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ABSTRACT
Kirietic study of the bleaching of crude groundmut oil was carried out using activated clay as the adsorbent 1o determine its

suitability as an adsorbent for the bleaching process. It invoived the study of the bleaching process as a refining process to
eliminate and reduce unwanted minor components present in crude groundnut oil exiracted Jrom seeds through extraction
process. The study estimated the effect of time, adsorbent concentration and temperature on the efficiency of the bleaching
process. The bleaching efficiency improved with adsorbent concentration and temperature, with time not affecting the process
like other parameters. Efficiency of bleaching was estimated by ‘measuring the absorbance using a double-beam
spectrophotometer at a wavelength of 450 nm. Using the Association of Analytical Chemists 1990 the physiochemical
properties of crude and bleached oil was determined At optimum conditions of 100°C temperature, reaction time of 30 mins
and 6 % adsorbent dosage concentration. The acid value, free fatty acid content,_saponification value and specific gravity all
reduced from, 5.61 mgKOH/g to 3.93 mgKOH/g, 2.81% to 1.97%, 216.5 mgKOH/g to 190.2 mgKOH/g and 0.916 fto
0.914respectively whereas pH remained the same. The kinetics of the bleaching process was best described with the pseudo
- Jirst order isotherm. Freundlich isotherms was more suitable in the description of the bleaching process due 10 its
relativelyhigh linearity and efficiency of adsorption in the liquid phase. With a rate constant af 0.82, it can be concluded that
activated clay is a suitable adsorbent for rapid adsorption of materials from erude groundnut oil. From the result, it can be
concluded that activated clay is a suitable adsorbent for the bleaching process and bleaching as a refining process is essential

s, 2 e recoR—

to improve oil quality and shelf life of edible vil.
Keywords: Bleaching. Isotherm, clay.

INTRODUCTION

Seeds are the major sources of protein and oil, the oil gotten
from these seeds contains free fatty acid, glycerides, and
unsaponifiable lipids making the oil edible or non-edible
depending on the composition of these substances in the oil.
Crude vegetable oil gotten from seed needs to be refined to
make it edible. Edible vegetable oil are sourced from seeds
which explains their relevance in human diet (Grieshop et
al., 2001 and Odoemelan, 2005). The major aim of refining
crude vegetable oil is to remove and reduce irrelevant
materjals such as; free fatty acid, phospholipids, peroxides,
pigments, moisture content, making it edible -with an
improved shelf life and commercial superiority (Ceriani et
al., 2008).

Bleaching of crude oil has been a necessary process involved

in the refining of edible vegetable oil as it affects the
appearance of oil and its triglyceride performance. For the
refining of crude oil, which involves the stabilization,
purification and decolourisation of oil, bleaching is a
necessary process. Bleaching could be done either by heat
treatment or by adsorption method. Heat treatment of oil is a
process in which oil is heated at a very high temperature
until a colour change is achieved. Adsorption method which
is the most common method,of bleaching involves the
mixing of oil with common adsorbent like activated clay,
fuller’s earth, ash etc. and heating of the resulting mixture at
a temperature of about 90 to 120°C after which filtration is
carried out to recover oil (Okolo and Adejumo, 2014).

Adsorption can be defined as the movement of adsorbate
molecules from the bulk of the material to the surface of the

adsorbent forming a separate phase. Two types of adsorption
exist in relation to the surface of the adsorbent. For the first
type the force existing is relatively weak and physical in
nature. This type of adsorption is defined by van der waals
forces and heat evolved during adsorption is less than 20
KJmol®, this type of adsorption is known as physical
adsorption. In the second type, covalent forces like those
between atoms are formedduring adsorption. It is thus
called chemisorption and heat evolved in the range of 300-
500 kJmol'(Egbuna, 2014 and Topallar, 1998). Adsorption
is a common process in the industry and has its application
in ion exchange, wastewater treatment, dye removal,
activated elay and activated carbon adsorption (Egbuna,

2014).

