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Abstract

Jatropha curcas L. as a member of Euphorbiaceae family had many copious applications due to its richness content of oil,
cellulose, hemicellulose, and lignin. Therefore, this work was directed to increase the value of the seedcakes of Jatropha curcas
by their applications in bioethanol production and removal of methylene blue dye (MB) as well as hexavalent chromium Cr
(VD from contaminated wastewater. The seedcakes sources were collected from different irrigation treatments: tap water (1),
sewage water (2), sewage water and sludge (3), sewage water and sludge sprayed with tap water, 100, 200, 300, and 400 ppm
of chlorocholine chloride (cycocel or abbreviated as CCC), (4), (5), (6), (7), and (8), respectively. Results showed that sewage
water only (2) and the combination between sewage water and sludge irrigation (3) produced the highest ethanol quantity
(4.59 & 5.15 ml/l, respectively) after the fermentation of the hydrolysates by Candida tropicalis Y-26. In respect to CCC
spraying, the maximum ethanol concentration (5.57 ml/l) was achieved from Jatropha curcas seedcake irrigated with CCC at
a concentration of (300 ppm). In the other application, a preliminary screening experiment was demonstrated for the different
forms of Jatropha curcas seedcake and results revealed that the Jatropha curcas seedcake irrigated with sewage water only
(2) achieved the highest removal efficiencies of 78.8% and 41% for MB and Cr (VI), respectively. After that, the optimization
process stated the optimum parameters; Jatropha curcas seedcake dose of 15 and 5 g/1, conc. 50 ppm, pH 7 and 5, and contact
time 240 & 120 min were the optimum factors that achieved high (methylene blue (MB)) and hexavalent chromium [Cr (VI)]
removal efficiencies, respectively. Langmuir isotherm and the pseudo-first-order model were stated as selected models that
explain the adsorption mechanism of MB and Cr by Jatropha curcas seedcake.

Keywords Bioethanol - Cycocel - Jatropha curcas - Hexavalent chromium - Seedcake - Sewage water - Sewage sludge -
Methylene blue

1 Introduction

Jatropha curcas L. is a member of Euphorbiaceae family,
which originated in Central America and Mexico and
after that were established in other various tropical and
subtropical areas. In the past, it was usually used for
medicinal purposes, although lately Jatropha oil was used
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for biodiesel production as it produces around 32-40%
valuable oil, which could be supportive in biofuel industry.
Jatropha curcas was characterized by its high productivity
especially when irrigated by wastewater; in addition,
it can be cultivated and grown in harsh conditions [1].
Furthermore, seedcake waste is produced from Jatropha
seeds after the oil extraction process, where one tone of
Jatropha oil production is approximately equivalent to
nearly 3 tons of seedcakes that require a proper disposal
[2]. The seedcake is characterized by their considerable
percentages of cellulose, hemicellulose, and starch.
Accordingly, it has been stimulated and used in the
production of bioethanol [3]. Bioethanol production from
Jatropha lignocellulosic biomass can be achieved via three
principal steps: (a) the pretreatment of biomass, (b) the
hydrolysis of polysaccharides to induce simple sugars, (c)
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the fermentation of simple sugars for production of ethanol
[4, 5]. Additionally, world nowadays faces a significant
problem of water pollution due to the rapid industrialization
and the discharging of their effluents into waterways. For
instance, hexavalent chromium Cr (VI) as a type of heavy
metals that is used in many industries was reported by the
World Health Organization (WHO) as a carcinogenic form
of heavy metals [6]. Exposure to the Cr (VI) for long time
leads to a lot of health problems for humans, e.g., nausea,
irritant, sever liver and kidney damage, damage to nervous
and circulatory tissue, lungs, and digestive tract cancer [7].
Consequently, WHO reported the value of the presence of
the chromium in wastewater as not exceed 0.05 ppm [8].
Moreover, color impurity in industrial effluents from dye
manufacturing and dye consuming industries threats the
human health and the environment. For example, methyl-
ene blue (MB) is a cationic dye that was commonly used
as a coloring agent in the textile industries and may help in
oncological surgeries. As a result, those industries discharge
MB into water streams that in follow cause various problems
[9]. Copious conventional chemical and physical treatment
methods were applied for heavy metals and dyes removal
from the contaminated water, e.g., ion exchange [10] ultra-
filtration, coagulation, and chemical oxidation [11]. How-
ever, these technologies were widely used; they faced some
limitations such as their high cost and their low efficiency
at low concentration removal. Hence, finding a low-cost and
efficient method for safe disposal of heavy metals and dyes
from wastewater such as biosorption becomes an urgent
priority [12]. Different biomasses as ecofriendly materials
(agricultural wastes, and microorganisms) were applied as
bio-sorbent materials for pollutants removal from polluted
wastewater [13—17]. For instance, richness of the Jatropha
curcas seedcake with lignocellulosic biomass has recom-
mended its use as a bio-sorbent material for the removal of
dyes and heavy metals from polluted wastewater. Therefore,
agriculture wastes can serve as an effective alternative for
the usually used costly chemical sorbents and consequently
solve the problem of its safe disposal [18]. For instance,
Jatropha curcas seedcake contains toxic compounds and is
not edible, and consequently, there is no worry about food
security [2]. Furthermore, most of the used sorbents were
applied with particle sizes around 100 pm. However, there is
a high need for further smaller sizes, represented by higher
surface area, and is still in need [19]. Therefore, this study
was directed to collect different Jatropha curcas fruits that
were irrigated by different water sources as tap water (1),
sewage water (2), sewage water and sludge (3), sewage water
and sludge sprayed with tap water (4), and different con-
centrations of CCC (100, 200, 300, and 400 ppm) (5), (6),
(7), and (8), respectively. Afterwards, Jatropha curcas seeds
were used after oil extraction and drying as Jatropha cur-
cas seedcakes in many applications to increase their value.
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The first application was studying the probability of differ-
ent Jatropha curcas seedcakes in bioethanol production via
hydrolysis and fermentation processes. Afterwards, the sec-
ond application is the studying in the wastewater-pollutants
removal (dye and heavy metal removal) after grinding to
relatively nano-sizes. Precisely, methylene blue (MB) and
chromium (Cr VI) were used in this study. The selected Jat-
ropha curcas seedcake will be optimized through two opti-
mization steps, One Factor at A time (OFAT) experiments
as a preliminary experiment which after that the selected
levels will be further applied in the 2* general full-factorial
design. The experimental data were analyzed by Langmuir
and Freundlich isotherms and kinetics studies. At the end,
the selected Jatropha curcas seedcake will be characterized
using FT-IR analysis and DLS.

