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Effect of different extraction methods on cottonseed oil yield
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Abstract

Cotton (Gossypium hirsutum L.) is an important fibre crop of global significance. It is mainly utilised for the textile industry,
and its seeds as cattle feed and to re-harvest fields. However, an important amount of the cottonseed obtained during processing
is discarded. Some reports indicate that cottonseed contains high-quality protein and important lipid content. The aim of the
present study was to compare different extraction methods (Soxhlet, mechanical and ultrasound-assisted) in order to achieve
the highest extraction yield of cottonseed oil (CSO). The extraction efficiency was measured based on the effects of temperature,
organic solvent (OS), extraction time and solvent:seed (s:s) ratio, using a Box-Behnken 34 experimental design. From our results,
ultrasound-assisted extraction had the highest extraction yield (38.25%) at 45 °C, after 1 h for a 10:1 ratio using Folch mixture as
OS. Palmitic, oleic and linoleic acids were the main residues in the characterised CSO, and this oil can be utilised for biodiesel
production. This research intends to promote the use of this agroindustrial by-product to add value to cottonseed.

Keywords: cottonseed, oil, extraction, characterisation.

Resumen

El algodén (Gossypium hirsutum L.) es una fibra de importancia mundial. Se emplea principalmente para la industria textil, y sus
semillas para alimentar ganado y para resiembra. Sin embargo, una cantidad importante de semilla de algodén es desperdiciada
durante el procesamiento. Algunos estudios reportan que la semilla de algodén contiene proteinas de alta calidad y un contenido
de lipidos considerable. Por ello, el objetivo del presente trabajo era comparar diferentes métodos de extraccién (Soxhlet,
mecdnica y asistida por ultrasonido) para obtener el rendimiento mds alto de aceite de semilla de algod6n (CSO). La eficiencia de
la extraccion consider6 los efectos de la temperatura, solvente (OS), tiempo de extraccion, y relacién solvente:semilla (s:s), bajo
un disefio experimental Box-Behnken 3%. Los resultados mostraron que con el método de ultrasonido se alcanza el rendimiento
mds alto (38.25%) a 45 °C, 1 h, relacién 10:1 y la mezcla de Folch como OS. Los 4cidos grasos palmitico, oleico y linoleico se
identificaron en el CSO caracterizado y el aceite se propone para preparar biodiesel. Esta investigacion busca promover el uso de
este residuo agroindustrial para revalorizar la semilla de algodén.

Palabras clave: semilla de algoddn, aceite, extraccion, caracterizacion.

et al., 2018). Cotton is a semi-tropical or tropical
climate crop; it is very sensitive: requires a properly
conditioned land, deep soils, constant irrigation, and
temperatures of 20 - 30 °C to grow (SIAP, 2017).

1 Introduction

Cotton represents one of the most commercially

important fibre crops attributed to its industrial

and agricultural applications (Mendoza et al., 2016;

