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Kinetics of Chlorophyll Pigment Leaching From Iraqi Alfalfa
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Abstract

An experimental method of batch leaching was studied to obtained chlorophyll pigment
from dehydrated alfalfa using ethanol —hexane mixture as solvent.

The aim of thisresearch isto study the extraction kinetics and the effects of temperature
(30 — 60)°C, solvent concentration of ethanol (40% to 60%) and particle size (0.2 — 0.5, 0.5
—1.0and 1.0 - 2.0)mm as well as the effect of gathering, drying and transport of alfalfa on
the extractability of total chlorophyll from dehydrated Iragi alfalfa. The maximum
extraction value of chlorophyll obtained was found to be 0.31% of alfalfa. The major part
of the extractable chlorophyll is water soluble type, which could be used as pigment in
toothpastes, soaps, shampoos and medical products.

A batch leaching model was developed and solved numerically. The model parameters
were predicted by applying existing experimental correlations and data gathered during this
work. The model allows us to predict the rate constant and the saturation capacity with
various temperatures. In addition, the activation energy and the frequency factor of the
leaching process were also determined and found that the process is an endothermic
process with activation energy equal to 30.7 kJ/mal.

The mathematical model applied showed a good coincidence with the experimental
results, which allows their application in modeling and optimization of chlorophyll
extraction process from Iraqi alfalfa.
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Nomenclature

Symbol Meaning Unit
a Empirical constant -

A Absorbance at subscripted wave length -

C Concentration of chlorophyll g. 1
Co Initial concentration of chlorophyll g. 1™
Cs Concentration of chlorophyll at saturation gl
e Square root of the mean square relative error -

E Activation energy of leaching J.mol™?
k Dissolution mass transfer coefficient st
Ko Arrhenius equation temperature independent constant st

L Thickness of spectrophotometer cell m

N Number of experimental data -

R Universal ideal gas constant (8.314) J.mol ™t K?
S Solid phase concentration of chlorophyll g.gt
S Initial solid phase concentration of chlorophyl| g.gt
t Time of extraction S

T Absolute temperature K

Vs Volume of solvent I

W Weight of dehydrated alfalfa g

X Mass percent of chlorophyll extracted -

€ Void fraction of milled alfafa -

Po Bulk density of milled alfafa gl
Ps Density of solvent gl
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Introduction

The term chlorophyll refers to the green colored material found in many plants.
Chlorophyll usually formed in the chloroplasts of plant’s cells under the influence of sun light
and necessary for the process of photosynthesis [¥. Chlorophyll concentration in green plants
is different with respect to plant type and harvest time 1%

Alfalfa grows widely in the tropical area of Asiaand it is anative Iragi plant which has a
colorful properties. This plant has been extensively used as a popular natural source of
chlorophyll pigment for detergents 1!,

Chlorophyll is a mixture of green pigments, which is always combined by other pigments,
principally those of the carotenoid group . The most important components of chlorophyll
are: chlorophyll a (CssH720sN4Mg) and chlorophyll b (CssH700sN4Mg@). Ratio of chlorophyll
ato chlorophyll b in most plants usualy in the range 2.5: 1.0 ),

Chlorophyll may be classified traditionally into two types. The first type is soluble in oil
which is used as pigment in lubricating oils, paints, waxes, foods, cosmetics, ointments,
pharmaceuticals and as antiknock in gasoline. The second type is soluble in water which is
used as pigment in toothpastes, soaps, shampoos, candies, mouth washes, deodorants and
medical products .

The liquid solvent extraction is the most common method for separating chlorophyll
components from their natural resources. Severa solvents are usualy used in chlorophyll
extraction process; the first one has the ability to extract water soluble chlorophyll such as
pyridine, methanol, ethanol and acetone. The other solvent has the ability to extract oil
soluble chlorophyll such as diethyl ether, dioxane and hexane.

Literature data on the extraction of chlorophyll from afalfa are scare. Therefore, it is
important to study this process experimentally and mathematically. Schertz used a mixture of
petroleum ether — acetone to extract chlorophyll from stinging nettle . Iriyama et al. used
methanol — dioxane mixture as a solvent to extract chlorophyll from spinach . Many
attempts have been made to formulate a general expression describing the kinetics of leaching
systems. The rate of leaching is the most important parameter when batch leaching systems
have to be designed. Consequently, it is of prime importance to establish the time dependence
of such systems under various process conditions. Numerous leaching processes have been
studied in an attempt to find a suitable explanation for the mechanism and kinetics of the
leaching processes 9.

