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ABSTRACT 

 
The bacaba (Oenocarpus bacaba Mart.) is a fruit originating from the Amazon forest, and its oil has similarity 

to the fatty acid composition of olive oil. The objective of this study was to evaluate the quality of bacaba oil 

submitted to gamma radiation in the of 5, 10 and 15 kGy. The extracted oil was irradiated at doses of 5, 10 and 

15 kGy, and then the physical and chemical analysis were carried out: acid value, peroxide value, iodine value, 

refractive index, specific gravity, saponification value, coefficient specific extinction at 232 and 270 nm and 

color. Was possible to evidence that radiation promoted decrease in acidity of the oil 26.67%, 27.27% and 

9.09%, respectively, at the doses of 5, 10 and 15 kGy, in relation to oil which has not gone through the process 

(standard). The values of specific gravity, refractive index and saponification value, have not changed, but the 
result of peroxides were significantly affected, increasing by 51.99%, 100.44% and 89.40% values relative to 

the standard. It was also observed a significant increase in K232 and K270 values, suggesting increased 

oxidation products, conjugated dienes and trienes. The oil color has been affected by the doses, generating a 

product with a more yellowish color and increased brightness. That way, from the analysis, it concluded that the 

use of gamma radiation at the doses used were not sufficient to make it, in the short term, unsafe for 

consumption, but changed substantially oil color. 

 

1. INTRODUCTION 

 

The Brazilian production of fruits puts the country among the main producers in the 

world, with a great advantage because of a continent can produce both tropical, subtropical 

and temperate fruits, and your exports represented by 31% of the produced, the main 

destination the Union European (BRAZILIAN FRUIT, 2012). Thus bacaba (Oenocarpus 

bacaba Mart.) is gaining market visibility and, since it is a fruit with great functional 

capabilities (FINCO, 2012). In order to provide a quality product, different methods may be 

employed with the aim of reducing the metabolic activity and / or reduce deterioration of the 

product, thus increasing the post-harvest life and / or shelf (MARTINS, 2013), factors 

physical as radiation, temperature and light are used to minimize the effects inoculum and / or 
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development of diseases (GHINI and BETTIOL, 1995). Thus, according Oyame (2004) 

among the benefits of irradiation are: improvement in the preservability of the food, as well 

as control the incidence of certain diseases or pests. The oils are complex mixtures of 

compounds of triacylglycerols and other individual components a non-saponifiable fraction 

may be composed of elements such as hydrocarbons, waxes, sterols, tocopherols etc. 

(SANTOS et al.., 2013). The bacaba oil is rich in fatty acids mono and polyunsaturated found 

both in the mesocarp, as the seed, and it being related to its similarity to the olive oil 

(SANTOS et al., 2013;. MEYER, 2013). The gamma irradiation has been used systematically 

in oil for several purposes, it was observed its ability to reduce degradation of organic 

compounds in cutting oils and lubricating oils in order to reduce the toxicity and to envisage 

its reuse (SCAPIN, 2008; DUARTE et al., 2004) and their use in edible oils, where they 

found their interaction with phenolic compounds, antioxidant activity profile of fatty acids 

and deteriorating (CAMARGO et al., 2008;.. CAMARGO, et al.. , 2011). In this context, the 

study of the influence of gamma radiation on the oil bacaba (Oenocarpus bacaba Mart.) Is 

necessary in order to meet its interference over oil and chemical and physical characteristics. 

 

2. MATERIALS AND METHODS 

 

The bacaba pulp oil was extracted in Materials Laboratory and Composites, of the Federal 

University of Tocantins, and the analyzes were performed at the Fruit Technology Laboratory 

and Food Analysis Laboratory, of the Federal University Tocantins. 

 

2.1.  Materials 

 

The fruits of bacaba (Oenocarpus bacaba Mart.) were acquired in trade in the city of 

Palmas , State of Tocantins, in the harvest of 2013. The fruits were taken to the Laboratory of 

Phytochemistry and sanitized to separation apparent dirt and debris collection and then 

packed in polyethylene bags for to submitted to freezing (~ - 20 ° C), in a domestic freezer 

for further use. 

 

2.2.  Methods 

 

To extract the oil, the fruits of bacaba were removed from the freezer, left in a 

temperature controlled environment, on average 25° C, for thawing, so they were pulped with 

knife aid, to be placed in oven, to 105º C by 10 hours for drying until constant weight without 

humidity. After drying the fruits were pressed for obtaining oil. 

