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Abstract  
In this paper, an optimal control problem of a cervical cancer model with vaccination and screening as 
controls is discussed. This vaccine can stimulate the immune system to produce antibodies that can prevent 
the occurrence of human papillomavirus (HPV) infections, while screening is used as secondary prevention 
of early detection of cervical cancer cells so that treatment can begin immediately. The models were 
divided into two compartments, females and males. The female’s compartment consists of susceptible, 
vaccinated, infected, screening, cervical cancer, and recovered females. Meanwhile, the male’s 
compartment consists of susceptible, infected, and recovered males. The purpose of this optimal control 
was to minimize the number of infected females, infected males, and cervical cancer, as well as to minimize 
the cost of the controls. Optimal control was obtained by using the Pontryagin principle. Furthermore, an 
optimal control problem was solved numerically using the Forward-Backward Sweep method to determine 
the effect of vaccination and screening on the model. The results indicate that vaccination and screening as 
controls are effective in reducing the subpopulation of HPV infection, which can further reduce the 
occurrence of cervical cancer. 

Keywords: cervical cancer, vaccination, screening, optimal control   

INTRODUCTION 
Cervical cancer is abnormal growth and 

development of cervix cells and causes some 
abnormal organ function [1]. Cervical cancer 
generally attacks the sexually active female. The 
cause of cervical cancer is Human Papillomavirus 
(HPV) infection, especially types 16 and 18. This 
virus can be transmitted through sexual activity 
changing partners [2]. The occurrence of cervical 
cancer is also increased in the population with 
several factors, including late diagnosis, low 
socioeconomic status, limited resources, limited 
infrastructure, and low degrees of education [3].  

Cervical cancer can be prevented by HPV 
vaccinations and screening examinations, such as 
the Pap smear test or IVA [4]. Vaccination is given 
to stimulate the immune system to produce 
antibodies. Further, these antibodies will prevent 
HPV from infecting cervical cells. Three types of 
vaccines can be used, namely bivalent, 
quadrivalent, and nonavalent. Meanwhile, the 
Pap smear test and the IVA test are also crucial in 
suppressing the incidence of cervical cancer 
immediately. This test is an early attempt to find 
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out the presence of cervical cancer cells so that 
treatment can be done. 

Related to the transmission of HPV infection 
and cervical cancer, in 2014, Pongsumpun [5] 
modeled the spread of cervical cancer in the 
female population. This study found that every 
woman could be infected by HPV when the 
occurrence of HPV infection is high. Therefore, a 
woman's risk of cervical cancer will also be high. 
In contrast to the model discussed by 
Pongsumpun, Malik et al. in 2016 [6] examined 
the optimal control of the spread of HPV in the 
presence of vaccination. The model consists of 
the female’s compartment and the male’s 
compartment. It is assumed that only the 
population of the susceptible female who gets 
vaccinated. There are three types of vaccines 
used as controls, namely bivalent, quadrivalent, 
and nonavalent vaccines. 

Furthermore, Sado [7] discussed the model of 
the spread of cervical cancer in the female 
population by adding the parameters of 
vaccination. Based on these results, the vaccine 
can reduce and control the transmission of 
cervical cancer due to HPV infection. Regarding 
the model involving vaccination and screening, 
Saldana et al. [8] discussed the optimal control of 
HPV infection transmission models without 
involving cervical cancer. The results of the study 
of Saldana et al. explain that vaccination and 
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(1) 

(1) 

screening can reduce the level of infected 
individuals in both the female and male 
subpopulations. 

This research constructs a mathematical 
model of cervical cancer by vaccination and 
screening that modify the model of Malik et al. 
and Saldana et al. It was assumed that every 
susceptible female can have only one type of 
vaccine. In this model, cervical cancer can occur 
due to sexual interactions between female and 
male. Next, we investigated the effect of this 
interaction on both the female and male 
populations. Therefore, the population was 
divided into female and male compartments.  

MATERIAL AND METHOD 
The model of cervical cancer was constructed 

by involving control vaccination (𝒖𝟏) and 
screening (𝒖𝟐). Next, an optimal control problem 
was carried out with the following steps. 

a. Construct a cervical cancer model with 
vaccination and screening as controls. 

b. Define the objective functional to 
minimize the number of populations 
infected with HPV infection. 

c. Apply the Pontryagin principle to solve the 
optimal control problem. 

d. Determine the state, adjoint, and 
stationary conditions. 

e. Perform numerical simulations using the 
Sweep Forward and Backward method 
using MATLAB software. 

RESULT AND DISCUSSION 
Construction Model 

In the cervical cancer model, the population 
was divided into the female population and the 
male population. The female population was 
divided into six subpopulation: susceptible 
female (𝑆𝑓) consists of individuals who have not 

vaccinated, vaccinated females (𝑉) consists of 

individuals who carry out vaccinations, infected 
females (𝐼ℎ) consists of individuals infected with 
HPV, screening female (𝐼𝑠𝑐) consists of 
individuals who carry out prevention with Pap 
smear or IVA test, cervical cancer females (𝐶) 
consists of individuals with cervical cancer, 
recovered females (𝑅𝑓) consists of individuals 

who recover from the infection and having 
cleared from infection due to treatment or 
leaving the sexual activity.  

Meanwhile, the male population is divided 
into three subpopulations: susceptible male (𝑆𝑚) 
consists of individuals who have a chance of 
being infected with HPV, infected male (𝐽) 
consists of individual infected with HPV, and 
recovered male (𝑅𝑚) consists of individuals 
recovering from infection and having cleared 
from infection. The model is constructed under 
the assumptions, 

1. Only a subpopulation of the susceptible 
female is given vaccination using one type 
of vaccine, such as bivalent, quadrivalent, 
or nonavalent vaccine.  

2. Screening is also only done by a 
subpopulation of infected females.  

3. The transmission of HPV infection is 
caused by an interaction between 
susceptible subpopulation and infected 
subpopulation. 

4. Individual of recovered subpopulation who 
has been cleared of HPV infection will be 
able to lose the immunity and move to a 
susceptible population. 

 
The diagram of the model can be described as 

in Figure 1. Based on the assumption above, the 
model can be written in the form of differential 
equations:  

 
 

Figure 1. Flow diagram of the model 
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(4) 

(3) 

𝑑𝑆𝑓(𝑡)

𝑑𝑡
= 𝜋𝑓𝑁𝑓(𝑡) − 𝜙𝑆𝑓(𝑡) −

𝑐𝑓𝛽𝑚𝐽(𝑡)𝑆𝑓(𝑡)

𝑁𝑚(𝑡)
 

                −𝜇𝑓𝑆𝑓(𝑡) + 𝛼𝑅𝑓(𝑡), 
𝑑𝑉(𝑡)

𝑑𝑡
 =  𝜙𝑆𝑓(𝑡) − 𝜇𝑓𝑉(𝑡) − (1 − 휀)

𝑐𝑓𝛽𝑚𝐽(𝑡)𝑉(𝑡)

𝑁𝑚

, 

𝑑𝐼ℎ(𝑡)

𝑑𝑡
=  

𝑐𝑓𝛽𝑚𝐽(𝑡)𝑆𝑓(𝑡)

𝑁𝑚(𝑡)
+ (1 − 휀)

𝑐𝑓𝛽𝑚𝐽(𝑡)𝑉(𝑡)

𝑁𝑚(𝑡)
 

               −𝑝𝐼ℎ(𝑡) − 𝜇𝑓𝐼ℎ(𝑡) − 𝜃(1 − 𝑝)𝐼ℎ(𝑡), 
𝑑𝐼𝑠𝑐(𝑡)

𝑑𝑡
= 𝑝𝐼ℎ(𝑡) − 𝜎𝐼𝑠𝑐(𝑡) − 𝜇𝑓𝐼𝑠𝑐(𝑡) − 𝛿𝐼𝑠𝑐(𝑡), 

𝑑𝐶(𝑡)

𝑑𝑡
  = 𝛿𝐼𝑠𝑐(𝑡) + θ(1 − 𝑝)𝐼ℎ(𝑡) − (𝜇𝑓 + 𝛾)𝐶(𝑡), 

𝑑𝑅𝑓(𝑡)

𝑑𝑡
= 𝜎𝐼𝑠𝑐(𝑡) − 𝜇𝑓𝑅𝑓(𝑡) − 𝛼𝑅𝑓(𝑡), 

𝑑𝑆𝑚(𝑡)

𝑑𝑡
= 𝜋𝑚𝑁𝑚(𝑡) −

𝑐𝑚𝛽𝑓𝐼ℎ(𝑡)𝑆𝑚(𝑡)

𝑁𝑓(𝑡)
− 𝜇𝑚𝑆𝑚(𝑡) 

               +𝛼𝑅𝑚(𝑡), 
𝑑𝐽(𝑡)

𝑑𝑡
   =

𝑐𝑚𝛽𝑓𝐼ℎ(𝑡)𝑆𝑚(𝑡)

𝑁𝑓(𝑡)
− 휁𝐽(𝑡) − 𝜇𝑚𝐽(𝑡), 

𝑑𝑅𝑚(𝑡)

𝑑𝑡
= 휁𝐽(𝑡) − 𝜇𝑚𝑅𝑚(𝑡) − 𝛼𝑅𝑚(𝑡), 

where   
𝑁𝑓(𝑡) = 𝑆𝑓(𝑡) + 𝑉(𝑡) + 𝐼ℎ(𝑡) + 𝐼𝑠𝑐(𝑡) + 𝐶(𝑡) + 𝑅𝑓(𝑡), 

and 
𝑁𝑚(𝑡) = 𝑆𝑚(𝑡) + 𝐽(𝑡) + 𝑅𝑚(𝑡). 

The description of the parameters used in the 
model is described in Table 1. We normalize the 
equations (1) in terms of the proportions 

�̅�𝑓(𝑡) =
𝑆𝑓(𝑡)

𝑁𝑓(𝑡)
, �̅�(𝑡) =

𝑉(𝑡)

𝑁𝑓(𝑡)
, 𝐼ℎ̅(𝑡) =

𝐼ℎ(𝑡)

𝑁𝑓(𝑡)
,  

𝐼�̅�𝑐(𝑡) =
𝐼𝑠𝑐(𝑡)

𝑁𝑓(𝑡)
, �̅�(𝑡) =

𝐶(𝑡)

𝑁𝑓(𝑡)
, �̅�𝑓(𝑡) =

𝑅𝑓(𝑡)

𝑁𝑓(𝑡)
, 

 �̅�𝑚(𝑡) =
𝑆𝑚(𝑡)

𝑁𝑚(𝑡)
, 𝐽(̅𝑡) =

𝐽(𝑡)

𝑁𝑚(𝑡)
, �̅�𝑚(𝑡) =

𝑅𝑚(𝑡)

𝑁𝑚(𝑡)
. 

Then normalized system becomes, 

𝑑�̅�𝑓(𝑡)

𝑑𝑡
 = 𝜋𝑓 − 𝜙�̅�𝑓(𝑡) − 𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�𝑓(𝑡) 

                    −𝜋𝑓�̅�𝑓(𝑡) + 𝛼�̅�𝑓(𝑡), 

𝑑�̅�(𝑡)

𝑑𝑡
  = 𝜙�̅�𝑓(𝑡) − (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�(𝑡) − 𝜋𝑓�̅�(𝑡), 

𝑑𝐼ℎ̅(𝑡)

𝑑𝑡
 = 𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�𝑓(𝑡) + (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�(𝑡) 

                  −𝑝𝐼ℎ̅(𝑡) − 𝜃(1 − 𝑝)𝐼ℎ̅(𝑡) − 𝜋𝑓𝐼ℎ̅(𝑡), 

𝑑𝐼�̅�𝑐(𝑡)

𝑑𝑡
 = 𝑝𝐼ℎ̅ − 𝜎𝐼�̅�𝑐(𝑡) − 𝛿𝐼�̅�𝑐(𝑡) − 𝜋𝑓𝐼�̅�𝑐(𝑡), 

𝑑�̅�(𝑡)

𝑑𝑡
   = 𝛿𝐼�̅�𝑐(𝑡) + θ(1 − 𝑝)𝐼ℎ̅(𝑡) − 𝛾�̅�(𝑡) 

                    −𝜋𝑓�̅�(𝑡), 

𝑑�̅�𝑓(𝑡)

𝑑𝑡
 = 𝜎𝐼�̅�𝑐(𝑡) − 𝜋𝑓�̅�𝑓(𝑡) − 𝛼�̅�𝑓(𝑡), 

𝑑�̅�𝑚(𝑡)

𝑑𝑡
 = 𝜋𝑚 − 𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡)�̅�𝑚(𝑡) − 𝜋𝑚�̅�𝑚(𝑡) 

                    +𝛼�̅�𝑚(𝑡), 
𝑑𝐽(̅𝑡)

𝑑𝑡
    = 𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡)�̅�𝑚(𝑡) − 휁𝐽(̅𝑡) − 𝜋𝑚𝐽(̅𝑡), 

𝑑�̅�𝑚(𝑡)

𝑑𝑡
 = 휁𝐽(̅𝑡) − 𝜋𝑚�̅�𝑚(𝑡) − 𝛼�̅�𝑚(𝑡). 

Providing control in the form of vaccination as 
primary prevention is carried out in susceptible 
populations to prevent the occurrence of HPV 
infection. Meanwhile, secondary prevention in 
the form of screening was done as an early effort 
to find out the presence of abnormal cells that 
can cause cervical cancer. The formulation model 
of cervical cancer transmission with controls in 
the form of vaccination (𝑢1) and screening (𝑢2) 
is presented as follows.  

𝑑�̅�𝑓(𝑡)

𝑑𝑡
 = 𝜋𝑓 − 𝑢1(𝑡)�̅�𝑓(𝑡) − 𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�𝑓(𝑡) 

                   −𝜋𝑓�̅�𝑓(𝑡) + 𝛼�̅�𝑓(𝑡), 

𝑑�̅�(𝑡)

𝑑𝑡
  = 𝑢1(𝑡)�̅�𝑓(𝑡) − (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�(𝑡) 

                   −𝜋𝑓�̅�(𝑡), 

𝑑𝐼ℎ̅(𝑡)

𝑑𝑡
 = 𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�𝑓(𝑡) + (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�(𝑡) 

        −𝑢2(𝑡)𝐼ℎ̅(𝑡) − 𝜃(1 − 𝑢2(𝑡))𝐼ℎ̅(𝑡) − 𝜋𝑓𝐼ℎ̅(𝑡), 

𝑑𝐼�̅�𝑐(𝑡)

𝑑𝑡
 = 𝑢2(𝑡)𝐼ℎ̅ − 𝜎𝐼�̅�𝑐(𝑡) − 𝛿𝐼�̅�𝑐(𝑡) 

                   −𝜋𝑓𝐼�̅�𝑐(𝑡), 

𝑑�̅�(𝑡)

𝑑𝑡
   = 𝛿𝐼�̅�𝑐(𝑡) + θ(1 − 𝑢2(𝑡))𝐼ℎ̅(𝑡) − 𝛾�̅�(𝑡) 

                  −𝜋𝑓�̅�(𝑡), 

𝑑�̅�𝑓(𝑡)

𝑑𝑡
 = 𝜎𝐼�̅�𝑐(𝑡) − 𝜋𝑓�̅�𝑓(𝑡) − 𝛼�̅�𝑓(𝑡), 

𝑑�̅�𝑚(𝑡)

𝑑𝑡
 = 𝜋𝑚 − 𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡)�̅�𝑚(𝑡) − 𝜋𝑚�̅�𝑚(𝑡) 

                  +𝛼�̅�𝑚(𝑡), 
𝑑𝐽(̅𝑡)

𝑑𝑡
    = 𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡)�̅�𝑚(𝑡) − 휁𝐽(̅𝑡) − 𝜋𝑚𝐽(̅𝑡), 

𝑑�̅�𝑚(𝑡)

𝑑𝑡
 = 휁𝐽(̅𝑡) − 𝜋𝑚�̅�𝑚(𝑡) − 𝛼�̅�𝑚(𝑡). 

Objective Functional 
The aim of optimal control in this study was 

to minimize the number of populations infected 
with HPV and cervical cancer, as well as to 
minimize the control costs, namely 

𝑍[𝑢1, 𝑢2 ] = ∫[𝐼ℎ + 𝐽 + 𝐶 + 𝑤1𝑢1
2(𝑡) + 𝑤2𝑢2

2(𝑡)]𝑑𝑡.

𝑇

0

 

𝑤1  is the weight of control costs in the form of 
vaccines with 𝑢1

2(𝑡) indicates the level of 
vaccination cost. 𝑤2  is the weight of control costs 
in the form of screening with 𝑢2

2(𝑡) indicates the 

(2) 



 
 

J.Exp. Life Sci. Vol. 10 No. 2, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Cervical Cancer Model (Kristanti, et al.) 75 

(6) 

(7) 

(5) 

level of screening cost. Vaccination was given to 
susceptible female populations, while screening 
was carried out by populations of females 
infected with HPV with the appearance of several 
symptoms. Based on equation (4), we will look 
for 𝑢1

∗ , 𝑢2
∗  which results in minimizing the 

objective functional value that is 

𝑍[𝑢1
∗ , 𝑢2

∗  ] = min {𝑍[𝑢1, 𝑢2 ]|𝑢1, 𝑢2𝜖𝕍} 
 
with  

𝕍 = {(𝑢1(𝑡), 𝑢2(𝑡)): 0 ≤ 𝑢1(𝑡) ≤ 1,0 ≤ 𝑢2(𝑡) ≤ 1}.   

Hamiltonian Function 
Based on the objective functional (4) and the 

constraints on the equation (3) to get the optimal 
system, the Hamiltonian function is formed as 
follows.  

𝐻 = 𝐼ℎ + 𝐽 + 𝐶 + 𝑤1𝑢1
2(𝑡) + 𝑤2𝑢2

2(𝑡) 
+𝜆�̅�𝑓

(𝜋𝑓 − 𝑢1(𝑡)�̅�𝑓(𝑡) − 𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�𝑓(𝑡) − 𝜋𝑓�̅�𝑓(𝑡) 

          +𝛼�̅�𝑓(𝑡)) 

+𝜆𝑉 (𝑢1(𝑡)�̅�𝑓(𝑡) − (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�(𝑡) − 𝜋𝑓�̅�(𝑡)) 

+𝜆𝐼ℎ̅
(𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�𝑓(𝑡) + (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�(𝑡) 

           −𝑢2(𝑡)𝐼ℎ̅(𝑡) − 𝜃(1 − 𝑢2(𝑡))𝐼ℎ̅(𝑡) − 𝜋𝑓𝐼ℎ̅(𝑡)) 

+𝜆𝐼�̅�𝑐
(𝑢2(𝑡)𝐼ℎ̅ − 𝜎𝐼�̅�𝑐(𝑡) − 𝛿𝐼�̅�𝑐(𝑡) − 𝜋𝑓𝐼�̅�𝑐(𝑡)) 

+𝜆𝐶̅ (𝛿𝐼�̅�𝑐(𝑡) + θ(1 − 𝑢2(𝑡))𝐼ℎ̅(𝑡) − 𝛾�̅�(𝑡) − 𝜋𝑓�̅�(𝑡)) 

+𝜆�̅�𝑓
(𝜎𝐼�̅�𝑐(𝑡) − 𝜋𝑓�̅�𝑓(𝑡) − 𝛼�̅�𝑓(𝑡)) 

+𝜆�̅�𝑚
(𝜋𝑚 − 𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡)�̅�𝑚(𝑡) − 𝜋𝑚�̅�𝑚(𝑡) + 𝛼�̅�𝑚(𝑡)) 

+𝜆𝐽̅ (𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡)�̅�𝑚(𝑡) − 휁𝐽(̅𝑡) − 𝜋𝑚𝐽(̅𝑡)) 

+𝜆�̅�𝑚
(휁𝐽(̅𝑡) − 𝜋𝑚�̅�𝑚(𝑡) − 𝛼�̅�𝑚(𝑡)). 

The Hamilton function reaches an optimal 
solution if the state equation, adjoint equation, 
and stationary conditions are fulfilled. 

State Equations 
The state equation for optimal control 

problems (4) with constraints (3) was obtained by 
differentiating the Hamiltonian function (5) with 
respect to each adjoint variable as follows.  

𝑑�̅�𝑓

𝑑𝑡
=

𝜕𝐻

𝑑𝜆�̅�𝑓

= 𝜋𝑓 − 𝑢1(𝑡)�̅�𝑓(𝑡) − 𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�𝑓(𝑡) 

                           −𝜋𝑓�̅�𝑓(𝑡) + 𝛼�̅�𝑓(𝑡), 

𝑑�̅�

𝑑𝑡
=

𝜕𝐻

𝑑𝜆𝑉

= 𝑢1(𝑡)�̅�𝑓(𝑡) − (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�(𝑡) 

                          −𝜋𝑓�̅�(𝑡), 

𝑑𝐼ℎ̅
𝑑𝑡

=
𝜕𝐻

𝑑𝜆𝐼ℎ̅

= 𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�𝑓(𝑡) + (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)�̅�(𝑡) 

        −𝑢2(𝑡)𝐼ℎ̅(𝑡) − 𝜃(1 − 𝑢2(𝑡))𝐼ℎ̅(𝑡) − 𝜋𝑓𝐼ℎ̅(𝑡), 

𝑑𝐼�̅�𝑐
𝑑𝑡

=
𝜕𝐻

𝑑𝜆𝐼�̅�𝑐

= 𝑢2(𝑡)𝐼ℎ̅ − 𝜎𝐼�̅�𝑐(𝑡) − 𝛿𝐼�̅�𝑐(𝑡) 

                            −𝜋𝑓𝐼�̅�𝑐(𝑡), 

𝑑�̅�

𝑑𝑡
=

𝜕𝐻

𝑑𝜆𝐶̅
= 𝛿𝐼�̅�𝑐(𝑡) + θ(1 − 𝑢2(𝑡))𝐼ℎ̅(𝑡) 

                          −𝛾�̅�(𝑡) − 𝜋𝑓�̅�(𝑡), 

𝑑�̅�𝑓

𝑑𝑡
=

𝜕𝐻

𝑑𝜆�̅�𝑓

= 𝜎𝐼�̅�𝑐(𝑡) − 𝜋𝑓�̅�𝑓(𝑡) − 𝛼�̅�𝑓(𝑡), 

𝑑�̅�𝑚

𝑑𝑡
=

𝜕𝐻

𝑑𝜆�̅�𝑚

= 𝜋𝑚 − 𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡)�̅�𝑚(𝑡) 

                             −𝜋𝑚�̅�𝑚(𝑡) + 𝛼�̅�𝑚(𝑡), 
𝑑𝐽̅

𝑑𝑡
=

𝜕𝐻

𝑑𝜆𝐽̅
= 𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡)�̅�𝑚(𝑡) − 휁𝐽(̅𝑡) − 𝜋𝑚𝐽(̅𝑡), 

𝑑�̅�𝑚

𝑑𝑡
=

𝜕𝐻

𝑑𝜆�̅�𝑚

= 휁𝐽(̅𝑡) − 𝜋𝑚�̅�𝑚(𝑡) − 𝛼�̅�𝑚(𝑡), 

with initial condition  �̅�𝑓(0) = �̅�𝑓0
, �̅�(0) = �̅�0, 

𝐼ℎ̅(0) = 𝐼ℎ̅0
, 𝐼�̅�𝑐(0) = 𝐼�̅�𝑐0

, �̅�(0) = �̅�0, �̅�𝑓(0) = �̅�𝑓0
, 

�̅�𝑚(0) = �̅�𝑚0
, 𝐽(̅0) = 𝐽0̅, �̅�𝑚(0) = �̅�𝑚0

.  

Adjoint Equations 
The adjoint equation for the optimal control 

problem (4) with the constraint (3) was obtained 
by differentiating the Hamiltonian function (5) 
with respect to each state variable as follows.  

𝑑𝜆�̅�𝑓

𝑑𝑡
= −

𝜕𝐻

𝜕�̅�𝑓

= (𝑢1(𝑡) + 𝑐𝑓𝛽𝑚𝐽(̅𝑡) + 𝜋𝑓)𝜆�̅�𝑓

− 𝑢1(𝑡)𝜆𝑉 − 𝑐𝑓𝛽𝑚𝐽(̅𝑡)𝜆𝐼ℎ̅
, 

𝑑𝜆𝑉

𝑑𝑡
= −

𝜕𝐻

𝜕�̅�
= (𝜋𝑓 + (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)) 𝜆𝑉

− (1 − 휀)𝑐𝑓𝛽𝑚𝐽(̅𝑡)𝜆𝐼ℎ̅
, 

𝑑𝜆𝐼ℎ̅

𝑑𝑡
= −

𝜕𝐻

𝜕𝐼ℎ̅
= −1 + (𝑢2(𝑡) + θ(1 − 𝑢2(𝑡)) + 𝜋𝑓)𝜆𝐼ℎ̅

 

                               −𝑢2(𝑡)𝜆𝐼�̅�𝑐
− θ(1 − 𝑢2(𝑡))𝜆𝐶̅ 

                              +𝑐𝑚𝛽𝑓�̅�𝑚(𝑡)𝜆�̅�𝑚
− 𝑐𝑚𝛽𝑓�̅�𝑚(𝑡)𝜆𝐽̅, 

𝑑𝜆𝐼�̅�𝑐

𝑑𝑡
= −

𝜕𝐻

𝜕𝐼�̅�𝑐
= (𝜎 + 𝛿 + 𝜋𝑓)𝜆𝐼�̅�𝑐

− 𝛿𝜆𝐶̅ − 𝜎𝜆�̅�𝑓
, 

𝑑𝜆𝐶̅

𝑑𝑡
= −

𝜕𝐻

𝜕�̅�
= −1 + (𝜋𝑓 + 𝛾)𝜆𝐶̅ , 

𝑑𝜆�̅�𝑓

𝑑𝑡
= −

𝜕𝐻

𝜕�̅�𝑓

= 𝜋𝑓𝜆�̅�𝑓
− 𝛼𝜆𝑆̅𝑓

+ 𝛼𝜆�̅�𝑓
, 

𝑑𝜆�̅�𝑚

𝑑𝑡
= −

𝜕𝐻

𝜕�̅�𝑚

= (𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡) + 𝜋𝑚)𝜆�̅�𝑚
− 𝑐𝑚𝛽𝑓𝐼ℎ̅(𝑡)𝜆𝐽̅, 

𝑑𝜆𝐽̅

𝑑𝑡
= −

𝜕𝐻

𝜕𝐽̅
= −1 + 𝑐𝑓𝛽𝑚�̅�𝑓(𝑡)𝜆�̅�𝑓

 

                            +(1 − 휀)𝑐𝑓𝛽𝑚�̅�(𝑡)𝜆𝑉 

                            − (𝑐𝑓𝛽𝑚�̅�𝑓(𝑡) + (1 − 휀)𝑐𝑓𝛽𝑚�̅�(𝑡)) 𝜆𝐼ℎ̅
 

                            +(휁 + 𝜋𝑚)𝜆𝐽̅ − 휁𝜆�̅�𝑚
, 

𝑑𝜆�̅�𝑚

𝑑𝑡
= −

𝜕𝐻

𝜕�̅�𝑚

= 𝜋𝑚𝜆�̅�𝑚
− 𝛼𝜆�̅�𝑚

+ 𝛼𝜆�̅�𝑚
, 
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with transversality conditions 𝜆�̅�𝑓
(𝑇) = 𝜆𝑉(𝑇) =

𝜆𝐼ℎ̅
(𝑇) = 𝜆𝐼�̅�𝑐

(𝑇) = 𝜆𝐶̅(𝑇) = 𝜆�̅�𝑓
(𝑇) = 𝜆�̅�𝑚

(𝑇) =

𝜆𝐽̅(𝑇) = 𝜆�̅�𝑚
(𝑇) = 0. 

 
Stationer Conditions 

Stationer conditions for optimal control 
problems (4) with constraints (3) was obtained by 
differentiating the Hamiltonian function (5) 
toward variables 𝑢1, 𝑢2 as follows. 

𝜕𝐻

𝜕𝑢1

= 2𝑤1𝑢1(𝑡) − �̅�𝑓(𝑡)𝜆�̅�𝑓
+ �̅�𝑓(𝑡)𝜆𝑉 = 0, 

𝑢1
∗(𝑡) =

(𝜆�̅�𝑓
− 𝜆𝑉)�̅�𝑓

∗(𝑡)

2𝑤1

, 

𝜕𝐻

𝜕𝑢2

= 2𝑤2𝑢2(𝑡) − 𝐼ℎ̅(𝑡)𝜆𝐼ℎ̅
+ θ𝐼ℎ̅(𝑡)𝜆𝐼ℎ̅

 

            +𝐼ℎ̅(𝑡)𝜆𝐼�̅�𝑐
− θ𝐼ℎ̅(𝑡)𝜆𝐶̅ = 0, 

𝑢2
∗(𝑡) =

(𝜆𝐼ℎ̅
− 𝜆𝐼�̅�𝑐

)𝐼ℎ̅
∗(𝑡) + (𝜆𝐶̅ − 𝜆𝐼ℎ̅

)θ𝐼ℎ̅
∗(𝑡)

2𝑤2

. 

