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Pseudo-ternary phase diagrams for oleyl laurate, oleyl stearate and oleyl oleate with 

surfactants (Pluronic F68 and Span 20) and piroxicam were constructed. In each 

pseudo-ternary phase diagram, a one-phase region was located along the apex line of 

water and mixed surfactants. A multi-phase region was also formed and found to 

dominate the three pseudo-ternary phase diagrams. The formation of large multi-

phase regions was believed to be due to less or no synergistic effects between the 

Pluronic F68 and Span 20 in facilitating the formation of nanoemulsions. Even so, a 

composition from the multi-phase region from each pseudo-ternary phase diagram 

was chosen for preparing the nanoemulsions systems containing piroxicam via low 

energy emulsification methods.   
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The incorporation of a rheology modifier (xanthan gum) into the nanoemulsions 

systems containing piroxicam successfully facilitated the formation of 

nanoemulsions systems. The results from the preliminary study via ‘One-At-A-Time 

Approach’ showed that the optimum amount (w/w) of oil for oleyl laurate 

nanoemulsions was 30 g (w/w) and 20 g (w/w) for oleyl stearate nanoemulsions and 

oleyl oleate nanoemulsions. For each nanoemulsions system, the mixed surfactants 

(Pluronic F68:Span 20, 8:2) and rheology modifier needed for the emulsification to 

take place was found to be 10 g (w/w) and 0.5 g (w/w), respectively. However, the 

emulsification process at optimum amount of the three variables for each 

nanoemulsions system showed that the low energy emulsification method was 

unable to form emulsions in the nano-size range.  

 

Thus, further investigation of the emulsification process was carried out using a high 

shear emulsification method by employing Artificial Neural Network (ANN) and 

Response Surface Methodology (RSM). ANN and RSM were used to predict the 

optimum amount (w/w) of oil, mixed surfactants and rheology modifier in order to 

produce nanoemulsions systems having ‘nano’-sized particles with high physical 

stability. The results showed that RSM gave a better prediction than ANN whereby a 

comparison between the predicted and experimental values showed good 

correspondence between them, with R2 values ≥ 0.9. The good correspondence of 

predicted and experimental values indicated that the empirical models derived from 

RSM can be used to describe the relationship between the variables and responses 

for the emulsification process of palm-based nanoemulsions systems. 
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As a result, the optimization of the emulsification process via a high shear 

emulsification method was performed by RSM based on Central Composite Design 

(CCD). The optimal amounts (w/w) of oleyl laurate, oleyl stearate and oleyl oleate 

as the oil phase for the oleyl laurate nanoemulsions (OL-Opt), oleyl stearate 

nanoemulsions (OS-Opt) and oleyl oleate nanoemulsions (OO-Opt) were found to 

be 33.92 g, 17.74 g and 17.95 g, respectively. As for the mixed surfactants (Pluronic 

F68:Span 20, 8:2) and rheology modifier, the optimal amounts (w/w) were found to 

be 4.03 g (OL-Opt), 9.97 g (OS-Opt), 7.59 g (OO-Opt) and 0.71 g (OL-Opt), 0.57 g 

(OS-Opt) and 1.02 g (OO-Opt), respectively. The emulsification process via high 

shear emulsification method at optimal amounts of the three variables has produced 

emulsions in ‘nano’-sized particles with surface charge values more negative than    

-30 mV at pH around 5, which suggest high physical stability of the emulsions.  

 

The characterization of oleyl laurate nanoemulsions (OL-Opt), oleyl stearate 

nanoemulsions (OS-Opt) and oleyl oleate nanoemulsions (OO-Opt) showed that the 

particle sizes were in the nano-range (in between 50 and 200 nm), with surface 

charge values and pH of -32.7 to -40.6 mV and 5.08 to 5.14, respectively. From 

observations, the three nanoemulsions systems were also found to be stable at 

various storage temperatures, which were 3 °C, 25 °C and 45 °C, with no phase 

separations. The physically stable nanoemulsions systems were also found to exhibit 

non-Newtonian flow behaviour by displaying a pseudoplastic behavior and shear-

thinning properties. The conductivity values of OL-Opt (310.0 µS cm-1), OS-Opt 

(281.0 µS cm-1) and OO-Opt (413.0 µS cm-1) also confirmed that oil-in-water 

nanoemulsions have been successfully produced. They were also found to be non-

irritant to the skin. 
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The oleyl laurate nanoemulsions (OL-Opt), oleyl stearate nanoemulsions (OS-Opt) 

and oleyl oleate nanoemulsions (OO-Opt) were found to be stable for three months 

at various storage temperatures, which were 3 °C, 25 °C and 45 °C; and passed the 

Freeze-thaw cycle with no phase failures. The particle size analyses showed that 

there were no significant differences during the three months storage period 

especially at temperatures of 3 °C and 25 °C, which indicated that Ostwald ripening 

could be prevented from occurring by incorporating polymeric surfactants and 

rheology modifiers into the nanoemulsions systems. At storage temperature of       

45 °C, the particle sizes for the three nanoemulsions systems were found to increase, 

which was probably due to the loss of water from the system, thus allowing the 

particles to combine and finally forming larger particles.  

 

The in-vitro study of OL-Opt, OS-Opt and OO-Opt was carried out by investigating 

their penetration through the cellulose synthetic membrane and Wistar male rat skin. 

It was found that the highest penetration of piroxicam at the 8th h was given by OS-

Opt (31.12%) followed by OO-Opt (25.46%) and OL-Opt (21.55%). The addition of 

1% menthol (which was labeled as WE) to each nanoemulsions system has 

increased the amount of piroxicam passing through the cellulose synthetic 

membrane as oleyl stearate nanoemulsions with menthol (OS-OptWE) showed the 

highest penetration of piroxicam (35.65%) followed by oleyl oleate nanoemulsions 

with menthol (OO-OptWE) (30.54%) and oleyl laurate nanoemulsions with menthol 

(OL-OptWE) (25.15%). Finally, the release of piroxicam from OL-OptWE, OS-

OptWE and OO-OptWE was carried out via the rat skin. OS-OptWE was found to 

give the highest penetration of piroxicam (41.44%), followed by OO-OptWE 

(29.01%) and OL-OptWE (21.10%). 
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Tiga sistem nanoemulsi mengandungi surfaktan (Pluronic F68 dan Span 20) dan 

piroksikam telah disediakan bagi tujuan membina gambarajah fasa pseudo-tiga 

untuk oleil laurat, oleil stearat dan oleil oleat. Setiap gambarajah fasa pseudo-tiga 

menunjukkan bahawa kawasan satu fasa terbentuk di kawasan jumlah air dan 

campuran surfaktan tertinggi. Kawasan pelbagai fasa juga terbentuk, dan didapati 

mendominasi hampir keseluruhan gambarajah fasa pseudo-tiga. Pembentukan 

kawasan pelbagai fasa yang luas dipercayai kerana kurang atau tiada kesan sinergi di 

antara Pluronic F68 dan Span 20 yang dapat membantu pembentukan nanoemulsi. 

Walaupun demikian, satu komposisi dari kawasan pelbagai fasa bagi setiap 

gambarajah fasa pseudo-tiga telah dipilih untuk menyediakan nanoemulsi 

mengandungi piroksikam melalui kaedah pengemulsian tenaga rendah. 
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Penambahan bahan pengubahsuai reologi (xanthan gam) ke dalam sistem 

nanoemulsi yang mengandungi piroksikam telah berjaya menghasilkan nanoemulsi 

yang stabil. Oleh itu, satu kajian awal telah dijalankan melalui kaedah konvensional 

iaitu memvariasikan satu parameter pada-satu-masa. Keputusan yang diperolehi 

menunjukkan bahawa jumlah optimum (w/w) minyak untuk nanoemulsi oleil laurat 

adalah 30 g (w/w) dan 20 g (w/w) untuk kedua-dua nanoemulsi oleil stearat dan oleil 

oleat. Bagi setiap sistem nanoemulsi, campuran surfaktan dan pengubahsuai reologi 

yang diperlukan untuk proses pengemulsian adalah 10 g (w/w) dan 0.5 g (w/w). 

