
 

ABSTRACT 
The current study highlights black rice as a nutrient-rich grain with functional 
properties, emphasising its relevance in advancing dietary strategies for health im-
provement. As a functional food, black rice contains various bioactive compounds, 
including anthocyanins, tocopherols, oryzanol, and essential oils, which are primar-
ily concentrated in the bran layer of the grain. Black rice bran can be utilized as a 
source of rice bran oil (RBO), which enriched with nutrients, essential oils and anti-
oxidant compounds. However, the RBO industry in Indonesia remains limited, 
partly due to a lack of comprehensive information on the properties of black RBO. 
This research aims to characterise the physico-chemical properties and fatty acid 
profile of black rice bran oil (Oryza sativa L. 'Black Sembada'), a local black rice cul-
tivars widely cultivated in Sleman, Yogyakarta. The characterisation of RBO in-
cludes measurement of density, yield, water content, acid value, saponification value 
and peroxide value. Fatty acid profiles were analyzed using Gas Chromatography-
Mass Spectrometry (GC-MS). The results showed that the yield of Sembada Hitam 
RBO ranged from 11.537-28.887 % with a water content 0.017-0.49 %, density be-
tween 0.920-1.027 g mL-1, acid value 79.203-86.427 mgKOH g-1, saponification val-
ue 167.450-199.723 mg KOH g-1 and peroxide value 5.953-118.233 mEq kg-1. The 
fatty acid profile was dominated by palmitic acid (14.58 %), oleic acid (43.44 %), lin-
oleic acid (37.52 %), and stearic acid (2.08 %).  
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INTRODUCTION 
Indonesia is the third-largest rice producer in Asia (Food and Agriculture Or-
ganization 2015), highlighting the country’s abundance of rice crops and po-
tential for rice-based agricultural development. According to the Ministry of 
Agriculture (2020), the agricultural sector, particularly food crop commodi-
ties, plays a vital role in supporting the livelihoods of the Indonesian popula-
tion by ensuring economic stability and national food security. In light of this, 
it is important to explore innovative and sustainable diversification of rice-
based products, one of which is the production of black rice bran oil.  

Black rice is a unique variety distinguished by its  high anthocyanin 
contents in the aleurone layer, in contrast to white rice and red rice (Hou et 
al. 2013). The content of macro and micronutrients such as protein, carbohy-
drates, vitamins, minerals (Zn, P, Mn, and Fe) is reported to be higher than 
that of commonly consumed white rice (Ichikawa et al. 2004; Kristamtini et 
al. 2012; Apridamayanti et al. 2017). As a functional food, black rice contains a 
diverse range of bioactive compounds, including several flavonoids 
(anthocyanins, tannins, polyphenols), oryzanol, sterols, tocopherols, amino 
acids, and essential oils which are predominantly concentrated in the bran 
(Kristamtini & Purwaningsih 2009; Deng et al. 2013; Banjerdpongchai et al. 
2013).  These bioactive compounds exhibit antioxidants, anticancer, and anti-
inflammatory properties, and they contribute to the maintenance of healthy 
cholesterol levels in animal models (Tsuda et al. 2003; Hyun & Chung 2004; 
Park et al. 2008). Rice bran typically contains 18-22 % oil, which is rich in 
bioactive compounds such as oryzanol, policosanol, phytic acid, phytosterols, 
ferulic acid, tocotrienols, squalene, and inositol hexaphosphate (Khatoon & 
Gopalakrishna 2004; Ardiansyah et al. 2006; Saikia & Deka 2011).  
 Black rice bran, therefore serves as a valuable source for producing rice 
bran oil (RBO) which enriched with nutrients, essential oils and antioxidant 
properties. Studies have shown that dietary intake of unsaturated fatty acids 
from vegetable oils plays a protective role against chronic diseases such as 
heart disease, cancer, type 2 diabetes and hypertension (Caterina et al. 2000; 
Abedi & Sahari 2014). Additionally, RBO consumption is known to help low-
er LDL (Low Density Lipoprotein) cholesterol due to its beneficial fatty acid 
composition (Wilson et al. 2000).  The development of black rice bran oil pro-
duction is essential for obtaining high quality vegetable oil while also promot-
ing the diversification of rice-based products to maximaize the potential of 
Indonesia’s rice agricultural sector. Despite its potential, industrial develop-
ment of rice bran oil in Indonesia is still in its early stages and has not been 
widely optimised (Etiasih et al. 2021). The application of black rice bran oil in 
the industrial sector requires reliable scientific data, particularly regarding its 
physico-chemical properties and fatty acid profile. Such data are critical for 
authenticating black RBO, ensuring product quality and safety, and support-
ing its optimal utilization. Physico-chemical characterisation provides specific 
information on the identity and quality of RBO, including measurements of 
viscosity, specific gravity, odor, and visual color. Meanwhile, chemical proper-
ties such as acid value, saponification value, peroxide value, and fatty acid 
composition are essential indicators of oil quality (Rohman & Windarsih 
2018). The limited information on the nutritional and chemical characteristics 
of black rice bran oil has constrained its utilization, emphasizing the need for 
further research. 
 In response to this need, the present study aimed to characterize the 
physico-chemical properties and fatty acid profile of Oryza sativa L. ‘Black 
Sembada’ rice bran oil, a locally cultivated black rice variety originating from 
Sleman, Yogyakarta. 
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MATERIALS AND METHODS 
Materials 
The materials used in this research included black rice (Oryza sativa 
L.'Sembada Hitam'), collected from a rice farming area in Pakem, Sleman, 
Yogyakarta. Additional chemicals and reagents used in the extraction and 
characterisation processes were n-hexane, methanol, seal, aluminium foil, dis-
tilled water, oxalic acid, KOH, phenolphthalein, 96% ethanol, HCl, potassium 
dichromate, Na2S2O3, chloroform, glacial acetic acid, starch, and KI. 
 
