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SUMMARY: The purpose of this research was to determine the technical feasibility of extracting amaranth seed oil with butane in a sub-
critical state and to take advantage of the cake generated. To this end, a type of non-germinated grain was characterized, oil was extracted 
from a germinated grain and the characterized one, the oil obtained was characterized, and the protein was extracted from the defatted 
cake of the non-germinated one. It was found that the non-germinated grain was made up of 13.33% protein, 7.24% fat, and 9.02% 
moisture, the optimum yield of this grain was 91%, for the germinated grain, a maximum value of 6.63% for oil mass. By comparing the 
characteristics of both oils, higher quality was found in the non-germinated oil, and the maximum protein extraction productivity was 
5.15%. Thus, it has been concluded that this extraction method is technically feasible.
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RESUMEN: Extracción de aceite de semilla de amaranto utilizando butano subcrítico y uso de la torta generada para la extracción 
de proteínas. Esta investigación tuvo como propósito determinar la viabilidad técnica de la extracción de aceite de semilla de amaranto 
con butano en estado subcrítico y aprovechar la torta generada. Para lo cual, se caracterizó un tipo de grano no germinado, se extrajo 
aceite de un grano germinado y del caracterizado, se caracterizó el aceite obtenido, y se extrajo la proteína de la torta desengrasada del no 
germinado. Se encontró que el grano no germinado estaba conformado por 13,33% de proteína, 7,24% de grasa, y 9,02% de humedad, el 
rendimiento óptimo del grano caracterizado fue de 91%, para el grano germinado se obtuvo un valor máximo de 6,63% en masa de aceite, 
comparando las características de ambos aceites se encontró mayor calidad en el aceite no germinado, la productividad de extracción de 
proteína máxima fue de 5,15%. Concluyendo así que técnicamente es factible este método de extracción.
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1. INTRODUCTION

The Amaranthus L. (Amaranthaceae) genus com-
prises between 70 and 80 species throughout the 
world. Most of them are located in the Americas, 
although only 3 of them are cultivated for commer-
cial purposes: A. caudatus, A. cruentus, and A. hypo-
chondriacus (Luis et al., 2018; Riggins and Mumm, 
2021). These plants are annual herbaceous or short-
lived perennials that produce tiny flowers which grow 
at the end of their branches or above the mother center 
of the plant. These flowers can persist even after the 
death of the plant, and this is the place where the seeds 
are generated (Riggins and Mumm, 2021).

The amaranth seed has remarkable nutrition-
al qualities. Its protein content is higher than other 
conventional cereals, ranging from 13 to 19%. Its 
contents in essential amino acids such as lysine, va-
line, methionine, phenylalanine, and threonine stand 
out. In addition, it has a low proportion of gluten, 
which makes it suitable for consumption by celiacs, 
not to mention its high digestibility, ranging from 80 
to 92% (Arias-Giraldo and López-Mejía, 2021; Cas-
tel, 2010; Hernandez and Herrerías, 1998; Luis et 
al., 2018). It also has a high content of dietary fiber, 
ranging from 2 to 9% (Arias-Giraldo and López-Me-
jía, 2021; Hernandez and Herrerías, 1998; Luis et 
al., 2018).

The total or partial isolation of amaranth pro-
tein could have different types of uses. The most 
distinguished among them is its use as a nutritional 
supplement. Amaranth protein could be introduced 
as a component in different concentrated protein 
flours used by athletes. It also could be mixed with 
soy flours to create vegetable meet, which would be 
particularly attractive to the vegetarian population 
(Venskutonis and Kraujalis, 2013).

