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Abstract 
We studied the extraction of antioxidant phenolic compounds, anthocyanins and the evaluation of antioxidant 
activity of strawberries in different extraction conditions, varying the type of solvent (ethanol:water (50%) and 
acetone:water (60%), the extraction time (15 and 60 min) and the solvent volume to sample mass ratio (5 mL/g and 
20 mL/g). In addition, we performed principal component analysis and cluster analysis. The results showed that, 
although the two solvents tested had similar influence on total phenolic compounds extraction and antioxidant 
activity, the 60 minutes of extraction and the use of the solvent volume/sample mass ratio of 20 mL/g were the best 
extraction conditions, both for the 1st and 2nd recovered extracts. However, the solvent had a marked effect on 
anthocyanins’ extraction, so that acetone/water extracted almost the double as compared to ethanol/water, for the 
same extraction conditions. Finally, factor analysis allowed identifying a grouping structure of two components, 
which was confirmed by the dendogram obtained from cluster analysis. 

Keywords: Phenolic compounds; Anthocyanins; Antioxidant activity; Cluster analysis; Factor analysis; Fragaria 
ananassa. 

Resumo 
A extração de compostos fenólicos e antocianinas, e a avaliação da atividade antioxidante de morangos em 
diferentes condições de extração foram estudadas, variando o tipo de solvente, o tempo de extração e a razão entre 
o volume de solvente e a massa de amostra. Adicionalmente, uma análise de componentes principais e uma análise 
de agrupamento foram realizadas. Os resultados mostraram que, embora os dois solventes testados tenham 
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influência semelhante na extração de compostos fenólicos totais e na atividade antioxidante, os 60 minutos de 
extração e a relação volume de solvente/massa de amostra de 20 mL/g mostraram ser as melhores condições de 
extração, quer para o primeiro como para o segundo extrato recuperado. No entanto, o solvente teve um efeito 
marcante sobre a extração de antocianinas, de modo que a acetona/água extraiu quase o dobro em comparação 
com o etanol/água, para as mesmas condições de extração. Finalmente, a análise fatorial permitiu identificar uma 
estrutura de agrupamento de dois componentes, o que foi confirmado pelo dendograma obtido a partir da análise 
de agrupamento. 

Palavras-chave: Compostos fenólicos; Antocianinas; Atividade antioxidante; Análise de clusters; Análise fatorial; 
Fragaria ananassa. 

1 Introduction 
Fruits and vegetables present in human diet play an important role in promoting health, due to their high 

number of bioactive compounds as well as other macro and micro nutrients (Arend et al., 2017; Guiné et al., 
2018a; Mazzoni et al., 2017). Among the benefits associated with the consumption of fruits and vegetables 
are the high antioxidant activity that protects cells allied to a reduced risk of cardiovascular diseases, 
neurodegenerative disorders and cancer (Andrade et al., 2017; Guiné et al., 2019; Méndez-Lagunas et al., 
2017). Several evidences suggest that these health benefits are related to the presence of phytochemicals, 
such as phenolic compounds (Ferreira et al., 2017). Phenolic compounds are secondary metabolites present 
in plants with an important role in the sensory and nutritional quality of fruits, vegetables and other plants 
(Guiné et al., 2015a, 2018c; Zhang et al., 2019a). They have also been identified as the major antioxidants in 
fruits (Zhang et al., 2019b). 

Strawberries (Fragaria ananassa) are among the most widely consumed berries in the world. They are a 
rich source of antioxidant compounds including vitamins C, E, β-carotene, melatonin, phenolic compounds 
and anthocyanins as well as bioactive sugars (Álvarez-Fernández et al., 2014; Guerrero-Chavez et al., 2015; 
Rodríguez-Gutiérrez et al., 2019; Stürtz et al., 2011). In a study that analyzed the antioxidant activity in 
12 fruits, strawberries showed the highest antioxidant activity when compared to other fruits and, in addition, 
the contribution of vitamin C to the total antioxidant activity was estimated as being less than 15% (Maraei 
& Elsawy, 2017). The phenolic compounds present in strawberries influence their quality, contributing to 
sensorial and organoleptic attributes, as well as to health properties (Álvarez-Fernández et al., 2014; 
Morales-Quintana & Ramos, 2019). The major phenolic compounds in strawberries are anthocyanins, 
flavan-3-ols, ellagitannins, glycosides of quercetin and kaempferol (Aaby et al., 2012). Among those 
bioactive compounds, quercetin is the one with highest antioxidant activity (Méndez-Lagunas et al., 2017). 

