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Rice bran is one of the main byproducts of rice-processing industries, making

approximately 10% of the total mass of rice kernels. It is rich in bioactive

phytochemicals, which have several health benefits. Among others, rice bran

contains 10%–23% oil, constituting the major bioactive elements of the bran.

The aim of this work is therefore to evaluate rice bran oil obtained from

Ethiopian small-scale rice-milling plants for suitability of human

consumption. The rice bran was stabilized using microwave heating to

inactivate endogenous lipase enzymes that would otherwise cause rancidity

of the oil and render it inedible. The oil was then extracted and evaluated for its

physicochemical properties, fatty acid composition, and antioxidant activity

using standard methods. The result of the work confirmed that the rice bran oil

from Ethiopian rice-milling plants has physicochemical characteristics that

satisfy the acceptable threshold values set by various organizations.

Interestingly, the oil contained a substantial fatty acid profile (high amount of

unsaturated fatty acids) and a high content of unsaponifiable matter which

contributes to the claimed health benefits of the oil. In addition, it exhibited a

strong antioxidant activity (95.319%) at a concentration of 18 mg/ml, which also

essentially contributes to its health benefits. Proper integration of rice milling

with byproduct utilization such as rice bran oil production will contribute to the

efforts to alleviate the oil scarcity in the country.
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Introduction

Rice (Oryza sativa L.) is a main source of food for more than

3 billion world population annually. The 2022/23 rice production

in the global market is predicted to be 514.6 million tons on the

basis of milled rice which is 1.8 million tons from last year

(Childs and Lebeau, 2022). Rice is also one of the important

cereal food crops grown in different parts of Africa including

Ethiopia. In 2010, 18.4 million tons of rice were produced in sub-

Saharan Africa, and this value increased to 46.8 million tons in

2020 (Cen, 2020). In Ethiopia, the potential rice production area

is estimated to be about 5.4 million hectares. Even though rice is a

relatively new crop for Ethiopia, it has attracted attention for

agricultural production and is said to help ensure the food

security of the country (Mesfin and Zemedu, 2018), especially

since 2006, rice production has been increasing rapidly. In 2020,

rice production in Ethiopia was 189,649 tonnes. Though Ethiopia

rice, paddy production fluctuated substantially in recent years, it

tended to increase through 2001–2020 period ending at 189,649

tonnes in 2020 (World Data Atlas, 2020).

A rice grain consists of 20% husk, 11% bran, and 69%

endosperm (Dhankhar, 2014). When rice is processed,

byproducts such as rice bran and rice husks are generated.

Rice bran, which is obtained after removing the outer layer of

the rice kernel during milling, contains pericarp, aleurone, and

subaleurone fractions. It is estimated that 63 to 76 million tons of

rice bran are produced each year in the world (Chiou et al., 2013).

Rice bran is nutritionally rich and an important source of rice

bran oil bioactive compounds (Friedman, 2013). Rice bran

contains 15%–22% lipids, 34%–52% carbohydrates, 7%–11%

fiber, 6%–10% ash, 8%–12% moisture, and 10%–16% protein

(Bodie et al., 2019).

Rice bran oil (RBO) is a rich source of antioxidants and useful

bioactive phytochemicals, including γ-oryzanol, phytosterols,

tocopherols, and tocotrienols (Gul et al., 2015). Along with

other edible oils, rice bran oil has gained popularity due to its

superior cooking qualities, longer shelf life, balanced fatty acid

composition, and presence of many antioxidants (Ali and

Devarajan, 2017) (Res et al., 2015). The phytochemical

constituents of rice bran oil exhibit high antioxidant, anti-

inflammatory, hypocholesterolemic, anti-diabetic, and anti-

cancer properties (Ali and Devarajan, 2017). Rice bran oil is

widely used as premium edible oil in most Asian countries

(Japan, Korea, China, Taiwan, Thailand, and Indonesia)

(Ghosh, 2007; Res et al., 2015).

