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ABSTRACT 

Cocoa pod husk (CPH) is a by-product obtained after removal of cocoa beans from the 

cocoa fruit which causes many environmental problems. The analysis of CPH has 

shown that this waste material contains high amounts of protein. Hydrolase is one of 

the products that can be extracted from the CPH protein. Compared to other enzymes, 

hydrolases are more frequently used industrially. However, enzymes are biocatalysts 

that are quite unstable. Hence, cross linked enzyme aggregate (CLEA) is a known 

powerful tool for improving enzyme performance, stability, selectivity and reusability. 

In this study, screening and extraction of lipase from cocoa pod husk was performed. 

The optimum condition of lipase extraction is used for preparation of cross-linked 

enzyme aggregate. The characterization of free and CLEA lipase regarding stability, 

reusability and kinetic was carried out and finally CLEA-lipase was applied for 

biodiesel production from Jatropha curcas oil. In all three stages the optimum 

condition was achieved using Face centered central composite design (FCCCD) with 

response surface methodology (RSM). From 20 runs the highest activity for extraction 

of lipase was 11.43 U/ml (around 2.5 fold increase in lipase production) under the 

condition of 50mM sodium phosphate buffer pH8 with the ratio of 7% (w/v) CPH. 

The highest activity for CLEA-lipase at the presence of using 20% saturated 

ammonium sulfate, 60 mM glutaraldehyde as cross-linker and 0.17 mM bovine serum 

albumin as feeder. The optimal reaction temperature and pH value in enzymatic 

reaction for both crude enzyme and immobilized were found to be 45˚C at pH 8 and 

60˚C at pH 8.2, respectively. A systematic study of the stability of CLEA and crude 

enzyme was taken with regards to temperature (25-60 ˚C) and pH (5-10) value and in 

both factors, CLEA-lipase showed more stability than free lipase. The Km value of 

CLEA was higher compared to free enzyme (0.55 mM vs. 0.08mM). The CLEA 

retained more than 60% of the initial activity after 6 cycles of reuse compared to free 

enzyme. Structural characterization of CLEA-lipase by Field Emission Scanning 

Electron Microscope (FE-SEM) revealed that CLEA from CPH have spherical 

appearance. Application of CLEA-lipase for biodiesel production was done and the 

optimum levels of oil-to-ethanol molar ratio, catalyst loading, reaction temperature, 

agitation and reaction time were found to be 1:6, 3 (w/w%), 45˚C, 200 rpm and 3 h 

respectively with 93.86% conversion of Free fatty acid (FFA) in to biodiesel which is 

obtained from GC-MS. In conclusion, the development of this process would be an 

alternative source for immobilized lipase production in large scale and cost effective 

in terms of using a wasteful by-product to produce a recyclable biocatalyst that has a 

wide range of applications. This study can add for more information on the application 

of low cost oil (J.Curcas oil), ethanol and using low-cost catalyse (CLEA-lipase from 

CPH), for the production of renewable biodiesel.  
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 البحث خلاصة

إزانول ببوٕة انكبكوبٔ يوٍ  ًورا انكبكوبٔ ٔٚوها٘ ريٛٓوب  يٍ انُوٕات  انابَٕٚول نعًهٛول  (CPH) تعتبر قشرٔر انكبكبٔ

أٌ َفبٚوبت قشوٕر انكبكوبٔ تحتوٕ٘ كهوٗ كًٛوبت  بدٌٔ يعبنجل انٗ انعدٚد يٍ انًشبكم انبٛئٛل. بٛث أظٓرت انتحبنٛم

رٔنٛس انًسوتله  يوٍ بورٔتٍٛ قشوٕر انكبكوبٔ. ببنً برَول يو  كبنٛل يٍ انبرٔتٍٛ. ٔيٍ ابد أْوى يُتحبتٓوب ْوٕ انٓٛود

الإَسًٚبت الأخرٖ، فإٌ أَسًٚبت انتحهم انًبئٙ )انٓٛدرٔنٛس( ْٙ الأكار اسوتلدايب  فوٙ يجوبل انعوُبكل. ٔيو   نو  

