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Abstract 
 
The aim of this study to explore the foodstuffs potentially as an immunomodulator for use of synthetic 

immunomodulatory in the long term, in addition to considering also has negatively affect to the organs. 

The materials normally used as an immunomodulator is a substance containing phenol and flavonoid 

that has antioxidant activity. One of them is Indonesia black rice. This study was performed by in vitro 

test so that the samples that tested were in the extract form. Extracts were tested were ethanol and 

water extract of black rice. The use of water as a solvent extract because the sample is food, While 

ethanol is also used because ethanol is not toxic and the compounds present in black rice are also polar 

so polar that they can be used in dissolving polar and semi-polar compounds. Each extract was measured 

levels of phenol, antioxidant activity and its effects on lymphocyte proliferation (as an organ where 

immune cells produced). The treatment was health control, pain control, 50,100 and 200µg/ml. The 

results showed that ethanol extract of black rice and water containing phenol compound and has activity 

as an antioxidant, it also very potential as immunomodulators because the extract can increase 

lymphocyte proliferation. 
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Introduction 
 
Immunomodulator is a substance that can 

help the body to optimize the function of the 

immune system. The immune system is the 

main system functions in the defense of the 

body where most people are prone to 

disorders of the immune system. When the 

immune system isn’t working optimally, the 

body will be susceptible to the disease[1]. 

 
There is a relationship between the 

antioxidants in the diet and immune function 

so it takes extra antioxidants from outside 

the body in the form of food intake [2]. The 

use of synthetic immunomudulator especially 

in the long term, in addition to considering 

also adversely affects the kidneys and other 

organs [3]. The food-stuffs containing 

polyphenols compound is a source of 

antioxidants, which are abundant in fruits, 

vegetables, grains and other food products. 

 

 

Polyphenols are effective antioxidants 

because of the hydroxyl groups that have the 

ability to provide electrons, so it can 

eliminate free radicals [4-5]. Polyphenols and 

flavonoids compound as antioxidants also 

shown to enhance the immune response [6].  
The way to determine the 

immunomodulatory activity of substance is 

by testing the cell proliferative activity of 

lymphocytes as the immune cells produced 

[7]. 

 
The food that has potential as an 

antioxidants and immunomodulators is black 

rice (Oryza sativa L. indica) because it 

contains anthocyanins, flavones and  
flavonols, carotenoids and oryzanol 

compound [8]. Some black rice research more 

on anthocyanins, such as black rice 

anthocyanin extracts reported could inhibit 
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liver cancer cells [9], decrease the cholesterol 

levels, triglisedrida, LDL (Low Density 

Lipoprotein) and increase HDL (High 

Density Lipoprotein) and very potential for 

cardiovascular therapy [10-12], can improve 

the function of spleen, liver, gastric and 

intestines, also as a hematopoietic agents in 

the pharmacy [13], prevent atherosclerosis 

[14], anti-inflammatory [15], in the other 

take advantage of black rice bran as a 

natural dye [16] and other research observed 

the effects of black rice bran extract as an 

antioxidant and hepatoprotective [17]. 

 

But there is no one has studied the activity of 

ethanol and water extract as an antioxidant 

and immunomodulatory. The use of aqueous 

extracts for health reasons, while the ethanol 

extract as a comparison. There are many 

polar compounds that dissolved in ethanol as 

a bioactive compound [18]. 
 

Method 
 

Chemicals 
 

Chemicals used for analysis is pro analysis 

Merck (Germany). While the standard use of 

chemicals pro analysis from Sigma-Aldrich 

(German); PBS, RPMI 1640 FBS, anti-CD3, 

LPS, penicillin and streptomycin, STZ, 2-

Mercaptoethanol (Biowest, USA). 
 

Plant Material 
 

Black rice (Oryza sativa L.) used Wojalaka 

varieties from Kepanjen, Malang, East Java, 

Indonesia. These varieties included in the 

Indica group [19]. 
 

Extracts Preparation 
 

The black rice is dried and pulverized (± 80 

mesh) into simplicia. The ethanol extract 

derived from simplicia that macerated in 

ethanol 96% (1:10 (g/ml) for 24 hours, while 

the water extract derived from simplicia that 

macerated with distilled water for 12 hours 

with stirring a few times. After that 

filteredfor separating the pulp and the 

filtrate. And than the ethanol filtrate was 

evaporated using rotary evaporator with 

temperature of 40±5 °C until thick and dried 

with a freeze dryer then weighed to 

determine the yield. The filtrate water was 

drained with freeze dryer (-40 °C). 
 

