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ÖZET 
 
 
 7�NHQHQ� SHWURO� ND\QDNODUÕ� YH� EXQD� ED÷OÕ� HQHUML� NUL]OHUL� QHGHQL\OH� VRQ� \ÕOODUGD�
DOWHUQDWLI� HQHUML� ND\QDNODUÕ� |QHPOL� DUDúWÕUPD� DODQÕ� KDOLQH� JHOPLúWLU�� %L\RGL]HO��
\HQLOHQHELOHQ�� G�ú�N� HPLV\RQ�SURILOLQH� VDKLS� YH� EL\RORMLN� RODUDN�SDUoDODQDELOHQ�\DNÕW�
ROPDVÕ�QHGHQL\OH�SHWURO�HVDVOÕ�\DNÕWODUD�DOWHUQDWLI�ELU�\DNÕWWÕU��%L\RGL]HO� WULJOLVHULGOHULQ�
PHWDQRO� LOH� WUDQVHVWHUOHúPHVL\OH� HOGH� HGLOHQ� \D÷� DVLGL� PHWLO� HVWHUOHUL� RODUDN�
WDQÕPODQDELOLU�� 6RQ� ]DPDQODUGD� \D÷� DVLGL� PHWil esterlerinin saf olarak elde edilmesi, 
JOLVHURO�Q� \DQ� �U�Q� RODUDN� NROD\OÕNOD� D\UÕOPDVÕ� JLEL� QHGHQOHUOH� EL\RGL]HO� \DNÕW�
�UHWLPLQGH� OLSD]� NXOODQÕODUDN� HQ]LPDWLN� WUDQVHVWHUOHúPH� PHWRGX� oRN� GDKD� FD]LS� KDOH�
JHOPLúWLU�� )DNDW� \�NVHN� HQ]LP�PDOL\HWOHUL� HQG�VWUL\HO� X\JXODPDODU� LoLQ� GH]DYDQWDMGÕU��
hUHWLP�PDOL\HWLQLQ�G�ú�U�OPHVL�LoLQ�HQ]LP�X\JXQ�ELU�WDúÕ\ÕFÕ��]HULQH�WXWWXUXODELOPHOL�YH�
WHNUDU�NXOODQÕODELOPHOLGLU� 
  

%X�oDOÕúPDGD��Candida antarctica (Novozym 435), Thermomyces lanuginosus 
(Lipozyme TL-IM) ve Rhizomucor miehei (Lipozyme RM-,0��LPPRELOL]H�OLSD]ODUÕQÕQ�
PHWDQRO� EHUDEHULQGH� NDQROD� \D÷ÕQÕ� WUDQVHVWHUOHúPH� UHDNVL\RQX� DUDúWÕUÕOGÕ�� 5HDNVL\RQ�
V�UHVL�� VÕFDNOÕN�� HQ]LP� PLNWDUÕ� YH� PHWDQRO-\D÷� PRODU� RUDQÕ� JLEL� NDQROD� \D÷ÕQÕ�
WUDQVHVWHUOHúPH� UHDNVL\RQX� LOH�PHWLO� HVWHUOHULQH�G|Q�úW�UPHGH� HWNLQ� RODQ�SDUDPHWUHOHU�
PHUNH]L�NRPSR]LW�GL]D\Q�YH�\�]H\�DQDOL]OHUL�NXOODQÕODUDN�LQFHOHQGL�� 

 
7UDQVHVWHUOHúPH� UHDNVL\RQXQGD�RSWLPXP�NRúXOODU�� \D÷�D÷ÕUOÕ÷ÕQÕQ� ���-%21)’ i 

RUDQÕQGD�HQ]LP��������-�������\D÷-DONRO�PRODU�RUDQÕ������&-55ºC) reakVL\RQ�VÕFDNOÕ÷Õ�YH�
(4-��� VDDW� UHDNVL\RQ� V�UHVL� RODUDN�EHOLUOHQGL��(Q�\�NVHN� EL\RGL]HO� G|Q�ú�P�� ��������
HQ]LP�NDUÕúÕPÕ�NXOODQÕODUDN�HOGH�HGLOGL�� 

 
(Q]LPOHULQ� LPPRELOL]DV\RQXQGD� NXOODQÕOPDN� �]HUH� PLNUR� J|]HQHNOL� SROLPHU�

matriks stiren divinil benzen kopolimerinden sentezlendi. Lipozyme TL-100L ve 
1RYR]\PH� ���� OLSD]ODUÕ� FHOLWH� ����� VLOLNDMHO� YH� VWLUHQ� GLYLQLO� EHQ]HQ� NRSROLPHUOHUL�
�]HULQH� DEVRUSVL\RQ� YH� NRYDOHQW� ED÷ODPD� PHWRWODUÕ� NXOODQÕODUDN� LPPRELOL]H� HGLOGL��
(Q]LPOHULQ� LPPRELOL]DV\RQ� YHULPOLOL÷L� YH� DNWLYLWHOeri belirlendi. Destek maddeleri ve 
LPPRELOL]H�HGLOPLú�W�UHYOHUL�WDUDPDOÕ�HOHNWURQ�PLNURVNREX�YH�Iourier transform infrared 
spektrometresi (FTIR) ile incelendi.  

 
%L\RGL]HO� �UHWLPL� NDQROD� \D÷Õ� YH� PHWDQRO� NDUÕúÕPÕQÕQ� ELU� SHULVWDOWLN� SRPSD�

\DUGÕPÕ\OD�PLNUR�J|]HQHNOL�SROLPHU�NRORQ�LoLQGHQ����VDDW�V�UHGH�GHYULGDLPL�LOH�\DSÕOGÕ��
*D]�NURPDWRJUDIL�DQDOL]�VRQXoODUÕQD�J|UH�HQ�\�NVHN�PHWLO�HVWHU�G|Q�ú�P������RODUDN�
KHVDSODQGÕ��7HNUDU�NXOODQÕP�DoÕVÕQGDQ�PLNUR�J|]HQHNOL�SROLPHU��]HULQH�WXWWXUXODQ�OLSD]�
���NH]�NXOODQÕOPDVÕQD�UD÷PHQ�|QHPOL�ELU�DNWLYLWH�ND\EÕ�J|]OHQPHGL�� 
 
Anahtar Kelimeler:� 7UDQVHVWHULILNDV\RQ�� /LSD]�� øPPRELOL]DV\RQ,� .DQROD� \D÷Õ��
Biyodizel, Stiren-Divinilbenzen,  
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ABSTRACT 
 

Alternative energy resources have become more important research area in 
recent years because of exhausting petroleum resources and energy crises. Biodiesel is 
an alternative fuel to petroleum based fuels because of renewable, has a low emission 
profile and biodegradable fuel. Biodiesel can be defined as fatty acid methyl esters from 
triglycerides by transesterification with methanol. Recently, enzymatic 
transesterification using lipase has become more attractive for biodiesel fuel production, 
since the glycerol produced as a by product can easily be recovered and the purification 
of fatty acid methyl esters is simple to accomplish. However the high cost of enzyme 
remains a barrier for its industrial applications. In order to decrease the cost of the 
process, the enzyme must be immobilized in a suitable carrier and reused.  

In this study, the abilities of three immobilized lipases from Candida antarctica 
(Novozym 435), Thermomyces lanuginosus (Lipozyme TL-IM) and Rhizomucor miehei 
(Lipozyme RM-IM) to catalyze the transesterification of canola oil with methanol were 
investigated. Response surface methodology (RSM) and central composite design 
(CCD) were employed to evaluate the effects of reaction parameters, such as reaction 
time, temperature, enzyme amount, molar ratio of methanol to canola oil on percentage 
weight conversion to canola oil methyl ester by transesterification.  

The optimum conditions of the transesterification reaction were as follows: 
enzyme amount based on oil weight (4%-21%), oil/alcohol molar ratio (1:1,6-1:4,1), 
temperature (34ºC -55ºC), and reaction time (4h-6h). The highest conversion (%97,2) of 
canola oil to biodiesel was obtained by using mixture of lipases.  

Micro porous polymeric matrix was synthesized from styrene-divinylbenzene 
copolymers for using to immobilization of enzymes. Two different lipase from 
Lipozyme TL-100L and Novozyme 388 were immobilized onto three different carriers 
using both adsorption and covalent method: celite 545, silica gel and styrene-divinyl 
benzene copolymer. Immobilization efficiency and activity of enzymes determinated. 
The properties of the support and immobilized derivatives were evaluated by scanning 
electron microscopy (SEM) and fourier transform infrared spectroscopy (FTIR).  

Biodiesel production was performed by circulating canola oil and methanol 
mixture into micro porous polymer column by a peristaltic pump for 24 hours. 
According to gas chromatography analysis results the highest yield of methyl ester was 
calculated as %97. The immobilized lipase onto the micro porous polymer proved to be 
stable after even 10 reused and lost little activity when was subjected to repeated use.        

Key Words: Transesterification, Lipase, Immobilization, Canola oil, Biodiesel, 
Styrene-divinyl benzene. 
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Ca(Ac)2 - Kalsiyum asetat 

CNBr  - Siyanojen bromür 

H2S  - Hidrojen Sülfür 

H2SO4  - Sülfürik Asit 
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HCl  - Hidrojen Klorür 
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*�Q�P�]GH� SHWURO�� GR÷DOJD]� YH� N|P�U� JLEL� IRVLO� N|NHQOL� HQHUML� ND\QDNODUÕQÕQ�
D]DOPDVÕ�� EXQXQ� \DQÕQGD� G�Q\DGDNL� HQHUML� LKWL\DFÕQÕQ� KÕ]OD� DUWPDVÕ� QHGHQL\OH�
\HQLOHQHELOLU�HQHUML�ND\QDNODUÕQÕQ�GH÷HUOHQGLULOPHVLQH�\|QHOLN� LOJL�JLGHUHN�DUWPDNWD�YH�
EX� DODQGDNL� oDOÕúPDODU� |QHP� ND]DQPDNWDGÕU�� <HQLOHQHELOLU� HQHUML� ND\QDNODUÕ� LoLQGH�
biyodL]HO� |QHPOL� SRWDQVL\HOH� VDKLSWLU�� 6RQ� \ÕOODUGD� ELWNLVHO� YH� KD\YDQVDO� ND\QDNOÕ�
\D÷ODUGDQ� HOGH� HGLOHQ�� oHYUH\H� ]DUDU� YHUPH\HQ�YH� \HQLOHQHELOLU� ND\QDNODUGDQ� �UHWLOHQ�
EL\RGL]HO��SHWURO�N|NHQOL�GL]HO�\DNÕWODUD�HQ�|QHPOL�DOWHUQDWLI�HQHUML�ND\QD÷Õ�ROPXúWXU� 

BiyodL]HO� ELWNLVHO� \DGD� KD\YDQVDO� N|NHQOL� \D÷ODUGDQ� HOGH� HGLOHQ� X]XQ� ]LQFLUOL�
\D÷� DVLWOHULQLQ�PHWLO� HVWHUOHUL� RODUDN� WDQÕPODQDELOLU��%L\RGL]HO� \DNÕWODUÕQ� \HQLOHQHELOLU��
EL\RSDUoDODQDELOLU��]HKLUVL]�YH�oHYUHFL�ROPDODUÕ�RQODUÕ�GDKD�GD�|QHPOL�KDOH�JHWLUPLúWLU��
Tüm� G�Q\DGD� DOWHUQDWLI� HQHUML� ND\QDNODUÕQD� GR÷UX� KÕ]OÕ� ELU� \|QHOLú� V|]� NRQXVXGXU��
%XQXQ�EDúOÕFD�QHGHQOHUL��N�UHVHO�ÕVÕQPD��G�Q\DPÕ]ÕQ�HQHUML�LKWL\DFÕQÕQ�\DNODúÕN����¶ÕQÕ�
NDUúÕOD\DQ� IRVLO�N|NHQOL�\DNÕWODUGDQ�SHWURO� UH]HUYOHULQLQ�����GR÷DOJD]� UH]HUYOHULQLQ�����
N|P�U�UH]HUYOHULQLQ�LVH�|Q�P�]GHNL�����\ÕO�LoLQGH�W�NHQHFH÷LQLQ�WDKPLQ�HGLOPHVL��IRVLO�
N|NHQOL�\DNÕWODUÕQ�oHYUH\L�NLUOHWLFL�HWNLOHUL�D\UÕFD�DOWHUQDWLI�HQHUML�ND\QDNODUÕQÕQ�\HQL�Lú�
LPNDQODUÕ� GR÷XUPDVÕ� YH� �ONHOHULQ� HQHUML� LKWL\DFÕQGDNL� GÕúD� ED÷ÕPOÕOÕ÷Õ� D]DOWPDVÕGÕU��
3HWURO� W�NHWLPLQLQ� DQFDN� ���¶XQXQ� \HUOL� �UHWLPOH� VD÷ODQGÕ÷Õ� �ONHPL]GH� EL\RGL]HO�
PHYFXW�RODQDNODUOD�X\JXODPD\D�DOÕQDELOHFHN�HQ�|QHPOL�DOWHUQDWLI�HQHUML�VHoHQHNOHULQGHQ�
ELULGLU�� hONHPL]GH� NDUD� WDúÕPDFÕOÕ÷ÕQÕQ� |QHPOL� E|O�P�QGH� YH� GHQL]� WDúÕPDFÕOÕ÷ÕQGa 

GL]HO�PRWRUOX�WDúÕWODU�NXOODQÕOPDVÕ�D\UÕFD�HQG�VWULGH�GL]HO�\DNÕW�NXOODQÕPÕ�KHU�JHoHQ�J�Q�
KÕ]OD�DUWPDVÕ�EL\RGL]HO��UHWLPLQL�GDKD�GD�|QHPOL�KDOH�JHWLUPHNWHGLU��Biyodizel üretimi 

YH�NXOODQÕPÕQÕQ�G�Q\D�oDSÕQGD�KÕ]OD�DUWWÕ÷Õ�ELU�RUWDPGD��ONH�JHQHOLQGH�biyodizel üretimi 

YH� NXOODQÕPÕQÕQ� \D\JÕQODúWÕUÕOPDVÕ� LOH� SHWURO� W�NHWLPLQGH� |QHPOL� D]DOPD� VD÷ODQDFDN��
HJ]R]�JD]ODUÕ�YH�oHYUH�NLUOLOL÷LQGH�EHOLUJLQ�ELU�G�ú�ú�JHUoHNOHúHFHN�YH�HQ�|QHPOLVL�\HQL�
Lú� RODQDNODUÕQÕQ� ROXúWXUXOPDVÕ� LOH� �ONH� HNRQRPLVLQH� NDWNÕ� VD÷ODQDFDN� YH enerji 

LKWL\DFÕQGDNL�GÕúD�ED÷ÕPOÕOÕ÷Õ�D]DOWDFDNWÕU� 
Günümüzde EL\RGL]HO� \DNÕW� LOH� LOJLOL� HQ� |QHPOL� VRUXQ��UHWLP�PDOL\HWL�ROPDNOD�

ELUOLNWH��UHWLP�\|QWHPLQGHQ�JHOHQ�G�ú�N�XoXFXOXN��\�NVHN�YLVNR]LWH��PRWRUGD�NDUERQ�
ELULNLPL� YH� �U�QGHNL� VDIVÕ]OÕNODU� JLEL� ROXPsuz yönlerin giderilmesi  gerekmektedir. 

%L\RGL]HO��UHWLPLQGH�G|UW�WHPHO�\RO�PHYFXWWXU��%XQODU��GLUHNW�NXOODQPD�YH�NDUÕúWÕUPD��
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mikroemülsiyon, termal kraking (Piroliz) ve transesterifikasyon yöntemleridir. Bu 

\|QWHPOHU�DUDVÕQGD�HQ�\D\JÕQ�RODQÕ�WUDQVHVWHULIikasyon metodudur.  

6RQ� \ÕOODUGD� NLP\DVDO� SURVHVOHULQ� \�NVHN� HQHUML� PDOL\HWL� YH� HN� JOLVHULQ�
VDIODúWÕUPD�DGÕPODUÕ�QHGHQL\OH�EL\RGL]HO��UHWLPLQGH�OLSD]�HQ]LPOHULQLQ�NXOODQÕPÕ�|QHPOL�
KDOH�JHOPLúWLU��(Q]LPDWLN� WUDQVHVWHULILNDV\RQ�\|QWHPLQGH�NLP\DVDO�NDWDOL]|U�nedeniyle 

ROXúDQ�GH]DYDQWDMODU�OLSD]�HQ]LPOHUL�NXOODQÕODUDN�E�\�N�|Oo�GH�DúÕOPÕúWÕU��/LSD]�HQ]LPL�
ÕOÕPOÕ� UHDNVL\RQ� NRúXOODUÕQD� L]LQ� YHUPHNWH�� LODYH� LúOHPOHU� JHUHNPHNVL]LQ� JOLVHULQ� JHUL�
ND]DQÕPÕ�VD÷ODQPDNWD�YH�JHULGH�NLP\DVDO�DUWÕN��U�Q�ROXúWXUPDPDNWDGÕU��$\UÕFD�HQ]LPOL�
UHDNVL\RQ�LOH�DONDOL�VDEXQ�ROXúPDGÕ÷Õ�LoLQ�GDKD�VDI�HVWHUOHU�ROXúPDNWDGÕU�� 

(Q]LP�L]RODV\RQX�YH�DUÕWÕOPDVÕ�ROGXNoD�PDOL\HWOLGLU��%X�QHGHQOH�HQ]LPOHULQ�ELU�
GHVWHN�PDGGHVL��]HULQH�WXWWXUXODUDN�NXOODQÕOPDVÕ�VRQ�\ÕOODUGD�E�\�N�|QHP�ND]DQPÕúWÕU��
B|\OHFH� HQ]LPOHU� WHN� NXOODQÕP� \HULQH� GHIDODUFD� NXOODQÕODUDN� HNRQRPLN� DoÕGDQ� E�\�N�
DYDQWDM� VD÷ODQPDNWDGÕU�� %L\RGL]HO� �UHWLPLQGH� HQ]LPDWLN� HVWHUOHúPH� UHDNVL\RQODUÕQÕQ�
GHVWHN� PDGGHOHUL� �]HULQH� LPPRELOL]H� HGLOHQ� OLSD]ODUOD� \DSÕOPDVÕ� HQ]LPOHUGHQ�
kaynaklanan yüksHN� �UHWLP� PDOL\HWLQL� D]DOWPDNWD� YH� HQ]LPOHULQ� NXOODQÕPÕQÕ�
\D\JÕQODúWÕUPDNWDGÕU�� %XQXQ� \DQÕQGD� LPPRELOL]H� HGLOPLú� HQ]LPOHULQ� NDUDUOÕOÕ÷ÕQÕQ�
DUWPDVÕ�� ÕVÕ�� S+�YH�RUJDQLN� UHDNWLIOHUH�NDUúÕ�GDKD�GD\DQÕNOÕ�KDOH�JHOPHVL�YH�DNWLIOL÷LQL�
daha uzun süre koruyor olmasÕ�\|QWHPLQ�DYDQWDMODUÕQGDQ�ELUNDoÕGÕU�� 

%X� oDOÕúPDGD�Candida antarctica (Novozym 435), Thermomyces lanuginosus 

(Lipozyme TL-IM) ve Rhizomucor miehei (Lipozyme RM-,0��LPPRELOL]H�OLSD]ODUÕQÕQ�
PHWDQRO� EHUDEHULQGH� NDQROD� \D÷ÕQÕ� WUDQVHVWHUOHúPH� UHDNVL\RQX� YH� UHaksiyonda etkili 

RODQ� SDUDPHWUHOHULQ� NHPRPHWULN� DQDOL]� \|QWHPOHUL� NXOODQÕODUDN� RSWLPL]H� HGLOPHVL� 
Thermomyces lanuginosus 100 L ve Novozyme 388� VHUEHVW� OLSD]� HQ]LPOHULQLQ� IDUNOÕ�
GHVWHN� PDGGHOHUL� �]HULQH� DEVRUSVL\RQ� YH� NRYDOHQW� ED÷ODPD� PHWRWODUÕ� NXOODQÕODUDk 

LPPRELOL]H�HGLOHUHN�WHNUDU�NXOODQÕP�|]HOOLNOHULQLQ�LQFHOHQPHVL�DPDoODQPDNWDGÕU��%XQXQ�
\DQÕQGD� HQ]LPOHULQ� LPPRELOL]DV\RQXQGD� NXOODQÕOPDN� �]HUH� PLNUR� J|]HQHNOL� SROLPHU�
GHVWHN�PDGGHVL� VHQWH]OHQHUHN� LPPRELOL]DV\RQ� YHULPOLOL÷L�� DNWLYLWH� YH� WHNUDU� NXOODQÕP�
özeOOLNOHULQLQ� LQFHOHQPHVL� KHGHIOHQPHNWHGLU�� $\UÕFD� HQG�VWUL\HO� DODQGD� X\JXODQDELOLU�
EL\RGL]HO��UHWLP�G�]HQH÷L�NXUXOPDVÕ�DPDoODQPDNWDGÕU��� 
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1. .$<1$.�g=(7/(5ø 
 

*�Q�P�]GH� SHWURO�� GR÷DOJD]� YH� N|P�U� JLEL� IRVLO� N|NHQOL� HQHUML� ND\QDNODUÕQÕQ�
D]DOPDVÕ��SHWURO�\DNÕWODUÕQGDQ�ND\QDNODQDQ�HPLV\RQODUÕQ�oHYUH\H�YHUGL÷L�]DUDUODU�EXQXQ�
\DQÕQGD� G�Q\DGDNL� HQHUML� LKWL\DFÕQÕQ� KÕ]OD� DUWPDVÕ� QHGHQL\OH� \HQLOHQHELOLU� HQHUML�
ND\QDNODUÕQD� \|QHOLN� LOJL� JLGHUHN� DUWPDNWD� YH� EX� DODQGDNL� oDOÕúPDODU� |QHP�
ND]DQPDNWDGÕU�� %LWNLVHO� \D÷ODUÕQ� GL]HO� \DNÕWODUOD� X\JXQ� RUDQODUGD� NDUÕúWÕUÕODUDN� GLUHNW�
NXOODQÕPÕ� \�NVHN� YLVNR]LWH�� DVLW� NRUR]\RQX�� SROLPHULOHúPH� YH� NDUERQ� ELULNLPL� JLEL�
SUREOHPOHUGHQ�GROD\Õ�X\JXQ�GH÷LOGLU��<HQLOHQHELOLU�HQHUML�ND\QDNODUÕ�LoLQGH�ELWNLVHO�YH�
KD\YDQVDO� ND\QDNOÕ� \D÷ODUGDQ� HOde edilen, çevreye zarar vermeyen ve yenilenebilir 

ND\QDNODUGDQ��UHWLOHQ�EL\RGL]HO��SHWURO�N|NHQOL�GL]HO�\DNÕWODUD�HQ�|QHPOL�DOWHUQDWLI�HQHUML�
ND\QD÷Õ�ROPXúWXU��)XNXGD�YH�DUN���������%L\RGL]HOLQ�ELWNLVHO�N|NHQOL�ROPDVÕ�QHGHQL\OH�
\DQPDVÕ�GXUXPXQGD�DWPRVIHUGeki net CO2�VHYL\HVLQL�GH÷LúWLUPHPHVL�� ÕOÕPOÕ� UHDNVL\RQ�
NRúXOODUÕQGD� �UHWLOHELOPHVL�� EL\RSDUoDODQDELOLU� |]HOOLN� J|VWHUPHVL� YH� oHYUHFL� \DNÕW�
|]HOOLNOHUL� VRQ� \ÕOODUGD� EL\RGL]HO� �UHWLPLQH� \|QHOLN� LOJL\L� GDKD� GD� DUWÕUPÕúWÕU�
(Ranganathan ve ark. 2008). 

Bitkisel�\D÷ODUGDQ�EL\RGL]HO�\DNÕW��UHWLOPHVL�DPDFÕ\OD�SLUROL]��PLNUR�HP�OVL\RQ�
YH� WUDQVHVWHULILNDV\RQ�ROPDN��]HUH�EDúOÕFD��o�\|QWHP�NXOODQÕOPDNWDGÕU� �0D�YH�+DQQD�
1999).  

.UDNLQJ�RODUDN�WD�ELOLQHQ�SLUROL]�ÕVÕ�HWNLVL\OH�NRPSOHNV�\DSÕODUÕQ�EDVLW�ELOHúHQOHUH�
G|Q�úPHVL� ROD\ÕGÕU��<|QWHPGH� ELWNLVHO� \D÷� YLVNR]LWHVLQLQ� G�úPHVL� YH� VHWDQ� VD\ÕVÕQÕQ�
DUWPDVÕ�LoLQ�\�NVHN�ÕVÕGD�SDUoDODQPDNWDGÕU��3DUoDODQDQ��U�Q�DONDQ��DONHQ�YH�NDUERNVLOLN�
DVLWOHULQ�NDUÕúÕPÕQÕ� LoHULU��6R\D�\D÷Õ��SDPXN�\D÷Õ�YH�NRO]D�\D÷Õ�LOH�GL÷HU�\D÷ODU�X\JXQ�
kataOL]|U�EHUDEHULQGH�EL\RGL]HO�RODUDN�NXOODQÕOPDN�DPDFÕ\OD�SDUoDODQPÕúODUGÕU� �0D�YH�
+DQQD� ������� 3LUROL]� PHWRGX� \DNÕWÕQ� DNÕú� |]HOOLNOHUL� YH� YLVNR]LWHVLQGHNL� D]DOPD�
QHGHQL\OH�DYDQWDMOÕ�IDNDW�\�NVHN�PDOL\HW��D\UÕQWÕOÕ�IUDNVL\RQODPD�EDVDPDNODUÕ�YH�\DNÕWÕQ�
sülfür�LoHUPHVL�QHGHQL\OH�GH]DYDQWDMOÕGÕU��5DQJDQDWKDQ�YH�DUN�������� 

0LNUR� HP�OVL\RQ� ELU� GL÷HU� EL\RGL]HO� \DNÕW� �UHWLP� WHNQL÷LGLU�� %X� \|QWHPGH�
EL\RGL]HO�PLNUR�HP�OVL\RQX�X\JXQ�RUDQODUGD�ELWNLVHO�\D÷��GL]HO�\DNÕW��DONRO��VXUIDNWDQ�
YH� VHWDQ� VD\ÕVÕQÕ� DUWÕUÕFÕ� PDGGH içerir. Yöntemde metanol, etanol ve propanol gibi 

DONROOHU� YLVNR]LWH� G�ú�U�F�� RODUDN� GDKD� \�NVHN� DONROOHU� LVH� VXUIDNWDQ� RODUDN�
NXOODQÕOPDNWDGÕU��$\UÕFD�DONLO�QLWUDWODU�VHWDQ�VD\ÕVÕQÕQ�DUWPDVÕ�DPDFÕ\OD�NDUÕúÕPD�HNOHQLU��
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0LNUR� HP�OVL\RQ� PHWRGXQGD� G�ú�N� YLVNR]LWH�� \�NVHN� VHWDQ� VD\ÕVÕ� YH� L\L� VSUH\�
|]HOOLNOHUL�\|QWHPLQ�ROXPOX�\|QOHULQL�ROXúWXUXUNHQ�|]HOOLNOH�X]XQ�V�UHOL�NXOODQÕPODUGD�
HQMHNW|UGH�PH\GDQD� JHOHQ� DWHúOHPH� SUREOHPOHUL�� NDUERQ� ELULNLPL� YH� WDPDPODQPDPÕú�
\DQPD�\|QWHPLQ�ROXPVX]�\|QOHULQL�ROXúWXUPDNWDGÕU�(Ma ve Hanna 1999). 

%L\RGL]HO� �UHWLPLQGH� HQ� SRS�OHU� \|QWHP� ELWNLVHO� \D÷ODUÕQ�
WUDQVHVWHUOHúWLULOPHVLGLU��%X�\|QWHPGH�EL\RGL]HO�\DNÕW�\�NVHN�\D÷�DVLWOHULQLQ�PRQR�DONLO�
HVWHU�NDUÕúÕPÕQÕ� LoHULU��5HDNVL\RQGD�\�NVHN�YLVNR]LWH\H� VDKLS�JOLVHURO�D\UÕODUDN�G�ú�N�
visNR]LWH\H� VDKLS� IRVLO� \DNÕWD� EHQ]HU� \DNÕW� HOGH� HGLOLU�� 7UDQVHVWHUOHúPH�PHWRGX� DONDOL�
katalizör, asit katalizör, biyokatalizör, heterojen katalizör yada süper kritik alkol gibi 

oHúLWOL�NDWDOL]|UOHU�NXOODQÕODUDN�\DSÕODELOPHNWHGLU� �0D�YH�+DQQD�������)XNXGD�YH�ark. 

������� *HQHO� UHDNVL\RQ� ELWNLVHO� \D÷� YH� DONRO�Q� NDWDOL]|U� EHUDEHULQGH� \D÷� DVLGL� DONLO�
HVWHUOHUL�YH�JOLVHULQ�ROXúWXUPDVÕGÕU� 

Alkali katalizör metodunda sodyum hidroksit (NaOH) yada potasyum hidroksit 

(KOH) metanol yada etanol beraberinde katalizör olaraN� NXOODQÕODUDN� ELWNLVHO� \D÷ÕQ�
EL\RGL]HO� YH� JOLVHULQ� G|Q�úPHVL� VD÷ODQÕU�� 5HDNVL\RQ� VRQXQGD� JOLVHULQ� \R÷XQOX÷XQXQ�
ID]OD�ROPDVÕ�QHGHQL\OH�GLSWH�WRSODQÕU��<|QWHP�\�NVHN�HVWHU�G|Q�ú�P���G�ú�N�VÕFDNOÕNWD�
����&��JHUoHNOHúPHVL���UHWLP�PDOL\HWLQLQ�G�ú�N�ROPDVÕ�YH�NÕVD�V�UHGH�VRQODQPDVÕ�JLEL�
DYDQWDMODUÕQÕQ� \DQÕQGD� JOLVHULQ� D\UÕOPDVÕQGDNL� J�oO�NOHU�� UHDNVL\RQ� RUWDPÕQÕQ� VHUEHVW�
DVLW� \DGD� VX� LoHUPHVL� GXUXPXQGD� VDEXQODúPD� J|U�OPHVL� YH� �U�Q� VDIODúWÕUÕOPDVÕQÕQ�
]RUODúPDVÕ� JLEL� GH]DYDQWDMODUD� VDKLSWLU�� �0D� YH� +DQQD� ������ )XNuda ve ark. 2001, 

Barnwal ve Sharma 2005). 

7UDQVHVWHUOHúPH�PHWRGX�LOH�EL\RGL]HO��UHWLOPHVLQGH�NXOODQÕODQ�ELU�EDúND�\|QWHP�
LVH� DVLW� NDWDOL]|U� NXOODQÕOPDVÕGÕU�� <|QWHPGH� KHUKDQJL� ELU� PLQHUDO� DVLGL�
NXOODQÕODELOPHNWHGLU�� 6�OI�ULN� YH� V�OIRQLN� DVLW� PHWRWWD� VÕNOÕNOD� NXOODQÕODQ� DVLWOHUGLU��
<|QWHP� \�NVHN� RUDQGD� HVWHU� ROXúWXUPDVÕQD� UD÷PHQ� DVLWOHULQ� NRUR]\RQ� HWNLOHUL��PRWRU�
SDUoDODUÕQÕQ�]DUDU�J|UPH�LKWLPDOL��RUWDPGD�EXOXQPDVÕ�PXKWHPHO�VX\XQ�JLULúLP�HWNLVL�YH�
JOLVHURO�Q� D\UÕOPDVÕQGDNL� J�oO�NOHU� JLEL� GH]DYDQWDMODUD� VDKLStir (Freedman ve ark. 

1984). 

Biyodizel üretiminde amorf zirkon, titanyum, alüminyum ve potasyum dolgulu 

]LUNRQODU� JLEL� KHWHURMHQ� NDWDOL]|UOHULQ� NXOODQÕOGÕ÷Õ� WUDQVHVWHUOHúPH�PHWRGX� GD� ROGXNoD�
SRS�OHU�ROPXúWXU��$UDúWÕUPDODU�KDOHQ� LOHUOHPH� DúDPDVÕQGD�ROXS� \|QWHPGH�NDUúÕODúÕODQ�



� ��

NDWDOL]|U�Q� W�NHQPHVL� YH� \�NVHN� HVWHU� G|Q�ú�P�� VD÷ODQDPDPDVÕ� JLEL� SUREOHPOHULQ�
o|]�OPHVLQH�oDOÕúÕOPDNWDGÕU��)XUXWD�YH�DUN�������� 

7UDQVHVWHUOHúPH�SURVHVL�NDWDOL]|U�NXOODQPDGDQ�GD�\DSÕODELOPHNWHGLU��<|QWHPGH�
ROGXNoD� \�NVHN� UHDNVL\RQ� VÕFDNOÕ÷ÕQD� LKWL\Do� GX\XOPDNWDGÕU�� ����&� QLQ� DOWÕQGDNL�
VÕFDNOÕNODUGD� ROGXNoD� G�ú�N� HVWHU� G|Q�ú�P�� J|]OHQPHNWHGLU�� )DNDW� ����&� QLQ�
�]HULQGHNL� VÕFDNOÕNODUGD� HVWHUOHUGH� ÕVÕVDO� ER]XOPDODU� J|]OHQGL÷L� UDSRU� HGLOPLúWLU�
�'HPLUEDú� ������� 6RQ� \ÕOODUGD� DONROOHULQ� V�SHU� NULWLN� QRNWDGD� ROGXNODUÕ� UHDNVL\RQ�
NRúXOODUÕQGD�EL\RGL]HO��UHWLOPHVLQH�\|QHOLN�oDOÕúPDODU�DUWPDNWDGÕU��<|QWHPLQ�HWNLQOL÷L�
NDOVL\XP�RNVLGLQ�NDWDOL]|U�RODUDN�NXOODQÕOPDVÕ\OD�DUWÕUÕODELOPHNWHGLU��'HPLUEDú������� 

%L\RGL]HO��UHWLPLQGH�NXOODQÕODQ�WHPHO�KDPPDGGH�\D÷ODUGÕU��<D÷ODUÕQ�\DSÕVÕQGD�
EXOXQDQ�PDGGHOHU�EL\RGL]HO�VHQWH]LQGH�|QHPOLGLU��&DQOÕODU�LoLQ�HQ�|QHPOL�WHPHO�LKWL\Do�
PDGGHOHULQGHQ�ELUL�RODQ�\D÷ODU�&��+�YH�2�JLEL�DWRPODUGDQ�PH\GDQD�JHOPLú�ROXS�oHúLWOL�
\D÷�DVLWOHULQLQ�JOLVHULQOH�ROXúWXUGX÷X�HVWHUOHU�RODUDN�Eilinirler.  

 *OLVHULQ� \D÷� DVLWOHUL� LOH� OLSD]� HQ]LPL� EHUDEHULQGH� ùHNLO� ����¶� GH� YHULOGL÷L� JLEL�
WULJOLVHULG�YH�VX�ROXúWXUXU��<D÷ODUÕQ����¶�LQL�WULJOLVHULGOHU����¶�OLN�NÕVPÕQÕ�LVH�PRQR�YH�
GLJOLVHULGOHU�� VHUEHVW� \D÷� DVLWOHUL�� PXPODU�� IRVIDWLGOHU�� JOLNROLSLWOHU�� \D÷GD� o|]�QHQ�
YLWDPLQOHU�YH�L]RSUHQ�W�UHYL�OLSLWOHU�ROXúWXUXU��%DúR÷OX�������� 

 

ùHNLO������*OLVHULQ�YH�\D÷�DVLWOHULQGHQ�WULJOLVHULG�ROXúXPX 

 
 <D÷� PROHN�OOHULQGH� KHP� DSRODU� KHP� GH� SRODU� JUXSODU� EXOXQPDNWDGÕU�� <D÷ODU�
VXGD� o|]�QPH]OHU� YH� VXGDQ� G�ú�N� \R÷XQOX÷D� VDKLSWLUOHU�� %XQXQ� \DQÕQGD� \D÷ODU� HWLO�
alkol, kloroform, hekzan ve benzen gibi organik çözücülerde çözünebilirler. 

7ULJOLVHULGOHU�\D÷ODUÕQ�HQ�E�\�N�NÕVPÕQÕ�ROXúWXUXUODU��7ULJOLVHULGOHU�JOLVHULQLQ�\D÷�DVLWOHUL�
LOH� ROXúWXUGX÷X� WULHVWHUOHU� RODUDN� WDQÕPODQÕUODU�� 7ULJOLVHULGOHULQ� \DSÕVÕQGD� EXOXQDQ� \D÷�
DVLWOHULQLQ� �o��GH� ELUELULQLQ� D\QÕ� RODELOGL÷L� JLEL�� LNLVL� D\QÕ�ELUL� IDUNOÕ�YH\D�KHU��o��GH�
IDUNOÕ�RODELOLU��'R÷DO�WULJOLVHULGOHUGH�HQ�VÕN�J|U�OHQ�GR\PXú�\D÷�DVLWOHUL�EXWLULN��NDSURLN��
kaprilik, kaprik, miristik��SDOPLWLN��VWHDULN�YH�DUDúLGLN�DVLWOHU��GR\PDPÕú�\D÷�DVLWOHUL�LVH�
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SDOPLWROHLN��ROHLN�YH�OLQROHLN�DVLWOHUGLU��<D÷Õ�ROXúWXUDQ�\D÷�DVLWOHULQLQ�FLQVL��PLNWDUÕ�YH�
WULJOLVHULG�PROHN�O�QGHNL�\HUL�R�\D÷ÕQ�IL]LNVHO�YH�NLP\DVDO�|]HOOLNOHULQL�EHOLUOHU��<D÷GD�
NÕVD� ]LQFLUOL� YH\D�GR\PDPÕú� \D÷� DVLWOHUL� QH� NDGDU� oRN� LVH� \D÷ÕQ� o|]�Q�UO�÷��R�NDGDU�
oRN�� HULPH�QRNWDVÕ� R� NDGDU� G�ú�NW�U��+D\YDQVDO� \D÷ODUGD� LVH� E�\�N�PLNWDUGD� VWHDULN��
palmitik ve oleik asitleri ihtiva eden trigliseridler bulunur (Tekman ve Öner 1998).  

<D÷ODUÕQ�\DSÕVÕQGD�EXOXQDQ�ELU�GL÷HU�ELOHúHQ�LVH�PXPODUGÕU��0XPODU�\D÷�DVLWOHUL�
LOH� \�NVHN�PROHN�O� D÷ÕUOÕNOÕ� DOLIDWLN�PRQRDONROOHULQ� WHúNLO� HWWL÷L� HVWHUOHUGLU��0XPODUÕQ�
ELOHúLPLQGH� EXOXQDQ� DONROOHULQ� NDUERQ� DWRPODUÕ� VD\ÕVÕ� ��-��� DUDVÕGÕU��%D]Õ� E|FHNOHULQ�
VDOJÕVÕQGD��KD\YDQ�GHUL�YH�W�\OHULQGH��ED]Õ�ELWNLOHULQ�\DSUDN�YH�PH\YDODUÕQÕQ�NRUX\XFX�
NDEX÷XQGD�EXOXQDQ�PXPODU�GR÷DGD�oRN�\D\JÕQGÕU�� 

%L\RGL]HO�\DNÕWODUÕQ�LoLQGHNL�IRVIRUXQ�ND\QD÷Õ�RODQ�IRVIRWLGOHU�KHU�W�U�\D÷GD�D]�
PLNWDUGD� EXOXQPDNWDGÕU�� (Q� ID]OD� VR\D� \D÷ÕQGD� EXOXQPDNOD� ELUOLNWH� \D÷ÕQ� UDILQDV\RQ�
LúOHPL�VÕUDVÕQGD�RUWDPGDQ�X]DNODúWÕUÕOÕU�� 

0RQRVDNNDULG�ELULPOHULQL�LKWLYD�HGHQ�JOLNROLSLGOHULQ�ELOHúLPLQGH�VILQJR]LQ��\D÷�
asidi ve bir mono-� YH\D� ROLJRVDNNDULG� NDOÕQWÕVÕ� YDUGÕU�� *OLNROLSLWOHULQ� \DSÕVÕQGD�
serebrozidler ve gDQJOR]LGOHU� ROPDN� �]HUH� DOW� JUXSODU� YDUGÕU�� g]HOOLNOH� EH\LQ� DN�
PDGGHVLQGH�oRN�PLNWDUGD�EXOXQDQ�VHUHEUR]LGOHU�VILQJR]LQ��\D÷�DVLGL�YH�JHQHO�RODUDN�ELU�
mol galaktoz ihtiva eder.  

<D÷ODUÕQ� ELOHúLPLQGH� D]� GD� ROVD� \D÷GD� o|]�QHQ� YLWDPLQOHU� �$�� '�� (� YH� .��
bulunur�� <HPHNOLN� \D÷ODU� LoLQGH� GDKD� oRN� $�� '� YH� (� YLWDPLQOHULQH� UDVWODQÕUNHQ� .�
YLWDPLQL�GDKD�oRN�ELWNLOHULQ�\HúLO�NÕVÕPODUÕQGD�\HU�DOPDNWDGÕU��%DúR÷OX������� 

%LUGH� \D÷ODUÕQ� \DSÕVÕQGD� L]RSUHQLGOHU� YH� VWHURLGOHUGHQ� ROXúDQ� L]RSUHQ� W�UHYL�
lipitler bulunurlar. Bu madGHOHU�\D÷�DVLWOHUL�LOH�GR÷UXGDQ�GR÷UX\D�LOJLOHUL�ROPDGÕ÷Õ�KDOGH�
EHQ]HU�o|]�Q�UO�N�|]HOOLNOHUL�J|VWHUGLNOHUL�LoLQ�OLSLG�VD\ÕOÕUODU��6HUEHVW�L]RSUHQ���-metil-

1,3-EXWDGLHQ�¶LQ�úLPGL\H�NDGDU�ELWNL�YH�KD\YDQODUGD�EXOXQGX÷X�NDQÕWODQDPDGÕ÷Õ�KDOGH��
karbon iskeletlHUL� L]RSUHQ� W�UHYL� RODQ�PDGGHOHU� GR÷DGD� oRN� \D\JÕQGÕUODU� �7HNPDQ� YH�
Öner 1998).  

%XQODUÕQ� GÕúÕQGD� \D÷ODUÕQ� ELOHúLPLQGH� UHQN� PDGGHOHUL�� \D÷� DONROOHUL� YH�
KLGURNDUERQODU� JLEL� \DSÕODUD� GD� UDVWODQPDNWDGÕU�� <D÷ODUÕQ� \DSÕVÕQGD� EXOXQDQ�
trigliseridler, mono- ve digOLVHULGOHU�� VHUEHVW� \D÷� DVLWOHUL�� IRVIROLSLGOHU� YH� PXPODU�
VDEXQODúDQ� PDGGHOHU�� VWHUROOHU�� WRNRIHUROOHU�� UHQN� PDGGHOHUL�� \D÷� DONROOHUL� YH�
KLGURNDUERQODU�LVH�VDEXQODúPD\DQ�PDGGHOHUGLU��<D÷ODU�JHQHO�RODUDN�ELWNLVHO�N|NHQOL�YH�
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hayvansal kökenli olmak üzere iki�VÕQÕID�D\UÕOÕUODU��)DNDW�EL\RGL]HO�\DNÕWODUD�KDPPDGGH�
ND\QD÷Õ� RODUDN� \D÷ODU� ELWNLVHO�� KD\YDQVDO� YH� DWÕN� \D÷ODU� ROPDN� �]HUH� �oH�
D\UÕOPDNWDGÕUODU� 

  
�����%LWNLVHO�<D÷ODU 

 
 '�Q\DGD� \DNODúÕN� ������� ELWNL� W�U�� ROGX÷X� ELOLQPHNWHGLU�� %XQODUGDQ� �����
DGHGLQLQ� \D÷ODUÕ� LQFHOHQPLú� YH� LQFHOHQHQ� W�UOHUGHQ� DQFDN� ���� NDGDUÕQÕQ� WLFDUL� DoÕGDQ�
|QHPOL� ROGX÷X� YH� VD÷OÕNOÕ� EHVOHQPHGH� NXOODQÕODELOHFH÷L� EXOXQPXúWXU�� %XQODUÕQ� GD�
VDGHFH����WDQHVLQLQ�G�Q\DGD�WLFDUL�RODUDN�JHQLú�ELU�DODQGD��UHWLPL�\DSÕOPDNWDGÕU��%XJ�Q�
dünyada elde ediOHQ�\D÷ÕQ����¶L����ELWNL�W�U�QGHQ�HOGH�HGLOPHNWHGLU��hONHPL]GH�WURSLN�
\D÷OÕN� ELWNLOHU� �+LQGLVWDQ� FHYL]L� YH� SDOP� oHNLUGH÷L�� GÕúÕQGDNL� E�W�Q� \D÷OÕN� ELWNLOHU�
\HWLúPHNWHGLU��%DúR÷OX������� 

%LWNLVHO� \D÷� ND\QDNODUÕ�NHQGL� LoLQGH� LNL\H�D\UÕOÕUODU��%XQODU� \D÷OÕ� WRKumlardan 

HOGH�HGLOHQ�\D÷ODU��$\oLoH÷L��oL÷LW��VXVDP��NRO]D��DVSLU��VR\D�IDVXO\HVL�JLEL�WRKXPODUGDQ�
HOGH�HGLOHQ�\D÷ODU��YH�\D÷OÕ�PH\YHOHUGHQ�HOGH�HGLOHQ�\D÷ODUGÕU���=H\WLQ��EDGHP��IÕQGÕN��
palm meyvesi, hindistan cevizi, ceviz, avokado gibi meyvelerden elde HGLOHQ� \D÷ODU��
'�Q\DGD� HQ� ID]OD� �UHWLPL� \DSÕODQ� \D÷� ELWNLOHUL� YH� \D÷� RUDQODUÕ� dL]HOJH� ������¶GH�
YHULOPLúWLU� 
Çizelge 1.1.1.�'�Q\DGD�HQ�ID]OD��UHWLP�\DSÕODQ�\D÷�ELWNLOHUL�YH�\D÷�LoHULNOHUL 

<D÷�ELWNLVL 2UWDODPD�\D÷�RUDQÕ���� 
Hindistan cevizi (Kopra) 65-68 

%UH]LO\D�SDOPÕ��%DEDVVD� 60-65 

Susam 50-55 

Palm meyvesi 45-50 

3DOP�oHNLUGH÷L��3DOP�NHUQHO� 45-50 

$PHULNDQ�\HU�IÕVWÕ÷Õ 45-50 

Kolza tohumu 40-45 

Ayçiçek tohumu 35-45 

Aspir tohumu 30-35 

Zeytin (meyvede) 25-30 

3RPXN�WRKXPX��dL÷LW� 18-20 

Soya fasulyesi 18-20 

.$<1$.�� %$ù2ö/8�� )�� 2002. <HPHNOLN� <D÷� 7HNQRORMLVL�8OXGD÷� hQLYHUVLWHVL� =LUDDW�
)DN�OWHVL�'HUV�1RWODUÕ�1R������%XUVD��V���� 
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%DúWD� JÕGD� ROPDN� �]HUH� ELU� oRN� DODQGD� NXOODQÕODQ� \D÷ODUD� DLW� ED]Õ� IL]LNVHO� YH�
kimyasal özellikler Çizelge 1.1.2.’de verilmiúWLU�� $\UÕFD� ELWNLVHO� \D÷ODUÕQ� JHUHN�
EHVOHQPH�GH÷HUOHUL�DoÕVÕQGDQ�JHUHNVH�ELWNLVHO�\D÷ÕQ�IL]LNVHO�|]HOOLNOHULQLQ�ROXúXPXQGD�
YH�\D÷ODUÕQ�VÕQÕIODQGÕUÕOPDVÕQGD�|QHPOL�\HUH�VDKLS�RODQ�\D÷�DVLWOHUL�ELOHúLPOHUL�dL]HOJH�
������¶GH�J|VWHULOPLúWLU�� 
 
Çizelge 1.1.2. '�Q\DGD�HQ�ID]OD��UHWLP�\DSÕODQ�\D÷�ELWNLOHUL�YH�\D÷�LoHULNOHUL 
 

 

.$<1$.��%$ù2ö/8��)�� 2002. <HPHNOLN�<D÷�7HNQRORMLVL�8OXGD÷�hQLYHUVLWHVL�=LUDDW�
)DN�OWHVL�'HUV�1RWODUÕ�1R������%XUVD��V���� 

Özellikler 
Hindistan 

Cevizi 
Palm Çekirdek 

<D÷Õ 
Pamuk Tohum 

<D÷Õ 
<HU�)ÕVWÕ÷Õ�

<D÷Õ 
g]J�O�D÷ÕUOÕN 0.917-0.919 

(25/15.5ºC’de) 
0.860-0.873 
(99/15.5ºC’de) 

0.916-0.918 
(25/25ºC’de) 

0.910-0.915 
(25/25ºC’de) 

Refraktif indeks 1.448-1.450  
(40ºC’de) 

1.449-1.452  
(40ºC’de) 

1.446-1.472  
(40ºC’de) 

1.467-1.470 
(40ºC’de) 

ø\RW�VD\ÕVÕ 7.5-10.5 14-22 99-113 84-100 

6DEXQODúPD�VD\ÕVÕ 250-264 245-255 189-198 188-195 

6DEXQODúPD\DQ�
madde% 

0.5’den az 0.8’den az 1.5’den az 1.0’den az 

Titre (ºC) 20-24 24-26 30-37 26-32 

'RQPD�QRNWDVÕ���&� 21.8-23 20-26 - - 

Özellikler $VSLU�<D÷Õ $\oLoHN�<D÷Õ 6XVDP�<D÷Õ 0ÕVÕU�<D÷Õ 
g]J�O�D÷ÕUOÕN 0.919-0.924 

(25/25ºC’de) 
0.915-0.919 
(25/25ºC’de) 

0.914-0.919 
(25/25ºC’de) 

0.915-0.920 
(25/25ºC’de) 

Refraktif indeks 1.472-1.475  
(25ºC’de) 

1.472-1.474  
(25ºC’de) 

1.470-1.474  
(25ºC’de) 

1.470-1.474 
(25ºC’de) 

ø\RW�VD\ÕVÕ 140-150 125-136 103-116 103-128 

6DEXQODúPD�VD\ÕVÕ 186-197 188-194 188-195 187-193 

6DEXQODúPD\DQ�
madde% 

1.5’den az 1.5’den az 1.8’den az 2.0’den az 

Titre (ºC) - 16-20 20-25 14-20 

'RQPD�QRNWDVÕ���&� - - - - 

Özellikler 
Kolza Tohumu 

<D÷Õ 
Keten Tohumu 

<D÷Õ 6R\D�<D÷Õ =H\WLQ�<D÷Õ 
g]J�O�D÷ÕUOÕN 0.906-0.910 

(25/25.ºC’de) 
0.931-0.936 
(15/15ºC’de) 

0.917-0.921 
(25/25ºC’de) 

0.909-0.915 
(25/25ºC’de) 

Refraktif indeks 1.470-1.475  
(25/25 ºC’de) 

1.477-1.482  
(25ºC’de) 

1.470-1.476  
(25ºC’de) 

1.469-1.470 
(40ºC’de) 

ø\RW�VD\ÕVÕ 97-108 165-204 120-140 80-88 

6DEXQODúPD�VD\ÕVÕ 170-180 189-195 188-195 188-196 

6DEXQODúPD\DQ�
madde% 

1.5’den az 1.7’den az 1.5’den az 1.8’den az 

Titre (ºC) 11.5-15 19-21 24 17-26 

'RQPD�QRNWDVÕ���&� - - - - 
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Çizelge 1.1.3.�%D]Õ�ELWNLVHO�\D÷ODUÕQ�LoHUGL÷L�\D÷�DVLWOHUL�YH�\�]GHOHUL 

KAYNAK: ALLEN, C.A.W, K.C. WATTS, R.G. ACKMAN, M.J. 1999. Pegg. Predicting the 
viscosity of biodiesel fuels from their fatty acid ester composition. Fuel 78, p. 1319-1326. 

 

 '�Q\D� JHQHOLQGH� �UHWLOHQ� ELWNLVHO� \D÷� W�UOHUL� �ONHOHUH� J|UH� IDUNOÕOÕN�
göstermektedir. ABD’ de en önemli bitkisel \D÷�VR\D�LNHQ�)UDQVD��$OPDQ\D��3RORQ\D�YH�
$YXVWXU\D� JLEL� $YUXSD� �ONHOHULQGH� NDQROD� LON� VÕUD\Õ� DOPDNWDGÕU�� 5XV\D�� 8NUD\QD��
$UMDQWLQ�� øVSDQ\D� YH� 7�UNL\H� JLEL� �ONHOHUGH� LVH� D\oLoH÷L� �UHWLPLQLQ� LON� VÕUD\Õ� DOGÕ÷Õ�
görülmektedir. Çizelge 1.1.4.’ de 2004-2005 dönePLQGH� G�Q\D� ELWNLVHO� \D÷� �UHWLP�
GH÷HUOHUL�J|VWHULOPLúWLU� 
 

 

 

 

 

 

 

 

 

 

 

 

 

'R\PXú�<D÷�$VLWOHUL���� 
Tekli 

DoymDPÕú�<D÷�
Asitleri (%) 

dRNOX�'R\PDPÕú�
<D÷�$VLWOHUL���� 
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<D÷�dHúLGL 14:0 16:0 18:0 20:0 22:0 18:1 18:2 18:3 

6R\D�<D÷Õ 0.1 11 4 0.3 0.1 24 54 7 

)ÕQGÕN�<D÷Õ - 11 2 1 - 48 32 - 

=H\WLQ�<D÷Õ - 13 3 1 0.9 71 10 1 

.DQROD�<D÷Õ - 4 2 0.6  62 22 10 

0ÕVÕU�<D÷Õ  12 2 0.1 - 25 60 1 

6DIUDQ�<D÷Õ - 7 2 -  13 78 - 

$\oLoHN�<D÷Õ 0.1 7 5 0.4  19 68 1 
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Çizelge 1.1.4. 2004-�����'�Q\D�ELWNLVHO�\D÷��UHWLP�GH÷HUOHUL 
ÜRÜNLER 

h5(7ø0 
(Ton) 

3DOP�<D÷Õ 33.392.000 

6R\D�<D÷Õ 32.860.000 

.DQROD�<D÷Õ 15.732.000 

$\oLoHN�<D÷Õ 9.404.000 

3DPXN�<D÷Õ 5.013.000 

<HUIÕVWÕ÷Õ�<D÷Õ 4.453.000 

3DOP�dHN��<D÷Õ 3.948.000 

+LQGLVWDQ�FHYL]L�<D÷Õ 3.162.000 

=H\WLQ\D÷Õ 3.020.000 

0ÕVÕU�<D÷Õ 2.081.000 

6XVDP�<D÷Õ 837.000 

.HWHQ�<D÷Õ 619.000 

+LQW�<D÷Õ 545.000 

TOPLAM 115.066.000 

KAYNAK: http://.www.worldoil.com.html, 2006. 

 
 Ülkemizde ise 2004-�����G|QHPLQGH�WRSODP�ELWNLVHO�\D÷��UHWLPL�����������WRQ�
RODUDN� JHUoHNOHúPLúWLU�� %LWNLVHO� \D÷� �UHWLPLQGH� D\oLoHN� \D÷Õ� \DNODúÕN� ������ LOH� LON�
VÕUD\Õ�DOÕUNHQ��������LOH�SDPXN�oL÷LGL�\D÷Õ�LNLQFL�VÕUD\Õ�DOPÕúWÕU��dL]HOJH�������¶�WH�����-

�����G|QHPLQGH�7�UNL\H�ELWNLVHO�\D÷��UHWLP�GH÷HUOHUL�J|VWHULOPLúWLU� 
 
Çizelge 1.1.5. 2004-�����7�UNL\H�ELWNLVHO�\D÷��UHWLP�GH÷HUOHUL 

ÜRÜNLER 
h5(7ø0 

(Ton) 

6R\D�<D÷Õ 150.500 

3DPXN�<D÷Õ 218.200 

$\oLoHN�<D÷Õ 473.000 

.DQROD�<D÷Õ 9.100 

6XVDP�<D÷Õ 24.200 

0ÕVÕU�<D÷Õ 34.300 

=H\WLQ�<D÷Õ 152.500 

TOPLAM 1.061.800 

KAYNAK: http://.www.worldoil.com.html, 2006. 
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�������.DQROD�<D÷Õ 
 

.RO]D�YH\D�VRQ�\ÕOODUGD�\D÷�NDOLWHVL�\|Q�QGHQ�JHOLúWLULOPLú�WLFDUL�LVPL�LOH�.DQROD�
ELWNLVL� �ONHPL]GH� |QHPL� JLGHUHN� DUWDQ� ELU� ELWNLGLU�� 7�UNL\H¶GH� ELWNLVHO� \D÷� DoÕ÷ÕQÕ�
NDSDWPDN� DPDFÕ\OD� D\oLoH÷L�� VR\D�� \DQÕQGD� NDQROD� WDUÕPÕQÕQ� GD� \D\JÕQODúPDVÕ� LoLQ�
oDOÕúPDODU� \DSÕOPDNWDGÕU�� hONHPL]GH� UDSLVND�� UDSLWVD� kolza isimleriyle de bilinen 

NDQROD�� � NÕúOÕN� YH� \D]OÕN� ROPDN� �]HUH� LNL� IL]\RORMLN� G|QHPH� VDKLS� ELU� \D÷� ELWNLVLGLU��
.DQROD� oHúLWOHULQGHQ� HOGH� HGLOHQ� ELWNLVHO� \D÷� EHVLQ� GH÷HUL� YH� LoHUL÷L� EDNÕPÕQGDQ�
]H\WLQ\D÷Õ�YH�\HUIÕVWÕ÷Õ�\D÷ÕQÕQ�NDOLWHVLQH�\DNÕQ�ROXS��G�Qya kanola üretiminin önemli 

ELU�NÕVPÕ�LQVDQ�EHVOHQPHVLQGH�NXOODQÕOPDNWDGÕU��.DQROD�WRKXPODUÕQGD�\D÷�oÕNDUÕOGÕNWDQ�
VRQUD� JHUL\H� NDODQ� N�VSH� GH÷HUOL� ELU� KD\YDQ� \HPLGLU�� .�VSHVLQGH� ���-40 protein 

EXOXQGX÷XQGDQ� VR\D� N�VSHVL� LOH� NDUÕúWÕUÕOÕS� KD\YDQ� \HPL� RODUDN� NXOODQÕODELOPHNWHGLU�
(Algan, 1990, Shahidi, 1990).  

.DQROD������PLO\RQ�KHNWDU�HNLP�DODQÕ�������PLO\RQ�WRQ��UHWLP�YH�������NJ��GD�
YHULPL� LOH� '�Q\DGD� \HWLúWLULOHQ� HQ� |QHPOL� \D÷� ELWNLOHULQGHQ� ELULGLU�� '�Q\DGD� �UHWLP�
EDNÕPÕQGDQ� VR\D� IDVXO\HVL� YH� oL÷LWWHQ� VRQUD� �o�QF�� VÕUDGD� \HU� DOÕUNHQ� HNLP� DODQÕ�
EDNÕPÕQGDQ� EHúLQFL� VÕUDGD� \HU� DOPDNWDGÕU�� (Q� oRN� �UHWHQ� �ONHOHUGHQ� HNLP� DODQÕ�
EDNÕPÕQGDQ�dLQ�����PLO\RQ� KD� LOH� LON� VÕUD\Õ� DOÕUNHQ����¶OLN� SD\D� VDKLSWLU��%X��ONH\L�
VÕUDVÕ\OD� .DQDGD� ���� ������� +LQGLVWDQ� ���� ������� $OPDQ\a 1.2 (%3) milyon hektar 

HNLP�DODQÕ�LOH�WDNLS�HWPHNWHGLU��http://www.fao.org., 2005). 

Kanola (Brasicca napus Oleifera sp.) ülkemize balkanlardan gelen göçmenlerle 

NRO]D�DGÕ�LOH������\ÕOODUÕQGD�JHWLULOPLú�YH��7UDN\D
GD�HNLP�DODQÕ�EXOPXúWXU��$QFDN�NRO]D�
�U�Q�Q�Q� \D÷ÕQGD� LQVDQ� VD÷OÕ÷ÕQD� ]DUDUOÕ�(UXVLN� DVLW�� N�VSHVLQGH� GH� KD\YDQ� VD÷OÕ÷ÕQD�
]DUDUOÕ�*OXNRVLQRODW�EXOXQPDVÕ�QHGHQL\OH������\ÕOÕQGD�HNLPL�\DVDNODQPÕúWÕU��.RO]D
GD�
HUXVLN� DVLW� YH� JOXNRVLQRODW� LKWLYD� HWPH\HQ� oHúLWOHU� DUDúWÕUPDODU� VRQXFX�JHOLúWLULOPLúWLU��
%X� oHúLWOHU� LON� |QFH� .DQDGD
GD� ÕVODK� HGLOPHVL� QHGHQL\OH� NDQROD� DGÕ� YHULOPLúWLU��
hONHPL]GH�ELWNLVHO�\D÷�DoÕ÷ÕQÕ�NDSDWPDN�DPDFÕ\OD�NDQROD�WDUÕPÕQÕQ�\D\JÕQODúPDVÕ�LoLQ�
oDOÕúPDODU�\DSÕOPDNWDGÕU��.RO]D�ELWNLVL�WRSUDN�YH�LNOLP�NRúXOODUÕ�EDNÕPÕQGDQ�ID]OD�VHoLFL�
ROPDGÕ÷Õ� LoLQ� ]LUDDWL� E�W�Q�G�Q\DGD� \DSÕODELOPHNWHGLU��dL]HOJH� ��������¶GH� ����-2003 

\ÕOODUÕ�DUDVÕQGD�'�Q\D�YH�7�UNL\H
GH�NDQROD�WRKXPX��UHWLP�YHULOHUL�YHULOPLúWLU. Kanola 

ELWNLVLQLQ� NÕúOÕN� oHúLWOHULQLQ� �ONHPL]GH� X\JXQ� LNOLP� NRúXOODUÕQGD� EX÷GD\� LOH� HNLP�
Q|EHWLQH�JLUPHVL�VRQXFX�HNLP�Q|EHWL�]HQJLQOHúHELOHFH÷L�JLEL�\D÷�DoÕ÷ÕQÕQ�NDSDWÕOPDVÕQD�
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GD� |QHPOL� NDWNÕVÕ� RODFDNWÕU�� %X� ELWNLQLQ� \HWLúPHVL� LoLQ� X\JXQ� LNOLP� NRúXOODUÕ� (JH��
dXNXURYD�� $NGHQL]�� *�QH\GR÷X� $QDGROX¶QXQ� SDPXN�� 0DUPDra bölgesinin Trakya 

NHVLPLQGH�LVH�D\oLoH÷L�YH�EX÷GD\�HNLOHQ�DODQODUÕQGD�PHYFXWWXU�� 
 

Çizelge 1.1.1.1. 1999-�����\ÕOODUÕ�DUDVÕQGD�'�Q\D�YH�7�UNL\H
GH�NDQROD�WRKXPX��UHWLP�
verileri (bin ton).  