Weiger et al., 2016; Egbuta et al., 2017; McCarty
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World cotton production during 2018/19 was 25.89 x
100 t (USDA, 2019), and it is expected to increase.
Mexico was the ninth cotton-producing country during
that period.
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According to data collected by SIAP (2017), from
the 488 000 t of cotton produced in Mexico during
2016, 3.56% was reported as waste, cottonseeds
included. Cottonseeds are the fifth most-produced
oilseed worldwide, reaching 44.3 million t during
the 2019/2020 oilseed production (www.statista.com).
Okonkwo and Okafor (2016), mentioned that
cottonseed is rich in high-quality protein and of
remarkable lipid content (approximately 27.27 and
27.83%, respectively). Protein is commonly processed
into premium cattle food (cottonseed meal, CSM)
since it is rich in essential (16.66%) and non-essential
(18.50%) amino acids (Gonzédlez-Vega and Stein,
2012). CSM is a by-product obtained from the
extraction of cottonseed oil (CSO), which is another
product of great relevance. The fatty acid (FA) profile
of CSO comprises linoleic (55.38%), oleic (14.53%),
and palmitic (27.39%) acids residues (Okonkwo
and Okafor, 2016). Because of its FA content,
CSO has been cited as suitable for shortenings,
margarines, salad oil and biofuels (Dowd, 2011).
Furthermore, CSO contains bioactive compounds
such as antioxidants, including tocopherols, sterols,
and flavonoids (Mariod and Mattdus, 2011; Nix et
al., 2017), as well as pigments (gossypol; Tian et
al., 2016), which can be useful for the enrichment,
fortification of flavour and stabilization of shelf life for
food and medical applications. The recovery of lipids
from cottonseed has been carried out by conventional
Soxhlet extraction (SE) (Conkerton et al., 1995;
Saxena et al., 2011), which provides high yield
but can lead to FA degradation. Non-conventional
methods including supercritical fluid extraction (SFE)
(Bhattacharjee et al., 2007) and microwave-assisted
extraction (MAE) (Taghvaei et al., 2014, 2015)
have also been applied. Nevertheless, SFE is costly
and MAE requires a better understanding of the
methodology to obtain reliable products (Samaram et
al., 2015). A typical extraction procedure is conducted
by mechanical means (ME), where no organic solvents
are used but lower extraction yields are attained (De
Conto et al., 2011). Ultrasound-assisted extraction
(UAE), which is another alternative, has not been
employed for CSO extraction, but for the extraction
of oil from tobacco (Stanisaljvei¢ et al., 2007), canola
(Jalili et al., 2017), and soybean (Yousuf et al.,
2018). UAE greatly enhances oil extraction without
compromising the integrity of components, being a
simple and affordable method (Samaram et al., 2013;
Tian et al., 2013). It is worth noting that different
yields are achieved for those extraction methods
caused by parameters assessed, namely, temperature,

extraction time, power, m/V ratio, pressure, particle
size, and solvent flow rate, among others (Mwaurah et
al., 2019). Therefore, the aim of the present research
was to evaluate the efficiency of CSO extraction by
means of SE, ME and UAE, as well as to investigate
the effect of temperature, organic solvent (OS),
extraction time and solvent:seed (s:s) ratio. The FA
profile was also characterised. Our research intends to
promote the use of this agroindustrial residue to add
value to by-products from cotton processing.

2 Materials and methods

2.1 Plant material and reagents

Cotton (Gossypyum hirsutum L.) was cultivated and
harvested in the local area of Delicias, Chihuahua,
Mexico, during April - October 2017, where it is
processed for the textile industry. Cottonseeds were
obtained from the “Despepitadora Lazaro Cardenas”,
which is located at the following coordinates:
28.370451, -105.603925. The fatty acid standard
Supelco 37 Component FAME Mix was purchased
from Supelco (Bellefonte, PA). All the solvents
employed were of reagent grade from J.T. Baker (New
Jersey, USA).

2.2 Lipid content

Collected cottonseeds were cleaned manually and then
subjected to a thermal bath treatment (5 min, 60 °C)
for easier removal of the hull. After that, cottonseeds
were dried overnight at 60 °C in an incubator
(Felisa model FE-133D; Felisa®, Jalisco, MX).
Cottonseeds were then ground for oil extraction with
an IKA all basic mill IKAWorks, Inc., Wilmington,
NC). Three different extraction methodologies were
employed: Soxhlet extraction (SE), ultrasonic assisted
extraction (UAE) and mechanical oil extraction (ME).
Extraction process variables were: temperature (30,
45 and 60 °C), organic solvent (n-hexane, Folch,
CHCI3-CH30H [1:2]), extraction time (20, 40, and
60 min) and solvent:seed ratio (10:0.5, 10:1.0 and
10:1.5 mL/g). For SE, seeds were placed in the
corresponding apparatus and combined with the
different organic solvents (OS) while magnetically
stirred. Regarding UAE, amber vials containing the
sample and the different OS were set in the equipment
(Sonicator VWR model 150 D; VWR International.,
West Chester, PA). The resulting mixtures obtained
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from both procedures were filtered through filter paper
#1 (125 mm @; Whatman, Maidstone, UK) and then
heated at 60 °C in a hot plate to remove the OS.
Lipid content obtained in the different extracts was
estimated by weight difference. In the case of ME, dry
peeled cottonseeds were pressed in a manual expeller
machine. For the three methods, the extraction yield
(EY) was calculated with Equation 1:

oil weight

Extracti ield (%) = ———————
xtraction yield (%) seeds weight

x100 (1)