Given that 0 ≤ 𝑢1(𝑡) ≤ 1 and 0 ≤ 𝑢2(𝑡) ≤ 1, 
thus we get the equation as follows. 

𝑢1
∗(𝑡) = {

 0,                         𝑢1(𝑡) ≤ 0,
𝑢1(𝑡), 0 < 𝑢1(𝑡) < 1,
      1,                    𝑢1(𝑡) ≥ 1.

 

𝑢2
∗(𝑡) = {

 0,                         𝑢2(𝑡) ≤ 0,
𝑢2(𝑡), 0 < 𝑢2(𝑡) < 1,
      1,                    𝑢2(𝑡) ≥ 1.

 

 
In compact notation,  

𝑢1
∗(𝑡) = min{max [0,

(𝜆𝑆�̅�
− 𝜆�̅�)𝑆�̅�

∗(𝑡)

2𝑤1
] , 1}, 

𝑢2
∗(𝑡) = min {max [0,

(𝜆𝐼ℎ̅
− 𝜆𝐼�̅�𝑐

)𝐼ℎ̅
∗(𝑡) + (𝜆𝐶̅ − 𝜆𝐼ℎ̅

)θ𝐼ℎ̅
∗(𝑡)

2𝑤2

] , 1} 

 

Optimal  Solution 
The optimal solution was obtained by 

substituting the optimal control �⃗� ∗  to the system 
of state equations (6) and adjoint equations (7) 
so that the equation system was obtained as 
follows. 

𝑑�̅�𝑓
∗(𝑡)

𝑑𝑡
= 𝜋𝑓 − 𝑢1

∗(𝑡)�̅�𝑓
∗(𝑡) − 𝑐𝑓𝛽𝑚𝐽∗̅(𝑡)�̅�𝑓

∗(𝑡) 

                 −𝜋𝑓�̅�𝑓
∗(𝑡) + 𝛼�̅�𝑓

∗(𝑡), 

𝑑�̅�∗(𝑡)

𝑑𝑡
= 𝑢1

∗(𝑡)�̅�𝑓
∗(𝑡) − (1 − 휀)𝑐𝑓𝛽𝑚𝐽∗̅(𝑡)�̅�∗(𝑡) 

                   −𝜋𝑓�̅�
∗(𝑡), 

𝑑𝐼ℎ̅
∗(𝑡)

𝑑𝑡
 = 𝑐𝑓𝛽𝑚𝐽∗̅(𝑡)�̅�𝑓

∗(𝑡) + (1 − 휀)𝑐𝑓𝛽𝑚𝐽∗̅(𝑡)�̅�∗(𝑡) 

                 −𝑢2
∗(𝑡)𝐼ℎ̅

∗(𝑡) − 𝜃(1 − 𝑢2
∗(𝑡))𝐼ℎ̅

∗(𝑡) 

− 𝜋𝑓𝐼ℎ̅
∗(𝑡), 

𝑑𝐼�̅�𝑐
∗ (𝑡)

𝑑𝑡
  = 𝑢2

∗(𝑡)𝐼ℎ̅
∗ − 𝜎𝐼�̅�𝑐

∗ (𝑡) − 𝛿𝐼�̅�𝑐
∗ (𝑡) − 𝜋𝑓𝐼�̅�𝑐

∗ (𝑡), 

𝑑�̅�∗(𝑡)

𝑑𝑡
  = 𝛿𝐼�̅�𝑐

∗ (𝑡) + θ(1 − 𝑢2
∗(𝑡))𝐼ℎ̅

∗(𝑡) 

                    −𝛾�̅�∗(𝑡) − 𝜋𝑓�̅�
∗(𝑡), 

𝑑�̅�𝑓
∗(𝑡)

𝑑𝑡
  = 𝜎𝐼�̅�𝑐

∗ (𝑡) − 𝜋𝑓�̅�𝑓
∗(𝑡) − 𝛼�̅�𝑓

∗(𝑡), 

𝑑�̅�𝑚
∗ (𝑡)

𝑑𝑡
 = 𝜋𝑚 − 𝑐𝑚𝛽𝑓𝐼ℎ̅

∗(𝑡)�̅�𝑚
∗ (𝑡) − 𝜋𝑚�̅�𝑚

∗ (𝑡) 

                    +𝛼�̅�𝑚
∗ (𝑡), 

𝑑𝐽∗̅(𝑡)

𝑑𝑡
   = 𝑐𝑚𝛽𝑓𝐼ℎ̅

∗(𝑡)�̅�𝑚
∗ (𝑡) − 휁𝐽∗̅(𝑡) − 𝜋𝑚𝐽∗̅(𝑡), 

𝑑�̅�𝑚
∗ (𝑡)

𝑑𝑡
 = 휁𝐽∗̅(𝑡) − 𝜋𝑚�̅�𝑚

∗ (𝑡) − 𝛼�̅�𝑚
∗ (𝑡), 

𝑑𝜆�̅�𝑓

𝑑𝑡
      = (𝑢1

∗(𝑡) + 𝑐𝑓𝛽𝑚𝐽∗̅(𝑡) + 𝜋𝑓)𝜆�̅�𝑓
 

                     −𝑢1
∗(𝑡)𝜆�̅� − 𝑐𝑓𝛽𝑚𝐽∗̅(𝑡)𝜆𝐼ℎ̅

, 
𝑑𝜆𝑉

𝑑𝑡
       = (𝜋𝑓 + (1 − 휀)𝑐𝑓𝛽𝑚𝐽∗̅(𝑡)) 𝜆𝑉 

                     −(1 − 휀)𝑐𝑓𝛽𝑚𝐽∗̅(𝑡)𝜆𝐼ℎ̅
, 

𝑑𝜆𝐼ℎ̅

𝑑𝑡
      = −1 + (𝑢2

∗(𝑡) + θ(1 − 𝑢2
∗(𝑡)) + 𝜋𝑓)𝜆𝐼ℎ̅

 

                    −𝑢2
∗(𝑡)𝜆𝐼�̅�𝑐

− θ(1 − 𝑢2
∗(𝑡))𝜆𝐶̅ 

                    +𝑐𝑚𝛽𝑓�̅�𝑚
∗ (𝑡)𝜆�̅�𝑚

− 𝑐𝑚𝛽𝑓�̅�𝑚
∗ (𝑡)𝜆𝐽̅, 

𝑑𝜆𝐼�̅�𝑐

𝑑𝑡
     = (𝜎 + 𝛿 + 𝜋𝑓)𝜆𝐼�̅�𝑐

− 𝛿𝜆𝐶̅ − 𝜎𝜆�̅�𝑓
, 

𝑑𝜆𝐶̅

𝑑𝑡
       = −1 + (𝜋𝑓 + 𝛾)𝜆𝐶̅ , 

𝑑𝜆�̅�𝑓

𝑑𝑡
     = 𝜋𝑓𝜆�̅�𝑓

− 𝛼𝜆�̅�𝑓
+ 𝛼𝜆�̅�𝑓

, 

𝑑𝜆�̅�𝑚

𝑑𝑡
    = (𝑐𝑚𝛽𝑓𝐼ℎ̅

∗(𝑡) + 𝜋𝑚)𝜆�̅�𝑚
− 𝑐𝑚𝛽𝑓𝐼ℎ̅

∗(𝑡)𝜆𝐽 ̅, 

𝑑𝜆𝐽̅

𝑑𝑡
       = −1 + 𝑐𝑓𝛽𝑚�̅�𝑓

∗(𝑡)𝜆�̅�𝑓
+ (1 − 휀)𝑐𝑓𝛽𝑚�̅�∗(𝑡)𝜆�̅� 

                   − (𝑐𝑓𝛽𝑚�̅�𝑓
∗(𝑡)

+ (1 − 휀)𝑐𝑓𝛽𝑚�̅�∗(𝑡)) 𝜆𝐼ℎ̅
 

                    +(휁 + 𝜋𝑚)𝜆𝐽̅ − 휁𝜆�̅�𝑚
, 

  
𝑑𝜆�̅�𝑚

𝑑𝑡
  = 𝜋𝑚𝜆�̅�𝑚

− 𝛼𝜆�̅�𝑚
+ 𝛼𝜆�̅�𝑚

, 

with boundary conditions �̅�𝑓(0) = �̅�𝑓0
, �̅�(0) =

�̅�0, 
𝐼ℎ̅(0) = 𝐼ℎ̅0

, 𝐼�̅�𝑐(0) = 𝐼�̅�𝑐0
, �̅�(0) = �̅�0, �̅�𝑓(0) = �̅�𝑓0

, 

�̅�𝑚(0) = �̅�𝑚0
, 𝐽(̅0) = 𝐽0̅, �̅�𝑚(0) = �̅�𝑚0

, 𝜆�̅�𝑓
(𝑇) = 

𝜆𝑉(𝑇) = 𝜆𝐼ℎ̅
(𝑇) = 𝜆𝐼�̅�𝑐

(𝑇) = 𝜆𝐶̅(𝑇) = 𝜆�̅�𝑓
(𝑇) = 

𝜆�̅�𝑚
(𝑇) = 𝜆𝐽̅(𝑇) = 𝜆�̅�𝑚

(𝑇) = 0. 

Numerical method and simulations 
Numerical simulations are conducted by using 

initial value S̅f(0) = 0.3, V̅(0) = 0.2, I̅h(0) = 
0.1, 𝐼�̅�𝑐(0) = 0.1, 𝐶̅(0) = 0.2, �̅�𝑓(0) =

0.1, �̅�𝑚(0) = �̅�𝑚(0) = 0.5, 𝐽(̅0) = 0.3, �̅�𝑚(0) =
0.2.  
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The simulation result with and without control 
is presented in Figure 2. The graph solution is 
shown with the weight values of controls 𝑤1 =
0.5, 𝑤2 = 0.2, and parameter values, as 
presented in Table 1. Based on Figure 2, giving a 
combination of vaccination and screening control 
have a positive effect on the spread of HPV 
infection. It appears that the combination of 
controls can reduce the spread of HPV infection. It 
can be seen by decreasing the number of 

subpopulations of females infected with HPV. 
Before being given control, the number of females 
infected with HVP is increased. However, after 
being given control, the number of infected 
females decreases very significantly. It also results 
in a decreasing number of cervical cancers. 
Meanwhile, the combination of controls also has 
an impact on male subpopulation. These controls 
are also able to reduce the infected male 
subpopulation. 

 

 

 

Figure 2. The behavior of cervical cancer model for 𝑡𝜖[0,20] 

Table 1. Parameter values 

Parameter Description Value References 

𝜋𝑓(𝜋𝑚) Number of recruitment rate of a sexually-
active subpopulation of female (male) 

0.5 assumed 

𝜇𝑓(𝜇𝑚) The death rate of the subpopulation of 
female (male) 

0.1 assumed 

𝛽𝑓(𝛽𝑚) Probability of transfer infection from 
females to males (males to females) 

0.7 [6] 

𝑐𝑓(𝑐𝑚) The average number of sexual contacts of 
female for males (male for females) 

2 [6] 

𝜙 Vaccination rate 0 assumed 
휀 Efficacy vaccines 0.8 [6] 
𝑝 Screening rate 0 assumed 
𝜃 Probability of infected males with HPV can 

be infected with cervical cancer 
0.1 assumed 

𝜎 The recovery rate of females infected 0.2 assumed 
휁 The recovery rate of males infected 0.4 assumed 
𝛿 Probability of screening females can be 

infected with cervical cancer 
0.05 assumed 

𝛾 Cervical cancer-induced mortality rate in 
females 

0.01 assumed 

𝛼 The rate of immune loss 0.5 assumed 



 
 

J.Exp. Life Sci. Vol. 10 No. 2, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Cervical Cancer Model (Kristanti, et al.) 78 

Furthermore, Figure 3 shows the control 
profile in the form of vaccination and screening. 
Both of them were used in reducing the number 
of infected female subpopulations and the 
infected male subpopulations, as well as the 
number of cervical cancers. It appears that the 
vaccination control given is lower than the 
screening control. It can be influenced by the 
ability of vaccination given, which has enough 
impact to reduce the number of infected 
subpopulations. Meanwhile, screening control 
must be given in a higher dose to effectively help 
in suppressing the occurrence of infection. 

 
 
Figure 3. The control profile of cervical cancer 

model 

CONCLUSION 

In this study, optimal control of the 
cervical cancer model has been carried out. 
Two controls were used in this model, 
namely vaccination and screening. Based on 
the results of the study, the provision of 
these two controls has a positive impact as it 
can reduce the number of infected 
subpopulations, both in the subpopulation 
of infected females and in the subpopulation 
of infected males. In addition, the 
administration of this control also leads to a 
reduced rate of cervical cancer in the female 
population. 
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Abstract 
Rheumatoid arthritis (RA) is an autoimmune disease that can cause progressive damage to the joints of patients. The 
number of patients is expected to increase, along with the exact cause of this disease remains unknown. However, 
there are several risk factors associated with RA, including dysbiosis. The purpose of this study was to characterize the 
composition of intestinal microbiota in the RA and control groups through fecal analysis and reveal the association of 
microbiota composition with RA disease in Indonesia, especially Malang. Fecal samples were obtained from RA patients 
and controls. Fecal analysis was carried out through several stages, namely the calculation of total bacterial colonies, 
isolation and characterization of anaerobic bacteria, calculation of the Simpson diversity index, and DNA isolation. 
Analysis of bacterial composition profiles in fecal was carried out using 6 specific primer sets through PCR analysis. The 
results of the 16S rRNA PCR analysis showed different microbiota compositions between RA patients and controls. The 
number of Enterococcus bacterial group was lower in the control patients than the RA group, whereas the Lactobacillus 
bacteria decreased in RA patients. In addition, our study found that the existence of bacterial isolate 11 changed the 
composition of microbiota in RA patients, and the DNA band only appeared in Universal primers. The diversity of 
bacterial species can provide symbiotic and pathogenetic effects in RA patients. 

Keywords: Dysbiosis, intestinal microbiota, PCR, rheumatoid arthritis. 

INTRODUCTION 
Rheumatoid arthritis (RA) is an autoimmune 

disease in humans, which is characterized by 
metabolic disorders and damage to several joints 
[1]. This disease has received serious attention in 
Indonesia since the prevalence increased from 
6.12% in 2013 [2] to 11.9% in 2018 [3]. The exact 
cause of RA disease is still unknown hitherto. This 
phenomenon is caused by RA including in group 
of multifactor disease. Therefore, the incidence 
of RA is expected to increase continously. 

Previous studies have reported that several 
factors increase the risk of RA, including age, sex, 
ethnicity, genetics, and environment [4]. One 
factor that has been a concern of researchers is 
the relationship between the emergence of this 
disease with abnormalities of microbiota 
(dysbiosis) in the intestinal tract. Dysbiosis may 
be involved with RA pathogenicity [5]. The 
condition of dysbiosis in the human digestive 
tract causes changes in the lining of the intestinal 
epithelial cells leading to inflammation [6].  

Inflammation can trigger the synovial tissue 
of the joints to form pannus tissue. Pannus tissue 
will invade bone resulting in damage to the 
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cartilage in the joints [7]. Synovial tissue 
inflammation can be initiated by several factors, 
namely immunological and microbial disorders, 
including oral bacterial DNA in the mouth, 
increased expression of the peptidylarginine 
deiminase (PAD) enzyme, unmethylated CpG 
oligonucleotide, and lipopolysaccharide in 
bacterial membranes [8]. 

The human digestive tract contains an 
abundant and diverse microbial community. 
Bacterial abundance in the digestive tract is 
estimated to reach 1011 to 1012 per-milliliter [9]. 
In normal condition, the dominant intestinal 
microbiota originates from the phyla Firmicutes, 
Bacteroidetes, Actinobacteria, and 
Verrucomicrobia [10]. Besides being involved in 
the digestion and absorption of food, bacteria 
are also known to be involved in the modulation 
of the immune system [11-13]. Previous studies 
have reported changes in the composition of 
microbiota in the intestine with the immune 
system lead to autoimmune diseases, which is 
rheumatoid arthritis [14]. 

The intestinal microbiota composition of RA 
patients and controls showed a difference, 
wherein RA patients, there was a reduction of 
certain bacteria in the Bifidobacterium and 
Bacteroides family [15]. Other studies showed 
the increase of Lactobacillus salivarius species in 
RA [16]. However, the correlation of the 
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intestinal microbiota composition in affecting the 
development of RA in humans is still unclear due 
to various factors of the disease. Therefore, this 
study was conducted to characterize the 
composition of intestinal microbiota in RA and 
control (Non-RA) patients in Indonesia, especially 
Malang city, through fecal bacteria analysis based 
on 16S rRNA using PCR. Fecal bacterial analysis 
can describe the microbial community in the 
intestine that initiates the emergence of disease 
in humans because it is related to the fact that 
fecal is the final product of the digestive process 
that occurs in the intestine [17]. This research is 
expected to reveal new things about the 
composition of microbiota in the intestines of RA 
sufferers in Indonesia. 

MATERIAL AND METHOD 
Ethics Clearance 

This study was approved with the code of 
ethics (ethical clearance) No. 051/EC/KEPK-FKIK/ 
2019 by the Health Research Ethics Commission 
(KEPK) Faculty of Medicine and Health Sciences 
UIN Maulana Malik Ibrahim Malang.  

Sampling 
Fecal samples were obtained from the 

hospital with a doctor's intermediary. Patients 
were recruited based on the sampling method 
after obtaining an explanation and agreement 
through the signing of informed consent. Fecal 
samples were divided into two groups, namely 
the control (non-RA) and RA group, which 
consists of three patients as replicates in each. 
Recruitment of patients as control (Non-RA) and 
RA group was based on medical records from the 
hospital with several inclusion criteria of not 
taking antibiotics, not consuming yogurt during 
the last four weeks before sampling, and having 
Indonesian citizenship based on an identity card. 
Fecal sampling was done by giving patients a 
sterile set of sampling equipment. Furthermore, 
fecal samples were stored at 4°C for further 
analysis [18]. 

Culture and Determination of Aerobic 
Mesophilic Bacteria 

The 0.5 grams of fecal samples from each 
patient were collected and then put into NaCl 
0.9% using the serial dilution technique. Dilution 
was carried out to the desired concentration. The 
suspension was cultured in plate count agar 
(PCA) media and then aerobically incubated at 
37°C for 48 hours. The aerobic bacterial colonies 
were counted using a colony counter. The 
calculation was established in triplicate for each 
control (Non-RA) and the RA group.  

Isolation and Characterization of Anaerobic 
Bacteria 

Anaerobic bacterial isolation was done using 
the serial dilution technique with peptone yeast 
glucose (PYG) agar. A diluted sample solution of 
0.1 mL was put into a sterile petri dish using the 
pour plate technique and then incubated in the 
anaerobic jar at room temperature for 48 hours. 
Anaerobic bacterial colonies were counted and 
observed for the morphological characteristics. 
They were purified using the four-way streak 
plate technique until the pure culture was 
obtained. 

Simpson index calculation 
The diversity index used in this study was the 

Simpson index. The total number of colonies and 
the number of different species' colonies found 
in each sample were calculated. The data 
obtained were analyzed using the Id formula  
[19]. The Simpson diversity index ranged from 0 
to 1. Id values could be calculated using the 
following formula [20]: 

 
Description: 
Id   = Diversity index 
Ni  = Number of specific individuals / species  found 

N   = Total number of individuals found 

The representation of the index value is as follows: 

0.00 - 0.3  = Low dominance, high diversity 
0.31 - 0.6 = Moderate dominance, moderate diversity 
0.61 - 1.0 = High dominance, low diversity 

Bacterial DNA isolation 
Anaerobic bacteria were grown in 3 mL of 

Luria Bertani (LB) broth media for 16 hours at 
37°C. Bacterial culture in LB media was 
centrifuged at 10,000 rpm, 25°C for 5 minutes. 
The pellets obtained were added with buffer lysis 
(25 mM EDTA pH 8, 10 mM Tris-HCl pH 8, 100 
mM NaCl, 1% SDS, 5 mg.mL-1 proteinase-K, and 
distilled water) and then incubated at 37°C for an 
hour. Furthermore, the isolation steps of 
anaerobic bacterial DNA in fecal samples 
followed the previous method with several 
modifications [21]. The obtained DNA was stored 
at -20°C until used. 

Bacterial DNA amplification  
The PCR technique was based on the previous 

method with several modifications [21]. The PCR 
was performed using a thermal cycler with the 
PCR program set up as follows: hot start at 95°C 
for 3 minutes; 31 cycles of denaturation at 95°C 
for 30 seconds, annealing at 55°C for 30 seconds, 
extension at 72°C for 1 minute; and post 
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extension at 72°C for 5 minutes. Primers used for 
amplifying the DNA of digestive tract bacteria 
were the primary set of Universal, Bacteroides, 
Clostridium, Bifidobacterium, Enterococcus, and 
Lactobacillus (Table 1) [22]. The amplification 
results were detected using 1.5% agarose gel and 
visualized using the UVP Biodoc-IT Imaging 
System.  

Table 1. Primers used in bacterial DNA amplification 

Primer Primer sequences (5’-3’) Ref 

Uni-F TACGGGAGGCAGCAG 23, 24 
Uni-R ATTAACCGCGGCTGCTGG  
g-Bifid F CTCCTGGAAACGGGTGG 23 

g-Bifid R- GGTGTTCTTCCCGATATCTACA  

Ent.1017F CCTTTGACCACTCTAGAG 23 

Ent.1263R- CTTAGCCTCGCGACT  
Lac1-F AGCAGTAGGGAATCTTCCA 23 
Lac2-R ATTYCACCGCTACACATG  

Bact_F TCAGTTGTGAAAGTTTGCG 23 

Bact_R- GTRTATCGCMAACAGCGA  

Ccoc_F TGACGGTACCTGACTAA 24 

Ccoc_R- CTTTGAGTTTYATTCTTGCGAA  

Source: Scientific jounnal [22] 

Statistical data analysis 
Data were analyzed through descriptive 

statistics using Microsoft Excel and one-way 
ANOVA using SPSS 16.0 for windows. Statistical 
tests performed normality and homogeneity 
tests with a significance level of 5% (p <0.05). 

RESULT AND DISCUSSION  
The Amount of Aerobic Mesophilic Microbiota 
in the Fecal Samples of Control and RA Patients 

The aerobic mesophilic count (AMC) 
performed in three control groups and three RA 
patients showed differences. The calculation 
results on Control C1, C2, and C3 were 0.84 x 108 
± 0.34, 43800 x 108 ± 4.79, and 2.58 x 108 ± 0.10, 
respectively (Table 2). This value indicated that 
the amount of AMC of C2 was higher than that of 
C1 and C3. AMC values of RA patients RA1, RA2 
and RA3 were 550 x 108 ± 0.23, 8.13 x 108 ± 0.36 
and 0.37 x 108 ± 0.04, respectively. 

Table 2. Aerobic mesophilic count of bacterial colonies in 

control and RA patients 

No Sample 
Total bacteria (x 108  CFU.mL-1) 

P < 0.01 P < 0.05 

1 C1 0.84 ± 0.34ab 0.84 ± 0.34a 

2 C2 43800 ± 4.79abc 43800 ± 4.79abcd 

3 C3 2.58 ± 0.10ab 2.58 ± 0.10b 

4 RA1 550 ± 0.23abc 550 ± 0.23c 

5 RA2 8.13 ± 0.36cd 8.13 ± 0.36d 

6 RA3 0.37 ± 0.04bc 0.37 ± 0.04a 

Notes: Values indicate the mean ± standard deviation. 
Values with the same notation in the column do not differ 
significantly (p <0.01 and p <0.05). 

The RA1 had a higher AMC value than that of 
RA2 and RA3. The AMC value of C1 was 
significantly lower than RA2 (p <0.01). There 
were no significant differences between C2, C3, 
RA1, and RA3. However, the AMC values of C1, 
C3, RA1, RA2, and RA3 showed significant 
differences with a significance level of 5% (p 
<0.05) (Table 2). 

Morphological Characters and Diversity of 
Microbiota  

The most abundant type of microbes found in 
the human digestive tract was anaerobic 
bacteria. Previous data reported that the total 
number of bacteria in each individual's fecal 
sample consisted of aerobic and anaerobic 
bacteria. The results of anaerobic bacterial 
isolation showed the presence of bacterial 
colonies with 30 different morphological 
characters. Morphological characters observed 
included shape, configuration, elevation, optical 
characteristics, texture, and color. A total of 30 
isolates were screened representing each group 
until eight selected isolates were obtained. The 
selection was based on characters, including the 
bacterial isolates found in the control group and 
RA, found only in the control group, and found 
only in the RA group (Fig. 1, Table 3). 

Our study reported differences in bacterial 
composition in RA and control patients. The data 
were used to analyze the diversity index using 
the Simpson index, so that bacterial dominance 
could be investigated in each group. 

The microbial diversity index in RA and 
control patients showed variations. The Simpson 
index values of C1, C2, and C3 were 0.79, 0.68, 
and 0.73, respectively. However, the Simpson 
index values of RA1, RA2, and RA3 were 0.63, 
0.71, and 0.65, respectively (Table 4). The higher 
Simpson index value indicated the dominating 
bacterial group, so it could be inferred that 
several species of bacteria predominated in each 
RA and control patients.  

Our study observed that isolate 1 dominated 
in C3, RA1, and RA2. Isolate 10 dominated in C2, 
RA1, and RA2, while isolate 9 dominated C1. Of 
the three isolates found in C3, isolate 16 was the 
least. This indicated that there was a competition 
between each isolate in C3, which caused the 
different numbers of each isolate. Differences in 
the abundance of isolates found in the control 
and RA group could also represent dysbiosis in 
the RA group (Table 4). 
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     a)                       b) 

Figure 1. Morphology of anaerobic bacterial colonies found in fecal samples. a) Control, b) RA patient 

 
Table 3. Morphological characterization of anaerobic bacterial colonies in fecal samples of control and RA patients 

Isolate Shape Configuration Elevation Optical Characteristics Texture Color 

3* Oval  Entire Flat Clear  Smooth  Clear & White 

7* Round  Entire  Flat  Clear  Smooth  Clear & White 

16* Round Entire Pulvinate  Oblique Steep Smooth  White Milk 

18** Round  Entire Flat  In diameter  Smooth  Clear, Cloudy & White 

1** Round  Entire Flat  Clear Smooth  Clear & White 

9** Round  Entire Flat  Small  Smooth White Milk 

10** Round  Entire Pulvinate  Oblique  Smooth  White Milk 

11*** Irregular Entire Flat Oblique Rough  Clear & White 

Description: C = control; RA= RA patient; *= only found in control; **= found in control and RA; ***= only found in RA. 

 
Table 4. Data interpretation on the level of bacterial dominance using the Simpson index in each fecal sample  

Isolate C1 C2 C3 RA1 RA2 RA3 

Isolate 1 5 12 124 248 52 27 

Isolate 3 1 0 0 0 0 0 
Isolate 7 17 0 0 0 0 0 
Isolate 9 31 3 0 0 7 0 
Isolate 10 2 19 0 207 56 17 
Isolate 11 0 0 0 2 4 5 

Isolate 16 0 0 23 0 0 0 
Isolate 18 0 0 62 3 0 0 

Id Simpson 0.79 0.68 0.73 0.63 0.71 0.65 

Description: C = control; RA= RA patient 

16S rRNA gene analysis  
The 16S rRNA gene analysis showed that all 

selected isolates were successfully amplified at 
200bp using universal primers (Fig. 2). Isolate 1, 
isolate 9, and isolate 18 were identified as 
Enterococcus group with a band size of 300bp. 
Isolate 3, isolate 7, and isolate 16 were 
Lactobacillus with a band size of 400bp (Fig. 2). 
However, isolate 10 and isolate 11 were not 
identified in all markers used in this study.  

DISCUSSION 

This study showed a significant difference in 
the amount of aerobic mesophilic number of 
microbes in the RA and control groups. The 
amount of aerobic mesophilic number of 

microbes in the RA group was higher significantly 
than in the control group (P<0.01). Among the 3 
control groups, C2 was the sample that had the 
highest number of microbes. It can be influenced 
by various factors, such as age, diet, and the 
disease being suffered [9]. In addition, these 
factors can cause dysbiosis [25]. This condition 
results in an imbalance amount of microbes in 
the digestive tract [26]. Previous studies 
reported a link between food protein 
consumption and intestinal microbiota 
composition based on 16S rRNA gene sequencing 
analysis [27]. Subjects who consumed beef food 
showed a reduction in the number of groups of 
Bifidobacterium, Bacteroides, and Clostridium 
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bacteria compared with subjects who consumed 
meatless food [28]. It is known that consumption 
of peas can increase the group of 
Bifidobacterium and Lactobacillus bacteria, while 
consumption of whey protein can reduce 
pathogenic Bacteroides fragilis and Clostridium 
perfringens [29-30]. This causes the majority of 
researchers to reveal that protein consumption is 
positively correlated with microbial diversity [30-
32]. We assume the types of food and nutrients 
consumed are some of the factors that cause the 
diversity of microbiota composition in the 
intestine to change, so that it can lead to the 
emergence of RA disease. 