The oil content in the seed can vary considerably, 
depending on the species and variety of the grain, 
and ranges from 6 to 10.9% (Krist, 2020; Nasir-
pour-Tabrizi et al., 2020). This oil has a high poten-
tial as a marketable product. In its fatty acid profile, 
the contents in stearic, palmitic, oleic, and linoleic 
acids stand out (Nasirpour-Tabrizi et al., 2020). Its 
unsaponifiable matter is made up of phospholip-
ids, tocopherols, tocotrienols, and phytosterols, but, 
above all, squalene, which represents an average 
value of 4.2% of the total oil and can rise to 8% for 
the caudatus specie. Therefore, amaranth oil could 

represent an alternative source for the obtention of 
squalene to the traditional one, which is shark liver. 
(Nasirpour-Tabrizi et al., 2020). Thanks to its com-
position, amaranth oil could have multiple applica-
tions. In the pharmaceutical industry for example, it 
could be used to produce dietary supplements which 
would help to reduce blood cholesterol and blood 
pressure, and consequently the risk of heart and cir-
culatory diseases. Thanks to its antioxidant, rejuve-
nating, and anti-inflammatory effect, it also could be 
used in the cosmetic industry for the production of 
creams, especially made for the elderly and those 
with sensitive or dry skin (Krist, 2020).

To obtain vegetable oils, multiple techniques 
have been used. By mechanical means, cold press-
ing produces high-quality oil and reduces costs as-
sociated with electricity; however, the extraction 
yield is generally low. Hot pressing allows an in-
crease in the extraction yield, but the quality of the 
final product deteriorates. Furthermore, the process 
requires more time and costs associated with elec-
tricity consumption are a drawback (Bhargavi et al., 
2018; Hernández and Mieres-Pitre, 2005; Le Clef 
and Kemper, 2015). Regarding extractions with 
chemical solvents, the most widely used is the Sox-
hlet method. It generally uses hexane, petroleum 
ether, or acetone as solvents, and it usually generates 
high extraction yields; however, due to the toxicity 
of its solvents, the oil requires a subsequent refining 
process, in which the quality decreases (Bhargavi et 
al., 2018). On the other hand, a novel vegetable oil 
extraction process has been studied over the last 2 
decades, the supercritical oil extraction method. This 
technique uses a fluid in a supercritical state as a sol-
vent, which is usually carbon dioxide. Thanks to the 
viscosity and solubility of supercritical fluids, this 
method generates high extraction yields and quality 
products. Unfortunately, the supercritical extraction 
technique has elevated costs associated with energy 
consumption, and the required machinery (Bhargavi 
et al., 2018). 

An interesting and new alternative for vegetable 
oil extraction is the sub-critical extraction. This tech-
nique does not require extremely high pressures, ex-
pensive machinery or large amounts of energy. The 
extraction yields obtained using fluids in a sub-crit-
ical state are usually high, as is the quality of the 
products (Han et al., 2016; Sun et al., 2018; Xu et 
al., 2015).
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This study aims to discover the technical feasi-
bility of extracting amaranth oil using butane in a 
subcritical state, and to extract protein from the cake 
generated in the process. 

2. MATERIALS AND METHODS

2.1. Materials

In this work, amaranth grains of the caudatus 
specie, Oscar Blanco variety were used. They were 
obtained from the supplier ASOVITA. These grains 
were grown in Bolivia, in the department of Chuqui-
saca, Zudáñez province, more specifically in the 
Sopachuy region. Its harvest season was between the 
months of March and April, 2022. The grains were 
stored for 6 months, at an average temperature of 23 
°C, and an average relative humidity of 46%. For the 
assays, part of the grain was germinated and dried to 
a humidity content of 12%, which was done to study 
the effect of germination on the oil quality and pro-
tein content of the grains. For grinding, a YB-2500 A 
brand Yunbang (China) cereal mill was used, where 
the germinated grain was crushed for 3 minutes at 
2,500 rpm, thus obtaining a “fine” granulometry 
flour. On the other hand, two flours of different gran-
ulometry were obtained for the ungerminated grain, 
the first grinding for a time of 1.5 minutes at 2,500 
rpm to obtain a coarse granulometry, and the second 

with a grinding time of 3 minutes at 2500 rpm to 
obtain a fine granulometry. All reagents used were 
purchased from Merck Co. (Darmstadt, Germany) or 
Winkler Ltda. (Santiago, Chile).