Methods 
Sample preparation  
Black rice (Oryza sativa L. ‘Sembada Hitam’) was collected from Pakem, 
Sleman, Yogyakarta. The grains (250g) were milled using rice whitener 
(Satake) for 30 seconds to remove the outer black layer, producing white 
(polished) rice. The removed black layer was collected as black rice bran. Pri-
or to oil extraction, the rice bran was stabilized by drying 100 g of the sample 
in an oven (Memmert) at 105 °C for 10 minutes. This step was performed to 
inactivate lipase enzymes and prevent rancidity during oil extraction.   
 
Bran Oil Extraction 
Rice bran oil extracted using a Soxhlet extractor (Iwaki Soxh-Set-200) with n
-hexane and methanol as solvents at a bran-to-solvent ratio of 1:3. Extraction 
was performed at 65–70 °C for 8 hours with 10 cycles. The solvent was then 
evaporated using a rotary vacuum evaporator (40 °C, 22 in Hg) until no more 
solvent dripped. The crude extract was stored in a fume cupboard for 1–3 
days to ensure complete evaporation of residual solvent.  
 
Physico-chemical Characterisation and Fatty Acid Profile of Oil Extract  
The physical characteristics of the oil can be determined by determining the 
viscosity, specific gravity, odour, and visual colour produced. The chemical 
character can be done by determining the acid value, saponification value, per-
oxide value and fatty acid profile. Fatty acid profile of black rice bran oil was 
analysed by Gas Chromatography-Mass Spectrometry (GCMS-QP2010S 
SHIMADZU). The oil samples were esterified prior to injection at a column 
oven temperature of 70 °C, injection temperature of 300 °C, with split injec-
tion mode and pressure of 17.8 kPa with a linear velocity of 26.9 cm sec-1. To-
tal flow 33.0 mL min-1 and column flow 0.54 mL min-1. Purge flow 3.5 mL 
min-1with split ratio 54.0. The MS data were then analysed to determine the 
identity of the target compounds being read. Name identification of fatty acid 
compound in the extract is done by comparing the mass spectra and retention 
time of the target compound with the standard of each fatty acid in Library. 
Physico-chemical characters of crude rice bran oil were determined according 
to SNI 01-3555-1998 (BSN n.d.). Physico-chemical characterisation obtained 
from testing the acid, saponification, and peroxide value by the titration 
method were analysed volumetrically.  
 
