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SUMMARY: Annatto seed oil (ASO) and cupuassu seed fat (CSF) were combined at the ratios: 30:70, 50:50, and 70:30 (% w/w). Their 
fatty acid profile, nutritional quality, FTIR (Fourier Transform Infrared) spectra, and rheological behavior were evaluated. ASO increased 
the content of polyunsaturated fatty acids in the blends; whereas CSF conferred higher contents of monounsaturated fatty acids. The 
blends exhibited low atherogenicity and thrombogenicity indices, suggesting nutritional advantages. The Newtonian fluid behavior and 
FTIR results suggested that mixing ASO and CSF at different proportions did not affect the functional groups. ASO showed an activation 
energy value which indicated that this fat viscosity was more sensitive to temperature changes. The Newtonian model proved to be suit-
able to describe the behavior of samples, according to statistical fit parameters R2, χ2, and RSS. The resulting blends presented improved 
physicochemical properties and nutritional attributes, indicating their feasibility for the development of new products.
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RESUMEN: Perfil de ácidos grasos y comportamiento reológico de aceite y grasa de semillas de achiote (Bixa orellana), y de cacao 
blanco (Theobroma grandiflorum) y sus mezclas. Se combinaron aceite de semilla de achiote (ASO) y grasa de semilla de cacao blanco 
(CSF) en las proporciones: 30:70, 50:50 y 70:30 (% p/p), respectivamente. Se evaluó su perfil de ácidos grasos, calidad nutricional, es-
pectros FTIR (Fourier Transform Infrared) y comportamiento reológico. ASO incrementó el contenido de ácidos grasos poliinsaturados 
en las mezclas, mientras que CSF confirió mayores contenidos de ácidos grasos monoinsaturados. Las mezclas exhibieron bajos índices 
de aterogenicidad y trombogenicidad, lo que sugiere ventajas nutricionales. El comportamiento del fluido newtoniano y los resultados de 
FTIR sugirieron que mezclar ASO y CSF en diferentes proporciones no afectó a los grupos funcionales. ASO mostró un valor de energía 
de activación que indicó que la viscosidad de esta grasa era más sensible a los cambios de temperatura. El modelo newtoniano demostró 
ser adecuado para describir el comportamiento de las muestras, según los parámetros de ajuste estadístico R2, χ2 y RSS. Las mezclas 
resultantes presentaron propiedades fisicoquímicas y atributos nutricionales mejorados, lo que indica su viabilidad para el desarrollo de 
nuevos productos.
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1. INTRODUCTION

The current demand for oils and fats, with empha-
sis on healthy foods and new uses, has accelerated the 
search for alternative sources of these lipids. Howev-
er, many oils and fats with interesting characteristics 
and unique compositions have not yet been fully con-
sidered for product formulation due to the scarcity of 
information about their properties, as is the case of 
some Amazonian matrices (Serra et al., 2019). 

Bixa orellana L., also known as annatto, is a species 
native to tropical America. In Brazil, it is native to the 
North and Northeast regions and occurs mainly in the 
states of Amazonas, Pará, Paraíba, Piauí, Maranhão, 
Ceará, and Bahia (Stringheta et al., 2018). Annatto is 
an important source of natural dyes, such as fat-solu-
ble bixin and water-soluble norbixin, with colorations 
ranging from yellow to dark red. These dyes are wide-
ly used in the food, pharmaceutical, and cosmetic in-
dustries, due to their high stability, coloring capacity, 
and lack of toxicity. In addition, the oil extracted from 
annatto seeds has been arousing the interest of many 
industrial sectors due to the presence of δ-tocotrienol 
(Costa et al., 2013), which are antioxidant compounds 
used in the treatment of cardiovascular diseases and 
cancer, and are also effective in preventing lipid oxida-
tion (Costa et al., 2013; Shen et al., 2021).