Previous research revealed that the condition 
of dysbiosis can trigger RA disease through 
mucosal immune responses induced by collagen-
induced arthritis (CIA) [33]. The intestinal 
microbiota composition correlates with the 
overall increase in RA symptoms in CIA mice [34]. 
The susceptibility and severity of arthritis in 

some rodents kept in a germ-free environment 
has shown to be reduced compared to rodents 
induced by the CIA [35]. The part that plays an 
important role in the interaction between the 
host and the external environment is the surface 
of the mucosa, one of which is found in the 
digestive tract [36]. The mucous layer is 
continuously exposed to microorganisms that are 
both commensal and pathogenic [37]. 

The mucosal immune response is initiated 
through the introduction of bacterial antigens by 
mucosa-associated lymphoid tissue (MALT) [38]. 
MALT follicles containing various 
immunocompetent cells (T cells, B cells, and 
APCs) subsequently initiate an immune response 
[39]. In the RA condition, the barrier which 
becomes the defense site in the intestine is 
damaged [40]. This causes bacterial antigen to 
penetrate the mucosa. The incoming antigen can 
be eliminated by regulator T cells with specific 
functions [41]. 

 

 

Figure 2. DNA amplification showed bacterial profiling of Universal, Enterococcus, Lactobacillus, Bifidobacterium, Bacteroides, 
and Clostridium. 
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Table 5. Interpretation of 16S rRNA PCR products in selected isolates 

Description: + = present; - = absent 
 

In patients with RA, dysregulation of immune 
system is characterized by the appearance of 
autoantibodies and autoreactive T cells. RA 
patients experience dysfunction in circulating 
regulatory T (Treg) cells as well as an increase of 
T helper 17 (Th17) in synovial tissue [42]. In this 
case, macrophages and dendritic cells provide an 
environment that supports Th17 differentiation 
and suppresses Treg cell differentiation, which 
can shift T cell homeostasis toward inflammation 
[43]. Increasing autoantibody production triggers 
the formation of more proinflammatory 
cytokines. The secretion of proinflammatory 
cytokines stimulates B cells to produce 
antibodies [44].  

One of the factors causing damage to 
mucosal sites is changes in diversity and 
abundance of microbes [45]. This triggers 
inflammation through an imbalance of T cell 
subpopulations (Th1, Th2, Th17 and Treg cells) 
[46]. The diversity and abundance of microbes 
can be analyzed using the Simpson index [47]. 
The Simpson index analysis results indicate the 
presence of microbial dominance in the RA and 
control groups. Overall, the control group had a 
higher dominance value than the RA group. This 
showed that the types of microbes in the 
digestive tract of the RA group were more 
diverse. High bile acid concentration in the 
digestive tract is one of the factors that cause the 
diversity of bacteria. The anatomical structure of 
the intestine, pH, oxygen pressure, availability of 
substrate and food flow rate are also the 
elements that lead to the diversity of bacteria in 
the digestive tract [48]. The data also showed 
that the structure of the intestinal microbiota 
could change periodically. 

Changes in microbial diversity in the control 
and RA group can be evaluated through 16S 
rRNA gene analysis using PCR. The results of the 
16S rRNA gene analysis showed a group of 
Enterococcus found in both the RA and control 

group (Table 5). The abundance of Enterococcus 
in the control group was lower than in the RA 
group. Enterococcus is one of the pathogenic 
bacteria that often causes bloodstream 
infections (BSI) [49]. The common species of 
Enterococcus found in the digestive tract are E. 
faecalis and E. faecium. However, E. faecium was 
reported to have a higher level of antibiotic 
resistance [50]. Previous studies had also found 
that patients with inflammatory bowel disease 
and rheumatoid arthritis have a high risk of being 
infected with E. faecium [51]. Infection by 
various bacteria and viruses often manifests 
arthritis. Other bacteria associated with 
infections of the digestive tract are Salmonella 
and Shigella, which can cause oligoarticular 
inflammation or polyarticular arthritis within four 
weeks of infection [52]. 

The results of this study reported that 
Lactobacillus bacteria dominated the control 
group, which was not found in the RA group. 
Some studies showed the opposite, where 
Lactobacillus was more common in RA patients 
than in the healthy control group [53,54]. 
Previous studies mentioned several species of 
Lactobacillus, such as L. bifidus, can cause joint 
swelling in mice [55]. Lactobacillus is a normal 
bacterial flora that has a role as a probiotic. The 
presence of probiotic microorganisms in the 
intestinal mucosal layer can prevent the 
presence of pathogenic bacterial colonization 
[56]. The presence of Lactobacillus bacteria, 
which acts as probiotic bacteria, causes the 
Enterococcus bacterial group in control patients 
to be found in small amounts. This bacterium has 
an immunoregulatory function and plays a role in 
maintaining intestinal microbiota homeostasis by 
secreting immunomodulatory agents [57]. Our 
study found isolate 10 in the control and RA 
group. Isolate 10 was not identified in all 
markers. Previous studies showed the presence 
of other bacteria that could cause inflammation, 

Isolate 

Universal  
Bacteria 

Enterococcus Lactobacillus Bifidobacterium Bacteroides Clostridium 

±200bp ±300bp ±400bp ±200bp ±300bp ±500bp 

Isolate 1 + + - - - - 
Isolate 3 + - + - - - 
Isolate 7 + - + - - - 

Isolate 9 + + - - - - 
Isolate 10 + - - - - - 
Isolate 11 + - - - - - 
Isolate 16 + - + - - - 
Isolate 18 + + - - - - 
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namely Enterobacter cloacae.  E. cloacae is one 
of the LPS-producing gram-negative bacteria 
[58]. A high LPS number stimulates the 
inflammatory response by macrophages, which 
weakens the intestinal epithelial barrier 
triggering chronic inflammation in both rats and 
humans [59]. The number of pathogenic bacteria 
that is not offset by probiotic bacteria 
exacerbates damage to the intestinal epithelial 
barrier [60]. The loss of the Lactobacillus bacteria 
group in RA patients is thought to be related to 
competition with pathogenic bacteria. Previous 
studies had shown that supplementation with 
vegetarian foods enriched with L. plantarum or L. 
casei could improve health and reduce the level 
of inflammation in RA patients [61,62]. 
Therefore, it can be said that different 
Lactobacillus species have different effects in RA 
patients. It is not yet known with certainty 
whether RA disease is initiated by the presence 
of specific pathogenic bacteria [63]. 

Isolate 11 was the only bacteria found 
specifically in the RA group, which was not 
amplified using the primer set used in this study. 
Isolate 11 is not supposed to be included in the 
bacterial family Bacteroides, Clostridium, 
Bifidobacterium, Enterococcus, or Lactobacillus. 
Bifidobacterium, Eubacterium rectale, and 
Clostridium coccoides bacterial groups were 
reported to decrease in RA patients [64]. 
Moreover, the Bacteroides in the RA group also 
decreased [65]. Several studies also revealed the 
presence of other bacteria associated with RA 
morbidity, including Mycoplasma fermentans 
[66], E. coli [67], and Proteus mirabilis [68], so 
that further research is needed to determine the 
family of bacterial isolate 11. 

CONCLUSION 
This study found that Enterococcus was the 

bacterial group found in abundance in the 
control (Non-RA) and RA patients in Malang. The 
abundance of Enterococcus in RA patients was 
higher than in the control patients. The bacterial 
group in control patients was dominated by the 
Lactobacillus bacteria, which was not found in 
the RA patients. The diversity of Lactobacillus 
species can have positive (symbiotic) effects that 
inhibit the presence of Enteroccocus bacteria in 
RA patients. Further analysis is required to 
determine the bacterial group of isolate 11 in the 
RA patients. 
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Abstract 
Hyperglycemia is a condition of excessive blood glucose in blood plasma caused by damage to the pancreatic beta-cell 
structure that causes impaired insulin secretion. This study aimed to investigate the combination of Bitter Melon and 
Star Fruit ethanol extract (SBME) on pro-inflammatory cytokines production in hyperglycemic albino mice models. This 
study was treated in 25 female albino mice weighing 25-30 and 9 weeks old. STZ was given in a dose of 145 mg.kg-1 BW 
intraperitoneally. Hyperglycemic mice were given orally with SBME ethanol extract at doses 10, 40, and 160 mg.kg-1 BW 
for two weeks. After treatment, pro-inflammatory molecules were analyzed by flow cytometry from the splenic cell. 
This study showed that SBME treatment can reduce the production of pro-inflammatory cytokines especially IL-1b, but 
increases IL-6 in hyperglycemic mice. After treatment with SBME at a dose of 40, the IL-1b pro-inflammation molecule 
decreased significantly (p>0,05). It reached a normal physiological level, but the dose has not been able to reduce the 
IL-6 pro-inflammation molecule significantly. The conclusion of this study was Bitter Melon and Star Fruit ethanol 
extract (SBME) with a treatment of 40 mg.kg-1 BW can suppress IL-1b pro-inflammatory cytokines in hyperglycemic mice 
models, but has not been able to reduce the expression of IL-6 pro-inflammatory cytokines. Suggesting this medicinal 
herb might be a useful strategy for future therapeutic interventions in degenerative diseases or diseases involving cell 
activation, but a study of doses is needed. 

Keywords: Averrhoa bilimbi L., Hyperglycemia, Inflammation, Momordica charantia L.  
 

INTRODUCTION1 
Hyperglycemia is a state of the body with high 

blood glucose levels. The hyperglycemic 
condition can trigger the appearance of various 
damages to the body's systems. The condition of 
hyperglycemia can occur due to several factors 
such as over nutrition, lack of exercise, stress, 
free radicals, increased ROS in the body, 
oxidative stress, and suffering from diabetes. 
Hyperglycemia is a typical criterion for people 
with diabetes, whether caused by decreased 
insulin secretion (Type 1 Diabetes/DMT1) or 
insulin resistance (Type 2 Diabetes/DMT2). 
Hyperglycemia, if left unchecked, can cause 
chronic diabetes to cause death [1].  

Hyperglycemia is related to physiological 
conditions of the body, and one of them is due to 
immune system disorders. Hyperglycemia can 
affect the immune system because of increasing 
levels of pro-inflammatory cytokines IL-1b and IL-
6 in monocyte cells. IL-1b and IL-6 are the central 
pro-inflammatory cytokines produced by 
macrophages [2]. Increased levels of IL-1b and IL-
6 are related to NF-κB activation. NF-κB is an 
essential regulator of gene expression in pro-
inflammatory cytokines [3].  
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People with diabetes need therapies 
throughout their lives to reduce symptoms, 
prevent disease progression, and prevent the 
development of complications [4]. Various 
treatments, such as insulin therapy and diet, 
have been carried out. One alternative that can 
be used is herbal medicine. Many traditional 
medicinal plants have been proven to be used as 
antidiabetic, such as bitter melon and starfruit. 

Bitter melon (Momordica charantia L.) was 
known to have antidiabetic activity [5,6]. Bitter 
melon contains several active compounds such as 
saponins, flavonoids, polyphenols, vitamin C, 
charantin, vicine, and polypeptide-p, which are 
considered as the main hypoglycemic 
compounds of bitter melon fruit [6]. Pare fruit 
contains an active compound that resembles a 
sulfonylurea (an antidiabetic drug), called 
momordicin, which can stimulate the β cells of 
the pancreas to produce insulin [5]. 

Reactive Oxygen Species (ROS) will increase in 
the individual suffering from hyperglycemia and 
lead to oxidative stress [7]. However, an 
exogenous antioxidant from Starfruit (Averrhoa 
bilimbi L.) can overcome oxidative stress. 
Antioxidants can be obtained from Starfruit 
because of the content of active compounds such 
as flavonoids, saponins, and vitamin C [8]. That 
compounds are one of the natural ingredients 
that have antioxidant activity that can reduce 
inflammation. Therefore, this study was 
conducted to determine the effect of Bitter 



 

J.Exp. Life Sci. Vol. 10 No. 2, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Proinflammatory Cytokines Produced by Hyperglycemic Mice Model  

(Wardani, et al.) 

90 

melon and star fruit extract on the pro-
inflammation cytokine such as IL-1b and IL-6 in 
hyperglycemic Balb/c mice. 

MATERIAL AND METHOD 
STZ Induction 

The study was conducted using 25 female 
albino Balb/C mice aged nine weeks with a 
weight of 25 g. The treatment consisted of five 
treatment groups and was repeated five times. 
Before treatment, the mice were acclimatized for 
ten days in the pathogen-free facility provided by 
the Biology Department, Brawijaya University. 
Mice were maintenance in 12h dark/light with 
food and water added ad libitum. Hyperglycemia 
was induced by STZ in doses of 145 mg.kg-1 BW 
intraperitoneally. The blood glucose level was 
tested using the Easy Touch glucometer strip. 
Mice were considered to have hyperglycemia 
when the fasting blood glucose level (FBG) > 200 
mg.dL-1. 

Oral Administration of SBME 
The simplicia of Bitter melon and starfruit was 

obtained from Materia Medica (Batu, East Java). 
The extraction of bitter melon and star fruit 
simplicia with ethanol was processed using the 
maceration method with ethanol as a solvent. 
Soaking was done with 1 L of ethanol and stirred, 
then filtered after maceration for 1 x 24 hours, 
and replaced with a new ethanol solvent and 
repeated thrice. The maceration solution was 
evaporated on a rotary evaporator. The frozen 
filtrate was further evaporated in freeze-drying 
and administered in the hyperglycemia mouse 
model. 

Table 1. Treatment group 

Group Treatment 

Normal (C-) healthy mice 

Hyperglycemia (C+) mice induced by STZ 

Treatment 1 (P1) 
mice induced by STZ and given 

an SBME dose of 10 mg.kg-1 BW 

Treatment 2 (P2) 
mice induced by STZ and given 

an SBME dose of 40 mg.kg-1 BW 

Treatment 3 (P3) 
mice induced by STZ and given 
an SBME dose of 160 mg.kg-1 

BW 

SBME was given orally with different doses 
(10, 40, or 160 mg.kg-1 BW) in hyperglycemic 
mice models once a day for two weeks. The 
female balb/c mice were divided into five 
different groups following the oral administration 
of SBME. The five groups are as follows (Table 1). 

The design of this study was approved by the 
ethics commission number 1109-KEP-UB. 

Spleen Cells Isolation 
On the last day of treatment, mice were 

sacrificed, then the spleen was collected and 
washed in 2 mL PBS solution in a sterile petri 
dish. The spleen was crushed and homogenates 
were centrifugated at 1500 rpm at 10°C for 5 
min. The supernatant was removed and the 
pellet resuspended with 1 mL sterile PBS. 

Flow Cytometry Analysis 
To analyze the SBME against pro-

inflammatory cytokines, flow cytometry analysis 
was performed. Flow cytometric analysis was 
performed by FACS CaliburTM (BD-Biosciences, 
San Jose, CA). Intracellular cytokine staining was 
performed by a Cytoperm/Cytofix kit (BD-
Biosciences Pharmingen) according to the 
manufacturer protocol and modified by Rifa’i [9]. 
Total of 200 μL isolated cells were taken and 
placed on microtubes and centrifugated at 2500 
rpm for 5 minutes with 4°C temperature. 
Afterward, the supernatant was separated and 
added with 40 μL of antibody staining, then 
incubated for 15-20 minutes in the icebox (in the 
dark condition). The cells were then combined 
with 300 μL of PBS sterile and placed into flow 
cytometry for analysis.  

Data Analysis 
The data were analyzed using one-way 

ANOVA with significance level p < 0.05 using SPSS 
to determine the relationship between variables. 
It then continued with a Tukey test to find the 
most involving variable. 

RESULT AND DISCUSSION 
SBME Inhibits IL-Ib Expression in CD4 Cells 

The administration of Bitter melon and 
starfruit (SBME) showed significant results. The 
relative number of CD4+IL-1b+ decreased 
compared to hyperglycemia positive control. This 
study tested three groups of different doses of 
SBME and compared them to negative controls 
and hyperglycemia positive control. The result 
showed a decrease in inflammation of IL-1b 
produced by CD4 in healthy mice was 7.55%. 
After being injected by STZ, the number of 
inflammations of IL-1b produced by CD4 
increased became 10.01% and this value is 
significant with healthy mice (p<0.05) (Fig. 1). 
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Figure 1. Production profile of IL-1b cytokine by CD4 T cells total percentage. SBME suppressed IL-1b expression in CD4 cells.  

(K: a healthy group, K+ is a positive control induced with 145mg.kg-1 body weight STZ, P1: treatment 1 with STZ 

injection and 10 mg.kg-1 SBME, P2: treatment 2 with STZ injection and 40 mg.kg-1 SBME, P3: treatment3 with STZ 
injection and 160 mg.kg-1 SBME). 

The administration of SBME in P1, P2, and P3 
groups decreased the inflammation number 
significantly (p<0.05). The result showed that the 
inflammation number of IL-1b produced by CD4 T 
cells for P1 became 6.61%, P2 became 7.65%, 
and P3 became 6.51% compared to 
hyperglycemic positive, which 10.01%. This result 
showed that IL-1b produced by CD4 T cells seems 
important in susceptibility and progression of 
hyperglycemia. P3 became 6.51% compared to 
hyperglycemic positive, which 10.01%. This result 
showed that IL-1b produced by CD4 T cells seems 
important in susceptibility and progression of 
hyperglycemia.  

The administration of SBME in P2 with doses 
40 mg.kg-1 BW was significantly decreasing the 
production of IL-1b pro-inflammatory cytokine by 
CD4 T cells. This treatment has a more significant 
effect on the number of CD4 T cells that produce 
IL-1b compared to a dose of 10 mg.kg-1 BW and 
160 mg.kg-1 BW. SBME with specific doses can be 
used to reduce inflammation in patients with 
hyperglycemia because it can reduce the relative 
number of macrophage cells that produce IL-1b 
pro-inflammatory cytokines. IL-1b is a type of 
pro-inflammatory cytokine that plays a role in 
mediating chronic inflammation and is produced 
mainly by macrophages and CD4+ T cells, whose 
actions are mediated by the activation of kappa B 
(NF-κB) nuclear factors [10,11,12].  

SBME can reduce IL-1b production by CD4+ T 
cells under conditions of hyperglycemia because 
SBME contains a bioactive compound that 
beneficial to the body. SBME contains flavonoid 
which has anti-inflammatory activity. One of 
these activities is owned by a derivative of 
flavonoid composition consisting of 

isoliquiritigenin. This compound can release NF-
kB by inhibiting the release of inhibitors and 
inhibiting the transcription factor NFAT. It can 
reduce the regulation of the inflammatory 
response and inhibit Th17 differentiation [13]. 
Furthermore, the previous study also reported 
that flavonoids act as insulin mimetic or insulin 
secretagogues by influencing pleiotropic, which 
can prevent and overcome insulin resistance in 
hyperglycemic [14].  

SBME Inhibits IL-6 Expression in B220 Cells 
Flow cytometry analysis and statistical 

analysis showed that IL-6 pro-inflammatory 
cytokine expressing B cells (B220+IL-6+) 
increased in hyperglycemic mice model. The 
result showed that the relative number of 
B220+IL-6+ in hyperglycemic mice reached 
8.79%, while in normal mice, it was about 7.33%. 
The relative number of IL-6 between healthy and 
hyperglycemic mice showed significant result (p 
<0.05) (Fig. 2).  

The administration of SBME against 
hyperglycemia on the Balb/c mice showed no 
significant result. The relative number of B220+ 
IL-6+ increased compared to DM positive control. 
This research tested three groups of different 
doses of SBME and compared them to negative 
control and hyperglycemia positive control. We 
found that the relative number of B220+ IL-6+ at 
P1, P2, and P3 difference on both decrease and 
increase result after given SBME orally. A 
significant increase observed on P3 (p<0.05) 
compared to hyperglycemic positive control was 
9.55%. While on P1 and P2, a not significant 
(P>0.05) increase and decrease observed and 
compared to the hyperglycemic positive control, 
was 8.44% and 8.79%. (Fig. 2). 
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Figure 2. Production profile of IL-6 cytokine by B220 cells total percentage. (K: a healthy group, K+ is a positive control induced 

with 145mg.kg-1 body weight STZ, P1: treatment 1 with STZ injection and 10 mg.kg-1 SBME, P2: treatment 2 with STZ 
injection and 40 mg.kg-1 SBME, P3: treatment 3 with STZ injection and 160 mg.kg-1 SBME). 

Based on the result shown by flow cytometry 
analysis, the conclusion is, SBME did not give a 
specific result to reduce the relative number of 
B220+ IL-6+. The administration of SBME at a 
dose of 10 mg.kg-1 BW, 40 mg.kg-1 BW, and 160 
mg.kg-1 BW has not been able to reduce the 
number of IL-6 cytokines explored by lymphocyte 
B cells. The dosage also provides the amount of 
IL-6 pro-inflammatory cytokines. The given SBME 
cannot be used to reduce inflammation in 
patients with hyperglycemia. 

Increased IL-6 cytokine production by B220 
lymphocyte cells was due to an increase in B 
lymphocyte cell activity in producing IL-6 
cytokines, which increases the increase in 
hyperglycemia, which can cause inflammation 
[15]. Besides, increasing the relative number of 
B220 cells in hyperglycemia mice injected with 
STZ will form free radicals in the body that cause 
oxidative reactions in various organs of the body 
and cause inflammation. The resulting 
inflammation will activate activation of the 
transcription factor Nf-kB, which is a 
transcription factor that increases the production 
of inflammatory cytokines and results in the 
proliferation and differentiation of CD40 cells 
(B220) through the application of cytokine 
regulations [16].  

The increase in the relative number of IL-6 
cells by B220 cells during SBME processing is due 
to the activation of the trans-signaling pathway 
to produce IL-6 pro-inflammatory cytokines [17]. 
Besides, the composition of flavonoids and 
momordicine in SBME also has an important role. 
Mammon compounds can help activate and 
activate B cell proliferation. Flavonoid 
compounds can also act as Mitogen-Activated 
Protein Kinase (MAPK), which can fight B cell 

proliferation [18]. This MAPK activation can help 
the phosphorylation of transcription factor 
proteins such as Nf-κB and activating it as a 
transcription [16], thus increasing the 
inflammatory effect. So, based on the results of 
this study, it can be known about the content of 
SBME compounds, which are immune stimulants, 
which can trigger the activation of Nf-kB thus 
increasing pro-inflammatory cytokines in 
hyperglycemia. 
 
CONCLUSION 

In this study, Bitter melon combined with star 
fruit (SBME) gave varying results as an anti-
inflammatory depending on the therapeutic 
dose.  This result happened because the dose 
used reduces the production of IL-1b cytokines, 
not with IL-6 cytokines. Thus because the dose 
used here was low. SBME can be only used to 
cure inflammation in hyperglycemia, but with 
further research doses. SBME activity with the 
right dose was able to reduce the relative 
number of pro-inflammatory cytokines such as IL-
1B and IL-6 produced by T lymphocytes or B 
lymphocytes.  
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Abstract  
The research aimed to isolate, characterize, and analyze the ability of lactic acid bacteria (LAB) potential as probiotics to 
produce hydrolase enzyme. The LAB was isolated using MRS agar by the spread plate method. The LAB characterization 
includes antimicrobial activity, tolerance to low pH, bile salt, salinity, autoaggregation properties, and ability to produce 
hydrolytic enzymes. The isolate which has the highest ability to inhibit Aeromonas hydrophila is KBP 3.3, while the 
isolate which inhibits the highest Streptococcus agalactiae is KBP 1.1.1. The KBP 3.3 and KBP 1.1.1 were able to survive 
at pH 1 for 24 hours with a survival rate of 93.6% and 98.3%. The KBP 3.3 and KBP 1.1.1 are tolerant to 7.5% bile salt 
concentrations for 24 hours of 99.46% and 99.11%. The KBP 3.3 is tolerant to 0.5 % salinity for 24 hours with the highest 
survival rate of 113.38%, while KBP 1.1.1 is 94%. The KBP 3.3 and 1.1.1 have autoaggregation properties of 92.18% and 
87.84%. The KBP 3.3 produced the highest lipase enzyme, while KBP 1.1.1 produced the protease enzyme.  

Keywords: hydrolytic enzyme, lactic acid bacteria, mackerel, probiotic 

 

INTRODUCTION 
Lembata Regency is located in East Nusa 

Tenggara Province; one of the largest producers 
of marine fish in Indonesia. Fish with high 
economic value and widely caught in Lembata 
Regency are mackerel (Rastrelliger sp.). Mackerel 
is a type of fish that live in shallow sea waters 
and low salt salinity [1]. Mackerel production in 
Lembata Regency until the end of 2016 was 
209.27 tons [2]. The number of mackerel catches 
increased until 2016 by 53.23% [3]. Mackerel is 
nutritious because it contains protein, omega 3, 
vitamin B12, vitamin D, vitamin B2, vitamin B6, 
phosphorus, iodine, and high selenium. Catch fish 
supplies such as mackerel cannot supply the 
increasing public demand due to natural factors 
such as rainfall and wind. One alternative to 
meet community demand for fish is aquaculture 
[4]. 

Intensive aquaculture causes the fish to 
experience stress, which lowers its immune 
system. It is a cause of increased susceptibility to 
disease [5,6]. Examples of infectious diseases are 
hemorrhagic and septicemia caused by the 
bacterial pathogen Aeromonas hydrophila [7] and 
Streptococcus agalactiae [8]. Symptoms of the 
disease are loss of appetite, red discoloration of 
the anus and base of the fins, eyes, gills, internal 
organs, and hemorrhagic muscles. Pathogenic 
bacterial infections are usually prevented by 
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administering antibiotics, chemotherapy, and 
vaccines. Specifically for antibiotic therapy, if it is 
carried out intensively, it will result in the 
emergence of microbes that are resistant to 
these antibiotics [9,10]. One solution to solve this 
problem is the application of environmentally 
friendly and sustainable cultivation using 
probiotics [7]. 

Probiotics are beneficial microbes that can 
improve the health of their host and it can be 
used as a pathogenic biocontrol agent in 
aquaculture. Previous research obtained 
probiotics as biocontrol agents to be applied to 
aquaculture. Paenibacillus ehimensis NPUST1 
isolated from tilapia ponds that have the ability 
to inhibit pathogens Aeromonas hydrophila and 
Streptococcus iniae [7], and Rummeliibacillus 
stabekisii can inhibit the growth of Streptococcus 
agalactiae [10]. Moreover, the consortium of 
Saccharomyces cerevisiae, Aspergillus oryzae, 
and Bacillus subtilis can also improve the immune 
system of tilapia and inhibit pathogens 
Aeromonas hydrophila and Streptococcus iniae 
[11]. Probiotics from mackerel intestines from 
the Indonesian sea have also been reported, 
namely Lactobacillus plantarum, Leuconostoc 
mesenteroides [14], and Bacillus megaterium 
(QM B1551 strain, NBRC15308 strain, IAM 13418 
strain, and ATCC strain 14581) [13]. Probiotics 
from mackerel intestines, especially from 
Indonesia, are still less explored. Therefore, the 
research was aimed to isolate, characterize the 
LAB potential as probiotics, and analyze the 
ability of probiotics to produce hydrolase 
enzyme. 



 

J.Exp. Life Sci. Vol. 10 No. 2, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Characterization of  Probiotics Isolated from Intestine  
of Mackerel Fish (Rastrelliger sp.) (Daten, et al.) 

95 

MATERIAL AND METHOD 
Sample Collection and Pathogenic Bacterial 
Strains Used 

Mackerel was obtained from a fish auction 
place, Lewoleba Impres Market, Lembata 
Regency. Morphometry of 10 fishes included 
weight and length of mackerel. The mackerel was 
then brought under cold conditions to the 
Microbiology Laboratory, Faculty of Mathematics 
and Natural Sciences, Brawijaya University. 
Furthermore, the pathogen used was Aeromonas 
hydrophila obtained from the Fish Disease 
Laboratory, Faculty of Fisheries and Marine 
Sciences, Brawijaya University. Meanwhile, 
Streptococcus agalactiae was obtained from the 
Research Center for Freshwater Aquaculture 
Fisheries, Sempur, Bogor, West Java.  

