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,e effect of phospholipase A1-catalyzed degumming on the phosphorus content, the retention rate of oryzanol, and total
tocopherols and tocotrienols of dewaxed rice bran oil was investigated with comparison to water degumming and citric acid
degumming. ,e fatty acid composition of dewaxed rice bran oil was also studied by gas chromatography. ,e phosphorus
content of dewaxed rice bran oil after phospholipase A1-catalyzed degumming could be decreased from 332.5mg·kg−1 to
9.3mg·kg−1 with the citric acid dosage of 0.10%, high shearing rate of 23000 rpm, chelation time of 60min, NaOH dosage of
1.5mole equivalent to the amount of citric acid, reaction temperature of 50°C, and total water dosage of 2.5%, while the
phosphorus content of dewaxed rice bran oil after water and acid degumming was 120.5mg·kg−1 and 66.4mg·kg−1, respectively.
,e retention rate of oryzanol and total tocopherols and tocotrienols was 97.58% and 96.81% for phospholipase A1-catalyzed
degumming, 91.44% and 85.98% for water degumming, and 92.85% and 87.75% for acid degumming. ,ere was no obvious
change in fatty acid composition.,e results indicated that phospholipase A1-catalyzed degumming was an effective method since
it could decrease the phosphorus content to the required level and provide high retention rate of oryzanol and total content of
tocopherols and tocotrienols without obvious change of fatty acid composition.

1. Introduction

Rice bran oil has been regarded as nutritious and healthy oil
due to its balanced fatty acid profile and has been receiving
increasing attention [1]. In addition, it is also rich in bioactive
phytochemicals such as oryzanol, tocopherols, tocotrienols,
and plant sterols [2–5]. Although the potential production of
rice bran oil worldwide is 8 MMT, currently less than 10% of
is processed for edible oil [6]. Rice bran oil obtained from
solvent extraction methods is a complex mixture of tri-
acylglycerols, free fatty acids, phospholipids, glycolipid,
oryzanol, sterol, tocopherols, and other minor compounds,
which makes it difficult to refine [7]. Degumming is the key
step in the refining process of crude rice bran oil to remove the
phospholipids, which would cause oil discoloration and off-
flavors and influence subsequent steps of deacidification,
bleaching, and deodorization [8]. If the phosphorus content

(P content) after degumming process could be decreased to
less than 15mg·kg−1, preferably less than 10mg·kg−1, it will
benefit the refining process. Hence, the degumming process is
essential for rice bran oil with good quality.

Phospholipids in oils are usually present as hydratable
and nonhydratable phosphatides. Hydratable phosphatides
mainly include phosphatidylcholine and phosphatidylino-
sitol, while nonhydratable phosphatides are primarily
composed of phosphatidylethanolamine and calcium and
magnesium salts of phosphatidic acid, which can be con-
verted into hydratable form under acid conditions [9]. A
range of different techniques and processes, including water
degumming [10], acid degumming [11], superdegumming
[12], total degumming [13], ultrafiltration degumming [6],
and enzymatic degumming [14, 15], were developed to
remove the phospholipids. Chemical degumming results in
high oil losses as well as partial destruction of bioactive
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phytochemicals.Water degumming as a physical process can
reduce these losses, but this method alone cannot reduce the
phosphorus content to the extent required. Enzymatic
degumming is probably the best process to reduce the P
content of rice bran oil to desirable level as well as retain the
desirable bioactive components [16]. In addition, enzymatic
degumming also satisfies the increasing demand of
environment-friendly technology.

,e typical enzymatic degumming was Lurgi’s EnzyMax
process, which made use of phospholipase to remove the
nonhydratable phosphatides (NHPs) [17]. ,e basic stages
of enzymatic degumming include (a) bringing the phos-
pholipids to the water/oil interface by adding citric acid to
chelate metals and emulsifying the mixture to provide a large
surface; (b) converting phospholipids into lysoform during
enzymatic process; and (c) removing the water and phos-
pholipids using centrifugation under low water content. ,e
P content of rapeseed, soybean, and sunflower oils could be
reduced to less than 10mg·kg−1 and even less than 5mg·kg−1
after enzymatic degumming [18, 19], and this satisfies the
requirement for physical refining [20].

