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Cocoa butter is important in the confectionary industry because of its organoleptic 

attributes. This fat provides cool melting in the mouth sensation that gives a satisfying 

feeling to whoever eats chocolate. Cocoa butter was made from cocoa beans which 

undergo processes such as, drying, roasting, refining and fractionation. The end 

products, namely cocoa butter, cocoa liquor and cocoa mass are used mainly for 

chocolate industry. 

 

 

However, the supply and price of cocoa butter seems to deteriorate over the years, 

alluring researchers to study and produce alternatives to cocoa butter. Even though 

exotic fats are available as Cocoa Butter Equivalents, they also have instability issues 

as cocoa butter. Therefore, palm oil, rich in palmitic acids is explored to be one of the 

alternatives. 

 

 

In this study, crude palm-based cocoa butter equivalent (CBE) was developed via 

enzymatic interesterification between palm-based fat and fully hydrogenated fat. Fully 

hydrogenated fat with low Iodine Value used as the stearic donor to obtain high levels 

of POS (1-palmitoyl-2-oleoyl-3-stearoyl-sn-glycerol) triacylglycerols. Response 

Surface Methodology was used to obtain the optimum percentage of POS response of 

the interesterified product. The major parameters that influence the enzymatic 

interesterification reactions such as substrate ratio Palm Oil: Fully Hydrogenated Palm 

Oil (50:50-100:0 w/w), temperature (65-75°C), incubation time (30-600 minutes) and 

enzyme load (2-12 % w/w) were used for optimization. Based on the highest yield of 

POS produced using RSM, the optimal enzymatic parameters were: ratio of palm 

oil/fully hydrogenated palm oil is 1:1, 9.5% of enzyme load, 172.5 minute of retention 

time at 63.75°C. To purify the fat, the enzymatic interesterified product was subjected 
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to fractionation process at various cooling temperatures (32-45°C) and reaction time 

(12-36 hour). 

 

 

At 34°C, POS achieved at the highest level which was approximately 31% after 12 

hour of cooling process. The study of physiochemical properties of the CBE fat were 

done for characterization identification. The properties were solid fat content, slip 

melting point and iodine value. The Iodine Value (IV) and Slip Melting Point (SMP) 

are 44.30 and 29°C, respectively.  

 

 

Physicochemical characteristics of Cocoa butter Equivalent fractionated at 34°C 

(CBE34) fat proposed that it could be utilized in confectionery industry as CBE. 

Though the CBE produced was slightly softer compared to Cocoa Butter (CB), it 

fulfills the growing trend of softer chocolates that quickly dissolves in the mouth. The 

characteristics of the CBE produced, having high yield of POS contributed to the 

compatibility with CB. The thermo profile indicated that CBE34 fat melted below 

body temperature (37°C), which contributes to the fast melting in the mouth, leaving 

no waxy taste.   According to European Union regulations, only 5% of CBE can be 

used in chocolate formulations, therefore, CBE34 will be easily blended with CB. The 

crystallization profile of CBE34 is (+), which is similar to cocoa butter. Hence, 

from this study, CBE 34 is recommended for utilization in the confectionery industry 

as CBE. 
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Lemak koko penting dalam industri konfeksi kerana sifat-sifat organoleptiknya. 

Lemak ini memberikan sensasi pencairan dalam mulut yang memberi kenikmatan 

kepada sesiapa yang memakan coklat. Lemak koko dibuat daripada biji koko yang 

menjalani proses seperti pengeringan, pemanggang, proses penapisan  dan fraksionasi. 

Produk akhir, iaitu lemak koko, koko likor dan serbuk koko digunakan terutamanya 

untuk industri coklat. 

 

 

Bagaimanapun bekalan dan harga lemak koko didapati merosot dari tahun ke setahun, 

menggalakkan penyelidik untuk mengkaji dan menghasilkan alternatif kepada lemak 

koko. Walaupun lemak eksotik boleh didapati sebagai pengganti lemak koko, mereka 

juga mempunyai masalah ketidakstabilan harga dan bekalan seperti lemak koko. Oleh 

itu, minyak kelapa sawit, yang kaya dengan asid palmitik dieksplorasi dan menjadi 

salah satu alternatif. 

 

 

Suatu lemak ekuivalen kepada lemak koko yang berasaskan sawit mentah (CBE) telah 

dibangunkan melalui penjanaan reaksi enzimatik antara lemak berasaskan sawit dan 

lemak hidrogenasi sepenuhnya. Lemak hidrogenasi sepenuhnya dengan nilai iodin 

yang rendah akan digunakan sebagai penderma asid stearik untuk mendapatkan 

triasilgliserol POS (1-palmitoyl-2-oleoyl-3-stearoyl-sn-gliserol) pada tahap tinggi 

yang tinggi. Kaedah ‘Response Surface’ digunakan untuk mendapatkan tindakbalas 

optimum produk terinteristifikasi iaitu peratusan POS. Parameter utama yang 

mempengaruhi tindak balas penjanaan enzimatik seperti nisbah substrat kelapa sawit: 

minyak sawit terhidrogenasi sepenuhnya (50: 50-100: 0 w / w), suhu (65-75°C), masa 
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inkubasi (30-600 minit) dan peratusan enzim (2-12% w / w) yang digunakan untuk 

proses pengoptimuman. Berdasarkan peratusan POS yang dihasilkan berlandaskan 

RSM, parameter tindakbalas enzim yang optimum adalah: nisbah minyak kelapa 

sawit/minyak sawit hidrogenasi sepenuhnya adalah 1:1, 9.5% beban enzim, 172.50 

minit masa inkubasi pada suhu 63.75°C. Untuk menulenkan lemak yang telah 

diinteresterifikasi, produk melalui proses fraksionasi pada pelbagai suhu penyejukan 