In the investigation reported herein, dehydrated alfalfa was used because it is available at
all seasons of the year and has a cheep price. Ethanol — hexane mixture was used as solvent in
the chlorophyll extraction experiments due to local availability, moderate cost, low toxicity
and environmental safety.

The aim of thiswork isto identify the influence of the main operating parameters (particle
size, solvent concentration and temperature) on the degree of extraction. Further,
determination the kinetic function for the extraction process and developing a mathematical
model describes the process which could be used in optimization and design purposes.
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Experimental Work

A schematic diagram and photographic picture of the experimental apparatus are shown in
Figure (1) and Figure (2), respectively. The extraction was carried out in a batch double —
jacketed vessel of a 2 liters volume. The vessel was fitted with an impeller having variable
speed mechanica stirrer. The working part of the stirrer is blade — shaped constructed of
stainless steel (type, CF — 8M), ensured good mixing of the vessel’s content. The temperature
of the medium was measured using a thermometer and maintained at a constant level by
circulation of thermostatically fluid (water) supplied from thermostatted bath in the double
jacketed of the vessel. Samples of the solution could be withdrawn at different times by using
asampling port immersed in the vessel. A high efficiency glass condenser with ethanol at —10
°C working fluid was attached to the extraction vessel to avoid loss of solvent due to
evaporation. The low temperature ethanol was supplied from externa chiller.

1 Water circulation bath 6 Steel rod ae——1
2 Ethanol Chillers 7 Steel ware autoclave
3 Water jacket 8 Steel Impeller
4 Sampling port 9 Electric motor
5 Thermometer 10 Glass condenser
11 Rubber gas gate | |
1 g] [IEE

Fig .(1), Schematic diagram of the chlorophyll extraction experimental
apparatus
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Fig .(2) Photographic picture of the chlorophyll extraction experimental
apparatus

The fresh afalfa used in the experiments was collected from plants conventionally grown
in Baghdad in June. The first step was to remove foreign materials such as sticks and dirt and
then it is heated at 60°C overnight in a dark place. The material was milled in a mechanical
grinder (Philips, HP 2860) and was then separated by sieving in a set of sieves (Retsh, AS
200) into three classes (0.2 - 0.5,0.5- 1.0 and 1.0 — 2.0) mm.

1200 ml of solvent was initially placed in the vessel and then conditioned to the desired
temperature (30, 40, 50 or 60°C) by using high-speed agitation while the conditioned water
circulated in the jacked. 509 of the sample was added to ensure large excess of solvent was
used. The mixture was stirred at this temperature during the study period. Liquid samples
were withdrawn at different times and the chlorophyll concentration in the liquid phase was
measured.

There are severa methods for the determination of total chlorophyll content was used in
literature 2 % & 7 19 gpectrophotometeric method was used with Shimadzu (UV — 1700)
spectrophotometer %, The weight percent of chlorophyll extracted was calculated by using
the following formula derived from Lambert Reevt law:

« = 345.3[ Ay - 05(Ag, + Al TV, 100 (D)
L W

where x is mass percent of extracted chlorophyll, A is spectrophotometer absorbent at
subscripted wavelength and L is thickness of spectrophotometer cell.

Apparent, packing and bulk densities for solid were determined according to standard
methods (ASTM D2854 — 83).
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Mathematical Work

In this work, it was assumed that the main mechanism that controls the rate of
chlorophyll extraction is mass transfer of chlorophyll from afalfa to bulk liquid solvent.
Furthermore, the leaching experiments have two distinct phases. The first phase continues
until al pores achieve effective solvent saturation. During this period, soluble chlorophyll in
afafareadily dissolves into pore solvent with partial offset by dilution of incoming solvent.
The second phase following immediately the first phase upon achievement of the effective
solvent solution in the pores and subsequent onset of net solvent outflow from the pores. So,
rate of mass transfer of chlorophyll from afalfato bulk liquid could be written as:

For the liquid phase:

d—fzaesilg' k(C. - €) c=C," t=0 )

-0

For the solid phase:

dS e &So .
So__ =2 ¢(c - S=S " t=0 (3
- rb§805 (c.-c) 1 (3)

where C is mass concentration of chlorophyll in the solvent, S mass concentration of
chlorophyll in the dfalfaand k is dissolution mass transfer coefficient.

