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Abstract - Palm kernel cake (PKC) is a potential mannan rich by-product from palm oil processing.Thoughit is currently being 
used as a low cost animal feed, ithas potential as a carbon source for bio-products such as industrial enzymes, bio-lactate and 
biofuels. Mannanase producing bacteria were isolated from PKC and 54 of them had the ability to hydrolyse mannan in the 
preliminary screening.  The best mannanase producing strain with the ability to produce lactic acid and utilise various sugar 
types was selected (NM009). The isolated strain produced β-mannanase optimally at 37oC, pH 7 within 24-48 hours on locust 
bean gum. The isolated strain was also capable of utilising a wide range of sugars to produce D- lactic acid, a high value 
industrial product. Strain NM009 was identified by 16S rRNA analysis and identical to Bacillus tequilensis. This isolated 
organism is therefore a promising candidate in the production of D- lactic acid from lignocellulosic biomass, which can be 
further applied in several biorefinery processes. 
 
Index Terms - Endo-1,4-β-D-mannanase, lactic acid, Palm kernel cake, biorefinery 
 
I. INTRODUCTION 
 
Depletion of oil stocks combined with the rising 
worldwide energy demand has generated an increasing 
interest in fuels and chemicals derived from renewable 
feedstocks. Utilisation of non-edible lignocellulosic 
biomass for production of alcohol fuels and 
commodity chemicals have been widely accepted as a 
promising alternative due to its surplus availability 
with no competition with the food supply and 
importantly the carbon neutral nature of the feedstocks 
[1]. Various agricultural wastes and woody biomass 
have been explored for their potential as starting 
materials in biorefinery industry. Lignocellulose is a 
multi-component structure composed of cellulose and 
hemicellulose covered by a lignin shield. 
Hemicellulose is the second most abundant 
biopolymer in the plant cell wall consisting of two 
important components, 1,4-β-D-xylans and the 
hetero-1,4-β-D-mannans where their ratios vary 
among different biomass [2]. 
 
Oil palm is one of the most commercial oil crops in 
tropical regions widely utilised for the production of 
palm oil and biodiesel. Growing demand for palm oil is 
significantly increasing, resulting in abundant amounts 
of palm oil by-products. Palm kernel cake (PKC) is one 
of the main by-products from the palm oil industry, 
obtained from the post-extraction process of oil from 
palm kernel [3]. It contains approximately 50% 
carbohydrate content, comprising mainly mannan as 
the main hemicellulose. Sugars in PKC are mainly 
hexose i.e. mannose (35-45%) and glucose (7-12%) 
and trace amounts of pentoses (xylose and arabinose) 
[4]. Complete saccharification of the mannan requires 
mannanolytic enzymes including 

endo-1,4-β-mannanase, β-mannosidases, and 
α-galactosidases for the conversion of PKC to 
fermentable sugars [5]. β-Mannanase 
(endo-1,4-β-D-mannanase, EC 3.2.1.78) is the key 
hydrolase that catalyses random hydrolysis of 
β-1,4-mannosidic linkages in the main chain of 
mannans and produces mannooligosaccharide [6]. 
Various β-mannanases have been purified and 
characterised from a wide range of bacteria and fungi 
such as Bacillus licheniformis DSM13, Bacillus 
subtilis YH12, Aspergillusniger BK01, and 
Talaromycesleycettanus JCM12802 and some other 
organisms such as Reticulitermessperatus [7]. These 
enzymes are mostly extracellular and work optimally 
in a wide range of pH and temperatures. They are 
commonly used in food and feed, pulp and paper 
processing, pharmaceutical, and textile industries [8]. 
However, research on enzymatic processing of PKC 
for its utilisation as a sugar platform for conversion to 
fuels or chemicals is very limited. 
 
There has recently been widespreadinterest in the 
utilisation of renewable feedstocks, such as 
agricultural residues for lactic acid production [9]. 
Lactic acid (LA) is widely used in food, 
pharmaceuticals, cosmetics and chemical industries. 
The demand for LA is increasing especiallyfor 
production of poly-lactic acid (PLA). In PLA 
synthesis, optically pure products (D or L-enantiomer) 
are desirable in order to prepare PLA with different 
compositions which result in variations in physical 
properties of theproducts [10]. LA produced by 
microbial fermentation is preferred over chemical 
synthesis as the optically pure D or L forms can be 
obtained.  In this study, isolation of mannanase 
producing bacteria from mannan-rich PKC and some 
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characteristic of its β-mannanase are demonstrated. 
The current study also shows the possibility of the 
strain NM009 to utilise various sugar types for lactic 
acid production, which shows its potential for further 
application in the conversion of lignocellulosic 
biomass to fuels and chemicals. 
 