Ülkeler  1999  2000  2001  2002  2003  

Çin 10.132 11.381 11.332 10.552 11.500 

Kanada 8.798 7.205 5.017 4.178 6.669 

Hindistan 5.664 5.788 4.187 5.040 3.650 

Almanya 4.284 3.586 4.160 3.847 3.640 

Fransa 4.391 3.477 2.877 3.317 3.321 

øQJLOWHUH 1.733 1.157 1.157 1.468 1.837 

Polonya 1.132 958 1.063 953 754 

Amerika 621 909 908 706 686 

Pakistan 363 297 262 259 250 

Macaristan 327 179 205 201 70 

Meksika 3 14 13 14 14 

Japonya 0.8 0.7 0.7 0.7 0.7 

7h5.ø<( 0.330 0.187 0.650 0.200 0.200 

TOPLAM 43.172 39.511 35.916 34.000 35.932 

KAYNAK:  http://www.fao.org.html, 2006      

 

������������.DQDGD�YH�$YUXSD��ONHOHULQGH�ÕVODK�HGLOPLú�HU�VLN�DVLWVL]��\D÷�YH�SURWHLQ�RUDQÕ�
\�NVHN�\HQL�NRO]D�oHúLWOHUL�NDQROD�LVPL\OH�HNLOPHNWHGLU��.DQROD�oHúLWOHULQGHQ�HOGH�HGLOHQ�
ELWNLVHO� \D÷� EHVLQ� GH÷HUL� YH� LoHUL÷L� EDNÕPÕQGDQ� ]H\WLQ\D÷Õ� YH� \HUIÕVWÕ÷Õ� \D÷ÕQÕQ�
NDOLWHVLQH� \DNÕQ� ROXS��G�Q\D�NDQROD� �UHWLPLQLQ� |QHPOL� ELU� NÕVPÕ� LQVDQ�EHVOHQPHVLQGH�
NXOODQÕOPDNWDGÕU��$WDNLúL�������� 

.RO]D� \D÷Õ�� &UXFLIHUDH� IDPLO\DVÕQGDQ�� %UDVVLFD� QDSXV� YH� FDPSHVWULV�
WRKXPODUÕQGDQ�HOGH�HGLOHQ�ELU�\D÷GÕU�� 

.DQROD� WRKXPX� VÕIÕUD� \DNÕQ� HU�VLN� DVLW� LoHUL÷L� YH� \�]GH� ��� \D÷� LoHUL÷L� LOH�
D\oLoH÷LQH�\DNÕQ�ELU�WRKXPGXU��.RO]D�\D÷ÕQÕQ�WRSODP�GR\PXú�\D÷�DVLGL�LoHUL÷L�����-9.5 

WRSODP�GR\PDPÕú�\D÷�DVLGL�LoHUL÷L�LVH������-�����DUDVÕQGD�GH÷LúPHNWHGLU��'�ú�N�HU�VLN�
DVLWOL�NRO]D�\D÷ODUÕQÕQ�ELOHúLPLQGH�\HU�DODQ�HQ�|QHPOL�\D÷�DVLWOHUL� LVH�ROHLN�YH�OLQROHLN�
DVLWOHUGLU��1|WUDOL]H�HGLOPLú�\�NVHN�HU�VLN�DVLWOL�NRO]D�\D÷ÕQÕQ�VDEXQODúPD\DQ�ELOHúHQOHUL�
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(%0.8) arDVÕQGD� ������ RUDQÕQGDNL� WULWHUSHQOHU� YH� ������ LOH� VWHUROOHU� \HU� DOPDNWDGÕU�
�*�P�úNHVHQ������� 
 

�������$\oLoHN�<D÷Õ 
 

 $\oLoHN�\D÷Õ�+HOLDQWKXV�DQQXXV�ELWNLVLQLQ�WRKXPODUÕQGDQ�HOGH�HGLOHQ�ELU�\D÷GÕU��
$\oLoH÷LQLQ� \D÷� RUDQÕ� ���� –� ��� DUDVÕQGD� GH÷LúLU�� '�Q\DGD� D\oLoH÷L� HNLPL� \DSÕODQ�
EDúOÕFD� �ONHOHU�� 5XV\D��8NUD\QD��$UMDQWLQ��0DFDULVWDQ��)UDQVD�� øVSDQ\D��+LQGLVWDQ� YH�
Türkiye'dir. Çizelge 1.1.2.1.’de  2001-����� \ÕOODUÕ� DUDVÕQGD� '�Q\D� YH� 7�UNL\H
GH�
D\oLoHN�WRKXPX��UHWLP�YHULOHUL�J|VWHULOPLúWLU� 

hONHPL]GH�\D÷OÕ�WRKXPOX�ELWNLOHU�DUDVÕQGD�\D÷��UHWLPL�EDNÕPÕQGDQ�����RUDQ�LOH�
D\oLoHN�\D÷Õ�LON�VÕUD\Õ�DOPDNWDGÕU��$÷ÕUOÕNOÕ�RODUDN�7UDN\D�YH�0DUPDUD�E|OJHOHULPL]GH�
�UHWLOPHNWH� ROXS� �UHWLPLQ� �����¶LQL� 7HNLUGD÷�� �����¶LQL� (GLUQH� YH� �����¶VLQL� LVH�
.ÕUNODUHOL�NDUúÕODPDNWDGÕU���2QXUOXEDú������� 
 

Çizelge 1.1.2.1. 2001-�����\ÕOODUÕ�DUDVÕQGD�'�Q\D�YH�7�UNL\H
GH�D\oLoHN�WRKXPX��UHWLP�
verileri (bin ton).  

Ülkeler 2001 2002 2003 2004 2005 

Rusya 3915 2670 3685 4850 4750 

AB-25 3980 3836 3713 4035 4181 

'L÷HUOHU�hONHOHU 2012 2095 2554 3000 3081 

Arjantin 3050 3844 3700 3240 3600 

Ukrayna 3457 2251 3270 4252 3050 

Hindistan 1250 1450 1625 1700 1750 

Çin 1954 1478 1946 1743 1690 

Romanya 717 744 890 1400 1425 

ABD 1608 1551 1112 1209 929 

Güney Afrika 664 930 642 651 665 

7h5.ø<( 575 520 820 600 650 

TOPLAM 23182 21369 23957 26680 25771 

KAYNAK:�$121ø0��86'$-FAS, Oilseed: World Market and Trade, 2007. 
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$\oLoHN�\D÷Õ�����GR\PXú������GR\PDPÕú�\D÷�DVLGL�LoHUPHNWH��GR\PDPÕú�\D÷�
asitlerinin %14-43'ünü oleik asit, %44-75'ini linoleik, en fazla %0.7'sini de linolenik asit 

ROXúWXUPDNWDGÕU��<D÷ÕQ�������–0.31 hidrokarbonlar, %0.542–0.584 steroller, %0.008–

������ YDNVODU� ROPDN� �]HUH� VDEXQODúPD\DQ�PDGGHOHUL� LoHUPHNWHGLU�� 7RSODP� WRNRIHURO�
LoHUL÷L� LVH� \DNODúÕN� ���� PJ�NJ� \D÷� ROXS�� WRNRIHUROOHULQ� ���
VÕQÕ� D-tokoferol 

ROXúWXUPDNWDGÕU�� 6ÕYÕ� RODUDN� YH� PDUJDULQ� KDPPDGGHVL� NDWÕ� \D÷� �UHWLPLQGH� \D\JÕQ�
NXOODQÕP� DODQÕ� EXODQ� D\oLoHN� \D÷Õ� DoÕN� VDUÕ� UHQNOL�� UDILQH� HGLOHUHN� NXOODQÕODELOHQ� ELU�
\D÷GÕU�� $\oLoHN� \D÷Õ� �UHWLPLQGH� o|]JHQ� HNVWUDNVL\RQX� LúOHPLQGHQ� VRQUD� HOGH� HGLOHQ�
\D÷VÕ]�N�VSH�\DQ��U�Q�RODUDN�KD\YDQ�\HPL��UHWLPLQGH�NXOODQÕOPDNWDGÕU��<�NVHN�SURWHLQ�
LoHUL÷L�QHGHQL\OH�D\oLoH÷L�N�VSHVL�ROGXNoD�GH÷HUOL�ELU�\DQ��U�QG�U��*�P�úNHVHQ������� 
 

�������6R\D�<D÷Õ 
 

           SR\D� \D÷Õ�� /HJXPLQRVDH� IDPLO\DVÕQGDQ� *O\FLQH� PD[� W�UOHULQLQ� WRKXPODUÕQGDQ�
HOGH� HGLOLU�� 6R\D� WDUÕPÕQÕQ� \D\JÕQ� RODUDN� \DSÕOGÕ÷Õ� EDúOÕFD� �ONHOHU�$PHULND��%UH]LO\D��
$UMDQWLQ�� dLQ� YH� -DSRQ\D
GÕU�� dL]HOJH� ��������¶GH� � ����-����� \ÕOODUÕ� DUDVÕQGD� '�Q\D�
genelinde so\D�WRKXPX��UHWLP�YHULOHUL�J|VWHULOPLúWLU� 

6R\D� \D÷ÕQÕQ� �ONHPL]GH� D\oLoH÷L� \D÷ÕQÕQ� OLGHUOL÷LQLQ� V�UG�÷�� VÕYÕ� \D÷� SD]DUÕ�
LoLQGHNL�SD\Õ�LVH�oRN�G�ú�N�VHYL\HGHGLU��6R\D�WRKXPXQXQ�SURWHLQ�LoHUL÷L�������\�NVHN�
RODQ� N�VSHVL� LoLQ� HNLPL� \DSÕODQ� VR\D� WRKXPXQGD� ���–2�� RUDQÕQGD� \D÷�
EXOXQPDNWDGÕU�<D÷� LoHUL÷L� G�ú�N� ROPDVÕQD� UD÷PHQ� �UHWLPLQLQ� ID]OD� ROPDVÕ� QHGHQL\OH�
G�Q\D�\D÷�LKWL\DFÕQÕQ�NDUúÕODQPDVÕQGD�|QHPOL�SD\Õ�YDUGÕU�� 

6R\D� \D÷Õ� ��–11 linolenik, %44–��� OLQROHLN� DVLW� LoHUL÷L� LOH� OLQROHQLN� JUXEX�
\D÷ODU�DUDVÕQGD�\HU�DOPDNWDGÕU��6R\D�\D÷ÕQÕQ�WRSODP�GR\PXú�\D÷�DVLGL�LoHUL÷L�LVH���–20 

DUDVÕQGD� GH÷LúPHNWHGLU�� 6R\D� \D÷Õ� WULWHUSHQOHU�� VWHUROOHU� YH� WRNRIHUROOHU� JLEL� \D÷ÕQ�
VDEXQODúPD\DQ� ELOHúHQOHULQL� GH÷LúLN� RUDQODUGD� LoHUPHNWHGLU��1|WU� VR\D� \D÷ÕQÕQ�������
triterpenleri ve %0.42 sWHUROOHUL� LoHUGL÷L�� UDILQH� VR\D� \D÷ÕQÕQ� WRSODP�����������������������
WRNRIHURO� LoHUL÷LQLQ� LVH� ���–����� PJ�NJ� \D÷� ROGX÷X� EHOLUWLOPHNWHGLU�� 
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Çizelge 1.1.3.1. 2001-�����\ÕOODUÕ� DUDVÕQGD�'�Q\D�YH�7�UNL\H
GH� VR\D� WRKXPX��UHWLP�
verileri (bin ton).  

Ülkeler 2001 2002 2003 2004 2005 

ABD 75055 78672 75010 66778 85484 

Brazilya 39500 43500 52000 50500 51000 

Arjantin 27800 30000 35500 33000 39000 

Çin 15400 15400 16510 15304 18000 

Hindistan 5250 5400 4000 6800 5500 

'L÷HU��ONHOHU 3088 3156 3436 3915 4388 

Paraguay 3502 3547 4500 3911 3800 

Canada 2703 1635 2336 2263 3050 

Bolivya 1030 1240 1650 1850 2030 

Endonezya 1020 870 780 820 825 

AB-25 1188 1309 888 633 793 

Rusya 342 350 423 393 450 

TOPLAM 175878 185080 197033 186257 214320 

KAYNAK: �$121ø0��86'$-FAS, Oilseed: World Market and Trade, 2007. 

 

�������3DOP�<D÷Õ 
 

3DOP� \D÷Õ�� (ODHLV� JXLQHHQVLV� RODUDN� ELOLQHQ�� 0DOH]\D�� %DWÕ� YH� 2UWD� $IULND� LOH�
(QGRQH]\D
GD�HNLPL�\D\JÕQ�RODUDN�\DSÕODQ�\D÷OÕ�PH\YHQLQ�SXOS�NÕVPÕQGDQ��\D÷�RUDQÕ���
50) elde edilen bLU�\D÷GÕU��0H\YHQLQ�oHNLUGH÷LQGHQ�HOGH�HGLOHQ�YH�ODXULN�DVLW�����–52) 

LoHUL÷L�\�NVHN�RODQ�\D÷�LVH�SDOP�oHNLUGH÷L�\D÷Õ�RODUDN�ELOLQPHNWHGLU��dL]HOJH���������¶GH��
2001-�����\ÕOODUÕ�DUDVÕQGD�'�Q\D�JHQHOLQGH�SDOP�WRKXPX��UHWLP�YHULOHUL�J|VWHULOPLúWLU� 

Palm meyYHVL� |]HOOLNOH� KDVDW� YH� LúOHPH� VÕUDVÕQGD� NXYYHWOL� HQ]LPDWLN� KLGUROL]�
UHDNVL\RQODUÕQD� PDUX]� NDOGÕ÷Õ� LoLQ� ED]Õ� GXUXPODUGD� SDOP� \D÷ÕQÕQ� VHUEHVW� \D÷� DVLGL�
LoHUL÷L� ���
\H� NDGDU� \�NVHOHELOPHNWHGLU�� ø\L� NDOLWHOL� PH\YHOHUGHQ� HOGH� HGLOHQ� SDOP�
\D÷ÕQÕQ�ELOH�VHUEHVW�\D÷�DVLGL� LoHUL÷L�GL÷HU�ELWNLVHO�ND\QDNOÕ�\D÷ODUGDQ�GDKD�\�NVHNWLU��
3DOP� \D÷Õ� ���–52 oleik, %5–��� OLQROHLN� DVLW� LoHUL÷L� LOH� ROHLN-OLQROHLN� JUXEX� \D÷ODU�
DUDVÕQGD�\HU�DOPDNWDGÕU��3DOP�\D÷ÕQÕQ�GR\PXú�\D÷�DVLWOHULQGHQ�SDOPLWLN�DVLW�LoHUL÷L�LVH�
%32–��� DUDVÕQGD� GH÷LúPHNWHGLU�� <DUÕ� NDWÕ� KDOGHNL� SDOP� \D÷ÕQGD� GR\PDPÕú� \D÷�
DVLWOHULQLQ����
GHQ�ID]ODVÕ�JOLVHURO�PROHN�O�Q�Q��-SR]LV\RQXQGD�\HU�DOPDNWDGÕU�� 
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Çizelge 1.1.4.1. 2001-�����\ÕOODUÕ�DUDVÕQGD�'�Q\D�YH�7�UNL\H
GH�SDOP� WRKXPX��UHWLP�
verileri (bin ton).  

Ülkeler 2001 2002 2003 2004 2005 

Malezya 11973 11858 13180 13420 15200 

Endonezya 8300 9200 9800 10600 11600 

'L÷HU�hONHOHU 2188 2319 2354 2522 2472 

Nijerya 730 760 770 780 790 

Tayland 580 780 640 840 760 

Kolombiya 560 518 540 614 653 

'�Q\D�7RSODPÕ 24295 25435 27284 28776 31575 

KAYNAK: �$121ø0��86'$-FAS, Oilseed: World Market and Trade, 2007. 

 

7ULJOLVHULG� \DSÕVÕ� YH� VHUEHVW� \D÷� DVLGL� LoHUL÷L� LVH� SDOP� \D÷ÕQÕQ� HULPH� YH� SODVWLN�
özelliklerini etkilemektedir. Palm� \D÷ÕQÕQ� ����–���� DUDVÕQGD� GH÷LúHQ� VDEXQODúPD\DQ�
maddelerinin %0.03–0.15'ini karotenoidler, %0.003–0.11'ini tokoferoller, %0.03- 

0.10'unu steroller, %0.05–����
XQX�IRVIDWLGOHU�������
LQL�DONROOHU�ROXúWXUPDNWDGÕU�� 
 

�������3DPXN�<D÷Õ 
 
 3DPXN� \D÷Õ�� *RVV\SLXP hirsutum (Amerikan) veya Gossypium barbadense 

�0ÕVÕU�� WRKXPODUÕQGDQ� HOGH� HGLOHQ�� NDUDNWHULVWLN� WDGÕ� YH� NRNXVX� RODQ�� ROGXNoD� NR\X�
UHQNOL��NÕUPÕ]Õ-NDKYHUHQJL��ELU�\D÷GÕU�� 
hONHPL]GH� SDPXN� \D÷Õ� JHQHOOLNOH� PDUJDULQ� KDPPDGGHVL� NDWÕ� \D÷� �UHWLPLQGH�
NXOODQÕOPDNWDGÕU��3DPXN�\D÷Õ����–44 oleik ve %33–���OLQROHLN�DVLW�LoHUGL÷L�LoLQ�ROHLN-

OLQROHLN�DVLW�JUXEX�\D÷ODU�DUDVÕQGD�\HU�DOPDNWDGÕU��(Q�|QHPOL�GR\PXú�\D÷�DVLGL� LVH���
17–���RUDQÕQGDNL�SDOPLWLN�DVLWWLU��dL]HOJH���������¶GH������-�����\ÕOODUÕ�DUDVÕQGD�'�Q\D�
genelinde�SDOP�WRKXPX��UHWLP�YHULOHUL�J|VWHULOPLúWLU�� 
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Çizelge 1.1.5.1. 2001-�����\ÕOODUÕ�DUDVÕQGD�'�Q\D�YH�7�UNL\H
GH�SDPXN�WRKXPX��UHWLP�
verileri (bin ton).  

Ülkeler 2001 2002 2003 2004 2005 

Çin 900 1116 1010 1024 1284 

Hindistan 530 550 488 619 822 

'L÷HU��Okeler 600 642 605 656 762 

Pakistan 305 308 289 281 421 

ABD 384 398 329 398 406 

Brazilya 208 172 204 208 301 

Özbekistan 210 228 210 203 277 

Türkiye 194 208 218 220 228 

AB-25 82 92 72 72 86 

Meksika 78 70 55 59 80 

Avustralya 50 75 50 39 75 

Dünya ToplDPÕ 3541 3859 3530 3867 4742 

KAYNAK: �$121ø0��86'$-FAS, Oilseed: World Market and Trade, 2007. 

%LWNLVHO�ND\QDNOÕ�\D÷ODUÕQ�VDEXQODúPD\DQ�PDGGHOHUL�DUDVÕQGD�\HU�DODQ�HQ�|QHPOL�
ELOHúHQ�� DQWLRNVLGDQ� HWNLVL� QHGHQL\OH� WRNRIHUROOHUGLU�� +DP� SDPXN� \D÷Õ� GR÷DO�
WRNRIHUROOHUFH� ROGXNoD� ]HQJLQ� ELU� \D÷GÕU�� $QFDN� GR÷DO� WRNRIHUROOHU� UDILQDV\RQ� LúOHPL�
VÕUDVÕQGD� WDKULS� ROGXNODUÕ� LoLQ� KDP� SDPXN� \D÷ÕQÕQ�� UDILQH� SDPXN� \D÷Õ� LOH�
NDUúÕODúWÕUÕOGÕ÷ÕQGD� RNVLGDV\RQ� VWDELOLWHVL� GDKD� \�NVHNWLU��+DP�SDPXN� \D÷Õ� WRSODP���
������RUDQÕQGD�WRNRIHURO�LoHULUNHQ��UDILQH�SDPXN�\D÷Õ�������–������RUDQÕQGD�WRNRIHURO�
LoHUPHNWHGLU�� +DP� SDPXN� \D÷ÕQGDNL� WRSODP� WRNRIHUROOHULQ� ������
VÕ� D-tokoferol, % 

0.034'ü ise y-WRNRIHUROG�U������PJ�NJ�RUDQÕQGD�D-tokRIHURO�LoHUHQ�UDILQH�SDPXN�\D÷ÕQÕQ�
���&� VÕFDNOÕNWDNL� LQG�NVL\RQ� SHUL\RGX� �� VDDW� RODUDN� EHOLUWLOPHNWHGLU�� <D÷ÕQ�
VDEXQODúPD\DQ�ELOHúHQOHULQGHQ�VWHUROOHULQ�KDP�SDPXN�\D÷ÕQGDNL�PLNWDUÕ�������PJ�����
PJ�\D÷�RODUDN�EHOLUWLOPHNWHGLU��%X�PLNWDU�UDILQDV\RQ�LúOHPL� LOH�������PJ�����PJ�\D÷�
GH÷HULQH�G�ú�U�OPHNWHGLU� 
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�������<D÷�$VLWOHUL 
 

*HQHO� RODUDN� oLIW� NDUERQ� VD\ÕOÕ�� -FLV� NRQILJ�UDV\RQXQGD�� GDOODQPDPÕú� YH� G�]�
]LQFLUOL� PRQRNDUERNVLOLN� DVLWOHU� \D÷� DVLWOHUL� RODUDN� DGODQGÕUÕOÕU�� %LUNDo� \D÷� DVLGL� LVH�
hidroksi, keto, metil�YE��JUXSODU�LKWLYD�HGHUOHU��+DOND�LKWLYD�HGHQ�\D÷�DVLWOHUL�GH�YDUGÕU��
%LOLQHQ� \D÷� DVLWOHULQGHNL� NDUERQ� DWRPODUÕQÕQ� VD\ÕVÕ� �-��� DUDVÕQGD�GH÷LúPHNWHGLU��<D÷�
DVLGL�PROHN�O�QGH�NDUERQ�VD\ÕVÕ���GDQ�D]�LVH�³NÕVD´���-���DUDVÕQGD�LVH�³RUWD´�YH����LOH�
daha fazla iVH�³X]XQ�]LQFLUOL´�\D÷�DVLGL�RODUDN�VÕQÕIODQGÕUÕODELOLU��7HNPDQ�YH�gQHU������� 

<D÷ODUÕQ� KHP� IL]LNVHO� KHP� GH� NLP\DVDO� |]HOOLNOHUL� LoHUGLNOHUL� \D÷� DVLWOHULQLQ�
\DSÕVÕQD�ED÷OÕGÕU��%LWNLVHO�YH�KD\YDQVDO�\D÷ODUGD�HQ�oRN�EXOXQDQ�\D÷�DVLWOHUL�YH�EXQODUÕQ�
ED]Õ� |]HOOLNOHUL� dL]HOJH� ��������¶GH� J|VWHULOPLúWLU�� <D÷� DVLWOHUL�� GR\PXú� \D÷� DVLWOHUL��
GR\PDPÕú�\D÷�DVLWOHUL��KLGURNVL�\D÷�DVLWOHUL�YH�NDUERNVLOLN�\D÷�DVLWOHUL�ROPDN��]HUH�G|UW�
grupta incelenebilir.  
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( En�<D÷�DVLWOHULQLQ�HULPH�GHUHFHVL��.n��<D÷�DVLWOHULQLQ�NDWÕODúPD�GHUHFHVL� 
KAYNAK:  'ø=*(��1� 2005.�%LWNLVHO�\D÷�YH�DWÕNODUÕQGDQ�\HQL�PLNUR�SRUR]�SROLPHULN�HQ]LP�UHDNW|UOHUL�
ile biyodizel üretimi. 171 s.  

Çizelge 1.1.6.1. %LWNLVHO�YH�KD\YDQVDO�\D÷ODUGD�HQ�oRN�EXOXQDQ�\D÷�DVLWOHUL�YH�|]HOOLNOHUL 
<D÷�$VLWL C atomu 

VD\ÕVÕ 
En / Kn 

QRNWDVÕ�o C) 
Viskozite 
(mPa s) 

%DúOÕFD�.D\QDNODUÕ 
D��'R\PXú��VDWXUH��\D÷�DVLWOHUL 

Butiric (Butanoic)  4 6ÕYÕ��-8.0) - Süt 

Caproic (Hexanoic) 6 6ÕYÕ��-3.4) - Süt 
Caprilic (Octanoic) 8 16.7 0.99 Süt, hindistan cevizi (kopra) 
Capric (Decanoic)  10 31.6 1.40 Süt, hindistan cevizi 

Lauric (Dodecanoic) 12 44.2 
1.95 

 
Hindistan cevizi, Brezilya palmiyesi  
�EDEDVVX��YH�SDOP�oHNLUGH÷L 

Myristic (Tetradecanoic) 14 54.4 2.69 +��FHYL]L��WHUH\D÷Õ�YH�EDOÕN�\D÷Õ 
Palmitic (Hekzadecanoic) 16 62.9 3.60 

Palm (meyve), oL÷LW�YH�KD\YDQVDO�
\D÷ODU 

Margaric 17 61.3 - 'RPX]�\D÷Õ��/DUG� 
Stearic (Octadecanoic) 18 69.6 

4.74 
 

$\oLoH÷L��DVSLU��VXVDP��SDOP�
(meyve),  
NDEDN�oHN��YH�KD\YDQVDO�\D÷ODU 

Arachidic (Eikosanoik) 20 75.4 - <HUIÕVWÕ÷Õ�\D÷Õ 
Behenic (Docosanoic) 22 80.0 - <HUIÕVWÕ÷Õ�\D÷Õ 
Lignoceric (Tetracosanic) 24 84.2 - .RO]D��NDQROD���\HUIÕVWÕ÷Õ��EDOPXPX 

Serotik (Hekzacosanoic) 26 87.7 - Balmumu 

E��'R\PDPÕú��XQVDWXUH��\D÷�DVLWOHUL 
Kaproleic (Decenoic) 10:1 - - Süt 
Lauroleic (Dodecenoic)    12:1 - - Süt 
Myristoleic (Tetradecenoic)               14:1 -4.0 - 6�W��EDOÕN�\D÷ODUÕ 
Palmitoleic (Hexadecenoic) 16:1 0.5 - %D]Õ�EDOÕN�\D÷ODUÕ��]H\WLQ��V�W 
Margaroleic 17:1 57.5 - 'RPX]�\D÷Õ��ODUG� 
Oleic (cis-9, oktadecenoic)           18:1 16.3 

3.73 
 

=H\WLQ��DVSLU��D\oLoH÷L��KDúKDú��VR\D�� 
oL÷LW��PÕVÕU 

Petroselenic (cis-6, oktadecenoic)   18:1n-9 33.0 - 0D\GDQR]�WRKXPX�\D÷Õ 
Elaidic (trans-9, oktadecenoic)       18:1 43.7 - Süt 

Vaccenic (trans-11, oktadecenoic)   18:1 44.0 - Süt 
Ricinoleic  (12-hydroxy-9-octadecenoic)    18:1 -10.0 - +LQW\D÷Õ1 

Linoleic (cis, cis-9, 12) 18:2n-6 -7.0 3.05 
$VSLU��D\oLoH÷L��KDúKDú��ELWNLVHO�
\D÷ODU 

Octodecadienoic  18:2n-9  -  
.-Linolenic (cis,cis,cis-9, 12, 15) DGLA 18:3n-3 -13.0 2.65 Keten, ceviz, kanola, kenevir 

�-Linolenic (cis, cis, cis-6, 9, 12) 18:3n-6 48.0 - +D\YDQVDO�\D÷ODU 
.-Eleostearic (cis, trans, trans-9, 11, 13) 18:3 - - 7XQJ�\D÷Õ2,  QDGLU�ED]Õ�ELWNLVHO�\D÷ODU 
�-Eleostearic (trans,trans,trans-9,11,13) 18:3 71.0 - ù�L]RPHrlerinin izomerizasyonu 

Octodecatetraenoic  18:4n-3 - - - 
Gadoleic (9, Eicocenoic)        20:1 - - %D]Õ�EDOÕN�\D÷ODUÕ��\HUIÕVWÕ÷Õ��NDQROD 
Eicosadienoic 20:2n-9 - - 'RPX]�\D÷Õ 
Eicosatrienoic 20:3n-9 - - - 

Dihomo-�-linolenic 20:3n-6 - - - 

Arachidonic (5,8,11,14)           20:4n-6 -49.5 - 'RPX]�\D÷Õ 
Eicosapentaenoic (5,8,11,14,17) EPA       20:5n-3 - - %D]Õ�EDOÕN�\D÷ODUÕ 
Erucic (cis-13) (Docosenoic)  22:1 33.5 5.91 Crambe, kolza 
Docosantrienoic 22:3n-9 - - 'RPX]�\D÷Õ 
Docosatetraenoic 22:4n-6 - - - 
Docosapentaenoic 22:5n-3 - - - 
Docosapentaenoic  22:5n-6 - - - 
Docosahexzaenoic(4,7,10,13,16,19)DHA 22:6n-3 - - %D]Õ�EDOÕN�\D÷ODUÕ 
Tetracosenoic 24:1 - - Kolza, hardal 
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���������'R\PXú�<D÷�$VLWOHUL 
 

.DUERQ� DWRPODUÕ� DUDVÕQGD� oLIW� ED÷� LoHUPH\HQ� X]XQ� ]LQFLUOL� \D÷� DVLWOHULGLU��
0ROHN�OOHULQGHNL� NDUERQ� VD\ÕODUÕ� �� GHQ� ��� \D� NDGDU� RODQ� GR\PXú� \D÷� DVLWOHUL� KHP�
ELWNLVHO� KHP� GH� KD\YDQVDO� \D÷ODUGD�� NDUERQ� VD\ÕVÕ� ��� H� NDGDU� RODQ� X]XQ� ]LQFLUOL� \D÷�
DVLWOHUL� LVH�PXPODUGD�EXOXQXU��+D\YDQVDO�YH�ELWNLVHO�\D÷ODUGD�HQ�oRN�EXOXQDQ�EDúOÕFD�
GR\PXú�\D÷�DVLWOHUL�dL]HOJH�����������¶GH�YHULOPLúWLU� 
 

          Çizelge 1.1.6.1.1.�+D\YDQVDO�YH�ELWNLVHO�\D÷ODUGD�HQ�oRN�EXOXQDQ�EDúOÕFD�GR\PXú�
\D÷�DVLWOHUL 

<D÷�DVLGL .DSDOÕ�)RUP�O $oÕN�)RUP�O 
Bütirik Asit  C4H8O2  CH3 (CH2)2 COOH  

Kaproik Asit  C6H12O2  CH3 (CH2)4 COOH  

Kaprilik Asit  C8H16O2  CH3 (CH2)6 COOH  

Kaprik Asit  C10H20O2  CH3 (CH2)8 COOH  

Laurik Asit  C12H24O2  CH3 (CH2)10 COOH  

Miristik Asit  C14H28O2  CH3 (CH2)12 COOH  

Palmitik Asit  C16H32O2  CH3 (CH2)14 COOH  

Stearik Asit  C18H36O2  CH3 (CH2)16 COOH  

$UDúLGLN�$VLW� C20H40O2  CH3 (CH2)18 COOH  

Behenik Asit  C22H44O2  CH3 (CH2)20 COOH  

Lignoserik Asit  C24H48O2  CH3 (CH2)22 COOH  

Serotik Asit  C26H52O2  CH3 (CH2)24 COOH  

Montanik Asit  C28H56O2  CH3 (CH2)26 COOH  

 

���������'R\PDPÕú�<D÷�$VLWOHUL 
 

MolHN�O�QGH�ELU�YH\D�GDKD� ID]OD�oLIW�ED÷� LKWLYD�HGHQ�\D÷�DVLWOHULQH�GR\PDPÕú�
\D÷�DVLWOHUL�GHQLU��'R÷DGD�EXOXQDQ�GR\PDPÕú�\D÷�DVLWOHULQGH��-��NDGDU�oLIW�ED÷�YDUGÕU���
'R÷DGD� HQ� \D\JÕQ� EXOXQDQ� GR\PDPÕú� \D÷� DVLGL� RODQ� ROHLN� DVLW� WHN� oLIW� ED÷� LoHULU�
(Tekman ve ÖneU��������'R\PDPÕú�\D÷�DVLWOHUL�NROD\OÕNOD�RNVLGH�RODELOLUOHU��g]HOOLNOH�
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oLIW� ED÷� VD\ÕVÕQÕQ� DUWPDVÕ� RNVLGDV\RQX� NROD\ODúWÕUPDNWDGÕU�� +D\YDQVDO� YH� ELWNLVHO�
\D÷ODUGD�HQ�oRN�EXOXQDQ�EDúOÕFD�GR\PDPÕú�\D÷�DVLWOHUL�dL]HOJH�����������¶GH�YHULOPLúWLU� 
 

Çizelge 1.1.6.2.1.�+D\YDQVDO�YH�ELWNLVHO�\D÷ODUGD�HQ�oRN�EXOXQDQ�EDúOÕFD�GR\PDPÕú�\D÷�
asitleri 

<D÷�DVLGL .DSDOÕ�
Formül 

$oÕN�)RUP�O 

Palmitoleik Asit C16H30O2 CH3(CH2)5 CH = CH(CH2)7 COOH 

Oleik Asit C18H34O2 CH3(CH2)7 CH = CH(CH2)7 COOH 

Linoleik Asit C18H32O2 CH3(CH2)4 CH = CHCH2CH = CH(CH2)7 COOH 

alfa -Linolenik 
Asit 

C18H30O2 CH3CH2CH = CHCH2CH = CHCH2CH = CH(CH2)7 COOH 

$UDúLGRQLN�$VLW C20H32O2 CH3(CH2)4CH=CHCH2CH=CHCH2CH=CHCH2CH=CH(CH2)3COOH 

 

���������+LGURNVL�<D÷�$VLWOHUL 
 

Hidrokarbon zincirindeki hidrojenlerden� ELUL� YH\D� ELUNDoÕ� \HULQH� –OH grubu 

JHoPLú�� GR\PXú� YH\D� GR\PDPÕú� \D÷� DVLWOHULGLU��%DúOÕFD� GR\PXú� KLGURNVL� \D÷� DVLWOHUL�
GLKLGURNVLVWHDULN� DVLW� YH� VHUHEURQLN� DVLW�� GR\PDPÕú� \D÷� DVLWOHUL� LVH�� ULVLQROHLN� DVLW� YH�
hidroksinervonik asittir. Dihidroksistearik asit� YH� ULVLQROHLN� DVLW� HQ� oRN� KLQW\D÷ÕQGD�
bulunurken serebronik asit ve hidroksinervonik asitler ise en fazla beyin 

glikolipitlerinde bulunur. 

 

���������.DUERNVLOLN�<D÷�$VLWOHUL 
 

%DúOÕFD�NDUERNVLOLN�\D÷�DVLWOHUL�KLGQRNDUSLN�DVLW�YH�úROPRULN�DVLW�ROXS�úROPRJUD 

\D÷ÕQGD�EXOXQPDNWDGÕU��%HQ]HU�úHNLOGH�SURVWDJODQGLQOHU�RODUDN�ELOLQHQ�ELU�JUXS�ELOHúLN�
KRUPRQODUD�EHQ]HU�HWNL�J|VWHULUOHU�YH�NDUERNVLOLN�\D÷�DVLWOHUL�W�UHYOHUL�RODUDN�ELOLQLUOHU��
%X� \DSÕODU� RUJDQL]PDGD� ��� NDUERQ� DWRPOX� YH� �o�� G|UW� YH\D� EHú� oLIW� ED÷� LoHUHQ� ED]Õ�
GR\PDPÕú�\D÷�DVLWOHULQGHQ�VHQWH]OHQLUOHU���7HNPDQ�YH�gQHU������� 
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1.1.7. Gliserin 

 

*OLVHULQ� NLP\DVDO� ELOHúLPL� &3H5(OH)3� RODQ�� RGD� VÕFDNOÕ÷ÕQGD� NR\X� NÕYDPOÕ�
J|U�Q�úWH��KDILIoH�WDWOÕ�YLVNR]�VÕYÕGÕU��*OLVHULQ�KHU�ELUL�IDUNOÕ�ELU�NDUERQ�DWRPXQD�ED÷OÕ�
üç hidroksil grubu (-2+��LoHUGL÷LQGHQ�GROD\Õ��o�GH÷HUOL�ELU�DONROG�U��6X�YH�HWLO�DONROGH�
KHU� RUDQGD� NDUÕúDELOLU�� *OLVHULQ� ���&¶� GH� HULUNHQ� ����&¶� GH� ND\QDU�� %L\RGL]HO� \DNÕW�
�UHWLPLQGH�\DQ��U�Q�RODUDN�HOGH�HGLOLU��dRN�JHQLú�NXOODQÕP�DODQÕQD�VDKLS�RODQ�JOLVHULQ 

����¶GHQ� ID]OD��U�QGH�EXOXQXU��*OLVHULQ�EDúOÕFD�JÕGD��NR]PHWLN�� LODo�� ODVWLN�� WHNVWLO�YH�
DQWLIUL]� HQG�VWULVLQGH� NXOODQÕOPDNWDGÕU�� *OLVHULQLQ� DoÕN� IRUP�O�� ùHNLO� ��������¶GH�
J|VWHULOPLúWLU��� 
  

ùHNLO����������*OLVHULQLQ�DoÕN�IRUP�O� 

 

1.1.8. Gliseridler 

 

 GlLVHULGOHU� JOLVHULQLQ� \D÷� DVLWOHUL� LOH�ROXúWXUGX÷X�HVWHUOHUGLU��*OLVHULQ�\DSÕVÕQGD�
�o� KLGURNVLO� LoHUGL÷LQGHQ�PRQRJOLVHULG�� GLJOLVHULG� YH� WULJOLVHULG� ROPDN� �]HUH� �o� IDUNOÕ�
JOLVHULG� YHUHELOLU�� *OLVHULQ� PROHN�O�Q�Q� ELU� DONRO� JUXEX� ELU� \D÷� DVLGL� LOH� HVWHUOHúLUVe 

PRQRJOLVHULG� �PRQRDoLOJOLVHURO�� PH\GDQD� JHOLU�� <D÷� DVLGL� PROHN�O�Q�Q� JOLVHULQLQ�
XoODUÕQGDNL� \DGD� RUWDVÕQGDNL� NDUERQD� ED÷ODQPDVÕQD� J|UH� LNL� IDUNOÕ� PRQRJOLVHULG�
ROXúDELOLU��ùHNLO���������¶GH�.�YH���PRQRJOLVHULG�IRUP�OOHUL�J|VWHULOPLúWLU�� 

CH
2

CH

OH

OH

CH
2 OH

Gliserin
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1 (veya .�-monogliserid    2 (veya ��-monogliserid 

ùHNLO����������.�YH���PRQRJOLVHULG�IRUPülleri 

*OLVHULQ� PROHN�O�Q�Q� LNL� DONRO� JUXEX� LOH� LNL� \D÷� DVLGL� HVWHUOHúLUVH� GLJOLVHULG�
�GLDoLOJOLVHURO�� PH\GDQD� JHOLU�� <D÷� DVLGL� PROHN�O�Q�Q� JOLVHULQLQ� NDUERQODUÕQD�
ED÷ODQPDVÕQD�J|UH�LNL�IDUNOÕ�GLJOLVHULG�PH\GDQD�JHOLU��ùHNLO���������¶GH����-digliserid ve 

1,3-GLJOLVHULG�IRUP�OOHUL�J|VWHULOPLúWLU�� 
 

1,2-digliserid                  1,3-digliserid 

ùHNLO��������� 1,2-digliserid ve 1,3-digliserid formülleri 

 

 Gliserin molekülünün üç alkol JUXEX� �o� \D÷� DVLGL� LOH� HVWHUOHúLUVH� WULJOLVHULG�
�WULDoLOJOLVHURO��ROXúXU��7ULDoLOJOLVHUROOHU�KD\YDQVDO�YH�ELWNLVHO�\D÷ODUÕQ�HQ�E�\�N�NÕVPÕQÕ�
ROXúWXUXU�� %HVLQ� PDGGHOHULQGH� YH� RUJDQL]PDGD� ROGXNoD� E�\�N� PLNWDUGD� EXOXQXUODU��
Trigliseridlerde gliserin ile esterOHúHQ� \D÷� DVLWOHULQLQ� �o�� GH� D\QÕ� LVH� EDVLW� WULJOLVHULG�
RODUDN�DGODQGÕUÕOÕU��7ULJOLVHULGOHUGH�JOLVHULQ�LOH�HVWHUOHúHQ�\D÷�DVLWOHUL�D\QÕ�GH÷LOVH�ROXúDQ�
WULJOLVHULG� NDUÕúÕN� WULJOLVHULG� RODUDN� DGODQGÕUÕOÕU�� ùHNLO� ��������¶GH� EDVLW� YH� NDUÕúÕN�
trigliseridler göVWHULOPLúWLU�� 

7ULJOLVHULGOHULQ� HULPH� QRNWDODUÕQÕ� \DSÕODUÕQÕ� ROXúWXUDQ� \D÷� DVLGL� NRPSRQHQWOHUL�
EHOLUOHU�� *HQHOOLNOH� GR\PXú� \D÷� DVLWOHULQLQ� PLNWDUÕ� YH� ]LQFLU� X]XQOX÷X� DUWWÕNoD�
WULJOLVHULGOHULQ�HULPH�QRNWDODUÕ�\�NVHOLU��gUQH÷LQ�WULSDOPLWLQ��WULVWHDULQ�JLEL�GR\PXú�\D÷�
DVLWOHULQLQ� WULDoLOJOLVHUROOHUL� Y�FXW� VÕFDNOÕ÷ÕQGD� NDWÕ\NHQ� GR\PDPÕú� \D÷� DVLWOHULQGHQ�
ROXúDQ�WULROHLQ�YH\D�WULOLQROHLQ�LVH�VÕYÕGÕU�� 
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%DVLW�WULJOLVHULG�������������������������������.DUÕúÕN�WULJOLVHULG 
 

ùHNLO����������%DVLW�YH�NDUÕúÕN�WULJOLVHULd formülleri  

7ULJOLVHULGOHU� \�NVHN� EDVÕQo� DOWÕQGD� VX� LOH�� QRUPDO� EDVÕQo� DOWÕQGD� DVLWOHUOH�
ND\QDWÕODUDN� \DGD� OLSD]� JLEL� EHOLUOL� HQ]LPOHULQ� NDWDOLWLN� HWNLVL\OH� KLGUROL]� ROXUODU��
+LGUROL]� VRQXFX� �o� PROHN�O� \D÷� DVLGL� ELU� PROHN�O� JOLVHULQ� ROXúXU�� ùHNLO� �������.’de 

WULJOLVHULG� PROHN�O�Q�Q� OLSD]� EHUDEHULQGH� KLGUROL]L� VRQXFX� JOLVHULQ� YH� \D÷� DVLWOHULQH�
SDUoDODQPD�UHDNVL\RQX�YHULOPLúWLU��$\UÕFD�WULJOLVHULGOHU�NXYYHWOL�ED]ODUOD�ND\QDWÕOÕUODUVD�
VDEXQ� YH� JOLVHULQH� D\UÕOÕUODU�� ùHNLO� ��������¶GH� WULJOLVHULG� PROHN�O�Q�Q� VDEXQODúPD�
reaksiyonu görülmektedir.   

 

ùHNLO��������� Trigliserid molekülünün hidroliz reaksiyonu 

 

 

ùHNLO����������7ULJOLVHULG�PROHN�O�Q�Q�VDEXQODúPD�UHDNVL\RQX 
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�������<D÷ODUÕQ�'L÷HU�%LOHúHQOHUL 
 

 <D÷ODUÕQ�\DSÕVÕQGDNL�ELOHúHQOHU�KHP�\D÷ÕQ�VDKLS�ROGX÷X�|]HOOLNOHU�KHPGH�\D÷GDQ�
HOGH� HGLOHQ� EL\RGL]HO� \DNÕW� |]HOOLNOHUL� DoÕVÕQGDQ� VRQ� GHUHFH� |QHPOLGLU�� %LWNLVHO� \DGD�
KD\YDQVDO� ND\QDNOÕ� \D÷ODU� \D÷� DVLWOHUL�� JOLVHULQ� YH� JOLVHULGOHU� GÕúÕQGD� ELU� oRN� IDUNOÕ�
ELOHúHQ� LoHUPHNWHGLUOHU�� %X� ELOHúHQOHU� IRVIROLSLGOHU�� VILQJROLSLGOHU�� \D÷� DONROOHUL��
VWHUROOHU��KLGURNDUERQODU��UHQN�PDGGHOHUL��\D÷GD�o|]�QHQ�YLWDPLQOHU��DQWLRNVLGDQODU��WDW�
ve koku maddeleri ve vitaminlerdir.  

 

1.1.9.1. Fosfolipidler 

  

 Fosfolipidler KHU�\D÷GD�D]�PLNWDUGD�GD�ROVD�EXOXQDQ�ELU�ELOHúHQGLU��*OLVHURO�n iki 

\D÷� DVLGL� YH� ELU� IRVIRULN� DVLW� HVWHUL� LOH� ROXúWXUGX÷X� ELU� NRPSOHNV� \DSÕ\D� VDKLSWLUOHU�
�7�UND\� ������� (Q� ID]OD� VR\D� \D÷ÕQGD� EXOXQPDNWDGÕU�� <D÷ÕQ� UDILQDV\RQX� LúOHPL� LOH�
RUWDPGDQ� X]DNODúWÕUÕODELOLU� �%DúR÷OX� ������� )RVIROLSLGOHU� Y�FXWWD� NDUERQKLGUDW� YH�
pURWHLQ� WDúÕQPDVÕQGD� J|UHY� DOÕUODU�� $]RW� YH� IRVIRU� LoHUPHOHUL� QHGHQL\OH� HQHUML�
PHWDEROL]PDVÕQGD� |QHPOL� IRQNVL\RQD� VDKLSWLUOHU�� .LP\DVDO� DoÕGDQ� HOH� DOÕQGÕ÷ÕQGD�
gliserin molekülünün .�SR]LV\RQXQD�GR\PXú�\D÷�DVLGL����SR]LV\RQXQD�GR\PDPÕú�\D÷�
DVLGL�YH���SR]LV\Rnuna ise fosforik asit, kolin, kolamin ve serin esterleri gelmektedir. Bu 

JUXSWD�oRN�IDUNOÕ�PDGGHOHU�EXOXQPDNWDGÕU��ùHNLO�����������¶�GH�ELU�GL÷HU�DGÕ�OHVLWLQ�RODQ�
IRVIDWLGLO�NROLQ�IRVIROLSLGOHUH�|UQHN�RODUDN�YHULOPLúWLU�� 

ùHNLO������������'L÷HU�DGÕ�OHVLWLn olan fosfatidil kolin molekülü 

 

 

 

C

O

R O

CH2

C

O

R O C H

O O

CH2 P

O

O

CH2

CH2

N

CH3

CH3

CH3

+



� ���

1.1.9.2. Sfingolipidler 

 

 *HQHOGH� KD\YDQVDO� ND\QDNOÕ� \D÷ODUGD� EXOXQPDNOD� ELUOLNWH� VR\D� \D÷Õ� JLEL� ED]Õ�
ELWNLVHO� \D÷ODUGD� GD�PHYFXWWXUODU�� %LWNLVHO� \D÷ODUGD� EXOXQDQ� W�U�� ILWRVILQJROLG� RODUDN�
DGODQGÕUÕOPDNWDGÕU�� 6ILQJROLSLGOHU� \D÷ODUÕQ� UDILQDV\RQX� VÕUDVÕQGD� \D÷GDQ� \DSÕúNDQ�
PDGGHOHULQ�DOÕQPDVÕ�HVQDVÕQGD�RUWDPGDQ�DOÕQÕUODU��6ILQJROLSLGOHULQ�\DSÕ�WDúÕQÕ�ROXúWXUDQ�
VILQJRVLQ� ��� NDUERQOX�� GR\PDPÕú� \DSÕ\D� VDKLS�� KLGURNVLO� YH� DPLQ� JUXSODUÕ� LoHUHQ� ELU�
KLGURNDUERQGXU� �%DúR÷OX��������ùHNLO�����������¶�GH� VLILQJRPL\HOLQ�PROHN�O�Q�Q� DoÕN�
\DSÕVÕ�J|VWHULOPLúWLU� 

ùHNLO������������6LILQJRPL\HOLQ�PROHN�O�Q�Q�DoÕN�\DSÕVÕ 
 

���������<D÷�$ONROOHUL 
 

 %L\RORMLN�DoÕGDQ�|QHPOL�PDGGHOHUGLU��<D÷ODUGD�VHUEHVW�KDOGH�YH�\D÷�DVLWOHUL�LOH�
HVWHUOHúPLú�KDOGH��9DNV��EXOXQDELOLUOHU��+D\YDQVDO�YH�ELWNLVHO�\D÷ODUGD�oRN�D]�PLNWDUGD�
EXOXQXUODU��<D÷ODUÕQ�VDEXQODúPD\DQ�NÕVPÕQÕ�ROXúWXUXUODU��<D÷�DONROOHUL�\�NVHN�PROHN�O�
D÷ÕUOÕNOÕ�PDGGHOHUGLU��<D÷�DVLWOHUL� LOH�ELUOHúHUHN�HVWHUOHUL�PH\GDQD�JHWLULUOHU��'R÷DGDNL�
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tüm bitkilHULQ� \DSUDN�� WRKXP�NDEXNODUÕ� YH�PH\YHOHULQ� �]HUOHUL� EX� HVWHUOHUOH� �PXPODU��
NDSODQPÕú�KDOGHGLU��dL]HOJH�����������¶GH�\D÷�DONROOHULQGHQ�ED]ÕODUÕ�YHULOPLúWLU� 
 

Çizelge 1.1.9.3.1.�%D]Õ�\D÷�DONROOHUL 

 

1.1.9.4. Steroller 

 

 6WHUROOHU� VWHURLG� DONROOHU� ROXS� KHP� KD\YDQVDO� KHP� GH� ELWNLVHO� \D÷ODUGD�
EXOXQXUODU��6WHUROOHU� VWHUDQ�KDONDVÕ� LoHULUOHU��<D÷ODUGD� VHUEHVW�KDOGH�YH�\D÷�DVLWOHUL� LOH�
HVWHUOHúPLú� KDOGH� EXOXQDELOLUOHU�� +D\YDQVDO� ND\QDNOÕ� \D÷ODUGD� EXOXQDQ� VWHUROOHU�
]RRVWHUROOHU�RODUDN�DGODQGÕUÕOÕU��%X�JUXEXQ�|QHPOL�WHPVLOFLOHUL�NROHVWHURO��NDSURVWHURO�YH�
DOORVWHUROG�U�� %LWNLVHO� \D÷ODUGD� EXOXQDQ� VWHUROOHUH� ILWRVWHUROler olarak bilinirler. En 

önemli üyeleri sitosterol, stigmasterol ve brassikasteroldür. Mikosteroller olarak bilinen 

JUXS�LVH�N�o�N�\DSÕOÕ�ELWNL�YH�N�IOHULQ�OLSLWOHULQGH�EXOXQXUODU��(UJRVWHURO�YH�IXOHRVWHURO�
EX�JUXED�|UQHN�RODUDN�YHULOHELOLU��ùHNLO�����������¶�GH�NROHVWHURO�PROHN�O�Q�Q�DoÕN�\DSÕVÕ�
J|VWHULOPLúWLU� 

ùHNLO������������.ROHVWHURO�PROHN�O�Q�Q�DoÕN�\DSÕVÕ 
 

 

<D÷�DONRO�Q�Q�DGÕ .DSDOÕ�IRUP�O� 'RQPD�QRNWDVÕ���&� 
Setilalkol C16H33OH 50 

Stearilalkol C18H37OH 58 

Oleylalkol C18H35OH 2 

Miristil alkol C30H61OH 86 

HO

H

H H
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1.1.9.5. Hidrokarbonlar 

 

 +LGURNDUERQODU� \D÷ODUÕQ� VDEXQODúPD\DQ� NÕVPÕQGD� EXOXQXUODU�� *HQHOOLNOH� WHN�
VD\ÕGD�NDUERQ�DWRPX�LoHULUOHU�YH�]LQFLU�\DSÕODUÕ�GDOODQPD�J|VWHULU��<D÷ODUÕQ�UDILQDV\RQX�
VÕUDVÕQGD�RUWDPGDQ�X]DNODúWÕUÕOÕUODU��<D÷ODUÕQ�\DSÕVÕQGD�EXOXQDQ�|QHPOL�KLGURNDUERQODU�
skualen (C30H50), pristan (C18H38), gadusen (C18H32) ve hipojen (C15H30)’dir. 

 

1.1.9.6. Renk Maddeleri 

 

 Lipokromlar olarak�ELOLQHQ�UHQN�PDGGHOHUL�\D÷ODUÕQ�\DSÕVÕQGD�VHUEHVW�YH\D�HVWHU�
KDOLQGH� EXOXQDELOLUOHU�� <D÷ODUÕQ� \DSÕVÕQGD� EXOXQDQ� UHQN� PDGGHOHUL� JHQHOGH�
NDURWLQRLGOHUGHQ� ROXúXU�� .DURWLQRLGOHU� \D÷ODUGD� o|]�QHQ� KLGURNDUERQODU� YH\D� DONROOHU�
ROXS� oRN� VD\ÕGD�NRQMXJH�ED÷� LoHULUOHU��.DURWLQRLGOHU� KDYDQÕQ� RNVLMHQL� LOH�RNVLGDV\RQD�
X÷UD\DUDN� HSRNVLW� YH\D� GL÷HU� RNVLGDV\RQ� �U�QOHULQH� SDUoDODQÕUODU�� 7�P� NDURWLQRLGOHU�
ÕúÕ÷D� NDUúÕ� oRN� KDVVDVWÕU� YH� LoHUGLNOHUL� NRQMXJH� ED÷ODU� KLGURMHQOH� GR\XUXOGX÷XQGD�
UHQNVL]� ELOHúHQOHUH� G|Q�ú�UOHU�� dL]HOJH� ����������¶GH� NDURWLQRLGOHUGHQ� ED]ÕODUÕ�
J|VWHULOPLúWLU� 
 

Çizelge 1.1.9.6.1.�%D]Õ�NDURWLQRLGOHU�YH�NDSDOÕ�IRUP�OOHUL 
.DURWLQRLG�$GÕ .DSDOÕ�)RUP�O� 

Karoten C40H55 

Likopen C40H56 

Ksantofil C40H56O2 

Biksin C25H29O4 

Krosetin C20H24O4 

Azafrin C27H28O4 
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���������<D÷GD�d|]�QHQ�9LWDPLQOHU 

 

 <D÷GD�o|]�QHQ�YLWDPLQOHU�$��'��(�YH�.�YLWDPLQOHULGLU��<HPHNOLN�\D÷ODU�LoLQGH�
GDKD� oRN� $�� '� YH� (� YLWDPLQOHUL� EXOXQXUNHQ� .� YLWDPLQL� GDKD� oRN� ELWNLOHULQ� \HúLO�
NÕVÕPODUÕQGD� EXOXQXUODU�� 9�FXWWD� oRN� |QHPOL� EL\RORMLN� IRQNVL\RQODUÕ� EXOXQPDNWDGÕU��
ùHNLO������������YH�ùHNLO�����������¶GH�VÕUDVÕ\OD�$�YH�(�YLWDPLQOHULQLQ�PROHN�O�IRUP�OOHUL�
J|VWHULOPLúWLU�� 

ùHNLO������������$�YLWDPLQL�PROHN�O�\DSÕVÕ 

ùHNLO������������(�YLWDPLQL�PROHN�O�\DSÕVÕ  

H
3
C

H
3
C

CH3

CH
3

CH3

H

CH
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HO
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OHH
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H

O
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3
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1.1.9.8. Antioksidanlar 

 

 <D÷ODUÕQ�\DSÕVÕQGD�EXOXQDQ�KDYDGDNL�RNVLMHQLQ�RNVLWOH\LFL�HWNLVLQL�|QOH\LFL�YH\D�
\DYDúODWÕFÕ� IHQROLN� \DSÕGDNL� ELOHúHQOHUH� GR÷DO� DQWLRNVLGDQODU� GHQLU��<D÷ÕQ� LoLQGHNL� EX�
PDGGHOHU� RNVLMHQOH� ELUOHúLS� SDUoDODQÕUNHQ� \D÷ÕQ� GR÷DO� \DSÕVÕQÕQ� ER]XOPDVÕQÕ� |QOHUOHU��
Bu maddelere�|UQHN�RODUDN�E�W�Q�\D÷ODUGD�IDUNOÕ�RUDQODUGD�EXOXQDQ�WRNRIHUROOHU��SDPXN�
\D÷ODUÕQGD�EXOXQDQ�JRVVLSRO�YH�VXVDP�\D÷ÕQGD�EXOXQDQ�VHVDPLQ��VHVDPRO�YH�VHVDPROLQ�
verilebilir.  

 

1.1.9.9. Tat Ve Koku Maddeleri 

 

 'R÷DGDNL�W�P�\D÷ODUÕQ�NHQGLQH�KDV�WDW�YH�NRNXVX�YDUGÕU��%X�HWNLOHUL�ROXúWXUDQ�WDW�
YH� NRNX�PDGGHOHUL�GR÷DO� WDW� YH� NRNX�PDGGHOHUL� LOH� WHNQRORMLN� LúOHPOHU�\DGD�RNVLGDWLI�
ER]XQPDODU�VRQXFX�ROXúDQ� WDW�YH�NRNX�PDGGHOHUL�RODUDN�LNL\H�D\UÕODELOLU��'R÷DO�WDW�YH�
NRNX�PDGGHOHUL�KLGURNDUERQODU�VÕQÕIÕQGD�SROLHWLOHQLN�\DSÕGDGÕU��gUQHN�RODUDN�]H\WLQ�YH�
\HUIÕVWÕ÷Õ� \D÷ODUÕQGDQ� L]ROH� HGLOHQ� WULGHNDGLHQ� �&13H24), pentadeken (C15H30), 

hekzadekadien (C16H30), nanodeken (C19H36), triakosaheksen (C23H42) ve oktakosatrien 

(C28H50��YHULOHELOLU��7HNQRORMLN�LúOHPOHU�YH\D�RNVLGDWLI�ER]XQPDODU�VRQXFX�ROXúDQ�WDW�YH�
NRNXODU� LVH� DOGHKLW�� NHWRQ� YH� DONRO� JLEL� \D÷ÕQ� GR÷DO� \DSÕVÕQÕ� ER]DQ� PDGGHOHUGHQ�
ND\QDNODQPDNWDGÕU� 
 

1.1.9.10. Mineraller 

 

 .DWÕ� YH� VÕYÕ� \D÷ODU� UDILQDV\RQGDQ� VRQUD� IRVIDWLG� NDOÕQWÕODUÕQGDQ� GROD\Õ� D]�
PLNWDUGD� IRVIRU� LoHULU�� <D÷ODUÕQ� Q|WUDOL]DV\RQX� LúOHPLQGHQ� VRQUD� �-20 ppm kadar 

VRG\XP�VDEXQODUÕ�EXOXQDELOLU��+DP�ELWNLVHO�\D÷ODUGD�����-1,1 ppm Zn, 0,005-1,0 ppm 

Cu, 0,03-5 ppm Na, 0,01-4 ppm’den az Br ve 1 ppm’den az miktarda Fe, Mn ve Ni gibi 

metaller bulunabilmektedir. 
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1.2.�+D\YDQVDO�<D÷ODU 

 

 *�Q�P�]GH� KD\YDQVDO� \D÷� ND\QDNODUÕ� VÕQÕUOÕGÕU��%XJ�QH� NDGDU� ����� FLYDUÕQGD�
NDUD�YH�GHQL]�KD\YDQÕQÕQ�\D÷Õ�LQFHOHQPLúWLU��+D\YDQVDO�\D÷�ND\QDNODUÕ�NHQGL�LoLQGH��o�
JUXSWD�LQFHOHQHELOLU��%XQODU�EDúOÕFD�NR\XQ�YH�VÕ÷ÕU�JLEL�KD\YDQODUGDQ�HOGH�edilen hayvan 

Lo�\D÷ODUÕ��oHúLWOL�EDOÕN�W�UOHUL�YH�EDOLQD�JLEL�GHQL]�KD\YDQODUÕQGDQ�HOGH�HGLOHQ�\D÷ODU�YH�
NR\XQ��LQHN�JLEL�NDUD�KD\YDQODUÕQÕQ�V�W�QGHQ�HOGH�HGLOHQ�WHUH\D÷ODUÕGÕU��%DúR÷OX��������
dL]HOJH�������¶GH�ED]Õ�KD\YDQVDO�ND\QDNOÕ�\D÷ODUÕQ�\D÷�DVLWOHUL�LoHUL÷L�J|VWHULOPLúWLU�� 
 

Çizelge 1.2.1. %D]Õ�KD\YDQVDO�ND\QDNOÕ�\D÷ODUÕQ�\D÷�DVLWOHUL�LoHUL÷L 

KAYNAK:  'ø=*(��1� 2005.�%LWNLVHO�\D÷�YH�DWÕNODUÕQGDQ�\HQL�PLNUR�SRUR]�SROLPHULN�HQ]LP�UHDNW|UOHUL�
ile biyodizel üretimi. 171 s. 
 

�����$WÕN�<D÷ODU� 
 

dHYUH�YH�2UPDQ�EDNDQOÕ÷ÕQÕQ�������VD\ÕOÕ�DWÕN�\D÷ODUÕQ�NRQWURO��\|QHWPHOL÷LQH�
J|UH�DWÕN�\D÷�WDQÕPÕ��.XOODQÕOPÕú�WDúÕW�\D÷ODUÕ��EHQ]LQOL�PRWRU��GL]HO�PRWRU��úDQ]ÕPDQ�YH�
GLIHUDQVL\HO��WUDQVPLV\RQ��LNL�]DPDQOÕ�PRWRU��KLGUROLN�IUHQ��DQWLILUL]��JUHV�YH�GL÷HU�|]HO�
WDúÕW� \D÷ODUÕ��� HQG�VWUL\HO� \D÷ODUÕ� �KLGUROLN� VLVWHP�� W�UELQ� YH� NRPSUHV|U�� NÕ]DN�� DoÕN-

NDSDOÕ� GLúOL�� VLUN�ODV\RQ��PHWDO� NHVPH� YH� LúOHPH��PHWDO� oHNPH�� WHNVWLO�� ÕVÕO� LúOHP�� ÕVÕ�
WUDQVIHU��L]RODV\RQ�YH�NRUX\XFX��SDV�YH�NRUR]\RQ��L]RODV\RQ��WUDIR��NDOÕS��EXKDU�VLOLQGLU��
SQ|PDWLN�VLVWHP�NRUX\XFX��JÕGD�YH�LODo�HQG�VWULVL��JHQHO�DPDoOÕ��ND÷ÕW�PDNLQHVL��\DWDN�
YH� GL÷HU� |]HO� HQG�VWUL\HO� \D÷ODUÕ� YH� HQG�VWUL\HO� JUHVOHUL�� YH� |]HO� P�VWDK]DUODUÕ�

<D÷OÕ�7RKXP 'R\PXú�$VLWOHU 'R\PDPÕú�$VLWOHU I.D. 