2.2. Characterization of the non-germinated ama-
ranth grain

The characterization of the non-germinated am-
aranth grain was made based on the standards stip-
ulated by the Bolivian Institute for Standardization 
and Quality (IBNORCA). To determine the moisture 
content, NB 312026 was used, NB 312027 for fat, 
NB 312029 for protein, NB 312030 for ash, and NB 
312031 for carbohydrates.

2.3. Extraction of amaranth oil from germinated 
and non-germinated grain

To carry out the extraction, a 5 LB bidirectional 
extractor was used in a Closed-Circuit brand Ex-
tractor Solutions (USA), which consists of a tank 
with butane content, a column for the extraction of 
the raw material with a diameter of 6 and a length of 
12, an oil collection column of 12 in diameter and 
18 in length, a dehydration column, a compressor, a 
condenser, and a chiller (see, Figure 1). The previ-
ously crushed raw material was introduced into the 
extraction column, and a paper filter was installed 

Gas Cylinder

Extraction 
Column

Collection 
Column

Dewatering 
Column
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Compressor
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Figure 1. Diagram of the subcritical phase extractor used in the experimentation.
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on a stainless-steel grid at the bottom to retain the 
raw material inside the extraction column. After 
installing the flour, the system was subjected to 
a pressure of 90 PSI with Nitrogen gas, to verify 
eventual leaks, then the extractor was evacuated. 
Later butane was allowed to flow through the up-
per part of the extraction tank, where the amaranth 
flour was contained, and it was left to soak for 30 
min. Then, the solvent with the extract was allowed 
to flow to the collection column, where the solvent 
was evaporated and recovered into the butane tank 
by employing the extractor compressor and a cool-
ing system.

The extracted oil was left to rest for two days in 
a closed, dark environment, and then purified using 
a rotary evaporator at 35 °C and a partial vacuum of 
-40 kPa for 2 h. Finally, the oil was stored in amber 
containers at room temperature.

For ungerminated amaranth, a factorial experi-
mental design was made considering as variables 
the ratio of mass of solvent/mass of raw material 
and the granulometry. On the other hand, for germi-
nated amaranth, 2 extraction tests were performed 
with fine granulometry and ratios of 1/1 and 2/1 
solvent/flour. The same methodology was used for 
all treatments.

2.4. Measurement of the ratio and granulometry

To measure the ratio, 3.0 kg was established as 
the standard amount of ungerminated raw material 
and 2.4 kg of germinated raw material to be intro-
duced into the extractor. These quantities were se-
lected to fill the column where the flour had to be 
disposed. Then, the ratio was defined by the follow-
ing equation:

To determine the solvent mass needed to satisfy 
the ratios required, the values of the ratio and the 
flour mass were simply substituted in the equation 
previously presented in this section, and then the 
solvent mass was calculated. A balanced was used 
to ensure that the solvent mass introduced into the 
extractor was the calculated one. Initially, the weight 
of the butane container was measured and then a 
mathematical subtraction of this value was done, ac-
cording to the following equation:

Then, the solvent was allowed to flow and the 
mass of the container was controlled until the obten-
tion of the final mass calculated.

To determine the granulometry of the flours, the 
NB 39012 standard was used, which is based on the 
sifting of the flour.

2.5. Performance and Productivity Indicators

To characterize the results of the tests, two in-
dicators were established to express the effective-
ness of the process. On the one hand, the extrac-
tion yield relates the amount of oil extracted to the 
oil content of the grain, as given in the following 
equation:

This indicator was used exclusively for the ex-
traction of oil from ungerminated amaranth grain. 
The oil content in the flour is obtained from the 
analysis carried out on a sample according to the 
standard procedure, in this case, a Soxhlet extrac-
tion.

On the other hand, the extraction productivity 
was defined as the amount of oil extracted per unit 
mass of flour, expressed as a percentage, which 
would be given by the following equation:

This indicator was used exclusively for the ex-
traction of germinated amaranth grain oil.

