
JOBIMB, 2016, Vol 4, No 2, 7-15 

 

- 7 - 
 

 
 

Kojic Acid Esters: Comparative Review on its Methods of Synthesis  

 
Nurazwa Ishak1, Ahmad Firdaus B. Lajis1,2, Rosfarizan Mohamad1,2, Arbakariya B. Ariff1,2, Murni Halim1,2 and 

Helmi Wasoh1,2* 
 

1Department of Bioprocess Technology, Faculty of Biotechnology and Biomolecular Sciences,  
Universiti Putra Malaysia, 43400 UPM SERDANG, Selangor, Malaysia. 

2Bioprocessing and Biomanufacturing Research Centre, Faculty of Biotechnology and Biomolecular Sciences,  
Universiti Putra Malaysia, 43400 UPM SERDANG, Selangor, Malaysia. 

 
*Corresponding author: 

Dr. Helmi Wasoh, 
Department of Bioprocess Technology, Faculty of Biotechnology and Biomolecular Sciences,  

Universiti Putra Malaysia, 43400 UPM SERDANG, Selangor, Malaysia. 
Tel: 03-8947 1947 

Email: helmi_wmi@upm.edu.my  
 

 
 
INTRODUCTION 

 
5-hydroxy-2-hydroxymethyl-4-pyrone is commercially known 
as kojic acid (KA), an organic acid best produced from several 
carbon sources in an aerobic fermentation by many species of 
Aspergillus, Penicillium and Acetobacter [1, 2]. The importance 
of KA is recently focused on its role as skin depigmenting agent 
in cosmetic formulation. KA is water soluble and has low 
stability towards light exposure. KA has also been criticised for 
weak depigmenting effect and unstable for long storage. The 
hydrophilic property of KA has restricted its application in 
cosmetic, oily food and pharmaceutical products [3, 4]. In order 
to improve the chemical and biological activities of KA, its 
derivatives with new and improved chemical properties and 
biological activities needs to be developed. Various KA 
derivatives such as KA esters have been synthesized at 
industrial scale. The chemical and biological activities of KA 
could be improved by the development of new kojic acid 
derivatives.  
 

KA does not exert any antifungal activity but KA 
derivatives (azidokojate) exert strong antifungal activity when 
compared to other newly prepared compounds [5]. KA peptide 
and KA-halogen derivatives inhibited growth of various 
bacteria and fungus species such as Pythium graminicola, 

Fusarium oxysporum, Rhizoctonia solani species, Bacillus 

subtilis, Psedomonas aeruginosa, and Candida albicans [6-8].  
 

The radioprotection of KA-manganese and zinc complexes 
against chronic dose of γ-irradiation in mice has been reported 
by Emami et al. [9], suggesting that these derivatives may be 
used as radioprotecting agents. KA-manganese derivative also 
showed neuroprotective activity against neurological disorders 
[10]. Pyronyl-acrylic acid esters which share structural features 
of kojic acid and hydroxylated cinnamic acid and their abilities 
to inhibit tyrosinase and melanin production have been 
evaluated [11]. Kojic acid derivatives possessing diethylene 
glycol moieties were found to inhibit melanin production by 
20%, which was higher than that obtained bykojic acid (15.8%). 
KA esters as prospective anti-oxidants were also reported where 
the capability of KA-3,4-methylenedioxy cinnamic acid ester to 
inhibit lipid peroxidation in HaCaT keratinocytes is about 47% 
higher than tertbutylhydroperoxide, which was used as a 
positive control [12]. KA esters also have radical scavenging 
activity that prevents wrinkles and the aging process [13]. 
 
Kojic Acid Ester 

 
Kojic acid esters, one type of kojic acid derivatives, are high 
molecular weight esters derived from kojic acid and long chain 
fatty acids. The fatty acid reacts at the C-5 and C-7 of hydroxyl 
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 ABSTRACT 

In this paper, the syntheses of kojic acid esters via chemical and enzymatic methods are 
reviewed. The advantages and disadvantages of chemical process in term of process, safety and 
efficiency are discussed. In enzymatic process, the significant process parameters related to the 
synthesis of kojic acid esters such as the lipases, solvent, temperature and water content are 
highlighted. Possible enzymatic synthesis using solvent and solvent-free system taking into 
consideration of the difference in these systems involving cost, lipase reusability and efficiency 
is comparatively reviewed. The possible approach for large scale production using various 
enzyme reactor designs is also discussed and re-evaluated. 
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group of kojic acid. Although kojic acid itself has high ability of 
inhibiting the activity of tyrosine, the ability is further increased 
by converting kojic acid into its ester with an aliphatic 
carboxylic acid. Kojic acid ester are stable to wide pH range 
from 4-9, heat and light, resulting in excellent storability since it 
is not easily oxidized which results in changes in colour [14]. 
Kojic acid ester oil solubility is also increased and the ester can 
be easily absorbed into the skin when it is incorporated in a 
cream [15]. 
 

