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CALL FOR ARTICLES

Researchers are cordially invited to 
submit articles related to the palm oil 
industry for publication in Palm Oil 
Engineering Bulletin.

 The topics of interest are:

1.  Plant modifications or innovations 
that have improved the mill 
performance.

2.  Research findings that have 
enhanced oil extraction rate (OER) 
and product quality.

3.  Current issue facing by the industry 
and solution experience.

The published articles will be circulated 
throughout the industry and MPOB 
offices worldwide.

For enquires and submission, please 
email to: milling@mpob.gov.my / 
rohaya@mpob.gov.my / fidos@mpob.
gov.my

Editorial

Among the topics highlighted  in 
this issue of Palm Oil Engineering 
Bulletin Issue No. 133  is the palm 
oil mill odour emission scenario and 
the proposed odour limit set  by the 
Department of Environment (DOE). 
Odorous gases such as ammonia 
(NH3) and hydrogen sulphide (H2S) 
are released from the anaerobic palm 
oil mill effluent (POME) treatment 
pond creating sensory annoyance to  
nearby residents. The local authority, 
based on residents’ complaints was 
compelled to seek feasible mitigation 
measures. As a result, the DOE under 
the jurisdiction of the Air Division 
proposed an odour emission limit of 
12 000 OUm-3 for Malaysian palm 
oil mills recently, which however, 
was found to be unachievable 
based on a previous survey. Efforts 
were then directed to establish  the 
odour concentrations at residential 
locations close to a palm oil mill  to 
validate the odour exposure to the 
surrounding community and found to 
be mainly well below 10 OUm-3.

The effect of sterilisation of oil 
palm bunches of different degrees of 
oil palm ripeness on the deterioration 
of bleachability (DOBI) value is 
described in this bulletin. Since July 
2004, the DOBI parameter has been 
incorporated as a quality specification 
besides free fatty acids (FFA) and 
other parameters to ensure the 
quality of Malaysian palm oil and meet 
consumer demand. An experimental 
treatment at different temperatures 
and durations assisted with the 
Response Surface Methodology 
(RSM) analysis tool concluded that 

DOBI is influenced by fruit ripeness 
and the sterilisation process. Greater 
DOBI was observed when lower 
sterilisation temperatures using dry 
treatment was employed compared 
to the conventional method. 

Another highlight in this bulletin 
is the potential use of the sap from 
oil palm trunk (OPT) as a low cost 
substrate for biofuels and bioproducts 
via fermentation. During replanting 
activity, the felled OPT are found 
in abundance. OPT contain a large 
quantity of sap characterised by high 
moisture and sugar content rendering 
it readily fermentable into various 
desired products. Furthermore, the 
availability of various amino acids, 
vitamins and minerals in OPT sap is 
indicative of an excellent substrate 
for microbial fermentation.

The Malaysian government 
established the National Biodiesel 
Programme to safeguard the oil palm 
sector by increasing the utilisation of 
palm oil as renewable energy source 
in the country and reducing stock 
pile. The programme started with 
B5 (a blend of 5% palm biodiesel 
in petroleum diesel) and increased 
gradually to higher levels of palm 
biodiesel in the blend.  Malaysia 
is currently looking forward to 
implementing B20 and B30 after 
the mandatory implementation of 
B7 and B10 in the industrial and 
transportation sectors, respectively. 
MPOB together with various 
stakeholders and international bodies 
is actively conducting field trials for 
B15, B20, B30 and B100.

These efforts are paving the way 
for sustainable energy development 
in the country for future generations. 
The details on implementation of B20 
and B30 are included in this issue.

It is expected that the articles 
will benefit stakeholders of the 
palm oil industry in enhancing their 
knowledge on the odour regulation 
issue, palm oil quality and potential 
applications of oil palm biomass and 
palm oil in other fields.
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Current Palm Oil Mill Odour Emission 
Scenario against Proposed Department 
of Environment (DOE) Requirement

AbSTRACT

Odorous gases are emitted when palm oil mill effluent 
is treated via anaerobic digestion. Although odour is a 
nuisance rather than hazardous most of the times, sensory 
annoyance complaints provoked local authority to seek 
feasible mitigation. The Department of Environment (DOE) 
under the jurisdiction of the Air Division has proposed 
an odour emission limit of 12 000 OUm-3 for Malaysian 
palm oil mills recently which was found unachievable 
during previous survey. The objective of this article is to 
establish the odour concentration (OUm-3) at residential 
locations close to a palm oil mill and identify ammonia 
(NH3) and hydrogen sulphide (H2S) gas concentration in 
odour samples collected from anaerobic ponds. The odour 
sampling and assessment were performed according 
to MS 1963:2007 Air Quality – determination of odour 
concentration by dynamic olfactometry with enhanced 
VDI3940 Grid Method. Experimental results showed 
that odour concentrations at residential locations are 
often dominated by local odour sources such as chicken 
farms. Odour emission levels at all surveyed residential 
areas identified as palm oil mills origin were well below 10 
OUm-3 most of the times although high level up to 108.4 
OUm-3 were observed occasionally due to wind factor. 
H2S content ranges from 15.9 ppm to 103.9 ppm and NH3 
content ranges from 4.1 ppm to 16.6 ppm.

Keywords: anaerobic digestion, European reference odour 
mass, odour nuisance, olfactometry, POME treatment.

INTRODUCTION

Acidic palm oil mill effluent (POME) contains water, oil, 
protein and trace of minerals (Gurmit Singh et al., 1999). 
The average biochemical oxygen demand (BOD) of POME 
is about 25 000 ppm and needs to be treated in order to 

reduce its BOD to below 20 ppm before being discharged 
into water course. Conventionally it is treated in a series 
of anaerobic and aerobic ponds that require long hydro 
retention time (Nur Azreena et. al., 2018). Open effluent 
pond digestion treatment is the most common treatment 
system due to the low capital expenditure (CAPEX) 
and operation expenditure (OPEX) where the POME is 
digested by a consortium of micro-organisms commonly 
found in soil and air (Ma, 2000). Due to the recent biogas 
capture policy to further address sustainability issues, 
various treatment systems have been installed in palm oil 
mills, such as covered lagoon and digester tank systems.

Anaerobic digestion is a complex biochemical process 
as shown in Figure 1 in which a consortium of micro-
organisms converts organic compounds in the absence of 
oxygen into methane and carbon dioxide in four stages, 
which are hydrolysis, acidogenesis, acetogenesis and 
methanogenesis (Dinopolou et al., 1987).

Anaerobic POME treatment releases odorous gases 
such as ammonia and hydrogen sulphide (Thauer, 1998) 
that are known as a particular kind of air pollutants which 
have become a serious environmental concern for many 
years. Environmental factors such as wind speed and 
direction, topography, atmospheric stability and pollutant 
concentrations need to be considered during odour 
assessment.

Smell sense is accomplished with two main nerves. 
Chemicals perception is processed by the olfactometry 
nerve whereas chemicals irritation or pungency is 
processed by the trigeminal nerve. All olfactory signals 
meet in the olfactory bulb where the information is 
distributed to two different parts of the brain. Limbic system 
pathway processes emotion and memory response of 
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the body. The other information pathway is to the frontal 
cortex. From nostril to brain signal, the process takes only 
about 500 milliseconds (Mauskar, 2008).

Odour intensity is the perceived odour sensation 
strength which is related to the odourant concentration as 
shown in the Equation (1), known as Stevens’ law or the 
power law where I is the intensity, k is a constant C is the 
concentration, n is exponent ranges from about 0.2 to 0.8 
depending on the odourant.

I = k(C)n (1)

The odour concentrations mentioned as odour units 
per cubic meter is based on a correlation between a 
physiological response when the nose detect odour, and 
exposure concentration of a particular sample. Odour unit 
is the amount of odourant(s) when evaporated into 1 m2 of 
neutral gas at standard conditions, elicits a physiological 
response equivalent to that elicited by one European 
Reference Odour Mass (EROM) which is equivalent to 123 
µg n-butanol evaporated in one cubic meter of neutral gas 
at standard conditions. 

