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Abstract. The purpose of this report is to investigate some factors affecting extraction of 

chlorophyll from mulberry leaves (Morus alba). In the three (3) types of solvents used (acetone, 

ethanol, and methanol), 90% acetone was the appropriate solvent to extract chlorophyll from 

mulberry leaves giving a total chlorophyll concentration of 0.341%, in which chlorophyll 

achieved a concentration of 63%. Some factors such as temperature, material/solvent ratio, 

extraction time were also investigated. This survey was studied for optimum use a Box-Wilson 

central composite design consisting of 03 independent variables (temperature, 

materials/solvent ratio and extraction time) and two dependent variables (total chlorophyll and 

chlorophyll a ratio. Second-order polynomial equations were obtained for the responses, which 

fitted well with the experimental data. Select the optimal conditions are T=26.75 ºC, material/ 
solvent ratio 12.67 %, τ = 24.3 h. Optimal results are found out conditions to obtain the highest 

chlorophyll total (Y1(opt) = 0.354%) while chlorophyll a ratio at the desired concentration Y2 > 

60%. 

1.  Introduction 
Chlorophyll present in the chloroplasts of plants and accountable for the color of leaves. It plays the 

most important role in the photosynthesis which takes place in the leaves of plants and algae. The 

photosynthetic process uses the light energy to convert CO2 from the atmosphere to carbohydrates and 

O2 [1,2]. The evolution process takes place in the two following steps: (i) the chlorophyll molecules 
absorb energy from light; (ii) this energy is transfer to the chloroplasts and is used to convert CO2 into 

carbohydrate. The overall reaction for photosynthesis is: 

6CO2 + 6H2O + hν  C6H12O6 + 6O2 
This overall chemical equation for photosynthesis is deceptively simple.  However, a series of 

complex reactions must occur in a coordinated manner for the synthesis of carbohydrates. To produce 
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a sucrose molecule, C6H12O6, plants require about 30 distinct proteins that work within a complicated 

membrane structure. 

Chlorophyll, known as an antioxidant compound, has been found in plants including their green 

leaves, stems, flowers and roots [3]. In medicine, chlorophyll is used as nutritional approaches in 
blood sugar reduction, detoxification, digestion, excretion and lowering of allergens. It is also used as 

a green pigment because its nontoxicity for humans and superiority in hygiene, which compared to 

artificial synthetic pigment. Therefore, worldwide research focus has shifted to the investigation of 
extraction of pigment groups from cheap natural materials and the use of by-products to collect 

pigment groups.  

White Mulberry (Morus alba L., Moraceae) is derived from China and widely cultivated in 

subtropical and temperate regions of the world (including Vietnam). Their leaves are used as food for 
silkworm and cattle, and their fruits are used as supplemental food for human and poultry. In addition, 

mulberry was known as a famous medicinal plant in traditional medicine because of their antibacterial, 

anti-inflammatory, antidiarrheal, anti-inflammatory, and anti-oxidant properties [4,5]. The studies by 
Flaczyk and his workers show that mulberry leaves contain not only valuable phenolic, flavonoids 

compounds but also high levels of chlorophyll [6]. Vietnam has a long-established tradition of 

growing mulberry in relatively large quantity [7]. Therefore, using mulberry leaves to extract 
chlorophyll will bring the best quality and efficiency in comparison with the use of other types of leaf.  

In this paper, we investigate some factors affecting the extraction of chlorophyll from mulberry 

leaves (Morus alba) in order to develop a highly efficient chlorophyll extraction process. Moreover, 

input factors affecting the efficient chlorophyll extraction process conducted using response surface 
methodology (RSM) were also investigated. 

2.  Materials and methods 

2.1.  Materials 
Mulberry leaves were purchased at Viet Hung sericulture research station, Vietnam Sericulture 

Research Center, Vu Thu district, Thai Binh province. 

2.2.  Methods 

Method of preliminary processing of raw material samples: material leaves, after rinsing gently under 
tap water, were soaked with distilled water to remove dirt and other water-insoluble impurities. After 

that, the materials were retrieved and drained completely. Chlorophyll extraction was performed with 

a solvent to prevent aging, causing chlorophyll loss in the material. 

2.2.1.  Sample preservation method. Raw materials were wrapped in silver foil, put in a PE plastic bag, 

which was then vacuumed and stored in the dark at -18 ºC to prevent chlorophyll from being destroyed. 

Frozen samples were kept for 7 days prior to the analysis. 

2.2.2.  Sample processing. During the sample processing, silver foil was used to wrap the extraction 

container to minimize the loss of chlorophyll. The equipment and tools were cleaned with acetone by 

acetone-distilled water to ensure stable chlorophyll concentrations between the experiments. 