Data analysis 
Physico-chemical characterization data obtained from testing the acid num-
ber, saponification number, peroxide number, yield, water content, and densi-
ty with three repetitions of measurements were analysed by SPSS. The data 
obtained is averaged for each group and the values are compared with other 
treatment groups. T-Test was used to statistically examine group mean dif-
ferences in order to determine whether treatment effects were significant. 
The aim of statistical tests in this research is to compare and to see significant 
differences in results for each treatment. 
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RESULTS AND DISCUSSION 
Yield  
CRBO from Sembada Hitam rice bran was isolated through an extraction 
process involving the use of n-hexane and methanol which are shown in Fig-
ure 1, with 83.33 grams of dry sample produced an average yield for about 
24.47 grams with methanol solvent and 9.62 grams with n-hexane solvent. 
Figure 2. show that methanol produced higher yield of CRBO than n-hexane 
for about 28 % and 11 % respectively. 
 

 
Figure 1. Sembada Hitam rice bran oil extracted by methanol (a) Sembada Hitam 
rice bran oil extracted by n-hexane (b). 

 

 
Figure 2. CRBO from Sembada Hitam rice extracted using different solvent extrac-
tion; P1: is crude RBO with N-hexane solvent, P2: is crude RBO with methanol sol-
vent. Bars labelled with different letters indicate statistically significant differences 
in the retained percentage (p ≤ 0.05). 

 
Physico-chemical properties  
The colour characteristic observed in the CRBO sample produced in this re-
search is shown at Figure 1. One of the most important characteristics from 
visualisation of RBO is colour. In this research, it was found that both n-
hexane extract and methanol extract RBO samples gave different colours. 
The colour of the n-hexane extract of bran oil is dark green while the metha-
nol extract of bran oil tends to be dark purple. This is caused by the domi-
nance of the extracted pigments by different solvents in the two samples. 
Chlorophyll pigments are thought to be mostly extracted in crude oil with n-
hexane solvent. Richmond (2008) revealed that chlorophyll is a green pig-
ment in plants that is non-polar and can dissolve in nonpolar solvents, mak-
ing it possible that the n-hexane extract of bran oil has a greenish colour. 
While the methanol extract of rice bran oil has a purplish colour, this is pre-
sumably due to the dominating content of the extracted anthocyanin pig-
ments. Anthocyanins are compounds belonging to the class of flavonoids and 
are polar in nature (Tarone et al. 2020). For density, water content, saponifi-
cation value, acid value, and peroxide value the results are show in table 1.  
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Parameters CRBO CODEX Standard* 

P1 P2 

Density 0.920 ± 0.0000 1.027 ± 0.0003 0.881 - 0.927 g mL-1 
Water Content 0.017-0.0003 0.49 ± 0.2081 0.2 % 
Acid Value (AV) 79.203 ± 0.1114 86.427 ± 0.3245 6 mg KOH g-1 
Saponification Value (SV) 167.450 ± 0.2800 199.723 ± 11.0778 168-265 mg KOH g-1 
Peroxide Value (PV) 5.953 ± 0.0634 118.233 ± 0.6333 15 mEq kg-1 oil 

Table 1. Physico-chemicals of CRBO from Sembada Hitam. 

P1: N-hexane solvent; P2: methanol solvent; *: Codex Standard for Named Vegetable Oils (CXS 210-1999) Amend-
ed 2019 (FAO 2019) 