2.3 Fatty acid profile

The FA profile of CSO was determined by gas
chromatography. First, the CSO obtained was
subjected to selective derivatization following the
protocol reported by Miranda et al. (2013): 200 uL
of CSO were mixed with 1 mL of 0.2N HCI-CH3;OH
and then heated at 60 °C during 4 h; then, 0.2 mL
of distilled water and 2 mL of hexane were added.
Secondly, two uL of the extract were injected into a
HP Model 6890 gas chromatograph fitted with a flame
ionization detector (FID) and a HP-INNOWAX polar
capillary column (30 m X 0.32 mm X 0.25 um). The
temperature program was according to Lépez-Garcia
et al. (2017). FA were identified by comparing their
retention times with those observed in a Supelco 37
FAME Mix standard.

2.4 Experimental design and statistical
analysis

A set of 27 treatments in a Box-Behnken 3*
experimental design was employed to determine
the best extraction conditions to reach the highest
extraction yield (response variable). The factors were:
temperature (30, 45 and 60 °C), organic solvent
(n-hexane, Folch, CHCIl3-CH30H [1:2]), extraction
time (20, 40, and 60 min) and solvent:seed ratio
(10:0.5, 10:1.0 and 10:1.5 mL/g). All the experiments
were carried out by triplicate and a quadratic model
(Equation 2) for the prediction of the dependent
variable was used:

k k
y=pBo+ Z,Bixi + Z,Biixiz + Z Zﬁijxixj +e (2)
i=1 i=1

i<j
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where y is the response variable (extraction yield, EY),
Bo, Bi, Bii and B;; represent the regression coeflicients
of the combined, lineal, quadratic and interaction
effects, respectively; x; and x; are the independent
variables. To fit the second-order model, experimental
data was analysed statistically using MINITAB®18
software (Minitab Inc., State College, PA). Differences
among treatment mean values were evaluated through
analysis of variance (ANOVA) and Tukey test using
the SAS university edition software (SAS Institute
Inc., Cary, NC), and statistical significance was set at
a = 0.05.

3 Results and discussion

Due to the cultural, economic and biological relevance
of cotton, the present study deals with the extraction
and characterization of the lipid content of one of
its by-products: cottonseeds. For that purpose, three
different methodologies were evaluated in an effort to
recover the maximal amount of CSO.

3.1 Lipid content

As a first approach, we followed the Mexican official
method NMX-F-089-S-1978 to determine the lipid
content. The amount of lipids of the cottonseed
collected was 28.68%. After that, in an effort to
improve the extraction yield, SE, ME and UAE
methods were evaluated and the results obtained are
depicted in Table 1. As it can be observed, UAE
allowed to reach the highest EY: 38.25%.

Table 1. Oil extraction yields from cottonseed by
three different methods.

Extraction method 0S EY (%)
n-hexane 23.18+1.95¢
SE Folch* 20.19+1.42¢
CHCl3:CH30H (1:2)  28.18+2.18<4
ME - 9.79+0.71/
n-hexane 23.63+1.819
UAE Folch* 38.25+0.52¢

CHCI3:CH30H (1:2)  30.04+2.60%¢
SE: Soxhlet extraction, ME: mechanical oil
extraction, UAE: ultrasonic assisted extraction; OS:
organic solvents; EY: extraction yield. Data are means
+ standard error (n = 6). Different superscript letter in
the same column indicate significant difference
(p < 0.05). * Folch = CHCI3:CH30H (2:1).
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Table 2. Experimental setup for the four-factor, three-level Box-Behnken design and the response yield after