Adsorption bleaching process using locally sourced
adsorbent is a viable cost effective means of oil bleaching.
Mustapha e¢ al. (2013) compared the effectiveness of some
locally sourced adsorbents with that of a commercial
adsorbent and reported a bleaching efficiency greater than
90% for both adsorbents. Activated clay, activated carbon
and silica gel are important adsorbents utilized in the
refining process of edible oil. Activated clay is the most
common adsorbent when compared to ‘the other materials
due to its cheapness and availability. Acid activation of clay
is a crucial process carried out which is aimed at structurally
modifying the c¢lay for bleaching of edible oils. When
compared to natural clay, activated clays showed a higher
bleaching capability (Motlagh er af, 2008, 2011). Bleaching
of edible oil by acid activated clay is an important process
used to remove colour pigments that reduce the quality of oil
(Sabah et al.,, 2007).
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Adsorption isotherm which studies the equﬂ.ibrium
relationship between the partitions of concentration of
pigments in the solid phase (adsorbent) to concentration in
the liquid phase (oil) at a particular temperature describes
the adsorption process at equilibrium (Nwabuene ard Ekwu,
20113; Mohagir er af, 2014).The Freudlinch and Langmuir
adsorption isotherms are used to describe the adsorption of
crude vegetable oil using activated clay. The Langmuir
isotherm is based on the assumption that the adsorption
process takes place on a uniform surface while the

Freundlich isotherm generally describes adsorption
processes in the liquid phase (Rohani, 2006).

MATERIALS AND METHODS

Materials

Natural clay was sourced from Gidankwano village, Bida
Local Government Area, Niger state, Nigeria; screened to a
particle size of 500 um. The clay was then washed with
distilled water, until a solution with fewer residues was
obtained. The washed clay was sundried for 20 hours. The
clay was oven (Genlab N30 C Lab Oven) dried for 4 hours.
Set at a temperature of 105°C.

All reagents used for the various analysis were of adequate
analytical grade (Sigma Aldrich, 96-98% Conc. HCI).

Methods

Activation of prepared clay

Using a weighing balance (BL2008A Cyber lab) 200 g of
clay was measures and placed in a 3500 m! beaker.
Dilutedhydrochloric acid (250 ml of 1 M) was added into the
beaker to activate the sites of the clay. The resulting mixture
was allowed to stand for One hour thirty minutes at room
temperature, The acid treated clay was then washed , with
500 m! volume of distilled water, and the pH of the solution
was measured using a pH meter, to make sure the sample
was neutral in pH, this process was repeated until a neutral
pH was obtained, The neutral activated clay was air dried,
for 30 mins, afterward the clay was oven dried at 110°C for
dhrs. The dried activated clay was sieved using a 500 Hm
mesh and stored in an air-tight container.

Degumming of crude groundnut oil
Crude groundnut oil in a 500 ml conical flask was placed in
a thermostat water bath shaker with the temperature set at
85°C.Two (2) ml of phosphoric acid was added to 500ml of
crude groundnut oil to hydrate the non-hydratable
. Phosphatides the mixture was stirred for 10mins this allows
for complete acid degummin 2. This aillows for complete acid
degumming. About 8 ml of water was added to the hot acid
oil mixture separated into layers to aid the separation of the
hydratabie gums and crude groundnut oil giving a gum free
oil. (FSSAL 2012)

Neutralisation of degummed groundnut oil

Degummed groundnut oil was - neutralised by alkaline
refining: 10 ml of 0.1 M NaOH was added to 200 gofoil in
a 250 ml beaker, the resulting mixture was stirred on a
magnetic stirrer for 20' mins, and then filtered using a filter
Paper (11 pm) after settling at room temperature. (FSSAI,
2012). Equation (2) describes the chemical equation for the
Neutratization reaction.
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Characierisation of grovednut off

Analysis of groundnut oil was carried out using the official
method of American oil chemist society (AOAC, 1990) for
analysis and the manual methods of analysis of foods (fats

and oil} by the food safety and standards authority of India

(FSSAI 2012).

Acid value determination

The acid value of groundnut oil (both refined and crude),
was determined using the method as described by (FSSAL
2012):one gram {1 g) of the oil sample was measured into a
250 ml conical flask and 50 ml of hot neutralised solvent
was added. Three (3) drops of phenolphthalein was added to
the mixture. The content of the conical flask was titrated
against 0.5 M KOH to the point in which a lasting (about 15
to 30 seconds) pink colouration was obtained. Acid valne

was determined using Equation (1).
56.1x Cx V

Acid value = =2 (1)
Where: 56.1 is the molar mass of potassium hydroxide
(KOH) ,

C is the concentration of the sirong base KOH

V is the volume at end point (titre value) .

