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ABSTRACT

The baru oil has a high degree of unsaturation and relevant amount of
oleic and linoleic acids content, which favors its use for food and
pharmaceutical industries. Hexane is the most widely used solvent for oil
extraction. However, its flammability, cost, and polluting potential justify
the study of alternatives solvents such as ethanol and isopropanol that are
less toxic and flammable and efficient in the extraction of other oils, as
already reported in literature. This work represents the extraction of baru
almond oil with the solvents hexane, ethanol, isopropanol, and
isopropanol: ethanol (1:1) to compare their extraction yields. The
parameters solid: solvent ratio, temperature and time were optimized
using a central composite design. The higher yields were found in lower
solid: solvent ratios and higher temperatures (ethanol - 29.12 %,
isopropanol - 39.66 %, isopropanol: ethanol - 41.13 % and hexane - 36.59
%). Isopropanol and isopropanol: ethanol (1:1) mixture presented
satisfactory results when compared to hexane, becoming alternatives for
its replacement. In the extractions which the time was significant, the
adjustment of the kinetic models indicated that the extraction is described
by a second order model. The solvents researched showed to be promising
for hexane replacement in the oil extraction from baru almond.

1. INTRODUCTION

Brazil presents several biomes known for their high biodiversity, with unique native species, which have been
increasingly studied and investigated, among them, Cerrado stands out [1]. The barueiro (Dipteryx alata vog.)
belonging to the Fabaceae family, is one of the native species of great importance in Cerrado. This plant has as fruit
the baru, whose pulp involves an edible almond [2].

Recent research indicates that the daily consumption of oilseeds contributes to a reduction in the incidence of
chronic non-communicable diseases due to the presence of biologically active compounds [3], [4]. Baru almond oil
can contribute to the sustainability of the population of the Brazilian cerrado but is still little produced in Brazil [5].

According to proximate food composition studies of baru almonds, lipid percentages found were between 39.7
% and 43.7 % [1], [6] predominantly composed of oleic acid (50 - 54 %) and linoleic acid (23 - 25 %) [7]. Besides
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having a high energy value, the baru almond is rich in zinc, an important mineral for female and male fertility,
improving the production of the hormones [8].

Baru almond oil has a high degree of unsaturation, and its lipid fraction has, mostly, oleic and linoleic acids.
Schincaglia et al. [9] reported that baru almond oil supplementation may improve ultra-sensitive C-reactive protein
concentration in hemodialysis patients with chronic kidney disease. According to Marques et al. [10], the chemical
composition of baru oil offers an economic potential in the food, pharmaceutical and cosmetic industries.

Traditionally oil extraction is done by cold pressing [11], however, some factors make this technique
disadvantageous, such as the residual lipid content in the pressing cake, which decreases the yield of the unit
operation. Cake probably retains nutrients and bioactive compounds present in almonds [12]. Therefore, the solvent
extraction method becomes an alternative to obtaining higher yields and minimize losses in the process [13].

The literature presents some extraction procedures of baru oil by solvents, with petroleum ether [10], [14]
hexane [15] and ethanol [16]. Hexane is the most widely used solvent because it has high stability, a narrow boiling
range, and it is immiscible with water, resulting in a low residual content in the cake. However, its flammability,
higher toxicity, cost, and polluting potential justify the study of alternatives to the hexane use, such as ethanol,
isopropanol, propanol, and butanol [16]. Isopropanol is less toxic and flammable than hexane and is efficient in the
extraction of soybean oil [17], [18] cotton [19], and rice bran [20]. Ethanol is obtained from renewable sources,
standing as a potential alternative for the use of petroleum derivatives in oilseed processing. The operational risks
of using ethanol are lower due to its small flammability and toxicity. Besides, ethanol may also be used as a co-solvent
in other processes, such as in supercritical CO; extraction (scCOz) [7].

This study aimed to optimize the solvent extraction of baru almond oil, investigating the use of alternative
solvents to the hexane, e.g., ethanol and isopropanol. The influence of the type of the studied solvents on the oil
extraction was evaluated regarding the parameters solid:solvent ratio (s:s ratio), temperature, and time in the
extraction yield. The optimization aimed at to identify the levels of the variables that resulted in the best extraction
yields and the lowest losses. A kinetic study was accomplished to determine the mass transfer parameters from the
adjustment of kinetic models.

