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Abstract
Rice bran (RB), a byproduct of rice milling process is a valuable feed resource for the livestock industry. Both
lipolytic and oxidative rancidity starts right after bran is removed from the grain during the milling process thereby
making long term storage of RB difficult. Anti oxidants such as butylated hydroxytoluene (BHT) control the oxidative
rancidity only for a short period of time. Therefore, effective rancidity control measures need to be adopted to
maintain the nutritive and feeding value of RB. The objective of this study was to evaluate whether rancidity of RB
could be curtailed by storing RB with citric acid (CA) and BHT alone or in combination.
RB was collected immediately after milling and stored with three levels of CA (0, 2, and 4%) and three levels of
BHT (0, 200, and 400 ppm) in a 3×3 factorial arrangement. Each treatment combination had three replicates. Treated
RB was stored in plastic containers with a closed lid for 82 days and analyzed for peroxide value (PV) and pH on
7, 25, 55, 82 days. The mean PV of un-treated RB on day 7 (2.85 meq kg-1) increased to 14.42meq kg-1 during 82
days of storage. When BHT or CA was not used, a significant (p<0.05) negative correlation was found between PV
and pH [PV=(7.3291–pH x 0.112; R2=0.901]. Peroxide values were not significantly (p>0.05) affected by BHT or CA
on day 7. The use of 0, 200 or 400 ppm BHT significantly reduced the PV during 25 days of storage time, but not
thereafter. The use of 2% or 4% CA significantly (p<0.05) reduced the PV up to day 82. It can be concluded that
BHT was effective in reducing rancidity of RB only for about month whereas CA controls both lipolytic and oxidative
rancidity for about three months.
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Introduction
Rice bran (RB) is a major by-product in the milling industry of raw
paddy (rough rice) into rice. A total of 40-45 million metric tons of
RB are produced annually mainly in East and South Asia [1]. RB is a
valuable feed resource for all the classes of livestock. The lipid content
of RB is high and varies from 15% to 23% and three major fatty acids;
palmitic (12%-18%), oleic (40%-50%) and linoleic (30%-35%) account
for up 90% of total fatty acids [2]. One of the major restriction for
the use of RB as an animal feed ingredient is its high susceptibility to
rancidity during storage. It has been reported [3] that upto 50% of the
fat in the bran was converted into free fatty acids within 6 weeks after
milling due to rancidity. Nutritional quality of rice bran deteriorates
rapidly due to rancidity [2].
Oil in un-milled rice is stable because lipolytic enzymes of intact
kernel are located in the cross cells of the seed coat while most of the
oil is stored in the aleurone layer and the germ [4]. After the bran layer
is removed from the endosperm, the individual cells are disrupted
and the bran lipids come into contact with lipases. Oxidative rancidity
involves a reaction between free oxygen and lipids. The reaction attacks
the double-bonds of the fatty acids and is accelerated by oxygen, free
radicals, metal ions (iron, cobolt and copper), light, radiation and
enzyme lipoxygenase [5]. The reaction of oxygen with unsaturated
lipids involves free radical initiation, propagation, and termination
processes [6].
Stabilization of RB just after milling is of utmost importance to
mitigate the adverse effects of rancidity. Many experimental procedures
such as lowering pH [7], use of ethanol vapour [8] and heating [4] have
been used to inactivate lipases and thereby to stabilize RB and prolong
its shelf-life. Microwave heating, extrusion cooking, roasting, pelleting
are the other methods that can be used to stabilize RB [2]. Though
physical treatments such as heating right after milling can substantially
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reduce the rancidity particularly the lipolytic rancidity, these methods
are costly, demands high amount of energy and cumbersome [9].
Due to the inherent instability of natural antioxidants, several
synthetic antioxidants have been used to stabilize fats and oils
[10,11]. Butylated hydroxyanisole (BHA) and BHT compounds have
been used as antioxidants in human foods since 1954 [12]. However,
potential health hazards of synthetic antioxidants in foods, including
possible carcinogenicity, have been reported times [11]. Prabhaker and
Venkatash [7] concluded that chemical methods are not very effective
in RB stabilization. Therefore, socio-economically viable rancidity
prevention methods to stabilize RB are of importance.
Citric acid is a relatively cheap, readily available organic acid. CA
is used in poultry and swine diets, mainly to increase the availability
of phytate phosphorus [13]. The food and pharmaceutical industries
utilize CA extensively because of its general recognition of safety,
pleasant acid taste and chelating and buffering properties [14]. CA or
citrates have been used to control oxidative deterioration of flavor or
colour of a wide range of foodstuffs [15]. CA has been shown to play
a synergetic role with primary antioxidants and oxygen scavengers
during vegetable oil storage [16]. The objective of this study was to
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evaluate whether rancidity of RB could be curtailed by storing RB with
CA and BHT alone or in combination.

