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INTRODUCTION

Rice is a primary food source for people in many re-
gions around the world, with several Asian countries 

serving as major rice producers to meet global demand. In 
2023, Indonesia ranked as the fourth-largest rice producer, 
following China, India, and Bangladesh, contributing ap-
proximately 10.28% of global rice production. According 
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to the Indonesian Central Statistics Agency, Indonesia’s 
paddy production in 2022 was 54.75 million tons of milled 
dry grain, with rice production reaching 31.54 million tons, 
which increased from 2021 (BPS, 2023). Consequently, the 
by-products of rice milling are substansial, particularly rice 
bran, which constitutes about 8%-10% of the total paddy 
processed into rice. Rice bran includes the germ layer and 
the outer layer of rice, making it a rich source energy. The 
gross energy content of rice bran is 4,500 kcal kg-1 (Zhang 
et al., 2020). Given its high energy content and abundant 
availability in Indonesia, rice bran holds significant poten-
tial as a local ingredient for animal feed and as an energy 
source for livestock, particularly as a partial substitute for 
corn in poultry rations. Additionally, rice bran has favour-
able nutritional qualities, with crude protein ranging from 
11%-17%, crude fiber from 6%-14%, and crude fat from 
15%-22% (Sharif et al., 2014), along with bioactive com-
pounds such as phenolic compounds that serve as antiox-
idants. However, challenges remain in optimizing the use 
of rice bran due to its tendency to spoil and develop rancid 
odors, attributed to its high fat content and fat-digesting 
enzymes, such as lipase.

Due to its susceptibility to lipid oxidation and degradation, 
rice bran stabilization is crucial for deactivating fat-digest-
ing enzymes. Stabilization is particularly important when 
rice bran is stored for an extended period before use as feed 
ingredient. This practice is common in the feed industry, 
where large quantities of feed ingredients are stored for 
some time before usage, often managed using the FIFO 
(first-in, first-out) principle. With appropriate stabiliza-
tion methods, the shelf life of rice bran can be extended, 
which helps maintain its quality during storage until it is 
processed into feed. Although stabilization requires signif-
icant effort, specialized equipment, and financial resources, 
the resulting extended shelf life supports the production 
of high-quality feed products. Additionally, stabilization 
methods that prolong shelf life help mitigate challenges 
posed by varying environmental conditions around storage 
facilities, as this condition is the greatest challenge to using 
rice bran as feed ingredient (Mujahid et al., 2005).

High-temperature heating is a commonly used stabiliza-
tion method because it effectively deactivates fat-digesting 
enzymes, is efficient, and can be applied in small to medi-
um-scale operations (Thanonkaew et al., 2012). However, 
rice bran stabilization through heat treatment may reduce 
its nutrient content. The addition of antioxidants is another 
approach to prevent lipid oxidation and stabilize rice bran. 
Natural antioxidants offer a safer alternative to synthetic 
antioxidants, which can pose adverse effects and toxicity, in-
cluding carcinogenic potential (Carocho and Ferreira, 2013). 

Several previous studies have examined comparisons be-
tween the use of natural and synthetic antioxidants. Besides 

Moringa oleifera leaves, several other natural materials have 
also been studied for their antioxidant potential. Jennings 
and Akoh (2009) found that carnosic acid and rosemary 
extract as natural antioxidant were as effective as the syn-
thetic antioxidant TBHQ in improving the oxidative sta-
bility index of rice bran oil. Similarly, research by Sultana 
et al. (2008) demonstrated that extracts from agricultural 
by-products, such as pomegranate, apple, orange, and ba-
nana peels, were even more effective than the synthetic 
antioxidant BHT in reducing peroxide values, conjugated 
dienes and trienes, and p-anisidine values in corn oil over 
30-day storage period. Their findings suggest that natural 
antioxidants may serve as alternatives to reduce or replace 
synthetic antioxidants. Various extraction methods have 
been studied, enabling the selection of affordable and easily 
accessible techniques. Consequently, there is strong justifi-
cation for reducing synthetic antioxidant use and shifting 
to healthier, natural antioxidants. 

