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1. INTRODUCTION

Antioxidants are molecules that can neutralize free 
radicals that are toxic to body by protecting the 
cellular components in tissues [1] and slowing the 
tissue damages caused by oxidative stress [2]. Based 
on the source there are two kinds of antioxidants: 
endogenous and exogenous. Endogenous 
antioxidant is an antioxidant that comes from inside 
of the body. The examples of antioxidant include 
superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GPx) [3]. While exogenous 
antioxidant is an antioxidant that comes from outside 

of the body, for examples, metabolites in plants like 
flavonoid and phenolic compounds [4]. Mengkudu 
(Morinda citrifolia Linn.) and temulawak (Curcuma 
xanthorrhiza Roxb.) are plants have been proven to 
have antioxidant activity [5, 6]. In Indonesia, those 
plants are widely used as traditional herbal medicine 
(Jamu), sold in the street by hawkers carrying 
refreshing drinks, usually bitter in taste but they are 
usually sweetened with honey or palm sugar. Based 
on the above explanation then researcher want to 
assess the interaction of antioxidant activity of 
combination of juices from mengkudu fruit juice 
and temulawak rhizome juice.
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IC50 of MFJ was 1 823 µg mL–1, IC50 of TRJ was 4 797.92 µg mL–1, whereas the IC50 of MFJ and TRJ combination was 
228 µg mL–1 and 599 µg mL–1, respectively. The data analysis were based on IC50 of MFJ, TRJ, and their combination 
indicated that CI < 1 and the plot point lied under the additives line (i.e., in the synergistic area). Thus, combined effect 
of MFJ and TRJ was synergistic in generating antioxidant activity based on CI and isobologram examinations.
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2. MATERIALS AND METHODS

2.1  Herbal and Chemical Materials

Mengkudu (Morinda citrifolia Linn.) and 
temulawak (Curcuma xanthorrhiza Roxb.) plants 
were obtained from Balai Materia Medika Batu, 
Malang, East Java, Indonesia. DPPH was purchased 
from Sigma-Aldrich, USA. Ethanol was purchased 
from E. Merck, USA.

2.2  Methods

Mengkudu (M. citrifolia) fruit and Temulawak 
(C. Xanthorrhiza) rhizome were made into juices 
beforehand using a juicer. The antioxidant activity 
of MFJ (mengkudu fruit juice), TRJ (temulawak 
rhizome juice) and the combination of MFJ and 
TRJ were determined by using DPPH method. This 
was the simplest method, wherein the prospective 
compound was mixed with DPPH solution and 
absorbance was recorded after a defined period. 
Each of MFJ and TRJ was dissolved in ethanol 
and prepared into various concentrations ranging 
from 500 µg mL–1 to 5000 µg  mL–1. A volume of 1 
mL from each of MFJ and TRJ concentration were 
taken and then put into test tubes.  The amount of 
1  mL of DPPH solution were added into each tubes 
(15 mg DPPH dissolved in ethanol ad to 100 mL) 
and 3 mL of ethanol, then vortex and left for 30 
min in dark room at room temperature [7, 8], next 
the maximum wavelength of DPPH in the range 
of λ 500 nm to 520 nm was determined DPPH 
solution added with ethanol beforehand was used 
as control [9]. The IC50 values were calculated 
using regression equation. The IC50 values of MFJ 
and TRJ were used as the basis for analyzing the 
mixture combination of MFJ and TRJ [10]. MFJ 
was made into several concentrations: 1/16 IC50, 
⅛ IC50, ¼ IC50, ½ IC50, 1 IC50 and 2 IC50 whereas 
TRJ also made into several concentrations: 1/16 
IC50, ⅛ IC50, ¼ IC50, ½ IC50, 1 IC50 and 2 IC50. The 
combination of concentrations of MFJ and TRJ 
were arranged using the checkerboard [11]. 

2.3 Data Analysis

Data were obtained as the absorbance values 
from MFJ and TRJ, as well as control; then the 
percentage of antioxidant activity was calculated 
using formula (1) [12]:

% Antioxidant activity =  
 

                (1)

After obtaining the percentage of antioxidant 
activity from each concentration, the calculation 
was further followed by linear regression 
calculation (x, y) to obtain IC50 values, where x is 
the concentration (µg mL–1) and y is the percentage 
of antioxidant activity (%). The IC50 values of MFJ 
and TRJ samples were calculated by the formula y 
= Bx + A. The IC50 value was obtained from x value 
after replacing the y value by 50.

