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Several Cerrado’s fruits with economic potential are consumed in natura or processed around the country, 
however, few data are available in the specialized literature regarding the chemical composition of these fruits 
and its technological application. Due to this, there is a need for scientific research on these cerrado´s fruits 
and its functional value. In the food industry, the juices production and other productions that use fruits as raw 
material generate a significant residue amount, which have technological and nutritional potential. Because of 
thatthe objective of this present work was to characterize Araticum fruit (Annona crassiflora Mart.), as well as 
optimazing the this fruit process in the form of Araticum preserve, using passion fruit´s albedo, discarded as 
waste by the industry, as a source of pectin. For characterization, moisture analysis, total soluble solids, 
titratable total acidity, vitamin C, lipid content, protein, total dietary fiber, reducing and non-reducing sugars 
and antioxidant activity were carried out by the DPPH method. For processing, were used a 2³ factorial design 
complete with three center points. The Araticum, presented low acidity, soluble solids at about 24 °Brix and   
moisture of 60%.  The value of ascorbic acid found for the fruit was 58.11 mg /100 g of fruit, whereas the lipid 
content found in Araticum was 2.83%, that is, they are not fruits with a high fat content for a low calorie 
diet. The antioxidant activity was 27.19 mg of DPPH/g of fruit. During the optimization, it was observed that the 
best formulations, in terms of obtaining Araticum preserve with higher concentrations of protein, vitamin C, 
fibers, and of higher yield are those with high concentration of citric acid and the higher pulp/sugar ratio. 
Keywords: Cerrado, Araticum, New Product, optimization. 

1. Introduction 

Araticum (Annona crassiflora Mart.) is a native fruit from Brazilian’s Cerrado. This fruit species has great social 
and economic potential. Research on native cerrado fruits is scarce and may be of great importance for a 
natural and sustainable use of its potential (De Melo, 2015). 
The formulation of fruit preserves is an option for using surplus fruit adding value to the products. This type of 
processing can also be used as a way to consume seasonal fruits all year round (Oliveira, 2018). 
The increasement on demand for products that combine nutritional aspects, quality and prolonged shelf life 
has led the food industry to become gradually involved in the development and optimization of new food 
formulations (Cunha, 2016). 
During the production of passion fruit juice (Passiflora edulis), a significant organic waste amount is 
generated, which has enormous potential and can be used as raw material in the production of co-products 
with technological and functional application in the food industry (Uehara et al., 2017). 
Thus, the objective of this work was to characterize Araticum fruits (Annona crassiflora Mart.), as well as 
optimizing the Araticum preserves process replacing industrial pectin by a natural source. 
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2. Material and methods 

The fruits were obtained from the Brazilian’s Cerrado, selected according to the state of maturation and 
conservation.  
For the fruits characterization were done this following analysis according to the methodologies described by 
Adolfo Lutz Institute (2008) and AOAC (1992): centesimal analysis, pH, titrable acidity, vitamin C, reducing 
and non-reducing sugars. It was also evaluated the antioxidant capacity of fruit extracts by reducing the stable 
radical DPPH (1,1-diphenyl-picrylhydrazyl), a method proposed by Brand-Williams et al. (1994) and carried 
out according to the method described by Rufino et al., (2007) modified. 

2.1 Experimental planning - Fruit processing 

The fruits were submitted to the following processes: debarking / pulping / juice extraction, water addition (if 
necessary), previous dissolution of pectin, formulation (sugar addition, pectin and acid), concentration at 
atmospheric pressure, hot filling / closure packaging / storage. Albedo’s passion fruit was used as a source of 
pectin, as described by Silva et. al. (2012). 
For optimization of Araticum preserves was used the response surface methodology with complete factorial 
design 2³ according to the methodology described by Box and Draper (1987), Table 1, whose purpose is to 
evaluate the influence of three factors such as citric acid concentration, pulp/sugar ratio and albedo 
concentration as a source of pectin (independent variables) on (RA), antioxidant activity (AA), vitamin C 
(VC), soluble solids (SS), protein (PR), total dietary fiber (FB). 