Moringa oleifera leaves are a natural material with poten-
tial as a natural antioxidant. Moringa oleifera leaves are 
rich source of phenolic compounds such as flavonoids and 
tannins, along with other beneficial compounds like terpe-
noids, alkaloids, and saponins, which offer various advan-
tages, including antioxidant, antibacterial, antihypertensive 
(Rivai, 2020; Yuliyana et al., 2023). Previous studies have 
demonstrated that Moringa oleifera leaf extract possess-
es high phenolic content and strong antioxidant activity 
(Sadiah et al., 2022). Moringa oleifera leaves also provide 
a high-quality nutrient profile, containing over 20% crude 
protein and serving as a rich source of vitamins and min-
erals (Masih et al., 2019). Moringa oleifera leaves contain 
27.3%-30.17% crude protein content (Selim et al., 2021; 
Aditama et al., 2021). Vitamin C, which also functions as 
an antioxidant, is present in Moringa oleifera leaves signifi-
cantly higher than the vitamin C content in oranges (Sul-
tana, 2020). Furthermore, Moringa oleifera plants are easy 
to cultivate across diverse environmental conditions, mak-
ing them widely available. Not only the leaves, but all parts 
of the Moringa oleifera plant can be utilized for their health 
benefits. These attributes have drawn considerable research 
interest to Moringa oleifera. 

Research on the addition of Moringa oleifera leaves to ani-
mal feed has been widely conducted to assess its effects on 
growth, performance, digestibility, and product quality in 
both ruminants and poultry. However, studies specifically 
investigating the use of Moringa oleifera leaves as an anti-
oxidant to preserve feed quality are limited. Therefore, this 
study aims to evaluate the use of Moringa oleifera leaves, 
in both powder and extract forms, as a natural antioxidant 
and stabilization method to maintain nutrient quality and 
reduce lipid degradation indicators in rice bran. 
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MATERIAL AND METHODS

Rice Bran Preparation 
The fresh rice bran was sourced daily from a rice mill in 
Situ Daun Village, Tanjolaya District, Bogor Regency, 
West Java, Indonesia, and stored in a freezer until treat-
ment. Particle size distribution was measured using a sieve 
shaker, following ASAE (1983), and purity was tested with 
phloroglucinol solution. The geometric mean particle di-
ameter was 0.43 mm, with a standard deviation of 1.9. The 
rice bran contained 10%-15% husk contamination. 

Preparation of Moringa oleifera Leaf Powder 
(MOLP) and Moringa oleifera Leaf Extract 
(MOLE)

Moringa leaves were dried in a dome dryer at 30-40°C for 
3-4 days, followed by 30 minutes in a cabinet dryer at 50-
60°C. The dried Moringa leaves were ground with a ham-
mer mill (3 mm screen) and sieved (30-mesh, 0.6 mm) to 
obtain MOLP. MOLE was prepared via maceration meth-
od, modified from Moo-Huchin et al. (2019), using a 1:10 
(w/v) ratio of MOLP to ethanol-water (1:1) solvent. The 
extraction process lasted 92 hours with intermittent stir-
ring for 30 minutes, and the solution was concentrated at 
40°C using a rotary evaporator.

