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Introduction
Potassium is a soft silvery-white alkali metal that oxidizes rapidly 

in air and is highly reactive with water. Potassium ion is essential for 
the functioning of all living cells; it assists in muscle contraction and in 
body metabolism. Potassium levels in a body also affect the functioning 
of heart [1]. Experimental studies indicated that taking high potassium 
diet decrease calcium excretion and lowers blood pressure [2]. 
Potassium metal is very difficult to obtain from its minerals as it is 
extremely electro positive. However, it is available abundantly in nature 
as ionic salt. Plant cells, vegetables and fruits are the rich sources of 
natural potassium and about 22 to 75% of potassium present in these 
sources is extractable [3].

Researchers investigated the feasibility of using various materials 
as raw materials such as mango leaves, sorghum Sudan grass, soils, 
sandstone, phosphate rock, vegetables, water hyacinth, orange 
peel, bentonite clay, bamboo dust, coconut shell, wheat bran etc. for 
extraction of potassium [4-11]. Most of these materials are not effective 
and not economic and produces large amounts of sludge. Therefore, 
these methods are not suitable industrially because of technical and or 
economic consideration. Thus, still there is a need to develop cheap and 
effective source.

Banana is the common name for the herbaceous plants of the 
genus Musa and is cultivated mainly for its fruit. Banana and plantain 
trees are grown in every tropical and subtropical region. Banana tree 
cultivation is the 4th largest food crop of the world [12,13]. In Andhra 
Pradesh, India, the banana and plantain production was estimated to 
be 12, 29695 M metric ton and it was found to be 42,550 M metric ton 
in Visakhapatnam area alone. This figures represents only 10% plant 
material that is fruit & leaves, remaining 90% of it is (i.e., pseudo stem) 
wasted. Application of banana pseudo stem for various purposes has 
been in practice since pre-historic days. Banana fiber is a lignocelluloses 
material, relatively inexpensive and abundantly available. It is used 
as insulating material in construction and reinforcing due to its good 
compatibility and bonding with resin matrix [14,15]. The fiber prepared 
from banana pseudo stem has long been used in high quality textiles, 
shelter, tools and flower garlands [16]. Banana pseudo-stem fibers 
are used in the preparation of sodium carboxy methyl cellulose and 

cellulose micro fibrils [12,16-19]. Banana pseudo stem fibers also used 
as resins in ion exchange. Banana leaves are also used as ecologically 
friendly disposable food containers such as "plates" [3,20]. Studies show 
that banana peel and pith have very high capacity to remove heavy 
metals and dyes from wastewater [12,21-25]. Banana pseudo stem was 
also used in the production of alcohol and methane [26,27]. 

According to the literature survey done, much attention was not 
paid on banana pseudo stem as a source of potassium although it 
contains 5.6–6.2% of potassium [4,28]. The remarkably high potassium 
content in banana pseudo stem would indicate its potential ability of 
industrial use. Moreover to an agriculturist, turning agricultural waste 
into income generating products may be a pet dream. Hence, in the 
present paper a simple material such as banana pseudo stem was selected 
for the extraction of potassium ions. Various experimental parameters 
affecting the potassium extraction process such as temperature, initial 
pH, extraction time, banana pseudo-stem dosage and size of the banana 
pseudo-stem particles were studied.

Designing of experiment and standardization of variables affecting 
the system is very critical in optimization process. Generally this 
optimization is carried out by using traditional one factor at a time 
method, which is simple, but time and chemicals are consumed in 
large quantities. Moreover this method neglects the interaction effects 
among different process variables. Hence, in the present study statistical 
approach such as Response Surface Methodology (RSM) was adopted 
to study the correlation among the different process variables affecting 
the potassium extraction process. Model is developed to understand 
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Abstract
A simple, efficient, and abundantly available agricultural waste material, banana pseudo-stem (BPS) was examined 

