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TOM TAT

NGHIEN CUU PIEU CHE AXIT FERULIC TU QUA TRINH THUY PHAN
GAMMA ORYZANOL TRONG MOI TRUONG KIEM
VOI SU HO TRQ CUA SONG SIEU AM

In this study, we investigated the formation of ferulic acid, one of potential
antioxidants, medicines, and cosmetics, by the hydrolysis of y-oryzanol contained in
by-products of rice bran oil processing. Using a base-catalysed reaction, the
hydrolysis of y-oryzanol was examined, and the experiments were conducted with
various conditions of catalyst amounts, temperature dependency, and ultrasonic
frequencies. After 3 hours of conventional heating, 45% and 73% yield of ferulic
acid was obtained using a 10:1 (wt/wt) ratio of KOH/ y-oryzanol at the temperature
of 60, and 75 °C, respectively. The different frequencies (26, 78 and 130 kHz) were
investigated to examine effect of ultrasound on yield of hydrolysis. Among them, the
uses of 78 and 130 kHz irradiation accelerated the formation of ferulic acid up to 1.6
- fold times greater than that by the conventional heating at 60 °C, and that yield was
increased only 1.2 times when using lower frequency (26 kHz) at same temperature.
Utilizing ultrasonic irradiation (78 and 130 kHz) at 75 °C, the hydrolysis of vy-
oryzanol proceeded quantitatively, and the yield of ferulic acid was achieved more
than 90%.
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1. INTRODUCTION

Ferulic acid (FA) is a kind of
antioxidants widely used in cosmetic
industry in term of UV-protection, in
food industry as additives, and deeply
applied in medical field. As we know,
nitrites, normally sodium nitrite, are
used in food industry as a kind of
preservatives to maintain color and
prevent pathogens’ growth. In the acidic
stomach, nitrites can react with many
others  compounds to  produce
nitrosamines, a known carcinogen.
Ferulic acid has been investigated to
block the formation of nitrosamine from
nitrites [1]. Besides, FA also helps to
prevent cardiovascular disease,
diabetes, Alzheimer, colon cancer
disease and reduce blood cholesterol,
etc [2-9]. It also reduces the cholesterol

levels in serum and liver, protects
against coronary disease, various
inflammatory diseases [10], act as

antimicrobial and
agents [8].

FA was firstly chemically synthesized
in 1925; however its biological effects
started to be noticed in 1970s when
Japanese researchers discovered the
antioxidant properties of FA steryl
esters extracted from rice bran oil. The
ability as antioxidants is explained by
its phenolic nucleus and conjugated
double which easily generates the
stabilized phenoxy radical.

anti-inflammatory
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Fzgure 1. T he stable radical
of ferulic acid
When any reactive radical attacks
ferulic acid, a hydrogen atom will be
abstracted to form a phenoxy radical.
As shown in Fig. 1, this radical is
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highly resonance stabilized since the
unpaired electron may be present not
only on the oxygen but it can be
delocalized across the entire molecule.
Additional stabilization of the phenoxy
radical is provided by the extended
conjugation in the unsaturated side
chain. This resonance stabilization
accounts for the ease of the formation
of the phenoxy radical and its
consequent lack of reactivity; therefore,
this phenoxy radical is unable to initiate
or propagate a radical chain reaction
[10], therefore FA is an excellent
antioxidant. Benzophenones and
salicylic acid derivatives are commonly
used for UV absorbents; however, some
of these derivatives are toxic substances
for human beings and the environment.
Therefore, nowadays, the friendly
environmental Uuv absorbents
compounds are preferred to use such as
ferulic acid.

It is well known that ferulic acid can be
prepared by the condensation reaction
of vanillin with malonic acid in the 40s
decade of 21" century. This produces
ferulic acid at a high yield, but takes as
long as 3 weeks. In addition, the
product is a mixture of trans- and cis-
isomers, while only trans-ferulic acid,
which can be crystallized, has been
commercialized. Therefore, the natural
sources of ferulic acid are now
concerned.