The mathematica model equations were solved using the fourth order Runge — Kutta
method for the set of discretized equations for 420 stages (each of 1 min). The parameters, k
and a were adjusted using the experimental data. These parameters were estimated by
minimization of the sum of squares of errors between the experimental and the predictive data
using Nelder — Mead simplex method 1Y,

The magnitude of the overal discrepancy between the experimental data and the values
predicted by the model was calculated as the square root of the mean square relative error
according to the following formula:

T (4)

oz 1 o aExperimental value- Calculated valueQ2
N Experimental value P

where e is square root of the mean square relative error and N is the number of the
experimental data points.
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Results and Discussion

In order to determine the initial amount of extractable chlorophyll in afalfa, a soxhlet
extraction experiment has been made with different contact times (12, 18 and 24) hours at 60
°C (higher temperature is not recommended due to the possibly of chlorophyll degradation)
and <0.2 mm particle size. 50% ethanol — 50% hexane was used as solvent %, The maximum
extraction value of chlorophyll obtained was found to be 0.31% of alfafa This later result is
the average of five experiments with a precision of 4%.

The effect of gathering, drying and transport of alfalfa can affect their initial composition
of chlorophyll. So, two experiments were carried out with alfalfa at different aging (New
sample, which is dried, crushed and used on the same day; Old sample, which is dried,
crushed and used after 7 days) for each particle sizes (0.2 — 0.5, 0.5 - 1.0 and 1.0 — 2.0) mm.
As shown in Figure 3, old samples show a degradation of chlorophyll of about 9%, 8% and
6% relative to new one, for each particle sizes (0.2 — 0.5, 0.5 — 1.0 and 1.0 — 2.0) mm,
respectively. This degradation is linked to the photolability of the afalfa It seems that a
chemical action occurs between chlorophyll, the air and the light. It is more important when
the contact area is increasing, since smaller particles show a higher degradation than larger
particles. Therefore, in order to preserve the chlorophyll under optimal conditions, any
contact with air and light has to be avoided. In addition, the alfalfa has to be operated
immediately after drying and crushing. Tsao and Deng aso indicated that the chlorophyll is
relatively labile and during isolation, it is necessary to protect it from degradation .
However, as a general precaution, it is advantageous to work in dim light and low
temperatures to avoid pigment loss.

New sample
[01d sample

Extraction efficiency of chlorophyll

8.2 -0.5 B.5-1.0 1.06-2.0
Particles diameter of alfalfa, mm

Fig .(3) Effect of alfalfa aging and particle size on the extraction efficiency of
chlorophyll (Concentration of ethanol 50%; Temperature 40 °C; Time 420 min)
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Figure 4 shows the effect of ethanol concentration as solvent on the concentration of
extracted chlorophyll. The final concentration of chlorophyll increased with the percentage of
ethanol increasing. Chlorophyll is a polar and either hydrophilic or hydrophobic material
depending on it is ability to dissolve in water (water — soluble chlorophyll) or oil (oil —
soluble chlorophyll) solvents. Ethanol and water have similar solubility properties because
they are both polar and contain hydroxyl group which is hydrophilic, whereas, hexane is non
— polar and hydrophobic. Hence, it could be concluded that the mgor part of chlorophyll
found in afafais of the water — soluble that could be used as pigment in toothpastes, soaps,
shampoos, candies, mouthwashes, deodorants and medical products.

The data of Figure 4 could be redrawn to find the efficiency of extraction, which is
defined as the percent of chlorophyll extracted to the maximum amount of extractable
chlorophyll at the specified concentration of solvent, as shown in Figure 5. This
representation allows us to study the dynamic of the phenomena independently of the
equilibrium conditions. The curves show that the percentage of ethanol has no significant
influence on the kinetic of extraction since all curves have similar behavior.
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Fig .(4), Effect of solvent concentration and time on the extractable chlorophyll
concentration (Temperature 40 °C; particle size 0.2 — 0.5 mm)
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Fig .(5) Effect of solvent concentration on the extractable chlorophyll extraction
efficiency (Temperature 40 °C; particle size 0.2 — 0.5 mm)

The effect of particle diameter (0.2 — 0.5, 0.5 — 1.0 and 1.0 — 2.0) mm on extraction
efficiency at different temperatures (30, 40, 50 and 60 °C) were calculated and shown in
Figures (6, 7 and 8) . It is clear that efficiency increases with the decrease of the size of the
solid particles and the equilibrium concentration (maximum extraction degree) was achieved
in shorter extraction time with the decreasing of the solid particle size. Indeed, increasing the
contact area enhances the solute mass transfer. It is a classical result since the pore diffusion
path increases with the particle size increasing. But in practice, it is not recommended to use
particle sizes smaller than 4mm, since higher grinding could result in high losses of raw
material and environmental pollution (due to wind effect) and high degradation of chlorophyll
(due to light and air effects). Therefore, the size classes obtained depend on the diameter for
the stem and on the width for the leaves, (the mean percentage of leaves to stems is about
75%). Therefore, the effect of the size cannot be very important in the industrial applications,
since in the case of the leaves, which contain the main amount of solute, the relevant
dimension for the diffusion is the thickness.