Isolation and Characterization of LAB  
The length of the mackerel that has been 

used as a sample ranges from 18-19 cm. The 
weight of the fish is 76.5-77.2 g. Mackerel 
intestine contents were removed using tweezers 
in sterile conditions. The fish intestine of 25 g 
was blended using a blender in 100 mL of NaCl 
0.85%. The obtained suspension was serially 
diluted from 10-1-10-6 dilutions. Lactic acid 
bacteria were isolated by the spread plate 
method in MRS agar containing 1% CaCO3 and 
incubated at 37°C for 48 hours. Lactic acid 
bacteria that grow are characterized by the 
formation of clear zones around the colony. 
Lactic acid bacteria were purified by the spread 
plate method. After that, Gram stain and catalase 
test were carried out to ensure that the isolates 
obtained were LAB [14]. 

Screening of Antimicrobial Activity 
The antimicrobial activity test method used 

the well diffusion method as described by 
Speranza [15]. The number of cells of each lactic 
acid bacteria and pathogen is 107 CFU.mL-1. Lactic 
acid bacteria were cultured in MRS broth media, 
while Aeromonas hydrophila and Streptococcus 
agalactiae were cultured in Trypticase Soy Broth 
(TSB) media [7,16]. Pathogen isolates of 0.1 mL 
were spread on Trypticase Soy Agar (TSA) media. 
After that, 800 μL of each lactic acid bacteria was 
put into a well with a diameter of 5 mm, then 
incubated at 37°C for 48 hours. Clear zone 
diameters were measured and the inhibition 
index was calculated with formula 1 [17]. 

 

In-vitro Tests for Probiotic Properties: Tolerance 
to low pH, Bile salt, and Salinity 

The pH variations used were pH 1, 3, and 5, 
while the concentration of bile salts used were 
2.5%, 5%, and 7.5% [14]. The salinity variation 
used were 0.5%, 3%, and 6.5% [18]. Lactic acid 
bacteria that have antimicrobial activity and were 
used for further tests are KBP 3.3, KBP 4.3, KBP 
4.2.1, and KBP 1.1.1. Lactic acid bacteria were 
each added as much as 10% with a cell density of 
107 CFU.mL-1 into the MRS broth as measured by 
pH, bile salts, and salinity. Then, incubated at 
37°C for 24 hours and sampling at 0, 4, and 24 
hours to determine the number of cells using a 
hemocytometer [19]. The survival rate of lactic 
acid bacteria was calculated using formula 2 [20]. 
The N1 is the final cell amount and N0 is the 
initial cell amount. 

 
 

Auto-Aggregation Property 
Lactic acid bacteria culture with 107 CFU.mL-1 

cells was centrifuged at 6000 rpm, at room 
temperature for 10 minutes. The pellet was 
suspended in a saline buffer (0.85% NaCl) to 15 
mL. The suspension was measured optical 
density (OD) at a wavelength of 600 nm. After 
that, the suspension was left for 60 minutes at 
room temperature, then the suspension was re-
centrifuged at 3000 rpm for 2 minutes and the 
supernatant was measured again at the same 
wavelength. The percentage of auto-aggregation 
was calculated using formula 3 [21]. 

 
 

Enzymatic Activity 
Hydrolase enzyme activities tested were 

protease, amylase, lipase, and cellulase enzymes. 
This test was used the paper disc diffusion 
method. Protease enzyme activity was tested 
using skim milk media and amylase test using 
agar strach [21]. Lipase test was used lipolytic 
agar [22] and cellulase test was used 
carboxymethyl cellulose (CMC) agar [23]. After 
that, incubation at 37 °C for 48 hours and clear 
zone was formed and also the hydrolysis index 
was calculated using formula 4 [22]. 
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RESULT AND DISCUSSION  
The number of lactic acid bacteria obtained 

was eleven isolates. All of the LAB isolates were 
negative catalase and Gram-positive. The LAB 
cells are basil (KBP 1.1.1, KBP 3.3, KBP 2.1, and 
KBP 1.1.2.1) with cell sizes of 2-3 μm, and cocci 
(KBP 3.1, KBP 3.2, KBP 4.3, KBP 6.2, KBP 4.2, KBP 
2.3, and KBP 4.2.1) sizes of ± 1 μm. The number 
of isolated lactic acid bacterial cells was 7 x 106 
CFU.g-1. The number of LAB cells in the intestines 
of marine fish is usually constant during the 
capture and storage period of 106-107 CFU.g-1. 
The fish intestine is a potential source of 
probiotics because LAB cell viability remains 
stable, compared to probiotics isolated from gills 
and fish skins. The amount of LAB that commonly 
lives in the intestines of mackerel is 2x106 CFU.g-1 
[24]. The LABs are not dominant in the normal 
intestinal microbiota of fish, at variance with 
homeotherms, but some strains can colonize the 
intestine [25].  

The LAB is found and symbiotic throughout 
the gastrointestinal tract, including the stomach 
and the intestines [26]. The population level of 
lactic acid bacteria associated with the intestine 
is affected by nutritional and environmental 
factors like chromic oxide, stress, and salinity 
[27]. Although some lactic acid bacteria strains 
can colonize the intestine of the host, living acid 
bacteria from food or feed preparations, are in 
most cases, lost from the intestine within a few 
days after the intake has stopped [24]. The fish 
intestine is prebiotic for supplementation of 
materials that can support the growth of LAB in 
the intestinal tract of hosts, while beneficial 
bacteria, a bacterial group of lactic acid bacteria 
(LAB), has elicited most interest due to their 
ability to release various beneficial compounds 
such as free fatty acids (FFA), digestive enzymes, 
and antimicrobial compounds [28]. 

Antimicrobial activity 
Probiotics can inhibit pathogens by providing 

nutrients and enzymes to increase host growth, 
enhance the immune response by stimulating the 
immune system, and not causing environmental 
pollution [8]. Probiotics have inhibitory activity if 
the inhibitory index values range of 2.2-4.4 
(moderate-very strong category) [29]. Therefore, 
the results show that KBP 1.1.1, KBP 3.3, KBP 4.3, 
and KBP 4.2.1 are the isolates that have 
inhibitory activity against Aeromonas hydrophila. 
The isolate with the highest inhibitory index 
value was the KBP 3.3 isolate of 7.16 (p <0.05). 
Other isolates that have high inhibitory ability are 
KBP 4.2.1, KBP 4.3, and KBP 1.1.1, with an 
inhibitory index value of 4.5, 4.1, and 2.3, 
respectively (Fig. 1). 

Inhibitory activity by LAB against pathogens is 
carried out using the metabolites it produces. 
Probiotics Bacillus licheniformis KADR5 and 
Bacillus pumilus KADR6 are able to inhibit 
Aeromonas hydrophila ATCC 49140 (inhibitory 
index > 1.6) due to the activity of lysozyme 
enzymes by damaging the cell wall of pathogenic 
bacteria [30]. In addition, several probiotics have 
inhibitory activity against Aeromonas hydrophila 
Ah01, such as Lactococcus lactis Q-8, L. lactis Q-9, 
and L. lactis Z-2 [29]. This inhibitory activity is due 
to lactic acid compounds, which suppress 
lipopolysaccharide (LPS) production and damage 
the Gram-negative bacterial membrane [31]. 

Another pathogen that causes disease in fish 
is Streptococcus agalactiae. Inhibitory activity 
occurs if probiotics have inhibitory index values 
in the moderate-strong category (1 to 2.6) [9]. 
The results showed that KBP 1.1.1 and KBP 4.2.1 
inhibit pathogens with inhibitory index values of 
3.24 and 2.89, respectively (Fig. 2). 

 

Figure 1. Antimicrobial activity of lactic acid bacteria against Aeromonas hydrophila 
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Figure 2. Antimicrobial activity of lactic acid bacteria against Streptococcus agalactiae 

 

Bacteriocin type nisin A and organic acids 
produced by Lactococcus lactis subsp. lactis CRL 
1655 is inhibiting the pathogen Streptococcus 
agalactiae [32]. Probiotics such as Bacillus cereus 
NY5 and Bacillus subtilis also have the ability to 
inhibit the pathogen Streptococcus agalactiae 
due to increased lyzc gene expression to produce 
the enzyme lysozyme [8]. Previous studies 
showed that the c-type lysozymes were effective 
in lysing both Gram-negative and Gram-positive 
strains. The host could recognize the bacterial 
challenges, generate acute stress, and enhance 
body immunity by secreting specific proteins 
such as lysozymes [33]. Moreover, some lactic 
acid bacteria produce bacteriocin which inhibits 
Streptococcus agalactiae, with an inhibitory 
index of 0.6-1.8, namely Enterococcus faecium 
BNM58 and Weissella cibaria BNM69 [34]. In this 
study, KBP 4.2.1 isolate is a potential isolate that 
has the ability to inhibit pathogens Aeromonas 
hydrophila and Streptococcus agalactiae. 

Low pH Tolerance 
One of the probiotic criteria is tolerance of 

the fish's gastrointestinal conditions [35]. The 
stomach pH value of tilapia ranges about 1.5 – 
5.8 [14,36,37]. The intestinal pH value of tilapia 
ranges about 6.9 – 7.0 [14,37]. Therefore, based 
on the results, tolerant lactic acid bacteria isolate 
of gastric pH (1, 3, and 5) are KBP 3.3 and KBP 
1.1.1. The survival rate of the two isolates at pH 1 
was significantly different from the other two 
isolates for 24 hours. The survival rate of KBP 3.3 
at pH 1 decreased insignificantly after incubation 
at 4-24 hours, from 94.7% to 93%, while the 
survival rate of KBP 1.1.1 increased from 95.98% 
to 98.3% (Fig. 3). 

The isolate of KBP 3.3 had the highest survival 
rate at 4-24 hours, 100.86% to 98.89%. The 
isolate of KBP 4.2.1 had a lower survival rate than 

the other three isolates at 4-24 hours, 35% to 
34%. The survival rate at pH 5 did not show a 
significant difference (Fig. 3). Previous studies 
have shown that Lactococcus lactis CLFP 101, 
Lactobacillus plantarum CLFP 238, and 
Lactobacillus fermentum CLFP 242 were tolerant 
to pH 3 and 5, while at pH 1, no isolates survived 
[38]. Moreover, the LAB that tolerate at pH 1 are 
Lactococcus lactis (strains 8HT, 9HT, 11HT and 
33HT) and Enterococcus faecalis 14HT [39]. Other 
bacteria are Leuconostoc mesenteroides [40] and 
Pediococcus pentosaceus tolerance to pH 3 and 5 
with a survival rate of 75% [41]. Therefore, KBP 
3.3 and KBP 1.1.1 have a higher tolerance at pH 
1, 3, and 5 compared to previous studies. 

Bile Tolerance 
Tilapia and freshwater fish generally have 

concentrations of bile salts ranging from 1-10% 
[14,36]. Therefore, the results showed that KBP 
3.3 and KBP 1.1.1 isolates were tolerant of the 
concentration of bile salt 2.5-7.5%. The survival 
rate of the two isolates at 4-24 was above 97%. 
However, KBP 3.3 isolate was one of the isolates 
that showed an increase in cell number during 
oxgal exposure of 2.5% (Fig. 4). 

Along with the increase in bile salts, the 
survival rate of KBP 3.3 and KBP 1.1.1 did not 
decrease. The results of previous studies indicate 
that the more increased the concentration of bile 
salts, the value of survival rate decreases. With 
variations in bile salt concentrations of 2.5, 5.0, 
7.5, and 10% it was reported that the survival 
rate of Lactococcus lactis CLFP 101, Lactobacillus 
plantarum CLFP 238, and Lactobacillus 
fermentum CLFP 242 was 100% [38]. Moreover, 
Lactococcus lactis (strains 8HT, 9HT, 11HT and 
33HT) and Enterococcus faecalis 14HT also 
tolerance at 10% bile salt concentrations [39]. 
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Figure 3. Lactic acid bacteria tolerance at pH 1, 3, and 5 

 

 

Figure 4. Lactic acid bacteria tolerance to bile salt concentration 

 

 
 

Figure 5. Tolerance of lactic acid bacteria to salinity 
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Salinity Tolerance 
 Lactic acid bacteria can be found in some 
seawater fish that live in tropical seas. The 
population of lactic acid bacteria in the aquatic 
environment is influenced by the temperature 
and salinity of freshwater [42]. Seawater salinity 
concentrations in Lembata regency ranged from 
33.86-34.85 PSU, while water temperatures 
ranged from 3.5-30.01°C [43,44,45]. Moreover, 
freshwater salinity, in general, is 0.5-6.5% [20]. 
Therefore, lactic acid bacteria with probiotic 
potency must tolerance the host environment. 
 The results showed that KBP 3.3 and KBP 
1.1.1 isolates were tolerant of freshwater salinity. 
The survival rate of KBP 3.3 and KBP 1.1.1 are 
above 100%. It shows that the LAB can maintain 
the number at 24 hours in the range of salinity 
0.5-6.5% (Fig. 5). The salinity affects the ability of 
probiotics. It is supported by previous research 
that Lactobacillus is more commonly found in 
freshwater fish [46], while the Streptococcus 
species is more found in marine fish [47]. If 
Lactobacillus species are applied to marine fish, 
the numbers will decrease, while the number of 
Streptococcus species does not change [42]. 
Lactic acid bacteria have the ability to tolerate 
environmental conditions because of their ability 
to produce lizosim enzymes. Lizosim plays a role 
in inhibiting pathogenic microbes and surviving in 
environmental stressful conditions such as pH, 
low salinity, and temperature [48-51]. 

Auto-aggregation Assays 
 One of the probiotic criteria is to have the 
ability to colonize in the host intestine [52]. The 
ability of autoaggregation of probiotics is 
excellent if the value of autoaggregation is above 
30-60% [53]. The results showed that KBP 3.3 and 
KBP 1.1.1 have the potency to colonize in the 

host intestine. It is supported by the 
autoaggregation values of the two isolates above 
50%. However, the autoaggregation value of KBP 
3.3 was higher (92.18%) compared to KBP 1.1.1 
(87.84 %). 
 The autoaggregation property depends on 
bacterial strains, so it varies greatly among the 
same bacterial species [54,55]. The good of 
autoaggregation property is not only seen from 
the results of the in vitro test but is supported by 
the in vivo test because many factors influence 
these characteristics, such as the host, defense 
mechanisms, native microbes in the intestine, 
and peristalsis [54]. Some LAB reported to have 
the ability to colonize are Enterococcus faecium 
strain CGMCC1.2136 (9.05%) [56], Lactococcus 
cremoris SMF110 (40.3%), Lactococcus cremoris 
SMM69 (20.1%), Lactobacillus curvatus BCS35 
(17.9%), Enterococcus faecium SMF110 (40.3%), 
Lactococcus cremoris SMM69 (20.1%) [57], 
Lactobacillus plantarum (11.5%), Lactobacillus 
fermentum (14.2%), and Lactococcus lactis 
(17.2%) [38]. 

Enzymatice Activity 
Lactic acid bacteria with probiotics potency 

work optimally if producing hydrolase enzymes 
[58]. Carnivorous and omnivorous freshwater fish 
need probiotics that have the activity of the 
enzyme hydrolase (protease, lipase, amylase, and 
cellulase) to help the digestive process of fish 
[59]. The results indicate that KBP 3.3 and KBP 
1.1.1 isolates have the activity of the enzyme 
hydrolase, except for the amylase enzyme. The 
isolate of KBP 3.3 had the highest lipase enzyme 
activity (hydrolysis index of 2.96), while KBP 1.1.1 
had the highest protease enzyme activity of 3.28 
(Fig. 6). 

 
 

 
 

Figure 6. Hydrolase enzyme activity produced by lactic acid bacteria 
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Lactic acid bacteria generally have the activity 
of the hydrolase enzyme. It is supported by 
previous studies, namely Enterococcus faecium 
[60], Lactobacillus curvatus and Leuconostoc 
mesenteroides produce the enzyme protase, 
lipase, and amylase [61], Lactococcus lactis and 
Enterococcus faecalis produce enzymes protease 
and amylase [39], while Carnobacterium sp. 
produced cellulase enzymes [62]. This study 
together with others, confirmed that enzyme 
production varied according to bacterial species 
and food habits [63,64].  

CONCLUSION 
Lactic acid bacteria were successfully isolated 

from the intestines of mackerel as much as 
eleven isolates. The isolates of KBP 3.3 and KBP 
4.3 are isolates that have the ability to inhibit 
Aeromonas hydrophila, KBP 1.1.1 have the ability 
to inhibit Streptococcus agalactiae, while KBP 
4.2.1 have the ability to inhibit the two 
pathogens. The isolates of KBP 3.3 and KBP 1.1.1 
tolerant to low pH, high bile salt concentrations, 
and low water salinity. Both of these isolates also 
have the ability to produce the enzymes 
protease, lipase, and cellulase.  
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Abstract 
Aging is caused by an imbalance between antioxidants and ROS. Nuclear Factor Erythroid 2-related factor 2 (Nrf2) is a 
transcription factor that regulates antioxidant genes. Under normal conditions, Nrf2 will bind keap1 and cause 
degradation of Nrf2. Nrf2 activation can be stimulated by secondary metabolites, such as glucosinolate (glucoraphanin 
and sulforaphane) and phenolic (kaempferol and quercetin) groups found in broccoli (Brassica oleracea). The purposes 
of this study were to analyze the interaction of the four compounds with Keap1 through molecular docking, to identify 
interactions that inhibit Keap1, and also to know the bioactivity scores, drug-likeness, and bioactivity prediction of each 
compound. The Nrf2-Keap1 protein (ID: 2FLU) structure was retrieved from the protein database, whereas the 
quercetin (CID: 5280343); kaempferol (CID: 5280863), sulforaphane (CID: 5350), and glucoraphanin (CID: 656556) were 
obtained from the PubChem Database. Molecular docking was done with HEX 8.0. The docking results were visualized 
with Discovery Studio 2020. Drug-likeness and bioactivity scores of the compounds were identified using 
mollinspiration. Prediction of bioactivity was carried out with PASS Online. The results showed that the binding energy 
of quercetin with Keap1 was -268.72 kcal.mol-1, and glucoraphanin with Keap1 was -318.01 kcal.mol-1. We found that 
quercetin from the phenolic group and glucoraphanin from the glucosinolate group had a strong interaction with 
Keap1, indicated by the number of interactions occurred and the smaller energy needed. Hence both compounds could 
inhibit the interaction of Keap1-Nrf2. Consequently, Nrf2 could transcribe antioxidant genes. The interaction between 
Keap1 and quercetin may play a role related to ROS reduction activities, such as enhancing HMOXI expression. This 
study indicates that quercetin has more potential in drug development as peroxidase inhibitors. 

Keyword: Aging, bioinformatic, glucoraphanin, keap1, quercetin 
 

INTRODUCTION 
Aging is a biological and multifactorial 

phenomenon characterized by a decrease in the 
physiological function of cells and tissues. One 
cause of aging is oxidative stress [1]. Oxidative 
stress is caused by an imbalance between 
antioxidants and free radicals in the body, such 
as Reactive Oxygen Species (ROS). ROS levels will 
increase along with age and can cause cell 
damage, as well as disrupt the stability and 
function of molecules, such as proteins, 
carbohydrates, and fats [2]. Therefore, the body 
is more susceptible to aging diseases, such as 
cardiovascular, neurodegenerative, cancer, and 
diabetes [1]. 

Nuclear Factor Erythroid 2-related factor 2 
(Nrf2) is a transcription factor that regulates 
antioxidant enzymes. Nrf2 levels will diminish 
with age [3]. Under normal conditions, Nrf2 
interacts with Kelch-like ECH-associated protein 1 
(Keap1) to initiate interactions with Cullin3 (Cul3) 
and Rbx 1. As a result, the ubiquitin ligase3 
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complex is formed. Nrf2 in the ubiquitin ligase3 
complex is the target of proteasome degradation. 
Hence,  Nrf2 can not transcribe antioxidant 
enzymes [4]. 

Nrf2 activation can be stimulated by bioactive 
compounds or secondary metabolites plants [4]. 
Some secondary metabolites of plants, such as 
glucosinolate and phenolic compounds, are 
known to have antioxidant activity [5], 
anticancer, antibacterial, and anti-inflammation 
[6]. Broccoli (Brassica oleracea L.) is a cruciferous 
edible green plant with high levels of 
glucosinolate (33%) and phenolic compounds 
(28%). The glucosinolate compounds found in 
broccoli are glucoraphanin and sulforaphane, 
while the most common phenolic compounds are 
kaempferol and quercetin [7]. Therefore, this 
study was conducted to find out the inhibition of 
Keap1-Nrf2 interaction by phenolic compounds 
(quercetin and kaempferol) and glucosinolate 
(sulforaphane and glucoraphanin) through in 
silico analysis. We would like to determine which 
compounds work better to stimulate the Nrf2 
pathway. This study also supports existing in vivo 
and in vitro research about the stimulation of 
Nrf2 with flavonoid and glucosinolate 
compounds.  
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MATERIAL AND METHOD 
The 3D structure of the compounds was 

obtained from PubChem (https://pubchem.ncbi. 
mlm.nih.gov/). The compounds used included the 
flavonoid group, namely quercetin (CID: 
5280343) and kaempferol (CID: 5280863), and 
the glucosinolate group, namely sulforaphane 
(CID: 5350) and glucoraphanin (CID: 656556). We 
obtained the structure of the Nrf2-Keap1 protein 
complex (ID: 2FLU) from rcsb.pdb.org. Ligands 
were prepared to minimize energy using Open 
Babel in PyRx 0.8 software. Water molecules 
removal was done using Discovery Studio 2020 
[8]. 

Drug-likeness and Bioactivity Prediction  
Drug-likeness is an evaluation of drug ability 

based on several physical-chemical and biological 
properties of each compound. The drug-likeness 
test was carried out using Lipinski’s Rule of Five. 
The rules state that druglike molecules must 
have molecular weight (MW) <500, logp ≤ 5, the 
number of hydrogen bond acceptors ≤10, the 
number of hydrogen bond donors ≤5 and should 
not violate more than one rule [9]. 

The bioactivity score of the compound was 
obtained from https://www.molinspiration.com/. 
These compounds are expected to bind biological 
targets, such as GPCR ligands, Protease 
Inhibitors, Enzyme Inhibitors, and kinase 
inhibitors [9]. The prediction of drug-likeness and 
bioactivity scores of each compound were 
performed with https://www.molinspiration. 
com/ [9]. 

Biological Activity Prediction Using PASS Online  
Biological activities were displayed using the 

PASS Online server. The biological activity 
spectrum of each compound showed specific 
toxicity and pharmacological effects. The 
compound’s activity spectrum was calculated 
through two parameters, namely Pa (probable 
activity) and Pi (probable inactivity). Pa and Pi 
values range from 0-1 and Pa + Pi <1 [10].  

Molecular Docking and Visualization 
Molecular docking was done using HEX 8.0. 

The docking results were visualized using 
Discovery Studio 2020 [8].  

RESULT AND DISCUSSION 
Evaluation of Drug-likeness 

Evaluation of the drug-likeness from four 
bioactive compounds was based on Lipinski's five 
rules. These five rules consist of Log P (partition 

coefficient), molecular weight, the number of 
hydrogen donors and receptor bonds, and the 
polar surface area. Based on the physicochemical 
characterization of the tabulated compounds 
(Table 1), the four bioactive compounds had 
molecular weight below 500, which indicated 
that they are easily transported, diffused, and 
absorbed compared with heavy molecules [11]. 
The four bioactive compounds had a log P value 
below 5, which indicated that they had a high 
permeability to cell [11].  

Sulforaphane, quercetin, and kaempferol 
possessed bioactive scores in acceptable ranges, 
such as the number of hydrogen bond acceptors 
below 10 and the number of hydrogen bond 
donors below 5. Meanwhile, glucoraphanin had 
11 hydrogen bond acceptors, which did not meet 
the requirements of Lipinski Rules, leading to the 
reduction in the ability of a molecule to 
permeate a membrane bilayer [12]. In general, 
an orally active drug has no more than one 
violation of the Lipinski Rules. In this study, all 
four bioactive compounds can be considered as a 
drug in humans, since the overall score of the 
compounds is in acceptable ranges. 

Bioactivity Score 
Biological targets for drugs, such as enzymes, 

ion channels, and receptors, are targets for drug 
activity. Bioactivity scores of drugs are calculated 
based on different parameters such as binding to 
G protein-coupled receptor ligands (GPCR), 
nuclear receptor ligands, ion channels, kinase 
inhibition, protease inhibition, and enzyme 
inhibition activity [9]. All of these parameters 
indicated the probability of a molecule to be 
active, leading to the maximum production of the 
physiological action [10]. A compound with a 
bioactivity score of more than 0.00 is most likely 
to possess considerable biological activities. A 
compound is moderately active if it has a 
bioactivity score between -5.0 and 0.0, and 
inactive if it is less than -5.0 [11].  

The bioactivity scores of the four bioactive 
compounds are tabulated in Table 2. Quercetin 
and kaempferol had high bioactivity scores as 
kinase inhibitors, nuclear receptor ligands, and 
enzyme inhibitors. Sulforaphane had a high 
bioactivity score on the inhibitor of the enzyme, 
while glucoraphanin had a high bioactivity score 
on the enzyme inhibitor, GPCR ligands, protease 
inhibitors, and nuclear receptor ligands. 
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Table 1. Physicochemical characteristics of four bioactive compounds 

Compound 
Molecular Weight  

(MW) 
Donor atom H Receptor atom  H Log p Lipinski's Violation 

Quercetin 302.24 5 7 1.68 0 
Kaempferol 286.64 4 6 2.17 0 

Sulforaphane 177.29 0 2 1.15 0 
Glucoraphanin 436.51 4 11 -4.94 1 

 

Table 2. Bioactivity scores of four bioactive compounds 

Compound GPCR Ligand Kinase Inhibitor Nuclear Receptor Ligand 
Protease 
Inhibitor 

Enzyme Inhibitor 

Quercetin -0.06  0.28 0.36 -0.25 0.28 

Kaempferol -0.10  0.21 0.32 -0.27 0.26 
Sulforaphane -0.35 -1.98 -0.84 -0.72 0.44 
Glucoraphanin  0.39 -0.34 0.10  0.21 0.62 

 
Bioactivity Prediction  

The bioactivity prediction of all compounds is 
shown in Table 3. Only activities with Pa > Pi is 
considered as possible for a particular 
compound. If Pa > 0.7, the probability of 
experimental pharmacological action is high, and 
if 0.5 < Pa < 0.7, probability of experimental 
pharmacological action is less [9]. Using PASS 
Online server, selected bioactive constituents 
were analyzed to evaluate the possible biological 
activity. Based on the PASS prediction result, 
sulforaphane was found to have antioxidant 
activity from the Glutathione S-Transferase 
Substrate (GST) pathway and CYP2E1 inhibitor. 
Glutathione S-Transferase Substrate (GST) is a 
phase II detoxification enzyme that results from 
the expression of cryoprotective genes induced 
by Nrf2. GST plays a role in the secondary 
detoxification of Reactive Oxygen Species (ROS), 
so DNA damage can be avoided, and cells stay 
alive [9-10].  

Sulforaphane also had inhibitory activity 
against CYP2E1. CYP2E1 (Cytochrome P450) is a 
CYP isoform that has a role in the production of 
ROS. The presence of CYP2E1 in the brain can 
trigger lipid peroxidation and apoptosis, thereby 
increase blood permeability to the brain, and can 

cause brain cell damage. CYP2E1 inhibitor activity 
in this compound can certainly delay aging by 
preventing the occurrence of chronic diseases 
associated with aging, such as neurodegenerative 
diseases [13].  

PASS prediction result showed that the 
flavonoid compounds group (kaempferol and 
quercetin) had the activity as HMOXI expression 
enhancer and peroxidase inhibitor. HMOXI 
expression enhancer is an antioxidant enzyme 
secreted to respond to oxidative stress. 
Activation of this enzyme is regulated by the 
transcription factor Nrf2. Therefore, if Nrf2 
stimulation is increased coupled with the 
presence of kaempferol and quercetin 
compounds, which have HMOXI expression 
enhancer activity, the expression of antioxidant 
enzymes can elevate, leading to the reduction of 
the ROS accumulation in the body [14]. One of 
the peroxidase inhibitors is through the enzyme 
Glutathione peroxidase 2, which plays a role in 
catalyzing the reduction reaction of hydrogen 
peroxide. Glutathione peroxidase is regulated by 
Nrf-2, which is a transcription factor for the gene 
product, antioxidant [15]. All these activities from 
three compounds were related to Nrf2 induction. 