Walau bagaimanapun, keputusan eksperimen menunjukkan bahawa proses 

pengemulsian pada jumlah optimum bagi ketiga-tiga pembolehubah menunjukkan 

bahawa kaedah pengemulsian tenaga rendah tidak dapat membentuk emulsi dalam 

julat saiz nano. 

 

Oleh itu, ujikaji lanjutan terhadap proses emulsifikasi telah dijalankan menggunakan 

Rangkaian Saraf Tiruan (ANN) dan Kaedah Permukaan Respons (RSM). ANN dan 

RSM telah digunakan untuk meramal jumlah optimum bagi fasa minyak, campuran 

surfaktan dan pengubahsuai reologi untuk menghasilkan emulsi dengan zarah 

bersaiz ‘nano’ dan stabil. Hasil kajian menunjukkan bahawa RSM memberikan 

keputusan yang lebih baik berbanding ANN, di mana perbandingan di antara nilai 

ramalan dan nilai sebenar ujikaji menunjukkan jalinan yang baik diantara mereka, 

dengan nilai R2 ≥ 0.9. Hubungkait yang baik di antara keputusan ramalan dan 

keputusan sebenar menunjukkan bahawa model empirik yang diperolehi dari RSM 

boleh digunakan untuk menerangkan hubungkait antara pembolehubah dan 

maklumbalas bagi proses pengemulsian nanoemulsi. 
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Proses mengoptimum emulsi telah dijalankan menggunakan RSM berdasarkan 

kepada Pusat Komposit Berputar (CCD). Jumlah optimum (w/w) fasa minyak (oleil 

laurat) untuk nanoemulsi oleil laurat (OL-Opt) adalah 33.92 g, manakala 17.74 g 

oleil stearat dan 17.95 g oleil oleat diperlukan untuk menghasilkan nanoemulsi oleil 

stearat (OS-Opt) dan nanoemulsi oleil oleat (OO-Opt). Keputusan ujikaji juga 

menunjukkan bahawa jumlah optimum bagi campuran surfaktan adalah 4.03 g (OL-

Opt), 9.97 g (OS-Opt), 7.59 g (OO-Opt) dan jumlah optimum bagi pengubahsuai 

reologi  adalah 0.71 g (OL-Opt), 0.57 g (OS-Opt) dan 1.02 g (OO-Opt). Penghasilan 

emulsi menggunakan kaedah pengemulsi ricih tinggi pada nilai optimum bagi 

ketiga-tiga pembolehubah telah menghasilkan nanoemulsi dengan nilai cas 

permukaan melebihi -30 mV pada pH sekitar 5 telah mencadangkan bahawa ketiga-

tiga nanoemulsi yang dihasilkan mempunyai kestabilan fizikal yang tinggi. 

 

Pencirian sistem nanoemulsi pada amaun optimum (w/w) menunjukkan bahawa saiz 

zarah berada dalam julat nano (di antara 50 dan 200 nm), dengan nilai cas 

permukaan di antara 32.7 mV dan 40.6 mV dengan nilai pH di antara 5.05 dan 5.14. 

Pemerhatian juga menunjukkan bahawa ketiga-tiga sistem nanoemulsi berada dalam 

keadaan stabil pada suhu penyimpanan 3 °C, 25 °C dan 45 °C. Sistem-sistem 

nanoemulsi tersebut juga mempamerkan sifat bukan Newtonian, atau dalam erti kata 

yang lain bermaksud sistem tersebut mempamerkan sifat pseudoplastik dan ricih-

penipisan. Nilai kekonduksian bagi sistem nanoemulsi oleil laurat (310.0 µS cm-1), 

nanoemulsi oleil stearat (281.0 µS cm-1)  dan nanoemulsi oleil oleat (413.0 µS cm-1) 

telah mengesahkan bahawa nanoemulsi dari jenis minyak-di dalam-air telah berjaya 

dihasilkan. Ketiga-tiga nanoemulsi juga didapati tidak meyebabkan kerengsaan 

kepada kulit. 
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Seterusnya, sistem nanoemulsi juga didapati stabil untuk tempoh 3 bulan apabila 

disimpan pada suhu 3 °C, 25 °C dan 45 °C, serta lulus ujian kitaran beku-cair. 

Sepanjang tempoh 3 bulan penyimpanan, saiz zarah nanoemulsi di dapati tidak 

menunjukkan sebarang perubahan yang signifikan terutama pada suhu 3 °C dan 25 

°C, yang mana ianya menunjukkan bahawa proses pematangan Ostwald boleh 

dihalang apabila menggunapakai surfaktan polimer dan pengubahsuai reologi di 

dalam sistem nanoemulsi. Pada suhu penyimpanan 45 °C, saiz zarah bagi ketiga-tiga 

sistem nanoemulsi telah didapati meningkat, yang mana ianya mungkin disebabkan 

oleh kehilangan air daripada sistem nanoemulsi, dan seterusnya menyebabkan zarah-

zarah bergabung, dan membentuk partikel yang lebih besar. 

 

Kajian in vitro terhadap sistem nanoemulsi telah dijalankan untuk mengetahui kadar 

penembusan piroksikam melalui membran selulosa sintetik dan kulit tikus jantan 

Wistar. Hasil kajian menunjukkan bahawa penembusan tertinggi piroksikam pada 

jam ke-8 diperolehi dari OS-Opt (31.12%), diikuti oleh OO-Opt (25.46%) dan OL-

Opt (21.55%). Penambahan 1% menthol (dilabelkan sebagai WE) kepada sistem 

nanoemulsi berjaya meningkatkan jumlah penembusan piroksikam melalui membran 

selulosa sintetik. Keputusan menunjukkan bahawa nanoemulsi oleil stearat 

mengandungi menthol (OS-OptWE) memberikan penembusan tertinggi piroksikam 

(35.65%) diikuti oleh nanoemulsi oleil oleat mengandungi menthol (OO-OptWE) 

(30.54%) dan nanoemulsi oleil laurat mengandungi menthol (OL-OptWE) (25.15%). 

Ujikaji terakhir adalah mencari peratusan pembebasan piroksikam dari setiap sistem 

nanoemulsi melalui kulit tikus. Keputusan ujikaji menunjukkan bahawa OS-OptWE 

telah memberikan pembebasan tertinggi piroksikam (41.44%) diikuti oleh OO-

OptWE (29.01%) dan OL-OptWE (21.10%). 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background Of The Study 

 

The pharmaceutical industry is an important component of the healthcare sector in 

Malaysia. Its development is driven by rising wealth, increased longevity of the 

population, greater awareness of healthcare and better access to medicines. In 

addition to that, there are opportunities to benefit from the diversified natural 

resources (such as form Malaysia’s flora and fauna) for the development of various 

types of resource-based and bio-generic drugs. For instance, the utilization of palm-

based raw materials in the pharmaceutical industry (as drug delivery agent) is 

expected to maintain Malaysia’s position as a global producer and exporter of oil 

palm products.  

 

Palm oil consists of triglycerides with the combination of glycerol and different fatty 

acids. The fatty acids can be converted to wax esters by synthesizing the fatty acids 

with long chain alcohols using lipases at mild reaction conditions and an 

environmentally friendly process, as described by Mat Radzi et al. (2005a). Wax 

esters are preferable as the oil phase for a nanoemulsions system over other types of 

oil phases such as triglycerides. This is due to the novel characteristics exhibited by 

wax esters, such as superb wetting behaviour at interfaces, without the ‘oily feeling’ 

when applied on skin surfaces and able to form nanoemulsions with selected 

surfactants.  
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Drug delivery is the method or process of administering a pharmaceutical compound 

to achieve a therapeutic effect in humans or animals (Friedman, 2008). Investigation 

on drug delivery technologies is carried out for the benefit of improving product 

efficacy and safety, as well as patient convenience and compliance. Most common 

routes of administration include the preferred non-invasive peroral (through the 

mouth), topical (skin), transmucosal (nasal, buccal/sublingual, vaginal, ocular and 

rectal) and inhalation routes. However, many medications may not be delivered 

using these routes because they might be susceptible to enzymatic degradation or 

cannot be absorbed into the systemic circulation efficiently due to its molecular size.  

