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摘要

本報告涵蓋兩梯次出國訪問及開會。主要目的是藉由參加學術研討會之機會，認識一些東南亞地區國家化工界人士，尋求未來學術交流、合作之可能；同時為本校（國立台灣科技大學）外籍研究生學程之招生做宣傳。第一梯次前往位於菲律賓宿霧市之University of San Carlos參加該校主辦之第二屆國際工程會議(2nd International Engineering Conference)。第二梯次前往印尼蘇門達臘島Palembang市參加印尼全國化工會議(Seminar Nasional Teknik Kimia Indonesia 2006)。

兩次出國皆已達成預定之目標。U. San Carlos目前已有兩名講師在本校機械系修讀博士學位，今年將有兩名畢業生前來台科大化工所碩士班及博士班就讀。位於Palembang市之University of Sriwijaya計畫從下年度開始派遣講師前來台科大進修，雙方進一步合作已屬可期。
壹、目的

    本報告涵蓋兩梯次出國訪問及開會。主要目的是藉由參加學術研討會之機會，認識一些東南亞地區國家化工界人士，尋求未來學術交流、合作之可能；同時為本校（國立台灣科技大學）外籍研究生學程之招生做宣傳。

貳、過程

一、

會議名稱： 2nd International Engineering Conference (IERC 2006)

會議時間： March 9-10, 2006

會議地點： Cebu City, the Philippines

IERC 2006由菲律賓中部(Visayan)地區最負盛名之大學University of San Carlos (USC)主辦。USC為一所私立天主教大學，近年來在極為有限之資源下仍然積極推動研究及學術交流。本人於2002年休假時曾在該校化工系擔任過半年訪問教授，爾後曾邀請USC化工系系主任(Engr. Agnes Alvier)到本人任教之台科大化工系訪問。到目前為止，USC化工系共有講師一員(Engr. Andrea C.M.E. Rayat)及研究生兩員(Cynthia Fabien及Vera Alino)在台科大化工系進行過短期（各三個月）研究。前台科大研發處國際交流組李振綱組長曾赴USC訪問，並與該校簽訂MOU。此次前往參加會議並發表論文之台科大同仁除本人外尚有：化工系李振綱教授、營建系陳正誠教授、工管系葉瑞徽教授及電子系阮聖章助理教授。本人除發表學術論文Enzymatic Synthesis of Cinnamic Acid Derivatives外，並與同仁藉機替本校之外籍研究生招生做宣傳。目前台科大已有兩位USC之講師在機械系修讀博士學位，因為此次本人與本校同仁參加IERC 2006，相信今年度將有更多菲律賓學生前來台科大就讀研究所。

發表論文請參考附錄一

二、

會議名稱： Seminar Nasional Teknik Kimia Indonesia 2006 (2006年印尼全國化工會議)

會議時間： July 19-20, 2006

會議地點： Palembang, Sumatra, Indonesia

此次印尼全國化工會議，會議之主題為替代能源之開發，特別是再生能源，生質柴油(Biodiesel)也是重要議題之一。印尼雖為OPEC之會員國，但近年來由於能源政策之不當，實際上目前已成為石油之進口國；因此開發新能源，特別是再生能源，就成為該國目前之重要政策；生質柴油之研究開發亦為此次會議討論重點之一。印尼已完成生質柴油標準之制定，而我國則尚在草擬之中。本人近年來有機會參與生質柴油相關之研究，因此受邀前往擔任Keynote speaker，發表專題演講，講題為：Biodiest from Rice Bran Oil。印尼為主要稻米出產國之一，米糠為大宗之農業廢棄物，因此許多印尼學者對本人之研究甚感興趣。與本人同行者尚有台科大化工系教授劉志成。此次參加印尼化工年會，有機會認識印尼各大學之教授及研究人員，討論未來學術交流之可能。除此之外，並安排訪問同位於泗水(Surabaya)之ITS (Institut Teknologi Sepuluh Nopember)及Widja Mandala Catholic University(WMCU)。ITS為國立大學，在印尼教育部對全印尼公立大學化工系之評鑑中，在所有四十餘校中屬A級。WMCU則為私立天主教大學，學生主要是華裔。全部行程及活動如下：

7月17日（星期一）訪問WMCU，拜會工學院院長Ir. Rasional Sitepu，商談進行學術交流及合作之可行性，並邀請化工系主任Dr. Suryadi Ismadji來台科大化工系訪問，預定訪問時間為10月初。目前WMCU化工系有6名畢業生在台科大化工系研究所就讀。

7月18日（星期二）8:35搭Batavia Airline從泗水出發，經Jakarta（雅加達）於14:30抵達Palembang。當晚受邀參加南蘇門達臘省省長之歡迎晚宴，主辦單位為表示尊重，並將劉教授及本人安排與省長及University of Sriwijaya校長同席。