Estimation of chlorophyll content: The chlorophyll content in leaves was estimated in accordance 
with US standards SERAS-SOP. 2030, Lichtenthaler, H.K [8–10], chlorophyll is extracted in 80% 

acetone and the absorption at 663 nm and 645 nm are measured by a spectrophotometer. The amount 

of chlorophyll is calculated using the absorption coefficients. 
The sample of the leaf was finely cut and mixed; 1g of tissue was weighed and ground to a fine 

pulp with the addition of 20 ml of 80% acetone. This solution was centrifuged at 5000 rpm for 5 

minutes and the supernatant was transferred to a 100-ml volumetric flask. The procedure was repeated 
until the residue becomes colorless. The mortar and pestle were washed thoroughly with 80% acetone 

and clear washings were collected in the volumetric flask. This was made to 100 ml with 80% acetone. 
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This absorbance was recorded at 645, 663 and 652 nm against the solvent (80% acetone) blank. The 

amount of chlorophyll present in the extract mg chlorophyll per g tissue was calculated using the 

following equations: 

                [     (    )–       (    )] 
 

      
        (1) 

                [     (    )–       (    )] 
 

     
       (2) 

                    [     (    )       (    )] 
 

     
       (3) 

Chla ratio (%)= (% chla/ total chl) * 100%      (4) 

where, A is absorbance at specific wavelength, V is final volume of chlorophyll extract 80% acetone, 

and W is fresh weight of tissue extracted.  

2.2.3.  Method of chlorophyll extraction in laboratory. 100 g of raw materials put into the blender 

(manufactured by Philips) and milled within 1–2 minutes until the ingredients are finely ground. After 

that, the milling solution is poured into a dark-colored glass bottle of 1000 ml, followed by addition of 
solvent (acetone, methanol, ethanol) to reach a volume of 1000 ml. The concentration of solvents for 

each experiment ranged from 70 to 100%. Glass bottles were enclosed by silver foil and kept under 

dark conditions at -4 ºC for appropriate duration (16–24 h) for each experiment. Subsequently, the 
sample was filtered and centrifuged at 6000 rpm for 10 minutes. Supernatant were recovered for use in 

the following experimental steps. 

2.2.4.  Statistical Procedures. Response surface methodology, in particular, the Box-Wilson central 

composite design [8] was employed to estimate the effect of 3 reaction parameters (temperature, 
materials/solvent ratio, extraction time) on chlorophyll total output and Chla ratio. Procedures for the 

construction of the 15 orthogonal design matrix, for the mathematical-statistical treatments, and for the 

determination of optimal conditions followed instructions described by Pham Hong Hai [11]. 
Regression validation was performed using the Student t-test and the Fisher F-test. 

3.  Results and discussion 

3.1.  Effects of type and percentage of solvent on chlorophyll content 

Table 1 and Figure 1 showed the extracted chlorophyll content (%) from mulberry leaves (Morus alba) 
by different solvents and at different concentrations. The ratio of chlorophyll a to total chlorophyll also 

evaluated. The results of Table 1 and Figure 1 showed that methanol, acetone and ethanol are suitable 

solvents for the extraction of chlorophyll. The chlorophyll content of mulberry leaves ranges from 
0.241 to 0.341% with different solvents (methanol, acetone and ethanol). 

Based on the results obtained, it can be said that chlorophyll a (Chla), chlorophyll b (Chlb), total 

chlorophyll concentrations and Chla ratio vary with the solvent used and corresponding concentrations. 
Acetone 90% is the solvent that induced the highest total chlorophyll, achieving 0.341% compared to 

that of Chla of 63.3%. This result is in line with works of other authors such as Karsten et al. [12], 

who successfully used 90% acetone to extract chlorophyll in algae, and Ronen et al., [13], who also 

used 90% acetone to extract chlorophyll under conditions of cold and dim light. 
Among the three solvents, acetone and methanol gave balanced results of Chla ratio, ranging 

between 56 and 62%, while ethanol achieved the highest Chla ratio (64–65%). According to some 

previous studies [14,15], the chlorophyllase enzyme still retains its active fraction at different 
concentrations of solvents that cause chlorophyll to be converted to other isomers. On the other hand, 

the activity of chlorophyll b reductase also converts chlorophyll b into chlorophyll. It is possible that 

the activity of these two enzymes during extraction (immersion, sample milling, extraction by solvents 
at different concentrations) has led the difference in the amount and percentage of obtained 

chlorophyll. 
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Table 1. Effects of different types of solvent on chlorophyll a, b and total chlorophyll. 