The data analysis was made based on CI. 
The interaction of antioxidant activity of MFJ 
and TRJ was analyzed based on the obtained IC50 
values. After MFJ and TRJ were made into several 
concentrations and combinations, the combination 
of juice concentration that gave IC50 value was 
found, which was then followed by the calculation 
of CI values using formula (2), formula (3) and 
formula (4) by Chou-Talalay [13]:

which shows additive effect                                  (2)

which shows antagonistic effect                          (3)

which shows synergistic effect                             (4)

Annotations:

(D)1 and (D)2 were concentrations of MFJ and TRJ 
which were combined to produce some specific 
effects (50 % inhibition).

(Dm)1 and (Dm)2 were concentrations of MFJ and 
TRJ that were given alone and had the same effect 
(50 % inhibition).

Analysis of data based on isobologram. MFJ 
and TRJ concentrations with particular activity 
(IC50) were plotted at coordinates (MFJ, 0) and 
(0, TRJ). The two points were then connected by 
a line called the hypotenuse additive line. The 
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combination of both juices that give the same effect 
were written in one point coordinate (MFJ, TRJ). 
The combination is synergistic if (MFJ, TRJ) is 
under the additive line, the combination is additive 
if (MFJ, TRJ) is right in the additive line and the 
combination is antagonistic if (MFJ, TRJ) is above 
the additive line [13].

3. RESULTS AND DISCUSSION

M. citrifolia and C. xanthorrhiza were identified 
by Balai Materia Medika Batu, Malang, Indonesia. 
The advantage of taking the material plants from 
Balai Materia Medika Batu was that quality and 
authenticity could certainly be guaranteed because it 
is one of government institutions that seek to foster 
the farmers to cultivate some plants that are widely 
used as herbal raw materials [14]. The maximum 
wavelength of DPPH was obtained at λ 515 nm in  
accordance with  previous research by Bondet et al. 
[15] with the absorbance of control was 0.869 for 
the measurement of MFJ IC50¬¬ and the absorbance 
of control was 0.862 for the measurement of TRJ 
IC50. Results of absorbance and antioxidant activity 
of MFJ and TRJ can be seen entirely in Table 1 and 
Table 2 below:

The IC50 values were obtained from Table 1 and 
Table 2, after calculating the regression equation of 
concentration data and percentage of antioxidant 

activity. The concentrations of MFJ and TRJ that 
produce the antioxidant activity for 50 % (IC50) 
respectively were 1 823 µg mL–1 and 4 797.92 
µg mL–1. Antioxidant activity of combination 
concentrations of MFJ and TRJ were arranged 
using the checkerboard. Concentrations of MFJ 
were 1/16 IC50 (114 µg  mL–1), ⅛ IC50 (228 µg  mL–

1), ¼ IC50 (456 µg  mL–1), ½ IC50 (912 µg  mL–1), 1 
IC50 (1 823 µg  mL–1) and 2 IC50 (3 646 µg  mL–1) 
whereas concentrations of TRJ were 1/16 IC50 (299 
µg  mL–1), ⅛ IC50 (599 µg  mL–1), ¼ IC50 (1 199 µg  
mL–1), ½ IC50 (2 399 µg  mL–1), 1 IC50 (4 797 µg  
mL–1) and 2 IC50 (9 594 µg  mL–1). Analysis of the 
effect of MFJ-TRJ combination juice was done in 
two ways, i.e., calculation based on Combination 
Index (CI) and isobologram [11].

Figure 1 shows that the result of the combination 
that produces the IC50 value is a combination of ⅛ 
IC50 (228 µg mL–1) concentration of MFJ with ⅛ IC50 
(599 µg mL–1) concentration of TRJ. The CI values 
of the data were calculated using Chou-Talalay 
formula and yielded Cl < 1. Based on the result of 
calculations, based on Combination Index obtained 
CI value < 1, it can be stated that combined effect 
of MFJ-TRJ juices was synergistic. CI is used to 
determine the effect of two combinations of juices, 
whether synergistic, additive or antagonistic [16]. 
When compared with each single juice without a 
combination, it can be said that the combination of 
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MFJ-TRJ juices were better.