Cupuassu (Theobroma grandiflorum) is a fruit 
which is native to the Brazilian Amazon and has high 
agro-economic potential. Its pulp presents wide ac-
ceptance in the national and international markets for 
its unique characteristics such as flavor, aroma, and 
texture. It is also worth mentioning that a natural fat 
with chemical and sensory characteristics similar to 
those of cocoa butter is obtained from cupuassu seeds 
(Bezerra et al., 2017). Cupuassu fat has been consid-
ered an excellent source of monounsaturated fatty ac-
ids (MUFA) because it has a great content of oleic 
acid in its composition. These fatty acids have greater 
oxidation stability when compared to polyunsaturated 
fatty acids (PUFA), in addition to reducing the levels 
of LDL cholesterol and lowering the risk of coronary 
heart disease (Bezerra et al., 2017; Serra et al., 2019). 

Knowledge of the composition and physicochemi-
cal properties of oils and fats and their blends is essen-
tial for product development, as well as for designing 
and improving industrial processes. Iodine value (IV) 
measures the degree of unsaturation of fatty acids 
present in oils and fats. Since the melting point and 

oxidative stability of oils and fats are related to the 
degree of unsaturation, IV can provide an estimation 
of these properties. The higher this value, the higher 
the degree of unsaturation and the greater the suscep-
tibility to oxidation (Dymińska et al., 2016).

Nutritional quality indexes are often used to evaluate 
oils and fats because they allow a better understanding 
of the health effects of fatty acids (Attia et al., 2015). 
Atherogenicity index (AI) and thrombogenicity index 
(TI) are directly related to the stimulation of platelet 
aggregation (Ulbricht and Southgate, 1991). Therefore, 
lipids with lower AI and TI values have greater poten-
tial to prevent coronary heart diseases. 

The most important factors for the utilization of 
oilseed matrices in industries are quality, stability, 
and nutritional and functional characteristics of the 
oils and fats obtained. Although pure oil  (as example, 
palm, sesame, canola, soy and olive oil)  is not suita-
ble for direct use in the development of new products 
(Hashempour-Baltork et al., 2016), blends of oils and 
fats have been widely applied, due to changes in their 
natural physicochemical characteristics. Thus, by sim-
ply combining different matrices, it is possible to obtain 
products with interesting technological, nutritional, and 
functional properties (Bezerra et al., 2017).  

In this context, considering the little information 
available and the increasing demand for new alterna-
tive lipid sources, the present study aimed to obtain 
blends of different proportions of annatto seed oil 
(ASO) and cupuassu seed fat (CSF), as well as to 
determine their fatty acid profiles, nutritional quality 
indices, Fourier Transform Infrared (FTIR) spectra, 
and rheological behavior.

2. MATERIALS AND METHODS

2.1. Materials and blend preparation

The ASO sample was provided by Gran Oils 
Industry (São Paulo, Brazil) and The CSF sample 
was provided by Amazon Oil Industry (Ananindeua, 
Pará, Brazil). For blend preparation, ASO and CSF 
samples were previously heated at 40 ºC, in order to 
facilitate the homogenization process. 

2.2. Determination of fatty acid composition

The fatty acid profiles of ASO, CSF, and their 
blends were determined by gas chromatography (GC) 
(CP 3380, Varian Inc., USA) equipped with a flame 
ionization detector (FID) and a CP-Sil 88 capillary 
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column (60 m x 0.25 mm x 0.25 mm) (Varian Inc., 
USA). Fatty acid methyl esters were prepared based 
on the method proposed by Rodrigues et al. (2010) 
and the operating conditions were helium as carrier 
gas at a flow rate of 0.9 mL·min-1, FID at 250 °C, and 
injector split ratio of 1:100 at 245 °C. The column 
temperature was programmed at 80 ºC for 4 min, with 
a subsequent increase to 220 ºC at 4 ºC·min-1. Individ-
ual fatty acid peaks were identified by comparison of 
retention times of the gas chromatography with those 
of known mixtures of fatty acid standards (74X Nu-
check-prep, Inc., USA) run under the same operating 
conditions.

