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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Masters of Science 

 

OPTIMIZATION AND CHARACTERIZATION OF HALAL LIPSTICK 

FORMULATION CONTAINING PITAYA (HYLOCEREOUS POLYRHIZHUS 

(WEBER) BRITTON & ROSE) SEED OIL 

 

By 

NORSUHAILI BINTI KAMAIRUDIN 

October 2015 

 

 

Chairman : Siti Salwa binti Abd Gani, PhD 

Institute : Halal Products Research Institute 

Cosmetic is one of the important industries worldwide. Lipstick is one of the decorative 

cosmetics that have high demand in the market. In this research, pitaya seed oil (PSO) 

was extracted using two solvents which are n-hexane and ethanol, solvent extraction. 

Pitaya seed oil (PSO) from both solvents extraction was used in the lipstick formulation 

with ratio 3:2 (n-hexane: ethanol). Pitaya seed oil was used in this formulation because 

it has high content of linoleic acid and linolenic acid which are classified as unsaturated 

fatty acids (UFAs). 

 

 

D-Optimal Mixture Experimental Design was utilized to investigate the influence of 

the main composition in the lipstick formulation; pitaya seed oil (10-35 % w/w), virgin 

coconut oil (25-45 % w/w), beeswax (5-25 % w/w), candelilla wax (1-5 % w/w) and 

carnauba wax (1-5 % w/w) on the physicochemical properties of lipstick. The response 

variable used is melting point which is one of the important properties of lipstick. 

Optimization of the five independent variables was carried out to determine an 

optimum lipstick. The D-Optimal Mixture Experimental Design analysis was showed 

that the variation in the response (melting point) could be depicted as quadratic model 

of the main compositions of the formulation. The experimental data fitted sufficiently 

well into a second-order polynomial model. The predicted melting point gave by D-

optimal Mixture Experimental Design (MED) was 45.5   
 

 

Artificial Neural Network (ANN) was designed as another tools to optimize the 

ingredients in the lipstick formulation. ANN- Batch Backpropagation give the better 

prediction of melting point compared to D-optimal MED with the value 45.6   The 

optimal ingredients determined by the D-Optimal Mixture Experimental Design and 

Artificial Neural Network was established to be pitaya seed oil (25% w/w), virgin 

coconut oil (37% w/w), beeswax (17% w/w), candelilla wax (2% w/w) and carnauba 

wax (2% w/w). The others ingredients were totaling up to 100% w/w. The actual 
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melting point of the optimized lipstick is 46.0 . Hence, ANN-Batch Backpropagation 

give better prediction compared to D-optimal Mixture Experimental Design. 

 

 

The other physicochemical properties of the lipstick formulation were also studied. The 

melting point of the optimized PSO lipstick is 46.0±1.00  with the pH of 6.93±0.01. 

The texture profiles (hardness, stiffness, brittleness) of the optimized PSO lipstick were 

(29.759±0.00 g; 5.002±0.01 g/sec; 4.675±0.03 mm, respectively) which are almost like 

conventional lipstick in the market. From the antioxidant analysis, optimized PSO 

lipstick showed higher 1,1-diphenyl-2-picryl-hydrazine (DPPH) scavenging activity 

compared to optimized lipstick without PSO. The optimized PSO lipstick was stable 

after undergoing stability test at 5 , 27 , 37  and free-thaw cycle for 3 months and 

the color remained unchanged. The total microbial counts for the optimum PSO lipstick 

were <1000 cfug
-1

 and complied with Malaysia Cosmetic Directive microbial limit test. 

The toxic contaminants had also been studied. Three metals were analyzed which are 

lead, arsenic and cadmium which is the content of the metals in optimum lipstick are 

0.09 ppm, 0.034 ppm and 0.027 ppm, respectively. The halal lipstick containing pitaya 

seed oil was successfully developed and characterized. It is safe and efficient for 

human lips care. 
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Abstrak tesis yang dikemukan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan Ijazah Sarjana Sains 

 

PENGOPTIMUMAN DAN PENCIRIAN FORMULASI GINCU HALAL YANG 

MENGANDUNGI MINYAK BIJI BUAH NAGA (HYLOCEREOUS 

POLYRHIZHUS (WEBER) BRITTON & ROSE) 

 

 

Oleh 

NORSUHAILI BINTI KAMAIRUDIN 

 

Oktober 2015 

 

 

Pengerusi : Siti Salwa binti Abd Gani, PhD 

Institut  : Institut Penyelidikan Produk Halal 

Kosmetik merupakan salah satu industri yang penting di seluruh dunia. Gincu menjadi 

salah satu kosmetik hiasan yang mempunyai permintaan yang tinggi dalam pasaran. 

Dalam kajian ini, minyak biji buah naga (PSO) telah diekstrak menggunakan dua 

pelarut, iaitu n-heksana dan etanol dengan menggunakan kaedah pengekstrakan pelarut. 

Minyak biji buah naga (PSO) daripada kedua-dua pengekstrakan pelarut digunakan 

dalam formulasi gincu dengan nisbah 3:2 (n-heksana: etanol). Minyak biji buah naga 

digunakan dalam formulasi ini kerana terdapat kandungan asid linoleic dan asid 

linolenic yang  tinggi atau dikelaskan sebagai asid lemak tak tepu (UFAs). 

 

 

Eksperimen Rekabentuk Campuran D-Optimum telah digunakan untuk mengkaji 

pengaruh komposisi utama dalam formulasi gincu; iaitu, minyak biji buah naga (10-

35% w/w), minyak kelapa dara (25-45% w/w), lilin lebah (5-25% w/w), lilin candelilla 

(1-5% w/w) dan lilin Bogo (1-5% w/w) ke atas sifat fizikokimia gincu.Takat lebur 

dijadikan sebagai pembolehubah tindakbalas yang mana merupakan salah satu ciri 

penting dalam formulasi gincu.Pengoptimuman lima pembolehubah telah dijalankan 

untuk menentukan satu formulasi gincuyang optimum. Analisis eksperimen rekabentuk 

campuran D-optimum telah menunjukkan bahawa perubahan dalam tindakbalas 

(takatlebur) boleh digambarkan sebagai model kuadratik daripada komposisi utama 

formulasi. Data eksperimen dipasang cukup baik kedalam model polynomial tertib 

kedua.Takat lebur yang diramalkan oleh eksperimen rekabentuk campuran D-optimum 

(MED) adalah 45.5 . 

