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APRESENTAÇÃO

O e-book Inovação em Ciência e Tecnologia de Alimentos – Vol 1, 2 e 3, traz um 
olhar integrado da Ciência e Tecnologia de Alimentos. A presente obra é composta 
por 86 artigos científicos que abordam assuntos de extrema importância relacionados 
às inovações na área de Ciência e Tecnologia de alimentos. 

No volume 1 o leitor irá encontrar 28 artigos com assuntos que abordam a 
inovação no desenvolvimento de novos produtos como sucos, cerveja, pães, nibs, 
doce de leite, produtos desenvolvidos a partir de resíduos, entre outros. O volume 
2 é composto por 34 artigos desenvolvidos a partir de análises físico-químicas, 
sensoriais, microbiológicas de produtos, os quais tratam de diversos temas 
importantes para a comunidade científica. Já o volume 3, é composto por 25 artigos 
científicos que expõem temas como biotecnologia, nutrição e revisões bibliográficas 
sobre toxinfecções alimentares, probióticos em produtos cárneos, entre outros. 

Diante da importância em discutir as inovações na Ciência e Tecnologia de 
Alimentos, os artigos relacionados neste e-book (Vol. 1, 2 e 3) visam disseminar o 
conhecimento e promover reflexões sobre os temas. Por fim, desejamos a todos 
uma excelente leitura!

Vanessa Bordin Viera
Natiéli Piovesan
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COMPARAÇÃO DAS CARACTERÍSTICAS FÍSICO-
QUÍMICAS E ATIVIDADE ANTIOXIDANTE DE FRUTAS 

ORGÂNICAS E CONVENCIONAIS

CAPÍTULO 12

Júlia Montenegro
Laboratório de Alimentos Funcionais, 

Departamento de Ciência de Alimentos, 
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RESUMO: A alimentação orgânica tem 
sido valorizada no mundo moderno, sendo 
caracterizada como apropriada à saúde, 
reduzindo a degradação ambiental. O objetivo 
deste estudo foi comparar as características 
físico-químicas e a atividade antioxidante 

de morangos e tangerinas convencionais 
e orgânicas. Foram adquiridos 3 lotes de 
amostras orgânicas certificadas, orgânicas e 
convencionais, as quais foram então submetidas 
a análises físico-químicas e ensaios de DPPH 
e FRAP. Observou-se que as amostras 
orgânicas certificadas de morango e tangerina 
apresentaram maiores valores de acidez que as 
amostras orgânicas e convencionais. Amostras 
orgânicas e orgânicas certificadas de morango 
apresentaram valores médios mais elevados 
de açúcares redutores, não houve diferença 
significativa entre as amostras de açúcares 
redutores de tangerinas. Morango e tangerina 
orgânica certificada e orgânica apresentaram 
maiores valores de ácido ascórbico do que as 
amostras convencionais. Observou-se maior 
atividade antioxidante nos métodos DPPH e 
FRAP para amostras orgânicas de morango e 
orgânicas certificadas de tangerinas.
PALAVRAS-CHAVE: Orgânico; Tangerina; 
Morango; Atividade Antioxiante; Análise físico-
química.

COMPARISON OF PHYSICAL AND 

CHEMICAL CHARACTERISTICS AND 

ANTIOXIDANT ACTIVITY OF ORGANIC AND 
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CONVENTIONAL FRUITS

ABSTRACT: Organic food has been valorized on modern world, being characterized 
as appropriate to health while reducing environmental degradation. The aim of this 
study was to compare physicochemical characteristics and antioxidant activity 
for conventional and organics strawberry and tangerines. It was acquired 3 lots of 
organic samples, certified organic and conventional, those were then submitted to 
physicochemical analysis and DPPH and FRAP assays. It was observed that certified 
organic strawberry and tangerine showed higher values of acidity than organic and 
conventional samples. Organic and certified organic samples showed higher mean 
values of reducing sugars, there was no significant difference between reducing sugars 
tangerines samples. Organic and organic certified strawberry and tangerine showed 
higher values of ascorbic acid than conventional samples. It was observed higher 
antioxidant activity in DPPH and FRAP methods for organic strawberry samples and 
certified organic tangerines.
kEYWORDS: Organic; Tangerine; Strawberry; Antioxidant activity; Physicochemical 
analysis.