Vanishing cream containing one percent by weight of kojic 
acid diesters compound shows no or less color change in 
storage at 45°C for 4 weeks compared to a vanishing cream 
containing one percent by weight of kojic acid shows color 
change to deep yellowish brown and a vanishing cream 
containing one percent by weight of monoester show colour 
change to light yellow brown in storage at 45°C for 4 weeks. 
Kojic acid palmitate, which is also known as kojyl palmitate, is 
a kojic acid monoester compound with molecular formula of 
C22H3605, molecular weight of 380.5 and optimum wavelength 
value at 285 nm [16].  
 
Chemical process: Chemical Synthesis in organic solvent 

 
At present, many esters are industrially manufactured by 
chemical methods since it is more economical [17].  However, 
chemical method involves high temperature and high pressure, 
it limits the esterification of unstable compound. Furthermore, 
the regio-specific acylation of polyols requires the protection 
and deprotection steps [18]. These steps cause a rise in 
manufacturing costs. There are other problems when the 
products are used in food processing and cosmetics industry. 
One of them is that the reagents which can be used in the 
process are restricted. This method has disadvantages of low 
reaction rates and the yields of unwanted side products which 
increase cost of product purification. Currently, the production 
of biodiesel is based on the use of base catalyst such as sodium 
and potassium methoxides where the overall process suffers 
several serious limitations that translate into high production 
cost due to the formation of soap as by product. The use of acid 
catalyst such as super phosphoric acid (SPA) has been proposed 
to overcome some problems faced by the base catalyst method 
with improvement in yield by about 5% [19]. However, the 
reaction time is about 4000 times slower than the base catalyst 
method and occurred under high reflux temperature (120°C). 
 

At industrial scale, sugar fatty ester is produced by 
transesterification of methyl esters of the corresponding fatty 
acid in the presence of a basic or metallic catalyst at 
temperature of above 100°C and a reduced pressure. For 
example, sucrose ester is synthesised at temperature ranging 
from 170°C to 185°C and reduced pressure ranging from 133 to 
400 Pa, using lithium oleate as catalyst, which gave a relatively 
low yield (38%) [20]. This chemical process, which involved 
high energy and cost, also produces a lot of contaminants at 
different degrees of esterification. Thus, multisptep separation is 
requires for the purification of product. 
 

A new kojic acid derivative, kojic acid cinnamate, has been 
synthesised by esterification, where kojyl chloride is reacted 
with a potassium salt of 3,4-(methylenedioxy)cinnamic acid in 
dimethylformamide (DMF) solvent at high temperatures (110°C 
to 120°C) with yield up to 67% [21].  However, this low 
volatility DMF solvent is toxic and not permitted for use in food 
industry in most developed countries such as Germany and 
USA [22]. It is also important to note that nearly all chemical 
methods use for the synthesis of KA derivatives involve the use 

of DMF, dimethylsulfoxide (DMSO) and pyridine as solvent 
[23]. 
 

Kobayashi et al. [24] focused on ten amino acid 
derivatives of kojic acid to improve the tyrosinase inhibitory 
activity of kojic acid with N-kojic-L-phenylalanyl kojiate was 
the strongest inhibitor. The synthesis was performed by using 
DSC (N, N’-disuccinimidyl carbonate) and DMAP (4-
dimethylaminopyridine) in which OH group at position 7 of 
kojic acid was joined with amino end of an amino acid to form a 
urethene type bond. In their present study, they attempt to 
produce a new compound with much stronger inhibitory 
potency against tyrosinase. 
 
 
Enzymatic process: Enzymatic Synthesis in organic solvent 

 
Preparation of kojic acid esters through enzymatic synthesis can 
be considered as natural in which it appears more appealing to 
the customers. Enzymatic synthesis offers low-energy as 
reaction often proceeding at temperature of 40°C to 60°C and 
environmentally benign alternative to chemical synthesis [16, 
25]. Enzymatic route offer a high degree of specificity where 
the product is typically a monoester, although traces of diester 
may occur. A relatively simple product mixture simplifies 
further downstream purification as compared to chemical 
synthesis [26]. 
 

Much work has been done on the synthesis of kojic acid 
ester by varying materials such as substrate, fatty acid, 
immobilized lipases and reaction conditions. Among these, 
esterification is the main reactions route catalyzed by lipase to 
produce kojic acid ester. Liu and Shaw [27] studied the 
esterification of KA and several acyl donors to produce KA 
monolaurate and KA monooleate. Among nine lipases tested, 
lipase of Pseudomonas cepacia and Penicillium camembertii 
showed the best catalytic efficiency and specificity towards 
synthesis of KA monolaurate and KA monooleate in acetonitrile 
at 50°C. 
 

