
682 
Advances in Natural and Applied Sciences, 6(5): 682-686, 2012 
ISSN 1995-0772    
 
This is a refereed journal and all articles are professionally screened and reviewed 
 

ORIGINAL ARTICLE 
 

Corresponding Author: Parveen Jamal, Bioenvironmental Engineering Research Centre, Department of Biotechnology Engineering, 
Faculty of Engineering, International Islamic University Malaysia, P.O. Box 10, 50728, Kuala Lumpur, 
Malaysia. 

  E-mail: jparveen@iium.edu.my 

Development of Process Conditions to Optimize the Extraction of Bio-Disinfectant from 
Neem Leaf (Azadirachta Indica) 
 
1Parveen Jamal, 2Abdullah Al-Mamun, 3Wan Dalila Wan Chik, 4Ir. Zaki Zainuddin, 5M. E. S. 
Mirghani 
 

1,2,4,5Bioenvironmental Engineering Research Centre, Department of Biotechnology Engineering, Faculty of 
Engineering, International Islamic University Malaysia, Malaysia. 
1,3,5Bioprocess and Molecular Engineering Research Unit, Department of Biotechnology Engineering, Faculty 
of Engineering, International Islamic University Malaysia, Malaysia. 
 

Parveen Jamal, Abdullah Al-Mamun, Wan Dalila Wan Chik, Ir. Zaki Zainuddin, M. E. S. Mirghani: 
Development of Process Conditions to Optimize the Extraction of Bio-Disinfectant from Neem Leaf 
(Azadirachta Indica) 

 
ABSTRACT 
 
 Central composite design (CCD) under Response surface methodology (RSM) was used in the present 
study to optimize the extraction parameters for assessing, maximum yield of bio-disinfectant content from Neem 
leaves extract (NLE). The range of the independent variables, namely solid-solvents ratio (0.05-0.1 w/v), 
extraction time (1-5 hrs), agitation speed (50-250 rpm) and extraction temperature (35-60 °C) were identified by 
a first set of four factors and five levels experiments. The optimum conditions for extraction of bio-disinfectant 
content from NLE were found to be at 75% ethanol with solid solvent ratio 0.067, extraction time 3 hrs, 
agitation speed 150 rpm and extraction temperature 60 °C. Under these optimized conditions, the maximum 
activity for bio-disinfectant yield was obtained, which showed 5.57 cm2 inhibition zones for anti-microbial 
assay. The experimental result was in close agreement with predicted values, thus indicating the suitability of 
the models developed and the success of RSM in optimizing the extraction conditions. 
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Introduction 
 
 Disinfectants are required to treat domestic sewage, clinical wastes, and poultry wastes (Nielsen, 2006). In 
addition, the presence of E. coli in water for instance, is a strong indication of recent sewage or animal waste 
contamination. Bacterium E. coli is an emerging cause of waterborne illness (US EPA, 2006). Various types of 
disinfectants and disinfecting methods are being applied to make water not only safe for usages but also free 
from any short or long-term side effects (Brady, 1997). The ideal disinfectant would offer complete sterilization, 
without harming other forms of life, be inexpensive and non-corrosive. Unfortunately ideal disinfectants do not 
exist. Chlorine (Cl2), for instance, has been widely used throughout the world as a chemical disinfectant, serving 
as the principal barrier to microbial contaminants in drinking-water (Amy, 2000). The noteworthy biocide 
attributes of chlorine have been somewhat offset by the formation of disinfectant by-products (DBPs) during the 
chlorination process. As consequences, alternative chemical disinfectants, such as ozone (O3), chlorine dioxide 
(ClO2) and ultra violet (UV) rays are increasingly being used. However, each has been shown to form its own 
set of DBPs (Fawell et. al, 2000). Therefore, there is always a need to search for a safe disinfectant, which will 
not produce any hazardous by-products. Neem (Azadirachta indica) plant has been used extensively in Asian 
and African subcontinents mainly to tap its medicinal and agrochemical properties since ancient times (Millar, 
2005). It has been identified as a good source of the principal bioactive components, responsible for the 
insecticidal properties of the tree (National Research Council, 1992). Furthermore, it is also considered to be the 
safest biopesticide among all available plant or microbial insecticides. It is neither toxic nor does it has any 
mutagenic properties (Mitchell et al., 2001, Millar, 2005). Besides containing long known bactericidal traits, it 
also seems to have anti-inflammatory, astringent, anti-septic, anti-ulcer, anti-viral, anti-hyperglycaemia and 
immunostimulant properties (Romming, 1999). Therefore, this project had selected Neem leaves as an initiative 
to study the plant based disinfectant for water and wastewater treatment.  It is expected that the ingredient would 
be effective, safe, environmental friendly, biodegradable and non-carcinogenic.  
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Methodology: 
 