2.3. Iodine and saponification values

Iodine and saponification values were obtained 
according to methods Cd 1c-85 and Cd 3-94 (AOCS, 
2004), respectively, based on the fatty acid composi-
tions.

2.4. Lipid quality indexes

The nutritional quality of ASO, CSF, and their 
blends was evaluated using six nutritional indicators 
based on fatty acid compositions. Atherogenicity 
(AI) and thrombogenicity (TI) indexes and the ratio 
of polyunsaturated to saturated fatty acids (P/S) were 
determined according to Ulbricht and Southgate 
(1991) using Equations 1, 2, and 3, respectively. The 
ratio of hypocholesterolemic/hypercholesterolemic 
fatty acids (h/H) was determined according to San-
tos-Silva et al. (2002), using Equation 4. And the nu-
tritive value index (NVI) was determined according 
to Chen et al. (2016), using Equation 5.

  (1)

  (2)

  (3)

2.5. Attenuated total reflectance Fourier transform 
infrared spectroscopy (ATR-FTIR)

The spectra of ASO, CSF, and their blends were 
obtained with a Fourier transform infrared spectro-
photometer (Shimadzu Corporation IR Prestige 21 
Cat. No. 206-73600-36- Kyoto-Japan), at the 4000 
to 600 cm-1 regions, using 32 scans with spectral res-
olution of 4 cm-1. OriginPro v8.0 software was used 
to graphically plot the spectra obtained, with the aim 
of evaluating possible changes in functional groups.

2.6. Rheological measurements

The flow behaviors of ASO, CSF, and their blends 
were determined using a programmable rotational 
viscometer (DV-II+, Brookfield Engineering Lab-
oratories, USA) equipped with a DIN-87 spindle. 
The viscometer was coupled to an ultra-thermostatic 
bath (SL 152/10, Solab, Brazil) for temperature con-
trol. Measurements were performed at temperatures 
of 30, 40, and 50 ºC, with shear rates ranging from 
26 to 155 s-1. Shear stress (τ) and viscosity (η) were 
obtained using WinGather software (version 1.1, 
Brookfield Engineering Laboratories, USA). 

2.6.1. Rheological modeling 

Oils and fats generally exhibit a linear relation-
ship between shear stress and strain rate, and the 
Newtonian model is the most commonly used to de-
scribe their flow behaviors. Therefore, the data ob-
tained experimentally were fitted to the Newtonian 
rheological model (Equation 6). 

  (6)

Where  = shear stress (Pa);  = viscosity (Pa.s); 
 = shear rate (s-1).

The fitting of data to the Newtonian model was 
performed by nonlinear regression analysis using 

  (4)

  (5)
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OriginPro software (version 8.0, OriginLab, USA). 
The coefficient of determination (R2), the reduced 
chi-square value (χ2), and the residual sum of squares 
(RSS) were the parameters used to evaluate the fits. 

2.6.2. Influence of temperature on rheological behav-
ior 

The Arrhenius equation (Equation 7) was used to 
evaluate the influence of temperature on the viscos-
ity (η) of the samples. The fitting of data to the Ar-
rhenius model was performed by nonlinear regres-
sion analysis using OriginPro software (version 8.0, 
OriginLab, USA).

  (7)

Where  = viscosity (mPa.s);  = pre-exponential 
factor (Pa.s);  = activation energy (kJ mol-1);  = 
universal gas constant (8.314 J/mol K);  = absolute 
temperature (K).