Cinsi  12:0 14:0 16:0 18:0 'L÷HU 16:1 18:1 18:2 18:3 'L÷HU  
 Lauric Myristic Palmitic   Stearic  Palmitoleic Oleic      Linoleic Linolenic   

7HUH\D÷Õ (Butter) 2.9 10.8 26.9 12.1 12.31,2,3 2.0 28.5 3.2 0.4 2.76,7 25-42 
%DOÕN\D÷Õ 
(sardalye) 0.2 6.5 16.6 3.9 1.8 7.5 14.8 2.0 1.3 

39.78-

11 - 
'RPX]�\D÷Õ 
(Lard) 0.1 1.5 26.0 13.5 0.84,5 3.3 43.9 9.5 0.4 1.08,9 46-70 

øo\D÷Õ (Tallow) 0.1 3.2 24.3 18.6 2.24,5 3.7 18.6 42.6 2.6 2.06,12 38-48 

6Õ÷ÕU�HWL�\D÷Õ - - 29.0 20.0 - 2.0 42.0 2.0 0.5 4.513 - 

.R\XQ�HWL�\D÷Õ - - - 25.0 25.0 - 39.0 4.0 0.5 1.513 - 

'RPX]�HWL�\D÷Õ - - 28 13.0 - 3.0 46.0 10.0 0.7 2.013 - 
 

1 butyric,2capric, 3caproic, 4margaric, 5pentadecanoic, 6myristoleic, 7dodecanoic, 8gadoleic, 9docosenoic, 10docoseaheecezaenoic,                      
11erusic, 12margaroleik, 13arachidonic 
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�NDOÕQODúWÕUÕFÕ�� NRUX\XFX�� WHPL]OH\LFL� YH� EHQ]HUL�� YH� NRQWDPLQH� ROPXú� \D÷� �U�QOHULQL�
LIDGH�HGHU�úHNOLQGH�\DSÕOPÕúWÕU�� 

*ÕGD�PDGGHOHULQLQ�NÕ]DUWÕOPDVÕ��oRN�X]XQ�]DPDQGDQ�EHUL�\R÷XQ�RODUDN�NXOODQÕODQ�
ve EDúOÕFD�DPDFÕ�|]HO�ELU� UHQN�� WDW��GRNX�YH�NDEXN�ROXúWXUDUDN�JÕGDQÕQ�KÕ]OÕ�SLúPHVLQL�
VD÷OD\DQ� ELU� \|QWHPGLU�� .Õ]DUWPD� HVQDVÕQGD� JÕGD�PDGGHVL� LOH� NÕ]DUWPD� \D÷Õ� DUDVÕQGD�
D\QÕ�DQGD�JHUoHNOHúHQ�ÕVÕ�YH�N�WOH�LOHWLPOHUL�QHWLFHVLQGH�KHP�JÕGD�KHP�GH�\D÷GD�|QHPOL�
fi]LNVHO� YH� NLP\DVDO� GH÷LúLPOHU�PH\GDQD� JHOPHNWHGLU��.Õ]DUWPD�\|QWHPLQLQ� JÕGDODUÕQ�
SLúLULOPHVL�LoLQ�XFX]��KÕ]OÕ�YH�YHULPOL�ELU�\|QWHP�ROPDVÕ�YH�JÕGD�\�]H\LQGH�VWHULOL]DV\RQ�
VD÷ODPDVÕ� JLEL� �VW�QO�NOHULQLQ� \DQÕ� VÕUD�� EHVOH\LFL� GH÷HUL� DoÕVÕQGDQ� GD� NÕ]DUWÕOPÕú�
gÕGDODUÕQ�GL÷HU�\|QWHPOHUOH�SLúLULOPLú�JÕGDODUD�J|UH�ED]Õ��VW�QO�NOHUL�YDUGÕU��.Õ]DUWÕOPÕú�
JÕGDODU� LOH� ELUOLNWH� W�NHWLOHQ� NÕ]DUWPD� \D÷ODUÕQÕQ� LQVDQ� VD÷OÕ÷Õ� �]HULQGH� ROXPVX]� HWNL�
\DUDWPDPDVÕ� LoLQ� NÕ]DUWPD� \D÷ODUÕQÕQ� NXOODQÕP� V�UHVLQLQ�� WRSODP� SRODU� PDGGH�
içeULNOHULQLQ�oRN�GLNNDWOL�ELU�úHNLOGH�L]OHQPHVL�JHUHNPHNWHGLU� 

.Õ]DUWPD� NRúXOODUÕQD� J|UH� IDUNOÕ� GHUHFHGH� YH� IDUNOÕ� PHNDQL]PDODU� �]HULQGHQ�
JHUoHNOHúHQ�UHDNVL\RQODU�VRQXQGD�NÕ]DUWPD�\D÷ÕQGD�\�]OHUFH�IDUNOÕ�\DSÕGD��DQFDN�KHSVL�
polar karakterli bozunma ürünleri ROXúPDNWDGÕU�� <D÷GDNL� SRODU� PDGGH� RUDQÕ� ���¶L�
JHoWL÷LQGH� NDQVHURMHQ� HWNL� EDúODPDNWDGÕU�� $\UÕFD� ���¶OLN� EL\RGL]HO� \DSÕPÕQD� X\JXQ�
WULJOLVHULW� PLNWDUÕ� D]DOPDNWDGÕU�� .Õ]DUWPDOÕN� \D÷ODUÕQ� ]DPDQÕQGD� JÕGD� ]LQFLULQGHQ�
oHNLOPHVL� KHP� LQVDQ� VD÷OÕ÷ÕQÕQ� KHP� GH� EL\RGL]Hl yapmaya uygun hammadde 

ND\QD÷ÕQÕQ� NRUXQPDVÕ� VRQXFXQX� VD÷OD\DFDNWÕU��*HOLúPLú� �ONHOHUGH� EHOLUOL� RODQ� JÕGDGD�
NXOODQÕODQ� NÕ]DUWPDOÕN� \D÷ODUÕQ� NULWHUOHULQLQ� �ONHPL]GH� GH� \D\ÕQODQÕ\RU� ROPDVÕ�
VHYLQGLULFL�ELU�JHOLúPHGLU���KWWS���ZZZ�DOEL\RELU�RUJ�WU�DWLN\DJODU�2008) 

�� OW� DWÕN� \D÷ÕQ� �� PLO\RQ� OLWUH� LoPH� VX\XQX� NLUOHWHELOGL÷L� ELOLQPHNWHGLU��
.XOODQÕOPÕú�ELWNLVHO�DWÕN�\D÷ODU�HYVHO�DWÕN�VX�NLUOLOL÷LQLQ����¶LQL�ROXúWXUPDNWDGÕU��$WÕN�
\D÷ODU� HNRWRNVLN� |]HOOL÷H� VDKLSWLU�� EXOXQGX÷X� RUWDPÕ� NLUOHWLU� YH� RUWDPGD� \DúD\DQ�
FDQOÕODUD�]DUDU�YHULU��$WÕN�VX�NLUOLOL÷LQLQ�����RUDQÕQGD�ND\QD÷ÕQÕ��NXOODQÕOPÕú�ELWNLVHO�YH�
KD\YDQVDO� \D÷ODU� ROXúWXUPDNWDGÕU�� $UÕWÕOPD\DQ� DWÕN� VXODUÕQ� LoLQGHNL� ELWNLVHO� YH�
KD\YDQVDO� DWÕN� \D÷ODU� GHQL]OHUH�� J|OOHUH� YH� DNDUVXODUD� G|N�OG�÷�� ]DPDQ� R� VX\XQ�
kirlenmesi YH� VXGDNL�RNVLMHQLQ�D]DOPDVÕ�VRQXFX�RUWDPGDNL�EDúWD�EDOÕNODU�ROPDN��]HUH�
GL÷HU�FDQOÕODU��]HULQGH�E�\�N�WDKULEDWD�\RO�DoPDNWDGÕUODU��$WÕN�\D÷ODUÕQ�N�o�N�IÕUÕQODUGD�
\DNÕOPDVÕ� LOH� LoLQGHNL� D÷ÕU� PHWDO� YH� NORU� ELOHúLPOHUL� DWÕN� KDYD� LOH� ELUOLNWH� DWPRVIHUH�
VDOÕQDUDN� KDYD\Õ� NLUOHWLU� YH� LQVDQ� VD÷OÕ÷ÕQD� ]DUDU� YHULU�� %X� QHGHQOH� EX� LúOHP�
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\DVDNODQPÕúWÕU�� .XOODQÕOPÕú� \D÷ODU� ODYDER\D� G|N�OG�÷�� ]DPDQ� GUHQ� VLVWHPLQH�
VÕYDQPDNWD� NDQDOL]DV\RQ� ERUXVX� LoLQGHNL� DWÕNODUÕQ� \DSÕúPDVÕQD� YH� ]DPDQOD� ERUXQXQ�
GDUDOPDVÕQD� QHGHQ� ROPDNWDGÕU�� .DQDOL]DV\RQD� G|N�OHQ� DWÕN� \D÷ODU� GL÷HU� DWÕNODUÕ�
WXWPDNWD� YH� NDQDOL]DV\RQ� VLVWHPLQLQ� NXOODQÕOPD]� KDOH� JHOPHVLQH� VHEHS�ROPDNWDGÕUODU��
%|\OHFH� DWÕN� VX� DUÕWPD� WHVLVOHULQH� ]DUDU� YHUPHNWH� YH� LúOHWPH�PDOL\HWLQL� DUWÕUPDNWDGÕU��
$%'¶GH� \DSÕODQ� ELU� DUDúWÕUPD\D� J|UH� ODYDER\D� G|N�OHQ� DWÕN� \D÷ODUÕQ� NDQDOL]DV\RQ�
VLVWHPOHULQLQ� ���� RUDQÕQGD� WÕNDQPDVÕQD� VHEHS� ROGX÷X� ELOGLULOPLúWLU�
(http://www.albiyobir.org.tr/atikyaglar/2008). 

$WÕN� ELWNLVHO� \D÷ODUÕQ� EL\RGL]HO� �UHWLPLQGH� NXOODQÕOÕ\RU� ROPDVÕ� \D÷ODUÕQ�
HNRQRPLN�GH÷HUL� LWLEDUL\OH�VD÷OÕNVÕ]�� \DVDGÕúÕ�NXOODQÕP�DODQODUÕQÕ�HQJHOOHPHVL��N�UHVHO�
ÕVÕQPD\D�NDUúÕ�P�FDGHOH�DUDFÕ�RODELOPHVL�JLEL�oHYUHVHO�YH�HNRQRPLN�DYDQWDMODUD�VDKLSWLU��
<ÕOGD� ���� ELQ� WRQ� DWÕN� \D÷ÕQ� EL\RGL]HOH� G|Q�úW�U�OPHVL� KDOLQGH� ���� ELQ� WRQ�\ÕO�
NDUERQGLRNVLW� VDOÕQÕPÕ� HQJHOOHQHFHN�� XOXVODUDUDVÕ� NDUERQ� SL\DVDVÕQGDQ� SD\� DOÕQDFDN��
\HQL� LVWLKGDP� DODQODUÕ� \DUDWÕODFDN� YH� ���� PLO\RQ� (XUR� GH÷HULQGH� WHPL]� HQHUML� HOGH�
edilecektir (http://www.atikbitkiselyag.com/icerikler/cevre04.htm). 

Çevre ve Orman BakanlÕ÷Õ¶nÕn atÕk motor ya÷larÕnÕn toplanmasÕ ve bertaraf 

edilmesi konusunda yetkilendirdi÷i Petrol Sanayi Derne÷i (PETDER) 2007 yÕlÕ boyunca 

baúta Marmara, øo Anadolu, Ege ve Karadeniz Bölgesi’nde olmak üzere toplam 78 ilde, 

10 bin 943 iúletmeden 15 bin 80 ton atÕk motor ya÷Õ� WRSODPÕúWÕU�� dHYUH� YH� 2UPDQ�
BakanlÕ÷Õ¶nÕn AB çevre yasalarÕna uyum sa÷lamak amacÕyla 21 Ocak 2004 tarihinde 

yayÕnladÕ÷Õ yönetmelik çerçevesinde yürütülen “atÕk motor ya÷Õ toplama” çalÕúmalarÕ 
kapsamÕnda 4 yÕl içerisinde toplanan atÕk ya÷ miktarÕ� LVH����ELQ����� WRQX�EXOPXúWXU�� 
PETDER’in yaptÕ÷Õ hesaplamalara göre, 2007 yÕlÕ içerisinde toplanan 15 bin 80 ton atÕk 

motor ya÷ÕnÕn enerji de÷eri 165 milyon kwh. elektrik enerjisine denk gelmektedir. 

PETDER yetkilileri, sadece 2007 yÕlÕnda toplanan atÕk motor ya÷larÕ ile 90 bin kiúinin 

bir yÕllÕk elektrik enerjisi ihtiyacÕna eúde÷er bir enerji geri kazanÕmÕ elde edildi÷ini 

açÕNODPÕúODUGÕU�� (Q� ID]OD� $WÕk Ya÷� $UDo� VHUYLVOHULQGHQ� WRSODQPÕúWÕU�� 
PETDER’in 2007 yÕlÕ boyunca topladÕ÷Õ atÕk ya÷larÕn sektörel da÷ÕlÕmÕ ise ú|yledir: 

Araç Servisleri % 64, kamu kuruluúlarÕ % 8, ya÷ üretim tesisleri % 7, belediyeler % 3, 

akaryakÕt istasyonlarÕ % 1 ve fabrikalar ile di÷er alanlar % 17’ dir.  
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�����<D÷�%LOHúHQOHULQLQ�Biyodizel Özelliklerine Etkisi 

 

7�UNL\HGH� �UHWLOHQ� EL\RGL]HO� 76� (1� ������ VWDQGDUGÕQD� X\JXQ� ROPDOÕGÕU�� %X�
VWDQGDUGD� X\JXQ� �UHWLOHQ� EL\RGL]HO� \DNÕWODU� RWRPRELO� PRWRUODUÕQD� KHUKDQJL� ELU� ]DUDU�
YHUPHGHQ� UDKDWOÕNOD�NXOODQÕODELOLUOHU��%X�VWDQGDUWODUD�X\PD\DQ�\DNÕtlar hem ekonomik 

ND\ÕSODUD�KHPGH�oHYUHVHO�]DUDUD�QHGHQ�RODELOLU��%X�QHGHQOH��UHWLOHQ�EL\RGL]HO�\DNÕWODUGD�
76�(1������¶�H�J|UH�EHOLUOHQHQ����SDUDPHWUH�oRN�KDVVDV�ELU�úHNLOGH�NRQWURO�HGLOPHOLGLU�� 

76� (1� ������ VWDQGDUGÕQGD� DQDOL]OHU� IL]LNVHO� YH� NLP\DVDO� ROPDk üzere ikiye 

D\UÕODELOLU��<|QWHPGH�NLQHPDWLN�YLVNR]LWH��\R÷XQOXN��SDUODPD�QRNWDVÕ��NDUERQ�NDOÕQWÕVÕ��
VX�LoHUL÷L�YH�RNVLGDV\RQ�NDUDUOÕOÕ÷Õ�IL]LNVHO�DQDOL]OHU�JUXEXQGD��HVWHU�LoHUL÷L��JOLVHULGOHU��
PHWDQRO�� DVLW� GH÷HUL�� L\RW� GH÷HUL�� N�N�UW�� VRG\XP�� SRWDV\XP� ve fosfor analizleri ise 

NLP\DVDO� DQDOL]� JUXEXQGD� HOH� DOÕQÕU�� %X� |]HOOLNOHUGHQ� VX� LoHUL÷L�� VHUEHVW� \D÷� DVLWOHUL��
SDUWLN�O� PDGGH�� IRVIROLSLGOHU�� N�N�UW� YH� L\RW� GH÷HUL� \D÷� NDOLWHVLQL� EHOLUOH\HQ�
SDUDPHWUHOHUGLU�� %L\RGL]HO� \DNÕWÕQ� NDOLWHVLQL� EHOLUOH\HQ� |]HOOLNler ise hammadde 

NDOLWHVL�VX� LoHUL÷L�� VHUEHVW� \D÷� DVLWOHUL�� SDUWLN�O� PDGGH�� IRVIROLSLGOHU�� N�N�UW� YH� L\RW�
GH÷HUL��� NLP\DVDO� |]HOOL÷LQL� EHOLUOH\HQ� IDNW|UOHU� �HVWHU� LoHUL÷L�� \R÷XQOXN�� DOHYOHQPH�
QRNWDVÕ�� N�N�UW� LoHUL÷L� YH� VHWDQ� VD\ÕVÕ�� �UHWLP� SURVHVL� IDNW|UOHUL� �HVWHUOHúPH�
UHDNVL\RQXQXQ� WDPDPODQPDVÕ�� VHUEHVW� JOLVHURO�� DONRO� LOH� NDWDOL]|U� NDOÕQWÕVÕ�� YLVNR]LWH��
L\RW� GH÷HUL� YH� DVLW� GH÷HUL�� YH� �UHWLP� VRQUDVÕ� IDNW|UOHUGLU� �� VX� LoHUL÷L� YH� GHSRODPD�
NDUDUOÕOÕ÷Õ���%X�IDNW|UOHULQ�WDPDPÕ�EL\RGL]HOLQ�NDOLWHVLQL�GLUHNW�RODrak etkilemektedir. 

<�NVHN�RUDQGD�GR\PXú�\D÷�DVLWOHULQGHQ�ROXúDQ�\D÷ODUÕQ��YLVNR]LWHVL�QHGHQL\OH��
ILOWUHGH�� HQMHNVL\RQ� SRPSDVÕ� YH� HQMHNW|UGH� NROD\� DNÕú� VD÷ODQDPDGÕ÷ÕQGDQ� SUREOHPOHU�
DoÕ÷D� oÕNDELOPHNWHGLU��<�NVHN�YLVNR]LWH� \�NVHN� SRPSDODPD� EDVÕQFÕ� JHUHNWLUPHktedir. 

.�o�N� YLVNR]LWHOL� \DNÕWODU� LVH�� \DNÕW� SRPSDVÕQGD� NDoDNODUD� \RO� DoPDNWDGÕUODU� 
%L\RGL]HOLQ� \�NVHN� YLVNR]LWH\H� VDKLS� ROPDVÕ� HVWHUOHúPH� UHDNVL\RQXQXQ�
WDPDPODQPDGÕ÷ÕQÕ�J|VWHULU��<�NVHN�YLVNR]LWH\H�VDKLS�EL\RGL]HO�HQMHNW|UGH�WÕNDQPD\D��
yetersiz püskürtmH�YH�VLOLQGLU�LoLQGH�NXUXPODúPD\D�QHGHQ�ROPDNWDGÕU� 

.LP\DVDO� DQDOL]� JUXEXQGD� EXOXQDQ� L\RW� GH÷HUL� \D÷ODUÕQ� GR\PXú� YH� GR\PDPÕú�
\D÷�DVLGL�LoHUL÷LQH�J|UH�GH÷LúPHNWHGLU��'R\PDPÕú�\D÷�RUDQÕ�G�ú�N�\D÷ODUGD�L\RW�GH÷HUL�
G�ú�N�EXQD�NDUúÕQ�\DNÕWÕQ�G�ú�N� VÕFDNOÕNODUGD�GRQPD�RODVÕOÕ÷Õ�\�NVHNWLU��Yüksek iyot 

GH÷HULQH� VDKLS� EL\RGL]HO� LVH� WRUWX� ROXúXPXQD�� DúÕUÕ� NDUERQ� NDOÕQWÕVÕ� ROXúXPXQD� YH�
GHSRODPD�NDUDUOÕOÕ÷ÕQÕQ�G�úPHVLQH�QHGHQ�ROPDNWDGÕU� 
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%L\RGL]HO� �UHWLP� DúDPDVÕQGD� \DQ� �U�Q� RODUDN� HOGH� HGLOHQ� JOLVHURO� \DNÕWWDQ�
X]DNODúWÕUÕODPDGÕ÷Õ� WDNGLUGH  GHSRGD� o|NHOPH\H�� \DNÕW� YLVNR]LWHVLQLQ� DUWPDVÕQD�� \DNÕW�
ILOWUHVLQLQ� WÕNDQPDVÕQD� YH� PRWRUGD� \DQPD� SUREOHPOHULQH� QHGHQ� ROPDNWDGÕU�� $\UÕFD�
\DNÕWÕQ� \R÷XQOX÷XQXQ� \�NVHN� oÕNPDVÕQD� QHGHQ� ROXU�� %XQXQ� GÕúÕQGD� EL\RGL]HOGHQ�
X]DNODúWÕUÕODPD\DQ�PHWDQROGH�\DNÕWÕQ�DOHYOHQPH�QRNWDVÕQÕ�G�ú�UPHNWHGLU� 
 %L\RGL]HOGH� EXOXQDQ� DVLW� GH÷HUL�� KDPPDGGH\H� J|UH� GH÷LúLNOLN� J|VWHUPHNWHGLU��
<�NVHN� RUDQGD� VHUEHVW� \D÷� DVLWOHUL� LoHUHQ� KDPPDGGH� ID]OD� PLNWDUGD� ED]� NDWDOL]|U��
KDUFD\DUDN�VDEXQ�ROXúWXUDFDNWÕU��+DPPDGGHQLQ�DVLW�LoHUL÷L�VRQ�GHUHFH�G�ú�N�ROPDOÕGÕU���
<D÷ODUÕQ�ELOHúHQOHUL�LoLQGH�VDEXQODúDQ�PDGGHOHU�VÕQÕIÕQGD�\HU�DODQ�IRVIROLSLGOHU�\DSÕúNDQ�
PDGGHOHULQ�JLGHULOPHVL��GHJXPPLQJ��LúOHPL\OH�RUWDPGDQ�X]DNODúÕUÕODELOLUOHU� Kalsiyum 

YH�PDJQH]\XP�YDUOÕ÷ÕQGD�IRVIROLSLGOHU�HP�OVL\RQ�ROXúWXUDELOPHNWHGLU�� 
6X�EL\RGL]HO�LoLQGH�\D�o|]�QP�ú�KDOGH�\D�GD�DVÕOÕ�GDPODFÕNODU�KDOLQGH�EXOXQXU��

%L\RGL]HO� VX� LoHUPHPHOLGLU�� 6X\XQ� YDUOÕ÷Õ� HQMHNVL\RQ� VLVWHPLQGHNL� SDUoDODUÕQ�
NRUR]\RQXQD�QHGHQ�ROPDNWDGÕU��$\UÕFD�VX�EL\RGL]HOGH�PLNUREL\RORMLN�JHOLúPHOHUH�NDWNÕ�
VD÷ODPDNWD�E|\OHFH�EL\RGL]HOLQ�DVLWOHQPHVLQH�YH�oDPXU�ROXúXPXQD�QHGHQ�ROPDNWDGÕU� 
 $\UÕFD�EL\RGL]HO�\DNÕWWD�EXOXQDQ�V�OI�U�VLOLQGLUGH�NDOÕQWÕ�HWNLVL�\DSDUNHQ�NDUERQ�
LVH�PRWRUGD�ELULNPH�\DSPDNWDGÕU��6HWDQ�VD\ÕVÕQÕQ�\�NVHN�ROXúX� LVH� WXWXúPD�YH�\DQPD�
NDOLWHVLQL�DUWÕUPDNWDGÕU�� 
 %L\RGL]HO� �UHWLP� V�UHFL� VRQUDVÕQGD� GLNNDWH� DOÕQPDVÕ� JHUHNHQ� |QHPOL� ELU�
SDUDPHWUHGH� ³GHSRODPD� |PU�´� G�U�� %X� WHULP�� VDGHFH� �UHWLFLQLQ� GHSRODUÕQGD� NDOGÕ÷Õ�
V�UH\L� GH÷LO� D\QÕ� ]DPDQGD� W�NHWLFLQLQ� NXOODQÕP� V�UHVLQL� GH� NDSVD\DQ� ELU� |]HOOL÷H�
VDKLSWLU�� d�QN�� GHSRODPD� NDUDUOÕOÕ÷Õ�� \DNÕWÕQ� X]XQ� ]DPDQ� GLOLPL� LoHULVLQGH� NLP\DVDO�
GLUHQFLQL�NRUX\DELOPH�\HWHQH÷L�RODUDN�G�ú�Q�OVH�GH�EL\RGL]HO�L\L�ELU�o|]�F��|]HOOL÷LQH�
VDKLSWLU� YH� D\QÕ� ]DPDQGD� GHSRODPD� DODQÕQGDNL� QHP�� NDWÕ� SDUWLN�l veya herhangi bir 

NLUOLOLNWHQ�NROD\OÕNOD�HWNLOHQGL÷L�LoLQ�NDUDUOÕOÕ÷Õ�NROD\OÕNOD�GH÷LúPHNWHGLU��%X�GD�]DPDQOD�
GHSRQXQ� GXYDUODUÕQGD� ELULNLQWLOHULQ� PH\GDQD� JHOPHVLQH� YH� \DNÕW� ILOWUHOHULQLQ�
WÕNDQPDVÕQD�NDGDU�X]DQDQ�ELU�V�UHFL�EDúODWPDNWDGÕU��+HU�QH�NDGDU�ELyodizel üreticileri 

�UHWLPGHQ� NÕVD� ELU� V�UH� ��-�� D\�� VRQUD� ELRGL]HOLQ� W�NHWLOPHVLQL� |QHULUOHUVH� GH� \DNÕWÕQ�
GH÷LúLPLQL�KÕ]ODQGÕUDQ�WHPHO�IDNW|UOHU��\D÷ÕQ�LoHUGL÷L�oRNOX�GR\PDPÕú�\D÷�DVLGL�LoHUL÷L�
ve transesterifikasyon yönteminden kaynaklanmakta, zamanla yaNÕWÕQ� YLVNR]LWHVL� YH�
DVLWOL÷L� GH� DUWPDNWDGÕU�� Bu noktada önemli parametrelerden biriside biyodizel 

QXPXQHOHULQLQ� LoHUGL÷L� OLQROHQLN� DVLW� PLNWDUÕGÕU�� .XOODQÕODQ� \D÷D� ED÷OÕ� RODQ� EX�
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SDUDPHWUH��EL\RGL]HOLQ�VR÷XN�DNÕú�|]HOOLNOHUL��]HULQGH�VRQ�GHUHFH�HWNLOLGLU��%XQD�NDUúÕQ��
UHDNVL\RQ� NRúXOODUÕ� GD�� EL\RGL]HOLQ� GHSRODPD� NDUDNWHUL� �]HULQGH� EHOLUJLQ� ELU� HWNL\H�
VDKLSWLU�� 'HSRODPD� NDUDNWHUL�� VDGHFH� EL\RGL]HO� �UHWLFLVLQLQ� GHSRVXQGD� NDOGÕ÷Õ� V�UHFL�
GH÷LO� W�NHWLFLQLQ� \DNÕW� GHSRVXQGD� NDODQ� V�UHFL� GH� NDSVDGÕ÷Õ� LoLQ� EL\RGL]HO üreticisi 

�UHWLP� DQÕQGD� NXOODQGÕ÷Õ� \D÷ÕQ� |]HOOLNOHULQH� ED÷OÕ� RODUDN� UHDNVL\RQ� NRúXOODUÕQÕ�
VHoPHOLGLU�� <D÷ÕQ� LoHUGL÷L� GR÷DO� DQWLRNVLGDQ� LoHUL÷L� ND\EROGX÷X� |Oo�GH� KDQJL� \D÷�
NXOODQÕOÕUVD�NXOODQÕOVÕQ��UHWLOHQ�EL\RGL]HO�QXPXQHOHUL�RNVLGDV\RQ�VWDELOLWHOHUL�NRQXsunda 

VWDQGDUWODUÕ� \DNDOD\DPD\DFDN� YH� �UHWLFL� DQWLRNVLGDQ� NXOODQDUDN� EXQX� WHODIL� HWPH\H�
oDOÕúDFDNWÕU� 
 

�����(1=ø0/(5 

 

 (Q]LPOHU�� K�FUHOHUGH� EL\RNLP\DVDO� UHDNVL\RQODUÕ� NDWDOL]� HGHQ� SURWHLQGHQ�
\DSÕOPÕú� PROHN�OOHUGLU� �:LVHPDQ� ������� .HOLPH� DQODPÕ� LWLEDUL\OH� Hnzim 

µPD\D IHUPHQW¶�DQODPÕQD�JHOPHNWHGLU��øQVDQR÷OX�oRN�HVNL�]DPDQODUGDQ�EHUL�HQ]LPDWLN�
UHDNVL\RQODUGDQ�\DUDUODQPÕúODUGÕU��<R÷XUW��HNPHN��VLUNH��ER]D�YH�SH\QLU�\DSÕPÕ�EXQODUD�
|UQHN�YHULOHELOLU��+�FUHOHUGH�RUJDQLN�PDGGHOHULQ�\DSÕOPDVÕ�YH�\ÕNÕOPDVÕ��VLQGLULP, kas 

NDVÕOPDVÕ�� K�FUH� VROXQXPX� JLEL� |QHPOL� IL]\RORMLN� IDDOL\HWOHU� oHúLWOL� HQ]LPOHULQ�
PHWDEROL]PD� UHDNVL\RQODUÕ� VRQXFXGXU� YH� E�W�Q� EX� UHDNVL\RQODU� HQ]LPOHULQ� NDWDOLWLN�
HWNLVL\OH�P�PN�Q�ROPDNWDGÕU�� 
 

�������(Q]LPOHULQ�<DSÕVÕ 
 

(Q]LPOHULQ� ELU� E|O�P�� \DOQÕ]� SURWHLQGHQ� ROXúXUNHQ� GL÷HUOHUL� DSRHQ]LP� YH�
NRHQ]LP�GHQLOHQ�LNL�NÕVÕPGDQ�PH\GDQD�JHOPHNWHGLU��(Q]LPOHULQ�HWNLOH\HUHN�GH÷LúLNOL÷H�
X÷UDWWÕ÷Õ� PROHN�OH� LVH� VXEVWUDW� DGÕ� YHULOLU�� (Q]LPOHU� EL\RNLP\DVDO� UHDNVL\RQODUGD�
VXEVWUDWÕ�GH÷LúWLULS��U�QH�G|Q�úW�U�UNHQ�NHQGLOHUL�KLo�GH÷LúLNOL÷H�X÷UDPD]ODU��(Q]LPOHU�
FDQOÕ�K�FUHOHU�WDUDIÕQGDQ�EL\RORMLN�NRúXOODUGD�VHQWH]OHQLUNHQ��DNWLYLWH�J|VWHUPHOHUL�LoLQ�
K�FUH� LoLQGH� EXOXQPDODUÕ� JHUHNPHPHNWHGLU�� (Q]LPOHULQ� DNWLYLWH� J|VWHUPHOHUL� LoLQ�
JHUHNOL� RODQ� YH� SURWHLQ� \DSÕVÕQGD� ROPD\DQ� JHQHOOLNOH� PHWDO� L\RQODUÕQGDQ� PH\GDQD�
JHOPLú�RODQ�\DQ�JUXSODUÕQD�NRIDNW|U�DGÕ�YHULOPHNWHGLU��(Q]LPOHULQ�oR÷X�NRIDNW|U�RODUDN�
Cu+2, Fe+2, Zn+2 ve Mg+2 gibi iyonlara gereksinim duyar. Enzimlerin aktivite 
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J|VWHUPHOHUL�LoLQ�LKWL\Do�GX\GXNODUÕ�RUJDQLN�PROHN�OOHUH�LVH�NRHQ]LP�DGÕ�YHULOPHNWHGLU��
2UJDQLN� PROHN�O� HQ]LPLQ� SURWHLQ� NÕVPÕ� LOH� ROGXNoD� VÕNÕ� ELUOHúPLú� YH� GLVVRVL\H�
ROPX\RUVD� SURVWHWLN� JUXS� DGÕQÕ� DOPDNWDGÕU�� .RHQ]LPOHU� HQ]LPOHULQ� NRSDUGÕ÷Õ� \DGD�
HNOHGL÷L� NLP\DVDO� JUXSODUÕQ� WDúÕ\ÕFÕVÕ� RODQ� RUJDQLN�PROHN�OOHUGLU��.oenzimlerin öncül 

PROHN�OOHUL�YLWDPLQOHUGLU��9LWDPLQOHU�Y�FXWWD�XIDN�GH÷LúLNOLNOHUOH�NRHQ]LPOHUL�PH\GDQD�
JHWLULUOHU�� (÷HU� HQ]LP� NRHQ]LPL� \DGD� NRIDNW|U�� LOH� ELUOLNWH� YH� NDWDOLWLN� GXUXP�
EDNÕPÕQGDQ�WDPDPHQ�DNWLI�GXUXPGD�LVH�HQ]LPLQ�EX�KDOLQH�KRORHQ]LP�DGÕ�YHUilmektedir. 

(÷HU� NRHQ]LP� YH� NRIDNW|U� HQ]LPGHQ� D\UÕODFDN� ROXUVD� YH� HQ]LPGH� LQDNWLI� KDOH� JHOLUVH�
HQ]LPLQ�EX�KDOLQH�LVH�DSRHQ]LP�DGÕ�YHULOPHNWHGLU��(Q]LPGHNL�SURWHLQ�NÕVÕP��DSRHQ]LP�
NÕVPÕ�� HQ]LPLQ� KDQJL� PDGGH\H� HWNL� HGHFH÷LQL� EHOLUOHU�� (Q]LPLQ� NRHQ]LP� NÕVPÕ� Lse 

eQ]LPGH�LúOHY�J|UHQ�YH�HVDV�Lú�\DSDQ�NÕVÕPGÕU�(Tekman ve Öner 1998). 

 

 �������(Q]LPOHULQ�6ÕQÕIODQGÕUÕOPDVÕ 
 

 8OXVODUDUDVÕ� %L\RNLP\D� %LUOL÷L� (Q]LP� .RPLV\RQX� HQ]LPOHUL� NDWDOL]� HWWLNOHUL�
genel reaksiyon tipinin sonuna “-az” eki getirmek suretiyle; oksidoredüktazlar, 

WUDQVIHUD]ODU�� KLGUROD]ODU�� OL\D]ODU�� L]RPHUD]ODU� YH� OLJD]ODU� ROPDN� �]HUH� DOWÕ� VÕQÕID�
D\ÕUPÕúWÕU�� 

2NVLGRUHG�NWD]ODU� UHGRNV� WHSNLPHOHULQL� NDWDOL]OH\HQ� HQ]LP� VÕQÕIÕGÕU�� gUQHN�
olarak Laktat, dehidrojenaz ve katalaz enzimleri verilebilir. Bu enzimler kendi içinde 

EHúH�D\UÕOÕUODU� 
D��'HKLGURJHQD]ODU��HOHNWURQ�ND]DQGÕUÕFÕ�WHSNLPHOHUL�HWNLOHUOHU� 
b) Oksidazlar: Elektron kaybeden tepkimeleri etkilerler. 

F��5HG�NWD]ODU��6XEVWUDWÕ�ELU� UHG�NW|U� DUDFÕOÕ÷Õ\OD� LQGLUJH\HQ�HQ]LPOHUH�GHQLU�� |UQH÷LQ�
asetaldehit redüktaz, asetaldehiti alkole redükler. 

G��7UDQVKLGURJHQD]ODU��%LU�PROHN�OGHQ�GL÷HULQH�KLGURMHQ�WDúÕ\DUDN�RQX�UHG�NOHUOHU� 
H�+LGURNVLOD]ODU��6XEVWUDWODUÕQD�ELU�KLGURNVLO�\D�GD�VX�PROHN�O��NDWDQ�HQ]LPOHUH�GHQLU��
|UQH÷LQ�� IHQLODODQLQ� KLGURNVLOD]� ELU� KLGURNVLO grubunu fenilalanine ekleyerek onu 

WLUR]LQH�G|Q�úW�U�U� 
7UDQVIHUD]�HQ]LPOHUL�KLGURMHQLQ�GÕúÕQGD�ELU�DWRPXQ�YH\D�DWRP�JUXEXQXQ��PHWLO��

NDUERNVLO�� JOLNR]LO�� DPLQR�� IRVIDW� JUXSODUÕ�� ELU� PROHN�OGHQ� GL÷HULQH� DNWDUÕOPDVÕQÕ�
VD÷OD\DQ�HQ]LPOHUGLU��$VSDUWDW�WUDQVDPinaz, alanin transaminaz, heksokinaz ve kreatin 
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kinaz örnek verilebilir. Bu grup içindeki Dekarboksilazlar Karboksilik asitlerden CO2 

PROHN�O�Q�Q�oÕNPDVÕQÕ�VD÷ODUODU� 
Hidrolaz enzimleri bir molekül su sokmak suretiyle ya da su molekülü 

DUDFÕOÕ÷Õ\OD�PROHN�OOHULQ�\ÕNÕOPDVÕQÕ�VD÷OD\DQ�HQ]LPOHUGLU��(VWHU��SHSWLW��DVLWDQKLGULW�YH�
JOLNR]LGLN� ED÷ODUÕQD� HWNL� HGHUOHU�� /LSD]��.-amilaz tripsin, kolesterol esteraz v alkalen 

fosfataz örnek enzimlerdir. Bu grup içinde; 

D�� (VWHUD]ODU�� (VWHU� ED÷ÕQÕ� \ÕNDQ� HQ]LPOHU� RODUDN� ELlinirler. Bunun içinde lipaz, 

ribonükleaz, fosfataz, pirofosfataz ve glikozidaz bulunur. 

E��3URWHD]ODU��3HSWLW�ED÷ÕQÕ�\ÕNDQ�H]LPOHUGLU��SURWHLQD]�� 
 

/L\D]ODU� VX� PROHN�O�� oÕNDUPDGDQ�PROHN�OOHUL� \ÕNDQ� HQ]LPOHUGLU�� |UQH÷LQ�&-C 

ED÷Õ�� DOGROD]� YH� GHNDUERNVLOD]OD� \ÕNÕOÕU�� .H]D� &-0 ve C-1� ED÷ÕQÕ� \ÕNDQ� OL\D]ODU� GD�
YDUGÕU��3�ULYDW�GHNDUERNVLOD]��VLWUDW�VHQWD]�YH�DGHQLODW�VLNOD]�|UQHN�YHULOHELOLU� 

ø]RPHUD]� HQ]LPOHUL� PROHN�O� LoLQGH� GH÷LúLNOLN� \DSDUDN� RQXQ� X]D\GD� GL]LOLúLQL�
GH÷LúWLUHQ�HQ]LPOHUGLU��gUQH÷LQ�UDVHPD]��HSLPHraz. 

Ligazlar (Sentetazlar) ise enerji kullanarak substrat moleküllerinin birbirine 

ED÷ODQPDVÕQÕ�VD÷ODUODU��$PLQR�DVLWOHULQ�YH�\D÷�DVLWOHULQLQ�DNWLIOHúPHVL�|UQHN�YHULOHELOLU� 
 

�������(Q]LPOHULQ�dDOÕúPDVÕQD�(WNL�(GHQ�)DNW|UOHU 

 

���������6ÕFDNOÕN 

 

Enzim reakVL\RQODUÕQÕQ� KÕ]Õ� VÕFDNOÕN� DUWÕúÕ\OD� DUWDU�� 6ÕFDNOÕ÷ÕQ� ��� �&�
\�NVHOPHVL\OH� WHSNLPH� KÕ]Õ� RUWDODPD� LNL� PLVOL� DUWDU�� %|\OHFH� WHSNLPH� KÕ]ÕQÕQ�
\�NVHOPHVL�� VÕFDNOÕNOD� GR÷UX� RUDQWÕOÕGÕU�� )DNDW� EHOLUOL� ELU� QRNWDGDQ� LWLEDUHQ� UHDNVL\RQ�
KÕ]Õ�G�úPH\H�EDúODU�YH�WDPDPHQ�GXUXU��(Q]LPLQ�HQ�L\L�oDOÕúDELOHFH÷L�VÕFDNOÕ÷D�RSWLPXP�
VÕFDNOÕN� GHQLU�� <�NVHN� VÕFDNOÕNODUGD� HQ]LPOHU� HWNLVL]GLUOHU� �JHQHOOLNOH� ��-60 °C' de). 

%D]Õ� ÕOÕFDODUGD� \RVXQODU� ��� �&
GH� \DúDELOLUOHU�� IDNDW� EXQXQ� �]HULQGHNL� VÕFDNOÕNODUGD�
enzimleri tamamen koagüle olXU� YH� ELU� GDKD� HWNLOL� KDOH� JHoHPH]��2SWLPXP�QRNWDQÕQ�
ELUD]� �]HULQGH� HQ]LPOHU� HWNLVL]� ROPDVÕQD� NDUúÕQ�� VÕFDNOÕN� G�ú�QFH� WHNUDU� HWNLOL� KDOH�
JHoHELOLUOHU�� )DNDW� EX� VÕFDNOÕ÷ÕQ� GHYDPÕ� \D� GD� VÕFDNOÕ÷ÕQ� ELUD]� GDKD� \�NVHOPHVL�
HQ]LPOHULQ� HWNLQOL÷LQL� WDPDPHQ�RUWDGDQ�NDOGÕUÕU��(Q]LPOHULQ�HWNLVL]�KDOH�JHoPHOHUL� LOH�
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SURWHLQOHULQ� NRDJ�OH� ROPDVÕ� DUDVÕQGD� E�\�N� ELU� LOLúNLQLQ� ROPDVÕ�� RQODUÕQ� E�\�N� ELU�
NÕVPLQLQ�SURWHLQOHUGHQ�\DSÕOGÕ÷ÕQÕ�NDQÕWODPDNWDGÕU��'R÷DO�RODUDN�HQ]LPOHU��SURWHLQOHULQ�
ELU� NÕVPÕ� JLEL� �o�QF�O� \DSÕ\D� VDKLSWLU� YH\D� HQ� D]ÕQGDQ� PROHN�OOHULQLQ� ELU� NÕVPÕ� EX�
\DSÕGDGÕU��)DNDW�\�NVHN�VÕFDNOÕNODUGD�EX�KHOR]RQLN�\D�GD��o�QF�O�\DSÕ�SDUoDODQGÕ÷ÕQGDQ�
\D� GD� ELUELUL� �]HULQH� \Õ÷ÕOGÕ÷ÕQGDQ�� SURWHLQ� NRDJ�OH� ROXU� YH� HQ]LP� HWNLVL]� KDOH� JHoHU��
gUQH÷LQ� V�W�Q� ND\QDWÕOPDVÕQGD�� EDNWHUL� HQ]LPOHULQLQ� HWNLVL]� KDOH� JHoPHVL� LOH� HNúLPH�
|QOHQLU�� '�ú�N� VÕFDNOÕNODU� HQ]LPLQ� HWNLQOL÷LQL� D]DOWÕU�� ��&
� GH� HQ]LP� \D� KLo� HWNL�
J|VWHUPH]� \D� GD� oRN� D]� LúOHY� J|VWHULU�� )DNDW� VR÷X÷XQ� HQ]LPLQ� \DSÕVÕQÕ� ER]GX÷X�
J|U�OPHPLúWLU��2UWDPÕQ�VÕFDNOÕ÷Õ�HVNL�KDOH�G|QG�÷�QGH�HWNLQOLN�\LQH�EDúODU��'RQGXUPDN�
VXUHWL\OH�EHVLQ�PDGGHOHULQLQ�VDNODQPDVÕ�HQ]LPOHULQ�HWNLVL]�KDOH�JHoLULOPHVL\OH�VD÷ODQÕU�
YH� EX� ROD\D� |UQHN� RODUDN� YHULOHELOLU�� øQVDQ� Y�FXGXQGD� HQ]LPOHU� oR÷XQOXNOD� ���&
� GH�
RSWLPXP�HWNLQGLUOHU��'DKD�\�NVHN�VÕFDNOÕNODUGD��oRFXNODUGD����&��\HWLúNLQOHUGH����&��
HQ]LPOHU�HWNLVL]OHúLUOHU�YH�JHQHOOLNOHGH�NRDJ�OH�ROXUODU� 

 

1.5.3.2. pH 

 

(Q]LPOHU�S+�GH÷LúLPLQH�NDUúÕ�oRN�GX\DUOÕGÕUODU��*HQHOOLNOH�oRN� ID]OD�DVLGLN�YH�
DONDOLN�RUWDPGD�HWNLVL]GLUOHU��%D]Õ�KDOOHUGH�HQ]LPOHU�HQ�\�NVHN�HWNLQOL÷L�EHOLUOL�ELU�S+�
GHUHFHVLQGH� J|VWHULUOHU�� %X� S+� GHUHFHVLQH� �2SWLPXP� S+�� GHQLU�� gUQH÷LQ�� SURWHLQL�
SDUoDOD\DQ� SHSVLQ��PLGHQLQ� S+ � �
GHNL� DVLGLN� RUWDPÕQGD�PDNVLPXP� oDOÕúÕU�� EXQD� ]ÕW�
RODUDN�SDQNUHDVWDQ�VDOJÕODQDQ�YH�\LQH�SURWHLQ�VLQGLULPLQGH�URO�DODQ�WULSVLQ��DQFDN�S+¶QÕQ�
����ROGX÷X�RUWDPGD�RSWLPXP�RODUDN�oDOÕúDELOLU��(Q]LPOHULQ�UHDNVL\RQ�HWNLQOL÷LQLQ�S+�LOH�
LOJLOL� ROPDVÕQÕQ� QHGHQL�� \DSÕODUÕQGD� SURWHLQOHUL� WDúÕPDODUÕQGDQGÕU�� S+
D� ED÷OÕ� RODUDN�
SURWHLQ�PROHN�O�� �]HULQGH� oHúLWOL� HOHNWULN� \�NOHQPHOHUL� YH� EXQD� ED÷OÕ� RODUDN� GÕú� \�]�
úHNOL���o�QF�O�\DSÕ��PH\GDQD�JHOPHNWH�YH�VXEVWUDWOD-HQ]LP�X\XúPDVÕQÕ�VD÷ODPDNWDGÕU��
Belki de bu elektrik yüklenmesi enzim-VXEVWUDW� DUDVÕQGDNL� oHNLFLOL÷L� DUWÕUPDNWDGÕU��
2UWDPÕQ� NXYYHWOL� DVLGLN� \DGD� NXYYHWOL� ED]LN� ROPDVÕ\OD� HQ]LPOHU� NRDgüle olurlar. 

 

1.5.3.3. (Q]LP�6XEVWUDW�'HULúLPL 
 

(Q]LP� UHDNVL\RQXQXQ� KÕ]Õ� JHQHO� RODUDN� HQ]LP� NRQVDQWUDV\RQX� LOH� RUDQWÕOÕGÕU��
(÷HU� S+� YH� VÕFDNOÕN� VDELW� WXWXOXUVD�� HQ]LP�VXEVWUDW� GHULúLPL� DUDVÕQGDNL� RUDQD� ED÷OÕ�
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RODUDN�WHSNLPH�KÕ]Õ�J|]OHQHELOLU��6XEVWUDWÕQ�\D�GD�HQ]LPLQ�ID]OD�ROPDVÕ�EX�KÕ]Õ�GH÷LúLN�
úHNLOOHUGH�HWNLOH\HELOLU��%RO�VXEVWUDW�EXOXQDQ�ELU�RUWDPD�HNOHQHFHN�HQ]LP�� VRQ��U�Q�Q�
PLNWDUÕQÕ�DUWÕUDFDNWÕU��6DELW�HQ]LP�NRQVDQWUDV\RQXQGD�HQ]LP�UHDNVL\RQXQXQ�KÕ]Õ�EHOLUOL�
bir noktaya kadar substrat konsantrasyonu LOH� DUWPDNWDGÕU�� %XQGDQ� VRQUD� LVH� VXEVWUDW�
NRQVDQWUDV\RQXQXQ�DUWPDVÕ�UHDNVL\RQ�KÕ]ÕQÕ�GH÷LúWLUPHPHNWHGLU� 
 

1.5.3.4. Su Etkisi 

 

(Q]LPOHULQ� E�\�N� ELU� NÕVPÕ� LúOHYOHULQL� VX� LoHULVLQGH� J|VWHUGLNOHULQGHQ�� VX\XQ�
PLNWDUÕ�GD�HQ]LP�LúOHYLQGH�|QHPOL�ELU�SDUDPHWUHGLU��*HQHOOLNOH����
LQ�DOWÕQGD�VX�LoHUHQ�
RUWDPODUGD�� HQ]LPOHU� LúOHY� J|VWHUPH]OHU�� 5HoHO� YH� SHNPH]� \DSÕPÕQGD� EX� IDNW|U�
|QHPOLGLU�� 6XODQGÕUÕODQ� UHoHOLQ�� EDOÕQ� \D� GD� SHNPH]LQ� PD\DODQPDVÕ� YH� HNúLPHVL�
HQ]LPOHULQ�DNWLI�KDOH�JHoPHVLQGHQ�GROD\ÕGÕU� 
 

1.5.3.5. øQKLELW|U (Önleyici) Etkisi 

 
(Q]LP�UHDNVL\RQODUÕQÕ�\DYDúODWDQ�YH\D�HQJHOOH\HQ�PDGGHOHUH�LQKLELW|UOHU�GHQLU��

6XEVWUDWODUD� oRN� EHQ]H\HQ� EX� PDGGHOHU� HQ]LPOHUOH� ELUOHúHUHN�� HQ]LPL� HWNLVL]� KDOH�
JHWLUPHNWHGLUOHU��%D]Õ�LQKLELW|UOHU�LVH��HQ]LPOHUOH�ELUOHúLS�HQ]LPLQ�SDUoDODQPDVÕQD�QHGHQ�
ROPDNWDGÕUODU��$QWLEL\RWLNOHULQ�Y�FXWWDNL�HWNL�PHNDQL]PDVÕ�EX�VLVWHPH�J|UH�LúOHU��%D]Õ�
PDGGHOHU� LVH�� HQ]LPLQ� VXEVWUDWÕQÕ� YH\D� DNWLI� PDGGHVLQL� ER]DUDN� UHDNVL\RQX�
HQJHOOHPHNWHGLU��%XQODUD�|UQHN�RODUDN�ED]Õ�LODoODUÕ��DQWLEL\RWLNOHU���ED]Õ�]HKLUOHUL��\ÕODQ��
DNUHS��DUÕ�]HKLUL��VL\DQ�U��DUVHQLN���]LUDL�LODoODU�YH�D÷ÕU�PHWDOOHUL��NXUúXQ��EDNÕU�YH�FLYD��
verebiliriz. 

 
1.5.3.6. $NWLYDW|U��$NWLIOHúWLULFL��(WNLVL 
 

(Q]LP� UHDNVL\RQODUÕQÕ� KÕ]ODQGÕUDQ� PDGGHOHUH� ³DNWLYDW|U´� GHQLU�� g]HOOLNOH�
mangan, nikel, klor� YH� PDJQH]\XP� L\RQODUÕ� HQ]LPOHULQ� HWNLQOL÷LQL� DUWÕUDQ� L\RQODUGÕU��
%D]Õ� DNWLYDW|UOHU�� HQ]LPLQ� VXEVWUDWÕ� LOH� ELUOHúPHVLQL� NROD\ODúWÕUÕUNHQ�� ED]ÕODUÕ� HQ]LPLQ�
DNWLI�\�]H\LQL�GDKD�GD�DNWLI�KDOH�JHWLUHUHN�UHDNVL\RQ�KÕ]ÕQÕ�DUWÕUPDNWDGÕU��gUQHN�RODUDN�
panzehirler,�HQ]LPH�ED÷ODQPÕú�RODQ�]HKLUL�NHQGLQH�ED÷OD\DUDN�HQ]LPLQ�VHUEHVW�NDOPDVÕQÕ�
YH� HQ]LPDWLN� UHDNVL\RQODUÕQ� QRUPDO� VH\ULQGH� GHYDP� HWPHVLQL� VD÷ODUODU�� g]HWOH�
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DNWLYDW|UOHU�HQ]LP�DNWLYLWHVLQL�DUWÕUDQ��+2S, KCN ve sistein gibi inorganik veya organik 

maddelerdir. 

 

1������(Q]LP�5HDNVL\RQODUÕQÕQ�.LQHWL÷L 
 

 (Q]LP�WHSNLPHVLQLQ�KÕ]Õ��HQ]LP�HWNLVL\OH�ELULP�]DPDQGD�RUWD\D�oÕNDQ��U�Q�Q�\D�
GD� ND\ERODQ� VXEVWUDWÕQ� PLNWDUÕ\OD� |Oo�OHUHN� KHVDSODQDELOPHNWHGLU�� %LU� HQ]LPLQ�
PROHN�OVHO� HWNLQOL÷L� RSWLPXP� NRúXOODUGD� ELU� HQ]LP�PROHN�O�� WDUDIÕQGDQ� ELU� GDNLNDGD�
G|Q�úW�U�OHQ� VXEVWUDW� PROHN�OOHULQLQ� VD\ÕVÕGÕU�� $VOÕQGD� HWNLQOLN� oR÷X� ]DPDQ� |]J�O�
HWNLQOLN� ELoLPLQGH� \DQL� PLOLJUDP� SURWHLQ� EDúÕQD� HQ]LP� ELULPL� VD\ÕVÕ� LOH� LIDGH�
HGLOPHNWHGLU�� %LU� HQ]LP� ELULPL� ELU� GDNLNDGD� YH� RSWLPXP� NRúXOODUGD� ELU� PLNro mol 

VXEVWUDWÕ��U�QH�G|Q�úW�UHQ�HQ]LP�PLNWDUÕ�RODUDN�WDQÕPODQPDNWDGÕU� 
 (Q]LP�UHDNVL\RQODUÕQÕQ�NLQHWL÷LQL�DoÕNODPDN�LoLQ�JHQHO�RODUDN�NDEXO�HGLOHQ�WHRUL�
Michaelis-Menten teorisidir. Bu teoriye göre enzim (E)’in substrat (S) üzerine etkisi iki 

safhada meyGDQD� JHOPHNWHGLU�� %LULQFL� VDIKDGD� DSRHQ]LP�� NRIDNW|U� HWNLOHúLPL\OH�
VXEVWUDWOD� ELUOHúLU� YH� DUD� �U�Q� RODQ� ³HQ]LP-substrat kompleksi” (ES) meydana gelir. 

%XQD� 0LFKDHOLV� NRPSOHNVL� DGÕ� YHULOLU�� 0LFKDHOLV� NRPSOHNVL� WHúHNN�O� HWWLNWHQ� VRQUD�
VXEVWUDWWDNL� ED÷� NRSPDN� �]HUH� DNWLYH� ROXU�� øNLQFL� VDIKDGD� LVH� DNWLYH� HGLOPLú�
kompleksten enzim ve enzimatik reaksiyon ürünleri (P) serbest hale geçer. Bu durum 

����������YH����������GHQNOHPOHULQGH�J|VWHULOPLúWLU�� 
 

                                                      ESSE
k

→+ 1               1.5.4.1.   

 

                                                     PEES
k

+→ 3                                            1.5.4.2. 

 

Her iki reaksiyon da tersinir olarak kabul edilir. k1, k3 ve k4�DLW�ROGXNODUÕ�UHDNVL\RQODUÕQ�
KÕ]�VDELWOHULGLU��øNLQFL�UHDNVL\RQXQ��HQ]LP�UHDNVL\RQXQXQ�oRN�HUNHQ�VDIKDODUGD�\DQL�oRN�
NÕVD� ]DPDQ� LQFHOHQGL÷L� YDUVD\ÕOÕUVD� UHDNVL\RQ� �U�Q�Q�Q� NRQVDQWUDV\RQX� oRN� G�ú�N�
RODFDN�YH�EXQXQ�VRQXFX�RODUDN�HQ]LP�VXEVWUDW�NRPSOHNVLQLQ��HúLWOLN����������� 
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                                                     ESPE
k→+ 4                                           1.5.4.3. 

 

UHDNVL\RQX� LOH� VRQ� GHUHFH� D]� RODFD÷ÕQGDQ� EX� UHDNVL\RQ� LKPDO� HGLOHELOLU��5HDNVL\RQXQ�
WDPDPÕ�GDKD�EDVLW�ELU�úHNLOGH�HúLWOLN���������¶WHNL�JLEL�\D]ÕODELOLU� 
 

 

                                           PEESSE
kk

+→→+ 31                            1.5.4.4. 

 
 
 

1.5.5. Enzim Aktivite Ölçüm Yöntemleri 

 

(Q]LP�DNWLYLWH�WD\LQLQGH�oHúLWOL�\|QWHPOHU�NXOODQÕOPDNWDGÕU��$NWLYLWH�WD\LQOHULQGH 
genHOOLNOH�\D�ND\ERODQ�VXEVWUDW�PLNWDUÕ�\DGD�PH\GDQD�JHOHQ��U�Q�PLNWDUÕ�WD\LQ�HGLOHUHN�
HQ]LPOHULQ�DNWLYLWHOHUL�|Oo�O�U��dR÷XQOXNOD�K�FUHGHNL�HQ]LP�SURWHLQLQL�WD\LQ�HWPHN�oRN�
]RUGXU��%XQXQ�\HULQH�ND\ERODQ�VXEVWUDW�YH\D�ROXúDQ��U�Q��|OoHUHN�HQ]LP�KDNNÕQGD�ELU�
fLNLU�VDKLEL�RODELOLUL]��(Q]LP�DNWLYLWH�WD\LQLQGH�\|QWHP�VHoHUNHQ�PHWRGXQ�SUDWLN�ROXúXQD�
YH� NÕVD� V�UHGH� \DSÕOÕúÕQD�� D\UÕFD� KDVVDV� ROXúXQD� GD� |]HQ� J|VWHUPHN� JHUHNLU��$úD÷ÕGD�
DNWLYLWH�WD\LQLQGH�NXOODQÕODQ�ED]Õ�WHULPOHU�YH�QH�DQODPD�JHOGL÷L�EHOLUWLOPLúWLU�� 

Ünite:�%LU�PLNURPRO�VXEVWUDWÕ�ELU�GDNLNDGD�YH�RSWLPDO�NRúXOODUGD��U�QH�oHYLUHQ�
HQ]LP� PLNWDUÕ� ELU� �QLWH� RODUDN� NDEXO� HGLOPHNWHGLU�� (Q]LP� �QLWHOHUL� 8,� úHNOLQGH�
gösterilmektedir. 

Spesifik Aktivite:�%LU�PLOLJUDP�SURWHLQGH�EXOXQDQ� HQ]LP��QLWH� VD\ÕVÕ� VSHVLILN�
aktivite olarak kabul edilir. Spesifik aktivite ünite/mg protein olarak kabul edilmektedir. 

(Q]LP� DNWLYLWH� WD\LQLQGH� NXOODQÕODQ� \|QWHPOHUL� \HGL� EDúOÕN� DOWÕQGD� WRSOD\DELOLUL]�� %X�
yöntemler Spektrofotometrik yöntem, Monometrik yöntem, Thunberg yöntemi, Elektrot 

yöntemi, Polimerik yöntem, Kromatografik yöntem ve Kimyasal tayin yöntemi olarak 

VÕUDODQÕU� 
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1.5.5.1. Spektrofotometrik Yöntem 

 

3HNoRN� HQ]LP� VXEVWUDWÕ�� �U�Q�� YH\D� NRHQ]LPL�� J|U�OHQ� ÕúÕNWD� YH\D� XOWUDYL\ROH�
ÕúÕNWD� ELU� WHSH� GH÷HUL� J|VWHUHUHN�� DEVRUEDQV� YHUPHNWHGLU�� %X� WDNGLUGH� \D� VXEVWUDWÕQ�
ND\EROPDVÕ� \DGD� �U�Q�Q� PH\GDQD� JHOLúL� JLEL� NRHQ]LPGHNL� GH÷LúLNOLN�
VSHNWURIRWRPHWUHGHQ� WD\LQ� HGLOLU�� 6SHNWURIRWRPHWULN� \|QWHP� NROD\OÕ÷Õ�� EDVLWOL÷L� YH�
KDVVDV� ROXúX� QHGHQL\OH� GL÷HU� \|QWHPOHUH� J|UH� GDKD� oRN� WHUFLK� HGLOPHNWHGir. Bu 

\|QWHPGH� RSWLN� GDQVLWH� GH÷LúLPL�� EHOLUOL� PLNWDUGDNL� HQ]LP� �QLWHVLQL� YHULU�� %LUoRN�
HQ]LPLQ�DNWLYLWH�WD\LQL�EX�\|QWHP�LOH�\DSÕOPDNWDGÕU� 

 

1.5.5.2. Manometrik Yöntem 

 

%LU� NRPSRQHQWL� JD]� RODQ� HQ]LPOHULQ� DNWLYLWHVLQL� |OoPHN� LoLQ� NXOODQÕODQ�
yöntemdir. ÖrnH÷LQ� RNVLGD]ODUOD� RNVLMHQ� DOÕQÕPÕ� YH� GHNDUERNVLOD]ODUOD� NDUERQ� GLRNVLW�
VDOÕQÕPÕ�EX�\|QWHPOH�|Oo�O�U� 
 

1.5.5.3. Thunberg Yöntemi 

 

dRN� VD\ÕGD� GHKLGURJHQD]� HQ]LPLQLQ� DNWLYLWHVL� EX� \|QWHP� NXOODQÕODUDN� |Oo�O�U��
0HWLOHQ� PDYLVL� HOHNWURQ� DNVHSW|U�G�U�� %X� ELOHúL÷LQ� \�NVHOWJHQPLú� GXUXPX� UHQNOL��
LQGLUJHQPLú� GXUXPX� LVH� UHQNVL]GLU�� (Q]LP� DNWLYLWH� WD\LQ� RUWDPÕQD� EHOLUOL� PLNWDUGD�
PHWLOHQ�PDYLVL�LODYH�HGLOLU��*|]�LOH�UHQN�ND\EROPDVÕQGDNL�JHoHQ�]DPDQ�VDSWDQÕU��'HQH\�
KDYDQÕQ� RNVLMHQLQGHQ� NRUXQPDN� LoLQ� |]HO� ELU� W�SWH� \DSÕOÕU� Bu özel tüpe "Thunberg 

W�S���GHQLU�YH�\|QWHPGH�DGÕQÕ�EX�W�SWHQ�DOPÕúWÕU� 
 

1.5.5.4. Elektrot Yöntemi 

 

<|QWHP� FDP� HOHNWURWODUOD� UHDNVL\RQ� RUWDPÕQGD� ROXúDQ� �U�QOHULQ� |Oo�OPHVL�
HVDVÕQD� GD\DQPDNWDGÕU�� <|QWHPGH� DPSHURPHWULN� HQ]LP� HOHNWURWODUÕ� NXOODQÕOPDNWDGÕU��
0HWRWWD� HQ]LP� VWRNL\RPHWULN� LOLúNL� LoHULVLQGH� KHGHI� PROHN�O�� YH\D� VXEVWUDWÕ� LOH�
NDUúÕODúWÕ÷ÕQGD�ELU�HOHNWURDNWLI�PDGGH\L��UHWLU�YH\D�W�NHWLU��$PSHURPHWULN�oHYLULFL�LVH�EX�
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HOHNWURDNWLI�PDGGHQLQ�HOHNWURW�\�]H\OHULQGH�UHDNVL\RQ�YHUPHVLQH�QHGHQ�ROXU��%X�VÕUDGD 
HOHNWURWODU�DUDVÕQGD�JHoHQ�DNÕP�|Oo�O�U� 
 

1.5.5.5. Polimerik Tayin Yöntemi 

 

3HNoRN�HQ]LPLQ�VXEVWUDWÕ�RSWLNoH�DNWLIWLU��(÷HU��U�QGH�RSWLN�DNWLYLWH�GH÷LúPHVL�
J|U�OHFHN�ROXUVD�EX�\|QWHP�NXOODQÕOPDNWDGÕU��6XEVWUDWÕQ�LQDNWLI�YH��U�Q�Q�RSWLNoH�DNWLI�
ROGX÷X�GXUXPODUGD� \LQH�EX� \|QWHP�X\JXODQPDNWDGÕU��(÷HU� VXEVWUDW� YH� �U�Q�Q� LNLVLGH�
RSWLNoH�LQDNWLI�LVH��R�]DPDQ�EX�\|QWHPLQ�NXOODQÕOPDVÕ�P�PN�Q�GH÷LOGLU� 

 

1.5.5.6. Kromatografik Yöntem 

 

'L÷HU� \|QWHPOHUOH� ELU� |OoPH� \DSÕODPDGÕ÷ÕQGD� EX� \|QWHPH� EDúYXUXOXU�� (Q]LP�
substrat NDUÕúÕPODUÕQGDQ� EHOOL� ]DPDQ� DUDOÕNODUÕQGD� |UQHNOHU� DOÕQÕU�� .URPDWRJUDILN�
\|QWHPGH��VXEVWUDW�YH��U�Q�NURPDWRJUDIL�ND÷ÕGÕQGD�YH\D�LQFH�WDEDND�NURPDWRJUDILVL\OH�
ELUELULQGHQ� D\ÕUW� HGLOLU�� %D]Õ� KDOOHUGH� UDG\RDNWLI� VXEVWUDW� NXOODQÕOGÕ÷Õ� LoLQ� D\ÕUÕPGDQ�
sonra leke�� \D� LQFH� WDEDND� NURPDWRJUDILVLQGH� ROGX÷X� JLEL� ND]ÕQDFDN�� \DGD� ND÷ÕW�
NURPDWRJUDILVLQGH� ROGX÷X� JLEL� NHVLOHUHN� VD\ÕP� úLúHOHULQH� NR\XODFDNWÕU�� 5DG\RDNWLYLWH�
PLNWDUÕ� VD\DoWD� VD\ÕOÕU� YH� WD\LQL� \DSÕOÕU�� %D]Õ� HQ]LP� DNWLYLWHOHULQGH� �U�Q�Q� PH\GDQD�
JHWLUGL÷L�OHNHQLQ�E�\�PHVL�LOH�HQ]LP�IDDOL\HWL�KDNNÕQGD�ELOJL�HGLQLOLU� 

 

1.5.5.7. Kimyasal Tayin Yöntemi 

 

%LUoRN�HQ]LP�UHDNVL\RQ�EDúODGÕNWDQ�VRQUD�EHOLUOL�]DPDQ�DUDOÕNODUÕQGD�NDUÕúÕPGDQ�
|UQHN� DOÕS�� VXEVWUDW� YH� �U�Q�Q� NLP\DVDO� \|QWHP� LOH� PLNWDUÕ� WD\LQ� HGLOLU�� ),6.(� YH�
SUBBA52:�NRORULPHWULN�\|QWHPL�RODUDN� LQRUJDQLN�IRVIDW� WD\LQLQL�JHUoHNOHúWLUPLúWLU��
)RVIRULOD]�� IRVIDWD]�� Q�NOHRWLGD]� HQ]LPOHULQLQ� DNWLYLWH� WD\LQOHUL� D\QÕ� \ROOD� \DSÕOÕU��
3LURIRVIDW� �3SL�� ED÷Õ�� �� 1� +&O� YH� ���� Û&� ��� GDNLND� ND\QDWÕOPDNOD� NÕUÕOPDNWD� YH�
inorganik fosIDW� PH\GDQD� JHOPHNWHGLU�� øQRUJDQLN� IRVIDWÕQ� PLNWDUÕ� LVH�� NRORULPHWULN�
\|QWHP� LOH� WD\LQ� HGLOPHNWHGLU�� %X� \|QWHP� $73� YH� $'3
QLQ� NDUÕúWÕ÷Õ� ED]Õ� NLQD]� YH�
VHQWHWD]�UHDNVL\RQODUÕQGD�HQ]LP�DNWLYLWHVL�EX�\|QWHP�LOH�WD\LQ�HGLOLU� 
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1.5.6. Lipaz Enzimleri 

 

Lipazlar, \D÷� YH� \D÷� DVLWOHULQLQ� HVWHUOHULQL� KLGUROL]� HGHUOHU�� /LSD]ODU� VXGD�
çözünebilen enzimlerdir ve emülsiyonun su-\D÷� JHoLú� ID]ÕQGD� NDWDOL]L�
JHUoHNOHúWLUPHNWHGLU�� (Q]LP� UHDNVL\RQXQXQ� KÕ]Õ� ROXúDQ� \�]H\� DODQÕQD� ED÷ÕPOÕGÕU��
/LSD]ODU� \D÷� DVLWOHULQLQ� ]LQFLU� X]XQOX÷X�� GR\PD� GHUHFHVL�� \D÷� DVLGLQLQ� SR]LV\RQX� YH�
VXEVWUDWÕQ� IL]LNVHO� GXUXPXQD� X\JXQ� VSHVLILNOLN� J|VWHULUOHU�� �-���&� DWRPOX�\D÷� DVLWOHUL�
GDKD�X]XQ�&�]LQFLUOL�\D÷�DVLWOHULQGHQ�GDKD�KÕ]OÕ�úHNLOGH�KLGUROL]�RODUDN�\D÷ÕQ�\DSÕVÕQGDQ�
D\UÕOÕU�YH�VHUEHVW�KDOH�JHoHUOHU��$bbas ve ark. 2002).  