Materials and Methods
Citric acid (2-hydroxypropane-1, 2, 3-tricarboxylic acid) and
butylated hydroxytoluene were purchased from SIGMA chemicals
private limited, Sri Lanka. RB was collected (un-known variety) from a
local rice mill and immediately transported to the research laboratory.
The experiment was a completely randomized design in 3×3 factorial
arrangement. Experimental factors were three BHT (0 ppm, 200 ppm
and 400 ppm) and three CA (0%, 2%, and 4%) levels. Each treatment
combination had three replicates. Treated RB samples were stored
in the 2 dm3 volume plastic containers with closed lids, under room
temperature (27-31°C) and RH conditions (mean 85%).
Treated RB in each container was mixed well before collecting
the samples for analysis. Three random samples from each treatment
combination were taken on day 7, 25, 55 and 82 (Approximately
one week, one month, two month and three months after storage)
and were analyzed for peroxide value [17] and pH value. Data were
analyzed using the GLM procedure of SAS [18]. Effects were considered
significant when p<0.05. When interactions were significant LS mean
comparison procedure was used to compare the means.

Determination of pH value
The pH values were obtained by using a pH meter of a glass electrode
(Corning pH meter 430). Sample preparations for pH determination
were performed according to method described by Dev et al. [19]. 10g
of samples were mixed with 10 ml of distilled water to keep fluidity.
Mixture was kept still for about 30 minutes after shaking well. Three
replicates of each solution were analyzed for pH and mean value was
taken as the pH value of the samples.

Determination of the Peroxide Value
10 g of RB sample was taken from each replicated. Oil was extracted
BHT (ppm)

CA (%)

0

by soxhlet extraction method before being subjected to chemical
analyses. The peroxide value was determined using the method of
AOAC [17]. The peroxide value of RB oil was determined by dissolving
the oil in a solvent mixture of acetic acid and carbon tetrachloride,
warmed with potassium iodide and, then titrated with sodium
thiosulphate solution using starch as the indicator.

Results and Discussion
The effects of three levels of CA and BHT on the PV of RB on
storage are shown in Table 1. The interaction between different levels of
CA and BHT was not significant (p>0.05). The main effects; BHT and
CA levels had significant (p<0.05) effect on PV of RB during storage.
Both BHT and CA levels had no significant (p>0.05) effect on PV after a
week of storage. The mean PV of un-treated RB on day 7 (2.85 meq kg-1)
increased to 14.42 meq kg-1 during 82 days of storage. The PVs observed
in the present study were slightly higher than those values reported by
Mujahid et al. [20]. Njobeh et al. [21] reported that the tropical climatic
conditions (temperature above 25oC and RH greater than 70%) are ideal
for feed spoilage. Therefore differences in experimental conditions may
be the reason for higher PVs observed in the present study.
BHT reduced the PV of RB until day 25 but not thereafter. On
day 25, both 200 ppm (3.88 meqkg-1) and 400ppm (3.54 meqkg-1) of
BHT significantly (p<0.05) lowered the PV compared to 0% BHT (4.6
meqkg-1). Several authors [4,12,22,23] have also reported that oxidative
rancidity can be controlled by adding antioxidants such as Pyrocatechol,
Homocatechol, Propylgallate, BHA and BHT. Interestingly, on day 25,
4% CA also reduced PV (3.13 meqkg-1) significantly (p<0.05), compared
to 2% (4.19 meqkg-1) and 0% (4.69 meqkg-1) CA. Similar effects of CA
have been reported by others as well [15,16].
Results of the present study suggest that BHT is effective in
controlling oxidative rancidity of RB only for about 25 days. Mujahid
et al. [20] have also reported that anti oxidants did not prevent the free
fatty acid formation and increase of PV during long storage of RB and
Peroxide value (mean ± SE)