Sample Preparation: 
 
 Neem leaves were collected from Taman Melati, Gombak. The better leaves were selected and washed with 
distilled water before use. The leaves were dried in the oven at 40ºC-50ºC, which were then grinded by using a 
grinder machine. The grinded leaves were then put through a sieve to obtain a size of 2.0 mm, 1.0mm and then 
0.5mm.  
 
Screening of extraction solvents: 
 
 In screening process, Neem leaves were extracted using three different solvents which were acetone, 
ethanol, and distilled water. The extractions were carried out in closed shake flasks with constants 1:10 solid-
solvent ratio at 35 oC by shaking at 150 rpm for 3 hours. Each extraction was carried out in triplicates. Then, the 
extracts were filtered using Whatman No.1 filter paper and concentrated in a water bath at 56.3 ºC (acetone), 
78.4 ºC (ethanol) and 100 ºC (distilled water). The best solvent was chosen according to the maximum 
disinfection activity in anti-microbial assay. The selected solvent was used throughout the optimization process.  
 
Anti-Microbial Assay: 
  
 Neem leaves extracts (NLE) were tested towards a selected microorganism, E.coli. The strain was 
inoculated in the LB agar and incubated at 37°C for overnight. Then, one single colony of the E.coli inoculum 
was loaded in 10 mL of LB broth and kept in an incubator shaker at 37 °C and 200 rpm for overnight. About 
200 µL of the E.coli culture was mixed with 300 µL LB broth in centrifuge tube and poured onto the surface of 
LB agar plate. The mixture was spread on the LB agar by using a terile hockey stick. The plate was kept covered 
and dried for 15 minutes. Later, few wells were made on the plate by using sterile pipettes tips. About 40 µL of 
NLE was loaded into the wells and incubated at 37ºC for overnight (Mathabe et al., 2005). The formation of 
inhibition zones surrounding the wells was observed next day and the diameter (cm) of the zone were measured 
and recorded. The extracts that gave the largest diameter was selected and the optimum conditions for extraction 
optimization process recorded. 
 
Design of experiment and Statistical Analysis: 
 
 In this study, design of the experiment and statistical analysis were carried out using statistical software 
Statistica version 7. The optimization was done using central composite design with five factors, i.e. 
temperature, solid concentration, extraction time, agitation rate and solvent concentration at five levels for all 
parameters. The design of the experiment selected was central composite design (CCD) with 28 experiments 
having three centre points. All experiments were conducted in three replicates and mean value was recorded. 
Regression analysis was carried out by statistical tools; ANOVA (analysis of variance), P and T test. The 
average maximum bio-disinfectant production was selected as the dependant variables of response (Y). A second 
order polynomial equation was then fitted to the data by multiple regression procedure. This procedure had been 
used to form an empirical model that associates the response measured, the independent variables, to the 
experimental results.  
 
Results and Discussion  
 
Screening of Extraction Solvents: 
 
 Screening of solvents was carried out to determine the best solvent that produces the maximum amount of 
bio-disinfectant compound from Neem leaves under controlled process conditions. Three solvents, ethanol, 
acetone and distilled water, were used with fixed solvents ratio (w/v), extraction time, temperature and agitation 
speed were maintained for each sample. NLE was tested towards selected microorganism, E.coli. The anti-
microbial assay was meant to identify the effectiveness of NLE as an inhibitor of E.coli growth. Table 1 shows 
the screening results of inhibition zones diameter effects by NLE treatment based on solvents type. NLE 
extracted by 75% ethanol gave the maximum average diameter compared to others with 1.07 cm (after 
eliminating the well diameter (0.60 cm)). In addition, 75% ethanol itself gave no inhibition zone and it is 
strongly believed that the inhibition zone produced by NLE extract in 75% ethanol.Therefore, 75% ethanol was 
selected as the best solvent for NLE optimization process.  
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Table 1: Screening results of inhibition zones diameter based on different types of solvents and its concentration (%). 
Solvents Concentration (%) 