(32-45°C) dan masa tindak balas (12-36 jam). Pada 34°C, POS dapat dicapai pada 

tahap tertinggi iaitu kira-kira 31% selepas proses penyejukan 12 jam. Kajian terhadap 

sifat-sifat fisiokimia lemak lemak gantian koko dilakukan untuk mengenal pasti sifat-

sifat lemak tersebut. Ciri-ciri yang digunakan untuk menegenalpasti sifat-sifat tersebut 

adalah kandungan lemak (SFC), titik lebur (SMP) dan nilai iodin (IV). IV dan Takat 

lebur (SMP) masing-masing adalah 44.30 dan 29.05°C.  

 

 

Ciri-ciri fizikokimia Lemak koko setara yang difraksi pada suhu 34°C (CBE34) 

mencadangkan bahawa ia boleh digunakan dalam industri coklat sebagai lemak 

gantian koko. Walaupun pengeluaran lemak gantian koko lebih lembut sedikit 

berbanding lemak koko, ia memenuhi trend terkini yang lebih cenderung kepada 

coklat yang lebih lembut yang cepat cair dalam mulut. Ciri-ciri lemak gantian koko 

yang dihasilkan, sesuai dengan lemak koko kerana POS yang dihasilkan adalah tinggi. 

Profil thermo menunjukkan bahawa lemak CBE34 cair di bawah suhu badan (37°C), 

yang menyumbang kepada pencairan yang cepat di dalam mulut, tidak meninggalkan 

rasa melekit. Menurut peraturan EU, hanya 5% lemak gantian koko boleh digunakan 

dalam formulasi coklat, oleh itu, membuatkan CBE34 mudah dicampur dengan lemak 

koko. Profil kristalisasi CBE34 adalah ( + ), sama dengan lemak koko. 

Berpandukan ciri-ciri  kondisi penghasilan CBE34,  lemak gantian koko ini disyorkan 

untuk digunakan dalam industri coklat. 
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CHAPTER 1 

 

 

INTRODUCTION 
 

 

The physical properties and significant organoleptic attributes of cocoa butter make 

it an essential fat in the confectionary industry. The triacylglycerols that exist in 

cocoa butter are very unique, making it a luxury product. It is composed of three 

main triacylglycerols which are 1, 3-dipalmitoyl-2oleoyl-glycerol (POP, 15-16%), 1-

palmitoyl-2-oleoyl-3-stearoyl-rac-glycerol (POS, 35-38%), and 1, 3-distearoyl-2-

oleoyl-glycerol (SOS, 23-26%) (Oracz et al., 2015). The crystallization and melting 

attributes that is crucial in providing sharp melting at body temperature is primarily 

provided by these triacylglycerols which are a very important in chocolate 

confectionery (Talbot, 2009; Lipp and Anklam, 1998).  

 

 

Over the years, researchers have been trying to replace cocoa butter with exotic fats 

such as illipe, sal and shea which have unstable issues in terms of supply, price and 

quality (Gunstone, 2011). Because of its similar physical and chemical properties, 

these cocoa butter equivalents are popular in the chocolate industry.  Cocoa butter 

equivalent are also mixable with cocoa butter without changing the properties. The 

1-palmitoyl-2-oleoyl-3-stearoyl-s n-glycerol (POS) contributes the highest level of 

triacylglycerol in cocoa butter. 

 

 

High value added products, especially the specialty lipids can be developed from 

cheap commercial oils by enzymatic lipid modification reactions (Forssell et al., 

1992). Palm oil is one of the most popular oil used to produce cocoa butter-like fats 

because it is cheap, convenient and has constant supply.  Palm oil which has two 

fractions; solid and liquid, has the potential to be used as a cocoa butter equivalent 

(CBE) or substitute (CBS). At present, Malaysia holds 39% of world palm oil 

production and 44% of world exports. If other oils & fats produced in the country are 

included in the picture, Malaysia accounts for 12% and 27% of the world's total 

production and exports of oils and fats respectively (MPOC, 2017). Palm oil and its 

fractions have long been used as edible oils and fats for a wide range of applications. 

However, past negative perceptions and campaigns struck by non-government 

organizations (NGOs) of palm oil had painted an unhealthy picture of palm oil, thus 

creating a great challenge for palm oil to penetrate the functional oils market. Having 

said that, this scenario can be advantageous for researchers to study more on creating 

better impact of palm oil usage towards healthier aspects in environment and human 

well-being.  Thus, in order to stay competitive in the edible oils and fats market, it is 

a necessity for the development of functional oils from palm oil.  