Phytochemical Analysis 

Total Phenolic Content 
 
The total phenol content assay of ethanol and 

water extract from black rice using Folin- 

 

Ciocaltea[20] with Gallic acidas standard. 0.1 

ml of extract added with 3.9 ml of distilled 

water and 0.5 ml Folin-Ciocalteu reagent 

(1:10 in distilled water). The solution was 

allowed stand for 3 minutes and then add 2 

ml of 20% Na2CO3 and the absorbance values 

was measured by UV-spectrophotometer at 

756.5 nm. 
 

A calibration curve prepared from the 

absorbance value of gallic acid solution at a 

various concentrations. The content of total 

phenols in ethanol and water extract from 

black rice expressed as mg gallic acid 

equivalents (GAE)/g of dry extract. 
 

Antioxidant Activity 
 

Lipid Peroxidation Inhibition Activity 
 

The ethanol and water extract from black 

rice was weighed as much as 10.0 mg added 

with ethanol p.a to 10 mL. The samples were 

prepared from a solution of ethanol and 

water extract of black rice as much as 4 mL 

with concentration 1 mg/mL, 4.1 mL of 2.52% 

oleic acid, 8 mL 0.02 M phosphate buffer and 

water as much as 3.9 mL were incubated at 

40 °C and read every 24 hours until got a 

maximum absorbance of the negative control 

(oleic acid mixture, phosphate buffer, water 

and extract solvent). During incubation, 0.1 

mL of the incubated samples awere taken 

and then added 9.7 mL of 75% ethanol, 0.1 

mL of 30% ammonium thiocyanate, and 0.1 

mL of 0.02 M ferrous chloride were incubated 

for 3 minutes and then read on the 500 

nmlength wave [21]. 
 

Total Antioxidant Activity(TAA) 
 

The total antioxidant activity of black rice  
extract (ethanol and aqueous) were evaluated 

by phosphomolybdenum method  
[22]. The assay is based on the reduction of 

Mo (VI) - Mo (V) by the antioxidant 

compounds and subsequent formation of a 

green phosphate/Mo (V) complex at acidic 

pH. Different extracts of 10 μL each from the 

stock solution were dissolved in 90 μL 

distilled water and 1 mL of reagent solution 

(0.6 M sulphuric acid, 28 mM sodium 

phosphate and 4 mM ammonium molybdate) 

in 1.5 mL tubes. The tubes were capped and 

incubated in a thermal block at 95°C for 90 

min. After cooling to room temperature, the 

absorbance of the solution of each reaction 

was measured at 695 nm against blank 

samples. Ascorbic acid (AA) was used as 

standard and the total antioxidant capacity 

was expressed as milligrams of ascorbic acid 

equivalents (mg AAE/g) of dw. 
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Lymphocyte cell proliferation / CFSE 

assay [23] 
 

Animals ExperimentalPreparation 
 

Animals that be used were Mus musculus 

(mouse) male Balb / C strain and pathogen 

free. The age of experimental animals be 

used were four weeks while STZ injection. 

The research procedure was approved by the 

Research Ethics Committee (Animal care and 

Use Committee) of Brawijaya University and 

expressed Eligible Ethics. 
 

Splenocyte Cell Culture 
 

The spleen was isolated from a health mice 

and mice models of diabetes mellitus (DM) 

then washed with phospho-buffered saline 

(PBS). Cells were isolated from the spleen by 

crushing it in PBS. 

 

The homogenates were centrifuged at 2500 

rpm, 10 °C for 5 minutes. Pellet cells labeled 

with CFSE 5 mL in 500 µL of PBS and then 

incubated for 10 minutes in the ice box. After 

that, coupled with 500 µL of FBS and 

centrifuged to remove CFSE residual that 

does not label cells. Pellets are resuspended 

in 1 ml of PBS and then centrifuged to 

remove FBS residual. Finally, the pellet 

resuspended in 1 ml of medium and then 

resuspended to remove any remaining PBS. 

 

Cells grown in 48 culture well plate in 1 

ml/well (3 billion/ml). That cells were 

incubated in a 5% CO2 incubator at 37 °C for 

5 days. After a period of incubation, cells 

were harvested by resuspanted of each 

treatment media to cell homogenate and 

move it into a 15 ml propylene tubes and 

then centrifuged at 2500 rpm at a 

temperature of 10 °C for 5 minutes, and 

continued to flowcytometry procedure. 
 

Flowcytometry 
 

Cells were incubated added by 300-500 µL of 

PBS. Each sample was transferred into the 

corresponding cuvettes flowcytometry for 

immediately running by flowcytometry. Flow 

cytometry analysis performed by using 

software CellQuestPro. 
 