Phospholipases, as the critical factor for enzymatic
degumming, mainly include phospholipase A1 (PLA1),
phospholipase A2, and phospholipase C, which remove the
fatty acid from position 1, position 2, and position 3 with
respect to glycerol, respectively. ,e reported PLCs have
specificity for phosphatidylcholine and phosphatidyletha-
nolamine, which together represent about 38.2% of the
phospholipids present in rice bran oil [21, 22]. However,
PLA1 can hydrolyze phosphatidylcholine, phosphatidyl-
ethanolamine, phosphatidic acid, and phosphatidylinositol
into lysoform of phospholipids, respectively [23]. ,ere are
three available commercial phospholipases currently avail-
able for oil degumming: Lecitase® Ultra (PLA1), LysoMax®(phospholipase A2), and Purifine® (phospholipase C). ,e
performance of these phospholipases shows a close corre-
lation with pH and reaction temperature.

So far, there were several studies about the effect of
enzymatic degumming on P content, as well as the quan-
titative and qualitative analysis of phospholipids. However,
few researchers have studied the effect of key process pa-
rameters of enzymatic degumming on P content, as well as
the retention rate of bioactive accompaniments and oil
composition.,e objectives of this work were to evaluate the
effect of key process parameters of PLA1-catalyzed
degumming process on P content and the fatty acid com-
position of dewaxed rice bran oil and its effect on the re-
tention rate of oryzanol and total content of tocopherols and
tocotrienols, compared to water degumming and citric acid
degumming.

2. Materials and Methods

2.1.Materials. Dewaxed rice bran oil (moisture, 0.18± 0.02%;
acid value, 22.72± 0.32mg·kg−1; P content, 332.47mg·kg−1)
was donated by Yihai (Jiamusi) Grain and Oil Industry Co.,
Ltd., and carefully stored under 5°C in a refrigerator (Haier).
Lecitase® Ultra is a protein-engineered carboxylic ester hy-
drolase (EC 3.1.1.3) extracted from,ermomyces lanuginosus/

Fusarium oxysporum and produced by submerged fermen-
tation of a genetically modified Aspergillus oryzae microor-
ganism (activity, 10KLU·g−1; temperature, 40–60°C; pH, 5–9)
and was procured as free sample from Novozymes (China).
Standards of α-tocopherol (purity≥ 96.0%), β-tocopherol
(purity≥ 96.0%), c-tocopherol (purity≥ 96.0%), δ-tocopherol
(purity≥ 99.0%), α-tocotrienol (purity≥ 98.0%), c-tocotrienol
(purity≥ 99.0%), and δ-tocotrienol (purity≥ 99.0%) were
purchased from Sigma-Aldrich (St. Louis, USA) and used
without any further purification. Diethylene oxide, n-hexane,
and isopropanol were of HPLC grade and purchased from
VBS Biologic Inc. (New York, USA). All other reagents and
solvents were of analytical grade and purchased from Sigma-
Aldrich Co. Ltd.

2.2. Dewaxed Rice Bran Oil Degumming Process. For PLA1-
catalyzed degumming process, dewaxed rice bran oil
(100 g) was placed in a Duran bottle (250mL), fitted with
mechanical stirrer and thermostat. ,e oil was heated to
minimum 70°C using water bath, and then 222 μL of citric
acid solution (45 g/100mL) was added. After homogeni-
zation for 30 sec at 23,000 rpm, the mixture was incubated
for 30min at 70°C, under magnetic stirring (200 rpm).
,en, the temperature was decreased to set temperature.
100mg·kg−1 of sodium hydroxide was added as solution
(16 g/100mL) to achieve soap content of no less than
50mg·kg−1 and a pH of approximately 5.0 in the water
extraction phase. Afterwards, 2.5mL/100 g of water was
added. With the further addition of enzyme of 100mg·kg−1,
the system was mixed under high shear rate (23,000 rpm)
for 30 sec to provide a large surface area through emulsi-
fication. ,en, the temperature was maintained at the set
temperature for 2 hours during the enzymatic process. ,e
oil was stirred with magnetic mixer (approximately
200 rpm) during the whole process. ,e sample was
centrifuged at 5000 rpm for 10min, and the oil at top layer
was collected for analysis of P content, oryzanol content,
and total content of tocopherols and tocotrienols.