2. MATERIALS AND METHODS

Toasted and vacuum-packed baru almonds (Dipteryx alata Vog.) were purchased at the Central Market of Belo
Horizonte town, Minas Gerais province, Brazil. The solvents used were hexane (98.5 %, Dinamica, Brazil),
isopropanol (99.5 %, Dinamica, Brazil) and ethanol (99.5 %, Exodo Cientifica, Brazil).

2.1. ALMONDS PREPARATION

The baru almonds were ground in a cutting mill, sieved and categorized according to its grain size, using sieves
with sizes between 5 and 24 mesh. The granulometry of the cakes with higher retention in the sieves (9 and 12 mesh)
was set as a process parameter, removing the influence of this factor on the extraction yield. Then, the material was
sealed in glass jars, to avoid absorbing moisture.

2.2. EXTRACTION IN A STIRRED BATCH REACTOR - 23 CENTRAL COMPOSITE ROTATIONAL DESIGN

The leaching operation was performed to remove and recover the oil from the solid mass of the grounded baru
almonds through the solvent extraction. Then, the grounded almonds and solvents were added in 15 mL reactors in
the pre-established quantities, following the experimental design presented in Table 1. The reactors were
hermetically sealed and placed on heater plates with magnetic stirring. The extracted product was transferred to 15
mL tubes, and the reactors were washed with 3 mL of the respective solvents to eliminate oily residues on the reactor
walls. Subsequently, the 15 mL tubes were centrifuged at 2260 g for 5 min. The supernatant was transferred to test
tubes and taken to a drying oven at 95 °C to evaporate the solvent to constant mass. The oil mass was determined
by weighing after solvent evaporation.

The tests were performed according to central composite rotational design, 23 full factorial, 6 axial points - (also
called star points) - (+ a) and five repetitions at the center point, totaling 19 assays for each solvent. The three
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independent variables under study were: time, temperature, and solid:solvent ratio. These variable’s ranges were
determined in preliminary studies based on the characteristics of the studied solvents, as shown in Table 1.

Table 1: Variables and decoded levels of central composite rotational design for solvents hexane (H), ethanol
(E), and isopropanol (I)

Solvent Variables Levels
-0 -1 0 1 +a
H Time (min) 23 42 69 | 96 | 115

Temp. (°C) 30 45 65 | 85 | 100
Ratio s:s (m/v) | 0.05 ] 0.075| 0.1 | 0.15 ] 0.2
E, [, and mixture of E:I (1:1) Time (min) 130 | 150 | 180 | 210 | 230

Temp. (°C) 40 55 75 | 95 | 110
Ratio s:s (m/v) | 0.05 ] 0.075| 0.1 | 0.15 ] 0.2

The dependent variable (response) was oil extraction yield, calculated by Equation 1.
M
0, = 0

Whereby, Mo = Mass of extracted oil (g) and Ma = Mass of baru almond (g).

The effects of the studied variables taking into consideration the oil extraction were utilized for the analysis of
the experiments. The test of significance of the regression model was performed by using the analysis of variance
procedure (ANOVA), together with the lack of adjustment through F-statistic. The model coefficients were verified

by using the t-test (p <0.05). The model effectiveness was also observed by checking the coefficient of determination
(R2).

2.3. KINETIC ASSAY IN A BATCH REACTOR

The tests to evaluate the mass transfer behavior for each solvent were performed under optimized conditions
for the cases in which the time had a significant influence on yield. The tests were carried out similarly to the assays
of experimental design. The time ranges were: 1, 2, 5, 10, 15, 20, 30, 60, 90, and 120 minutes for hexane solvent and
5, 10, 15, 20, 25, 30, 60, 120, 180, and 240 minutes for the other solvents. Equations 2 and 3 describe the kinetic
models that were adjusted to the experimental data of the kinetic curve (R% x time).

R= R,.(1—ekt) 2

t 1 1
-= —+ —.t 3
R kR: R

Where, R = extraction yield (%), Re = maximum extraction yield (%), k = mass transfer coefficient (I min-1), and
t = time (min).