Kobayashi et al. [24] have proposed the esterification of 
KA and lauric acid in semi-continuous system where the 
unreacted substrates were reused after the product recovery. The 
reaction was carried out in acetonitrile and catalyzed by C. 

antartica lipase. Chen et al. [28] have succeeded in optimizing 
the production of KA monolaurate using 5-level-5-factor central 
composite rotatable design (CCRD). The esterification using 
lipase of P. cepacia as biocatalyst in acetonitrile gave 
conversion of KA to KA ester of 82%. This result was achieved 
in optimal reaction conditions in which reaction time and 
temperature were set at 19h and 44°C with 38% enzyme 
amount, 2:1 substrate molar ratio and 10% added water content. 
 

Later, Khamaruddin et al. [16] have proposed the 
esterification of KA with palm oil. Five lipases were screened 
and of several fatty acids existed in palm oil, lauric acid was the 
best substrate with P. cepacia as the biocatalyst. Optimization 
of enzymatic esterification using lipase of Rhizomucor miehei 
for the synthesis of kojic acid monooleate through five-level-
four-factor central composite rotatable design managed to 
improvea yield up to 37.21% [29]. Lajis et al. [30] has 
successfully produced KA ester of laurate, oleate and palmitate 
using lipase of R. miehei. Recently, esterification of kojic acid 
and ricinoleic acid in solvent free system by lipase of 
Thermomyces lanuginosushas also been studied [31]. Studies on 
the enzymatic esterification of kojic acid were performed by 
considering several reaction parameters such as substrate molar 
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ratio, amount of enzyme, reaction time and reaction 
temperature.  
 
Lipases as Biocatalysts: a key component to enzymatic 

process 

 
Lipases (triacylglycerol ester hyrolases, EC 3.1.1.3), are most 
widely used enzymes in biotechnology due to their versatile 
applications. The physiological role of lipase is the catalytic 
conversion of triglycerides into diglycerides and 
monoglycerides, fatty acids and glycerol. Interfacial activation 
of lipase is the unique structural characteristic of lipase which 
differs from classic esterases in that their natural substrates are 
insoluble in water and their maximum activity occurs at lipid-
water interface [32]. An essential catalytic feature of lipase is 
the surface loop, the helical oligopeptide unit that shields the 
active site (triad composed of serine residue, histidine residue 
and aspartic or glutamic residue) [33]. This so-called lid, upon 
interaction with a hydrophobic interface such as lipid droplet, 
undergoes movement in such a way that exposes the active site 
providing free access for the substrate (interfacial activation) 
[34-36]. 
 

Since lipases are physiologically necessary for living 
organisms, they are ubiquitous and can be found in diverse 
source, such as in plants, animals and microorganisms. More 
abundantly, however, only microbial flora lipases comprising of 
bacteria, fungi and yeast are found to be industrially important 
since they are diversified in their enzymatic properties and 
substrate specificity [37]. Furthermore, lipase producing 
microorganisms have the shortest generation time, high yield of 
conversion of substrate into product, great versatility to adapt to 
environmental conditions and simplicity in genetic 
manipulation as well as in cultivation condition [38]. Table 1 
shows some commercially available microbial lipases. 
 
Table 1. Some commercially Microbial Lipases as biocatalyst for 
organic synthesis. 
 
Type Source Producing Company References 
Fungi C. rugosa Amano, Biocatalysts, Boehringer 

Mannheim, Fluka, Genzyme, 
Sigma 

[88,91] 

 C. antarctica Boehringer Mannheim, Novo 
Nordiska 

[28] 

 T. lanuginosus Boehringer Mannheim, Novo 
Nordiskb 

[31,37] 

 R. miehei Novo Nordiskc, Amano, 
Biocatalysts 

[30,92] 

Bacterial Burkholderia 

cepacia 

Amano, Fluka, Boehringer 
Mannheim 

[39] 

 Ch. viscosum Asahi, Biocatalysts, Toyo Jozo, 
Merck 

[39,73] 

 P. aeruginosa Unilever [6-8] 
 B. glumae Biocatalysts [39] 
Commercial names of lipase: aNovozyme®, bLipolase®, cLipozyme®, dLipomax®, eLumafast® 

 
Specificity and Selectivity of Lipases 

 
The main advantage of lipase, which differentiates enzymatic 
reaction from chemical reaction, is lipase specificity. Lipase 
exhibits positional, substrate and stereo-specificity toward their 
substrates [39]. Regiospecificity or also known as positional 
specificity is the preference of one direction of chemical bond 
making or breaking over all other possible directions. Certain 
lipases are responsible from the hydrolysis of all glyceride 
bonds formed between fatty acids and glycerides randomly 
where the position of glycrides is not important. The example of 
this non-specific lipase include lipase derive from Candida 

rugosa and Candida antarctica. Meanwhile, 1,3 specific lipase 
have specificity towards ester bonds in position sn-1, 3 of 
triacylglycerol. Lipase that are 1,3-specific include those from 

Thermomyces lanuginosus and Rhizomucor miehei. Fatty acid 
specific lipase prefers hydrolysis of those esters which are 
formed from long chain fatty acids with double bonds in 
between. Lipase from Geotrichum candidum is specific toward 
long chain fatty acids containing cis-9 double bond [40]. 
 