Table 3. Bioactivity prediction of four bioactive compounds 

Compound Activity Pa value Pi value 

Sulforaphane Glutathione S-Transferase Substrate (GST) 
 
CYP2E1 inhibitor 

0.936 
 

0.703 

0.002 
 

0.004 

Kaempferol HMOXI expression enhancer 

 
Peroxidase inhibitor 

0.945 

 
0.956 

0.002 

 
0.001 

Quercetin HMOXI expression enhancer 
 

Peroxidase inhibitor  

0.957 
 

0.962 

0.002 
 

0.001 
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Docking Analysis
The Kelch-Neh2 complex structure was 

obtained from Protein Data Bank with ID 2FLU. In 
the Kelch-Neh2 complex, the Nrf2 protein is in 
the P chain, and the Keap1 protein is in the X 
chain [16]. The Neh2 domain in Nrf2 with the 
ETGE and DLG regions is the Kelch-binding region 
of Keap1 with strong bonds [17]. The Kelch-
domain consists of DGR (Double glycine region) 
and CTR (C¬-terminal region). This domain is the 
binding site of Neh2 in Nrf2. The Kelch-domain 
starts with amino acid residues 327-611 (Fig. 1). 
Based on previous studies, the essential active 
site is found in serin and arginine residues in the 
Kelch-domain [17-18]. 

 
Figure 1. Domain architecture of Keap1[23] 

 
Quercetin is a flavonoid compound that has 

antioxidant activity. Five hydrogen bonds 
occurred between quercetin and amino acid 
residues Val 465, Val 369, Val 463, Ile416, and 
Ala607 in the Keap1-quercetin complex. Four 
hydrophobic interactions were also established 

between quercetin and amino acid residues 
Ala607, Ala366, and Cys368 (Fig.2). The energy 
affinity from the docking results between Keap1 
and quercetin was -268.72 kcal.mol-1 (Table 4). 
The interaction of Keap1 and quercetin showed 
that the ligand did not bind to the active side. 
However, the bonds that occurred between them 
were still in the Kelch domain, which contributed 
to the binding of Nrf2. Therefore, quercetin can 
stimulate Nrf2 expression. In another previous 
study, quercetin increased the expression of Nrf 
by in vivo [20]. Another in vitro study 
demonstrated that quercetin could activate Nrf2 
[21]. The enhancement of Nrf2 expression is 
important because it is required for binding to 
ARE (Antioxidant Responses Element), which 
mediates the transcription of Nrf2-regulated 
genes with the products of antioxidant and 
detoxifying enzymes [3]. 

The conformation with the lowest energy is 
the conformation with the strongest binding. 
Binding energy itself is the sum of the 
intermolecular forces upon the receptor-ligand 
complex [22]. 

Table 4. Comparison of energy values and bond types of 4 compounds 

 Ligand Energy (kcal.mol-1) Name Distance (Å) Category 

G
lu

co
si

n
o

la
te

 

Glucoraphanin -318.01 

X:ARG326:HH21 - :LIG1:O 2.83488 Hydrogen Bond 

X:VAL420:HN - :LIG1:O 1.7772 Hydrogen Bond 

X:VAL467:HN - :LIG1:O 3.07319 Hydrogen Bond 

:LIG1:H - X:VAL561:O 2.91043 Hydrogen Bond 

X:GLY419:CA - :LIG1:O 2.82909 Hydrogen Bond 

:LIG1:H - X:THR560:OG1 2.51532 Hydrogen Bond 

:LIG1:H - X:VAL561:O 2.84092 Hydrogen Bond 

X:CYS368 - :LIG1 4.85342 Hydrophobic 

X:ALA607 - :LIG1 4.51101 Hydrophobic 

Sulforaphane -179.66 

X:VAL369:HN - :LIG1:O 2.32618 Hydrogen Bond 

X:GLY419:HN - :LIG1:S 2.55596 Hydrogen Bond 

:LIG1:S - X:TYR426:O 3.41717 Hydrogen Bond 

:LIG1:H - X:VAL418:O 2.56679 Hydrogen Bond 

P
h

en
o

lic
 

Kaempferol -251.54 

X:VAL467:HN - :LIG1:O 2.66797 Hydrogen Bond 

:LIG1:H - :LIG1:O 2.21303 Hydrogen Bond 

:LIG1:H - X:VAL420:O 2.72538 Hydrogen Bond 

:LIG1:H - X:VAL604:O 2.88415 Hydrogen Bond 

X:ALA366:CA - :LIG1:O 2.86789 Hydrogen Bond 

:LIG1 - X:ALA366 3.9726 Hydrophobic 

Quercetin -268.72 

X:VAL465:HN - :LIG1:O 2.3514 Hydrogen Bond 

:LIG1:H - :LIG1:O 2.2166 Hydrogen Bond 

:LIG1:H - X:VAL369:O 2.45654 Hydrogen Bond 

:LIG1:H - X:ILE416:O 2.89961 Hydrogen Bond 

:LIG1:H - X:VAL463:O 2.8104 Hydrogen Bond 

X:ALA607:CA - :LIG1:O 3.21145 Hydrogen Bond 

:LIG1 - X:ALA607 4.66263 Hydrophobic 

:LIG1 - X:CYS368 4.90849 Hydrophobic 

:LIG1 - X:ALA607 4.03925 Hydrophobic 

:LIG1 - X:ALA366 4.97704 Hydrophobic 
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Figure 2. The 3D and 2D structures of molecular docking between Keap1 and glucosinolate group (glucoraphanin and 
sulforaphane) and or phenolic compounds (kaempferol and quercetin). The binding location of each complex is 
shown in the left column. The ligand-binding interactions between the ligand and amino acids of Keap1 are shown in 
the middle column. The 2D interaction between Keap1 and each ligand is shown in the right column.   
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In previous studies, sulforaphane was able to 
activate Nrf2 by changing the conformation of 
Keap1. This conformation involves modifying 
nucleophilic groups in proteins, including 
cysteine thiols. Conformation changes of Keap1 
may stimulate Nrf2 to transcribe antioxidant 
genes in the nucleus [16]. The docking results 
between Keap1 and sulforaphane showed that 
the ligand did not bind to the active site of the 
Kelch-domain. There were four interactions of 
hydrogen bonds in sulforaphane with residues of 
Gly418, Val419, Val369, and Tyr426 in the Kelch 
domain (Fig. 2). The interaction between Keap1 
and sulforaphane compounds had an energy of -
179.66 kcal.mol-1 (Table 4). 

The most abundant glucosinolate in broccoli 
is a derivative of methionine 4-methyl-sulfinyl 
butyl glucosinolate (glucoraphanin), which 
produces isothiocyanate sulforaphane [24]. This 
compound can induce Nrf2, a transcription factor 

that regulates the expression of phase 2 
detoxification and antioxidant genes [25]. The 
docking results between Keap1 and 
glucoraphanin showed that the ligand did not 
bind to the active site of the Kelch domain. Seven 
hydrogen bonds occurred between 
glucoraphanin with amino acid residues Arg326, 
Gly419, Val420, Val467, Thr560, Val561. Two 
hydrophobic interactions were established 
between glucoraphanin with Cys368 and Ala607 
of Keap1 (Fig. 2). The hydrogen bonds help to 
optimize the hydrophobic interactions and may 
increase the binding affinity complex [26]. These 
hydrophobic interactions also help in stabilizing 
the biochemical environment of the target [27]. 
The energy affinity from the docking results 
between Keap1 and glucoraphanin was -318.01 
kcal.mol-1 (Table 4). This number of energy states 
the intermolecular forces upon the receptor-
ligand complex [22]. 

 

 
Figure 3. Docking result of Keap1-quercetin complex to Nrf2 A. Ligand-binding Interaction, B. 2D Interaction 

 
 

 
 

Figure 4. Docking result of Keap1-glucoraphanin complex to Nrf2. A. Ligand-binding Interaction, B. 2D Interaction 
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Quercetin and glucoraphanin bound to the 
Kelch domain, which functioned as the Nrf2 
binding region. Both compounds had strong 
interaction and could easily bind to Keap1, 
proven by more amount of interactions and 
smaller binding energy than other compounds 
[28]. The strong interaction indicates a stronger 
impact on Nrf2 to prevent being sequestered by 
Keap1. Therefore, degradation of Nrf2 by 
proteasome can be prevented. Consequently, 
Nrf2 will be free, then it can enter the nucleus to 
form heterodimers with small MAF proteins [4]. 
The heterodimer complex is recognized by ARE, 
leading to the induction of antioxidant gene 
expression [15]. It shows that quercetin and 
glucoraphanin can change the stability of the 
Nrf2-Keap1 interaction. 

The combination of Keap1 and quercetin in 
the form of ligand complex could disturb the Nrf2 
binding on the Kelch domain of Keap1 (Fig.3). As 
a result, the Nrf2 binding site to Keap1 changed 
into Val 463, Val 465, ILE 416, Val 369, and ALA 
607 which were different from the residue amino 
acid in keap1-Nrf2.  The same thing also happens 
in a result docking of complex keap1-
glucoraphanin to Nrf2 (Fig. 4). This complex 
disturbs Nrf2 binding on the Kelch domain of 
keap, so that, binding site to Keap 1 changed into 
Val326, Val561, Ala607, Cys368, Val467, and 
Val420, which were distinct from residue amino 
acid in Keap1-Nrf2. Keap1-Nrf2 has a binding site 
in serin and arginine residue amino acid. 

Hydrogen bonds are known to increase the 
binding affinity of ligand interactions. Besides, 
hydrogen bonds strongly contribute to the 
transportation, adsorption, distribution, and 
metabolism of a molecule [29]. The combination 
of hydrophobic bonds with hydrogen bonds can 
optimize binding affinity. In addition, the 
presence of hydrophobic bonds can increase the 
biological activity of the drug [22]. 

CONCLUSION 
Quercetin and glucoraphanin are the 

strongest compounds to activate Nrf2 by 
inhibiting Keap1, followed by kaempferol and 
sulforaphane. Both of these compounds had low 
binding energy, more hydrogen bonds, and high 
hydrophobic interactions. Quercetin has a higher 
potential in drug development than 
glucoraphanin based on its biological activity as a 
peroxidase inhibitor.   

ABBREVIATION 
Nrf-2  Nuclear Factor Erythroid 2-related factor 
Keap1 Kelch ECH-associating protein1 

GST Glutathione S-Transferase Substrate  
Pa probable activity 
Pi probable inactivity 
DGR  Double glycine region 
CTR C¬-terminal region 
Val  Valin 
Ile Isolysin 
Ala Alanine 
Cyst Cysteine 
Arg Arginine 
Gly Glycine 
Tyr Tyrosine 
ARE  Antioxidant Responses Element 

 

ACKNOWLEDGEMENT 
We send our regards to our research group 

for helping us to finish this research. Thanks a lot 
to Hazna Noor Meidinna for English proofreading 
assistance. We would like to thank the laboratory 
assistants for their guidance and feedback on our 
project. 

REFERENCES 
[1] De Almeida, A.J.P.O., T.P. Ribeiro, I.A. De 

Medeiros. 2017. Aging: Molecular 
pathways and implications on the 
cardiovascular system. Oxid. Med. Cell. 
Longev. doi: 10.1155/2017/7941563. 

[2] Zhong, H., C. Hong, Z. Han, S.J. Hwang, B. 
Kim, Z. Xu, J. Lee, K.H. Kim, M.H. Jin, C. 
Zou. 2019. Erjingwan Extracts Exert 
Antiaging Effects of Skin through 
Activating Nrf2 and Inhibiting NF- B, 
Evidence-based Complement. Altern. Med. 
doi: 10.1155/2019/5976749. 

[3] Silva-Palacios, A., M. Ostolga-Chavarría, C. 
Zazueta, M. Königsberg, 2018. Nrf2: 
Molecular and epigenetic regulation 
during aging. Ageing Res. Rev. 47. 31–40. 
doi: 10.1016/j.arr.2018.06.003. 

[4] Bellezza, I., I. Giambanco, A. Minelli, R. 
Donato. 2018. Nrf2-Keap1 signaling in 
oxidative and reductive stress. Biochim. 
Biophys. Acta - Mol. Cell Res. 1865(5). 721-
733. doi: 10.1016/j.bbamcr.2018.02. 010. 

[5] James, D., S. Devaraj, P. Bellur, S. 
Lakkanna, J. Vicini, S. Boddupalli. 2012. 
Novel concepts of broccoli sulforaphane 
and disease: Induction of phase II 
antioxidant and detoxification enzymes by 
enhanced-glucoraphanin broccoli. Nutr. 
Rev. 70(11). 654–665. doi: 10.1111/j.1753-
4887.2012.00532.x. 

[6] Wang, J., X. Fang, L. Ge, F. Cao, L. Zhao, Z. 



 

 
 

 

J.Exp. Life Sci. Vol. 10 No. 2, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Virtual Prediction of Phenolic and Glucosinolate Compounds  
with Keap1 Protein (Hikmawati, et al.) 

111 

Wang, W. Xiao 2018. Antitumor, 
antioxidant and anti-inflammatory 
activities of kaempferol and its 
corresponding glycosides and the 
enzymatic preparation of kaempferol. 
PLoS One. 13(5). 1–12. doi: 
10.1371/journal.pone.0197563. 

[7] Vanduchova, A., P. Anzenbacher, E. 
Anzenbacherova. 2019. Isothiocyanate 
from Broccoli, Sulforaphane, and Its 
Properties.  J. Med. Food. 22(2). 121–126. 
doi: 10.1089/jmf.2018.0024. 

[8] Adam, M., L. Chaubah, B. W. Bontes, N. A. 
Mulachelah. 2019. Molecular docking of 
polycyclic aromatic hydrocarbons as 
potentially carcinogenic molecules 
through binding with aryl hydrocarbon 
receptor.  JSMARTech. 1(1). 1–4. 

[9] Hussain, S. M., M. S. Hussain, A. Ahmed, 
N. Arif. 2016. Characterization of isolated 
bioactive phytoconstituents from 
Flacourtia indica as potential 
phytopharmaceuticals - An in silico 
perspective. J. Pharmacogn. Phytochem. 
5(6). 323–331 

[10] Malik A., S. Afaq, B. El Gamal, M. Abd 
Ellatif, W.N. Hassan, A. Dera, R. Noor, M. 
Tarique. 2019. Molecular docking and 
pharmacokinetic evaluation of natural 
compounds as targeted inhibitors against 
Crz1 protein in Rhizoctonia solani. 
Bioinformation. 15(4). 277–286. doi: 
10.6026/97320630015277. 

[11] Khan, T., S. Dixit, R. Ahmad, S. Raza, I. 
Azad, S. Joshi, A.R. Khan. 2017. Molecular 
docking, PASS analysis, bioactivity score 
prediction, synthesis, characterization and 
biological activity evaluation of a 
functionalized 2-butanone 
thiosemicarbazone ligand and its 
complexes. J. Chem. Biol. 10(3). 91–104. 
doi: 10.1007/s12154-017-0167-y. 

[12] Pollastri, M.P. 2010. Overview on the rule 
of five. Curr. Protoc. Pharmacol. 49. 1–8. 
doi: 10.1002/0471141755.ph0912s49. 

[13] Jin, M., A. Ande, A. Kumar, S. Kumar. 2013. 
Regulation of cytochrome P450 2e1 
expression by ethanol: Role of oxidative 
stress-mediated pkc/jnk/sp1 pathway. Cell 
Death Dis. 4(3). 1–10. doi: 
10.1038/cddis.2013.78. 

[14] Reichard, J.F., G.T. Motz, A. Puga. 2007. 
Heme oxygenase-1 induction by NRF2 
requires inactivation of the transcriptional 
repressor BACH1. Nucleic Acids Res. 

35(21). 7074–7086. doi: 
10.1093/nar/gkm638. 

[15] Lo, S.C., X. Li, M. T. Henzl, L.J. Beamer, M. 
Hannink. 2006. Structure of the 
Keap1:Nrf2 interface provides mechanistic 
insight into Nrf2 signaling. EMBO J. 25(15). 
3605-3617.doi: 10.1038/sj.emboj.7601243 

[16] Zhuang, C., Z. Wu, C. Xing, Z. Miao. 2017. 
Small molecules inhibiting Keap1-Nrf2 
protein-protein interactions: a novel 
approach to activate Nrf2 function. 
Medchemcomm. 8(2). 286–294. doi: 
10.1039/c6md00500d. 

[17] Dinkova-Kostova, A.T., W.D. Holtzclaw, 
R.N. Cole, K. Itoh, N. Wakabayashi, Y. 
Katoh, M. Yamamoto, P. Talalay. 2002. 
Direct evidence that sulfhydryl groups of 
Keap1 are the sensors regulating induction 
of phase 2 enzymes that protect against 
carcinogens and oxidants. Proc. Natl. 
Acad. Sci. U. S. A. 99(18). 11908–11913. 
doi: 10.1073/pnas.172398899. 

[18] Itoh, K., N. Wakabayashi, Y. Katoh, T. Ishii, 
T. O’Connor, M. Yamamoto. 2003. Keap1 
regulates both cytoplasmic-nuclear 
shuttling and degradation of Nrf2 in 
response to electrophiles. Genes to Cells. 
8(4). 379–391. doi: 10.1046/j.1365-2443. 
2003.00640.x. 

[19] Xu, D., M.J. Hu, Y.Q. Wang, Y.L. Cui. 
Antioxidant activities of quercetin and its 
complexes for medicinal application. 
Molecules. 24.(6). doi: 10.3390/molecules 
24061123. 

[20] Domitrovic, O., R. Jakovac, H. Vasiljev, M. 
Vladimir-Knezevic, S. Cvijanovic, D. Tadic, 
Z. Romic, Z. Rahelic. 2012. No Title 
Differential hepatoprotective mechanisms 
of rutin and quercetin in CCl(4)-intoxicated 
BALB/cN mice. Acta Pharmacol. 33. 1260–
1270. 

[21] G. C. Weng, C.J.; Chen, M.J.; Yeh, C.T.; Ye, . 
2011. Hepatoprotection of quercetin 
against oxidative stress by induction of 
metallothionein expression through 
activating MAPK and PI3K pathways and 
enhancing Nrf2 DNA-binding activity.  
Biotechnol. 28. 767–777. 

[22] Fitria, L., M.H. Widyananda, S.P. Sakti. 
2019. Analysis of allopurinol, cucurbitacin 
b, morindine, and piperine as xanthine 
oxidase inhibitor by molecular docking. 
JSMARTech.  1(1). 6–11. 

[23] Canning, P., F.J. Sorrell, A.N. Bullock. 2015. 
Structural basis of Keap1 interactions with 



 

 
 

 

J.Exp. Life Sci. Vol. 10 No. 2, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Virtual Prediction of Phenolic and Glucosinolate Compounds  
with Keap1 Protein (Hikmawati, et al.) 

112 

Nrf2. Free Radic. Biol. Med. 88(Part B). 
101–107. doi: 10.1016/j.freeradbiomed. 
2015.05.034. 

[24] Lin, H.L., H. Zhang, C. Medower, P.F. 
Hollenberg, W.W. Johnson. 2011. 
Inactivation of cytochrome P450 (P450) 
3A4 but not P450 3A5 by OSI-930, a 
thiophene-containing anticancer drug. 
Drug Metab. Dispos. 39(2). 345–350. doi: 
10.1124/dmd.110.034074. 

[25] Goncalves, S., R. Anabela. 2017. Inhibitory 
properties of phenolic compounds against 
enzymes linked with human diseases. 
Londong: INTECH Open. 

[26] Panigrahi, S. 2008. Strong and week 
hydrogen bonds in protein-ligand 
complexes of kinases: a comparative 
study. Amino Acids. 34. 617–633. 

[27] Varma, A.K., R. Patil, S. Das, A. Stanley, L. 
Yadav, A. Sudhakar. 2010. Optimized 
hydrophobic interactions and hydrogen 
bonding at the target-ligand interface 
leads the pathways of Drug-Designing. 
PLoS One. 5(8). doi: 10.1371/journal.pone. 
0012029. 

[28] Elokely, K.M., R.J. Doerksen. 2013. 
Docking challenge: Protein sampling and 
molecular docking performance. J. Chem. 
Inf. Model. 53(8). 1934–1945. doi: 
10.1021/ci400040d. 

[29] Williams, J.E., M. Ladbury. 2005. Hydrogen 
Bonds in Protein-Ligand Complexes. 
Methods and Principles in Medicinal 
Chemistry. John Willey and Publisher. 
USA. 

 
 

 



 

 
 

J.Exp. Life Sci. Vol. 10 No. 2, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Water Clover (Marsilea crenata) Ethanol Extracts on Follicle and  

Oocyte Diameter of Goat (Widhaningrum, et al.) 

113 

Effect of Water Clover (Marsilea crenata) Ethanol Extracts on Follicle and  
Oocyte Diameter of Goat: In Vitro Study 

 

Siska Nanda Widhaningrum1, Septiawan Putranto1, Sri Rahayu2*, Gatot Ciptadi3 
 

1Master Program of Biology, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang, Indonesia 
2Department of Biology, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang, Indonesia 

3Faculty of Animal Husbandry, University of Brawijaya, Malang, Indonesia 
 

Abstract 
Water clover (Marsilea crenata) is one of the herbal plants that has been using in alternative medicine. It possesses 
pharmacologically active compounds like flavonoid, which has cellular activities such as antioxidant and estrogenic 
activity. This study aimed to evaluate the impact of water clover ethanol extract (WCE) at different concentrations on 
the growth of follicles and oocytes based on follicles and oocytes diameter, respectively, after six days of culture. This 
experimental study used 24 isolated antral follicles (2.5-3.2 mm), which were randomly divided into four groups 
including control (without supplemented WCE) and experimental groups that supplemented with different 
concentrations of WCE (21.6, 43.2, and 86.4 µg ml-1) in culture medium for six days culture. The diameter of follicles 
was measured on days 0, 3, and 6. Additionally, oocytes diameter was also measured on day 6. The results indicate that 
the mean diameter of antral follicles and oocyte diameter of WCE 43.2 µg ml-1 was significantly increase compared to 
the other groups (P≤0.05). According to our results, WCE exerts its effect on the growth of the antral follicle and oocyte 
based on follicles and oocytes diameter respectively in a dose-dependent manner after six days of the antral follicle 
cultured.   

Keywords: antral follicle, flavonoid, in vitro, oocyte, water clover.  

 

INTRODUCTION 
Reproduction is a critical biological process 

and very important in all living systems to 
maintain species survival [1]. The ovarian follicle 
is the structural and functional unit of the female 
reproductive system, which plays a role in 
folliculogenesis [2]. Folliculogenesis is the 
physiological process that involves a complex 
interaction among endocrine, paracrine, and 
autocrine factors for activation, growth, and 
maturation of the ovarian follicles. So, it 
influences steroidogenesis, angiogenesis, oocyte 
maturation, as well as follicular atresia [3].  

During folliculogenesis, reactive oxygen 
species (ROS) will be generated as a result of 
cellular metabolism. Cell living under aerobic 
need oxygen, so ROS such as superoxide anion 
radical (O2-), hydroxyl radical (OH-), and 
hydrogen peroxide (H2O2) will be generated from 
oxygen [4]. Also, superoxide anion radical (O2-) 
reacts with nitric oxide (NO-) to form 
peroxynitrite (ONOO-), so it will form reactive 
nitrogen species (RNS) [5]. The increase of ROS 
and RNS levels react with cellular lipids, protein, 
and nucleic acid, so that lead to significant 
damage of cell structure and thereby cause 
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oxidative stress (OS). Several studies indicate that 
OS is involved in the initiation of apoptosis in 
antral follicles, so that affect of folliculogenesis 
and steroidogenesis [6]. However, the role of 
endogen antioxidants such as superoxide 
dismutase (SOD), glutathione peroxidase, and 
catalase reduced the increase of free radical and 
maintain the proper redox state of cells as the 
signalling molecules in normal physiological 
processes [5].   

Folliculogenesis includes the growth and 
maturation of follicle which provides the 
microenvironment necessary for oocyte growth 
and development, so it will produce matured 
oocyte (metaphase II) [7]. The growth of follicles 
is characterized by increasing in follicular 
diameter due to an increase in oocytes diameter, 
the number of granulosa cells layer, and 
formation of the antrum (accumulation of 
follicular fluid) [8]. Oocyte quality can be 
determined by the oocyte growth based on 
oocyte diameter [9]. 

Water clover (Marsilea crenata) is one of the 
herbal plants that has been using in alternative 
medicine for osteoporosis, infection of the 
urinary tract, and inflammation of the esophagus 
[10].  It is caused by the phytochemical content 
of flavonoids in WCE, which have cellular 
activities such as antioxidant, anti-inflammatory, 
anti- tumor, anti-osteoporosis, and estrogenic 
[11]. The previous study explained that the 
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presence of flavonoids as an antioxidant in 
semen extender can improve the quality of 
semen from the effects of freezing [12]. Besides, 
isoflavone, the subclass of flavonoid also exerts 
estrogenic activity that plays an important role in 
folliculogenesis [13]. Therefore, the present 
study aimed to evaluate the impact of water 
clover ethanol extract (WCE) at the different 
concentrations on the growth of follicles and 
oocytes based on the follicles and oocytes 
diameter respectively, after the six days of the 
antral follicle cultured.   

MATERIAL AND METHOD 
Extraction of Marcilea crenata 

The leaves of WCE were collected in 
Surabaya, East Java, Indonesia. Leaves were 
washed thoroughly with water then dried in the 
greenhouse at room temperature (25°C) during 
4-5 days. The dried leaves were ground into 
powder [14] then extracted with ethanol 70% 
through the maceration method with 
modification [15]. Ethanol extraction of phenolic 
compounds in WCE was carried out at the 
Biochemistry Laboratory, Faculty of Mathematics 
and Natural Sciences, Brawijaya University. The 
next step was freeze-dried for 24 hours to get the 
extracts in the form of pasta.  

Isolated Antral Follicles and IVGC  
This study used the antral follicle of Etawah 

Crossbred (PE) to analyze the effect of WCE on 
folliculogenesis. Goat ovaries were collected 
from slaughterhouse Malang City, East Java, 
Indonesia. The ovaries were washed with sterile 
0.9% physiological saline and then were 
transported to the laboratory in a container kept 
at 37°C in sterile 0.9% physiological saline 
supplemented with antibiotics, which consist of 
0.01 g streptomycin and 0.006 g penicillin (Meiji, 
Japan). After arrived at the laboratory, some fat 
tissues were removed from ovaries and washed 
again in sterile 0.9% physiological saline [16]. 

The antral follicles with diameter size of 2.5-
3.2 mm (n=24) were isolated with the slicing 
technique and cultured for 6 days in 300 µL of 
culture medium in each well. The culture 
medium containing TCM-199 medium 
supplemented with 10% heat-activated Fetal 
Bovine Serum (FBS), 1% antibiotic Pen-Strep, 0.1 
IU.mL-1 FSH, 1 IU.mL-1 HCG, 4% polyvinyl-
pyrrolidone, then covered under sterilized 
paraffin oil and incubation at 37°C in 5% CO2 [17]. 
WCE were added in the treated groups at 21.6, 
43.2, and 86.4 µg.mL-1. And then, half of the 

culture medium (approximately 150 µL) was 
replaced every day, except the culture medium 
of the third day that was completely replaced. 

Morphological Evaluation of Follicular Growth 
Evaluation of the growth of antral follicles 

morphology was checked by stereo-microscope 
(SMZ 645 Nikon, Tokyo, Japan) that have been 
approved with a camera at x20 magnification and 
observed on days 0, 3, and 6. And then measured 
of follicular diameter were carried out by Image 
raster software [18]. 

Evaluation of Oocyte Quality 
Evaluation of oocyte quality used oocyte 

diameter was carried out on the sixth day of 
culture. The oocytes in selected antral follicles 
were isolated with the slicing technique and then 
measured of oocyte diameter by an inverted 
microscope at x10 magnification [8]. 

Statistical Analysis 
The data were presented in mean values and 

Standard Error (SE).  The data were analyzed by 
one-way ANOVA using SPSS 16 for windows. If 
the result of ANOVA Test shows significantly 
different (P≤0.05) and followed by Posthoc Test 
using Duncan with a confident level of 95% 
(α=0.05). 

RESULT AND DISCUSSION  
Effect of WCE on the diameter of cultured 
isolated antral follicles 

One of the purposes of this study was to 
evaluate the impact of different concentrations 
of WCE on the growth of isolated cultured antral 
follicles for six days. The mean diameter in the 
sixth day cultured of the isolated cultured antral 
follicles, which were treated by WCE 43.2 µg.mL-1 

was significantly increase compared to the other 
groups (Table 1, Fig. 1).  

During folliculogenesis, the increasing of 
follicular diameter occurred due to the influence 
of gonadotropins, such as FSH promotes 
proliferation and differentiation of granulosa cell 
through cAMP-PKA and PI3K-AKT pathway [19]. 
Thus, the follicle able to form an antrum 
(follicular fluids were produced by the granulosa 
cell), and the follicular diameter will increase. In 
addition, 17β-estradiol through sex 
steroidogenesis also promotes proliferation and 
differentiation of granulosa cells in the presence 
of FSH stimulation [20]. The differentiation of 
granulosa cells can be divided into 2 groups, such 
as cumulus cells surrounding the oocyte to 
promote maturation oocyte and mural granulosa 
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cell to produce sex steroid. So, the increase in the 
number of granulosa cells, oocyte diameter, and 
antrum formation cause the increase of follicular 
diameter [8]. 