*�Q�P�]GH�OLSD]ODU�KHP�VXOX�KHP�GH�VXVX]�RUWDPGD�\DSÕOPDVÕ�J�o�UHDNVL\RQODUÕ�
EDúDUDQ�HQ�|QHPOL�EL\RNDWDOL]|UOHU�DUDVÕQGD�\HU�DOPDNWDGÕU��%X�|]HOOLN�RQODUÕQ�JHQLú�ELU�
VXEVWUDW� VSHNWUXPXQX�NXOODQDELOPH�� DúÕUÕ� VÕFDNOÕNODUD��S+�YH�RUJDQLN�o|]�F�OHUH�NDUúÕ�
NDUDUOÕOÕN�J|VWHUHELOPH�\HWHQHNOHUL�VD\HVLQGH�ROPDNWDGÕU��.ÕVD�ELU�]DPDQ�|QFH�OLSD]ODUÕQ�
�o�ER\XWOX�\DSÕODUÕQÕQ�EHOLUOHQPHVL\OH�HúVL]�\DSÕ-IRQNVL\RQ�LOLúNLOHUL�D\GÕQODWÕOPÕúWÕU� 

%LWNL�� KD\YDQ�YH�PLNUREL\DO� OLSD]ODUÕQ� DUDVÕQGD�oRN�JHQLú�X\JXODPD�DODQÕ�EXODQ�
OLSD]ODU��PLNUREL\DO�OLSD]ODUGÕU��%XQXQ�VHEHEL��PLNURSODUÕQ�NROD\�\HWLúWLULOHELOPHOHUL�YH�
OLSD]ODUÕQÕQ� ELUoRN� UHDNVL\RQX� NDWDOL]OH\HELOPHOHULGLU�� LipazODU�� JÕGD� YH� V�W� �U�QOHUL�
�SH\QLU�ROJXQODúWÕUPD��DURPD�JHOLúWLUPH���GHWHUMDQ�� LODo�VDQD\LL�� WDUÕPOD� LOJLOL�NLP\DVDO�
PDGGH���LQVHNWLVLW��SHVWLVLW���YH�ROHRNLP\DVDO��NDWÕ-VÕYÕ�\D÷�KLGUROL]OHUL��EL\RORMLN�\�]H\�
DNWLI� PDGGH� VHQWH]OHUL�� HQG�VWULOHUL� JLEL� oHúLWOL� EL\RWHNQRORMLN� DODQODUGD�
NXOODQÕOPDNWDGÕU��Lipazlar, potansiyel biyokatalizör olarak NXOODQÕOGÕNODUÕ� GDKD� ELUoRN�
\HQL�DODQGD�EDúDUÕ\OD�J|UHY�DOPDNWDGÕUODU� 

(QG�VWUL\HO� HQ]LPOHU� oRN� oHúLWOL� SURVHVOHUGH� X\JXODQDELOPHOHULQGHQ� GROD\Õ�
|]HOOLNOH� PLNUREL\DO� N|NHQOL� RODQODU� LoLQ� WDOHS� V�UHNOL� DUWPDNWDGÕU�� (Q]LP� RUWDPOÕ�
reaksiyonlar, alternatifleri�RODQ�\RUXFX�YH�SDKDOÕ�NLP\DVDO�UHDNVL\RQODUGDQ�GDKD�FD]LSWLU��
(Q]LPOHU��JÕGD��V�W��U�QOHUL��LODo�VDQD\LVL���GHWHUMDQ��WHNVWLO�YH�NR]PHWLN�HQG�VWULOHUL�JLEL�
ELUoRN�DODQGD�NXOODQÕOPDNWDGÕU��%XQXQOD�ELUOLNWH��VRQ�RQ�\ÕOGD�PLNUREL\DO�OLSD]ODUÕQ�VXOX�
ve susuz RUWDPGD� EL\RNDWDOLWLN� SRWDQVL\HOOHULQLQ� DQODúÕOPDVÕ\OD� HQG�VWULGH� VRQ� GHUHFH�
|QHPOL�KDOH�JHOPLúOHUGLU� 

6RQ� RQ� \ÕOGD� OLSD]ODU� |]HOOLNOH� RUJDQLN� VHQWH]� DODQÕQGD�� \D÷� PRGLILNDV\RQX��
ELWNLVHO� \D÷� \HULQH� NXOODQÕODQ� PDGGHOHULQ� VHQWH]L�� EL\RORMLN� \DNÕWODUÕQ� VHQWH]L�� NLúLVHO�
EDNÕP��U�QOHULQLQ�VHQWH]L�YH�DURPD�DUWÕUÕFÕODUÕQ�VHQWH]L�JLEL�DODQODUGD�NXOODQÕOPÕúODUGÕU��
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%X� QHGHQOH� OLSD]ODU�� J�Q�P�]GH�� RUJDQLN� NLP\DFÕODUÕQ�� HF]DFÕODUÕQ�� EL\RIL]LNoLOHULQ��
EL\RNLP\D� YH� SURVHV� P�KHQGLVOHULQLQ�� EL\RWHNQRORJODUÕQ�� PLNUREL\RORJ ve 

EL\RNLP\DFÕODUÕQ�LOJL�DODQÕQD�JLUPHNWHGLU�� 
LipazODU��WULDoLOJOLVHURO��DoLOKLGUROD]ODU���VHULQ�KLGUROD]ODUÕ�VÕQÕIÕ�LoLQGH�\HU�DOÕUODU�

ve bu nedenle hiçbir kofaktöre ihtiyaç duymazlar. LipazODUÕQ� GR÷DO� VXEVWUDWODUÕ� RODQ�
WULDoLOJOLVHUROOHU�� VXGD� oRN� G�ú�N� o|]�Q�UO�÷H� VDKLSWLU�� 'R÷DO� úDUWODU� DOWÕQGD� OLSD]ODU��
o|]�QPH\HQ� ELU� VXEVWUDWOÕ� ID]� LOH� HQ]LPLQ� HULPHGL÷L� VÕYÕ� ID]� DUDVÕQGDNL� DUDELULPGH�
EXOXQDQ�HVWHU�ED÷ODUÕQÕQ�KLGUROL]LQL�NDWDOL]OHPHNWHGLUOHU�� 

Lipazlar, trigliseridlerin digliseridlere, monogliseridleUH��JOLVHURO�YH�\D÷�DVLWOHULQH�
KLGUROL]OHULQL� NDWDOL]OHU� YH� EHOLUOL� úDUWODU� DOWÕQGD� WHUV� UHDNVL\RQOD� JOLVHURO� YH� \D÷�
DVLWOHULQGHQ� JOLVHULGOHULQ� ROXúXPX� LOH� HVWHULILNDV\RQX� \|QHWLUOHU�� <D÷ODUGDQ� EL\RGL]HO�
VHQWH]L�VÕUDVÕQGD�UHDNVL\RQ�RUWDPÕQGD�VHUEHVW�\D÷�DVLWOHULQLQ�\DGD�VX\XQ�YDUOÕ÷ÕQÕQ�OLSD]�
PHNDQL]PDVÕQD� ROXPVX]� HWNLVLQLQ� ROPDPDVÕ� YH� UHDNVL\RQXQ� G�ú�N� VÕFDNOÕNODUÕQGD�
JHUoHNOHúPHVL�\|QWHPLQ�DYDQWDMODUÕ�DUDVÕQGDGÕU��LipazODU�HVWHU�ED÷ODUÕQD�HWNL�HWWL÷L�LoLQ��
\D÷ODUÕQ� D\UÕúWÕUÕOPDVÕQGD�� LQWHUHVWHULILNDV\RQGD� �WUDQVHVWHULILNDV\RQ�� SH\QLUGH� IDUNOÕ�
DURPDODUÕQ�JHOLúWLULOPHVL�JLEL�GDKD�ELUoRN�IDUNOÕ�DODQGD�NXOODQÕOPDNWDGÕUODU�� 

7LFDUL�X\JXODPDODUGD�ELWNL��KD\YDQ�YH�PLNUREL\DO�OLSD]ODUÕQ�ELOKDVVD�EDNWHUL\HO�YH�
IXQJDO� OLSD]ODUÕQ� �]HULQGH� GXUXOPDNWDGÕU�� +HU� QH� NDGDU� SDQNUHDWLN� OLSD]ODU� oHúLWOL�
PDNVDWODU� LoLQ� NXOODQÕOVD� GD� PLNUREL\DO� OLSD]ODUÕQ� oRN� \|QO�� |]HOOLNOHUL�� NROD\� QHVLO�
YHUPHOHUL�JLEL�HWNHQOHUGHQ�GROD\Õ�WLFDUL�X\JXODPDODUGD�WHUFLK�HGLOGLNOHUL�ELOLQPHNWHGLU��
(QG�VWUL\HO�RODUDN�HQ�\D\JÕQ�NXOODQÕODQ�OLSD]��UHWLFLsi mikroorganizmalar Candida sp., 

Pseudomonas sp. ve Rhizopus sp’ dir. 

 

1.5.7. Lipaz Enzimlerinin Özellikleri 

 

<DSÕODQ� LQFHOHPHOHUGH� OLSD]ODU� S+� �¶H� NDGDU� DVLGLN� YH� S+� �¶H� NDGDU� ED]LN�
RUWDPODUGD� GD\DQÕNOÕGÕUODU�� %XQXQOD� ELUOLNWH� HQ� ID]OD� VWDELOLWH\L� S+� ���-���� DUDVÕQGD�
J|VWHUPHNWHGLUOHU�� gUQH÷LQ�� $�� QLJHU�� &KURPREDFWHULXP� YLVFRVXP� YH� 5KL]RSXV�
W�UOHULQLQ� K�FUH� GÕúÕ� OLSD]ODUÕ� DVLGLN� S+¶GD� DNWLINHQ� 3�� QLWURUHGXFHQV¶WHQ� L]ROH� HGLOHQ�
lipaz ise pH 11,0’de aktivite göstermektedir. 

/LSD]ODUÕQ� oDOÕúPD� RUWDPÕQÕQ� VÕFDNOÕ÷Õ� YH� WHUPDO� GHQJHVL� YHULPOLOLN� DoÕVÕQGDQ�
|QHPOLGLU��3DQNUHDWLN�OLSD]ODU�VWRN�KDOLQGH\NHQ�����&�VÕFDNOÕ÷ÕQ��]HULQGH�G�ú�N�DNWLYLWH�
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J|VWHULUOHU��IDNDW�ED]Õ�PLNUREL\DO�OLSD]ODU�VÕFDNOÕN�LQDNWLYDV\RQXQD�GDKD�GD\DQÕNOÕGÕUODU��
gUQH÷LQ�� $�QLJHU�� 5�� MDSRQLFXV� YH� &�� YLVFRVXP� OLSD]ODUÕ� ��� �&¶GH� GD\DQÕNOÕ� ROGX÷X�
KDOGH�� +�� ODQXJLQRVD� YH� 3�� VS�� OLSD]ODUÕ� LVH� VÕUDVÕ\OD� ��� �&� YH� ��� �&� VÕFDNOÕ÷D�
GD\DQÕNOÕGÕUODU�� 

/LSD]� HQ]LPOHUL� DNWLYDV\RQX� NDWDOL]OHGL÷L� UHDNVL\RQ� DoÕVÕQGDQ� ROGXNoD�
önemlidir. Bilinen lipaz aktivitesi gHUoHNOHúPHVL�LoLQ�NRIDNW|UOHUH�JHUHN�\RNWXU��&D�JLEL�
LNL�GH÷HUOLNOL�L\RQODU�JHQHOOLNOH�DNWLYLWH\L�X\DUPDNWDGÕU��Lipaz aktivitesi, Co, Ni, Hg ve 

6Q� WDUDIÕQGDQ�NXYYHWOL� ELU� úHNLOGH��=Q��0J��('7$� WDUDIÕQGDQ� ]D\ÕI� ELU� úHNLOGH� LQKLEH�
edilmektedir (Saxena ve ark. 1999). 

LipazODUÕQ� VSHVLILWHVL�� HQ]LPLQ�PROHN�OHU� |]HOOLNOHUL\OH�� VXEVWUDWÕQ� \DSÕVÕ\OD�YH�
enzim-VXEVWUDW�ED÷ODQWÕVÕQÕ�HWNLOH\HQ�IDNW|UOHUOH�NRQWURO�HGLOPHNWHGLU��7ULJOLVHULGOHUGHQ�
HQ]LPDWLN�NDWDOL]OH�\D÷�DVLGL�PHWLO�HVWHUL��<$0(���UHWLP�PHNDQL]PDVÕ�ùHNLO�1.5.7.1.’de 

YHULOPLúWLU��LipazODUÕQ� VXEVWUDW� VSHVLILWHVL�� RQODUÕQ� DQDOLWLN�YH�HQG�VWUL\HO� DPDoODU� LoLQ�
NXOODQÕODELOLUOLNOHUL�EDNÕPÕQGDQ�ROGXNoD�|QHPOLGLU��6SHVLILWH��VXEVWUDWODUÕQÕQ�KHP�\D÷OÕ�
DoLO�YH�KHP�GH�DONRO�JUXSODUÕ\OD�RODQ�LOLúNLOHUL\OH�J|VWHULOPHNWHGLU��%LUoRN�PLNURS�IDUNOÕ�
\D÷� DVLGL� VSHVLILWHOHUL\OH� LNL� YH\D� GDKD� ID]OD� K�FUH� GÕúÕ� OLSD]� �UHWPHNWHGLU�� gUQH÷LQ��
7ULE�WLULQ� ED]Õ� PLNURSODU� WDUDIÕQGDQ� \DYDú� KLGUROL]� HGLOPHNWHGLU�� %XQXQ� DNVLQH� 0��
PLHKHL�OLSD]Õ�G�ú�N�S+¶GD�|]HOOLNOH�V�W�\D÷ÕQGDQ�E�WLULN�DVLWL�D\UÕúWÕUPD\Õ�WHUFLK�HGHU��
*HRWULFKXP� FDQGLGXP�� X]XQ� ]LQFLUOL� \D÷� DVLWOHULQH� |]J�� HVWHUOHULQ� KLGUROL]L� LoLQ�
bahsedilen spesifiteyi gösteren bir lipaz üretmektedir (Jacobsen ve ark. 1990). Lipazlar, 

VXEVWUDWODUÕQÕQ� DONRO� NÕVÕPODUÕ\OD� LOJLOL� KHP� UHML\R� �E|lge) hem de streospesifite 

göstermektedir. LipazODU��DoLOJOLVHUROOHU�VXEVWUDWODUÕ�PH\GDQD�JHWLUHQ�UHML\RVSHVLILWHOHUL�
ED]� DOÕQDUDN� LNL� JUXED� D\UÕODELOLU�� %LULQFL� JUXS� OLSD]ODU�� UHDNVL\RQGD� GL-
PRQRDoLOJOLVHUROOHULQ�DUDFÕOÕ÷Õ\OD�WULDoLOJOLVHUROOHULQ��JOLVHURO�YH�\D÷�DVLWOHULQH�WDPDPHQ�
\ÕNÕOPDVÕQÕ� NDWDOL]OHU�� %X� DUDFÕODU�� WULDoLOJOLVHUROOHUGHQ� GDKD� oDEXN� KLGUROL]�
HGLOHELOGLNOHUL�LoLQ�ELULNPH]OHU��%LULQFL�JUXS�OLSD]ODUD�&��F\OLQGUDFHD�OLSD]Õ�|UQHN�RODUDN�
YHULOHELOLU�� øNLQFL� JUXS� OLSD]ODU�� DoLOJOLVHUROOHULQ� GDKD� GÕú� NÕVÕPODUÕQGD� �� YH� ���
SR]LV\RQODUÕQGDQ�UHML\RVSHVLILN�RODUDN�\D÷�DVLWOHULQL�VHUEHVW�EÕUDNÕU��%X�OLSD]ODU��VHUEHVW�
\D÷� DVLWOHULQL�� ���-diaçilgliserolleri ve 2-monoaçilgliserolleri vermesi için hidroliz 

ederler. A. niger ve R. arrhizus’tan elde edilen liSD]ODU�JLEL�K�FUH�GÕúÕ�ELUoRN�PLNUREL\DO�
lipaz 1,3-(rejiyo)-spesifite göstermektedir. Yine R. japonicus, M. miehei, H. lanuginosa, 

&��YLVFRVXP�YH�3��IORXUHVFHQV�WDUDIÕQGDQ�GÕúDUÕ�DWÕODQ�OLSD]ODU�GD�����UHML\R�VSHVLILNWLUOHU�� 
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ùHNLO� ����7.1.� 7ULJOLVHULGOHUGHQ� HQ]LPDWLN� NDWDOL]OH� \D÷� DVLGL� PHWLO� HVWHUL� �<$0(��
�UHWLP�PHNDQL]PDVÕ 
KAYNAK: Al-Zuhair ve ark. 2007. Proposed kinetic mechanism of the production of biodiesel from 
palm oil using lipase. Process Biochemistry, Vol.42, (6) p. 951-960. 
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1.5����/LSD]ODUÕQ�.XOODQÕP�$ODQODUÕ 
 

*�Q�P�]GH� OLSD]ODU� \D÷ODUÕQ� LúOHQPHVL�� GHWHUMDQ� HQG�VWULVL�� JÕGD� LúOHQPHVL��
HF]DFÕOÕN�� ND÷ÕW� \DSÕPÕQGD� YH� NR]PHWLNOHULQ� �UHWLPL� JLEL� ELUoRN� DODQGD�
NXOODQÕOPDNWDGÕUODU�� dL]HOJH� ��������¶GH� OLSD]ODUÕQ� NXOODQÕP� DODQODUÕ� J|VWHULOPLúWLU��
(QG�VWULGH�OLSD]ODUÕQ�VSHVLILWHOHULQH�ED÷OÕ�RODUDN�KHP�VXOX�KHP�GH�RUJDQLN�VLVWHPOHUGH�
oHúLWOL�UHDNVL\RQODUGDNL�JHUHNVLQLPOHUL�GROD\ÕVÕ\OD�SRWDQVL\HO�J�oOHUL�DQODúÕOPÕúWÕU� 

 

 

Çizelge 1.5.8.1.�/LSD]ODUÕQ�NXOODQÕP�DODQODUÕ� 
.XOODQÕOGÕ÷Õ�

Endüstri 
NHUHGH�.XOODQÕOGÕ÷Õ 1H�øoLQ�.XOODQÕOGÕ÷Õ 

Deterjan endüstrisi <D÷ODUÕQ�KLGUROL]LQGH .XPDúODUGDQ� \D÷OÕ� ER\DODUÕQ� JLGHULOPHVL�
DPDFÕ\OD 

Süt ve süt ürünleri 
endüstrisi 

6�W�\D÷ÕQÕQ�KLGUROL]LQGH��SH\QLU�
üretiminde 

6�WWH�� SH\QLUGH� YH� WHUH\D÷ÕQGD� OH]]HW� DUWWÕUÕFÕ�
DMDQODUÕQ�JHOLúWLULOPHVL�DPDFÕ\OD 

)ÕUÕQFÕOÕN�HQG�VWULVL 3DVWDQH�YH�IÕUÕQ��U�QOHULQGH 5DI�|PU�Q�Q�X]DWÕOPDVÕ�DPDFÕ\OD 

øoHFHN�HQG�VWULVL øoHFHNOHUGH $URPD�JHOLúWLULOPHVL�DPDFÕ\OD 

Sos üretimi Mayonez, sos ve krema 
\DSÕPÕQGD 

.DOLWH�DUWWÕUÕOPDVÕ�DPDFÕ\OD 

Do÷DO� JÕGDODUÕQ�
üretimi 

Transesterifikasyon 
UHDNVL\RQODUÕQGD 

6D÷OÕNOÕ��GR÷DO�JÕGDODUÕQ��UHWLOPHVL�DPDFÕ\OD 

(W� YH� EDOÕN�
endüstrisi 

/H]]HW�DUWWÕUÕOPDVÕQGD (W� YH� EDOÕN� �U�QOHULQGH� \D÷ÕQ� JLGHULOPHVL�
DPDFÕ\OD 

6ÕYÕ� YH� NDWÕ� \D÷�
endüstrisi 

Transesterifikasyon ve hidroliz 
UHDNVL\RQODUÕQGD 

.DNDR� \D÷Õ�� PDUJDULQ�� \D÷� DVLWOHUL�� JOLVHURO��
PRQR�YH�GLJOLVHUROOHULQ��UHWLOPHVL�DPDFÕ\OD 

Kimya endüstrisi Enantioseçicilik ve sentez 
UHDNVL\RQODUÕQGD 

.LUDO� \DSÕODUÕQ� YH� oHúLWOL� NLP\DVDOODUÕQ� HOGH�
HGLOPHVL�DPDFÕ\OD 

Ecza endüstrisi Transesterifikasyon ve hidroliz 
UHDNVL\RQODUÕQGD� 

6LQGLULPH� \DUGÕPFÕ� DMDQODUÕQ� JHOLúWLULOPHVL�
DPDFÕ\OD 

Kozmetik 
endüstrisi 

6HQWH]�UHDNVL\RQODUÕQGD Cilt nemlendiricilerin ve emülsifiyerlerinin 
KD]ÕUODQPDVÕ�DPDFÕ\OD 

Deri endüstrisi +LGUROL]�UHDNVL\RQODUÕnda 'HUL��UHWLPL�DPDFÕ\OD 

.D÷ÕW�HQG�VWULVL +LGUROL]�UHDNVL\RQODUÕQGD .D÷ÕWODUÕQ�NDOLWHVLQLQ�DUWWÕUÕOPDVÕ�DPDFÕ\OD 

Temizlik endüstrisi +LGUROL]�UHDNVL\RQODUÕQGD <D÷ODUÕQ�JLGHULOPHVL�DPDFÕ\OD 

KAYNAK:  'ø=*(��1� 2005.�%LWNLVHO�\D÷�YH�DWÕNODUÕQGDQ�\HQL�PLNUR�SRUR]�SROLPHULN�HQ]LP�UHDNW|UOHUL�
ile biyodizel üretimi. 171 s. 
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1.5.8.1. Süt Ürünleri Endüstrisinde Lipazlar 

 

LipazODU� V�W� \D÷ÕQÕQ� KLGUROL]L� LoLQ� V�W� �U�QOHUL� HQG�VWULVLQGH� JHQLú� VXUHWWH�
NXOODQÕOPDNWDGÕU�� *�Q�P�]� X\JXODPDODUÕ�� SH\QLU� DURPDVÕQÕQ� DUWÕUÕOPDVÕ�� SH\QLU�
ROJXQODúPDVÕQÕQ� KÕ]ODQGÕUÕOPDVÕ�� SH\QLU� EHQ]HUL� �U�QOHULQ� LPDODWÕ� YH� ND\PDN�KLGUROL]L�
LúOHPOHULQL�LoHUPHNWHGLU��2\VD��OLSD]ODUÕQ�LODYHVL�|QFHOLNOH�NÕVD�]LQFLUOL���&4 ve C6���\D÷�
asitlerLQLQ�X]DNODúWÕUÕOPDVÕ\OD�NHVNLQ�YH�KRú�DURPDQÕQ�JHOLúPHVLQH�\RO�DoDU��RUWD�]LQFLUOL�
( C12 ve C14���\D÷�DVLWOHULQLQ�X]DNODúWÕUÕOPDVÕ�LVH��U�QGH�VDEXQXPVX�ELU�WDW�ROXúXPXQD�
\RO�DoPDNWDGÕU��.DWNÕ�LoHUL÷LQGH��VHUEHVW�\D÷�DVLWOHUL��DVHWR�DVHWDW���-keto asitleri, metil 

NHWRQODUÕ�� DURPD� DVLWOHUL� YH� ODNWRQODU� JLEL� GL÷HU� DURPD� LoHULNOHULQLQ� VHQWH]LQL� EDúODWDQ�
EDVLW�NLP\DVDO�UHDNVL\RQODUÕQ�\HULQL�DOPDNWDGÕU��0XFRU�PLHKHL��$VSHUJLOOXV�QLJHU�YH�$��
RU\]DH� JLEL� WDPDPHQ� ELU� GL]L� PLNUREL\DO� OLSD]ODUGDQ� KD]ÕUODQPÕú� SUHSDUDWlar peynir 

LPDODWÕ�HQG�VWULVL�LoLQ�JHOLúWLULOPHNWHGLU��(QG�VWULGH�L\L�NDOLWH�SH\QLU�VDGHFH�PLNUREL\DO�
OLSD]ODUÕQ� YH\D� oHúLWOL� SUHSDUDWODUÕQÕQ� NDUÕúÕPODUÕQÕQ� NXOODQÕPÕ\OD� �UHWLOPLúWLU�� .R\XQ�
YH\D� NHoL� V�W�QGHQ� \DSÕODQ� SH\QLUOHULQ� WDNOLGL� LoLQ� JHQLú� |Oo�GH� Oipazlar 

NXOODQÕOPDNWDGÕU�� øQHN� V�W�QH� OLSD]� LODYHVL�� NR\XQ� YH\D� NHoL� V�W�QGHQ� HOGH� HGLOHQ�
DURPD\D�EHQ]HU� ELU� DURPD��UHWLU��%X�� SH\QLU� �UHWLPL� LoLQ�NXOODQÕOPDNWDGÕU�YH�E|\OHFH�
HQ]LPOH� PRGLIL\H� HGLOPLú� SH\QLU� �(03�� RODUDN� DGODQGÕUÕOPDNWDGÕU�� (03�� VRVODU��
çorEDODU� YH� oHUH]OHU� JLEL� GL÷HU� �U�QOHUGH� ELU� NDWNÕ� PDGGHVL� RODUDN� NXOODQÕOPDN� �]HUH�
NRQVDQWUH�DURPD��UHWLPLQGH�\�NVHOWLOPLú�VÕFDNOÕNODUGD�HQ]LP�YDUOÕ÷ÕQGD� LQN�EH�HGLOHQ�
bir peynirdir (Dizge 2005). 

 

1.5.8.2. Deterjanlarda Lipazlar 

 

<ÕNDPD�WR]ODUÕQGD�HQ]LPOHULQ�NXOODQÕPÕ�KDOD�HQG�VWUL\HO�HQ]LPOHU�LoLQ�WHN�E�\�N�
SD]DU�ROPD\Õ�V�UG�UPHNWHGLU��'�Q\D�oDSÕQGD��HYOHUGH�NXOODQÕODQ�GHWHUMDQ�IRUPXODV\RQX�
LoLQ� GDKD� G�ú�N� oDPDúÕU� \ÕNDPD� VÕFDNOÕNODUÕQD� \|QHOPH�� WDOHSOHULQ� ROGXNoD� DUWPDVÕQD�
VHEHS�ROPXúWXU��/LSD]ODU�\D÷�OHNHOHULQL�oÕNDUPDGD�HWNLOLGLU��+LRO�YH�DUN���������<DNÕQ�
]DPDQGD�1RYR�1RUGLVN�ILUPDVÕQÕQ�OLSROD]Õ��$VSHUJLOOXV�RU\]DH¶GH�WDQÕPODQDQ�+XPLFROD�
OLSD]Õ�� JLEL� JHQHWLN�PDQLS�ODV\RQODUÕQ� \HU� DOGÕ÷Õ� oHúLWOL� SUHSDUDV\RQODU� \R÷XQ�NRUXPD�
SURJUDPODUÕQGD�WDQÕWÕP�LPNDQÕ�EXOPXúWXU� 
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1.5.8.3. Oleokimyasal Endüstrisinde Lipazlar 

 

(QHUML� ELULNWLUGL÷L� YH� KLGUROL]�� JOLVHUROL]� YH� DONROL]� UHDNVL\RQODUÕ� VÕUDVÕQGD�
VÕFDNOÕN� GHUHFHOHULQL� HQ� D]D� LQGLUGL÷L� LoLQ�� OLSD]ODUÕQ� ROHRNLP\DVDO� HQG�VWULVLQGH�
X\JXODPD�VDKDVÕ�oRN�E�\�NW�U��-DSRQ�0L\RVKL�<D÷�úLUNHWL��VDEXQ��UHWLPLQGH�&DQGLGD�
F\OLQGUDFHD� OLSD]ÕQÕQ� WLFDUL� ELU� úHNLOGH� NXOODQÕOGÕ÷ÕQÕ� ELOGLUPLúWLU�� <HQL� QHVLO� XFX]� YH�
VÕFDNOÕ÷D� GDKD� GD\DQÕNOÕ� HQ]LPOHULQ� WDQÕWÕPÕ�� HNRQRPLN� GHQJH\L� OLSD]� NXOODQÕPÕQÕQ�
OHKLQH�GH÷LúWLUHELOLU� 

Oleokimyasal endüstULVLQGH� EXJ�QN�� H÷LOLP�� RUJDQLN� o|]�F�OHU� YH�
HP�OVLIL\HUOHULQ� NXOODQÕPÕQGDQ� X]DNODúPD� \|Q�QGHGLU�� +LGUROL]�� DONROL]� YH� JOLVHUROL]�
UHDNVL\RQODUÕQÕ�LoHUHQ�oHúLWOL�UHDNVL\RQODU��GR÷UXGDQ�NDUÕúÕN�VXEVWUDWODU��]HULQGH�ELU�GL]L�
LPPRELOL]H�ROPXú� OLSD]ODUÕQ�NXOODQÕPÕ\OD�JHUoHNOHúWLULOPHNWHGLU��%XQXQ�VRQXFX�RODUDN�
GD� SURVHV� V�UHNOL� LúOHGL÷L� LoLQ� \�NVHN� YHULP� HOGH� HGLOPHNWHGLU�� (Q]LPDWLN� KLGUROL]OHU��
ID]OD� PLNWDUGD� WHUPDO� HQHUML� PDVUDIÕ� JLEL� SDKDOÕ� HNLSPDQOD� \DSÕODQ� E�\�N� \DWÕUÕPODU�
ROPDNVÕ]ÕQ��\D÷�D\UÕúWÕUPD�LúOHPOHULQGH�EDúDUÕOÕ�RODFD÷Õ�úHNOLQGH�HQ�E�\�N�XPXGX�YDDW�
etmektedir (http:/www.biyotek.com.tr/2008). 

 

1.5.8.4. Trigliseridlerin Sentezinde Lipazlar 

 

<D÷ODUÕQ� WLFDUL� GH÷HUL�� \DSÕODUÕQGDNL� \D÷� DVLWOHULQLQ� G�]HQOHQLúLQH� ED÷OÕGÕU��
%LWNLVHO�\D÷��oRN�NÕ\PHWOL�DVLPHWULN�WULJOLVHULG�NDUÕúÕPÕQD�WLSLN�ELU�|UQHNWLU��8QLOHYHU�YH�
)XML� <D÷� ùLUNHWOHUL�� ELWNLVHO� \D÷� \HULQH� NXOODQÕODQ� PDGGHOHULQ� LPDODWÕ� LoLQ� ���-

UHML\RVSHVLILN� OLSD]ODUÕQ� SRWDQVL\HOOHULQL� DoÕNoD� EHOLUWPLúWLU�� hU�Q� G�]HQOHQLúLQLQ�
DQDOL]LQLQ� GH� \HU� DOGÕ÷Õ� EX� WHNQRORML� �]HULQGH� NDSVDPOÕ� J|U�úOHU� PHYFXWWXU�� (VDV�
LWLEDUL\OH��LQVDQ�V�W��\D÷Õ�JLEL�GH÷HUOL�GL\HWLN�YH\D�EHVOH\LFL�|]HOOLNOHUH�VDKLS�RODQ�IDUNOÕ�
\DSÕGD�GL÷HU�ELU�oRN�WULJOLVHULGOHULQ�VHQWH]L�LoLQ�GH�D\QÕ�\DNODúÕP�X\JXODQDELOPHNWHGLU��
Bu trigliseridler ve fonksL\RQHO�RODUDN�EHQ]HU�\D÷ODU���-SDOPLWRO�JOLVHULG�LOH�GR\PDPÕú�
\D÷� DVLWOHULQFH� ]HQJLQ� RODQ� SDOPL\H� \D÷Õ� IUDNVL\RQODUÕQÕQ� DVLGROL]L� LOH� NROD\OÕNOD� HOGH�
edilmektedir. 1,3-VSHVLILN� OLSD]ODU� WDUDIÕQGDQ� NDWDOL]OHQHQ� DVLGROL]� UHDNVL\RQODUÕ��
genellikle orta zincirOL� \D÷� DVLWOHULQL� LoHUHQ� EHVOH\LFL� \|QGHQ� |QHPOL� �U�QOHULQ�
KD]ÕUODQPDVÕQGD� NXOODQÕOPDNWDGÕU�� $UDúLGRQLN� DVLW�� HLNRVDSHQWDHQRLN� DVLW� YH�
GRNRKHN]DHQRLN� DVLWOHU� JLEL� ROGXNoD� GH÷HUOL� oRNOX� GR\PDPÕú� \D÷� DVLWOHUL� EDNÕPÕQGDQ�
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]HQJLQ�RODQ�\D÷ODUÕQ�PRGLILNDV\RQX�KXVXVXQGD� OLSD]ODU�JHQLú� VXUHWWH� LQFHOHQPHNWHGLU��
0RQRJOLVHULG�IUDNVL\RQODUÕQÕ�LoHUHQ�oRNOX�GR\PDPÕú�\D÷�DVLWOHULQGHNL�PHYFXW�]HQJLQOLN��
OLSD]ODUÕQ�NDWDOL]OHGL÷L�DONROL]�YH\D�KLGUROL]�LúOHPOHUL\OH�EDúDUÕOPDNWDGÕU��'L]JH������� 

 

1.5.8.5. Yüzey Aktif Maddelerin Sentezinde Lipazlar 

 

3ROLJOLVHURO�YH�NDUERKLGUDW�\D÷�DVLWOHUL�HVWHUOHUL��HQG�VWUL\HO�GHWHUMDQODUGD�YH�oRN�
oHúLWOL� JÕGD� IRUPXODV\RQODUÕQGD� HP�OVLIL\H� HGLFL� PDGGHOHU� RODUDN� JHQLú� |Oo�GH�
NXOODQÕOPDNWDGÕU�� )RQNVL\RQHO� RODUDN� \�]H\� DNWLI� PDGGHOHUH� EHQ]H\HQ� HQ]imatik 

VHQWH]OHU�� P�NHPPHO� UHML\RVHOHNWLYLWH� LOH� ÕOÕN� VÕFDNOÕNODUGD� ���-80 °C) 

JHUoHNOHúWLULOPHNWHGLU�� gUQH÷LQ�� HULPLú� \D÷� DVLWOHUL� YH� LPPRELOL]H� &DQGLGD� DUWDUFWLFD�
OLSD]Õ�NXOODQDUDN�EDVLW�DONLO-JOLNR]LGOHULQ�HVWHUILNDV\RQX�JHUoHNOHúWLULOPHNWHGLU��$\UÕFD�
bDúODQJÕo�PDWHU\DOL�RODUDN�úHNHU�DVHWDOOHULQLQ�NXOODQÕPÕ\OD�PRQRVDNNDULWOHULQ�PRQR- ve 

GLHVWHUOHULQGHQ� \�NVHN� ND]DQo� HOGH� HGLOPLúWLU� �)UHJDSDQH� YH� DUN�� ������� $�� WHUUHXV�
OLSD]Õ�� GR÷DO� \D÷ODUOD� úHNHU� DONROOHUL� DUDVÕQGD� JHUoHNOHúWLUGL÷L� WUDQVHVWHULILNDV\RQ�
reaksiyonuyla biyolojik bir yüzey aktif madde sentezlemektedir. LipazODU� D\UÕFD�
OL]RIRVIROLSLGOHULQ��UHWLPLQGH�IRVIROLSD]ODUÕQ�\HULQH�JHoHELOLUOHU��0XFRU�PLHKHL�OLSD]Õ�ELU�
dizi birincil ve ikincil alkollerin içerisinde fosfolipidin transesterifikasyonu için 

NXOODQÕOPDNWDGÕU��LipazODU�D\UÕFD��DPLQR�DVLW�ED]OÕ�HVWHUOHU�YH�DPLGOHU�RODUDN�DGODQGÕUÕODQ�
bütün bir dizi biyolojik parçalama yapan amfoterik yüzey aktif maddelerin sentezinde 

GH�NXOODQÕOPDNWDGÕU� 
 

���������.LúLVHO�EDNÕP��U�QOHUL�LoHUL÷LQL�ROXúWXUDQ�PDGGHlerin sentezinde lipazlar 

 

<DNÕQ� ]DPDQGD�8QLFKHP�8OXVODUDUDVÕ� ùLUNHWL� FLOW� YH� J�QHú� \DQÕ÷Õ�NUHPOHUL� YH�
EDQ\R� ORV\RQODUÕ� JLEL� NLúLVHO� EDNÕP� �U�QOHULQGHQ� HPROOLHQW� RODUDN� NXOODQPDN� LoLQ�
isopropil miristat, isopropil palmitat ve 2-etilhekzil palmitat üretiminH� EDúODPÕúWÕU��
%DOPXPX�HVWHUOHUL�GH�NLúLVHO�EDNÕP��U�QOHULQGH�EHQ]HU�X\JXODPD\D�VDKLSWLU�YH�NHVLNOL�
ELU� EL\RUHDNW|U� LoHULVLQGH� &�� F\OLQGUDFHD� OLSD]ÕQÕQ� NXOODQÕPÕ\OD� HQ]LPDWLN� \ROOD� LPDO�
HGLOPHNWHGLU�� $\UÕFD� FLOW� NR]PHWL÷LQGH� NXOODQÕOPDN� �]HUH� JOLVHULQ� NDUÕúÕPODUÕQÕQ�
�UHWLPLQGH�OLSD]ODU�NXOODQÕOPDNWDGÕU��'L]JH������� 
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���������øODo�6DQD\LVLQGH�YH�7DUÕP�.LP\DVDOODUÕQGD��$JURNLP\DVDOODU��Lipazlar 

 

ùLUDO� LODoODUÕQ� KD]ÕUODQPDVÕQGD� OLSD]ODUÕQ� ID\GDVÕ� ROGXNoD� L\L� ELOLQPHNWHGLU� YH�
EHOJHOHQGLULOPLúWLU�� )HQRNVLSURSL\RQDW� KHUELVLWOHULQ� VHQWH]L� LoLQ� EDúODQJÕo�PDWHU\DOOHUL�
olan 2-halopropiyonik asitlerin çözümlenmesi (S) izomer lerinin bütanolle, porsin 

SDQNUHDWLN� OLSD]ÕQÕQ�DQKLGU|]�KHN]DQ�LoHULVLQGH�NDWDOL]OHQHQ�VHOHNWLI�HVWHULILNDV\RQXQD�
GD\DOÕ� ELU� LúOHPGLU�� LipazODUÕQ� UDVHPLN� NDUÕúÕPODUÕQ� LoHULVLQGH� o|]�QPHOHULQGH� WLFDUL�
X\JXODPDVÕQÕQ� HWNLOH\LFL� GL÷HU� ELU� |UQH÷L� GH� HSRNVL� HVWHU� DONROOHULQLQ� KLGUROL]LGLU��
Reaksiyon ürünleri, (R)-glisidil esterleri ve (R)-JOLVLGRO�� RSWLN� EDNÕPGDQ� DNWLI� ��
EORNoXODUÕQ�YH�JHQLú�ELU�GL]L�GL÷HU��U�QOHULQ�KD]ÕUODQPDVÕ�LoLQ�GDKD�FD]LS�DUDFÕODU�RODQ�
(R)- ve (S)-� JOLVLGLOWRVLODWODUD� NROD\OÕNOD� G|Q�úW�U�OPHNWHGLU�� EHQ]HU� ELU� WHNQRORML��
RSWLNoH�VDI�NDUGL\RYDVN�OHU�LODFÕ�RODQ�'LOWLD]HP¶LQ�LPDODWÕQGD�DQDKWDU�DUDFÕ�RODQ���5���
3(S)-metilmetoksifenil gliVLGDWÕQ�WLFDUL��UHWLPLQGH�NXOODQÕOPDNWDGÕU� 

LipazODU�� ED]Õ� SURVWDJODQGLQOHULQ�� VWHURLGOHULQ� YH� NDUERNVLOLN� Q�NOHRVLW�
DQDORJODUÕQÕQ� KD]ÕUODQPDVÕQGD� UDVHPLN� DONROOHULQ� o|]�POHQPHVL� LoLQ� HQG�VWUL\HO�
katalizörler olarak uygulamalara sahiptir. Çok fonksiyonlu oUJDQLN� ELOHúLNOHULQ�
UHML\RVHOHNWLI� PRGLILNDV\RQX�� |]HOOLNOH� $,'6� WHGDYLVL� DODQÕQGD�� OLSD]� X\JXODPDVÕQÕQ�
\LQH� V�UDWOH� JHQLúOH\HQ� GL÷HU� ELU� DODQÕGÕU�� $�� FDUQHXV� YH� $�� WHUUHXV� OLSD]ODUÕ� LODo�
VDQD\LVLQGH�|QHPOL�RODQ�SROLIHQROLN�ELOHúLNOHULQ�SHUDVHWDWODUÕQÕQ�KLdrolizinde kemo- ve 

UHML\RVSHVLILWH� J|VWHUPHNWHGLU�� OLSD]ODU� D\UÕFD� RNWD-asetil sukrozun rejiyoselektif 

KLGUROL]L� LOH� \DSD\� WDWODQGÕUÕFÕ� RODQ� VXNUDOR]XQ� VHQWH]LQGH� GH� NXOODQÕOPDNWDGÕU�
(http:/www.biyotek.com.tr/2008). 

 

1.5.8.8. Polimer Sentezlerinde Lipazlar 

 

2SWLNoH� DNWLI� SROLPHUOHULQ� VHQWH]L� LoLQ� OLSD]ODUÕQ� VWHUHRVHOHNWLYLWHVL�
NXOODQÕOPDNWDGÕU�� %X� SROLPHUOHU� DVLPHWULN� D\ÕUDoODUGÕU� YH� HPLFLOHU� RODUDN�
NXOODQÕOPDNWDGÕU�� 6ÕYÕ�NULVWDOOHULQ� oDOÕúPD� VDKDVÕQGD�o|]�OHUHN� UDVHPLN�DONROOHUH� HúOLN�
edebilen alkollerin OLSD]ODU� WDUDIÕQGDQ� NDWDOL]OHQHQ� WUDQVHVWHULILNDV\RQX� LOH� X\JXQ�
PRQRPHUOHU�KD]ÕUODQDELOLU��$\UÕFD� IHUURHOHNWULN�VÕYÕ�NULVWDOOHULQ�KD]ÕUODQPDVÕ� LoLQ� úLUDO�
JOLVLGLO� WRVLODWODUÕQ�NXOODQÕOGÕ÷Õ�ELOGLULOPLúWLU��%X�\�]GHQ��EX�HQ]LP�KHP�|Oo�P�KHP�GH�
proses dönemleULQGH� oHúLWOL� WLFDUL� NXOODQÕPODUD� VDKLSWLU��LipazODU�� L\L�NLP\DVDOODUÕQ� YH�
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IDUPDV|WLNOHULQ� \�NVHN� WHNQRORMLN� �UHWLPOHULQGH� ROGX÷X� NDGDU� JÕGD� HQG�VWULVLQGH� GH�
EDúDUÕOÕ� ELU� úHNLOGH� J|UHY� DOPDNWDGÕU�� hVWHOLN�� EX� HQ]LPLQ� GDKD� \HQL� DODQODUGD�
potansiyelleri mevcXWWXU�� |UQH÷LQ� ND÷ÕW� LPDODWÕQGD� OLSD]ODU� EDúDUÕOÕ� ELU� úHNLOGH�
NXOODQÕOPDNWDGÕU�� J|U�Q�úH� J|UH�� ND÷ÕW� KDPXUXQXQ� OLSD]� LOH� PXDPHOH� HGLOPHVL� GDKD�
\�NVHN�NDOLWHGH��U�Q�ROXúXPXQD�YH�D]DOWÕOPÕú�WHPL]OHPH�LKWL\DFÕQD�\RO�DoDU��%HQ]HU�ELU�
úHNLOGH�� HQ]LP�� ELU� GRQGXUPD� WHVLVLQGHQ� \D÷FD� ]HQJLQ� DNÕQWÕ� KDOGHNL� PDGGHOHULQ�
LúOHQPHVL� LoLQ�PLNUREL\DO�ELU�NRNWH\O� LOH� WRSODQPDODUÕQGD�NXOODQÕOPDNWDGÕU��%X��D\UÕFD�
ELU� oRN� JÕGD� HQG�VWULVLQLQ� DWÕN� PDGGHOHULQLQ� LúOHQPHVLQGH� GH� NXOODQÕODELOLU�
(http:/www.biyotek.com.tr/2008). 

 

1.5.9. /LSD]�(Q]LPL\OH�7UDQVHVWHULILNDV\RQ�5HDNVL\RQ�8\JXODPDODUÕ 
 

6RQ� G|QHPGH� WUDQVHVWHUOHúPH� PHWRGXQXQ� OLSD]� HQ]LPL� JLEL� EL\RNDWDOL]|UOHUOH�
\DSÕOPDVÕ� |QHPOL� KDOH� JHOPLúWLU�� %L\RGL]HO� �UHWLPLQGH� EL\RNDWDOL]|U� NXOODQÕOPDVÕ�
HQG�VWULGH� \D\JÕQ� RODUDN� NXOODQÕODQ� DONDOL� NDWDOL]|U� SURVHVLQGHQ� JHOHQ� GH]DYDQWDMODUÕ�
HOLPLQH�HGHUHN�\�NVHN�VDIOÕNWD��U�Q�HOGH�HGLOPHVLQL�VD÷ODPÕúWÕU��)XNXGD�YH�DUN�������������������������������
(Q]LPDWLN� EL\RGL]HO� �UHWLPLQGH� KHP� K�FUH� GÕúÕ� �H[WUDFHOOXODU�� KHP� GH� K�FUH� LoL�
(intracellular) lipazODUÕQ� NXOODQÕOPDVÕ� P�PN�QG�U�� ([WUDFHOOXODU� OLSD]� HQ]LPOHUL�
NXOODQÕODUDN� \DSÕODQ� WUDQVHVWHULILNDV\RQ� oDOÕúPDODUÕQGD� UHDNVL\RQ� RUWDPÕQGD� 0XFRU�
miehei, Rhizopus oryzae, Candida antarctica ve Pseudomonas cepacia gibi 

mikroorganizmalardan sentezlenen enzimler EXOXQPDNWDGÕU��g]HOOLNOH�VRQ�\ÕOODUGD�GDKD�
HNRQRPLN� ROPDVÕ� QHGHQL\OH� OLSD]� HQ]LPOHULQL� LKWLYD� HGHQ�PLNURRUJDQL]PDODUÕQ� GLUHNW�
NXOODQÕOGÕ÷Õ�PHWRW�LVH�LQWUDFHOOXODU�HQ]LPDWLN�\|QWHP�LOH�EL\RGL]HO�VHQWH]OHQPHVL�RODUDN�
DGODQGÕUÕOPDNWDGÕU� �0DUFKHWWL� YH� DUN�� ���7, Ranganathan ve ark. 2008). Her iki 

yöntemde de enzimler uygun bir destek maddesine tutturularak defalarca 

NXOODQÕODELOPHNWHGLU� 
(Q]LPDWLN� WUDQVHVWHUOHúPH� PHWRGXQGD� úLPGL\H� NDGDU� ELU� oRN� DONRO�

NXOODQÕOPDVÕQD�UD÷PHQ�HQ�\D\JÕQ�RODQÕ�G�ú�N�PDOL\HWL�QHGHQL\Oe metanoldür. Yöntemin 

HQ�|QHPOL�DYDQWDMÕ�NDWDOL]|U�RODUDN�NXOODQÕODQ�HQ]LPLQ�X\JXQ�ELU�GHVWHN�PDGGHVL��]HULQH�
ED÷ODQDUDN� KHUKDQJL� ELU� D\ÕUPD� JHUHNWLUPHGHQ� GHIDODUFD� NXOODQÕODELOPHVLGLU�� $\QÕ�
]DPDQGD�GL÷HU�\|QWHPOHUH�J|UH�oDOÕúPD�VÕFDNOÕ÷Õ�ROGXNoD�G�ú�N�ROXS�JOLVHULQ�D\UÕOPDVÕ�
NROD\GÕU�� 5HDNVL\RQ� VRQXQGD� \�NVHN� VDIOÕNWD� HVWHU� HOGH� HGLOHELOPHNWHGLU�� <DNÕQ�
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JHOHFHNWH� HQ]LPDWLN� EL\RGL]HO� �UHWLOPHVLQLQ� HQG�VWUL\HO� ER\XWODUGD� X\JXODQPDVÕ�
DPDoODQPDNWDGÕU�� )DNDW� �UHWLP� PDOL\HWLQLQ� \�NVHN� ROPDVÕ� \|QWHPLQ� HQ� |QHPOL�
dH]DYDQWDMÕGÕU�� $UDúWÕUPDFÕODU� \|QWHPGHNL� SUREOHPOHULQ� o|]�OPHVL� DPDFÕ\OD� oHúLWOL�
oDOÕúPDODU�\DSPÕú�YH�OLWHUDW�UH�VXQPXúODUGÕU� 

0LWHOOEDFK� ������� \DSWÕ÷Õ� DUDúWÕUPDGD�� D\oLoHN� \D÷ÕQÕQ� PHWDQRO�� HWDQRO� YH�
butanol gibi birincil alkoller beraberinde M. miehei ve C. Antarctica enzimlerini 

NXOODQDUDN� o|]�F�� RUWDPÕQGD� \DGD� o|]�F�V�]� RUWDPGD� � HVWHU� G|Q�ú�P�Q�� LQFHOHPLú�
X]XQ� ]LQFLUOL� DONROOHULQ� NÕVD� ]LQFLUOL� RODQODUD� J|UH� GDKD� \�NVHN� HVWHU� ROXúWXUGX÷XQX�
ELOGLUPLúWLU� 

1HOVRQ� YH� DUNDGDúODUÕ� \DSWÕNODUÕ� oDOÕúPDGD� L]RSURSDnol ve 2-butanol gibi 

VHNRQGHU�DONROOHULQ�&��$QWDUFWLFD�HQ]LPL�LOH�\�NVHN�HVWHU�G|Q�ú�P��������YHULUNHQ��0��
PLHKHL� HQ]LPLQLQ� LVH� PHWDQRO�� HWDQRO�� SURSDQRO� YH� EXWDQRO� JLEL� NÕVD� ]LQFLUOL� ELULQFLO�
DONROOHU� LOH� KHN]DQ� RUWDPÕQGD� ���� HVWHU� G|Q�ú�P�� VD÷ODGÕ÷ÕQÕ� J|VWHUPLúWLU�� $\UÕFD�
o|]�F��\RNOX÷XQGD�PHWDQRO�Q�\DOQÕ]FD�������G|Q�ú�P�VD÷ODGÕ÷ÕQÕ�YH�EXQXQ�DONRO�Q�
LPPRELOL]H�OLSD]Õ�LQKLEH�HWPHVLQH�ED÷ODPÕúWÕU���1HOVRQ�YH�DUN�������� 

%HQ]HU� oDOÕúPDODUGD�$ELJRU� YH� DUN�� ������� SDOP�oHNLUGHN�\D÷Õ� LOH�PHWDQRO� YH�
etanol berDEHULQGH�VÕUDVÕ\OD�����YH�����HVWHU�G|Q�ú�P��HOGH�HGHUNHQ�1RXUHGGLQL�YH�
DUN���������VR\D�\D÷ÕQGDQ�LPPRELOL]H�3VHXGRPRQDV�IORXUHVFHQV�HQ]LPL�LOH�PHWDQRO�YH�
HWDQRO�EHUDEHULQGH�VÕUDVÕ\OD�����YH�����G|Q�ú�P�UDSRU�HWPLúWLU�� 

/LQNR� YH� DUN�� ������� NRO]D� \D÷Õ� NXOOanarak Pseudomonas flourescens 

immobilize enzimi ile 2-etil-1-KHN]DQRO�EHUDEHULQGH�����HVWHU�G|Q�ú�P�Q�Q�P�PN�Q�
ROGX÷XQX�J|VWHUPLúWLU�� 

,VR�YH�DUNDGDúODUÕ�\DSWÕNODUÕ�oDOÕúPDGD�3��IOXRUHVFHQV�HQ]LPL�LOH��EXWDQRO�Q�DoLO�
DNVHSW|U� RODUDN� NXOODQÕOGÕ÷Õ� WUDQVHVWHUOHúPH� UHDNVL\RQXQGD� ELWNLVHO� \D÷GDQ� ���¶QÕQ�
�]HULQGH�HVWHU�G|Q�ú�P��HOGH�HWWLNOHULQL�ELOGLUPLúWLU��,VR�YH�DUN�������� 

%DúND� ELU� oDOÕúPDGD� EHOLUOHQHQ� RSWLPXP� UHDNVL\RQ� NRúXOODUÕQGD� ����� VX�
RUWDPÕQGD� ���&¶� GH� SURSDQ-2-ol beraberinde Jatropha, Karanj ve ayçioHN� \D÷ÕQGDQ�
VÕUDVÕ\OD��������������YH�������HVWHU�G|Q�ú�P��VD÷ODQPÕúWÕU��$\QÕ�]DPDQGD�HQ]LPLQ�
WHNUDU� NXOODQÕOPDVÕ\OD� LOJLOL� \DSÕODQ� GHQH\OHUGH� SURSDQ-2-RO� LOH� |QHPOL� ELU� HVWHU� ND\EÕ�
ROPDGDQ����NH]�WHNUDU�NXOODQÕP�UDSRU�HGLOPLúWLU��0RGL�YH�DUN�������� 

ReakVL\RQ�RUWDPÕQGDNL�PHWDQRO�Q�\D÷GD�o|]�Q�U�ROPDGÕ÷Õ�YH�EX�QHGHQOH�HQ]LPL�
LQKLEH�HWWL÷L�EX�HWNLQLQ�PLQLPL]H�HGLOPHVL�DPDFÕ\OD�WUDQVHVWHULILNDV\RQ�UHDNVL\RQXQXQ�
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1,4-GLRNVDQ�RUWDPÕQGD�\DSÕOGÕ÷Õ�YH�ROGXNoD�\�NVHN�HVWHU�G|Q�ú�P��������HOGH�HGLOGL÷L�
ELOGLULOPLúWLr (Iso ve ark. 2001). 

%HQ]HU�ELU�oDOÕúPDGD�5R\RQ�YH�DUN���������SDPXN�\D÷ÕQGDQ�RSWLPXP�UHDNVL\RQ�
NRúXOODUÕQGD� 1RYR]\PH� ���� HQ]LPL� LOH� WHUVL\HU� EXWDQRO�Q� VROYHQW� RODUDN� NXOODQÕOGÕ÷Õ�
UHDNVL\RQ�NRúXOODUÕQGD����&¶�GH����VDDW�V�UH�VRQXQGD�����JLEL�\�NVHN�HVWHU�G|Q�ú�P��
HOGH� HWPLúOHUGLU�� $\QÕ� oDOÕúPDGD� UHDNVL\RQ� V�UHNOL� DNÕú� VLVWHPOL� UHDNW|U� EHUDEHULQGH�
RSWLPXP�UHDNVL\RQ�NRúXOODUÕQGD�WHUVL\HU�EXWDQRO�EHUDEHULQGH�����HVWHU�G|Q�ú�P��UDSRU�
HGLOPLúWLU�� 

'X� YH� DUN�� ������� \DSWÕNODUÕ� oDOÕúPDGD� 1RYR]\P� ���� HQ]LPL� LOH� VR\D� \D÷ÕQÕ�
WUDQVHVWHUOHúWLUPHN�LoLQ�PHWLO�DVHWDW�NXOODQPÕú�YH�����DONRO-\D÷�PRODU�RUDQÕQGD�HQ]LPLQ�
DONRO�WDUDIÕQGDQ�LQDNWLYH�HGLOGL÷LQL�IDNDW������PRODU�RUDQÕQGD�HQ]LP��]HULQGH�|QHPOL�ELU�
QHJDWLI�HWNL�J|]OHQPHGL÷LQL�����WHNUDU�NXOODQÕP�VRQXQGD�GDKL�DNWLYLWHQLQ�GH÷LúPHGL÷LQL�
YH�����HVWHU�G|Q�ú�P��HOGH�HWWLNOHULQL�ELOGLUPLúOHUGLU� 

5HDNVL\RQ� RUWDPÕQGD� EXOXQDQ� DONRO�Q� HQ]LP� �]HULQGHNL� ROXPVX]� HWNLVLQLQ�
JLGHULOPHVL� DPDFÕ\OD� |QHULOHQ� ELU� EDúND� \|QWHPGH�PHWDQRO� UHDNVL\RQ� RUWDPÕQD� DGÕP�
DGÕP� HNOHQPLú� YH� ��-100  tekraU� VRQXQGD� GDKL� VÕUDVÕ\OD� ����� ���� YH� ���� HVWHU�
G|Q�ú�P��UDSRU�HGLOPLúWLU��6KLPDGD�YH�DUN��������:DWDQDEH�YH�DUN��������6DPXNDZD�
ve ark. 2000).  

'X�YH� DUN�� ������� o|]�F�V�]� UHDNVL\RQ� RUWDPÕQGD�/LSR]\PH�7/� ,0�HQ]LPLQL�
NXOODQDUDN�VR\D�\D÷ÕQÕQ�EL\RGL]HO�\DNÕWD�G|Q�ú�P�Q��oDOÕúPÕúODUGÕU��dDOÕúPDGD�OLSD]ÕQ�
PHWDQRO�Q� ���� PRODUGDQ� ID]OD� LODYH� HGLOPHVL\OH� LQDNWLYH� ROGX÷X� ELOGLULOPLúWLU��
2SWLPL]DV\RQ� oDOÕúPDODUÕQGD� \D÷ÕQ� PHWLO� HVWHUOHULQH� WDPDPL\OH� G|Q�ú�P�� ��oC 

VÕFDNOÕN������USP�KÕ]��\D÷ÕQ�D÷ÕUOÕ÷ÕQÕQ����¶X�HQ]LP�YH�PHWDQRO�Q�WRSODP��o�DGÕPGD�
ELUHU� PRODU� HNOHQPHVL\OH� JHUoHNOHúWLULOPLúWLU�� 0DNVLPXP� PHWLO� HVWHU� YHULPL� ��� VDDW�
UHDNVL\RQGDQ� VRQUD� ���� RODUDN� |Oo�OP�úW�U�� <DQ� �U�Q� RODUDN� ROXúDQ� JOLVHURO�Q�
HQ]LPDWLN� DNWLYLWH� �]HULQGH� QHJDWLI� HWNL\H� VDKLS� ROGX÷X� YH� JOLVHURO�giderimi için izo-

SURSDQRO�Q� HWNLOL� ROGX÷X� UDSRU� HGLOPLúWLU�� dDOÕúPD� VRQXFXQGD� OLSD]ÕQ� ��� WHNUDU�
NXOODQÕPÕQGDQ�VRQUD�GDKL����¶WHQ�ID]OD�PHWLO�HVWHU�YHULPLQH�VDKLS�ROGX÷X�EHOLUWLOPLúWLU� 

%DNR� YH� DUN�� ������� \DSWÕNODUÕ� oDOÕúPDGD� JOLVHURO�Q� HQ]LP� �]HULQGHNL� Lnhibe 

HWNLVLQL�HQJHOOHPHN�DPDFÕ\OD�UHDNVL\RQ�RUWDPÕQGDQ�JOLVHURO��GL\DOL]�LOH�NDOGÕUPÕú����&¶�
GH��o�DGÕP�PHWDQRO�HNOHPH�\|QWHPL�LOH�UHDNVL\RQX�JHUoHNOHúWLUHUHN�����JLEL�\�NVHN�ELU�
HVWHU�G|Q�ú�P��HOGH�HWPLúOHUGLU�� 
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,QWUDFHOOXODU� OLSD]� HQ]LPOHUL� NXOODQÕODUDN� \DSÕODQ� oDOÕúPDGD� 5�� RU\]DH�
PLNURRUJDQL]PDODUÕ� NXOODQÕODUDN� �o� DGÕP�PHWDQRO� LODYHVL\OH� ���&¶� GH� JHUoHNOHúWLULOHQ�
UHDNVL\RQGD� ���� VDDW� VRQXQGD� D÷ÕUOÕNoD� ���� HVWHU� G|Q�ú�P�� HOGH� HGLOPLúWLU�
(Matsumoto ve ark. 2001). 