 

1.2 Problem Statements 

 

Non-steroidal anti-inflammatory drugs (NSAIDs) are one of the most widely 

prescribed medications in the world (Sostres et al., 2010). They are known to have 

prominent anti-inflammatory, analgesic and antipyretic properties. In spite of these 

properties, some of the drugs are unable to be marketed due to difficulties in 

delivery. Some of the obstacles in drug delivery are poor solubility of the drugs, low 

bioavailability, short in-vitro and in-vivo stability, adverse side effects (such as 

irritation and ulceration to the gastro-intestinal mucosa) especially when taken 

orally, and regulatory issues. Therefore, such drugs need to be administered through 

a delivery system (such as topical delivery) that can make them marketable and 

acceptable for treatment of patients. 
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1.3 Significance Of The Study 

 

Topical application of a pharmacologically active compound onto the skin offers 

several advantages over other methods of administration such as oral and parenteral. 

The advantages of topical application are reduction in first pass metabolism by the 

liver, non-invasiveness, avoidance of the gastric route, reducing the potential for 

both degradation of the drug and gastric irritation, improved owner compliance with 

drug administration as well as elimination of pain and other complications of 

parenteral administration (Wosicka and Cal, 2010). In terms of the clinical use, 

topical administration will be the most preferred way of drug delivery due to limited 

or no side effects, especially for elderly patients who cannot tolerate oral dosage 

form and prolonged therapy.  

 

Hence, a new carrier-system for NSAIDs which is more efficient than the existing 

one has to be found, especially if it is able to reduce the adverse effects and 

solubility problem of the drug, thus overcoming the permeability problem of the 

drug. Therefore, an emulsions system, which is in nanometric size, mainly covering 

a size range of 50–200 nm, (Kong and Park, 2011) appears to be a potential carrier 

for transdermal delivery because the penetration through rough skin is easier, which 

also enhances the penetration of the actives (Tadros et al., 2004). Nanoemulsions are 

believed to be independent of the molecular size of the actives. Using oil-in-water 

nanoemulsions, the drug can be solubilized in the lipophilic phase, and the surfactant 

and co-surfactant in the nanoemulsions system may function as permeation 

enhancers by reducing the diffusional barrier of the stratum corneum.  
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1.4 Objectives 

 

Consequently, there are specific objectives, which have been listed below, that need 

to be carried out to develop a nanoemulsions system as a potential carrier for a 

transdermal delivery for the prototype NSAIDs, piroxicam:  

 

1. To prepare and construct pseudo-ternary phase diagrams of single fatty 

acid esters. 

2. To prepare nanoemulsions for piroxicam via spontaneous and high shear 

emulsifications methods. 

3. To predict and optimize the conditions for preparing nanoemulsions with 

nano-size particle and good physical stability using Response Surface 

Methodology (RSM) and Artificial Neural Network (ANN).  

4. To characterize the rheological and physicochemical properties of the 

nanoemulsions containing piroxicam. 

5. To evaluate the stability of the nanoemulsions system containing 

piroxicam. 

6. To study the delivery potential of the nanoemulsions system containing 

piroxicam. 

 

 

 



© C
OPYRIG

HT U
PM

 
179

REFERENCES 

 
Abd Gani, S. S., Basri, M., Abdul Rahman, M. B., Kassim, A., Abdul Rahman, R. N. Z. 

R. Salleh, A. B. and Ismail, Z., (2010). Characterization and effect on skin 
hydration of engkabang-based formulations. Bioscience Biotechnology and 
Biochemistry, 74(6): 1188-1193 

 
Abdulkarim, M. F., Abdullah, G. Z., Sakeena, M. H. F., Chitneni, M., Yam, M. F., 

Mahdi, E. S., Salman, I. M., Ameer, O. Z., Munavvar, A. S., Basri, M. and 
Noor, A. M., (2011). Study of pseudoternary phase diagram behaviour and the 
effect of several Tweens and Spans on palm oil esters characteristics. 
International Journal of Drug Delivery, 3: 95-100 

 
Abdul Rahman, M. B., Chaibakhsh, N., Basri, M., Salleh, A. B. and Abdul Rahman, R. 
 N. Z. R. and Mat Radzi, S., (2008). Modeling and optimization of lipase-
 catalyzed synthesis of dilauryl adipate ester by response surface methodology. 
 Journal of Chemical Technology and Biotechnology, 83: 1534-1540 
 
Abdul Rahman, M. B., Chaibakhsh, N., Basri, M., Salleh, A. B. and Abdul Rahman, R. 
 N. Z. R., (2009). Application of artificial neural network for yield prediction 
 of lipase-catalyzed synthesis of dioctyl adipate. Applied Biochemistry and 
 Biotechnology, 158(3): 722-735 
  
Abu Hasan, H., Abdullah, S. R. S, Kamarudin, S. K. and Kofli, N. T., (2011). Response 

surface methodology for optimization of simultaneous COD, NH4
+–N and Mn2+ 

removal from drinking water by biological aerated filter. Desalination, 275: 50–
61 

 
Amani, A., York, P., Chrystyn, H., Clark, B. J. and Do, D. Q., (2008). Determination of 

factors controlling the particle size in nanoemulsions using Artificial Neural 
Networks, European Journal of Pharmaceutical Sciences, 35: 42-51 

 
Arora, A., Kisak, E., Karande, P., Newsam, J. and Mitragotri, S., (2010). 

Multicomponent chemical enhancer formulations for transdermal drug delivery: 
More is not always better. Journal of Controlled Release, 144: 175-180 

 
Ashok kumar, J., Pullakandam, N. Lakshmana prabu, S. and Gopal, V., (2010). 

Transdermal drug delivery: An Overview. International Journal of 
Pharmaceutical Sciences Review and Research, 3(2): 49-54 

 
Attwood, D. and Florence, A. T., (1983). Surfactant Systems. Their Chemistry, 

Pharmacy and Biology. London: Chapman and Hall Ltd. 
 



© C
OPYRIG

HT U
PM

 
180

Aubrun, O. S., Simonnet, J. –T. and Alloret, F. L., (2004). Nanoemulsion: A new 
Vehicle for Skincare Products. Advances in Colloid and Interface Science, 108-
109: 145-149. 

 
Barry, B. W. (1983). Rheology of dermatological vehicles. New York: Marcel Dekker, 

Inc. 
 
Bas, D. and Boyaci, I. H., (2007a). Modeling and optimization I: usability of response 

surface methodology. Journal of Food Engineering, 78: 836-845 
 
Bas, D. and Boyaci, I. H., (2007b). Modeling and optimization II: Comparison of 

estimation capabilities of response surface methodology with artificial neural 
networks in a biochemical reaction. Journal of Food Engineering, 78: 846-854 

 
Basheer, I. A. and Hajmeer, M., (2000). Artificial neural networks: fundamentals, 
 computing, design, and application. Journal of Microbiological Methods, 43: 3-
 31 
 
Basri, M., Abdul Rahman, R. N. Z. R., Ebrahimpour, A., Salleh, A. B., Gunawan, E. R. 
 and Abd. Rahman, M. B., (2007). Comparison of estimation capabilities of 
 response surface methodology (RSM) with artificial neural network (ANN) in 
 lipase-catalyzed synthesis of palm-based wax ester. BMC Biotechnology, 7(53) 
 
Bazzo, G. C., Lemos-Senna, E. and Pires, A. T. N., (2009). Poly(3-
 hydroxybutyrate)/chitosan/ketoprofen or piroxicam composite microparticles: 
 preparation and controlled drug release evaluation. Carbohydrate Polymers, 77: 
 839-844 
 
Benita, S. and Levy, M. Y., (1993). Submicron emulsions as colloidal drug carriers for 
 intravenous administration: comprehensive physicochemical characterization. 
 Journal of Pharmaceutical Sciences, 82: 1069-1079 
 
Bennet, J. S., Daugherty, A., Herrington, D., Greenland, P., Roberts, H. and Taubert, K. 