        7月19日（星期三）參加印尼化工年會。在會議期間遇見University of Sriwijaya工學院院長Dr. Ir. Hasan Basri。Dr. Basri對台科大之外籍研究生學程相當有興趣，當晚並特地安排該校數位教授與本人及劉志成教授共進晚餐，討論U. Sriwijaya與台科大間未來可能之合作事宜。原則上同意由台科大邀請U. Sriwiyaja工學院院長來台訪問，U. Sriwijaya將派遣資淺講師前來台科大攻讀碩、博士學位。

        7月20日（星期四）參加印尼化工年會。晚上大會安排搭乘遊艇在Sungai Musi河上舉行閉幕式及晚宴。

        7月21日（星期五）上午與U. Sriwijaya化工系老師座談。14:00搭Batavia Airline由Palembang出發，經雅加達於19:30抵達泗水。

        7月22日（星期六）拜會ITS副校長Noor Endah Mochtar、工學院長、化工及環工系系主任，並與之共進午餐；下午劉志成教授拜會ITS化工系教授Dr. Renanto，討論共同指導研究生事宜。23:00搭長榮BR232離開泗水。
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參、心得

        兩次出國皆已達成預定之目標。U. San Carlos目前已有兩名講師在本校機械系修讀博士學位，今年將有兩名畢業生前來台科大化工所碩士班及博士班就讀。位於Palembang市之University of Sriwijaya計畫從下年度開始派遣講師前來台科大進修，雙方進一步合作已屬可期。

肆、建議
在最近幾年本人前往東南亞國家(包括越南、菲律賓及印尼等國)推動招收外籍生之過程中發現，日本、韓國等國家比我們更積極在東南亞國家招募學生。一般而言，日韓等國給的獎學金較優厚，他們政府也給予學校相當幫助，使學校能順利招收到優秀之外籍生。近一年來，教育部政策上雖鼓勵各大學推動國際化，招收外籍生；但是卻制定一些規定，造成學校招收外籍生之困擾，以至於無法與日韓等國競爭。如教育部要求駐外單位在核發外籍生簽證前，須先要求渠等之所有文件經過認證，這對外籍生而言是一道繁雜之手續。我們教育部設下這樣關卡，試想台灣的學校有什麼條件與韓國、日本、新加坡、香港，甚至馬來西亞之大學競爭招收優秀外籍生？教育部之原先之好意卻成了推動國際化之最大阻力。
當韓國、日本、新加坡、香港馬來西亞等國家無不極力爭取優秀外籍生之同時，教育部卻制定一些綁手綁腳之法規對各大學招收外籍生加以重重限制，也無怪乎世界排名前一百之大學中，無一所是台灣的學校。
我們可以理解外交部基於職責，不願意見到外籍人士假藉來台求學之名，而實際滯留台灣打工或從事其他非法活動；因此對外籍生簽證之核發做一些限制。但是我們更希望教育部能鬆綁相關法規，主動幫助各大學協調外交部協助一些已經得到入學許可及全額獎學金之外籍生取得簽證，減少各校招收外籍生之困難。
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Abstract
Most literatures reported low conversion and long reaction time in the syntheses of ethyl ferulate (EF) and octyl methoxycinnamate (OMC), two important cinnamic acid derivatives. Using Novozym 435 as the catalyst, the synthesis of EF from ferulic acid (4-hydroxy 3-methoxy cinnamic acid) and ethanol, and OMC from p-methoxycinnamic acid and 2-ethyl hexanol was successfully carried out in which for EF synthesis, a 87 % conversion was obtained within 2 days at 75 (C, and 90 % within 1 day at 80 (C for OMC synthesis. Some cinnamic acid esters could also be obtained with higher conversion and shorter reaction times in comparison to other methods reported in the literature. The enzyme can be reused several times before significant activity loss was observed.
Introduction

In addition to their primary antioxidant activity, some naturally occurring phenolic acids are known to display a wide variety of biological functions which are mainly related to the modulation of carcinogenesis. A major portion of the antioxidant activity of oil-seeds and oil-seed flours and concentrates is attributed to phenolic acids, including hydroxylated (p-coumaric acid, caffeic acid) or methoxylated (ferulic acid) derivatives of cinnamic acids. OMC, the ester of p-methoxycinnamic acid, is an organic UVB absorbent and one of the most widely used non-allergic sunscreens. EF, the naturally occurring ester of ferulic acid, was shown to prevent autooxidation of model substrates more effectively by extending the induction time of this process (Kikuzaki et al. 2002).