2 Materials and methods

2.1 Collection and preparation of Jatropha curcas
seedcakes

Jatropha curcas fruits were collected from plantations with
different irrigation treatments at the drinking and sewage water
treatment station in Al-gabal Al-Asfar, Cairo, Egypt. The irri-
gation treatments were tap water (1), sewage water (2), sewage
water and sludge (3), sewage water and sludge sprayed with
tap water (4), and different concentrations of CCC (100, 200,
300, and 400 ppm) (5), (6), (7), and (8), respectively. The fruits
were cracked to remove the shell and the seeds were ground
and put in soxhlet extractor for oil extraction by petroleum
ether 40:60%. The remaining cake in the thimble was recov-
ered and oven dried. Jatropha curcas seedcakes were initially
crushed to small pieces using a mortar and soaked overnight
in water to remove residual dirt and oil using cheesecloth and
floating, respectively. Afterwards, the seedcakes were dried
at 60 °C for 48 h to make the weight constant. Finally, they
were blended and sieved through a 0.5-mm mesh sieve. The
pretreated dried seedcakes were stored at room temperature in
covered plastic bottles for the subsequent analyses.

2.2 Bioethanol production from Jatropha curcas
seedcakes

2.2.1 Acid hydrolysis

About 10 g of the different pretreated Jatropha curcas seed-
cakes were mixed separately in an Erlenmeyer flask (250 ml)
with 100 ml of 4% H,SO,. Each flask was closed to pre-
vent evaporation of acid during autoclaving, for 20 min at
120 °C. The flask was filtered after hydrolysis to remove
the unhydrolyzed materials. The filtrate was then neutral-
ized and centrifuged at 10,000 rpm for 10 min. Finally, the
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concentrations of total reducing sugars (TRS) in the filtrate
(hydrolysate) were determined.

2.2.2 Fermentation

The yeast strain Candida tropicalis (Y-26) and Saccharomy-
ces cerevisiae (Y-39) were used to ferment Jatropha curcas
seedcake hydrolysates as well as to maximize the ethanol
production. These isolates were previously characterized for
their ability to ferment various types of sugars (pentose and
hexose) for bioethanol production [20]. Yeast suspension
for inoculation was prepared by growing the organism on
Wickersham’s (WH) medium at 30 °C for 48 h in a shaking
incubator at 150 rpm. The fermentation process was per-
formed under oxygen-limited conditions in 100-ml blue cap
flasks, containing 50 ml of fermentation media: the hydro-
lysate obtained from the acid hydrolysis of Jatropha curcas
seedcakes that supplemented with peptone; 10 g/l, KH,PO,;
2 g/l and MgSO,-7TH,0; 1 g/l. The pH value for each flask
was adjusted to 5.5. After that, the air-locked flasks were
sterilized for 20 min at 120 °C. Afterwards, these flasks were
eventually inoculated with yeast strain (= 1x 103 cells/ml).
The flasks were then incubated at 30 °C for 48 h. In this
study, all analyses were performed in triplicate, and the aver-
age was recorded.

2.2.3 Determination of total reducing sugars

The total reducing sugars (TRS) were estimated by
“3,5-dinitro salicylic acid (DNS)” method [21]. Change in
color intensity was measured at 540 nm, using UV/VIS/NIR
spectrophotometer (Model Jasco V-570). Glucose was used
as a standard for the calibration curve.

2.2.4 Determination of ethanol concentration

The ethanol concentrations were measured using gas chro-
matography (6890, Agilent G1530A, USA). The capillary
column with a dimension of 60 pm X 5.00 pm X 530 pm was
used. The helium (gas carrier) was used with a flow rate
of 25 ml/min. The oven temperature and the detector were
attempt 300 °C.

2.3 Application of the Jatropha curcas seedcakes
in the removal of methylene blue (MB)
and hexavalent chromium (Cr VI)

2.3.1 The dried seedcake biomass grinding
The dried bio-sorbent materials (Jatropha curcas seedcakes)

were ground using ‘“Planetary Ball Mill, PM 400 4" grinding
stations” to obtain high sorbent surface area.

2.3.2 Batch experiments

A preliminary screening experiment was implemented to deter-
mine the best treatment, tap water (1), sewage water (2), sewage
water and sludge (3), sewage water and sludge sprayed with tap
water (4), and different concentrations of CCC (100, 200, 300,
and 400 ppm) (5), (6), (7), and (8), respectively, that gives the
highest MB and Cr (VI) removal efficiencies. This treatment will
be used for further process. Equation (1) was applied to calculate
the removal efficiencies through the experiments.

Cc -C
Removaleffeciency(%) = DC £ x 100 1)

2.3.3 Optimization process

The optimization process for the MB and Cr (VI) removal effi-
ciencies (MBRE and CRE, respectively) was performed through
two optimization steps. The first step was achieved with a series
of levels of OFAT experiments in which one factor levels were
varied, while the other factors were kept constant at a specific
level. The factors that were applied for the OFAT experiments
were pH with values of 3,5, 7,9, and 11; MB and Cr (VI) con-
centrations of 50, 100, 150, 200, and 300 ppm; and Jatropha
curcas seedcake doses of 0.25, 0.5, 1.0, and 1.5 g/100 ml. After
that, preliminary experiments were used to determine the low/
high (—1/+1) levels of each factor were selected to further
implemented in the full-factorial design experiment.

Factorial experiments helped to obtain the maximum
removal efficiency with minimal number of experiments by
studying the interaction effect between the factors. The full-
factorial model of 8 runs for every pollutant; MB and Cr
(VD). Tables 2 and 3 represents the applied parameters for
MB and Cr (VI) removal efficiency improving.

2.3.4 Equilibrium studies

The mechanism of MB and Cr (VI) sorption by Jatropha
curcas seedcake was determined by applying the linear
Langmuir and Freundlich isotherms which were calculated
according to Langmuir and Freundlich isotherms as previ-
ously reported [22, 23].

Langmuir isotherm
Ce _ Ce 1 G _ G

@ = Qmax + bQmax @ = Qpax
_1 = ’ 2
+ PX Qs Ce/Qe = Ce/Qmax ( )
Ce _ Ce I Ce
+ l/meaX@ ~ Qmax + bQmax Qe
_ _Ce 1
" Qmax = bQmax
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where Q, q, is the amount of dyes/metal adsorbed per unit
mass onto the adsorbent material(mg/g), Q,,.x 1S maximum
adsorption capacity of the adsorbent material (mg/g), and b is
Langmuir constant that relates to the heat of adsorption (I/mg).

Freundlich isotherm
Logq, = LogK, + 1LogCe(Z) 3)
n

where q, is the equilibrium adsorption capacity (mg/g), C, is the
equilibrium concentration of dyes/metal in the solution (mg/1),
and K and n are the Freundlich constants that expressed the
adsorption limit and adsorption density, respectively.