 

 

Rangkaian Saraf Tiruan (ANN) telah direka sebagai satu lagi alat untuk 

mengoptimumkan bahan-bahan dalam formulasi gincu.ANN- kumpulan rambatan balik 

(BBP) memberikan ramalan takat lebur yang lebih baik berbanding eksperimen 

rekabentuk campuran D-optimum (MED) dengan nilai 45.6 . Bahan-bahan yang 

optimum ditentukan oleh eksperimen rekabentuk campuran D-Optimum dan rangkaian 

saraf tiruan telah dibangunkan, menjadikan minyak biji buah naga (25% w/w), minyak 
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kelapa dara (37% w/w), lilin lebah (17% w/w) ,lilin candelilla (2% w/w) dan lilin Bogo 

(2% w/w). Bahan-bahan lain telah ditambah menjadikan jumlah sehingga 100% w/w. 

Takat lebur sebenar gincu PSO yang optimum adalah 46.0 . Oleh itu, ANN-kumpulan 

rambatan balik (BBP) memberikan ramalan yang lebih baik berbanding dengan 

eksperimen rekabentuk campuran D-optimum. 

 

 

Ciri-ciri fizikokimia yang lain bagi formulasi gincu  PSO yang optimum juga telah 

dikaji. Takat lebur gincu PSO yang optimum adalah 46.0±1.00  dengan nilai pH 

6.93±0.01. Profil tekstur (kekerasan, kekejangan, kerapuhan) daripada gincu PSO yang 

optimum masing-masing adalah (29.759±0.00 g; 5.002±0.01 g/saat; 4.675±0.03 mm,) 

yang standing dengan gincu konvensional di pasaran. Dari analisis antioksidan, gincu 

PSO yang optimum menunjukkan aktiviti memerangkap 1,1-diphenyl-2-picyrl-

hydrazine (DPPH) lebih tinggi,berbanding dengan gincu tanpa PSO yang optimum. 

Gincu PSO yang optimum stabil selepas menjalani ujian kestabilan pada 5, 27, 37  
dan kitaran bebas cair selama 3 bulan manakala warna pada gincu masih tidak berubah. 

Jumlah bilangan mikrob untuk gincu PSO yang optimum ialah <1000 cfug
-1 

dan 

memenuh. Peraturan Kosmetik Malaysia terhadap ujian had mikrob. Bahan-bahan 

toksik logam juga telah dikaji.Tiga logam telah dianalisis iaitu plumbum, arsenic dan 

cadmium, dimana kandungan logam dalam gincu PSO yang optimum, masing-masing 

adalah 0.09 ppm, 0.034 ppm dan 0.027 ppm. Gincu halal yang mengandungi minyak 

biji buah naga (PSO) telah berjaya dibangunkan dan dicirikan. Gincu ini selamat dan 

berkesan digunakan untuk penjagaan bibir manusia. 
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CHAPTER 1 

INTRODUCTION 

1.1    Background of study 

Cosmetic industry is one of the biggest and successful industries worldwide. Every 

day, many new cosmetic products are produced and improved as compared to the 

previous ones (Kamairudin et al., 2014). Cosmetic products comprise color cosmetics 

and personal care products. Examples of color cosmetics are lipsticks, face powders, 

eyeliners, eye shadow, and etc. Meanwhile, personal care products are skin care, hair 

care, oral care and body care products. The increasing approaches to the 

technologically advances in cosmetics products, which are natural and suitable to use 

as well as complied to certain requirements of religion, bring this study towards the 

realization of lipstick from safe and permissible sources (Hashim et al., 2009; 

Azwanida et al., 2014). Lipstick is one of the color cosmetics which is prepared by 

molding a dispersion of pigment color in oil-wax base (Schlossman, 1994; Schlossman 

and Shao, 2014). The lipstick is made up of oily ingredients and addition of various 

waxes would emphasize the physical ability. The pigment color like inorganic pigment 

should be finely dispersed in the oily phase. Usually, the lipstick is made in the form of 

crayon or stick which should be temperature resistance, flawless, smooth, and glossy 

and should not be crack or break. In the market, there are different characteristics of 

lipstick is available which is depend on the ingredients used in the formulation (Rajin 

et al., 2007; Butler, 2013). 

 

 

Vegetable oils have some beneficial effects on human either used for consumption or 

external applications (Kamairudin et al., 2014). Pitaya seed oil was introduced as one 

of the new oil to replace other conventional oils in lipstick formulation. This oil is 

suitable to replace other oil like jojoba oil because it provides soothing effect and 

vitamins for cosmetic applications. Pitaya seed oil was used in this lipstick formulation 

because it contains high content of unsaturated fatty acids (UFAs) which are linolenic 

and linoleic acids (Ariffin et al., 2009). These UFAs help to balance the skin’s 

metabolism by controlling the flow of oils and nourishing collagen as well as 

supporting the structure beneath the skin. Incorporating the sought-after essential oil, 

omega-3, in food or cosmetic products are widely practiced (Darmstadt et al., 2002). 

Linoleic acids and linolenic acids are examples of antioxidant components. 

 

 

Hence, these fatty acids would enhance the ability of antioxidant against oxidization 

process. The onset of unsightly wrinkled chapped lip can be minimized due to presence 

of antioxidant properties and neutralized the free radical formed on the lips due to the 

external factor. In other word it prevents aging on the lips. Lipstick with a good 

properties and safe to users will attract consumer attention as well as efficient for 

cosmeceutical industry. 

 

The halal market is set to grow rapidly and experience yearly increment (Kassim et al., 

2014). Halal cosmetic products in particular the lipstick, from the allowable ingredients 

are one of the innovations in halal industry which can increase the halal market value. 

The market of halal industry is not only restricted to halal requirements but also covers 
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organic, natural, as well as safe product which will be convincing to consumer (Hashim 

et al., 2009; Azwanida et al., 2014). 

 

 

The initiative to establish Halal Department/Division, halal cosmetic products 

manufacturing will further enhance Malaysia’s position in global halal cosmetic 

manufacturing. Lipstick is one of color cosmetic products that is suitable for Muslim 

and non-Muslim users because halal is not only cover shariah compliance but also 

include “toyyiban” aspects such as wholesomeness, quality, nutritive value and 

cleanliness (Alserhan, 2010). 