A., (2005). The use of nonsteroidal anti-inflammatory drugs (NSAIDs). A 
science advisory from the American Heart Association. 111: 1713-1716  

 
Benson, F. R. (1967). Nonionic Surfactants. In M. M. Rieger. (Ed.), Surfactant Science 

Series (pp. 247-299). New York: Marcel Dekker. 
 
Binks, B. P. and Murakami, R., (2006). Phase inversion of particle-stabilized materials 

from foams to dry water. Nature Materials. 5: 865-869  
 
Bouchemal, K., Briancon, S., Perrier, E. and Fessi, H., (2004). Nano-emulsion 
 formulation using spontaneous emulsification: solvent, oil and surfactant 
 optimization. International Journal of Pharmaceutics, 280: 241-251 
 



© C
OPYRIG

HT U
PM

 
181

Botting, R. M. and Botting, J. H. (2005). Non-steroidal anti-inflammatory drugs. In 
Nijkamp, F. P. and Parnham, M. J. (Eds.), Principles of Immunopharmacology 
(pp. 499-510). Basel-Boston-Berlin: Birkhauser Verlag 

 
Bradley, N. Master Thesis. The Response Surface Methodology. Indiana University of 

South Bend, 2007 (http://www.cs.iusb.edu/thesis/NBradley-thesis.pdf) 
 
Bremond, N., Thiam, A. R. and Bibette, J., (2008). Decompressing emulsion droplets 

favors coalescence. Physical Review Letters, 100: 024501-024504 
 
Bricano, M. I., (2000). Rheology of Suspensions and Emulsions. In: F., Nielloud, G. 

Marti-Mestres. Drugs and Pharmaceutical Sciences; Pharmaceutical Emulsions 
and Suspensions (pp. 557-607). New York: Marcel Dekker Inc.  

 
Brusewitz, C., Schendler, A., Funke, A., Wagner, T. and Lipp, R., (2007). Novel 

poloxamer-based nanoemulsions to enhance the intestinal absorption of active 
compounds. International Journal of Pharmaceutics, 329: 173-181 

 
Burapapadh, K., Kumpugdee-Vollrath, M., Chantasart, D. and Sriamornsak, P., (2010). 
 Fabrication of pectin-based nanoemulsions loaded with itraconazole for 
 pharmaceutical application. Carbohydrate Polymers, 82: 384-393 
 
Bylaite, E., Nissen, J. S. and Meyer, A. S., (2005). Effect of xanthan on flavor release 
 from  thickened viscous food model systems. Journal of Agricultural and Food 
 Chemistry, 53: 3577-3583 
 
Capek, I., (2004.) Degradation of kinetically-stable o/w emulsions. Advance Colloid 
 Interface Science, 107: 125-155 
 
Cappel, M. and Kreuter, J., (1991). Effect of nonionic surfactants on transdermal drug 
 delivery: II. Poloxamer and poloxamine surfactants. International Journal of 
 Pharmaceutics, 69: 155-167 
 
Chang, J. –S., Huang, Y. –B., Hou, S. –S., Wang, R. –J., Wu, P. –Chu, Tsai, Y. –H., 
 (2007). Formulation optimization of meloxicam sodium gel using response 
 surface methodology. International Journal of Pharmaceutics, 338: 48-54 
 
Chakraborty, H and Sarkar, M., (2005). Interaction of piroxicam with micelles: Effects 
 of hydrophobic chain length on structural switchover. Biophysical Chemistry, 
 117: 79-85 
 
Chen, J. P. and Wang, J. B., (1997). Wax esters synthesis by lipase-catalyzed 
 esterification  with fungal cells immobilized on cellulose biomass support 
 particles. Enzyme and Microbial Technology, 18: 615-622 
 
 



© C
OPYRIG

HT U
PM

 
182

Chiappetta, D. A. and Sosnik, A., (2007). Poly(ethylene oxide)-poly(propylene oxide) 
 block  copolymer micelles as drug delivery agents: Improved hydrosolubility, 
 stability and bioavailability of drugs. European Journal of Pharmaceutics and 
 Biopharmaceutics, 66: 303-317 
 
Dickinson, E. (1992). An introduction to Food Colloids. Oxford: Oxford University 
 Press. 
 
Edson, B. (1985). Surfactants in Cosmetics. In M. M. Rieger. Surfactant Science 
 Series (pp. 247-299). New York: Marcel Dekker 
 
Eicke, H. F., Meier, W. and Hammerich, H., (1994). On electric conductivity of infinite 
 clusters in water-in-oil microemulsions. Langmuir, 10: 2223-2227 
 
Elek, N., Hoffman, R., Raviv, U., Resh, R., Ishaaya, I. and  Magdassi, S., (2010). 
 Novaluron nanoparticles: Formation and potential use in controlling agricultural 
 insect pests. Colloids and Surfaces A: Physicochochemical and Engineering 
 Aspects, 372: 66–72 
 
El-Aasser, M. S., Lack, C. D., Vanderhoff, J. W. and Fowkes, F. M., (1988). The mini-
 emulsification process-different form of spontaneous emulsification. Colloids 
 and Surfaces, 29(1): 103-118 
 
Epstein, H., (2009). Cosmeceutical vehicles. Clinics in Dermatology, 27: 453–460 
 
Fanun, M., (2007). Conductivity, viscosity, NMR and diclofenac solubilization capacity 
 studies of mixed nonionic surfactants microemulsions. Journal of Molecular 
 Liquid, 135: 5-13 
 
Farinha, A., Toscano, C., Campos, R., Bica, A. and Hadgraft J., (2003). Permeation of 

naproxen from saturated solutions and commercial formulations through 
synthetic membranes. Drug Development and Industrial Pharmacy, 29: 489–94 

 
Fernandez, S., Chevrier, S., Ritter, N., Mahler, B., Demarne, F., Carriere, F. and Jannin, 
 V., (2009). In vitro gastrointestinal lipolysis of four formulations of piroxicam 
 and cinnarizine with the self-emulsifying excipients Labrasol and Gelucire 
 44/14.  Pharmaceutical Research, 26(8): 1901-1910 
 
Friedman, Y. (2008). Building Biotechnology. Washington: thinkBiotech LLC 
  
Frisbee, S. E. and McGinity, J. W., (1994). Influence of non-ionic surfactants on the 
 physical properties of a biodegradable pseudolatex. European Journal of 
 Pharmaceutics and Biopharmcology,  40(6): 355-363 
 



© C
OPYRIG

HT U
PM

 
183

Forgiarini, A., Esquena, J.,  Gonza´ lez, C. and Solans, C., (2001).  Formation of Nano-
 emulsions by Low-Energy Emulsification Methods at Constant Temperature. 
 Langmuir, (17): 2076-2083 
 
Giovanni, M. (1983). Response surface methodology and product optimization. Food 
 Technology, 37: 41–45. 
 
Greenwood, R. and Kendall, K., (1999). Selection of Suitable Dispersants for Aqueous 

Suspensions of Zirconia and Titania Powders using Acoustophoresis. Journal of 
the European Ceramic Society, 19(4): 479-488. 