W is the measured weight of the oil sample

L 4

Free fatty acid value (oleic acid content) determination
This is estimated as the value of oleic acid (Ci7H;:COOHD)
present in a groundnut oil sample (Daniewski ef i, 2003).
The percentage free fatty acid value (% FFA) is determined
experimentally using the Association of Analytical Chemists
AOAC official method (AOAC, 1990): One gram (1 g)of the
oil sample was measured into a 500 mi beaker, and 50 ml
of hot neutralised solvent was added. Three (3) drops of
phenolphthalein was added to the mixture, The content of
the beaker was titrated against 0.5 M KOH, the titre volume
was  obtained when permanent pink colouration was
obtained in the beaker, Free fatty acid value was determined
using Equation (3),

C17H;;COOH + KOH — C;H33,COOK + H,0 (2)
Chemical equation_that describes the neutralisation reaction

of the free fatty acid content against a strong base

% FFA = 282 :ch v . 3)

Where: 28.2 is the equivalent weight of Ci7H;3;COOH (oleic
acid)

C is theconcentration of the alkali KOH

V is the titre volume

W is the weight of the oil sample

Saponification value determination

Saponification value was determined asdescribed by
(AOAC, 1990). Five grams (5 g) of oil sample (crude and
bleached), was weighed into a 150 m! conical flask. Twenty-
five (25) m! of alcoholic potassium hydroxide was added to
the oil sample using a pipette. Twodrops of phenolphthalein
indicator were added to the mixture in the conical flask, The
«content was heated with a water bath with intermittent
shaking and then titrated against 0.5 M HCl until the pink
colouration present in the mixture disappeared. This process
was repeated for a blank. Saponification value was
determined using Equation (4).
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e 561 x (B-5)x €
Saponification value = ~—————=~— (4

Where: B is the titre volume (volume of HCI) requived for
the blank determinarion

8 is the titre volume for a particular oif sample

C is the concentration of HCI '

W is the oil sample weight

Specific gravity

The specific gravity of oil samples (refined and crude) was
determined using a pycnometer, . An empty pycnometerwas
weighed and recorded. Pycnometer consequently it was
filled with distilled water at room temperature to
overflowing and covered. The pycnometer was placed in a
water bath at 25°C for 30 minutes, afterward the pycnometer
was then wiped dry and the weight was measured. This
process was repeated for each groundnut oil sample instead
of distilled water. Equation {5} was used to determine
specific gravity was estimated.

Specific gravity (5G) = % (5)
]

Where, M, = Weight of SG bottle + oil sample in grams
My= Weight of SG bottle + distilled water in grams

M, = Weight of empty SG bottle

Determination of oil pH

Distilled water was heated to 80°C using a magnetic stirrer
hot plate (Joanlab SH-4), 5 grams of an oil sample was
weighed into a beaker and 10 ml of distilled water was
added to the oil sample in the beaker, this was cooled in 2
water bath to room temperature, The pH meter was
calibrated using a buffer solution (sodium ethanoate), and
then the pH of the oil sample was measured.

Bleaching process
Five hundred (500) ml of neutralised degummed oil was

used for the bleaching process using a heating mantle by
heating at a temperature range of 90- 120°C at an operating
time of 1 hour. (Okolo and Adejumo, 2014).

Equilibrium adsorption studies :
A beaker was. used as the bleaching vessel for the bleaching

of groundnut oil. Ten (10) m! of unbleached groundnut oil
‘was discharged into the bleaching vessel placed on a
magnetic stirrer hot plate a measured guantity of activated
clay (2 % of clay dosage concentration) was added to the
unbleached oil. The oil- activated clay mixture was heated
for 30 mins with continuously stirring, at a set temperature
of 80°C. Hot oil-clay mixture was then filtered into sample
containers and kept for further analysis. The procedure was
repeated for 4 %, 6 %, 8 %, and 10 % of activated clay
dosage concentration at temperature and time conditions of

80°C and 30 mins respectively.

The procedure was repeated by varying the set temperature
of the magnetic stirrer hot plate, while keeping the clay
dosagc concentration and reaction time constant at 6 % and
30 mins. The varied temperatures were 40°C, 60°C, 80°C,
and 100°C. The bleached samples were also filtered and
stored for further analysis in labelled air tight containers.