as raw material for the extraction of potassium. The effects of various process parameters such as temperature, initial 
pH, contact time, banana pseudo-stem dosage and size of banana pseudo-stem particles on potassium extraction 
efficiency were studied by running batch experiments in Erlenmeyer flasks. Response Surface Methodology (RSM) was 
used to design the experimental runs. Modelling and optimization of process variables to obtain maximum extraction of 
potassium from raw material were done using RSM.The maximum extraction efficiency of potassium was found to be 
83.96% at a temperature of 400C, pH of 1, contact time of 30 min, BPS weight of 26.076 g and initial BPS size of 300. 
The results revealed that banana pseudo-stem can be used as good source for potassium extraction.
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(x1), Amount of BPS (x2), Temperature (x3) and pH (x4) on potassium 
removal was studied by using full factorial Central Composite Design 
(CCD). A CCD with 31 experiments was used for the optimization 
of process parameters for removal of potassium from Banana Pseudo 
Stem solution. All independent variables were coded to five levels as 
Xi and a model was developed for understanding the behavior of the 
percentage extraction of potassium from Banana Pseudo Stem powder.

Results and Discussion
The statistical analysis of the experimental results shows that 

percentage of KEE obtained was a function of temperature, pH, time, 
and amount of BPS. The levels of independent process variables used 
in a Central Composite Design and the design matrix used with the 
observed responses obtained were shown in Tables 1 and 2. Responses 
shown in Table 2 were the average values of three replicates for all the 
experimental runs. The maximum deviation obtained for potassium 
values are ±0.035. Apparent potassium extraction efficiency (AKEE) 
and theoretically maximum obtainable potassium extraction efficiency 
(KEE) values were calculated and shown in Table 2 for comparison.

The main effects of all parameters on %AKEE were determined 
at middle levels and shown in Figure 1. The percentage extraction of 
potassium was increased with time up to 105 min beyond that the 
change in percentage AKEE was slower. This might be due to the fact 
that the particles reached equilibrium at 105 minutes; therefore change 
in extraction efficiency beyond 105 minutes was marginal. These results 
agree with the results obtained by other researches on potassium 
extraction [10]. It is noticed from the Figure 1 that percentage AKEE 
has increased significantly with increased adsorbent dosage up to 35 
g however, beyond the dosage of 35 g changes in percentage AKEE 
was decreased. This might be due to the fact that extraction solution 
taken is not sufficient to occupy the active sites of entire powder. A 
plot of temperature versus percentage removal of AKEE shows that the 
percentage of AKEE increased with increased temperature up to 32.50C 
and thereafter it showed no change in %AKEE values. This might be 
due the endothermic nature of the process. At temperature higher 
than 32.5 stagnant percentage extractions efficiency may be due to the 
formation of byproducts. Similar temperature effects were obtained 
with other raw materials also [10]. The effect of pH on percentage of 
AKEE was studied in the range of pH 1-11. It is apparent from the 
Figure 1 that %AKEE was decreased with increased pH and reached 
minimum at a pH of 11. These results indicated that acidic conditions 
favor the extraction process. Similar results were obtained for effects 
of all the parameters on %KEE except contact time Figure 2. From 
Figure 2 it is evident that potassium extraction efficiency increased with 
increased contact time beyond 105 minutes.

Analysis of Variance was conducted to find the information about 
quadratic and interaction effects along with the normal linearised effects 
of the parameters. Second order polynomial equations were developed 
from ANOVA to represent the effects of above parameters on %AKEE 
and %KEE and were shown in Equations 3 and 4, respectively.

Y1 = 68.0599 + 1.2112X1 - 0.8013X2 + 1.8879X3 - 3.1871X4 - 0.6948X12 

the potassium extraction process and how it depends on process 
parameters. Optimization of process variables were also done to achieve 
higher potassium extraction [24,29-33].

Materials and Methods
Materials and methods

The chemicals such as HCl, NaOH, H2SO4 and H2O2 used in this 
study were purchased from Lotus enterprises, Visakhapatnam, India. 
All the solutions used in this study were prepared by using de-ionized 
water. Banana pseudo-stem was obtained from a local fruit market in 
Visakhapatnam, Andhra Pradesh, India. It was washed thoroughly with 
de-ionized water till no dirt is observed in the effluent water. Then, the 
whole stem was cut into small pieces of 1-2 cm length and dried in open 
air for three weeks. After three weeks, this material was grounded in the 
domestic grinder, and then different sized particles were screened using 
standard screens and stored air tight containers for further usage.