 

  

1.2    Problem statements 

Pitaya (Hylocereous polyrhizus) is one of the fruit that contain a lot of benefits such as 

increase the cell membrane fluidity, decrease trans-epidermal loss, and improves 

moisturizing and so on. In this present work, pitaya seed oil (PSO) is used as one of the 

main ingredients in this lipstick formulation. The common problem in the lipstick 

formulation is to obtain optimize mixture ingredients aimed to get a product with the 

required characteristics. This is a very challenging study because to obtain good quality 

lipstick with required characteristics because it is directly linked to the basic 

ingredients used in the formulation. To achieve optimization of ingredients, D-optimal 

Mixture Experimental Design (MED) and Artificial Neural Networks (ANNs) were 

used as statistical experimental designs as well as to reduce the time and cost 

consumed. In addition, the focus to produce halal lipstick is a challenge because the 

ingredients used must be ascertain only from halal sources and shall be safe for the 

user. 

 

 

1.3    Significance of study 

Formulation and optimization processes are two important issues in the manufacturing 

of cosmetics. The processes of optimizing ingredients not only increase the utility of 

the technologist but also the quality of the product as well. Since, the lack of any model 

or tool to optimize the use of PSO in lipstick formulation which led this study to find 

and optimal formulation with desirable melting point using MED and ANNs. By using 

this tool or model, the number of experiments, time and costs can be lowered. From 

this work, the natural and halal lipstick also had been developed with desirable 

properties which are same par as the conventional lipsticks in market. This lipstick also 

meets the criteria of “Halalan Toyyiban” that set by National Pharmaceutical Control 

Bureau (NPCB) and Department of Standard Malaysia (DSM).  
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1.4    Scope of study 

In this present work, the lipstick containing pitaya seed oil (PSO) was designed and 

formulated. Various natural ingredients were used in this formulation to produce good 

and ideal lipstick. The formulation was optimized using D-optimal Mixture 

Experimental Design (MED) and Artificial Neural Networks (ANNs) statistical 

experimental designs. The effects of the ingredients were studied through these 

statistical experimental designs. Then, the optimized lipstick was characterized with 

respect to melting point, texture profile analysis, pH, antioxidant analysis, thermo 

gravimetric analysis, stability study and color stability. Safety of the optimized lipstick 

was evaluated by microbiological and heavy metals analysis. 

 

 

1.5    Objectives of study 

The objectives of this work are as follows: 

 

1. To optimize the ingredients for formulating the lipstick with respect to melting 

point using D-optimal Mixture Design (MED) and Artificial Neural Networks 

(ANNs). 

2. To characterize the physicochemical properties of the optimized lipstick with 

respect to melting point, texture profile analysis, pH, antioxidant analysis, 

thermo gravimetric analysis, stability study and color stability. 

3.  To evaluate the safety of optimized lipstick by microbiological and heavy 

metals analysis to comply the “Halalan Toyyiban” requirements.  

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

80 

 

REFERENCES 

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

N. Z., Salleh, A. B. and Ismail, Z. (2010). Characterization and effect on skin 

hydration of engkabang-based emulsions. Bioscience, Biotechnology, and 

Biochemistry, 74: 1188-1193. 

 

Achanta, A., Kowalski, J. and Rhodes, C. (1995). Artificial neural networks: 

implications for pharmaceutical sciences. Drug Development and Industrial 

Pharmacy, 21: 119-155. 

 

Acharya, C., Mohanty, S., Sukla, L. and Misra, V. (2006). Prediction of sulphur 

removal with Acidithiobacillus sp. using artificial neural networks. Ecological 

Modelling, 190: 223-230. 

 

Adamczyk, S., Lázaro, R., Pérez-Arquillué, C., Bayarri, S. and Herrera, A. (2010). 

Impact of the use of fluvalinate on different types of beeswax from Spanish 

hives. Archives of Environmental Contamination and Toxicology, 58: 733-739. 

 

Adeyeye, M. C., Jain, A. C., Ghorab, M. K. and Reilly, W. J. (2002). Viscoelastic 

evaluation of topical creams containing microcrystalline cellulose/sodium 

carboxymethyl cellulose as stabilizer. AAPS Pharmarchy Science and 

Techonology, 3: 16-25. 

 

Adnan, L., Osman, A. and Abdul Hamid, A. (2011). Antioxidant Activity of Different 

Extracts of Red Pitaya (Hylocereus polyrhizus) Seed. International Journal of 

Food Properties, 14: 1171-1181. 

 

Agatonovic-Kustrin, S. and Beresford, R. (2000). Basic concepts of artificial neural 

network (ANN) modeling and its application in pharmaceutical research. 

Journal of Pharmaceutical and Biomedical Analysis, 22: 717-727. 

 

Aher, A. A., Bairagi, S. M., Kadaskar, P. T., Desai, S. S. and Nimase, P. K. (2012). 

Formulation and Evaluation of Herbal Lipstick from Color Pigments of Bixa 

Orella (Bixaceae) Seeds. International Journal of Pharmacy & Pharmaceutical 

Sciences, 4: 378-383. 

 

Aijun, L., Hejun, L., Kezhi, L. and Zhengbing, G. (2004). Applications of neural 

networks and genetic algorithms to CVI processes in carbon/carbon composites. 

Acta Materialia, 52: 299-305. 

 

Al-Saleh, I., Al-Enazi, S. and Shinwari, N. (2009). Assessment of lead in cosmetic 

products. Regul Toxicology and Pharmacology, 54: 105-113. 

 

Alagumurthi, N., Palaniradja, K. and Soundararajan, V. (2006). Optimization of 

grinding process through design of experiment (DOE)-A comparative study. 

Materials and Manufacturing Processes, 21: 19-21. 

 

Alserhan, B. A. (2010). On Islamic branding: brands as good deeds. Journal of Islamic 

Marketing, 1: 101-106. 



© C
OPYRIG

HT U
PM

81 

 

Angkatavanich, J., Dahlan, W., Nimmannit, U., Sriprasert, V. and Sulongkood, N. 

(2009). Development of clay liquid detergent for Islamic cleansing and the 

stability study. International Journal of Cosmetic Science, 31: 131-141. 

 

Araujo, P. W. and Brereton, R. G. (1996). Experimental design II. optimization. TrAC 

Trends in Analytical Chemistry, 15: 63-70. 