For water degumming process, dewaxed rice bran oil
(100 g) was placed in a Duran bottle (250mL), fitted with
mechanical stirrer and thermostat. ,e oil was heated to
minimum 80°C with water bath, followed by the addition of
deionized water (2.5%, w/w). ,e oil was stirred using the
magnetic mixer (approximately 200 rpm) for 50min during
the whole process. ,e stirring rate was slowed down for
10min for good flocculation. ,e sample was centrifuged at
5000 rpm for 10min, and the oil at top layer was collected for
analysis of P content, oryzanol content and total content of
tocopherols and tocotrienols.

For citric acid degumming process, the same process was
used as the PLA1-catalyzed degumming process for the
chelation step. ,en, the oil was heated to minimum 80°C
using water bath, and the oil was stirred withmagnetic mixer
(approximately 200 rpm) for 20min. ,e stirring rate was
slowed down for 10min for good flocculation. ,e sample
was centrifuged at 5000 rpm for 10min, and the oil at top
layer was collected for analysis of P content, oryzanol
content, and total content of tocopherols and tocotrienols.
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2.3. Analysis of P Content. 100mg of ZnO was weighed in a
porcelain dish and heated on a gas burner. A mass of 1 g of
oil was added ignited with a gas burner to become a black
and hard mass, and then it was heated at 850°C for 2 hours
until it turned into white ash. ,e P content of the ash was
determined according to the AOCS method Ca 12-55 [24].
All experiments were carried out in triplicate for the cal-
culation of the mean value.

2.4. Analysis of Nonhydratable Phosphatide. A 100 g of oil
was weighed and heated to 65°C. Once the oil reached 65°C,
10mL of Mili-Q water was added, and the stirring was to
continue for 20min. ,e stirring rate was slowed down for
10min for good flocculation. ,e sample was centrifuged at
5000 rpm for 10min, and the oil at top layer was collected for
P content analysis.

2.5. Analysis of Fatty Acid Composition by GC. ,e substrate
was initially methylated to fatty acid methyl esters (FAME)
according to the AOCS Official Method Ce 2–66 [25]. ,e
final FAMEs were determined using gas chromatography
(Agilent 6890N; Agilent Corp, America) equipped with
column SGE BPX-70 (30m× 0.25mm i.d., 0.25 µm film
thickness) and flame ionization detector (FID).,e injection
and detector temperatures were 250°C and 300°C, re-
spectively. ,e oven temperature was increased from 170°C
to 210°C at 2°C·min−1 and held for 5min. High purity ni-
trogen was used as the carrier gas with a flow rate of
1.2mL·min−1. ,e injection volume was 1 μL with a split
ratio of 20 :1. FAMEs were identified by comparing their
retention times with external standards, and the content of
each fatty acid was calculated as a percentage based on peak
area.

2.6.Determination of theContent ofOryzanol. ,e content of
oryzanol in dewaxed rice bran oil before and after enzymatic
degumming catalyzed by Lecitase Ultra was determined
according to the method of Gopala Krishna et al. with minor
modification [26]. 10mg of oil was dissolved in hexane, made
up to 10mL, andmixed well.,eODwas read in a 1 cm cell at
314 nm in a Persee TU-1900 double-beam UV-visible re-
cording spectrophotometer (solutions having OD more than
1.2 were further diluted before reading OD). ,e content of
oryzanol was calculated using the formula:

oryzanol (g%) �
ODof hexane solution
weight (g) of oil × 10

×
100
358.9

, (1)

where 358.9 is the specific extinction coefficient of oryzanol.
Oryzanol content was calculated by using the following

formula: [(A/W) × (100/358.9)], where A is the absorbance
of the sample, W is the weight of the sample in gram/100mL,
and 358.9 is E1cm 1% for oryzanol.