 

Extensive research has been done to produce these specialty fats and many methods 

have been attempted using all sorts of techniques such as enzymatic and chemical 
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reactions. Further purification, another crucial step, needs to be done using 

fractionation, supercritical fluid extraction, short path distillation and many more to 

obtain CBE. 

 

Many studies use palm oil and its derivatives alone or mix them with other oils and 

fats to produce CBE. For instance, Pinyaphong and Phutrakul (2009), produced CBE 

using palm oil and methyl stearate, whereas, Chong et al., (1992) generated CBE by 

enzymatically modifying palm olein and stearic acid. Palm mid-fraction and stearic 

acid also yielded high POS and SOS levels (Undurraga et al., 2003). Many works 

have concentrated on enzymatic modification and purifications such as done by 

Chiel Jedang of Korea, in 2010 using palm oil and fatty acid ethyl ester to create 

high SOS CBEs by EIEs as well as distillation processes. Palm oil and fully 

hydrogenated soybean oil was used to produce CBE with high POS and POP levels 

via EIE and solvent fractionation (Abigor et al., 2003). Sonwai and Kaphueakngam, 

(2014), produced cocoa butter equivalent using palm-mid fraction and mango kernel 

fat contained high SOS percentage (approximately 27%) and same amount of POP 

level as cocoa butter (13%). 

 

In this study, the production of palm-based CBE using enzymatic interesterification 

(EIE) of palm oil and fully hydrogenated palm oil was investigated.  The catalyst, a 

commercially immobilized lipase, Thermomyces lanuginosus lipase (Lipozyme 

TLIM) was used. The effects of various reaction parameters on the yield of POS, 

POP and SOS were evaluated and optimized by response surface methodology 

(RSM). Further purification of CBEs was done by the fractionation process. 

Physicochemical characteristics and thermo profiles of the CBEs produced were also 

studied. In short, the objectives of this study were as follows: 

i. To optimize various reaction parameters of a commercially immobilized 

lipase (TL IM Lipozyme) on the production yield of POS which are the 

ratio of palm oil to hydrogenated palm oil (0-100:100-0), enzyme load (2-

12%), incubation time (30-600 minute)  and reaction temperature (60-

75°C). 

 

ii. To determine the crystallization temperature and retention time of 

crystallization fractionation process parameters to yield the highest 

percentage of POS. 

 

iii. To study the physicochemical properties such as solid fat content, slip 

melting point, iodine value and thermo gram profile of the high yield 

POS CBE produced. 

 

 

 

 



© C
OPYRIG

HT U
PM

50 

 

REFERENCES 

Adamczak, M. (2004). The Application Of Lipases In Modifying The Composition, 

Structure And Properties Of Lipids – A Review, 13(1), 3–10. 

Adinarayana K, Ellaiah P. (2002).Response surface optimisation of the critical 

medium components for the production of alkaline protease from a newly 

isolated Bacillus subtilis PE-11. J Pharm Pharma Sci. 2002(5): 281–287. 

Afoakwa, Emmanuel Ohene, Paterson Alistair, Fowler Mark and Vieira Joselio. 

Modelling tempering behaviour of dark chocolates from varying particle size 

distribution and fat content using response surface methodology. Innovative 

Food Science and Emerging Technologies, 9 (2008), 527–533. 

Akoh,C. Casimir and Min, B. David. (2008). Crystallization and Polymorphism of 

Fats. Food Lipids: Chemistry, Nutrition, and Biotechnology (3rd ed.). CRC 

Press. 245-267 

Aravindan. R, Anbumathi, P. and Viruthagiri, T. (2006). Lipase applications in food 

industry. Indian Journal of Biotechnology, 6, 141-158. 

Berg, J.M., Tymoczko, J.L. dan Stryer, L. (2002). Section 8.4 The Michaelis-Menten 

Model Accounts for the Kinetic Properties of Many Enzymes. Biochemistry. 

(5th ed). New York: W H Freeman. 

Berkeley Welness. (2011). Ask the Expert: Hydrogenated Oils. University of 

California. Retrieved from: http://www.berkeleywellness.com/healthy-

eating/food/article/hydrogenated-oils 

 

Biswas, N., Cheow, Y. L., Tan, C. P. and Siow, L. F. (2016). Blending of Palm 

Mid‑Fraction, Refined Bleached Deodorized Palm Kernel Oil or Palm 

Stearin for Cocoa Butter Alternative. J Am Oil Chem Soc (2016) 93, 1415–

1427 

 doi 10.1007/s11746-016-2880-z 

 

Borrelli, G.M. and Trono, D. (2015). Recombinant Lipases and Phospholipases and 

Their Use as Biocatalysts for Industrial Applications. Int. J. Mol. 

Sci. 2015, 16(9), doi:10.3390/ijms160920774 
 

Chang, M. K. Abraham, G.  John, V. T.  (1990). Production of cocoa butter-like fat 

from interesterification of vegetable oils. J. of Am. and Oil Chemist. Soc. 

67,11 (1990), 832-834. 

Chie Jedang Corp. (2012). Fat and Oil Composition for Chocolate and 

Confectionery. European Patent Application WO 2011/068274. Korea. 