2.6. Experimental design

A factorial experimental design was carried out 
for the extraction of amaranth oil from the non-ger-
minated grain. The factors considered were the gran-
ulometry and the ratio of mass of solvent/mass of 
raw material. The response variable was the extrac-
tion yield. For the first factor, 2 levels were consid-
ered a coarse and a fine granulometry. For the sec-
ond, 3 levels were considered, ratios of 8/15, 16/15, 
and 24/15 solvent/raw material. This is shown in 
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Table 1. Each test was done in duplicate, and the 
total number of tests was 12. The variables which 
remained constant were the pressure, with a value of 
70 PSI and the soak time of the solvent with the raw 
material, which was 30 min.

2.7. Statistical analysis

The data was analyzed using the Minitab 2019 
software, and a two-factor analysis of variance 
(ANOVA 2) was applied to find out if, statistically, 
the factors considered in the experimental design 
had an impact on the response variable, with a signif-
icance level of 95%. For the analysis of the normal-
ity of the residual values, an Anderson-Darling test 
was applied, and to determine the homogeneity of 
variances of the residuals, a Bartlett test was applied.

2.8. Characterization and profile of fatty acids in 
the oils

To characterize the germinated and non-germi-
nated amaranth oil, 100-ml samples of both oils 
were taken. The characterization was carried out 
by the Centro de Investigaciones Químicas SRL 
in the town of Quillacollo (Cochabamba, Bolivia).

The physicochemical parameters determined 
were: humidity, based on the Bolivian standard NB 
34010; density, based on NB 34021; iodine value, 
based on NB 34006; refractive index at 25 °C, based 
on NB 34003; peroxide index, based on NB 34008; 
and acid value, expressed as oleic acid. The fatty 
acid profile for both oils was determined using the 
GC-FID Method FAME AOAC 969.33.

Finally, an extraction of non-germinated ama-
ranth oil was made by cold pressing, which was car-
ried out by the company COMEDICA Bolivia. Sub-
sequently, this oil was characterized according to the 
same parameters as those of the oils obtained with 
subcritical butane in order to make a comparison 
between the values obtained from both techniques 
and thus know how good the quality of the oil is as 
produced by the technique of extraction investigat-
ed. The cold pressing technique was chosen for com-
parison since it generally produces high-quality oils.

2.9. Extraction of protein from defatted ungermi-
nated amaranth flour

In the extraction of protein, the effect of the par-
ticle size on the extraction productivity was consid-

Table 1. Variables, levels, and results of the experimental design

Variables and Levels

Independent 
variables Units Symbols

Level coding

-1 0 1

Granulometry Micrometers X1 - 291 393

Ratio Dimensionless X2 8/15 16/15 24/15

Experimental Results

Treatment X1 X2 Replication Yield 
1 (%)

Replication Yield 
2 (%) Mean value (%)

1 0 -1 76.66 61.29 68.98 ± 7.69

2 0 0 92.46 89.54 91.00 ± 1.46

3 0 1 92.55 89.83 91.19 ± 1.36

4 1 -1 62.06 72.34 67.20 ± 5.14

5 1 0 78.05 76.95 77.50 ± 0.55

6 1 1 80.59 79.35 79.97 ± 0.62

Statistical Results of ANOVA 2

Fountain F-value p-value

Ratio 12.63 0.007

Granulometry 7.79 0.032

Ratio*Granulometry 1.29 0.343

*(P < 0.05) It is accepted that the ratio and the granulometry have a significant effect on the extraction yield and that there is no interaction 
between the variables.
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ered, for which 2 tests were carried out, one with the 
defatted cake of coarse particle size (9.8 % humidity 
and 1.49 % fat by weight) and another with the de-
fatted cake of fine particle size (9.9 % moisture and 
0.72 % fat by weight). These defatted cakes were 
obtained from previous oil extractions made with 
butane. The values considered for the basic and acid 
pH to which the suspension was brought were ob-
tained from the investigations of Salcedo-Chávez et 
al. (2002), Das et al. (2021) and Cordero de los San-
tos et al. (2005), since they obtained optimal yields 
and a quality product under these conditions.

