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Abstract: Rice is the staple food of the Indonesian population, so it can be added with an extract containing antioxidants to increase the free-radical 
scavenging activity of rice. In this study, rice was added with cherry leaf extract (CLE) using the extrusion method. The leaves were extracted using 
water as the solvent. Furthermore the extract was added to the rice with different concentration from 0%-20%. The best concentration of cherry leaf 
extract added to rice was 20% with the following characteristics the total of phenolic content was 142.10 mg GAE/g extract, the total of flavonoids 
content was 70.91 mgQ/g extract, and the free radical scavenging activity was 67.30%. Scanning Electron Microscope (SEM) images showed a compact 
structure in flavonoid of CLE with starch of rice. Moreover, Fourier Transform Infrared (FTIR) spectroscopy elucidated flavonoid CLE probably interacted 
with starch by non-covalent bond especially hydrogen bond.  Based on this study, it can be concluded that the addition of CLE can increase the free 
radical scavenging activity of rice.  
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1. INTRODUCTION  
As a staple food for 90% of Indonesian people, rice 
contributes 40 – 80% of calories and 45 -55% of protein[1]. 
Regardless to its status as source of staple food, there are 
some downsides of this food product, such as nutrient loss 
during rice milling and polishing, and protein, minerals, and 
vitamins loss during the washing and cooking [2]. Currently, 
fortification practices on rice have added iron [3], vitamin [4], 
selenium [5] and calcium [6], [7]. Aside from vitamin and 
minerals fortification, natural ingredients fortification with 
polyphenols has been practiced by [8],  where their study 
reveals that they were able to increase the total phenolic 
content of the rice added with Mentha spicata leaf extract. 
Another study on the addition of natural compounds on rice 
by [9], showed that supplementation of 15% of Centella 
asiatica leaf extract was able to scavenge free radicals by 
67.88% in instant rice cooking. Cherry (Muntingia calabura), 
is one of natural compound with antioxidant characteristics. 
Several studies have shown that cherry has antioxidant 
characteristics either in its fruit [10], leaf [11], [12], and root 
[13].  The cherry’s leaf is selected due to the fact that this tree 
is widely distributed all over Indonesia. Research on 
components of cherry leaf have been carried out by several 
researchers. The phytochemical screening of the cherry leaf 
showed that the leaf contain alkaloid, steroid, flavonoid, 
glycoside, phenolic, Quinone, saphonine and terpenoid [14]. 
Research by [11] show that flavonoid compound is the most 
compound isolated from cherry leaf. The total flavonoid 
extracted from these leaf using ethanol dissolvent is 123.316 
µg/mg extract, the value of IC50 to scavenge free radicals  
DPPH is 79.96 µg/mL and IC50 for metal chelation activity is 
85.61 µg/mL. Therefore, supplementation of CLE is 
suspected to increase free radical scavenging activity of the 
rice processed using extrusion method. This present study is 

aimed to investigate the best of CLE supplemented on rice to 
obtain rice with high free radical’s scavenging activity. 
 

2. THE MATERIALS AND METHODS 
The materials and method employed in this study are 
described as follow.  
 
2.1. The Materials 
Rice of IR64 variety was obtained from Sleman regency of 
Yogyakarta, cherry leaf obtained from the Jetis sub-district of 
Yogyakarta, Gliceryl Mono Stearat (GMS). Meanwhile, the 
analysis tools in this study was Follin-Ciocalteau (Merck), 
gallic acid (Riedel-deHaen), katekin (Sigma), vitamin E 
(Sigma), DPPH (diphenil1-picrylhydrazy) (Sigma), methanol 
(Merck), Na2CO3 (Merck), NaNO2  (Merck), AlCl3  (Merck), 
NaOH (Merck), HCl (Merck), KCl (Merck), NaH2PO4 (Merck), 
aquadest, aquabides, and alcohol 70% (technical).  
 
2.2. Methods 

 
2.2.1. The extraction of cherry leaves 
The cherry leaf was extracted based on the following method 
[15], [16] selection of fresh cherry leaf to be dried using 
cabinet drier for 72 hours. The dried cherry leaf extract was 
further mashed using blender to obtain the dry cherry leaf 
powder. The cherry leaf powder was sifted using the 60 mesh 
sieve to result in fairer powder. The extraction process of 
cherry leaf extract was carried out by boiling the obtained 
cherry leaf powder for 10 minutes with the ratio of 1 : 10 
(m/v). When cool enough, the obtained extract was then 
sieved using the sieving fabric to separate it from the dregs of 
cherry leaf extract. Afterwards, the cherry leaf pulp was then 
boiled using aquades to boil for 10 minutes with the ratio of 1: 
10 (m/v) ;afterwards, the sieving process was repeated.  
 