 

2.2.1. Extraction by cold pressing 

 

The pre-dried fruits have been subjected to the pressing process, which was used in 

hydraulic press (Nowak 45 Ton), where approximately 80 g sample was placed in a 

cylindrical stainless steel container, so that a pressure piston is responsible for the samples, 

strength up to 15 tons for crushing the extracted oil being packed in a stainless steel vat 

positioned below the extraction vessel. The samples went through the process at least twice 

so that it could exhaust the most of the oil present in the pulp. After extraction the oil was 

centrifuged, 3500 rpm / 6min, for the separation of suspended particulate material and then 

packaged in amber bottle and left under refrigeration until analysis begins. 
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2.2.2.  Irradiation 

 

The samples were placed in 40 mL amber glass, and sent to the Institute of Energy 

and Nuclear Research - IENR, São Paulo - SP. Used gamma radiation doses were 0, 5, 10 and 

15 kGy, and irradiating the dose rate was 8 kGy / hr. 

 

2.2.3.  Physical and chemical characterization of irradiated oil 

 

The analyzes relating to acid value, peroxide value, refractive index, saponification 

value and specific gravity were performed as suggested by the AOCS (2004). The iodine 

value was determined by the Wijs method, as Cd 1b method - 87 of AOCS (2004) modified 

by Lima (2012). The color was determined by the method proposed by the AOCS (2004), 

values Chroma and Hue angle were calculated according Minolta (1998). The coefficient 

specific extinction at 232 and 270 nm were determined in accordance with Regulation (EEC) 

No 2568/91, as amended by Regulation (EC) No 702/2007, the European community. 

 

2.2.4.  Statistical Analysis 

 

Statistical analysis was performed using the statistical program ASSISTAT®. We 

used a completely randomized design (CRD), with analysis of variance, where the samples 

were analyzed in triplicate, and their average were submitted to Tukey test (1% probability) 

(SILVA and AZEVEDO, 2002). 

 

 

3. RESULTS AND DISCUSSION 

 

The results obtained for the acid value (AV), iodine value (IV), refractive index (RI), 

saponification index (SI) and the specific gravity (SG) of the control sample bacaba oil 

(Oenocarpus bacaba Mart.) and the samples irradiated at dosages of 5, 10 and 15 kGy are 

displayed on Table 1. 

 

Table 1:  Effect of treatment with gamma radiation on acidity value (AV), iodine value 

(IV), refraction index (RI), saponification value (SV) and the specific gravity (SG) of 

bacaba oil. 

 

doses of 

radiation 

(kGy) 

Parameters 

AV * 

(% oleic acid) 

IV * 

(mg I2.g
-1

) 
RI 

ns
 SV 

ns
 SG 

ns
 

0 1,65±0,02
a
 51,35±1,53

b
 1,464±0,00

a
 225,56±0,29

a
 0,910±0,002

a
 

5 1,21±0,07
c
 49,73±0,68

b
 1,467±0,00

a
 208,76±4,68

a
 0,905±0,001

a
 

10  1,20±0,07
c
 59,19±0,39

a
 1,467±0,00

a
 211,62±1,52

a
 0,903±0,000

a
 

15  1,50±0,01
b
 58,81±0,33

a
 1,467±0,00

a
 224,64±14,71

a
 0,903±0,001

a
 

* Significant at the 1% level of probability (p = 0.01), the F test; ns = not significant (p ≥ 0.05) by F test; Results 

expressed as mean ± standard deviation of triplicate analyzes. Different letters in the same column indicate 

significant differences by Tukey test. 

 

Whereas acidity is an important factor in evaluating oil quality, since it can indicate a 

state of decomposition of the triglyceride oil, either by hydrolysis, fermentation or oxidation, 

which can increase the concentration of free fatty acids and modify the concentration gradient 

hydride ions (IAL, 2008), and still the limit established by Brazilian legislation which is 2% 
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of oleic acid (BRASIL, 2005), we found that all doses reduced the acid value, keeping the 

inside of the Brazilian legal limit, and the dosages of 5 and 10 the most efficient. Thus it can 

be said that the radiation was able to reduce the concentration of hydride ions in the oil 

bacaba important factor for maintaining oil quality since the increase of acidity is related to 

the increase of the decomposition process, subsequent triacylglycerols rancidity (IAL, 2008). 