Experimental procedure

All the process parameters were maintained as per the Central 
Composite Design for conducting the experiments. Accurately 
measured 0.8 molar HCl solutions of 200 ml were taken in a Erlenmeyer 
flasks known amount of Banana Pseudo stem (BPS) powder was added 
to these solutions and then they were subjected to sonication at known 
temperature for the predefined time intervals. After completion of 
predefined time periods, the samples were contacted with 4 molar 
NaOH solutions for 10 min. Then these samples were centrifuged at 
4000 rpm for 15 min. At the end of centrifugation, supernatants and 
residues were separated carefully. The solid residues are squeezed 
tightly and liquid effluents are added to previously collected liquid 
supernatants. Then these samples were contacted with H2SO4-H2O2 
solution for 30 min and were analyzed for potassium ions in flame 
photometer. 

Potassium (K) extraction efficiencies (%KEE) were determined, as 
described by [10] as a percentage of the extracted potassium relative 
to the total potassium present in the sample. Apparent potassium 
extracting efficiencies (%AKEE) were determined as the percentage 
of potassium remained in the extraction solution after the solid-liquid 
separation relative to the K present in the sample. KEE effectively 
represents a maximum theoretical value of AKEE. The following 
equations were used to determine the %KEE and %AKEE values.

%KEE=(C0 .V0/1000). [100/(m0. X/39.1)]		                    (1)

% AKEE=(C0 .V1/1000). [100/(m0. X/39.1)]		                   (2)

Where, C0 is the potassium concentration of the extraction solution 
after solid-liquid separation (mol L-1), V0 is the volume of HCl added 
(ml), m0 is the weight of sample (g), X is the potassium content of the 
sample (%), and V1 is the volume of the extraction solution after solid-
liquid separation (ml).

Experimental design and data analysis

The effect of various process parameters such as Extraction time 

Factor Symbol
Level

-α -1.0 0.0 1.0 +α
Time, min x1 30 67.5 105 142.5 180
Amount, g x2 10 22.5 35 47.5 60

Temperature, ˚C x3 20 26.25 32.5 38.75 45
pH x4 1 3.5 6 8.5 11

Table 1: Levels of different process variables used in CCD for extraction of K. 
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- 1.1166X22 - 1.4119X32 - 0.2174X42 + 2.3915X1X2 - 0.6285X1X31.6765X1X4
+ 2.6364X2X3 - 1.9176X2X4 + 0.5691X3X4			                 (3)

Y2 = 2.4773 + 2.4704X1 - 1.4071X2 + 2.6386X3 - 3.165X4 - 0.3528X12 
- 1.5278X22 - 1.3794X32 - 0.1013X42 + 0.4749X1X2 - 0.6976X1X3 +
0.4669X1X4 + 0.1008X2X3 - 2.7324X2X4 - 0.7248X3X4	                  (4)

Experimental data along with the predicted results obtained from 
the above models were shown in Table 2. The proposed models were 
evaluated by regression coefficients, standard error, t-values, p-values 
and correlation coefficients (R). The model %AKEE indicates that the 
temperature, pH and adsorbent dose had a strong effect; linear and 