Tabel 1. The average follicles diameter during in vitro 

culture 

Groups 
Diameter of Follicles (µm) 

Day-0 Day-3 Day-6 

Control 
2927.30 ± 
160.29 

3105.06 ± 
241.44* 

3023.75 ± 
120.77 

D21.6 µg.ml-1 
2889.77 ± 
184.05 

2770.85 ± 
260.75 

2879.03 ± 
205.02 

D43.2 µg.ml-1 
2873.25 ± 
82.83 

3106.83 ± 
210.63* 

3462.75 ± 
341.26* 

D86.4 µg.ml-1 
2838.10 ± 
214.68 

2781.14 ± 
300.51 

2879.77 ± 
245.14  

Notes: symbol (*) indicate a significant difference 

between treatment (p<0.05). 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Isolated antral follicles in vitro culture in 

different treatments: the control group (first 
row), this experimental group supplemented 

with 21.6, 43.2, and 86.4 µg.mL-1 (second, 
third, and fourth row respectively) on day 0, 
day 3, and day 6. Images were observed by 
the stereo microscope that has been 

approved with a camera at x20 magnification 

The increased follicular diameter after WCE 
treatment may occurred by antioxidant activity in 
WCE with binding to free radicals through the 
phenolic hydroxyl structure of flavonoid [21]. So, 
it can inhibit cell damage due to the increase of 
free radicals and can maintain the level of 
intracellular homeostasis between prooxidant 

and antioxidant [5]. In addition, flavonoids also 
regulate the activity of the antioxidant enzyme to 
inhibit cell damage and followed by apoptosis 
[22]. In addition, OS causes a decrease in 
follicular diameter, which can initiate apoptosis 
in antral follicles and affect follicular 
development and steroidogenesis [5].  
Overproduction of ROS can impact the IVC of 
antral follicles because they act as the second 
messenger and induce the opening of a non-
specific pore in the inner mitochondria 
membrane. Thus, it releases cytochrome C and is 
followed by caspase activation to induce 
apoptosis and loss of follicular function [23]. 

The growth of the antral follicle also occurred 
due to the presence of phytoestrogens in WCE 
that produce estrogenic activity/agonist. So, 
there was a bind between phytoestrogen and 
estrogen receptor, such as ERα and ERβ in 
cytoplasm or nucleus through genomic and non-
genomic action with lower binding compared to 
endogenous estrogen 17β-estradiol [24]. This 
complex yields estrogenic activity functioned as 
transcription factors that initiate the 
transcription activity of a gene [19-21]. This 
complex also yields a rapid cellular response, 
such as MAPK/ERK, PI3K/AKT, cAMP/PKA, PKC, 
tyrosine kinase pathway, which is also be used to 
increase transcription activity [25]. 

According to Rosales-Tores [20], the presence 
of estrogenic activity may increase the response 
of granulosa cells to FSH stimulation. It enables 
the increasing proliferation and differentiation 
activity by expressing several genes that play 
important role in the folliculogenesis of antral 
follicles, such as FSH (FSHR), luteinizing hormone 
receptor (LHR), aromatase (CYP19a1), 
cytochrome P450 (CYP11a1), 17α-hydroxylase 
P450c17), 3β-hydroxysteroid dehydrogenase (3β-
HSD). 

Whereas, the decreasing of follicular 
diameter occurred due to the phytoestrogens at 
certain dosage enable to yield antiestrogenic 
activity/antagonist, so they unable to promote 
proliferation and differentiation in follicle 
development of antral follicle. Based on the 
previous study, phytoestrogens at high doses 
inhibit the activity of cytochrome p450 
(CYP11a1), which can convert cholesterol into 
pregnenolone, thus affect estrogen production 
[26]. Genistein, one of the phytoestrogens also 
alters the level of precursor hormones of 
estrogen, such as estrone, testoserone, DHEA, 
progresterone, and enables cause follicle atresia 
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that followed by reduction of oocyte maturation. 
Besides, genistein also significantly increases the 
expression of the cell cycle inhibitor (cyclin-
dependent kinase inhibitor 1a/cdkn1a), thus it 
can inhibit proliferation of granulosa cells [27]. 

Effect of WCE on the diameter of oocytes 
The presence of WCE in the culture medium 

enables to increase oocyte maturation 
characterized by an increase of oocyte diameter 
at WCE 43.2 µg.mL-1 compared to the other 
groups (Fig. 2 and 3). The increasing oocyte 
diameter may occur due to antioxidant activity in 
WCE. So, it can suppress free radical activity in 
oocytes. However, overproduction of ROS 
exceeds physiological limit, so it can induce 
destabilization of maturation promoting factor 
(MPF), decrease survival factor, and stimulate 
apoptosis in oocyte through mitochondria [28].  

 

 
 
 
 
 
 
 

 
 
Figure 2. The average diameter of oocytes after antral 

follicle culture in different treatments. Symbol 

(*) indicate a significant difference between 
treatment (p<0.05). 

 

Figure 3. The diameter of oocytes after antral follicle 

culture in different treatments.  

The decreasing of oocyte diameter occurred 
due to the phytoestrogens at high doses enable 
to inhibit the kinase activity of cyclin-dependent 
kinase 2 (cdk2)/cell division cycle 2 (cdc2) [29]. 
Thus, induce G2/M arrest in mammalian cell and 

maintain in meiotic arrested condition and 
followed by the inhibition of meiotic maturation 
[30].   

The increasing of oocyte diameter related to 
the increasing of follicle diameter at WCE 43.2 
µg.mL-1 (Fig. 1). It indicates the relationship 
between follicular diameter and oocyte 
maturation level characterized by the increasing 
of oocyte diameter [31]. It happened because 
there is an acquisition of competence 
development of oocyte that initiated by 
interaction between granulosa cells and oocyte 
through gap junction, su/ch as transfer of small 
molecules (cAMP, cGMP, RNA, and metabolite) 
so the oocyte able to regulate oocyte meiotic 
maturation and reach the final development 
competence stage [32].  

CONCLUSION  
According to our result, WCE exerts its effect 

on the growth of antral follicle and oocyte based 
on follicles and oocytes diameter, respectively in 
a dose-dependent manner after the sixth day in 
vitro culture of the antral follicle. 
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Abstract  
Plant Growth Promoting (PGP) Endophytic bacteria are used as an alternative biofertilizer to support soil health and 
plant productivity. This research aimed to isolate, analyze the potential, and identify the endophytic bacteria of Robusta 
and Arabica coffee plants as biofertilizer agents. Endophytic bacteria were isolated from the roots of coffee plants and 
tested for their potential to produce IAA, phosphate-solubilizing, and nitrogen fixation. Potential endophytic bacterial 
isolates were identified based on 16S rDNA sequence similarity. Total isolates from Robusta coffee consisting of ten IAA-
producing bacteria, eight phosphate-solubilizing, and seven nitrogen fixation bacteria isolates. Total isolates from 
Arabica coffee roots were 12 isolates of IAA-producing bacteria, seven isolates of phosphate-solubilizing bacteria, and 
six isolates of nitrogen fixation bacteria. The highest potential of the isolate from Robusta roots was SS.E2 isolate to 
produce IAA 110.73 μg.mL-1; SS.P3 isolate to dissolve phosphate 4.42 μg.mL-1, and SS.N2 isolate to produce ammonium 
3.15 μg.mL-1. The highest potential of the isolate from Arabica roots was SW.E9 isolate to produce IAA up to 257.16 
μg.mL-1; SW.P5 isolate to dissolve phosphate up to 4,55 μg.mL-1; and SW.N6 isolate to produce ammonium up to 1.16 
μg.mL-1. Isolates SS.E2, SW.E9, SS.P3, SW.P5, SS.N2, and SW.N6 were respectively identified as Bacillus cereus ATCC 
14579, Bacillus cereus ATCC 14579, Rahnella aquatilis B35, Kluyvera intermedia TPY16, Rahnella aquatilis B35, and 
Pseudomonas tolaasii NCPPB 2192. Potential PGP isolates can be developed as biofertilizer agents for the coffee plant. 

Keywords: Coffee, Endophytic bacteria, IAA, Nitrogen, Phosphate 
 

INTRODUCTION 
Coffee fruit is used as a popular beverage 

commodity for the global community. The value 
of the coffee sale price is determined by its 
quality. Organic coffee fruit and beverage 
products have a higher selling price than 
conventional coffee [1,2]. Robusta and Arabica 
coffee are agricultural commodities that 
commercially provide added value economically 
for the community and government [3].  

UB Forest is a land for the conversion of 
forests into coffee plantations (Agroforestry). 
Forest land that converted to agricultural land 
causes a decrease in plant diversity and soil 
microbes [4]. Soil microbes play an important 
role in the cycle of elements that increase soil 
fertility and provide nutrients for plants [5-6]. 
Decreasing microbial diversity and soil fertility is 
a major factor in reducing the productivity of 
coffee plants. 

Some species of bacteria have the potential 
to promote plant growth (Plant Growth 
Promoting/PGP). PGP microbes associate 
symbiosis that positively impacts plant health 
and growth, improves soil quality and nutrient 
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cycles [7,8,9]. Endophytic bacteria associate and 
colonize plant tissues and play a role in spurring 
plant growth and development (PGP agents) [10]. 

Various PGP bacteria are being developed 
into biofertilizer products as an alternative to 
synthetic fertilizers. Bacillus subtilis endophytic 
cocoa beans increased the development of cocoa 
plants and as an antimicrobial pathogen [11]. 
Bacillus subtilis LK14 endophytic roots and stems 
of Solanum lycopersicum can produce IAA and 
increase root and stem biomass, as well as the 
amount of chlorophyll a and b [12]. 
Agrobacterium tumafaciens and Azotobacter 
vinelandii endophytic sweet potatoes produce 
IAA [13]. Herbaspirillum endophytic rice plants 
were able to fix nitrogen and produce IAA [14]. 
Endophytic bacteria from the leaves, fruits, 
stems, and roots of Arabica coffee plants are 
Bacillus, Burkholderia, Clavibacter, 
Curtobacterium, Escherichia, Micrococcus, 
Pantoea, Pseudomonas, Serratia, and 
Stenotrophomonas [15]. 

The diversity of endophytic bacteria from the 
roots of coffee plants are widely reported. 
However, the diversity and potential of 
endophytic bacteria in coffee plants as PGP 
agents, especially in UB Forest, have not been 
studied yet. This study aims to isolate, analyze 
the potential, and identify potential isolates of 
Robusta and Arabica coffee root endophytic 
bacteria from UB Forest as PGP agents. 
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MATERIAL AND METHOD 
Coffee Plant Root Sampling 

Root samples were taken from Arabica and 
Robusta coffee plants in UB Forest agroforestry 
land, Malang, East Java Province, Indonesia. UB 
Forest Agroforestry is located at 07.824545°SL 
and 112.578390°EL and 07.821705°SL and 
112.577551°EL. Three samples were taken from 
each type of coffee plant. Each sample was a 
composite root of three plants. The root sample 
of each plant is the secondary roots with a 
healthy tip at a depth ±10 cm. Root samples were 
put in plastic bags and stored in isothermic 
boxes/cool boxes. 

Isolation of Endophytic Bacteria in Coffee Plants 
The endophytic bacterial roots of coffee 

plants were isolated according to the method of 
previous studies [15,16,17]. The root sample of 
the coffee plant is cut off 10 cm long, then 
washed with running water and rinsed with 
sterile distilled water. The roots are cut into 
pieces with a length of ± 2 cm and then sterilized 
by immersing the surface in Ethanol 70% for one 
minute, sodium hypochlorite 5.25% for 5 
minutes, and Ethanol 70% half minutes and then 
washed three times in sterile distilled water for 
one each minute. A 10 gram sterile root sample 
plus 90 mL of sterile physiological saline solution 
(0.85% NaCl) is blended to homogeneous. The 
root sample suspension is made in a dilution 
series of up to 10-6. Each 0.1 mL sample 
suspension was inoculated in a pour plate on 
Tryptic Soy Agar (TSA) media containing 1 µg.mL-1 

L-Tryptophan and then incubated at 28°C for 48 
hours to obtain a culture of IAA-producing 
endophytic bacterial isolates [16-17]. 

Phosphate solubilizing endophytic bacteria 
were isolated by method of previous studies [19-
20]. A root sample suspension of 0.1 mL was 
inoculated by pour plate on a Pikovskaya agar 
medium consisting of Glucose (5 g.L-1); Ca3(PO4)2 
(2.5 g.L-1); KCl (0.1 g.L-1); (NH4)2SO4 (0.25 g.L-1); 
NaCl (0.1 g.L-1); MgSO4.7H2O (0.025 g.L-1); 
MnSO4.H2O (0.25 g.L-1); FeSO4.7H2O (0.25 g.L-1); 
yeast extract (0.25 g.L-1) and agar (15 g.L-1), then 
incubated at 28°C for 72 hours. 

Nitrogen-fixing endophytic bacteria were also 
isolated [20]. A root sample suspension of 0.1 mL 
was inoculated on N-free media (without 
Bromothymol blue) consisting KH2PO4 (0.5 g.L-1); 
FeCl3.6H2O (0.015 g.L-1); MgSO4.7H2O (0.2 g.L-1); 
NaCl (0.1 g.L-1); DL-Malic Acid (5 g.L-1); KOH (4.8 
g.L-1), yeast extract (0.05 g.L-1) and agar (15 g.L-1), 
then incubated at 28°C for 7 days. Each IAA-

producing endophytic bacterial isolate, 
phosphate-solubilizing, and nitrogen fixation was 
purified by spread plate. 

Bacterial Potency Assay for  Producing IAA  
Each endophytic bacterial isolate was tested 

for its potential in producing IAA hormones 
[16,20]. An oose loop full isolate culture was 
inoculated into 25 mL of Tryptic Soy Broth (TSB) 
media containing 2% of L-Tryptophan (1 μg.mL-1) 
and incubated at 28°C for 48 hours. Each cell 
culture with OD 1,0 as much as 5 mL was 
inoculated into 50 mL of TSB media containing 
2% of L-Tryptophan (1 μg.mL-1) and then 
incubated at 28°C for 72 hours. Bacterial culture 
was taken 2 mL every 24 hours and then 
centrifuged at 10.000 rpm for 10 minutes. The 2 
mL supernatant was added 4 mL of Salkowski 
reagent and incubated in a dark room for 30 
minutes until it turned pink. The suspension was 
measured for absorbance at a wavelength of 535 
nm, then the IAA concentration is calculated 
based on the IAA standard curve. 

Bacterial Potency Assay for Phosphate 
Solubilizing 

Each endophytic bacterial isolate was tested 
for its potential in dissolving phosphate [19,20]. 
An oose loop full isolate culture was inoculated 
into 25 mL liquid Pikovskaya media (pH 7) 
containing 0.5% Tricalcium Phosphate (TCP) and 
incubated at 28°C for 72 hours. Each isolate 
culture (OD 1,0) was inoculated as much as 5 mL 
into 50 mL liquid Pikovskaya media (pH 7) 
containing 0.5% TCP and incubated at 28°C for 72 
hours. Bacterial culture was taken 2 mL every 24 
hours and then centrifuged at 10.000 rpm for 20 
minutes. Supernatant 1 mL was added with 10 
mL Chloromolybdate reagent and 0.1 mL 
Chlorostannous acid. The suspension was added 
with sterile distilled water up to a volume of 50 
mL then incubated for 10 minutes. The sample 
suspension was measured for absorbance at a 
wavelength of 690 nm and the concentration was 
calculated based on a standard phosphate curve. 

Bacterial Potency Assay for Nitrogen Fixation 
Each endophytic bacterial isolate was tested 

for potential fixation of nitrogen [20]. A 1 oose 
loop full isolate culture was inoculated into 25 
mL liquid N-Free (without Bromothymol blue) 
media and incubated at 28°C for 7 days. Bacterial 
cultures (OD 0,6) of 5 mL were inoculated into 50 
mL of liquid N-Free media and incubated at 28°C 
for 7 days. Bacterial culture was taken 2 mL every 
2 days and then added 10 μL ZnSO4 and 2.5 μL 
NaOH 2N were incubated for 30 minutes until the 



 

 

J.Exp. Life Sci. Vol. 10 No. 2, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Plant Growth Promoting Endophytic Bacteria of Coffea arabica  
and Coffea canephora (Pratiwi, et al.) 

121 

culture became clear. The suspension is 
centrifuged at 10.000 rpm for 10 minutes. A 1 mL 
supernatant was added with 0.5 mL of Nessler's 
reagent and sterile distilled water up to 5 mL 
volume. The suspension is incubated for 30 
minutes until it is yellow. The suspension was 
measured for absorbance at a wavelength of 425 
nm and ammonium concentration was calculated 
based on the standard ammonium curve.   

Identification of Potential Endophytic Bacteria 
Based on 16S rDNA Sequences 

Potential endophytic bacterial isolates of PGP 
agents were isolated by chromosomal DNA 
according to the modification of the ZR Fungal/ 
Bacterial DNA MiniPrep Kit method. The 16S 
rDNA sequences were amplified using universal 
primers 27f (5 '-GAG AGT TTG CTG GCT ATC CAG-
3') and 1492r (5 '-CTA CGG CTA TGT CCT TAC GA-
3'). The 16S rDNA sequence was amplified with a 
PCR mix composition consisting of a 25 µL master 
mix, 5 µL DNA template (50 ng.mL-1), each primer 
2 µL (10 pmol), and Nuclease free water 16 µL. 
The PCR program for 16S rDNA amplification 
consisted of Pre-denaturation at 94°C (5 minutes) 
followed by 35 cycles including denaturation 
(94°C; 0.5 minutes), annealing (55°C; 0.5 
minutes), extension (72°C; 1.5 minutes) and post-
extension (72°C, 7 minutes) [20-21]. The 16S 
rDNA sequence was sequencing at First Base, 
Malaysia. The 16S rDNA was alignment sequence 
with the reference sequence, and the phylogeny 
tree was constructed based on the Maximum-

Likelihood algorithm, with 1000 bootstraps using 
the MEGA 6.0 program [20,22,23]. 

RESULT AND DISCUSSION  
IAA-producing Endophytic Bacteria 

IAA-producing endophytic bacteria that were 
isolated from the roots of Robusta and Arabica 
Coffee plants were as many as 10 isolates and 12 
isolates, respectively. Each endophytic bacterial 
isolate has a different potential (p <0.05) in 
producing IAA hormones (Fig.1). Figure 1 shows 
SS.E2 isolates from endophytic roots Robusta 
coffee that producing IAA hormone with the 
highest concentration up to 110.73 µg.mL-1 at 72 
hours incubation time (p <0.05) among the 
endophytic bacterial isolates of Robusta Coffee 
plant roots. SW.E9 isolates from endophytic roots 
Arabica coffee were able to produce IAA 
hormone with the highest concentration up to 
257.16 µg.mL-1 in 72 hours incubation time (p 
<0.05) among the endophytic bacterial isolates of 
Arabica Coffee plant roots.  

SS.E2 and SW.E9 isolates were able to 
produce higher IAA than Bacillus aryabhattai 
MBN3 endophytic Vigna radiata root, which 
produced IAA 92.03 µg.mL-1 [24]. The L-
tryptophan compound as an IAA precursor that 
was added to the media can increase the 
production of IAA, and bacterial culture in the 
media will trigger auxin biosynthesis (IAA) [25]. 
The addition of L-tryptophan as much as 0.2 
mg.mL-1 produced the highest IAA of 62.92 
µg.mL-1 in SB28 isolates [18]. 

 
Figure 1. The concentration of IAA hormone produced by IAA-producing bacteria at various times incubation.  

*Data were expressed as mean ± standard deviation of three replications using Two-Way ANOVA analysis at α = 0.05. 
The notation above of the different histograms states the difference in potential between isolates (p <0.05). 
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Phosphate Solubilizing Endophytic Bacteria 
Phosphate Solubilizing Endophytic Bacteria 

from roots of Robusta Coffee and Arabica Coffee 
plants were successfully isolated as many as 8 
isolates and 7 isolates, respectively. Each isolate 
can dissolve different phosphates (Fig. 2). Figure 
2 shows the isolates of SS.P3 from endophytic 
roots Robusta Coffee plants in 48 hours 
incubation time had the highest potential 
(p<0.05) to dissolving phosphate up to 4.42 
μg.mL-1. SW.P5 isolates from endophytic roots 
Arabica Coffee plant has the highest potential 
(p<0.05) dissolving phosphate with a 
concentration up to 4.55 µg.mL-1  at 48 hours 
incubation time.  

The concentration of SS.P3 and SW.P5 
isolates were lower than EB14 isolates that can 
dissolve phosphate for 12.54 μg.mL-1 with an 
incubation time of 48 hours [26]. In general, 
bacteria can dissolve phosphate because it 
produces organic acids, which reduce the pH of 
the media [27]. By using tricalcium phosphate 
(TCP) as a P source in the culture medium, 
produced the highest phosphate concentration 
reaching 764.7 µg.mL-1 [28].  

Nitrogen-Fixing Endophytic Bacteria 
A total of 7 isolates and 6 isolates of nitrogen-

fixing endophytic bacteria were found from the 
roots of Robusta Coffee and Arabica Coffee, 
respectively. Each isolate can produce different 
ammonium (Fig.3). Figure 3 shows that SS.N2 

isolate from endophytic roots Robusta Coffee 
plants has the highest potential (p <0.05) 
producing ammonium up to 3.15 µg.mL-1 at the 
incubation time of 3 days (72 hours). The highest 
ammonium concentration from endophytic roots 
Arabica Coffee plant is SW.N6 isolate that 
reached 1.16 µg.mL-1 at 7 days incubation time (p 
<0.05). The potential of SS.N2 and SW.N6 isolates 
was almost the same as EB5 isolates in producing 
1.6 µg.mL-1  ammonium [26]. Molecular nitrogen 
is modified by endophytic bacteria to be 
converted into ammonium as a nutrient for the 
growth of host plants [29]. 

Potential Endophytic Bacterial Species of PGP 
Agents  

PGP activity by isolates, which indicated the 
highest IAA production, was identified as Bacillus 
cereus ATCC 14579T SS.E2 and SW.E9 isolate. The 
isolates that had the highest phosphate-
solubilizing concentration was identified as 
Rahnella aquatilis B35 isolate SS.P3 and Kluyvera 
intermedia TPY16 isolate SW.P5. The highest 
ammonia production activity was performed by 
Rahnella aquatilis B35 isolate SS.N2 and 
Pseudomonas tolaasii NCPPB 2192 isolate SW.N6. 
The potential isolates have each different 
potency in their activity as PGP. Each plant has 
endophytic bacteria that capable of producing 
biological compounds or secondary metabolites 
obtained from the transfer host plant to 
endophytic bacteria [30]. 

 
Figure 2. The concentration of Phosphate dissolved by Phosphate solubilizing bacteria at various times incubation.  

*Data were expressed as mean ± standard deviation of three replications using Two-Way ANOVA analysis at α = 0.05.   
The notation above of the different histograms states the difference in potential between isolates (p <0.05). 
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Figure 3. The concentration of Ammonium produced by Nitrogen-Fixing bacteria at various times incubation 
*Data were expressed as mean ± standard deviation of three replications using Two-Way ANOVA analysis at α = 0.05.  
The notation above of the different histograms states the difference in potential between isolates (p <0.05). 

Phylogenetic tree of Potential Bacteria Species 
Based on 16S rDNA 

The phylogeny tree of selected IAA 
production isolates (SS.E2 and SW.E9) were 
constructed from 16s rDNA sequences and 
compared with reference strain sequences. As 
shown in figure 4a, isolates SS.E2 and SW.E9 are 
in the same cluster as Bacillus cereus ATCC 
14579T.  

The SS.E2 and SW.E9 isolates have sequence 
similarity (99.9%) with Bacillus cereus ATCC 
14579T. The SS.P3 and SW.P5 isolates were 
identified as Rahnella aquatilis B35 and Kluyvera 
intermedia TPY16 with similarity values of 99.9%, 
respectively (Fig. 4b and 4c). The SS.N2 and 
SW.N6 isolate was identified as Rahnella aquatilis 
B35 and Pseudomonas tolaasii NCPPB 2192 with 
similarity values 99.9% and 99.0%,  respectively 
(Fig. 4c and 4d).  

The genus Pseudomonas and Bacillus are 
commonly found as endophytic bacteria. Plant 
growth promoting MQ23 and MQ23R endophytic 
bacteria were identified as Bacillus cereus ATCC 
14579T (100%), had the N2 binding gene (nifH 
gene) and were able to produce siderophore, 
IAA, and antifungal activity [31]. Bacillus cereus 

ATCC 14579 and Bacillus aerius 24K strains are 
known for producing IAA and ACC-Deaminase 
activities, respectively [32]. Endophytic Bacillus 
subtilis strains had PGP activity such as 
phosphate solubilizing, IAA production, and 
biological nitrogen fixation, which can 
significantly increase the dried weight of the 
aerial part, the dried weight of the radicular 
system, the diameter of the stem, and the 
number of leaves in eucalyptus plants [33]. 
Pseudomonas taiwanensis and Pseudomonas 
geniculata strains have PGP activities such as 
ammonia production, HCN, IAA, siderophore, 
phosphate solubilizing, and ACC deaminase 
activity [34]. 

Rahnella sp. are positive reported the N2 
binding gene (nifH gene) based on PCR amplified 
by nifH and nifH-b1 primers [35]. Rahnella 
aquatilis from the soybean rhizosphere had 
phosphate solubilizing activities with the organic 
acid release that drop the pH of the culture 
medium [36]. The Kluyvera genus as a PGP agent 
has not been much explored and reported. 
However, the study found that Kluyvera 
ascorbata could be used to control Plutella 
xylostella (Lepidoptera: Plutellidae) [37]. 
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Figure 4.  Phylogenetic Tree of Potential Bacteria as PGP using Maximum-Likelihood algorithm with 1000 of bootsraps, MEGA 

6.0 program: a) SS.E2 & SW.E9 isolate, b) SS.P3 & SS.N2 isolate, c) SW.P5 isolate, d) SW.N6 isolate 

CONCLUSIONS 
Based on the results of the study, we 

concluded that isolates endophytic root Robusta 
coffe and Arabica coffe can be developed as PGP 
agents. SS.E2 and SW.E9 isolates produced the 
highest IAA were respectively identified as 
Bacillus cereus ATCC 14579 (99.9%). SS.P3 and 
SW.P5 isolates is the highest to dissolving 
phosphate that respectively identified as 
Rahnella aquatilis B35 (99.9%) and Kluyvera 
intermedia TPY16 (99.9%). Meanwhile, Isolates 
SS.N2 and SW.N6 is the highest to fixing nitrogen 
and respectively identified as Rahnella aquatilis 
B35 (99.9%), and Pseudomonas tolaasii NCPPB 
2192 (99.0%). 
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Abstract 
The aim of this research is to know the level of MDA, motility, and viability of spermatozoa of Cyprinus carpio L. in cold 
storage time at 4°C. This study used treatment extenders that were NaCl 0.9% as control, diluent of egg yolk with 
concentrate 0%, 5%, 10%, 15%, and storage in 0 h, 24 h, 48 h, 72 h, and 96 h at 4°C. The data were analyzed using 
ANOVA (P<0.05). The results showed that the quality (motility and viability) of spermatozoa C. carpio L. Punten strain in 
cold storage could be maintained at 96 h. The optimum storage for motility was found in a diluent of egg yolk 
concentrate 5% at 48 h. MDA levels of semen from C. carpio L. Punten strains after being stored at cold temperatures 
increased at 0 h to 24 h, then decreased after 48 h of storage and increase at 72 h - 96 h stored. Egg yolk concentration 
and storage time had a significant effect on MDA levels. There is a negative correlation between MDA levels and 
motility. There was no correlation between MDA levels and the viability of spermatozoa C. carpio L. Punten strain. 

Keywords: Cyprinus carpio L, Egg yolk, Malondialdehyde, Motiliy, Viability. 

 

INTRODUCTION 
Cyprinus carpio L is classified as a type of fish 

that has high economic value [1]. One of the 
main factors needed to increase the cultivation 
and production of C. carpio L is created as the 
best quality of parental fish to produce good 
quality seeds. The process of producing the best 
quality of parental fish required a long time and 
high cost. Therefore, it must be utilized 
optimally. During the reproductive season, 
parental fish sperm can be stored and can be 
used when required.  