analysis.
Experiment  x; X2 X3 X4 y1

1 30 Folch 40 10:01.0  29.17 + 2.08°
2 60 Folch 40 10:01.0  30.01 + 1.41%¢
3 30 CHC3-CH3O0H (1:2) 40 10:01.0  21.80 + 0.84/¢"
4 60 CHCl3-CH30H (1:2) 40 10:01.0 21.68 + 1.49/¢"
5 45 n-hexane 20 10:00.5 17.22 + 1.208"
6 45 n-hexane 60 10:00.5 23.63 + 1.814¢f
7 45 n-hexane 20 10:01.5  14.23 +0.56/
8 45 n-hexane 60 10:01.5 17.94 + 1.328hiJ
9 45 n-hexane 40 10:01.0 18.76 + 0.878"J
10 30 n-hexane 40 10:00.5 22.11 +2.37¢/8h
11 60 n-hexane 40 10:00.5 21.76 +2.147¢"
12 30 n-hexane 40 10:01.5  16.46 + 0.48%
13 60 n-hexane 40 10:01.5  17.20 £ 0.71%
14 45 Folch 20 10:01.0 27.19 + 1.88¢de
15 45 CHCl3-CH3OH (1:2) 20 10:01.0  22.3 + 1.14¢/¢
16 45 Folch 60 10:01.0  38.25+0.52¢
17 45 n-hexane 60 10:01.0 21.81 + 0.50/8"
18 45 n-hexane 40 10:01.0 19.12 + 1.72f8hii
19 30 n-hexane 20 10:01.0 17.84 + 1.188%J
20 60 n-hexane 20 10:01.0 8.72 + 1.03k
21 30 n-hexane 60 10:01.0 21.60 +2.35/¢h
22 60 n-hexane 60 10:01.0 20.11 +2.27/8hi
23 45 Folch 40 10:00.5  34.63 + 1.00%
24 45 CHCIl3-CH30H (1:2) 40 10:00.5  30.04 = 2.60%
25 45 Folch 40 10:01.5  29.38 + 1.64¢
26 45 CHCl3-CH30H (1:2) 40 10:01.5  17.13 + 0.46"/
27 45 n-hexane 40 10:01.0  19.65+ 2.00/8h

X1: temperature (°C), X: organic solvent, X3: extraction time (min), X4: solvent:seed ratio (mL/g); y;: extraction
yield (%).

Such value was not only larger among UAE
experiments but also greater than the other values
achieved for the other methods: with respect to ME,
UAE was 4-fold higher and compared to SE it
was 26.33% higher. These results clearly indicate a
significant effect of the extraction process variables.
Table 2 summarizes the experimental setup where
it can be seen that such variables led to different
EY. The first entries that are important to highlight
are experiments 16 and 20. The extraction conditions
assayed in experiment 16 allowed to attain the highest
EY, whereas the lowest EY (8.72%) was obtained
under conditions of experiment 20. Secondly, we can
refer the effect of OS, for instance, in experiment 17,
the extraction process variables are the same except
for the use of n-hexane instead of Folch’s solvent
mixture. In the case of experiments 1 and 2, OS

allowed to attain a very similar EY; however, it can be
mentioned that both temperature and extraction time
affected EY, when experiments 1 and 2 are compared
to experiment 16. On the other hand, for experiments
14, 23 and 25, the affecting variables were extraction
time and solvent:seed ratio. The variations among
these results can be attributed to their differences in
polarities and viscosities (Tian et al., 2013). It is worth
mentioning that the Folch mixture was the best OS
for the recovery of CSO, followed by CHCI3-CH3OH
(1:2), and n-hexane. The CHCI3-CH30OH mixture
may interact with amphiphilic or polar components
like phospholipids, improving the extraction yield
(Koztowska et al., 2016).

Finally, another remarkable aspect is that lower
ratios lead to higher EY. This can be noticed in
experiments 24 and 26, where for a 0.5 ratio EY
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was almost twice, which is explained by the fact that
larger amounts of ground cottonseed require a larger
volume of OS. A similar behaviour can be observed
for experiments 6 and 8; however, it cannot be said the
same for experiments 23 and 25, where OS is clearly
exerting a positive effect on EY.