Rice bran contains endogenous lipase enzymes that

hydrolyze oil into glycerol and free fatty acids in the presence

of high temperatures, oxygen, and metal ions, making it

unsuitable for human consumption. To overcome this

problem, rice bran has to be stabilized before 6 hours of

milling (Hoogenkamp, 2008). Various stabilization techniques,

including moist heating, low temperature storage, chemical

treatment, controlling storage relative humidity, simultaneous

milling and extraction, andmicrowave heating, have been used to

inactivate the lipase enzyme (Ramezanzadeh et al., 2000;

Lakkakula et al., 2004). Edible oil can be successfully extracted

from stabilized rice bran. Solvent extraction is the most

frequently used technique for oil extraction (Hoogenkamp,

2008).

This study aimed to investigate whether rice bran oil from

small-scale rice-processing plants in Ethiopia is suitable for

human consumption. To this end, we extracted oil from

microwave-stabilized rice bran and evaluated its

physicochemical properties, fatty acid composition, and

antioxidant activity. Proper use of rice bran, a byproduct of

rice processing, can also maximize resource utilization efficiency

and increase industry income while meeting the country’s urgent

oil needs. Furthermore, the authors believe that the output of this

work could be input for the government and the rice-processing

plants to give emphasis to rice-milling byproduct utilization to

recover all possible benefits from resources. It could also be a

starting point for fellow researchers who are interested in further

studying the health effects and other aspects of rice bran oil.

Materials and methods

Raw material collection, rice bran
stabilization, and oil extraction

Rice bran used in this study was collected from a rice-milling

plant located in Wereta District in the Amhara Regional State of

Ethiopia. Relatively good quality rice was purchased, and the

bran was collected through the bran outlet pipe. The rice bran

was immediately packed in polypropylene zipper top bags and

kept in ice box (2–5°C) and microwave-stabilized. Oil extraction

and characterization were then carried out. Oil samples were also

kept in a refrigerator for analysis of physicochemical properties,

fatty acid composition and determination of antioxidant activity.

Rice bran was stabilized by microwave heating using the

method described in Tao et al. (1993). A consumer microwave

oven (Microwave Oven EG823AEL, China) with a frequency of

2,450 MHz and 800 W maximum output power was used as the

microwave energy source. About 150 g of bran with 21%

moisture content was exposed to a microwave energy of

340 W for about 4 min. The moisture content of the bran was

adjusted to 21% from an initial value of 12% by adding water.

The oil from the stabilized rice bran was extracted using the

conventional Soxhlet extraction method (Luque de Castro and

Priego-Capote, 2010), which is used as a standard procedure.

The solvent used to obtain the oil was n-hexane with a hexane-

to-bran ratio (w/w) of 5:1 and extraction time of 1 h. The

hexane was later removed using a rotary vacuum evaporator

(Buchi Rotavapor R-300 Evaporation Systems) at 50°C. The

flasks were placed in a desiccator compartment for 1 h, and the

oil yield was calculated. The maximum crude oil recovered
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from microwave-stabilized rice bran during this study was

16.85%.

Determination of physicochemical
properties of rice bran oil

Physicochemical properties of the oil were determined using

standard procedures (Firestone and Yurawecz, 2002; Srigley,

2017; AOAC, 2000). The analysis was performed in triplicate,

and the values are represented as the mean values and standard

deviation.

The moisture content, pH value, specific gravity, and

viscosity of the crude rice bran oil were determined using the

methods described in the following paragraphs.

The moisture content of crude rice bran oil was determined

using the Association of Official Analytical Chemists (AOAC)

Official Methods 926.12 (AOAC, 2000).

To measure the pH value of the oil, the pH electrode was

standardized with the buffer solution, and the electrode was

immersed into the sample in a beaker, and the pHvaluewas recorded.

The specific gravity of crude rice bran oil was determined

using the Association of Official Analytical Chemists (AOAC)

Official Methods 920.212 (AOAC, 2000).

The vibro viscometer (A and D Co., Ltd. Japan), which

measures viscosity by vibrating its sensor plates immersed

into a sample at a relatively low frequency of sine-wave, was

used for measuring the viscosity. The oil sample was filtered to

remove dust and other solid material. Then, approximately

150 ml of oil sample was poured into a 200-ml beaker. The

height of the sensor unit of the viscometer was adjusted to fix the

sensor plates at proper place in the oil sample. Then, the viscosity

of the oil was then recorded at 30°C using a laboratory vibro

viscometer (A and D Limited Company, Japan).

