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ABSTRACT
Ferulic acid, a hydroxycinnamic acid, is known to exhibit anti-microbial, anti-inflammatory and antioxidant 
properties, making it a valuable compound for various applications. Study was conducted to investigate 
the extraction of free ferulic acid (ferulic acid that is not linked to lignin or other biopolymers) in the oil 
palm fruits, pressed fibre, empty fruit bunches, as well as its leaves, termed as frond. The extraction of free 
ferulic acid from these palm components was carried out using an alcoholic solution at various sample to 
solvent ratios. With the exception of fresh sterilised fruits, varying the sample to solvent ratio did not seem 
to have significant effect on the amount of ferulic acid extracted. Similarly, except for empty fruit bunch and 
sterilised fruits, the amount of ferulic acid extracted was not affected by the conditions of the samples (fresh 
or dried) prior to extraction. The free ferulic acid content in oil palm fruits, pressed fibre, empty fruit bunches 
and oil palm frond ranged from 230-670 mg kg-1.
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INTRODUCTION

Ferulic acid (4-hydroxy-3-methoxycinnamic acid) 
is a hydroxycinnamic acid that exists naturally in 
almost all plant cell walls, ranging from vegetables, 
spices and medicinal plants to agricultural residues 
(Mussatto, et al., 2007; Roby et al., 2013; Zhao et al., 
2014). It has been known to exhibit anti-microbial, 
anti-inflammatory and antioxidant properties, 
making it a highly sought after compound in the 
medical, pharmaceutical and cosmetics industries 
(Bourne and Rice-Evans, 1998; Ou and Kwok, 2004; 
Mancuso et al. , 2007; Neo et al., 2010; Aarabi et al., 
2016). In addition, ferulic acid also plays a role in 
the production of biovanillin (bio-flavour) (Torres-
Mancera et al., 2011). Food supplementation of 
ferulic acid with cucurmin can be used for the 
management of Alzheimer’s disease through its 
oxidative damage and amyloid pathology reduction 
properties (Bourne and Rice-Evans, 1998; Kikuzaki 
et al., 2002; Ou and Kwok, 2004).

Concentrations of ferulic acid varies from 5 
g kg-1 in wheat bran to 9 g kg-1 in sugar-beet pulp 
and 50 g kg-1 in corn kernel. Free and linked ferulic 
acid mostly present in leaves and seeds of plants. 
It is commonly present in cell walls as cross-links, 
such as arabinoxylans, pectin and xyloglucans 
(Torre et al., 2008; Aarabi et al., 2016; Truong et al., 
2017). 

The oil palm is a commodity plant widely 
cultivated in tropical countries such as Malaysia 
and Indonesia. It is mainly cultivated for its fruit 
bunches which yield oil. A number of beneficial 
phytonutrients have been identified to be present in 
palm oil, such as the carotenes, tocols (tocopherols 
and tocotrienols), as well as the coenzyme Q (Ng 
et al., 2004; Ng and Choo, 2010; 2016). Besides the 
oil, the whole oil palm, including its by-products 
after oil extraction are utilised in various sectors, 
among others, renewable energy, cosmetics, animal 
feed, furniture and automobile. The presence of 
ferulic acid in oil palm/palm oil has been briefly 
investigated in the past, with attention given mostly 
to oil palm leaves and empty fruit bunches As with 
other plants, the ferulic acid in oil palm consists 
of both free ferulic acid, and/or esters or linked to 
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lignins and other biopolymers (Sun et al., 2001; Neo 
et al., 2008; 2010; Atawodi et al., 2011; Aanifah et al., 
2014; Tang et al., 2014; Stavova et al., 2017). 

Generally, oil palm milling starts with 
sterilisation of the oil palm bunches, followed by 
threshing of the bunch to strip the fruits, leaving 
behind the empty fruit bunch. Thereafter, the 
fruits were pressed for its oil. Upon pressing, what 
remained of the fruit is called the palm pressed 
fibre. In other words, the empty fruit bunch and 
pressed fibre are the leftovers or by-products from 
oil palm milling. The empty fruit bunch, pressed 
fibre, as well as other parts of the oil palm, such as 
the frond, are potential sources of ferulic acid.