Rice Bran Stabilization and Storage
This study involved ten treatments, utilizing different sta-
bilization methods and storage conditions for rice bran 
(RB). The stabilization treatments included no stabilization 
(control), heating, Moringa oleifera leaf extract (MOLE) 
and powder (MOLP) as natural antioxidants, and Butylated 
hydroxytoluene (BHT) as a synthetic antioxidant. Each sta-
bilization treatment was either not stored (day 0) or stored 
for 30 days (day 30), resulting in a total of 10 treatments: 
Control-0, Control-30, Heated-0, Heated-30, MOLP-0, 
MOLP-30, MOLE-0, MOLE-30, BHT-0, and BHT-30. 
After stabilization, the rice bran was placed in plastic sack 
at an average room temperature of 29.5°C and humidity 
of 58.6%. Aerobic storage using plastic sacks is a common 
method of feed storage in field practice, allows for contact 
between the feed material and air, which facilitates lipid 
oxidation and degradation. This aerobic storage presents 
a challenge for various stabilization methods employed, 
providing an opportunity to identify of the most effective 
stabilization method for preserving the quality of rice bran 
during storage. Rice bran samples, both those not stored 
and those stored for 30 days, were immediately placed in a 
freezer until testing. 

A commonly used heating method for stabilization was 
employed as a positive control. Dry heating in an oven at 
110°C for 20 minutes was selected, as it represents the op-

timal temperature and heating duration to reduce lipase ac-
tivity and increase ABTS and DPPH antioxidant activities 
without damaging the nutrient content of rice bran (Meral, 
2021). The concentration of MOLE used in this study was 
600 ppm, based on Sultana et al. (2008), who demonstrated 
that applying natural extracts with a similar total phenolic 
content at 600 ppm effectively reduced the oxidation rate 
of corn oil. Meanwhile, the concentration of MOLP used 
in this study was calculated to be equivalent to 600 ppm 
of MOLE, at 0,45%. Additionally, synthetic antioxidants 
were compared with MOLP and MOLE, which served as 
natural antioxidants. A concentration of 200 ppm was se-
lected in accordance with the maximum allowable usage 
of synthetic antioxidants, as stipulated by Indonesia’s Food 
and Drug Supervisory Agency Regulation.

Determination of the Total Phenolic Content 
(TPC) of Moringa oleifera leaf
The TPC was determined following the Indonesian Herb-
al Pharmacopeia (Ditjen Farmalkes, 2011). A 10 mg sam-
ple or 5 ml volume extract was dissolved in 1 ml of p.a. 
methanol in a 25 ml volumetric flask. Then, 5 ml of 7.5% 
Folin-Ciocalteu reagent was added, and the mixture was 
vortexed and incubated in the dark for 8 minutes. After 
adding 4 ml of 1% NaOH, and the mixture was vortexed 
again and incubated in 1 hour in the dark. The TPC was 
measured using a spectrophotometer at a wavelength 0f 
730 nm. Gallic acid was used as the standard for testing 
total phenolic content.

Determination of DPPH Radical Scavenging 
Activity of Moringa oleifera leaf
The DPPH radical scavenging activity was determined ac-
cording to Brand-Williams et al. (1995). A 0.2 g sample 
was vortexed with 5 ml of p.a. methanol for extraction for 
30 seconds or until homogeneous. Then, 0.2 ml of the ex-
tract was mixed with 0.8 ml of 0.1 mM DPPH reagent 
and incubated in the dark at room temperature for 1 hour. 
Absorbance was measured at 515 nm using a spectropho-
tometer. A blank was prepared with 0.2 ml of methanol 
and 2.8 ml of 0.1 mM DPPH reagent.

Determination of Water Activity (Aw) and 
Compacted Bulk Density (CBD) of Rice Bran
Aw was determined using an Aw meter. CBD was meas-
ured according to The United States Pharmacopeial Con-
vention (2014). The measurement was conducted using a 
100 ml plastic measuring cylinder. First, the empty cylinder 
was weighted. After recording this weight, the scale was 
zeroed, and rice bran was added until the volume reached 
100 ml, allowing for the measurement of the rice bran’s 
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weight at this volume. The rice bran was then compacted 
by tapping or gently shaking the cylinder for 10 minutes. 
Following compaction, the final volume was recorded, and 
the compacted bulk density was calculated using the fol-
lowing formula: 

Determination of Moisture Content (MC), 
Crude Protein (CP), and Crude Fat (CF) 
Content of Rice Bran
The determination MC, CP, and CF was conducted using 
proximate analysis according to the guidelines outlined by 
AOAC (1980), as this method is common, cost-effective, 
and easy to use, requiring no advanced technology in the 
process. However, it can provide a broad overview of the 
nutrient content of a material. MC was determined us-
ing the gravimetric method. CP was analyzed using the 
Kjeldahl method, while CF was measured using the Sox-
hlet method with hexane as the solvent.