3. RESULTS AND DISCUSSIONS

3.1. EXTRACTION OPTIMIZATION

Table 2 shows the yields at each point of the experimental design for the analyzed solvents.
Table 2: Experimental design responses for solvents

ID Coded Yield (%)

Time (min) | Temp. (°C) | Ratio s:s (m/v) | Hexane Iso Ethanol (E) | Mixture
(H) |Propanol (I) (I+E)
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1 -1 -1 -1 32.39 37.51 18.06 37.96
2 1 -1 -1 33.78 36.14 18.43 37.77
3 -1 1 -1 31.90 31.41 17.43 31.92
4 1 1 -1 34.26 32.93 18.00 33.34
5 -1 -1 1 34.25 35.90 28.35 40.26
6 1 -1 1 36.59 37.21 29.12 38.61
7 -1 1 1 31.21 35.32 21.74 36.91
8 1 1 1 32.05 36.33 19.97 29.68
9 -1.682 0 0 35.91 36.23 20.96 35.46
10 1.682 0 0 35.74 35.27 28.95 38.32
11 0 -1.682 0 35.47 39.66 24.04 41.13
12 0 1.682 0 30.16 31.16 17.96 25.32
13 0 0 -1.682 31.61 36.87 22.10 36.47
14 0 0 1.682 33.11 35.94 23.55 37.82
15 0 0 0 32.67 34.97 23.25 36.79
16 0 0 0 32.65 34.27 23.11 37.39
17 0 0 0 33.39 35.06 22.96 36.89
18 0 0 0 33.15 34.27 23.82 36.99
19 0 0 0 32.67 34.80 23.25 37.32

The effects of each studied variable and the coefficients of the proposed model were evaluated for the data
analysis of the central composite rotational design (CCRD). The Pareto graphs were used to verify the significance
analysis of the effects based on both the statistical differences of the effects and the respective standard errors
utilizing the t-test, at a significance level of 5 %. The adjusted model was evaluated by the lack of adjustment, through
the Analysis of Variance (ANOVA), identity analysis, and residue distribution analysis. The results were represented
in response surfaces and contour plots. The identity analysis was performed using the linear regression of the graph
generated by the measured and predicted values of the model.

3.1.1. HEXANE

Figure 1. represent the response surface of the effects of the process parameters on the extraction of the baru
almond oil using the solvent hexane. Appendices A1l represent Pareto graph, and Appendices B1 the contour plot for
the same case.

Yield [38)

40
a8
28

34
a2
20

28

Time {min} 20 Temparature (°C) = 22

Figure 1: Response surface graph of the yield of Baru almond oil extraction using hexane as solvent as a

function of time and temperature (ratio: 1/10).
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In Fig. 1 it is possible to observe the quadratic effect of the temperature and the small significance effect of the
time. The analysis of Figure 1S, allows us to infer that the factors temperature (1), solid:solvent ratio (2), time (3),
and the interaction of temperature and solid:solvent ratio affect the extraction yield. The effect of solid:solvent ratio
is linear (L) and the most significant in the oil extraction. The yields under all conditions applied were satisfactory
for the solvent hexane, regarding the reference values (39.41 % + 0.31% and 37.19 % * 0.49 %) and the maximum
extraction yield was 36.59 %, obtained under the conditions of 0.75:10 of solid:solvent ratio, 85 °C of temperature,
and 96 min of extraction time.

The positive effect on yield as a function of the decrease of the solid:solvent ratio and the increase in
temperature is due to the increase in the oil solubility in the solvent, at higher temperatures, which decreases the
viscosity in the solution. These results corroborate those reported for the extraction of cottonseed oil, for which the
temperature increase, intermediate times, and low solid:solvent ratios provided the best extraction yields [21].

3.1.2. ISOPROPANOL

Figure 2 represents the response surface of the effects of the process parameters on baru almond oil extraction
using the solvent isopropanol. Appendices A2 represent Pareto graph, and Appendices B2 the contour plot for the
same case.

Yield [3)

B <
B 40
=5

ooz Ratio 515 {miv) )

Figure 2: Response surface graph of the yield of baru almond oil extraction using isopropanol as solvent as a
function of s:s ratio and temperature (time: 180 min).

In Fig. 2, it is observed a variation in yield with the decrease of the solid:solvent ratio in the approximate
temperature range between 40 to 75 2C. For temperatures above 75 °C, this variation becomes less significant. Fig.
A2 reveals the large influence of the linear effect of the solid:solvent ratio on the extraction yield of baru oil using
isopropanol. For this solvent, the interaction effect between the solid:solvent ratio is considerable.