Other physicochemical properties are determined using

official methods of analysis which have been systematically

evaluated and approved by a method-endorsing organization

for routine use in regulatory and contract laboratories (Srigley,

2017). In this work, we used methods adopted by the Association

of Official Analytical Chemists (AOAC) for oils and fats

(Firestone and Yurawecz, 2002). The measured properties and

the respective used method numbers from the AOAC method in

parenthesis are: saponification value (920.160), unsaponifiable

matter (933.08), free fatty acid (940.28a), iodine value (993.20),

and peroxide value (965.33).

Fatty acid composition analysis of rice
bran oil

The technique of GC-FID has been widely applied to the

quantitative determination of fatty acid derivatives from foods and

food ingredients (Srigley, 2017). Gas chromatography–mass

spectrometry (GC-MS) is a well-known method and is widely

used for the characterization of volatile organic mixtures (Xie et al.,

2013). The GC-MS analysis of microwave-stabilized rice bran oil

was performed to determine its fatty acid composition. According

to the AOAC 996.061 method, it is necessary to change the oil

sample to fatty acid methyl esters (FAMEs) before the analysis to

make them well-matched with the stationary phase of the column.

In this study, the rice bran oil was digested using 8.3 M HCl and

ethanol in a shaking water bath set at 70–80°C for 40 min

(Chromatography, 2006; Srigley, 2017). GC-MS

analysis was performed using an Agilent Technologies

7820 A GC-FID (GC with flame-ionization detection) system

(Santa Clara, CA, United States ) equipped with an HP-5

capillary column (30 m × 250 μm; coating thickness, 0.25 μm)

coupled to an Agilent Technologies 5977 E mass spectroscope

detector (MSD). Analytical conditions selected based on the

method described in Conti et al. (2013) were as follows:

injector and transfer line temperature, 220 and 260°C,

respectively; oven temperature, programmed from 60 to 240°C

at 3°C/min; carrier gas, helium at 1 ml/min; injection, 5 μL (10%

hexane solution); and split ratio, 1:30. Identification of the

constituents was based on the comparison of the retention time

along with their percentage peak areas, searching through

mass\hunter\library\NIST11. L and

mass\hunter\library\W9N11, Llibrary database systems, and

comparing with literature data.

Antioxidant activity determination of rice
bran oil

The antioxidant activity of the crude rice bran oil was

determined by its scavenging activity on the free radical DPPH

(2,2-diphenyl-1-picrylhydrazyl) using a method described by Kirby

and Schmidt (1997). The DPPH assay measures hydrogen atom (or

one electron)-donating activity and hence provides a measure of

free-radical-scavenging antioxidant activity. DPPH is a purple-

colored stable free radical; it undergoes reduction and becomes

yellow-colored diphenyl picrylhydrazine (Kirby and Schmidt,

1997).

A measure of 0.004% DPPH methanol solution was

prepared. Different concentration samples (2–24 mg/ml) of

rice bran oil in methanol were prepared. Similarly, 6–60 µ g/

ml of ascorbic acid was prepared for use as a standard

antioxidant. Then, 2 ml of 0.004% DPPH solution was added

to the test tubes containing rice bran oil and ascorbic acid

samples and mixed using a vortex mixer for 20 s All the

samples were incubated for 30 min in the dark at room

temperature to allow the reaction to happen between the

samples and DPPH. Finally, the absorbance of each sample

was measured at 517 nm using a UV-visible

spectrophotometer, and the inhibition of free radical DPPH in

percent (I%) was calculated using the following equation:

Frontiers in Food Science and Technology frontiersin.org03

Bultum et al. 10.3389/frfst.2022.1011445

https://www.frontiersin.org/journals/food-science-and-technology
https://www.frontiersin.org
https://doi.org/10.3389/frfst.2022.1011445


Inhibition effect(I%) � (Acontrol − Asample

Acontrol
)X100, (1)

where A control is the absorbance of the control and A sample is the

absorbance of DPPH along with different concentrations of

samples.