Genetics, environmental elements, ripeness state and storage conditions are known to affect strawberries’ 
quality (Yang et al., 2016; Tulipani et al., 2011). The phenolic and anthocyanin content are dependent on the 
cultivar, place of cultivation and time of year (Arend et al., 2017). Furthermore, in order to keep optimal 
quality during storage and handling it is essential that the harvesting is carried out at the appropriate maturity 
stage and the storage conditions are controlled (Bose et al., 2019). Aaby et al. (2012) found that the content 
of all phenolic compounds was affected by cultivar, but the anthocyanin profile was very similar of berries 
of a cultivar, being slightly influenced by ripening or growing conditions. 

Extraction is the first step for plant´s phenolic compounds study, which plays a significant and crucial role 
on the obtained results and outcomes (Azmir et al., 2013). There are different techniques for the extraction 
of phenolic compounds and in all of them it is essential to select the ideal conditions in order to obtain the 
best results, which also depend on the type of food that is being analyzed (Azmir et al., 2013; Guiné et al., 
2015b). Independently of the technique used, the aims are to extract the bioactive compounds from complex 
plant sample, increase selectivity of the methods and concentration of target groups, and convert the bioactive 
compounds in suitable forms for detection and separation, leading to a strong and reproductive method. 
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Presently many methodologies can be used to extract phenolics, such as maceration, infusion, digestion, 
decoction, percolation, Soxhlet extraction, aqueous alcoholic extraction by fermentation, countercurrent 
extraction, ultrasound extraction, supercritical fluid extraction and phytonics processes (Manousi et al., 
2019). Among the techniques used to recover antioxidant phenolic compounds, the solid-liquid extraction 
has been widely employed to isolate different compounds (Ballesteros et al., 2014). This technique was 
designed to separate the soluble phenolic compounds by diffusion from a plant material using a solvent 
(liquid). Moreover, several parameters can affect the efficiency of the extraction process, namely the type 
and the concentration of the solvent, solvent/solid ratio, time of the extraction and temperature 
(Ballesteros et al., 2014). Many solvents can be used for the extraction of phenolic compounds, such as 
methanol, ethanol, acetone, water or their mixtures with water (Chanioti & Tzia, 2018; Manousi et al., 2019). 
The recovery of the phenolic compounds depends on the type of solvent used, its polarity and the solubility 
of phenolic compounds in the extraction solvent. Molecular affinity between solvent and solute, mass 
transfer, use of co-solvent, environmental safety, human toxicity and financial feasibility should also be 
considered for selection of a solvent for bioactive compound extraction. In addition, in the last years a concern 
has been devoted to the selection of environmental friendly techniques and solvents (Azmir et al., 2013; 
Silva et al., 2017). Mokrani & Madani (2016) mention that the polarities of phenolic compounds greatly vary, 
and it is hard to develop a single method for efficient extraction of all phenolic compounds. Furthermore, the 
extraction time can vary from 1 min to 24 h, and longer extraction times may increase phenolic compounds’ 
oxidation (Naczk & Shahidi, 2004). 

This study aimed to evaluate the effect of different extraction conditions on the amount of phenolic 
compounds and anthocyanins as well as antioxidant activity in strawberries, and complement the analysis 
with statistical data analysis, using principal component and cluster analysis to identify patterns of similarity 
between the samples studied. 

2 Material and methods 

2.1 Samples and extraction methodology 

The strawberries (Fragaria ananassa) used for analysis were obtained in May from the local market, in a 
maturation state ready for consumption. In the laboratory they were grounded, after washing and removal of 
the leaves, to obtain a uniform mass of pulp. Different experimental conditions were tested in each essay, 
such as variation of extraction solvent (ethanol:water (50:50, v:v) and acetone:water (60:40, v:v)), variation 
of extraction time (15 and 60 min), variation of the solvent volume/sample mass ratio (VMR) (5 mL/g and 
20 mL/g), temperature 10 to 20 °C. The extracts obtained (1st and 2nd) in each of the essays were later used 
to evaluate the phenolic composition and the antioxidant activity. For the extraction of the phenolic 
compounds, we used samples of 5 g from the grounded fruit. For each sample, we carried out two successive 
extraction steps. The first extraction allowed obtaining extract named “1st”and then the solvent was removed 
though filtration and the same mass of sample was submitted to the second successive extraction, thus 
allowing to obtain extract named “2nd”. 

2.2 Quantification of total phenolic compounds 

The quantification of the total phenolic compounds (TPC) in the different extracts was adapted from the 
Folin-Ciocalteu method as referred by Gonçalves et al. (2012) and Guiné et al. (2014). The absorbance was 
measured by spectrophotometry at 760 nm and a calibration curve was prepared with standard solutions of 
gallic acid. The results were expressed as a mean of three repetitions and the units were milligrams of gallic 
acid equivalents (GAE) per gram of fresh sample. 
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2.3 Quantification of anthocyanins 

The total anthocyanins (ANT) were quantified using the SO2 bleaching method (Guiné et al., 2018b). 
The absorbance was measured at 520 nm and in this case, the calibration curve was prepared with standard 
solutions of malvidin-3-o-glicoside. The results were expressed as a mean of three repetitions and the units 
were micrograms of malvidin equivalents (Mv3G) per gram of fresh sample. 