2.2.2. Functional Rice Making  
Functional rice (FR) production was modeled by the 
production of analog rice [17]. The IR64 rice variety was 
soaked for 2 hours, then milled and dried within the cabinet 
drier with the temperature of 50 °C for 12 hours. When the 
rice flour dried, it was meshed using an 80 mesh sieve. 
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Further, the functional rice is produced by evenly mixing 1 kg 
of rice flour with 2% of GMS of the total dough and 30% of 
water. Supplementation of cherry leaf extract is added with 
the following concentration of 0% (FR0), 5% (FR5), 10% 
(FR10), 15% (FR15) and 20% (FR20) toward the total volume 
of water used in the production of functional rice. The dough 
was then poured into a single thread extruder machine to 
produce rice, then the produced rice was dried within cabinet 
drier for 12 hours. The dried functional rice is stored in a cool 
room of 4 °C. To test the phenolic content, the total flavonoid 
content, and free-radical scavenging, an extraction using 
methanol was used. Whereas, to analyze SEM and FTIR of 
the functional rice, the rice was meshed and sieved using an 
80 mesh sieve. 
 
2.2.3. Extraction of Functional Rice Sample 
The sample was extracted using [18] method, 28 grams of 
sample is added with 56 mL of absolute methanol, then 
macerated using shaking water bath in the temperature of 32 
C for 1 hour in the speed of 170 rpm. The filtrate is separated 
from the residue by using the whatmann paper no. 40. Next, 
the separated from filtrate residue was further extracted twice 
by using similar treatment to the first treatment. All the 
obtained filtrateswere then mixed and evaporated with Rotary 
evaporator in the temperature of 50 °C and 200 bar pressure, 
thus, 3 mL dense extract was obtained. Further, this dense 
extract was analyzed of its yield, total phenol, total flavonoid, 
and ability to absorp free radical DPPH. Each sample 
receives 3 times of repetition. 
 
2.3. Total Phenolic Analysis  
Total phenolic analysis is carried out using the method 
developed by [19], where 0.2 mL of functional rice extract is 
added with 1 mL of 10% FolinCiocalteu in the 10 mL 
volumetric flask. The mixture is mixed evenly and let it stand 
for 3 – 5 minutes. Further 2 mL of 7.5% of Na2CO  is added 
and aquades to make it 10 mL and mixed evenly. The sample 
absorbance is measured in λ=760 nm after 30 minutes 
exposure in a dark room. The total phenol is stated in mg 
equivalent to /100 gram of dried-based gallic acid (GAE) 
sample. 
 
2.4. Total Flavonoid Analysis  

Total flavonoid was analyzed based on [20] method. A 
0.1 mL of functional rice extract is poured into a 10 mL 
volumetric flask and 0.15 mL of 5% NaNO and 4 mL of 
aquades are added into the mixture. Let the mixture stands 
for 5 minutes. Then it was added 0.3 mL of 5% AlCl2  5% and 
let the mixture stands for 6 minutes. Further, 2 mL of 0.1M 
NaOH is added with aquades to the marker point. The 
absorbance is measured in λ=510 nm. Total flavonoid is 
stated in mg equivalent to (+)Quersetin/100 gram of dried-
based sample.  

 
2.5. Free-Radical Scavenging Assay (DPPH) 
Ability to scavenge free radical DPPH is analyzed based on 
[20]method, a 3 mL of DPPH solution (4 mg/100 mL) is 
inserted into reaction flask and added 1 mL of aqueous rice 
extract, further, the sample is made homogenous and the 
absorbance is measured in λ=517 nm after 30 minutes of 
incubation. The free radical absorbance DPPH  is measured 
using the following formula: 

      
                 

        
 x 100% 

 
2.6. Measuring the Morphology of Starch Granules 
The starch granule morphology is measured using the [21] 
method. The sample is first coated with 20 nm of gold in 
vacuum condition. Further, the sample is photographed using 
SEM with 5000 times magnification with the potential 
acceleration of 20 KV 