CBE34 24 hours 

http://www.whfreeman.com/
http://dx.doi.org/10.3390/ijms160920774


© C
OPYRIG

HT U
PM

51 

 

Chiel Jedang Corp. (2010). Cocoa butter equivalent produced by the enzymatic 

interesterification process and method for preparing the same. Patent number: 

WO2010053244A1. Korea. 

Ciftci, O. N., Gög, F., & Fadılog, S. (2009). Bioresource Technology Conversion of 

olive pomace oil to cocoa butter-like fat in a packed-bed enzyme reactor, 

100, 324–329. https://doi.org/10.1016/j.biortech.2008.05.035. 

Criado, Manuel. Herna´ndez-Martı´n, Estela, Lo´pez-Herna´ndez, Arnoldo and 

Otero, Cristina. Enzymatic Interesterification of Extra Virgin Olive Oil with 

a Fully Hydrogenated Fat: Characterization of Reaction and Its Products. 

(2007). J Amer Oil Chem Soc. 84, 717-726. 

 

Danthine, S. B. and Gibon V.. (2007). Comparative analysis of triacylglycerol 

composition, melting properties and polymorphic behaviour of palm oil and 

fractions. Eu. J. Lipid Sci. Tech. 109 (2007) 359-372. 

 

Deffense, Etienne. (2008). Dry Fractionation A Booming Technology. 

Crystallization and Degumming S.P.R.L. OFI Middle East. 

 

Desmet Ballestra. (2015). Specialty fats fractionation: new possibilities Statoliser® 

Technologies. Desmet Ballestra Fractionation with Statoliser® Technology.  

Dhaka, V., Gulia, N., Ahlawat, K.S. and Khatkar, B.S. (2011). Trans fats-sources, 

heatlth risk and alternative approach – A review. J Food Sci Technol. 48(5), 

534-541. Doi: 10.1007/s13197-010-0225-8 

Dhara R, Singhal R.S. (2014). Process optimization of enzyme catalyzed 

production of dietary diacylglycerol (DAG) using TLIM as biocatalyst. J 

Oleo Sci 63(2), 169–176. 

Dordick, J.S. (1989). Enzymatic Catalysis in Monophasic Organic Solvents, Enzyme 

Microb. Technol. 11:194-211 (1989). 

Erickson D. R.  and Erickson M. D., in Erickson D. R., Pryde E. H., Mounts T. L. 

Brekke O. L., and Falb R. A., eds. (1980). Handbook of Soybean Processing 

and Utilization 

Forssell, T.A., Kervinen, R., Lappi, M., Linko, P., Suortti, T., Poutanen, K, (1992). 

Effect of enzymatic interesterification on the melting point tallow rapeseed 

oil (LEAR) mixture. J. Am.Oil. Chem. Soc. 69, 126-129 

Fuji Oil Company Limited. Patent on hard butter. (2001). United States Patent 

6258398 

Fuquay, J.W., Fox, P.F and  McSweeney, P.L.H. (2011). Encyclopedia of Dairy 

Sciences. Technology and Engineering. Academic Press. 

https://doi.org/10.1016/j.biortech.2008.05.035


© C
OPYRIG

HT U
PM

52 

 

Gan Peck Yean Lzd. (2012). A Study On Malaysia Palm Oil Postion In The World 

Market To 2035.IEEJ.  

Gitlesen, Thomas., Svensson, Ingemar., Adlercreutz, Patrick., Mattiasson, Bo., and 

Nilsson, Jörgen. (1995). High-oleic-acid rapeseed oil as starting material for 

the production of confectionary fats via lipase-catalyzed transesterification. 

Industrial Crops and Products,  4(3), 167-171 

Goh, S.H., Yeong, S.K, Wang, C.W. (1993). Transesterification of cocoa butter by 

fungal lipases: Effect of solvent on 1,3-specificity. Journal of the American 

Oil Chemists’ Society. 70, 567 

Gunstone, F.D. (2011). Vegetable Oils in Food Technology: Composition, 

Properties and Uses. Technology & Engineering . John Wiley & Sons, 1 Mar 

2011. 

Hamm, W. (2005). Fractionation Technology. 1–8.hard butter and process for 

making the same.Copyright © W Hamm 2005. 

Hashimoto, S., Nezu, T., Arakawa, H., Ito, T., & Maruzeni, S. (2001). Preparation of 

Sharp-Melting Hard Palm Midfraction and Its Use as Hard Butter in 

Chocolate, 78(5), 455–460. 

Haupt, C. (2011). Transient enzyme-substrate recognition monitored by real-time 

NMR. Journal of the American Chemical Society, 2011; 133(29), 11154-62. 

Hou, X and Sun.S. (2017). Enzymatic production of sterculic acid from the novel 

Phoenix tree seed oil: Optimization and kinetic study. Grasas y 

Aceites, 68(2),  

Himme, Ben. (2018). Enzyme &Substrate Concentration. 

https://www.pathwayz.org/Tree/Plain/ENZYMES+%26+SUBSTRATE+CO

NCENTRATION. (Accessed on 3 Jan 2018). 

Hitachi Hi-Tech. (2008). Estimating the Solid Fat Content of Chocolate and Butter 

Products using DSC to Investigate the Taste of Edible Fats. Application 

Brief.Hitachi High Tech Corporation. 