The extraction technique used was in an alkaline 
medium followed by a precipitation of the protein 
at the isoelectric point. A random sample of 200 g 
of defatted cake was suspended in water (1:9, m/m), 
and subsequently, the solution was basified up to pH 
9 by adding 1 N NaOH solution, stirring the solution 
with a FLOC-6 model paddle stirrer, Raypa brand 
(Spain) at an angular velocity of 200 rpm, at 25 °C, 
and for 1 h. The pH was controlled throughout the 
process using a pH meter Edge brand Hanna (Ro-
mania). The solution was then centrifuged in a Pro–
Hospital LL model centrifuge Centurion brand (Eng-
land) at 2,100 g, for 30 min and the supernatant was 
transferred to another container to finally store it in 
a Samsung brand model RT53K65145L refrigerator 
(South Korea) at a temperature of 5 °C overnight. 
The following day, the protein concentrate was acid-
ified to pH 5 using 1 N hydrochloric acid. The pH 
was controlled with a Hanna (Romania) Edge pH 
meter, shaking the solution with a Raypa FLOC-6 
model paddle stirrer (Spain) at an angular velocity of 
200 rpm for 1 h. Then the solution was centrifuged 
with an acceleration of 2100 g, for 30 min. At the 
end of the process the supernatant was discarded and 
the decantant was recovered as protein concentrate. 
The protein concentrate was neutralized with 1 N so-
dium hydroxide, and finally, it was lyophilized with 
a BK – FD10PT model lyophilizer, brand Biobase 
(China) for 3 days.

To verify the net protein content, the Kjeldahl 
analysis was performed for the 2 extractions, speci-
fied by standard NB 312029. The factor used to con-
vert from nitrogen to protein was 6.25.

The productivity of the protein extraction from 
the ungerminated grain was defined as a percentage 
of the protein mass fraction recovered per unit of de-
fatted cake used to perform the extraction.

3. RESULTS

3.1. Physicochemical properties of ungerminated 
amaranth grain and particle size

The physicochemical properties of ungerminated 
amaranth are shown in Table 2. Krist (2020), in her 
book Vegetable Fats and Oils, makes a compilation 
of oil values in amaranth for the caudatus variety, 
which oscillate between 6 to 9 g of oil/100g of seed, 
values which agree with the result obtained of 7.24 g 
of oil/100 g of seed. Calderón-Vásquez (2017), who 
worked on the physicochemical characterization of a 
non-germinated amaranth grain with the same geo-
graphical origin as the grain used, obtained a value of 
7.46 %, almost the same as that obtained in this study.

Table 2. Physicochemical properties of amaranth grain

Properties Mean ± SEM (g/100 g of seed)
Humidity 9.02 ± 0.05
Fat 7.24 ± 0.12
Protein 13.33 ± 0.16
Ash 2.32 ± 0.01
Carbohydrates 68.09

*The tests for each parameter were carried out in duplicate as 
specified by the Bolivian standard. These data are expressed as 
mean ± SEM with the exception of carbohydrates, which result 
from the subtraction of the means of each of the components from 
100 g of flour.

Regarding protein, the result obtained was 13.33 
g of protein/100 g of seed, which is close to the low-
est values given in the literature of 13 g/100 g of 
seed (Arias-Giraldo and López-Mejía, 2021; Castel, 
2010; Hernandez and Herrerías, 1998; Luis et al., 
2018). This may be due to the species and variety 
used. Calderón-Vásquez (2017), who used an ama-
ranth grain of the same species and variety, reported 
a value of 14.30 g of protein/100 g of seed, a result 
close to that obtained in this work.

Finally, moisture, ash, and carbohydrates, with 
values of 9.02 g, 2.32 g, and 68.09 g/100 g of seed, 
respectively, fit correctly into the values given in the 
literature of 9-12 g/100 g of seed for the first, 2-4.6 
g/100 g of seed for the second, and 66-71 g/100 g of 
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seed for the third (Arias-Giraldo and López-Mejía, 
2021; Hernandez and Herrerías, 1998; Luis et al., 
2018).