2.3.5 Kinetics studies

The adsorption process kinetics aimed to the rate of MB
and Cr (VI) biosorption by the selected Jatropha curcas
seedcake, which controls equilibrium time. The kinetics
model included the pseudo-first-order and second-order
equations [24, 25]. The pseudo-first-order model was
evaluated using the following equation

Ln(q, - q,) = Lng, — Kyt )

where g, and g, are the measure of dyes/metal adsorbed at
time t and equilibrium (mol g™!) respectively and k,(min™")
is the rate constant for this model.

Whereas the rate of the pseudo-second-order model was
studied using the following equation:

1
Vo ="1q + o )

where k, is the rate constant of sorption for this model (g
mol~! min~!) and g, and g, are the quantities of adsorbed
dyes/metal at equilibrium and at time ¢ (mol g7},
respectively.

2.4 Characterization of the selected Jatropha curcas
seedcakes

“Fourier transform infrared (FT-IR)” spectroscopy
“Nicolet IS-10 spectroscopy” was accustomed in this
study to achieve the bio-sorbent (Jatropha curcas
seedcake) functional groups. The selected Jatropha
curcas seedcake was applied using KBr disks, within
the wavelength range of 400—4000 nm. Afterwards,
spectra plot was plotted for the samples. Addition-
ally, Jatropha curcas seedcake size was determined
using “dynamic light scattering (DLS), Zetasizer
Nano Series HT, Nano-25, and Malvern.”
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3 Results and discussions

3.1 Bio ethanol production from Jatropha curcas
seedcakes

3.1.1 Hydrolysis of Jatropha seedcakes

The pretreated Jatropha curcas seedcakes with different
irrigation treatments were successfully hydrolyzed using
4% H,SO,. Dilute acid hydrolysis by H,SO, is considered
the best hydrolysis method in releasing of the TRS from
Jatropha curcas seedcakes [3, 26]. TRS estimation gives
an indication for the total liberated simple sugars after the
hydrolyses process of carbohydrate fractions (cellulose and
hemicellulose). The results reported in Table 1 showed that
Jatropha curcas seedcake that irrigated with sewage water
significantly increased the value of TRS (6.7 +0.3 g/l).
Moreover, adding sludge to sewage water irrigation
improved the TRS concentration (7.9 +0.1 g/l) compared
to its control (1.8 +£0.2 g/1). This could be attributed to the
remarkable amount of organic and inorganic minerals in
sewage water and sludge, which enhanced and improved the
photosynthetic apparatus. In consequence, the carbohydrate
fractions were significantly increased and, in follow, TRS
concentration increased [27].

Regarding, the hydrolysis of Jatropha curcas seed-
cakes irrigated with CCC, at concentrations of CCC 300
and 400 ppm, gave the highest TRS values (9.8 +0.05 &
9.6 +0.6 g/l, respectively). These results might be due to
the increase in the levels of total sugars contents at such
concentration (300 ppm) of CCC [28]. Similar increased
levels of sugar contents under high CCC concentrations were
observed in mustard leaves [28] and mulberry leaves [29].
CCC affected positively on the photosynthetic pigments and

Table 1 Effect of irrigation with tap water, sewage water, sewage
water +sludge and sewage water+sludge sprayed with tap water,
100, 200, 300, and 400 ppm of CCC on total reducing sugars (TRS)
produced from acid hydrolysis of Jatropha seedcakes by H,SO, (4%)

Treatments Total reducing
sugars (TRS)
g/l
Tap water 1.8+0.2¢
Sewage water 6.7+0.3"
Sewage water + sludge 79+0.1°
Sewage water + sludge sprayed with tap water 7.7+0.3¢
Sewage water + sludge sprayed with different 100 1.1+0.1h
concentrations of CCC (ppm) 200 7.3+0.4°
300 9.8+0.05*
400 9.6+0.6°

Columns with different letters are significantly different at p <0.05
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Fig.1 Effect of different irrigation treatments; tap water (1), sew-
age water (2), sewage water and sludge (3), sewage water and sludge
sprayed with tap water (4) and different concentrations of CCC (100
(5), 200 (6), 300 (7), and 400 (8) ppm) on ethanol concentrations
from the fermentation of Jatropha curcas seedcake hydrolysates by
Candida tropicalis Y-26. Bars indicate + SE
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Fig.2 Effect of different irrigation treatments; tap water (1), sew-
age water (2), sewage water and sludge (3), sewage water and sludge
sprayed with tap water (4) and different concentrations of CCC (100
(5), 200 (6), 300 (7), and 400 (8) ppm) on ethanol concentrations
from the fermentation of Jatropha curcas seedcake hydrolysates by
Saccharomyces cerevisiae Y-39. Bars indicate + SE

photosynthetic activity which was in a strong relation with
the increased levels of carbohydrates and TRS [30].

In contrast, TRS from the hydrolysis of Jatropha curcas
seedcakes irrigated with low CCC concentrations (100 and
200 ppm) decreased than their control.

3.1.2 Fermentation of Jatropha seedcake hydrolysate
TRS produced from different Jatropha seedcake sam-

ples after H,SO, hydrolysis were fermented by two yeast
strains for bioethanol production (Figs. 1 and 2). This

study successfully produced bioethanol from Jatropha
seedcake which in agreement the previously reported
study [31].

e Fermentation by Candida tropicalis Y-26

The data recorded in Fig. 1 displayed the ethanol con-
centrations produced from the fermentation of Jatropha
seedcake hydrolysates by Candida tropicalis Y-26. The
bioethanol concentrations were significantly advanced
with the irrigation treatment with sewage water
(4.59 ml/l) either alone (2) or with sludge (3) (5.15 ml/l)
in comparison to the control that irrigated with tap water
(1). For the CCC spray, the maximum ethanol concentra-
tion (5.57 ml/l) was achieved from Jatropha curcas seed-
cake irrigated with CCC at a concentration of (300 ppm)
followed by 400 ppm compared to their control. While
the reverse was true at low CCC concentrations (100 &
200 ppm).

e Fermentation by Saccharomyces cerevisiae Y-39

Compatible to the fermentation of Jatropha seed-
cakes by Candida tropicalis Y-26, the fermentation by
Saccharomyces cerevisiae Y-39 verified that the irriga-
tion treatment with the sewage water (2) and the sewage
water and sludge (3), significantly increased the yield of
ethanol (1.33 & 4.11 ml/l) than their control. In respect
to the irrigation treatment with CCC concentrations,
it was noticed that concentrations of 400 followed by
300 ppm of CCC significantly increased ethanol quan-
tity (4.86 & 3.88 ml/l). On the other hand, concentra-
tions of 100 and 200 ppm of CCC displayed a negatively
effect on the ethanol production especially at 100 ppm
of the CCC which recorded zero ethanol concentration
when fermented by Saccharomyces cerevisiae Y-39) see
Fig. 2).