Hong Zhanga, Xuebing Xua, Jörgen Nilssonc, Huiling Mub, Jens Adler-Nissena, 

and Carl-Erik Høyb.(2001). Production of Margarine Fats by Enzymatic 

Interesterification with Silica-Granulated Thermomyces lanuginosa Lipase in 

a Large-Scale Study. JAOCS, 78(1). 

Mat Hassim, N. A, & Mat Dian, N. L. H. M. (2017). Usage of Palm oil, palm kernel 

oil and their fractions as confectionary fats. Journal of Oil Palm Research, 

29(3), 301–310. https://doi.org/10.21894/jopr.2017.2903.01 

 

http://www.sciencedirect.com/science/journal/09266690
http://www.sciencedirect.com/science/journal/09266690/4/3
https://link.springer.com/journal/11746
https://link.springer.com/journal/11746
https://www.google.com.my/search?tbo=p&tbm=bks&q=subject:%22Technology+%26+Engineering%22&source=gbs_ge_summary_r&cad=0
https://www.pathwayz.org/Tree/Plain/ENZYMES+%26+SUBSTRATE+CONCENTRATION
https://www.pathwayz.org/Tree/Plain/ENZYMES+%26+SUBSTRATE+CONCENTRATION


© C
OPYRIG

HT U
PM

53 

 

Husum, T.L. (2003). Enzymatic Interesterification: Process Advantages and 

Product Benefits. Palm Oil Developments. 

Idrees Amin, Dr. (2014). Malaysia Palm Industry. MPPC Bulletin. 

http://www.mpoc.org.my/Malaysian_Palm_Oil_Industry.aspx.  

Jaeger K E & Eggert T.(2003). Lipases for biotechnology. Curr Opin Biotechnol, 13 

(2003) 390-397. 

Jaeger, K. E., Dijkstra, B. W. and Reetz, M. T. (1999). Bacterial biocatalysts: 

molecular biology, three dimensional structures and biotechnological 

application of lipases. Annual Reviews of Microbiology 53, 315-351 

Jain J L (2011). Biochemistry, 1st edn (S Chand & Company Ltd., New Delhi) 1979, 

197- 224.  

Jiang, Y. and Loos, 2016. Enzymatic Synthesis of Biobased Polyesters and 

Polyamides. Polymers 2016, 8(7), 243. doi:10.3390/polym8070243 

Kang, K.K., Kim, S., Kim, I.H., Lee, I.H., and Kim, I.H. (2013). Cocoa butter 

equivalent prepared by blending fraionated palm stearin and shea sterain by 

double solvent fractionation. J. Food Science and Technology. 51, 242-252. 

Kataki, Farzad Mardani., and  Salehi, Esmaeil Ataye. (2016). Lipases: Sources, 

Characteristics and application in Food industry. International Journal of 

Chem Tech Research CODEN (USA): IJCRGG, 9(12), 305-312, 2016. 

Kellens, M. Gibon. (1998). State of play and evaluation of fat modification processes 

by combination of hydrogenation, interesterification and fractionation. OCL 

(1998). 5, 384-391 and 421-426. 

Kellens,.M. Gibon, V. Hendrix, M.  De Greyt. W. (2007). Palm oil fractionation. 

Eur. J. Lipid. Sci. Technol. 109, 336-349. 

Kerti, K. (2001). Investigating Isothermal DSC Method to Distinguish between 

Cocoa Butter and Cocoa Butter Alternatives. Journal of Thermal Analysis 

and Calorimetry. 63 (2001) 205-219. 

Kim, S., Kim, I.H. and Akoh, C.C. (2014). Enzymatic Production of Cocoa Butter 

Equivalents High in 1-Palmitoyl-2-oleoyl-3-stearin in Continuous Packed 

Bed Reactors. J Am Oil Chem Soc (2014) 91:747–757. doi 10.1007/s11746-

014-2412-7 

Kimberly, K.J. (2013). Technical Report on Milk Technology and Emerging Milk 

Protein Opportunities. Dairy Reseach Institute. U.S Dairy. Export Council. 

Retrieved 

from:file:///D:/Pre%20installer/Downloads/TechnicalReportMilkFractionatio

nTechnologypdf.pdf 

http://www.mpoc.org.my/Malaysian_Palm_Oil_Industry.aspx
http://dx.doi.org/10.3390/polym8070243


© C
OPYRIG

HT U
PM

54 

 

Kirana, Shumaila, Arshada Zunaira, Nosheenb Sofia, Kamala Shagufta, Gulzar 

Tahsin, Majeeda, Muhammad Sajid, Maria Jannata, Rafiquec Muhammad 

Asim. (2016). Microbial Lipases: Production and Applications: A Review 

JBCBB, 1(2):7-20, 2016. 

Kostecka, M. (2012). Enzymatic and chemical interesterification of chicken fat and 

rapeseed oil (2.3 w/w) mixture . Rivista Italiana Delle Sostanze Grasse. 