 
 The physical attributes oil, as revealed by density measurement, which 
are influenced by the structures of its triglyceride molecules-specifically, the 
degree of unsaturation and the length of their hydrocarbon chains. An in-
crease in the oil’s saturations level leads to a reduction in its density 
(Rahmani 2008). The water content can determine the quality of an oil. The 
high amount of water acts as catalyst for the hydrolysis reaction of oil/fat in-
to free fatty acids, glycerol, and hydroperoxides which can cause rancidity in 
the oil (Maulidna et al. 2019). The Acid Value (AV) formed as a result of hy-
drolysis of triglycerides into glycerol and FFA by lipase activity, leads to an 
enhancement in the acid value following the milling process.  The conversion 
of triglycerides into FFA and glycerol due to the hydrolysis oil/fat reaction 
causes an increase in the AV the oil/fat. So, AV can show how much Free 
Fatty Acid (FFA) is in the oil. Determination of the AV in the oil is important 
for detecting the level of free fatty acids in the sample to determine the quali-
ty of the sample oil (Desta et al. 2020). A higher saponification (SA) suggests 
the presence of short-chain fatty acids on the glycerol backbone in a sample, 
while a lower saponification indicates the presence of triacylglycerols with a 
longer fatty acyl chain. Therefore, AV determination can be used to identify 
the length of the fatty acid chain of a particular fat/oil (Ivanova et al. 2022).  
The density and water content of the crude oils were 0.920–1.027 g mL-1 and 
0.0167-0.49 %, respectively. The substitution of solvent given different physi-
co-characters of CRBO. In this study, it was observed that oil with n-hexane 
solvent had a lower density number compared to rice bran oil with methanol. 
The difference in the density of n-hexane and methanol solvent oils is proba-
bly due to impurities such as phosphatides, waxes, esters, and high amounts 
of unsaponified compounds that are also extracted by methanol solvent 
(Susanti et al. 2012). Besides being able to extract polar components, metha-
nol can also extract nonpolar components. Santoso et al. (2020) and Susanti et 
al. (2012) carried out research with similar methodologist using n-hexane and 
methanol solvent. The result obtained a density of rice bran oil of 0.885-0.98 
g mL-1. The lower amount of polyunsaturated fatty acids from the rice bran 
oil extract in the sample probably caused the oil density to be higher than the 
results of previous studies. Density of the oil will decrease as the degree of 
unsaturation of the oil increases (Rahmani 2008). As for SNI 0610-1989-A, 
the allowable density of rice bran oil ranges from 0.910–0.920 g mL-1. Based 
on the CODEX standards and SNI, samples of oil extract with n-hexane met 
the requirements, but not oil extract with methanol. The average water con-
tent of the extract with n-hexane and methanol were 0.017-0.49 %, respec-
tively. A similar previous study was conducted by Hartono et al. (2017) ob-
tained rice bran oil water content ranging from 0.87 ± 0.06 % to 0.91 ± 0.02 
%. The water content affects the quality of the oil, where the higher the water 
content of an oil the higher the free fatty acid content in it. WHO/FAO de-
fines a maximum water content for edible vegetable oils (edible oil) i.e. 0.2 % 
(Negash et al. 2019). The presence of high amount of water content will accel-
erate the hydrolysis reaction of the oil into free fatty acids and hydroperox-
ides which can cause a rancid odour in the oil (Maulidna et al. 2019). The av-
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erage oil acid value of extracts with n-hexane and methanol is 79.203-86.427 
mg KOH g-1 respectively. The results are different from previous studies. 
Based on previous research by Handayani et al. (2020), it has result that the 
robtained acid value of rice bran oil extract with n-hexane solvent ranged 
from 67 mg KOH g-1 oil. While the acid value of the rice bran oil extract with 
methanol was 46.571 mg KOH g-1 of oil (Susanti et al. 2012). The difference 
in the acid value obtained is probably caused by the difference in the shelf life 
of the oil samples. Moreover, the storage method is not good and it acceler-
atesthe oxidation process of aldehydes and ester hydrolysis so that the acid 
value increases (Hidayati & Khaerunisa 2018). Based on the analysis of the 
acid value from the two samples, it was stated that the sample oil exceeded 
the standard for rice bran oil set by SNI 0610-1989-A, 0.6 mg KOH g-1 of oil 
and CODEX standards where the maximum acid value of vegetable oil is 0.5 
mg KOH g-1 of oil. The acid value in the oil can be reduced through purifica-
tion steps aimed at removing free fatty acids (Mingyai et al. 2017). The mean 
saponification value obtained with n-hexane and methanol respectively were 
167.450 ± 0.2800 mg KOH g-1 and 199.723 ± 11.0778 mg KOH g-1. From 
these data, it can be concluded that the methanol extract which is a polar sol-
vent has a greater saponification value than the extract with a nonpolar sol-
vent, n-hexane. A lower value of saponification indicates a long-chain fatty 
acid on the backbone of glycerol in a sample, and conversely, a higher saponi-
fication value indicates a triacylglycerol with a shorter fatty acyl chain 
(Ivanova et al. 2022). Anwar et al. (2005) previously stated that bran oil has a 
saponification value of 177 to 190 mg KOH g-1. These results are slightly dif-
ferent from this study. This is possible because of the differences in glycerides 
(monoacylglycerol, diacylglycerol and triacylglycerol) formed during trans-
esterification in different samples (Hutami & Ayu 2015). The results of the 
saponification value in this study approached the saponification value of other 
natural vegetable and animal oils such as rapeseed oil, sunflower oil, soybean 
oil, beef and chicken fats, where these oils are dominated by long-chain fatty 
acids such as C18 fatty acid (oleic and linoleic acid) as the main constituents, 
and modest amount of palmitic acid (C: 16) following small amount of linolen-
ic acid with a saponification value of 168-196 mg KOH g-1 oil (Kampa et al. 
2022; Ivanova et al. 2022). In line with the screening results, the fatty acid 
profile of rice bran oil from previous research showed that the composition of 
rice bran oil was dominated by oleic, linoleic and palmitic acids (Mingyai et al. 
2017). The standard saponification rate for vegetable oils for household use 
and consumption is in the range of 175-250 mg KOH g-1 of oil (Gunstone et 
al. 1994 in Olaganju et al. 2022). Based on the results of this study, samples of 
oil extract with n-hexane and methanol are quite close to these standards. 
The mean peroxide value obtained using n-hexane and methanol solvents 
were 5.953 ± 0.0634 mEq kg-1 oil and 118.233±0.6333 mEq kg-1 oil respec-
tively. From these data, it can be concluded that the methanol extract which 
is a polar solvent has a higher peroxide value than the extract with a nonpolar 
solvent, n-hexane. Lipid oxidation activity can be evaluated through peroxide 
value determination. Lipid oxidation negatively affects to the oil/lipid quality. 
Peroxide value is inversely proportional to sample quality. Thus, peroxide 
value serves as a critical parameter, where lower values reflect better oil qual-
ity (Arlene et al. 2010). Based on the results of this study, it is known that the 
peroxide value in oil with n-hexane is lower, which can be said that the quali-
ty of the oil is better than methanol oil extract. Based on the CODEX stand-
ard, only oil samples with n-hexane have been considered to the standards as 
generally recognised vegetable oils. These results are quite different from the 
research conducted by Mingyai et al. (2017) obtained the peroxide value of 
several rice varieties of 2.12 to 2.23 mEq kg-1 of oil and Wang et al. (2022) 
obtained a peroxide value of crude bran oil of 8.63 ± 0.29 mEq kg-1 oil. This 
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difference is probably due to the different varieties of rice used and the climate 
where rice grows (Wang et al. 2022). Then the oil extract with methanol has 
a very high peroxide value which is possible due to the spontaneous oxidation 
of unsaturated fatty acids in the oil samples by air and the decomposition of 
oil/fat by microorganisms due to the high amount of water content both in 
methanol and sample (Susanti et al. 2012). In addition, this may be influenced 
by the quality of the raw material (bran) prior to use caused bylipase activity, 
which detoriatesthebran quality due to prolonged and improperm storage 
conditions even before extraction proccess.  
 