3.2 Optimisation of the extraction process

The effects of the independent variables were
described above and are shown in Figure 1. According
to these data, an increase in temperature (Figure
la) seems to favour the achievement of higher EY;
however, in our findings we noted that 45 °C was better
than 60 °C. Similar observations were found in the
technical literature. Wong et al. (2019), reported an
increase in hazelnut oil extraction when temperature
was raised from 28 to 38 °C, but from 38 to
48 °C the oil yield extraction decreased. According
to our optimisation, 51 °C was the best temperature
for the extraction of CSO, which is a slightly higher
value than 45 °C, the temperature for experiment
16. It is possible that at higher temperatures, the
bubbles created by the cavitation forces collapsed
with less intensity or more easily, decreasing their
disrupting effect on the sample matrix; either because
of an increase in the vapor pressure, developing
a similar pressure between the inside and outside
of the bubble, or by a decrease in the surface
tension, affecting bubbles formation (Goula, 2013).

Factor level a) Temperature b) 0S ¢) Time d) s:s ratio
High level 60 CHCI;-CH;0H (1:2) 60 10/1.5
Central level 45 Folch 40 10/1.0
Low level 30 n-hexane 20 10/0.5
Optimal 51 Folch 60 10/0.5

Some reports indicate that higher temperatures lead
to larger amounts of extracted oil. Samaram et al.
(2015), mentioned that higher oil yields were reached
from papaya seeds and hazelnuts, when temperature
increased from 20 to 62.5 °C. Zhang et al. (2009),
cited that increasing temperature and extraction time,
improved their oil recovery from almond powder
by UAE, obtaining 81.89% of oil after 55 min and
51 °C. On the other hand, Goula (2013) and Li et
al. (2015), refer in their studies a small reduction
in extraction yield, when temperature exceed 20 and
40 °C, respectively. With respect to OS, Folch was
a good solvent system for the recovery of CSO
(Experiment 16, Figure 1b). The use of Folch as OS
led to the most elevated EY, which is attributed to the
polarities and viscosities of the solvents in the mixture.

Regarding to extraction time, longer times are
supposed to lead to higher EY (Figure 1c). From
our results, it can be observed that after 60 min the
larger EY was reached as it is demonstrated by the
optimisation. This is in agreement with Wong et al.
(2019), who optimised the extraction of hazelnut oil
via UAE, using ethanol as OS for 90 min (38 °C and
90% of ultrasound amplitude) with an oil yield of
79.88%, an amount three-fold larger than the lowest
yield reported, that corresponded to 30 min (28 °C and
60% of ultrasound amplitude). This can be explained
by the fact that longer times allow the oil contained
in the sample to diffuse into the OS (de Mello et al.,
2017).

a) °C; b) organic solvent; ¢) min; d) mL/g

Fig. 1. Optimized graphics of the independent variables.
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All three extraction process variables described
before are affected by the solvent:seed ratio (Figure
1d). Chaniti and Tzia (2017) reported that increasing
the ratio also increased their oil extraction yields.
Employing high amounts of OS for low mass samples
intensifies the solvent capacity to extract the oil from
the sample matrix, since it produces a greater diffusion
and therefore, a higher concentration gradient inside
the sample, improving the transfer of the oil molecules
to the liquid media (Samaram et al., 2015). The latter
was observed in our results, when lower ratios led to
higher EY. In fact, when the process was optimised,
the 10:0.5 ratio was found to be the best.

According to the optimisation (see Table 3), the
linear and quadratic terms of the OS (X, and X22,
respectively), and the linear term of solvent:seed
ratio (X4) exerted the major effects on the extraction
yield (p < 0.001), followed by the linear term of
extraction time (X3) (p < 0.005). On the other hand,
the interaction terms of OS and extraction time
(X2X3), as well as the one corresponding to OS and
solvent:seed ratio (X>X4) were statistically significant
(p < 0.05). By cancelling the non-significant factors,
the mathematical model obtained expressed in terms
of EY (y;) is represented by Equation 3:

y1 =17.99 -4.278X;, + 9.150X§ +2.511X3 —3.646X4
—3.620X,X3 —2.43X, Xy
3

where X; is OS, X3 is extraction time, and Xy is the
solvent:seed ratio. The total regression coefficient (R?)
was 0.9556, which implies a good fitting since 95.56%
of the total variability of the response variable could be
explained by the mathematical model. From Equation
(3), the optimal conditions for the oil extraction from
cottonseed were: 51 °C, Folch as OS, 60 min, and a
solvent:seed ratio of 10:0.5; with a theoretical EY of
39.97%.