However, the hydrophilic character of phenolic acids reduces their antioxidant effectiveness in inhibiting autooxidation of fats and oils. This has been reported as a serious disadvantage if an aqueous phase is also present (Schuler and Hudson 1990).  The strategy of esterification of hydrophilic compound with aliphatic molecules, such as fatty alcohols, can be used as a tool to alter their solubility in oil-based formulae and emulsions. However, chemical synthesis of these esters is difficult as phenolic acids are heat-sensitive and susceptible to oxidation under certain pH conditions (Pyysalo et al. 1997). Chemical methods also involve toxic chemicals and high energy consuming (Taniguchi et al. 1999). On the other hand, enzymatic esterification of phenolic acids with aliphatic alcohols has been reported (Guyot et al. 1997, Stamatis et al. 1999, Priya and Chadha 2003). However, all these researches failed to achieve good results within reasonably short reaction time. Recently, a few works have employed purified feruloyl esterase for the esterification of phenolic acid (Topakas et al. 2003, Hatzakis et al. 2003), but the results are still not satisfactory.
The goal of this study is to synthesize two cinnamic acid derivatives, EF and OMC, by enzymatic esterification from ferulic acid and p-methoxycinnamic acid, respectively. The molecular structures of p-methoxycinnamic acid, OMC, ferulic acid and EF are shown in Figure 1.
Materials and methods

Materials

Novozym 435 (Candida antarctica lipase immobilized on acrylic resin) was a gift from Novo Nordisk (Denmark).  It has a specific activity of 7 PLU (propyl laurate units)/mg based on ester synthesis.  Ferulic acid and p-methoxycinnamic acid were purchased from Sigma (Germany) and Acros (Belgium), respectively.  All solvents and reagents were either of HPLC grade or AR grade.  All other chemicals used were obtained from commercial sources.

Esterification reactions

Typically, p-methoxycinnamic acid (30 mg) and 2-ethyl hexanol (210 mg) in 1 mL isooctane were put in a 10 mL sealed vial and incubated at 80 oC without stirring in an oil bath. For the synthesis of ethyl ferulate, ferulic acid (30 mg) and ethanol (50 μL) in 3 mL solvent were incubated at 75 oC. The solvent used was mostly isooctane unless in some cases where the effect of types of solvent was investigated. Reactions were initiated by the addition of Novozyme 435. Progresses of the reaction were monitored by HPLC. 
All the experiments in this study were carried out without stirring. This was proven from our preliminary results to synthesize isoamyl p-methoxycinnamate (IMC) and isoamyl ferulate (IF) using isoamyl alcohol as a model alcohol. These two esters were synthesized under the same conditions as OMC synthesis and it was found that conversions higher than 90 % can be achieved in 2 days without stirring.
HPLC analysis

Samples were analyzed by an HPLC device (Jasco, model PU980) equipped with a variable-wavelength UV detector (Jasco, model UV975).  A Luna 5 C18 (250×4.6 mm, Phenomenex) column was used.  Elution was carried out at room temperature and with a flow rate of 0.5 mL/min.  The mobile phases for OMC and EF analyses consisted of methanol/acetic acid (100:0.01, v/v.) and acetonitrile/water/acetic acid (80:20:0.01, by vol.), respectively.  The detection wavelength was 325 nm.  The injecting volume was 20 μL.
Purification of product

After the completion of reaction, lipase was filtered off using filter paper (Advantec filter paper, type no. 2, Japan).  The enzyme was washed thoroughly with hexane and used in the reusability study.  The filtrate was concentrated by drying under vacuum in a rotary evaporator, and the target product was purified by column chromatography using hexane-ethyl acetate (96:4, v/v) as the solvent.  A 400 mm×20 mm glass tube was used as the chromatography column with a valve to control the flow-rate of eluent.  Twenty five grams silica gel (100-200 mesh) was activated for 60 min at 120 oC.  A slurry of silica gel in the hexane-ethyl acetate solvent system was poured into a column previously half filled with the solvent.  A slight flow of the solvent was allowed during packing.  The solvent level was lowered until it was 1 cm above the stationary phase.  The exit of a chromatography column was plugged with glass wool to retain the solids.  About 30 mg of the crude product obtained from the synthesis of EF or OMC was dissolved in the solvent (2 mL).  A small amount (0.3 mL) of this solution were applied to chromatography columns.  The column was eluted with the solvent at a flow rate of 1–2 mL/min.  The eluates were collected and analyzed by HPLC.
Results and discussion

Effect of solvent

Log P, where P is the partition coefficient of solvent between octanol and water, is a parameter which is a measure of hydrophobicity of a solvent (Hansch et al. 1995).  Figure 2 shows the effect of Log P on the conversion in the lipase-catalyzed synthesis of OMC.  As shown in Figure 2, isooctane, having the highest log P, gives the highest conversion after 24 h of reaction.  Therefore, isooctane was chosen as the solvent in this study.
Effect of temperature on the synthesis of OMC and EF