3.1.3. ETHANOL
Figure 3 represent, respectively, the response surface of the effects of the process parameters on the extraction

of the baru almond oil using the ethanol as solvent. Appendices A3 represent Pareto graph, and Appendices B3 the
contour plot for the same case.
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Yield [3)
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Figure 3: Response surface graph of the yield of Baru almond oil extraction using ethanol as solvent as a
function of s:s ratio and temperature variation (time: 180 min).

Ratio s:5 {miv)

In the extraction of baru oil with ethanol, the temperature was the variable that showed the greatest influence.
The oil extraction was significant only at temperatures above 80 °C. Only at high temperatures, the effect of the
solid:solvent ratio became significant and negative. In other words, at high temperatures, the lower the ratio, the

higher the extraction yield. Sawada et al. [17] analyzed the extraction of soybean meal using ethanol, and the
elevation of temperature from 40 °C to 60 °C and 90 °C favored the transfer of lipid compounds.

3.1.4. MIXTURE OF SOLVENTS ETHANOL: ISOPROPANOL (1:1)

Figure 4 represent the response surface of the effects of the process parameters on baru almond oil extraction

employing the mixture of ethanol:isopropanol (1:1) as the solvent. Pareto graph and the contour plot are in
Appendice A4 and B4, respectively.
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Figure 4: Response surface graph of the yield of Baru almond oil extraction using the isopropanol:ethanol

mixture (1:1) as solvent as a function of s:s ratio and temperature variation (time: 180 min).
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The figures cited above allows inferring that the negative effect of the solid:solvent ratio is the one that most
affects the extraction yield when the solvent is the isopropanol:ethanol (1:1) mixture, followed by the negative effect
of the interaction between temperature and linear time. As already discussed in the former Pareto diagrams, the
lower the solid:solvent ratio, the higher the extraction yield, as evidenced by the higher extraction yield (41.13 %)
for the lower solid:solvent ratio (0.5/10).

Abdelmoez et al. [21] considered this behavior to be an important parameter in oil extraction due to its effect
on minimizing diffusion limitations during the extraction process. However, unlike the other solvents, the
temperature revealed little influence on the oil extraction yield.

3.2. YIELD ANALYSIS

The analysis of the set of all solvents allows making some conclusions. Based on the experimental results of the
hexane, the yields were satisfactory, approximate 35 %, throughout the studied temperature range, probably
because the hexane solubilizes the oil easily. The boiling temperature of hexane is relatively low (68 2C) that enable
the occurrence of the extraction in the early contact stages.

On the other hand, lower yields happened if ethanol was used as the solvent, even in the highest studied
temperatures, of 95 °C and 110 °C, with yields of 29.12 % and 28.95 %, respectively. These values are lower than the
ones found for the other solvents.

Nevertheless, the increase in temperature considerably increased the extraction using ethanol. The isopropanol
presented higher extraction percentages in all the studied temperatures as compared with both ethanol and hexane.
Thus, isopropanol has great relevance, provided that even at lower temperature, the extraction yields are
satisfactory. Thus, the solvent ability to solubilize the oil is high. Besides, the carbonic chain of the isopropanol is
bigger than the ethanol one, which makes it more suitable for extraction of nonpolar functional groups.

In summary, the maximum yields were obtained under the conditions of: (i) for hexane, yield of 36.59 %, at
852(, solid:solvent ratio of 0.75:10, 96 minutes of extraction; (ii) for ethanol: yield of 29.12 %, at 95 2C, solid:solvent
ratio of 0.75:10, 210 minutes of extraction; (iii) for isopropanol, yield of 39.66 %, 75°C, solid:solvent ratio 0.5:10,
180 min. of extraction; (iv) for mixture of isopropanol:ethanol (1:1,) yield of 41.13 % under the same conditions
observed when the isopropanol solvent was employed.

3.3. MODELS ANALYSIS

The Pareto Graphs, ANOVA, identity analysis, and distribution graphs of model’s residues were performed to
study the extraction yield models as a function of temperature, time, and solid:solvent ratio. The identity analysis
consists of the evaluation of the determination coefficient (R?) of measured values versus the predicted values by
the model. Table 3 represents the ANOVA of the models for each solvent.