 
2.7. Analysis of Starch Functional Group 
Starch functional group analysis is carried out using method 
developed by [21].  2 mg of sample is homogenously mixed 
with 20 mg of KBr. Further, the sample is made into sauce 
pellet shape and conditioned into the vacuum. Each 
developed spectrum is scanned using FTIR spectroscopy in 
room temperature (around 22 ± 1 °C) with the 4 cm

-1
 

resolution in the range of 500-4000 cm
-1 

  
 
2.8. Statistical Analysis 
The data obtained from this study are analyzed using SPPS 
24 with Analysis of Variance (ANOVA) one factor followed by 
Duncan test. Each treatment is repeated three times. 

 

3. RESULTS AND DISCUSSION 
 

3.1. Total Phenolic Content  
Total phenolic content of the functional rice is shown in Figure 
1. The total phenolic content increased along with the 
increasing of CLE that added. The highest number is in 
functional rice (FR) added with 20% of CLE by 142.10 mg 
GAE/gram extract. This show that addition of CLE can 
increase the total phenolic content of the rice. This supports 
the study of [8], where they found that addition of Mentha 
spicata extract could increase the total phenolic content of the 
rice. The variance analysis reveals that the addition of CLE 
significantly influences the total phenolic content. Further 
Duncan test reveals that addition of 20% CLE does not 
significantly differ from addition of 15% CLE. However, it 
varies significantly with the addition of  0%, 5%, and 10%  
CLE. Addition of CLE increases the total phenol of the rice 
compared to the control (0%) from 31.73 mg GAE/100 g to 

142.10 mg GAE/gram extract (20%). This increase of total 
phenolic in rice added with CLE is due to the interaction 
between the phenolic compound from CLE with starch that 
forms inclusion complex in form of single helix amylose 
through hydrophobic effect or develops compound complex 
with weaker chain through hydrogen chain [23]. 

 

 
Fig 1. Total phenolic content of rice with CLE, FR0 : rice+0% 

CLE; FR5 : rice+5%CLE; FR10 : rice+10%CLE; FR15 : 
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rice+15%CLE; FR20 : rice+20%CLE. Data (mean±SD) with 
different letters were significantly different (p<0.05) 

 
3.2. Total Flavonoid Content  
Total flavonoid of the functional rice is shown in Fig 2. The 
total flavonoid increases along with the increase of CLE. This 
is similar to the result of total phenolic content on functional 
rice. The variance analysis shows that addition of CLE 
significantly influences the total phenol. The further Duncan 
test shows that addition of CLE by 20% insignificantly 
different with the addition of 15% of the CLE. However, it is 
significantly different with the 0%, 5%, and 10%. The 
supplementation of 20% of CLE can increase the total 
flavonoid by 70.91 mg Quersetin/gram extract rice compared 
to the control treatment, which is only 24.66 mg 
Quersetin/gram extract. Flavonoid is known as antioxidant 
that can bind with macromolecules such as protein and 
polysaccharide. The flavonoid compound is polyphenol 
compound that consists of 15 carbon atom which composed 
in configuration of C6-C3-C6, that is two aromatic rings linked 
by 3 carbon atom that either can or cannot form the third ring. 
The bind between the starch and flavonoid happens in ring A 
and C of the flavonoid with the C4 atom of carbon group and 
atom C2 and C3 of the multiple chain of carboxyl of the starch 
[24]. 

  
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2. Total flavonoid content of rice with CLE, FR0 : rice+0% 
CLE; FR5 : rice+5%CLE; FR10 : rice+10%CLE; FR15 : 

rice+15%CLE; FR20 : rice+20%CLE. Data (mean±SD) with 
different letters were significantly different (p<0.05) 

 
3.3. Free Radical Scavenging Activity  
The free radicals cavenging activity of the rice extract was 
carried out using DPPH method and measured using a UV-
Vis spectrophotometer. The result is observed through the 
change of the solution color from violet to yellow. This color 
transformation shows that DPPH has been reduced by the 
donation of hydrogen or electron from the antioxidant 
compound, hence the color changes from violet to yellow and 
that the DPPH does not provide absorbance on the 
wavelength of 517 nm. The result show that the CLE 
significantly influences the antioxidant activity of the rice. The 
antioxidant activity of the functional rice added with CLE 
ranges between 13.58% – 67.30%. The Duncan 5% test 
shows that addition of Centella leaf extract by 0% (control) 
significantly differs with the addition of the CLE in the 
functional rice by 5%, 10%, 15%, and 20% (Fig 3). 