فإٌ يحفسات بٕٛٚل )الاَسًٚبت( غٛر يست را َٕكب يب. ٔببنتوبنٙ، ٚعتبور ربول انًجًوٕن الاَسًٚٛول بٕاسوبل انعبوٕر 

(CLEA بًاببل أااا قٕٚل يعرٔفل نتحسٍٛ أااء الإَسٚى ٔاست رارِ ٔاَت بئٛتوّ ٔإكوباا اسوتلدايّ. فوٙ ْودِ اندراسول )

تى فح  ٔاسوتلرا  اَوسٚى انهٛبوبز يوٍ قشورا انكبكوبٔ نهًورا الأٔنوٗ. بٛوث اسوتلديل انىورٔت انًاهوٗ لاسوتلرا  

(. تى تحدٚد خعبئ  الاَوسٚى بشوكهّٛ انحور CLEA) اَسٚى انهٛببز لإكداا انًجًٕكبت الاَسًٚٛل انًتراببل ببنعبٕر

ٔانًتوورابل فًٛووب ٚتعهووت ببلاسووت رار ٔإكووباا الاسووتلداو ٔ اندراسوول انحركٛوول، ٔ فووٙ َٓبٚوول اندراسوول اسووت لدو انهٛبووبز 

. ٔ فوٙ انًرابوم اناة ول نهدراسول توى  Jatropha curcasانًترابل ببنعبٕر لإَتب  ٔقٕا اندٚسل انحٛوٕ٘ يوٍ زٚول

  Face centered central compositeت انًاهوووٗ نهعًهٛووبت اناة ووول  ببسوووتلداو تعووًٛى بسووبة انىووورٔ

(FCCCD( تحل يُٓجٛل استجببل انسبح )RSM جد أٌ أكهٗ َشبط لاستلرا  انهٛببز كبٌ فٙ انتجربل  ٔ (. بٛث 

أضعبت نهٛببز انًُت ( ببستلداو انىرٔت انًاهوٗ  2.5ٔبدا / يم )بٕانٙ  11.43بٛث تى انحعٕل كهٗ  20رقى 

٪ )كتهول/بجى( يوٍ قشوٕر 7ٔ َسوبل  8يوٍ فٕسوفبت انعوٕإٚو ٔانورقى انٓٛودرٔجُٛٙ قًٛتوّ يهوٙ يوٕلار  50ْٔٙ: 

٪ كبرٚتوبت الأيَٕٛوٕو انًشوبعل ٔ 20ٌ أكهٗ َشبط نهٛببز انًترابل بوبنعبٕر توى انحعوٕل كهٛٓوب ببسوتلداو انكبكبٔ. إ

كًباا يغدٚل. ٔٔجدت  BSAيٍ برٔتٍٛ   يهٙ يٕلار 0.17نهغهٕتبراندْٛد ببكتببرِ كبيم نهعبٕر ٔيهٙ يٕلار  60

ارجول  45ٚى انحور ٔالاَوسٚى انًتورابل ب ًٛول ارجل انحرارا انًاهٗ نهتفبكم ٔقًٛل انرقى انٓٛدرٔجُٛٙ نكم يٍ الاَوس

، كهووٗ انتوٕانٙ. ٔ تووى اراسول اسووت رار 8.2ارجوول يئٕٚول فووٙ ارجول بًٕضول  60، ٔ 8يئٕٚول فوٙ ارجوول بًٕضول 

-5ارجول يئٕٚول( ٔ َسوبل انحًٕضول ) 60-25الاَسٚى انلبو ٔانًترابل اراسل يُٓجٛل فًٛب ٚتعهت بدرجل انحورارا )

ابل ببنعبٕر يسٚدا  يٍ الاست رار ي برَل ببنهٛببز انحر. ٔفٙ اندراسل انحركٛل، كبَول (، بٛث أظٓر انهٛببز انًتر10

(. ٔابوتف  انهٛبوبز انًتورابل يهوٙ يوٕلار 0.08ٔ  0.55نهٛببز انًترابل ببنعبٕر أكهوٗ يوٍ الاَوسٚى انحور ) Kmقًٛل 