Some lipases with substrate specificity have preference for 
certain fatty acids or groups of fatty acid. This lipase also 
exhibit fatty acid chain length specificity. Lipase from 
Penicillium roquefortii can hydrolyse ester of short-chain but 
not medium and long-chain fatty acid, whereas lipase from 
Rhizomucor miehei can hydrolyze fatty acid esters as long as 
C22. Stereospecificity is defined as the ability of lipase to 
distinguish between sn-1 and sn-3 position on the triglicerides. 
Lipase from Pseudomonas sp. and P. aeruginosa shows 
preference towards sn-1 while C. antartica lipase B exhibits sn-
3 preference [41]. 
 

RMIM showed better fatty acid specificity to C12:0 (short 
saturated fatty acid) than C18:1, 18:2, 18:3, 20:4, 20:5 and 22:6, 
in which, the fatty acid specificity pattern deceased with 
increasing number of carbon atom and double bond in the fatty 
acids chain [42]. Lipase of Thermomyces lanuginosus was also 
found to be regiospecific for the hydroxyl 6-OH, which may be 
due to substrate specificity of T. lanuginosus lipase to 
preferentially hydrolyse EPA over DHA from both sn-2 and sn-
1,3 positions. TLL showed higher specificity on the 
transesterification of the lauric acid into ethyl laurate than PFL. 
The narrow range of pH may also affect acyl migration, as 
TLIM has optimum catalytic pH of 6 to 8 compared to N435 
(pH 5-9) [43]. 
 
Immobilized Lipases 

 
Both native and immobilized lipases are available 
commercially. Immobilization can be achieved through several 
ways such as binding into a carrier (adsorption), entrapment and 
cross-linking [44]. However, immobilization by adsorption is 
preferable due to an easiest, economical, and little time 
consuming technique. Furthermore, the weak linkages 
established between enzyme and support has little effect on 
catalytic activity. For this reason and due to simplicity of 
adsorption procedure, the used of adsorbed lipases is 
widespread for catalysis in water immiscible solvents on an 
industrial scale. Immobilization serves several objectives, first 
to improve some significant drawbacks of free enzyme such as 
thermal instability, susceptibility to attack by proteases, activity 
inhibition and high sensitivity to several denaturing agents [45]. 
Secondly, immobilization facilitates a decrease in enzyme 
consumption as the enzyme can be readily retrieved and reused 
for many repeated cycles of reactions [39]. Immobilization also 
generates continuous economic operations, automation and ease 
in product with greater purity [44]. 
 
 
Enymatic synthesis in organic solvent: Factors Affecting 

Catalytic Activity of Lipase 

Organic Solvent 

 
The choice of organic solvent as a reaction medium greatly 
affects the equilibrium conversion. The use of biocatalysts in 
non-aqueous media, which contain a significant amount of 
water-miscible or immiscible organic solvent offers several 
advantages, such as facilitated workup, increased solubility of 
lipophilic substrates and products, suppression of water-
dependent side-reactions and no need for enzyme 
immobilization [46]. Castillo et al. [47] reported that the diester 
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(triester) formation was suppressed and that the monoester 
formation was preceded by changing the solvent from hexane to 
tert-alcohols for the synthesis of xylitol oleic acid esters where 
the differences in equilibrium conversion was based on the 
polarity of the solvent. It is also found that the equilibrium 
conversions for the syntheses of lauroyl mannose [48] and 
vinylacetyl glucose [49] in tert-alcohols were lower than those 
in acetonitrile. However, the reason for the difference has not 
been elucidated. The role of organic solvent in biocatalysis is 
very much related to the solubility of the substrate [50], polarity 
of the organic solvent indicated by the log P value [38, 51] and 
the ability of the solvent to strip off the essential water 
surrounding the enzyme. 
 

Biocatalyst in organic solvent offered several advantages 
but ones has to consider the nature of the solvent in order to 
fully exploit the advantages of organic solvent. In conjunction 
with this idea, the term Log P is used to quantify the polarity of 
organic solvents. Since polarity of solvents and the activity of 
biocatalyst parallels the ability of organic solvent to distort the 
essential water layer that stabilizes the biocatalyst activity is 
low in polar solvents having Log P<2.0, moderate in solvents 
having Log P between 2.0 and 4.0 and high in polar solvent 
having Log P>4.0. However, other factors such as solubility of 
the substrate and the product and the biocatalyst have to be 
taken into consideration [14]. 
 
Temperature 

 
In general, chemical derived esterification reaction, the rate of 
reaction increased with increasing temperature because the 
energy from higher temperature is received to increase the 
frequency of the combination of substrate and catalyst. In 
lipase-catalyzed esterification reaction, the rate increase to a 
maximum point and then declined sharply when the temperature 
reached a particular point at which the lipase started to unfold 
(denatured) or the three-dimensional conformation of the lipase 
was altered [52]. The breaking of the hydrophobic bonds and 
salt bridges in the globular protein structure of the lipase 
molecule as the temperature increased is the possible 
explanation of this phenomenon [39]. 
 