2.7. Determination of Total Content of Tocopherols and
Tocotrienols. ,e total content of tocopherols and toco-
trienols of the dewaxed rice bran oil was determined
according to Li et al. with minor modification [27]. A total of

0.50 g of the oil samples was added into a 10mL volumetric
flask, and hexane was added to make up 10mL and mixed
well. ,e solution was filtered through a 0.45 μmmembrane
filter before HPLC analysis.

Total content of tocopherols and tocotrienols was ana-
lyzed by a normal-phase high-performance liquid chro-
matograph (NP-HPLC) (Waters 2695) equipped with a
fluorescence detector (Waters 2475) set at an excitation
wavelength of 290 nm and an emission wavelength of
330 nm, and the detailed conditions are as follows: the in-
jection volume for each of samples was 20 μL; the column
was Sunfire Prep Silica (4.6× 250mm, 5 μm, Waters); the
mobile phase consisting of hexane/diethylene oxide (96.15/
3.85 v/v), degassed for 40min by an ultrasonic apparatus,
was eluted at a constant flow rate of 1.0mL·min−1. Retention
times of the standards of tocopherols and tocotrienols were
used for identification. Quantification of the tocopherols and
tocotrienols was done using an external calibration curve,
and the total content of tocopherols and tocotrienols was
reported in mg·kg−1.

2.8. Retention Rate. ,e retention rate of oryzanol and total
tocopherols and tocotrienols was defined as follows:

retention rate �
CT × Y

C0
, (2)

where CT is the content of oryzanol or the content of total
tocopherol and tocotrienol of rice bran oil after degumming,
Y is the yield of rice bran oil after degumming, and C0 is the
initial content of oryzanol or the content of total tocopherol
and tocotrienol of rice bran oil.

2.9. Statistical Analysis. All experiments were conducted
independently in triplicate, and the results were expressed as
mean± standard deviation. ,e significance of the differ-
ences was determined using one-way analysis of variance
(ANOVA), accompanied by Duncan’s post hoc multiple
comparison test with a significance level of 0.05, using SPSS
16.0 software (International Business Machines Co.
Armonk, NY, USA). Differences were considered significant
when the P value was <0.05.

3. Results and Discussion

3.1. Effect of Citric Acid Dosage and Mixing Conditions on
NHP Content. ,e P content of dewaxed rice bran oil was
332.5± 1.9mg·kg−1, of which 120.5± 2.3mg·kg−1 was for the
nonhydratable phosphatides. Citric acid was used in the
pretreatment step for facilitating hydration of the phos-
phatides and to buffer the aqueous phase, and moreover,
high shear mixing was chosen for high reaction efficiency.
,e P content of dewaxed rice bran oil was difficult to be
reduced to the desired level for physical refining because of
the high content of NHPs, which is needed to be converted
into hydratable form as far as possible [9]. Both the dosing of
citric acid and high efficiency mixing condition could bring
the phospholipids to the water/oil interface and provide a
large surface, and it would benefit the enzyme to convert
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phospholipids into the lysoform and remove the water and
phospholipids using centrifugation under low water content
[15, 19]. As shown in Figure 1, the pretreatment with the
dosage of citric acid for 0.065%, 0.10%, and 0.13% reduced
NHP content to 76.9± 0.4mg·kg−1, 66.4± 1.1mg·kg−1, and
64.7± 0.7mg·kg−1, respectively, after 60min of incubation
with premixing rate of 23000 rpm for 30 sec. To reduce the
NHP content to a lower value, the dosage of citric acid was
no less than 0.10%.

�ese results were close with the previous studies using
the acid degumming. �e P content of dewaxed rice bran oil
was reduced from 350mg·kg−1 to 86mg·kg−1 after acid
degumming, and this was probably because of the increased
phosphate hydration [28]. Hence, the P content was ex-
pected to be reduced to less than 15mg·kg−1 for physical
re�ning with the addition of phospholipase A1.