PRObLEM STATEMENT

In the Draft Environmental Quality (Odour) Regulations 
201X (unpublished), a limit of 12 000 OUm-3 was proposed. 
However, the findings from previous survey project 
involved three mills with different treatment systems 
which were open lagoon, covered anaerobic lagoon and 
anaerobic tank digester, demonstrated the inability of the 
mills to comply with the proposed value as shown in Figure 
2. Thus, an alternative approach to the odour threshold 
limit is necessary to justify the odour pollution from palm 
oil mills.

Odour is a nuisance rather than hazard most of the 
times. Nuisance is defined as cumulative effect on humans 
caused by repeated annoyance events over an extended 

Carbohydrates Sugars

Hydrogen 
carbon dioxide 

ammonia

Hydrogen Acetic 
acid Carbon 

dioxide

Methane Carbon 
dioxide

Carbonic acids 
and alcohols

Fats Fatty acids

Proteins Amino acids

Hydrolysis Acidogenesis Acetogenesis Methanogenesis

Figure 1. Anaerobic digestion stages.

period of time that leads to modified or altered behaviour 
(Van Harreveld, 2001) as shown in Figure 3. Thus, odour 
exposure to surrounding community is also a measurable 
data to validate odour emission issue from the palm oil 
mill. It seems probable that despite being noncompliant 
at source, odour may be minimal below the threshold at 
the boundary, which is less likely to be a nuisance to the 
surrounding community. The Nuisance Law approach will 
be implemented in Malaysia odour legislation.

ODOUR MEASUREMENT METhODS

A defined odour measurement method is described in 
standard MS 1963:2007 (olfactometry) set out by the 
Department of Standards Malaysia using n-butanol for 
equipment calibration and panel member selection. The 
odour assessment results are expressed in terms of   
OUm-3 EROM where one EROM is equivalent to 123 µg 
n-butanol.

IN FIELD ODOUR MEASUREMENT

Direct real time in-field odour measurement using 
olfactometer for ambient and boundary investigation 
will be conducted. Enhanced VDI3940 Grid Method is 
adopted to execute in field odour survey which include the 
determination of odour intensity, odour concentration and 
odour characters for a 10 min observation period at one 
location. 

The Scentroid SM100 in-field olfactometer as shown 
in Figure 4 incorporates a dilution device within a portable 
device, allowing direct odour concentration measurements 
to be carried out in real time in the field. The odour 
assessment method will involve the determination of 
odour intensity, odour concentration and odour characters 
followed that of Balch et al. (2015) and Bakhtari et al. 
(2016). At least three odour concentration (OUm-3) 
readings will be recorded and further supported by odour 
intensity of 0 (no odour) to 6 (extremely strong).
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Figure 3. Odour sensory nuisance to psychology effects chronology.

Figure 2. Palm oil mills odour emission level at source.
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Odour characters such as 'sour vinegar', 'rotten egg' 
or 'others' will also be noted during the field survey to 
better understand the odour impact on the surrounding 
communities. The odour survey form records the odour 
intensity and character, with a short description of the 
various scales and numbers described in the survey form 
for easy reference. The potential odour sources from on-
site observation will also be recorded to further support 
the detection of odour and understanding possible nearby 
contributors.

ODOUR SAMPLINg AT EMISSION POINT AND 
LAbORATORy ANALySIS

Odour sampling at emission point and laboratory analysis 
in an odour free room will be conducted for odour emission 
strength identification and odour control systems design. 
Samples will be collected into 10 litre Nalophan bag and 
sent to the odour laboratory for olfactometry analysis using 
the Scentroid SS400 dynamic olfactometer to determine 
its concentration expressed as OUm-3. Figure 5 shows 
the analysis of the odour sample at emission point in the 
laboratory using Scentroid SS400 dynamic olfactometer.

Figure 4. Scentroid SM100 olfactometer.

Figure 5. Scentroid SS400 dynamic olfactometer for odour source sample analysis.

Figure 6. OdoTracker TR8 portable gas sensors for H2S and 
NH3 level determination.

Hydrogen sulfide (H2S) and ammonia (NH3) levels in 
the odour samples were analysed using a portable multi-
sensor device, the OdoTracker TR8 (Scentroid, Canada) 
as shown in Figure 6.

PROjECT SITES

Odour exposure measurements in the survey will be 
carried out at the palm oil mills as shown in Figure 7 and 
boundaries as described in Table 2. The mills differed in 
terms of their effluent treatment system which affected 
the odour emission from the anaerobic ponds. The study 
boundaries for each location should be within 2 km radius 
and are determined based on the safe assessment into 
the established residential area. Thus, the boundaries 
distances are different for each study location as shown 
in Table 2.

PROjECT ObjECTIVES

1. To identify ammonia and hydrogen sulphide gas 
concentration in odour sample collected from 
respective anaerobic pond.

2. To establish the odour concentration (OUm-3) at the 
residential locations close to a palm oil mill using open 
ponding system (Figure 8a); covered lagoons (Figure 
8b) and tank digester (Figure 8c) for POME treatment.
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TAbLE 2. SURVEy LOCATIONS
POME treatment Location *boundary 1 *boundary 2
Open Pond Mill A, Kedah 0.8 km NE 2.0 km W
Covered Lagoon Mill B, Pulau Pinang 0.7 km W 1.0 km E
Digester Tank Mill C, Perak 1.4 km N 1.9 km SW

Note: * Boundary 1:- nearest residence, Boundary 2:- second-nearest residence to palm oil mill.

Figure 7. Palm oil mills locations involved in odour exposure measurements survey.

Figure (a) Open pondling. Figure (b) Covered. Figure (c) Digester tank.

RESULTS

The anaerobic pond odour complete with odorous gases 
contents assessments and in field boundary odour 
assessments for respective three selected palm oil mills 
were duly carried out according to the schedule as shown 
in Table 3.

TAbLE 3. PROjECT SChEDULE

Project
assessment

Normal crop Peak crop
Start End Start End

Anaerobic Pond 28 Jan 2019 30 Jan 2019 19 Aug 2019 21 Aug 2019
Boundaries Mill A 19 Feb 2019 21 Feb 2019 13 Aug 2019 15 Aug 2019
Boundaries Mill B 25 Feb 2019 27 Feb 2019 29 Jul 2019 31 Jul 2019
Boundaries Mill C 25 Mar 2019 27 Mar 2019 08 Jul 2019 10 Jul 2019

For each palm oil mill, one odour assessment at the mill 
gate as shown in Figure 9a was recorded as B0 and two 
community locations within 2 km radius from the respective 
mill as mentioned in Table 2 over three consecutive days as 
shown in Table 3. Three assessments have been carried 
out in a day for every location, started around 8.00am and 
ended around 8.00pm as shown in Figure 9b-d.

Current Palm Oil Mill Odour Emission Scenario against Proposed 
Department of Environment (DOE) Requirement

Figure 8. Establish the odour concentration (OUm-3) at the residential locations close to a palm oil mill.
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TAbLE 4. ODOUR INTENSITy DESCRIPTION
Intensity Odour strength Description

0 No odour Odour detection threshold (ODT)
1 Very weak Some doubt whether odour is actually present
2 Weak Odour is present but cannot be described precisely
3 Distinct The odour character is barely recognisable
4 Strong The odour character is easily recognisable
5 Very strong Odour is offensive and the exposure level is undesirable
6 Extremely strong Odour is offensive and instinctive reaction would mitigate against further exposure 

During in field odour concentration measurement, 
odour intensity was also recorded every 10 for 10 min to a 
scale of 0 to 6 following UK Environment Agency Guideline 
as shown in Table 4.

Odour intensity level 0 to 2 was recorded most of the 
times and intensity level 3 was occasionally recorded 
during in field assessments.