Adsorption kinetics experiment

To study the adsorption kinetics of activated clay, 30 ml of
unbleached groundnut oil was discharged into the bleaching
vessel and 6% activated clay dosage was added to the
bleaching vessel. Concurrent stiring and heating at 80°C
was carried out using the magnetic stirrer hot plate, the
bleaching process was monitored at different ranges.
Samples were withdrawn from the bleaching vessel after
bleaching times of 5 mins, 10 mins, 15 mins, 20 mins, and
30 mins. These samples were filtered and stored in sample
containers for absorbance analysis.

Evaluation of the bleaching performance

The absorbance of the oil was measured using a double
beam spectrophotometer (General Science Laberatory;
Double Beam 6850). The oil samples absorbance (both
crude and refined) were determined at a wavelength of 450
nm. One (1) mi of the oil sample was diluted with petroleum
ether at a concentration of 10 %v/v to ease analysis of oil
samples though the mixture. The absorbance was measured
using the spectrophotometer. The efficiency of bleaching
was estimated with Equation (6). i

« Bleaching efficiency = 100 (4, - A4,)/A, (6)

%Bleached = 22=% x 100 (D

o )
Where: Ag and A, are the measured absorbance’s for crude
and refined groundnut oil at time t respectively.

Determination of rate constant
According to (Topallar, 1998), Equation 8 determines the
rate of colour reduction in vegetable oil.

(5

lr'E: ~Kto*® (8
Where:
t =comact time for adsorbent and vil,
C = pigments concentration in oil af time 1,

. Cy = pigment concentration at the beginning of the
adsorption process s '
k = rate constant.

Beer lambert’s law gives a direct relation between

concentration and absorbance, so Equation (8) can be written

in terms of absorbance instead of concentration as Equation

(9). .

Ind = _geos . (9)
Ag

Where: A is the absorbance of the oil bleached at time t and

A, the absorbance of crude or unbleached oil. From this

equation a plot of InA/A, against t°5 gives a graph with

[inearity (R) and slope k.

Adsorption isotherm determination

Equations used to describe the adsorption isotherms include
Freundlich and Langmuir isotherms. The sorption activity of
most adsorbent is described by the adsorption isotherms and
differentiates the adsorption process according to form of
interaction between molecules Mustapha er al. (2013).

10
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The Freundtich isotherm is represented by Equation (10).

2. gxp (10)
117“’a.king Iogarithm of both sides gives a possihle plot of the

* isotherm.

(11)

logi = nlogx, + logK.
Where:
X = amount of adsorbare

m= amount of adsorbent
Ke = Coorelation of the amount of adsorbarte ar equilibrium,

which is 1-x. Values of k and n are gotten from the isotherm
plot Mustapha er al,, (2013).

RESULTS AND DISCUSSICN
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Equation that describes the Langmuir isotherm
X 1 b

el el (12)
Where: a and b are constants gotten from a plot of the

equation with experimental values (Topallar, 1998},

Adsorption kineties determination

Results from experimental data can be used to determine the
adsorption rate by fitting the data into various kinetic
models, predict the interaction mechanism of adsorbent and
adsorbate, and simulate the process. For adsorption process
of bleaching of groundnut oil, the raté kinetics in this work
was fitted into the pseudo first order and pseudo second
order kinetics.

Table 1 presents the physicochemical properties of crude and bleached groundnut oil

Table 1: Analysed properties of crude and bleached groundnut oil ' . -
S/No Physiochemical property Crude B}eached

1 . pH 6.36 7.14

2 Specific gravity 0.916 0.914

3. Saponification value (mgKOH/g)  216.5 190.2

4, Acid value (mgKOH/g) 5.61 3.93

3. Free fatty acid value (%) 2.31 1.97

6. Odour agreeable agreeable

The pH of oil sample remained neutral after the bleaching
process, this depicts that the bleaching process "does not
affect the alkalinity or acidity of crude groundnut ol
samples, the pH of the crude groundnut oil was 6.86 slightly
iess neutral than the pH of the bleached oil, which was 7.14.
Aluyor e al. (2009), stated that the pH of groundnut cake
extracted by alkaline extraction was in the range of 6.8- 10,
the pH of groundnut oil is affected by extraction process,
and not bleaching process. As the acid or alkaline activated”
clay used for the bleaching process was washed until it was
neutral. This helped to maintain a neutral pH range for
edible vegetable oil, both the crude and bleached vegetable
are edible in accordance to their pH. -