Studies on the extraction of ferulic acid from 
oil palm milling by-products, such as the pressed 
fibre, empty fruit bunch, and other palm biomass 
such as the oil palm frond are quite limited. Aanifah 
et al. (2014) carried out a study on the hydrolysis 
of ferulic acid from oil palm empty fruit bunch 
using alkali while Tang et al. (2015) reported on 
the extraction of ferulic acid from oil palm empty 
fruit bunch lignin. While these studies focused on 
the extraction of the covalently linked ferulic acid, 
there is no mention on the extraction of ferulic 
acid that is present in free form. Free ferulic acid 
is not soluble in water at room temperature but is 
highly soluble in methanol which made it a good 
solvent for extraction. Theoretically, larger amount 
of solvent will allow more solutes to dissolved in 
it, hence higher amount of solutes of interest can 
be extracted. However, in economic point of view, 
the use of large amount of solvent will incur higher 
cost. It is also difficult to handle such large amount 
of solvent. As such, keeping the amount of solvent 
used to a minimum while achieving highest yield is 
the ideal extraction scenario. As ferulic acid is highly 
soluble in methanol, the objective of this study is 
to determine the optimum solvent to sample ratio 
needed for the extraction of free ferulic acid from 
various parts of the oil palm using methanol and 
its analyses by supercritical fluid chromatography 
(SFC). This is also the first report on the analysis of 
ferulic acid in palm using SFC.

MATERIALS AND METHODS

Materials

Fresh unsterilised and sterilised oil palm fruits, 
empty fruit bunch and palm pressed fibre were 
obtained from a palm oil mill in Negeri Sembilan, 
Malaysia. Oil palm frond was obtained from an oil 
palm plantation in Negeri Sembilan.

All solvents used were of analytical or 
chromatography grades, purchased from Merck 
(Darmstadt, Germany). Carbon dioxide used 
for SFC was purchased from Malaysian Oxygen 

(MOX). Ferulic acid standard (99% purity) was 
purchased from Sigma-Aldrich (USA).

Sample Pre-treatment

Unsterilised oil palm fruits were peeled and the 
nuts were discarded, retaining the flesh (mesocarp). 
The 1.0 g of peeled mesocarp was dried at 60oC 
overnight to remove moisture while the fresh 
mesocarp undergo extraction immediately. Palm 
pressed fibre, sterilised oil palm fruits, empty fruit 
bunch and the oil palm fronds were weighed and 
dried in similar manner before extraction.

Extraction of Free Ferulic Acid by Methanol

One gram of fresh mesocarp (FM) were weighed 
in a round bottom flask. Methanol was added (ratio 
of FM to methanol, 1: 4, g ml-1) and the mixture was 
refluxed in the dark at 60oC for 6 hr. Upon reflux, 
the mixture was cooled to room temperature. The 
mixture was then filtered to remove the solids. 
The filtrate were then rotavaped to near dryness. 
It was then centrifuged at 9000 rpm for 2 min. The 
precipitate was then collected while the supernatant 
was discarded. The precipitate were then made up 
to 5 ml with methanol for SFC analyses.

Similar extraction procedure were then repeated 
for dried mesocarp (DM), fresh sterilised fruits 
(FSF), dried sterilised fruits (DSF), fresh frond (FF), 
dried frond (DF), fresh empty fruit bunch (FEFB), 
dried empty fruit bunch (DEFB), fresh palm pressed 
fibre (FPPF) and dried palm pressed fibre (DPPF) 
and the sample to methanol ratio was 1:6 and 1:8. 

SFC Analysis of Ferulic Acid Extracts

Isocratic SFC analyses of the ferulic acid was 
carried out using a JASCO SFC system coupled 
with a photodiode array detector. Column used 
was RP C18, 5 µm, 4.6 x 250 mm. The CO2 flow 
rate was 2.0 ml min-1 with 0.1 ml min-1 methanol 
as modifier. The column temperature was set at 
50°C and pressure 19 MPa. Injection volume was 
20 µl. Identification of the ferulic acid peak was 
carried out with reference to authentic standard 
as well as comparing their respective UV spectra. 
Quantification of the ferulic acid was carried out by 
calibration with authentic standard. 

All extraction and analyses were carried out in 
triplicates.