 

Ariffin, A., Bakar, J., Tan, C., Rahman, R., Karim, R. and Loi, C. (2009). Essential 

fatty acids of pitaya (dragon fruit) seed oil. Food Chemistry, 114: 561-564. 

 

Azwanida, N., Normasarah, N. and Afandi, A. (2014). Utilization and Evaluation of 

Betalain Pigment from Red Dragon Fruit (Hylocereus Polyrhizus) as a Natural 

Colorant for Lipstick. Jurnal Teknologi, 69: 139-142. 

 

Badawi, A. (2011). Keynote address (the former premier of Malaysia): Towards a Halal 

economy-the power of values in global markets. Keynote address (the former 

premier of Malaysia): towards a Halal economy-the power of values in global 

markets, The 6th World Halal Forum. 

 

Barbeau, G. (1990). La pitahaya rouge, un nouveau fruit exotique. Fruits, 45: 141-147. 

 

Baş, D. and Boyacı, İ. H. (2007). Modeling and optimization I: Usability of response 

surface methodology. Journal of Food Engineering, 78: 836-845. 

 

Beale, M., Hagan, M. T. and Demuth, H. B. (1992). Neural network toolbox. Neural 

Network Toolbox, The Math Works,5-25. 

 

Becerra, O. and Luis, A. (1986). El cultivo de la pitaya. Manizales, Colombia, 

Federación Nacional de cafeteros. 

 

Bellinger, D. C. (2005). Teratogen update: lead and pregnancy. Birth Defects Research 

Part A: Clinical and Molecular Teratology, 73: 409-420. 

 

Bogdanov, S. (2009). Beeswax: uses and trade. Bee Product Science,1-11. 

 

Bourquin, J., Schmidli, H., van Hoogevest, P. and Leuenberger, H. (1998). Comparison 

of artificial neural networks (ANN) with classical modelling techniques using 

different experimental designs and data from a galenical study on a solid dosage 

form. European Journal of Pharmaceutical Sciences, 6: 287-300. 

 

Brand-Williams, W., Cuvelier, M. and Berset, C. (1995). Use of a free radical method 

to evaluate antioxidant activity. LWT-Food Science and Technology, 28: 25-30. 

 

Brereton, R. G. (2003). Chemometrics: data analysis for the laboratory and chemical 

plant, John Wiley & Sons. 

 

Brieva, H., Russ, J. G. and Sandewicz, I. M. (1998). Cosmetic compositions, U.S. 

Patents. 

 

Brown, A. and Butcher, M. (2005). A guide to emollient therapy. Nursing Standard, 

19: 68-75. 



© C
OPYRIG

HT U
PM

82 

 

Butler, H. (2013). Poucher’s perfumes, cosmetics and soaps, Springer Science & 

Business Media. 

 

Cafaggi, S., Leardi, R., Parodi, B., Caviglioli, G. and Bignardi, G. (2003). An example 

of application of a mixture design with constraints to a pharmaceutical 

formulation. Chemometrics and Intelligent Laboratory Systems, 65: 139-147. 

 

Campana, R., Scesa, C., Patrone, V., Vittoria, E. and Baffone, W. (2006). 

Microbiological study of cosmetic products during their use by consumers: 

health risk and efficacy of preservative systems. Letters in Applied 

Microbiology, 43: 301-306. 

 

Cheah, L. and Zulkarnain, W. M. (2008). Status of pitaya cultivation in Malaysia. 

Seminar on Pitaya Production, Market and Export-Challenges and Prospects, 

Oct. 

 

Chemah, T., Aminah, A., Noriham, A. and Wan Aida, W. (2010). Determination of 

pitaya seeds as a natural antioxidant and source of essential fatty acids. 

International Food Research Journal, 17: 1003-1010. 

 

Chen, T. and Wang, Y.-C. (2016). Estimating simulation workload in cloud 

manufacturing using a classifying artificial neural network ensemble approach. 

Robotics and Computer-Integrated Manufacturing, 38: 42-51. 

 

Choi, C. M. and Berson, D. S. (2006). Cosmeceuticals. Seminars in cutaneous medicine 

and surgery. 

 

Choo, W. S. and Yong, W. K. (2011). Antioxidant properties of two species of 

Hylocereus fruits. Adv Applied Science Research, 2: 418-425. 

 

Combernoux, M. (2015). Photos of Pitaya seed and pitaya oil. Retrived 9 June 2014 

from cactus-epipthytes.eu/z_page_le_fruit_du_dragon.html 

Connolly, P., Bloomfield, S. F. and Denyer, S. (1994). The use of impedance for 

preservative efficacy testing of pharmaceuticals and cosmetic products. Journal 

of Applied Bacteriology, 76: 68-74. 

 

Cornell, J. A. (1990). How to run mixture experiments for product quality. 

 

Cornell, J. A. (2011). Experiments with mixtures: designs, models, and the analysis of 

mixture data, John Wiley & Sons. 

 

CPC-X Software (2004). Retrived 11 November 2014 from www.statease.com 

 

Cunnane, S. and Anderson, M. (1997). Pure linoleate deficiency in the rat: influence on 

growth, accumulation of n-6 polyunsaturates, and [1-14C] linoleate oxidation. 

Journal of Lipid Research, 38: 805-812. 

 

Cybenko, G. (1989). Approximation by superpositions of a sigmoidal function. 

Mathematics of Control, Signals and Systems, 2: 303-314. 

 



© C
OPYRIG

HT U
PM

83 

 

Darmstadt, G., Mao‐Qiang, M., Chi, E., Saha, S., Ziboh, V., Black, R., Santosham, M. 

and Elias, P. (2002). Impact of topical oils on the skin barrier: possible 

implications for neonatal health in developing countries. Acta Paediatrica, 91: 

546-554. 

 

Darmstadt, G. L., Saha, S. K., Ahmed, A. N. U., Chowdhury, M. A., Law, P. A., 

Ahmed, S., Alam, M. A., Black, R. E. and Santosham, M. (2005). Effect of 

topical treatment with skin barrier-enhancing emollients on nosocomial 

infections in preterm infants in Bangladesh: a randomised controlled trial. The 

Lancet, 365: 1039-1045. 

 

Das, U. (2000). Beneficial effect (s) of n-3 fatty acids in cardiovascular diseases: but, 

why and how? Prostaglandins, Leukotrienes andEessential Fatty Acids, 63: 351-

362. 

