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the purpose and outline ofthis research have been described. 

Chapter 2 Triolein Hydrolysis Experiments 

The hydrolysis experiments using a nonspecific lipase (CRL) were conducted in a biphasic oil-water system, 

The oil phase was isooetane containing triolein, and the water phase was phosphate buffer containing lipase. The 

effects of the initial enzyme concentration, the interfacial area and the initial concentrations of triolein and oleic 

acid on the triolein hydrolysis behavior were experimentally investigated. The consumption or formation rate of 

the respective components increased with the initial enzyme concentration and then tended to becorne constant at 

saturated enzyme concentration. The reaction rates also increased with the interfacial area. This is because the 

amounts of lipase and substrates existing at the interface increased. On the other hand, the reaction rates 

decreased with increasing the initial concentrations of triolein and oleie aeid. At the same initial triolein 

concentration, Iower reaction rates and the resulting time delay for giving the maximum concentration of the 

intermediates were observed when the oleic acid was initially added in the oil phase. Thus, the slower reaction 

rates were considered to be due to the competitive inhibition by oleic acid. 

Chapter 3 Construction of a Kinetic Model for Hydrolysis Using Nonspecffic Lipase 

In the triolein hydrolysis using nonspecifie lipase, the ester bonds ofthe triolein were stepwise hydrolyzed to 

produce diolein, monoolein and glycerol while an oleic acid was released at each reaction step. In the biphasic 

system, triolein, diolein, monoolein and oleie acid were dissolved into the oil phase and glycerol was dissolved 

into the water phase. The model describing the stepwise hydrolysis of triglyceride by nonspecific lipase in the 

biphasic oil-water system was formulated on the basis ofthe following assumptions: 

l) Each hydrolysis reaction proceeds via a Ping Pong Bi Bi mechanism; 

2) The inhibition by oleic acid follows the competitive inhibition mechanism; 

3) The total enzyme concentration at the interface is expressed by Langmuir adsorption isotherm; 

4) The linear adsorption isotherm provides the relationship for the interfacial and bulk concentrations of the 

substrates and products; 

5) The nonspecific lipase evenly cleaves the ester bonds I and 11 (at the edge and the center of the glycerol 

backbone, respectively) of each substrate. 

Model equations for hydrolysis using nonspecific lipase were derived. There are 13 model constants including 

the kinetic constants (6), the inhibition constant (1), and the adsorption constants (6). These constants were 

estimated by fitting the model equations with the 1 2 sets of experimental data using CRL obtained under various 
conditions. 

y
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Chapter 4 Application of the Present Model and Discussion 

The model constructed in chapter 3 was applied to experimental results discussed in chapter 2 to estimate the 

model constants. The model well described the effects of various operating factors, such as the initial enzyme 

eoncentration, the interfacial area and the initial concentrations of triolein and the fatty acid, on the stepwise 

triolein hydrolysis by nonspecifie enzyme. The validity of the estimated values was discussed. The kinetic 

constants were newly introduced in the present model. By comparing the eonstant values with the literature 

values, the inhibition constant and the adsorption constants were considered to be reasonable. The sensitivity 
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of each substrate. Since no literature values were found for the model constants, it is difficult to quantitatively 

discuss the validity of the estimated values. Then, the model constants related to the rates for cleaving the 

respective ester bonds of each substrate were qualitatively discussed. The estimated values of these constants 

showed that the rate for cleaving the ester bond I was faster than the ester bond II. Thus, the estimated values of 

seven model constants related to the rates for cleaving the respective ester bonds of each substrate were 

considered to be reasonable. 

Triolein hydrolysis behavior using PPL under various conditions not only in the biphasic but also in the 

emulsion system was simulated by the modified model for predicting the appropriate conditions to efficiently 

produce diacylglycerol similar to Chapter 4. PPL gave better diolein yields under any condition. 

Chapter 7 Summary 
The works done in this research were surnmarized. 

;
 

*
,
 

~
 
;
 
.
=
 
~
 

~
 

- 202 -



 一εOZ一

 。9璽整3樹号)qぞ本駿弱毒¢(煮工)手創製本駿宰`)σ了

 。q多弼9⊇マ9ゑ台墨⊇閣雛ω煮工到亙蜘…浮'α螺)つ講習濠冒晦尋略章⑦禦マ9～へ盟)!1～罰金

 塁ぎ再ラ尋〔泪蒙コニ母到≧雪茎i……麺、のし⑦(車以!1E伯虚影⊇空身日喜三彩孝f薩i藝ζ≦封≧≦『麺∫・(5>に口厚(り昌且耳垂～妾ア⊇装峯i麹吾一}/丘9_←