Rice Bran Oil Extraction
The rice bran oil extraction was performed to evaluate the 
free fatty acid levels using the Soxhlet method, in accord-
ance with AOAC (1980) standards. Approximately 215 ± 5 
grams of rice bran were placed in a Soxhlet apparatus, with 
hexane used as the solvent. The extraction process continued 
for 5 days, or until all the rice bran oil had been extracted. 

Determination of Free Fatty Acid (FFA) 
Content of Rice Bran
FFA is commonly used as an indicator of material stability 
during storage. The FFA content was measured according 
to AOCS (1997) guidelines. Five grams of rice bran oil 
were dissolved in 50 ml of warm neutralized alcohol with 2 
ml of phenolphthalein indicator. Titration with 0.1 N so-
dium hydroxide (NaOH) was conducted until a pale pink 
color appeared. The FFA content was expressed as oleic 
acid, using the formula:

Statistical Analysis
This study employed a Randomized Complete Block De-
sign with 10 treatments and four groups based on rice bran 
collection timing, resulting in a total of 40 rice bran sam-
ples. Data were analyzed using analysis of variance at a 95% 
confidence level (p < 0.05), followed by Duncan Multiple 
Range Test (DMRT) to identify significant differences. 
Data analysis was conducted using IBM SPSS Statistics 
version 25.

RESULTS AND DISCUSSIONS

Total Phenolic Content (TPC) and Antioxidant 
Activity of Moringa oleifera Leaf 
The TPC of MOLE used in this study was 2970 mg Gallic 
Acid Equivalent (GAE) per 100g, with a DPPH (1,1-di-
phenyl-2-picrylhydrazyl) radical scavenging activity of 
93.11%. The TPC is similar to that reported by Selim et 
al. (2021), who found a TPC of 2089 mg GAE per 100 
g. TPC represents the total amount of secondary metabo-
lites in plants that are phenolic or possess hydroxyl groups. 
Phenolic compounds possess hydroxyl (-OH) groups ca-
pable of donating hydrogen atoms to free radicals, thereby 
stabilizing them. A positive relationship between phenolic 
compound and antioxidant activity has been demonstrated 
by Saji et al. (2020). The DPPH radical scavenging activity 
of the MOLE in this study was higher than the 85.2%-
89.67% reported by Torres-Castillo et al. (2013). Variations 
in TPC and radical scavenging activity of MOLE across 
studies can be attributed to several factors, including the 
age of the Moringa leaves used and the extraction solvent 
(Nobossé et al., 2018), plant variety and environmental 
conditions (Sanli and Karadogan, 2017), and extraction 
methods (Susanty et al., 2019).

Moisture Content (MC) and Water Activity 
(Aw) of Rice Bran
The MC of rice bran across all treatments varied, ranging 
from 8.57% to 10.2% (Figure 1). Heated-0 and Heated-30 
had the lowest MC (P < 0.05), specifically 8.57% and 
9.38%, respectively. This indicates that the heating method 
is the most effective stabilization technique for reducing 
the MC of rice bran. A lower MC leads to a reduction 
in Aw or free water content, making it more difficult for 
spoilage microbes to proliferate and decreasing the likeli-
hood of chemical reactions that affect nutrients (Siswanti 
et al., 2019). In this study, the MC of rice bran remained 
below the safe threshold of 13% before and after 30 days of 
storage, as established by the Indonesian National Stand-
ard (SNI, 2013). 