The bioethanol yield from the fermentation of Jatropha
seedcakes by Candida tropicalis Y-26 and Saccharomyces
cerevisiae Y-39 was higher in high CCC concentrations 300
or 400 ppm than other irrigation treatment. In addition, the
highest ethanol concentrations were achieved from Jatropha
curcas seedcake fermented by Candida tropicalis Y-26 than
Saccharomyces cerevisiae.

It has been reported that the bioethanol yields relayed
on the selection of ideal substrate and microbial strain
[32]. Accordingly, Candida tropicalis was used as the
best microbial strain for fermentation and ethanol pro-
duction from different lignocellulosic wastes [33-35].
Furthermore, Baki and Bello [31] demonstrated that
Jatropha curcas is the most suitable seedcakes for sug-
ars and ethanol production than other cakes such as
Racinus communis, Azadirachta indica, and Lagenaria
siceraria seedcakes.
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3.2 Application of the Jatropha curcas seedcakes
in the removal and recovery of methylene blue
(MB) and chromium (Cr VI)

3.2.1 Preliminary screening experiment

The preliminary screening experiment was implemented to
determine the best treatment that gives the highest MB and
Cr (VI) removal efficiencies. Preliminary screening experi-
ment stated that applying 10 g/l dose of Jatropha curcas
seedcakes irrigated with sewage water (2) achieved the
maximum MBRE of (78.8%) and CRE (41%), at 50 ppm
concentration, and 45, 180-min contact time, respectively
(see Fig. 3a,b).

90 -
80
70 -
60 -
50 1

40

MBR (%)

30
20 1
10 A

1 2 3 4 S, 6 7 8

Irrigation treatments

45-
40
35

CRE (%)

15 1
10 1

0-
1 2 3 4 5 6 7 8

Irrigation treatments

Fig.3 a Methylene blue (MB) removal efficiency of the selected
Jatropha curcas seedcakes that irrigated by sewage water (2), sew-
age water and sludge (3), sewage water and sludge sprayed with tap
water (4) and different concentrations of CCC (100 (5), 200 (6), 300
(7), and 400 (8) ppm) compared to control tap water (1). Bars indi-
cate + SE. b Hexavalent chromium Cr (VI) removal efficiency of the
selected Jatropha curcas seedcakes that irrigated by sewage water
(2), sewage water and sludge (3), sewage water and sludge sprayed
with tap water (4), and different concentrations of CCC (100 (5), 200
(6), 300 (7), and 400 (8) ppm) compared to control tap water (1).
Bars indicate + SE
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3.2.2 OFAT experiments

Preliminary experiments stated the effectiveness of treat no.
2 (Jatropha curcas seedcakes irrigated with sewage water),
and after that, the treat was optimized to give high MB and
Cr (VD) removal efficiency. Various factors: time, pH, Jat-
ropha curcas seedcake dose, MB, and Cr (VI) concentra-
tions, were studied through the two steps optimization to
achieve higher removal capacity of Jatropha curcas seed-
cakes and the results can be discussed as follows:

Effect of contact time The results (Fig. 4) exhibited that
the MB and Cr (VI) removal efficiencies (MBRE &CRE)
were increased with increasing contact time. The optimum
contact time was 4 h with the maximal removal efficiency
of 94.26% for MBRE. The maximum CRE of 54.01% was
achieved after 2-h contact time. These results indicated that
the contact surface Jatropha curcas seedcake was fully satu-
rated after 4 h and 2 h for MBRE and CRE, respectively.
Additional increase in the contact time has displayed no
effect with a relation to the availability of active sites and
the equilibrium [36, 37].

Effect of pH The data presented in Fig. 5 indicated that the
removal efficiencies of the Jatropha curcas seedcake were
increased from 3 to 7 and from 3 to 5 towards MB and Cr
(VD), respectively. For instance, maximum MBRE of 42.26%
was obtained at pH 7, whereas higher CRE of 65.08% was
observed at pH 5. It has been previously reported that the
removal efficiencies were effectively increased by further
increase in the pH values [38, 39]. At low pH values, the
higher proton (H") concentration was increased in the solu-
tion. This proton competes with metal ions by making rela-
tive bonds with the bio-sorbent active sites [40]. While by
increasing the pH values, the number of protons decreases

1204 =+MBRE -+~CRE
g‘ 100
E W
P 80
=
2
2 60
% [
T';
40
g 0
D
&
204
0
30 60 120 180 240

Contact time (min)

Fig.4 Effect of contact time intervals on the MBRE and CRE by the
selected Jatropha curcas seedcake. Bars indicate + SE
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Fig.5 Effect of different pH on the MBRE and CRE by the selected
Jatropha curcas seedcake. Bars indicate + SE
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Fig. 6 Effect of different the selected Jatropha curcas seedcake doses
on MBRE and CRE. Bars indicate + SE

and the competition between the protons and Cr (VI) ion or
MB on the active sites of the bio-sorbent materials decreases.

Effect of Jatropha curcas seedcake dose Results (Fig. 6)
displayed that 15 g/l was the most effective dose of the Jat-
ropha curcas seedcake for the MBRE of 98.2%. On the other
hand, 5 g/l of Jatropha curcas seedcake dose was the opti-
mum dose to achieve the highest CRE of 50.18%. Further
increase in the Jatropha curcas seedcake dose decreased
the efficiency of the removal. The adsorption capacity
increases with increasing the bio-sorbent doses were previ-
ously reported [41]. The interpretation for this attempt was
the higher bio-sorbent dose offered a greater surface area
which leads to increasing in the removal efficiencies [41].

Effect of methylene blue and hexavalent chromium Cr
(VI) concentration Results in Fig. 7 demonstrated a slight
decrease in the MBRE and CRE by increasing the MB and Cr

MB / Cr (VI) concentration

Fig. 7 Effect of different MB and Cr (VI) concentrations on MBRE
and CRE by the selected Jatropha curcas seedcake. Bars indi-
cate+SE

Table 2 Coded factors and the selected levels used in the full-facto-
rial optimization mode of MB

Factor Unit  Symbol Statisti-  Values of coded levels
cal code -
Low (=1) High(+1)
Time Min  Time (min) A 30 60
Dose g/l Dose (g/1) B 2.5 15
MB conc Ppm Conc. (ppm) C 50 300

Table 3 Coded factors and the selected levels used in the full-facto-
rial optimization mode of Cr (VI)

Factor Unit  Symbol Statisti- Values of coded levels
cal code -
Low (—1) High(+1)
Time min Time (min) A 30 180
Dose g/l Dose (g/l) B 2.5 5
Cr (VD) conc ppm Conc.(ppm) C 50 200

(VI) concentrations from 50 to 200 ppm. After that, a sharp
decrease was noticed in the CRE after 200 ppm, whereas
the MBRE increased up to nearly 60%. This result may be
attributed to the higher pollutant concentrations that leads to
form collisions between the ions and the bio-sorbent mate-
rial, which hence decrease the adsorption capacity [41, 42].