Time Size Amount Temp pH %AKEE %KEE %AKEE predicted %KEE predicted
0 0 0 0 0 68.12 82.56 68.06 82.48
-1 -1 1 -1 -1 62.96 76.41 62.41 76.97
-1 1 -1 -1 -1 72.08 77.24 70.24 75.47
-1 -1 -1 -1 1 62.17 76.87 63.21 75.12
0 0 0 0 0 68.11 82.56 68.06 82.48
0 0 0 -2 0 56.26 70.15 58.64 71.68
1 1 -1 1 -1 62.73 86.59 61.89 85.05
1 -1 -1 1 1 62.76 85.35 63.84 83.67
-1 -1 1 1 1 58.31 72.04 59.16 71.11
1 1 1 -1 -1 68.37 83.99 67.52 83.32
2 0 0 0 0 66.36 84.77 67.7 86.01
0 0 0 2 0 66.96 82.36 66.19 82.24
0 0 2 0 0 60.64 73.12 61.99 73.55
0 0 0 0 0 66.11 80.56 68.06 82.48
0 0 0 0 -2 72.39 87.86 73.56 88.4
-1 1 1 -1 1 49 64.43 47.71 65.69
-1 1 1 1 -1 72.2 86.78 71.58 85.29
-1 1 -1 1 1 65.39 79.76 64.1 80.14
0 0 0 0 2 60.39 74.87 60.82 75.74
0 0 0 0 0 68.12 82.56 68.06 82.48
1 1 1 1 1 68.75 75.06 68.46 76.54
-2 0 0 0 0 62.6 75.95 62.86 76.13
1 -1 -1 -1 -1 66.1 80.11 65.78 79.92
1 -1 1 1 -1 74.68 88.22 74.18 88.85
0 -2 0 0 0 68.95 82.12 68.06 82.48
-1 -1 -1 1 -1 67.28 81.4 68.86 83.39
1 1 -1 -1 1 66.97 80.24 65.46 81.44
0 0 0 0 0 68.12 83.69 68.06 82.48
1 -1 1 -1 1 60.57 77.01 59.53 73.91
0 2 0 0 0 68.84 83.24 68.06 82.48
0 0 -2 0 0 64.95 78.2 65.2 79.18

Table 2: CCD plan matrix in coded values and Responses.
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Figure 1: Main effects plot of %AKEE.
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quadratic terms had more influence in comparison to the interaction 
terms. From the Table 3 it is clear that all parameters effects were 
significant at 95% confidence levels for % AKEE. Here, the value of 
correlation coefficient (R=0.978), R2 (0.958) indicates a high agreement 
between the experimental and predicted values and its significance. 
The model adequacy was tested by using ANOVA (Table 4). Lower 
P values for regression model equation imply that the second-order 
polynomial model fitted to the experimental results well. ANOVA and 
regression analysis implies that similar results were obtained for%KEE 

also (not shown here). High correlation coefficients (R=0.974) for 
%KEE indicated a higher accuracy between experimental values and 
predicted values.

The optimum combination of all parameters affecting the percentage 
AKEE was predicted by using prediction profiler of the software. 
The maximum extraction efficiency of potassium was predicted 
to be 83.96% which was obtained at a contact time of 105 min, BPS 
amount of 35 g, temperature of 32.5˚C, and pH of 1.The above results 
suggest that Banana pseudo-stem could be used to extract potassium 
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Figure 2: Main effects plot of %KEE.

Term Coef SE Coef T P
Constant 68.0599 0.5065 134.375 0

Time 1.2112 0.2924 4.142 0.001
Amount -0.8013 0.2924 -2.74 0.014
Temp 1.8879 0.2924 6.456 0

pH -3.1871 0.2924 -10.899 0
Time*Time -0.6948 0.2636 -2.636 0.017

Amount*Amount -1.1166 0.2636 -4.236 0.001
Temp*Temp -1.4119 0.2636 -5.357 0

pH*pH -0.2174 0.2636 -0.825 0.421
Time*Amount 2.3915 0.3581 6.677 0
Time*Temp -0.6285 0.3581 -1.755 0.097

Time*pH 1.6765 0.3581 4.681 0
Amount*Temp 2.6364 0.3581 7.361 0

Amount*pH -1.9176 0.3581 -5.354 0
Temp*pH 0.5691 0.3581 1.589 0.13

S = 1.433 R = 0.97877 R2 = 95.8% R2 = 92.3%

Table 3: Response Surface Regression of %AKEE.

Source DF SS Adj MS F P
Regression 14 794.944 56.7817 27.67 0

Linear 4 379.944 94.9859 46.28 0
Square 4 96.975 24.2436 11.81 0

Interaction 6 318.026 53.0043 25.83 0
Residual Error 17 34.889 2.0523

Lack-of-Fit 10 29.674 2.9674 3.98 0.04
Pure Error 7 5.214 0.7449

Total 31 829.832

Table 4: Analysis of Variance for %AKEE.
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effectively. The residue obtained after the centrifugation process can 
be further economically used to study for removal of various dyes, 
metals and other pollutants from the industrial effluents. With the help 
of above future studies, simple and economically sound commercial 
method can be designed which would results the environmental gain 
and commercial benefit to the farmers.  