Figure 10 shows the correlation between the 
odorous gas content and odour concentration of the gas 
samples collected from anaerobic pond. Boundary odour 
concentration survey results are shown in Tables 5-7. 
Figure 11 shows the POME properties for in-flow and out-
flow of anaerobic pond during survey period.

Figure 10. Correlation between odourous gas content and 
odour concentration.

Figure (a.) Odour measurement
 at respective mill gate.

Figure (d.) Evening 
odour measurement at 

the boundary.

Figure (c.) Afternoon 
odour measurement at 

the boundary.

Figure (b.) Morning 
odour measurement at 

the boundary.

Figure 9. Odour assesment
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TAbLE 5. bOUNDARy ODOUR CONCENTRATION FOR MILL A (open pond)

Season: Normal

Time (m) b0 Time (m) b1 Time (m) b2

5 0 30 0 60 0

365 9.5 383 6.5 400 0

727 10.3 744 0 764 0

1 443 5 1 461 0 1 480 0

1 812 4.9 1 828 7.8 1 847 0

2 172 0 2 193 48.5 2 209 0

2 890 0 2 907 0 2 924 0

3 246 9 3 262 0 3 280 0

3 616 6.4 3 630 0 3 646 0

Season: Peak crop

Time (m) b0 Time (m) b1 Time m) b2

5 3.5 60 6.9 23 0

360 5 374 0 388 0

726 6.8 739 0 756 0

1 454 3.5 1 469 0 1 485 0

1 814 3.6 1 828 0 1 843 0

2 170 7.5 2 186 0 2 201 0

2 904 0 2 918 9.1 2 933 0

3 240 4.7 3 253 0 3 269 0

3 603 4.4 3 618 0 3 634 3.5
Note: Numbers in red indicate odour interference from local odour sources.
B0: at the mill gate, B1: nearest residence, B2: second-nearest residence to palm oil mill.

TAbLE 6. bOUNDARy ODOUR CONCENTRATION FOR MILL b (covered lagoon)

Season: Normal

Time (m) b0 Time (m) b1 Time (m) b2

5 0 20 0 58 6.5

370 3.5 386 0 404 95.8

725 0 738 0 755 0

1 450 0 1 465 0 1 482 0

1 810 0 1 825 0 1 840 108.4

2 170 3.7 2 185 0 2 202 0

2 890 10 2 908 0 2 922 0

3 250 3.7 3 265 0 3 273 4.1

3 600 3.5 3 623 3.5 3 638 0

Current Palm Oil Mill Odour Emission Scenario against Proposed 
Department of Environment (DOE) Requirement
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Season: Peak crop

Time (m) b0 Time (m) b1 Time (m) b2

5 3.5 20 0 33 3.9

355 0 370 0 386 0

720 0 734 0 750 0

1 427 0 1 440 3.5 1 457 0

1 782 3.5 1 800 0 1 817 6.5

2 163 0 2 179 0 2 194 3.5

2 876 0 2 887 3.5 2 903 0

3 229 3.5 3 242 0 3 257 4.6

3 600 3.5 3 612 0 3 628 0
Note: Numbers in red indicate odour interference from local odour sources.
B0: at the mill gate, B1: nearest residence, B2: second-nearest residence to palm oil mill.

TAbLE 7. bOUNDARy ODOUR CONCENTRATION FOR MILL C (digester tank)

Season: Normal

Time (m) b0 Time (m) b1 Time (m) b2

7 0 25 0 44 0

370 3.5 383 0 408 0

735 3.5 752 0 772 0

1 445 3.5 1 461 0 1 479 0

1 815 3.5 1 831 0 1 848 0

2 175 3.5 2 189 0 2 207 0

2 890 14 2 904 0 2 919 0

3 245 8.1 3 259 0 3 277 0

3 592 3.5 3 605 0 3 623 3.5

Season: Peak crop

Time (m) b0 Time (m) b1 Time (m) b2

8 4.1 27 0 42 0

370 6.6 387 0 408 0

730 3.5 746 0 763 7

1 450 3.5 1 467 0 1 485 0

1 802 10.6 1 816 0 1 835 0

2 165 6.9 2 181 0 2 198 0

2 892 3.5 2 909 0 2 926 0

3 250 3.5 3 268 0 3 286 0

3 607 0 3 621 34.2 3 638 0
Note: Numbers in red indicate odour interference from local odour sources.
B0: at the mill gate, B1: nearest residence, B2: second-nearest residence to palm oil mill.
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DISCUSSION 

The SM 100 Scentroid Olfactometer detection range is 
from 3.5 - 11355 OUm-3 was used for in field measurement 
whereas the Scentroid SS400 dynamic olfactometer 
detection range from 15 OUm-3  - 18643 OUm-3 was used 
for source samples measurement within 30 hr of sample 
collection. Thus, due to the predicted odour samples 
strength, pre-dilution was necessary prior to analysis. 
The Geometric Mean as shown in Equation (2) is used to 
compare and analyse the data properties.

OdoTracker TR8 (Scentroid, Canada) is equipped 
with electrochemical sensors for hydrogen sulpfide H2S 
detection range from 1 ppm to 2000 ppm with resolution 1 
ppm and ammonia detection range from 0 - 100 ppm with 
resolution 0.3 ppm.

Malaysia has tropical monsoon climate which is hot 
with normal ambient temperature ranging from 25°C to 
35°C, humidity up to 85% and rain throughout the year. 
The highest ambient temperature is usually recorded 
from 12.00 noon to 3.00 pm and the sun heating effect 
is negligible during 7.00 am to 7.00 pm. Thus, the micro 
organisms’ activities within the POME treatment ponds 
vary from day to night but remain in similar trend throughout 
the year. 

A bio-digester has been installed at Mill A since the 
first run during normal crop season as part of the palm oil 
mill effluent treatment system, which includes a covered 
anaerobic lagoon and a gas collection system. The bio-
digester precedes five open anaerobic lagoons, a facultative 
pond, aeration pond, and two settling ponds before final 
discharge. At the time of the odour assessment in the 
second run during peak crop season, the same effluent 
treatment plant configuration was present and although 
the bio-digester is completed, it was in the commissioning 
stage and yet to be fully operational. However, the odour 
concentration at source and in-field reduced significantly 
during the second assessment. Similar observation is also 
found on H2S and NH3 contents in gas samples collected 
from anaerobic pond compared to previous assessment. 
Thus, biogas capture reduces odour emission from palm 
oil mill via quarantine approach.

Survey results show that the odour concentration at 
source is very much higher than in-field odour concentration. 
The odorous gases contents vary with in-field odour 
concentration profile and are affected by environmental 
factors which influence microorganisms’ activities such 
as temperature, humidity and air pressure due to wind 
blow. Samples analysis shows that H2S contents are 
always higher than NH3 contents. Both odourous gases 
contents are in ppm. Thus, the disappearance of the odour 
effect is mainly due to gas dilution with atmospheric air. 
The ammonia threshold is 500-1000 µgm-3 whereas the 
hydrogen sulphide threshold is 1.5-150 µgm-3 (Ding Ying et 

Geometric Mean, GM = n√a1 x a2 x ... x an ;

(2)∆zi =  ai   if ai ≥ GM ; ∆zi = GM if ai < GM ; 1 ≤ ∆zi ≤ 1.5
        GM            ai

Current Palm Oil Mill Odour Emission Scenario against Proposed 
Department of Environment (DOE) Requirement

Figure 11. POME properties for in-flow and out-flow anaerobic pond during survey period.
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al., 2012). However, small portion of the odourous gases 
are decomposed via bacteria activities. Sulphur bacteria 
oxidises hydrogen sulphide via pathway (Startsev, 2017).

Ammonia is oxidised by nitrifying bacteria via complex 
autotrophic nitrification process that requires several 
enzymes, proteins and oxygen as shown in Equation (4).

Based on the empiric data and the threshold limits, 
the odour emission from palm oil mill is dominated by 
hydrogen sulphide.