Solvent Symbol Chla (%) Chlb (%) Chlorophyll total (%) Chla ratio (%) 

Acetone 

Ac70 0.151 0.107 0.258 58.471 

Ac80 0.157 0.109 0.266 58.959 

Ac90 0.216 0.125 0.341 63.373 

Ac100 0.154 0.114 0.268 57.395 

Ethanol 

Et70 0.154 0.117 0.271 56.825 

Et80 0.177 0.093 0.270 65.591 

Et90 0.194 0.096 0.290 66.874 

Et100 0.166 0.122 0.288 57.647 

Methanol 

Me70 0.145 0.149 0.294 49.366 

Me80 0.138 0.132 0.270 51.058 

Me90 0.151 0.095 0.246 61.556 

Me100 0.143 0.098 0.241 59.301 

 

 

Figure 1. Effects of type and percentage of solvent on the extraction of chlorophyll 

from mulberry leaves. 

3.2.  Effects of temperature on chlorophyll extraction process 

The following experiments were performed with the selected solvent of 90% acetone. Temperature 

also affects the chlorophyll extraction process. Leaching process was carried out at different 
conditions of temperature ranging from 20 to 40 ºC. The results are shown in Table 2 and Figure 2. 

Increasing temperature promotes chlorophyll extraction process from the material. However, in this 

case, due to the extreme sensitivity to heat of chlorophyll, chlorophyll is converted into a new 

compound-pheophytin (dark olive), reducing the amount of chlorophyll in the material. Therefore, 
when the temperature exceeds 35 ºC, the chlorophyll content and the chla ratio decrease and achieves 

48.87% at 40 ºC. 
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Table 2. Effects of different conditions of temperature on chlorophyll a, b and total 

chlorophyll. 

Temp Chla (%) Chlb (%) Chlorophyll total (%) Chla ratio (%) 

10 0.120 0.104 0.224 53.439 

20 0.137 0.103 0.240 56.893 

25 0.216 0.125 0.341 63.373 

30 0.207 0.128 0.335 61.782 

35 0.179 0.126 0.305 58.749 

40 0.119 0.125 0.244 48.870 

 

 

Figure 2. Effects of different conditions of temperature on the extraction of chlorophyll 
from mulberry leaves. 

3.3.  Effects of solvent/materials ratio on chlorophyll contents  
The appropriate solvent/material ratio for the chlorophyll extraction process also determined. We 

carried out 5 extraction trials using 90% acetone with the ratio of 5%, 10%, 15%, 20% and 25% (v/w). 

The results are shown in Table 3 and Figure 3. Based on the results of statistical analysis (Table 3 and 
Figure 3), it is revealed that the ratio of solvent/material has a significant effect on the chlorophyll 

extraction efficiency. The ratio of 5% and 10% gave the highest extraction efficiency of, 0.341 and 

0.340%, respectively, in which chla ratio was 63.3% and 60.7%. When increasing the material to 15, 
20, 25%, the extraction efficiency decreases gradually. The cause of this change is due to the 

insufficiency of solvent for the full dissolution and extraction of chlorophyll from the cell. Therefore, 

when increasing the amount of acetone, the chlorophyll content increases considerably which also, in 

turn, improve its antioxidant activity. 
However, given that the chlorophyll content in the mulberry leaves is constant, the excessive 

solvent could cause a balance between phases, resulting in the impairment of chlorophyll extraction 

efficiency. Therefore, we selected the appropriate material/solvent ratio of 10% in subsequent analyses.  
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Figure 3. Effects of solvent/material ratio on the extraction of chlorophyll from mulberry 
leaves. 

 

Table 3. Effects of different solvent/materials ratio on chlorophyll a, b and total 

chlorophyll. 

Ratio Chla (%) Chlb (%) Chlorophyll total (%) Chla ratio (%) 

5% 0.216 0.125 0.341 63.373 

10% 0.207 0.133 0.340 60.752 

15% 0.126 0.087 0.214 59.066 

20% 0.093 0.081 0.175 53.356 

25% 0.086 0.078 0.164 52.488 
 

3.4.  Effects of the extraction time on chlorophyll contents  

The immersion duration of the material in the solvent also investigated. Visually, the effect of the 

extraction time on chlorophyll content fluctuated. The results are shown in Table 4 and Figure 4. 
Based on the results in Table 4 and Figure 4, the amount of chlorophyll obtained ranged from 0.214% 

to 0.341%. The chlorophyll content and chla ratio attained the maximum level of 34.1% and 63.3%, 

respectively, at 24 h; At 0 h, the chlorophyll content was lowest (21.4%). For chla ratio, the lowest 
point (52.5%) was reached at 36 h. 

 

Table 4. Effects of the extraction time on chlorophyll a, b and total chlorophyll. 