3.2.3 Full-factorial optimization model

Low and high levels of each factor were chosen from the opti-
mum level (see Tables 2 and 3) and applied in the full-factorial
design model. The full-factorial design experiments with the
MBRE and the CRE were reported in Tables 4 and 5. The
main and interaction effects, the Pareto chart, and the normal
probability plot were elucidated as follows:

@ Springer
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Table 4 The design matrix Std.order Runorder Pttype Blocks Time (min) Dose (g/l) MB MBRE (%) FITSI RESII
and the results of the 2” full- cone.
factorial design of MB (ppm)
3 1 1 1 30 15 50 90.13 90.53 -0.40
6 2 1 1 60 2.5 300 53.53 4946 4.07
1 3 1 1 30 2.5 50 84.78 90.53 -5.75
4 4 1 1 30 15 300 87.63 4946 38.16
7 5 1 1 60 15 50 94.23 90.53  3.70
2 6 1 1 30 2.5 300 50.38 4946 092
8 7 1 1 60 15 300 6.29 4946 —-43.16
5 8 1 1 60 2.5 50 92.99 90.53 245
Table 5 The design matrix and the results of the 2 full-factorial design of Cr (VI)
Std. order Run order Pt type Blocks Time (min) Dose (g/1) Cr (VI) conc. Cr (VD) RE (%) FITS1 RESI1
(ppm)
3 1 1 1 30 5 50 59.06 67.84 —-8.77
6 2 1 1 180 2.5 200 29.02 32.39 -3.36
7 3 1 1 180 5 50 58.01 52.66 5.34
5 4 1 1 180 2.5 50 49.04 52.66 —3.61
1 5 1 1 30 2.5 50 74.89 67.84 7.04
4 6 1 1 30 5 200 55.04 47.57 7.47
2 7 1 1 30 2.5 200 41.83 47.57 —-5.73
8 8 1 1 180 5 200 34.02 32.39 1.63
Fig.8 a, b. Main effects plot for
the MB removal efficiency and 5]
Cr (VI) removal efficiency at the £
low/high levels for the selected <
Jatropha curcas seedcake 5
—
=)
=
S
=
50 300
MB conc. (ppm)
Time (min) Cr (VI) conc

Mean of Cr (VI) RE
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Fig.9 Pareto chart of the main T
and interaction effects for €rm 1.650
the selected Jatropha curcas i Factor Name a
seedcake ! A .
A time (min)
B dose (g/L)
C C MB conc. (ppm)
!
0.0 0.5 1.5 2.0 2.5
Standardized Effect
Term 2.571 b
H Factor Name
A Time (min)
B dose (g/L)
c C Cr (VI) conc
A
]
1
T T ! T T
0 1 2 3 4
Standardized Effect

Main and interaction effects The main effects are defied
as the effects that study the levels deviation of each factor
from the high level of the factor to its low level. The effect
is positive when the deviation increases from the low level
to the high level, whereas the effect is negative when the
deviation decreases from the high level to the low level of
the factor [43, 44]. Figure 8a and b showed the main effects
of the MB and Cr (VI) removal process. Results demon-
strated that only the MB concentration induced a negativ-
ity effect on the MB removal efficiency, while time and Cr
(VI) concentration showed negative effects on the Cr (VI)
removal efficiency. Nevertheless, the interaction effect aims

Table 6 Coded co-efficient of MB

Term Effect Coef SE Coef T-value P-value
Constant 70.00 8.40 8.33  0.000
MB conc. (ppm) —41.07 -20.54 8.40 —-2.44  0.050

to study the interaction that occurs between two factors and
their effect on the removal process, and this type of effect
was not noticed through this process.

Pareto chart Pareto chart is another method for the main
and interaction effects expression where it depended on
the Student 7-test to estimate the significance values of the
effects [45, 46]. Figure 9a and b displayed the Pareto chart
of both MB and Cr (VI) removal efficiencies where horizon-
tal columns expressed significant of the values of the main
and interaction effects. The vertical lines that were known

Table 7 Coded co-efficient of Cr (VI)

Term Effect Coef SE Coef  T-value  P-value
Constant 50.12 2.60 19.25 0.000
Time (min) —-15.18 -7.59 2.60 -2.92 0.033
Cr (VD) conc —-20.27 -—10.14 2.60 -3.89 0.011
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Fig. 10 Normal probability

plot of the main and interaction = Effect Type a
effects for the selected Jatropha S
m Significant
curcas seedcake 95
90 Factor Name
A time (min)
80 B dose (g/L)
. 10 (o] MB conc. (ppm)
5 60
e 50 uC
S 40
30
20
10
5
1
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99
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95
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Fig. 11 Langmuir isotherm linearized plot for the MB and Cr (VI) Fig. 12 Freundlich isotherm plot for MB and Cr (VI) adsorption by
adsorption by the selected Jatropha curcas seedcake the selected Jatropha curcas seedcake
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Table 8 Isotherm parameters

Langmuir Freundlich
for both MB and Cr (VI)
adsorption R? Qunax b R? k n
MB 0.96 129.8701 0.053472 0.767 19.5614 2.546473
Cr (VD) 0.95 172.4138 0.015312 0.7426 1.002305 0.960615

4 Methylene blue = Cr (VI)

y =-0.7957x+2.3857
R? = 0.4877

w

~

In (qe qt)

Yy =3.5608x-0.7889
R?=10.8166

Time (h)

Fig. 13 Pseudo-first-order reaction of the selected Jatropha curcas
seedcake

» Methylene blue = Cr (VD

0.4 4 vy =0.0531x + 0.0057
R2?=0.9945

v=0.1239x - 0.0743|
R2=0.9837

Time (min)

Fig. 14 Pseudo-second-order reaction of the selected Jatropha curcas
seedcake

also by the reference lines indicated the #-values which were
1.650 and 2.57 for both MB and Cr (VI), respectively. The
MB concentration was the only factor that had a significance

Table 9 Kinetics parameters for both MB and Cr (VI) adsorption

effect on the MB removal efficiency, whereas the Cr (VI)
concentration and the time were the significant factors that
affected the Cr (VI) removal efficiency. These results con-
firmed the previous obtained results from the main effects
plot, further see Tables 6 and 7.