The predicted conditions were explored and an EY
of 37.39 + 0.73% was obtained. Such value was very
close to the EY reached under experiment 16 (38.25
+ 0.52%). The different values for both theoretical
EY and experimental one, are due to differences in
temperature (51 and 45 °C, respectively) as well as in
ratio (10:0.5 and 10:1, respectively).

3.3 Fatty acid profile

Once the oil extraction was optimised, we proceeded
to characterize the FA profile of the CSO (see Table 4).
The main FA residues identified are: C18:2 (55.91%),

Table 3. Regression coefficients and P values of
factors for the second-order model.

Factor Coefficient P value
Intercept 17.99 0
X1 -0.943 0.152
X> -4.278 0
X3 2.511 0.002
Xy -3.646 0
X1-Xi -1.128 0.246
X Xo 9.15 0
X3 X3 -1.199 0.219
X4 X4 1.898 0.062
XX -0.51 0.641
X1-X3 1.91 0.098
X1 -Xy 0.53 0.625
X, X3 -3.62 0.005
X, Xy -2.43 0.042
X3-Xy -0.32 0.771

X1: temperature (°C), X: organic solvent, X3:
extraction time (min), X4: solvent:seed ratio (mL/g).

C16:0 (20.91%) and C18:1 (16.54%). This profile
agrees with the ranges mentioned by Thompson et
al. (2019), for the same residues: 50-60%, 22-26%
and 16-20%, respectively. The FA profile of the CSO
analysed is constituted by 72.45% of unsaturated fatty
acids (UFA), whereas the saturated fatty acids (SFA)
amounted 24.96%, which means that the SFA/UFA
ratio is 0.4. Mohdaly et al. (2017), reported a similar
profile than that listed in Table 4 but included elaidic
acid (2.10%) in their results. This difference can
be attributed to the cotton species used, as well as
agronomical procedures and geographical location.
Nevertheless, their study also presented a comparable
SFA/UFA ratio of 0.35, indicating both CSO are
mainly composed by UFA.

It is worth mentioning that the FA profile obtained
for CSO is of a remarkable value, for both nutritional
and energy applications, including frying (Arslan et
al., 2016), edible oleogels (Pehlivanoglu et al., 2018),
and shortenings (Imran and Nadeem, 2015), among
others products. In the context of energy applications,
biodiesel production is a promising use (Jamshaid et
al., 2018). With respect to biodiesel, the CSO obtained
in the present study, it will be our raw material
for transesterification reactions in a new and novel
enzymatic process. As it was mentioned before, we
intend to promote the use of this agroindustrial by-
product to add value to cottonseed, as it is doing for
other subtilized Mexican plants such as xoconostle
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Table 4. Fatty acid profile of cottonseed oil.

Fatty acid % Wwt.
C8:0 0.74
C10:0 2.43
C14:0 0.88
C16:0 2091
C18:0 2.59
C18:1 16.54
C18:2 5591

Saturated fatty acids 24.96
Unsaturated fatty acids ~ 72.45
SFA/UFA ratio* 04

* Saturated/unsaturated fatty acid ratio.

(Davila-Hernandez et al., 2019) and calabacilla loca
(Hernandez-Centeno et al., 2020).

Conclusions

It was demonstrated that an agroindustrial by-product,
cottonseeds, has potential nutritional and energy
applications due to its lipid content. Different methods
were evaluated for the extraction of CSO and UAE
was found to be the best protocol for the recovery
of CSO. When the extraction was optimised, different
values for EY were reached for the theoretical
and experimental values, indicating that the different
extraction process variables exert a particular and
combined effect on the overall process.
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Nomenclature

CSM  cottonseed meal

CSO  cottonseed oil

EY extraction yield

FA fatty acid

MAE microwave-assisted extraction
oS organic solvent

SE Soxhlet extraction

SFA  saturated fatty acids

SFE supercritical fluid extraction

SIAP  Servicio de Informacién
Agroalimentaria y Pesquera

UAE ultrasound-assisted extraction

UFA unsaturated fatty acids

USDA Departamento de Agricultura de los
Estados Unidos
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