Martins (2013) evaluated the influence of radiation on the quality macauba oil at doses of 0.5, 

1, 3, 5 and 10 kGy, and found that higher dose, 10 kGy in particular, was more effective in 

controlling the process oil acidification, both for the mesocarp of the oil as the kernel,  

corroborating the data bacaba oil which radiation was able to reduce the acid value, 

especially at a dose of 10 kGy, and confirming their stabilizing activity of acidity. 

The acid value of bacaba oil without radiation treatment, showed values higher than 

those found for the olive oil, according to a study of Penz (2010) which analyzed the crude 

olive oil and found the value of 0.44% as well as with the results Silva et al.. (2012) who 

studied 32 varieties of olive trees and found values from 0.2 to 1.1% of acidity in oleic acid, 

however Cardoso et al.. (2010) in a study with five varieties of olive trees found values of 

acidity between 2.20 and 3.62% of acidity in oleic acid to the olive oil, above the values 

found for the oil bacaba. 

The iodine value is used to verify the unsaturation of oils and fats, and is based on the 

iodine binding capacity of the unsaturated double bonds in the chain (Silva et al., 1999). It 

was possible to determine the dosage 5kGy was unable to significantly alter this index, 

however dosages of 10 and 15 kGy statistically different from the others, treatment with these 

doses increased the iodine value of bacaba oil, having an interesting effect , as has been 

evidenced by Mexis et al.. (2009b) and Anwara et al.. (2015) that the radiation may promote 

the increase in number of unsaturated fatty acids in a greater proportion than the formation of 

saturated fatty acids, can thereby improve the nutritional characteristics of the oil, since the 

consumption of unsaturated fatty acids have been linked to improved quality of life because 

they are considered cardio protective (MARTIN et al., 2006;. YUNES et al., 2013.). 

In studies Mexis et al.. (2009a, 2009b and 2009c) who studied the influence of 

radiation on Hazel's characteristics, raw shelled peanuts, pistachios and cashews, it was found 

that the radiation acts differently in the various types of unsaturated fatty acids, thereby, 

although indicate a trend that increasing the radiation results in the decrease of the level of 

unsaturation can be noted that in some cases there is a gradual increase among doses up to 5 

kGy and decreased at higher doses. Kim et al.. (2004), Sajilata and Singhal (2006) reported 

the difference in composition of fatty acids with the formation of radiolytic degradation 

products, hydroperoxides, diene compounds and secondary compounds of degradation. 

The bacaba untreated oil has values below olive oil for iodine content, demonstrating 

that the oil has more unsaturated compounds in the composition that the oil bacaba. Silva et 

al.. (2012) in their study determined the range 75-90 mg I2.g
-1

, values higher than found for 

the oil bacaba as well as below the values found by Ciconini et al.. (2010) for oil pulp 

macauba which ranged from 66.22 to 75.81. It could be observed that the radiation treatment 

was unable to change the refractive index of the samples, and these remained constant. Note 

that bacaba oil refraction is close to that found for the soybean oil (1.4671), to the olive oil 

(1.469 to 1.470) and macauba oil (1.4630 to 1.4650) (JORGE et al., 2005; SILVA et al., 

2012; CICONINI et al., 2010), and indicates that the oil has bacaba general characteristics 

compared to unsaturated compounds very similar to the oils mentioned, in particular to olive 

oil. 

It was possible to determine that treatment with gamma radiation did not change the 

parameters of the saponification values when compared the sample without irradiation 

treatment, with samples at the doses of 5, 10 and 15 kGy (Tab. 1) where the statistical 

analysis did not return no one significance for the data. The saponification values refers to the 
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inverse of the proportional average molecular weight of the fatty acids of the triglycerides 

present in the oil (JORGE and LUZIA, 2012), thus it can be inferred that a possible 

degradation of the fatty acids from the treatment generated compounds with an average 

molecular weight that were not able to modify the values in the irradiated samples. According 

Agatemor (2006) irradiation can decrease the SV for breaking the long chains of fatty acids, 

however when combining the results of IV and SV, it can be seen the increase of the iodine 

value, suggesting increased unsaturated compounds, and increasing the SV, demonstrating 

that the radiation may not be capable of breaking these structures, which initially may imply 

that the gamma radiation doses studied did not act in the cleavage of these fatty acids, and 

otherwise, having positive effect, either increasing the SV is reflected in the decrease in the 

average molecular weight of fatty acids. 