3. RESULTS AND DISCUSSION

3.1. Fatty acid composition, iodine value, and sa-
ponification value

The fatty acid composition, iodine and saponifica-
tion values, and nutritional quality indexes of ASO, 
CSF, and their blends are presented in Table 1. The re-
sults indicate that ASO is rich in PUFA (49.25%) and 
MUFA (31.02%), whereas CSF presents high contents 
of saturated (42.56%) SFA and MUFA (40.60%). The 
main fatty acids present in ASO were α-linolenic 
(49.25%), oleic (31.02%), and palmitic (12.73%). 
Silva et al. (2008) obtained similar contents for oleic 
(33.9%) and palmitic (16.4%) acids using this same 
method of analysis. However, in their work, linoleic 
(34.3%) was the main PUFA in ASO. 

Some differences were also observed in the fat-
ty acid composition of ASO described by Rao et 
al. (2015). They obtained lower contents of oleic 
(17.5%) and linolenic (15.1%) acids, and great-
er concentrations of palmitic (26.9%) and stearic 
(10.8%) acids. Costa et al. (2013) suggest that the 
variations in the fatty acid profile of ASO can be at-
tributed to the diversity of the species studied.

Regarding CSF, the main fatty acids present 
were oleic (40.60%), stearic (31.78%), α-linolenic 

(11.56%), and palmitic (7.51%). Previous studies 
confirm that oleic acid is the major compound found 
in CSF (41.60-43.17%), followed by stearic (31.60-
33.91%), α-linolenic (11.37-11.50%), and palmitic 
(7.37-7.50%) acids (Bezerra et al., 2017; Serra et al., 
2019). The high content of oleic acid characterizes 
CSF as a good source of MUFA. Bhattacharjee et al. 
(2020) highlighted the role of oleic acid in reduc-
ing the risk of cardiovascular diseases, decreasing 
inflammatory responses, and regulating serum cho-
lesterol levels. It also has the advantage of having 
greater oxidative stability compared to PUFA.

The main fatty acids present in the blends were 
oleic (33.89-37.71%), α-linolenic (22.90-38.02%), 
stearic (14.27-24.28%), and palmitic (9.08-11.16%). 
Increasing the proportion of ASO in the blends pro-
moted an increase in the content of PUFA and a 
consequent reduction in SFA. On the other hand, the 
samples with greater amounts of CSF also presented 
higher contents of MUFA, which makes the blends 
more interesting to human nutrition due to the bene-
ficial effects of these fatty acids on the prevention of 
cardiovascular diseases, besides conferring greater 
stability (Bezerra et al., 2017).

As expected, ASO showed a higher iodine value 
(IV) (155.52 g I2100 g-1) than CSF (74.30 g I2 100 g-1) 
because it contains a greater content of unsaturated 
fatty acids. Thus, the use of CSF may have contribut-
ed to increasing the oxidative stability of the blends.

The saponification value (SV) is considered a 
measurement of the chain length of all fatty acids 
present in the oil or fat (Sivakanthan et al., 2019). 
The SV of ASO (193.49 mg KOH g-1) was higher 
than that of CSF (190.92 mg KOH g-1).

3.2. Nutritional quality indexes

Atherogenicity and thrombogenicity indexes low-
er than 1.0 and 0.5, respectively, are recommended in 
terms of human health (Fernandes et al., 2014). ASO 
and CSF showed the same AI result (0.16), which in-
dicates that these samples have high and equivalent 
contents of anti-thrombogenic fatty acids (Table 1). 
As expected, CSF showed a TI (0.66) higher than 
ASO (0.12), because it presents a greater content of 
SFA, especially stearic acid (31.78%). In addition, 
ASO presented a great concentration of α-linolenic 
acid (49.25%), which is a PUFA that reduces platelet 
aggregation potential. The blends showed AI and TI 
lower than the recommended values, which is very 
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desirable from a human health perspective (Woło-
szyn et al., 2020). 