Most of lipase show optimum activity at temperature 
ranging from 30°C-60°C and begin to unfold at above 60°C 
[53]. But some lipase produced by thermophilic bacteria or 
fungus such as thermophilic Geobacillus sp T1 and P. cepacia 
are stable at temperature above 60°C [53, 54]. Furthermore, 
immobilized lipase such as Lipozyme from Mucor miehei can 
resist to higher temperature where the catalytic activity can be 
maintained at temperature higher than 70°C [55]. 
 
Water Content 

 
Lipase catalyzes a reversible reaction and the direction and 
equilibrium of the reaction are determined by the activities of 
the substrates and products, temperature, and pressure [26]. 
Although enzyme-catalyzed reaction is usually performed in an 
aqueous solution, hydrolysis predominates to cause the 
production of desired product to fail when a lipase-catalyzed 
reaction is attempted in an aqueous solution [26]. Thus, 
reduction of water in the reaction system would be effective for 
improvement in the conversion through the condensation 
reaction. Some lipases have catalytic activity even in the 
presence of little or a small amount of water [14]. For this 
reason, lipase-catalyzed condensation in non-aqueous medium, 
such as organic solvents and ionic liquids, has attracted much 
attention in this decade [56].  

 
Many researchers have proposed several methods for water 

removal such as headspace evacuation, pervaporation, use of 
molecular sieve, salt hydrate pairs, saturated salt solution, 
adsorption and sparging of dry inert gas through the reaction 
medium [57]. However, continuous water removal might result 
in enzyme inactivation when water content is too low. 
Therefore, controlling the correct water level in a lipase-
catalysed reaction is very important [58] 
 

Due to the feasibility of using molecular sieve, the effect of 
the addition of molecular sieves (5%) at time intervals on 
conversion of ascorbyl palmitate had been studied [59]. The 
percentage of conversion (92%) obtained in reaction with the 
addition of molecular sieves irrespective of the time of addition 
was significantly higher compared to the conversion (50%) in 
reaction without molecular sieves. Recently, an online sensor 
that allowed measurement of the thermodynamic water activity 
was developed [60]. Using this sensor coupled with a 
membrane capable of selectively removing water, the 
thermodynamic water activity of the reaction mixture can be 
precisely controlled. 
 
Solvent-free system: An enzymatic approach without 

solvent 

 
In solvent-free system, the water from the process of 
esterification can be removed from the system either using a 
vacuum pump, a large amount of n-hexane and the addition of 
molecular sieves [47, 61]. This results in irreversible 
esterification process of KA monoesters. The quantity of 
immobilized lipase and temperature greatly influenced the 
esterification process. Other parameters that may affect the 
performance of enzymatic reaction in solvent system such as 
water content, initial water activity, salts content and pH are 
eliminated under solvent-free system. The advantages and 
disadvantages of enzymatic esterification of KA esters in 
solvent and solvent-free system is summarized in Table 2. 
 
Table 2. Advantages and disadvantages of the solvent and solvent free 
system for the synthesis of KA esters in stirred tank reactor. 
 
Aspect/Materia
l/Others 

Esterification System 
Solvent Solvent-free 

Solvent The use of solvent such as 
acetonitrile and chloroform 
give rise to evaporation 
problem for process at 
temperature higher than 
60°C. 

Require no solvent  

Lipase Active and stable lipase at 
temperature of above 50°C is 
required 

Lipase that is stable and active 
at temperature ranging from 60 
to 90°C is required 

pH Can be controlled to increase 
yield 

This parameter is eliminated 
due to absence of water 

Salts Ion Can be controlled to increase 
yield 

This parameter is eliminated 
due to absence of water 

Initial Water 
Activity 

Can be used to increase yield This parameter is eliminated 
due to absence of water 

Temperature Require moderate 
temperature (50°C) 

Require high temperatures (60 
to 90°C) 

Reaction/Yield Reversible (esterifcation 
fluctuate) 

Irreversible process and can be 
continuously increased 

Cost Depends on solvent and other 
chemicals 

Significant heating is required 
to maintain high temperature 

Reusability Possible to reuse up to 
several cycles 

Preferable for KAMO 
synthesis 

Lipase 
recovery 

Easy Difficult especially for KA 
palmitate 

Product 
recovery 

Easy  Difficult for KAMP synthesis 

Environment 
safety 

Involve some hazard 
materials 

Less/no hazard 
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The water molecule, which is the by-product of 
esterification, can be removed via evaporation. There are 
several factors that determine the evaporation rate of water as 
the water can evaporate at any temperature between the melting 
point and boiling point. Evaporation is where water molecule 
change from liquid to gas water vapour. This is where under 
vacuum condition, water vapour can be removed out from the 
vessel or tank. As temperature increased, the kinetic energy of 
water molecule increased and allowed the formation of water 
vapour, which in turn, increased the rate of evaporation.  
 