The specific gravity for the refined groundnut oil sample
reduced slightly compared to that of the crude sample due to
removal of minor components present in crude groundnut oil
through the refiting process. The specific for crude

Eroundnut oil sample was 0.916 and that of the refined

Sample was 0.914. These values were in correlation with
those of Aluyor et al. (2009).From the values of the specific
Bravities; the change is insignificant, suggesting that the
refining process does not affect the specific gravity of
vegetable oil samples.

The saponification value of the refined oil decreased
significantly as the refining process eliminates minor
components in form of soap stock and metals that causes
oxidation of vegetable oil. The saponification value is a
refation of the alkali responsive class; it entails if a particular
vegetable oil is suitable for soap production, and is a
measure of the amount (mg) of potassium hydroxide present
in a- proportional (g) amount of an oil sample. The
saponification values for crude and refined groundnut oil
samples were determined to be 216.5 mgKOH/g and 190
mgKOH/g respectively, showing the suitability of both oils
in the production of soap with a saponification value in the
range of 188-220 mgKOH/g. The values gotten for crude
and refined groundnut oil samples were similar to that
analysed by Nkamafiya er af, (2010), with different
groundnut oil sampies from different species of groundnut
seeds. ‘ .

Groundnut oil as a vegetable oil contains fatty acid in
different forms. The main faity acid present in groundnut ol
is oleic acid of about 50%. The acid value is an extent of the
glyceride decomposition in a particular o] sample and the
free fatty acid is an indication of the shelf life of vegelable

- oils. The lower the free fatty acid value the longer the shelf

11
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life of an oil sample. The unattached (free) fatty acid causes
oxidation of 0il samples when exposed to air and reduces the
shelf life and overall oil quality.

Bleaching of crude vegetable oil reduces the free fatty acid
and acid value of oil samples to improve oil guality. The
acid value of the crude and refined oil samples were 5.61
mgKOH/g and 3.93 mgKOH/g respectively while the free
fatty acid reduced from 2.81 % to 1.97 % that depicts that
the refining process improved oil quality, which is the aim of
the process. The value of free fatty acid value for crude
groundnut oil sample showed that the crude oil sample has a
good physical quality and is suitable for human
consumption. Bleached oil had a significantly lower acid
value and free fatty acid value indicating that the bleaching
process was efficient. Bleached groundnut oil sample with a
significantly lower acid and free fatty acid value is also
suitable as an edible product as the free fatty acid of vil did
not exceed the limit of 5 % estimated to be appropriate by
Esuoso and Odetokun, (2001).

45

35

% bleached of oll (%)
]

e B

The odour of both the crude and refined oil samples was
agreeable and that shows that the refining process does not
necessarily affect the odour of refined oil samples.

Effect of Absorbent Dosage
The result of this study is shown in Figure 1. The absorbance

of the crude groundnut oil sample was measured as 0.412
mg/l. The percentage concentration of adsorbent dosage has
a direct effect on the bleaching process as an increase in the
adsorbent dosage resulted in a proportionate increase in
bleaching efficiency of oil increased from 30.83- 70.15%.
The adsorbent dosage was increased from 2- 10 % (0.6 g,
12 g 1.8g, 2.4 g, and 3.0 g), while the temperature (80°C)
and process time (30 mins) were kept constant. An increase
in the adsorbent dosage directly increases the number of
adsorption sites available for the bleaching processDiaz and

. Santos, (2001).

6 8 10 12

Desage (me/l}
Figure 1: Effect of adsorbent dosage on the bleaching process

.

& 3 8 2

% bleached of oll (%)

a 5 b1 15

20 B - 30 5

Time (mins)

Figure 2: Effect of Reaction Time on Bleaching Efficiency
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Figure 1 shows the plot of degree of oil bieaching against
adsorbent dosage, & proportionate increase in the % bleached
of oil is observed due to the increase in the adsorption power
of the clay samples by the availability of higher number of
adsorption sites, There is a steady increase of % bleached of
oil form 30.83- 47.09 % as the clay dosage increased from 2-
i0 %. The adsorbent dosage is an important factor in the
bleaching of groundnut oil as an increase in the adsorbent
dosage improves the efficiency of the process. The varying
results are because of more or less available adsorption sites

(Bockish, 1998).