Table 1:  Experimental design 23 for the elaboration of Araticum Preserves. 

Testing 
 

Coded variables Real variables 
X 1 X 2 X 3 X 1 (%) X 2 (m/m) X 3 (%)  

1 +1 +1 +1 1 60/40 3 
2 -1 -1 +1 0 40/60 3 
3 +1 -1 +1 1 40/60 3 
4 -1 +1 +1 0 60/40 3 
5 +1 +1 -1 1 60/40 0 
6 -1 +1 -1 0 60/40 0 
7 +1 -1 -1 1 40/60 0 
8 -1 -1 -1 0 40/60 0 
9 0 0 0 0,5 50/50 1,5 

10 0 0 0 0,5 50/50 1,5 
11 0 0 0 0,5 50/50 1,5 

Nota: X1= concentração de ácido cítrico (%); X2= razão polpa/açúcar (m/m) e X3= Concentração de albedo 
(%). 

2.2 Characterization of Araticum Preserves 

The pH, titratable acidity (TA), non-reducing sugars (TRS), reducing sugars (RS), vitamin C (VC), soluble 
solids (SS), protein (PR) and total dietary fiber (TF) were conducted according to the methodology described 
by the Adolfo Lutz Institute (2005) and AOAC (1992). The antioxidant activity (AA), was performed as 
described by Rufino et al. (2007) modified. For the texture profile analysis of Araticum preserve samples, 
a Texturometer TA. XT. Plus was used.  

3. Results and Discussion 

The physicochemical composition of Araticum (Annona crassiflora Mart.) fruits are summarized in Table 2. 
Araticum presented low acidity levels, arround 0.5%. According to Cechi, (2003), the organic acids present in 
fruits influence on taste, odor, color, stability and maintenance of the processed food quality. The soluble 
solids content has a high positive correlation with the sugar content and, therefore, is generally accepted as 
an important qualitative characteristic (Aulenbach, 1974; Silva et al., 2003). The value for soluble solids 
observed was 24° Brix, close to that found by Pinedo et al., (2013). According to Cecchi, (2003), fruit moisture 
has ability to influence its stability, quality and composition. The moisture found for the Araticum pulp was 
60%, an approximate value also found by Pinedo et al. (2013) for the same fruit that was 67%.  Ascorbic acid 
plays several biological functions related to the immune system, formation of collagen, iron absorption, 
inhibition of nitrosamines formation and antioxidant activity (Vannuchi et al., 1998; Silva et al., 2004). Morais et 
al. (2017) reported an average value of 5.27 mg /100g of ascorbic acid for Araticum in the mature stage, which 
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was lower than that found (58.11mg /100g). It is understood that changes on the ascorbic acid content on the 
same fruit are due to different factors or environmental stresses during planting, harvesting and storage. In 
addition to the maturation fruit stage, which will also influence the ascorbic acid content in the fruit, fruit 
maturation tends to decrease levels of ascorbic acid (Zamudio, 2009).   

Table 2: Physicochemical composition of Araticum fruit. 