Normal probability plot Normal probability plot was dis-
played to achieve the real and chance effects which confirm
its significance [47]. Figure 10a and b exhibited the normal
plot for the MB and Cr (VI) removal efficiencies, respec-
tively. From the plots, it was noticed that the MB concentra-
tion was the only significant real factor that affected the MB
removal efficiency. Furthermore, the Cr (VI) concentration
and the time were the real factors in the state of the Cr (VI)
removal process.

3.2.4 Equilibrium studies

The two linear Langmuir and Freundlich adsorption iso-
therms were applied to display the adsorption mechanism.
The linear plots of the Langmuir and Freundlich isotherms
were afforded in Figs. 11 and 12 and the isotherm param-
eters were shown in Table 8. High noticeable R? of Lang-
muir adsorption isotherm exhibited that Langmuir isotherm
is a well-fitted model for this equilibrium. Furthermore, the
results exhibited that the adsorption proceed via a mon-
olayer adsorption [48—50]. Moreover, these results could be
related to the adsorbent surface homogenous nature. It can
be noticed that MB and Cr (VI) were adsorbed completely
to the Jatropha curcas seedcake surface “active sites” until
no further adsorption achieve [51].

3.2.5 Kinetics studies

Kinetics analysis studying is a fundamental step to assess
the selected Jatropha curcas seedcake affinity towards MB
and Cr (VI) removal. Figures 13 and 14 showed the kinetics
studies of MB and Cr (VI) removal by applying Jatropha

1st-order kinetics

2nd-order kinetics

R? K Q, calculated Q. experimental R? K Q, calculated Q. experimental
MB 0.4877 1.8325 305.9849 18.5 0.994 0.51347 18.48429 18.5
Cr (VD) 0.8166 —-8.201 6.150352 10.9 0.983 0.20661 8.071025 10.9
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Fig. 15 FT-IR spectra of the selected Jatropha curcas seedcake

curcas seedcake via pseudo-first-order and second-order
linear plots. Additionally, Table 9 shows the various cal-
culated parameters of both pseudo-first-order and second-
order kinetics. The correlation co-efficient (R? value) and
the nearest results of both calculated and experimental Q,
indicated that the model of pseudo-second order fitted more
to the experimental data than the pseudo-second order.
Moreover, the pseudo-first-order model ge calculated value
fitted well with the ge experimental value. In consequence,
it can be concluded that first-order kinetics fits better with
the achieved results.

3.2.6 Characterization of the selected Jatropha curcas
seedcake

FT-IR spectra of the selected Jatropha curcas seedcake were
studied to determine the distinguishing functional groups. That is
why MB and Cr (VI) were adsorbed and removed (Fig. 15). The
IR spectra of the selected Jatropha curcas seedcake displayed
O-H stretching and aliphatic C-H (asymmetric and symmetric
stretching) absorptions at 3356, 2925, and 2856 cm™!, respec-
tively. Furthermore, the absorption at 1713 cm™" was due to C=0
stretching. The absorption at 1631 cm™! represented asymmetric

Size Distribution by Intensity

Fig. 16 DLS result of particle
size of the selected Jatropha
curcas seedcake 4O e —
g
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stretching band of unsaturated alkene: C=C bond. Furthermore,
the C-O stretching of aliphatic ester was allocated at 1233 cm™".
The strong absorption at 1164 and 1109 cm™" originated from
secondary and primary alcoholic C-O stretching, respectively.
The absorbance band at 881 cm™' may be attributed to bending
of C-H and/or C=C alkene groups. Finally, the absorption band
at 585 cm™! may be attributed to stretching of halo compound as
C—Cl or C-Br groups. Based on these results, the different reactive
functional groups of the selected Jatropha curcas seedcake was
responsible for the highest MBRE and CRE [52].

Dynamic light scattering (DLS) demonstrated the Jat-
ropha curcas seedcake particle size distribution (see Fig. 16)
which was stated with an average size of about 900 nm and
trace of nanoparticles were a range of 60 nm.

4 Conclusion

This survey has successfully applied the Jatropha curcas
seedcakes in bioethanol production and in the removal of
cationic dye methylene blue (MB) and hexavalent chro-
mium Cr (VI) from wastewater relying on the seedcake’s
possession of remarkable amounts of lignocellulosic bio-
mass and highly adsorption functional groups. The ligno-
cellulosic biomass was improved by irrigating the plants
with sewage water, sewage water and sludge, and sewage
water and sludge sprayed with tap water, 100, 200, 300,
and 400 ppm of CCC. The seedcakes were acid hydrolyzed
and the resultant hydrolysates were used in fermentation
process by two yeast strains (Candida tropicalis Y-26 and
Saccharomyces cerevisiae Y-39). Based on the achieved
results, the irrigation by sewage water either alone or
with addition of sludge achieved higher TRS content
and bioethanol production than control plants irrigated
by tap water. Belonging to CCC spraying, it was found
that there was a direct relationship, i.e., higher concen-
trations (300 & 400 ppm) produced the highest TRS and
bioethanol quantity. A preliminary screening experiment
was done to select the seedcake achieving the best MB
and Cr (VI) removal efficiencies, MBRE and CRE, respec-
tively. The seedcakes irrigated by sewage water were the
most efficient in MBRE and CRE with 78.8% and 41%,
respectively. “One Factor at A time (OFAT) experiments
and a 23 general full-factorial design” were done for the
selected seedcakes. The maximum MBRE and CRE were
achieved with the optimum parameters: 15 and 2.5 g/l of
bio-sorbent dose (BM), conc. 50 ppm, and contact time 60
and 30 min for MBRE and CRE, respectively. The kinetic
results proposed that the adsorption of MB and Cr (VI)
fits well with the pseudo-first-order model. Moreover, the
adsorption nature was found to be fitted more towards
Langmuir which stated a monolayer adsorption nature of
the bio-sorbent surface.

Further studies could be performed on the optimization
experiments to the seedcakes to detect the optimal factors
(concentration, temperature, time) for maximal bioethanol
production. Additionally, using different ways of hydrolysis
(enzymatic and enzymatic/chemical) to obtain the maximum
quantity of TRS and in follow of bioethanol production will
be evaluated.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13399-022-03193-7.

Author contribution All authors provided critical feedback and helped
shape the research, analysis, and manuscript equally.

All authors discussed the results and commented on the manuscript
equally.

Zahraa S. Taha carried out the experimental work, wrote the manu-
script, performed, the analytic calculations.

Ahmed Labena conceived of the presented idea, carried out the
experiment, performed the analytic calculations, aided in interpreting
the results, and worked on the manuscript.

Hekmat R. Madian conceived of the presented idea, carried out the
experiment, performed the analytic calculations, wrote the manuscript,
aided in interpreting the results, and worked on the manuscript.