Fatty acid profile 
Table 2 displays the fatty acid composition of the oil sample. There were  ten 
fatty acids found including methyl tetracosanoate (myristic acid), 9-
Hexadecenoic acid (palmitoleic acid), Hexadecanoic acid, methyl ester 
(palmitic acid), 9,12-Octadecadienoic acid, methyl ester (Linoleic acid), 10 - 
Octadecenoic methyl ester (Oleic acid), Stearic acid methyl ester, Methyl 
myristate (myristate acid), Methyl elaidate (elaidic acid), Arachidic acid me-
thyl ester, and Methyl behenate (Behenic acid).  
 Metabolite compounds as the main component of black rice bran oil 
with an area percentage of more than 1 % are found in fatty acids such as 
Hexadecanoic acid methyl ester (palmitic acid), 10 – Octadecenoic methyl es-
ter (oleic acid), 9,12-Octadecadienoic acid methyl ester (linoleic acid), and 
stearic acid. The results of this study are similar to previous research from 
Mingyai et al. (2017) where the main fatty acids found in black rice bran oil of 
the Hom-nin variety were palmitic acid (17.87 %), oleic (42.24 %), linoleic 
(31.43 %), and stearic acid (2.65 %) with a dominance of unsaturated fatty acid 
over saturated fatty acids. Higher of content of unsaturated fatty acids partic-
ularly oleic and linoleic acids is considered beneficial for dietary uses due to 
their recognised  role in supporting human health. Oleic acid is reported has 
ability to reduce LDL cholesterol and lipid levels while promoting an increase 
in HDL levels in the blood, thus lowering risk of developing cardiovascular 
disease (Kwon & Choi 2015). Linoleic acid or also called omega-6 is included 
as an essential oil which is thought to be able to lower serum cholesterol but 
does not have a significant effect in cardiovascular treatment (Lee et al. 2006). 