3.2. E�ect of Processing Parameters of PLA1-Catalyzed
Degumming on P Content. Enzymatic degumming with
Lecitase® Ultra was a combination of a mild acid treatment
to convert Ca and Mg salts to a form that the enzyme could
attack with an enzyme hydrolysis to make all the gums
hydrophilic. More and more oil is released from the gums
because they were hydrophilic resulting from the partial
hydrolysis of phosphatides, and the key point was to ensure
enzyme hydrolyze phosphatides e�ciently. �ere were some
typical inhibitors including extreme temperature, extreme
pH, metals, and chelators (EDTA and phosphates) for
the performance of enzymes. �e Lecitase® Ultra, used
for the degumming of dewaxed rice bran oil, had the proper
range of pH and reaction temperature and would have the
high reaction activity if the reaction conditions could be
adjusted and maintained according to its proper pH and
temperature [29].

As to ensure the optimum pH of the water extraction
phase for Lecitase® Ultra, the NaOH solution of approxi-
mately 16 g/100mL was added, and the solution was further
diluted with water to reach the selected total water dosage.
�e e�ect of NaOH dosage on P content was investigated
under the following conditions: citric acid dosage of 0.10%,
degumming temperature of 50°C, total water dosage of 2.5%,
degumming time of 4 hours, and NaOH dosage of 1.0, 1.5,
2.0, 2.5, and 3.0mole equivalent (eqv) to the amount of citric
acid, respectively. As shown in Figure 2(a), the P content of
dewaxed rice bran oil after PLA1-catalyzed degumming
decreased signi�cantly with the increasing NaOH dosage
and reached a minimum at a NaOH dosage of 2.0 eqv. More
NaOH would result in more soap, which might damage the
stability of emulsion interface. Phospholipid may remain in
the oil, which may be dragged to the heavy phase if the
interface was not well de�ned, and this probably would a�ect
the performance of Lecitase® Ultra.�e residual P content of
dewaxed rice bran oil decreased with the increasing reaction
time. As to reduce the P content to less than 10mg·kg−1, the
reaction time should not be less than 4 hours, and this was
similar with the report from Jahani et al. [28].

�e temperature of water degumming was approxi-
mately 80°C, while the enzyme was easily inactivated under

this temperature. In addition, low temperatures were not
suitable for enzymatic reactions [30]. �e e�ect of reaction
temperature on P content was investigated under the fol-
lowing conditions: citric acid dosage of 0.10%; NaOH dosage
of 2.0 eqv; total water dosage of 2.5%; degumming time of
4 hours; reaction temperature of 40°C, 45°C, 50°C, 55°C, and
60°C, respectively. As shown in Figure 2(b), the P content of
dewaxed rice bran oil after PLA1-catalyzed degumming
decreased signi�cantly with increasing reaction tempera-
ture and reached a minimum at a reaction temperature of
50°C. High reaction temperature would damage the enzyme
activity, and as a result of that, the P content had no obvious
change from 3hours to 4 hours with reaction temperature
of 60°C.

�e e�ect of water dosage on P content was investigated
under the following conditions: citric acid dosage of 0.10%;
NaOH dosage of 2.0 eqv; degumming time of 4 hours; re-
action temperature of 50°C; and total water dosage of 1.5%,
2.0%, 2.5%, 3.0%, and 3.5%, respectively. As shown in
Figure 2(c), the P content of dewaxed rice bran oil after
PLA1-catalyzed degumming decreased signi�cantly with
increasing total water dosage and reached a minimum at a
total water dosage of 2.5%. �e stable multilayer liposome
structure could be formed by adding proper amount (2.5%)
of water. However, low water content resulted in incomplete
hydration and poor £occulation, while high water content
would promote to form water/oil or oil/water emulsi�cation,
which made it di�cult for the separation [10].
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Figure 1: E�ect of citric acid dosage and mixing conditions on
NHP content. Note. SA: dewaxed rice bran oil without addition of
citric acid; SB: dewaxed rice bran oil with 0.065% citric acid added;
SC: dewaxed rice bran oil with 0.10% citric acid added; SD: dewaxed
rice bran oil with 0.13% citric acid added; IA: high shear mixer of
10000 rpm for 30 sec after 30 min of incubation; IB: high shear
mixer of 10000 rpm for 30 sec after 60 min of incubation; IC: high
shear mixer of 20000 rpm for 30 sec after 60 min of incubation; ID:
high shear mixer of 23000 rpm for 30 sec after 60min of incubation.
Uppercase superscripts represent signi�cant di�erences between
groups; lowercase superscripts represent signi�cant di�erences
within a group (P< 0.05).
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3.3. Comparison of Water, Acid, and PLA1-Catalyzed
Degumming on P Content. �e adequate reduction of
phosphorus content resulted from a synergistic e�ect of
enzyme and citric acid. To obtain an e�cient enzyme re-
action, the formation of emulsion was crucial, and it could
be obtained by applying high shear mixer prior to the en-
zyme reactor. Mechanical stirring was maintained
throughout the reaction, although the oil/water mixture may
be subjected to more treatments with high shear mixer to
keep the mixture properly emulsi�ed. �e oil/water mixture
was heated to 80°C and separated into two phase (a sludge-
free oil phase and an oil-free sludge phase) after the reaction
ended.