The ordinate point was in the synergistic area 
(Fig. 2). The results of combination of ⅛ IC50 
(228 µg mL–1) concentration MFJ and ⅛ IC50 
(599 µg mL–1) concentration TRJ may be seen at 
ordinate point (¤) in isobologram. Isobologram 
is a commonly used method for evaluating drug 
combinations. The isobologram analysis begins 
with the effective concentration of each drug 
applied as a single agent then plotted on the X and 
Y axes. These two points are then connected to form 
a linear line called the additive line. Furthermore, 
the combination concentrations of the two drugs 
that produced the same effect were plotted into 
the graph. It says the effect is synergistic when 
the plot point is below the additive line, it is said 
the additive effect when the combination drug 
plot is right on the additive line, and it is said to 
antagonistic effect when the combination plot is 
above the additive line [17, 18]. This is similar 
to that of a former researcher who states that the 
isobologram for a particular effect (e.g., 50 % of 
the maximum) in which a single dose of A drug is 
20 and a single B drug is 100, after combined A + 
B produces an effect under the line drawn between 
a dose of 20 and a dose of 100 as a synergistic area 
[19]. This isobologram analysis has been used in 
various fields of health especially related to drug 
interactions including used in interaction studies 
among antioxidant agents [20, 21]. The analysis 
using this isobologram was performed to compare 
the dose of drug as a single agent and the dose of 
drug combination to determine the type of drug 
interaction [17].

The obtained IC50 of MFJ was 1 823 µg mL–1 
and IC50 of TRJ was 4 797.92 µg mL–1. This value 
can be considered to have weak antioxidant activity 
[22] but when both of them were combined, the 
concentration of each of them only needs 228 µg 
mL–1 of MFJ and 599 µg mL–1 of TRJ. A small 
combination of concentration of MFJ and TRJ has 
been produced IC50. This proved that combination 
of both of them is better than single concentration. 
The synergistic interaction was expected to reduce 
the dosage in order to minimize the occurrence of 
toxicity and resistance from medicinal plant.

4. CONCLUSIONS

This study revealed that combination of mengkudu 
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Fig. 1. Mengkudu and Temulawak combinations in various concentrations.

Fig. 2. Isobologram of Mengkudu and Temulawak 
combinations.
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fruit juice (MFJ) and temulawak rhizome juice 
(TRJ) has synergistic antioxidant effect.

5. ACKNOWLEDGEMENTS

Authors thank the Dean of Faculty of Pharmacy of 
Universitas Gadjah Mada (UGM), Head of Doctoral 
Program of Faculty of Pharmacy of UGM, and Director 
of Academy of Pharmacy of Putra Indonesia Malang.

6. REFERENCES

1.  Halliwell, B. Reactive species and antioxidants. 
Redox biology is a fundamental theme of aerobic 
life. Plant Physiology 141(2): 312–322 (2006).

2.  Giacco, F. & M. Brownlee. Oxidative stress and 
diabetic complications. Circulation Research 
107(9): 1058–1070 (2010).

3.  Bouayed, J. & Bohn, T. Exogenous antioxidants—
Double-edged swords in cellular redox state. 
Oxidative Medicine and Cellular Longevity 3(4): 
228–237 (2010).

4.  Sohal, R.S., R.G. Allen, K.J. Farmer, R.K. Newton 
& P.L. Toy. Effects of exogenous antioxidants on 
the levels of endogenous antioxidants, lipid-soluble 
fluorescent material and life span in the housefly, 
Musca domestica. Mechanism of Ageing and 
Development 31(3): 329–336 (1985).

5.  Krishnaiah, D., A. Bono, R. Sarbatly & S.M. 
Anisuzzaman. Antioxidant activity and total 
phenolic content of an isolated Morinda citrifolia 
L. methanolic extract from Poly-ethersulphone 
(PES) membrane separator. Journal of King Saud 
University-Engineering Science 27(1): 63–67 
(2015).

6.  Masuda, T., J. Isobe, A. Jitoe & N. Nakatani. 
Antioxidative curcuminoids from rhizomes of 
Curcuma xanthorrhiza. Phytochemistry 31(10): 
3645–3647 (1992).

7.  Kasrati, A., C. Alaoui Jamali, M. Fadli, K. 
Bekkouche, L. Hassani, H. Wohlmuth, et al. 
Antioxidative activity and synergistic effect of 
Thymus saturejoides Coss. essential oils with 
cefixime against selected food-borne bacteria. 
Industrial Crops and Products 61:338–344 (2014).