The inhibition effect of antioxidants on DPPH free radicals is

reported as an IC50 value, which means the concentration of the

antioxidant needed to scavenge 50% of DPPH present in the test

solution. The IC50 value for crude rice bran oil was calculated using

linear regression by plotting the percentage disappearance of DPPH

as a function of the sample concentrations.

Results and discussion

Physicochemical properties of crude rice
bran oil

The physicochemical properties of crude oil extracted from

microwave-stabilized rice bran oil are summarized in Table 1.

The result shows that the specific gravity of crude rice bran oil

was 0.909 g/ml at 26°C, which is in close agreement with the

previous work (Orthoefer, 1996). Codex Alimentarius

International, (2005) recommended the specific gravity of rice

bran oil to be in the range of 0.910–0.920 g/ml at 30°C. Other

physical properties such as moisture content (0.32%), pH value

(5.5), and viscosity (28.1 mpa s at 30°C) are also in the acceptable

ranges as suggested by different standards and literature works.

Free fatty acids (FFAs)

The free fatty acid (FFA) content is commonly used to

determine the quality of edible oils. It is suggested that the

FFA content must not exceed 5% according to Codex

Alimentarius International, (2011) (De Almeida et al.,

2013). The amount of free fatty acids depends on several

factors, including method of extraction, storage conditions,

and lipase activity in rice bran. Rice bran has to be stabilized

immediately during production to avoid the hydrolysis of oil

forming free fatty acid and glycerol, which renders the oil

inedible (Orthoefer, 1996). Microwave stabilization is a well-

established and effective method (Ramezanzadeh et al., 2000).

In this work, the rice bran was stabilized by microwave

heating, and the oil was extracted. The free fatty acid

content of oleic acid was found to be 3.40%. This result

agrees with previous works such as Louisiana and Unive

(2000), which reported that the free fatty acids in

microwave-heat-stabilized bran increased from an initial

value of 3.2%–3.9% in an 8-week storage period.

Peroxide value (PV)

The peroxide value is a measure of oxidative degradation of oil

and expressed as milliequivalent of peroxide oxygen combined with

1 kg of fat/oil (meq O2/kg) (Patterson, 2011). Oils rich in

polyunsaturated fatty acids are more susceptible to oxidation

when exposed to light, moisture, or heat. The results in Table 1

show that the peroxide value of crude rice bran oil samples was

1 meq O2/kg. This value is in agreement with CODEX 210, (2011)

values, which recommend less than 15 meq O2/kg oil (Codex

Alimentarius International, 2011). According to AOCS, Cd 8b-

90, the maximum peroxide value of crude oil that can be tolerated

should be less than 25 meqO2/kg of the sample oil to resist oxidation

that makes the oils rancid (Farhoosh, R, Tavassoli-Kafrani, M. H.,

Sharif, 2013). The peroxide value of crude rice bran oil obtained

during this work was less than themaximumpossible value reported

by the Codex Alimentarius and the American Oil Chemists’ Society

(AOCS), indicating that the oil is not susceptible to oxidation that

facilitates rancidity.

Saponification value

The saponification value (SV) is the milligrams of potassium

hydroxide required to completely saponify 1 g of oil/fat. This

covers neutral fat and FFA present and obviously relates to the

molecular weights of the fatty acids involved (Patterson, 2011).

Fat or oil with low molecular weight fatty acids has a higher

saponification value. The saponification value of crude rice bran

oil was approximately 185.13 mg/g oil (Table 1). This value

agrees with the standard saponification value of oils. The

Codex Alimentarius Commission recommends the

saponification value of rice bran oil for human consumption

to be in the range of 180–199 mg KOH/g (Codex Alimentarius

International, 2011).

TABLE 1 Physicochemical properties of crude rice bran oil.