1 |  INTRODUCTION

The development of chronic diseases, such as cardiovascular diseases (CVD), 
cancer, hypertension and type 2 diabetes, involves large production of free radicals 
leading to oxidative stress. A fruit-abundant diet has been associated with lower risk 
of chronic diseases, because in addition to its vitamin and mineral composition, it 
may also contain other compounds with protective effects, specially antioxidants 
(Arts and Hollman, 2005). It is well known the relationship of the antioxidants with the 
prevention of various chronic diseases, they neutralize free radicals, delaying and 
inhibiting the oxidation of lipids and other molecules. 

The production of fruits may be performed by different systems. The conventional 
system is characterized by a high use of chemical pesticides, in order to increase 
productivity, quality and resistance to pests and diseases. Possible toxic effects in 
humans are related to the use of pesticides in conventional agriculture, due to active 
ingredients in its composition (Kopke, 2009).

Organic production entails the growing of crops without synthetic pesticides. 
Organic producers utilize a wide range of alternative inputs and cultural practices for 
managing the cultures in a way believed to be safer for the environment and better 
for the consumer. The organic system is an alternative, but it is considered more 
expensive than the conventional (Engindeniz, 2006). The certification of organic 
products can be made internationally or nationally and is recognized in the market 
with an organic certification stamp meaning it have been produced according to 
applicable organic production rules. Organic food produced against the standards of 
the country where the product is sold is identified as fraud (FAO, 2009).
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Literature suggests that organic farming could result in foods with higher 
polyphenol quantity and antioxidant capacity. The use of synthetic fertilizers could 
offer more bioavailable sources of nitrogen, accelerating plant development and 
plant resources from production of secondary metabolites to growth. Furthermore, 
the absence of synthetic pesticides could result in higher exposure of the plant to 
stressful situations leading to an enhancement of natural defense substances such 
as phenolic compounds (Winter and Davis, 2006; Woese et al., 1997). 

Due to increased consumer interest in organic food, it becomes necessary to 
know, based on scientific studies, the quality of the different organic systems. The 
aim of this research was to compare the physical and chemical characteristics and 
antioxidant capacity of organic and conventional strawberry (Fragaria vesca) and 
tangerine (Citrus reticulate).

2 |  MATERIALS AND METHODS

Three different samples of each type of crop (certified organic, non-certificate 
organic and conventional) of strawberry (Fragaria vesca) and tangerine (Citrus 
reticulate) were purchased in supermarkets and farmer’s markets in Brazil in the city 
of Rio de Janeiro. Samples were analyzed between June 2014 and September 2015. 
All samples were of the same cultivar and had similar sensory characteristics. 

The physicochemical evaluated parameters were: density, acidity, reducing 
and total soluble solids sugars, vitamin C, according to conventional methodology 
recommended by the Adolfo Lutz Institute (BRASIL, 2005). The color analysis of 
strawberry samples was determined in the CIELAB system using portable colorimeter 
Konica Minolta (CR / 400 / 410- Sensing, INC- Japan) which was calibrated with 
white porcelain plate.

The strawberry and tangerine samples were extracted with four different 
extracting solutions: methanol, methanol 50%, acetone 70% and sequential. The 
antioxidant activity was evaluated by the methods: DPPH (Rufino et al., 2007a) ABTS 
(Rufino et al., 2007b) and FRAP (Rufino et al., 2006)

Results were expressed as means ± SD since all the analysis was done in 
triplicate. The results were submitted to analysis of variance (ANOVA) and the means 
were compared by Tukey test at 5% probability, using the GraphPadPrism 4.0 and 
Statistical 6.0.