Table 3: Regression coefficients of the quadratic equations for the process parameters
Factors Hexane p Ethanol p Isopropanol p Mixture p
Bo | 32.561 - 22.472 - 34.164 - 36.199 -
Temp. (L) B1 -0.020 | 09142 | 2.689 | 0.0001 0.518 0.0911 | 0.634 | 0.0943
Temp. (Q) 12 0914 | 0.0005 | 0.327 | 0.4406 0.295 0.2869 | -0.051 | 0.8785
Ratios:s (L) | B2 -1.165 | 0.0001 | -1.807 | 0.0022 -1.828 0.0001 | -3.195 | 0.0001
Ratios:s (Q) | P22 0.109 | 04618 | -0.285 | 0.4178 0.359 0.1311 | -0.506 | 0.0914
time (L) B3 0.690 | 0.0042 | 0.127 | 0.7744 0.120 0.6766 | -0.484 | 0.1932
time (Q) Bs2 | -0.234 | 0.2298 | -0.428 | 0.3502 0.551 0.0799 | 0.040 | 0.9103
Txr B1B2 | -0.865 | 0.0043 | -1.598 | 0.0163 1.091 0.0123 | -0.251 | 0.5755
T x time B1Bs | -0.070 | 0.7723 | -0.242 | 0.6727 0.271 0.4676 | -1.264 | 0.0190
r x time B, s | -0.007 | 0.9760 | -0.337 | 0.5498 0.387 0.2974 | -0.653 | 0.1658
R2 0.925 - 0.907 - 0.875 - 0.944 -

Figure 5 expresses the identity graphs for the extraction yield models as a function of temperature, time, and
solid:solvent ratio for the solvents: hexane (a), isopropanol (b), ethanol (c), and a mixture of ethanol:isopropanol
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(1:1) (d). The model that presented the best coefficient of determination (R?) was the solvent mixture (0.944),
followed by hexane (0.925), isopropanol (0.907), and ethanol (0.875). All models showed a random distribution of

residues, as can be observed in Fig. 6.

a) b}

b rl -
- -
L e . -
- .
» -
. /’/ - Py
3 / -
/,—* s * ./
: ] .
E - E -
T M g k] [
‘E - - E !,rﬁ.
~ -~
a ’:,!f’J:' 4 Py
% g
u . P
' 2 C
£l ‘/‘,/—,‘
k- - ’ » .
= 5 = “ ] 2 1] » 1] = 4
Measured Measured
c) dj
0 - — &
-
- . . S
] .
- pig
o ] [ o
-~ " e
o . __,x"' L » /,.' .
-~ -
'g - ¥ -~ 'E B P - .
5 - % L
- -~ » .
- 3
E # . S a .,,»’ .
- » » -~
20 ,_J_.—-" ™ -
- £ e
w4 . - .
=
-
Ll T Y
8 1% 0 2 4 ] ] 30 EL RS- m o o® B oM oM W oA
Measured Measured

Figure 5: Identity analysis graphs of the models for the solvents hexane (a), isopropanol (b), ethanol (c) and
mixture of ethanol:isopropanol (1:1) (d).
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Figure 6: Distribution graphs of models’ residues for the solvents: hexane (a), isopropanol (b), ethanol (c),
and mixture of ethanol:isopropanol (1:1) (d)
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3.4. EXTRACTION KINECTICS

In the experiments that the variable time was a significant parameter in the extraction yield, namely, in the
solvents hexane and isopropanol:ethanol (1:1), kinetic assays were performed in order to determine the mass
transfer coefficients and the behavior of each extraction. For these trials, the experimental conditions applied were
similar to those that showed the best extraction yields for each of the solvents. In the kinetic curves shown in Fig. 7,
itis inferred that hexane extracts the baru oil faster when compared to the isopropanol:ethanol solvent mixture, for
the same extraction yield (33 %).

43 a
a o
A0 <
o o
—_ 35 - - -
£ o .
% 30 i - [
5= vee
14 -
L]
a]
32 4
]
30 .
28 T T T T T T T
a 20 40 &a il 100 120 140
Time {minj

Figure 7: Kinetic curves of baru almond oil extraction using: (@) hexane and (©) isopropanol: ethanol (1:1).

However, if the yields are analyzed in longer extraction times, the isopropanol:ethanol mixture shows better
results, what can be justified by a possible drag of non-lipid compounds, but to verify this hypothesis, more detailed
qualitative tests of the extracted oil should be done.