FA can be found in plant tissues such as
citrus fruits, banana, eggplant, cabbage,
beetroot, broccoli, coffee [10,11], corn
bran, rice bran, flax shives, wheat [12],
paddy straw [13], Radix Angelicae
sinensi [14], Ligusticum chuanxiong
[3], etc. There are many different
methods applied to extract FA by
alkaline hydrolysis with the support of
ultrasound or microwave irradiation
[2,3,6,12,15,16]. In general, most



researches of extracting FA have had a
common basis of using the alkaline
hydrolysis, in which depends on the
characteristic of raw materials then
different conditions were applied. The
purpose of this process is to break the
organic matrix contained lipids and free
fatty acids in the raw materials (plant
tissues, cereals); in other hand
exploiting the conjugated forms and the
hydrolysis of ferulates, esters of ferulic
acid to effectively obtain FA. Even
though, there are many researches on
FA extracting from different raw
materials, the basis of hydrolysis
process of ferulates hasn't been
investigated in details and the final FA
content includes both free and
conjugated FA.

In cereal, FA is usually located in the
bran. It also exists in ester forms such
as steryl ferulat which is firstly
recognized in 1954 in rice bran oil
(RBO). Because these esters were
separated from RBO (Orysae Sativa L.)
and have one hydroxyl group, they are
normally called oryzanol, and 7v-
oryzanol is the most popular isomers
[10]. The y-oryzanol is a mixture of
ferulic esters, of which the four main
ferulates are cycloartenylferulate 24-
methylene-cycloartanyl  ferulate, J3-
sitosterylferulate and campesterylferulate.
From rice bran oil process, the rich source
of many nutraceuticals like y-oryzanol,
vitamin E, ferulic acid, and phytic acid
1s normally lost in the refining process.
Instead of being value component in
rice bran oil, 96% y-oryzanol is
transferred to the soapstock as a by-
product.

Recently, ultrasound-assisted extraction
and reaction are prospective and
attracted many scientists all over the
world [17-22]. There are many
researches about ultrasound application
for accelerating the ester reaction rate
using acid catalyst [23-25], base
catalyst [26], with methanol solvent
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[27-29]; however most esters
investigated were methyl esters and
there have been few researches related
in  y-oryzanol. y-oryzanol is a
commercial product as an excellent
antioxidant and reducing plasma
cholesterol [30-33]. Due to this reason,
y-oryzanol hydrolysis process hasn’t
been paid attention yet. However, the
hydrolysis process of y-oryzanol is also
not easy because the cholesterol-like
groups in its structure is too big that
causes steric effect to prevent the
reactants attacks to the ester group, thus
there needs to have more researches
about this hydrolysis reaction.

The aim of this project is to research on
the hydrolysis of fy-oryzanol under
alkaline condition and to effectively
obtain high yield of ferulic acid. The
effect of ultrasonic frequencies was also
investigated. This research will provide
the fundamental data, technology for
manufacturing ferulic acid from the by-
products (soapstock) of the rice bran oil
plant and further applying its
antioxidant and anticancer abilities in
medicinal purposes.

2. MATERIALS AND METHODS
2.1. Chemicals

Potassium hydroxide, acetic acid and
phosphoric acid were analytical grade.
The purities of ferulic acid, y-oryzanol,
and ethyl acetate standards (Sigma
Aldrich) were more than 95%.
Acetonitrile and water are HPLC grade,
and other solvents are analytical grade
(from Merck).

2.2. Ultrasound equipments

The Kaijo Corporation Ultrasonic
Cleaner with 30110 (QR-001) generator
and 20202 VS Transducer (26/78/130
kHz) was used. The power output was
set at 50 W for all experiments using
ultrasonic irradiation. Temperature was
controlled by the SANSYO SDT-04 P
and AWA 1505 device.