Time Chla (%) Chlb (%) Chlorophyll total (%) Chla ratio (%) 

0h 0.120 0.093 0.214 56.256 

6h 0.135 0.089 0.224 60.357 

12h 0.152 0.099 0.251 60.632 

18h 0.186 0.118 0.304 61.268 

24h 0.216 0.125 0.341 63.373 

30h 0.168 0.111 0.278 60.167 

36h 0.143 0.129 0.273 52.579 
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Figure 4. Effects of the extraction time on the extraction of chlorophyll from 

mulberry leaves. 

3.5.  Optimization and experimental planning 

Response Surface Methodology was chosen to optimize the chlorophyll extraction process from the 

mulberry leaves. Based on our prior experiments, 03 reaction parameters, including temperature (X1), 
materials/solvent ratio (X2), reaction time (X3), were chosen as independent variables for the design of 

experiments (Table 5) because of their observed effects on the outcome of the process. The outcome 

(concentration) of total chlorophyll (Y1, %) and Chla ratio (Y2, %) were chosen as dependent 

variables. For statistical calculations, the variables Xi were coded as xi according to Equation (5): 

)/()( jii xxXx 
   (i = 1, 2, 3…., k)                                             (5) 

where xi is the dimensionless value of an independent variable, Xi is the real value of an independent 

variable, 
ix
 is the real value of the independent variable at the center point and xj is a step change. 

 

Table 5. Real values of the independent variables at their corresponding levels in the design. 

 Variables 

Variable range 

(Δ) 
Coded levels 

-α -1 0 +1 + α 

 T, 
0
C (X1) 5 18.9 20 25 30 31.1 

Material/ solvent ratio, (%) (X2) 5 3.9 5 10 15 16.1 

t, h (X3) 6 16.7 18 24 30 31.3 
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Table 6. Design matrix and experimental results. 

No. Real variable Code variable Objective function 

 X1 X2 X3 X1
’ 

X2
’ 

X3
’ 

Y1(%) Y2 (%) 

1 20 5 18 -1 -1 -1 0.182 52.458 

2 30 5 18 +1 -1 -1 0.202 54.398 

3 20 15 18 -1 +1 -1 0.215 55.768 

4 30 15 18 +1 +1 -1 0.268 58.837 

5 20 5 30 -1 -1 +1 0.199 53.285 

6 30 5 30 +1 -1 +1 0.264 57.981 

7 20 15 30 -1 +1 +1 0.270 59.643 

8 30 15 30 +1 +1 +1 0.338 62.813 

9 18.9 10 24 -1.215 0 0 0.241 56.893 

10 31.1 10 24 +1.215 0 0 0.326 60.664 

11 25 3.9 24 0 -1.215 0 0.257 57.312 

12 25 16.1 24 0 +1.215 0 0.341 63.343 

13 25 10 16.7 0 0 -1.215 0.279 60.632 

14 25 10 31.3 0 0 +1.215 0.331 62.116 

15 25 10 24 0 0 0 0.327 62.561 

 
The experimental matrix consisted of 15 experiments with a coefficient of α = 1.215; this model 

was built on the Design expert 7.0 software as described by Pham Hong Hai [11]. We use Design 

Expert 7.0 software to process the data in Table 6 and get results below: 

Y1 = 0.34 + 0.028    + 0.032    + 0.024    – 0.04   
  – 0.03   

  – 0.025   
                (6) 

where, R-Squared = 0.9852 and Adj-R-Squared = 0.9585 

Y2 = 62.99 + 1.59    + 2.40    + 1.28    – 2.95   
  – 1.90   

  – 1.19   
                     (7) 

where, R-Squared = 0.9824 and Adj-R-Squared = 0.9506. 

Using algorithms FLEXIPLEX of the nonlinear plan in the original values of the initial value of 

variable, we select the optimal conditions are   
   

 = 0.35,   
   

=0,533 and   
   

= 0.048 corresponding 

to the values of T=26,75
o
C, materials/solvent ratio of 12.67 %, τ = 24.3 h. Optimal conditions are 

found out to obtain the highest chlorophyll total (Y1(opt) = 0.354%) while chlorophyll a ratio at the 

desired concentration Y2 > 60%. 

4.  Conclusions  
The results of the research on some factors affecting the extraction of chlorophyll from mulberry 

leaves (Morus alba) indicated that 90% acetone is a suitable solvent for the chlorophyll extraction 

process. We selected the chlorophyll extraction temperature of 25 ºC, the appropriate material / 
solvent ratio of 5–10% and the extraction time of 24 h. Applied Design Expert methods to find a 

mathematical model of the process consists of 2 objective functions. Select the optimal conditions are 

T = 26.75 
o
C, materials/solvent ratio 12.67 %, τ = 24.3 h. Optimal results are found out conditions to 

obtain the highest chlorophyll total (Y1(opt) = 0.354%) while chlorophyll a ration at the desired 
concentration Y2 > 60%. 
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