In the experiments performed, it is possible to note that most of the extraction occurs in the first moments,
leading to the conclusion that the stage of washing the oil superficially set in the matrix is fast if compared to the
diffusion stage of the internal oil of the seeds. As the experimental ratios for solid:liquid were low, after one hour of
extraction, the extraction yield showed minimal variability, confirming the hypothesis that the largest amount of oil
to be extracted is done in small time frames, so the solvent starts to saturate with oil, leading to a low extraction rate.

For hexane, the system achieve the equilibrium one hour after the beginning of the extraction, fact that cannot
be applied for the mixture. However, it is worth mentioning that the mixture behaves similarly to hexane in the
extraction process and, above all, its yields are more satisfactory (41.6 %).

The first order model presented lower correlation coefficients values than those obtained with the second order
model. Therefore, baru oil extraction process is described by the last correlation. The adjustment to the second order
model, Appendice C, allows to state that in the conditions under study, the washing of the surface oil and the diffusion
of the oil trapped inside the solid matrix are both involved in the extraction process.

The mass transfer coefficient is a parameter that depends on the extraction conditions, such as those studied in
the optimization, thus justifying the k values obtained (0.0338 L min! for hexane and 0.0080 L min! for
isopropanol:ethanol) being different. Regarding the initial extraction velocity (h), the literature reports values
around 0.011 and 2.9 x 103 (g mL-1min!) [22,23], such parameter is related to concentration in the extraction
micelle. Greater solids:solvent proportions result in lower oil concentrations in the micelle, reflecting a lower initial
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extraction velocity, what justifies the value found for isopropanol:ethanol being higher than for hexane, 125 g mL-
Lmin!and 30 g mL-L.min-!, respectively.

The solvent mixture isopropanol:ethanol (1:1) was able to extract more oil from the almond at the end of the
process than the solvent hexane, 38 % and 42 % respectively. Therefore, isopropanol:ethanol (1:1) is shown as a
potential alternative for the use of hexane as extractive solvent in oilseeds, in particular, baru oil.

4. CONCLUSIONS

According to the results obtained in this work it can be concluded that it is possible to use alternative solvents
in the baru almond oil extraction process, and that these alternatives are potentially promising for hexane
replacement.

In general, the extraction of baru almond oil using isopropanol, ethanol and hexane, presented satisfactory
results. Isopropanol has been shown to be a solvent with great potential to replace hexane due to the very similar
extraction behavior. The extraction process, for this latter solvent, was efficient even when low temperatures were
applied, proving to be a viable process on an industrial scale. However, ethanol also showed good yield results. The
efficient use of ethanol for oils extraction demonstrates that greater care must be taken with the choice of process
conditions, point that can be further studied in a future work. The isopropanol:ethanol (1:1) mixture is considerably
the best substitution for hexane since the ethanol and isopropanol combination, besides making the extraction
process more efficient, makes it more economically viable due to its availability, low cost and lower toxicity of these
solvents.

APPENDICES

Appendice A — Pareto Diagrams
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Appendice A1: Pareto diagram of the effects of the process parameters on Baru almond oil extraction using
the solvent hexane.
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Appendice A2: Pareto diagram for the effects of the process parameters on baru almond oil extraction using
the solvent isopropanol.
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Appendice A3: Pareto diagram for the effects of process parameters on Baru almond oil extraction using the
solvent ethanol.
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Appendice A4: Pareto diagram for the effects of process parameters on baru almond oil extraction using the
mixture of solvents isopropanol:ethanol (1:1).

APPENDICE B - Contour plots
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Appendice B1: Contour plot of baru almond oil extraction yield using hexane as solvent as a function of time
and temperature (ratio: 1/10).
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Appendice B2: Contour plot of baru almond oil extraction yield using isopropanol as a solvent as a function of
s:s ratio and temperature (time: 180 min).
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Appendice B3: Contour plot of baru almond oil extraction yield using ethanol as solvent as a function of s:s
ratio and temperature (time: 180 min).
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Appendice B4: Contour plot of baru almond oil extraction yield using the isopropanol:ethanol (1:1) mixture
as solvent as a function of s:s ratio and temperature variation (time: 180 min).

APPENDICE C - Kinetic curve adjustment to the second order model for baru almond oil extraction

Wield (%)
(4%

100 150 200 25D

Q_
&

Time (min}
Appendice C: Kinetic curve adjustment to the second order model for baru almond oil extraction using: (@)
hexane and (©) isopropanol: ethanol (1:1).
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