on day 07

on day 25

on day 55

on day 82

0

2.85 ± 0.01

5.55 ± 0.02

6.48 ± 1.21

14.42 ± 0.35

2.16 ± 0.23

0

2

4.80 ± 0.17

5.97 ± 2.19

7.10 ± 0.69

0

4

2.46 ± 0.12

3.46 ± 0.01

4.53 ± 0.40

5.15 ± 0.29

200

0

2.20 ± 0.98

4.15 ± 0.01

7.48 ±0.69

12.33 ± 0.87

200

2

2.09 ± 0.23

4.26 ± 0.06

4.22 ± 0.52

5.82 ± 0.12

200

4

3.22 ± 0.35

2.99 ± 0.17

7.37 ± 0.01
10.72 ± 1.56

2.53 ± 0.29

400

0

2.23 ± 0.23

4.38 ± 0.29

6.26 ± 0.06

400

2

2.39 ± 0.01

3.53 ± 0.40

4.37 ± 0.06

5.47 ± 0.98

400

4

2.29 ± 0.35

2.72 ± 0.12

5.33 ± 0.52

6.72 ± 0.06

Main effects means ± SE
0

2.49 ± 0.1

4.60a ± 0.3

5.66 ± 0.8

8.89 ± 1.8

200

2.27 ± 0.3

3.88b ± 0.2

4.89 ± 0.8

8.51 ± 1.2

400

2.31 ± 0.1

3.54b ± 0.3

5.32 ± 0.3

7.64 ± 1.1

2.43 ± 0.3

4.69a ± 0.2

6.74a ± 0.5

12.49a ± 0.8

0
2

2.22 ± 0.1

4.19a ± 0.2

4.86ab ± 0.8

6.13b ± 0.5

4

2.43 ± 0.1

3.13b ± 0.1

4.28b ± 0.4

6.41b ± 0.4

Level of significance
BHT

NS

0.0038

NS

NS

CA

NS

0.0003

0.05

0.0001

BHT×CA

NS

NS

NS

NS

NS=Non significant (p>0.05)
a-c
Means within a column with no common superscript differ significantly (P < 0.05)
Table 1: Peroxide value of rice bran during storage as affected by three levels of CA and BHT.
SE = standard error.
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thus addition of antioxidant to rice bran was not an effective mean to
stabilize rice bran. Several other studies [21,22] have also shown that
anti oxidants are effective only for about a month. Rapid auto oxidation
of antioxidants and/or leaching with time and low penetration of
antioxidants in fibrous RB are suggested as the possible reasons for
shorter period of effectiveness of BHT in RB.

PV can be predicted fairly accurately by measuring the pH value of the
RB, stored for 82 days.
During 82 days of storage period, RB mixed with CA had significantly
(p<0.05) lower pH values than the control (RB without CA) whereas
Peroxide
value(meqkg-1)
16
14
12
10
8
6
4
2
0
5

In contrast to BHT, CA significantly (p<0.05) reduced the
oxidative rancidity as determined by PV of RB over a longer period
of storage. When measured after 25, 55 and 82 days of storage, 4% CA
significantly (p<0.05) reduced the PV compared to the 0% CA. 2% CA
did not significantly (p>0.05) reduce the PV compared to 0% CA on
25 days. But, but later on day 82, the PV of the RB treated with 2% was
significantly lower than that of RB with 0% CA.
The changes of PV of RB stored with BHT or CA are shown in
Figures 1 and 2, respectively. The PVs of the RB treated both with BHT
and CA increased over the storage period. The rate of increase in PV of
the RB stored with 4% CA was lower than those of the BHT treated RB.
Furthermore, throughout the storage period, the PVs of the RB stored
with CA were lower than those of the RB stored without CA (Figure
2). Above findings suggest that CA controls the rancidity of RB and
anti-oxidative properties of CA in controlling oxidative rancidity were
more powerful than BHT. This hypothesis is further supported by the
findings of Tao [24] who reported that 0.1 to 2% acetic acid having antioxidative properties, maintained the stability of the parboiled RB for at
least 6 months.
The effect of different BHT and CA levels on pH value of RB is
shown in Table 2. The interaction between different levels of CA and
BHT was not consistent. Significant (p<0.05) interactions were found
on day 25 and day 82 but not on day 55. A clear explanation could
not be found for this inconsistency. When BHT or CA was not used
(Control samples), a significant (p<0.05) negative correlation (Figure
3) was found between PV and pH [PV=(7.3291-pH×0.112; R2=0.901].
This suggests that when facilities are not available for PV determination,
BHT
(ppm)

CA (%)

0

0

y = 0.14x + 1.4111
R2 = 0.8381( BHT 0%)
y = 0.1071x + 1.3716
R2 = 0.875(BHT 0.4%)
y = 0.133x + 0.9227
R2 = 0.928(BHT 0.2%)

25

45

65

85
Time of storage ( days)

BHT 0%

BHT 0.2%

BHT 0.4%

Linear (BHT 0%)

Linear (BHT 0.2%)

Linear (BHT 0.4%)

Figure 1: Peroxide value of rice bran stored with 0 ppm, 200 ppm and 400
ppm of BHT.

Peroxide value
y = 0.14x + 1.4111
(meqkg-1)
R2 = 0.8381(CA 0%)
16
14
y = 0.0608x + 2.4384
12
R2 = 0.5576(CA 2%)
10
y = 0.0353x + 2.4074
8
2
R = 0.8811(CA 4%)
6
4
2
0
5
25
45
65
85
Time of storage (days)
CA 0%
CA 2%
CA 4%
Linear (CA 0%)
Linear (CA 2%)
Linear (CA 4%)

Figure 2: Peroxide value of rice bran stored with 0%, 2% and 4% of citric acid.