The reaction rate increases with increasing temperature.  However, high reaction temperature may cause deactivation of enzyme. Figures 3 and 4 show that to reach 90 % conversion, the reaction took 24 h for OMC synthesis at 80 oC and 48 h for EF synthesis at 75 oC, respectively. According to Novozym 435 product sheet from Novo Nordisk, Novozym 435 is a heat tolerant immobilized enzyme with a maximum activity at 70-80 oC.  However, it is suggested that the enzyme should be used at 40–60 oC for the sake of its stability.  In this work, the reusability study of Novozym 435 was carried out at 80 oC for OMC synthesis and 75 oC for EF synthesis and the results will be discussed later.
The effect of water content

Since water is a product in esterification reaction, its concentration should be kept as low as possible in order to shift the thermodynamic equilibrium in favor of product formation. However, small amount water is essential for maintaining the three dimensional structure of protein that is crucial to the catalytic function of enzyme (Timasheff 1993). Several investigators have reported that certain amount of water is essential to maintain both thermal stability (Volkin et al. 1991) and catalytic activity (Zaks and Klibanov 1988) of enzymes in non-aqueous media. Under the experimental conditions used in the present study for the synthesis of EF, theoretically 2.7 mg water was generated after the completion of reaction. A small amount of water (1 mg) added to the mixture at the beginning of the reaction had no effect on the reaction. However, conversion does decrease if more water is added. Similar phenomenon was observed on the effect of added water on the synthesis of OMC (data not shown).
Effect of substrate to enzyme ratio
Recently, the direct esterifications of phenolic acid (including cinnamic acid derivatives) with aliphatic alcohol catalyzed by Candida antarctica and Rhizomucor miehei lipases in anhydrous organic solvents or solvent-free systems were reported (Guyot et al. 1997, Stamatis et al. 1999, Priya and Chada 2003, Lue et al. 2005).  Most of these investigations reported low yield, long reaction times and inactivation of lipases.  These were mainly due to the use of polar solvent and low reaction temperature in their investigations. 

In this study, some commercially available lipases either in free or immobilized forms were screened for their activity in producing the target compounds.  Preliminary results showed that Novozym 435 possesses reasonable activity toward the synthesis of target compounds (data not shown). Therefore, Novozym 435 was employed as the biocatalyst in this study.
As enzyme to acid ratio increases from 1:1 to 2:1, the initial rate increases rapidly from 0.7 to 2 mM/h and then increases slowly to 2.4 mM/h as the enzyme to acid ratio increases to 3:1. When higher enzyme concentration is used, more active sites of enzyme will be available for the binding of substrates which leads to the increasing of reaction rate. However, since the amount of substrate is limited, further increase in enzyme concentration will not give significant increase in reaction rate since no more substrate molecules are available for binding onto the active site of enzyme. In this study, an enzyme to acid ratio of 2:1 was employed.
The effect of substrate ratio

It has been reported that some alcohols, such as methanol or ethanol, inactivate enzyme (Soumanou and Bornscheuer 2003). The effect of step-wise addition of ethanol on the esterification of ferulic acid was investigated in this study. The reaction was carried out with 30 mg ferulic acid; 60 mg Novozym 435 in 3 mL isooctane at 70 oC with 3 L ethanol added every 12 h. Approximately 93 % conversion was obtained after 3 days. If 12 L ethanol was used instead of 3 L every 12 h, the same conversion can be obtained in 2.5 days. Since only around 9 (L ethanol is stoichiometrically required for every 30 mg ferulic acid, this demonstrates that excess alcohol is beneficial to the formation of product. Further studies showed that, instead of stepwise addition, adding 50 (L ethanol at the beginning of the reaction gave ca. 90 % conversion in 2 days.  Therefore, stepwise addition of ethanol is not needed in the synthesis of ethyl ferulate catalyzed by Novozym 435.
From the experimental results of the effect of molar ratio of ferulic acid to ethanol on the synthesis of ethyl ferulate, a ferulic acid to ethanol molar ratio of 1:5 gave the highest conversion (data not shown). Therefore, this ratio was chosen for the synthesis of EF in this study.

Effect of phenolic acid structure

Experimental results obtained in this study indicate that maximum conversion in the OMC synthesis can be attained in shorter reaction time than that in the EF synthesis.  Guyot et al. (1997) first pointed out the electron donating effect in cinnamic acid ester synthesis.  The electron donating effects intrinsically deactivate the electrophilic carbon center of the carboxylic group for nucleophilic attack of the alcohol.  Stamatis et al. (1999) reported that the hydroxyl-substituted cinnamic and benzoic acid derivatives (especially ortho- and para- isomers) inhibited the catalytic action of lipase.  For OMC synthesis, because there is no OH group on the benzene ring, electron donating effect will not occur. Therefore, the reactivity of p-methoxycinnamic acid is always higher than that of ferulic acid which has an OH group on the para- position.
Reusability of enzyme
The concentration of 2-ethyl hexanol plays an important role on the reusability of enzyme in the synthesis of OMC. As shown in Figure 3, at a reaction temperature of 80 oC and with isooctane as the solvent, the conversion reached 90 % after 24 h. Figure 5 shows that Novozym 435 is a very stable enzyme for the synthesis of OMC if isooctane is employed as the solvent. The enzyme can be reused 8 times before significant activity loss was observed. When isooctane was replaced by 2-ethyl hexanol, the conversion decreases drastically in the reusability study of enzyme (data not shown). 