Results and Discussion 

Phytochemical Analysis 
 
The results of the total phenols and 

flavonoidsassay in ethanol and water extract 

of black rice can be seen in Table 1. The total 

content of phenol in ethanol extract (BE) is 

different from total phenol content in the 

water extract (BA). Total phenol in ethanol 

extract (95.58± 0.71) mg GAE/g is higher 

than water extract (58.42±0.23) mg GAE/g 

dw (Table 1) 

 

Table 1: Total phenol of black rice extract  
Extract Total phenolic content  (mg GAE/g of plant extract) 

BE 95.58 ± 0.71b 

  

BA 58.42 ± 0.23a   
BE: Ethanol Extract; BA: Water Extract 

 

A phenol compound as secondary metabolites 

in plant has a potential as antioxidants and 

may protect cells against oxidative damage. 

This is caused by the presence of hydroxyl 

groups in the phenol compound. Hydroxyl 

groups can serve as a contributor to the 

hydrogen atom when it reacts with radicals 

through electron transfer mechanism that 

inhibited oxidation processes [25-26]. 

 

Therefore poliphenol and flavonoids are 

widely used as anti-cancer material, 

antidiabet, neuroprotective, antimicrobial, 

hepato-protective, cardio protective and 

immunomodulatory [24]. 
 

The Antioxidant Activity 
 

Inhibition of Lipid Peroxidation Method 

/ Ferric Thiocyanate Method (FTC) 

 

Lenoleat acid incubated until it be oxidize 

that used as a reactive compound / free 

radicals in the FTC method (Ferric 

Thiocyanate) to determine the ability of a 

material as antioxidant compound27. This is 

due to a variety of diseases including 

disruption of the immune system that caused 

by free radicals that can damage the 

unsaturated fatty acids, cell wall membrane, 

blood vessels, bases of DNA, and lipid tissue 

[28]. 

 

The strength of antioxidant activity in 

inhibiting the oxidation lenoleat acid in the 

extract can be seen in Table 2. The ethanol 

extract was 53.42±0.37; water extract was 

44.16±0.29 while vitamin C amounted to  
68.65±0.19, on the 6thday. Oxidation of fats 

into peroxide will oxidize Fe2+ to Fe3+. 

Furthermore, Fe3+ will form a complex with 

SCN be red ferritiosianat. 
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Table 2: Antioxidant capacity of extract black rice  
Extract Ferric Thiocyanate Total antioxidant capacity 

BE 53.42 ± 0.37b 132.38 + 0.70b 
     

BA 44.16 ± 0.29a 96.70 + 0.30a 

     

Vit C 68.65 ± 0.19c 140 + 0.05c 

 
BE: Ethanol Extract BA: Water Extract, Vitamin C  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Phenolic and flavonoids compounds are the 

hydrogen donors for the free radicals formed 

during lipid peroxidation. Antioxidants can 

reduce hydroperoxy radical formation in the 

early phase of lipid peroxidation chain 

reactions through solving [29]. The low 

absorbance show high antioxidant activity 

due to radicals formed during lipid 

peroxidation forming a stable final product. 

Radicals formed relatively stable because of 

resonance and not easy to follow in a chain 

reaction [30]. 
 

Total Antioxidant Activity 
 

The determination results of the antioxidant 

activity total by using phosphor molybdenum 

methods can be seen in Table 2. The ethanol 

extract has greater antioxidant activity total  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(132.38±0.70) compared with water extracts  
(96.70±0.30). One indicator of antioxidant 

activity is the ability of an extract to donate 

electrons [31-32]. This is consistent with 

several studies showing that the antioxidant 

activity total related to levels of total phenols 

[33-34]. 
 

Lymphocyte Cell Proliferation (CFSE 

assay) 
 

Immuno competent cells labeled with CFSE 

showed higher cleavage activity when 

stimulated by administration of ethanol and 

water extract of black rice (Figure 2). Cells 

undergoing division located on the left at the 

peak flow cytometry analysis because it 

shows a decrease in CFSE luminescence. 
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The relative number of cells undergoing 

proliferation in the control without extract 

amounted to 14.40% and amounted to 34.88% 

of health controls. The higher concentration 

of the extract, it causes the higher relative 

number of immune competent cells which 

proliferate. Ethanol extract and water at 

doses of 50, 100 and 200 µg/ml respectively 

was 47.37%, 58.31%, 76.68% and 42.40%, 

51.16%, 63.07%. 

 

The relative number of immune competent 

cells which highest proliferate for the 

treatment of the ethanol extract of 200 µg/ml 

is equal to 76.68% and the lowest in the 

treatment of the water extract was 50 µg/ml 

is equal to 42.40%. The ethanol treatment 

extract of black rice and water shows the 

relative number of proliferating cells 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

significantly higher than controls 

(p≤0.05).The ability of ethanol and water 

extract of black rice in inducing cell 

proliferation because it contains polyphenols 

which is quite high and proved have 

antioxidant activity, thus proved have an 

imunomodulasi effect [35-36]. In the other 

research reported that the immune  
modulating abilities by stimulating 

proliferation of splenocytes were positively 

correlated with the content of polyphenols 

and flavonoids [37]. 
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