100 75 50 25 
Ethanol 0.83 cm 1.07 cm 0.83 cm 0.43 cm 
Acetone 0.56 cm 0.70 cm 0.50 cm 0.90 cm 

Distilled water 0.13 cm - - - 
Optimization of extraction conditions 

 
 Five most important factors for optimization of extraction conditions, temperature (x1), solid-solvent ratio 
w/v (x2), extraction time (x3) and agitation rate (x4) had been analyzed. Regression analysis was performed on 
the data obtained from the designed experiments. Statistica software was used to generate the second-order 
polynomial regression equation correlating the inhibition area with the independent variables, x1, x2, x3 and x4. 
The generated equation after considering the experimental results is shown below; 
Y (Inhibition area (cm2) = 12.5 - 0.585 x1 + 36.6 x2 - 0.75 x3 + 0.0388 x4 + 0.00506 x1

2 -     
                                           34.1 x2

2 + 0.0507 x3
2 - 0.000034 x4

2 + 0.423 x1*x2 +  
                                           0.0410 x1*x3 + 0.000092 x1*x4 - 6.71 x2*x3 - 0.139 x2*x4 -   
                                           0.00715 x3*x4 

 
where, Y is the predicted value of inhibition area (cm2) produced by NLE towards E.coli culture, and x1, x2, x3 

and x4 are the independent variables, temperature (°C), solid-solvent ratio w/v , extraction time and agitation 
rate, respectively. Table 2 shows the theoretical values along with the observed values of inhibition area (cm2) 
caused by NLE treatment.  
 From the Table 2, it is noted that the maximum yield of bio-disinfectant content in NLE is produced in Run 
19 with the inhibition area of 5.57 cm2. The developed model was then evaluated with regression equation and 
R2 coefficient. The model presented a high determination coefficient (R2 = 0.832) which showed that about 
83.2% of the variables; temperature, solid-solvent ratio, extraction time and agitation rate were considered in the 
response. It was also indicated about 16.8% of the total variation is not explained by the model. The value of the 
adjusted determination coefficient was high with 64.2%, which   indicated a high significance of the model. The 
corresponding analysis of variance (ANOVA) is presented in Table 3. The ANOVA of quadratic regression 
model demonstrates the significance of the model, as evidenced by the Fisher’s F-test with F-value of 4.08 and 
comparatively low probability value [(Pmodel > F) = 0.004]. 
 
Table 2: Experimental and theoretical values of inhibition area of E.coli growth in response to NLE treatment. 

Run Temperature (°C) Solid-Solvent 
ratio (w/v) 

Time 
(hr) 

Agitation Rate 
(rpm) 

Inhibition Area (cm2) 
Theoretical Experimental 

1 35 0.100 2 100 4.25 4.75 
2 35 0.100 2 200 4.65 4.63 
3 35 0.100 4 100 3.50 3.28 
4 35 0.100 4 200 2.43 2.86 
5 35 0.050 2 100 3.35 3.52 
6 35 0.050 2 200 4.40 4.63 
7 35 0.050 4 100 3.22 3.42 
8 35 0.050 4 200 2.85 2.86 
9 55 0.100 2 100 4.37 4.51 

10 55 0.100 4 200 4.33 4.36 
11 55 0.050 2 100 3.00 2.77 
12 55 0.050 2 100 2.76 2.77 
13 55 0.050 2 200 4.24 4.36 
14 55 0.050 4 200 4.33 3.77 
15 30 0.067 3 150 4.05 3.38 
16 50 0.067 3 150 3.61 3.76 
17 55 0.067 3 150 4.02 4.12 
18 60 0.067 3 150 5.12 4.90 
19 60 0.067 3 150 5.12 5.57 
20 45 0.200 3 150 4.18 4.13 
21 45 0.040 3 150 3.15 3.87 
22 45 0.067 1 150 3.90 3.88 
23 45 0.067 5 150 3.42 3.52 
24 45 0.067 3 50 2.91 2.86 
25 45 0.067 3 250 3.30 3.28 

26 (C) 45 0.067 3 150 3.45 3.52 
27 (C) 45 0.067 3 150 3.45 2.95 
28 (C) 45 0.067 3 150 3.45 3.05 

 

