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 BSTRACT  
Abstract.This research aims to develop the enzymatically of bay leaves phytochemical extraction process. The novelty and the 
main innovations of this research is the development of extraction process by using enzymatic extractor and isolate the enzymes 
from rumen liquid to shift the equilibrium phase, increase the extraction rate and increase the extraction yield. The activity of 
rumen liquid enzyme was represented by the activity of cellulase and protease. The analyze of total flavonoid content was 
performed by using UV-Vis Spectrofometry. The activity of immobilized enzyme of cellulase (0.080.00 U/ml) was lower than 
the un-immobilized one (0.230.00 U/ml). However, there was no difference activity of the immobilized (0.750.00 U/ml) and 
un-immobilized (0.760.01 U/ml) of protease. The model of mass transfer of un-immobilized enzyme can be fitted on the 
experimental data, however the model of mass transfer of immobilized enzyme did not match with the experimental data. The 
mass transfer coefficient of enzymatic extraction flavonoids bay leaf without immobilization was 0.17167 s-1 which greater than 
the reported value of obtained KLa from extraction by using electric heating. 
 
Keywords: bay leaf; rumen liquid; enzymatic hydrolysis-extraction; enzyme immobilization; alginate matrices 
  

INTRODUCTION 
Recently, antimicrobial properties from herbal and spice ingredients gained scientific community’s attentation. 

Simultaneously, consumers are also demanding food with a long shelf life and are free from the risk that can cause 
food borne illness. Therefore, future food industry will progressively replace chemical preservatives and adopt 
natural preservatives regarding to safety from the microbes. One of the possible strategies is a bioactive 
phytochemical compounds based on localization spices. Antimicrobial activity of herbal spices are commonly used 
like bay leaves, became the basis of a variety of applications in preservation of raw food materials and food 
ingredients, pharmaceuticals, alternative medicine and natural therapies. 

Qualitative phytochemical analysis of bay leaf spice indicated many components of alkaloids, cumarin, 
flavonoids, saponins, terpenes, and tannins. These components are relatively high and may apply as antimicrobials. 
Extraction of antimicrobial components from several sources has been studied by several researchers. This 
extraction process is generally carried out using methanol, ethanol or petroleum ether. However, the efficiency is 
relatively low because the process reached a natural limit (equilibrium phase) since the extraction rate cannot be 
increased anymore. In addition, most bioactive phytochemical compounds have run into thermal degradation due to 
the extraction process. Enzymatic extraction technique is a promising and prospective technology because it can 
shift the equilibrium phase to degrade the structure of plant cell walls. The degradation of cell walls will be followed 
by the solute extraction [1], [2].  

Enzymatic extraction from several sources has been studied by several researchers. Pectin was extracted from 
mandarin orange peel by using enzymes which derived from Aspergillus aculeatus [3]. The results showed that the 
extracted pectin content can achieve 21.3 % (w/w). Meanwhile, extracted pectin from pumpkin by using a complex 
enzyme which derived from Aspergillus owamori obtained the yield of pectin at 14 % withdextrose equivalent (DE) 
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of 53 %. These results were higher than the use of enymes from Basillus macerans and Trichordema viride. 
Complex enzymes contained on Aspergillus owamori are cellulose, xylanase, -glucosidase, endopolygalacturonase 
and pectinesterase [4]. Extracted dioscorin from yam by using cellulase isolated from bovine rumen liquid indicated 
highly prospective of free dioscorin of yam composite flour for noodle making [5]. More over, rumen liquid was 
also applied on green vanilla pods curing in order to degrade the tissue of vanilla green pods. This application can 
avoid the curing process on vanillin formation and extraction. Vanillin content of vanilla green pods was found 
higher by treating the vanilla green pods at 30°C (376 ppm) than treating at 40 °C (178 ppm) [6]. 

Enzymatic extraction technique is believed to have many advantages over conventional extraction, including 
high yield of product with high selectivity as well as environmentally friendly [1]–[5]. Although there are several 
schemes patents enzymatic extraction process [7], [8], but the efficiency of the process is less than 80%. This 
condition is because of the un-effective cost of production, about 15-20% of the total cost of production is used to 
supply enzymes. Fundamental weakness of the enzyme extraction process is the expensive price of a commercial 
enzyme with disposable enzyme application.  