ٍّٛ انتٕصووٛا انٓٛكهووٙ أرات يووٍ إكووباا الاسووتلداو. بٛووث بوو 6٪ يووٍ َشووبطّ الأٔنووٙ بعوود 60بووبنعبٕر بوو كار يووٍ 

. ٔقود توى تببٛوت انهٛبوبزانًترابل بوبنعبٕر لإَتوب  ٔقوٕا FE-SEMنهٛببزانًترابل ببنعبٕر يىٓرِ انكورٔ٘ بٕاسوبل 

انًحفس  (%w/w) 3الإٚابَٕل ٔ-إنٗ-انُسبل انًٕنٛل نهسٚل  6:1اندٚسل انحٕٛ٘ ٔتى اٚجبا انًستٕٚبت انًاهٗ ْٔٙ: 

 3أرا فوٙ اندقٛ ول ٔ ٔقول انتفبكوم  200ارجول يئٕٚول ٔسوركل انلهول  45 انحٕٛ٘ ٔارجل برارا انتفبكم بً دار

. ختبيوب  GC-MSانٗ ٔقٕا اندٚسل انحٕٛ٘ اند٘ تى فحعّ بٕاسوبل  FFA٪ يٍ 93.86سبكبت. ي  َسبل تحٕٚم 

إٌ تبووٕٚر ْوودِ انعًهٛوول سووتكٌٕ يعوودرا  بوودٚة  لإَتووب  انهٛبووبز انًاووبل فووٙ َبووبي ٔاسوو  ٔبفعبنٛوول اقتعووباٚل لإَتووب  

يحفسانحٕٛ٘ يٍ يُت   بَٕ٘ قببم لإكباا انتدٔٚر ٔنّ تببٛ بت كدٚدا فٙ يجوبلات يلتهفول. ٔ بإيكوبٌ ْودِ اندراسول  

( ٔالإٚاوبَٕل J.Curcasاضبفل انًسٚد يٍ انًعهٕيوبت بوٕل كًهٛول تحٕٚوم َفبٚوبت انسٚول يُلفكول انتكهفول )زٚول 

 ٛت إَتب  ٔقٕا اندٚسل انحٕٛ٘ انًتجدا.( فٙ تببCPHانهٛببز يٍ -CLEAٔاستلداو يحفسّ يُلفض انتكهفل )
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                                            CHAPTER ONE 

    INTRODUCTION 

1.1 BACKGROUND 

 

 

           Malaysia is currently one of the top ten major cocoa (Theobroma cacao) 

producers in the world and become the second largest producers in South East Asia 

after Indonesia. Cocoa Pod Husk (CPH) is an agro based by-product obtained after the 

removal of cocoa beans from the cocoa fruit material which in turn resulted in landfill 

and environmental problems (Bello, Ahmad, & Siang, 2011).  It may be a significant 

source of disease inocula, such as black pod rot (Barazarte, Sangronis, & Unai, 2008; 

Donkoh, Atuahene, Wilson, & Adomako, 1991; Figuiera, Janick, & BeMiller, 1993). 

The burden of cocoa pod husk waste has caused a serious challenge for waste 

Management (Vriesmann, Teófilo, & Lúcia de Oliveira Petkowicz, 2012). In the 

cocoa crop, only the beans (around 10% fresh weight of cocoa fruit) are commercially 

valuable (Vriesmann, Teófilo, & Petkowicz, 2011). For each ton of dry beans 

produced, ten tons of cocoa pod husks are generated, which represents a serious 

challenge for waste management (Figuiera et al., 1993). This CPH can be a source of 

phytochemicals that has potential for development into various nutraceuticals and 

pharmaceutical products. Up to date none of these phytochemicals have been 

harvested from CPH, mostly because of lack of research and development in this area.  

Recovery of these nutraceuticals and pharmaceuticals can contribute further towards 

value adding efforts in the Malaysian cocoa industry. 

       The chemical analysis of CPH showed crude protein between 70-90 g/kg 

(Donkoh et al., 1991; Vriesmann et al., 2012). High protein content of this waste 
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material can be manipulated to produce something that can benefit the cocoa industry 

itself and reduce some of the environmental problem caused by CPH. Hydrolase 

enzyme is one of the products that can be extracted from the CPH protein. Types of 

hydrolases that can be recovered from CPH are lipases, cellulases, amylases, 

proteases, etc. these enzymes provide very useful industrial enzyme for food, flavor, 

detergents, biocatalytic resolution of pharmaceuticals as well as preparation of fine 

chemicals. 