 The t-distribution and the corresponding p-values along with the second order polynomial coefficients of 
the experimental design were evaluated using Statistica software. The t-value and probability value (p-value) 
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serves as a tool to check the significance of each coefficient. The variables with low probability levels help in 
developing the model whereas the others were neglected and eliminated from the model. The larger magnitude 
of t-test value and smaller p-value indicates the high significance of the corresponding coefficient (Karthikeyan 
et al, 1996). Significance of coefficients has been reported to be directly proportional to t-value and inversely to 
p-value (Akhnazarova and Kafarov, 1982). In this analysis, p-value suggests that the coefficients for linear 
effect of solid-solvent ratio (x2), extraction time (x3) and agitation rate (x4) were not favorable as these factors 
had p-value higher than 0.05. However, only temperature (x1) was favorable with p-value of 0.001. The 
coefficient of interactive effect of temperature and extraction time (x1x3) had a value of 0.019, which indicated 
that the interaction was significant. The significant of quadratic effect of temperature and extraction time 
showed the importance of temperature and extraction time in obtaining the desired bio-disinfectant content. 
Thus, alteration of temperature by maintaining extraction time was chosen for validation. Moreover, x1

2 with p-
value of 0.003 indicated that it can be a limiting factors and even small variation in its values will alter the total 
bio-disinfectant content (Adinarayana et al, 2003).  
 
Table 3: ANOVA analysis for selected quadratic model. 

Source Degree of Freedom Sum of Squares Mean Squares F-value P>F 
Regression 14 11.8386 0.8456 4.08 0.004 

Residual Error 13 2.69690 0.2075   
Total 27 14.5355    

S = 45.54   R-Sq = 83.2%   R-Sq (adj) = 64.2% 

   
 According to Rajamanickam (2005), temperature should be at 50°C during extraction with ethanol, in order 
to obtain high yield of extracts without harming the bioactive compound. He also reported that the extraction 
should take longer time to ensure a complete extraction. This had supported our experimental results that also 
proved that extraction time plays an important role in producing high yield of bio-disinfectant content. 
Moreover, Sharma and Bhattacharyya (2005) suggested that NLE was highly sensitive with high rotational 
speed. The cells grown in Neem leaves showed comparatively lesser damage caused by the shear stress. 
Therefore, it is strongly believed that optimum agitation rate and extraction time gives high yield of bio-
disinfectant compound presents in NLE. It was also proved by the 3D response surface as shown in Fig. 1.   
 

 
 
Fig. 1: 3D Response surface showing the effect of extraction time (hour) and agitation rate (rpm) on inhibition 

zone. 
 
 The 3D response surface is the graphical representation of the regression equation in order to determine the 
optimum values of the variables (Tanyildizi et al., 2004). The main goal of surface response is to determine the 
optimum values of variables that gives the maximum response -yield (Tanyildizi et al., 2004). The contour 
curve represents an infinitive number of combination of two test variables with the other three maintained at 
their respective zero level. The maximum predicted value is indicated by surface confined in the smallest ellipse 
in the contour diagram. Elliptical contours are obtained when there is a perfect interaction between the 
independent variables (Muralidhar et al, 2001). The surface plot indicated that the optimal conditions to obtain 
high amount of bio-disinfectant compound from NLE was at agitation rate of 150 rpm and 3 hours of extraction 
time. As the extraction time increases and agitation rate decreases, total bio-disinfectant content is improved. 
This observation is significant according to previous reports also (Buchanan et al. 2000; Rajamanickam, 2005), 
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where leaves were soaked in the solvent and kept for a few days without shaking it. However, if there is time 
constrain, extraction with suitable agitation rate is preferable in producing high extraction yield. 
 
Conclusion: 
 
 The proposed material and methods in this project proved that 75% ethanol is the best solvent in obtaining 
high yield of disinfectant from NLE. It is also proved that NLE possessed disinfection properties against E.coli 
on agar plate. However, further studies will be required to purify and determine the suitability of the extract for 
application in water in future. Since Malaysia is rich with herbs and green plants, there will not be any problem 
in findings Neem plant as a source of disinfectant agents. By the optimization process of extraction parameters, 
the production of disinfectant compound will be enhanced and simultaneously optimum yield will be obtained. 
The lab scale studies on disinfectant compound from plant-based extraction, will offer the basis in scaling up the 
potential process for production of disinfectant for water and wastewater treatment in future research.  
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