Conclusions
An economical, efficient and eco-friendly natural source was used 

for the extraction of potassium. Process parameters for the extraction 
of potassium are optimized using Response Surface Method. A high 
percentage of potassium extraction, 83.96%, was obtained at the 
optimum contact time of 105 min, BPS dose of 35 g, temperature 
of 32.5˚C, and pH of 1.This method may results in reduction of 
environmental problems without compromising plant productivity and 
it would also assist in generating income to the farmers. 

References

1. John M Weller, Bernard Lown, Rolf V Hoigne, Norman F Wyatt, Modestino
Criscitiello (1955) Effects of Acute Removal of Potassium from Dogs Changes
in the Electrocardiogram. Circ 11: 44-52.

2. Krishna GG, Miller E, Kapoor S (1989) Increased Blood Pressure During
Potassium Depletion in Normotensive Men. The N. Engl. J. med. 0320: 1177–1182.

3. Luciane Mie Kawashima, Lucia Maria Valente Soares (2003) A Fractionation
Study of Mineral Elements in Raw and Cooked Leaf Vegetables Consumed in
Southern Brazil. Alim. Nutr. Araraquara. 14: 9-16.

4. Abdul Khalil HPS, Siti Alwani M, Mohd Omar AK (2006) Chemical Composition, 
Anatomy, Lignin Distribution and Cell Wall Structure of Malaysian Plant Waste
Fibers. Bio Resour 17: 220–232.

5. González-Acuña IJ, Llanos-Perales A, Hurtado-García B, Lang-Ovalle FP
(2009) Extracting Potassium from Mango Leaves. ActaHortic 820: 381-386.

6. Jerrilynn DA, Burrowes, Nicholas JA Ramer (2006) Removal of Potassium from 
Tuberous Root Vegetables by Leaching. J. Ren. Nutr 16: 304-311.

7. Ketterings QM, Godwin G, Kilcer TF, Barney P, Hunter M, et al. (2006) Nitrogen 
Phosphorous and Potassium Removal for Brown Midrib Sorghum Sudan Grass 
in New York. What’s Crop. Up. 16: 4-6.

8. Sharma T (1997) Extraction of Potassium from Glauconitic Sandstone. NML
Technical Journal. 39: 151-156.

9. Vnu Lrenor W, No Gouon NA (1989) Extraction of Potassium and Sodium from 
Acid and Calcareous Soils with the Kelowna Multiple Element Extractant. Can. 
J. Soil Sci. 69: 235-242.

10.	Wenbing Zhou, Duanwei Zhu, Liangfeng Tan, Shuijiao Liao, Zhaohua Hu, et al. 
(2007) Extraction and Retrieval of Potassium from Water Hyacinth (Eichhornia
crassipes). Bioresour. Technol. 98: 226-231.

11.	Xiaozhao HBo, Yaling HL (2006) Orthogonal Process Study of Potassium
Extraction by Combined Acid Leaching of Potash Feldspar and Phosphate
Rock. HUAFEI GONGYE 33: 17-20.

12.	Silviya Elanthikkal, Unnikrishnan, Gopalakrishnapanicker, Soney Varghese,
James T Guthrie (2010) Cellulose Microfibres Produced from Banana Plant 
Wastes: Isolation and Characterization. Carbohydr.Polym 80: 852–859.

13.	Thomas Happi Emaga, Rado Herinavalona Andrianaivo, Bernard Wathelet,
Jean Tchango, Michel Paquot (2007) Effects of the Stage of Maturation and
Varieties on The Chemical Composition of Banana and Plantain Peels. Food
Chem. 103: 590–600.

14.	Ketty Bilba, Marie-Ange Arsene, Alex Ouensanga (2007) Study of Banana and 
Coconut Fibers Botanical Composition, Thermal Degradation and Textural
Observations. Bioresour. Technol 98: 58–68.