%DQ� YH� DUN�� ������� \DSWÕNODUÕ� oDOÕúPDGD� ELWNLVHO� \D÷ÕQ� 5�� RU\]DH�
PLNURRUJDQL]PDODUÕ� LOH� WUDQVHVWHUOHúPHVLQL� LQFHOHPLúWLU�� 5HDNVL\RQ� RUWDPÕQGD� VX�
EXOXQPDVÕ� GXUXPXQGD� LPPRELOL]H� K�FUHOHULQ� DNWLYLWHVLQLQ� GDKD� \�NVHN� ROGX÷X�
EHOLUWHUHN�����VX�YDUOÕ÷ÕQGD������]HULQGH�HVWHU�G|Q�ú�P��HOGH�HGLOGL÷LQL�ELOGLUPLúWLU� 

<DSÕODQ� ELU� GL÷HU� EHQ]HU� oDOÕúPDGD� 5�� RU\]DH� PLNURRUJDQL]PDODUÕQÕQ�
NDUDUOÕOÕ÷ÕQÕQ� DUWÕUÕOPDVÕ� DPDFÕ\OD� K�FUHOHU� GHVWHN� PDGGHVLQH� ����� JOXWDUDOGHKLW� LOH�
oDSUD]�ED÷ODQPÕú�YH�DGÕP�DGÕP�PHWDQRO�HNOHQHUHN���WHNUDU�VRQUDVÕQGD����-���RUDQÕQGD�
HVWHU�G|Q�ú�P��J|]OHQPLúWLU��%DQ�YH�DUN��������� 

%XWKH� YH� DUN�� ������¶QÕQ� \DSPÕú� ROGXNODUÕ� oDOÕúPDGD� ��� IDUNOÕ� PLNUREL\DO�
N|NHQOL�OLSD]ÕQ�DWÕN�\D÷ODUGD�X\JXQOX÷X�DUDúWÕUÕOPÕúWÕU��$ONRO�RODUDN�PHWDQRO���-metil-1-

bütanol ve 2-etil-1-KHN]DQ� JLEL� GDOODQPÕú� DONROOHU� NXOODQÕOPÕúWÕU�� /LSD]ODU� ��� P0�
NÕ]DUWPD�\D÷Õ�YH�VÕUDVÕ\OD�����P0�PHWDQRO���-metil-1-bütanol ve 2-etil-1-hekzanol ile 

PXDPHOH�HGLOPLúWLU��(Q]LPOHULQ�DNWLYLWHVL�ROXúDQ��U�Q�Q�JD]�NURPDWRJUDILVL�DQDOL]L�LOH�
KHVDSODQPÕúWÕU��(Q�\�NVHN�DNWLYLWH\H�VDKLS�RODQ�Alcaligenes sp��OLSD]Õ�VHoLOPLú�YH�VRO-
MHO�� VLOLNRQ� YH� SK\OORVLOLNDWH� LPPRELOL]H� HGLOPLúWLU�� .XOODQÕOPÕú� NÕ]DUWPD� \D÷ÕQÕQ� \D÷�
asiti kompozisyonu miristik asit (%1.15), palmitik asit (%51.65), stearik asit (%5.98), 

oleik asit (%34.81) ve linoleik asit (%5.26) olarak� EXOXQPXúWXU�� 'R\PXú� \D÷� DVLW�
RUDQÕQÕQ� \�NVHN� ROPDVÕQÕQ� EL\RGL]HOLQ� VR÷XNWD� DNÕúNDQ� |]HOOL÷LQL� QHJDWLI� HWNLOHGL÷LQL�
EHOLUWPLúOHUGLU�� 

$UDúWÕUPDFÕODU� EL\RGL]HO� �UHWLOPHVLQGH� NXOODQÕODQ� HQ]LPDWLN� WUDQVHVWHUOHúPH�
UHDNVL\RQXQXQ� RSWLPXP� GHQH\VHO� NRúXOODUGD� \DSÕOPDVÕ� LOH� LOJLOL� oHúLWOL� LVWDWLVWLN�
\|QWHPOHUL�NXOODQDUDN�ELU�oRN�oDOÕúPD�\DSPÕúODUGÕU�� 

6KLHK� YH� DUN�� ������� \DSWÕNODUÕ� RSWLPL]DV\RQ� oDOÕúPDVÕQGD� VR\D� \D÷ÕQGDQ�
PHWDQRO� EHUDEHULQGH� 5KL]RPXFRU� PLHKHL� HQ]LPL� LOH� WUDQVHVWHUOHúPH� \|QWHPL\OH�
biyodizel sentez koúXOODUÕQGD� |QHPOL� SDUDPHWUHOHU� RODUDN� EHOLUOHQHQ� UHDNVL\RQ� V�UHVL��
VÕFDNOÕN��HQ]LP�PLNWDUÕ��DONRO-\D÷�PRODU�RUDQÕ�YH�RUWDPD�HNOHQHQ�VX�PLNWDUÕ�GH÷HUOHULQL�
RSWLPL]H� HWPLúOHUGLU�� dDOÕúPD� VRQXQGD� RSWLPXP� UHDNVL\RQ� NRúXOODUÕQGD� �UHDNVL\RQ�
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V�UHVL������VDDW��VÕFDNOÕN��������&��HQ]LP�PLNWDUÕ������QRYD�ELULPL��DONRO-\D÷�PRODU�RUDQÕ��
������YH�RUWDPD�HNOHQHQ�VX�PLNWDUÕ��������������HVWHU�G|Q�ú�P��UDSRU�HGLOPLúWLU��� 

&KDQJ�YH�DUN���������\DSWÕNODUÕ�oDOÕúPDGD�&DQGLGD�DQWDUFWLFD�HQ]LPL�LOH�PHWDQRO�
EHUDEHULQGH� NDQROD� \D÷ÕQGDQ� WUDQVHVWHUOHúPH� \|QWHPL\OH� HVWHU� VHQWH]L� UHDNVL\RQ�
NRúXOODUÕQÕ�\�]H\�DQDOL]L�YH�PHUNH]L�NRPSR]LW�GL]D\Q�\|QWHPOHULQL�NXOODQDUDN�RSWLPL]H�
HWPLúOHUGLU��dDOÕúPD� VRQXQGD�EXOXQDQ� RSWLPXP� UHDNVL\RQ�NRúXOODUÕ�� UHDNVL\RQ� V�UHVL��
�����VDDW��VÕFDNOÕN����°C, en]LP�PLNWDUÕ���������DONRO-\D÷�PRODU�RUDQÕ��������YH�HNOHQHQ�
VX� PLNWDUÕ�� ����� RODUDN� EHOLUOHQPLú� YH� EX� NRúXOODUGD� ������ HVWHU� G|Q�ú�P�� HOGH�
HGLOGL÷L�ELOGLULOPLúWLU� 

%LU� EDúND� oDOÕúPDGD� ;X� YH� DUN�� ������� WXQJ� \D÷ÕQÕQ� PHWDQRO� LOH� QRYD� ����
enzimiyle transesterOHúPH� UHDNVL\RQXQGD�RSWLPXP�UHDNVL\RQ�NRúXOODUÕQÕ�\�]H\�DQDOL]L�
PHWRGX\OD� EHOLUOHPLúOHUGLU�� <DSWÕNODUÕ� oDOÕúPD� VRQXQGD� EXOXQDQ� RSWLPXP� NRúXOODU���
NDUÕúWÕUPD�KÕ]Õ������U�GN���PHWDQRO-\D÷�PRODU�RUDQÕ���������UHDNVL\RQ�VÕFDNOÕ÷Õ��38°C ve 

NDWDOL]|U� PLNWDUÕ�� ���� RODUDN� EXOXQPXúWXU�� 2SWLPXP� GHQH\VHO� NRúXOODUGD� \DSÕODQ�
WUDQVHVWHUOHúPH�UHDNVL\RQX�LOH�������HVWHU�G|Q�ú�P��HOGH�HGLOPLúWLU�� 

-HRQJ� YH� 3DUN� ������� \DSWÕNODUÕ� HQ]LPDWLN� WUDQVHVWHUOHúPH� oDOÕúPDVÕQGD�\�]H\�
DQDOL]L� LVWDWLVWLN� \|QWHPL\OH� RSWLPXP� GHQH\VHO� NRúXOODUÕQÕ� EHOLUOHPLúOHUGLU�� <DSÕODQ�
oDOÕúPDGD� RSWLPXP� GHQH\VHO� NRúXOODUGD� �UHDNVL\RQ� V�UHVL�������� GN��� PHWDQRO-\D÷�
PRODU� RUDQÕ�� �������� UHDNVL\RQ� VÕFDNOÕ÷Õ�� �3,06�&�YH� NDWDOL]|U�PLNWDUÕ���������������
HVWHU�G|Q�ú�P��HOGH�HGLOPLúWLU�� 

%HQ]HU� ELU� oDOÕúPDGD� /L� YH� DUN�� ������� 5�� 2U\]DH� HQ]LPL� LOH� VR\D� \D÷ÕQÕQ�
PHWDQRO� LOH� WHUVL\HU� EXWDQRO� RUWDPÕQGD� HVWHUOHúWLULOPHVL� UHDNVL\RQXQGD� RSWLPXP�
UHDNVL\RQ�NRúXOODUÕQGD��WHU-butanol-\D÷�RUDQÕ�������DONRO-\D÷�PRODU�RUDQ�������VX�RUDQÕ��
�����YH�HQ]LP�PLNWDUÕ�����������HVWHU�G|Q�ú�P��VD÷ODPÕúODUGÕU� 

%DúND�ELU�oDOÕúPDGD�*�YHQo�YH�DUN���������&DQGLGD�DQWDUFWLFD��1RYR]\P������
HQ]LPL� LOH� NDWDOL]OHQHQ� WUDQVHVWHUOHúPH� UHDNVL\RQ� NRúXOODUÕQÕ� RSWLPL]H� HWPLúOHUGLU��
<DSÕODQ�oDOÕúPD�VRQXQGD�RSWLPXP�UHDNVL\RQ�NRúXOODUÕ��VÕFDNOÕN����°C, alkol-\D÷�PRODU�
RUDQÕ�� ����� UHDNVL\RQ� V�UHVL�� �� VDDW� YH� NDWDOL]|U� RUDQÕ�� ���� RODUDN� EHOLUOHQPLúWLU��
%HOLUOHQHQ�RSWLPXP�UHDNVL\RQ�NRúXOODUÕQGD�����HVWHU�G|Q�ú�P��HOGH�HGLOPLúWLU� 

%RXDLG� YH� DUN�� ������� \DSWÕNODUÕ� oDOÕúPDGD� IDNW|UL\HO� GL]D\Q� YH� \�]H\� DQDOL]L�
yöntHPOHULQL� NXOODQDUDN� HVWHU� VHQWH]LQGH� |QHPOL� SDUDPHWUHOHUGHQ� VÕFDNOÕN�� DONRO-\D÷�
PRODU� RUDQÕ� YH� NDWDOL]|U� RUDQÕQÕ� RSWLPL]H� HWPLúOHUGLU�� $UDúWÕUPD� VRQXQGD� D\oLoHN�
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\D÷ÕQGDQ�DONDOL�NDWDOL]|U�EHUDEHULQGH�HWLO�HVWHU�VHQWH]LQGH�RSWLPXP�UHDNVL\RQ�NRúXOODUÕ��
VÕFDNOÕN����°C, alkol-\D÷�PRODU�RUDQÕ������YH�NDWDOL]|U�RUDQÕ�������RODUDN�EHOLUOHQPLúWLU��
%HOLUOHQHQ�RSWLPXP�NRúXOODUGD��������HVWHU�G|Q�ú�P��HOGH�HGLOPLúWLU� 

7UDQVHVWHUOHúPH� \|QWHPL\OH� EL\RGL]HO� VHQWH]� UHDNVL\RQODUÕQGD� NXOODQÕODQ� OLSD]�
enzimlerinin celite ve sLOLND�MHO�JLEL�IDUNOÕ�GHVWHN�PDGGHOHULQH�DGVRUEVL\RQ�YH�NRYDOHQW�
ED÷ODPD� JLEL� IDUNOÕ� LPPRELOL]DV\RQ� PHWRWODUÕ\OD� WXWWXUXODUDN� NXOODQÕOGÕ÷Õ� oDOÕúPDODU�
özellikle ekonomik nedenlerle dikkat çekmektedir. 

6RXPDQRX� YH� %RUQVFKHXHU� ������� \DSWÕNODUÕ� LPPRELOL]DV\RQ� oDOÕúPDVÕQGD�
Pseudomonas fluorescens enzimini polipropilen EP 100 destek maddesi üzerine 

DGVRUEVL\RQ� LPPRELOL]DV\RQ�PHWRGX\OD� ED÷ODPÕú� YH� KD]ÕUODQDQ� LPPRELOL]H� HQ]LP� LOH�
PHWDQRO� EHUDEHULQGH� SDOP� YH� D\oLoHN� \D÷ÕQÕ� HQ]LPDWLN� WUDQVHVWHUOHúPH� \|QWHPL\OH�
VÕUDVÕ\OD�����YH�����G|Q�ú�POH�HVWHUOHúWLUPLúWLU� 

6KDK�YH�DUN�� ������� WDUDIÕQGDQ�\DSÕODQ�oDOÕúPDGD�Chromobacterium viscosum, 

Candida rugosa ve Porcine pancreas lipaz enzimleri Celite 545 destek maddesi üzerine 

absorbsiyon metoduyla immobilize edilerek transesteUOHúPH�UHDNVL\RQX�LOH�VÕUDVÕ\OD���
�������YH������RUDQODUÕQGD�HVWHU�G|Q�ú�P��UDSRU�HGLOPLúWLU��� 

3DORPR� YH� DUN�� ������� \DSWÕNODUÕ� oDOÕúPDGD� 3VHXGRPRQDV� IOXRUHVFHQV��
Rhizomucor miehei ve H. lanuginose enzimleri glioksi-agaros destek maddesi üzerine 

Triton X-����YDUOÕ÷ÕQGD�NRYDOHQW�RODUDN�LPPRELOL]H�HGLOPLúWLU��øPPRELOL]DV\RQ�VRQXFX�
Pseudomonas fluorescens lipaz enzimi %75, Rhizomucor miehei lipaz enzimi %89 ve  

+��ODQXJLQRVH��OLSD]�HQ]LPL�LVH�����YHULPOH�GHVWHN��]HULQH�WXWWXUXOPXúWXU� 
%D\UDPR÷OX� YH� DUN�� ������� \DSWÕNODUÕ� LPPRELOL]DV\RQ� oDOÕúPDVÕQGD� JOXWDULN�

dialdehit ile aktive ettikleri epoxy grubu içeren poly(GMA-HEMA-EGDMA) destek 

maddesine Candida rugosa enzimini %48 verimle kovalent olarak immobilize 

HWPLúOHUGLU� 
2UoDLUH� YH� DUN�� ������� WDUDIÕQGDQ� \DSÕODQ� oDOÕúPDGD� %XUNKROGHULD� FHSDFLD� YH��

Candida antartica lipaz enzimleri aero silika jel destek maddesi üzerine adsorblanarak 

WUDQVHVWHUOHúPH� \|QWHPL\OH� D\oLoHN� \D÷ÕQGDQ� ���� G|Q�ú�POH� PHWLO� HVWHU� HOGH�
HGLOPLúWLU� 

6KDK� YH� *XSWD� ������� \DSWÕNODUÕ� EHQ]HU� ELU� oDOÕúPDGD� Pseudomonas cepacia 

HQ]LPLQL�&HOLWH������]HULQH�DGVRUEVL\RQ�PHWRGX�LOH�LPPRELOL]H�HGHUHN�WUDQVHVWHUOHúPH�
\|QWHPL\OH�HWDQRO�EHUDEHULQGH�����G|Q�ú�POH�HVWHU�HOGH�HWPLúOHUGLU� 
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%DúND�ELU�oDOÕúPDGD�&KDQJ�YH�DUN���������&DQGLGD�UXJRVD�OLSD]�HQ]LPLQL�&HOLWH 

GHVWHN� PDGGHVLQH� DGVRUSVL\RQ� \|QWHPL\OH� LPPRELOL]H� HWPLúWLU�� <DSÕODQ� |Oo�POHUGH�
LPPRELOL]H� OLSD]ÕQ� ������ 8�PJ� SURWHLQ� VSHVLILN� DNWLYLWH� J|VWHUGL÷L� EHOLUOHQPLúWLU��
dDOÕúPDGD� LPPRELOL]DV\RQ� NRúXOODUÕ� RSWLPL]H� HGLOPLúWLU�� 2SWLPXP� oDOÕúPD� NRúXOODUÕ��
immobilizDV\RQ�V�UHVL�������GN���LPPRELOL]DV\RQ�VÕFDNOÕ÷Õ������°C; enzim-GHVWHN�RUDQÕ��
����RODUDN�EHOLUOHQPLúWLU� 

%HQ]HU�ELU�oDOÕúPDGD�+XQJ�YH�DUN�� �������FKLWRVDQ�GHVWHN�PDGGHVLQH�&DQGLGD�
UXJRVD� OLSD]�HQ]LPLQL�JOXWDUDOGHKLW�EHUDEHULQGH�NLP\DVDO�ED÷�LOH�ED÷OD\DUDN�13,8 U/g-

GHVWHN�GH÷HULQGH�HQ]LP�DNWLYLWHVL�EHOLUOHPLúOHUGLU� 
2OLYHULD� YH� DUN�� ������� WDUDIÕQGDQ� \DSÕODQ� EDúND� ELU� oDOÕúPDGD�&DQGLGD� UXJRVD� OLSD]�
enzimi stiren-divinilbenzen (STR-DVB) kopolimerine fiziksel adsorpsiyon metodu ile 

ED÷ODQPÕúWÕU�� dDOÕúPD� VRQXQGa 65 U/g-GHVWHN� HQ]LP� DNWLYLWHVL� |Oo�OP�ú� HVWHUOHúPH�
UHDNVL\RQXQGD�LPPRELOL]H�HQ]LPLQ����WHNUDU�VRQXQGD�DNWLYLWHVLQLQ����¶�LQL�NRUXGX÷X�
KHVDSODQPÕúWÕU� 
 

�����(1=ø0�ø002%ø/ø=$6<218 

  

(Q]LPOHULQ�oHúLWOL�PHWRWODUOD�NDWÕ�ELU�GHVWHN�PDGGHVLQH�WXWWXUXODUDN�LPPREilize 

HGLOPHVL� |QHPOL� DUDúWÕUPD� DODQODUÕQGDQ� ELULQL� ROXúWXUPDNWDGÕU�� (Q]LPOHULQ� WHNUDU�
NXOODQÕPÕQD�YH�HOGH�HGLOHQ��U�Q�Q�RUWDPGDQ�NROD\FD�D\UÕOPDVÕQD�LPNDQ�VD÷ODGÕ÷ÕQGDQ�
XFX]� YH� NXOODQÕPD� X\JXQ� LPPRELOL]DV\RQ� WHNQLNOHULQLQ� JHOLúWLULOPHVL� |]HOOLNOH�
endüstri\HO� NXOODQÕP� DoÕVÕQGDQ�E�\�N� |QHP� WDúÕPDNWDGÕU��.DWDOLWLN�SURVHVOHUGH� HQ]LP�
PROHN�OOHULQLQ� NDWDOLWLN� DNWLIOL÷LQL� NRUX\DUDN� WHNUDU� YH� V�UHNOL� NXOODQÕPÕ� VD÷ODPDN�
DPDFÕ\OD� ELU� GHVWHN� PDGGHVLQH� IL]LNVHO� YH\D� NLP\DVDO� WXWWXUXOPDVÕQD� HQ]LP�
immobilizasyonu denir.� %|\OHFH� HQ]LPOHULQ� WHN� NXOODQÕP� \HULQH� GHIDODUFD�
NXOODQÕOPDVÕQD� RODQDN� VD÷ODQDUDN� HNRQRPLN� DoÕGDQ� E�\�N� DYDQWDM� HOGH� HGLOPLú� ROXU��
�g]W�UN���������(Q]LPOHULQ�LPPRELOL]H�HGLOHUHN�oHúLWOL�GHVWHN�PDGGHOHULQH�WXWWXUXOPDVÕ�
LOH� VD÷ODQDQ� DYDQWDMODU� dL]HOJH� ������¶GH� |]HWOHQPLúWLU�� %XQXQ� \DQÕQGD� HQ]LPOHULQ�
LPPRELOL]H�HGLOPHVL� LOH�HQ]LPLQ�DNWLIOL÷LQGH�D]DOPD��HQ]LP�NDUDUOÕOÕ÷ÕQÕQ�VÕQÕUODQPDVÕ�
YH� GHVWHN� PDGGHVLQGHQ� ND\QDNODQDQ� PDOL\HW� DUWÕúÕ� JLEL� ED]Õ� GH]DYDQWDMODUGD�
ROXúDELOPHNWHGLU�� (Q]LP� LPPRELOL]DV\RQXQGD� VHoLOHQ� \|QWHP� YH� NXOODQÕODQ� GHVWHN�
PDGGHVL� oRN� |QHPOLGLU�� øPPRELOL]H� HQ]LPOHULQ� |]HOOLNOHUL� KHP� HQ]LP� KHP� GH�
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LPPRELOL]DV\RQ�PDWULNVLQLQ�|]HOOLNOHULQH�ED÷OÕGÕU��%X�LNL�|]HOOLN�LOH�LPPRELOL]H�HQ]LP�
yeni kimyasal, biyokimyasal, mekanik ve kinetik özellikler kazanmDNWDGÕU� 
 
Çizelge 1.6.1. (Q]LPOHULQ� LPPRELOL]H�HGLOHUHN�oHúLWOL� GHVWHN�PDGGHOHULQH� WXWWXUXOPDVÕ�
LOH�VD÷ODQDQ�DYDQWDMOD 
 

KAYNAK:  ÖZTÜRK, B. Immobilization of Lipase from Candida rugosa on Hydrophobic and  
�+\GURSKLOLF�6XSSRUWV��0DVWHU�RI�6FLHQFH��ø]PLU�,QVWLWXWH�RI�7HFKQRORJ\��ø]PLU������� 
 

�������øPPRELOL]DV\RQGD�.XOODQÕODQ�'HVWHN�0DGGHOHUL  

 

øPPRELOL]H� HQ]LP� VLVWHPOHULQLQ� \�NVHN� SHUIRUPDQV� VD÷ODPDVÕ� LoLQ� GHVWHN�
maddesi seçimi çok önemlidir. Seçilen� GHVWHN� PDGGHVLQLQ� NDUDUOÕOÕ÷Õ�� PDOL\HWL� YH�
GD\DQÕNOÕOÕ÷Õ�JLEL�|QHPOL�|]HOOLNOHUH�VDKLS�ROPDVÕ�JHUHNPHNWHGLU��%LU�HQ]LP�WDúÕ\ÕFÕVÕQÕ�
ve immobilizasyon yöntemini seçerken dikkat edilmesi gereken temel hususlar Çizelge 

��������¶GH�J|VWHULOPLúWLU�� 
øPPRELOL]DV\RQ� VÕUDVÕQGD� HQ]LP� PROHN�O�� NRQIRUPDV\RQHO� GH÷LúLNOL÷H�

X÷UD\DELOPHNWHGLU�� øPPRELOL]H� HQ]LPLQ� ND]DQGÕ÷Õ� |]HOOLNOHU� LPPRELOL]DV\RQGD�
NXOODQÕODQ� NLP\DVDOODUÕQ� WLSL�� GHVWHN�PDGGHVL\OH�HQ]LPLQ�HWNLOHúLPL�� DNWLIOHúWLULFL� YH\D�
oDSUD]�ED÷OD\ÕFÕ�NLP\DVDOODU�LOH�HQ]LP�HWNLOHúLPL�JLEL�IDNW|UOHUH�ED÷OÕGÕU��(Q]LPLQ�NDWÕ�
GHVWHN� �]HULQH� ED÷ODQPDVÕ� HQ]LPGH� ED]Õ� GH÷LúLNOLNOHU� ROXúWXUDELOPHNWHGLU�� 5HDNVL\RQ�

NO ø002%ø/ø=$6<2181�6$ö/$',ö,�$9$17$- 

1 øPPRELOL]H�HGLOHQ�HQ]LP�WHNUDU�WHNUDU�NXOODQÕODELOLU 
2 Enzimin katalitik gücü önemli ölçüde stDELOL]H�HGLOPLú�ROXU 
3 (Q]LPLQ�oHYUH�úDUWODUÕQD��S+��VÕFDNOÕN��RUJDQLN�UHDNWLIOHU�YE���NDUúÕ�GD\DQÕNOÕ÷Õ�DUWDU 
4 hU�QOHU�NROD\OÕNOD�VDI�RODUDN�HOGH�HGLOHELOLU 
5 Sürekli proseslere uygulanabilirler 

6 6HoLFL�RODUDN�ED]Õ�PDGGHOHULQ�VHQWH]L�P�PN�Q�ROXU 
7 (Q]LPOHU�UHDNVL\RQ�RUWDPÕQGDQ�EDVLW�\|QWHPOHUOH�D\UÕODELOLU 
8 5HDNVL\RQ��UHWLP�PDOL\HWL�G�úHU 
9 hU�Q�ROXúXPX�NRQWURO�DOWÕQGD�WXWXODUDN��U�Q�LQKLELV\RQX�|QOHQHELOLU 

10 øPPRELOL]H�HQ]LP�VHUEHVW�HQ]LPH�J|UH�GDKD�NDUDUOÕ�KDOH�JHOLU 
11 %D]Õ�GXUXPODUGD�VHUEHst enzimden daha yüksek bir aktivite gösterebilirler 

12 %LUELULQL�WDNLS�HGHQ�oRN�DGÕPOÕ�UHDNVL\RQODU�LoLQ�X\JXODQDELOLU 
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RUWDPÕQGD�o|]�QHQ�PDGGH�LOH�SROLPHULN�GHVWHN�PDGGHVL�DUDVÕQGD�KLGURIRELN�HWNLOHúLPOHU�
olabilmekte, destek maddesinin J|]HQHN� oDSÕ� VXEVWUDW� PROHN�O�QGHQ� N�o�N� LVH�
VXEVWUDWÕQ� GHVWHN� LoLQH� GLI�]OHQPHVL� YH� HQ]LP� LOH� WHPDVD� JHoPHVL� HQJHOOHQHUHN�
UHDNVL\RQ�ROXúPDPDNWD��HQ]LP�PROHN�O��LPPRELOL]DV\RQ�VÕUDVÕQGD�GHVWHN��]HULQH�oRN�
QRNWDGDQ�ED÷ODQDUDN�DNWLIOL÷LQGH�D]DOPD�RODELOPHNWH�� LPPRELOL]H�HQ]LPLQ�DNWLI�XoODUÕ�
VXEVWUDW�PROHN�O�Q�Q�\DNODúPDVÕQD�HQJHO�RODELOPHNWHGLU��*ORJHU�YH�7LVFKHU������� 
 

Çizelge 1.6.1.1.� øPPRELOL]DV\RQ� \|QWHPL� YH� PDWULNV� VHoLPLQGHNL� GLNNDW� HGLOHFHN�
noktalar 

Özellik Uygulamada dikkat edilecek hususlar 

Fiziksel 
'D\DQÕNOÕOÕN��VÕNÕúWÕUÕOPDPÕú�WDQHFLNOHU��JHQLú�\�]H\�DODQÕ��úHNLO�IRUP��J|]HQHN�KDFPL��
J|]HQHN�GHUHFHVL��VXGD�o|]�QPH]OLN�YH�\R÷XQOXN� 

Kimyasal 
+LGURILOLNOLN��PDWULNVH�VX�ED÷ODQPDVÕ���HQ]LPH�NDUúÕ�LQHUWOLN��PRGLILNDV\RQ�LoLQ�
fonksiyonel gruplar 

KararlÕOÕN 
'HSRODPD��HQ]LP�DNWLYLWHVL��GHVWHN�PDWHU\DOLQLQ�PHNDQLNVHO�NDUDUOÕOÕ÷Õ�YH�HQ]LP�
aktivitesini sürdürmesi 

'D\DQÕNOÕOÕN %DNWHUL\HO�DWDN��NLP\DVDO��S+��VÕFDNOÕN��RUJDQLN�VROYHQW��HQ]LP�YH�SURWHD]ODUD 

Güvenlik 
%L\RX\XúXP��ELOHúHQ�UHDNWLIOHULQ�WRNVLQOL÷L��\|QWHPOH�oDOÕúDQODUÕQ�YH�VRQ��U�Q��
NXOODQDQODUÕQ�VD÷OÕ÷Õ-J�YHQOL÷L�YH�JÕGD��LODo�YH�PHGLNDO�NXOODQÕPODU�LoLQ�
LPPRELOL]DV\RQ�SURVHVLQLQ�úDUWQDPHVL 

Ekonomik 
Matriks, kimyasallar, özel cihazlar, reaktifler ve gerekli teknik becerilerin kolay eldesi 
ve maliyHWL��oHYUHVHO�HWNL��HQG�VWUL\HO�|Oo�GH�KD]ÕUODQDELOLUOLN� 

Reaksiyon 
Reaksiyon kinetikleri, yan reaksiyonlar, çoklu enzim sistemleri ve kofaktör substrat ve 
�U�Q�N�WOH�WUDQVIHUOHULQGH�GLI�]\RQ�OLPLWDV\RQODUÕ 

KAYNAK:  ÖZTÜRK, B. Immobilization of Lipase from Candida rugosa on Hydrophobic and 
+\GURSKLOLF�6XSSRUWV��0DVWHU�RI�6FLHQFH��ø]PLU�,QVWLWXWH�RI�7HFKQRORJ\��ø]PLU������� 
 

(Q]LP�LPPRELOL]DV\RQXQGD�NXOODQÕODQ�oHúLWOL�GHVWHN�PDGGHOHUL�dL]HOJH���������’ 
GH�J|VWHULOPLúWLU� 
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Çizelge 1.6.1.2.�(Q]LP�LPPRELOL]DV\RQXQGD�NXOODQÕODQ�oHúLWOL�GHVWHN�PDGGHOHUL 
Destek maddesinin grubu Destek maddesi 

'R÷DO�PDWULNV 

Aktif karbon 
Slika jel 
Alumina 
Cam 
1LúDVWD 
Kil 
Seramik 
Agaroz 
Selüloz 
Dekstran 
Kollajen 

Sentetik matriks 

$NULODPLW�HVDVOÕ�SROLPHU 
Dakron 
Naylon 
Polipeptit 
6WLUHQ�HVDVOÕ�SROLPHU 
$NULODW�HVDVOÕ�SROLPHU 

Modifiye matriks 

Concanavalin A 
Sepharose 
Tannin 
Aminohekzil selüloz 
Fenoksiasetil selüloz 

.DW\RQ�GH÷LúWLULFL 
CM-sellüloz 
Dowex 50 
Amberlite CG-50 

AnyRQ�GH÷LúWLULFL 
DEAE-sellüloz 
DEAE-sephadex 
Amberlite 

KAYNAK: BAILEY, J.E., D.F. OLLIS 1997. Biochemical Engineering Fundamentals. Second Edition, 
McGraw-Hill International Editions. 

 

�������(Q]LP�øPPRELOL]DV\RQ�<|QWHPOHUL 
 

Enzim immobilizasyonu için kullaQÕODQ�\|QWHPOHU�IL]LNVHO�YH�NLP\DVDO�PHWRWODU�
ROPDN��]HUH�LNL\H�D\UÕOÕU��)L]LNVHO�LPPRELOL]DV\RQ�\|QWHPLQGH�HQ]LPOH�GHVWHN�PDGGHVL�
DUDVÕQGD� NRYDOHQW� ED÷� ROXúPDGDQ� IL]LNVHO� HWNLOHúLPOHUOH� WXWXQPD� JHUoHNOHúLUNHQ�
kimyasal immobilizasyon yönteminde enzimle desWHN�PDGGHVL� DUDVÕQGD� NRYDOHQW� ED÷�
ROXúXPX�PH\GDQD�JHOPHNWHGLU��=DERUVN\�������� 

øPPRELOL]DV\RQ� \|QWHPLQL� VHoHUNHQ� HQ]LPLQ� UHDNVL\RQXQ� \�U�W�OHFH÷L�
NRúXOODUGD� NDUDUOÕ� ROPDVÕQD�� oDSUD]� ED÷OD\ÕFÕ� UHDNWLIOHULQ� HQ]LPLQ� DNWLI� XoODUÕ� LOH�
reaksiyona girmemesine, yÕNDPD�LúOHPL�VÕUDVÕQGD�HQ]LPLQ�]DUDU�J|UPHPHVLQH�YH�GHVWHN�
PDGGHOHULQLQ� PHNDQLN� NDUDUOÕOÕ÷ÕQD� GLNNDW� HGLOPHOLGLU� �7D\ORU�� ������� (Q]LP�
LPPRELOL]DV\RQ�\|QWHPOHULQLQ�NDUúÕODúWÕUÕOPDVÕ�dL]HOJH���������¶GH�YHULOPLúWLU� 
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Çizelge 1.6.2.1. Enzim immobilizasyon yöQWHPOHULQLQ�NDUúÕODúWÕUÕOPDVÕ 

Özellik Fiziksel Metotlar Kimyasal Metotlar 

 Adsorpsiyon Hapsetme 
ø\RQLN�
%D÷ODPD 

Kovalent 
%D÷ODPD 

Çapraz 
%D÷ODPD 

+D]ÕUODQPDVÕ Kolay Zor Kolay Zor Zor 

Enzim aktivitesi Orta Yüksek Yüksek Yüksek Orta 

6XEVWUDW�VHoLFLOL÷L 'H÷LúHPH] 'H÷LúHPH] 'H÷LúHPH] 'H÷LúHPH] 'H÷LúHPH] 

%D÷ODPD�J�F� =D\ÕI Güçlü Orta Güçlü Güçlü 

Tekrar üretme Mümkün 
Mümkün 
GH÷LO Mümkün 

Mümkün 
GH÷LO 

Mümkün 
GH÷LO 

Genel uygulamalar '�ú�N Yüksek Orta Orta '�ú�N 

Hidrolik özellikler 

ø\L� 
(gözenekli 
WDúÕ\ÕFÕODUD�

bD÷OÕ� 
Orta 

øGHDOGHQ�
G�ú�N 

ø\L Kötü 

6D÷ODPOÕN 'H÷LúNHQ��S+� Uzun süreli 
'H÷LúNHQ�

(pH) 
<�NVHN�ÕVÕVDO�
NDUDUOÕOÕN 

<�NVHN�ÕVÕVDO�
NDUDUOÕOÕN 

øPPRELOL]DV\RQ�
maliyeti 

'�ú�N '�ú�N '�ú�N Yüksek Orta 

KAYNAK: HUANFEI J. 2002. Pretreatment of wastewater containing fats and oils using an 
immobilized enzyme. Department of Chemical Engineering. Curtin University of Technology. 
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1.6.3. Fiziksel Metotlar  

 

 )L]LNVHO�PHWRWODU�HQ]LPOH�GHVWHN�PDGGHVL�DUDVÕQGD�NRYDOHQW�ED÷�ROXúXPXQD�ED÷OÕ�
olmadan enzimin belirli bir yere tuWWXUXOPDVÕQÕ� LoHULU�� (Q]LPOHULQ� LPPRELOL]DV\RQX�
elektrostatik çekim, protein-SURWHLQ�HWNLOHúLPL�YH�L\RQLN�ED÷�ROXúXPX�JLEL�ED]Õ�IL]LNVHO�
NXYYHWOHULQ� HWNLOHúPHVL\OH� GHVWHN� PDGGHVLQGHNL� PLNUR� E|OPHOHU� LoHULVLQGH� YH\D�
J|]HQHNOL� PHEUDQODUGD� WXWXNODQPDVÕ\OD� VD÷ODQÕU�� )L]LNVHO� LPPRELOL]DV\RQ� \|QWHPOHUL�
tersinirdir. Fiziksel immobilizasyon metodu adsorpsiyon ve hapsetme olmak üzere ikiye 

D\UÕOÕU��&KULVWHQVHQ�YH�DUN��������� 
 

�������$GVRUSVL\RQ�LOH�øPPRELOL]DV\RQ 

 

 Adsorpsiyon metodu bilinen en eski ve basit immobilizasyon metodudur. 

$GVRUSVL\RQ�LOH�LPPRELOL]DV\RQ�PHWRGX�VXGD�o|]�QPH\HQ�WDúÕ\ÕFÕ�PDWULNVLQ�HQ]LPOHUOH�
YH\D� PLNURRUJDQL]PDODUOD� IL]LNVHO� HWNLOHúLPOHU� VRQXFX� ELUDUD\D� JHOPHVL� LOH�
VD÷ODQPDNWDGÕU��)L]LNVHO�DGVRUSVL\RQGD�LPPRELOL]DV\RQGDQ�VRUXPOX�NXYYHWOHU�KLdrojen 

ED÷ODUÕ�� YDQ� GHU� ZDDOV� NXYYHWOHUL� YH� KLGURIRELN� HWNLOHúPHOHUGLU�� ø\RQLN� ED÷ODQPD� LOH�
LPPRELOL]DV\RQ� SURWHLQLQ� \�NO�� JUXSODUÕ� LOH� GHVWHN� PDWHU\DOLQLQ� NDUúÕW� \�NOHUL�
DUDVÕQGDNL� oHNLP� NXYYHWOHULQH� GD\DQÕU�� %X� \|QWHPLQ� HQ� |QHPOL� DYDQWDMÕ� HQ]LPLQ� �o�
boyuWOX� \DSÕVÕQGD� YH\D� DNWLI� PHUNH]LQGH� GH÷LúLPH� QHGHQ� ROPDPDVÕGÕU�� %|\OHFH�
HQ]LPOHU�ROGXNoD�VHUEHVW�KDUHNHW�HGHUHN�DNWLYLWHOHUL�\�NVHN�ROPDNWDGÕU��%XQXQ�\DQÕQGD�
HQ]LP�LOH�GHVWHN�PDGGHVL�DUDVÕQGDNL�]D\ÕI�ED÷ODUGDQ�GROD\Õ�DGVRUSODQDQ�HQ]LP�NXOODQÕP�
VÕUDVÕQGD�WDúÕ\ÕFÕGDQ�X]DNODúDELOLU��%X�GXUXP�\|QWHPLQ�|QHPOL�ELU�GH]DYDQWDMÕGÕU��ùHNLO�
��������¶GH�DGVRUSVL\RQ�LOH�LPPREL]DV\RQ�J|VWHULOPLúWLU� 

 

ùHNLO��������� Adsorpsiyon ile immobizasyon 
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Enzimin suda çözünmeyen materyallerde adsorpsiyonu, pH, çözücü karakteri, 

iyoQLN� NXYYHW�� SURWHLQ� LOH� DGVRUEDQÕQ� GHULúLPL� YH� VÕFDNOÕN� JLEL� GHQH\� NRúXOODUÕQD�
ED÷OÕGÕU��$GVRUSVL\RQOD� LPPRELOL]DV\RQ�PHWRGX� EDVLW� ROGX÷X�� oHúLWOL� \�NO�� WDúÕ\ÕFÕODU�
VHoLOHELOGL÷L� YH� WDúÕ\ÕFÕODU� IDUNOÕ� IL]LNVHO� úHNLOOHUGH� NXOODQÕODELOGL÷L� LoLQ� DYDQWDMOÕGÕU� 
Adsorpsiyon ile immobilizasyon enzim çözeltisiyle destek maddesinin 

NDUÕúWÕUÕOPDVÕQGDQ�LEDUHW�ROGX÷X�LoLQ�EDVLW�YH�XFX]�ELU�\|QWHPGLU���g]W�UN�������7D\ORU�
1991). 

 

�������+DSVHWPH�LOH�øPPRELOL]DV\RQ 

 

+DSVHWPH� LOH� LPPRELOL]DV\RQ� HQ]LPOHULQ� NDWÕ� GHVWHN� PDGGesinin gözenekleri 

YH\D� OLIOHUL� DUDVÕQD� KDSVHGLOPHVL� WHPHOLQH� GD\DQÕU�� <|QWHPGH� NXOODQÕODQ� NDWÕ� GHVWHN�
maddeleri Ca-alginate, hollow fiberler, hidrofilik veya hidrofobik membranlar, N-N’ 

PHWLOHQ�ELVDNULODPLG�YH�oDSUD]�ED÷ODQPÕú�SROLDNULODPLGOHU�JLEL�J|]HQHNOL�\DSÕ\D�VDKLS�
materyallerdir. Yöntemde enzim sulu monomer veya polimer çözeltisinde çözülür. 

3ROLPHU� ROXúXPX� YH\D� oDSUD]� ED÷ODQPD� ÕVÕ\OD�� JDPD� UDG\DV\RQX�YH\D�89� ÕúÕQODUÕ\OD�
EDúODWÕOÕU�YH�ROXúDQ�KLGURILOLN�SROLPHU�LoLQGH�HQ]LP�KDSVHGLOLU��3ROLPHU�PDWULNV�\DSÕVÕQÕQ�
substrat ve ürünün difüzyonuna izin verirken proteinin difüzyonunu engellemesi için 

\HWHUL�GHUHFHGH�VÕNÕ�ROPDVÕ�JHUHNLU��+DSVHWPH�PHWRGX�NDIHV�WLSL�YH�PLNURNDSV�O�ROPDN�
�]HUH�LNL�JUXED�D\UÕOÕU��&KULVWHQVHQ�YH�DUN�������� 
 

1.6.5.1. Kafes Tipi Hapsetme Metodu 

 

.DIHV�WLSL�KDSVHWPH�PHWRGX��VXGD�o|]�QPH\HQ�oDSUD]�ED÷OÕ�SROLPHULQ�ERúOXNODUÕ�
LoLQGH� HQ]LPLQ� WXWXOPDVÕ� HVDVÕQD� GD\DQÕU�� %X� PHWRW� GD� HQ]LP� LoHUHQ� PRQRPHU� YH\D�
SROLPHU�úHEHNHVL�ROXúWXUXOXU��(Q]LP�PROHN�OOHUL�IL]LNVHO�RODUDN�SROLPHU�NDIHV�LoHULsinde 

WXWXOXU� YH� MHO� PDWULNVLQ� GÕúÕQD� oÕNDPD]�� )DNDW� VXEVWUDW� YH� �U�Q� EX� úHEHNH� LoHULVLQH�
V�UHNOL� RODUDN� JLULS� oÕNDELOLU�� (Q]LP� NLP\DVDO� PRGLILNDV\RQD� X÷UDPD]� YH� HQ]LPLQ�
|]HOOLNOHULQGH� KHUKDQJL� ELU� GH÷LúPH� J|]OHQPH]�� %X� \|QWHP� IDUNOÕ� IL]LNVHO� IRUPODUGD�
sudD� o|]�QPH\HQ� HQ]LP� W�UHYOHULQLQ� KD]ÕUODQPDVÕQD� RODQDN� YHULU�� (Q]LP� W�UHYOHULQLQ�
MHODWLQLPVL� GR÷DVÕ� LPPRELOL]H� ELU� HQ]LPLQ� KHP� G�]HQOL� KHP� GH� G�]HQVL]� \�]H\OHU�
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�]HULQGH� NROD\FD� GHSRODQPDVÕQÕ� VD÷ODPDNWDGÕU� �&KULVWHQVHQ� YH� DUN�� ������� ùHNLO�
1.6.5.1.1.’ de kaIHV�WLSL�KDSVHWPH�PHWRGX�J|VWHULOPLúWLU� 

ùHNLO����������� Kafes Tipi Hapsetme Metodu  

 

1.6.5.2. Mikrokapsül ile Hapsetme Metodu 

 

 Mikrokapsül ile hapsetme metodu, 10-����� �P� oDSOÕ� N�o�N� \DUÕ� JHoLUJHQ�
mebranlar içinde enzim moleküllerinin hapsedilmesini içeULU�� <DUÕ� JHoLUJHQ� PHEUDQ��
E�\�N� SURWHLQ� YH\D� HQ]LPOHULQ� PLNURNDSV�O� GÕúÕQD� oÕNPDVÕQD� HQJHO� ROXUNHQ�� N�o�N�
VXEVWUDW� YH� �U�QOHULQ� VHUEHVWoH� JLULS� oÕNPDVÕQD� L]LQ� YHULU�� (Q]LPOHULQ�
PLNURNDSV�OOHQPHVL� LoLQ� EDVLW� LNL� PHWRW� YDUGÕU�� %XQODU� ID]� D\UÕPÕ� YH� DUD� \�]H\ 

SROLPHUL]DV\RQGXU�� )D]� D\UÕPÕ� PHWRGXQGD� HQ]LP� YH� PLNURNDSV�O�� ROXúWXUDQ� o|]HOWL�
GDPODODU� KDOLQGH� o|NW�U�F�\H� LODYH� HGLOLU�� øNLQFL�PHWRWWD� HQ]LPLQ� VXOX� o|]HOWLVL� VX\OD�
NDUÕúPD\DQ�RUJDQLN�o|]HOWL� LoHULVLQGH�HP�OVL\H�HGLOLU��2UWDPD�HNOHQH�SROLPHU�o|]HOWLVL�
eQ]LP�PLNUR�GDPODODUÕQÕQ�HWUDIÕQGD�PHEUDQ�ROXúWXUXU��%|\OHFH�HQ]LP�SROLPHULN�PHEUDQ�
WDUDIÕQGDQ�VDUÕODUDN�PLNURNDSV�OOHQPLú�ROXU��%X�\|QWHP�LOH�E�\�N�\�]H\-KDFLP�RUDQÕQD�
XODúÕODELOLU��<�]H\-KDFLP�RUDQÕQÕQ�E�\�N�ROPDVÕ�PLNURNDSV�O� LoHULVLQGH�ROXúDQ�HQ]LP�
subsWUDW�UHDNVL\RQXQX�DUWÕUÕU��7D\ORU�������&KULVWHQVHQ�YH�DUN���������ùHNLO�����������¶�
GH�PLNURNDSV�O�LOH�KDSVHWPH�PHWRGX�J|VWHULOPLúWLU� 
 

 

 

 

 

       Kafes Tipi Hapsetme                                
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ùHNLO������������Mikrokapsül ile hapsetme metodu 

 

1.6.6. Kimyasal Metotlar 

  

Kimyasal immobilizasyon yönteminde en]LPOH� GHVWHN� PDGGHVL� DUDVÕQGD�
NRYDOHQW� ED÷� ROXúXPX� PH\GDQD� JHOPHNWHGLU�� .LP\DVDO� WXWXQPD� oR÷XQOXNOD�
WHUVLQPH]GLU� YH� VHUEHVW� HQ]LPL� \HQLGHQ� JHUL� ND]DQPDN� P�PN�Q� GH÷LOGLU�� .LP\DVDO�
ED÷ODQPD� LOH� LPPRELOL]DV\RQ� PHWRWODUÕQÕQ� LPPRELOL]H� HQ]LPLQ� oRN� NDUDUOÕ� ROPDVÕ��
GHVWHN� PDGGHVLQLQ� GD\DQÕNOÕ� ROPDVÕ� JLEL� |QHPOL� DYDQWDMODUÕ� YDUGÕU�� %XQXQ� \DQÕQGD�
LPPRELOL]DV\RQ� YHULPLQLQ� VÕQÕUOÕ� ROPDVÕ�� UHDNVL\RQ� úDUWODUÕQÕQ� |]HO� ROPDVÕ�� NLP\DVDO�
RODUDN� LQHUW� RODQ� GHVWHN� PDGGHOHULQH� X\JXODQDPDPDVÕ� JLEL� ED]Õ� GH]DYDQWDMODUD� GD�
sahiptiU��.LP\DVDO�PHWRWODU�L\RQLN��NRYDOHQW�YH�oDSUD]�ED÷ODPD�ROPDN��]HUH��oH�D\UÕOÕU�
(Zaborsky, 1973).   

 

���������ø\RQLN�%D÷ODPD 

 

ø\RQLN� ED÷ODQPD� PHWRGX� L\RQ-GH÷LúWLULFL� NDOÕQWÕODU� LoHUHQ� VXGD� o|]�QPH\HQ�
GHVWHN�PDGGHVLQH�HQ]LPLQ�L\RQLN�ED÷ODQPDVÕQD�GD\DQÕU��ø\on-GH÷LúWLULFL�PHUNH]H�VDKLS�
SROLVDNNDULW�YH�VHQWHWLN�SROLPHUOHU�JHQHOOLNOH�WDúÕ\ÕFÕ�RODUDN�NXOODQÕOÕUODU��'LHWLODPLQRHWLO�
selüloz (DEAE-VHO�OR]�� YH\D� 6HSKDGH[� JLEL� DQ\RQ� GH÷LúWLULFLOHU� YH� NDUERNVLPHWLO�
VHO�OR]�JLEL�NDW\RQ�GH÷LúWLULFLOHU�GHVWHN�PDWHU\DOL�Rlarak enzimlerin adsorpsiyonu için 

HQG�VWULGH� NXOODQÕOPDNWDGÕUODU�� %X� PHWRGXQ� DYDQWDMÕ� WDúÕ\ÕFÕ\D� HQ]LPLQ� ED÷ODQPDVÕ�
NRYDOHQW�ED÷ODQPD�PHWRGX�LoLQ�JHUHNHQ�úDUWODUGDQ�GDKD� ÕOÕPOÕ�úDUWODUGD�YH�GDKD�NROD\�
JHUoHNOHúPHVLGLU�� ø\RQLN� ED÷ODQPD� PHWRGX� HQ]LPLQ� DNWLI merkezinde ve 

NRQIRUPDV\RQXQGD� |QHPOL� GH÷LúLNOLNOHU� ROXúWXUPDGÕ÷ÕQGDQ� HQ]LP� LPPRELOL]DV\RQX�
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\�NVHN� YHULPOH� JHUoHNOHúWLULOHELOPHNWHGLU� �7D\ORU� ������� ùHNLO� ����������¶GH� L\RQLN�
ED÷ODPD�LOH�LPPRELOL]DV\RQ�PHWRGX�J|VWHULOPLúWLU� 

 

 

ùHNLO������������ø\RQLN�ED÷ODPD�LOH�LPPRELOL]DV\RQ�PHWRGX 

 

���������.RYDOHQW�%D÷ODPD 

 

øPPRELOL]DV\RQ� WHNQLNOHUL� LoHULVLQGH� HQ� X\JXQ� RODQÕGÕU� YH� EX� WHNQLNWH� GHVWHN�
PDGGHVL� LOH� HQ]LP�DUDVÕQGD�NRYDOHQW� ED÷�ROXúXU��%X� WHNQLN�HQ]LP� W�UHYOHULQLQ� NDUDUOÕ�
ROPDVÕQÕ�VD÷ODU�YH�HQ]LPLQ�o|]HOWL\H�JHoPHVLQL�HQJHOOHU��.RYDOHQW�ED÷ODQPD�JHQHOOLNOH�
HQ]LPLQ�\DSÕVÕQÕQ�YH�IRQNVL\RQHO�JUXSODUÕQÕQ�ELOLQGL÷L�GXUXPODUGD�NXOODQÕOÕU��.RYDOHQW�
ED÷ODQPD�LOH�LPPRELOL]DV\RQ�LNL�EDVDPDNWD�JHUoHNOHúWLULOLU��%LULQFLVL�GHVWHN�PDGGHVLQLQ�
DNWLIOHúWLULOPHVL��LNLQFLVL�LVH�HQ]LPLQ�DNWLYH�RODQ�GHVWHN�PDGGHVLQH�NRYDOHQW�ED÷ODQPDVÕ�
úHNOLQGHGLU��'L]JH�YH�DUN��������7D\ORU������� 

ùHNLO�����������¶GH�NRYDOHQW�ED÷ODPD�LOH�LPPRELOL]DV\RQ�PHWRGX�J|VWHULOPLúWLU��
.RYDOHQW� ED÷ODQPD� PHWRGX� HQ]LP� YH� VXGD-o|]�QPH\HQ� WDúÕ\ÕFÕQÕQ� NRYDOHQW� ED÷� LOH�
ED÷ODQPDVÕ� HVDVÕQD� GD\DQPDNWDGÕU��%X� ED÷ODQPD� LoLQ� NXOODQÕODQ� IRQNVL\RQHO� JUXSODU��
DPLQR��NDUERNVLO��V�OILGULO��KLGURNVLO��LPLGD]RO��IHQROLN��WL\RO�� WUHRQLQ�YH�LQGRO�JUXSODUÕ�
RODUDN�VÕUDODQPDNWDGÕU��.RYDOHQW�ED÷ODQPD�\|QWHPOHUL�dL]HOJH�����������¶GH��YHULOPLúWLU� 
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ùHNLO������������.RYDOHQW�ED÷ODPD�LOH�LPPRELOL]DV\RQ�PHWRGX 

 

Çizelge 1.6.6.2.1.�.RYDOHQW�ED÷ODQPD�\|QWHPOHUL 
.RYDOHQW�ED÷ODQPD�\|QWHPL 'HVWHN�PDGGHVLQH�ED÷ODQPD 

Diazotlama Reaksiyonu DESTEK – N = N – Enzim 

$PLG�%D÷Õ�2OXúXPX DESTEK – CO – NH – Enzim 

Alkilleme Reaksiyonu DESTEK – CH2 – NH – Enzim 

6FKLII�%D]Õ�2OXúXPX DESTEK – CH = N – Enzim 

Amidinasyon reaksiyonu DESTEK – CNH – NH – Enzim 

Tiyol-'LV�OI�U�GH÷LúLPL DESTEK – S – S – Enzim 

Bifonksiyonel kimyasallarla 
GHVWH÷H�ED÷ODQPD� DESTEK – O(CH2)N = CH(CH2)3CH = N – Enzim 

KAYNAK: 'ø=*(��1� 2005.�%LWNLVHO�\D÷�YH�DWÕNODUÕQGDQ�\HQL�PLNUR�SRUR]�SROLPHULN�HQ]LP�UHDNW|UOHUL�
ile biyodizel üretimi. 171 s. 

 

 

7DúÕ\ÕFÕ�YH�HQ]LP�DUDVÕQGDNL�ED÷ODQPDQÕQ�J�F��NXYYHWOL�ROGX÷XQGDQ�\�NVHN�L\RQLN�
úLGGHWH� VDKLS� VXEVWUDW� o|]HOWLOHULQLQ� YDUOÕ÷ÕQGD� ELOH� HQ]LP� NDoÕúÕ� PH\GDQD� JHOPH]��
$QFDN� NRYDOHQW� ED÷ODQPD� GL÷HU� LPPRELOL]DV\RQ� \|QWHPOHULQH� J|UH� GDKD� SDKDOÕ� YH�
NDUPDúÕN� ROXS� HQ]LPLQ� DNWLI� PHUNH]L� YH� NRQIRUPDV\RQXQGD� GH÷LúLNOLNOHU� PH\GDQD�
getirebilmekte, böylece�DNWLYLWH�ND\EÕQD�QHGHQ�RODELOPHNWHGLU��7D\ORU�������� 
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���������dDSUD]�%D÷ODPD 

 

 (Q]LP� PROHN�OOHUL� EDúND� ELU� GHVWHN� PDGGHVL� ROPDGDQ� GD� NHQGL� DUDODUÕQGD�
PROHN�O�LoL�YH\D�PROHN�OOHU�DUDVÕ�oDSUD]�ED÷ODQDUDN�LPPRELOL]H�RODELOLUOHU��%X�PHWRW��o�
ER\XWOX� D÷� |UJ�O�� oDSUD]� ED÷ODQPÕú� HQ]LP� ROXúXPX� HVDVÕQD� GD\DQPDNWDGÕU�� dDSUD]�
ED÷ODQPD� LOH� HQ]LP� LPPRELOL]DV\RQX� oRN� EDVLW� ROPDVÕQD� UD÷PHQ� HQ]LPOHUGHNL� |]HO�
IRQNVL\RQHO� JUXSODUÕQ� oDSUD]� ED÷OD\ÕFÕ� RODUDN� NXOODQÕODELOPHVL� LoLQ� JHUHNHQ� úDUWODUÕQ�
seçimi ve kurulumu zordur. %X�PHWRGXQ�HQ�|QHPOL�DYDQWDMÕ� WHN�ELU� LúOHPGH�HQ]LPOHUL�
LPPRELOL]H� HWPHN� LoLQ� LNL� \DGD� GDKD� oRN� IRQNVL\RQOX�PDGGHOHULQ� NXOODQÕODELOPHVLGLU�
(Taylor 1991).  

(Q]LPOHULQ�J�oO��ED÷ODQPDODUÕQGDQ�GROD\Õ�GHVRUSVL\RQODUÕ�oRN�D]GÕU��(Q]LPOHULQ�
immobilizasyonu proteiQLQ� PROHN�OHU� LoL�� GL÷HU� SURWHLQ� PROHN�OOHUL\OH� \D� GD� VXGD�
o|]�QPH\HQ� ELU� NDWÕ� GHVWHN� �]HULQGHNL� IRQNVL\RQHO� JUXSODUOD� oDSUD]� ED÷ODQPDVÕ\OD�
JHUoHNOHúWLULOPHNWHGLU�� %LU� HQ]LPLQ� NHQGLVL\OH� oDSUD]� ED÷ODQPDVÕ� KHP� SDKDOÕ� KHP�GH�
SURWHLQOHULQ� ELU� NÕVPÕ� GHVWHN�PDGGHVL�RODUDN�NXOODQÕODFD÷ÕQGDQ�HWNLVL]�YH�ED÷ÕO�RODUDN�
G�ú�N�DNWLYLWH\H�VDKLS�PHWRW�ROPDNWDGÕU��%X�QHGHQOH�JHQHOOLNOH�oDSUD]�ED÷ODPD�GL÷HU�ELU�
PHWRGOD�EHUDEHU�NXOODQÕOGÕ÷ÕQGD�oRN�HOYHULúOLGLU��ùHNLO�����������¶GH��oDSUD]�ED÷ODPD�LOH�
immobilizasyon yöntemi g|VWHULOPLúWLU� 

 

 

ùHNLO�������������dDSUD]�ED÷ODPD�LOH�LPPRELOL]DV\RQ�PHWRGX� 
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1.6.7. Destek Maddesi Aktivasyon Yöntemleri 

 
1.6.7.1.  Siyanojen Bromür 

 

øON� RODUDN� $[HQ� YH� JUXEX� WDUDIÕQGDQ� NXOODQÕODQ� &1%U� PHWRGX� LOH� VL\DQRMHQ�
EURP�U��&1%U��LOH�oHúLWOL�SROLVDNNDULWOHULQ�KLGURNVLO�JUXSODUÕ�DNWLYH�HGLOHUHN�HQ]LPOHULQ�
DPLQR� JUXSODUÕ\OD� NRYDOHQW� ED÷� ROXúWXUPDODUÕ� VD÷ODQÕU�� &1%U� LOH� SROLVDNNDULW� WDúÕ\ÕFÕ�
PDWHU\DOOHULQLQ� DNWLYDV\RQX� UHoLQHQLQ� Q�NOHRILOOL÷LQL� DUWWÕUPDN� LoLQ� NXYYHWOL� ED]LN�
RUWDPGD� JHUoHNOHúWLULOLU�� ùHNLO� ����������¶GH� UHDNVL\RQ� úHPDVÕ� J|VWHULOPLúWLU�� )DNDW�
NXYYHWOL�ED]LN�RUWDP�&1%U�KLGUROL]LQH�YH�WDúÕ\ÕFÕ�GHVWH÷H�ED÷ODQDELOHQ�UHDNWLI�VL\DQDW�
HVWHUOHULQ�ROXúXPXQD�QHGHQ�ROXU�E|\OHFH�\�NVHN�RUDQGD�WRNVLN�EHOLUWHo�PLNWDUÕQÕQ�ID]OD�
ROPDVÕQD�YH�UHDNVL\RQXQ�G�ú�N�DNWLYDV\RQ�YHULPL\OH�VRQXoODQPDVÕQD�QHGHQ�ROXU��'L]JH�
2005). 

ùHNLO������������6L\DQRMHQ�EURP�U�LOH�GHVWHN�DNWLYDV\RQ�úHPDVÕ 
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1.6.7.2. Karbodiimid Aktivasyonu 

 
'HVWHN� PDGGHOHULQLQ� NDUERNVLO� JUXSODUÕ� NDUERGLLPLG¶OHU� �51&151) ile aktive 

edilerek eQ]LPOHULQ� LPPRELOL]DV\RQXQGD� NXOODQÕOÕUODU�� %X� UHDNWLI� NDUDUOÕ� DPLG� ED÷Õ�
YHUPHN�LoLQ�EDúOÕFD�DPLQOHUOH�NRQGDQVH�RODELOHQ�oRN�UHDNWLI�2-DoLOL]R�UH�ROXúXPX�LoLQ�
DVLGLN�S+�GH÷HUOHULQGH��S+ ����–��� WDúÕ\ÕFÕQÕQ�NDUERNVLO�JUXSODUÕ\OD�UHDNVL\RQD�JLUHU��
Reaksiyon úHPDVÕ� ùHNLO� ����������¶GH� J|VWHULOPLúWLU�� <D\JÕQ� RODUDN� NXOODQÕODQ� VXGD�
çözünebilen karbodiimid 1-etil–3-(3-dimetilaminopropil) karbodiimid (EDC)’dir (Dizge 

2005). 

ùHNLO�������������.DUERGLLPLG�LOH�GHVWHN�DNWLYDV\RQ�úHPDVÕ 
 
1.6.7.3. Diazotlama 

 
Aromatik SULPHU� DPLQ� JUXEX� WDúÕ\DQ� SROLPHULN� WDúÕ\ÕFÕODU� GLD]RQ\XP� WX]X�

ROXúWXUDUDN�SURWHLQ�PROHN�OOHULQL� IHQROLN�� LPLGD]RO�YH� VHUEHVW�1+2� JUXSODUÕ��]HULQGHQ�
ED÷OD\DELOPHNWHGLU��7D\ORU������� 

 

1.6.7.4. Alkilleme ve Arilleme 

 
Destek maddelerinde bulunan fenolik, sülILGULO� YH\D� VHUEHVW� DPLQR� JUXSODUÕ�

alkillenerek destek maddeleri aktif duruma getirilirler. Özellikle halojen substitüe 

DURPDWLN�KDONDODU�HQ]LP�PROHN�O�Q��VHUEHVW�DPLQ�JUXSODUÕ��]HULQGHQ�ED÷ODUODU��6HUEHVW�
KLGURNVLO� JUXEX� WDúÕ\DQ� GR÷DO� YH\D� VHQWHWLN� SROLPHrler s-triklortriazin ile aktive 

HGLOHELOPHNWHGLUOHU�� $ULOOHPH� YH� DONLOOHPH� UHDNVL\RQX� DoLOOHPHGHQ� GDKD� \DYDúWÕU� YH�
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SURWRQODQPDPÕú� Q�NOHRILOOHUH� JHUHNVLQLP�GX\DU��'ROD\ÕVÕ\OD� S+¶\D� oRN�ED÷ÕPOÕGÕUODU����
(Taylor 1991). 