Characteristics  Averages ±  SD 
Total acidity (%) 0,63 ± 0,09 

Brix (º) 24 ± 0,40 
Moisture (%) 60,31± 2,06 

Vit C (mg/100g) 58,11± 2,02 
Lipids(%) 2,4± 0,78 

pH 4,83± 0,01 
Proteins(%) 4,78± 0,12 
Ashes(%) 0,6± 0,02 

Total dietary fiber (%) 9,28± 0,74 
Reducing sugars(%) 13,90± 0,16 

Non-reducing sugars(%) 7,94± 0,91 
Antioxidanty activity (mg/g) 27,19± 2,18 

 
The lipid content found in Araticum was 2.4%. Rocha et al. (2013) in a study on the centesimal composition, 
energetic value and minerals of several Savannah fruits obtained lipid values such as: 0.3% to Cagaita 
fruits, 0.3% to Cashew fruits and 1.36 % in the Jatobá fruits. Morais (2017) reported lipid contains of 1.06 % to 
Araticum pulp. In this way, this fruits being suitable for a low calorie diet. The pH observed on the Araticum 
pulp was 4.83, similar to pH value found by Pimenta et al. (2014), which was 4.45, on same species fruits. The 
protein content of Araticum fruits studied in this work was 4.78%. The values of reducing and non-reducing 
sugar found in this study were 13.9% and 7.24%, respectively. These values were higher than those found in 
the literature for umbu pulp, which was 4.92% and 5.58% for reducing and non-reducing sugars (Silva et al., 
2016).  Morzelle, (2015) found for typical Cerrado’s fruits such as curriola, gabiroba and murici, antioxidant 
activity values of 13.69 mg DPPH / g, 49.00 mg DPPH / g and 56.00 mg DPPH / g respectively. The fruits of 
Araticum, cagaita, cajuzinho, mangaba, lobeira, jurubeba and tucum are expressive sources of antioxidant 
compounds. 

(A)  (B) 

 (C) 
Figure 1: Response Surface Graphs. (A) Protein Analysis, (B) Ascorbic Acid Analysis, (C) Fibers Analysis. 
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Figure 1 shows the response surface for the protein amount (A), vitamin C (B) and fibers (C) of Araticum 
preserves. It is noticed that the nutritional characteristics is directly influenced by the pulp / sugar ratio, where 
in larger pulp amounts the model indicates higher levels of the variables in question, which is explained by the 
fact that Araticum pulp is the main source from which these characteristics come from. Santana (2012) points 
out that because it has a high crude fiber content, albedo’s passion fruit is an excellent way to add value to the 
product, increasing the fiber amount, developing products for people who want to increase daily fiber intake. 
When the analyzed variables were yield, total acidity, soluble solids and pH, the model indicates that the 
optimal formulations are those with high citric acid amounts (Figure 2). According to Menezes (2009) the 
sugar amount added in the formulation of a fruit preserves interferes directly with the percentage of soluble 
solids indicated to terminate the heating process to which it is subjected, in this way, when the sugar amount 
at the formulation is higher, less time is used in the baking process of fruit preserves, evaporating less water 
and increasing the yield. For stable gel formation, it is necessary to obtain an optimum pH and, for this 
process to occur effectively, it is necessary to obtain pH at the range of 3.2 to 3.5 (Wed, 2016). In this way, it 
is necessary to add citric acid to the gel formation, providing the cut-off point to the fruit preserves. 
 

 (A)  (B) 

 (C)    (D) 

Figure 2: Response Surface Graphs. (A) Yield; (B) Total acidity; (C) Soluble Solids; (D) pH. 
 
The decreasement in the pulp amount and the increasement in the citric acid amount used in the formulations 
enhanced the reductive sugars contents (Figure 3A). The model also indicates that in relation to reducing 
sugars, lower pulp content and higher acidity, promoted an increase of non-reducing sugars (Figure 3B). In 
this work, at the end of the Araticum preserves process, the presence of sucrose was higher than that of 
glucose which, according to Menezes (2009), indicates a lower degree of hydrolysis in this process, which is 
desirable for the physical stability. When the texture was evaluated, it was observed that both hardness (C) 
and tack (D) showed a tendency to increase in the tests where the sugar content was high. According to 
Soares Júnior et al. (2003), the increasement in the soluble solids content causes an increasement in 
adhesiveness too, since this fact indicates water evaporation and consequently the pectin hydrolysis.  
None of the independent variables studied influenced the antioxidant activity of the Araticum preserves, and 
the sweetness maintained the approximate values already observed for the fruit before processing.  
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 (A)  (B) 

  (C)  (D) 
Figure 3: Response Surface Graphs. (A) Reducing Sugars (B) Non-Reducing sugars; (C) Toughness; (D) 
Adhesiveness. 