Lipase reusability 

 
The yield of KA esters production may decrease after several 
cycles, which may be due to various factors such as shear effect 
and solvent incompatibility for lipase recovery purposes. 
However, in another study, it was reported that the use of 
DMSO for enzyme washing and cleaning purpose for 
immobilized lipase Candida sp. 99–125 and immobilized lipase 
Licheniformis MTCC-10498 did not affect the yield of 
phytosterol oleic esters and methyl cinnamate synthesis, 
respectively [61, 62]. Moreover, lipase reusability in solvent-
free system was complex due to the difficulty to separate large 
quantity of substrate mixed with the lipase. 
 
Optimization of Enzymatic Synthesis Using RSM 

 
Optimizing refers to improving the performance of a system, a 
process or a product in order to obtain the maximum benefit 
from it. The term optimization has been commonly used in 
analytical chemistry as a means of discovering conditions at 
which to apply a procedure that produces the best possible 
response [63]. In the last decades, the different mathematical 
tools, response surface methodology (RSM) and an artificial 
neural network (ANN) have been applied for optimization and 
process modelling. Both methodologies have a wide 
applicability in various disciplines of science. In fact, these 
models approximate the functional relationship between input 
variables and the output (response) of the process using 
experimental data. Afterwards, the models are used to estimate 
the optimal settings of input variables to maximize the response 
[64]. 
 

RSM has been successfully applied in studying and 
optimizing condition in lipase-catalyzed synthesis of various 
types of esters such as kojic acid ester [29, 65], sugar esters 
[66], ascorbyl esters [67], wax esters [68] and amino acid 
surfactant [69, 70]. The most frequent factors that influence the 
reaction process evaluated among these works are substrate 
ratio, amount of enzyme, reaction temperature, reaction time 
and added water content. Whereby, in most cases, these factors 
and their corresponding levels are selected based on preliminary 
experiments using conventional one-variable-at-a-time 
approach. 
 

The central composite rotatable design (CCRD) of RSM 
was the most preferable designs in enzymatic reaction. The 
design was used by Chen et al. [26] and Ashari et al. [29] for 
the optimization reaction, where four or more factors were 
studied at five-level. Experimental data resulting from such 
design were then fitted into a mathematical equation, most often 
a second order polynomial. While researchers like Hari Krishna 
et al. [38] had excluded the insignificant terms from their final 
equation, others like Yuan et al. [71] and Ashari et al. [29] had 
retained both significant and insignificant factors to minimize 
error. Most of the studied have reported high R2 values of more 

than 0.9 for the adopted models with insignificant lack of fit 
characteristics. 
 

Subsequent validations of the selected models were carried 
out by performing additional experiments, the actual outcome 
obtained were then compared with the predicted one. Such 
independent experiment may represent suggested optimized 
conditions as clarified by Chen et al. [26] whose predicted 
maximum substrate conversion to kojic acid monolaurate of 
85.08% agreed well with the actual value of 82.07±1.14%. 
 
Enzyme Reactor: a next step to large scale production 

 
Enzyme reactor can be divided into two categories which is 
batch reactor and continuous flow reactor. Batch reactors are 
essentially large agitated tanks in which enzyme and substrate 
are placed, while the principle underlying a continuous flow 
reactor is continued addition of substrate and exit of product 
from the reactor. The aim of an enzymatic reactor is to allow 
enzyme and substrate to come into contact for a sufficient 
period of time for reaction to take place, enzyme and product 
may then easily be separated [14]. 
 

Stirred Tank Reactor (STR) 

 
The main function of a properly designed reactor is to 

provide a controlled environment in order to achieve the 
optimal product formation in the particular reaction system [72]. 
The most important reactor for industrial application is the 
conventional mixing vessel which has the dual advantages of 
low capital cost and low operating costs. Most of the stirred-
tanks are fitted with baffles which prevent a large central vortex 
being formed and improve mixing. A wide variety of impeller 
sizes and shapes is available to produce different flow pattern 
inside the vessel. Typically, only 70% - 80% of the volume of 
STR is filled with liquid. This allows adequate headspace for 
disengagement of droplets from the exhaust gas and to 
accommodate any foam which may develop [72]. 

 
Immobilized biocatalysts can be effectively employed in a 

batch reactor in which high concentration of biocatalysts can be 
used, thus allowing high volumetric productivities. 
Furthermore, the biocatalysts are easily separated from the other 
components in the reaction mixture, simplifying the 
downstream processing and thus minimize the production cost 
[73]. For example, Mat Radzi et al. [74] has successfully 
produced wax ester from the operation of batch-scale mode 
STR, using Novozyme 435.  

 
Impellers are installed in stirred tank reactor to create 

mixing. Impellers are broadly classified as having axial flow or 
radial flow depending on the direction of liquid leaving the 
impeller.  Typically, radial flow impellers have blades which 
are parallel to the vertical axis of stirrer shaft and tank. The 
liquid is driven radially from the impellers against the walls of 
the tank where it divides into two streams, one following up to 
the top of the tank and the other flowing down to the bottom. 
These streams eventually reach the central axis of the tank and 
are drown back to the impeller. Rushton turbine, paddle and 
anchor are typical examples of radial flow impellers [75,76]. 