No Fatty acid composition Molecular 
Formula 

Peak 
Area (%) 

Group 

1. Methyl tetracosanoate (Myristic acid) C25 H50 O2 0.35  Fatty Acid Methyl ester 
2. Hexadecenoic acid 

(Palmitoleic acid) 
C17H32O2 0.22  Fatty Acid Methyl ester 

3. Hexadecanoic acid, methyl ester 
(Palmitic acid) 

C16H32O2 14.58 Saturated Fatty Acid Methyl es-
ter 

4 9,12-Octadecadienoic acid, methyl ester 
(Linoleic acid) 

C18H32O2 37.52 
  

Unsaturated Fatty Acid Methyl 
ester 

5 10 - Octadecenoic 
methyl ester 
(Oleic acid) 

C18H34O2 43.44 Unsaturated Fatty Acid Methyl 
ester 

6 Stearic acid 
methyl ester 

C18H36O2 2.08 Saturated Fatty Acid Methyl es-
ter 

7 Methyl myristate (myristate acid) C15H30O2 0.53 Saturated Fatty Acid Methyl es-
ter 

8 Methyl elaidate 
(elaidic acid) 

C19H36O2 0.67 Unsaturated Fatty Acid Methyl 
ester 

9 Arachidic acid 
methyl ester 

C21H42O2 0.22 Saturated Fatty Acid Methyl es-
ter 

10. Methyl behenate 
(Behenic acid) 

C23H46O2 0.39 Saturated Fatty Acid Methyl es-
ter 

Table 2. Fatty acid composition of CRBO from Black Rice (Oryza sativa L. ‘Sembada Hitam’). 
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Controlling a linoleic acid diet is also thought to have a significant effect on 
reducing body fat mass and symptoms of rheumatoid arthritis (Vergeer et al. 
2010). Many vegetable oils contain saturated fatty acids. A common saturated 
fatty acid found in vegetable oil and often consumed by humans are palmitic 
acid and stearic acid. Consumption of saturated fatty acids has a dominant ef-
fect on increasing total and LDL cholesterol levels (Müller 2003). However, 
the effect of stearic acid in increasing blood fat and cholesterol levels and oth-
er cardiometabolic risks was not significant, in contrast to palmitic acid which 
significantly affected blood fat and cholesterol levels (Baer et al. 2003; van 
Rooijen & Mensink 2020). The effect of increasing blood cholesterol levels 
triggered by consumption of long-chain saturated fatty acids was reported to 
be different from the effect of increasing cholesterol levels by adjusting the 
diet of medium-chain saturated fatty acids. These differences are thought to 
include digestive and metabolic processes as well as differences in the bioac-
tive substances produced. Indeed, it can be said that each type of fatty acid 
group will provide different biological and physiological effects on the body 
(de Roos et al. 2001; Lichtenstein et al. 2006).  
 
CONCLUSION 
The CRBO extracted from Oryza sativa L. ‘Sembada Hitam’ black rice  bran 
using different solvents exhibited distinct physico-chemical properties. The 
yield ranged from approximately 11.537 to 28.887 %; with a water content 
between 0.017 to 0.49 %. The density varied from 0.920 and 1.027 g mL-1, 
saponification value  from 167.450 to 199.72 mg KOH g-1, peroxide value 
5.953 to 118.233 mEq kg-1; and acid value from 79.203-86.427 mg KOH g-1. 
The fatty acid profile of CRBO was dominated by unsaturated fatty acids, 
with oleic acid (43.44 %) and linoleic acid (37.52 %) as the primary compo-
nents, followed by palmitic acid (14.58 %) and stearic acid (2.08 %). These re-
sults underscore the nutritional and functional potential of CRBO from Sem-
bada Hitam black rice.   
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