4. Conclusions 

The analyzed fruit presented good soluble solids amount in its sample, making it a fruit with high value for food 
industry, due to its potential for the production of jams, jellies and ice cream. It has low lipid content, making it 
suitable for low-calorie diets. The Araticum presented a fruit with expressive antioxidant activity when 
compared to other fruits.  
In order to obtain Araticum preserves with higher percentages of vitamin C, protein and fiber, besides a good 
yield it is necessary to increase the concentration of citric acid (1%) and quantity of pulp. Thus, the model 
recommends two optimized versions of Araticum preserves, where pulp / sugar ratio of 60/40 and 40/60, as 
well as the maximum citric acid concentration. 

References  

Arévalo-Pinedo, A., Carneiro, B.L.A., Zuniga, A.D.G., Arévalo, Z.D.S., Santana, A.A., & Pinedo, R.A., 2013, 
Physicochemical and colorimetric changes of araticum (Araticum crassiflora) JELLIES. Revista Brasileira 
de Produtos Agroindustriais, 15, 397-403. 

Association of official agricultural chemists, 1992, Official methods of analysis of the Association of Agricultural 
Chemists. 12.ed. Washington, DC.: AOAC, 1094p. 

Aulenbach, B.B.; Worrhington, J.T., 1974, Sensory evaluation of muskmelon: is soluble solids content a good 
quality index ?, Alexandria, 9, 136-137. 

Box, G.E.P.; Draper, N.R., 1987, Empirical model-building and response surfaces. New York: Wiley, 669 p. 
Brand-Willians, W.; Cuvelier, M.E.; Berset, C.L W.T., 1995, Use of a free radical method to evaluate 

antioxidant activity. LWT-Food science and Technology, 28, 25-30. 
Carvalho M.C., Vilela B.S., Cirillo, M.Â., Queiroz F.F., Fernandes O.L., & Scatolino M.K. 2009, Physical and 

physicochemical characterisation of different formulations of guava preserve (Psidium guajava, L.) from 
Pedro Sato cultivar. Ciência e Tecnologia de Alimentos, 29, 618-625. 

Cecchi, H.M., 2003, Theoretical and practical fundamentals in food analysis. Editora da UNICAMP. 
Cunha, M.F. et al., 2016, Acidity, its relation with pH and quality of jellies and sweets in bar. Technical Bulletin 

IFTM, 2, 14-19. 
Da Silva, M. I., Martins, J. N., de Araújo Alves, J. E., & da Costa, F. F. P., 2016, Physico-chemical 

characterization of umbu pulp in foam-mat. Revista Semiárido De Visu, 3, 82-91. 

227



Damiani, C.; Vilas Boas, E.V.B.; Asquieri, E.R.; Lage, M.E.; Oliveira, R.A.; Silva, F.A.; Pinto, D.M.; Rodrigues, 
L.J.; Silva, E.P.; Paula, N.R.R., 2011, Characterization of fruits from the savanna: Araça (Psidium 
guinnensis Sw.) and Marolo (Annona crassiflora Mart.). Ciência e Tecnologia de Alimentos, Campinas, 31, 
723-729. 

De Melo, A. P. C., Seleguini, A., Leite, A. F., de Souza, E. R. B., & Naves, R. V. 2015, /Araticum reproductive 
phenology and its implications for productive potential. Comunicata Scientiae, 6, 495. 

Instituto Adolfo Lutz – IAL 2008, Physicochemical methods for food analysis. 4. ed. Sao Paulo: IAL, 2008. 
1020p. 

Morais, E.C.D., Patias, S.G.D.O., Ferreira, N.S.D.S., Picanço, N.F.M., Rodrigues, E.C., Nascimento, E., & 
Faria, R.A.P.G.D., 2017, Bioactive compounds and physicochemical characteristics of in natura and 
pasteurized araticum pulp. Brazilian Journal of Food Technology, 20 121-134 

Morzelle, M.C., Bachiega, P., Souza, E.D., Vilas Boas, E.V.B., & Lamounier, M.L., 2015, Chemical and 
physical charecteriztion of fruits from cerrado: curriola, gabiroba and murici. vista Brasileira de Fruticultura, 
37, 96-103. 