The P/S ratio is frequently used to evaluate the 
nutritional quality of oils and fats. A balanced intake 
of polyunsaturated and saturated fatty acids is bene-
ficial for controlling serum cholesterol levels. A P/S 
ratio higher than 0.45 is recommended in human di-
ets for the prevention of coronary heart disease and 
some chronic illnesses such as cancer. The P/S ra-
tios of all samples were consistent with the recom-
mended value, except for CSF (P/S = 0.40) and the 
most favorable result was observed for ASO (2.50). 
In addition, all blends showed P/S results which are 
beneficial to human health and increasing the pro-
portion of ASO improved the nutritional quality of 
the blends.

The value of the h/H ratio (hypocholesterolem-
ic/hypercholesterolemic – h/H) ranged from 6.25 to 
7.37, with the highest value for CSF and the lowest 
for CSO. The mixtures presented values within this 

range, and as the concentration of CSF in the mix-
ture increased, this ratio increased. This relationship 
responds directly to the characteristics of the studied 
fats. The higher the value of h/H, the greater the rela-
tionship with risk factors, contributing to the increase 
in cholesterol, so this is an important measurement 
in the characterization of fats and their mixtures. It is 
important to have a low h/H ratio in the diet to reduce 
negative prothrombotic effects caused by increased 
n–6 linoleic acid concentration in the diet. Despite the 
limitations, compared to the PUFA/MUFA, the h/H ra-
tio may more accurately reflect the effect of the fatty 
acid composition on cardiovascular diseases (Chen 
and Liu, 2020). Values as low as 0.21 can be found 
for algae and close to 11.0 to 15.0 for camelina oil 
(Camelina sativa) (Chen and Liu, 2020).

CSF exhibited a greater nutritional value index 
(NVI) value (9.64) than ASO (2.98), which was due 
to the greater proportion of stearic (C18:0) and oleic 
(C18:1) acids present in CSF. Furthermore, it was 

Table 1. Fatty acid composition (%), iodine and saponification values, and nutritional quality indices of annatto seed oil (ASO), cupuassu 
seed fat (CSF), and their respective blends.

Fatty acids ASO
ASO:CSF (% w/w)

CSF
70:30 50:50 30:70

Lauric acid (C12:0) nd 0.20 ± 0.00d 0.33 ± 0.00c 0.46 ± 0.01b 0.65 ± 0.02a

Myristic acid (C14:0) 0.12 ± 0.01e 0.17 ± 0.00d 0.20 ± 0.00c 0.23 ± 0.00b 0.28 ± 0.00a

Palmitic Acid (C16:0) 12.73 ± 0.07a 11.16 ± 0.10b 10.12 ± 0.09c 9.08 ± 0.10d 7.51 ± 0.10e

Stearic Acid (C18:0) 6.88 ± 0.17e 14.27 ± 0.01d 19.28 ± 0.01c 24.28 ± 0.02b 31.78 ± 0.05a

Oleic acid (C18:1, ω-9) 31.02 ± 0.10e 33.89 ± 0.14d 35.79 ± 0.12c 37.71 ± 0.17b 40.60 ± 0.23a

Linoleic acid (C18:2, ω-6) nd 1.58 ± 0.01d 2.64 ± 0.01c 3.70 ± 0.02b 5.28 ± 0.03a

α-Linolenic acid (C18:3, ω-3) 49.25 ± 0.10a 38.02 ± 0.02b 30.46 ± 0.01c 22.90 ± 0.01d 11.56 ± 0.01e

Arachidic acid (C20:0) nd 0.09 ± 0.00d 0.15 ± 0.00c 0.20 ± 0.01b 0.29 ± 0.01a

Behenic acid (C22:0) nd 0.62 ± 0.00d 1.03 ± 0.00c 1.44 ± 0.01b 2.05 ± 0.02a

∑Saturated 19.73 ± 0.12e 26.51 ± 0.11d 31.11 ± 0.10c 35.69 ± 0.14b 42.56 ± 0.19a

∑Monounsaturated 31.02 ± 0.10e 33.89 ± 0.14d 35.79 ± 0.12c 37.71 ± 0.17b 40.60 ± 0.23a