The advantage of sperm storage is can be 
stored for a long time and can be used when 
necessary [2]. Sperm storage at low 
temperatures can cause cold shock [3], which can 
produce ROS (Reactive Oxygen Species) [4]. ROS 
is highly reactive, resulting in lipid peroxidation. 
Malondyladehid (MDA) is the final result of the 
lipid peroxidation process, which is toxic to cells. 
MDA can cause damage and decrease the 
integrity of the spermatozoa membrane, 
resulting in decreased sperm quality [5]. Sperm 
storage required diluent which protects sperm 
from low temperatures and provides an energy 
source during the storage process, and also to 
keep sperm from damaged and die during 
storage. The quality of sperm during storage is 
maintained using a good medium. The use of 
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storage media can inhibit sperm movement, 
stabilize the physiology of sperm, and maintain 
the viability of sperm [6]. 

The diluent of sperm was supply nutrients 
and maintained the osmotic pressure and 
electrolyte balance to protected viability sperm. 
One of the diluents that can be used is egg yolk. 
Since 60 years ago, egg yolk has been shown to 
be an effective medium for storing sperm in 
various species, for example, the storage of 
salmon (Salmon salar) and rainbow trout 
(Oncorhynchus mykiss) [7]. 

Egg yolk contains LDL (Low-Density 
Lipoprotein), which can maintain sperm at low 
temperature, increase motility during storage, 
and binding to the sperm membrane to 
preserving the membrane from protein damage 
[8]. The content of egg yolks such as cholesterol, 
fatty acids, phospholipids, progesterone, and 
antioxidant compounds have the quality as a 
protective agent [9,10,11]. Therefore, it is 
necessary to choose a suitable and efficient 
medium storage of egg yolk. The research aimed 
to determine the quality and spermatozoa MDA 
levels of C. carpio L. Punten strain after cold 
stored at temperature 4°C with diluent of egg 
yolk, and evaluate the interaction between MDA 
levels with motility and viability of spermatozoa. 

MATERIAL AND METHOD 
Semen Collection 

Semen was collected from six male C. carpio 
L. Punten strain aged one year and the weight ± 
700 g by manual abdominal stripping.  
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Analysis of Spermatozoa Quality 
Analysis of sperm quality performed by 

dripping 10 µL of semen, then added 10 µL of 
distilled water on the preparation object glass 
and then observed using a microscope. Sperm 
used in this research had a motility of more than 
50%. Treatment extender that was NaCl 0.9% as 
control, Egg yolk with concentrate 0%, 5%, 10%, 
15%. Sperm and extender ratio were 1:9 (100 µL : 
900 µL) [12,13], and then antibiotic penicillin-
streptomycin was added. The sample was applied 
in five different cold storage times i.e., 0 h, 24 h, 
48 h, 72 h, and 96 h at 4°C. Motility, Viability, and 
MDA level of sperm were observed. 

Motility evaluation was performed by 
dripping 10 μL semen, and 10 μL distilled water 
semen on the preparation object glass and then 
observed using a microscope. Viability evaluation 
was carried out by dripping 10 μL semen and 10 
μL eosin-nigrosin on the preparation object-glass, 
and then it was mixed, swabbed, and then 
observed using a microscope. Spermatozoa that 
absorbed the color was dead, whereas the sperm 
that did not absorb color was alive. the 
observation was performed by a light microscope 
(Olympus BX51) with magnification at 400x.  

MDA Level Anaylsis 
A solution of each treatment was taken 400 µl 

and added with 400 µL of Trichloroacetic acid 
(TCA) 20% into the TBA 0.5% then were mixed. 
200 µL HCl 1N was added and 1000 µL distilled 

water and mixed, incubated at 95°C for 15 

minutes, and centrifuged at 10000 rpm at 4°C for 
10 minutes. The supernatant was read in 
absorbance 532 nm wavelength [14]. 

Data Analysis 
Data were analyzed by one-way ANOVA. 

Kolmogorov-Smirnoff and homogeneity Levene’s 
test were used for data normality. If there was 
significant differentiation, it was continued by 
Duncan. 

RESULT AND DISCUSSION 
The quality of Spermatozoa (Motility and 
Viability) 

The quality of Spermatozoa has two 
parameters analysis, such as motility and 
viability. Motility spermatozoa have variated 
based on strength and duration [15]. The result 
of motility spermatozoa C. carpio L. Punten strain 
has shown in Table 1. Diluent of egg yolk 
concentrate 0%, 5%, 10%, and 15% have 

decreased after storage at 4°C. The time of 
storage 0 h and 24 h showed that the percentage 
of motility has more than 70% and decreased to 
50% at 48 h – 72 h.  

The time of cold treatment storage is 
significantly different from the percentage of 
motility spermatozoa with a P-value = 0.000. EYC 
0% at time 0 h – 24 h has high percentage of 
motility 95.14% ± 4.84% and 82.74% ± 6.55%. 
Furthermore, motility at time 96 h has the lowest 
percentage 19.82% ± 8.34%. It was shown that 
cold storage time at 4°C would decrease the 
motility of spermatozoa. Motility spermatozoa of 
sturgeon fish A. gueldenstaedtii and A. baerii 
were decreased significantly after 72 h of storage 
at a cold temperature [16].  

Viability spermatozoa can be observed by an 
eosin-negrosin dye. Living sperm did not absorb 
color caused it still has membrane function, 
whereas sperm absorbed color was died [17]. 
The result of viability spermatozoa C. carpio L. 
Punten strain has shown in Table 2. Percentage 
of viability shown that sperm has decreased by 
storage at 0 h – 96 h (Table 2). EYC 15% has a 
high percentage of viability spermatozoa and a 
significant difference with EYC 0% and 5%, 
whereas there was no significant difference 
between EYC 10% and EYC 15%. It was shown 
that EYC 10% and 15% have the ability to 
maintan viability of spermatozoa at 4°C 
compared to other concentrations.  

The percentage of viability spermatozoa was 
significantly different at 0 h and 24 h with 
percentage viability at storage time 72 h and 96 
h. However, the average percentage optimum of 
viability spermatozoa stored through 96 h ≥ 
76.07% ± 7.50%. 

The change in storage temperature influences 
the quality of spermatozoa. The level of ROS 
production in the population of sperm has a 
negative correlation with the quality of the 
sperm. Leukocytes can increase nitric oxide as 
free radical compounds in seminal plasma sperm 
of abnormal and dead [17]. 

The previous study has demonstrated that a 
concentration of 10% egg yolk medium has the 
ability to maintained spermatozoa compared 
with honey and glucose at the same 
concentration [7]. The current study was also 
shown that the percentage of viability 
spermatozoa, which stores in a diluent of egg 
yolk, keeps maintained. 
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Table 1. The average percentage of motility spermatozoa C. carpio L. Punten strain at cold storage 4°C used diluent of egg yolk 

Storage  
Time (h) 

Percentage of motility Spermatozoa (%) 

EYC 0% EYC 5% EYC 10% EYC 15% 

0  
24  

48  
72  
96  

91.83 ± 4.98 
88.24 ± 8.06 

65.82 ± 9.73 
52.69 ± 8.53 
19.82 ± 8.34 

95.14 ± 4.84 
88.77 ± 8.03 

78.51 ± 4.60 
69.03 ± 5.53 
38.89 ± 7.91 

88.82 ± 6.03 
84.40 ± 5.91 

73.25 ± 8.81 
65.88 ± 8.20 
41.80 ± 7.59 

89.63 ± 5.83 
82.74 ± 6.55 

67.03 ± 10.64 
60.98 ± 14.74 
39.37 ± 7.21 

Notes: EYC= Egg Yolk Concentration 

Table 2. The average percentage of viability spermatozoa C. carpio L. Punten strain at cold storage 4°C used diluent of egg yolk 

Storage 
Time (h) 

Percentage of viability Spermatozoa (%) 

EYC 0% EYC 5% EYC 10% EYC 15% 

0  
24  

48  
72  
96  

92.68 ± 1.39 
92.17 ± 3.31 

84.63 ± 6.78 
76.35 ± 7.00 
76.07 ± 7.50 

96.14 ± 2.04 
94.84 ± 3.92 

86.22 ± 2.98 
83.48 ± 5.22 
80.61 ± 8.73 

96.64 ± 2.35 
96.09 ± 2.76 

95.08 ± 3.36 
85.87 ± 8.06 
82.55 ± 7.95 

98.17 ± 0.79 
96.92 ± 2.30 

94.31 ± 5.34 
88.83 ± 3.58 
87.19 ± 5.15 

Notes : EYC= Egg Yolk Concentration 

Level of Malondialdehyde (MDA)   
Level of malondialdehyde was observed by 

thiobarturic acid reactive subtances (TBARS) 
method using spectrophotometer with 
absorbance wavelenght of 532 nm. Based on 
table 3 the result shown that the effect diluent of 
spermatozoa C. carpio L. punten strain EYC 0% 
was significantly different compared to MDA 
level in EYC 15%, while EYC 5%, 10% and 15% was 
not significantly different. EYC 15% had highest 
MDA level, while EYC 10%, 5% and 0% was in 
lowest position. 

Egg yolk has low density lipoprotein to 
protect the membrane of sperm from heat shock 
[8,18,19].  The treatment of storage time in this 
study had a significant effect on percentage MDA 
levels. The storage time of 48 hours had the 
lowest levels 119.88 ± 36.11 ng/ml - 137.82 ± 
39.49 ng/ml, while the storage time of 96 hours 
had the highest levels 137.24 ± 25.07 ng/ml - 
164.44 ± 29.36 ng/ml). The effect of storage time 
was increased MDA levels of spermatozoa C. 
carpio at 0 h to 24 h. Furthermore, there was 
decreased in MDA levels at 24 h to 48 h. Then the 
MDA levels increase at 72 h to 96 h (Table 3). 

 
Table 3. The average percentage of MDA level C. carpio L. punten strain at cold storage 4°C used diluent of egg yolk 

Notes : EYC : Egg Yolk Concentration 
   

Table 4. Pearson Correlation Coefficient Analysis-SPSS 

  MDA Motility Viability 

MDA Pearson Correlation 1 -.263** -.015 
 Sig.  

(2-tailed) 
 

.004 .870 

 N 120 120 120 

Motility Pearson Correlation -.263** 1 .567** 
 Sig.  

(2-tailed) 
.004 

 
.000 

 N 120 120 120 

Viability Pearson Correlation -.015 .567** 1 
 Sig.  

(2-tailed) 
.870 .000 

 

 N 120 120 120 

**. Correlation is significant at the 0.01 level (2-tailed). 

Storage 
Time (h) 

Percentage of MDA Level (ng/ml) 

EYC 0% EYC 5% EYC 10% EYC 15% 

0  
24  
48  
72  

96  

139.74 ± 31.03 
150.91 ± 56.38 
119.88 ± 36.11 
133.71 ± 32.49 

137.24 ± 25.07 

138.71 ± 26.07 
162.38 ± 49.12 
120.03 ± 23.47 
139.44 ± 25.70 

141.21 ± 22.50 

142.68 ± 25.29 
165.03 ± 38.09 
122.68 ± 27.78 
140.62 ± 34.17 

149.88 ± 29.10 

156.06 ± 36.09 
171. 50 ± 50.55 
137.82 ± 39.49 
140.47 ± 30.65 

164.44 ± 29.36 
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In this research, the high concentration of egg 
yolk indicated that the level of MDA was high 
(15% egg yolk). Egg yolk contains lipid 
macromolecules and proteins, which are the 
target of lipid peroxidation by free radical 
compounds. Free radical compounds are reactive 
and can modify the structure of several 
biomolecules such as lipids, proteins, and nucleic 
acids. Lipid peroxidation products may cause an 
oxidation reaction cycle, which affects the pH. 
Furthermore, the amount of egg yolk is assumed 
to cause the diluent medium to become more 
concentrated and decrease the pH. Production of 
MDA was increased at low pH by lipid 
peroxidation chain reactions [20]. 

Interaction of Malondialdehyde (MDA) with 
Motility and Viability Spermatozoa  

This research was found that MDA levels have 
a negative correlation with spermatozoa motility 
and viability percentage of C. carpio L. Punten 
strain. A significant correlation occurs in MDA 
levels with the percentage of motility (correlation 
coefficient = -0.263) (Table 4).  

There is a positive correlation of motility with 
significant viability (correlation coefficient = 
0.567), and it is classified as a strong correlation. 
Meanwhile, there was no significant correlation 
between MDA levels and viability (p = 0.870> 
0.05). It indicates that when the MDA level 
increases, the motility of the sperm would be 
decreased. Furthermore, there is no correlation 
between MDA levels and viability spermatozoa. It 
indicated that MDA levels with a storage at 96 h 
have not provided a significant correlation. In 
addition, the interaction between motility and 
viability shows that when the motility of the 
sperm decreases, the viability would be also 
decreased. 

Malondialdehyde is a marker of oxidative 
stress caused by ROS [21] and a marker of lipid 
peroxidation [16]. The results of this study were 
related to a previous study [22], which show that 
increased levels of ROS were negatively 
correlated with sperm concentration, motility, 
morphology, and parameters of semen. ROS may 
cause oxidative damage to the membrane, 
midpiece, axonema, and DNA of sperm, which 
leads to apoptosis [23,24]. Polyunsaturated Fatty 
Acid (PUFA) is able to cause lipid peroxidation of 
membrane spermatozoa [25]. Lipid peroxidation 
increases the membrane integrity of sperm, so it 
can increase cell permeability and enzyme 
inactivation [16]. ROS will increase the expression 

of lipid peroxidation were affect the MDA that 
causes the death of the sperm cell. It caused a 
decrease in motility, so that level of MDA was 
high. 

This research has shown that egg yolk has the 
ability to preserve sperm in cold storage time at 0 
h – 96 h. Egg yolk diluent is appropriate to use as 
an applicative diluent caused it was easy and 
cheap. Also, the quality (motility and viability) of 
the sperm of C. carpio L. Punten strain was 
maintained by the addition of egg yolk during 
cold storage at 0 h - 48 h and also suitable to 
management and breeding of C. carpio L. Punten 
strains by providing transfer of male gametes to 
reducing the risk of death or stress of male 
parental C. carpio L. Punten strain fish species.  

CONCLUSION 
The quality (motility and viability) of 

spermatozoa fish C. carpio L. Punten strain was 
maintained at 96 h during cold storage. The 
optimum storage for motility was found in egg 
yolk diluent 5% at 48 hours. The MDA level of the 
semen of C. carpio L. Punten strain stored at cold 
temperatures increased at 0 h - 24 h, then 
decreased at 48 h of storage and increased at 
stored 72 h - 96 h. There is a negative correlation 
between MDA levels and motility. There was no 
correlation between MDA levels and the viability 
of spermatozoa C. carpio L. Punten strain. 
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Abstract  
Palopo, South Sulawesi, is one of the traditional industrial centers of sago processing. The accumulation of sago pith 
waste around industrial sites can pollute the environment. Some microorganisms can degrade the cellulose in sago pith 
waste. This study was aimed to evaluate the indigenous cellulolytic bacteria from sago pith waste as a biodegradation 
agent. Bacteria were isolated from sago pith waste and grown on a 1% Carboxyl methyl cellulose (CMC) agar medium. 
The cellulolytic activity was analyzed semiquantitatively using 1% Congo red and quantitatively using the 3,5-
Dinitrosalicylic Acid (DNS) method at pH variations of 4, 5, and 6. The potential isolate was identified based on 16S rDNA 
sequence similarity. This study obtained 21 bacterial isolates where six isolates were A1D, A1E, A1I, A1K, A2A, and B1A 
had the highest cellulolytic index at 0.82 – 1.13. Among those six isolates, the A1E isolate had the highest cellulolytic 
activity, 0.54 U.mL-1 at pH 6. The isolate A1E was identified as Burkholderia cepacia JCM 2799 with 99.73% similarity of 
16S rDNA sequence.   

Keywords: Burkholderia cepacia, cellulolytic bacteria, cellulase enzyme, sago waste. 
 

INTRODUCTION 
Sago (Metroxylon sago Rott.) is a native plant 

in Southeast Asia. Indonesia has the largest sago 
plantation in the world. South Sulawesi, 
especially Palopo City, is one of the traditional 
industrial centers of sago processing in Indonesia, 
which contributes significantly to the production 
of sago waste. In 2018, the area of sago 
plantations in South Sulawesi reached 4,383 ha 
with a productivity of 2,626 tons of sago [1]. Sago 
trees contain 20-30% starch and 70-80% pith [2]. 
Thus, the sago waste produced annually ranges 
from 1,838 - 2,100 tons.year-1.  

In general, the sago pith waste in the sago 
processing industry is not handled properly. It is 
only allowed to accumulate on the ground that 
causing acidity in the soil, polluting the 
environment and causing unpleasant odors [3]. 
Soil contamination caused by the sago pith waste 
requires serious attention, so it is important to 
degrade it by utilizing microorganisms. Sago pith 
waste contains 20% of cellulose [4]. Cellulose is a 
major component of plant cell walls, unbranched 
linear chains consisting of several thousand 
glucose units with β-1,4 glycosidic bonds. 
Cellulose is insoluble in water and has high 
mechanical strength, making it difficult to 
degrade [5].  

 
 Correspondence address: 

Mamluatul Faizah 
Email  : mamluatulfaizah7@gmail.com 
Address : Dept. Biology, University of Brawijaya, Veteran 

Malang 65145 

Cellulolytic bacteria can degrade cellulose by 
producing extracellular cellulase enzymes. 
Cellulase is an enzyme that catalyzes the 
cellulolysis process (hydrolysis of cellulose) to be 
glucose, cellobiose, and cellooligosaccharides [6]. 
Cellulase enzymes produced by microorganisms 
play an important role in the biodegradation of 
cellulose and lignocellulose wastes to be more 
simple compounds. The hydrolysis of cellulose 
into glucose by cellulase enzymes acts 
synergistically including three enzymes, namely 
endo-β-1,4-glucanase, Cellobio-hydrolase, and β-
glucosidase. Endo β-1,4-glucanase (EG; EC 
3.2.1.4) attack amorphous regions and cleave the 
internal glycosidic bonds. Cellobiohydrolase 
(CBH; or Exo-β-1,4-glucanase, β-1,4-D-glucan-
cellobiohydrolase, EC 3.2.1.91) attack the non-
reducing cellooligosaccharide chain or crystalline 
regions and produce cellobiose, then the 
cellobiose will be hydrolyzed into glucose by β-
glucosidase (BG; cellobiase, β-D-glucoside 
glucanohydrolase, EC 3.2.1.21) [7]. 

Several groups of bacteria such as 
Cellulomonas, Pseudomonas, Thermoactino-
mycetes, and Bacillus [8], Bacillus pumilis, B. 
licheniformis, B. cereus, and Pseudomonas 
aeruginosa showing cellulolytic activity [9]. 
Meanwhile, Serratia liquefaciens, Acinetobacter 
iwofii, Bacillus Licheniformis, and Bacillus cereus 
were reported as indigenous bacteria from sago 
waste [10]. Therefore, this study is important to 
obtain bacterial isolates that have potency as 
biodegradation agents to solve the problem of 
sago pith waste. 

mailto:mamluatulfaizah7@gmail.com
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MATERIAL AND METHOD 
Sago pith waste sampling 

Sago pith waste was collected from the 
traditional industry of sago in Palopo, South 
Sulawesi at two locations, location A (2°53'34"S 
120°10'18"E) and location B (3°2'20.20"S 
120°12'33.77"E). The sample was taken from a 
pile of sago pith waste in the bottom, near the 
ground, and stored in a plastic bag in an isotherm 
box. The physicochemical parameter that 
measured including organic matter, C/N ratio, 
and pH of sago pith waste. The organic matter 
and C/N ratio were analyzed in Soil Laboratory, 
Faculty of Agriculture, Brawijaya University. 

Isolation and Screening of Cellulolytic Bacteria 
Twenty-five grams of sago pith waste was 

suspended in 225 mL of 0.85% NaCl solution, and 
we made serial dilution until 10-7. The aliquot of 
sample suspension 0.1 mL was spread on a Petri 
dish containing 1% CMC-agar medium and 
incubated at 30°C for 72 hours. The CMC-agar 
medium (g.L-1) consist of CMC 10, Yeast Extract 4, 
KH2PO4 4, Na2HPO4 4, MgSO4.7H2O 0.2, 
CaCl2.2H2O 0.001, FeSO4.7H2O 0.004, and agar 15 
at pH 6 [11].  

The bacterial colonies that were grown on the 
CMC medium were observed and purified. The 
pure isolates were screened semi-quantitatively 
for cellulolytic producing enzymes using Congo 
red. The isolates then cultivate in 20 mL of 1% 
CMC-broth medium as much as 20 μL with equal 
cell density was 107 cells.mL-1 was taken and 
inoculated on blank disc paper and placed onto 
1% CMC-agar medium and incubated at 30 °C for 
72 hours. After incubation was completed, then 
flooded with 1% Congo Red solution for 15 
minutes and it washed with 1M NaCl solution 
[12]. The cellulolytic index (CI) was determined 
with the formula 1. 

 

Growth Curve and Crude Enzyme Production of 
Selected Bacteria 

Broth culture of selected bacterial isolates 
(10%) were inoculated into 100 mL of 1% CMC-
broth medium and incubated in a rotary shaker 
at 30°C, 120 rpm for 72 h. The bacterial culture as 
much as 5 mL were taken every 4 h for 7 days 
and optical density (OD) was measured using a 
spectrophotometer at 540 nm wavelength. The 
production of crude cellulase of each bacterium 
was determined at the exponential growth 
phase. The crude enzyme was obtained by 

centrifugation of culture medium at 4°C, 10.000 
rpm for 10 minutes. The supernatant was defined 
as a crude cellulase enzyme [13]. 

Cellulolytic Activity Assay 
Cellulolytic activity of each selected bacteria 

was assayed quantitatively by incubated 
substrate of 1% CMC in the 1800 μL 20 mM 
buffer citrate (pH 4, 5, and 6) with 200 μL crude 
enzyme extract at 30°C for 30 minutes. The 
reaction was stopped by added 2 mL of DNS then 
boiled in a water bath at 100°C for 5 minutes. 
The sample was cooled at room temperature and 
its absorbance was measured at 540 nm. One 
unit of cellulase enzyme activity is defined as the 
amount of enzyme that releases 1 μmol glucose 
per mL per minute. The values of the cellulolytic 
activity were determined based on the glucose 
standard curve [13]. 

Identification of Bacteria Based on 16S rDNA 
Bacterial chromosomal DNA was extracted 

using a Quick-DNATM Fungal/Bacterial Miniprep 
Kit (ZYMO RESEARCH, USA). The 16S rDNA 
sequence was amplified by Polymerase Chain 
Reaction (PCR) using universal primer 27f (5'-
AGAGTTTGATCCTGGCTCAG3') and 1492r (5'-
GGTTACCTTGTTACGACTT-3') with PCR program: 
pre-denaturation at 94°C for 5 min, followed by 
denaturation at 94°C for 30 s, annealing at 55°C 
for 30 s, and extension at 72°C for 30 s over 35 
cycles and a final extension at 72°C for 5 min. The 
amplicon of 16S rDNA was confirmed by 1.5% 
agarose gel electrophoresis and visualized using a 
UV transilluminator. An amplicon of 16S rDNA 
was purified and sequenced in First BASE, 
Malaysia. The 16S rDNA sequences of bacteria 
were aligned with reference strains from the 
GenBank database using the MEGA V.6 program, 
and the phylogeny tree was constructed and 
inferred according to the Neighbor-joining 
algorithm and Tamura-Nei model [14]. 

Data Analysis 
Semiquantitative data of cellulolytic activity 

was variance analyzed based on One-Way 
ANOVA. Meanwhile, quantitative data of 
cellulolytic activity were analyzed based on Two-
Way ANOVA followed by Tukey test using SPSS 
16 program. 

RESULT AND DISCUSSION  
Potential Isolates of Cellulolytic Bacteria 

The study of cellulolytic bacteria from the 
sago pith waste was obtained 21 isolates where 
16 isolates from location A and 5 isolates from 
location B. The density of cellulolytic bacteria at 
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location A 25 x 105 CFU.g-1 was higher than 
location B 19.3 x 105 CFU.g-1. The low bacterial 
density at location B is due to the lower organic 
carbon, nitrogen, C/N ratio, and organic matter in 
sago pith waste samples (Table 1). Organic 
matter plays an important role in microorganism 
density and pH [15]. The low pH in sago pith 
waste is due to the fermentation activity of 
microorganisms to form organic acids (acetic 
acid, pyruvic acid, and lactic acid) [16,17]. Carbon 
and nitrogen are macromolecules that have 
structural and functional roles in bacteria's cell 
components [18]. Based on similar research, the 
physicochemical parameter of sago pith waste 
contained 33.01% C-organic, 1.66% N-total, 20% 
C/N ratio [19], and pH 6 [17]. 

Table 1. Physicochemical parameter of sago pith waste 

Parameter Location A Location B 

C-organic (%) 38.9 ± 1.22 31.5 ± 3.25 
N-total (%) 0.2 ± 0.06 1.2 ± 0.69 
C/N ratio 179.7 ± 37.07 37 ± 28.69 

Organic matter (%) 67.3 ± 2.10 54.5 ± 5.62 
pH 5.9 ± 0.66 4.7 ± 0.35 

Based on the cellulolytic index, there were six 
potential isolates consist of A1E, A1K, A1D, A2A, 
A1I, and B1A with cellulolytic index were 1.13, 
0.97, 0.93, 0.88, 0.82, and 0.82, respectively (Fig. 
1). The clear zone indicates the ability of bacteria 
to produce cellulase enzymes to hydrolyze 
cellulose substrates [20]. The similar research 
from sago waste reported that Serratia 
liquefaciens, Acinetobacter iwofii, Bacillus 
licheniformis, and Bacillus cereus had cellulolytic 
index were 1.019, 2.009, 1.031, and 1.195, 
respectively [10]. Based on this study, the 
cellulolytic index of the A1E isolate was similar to 
the cellulolytic index of Serratia liquefaciens, 
Bacillus licheniformis, and Bacillus cereus. 

 

Figure 1. Cellulolytic index of bacteria 

Growth Curve of Selected Cellulolytic Bacteria 
The growth curve of six cellulolytic bacterial 

isolates (Fig. 2), whole isolates were not showed 
an adaptation phase. The cell density of those 
isolates was increased significantly at the 

logarithmic/exponential growth phase from 
initial incubation until 24 h. In the exponential 
growth phase, bacteria perform constantly at a 
maximum growth rate of cell division [13]. The 
bacterial cells had an optimal production of 
cellulase at the exponential growth phase [21]. It 
is due to cellulase as primary metabolites that 
have an important role in decomposing cellulose 
to be glucose as the carbon source for bacterial 
growth [22]. The stationary growth phase of 
cellulolytic bacteria occurred from 24 h until 64 h 
for A1D, A1I, A2A, and B1A, then followed by the 
death phase at 72 h, whereas A1E and A1K still in 
the stationary growth phase at 72 h. In the 
stationary growth phase, there is a balance 
between the number of live cells and dead cells 
[23].   

 

Figure 2. Growth curve of cellulolytic bacteria 

Each bacterial isolate with a density of 107 

cells.mL-1 at exponential growth phase (24 h 
incubation) had the highest potency for the 
production of cellulase enzymes A similar study 
showed the exponential growth phase of 
cellulolytic bacteria occurs at 4 – 24 h incubation 
[13]. Another research was reported that the 
production of cellulase enzymes at 24 h 
incubation [24]. The exponential growth phase 
was considered at the incubation time of 36 h. 
Bacterial cultures have a significant cell mass at 
the exponential phase that can be expected the 
cellulase enzymes production more quickly [25]. 

Cellulolytic Activity of Bacterial Isolates 
The A1E isolate at optimum pH 6 had the 

highest cellulolytic activity for 0.54 U.mL-1 (Fig. 3). 
The isolate A1K, A1D, and A1I at optimum pH 6 
had a cellulolytic activity for 0.35 U.mL-1, 0.27 
U.mL-1, and 0.22 U.mL-1, respectively. While A2A 
and B1A isolates at optimum pH 5 had cellulase 
activity for 0.31 U.mL-1 and 0.33 U.mL-1, 
respectively. A similar study was reported that 
Cerenna sp. and Pseudomonas aeruginosa at 
optimum pH 6 had cellulase activity 0.928 U.mL-1 
and 1.554 U.mL-1, respectively [26]. Bacillus 
subtilis, B. brevis, Paenibacillus sp., and 
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Cellulomonas sp. are active at optimum pH 5.5 – 
7 [24]. The Cellulase activity of Citrobacter sp. 
from pretreated bagasse was optimum at pH 6 
[27]. 

The pH is a factor that has a significant effect 
on the stability of enzymatic reaction [28]. The 
enzymes that are produced from different 
bacteria allow them to have different optimum 
pH for their activity. When the pH changes, the 
enzyme’s active site, and the substrate can alter 
because of the ionization. It influences the rate of 
the binding substrate to the active site of the 
enzyme [29]. Based on this research, at pH 6 and 
pH 5, the active site of the cellulase can be 
ionized optimally. Therefore, its activity can be 
optimal, as well.  