 
Axial flow impellers have blades which make an angle less 

than 90° to the plane of rotation and promote axial top-bottom 
motion. Fluid leaving the impeller is driven downwards until it 
is deflected from the bottom of the vessel. It is then spreads out 
over the floor and flows up along the wall before being drawn 
back to the impeller. Axial flow impellers are useful when 
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strong vertical currents are required. Propeller, pitched blade 
and hydrofoil are examples of radial flow impellers [77]. 

 
Various esters such as wax ester, adipate ester, hexyl 

laurate, pentyl octanoate, and ethyl butyrate have been 
successfully synthesized with high yield in STR using solvent 
and solvent-free system [78,79]. The synthesis of several esters 
utilizing STR system was listed in Table 3. In a separate study, 
the production of wax esters synthesized in STR using RMIM, 
N435 and candida sp lipase in hexane was retained at a very 
high yield after several cycles [80-82]. On the other hand, 
Habulin et al [83] showed that the use of supercritical fluid in 
STR gave higher yield of ester compared to solvent-free system. 
 
Table 3. Enzymatic synthesis of several esters in stirred tank reactor 
 
 
Scale Mode of 

operation 
Temper-
ature and 
solvent 

Impeller 
speed 

Product Enzyme Reusabilit
y 

Yield 
(%) 

Other 
para 

-meter 

Ref. 

75 L 
STR  

Batch 50°C/ 
hexane 

 Palm 
ester 

RMIM 79% even 
after 15 
cycles 

97.2% 
(5h) 

- [41] 

BSTR 
500 mL  
CSTR  
4 L  

BSTR 
 
CSTR 
(flow rate 
of 5 L/min) 

66.5°C/ 
solvent 
free 
system 
 

500 rpm Adipate 
ester 
 

N435 - BSTR 
(95.7) 
CSTR 
(92.7) 

- [78] 

150 -
500 mL 

Batch 50°C-
100°C / 
super-
critical 
fluids 

Reciprocal 
oscillation 
device at  
60/min 

Oleic 
Acid 
Esters 

RMIM - 80 high 
pressure 
(500 
bar) 

[82] 

1 L Batch 
 

50°C/ 
hexane 

200 rpm 
 

Wax 
ester 

Immobili-
zed lipase 
of 
Candida 
sp 99-125 

Retained 
46% after 
7 batches 

 

94 
(24 h) 

- [79] 

2 L  Batch 50°C/ 
hexane 

150- 400 
rpm 

Wax 
ester 

N435 80% yield 
up to 4 
cycles 

93 - [74] 

100 mL Batch 50°C/ 
super-
critical 
fluid CO2 

600 rpm Sugar 
ester 

N435 - 67 Mol-
ecular 
sieves 

[93] 

 

 

Packed Bed Reactor 

 

A packed bed reactor (also referred to as fixed bed reactor) 
consists of a vessel containing one or several tubes of packed 
catalyst particles in a fixed, non-mobile bed. Generally, the 
gaseous reactant stream passes through these packed tubes, 
react with the catalyst and the product stream leaves from the 
opposite side. Packed bed reactors (PBR) are an economical 
choice in a large-scale production. This is due the fact that they 
can operate nearly continuous due to the long catalyst life. The 
advantages of PBR are low operating cost, continuous operation 
and simple in the design. The disadvantages of PBR are poor 
temperature control, undesirable side reactions and difficulties 
in cleaning and catalyst replacing [84]. 
 

Table 4 shows several esters that been successfully 
synthesized in PBR. Chen et al [28] showed that high yield of 
caffeic acid phenethyl ester can be synthesized in a continuous 
PBR using immobilized Novozyme 435 (from Candida 

antarctica) at reaction temperature of 73°C, flow rate of 0.046 
mL/min, and the lipase in the bioreactor was found to be stable 
for at least 6 days.  

 
 
 
 

Significant yield of esterification reactions involving 
glycerol and unsaturated fatty acids with an immobilized 
Rhizomucor miehei lipase could also be achieved using PBR 
operated at 65°C [25,85]. In most study using PBR, the 
reactants appear in liquid or it can be easily liquefied.  
 

 
Table 4. Enzymatic synthesis of several esters in Packed Bed Reactor. 
 
Product Flow rate 

(mL/min) 
Enzyme Solvent 

/temperature 
(°C) 

Other 
parameter 

Yield (%) Ref. 

Pentyl 
octanoate 

0.5 Immobilized R. 

miehei lipase 
Solvent-free/  
40°C 

- 30 mmols 
ester / 

g enzyme 

[92] 

Hexyl 
laurate 

4.5 Lipozyme® IM-77 n-hexane/  
45°C 

substrate 
molar ratio 
1:2 

97 [94] 

Hexyl 
laurate 

0.5 Lipozyme® IM-77 Solvent-free 
system /  
55°C 

concentration 
of lauric acid 
of 0.3 mol/L 

60 [95]  

Citronellyl 
butyrate 

1 Immobilized C. 

rugosa  
n-hexane/  
50°C 

- 95 [91] 

Caffeic 
acid 
phenethyl 
ester 

0.046 Novozym® 435 Solvent-free/ 
72.66°C 

Ultrasound-
assisted 
ultrasonic 
power of 
1.64 W/cm2. 