∑Polyunsaturated 49.25 ± 0.10a 39.60 ± 0.03b 33.10 ± 0.02c 26.60 ± 0.03d 16.84 ± 0.04e

Iodine value (g I2·100 g-1) 155.52 131.35 115.04 98.74 74.30 
Saponification value (mg KOH·g-1) 193.49 192.72 192.23 191.71 190.92
Atherogenicity index (AI) 0.16 0.16 0.16 0.16 0.16
Thrombogenicity index (TI) 0.12 0.16 0.24 0.35 0.66
Ratio of polyunsaturated to saturated fatty acids (P/S) 2.50 1.49 1.06 0.75 0.40
Hypocholesterolemic/hypercholesterolemic fatty 
acids (h/H) 6.25 6.49 6.68 6.91 7.37

Nutritive value index (NVI) 2.98 4.31 5.44 6.83 9.64

Triplicate means in the same row followed by different letters are significantly different by Tukey’s test (p ≤ 0.05). nd - not detected. 
Nutritional indexes determined by indirect method
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also observed that the addition of CSF to the blends 
directly influenced the NVI, which ranged from 4.31 
to 6.83.

3.3. Attenuated total reflectance Fourier transform 
infrared spectroscopy (ATR-FTIR)

The spectra obtained in the region of 4,000 to 500 
cm-1 for ASO, CSF, and their blends are presented in 
Figure 1. The absorption bands of highest intensity 
were identified in the region of 2937 to 2843 cm-1 
and can be attributed to axial deformation vibrations 
of C-H bonds present in methyl (CH3) and methyl-
ene (CH2) groups, and double bonds (=C-H). 

The band that appears in the 1754 - 1724 cm-1 re-
gion refers to axial deformation vibrations of the car-
bonyl group (C=O) present in triacylglycerol esters. 
The bands with intermediate intensity, which appear 
in the region of 1469 to 1440 cm-1, originate from an-
gular deformation vibrations of C-H bonds present in 
methyl and methylene groups. The absorption bands 
which refer  to the axial deformation vibrations of C-O 
bonds of esters  which constitute the triacylglycerols 
are in the 1177 - 1147 cm-1 region, which contains part 
of the “fingerprint” region of the compounds. (García-
González et al., 2013). Finally, the peaks at 719 and 
711 cm-1 can be assigned to the benzene ring.

The results obtained are consistent with the limits 
reported in other studies (Bitencourt et al., 2018). In 
addition to the bands identified in this work, a set of 
absorption bands in the regions of 3338 cm-1, 1612 
cm-1, and 1562 cm-1 was also found. These data are 
related to the identification of trans-bixin (carote-
noid) present in the oil (Rao et al., 2014). 

Regarding the spectra of the blends, it was ob-
served that the vibration bands of the bonds involved 
are very close and did not undergo relevant shifts 
with respect to wavelength, indicating the absence 
of chemical interactions between oil and fat (Sil-
va-Júnior et al., 2008). These results suggest that 
combining ASO and CSF in different proportions 
did not affect the functional groups, which is expect-
ed since it is just a mixture and there is no reaction.

3.4. Rheological behavior

The rheological curves of shear stress versus shear 
rate of the pure samples and their blends are presented 
in Figure 2. All samples showed a linear relationship 
between shear stress and shear rate, i.e., they exhib-
ited Newtonian fluid behavior (Silva et al., 2017). It 
can be noted that, for a constant strain rate, there is a 
decrease in shear stress values with increasing tem-
perature (Figure 2). This effect can be associated with 
the structural collapse of molecules that constitute the 
samples, which occurs due to the action of hydrody-
namic forces generated, promoting the alignment of 
molecules (Alparslan and Hayta, 2002).