15.	Magda G El-Meligy, Samar H Mohamed, Raga M Mahani (2010) Study

Mechanical, Swelling and Dielectric Properties of Prehydrolysed Banana Fiber 
– Waste Polyurethane Foam Composites. Carbohydr. Polym 80: 366–372.

16.	Zuluaga R, Putaux JL, Restrepo A, Mondragon I, Ganan P (2007) Cellulose
Microfibrils from Banana Farming Residues: Isolation and Characterization. 
Cellul. 14: 585–592.

17.	Cordeiro N, Belgacem MN, Torres IC, Mourad JCVP (2004) Chemical
Composition and Pulping of Banana Pseudo-Stems. Ind. Crop.and Prod. 19:
147–154.

18.	Mario AP, Marseno DW, Haryadi (2005) Synthesis and Characterization of
Sodium Carboxymethylcellulose from Cavendish Banana Pseudo Stem (Musa 
Cavendishii LAMBERT). Carbohydr. Polym 62: 164–169.

19.	Zhang P, Whistler RL, BeMiller JN, Hamaker BR (2005) Banana Starch:
Production, Physicochemical Properties, and Digestibility – A Review.
Carbohydr.Polym 59: 443–458.

20.	Nada AMA, El-Gendy AA, Mohamed SH (2010) Banana Leaves as Adsorbents 
for Removal of Metal Ions from Waste Water. Carbohydr. Polym 82: 1025–1030.

21.	Annadurai G, Juang RS, Lee DJ (2002) Use of Cellulose-Based Wastes for
Adsorption of Dyes from Aqueous Solutions. J. Hazard. Mater. 92: 263–274.

22.	Annadurai G, Juang RS, Lee DJ (2004) Adsorption of Heavy Metals from Water 
Using Banana and Orange Peels. Water Sci. and Technol. 47: 185–190.

23.	Hameed BH, Mahmoud DK, Ahmad AL (2008) Sorption Equilibrium and
Kinetics of Basic Dye from Aqueous Solution Using Banana Stalk. Waste. J.
Hazard. Mater 158: 499–506.

24.	Low KS, Lee CK, Leo AC (1995) Removal of Metals from Electroplating Wastes 
Using Banana Pith. Bioresour. Technol 51: 227-231.

25.	Renata SD Castro, Laercio Caetano, Guilherme Ferreira, Pedro M Padilha,
Margarida J Saeki, et al. (2011) Banana Peel Applied to the Solid Phase
Extraction of Copper and Lead from River Water: Pre Concentration of Metal
Ions with a Fruit Waste. Ind. Eng. Chem. Res 50: 3446–3451.

26.	Hammond JB, Egg R, Diggins D, Coble GC (1996) Alcohol from Bananas.
Bioresour Technol 56: 125–129.

27.	Tewari HK, Marwaha SS, Rupal K (1986) Ethanol from Bananas Peels. Agric.
Wastes 16: 135–146.

28.	Jing Yan Tock, Chin Lin Lai, KeatTeong Lee, Kok Tat Tan, SubhashBhatia
(2010) Banana Biomass as Potential Renewable Energy Resource: A
Malaysian Case Study. Renew. and Sustain. Eng. Rev 14: 798–805.

29.	Duff RJ, Defeo JA, Robinson RA (1973) Abstracts of Papers. 166th American
Chemical Society National Meetings, Chicago Micro 28.

30.	Javad Zolgharnein, Zhaleh Adhami, Ali Shahmoradi, Norollah Mousavi S
(2010) Optimization of Removal of Methylene Blue by Platanus Tree Leaves
Using Response Surface Methodology. Anal. Sci. 26: 111-116.

31.	Kara S, Aydiner C, Demirbas E, Kobya M, Dizge N (2007) Modeling the Effects 
of Adsorbent Dose and Particle Size on the Adsorption of Reactive Textile Dyes 
by Fly Ash. Desalination 212: 282-293.