 

1.6.7.5. Aldehit Kondenzasyonu 

 
Amino JUXSODUÕ�LoHUHQ�GHVWHN�PDGGHOHUL�PRQRPHULN�\D�GD�SROLPHULN�JOXWDUDOGHKLW�

LOH�DNWLYH�HGLOHUHN�HQ]LPOHULQ�GHVWH÷H�NRYDOHQW�RODUDN�ED÷ODQPDVÕ�VD÷ODQÕU��7LFDUL�RODUDN�
NXOODQÕODQ�DOGHKLW� W�UHYL� oDSUD]�ED÷OD\ÕFÕ� UHDNWLIOHU�DUDVÕQGD��KÕ]OÕ�YH�HWNLOL�ELU�SURWHLQ�
bD÷OD\ÕFÕ� ROGX÷X� LoLQ� JOXWDUDOGHKLW� HQ� oRN� WHUFLK� HGLOHQ� UHDNWLIWLU�� ùHNLO� ����������¶GH�
HQ]LP�PROHN�OOHULQLQ�JOXWDUDOGHKLW�LOH�oDSUD]�ED÷ODPD�úHPDVÕ�J|VWHULOPLúWLU� 

 

 

                                          E-NH2 + OCH (CH2)3 CHO +E1-NH2 

 

 

 

                                                    E-N=HC (CH2)3 CH=N-E1 

 

ùHNLO������������(Q]LP�PROHN�OOHULQLQ�JOXWDUDOGHKLW�LOH�oDSUD]�ED÷ODQPDVÕ 
 

�������'HVWHN�0DGGHVLQH�(Q]LP�øPPRELOL]DV\RQX 

 

 (Q]LPOHULQ�GHVWHN�PDGGHOHULQH�ÕOÕPOÕ�UHDNVL\RQ�NRúXOODUÕQGD�VD÷ODP�ELU�úHNLOGH�
ED÷ODQDELOPHVL� LoLQ� HQ]LPGHNL� SURWHLQLQ� LoHUGL÷L� IRQNVL\RQHO� JUXS� GHVWHN�PDGGHVLQLQ�
\�]H\�\DSÕVÕQD�X\JXQ�ROPDOÕGÕU��dL]HOJH���������¶GH�SURWHLQOHULQ�LoHUGLNOHUL�IRQNVL\RQHO�
JUXSODU� J|VWHULOPLúWLU�� $\QÕ� ]DPDQGD� SURWHLQ� LPPRELOL]DV\RQX� LoLQ� GHVWHN� Paddesi 

X\JXQ�ELU�IRQNVL\RQHO�JUXSOD�NDSODQDUDN�GDKD�VRQUD�HQ]LP�ÕOÕPOÕ�UHDNVL\RQ�NRúXOODUÕQGD�
GHVWHN� PDGGHVLQGHNL� IRQNVL\RQHO� JUXSODU� �]HULQGHQ� ED÷ODQDELOLU�� dL]HOJH� ��������¶GH�
SURWHLQ� LPPRELOL]DV\RQX� LoLQ� GHVWHN� PDGGHVLQLQ� IRQNVL\RQHO� JUXSOD� NDSODQPDVÕ�
görülmektedir. 
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Çizelge 1.6.8.1. Proteinlerin içerdikleri fonksiyonel gruplar 

 
KAYNAK: NOROUZIAN, D., 2003. Enzyme immobilization: the state of art in biotechnology. Iranian 
Journal of Biotechnology, Vol. 1, No. 4, 197-206. 
 

 

 

 

 

 

.LP\DVDO�\DSÕ Fonksiyonel grup Aminoasit 

-NH2 amin alkalin amino asitler 

-SH  sülfidril sistein 

-COOH  karboksil asidik amino asitler 

 

fenolik tirosin 

 

guanidin arginin 

 

imidazolil histidin 

–S–S–  disülfür sistein 

 

indole triptofan 

–S–CH3 tioeter metionin 

–CH2OH  metil serin, treonin 
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Çizelge 1.6.8.2. Protein immobilizasyonu için destek maddesinin fonksiyonel grupla 

NDSODQPDVÕ 

 
KAYNAK: NOROUZIAN, D., 2003. Enzyme immobilization: the state of art in biotechnology. Iranian 

Journal of Biotechnology, Vol. 1, No. 4, 197-206. 
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(Q]LP� LPPRELOL]DV\RQ� \|QWHPOHUL� LoLQGH� |]HOOLNOH� NRYDOHQW� ED÷ODPD�
\|QWHPLQGH� SURWHLQLQ� LoHUGL÷L� IRQNVL\RQHO� JUXS� GDKD� GD� |QHPOL� KDOH� JHOPektedir. 

dL]HOJH� ��������¶GH� SURWHLQOHULQ� GHVWHN� PDGGHVL� �]HULQH� NRYDOHQW� ED÷� LOH� ED÷ODQPDVÕ�
J|VWHULOPLúWLU� 
  

Çizelge 1.6.8.3. PURWHLQOHULQ�GHVWHN�PDGGHVL��]HULQH�NRYDOHQW�ED÷�LOH�ED÷ODQPDVÕ� 
 

KAYNAK: NOROUZIAN, D., 2003. Enzyme immobilization: the state of art in biotechnology. Iranian 

Journal of Biotechnology, Vol. 1, No. 4, 197-206. 
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�����%ø<2'ø=(/� 
 

$\oLoHN��VR\D��NRO]D���NDQROD���DVSLU�JLEL�\D÷OÕ�WRKXP�ELWNLOHULQGHQ�HOGH�HGLOHQ�
\D÷ODUÕQ� YH\D� KD\YDQVDO� \D÷ODUÕQ� DVLGLN�� ED]LN� YH\D� HQ]LPDWLN� ELU� NDWDOL]|U� HúOL÷LQGH�
PHWDQRO� JLEL� NÕVD� ]LQFLUOL� ELU� DONRO� LOH� UHDNVL\RQX� VRQXFX� DoÕ÷D� oÕNDQ� \D÷� DVLGL�PHWLO�
HVWHUOHUL� EL\RGL]HO� RODUDN� DGODQGÕUÕOÕUODU� �5DQJDQDWKDQ� YH� DUN�� ������ )XNXGD� YH� DUN��
������� (YVHO� NÕ]DUWPD� \D÷ODUÕ� YH� KD\YDQVDO� \D÷ODU� GD� EL\RGL]HO� KDPPDGGesi olarak 

NXOODQÕODELOLU�� (Q]LPDWLN� YH� V�SHU� NULWLN� \|QWHPOH� GH� EL\RGL]HO� HOGH� HWPHN� P�PN�Q�
ROPDVÕQD�UD÷PHQ�EL\RGL]HO��UHWLPLQGH�NXOODQÕODQ�HQ�\D\JÕQ�\|QWHP�WUDQVHVWHULILNDV\RQ�
\|QWHPLGLU�� 7UDQVHVWHULILNDV\RQ� UHDNVL\RQXQGD� \D÷�� PRQRKLGULN� ELU� DONROOH� �HWDnol, 

PHWDQRO��� NDWDOL]|U� �DVLGLN��ED]LN�NDWDOL]|UOHU� LOH� HQ]LPOHU��YDUOÕ÷ÕQGD�DQD��U�Q�RODUDN�
\D÷�DVLGL�HVWHUOHUL�YH�JOLVHULQ�YHUHUHN�HVWHUOHúLU��0D�YH�+DQQD������� 

6WRNL\RPHWULN� WUDQVHVWHULILNDV\RQ� \|QWHPLQGH� ELU� PRO� \D÷� LoLQ� �o� PRO� PRQR�
DONRO�NXOODQÕOÕU��hU�QOHU�LVH��o�PRO�\D÷�DVLGL�PRQR�DONLO�HVWHUL��EL\RGL]HO��YH�\DQ��U�Q�
RODQ�ELU�PRO�JOLVHULQGLU��ùHNLO�������¶GH�UHDNVL\RQ�úHPDVÕ�J|U�OPHNWHGLU��0HWDQRO��JLEL�
DONROOHU�WUDQVHVWHULILNDV\RQ�\|QWHPLQGH�NXOODQÕODELOLU�YH�HOGH�HGLOHQ��U�Q�VÕUDVÕ\OD�PHWLO�
ester�DGÕQÕ�DOÕU��$\UÕFD�HVWHUOHúPH�UHDNVL\RQXQGD�\DQ��U�Q�RODUDN�GL�YH�PRQRJOLVHULGOHU��
UHDNWDQ�ID]ODVÕ�YH�VHUEHVW�\D÷�DVLWOHUL�ROXúXU��ùHNLO�������¶GH�ED]�NDWDOL]OL�WUDQVHVWHUOHúPH�
UHDNVL\RQ�PHNDQL]PDVÕ�YHULOPLúWLU��5HDNVL\RQX�KÕ]ODQGÕUPDN� LoLQ�ED]� �1D2+��.2+), 

asit (H2SO4�� +&O�� YH\D� HQ]LP� �EL\RORMLN� NDWDOL]|U�� NXOODQÕODELOLU�� $VLW� YH� HQ]LP�
NDWDOL]|UOHU��ED]�NDWDOL]|UOHUH�RUDQOD�oRN�GDKD�\DYDúWÕUODU� 

 

ùHNLO��������6WRNL\RPHWULN�WUDQVHVWHULILNDV\RQ�UHDNVL\RQ�úHPDVÕ 
 

 

CH2

CH

OH

OH

CH2 OH
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ùHNLO��������%D]�NDWDOL]OL�WUDQVHVWHUOHúPH�UHDNVL\RQ�PHNDQL]PDVÕ�YHULOPLúWLU� 
 

%L\RGL]HO��<D÷�$VLWOHUL�0HWLO�(VWHUL��VDI�RODUDN�NXOODQÕODELOHFH÷L�JLEL�SHWUROGHQ�
HOGH� HGLOHQ� GL]HO� \DNÕWOD� EHOLUOL� RUDQODUGD� NDUÕúWÕUÕODUDN� GD� NXOODQÕODELOLU�� %L\RGL]HOLQ�
KDPPDGGH�ND\QDNODUÕ��ELWNLVHO�YH�KD\YDQVDO�\D÷ODU�LOH�EXQODUÕQ�NXOODQÕOPÕú�DWÕNODUÕGÕU� 

'�Q\DGD� WRSODP�����PLO\RQ�WRQ�ELWNLVHO�\D÷��UHWLOPHNWH�ROXS�EXQXQ���PLO\RQ�
WRQX� EL\RGL]HO� �UHWLPLQGH� NXOODQÕOPDNWDGÕU�� (VDVHQ� '�Q\DGD� �UHWLOHQ� W�P� ELWNLVHO�
\D÷ODUÕQ� WDPDPÕ� EL\RGL]HOH� oHYULOVH� G�Q\D� GL]HO� \DNÕW� LKWL\DFÕQÕQ� DQFDN� ��¶VLQL�
NDUúÕOD\DELOPHNWHGLU��KWWS���ZZZ�DOEL\RELU�RUJ�WU�EL\RGL]HO�KWP�������� 

 
1.7.1. Biyodizel Özellikleri 

 

 %L\RGL]HO� \DNÕW� GL]HO� PRWRUODUGD� KHUKDQJL� ELU� GH÷LúLNOLN� \DSÕOPDGDQ�
NXOODQÕODELOPHNWHGLU��%L\RGL]HOLQ�KHUKDQJL�ELU�SUREOHPOH�NDUúÕODúPDGDQ�HWNLQ�ELU�úHNLOGH�
NXOODQÕODELOPHVL�LoLQ�EHOLUOHQPLú�XOXVODU�DUDVÕ�VWDQGDUWODUD�X\PDVÕ�JHUHNPHNWHGLU��(QHUML�
SL\DVDVÕ� G�]HQOHPH� NXUXPX� WDUDIÕQGDQ� \D\ÕQODQDQ� YH� ����������� WDULKLQGH� \�U�UO�÷H�
JLUHQ� WHEOL÷H� J|UH� RWRPRWLY� \DNÕWODUÕ� LoLQ� 76� (1� ������ RWRPRWLY� \DNÕWODUÕ� \D÷� DVLGL�
metil esterleri (YAME) dizel motorlar için belirlenen özellikler ve deney yöntemleri 

VWDQGDUWODUÕ�dL]HOJH���������¶GH�\DNÕW�RODUDN�NXOODQÕODQ�EL\RGL]HO�LoLQ�LVH�76�(1�������
ÕVÕWPD� \DNÕWODUÕ� \D÷� DVLGL� PHWLO� HVWHUOHUL� �<$0(�� VWDQGDUWODUÕ� dL]HOJH� ��������¶GH�
J|VWHULOPLúWLU� 
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Çizelge 1.7.1.1.�76�(1�������RWRPRWLY�\DNÕWODUÕ�\D÷�DVLGL�PHWLO�HVWHUOHUL��<$0(��GL]HO�
motorlar için belirlenen standart özellikler 

$QDOL]�$GÕ Birim 
En Az 

(min.) 

En Çok 

(max.) 
Deney Yöntemi 

(VWHU�PXKWHYDVÕ % (m/m) 96,5 - EN 14103 

<R÷XQOXN������&
WD kg/m³ 860 900 
EN ISO 3675   

EN ISO 12185 

Viskozite , 40°C'ta mm²/s 3,5 5 EN ISO 3104 

3DUODPD�QRNWDVÕ °C 120 - EN ISO 3679 

.�N�UW�PXKWHYDVÕ mg/kg - 10 
EN ISO 20846 

EN ISO 20884 

.DUERQ�NDOÕQWÕVÕ������GDPÕWPD�NDOÕQWÕVÕQGD� % (m/m) - 0,3 EN ISO 10370 

6HWDQ�VD\ÕVÕ  51  EN ISO 5165 

6�OIDWODQPÕú�N�O�PXKWHYDVÕ % (m/m) - 0,02 ISO 3987 

6X�PXKWHYDVÕ mg/kg - 500 EN ISO 12937 

Toplam kirlililk mg/kg - 24 EN 12662 

%DNÕU�úHULW�NRUR]\RQX�����&
WD���VDDW� derece 1 - EN ISO 2160 

2NVLGDV\RQ�NDUDUOÕOÕ÷Õ�������&
WD h 6 - EN 14112 

$VLW�VD\ÕVÕ mg KOH/g - 0,5 EN 14104 

ø\RW�VD\ÕVÕ g iyot/100 g - 120 EN 14111 

Linolenik asit metil esteri % (m/m) - 12 EN 14103 

0HWDQRO�PXKWHYDVÕ % (m/m) - 0,2 EN 14110 

0RQRJOLVHULW�PXKWHYDVÕ % (m/m) - 0,8 EN 14105 

'LJOLVHULW�PXKWHYDVÕ % (m/m) - 0,2 EN 14105 

7ULJOLVHULW�PXKWHYDVÕ % (m/m) - 0,2 EN 14105 

Serbest gliserol % (m/m) - 0,02 
EN 14105       

 EN 14106 

Toplam gliserol % (m/m) - 0,25 EN 14105 

Grup I metaller (Na+K) mg/kg - 5 
EN 14108    

 EN 14109 
Grup II metaller (Ca+Mg) mg/kg - 5 prEN 14538 

)RVIRU�PXKWHYDVÕ mg/kg - 10 EN 14107 

6R÷XN�)LOWUH�7ÕNDQPD�1RNWDVÕ��&)33�  - -10 EN 116 

KAYNAK:�7�UN�6WDQGDUWODUÕ�(QVWLW�V���76(� 
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Çizelge 1.7.1.2.�76�(1�������ÕVÕWPD�\DNÕWODUÕ�\D÷�DVLGL�PHWLO�HVWHUOHUL (YAME) 
VWDQGDUWODUÕ 
 

$QDOL]�$GÕ Birim 
En Az 

(min.) 

En Çok 

(max.) 
Deney Yöntemi 

(VWHU�PXKWHYDVÕ % (m/m) 96,5 - EN 14103 

<R÷XQOXN������&
WD kg/m³ 860 900 
EN ISO 3675  

EN ISO 12185 

Viskozite , 40°C'ta mm²/s 3,5 5 
EN ISO 3104 

ISO 3105 

3DUODPD�QRNWDVÕ °C 120 - EN ISO 3679 

.�N�UW�PXKWHYDVÕ mg/kg - 10 
EN ISO 20846 

EN ISO 20884 

.DUERQ�NDOÕQWÕVÕ������GDPÕWPD�NDOÕQWÕVÕQGD� % (m/m) - 0,3 EN ISO 10370 

6�OIDWODQPÕú�N�O�PXKWHYDVÕ % (m/m) - 0,02 ISO 3987 

6X�PXKWHYDVÕ mg/kg - 500 EN ISO 12937 

Toplam kirlililk mg/kg - 24 EN 12662 

2NVLGDV\RQ�NDUDUOÕOÕ÷Õ�������&
WD h 4 - EN 14112 

$VLW�VD\ÕVÕ mg KOH/g - 0,5 EN 14104 

ø\RW�VD\ÕVÕ g iyot/100 g - 130 EN 14111 

0RQRJOLVHULW�PXKWHYDVÕ % (m/m) - 0,8 EN 14105 

'LJOLVHULW�PXKWHYDVÕ % (m/m) - 0,2 EN 14105 

Trigliserit muhtevDVÕ % (m/m) - 0,2 EN 14105 

Serbest gliserol % (m/m) - 0,02 
EN 14105 EN 

14106 

6R÷XN�ILOWUH�WÕNDQPD�QRNWDVÕ��6)71� °C  * EN 116 

$NPD�QRNWDVÕ °C  0 ISO 3016 

1HW�\DQPD�ÕVÕVÕ��KHVDSODQPÕú� MJ/kg 35 - 

DIN 51900-1  

DIN 51900-2  

DIN 51900-3 

* 01.04-30.09 (± 15 gün) min. +5°C / 01.10.31.03 (± 15 gün) max.-10° C 
KAYNAK:�7�UN�6WDQGDUWODUÕ�(QVWLW�V���76(� 
 

 dHYUHVHO�� HNRQRPLN� YH� WHNQLN� |]HOOLNOHU� G�ú�Q�OG�÷�QGH� EL\RGL]HO� \DNÕWODUÕQ�
VDKLS� ROGX÷X� |]HOOLNOHU� dL]HOJH� ��������¶GH� |]HWOHQPLúWLU�� 'L]HO� \DNÕW� LOH� EL\RGL]Hl 

\DNÕWÕQ� |]HOOLNOHUL� NDUúÕODúWÕUÕOGÕ÷ÕQGD� DUDODUÕQGD� oRN� E�\�N� IDUNODU� ROPDGÕ÷Õ�
J|U�OPHNWHGLU�� 'L]HO� \DNÕW� LOH� EL\RGL]HO� \DNÕW� |]HOOLNOHULQLQ� NDUúÕODúWÕUÕOPDVÕQÕ� LoHUHQ�
tablo Çizelge 1.7.1.4.’de görülmektedir. 
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Çizelge 1.7.1.3.�%L\RGL]HO�\DNÕWÕQ�|]HOOLNOHUi 
%L\RGL]HO�<DNÕWÕQ�g]HOOLNOHUL 
dHYUH�GRVWX�ELU�\DNÕWWÕU 
Yenilenebilir hammaddelerden elde edilebilmektedir 

$WÕN�ELWNLVHO�YH�KD\YDQVDO�\D÷ODUGDQ��UHWLOHELOLU 
Anti-toksik etkiye sahiptir 

%L\RORMLN�RODUDN�KÕ]OÕ�YH�NROD\�ER]XQDELOPHNWHGLU 
Kanserojenik madde ve kükürt içermemektedir 

<�NVHN�DOHYOHQPH�QRNWDVÕ�LOH�NROD\�GHSRODQDELOLU��WDúÕQDELOLU�YH�NXOODQÕODELOLUOHU� 
<D÷OD\ÕFÕOÕN�|]HOOL÷L�P�NHPPHOGLU 
0RWRU�|PU�Q��X]DWÕU� 
0RWRU�NDUDNWHULVWLN�GH÷HUOHULQGH�L\LOHúPH�VD÷ODU� 
.DUD�YH�GHQL]�WDúÕPDFÕOÕ÷ÕQGD�NXOODQÕODELOOLU� 

,VÕWPD�VLVWHPOHUL�YH�MHQHUDW|UOHUGH�NXOODQÕPD�X\JXQGXU 
Stratejik özelliklere sahiptir  

0HYFXW�GL]HO�PRWRUODUÕQGD�KLoELU�WDVDUÕP�GH÷LúLNOL÷L�JHUHNWLUPHGHQ�NXOODQÕODELOLU� 
7LFDUL�EDúDUÕ\Õ�\DNDODPÕú�ELU�\HúLO�\DNÕWWÕU 
Petrol dizelin depolaQPD�NRúXOODUÕQGD�GHSRODQDELOLU� 
.�o�N�LúOHWPHOHUGH�ORNDO�RODUDN��UHWLPL�P�PN�QG�U� 
3HWURO�GL]HOLQH�RUDQOD�GDKD�L\L�ELU�\D÷OD\ÕFÕ�ROGX÷XQGDQ�PRWRUXQ�|PU�Q��X]DWÕU� 
7DúÕQPDVÕ�YH�GHSRODQPDVÕ�J�YHQOL�ELU�\DNÕWWÕU��$\UÕFD�\�NVHN�DOHYOHQPH�QRNWDVÕQD�������&��sahiptir. Bu 

GL÷HU�SHWURO�GL]HOL�LoLQ������&¶GLU 

hUHWLPLQ�WDPDPÕ\OD�\HUOL�RODELOPHVL�VHEHEL\OH�LWKDO�ED÷ÕPOÕOÕ÷ÕQÕ�RUWDGDQ�NDOGÕUÕU 
$PHULND¶GD��dHYUH�.RUXPD�$MDQVÕ��(3$��7HPL]�+DYD�.DQXQODUÕ��&OHDQ�$LU�$FW��WDUDIÕQGDQ��oHYUH�YH�
LQVDQ�VD÷OÕ÷ÕQD�GL÷HU�\DNÕWODUD�NÕ\DVOD�GDKD�D]�]DUDU�YHUGL÷L�NDEXO�HGLOPLúWLU 

<HUOL��UHWLP�ELWNLVHO�\D÷ODUGDQ��D\oLoHN�\D÷Õ��VR\D�\D÷Õ��NRO]D�\D÷Õ���NROD\OÕNOD�HOGH�HGLOHELOLUOHU��$\UÕFD�
NXOODQÕOPÕú�YH�oHYUH�LoLQ�]DUDUOÕ�RODQ�NÕ]DUWPD�DWÕN�\D÷ODUÕQGDQ�GD�EL\RGL]HO��UHWLOHELOPHNWHdir 

KAYNAK: (http://www.eie.gov.tr/biyodizel/bd_teknikoz.html, 2008) 
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Çizelge 1.7.1.4.�'L]HO�\DNÕW�LOH�EL\RGL]HO�\DNÕW�|]HOOLNOHULQLQ�NDUúÕODúWÕUÕOPDVÕ 
 

 
Yakit Özellikleri 

 
Motorin 

 
Biyodizel 

<DNÕW�6WDQGDUGÕ� ASTM D975 ASTM D6751-02 

,VÕO�GHJHU��%WX�Jal  131.295 117.093 

Kin. Viskozite, 40 ° C'de  1.9 – 4.1 1.9 – 6.0 

<R÷XQOXN��OE�JDO�������&
GH� 7.079 7.323 

Su, % hacim  0.05 0.05 

.DUERQ����D÷ÕUOÕN� 87 77 

+LGURMHQ����D÷ÕUOÕN� 13 12 

2NVLMHQ����D÷ÕUOÕN 0 11 

.�N�UW����D÷ÕUOÕN� 0.05 0.05 

Alevlenme noNWDVÕ����&� 60 - 80 100 – 170 

%XOXWODQPD�QRNWDVÕ����&� -15 – 5 -3 – 12 

$NPD�QRNWDVÕ����&� -35 – -15 -15 – 6 

6HWDQ�VD\ÕVÕ� 40 - 55 48 – 60 

KAYNAK: (http://www.eie.gov.tr/biyodizel/bd_teknikoz.html, 2008) 
 
 
 
1.7.2. Biyodizel Üretim Yöntemleri 

 

Bitkisel yD÷ODUGDQ� EL\RGL]HO� \DNÕW� �UHWLOPHVLQGH� SLUROL]�� PLNURHP�OVL\RQ� YH�
WUDQVHVWHULILNDV\RQ� ROPDN� �]HUH� EDúOÕFD� �o� \|QWHP� NXOODQÕOPDNWDGÕU� �0D� YH� +DQQD�
1999).  

.UDNLQJ�RODUDNWD�ELOLQHQ�SLUROL]�ÕVÕ�HWNLVL\OH�NRPSOHNV�\DSÕODUÕQ�EDVLW�ELOHúHQOHUH�
G|Q�úPHVL� ROD\ÕGÕU��<|QWHPGH�ELWNLVHO� \D÷��YL]NR]LWHVLQLQ�G�úPHVL� YH�VHWDQ� VD\ÕVÕQÕQ�
DUWPDVÕ�LoLQ�\�NVHN�ÕVÕGD�SDUoDODQPDNWDGÕU��3DUoDODQDQ��U�Q�DONDQ��DONHQ�YH�NDUERNVLOLN�
DVLWOHULQ�NDUÕúÕPÕQÕ� LoHULU��6R\D�\D÷Õ��SDPXN�\D÷Õ�YH�NRO]D�\D÷Õ�LOH�GL÷HU�\D÷ODU�X\JXQ�
katalizör berDEHULQGH�EL\RGL]HO�RODUDN�NXOODQÕOPDN�DPDFÕ\OD�SDUoDODQPÕúODUGÕU� �0D�YH�
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+DQQD� ������� 3LUROL]� PHWRGX� \DNÕWÕQ� DNÕú� |]HOOLNOHUL� YH� YL]NR]LWHVLQGHNL� D]DOPD�
QHGHQL\OH�DYDQWDMOÕ�IDNDW�\�NVHN�PDOL\HW��D\UÕQWÕOÕ�IUDNVL\RQODPD�EDVDPDNODUÕ�YH�\DNÕWÕQ�
sülfür içermesi�QHGHQL\OH�GH]DYDQWDMOÕGÕU��5DQJDQDWKDQ�YH�DUN�������� 

0LNURHP�OVL\RQ� ELU� GL÷HU� EL\RGL]HO� \DNÕW� �UHWLP� WHNQL÷LGLU�� %X� \|QWHPGH�
EL\RGL]HO�PLNURHP�OVL\RQX�X\JXQ�RUDQODUGD�ELWNLVHO�\D÷��GL]HO�\DNÕW��DONRO��VXUIDNWDQ�YH�
VHWDQ�VD\ÕVÕQÕ�DUWÕUÕFÕ�PDGGH�LoHULU��<|ntemde metanol, etanol ve propanol gibi alkoller 

YL]NR]LWH�G�ú�U�F��RODUDN��GDKD�\�NVHN�DONROOHU�LVH�VXUIDNWDQ�RODUDN�NXOODQÕODPDNWDGÕU��
$\UÕFD�DONLO�QLWUDWODU�VHWDQ�VD\ÕVÕQÕQ�DUWPDVÕ�DPDFÕ\OD�NDUÕúÕPD�HNOHQLU��0LNURHP�OVL\RQ�
PHWRGXQGD� G�ú�N� YL]NR]LWH�� \�NVHN� VHWDQ� VD\ÕVÕ� YH� L\L� VSUH\� |]HOOLNOHUL� \|QWHPLQ�
ROXPOX�\|QOHULQL�ROXúWXUXUNHQ�|]HOOLNOH�X]XQ�V�UHOL�NXOODQÕPODUGD�HQMHNW|UGH�PH\GDQD�
JHOHQ� DWHúOHPH� SUREOHPOHUL�� NDUERQ� ELULNLPL� YH� WDPDPODQPDPÕú� \DQPD� \|QWHPLQ�
ROXPVX]�\|QOHULQL�ROXúWXUPDNWDGÕU��0D�YH�+DQna 1999). 

%L\RGL]HO� �UHWLPLQGH� HQ� SRSXOHU� \|QWHP� LVH� ELWNLVHO� \D÷ODUÕQ�
WUDQVHVWHUOHúWLULOPHVLGLU��%X�\|QWHPGH�EL\RGL]HO�\DNÕW�\�NVHN�\D÷�DVLWOHULQLQ�PRQR�DONLO�
HVWHU�NDUÕúÕPÕQÕ� LoHULU��5HDNVL\RQGD�\�NVHN�YL]NR]LWH\H� VDKLS�JOLVHURO�D\UÕODUDN�G�ú�N�
vizkozitH\H� VDKLS� IRVLO� \DNÕWD� EHQ]HU� \DNÕW� HOGH� HGLOLU��7UDQVHVWHUOHúPH�PHWRGX� DONDOL�
katalizör, asit katalizör, biyokatalizör, heterojen katalizör yada süperkritik alkol gibi 

oHúLWOL�NDWDOL]|UOHU�NXOODQÕODUDN�\DSÕODELOPHNWHGLU� �0D�YH�+DQQD�������)XNXGD�YH�DUN��
2������ *HQHO� UHDNVL\RQ� ELWNLVHO� \D÷� YH� DONRO�Q� NDWDOL]|U� EHUDEHULQGH� \D÷� DVLGL� DONLO�
HVWHUOHUL� YH� JOLVHULQ� ROXúWXUPDVÕGÕU�� ùHNLO� ��������¶GH� WUDQVHVWHUOHúPH� \|QWHPL\OH�
EL\RGL]HO��UHWLP�úHPDVÕ�J|U�OPHNWHGLU� 

��ùHNLO����������7UDQVHVWHUOHúPH�\|QWHPL\OH�EL\RGL]HO��UHWLP�úHPDVÕ� 
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Alkali katalizör metodunda sodyum hidroksit (NaOH) yada potasyum hidroksit 

�.2+�� PHWDQRO� \DGD� HWDQRO� EHUDEHULQGH� NDWDOL]|U� RODUDN� NXOODQÕODUDN� ELWNLVHO� \D÷ÕQ�
EL\RGL]HO� YH� JOLVHUROH� G|Q�úPHVL� VD÷ODQÕU�� 5HDNVL\RQ� VRQXQGD� JOLVHURO� \R÷XQOX÷unun 

ID]OD� ROPDVÕ� QHGHQL\OH� GLSWH� WRSODQÕU�� ùHNLO� ��������¶GH� DONDOL� NDWDOL]|U� \|QWHPL\OH�
EL\RGL]HO� �UHWLP� úHPDVÕ� J|U�OPHNWHGLU�� <|QWHP� \�NVHN� HVWHU� G|Q�ú�P��� G�ú�N�
VÕFDNOÕNWD� ����&�� JHUoHNOHúPHVL�� �UHWLP� PDOL\HWLQLQ� G�ú�N� ROPDVÕ� YH� NÕVD� V�UHGH�
VRQODQPDVÕ� JLEL� DYDQWDMODUÕQÕQ� \DQÕQGD� JOLVHURO�Q� D\UÕOPDVÕQGDNL� J�oO�NOHU�� UHDNVL\RQ�
RUWDPÕQÕQ� VHUEHVW� DVLW� \DGD� VX� LoHUPHVL� GXUXPXQGD� VDEXQODúPD� J|U�OPHVL� YH� �U�Q�
VDIODúWÕUÕOPDVÕQÕQ�]RUODúPDVÕ�JLEL�GH]DYDQWDMODUD�VDKLSWLU���0D�YH�+DQQD�������)XNXGD�
ve ark. 2001, Barnwal ve Sharma 2005). 

 

ùHNLO����������$ONDOL�NDWDOL]|U�\|QWHPL\OH�EL\RGL]HO��UHWLP�úHPDVÕ� 
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7UDQVHVWHUOHúPH�PHWRGX�LOH�EL\RGL]HO��UHWLOPHVLQGH�NXOODQÕODQ�ELU�EDúND�\|QWHP�
LVH� DVLW� NDWDOL]|U� NXOODQÕOPDVÕGÕU�� <|QWHPGH� KHUKDQJL� ELU� PLQHUDO� DVLGL�
NXOODQÕODELOPHNWHGLU�� 6�OI�ULN� YH� V�OIRQLN� DVLW� PHWRWWD� VÕNOÕNOD� NXOODQÕODQ� DVLWOHUGLU��
<|QWHP� \�NVHN� RUDQGD� HVWHU� ROXúWXUPDVÕQD� UD÷PHQ� DVLWOHULQ� NRUR]\RQ� HWNLOHUL��PRWRU�
SDUoDODUÕQÕQ�]DUDU�J|UPH�LKWLPDOL��RUWDPGD�EXOXQPDVÕ�PXKWHPHO�VX\XQ�JLULúLP�HWNLVL�YH�
gliserolüQ� D\UÕOPDVÕQGDNL� J�oO�NOHU� JLEL� GH]DYDQWDMODUD� VDKLSWLU� �)UHHGPDQ� YH� DUN��
1984). 

Biyodizel üretiminde amorf zirkon, titanyum, alüminyum ve potasyum dolgulu 

]LUNRQODU� JLEL� KHWHURMHQ� NDWDOL]|UOHULQ� NXOODQÕOGÕ÷Õ� WUDQVHVWHUOHúPH� PHWRGXGD� ROGXNoD�
SRS�OHU�ROPXúWXU��$UDúWÕUPDODU�KDOHQ� LOHUOHPH� DúDPDVÕQGD�ROXS� \|QWHPGH�NDUúÕODúÕODQ�
NDWDOL]|U�Q� W�NHQPHVL� YH� \�NVHN� HVWHU� G|Q�ú�P�� VD÷ODQPDVÕ� JLEL� SUREOHPOHULQ�
o|]�OPHVLQH�oDOÕúÕOPDNWDGÕU��)XUXWD�YH�DUN�������� 

7UDQVHVWHUOHúPH�SURVHVL�NDWDOL]|U�NXOODQPDGDQ�GD�\DSÕODELOPektedir. Yöntemde 

ROGXNoD� \�NVHN� UHDNVL\RQ� VÕFDNOÕ÷ÕQD� LKWL\Do� GX\XOPDNWDGÕU�� ����&� QLQ� DOWÕQGDNL�
VÕFDNOÕNODUGD� ROGXNoD� G�ú�N� HVWHU� G|Q�ú�P�� J|]OHQPHNWHGLU�� )DNDW� ����&� QLQ�
�]HULQGHNL� VÕFDNOÕNODUGD� HVWHUOHUGH� ÕVÕVDO� ER]XOPDODU� J|]OHQGL÷L� UDSRU� HGLOPLúWLU�
('HPLUEDú�������� 

6RQ� G|QHPGH� WUDQVHVWHUOHúPH� PHWRGXQXQ� OLSD]� HQ]LPL� JLEL� EL\RNDWDOL]|UOHUOH�
\DSÕOPDVÕ� |QHPOL� KDOH� JHOPLúWLU�� %L\RGL]HO� �UHWLPLQGH� EL\RNDWDOL]|U� NXOODQÕOPDVÕ�
HQG�VWULGH� \D\JÕQ� RODUDN� NXOODQÕODQ� DONDOL� NDWDOL]|U� SURVHVLQGHQ� JHOHQ� GH]DYDQWDMODUÕ�
HOLPLQH�HGHUHN�\�NVHN�VDIOÕNWD��U�Q�HOGH�HGLOPHVLQL�VD÷ODPÕúWÕU��)XNXGD�YH�DUN�������������������������������
(Q]LPDWLN� EL\RGL]HO� �UHWLPLQGH� KHP� K�FUH� GÕúÕ� �H[WUDFHOOXODU�� KHP� GH� K�FUH� LoL�
�LQWUDFHOOXODU�� OLSD]ODUÕQ� NXOODQÕOPDVÕ� P�PN�QG�U�� ([WUDFHOOXODU� lipaz enzimleri 

NXOODQÕODUDN� \DSÕODQ� WUDQVHVWHULILNDV\RQ� oDOÕúPDODUÕQGD� UHDNVL\RQ� RUWDPÕQGD� 0XFRU�
miehei, Rhizopus oryzae, Candida antarctica ve Pseudomonas cepacia gibi 

PLNURRUJDQL]PDODUGDQ�VHQWH]OHQHQ�HQ]LPOHU�EXOXQPDNWDGÕU��g]HOOLNOH�VRQ�\ÕOODUGD�GDKD�
eNRQRPLN� ROPDVÕ� QHGHQL\OH� OLSD]� HQ]LPOHULQL� LKWLYD� HGHQ�PLNURRUJDQL]PDODUÕQ� GLUHNW�
NXOODQÕOGÕ÷Õ�PHWRW�LVH�LQWUDFHOOXODU�HQ]LPDWLN�\|QWHP�LOH�EL\RGL]HO�VHQWH]OHQPHVL�RODUDN�
DGODQGÕUÕOPDNWDGÕU� �0DUFKHWWL� YH� DUN�� ������ 5DQJDQDWKDQ� YH� DUN�� ������� +HU� LNL�
yöntemde de enzimler uygun bir destek maddesine tutturularak defalarca 

NXOODQÕODELOPHNWHGLU��'L]JH�YH�.HVNLQOHU��������(Q]LPDWLN�WUDQVHVWHUOHúPH�PHWRGXQGD�
úLPGL\H� NDGDU� ELU� oRN� DONRO� NXOODQÕOPDVÕQD� UD÷PHQ� HQ� \D\JÕQ� RODQÕ� G�ú�N� PDOL\HWL�
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nedeniyle metanoldür. YöntHPLQ�HQ�|QHPOL�DYDQWDMÕ�NDWDOL]|U�RODUDN�NXOODQÕODQ�HQ]LPLQ�
X\JXQ� ELU� GHVWHN� PDGGHVL� �]HULQH� ED÷ODQDUDN� KHUKDQJL� ELU� D\ÕUPD� JHUHNWLUPHGHQ�
GHIDODUFD� NXOODQÕODELOPHVLGLU�� $\QÕ� ]DPDQGD� GL÷HU� \|QWHPOHUH� J|UH� oDOÕúPD� VÕFDNOÕ÷Õ�
ROGXNoD�G�ú�N�ROXS�JOLVHURO�Q�D\UÕOPDVÕ�NROD\GÕU��5HDNVL\RQ� VRQXQGD�\�NVHN� VDIOÕNWD�
HVWHU� HOGH� HGLOHELOPHNWHGLU�� ùHNLO� ��������¶GH� HQ]LPDWLN� EL\RGL]HO� �UHWLP� úHPDVÕ�
görülmektedir. 

 

���ùHNLO����������(Q]LPDWLN�EL\RGL]HO��UHWLP�úHPDVÕ 

 

�<DNÕQ� JHOHFHNWH� HQ]LPDWLN� EL\RGL]HO� �UHWLOPHVLQLQ� HQG�striyel boyutlarda 

X\JXODQPDVÕ� DPDoODQPDNWDGÕU�� )DNDW� �UHWLP� PDOL\HWLQLQ� \�NVHN� ROPDVÕ� \|QWHPLQ� HQ�
|QHPOL� GH]DYDQWDMÕGÕU�� $UDúWÕUPDFÕODU� \|QWHPGHNL� SUREOHPOHULQ� o|]�OPHVL� DPDFÕ\OD�
oDOÕúPDODUÕQÕ� V�UG�UPHNWHGLUOHU�� dL]HOJH� ��������¶GH� EL\RGL]HO� �UHWLP� \|QWHPlerinin 

NDUúÕODúWÕUÕOPDVÕ�J|U�OPHNWHGLU� 
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Çizelge 1.7.2.1.�%L\RGL]HO��UHWLP�\|QWHPOHULQLQ�NDUúÕODúWÕUÕOPDVÕ 
Özellik Bazik kataliz Enzimatik kataliz Süperkritik alkol Asidik kataliz 

5HDNVL\RQ�VÕFDNOÕ÷Õ���&� 60-70 30-40 239-385 55-80 

Ham madde içinddeki 

VHUEHVW�\D÷�DVLGL 
6DEXQODúPD�

ürünleri 
Metil esterler Esterler Esterler 

Ham madde içindeki su  
Reaksiyona 

JLULúLP�HWNLVL Etki etmez - 
Reaksiyona 

JLULúLP�HWNLVL 
0HWLO�HVWHU�G|Q�ú�P� Normal Yüksek ø\L Normal 

*OLVHULQ�JHUL�ND]DQÕPÕ Zor Kolay - Zor 

MetLO�HVWHULQ�VDIODúWÕUÕOPDVÕ 7HNUDUOÕ�
\ÕNDPD 

Yok - 
7HNUDUOÕ�
\ÕNDPD 

Üretim maliyeti Ucuz dRN�SDKDOÕ Orta Ucuz 

KAYNAK: 0$5&+(77ø�� -�0��� 9�8�� 0ø*8(/�� $�)�� (55$=U. 2007. Possible methods for 
biodiesel production. Renewable sustainable energy reviews, 11:1300-1311. 
 
 
1.7.3. Türkiye de Biyodizel 

 

3HWURO� LKWL\DFÕQÕQ� �� ��¶ÕQÕQ� LWKDODW� \ROX\OD� NDUúÕODQGÕ÷Õ� �ONHPL]GH� EL\RGL]HO�
\DNÕWODUD� LOJL�JLGHUHN�DUWPDNWDGÕU��7�UNL\H¶GH�EL\RGL]HO�LOH�LOJLOL� LON�oDOÕúPDODU�$YUXSD�
%LUOL÷LQGHQ� |QFH� ����� \ÕOÕQGD� $WDW�UN� 2UPDQ� dLIWOL÷LQGH� \DSÕODQ� ³%LWNLVHO� <D÷ODUÕQ�
7DUÕP� 7UDNW|UOHULQGH� .XOODQÕPÕ´� DGOÕ� WRSODQWÕ\OD� EDúODPÕúWÕU��
(http://www.albiyobir.org.tr/biyodizel.htm, 2008). 

7�UNL\H¶GH�EL\RGL]HO�NRQXVX�G�Q\DGDNL�JHOLúPHOHULQ�SDUDOHOLQGH�����¶OL�\ÕOODUÕQ�
EDúÕQGD�J�QGHPH�JHOPLú�YH��QLYHUVLWHOHUGHNL�oDOÕúPDODU�KÕ]OD�JHOLúPLúWLU�������\ÕOÕQGD�
6DQD\L� YH� 7LFDUHW� %DNDQOÕ÷ÕQGD� ³%L\RGL]HO� dDOÕúPD� *UXEX´� ROXúWXUXOPXúWXU�� øON� NH]�
EL\RGL]HO� YH� LVPL� ���������� WDULKLQGH� ����� 6D\ÕOÕ� 3HWURO� 3L\DVDVÕ� .DQXQX¶QGD�
KDUPDQODQDQ��U�QOHU�DUDVÕQGD�\HU�DOPÕúWÕU��%X�WDULKWHQ�VRQUD�EL\RGL]HO�\DNÕWODUD�\|QHOLN�
\DWÕUÕPODU� G�Q\D\D� SDUDOHO� ELoLPGH� KÕ]OD� DUWPÕúWÕU�� ����������� WDULKOL� YH� ������ VD\ÕOÕ�
UHVPL�JD]HWHGH�³3HWURO�3L\DVDVÕQGD�8\JXODQDFDN�7HNQLN�.ULWHUOHU�+DNNÕQGD�<|QHWPHOLN�
YH������������WDULKOL�3HWURO�3L\DVDVÕ�/LVDQV�<|QHWPHOL÷L�LOH�EL\RGL]HO�DNDU\DNÕW�RODUDN�
NDEXO�HGLOPLú�YH�LWKDODWÕ��GD÷ÕWÕPÕ��WDúÕQPDVÕ�YH�VRQ�NXOODQÕFÕ\D�VDWÕúÕ�OLVDQV�NDSVDPÕQD�
DOÕQPÕúWÕU� 
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(OHNWULN�øúOHUL�(W�G�øGDUHVL�*HQHO�0�G�UO�÷��WDUDIÕQGD������\ÕOÕQGD�WHNOLI�HGLOHQ�
%L\RGL]HO�6WDQGDUWODUÕ��76(1�������YH�76(1�������������(\O�O�YH�(NLP�D\ÕQGD�76(�
WDUDIÕQGDQ�$%�VWDQGDUWODUÕQÕQ�D\QÕ�RODUDN�76(�6WDQGDUGÕ�RODUDN�\D\ÕQODQPÕúWÕU��(3'.�
2���������� WDULKOL� WHEOL÷OHUL� LOH� 0RWRULQ� 7�UOHULQLQ� hUHWLPL�� <XUWGÕúÕ� YH� <XUWLoL�
.D\QDNODUGDQ� 7HPLQL� YH� 3L\DVD\D� $U]ÕQD� øOLúNLQ� 7HNQLN� '�]HQOHPH� 7HEOL÷L�
NDSVDPÕQGD� EL\RGL]HOLQ� �� �¶H� ��� Y�Y�� NDGDU� PRWRULQ� LOH� KDUPDQODPD� \DSÕOPDVÕQD�
LPNDQ� WDQÕPÕúWÕU�� $\UÕFD� 2WREL\RGL]HO¶LQ� �UHWLPL�� <XUWGÕúÕ� YH� <XUWLoL� .D\QDNODrdan 

7HPLQL�YH�3L\DVD\D�$U]ÕQD�øOLúNLQ�7HNQLN�'�]HQOHPH�7HEOL÷L�LOH�2WREL\RGL]HOGH�76�(1�
������VWDQGDUWODUÕ�D\QHQ�NDEXO�HGLOPLúWLU��<DNÕWEL\RGL]HO¶LQ��UHWLPL��<XUWGÕúÕ�YH�<XUWLoL�
.D\QDNODUGDQ�7HPLQL�YH�3L\DVD\D�$U]ÕQD�øOLúNLQ�7HNQLN�'�]HQOHPH�7HEOL÷L�LOH�Ge TS 

(1� ������ VWDQGDUGÕ� NDEXO� HWPLúWLU�� %X� WHEOL÷� LOH� \DNÕW� EL\RGL]HOLQ� NÕUPÕ]Õ\OD�
LúDUHWOHQHUHN�SL\DVD\D�VXQXOPDVÕ�NDUDUODúWÕUÕOPÕúWÕU��%XQXQ�\DQÕQGD������������WDULK�YH�
������� VD\ÕOÕ�.XUXO�.DUDUÕ� LOH�EL\RGL]HO��UHWLFLOHUL�EL\RGL]HO� LúOHPH� OLVDQVÕ�NDSVDPÕna 

DOÕQPÕúWÕU��http://www.albiyobir.org.tr/biyodizel.html, 2008). 

hONHPL]GH�SHWURO�SL\DVDVÕQGD�IDDOL\HW�J|VWHUHQ�UDILQHULFL�YH�GD÷ÕWÕFÕODU��WDPDPHQ�
\HUOL�WDUÕP��U�QOHULQL�NXOODQDUDN��UHWLP�\DSDQ�ELyodizel üreticilerinden temin edecekleri 

EL\RGL]HOL� DNDU\DNÕW� LOH� HQ� D]� \�]GH� LNL� RUDQÕQGD� KDUPDQOD\DELOPHNWHGLUOHU��
+DUPDQODPD�RUDQODUÕ�LOH�LOJLOL�GHQHWLPOHU�(3'.�WDUDIÕQGDQ�\DSÕOPDNWDGÕU��$WÕN�ELWNLVHO�
\D÷ODUGDQ�EL\RGL]HO��UHWLPL�(3'.¶GDQ�DOÕQDFDN�%L\RGL]HO�øúOHPH�/LVDQVÕ�GÕúÕQGD�7�&��
dHYUH�YH�2UPDQ�%DNDQOÕ÷Õ¶QÕQ�%LWNLVHO�$WÕN� \D÷ODUÕQ�.RQWURO��<|QHWPHOL÷L
QH�X\JXQ�
RODUDN�(�ø�(�YH�7�ELWDN¶WDQ�DOÕQDFDN�7HNQLN�8\JXQOXN�UDSRUODUÕQÕQ�(3'.¶\D�LúOHQPHVL�
VRQXFXQGD�GD�\DSÕODELOPHNWHGLU� 

Bugün Türkiye’de 1,5 milyoQ�WRQ�NXUXOX�EL\RGL]HO�NDSDVLWHVL�EXOXQPDNWDGÕU��%X�
YHULOHUOH� �ONHPL]� NXUXOX� EL\RGL]HO� �UHWLP� NDSDVLWHVL� LWLEDUÕ� LOH� $OPDQ\D¶GDQ� VRQUD�
'�Q\DGD�LNLQFLVL�VÕUDGD�\HU�DOPDNWDGÕU��7�UNL\H¶GH����¶�\H�\DNÕQ�EL\RGL]HO��UHWHQ�ILUPD�
ROPDVÕQD� NDUúÕQ� 7�&�� (QHUML� 3L\DVDVÕ� '�]HQOHPH� .XUXOX� YHULOHULQH� J|UH� �ONHPL]GH�
OLVDQV�DOPÕú����EL\RGL]HO��UHWLFLVL�PHYFXWWXU��KWWS���ZZZ�HSGN�JRY�WU�OLVDQV�KWPO�������� 

%X�WHVLVOHU��ONHPL]LQ�G|UW�ELU�\DQÕQD�GD÷ÕOPÕúWÕU��%|OJHVHO�\D\JÕQOÕ÷Õ�³(QHUMLQLQ�
9HULPOLOL÷L´� DoÕVÕQGDQ� VRQ� GHUHFH� \DUDUOÕ� ROGX÷X� G�ú�Q�OHELOHFHN� EL\RGL]HO� \DWÕUÕPÕ�
\DSDQ� ILUPDODUÕPÕ]ÕQ� �� ��¶L� WDUÕPGDQ� JHOPLú� YH� EXQODUÕQ� �� ��¶VL� \D÷� VÕNPD�
IDEULNDODUÕGÕU��%X�G|Q�ú�P�Q�DQD� VHEHEL� DWÕO� NDSDVLWHOHULQLQ�GH÷HUOHQGLULOHUHN�� V�UHNOL�



� ���

LVWLKGDP� VD÷OD\DELOPHNWLU�� 7DUÕPVDO� hUHWLFL� %LUliklerimizde biyodizel konusuna ilgi 

GX\PDNWD�YH�JLULúLPGH�EXOXQPDNWDGÕUODU�� 
 

1.7.4. Dünya da Biyodizel 

 

Rudolf Diesel (1858-�����������¶WH�ELWNLVHO�\D÷ODUD�J|UH�WDVDUODGÕ÷Õ�PRWRUXQXQ�
GHQHPHVLQL� JHUoHNOHúWLUPLú� YH� ����� \ÕOÕQGD� 3DULV� '�Q\D� )XDUÕ¶QGD� \DNÕW� olarak yer 

IÕVWÕ÷ÕQÕQ�\D÷ÕQÕ�NXOODQDQ�PRWRUXQX�VHUJLOHPLúWLU��5��'LHVHO�����¶GH�³%LWNLVHO�\D÷ODUÕQ�
PRWRU�\DNÕWÕ� RODUDN�NXOODQÕPÕQÕQ� WDUÕPÕQ�JHOLúLPLQLQ�FLGGL�ELU�NDWNÕVÕ�RODFD÷ÕQÕ´� LIDGH�
HWPLú� YH� ����¶GH� ³%LWNLVHO� \D÷ODUÕQ� PRWRUODUGD� NXOODQÕPÕ� J�Q�P�]GH� |Qemsiz 

J|U�QHELOLU�� DQFDN� ELWNLVHO� \D÷ODU� ]DPDQOD� SHWURO� YH� N|P�U� NDWUDQÕ� NDGDU� |QHP�
ND]DQDFDN´�GHPLúWLU��%LWNLVHO�\D÷ODUÕQ�GR÷UXGDQ�\DNÕW�RODUDN�NXOODQÕPÕQGDNL�]RUOXNODUD��
SHWURO��U�QOHULQLQ�NXOODQÕPÕQÕQ�\D\JÕQODúPDVÕ�HNOHQHQLQFH�NRQX�J�QGHPGHQ�G�úP�úW�U� 

$QFDN�� %L\RORMLN� \D÷ODUÕQ� \DNÕW� RODUDN� NXOODQÕODELOPHVL� LoLQ� E�Q\HVLQGHNL�
JOLVHULQLQ� X]DNODúWÕUÕOPDVÕ� DODQÕQGDNL� DNDGHPLN� oDOÕúPDODU� \LQHGH� GHYDP� HWPLú� YH�
EXJ�Q� ³%ø<2'ø=(/´� RODUDN� DGODQGÕUÕODQ� \DNÕW� LoLQ� LON� SDWHQW� %HOoLND¶GDNL� %U�NVHO�
Üniversitesinden G.CKDYDQQH�WDUDIÕQGDQ����$÷XVWRV������WDULKLQGH�DOÕQPÕúWÕU� 

����¶O��\ÕOODUGD�\DúDQDQ�SHWURO�NUL]OHUL�DOWHUQDWLI�HQHUML�DUD\ÕúODUÕQÕ�KÕ]ODQGÕUPÕú�
YH� ³%ø<2'ø=(/´� WHNUDU� J�QGHPH� WDúÕQPÕúWÕU�� %L\RGL]HOLQ� |Q� SODQD� oÕNPDVÕ\OD� EX�
DODQGDNL�\DWÕUÕPODU�KÕ]ODQPÕúWÕU� 

Dünyada Biyodizelin Süratle Yükselmesinin Sebepleri;  

-)RVLO�\DNÕWODUÕQ�W�NHQL\RU�ROPDVÕ�YH�EX�QHGHQOH�SHWURO�IL\DWODUÕQÕQ�JLGHUHN�\�NVHOPHVL� 
-)RVLO� \DNÕWODUÕQ� NXOODQÕPÕQGDQ� GR÷DQ� E�\�N� oHYUH� ]DUDUODUÕ� YH� EXQODUÕQ� WHODILVL� LoLQ�
\DSÕODQ�E�\�N�KDUFDPDODU� 
-ÜlNHOHULQ�HQHUML�ND\QDNODUÕQÕ�oHúLWOHQGLUPH�YH�HQHUMLGH�GÕúD�ED÷ÕPOÕOÕNWDQ�NXUWXODELOPH�
VWUDWHML�YH�oDEDODUÕ� 
-6DYDú�YH�]RUXQOX�KDOOHUGH�VWUDWHMLN�\DNÕW�ROPD�|]HOOL÷L� 
-7DUÕP��U�QOHULQLQ�VDQD\L\H�HQWHJUDV\RQXQX�VD÷OD\DUDN��ONHOHULQ�WDUÕPVDO�NDONÕQPDVÕQÕ�
çarpDQ�HWNLVL\OH�KÕ]ODQGÕUPDVÕ� 
-0RWRUODU� �]HULQGH� VD÷ODGÕ÷Õ� DYDQWDMODU�� VHWDQ� VD\ÕVÕQÕQ� SHWURO� GL]HOLQH� J|UH� \�NVHN�
ROXúX��\D÷OD\ÕFÕOÕN�|]HOOL÷L�QHGHQL\OH�PRWRUODUD�\DQPD�YH�NXOODQÕP�DoÕVÕQGDQ�VD÷ODGÕ÷Õ�
faydalar  
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-øQVDQ� VD÷OÕ÷Õ� YH� oHYUH\H� ]DUDUOÕ� ELWNLVHO� DWÕN� \D÷ODUÕ� JHUL� ND]DQDUDN� NDWPD� GH÷HU�
\DUDWPDVÕ� 
-7DúÕPD�YH�GHSRODQPDVÕ�LWLEDUÕ\OD�G�Q\D�VWDQGDUWODUÕQGD�³7HKOLNHOL�0DGGH´�NDSVDPÕQGD�
\HU�DOPDPDVÕ��J�YHQOL�\DNÕW�NDEXO�HGLOPHVL�RODUDN�LIDGH�HGLOPHVL 
RODUDN�VÕUDODQDELOLU� 

$%¶GH������\ÕOÕQGDQ�EX�\DQD�EL\R\DNÕtlar ve biyodizel için pek çok özendirici 

YH�WHúYLN�HGLFL�oDOÕúPDODU�\DSÕOPDNWDGÕU��$%�.RPLV\RQX�ùXEDW�����¶GD�%L\R\DNÕWODUOD�
LOJLOL���DQD�DPDFÕ�LIDGH�HGHQ�ELU�VWUDWHML\L�KD\DWD�JHoLUPLúWLU��%X�DPDoODU� 
-$%¶GH�YH�JHOLúPHNWH�RODQ��ONHOHUGH�EL\R\DNÕWODUÕQ�GDKD�ID]OD� WHúYLN�HGLOPHVL��SR]LWLI�
çevresel etkinin temin edilmesi  

-+DPPDGGH� PDOL\HWLQLQ� UHNDEHW� HGLOHELOLU� ELU� VHYL\H\H� JHWLULOPHVL�� ��� NXúDN�
EL\R\DNÕWODUÕQ�$5-*(�oDOÕúPDODUÕ�YH�SD]DUD�JLUPHOHULQLQ�GHVWHNOHQPHVL� 
-%L\R\DNÕW� KDPPDGGHVL� YH� EL\R\DNÕWODUOD� LOJLOL� JHOLúPHNWH� RODQ� �ONHOHUGHNL� IÕUVDWODUÕQ�
DUDúWÕUÕOPDVÕ 
úHNOLQGH�VÕUDODQPDNWDGÕU� 
  

$%�EL\RGL]HO�VWUDWHMLVL���SROLWLND�HNVHQL��]HULQH�RWXUWXOPXúWXU��%XQODU�� 
��� %L\R\DNÕW� �UHWLP� WHúYLNOHUL�� %L\R\DNÕW� 'LUHNWLILQLQ� ����� UHYL]\RQX�� EL\R\DNÕWODUOD�
ilgili veUJL� WHúYLNL�� EL\R\DNÕWODU� LoLQ� XOXVDO� KHGHIOHULQ� EHOLUOHQPHVL� �]RUXQOXOXN���
V�UG�U�OHELOLU��UHWLPLQ�WHPLQL��NDPX�DOÕPODUÕQGD�WHPL]�YH�YHULPOL�WDúÕWODUÕQ�DOÕQPDVÕQÕQ�
WHúYLN�HGLOPHVL� 
���dHYUHVHO� ID\GDODUÕQ� \DNDODQPDVÕ� �%L\R\DNÕWODUÕQ�&22� HPLV\RQ� D]DOWÕP�KHVDEÕQGDNL�
yerinin test edilmesi, Benzin ve motorindeki biyoetanol/biyodizel limitlerinin 

HPLV\RQODUÕQÕQ�WHVW�HGLOPHVL� 
��� %L\R\DNÕWODUÕQ� �UHWLP� YH� GD÷ÕWÕPÕQÕQ� JHOLúWLULOPHVL�� %L\R\DNÕWODUD� GD\DOÕ� NÕUVDO�
JHOLúLP�SROLWLNDODUÕ�YH�X\XPOXOXN�NRQXVXQGD��\H��ONHOHrin cesaretlendirilmeleri  

���+DPPDGGH��UHWLFLOHULQLQ�\D\JÕQODúWÕUÕOPDVÕ�HQHUML�WDUÕPÕQÕQ�JHOLúWLULOPHVL� 
���7LFDUHW�LPNDQODUÕQÕQ�DUWÕUÕOPDVÕ� 
��� *HOLúPHNWH� RODQ� �ONHOHULQ� GHVWHNOHQPHVL�� 7XWDUOÕ� ELU� %L\R\DNÕW� <DUGÕP� 3DNHWLQLQ�
JHOLúWLULOPHVL��8OXVDO�EL\R\DNÕW�SODWIRUPODUÕQÕQ�YH�E|OJHVHO�EL\R\DNÕW�KDUHNHW�SODQODUÕQÕQ�
JHOLúWLULOPHVLQH�\DUGÕPFÕ�ROXQPDVÕ� 
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��� $UDúWÕUPD�*HOLúWLUPH� oDOÕúPDODUÕQÕQ� GHVWHNOHQPHVL�� dHUoHYH� 3URJUDPÕ� NDSVDPÕQGD�
EL\R\DNÕWODUÕQ� GHVWHNOHQPHVL�� EL\R\DNÕW� WHNQRORML� SODWIRUPODUÕQÕQÕQ� ELU� HQG�VWUL� GDOÕ�
RODUDN�JHOLúWLULOPHVLQLQ�FHVDUHWOHQGLULOPHVL�� 

%X� oHUoHYHGH� EL\R\DNÕWODUÕ� YH� EL\RGL]HO� V�UHNOL� GHVWHNOHQPLú� NDSDOÕ� VX�
KDY]DODUÕQGD��RUPDQ�DUD]LOHULQGH��JÕGD�LúOHWPHOHULQGH��PDGHQ�RFDNODUÕQGD��NDUERQGLRNVLW�
HPLV\RQODUÕ�\�NVHN�NHQWOHUGH�WRSOX�WDúÕPDFÕOÕNWD�]RUXQOX�NXOODQÕPODU�JHWLULOPLúWLU��h\H�
�ONHOHUGHQ� LOHUOHPH� UDSRUODUÕQGD� XOXVDO� KHGHIOHUL� EHOLUOHPHOHUL� LVWHQPLúWLU�� $%¶GH�
EL\R\DNÕWODU� HQHUML� J�YHQOL÷L�� WDUÕPVDO� NDONÕQPD� YH� N�UHVHO� ÕVÕQPD\OD� P�FDGHOH�
DoÕVÕQGDQ� E�\�N� |QHP� WDúÕPDNWDGÕU�� (QHUML� SROLWLNDODUÕQGD� YHUJLOHQGLUPHGH� ³NLUOHWHQ�
|GHU´� NULWHULQL� NXOODQPDNWDGÕUODU�� $%�%L\R\DNÕW� NXOODQÕP� KHGHIOHUL� ����� \ÕOÕQGD�����
�����\ÕOÕQGD�������������\ÕOÕQGD�����YH������\ÕOÕQGD�LVH�����RODUDN�EHOLUOHQPLúWLU�� 

$OPDQ\D� $%¶GH� YH� G�Q\DGD� EL\R\DNÕWODU� YH� EL\RGL]HO konusunda öncü bir 

�ONHGLU�� $OPDQ\D¶GD� EL\R\DNÕWODU� YH� EL\RGL]HO� ³� <HQLOHQHELOLU� (QHUML� .D\QDNODUÕQD�
gQFHOLN� 7DQÕPD� <DVDVÕ´� NDSVDPÕ� LoLQGH� GH÷HUOHQGLULOPHNWHGLU�� ����¶GHQ� LWLEDUHQ�
EL\R\DNÕWODUD� NDGHPHOL� YHUJL� X\JXODPDVÕQD� EDúODPÕú� DQFDN� EL\RGL]HOLQ� oLIWoL� \DNÕWÕ�
RODUDN�NXOODQÕPÕQGD�YHUJL�LVWLVQDVÕ�JHWLUHUHN�HQHUML�WDUÕPÕQÕ�GHVWHNOHPLúWLU��$OPDQ\D¶QÕQ�
PLO\RQ� WRQOXN� EL\RGL]HO� �UHWLPLQL� KHU� JHoHQ� \ÕO� DUWÕUPDNWDGÕU�� $YUXSD� %LUOL÷LQGH�
EL\R\DNÕWODUÕQ�|QF�V��RODQ�$OPDQ\D�����������¶GHQ�JHoHUOL�ROPDN��]HUH�(QHUML�Vergisi 

.DQXQX� LOH�EL\R\DNÕWODUD�PHFEXUL�NRWD�JHWLUPLúWLU��%XQD�J|UH�PRWRULQGH������ �(QHUML�
'H÷HUL� ����+DFLP���%HQ]LQGH�������������������������������������������������GDQ�
LWLEDUHQ�]RUXQOX�NDUÕúÕP�JHWLULOPLúWLU������������¶GHQ�LWLEDUHQ�EL\RGL]HOGH�����NDUÕúÕP�
]RUXQOX�NÕOÕQPÕúWÕU�� 

)UDQVD¶GD� \ÕOOÕN� �UHWLP� ������� WRQ� ROXS�� YHUJLGHQ� PXDI� ��� KDUPDQODPD\OD�
NXOODQÕOPDNWDGÕU�� 3HXJHRW��&LWURHQ��5HQDXOW� JLEL� RWRPRELO� ILUPDODUÕ� \DQÕ� VÕUD�727$/�
JLEL� SHWURO� úLUNHWOHULQLQ� GHVWHNOHGL÷L� SURMHOHUOH� �UHWLPL� DUWÕUPD\D� \|QHOLN� oDOÕúPDODU�
\DSÕOPDNWDGÕU�� 

$YXVWXU\D¶GD� EL\RGL]HO� DODQÕQGD� ELOLQoOL� DUDúWÕUPDODU� \DSÕODUDN� KDPPDGGH�
RUJDQL]DV\RQX� VD÷ODQPÕúWÕU��hONHGH� \ÕOOÕN� ������� WRQ�RODQ�EL\RGL]HO��UHWLPL�SURJUDP�
oHUoHYHVLQGH�KHU�\ÕO�DUWÕUPDNWD�YH�$OPDQ\D¶\D�LKUDFDW�\DSPDNWDGÕU�� 