The Newtonian fluid behavior was confirmed 
through the parameters of experimental data that 
were fitted to the Newtonian model, as can be seen in 
Table 2. R², χ2, and RSS values confirm the excellent 
fit of data to the Newtonian model, which indicates 
that this model is able to accurately predict the rhe-

Figure 1. Infrared vibrational spectra of annatto seed oil (ASO), 
cupuassu seed fat (CSF), and their respective blends.
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 499 
FIGURE 1. Infrared vibrational spectra of annatto seed oil (ASO), cupuassu seed fat (CSF), and 500 
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ological behavior of ASO, CSF, and their blends, in 
the temperature range studied. 

The Newtonian fluid behavior was confirmed 
through the parameters of experimental data that 
were fitted to the Newtonian model because all sam-
ples showed high R² values (> 0.998) and low χ2 (< 

0.003) and RSS (< 0.028) values, as can be seen in 
Table 3. R², χ2, and RSS values confirm the excellent 
fit of data to the Newtonian model, which indicates 
that this model is able to accurately predict the rhe-
ological behavior of ASO, CSF, and their blends, in 
the temperature range studied. 

Figure 2. Relationship between shear stress and shear rate of pure samples (A) and blends (B), with curves fitted to the Newtonian model.

Table 2. Parameters of the Newtonian model fitted to the experimental data of annatto seed oil (ASO), cupuassu seed fat (CSF), and their 
respective blends.

 Sample T (ºC)
Parameters

η (Pa s) R² χ2 RSS

ASO

30 0.0427g 0.9996d 0.0013c,d 0.0118g

40 0.0324j 0.9998ª,b,c 0.0003e 0.0026m

50 0.0221º 0.9997b,c,d 0.0003e 0.0023n

ASO:CSF
(70:30)

30 0.0517d 0.9993e 0.0031ª 0.0281ª

40 0.0380i 0.9990f 0.0023ª,b 0.0210b

50 0.0244n 0.9979i 0.0020b,c 0.0175c

ASO:CSF
(50:50)

30 0.0541c 0.9999ª,b 0.0003e 0.0028l

40 0.0401h 0.9997b,c,d 0.0007d,e 0.0063j

50 0.0261m 0.9986g 0.0015b,c,d 0.0135f

ASO:CSF
(30:70)

30 0.0592b 0.9999ª,b 0.0003e 0.0031k

40 0.0434f 0.9997c,d 0.0009d,e 0.0080h

50 0.0276l 0.9983h 0.0020b,c 0.0181d

CSF

30 0.0665ª 1.0000a 0.0002d,e 0.0015º

40 0.0487e 0.9998ª,b 0.0007d 0.0065i

50 0.0310k 0.9985g 0.0023ª,b 0.0208c

R2: Coefficient of determination; χ2: Reduced Chi‑squared; RSS: residual sum of squares. Triplicates mean values with the same letters on 
the same column do not significantly differ among themselves (p ≤ 0.05) according to Tukey’s test.
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Previous studies have attributed the Newtonian 
fluid behavior, characteristic of oils and fats, to the 
long-chain molecules that constitute them (Santos et 
al., 2004). Santos et al. (2005) studied the rheolog-
ical behavior of traditional vegetable oils and their 
blends and found similar results. 

As shown in Figure 3, viscosity remained con-
stant regardless of the shear rates tested, whereas the 
increase in temperature caused a gradual reduction 
in viscosity of all samples. The effect of temperature 
on the viscosity of oils and fats can be attributed to 
the reduction of intermolecular interactions that oc-
cur due to increased thermal molecular motion (San-
tos et al., 2005). 

The viscosity of all samples was inversely pro-
portional to the SV and directly proportional to 
the IV. This behavior occurs because the viscosity 
of vegetable oils depends on the fatty acid com-
position, which increases according to their chain 
size and decreases with unsaturation (Santos et al., 
2004). As expected, ASO presented lower viscos-
ity compared to CSF at all temperatures studied 
because ASO has a greater content of unsaturat-
ed fatty acids (Figure 3 B). Besides, the increase 
in ASO caused a reduction in the viscosity of the 
blends. (Figure 3 A).