2011; 88 (4) 244-255 

Lasoń, Elwira. and Ogonowski, Jan. (2010).  Lipase – characterization, applications 

and methods of immobilization. CHEMIK 2010, 64, 2, 97-102  

Liang, M. T., Chen, C. H., & Liang, R. C. (1998). The interesterification of edible 

palm oil by stearic acid in supercritical carbon dioxide. Journal of 

Supercritical Fluids, 13(1–3), 211–216. https://doi.org/10.1016/S0896-

8446(98)00054-0 

Lipp, M. and Anklam, E. (1998). Review of cocoa butter and alternative fats for use 

in chocolate-Part A. Compositional data. Food Chemistry 62, 73-97. 

Lipp, M., & Anklam, E. (1998). Review of cocoa butter and alternative fats for use 

in chocolate-Part B . Analytical approaches for identification and 

determination, 62(1), 99–108. 

Lipp, M., Simoneau, C., Ulberth, F., Anklam, E., Crews, C., Brereton, P. Wiedmaier, 

C. A. (2001). Composition of Genuine Cocoa Butter and Cocoa Butter 

Equivalents. https://doi.org/10.006/jfca.2000.0984 

Liu, K., Cheng, H., Chang, R., & Shaw, J. (1997). Synthesis of Cocoa Butter 

Equivalent by Lipase-Catalyzed Interesterification in Supercritical Carbon 

Dioxide, 7–12. 

Lotti. Marina, Grandosi, Rita, Fusetti., Fabrizia, Longhi., Sonia, Brocca., Stefania., 

Tramontana. Anna. and Alberghina, Lilia. (1993). Cloning and analysis of 

Candida cylindracea lipase sequence. Gene, February 1993, 124 (1), 45-55. 

Marangoni, A., and Rousseau, D. (1995). Engineering triacylglycerols: The role of 

interesterification Trends Food Technol. 6, 329-335.  

Min. David B. (2008). Food Lipids: Chemistry, Nutrition and Biotechnology. Third 

Edition. CRC Press. Technology & Engineering. 

Miura S., Ogawa A., Konishi H., A rapid method for enzymatic synthesis and 

purification of the structured triacylglycerol, 1,3-dilauroyl-2-oleoyl-glycerol. 

J. Am. Oil Chem. Soc., 1999, 76, 927–931. 

 

Mohamed, I. O.(2013). Lipase-Catalyzed Acidolysis of Palm Mid Fraction Oil 

https://doi.org/10.006/jfca.2000.0984


© C
OPYRIG

HT U
PM

55 

 

with Palmitic and Stearic Fatty Acid Mixture for Production of Cocoa Butter 

Equivalent.  Appl Biochem Biotechnol (2013) 171:655–666. DOI 

10.1007/s12010-013-0381-1 

Mousavi, K., Shoeibi, S., Ameri, M., 2012. Effects of storage conditions and PET 

packaging on quality of edible oils in Iran. Adv. Environ. Biol. 6 (2), 694–

701. NIS, 1992. Nigerian Industrial Stand. 

Murzin, D.Y., Simakova, I.L., (2008). Kinetic aspect of stereoselectivity in 

hydrogenation of fatty acids. J. Molecular Cat.: Chem. 286, 156-161. 

Naik, Bindu and Kumar, Vijay. (2014). Cocoa Butter and Its Alternatives: A 

Review. Journal of Bioresources and Technology. 07-17. 

Nakai S, Li-Chan SY, Dou J (2007). Experimental Design and Response-Surface 

Methodology. In SS Sablani, MS Rahman, AK 

Norizzah, A. R., Norsyamimi, M., Zaliha, O., Azimah, N., & Hazirah, S. (2014). 

Physicochemical properties of palm oil and palm kernel oil blend fractions 

after interesterification. International Food Research Journal, 22(4), 1390–

1395. Retrieved from http://www.ifrj.upm.edu.my 

 

Normah, I., Cheow, C. S., & Chong, C. L. (2012). Crystal habit during 

crystallization of palm Oil: Effect of time and temperature. International 

Food Research Journal, 20(1), 417–422. 

Oliveira, D., & Oliveira, J.V. (2001). Enzymatic alcoholysis of palm kernel oil in n-

hexane and SCCO2. Journal of Supercritical Fluids, 2001(19), 141-148, 

ISSN 0896-8446. 

Oracz, J., Zyzylewicz, D., Budyryn, G., Nebesny. (2015). Cocoa Butter Alternative 

Fats. Plant Lipids Science, Technology, Nutritional Value and Benefit to 

Human Health. 2015, 87-106. 

Paiva, A. L., & Malcata, F. X. (1999). How performance of integrated systems of 

reaction and separation relates to that of parallel and sequential 

configurations. Bioprocess Engineering, in press. 

Pantzaris, T P. (2000). Pocketbook of Palm Oil Uses. Fifth edition. MPOB, Bangi, 

102-109. 

Pantzaris, T P; Mohd Jaaffar Ahmad. (2001). Properties and Utilization of Palm 

Kernel Oil. Palm Oil Development. Malaysia Palm Oil Board, (35), 11-15, 

19-23. 



© C
OPYRIG

HT U
PM

56 

 

Patterson. H. B. W.  (1994). Hydrogenation of Fats and Oils: Theory and Practice, 

AOCS Press, Champaign, Illinois. 

Peilow, Alan D. and Misbah Maha M. A.. (2001). Immobilization of Lipase Enzymes 

and Their Application in the Interesterification of Oils and Fats. From: 

Methods in Biotechnology, Vol. 15: Enzymes in Nonaqueous Solvents: 

Methods and Protocols chapter 49, 2001. 