 

De Man, J. and Wood, F. (1958). Hardness of butter. I. Influence of season and 

manufacturing method. Journal of Dairy Science, 41: 360-368. 

 

Dembitsky, V. M., Poovarodom, S., Leontowicz, H., Leontowicz, M., Vearasilp, S., 

Trakhtenberg, S. and Gorinstein, S. (2011). The multiple nutrition properties of 

some exotic fruits: biological activity and active metabolites. Food Research 

International, 44: 1671-1701. 

 

Demko, R. T. (1975). Cosmetic coloring compositions, U.S. Patents. 

 

Demuth, H., Beale, M. and Hagan, M. (2008). Neural network toolbox™ 6. User’s 

guide. 

 

Devleeschouwer, M. J. and Siquet, F., (2001). Stability control: Microbiological test. In 

A.O. Barel, M. Paye, H. I. Maibach. Handbook of Cosmetic Science and 

Technology. Marcel Dekker Inc. 

DSM (2008). Malaysia Standard MS2200: Part I: 2008 Islamic consumer googd-Part I: 

Cosmetics and personal care-General guidelines (1-6). Malaysia: Department of 

Standards Malaysia, SIRIM Berhad 

Elmore, A. (2004). Final report of the safety assessment of L-Ascorbic Acid, Calcium 

Ascorbate, Magnesium Ascorbate, Magnesium Ascorbyl Phosphate, Sodium 

Ascorbate, and Sodium Ascorbyl Phosphate as used in cosmetics. International 

Journal of Toxicology, 24: 51-111. 

 

Fahlman, S. E. (1988). Faster-learning variations on back-propagation: An empirical 

study. 

 

FDA/CFSAN (2002). U.S. Food and Drug Administration, Centre of Food Safety & 

Appled Nutrition, Office of Cosmetics and Colors fact sheet. 

Fernandes, A. R., Dario, M. F., Pinto, C. A. S. d. O., Kaneko, T. M., Baby, A. R. and 

Velasco, M. V. R. (2013). Stability evaluation of organic Lip Balm. Brazilian 

Journal of Pharmaceutical Sciences, 49: 293-299. 

 



© C
OPYRIG

HT U
PM

84 

 

Filon, F. L., Boeniger, M., Maina, G., Adami, G., Spinelli, P. and Damian, A. (2006). 

Skin absorption of inorganic lead (PbO) and the effect of skin cleansers. Journal 

of Occupational and Environmental Medicine, 48: 692-699. 

 

Filon, F. L., D’Agostin, F., Crosera, M., Adami, G., Bovenzi, M. and Maina, G. (2009). 

In vitro absorption of metal powders through intact and damaged human skin. 

Toxicology in Vitro, 23: 574-579. 

 

Finkenaur, G. D. and Weber, R. A. (1990). Lip gloss,U.S. Patents. 

 

Freeman, J. A. and Skapura, D. M. (1991). Algorithms, Applications, and 

Programming Techniques, Citeseer. 

 

Gaikwad, S., Kamble, G., Devare, S., Deshpande, N. and Salvekar, J. (2011). In vitro 

evaluation of free radical scavenging potential of Cassia auriculata. L. Journal of 

Chemical  Pharmarceutical Research, 3: 766-772. 

 

Ghaffari, A., Abdollahi, H., Khoshayand, M. R., Bozchalooi, I. S., Dadgar, A. and 

Rafiee-Tehrani, M. (2006). Performance comparison of neural network training 

algorithms in modeling of bimodal drug delivery. International Journal of  

Pharmarceutical, 327: 126-138. 

 

Grace, R. (2002). Cosmeceuticals: Functional food for the skin. Natural Foods 

Merchandiser, 23: 92-99. 

 

Guideline, M. D. (2010). National Coordinating Committee on Food and Nutrition. 

Putrajaya: Ministry of Health Malaysia. 

 

Hagan, M. T. and Menhaj, M. B. (1994). Training feedforward networks with the 

Marquardt algorithm. Neural Networks, IEEE Transactions on, 5: 989-993. 

 

Haider, M., Pakshirajan, K., Singh, A. and Chaudhry, S. (2008). Artificial neural 

network-genetic algorithm approach to optimize media constituents for 

enhancing lipase production by a soil microorganism. Applied Biochemistry and 

Biotechnology, 144: 225-235. 

 

Haiyan, Z., Bedgood, D. R., Bishop, A. G., Prenzler, P. D. and Robards, K. (2007). 

Endogenous biophenol, fatty acid and volatile profiles of selected oils. Food 

Chemistry, 100: 1544-1551. 

 

Han, N. S., Basri, M., Abd, R. M., Abd, R. R., Salleh, A. B. and Ismail, Z. (2011). 

Preparation of emulsions by rotor-stator homogenizer and ultrasonic cavitation 

for the cosmeceutical industry. Journal of Cosmetic Science, 63: 333-344. 

 

Hanzaee, K. H. and Ramezani, M. R. (2011). Intention to halal products in the world 

markets. Interdisciplinary Journal of Research in Business, 1: 1-7. 

 

Harry, R. G., Wilkinson, J. B. and Moore, R. J. (1982). Harry's cosmeticology, 

Chemical Publishing Company .207 Madison Avenue New York. 

 



© C
OPYRIG

HT U
PM

85 

 

Hashim, P. and Mat Hashim, D. (2013). A Review of Cosmetic and Personal Care 

Products: Halal Perspective and Detection of Ingredient. Pertanika Journals 

Science and Technology, 2: 281-292. 

 

Hashim, P., Shahab, N., Masilamani, T., Baharom, R. and Ibrabim, R. (2009). A 

cosmetic analysis in compliance with the legislative requirements, halal and 

quality control. Malaysian Journal of Chemistry, 11: 081-087. 

 

Holland, J. H. (1975). Adaptation in natural and artificial systems: an introductory 

analysis with applications to biology, control, and artificial intelligence, U 

Michigan Press. 

 

Horowitz, H. H. and Metzger, G. (1963). A New Analysis of Thermogravimetric 

Traces. Analytical Chemistry, 35: 1464-1468. 

 

Hostynek, J. (2003). Factors determining percutaneous metal absorption. Food and 

Chemical Toxicology, 41: 327-345. 

 

Huebner, V. and Thomsen, L. (1957). Spreadability and Hardness of Butter. 1, 2 I. 

Development of an Instrument for Measuring Spreadability. Journal of Dairy 

Science, 40: 834-838. 