 阜覆羽轡譲(り尊重ビ依4型型ω灘話ηべE/全一/1τミ/冬9マコ恒ど善…レ煮凝'翠爆騰‡⊇慢ゑ亜'丁鷺

 。9、へ)σ書鐸巽購(o劇馬形搬'自(季嘉駿霧罫悼∠甥

 。9・へ)/1ヨー/1てミ・で母唖雲騨…浮⑦・1/一口み丘ズ4〃冬∠蒼励箪…胆少鯉川年魯豊'コ群η9書展蔦

 霧Gク壕翠/1/遜…』、〔巧了1コ1ぞ=⊇9_倉且イ璽1⊇1音睾鞠蓄⑦逗Lヨ_毒♪…影G9穿鑿濠!1/善…b塑鱒、罫{⊃L、へ伴二睦婁9影

 。9、へ)σ善縁墾雅¢4/逝

 去盛導～α甲⊇R⊇9ゑ瑠舞濠到酵譲冨不}⑦峯麹')aそ。9q)a⊇悼9触孝k久製⑦噸輿諺“(りぞ幸

 尋へ尋⑦勲爵譲＼廷揮覇葦謁くタ辛口年払へ困母尋一}/丘g鯉⑦羽'酵譲甚叫⊇剛蝶曳割)q露⊇猿9篤

 。9・へ)1H-4τき4濠暉糞餌“⑦弘牽・ぐE44/ムエ9鯉弘壷臣蓄測⊇1『翠'勃彰9皐弘…堅雪⊇瀞

 塞峰孝・1/一口2ト6'4/4∠蒼9禦ユ購準…万山中9ゑ阜母珊呈掻勃へ型')、へ宙孝4/■ま率'⊇群～9喜

 程鰍濠珊不園⑦4/遜…』車㌧OT⊇瞼『可⑦マ・1/■ま塾へ阻覆車塑尋購顛⑦尉'写峯09G)じ書展蔦霧⑦

 凝翠/1/善…b覧αアコR⊇9ゑ幽要⊇1董霧灘蓄⑦嘉まキ膨⑦尊重障4/一士以q田無'割)・へ9ζ⊇悼ラ斑

 。9kへ)つ田無母4/■岳煮職尋瞬蜂'α了コR⊇9ゑ捌髪濠量割吼箪…浮麟謝準…浮嘲号蚤扇置薬麹⑦颪

 購準…浮=扇葺=Ψ凶尋騨凛璽⑦弘里雪'魏魏・畢猛⑦v墨雷宰曝⑦璃置令室観覧製)kへ9ζ⊇悼ε影

 。9q

 )!ユ⊇悼『困コ瀞灘話母轟薯⑦去図星.鯵1奨⊇噸雲渕巧平目σ＼へ↓擁灘輩鶴形〉に目年⑦d6み6'6ヨ)

 、へ目…f二孕暑…麹～キー}/6kへ尋(り…創金葎養接冨軍}、)、へ9茸⊇1塗≡目半=1>に日曝鵠4堅塁珪τ(り[彰塞言草垂里1雷、罫1⊃Aへ9ζ⊇1婁2;輩多

 。9q)y褒)qしコ屡婁ρ了9寧～騨自省曙⑦峯灘署泉⑦彫盈宰～o啄立雛霧皐悼工甥

 。9尋。

 マ寡∠甥馬↓(り鬼以つ陥翻孝噂雲鶴専掌曜¢躍曝9マコ1崖報身一説6'叡勾峯母音異⊂09螺⊇割本腿車

 。以つ癖餌厚噸薫鶴形平皿⑦江上L勃彰尋膓ヌ⑦号讐以頓田孝峯麺9鰍Ωマ伴幸麺q尋⑦珊酵譲冨珊)1叢

 暴孝4∠■去煮凝尋畢輿～自ア⊇P⊇9ゑ瑠象濠斜翻劇亙颪蜘狛…浮=璃翼=尋騨壕塑⑦↓璽苗'鱗謝翻珊

 ・畢猛⑦〉墨歯⑦璃置鳶峯掴～罫泣駈盈宰。4皐)畔皐出蟹ミ¢4/遜ヨマ腿到筆写噂皐「}劉鰯⊇圃蟹江峯螺

 ⊇～q鯉弘秘蚤⊇爆ヨ錦丈43尋～⊇9禦私邸凶励箪…耳=易葺=マ⊇9ゑ身裂⊇1鯛取璽マ⊇9Q…写弘

 里1歯宰曝㌧罫四国'⑦⊇。9尋η壷草Σ曝融⑦4/遜…磯銅軍国ゴ酋へ判)kへ9ζ⊇爬罷蠱惑剰翼9r.←出n出血算1

 笛蒙工濠郵≧雪⑦⊇㌧α馨》!露玉3目…5きユ!1η昂に髭…更…浮尋写1毒⑦憾重ri習乖掴夕・ミf習尊}(刀3尋/ドー口2レ丘誕4/∠き

 孟蒼Y…』9ゑ阜覆羽曇醗…厚q翠'/て6尋6'鳶殺鱈塁且慰豊'‡噛巧辛口¢⑦昌脚姫丁⊇瞠担吾一y6

 昌壷(汐蕾男星畢牽嬰

1
1