112



Journal of Engineering and Development, Vol. 18, No.3, May 2014, ISSN 1813- 7822

< Temperature 30C

Extraction efficiency of chlorophyll
=

0.3 1 & Temperature 40C
< Temperature 58C
0.2 - * Temperature 60C
0.1 1
p T T T T T T T
(] 60 126 1806 240 300 360 420 480

Time of extraction, min

Fig(6) Effect of temperature and time on the extraction efficiency of chlorophyll
(Concentration of ethanol 50%; particle size 0.2 — 0.5 mm)
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Fig(7) Effect of temperature and time on the extraction efficiency of chlorophyll
(Concentration of ethanol 50%; particle size 0.5 - 1.0 mm)
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Fig(8) Effect of temperature and time on the extraction efficiency of chlorophyll
(Concentration of ethanol 50%; particle size 1.0 — 2.0 mm)

The figures show that the concentration increased with the temperature increasing. This
must be due to the thermodynamic effect of temperature on solubilization inside of the solid.
The solubility determined the number of interactions between solvent and solute molecules. If
enough interactions occurred, the cohesive forces between individual solute molecules were
broken down rapidly and solubilization would occur. Therefore, solubilization of solute in
solvent will be a function of the molecular weight of the solute and the level of interaction
between solvent and solute molecules. This phenomenon could be explained aso in viewing
the fact that the chlorophyll viscosity decreases as the temperature increases and the
chlorophyll was easier e uted from the plant by the solvent.

However, since extraction of solute from plant matricesis basically a desorption process,
increasing the desorption kinetic constant would lead to increase in the extraction rate and
extract yield. Thisis due to the increase in solute vapor pressure and as a result the increase of
desorption kinetic constant with temperature according to Arrhenius dependence:

e Eo
kK =k, expc- —=+ (5
§ RTg

The plot of In k against /T allows the calculation of k, and E. The variations in different
particle sizes (0.2 - 0.5, 0.5 1.0 and 1.0 — 2.0) mm are shown in Figure 8. There were linear
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relationships between the leaching rate constant and the reciprocal absolute temperature with
a coefficient of determination of about 0.94. Table 1 shows the values of k, and E. From the
table, it could be recognized that the values of k, drops down as the particles sizes increases,
which indicates that the rate of leaching increased as the particles sizes decreased. While the
values of activation energy is always constant for al particle sizes at about 30.7 kJ/mol,
which indicates that leaching of chlorophyll requires this value of energy for completion. In
addition, it isindicated that the leaching is an endothermic process.

Table 1, Frequency factor and activation energy values for chlorophyll
extraction

Particle size, mm | ko, min™ | E, kJ mol™

0.2-05 2368 30.7
05-1.0 1119 30.8
1.0-2.0 539 30.6

(§] T T T T T T
E].@l£295 0.003 0.00305 0.A031 0.60315 0.0032 0.00325 0.0033 0.0033:

_1 -
A particle size = 0.2 - 0.5 mm
¢ particle size = 0.5 - 1.0 mm
=2 1 Oparticle size = 1.0 - 2.0 mm
-3

1/Temperature, 1/K

Fig .(9) Effect of reciprocal temperature and particle size on the rate constant of
extraction of chlorophyll
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Conclusions

The maximum concentration of total chlorophyll in the extract of afalfais 0.31% for
50% ethanol in hexane.

Age, air and light have a significant effect on chlorophyll degradation.

The percentage of ethanol in the solvent has no effect on the kinetic of extraction but the
final concentration increases with the percent of ethanol increasing.

The decreasing of the particle sizes or increasing in temperature increases the rate of
extraction.

The activation energy of leaching was evaluated to be about 30.7 kJ/mol for water-
soluble compounds.

The application of the proposed model for optimization of the process of solid — liquid
extraction of total chlorophyll from afafa was allowed since a good agreement between
the experimental and model cal culated data was showed.
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