Effect of Contact Time on Groundnut Oil Bleaching

The efficiency of bleaching decreased with time as shown in
Figure 2, this might be due to accumulation of clay particles
on oil surface even after proper filtration, there is a slight

increase of the bleaching efficiency from 76.54% at 5 mins
to 77.18% at 10 mins, then a continuous decline of the

]
50

30

20

% bleached of off (%)

i0
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bleaching efficiency to 44.17% at 30 mins. This explains
that bleaching process does not necessarily get better with
time. And the most efficient time for a bleaching process is
around 15- 30 minutes for bleaching of most vegetable oils
according to (Berbesi, 2012),

ffect of Temperature on Groundnut Oil Bleaching

The efficiency of bleaching of groundnut oil is temperature
dependent as show in Figure 3, as the temperature increased
from 40°C to 100°C the % bleached of oil increased from
21.36% to 64.32%, for the highest temperature of 100°C the
best bleaching efficiency of oil was recorded. Berbesi
(2012), stated that for efficient bleaching of vegetable oil the
process should be carried out within 90- 120°C, and this is
through reduction in viscosity and improved clay interaction
which causes flow of materials within the oil samples
improving the adsorption process.

60 80 100 ' 120

Ternperature (°C)

Figure 3: Effect of Operating Temperature of Bleaching Efficiency

Rate constant (K) of the bleaching process

0
£.2 J 1 2 3 4 5 6
-0.4
0.6 ¥= 0.820x- 2.1679 ¥

Inag/a
&
-]

Figure 4: Linearization of the Rate Law

13
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The plot of In 4/4, against 05 ave a rate constant of 0.82  surface of the adsorbent. A high vaiye of rate constar
p g g £

which is refatively high value depicting a quick adsorption indicates quick adsorption by the adsorbent surface,

of materials from ol sample as expected for activated clay
as an adsorbent, and is due to the process conditions in Kinetics Study

which the natural clay was activated and used as ap The result of the kinetic siudy is shown in Figure 5 and &
adsorbent. According to (Ajemba and Onokwuli, 2012), this  This determines what kinetics best describe the bleaching
change occurs as a result of increased kinetic energy of the process of pigments from groundnut oj} -sample using
colour pigment particles, which in tumn increases the activated clay. The kinetic study of most bleaching processe:
frequency of collisions between the adsorbent and pigment of vegetable oil “are describe by either the pseudo first orde;
particles and hence enhancement of rapid adsorption on the or pseudo second order kinetics. Graphical representation o:

5 10 15 20 | a5 30 35

time {mins)

Figure 5: Test for Pseudo first order kinetics
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Figure 6: Test for pseudo second order

iq



1s Adsorbent

~

ie constant

o
e

re 5 and 6.
: bleaching
nple using
£ processes
y first order
ientation of
inetics best

35

35

Migerian Journal of Engineering

From the plots above it can be cencluded that the bleaching
process of groundnut il sample using activated clax is biest
described by the pseudo first order due to a higher linearity
(R?) than that of the pseudo second order. For a first order
chemical reaction, the rate of change of the reactant directly
affects the rate of change of the product, but for a pseudo
first order kinetics a first order system acts like a second
order system in refation to the rate of change of product and
this bleaching process is described by a pseude.first order

Vol. 25, No. 2, Dec. 2018

kinetics with linearity (R*) of 0.9083, and this is in
accordance with (Harriod, 1990).