Hala S. Ahmed conceived of the presented idea, helped supervise
the work, discussed the results, and commented on the manuscript,

H.M Hassan conceived of the presented idea, carried out the experi-
ment, aided in interpreting the results, and worked on the manuscript.

Funding Open access funding provided by The Science, Technology &
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Abobatta WF (2019) Jatropha curcas an overview. ] Adv Agric
10:1650-1656

2. Sricharoenchaikul V, Puavilai D, Thassanaprichayanont S, Atong
D (2011) Investigation on thermochemical conversion of pel-
letized Jatropha residue and glycerol waste using single particle
reactivity technique. Chem Eng J 176-177:217-224

3. Charles OEV (2021) Bioethanol production from Jatropha seed
cake via dilute acid hydrolysis and fermentation by Saccharomy-
ces cerevisiae. GSC Biol Pharm Sci 15:049-054

@ Springer


https://doi.org/10.1007/s13399-022-03193-7
http://creativecommons.org/licenses/by/4.0/

11614

Biomass Conversion and Biorefinery (2024) 14:11601-11615

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Dey P, Pal P, Kevin JD, Das DB (2020) Lignocellulosic bioetha-
nol production: prospects of emerging membrane technologies to
improve the process a critical review. Rev Chem Eng 36:333-367
Demissie AG, Lele SS (2013) Phytosynthesis and characterization
of silver nanoparticles using callus of Jatropha curcas: a biotech-
nological approach. Int J Nanosci 12:1350012-1350017
Rozmann KK, Klassen CD (2001) Absorption, distribution and
excretion of toxicants. In: Klassen CD (ed) Casarett and Doull’s
toxicology: the basic science of poisons, 6th edn. McGraw-Hill,
New York, pp 105-132

Velma V, Tchounwou PB (2010) Chromium-induced biochemi-
cal, genotoxic and histopathologic effects in liver and kidney of
goldfish, Carassius auratus. Mutat Res Genet Toxicol Environ
Mutagen 698:43-51

Guidelines for drinking water quality (2017) 4™ edn incorporating
1*. Addendum. WHO Library Cataloguing, Geneva, Switzerland,
pp. 177-178

Monib S, Mohamed A, Abdelaziz MI (2020) Methylene blue spray
for identification of parathyroid glands during thyroidectomy.
Cureus 12:2-6

Zamri MF, Kamaruddin MA, Yusoff MS, Aziz HA, Foo KY
(2017) Semi-aerobic stabilized landfill leachate treatment by
ion exchange resin: isotherm and kinetic study. Appl Water Sci
7:581-590

Aziz EK, Abdelmajid R, Rachid LM, Mohammadine EH (2018)
Adsorptive removal of anionic dye from aqueous solutions using
powdered and calcined vegetables wastes as low-cost adsorbent.
Arab J Basic Appl Sci 25:93-102

Robinson T, McMullan G, Marchant R, Nigam P (2001) Remedia-
tion of dyes in textile effluent: a critical review on current treat-
ment technologies with a proposed alternative. Bioresour Technol
77:247-255

Abdelhamid AE, Labena A, Mansor ES, Husien S, Moghazy RM
(2021) Highly efficient adsorptive membrane for heavy metal
removal based on Ulva fasciata biomass. Biomass Convers Biore-
fin 4:1-16

El-Wakeel S, Moghazy R, Labena A, Husien S (2019) Algal
biosorbent as a basic tool for heavy metals removal; the first step
for further applications. J Mater Environ Sci 10:75-87

Husien S, Labena A, El-Belely E, Mahmoud HM, Hamouda AS
(2019) Absorption of hexavalent chromium by green micro algae
Chlorella sorokiniana: live planktonic cells. Water Pract Technol
14:3

Husien S, Labena A, El-Belely E, Mahmoud HM, Hamouda
AS (2020) Application of Nostoc sp. for hexavalent chromium
[Cr (VI)] removal: planktonic and biofilm. Int J Environ Anal
Chem:1-22

Mansour T, Labena A, Maziad N, Hessin S (2020) Radiation
copolymerization of PVA/malic acid/HEMA/macro-algal (Sar-
gassum sp.) biomass for removal of hexavalent chromium. Egypt
J Chem 63:2019-2035

Abidin Z, Mohd Salleh Z A, Harun M Y, Abu bakar N (2014)
Biosorpition of Zn (II) from aqueous solution by Jatropha curcas
press cake. J Sci Ind Res 73:191-194.

Bertagnolli C, Silva MG, Guibal E (2014) Chromium biosorption
using the residue of alginate extraction from Sargassum filipen-
dula. Chem Eng J 237:362-371

Abo-State MA, Ragab AME, NS EL-G, Farahat LA, Madian HR
(2013) Effect of different pretreatments on egyptian sugar-cane
bagasse saccharification and bioethanol production. Egyptian J
Pet 22:61-167

Miller GL (1959) Use of dinitro salicylic acid reagent for the
determination of reducing sugars. Anal Chem 31:426-428
Langmuir I (1918) The adsorption of gases on plane surfaces of
glass, mica and platinum. J] Am Chem Soc 40:1361-1403

@ Springer

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Freundlich H (1907) Uber die adsorption in 16sungen. Z Phys
Chem 57:385-470

Aksakal O, Ucun H (2010) Equilibrium, kinetic and thermody-
namic studies of the biosorption of textile dye (reactive red 195)
onto Pinus sylvestris L. J Hazard Mater 181:666—-672

Ho YS, Ng JCY, McKay G (2000) netics of pollutant sorption
by biosorbents: review. Sep Purif Methods 29:189-232

Mohit SM, Chandrashekhar B, Tanushree C, Kanwal S (2011)
Production of bio-ethanol from Jatropha oil seed cakes via
dilute acid hydrolysis and fermentation by Saccharomyces cer-
evisiae. Int J Biotechnol Appl 3:41-47

Mazen S, Faheed FA, Atef FA (2010) Study of potential impacts
of using sewage sludge in the amendment of desert reclaimed
soil on wheat and Jews mallow plants. Braz Arch Biol Technol
53:917-930

Banerjee A, Datta JK, Mondal NK (2012) Biochemical changes
in leaves of mustard under the influence of different fertilizers
and cycocel. J Agric Technol 8:1397-1411

Setua GC, Das NK, Banerjee ND, Sengupta T, Sudhakar P, Sen
P, Beera S (2005) Effect of integrated nutrient management on
quality leaf production in mulberry (Morus alba) under rainfed,
alluvial soil conditions. Indian J Agric Sci 75:474-478
Youssef ASM, Abd El-Aal MMM (2013) Effect of paclobutrazol
and cycocel on growth, flowering, chemical composition and
histological features of potted Tabernaemontana coronaria Stapf
plant. J Appl Sci Res 9:5953-5963