Low correlation between the respective odourous gas 
and odour concentration as shown in Figure 10 indicates 
that the odour of the gas samples collected from the 
anaerobic pond are not single odourant effect but rather 
combination of various odourous gases generated from 
POME anaerobic fermentation. Although the amount of 
such odourous gases is regulated by the microbial activity, 
the odour concentration theoretically is proportional to 
the amount of odourant present in the gas sample. Thus, 
linear multivariate regression has been performed yield 
empiric odour model as shown in Equation (5) where x1 

is H2S content in ppm; x2 is, NH3 content in ppm and y is 
odour concentration in OUm-3.

The R2 value increases to 0.7854 with estimation error 
14573.7023 shows that besides H2S and NH3, other 
unidentified odorous gases exist and influent the odour 
concentration.

CONCLUSION

Experimental results showed that odour concentration at 
source ranges from 44 135 OUm-3 - 85 012 OUm-3 while 
H2S content ranges from 15.9 - 103.9 ppm and NH3 
content ranges from 4.1 - 16.6 ppm. Odour concentrations 
at residential locations are often dominated by local odour 
sources such as chicken farms. Odour emission levels 
at all residential surveyed areas identified as palm oil 

NH3 + O2 + 2H+ + 2e-     NH2OH + H2O     NO2
- + 5H+ + 4e- (4)

y = 372.9286x1 + 1718.5450x2 + 17419.7682 (5)

Appendix 1

Source Degree of freedom Sum of square Mean square F value

Regression 2 8551324254 4275662127 17.71520843

Residual 22 5309819930 241355451.4

Total 24 13861144184

mills origin were well below 10 OUm-3 most of the times 
although high level up to 108.4 OUm-3 has been observed 
occasionally.
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y Odour concentration OUm-3
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AbSTRACT

The effect of sterilisation on palm oil from different 
degrees of oil palm ripeness was investigated in terms 
of deterioration of bleachability index (DOBI) value. 
The experimental treatment was carried out at different 
temperatures and durations using Response Surface 
Methodology (RSM). Results showed that DOBI value in 
this study, ranging from 2.3 to 4.6, were recorded from 
crude palm oil (CPO) extracted from unripe and underripe 
fruits, respectively. Improved DOBI value was obtained 
compared to conventional method where optimum 
sterilisation process used was 90°C and in not less than 
80 min.

INTRODUCTION

The oil palm produces two different fats, namely, crude 
palm oil (CPO) and palm kernel oil (PKO). CPO is the 
oil extracted from the mesocarp of oil palm fruits. It 
consists of triacylglycerols (TAG) and minor components 
such as monoacylglycerides (MAG), diacylglycerides 
(DAG), phosphatides, esters and sterols, hydrocarbons, 
aliphatic alcohols, free sterols, tocopherols, pigments 
and trace metals. Free fatty acid (FFA) is one of the fatty 
acid derivatives present in CPO. The FFA exists as a 
consequence of cell damage in vegetable tissues during 
harvesting, storage, transport or initial processing. Cell 
damage can be caused by bruising of the fruits or seeds 
(Hadi et al., 2009), freeze-thaw cycling or hot and humid 
conditions (Siew and Mohamad, 1992) or microbial activity 
(Likeng-Li-Ngue et al., 2017). 

Palm oil quality and price depend on the FFA content 
in palm oil. The maximum FFA content set by the Palm 
Oil Refiners Association of Malaysia in CPO is 5%. Due 
to high demand in palm oil industry market nowadays, 
various work has been done to improve the quality of palm 
oil including added deterioration of bleachability index 
(DOBI) parameter to the Malaysia domestic sales of CPO 
contract since July 2004 (Junaidah et al., 2013). 

Enormous work has been done to date regarding the 
determination and reduction of FFA in CPO. At present, 
the milling equipment and the fresh fruits bunch (FFB) 
conditions play an important role to produce high or low FFA 
besides other factors mentioned above. Previous studies 
showed that temperature and duration of sterilisgfation 
also affect the FFA content when different degree of FFB 
ripeness was used (Junaidah et al., 2015). The results 
showed that increased degree of ripeness increases 
amount of FFA released due to microbial contamination 
and oxidation that occurs during sterilisation. However, 
compared to FFA, it is known that heating causes carotene 
to deteriorate and forming peroxides which lead to low 
DOBI or poor bleachability on the CPO extracted. 

Considering these problems, heating at lower 
temperature using dry treatment may be used to minimise 
deterioration of carotenes and hence, increase the DOBI 
value. At present, the only method of sterilisation of oil 
palm fruits being practiced is steam sterilisation. It is also 
known that carotenes content increases as the fruits ripen 
and it remained nearly constant. Therefore, the objective 
of this study is to establish data and measure the effect 
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of heat treatment during sterilisation process based on 
different degree of oil palm ripeness on DOBI of palm oil.

MATERIALS AND METhODS

Determination of Palm Fruit Ripeness
Oil palm fruits (Elaeis guineensis of tenera) of various 

degrees of ripeness were used. The FFB were obtained 
from a local palm oil mill situated in Labu, Negeri 
Sembilan. Samplings were performed according to MPOB 
FFB Grading Manual (MPOB, 2003) with assistance from 
certified mill FFB grader. 

Processing of Palm Fruitlets
With the aid of Design-Expert Version 6.0.1 software 

(Stat-Ease Inc., Minneapolis, USA), two variables central 
composite rotatable design (CCRD), with five replicates 
running at centre point was employed to study the effect 
of fruits sterilisation condition at different degree of 
ripeness on the response, namely DOBI, Y1-5 (Y1, unripe; 
Y2, underripe; Y3, ripe, Y4, overripe; Y5, loose fruits). The 
independent operating variables were heating; sterilisation 
temperature and time, X1 and X2, which vary between 
70°C to 90°C and 20 min to 90 min, respectively (Table 1).

TAbLE 1. EXPERIMENTAL RANgE AND LEVELS (coded and actual) OF 
ThE INDEPENDENT VARIAbLES (process factors)

Variables
Range and level

Lowest Low Centre high highest

-1.414 -1 0 +1 +1.414

X1 (°C) 65.86 70 80 90 94.14

X2 (min) 5.50 20 55 90 104.50

Sterilisation of Oil Palm Fruit
For each experimental run, oil palm fruits obtained 

from the mill were cleaned to remove dirt on the surface 
followed by heating under dry treatment. The heated oil 
palm fruits were peeled and the nuts were removed from 
the mesocarp. The peeled mesocarp was later extracted 
for its oil using soxhlet extraction.

Soxhlet Extraction
The peeled mesocarp was subjected to hexane 

extraction for 6 hr by using soxhlet extractor, at fruit to 
solvent ratio 1:4 (w/v). The solvent was then removed from 
the oil by using a rotary evaporator. 

DObI Analysis
Determination of DOBI and fatty acid composition was 

carried out using MPOB Test Methods p2.9:2004 and 
MPOB Test Method p3.4 Part 1:2004, respectively.

RESULTS AND DISCUSSION

The measured DOBI value throughout this study ranged 
from 2.3 to 4.6, with minimum to maximum values 
recorded from CPO extracted from unripe and loose 
fruits and underripe fruits respectively. The minimum to 
maximum range obtained from overall experimental runs 
were represented in Figure 1. 

The values of DOBI obtained (CPO derived from 
different degrees of fruits ripeness) in this study are 
still within the specification for production of Malaysian 
Standard Quality Grade II CPO (MS 814: 2007), i.e 
minimum 2.3. Figure 1 shows that unripe and loose fruits 
recorded narrow DOBI range. However, underripe fruits 
recorded the highest DOBI value followed by overripe, 
ripe, loose and unripe. In this study, higher DOBI from 
underripe fruits were obtained compared to overripe fruits 
as reported by Junaidah et al. (2013). This is probably 
due to solvent extraction employed in this study is able 
to extract more carotenes embedded in the mesocarp 
compared to mechanical press.