RESULTS AND DISCUSSION

The separation of ferulic acid standard and oil 
palm extracts by SFC is depicted in Figures 1 to 
3. Due to the non-polar nature of supercritical 
carbon dioxide (SC-CO2), SFC, coupled with 
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carbon dioxide is rarely used for analyses of polar 
compounds. The separation of ferulic acid in the 
extracts by SC-CO2 was made possible using a 
reversed stationary phase and the use of up to 5% 
methanol as entrainer. The ferulic acid was eluted 
in less than 5 min. The calibration of ferulic acid in 
oil palm extracts were carried out with reference to 
authentic standard (Figure 3).

Alcohol extraction of free ferulic acid involved 
letting the free ferulic acid dissolved in the warm 
alcohol and concentrated it through removal of the 
alcohol thereafter where the ferulic acid, as well as 
other methanol soluble compounds, will crystallised 
in saturated solution. Under such circumstances, 
the amount of free ferulic acid extracted may be 
influenced by the condition of the samples (fresh or 
dried), as well as the amount of alcohol or solvent 
used for extraction. The amount of free ferulic acid 
in the extracts obtained from various parts of the 
oil palm under different sample to solvent (S/S) 
ratio are depicted in Table 1 and Figure 4. S/S ratio 
of less than 1:4 was not tested as the palm samples 
were not fully immersed in the small amount of 
solvent. With the exception of FSF and both FPPF 
and DPPF, the S/S ratio did not seem to have any 
significant effect on the extraction of ferulic acid. 
The amount of free ferulic acid extracted from 
FSF(~420 mg kg-1), when S/S ratio was 1:8 was 
about 1.5 times more as compared to S/S ratio at 
1:4 (~230 mg kg-1) and 1:6 (~251 mg kg-1). Extraction 
of free ferulic acid from palm pressed fibre, both 
FPPF and DPPF, was found to be optimum when 
the S/S ratio was 1:6. Although theoretically higher 
amount of extraction solvent will allow more ferulic 
acid to be dissolved and hence extracted, the results 
from S/S ratio of 1:8 for FPPF and DPPF appeared 
to be the opposite. In their study, Tang et al. (2015) 
encountered lower amount of ferulic acid than 

expected from chemical and enzymatic extraction 
of ferulic acid from oil palm empty fruit bunch fibre 
lignin, but higher amount of vanillin. As reported 
by Tang et al. (2014), ferulic acid is a precursor to 
the bioconversion of vanillin. This could explain 
the lower amount of ferulic acid extracted in this 
study for FPPF and DPPF of S/S 1:8 whereby the 
ferulic acid was converted into vanillin. However, 
detailed study need to be further explored in this 
area to deduce such conclusion. 

Higher concentrations of free ferulic acid are 
found in dried samples extracts, with the exception 
of dried unsterilised fruits (DUF) where slightly 
higher amounts of free ferulic acid was found in 
the fresh unsterilised fruits (FUF) extract compared 
to DUF. The moisture in fresh samples could have 
interfered with the solubility of free ferulic acid 
in methanol, hence, leading to lower amount of 
free ferulic acid extracted. During sterilisation, 
the oil palm fruits were heated with water to halt 
the enzyme activities which could deteriorate 
the quality of the extracted oil (Nokkaew and 
Punsuvon, 2014; Maya and Mohd Rozainee, 2013; 
Khanom et al., 2009). Excess water was typically 
drained after the completion of sterilisation but the 
sterilised oil palm fruits still retained some of the 
moisture. The same goes with the fresh (FEFB) and 
DEFB samples which saw the ferulic acid extracted 
from DEFB to be about twice the amount in the 
FEFB extract. It should be noted that the empty 
fruit bunch was obtained after the sterilisation 
process. The empty fruit bunch received similar 
treatment as sterilised fruits, resulting in the 
retention of some moisture after sterilisation. The 
amount of free ferulic acid extracted from DEFB 
ranged from 490-531 mg kg-1 as compared to FEFB, 
252-256 mg kg-1, depending on the sample to 
solvent ratio.
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Figure 1. Supercritical fluid chromatogram of ferulic acid in dried palm pressed fibre (DPPF) extracted (sample to solvent, 1:6).
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TABLE 1. FREE FERULIC ACID EXTRACTED FROM OIL PALM UNDER DIFFERENT 
SAMPLE TO SOLVENT RATIO