Comparing the bacaba oil SV with the values found by Mello and Pinheiro (2012) for 

olive oil (152 and 142.22) it was found that the bacaba oil presented higher values. Thus, 

Moretto and Fett (1998) reported that the higher values for the oils SV the better the quality 

of oil for human consumption. 

In accordance with Mello and Pinheiro (2012) the measure of the specific grafity (SG), 

together with the measurement of the saponification value is useful for checking the average 

molecular weight of the oil, that sometimes deteriorate processes, adulterations, among 

others, alter these values that are each own oil. The statistical analysis did not report any 

difference among the samples, demonstrating that treatment with radiation was not able to 

change the chemical constituents present in the bacaba oil, since no change of indexes for this 

parameter. It can be seen that the relative density of bacaba oil showed values similar to that 

of olive oil, 0.901 and 0.916, as well as soybean oil, 0.9232, confirming that the bacaba oil 

has a similar molecular weight constituents of olive oil. 

The results for the analyzes related to peroxide value (PV), coefficient specific 

extinction at 232 and 270 nm and ΔK, are arranged in Tab. 2. 

 

Table 2 - Effect of gamma radiation in the analysis of peroxide value (PV), coefficient 

specific extinction at 232 (K232) and 270 (K270) nm and ΔK of bacaba oil. 

 

doses of 

radiation 

(kGy) 

Parameters 

PV * 

(mEq.kg
-1

) 
K232* K270** ΔK * 

0 6,79±0,86
b
 17,31±0,18

b
 2,92±0,03

b
 2,64±0,13

c
 

5 10,32±1,37
a
 18,05±0,25

a
 3,68±0,11

a
 3,58±0,11

a
 

10  13,61±1,37
a
 18,09±0,12

a
 3,13±0,06

b
 3,12±0,11

b
 

15  12,86±1,37
a
 17,92±0,39

ab
 2,99±0,35

b
 2,88±0,24

bc
 

 

* Significant at the 1% level of probability (p = 0.01), the F test; Results expressed as mean ± standard deviation 
of triplicate analyzes. Different letters in the same column indicate significant differences by Tukey test. 

 

 

The amounts relating to peroxide value were lower than required by the Brazilian 

legislation, 15 mEq / kg (BRASIL, 2005), in all samples, thus both the sample with 0 kGy, as 

those treated with radiation have proved that they can be used for consumption. However, it 

was also possible to verify that regardless of the radiation dose applied, there were no 

significant differences among them only when compared with the sample without treatment, 

0 kGy. The peroxide value refers to the kinetic profile of peroxidation induced by an organic 

free radical generator, thus the fatty matter is protected by its own antioxidants and when this 

concentration approaches zero peroxidation is uninhibited, after the accumulation of 
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hydroperoxides reaches a maximum level when all oxidizable lipids are oxidized 

(FRANKEL, 2005), this process generates a ripple effect that corroborates in rancidity, 

degradation and oil disposal. 

Proving the quality of bacaba oil, it can be seen in the study of Silva et al. (2012) and 

Cardoso et al. (2010) who studied the olive oil, found values for peroxide 5.84 to 20 mEq / kg 

and 11.15 to 25.50 mEq / kg, results well above that required by law and the bacaba oil, 

however Mendonça et al.. (2008) and Jorge et al.. (2005) found for the soybean oil values 

slightly lower than found for the bacaba, 2,67-3,34mEq / kg and 3,21mEq / kg, respectively. 

From the oxidation of fatty acids, especially polyunsaturated, hydroperoxides are 

formed and the double bonds may become combined, and products of this reaction 

conjugated dienes may be formed with more intense absorption at 232 nm, and similarly 

trienes are formed, but more intense absorption between 268 and 270 nm (Silva et al.., 1999; 

AOCS, 2004). 

Thus, it is possible to estimate oxidative evolutionary state of the samples, since the 

greater the absorption at 232 nm, the higher the concentration of peroxides, representing the 

start of the oxidation process, however the greater the absorption at 270 nm the greater the 

concentration of secondary products (AUED-PIMENTEL et al.., 2008), so as observed by 

Gutierrez et al.. (1997) there is a positive correlation between the formation of dienes and PV. 