øWDO\D� ������¶GHQ� ID]OD� Q�IXVOX� \HUOHúLP� DODQODUÕQGD� EHOHGL\H� DUDoODUÕQGD�
EL\RGL]HO� NXOODQÕPÕQÕ� WHúYLN� HGHUHN� EDúODWWÕ÷Õ� SURMH\L� EDúDUÕ\OD� GHYDP� HWWLUPHNWH� YH�
|]HOOLNOH�EL\RGL]HOL�NRQXW�ÕVÕQPDVÕ�DPDFÕ\OD�GHVWHNOHPHNWHGLU�� 
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øVSDQ\D� YHUJL� WHúYLNL� \DQÕ� VÕUD� |]HOOLNOH� D\oLoH÷L� \D÷Õ� NXOODQÕPÕQÕ� WHúYLN� LoLQ�
EL\RGL]HOL� $%� VWDQGDUGÕ� GÕúÕQD� oÕNDUPÕúWÕU�� 7�P� LWLUD]ODUD� UD÷PHQ� L\RW� VD\ÕVÕQÕ� ����
GH÷HULQGH�WXWDUDN�NHQGL�VWDQGDUGÕQÕ�X\JXODPD\D�GHYDP�HWPHNWHGLU�� 

øQJLOWHUH� E|OJHVHO� X\JXODPD� \DSPDNWD�� �ONHQLQ� ED]Õ� E|OJHOHULnde biyodizel 

NXOODQÕPÕQÕ�YHUJLGHQ�PXDI�WXWPDNWDGÕU�� 
$PHULND� %LUOHúLN� 'HYOHWOHUL� EL\RGL]HOL� �(QHUML� $U]ÕQGD� *�YHQOL÷L� 8OXVDO�

*�YHQOL÷LQ� 8QVXUX�� RODUDN� J|UHQ� YH� ���[���� VORJDQÕ\OD� ����� \ÕOÕQGD� WRSODP� HQHUML�
tüketiminin % 25’ini yenilebilir enerjilerden karúÕODPD\Õ� KHGHIOH\HQ� YH� EX� \|QGH�
SURMHOHU�JHOLúWLUHQ�ELU��ONH�RODUDN�EL\RGL]HO�NRQXVXQGD�NHQGL�PLOOL�VLVWHPLQL�NXUPXúWXU��
gQFHOLNOH�� PLOOL� ELWNLVHO� \D÷Õ� RODQ�� VR\D� \D÷ÕQD� J|UH� X\JXODQDELOLU� $670-6751 

VWDQGDUGÕQÕ�EHOLUOHPLúWLU��$%�VWDQGDUGÕQD�J|UH�GDKD�EDVLW ve piyasada uygulanabilir olan 

VWDQGDUWODUÕQGD�VDGHFH��EL\RGL]HOLQ�\DNÕW�|]HOOLNOHULQL�DOPÕúWÕU��$QFDN��EX�VWDQGDUWODUÕQ�
\D\JÕQODúPDVÕ�� EL\RGL]HO� �UHWLFLOHULQLQ� DGDSWDV\RQX� LoLQ� ��� \ÕOOÕN� ELU� JHoLú� V�UHFL�
NR\PXú� ROXS�� KDOHQ� VWDQGDUW� X\JXODPDVÕ� ]RUXQOX� GH÷ildir. Bunda gerekçe; hem 

EL\RGL]HO��UHWLFLVLQLQ�SL\DVD�NRúXOODUÕQGD�PDUND�\DSPD�JD\UHWLQL�WHúYLN�HWPHN��KHP�GH�
W�NHWLFL\L�ELOLQoOHQGLUHUHN�SL\DVDQÕQ�NHQGL�RWR�NRQWURO�VLVWHPLQL�NXUPDVÕQÕ�VD÷ODPDNWÕU��
$%'¶GH� ����EL\RGL]HO�KDUPDQODQPÕú�%�� úHNOL� LVWDV\RQODUGD�\D\JÕQ�RODUDN�VDWÕOÕUNHQ��
özellikle çiftçilere boyanmak suretiyle verilen ve vergiden muaf tutulan %100 biyodizel 

NXOODQÕPÕQÕ�WHúYLN�HGLOPHNWHGLU� 
0DOH]\D�'�Q\DQÕQ� HQ� E�\�N� SDOP� \D÷Õ� LKUDFDWoÕVÕ� ROGX÷X� JLEL�� |QHPOL� SHWURO�

rezervlerine sahip bir ülkedir. 0DOH]\D� �ONH� oDSÕQGD� SDOP� GLNLPLQH� FLGGL� WHúYLNOHU�
JHWLUPLú�D\UÕFD�EL\RGL]HO�\DWÕUÕPÕ�LoLQ����ILUPD\D�\DWÕUÕP�OLVDQVÕ�YHUPLúWLU�� 

%UH]LO\D� EL\RHWDQRO� GH� ���¶OHUH� YDUDQ� NXOODQÕP� RUDQÕ\OD� E�\�N� ELU� EDúDUÕ\D�
LP]D� DWPÕú� D\QÕ� ]DPDQGD� EL\RGL]HO� NRQXVXQGD� FLGGL� \DWÕUÕPODU� \DSPÕúWÕU�� %�\�N�
LKUDFDWoÕVÕ�ROGX÷X�VR\D�YH�VR\D�\D÷Õ�NXOODQÕPÕQÕ�EL\RGL]HOH�ND\GÕUPÕúWÕU��$\UÕFD�SDOP�
D÷DFÕ�GLNLPLQL�GH�WHúYLN�HGHUHN�SODQOÕ�JHOLúLPLQL�V�UG�UPHNWHGLU�� 
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Dünyada ve ülkemizde modern analitik teknikleriQ�GH÷LúLN�DUDúWÕUPD�DODQODUÕQGD�
NXOODQÕPÕ�KÕ]OD�DUWPDNWDGÕU��*HOLúHQ�WHNQRORML\H�SDUDOHO�RODUDN�DQDOLWLN�FLKD]ODUGDQ�HOGH�
HGLOHQ�YHULOHULQ�GH÷HUOHQGLULOPHVL�YH�\RUXPODQPDVÕ�GHQH\VHO�oDOÕúPDODUÕ�\DSPDN�NDGDU�
E�\�N� |QHP� WDúÕPDNWDGÕU��hUHWLOHQ� YHULOHU� oRN� GH÷LúNHQH� ED÷OÕ� RODUDN� HOGH� HGLOL\RUVD�
X\JXQ� YHUL� GH÷HUOHQGLUPH� PHWRWODUÕQÕQ� NXOODQÕOPDVÕ� ]RUXQOX� ROPDNWDGÕU�� %X� PHWRWODU�
DUDVÕQGD�����¶OL� \ÕOODUGDQ�VRQUD�DUDúWÕUPD�YH�HQG�VWUL\HO� DODQODUGD�NXOODQÕOPDNWD�RODQ�
NHPRPHWULN�\|QWHPOHU�E�\�N�\HU�LúJDO�HWPHNWHGLU� Kemometri; bilgisayar, istatistik ve 

PDWHPDWLNVHO�\|QWHPOHULQ�NLP\DVDO�YHULOHUH�X\JXODQPDVÕ�RODUDN�WDQÕPODQPDNWDGÕU��1H�
YDU� NL�� W�P� EX�PHWRWODUÕQ� OLPLWOHUL� YH� YDUVD\ÕPODUÕ� WDP� RODUDN� DQODúÕOPDGDQ�NLP\DVDO�
problemlerin çözümüne yönelik istatistiksel metotlarÕQ� NXOODQÕOPDVÕ� X\JXQ�
ROPDPDNWDGÕU�� .LP\DVDO� YHULOHU� WHN� GH÷LúNHQOL� RODELOGL÷L� JLEL� oR÷X� ]DPDQ� ELU� oRN�
GH÷LúNHQH� ED÷OÕ� RODELOPHNWHGLU��%X� GH÷LúNHQOHULQ� KHU� ELULQLQ� DQDOL]�EDúODQJÕFÕQGD� HúLW�
|QHPH�VDKLS�ROGX÷X�|QHPOH�G�ú�Q�OHQ�ELU�QRNWDGÕU��dRN�GH÷LúNHQOL�Yerilerin analizinde 

oR÷X�]DPDQ�NHPRPHWULN�PHWRWODU�NXOODQÕOPDNWDGÕU��'HPLU������� 
'HQH\VHO� SDUDPHWUHOHULQ� NODVLN� \|QWHPOHUOH� RSWLPL]DV\RQXQGD� GH÷LúNHQOHUGHQ�

ELUL�VDELW�WXWXOXUNHQ�GL÷HU�GH÷LúNHQOHU�IDUNOÕ�RUDQODUGD�DOÕQDUDN�EX�GH÷LúNHQOHULQ��HWNLOHUL�
inceleQLU�� %X� LúOHP� KHU� ELU� GH÷LúNHQ� LoLQ� WHNUDUODQÕU�� )DNDW� NODVLN� \|QWHPOHUGH�
SDUDPHWUHOHU� DUDVÕQGD� GD� HWNLOHúLP� RODELOHFH÷L� YH� H÷HU� HWNLOHúLP� ROX\RUVD� EX� LNL�
SDUDPHWUH�DUDVÕQGDNL�HWNLOHúLPLQ�GL÷HUOHULQL�HWNLOH\HELOHFH÷L�KHVDSODQDPDPDNWDGÕU��%X�
nedenle bu yöntHP� \HWHUOL� ROPDPDNWDGÕU�� .HPRPHWULN� WHNQLNOHUGH� LVH�� KDQJL�
SDUDPHWUHOHU� HWNLOLGLU�� EX� SDUDPHWUHOHULQ� HWNLVL� QH� NDGDUGÕU� YH� EX� SDUDPHWUHOHULQ�
HWNLOHúLP�PLNWDUODUÕ�QH�|Oo�GHGLU�JLEL�VRUXODUD�\DQÕW�DUDQPDNWDGÕU��%X�DPDFD�\|QHOLN�ELU�
çok kemometrik optimizasyoQ� WHNQL÷L� JHOLúWLULOPLúWLU�� .HPRPHWULN� RSWLPL]DV\RQ�
WHNQLNOHULQGH�RSWLPXP�NRúXOODUÕQ�VD÷ODQDELOPHVL�LoLQ�GHQH\VHO�GL]D\QODU�ROXúWXUXOXU��%X�
GL]D\QODU�GHQH\VHO�oDOÕúPDQÕQ�SODQOÕ�ELU�úHNLOGH��]DPDQ�ND\EÕ�ROPDGDQ�YH�\HWHUOL�VD\ÕGD�
\DSÕOPDVÕQÕ� VD÷ODU�� 'H÷LúLN� DPDoODUD� \|QHOLN� oHúLWOL� GHQH\VHO� GL]D\Q� \|QWHPOHUL�
JHOLúWLULOPLúWLU� 
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1.8.1. Merkezi kompozit Dizayn 

 

 Merkezi kompozit dizaynlar fraksiyonel faktöriyel dizayn, ful faktöriyel dizayn, 

VWDU� GL]D\Q� YH�PHUNH]L� WHNUDU� GL]D\Q� ELOHúLPLQGHQ� ROXúPDNWDGÕU�� )DNWRriyel dizaynlar 

her bir faktörün etkilerini genel olarak inceleyen yöntemlerdir. Her bir faktörün 

RSWLPXP� NRúXOODUÕQÕQ� EXOXQPDVÕ� PHUNH]L� NRPSR]LW� GL]D\Q� \|QWHPL� LOH� \DSÕOÕU��
�%UHUHWRQ���������<DSÕODFDN�GHQH\�VD\ÕVÕ���������¶GHNL�IRUP�OH�J|UH�EHOLUOHQLU� 
 

 ��������������������������������'HQH\�VD\ÕVÕ 122 ++= k
k ��N��IDNW|U�VD\ÕVÕ���������������������������������� 

 

Formüldeki 2k�IXOO�IDNWRUL\HO�YH\D�IUDNVL\RQOX�IDNWRUL\HO�GL]D\QGDNL�GHQH\�VD\ÕODUÕQÕ���N�
VWDU� GL]D\Q� GHQH\� VD\ÕVÕQÕ� YH� �� LVH� RUWD� VHYL\HGHNL� GHQH\� VD\ÕVÕQÕ� J|VWHULU�� �k daki 

seviyeler (-1) ve (+1), 2k’dakiler ±α���¶GHNL�LVH�����GÕU��α�GH÷HUL�GDLUHVHO�YH�RUWDJRQDO�
GL]D\QD� J|UH� IDUNOÕ� VHYL\HOHU� DOÕU�� ùHNLO� ��������¶GH� GHQH\VHO� GL]D\Q� QRNWDODUÕ�
J|VWHULOPLúWLU� 
 Dairesel dizaynda α 1.8.1.2.’GHNL�IRUP�OH�J|UH�KHVDSODQÕU� 
  

                                                               4 2k#=α                                                 1.8.1.2. 

 

Ortagonal dizaynda ise α���������¶GHNL��IRUP�OH�J|UH�KHVDSODQÕU� 
 

                                                              k#=α                                                    1.8.1.3. 

 

ùHNLO� ��������� 0HUNH]L� NRPSR]LW� GL]D\Q� QRNWDODUÕ� �+HU� HNVHQ� ELU� IDNW|UH� NDUúÕOÕN�
gelmektedir) 
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<XNDUÕGD� EHOLUWLOHQ� QRNWDODU� LOH� ROXúWXUXODQ� PHUNH]L� NRPSR]LW� GL]D\Q� PRGHOL� ùHNLO�
��������¶GH�J|VWHULOPLúWLU�� 

ùHNLO����������0HUNH]L�NRPSR]LW�GL]D\Q�úHPDVÕ  
 

 

<DSÕODQ�GHQH\GHNL�SDUDPHWUHOHULQ�HWNLVLQL�EHOLUOHPHN�DPDFÕ\OD�DúD÷ÕGD�YHULOHQ�GR÷UXVDO�
GHQNOHPGHNL�E�NDWVD\ÕODUÕ�KHVDSODQÕU.  
 

y=b X                                                                                                                        1.8.1.4. 

 

%X�GHQNOHPGHQ�E�NDWVD\ÕVÕ� 
 

b=(X’X)
_1

X’y                                                                                                           1.8.1.5. 
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IRUP�O�QGHQ� KHVDSODQÕU�� E� NDWVD\ÕODUÕ� GR÷UX� GHQNOHPLQGH� \HULQH� NRQXOGX÷XQGD�
DúD÷ÕGDNL�PRGHO�GHQNOHPL�HOGH�HGLOLU�� 
 

3211233223311321123322110 xxxbxxbxxbxxbxbxbxbby +++++++=                      1.8.1.6. 

 

(OGH� HGLOHQ� PRGHO� GHQNOHPLQLQ� NÕVPL� W�UHYL� DOÕQDUDN� GHQH\LQ� RSWLPXP� NRúXODUÕ�
belirlenir. 

 

�������.DUÕúÕP�'L]D\Q� 
 

.DUÕúÕP�GL]D\Q�PHWRGX�X\JXODPDODUÕQGD�ELU�NDUÕúÕP�V|]�NRQXVXGXU��%X�NDUÕúÕP�
LNLOL���oO��\DGD�GDKD�oRN�RODELOLU��%DKVHGLOHQ�EX�NDUÕúÕPODU�GDKD�oRN�LODo�VDQD\LL��WHNVWLO�
HQG�VWULVL� YH� VÕYÕ� NURPDWRJUDIL� WHNQLNOHULQGH� VÕNoD� NXOODQÕOPDNWDGÕU�� %XUDGD� GLNNDW�
HGLOPHVL� JHUHNHQ� QRNWD� NXOODQÕODQ� EX� NDUÕúÕPODUÕQ� RUDQODUÕQÕQ� KDQJL� PLNWDUODUGD�
RODFD÷ÕGÕU�� %X� RUDQODUÕQ� EXOXQPDVÕQGD� NDUÕúÕP� GL]D\Q� PHWRGX� NXOODQÕOÕU�� .DUÕúÕP�
GL]D\ÕQGD� ELOHúHQOHULQ� WRSODPÕ� EHOOL� ELU� UDNDPD� QRUPDOL]H� ROPDN� ]RUXQGDGÕU��<DQL� 1�
ELOHúHQ�WRSODPÕ������\DGD���ROPDOÕGÕU��%UHUHWRQ���������ùHNLO���������¶GH��o�ELOHúHQOL�
NDUÕúÕP�GL]D\Q�úHPDVÕ�J|U�OPHNWHGLU�� 
 

ùHNLO����������ho�ELOHúHQOL�NDUÕúÕP�GL]D\Q�úHPDVÕ�J|U�OPHNWHGLU�� 
                                 

.DUÕúÕP�GL]D\QÕ�6LPSOH[�&HQWURLG�YH�6LPSOH[�/DWWLFH��gUJ���GL]D\Q�ROPDN��]HUH�LNL\H�
D\UÕOÕU� 
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1.8.2.1. Simplex Centroid Dizayn 

 

+HU�ELU�ELOHúHQ�ELU�IDNW|U�RODUDN�DOÕQÕU��)DNW|U�VD\ÕVÕ�N�ROPDN��]HUH����k-1)  adet 

GHQH\� \DSÕOÕU�� gUQH÷LQ� �o� IDUNOÕ� ELOHúHQ� LoHUHQ� NDUÕúÕP� LoLQ� � IDNW|U� VD\ÕVÕ� N�  � �¶W�U��
%|\OHFH�\DSÕOPDVÕ�JHUHNHQ�GHQH\�VD\ÕVÕ���3-� ����ROPDOÕGÕU�� 
 

ho�ELOHúHQOL�NDUÕúÕPD�DLW�VLPSOH[�FHQWURLG�NDUÕúÕP�GL]D\QÕ�DúD÷ÕGDNL�JLEL�X\JXODQDELOLU��
0RGHO�úHPDVÕ�ùHNLO�����������¶GH�J|VWHULOPLúWLU� 
 

)DNW|U�VD\ÕVÕ��N�� ����������� 
 

'HQH\�VD\ÕVÕ� ��3-1= 7          

 

Faktörler = 1, ½, 1/3, 0 

 

        ùHNLO������������ho�ELOHúHQOL�VLPSOH[�FHQWURLG�GL]D\Q�úHPDVÕ 
 

ho�ELOHúHQOL�NDUÕúÕPD�DLW�ROXúWXUXODQ�PRGHO�GHQNOHPL�DúD÷ÕGDNL�JLEL�ROXúWXUXOXU� 
 

y= c0 + c1x1 + c2x2 + c3x3 + c11x1
2 + c22x2

2 + c33x3
2 + c12x1x2 + c13x1x3 + c23x2x31.8.2.1.1. 

 

(OGH�HGLOHQ��o�ELOHúHQOL�VLPSOH[�FHQWURLG�GL]D\QÕ�ùHNLO�����������¶GHNL�JLEL�ROXúWXUXOXU� 
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        ùHNLO������������ho�ELOHúHQOL�VLPSOH[�FHQWURLG�GL]D\QÕ� 
 

1.8.2.2. Simplex Lattice (Örgü) Dizayn 

 

%X�GL]D\Q�\|QWHPLQGH�N�IDNW|U�VD\ÕVÕQÕ��P�NRPELQDV\RQ�VD\ÕVÕQÕ�EHOLUWPHN��]HUH�
GHQH\�VD\ÕVÕ�1�DúD÷ÕGDNL�JLEL�KHVDSODQÕU� 
 

                                                     
!)!1(

)!1(

mk

mk
N

−

−+
=                                               1.8.2.2.1. 

ho� ELOHúHQOL� NDUÕúÕP� LoLQ� � IDNW|U� VD\ÕVÕ� N�  � ��� P�  � �� LoLQ�� ��� DGHW� GHQH\� \DSÕOPDVÕ�
gerekir. 

                                                     10
!3)!13(

)!133(
=

−

−+
=N                                       1.8.2.2.2. 

 

%LOHúHQ����ELOHúHQ���YH�ELOHúHQ��¶WHQ�ROXúDQ�NDUÕúÕP�LoLQ�6LPSOH[�/DWWLFH��gUJ���'L]D\QÕ�
DúD÷ÕGDNL�JLEL�X\JXODQDELOLU� 
 

)DNW|U�VD\ÕVÕ��N�� ������ 
 

.RPELQDV\RQ�VD\ÕVÕ��P�� ������� 
 

Faktörler = 1, 1/3, 2/3, (3/3=1), 0 

 

'HQH\�VD\ÕVÕ� � 10
!3)!13(

)!133(
=

−

−+
=N  
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10 deQH\�LoLQ�ROXúWXUXODQ�PRGHO�úHPDVÕ�ùHNLO�����������¶GH�J|VWHULOPLúWLU� 
 

ùHNLO������������ho�ELOHúHQOL�VLPSOH[�ODWWLFH��|UJ���GL]D\Q�úHPDVÕ   
 

(OGH�HGLOHQ��o�ELOHúHQOL�VLPSOH[�FHQWURLG�GL]D\QÕ�ùHNLO�����������¶GHNL�JLEL�ROXúWXUXOXU� 
 

ùHNLO����������� Üç bilHúHQOL�VLPSOH[�ODWWLFH��|UJ���GL]D\QÕ� 
             

.DUÕúÕP� GL]D\QGD� ROXúWXUXODQ� GHQH\VHO� GL]D\Q� WDEORVX� P�PN�Q� ROGX÷X� NDGDU� NDUH�
PDWULNVH� G|Q�úW�U�OPHVL� X\JXQGXU�� %|\OHFH� ELOHúHQOHULQ� ELUELUOHUL� DUDVÕQGDNL�
HWNLOHúLPOHU�GH��KHVDSODQPÕú�ROXU� 
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2. MATERYAL VE YÖNTEM 

 

2.1. Materyal 

 

�������dDOÕúPDGD�.XOODQÕODQ�0DGGHOHU 
 

2.1.1.1. Kimyasallar 

 

 dDOÕúPDGD�NXOODQÕODQ�HQ]LPOHU�YH�|]HOOLNOHUL�dL]HOJH�����������¶GH�J|VWHULOPLúWLU� 
 

Çizelge 2.1.1.1.1.�dDOÕúPDGD�NXOODQÕODQ�HQ]LPOHU�YH�|]HOOLNOHUL 
Enzim (Q]LP�VÕQÕIÕ Katalog no Aktivite hUHWLOGL÷L�RUJDQL]PD 

Lipozyme TL 100L Lipaz LAP40012 100000 IU/g Aspergillus oryzae 

Novozyme 388 Lipaz LUN00250 20000 IU/g Aspergillus oryzae 

Novozym 435 Lipaz LC200207 3000 IU/g Candida Antarctica 

Lipozyme TL-IM Lipaz LA350012 1000 IU/g Thermomyces lanuginosus 

Lipozyme RM-IM Lipaz LUX00205 4000 IU/g Rhizomucor miehei 

 

 

dDOÕúPDGD� NXOODQÕODQ� \D÷� DVLGL�PHWLO� HVWHUL� NDUÕúÕPÕ� VWDQGDUWODUÕ� dL]HOJH� ����������¶GH�
NLP\DVDO�PDGGHOHU�LVH�dL]HOJH�����������¶GH�YHULOPLúWLU�� 
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Çizelge 2.1.1.1.2.�dDOÕúPDGD�NXOODQÕODQ�\D÷�DVLGL�PHWLO�HVWHUL�NDUÕúÕPÕ�VWDQGDUWODUÕ� 
<D÷�DVLGL�PHWLO�HVWHUL $÷ÕUOÕNoD�� Üretici firma Katalog (lot) no 

Miristoleik asit metil esteri (C14:1) 1.966 Supelco LB06978 

Palmitoleik asit metil esteri (C16:1) 6.406 Supelco LB16170 

Erüsik asit metil esteri (C22:1 n9) 1.903 Supelco LA59119 

Metil oktanoat (C8:0) 1.898 Supelco LB10691 

Metil dekanoat (C10:0) 3.201 Supelco LB09544 

Metil laurat (C12:0) 6.381 Supelco LA39880 

Metil tridecanoat (C13:0) 3.195 Supelco LB16654 

Metil miristat (C14:0) 3.268 Supelco LB20367 

Metil pentadekanoat (C15:0) 1.893 Supelco LB19252 

Metil palmitat (C16:0) 12.972 Supelco LB22304 

Metil heptadekanoat (C17:0) 3.205 Supelco LB18901 

Metil stearat (C18:0) 6.491 Supelco LB20333 

Metil behenat (C22:0) 1.900 Supelco LB09123 

Cis-9-oleik metil ester (C18:1n9c) 19.534 Supelco LB10389 

Metil lineloat (C18:2) 12.991 Supelco LB16171 

0HWLO�DUDúLGDW��&20:0) 1.901 Supelco LA86718 

Trans-9-elaidik metil ester (C18:1n9t) 2.599 Supelco LA60932 

Metil linoleat (C18:3) 6.383 Supelco LB17201 

Metil eikosenoat (C20:1) 1.914 Supelco LB19001 
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Çizelge 2.1.1.1.3.�dDOÕúPDGD�NXOODQÕODQ�NLP\DVDO�PDGGHOHU 
.LP\DVDO�DGÕ Üretici firma Katalog no 

Stiren ACROS 22053 

Divinil Benzen MERCK 803598 

Potasyum Persülfat FLUKA 60487 

4- Aminoantipirin MERCK 107293 

Glutaraldehit  %25 MERCK 820603 

Potasyum Dihidrojen Fosfat MERCK 104873 

Dipotasyum Hidrojen Fosfat MERCK 105104 

Coomassie  Brillant Blue G 250 MERCK 115444 

Bovine Serum Albumine SIGMA A7906 

Span 80 FLUKA 85548 

Gum Arabic SIGMA G9752 

Triton X-100 SIGMA T9284 

4-Nitrofenol SIGMA 1048 

4- Nitrofenilpalmitat FLUKA 76166 

Metanol MERCK 106007 

Etanol SIGMA-ALDRICH 32221 

1-propanol MERCK 100996 

1-butanol MERCK 101990 

2-propanol MERCK 109634 

t-Butanol MERCK 822264 

+DP�NDQROD�\D÷Õ AYT - 

Celite 545 FLUKA 22140 

Silika jel MERCK 8634 

1,2,3 tricaprolgliserin FLUKA 91022 

Metil heptadekanoat (%99) FLUKA 51635 

Kalsiyum asetat MERCK 102052 

1,2,4-butantriol FLUKA 19045 

1,4 Butandiol (%99) FLUKA 18960 
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Çizelge 2.1.1.1.3. (Devam)�dDOÕúPDGD�NXOODQÕODQ�NLP\DVDO�PDGGHOHU 
.LP\DVDO�DGÕ Üretici firma Katalog no 

Wijs reagenti FLUKA 35071 

Heptan SIGMA-ALDRICH 15677 

Hekzan MERCK 104368 

N-methyl-N-trimethylsilitriflorasetamid (MSTFA) MERCK 841102 

Sodyum Hidroksit SIGMA-ALDRICH 41320 

K5 TLC plak WHATMAN 4850–820 

Dietileter MERCK 822270 

Asetik asit (%98) MERCK 100056 

α-naftol SIGMA N–1000 

H2SO4 MERCK 100753 

H3PO4 (%85) MERCK 100557 

HCl MERCK 100314 

HNO3 MERCK 100443 

Metil oleat FLUKA 75163 

Gliserin (%99) SIGMA G-9012 

 

 

2.1.1.2. Çözeltiler 

 

a) 1M 100 mL Na2HPO4.12H2O çözeltisi: 35,814 g Na2HPO4.12H22�WDUWÕOGÕ�YH�VDI�VX�
ile 100 ml’ ye seyreltildi.  

b) 1M 100 mL NaH2PO4.2H2O çözeltisi: 15,601 g NaH2PO4.2H22�WDUWÕOGÕ�YH�VDI�VX�LOH�
100 ml’ ye seyreltildi. 

c) 0,1 M fosfat tamponu (pH: 7): 5,77 mL 1M 100 mL Na2HPO4.12H2O çözeltisi ile 

4,23 mL 1M 100 mL NaH2PO4.2H22�o|]HOWLVL�NDUÕúWÕUÕOGÕ�YH�o|]HOWL�VDI�VX�LOH�����P/¶�
ye seyreltildi. 

G�� ����0� ����P/�.2+� o|]HOWLVL�� ������ J� .2+� WDUWÕOGÕ� YH� HWLO� DONRO� LOH� ����PO¶� \H�
seyreltildi.  

H�����PJ�P/�PHWLO�KHSWDGHNDQRDW�o|]HOWLVL������PJ�PHWLO�KHSWDGHNDQRDW�WDUWÕOGÕ�KHStan 

ile 50 mL’ ye seyreltildi. 

f) 1M 100 mL Ca(Ac)2 (pH: 6) tampon çözeltisi: 15,8 g Ca(Ac)2� WDUWÕOGÕ�YH�VDI�VX� LOH�
����PO¶�\H�VH\UHOWLOGL��$VHWLN�DVLW�LOH�S+�GH÷HUL���\DSÕOGÕ� 
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J�� ���¶� OXN� HQ]LP� o|]HOWLVL�� �� PO� HQ]LP� EDORQMRMH\H� DOÕQGÕ�� ��� PO� &D�$F�2 pH: 6 

tampon çözeltisi ile 30 mL’ye seyreltildi. 

K��3ROLJOXWDUDOGHKLW�o|]HOWLVL�����P/�����¶OLN�JOXWDUDOGHKLW�DOÕQGÕ��6DI�VX�LOH����P/¶\H�
WDPDPODQGÕ��S+¶VÕ���0�1D2+�LOH�����¶D�D\DUODQGÕ�YH���GN�NDUÕúWÕUÕOGÕ� 
Õ�����P0����P/�SDUDQLWURIHQLOSDOPLWDW��S133��o|]HOWLVL���������J�S133�WDUWÕOGÕ�YH��-

propanol ile 50 mL’ye seyreltildi. 

i) 2M 10 mL 4-aminoantipirin: 4,065 g 4-DPLQRDQWLSLULQ� WDUWÕOGÕ� YH� PHWDQRO� LOH� ���
mL’ye seyreltildi. 

 

�������dDOÕúPDGD�.XOODQÕODQ�$OHWOHU 
 

dDOÕúPDGD�NXOODQÕODQ�DUDo�YH�JHUHoOHU�dL]HOJH��������¶GH�J|VWHULOPLúWLU� 
 

Çizelge 2.1.2.1.�dDOÕúPDGD�NXOODQÕODQ�DUDo�YH�JHUHoOHU 
Araç-Gereç Marka Model 

GC-MS Shimadzu QP5000 

UV Shimadzu UV-2100 

Elektron mikroskobu Carl Zeiss EVO 40 

Fourier transform infrared spektrometresi (FTIR) Thermo Nicolet 6700 

pH-metre Sartorius PP-15 

0DQ\HWLN�NDUÕúWÕUÕFÕ Chiltern HS-31 

,VÕWÕFÕ Chiltern HS-31 

Peristaltik pompa Watson-Marlow 3235/D 

Hassas terazi Gec Avery VA304 

0LNURúÕUÕQJD�����/� Hamilton 7105 

Otomatik pipet (1000 µL) Eppendorf 100-1000 

Otomatik pipet (200 µL) Eppendorf 500-5000 

3ROLSURSLOHQ�VDNODPD�NDEÕ PE-LD 303-100 

Santrifüj Nüve NF-615 
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�������'HQH\�'�]HQH÷L 
 

(Q]LPDWLN�\|QWHPOH�EL\RGL]HO��UHWLPLQGH�NXOODQÕODQ�GHQH\�G�]HQH÷L�úHPDVÕ�YH�
GHQH\�G�]HQH÷L�UHVPL�VÕUDVÕ\OD�ùHNLO����������YH�ùHNLO���������¶GH�J|VWHULOPLúWLU��'HQH\�
G�]HQH÷LQGH� ��� FP� X]XQOX÷XQGD� ���� FP� Lo� oDS�� ���� FP�GÕú� oDS� YH� �� FP�NDSDN� oDSÕ�
|Oo�OHULQH� VDKLS� oHOLN� UHDNW|U� NXOODQÕOPÕúWÕU�� 5HDNW|U�Q� KDFPL� ����� P/� GLU�� 'HQH\�
G�]HQH÷LQGH� ���� P/� NDSDVLWHOL� ELU� EHVOHPH� WDQNÕ� YH� JOLVHURO� WRSODPD� WDQNÕ�
NXOODQÕOPÕúWÕU��6ÕYÕ�VLUN�ODV\RQX�ELU�SHULVWDOWLN�SRPSD�\DUGÕPÕ\OD���P/�GN�DNÕú�KÕ]Õ\OD�
VD÷ODQPÕúWÕU� 
 

ùHNLO����������%L\RGL]HO��UHWLPLQGH�NXOODQÕODQ�GHQH\�G�]HQH÷L�úHPDVÕ 
 

 

 

 

 

 



� ����

 

 

 

ùHNLO����������%L\RGL]HO��UHWLPLQGH�NXOODQÕODQ�GHQH\�G�]HQH÷L�resmi  

 

 

2.2. Yöntem 

 

�������3ROLPHU�'HVWHN�0DGGHVLQLQ�+D]ÕUODQPDVÕ 
 

'HQH\VHO� oDOÕúPDGD� SROLPHU� GHVWHN� PDGGHVL� RODUDN Stiren-divinilbenzen-

SROLJOXWDUDOGHKLW�SROLPHUL�NXOODQÕOPÕúWÕU��3ROLPHU�GHVWHN�PDGGHVL�����VX� ID]Õ�YH�����
organik faz olmak üzere iki fazdDQ�ROXúPDNWDGÕU��7RSODP����P/¶OLN�KDFPLQ����P/¶VLQL�
VX� ID]Õ�� �� P/¶VLQL� GH� RUJDQLN� ID]� ROXúWXUPDNWDGÕU�� <�NVHN� SRUR]LWH\H� VDKLS� SROLPHU�
VHQWH]L�LNL�EDVDPDNWD�JHUoHNOHúWLULOPLúWLU� Birinci basamak poliglutaraldehit sentezidir. 

Bu amaçla GÕú� KDFPL� ��� P/� RODQ� SROLPHU� EOR÷XQXQ� �UHWLPL� LoLQ� ���¶OLN�
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JOXWDUDOGHKLWWHQ���P/�DOÕQDUDN����P/¶\H�VH\UHOWLOHUHN�RUWDPD���P/������0�1D2+�LODYH�
HGLOPLú�YH����GDN������USP¶GH�PDQ\HWLN�NDUÕúWÕUÕFÕGD�NDUÕúWÕUÕODUDN�$OGRO�NRQGHQ]DV\RQ�
SROLPHUL]DV\RQX� VD÷ODQPÕúWÕU�� øNLQFL� EDVDPDNWD aldol kondenzasyon polimerizasyonu 

LOH� HOGH� HGLOHQ� SROLJOXWDUDOGHKLW� o|]HOWLVLQGHQ� ��� P/� DOÕQDUDN� o|]HOWL� LoLQH� UDGLNDOLN�
SROLPHUL]DV\RQ�UHDNVL\RQXQX�EDúODWPDN�LoLQ�EDúODWÕFÕ�SRWDV\XP�SHURNVLGRV�OIDWWDQ�����
J� NRQXODUDN� o|]�OP�úW�U�� Bu çözelti % 59 stiren, % 26 divinilbenzen ve %15            

VSDQ���¶GHQ�ROXúDQ���P/¶OLN�HP�OVL\RQ�ID]ÕQD�LODYH�HGLOPLú�YH�úLGGHWOL�ELU�úHNLOGH�HOOH�
oDONDODQPÕúWÕU�� 3ROLPHUL]DV\RQ� úHPDVÕ�ùHNLO� ��������¶GH� J|VWHULOPLúWLU��Polimerizasyon 

reaksiyonu 80qC’lik etüvdH� JHUoHNOHúWLULOPLú� YH� EX� VÕFDNOÕNWD� �� VDDW� HW�YGH�
NXUXWXOGXNWDQ� VRQUD� SROLPHU� EORN� W�SWHQ� oÕNDUWÕODUDN� ��-65 qC’de 1 gün süre ile 

NXUXWXOPXúWXU� ùHNLO� ��������¶GH� VWLUHQ-divinilbenzen-poliglutaraldehit (STR-DVB-

PGA) polimer destek maddesinin polimerizasyoQ�UHDNVL\RQX�J|VWHULOPLúWLU� 
 

 

ùHNLO� �������� Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) polimerizasyon 

úHPDVÕ 
 

 

 

 

Polimer 

Sulu Faz 
(% 90) 

Organik Faz 
(% 10) 

PGA 
(% 5) 

Divinil Benzen 
(% 26) 

Stiren 
(% 59) 

Span 80 
(% 15) 
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ùHNLO� �������� Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) polimer destek 

maddesinin polimerizasyon reaksiyonu  

 

 

ùHNil 2.2.1.3.’de Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) polimer 

destek maddesinin resmi görülmektedir. 

 

 

ùHNLO� �������� Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) polimer destek 

maddesinin resmi 
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2.2.2. Polimer Destek Maddesinin Modifikasyonu 

 

Gözenekli stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) polimer 

destek maddesi� X\JXQ� ER\XWODUD� JHWLULOHUHN� ùHNLO� ��������¶GH� J|U�OHQ� UHDNW|UH�
\HUOHúWLULOPLúWLU�� 'DKD� VRQUD� WD]H� KD]ÕUODQPÕú� SROLJOXWDUDOGHKLW� o|]HOWLVL� ùHNLO�
2.1.3.2.’deki GHQH\�G�]HQH÷L�NXOODQÕODUDN���P/�GDN�GHELGH����VDDW�VLUN�OH�HGLOPLúWLU��%X�
süre sonunda STR-DVB-PGA önce 300 mL saf su ile daha sonra da 200 mL 25 mM, 

pH 6 Ca(Ac)2 WDPSRQ�o|]HOWLVL�LOH�\ÕNDQPÕú�YH�E|\OHFH�SROLJOXWDUDOGHKLW�SROLPHU�GHVWHN�
yüzeyine tutturulmXúWXU� 

 

�������'HVWHN�0DGGHVLQH�/LSD]�(Q]LPL�øPPRELOL]DV\RQX 

 

 Lipozyme TL-100L ve Novozym 388 enzimleri stiren-divinilbenzen-

poliglutaraldehit (STR-DVB-PGA), Celite 545 ve Silikajel destek maddelerine 

DGVRUSVL\RQ� YH� NRYDOHQW� ED÷ODPD� ROPDN� �]HUH� LNL� IDUNOÕ immobilizasyon yöntemiyle 

WXWWXUXOPXúWXU��/LSD]�HQ]LPOHULQLQ�DGVRUSVL\RQ�YH�NRYDOHQW�ED÷ODPD�PHWRWODUÕ\OD�GHVWHN�
PDGGHOHULQH�LPPRELOL]DV\RQ�úHPDVÕ�ùHNLO���������¶GH�J|VWHULOPLúWLU� 
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ùHNLO����������Lipaz enzimlerinin adsorpsiyon ve kovaOHQW�ED÷ODPD�PHWRWODUÕ\OD�GHVWHN�
PDGGHOHULQH�LPPRELOL]DV\RQ�úHPDVÕ���D��.RYDOHQW�LPPRELOL]DV\RQ�PHWRGX��E��)L]LNVHO�
adsorpsiyon ile immobilizasyon metodu 

 

���������(Q]LPOHULQ�'HVWHN�0DGGHVLQH�$GVRUSVL\RQ�LOH�øPPRELOL]DV\RQX 

 

 4’er gram destek maddeleri (STR-'9%�� &HOLWH� ���� YH� 6LOLNDMHO�� WDUWÕODUDN�
UHDNW|UH�\HUOHúWLULOPLú�YH�����P/�VDI�VX�LOH�\ÕNDQPÕúWÕU��'DKD�VRQUD��¶HU�P/�/LSR]\PH�
TL-100L ve Novozym 388 HQ]LPOHUL� DOÕQDUDN� � ���P/� ���P0�S+���&D�$F�2 tampon 

çözeltisine ilave edilerek %10’luk enzim çözeltileri� KD]ÕUODQPÕú� YH� ��� VDDW� ER\XQFD�
ùHNLO� ��������¶GH� J|U�OHQ� GHQH\� G�]HQH÷L� NXOODQÕODUDN� �� P/�GDN� GHELGH� UHDNW|UGHQ�
geçirilerek destek maddelerine� DGVRUSVL\RQ� \|QWHPL\OH� LPPRELOL]H� HGLOPLúWLU�� ùHNLO�
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2.2.3.1.1.’de enzimlerin polimer destek maddesine adsorpsiyon ile immobilizasyon 

úHPDVÕ�J|U�OPHNWHGLU��%D÷ODQPD\DQ�HQ]LPOHU�GHVWHN�PDGGHOHULQLQ�|QFH�����P/�VDI�VX�
sonra 200 mL 25 mM, pH 6 Ca(Ac)2� WDPSRQ� o|]HOWLVL� LOH� \ÕNDQPDVÕ\OD�
X]DNODúWÕUÕOPÕúWÕU� 
 

 

 

ùHNLO����������� Enzimlerin polimer destek maddesine adsorpsiyon ile immobilizasyon 

úHPDVÕ� 
 

���������(Q]LPOHULQ�'HVWHN�0DGGHVLQH�.RYDOHQW�%D÷ODPD�LOH�øPPRELOL]DV\RQX 

 

 4’er gram destek maddeleri (STR-DVB-3*$��&HOLWH�����YH�6LOLNDMHO��WDUWÕODUDN�
UHDNW|UH� \HUOHúWLULOPLú� YH� ���� P/� VDI� VX� LOH� \ÕNDQPÕúWÕU�� 6RQUD� WD]H� KD]ÕUODQPÕú�
SROLJOXWDUDOGHKLW� o|]HOWLVL� ùHNLO� ��������¶GHNL� GHQH\� G�]HQH÷L� NXOODQÕODUDN� �� P/�GDN�
GHELGH����VDDW� VLUN�OH� HGLOPLú�YH�����P/�VDI�VX� LOH�\ÕNDQPÕúWÕU��'DKD�VRQUD��¶HU�P/�
Lipozyme TL-100L ve Novozym 388 HQ]LPOHUL�DOÕQDUDN�����P/����P0�S+���&D�$F�2 
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tDPSRQ� o|]HOWLVLQH� LODYH� HGLOHUHN� ���¶OXN� HQ]LP� o|]HOWLOHUL� KD]ÕUODQPÕú� YH� ��� VDDW�
ER\XQFD� ùHNLO� ��������¶GH� J|U�OHQ� GHQH\� G�]HQH÷L� NXOODQÕODUDN� �� P/�GDN� GHELGH�
reaktörden geçirilerek destek maddelerine� NRYDOHQW� ED÷ODPD� \|QWHPL\OH� LPPRELOL]H�
HGLOPLúWLU�� ùHNLO�����������¶GH� HQ]LPOHULQ� SROLPHU� GHVWHN�PDGGHVLQH� NRYDOHQW�ED÷ODPD�
LOH�LPPRELOL]DV\RQ�úHPDVÕ�J|U�OPHNWHGLU��%D÷ODQPD\DQ�HQ]LPOHU�GHVWHN�PDGGHOHULQLQ�
önce 300 mL saf su sonra 200 mL 25 mM, pH 6 Ca(Ac)2 tampon çözeltisi ile 

\ÕNDQPDVÕ\OD�X]DNODúWÕUÕOPÕúWÕU. 
 

ùHNLO� ����������� (Q]LPOHULQ� SROLPHU� GHVWHN� PDGGHVLQH� NRYDOHQW� ED÷ODPD� LOH�
LPPRELOL]DV\RQ�úHPDVÕ 
 

 2.2.4. Kantitatif Protein Tayini 

 

 Lipozyme TL-100L ve Novozym 388 lipaz enzimlerinin destek maddelerine 

LPPRELOL]DV\RQXQGD� GHVWH÷H� WXWWXUXODQ� SURWHLQ� PLNWDUÕ� %UDGIRUG� 0HWRGX� LOH� WD\LQ�
HGLOPLúWLU��%UDGIRUG���������%X�PHWRWWD�&RRPDVVLH�%ULOOLDQW�%OXH�ER\DVÕ�NXOODQÕOPDNWD�
YH�NXOODQÕODQ�EX�ER\D�RUWDPGDNL�SURWHLQOHUOH�NRPSOHNV�ROXúWXUDUDN�RUWDPGDNL�SURWHLQLQ�
\R÷XQOX÷XQD�J|UH�DoÕN�YH\D�NR\X�PDYL�UHQN�YHUPHNWHGLU. 
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���������%UDGIRUG�%R\DVÕQÕQ�+D]ÕUODQPDVÕ 
 

 ���� PJ� &RRPDVVLH� %ULOOLDQW� %OXH� �&%%�� ER\DVÕ�� ��� P/� PHWDQRO� LoHULVLQGH�
çözülerek üzerine 100 mL %85’lik fosforik asit (H3PO4��LODYH�HGLOPLú�YH�VDI�VX�LOH�����
P/¶\H� VH\UHOWLOPLúWLU�� (OGH� HGLOHQ� o|]HOWL� NXOODQÕOÕQFD\D� NDGDU� NR\X� UHQNOL� ELU� úLúH�
LoHULVLQGH�EX]GRODEÕQGD�����o&��VDNODQPÕúWÕU� 
 

���������%UDGIRUG�.DOLEUDV\RQ�*UDIL÷LQLQ�+D]ÕUODQPDVÕ 
 

 Protein kalibrasyonunda standart protein olarak Bovin Serum Albumin (BSA) 

NXOODQÕOPÕúWÕU��6WDQGDUW�SURWHLQGHQ�NRQVDQWUDV\RQODUÕ��������������������������YH������
�J�P/� RODFDN� úHNLOGH� IDUNOÕ� GHULúLPGH� �� o|]HOWL� KD]ÕUODQPÕúWÕU�� )DUNOÕ� GHULúLPOHUGH�
(200–������J�P/��KD]ÕUODQDQ�%6$�VWDQGDUWODUÕQGDQ�GHQH\�W�SOHULQH�����P/�DOÕQPÕú�YH�
�]HUOHULQH�����P/�%UDGIRUG�ER\DVÕ�LODYH�HGLOPLúWLU��$\UÕ�ELU�GHQH\�W�S�QH���P/�VDI�VX�
YH� ��P/� ER\D� HNOHQHUHN�NDUÕúWÕUÕOPÕúWÕU��89-spektrofotometrenin dalga boyu 594 nm 

RODFDN�úHNLOGH�D\DUODQPÕú�YH�VDI�VX�LoHUHQ�NDUÕúÕPD�J|UH�VÕIÕUODQPÕúWÕU��+HU�ELU�|UQH÷LQ�
���� QP� GDOJD� ER\XQGD� DEVRUEDQVODUÕ� RNXQDUDN� SURWHLQ� NRQVDQWUDV\RQODUÕQD� ��J�P/��
NDUúÕ�RNXQDQ�DEVRUEDQV������QP��GH÷HUOHUL�JUDIL÷H�JHoLULOPLúWLU��(OGH�HGLOHQ�NDOLEUDV\RQ�
JUDIL÷L�ùHNLO�����������¶GH�YHULOPLúWLU� 

%UDGIRUG�.DOLEUDV\RQ�*UDIL÷L
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ùHNLO������������%UDGIRUG�NDOLEUDV\RQ�JUDIL÷L 
2.2.4.3. Standart Tayin Prosedürü 

 

Belirli oraQODUGD� EUDGIRUG� ER\DVÕ�� VDI� VX� YH� �-aminoantipirin içeren analiz 

UHDJHQWLQGHQ� ��P/� DOÕQDUDN� �����/� |UQHN� LOH� NDUÕúWÕUÕOPÕú� YH� �� GN��%HNOHWLOHUHN� ����
QP¶GH�89�DEVRUEDQVÕ� RNXQPXúWXU�� )DUNOÕ� GHULúLPOHUGH�%RYLQ�6HUXP�$OEXPLQ� �%6$��
VWDQGDUW� SRWHLQL� NXOODQÕODUDN� KD]ÕUODQPÕú� ùHNLO� ����������¶GHNL� %UDGIRUG� NDOLEUDV\RQ�
JUDIL÷L�NXOODQÕODUDN�|UQHNWHNL�SURWHLQ�PLNWDUÕ�KHVDSODQPÕúWÕU� 

 

2.2.5. Enzim Aktivite Tayini 

 

dDOÕúPDPÕ]GD�HQ]LP�DNWLYLWHVL�VSHWURIRWRPHWULN�PHWRWOD�EHOLUOHQPLúWLU (Winkler 

ve Stuckman, 2003). Metot eQ]LP� PROHN�OOHULQLQ� ELULP� ]DPDQGD� S133¶Õ� �SDUD-
nitrofenil palmitat) pNP’e (para-QLWURIHQRO�� G|Q�úW�UPH� PLNWDUÕQÕQ� |Oo�OPHVLQH�
GD\DQPDNWDGÕU�� �� ELULP� HQ]LP�� UHDNVL\RQ� NRúXOODUÕQGD�� S133¶GDQ� �SDUD-nitrofenil 

palmitat) bir dakikada, 1 µmol pNP (para-nitrofenoO�� ROXúWXUDQ� HQ]LP�PLNWDUÕ� RODUDN�
WDQÕPODQPÕúWÕU�� 
 (Q]LP�DNWLYLWHVLQLQ�EHOLUOHQPHVL�DPDFÕ\OD�|QFHOLNOH�0,2 mM; 0,4 mM; 0,6 mM; 

0,8 mM ve 1,0 mM pNP (para-QLWUR� IHQRO�� o|]HOWLOHUL� KD]ÕUODQDUDN� 89�
VSHNWURIRWRPHWUHVLQGH� ���� QP¶GH� DEVRUEDQVODUÕ� |Oo�OHUHN� ùHNil 2.2.5.1.’de gösterilen 

NDOLEUDV\RQ�JUDIL÷L�KD]ÕUODQPÕúWÕU��'DKD�VRQUD�����J�\Dú�|UQHN�WDUWÕODUDN���KDFLP����P0�
Ca(Ac)2 pH 6 tamponu ile 1 hacim 10 mM pNPP, % 0,8 triton X100 ve % 0,2 gum 

DUDELF¶GHQ�ROXúDQ����P/¶OLN� o|]HOWL� NDUÕúÕPÕQD� LODYH�HGLOPLúWLU��0DQ\HWLN�EDOÕNOD�����
USP� KÕ]OD� NDUÕúWÕUÕODUDN� ���&¶� GH� �� GN�� EHNOHWLOHQ� |UQHN� RGD� VÕFDNOÕ÷ÕQD� VR÷XWXODUDN�
EH\D]� EDQW� V�]JHo� ND÷ÕGÕ� LOH� V�]�OP�ú� YH� EHUUDN� VÕYÕ� 89� VSHNWURIRWRPHWUHVL\OH� ����
QP¶GH�DEVRUEDQVÕ�|Oo�OHUHN�OLSD]�DNWLYLWHVL��VSHVLILN�DNWLYLWH�YH�LPPobilizasyon verimi 

VÕUDVÕ\OD�HúLWOLN��������������������YH��������¶H�J|UH�KHVDSODQPÕúWÕU� 
 

 

Lipaz aktivitesi (umol pNP/g-destek.dk.) =  
miktarÕDestek    

 aktivitesi  lipaz   øPPRELOL]H
                2.2.5.1. 
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Spesifik aktivite (umol pNP/mg-protein.dk) =  
miktarÕprotein     Tutuklanan

 aktivitesi  lipaz   øPPRELOL]H
           2.2.5.2. 

 

 

øPPRELOL]DV\RQ�YHULPL����� ����
miktarÕprotein      Toplam

miktar protein     Tutuklanan
             2.2.5.3. 

 
 
 
 
 

 
ùHNLO����������(Q]LP�DNWLYLWH�NDOLEUDV\RQ�JUDIL÷L 
 

2.2.6. Biyodizel Üretimi 

 

 %L\RGL]HO� VHQWH]L� V�UHNOL� VLVWHP�YH�NHVLNOL� VLVWHP�GHQH\�G�]HQH÷L�ROPDN�üzere 

LNL�IDUNOÕ�úHNLOGH�KDP�NDQROD�\D÷Õ�YH�PHWDQRO�Q�HQ]LP�EHUDEHULQGH�X\JXQ�NRúXOODUGDNL�
UHDNVL\RQX\OD�JHUoHNOHúWLULOPLúWLU� 

(Q]LP�$NWLYLWH�.DOLEUDV\RQ�*UDIL÷L�
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���������6�UHNOL�6LVWHP�'HQH\�'�]HQH÷L�.XOODQÕODUDN�%L\RGL]HO�hUHWLPL 
 

%L\RGL]HO�VHQWH]L�LoLQ�ùHNLO���������¶GH�J|VWHULOHQ�V�UHNOL�VLVWHP�GHQH\�G�]HQH÷L�
NXOODQÕOPÕúWÕU��<|QWHPGH�EHVOHPH�WDQNÕQD�����P/�KDP�NDQROD�\D÷Õ�LOH����P/�PHWDQRO�
LODYH� HGLOHUHN� VÕNÕFD� NDSDWÕOPÕú� �� P/�GN�� GHELGH� UHDNW|UGHQ� SHULVWDOWLN� SRPSD�
\DUGÕPÕ\OD�VLUN�OH�HGLOPLúWLU��0HWDQRO�EHVOHPH�WDQNÕQD��¶HU�VDDW�DUD�LOH��o�DúDPDGD�LODYH�
HGLOHUHN�PHWDQRO�Q�HQ]LPL�LQKLEH�HWPH�RODVÕOÕ÷Õ�|QOHQPLúWLU��5HDNVL\RQODU�daha önceden 

NHPRPHWULN�RSWLPL]DV\RQ�oDOÕúPDODUÕQGD�KHU� HQ]LP� LoLQ�D\UÕ� D\UÕ�EHOLUOHQHQ�RSWLPXP�
GHQH\VHO�NRúXOODUGD�³UHDNVL\RQ�V�UHVL��-��VDDW��VÕFDNOÕN����&-55º&��HQ]LP�PLNWDUÕ����- 

������\D÷�D÷ÕUOÕ÷Õ��YH�DONRO�\D÷�PRODU�RUDQÕ����-����´�JHUoHNOHúWLULOPLúWLU� 
 

���������.HVLNOL�6LVWHP�'HQH\�'�]HQH÷L�.XOODQÕODUDN�%L\RGL]HO�hUHWLPL 
 

%L\RGL]HO� VHQWH]L� LoLQ� ����P/¶OLN� EHKHUOHU� NXOODQÕOPÕúWÕU��Yöntem behere 100 

mL ham� NDQROD� \D÷Õ�� \D÷� D÷ÕUOÕ÷ÕQÕQ� �� ���¶L� LOH� �� ��¶L� DUDVÕQGD� GH÷LúHQ� RUDQODUGD�
LPPRELOL]H�HQ]LP�YH����P/�PHWDQRO� HNOHQHUHN�X\JXODQPÕúWÕU��0HWDQRO�NDUÕúÕPD��¶HU�
VDDW�DUD�LOH��o�DúDPDGD�LODYH�HGLOPLúWLU��.DUÕúÕP�PDQ\HWLN�EDOÕN�LOH�����USP�KÕ]OD�V�UHNOL�
NDUÕúWÕUÕOPÕúWÕU�� Reaksiyonlar GDKD� |QFHGHQ� NHPRPHWULN� RSWLPL]DV\RQ� oDOÕúPDODUÕQGD�
KHU�HQ]LP�LoLQ�D\UÕ�D\UÕ�EHOLUOHQHQ�RSWLPXP�GHQH\VHO�NRúXOODUGD�³UHDNVL\RQ�V�UHVL��-6 

VDDW�� VÕFDNOÕN����&-���&�� HQ]LP� PLNWDUÕ����-� ��� ��� \D÷� D÷ÕUOÕ÷Õ�� YH� DONRO�\D÷� PRODU�
RUDQÕ����-����´�JHUoHNOHúWLULOPLúWLU� 
 

�������6WDQGDUW�<D÷�$VLGL�0HWLO�(VWHUL�*UDILNOHULQLQ�dÕNDUWÕOPDVÕ 
 

<DSÕODQ�oDOÕúPDGD�VWDQGDUW�\D÷�DVLGL�PHWLO�HVWHUOHUL�NDUÕúÕPÕ�����SSP�GHULúLPGH�
GC-06¶�H�dL]HOJH���������¶GH�YHULOHQ�VÕFDNOÕN�SURJUDPÕ�LOH�HQMHNWH�HGLOHUHN�����DGHW�\D÷�
DVLGL�PHWLO� HVWHUL� SLNL� J|]OHQPLúWLU�� (OGH� HGLOHQ� \D÷� DVLGL�PHWLO� HVWHUOHUL� SLNOHUL� ùHNLO�
��������¶GH�J|VWHULOPLúWLU� 
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Çizelge 2.2.7.1. GC-06�VÕFDNOÕN�SURJUDPÕ� 

 

ùHNLO��������� 6WDQGDUW�\D÷�DVLGL�PHWLO�HVWHUOHUL�SLNOHUL�� 
Pikler; (1.) miristoleik asit metil ester (C14:1); (2.) miristik asit metil ester (C14:0); (3.) 

pentadekanoik asit metil ester (C15:0); (4.) palmitoleik asit metil ester (C16:1); (5.) 

palmitik asit metil ester (C16:0); (6.) heptadekanoik asit metil ester (C17:0); (7.) linoleik 

asit metil ester (C18:2) (8.) oleik asit metil ester (C18:1). (9.) elaidik asit metil ester (C18:1); 

(10.) stearik asit metil ester (C18:0); (11.) eikosenoik asit metil ester (C20:1);  (12.) 

DUDúLGLN� DVLW�PHWLO� HVWHU� �&20:0); (13.) erusik asit metil ester (C22:1); (14.) behenik asit 

metil ester (C22:0). 

 

�������øQFH�7DEDND�.URPDWRJUDILVL�øOH�%L\RGL]HO�7D\LQL  
 

Sentezlenen biyodizel örnekleri ve standart biyodizelden Hamilton enjektör 

\DUGÕPÕyla 1 µL DOÕQPÕú�:KDWPDQ�.��7/&�SODNDOD��]HULQH�GDPODWÕODUDN�NXUXWXOPXúWXU��
Daha sonra sentezlenen biyodizel örnekleri ve standart biyodizel 90/15/4 (v/v) 

KHN]DQ�GLHWLOHWHU�DVHWLN� DVLW� o|]HOWL� VLVWHPL� NXOODQÕODUDN� SODND� �]HULQGH� \�U�W�OP�úW�U��

)ÕUÕQ�6ÕFDNOÕ÷Õ 

Oran 6ÕFDNOÕN Bekleme süresi 

- 140 5 

4 240 10 
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<�U�WPH�LúOHmi sonunda plaka üzerindeki noktalar % 95 etil alkol - % 5 H2SO4 ve % 

����.-QDIWRO�NDUÕúÕPÕQD�GDOGÕUÕOÕS�����°&¶GH����GN� ÕVÕWÕODUDN�J|U�Q�U�KDOH�JHWLULOPLúWLU��
6RQ�RODUDN�HOGH�HGLOHQ�QRNWDODU�VWDQGDUW�EL\RGL]HO�|UQH÷L�LOH�NDUúÕODúWÕUÕOPÕúWÕU� 
 

2.2.9. Gaz Kromatografisi Kütle Spektrometresi ile Biyodizel Tayini 

 

%L\RGL]HO� |UQHNOHUL� VHQWH]OHQGLNWHQ� VRQUD� ���� PO� NDSDNOÕ� úLúHOHUGH� ���&¶GH��
EX]GRODEÕQGD� VDNODQDUDN� *&-06� LOH� DQDOL]� HGLOPLúWLU�� dDOÕúPDGD� *&-MS QP5000 

model gaz kromatografisi kütle spektrometre cLKD]Õ�NXOODQÕOPÕúWÕU��'%-1 model kolonun 

X]XQOX÷X����P��oDSÕ������PP�YH�ILOP�NDOÕQOÕ÷Õ�������P¶�GLU��$QDOL]�VÕUDVÕQGDNL�oDOÕúPD�
úDUWODUÕ�YH�VÕFDNOÕN�SURJUDPÕ�dL]HOJH����������YH����������¶GH�J|VWHULOPLúWLU� 
 

              Çizelge 2.2.9.1. QP5000 model GC-M6�FLKD]Õ�oDOÕúPD�úDUWODUÕ 
PARAMETRELER 

(QMHNVL\RQ�VÕFDNOÕ÷Õ 250ºC 

$UD�\�]H\�VÕFDNOÕ÷Õ 280ºC 

Kontrol modu Splitless 

.RORQ�Lo�EDVÕQFÕ 100 kPa 

.RORQ�DNÕú�KÕ]Õ 1.6 mL/min. 

'R÷UXVDO�KÕ] 46.4 cm/sec. 

6SOLW�RUDQÕ 0 

7RSODP�DNÕú 52.6 mL/min. 

7DúÕ\ÕFÕ�DNÕú 52.6 mL/min. 

Tarama Modu Scan 

d|]�F��NHVLP�]DPDQÕ 2 min. 

GC Program süresi 50 min. 

 

             Çizelge 2.2.9.2. QP5000 model GC-06�FLKD]Õ�VÕFDNOÕN�SURJUDPÕ 
)ÕUÕQ�6ÕFDNOÕ÷Õ 

Oran 6ÕFDNOÕN Bekleme süresi 

- 140 5 

4 240 10 
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3. $5$ù7,50$�6218d/$5,�9(�7$57,ù0$ 

 
����$ONDOL�%L\RGL]HO�gQ�dDOÕúPDVÕ 
 

 dDOÕúPDPÕ]GD�HVWHU�G|Q�ú�P��ELOLQHQ�VWDQGDUW�EL\RGL]HO�HOGH�HWPHN�YH�EHNOHQHQ�
\D÷� DVLGL� PHWLO� HVWHUL� SLNOHULQLQ� LQFHOHQPHVL� DPDFÕ\OD� DONDOL� NDWDOL]|U� �1D2+��
EHUDEHULQGH� KDP� NDQROD� \D÷ÕQÕQ� PHWDQRO� LOH� WUDQVHVWHUifikasyon reaksiyonu 

JHUoHNOHúWLULOPLúWLU��5HDNVL\RQ�����&�VÕFDNOÕNWD�� ������PHWDQRO-\D÷�PRODU�RUDQÕ�YH�\D÷�
D÷ÕUOÕ÷ÕQÕQ� ��¶L� RUDQÕQGD� 1D2+� NXOODQÕODUDN� \DSÕOPÕúWÕU�� 5HDNVL\RQ� VRQXQGD� �� ���
YHULPOH� EL\RGL]HO� HOGH� HGLPLúWLU�� 6HQWH]OHQHQ� EL\RGL]HOLQ� *&-MS ile analizinde 

J|]OHQHQ�\D÷�DVLGL�PHWLO�HVWHUL�SLNOHUL�ùHNLO�������¶GH�J|U�OPHNWHGLU� 
 

 

ùHNLO� ������� $ONDOL� NDWDOL]|U� EHUDEHULQGH� NDQROD� \D÷Õ� LOH� VHQWH]OHQHQ� EL\RGL]HOLQ� \D÷�
asidi metil esteri pikleri. Pikler; (1.) miristik asit metil ester (C14:0); (2.) palmitoleik asit 

metil ester (C16:1); (3.) palmitik asit metil ester (C16:0); (4.) heptadekanoik asit metil 

ester (C17:0); (5.) linoleik asit metil ester (C18:2); (6.) oleik asit metil ester (C18:1); (7.) 

stearik asit metil ester (C18:0); (8.) eikosenoik asit metil ester (C20:1);  (9.��DUDúLGLN�DVLW�
metil ester (C20:0); (10.) erusik asit metil ester (C22:1); (11.) behenik asit metil ester 

(C22:0). 
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�����(Q]LPDWLN�%L\RGL]HO�<D÷�$VLGL�0HWLO�(VWHUL�3LNOHUL 
 

 Novozym 435, Lipozyme TL-IM ve Lipozyme RM-IM immobilize enzimleriyle 

kanola� \D÷ÕQÕQ� PHWDQRO� EHUDEHULQGH� WUDQVHVWHUOHúPH� UHDNVL\RQX� VRQXFX� HOGH� HGLOHQ�
biyodizel GC-06� LOH� DQDOL]� HGLOPLúWLU�ùHNLO� ������¶GH� 1RYR]\P� ���� HQ]LPL� LOH� HOGH�
HGLOHQ�EL\RGL]HOLQ�\D÷�DVLGL�PHWLO�HVWHUL�SLNOHUL�J|U�OPHNWHGLU� 
ùHNLO��������øPPRELOL]H�&DQGLGD�$Qtarctica (Novozym 435) enzimi beraberinde kanola 

\D÷Õ�LOH�VHQWH]OHQHQ�EL\RGL]HOLQ�\D÷�DVLGL�PHWLO�HWHUL�SLNOHUL��6HQWH]�UHDNVL\RQ�NRúXOODUÕ��
������ $ONRO�<D÷� PRODU� RUDQÕQGD�� ��� J� KDP� NDQROD� \D÷Õ� YH� \D÷ÕQ� D÷ÕUOÕNoD� ���¶X�
RUDQÕQGD�LPPRELOL]H�OLSD]����°C’de; 6 saat reaksiyon süresi. Pikler; (1.) metil miristat 
(C14:0); (2.) metil palmitat (C16:0); (3.) metil 6,9-oktadekadienoat (C18:2);  (4.) metil-9-
oktadekanoat (C18:1); (5.) metil oktadekanoat (C18:0); (6.) metil ekosanoat (C20:0); (7.) 
metil-13-dokosanoat (C22:1) (8.) metil dokosanoat (C22:0). 
 