Figure 1: Moisture content of rice bran over 30 days storage.
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There is a very strong correlation (P < 0.01) between MC 
and Aw (Table 1), where a decrease in MC is accompa-
nied by a decrease in Aw, and vice versa. This finding is 
also supported by the study of Sharma et al. (2014). Simi-
lar fluctuations in MC and Aw of rice bran were observed 
between the initial measurement prior to storage and after 
30 days of storage (Figures 1 and 2). These fluctuations are 
attributed to the environmental conditions resulting from 
aerobic storage. Troller and Christian (1978) described the 
relationship between Aw and humidity, noting that rela-
tive humidity is equivalent to Aw multiplied by 100 under 
equilibrium conditions. The average Aw of rice bran across 
all stabilization methods became more stable after 30 days 
of storage, compared to the greater variability observed be-
fore storage (Figure 2). This stabilization is attributed to 
the rice bran’s moisture adjusting to the room humidity of 
58.6%, reaching equilibrium. This finding is consistent with 
the research of Moreno et al. (2021), who demonstrated 
the relationship between Aw and moisture absorption and 
desorption in achieving equilibrium. 

Table 1: Pearson correlation coefficient relationship 
between rice bran quality variables.

Mois-
ture 
content

Water 
activ-
ity

Compact-
ed bulk 
density

Crude 
pro-
tein

Crude 
fat

Free 
fatty 
acid

Moisture 
content

1 0.85** 0.16 -1 -0.53** -0.14

Water activ-
ity

1 0.3 0.15 -0.34* 0.04

Compacted 
bulk density

1 0.78** -0.24 0.88**

Crude 
protein

1 -0.2 0.77**

Crude fat 1 -0.09
Free fatty 
acid

1

** correlation is significant at the 0.01 level; * correlation is 
significant at the 0.05 level.

The Aw of rice bran across all treatment varied, ranging 
from 0.529 to 0.618 (Figure 2), which was higher than the 
value of 0.5 reported by Sharma et al. (2014). Heated-0 
exhibited the lowest Aw in this study, followed by MOLE-
30 and BHT-30 (P < 0.05), specifically 0.529, 0.587, and 
0.588, respectively. This indicates that the addition of 
MOLE and BHT successfully reduced its Aw of rice bran 
to the lowest levels after 30 days of storage (MOLE-30 
and BHT-30). The result suggest that MOLE is as effec-
tive as BHT in maintaining and reducing the Aw of rice 
bran after 30 days of storage. MOLE contains phenolic 
compounds with antibacterial properties, which may in-
hibit microbial growth in rice bran by lowering the Aw, 
or free water content, necessary for microbial proliferation, 

thereby preserving rice bran quality. The antibacterial activ-
ity of phenolic compounds is attributed to their lipophilic 
properties, which increase bacterial cell membrane perme-
ability, disrupt cellular homeostasis, and result in cell death 
through ion loss and cell denaturation (Waqas et al., 2023). 

Figure 2: Water activity (Aw) of rice bran over 30 days 
storage.

Compacted Bulk Density (CBD) dan Crude 
Protein (CP) Content of Rice Bran
The range of CBD values in this study, 439 to 504 g l-1 (Fig-
ure 3), is consistent with that reported by Ridla et al.(2023), 
which ranged from 407.35 to 507.82 g l-1. Figure 3 also 
shows that Heated-0 had the lowest CBD, while MOLE-
30 and BHT-30 exhibited the highest CBD (P < 0.05), 
specifically 438.5 g/l, 503.6 g/l and 503.4 g/l, respective-
ly. Higher CBD values indicate better nutrient quality, as 
high-quality nutrients have higher molecular weights. The 
addition of MOLE was found to be as effective as BHT in 
maintaining and improving nutrient quality, as reflected by 
the high CBD vales after 30 days of storage. This effect is 
likely due to the polyphenols in MOLE, which have a high 
affinity for binding with proteins, thereby increasing the 
molecular weight (Ozdal et al., 2013). In contrast, the low 
CBD value in Heated-0 can be attributed to the structural 
degradation of the rice bran caused by heating, which in-
creases its porosity (Irakli et al., 2021). 