Pintauro, P.N., Gil, M.P., Warner, k., List, G., Neff, W. (2005). Electrochemical 

hydrogenation of soybean oil with hydrogen gas. Ind. Eng. Chem. Res. 44, 

6188-6195. 

Pinyaphong, P., & Phutrakul, S. (2009). Modification of Palm Oil Structure to Cocoa 

Butter Equivalent by Carica papaya Lipase- Catalyzed Interesterification, 

53000, 536–540. 

Piqueras, C.M., Fernendez, M.B., Tonetto, G.M., Bottini, S., Damiani, D.E., (2006). 

Hydrogenation of sunflower oil on Pd catalyst in supercritical conditions: 

effect of particle size. Cat. Commun. 7, 344-347. 

PORIM Test Methods. 1995. Palm Oil Research Institute of Malaysia, p.72-75, 40-

42, 92-101, 33-36, 37-39, 64-65. Ministry of Primary Industries, Malaysia. 

Rasor, Amy S. and Duncan. Susan E.  (2014). Fats and Oils – Plant Based. Food 

Processing: Principles and Applications, Second Edition. Edited by Stephanie 

Clark, Stephanie Jung, and Buddhi Lamsal. 2014 John Wiley & Sons, Ltd. 

Published 2014 by John Wiley & Sons, Ltd. 

Mutia., Reiza, Abang Zaidel., Dayang Norulfairuz, Muhamad, Ida Idayu. (2015). 

Synthesis of Cocoa Butter Equivalent from Formulated Hard Palm Oil Mid-

Fraction and Canola Oil Blends. Advanced Materials Research, 1113, 453-

458, 2015. 

Rodriguez, A. R. (2002). Literature Review. American Journal of Medical Quality, 

17(3), 118–123. https://doi.org/10.1177/106286060201700307 

Rosenthal A, Pyle DL and Niranjan K. (1998). Simultaneous aqueous extraction of 

oil and protein from soybean: mechanisms for process design. Trans. Inst. 

Chem. Eng. Part C 76, 224-230 7.  

Rosenthal, A., Pyle, D.L. & Niranjan, K. 1996. Aqueous and enzymatic processes 

for edible oil extraction. Enzyme Microbial Technology.19:402-420. 

 

Rousseau, Dérick, Marangoni, Alejandro, G., and Jeffrey, Ken R. (1998). The 

influence of chemical interesterification on the physicochemical properties 

of complex fat systems. Journal of the American Oil Chemists' Society. 

75(12), 1833–1839. 

https://link.springer.com/journal/11746
https://link.springer.com/journal/11746/75/12/page/1


© C
OPYRIG

HT U
PM

57 

 

Rousseau, Derick. (2007). The microstructure of chocolate. Understanding and 

controlling the microstructure of complex foods. Woodhead Publishing 

Limited and CRC Press LLC. 

Rousseau, Derick. (2016). Chapter 10: Mircrostructural  Imaging of Chocolate 

Confectionery. Imaging Technologies and Data Processing for Food 

Engineers. Springer,Food Engineering series. 

Senanayake, N. and Shahidi F. (2004). Incorporation of docosahexanic acid (DHA) 

into evening primrose (Oeneothera biennis) via lipase-catalyzed 

transesterification. Food Chem. 2004 (85), 489-496.  

Siddique Bazlul Mobin., Ahmad, Anees, Ibrahim, Mohamad Hakimi., Hena Sufia, 

Rafatullah Mohd and Omar Mohd A. Ka. Physico-chemical properties of 

blends of palm olein with other vegetable oils. Innovative Food Science and 

Emerging Technologies 9 (2008) 527–533. 

Soekopitojo S., Hariyadi P., Muchtadi T. R., Andarwulan N.. (2009). Enzymatic 

interesterification of palm oil midfraction blends for the production of cocoa 

butter equivalents. As. J. of Food Agro-Ind.2, 04 (2009) 807-816. 

Solange I. Mussatto., Giuliano Dragone., Marcela Fernandes., Adriane M. F. 

Milagres and Ineˆs C. Roberto. (2008). The effect of agitation speed, enzyme 

loading and substrate concentration on enzymatic hydrolysis of cellulose 

from brewer’s spent grain. Cellulose (2008) 15:711-721. Doi: 

10.1007/s10570-008-9215-7. 

Solıs-Fuentes, J.A and Duran-de-Bazua M.C. (2003). Mango seed uses: thermal 

behaviour of mango seed almond fat and its mixtures with cocoa butter. 

Bioscience Technology. 92 (2004), 71-78. 

Sonwai, S., Kaphueakngam, P., & Flood, A. (2012). Blending of mango kernel fat 

and palm oil mid-fraction to obtain cocoa butter equivalent. Journal of Food 

Science and Technology, 51(10), 2357–2369. https://doi.org/10.1007/s13197-

012-0808-7 

Spectecindia. (2010). Hydrogenation and vanaspati plant. Retieved from: 

http://www.spectechindia.com/hydrogenation_plant.  

Sundram Kalyana RSaY-AT. (2017) Palm Oil: Chemistry and Nutrition Updates. 