According to Casal et al.. (2010) the allowed maximum values for K232 and K270 are 

respectively 2.50 and 0.20 for extra virgin olive oil and 2.60 and 0.25 for virgin olive oil, but 

to common vegetable oils, K270 limit is up to 1.15 and the K232 is not evaluated. The ΔK 

value, corresponding to the variation within the 270 nm region, is also set for olive oils, with 

maximum amounts of 0.01 to virgin olive oils and mixtures 0.15. 

With the analysis of the coefficient specific extinction, it was possible to extend the 

evaluation of oil oxidation state. Although K232 not be evaluated for common vegetable oils, 

it can verify that only the sample treated with 15 kGy was statistically equal to the untreated 

sample and that it already had a certain concentration of organic peroxides, possibly because 

of the processing and method extraction. The amounts relating to K270 parameter were above 

the value considered optimal for all samples, with samples 0, 10 and 15 kGy presenting 

statistically similar, showing that all samples had concentrations above the trienes considered 

optimal. Thus, the values ΔK also figured up to the regulated confirming the degree of 

oxidation of the samples. From this, it was possible to determine that the bacaba oil is in the 

process of deterioration, since it has diene and triene, and organic peroxides. 

The results of the analysis of the color samples is disposed in Tab. 3. 

 

Table 3 - Effect of gamma radiation in bacaba oil color. 

 

doses of 

radiation 

(kGy) 

Parameters 

L * a* * b* * C * hº * 

0 19,42±0,06
d
 1,89±0,08

b
 3,33±0,03

c
 3,83±0,06

c
 60,43±0,87

d
 

5 20,84±0,02
c
 1,70±0,09

b
 5,64±0,28

b
 5,89±0,29

b
 73,22±0,06

c
 

10 21,08±0,06
b
 0,90±0,08

c
 5,82±0,08

b
 5,89±0,07

b
 81,20±0,95

a
 

15 24,09±0,05
a
 2,86±0,08

a
 11,46±0,05

a
 11,81±0,05

a
 76,01±0,40

b
 

 
* Significant at the 1% level of probability (p = 0.01), the F test; Results expressed as mean ± standard deviation 
of triplicate analyzes. Different letters in the same column indicate significant differences by Tukey test. 

 

With the analysis of parameters L, a*, b*, it could be seen that the oil light change 

significantly for all radiation treatments, rising by 7.31%, 8.55% and 24.05%, for dosages of 
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5, 10 and 15 kGy respectively. With regard to a* and b* parameters, it can be seen that 

showed different tendencies. For a*, the dose of 5 kGy was statistically equal to the untreated 

sample, while the 10 kGy dose caused a decrease of the value leading to more green tone and 

15 kGy with increasing projection of the red color, in contrast to the parameter b* the 

radiation doses caused a gradual increase, with doses 5 and 10 kGy statistically identical and 

15 kGy promoting the greatest increase in value with a greater tendency to yellow. 

Analyzing the C value (Chroma), it can be seen that there was significant difference 

compared to the sample without treatment, who were treated with the doses 5 and 10 kGy and 

these with the sample treated with 15 kGy. According to McGuire (1992) parameter C is the 

chromaticity of the sample and is defined by the saturation and the color intensity is 

presented from the point determined by the hue angle (hº), so the higher chroma value means 

more saturated and intense the color determined by hº. 

The hue angle (Hº) defines the basic color of the samples and also characterizes its 

tonality, in this context with increasing hue angle, represents that the color is closer to yellow, 

whereas its decrease is to be closer to red (BORGUINI and SILVA, 2005; MCGUIRE, 1992), 

since the samples presented values of 60.43 to 81.20º hue. It was found that treatment with 

radiation, at all doses, significantly changed the value of the hue angle in relation to the 

sample which received no treatment, and all were different from each other, with a dose of 10 

kGy with the greatest value for this parameter. 

With the analysis of chroma and hue angle could be seen that the difference statistics 

found for the 5:10 kGy dosages were not enough to change the bacaba oil color to the naked 

eye, demonstrated differences only by instrumental values, due to the degree of sensitivity of 

the device, and only the sample treated with 15 kGy visually change the color of the sample 

when compared to the sample that did not suffer treatment. 

 

 

4. CONCLUSIONS  

 

The bacaba oil has characteristics necessary to be used instead of the oils considered 

health promoters. Irradiation positively changed some oil quality parameters, however 

promoted the beginning of its oxidative process, without, however, making improper oil 

consumption, with a dose of 5 kGy promoted less oxidation and the dose of 15 kGy promoted 

a start higher in oil oxidation and changed the color of the sample. 