Parameter Amount CXS 210–1999

Moisture content (%) 0.32 ± 0.03 NA

Specific gravity (g/mL at 26°C) 0.909 ± 0.05 0.910–0.929

pH value 5.5 ± 0.07 NA

Viscosity (mpa.s at 30 C) 28.1 ± 0.05 NA

Saponification value (Mg KOH/g oil) 185.13 ± 3.21 180–199

Unsaponifiable matter (%) 4.20 ± 0.25 ≤65

Free fatty acid (as % oleic acid) 3.40 ± 0.02 NA

Iodine value (g of I2/100 g oil) 106.09 ± 2.25 90–115

Peroxide value (meq O2/kg oil) 1.00 ± 0.04 NA

* NA, not available for crude rice bran oil; CXS 210–1999, Codex standard for named

vegetable oils. All values are means of triplicate ±SD.
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Unsaponifiable matter

Rice bran oil has a unique composition of unsaponifiable matter

such as oryzanol, squalene, sterols, tocopherols, and fatty alcohols (Sahu

et al., 2018). These are bioactive components with functional health

benefits such as hypocholesterolemic activity (Sugano et al., 2017),

growth promotion, improved blood circulation, stimulation of

hormonal secretions, prevention and management of cardiovascular

disease, relieving menopausal symptoms, increasing cognitive function,

and lowering the incidence of allergic reactions (Ali and Devarajan,

2017). The results in Table 1 elucidate that the unsaponifiable content of

the crude rice bran oil sample was between 4.05 and 4.45%. Previous

works by Raghuram and Rukmini (1995) and Mccaskill and Zhang

(1999) show that crude rice bran oil contains about 4.2% unsaponifiable

lipids,which is rich inminor constituents such as phytosterols, triterpene

alcohols, tocopherols, and tocotrienols. Rice bran oil’s claimed health

benefits are mainly attributed to its high content of unsaponifiable

matter (Punia et al., 2021). Wilson et al. (2007) also reported that rice

branoil contains a high content of unsaponifiablematter (4.4%)which is

several times greater than that of commonly used vegetable oils.

Iodine value (g/100g)

The iodine value of an oil is the number of grams of iodine

absorbed by 100 g of oil (Gatade, 2020). The iodine value is an index

of the unsaturation as iodine adds across double bonds (He and Liu,

2019). A higher iodine value indicates a higher degree of unsaturation

and determines the stability of oil. The iodine value of microwave-

stabilized rice bran oil in this study was 106.09 g I2/100 g. This value

agrees with the Codex Alimentarius Commission, which

recommends the iodine value of rice bran oil for human

consumption to be in the range of 90–15 g I2/100 g (Codex

Alimentarius International, 2011). This value was also comparable

with values reported in the literature and lies within the range of corn,

cottonseed, mustard seed, high erucic acid, and sesame seed oils.

Fatty acid composition (g/100g) of rice
bran oil

The rice bran oil samples were analyzed for fatty acid profiles

using gas chromatography–mass spectrometry (GC/MS), and the

results are presented in Table 2. The chromatogram of

microwave-stabilized crude rice bran oil is also depicted in

Figure 1. The results indicate that rice bran oil contains a

relatively high level of monounsaturated fatty acids such as

oleic acid (C18:1). The amounts of saturated and unsaturated

fatty acids in this analysis were comparable to the values reported

in the literature, including the value reported in the Codex

standard for named vegetable oils (Codex Alimentarius

TABLE 2 Fatty acid composition of microwave-stabilized rice bran oil
as determined by the GC-MS method.

Fatty acid Name Amount (%) CXS 210–1999

C 14:1 Myristic acid 0.413 ± 0.001 NA

C 16:0 Palmitic acid 0.098 ± 0.139 ND-0.5

C 16:1 Palmitoleic acid 19.774 ±0.117 ND-0.5

C 18:0 Stearic acid 3.618 ± 0.002 0.9–4.0

C 18:1 Oleic acid 35.494 ±0.269 38–48

C 18:2 Linoleic acid 36.899 ± 0.299 21–42

C 18:3 Linolenic acid 0.728 ± 0.008 0.1–2.9

C 20:0 Arachidic acid 1.360 ± 0.003 ND-0.9

C 22:0 Behenic acid 0.275 ± 0.010 ND-1.0

C 24:0 Lignoceric acid 0.206 ± 0.008 ND

C 30:6 Squalene 0.562 ± 0.004 NA

*ND, non-detectable, defined as ≤ 0.05%; CXS, 210–1999—Codex standard for named

vegetable oils. All values are means of triplicate ±SD.