2.3. Quantitative analysis method

The ferulic acid, y-oryzanol and ethyl



ferulate were analyzed using a reverse
phase HPLC column. The HPLC Model
GL-7480 (GL Science Inc., Tokyo,
Japan) equipped with PDA (GL-7452,
GL Science Inc., Tokyo, Japan), and
Auto Sampler (GL-7420, GL Science
Inc., Tokyo, Japan) was used. The
column was a reverse phase of Inertsil
ODS-3 Cis 3mm x 150 mm, film
thickness 3 um) (GL Science, Tokyo,
Japan). The equipment was operated in
gradient mode. The mobile phase was a
mixture of solvent A (2 mL
concentrated H;PO4 and 600 mL water)
and solvent B (acetonitrile/methanol
1:1). The gradient was conducted as
follows: the 30:70 ratio of solvent B to
solvent A, gradient to 100:0 for 15 min,
hold for 25 min, then gradient back to
30:70 for 5 min, hold for 5 min. The
absorbance was monitored at 325 nm
for all ferulic acid, ethyl ferulate and y-
oryzanol. Ferulic acid (FA), ethyl
ferulate (EF) and vy-oryzanol (Or)
contents were calculated based on their
own calibration curves with coefficient
of determination (R?) more than 0.999.
Yield of ferulic acid was calculated
based on following equation:

FA
vield of FA =
FA+ EF + Or

2.4. Base-catalysed reaction

y-oryzanol

Ethyl ferulate

The stock solution concentrations of y-
oryzanol in ethyl acetate, aqueous
potassium hydroxide were 96 mg/ml
and 480 mg/ml, respectively. In order to
prepare the reaction, we used ethanol as
co-solvent to mix y-oryzanol/ethyl
acetate with aqueous KOH solution as
following: 4 ml of y-oryzanol 96 mg/ml
in ethyl acetate + 20 ml of Ethanol + 8
ml of KOH 240 mg/ml. The progress of
the reaction was followed at various
conditions of different temperature,
mass ratio of KOH/ y-oryzanol and,
ultrasonic frequencies. Every 100 pl of
sample was taken out at 0 min (right
after adding KOH) and after each 30
minutes of all trials. After 3 hours, the
reaction was stopped by adding 100 pl
of acetic acid and 300 pl of ethanol to
100 pul of sample to form a
homogeneous solution. This solution
was subject for HPLC analysis.

3. RESULTS AND DISCUSSION

3.1. HPLC separation and the
formation of ethyl ferulate

Ferulic acid, ethyl ferulate and vy-
oryzanol can be detected by PDA
detector at 325 nm, in which ferulic
acid peak appears at 1.9 min, ethyl
ferulate appears at 9 min and y-oryzanol
is a group of peaks appears from 27.5
min to 33 min, as shown in Fig.2A.

Ferulic acid B |l

y-oryzanol

y-oryzanol

Figure 2. HPLC chromatography separation after A) 3 O.Wmin; B) 180 min

It was known that there were two
competitive reactions including
hydrolysis  and  transesterification
process. The less ethyl ferulate was
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found, the more ferulic acid was
formed. In our experiments, the four
reactions (1), (2), (3), (4) will be carried
out as following:



RCOOR’ (Oryzanol) + KOH <
RCOOK (Ferulate) + R’OH (1)
RCOOR’ + C,Hs0H < RCOOC,H;5
(Ethyl ferulate)+ R’OH (2)
RCOOC;Hs+ KOH < RCOOH
(Ferulic acid) + C,HsOH (3)

RCOOK + CH3;COOH = CH;COOK +
RCOOH (Ferulic acid) (4)

The ethyl acetate content was gradually
decreased after 30 min of reaction and
not detected as shown in Fig.2B after
180 min of reaction. It means that the
transesterification process do not affect
to the form of FA after 3 hours despite
its competition with hydrolysis reaction
from the beginning of reaction.