Baki AS, Bello A (2017) Potentials of Jatropha carcus, Racin-
nus communis, Azadrichta indica and Lagenaria siceraria, de-
oiled cakes for bioethanol production. Clin Biotechnol Micro-
biol 1:189-197

Brooks AA (2008) Ethanol production potentials of local
yeast strains isolated from the Banana feels. Afr J Biotechnol
7:3749-3752

Madian HR, Sidkey NM, Abo Elsoud MM, Hamouda HI,
Elazzazy AM (2019) Bioethanol production from water hya-
cinth Hydrolysate by Candida tropicalis Y-26. Arab J Sci Eng
44:33-41

Li X, Deng Y, Yang Y et al (2017) Fermentation process and
metabolic flux of ethanol production from the detoxified hydro-
lyzate of cassava residue. Front Microbiol 8:1603

Hamouda HI, Nassar HN, Madian HR, El-Sayed MH, El-
Ghamry AA, El-Gendy NS (2016) Isolation of fermentative
microbial isolates from sugar cane and beet molasses and
evaluation for enhanced production of bioethanol. Energy
Sources, Part A: Recovery, Utilization and Environmental
Effects 38:2170-2180

Routray C, Tosh B (2012) Controlled grafting of MMA onto
cellulose and cellulose acetate. Cellulose 19:2115-2139
Batacharia A, Misra BN (2004) Grafting: a versatile means to
modify polymers techniques, factors and applications. Prog.
Polym Sci 29:767-814

Freitas OM, Martins RJ, Delerue-Matos CM, Boaventura RA
(2008) Removal of Cd (II), Zn (II) and Pb (II) from aqueous
solutions by brown marine macro algae: kinetic modelling. J
Hazard Mater 153:493-501

Sweetly DJ, Sangeetha K, Suganthi B (2014) Biosorption
of heavy metal lead from aqueous solution by non living
biomass of Sargassum myriocystum. Inter J Appl or Inno in
Eng and Management 3:4

Pavasant P, Apiratikul R, Sungkhum V, Suthiparinyanont P,
Wattanachira S, Marhaba TF (2006) Biosorption of Cu?*, Cd*,
Pb%*, and Zn?* using dried marine green macroalga Caulerpa
lentillifera. Bioresour Technol 97:2321-2329

Singh SK, Dixit K, Sundaram S (2014) Effect of acidic and
basic pretreatment of wild algal biomass on Cr (VI) biosorption.
IOSR. J Environ Sci Toxicol Food Technol 8:38—41



Biomass Conversion and Biorefinery (2024) 14:11601-11615

11615

42.

43.

44,

45.

46.

47.

Gupta V, Rastogi A (2008) Equilibrium and kinetic modelling of
cadmium (II) biosorption by nonliving algal biomass Oedogo-
nium sp. from aqueous phase. ] Hazard Mater 153:759-766
Abdel-Ghani N, Hegazy AK, El-Chaghaby G, Lima EC (2009)
Factorial experimental design for biosorption of iron and zinc
using Typha domingensis phytomass. Desalination 249:343-347
Bingol D, Tekin N, Alkan M (2010) Brilliant yellow dye adsorp-
tion onto sepiolite using a full factorial design. Appl Clay Sci
50:315-321

Regti A, El Kassimi A, Laamari MR, El Haddad M (2017) Com-
petitive adsorption and optimization of binary mixture of textile
dyes: a factorial design analysis. J Assoc Arab Univ 24:1-9
Moghazy RM, Labena A, Husien S (2019) Eco-friendly comple-
mentary biosorption process of methylene blue using micro-sized
dried biosorbents of two macro-algal species (Ulva fasciata and
Sargassum dentifolium): full factorial design, equilibrium, and
kinetic studies. Int J Biol Macromol 134:330-343

Husien S, Labena A, El-Belely E, Mahmoud HM, Hamouda AS
(2019) Adsorption studies of hexavalent chromium [Cr (VI)] on
micro-scale biomass of Sargassum dentifolium, seaweed. J Envi-
ron Chem Eng 7:103444

48.

49.

50.

51.

52.

Moghazy RM, Labena A, Husien S, Mansor ES, Abdelhamid AE
(2020) Neoteric approach for efficient eco-friendly dye removal
and recovery using algal-polymer biosorbent sheets: characteriza-
tion, factorial design, equilibrium and kinetics. Int J Biol Macro-
mol 15:494-509

Ho Y-S, Chiu W-T, Wang C-C (2005) Regression analysis for the
sorption isotherms of basic dyes on sugarcane dust. Bioresour
Technol 96:1285-1291

Saadi R, Saadi Z, Fazaeli R, Fard N (2015) Monolayer and mul-
tilayer adsorption isotherm models for sorption from aqueous
media. Korean J Chem 32:787-799

Langmuir I (1916) The constitution and fundamental properties of
solids and liquids. Part I. Solids. J Am Chem Soc 38:2221-2295
Balan V, Mihai C-T, Cojocaru F-D, Uritu C-M, Dodi G, Botezat
D, Gardikiotis I (2019) Vibrational spectroscopy fingerprinting in
medicine: from molecular to clinical practice. Materials 12:2884

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Promising applications of seedcake of Jatropha curcas plants: bioethanol production and bio-sorbent material for dye and heavy metal removal
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Collection and preparation of Jatropha curcas seedcakes
	2.2 Bioethanol production from Jatropha curcas seedcakes
	2.2.1 Acid hydrolysis
	2.2.2 Fermentation
	2.2.3 Determination of total reducing sugars
	2.2.4 Determination of ethanol concentration

	2.3 Application of the Jatropha curcas seedcakes in the removal of methylene blue (MB) and hexavalent chromium (Cr VI)
	2.3.1 The dried seedcake biomass grinding
	2.3.2 Batch experiments
	2.3.3 Optimization process
	2.3.4 Equilibrium studies
	2.3.5 Kinetics studies

	2.4 Characterization of the selected Jatropha curcas seedcakes

	3 Results and discussions
	3.1 Bio ethanol production from Jatropha curcas seedcakes
	3.1.1 Hydrolysis of Jatropha seedcakes
	3.1.2 Fermentation of Jatropha seedcake hydrolysate

	3.2 Application of the Jatropha curcas seedcakes in the removal and recovery of methylene blue (MB) and chromium (Cr VI)
	3.2.1 Preliminary screening experiment
	3.2.2 OFAT experiments
	3.2.3 Full-factorial optimization model
	3.2.4 Equilibrium studies
	3.2.5 Kinetics studies
	3.2.6 Characterization of the selected Jatropha curcas seedcake


	4 Conclusion
	References