II. METHODOLOGY 
 
2.1 Screening and isolation of mannanase 
producing bacteria 
Isolation of mannanase producing bacteria was 
achievedby making serial dilutions of PKC and 
spreading on mannan-containing medium with a 
composition of 0.1% yeast extract, 0.1% peptone, 
0.02% MgSO4, 0.14% K2HPO4, 0.1% (NH4)2SO4, 
1.5% bacto agar and 1% locust bean gum. The plates 
were incubated at 37oC for 24h - 48h, and 54 bacterial 
isolates with mannan hydrolysing potential were 
isolated. Further quantification of mannanse 
production by the isolates were performed by 
inoculating each single colony on a TSA plate 
overnight. Mannolytic activity was determined by 
clear zone based on staining media using 0.4 % (w/v) 
Congo red [11]. Isolates that have high mannolytic 
activity were used for the production of mannanase by 
subsequently inoculating 1% mannan-containing 
liquid media with an overnight plate culture. The 
isolated strain was further confirmed by 16s rRNA 
sequencing.  
 
2.2 Optimisation of mannanase production  
The mannanase production under optimised conditions 
by isolated strain was investigated. The seed culture of 
isolated mannanase producing bacteria was prepared 
by inoculating one single colony into 50 ml of tryptone 
soya broth liquid medium (1.5% tryptone, 0.5% soya 
peptone, and 0.5% NaCl) and incubated at 37oC for 
overnight. For the production of mannanase, 1 ml of 
seed culture was inoculated into tryptone soya broth 
with 1% locust bean gum and incubated at various 
temperatures for 24, 48, and 72h. The cells were then 
centrifuged at 4000 x g for 15 min at 4oC. The cell-free 
supernatant was used as a crude enzyme preparation. 
Growth was determined by taking the optical density 
(OD), and the fermentation medium was analysed 
periodically for mannanase production.  
 
2.3. Assay of mannanase activity  
β-Mannanase activity was determined by using the 
3,5-dinitrosalicylic acid (DNS) method. The assay 
reaction containing 0.167 mL of appropriated diluted 
enzyme and 0.167 mL 0.5% (w/v) LBG in 0.1 M 
potassium phosphate (pH 7.0) was incubated at 60°C 
for 10 min and terminated by the addition of 1 mL 
DNS reagent. The assay mixture was boiled in a water 
bath for 5 min and cooled to room temperature. The 
absorbance was measured at 575 nm. One unit of 
β-mannanase activity was defined as the amount of 
enzyme that liberates 1 μmol of reducing sugar per min 

under the above conditions. 
 
2.4. Conversion of various sugars to lactic acid 
A single colony of isolated strain grown on tryptone 
soya agar (TSA: 1.5% tryptone, 0.5%  soy peptone, 
0.5% sodium chloride and 1.5% agar) was inoculated 
into 50 mL of sterile Salt Peptone Yeast Extract (SPY) 
medium, pH 7.0 (1.6 % soy peptone, 0.8 % yeast 
extract, and 0.5% sodium chloride) in a 250 mL baffled 
flask. The culture was incubated aerobically at 37oC 
until the OD600 reached 7-8. Various sugars were used 
as carbon source including glucose, mannose, xylose, 
and arabinose). The bacterial culture was then 
inoculated at a ratio of 1:10 (v/v) into a 15-mL 
screw-capped tube containing 2% of sugar in tryptone 
soya broth (TSB: 1.5% tryptone, 0.5% soy peptone, 
and 0.5% sodium chloride). The inoculated samples 
were then fermented by incubating at 37 oC for 24 h 
with shaking at 250 rpm. Samples were collected 
periodically to analyse lactic acid production, after 
centrifugation and filtration. 
 