Therefore to reduce the cost of production, cellulase and protease enzymes needed are sourced from cow 
rumen liquid [2], [9], [10]. Enzyme isolated from bovine rumen has advantages compared to commercial enzymes, 
among others, is more stable at higher temperatures, higher specific activity, optimum pH is higher, and also lower 
production costs [10], [11]. Rumen liquid provide a great ability to hydrolyze lignocellulosic components by many 
microbial communities remaining in the rumen. However, these large microbial communities can not be culture yet 
[12]. Many microbes lives in the reticulorumen which is responsible for the disruption of plant material tissue, such 
as celluloses and hemicelluloses [13]. 

The significant effect of this work was modifying the enzyme from rumen liquid by immobile using alginate 
matrices. The rumen liquid obtained more attention due to their advanced polysaccharide-degrading enzymes, 
including, xylanase, amylase, glucanase and arabinase [14]. This enzyme activity of ruminal anaerobic fungi was 
found higher about 3–6 times than that of aerobic fungi (e.g. Tricoderma reesei, T. Viridae, Aspergillus oryzae, etc.) 
used widely in industrial process. Therefore, it have a potential for industrial in biotechnolgy.  

This research aims to develop the enzymatically of bay leaves phytochemical extraction process. The novelty 
and the main innovations of this research is the development of extraction process by using enzymatic extractor and 
isolate the enzyme bovine rumen to shift the equilibrium phase, increase the extraction rate and increase the 
extraction yield. 
 

MATERIALSANDMETHODS 
Rumen Liquid Isolation 

Rumen fluid extracted from bovine rumen contents by filtration under cold conditions. The filtrate was 
centrifuged at 10,000 g for 10 min at 4°C to separate the supernatant from the cell and microbial cell contents. 
Supernatant was then taken as the source of crude enzyme. Supernatant was then treated with 60% ammonium 
sulphate and stirred using a magnetic stirrer for 1 hour, and allowed to stand for 24 hours at 4°C. Supernatant was 
centrifuged again at 10,000 g for 15 min at 4°C. Precipitation (enzyme) that is obtained is taken then dissolved in 
phosphate buffer pH 7.0 with a ratio of 10:1 (precipitated from 100 ml of rumen fluid supernatant was dissolved in 
10 ml of phosphate buffer pH 7.0). 

 
Enzyme Immobilization in Alginate Matrices Sodium alginate solution is prepared by adding deionized water to a concentration of 1.5%. The enzym was 

added to the solution of sodium alginate with ratio of 3:2 and stirred. Mixture introduced into macropipette 2 ml and 
slowly dripped into CaCl2 solution while stirring with a magnetic stirrer. Gel containing the enzyme was then 
removed by filtration. Enzyme immobilization with the addition of Mncations performed by adding 50 mM MnSO4.   

Measurement of Protease Activity 
Measurement of protease activity was carried out by using 1% casein as substrate according to the method of 

Murachi [15]. Five grams of immobilized enzyme was added into 5 ml of substrats. One milliliter of 30 % of 
trichloroacetic acid (TCA) solution was added into the mixture and then heated at 50 C for 20 minutes. Coagulated 
protein was separated and the filtrate was measured the absorbance at a wavelength of 280 nm. Unit of protease 
activity is expressed as the amount of enzyme which causes an increase in absorbance at a wavelength of 280 nm 
which is equivalent to 1 ug of tyrosine/ml enzyme/20 minutes.  
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Measurement of Cellulase Activity 
Cellulase activity was measured by using the method of Miller [16]. One milliliter of extracted enzyme was 

added into 1 % of carboxymethyl cellulose (CMC) substrate at 0.2 M of phosphat buffer pH 7. This mixture was 
then incubated at 50 C for 60 minutes. After 60 minutes, the reaction was stopped by adding 2 ml of dinitrosalicylic 
acid and boiled for 15 minutes. The mixture was then cooled to room temperature and measured at a wavelength of 
540 nm. Sugar produced was determined by standard glucose.One unit of cellulase activity was defined as the 
amount of enzyme that produces 1 pmol of glucose in one minute. 

Enzymatic Extraction Procedure 
Enzymes of extracted rumen liquidwere added to the powder of bay leaf with the weight ratioof enzyme and 

substrate at 0.15. Distilled water was then added and the pH of the solution is set at 4 using phosphate buffer 
solution. Extraction process was carried out at given temperature (30, 40, 50 C). Calculation of extraction time (t = 
0) begins when the stirrer was started on the certain rotation (80 rpm). Every 10 minutes, samples were taken from 
the extractor. When the sample in the form of a matrix of immobilized enzyme, the mixture was filtered to separate 
the insoluble biomass. The filtrate was analyzedthe density, the viscosityand the composition of the total flavonoid. 

