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Abstract

Phenolic compounds are natural antioxidants and can be found with abundance in fruits and vegetables. One
of the first methods created for analyzing phenolic compounds was the Folin-Denis method; and hereafter,
the Folin Ciocalteu method was developed and recently, one of the most recent method is the Fast Blue. Due
to the importance of these compounds in food, this work aimed to determine the total phenolic compounds
in three fruits, such as: Passion Fruit, “Palmer” mango and "Pera” orange. In addition, these fruits were analyzed
through three different determination methods. Furthermore, the content of vitamin C, soluble solids,
titratable acidity and pH of these fruits were evaluated. Based on the results, it was verified that there was no
difference among the values of vitamin C, soluble solids and TA in relation to those found in the literature.
When comparing the three methods (Fast Blue BB, Folin-Ciocalteu Reagent and Folin-Denis Reagent), the
results showed a difference in the phenolic compounds that may be related to the distinct reagents used in
each method and its different action.

Keywords: Fast Blue BB; Folin-Denis; Folin-Ciocalteu; Quantification.

Resumo

Compostos fendlicos sdo antioxidantes naturais e podem ser encontrados com abundancia em frutas e hortaligas.
Um dos primeiros métodos criados para analise de compostos fendlicos foi o método Folin-Denis; posteriormente,
foi criado o método Folin Ciocalteu e um dos mais recentes é o método Fast Blue. Pela importancia desses
compostos nos alimentos, este trabalho teve o objetivo principal de determinar os compostos fendlicos totais em
trés frutas: maracuja, manga e laranja, por trés diferentes métodos de determinacdo. Além disso, foram avaliados o
teor de vitamina C, sélidos soluveis, acidez titulavel e pH dessas frutas. Diante dos resultados, verificou-se que ndo
houve diferenca nos valores de vitamina C, solidos solUveis e acidez titulavel em relagcdo aos valores encontrados
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na literatura. Ao comparar os trés métodos (Fast Blue BB, Folin Ciocalteu e Folin-Denis), verificou-se diferenca nos
teores de compostos fendlicos, que pode estar relacionada com os distintos reagentes utilizados em cada método
e seus varios modos de agdo.

Palavras-chave: Fast Blue BB; Folin-Denis; Folin Ciocalteu; Quantificagéo.

1 Introduction

Phenolic compounds are natural antioxidants sources found in fruits and vegetables. They act as
anti-pathogenic agent and contribute to pigmentation, being also responsible for the astringency,
aroma and oxidative stability (Angelo & Jorge, 2007). In human nutrition, phenolic compounds can
decrease free radicals present in the body, which may be related to stress, thereby reducing the risk of
cardiovascular diseases and others. These compounds are defined as a class of secondary metabolites,
which have at least one hydroxyl group attached directly to an aromatic ring (Salvi, 2015).

To quantify total phenolic compounds, there are some methodologies available: Folin-Denis Reagent
(FDR), Folin-Ciocalteu Reagent (FCR) and Fast Blue BB. It is interesting to analyze which of these existing
methods may be “the best” adjusted to the different needs, taking into consideration which reagents are
available as well as their costs. Another interesting factor is whether these three methodologies may be able
to estimate values efficiently or even if they present similar results, before replacing one for another, since
the methodologies proposed by different researchers have common objectives of evaluating the content of
phenolic compounds.

The Folin-Denis method, described by Swain & Hillis (1959), is based on the reduction of
phosphomolybdic-phosphotungstic acid reagents by the phenolic hydroxyls and produces a blue complex
that absorbs between 620 and 740 nm, with a maximum wavelength of 760 nm. The reaction occurs in
alkaline medium and the saturated solution of sodium carbonate (Na;COs3) tends to be the most indicated
base (Angelo & Jorge, 2007).

The Folin-Ciocalteu method uses the FCR and this reaction is based on the interaction of reducing
substances with this FCR (Pires et al., 2017).

Regarding the technique known as “Fast Blue”, a coupling reaction takes place between the Fast Blue BB
diazonium salt and the phenolic compounds. The reaction occurs in slightly alkaline medium and is quantified
by spectrophotometry at 420 nm (Medina, 2011a). The aim of this work was to quantify the content of Total
Phenolic Contents (TPC) from Passion Fruit, “Pera” orange and “Palmer” mango comparing the Folin Denis,
Fast Blue BB and Folin-Ciocalteu methods, as well as quantify vitamin C, TA, pH and soluble solids.

2 Material and methods

The analyzes were performed at the Post-Harvest Laboratory of the Universidade Federal de Lavras
(UFLA), in the state of Minas Gerais (MGQG). The fruits were obtained in a local market in the city of Lavras
(MG) in July 2017.

To prepare the extract, 10 g of the sample were weighed and 20 mL of methanol 50%, were homogenized
in polytron, centrifuged for 15 minutes at a rotation of 14000 rpm under refrigeration, filtered and stored for
further analysis. The extracts were stored in a refrigerator at 8 °C.