Malaysian Palm Oil Board (MPOB),PO Box 10620, 50720 Kuala Lumpur, 

Malaysia. 

Takaç, Serpil and Bakkal, Mehmet. (2007). Impressive effect of immobilization 

conditions on the catalytic activity and enantioselectivity of Candida 

rugosa lipase toward S-Naproxen production. Process Biochemistry.42(6), 

1021-1027. 

http://www.sciencedirect.com/science/article/pii/S1359511307001055#!
http://www.sciencedirect.com/science/article/pii/S1359511307001055#!


© C
OPYRIG

HT U
PM

58 

 

Talbot, G., (2009). Vegetable fats, in: Bekkett, S.T. (E.d), Industrial Chocolate 

manufacturer and use, 4ed. Wiley-Blackwell, Weat-Susex, UK, pp. 307-322 

and 415-433. 

Talbot, Geoff, The Fat Consultant, Smith, Kevin W., Unilever Research and Cain, 

Fred W., Loders Croklaan. (2006). Solvent fractionation of palm oil. Inform. 

Vol 17 (2006), no. 5, pages 324-326 

The Nisshin Ollio Ltd. (2007). Patent number PCT/JP2007/064229 

Torben H. Rønnea, Lars S. Pedersenb, and Xuebing Xua. (2005). Triglyceride 

Selectivity of Immobilized Thermomyces lanuginosa Lipase in 

Interesterification. JAOCS, Vol. 82, no. 10. 

Torbica, A., Jovonic, O. and Pajin, B. 2006. The advantages of solid fat content 

determination in cocoa butter and cocoa butter equivalents by Karlshamns 

method. Eur Food Res Technol,  222, 385-391. 

Undurraga, D., Markovitz, A. and Erazo, S. (2001). Cocoa butter equivalent through 

enzymic interesterification of palm oil midfraction, Proc. Biochem. 36 

(2001), 933-939.  

Venkata Rao P & Laxmanan C M, Lipase enzyme technology and its potential 

applications in the oils and fats industry.  Indian Chem Eng, 33 (1991), 7-29. 

Wang, H., Wu, H., Ho, C., & Weng, X. (2006). Food Chemistry Cocoa butter 

equivalent from enzymatic interesterification of tea seed oil and fatty acid 

methyl esters, 97, 661–665. https://doi.org/10.1016/j.foodchem.2005.04.029. 

Watson, E. (2015). Do we need new labelling conventions around fully 

hydrogenated fats?. Confectionery news.com. William Reed Informing 

Business Growth. Retrieved from: 

https://www.confectionerynews.com/Article/2015/11/13/Fully-hydrogenated-

oils-have-been-demonized-says-expert 

Wilson, Edmund. J. and Pease, John. J. (1999). Confectionery Fats from Palm and 

Lauric Oils, Revisited. Proceedings of the World Conference on Palm and 

Coconut Oils for the 21st Century: Sources, Processing, Application, and 

Competition. Edited by Edward George Perkins, Arni Cahn. The American 

Oil Chemists Society, 1999. 

Xiao, H., (2007). Low Trans Fatty Acid Containing Hydrogenated Edible Oils. M.D 

Thesis, Miami University, Oxford, Ohio-United State of America. 

Yang, Tiankui., Fruekilde, Maj-Britt. and Xu, Xuebing. (2003). Applications of 

Immobilized Thermomyces lanuginose Lipase in Interesterification. JAOCS, 

80 (9). 

https://doi.org/10.1016/j.foodchem.2005.04.029
https://www.confectionerynews.com/Article/2015/11/13/Fully-hydrogenated-oils-have-been-demonized-says-expert
https://www.confectionerynews.com/Article/2015/11/13/Fully-hydrogenated-oils-have-been-demonized-says-expert


© C
OPYRIG

HT U
PM

59 

 

Zainal-Abideen, M., Aris, A., Yusof, Fadhilah., Abdul Majid, Z., Selamat, A. and 

Omar, S.I. (2012). Optimizing the coagulation process in a drinking water 

treatment plant- Comparison between traditional and statistical experimental 

design jar tests. Water Science and Technology, 65(3), 496-503. doi: 

10.2166/wst.2012.561 

Zaliha, O., Chong, C.L, Cheow C.S., Norizzah A.R., Kellens M.J. (2004). 

Crystallization Properties of Palm Oil by Dry Fractionation. Food Chemistry. 

86 (2004), 245-250. 

 Zhang, Dong-Hao,  Yuwen Li-Xia, and  Peng, Li-Juan. (2013). Parameters Affecting 

the Performance of Immobilized Enzyme. Journal of Chemistry. Review 

Article Volume 2013 (2013). 

Zhang, H., X. Xu, J. Nilsson, H. Mu, J. Adler-Nissen, and C.-E.Høy. (2001). 

Production of Margarine Fats by Enzymatic Interesterification with Silica-

Granulated Thermomyces lanuginosa Lipase in a Large-Scale Study, J. Am. 

Oil Chem. Soc. 78, 57–64 (2001). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.hindawi.com/41834583/
https://www.hindawi.com/80306191/
https://www.hindawi.com/34927980/

	TITLE
	CHAPTER
	Blank Page