Isotherm Study )

Different adsorption isotherms are suitable for describing a
paiticular  adsorption process, due to 'its surface
characteristics, adsorption phase (gas or liquid), interaction
between adsorbent and adsorbate, Plots of the Langmuir and
Freundlich isotherms are used to show their suitability as
isotherms that describes the bleaching process of groundnut
oil, :

0.4
.2
v
g 0.3 -0.25 -0.2 -0.15 005 0.05
Moy 0 .
ul . _ y= 0.4549x + 02875 ) .
2 R?=0.850 ' 04
[
4.6
¢ 0.8
-1
log Xe
Figure 7: Test for the Langmuir isotherm
4
- - LN
3 ,
g 25
§ ,
. i y=-13.13x +?:§\
R A3 R'=0.89 ¢
g - ,
05
0
0 ol 0.2 0.3 0.4 05 0.6 0.7 0.8

X,

Figure 8: Test for Freundlich isotherm

-

15




5. 0. Azeez and A. Lawaf

Kinetics Studies of Groundnui Oll Bleaching using Activated Clay as Adsorbent

Table 2: Constant vaiues estimated from plots for adsorption isotherms

Freundlich isotherm

Langmuir isotherm
Parameters R? a b R’ i} K;
0.8601 (.094 1232 - 0.8937 0.46 1.938

The Langmuir and Freundlich isotherms are suitable for
describing the bleaching process of groundnut oil using
activated natural earth with very high linearity (R2) for
both isotherms. Table 2 shows the estimated values of the
different constants for both isotherms.

The values calculated for n and K; for the Freundlich
isotherm are 0.46 and 1.938 réspectively seen in Table 2.
The value of n is less than 0.5, which indicates that
activated clay is a good adsorbent for groundnut oil
bleaching process according to James ef al., (2008). The
indication of finearity (R®) is greater for Freundlich
isotherm and that depicts that it is a better isotherm to
describe this adsorption process.

CONCLUSIONS
The kinetic study of the adsorption (bleaching) process of
crude groundnut oil was found to vary in direct proportion

to adsorbent dosage. A steady increase of bleaching

efficiency from 30.83- 47.09 % as the clay dosage
increased from 2- 10%. Also as the temperature increased
from 40°C to 100°C the bleaching efficiency of oil
increased from 21.36% to 64.32%. For time there is a
slight increase of the bleaching efficiency from 76.54% at
3 mins to 77.18% at 10 mins, then a continuous decline of
the bleaching efficiency to 44.17% at 30 mins.

From the rate constant value of 0.82 it can be concluded
that activated clay (natural earth from Gidankwano
village), is a suitable cheap adsorbent for quick adsorption
of pigments (by electrostatic adsorption and
chemisorption) from crude vegetable oil. For the different
adsorption isotherms, Freundlich isotherm was the best
isotherm that described the bleaching process_ as an
adsorption process in the liquid phase due to its higher
linearity from the different plots.

REFERENCES

AQAC, Official methods of analysis,(1990). 15th ed.
Association of Official Analytical Chemists; Washington
D.C.

Ajemba R. 0. and O. D. Onukwuli, (2012). Response
surface optimization of palm oil bleaching using
hydrochloric acid Activated Ukpor clay. Euwropean
Journal of Scientific Research, 82(3), 325 — 339,

Aluyor, E. O., Aluyor, P. and Ozigagu. C. E. {2009).
Effect of refining on the quality and composition of
groundnut oil. African Journal of Food Science, 3(8). pp.
201-205. '

Berbesi, R.(2006), Achicving Optimal Bleaching

Performance. Oil Mill Gazenteer, 112, 1-5.

Bockisch, M., (1998). Oil Purification. In: Fats and Oils
Handbook. AOCS Press, Champaign, pp. 613—626.

16

-

Ceriani, R., Costa, A. M. and Meirelles, A. J. A, (2008),
Optimization of the physical refining of sunflower oil
concerning the final contents of trans-fatty acids.
Industrial &  Engineering  Jowrnal of Chemistry
Research 47, 681692,

Danjewski, M., Jacorzynski, B., Filipek, A., Balas, J.,
Pawlizka, M. and Mielniczuk, E. (2003). Fatty acid
content in selected edible oils. Annals of the National
Institute of Hygiene, 54(3) pp. 263- 267.

Diaz, F. R., and P. Santos (2001). Studies on the Acid
Activation of Brazilian Smectite Clays, Quim Vova, 24
(3), (2001}, 345 353,

Egbuna, S. O. (2014). Development of kinetic model for
adsorption of carotenoids on activated . clay in the
bleaching of palm oil. International Journal of Research
in Engineering and Technology, 3(1), 371-380.

Esuoso, K. O., S. M.(1995). Odetokun, Riv. Ialian.
Sostanze Grasse, 72,311 -313.