The determination of the phenolic compounds by the Folin-Denis method was made according to Deshpande et al.
(1986). The analyzes were carried out in triplicate, 0.5 mL of the sample extract, 8.0 mL of water, 0.5 mL of the
Folin-Denis solution and 1 mL of sodium carbonate (Na,CO3) were used. Samples rested for 30 minutes in the dark.
The readings were performed through a spectrophotometer at 760 nm and results were expressed in “mg” of tannic
acid/100 g. For performing this analysis, the method of Paula et al. (2016) was followed.
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The determination of phenolic compounds by the Folin-Ciocalteu method was carried out according to
Paula et al. (2016). Thus, 0.5 mL of sample solution, 2.5 mL of Folin-Ciocalteu, 2.0 mL of 7.5% of Na,COs
were added to the tubes. Afterwards, the samples were left resting at room temperature for two hours.
Absorbance was read on a spectrophotometer at 760 nm and the results were expressed in “mg” of gallic
acid/100 g. The pH determination of soluble solids was performed in a digital refractometer according to
Association of Analytical Communities (Association of Official Analytical Chemists, 2016), however,
soluble solids were expressed in “%”. The TA was determined according to Association of Official Analytical
Chemists (2016) and expressed in “%”. Vitamin C was determined according to Strohecker & Henning
(1967) and expressed in “mg” ascorbic acid/100 g. The statistical analysis was performed using the SISVAR
software (Ferreira, 2011).

To perform the analysis by Fast Blue BB, this method was adapted from Soares (2015). Thus, 2000 mL
of the fruit sample, 200 mL of Fast Blue BB reagent was added to test tubes. Subsequently, the tubes were
vortexed for three minutes. The samples were kept without light for two hours. Soon after, the samples were
vortexed for three minutes and the reading was performed in a spectrometer at 420 nm.

3 Results and discussion

Phenolic compounds have important functions for fruits and vegetables, such as cell protection, oxidizing
activity and support. They are able to inhibit reactive oxygen species, transfer electrons to free radicals, even
as to activate antioxidant enzymes and inhibit oxidase enzymes (Dumitriu et al., 2015).

There was a statistical difference between the values found for TPC by different methods. The highest
values were found by Folin-Denis method, whereas the smallest ones by Fast Blue BB (Table 1).

Table 1. Total phenolic average values for “Pera” orange, Passion Fruit and “Palmer” mango measured by
Folin-Denis, Folin-Ciocalteu and Fast Blue BB methods.

Sample Folin-Denis Folin-Ciocalteu Fast Blue BB
mg of acid tannic/100 g mg of acid gallic/100 g mg of acid gallic/100g
“Pera” orange 196.00* 48.83° 1.84¢
Passion Fruit 190.70* 32.52° 7.98¢
“Palmer” mango 280.272 55.04° 1.83¢

Averages followed by the same letters do not differ from each other by the Tukey’s test, at 5% significance.

It is assumed that this difference is due to the reagents used in each method and the interference of these
reagents in the phenolic compounds present in the fruits.

The Folin-Denis method is not a specific method, since it determines all phenolic compounds, in addition reducing
substances, these compounds may interfere in the results (Angelo & Jorge, 2007). The Folin-Ciocalteu method is a
more sensitive method to reduce phenolic compounds and decrease the tendency of precipitation (Angelo & Jorge,
2007). The Fast Blue BB method consists on the “elimination” of possible interference of non-phenolic compounds,
as well as found in the Folin-Ciocalteu methodology (Medina, 2011b).

Other authors compared some of these methods and had similar results. Chaves (2014) evaluated the
efficiency of two techniques, such as Folin-Ciocalteu and Fast Blue, in strawberry cultivars. The techniques
are the same when the levels of phenolic compounds are observed (Chaves, 2014).

In another work regarding TPC, the authors compared two methods (Folin-Ciocalteu and Folin-Denis) in
barks of Angico-vermelho and could find that the methodologies used in the quantification of TPC were
statistically the same (Sartori et al., 2014). In addition, they indicated the use of the Folin-Denis methodology,
because they spent less reagents and it resulted in lower costs and generation of chemical residues
(Sartori et al., 2014).
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Finally, Lester et al. (2012) studied test interference comparing Folin-Ciocalteu and Fast Blue BB methods
in strawberries and the results showed that the Fast Blue BB assay provided more accurate estimates of TPC
due to the direct reaction with phenolic compounds present in strawberry (Lester et al., 2012).

According to the knowledge of the pH values, it is possible to produce foods with significant acceptance
by consumers, seeing that each product has an ideal pH range, however, this also interferes in the food shelf
life. Food with lower pH may have greater resistance to micro-organism attacks. “Palmer” mango is the fruit
with the lowest acidity, among the fruits analyzed (Table 2).

Table 2. Average pH values of “Palmer” mango, “Pera” orange and Passion Fruit.

Sample pH
”Palmer” mango 5.01°
“Pera” orange 3.74%
Passion Fruit 3.11¢

Averages followed by the same letters do not differ from each other by the Tukey’s test, at 5% significance.