Reusability studies were also conducted in the synthesis of EF. It was found that Novozym 435 can only be reused for three times after that the ester conversion dropped to lower than 90 % (data not shown). The substantial loss of lipase activity in this case is attributed to the use of ethanol as one of the reactant.  In the synthesis of OMC, the alcohol used is 2-ethyl hexanol, a branched medium chain alcohol.  In the synthesis of EF, a more polar and hydrophilic solvent, i.e. ethanol was used.  The significant loss of lipase activity may be caused by the existence of ethanol near the immobilized enzyme particle that distorts the essential water layer, which is essential for enzyme activity.
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Caption to Figures:

Fig. 1. Molecular structure of reactants and products in this study
Fig. 2. The effect of solvent on the synthesis of OMC.  Reactions were carried out in 3 mL solvent containing 30 mg p-methoxycinnamic acid, 210 mg 2-ethyl hexanol and 60 mg Novozym 435 at 65 oC for 24 h. Conversions were calculated as w/w ratio of p-methoxycinnamic acid reacted to its initial amount.

Fig. 3. Effect of reaction temperature on the synthesis of OMC: (() 80oC, (▲)
70oC, (()
65oC.  Reaction conditions: reaction was carried out in 1mL isooctane containing 30 mg p-methoxycinnamic acid, 210 mg 2-ethyl hexanol and 60 mg enzyme. Conversions were calculated in the same way as in Fig. 2.

Fig. 4. Effect of reaction temperature on the synthesis EF: (() 75 oC, (()
65 oC.

Reaction conditions: reaction was carried out in 3 mL isooctane containing 30 mg ferulic acid, 0.3 mL ethanol and 60 mg enzyme. Conversions were calculated as w/w ratio of reacted ferulic acid to its initial amount.

Fig. 5. Reuse stability of the immobilized lipase on the synthesis of OMC. Reaction was carried out in 1 mL isooctane containing 30 mg p-methoxycinnamic acid, 210 mg 2-ethyl hexanol and 60 mg enzyme at 80 oC for 24 h. Conversions were calculated in the same way as in Fig. 2.
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附錄二

Rice bran oil as a potential resource for biodiesel
Yi-Hsu Ju 
Department of Chemical Engineering, National Taiwan University of Science and Technology, 43 Sec 4, Keelung Road, Taipei 106-07 Taiwan; Tel: 886-2-27376612; Fax: 886-2-27376644, E-mail: yhju@mail.ntust.edu.tw
Biodiesel (BD) is receiving increased attention as an alternative, non-toxic, biodegradable, and renewable diesel fuel. One of the future aims in BD research is on the selection of inexpensive feedstock with high value–added byproducts. Rice bran contains 15-23% lipids and a significant amount of nutraceutical compounds. Currently, most bran is used as livestock feed or boiler fuel and most rice bran oil (RBO) produced is not of edible grade. Thus RBO is an inexpensive raw material for the production of BD. The utilization of by-product such as defatted rice bran, and the isolation and purification of value added nutraceutical generated during BD production from RBO are attractive options to lower the cost of BD. Production of BD from RBO can be carried out either via in situ esterification, lipase-catalyzed esterification, acid-catalyzed or base-catalyzed reactions. A single step reaction for the conversion of BRO with high free fatty acid content into BD, via acid-catalyzed, base-catalyzed or lipase-catalyzed, fails to attain high conversion in reasonably short time. Dewaxing/degumming is a crucial step for the efficient methanolysis of crude RBO. 

Keywords: Defatted rice bran, Methanolysis, (-Oryzanol, Rice bran oil, Soxhlet extraction, Wax esters
Introduction

BD is obtained through the transesterification of vegetable oil, animal fat or waste cooking oil with monohydric alcohol to give the corresponding monoalkyl ester. The most commonly used alcohol is methanol, and the corresponding fatty acid methyl ester (FAME) is often referred to as BD. BD is technically competitive with petrodiesel (PD) and requires practically no changes in the fuel distribution infrastructure. Although BD faces some technical challenges, such as reducing NOx exhaust emission, improving cold flow properties, and enhancing oxidative stability; BD has advantages over PD such as the reduction of most exhaust emissions, biodegradability, a higher flash point, greater lubricity, and availability from renewable sources. BD has higher oxygen content than PD and its use in diesel engine has shown great reductions in emission of particulate matter, carbon monoxide, sulfur, polyaromatics, hydrocarbons, smoke and noise. In addition, burning of vegetable oil based fuels does not contribute to net atmospheric CO2 levels. 
Soybean oil in the United States and rapeseed oil in European countries are the most commonly used BD feedstock. In tropical countries, palm oil and coconut oil are the most common source for BD. The high cost of BD is a major barricade to its commercialization. Majority (70-95%) of BD cost arises from the cost of feedstock oil (Krawczyk 1996). The use of waste-cooking oil is an effective way to reduce the raw material cost. However, purification is needed before waste-cooking oil can be used as feedstock for BD production. BD is currently not economically feasible without tax break and/or government subsidies. The use of inexpensive, non-edible feedstock and the utilization of by-products in the BD production may significantly reduce the cost of BD. 