Oliveira,F.M., Oliveira, R.M., Maciejewski, P., Ramm, A., Manica-Berto, R., & Zambiazi, R.C., 2018, Physico-
chemical comparison of sweet in pitaa paste with other commercials. 14ª Jornada de Pós-Graduação e 
Pesquisa, 2747-2755. 

Pimenta A.C., Silva P.S.R., Ribas, K.C.Z., Koehler, H.S., 2014, Characterization of plants and fruit of araticum 
plant (annona crassiflora mart.) native to the cerrado of Mato grosso . Rev. Bras. Frutic. 36, Jaboticabal.  

Reis, S.M.; Sebastiana, M.S., Silva, J.O., 2004, Estabilidade de ácido ascórbico em pseudofrutos de caju-do-
cerrado refrigerados e congelados. Pesquisa Agropecuária Tropical, 34,  1. 

Rocha, M.S., Figueiredo, R.D., Araújo, M.D.M., & Moreira-Araújo, R.D.R., 2013, Physical and chemical 
characterization and antioxidant activity (in vitro) of fruit of the Piaui savanna, evista Brasileira de 
Fruticultura, 35, 933-941. 

Rufino, M. S. M., Alves, R. E., Brito, E. S., Morais, S. M., Sampaio, C. G., Pérez-Jiménez, J., & Saura-Calixto, 
F.D. (2007). Metodologia Científica: Determination of Total Antioxidant Activity in Fruits by Capture of Free 
Radical DPPH. Fortaleza: Embrapa Tropical Agroindustry, (Embrapa Tropical Agroindustry, Technical 
Communiqué 127). 

Santana, A.F.; Oliveira, L., 2009, Harvesting of watermelon bark (Curcubita citrullus, Shrad) in the artisanal 
production of alternative sweets. Alimentos e Nutrição Araraquara, 16, 363-368. 

Santana, F.C., Silva, J. V., Alves, A., Santos, A., Wartha, E.R.D.S.A., Marcellini, P.S., & Silva, M.A.A.P., 2012, 
Development of a fiber-rich biscuit made by partially replacing wheat flour with yellow passion fruit rind 
(Passiflora edulis flavicarpa) and manioc starch (Manihot Esculenta Crantz) Development of Alimentos e 
Nutrição Araraquara,22, 391-399. 

Silva, I.G.; Martins, G.A.S.; Borges, S.V.; Marques, G.R; Regis, I.S., 2012, Influence of passion fruit albedo, 
citric acid, and a the pulp/sugar ratio on the quality of banana preserves.  Ciência Tecnologia Alimentos, 
Campinas, 32, 267-273. 

Silva, P.S.L., Menezes, J.B., Oliveira, O.F.D., & Silva, P.I.B., 2003, Distribution of total soluble solids content 
in the melon. Horticultura Brasileira, 21, 31-33. 

Soares Júnior, A.M.; Maia, A.B.R.A.; Nelson D.L., 2003, Study of the effect of some manufacturing variables 
on the texturometric profile of mango jam.Food Science and Technology, Campinas, 23, 76-80. 

Uehara, K.S., Barboza, R.A., do Nascimento, R.F., Beninca, C., & Canteri, M.H.G., 2017, Application of pectin 
extracted from passion fruit residues (Passiflora edulis) as stabilizing agent in ice creams. Innovative 
Science & Technology Journal, 3,  29-35. 

Zamudio, L.H.B., 2009, Characterization of Vitamin C in fruits of Camu-camu Myrciaria dubia (HBK) in 
different stages of maturation of the Active Germplasm Bank of Embrapa.  

 
 

228