 

Jaafar, R. A., Rahman, A. R., Mahmod, N. Z. and Vasudevan, R. (2009). Proximate 

analysis of dragon fruit (Hylecereus polyhizus). American Journal of Applied 

Sciences, 6: 1341. 

 

Jain, S. K., Sarkar, A. and Garg, V. (2008). Impact of declining trend of flow on Harike 

Wetland, India. Water Resources Management, 22: 409-421. 

 

Jayaprakasha, G., Singh, R. and Sakariah, K. (2001). Antioxidant activity of grape seed 

(Vitis vinifera) extracts on peroxidation models in vitro. Food Chemistry, 73: 

285-290. 

 

Joglekar, A. and May, A. (1987). Product excellence through design of experiments. 

Cereal Foods World, 32: 857-862. 

 

Johari, A. T. T. (2012). Antioxidant, antimicrobial and cytotoxic activities of 

resveratrol oligomers of Shorea macroptera Dyer. Australian Journal of Basic 

and Applied Sciences, 6: 431-436. 

 

Jorjani, E., Chelgani, S. C. and Mesroghli, S. (2008). Application of artificial neural 

networks to predict chemical desulfurization of Tabas coal. Fuel, 87: 2727-2734. 

 

Kamairudin, N., Gani, S. S., Masoumi, H. R. and Hashim, P. (2014). Optimization of 

natural lipstick formulation based on pitaya (Hylocereus polyrhizus) seed oil 

using D-optimal mixture experimental design. Molecules, 19: 16672-16683. 

 

Kamali, M. H. (1991). Principles of Islamic jurisprudence, The Islamic Text Society. 

 

Kamaruzaman, K. (2008). Halal cosmetics between real concern and plain ignorance. 

The Halal Journal, 3, 4: 26-28. 



© C
OPYRIG

HT U
PM

86 

 

 

Kamoun, A., Chaabouni, M., Sergent, M. and Phan-Tan-Luu, R. (2002). Mixture 

design applied to the formulation of hydrotropes for liquid detergents. 

Chemometrics and Intelligent Laboratory Systems, 63: 69-79. 

 

Karim, A. A., Azlan, A., Ismail, A., Hashim, P., Gani, S. S. A., Zainudin, B. H. and 

Abdullah, N. A. (2014). Phenolic composition, antioxidant, anti-wrinkles and 

tyrosinase inhibitory activities of cocoa pod extract. BMC complementary and 

Alternative Medicine, 14: 381-386. 

 

Kasiri, M., Aleboyeh, H. and Aleboyeh, A. (2008). Modeling and optimization of 

heterogeneous photo-fenton process with response surface methodology and 

artificial neural networks. Environmental Science & Technology, 42: 7970-7975. 

 

Kassim, N., Hashim, P., Hashim, D. M. and Jol, H. (2014). New Approach of Samak 

Clay Usage for Halal Industry Requirement. Procedia - Social and Behavioral 

Sciences, 121: 186-192. 

 

Khalili, R. M. A., Norhayati, A., Rokiah, M., Asmah, R., Nasir, M. M. and Muskinah, 

M. S. (2006). Proximate composition and selected mineral determination in 

organically grown red pitaya (Hylocereus sp.). Journal of Tropical Agriculture 

and Food Science, 34: 269275. 

 

Khare, M. and Nagendra, S. S. (2006). Artificial neural networks in vehicular pollution 

modelling, Springer. 

 

Kim, H., Choi, H. K., Moon, J. Y., Kim, Y. S., Mosaddik, A. and Cho, S. K. (2011). 

Comparative antioxidant and antiproliferative activities of red and white pitayas 

and their correlation with flavonoid and polyphenol content. Journal of food 

science, 76: C38-C45. 

 

Koba, K., Matsuoka, A., Osada, K. and Huang, Y.-S. (2007). Effect of loquat 

(Eriobotrya japonica) extracts on LDL oxidation. Food Chemistry, 104: 308-316. 

 

Kobayashi, H. and Tagami, H. (2004). Functional properties of the surface of the 

vermilion border of the lips are distinct from those of the facial skin. British 

Journal of Dermatology, 150: 563-567. 

 

Kroes, R., Renwick, A., Feron, V., Galli, C., Gibney, M., Greim, H., Guy, R., 

Lhuguenot, J. and Van de Sandt, J. (2007). Application of the threshold of 

toxicological concern (TTC) to the safety evaluation of cosmetic ingredients. 

Food and Chemical Toxicology, 45: 2533-2562. 

 

Laberge, C., Cluis, D. and Mercier, G. (2000). Metal bioleaching prediction in 

continuous processing of municipal sewage with Thiobacillus ferrooxidans using 

neural networks. Water Research, 34: 1145-1156. 

 

Lada, S., Harvey Tanakinjal, G. and Amin, H. (2009). Predicting intention to choose 

halal products using theory of reasoned action. International Journal of Islamic 

and Middle Eastern Finance and Management, 2: 66-76. 

 



© C
OPYRIG

HT U
PM

87 

 

Le Bellec, F., Vaillant, F. and Imbert, E. (2006). Pitahaya (Hylocereus spp.): a new 

fruit crop, a market with a future. Fruits, 61: 237-250. 

 

Le Révérend, B., Taylor, M. and Norton, I. (2011). Design and application of water‐in‐
oil emulsions for use in lipstick formulations. International journal of Cosmetic 

Science, 33: 263-268. 

 

Li, Y. and Lu, J. (2005). Characterization of the enzymatic degradation of 

arabinoxylans in grist containing wheat malt using response surface 

methodology. The Journal of the American Society of Brewing Chemists, 63: 

171–176. 

 

Liu, J. Z., Weng, L. P. and Zhang, Q. L. (2003). Optimization of glucose oxidase 

production by Aspergillus Niger in a benchtop bioreactor using response surface 

methodology. World Journal of Microbiology and Biotechnology, 19: 317–323. 

 

Liu, S., Yang, F., Zhang, C., Ji, H., Hong, P. and Deng, C. (2009). Optimization of 

process parameters for supercritical carbon dioxide extraction of Passiflora seed 

oil by response surface methodology. The Journal of Supercritical Fluids, 48: 9-

14. 

 

Loh, H. C., Ahmad, M. and Taib, M. N. (2006). Usage of artificial neural network 

(Back Propagation) in optimising salicylic acid determination with ferric (III) 

nitrate. Analytical Letters, 39: 221-229. 