Mean pH ± SE
on day 07

on day 25

on day 55

on day 82

7.02 ± 0.001

6.86 ± 0.006

6.57 ± 0.023

5.68 ± 0.052

200

2

5.93 ± 0.006

5.82 ± 0.012

5.88 ± 0.012

5.34 ± 0.023

400

4

5.17 ± 0.046

5.34 ± 0.029

5.26 ± 0.040

4.81 ± 0.012

0

0

7.06 ± 0.046

6.85 ± 0.023

6.63 ± 0.006

5.86 ± 0.012

200

2

5.98 ± 0.040

6.14 ± 0.092

5.90 ± 0.069

5.30 ± 0.040

400

4

5.38 ± 0.040

5.26 ± 0.012

5.18 ± 0.012

4.82 ± 0.017

0

0

7.04 ± 0.006

6.89 ± 0.023

6.66 ± 0.023

5.98 ± 0.001

200

2

5.74 ± 0.069

5.74 ± 0.069

5.78 ± 0.001

5.16 ± 0.001

400

4

5.36 ± 0.069

5.28 ± 0.001

5.10 ± 0.001

4.84 ± 0.001

Main effects means ± SE
0

6.04 ± 0.34

6.01ab ± 0.28

5.90 ± 0.24

5.28 ± 0.16

200

6.14 ± 0.31

6.08a ± 0.29

5.90 ± 0.26

5.32 ± 0.19

400

6.04 ± 0.32

5.97b ± 0.30

5.84 ± 0.28

5.32 ± 0.21

0

7.04 ± 0.01

6.87a ± 0.01

6.62a ± 0.02

5.84a ± 0.05

2

5.88b ± 0.05

5.90b ± 0.08

5.85b ± 0.03

5.26b ± 0.03

4

5.31c ± 0.05

5.29c ± 0.01

5.18c ± 0.03

4.82c ± 0.01

a

level of significance
BHT

NS

NS

NS

NS

CA

0.0001

0.0001

0.0001

0.0001

BHT×CA

NS

0.0080

NS

0.0005

SE = standard error
NS= non significant (p>0.05)
a-c
Means within a column with no common superscript differ significantly (P < 0.05)
Table 2: The pH values of rice bran during storage as affected by three levels of CA and BHT.
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BHT had no effect on pH (Table 2). Suggesting a formation of free fatty
acids due to lipolytic rancidity, the pH of the RB stored with BHT and
those stored without BHT or CA decreased drastically over the storage
period (Figures 4 and 5). This suggests that BHT does not control the
lipolytic rancidity. Meanwhile, throughout the storage period, the pH
values of the RB stored with 2 and 4% of CA were significantly (p<0.05)
lower than those of control samples. Apparently this may primarily be
due to the acidification due to the presence of CA (Figure 5).
The changes of pH and PV suggest that BHT, being an anti-oxidant,
has controlled the rancidity, but without inhibiting the formation of free
fatty acids. Coppen [25] has also found that anti-oxidants could reduce
the formation of peroxides but not the free fatty acids. Even though the
pH value of CA treated RB also decreased over the storage period, the
rate of pH reduction was lower than that of the RB stored without CA
and also the RB stored with BHT. This observation indicates that apart
from controlling the oxidative rancidity, CA has controlled the lipolytic
rancidity that results in free fatty acid formation.
pH value
7.50

y = -0.112x + 7.329
R² = 0.901

7.00

The rancidity controlling capacity of may be due to a number of
reasons. Hydrolytic rancidity of RB is initiated when lipases and lipids
in bran come into contact upon milling. RB lipases have pH optima of
7.5-8.0 and either increase or decrease of pH may reduce the rancidity
[2]. It has been shown that complete cessation of lipase activity cannot
be achieved even at pH 4 [7]. RB stored with CA always had lower pH
values than the control. Therefore, it may be a possibility that reduced
pH due to CA might have slowed the activity of lipase and thus the
lipolytic rancidity.
Oxidative rancidity involves a reaction between free fatty acids and
oxygen. The strong anti-oxidant properties of the CA may be the reason
for the oxidative-rancidity controlling capacity of CA. The oxidative
rancidity is accelerated by oxygen, free radicals and metallic ions such
as iron, cobalt, copper as well as light and enzyme lipoxigenase [26].
CA is a strong chelating agent and thus can bind heavy metals [27].
Therefore, it can be suggested that CA binds with heavy meals in the
RB, thereby preventing them acting as a catalyst in oxidative rancidity
reactions. It is concluded that BHT was effective in reducing rancidity
of RB only for about month whereas CA controls both lipolytic and
oxidative rancidity for about three months.
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