32.	Mohammadian Fazli M, Mesdaghinia AR, Naddafi K, Nasseri S, Yunesian M, 
et al. (2010) Optimization of Reactive Blue 19 Decolorization by Ganoderma
Sp. Using Response Surface Methodology. Iran. J. Environ. Health. Sci. Eng
7: 35-42.

33.	Yujie Shi, Xiangqun Xu, Yang Zhu (2009) Optimization of Verticilliumlecanii
Spore Production in Solid-State Fermentation on Sugancane Bagasse. Appl.
Microb. Biotechnol 82: 921-927s.

http://circ.ahajournals.org/content/11/1/44.short
http://circ.ahajournals.org/content/11/1/44.short
http://circ.ahajournals.org/content/11/1/44.short
http://www.ncbi.nlm.nih.gov/pubmed/2624617
http://www.ncbi.nlm.nih.gov/pubmed/2624617
http://serv-bib.fcfar.unesp.br/seer/index.php/alimentos/article/viewArticle/830
http://serv-bib.fcfar.unesp.br/seer/index.php/alimentos/article/viewArticle/830
http://serv-bib.fcfar.unesp.br/seer/index.php/alimentos/article/viewArticle/830
http://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/BioRes_01_2_220_232_AbdulKahlil_SM_Chemical_Composition_Mayalsian_Plant_Fibers
http://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/BioRes_01_2_220_232_AbdulKahlil_SM_Chemical_Composition_Mayalsian_Plant_Fibers
http://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/BioRes_01_2_220_232_AbdulKahlil_SM_Chemical_Composition_Mayalsian_Plant_Fibers
http://www.actahort.org/books/820/820_44.htm
http://www.actahort.org/books/820/820_44.htm
http://www.ncbi.nlm.nih.gov/pubmed/17046614
http://www.ncbi.nlm.nih.gov/pubmed/17046614
http://css.cals.cornell.edu/extension/upload/Vol16No1A3.pdf
http://css.cals.cornell.edu/extension/upload/Vol16No1A3.pdf
http://css.cals.cornell.edu/extension/upload/Vol16No1A3.pdf
http://eprints.nmlindia.org/1701/
http://eprints.nmlindia.org/1701/
http://pubs.aic.ca/doi/abs/10.4141/cjss89-024
http://pubs.aic.ca/doi/abs/10.4141/cjss89-024
http://pubs.aic.ca/doi/abs/10.4141/cjss89-024
http://www.ncbi.nlm.nih.gov/pubmed/16386896
http://www.ncbi.nlm.nih.gov/pubmed/16386896
http://www.ncbi.nlm.nih.gov/pubmed/16386896
http://caod.oriprobe.com/articles/10616966/Orthogonal_Process_Study_of_Potassium_Extraction_by_Combined_Acid_Leac.htm
http://caod.oriprobe.com/articles/10616966/Orthogonal_Process_Study_of_Potassium_Extraction_by_Combined_Acid_Leac.htm
http://caod.oriprobe.com/articles/10616966/Orthogonal_Process_Study_of_Potassium_Extraction_by_Combined_Acid_Leac.htm
http://www.sciencedirect.com/science/article/pii/S0144861710000056
http://www.sciencedirect.com/science/article/pii/S0144861710000056
http://www.sciencedirect.com/science/article/pii/S0144861710000056
http://www.sciencedirect.com/science/article/pii/S0308814606007023
http://www.sciencedirect.com/science/article/pii/S0308814606007023
http://www.sciencedirect.com/science/article/pii/S0308814606007023
http://www.sciencedirect.com/science/article/pii/S0308814606007023
http://www.sciencedirect.com/science/article/pii/S0960852405005791
http://www.sciencedirect.com/science/article/pii/S0960852405005791
http://www.sciencedirect.com/science/article/pii/S0960852405005791
http://www.sciencedirect.com/science/article/pii/S0144861709006754
http://www.sciencedirect.com/science/article/pii/S0144861709006754
http://www.sciencedirect.com/science/article/pii/S0144861709006754
http://link.springer.com/article/10.1007/s10570-007-9118-z
http://link.springer.com/article/10.1007/s10570-007-9118-z
http://link.springer.com/article/10.1007/s10570-007-9118-z
http://www.sciencedirect.com/science/article/pii/S0926669003001055