8.  Wang, S., D. Wang & Z. Liu. Synergistic, additive 
and antagonistic effects of Potentilla fruticosa 
combined with EGb761 on antioxidant capacities 
and the possible mechanism. Industrial Crops and 
Products 67: 227–238 (2015).

9.  Molyneux, P. The use of the stable free radical 
diphenylpicrylhydrazyl (DPPH) for estimating 
antioxidant activity. Songklanakarin Journal of 
Science and Technology 26(2): 211–219 (2004).

10. Ohrt, C., G.D. Willingmyre, P. Lee, C. Knirsch 
& W. Milhous. Assessment of azithromycin in 
combination with other antimalarial drugs against 
Plasmodium falciparum in vitro. Antimicrobial 
Agents Chemotherapy 46(8): 2518–2524 (2002).

11. Rodea-Palomares, I., A.L. Petre, K. Boltes, F. 
Leganés, J.A. Perdigón-Melón, R. Rosal, et 
al. Application of the combination index (CI)-
isobologram equation to study the toxicological 
interactions of lipid regulators in two aquatic 
bioluminescent organisms. Water Research 44(2): 
427–438 (2010).

12. Saputro, A.H. & S. Sudarsono. Potensi penangkapan 
radikal 2,2-diphenyl-1-pikril hidrazil (DPPH) oleh 
buah pisang susu (Musa paradisiaca L. “Susu”) 
dan pisang ambon (Musa paradisiaca L. “Ambon”) 
[Arrest potential for radical 2,2-diphenyl-1-pikril 
hidrazil (DPPH) by pisang susu (Musa paradisiaca 
L. “Susu”) and pisang ambon (Musa paradisiaca 
L. “Ambon”). Traditional Medicine Journal 19(1): 
6–13 (2014). [in Bahasa Indonesia].

13. Chou, T-C. Drug combination studies and their 
synergy quantification using the Chou-Talalay 
method. Cancer Research 70(2): 440–446 (2010).

14. Materia Medika Batu. Profil singkat UPT Materia 
Medica Batu [Short profile from Materia Medica 
Batu] [Online] https://materiamedicabatu.
wordpress.com/profil/.  [in Bahasa Indonesia] 
[Accessed on 14 Sept 2016].

15. Bondet, V., W. Brand-Williams & C. Berset. Kinetics 
and mechanisms of antioxidant activity using the 
DPPH free radical method. LWT-Food Science and 
Technology 30(6): 609–615 (1997).

16. Shori, A.B. Screening of antidiabetic and antioxidant 
activities of medicinal plants. Journal of Integrative 
Medicine 13(5): 297–305 (2015).

17. Chou, T-C. Theoretical basis, experimental 
design and computerized simulation of synergism 
and antagonism in drug combination studies. 
Pharmacological Reviews 58(3): 621–681 (2006).

18.  Zhao, L.,  M.G. Wientjes & J.L.-S. Au.  Evaluation 
of combination chemotherapy: Integration of 
nonlinear regression, curve shift, isobologram, 
and combination index analyses. Clinical Cancer 
Research Journal of the American Association for 
Cancer Research 10(23):  7994–8004 (2004).

Antioxidant Activity of Mengkudu Fruit Juice (Morinda citrifolia Linn.) and Temulawak Rhizome Juice 69



19. Tallarida, R.J.  Drug synergism: Its detection 
and applications.  Journal of Pharmacology and 
Experimental Therapeutics 298(3): 865–872 (2001).

20. Kirakosyan, A.,  E.M. Seymour,  K.R.  Noon, 
D.E.U.  Llanes,  P.B. Kaufman, S.L. Warber, et al.   
Interactions of antioxidants isolated from tart cherry 
(Prunus cerasus) fruits. Food Chemistry 122(1): 
78–83 (2010).

21. Luna-Vital, D.A, E. González de Mejía, S. Mendoza  

&  G. Loarca-Piña.  Peptides present in the non-
digestible fraction of common beans (Phaseolus 
vulgaris L.) inhibit the angiotensin-I converting 
enzyme by interacting with its catalytic cavity 
independent of their antioxidant capacity. Food & 
Function 6(5): 1470–1479 (2015).

22. Shori, A.B.  Screening of antidiabetic and 
antioxidant activities of medicinal plants.  Journal 
of Integrative Medicine 13(5):  297–305 (2015).

70 B. S. A. Santoso et al