Rice Bran Oil: Current Status 
Rice bran is a byproduct during rice milling. Rice bran contains oil (15-23%), which is one of the most nutritious oils because of its favorable fatty acid composition and a unique combination of naturally occurring biologically active and antioxidant compounds such as oryzanol, tocopherols and tocotrienols (Vali 2001). Crude RBO has been difficult to refine because of its high FFA content, unsaponifiable matter and dark color. The presence of residual wax imparts haziness to the oil. This along with the darker color of the oil, have been responsible for the poor acceptance of RBO by consumers. Another major drawback in producing edible grade RBO from crude oil is its high FFA content. Rice bran contains several types of lipase that cleave the 1,3-site of triacylglycerol (TG). The enzyme becomes active right after milling and up to 70 percent FFA can occur after one month of bran storage. FFA (< 5%) is desirable in the crude oil for economically producing edible quality RBO (Enochian et al. 1980). The rapid increase of FFA in the bran has been recognized as a serious problem for the RBO industry. At present, rice bran is mostly used as animal feed and as boiler fuel. 
RBO for BD Production

Until recently, rice bran was used mostly as animal feed and most of the oil produced is used for industrial applications. One of the best ways for the potential utilization of RBO is the production of FAME (BD). Among the non-conventional oils, RBO is one of the most important in terms of availability. Prices of feedstock and by product meal cake were the two most important factors in the cost of BD production. Crude RBO is a low-cost feedstock for BD production as compared to traditional oils derived from cereal or seed sources. Like soybean meal cake, defatted rice bran is a rich source of protein, carbohydrates and phytochemicals such as phytic acid and myoinositol, which have high commercial value. 
Rice Bran Oilcake

Protein
Defatted rice bran contains crude protein (14-16%), which has a high lysine content and shows high protein efficiency ratio, high digestibility and is therefore of high nutritional value. Rice bran protein contains all essential amino acids (Behrman & Vaughan 1983). In addition, rice bran is considered as a good source of hypoallergenic proteins and as such, rice bran protein may serve as a suitable ingredient for infant food formulations (Wang et al. 1999). 

Dietary Fiber

Stabilized rice bran is a good source of both soluble and insoluble dietary fiber (12-15%). Studies support dietary soluble fiber as a part of hyperlipidemia treatment (Ranhotra 1989). Increased intake of dietary fiber can have beneficial effects against cardiovascular diseases, diverticulosis, diabetes and colon cancer (Ranhotra 1989, Abdul-Hamid & Luan 2000). 
Phytic Acid
Phytic acid content in rice bran (8.7%) is higher than that in other bran and seeds. Phytic acid exhibits strong anticancer activity (Shamsuddin 1997) and its hexasulfate inhibits the proliferation of HIV in vitro (Otake et al. 1999). Dietary phytate shows the effects of lowering serum cholesterol and triglycerides in rats (Jariwalla 1999). It is also used in the treatment of idiopathic hypercalciuria (Grases et al. 2004) and in the prevention of lipid peroxidation (Miyamoto et al. 2000). It can potentially be used in dentistry and oral hygiene (Masaaki & Isao 1998). 

Myo-Inositol
Hydrolysis of phytic acid results in myo-inositol, whose deficiency causes alopecia and disturbances in development (Kunio et al. 1964). Myo-inositol analogs act as potential anticancer agents (Garth et al. 1991). Dietary inositol was proved effective in the prevention and treatment of liver cirrhosis and other hepatic diseases (Angyal & Anderson 1959). It is used in preventing rough skin and anti-aging cosmetics (Mikimasa et al. 1998), and in anti-hypersensitive hair protecting liquid (Douglas 1994). 

Biologically Active Nutraceuticals from RBO

RBO is a rich source of (-oryzanol, tocopherols, tocotrienols, wax-ester, policosanol, fatty acid steryl esters and phytosterol (Vali 2001). 