 

Figure 3. Cellulolytic activity of bacteria at pH variation 

Species of Potential Cellulolytic Bacteria  
Potential cellulolytic bacteria A1E isolate from 

sago pith waste was identified phylogenitically 
based on 16S rDNA sequence similarity. Figure 4 
showed that the A1E isolate was identified as 
Burkholderia cepacia JCM 2799 with 99.73% 
similarity of 16S rDNA sequence (Fig. 4). Previous 
studies also reported that Burkholderia cepacia 
from banana peel waste was potential as a 
cellulose decomposer with cellulolytic index 1.36 
[30].  

 

Figure 4.  Phylogeny tree that showed relationship of A1E 

isolate and reference bacterial strains based on 
16S rDNA sequence according Neighbor-joining 
algorithm 

Burkholderia is a genus of lignocellulolytic 
bacteria [31, 32], and it is known to have 
cellulolytic activity [33]. Burkholderia 
cepacia from the soil in Xiling mountain has a 
cellulolytic activity of 2.76 U.mL-1 at optimum 
temperature 60°C and pH 5 [34]. The different 
enzyme activity of bacteria can be influenced by 
the different conditions in the medium such as 
temperature, pH, carbon source, nitrogen source, 
enzymes, and substrate concentration [29]. 

CONCLUSION 
The A1E indigenous isolate of sago pith waste 

from Palopo, South Sulawesi, had the highest 
potency as cellulolytic bacteria. The cellulase 
activity 0.54 U.mL-1 was optimum at pH 6. The 
A1E isolate was identified as Burkholderia 
cepacia JCM 2799 with 99.73% similarity. 
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Abstract 
Staining creates a contrast between the cells and its surrounding, and enables the microscopic characteristics of 
bacterial cells to be easily visible and distinguished. However, staining often relies on dyes which are expensive, not 
readily available, or toxic. In this study, the use of food coloring dyes to stain bacteria was explored. We stained Gram- 
positive bacteria (Bacillus sp. and Staphylococcus aureus) and Gram-negative bacteria (Escherichia coli) using several 
food coloring dyes of different colors, which were purchased locally. After slide fixation, the dye was flooded on the 
bacterial smear and air-dried for up to 30 minutes and observed by using microscope before and after washing with 
water. The results of this study show that prior to washing, most food coloring dyes were able to stain bacterial cells. 
However, after washing, only pink and purple food coloring dyes were retained, showing pink colored cells. We 
suspected that erythrosine was the agent responsible for this result, and was able to show similar characteristics with 
erythrosine alone. This study concludes that food coloring dyes containing erythrosine can be used to stain bacterial 
cells indiscriminately. 

Keywords: Bacterial cell staining, erythrosine, food coloring dyes, resource-limited. 
 

INTRODUCTION 
Staining is a basic technique in microscopy, 

crucial in determining the basic morphological 
structure and characteristics to separate and 
identify one cell to another. Cell staining relies on 
specific dyes capable to bind to specific 
structures of a cell (such as nucleic acids or 
cytoplasm) and retains within these structures 
[1]. It creates a contrast between the cells and its 
surrounding and enables the cells to be visualized 
and characterized. Gram staining, in which its 
discovery is an important milestone in medical 
microbiology [2], for instance, a bacterial cell can 
be separated into Gram positive or negative 
based on the components of its cell wall and its 
ability to retain stain after alcoholic washing [3].  

Cell staining is particularly useful in histology, 
pathology, and microbiology [4,5], and few 
studies exist which explores new staining method 
and techniques within the last decade [6,7]. 
However, the difficulty of the discovery of novel 
stains, such as in the case of the discovery of 
Gram staining, often relies on trial and error and 
has a degree of serendipity involved [3]. It is a 
common perception that diagnosis requires 
techniques with higher sensitivity and specificity, 
such as nucleic acid amplification techniques or 
fluorescent microscopy. However, even in these 
techniques, there is a demand for novel stains 
that are safer for the environment, less toxic, 
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readily available, and less expensive, yet having 
similar efficacy with current stains [8].  

Staining techniques are important in the field 
of medical microbiology. Bacterial staining, 
usually Gram staining, is often used to guide 
therapy in patients with infections [9], and 
particularly considering increased antibiotic 
resistance [10]. Other stainings, such as simple 
staining and vital staining, may be used to rapidly 
detect the presence of bacteria or even 
pathogenic bacteria using a single stain method 
[7,11,12]. Point-of-care in rural or 
underdeveloped areas, however, provide 
logistical challenges in obtaining a Gram kit, or 
any other staining kits, and may be a barrier to 
the technique. Furthermore, some compounds 
used in several single staining procedures are 
considered to be toxic to humans and the 
environment and, in the case of crystal violet, 
may even be considered to be carcinogenic 
[13,14].  

Food coloring, unlike chemical staining kits, 
are often easier to find as well as being less toxic 
to human health, although some has reported 
the compounds contained in food coloring to be 
unsafe for consumption if taken chronically [15]. 
Food coloring often contains chemicals, which 
are also known to be bacterial stains, such as 
erythrosine [16], brilliant blue FCF [17], and 
sunset yellow [7]. However, previous research 
has used those substances in controlled 
concentrations, and not when they are packaged 
in a food coloring product.  

In this paper, we explore the use of food-
grade food coloring to stain Gram-positive and 
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Gram-negative bacteria. We then evaluate the 
ability after each stain to evaluate the basic 
microscopic characteristic of each bacteria, 
whether the stain can stain bacteria with 
different characteristics, and whether the stain is 
retained after washing. On successful stains, a 
food-grade pure compound was used and tested 
for the concentration with the best bacterial 
visualization. 

MATERIAL AND METHOD 
Bacteria preparation 

Bacteria (Bacillus sp., Escherichia coli, and 
Staphylococcus aureus) were obtained from the 
Laboratory of Microbiology, Department of 
Biology, University of Brawijaya, Malang. Prior to 
staining, bacteria were subcultured in nutrient 
agar plates (Merck, peptone 5 g.L-1, Meat extract 
3 g.L-1, and Agar 12 g.L-1) and incubated at 37°C 
for at least 20 hours. The bacteria stained in this 
study were a Gram-positive bacillus (Bacillus sp.), 
a Gram-negative bacillus (Escherichia coli), and a 
Gram-positive coccus (Staphylococcus aureus). 

Bacteria fixing for staining 
Prior to any staining method, bacteria were 

fixed on a glass microscope slide by the following 
method, based on established literature. A sterile 
loop of bacteria from the aforementioned plates 
was mixed with a small drop of normal saline 
from a glass pipette on a glass slide under a 
biosafety cabinet. The slides were left to dry 
inside the biosafety cabinet for approximately 10 
minutes, and fixated by passing the slides 
through an open flame. These slides were then 
used directly for staining. All staining was 
performed on a staining tray. 

Staining method using water-based food 
coloring 

Food coloring was purchased from a local 
bakery material store. The brand of the food 
color was chosen randomly, however, the color 
chosen was determined by its constituent. For 
this study, several food colorings were used in 
the initial food stain. A dark red food color 
(HakikiTM; ingredients:  Sorbitol, Ponceau 4R Cl 
No. 16255, Carmoisine Cl No. 14720, and 
Tatrazine Cl No. 19140), blue food color 
(R&WTM; ingredients: Sorbitol, Brilliant Blue Cl 
No. 42090), pink food color (R&WTM, 
ingredients: Sorbitol, Erythrosine Cl No. 45430, 
Carmoisine Cl No. 14720), and purple food color 
(HAKIKITM; ingredients: Erythrosine Cl No. 
45430, Brilliant Blue No. 42090) were tested in 
this study. The bacterial smear on slides was 

flooded with the food coloring and left for 1 
minute, and drained without washing. The slides 
were then left at least 30 minutes before 
observation under a microscope. After the 
images were taken, the slides were washed 
under running water, left to dry for 10 - 30 
minutes, and the images were taken again using 
the same method. 

Staining method using Erythrosine 
Erythrosine was purchased from a local 

chemical store and was oil-based food grade 
erythrosine (PT. Subur Kimia Jaya). The 
erythrosine obtained was in the form of a 
maroon-colored powder. Erythrosine was mixed 
with distilled water at 1 mg.mL-1, 0.1 mg.mL-1, 
0.01 mg.mL-1, and 0.001 mg.mL-1and prepared at 
a volume of approximately 25 mL. The staining 
method was similar to the previous method, 
whereas the slides were flooded with the stain, 
left for 1 minute, drained without washing, and 
left for an additional 30 minutes to 1 hour before 
observation by a microscope. 

Microscope image capturing 
A trinocular microscope was used to obtain 

images of the preparation with 1000x 
magnification, medium light, the diaphragm set 
accordingly, and using a drop of immersion oil. 
After focusing, the images were obtained using 
the ocular camera and cropped for similar 
dimensions. 

RESULT AND DISCUSSION  
Unwashed single staining of bacteria using 
various food coloring dyes 

Samples of bacteria obtained from nutrient 
agar plates were fixated and single stained, as 
described in the methodology section. Based on 
the images in Fig. 1, the microscopic 
characteristics of the bacterial cells were mostly 
clearly observable after food coloring application. 
Red food coloring resulted in outlining the cell 
borders, with clear and colorless area internal to 
the bacterial cells on all Gram-positive and Gram-
negative bacteria, as with purple food coloring in 
Bacillus sp. bacteria. However, in several stains, 
the cells appear more visible, having a darker 
hue, such as observed in blue food color, pink 
food color in all bacterial Gram types, and purple 
food color in E. coli. The results of purple coloring 
in S. aureus were not visible, resulting in no 
staining patterns that were easily observable in 
Gram-positive or Gram-negative bacteria. 
However, bacilli bacteria were easier to observe 
and differentiate compared to cocci bacteria.  
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Figure 1.  Cell images of various Gram positive and negative bacteria stained using various water-based food coloring without 
washing. The cells were stained using A. red food coloring, B. blue food coloring, C. pink food coloring, and D. purple 
food coloring. The basic cell morphology was clearly observable using these staining methods, however, no 
differentiation in Gram type was possible. The scale line was 50 µm. 

Washed single staining of bacteria using various 
food coloring dyes 

During washing, it was observed that the food 
color was washable using running water. 
However, observation under a microscope 
revealed that each food coloring was retained 
differently (Fig. 2). As shown in the images in 
Figure 2, food coloring was retained differently 
after washing. Red food coloring was not 
retained or faintly retained in Bacillus sp. and S. 
aureus, but was more clearly retained in E. coli.  

Other food colorings were retained in most 
bacterial cells, regardless of their Gram type, 
with the most clearly retained food coloring in 
pink food coloring and purple food coloring. 
Furthermore, cell morphology and a staphylo 
type configuration were observable under pink 
food coloring staining in S. aureus. 

Staining of bacteria using erythrosine with 
various concentrations 

Cell visualization after staining with 
erythrosine was shown in Figure 3. Erythrosine 
used in this study was found to have low 
solubility with water, resulting in patches of stain 
debris across all bacterial slides. Erythrosine was 
found to stain bacteria regardless of Gram type 
with varying degrees depending on the 
concentration used. However, the images were 
accompanied by an amount of staining debris the 
higher the concentration of the erythrosine used.  

At the lowest concentration of erythrosine, 
the cells, in particular S. aureus, were only faintly 
stained. However, it also had a relatively lower 
amount of staining debris. S. aureus was only 
clearly visible on the highest concentration of 
erythrosine. On the other hand, Bacillus sp. And 
E. coli was visible using erythrosine even up to a 
concentration as low as 0.01 mg.mL-1. 
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Figure 2.  Cell images of various Gram positive and negative bacteria stained using various water-based food coloring and 
washed after staining. The cells were stained using A. red food coloring, B. blue food coloring, C. pink food coloring, 
and D. purple food coloring. Stains were retained differently between each bacterial type, but no differences were 
observed within different Gram types. The scale line was 50 µm. 

 

Figure 3.  Cell images of Gram positive and negative bacteria using various concentrations of erythrosine. The cells were 
stained using erythrosine at A. 1 mg.mL-1, B. 0.1 mg.mL-1, C. 0.01 mg.mL-1, and D. 0.001 mg/ml. erythrosine was 
found to be able to stain all cells, regardless of Gram type. The scale line was 50 µm. 
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DISCUSSION 
Bacterial staining has many applications in 

the medical field or in even microbiology science, 
either to show the cell shape and formation, to 
pinpoint specific structures, and even used as a 
golden standard for some the determination of 
pathogens. For example, Gram stains can 
pinpoint the basic microscopic characteristics of 
a cause of an infectious disease. Positive results 
in an acid-fast stain, using a red color carbol-
fuchsin, can indicate the presence of acid- 
resistant bacteria having a mycolic cell wall. 
Special characteristics of the bacteria can be 
stained using negative staining, capsule staining, 
spore staining, flagellar staining, as well as other 
methods. 

Modification of Gram-stain is rarely done, but 
discoveries for alternatives have been done in 
several recent researchers by using different dyes 
or stains, which result in higher contrast [6]. In 
other cases, novel staining methods were 
developed in dentistry to detect the presence of 
oral biofilm in the teeth and gums [10,18]. 
However, the experiments tend to use pure 
compounds and do not generally use food-
coloring dyes directly.  

In this experiment, food-coloring dyes used 
contain a mixture of sorbitol and one or two 
coloring agents. It was observed that staining 
was retained after washing when using dyes 
containing erythrosine. Previous use of 
erythrosine found it to be taken up and able to 
inhibit Streptococcus mutans biofilm and 
therefore used as photodynamic therapy (PDT) 
for gingivitis [19]. Erythrosine was already 
classified as a biological stain [20], and recently, 
erythrosine has been shown to be able to stain 
several Gram-positive and Gram-negative 
bacteria indiscriminately, including Bacillus 
cereus, Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas flourescens, Serratia marcesans, 
Streptomyces albus, Streptococcus mutans, 
Proteus mirabilis, Staphylococcus aureus, and 
Enterococcus faecalis [16]. 

This study also showed the efficacy of several 
different food coloring in staining bacteria. Our 
findings suggest that pink and purple food 
coloring was found to not only be taken by the 
bacterial cells, thus enabling the cells to be 
visible, because the stains were retained after 
washing. A common ingredient in both the pink 
and purple food coloring tested was erythrosine. 
Thus, we then tested using a purer form of 
erythrosine in a further test. This result supports 
other studies [15,16] and can report that 

erythrosine can also, in fact, stain the bacterial 
cells, albeit non-discriminatory. Erythrosine is 
reported as a membrane-impermeable stain and 
only taken by non-viable cells, such as after heat 
treatment [21]. As heat fixation was employed in 
this method, a similar process could explain how 
the food-colors containing erythrosine was able 
to stain the bacterial cells.   

The advantages of using food coloring as a 
way to stain bacteria is that food coloring is 
relatively less toxic compared to several 
compounds used in conventional stains. Crystal 
violet, a component in Gram staining and also 
can be used in simple staining procedures [11], is 
reported to be mutagenic, a potent carcinogen 
and potent clastogenic, as well as persisting in 
the environment for a long period [13]. This 
study shows the possibility of unconventional 
methods to be used in the development of 
bacterial staining methodology. 

CONCLUSION 
Food coloring containing erythrosine can be 

used to stain bacterial cells indiscriminately. 
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Abstract 
The objective of this research was to evaluate the effect of gamma irradiation on shoot growth and multiplication of 
Patchouli (Pogostemon cablin Benth.) Two weeks-old in vitro shoots were irradiated gamma-ray, at doses of 0, 15, 30, 45, 
60, and 75 Gy. The control shoot was not irradiated. The irradiated shoots were cultured on Murashige and Skoog (MS) 
medium supplemented with 0.1 mg.L-1 NAA and 0.3 mg.L-1 BA and incubated in a growth room for eight weeks at a 
temperature of 25±2°C. The results showed that the gamma irradiation inhibited the growth and multiplication of shoots. 
Explants irradiated with high-dose gamma-ray (45-75 Gy) had not formed shoot in four weeks of culture, while 58.3-83.3% 
of the explants without irradiation or irradiated at low doses 15 and 30 Gy formed shoots. The higher irradiation doses 
increased percentage of browning explants and reduced the percentage of forming shoots. Within the eight weeks of 
culture, explant without irradiation was able to form shoots at the percentage of 100% with 24 shoots per explant, while 
explants irradiated at 15-45 Gy were able to grow form shoots at the percentage of 77.7-95.5%. The high doses-irradiated 
explants (60 and 75 Gy) were only able to form shoots less than 13-20%, with 2-3 shoots per explant. 

Keywords: Gamma rays (Gy), in vitro shoot, Pogostemon cablin Benth.  

INTRODUCTION 
Patchouli (Pogostemon cablin Benth.) is one of 

the essential oil-producing plants. The oil is mostly 
found in its leaves [1]. Essential oil forms this plant 
is universally recognized as the best because it is 
the material for the food, pharmacy, and cosmetic 
industry [2]. Indonesian Plantation Service 
recorded that patchouli plantation in the country 
covers an area of 18,841 ha, producing 2,115 tons 
patchouli oil [3]. The annual demand for the oil is 
60%, around 700-2,800 tons. Indonesian export is 
estimated to be 80% of the world’s export [4]. 

Industrial development has made both 
domestic and international demand for Patchouli 
oil increase [5]. One of the ways to increase oil 
production is developing genetic variations for 
quality seeds through mutation induction; one of 
the techniques is gamma-ray mutagen treatment 
[6]. Successful experiments to increase essential oil 
content and secondary metabolites are those in 
Boswellia carterii [7], orange peel [8], and ginger 
(Zingiber officinale Roscoe) [9]. Gamma irradiation 
of 30-100 Gy on in vitro shoot explants can produce 
variations in Eustoma grandiflorum and banana 
(Musa spp.) [10,11]. Gamma-ray also affects shoot 
growth of Strawberry [12] banana [13] and 
inhibited root growth in Rubus fraxinifolius [14] 
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under in vitro conditions. The objective of this 
research was to evaluate the effect of gamma 
irradiation on the growth and multiplication of in 
vitro patchouli shoot explants.  

MATERIALS AND METHODS 
Plant material 

In vitro shoots of Patchouli cv. Lhokseumawe 
were derived from laboratory’s collection. In vitro 
shoots were propagated on MS medium-
supplemented 0.1 mg.L-1 NAA and 0.3 mg.L-1 BA. 
Two weeks old in vitro shoots were used as explant 
for gamma-ray irradiation.  

Gamma irradiation of in vitro shoot cultures.  
The gamma irradiation was carried out at 

National Nuclear Energy Agency, Jakarta, 
Indonesia. Two weeks old in vitro shoot of 
approximately 1 cm in length were exposed to 
gamma radiation at different doses of gamma-rays 
(0, 15, 30, 45, 60, and 75 Gy). These doses based on 
previous research on Coleus blumei to obtain new 
Coleus variances in a relatively short time [15]. The 
source of gamma rays was 60Co gamma irradiator-
Gamma Cell 220 at a dose rate of 4585.5 
Grey/minute. After irradiation, treated shoots were 
immediately transferred to a fresh MS medium 
containing 0.1 mg.L-1 NAA and 0.3 mg.L-1 BA. Fives 
shoots were cultured in each culture bottle, and 
ten replicated were conducted for each gamma-ray 
dose (Fig. 1).  

The culture was incubated at a temperature of 
25±2°C and 16h day/8h dark photoperiod at the 
light intensity of 600 lux in a growth room for 8 
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weeks. Percentage of browning explants and shoot 
formation; number and length of shoot were 
observed every four-week. Analysis of variance 
(ANOVA) followed by the LSD test was used to 
determine the differences in mean number of all 
tested parameters between irradiation doses. 

 
Figure 1. In vitro shoots used as explant for gamma ray 

irradiation  

RESULTS AND DISCUSSIONS 
The Gamma-irradiation on in vitro shoot 

explants affected the shoot growth and 
multiplication of patchouli. Irradiation at the doses 
15-75 Gy caused browning on the shoot tip apical 
meristem and made the leaf yellowish. The higher 
the dose of irradiation, the higher was browning of 
explant. Gamma-ray irradiation on shoot explants 
also inhibited the growth of explants and the 
formation of new shoots. The inhibition of growth 
and multiplication of irradiated shoot increased as 
the gamma dose increased (Fig 2).   

Gamma irradiation on in vitro shoot can 
increase the percentage of shoot browning and 
decrease shoot-forming explants. The effects of 
doses of gamma rays on shoot growth and 
formation of the new shoot during eight weeks in 
culture are shown in Figure 3. Gamma irradiation 

on shoot explant increased the percentage of shoot 
browning and decreased shoot-forming explant 
percentage, number, and length of the shoot. The 
browning percentage of irradiated shoot increased 
as the gamma dose increased.  

The irradiation at the doses 15-75 Gy increased 
the percentage of browning 8.3-36.6% in four 
weeks of culture and 15.5-62% in eight weeks 
culture, while the shoot without irradiation 
(control) showed no browning (Fig. 3A). Gamma 
irradiation on shoot explant inhibited shoot growth 
and formation of a new shoot. Percentage of shoot 
formation and number shoot per explant of 
irradiated shoot explant decreased as the gamma 
dose increased (Fig. 3B and 3C). In four weeks of 
culture, the explant irradiated at higher doses of 
gamma rays (45-75 Gy) had not formed shoot, 
whereas more than 83.3% of non-irradiated 
explant (control) formed new shoot and 58.3-67% 
of irradiated explant at lower doses (15-30 Gy) 
formed shoot. The ability to form shoots of non-
irradiated explants was ten shoots per explant, 
whereas at lower doses of gamma rays (15-30 Gy) 
was less than five shoots per explant. 

Irradiation of gamma-ray also reduced the 
number of regenerated shoots per explant. The 
number of regenerated shoots reduced 
prominently with the increase in gamma irradiation 
dose. The number of regenerated shoots per 
explant was significantly lower at higher doses (60-
75 Gy). However, at lower doses (15-45 Gy) was 
slightly decreased compared to control (Fig. 3C). In 
eight weeks of culture, 100% of non-irradiated 
explant produced shoot with 24 shoots per explant, 
while irradiated explant at lower doses of gamma 
rays (15-45 Gy) formed shoot was 67-77.7% with 7-
20 shoots per explant. 

 

Figure 2.   The responses of patchouli’s in vitro shoot toward gamma irradiation. A. Explants were cultures for four weeks. B. 

Explants were cultures for eight weeks. Description: a,g: 0 Gy (control), b,h: 15 Gy, c,i: 30 Gy, d,j: 45 Gy, e,k: 60 Gy, f,l: 75 
Gy. 



 

J.Exp. Life Sci. Vol. 10 No. 2, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Gamma Ray Irradiation on In Vitro Shoot of Patchouli 
(Banyo, et al.) 

146 

 

      

      
Figure 3. The effect of Gamma ray Irradiation on browning percentage, shoot-forming explant percentage, number and length of 

patchouli’s in vitro shoots after 4-8 weeks of culture. Notes: the same letter in each observation parameter indicates 
insignificant difference according to 5% Duncan test. 

  
Figure 4.  Correlation between gamma-ray irradiation doses and explant browning percentage and shoot-forming explant 

percentage 

Shoot forming percentage of higher irradiated 
explant (60-75 Gy) was only 13-20%, with 2-3 
shoots per explant (Fig. 3B and 3C). Beside shoot 
formed was lower, shoot growth of irradiated 
explant was also inhibited. The shoot length 
reduced with an increase in gamma irradiation 
doses (Fig. 3D). Shoot height growth at 8 weeks in 
the culture of explant without gamma-ray 
irradiation was about 1 cm, while shoot height 
growth of explant irradiated with gamma rays at 
doses of 15-45 Gy was between 0.3-0.6 cm. Shoot 

growth of explants that were irradiated by 60-75 
Gy was only about 0.2 cm (Fig. 3D). 

Analysis of the correlation between gamma-ray 
irradiation and the percentage of browning explant 
and the percentage of shoot forming obtained 
correlation coefficient R values of 0.9143 and 
0.8431, respectively. There was a positive 
correlation between the dose of gamma-ray 
irradiation and the percentage of browning 
explants and a negative correlation between the 
dose of gamma-ray irradiation and the percentage 

A B 

C D 
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of shoot forming. This indicated that the increasing 
in the percentage of browning explant and the 
decreasing in the percentage of shoot formation 
were in line with the increase of gamma doses (Fig. 
4). Gamma-ray irradiation on plant tissue caused 
browning and inhibited the growth and formation 
of a new shoot. Previous research found that 
explant browning caused by gamma irradiation was 
due to the degradation of indole acetic enzyme, 
which plays a role in the synthesis of IAA. The 
enzyme degradation produced browning of 
explants [16]. Browning is caused by phenol 
oxidation after cell membrane degradation or cell 
disorganization followed by chlorophyll 
degradation. This process is an indicator of the 
formation of quinones as a result of the enzyme 
activity [17]. Effect of gamma irradiation on explant 
browning also observed on shoot explant of 
Colocasia esculenta (L.) Schott [18], callus of Ferula 
gummosa [19], and plantlet of Gerbera jamesonii 
[20]. A previous study observed the effect of 
gamma irradiation on in vitro total phenolic 
content of Ferula gummosa. The research showed 
that the gamma irradiation-induced phenolic 
compound in Ferula gummosa callus and phenolic 
content increased with the increased gamma 
irradiation dose [19]. 

Cell damage from high doses of irradiation is 
thought to be the cause of the growth and 
development of Robusta BP 436 coffee to be 
inhibited. The inhibition of growth and 
development is indicated by the black callus, which 
indicates necrosis (cell death). High doses of 
gamma-ray irradiation produce free radicals in the 
hydroxyl form. Hydroxyl radicals or hydrogen 
peroxide will cause physiological damage in the 
form of inhibition of cell division and 
differentiation processes and gene damage if these 
hydroxyl radicals attach to the nucleotide chains 
causing DNA damage [21].  

Callus of Sugarcane (Saccharum officinarum L.) 
irradiated with gamma-ray doses 10-80 Gy cause 
browning at a dose of 40 Gy, and the extent of 
browning also increased with the increase of 
gamma irradiation dose [22]. Callus of Cucumis 
irradiated with a high-doses of 100-200 Gy 
experienced browning due to the absorption of 
gamma-ray irradiation that could increase free 
radicals, which damaged many cells in the callus 
[23]. High irradiation doses can change the ratio of 
the phytohormones auxin and cytokinin. It leads to 

the pattern change of cell differentiation, which 
could cause delays production of new shoots [24]. 

Irradiation-induced inhibition of shoot growth 
was caused by damage in meristem cells. The 
effect of irradiation was the inhibition of cell 
division, which results in inhibition of explant 
growth. Inhibition of shoot growth at higher doses 
of gamma rays is due to reduced mitotic activity in 
the meristematic tissue and reduced moisture 
contents of explants [25]. Chauduri also reported 
that irradiation at higher doses killed meristematic 
cells and result in the inability of the cells to absorb 
nutrients [26]. The inhibitory effect of the high 
dose of gamma rays on shoot growth was due to 
disruption of hormonal balance and enzymatic 
activities [27]. Irradiation does influence water 
intake to cells and the synthesis of endogenous 
hormones [20]. Inhibition of shoot growth due to 
the high dose of gamma rays was derived from cell 
cycle arrest at G/M phase during cell division 
and/or various damages in the entire genome [28]. 

Gamma irradiation inhibited in vitro shoot 
elongation of patchouli. Effect of gamma 
irradiation on inhibition of shoot length was 
observed in Triticum aestivum L. [29] Cicer [30], 
Corn [31], and Chrysanthemum [32].  Gamma 
irradiation prevented the shoot elongation of Cicer. 
The effect of gamma irradiation on shoot 
elongation was depending on the dose of gamma 
and genotype, respectively. The higher irradiation, 
shoot length was more affected [30]. Previous 
research found that gamma irradiation decreased 
the number of leaves and branches on 
Chrysanthemum [32]. Gamma-ray irradiation also 
had a significant impact on the shoot length 
of Triticum aestivum L. The shoot length decreased 
by 46% as the gamma dose increased [29]. It was 
observed that a decrease in shoot length is in 
proportion with increasing gamma dose in corn 
[31]. It was assumed that suppressed growth of 
explant tissue was caused by damage from 
irradiation treatment. 

CONCLUSION  
Gamma-ray irradiation on patchouli in vitro 

shoot inhibited shoot growth and multiplication. 
The irradiation of gamma rays at doses 15-75 Gy 
increased the browning percentage of explant and 
inhibited shoot formation. The percentage of 
shoot-forming explant, the numbers of shoots per 
explant, and shoot length decreased as the 
gamma-ray dose increased.  
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