     Lipases (glycerol ester hydrolysis) are the most relevant enzyme in organic 

chemistry and enzyme technology. The high stability of this enzyme is caused to 

remain active even under undesirable conditions. They can be extracted from animals, 

plants, and natural or recombinant microorganisms. The physiological role of lipases 

(water-soluble triacylglycerol acylhydrolases, EC 3.1.1.3) is the catalytic conversion 

of tri-glycerides into di-, or monoglycerides and fatty acids (Stergiou et al., 2013). 

They have a wide range of application in industry from energy to food industries, and 

pharmaceutical chemistry (Gotor-Fernández, Brieva, & Gotor, 2006). Moreover, they 

have wide application in hydrolysis of oils and fats, surfactant and biofuel and they 

can produce intermediate for organic synthesis (Christensen, Andersen, Kirk, & Holm, 

2001). 

However, enzymes are biocatalysts that are quite unstable. Enzymes are often 

facile and denatured entities in vitro milieu. Short catalytic lifespan hampers their 

usefulness and increase the cost of the enzyme based applications. Therefore, 

immobilization of enzyme is a known powerful tool for improving enzyme 

performance, stability, activity and selectivity.      Immobilization of lipase is a 

popular technique for most large-scale industrial applications due to the ease in 
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biocatalyst, recycling, continuous operation and product purification (Balcão, Paiva, 

& Xavier Malcata, 1996; Chen et al., 2012).  

      Cross linked enzyme aggregate (CLEA), is a known technique for immobilization 

of enzyme. Recently, this new enzyme immobilization method has gained popularity, 

because it is a simple method and has many advantages (Sheldon, 2007; Sheldon, 

2011). CLEA for the first time is developed by Cao, 2000 (Cao, Rantwijk, & Sheldon, 

2000). CLEA uses the aggregate proteins to be cross-linked, generating a solid 

biocatalyst (Valdés, Soto, & Arcaya, 2011). This method is to overcome the 

disadvantages of carrier-bound immobilized enzyme systems, usually associated with 

large amount of non-catalytic mass and expensive carrier beads. 

       The immobilization of enzyme using CLEA is compatible with most contaminant 

proteins.  Purification of protein may be obtained in CLEA technology if the full 

precipitation conditions for the target protein are milder that those require for the 

precipitation of some contaminates  (Anbu, Gopinath, Hilda, & Annadurai, 2005) 

However, very high level of enzyme purification should not be expected (Garcia‐

Galan, Berenguer‐Murcia, Fernandez‐Lafuente, & Rodrigues, 2011). The enzyme 

loading in this method is very high with low loss of activity (Mateo, Palomo, Van 

Langen, Van Rantwijk, & Sheldon, 2004). 

      In this method, enzyme is precipitated to obtain aggregates. In the next step, the 

aggregate is cross linked with different reagents. The best known reagent for 

preparation of CLEA is glutaraldehyde (Sheldon, 2011). Glutaraldehyde is a bi-

functional reagent with the capacity to polymerize (Migneault, Dartiguenave, 

Bertrand, & Waldron, 2004). During the immobilization, the internal structure of the 

enzyme can be infiltrated by glutaraldehyde and the aldehyde group reacts with the 
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amino group of the protein, although it may eventually react with other groups (thiols, 

phenols, and imidazoles) (Habeeb & Hiramoto, 1968; Migneault et al., 2004; Wine, 

Cohen‐Hadar, Freeman, & Frolow, 2007). This could be critical for enzyme catalytic 

activity (Sheldon, 2011). The addition of glutaraldehyde to a protein solution may 

produce a chemical aggregation of the enzyme, causing protein molecules to react 

among themselves, and can directly yield a ―solid biocatalysts‖ (Barbosa et al., 2014; 

Caballero Valdés et al., 2011). However, when the amine content of enzyme is low, 

the cross-linking might not be very effective. To overcome this issue, the aggregation 

can be prepared in the presence of certain additives such as Bovine Serum Albumin 

which has a large number of amine groups (Dong, Zhao, Huang, & Tan, 2010). The 

use of BSA can enhance the activity and stability of CLEA (Shah, Sharma, & Gupta, 

2006). 