3 |  RESULTS AND DISCUSSION

It was observed that the average acidity values of certified organic strawberry 
and tangerine samples were higher when compared to conventional and organic 
samples (p<0.05) (Table 1). Meanwhile, the average values of density, soluble solids 
and total sugars showed no statistical difference between conventional, organic and 
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certified organic strawberries and tangerines (p<0.05). 
Fischer et al. (2007) found in a study with passion fruit, that organic fruits have 

greater titratable acidity levels, as seen in this study for strawberries and tangerines 
(Table 1). Similar results were also obtained in a de Castro et al. (2014) study, which 
found significantly higher acidity values in organic orange samples when compared 
to conventional ones.

According to Arbos et al. (2010), food produced under organic system often 
shows higher levels of vitamin C than those produced conventionally. This fact is 
noted by the result obtained on certified organic strawberry and tangerine (Table 1).

Fruit Sort Acidity (g%) Ascorbic 
Acid (mg%) Brix(°) Density (g/

cm3)
Total 

Sugar (g%)
Reducing 

Sugar (g%)

S
C 0.72±0.00a 47.14±0.97a 5.22±1.00a 1.03±0.00a 5.60±3.8a 5.64±0.14a

CO 0.98±0.16b 66.52±0.08b 4.75±1.45a 1.05±0.00a 5.27±1.02a 3.10±0.11b

O 0.62±0.05a 57.36±3.14b 6.87±1.31a 1.01±0.00a 6.95±2.85a 4.89±0.99b

C 0.70±0.02a 38.64±0.15a 10.15±1.10a 1.04±0.00a 9.29±1.30a 11.11±0.30a

T CO 0.87±0.00b 57.70±0.92b 10.00±1.05a 1.03±0.00a 8.45±1.18a 12.10±0.85a

O 0.74±0.12a 42.21±1.20a 9.82±1.00a 1.04±0.00a 9.40±1.00a 11.52±1.25a

Table 1. Physicochemical comparison between the averages of organic (O), certified organic 
(CO) and conventional (C) strawberries(S) and tangerines (T).

*Different letters in the same column differ statistically (p<0.05)

However, it should also be considered that variables such as climate, region, soil, 
farming, irrigation and post-harvest treatment may have influence on the results of 
physicochemical analysis. As noted in Rizzon et al. (2005) study, hot climate regions, 
in addition to fruit state of maturity, can influence the amount of sugar produced. 
Likewise, Brunini et al. (2004) had demonstrated the influence of climatic conditions, 
soil, and farming, among other factors, the results for vitamin C, acidity, soluble solids 
and total sugars in West Indian cherry.

In colorimetric analysis, shown in Figure 1, the only significant difference in color 
intensities between different forms of strawberry production, was in b* coordinate, 
meaning the sample was more bluish. However, in tangerines, there was a significant 
difference in L* and a* coordinates of certified organic sample, indicating that this 
sample is lighter and reddish. Both results are probably due to the higher presence 
of bioactive compounds in those samples.
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Figure 1. Color coordinates (L * a * b *) in conventional (C) certified organic (CO) and organic 
(O) samples in strawberry (A) and tangerine (B). *Tukey Test (p<0.05)

Antioxidant activity analysis by the DPPH method (Table 2) shows that there 
was no significant difference (p>0.05) regarding the used extractors. It was found 
that organic strawberry samples showed greater reduction of DPPH radical over 
conventional and organic samples (p<0.05), suggesting higher antioxidant activity. 
Concerning to tangerines, certified organic samples have demonstrated more 
reduction of DPPH radical than organic and conventional samples (p<0.05), indicating 
greater antioxidant capacity. 