Regarding the granulometry Figure 2, it was de-
termined that the flour called coarse had an average 
particle size of 393 μm, on the other hand, the aver-
age particle size of the fine flour resulted in 291 μm.

3.2. Extraction yield

The extraction yields obtained for non-germinat-
ed amaranth are shown in Table 1. It can be seen 
that the highest yields correspond to the replicates 
of treatment 6, in which a ratio of solvent to flour 
of 24/15 was used, a fine granulometry of 291 μm; 
yield values of 92.55 and 89.83%, respectively, were 
obtained. This result was expected, since increasing 
the contact surface of the grain allows for a greater 
penetration of the solvent through the pores of the 
amaranth, and increasing the solvent ratio allows for 
a thorough extraction of the oil. Therefore, the small-
er the granulometry of the flour used and the high-
er the ratio, the higher the extraction yield obtained 
will be. This can be seen more clearly in Figure 3.

Even though treatment 6 resulted in a higher ex-
traction yield, treatment 5 was considered to be the 

Figure 2. Frequency histogram showing the percentage by mass of 
coarse and fine flour retained on sieves of different sizes.

Figure 3. Scatter graph of the oil extraction yield as a function of the solvent ratio and granulometry.
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optimal treatment because fewer resources (time, 
electrical energy, and inputs) were used to obtain 
similar extraction yields, which were 92.5 and 
89.5%, almost the same as treatment 6 of 92.6 and 
89.3%. This small difference in extraction yield is 
due to the ratios used, since the first treatments was 
completely saturated and insufficient to dissolve all 
the oil contained in the amaranth. As the ratio in-
creases, there is greater solvent entry, for a constant 
mass of amaranth, therefore, the amount of solvent 
that enters ends up exceeding the amount necessary 
to dissolve the oil contained in the amaranth.

The effect of ratio and granulometry on the ex-
traction yield can be statistically corroborated with 
a two-factor analysis of variance (ANOVA 2) as 
shown in Table 1, for which a significance level of 
5% was considered (P < 0.05). The values obtained 
for P were 0.032 for the granulometry, 0.007 for the 
ratio, and 0.343 for the interaction between ratio and 
granulometry, thus concluding that the granulometry 
and the ratio affected the extraction yield and that 
there was no interaction between the two variables.

Regarding the productivity of the germinated am-
aranth grain shown in Table 3, absolute values quite 
like those obtained with non-germinated amaranth 
were found. 

Table 3. Extraction productivity of germinated amaranth grain

Treatment Mass ratio  
(kg sol/kg MP) Granulometry Productivity

1 1/1 Fine 6.55%

2 2/1 Fine 6.63%

*Each treatment was carried out once.

No investigations have been found on the extrac-
tion of amaranth oil using subcritical butane. How-
ever, there are studies where other types of vegetable 
oils were extracted with this solvent, such as that of 
Han et al. (2016), where he found that the yield in 
the extraction of soybean germ oil with subcritical 
butane was significantly equal to that obtained by 
carbon dioxide in the supercritical state or with hex-
ane. Gu et al. (2017), studied the extraction of fen-
ugreek seed oil using subcritical butane as a solvent 
and also found high extraction yields.

The extraction yields found in this research are 
similar to those found with other extraction tech-
niques, such as that of Westerman et al. (2006), who 

studied the extraction yield of amaranth oil using 
carbon dioxide in a supercritical state.

3.3. Physicochemical properties of the oils obtained.

The physicochemical properties of the ungermi-
nated and germinated amaranth oil obtained with 
subcritical butane and the ungerminated oil obtained 
by cold pressing can be observed in Table 4.

Making a quality comparison between the germi-
nated and non-germinated grain amaranth oils ob-
tained with subcritical butane, it is notable that the 
quality of the non-germinated with respect to germi-
nated Amaranth grains is highly superior. This rep-
resented the great difference that exists between the 
peroxide indices of 3.78 for the first and 0.47 for the 
second, iodine 92.98 for the first and 106.93 for the 
second, and acidity 13.93 for the first and 0.52 for the 
second. This difference may be due to a degradation 
in the oil of the grain during the germination process 
and subsequent processes of drying and grinding.