As shown in Table 1, the P content of dewaxed rice
bran oil could be reduced from 332.5 ± 1.9mg·kg−1g to

9.3 ± 0.2mg·kg−1 after PLA1-catalyzed degumming using
Lecitase Ultra under the optimum conditions, namely,
citric acid dosage of 0.10%, high shearing rate of
23000 rpm, chelation time of 60min, NaOH dosage of
1.5 eqv, reaction temperature of 50°C, and total water
dosage of 2.5%, whereas the P content after water and acid
degumming were reduced up to 120.5 ± 2.3 mg·kg−1 and
66.4 ± 1.1 mg·kg−1, respectively.

For the water degumming, the residual P content of
dewaxed rice bran oil could not be reduced to less than
50mg·kg−1 at optimum condition [10]. �e lecithin, ob-
tained by drying the gums resulted from rice bran oil water
degumming, was composed of 20.4% PC, 17.8% PE, and
5.8% PI [22], and only hydratable phosphatides could be
separated by water addition. �e P content of rice bran oil
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after water degumming could not satisfy the requirement for
physical re�ning (less than 15mg·kg−1). Acid degummingwas
applied based on the addition of phosphoric acid or citric acid
to convert the nonhydratable phosphatides into hydratable
ones [31], but the residual P content more than 50mg·kg−1
also could not �t the physical re�ning. Furthermore, the
condition of PLA1-catalyzed degumming (temperature of
50°C) was more moderate in comparison to the condition of
water degumming (80°C) and acid degumming (70°C).
�erefore, PLA1-catalyzed degumming of dewaxed rice bran
oil was considered an e�cient method for dewaxed rice bran
oil compared to water and acid degumming.

3.4. Comparison of Water, Citric Acid, and PLA1-Catalyzed
Degumming on Fatty Acid Composition, Oryzanol Content,
and Total Tocopherol/Tocotrienol Content. �e nutritional
properties of oryzanols, tocopherols, and tocotrienols have
been reported in a series of scienti�c studies. Oryzanol could
reduce the total plasma cholesterol, increase HDL cholesterol

levels, and inhibit platelet aggregation [32]. Tocopherols could
prevent coronary heart disease and cataract formation, lower
the levels of plasma triacylglycerols and cholesterol, delay
aging, cancer, and arthritis, and reduce oxidative stress.
Tocotrienols could decrease serum and LDL-cholesterol levels
and have signi�cant activity against tumours [33]. According
to the above information, the target of rice bran oil processing,
no matter of chemical or physical re�ning, should be not only
to remove the impurities, but also to obtain good oil with no
obvious change of fatty acid composition and high retention
rate of oryzanol and total tocopherols and tocotrienols.

As shown in Table 2, the content of C16 : 0, C18 : 0, and
C18 : 3 of dewaxed rice bran oil after di�erent degumming
methods had no obvious change (P< 0.05). Meanwhile, the
content of C18 :1 and C18 : 2 of dewaxed rice bran oil after
water, citric acid, and enzymatic degumming were still
higher than other fatty acids [34], and there were no sig-
ni�cant di�erences between the three degumming methods
(P< 0.05).