 
Grinberg, V. Y and Tolstoguzov, V. B., (1997). Thermodynamic incompatibility of 
 proteins and polysaccharides in solutions. Food Hydrocolloids, 11(2): 145-158 
 
Gunawan, E. R., Basri, M., Rahman, M. B. A., Salleh, A. B. and Rahman, R. N. Z. A., 
 (2004). Lipase-catalyzed synthesis of palm-based wax esters. Journal of Oleo 
 Science, 53: 471-477 
 
Gunawan, E. R., Basri, M., Rahman, M. B. A., Salleh, A. B. and Rahman, R. N. Z. A.,
 (2005). Study on response surface methodology of lipase-catalyzed synthesis of 
 palm-based wax ester. Enzyme and Microbial Technology, 37: 739-744 
 
Guncheva, M., Tashev, E., Zhiryakova, D., Tosheva, T. and Tzokova, N., (2011). 
 Immobilization of lipase from Candida rugosa on novel phosphorus-containing 
 polyurethanes: Application in wax ester synthesis. Process Biochemistry, 46: 
 923-930 
 
Haaland, P. D. (1989). Experimental Design in Biotechnology. New York: Marcel 

Dekker 
 
Hanaor, D. A. H., Michelazzi, M., Leonelli, C. and Sorrell, C. C., (2012). The effects of 

carboxylic acids on the aqueous dispersion and electrophoretic deposition of 
ZrO2. Journal of the European Ceramic Society, 32(1): 235-244 

 
Hemar, Y., Tamehana, M., Munro, P. A. and Singh, H., (2001). Influence of xanthan 
 gum on the formation and stability of sodium caseinate oil-in-water emulsions. 
 Food Hydrocolloids, 15(4-6): 513-519 
 
Irritection® Assay System Instruction Manual, 1996. In Vitro International, Irvine CA, 

pp. 1–13. 
 
Izadifar, M. and Zolghadri, M. J., (2007). Application of genetic algorithm for 
 optimization of vegetable oil hydrogenation process. Journal of Food 
 Engineering, 78(1): 1-8 
 



© C
OPYRIG

HT U
PM

 
184

Izquierdo, P., Esquena, J., Tadros, T. F., Dederen, J.C., Garcia, M. J., and Azemar, N., 
 (2002). Formation and stability of nano-emulsions prepared using the phase 
 inversion temperature method. Langmuir, 18(1): 26-30 
 
Jafari, S. M., Assadpoor, E., He, Y. and Bhandari, B., (2008). Re-coalescence of 

emulsion droplets during high-energy emulsification. Food Hydrocolloid, 22: 
1191-1202 

 
Joglekar, A. M., and May, A. T., (1987). Product excellence through design of 
 experiments. Cereal Foods World, 32: 857–868. 
 
Kaplun-Fischoff, Y. and Touitou, E., (1997). Testosterone skin permeation 
 enhancement  by menthol through formation of eutectic with drug and 
 interaction with skin  lipids.  Journal of Pharmaceutical Sciences, 86(12): 
 1394-1399 
 
Kasiri, M. B., Aleboyeh, H. and Aleboyeh, A., (2008). Modeling and optimization of 
 heterogeneous photo-fenton process with response surface methodology and 
 artificial neural network. Environmental Science & Technology, 42(21): 7970-
 7975 
 
Katzbauer, B., (1998). Properties and applications of xanthan gum. Polymer 
 Degradation and Stability, 59(1-3): 81-84 
 
Keng, P. S., Basri, M., Salleh, A. B., Abd. Rahman, M. B., Rahman, R. N. Z. A. and 
 Ariff,  A., (2005). Optimization of palm-based wax esters production using 
 statistical experimental designs. Journal of  Oleo Science, 54(10): 519-528 
 
Keng P. S., Basri, M., Zakaria, M. R. S., Rahman, M. B. A., Ariff, A. B., Rahman, R. 

N. Z. A. and Salleh, A. B. (2009). Newly Synthesized Palm Esters for Cosmetics 
Industry. Industrial Crops and Products, 29: 37-44. 

 
Khan, N. R., Khan, G. M., Khan, A. R., Wahab, A., Asghar, M. J., Akhlaq, M. and 
 Hussain, A., (2012). Formulation, physical, in vitro and ex vivo evaluation of 
 diclofenac diethylamine matrix patches containing turpentine oil as penetration 
 enhancer. African Journal of Pharmacy and Pharmacology, 6(6): 434-439 
 
Knox, T. and Cliffe, K. R., (1984). Synthesis of long-chain esters in a loop reactor 
 system using a fungal cell bound enzyme. Process Biochemistry, 188-192 
 
Kogan, A. and Garti, N., (2006). Microemulsions as transdermal drug delivery vehicles. 
 Advance Colloid Interface Science, 123–126: 369–385 
 
Kong, M. and Park, H. J., (2011). Stability investigation of hyaluronic acid based 

nanoemulsion and its potential as transdermal carrier. Carbohydrate Polymers. 
83: 1303–1310 



© C
OPYRIG

HT U
PM

 
185

Lai, F., Pini, E., Angioni, G., Manca, M. L., Pericci, J., Sinico, C. and Fadda, A. M., 
 (2011). Nanocrystals as tools to improve piroxicam dissolution rate in novel 
 orally  disintegrating tablets. European Journal of Pharmaceutics and 
 Biopharmaceutics, 79: 552-558 
 
Laine, L., (2001). Approaches to NSAID use in high-risk patient. Gastroenterology, 
 120: 594-606 
 
Laine, L., (2003). Gastrointestinal Effects of NSAIDs and Coxibs. Journal of Pain and 
 Symptom Management, 25(2S): S32-S40 
 
Law, T. K., Florence, A. T. and Whateley, T. L., (1986). Stabilization of emulsions by 
 interfacial polymerization of poloxamer surfactant derivatives. Colloid and 
 Polymer Science, 264: 167-170 
 
Lim, C. J., Basri, M., Omar, D., Rahman, M. B. A., Salleh, A. B. and Rahman, R. N. Z. 

R. A., (2010). Self-assembly behaviour of alkylpolyglucosides (APG) in mixed 
surfactant-stabilized emulsions system. Journal of Molecular Liquid, 158(3): 
175-181 

 
Lokotsch, W., Lang, S., Mobius, D. and Wagner, F., (1996). Biocatalysis synthesis and 
 monolayer studies of multiple hydroxylated wax esters. Journal of the American 
 Oil Chemists’ Society, 73(11): 1459-1464 
 
Maa, Y. F. and Hsu, C., (1996a). Liquid-liquid emulsification by rotor/stator 

homogenization. Journal of Controlled Release, 38: 219-228 
 
Maa, Y. F. and Hsu, C., (1996b). Liquid-liquid emulsification by static mixers for use in 

microencapsulation. Journal of Microencapsulation, 13: 419-433 
 
Malzert-Freon, A., Saint-Lorant, G., Hennequin, D., Gauduchon, P., Poulain, L. and 

Rault, S., (2010). Influence of the introduction of a solubility enhancer on the 
formulation of lipidic nanoparticles with improved drug loading rates. European 
Journal of Pharmaceutics and Biopharmaceutics, 75: 117-127 

 
Manconi, M., Mura, S., Manca, M. L., Fadda, A. M., Dolz, M., Hernandez, M. J., 

Casanovas, A. and Diez-Sales, O., (2010). Chitosomes as drug delivery systems 
for C-phycocyanin: Preparation and characterization. International Journal of 
Pharmaceutics, 392: 92-100 

 
Manohar, B. and Divakar, S., (2005). An artificial neural network analysis of porcine 

pancreas lipase catalyzed esterification of anthranilic acid with methanol. 
Process Biochemistry, 40: 3372-3376 

 
Martin, A., (1993). Physical Pharmacy. Philadelphia: Lea & Febiger  
 



© C
OPYRIG

HT U
PM

 
186

Martinez-Pla, J. J., Martin-Biosca, Y., Sagrado, S., Villanueva-Camanas, R. M. and 
Medina-Hernandez, M. J., (2004). Evaluation of the pH effect of formulations 
on the skin permeability of drugs by biopartitioning micellar chromatography. 
Journal of Chromatography A, 1047(2): 255-262 