2.4 Evaluation of antioxidant activity 

We determined the antioxidant activity (AOA) using the free radical 2,2'-azino-bis(3-ethylbenzthiazoline-
6-sulphonic acid (ABTS), following procedures described in Guiné et al. (2014) and Santos et al. (2014). 
The absorbance was measured at 734 nm to assess the percentage of inhibition, using a calibration curve 
previously obtained using different solutions of Trolox. The results were expressed as a mean of three 
repetitions and the units were micromoles of Trolox equivalents (TE) per gram of fresh sample. 

2.5 Statistical analysis 

The data obtained were subjected to statistical analysis using software SPSS from IBM (Version 24), 
establishing a level of significance of 5%. Principal component analysis and hierarchical cluster analysis 
were also performed using the software mentioned. 

3 Results and discussion 

3.1 Total phenolic compounds 

The type of solvent, the solvent/solid ratio, and the extraction time are important factors in extraction 
processes, due to their effects on phenolic compounds’ release and antioxidant activity of the extracts. 

Figure 1 shows the total phenolic compounds (TPC) in strawberries. The encountered contents of 
TPC are consistent with those reported for several varieties and genotypes of fresh strawberries 
(Méndez-Lagunas et al., 2017; Yildiz et al., 2014). This indicates that the design of the experimental 
conditions was well established, mainly the choice of the solvents, the extraction times and the volume/ mass 
ratio. 

 
Figure 1. Total phenolic compounds evaluated in the different extracts (E1 = 1st extract, E2 = 2nd extract), considering 

two extractions times, two solvent combinations and two values of VMR (VMR = volume/mass ratio). 
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The results show that some of the operational variables exerted a market effect on the TPC extraction. 
The 1st extract presented more than double of the content when compared to the second fraction in both tested 
solvent combinations. This was also observed when the VMR increased from 5 to 20 mL/g. Moreover, when 
the VMR was 20 mL/g there was a great increase in the TPC. The type of solvent solution used also 
influenced the TPC, being higher for acetone/ water solvent and 60 minutes of extraction. Thus, the best 
experimental conditions for total phenolic compounds extraction were a VMR of 20 mL/g, for 60 minutes, 
both for ethanol and acetone water mixtures. These results confirm the importance of establishing the 
extraction conditions to maximize the extraction of TCP. 

3.2 Anthocyanins 

Anthocyanins are the most important subcategory of flavonoids, which are water-soluble glycosides of 
anthocyanidins (Craft et al., 2012). The anthocyanins of strawberries are responsible for the berries’ bright 
red color, and they are the group of phenolic compounds, which historically has received most attention. 

The acetone/water solvent was more efficient in the anthocyanins’ extraction (Figure 2b), either for the 
1st or 2nd extracts. We observed that the variation of the solvent volume/sample mass ratio enhanced the 
content of the anthocyanins in the extracts when the used solvent was ethanol/water (Figure 2a), but for the 
2nd extracts with acetone/water (Figure 2b) there was an opposite tendency when the VMR increased. 
Generally, the increasing of the extraction time also increased the content of anthocyanins. 

 
Figure 2. Anthocyanins evaluated in the different extracts (E1 = 1st extract, E2 = 2nd extract), considering two 

extractions times, two solvent combinations and two values of VMR (VMR = volume/mass ratio). 

Several authors also mentioned that acetone presented good extraction yields of anthocyanins from 
different plant sources, like mashua tubers (Chirinos et al., 2007), chia seeds (Alcântara et al., 2019), mustard 
grains (Rasera et al., 2019) and specifically from strawberries (Kajdžanoska et al., 2011). It is important to 
mention that water in combination with other solvents, as acetone, contributes to the creation of a moderate 
polar medium that ensures the extraction of polyphenols (Lapornik et al., 2005). In fact, Dent et al. (2013) 
found that the binary solvent systems are more efficient than mono-solvent ones in the extraction of phenolic 
compounds regarding their polarity. 
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3.3 Antioxidant activity 

Figure 3 shows the high antioxidant activity with similar results for both solvents used: ethanol/water 
(Figure 3a) and acetone/water (Figure 3b). The observed antioxidant activity showed similar values as other 
strawberry fruits (Oszmiański & Wojdyło, 2009; Shin et al., 2008), as well as other fruits, like apple, peach 
or kiwi (Stratil et al., 2007). The high levels of antioxidant activity are associated with the content of phenolic 
compounds as demonstrated by our results. 