Sample
Ferulic acid concentration (mg kg-1) extracted under 

sample to solvent ratio

1:4 1:6 1:8

Unsterilised fruits Fresh (FUF) 250 ± 3 252 ± 5 255 ± 8
Dried (DUF) 245 ± 4 262 ± 1 250 ± 7

Sterilised fruits Fresh (FSF) 230 ± 2 251 ± 6 420 ± 4
Dried (DSF) 604 ± 8 628 ± 8 668 ± 12

Palm pressed fibre Fresh (FPPF) 280 ± 6 352 ± 3 284 ± 4
Dried (DPPF) 291 ± 6 514 ± 8 281 ± 9

Palm frond Fresh (FPF) 250 ± 7 257 ± 3 256 ± 8
Dried (DPF) 241 ± 8 254 ± 4 270 ± 10

Empty fruit bunch Fresh (FEFB) 252 ± 4 256 ± 4 253 ± 6
Dried (DEFB) 490 ± 8 531 ± 7 497 ± 2
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Figure 2. Supercritical fluid chromatogram of ferulic acid in fresh palm frond extracted (sample to solvent, 1:8).
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Figure 3. Supercritical fluid chromatogram of ferulic acid standard.
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Besides the aforementioned scenarios, the S/S 
ratio as well as the conditions of the samples prior 
to extraction did not seem to have a significant effect 
on the extraction of free ferulic acid for the same 
type of sample. At 241-270 mg kg-1, the amount of 
free ferulic acid in both dried and fresh palm frond 
(DPF and FPF) are comparable. 

There was however, a significant difference in 
the amount of ferulic acid extracted from sterilised 
and unsterilised fruits for both types of sample 
conditions, fresh and dried. At S/S ratio of 1:8, 
the amount of free ferulic acid extracted from FSF 
at 420 mg kg-1, was almost doubled that of FUF at 
255 mg kg-1. The difference was even more significant 
between DUF, 250 mg kg-1 and DSF, 668 mg kg-1. It 
is believed that the sterilisation process contributed 
to this difference. Besides halting the enzymatic 
activities, sterilisation also caused the oil palm fruits 
to be softened, hence, leading the mesocarp to be 
more readily penetrated by the extracting solvent, 
resulting in higher solubility of free ferulic acid, 
which then gave rise to higher yield (Nokkaew and 
Punsuvon, 2014; Maya and Mohd Rozainee, 2013; 
Khanom et al., 2009).

This study focused on the extraction of ferulic 
acid in free form from various parts of the oil palm. 
Ferulic acid that is covalently linked to lignin and 
other biopolymers or as ester cross-links with 
polysaccharides in the cell wall cannot be extracted 
using the same method. Cleavages of the covalent 
bonds need to be first carried out before these ferulic 
acid can be obtained. Some methods reported that 
were able to free these covalently linked ferulic acid 
are alkaline hydrolysis, enzymatic extraction, and 
more recently, the use of deep eutectic solvents and/

or ionic liquids (Liu and Wang, 2011, 2012; Torre 
et al., 2008; Truong et al., 2017; Tang, et al., 2015). 
As reported by Aanifah et al. (2014), as much as 
3800-4200 mg g-1 ferulic acid can be extracted from 
the palm empty fruit bunch by way of alkaline 
hydrolysis, as compared to ~500 mg kg-1 from 
methanol extraction in this study. Although the yield 
of ferulic acid extracted from alkaline hydrolysis 
is higher, nevertheless, alcohol extraction offers a 
simple and rapid method to extract the ferulic acid 
in its free form, where they can be readily used as 
raw material for production of further downstream 
products. 

CONCLUSION

The oil palm biomass, especially the empty fruit 
bunches, are good sources of free ferulic acid. 
The amount of free ferulic acid extracted from the 
palm pressed fibre and empty fruit bunches are 
comparable to its amount in the oil palm fruits. 
This suggests that that the milling process did not 
significantly affect the ferulic acid content in palm. 
This study showed that warm methanol is sufficient 
to extract free ferulic acid from the by-products of 
the oil palm milling as well as various parts of the 
oil palm. 
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Figure 4. Composition of ferulic acid extracted from various oil palm biomass.
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