Figure 3: Compacted bulk density of rice bran over 30 
days storage.
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The CP content of the rice bran used in this study ranged 
from 9.49% to 10.34% (Figure 4), meeting the grade III 
classification according to the Indonesian National Stand-
ard, which requires a minimum CP content of 8% (SNI, 
2013). Control-0 and Heated-0 had the lowest CP con-
tent, while BHT-30 exhibited the highest CP content (P < 
0.05), specifically 9.49%, 9.65%, and 10.34%, respectively. 
The low CP content in Control-0 and Heated-0 indicates 
that all stabilization methods used in this study were able 
to maintain the CP content at levels not lower than the 
control treatment before storage. After 30 days of storage, 
an increase in the CP content was observed across all sta-
bilization methods. This increase is attributed to the MC 
and crude fat content in the rice bran. The BHT-30 re-
sulted in the highest CP content after 30 days of storage, 
possibly due to higher polyphenol levels in BHT compared 
to MOLE, which lead to a greater increase in CP. Never-
theless, the addition of MOLE and MOLP can help pre-
serve the CP content in rice bran during 30 days of storage 
due to the presence of phenolic compounds that bind to 
free radicals, thereby protecting proteins, lipids, sugars, and 
DNA from oxidative damage (Giannenas et al., 2020; Ba-
lasundram et al., 2006). 

Figure 4: Crude protein content of rice bran over 30 days 
storage.

Additionally, heating treatment at 110°C for 20 min-
utes did not significantly reduce the CP content nor dif-
fer from that of the control. Oven heat stabilization can 
further improve protein structure, due to interaction be-
tween polyphenols and proteins (Ertürk and Meral, 2019). 
Further support comes from Sari et al.(2023), who found 
that heating rice bran at temperatures between 105°C and 
140°C for 20-30 minutes is optimal for increasing the phe-
nolic content, thereby enhancing polyphenol-protein in-
teractions. 

There is a strong correlation between CBD and crude pro-
tein content (P < 0.01) (Table 1). This correlation suggests 
that CBD is a reliable physical testing method for predict-
ing the nutrient quality of a material. The correlation is fur-
ther supported by the simultaneous increases in CBD and 

CP values in rice bran after 30 days of storage across all 
stabilization treatments (Figures 3 and 4).

Crude Fat (CF) and free fatty acid (FFA) 
content of Rice Bran
The CF content of rice bran before and after 30 days 
of storage ranged from 11.09% to 12.18% (Figure 5). 
MOLP-30 exhibited the lowest CF content, while Heat-
ed-0 and BHT-30 had the highest CF content (P < 0.05), 
specifically 11.09%, 12.18% and 11.89%, respectively. The 
high CF content in Heated-0 and Heated-30 is influenced 
by the low MC resulting from the heating treatment. The 
relationship between moisture and CF content is further 
evidenced by a moderate negative correlation (Table 1); as 
MC increases, CF content decreases, and vice versa. The 
addition of MOLP to rice bran was the most effective in 
producing the lowest CF content after 30 days of storage 
(MOLP-30). MOLP itself has a low CF content of 6.96% 
(Selim et al., 2021), which contributing to the reduction 
of CF content in rice bran. While a high lipid content in 
rice bran is desirable as an energy source in feed, it also 
increases the risk of deterioration. Rice bran is particularly 
sensitive to rancidity during storage due to its high levels of 
unsaturated lipids and the presence of hydrolytic and oxi-
dative enzymes, such as lipase and lipoxygenase (Thanon-
kaew et al., 2012). Therefore, reducing lipid content is pre-
ferred to maintain the quality and stability of rice bran over 
a longer period.

Figure 5: Crude fat content of rice bran over 30 days 
storage.