All degree of ripeness in this study shows high DOBI 
values compared to previous report (Junaidah et al., 
2013). This is due to lower temperature and duration 
employed during sterilisation as well as related ß-carotene 
content and condition of the fruits. When higher amount 
of carotenes is oxidised, DOBI value will decrease. The 
relationships between independent and dependent 
variables were shown in Figure 2, and the respective 
regression equations were shown in the equations 
1-5. The ANOVA (Table 2) showed that the model was 
significant. The model generated from this optimisation are 
acceptable with R2 of 0.9599, 0.9079, 0.9027, 0.8309 and 
0.7925 for unripe, underripe, ripe, overripe and loose fruit. 
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Note: The horizontal dotted line located at 2.3 represents the minimum DOBI specification for production of Malaysian Standard Quality Grade II CPO (MS 814: 2007).
Source: Junaidah et al., 2013

Figure 1. DOBI value (minimum to maximum range) for CPO extracted from different degree of fruits ripeness.

DOBI (unripe) = 3.02 + 0.27X1 + 0.25X2 – 0.1 X2
1 – 0.16X2

2 – 2.5e0.003X1X2 (1)

DOBI (underripe) = 4.52 + 0.071X1 + 0.16X2 - 0.17X2
1 – 0.27X2

2 – 0.027X1X2 (2)

DOBI (ripe) = 3.71 + 0.15X1+ 0.43X2 + 0.051X2
1  – 0.29X2

2 – 0.14X1X2 (3)

DOBI (overripe) = 3.80 + 0.38X1 + 0.039X2 (4)

DOBI (loose) = 2.97 + 0.25X1 + 0.28X2 (5)

TAbLE 2.  ANOVA OF ThE FITTED MODEL FOR UNRIPE, UNDERRIPE, RIPE, OVER RIPE AND LOOSE FRUITS

Source y1(unripe) y2(underripe) y3(ripe) y4(overripe) y5(loose)

X1 < 0.0001s 0.1193ns 0.0624ns < 0.0001s 0.0020s

X2 < 0.0001s 0.0052s 0.0004s 0.4969ns 0.0010s

X1
2 0.0205s 0.0056s 0.5026ns - -

X2
2 0.0019s 0.0004s 0.0048s - -

X1X2 0.9565ns 0.6427ns 0.1789ns - -

Model (p-value) 0.0032s 0.0070s 0.0020s 0.0001s 0.0004s

LOF (p-value) 0.0829ns 0.1981ns 0.2174ns 0.2331ns 0.0962ns

R2 0.9599 0.9079 0.9027 0.8309 0.7925

Adjusted R2 0.9313 0.8421 0.8333 0.7970 0.7510

Predicted R2 0.7638 0.5227 0.5056 0.6712 0.5998
Note: s- significant at p<0.05, ns- not significant at p>0.05, LOF- lack of fit.

As observed in Figures 2a-e, linear coefficient for 
processing temperature, (X1) has lesser effect on underripe, 
ripe and loose fruits but with greater effect on unripe and 
overripe fruits. This indicates that there was a significant 
effect of linear factor of time (X2) on DOBI. Figure 2a 
illustrates that DOBI increases when high temperature is 
used. However, this effect appears only when high heating 
duration was employed. Figure 2b shows that increase in 
DOBI occurred when temperature increased from 70°C to 

80°C or when heating duration decreased from 90 min to 
65 min. Figure 2c indicates that temperature has a positive 
effect on DOBI with longer heating duration. According to 
Figure 2d,  a continuous increase in DOBI can be noticed 
when temperature increases whereas Figure 2e shows 
interaction between temperature and time. It indicates that 
DOBI increases by increasing temperature and sterilisation 
duration. Both X1 and X2 for unripe and loose fruit seemed 
to play almost equal role in affecting DOBI.
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This result confirms previous finding made by Junaidah 
et al. (2013) that the change in processing temperature is 
less significant than the change in processing time. This 
might be due to the fruits started to ripen and each fruit 
contained almost similar carotenes content. Besides, they 
also contain almost similar fatty acid composition (Table 
3). Thus, their physical and chemical characteristics are 
almost similar. Besides, carotenes content increases 
significantly from unripe to ripe fruit and become nearly 
constant. This can also be observed from the yellowish 
colour of the unripe fruit compared to ripe fruit that are 
deeper red in colour.

The results from CCRD also showed the best 
conditions for the sterilisation to obtain the optimum DOBI 
value (Table 4). The suggested optimum temperature was 

90°C for all palm fruit ripeness except for underripe fruits, 
where lower temperature and shorter time are required. 
Thus, greater DOBI can be obtained when temperature 
for sterilisation was 90°C for duration of not less than 
80 min. The parameters were optimised with the target 
of obtaining maximum DOBI within the range for each 
parameter. Based on the results, DOBI continuously 
increased with time and temperature until it reached 
a maximum value. In this study, optimum temperature 
suggested by the software was within high temperature/
time range, indicating their carotenes are still preserved 
and not deteriorated. Further increases in temperature or 
time will maintain the maximum DOBI and later reduced 
when excessive oxidation occurred as observed by 
Junaidah et al. (2013). 

(a)

Figure 2. Response surface plot on the effects of sterilisation process on DOBI of CPO extracted; (a) unripe fruit, Y1 (b) underripe fruit, Y2 
(c) ripe fruit, Y3 (d) overripe fruit, Y4 and (e) loose fruit, Y5.
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TAbLE 3.  FATTy ACID COMPOSITION (wt % as methyl esters) DURINg RIPENINg OF FRUITS*

Fatty acid C14:0 C16:0 C18:0 C18:1 C18:2

Unripe 0.8 40.4 5.0 42.9 10.9

Underripe 1.0 47.2 0.9 40.2 10.7

Ripe 1.0 45.3 2.6 41.9 9.2

Overripe 1.7 48.5 2.5 38.9 8.3

Loose 1.2 48.0 1.0 40.1 9.7
Note: *fruits sterilised at 90°C for 90 min.

TAbLE 4. OPTIMUM STERILISATION PROCESSINg CONDITION FOR DIFFERENT DEgREE OF OIL PALM RIPENESS

Degree of ripeness
Process variables Predicted responses (DObI)

Desirability
X1(°C) X2 (min) y 1-5

Unripe 90 81 3.28 0.96

Underripe 82 65 4.54 0.97

Ripe 90 72 3.98 0.99

Overripe 90 90 4.22 0.92

Loose 90 85 3.46 1

CONCLUSION

This study showed that DOBI is influenced by fruit ripeness 
and sterilisation process. Greater DOBI is observed when 
lower sterilisation temperature was employed compared to 
conventional method. Based on fruit ripeness, all degrees 
of ripeness are able to produce satisfactory quality 
according to industrial standard and able to preserve the 
carotenoids content in the palm oil. 
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INTRODUCTION

Plant biomass and agro-industrial wastes have great 
potential to become candidate for low cost substrates for 
biotechnological processes. One such potential biomass 
feedstock in Malaysia is oil palm trunk (OPT). Felled OPT 
during replanting activity is available at an estimated 7.57 
million tonnes (based on 74.48 t ha-1 of dry OPT) from 
about 101 698 ha of committed areas due for replanting 
in 2018 (MPOB, 2018). OPT contains large quantity of sap 
as indicated by high moisture content (70%-85%) (Murata 
et al., 2013; Adela and Loh, 2015). The sap from felled 
OPT can be easily extracted using a simple mechanical 
pressing machine. The OPT sap, with high level of sugar, 
is readily fermentable into various desired products. 
Furthermore, its inherited and abundant amount of free 
amino acids, vitamins and minerals are supplements 
favourable for fermentation process (Kosugi et al., 2010; 
Komonkiat and Cheirsilp, 2013; Bukhari et al., 2019). 