Comparing the quality of non-germinated ama-
ranth oil obtained with subcritical butane and that 
obtained by cold pressing, the following is notori-
ous. Starting with the acid value of 0.52 for the first 
and 1.17 for the second and the peroxide value of 
0.47 for the first and 3.04 for the second, a greater 
amount of free fatty acids and oxidation through 
cold pressing were evident. this may be due to the 
fact that, with cold pressing, there is a heating of 
the flour due to the friction and high pressures that 
may reach values above 80 °C. They are consid-
erably higher than those during extraction with 
butane, which ranged between 10 to 15 °C. In ad-
dition, throughout the extraction process with bu-
tane, neither the flour nor the oil came into direct 
contact with ambient air. On the other hand, almost 
no water was extracted during extraction with bu-
tane, and the oil is quite dry in comparison with 
the oil extracted with cold pressing where signifi-
cant amounts of water were extracted together with 
oil. Regarding the iodine value, a value of 106.93 
was obtained for the first and 70.12 for the second, 
which indicates that a greater amount of unsatura-
tion was obtained using butane as a solvent.

3.4. Fatty acid profile of the oils obtained.

The fatty acid profile obtained for the differ-
ent oils is shown in Table 4. In the three of them, 
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stearic, palmitic, oleic, and linoleic acids stand 
out, with values of 7.87, 17.32, 26.04, and 21.48%, 
respectively, for the extraction of germinated grain 
with butane; with values of 4.47, 22.51, 30.69, and 
40.26%, respectively, for the extraction with bu-
tane of non-germinated grain; and values of 3.54, 
19.28, 28.23 46.99%, respectively, for extraction 
by cold pressing. It can be seen that that there is a 
slightly larger fraction of unsaturated fatty acids in 
the saponifiable matter of the oil obtained by cold 
pressing than in the oil obtained with butane. This 

is in contrast with the iodine value, which indicates 
that there is a greater quantity of unsaturation ob-
tained using butane than with cold pressing. This 
indicates that, proportionally, the unsaturated fatty 
acids represent a higher proportion of the saponi-
fiable matter in the oil obtained by cold pressing, 
but in absolute terms, there is a greater amount of 
unsaturation obtained with butane, which would 
indicate that the saponifiable fraction of the oil ob-
tained with butane is greater than that obtained by 
cold pressing. 

Table 4. Physicochemical properties and Profile of fatty acids of the obtained oils. 

Physicochemical properties of the obtained oils 

Parameters Unit Ungerminated obtained 
with subcritical butane

Sprouted 
obtained 

with subcritical 
butane

Ungerminated  
obtained by cold pressing

Humidity g/100g <0.100 <0.100 0.14
Density g/ml 0.915 0.919 0.917
Iodine value gI /100g 106.93 92.98 70.12
Refractive index 25°C nD 1,465 1,462 1,472
Peroxide value meqO2/kg 0.47 3.78 3.04
value expressed as oleic acid %Oleic acid 0.52 13.93 1.17
Profile of fatty acids of the obtained oils 
No. Parameters Result (%)

Sprouted oil 
obtained with 

butane

Non-sprouted 
oil obtained 
with butane

Cold pressing

1 Saturated fatty acids 27.05 27.8 23.55
Myristic acid C14:0 - - 0.15
Palmitic acid C16:0 17.32 22.51 19.28
Heptadecanoic acid C17:0 - - 0.08
Stearic acid C18:0 7.87 4.47 3.54
Arachidic acid C20:0 1.68 0.82 -
Heneicosanoic acid C21:0 - - 0.01
Behenic acid C22:0 - - 0.18
Lignoceric acid C24:0 - - 0.31

