0.709860 0.665709 0.660633b 0.051951 
EAq 0.859739 0.879807 0.870251 0.869932c 0.010038 

a, b, c Different letters indicate that the phenolic content in the extracts are significantly different (p<0.05). 

 

 

Fig. 2: Concentration of total phenolic compounds in gallic acid equivalents and flavonoids in quercetin and rutin equivalents in the E70 
and EAq crude extracts 
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The results obtained for the extracts in 90 vol% ethanol and 
absolute ethanol could not be used, since, during the assay to 
determine the flavonoid content, the solution prepared for 
absorbance readings in the spectrophotometer was found to be 
turbid. Some component present in these extracts must have been 
insoluble in the reaction mixture or some chemical reaction 
between the constituents led to an insoluble product. Results of a 
literature search suggest that pectin or hemicellulose, extracted 
from the cell walls of the fruit, may become insoluble on the 
addition of sodium hydroxide during the assay to determine the 
flavonoid content44. 

As was observed in the determination of phenolic compounds, the 
E70 extract showed a higher concentration of flavonoids than the 
EAq extract. Probably, if it had been possible to obtain results for the 
E90 and E100 extracts, they would have contained lower 
concentrations of these components, since flavonoids are a common 
class of phenolic compounds. 

It was also observed that the concentration of flavonoids in E70 in 
quercetin equivalents was higher than that measured in rutin 
equivalents (Figure 2), differently from what is observed in EAq. 

In Figure 1, it may be noted that the results are consistent, in that a 
higher concentration of phenolic compounds than flavonoids was 
found, as expected, because it is known that the phenolic compounds 
of guava are mainly represented by flavonoids and tannins. 

Antioxidant activity  

The analytical curve (inhibition percent of the DPPH radical versus 

ascorbic acid concentration in µg/mL) produced by measuring the 
scavenging of DPPH radical by ascorbic acid is described by the 
equation: y = 20.78 x – 0.63 (R = 0.99947), so that the IC50 of 
ascorbic acid is 2.4365 μg/mL. 

The results of the assay of antioxidant activity for the four crude 
extracts are shown in Figure 3 and Table 3. 

 

Fig. 3: Antioxidant activity of the crude extracts measured by the capacity to scavenger the DPPH radical 
 

The antioxidant activity of the extracts can be compared with their 
concentrations of phenolics and flavonoids and it can be observed 
that a correlation exists between the amounts of these compounds 
and the antioxidant activity45, since these components, together with 
ascorbic acid, also present in P. guajava L. extracts, are probably 
responsible for most of this effect in the extracts. 

In Table 3 are listed the IC50 values for each of the extracts. To obtain 
these values, a curve of inhibition percent of DPPH versus the 
concentration of the extract was built. These curves provided 
enough information to allow the amount of extract needed to quench 
50% of the free radicals in the reaction mixture to be calculated. The 
results were obtained in triplicate for each of the extracts and for 
three separate extractions. 

 

Table 3: IC50 values of the crude extracts obtained (mg of crude extract/mL) 

Extract Extraction 1 Extraction 2 Extraction 3 Mean SD 
E70 0.29319 0.29234 0.28616 0.29056a 0.00383 
E90 0.68617 0.67415 0.70747 0.68926b 0.01687 
E100 0.89163 0.93128 0.85919 0.89403c 0.03611 
EAq 0.7008 0.67036 0.6598 0.67699b 0.02129 

a, b, c Different letters indicate that the IC50 values of the extracts are different (p<0.05). 
 

The antioxidant activity found in E70 allows several potential uses 
to be suggested, including: cosmetic use in the prevention of 
premature skin aging46,47 and chemoprevention of cancers and other 
chronic diseases48-52. 

Finally, from this study it may be concluded that guava is a fruit rich 
in bioactive compounds that might be used in various ways to offer 
to the population the possibility of preventing certain chronic 
diseases at low cost. 
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