Fermentation involves the use of microorganisms, i.e., 
bacteria, yeasts, fungi or a combination thereof to convert 
a substrate to the desired product. These microorganisms 
can synthesize various important compounds applicable in 
many industries, including food, chemical, pharmaceutical 
and energy production. Fermentation is initiated by 
introducing a selected microbial strain to a substrate of 
interest and further cultivating it under environmental 
conditions that favour cell growth and product formation. 
Fermentation can be classified into solid-state and 
submerged cultures; dependent on aerobic/anaerobic 
process with or without oxygen for different metabolic 
pathway of any selected strain (Chisti, 2010).

One of the key factors to be considered in deploying 
fermentation at an industrial level is cost of substrate in 
the form of digestible carbon source. Carbon source is the 
major component of primary focus in fermentation (Tan 
et al., 2016); thus, renewable, sustainable and cheap 
options derived from lignocellulosic or starchy biomass 
are very much sought after and have been exploited as 
a fermentation substrate. Nitrogen, the second major 
component in fermentation can be supplied either as 
inorganic nitrogenous salts or organic nitrogenous 
compounds. A fermentation substrate typically requires 
micronutrients such as vitamins as well as trace elements 
such as phosphorus, iron, zinc and sulphur (Chisti, 2010). 
This requirement which helps to achieve an optimum yield 
of the targeted product has contributed to higher overall 
production cost for commercial exploitation (Civelek 
Yoruklu et al., 2019).

Unlike other lignocellulosic biomass, the utilisation 
of OPT sap as a fermentation feedstock should be of 
industrial interest as no additional chemical or enzymatic 
treatment is required. This indeed significantly reduces 
major processing costs. In addition, there are no potential 
inhibitors and salts such as weak acids, furan derivatives 
and phenolic compounds resulted from chemical 
pretreatment of lignocellulosic biomass that tend to affect 
subsequent fermentation (Rumbold et al., 2010; Che Maail 
et al., 2014). A few previous studies have shown that OPT 
sap is suitable to be efficiently utilised as a fermentation 
substrate for production of ethanol (Adela and Loh, 
2015; Mohd Zakria et al., 2017), butanol (Komonkiat and 
Cheirsilp, 2013), bioproducts such as bioplastics (Lokesh 
et al., 2012) and a range of carboxylic acids (e.g. lactic 

Feature Article



[ 34 ]   Palm Oil Engineering Bulletin No. 133

Feature Article

acid and succinic acid) (Chooklin et al., 2011; Kunasundari 
et al., 2017; Bukhari et al., 2019).

ChARACTERISTICS OF OIL PALM TRUNK (OPT) SAP

It is of paramount importance to determine the chemical 
composition of OPT sap in evaluating its suitability as a 
fermentation substrate. A good substrate for fermentation 
must have sufficient sources of carbon, nitrogen and 
oxygen (in the case for aerobic culture) to support microbial 
growth and product formation. Supplementation of carbon 
source is generally accomplished in the form of sugars. 
Accordingly, the OPT sap contains high concentration of 
sugars with glucose being predominant (26.7 g litre-1, 62%), 
followed by sucrose (10.1 g litre-1, 24%) and fructose (5.9 
g litre-1, 14%) (Table 1). A somewhat similar sugars profile 
was reported elsewhere (Kosugi et al., 2010): glucose 
(49.5 g litre-1, 88%), sucrose (3.8 g litre-1, 7%) and fructose 
(3.1 g litre-1, 5%). The presence of nitrogen source at a 
high concentration of 1.27 g litre-1 (Bukhari et al., 2019) 
in OPT sap might be attributed to a copious amount of 
amino acids available in the sap; the dominant ones being 
aspartic acid, lysine, arginine and glutamic acid (Table 2). 

TAbLE 1. SUgARS CONCENTRATION IN OPT SAP
Sugar Concentration (g litre-1)
Sucrose 10.10 ± 2.08
Glucose 26.73 ± 5.06
Fructose 5.89 ± 1.79
Total 42.72 ± 5.78

Source: Bukhari et al., (2019)

TAbLE 2. AMINO ACIDS CONCENTRATION IN OPT SAP
Amino acid Concentration (µg g-1)
Aspartic acid 2630 ± 35
Serine 850 ± 42
Alanine 940 ± 42
Proline 950 ± 70
Valine 220 ± 35
Methionine 360 ± 49
Lysine 2255 ± 102
Isoleusine 75 ± 3
Leusine 95 ± 10
Phenylalanine 90 ± 14
Tryptophan 90 ± 0
Threonine 410 ± 28
Glutamic acid 1090 ± 183
Arginine 1970 ± 205

Source: Bukhari et al., (2019)

TAbLE 3. MINERALS CONCENTRATION IN OPT SAP
Mineral Concentration (µg g-1)
Calcium 152.33 ± 62.76
Iron 42.76 ± 37.66
Magnesium 278.76 ± 3.15
Manganese 6.37 ± 5.56
Phosphorus 184.81 ± 143.97
Potassium 4444.85 ± 8.27
Selenium 0.03 ± 0.00
Sodium 284.68 ± 194.91
Zinc 2.01 ± 0.04

Source: Bukhari et al., (2019)

TAbLE 4. VITAMIN CONCENTRATION IN OPT SAP
Vitamin Concentration (µg g-1)
Ascorbic acid 36.95 ± 18.46
Biotin 200 ± 0.00
Cobalamin 0.08 ± 0.00
Folic acid 0.07 ± 0.00
Niacin 7.70 ± 0.00
Pantothenic acid 4.88 ± 3.29
Pyridoxine 5.20 ± 0.00
Retinol 87.31 ± 0.00
Thiamine 1.12 ± 0.40
α-tocopherol) 3.25 ± 3.90

Source: Bukhari et al., (2019)

TAbLE 5. ORgANIC AND PhENOLIC 
COMPOUNDS IN OPT SAP

Compounds Concentration (µg ml-1)
Fumaric acid 78 ± 5.7
Malic acid 286 ± 15.1
Succinic acid 65 ± 3.9
Citric acid 190 ± 10.0
p-hydroxybenzoic acid 260 ± 14.1
Phthalic acid 11 ± 0.51
Iso-citric lactone 1.6 ± 0.01
3,4-dimethoxybenzoic acid 30 ± 1.2
Aconitric acid 15 ± 0.9
Vanilic acid 93 ± 6.0
Syringic acid 290 ± 19.0
p-coumaric acid 67 ± 2.7
Ferulic acid 39 ± 1.4

Source: Kunasundari et al., (2017)

Besides, various vitamins are also found in OPT sap; 
majority as biotin, retinol and ascorbic acid (Table 3). 
Other elements such as potassium, sodium, magnesium, 
calcium, iron and manganese are also available (Table 4). 
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OPT sap appears slightly acidic (~pH 5) due to presence 
of syringic acid, malic acid, p-hydroxybenzoic and citric 
acid (Kunasundari et al., 2017). The availability of various 
amino acids, vitamins and minerals in OPT sap is indicative 
of an excellent substrate for microbial fermentation.

bIOFUELS PRODUCTION

Biofuels are gaining interest scientifically and publicly 
driven by factors such as fluctuation of oil price, urge for 
an increased energy security and responsibility to mitigate 
greenhouse gas emissions from fossil fuels. Producing 
ethanol via fermentation of sugars to be blended with 
gasoline is a wise strategy able to reduce dependence on 
fossil fuels while reducing carbon footprints (Valdivia et 
al., 2016). A decade ago, Kosugi et al., had pioneered in 
exploring the potential of OPT sap for ethanol production 
(Kosugi et al., 2010). Ethanol was successfully produced 
from the sap using Saccharomyces cerevisiae Kyokai no. 
7, without nutrients supplementation, at a comparable rate 
and yield to the reference medium i.e. glucose as a carbon 
source. Later, Norhazimah and Faizal (2014) attempted 
to utilise different strains to produce ethanol from OPT 
sap and further optimise the fermentation conditions i.e. 
temperature and agitation. They found that 30°C was 
the best temperature for growth of strains S. cerevisiae 
(local), S. cerevisiae Kyokai no. 7 (ATCC 26622), S. 
cerevisiae JCM 2220 (ATCC 9804), Zymomonas mobilis 
JCM 10190 (ATCC 29191) and Zymobacter palmae JCM 
21091 (ATCC 51623); except for Pichia stipitis JCM10742 
(ATCC 58376) which grew well at 32.5°C. The study also 
demonstrated that S. cerevisiae is the most efficient strain 
that can produce ethanol from OPT sap.