 
Analysis of Total Flavonoid One tenth gram of sample was dissolved into 1 ml of demineralized water, then, 0.5 ml of this solution was 

mixed with 1.5 ml of 95 % ethanol, 0.1 ml of 10 % aluminum chloride hexahydrate (AlCl3.6H2O), 0.1 ml of 
potassium acetate (CH3COOK) and 2.8 ml of demineralized water. This solution was incubated at ambient 
temperature for 40 minutes and analyzed the absorbance at 415 nm by using Spektrofotometri UV-Vis (UV-1700 
PharmaSpec UV-VIS Spectrophotometer, Shimadzu, Japan). Data were done in once [17]. 
  

RESULTSANDDISCUSSION 
Activity of Protease and Cellulase on Immobilized Enzyme and Un-immobilized Enzyme 

Figure 1 shows the protease and cellulase activity on rumen liquid. The result indicated that there is no effect 
of immobilized enzyme on the activity of protease. The protease activity was observed at 0.750.00U/ml for un-
immobilized enzyme and 0.760.01 U/ml for immobilized enzyme. However, the activity of cellulase shows the 
significant reduction in activity. Without immobilization, it shows activity at 0.230.00 U/ml. When the enzyme 
was immobilized, it activity decrease to 0.080.00 U/ml. 
 
 

Fig 1. Activity of protease and cellulase regarding on immobilized and un-immobilized   enzyme;       protease;       
cellcellulase.  
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Physical Properties of Extracted Bay Leaf 
Table 1 represent the density and viscosity of extracted bay leaf which were analyzed at the final extraction 

time. The density of the extracted bay leaf show no significant difference, it vary in the range of 1.029–1.043 gr/mL 
when it was immobilized. In addition, without immobilized the enzyme, the density of the extracted bay leaf show 
lower value (1.008 gr/mL) when it was extracted at 40 C.There was no significant difference on the viscosity both 
of immobilized and un-immobilized one with the varying of temperature extraction. The viscosity of the extracted 
bay leaf by using immobilized enzyme slightly decreased with the increasing of temperature, 1.114 mPa.s for 30 C, 
1.050 mPa.s for 40 C and 1.033 mPa.s for 50 C. In addition, un-immobilized enzyme show almost similar 
viscosity at 1.042 mPa.s.  
 
Table 1. Density and viscosity of extracted bay leaf 
 Temperature (C) Density (gr/mL) Viscosity (mPa.s) 
Un-immobilized enzyme 40 1,008 1,042 
Immobilized enzyme 30 1,043 1,114 
 40 1,029 1,050 
 50 1,037 1,033 
 
 

Effect of Enzymatic Extraction Time and Temperature on the Flavonoid Content 
Figure 2 shows the total flavonoid content on pH 4 and 0.15 of enzyme-substrate ratio. Un-immobilized 

enzyme represent an increasing total flavonoid content from 400 ppm, detected at 10th min, to 500 ppm, detected at 
40th min. Conversely, un-immobilized enzyme decreased regarding to the time.Total flavonoid content, which were 
extracted at 40 C, show about 550 ppm, however, extracting the bay leaf at 30 C resulted higher total flavonoid 
content, about 750 ppm.  
 

 Fig 2. Flavonoid content on the extracted bay leafes as a time function; pH 4, 0.15 of enzyme-substrate ratio; , un-
immobilzed enzyme, extracted at 40 C; , immobilized enzyme, extracted at 30 C; , immobilized enzyme, 
extracted at 40 C.  
 

Modelling of Enzymatic Extracted Flavonoid of Bay Leaf 
The flavonoid extraction of bay leaf is regarded as a series of mass transfer phenomenon which is including the 

flavonoid diffusion from inside of solid material into surface of solid material, the mass transfer of flavonoid from 
surface of solid material into liquid solvent on the solid porous and the diffusion of flavonoid into liquid solvent. 
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Solid-liquid rate extraction depends on the flavonoid diffusion from inside of solid material into surface of 
solid material and the mass transfer of flavonoid from surface of solid material into liquid solvent. If the differences 
of diffusion rate and mass transfer were almost the same,  the extraction rate is determined by both of two 
processeses. However, if the differences of both rate can be considerable, then the extraction rate is determined by 
the slowest process rate [18]. 