Grieshop, C. M. and Fahey, G. C. Jr. (2001) Comparison
of quality characteristics of soybeans from Brazil, China,
and the United States. Journal of Agriculture and Food
Chemistry, 49, 2669-2673. Doi:10.1021/jf0014009.

Hariod, E.(1990). Pearson’s Analysis of Food. Mechillan
Education Ltd, London, 55, 520-521,

James, 0. O., Mesubi, M. A., Adekola, F, A., Odebunmi,
E. O, Adekeye, J. I. D. and Bale, R. B. (2008). Bleaching
Performance .of a Nigerian (Yola) Bentonite, Zatin
American Applied Research, 34, 45 — 49.

Food safety and standard authorify of India (FSSAI),
Ministry of health and family welfare, government of
India. New dehli, pp. 1-110.

Motlagh, M. M., Youzbashi, A. A. and Rigi, Z. A. (2011).
Effect of acid activation on structural and bleaching
properties of bentonite, franian Jowrnal of Material
Science and Engineering, 8 (4), 50-56.

Mohagir, A. M., Syed, S., Bup, N. D., Kamga, R. and
Kapseu, C. (2014). Adsorption isotherms of
decolourisation of shea (vitellariaparadoxagaertner f)
butter. Canadian Journdl of Pure and Applied Science,
8(2), 2837-2844,

Motlagh, M. M., Rigi, Z. A. and Youzubashi, A. A.

 (2008). To evaluate an acid activated bentonite from

Khorasan (Iran) for use as bleaching clay, International
Journal of Engineering and Science, 19 (5-2), §3-87.




s Adsorbent

. A, (2008).

atty  acids,
Chemistry

Fatty acid:

iv. Italian.

omparison .
zil, China,
and Food
19, ‘

ddebunmi, -
Bleaching -
ite, Latin

5. (2012).
\FSSAD.
nment of

L. (2011). s
bleaching
Material

i, R. and /
ms of
ertner f)
Science,

i, A, A
ite from .
“national

87,

nflower oil”

, Balas, J.

e Natioral B

n the Acid-
7 iWova, 24,

modellfor':
7y in the.
¥ Research’.

MeMillan

Nigerian journel of Engineering

Mustapha, S. 1., Mohammed, A. A., Zakari, A. Y and
Mohammed, H. A. (2013). Performance evateation of
jocal clays from northermn Nigeria for the refining of palm
oit. Jowrnal! of Chemical Engireering and Material

Science, 4(3), 58-66.

Nwabanne, J. T, and Ekwu, F. C. (2013). Decolourization
of palm oil by Nigetian local clay: A study of adsorption
isotherms and bleaching kinetics. [nternational Jowrnal
Muliidiscipline of Science and Engineering, 4(1), 20-25.

Nkamafiya, 1. 1, Maina, H. M., Osemeahon, S. A. and
Madibbo, U. U. (2010). Percentage oil yield and
physiochémical properties of different groundnut species
(Arachishypogaea). African journal of food science, 4(7),
418-421.

Odoemelan, 8. A. (2005). Proximate composition and
selected physicochemical properties of the seeds of Africa
Qil Bean (Pentaclethramarcrophylla). Pakistan Journal of
Nutrition, 4, 382-383.

(3

17

Vol, 25, No, 2, Dec. 2018

Okolo, J. C. and Adejumo, B. A. (2014). Effect of
oleaching on some quality attributes of crude palm oil.
Inrernational Organization of Sciemtific Research Jowrnal
of Engineering, 4(12), 25-28.

Rohani, B. M. Z. {2006) Process Design of degumming
and Bleaching of palm oif. Thesis, Ministry of Science and
Technology, Malaysia, pp. 12-69,

Sabah, E., Cinar, M.
Decolorization of

and Celik, M. N.
veégetable  oils:

(2007).
Adsorption

- mechanism of b-carotene on acid-activated sepiolite.

Jowrnal of Food Chemistry,100, 1661-1668.

Salawudeen, T. O., Dada, E. O. and Alagbe, 8. O. (2007).

‘Performance Evaluation of Acid Treated Clays for palm

Oil . Bleaching. Journal of Engineering and Applied
Sciences,2(11), 1677-1680.

Topallar, H. (1998). The Adsorption Isotherms of the
Bleaching of Sunflower-Seed Oil. Journal of Chemistry,
22, 143-148.