92 up to 6 d [28] 

Ethyl oleate 0.5 Lipozyme of M. 

miehei immobilized 
on Duolite A568 

n-hexane/  
40-60°C 

improving 
the water 
solubility by 
an 
intermittent 
airflow 

95 [96] 

Oleyl 
oleate 

- Candida sp.1619 
lipase immobilized 
on celite  

n-hexane/  
30°C 

pH at 6.0 78% up to 40 
d 

[97] 

Ethyl 
propionate 

- C. cylindracea 

lipase immobilized 
on a nylon support 

n-hexane/  
25 to 37°C 

- 0.017-0.085 
mol/h  g 

[98] 

Geranyl 
laurate 

173.3 Lipozyme IM20 
(immobilized on 
microporous anion 
exchange resin) 

Isooactane/  
55°C 

With 
molecular 
sieve 
 

80 [99] 

 

 

Fluidized Bed Reactor 

 

Fluidized bed reactors (FBR) are hybrid of continuous flow 
stirred tank and packed bed reactors where the immobilized 
enzyme is loosely packed into a column and the stream of 
substrate passes from the lower to the upper part of the column 
at a fixed rate which is sufficiently high to lift and mix the 
particles of immobilized enzyme within the column [86]. 
Fluidized bed reactors are used to produce gasoline and other 
fuels along with many other chemicals. Many industrial produce 
polymers are made using FBR technology. Various utilities also 
use FBR’s for water and waste treatment settings. Used in these 
applications, fluidized bed reactors not only allow for a cleaner 
and efficient process, it also offer several advantages such as 
uniform particle mixing due to fluid-like behaviour of solid 
material, uniform temperature gradient and ability to operate in 
continuous state [87].  
 

In another study using Flulidized reactor system, 
immobilized M. miehei lipase showed a better yield operational 
stability and a higher half-life than C. rugosa lipase after the 
successive batches of esterification (Table 5). In another study, 
Saponjic et al [88] showed that kinetics in a fluidized bed 
reactor system seems to still have a slightly better profile than in 
the batch system (90.2% yields after 14 h). FR has advantage 
over PBR such as heat transfer and mass transfer rate are more 
effiecient than PBR [37]. 
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Table 5. Enzymatic synthesis of several esters in fluidized and bubble 
column reactor 
 
Product Mode of 

operation 
Solvent Biocatalyst Temper

-ature 
(°C) 

Yield (%) Other 
parameter 

Ref. 

Amyl 
caprylate 

Continuous Isooctane Lipase of 
Candida rugosa 
covalently 
immobilized on 
Sepabeads EC-
EP 

37 90.2% 
yields after 
14 hrs (up 
to 70 hrs) 

- [79] 

Various 
esters 

Continuous TrisHCl 
buffer 
and CaCl 

Immobilized 
alkaline lipase 
of Serratia sp 
(C4) 

30 64.41% to 
77.35% 

Immobilized 
beads lipase 
immersed in 
0.1% and 
1% 
glutaraldehy
de solution 

[74] 

Ethyl 
cinnamate 

Semi 
continuous 

tert-
butanol 

Immobilized 
enzyme from 
Candida 

antarctica 
(Novozym® 
435) 

55 35 
mmol/h/g 

1.82 
cm3/min 
flow rate 

[46]  

Polyglycer
ol ester 
 

Continuous Solvent-
free 

Immobilized 
endoglucanase, 
benzoylformate
decarboxylase 
of Pseudomonas 

putida, and 
lipase B of 
Candida 

antarctica 

60-75 80-90 (10 
h) 

- [44] 

 
CONCLUSION 

 

The growing demand of natural consumer product has led to an 
increased research in Kojic acid production, modification and 
application. Kojic acid, which has wide application, is currently 
used as whitening agent in cosmetic cream [5,13]. However, the 
hydrophilicity of KA has restricted its application in cosmetic 
formulation and oily food industry. This characteristic of KA 
could be improved by esterification of KA to its ester. The 
enzymatic esterification is preferred as it offered several 
advantages over chemical esterification such as high substrate 
specificity, high reaction specificity, mild reaction conditions 
and reduction of waste product formation [89]. Various reaction 
conditions in Kojic acid ester synthesis such as substrate ratio, 
amount of enzyme, reaction temperature, reaction time and 
solvent polarity has been studied in order to gain better 
understanding of the process. Statistical method such as RSM 
has gained huge attention over conventional methods by 
researchers to investigate their operating conditions and 
interactive relationships due to its advantages of reducing 
number of experimental runs which is sufficient to provide 
statistically acceptable result [84,90]. This statistical method has 
also been successfully used in the optimization of various 
enzymatic processes. 
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