3.2. Effect of temperature

The base-catalysed reaction was
examined at different temperatures
ranging of 40, 50, 60, and 75 °C, and
yields of ferulic acid were 16, 29, 45
and 73% as shown in Fig3,
respectively, after 3 hours of
conventional heating. The achieved
results indicated that the higher
temperature we used, the higher yield
of ferulic acid can be obtained.
However, based on the boiling points
of solvents used in reaction, the highest
temperature used in this experiment
was 75 °C.
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Figure 3. Effect of temperature on
ferulic acid yield

Yield of ferulic acid (%)

3.3. Effect of ratio of KOH/y-oryzanol
The ratio of KOH/y-oryzanol was
investigated with three values of 10:1,
8:1 and 5:1 (wt/wt). According to Fig.4,
the result revealed that the higher ratio
of KOH/y-oryzanol, the higher ferulic
acid contents can be obtained. Despite
the hydrolysis reaction is followed the
stoichiometric ratio of 1:1 (Fig.5), the
KOH amount used in our experiments
was much higher. There are many
researches about ester hydrolysis in
base or acid catalyst with ultrasonic
assistance but researches about gamma
oryzanol hydrolysis is few. The
cholesteryl group causes steric effect to
stop the conjugated system in ferulic
structure by breaking the linear
conjugated system, resulting difficulties
for OH group to attack -C=0O of
cacboxyl group. It means that gamma
oryzanol is not easily hydrolyzed to
form ferulic acid following theoretical
molar ratio between the base and the
one-cacboxyl group ester. Therefore, in
further experiments, we chose the ratio
of KOH/ y-oryzanol as 10:1 for initial
y-oryzanol concentration of 12 mg/mL.
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Figure 4. Effect of ratio KOH/oryzanol
on ferulic acid yield
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Figure 5. Scheme of hJ_/drolysis r;zaction of y-oryzanol

3.4. Effect of ultrasonic frequencies

It is known that ultrasonic irradiation
can accelerate the reaction rate of ester
hydrolysis. the effect of different
ultrasonic frequencies was examined in
order to compare with that of
conventional heating method at same
temperature in this study. The
comparison of yield values was
implemented between 60 and 75 °C. As
shown in Fig 6, the uses of 78 and 130
kHz  irradiation  accelerated the
formation of ferulic acid up to 1.6-fold
time greater than that by the
conventional heating at 60 °C, and that
yield was increased only 1.2 times
when using lower frequency (26 kHz).
When temperature was increase up to
75 °C, the hydrolysis of y-oryzanol
proceeded more properly, and the yield
of ferulic acid wasreached more than
90% after 3 hrs of reaction. It is
concluded that both temperature and
ultrasonic frequencies are important
factors affected to the yield of
hydrolysis reaction of 12 mg/mL y-
oryzanol with KOH/ y-oryzanol ratio
of 10:1 (wt/wt). In comparison to the
previous one that reported in [34], from
which the hydrolysis process was
mentioned that taking place in 8 hrs at
90-100 °C, 1 atm with the yield of
ferulic acid from 70 to 90%, our method
is prospective in term of time reduction
and temperature.
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Figure 6. Variation of ultrasonic
frequencies in compare with
conventional heating method at 60 and
75 °C, 180 min

4. CONCLUSIONS

In this work, the temperature, and the
ratio of KOH/y-oryzanol (wt/wt) are
very important factors of the hydrolysis
process, which is due to the y-oryzanol
hydrolysis not being followed the
normal stoichiometric ratio (1:1) of
single ester compound. Ultrasonic
irradiation (78 and 130 kHz)
accelerated the reaction 1.6 times at 60
°C and the highest yield can be obtained
as over 90% by using the assistance of
ultrasonic irradiation at 75 °C. This
result is a valueable fundamental data
for further researches of preparation of
ferulic acid from y-oryzanol containing
by-products such as soapstock from rice
bran oil processing.
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