The results obtained in this work are similar to those found by other authors when evaluating the same fruits.
In the yellow Passion Fruit pulp, pH values ranged between 3.03 and 3.51 (Gomes et al., 2009). For the “Tommy
Atkins” mango, it could be obtained a pH result between 4.04 and 4.38 (Brunini et al., 2002). A study with varieties
of oranges showed that the pH from these oranges ranged from 3.11 to 4.04 (Venancio & Martins, 2012).

Organic acids present in foods have important functions in terms of taste, odor, color, stability, quality
maintenance and shelf life (Souza et al., 2010). In view of the results, the TA value of the “Palmer” mango
was the lowest, by indicating the lowest acidity (Table 3).

Table 3. The average values of titratable acidity (TA) of “Palmer” mango, “Pera” orange and Passion Fruit.

Sample Titratable acidity (%)
”Palmer” mango 0.13¢
”Pera” orange 0.83°
Passion Fruit 4.432

Averages followed by the same letters do not differ from each other by the Tukey’s test, at 5% significance.

In the study performed by Couto & Canniatti-Brazaca (2010), the TA of orange and tangerine ranged
between 0.23 and 1.48, and these values were expressed in percentage of citric acid to 100 mL of juice. The
value of TA (%) in “Pera” oranges ranged between 1.14% and 0.12% (Lim et al., 2007). For Passion Fruit,
the Total Titratable Acidity (TTA) in a work that evaluated the characteristics of this fruit ranged between
3.9% and 4.4% (Cavichioli et al., 2011). In a study of characterization of mango tree fruits, the TA for
“Palmer” mango was 0.20% (Silva et al., 2009).

With the ripening of the fruits, the soluble solids may increase due to the degradation of stock substances
such as glucose, fructose, sucrose and starch (Payasi et al., 2009). Orange was the fruit that presented the
lowest soluble solids content and it might be a characteristic of a fruit that has less sugar than the other fruits
evaluated (Table 4).

Table 4. Soluble solids average values of “Palmer” mango, “Pera” orange and Passion Fruit.

Sample Soluble solids (%)
“Palmer” mango 13.15°
“Pera” orange 8.65°¢
Passion Fruit 15.65%

Averages followed by the same letters do not differ from each other by the Tukey’s test, at 5% significance.
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The values of soluble solids can vary according to maturation, planting site and time of the year. Couto &
Canniatti-Brazaca (2010) could evaluate soluble solids values in oranges and tangerines, and the soluble
solids values were 9.11 and 14.33%, respectively. Comparing to tropical fruits, a value of 10.60 and 0.09°
Brix was obtained in “Pera” orange. The soluble solids content for mango could range from 10 to 13%
(Medlicott et al., 1988). For Passion Fruit juice, the value of soluble solids was from 11 to 20%
(Pinheiro et al., 2006).

The main sources of vitamin C (ascorbic acid) are fruits and vegetables, and the ascorbic acid content of
fruits and vegetables may decrease during storage owing to oxidation that is dependent on factors such as light,
temperature and the presence of oxidizing enzymes (Cheftel, 1992). In this work, the values of vitamin C found
in “Palmer” mango, “Pera” orange and Passion Fruit are shown in Table 5. According to these results, it was
possible to verify that “Palmer” mango was the fruit that presented higher content of vitamin C.

Table 5. The average values of vitamin C for “Palmer” mango, “Pera” orange and Passion Fruit.

Sample Vitamin C (mg of ascorbic acid/100 g)
“Palmer” mango 82.15*
“Pera” orange 37.30°
Passion Fruit 42.17°

Averages followed by the same letters do not differ from each other by the Tukey’s test, at 5% significance.

Regarding the vitamin C of Passion Fruit, the authors De Marchietal. (2000) obtained a variation from
approximately 11.53 to 27.02 mg of ascorbic acid/100 g, when the vitamin C content in yellow Passion Fruit in four
different harvests were evaluated, nevertheless, these values were below to those found in this work. The ascorbic
acid content in Passion Fruit was approximately from 30 to 40 mg/100 g of each sample (Vasco et al., 2008).

Regarding the quantification of vitamin C and antioxidant capacity of citrus varieties, a value of
approximately 62.50 mg of ascorbic acid/100 mL was verified for “Pera” orange (Couto & Canniatti-Brazaca,
2010), which is a higher value than those verified in this study. Vitamin C values may vary according to fruit
variety, maturation degree and place of production (Couto & Canniatti-Brazaca, 2010). These results may
justify the differences found between the studies conducted over the past years.

4 Conclusion

According to the results obtained with the present work, the values of pH, soluble solids and TA are in
accordance with the literature, showing there was no significant variation among the averages found by other
researchers. When comparing the Folin-Denis, Folin-Ciocalteu and Fast Blue BB methodologies
accompanied by using three varieties of fruits (“Palmer” mango, Passion Fruit and “Pera” orange), the values
of the phenolic compound contents were different, indicating that there was a difference between the three
methods regarding the phenolic compounds present in the fruits.

Probably, the differences detected in the phenolic compounds values between the methodologies may be
related to the reagents performance by the interaction with the phenolic compounds in the fruits.
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