From an industrial point of view, the decrease in 
viscosity facilitates the material flow and heat ex-
change during processing. The lower the viscosity 
of a fluid, the lower the pressure drop during flow, 
decreasing power costs with pumping and, conse-
quently, energy costs (Braga et al., 2013).

The Arrhenius equation (Equation 5) adequately 
represented the effect of temperature on the apparent 
viscosity of the samples, showing R2 values higher 
than 0.96, for both pure samples and mixtures, as can 
be seen in Figure 4 and Table 4. 

Table 3. Parameters of Arrhenius model fitted to the data of pure 
samples and blends.

Sample A (Pa s) Ea (kJ mol-1) R² χ²
ASO 0.0673 78.99 0.9711 0.0032
30:70 0.0894 84.47 0.9632 0.0054
50:50 0.0816 82.60 0.9656 0.0046
70:30 0.0929 86.45 0.9635 0.0052
CSF 0.0841 82.03 0.9634 0.0054

Figure 3. Relationship between viscosity and shear rate of pure 
samples (A) and blends (B).

Figure 4. Influence of temperature on the viscosity of pure sam-
ples and blends.
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The activation energy (Ea) indicates the sensi-
tivity of a material to temperature changes. ASO 
showed lower Ea (78.99 kJ/mol) than CSF (82.03 kJ 
mol-1), which indicates that the fat viscosity is more 
sensitive to temperature changes (Steffe, 1996). The 
blends exhibited higher Ea results than the pure sam-
ples, indicating that the combinations of oil and fat 
increased their sensitivity to temperature changes. 

Regardless of the method of obtaining or using 
vegetable oils, the knowledge of thermophysical 
properties, such as viscosity, is of fundamental im-
portance for the achievement of the stages of equip-
ment and process design or even for product speci-
fication. In the cosmetics, food and pharmaceutical 
industries, knowledge of such properties is neces-
sary for the design and development of calculations, 
equipment and processes involving the production 
and formulation of new products. 

The mixture of fats had a positive effect on vis-
cosity, allowing flexibility in their applications, in 
addition to providing nutritional properties. While 
cupuassu seed fat has been used to replace cocoa fat 
(Medeiros et al., 2006), presenting a higher percent-
age of saturated fatty acids, annatto fat has more ad-
vantages in terms of unsaturated fatty acids, which 
gives the characteristic viscosity properties to two 
pure fats. The behavior of the mixture both contrib-
uted to a better distribution of the fatty acid profile 
and allowed an important variation in the viscosity 
of the fats.

 4. CONCLUSIONS 

The blends of ASO were demonstrated to have 
improved nutrition and functionality compared to 
the individual samples. Greater amounts of ASO in-
creased PUFA content in the blends, whereas greater 
concentrations of CSF conferred higher MUFA lev-
els. AI and TI results were relatively low, and the 
blends with greater fat concentrations also showed 
higher h/H values, suggesting that these samples 
contain great amounts of fatty acids, which is con-
sidered beneficial for human health.

Regarding the spectra of the blends, it was ob-
served that the vibration bands did not undergo a 
relevant shift in relation to wavelength, indicating 
that the different combinations did not affect their 
functional groups. 

All samples exhibited Newtonian fluid behavior. 
The Newtonian model satisfactorily described their 

rheological behavior in the temperature range stud-
ied, according to parameters R2, χ2, and RSS.

The blends of ASO and CSF have interesting 
characteristics, with notable improvements in their 
nutritional, and functional properties, making them 
valuable raw materials for the development of new 
products in the food, pharmaceutical, and cosmetic 
industries. For example, protective agents and carri-
ers of fat-soluble vitamins, cosmetic emulsions and 
creams, among other products
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