http://www.sciencedirect.com/science/article/pii/S0926669003001055
http://www.sciencedirect.com/science/article/pii/S0926669003001055
http://www.sciencedirect.com/science/article/pii/S0144861705003176
http://www.sciencedirect.com/science/article/pii/S0144861705003176
http://www.sciencedirect.com/science/article/pii/S0144861705003176
http://www.sciencedirect.com/science/article/pii/S0144861704004023
http://www.sciencedirect.com/science/article/pii/S0144861704004023
http://www.sciencedirect.com/science/article/pii/S0144861704004023
http://www.sciencedirect.com/science/article/pii/S014486171000144X
http://www.sciencedirect.com/science/article/pii/S014486171000144X
http://www.sciencedirect.com/science/article/pii/S0304389402000171
http://www.sciencedirect.com/science/article/pii/S0304389402000171
http://www.ncbi.nlm.nih.gov/pubmed/12578193
http://www.ncbi.nlm.nih.gov/pubmed/12578193
http://www.sciencedirect.com/science/article/pii/S0304389408001829
http://www.sciencedirect.com/science/article/pii/S0304389408001829
http://www.sciencedirect.com/science/article/pii/S0304389408001829
http://www.sciencedirect.com/science/article/pii/096085249400123I
http://www.sciencedirect.com/science/article/pii/096085249400123I
http://pubs.acs.org/doi/abs/10.1021/ie101499e
http://pubs.acs.org/doi/abs/10.1021/ie101499e
http://pubs.acs.org/doi/abs/10.1021/ie101499e
http://pubs.acs.org/doi/abs/10.1021/ie101499e
http://www.sciencedirect.com/science/article/pii/0960852495001778
http://www.sciencedirect.com/science/article/pii/0960852495001778
http://www.sciencedirect.com/science/article/pii/0141460786900867
http://www.sciencedirect.com/science/article/pii/0141460786900867
http://www.sciencedirect.com/science/article/pii/S136403210900241X
http://www.sciencedirect.com/science/article/pii/S136403210900241X
http://www.sciencedirect.com/science/article/pii/S136403210900241X
https://www.jstage.jst.go.jp/article/analsci/26/1/26_1_111/_article
https://www.jstage.jst.go.jp/article/analsci/26/1/26_1_111/_article
https://www.jstage.jst.go.jp/article/analsci/26/1/26_1_111/_article
http://www.researchgate.net/publication/229323940_Modeling_the_effects_of_adsorbent_dose_and_particle_size_on_the_adsorption_of_reactive_textile_dyes_by_fly_ash
http://www.researchgate.net/publication/229323940_Modeling_the_effects_of_adsorbent_dose_and_particle_size_on_the_adsorption_of_reactive_textile_dyes_by_fly_ash
http://www.researchgate.net/publication/229323940_Modeling_the_effects_of_adsorbent_dose_and_particle_size_on_the_adsorption_of_reactive_textile_dyes_by_fly_ash
http://journals.tums.ac.ir/abs.aspx?org_id=59&culture_var=en&journal_id=13&issue_id=1781&manuscript_id=15145&segment=en
http://journals.tums.ac.ir/abs.aspx?org_id=59&culture_var=en&journal_id=13&issue_id=1781&manuscript_id=15145&segment=en
http://journals.tums.ac.ir/abs.aspx?org_id=59&culture_var=en&journal_id=13&issue_id=1781&manuscript_id=15145&segment=en
http://journals.tums.ac.ir/abs.aspx?org_id=59&culture_var=en&journal_id=13&issue_id=1781&manuscript_id=15145&segment=en
http://link.springer.com/article/10.1007/s00253-009-1874-2
http://link.springer.com/article/10.1007/s00253-009-1874-2
http://link.springer.com/article/10.1007/s00253-009-1874-2

	Title
	Corresponding authors
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Materials and methods 
	Experimental procedure 
	Experimental design and data analysis 

	Results and Discussion 
	Conclusions
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1
	Figure 2
	References