FFA content is commonly used as an indicator of fat hy-
drolysis by lipase, which occurs due to the reaction between 
fat and water. An increase in FFA leads to the saturation 
of fat structures and can also cause rancidity and unpleas-
ant odors (Irakli et al., 2018). Therefore, FFA content can 
serves as a key indicator of fat stability. As shown in Fig-
ure 6, the FFA content of rice bran before storage ranged 
from 8.28% to 9.48%, but after 30 days of storage, the FFA 
content increased significantly, ranging from 34.04% to 
35.92%. Heated-0 had the lowest FFA content (8.28%), 
and after 30 days of storage, Heated-30 had lower FFA 
content than the other treatments (34.04%) (P < 0.05). The 
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heating treatment resulted in a statistically lower FFA con-
tent in Heated-0, and although the increase in FFA levels 
was similar to other stabilization methods, Heated-30 still 
maintained significantly lower FFA levels after 30 days. 
This study demonstrates that heating is the most effective 
stabilization method for reducing FFA content in rice bran. 
The lower MC in the heated rice bran contributed to low-
er FFA levels. Heating is crucial for deactivating enzyme 
activity and preventing further degradation of rice bran 
(Yilmaz et al., 2014). Additionally, this study found that 
natural antioxidants (MOLP and MOLE) and synthetic 
antioxidant (BHT) were not as effective as heating in re-
ducing FFA content in rice bran. The findings of this study 
contradict the hypothesis that natural antioxidants would 
reduce the FFA content in rice bran. Previous studies indi-
cate that phenolic compounds in natural antioxidants ex-
hibit anticholesterol effects, which may inhibit the activity 
of enzymes associated with lipid metabolism (Waqas et al., 
2023). This inhibition could contribute to the prevention 
of lipid degradation. The interaction between phenolic 
compounds and lipids is likely due to the lipophilic nature 
of phenolic compounds, enabling them to dissolve in fats 
(Waqas et al., 2023). The differing outcomes observed in 
this study may be due to insufficient penetration of antiox-
idants into the more fibrous rice bran, preventing complete 
interaction with the antioxidants (Mujahid et al., 2005). 

Figure 6: Free fatty acid content of rice bran over 30 days 
storage.

The average FFA content in rice bran after 30 days of stor-
age increased significantly from the levels recorded at day 
0. The FFA range before storage in this study was higher 
than that reported by Arora et al.(2015), who found FFA 
content in crude rice bran oil to be 6%-8%. The increase 
in FFA content over storage time aligns with the findings 
of Mujahid et al.(2005) and Yilmaz (2016), which showed 
that the highest increase in FFA occurs within the first 30 
days of storage. Under appropriate conditions, FFA con-
tent can increase by 1%-7% per day (Arora et al., 2015). 
After 30 days, the FFA range in this study is consistent 
with the findings of Mujahid et al.(2005), which reported 
an average of 30 ± 10.6%. Yilmaz (2016) reported even 

higher FFA levels after 30 days, at 50%-65%. Variations in 
FFA content and its increase across different studies are at-
tributed to several factors, including storage environmental 
conditions and storage media used. Pongrat and Songser-
mpong (2019) also noted that not only temperature but 
also the MC of the sample plays a crucial role in inactivat-
ing lipoxygenase. 

CONCLUSIONS AND 
RECOMMENDATIONS

Given its high total phenolic content and antioxidant 
activity, Moringa oleifera leaves are a viable alternative to 
synthetic antioxidants for stabilizing rice bran quality af-
ter 30 days of storage. The 600 ppm extract demonstrated 
superior efficacy in preserving rice bran quality compared 
to its powdered form. However, this study does not ex-
amine the effects on rice bran oxidation levels or account 
for potential variations in effectiveness across different rice 
bran varieties. Future research could address these factors. 
Additionally, further investigation with extended and more 
detailed storage periods is recommended to monitor quali-
ty changes over time. Field-scale testing is also essential to 
assess the practical effectiveness of these findings.
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