 
Figure 3. Antioxidant activity evaluated in the different extracts (E1 = 1st extract, E2 = 2nd extract), considering two 

extractions times, two solvent combinations and two values of VMR (VMR = volume/mass ratio). 

Generally, the longer extraction time and higher VMR increased the antioxidant activity, and the 
1st extracts presented the highest contents. However, in the 2nd extract, when extraction time increased from 
15 minutes to 60 minutes, the antioxidant activity diminished considerably. The different solvents did not 
influence the antioxidant activity. Moreover, Mussatto et al. (2011) also found that the solvent/ solid ratio 
and extraction time affected the antioxidant activity of the spent coffee grounds extracts. The results showed 
that the content of total phenolic compounds, anthocyanins and antioxidant activity were positively correlated 
(Table 1). Other researchers (Ballesteros et al., 2014; Craft et al., 2012; Mokrani & Madani, 2016) also 
corroborated these tendencies. 

Nowadays, there is a growing interest in environmentally acceptable and efficient extraction methods. 
Thus, the processes that use low solvent consumption, short extraction time (economizing energy and cost of 
extraction), high extraction yield, environmental and food safety are the ones preferred (Azmir et al., 2013; 
Dent et al., 2013). Ours results show that all these requirements were achieved with the best-encountered 
extraction conditions tested. 

3.4 Principal Component Analysis (PCA) and Cluster Analysis (CA) 

The TPC, ANT and AOA properties of the different samples were simultaneously analyzed using principal 
component Analysis (PCA). For that, the data was tested to verify appropriateness for the application of PCA. 
From the analysis of the correlation matrix, it was found that all values were higher than 0.7, thus being very 
appropriate for this type of data treatment. The highest correlation was 0.887, between ANT and TPC, 
followed by 0.764 for AOA versus TPC and finally 0.704 for AOA versus ANT. In addition, the results of 
the Bartlett's test indicated the adequacy of data, since the p-value was highly significant (p < 0.0005), thus 
leading to the rejection of the null hypothesis that the correlation matrix was equal to the identity matrix 
(Broen et al., 2015). 
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For sampling adequacy, the KMO (Kaiser-Meyer-Olkin) value was equal to 0.708, being considered 
average according to the classification of Kaiser & Rice (1974). Hence it is confirmed the suitability of the 
data for the application of the PCA technique. The analysis of the anti-image correlation matrix showed that 
there wasn’t any MSA (Measure of Sampling Adequacy) lower than 0.5, meaning that all the variables were 
proper for inclusion in the analysis (MSA for TPC = 0.642, for ANT = 0.685 and for AOA = 0.850) 

The solution obtained by PCA retained 2 components, PC1 and PC2, related to the variables at study 
according to the results shown in Table 1. PC1 explained more than 98% of total variance in the data, and 
considering both components (PC1 and PC2) the variance explained was 99.997%, which is adequate. 

Table 1. Component matrix with loading factors for each component. 

Components 
Variables % variation 

explained TPC ANT AOA 
PC1 0.774 0.718 1.000 98.050% 
PC2 0.477 0.696 — 1.947% 

We identified agglomeration in the representation of component scores (PC1 and PC2) for each sample 
(Figure 4), indicated in the graph as group 1 (G1) and group 2 (G2). 

 
Figure 4. Principal component map determined by principal components 1 (PC1) and 2 (PC2) of the different samples 

analyzed as to total phenolic, anthocyanins and antioxidant activity. 

This grouping structure was confirmed by the dendogram obtained from cluster analysis with WARD 
method of calculation, presented in Figure 5. 
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Figure 5. Dendogram using Ward linkage of the different samples analyzed as to total phenolic, anthocyanins and 

antioxidant activity. 

The dendogram clearly evidences two major groups (G1 and G2). The first group includes the first extracts 
obtained with acetone:water, regardless of the VMR (5 or 20) and extraction time (15 or 60 min). The second 
group includes all other samples. The samples that fell into group 1 were those in which the AOA quantified 
was clearly much higher when compared to the other samples, even though not always corresponding to the 
highest values of TPC or ANT. This is in accordance with the previous results showing AOA as the variable 
with the highest load for principal components. 

4 Conclusions 
The increasing demand to bioactive compounds from plant extracts encourages continuous search for 

convenient extractions methods. Strawberries were proved to be rich in antioxidant phenolic compounds, 
which can be recovered through a solid-liquid extraction process. Both solvents were efficient to extract 
antioxidant phenolic compounds, particularly when a VMR of 20 mL/g, for 60 minutes was used. 
Furthermore, for these extraction conditions, the antioxidant activity was also high. The acetone/water 
solvent was the most efficient one to extract anthocyanins, and most especially in the first extraction step. 

In conclusion, factor analysis showed a grouping structure composed of two components, which was 
confirmed by the dendogram obtained from cluster analysis. 
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