Fruit Sort Extractor 2,5 mg 5mg 10mg R2

S

CO

Methanol 46.20±6.80a 58.43±0.58a 74.18±4.30a 0.9862
Methanol 50% 42.52±5.55a 53.35±4.87a 74.31±1.96a 0.9999
Acetone 70% 42.65±3.83a 55.60±3.75a 73.09±2.97a 0.9892
Sequential 42.62±5.76a 56.71±5.60a 78.91±0.62a 0.9962

O

Methanol 58.18±2.67b 72.45±1.84b 92.26±0.58b 0.9907
Methanol 50% 60.98±1.73b 74.07±4.08b 94.89±5.20b 0.9965
Acetone 70% 59.97±3.68b 72.25±3.84b 95.34±2.28b 0.9998
Sequential 61.23±1.06b 75.35±4.28b 95.58±2.95b 0.9923

C

Methanol 46.58±9.83a 56.72±9.10a 72.35±10.94a 0.9954
Methanol 50% 47.77±6.96a 56.37±10.05a 76.76±7.25a 0.9984
Acetone 70% 50.21±7.36a 60.15±7.31a 78.29±7.60a 0.9995
Sequential 46.77±7.65a 60.81±6.35a 79.74±7.81a 0.9891

T

CO

Methanol 47.47±5.67a 52.12±4.82a 62.44±4.33a 0.9993
Methanol 50% 49.67±4.81a 54.87±5.34a 65.70±3.06a 0.9999
Acetone 70% 47.70±4.34a 54.13±2.20a 62.18±3.36a 0.9843
Sequential 46.44±2.85a 51.36±3.02a 62.37±2.33a 0.9993

O

Methanol 41.22±4.57c 45.55±4.37c 51.70±5.22c 0.9919
Methanol 50% 41.64±3.85c 45.41±4.94c 52.23±5.52c 0.9994
Acetone 70% 41.88±5.20c 45.67±4.64c 52.55±5.04c 0.9994
Sequential 41.61±5.51c 45.22±5.57c 51.10±5.48c 0.9973

C

Methanol 39.73±0.65c 42.89±0.45c 50.60±0.64c 0.9978
Methanol 50% 38.23±3.51c 42.28±3.30c 51.69±1.02c 0.9987
Acetone 70% 39.91±3.79c 42.74±3.83c 51.13±2.86c 0.9995
Sequential 41.32±1.14c 45.62±0.28c 51.72±2.53c 0.9918
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Table 2. Antioxidant activity comparison between the averages of organic (O), certified organic 
(CO) and conventional (C) strawberries (S) and tangerines (T) samples by DPPH method.

*Different letters in the same column differ statistically (p<0.05)

This antioxidant capacity is probably due to higher content of ascorbic acid, 
which as previously also presented higher results in organic strawberry and certified 
organic samples. Similar results were obtained by de Castro et al. (2014), who 
observed greater reduction of DPPH radical in organic samples of orange and lime 
compared to conventional ones.

In ABTS assay (Figure 2), there was no statistical difference (p>0.05)  between 
extractors neither between the organic, certified organic and conventional samples, 
both in strawberries and tangerines.
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Figure 2. Antioxidant Activity by ABTS assay of strawberry (A) and tangerine (B).

There was no significant difference (p>0.05) between the used extractors 
in FRAP assay, except for methanol in organic strawberry, as shown in Figure 3. 
The antioxidant capacity is statistically higher in organic strawberry samples than 
conventional and certified organic samples (p<0.05). Regarding to tangerines, 
certified organic samples had greater antioxidant activity in certified organic samples 
than organic and conventional ones (p<0.05).
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Figure 3. Antioxidant Activity by FRAP assay of strawberry (A) and tangerine (B). *Tukey Test 
(p<0.05).

Literature shows similar results, such as, Copetti (2012) found that strawberries 
grown by organic system showed higher levels of antioxidants compared to 
conventional crops system using the FRAP methods. 

4 |  CONCLUSION

Few differences in the physicochemical properties between the samples of 
organic and conventional strawberry were found, despite what literature suggests. 
The differences detected in content of nutrients and other substances between 
organically and conventionally produced crops and livestock products are most likely 
related to differences in crop and soil quality. 

However, vitamin C content and antioxidant capacity tended to be higher in 
plants grown using organic agriculture. The literature suggests that the exposure of 
plant foods to stressful situations could modulate the synthesis of defense substances 
such as polyphenols, which reflects in a higher antioxidant capacity. However, the 
results showed distinct profiles according to the fruit analyzed, highlighting the need 
for greater standardization of production without loss of nutritional quality.
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