 

Lupo, M. P. (2001). Antioxidants and vitamins in cosmetics. Clinics in Dermatology, 

19: 467-473. 

 

Mahattanatawee, K., Manthey, J. A., Luzio, G., Talcott, S. T., Goodner, K. and 

Baldwin, E. A. (2006). Total antioxidant activity and fiber content of select 

Florida-grown tropical fruits. Journal of Agricultural and Food Chemistry, 54: 

7355-7363. 

 

Mandal, S., Sivaprasad, P., Barat, P. and Raj, B. (2009). An overview of neural 

network based modeling in alloy design and thermomechanical processing of 

austenitic stainless steels. Materials and Manufacturing Processes, 24: 219-224. 

 

Mandic, A. I., Đilas, S. M., Ćetković, G. S., Ĉanadanović-Brunet, J. M. and Tumbas, 

V. T. (2008). Polyphenolic composition and antioxidant activities of grape seed 

extract. International Journal of Food Properties, 11: 713-726. 

 

Marina, A., Man, Y. C., Nazimah, S. and Amin, I. (2009). Chemical properties of 

virgin coconut oil. Journal of the American Oil Chemists' Society, 86: 301-307. 

 

Marina, A. M., Che Man, Y. B. and Amin, I. (2009). Virgin coconut oil: emerging 

functional food oil. Trends in Food Science & Technology, 20: 481-487. 

 

Marinovich, M., Boraso, M. S., Testai, E. and Galli, C. L. (2014). Metals in cosmetics: 

An a posteriori safety evaluation. Regulatory Toxicology and Pharmacology, 69: 

416-424. 

 



© C
OPYRIG

HT U
PM

88 

 

McClelland, J. L., Rumelhart, D. E. and Group, P. R. (1986). Parallel distributed 

processing. Explorations in the microstructure of cognition, 2: 216-271. 

 

McClements, D. J. (2004). Food emulsions: principles, practices, and techniques, CRC 

press. 

Melo, M., Melo, D. and Pinto, C. (1998). Carnauba wax used as an hydrophobic agent 

for expanded vermiculite. Brazilian Journal of Chemical Engineering, 15: 347-

349. 

 

Milanovic, J., Manojlovic, V., Levic, S., Rajic, N., Nedovic, V. and Bugarski, B. 

(2010). Microencapsulation of flavors in carnauba wax. Sensors, 10: 901-912. 

 

Mirhosseini, H., Tan, C. P., Taherian, A. R. and Boo, H. C. (2009). Modeling the 

physicochemical properties of orange beverage emulsion as function of main 

emulsion components using response surface methodology. Carbohydrate 

Polymers, 75: 512-520. 

 

Mishra, P. and Dwivedi, S. (2012). Formulation and evaluation of lipstick containing 

herbal ingredients. Asian Journal of Medical Pharmarcy Research, 2: 58-60. 

 

Mitsui, T. (1997). New cosmetic science, Elsevier. 

 

Mizrahi, Y., Nerd, A. and Nobel, P. S. (1997). Cacti as crops. Horticulture Revies, 18: 

291-319. 

 

Muralidhar, R. V., Chirumamila, R. R. and Marchant, R. (2001). A response surface 

approach for the comparison of lipase production by Candida Cylindracea using 

two different carbon sources. Biochemical Engineering Journal, 9: 17–23. 

 

Nevin, K. and Rajamohan, T. (2006). Virgin coconut oil supplemented diet increases 

the antioxidant status in rats. Food Chemistry, 99: 260-266. 

 

Ngan, C. L., Basri, M., Lye, F. F., Masoumi, H. R. F., Tripathy, M., Karjiban, R. A. 

and Abdul-Malek, E. (2014). Comparison of Box–Behnken and central 

composite designs in optimization of fullerene loaded palm-based nano-

emulsions for cosmeceutical application. Industrial Crops and Products, 59: 

309-317. 

 

Nichols, R. and Weisman, M. J. (1998). Lip cosmetic, U.S. Patents. 

 

Nnorom, I., Igwe, J. and Oji-Nnorom, C. (2005). Trace metal contents of facial (make-

up) cosmetics commonly used in Nigeria. African Journal of Biotechnology, 4: 

307-313. 

 

Novokhodko, A. and Valentine, S. (2001). A parallel implementation of the batch 

backpropagation training of neural networks. Neural Networks, 2001. 

Proceedings. IJCNN'01. International Joint Conference on, IEEE. 

 

NPCB (2009).Guidelines for Control of Cosmetic Products in Malaysia (Revision 02). 

National Pharmaceutical Control Bereau, Ministry of Health, Malaysia. 



© C
OPYRIG

HT U
PM

89 

 

Ogunniyi, D. (2006). Castor oil: A vital industrial raw material. Bioresource 

Technology, 97: 1086-1091. 

 

Prasad, K. N., Yang, E., Yi, C., Zhao, M. and Jiang, Y. (2009). Effects of high pressure 

extraction on the extraction yield, total phenolic content and antioxidant activity 

of longan fruit pericarp. Innovative Food Science & Emerging Technologies, 10: 

155-159. 

 

Rajin, M., Bono, A. and Mun, H. C. (2007). Optimisation of natural ingredient based 

lipstick formulation by using mixture design. Journal of Applied Sciences, 7: 

2099-2103. 

 

Ravindran, A., Reklaitis, G. V. and Ragsdell, K. M. (2006). Engineering optimization: 

methods and applications, John Wiley & Sons. 

 

Rit, A. P., Puleo, S. and Sprenger, J. (1990). A new Beeswax derivative for cosmetic 

formulations. Cosmetics and Toileteries, 105: 53-62. 

 

Ryu, J. S., Park, S. G., Kwak, T. J., Chang, M. Y., Park, M. E., Choi, K. H., Sung, K. 

H., Shin, H. J., Lee, C. K. and Kang, Y. S. (2005). Improving lip wrinkles: 

lipstick‐related image analysis. Skin Research and Technology, 11: 157-164. 

 

Sakamoto, H., Matsumoto, K., Kuwahara, A. and Hayami, Y. (2005). Acceleration and 

stabilization techniques for the Levenberg-Marquardt method. IEICE 

Transactions on Fundamentals of Electronics, Communications and Computer 

Sciences, 88: 1971-1978. 