Mass transfer rate of the flavonoid diffusion from inside of solid material into surface of solid material is 
expressed in equation 1 [19]: 
 = − ∙ ∙  (1) 
where,  = flux of mass (kg·s-1), De = diffusivity of solute (m2·s-1), A = surface area of contact diffusion (m2), C 
= solute concentration on the solvent (kg·m-3), r = distance of mass transfer (m). Mass transfer rate in the liquid 
solvent is expressed in equation 2 [19]: 
 = ( − ) =  (2) 
where, M = mass of transferred solute (kg), V = volume of solvent (m3), t = time (s), Cs = solute concentration at the 
solid surface, which equilibrate with the solute concentration at the saturated solution (kg·m-3), KLa = volumetric 
mass transfer coefficient (s-1). 

Since the solid grain was prepared in very small size, the diffusion of flavonoid from the solid surface perform 
rapidly and can be neglected. Therefore, mass transfer of flavonoid from solid into liquid is being decisive [18], 
[20]. Volumetric mass transfer rate of flavonoid from solid surface into solvent based on equation 2, where CS, the 
concentration of flavonoid in the solid surface, equilibrate with the concentration of solute in the saturated solution, 
C*. Therefore, equation 2 possibly expressed in the form of: 
 = ( ∗ − ) (3) 
The relationship between the solute concentration in a saturated solution with initial solute concentration in the solid 
(C0), solute concentration in the rest of the sample at infinite time (C)and initial mass sample (m) can be expressed 
in the equation: 
 ∙ ( − ) = ∗ (4.a) 
This equation can expressed in the form of: 
 ∙ = ∗ (4.b) 
Mass balance of total flavonoids in solution is expressed in the following equation [21]: 
 = ( ) (5) 
Total differential of equation (5) is: 
 = ( ) + ( ) (6) 
Since there is no difference in the volume of the solvent, then equation (6) can be simplified into: 
 = ( ) (7) 
By substituting equation (7) andequation (4.b) intoequation (3), it can obtained the following equation: 
 ( ) = ∙( ) −  (8) 
Equation (8) can be reordered into: 
 ( )+ ∙ = ∙( )  (9) 
When  A =  and B = ∙( ) , thenequation (9) can be converted into: 
 + =  (10) 
Equation (10) is a first-order of ordinary differential equation.Analytically solution  with the boundary condition of t 
= 0, C = 0 andwhen t = t, C = C will be obtained: 
 = − ( ) (11) 
The value of Kla can be found by optimizing one variable using MATLAB (Mathworks Inc., United States). This 
optimizationis performed to obtain the sum square of errors (SSE) or the smallest sum of the squared of the 
difference between the C count (Ccount) with C trial (Ctrial). = ∑( − )  (12) 

Model of mass transfer in enzymatic extraction of flavonoids were verified by experimental data, as shown in 
Figure 3. Whereas, Table 2 shows the value of SSE of experimental dan counted data. It shows that the extraction 
rate at the early of extraction process was very fast, however after exceeding 20 minutes, the extract obtained was 
not increasing further. The proposed model fits the experimental data with the value of constants A and B were 
found 0.17167 and 91.9717. As shown in Figure 3c, the straight line represents the proposed model and most of the 
data is attached to the line. Unfortunately, Figure 3a and 3b did not match the proposed model since the data 
obtained were randomly as a time function.  
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 Table 2. Value of SSE of each condition 

Immobilized / Un-immobilized  
Enzyme 

Extraction temperature  
(C) 

Value of SSE  
(-) 

Immobilized enzyme 30 697991.0068 
Immobilized enzyme 40 249242.3433 
Un-immobilized enzyme 40 206089.6405 
 

 
The mass transfer coefficient (KLa) on mass transfer modelof enzymatic extraction flavonoids bay leaf without 

immobilization (Figure 3c) was 0.17167 s-1. The value of KLa were greater than the reported value of KLa (0.0055 s-1) 
which obtained from extraction by using electric heating [22].  
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Fig 3. Proposed model and experimental data compatibility, (a) immobilized enzyme, extraction temperature at 30 C, (b) immobilized enzyme, extraction temperature at 40 C, (c) un-immobilized enzyme, extraction temperature at 
40 C; , experimental data; , model. 
 

CONCLUSIONS 
The activity of immobilized enzyme of cellulase was lower than the un-immobilized one. However, there was 

no difference activity on the immobilized and un-immobilized of protease. The model of mass transfer of un-
immobilized enzyme can be fitted on the experimental data, however the model of mass transfer of immobilized 
enzyme did not match with the experimental data. 
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