 

 
Fig 3. The radical scavenging activity assay of rice with CLE, 

FR0 : rice+0% CLE; FR5 : rice+5%CLE; FR10 : 
rice+10%CLE; FR15 : rice+15%CLE; FR20 : rice+20%CLE. 

Data (mean±SD) with different letters were significantly 
different (p<0.05) 

 
The test of free radical scavenging shows that the higher the 
CLE added, the higher the percentage of free radical 
scavenging. This is similar to the result found by [9], where 
they find that the higher the extract of Centella leaf added, 
the higher the percentage of free radical scavenging activity 
on instant rice. The antioxidant activity of the natural 
ingredient can be influenced by the phenolic and flavonoid 
contents of that natural compound. The phenolic compound 
is the compound that contains benzene group that 
experience hydroxylation, whereas flavonoid compound is a 
compound with more complex phenol and higher 
hydroxylation. The existence of hydroxyl cluster in phenol and 
flavonoid compounds resulted in antioxidant activity. This is 
because the oxygen atom in hydroxyl cluster has free 
electron that is sufficient to inhibit reactivity of reactive atom 
that compiles the free radicals compound [25]. Phenol and 
polyphenol provide protection effect through various 
mechanism such as blocking, disturbing or pressing the 
activity of enzyme involved in establishment of reactive 
oxygen species, extinguish the free radicals, and chew the 
transition metal to inactivate the species[26]. 
 
3.4. Measuring the Morphology of  Starch Granule 

The morphology test of the starch granule of the functional 
rice is presented in Fig 4. The starch of the original rice has 
irregular and polygonal shape with the granule of about 2-μm, 
whereas the granules of functional rice are regular. This is 
due to the production process of the functional rice, which is 
pre gelatin. In addition, the addition of CLE can influence the 
structure of the rice starch. According to [27] the interaction 
between starch and the polyphenol of the tea happened 
during the gelatination. The bind between polyphenol 
compound and starch happened after the heating of the 
starch compound and polyphenol in the temperature of 95 
°C.  
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Fig 4. The SEM analysis of native (rice flour) and rice with 

CLE, FR0 : rice+0% CLE; FR5 : rice+5%CLE; FR10 : 
rice+10%CLE; FR15 : rice+15%CLE; FR20 : 

rice+20%CLE. 
 
3.5. FTIR analysis  
Fourier transform infrared spectroscopy (FTIR) can show the 
change of conformation between the compound of rice starch 
in extrusion product added with olive oil, interaction between 
starch and tea polypheno, and interaction between starch 
and flavonoid of lotus leaf  [28]. Therefore, FITR can be used 
to test the existence of change of structure between the 
starch of the rice and the added flavonoid from cherry leaf 
extract. FITR result is presented in Fig 5.  

 

Fig 5. The FTIR analysis of rice with CLE, FR0 : 
rice+0% CLE; FR5 : rice+5%CLE; FR10 : rice+10%CLE; 
FR15 : rice+15%CLE; FR20 : rice+20%CLE. 

   
The FTIR test of the functional rice shows that all treatments 
have similar pattern. All shows the stretch of the band 
between 3500-3100 cm

-1
, which indicates a strain on the 

cluster of O-H. This points out the possibility of the hydrogen 
bind between the starch of the rice and the flavonoid from the 
cherry leaf extract. This backs up the result of [28] where 
interaction between flavonoid of the lotus leaf extract and the 
starch through non-covalent bind, such as interaction of or 
hydrogen bind during the gelationation process and inter 
molecule interaction between  H-H happens between two 
components (starch and flavonoid). According to[26], it shows 
stronger hydrogen bind between starch and polyphenol of the 
tea when both is mixed and gelatinated compared to when 
the starch is pre gelatinatied then added with the polyphenol 
of the tea. 
 

4. CONCLUSIONS  
Upon the completion of this study, the following conclusion 

is reached: (1) addition of cherry leaf extract increases the 
total phenolic and flavonoid and able to increase the free 
radicals scavenging, (2) the best treatment is the addition of 
20% CLE, (3) the SEM and FTIR tests show the interaction 
between the starch from the rice and flavonoid from the 
extract of the cherry leaf.  
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