 

Salari, D., Daneshvar, N., Aghazadeh, F. and Khataee, A. (2005). Application of 

artificial neural networks for modeling of the treatment of wastewater 

contaminated with methyl tert-butyl ether (MTBE) by UV/H 2 O 2 process. J 

Hazard Mater, 125: 205-210. 

 

Salvador, A. and Chisvert, A. (2011). Analysis of cosmetic products, Elsevier. 

 

Saracoglu, Ö. G. (2008). An artificial neural network approach for the prediction of 

absorption measurements of an evanescent field fiber sensor. Sensors, 8: 1585-

1594. 

 

Sathish, S., Mahesh, C., Saikat, D., Lavanya, V. and Suresh, B. (2012). Preparation and 

Evaluation of Salicylic Acid Medicated Lipstick. Journal of Advanced 

pharmaceutical Sciences, 2: 289-294. 

 

Schlossman, D. and Shao, Y. (2014). Natural ester, wax or oil treated pigment, process 

for production thereof, and cosmetic made therewith, U.S. Patents. 

 

Schlossman, D. S. (1994). Cosmetics, U.S. Patents. 

 

Seginer, I., Boulard, T. and Bailey, B. (1994). Neural network models of the 

greenhouse climate. Journal of Agricultural Engineering Research, 59: 203-216. 

 



© C
OPYRIG

HT U
PM

90 

 

Schubnell, M. (2003). Thermal analysis of high melting ceramics. USA: Usercom2: 16-

18. 

 

Sichina, W. J. (2000). Better characterization of multi-component materials using 

autostepwise TTGA. Perkin Elmer Instruments, 761 Main Avenue, Norwalk, CT 

06859-0010 USA. 

 

Song, X., Mitnitski, A., MacKnight, C. and Rockwood, K. (2004). Assessment of 

Individual Risk of Death Using Self‐Report Data: An Artificial Neural Network 

Compared with a Frailty Index. Journal of the American Geriatrics Society, 52: 

1180-1184. 

 

Stintzing, F. C., Schieber, A. and Carle, R. (2002). Betacyanins in fruits from red-

purple pitaya, Hylocereus polyrhizus (Weber) Britton & Rose. Food Chemistry, 

77: 101-106. 

 

Sun, C.-C., Wong, T.-T., Hwang, Y.-H., Chao, K.-Y., Jee, S.-H. and Wang, J.-D. 

(2002). Percutaneous absorption of inorganic lead compounds. AIHA Journal, 

63: 641-646. 

 

Swetha Kruthika, V., Ram, S. S., Ahmed, S. A., Sadiq, S., Mallick, S. D. and Sree, T. 

R. (2014). Research and Reviews: Journal of Pharmacy and Pharmaceutical 

Sciences, 3: 65-71. 

Szentmihályi, K., Vinkler, P., Lakatos, B., Illés, V. and Then, M. (2002). Rose hip 

(Rosa canina L.) oil obtained from waste hip seeds by different extraction 

methods. Bioresource Technology, 82: 195-201. 

 

Szweda, J. A. and Lutrario, C. A. (1997). Long wearing lipstick, U.S. Patents. 

 

Tang, S. Y., Manickam, S., Wei, T. K. and Nashiru, B. (2012). Formulation 

development and optimization of a novel Cremophore EL-based nanoemulsion 

using ultrasound cavitation. Ultrasonics Sonochemistry, 19: 330-345. 

 

Villalobos-Gutiérrez, M., Schweiggert, R., Carle, R. and Esquivel, P. (2012). Chemical 

characterization of Central American pitaya (Hylocereus sp.) seeds and seed oil. 

CyTA-Journal of Food, 10: 78-83. 

 

Weber, J. M. and Capitant de Villebonne, J. (2002). Differences in purchase behavior 

between France and the USA: the cosmetic industry. Journal of Fashion 

Marketing and Management: An International Journal, 6: 396-407. 

 

Webster, M. (2009). What are lips? Retrived 27 October 2014 from  

http://www.blistex.com/lips_tips/what_are_lips 

 

Woitiski, C. B., Veiga, F., Ribeiro, A. and Neufeld, R. (2009). Design for optimization 

of nanoparticles integrating biomaterials for orally dosed insulin. European 

Journal of Pharmaceutics and Biopharmaceutics, 73: 25-33. 

 



© C
OPYRIG

HT U
PM

91 

 

Wolf, B., Lam, S., Kirkland, M. and Frith, W. J. (2007). Shear thickening of an 

emulsion stabilized with hydrophilic silica particles. Journal of Rheology (1978-

present), 51: 465-478. 

 

Yadav, R. and Srivastava, D. (2009). Studies on the process variables of the 

condensation reaction of cardanol and formaldehyde by response surface 

methodology. European Polymer Journal, 45: 946-952. 

 

Yap, S., Chee, K., Sarini, H., Aminah, A. and Sabariah, S. (2010). Uses of cetyl 

cacaoateTM in lipstick development: sensory evaluation. Sains Malaysiana, 39: 

233-237. 

 

Zainol, S., Basri, M., Basri, H. B., Shamsuddin, A. F., Abdul-Gani, S. S., Karjiban, R. 

A. and Abdul-Malek, E. (2012). Formulation optimization of a palm-based 

nanoemulsion system containing levodopa. International Journal of Molecular 

Sciences, 13: 13049-13064. 

 

Zell, A., Mache, N., Vogt, M. and Huttel, M. (1993). Problems of massive parallelism 

in neural network simulation. Neural Networks, 1993., IEEE International 

Conference on, IEEE. 

 

Zhang, J., Feng, Q., Wang, S., Zhang, X. and Wang, S. (2016). Estimation of CO2-brine 

interfacial tension using an artificial neural network. The Journal of 

Supercritical Fluids, 107: 31-37. 

 

Zhang, J., Morris, A., Martin, E. and Kiparissides, C. (1998). Prediction of polymer 

quality in batch polymerisation reactors using robust neural networks. Chemical 

Engineering Journal, 69: 135-143. 

 


	OPTIMIZATION AND CHARACTERIZATION OF HALAL LIPSTICK FORMULATION CONTAINING PITAYA (HYLOCEREOUS POLYRHIZHUS (WEBER) BRITTON & ROSE) SEED OIL
	ABSTRACT
	TABLE OF CONTENT
	CHAPTERS
	REFERENCES