Using similar yeast species (S. cerevisiae ATCC 
55618), Adela and Loh (2015) optimised the fermentation 
conditions, i.e. pH, temperature, inoculum size, nitrogen 
source, dilution effect and growth medium to enhance the 
production of ethanol. The optimum conditions obtained 
were pH of 4.0, temperature of 30°C and inoculum size of 
10% (v/v), without the requirement of exogenous nitrogen 
supplementation and substrate dilution. Regardless of any 
addition of nitrogen source (i.e. yeast extract, meat extract, 
peptone, urea, and ammonium chloride), the yeast rapidly 
fermented all sugars into ethanol. A representative ethanol 
fermentation profile of OPT sap, without the addition of 
nutrients is shown in Figure 1. A fermentation period of 
24 hr was best for ethanol production with 47.5 g litre-1 

ethanol and 0.5 g g-1 yield at 1.98 g litre-1 hr-1 formation     

rate (Table 6). This study demonstrates that OPT sap 
has sufficient nutrients to support fermentation by S. 
cerevisiae, and inhibiting substances during fermentation 
can be avoided as it affords the best ethanol production 
performance compared to that in reference medium i.e. 
yeast extract-peptone-dextrose (YPD) medium.

Some of the OPT sap samples have a lower sugar 
concentrations due to biodeterioration upon storage. 
Hence, those saps must be condensed via flat membrane 
filtration, then fermented using more robust thermotolerant 
yeast, e.g. Kluyveromyces marxianus TISTR5925 (Murata 
et al., 2015). K. marxianus offers some advantageous 
features for ethanol production over S. cerevisiae as it 
can withstand higher temperature. Ethanol production 
conducted at higher temperature between 35°C-40°C 
could significantly improve the energy efficiency of the 
process as less energy is anticipated due to a decreased 
fermentation tank size and distillation tower cooling costs.

As an alternative to ethanol, butanol has become more 
attractive due to some of its advantageous properties such 
as higher volumetric energy content, higher hydrophobicity, 
better blending ability, better compatibility with combustion 
engines, less corrosion and higher octane rating (Qureshi 
and Blaschek, 2001). A study by Komonkiat and Cheirsilp 
(2013) revealed that OPT sap is a promising substrate 
to produce butanol by Clostridium acetobutylicum DSM 
1731, attaining an optimum butanol production of 14.4 g 
litre-1 and yield of 0.35 g g-1, without any supplementation 
of nutrients (Table 6).

LACTIC ACID PRODUCTION

Lactic acid has many applications in food, cosmetic, 
pharmaceutical and chemical industries (Ye et al., 2013). In 
recent years, lactic acid has gained considerable attention 
because of its potential use as a precursor for production 
of polylactic acid (PLA), a biodegradable polymer used to 
develop commodity plastics. PLA is attractive because 
of its mechanical properties that resemble those of 
conventional plastics such as polyethylene, polypropylene 
and polystyrene (Sudesh and Iwata, 2008). Kosugi et al., 
proved that sugars contained in OPT sap were readily 
converted into lactic acid by homolactic acid bacterium, 
Lactobacillus lactis ATCC19435 with production efficiency 
comparable to the reference Modified Strullu and Romand 
(MSR) medium using glucose as a substrate.
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Similar to ethanol fermentation, the cells for lactic 
acid grow well too without requiring additional nutrients; 
achieving a theoretical yield of 90% based on total sugars 
consumption (Kosugi et al., 2010). Later, Chooklin et 
al., (2011) evaluated a different species, Lactobacillus 
casei TISTR 1500, in producing lactic acid. However, this 
bacteria could only exhibit higher biomass and lactic acid 
yields when MRS medium was supplemented to OPT sap 
fermented at 37°C and pH 5.5 using 20 g litre-1 of total 
sugars (Chooklin et al., 2011).

Kunasundari et al., (2017) isolated a new bacteria 
capable of producing lactic acid, namely Bacillus coagulans 
strain 191, and fermented it in OPT sap under non-sterile 
conditions. The deployed pretreatment to remove excess 
phenolics and minerals in the OPT sap via alkaline 
precipitation improved the sugar fermentability, which 
subsequently afforded a very high lactic acid yield of 92% 
and productivity of 2.64 g litre-1 hr-1 (Kunasundari et al., 
2017). Furthermore, the use of a thermophilic bacterium 
has facilitated the non-sterilised lactic acid fermentation in 
OPT sap, which is susceptible to microbial contamination. 
Heating step can be omitted using non-sterilised operation 
condition hence, lower energy is required (Kunasundari 
et al., 2017). Additionally, the degradation of sugars and 
decoloration of raw material, as a result of sterilisation, can 
also be avoided (Qin et al., 2009).

SUCCINIC ACID PRODUCTION

Succinic acid is a versatile precursor to various commodity 
and specialty chemicals. It has conventionally been 
produced in small quantities from the petrochemical, 
n-butane, via catalytic hydrogenation of maleic anhydride. 
Succinic acid or its derivatives can be used directly as a 
source of food additives, pharmaceuticals, surfactants, 

detergents, solvents, biodegradable plastics and fuels. 
Succinic acid’s greatest market potential, though, would be 
its use as an intermediary commodity chemical feedstock 
for producing bulk chemicals, stronger-than-steel plastics, 
ethylene diamine disuccinate (a biodegradable chelator) 
and diethyl succinate (a green solvent for replacement of 
methylene chloride) (Zeikus et al., 1999). Succinic acid can 
be produced from renewable feedstocks via fermentation 
of glucose using natural producers or engineered 
microorganisms, such as Actinobacillus succinogenes, 
Anaerobiospirillum succiniciproducens, Mannheimia 
succiniciproducens, Corynebacterium glutamicum and 
recombinant Escherichia coli (Akhtar et al., 2014). Among 
these strains, A. succinogenes is the most promising due 
to its ability to naturally produce succinic acid at high 
concentration from a broad range of carbon sources 
(including glucose, cellobiose, lactose, xylose, arabinose 
and fructose) (Shen et al., 2015).

Recently, our group reported on the possibility 
of converting OPT sap into succinic acid using A. 
succinogenes 130Z (ATCC24860) (Bukhari et al., 2019). 
In this study, we have optimised the most suitable 
fermentation conditions (i.e. pH, temperature) and the 
appropriate medium components (i.e. carbon, nitrogen) 
in achieving the maximum succinic acid production. 
The optimised fermentation conditions were at pH 6.5-
7.5, temperature of 37°C, carbonate loading of 30-40 g 
litre-1, without nitrogen supplementation under anaerobic 
conditions. The performance of A. succinogenes to 
synthesize 26% more succinic acid in OPT sap as 
compared to its reference medium using technical grade 
sugars manifested the suitability of the feedstock in 
succinic acid fermentation as it contains all the required 
nutrients favourable for A. succinogenes growth (Figure 2). 
Succinic acid production in OPT sap reached a maximum 

Figure 1. Time course of ethanol production by S. cerevisiae using 
oil palm trunk (OPT) sap. Reference fermentation was carried out in 
yeast extract-peptone-dextrose (YPD) medium (1% yeast extract, 
2% peptone and 2% dextrose).
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Figure 2. Time course of succinic acid production by A. succinogenes 
using oil palm trunk (OPT) sap. Reference fermentation was carried 
out in defined medium [0.02% MgCl2•6H2O, 0.02% CaCl2•2H2O, 
0.3% KH2PO4, 0.1% NaCl, 1.5% yeast extract and 4.0% MgCO3].
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concentration of 20.3 g litre-1 within 24 hr compared to 
only 13.7 g litre-1 in the reference medium. This may be 
attributed to the additional nutrients compositions in OPT 
sap i.e. vitamins and minerals.