 
Martinez, M. A. R.,  Gallardo, J. L. –V., de Benavides, M. M., Lopez-Duran, J. D. G. 
 and Lara, V. G., (2007). Rheological behavior of gels and meloxicam release. 
 International Journal of Pharmaceutics. 333: 17-23 
 
Mason, T. G., Wilking, J. N., Meleson, K., Chang, C. B. and Graves, S. M., (2006). 
 Nanoemulsions: formation, structure, and physical properties. Journal of 
 Physics:Condensed Matter, 18: R635–R666  
 
Mat Azmi, I. D. Master Thesis. Formation And Characteristics Of Fatty Acid Esters 

Nanoemulsions System. Universiti Putra Malaysia, 2010 
 
Mat Radzi, S., Basri, M., Salleh, A. B., Arbakariya, A., Rosfarizan, M., Abdul Rahman, 

M. B. and Abdul Rahman, R. N. Z., (2005a). High Performance Enzymatic 
Synthesis of Oleyl Oleate using Immobilised Lipase from Candida antartica. 
Electronic Journal of Biotechnology. 8: 292-298.  

 
Mat Radzi, S., Basri, M., Salleh, A. B., Mohammad, R., Abd. Rahman, M. B., and 
 Rahman, R. N. Z. A., (2005b). Large scale production of liquid wax ester by 
 immobilized  lipase.  Journal of Oleo Science, 54: 203-209 
 
McClements, D. J. (2005). Food Emulsions; principles, practice, and techniques. Boca 
 Raton, FL: CRC Press 
 
McClements, D. J., Decker, E. A. and Weiss, J., (2007). Emulsion-based delivery 

systems for lipophilic bioactive components. Journal of Food Science, 72(8): 
R109-R124 

 
McClements, D. J. and Rao, J., (2011). Food-grade microemulsions, nanoemulsions and 

emulsions: Fabrication from sucrose monopalmitate & lemon oil. Food 
Hydrocolloids, 25: 1413-1423 

 
Meinders, M. B. J. and van Vlieta, T., (2004). The role of interfacial rheological 

properties on Ostwald ripening in emulsions. Advances in Colloid and Interface 
Science, 108 –109: 119–126 

 
Meyer, R. J. and Hussain, A. S. Awareness Topic: Mitigating the risks of ethanol 

induced dose dumping from oral sustained/controlled release dosage form. 
Paper presented at the meeting of the FDA’s ACPS Meeting, USA. October, 
2005. 

 



© C
OPYRIG

HT U
PM

 
187

Mills, P. C. and Cross, S. E., (2006). Transdermal drug delivery: Basic principles for the 
veterinarian. The Veterinary Journal, 172: 218-233  

 
Mirhosseini, H., Tan, C. P., Hamid, N. S. A. and Yusof, S., (2008a). Optimization of the 

contents of Arabic gum, xanthan gum and orange oil affecting turbidity, average 
particle size, polydispersity index and density in orange beverage emulsion. 
Food Hydrocolloids, 22: 1212–1223 

 
Mirhosseini, H., Tan, C. P., Hamid N. S. A. and Yusof, S., (2008b). Effect of Arabic 

gum, xanthan gum and orange oil on flavor release from diluted orange 
beverage emulsion. Food Chemistry, 107: 1161-1172 

 
Mirhosseini, H., Tan, C. P., Hamid N. S. A. and Yusof, S., (2008c). Effect of Arabic 
 gum, xanthan gum and orange oil contents on �-potential, conductivity, stability, 
 size index and pH of orange beverage emulsion. Colloids and Surfaces A: 
 Physicochemical Engineering Aspects. 315: 47–56 
 
Mirhosseini, H., Tan, C. P., Hamid, N. S. A. and Yusof, S. and Chern, B. H., (2009). 

Characterization of the influence of main emulsion components on the 
physicochemical properties of orange beverage emulsion using response surface 
methodology. Food Hydrocolloids, 23: 271-280 

 
Mirhosseini, H. and Tan, C. P., (2009). Response surface methodology and multivariate 

analysis of equilibrium headspace concentration of orange beverage emulsion as 
function of emulsion composition and structure. Food Chemistry, 115(1): 324-
333 

 
Moghaddam, M., Ahmad, F., Basri, M., and Rahman, M. B. A., (2010). Artificial 
 neural network modeling studies to predict the yield of enzymatic  synthesis of 
 betulinic acid ester. Electronic Journal of Biotechnology, 13(3): 1- 12 
 
Montgomery, D. C. (2005). Design and analysis of experiments: Response surface 

method and designs. New Jersey: John Wiley and Sons, Inc. 
 
Morales, D., Gutierrez, J. M., Garcia-Celma, M. J. and Solans, C., (2003). A study of 
 the relation between bicontinuous microemulsions and oil/water nano-emulsion 
 formation. Langmuir, 19(18): 7196-7200 
 
Morrison, F. A. (2001). Understanding Rheology. New York: Oxford University Press 

Inc. 
 
Morrow, D.I.J., McCarron, P.A., Woolfson, A.D. and Donnelly, R.F., (2007). 

Innovative Strategies for Enhancing Topical and Transdermal Drug Delivery. 
The Open Drug Delivery Journal, 1: 36-59 

 



© C
OPYRIG

HT U
PM

 
188

Mou, D., Chen, H, Du, D., Mao, C., Wan, J., Xu, H. and Yang, X., (2008). Hydrogel-
 thickened nanoemulsion system for topical delivery of lipophilic drugs. 
 International Journal of Pharmaceutics, 353: 270-276 
 
Muller, R. H. and Lucks, J. S. (1992) European Patent PCT/EP 92/02132.  
 
Nair, R., Varghese, S. H., Nair, B. G., Maekawa, T., Yoshida, Y. and Kumar, D. S., 
 (2010). Nanoparticulate material delivery to plants. Plant Science. 179: 154–163 
 
Nakajima, H., (1997). Microemulsions in Cosmetics.  In C. Solans and H. Kunieda. 

Industrial Applications of Microemulsions (pp. 175-197). New York: Marcel 
Dekker.  

 
Nath, A. and Chattopadhyay, P. K., (2007). Optimization of oven toasting for 

improving crispness and other quality attributes of ready to eat potato-soy snack 
using response surface methodology. Journal of Food Engineering, 80(4): 1282-
1292 

 
Ng, S. F., Rouse, J. J., Sanderson, F. D., Meidan, V. and Eccleston, G. M., (2010). 

Validation of a Static Franz Diffusion Cell System for In Vitro Permeation 
Studies. AAPS Pharmaceutical Science and Technology, 11(3): 1432-1441 

 
Ng, S. H., Basri, M., Rahman, M. B. A., Rahman, R. N. Z. A., Salleh, A. B. and Ismail, 

Z., (2011). Phase behavior and formulation of palm oil esters o/w 
nanoemulsions stabilized by hydrocolloid gums for cosmeceuticals application. 
Journal of Dispersion Science and Technology, 32: 1428-1433 

 
Nielloud, F. and Marti-Mestres, G., (2000). Pharmaceutical emulsions and suspensions. 

New York: Marcel Dekker 
 
Niraula, B., Tan, C. K. and Misran, M., (2004). Evaluation of Rheology Property of 

Dodecyl Maltoside, Sucrose Dodecanoate, Brij 35 and SDS Stabilized O/W 
Emulsion: Effect of Head Group Structure on Rheology Property and Emulsion 
Stability. Colloids and Surfaces A: Physicochemical Engineering Aspect. 251: 
59-74.  