 

 

REFERENCES 

 

 

1. AGATEMOR, C. “Studies of selected physicochemical properties of fluted pumpkin 

(Telfairia occidentalis Hook F) seed oil and tropical almond (Terminalia catappia L.) 

seed oil”. Pakistan Journal of Nutrition, v. 5, n. 4, p. 306–307, (2006). 

2. ANWARA, M. M.; ALI, S. A,; NASR, E. H. “Improving the nutritional value of 

canola seed by gamma irradiation”. Journal of Radiation Research and Applied 

Sciences, (2015). Disponível em: <http://dx.doi.org/10.1016/j.jrras.2015.05.007>, 

Acessado em: 20 mai 2015. 

3. AOCS. Official methods and recommended practices of the American Oil Chemists' 

Society, AOCS: Champaign, (2004). 

4. AUED-PIMENTEL, S.; TAKEMOTO, E.; KUMAGAI, E. E. CANO, C. B. 

“Determinação da diferença entre o valor real e o teórico do triglicerídeo ECN 42 para 



INAC 2015, São Paulo, SP, Brazil. 

 

a detecção de adulteração em azeites de oliva comercializados no Brasil”. Química 

Nova, v. 31, n. 1, p. 21-34, (2008). 

5. BORGUINI, R. G.; SILVA, M. V. “Características físico-químicas e sensoriais do 

tomate (Lycopersicon esculentum) produzido por cultivo orgânico em comparação ao 

convencional”. Aliementos e Nutrição, v. 16, n. 4, p. 355-361, (2005). 

6. BRASIL. Agência Nacional de Vigilância Sanitária. Resolução RDC nº 270, de 22 de 

setembro de 2005. Brasília/DF, (2005). 

7. BRAZILIAN FRUIT. “Novas frutas brasileiras”. (2012). Disponível em: 

<http://www.brazilianfruit.org.br/newbrazilianfruit.asp>, Acessado em: 15 mai 2015. 

8. CAMARGO, A. C.; CANNIATTI-BRAZACA, S. G.; MANSI, D. N.; DOMINGUES, 

M. A. C.; ARTHUR, V.” Efeitos da radiação gama na cor, capacidade antioxidante 

e perfil de ácidos graxos em amendoim (Arachis hypogaea L.)”. Ciência e Tecnologia 

de Alimentos, v. 31, n. 1, p. 11-15, (2011). 

9. CAMARGO, E. E. S.; TELASCREA, M.; VILEGAS, W. “Effect of the 

decontamination using gamma irradiation on the essential oil of Turnera diffusa 

Wild”. Revista Brasileira de Farmacognosia, v. 18, n. 3, p. 356-359, (2008). 

10. CARDOSO, L. G. V.; BARCELOS, M. F. C.; OLIVEIRA, A. F.; PEREIRA, J. A. R.; 

ABREU, W. C.; PIMENTEL, F. A.; CARDOSO, M. G.; PEREIRA, M. C. A. 

“Características físico-químicas e perfil de ácidos graxos de azeites obtidos de 

diferentes variedades de oliveiras introduzidas no Sul de Minas Gerais – Brasil”. 

Semina: Ciências Agrárias, v. 31, n. 1, p. 127-136, (2010). 

11. CASAL, S. MALHEIRO, R.; SENDAS, A.; OLIVEIRA, B. P. P.; PEREIRA, J. A. 

“Olive oil stability under deep-frying conditions”. Food and Chemical Toxicology, v. 

48, p. 2972-2979, (2010). 

12. CICONINI, G.; FAVARO, S. P.; SOUZA, C. F. T.; MIYAHIRA, M. A. M.; 

CORRÊA, A.; PLEIN, G. S.; SOUZA, J. L. C.; SANTOS, G. P. “Óleo de polpa da 

macaúba: variabilidade das características físico-químicas em plantas do Mato 

Grosso do Sul”. IN: IV Congresso Brasileiro de Mamona e I Simpósio Internacional 

de Oleaginosas Energéticas, João Pessoa, PB, (2010). Disponível em: 

<http://cbmamona.com.br/pdfs/OLE-07.pdf> acessado em 18 Jun 2015. 

13. COMISSÃO DAS COMUNIDADES EUROPEIAS. “REGULAMENTO (CE) Nº 

702/2007,de 21 de Junho de 2007”. Comunidade Europeia, (2007). 