       Biodiesel is a clean-burning fuel that is now getting higher attention to solve the 

problem of climate change and reduce the dependency on fossil fuels which are facing 

many issues such as unstable escalation of price, depleting reserve and higher air 

pollutants. It can be produced from different sources such as vegetable oil, animal oil 

or waste cooking oil (Ganesan, Rajendran, & Thangavelu, 2009; Raja, 2011; Röttig, 

Wenning, Bröker, & Steinbüchel, 2010) 

      There are different methods for production of biodiesel. Out of which enzymatic 

transesterification using lipase technique is better than the other ways. The advantages 

of lipases in biodiesel production included: high efficiency, complete conversion of 

free fatty acids (FFA) to methyl or ethyl esters, less energy consumption, more 

selective mild reaction condition, low temperature and low formation of side products 

and waste (Jegannathan, Jun-Yee, Chan, & Ravindra, 2010).  The main disadvantage 
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in using lipase for biodiesel production is its high cost. This issue can be overcome 

with the immobilization of lipase with different methods which can easily be recycle.  

 

1.2 PROBLEM STATEMENT 

  

      Cocoa pod husk (CPH) is a waste product and may cause many environmental 

problems when dumped around the processing plants. As the cocoa industries and 

demand for products related to cocoa improved in recent years, a large amount of this 

waste produced and release to the environment. 

      In the recent years, owing to the increasing necessity to take into consideration 

aspects aimed at preventing pollution of the environment as well as for economic 

motives, and the need to concern energy and new materials, new methods for waste 

handling and treatment have been introduced in the recovery, bioconversion and 

utilization of valuable constituents from fruit processing wastes. In many cases these 

wastes might have the potential for conversion into useful raw materials (Laufenberg, 

Kunz, & Nystroem, 2003). 

       Use of free enzyme as biochemical catalysis has some disadvantages such as high 

cost, low stability and none reusability. In aqueous solutions enzymes are relatively 

unstable and their recovery could be difficult due to their water solubility. To 

overcome these problems immobilized form of the enzyme has been used as a 

potential tool in industrial processes.  

      CLEA is a new method of carrier-free immobilized enzyme for biocatalysts as a 

replacement for carrier-bound immobilized enzyme. This new enzymatic technology 

can overcome the problem in carrier-bound systems usually associated with large 

amount of non-catalytic mass and expensive carrier beads and it is attractive in its 
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simplicity and robustness.  

1.3 SCOPE OF RESEARCH 

 

In this research lipase is extracted from cocoa pod husk and then immobilized 

using Cross-linked enzyme aggregates method. Immobilizations of enzymes with 

CLEA include simple precipitation followed by cross-linking. Experiments will be 

designed to optimally immobilize lipase in aqueous media. Using different amount of 

precipitants, cross linker and additives.  The optimum parameters in extraction of 

crude lipase and producing CLEA-lipase were studied using Design Expert version 

6.0.8. Soluble and immobilized enzyme was carried out in lab scale and was evaluated 

according to their activities, kinetic parameters, pH stability, thermostability and 

reusability. Lastly, the performance of the produced CLEA was applied in 

esterification and transesterification reactions. 

 

1.4 SIGNIFICANCE OF RESEARCH 

 

    The significances of this research work are multiple. The production of important 

industrial enzyme;lipase, from CPH the wasteful agro-based by-product, would be of 

interest and might provide an additional source of revenue to the cocoa industry and at 

the same time saving the environment from pollution. This high active and stable 

lipase has various applications in industries. Extracting an enzyme from a waste by-

product compare to microorganisms is less expensive and simpler.   

       The effort to produce enzymes from known halal sources is a ‗Fard Kifayah‘ to 

satisfy the Islamic requirements in food and consumer industries. As most of the 

globally marketed enzymes are known to have originated from the non-halal or 

dubious sources, this research attempted to contribute to the effort of solving this 