 
Pal, R., (2011). Rheology of simple and multiple emulsions. Current Opinion in Colloid 

and Interface Science, 16: 41–60 
 
Patel, D., Patel, N., Parmar, M. and Kaur, N., (2011). Tansdermal drug delivery: 

Review. International Journal of Biopharmaceutical and Toxicological 
Research, 1(1): 61-80 

 
 
 



© C
OPYRIG

HT U
PM

 
189

Peltonen, L., Hirvonen, J. and Yliruusi, J., (2001). The Behavior of Sorbitan Surfactants 
at the Water-oil Interface: Straight-chained Hydrocarbons from Pentane to 
Dodecane as an Oil Phase. Journal of Colloid and Interface Science. 240: 272-
276. 

 
Pey, C. M., Maestro, A., Sole, I., Gonzalez, C., Solans, C. And Gutierrez, J. M., (2006). 
 Optimization of nano-emulsions prepared by low-energy emulsification methods 
 at constant temperature using a factorial design study. Colloid and Surfaces A: 
 Physicochemical Engineering Aspects, 288: 144-150 
 
Pilotto, A., Sancarlo, D., Addante, F., Scarcelli, C. and Franceschi, M., (2010). Non-
 steroidal anti-inflammatory drug use in the elderly. Surgical Oncology, 19: 167-
 172 
 
Pons, R., Taylor, P. and Tadros, T. F., (1997). Investigation of the interactions in 
 emulsions stabilized by a polymeric surfactant and its mixtures with an 
 anionic surfactant. Colloid and Polymer Science, 275(8): 769-776 
 
Rahman, N. F. A., Basri, M., Rahman, M. B. A., Rahman, R. N. Z. A., Salleh, A. B., 

(2011). High yield lipase-catalyzed synthesis of engkabang fat esters for the 
cosmetic industry. Bioresource Technology, 102: 2168-2176  

 
Rao, R. S., Kumar, C. G., Prakasham, R. S. and Hobbs, P. J., (2008). The taguchi 

methodology as a statistical tool for biotechnological applications: A critical 
appraisal. Biotechnology Journal, 3: 510-523 

 
Rao, S. R. and Padmanabhan, G., (2012). Application of Taguchi methods and ANOVA 

in optimization of process parameters for metal removal rate in electrochemical 
machining of Al/5%SiC composites. International Journal of Engineering 
Research and Applications, 2(3): 192-197 

 
Rieger, M. M., (1991). Stability testing of macroemulsions. Cosmetics and Toilettries, 

106: 59-69 
 
Robins, M. M. and Wilde, P. J., (2003). Colloids and Emulsions. Encyclopedia of Food 
 Sciences and Nutrition, 1517-1524 
 
Roland, I., Piel, G., Delattre, L. and Evrard, D., (2003). Systematic Characterization of 

Oil-in-Water Emulsions for Formulation Design. International Journal of 
Pharmaceutics, 263: 85-94. 

 
Ruiz Martinez, M. A., Gallardo, J. L. –V., de Benavides, M. M., Lopez Duran, J. D. G. 

and Lara, V. G., (2007). Rheological behavior of gels and meloxicam release. 
International Journal of Pharmaceutics, 333: 17-23 

 



© C
OPYRIG

HT U
PM

 
190

Rumelhart, D. E., Hinton, G. E. and Williams, R. J. (1986). Learning internal 
representations by error propagation. In D. E. Rumelhart and J. L. McClelland. 
Parallel Distributed Processing: Explorations in the Microstructure of 
Cognition (pp. 318-362), Cambridge: MIT Press. 

 
Sadtler, V. M., Imbert, P. and Dellacherie, E., (2002). Ostwald ripening of oil-in-water 
 emulsions stabilized by phenoxy-substituted dextrans. Journal of Colloid and 
 Interface Science, 254: 355-361 
 
Sajjadi, S., (2006). Effect of mixing protocol on formation of fine emulsions. Chemical 
 Engineering Science, 61: 3009-3017 
 
Sakeena, M H. F., Muthanna, F. A., Ghassan, Z. A., Kanakal, M. M., Elrashid, S. M., 

Munavvar, A. S. and Azmin, M. N. (2010). Formulation and in vitro evaluation 
of ketoprofen in palm oil esters nanoemulsion for topical delivery. Journal of 
Oleo Science, 59(4): 223-228 

 
Salim, N., Basri, M., Rahman, M. B. A., Abdullah, D. K., Basri, H. and Salleh, A. B. 

(2011). Phase behaviour, formation and characterization of palm-based esters 
nanoemulsion formulation containing ibuprofen. Journal of Nanomedical and 
Nanotechnology, 2(4): 1-5 

 
Saraf. A. S., (2010). Applications of novel drug delivery system for herbal formulations.  
 Fitoterapia, 81: 680–689 
 
Schramm, G., (1994). A Practical Approach to Rheology and Rheometry. In: Sherman, 

P. (Ed.), Emulsion Science. Academic Press, London, pp. 217-347 
 
Schramm, L. L., (2005). Emulsion: Fundamentals and Applications in the Petroleum 

Industry. American Chemical Society, Washington, DC. P: 1-50. 
 
Schwarz, J.S., Weisspapir, M.R. and Friedman, D.I., (1995). Enhanced transdermal 
 delivery of diazepam by submicron emulsion (SME) creams. Pharmaceutical 
 Research, 12: 687–692. 
 
Shafiq-un-Nabi, S., Shakeel, F., Talegaonkar, S., Ali, J., Baboota, S. and Ahuja, A., 

(2007). Formulation Development and Optimization using Nanoemulsion 
Technique: A Technical Note. AAPS Pharmaceutical Science and Technology. 8 
(2): E1-E6. 

 
Shah, V., Elkins, J., Lam, S. and Skelly, J., (1989). Determination of in vitro drug 

release from hydrocortisone creams. International Journal of Pharmaceutics, 
53: 53–9. 

 



© C
OPYRIG

HT U
PM

 
191

Shah, V., Elkins, J. and Williams, R. (1999). Evaluation of the test system used for in 
vitro release of drugs for topical dermatological drug products. Pharmaceutical 
Development and Technology, 4: 377–85. 

 
Shakeel, F., Baboota, S., Ahuja, A., Ali, J., Aqil, M. and Shafiq-un-Nabi, S., (2007). 

Nanoemulsions as Vehicles for Transdermal Delivery of Aceclofenac. AAPS 
Pharmaceutical Science and Technology. 8 (4): E1-E9 

 
Shakeel, F. and Ramadan, W., (2010). Transdermal delivery of anticancer drug caffeine 
 from water-in-oil nanoemulsions. Colloids and Surfaces B: Biointerfaces, 75: 
 356-362 
 
Shin, S. –C., Cho, C. –W. and Oh, I. –J., (2000). Enhanced efficacy by percutaneous 
 absorption of piroxicam from the poloxamer gel in rats. International Journal of 
 Pharmaceutics, 193: 213–218 
 
Shinoda, K. and Saito, H., (1968). The effect of temperature on the phase equilibria and 
 the types of dispersions of the ternary system composed of water, cyclohexane 
 and nonionic surfactant. Journal of Colloid Interface Science, 26(1): 70-74 
 
Siewert, M., Dressman, J., Brown, C. and Shah, V., (2003). FIP/AAPS guidelines to 

dissolution/in vitro release testing of novel/special dosage forms. AAPS 
Pharmaceutical Science and Technology, 4: 7 

 
Sin, H. N., Yusof, S., Shikh, N. A. H. and Abdul Rahman, R., (2006). Optimization of 
 enzymatic clarification of sapodilla juice using response surface methodology. 
 Journal of Food Engineering, 73(4): 313-319 
 
Sing, A. J. F., Graciaa, A., Lachaise, J., Brochette, P. and Salager, J. L., (1999). 
 Interactions and coalescence of nanodroplets in translucent O/W emulsions. 
 Colloids and Surfaces A: Physicochemical and Engineering Aspects, 152(1-2): 
 31-39 
 
Singh, B., Bhatowa, R., Triphati, C. B. and Kapil, R., (2011). Developing micro-

/nanoparticulate drug delivery systems using ‘design of experiments’. 
International Journal of Pharmaceutical Investigation. 1(2): 75-87 

 
Sinha, V. R. and Kaur, M. P., (2000). Permeation Enhancers for Transdermal Drug 
 Delivery. Drug Development and Industrial Pharmacy, 26(11): 1131-1140  
 
Shukat, R. and Relkin, P., (2011). Lipid nanoparticles as vitamin matrix carriers in 
 liquid  food systems: On the role of high-pressure omogenization, droplet size 
 and adsorbed materials. Colloids and Surfaces B: Biointerfaces, 86: 119–124 
 
Skoog, D. A., Holler, F. J. And Crouch, S. R. (2007). Principles of Instrumental 

Analysis. Belmont: Thomson Higher Education 



© C
OPYRIG

HT U
PM

 
192

Solans, C., Esquena, J., Forgiarini, A. M., Usón, N., Morales, D., Izquierdo, P., Azemar, 
N. and Garcia-Celma, M. J., (2003). Nano-emulsions: Formation, Properties and 
Applications. Surfactant Science Series. 109: 525-554. 