14. COMISSÃO DAS COMUNIDADES EUROPEIAS. “REGULAMENTO (CEE) Nº 

2568/1991,de 11 de Julho de 1991”. Comunidade Europeia, (1991). 

15. DUARTE, C. L.; MORI, M. N.; BAUMGARTNER, J. B. “Tratamento de óleo de 

corte pelo processo de oxidação avançada por radiação ionizante”. IN: Congresso 

Brasileiro de Ciência e Tecnologia em resíduos e desenvolvimento sustentável. 

(2004). 

16. FINCO, F. D. B. A.; SILVA, I. G.; OLIVEIRA, R. B. de. “PHYSICOCHEMICAL 

CHARACTERISTICS AND ANTIOXIDANT ACTIVITY OF THREE NATIVE FRUITS 

FROM BRAZILIAN SAVANNAH (CERRADO)”. Alim. Nutr., v. 23, n. 2, p. 179-185, 

(2012). 

17. FRANKEL, E. N., “Lipid Oxidation”, 2nd ed. The Oily Press, Bridgwater,  England, 

(2005). 

18. GHINI, R.;  BETTIOL, W. “Diagnose”.  In: KIMATI, H. (Ed.).  Manual de 

fitopatologia. Controle cultural. 3 ed. São Paulo: Agronômica Ceres, v. 1, n. 39, p. 

786-803, (1995). 

19. GUTIERREZ, R. M. E.; REGITANO-D’ARCE, B. A. M.; RAUEN-MIGUEL, O. 

M.A. “Estabilidade Oxidativa do Óleo Bruto da Castanha do Pará (Bertholletia 

excelsa)”. Ciência Tecnologia de Alimentos, v.17, n. 1, p.. 22-27, (1997). 



INAC 2015, São Paulo, SP, Brazil. 

 

20. INSITUTO ADOLFO LUTZ, IAL. “Métodos físico-químicos para análise de 

alimentos”. Versão Eletrônica. São Paulo: (2008). 

21. JORGE, N.; LUZIA, D. M. M. “Caracterização do óleo das sementes de Pachira 

aquatica Aublet para aproveitamento alimentar”. Acta Amazonica, v. 42, n. 1, p. 149-

156, (2012). 

22. JORGE, N.; SOARES, B. B. P.; LUNARDI, V. M.; MALACRIDA, C. R. 

“Alterações físico-químicas dos óleos de girassol, milho e soja em frituras”. Química 

Nova, v. 28, n. 6, p. 947-951, (2005). 

23. KIM, J. H.; SHIN, M.-H.; HWANG, Y.-J.; SRINIVASAN, P.; KIM, J. K.; PARK, H. 

J.; BYUN, M. W.; LEE, J. W. “Role of gamma irradiation on the natural 

antioxidants in cumin seeds”. Radiation Physics and Chemistry, v. 78, p. 153–157, 

(2009). 

24. LIMA, C. R. L. “Efeitos dos parâmetros da extração e avaliação da qualidade física 

e química dos óleos de baru e amendoim”. 72 f. Dissertação de Mestrado (Mestrado 

em Ciência e Tecnologia de Alimentos), Escola de Agronomia e Engenharia de 

Alimentos da Universidade Federal de Goiás, Goiânia-GO. (2012) 

25. MARTIN, C. A.; ALMEIDA, V. V. de; RUIZ, M. R.; VISENTAINER, J. E. L.; 

MATSHUSHITA, M.; SOUZA, N. E. de; VISENTAINER, J. V. “Ácidos graxos 

poliinsaturados ômega-3 e ômega-6: importância e ocorrência em alimentos”. 

Revista de Nutrição, v. 19, n. 6, p. 761-770, (2006). 

26. MARTINS, A. D. “Radiação gama e secagem na conservação da qualidade do óleo 

de frutos de macaúba”. 89 f. Dissertação (Mestrado em Fitotecnia), Universidade 

Ferderal de Viçosa, Viçosa-MG. (2013). 

27. MCGUIRE, R. G. “Reporting of Objective Color Measurements”. Hortscience, v. 27, 

n. 12, (1992). 

28. MELLO, L. D.; PINHEIRO, M. F. “Aspectos físicos-químicos de azeites de oliva e de 

folhas de oliveira provenientes de cultivares do RS, Brasil”. Alimento e Nutrição, v. 