Gamma-Oryzanol
Crude RBO contains (-oryzanol (1.1-2.6%). The blood cholesterol lowering activity of RBO in some types of hypercholesteromia was shown to be due to (-oryzanol (Rukmini & Raghuram 1991). Lipid peroxidation prevented in the retina by (-oryzanol because of its antioxidant property (Tadahisa & Donald 1991). Moreover, safety assessment clearly indicates that (-oryzanol possesses no genotoxic and carcinogenic initiation activities (Tsushimoto et al. 1991). Studies conducted by Zullaikah et al (2005) showed that (-oryzanol content of RBO, after a two-step acid-catalyzed methanolysis followed by distillation of FAME, increased (up to 18%) in the black brown colored residue (distilland). 

Tocol
Crude RBO contains tocols (0.2%), of which ca. 70% are tocotrienols. Tocol possesses potent antioxidant (Kamal-Eldin & Appleqvist 1996), anti-tumor activity (Rogers et al. 1993), and decreases serum cholesterol and also hepatic cholesterol synthesis. Tocols also play a key role in preventing lipid peroxidation and in delaying pathogenesis of cardiovascular disease, cancer, inflammatory diseases, neurological disorder, cataract, and immunomodulation (Bramley et al. 2000). Distilland obtained after the distillation of FAME during the production of BD from RBO is a rich source of tocols. 

Rice Bran Wax (RBW) 

Wax (3-4% on a total lipid basis) is another important product from crude RBO. RBW has potential applications in cosmetic, pharmaceutical, food, polymer, and leather industries. Vali et al (2005) developed a process for the preparation of food grade wax from crude RBW. 

Policosanol 
Saponified wax is mainly a mixture of saturated esters of C22 and C24 fatty acids and C24 to C40 aliphatic alcohols. The high contents of triacontanol (C30), dotrialcontanol (C32) and octacosanol (C28) have been used effectively as an active ingredient in various pharmaceutical formulations, which show anti-inflammatory activity against ulcers, and/or as protector of gastric and duodenal mucus (Hernandez et al. 2002). Policosanol possesses blood-lipid lowering effects (Mas et al. 2001) and improving male sexual activity (Sorkin 2001). 
Phytosterols and Fatty Acid Steryl Esters 

Steryl ester and phytosterol are well-known ingredients of cosmetic, nutraceutical, and pharmaceutical formulations. RBO is rich (3-5%) in phytosterols and fatty acid steryl esters (FASE), which are potent hypocholesterolemic agents (Shimada et al. 1999). Phytosteryl ester has been found effective in lowering plasma cholesterol concentration by inhibiting the absorption of cholesterol in human small bowel (Jones et al. 2000). Since FASE and oil completely dissolve each other, a lot of attention is being focused on the addition of steryl ester in oil-related foods (Hirota et al. 2003). 

Extraction of Crude RBO 

For oil extraction from rice bran, hexane extraction is most commonly used method. Supercritical carbon dioxide (SC-CO2) was applied to extract RBO from rice bran (Zhao et al. 1997). However, SC-CO2 extraction of oil from rice bran requires more study to make it commercially acceptable and economically viable. 
Vegetable Oil as Biofuel 
Since Rudolf Diesel first demonstrated the use of vegetable oil as fuel in diesel engine, a large amount of research work was done in the use of plant oils as diesel fuel. The use of raw vegetable oil as a fuel in compression ignition engines has shown problems such as higher viscosity, lower stability and lower volatility. The viscosity of vegetable oil is 10-20 times that of diesel fuel. Modifying vegetable oil through transesterification with methanol to form FAME largely alleviates these problems. FAME can be used directly or as blend with diesel fuel in a diesel engine. Transesterification of oil or fat with alcohol is usually carried out using acid, base or lipase as the catalyst. Three moles of methanol are required theoretically to convert 1 mole oil into 3 moles FAME and 1 mole glycerol.  In practice, a higher molar ratio of methanol to oil is required to obtain higher conversion in reasonably short time.

Base Catalyzed Methanolysis of Oil or Fat 
Alkali-catalyzed transesterification is used in the commercial production of BD. The alkali catalyst is usually NaOH or KOH dissolved in methanol. At atmospheric pressure and 40-65oC, the base-catalyzed reaction can reach 95% conversion in 1 h (Freedman & Pryde 1982). Knothe et al (1997) reported that at optimal conditions (1 wt% KOH catalyst, 69(C and 7:1 alcohol/vegetable oil molar ratio) 97.7 percent conversion could be achieved in 18 min when high purity feedstock was used. For alkali-catalyzed transesterification, starting materials must be dried (moisture < 0.06%) and free from FFA (< 0.5%) (Freedman & Pryde 1982). Thus, highly refined vegetable oil is required. RBO contains high FFA (6-70%) and is unsuitable as feedstock oil for the production of BD by alkali-catalyzed reactions. 