FIGURE 1
Chromatogram of microwave-stabilized crude rice bran oil.
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International, 2011). Raghuram and Rukmini (1995) reported

that rice bran oil has an excellent fatty acid profile—unsaturated

fatty acids [oleic acid (38.4%) and linoleic acid 34.4%] and

linolenic acid (2.2%) and saturated fatty acids [palmitic

(21.5%) and stearic acid (2.9%)]. The fatty acid composition

reported in Hemavathy and Prabhakar (1987) is in close

agreement with the result of this analysis. In addition to

providing a roughly similar amount of fatty acid composition

to other vegetable oils, rice bran oil supplies unique fatty acids

that provide several health benefits.

Antioxidant activity of crude rice bran oil

The antioxidant activity of crude rice bran oil was

determined by its free radical-scavenging activity on the stable

DPPH radical (Heinonen et al., 1998). Ascorbic acid was used as

the standard for the determination of the antioxidant activity by

the DPPH method. A maximum scavenging activity of 95.319%

was observed for crude rice bran oil samples at a concentration of

18 mg/ml. Arab et al. (2011) reported a maximum scavenging

activity of 93.91% for the extract of the Fajr rice bran variety. For

ascorbic acid used in this study, the maximum inhibition effect of

96.06% was observed at a concentration of 54 μg/ml. This result

is close to the result reported in Nariya et al. (2013) in which the

authors found an inhibition effect of 52.74% and 99.86% at

concentrations of 10 and 60 μg/ml, respectively. The rice bran oil

used in this assay showed appreciable antioxidant activity

compared to the standard ascorbic acid. The high antioxidant

effect of rice bran oil is mainly because of its high content of total

tocopherols (Farhoosh, R, Tavassoli-Kafrani, M. H., Sharif,

2013). Tocopherols have antioxidant properties, which

contribute essentially to their health benefits. Sesame oil and

rice bran oil are considered to be two of the most oxidatively

stable edible oils due to their high content of total tocopherols

(Farhoosh, R and M. H., Sharif, 2013). The IC50 concentration of

crude rice bran oil was 3.8 mg/mL as calculated using the data

plotted in Figure 2. Similarly, for ascorbic acid (Figure 3), the IC50

value was 15.5 μg/ml. The lower IC50 value reflects better DPPH

radical-scavenging activity and has strong antioxidant potential.

Conclusion

In this research, we investigated the suitability of rice bran oil

obtained from Ethiopian small-scale rice-milling plants for

human consumption. There were no previous efforts to utilize

rice-milling byproducts for human consumption in Ethiopia

except one work by the same author Bultum et al. (2020). The

rice bran samples used in this research were stabilized to

inactivate endogenous lipase activity that will become active

after rice milling, rendering the fat inedible. Then, crude oil

was extracted and evaluated for essential quality attributes and

found to have acceptable properties. The crude rice bran oil

investigated has a specific gravity of 0.909 g/ml at 26°C and a

viscosity of 28.1 mpa.s at 30°C, which are in the acceptable ranges

as suggested in different standards and literatures. Moreover, it

contains 3.40% free fatty acid as oleic acid, 185.13 mg NOH/g

saponification value, 4.02% unsaponifiable content, and 106.09 g

FIGURE 3
Effect of different concentrations of ascorbic acid with the
DPPH free radical on absorbance at 517 nm.

FIGURE 2
Inhibition effect of different concentrations of crude rice bran
oil on the DPPH free radical at 517 nm.
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I2/100 g iodine value. Furthermore, it contains fatty acid profiles

and appreciable antioxidant activity that provides several health

benefits.

This work is the first to report the quality attributes of rice

bran oil from small-scale rice-milling plants in Ethiopia. The

Ethiopian rice-milling sector should integrate with byproduct

utilization pipelines in order to get full benefit from the

product. The authors believe that the output of this work

could be the input for the government and the rice-

processing plants to emphasis on rice-milling byproduct

utilization to recover all possible benefits from resources. It

could also be a starting point for fellow researchers who are

interested in further studying the health effects and other

aspects of rice bran oil.
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