23, n. 4, p. 537-548, (2012). 

29. MENDONÇA, M. A.; BORGO, L. A.; ARAUJO, W. M. C.; NOVAES, M. R. C. G. 

“Alterações físico-químicas em óleos de soja submetidos ao processo de fritura em 

unidades de produção de refeição no Distrito Federal”. Com. Ciência Saúde, v. 19, 

n. 2, p. 115-122, (2008). 

30. MEXIS, S. F.; KONTOMINAS, M. G. “Effect of gamma irradiation on the physico-

chemical and sensory properties of raw shelled peanuts (Arachis hypogaeaL.) and 

pistachio nuts (Pistacia veraL.)”. J Sci Food Agric, v. 89, p. 867–875, (2009a). 

31. MEXIS, S. F.; KONTOMINAS, M. G. “Effect ofg-irradiation on the physicochemical 

and sensory properties of cashew nuts (Anacardium occidentaleL.)”. LWT - Food 

Science and Technology, v. 42, p. 1501–1507, (2009b). 

32. MEXIS, S. F.; KONTOMINAS, M. G. “Effect ofg-irradiation on the physicochemical 

and sensory properties of hazelnuts (Corylus avellana L.)”. Radiation Physics and 

Chemistry, v. 78, p. 407–413, (2009c). 

33. MEYER, J. M. “Teor e Composição de ácidos graxos de óleos de frutos de palmeiras 

nativas”. 2013. Dissertação de Mestrado (Mestrado em Ciências - Botânica). Instituto 

de Biociências, Univerdade de São Paulo - São Paulo/SP, (2013). 

34. MINOLTA. “Precise color communication: color control from perception to 

instrumentation”. Sakai, (1998). 

35. MORETTO, E.; FETT, R. “Tecnologia de óleos e gorduras vegetais”. São Paulo: 

Varela, (1998). 

36. OYAME, S. T. “Food and Nutritional Toxicology”. New York , CRC Press LLC, 1a 

ed., (2004). 



INAC 2015, São Paulo, SP, Brazil. 

 

37. PENZ, L. R. “Estudo das alterações físico-químicas do azeite de oliva após 

tratamento térmico”. 83f. Dissertação (Ambiente e Desenvolvimento), Centro 

Universitário Univates, Lajeado-RS, (2010). 

38. SAJILATA, M.; SINGHAL, R. “Effect of irradiation and storage on the 

antioxidative activity of cashew nuts”. Radiation Physics and Chemistry, n. 75, p. 

297–300, (2006). 

39. SANTOS, M. F. G.; ALVES, R. E.; RUÍZ-MENDEZ, M. V. “Minor componentes in 

oils obtained from Amazonian palm fruits”. Grasas y Aceites, v. 64, n. 5, p. 531-536, 

(2013). 

40. SCAPIN, M. A. “Estudos de remoção de elementos inorgânicos e degradação de 

compostos orgânicos por radiação gama em óleos lubrificantes usados”. 105 f. Tese 

(Doutorado em Ciências - área: Tecnologia Nuclear - Materiais), Instituto de 

Pesquisas Energéticas e Nucleares - Universidade de São Paulo, São Paulo/SP. 

(2008). 

41. SILVA, F. A. M.; BORGES, M. F. M.; FERREIRA, M. A. “Métodos para avaliação 

do grau de oxidação lipídica e da capacidade antioxidante”. Química Nova, v. 22, n. 

1, (1999). 

42. SILVA, F. A. S.; AZEVEDO, C. A. V. “Versão do programa computacional Assistat 

para o sistema operacional Windows”. Revista Brasileira de Produtos 

Agroindustriais, v. 4, n. 1, p. 71-78, (2002). 

43. SILVA, L. F. O. S.; OLIVEIRA, A. F.; PIO, R.; ALVES, T. C.; ZAMBON, C. R. 

“Variação na qualidade do azeite em cultivares de oliveira”. Bragantia, v. 71, n. 2, 

p. 202-209, (2012). 

44. YUNES, J. F. F.; TERRA, N. N.; CAVALHEIRO, C. P.; FRIES, L. L. M.; GODOY, 

H. T.; BALLUS, C. A. “Perfil de ácidos graxos e teor de colesterol de mortadela 

elaborada com óleos vegetais”. Ciência Rural, v. 43, n. 5, p.924-929, (2013). 