Table 1: E�ect of degumming methods on P content.

Degumming process Water degumming Acid degumming PLA1-catalyzed degumming
P content (mg·kg−1) 120.5± 2.3a 66.4± 1.1b 9.3± 0.2c

Note: lowercase superscripts represent signi�cant di�erences between groups (P< 0.05).

Table 2: E�ect of degumming methods on fatty acid composition.

Fatty acid Dewaxed rice bran oil Water degumming Acid degumming PLA1-catalyzed degumming
C14: 0 0.25± 0.03b 0.40± 0.01a 0.20± 0.00c 0.00± 0.00d
C16: 0 17.36± 0.18a 17.09± 0.06a 17.15± 0.11a 17.25± 0.10a
C18: 0 1.47± 0.10a 1.44± 0.03ab 1.32± 0.02b 1.44± 0.02ab
C18: 1 40.42± 0.20a 40.33± 0.07a 40.84± 0.11b 40.66± 0.22ab
C18: 2 37.95± 0.31a 38.01± 0.10ab 38.35± 0.11ab 38.41± 0.10b
C18: 3 2.26± 0.10a 2.28± 0.06a 1.46± 0.08b 2.24± 0.04a
C20: 0 0.29± 0.06c 0.45± 0.05b 0.69± 0.06a 0.00± 0.00d

Note: di�erent smallcase letters in the same row represent a signi�cant di�erence at P< 0.05.
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Figure 3: E�ect of degumming methods on retention rate of
oryzanol. Note: lowercase superscripts represent signi�cant dif-
ferences between di�erent methods (P< 0.05).
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Figure 4: E�ect of degumming methods on retention rate of total
tocopherols and tocotrienols. Note: lowercase superscripts repre-
sent signi�cant di�erences between di�erent methods (P< 0.05).
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As shown in Figure 3, the retention rate of oryzanol of
dewaxed rice bran oil after water, citric acid, and PLA1-
catalyzed degumming was 91.44%± 0.21%, 92.85%± 0.32%,
and 97.58%± 0.72%, respectively. ,e retention rate of
oryzanol of dewaxed rice bran oil after PLA1-catalyzed
degumming was significantly higher than that after both
of water and citric acid degumming (P< 0.05). However,
little of oryzanol was lost even for PLA1-catalyzed
degumming, because the oryzanol reacts with NaOH to
form oryzanol sodium salt with improved hydrophilicity,
and it was easy to precipitate from oil because of the soap
absorption [35].

As shown in Figure 4, the retention rate of total to-
copherols and tocotrienols of dewaxed rice bran oil after
water, citric acid, and PLA1-catalyzed degumming was
85.98%± 0.88%, 87.75%± 1.29%, and 96.81%± 0.68%, re-
spectively. ,e retention rate of total tocopherols and
tocotrienols of dewaxed rice bran oil after PLA1-catalyzed
degumming was significantly higher than that after both
water and citric acid degumming (P< 0.05).

4. Conclusions

,e phosphorus content of dewaxed rice bran oil after PLA1-
catalyzed degumming could be decreased from 332.5mg·kg−1

to 9.3mg·kg−1 with the citric acid dosage of 0.10%, high
shearing rate of 23000 rpm, chelation time of 60min, NaOH
dosage of 1.5mole equivalent to the amount of citric acid,
reaction temperature of 50°C, and total water dosage of 2.5%.
However, the phosphorus content of dewaxed rice bran oil
after water and acid degumming was 120.5mg·kg−1 and
66.4mg·kg−1, respectively. ,e retention rate of oryzanol and
total tocopherols and tocotrienols were 97.58% and 96.81%
for PLA1-catalyzed degumming, 91.44% and 85.98% for water
degumming, and 92.85% and 87.75% for acid degumming.
,ere was no obvious change for fatty acid composition of
dewaxed rice bran oil after water, citric acid, and PLA1-
catalyzed degumming. ,e results indicated that PLA1-cat-
alyzed degumming was an effective method since it could
decrease the phosphorus content to the required level and
provide high retention rate of oryzanol and total content of
tocopherols and tocotrienols without obvious change of fatty
acid composition.
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