Acid Catalyzed Methanolysis of Oil 
Acid catalyzed methanolysis can be used when the starting material is low-grade oil (Canakci & Van Gerpen 2001, Bak et al. 1996). Although the reaction is slower, it can use less expensive low-grade feedstock. Zullaikah et al (2005) carried out a systematic study on acid-catalyzed reaction of methanol with RBO containing wide range of FFA (Fig. 1). High FAME (96%) can be obtained in 8 h from the RBO with high FFA content (76%). For RBO with low FFA (6.6-24.5%), the converstion to FAME is low, and reaches about 60% after 24 h due to slow methanolysis of acylglycerides. This suggests that complete methanolysis of FFA in the RBO is difficult by single step acid-catalyzed reaction. 
A two-step alcoholysis (acid-catlyzed followed by base-catalyzed) has been developed by earlier workers for using oil with high FFA to produce BD. Although acid catalyst is effective in the esterification of FFA, there is still a considerable amount of FFA present after the completion of the reaction. Multi-step acid-catalyzed pretreatments have been recommended to reduce FFA to acceptable level (< 0.5%) before base treatment. Zullaikah et al (2005) demonstrated efficient methanolysis of dewaxed/degummed RBO by two-step acid-catalysis to obtain FAME in reasonable short time without damaging the bioactive compound. Fig. 2 shows the time-course of variation of product composition in the two-step acid catalyzed methanolysis of RBO (FFA 49.8%). At the end of the first step, the reaction product contained: FAME, 62; FFA 3.2; and acylglycerides, 34.8%. Methanolysis of this product at 100(C resulted in FAME content (> 96%) in the final product with a total reaction time of 8 h. 

In situ Acid-Catalyzed Transesterification of RBO 
Since the replacement of lost solvent represents a significant cost to the extraction operation, interest exists in reducing or eliminating the use of hexane in oil extraction. Harringtyon & D’Arcy-Evans (1985) described concept of in situ transesterification of sunflower seed oil with acidified methanol and showed significant increase in methyl ester yields. Özgül-Yücel & Türkay (1993) investigated in situ transesterifications of high-acidity RBO with H2SO4 as catalyst and showed that about 24 and 86% of oil was converted to FAME in rice bran containing 19 and 68% FFA, respectively. Effects of FFA content of RBO and the chain length of alcohol on the conversion of ester in in situ esterifications of RBO were investigated by Özgül-Yücel & Türkay (2003). 
All studies on in situ esterification of RBO with methanol show efficient esterification of FFA but found that acylglycerides and other nonpolar components were poorly transesterified and mostly remained in the bran. For low-FFA RBO, practically all acylglycerides remain in the bran. Complete extraction of bioactive compounds into methanol phase by in situ esterification is also dubious. 

Lipase-Catalyzed Transesterification 
The homogeneous catalyst used in both alkali and acid catalyzed methanolysis cannot be reused. Chemical methods also generate substantial amount of effluent and are not environment friendly processes. Using biocatalyst could mostly prevent these problems. 
A plethora of studies have been reported on the bio-catalyzed alcoholysis of oils and fats. However, only a few studies report on the lipase-catalyzed production of BD from RBO. Kamini & Iefugi (2001) reported a single step methanolysis of RBO catalyzed by crude lipase from Cryptococcus spp. S-2. About 80% of FAME was reported. Lai et al. (2005) used refined RBO for the production of BD via lipase-catalyzed methanolysis, and observed a conversion of about 98% and 74% with Novozym 435 and IM 60 as the catalyst, respectively. If pretreated Novozym 435 was used, ester conversion higher than 95% can be achieved in 6 h and 1 h when refined RBO and pure fatty acid (derived from saponified RBO) were used as the substrate, respectively. If RBO contains significant amount of FFA (18-70%), lower conversion is observed and the FAME content in the final reaction product depended on the relative proportaion of FFA and acylglycrides present in the starting substrate ( Fig. 3). The results show similar trends as obtained in the acid-catalyzed methanolysis of low grade RBO (Zullaikah et al 2005). 
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Fig, 1  Time-course of acid-catalyzed methanolysis of RBO with varying FFA contents. Reaction conditions: Dewaxed/degummed RBO (10 g) was sujected to methanolysis reaction at atmospheric pressure and 60(C using 1:10 molar ratio oil/methanol and 2 wt% sulfuric acid as catalyst. RBO: Rice bran oil; FFA: Free fatty acids
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Fig. 2 Time courses of product composition during two-step acid catalyzed methanolysis of RBO (Initial FFA content = 49.8%). The vertical dotted line indicates the end of the 1st step reaction. FFA: Free fatty acids, Acylglycerols: Mixture of triacylglycerols, diacylglycerols and monoacylglycerols, FAME: Fatty acid methyl ester
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Figure 3 Product compositions of lipase-catalyzed methanolysis of fatty acids and RBO with varying FFA contents. The reactions were performed with pretreated Novozyme 435 lipase for 24 h as described in experimental procedure (Lai et al155).  
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