Apart from better yield, the fermentation in OPT sap also 
generated less by-products i.e. acetic acid and formic acid. 
A total of 11.63 g litre-1 of by-products was accumulated in 
substrates containing yeast extract compared to only 4.73 
g litre-1 in non-supplemented sap (Bukhari et al., 2019). 
As acetic acid and formic acid have close properties with 
succinic acid, their presence  lead to difficulties during 
purification step (Tan et al., 2016). The lower accumulated 
by-products from the non-supplemented OPT sap allows 
for an easier and cheaper downstream process.

CONCLUSION

The major advantages in using OPT sap for bioconversion 
are (1) inexpensive, as no additional chemical or enzymatic 
treatment is required, (2) excellent properties (high 
concentrations of sugars, nitrogen, amino acids, vitamins, 
and minerals), (3) high/satisfactory yield of desired 
products, and (4) low by-products formation, thereby 
making the fermentation process economical. Considering 
more than 7.5 million tonnes of OPT are felled annually in 
Malaysia, the OPT sap is indeed an important resource for 
downstream processing of biofuels and bioproducts. 
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The palm oil industry has been facing substantial 
challenges in terms of low oil prices with negative 
perceptions on issues related to sustainability and forest 
conservation. The European Union has restricted palm oil 
as a biofuel feedstock starting from 2023 and will fully be 
banned by 2030. Various actions have been taken by the 
Ministry of Primary Industries (MPI) to rectify the negative 
perception of palm oil including disseminating information 
on palm oil nutrition, sustainable cultivation, opening new 
markets for export of palm oil, promotion of value-added 
downstream products development and so on. One such 
initiative to increase palm oil utilisation in the country is 
through the National Biodiesel program.

Malaysia’s National Biodiesel Programme started with 
B5 Programme, a blend of 5% palm biodiesel in petroleum 
diesel for the transportation sector in Jun 2011 and then 
upgraded to B7 involving 7% of palm biodiesel in 2014. 
Recently, biodiesel blending ratio has been made higher 
with the mandatory B10 implementation on 1 February 2019 
in the transportation sector and B7 in the industrial sector. 
The biodiesel program serves as an effort in balancing 
economic growth and environmental sustainability through 
the use of palm oil for renewable energy generation.  

In preparing for higher blend palm biodiesel 
implementation, the government through MPOB has been 
actively conducting field trials with various stakeholders 
using more than 10% palm biodiesel blend such as B15, 
B20, B30 and B100.  The government has allocated 
RM2.5 million to support research collaboration between 
MPOB and six universities i.e; Universiti Malaya (UM), 
Universiti Teknologi Malaysia (UTM), Universiti Tun 
Hussein Onn Malaysia (UTHM), Universiti Teknikal 
Melaka (UTeM), Universiti Kuala Lumpur (UniKL MFI) and 
Universiti Nottingham Malaysia Campus on engine testing 

using higher palm biodiesel blends up to B30 for Euro IV/4 
engine technology and below. Such collaboration brings 
together the expertise of MPOB and local academics in 
addressing issues covering all aspects of comprehensive 
engine testing of B30 for two to three years. Memorandum 
of Agreement (MoA) exchange ceremony between MPOB 
and the respective universities, witnessed by Dato’ Dr. Tan 
Yew Chong, former Secretary General, MPI was held on 
10 October 2019 at MPOB headquarters, Bandar Baru 
Bangi (Figure 1).

Figure 1. MoA exchange between MPOB and six universities on higher 
biodiesel blend engine testing at the Boardroom, MPOB Head Office on 

10 October 2019.

MPOB has also initiated collaboration with international 
bodies i.e. the Japan Automobile Manufacturers 
Association (JAMA) for B20 study using Euro V/5 engine 
technology. The study involves into two focus areas which 
are laboratory tests at the Japan Automotive Research 
Institute (JARI), Japan and on-the-road test in Malaysia. 
The laboratory tests in Japan are on-going and the 
expected completion will be in April 2020 while the on-
the-road test in Malaysia began in September 2019. Flag 
off for the on-the-road test event by Madam Teresa Kok, 
former Minister of Primary Industry, Dato’ Dr. Tan Yew 
Chong, former Secretary-General, MPI and Dr. Ahmad 
Parveez Ghulam Kadir, Director-General, MPOB was held 
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Figure 2. Flag off B20 road test at fuelling station, MPOB Head Office 
on 10 October 2019.

Figure 3. MoA exchange between MPOB and petroleum companies 
for upgrading biodiesel blending facilities at Kuala Lumpur Convention 

Centre (KLCC) on 21 November 2019.

on 10 October 2019 at the fuelling station located in MPOB 
Head Office (Figure 2).

Besides, MPOB has also carried out B20 trials projects 
with Selangor State Local Authority, vehicle manufacturer 
/distributor (OEM) and transport companies such as FGV 
Transport Services Sdn. Bhd., CJ Century Logistic Sdn. 
Bhd., SOP Transport Sdn. Bhd., and Tiong Nam Logistics 
Solutions Sdn. Bhd. In addition, a total of 35 MPOB 
vehicles at the MPOB Head Office, Bandar Baru Bangi 
have also been using the B20 fuel since June 2019 without 
any problems. This shows how serious and thorough that 
the government is especially on technical aspects in 
determining future B20/ B30 biodiesel implementation.

 Trend in using higher biodiesel blends e.g. B20 
and B30 can been seen in other countries especially in 
Indonesia, recording year-after-year aggressive increase 
of biodiesel blending ratio. B20 program in Indonesia 
was implemented since January 2016 but higher 
blends of B30 indeed is targeted by 2020. To date, the 
undertaken B30 study is on-going by Indonesia involving 
cooperation between government agencies, the Biodiesel 
Manufacturers Association (APROBI) and the Indonesian 
General Association (GAIKINDO).

On top of the technical aspects on concerning B20/
B30 usability in engines, the ability of existing biodiesel 
blending facilities at petroleum depots to supply B20/B30 
is crucial too. In order to support higher biodiesel blend 
implementation, existing blending facilities owned by 
petroleum companies i.e. Petronas Dagangan Berhad, 
Shell Malaysia Trading Sdn. Bhd., Petron Malaysia 
Refining and Marketing Bhd., Chevron Malaysia Limited 
and Boustead Petroleum Marketing Sdn. Bhd., will be 
upgraded to cater up to B30 through financial assistance 
by the government. MPOB has been given responsibility in 

coordinating and monitoring the upgrading work. Madam 
Teresa Kok, former Minister of Primary Industry has 
witnessed the MoA exchange ceremony between MPOB 
and petroleum companies to conduct engineering design 
for upgrading work on 21 November 2019 at Kuala Lumpur 
Convention Centre (KLCC), Kuala Lumpur (Figure 3).

One step ahead, B20 programme has been 
implemented by phases in January 2020 starting first 
at Langkawi and Labuan Island. The use of 20% palm 
biodiesel has been officially launched by Dato’ Seri Dr. 
Wan Azizah Wan Ismail, former Deputy Prime Minister 
of Malaysia on 20 February 2020 (Figure 4). B20 
implementation programme will followed by Sarawak in 
April 2020, Sabah in August 2020 and full implementation 
for whole Peninsular Malaysia in June 2021.

The government’s seriousness in increasing utilisation 
of palm biodiesel locally through the National Biodiesel 
Programme has not only benefited the palm oil industry, but 
also paved the way for sustainable energy development in 
the country for future generations. 

Figure 3. Launching of B20 programme by Dato’ Seri Dr. Wan Azizah 
Wan Ismail, former Deputy Prime Minister of Malaysia at Dataran 

Merdeka, Kuala Lumpur on 20 February 2020.
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