2 Monounsaturated fatty acids 29.30 30.69 29.11
Myristoleic acid C14:1 0.07
Palmitoleic acid C16:1 1.02 - 0.22
Heptadecenoic acid C17:1 0.41 - 0.59
Methyl trans-9 octadecanoic acid C18:1n9 1.83 - -
Oleic acid C18:1n9c 26.04 30.69 28,23

3 Polyunsaturated fatty acids 23.48 41.26 47.33
Linolelaidic acid C18:2n6t 0.07
Linoleic acid C18:2n6c 21.48 40.26 46.99
Linolenic acid C18:3n3c 2.00 1.00 0.27
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3.5. Extraction of protein from ungerminated ama-
ranth cake

Table 5 shows the results obtained for the pro-
tein extraction of ungerminated amaranth cake. The 
fine grain, which had a smaller particle size and a 
smaller amount of fat, had a productivity of 5.51%, 
which was higher than the value obtained for the 
coarse grain, which was 3.57%. This result was 
expected, since the reduced particle size increased 
the contact surface, and the penetration of the basic 
water solution into the pores of the flour was more 
effective.

Table 5. Results of protein extraction from defatted cake

Grain 
type

Defatted 
cake 

dough on 
dry basis

Extracted 
Protein 

concentrate

Net 
protein 

extracted
Productivity

Fine 180.26 11.5 9.29 5.15%
Coarse 180.42 8.1 6.45 3.57%

*Each treatment was carried out once.

It is important to mention that the product ob-
tained after lyophilization was not pure protein, in-
stead, it was a protein concentrate. Table 5 shows 
the concentrates extracted from the defatted cake, 
with a value of 11.50 g for the fine grain, which 
represented 6.38% of the cake used with a net pro-
tein content of 9.29 g, and a purity of 80.78%. For 
the coarse grain, the protein concentrate extracted 
was 8.1 g, which represented 4.49% of the cake 
used. It had a net protein content of 6.45 g, with 
79.63% purity. A mass balance was released to 
know the protein content in the fine and coarse 
grains. For the first one, it was determined to be 
proximately 28.1 g and the net protein extracted 
was 9.29 g, so it represented 33.1% of the total. 
On the other hand, the protein in the coarse grain 
was determined to be proximately 27.9 g and the 
net protein extracted was 6.45 g, representing 
23% of the total.

Further research is necessary to determine wheth-
er the protein concentrate extracted would be con-
sidered safe for human consumption. Nevertheless, 
it is not because of the sub-critical butane extraction 
method, given that the process of lyophilization 
eliminates all small butane residues, but because of 
the process of protein isolation.

The results obtained are similar to those of Corde-
ro de los Santos et al. (2005), who obtained somewhat 
higher amaranth protein extraction values, but with a 
lower pH during the precipitation stage. As shown by 
Salcedo-Chávez et al. (2002) and Cordero de los San-
tos et al. (2005), protein extraction productivity can be 
further increased by reducing the pH to a value of 4.

4. CONCLUSION

It can be concluded that the extraction of ama-
ranth oil using subcritical butane is technically fea-
sible. The optimal values to generate the highest ex-
traction yield were around 1/1 (mass of solvent/mass 
of amaranth) for the ratio and a particle diameter of 
less than 300 μm, considering a saturation pressure 
of 70 psi and a soak time of 30 min to obtain germi-
nated and non-germinated grain oil. However, since 
there is no interaction between the factors consid-
ered, and the relationship between the granulometry 
and the extraction yield are inversely proportional, 
and that the relationship between the ratio and the 
extraction yield are directly proportional, higher val-
ues can be found appropriate to optimize the number 
of resources used.

The physicochemical parameters and the fatty 
acid profile of the oil obtained with subcritical bu-
tane were similar to those obtained by cold pressing, 
which denotes good quality in the oil. However, fur-
ther studies are necessary to determine the compo-
nents of the unsaponifiable fraction of the oil and the 
proportion they represent.

Finally, it is possible to take advantage of the 
defatted cake obtained by butane in a subcritical 
state to obtain amaranth vegetable protein with good 
productivity. Nevertheless, further research is nec-
essary to determinate whether it is safe for human 
consumption.
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