2.5. Analysis of metabolic products by high 
performance liquid chromatography 
The amount of lactate after fermentation was 
determined on an Agilent HPLC system (Agilent 
Technologies, Santa Clara, CA) equipped with a 
refractive index and UV detector. Separation was 
performed on a PhenomenexRezex RHM 
Monosaccharide H column (300 m x 7.8 mm, 
PhenomenexInc, Torrance, CA) at 65 oC for 30 min 
with a flow rate of 0.6 mL/min and 5 mM H2SO4 as the 
mobile phase. A dilution effect of the inoculum and the 
buffers were taken into consideration during 
calculations for lactic acid yield. Confirmation of 
D-lactate was done in a Chirex 5 µm Chiral IV (ligand 
exchange) 3126, (R)- / D-Penicillamine, 50 x 4.6 mm 
ID column (Phenomenex) was operated at 22oC, 
running at 0.7 ml/min in 1 mM CuSO4.5 H2O (made up 
in ultrapure water (18.2 MΩ.cm-1). The UV detector 
was set to 254 nm. 10µl samples were injected and the 
program run for 20 min. The retention times of L and D 
lactate were determined separately and then calibration 
was performed with a mixture of both isomers between 
1.25-10 mM. 
 
III.  RESULTS AND DISCUSSION 
 
3.1 Isolation and screening for mannanase 
producing strains. 
The preliminary screening of the β-mannanase 
producing bacteria was achievedon locust bean gum 
containing agar plate. Fifty-four isolates were selected 
based on clear zones around the colonies compared to 
the control, which indicate the hydrolysis of mannan 
(Fig.1). All isolates showed the ability to hydrolyse 
mannan on agar plate with different sizes of clear zone. 
This revealed that the isolated strains were able to 
produce β-mannanase at different level. 
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               (a)                                                 (b) 

Fig.1. The appearance of clear zone around the bacteria 
growth after flooding with 0.4% (w/v) congo red for 15 min and 

washing with 0.5M NaCl. (a) Control, (b) Isolate NM009. 
 
3.2 Screening for mannanase production on liquid 
media and characterisation of mannanase 
All isolates with ability to hydrolyse mannan from 
primary screening were grown on TSB containing 1% 
of mannan as carbon source for the production of 
mannanase. The isolates were also grown on TSB with 
1% glucose for confirmation of metabolic products. 
One isolate (NM009) with the highest mannanase 
production and ability to produce lactic acid was 
selected for further study. The optimisation of growth 
condition with temperature and pH was done to obtain 
the maximum activity of mannanase. The effects of 
temperature and pH on production of mannanase were 
examined under standard assay condition using locust 
bean gum as substrate. The isolated strain was able to 
grow and produce mannanase at different temperatures 
and pH. The highest mannanase production (40.5 
U/ml) of this isolated strain was found to be at 37oC 
and pH 7 (Fig.2.). This is in agreement with other 
mannanase production reported previously [12]. 
However, this isolated strain was able to grow and 
produce mananase in a wide range of pH and 
temperatures. 
(a)

 

 
(b) 

Fig. 2. Effects of temperature and pH on mannanase production 
by isolated strain. (a) Temperature, (b) pH. 

 
Growth rate of this isolated strain was determined by 
measuring optical density at 600 nm during the enzyme 

production at 37°C for 24-72 hours. Mannanase 
activity in the culture medium reached a maximum 
level of production after cultivation at 37°C for 48 h 
(Fig. 3). The result showed that the isolated strain was 
able to produce mannanase in a short period of time as 
compared to the previous reports [7]. This result thus 
suggested the opportunity for its industrial application.   

 
 
Fig. 3. Growth curves of isolated strain and extracellular 

mannanase production profile on TSB containing 1% LBG 
medium at 37°C. 

 
3.3 Lactic acid production from various sugar types 
in a defined media. 
The isolated strain was tested for various sugar 
fermentation to determine its ability to convert various 
sugars related to biomass to lactic acid. The isolated 
strain was able to utilise glucose, mannose, xylose, and 
arabinose, with lactate as a metabolic product.  The 
isolated strain could also utilise galactose as a carbon 
source for lactate production (data not shown).  The 
ability to utilise a wide ranges of sugars makes this 
strain a potentially attractive industrial strain in a 
biorefinery process concept for producing valuable 
biochemicals.  
 

 
Fig. 4. Production of lactic acid on various sugars by strain 

NM009 after 24 h fermentation in TSB media. 
 
CONCLUSION 
 
In summary, the novel isolated strain NM009 from 
mannan rich palm oil processing by-product (PKC) 
had the ability to produce β-mannanase in a short 
period of time to achieve the maximal level of enzyme 
production. The ability to utilise various sugars to 
produce lactic acid as an industrial product was also 
demonstrated in this isolated strain. The superior 
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characteristics of NM009 (wide pH and temperature 
range) provide the basis for efficient andeconomic 
production of D-lactic acid from low-cost 
lignocellulosic feedstock as part of an 
integratedbiorefinery. 
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