 
Solans, C., Izquierdo, P., Nolla, J., Azemar, N. and Garcia-Celma, M. J., (2005). Nano-
 emulsions. Current Opinion in Colloid & Interface Science, 10: 102-110 
 
Solans, C. and Aramaki, K., (2006). Editorial review. Current Opinion in Colloid & 
 Interface Science, 13: 195-197  
 
Sole, I., Maestro, A, Pey, C. M., Gonz´alez C., Solans, C. and Guti´errez, J. M., (2006). 
 Nano-emulsions preparation by low energy methods in an ionic surfactant 
 system. Colloids and Surfaces A: Physicochemical Engineering Aspects, 288: 
 138–143 
 
Song, S., Liu, X., Jiang, J., Qian, Y., Zhang, N. and Wu, Q., (2009). Stability of 
 triazophos in self-nanoemulsifying pesticide delivery system. Colloids and 
 Surfaces A: Physicochemical Engineering Aspects, 350, 57–62 
 
Sonneville-Aubrun, O., Simonnet, J. –T. and L’Alloret, F., (2004). Nanoemulsions: a 
 new vehicle for skincare products. Advances in Colloid and Interface Science,
 108-109: 145-149 
 
Sostres, C., Gargallo, C. J., Arroyo, M. T. and Lanas, A., (2010). Adverse effects of 
 non-steroidal anti-inflammatory drugs (NSAIDs, aspirin and coxibs) on upper 
 gastrointestinal tract. Best Practice & Research Clinical Gastroenterology, 24: 
 121-132 
 
Sun, C., Gunasekaran, S. and Richards, M. P., (2007). Effect of xanthan gum on 
 physicochemical properties of whey protein isolate stabilized oil-in-water 
 emulsions. Food Hydrocolloids, 21: 555-564 
 
Sun, Y., Peng, Y., Chen, Y. and Shukla, A. J., (2003). Application of artificial neural 

networks in the design of controlled release drug delivery systems. Advanced 
Drug Delivery Reviews, 55: 1201-1215 

 
Syamsul, K. M. W., Salina, M. R., Siti, S. O., Hanina, M. N., Basyaruddin, M. A. R. 
 and Kamaruzaman, J., (2010). Green Synthesis of Lauryl Palmitate via Lipase-
 Catalyzed Reaction. World Applied Sciences Journal, 11(4): 401-407 
 
Tadros, T., Izquierdo, P., Esquena, J. and Solans, C., (2004). Formation and stability of 
 nano-emulsions. Advance Colloid Interface Science 108/109, 303-318 
 
Tadros, T., (2004). Application of rheology for assessment and prediction of the long-

term physical stability of emulsions. Advances in Colloid and Interface Science, 
108-109, 227-258 



© C
OPYRIG

HT U
PM

 
193

Tadros, T., (2005). Applied Surfactants: Principal and Applications. Weinheim: Wiley-
VCH Publication 

 
Tadros, T., (2009). Polymeric surfactants in disperse systems. Advances in Colloid and 

Interface Science, 147-148: 281-299 
 
Taylor, P., (1995). Ostwald Ripening in Emulsions. Colloids and Surfaces A: 

Physicochemical Engineering Aspects, 99: 175-185. 
 
Teo, B. S. X., Basri, M., Zakaria, M. R. S., Salleh, A. B., Rahman, R. N. Z., Rahman, 

M. B. A., (2010). A potential tocopherol acetate loaded palm oil esters-in-water 
nanoemulsions for nanocosmeceuticals. Journal of Nanobiotechnology, 8: 4 

 
The Zeta Potential; Colloidal Dynamics: Sydney, NSW, 1999 
 
Torres, L. G., Iturbe, R., Snowden, M. J., Chowdhry, B. Z. and Leharne, S. A., (2007). 
 Preparation of o/w emulsions stabilized by solid particles and their 
 characterization by oscillatory rheology. Colloids and Surfaces A: 
 Physicochemical Engineering Aspects, 302: 439-448 
 
Trani, M., Ergan, F. and Andre, G., (1991). Lipase-catalyzed production of wax esters. 
 Journal of the American Oil Chemists’ Society, 68(1): 20-23 
 
Uson, N., Garcia, M. J. and Solans, C., (2004). Formation of water-in-oil (W/O) nano-
 emulsions in a water/mixed non-ionic surfactant/oil systems prepared by a low-
 energy emulsification method. Colloids Surfaces A: Physicochemical 
 Engineering Aspects, 250: 415-421 
 
Vane, J. R. and Botting, R. M., (1998). Mechanism of action of nonsteroidal anti-

inflammatory drugs. The American Journal of Medicine. 104(3A): 2S-8S 
 
Verma, S., Kumar, S., Gokhale, R. and Burgess, D. J., (2011). Physical stability of 

nanosuspensions: Investigation of the role of stabilizers on Ostwald ripening. 
International Journal of Pharmaceutics, 406(1-2): 145-152 

 
Wang, L., Yang, B., Wang, R. and Du, X., (2008). Extraction of pepsin-soluble 

collagen from grass carp (Ctenopharyngodon idella) skin using an artificial 
neural network. Food Chemistry, 111(3): 683-686 

 
Warisnoicharoen, W., Lansley, A. B. and Lawrence, M. J., (2000). Nonionic oil-in-

water microemulsions: the effect of oil type on phase behaviour. International 
Journal of Pharmaceutics, 198:7-27 

 
Wosicka, H. and Cal, K., (2010). Targeting to the hair follicles: Current status and 

potential. Journal of Dermatological Science, 57: 83-89 



© C
OPYRIG

HT U
PM

 
194

Wu, T., Pan, W., Chen, J. and Zhang, R., (2000). Formulation optimization technique 
based on artificial neural network in salbutamol sulfate osmotic pump tablets. 
Drug Development and Industrial Pharmacy, 26: 211-215 

 
Yilmaz, E. and Borchert, H. –H., (2005). Design of a phytosphingosine-containing, 

positively-charged nanoemulsion as a colloidal carrier system for dermal 
application of ceramides. European Journal of Pharmaceutics and 
Biopharmaceutics, 60: 91-98 

 
Yuan, Y., Gao, Y. X., Zhao, J. and Mao, L., (2008). Characterization and stability 
 evaluation of beta-carotene nanoemulsions prepared by high pressure 
 homogenization under various emulsifying conditions. Food Research 
 International, 41(1): 61-68 
 
Zulli, F., Belser, E., Schmid, D., Liechti, C. and Suter, F., (2006). Preparation and 

properties of coenzyme Q10 nanoemulsions. Cosmetic Science Technology. 
(http://www.mib-bio.com) 

 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

195 
�

APPENDIX 

An example of a typical output of particle size distribution using Nanophox at 
25.0 ± 0.5 °C. 
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