3.3. Biyodizel Sentezine Alkol Türünün Etkisi 

 

$ONRO�W�UOHULQLQ�NDQROD�\D÷ÕQÕQ�HQ]LPDWLN�WUDQVHVWHUOHúPH�UHDNVL\RQXQD�HWNLVLQLQ�
LQFHOHQPHVL�DPDFÕ\OD�metanol, etanol, 1-propanol, 2-propanol ve 1-butanol alkolleriyle 

Novozym 435, Lipozyme TL-IM ve Lipozyme RM-IM immobilize enzimleri 

beraberinde biyodizel�VHQWH]OHQHUHN���HVWHU�G|Q�ú�POHUL�LQFHOHQPLúWLU��6RQXoODU�ùHNLO�
������¶GH� J|U�OPHNWHGLU�� *HQHO� RODUDN� DONRO�Q� NDUERQ� VD\ÕVÕ� DUWWÕNoD� HVWHU� PLNWDUÕ�
G�úPHNWHGLU�� )DNDW� � thermomyces lanuginosus (Lipozyme TL-IM) enzimi bunun 

GÕúÕQGD� ELU� GDYUDQÕú� J|VWHUPLúWLU� Lipozyme RM-,0� HQ]LPLQLQ� HVWHUOHúPH�
UHDNVL\RQXQGD�NXOODQÕODQ�DONRO�Q�NDUERQ�VD\ÕVÕ\OD�HOGH�HGLOHQ�HVWHU�PLNWDUÕ�DUDVÕQGD�ELU�
LOLúNL�J|U�OPHPLúWLU��dDOÕúPDGD�HQ�\�NVHN�HVWHU�G|Q�ú�P���������&DQGLGD�DQWDUFWLFD 

�1RYR]\P������ HQ]LPLQLQ�HWDQRO� LOH� HVWHUOHúPHVLQGH�J|]OHQPLúWLU��&DQGLGD�DQWDUFWLFD�
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(Novozym 435) ve thermomyces lanuginosus (Lipozyme TL-IM) enzimlerinin 

NXODQÕOGÕ÷Õ�HVWHUOHúPH�UHDNVL\RQODUÕQGD�HQ�HWNLQ�HVWHU�G|Q�ú�P��HWDQRO�LOH�VD÷ODQPÕúWÕU��
Oysa rhizomucor miehei (Lipozyme RM-,0��HQ]LPLQLQ�NXOODQÕOGÕ÷Õ�UHDNVL\RQGD�HQ�L\L�
HVWHU�G|Q�ú�P���-SURSDQRO�LVH�VD÷ODQPÕúWÕU� 

 

ùHNLO��������%L\RGL]HO�VHQWH]LQH�IDUNOÕ�DONRO�W�UOHULQLQ�HWNLVL��5HDNVL\RQ�NRúXOODUÕ��������
$ONRO�<D÷�PRODU� RUDQÕQGD�� ��� J� KDP�NDQROD� \D÷Õ� YH� \D÷ÕQ� D÷ÕUOÕNoD����¶X�RUDQÕQGD�
immobilize lipaz; 40°C’de; 6 saat reaksiyon süresi.  
 

 

3.4. Biyodizel Sentezine Su Etkisi 

 

 (Q]LPDWLN� WUDQVHVWHUOHúPH� UHDNVL\RQXQD� VX\XQ� HWNLVLQLQ� EHOLUOHQPHVL� DPDFÕ\OD�
UHDNVL\RQGD� NXOODQÕODQ� NDQROD� \D÷� D÷ÕUOÕ÷ÕQÕQ� ��¶L� LOH� ����¶X� DUDVÕQGD� GH÷LúHQ�
oranlarda su reaksL\RQ� RUWDPÕQD� LODYH� HGLOHUHN� HOGH� HGLOHQ� HVWHU� G|Q�ú�P��
EHOLUOHQPLúWLU��5HDNVL\RQODU�������$ONRO�<D÷�PRODU�RUDQÕQGD��NXOODQÕODQ�\D÷ÕQ�D÷ÕUOÕNoD�
���¶X� RUDQÕQGD� LPPRELOL]H� OLSD]� EHUDEHULQGH� ��°&� VÕFDNOÕNWD� YH� UHDNVL\RQ� RUWDPÕQD�
NXOODQÕODQ� \D÷� D÷ÕUOÕ÷ÕQÕQ���¶L� LOH�����¶X� DUDVÕQGD� GH÷LúHQ� RUDQODUGD� VX� LODYHVL\OH� ��
VDDWWH� JHUoHNOHúWLULOPLúWLU�� 6RQXoODU� ùHNLO� ������¶GH� YHULOPLúWLU�� 7UDQVHVWHUOHúPH�
UHDNVL\RQXQXQ� VX� YDUOÕ÷ÕQGD� \DGD� VXVX]� RUWDPGD� \DSÕOPDVÕ� HQ]LP� DNWLYLWHVLQL�
etkilemektedir. Lipazlar sulu veya organiN� o|]HOWL� RUWDPÕQGD� � IDUNOÕ� GDYUDQÕú�
J|VWHUPHNWHGLUOHU��$ONRO�PROHN�OOHULQLQ�OLSD]�HQ]LPLQL�VDUPDVÕ�LOH�OLSD]�PROHN�OOHULQGH�

Biyodizel Sentezine Alkol etkisi
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Metanol Etanol 1-propanol 2-propanol 1-butanol
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%
 E

st
er Novozym 435

Lipozyme TL-IM

Lipozyme RM-IM
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DNWLYLWH� ND\EÕ� ROPDNWDGÕU�� 5HDNVL\RQ� RUWDPÕQGD� EXOXQDFDN� RSWLPXP� VX� PLNWDUÕ�
WUDQVHVWHUOHúPH�UHDNVL\RQXQGD�PDNVLPXP�YHULP�HOGH�HGLOPHVLQL�VD÷ODPDNWDGÕU��<DSÕODQ�
oDOÕúPDGD�HQ�\�NVHN�HVWHU�G|Q�ú�P��\D÷�D÷ÕUOÕ÷ÕQÕQ����¶VL�RUDQÕQGD�VX�YDUOÕ÷ÕQGD�HOGH�
HGLOPLúWLU��'DKD�\�NVHN�RUDQODUGD�VX�YDUOÕ÷Õ�KLGUROL]H�QHGHQ�ROPDNWD�YH�HVWHU�YHULPLQL�
G�ú�UPHNWHGLU���� 

ùHNLO��������Biyodizel sentezine su�HWNLVL��5HDNVL\RQ�NRúXOODUÕ�� ������$ONRO�<D÷�PRODU�
RUDQÕQGD�� ��� J� KDP�NDQROD� \D÷Õ� YH� \D÷ÕQ� D÷ÕUOÕNoD����¶X�RUDQÕQGD� LPPRELOL]H� OLSD]�
(Novozym 435); 40°C’de; 6 saat reaksiyon süresi. 
 

 

3.5. Biyodizel Sentezine Organik Solvent Etkisi 

 

7UDQVHVWHUOHúPH� UHDNVL\RQXQD� RUJDQLN� VROYHQW� HWNLVLQLQ� J|]OHQPHVL� DPDFÕ\OD��
IDUNOÕ� RUJDQLN� VROYHQWOHU� �KHJ]DQ�� KHSWDQ�� DVHWRQ� YH� SHWURO� HWHUL�� UHDNVL\RQ� RUWDPÕQD�
HNOHQHUHN�HVWHU�G|Q�ú�P��EHOLUOHQPLúWLU��6RQXoODU�ùHNLO�������¶GH�YHULOPLúWLU��&DQGLGD�
antarctica (Novozym 435) immoELOL]H� HQ]LPLQLQ� NXOODQÕOGÕ÷Õ� WUDQVHVWHUOHúPH�
UHDNVL\RQX�LoLQ�KHSWDQ�HQ�L\L�RUJDQLN�VROYHQW�RODUDN�EHOLUOHQPLúWLU��$VHWRQ�LOH�KHN]DQ�LVH�
WUDQVHVWHUOHúPH� UHDNVL\RQXQGD� DOWHUQDWLI� VROYHQWOHU� RODUDN� G�ú�Q�OHELOLU� IDNDW� SHWURO�
eterinin elde edilen sonuçlara göUH� UHDNVL\RQ� RUWDPÕQD� X\JXQ� ELU� VROYHQW� ROPDGÕ÷Õ�
EHOLUOHQPLúWLU��5HDNVL\RQODU�������$ONRO�<D÷�PRODU�RUDQÕQGD��NXOODQÕODQ�\D÷ÕQ�D÷ÕUOÕNoD�
���¶X� RUDQÕQGD� LPPRELOL]H� OLSD]� EHUDEHULQGH� ��°&�VÕFDNOÕNWD����P/�RUJDQLN� VROYHQW�
YDUOÕ÷ÕQGD���VDDWWH�JHUoHNOHúWLULOPLútir.  

Biyodizel sentezine su etkisi

�
��
��
��
��
��
��
��
��

��� � ��� � ��� �
6X�PLNWDUÕ����

%
 E

st
er



� ����

 

ùHNLO� ������� %L\RGL]HO� VHQWH]LQH� RUJDQLN� VROYHQW� HWNLVL�� 5HDNVL\RQ� NRúXOODUÕ�� ������
$ONRO�<D÷�PRODU� RUDQÕQGD�� ��� J� KDP�NDQROD� \D÷Õ� YH� \D÷ÕQ� D÷ÕUOÕNoD����¶X�RUDQÕQGD�
immobilize lipaz (Novozym 435); 40°C’de; 6 saat reaksiyon süresi; 10 mL organik 

solvent. 

 

�����$GÕP�$GÕP�0HWDQRO�øODYHVLQLQ�%L\RGL]HO�9HULPLQH�(WNLVL 
 

%LWNLVHO� \D÷ÕQ� OLSD]� HQ]LPL� NXOODQÕODUDN� PHWDQRO� EHUDEHULQGH� \D÷� DVLGL� PHWLO�
HVWHULQH� G|Q�úW�U�OPHVL� UHDNVL\RQXQGD� RUWDPGDNL� PHWDQRO� PLNWDUÕ� HQ]LP� DNWLYLWHVL�
GROD\ÕVÕ\OD� HVWHU� G|Q�ú�P� RUDQÕ� DoÕVÕQGDQ� VRQ� GHUHFH� |QHPOLGLU�� dDOÕúPDPÕ]GD�
UHDNVL\RQ�RUWDPÕQGDNL�DONRO�Q�HQ]LPL�LQKLEH�HWPHVLQL�|QOHPHN�DPDFÕ\OD�HVWHUOHúPH�LoLQ�
JHUHNOL� DONRO� PLNWDUÕ� UHDNVL\RQ� RUWDPÕQD� �o� DGÕPGD� HNOHQPLúWLU�� +HU� DGÕP� VRQXQGD�
UHDNVL\RQ� RUWDPÕQGDNL� LPPRELOL]H� OLSD]ODU� L]RSURSDQRO� LOH� \ÕNDQDUDN� DONROGHQ�
WHPL]OHQPLúWLU�� 5HDNVL\RQODU� KHU� DGÕP� �� VDDW� ROPDN� �]HUH� WRSODP� �� VDDWWH�
WDPDPODQPÕúWÕU��5HDNVL\RQODU�VRQXQGD�Qovozym 435 enzimi ile % 93, lipozyme RM-

IM enzimi ile % 93.4 ve lipozyme TL-IM enzimiyle ise % 91.8 ester dönüú�P��HOGH�
HGLOPLúWLU��(OGH�HGLOHQ�GHQH\VHO�VRQXoODU�ùHNLO������¶GH�J|VWHULOPLúWLU��6RQXoODUGDQ�GD�
J|U�OG�÷�� JLEL� UHDNVL\RQ� RUWDPÕQD� PHWDQRO�Q� DGÕP� DGÕP� LODYHVL� WHN� VHIHUGH�
HNOHQPHVLQGHQ�oRN�GDKD�HWNLQ�VRQXo�YHUPLúWLU�� 
  

Biyodizel sentezine organik solvent etkisi
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ùHNLO��������Biyodizel sentezine DGÕP�DGÕP�PHWDQRO�LODYHVL�HWNLVL��5HDNVL\RQ�NRúXOODUÕ��
������ $ONRO�<D÷� PRODU� RUDQÕQGD�� ��� J� KDP� NDQROD� \D÷Õ� YH� \D÷ÕQ� D÷ÕUOÕNoD� ���¶X�
RUDQÕQGD� LPPRELOL]H� OLSD]�� ��°C’de; 6 saat reaksiyon süresi (metanol reaksiyon 
RUWDPÕQD��o�DGÕPGD�LODYH�HGLOPLúWLU�� 
 

3.7. øPPRELOL]H�(Q]LPLQ�7HNUDU�.XOODQÕPÕ 
 

øPPRELOL]H� HQ]LPOHULQ� VD÷ODGÕ÷Õ� HQ� E�\�N� DYDQWDM� UHDNVL\RQ� RUWDPÕQGDQ�
NROD\OÕNOD� D\UÕODUDN� WHNUDU� NXOODQÕODELOPHOHULGLU�� dDOÕúPDPÕ]GD� Candida Antarctica 

(Novozym 435), Thermomyces Lanuginosus (Lipozyme TL-IM), Rhizomucor Miehei 

(Lipozyme RM-IM), Lipozyme TL-100L ve Novozyme 388 lipaz enzimlerinin tekrar 

NXOODQÕOPDODUÕQÕQ�HVWHU�G|Q�ú�P�QH�HWNLOHUL�LQFHOHQPLúWLU��ùHNLO�������¶GH�J|U�OHELOHFH÷L�
gibi novozym 435, lipozyme TL-IM ve lipozyme RM-,0�LPPRELOL]H� WLFDUL� OLSD]ODUÕQ�
KLoELUL���WHNUDU�NXOODQÕP�VRQXFX�ELOH�|QHPOL�ELU�DNWLYLWH�ND\EÕ�J|VWHUPHPLúWLU��øON�WHNUDU�
NXOODQÕP� VRQXFX� Qovozym 435, lipozyme RM-IM ve lipozyme TL-IM enzimleri için 

VÕUDVÕ\OD����������������YH��������HVWHU�ND\EÕ�J|]OHQPLúWLU��øNLQFL�WHNUDU�NXOODQÕPGD�
esWHU�ND\EÕ�VÕUDVÕ\OD���������������YH���������o�QF��WHNUDU�NXOODQÕPGD�LVH�����������
����� YH� �� ����� HVWHU� ND\EÕ� J|]OHQPLúWLU�� (VWHUOHúPH� RUDQÕQGDNL� WRSODP� ND\ÕS� LVH�
Novozym 435, Lipozyme RM-IM ve Lipozyme TL-IM immobilize enzimleri için 

VÕUDVÕ\OD����������������YH��������RODUDN�EHOLUOHQPLúWLU�� 
 

$GÕP�DGÕP�PHWDQRO�LODYHVLQLQ�EL\RGL]HO�VHQWH]LQH�HWNLVL�
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ùHNLO� ������� 7LFDUL� LPPRELOL]H� HQ]LPOHULQ� WHNUDU� NXOODQÕPÕ�� (1) Candida Antarctica 
(Novozym 435); (2) Thermomyces Lanuginosus (Lipozyme TL-IM); (3) Rhizomucor 

Miehei (Lipozyme RM-,0���5HDNVL\RQ�NRúXOODUÕ��������$ONRO�<D÷�PRODU�RUDQÕQGD�����J�
KDP�NDQROD�\D÷Õ�YH�\D÷ÕQ�D÷ÕUOÕNoD����¶X�RUDQÕQGD�LPPRELOL]H�OLSD]����°C’de; 6 saat 
reaksiyon süresi. 
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Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) ve Stiren-divinilbenzen 

(STR-'9%���GHVWHN�PDGGHOHULQH�IDUNOÕ metotlarla immobilize olan lipozyme TL-100L 

YH� QRYR]\PH� ���� HQ]LPOHULQLQ� WHNUDU� NXOODQÕP� VRQXFX� HOGH� HGLOHQ� U|ODWLI�
WUDQVHVWHUOHúPH� DNWLYLWHOHUL� ùHNLO� ������¶GH� YHULOPLúWLU�� 3oliglutaraldehit ile aktive 

edilerek destek maddeleri üzerine kovalent olarak tutturulan lipozyme TL-100L ve 

QRYR]\PH�����OLSD]�HQ]LPOHUL�LoLQ����WHNUDU�NXOODQÕP�VRQXQGD�GDKL�|QHPOL�ELU�DNWLYLWH�
ND\EÕ�J|]OHQPHPLúWLU��3oliglutaraldehit ile aktive edilmeyerek destek maddeleri üzerine 

adsorpsiyon yöntemiyle tutturulan lipozyme TL-100L ve novozyme 388 lipaz enzimleri 

LVH���WHNUDU�NXOODQÕP�VRQXFX�DNWLYLWHOHULQL�WDPDPHQ�ND\EHWPLúWLU�� 
 

 

 
ùHNLO��������Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) destek maddesine 
kovalent metotla, Stiren-divinilbenzen (STR-DVB) destek maddesine adsorpsiyon 
metoduyla immobilize olan lipozyme TL-100L ve novozyme 388 enzimlerinin rölatif 
WUDQVHVWHUOHúPH�DNWLYLWHOHUL��5HDNVL\RQ�NRúXOODUÕ��������$ONRO�<D÷�PRODU�RUDQÕQGD������J�
KDP�NDQROD�\D÷Õ�YH�\D÷ÕQ�D÷ÕUOÕNoD����¶X�RUDQÕQGD�LPPRELOL]H�OLSD]����°C’de; 24 saat 
UHDNVL\RQ�V�UHVL���0HWDQRO�UHDNVL\RQ�RUWDPÕQD��o�DGÕPGD�HNOHQPLúWLU� 
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Celite 545, silikajel ve STR-DVB kopolimer destek maddelerine kovalent 

ED÷ODPD� �JOXWDUDOGHKLW� LOH� DNWLYH�HGLOPLú��PHWRGX\OD� LPPRELOL]H� HGLOHQ� OLSR]\PH�7/-

100L ve novozyme 388 lipa]�HQ]LPOHULQLQ� WHNUDU�NXOODQÕP�NDSDVLWHOHUL�ùHNLO������¶GH��
celite 545, silikajel ve STR-DVB kopolimer destek maddelerine fiziksel adsorpsiyon 

�JOXWDUDOGHKLW�LOH�DNWLYH�HGLOPHPLú��PHWRGX\OD�LPPRELOL]H�HGLOHQ�OLSR]\PH�7/-100L ve 

novozyme 388 lipaz enzimleriQLQ� WHNUDU� NXOODQÕP� NDSDVLWHOHUL� LVH� ùHNLO� ������¶GH�
J|U�OPHNWHGLU�� ùHNLOOHU� LQFHOHQGL÷LQGH� ùHNLO� ������¶GH� HOGH� HGLOHQ� VRQXoODUD� EHQ]HU�
VRQXoODUD�XODúÕOGÕ÷Õ�J|]OHQPHNWHGLU��*OXWDUDOGHKLW�LOH�DNWLYH�HGLOHQ�FHOLWH������VLOLNDMHO�
ve STR-DVB kopolimer destek maddelerine kovalent olarak immobilize edilen 

lipozyme TL-���/�YH� QRYR]\PH����� OLSD]� HQ]LPOHUL� |QHPVL]�ELU� DNWLYLWH� ND\EÕ� LOH���
NH]� WHNUDU� NXOODQÕOPÕúWÕU� �ùHNLO� ���������*OXWDUDOGHKLW� LOH� DNWLYH� HGLOPHPLú� FHOLWH� �����
silikajel ve STR-DVB kopolimer destek maddelerine fiziksel adsorpsiyon metoduyla  

immobilize edilen lipozyme TL-100L ve novozyme 388 lipaz enzimleri ise 5 tekrar 

NXOODQÕP�VRQXFX�DNWLYLWHVLQL�WDPDPHQ�ND\EHWPLúWLU��ùHNLO��������� 
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ùHNLO��������Celite 545, silikajel ve STR-DVB kopolimer destek maddelerine kovalent 
ED÷ODPD� �JOXWDUDOGHKLW� LOH� DNWLYH�HGLOPLú��PHWRGX\OD� LPPRELOL]H� HGLOHQ� OLSR]\PH�7/-
���/� YH� QRYR]\PH� ���� OLSD]� HQ]LPOHULQLQ� WHNUDU� NXOODQÕP� NDSDVLWHOHUL�� 5HDNVL\RQ�
NRúXOODUÕ�� ������ $ONRO�<D÷� PRODU� RUDQÕQGD�� ��� J� KDP� NDQROD� \D÷Õ� YH� \D÷ÕQ� D÷ÕUOÕNoD�
���¶X�RUDQÕQGD�LPPRELOL]H�OLSD]����°C’de; 6 saat reaksiyon süresi. (Metanol reaksiyon 
RUWDPÕQD��o�DGÕPGD�HNOHQPLúWLU� 
 

 
ùHNLO� �������Celite 545, silikajel ve STR-DVB kopolimer destek maddelerine fiziksel 
adsorpsiyon (glutaraldeKLW�LOH�DNWLYH�HGLOPHPLú��PHWRGX\OD�LPPRELOL]H�HGLOHQ�OLSR]\PH�
TL-���/�YH�QRYR]\PH�����OLSD]�HQ]LPOHULQLQ� WHNUDU�NXOODQÕP�NDSDVLWHOHUL��5HDNVL\RQ�

�

��

��

��

��

���

� � � � � �
7HNUDU�NXOODQÕP�VD\ÕVÕ

5|
ODW

LI�W
UDQ

VHV
WHU

OHú
PH

�DN
WLY

LWH
VL��

��

Celite545-TL100L

Celite545-N388

Silikajel-TL100L

Silikajel-N388

STRDVB-TL100L

STRDVB-N388

�

��

��

��

��

���

� � � � � �
7HNUDU�NXOODQÕP�VD\ÕVÕ

5|
ODW

LI�W
UDQ

VHV
WHU

OHú
PH

�DN
WLY

LWH
VL��

�
�

Celite545-TL100L

Celite545-N388

Silikajel-TL100L

Silikajel-N388

STRDVB-TL100L

STRDVB-N388



� ����

NRúXOODUÕ�� ������ $ONRO�<D÷� PRODU� RUDQÕQGD�� ��� J� KDP� NDQROD� \D÷Õ� YH� \D÷ÕQ� D÷ÕUOÕNoD�
���¶X�RUDQÕQGD�LPPRELOL]H�Oipaz; 40°C’de; 6 saat reaksiyon süresi. (Metanol reaksiyon 
RUWDPÕQD��o�DGÕPGD�HNOHQPLúWLU� 
3.8. Enzimatik Biyodizel Sentezinin Kemometrik Optimizasyonu 

 

<DSÕODQ� oDOÕúPDGD� Candida Antarctica (Novozym 435), Thermomyces 

Lanuginosus (Lipozyme TL-IM) ve Rhizomucor Miehei (Lipozyme RM-IM) 

HQ]LPOHULQLQ�NXOODQÕOGÕ÷Õ�WUDQVHVWHUOHúPH�UHDNVL\RQODUÕQGD�|QHPOL�URO�R\QD\DQ�UHDNVL\RQ�
V�UHVL�� VÕFDNOÕN�� HQ]LP� PLNWDUÕ� YH� DONRO�\D÷� PRODU� RUDQÕ� JLEL� IDNW|UOHULQ� NHPRPHWULN�
\|QWHPOHUOH� RSWLPL]H� HGLOPHVL� DPDoODQPÕúWÕU�� %XQXQ� LoLQ önde gelen kemometrik 

RSWLPL]DV\RQ�WHNQLNOHULQGHQ�ELUL�RODQ�PHUNH]L�NRPSR]LW�GL]D\Q�PHWRGX�NXOODQÕOPÕúWÕU��
%L\RGL]HO��UHWLPL�DúDPDVÕQGD�RSWLPL]H�HGLOHQ�IDNW|UOHU��reaksiyon süresi ( X1 ), VÕFDNOÕN 

( X2 ), HQ]LP� PLNWDUÕ ( X3 ) ve DONRO�\D÷� PRODU� RUDQÕ ( X4� �� RODUDN� VHoLOPLúWLU��
dDOÕúPDPÕ]GD�KHU�HQ]LP� LoLQ�D\UÕ� D\UÕ���VHYL\HOL��� IDNW|UO��PHUNH]L�NRPSR]LW�GL]D\Q�
ROXúWXUXODUDN���¶HU�DGHW�GHQH\�\DSÕOPÕúWÕU��dL]HOJH�������¶GH�RSWLPL]DV\RQ�LoLQ�VHoLOHQ�
IDNW|U�YH�VHYL\HOHU�J|VWHULOPLúWLU� 
 

Çizelge 3.8.1. Merkezi kompozit dizayn LoLQ� NXOODQÕODQ� ED÷ÕPVÕ]� GH÷LúNHQOHU� YH�

seviyeler 

 

 

3.8.1. Candida Antarctica (Novozym 435) Enziminin Kemometrik Optimizasyonu 

 

øPPRELOL]H� &DQGLGD� $QWDUFWLFD� �Novozym 435) enzimi NXOODQÕODUDN�
JHUoHNOHúWLULOHQ�EL\RGL]HO��UHWLP�SURVHVLQLQ�RSWLPL]H�HGLOPHVL�DPDFÕ\OD� �ROXúWXUXODQ���

Seviyeler 
 
%D÷ÕPVÕ]�GH÷LúNHQOHU 

 
Semboller 

-2 -1 0 1 2 

Reaksiyon süresi [saat] x1 2 4 6 8 10 

6ÕFDNOÕN�>�&@ x2 20 30 40 50 60 

<D÷�D÷ÕUOÕ÷ÕQD�ED÷OÕ�HQ]LP�PLNWDUÕ�>�@ x3 10 15 20 25 30 

<D÷�$ONRO�PRODU�RUDQÕ�>Y�Y@ x4 2:1 3:1 4:1 5:1 6:1 
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seviyeli 4 faktörlü merkezi kompozit dizayn ve 25 deney sonucu elde edilen veriler  

dL]HOJH���������¶GH�YHULOPLúWLU� 
Çizelge 3.8.1.1. Candida Antarctica (Novozym 435) enziminin merkezi kompozit 

dizayn tablosu ve deneysel sonuçlar 



� ����

 

Çizelge 3.8.1.1.’deki deneysel veriler kullaQÕODUDN�0LFURVRIW�([FHO�SURJUDPÕ�LOH�HúLWOLN�
.RGODQPÕú�YHULOHU Deneysel veriler $÷ÕUOÕNoD�G|Q�ú�P���� 

Deney 
x1 x2 x3 x4 

 
(x

1)
 R

ea
ks

iy
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sü
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si

 
 (

sa
at
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(x
2
��6
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 (
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) 

(x
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(x
4��$

ONR
O�<

D÷�
PR

ODU
�RU

DQÕ
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T
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m
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1 -1 -1 -1 -1 4 30 15 3:1 57,82 57,20 

2 1 -1 -1 -1 8 30 15 3:1 60,00 59,00 

3 -1 1 -1 -1 4 50 15 3:1 45,78 49,34 

4 1 1 -1 -1 8 50 15 3:1 47,47 48,17 

5 -1 -1 1 -1 4 30 25 3:1 27,79 29,53 

6 1 -1 1 -1 8 30 25 3:1 35,69 37,81 

7 -1 1 1 -1 4 50 25 3:1 31,28 31,01 

8 1 1 1 -1 8 50 25 3:1 33,66 36,31 

9 -1 -1 -1 1 4 30 15 5:1 58,16 56,42 

10 1 -1 -1 1 8 30 15 5:1 50,00 51,13 

11 -1 1 -1 1 4 50 15 5:1 45,05 43,79 

12 1 1 -1 1 8 50 15 5:1 36,36 35,53 

13 -1 -1 1 1 4 30 25 5:1 33,17 33,32 

14 1 -1 1 1 8 30 25 5:1 37,17 34,51 

15 -1 1 1 1 4 50 25 5:1 28,12 30,03 

16 1 1 1 1 8 50 25 5:1 26,77 28,24 

17 2 0 0 0 10 40 20 4:1 42,16 41,24 

18 -2 0 0 0 2 40 20 4:1 42,08 41,23 

19 0 2 0 0 6 60 20 4:1 40,00 36,91 

20 0 -2 0 0 6 20 20 4:1 49,71 51,03 

21 0 0 2 0 6 40 30 4:1 23,05 20,37 

22 0 0 -2 0 6 40 10 4:1 54,42 55,33 

23 0 0 0 2 6 40 20 6:1 36,07 37,86 

24 0 0 0 -2 6 40 20 2:1 50,27 46,71 

25 0 0 0 0 6 40 20 4:1 30,40 30,39 
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��������¶H� J|UH� PRGHO� GHQNOHPLQLQ� ROXúWXUXOPDVÕQGD� NXOODQÕODFDN� E� NDWVD\ÕODUÕ�
KHVSODQPÕúWÕU� 
 

                                                       b= (X’.X)-1.X’.y                                                 3.8.1.1. 

 

Candida Antarctica (Novozym 435) enziminin kemometrik optimizasyonu için b 

NDWVD\ÕODUÕ�NXOODQÕODUDN�ROXúWXUXODQ�PRGHO�GHQNOHPL�HúLWOLN���������¶GH�YHULOPLúWLU� 
 

y= 30,395 + 0,004x1 – 3,531x2 – 8,739x3 – 2,213x4 + 2,710x1
2
 + 3,394x2

2
           3.8.1.2. 

+ 1,863x3
2
 + 2,973x4

2
 – 0,744x1x2 + 1,618x1x3 – 1,772x1x4 + 2,333x2x3 

– 1,193x2x4  +  1,144x3x4           

 

2OXúWXUXODQ� PRGHO� GHQNOHPLQLQ� VHoLOHQ� IDNW|UOHUH� J|UH� W�UHYOHUL� DOÕQDUDN� VÕIÕUD�
HúLWOHQPLú� YH� RSWLPXP� GH÷HUOHU� KHVDSODQPÕúWÕU�� &DQGLGD� $QWDUFWica (Novozym 435) 

HQ]LPL�LOH�EL\RGL]HO��UHWLPLQGH�RSWLPXP�GHQH\VHO�NRúXOODU��reaksiyon süresi ( x1 )= 3,9 

saat, VÕFDNOÕN� �� [2 )= 55,8ºC, HQ]LP�PLNWDUÕ� �� [3 )=� ���� ���\D÷� D÷ÕUOÕ÷Õ�� YH�DONRO�\D÷�
PRODU�RUDQÕ���[4 )=��������RODUDN�EXOXQPXúWXU� 
(úLWOLN� ��������� NXOODQÕODUDN� EL\RGL]HO� VHQWH]LQGH� WDKPLQL� HVWHU� YHULPOHUL�EXOXQPXú�YH�
\DSÕODQ� RSWLPL]DV\RQ� oDOÕúPDVÕQGD� �� ����� JLEL� G�ú�N� ELU� RUWDODPD� NDUHN|N� KDWD�
�506(��KHVDSODQPÕúWÕU�� 
 

 

3.8.2. Thermomyces Lanuginosus (Lipozyme TL-IM) Enziminin Kemometrik 

Optimizasyonu 

 

øPPRELOL]H�7KHUPRP\FHV�/DQXJLQRVXV�(Lipozyme TL-IM) enzimi NXOODQÕODUDN�
JHUoHNOHúWLULOHQ�EL\RGL]HO��UHWLP�SURVHVLQLQ�RSWLPL]H�HGLOPHVL�DPDFÕ\OD� �ROXúWXUXODQ���
seviyeli 4 faktörlü merkezi kompozit dizayn ve 25 deney sonucu elde edilen veriler  

Çizelge 3.������¶GH�YHULOPLúWLU� 
 

 



� ����

Çizelge 3.8.2.1. Thermomyces Lanuginosus (Lipozyme TL-IM) enziminin merkezi 

kompozit dizayn tablosu ve deneysel sonuçlar 

 

.RGODQPÕú�YHULOHU Deneysel veriler $÷ÕUOÕNoD�G|Q�ú�P���� 

Deney 
x1 x2 x3 x4 

 
(x
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T
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1 -1 -1 -1 -1 4 30 15 3:1 61,10 59,79 

2 1 -1 -1 -1 8 30 15 3:1 47,17 47,17 

3 -1 1 -1 -1 4 50 15 3:1 72,00 70,65 

4 1 1 -1 -1 8 50 15 3:1 48,54 48,10 

5 -1 -1 1 -1 4 30 25 3:1 46,86 48,49 

6 1 -1 1 -1 8 30 25 3:1 62,00 60,81 

7 -1 1 1 -1 4 50 25 3:1 60,71 58,83 

8 1 1 1 -1 8 50 25 3:1 61,04 61,22 

9 -1 -1 -1 1 4 30 15 5:1 64,00 64,82 

10 1 -1 -1 1 8 30 15 5:1 55,88 55,52 

11 -1 1 -1 1 4 50 15 5:1 66,04 65,00 

12 1 1 -1 1 8 50 15 5:1 46,40 45,76 

13 -1 -1 1 1 4 30 25 5:1 46,00 44,21 

14 1 -1 1 1 8 30 25 5:1 57,50 59,85 

15 -1 1 1 1 4 50 25 5:1 42,86 43,86 

16 1 1 1 1 8 50 25 5:1 50,50 49,57 

17 2 0 0 0 10 40 20 4:1 51,02 50,92 

18 -2 0 0 0 2 40 20 4:1 56,51 57,84 

19 0 2 0 0 6 60 20 4:1 58,96 60,89 

20 0 -2 0 0 6 20 20 4:1 61,00 60,31 

21 0 0 2 0 6 40 30 4:1 56,56 56,26 

22 0 0 -2 0 6 40 10 4:1 62,22 63,76 

23 0 0 0 2 6 40 20 6:1 42,94 42,61 

24 0 0 0 -2 6 40 20 2:1 47,67 49,23 

25 0 0 0 0 6 40 20 4:1 37,50 37,50 
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Çizelge 3.8.2.1.’deki deneysel veriler�NXOODQÕODUDN�0LFURVRIW�([FHO�SURJUDPÕ�LOH�HúLWOLN�
��������¶H� J|UH� PRGHO� GHQNOHPLQLQ� ROXúWXUXOPDVÕQGD� NXOODQÕODFDN� E� NDWVD\ÕODUÕ�
KHVSODQPÕúWÕU�� 7KHUPRP\FHV� /DQXJLQRVXV� (Lipozyme TL-IM) enziminin kemometrik 

RSWLPL]DV\RQX� LoLQ� E� NDWVD\ÕODUÕ� NXOODQÕODUDN� ROXúWXUXODQ� PRGHO� GHQNOHPL� HúLWOLN�
��������¶GH�YHULOPLúWLU� 
 

y= 37,500 - 1,729x1 + 0,146x2 – 1,875x3 – 1,654x4 + 4.221x1
2
 + 5,774x2

2             3.8.2.1. 

 + 5,627x3
2
 + 2,106x4

2
 – 2,482x1x2 + 6,236x1x3 + 0,831x1x4  - 0,130x2x3  

 – 2,672x2x4  - 2,328x3x4                                                            

 

2OXúWXUXODQ� PRGHO� GHQNOHPLQLQ� VHoLOHQ� IDNW|UOHUH� J|UH� W�UHYOHUL� DOÕQDUDN� VÕIÕUD�
HúLWOHQPLú�YH�RSWLPXP�GH÷HUOHU�KHVDSODQPÕúWÕU��7KHUPRP\FHV�/DQXJLQRVXV�(Lipozyme 

TL-IM) enzimi ile biyodizel üretiminde optLPXP�GHQH\VHO�NRúXOODU��reaksiyon süresi ( 

x1 )= 5,7 saat, VÕFDNOÕN� ��[2 )= 33,9ºC, HQ]LP�PLNWDUÕ� ��[3 )=������ ���\D÷�D÷ÕUOÕ÷Õ��YH�
DONRO�\D÷�PRODU�RUDQÕ���[4 )=��������RODUDN�EXOXQPXúWXU� 
(úLWOLN� ��������� NXOODQÕODUDN�EL\RGL]HO� VHQWH]LQGH� WDKPLQL� HVWHU�YHULPOHUL�EXOXQPXú�YH�
\DSÕODQ� RSWLPL]DV\RQ� oDOÕúPDVÕQGD� �� ����� JLEL� G�ú�N� ELU� RUWDODPD� NDUHN|N� KDWD�
�506(��KHVDSODQPÕúWÕU� 
 

3.8.3. Rhizomucor Miehei (Lipozyme RM-IM) Enziminin Kemometrik 

Optimizasyonu 

 

øPPRELOL]H� Rhizomucor Miehei (Lipozyme RM-IM) enzimi kullDQÕODUDN�
JHUoHNOHúWLULOHQ�EL\RGL]HO��UHWLP�SURVHVLQLQ�RSWLPL]H�HGLOPHVL�DPDFÕ\OD� �ROXúWXUXODQ���
seviyeli 4 faktörlü merkezi kompozit dizayn ve 25 deney sonucu elde edilen veriler  

dL]HOJH���������¶GH�YHULOPLúWLU� 
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Çizelge 3.8.3.1. Rhizomucor Miehei (Lipozyme RM-IM) enziminin merkezi kompozit 

dizayn tablosu ve deneysel sonuçlar 

 

.RGODQPÕú�YHULOHU Deneysel veriler $÷ÕUOÕNoD�G|Q�ú�P���� 

Deney 
x1 x2 x3 x4 
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1 -1 -1 -1 -1 4 30 15 3:1 63,36 61,61 

2 1 -1 -1 -1 8 30 15 3:1 64,30 64,05 

3 -1 1 -1 -1 4 50 15 3:1 63,38 63,15 

4 1 1 -1 -1 8 50 15 3:1 62,62 62,76 

5 -1 -1 1 -1 4 30 25 3:1 64,15 64,54 

6 1 -1 1 -1 8 30 25 3:1 63,63 63,52 

7 -1 1 1 -1 4 50 25 3:1 56,00 55,06 

8 1 1 1 -1 8 50 25 3:1 51,38 51,20 

9 -1 -1 -1 1 4 30 15 5:1 56,94 56,68 

10 1 -1 -1 1 8 30 15 5:1 62,69 62,73 

11 -1 1 -1 1 4 50 15 5:1 69,00 68,21 

12 1 1 -1 1 8 50 15 5:1 72,26 71,43 

13 -1 -1 1 1 4 30 25 5:1 55,24 54,20 

14 1 -1 1 1 8 30 25 5:1 57,00 56,79 

15 -1 1 1 1 4 50 25 5:1 54,90 54,71 

16 1 1 1 1 8 50 25 5:1 53,61 54,47 

17 2 0 0 0 10 40 20 4:1 65,55 65,15 

18 -2 0 0 0 2 40 20 4:1 61,22 62,95 

19 0 2 0 0 6 60 20 4:1 59,00 59,40 

20 0 -2 0 0 6 20 20 4:1 59,25 60,18 

21 0 0 2 0 6 40 30 4:1 54,50 54,54 

22 0 0 -2 0 6 40 10 4:1 67,28 68,57 

23 0 0 0 2 6 40 20 6:1 54,51 55,05 

24 0 0 0 -2 6 40 20 2:1 55,92 56,71 

25 0 0 0 0 6 40 20 4:1 56,12 56,12 
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dL]HOJH���������¶GHNL�GHQH\VHO�YHULOHU�NXOODQÕODUDN�0LFURVRIW�([FHO�SURJUDPÕ�LOH�HúLWOLN�
��������¶H� J|UH� PRGHO� GHQNOHPLQLQ� ROXúWXUXOPDVÕQGD� NXOODQÕODFDN� E� NDWVD\ÕODUÕ�
KHVSODQPÕúWÕU�� Rhizomucor Miehei (Lipozyme RM-IM) enziminin kemometrik 

optimizasyonu için� E� NDWVD\ÕODUÕ� NXOODQÕODUDN� ROXúWXUXODQ� PRGHO� GHQNOHPL� HúLWOLN�
��������¶GH�YHULOPLúWLU� 
 

y= 56,120 + 0,549x1 – 0,194x2 – 3,508x3 – 0,417x4 + 1.983x1
2
 + 0,918x2

2            3.8.3.1. 

 + 1,359x3
2
 - 0,060x4

2
 – 0,709x1x2 - 0,866x1x3 + 0,903x1x4 - 2,756x2x3  

+ 2,498x2x4 - 1,353x3x4                                                              

 

2OXúWXUXODQ� PRGHO� GHQNOHPLQLQ� VHoLOHQ� IDNW|UOHUH� J|UH� W�UHYOHUL� DOÕQDUDN� VÕIÕUD�
HúLWOHQPLú� YH� RSWLPXP� GH÷HUOHU� KHVDSODQPÕúWÕU��Rhizomucor Miehei (Lipozyme RM-

IM)  enzimi ile�EL\RGL]HO��UHWLPLQGH�RSWLPXP�GHQH\VHO�NRúXOODU��reaksiyon süresi ( x1 

)= 6,2 saat, VÕFDNOÕN� �� [2 )= 39,5ºC, HQ]LP� PLNWDUÕ� �� [3 )=� ����� ��� \D÷� D÷ÕUOÕ÷Õ�� YH�
DONRO�\D÷�PRODU�RUDQÕ���[4 )=��������RODUDN�EXOXQPXúWXU� 
(úLWOLN� ��������� NXOODQÕODUDN�EL\RGL]HO� VHQWH]LQGH� WDKPLQL� HVWHU� YHULPOHUL� EXOXQPXú�YH�
\DSÕODQ� RSWLPL]DV\RQ� oDOÕúPDVÕQGD� �� ����� JLEL� G�ú�N� ELU� RUWDODPD� NDUHN|N� KDWD�
�506(��KHVDSODQPÕúWÕU� 
 

�����.DUÕúÕP�'L]D\Q�øOH�%L\RGL]HO�6HQWH]LQLQ�.HPRPHWULN�2SWLPL]DV\RQX 

 

LipazODUÕQ� VSHVLILWHVL�� HQ]LPLQ�PROHN�OHU� |]HOOLNOHUL\OH�� VXEVWUDWÕQ� \DSÕVÕ\OD�YH�
enzim-VXEVWUDW� ED÷ODQWÕVÕQÕ� HWNLOH\HQ� IDNW|UOHUOH� \DNÕQGDQ� LOJLOLGLU�� dDOÕúPDPÕ]GD�
EL\RGL]HO� VHQWH]LQGH� HQ]LP� NDUÕúÕPÕQÕQ� NXOODQÕOPDVÕQÕQ� HVWHU� YHULPLQH� SR]LWLI� NDWNÕ�
VD÷OD\DFD÷Õ� G�ú�Q�OP�úW�U�� %X� DPDoOD� Candida Antarctica (Novozym 435), 

Thermomyces Lanuginosus (Lipozyme TL-IM) ve Rhizomucor Miehei (Lipozyme RM-

,0�� LPPRELOL]H� HQ]LPOHULQLQ� NXOODQÕOGÕ÷Õ� EL\RGL]HO� VHQWH]LQGH� RSWLPXP� HQ]LP�
NDUÕúÕPÕQÕQ�EHOLUOHQPHVL�LoLQ�NHPRPHWULN�RSWLPL]DV\RQ�\|QWHPOHUGHQ�ELUL�RODQ�VLPplex 

|UJ�� GL]D\Q� \|QWHPL� NXOODQÕOPÕúWÕU�� ùHNLO� ������¶GH� VLPSOH[� |UJ�� GL]D\Q� úHNOL�� ùHNLO�
3.9.2.’de lipaz enzimlerinin tHUQDU\� JUDIL÷L� Çizelge 3.9.1.’de ise Candida Antarctica 

(Novozym 435), Thermomyces Lanuginosus (Lipozyme TL-IM) ve Rhizomucor Miehei 



� ����

(Lipozyme RM-,0�� HQ]LPOHULQLQ� VLPSOH[� |UJ�� GL]D\Q� WDEORVX� YH� GHQH\VHO� VRQXoODUÕ�
YHULOPLúWLU� 

ùHNLO� ������� hoO�� HQ]LP� NDUÕúÕPÕQÕQ� NDUÕúÕP� GL]D\Q� úHPDVÕ� �[1: novozym 435; x2: 
lipozyme TL-IM; x3: lipozyme RM-IM) 
 

ùHNLO� ������ /LSD]ODUÕQ� WHUQDU\� JUDIL÷L� >Candida Antarctica (Novozym 435), 
Thermomyces Lanuginosus (Lipozyme TL-IM) and Rhizomucor Miehei (Lipozyme 
RM-IM)] 
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Çizelge 3.9.1. Candida Antarctica (Novozym 435), Thermomyces Lanuginosus 

(Lipozyme TL-IM) ve Rhizomucor Miehei (Lipozyme RM-IM) enzimlerinin simplex 

örgü dizayn tablosu ve deneysel sonuçlar 

 

Çizelge 3.9.��¶GHNL� GHQH\VHO� YHULOHU� NXOODQÕODUDN�0LFURVRIW� ([FHO� SURJUDPÕ� LOH� HúLWOLN�
��������¶H� J|UH� PRGHO� GHQNOHPLQLQ� ROXúWXUXOPDVÕQGD� NXOODQÕODFDN� E� NDWVD\ÕODUÕ�
KHVSODQPÕúWÕU�� Candida Antarctica (Novozym 435), Thermomyces Lanuginosus 

(Lipozyme TL-IM) ve Rhizomucor Miehei (Lipozyme RM-,0�� HQ]LP� NDUÕúÕPÕQÕQ�
NHPRPHWULN�RSWLPL]DV\RQX� LoLQ�E�NDWVD\ÕODUÕ�NXOODQÕODUDN�ROXúWXUXODQ�PRGHO�GHQNOHPL�
HúLWOLN������¶GH�YHULOPLúWLU� 
 

y=  61,996x1 + 46,040x2 + 79,704x3 + 39,205x1x2 + 23,152x1x3  - 16,615x2x3         3.9.1. 

- 8,708 x1x2x3                 

 

Elde edilen deneysel verilere göre % 33 Candida Antarctica (Novozym 435) ve % 66 

Rhizomucor Miehei (Lipozyme RM-,0�� NDUÕúÕPÕQÕQ� NXOODQÕOGÕ÷Õ� EL\RGL]HO� VHQWH]LQGH�

.RGODQPÕú�YHULOHU Deneysel veriler $÷ÕUOÕNoD�G|Q�ú�P���� 
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1 1 0 0 2.1 0 0 62,24 62,00 

2 0 1 0 0 2.1 0 46,93 46,04 

3 0 0 1 0 0 2.1 78,57 79,70 

4 1/3 2/3 0 0.7 1.4 0 58,12 60,07 

5 2/3 1/3 0 1.4 0.7 0 67,34 65,39 

6 1/3 0 2/3 0.7 0 1.4 81,63 78,95 

7 2/3 0 1/3 1.4 0 0.7 70,36 73,04 

8 0 2/3 1/3 0 1.4 0.7 52,85 53,57 

9 0 1/3 2/3 0 0.7 1.4 65,51 64,79 

10 1/3 1/3 1/3 0.7 0.7 0.7 67,34 67,34 
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HQ� \�NVHN� HVWHU� G|Q�ú�P�� HOGH� HGLOPLú� YH� �� ����� RUWDODPD� NDUHN|N� KDWD� (RMSE) 

KHVDSODQPÕúWÕU�� %XOXQDQ� RSWLPXP� HQ]LP� NDUÕúÕPÕ� NXOODQÕODUDN� PHWDQRO�Q� �o� DGÕPGD�
HNOHQGL÷L�RSWLPXP�VHQWH]�NRúXOODUÕQGD�LVH��������HVWHU�G|Q�ú�P�GH÷HULQH�XODúÕOPÕúWÕU� 
 

������(Q]LPDWLN�%L\RGL]HO�6HQWH]LQLQ�$129$�$QDOL]�6RQXoODUÕ 
 

Candida Antarctica (Novozym 435), Thermomyces Lanuginosus (Lipozyme TL-

IM) ile Rhizomucor Miehei (Lipozyme RM-,0�� LPPRELOL]H� HQ]LPOHULQLQ� D\UÕ� D\UÕ�
NXOODQÕOGÕ÷Õ� EL\RGL]HO� VHQWH]OHULQLQ� RSWLPL]DV\RQ� oDOÕúPDODUÕQGD� YH� �oO�� HQ]LP�
NDUÕúÕPÕQÕQ�NXOODQÕOGÕ÷Õ�PL[WXUH�GL]D\Q�RSWLPL]DV\RQXQGD�IDNW|UOHULQ�ELUELUOHUL�DUDVÕQGD�
HWNLOHúLP�ROXS�ROPDGÕ÷ÕQÕQ�EHOLUOHQPHVL�DPDFÕ\OD�dL]HOJH������������������������������YH�
������¶GHNL� YHULOHU� NXOODQÕODUDN� 'HVLJQ-Expert-�� SURJUDPÕ� LOH� $129$� DQDOL]L�
\DSÕOPÕúWÕU�� (OGH� HGLOHQ� VRQXoODU� dL]HOJH� ��������� �.10.2., 3.10.3. ve 3.10.4.’de 

YHULOPLúWLU� 
 

Çizelge 3.10.1. Candida Antarctica (Novozym 435) enzimi için ANOVA analiz  

sRQXoODUÕ 

 

 .DUHOHUL�7RSODPÕ Serbestlik 
Derecesi 

Karaleri 
2UWDODPDVÕ F-'H÷HUL p-'H÷HUL 

Model 2636.04 14 188.29 22.05 < 0.0001 
X1 4.860.10-4 1 4.860.10-4 5.691.10-5 0.9941 

X2 299.22 1 299.22 35.04 0.0001 

X3 1832.67 1 1832.67 214.60 < 0.0001 

X4 117.49 1 117.49 13.76 0.0040 

X1X2 8.84 1 8.84 1.04 0.3328 

X1X3 41.91 1 41.91 4.91 0.0511 

X1X4 50.23 1 50.23 5.88 0.0357 

X2X3 87.06 1 87.06 10.19 0.0096 

X2X4 22.75 1 22.75 2.66 0.1337 

X3X4 20.93 1 20.93 2.45 0.1486 

X12 82.94 1 82.94 9.71 0.0109 

X22 130.10 1 130.10 15.23 0.0029 

X32 39.21 1 39.21 4.59 0.0578 

X42 99.81 1 99.81 11.69 0.0066 

Artan 85.40 10 8.54   

Toplam 2721.43 24    
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Çizelge 3.10.2. Thermomyces Lanuginosus (Lipozyme TL-IM) enzimi için ANOVA 

analiz�VRQXoODUÕ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 .DUHOHUL�7RSODPÕ Serbestlik 
Derecesi 

Karaleri 
2UWDODPDVÕ F-'H÷HUL p-'H÷HUL 

Model 1734.89 14 123.92 35.18 < 0.0001 

X1 71.77 1 71.77 20.38 0.0011 

X2 0.51 1 0.51 0.14 0.7119 

X3 84.34 1 84.34 23.94 0.0006 

X4 65.66 1 65.66 18.64 0.0015 

X1X2 98.58 1 98.58 27.98 0.0004 

X1X3 622.13 1 622.13 176.61 < 0.0001 

X1X4 11.05 1 11.05 3.14 0.1070 

X2X3 0.27 1 0.27 0.077 0.7874 

X2X4 114.20 1 114.20 32.42 0.0002 

X3X4 86.72 1 86.72 24.62 0.0006 

X12 201.19 1 201.19 57.12 < 0.0001 

X22 376.59 1 376.59 106.91 < 0.0001 

X32 357.60 1 357.60 101.52 < 0.0001 

X42 50.08 1 50.08 14.22 0.0037 

Artan 35.23 10 3.52   

Toplam 1770.11 24    



� ����

 

Çizelge 3.10.3. Rhizomucor Miehei (Lipozyme RM-IM) enzimi için ANOVA analiz 

VRQXoODUÕ 

 

Çizelge 3.10.4. Candida Antarctica (Novozym 435), Thermomyces Lanuginosus 

(Lipozyme TL-IM) ve Rhizomucor Miehei (Lipozyme RM-IM) enzimlerinin 

NXOODQÕOGÕ÷Õ�NDUÕúÕP�GL]D\Q�YHULOHUL�LoLQ�$129$�DQDOL]�VRQXoODUÕ 

 

 .DUHOHUL�7RSODPÕ Serbestlik 
Derecesi 

Karaleri 
2UWDODPDVÕ F-'H÷HUL p-'H÷HUL 

Model 679.21 14 48.51 33.85 < 0.0001 

X1 7.24 1 7.24 5.05 0.0484 

X2 0.90 1 0.90 0.63 0.4453 

X3 295.40 1 295.40 206.10 < 0.0001 

X4 4.17 1 4.17 2.91 0.1190 

X1X2 8.04 1 8.04 5.61 0.0394 

X1X3 12.01 1 12.01 8.38 0.0160 

X1X4 13.03 1 13.03 9.09 0.0130 

X2X3 121.55 1 121.55 84.81 < 0.0001 

X2X4 99.80 1 99.80 69.63 < 0.0001 

X3X4 29.27 1 29.27 20.42 0.0011 

X12 44.41 1 44.41 30.98 0.0002 

X22 9.52 1 9.52 6.64 0.0276 

X32 20.86 1 20.86 14.56 0.0034 

X42 0.040 1 0.040 0.028 0.8705 

Artan 14.33 10 1.43   

Toplam 693.54 24    

 .DUHOHUL�7RSODPÕ Serbestlik 
Derecesi 

Karaleri 
2UWDODPDVÕ F-'H÷HUL p-'H÷HUL 

Model 1004.48 6 167.41 19.94 0.0163 

  Linear Mixture 861.70 2 430.85 51.32 0.0048 

  X1X2 77.75 1 77.75 9.26 0.0557 

  X1X3 27.12 1 27.12 3.23 0.1702 

  X2X3 13.96 1 13.96 1.66 0.2876 

  X1X2X3 0.071 1 0.071 8.495.10-3 0.9324 

Artan 25.19 3 8.40   

Toplam 1029.66 9    
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$QRYD� DQDOL]� VRQXoODUÕQÕQ� YHULOGL÷L� WDEORODUD� J|UH� S� GH÷HUL� ����¶� GHQ� N�o�N� RODQ�
IDNW|UOHU�HVWHU�YHULPLQGH�|QHPOL�GL÷HU�IDNW|UOHU�LVH�|QHPVL]�NDEXO�HGLOPLúWLU��%XQD�J|UH�
her bir enzim için önemli paraPHWUHOHU�LOH�ROXúWXUXODQ�WDKPLQL�PRGHO�GHQNOHPOHUL�HúLWOLN�
�����������������YH��������¶GH�YHULOPLúWLU� 
 

Candida Antarctica (Novozym 435); 

y= 30,395  – 3,531x2 – 8,739x3 – 2,213x4 + 2,710x1
2
 + 3,394x2

2
 + 2,973x4

2
          3.10.1. 

 + 1,618x1x3 – 1,772x1x4 + 2,333x2x3                                      

 

Thermomyces Lanuginosus (Lipozyme TL-IM);  

y= 37,500 - 1,729x1  – 1,875x3 – 1,654x4 + 4.221x1
2
 + 5,774x2

2
 + 5,627x3

2 
          3.10.2.        

+2.106
 
x4

2
 – 2,482x1x2 + 6,236x1x3   – 2,672x2x4  - 2,328x3x4                                                          

            

Rhizomucor Miehei (Lipozyme RM-IM); 

y= 56,120 + 0,549x1 – 3,508x3 + 1.983x1
2
 + 0,918x2

2
 + 1,359x3

2
 – 0,709x1x2       3.10.3.            

- 0,866x1x3 + 0,903x1x4 - 2,756x2x3 + 2,498x2x4 - 1,353x3x4                   

                                                    

Elde edilen model denklemlerine göre Candida Antarctica (Novozym 435) enzimi için 

|QHPOL�IDNW|U�HWNLOHúLPOHUL�x1x3 (reaksiyon süresi-HQ]LP�PLNWDUÕ�; x1x4 (reaksiyon süresi-

DONRO�\D÷� PRODU� RUDQÕ� ve x2x3 �VÕFDNOÕN-HQ]LP� PLNWDUÕ�� RODUDN�� Thermomyces 

Lanuginosus (Lipozyme TL-IM) enzimi için x1x2 (reaksiyon süresi-VÕFDNOÕN�; x1x3 

(reaksiyon süresi-HQ]LP�PLNWDUÕ�� x2x4 �VÕFDNOÕN-DONRO�\D÷�PRODU� RUDQÕ�� YH� x3x4 (enzim 

PLNWDUÕ-DONRO�\D÷� PRODU� RUDQÕ�� RODUDN� YH� Rhizomucor Miehei (Lipozyme RM-IM) 

enzimi için ise x1x4 (reaksiyon süresi-DONRO�\D÷� PRODU� RUDQÕ�;  x2x3 �VÕFDNOÕN-enzim 

PLNWDUÕ�;  x2x4 �VÕFDNOÕN-DONRO�\D÷�PRODU� RUDQÕ�� YH x3x4 �HQ]LP�PLNWDUÕ-DONRO�\D÷�PRODU�
RUDQÕ�� RODUDN� EHOLUOHQPLú�� Candida Antarctica (Novozym 435), Thermomyces 

Lanuginosus (Lipozyme TL-IM) ve Rhizomucor Miehei (Lipozyme RM-IM) 

HQ]LPOHULQLQ� NXOODQÕOGÕ÷Õ� EL\RGL]HO� VHQWH]� UHDNVL\RQODUÕQGD� |QHPOL� IDNW|U�
HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�HWNLOHUL�VÕUDVÕ\OD�ùHNLO�������������0.2. ve 3.10.3.’de 

J|VWHULOPLúWLU� 
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�D��(Q]LP�PLNWDUÕ� LOH� UHDNVL\RQ� V�UHVL�YH�NDUúÕOÕNOÕ� HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�
HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
 

 

�E�� $ONRO�\D÷� PRODU� RUDQÕ� LOH� UHDNVL\RQ� V�UHVL� YH� NDUúÕOÕNOÕ� HWNLOHúLPOHULQLQ� HVWHU�
G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
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�F�� (Q]LP�PLNWDUÕ� LOH� VÕFDNOÕN� YH� NDUúÕOÕNOÕ� HWNLOHúLPOHULQLQ� HVWHU�G|Q�ú�P�QH�HWNLVLQL�
J|VWHUHQ�\�]H\�JUDIL÷L� 
 

ùHNLO� ������� Candida Antarctica� �1RYR]\P� ����� HQ]LPLQLQ� NXOODQÕOGÕ÷Õ� EL\RGL]HO�
VHQWH]� UHDNVL\RQODUÕQGD� |QHPOL� IDNW|U� HWNLOHúLPOHULQLQ� HVWHU� G|Q�ú�P�QH� HWNLOHULQL�
J|VWHUHQ� \�]H\� JUDILNOHUL�� �D��� (Q]LP� PLNWDUÕ� LOH� UHDNVL\RQ� V�UHVL� YH� NDUúÕOÕNOÕ�
HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L���E���$ONRO�\D÷�PRODU�
RUDQÕ� LOH� UHDNVL\RQ� V�UHVL� YH� NDUúÕOÕNOÕ� HWNLOHúLPOHULQLQ� HVWHU� G|Q�ú�P�QH� HWNLVLQL�
J|VWHUHQ�\�]H\�JUDIL÷L���F���(Q]LP�PLNWDUÕ�LOH�VÕFDNOÕN�YH�NDUúÕOÕNOÕ�HWNLOHúLPOHULQLQ�HVWHU�
G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
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�D��6ÕFDNOÕN�LOH�UHDNVL\RQ�V�UHVL�YH�NDUúÕOÕNOÕ�HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�HWNLVLQL�
J|VWHUHQ�\�]H\�JUDIL÷L� 
 

 

�E��(Q]LP�PLNWDUÕ� LOH� UHDNVL\RQ�V�UHVL�YH�NDUúÕOÕNOÕ�HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�
HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
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�F�� $ONRO�\D÷� PRODU� RUDQÕ� LOH� UHDNVL\RQ� V�UHVL� YH� NDUúÕOÕNOÕ� HWNLOHúLmlerinin ester 

G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
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�G�� $ONRO�\D÷� PRODU� RUDQÕ� LOH� HQ]LP� PLNWDUÕ� YH� NDUúÕOÕNOÕ� HWNLOHúLPOHULQLQ� HVWHU�
G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
 

ùHNLO� ������� Thermomyces Lanuginosus (Lipozyme TL-IM) enziminLQ� NXOODQÕOGÕ÷Õ�
EL\RGL]HO� VHQWH]� UHDNVL\RQODUÕQGD� |QHPOL� IDNW|U� HWNLOHúLPOHULQLQ� HVWHU� G|Q�ú�P�QH�
HWNLOHULQL� J|VWHUHQ� \�]H\� JUDILNOHUL�� �D��� 6ÕFDNOÕN� LOH� UHDNVL\RQ� V�UHVL� YH� NDUúÕOÕNOÕ�
HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L���E���(Q]LP�PLNWDUÕ�LOH�
UHDNVL\RQ�V�UHVL�YH�NDUúÕOÕNOÕ�HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�
JUDIL÷L���F���$ONRO�\D÷�PRODU�RUDQÕ�LOH�UHDNVL\RQ�V�UHVL�YH�NDUúÕOÕNOÕ�HWNLOHúLPOHULQLQ�HVWHU�
G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L���G��$ONRO�\D÷�PRODU�RUDQÕ�LOH�HQ]LP�PLNWDUÕ�
YH�NDUúÕOÕNOÕ�HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
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  Enzim miktari (%)    Alkol/yag molar orani (v/v)  
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�D�� $ONRO�\D÷� PRODU� RUDQÕ� LOH� UHDNVL\RQ� V�UHVL� YH� NDUúÕOÕNOÕ� HWNLOHúLPOHULQLQ� HVWHU�
G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
 

 

�E��(Q]LP�PLNWDUÕ� LOH� VÕFDNOÕN� YH� NDUúÕOÕNOÕ� HWNLOHúLPOHULQLQ� HVWHU� G|Q�ú�P�QH�HWNLVLQL�
J|VWHUHQ�\�]H\�JUDIL÷L� 
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  Reaksiyon süresi (saat)    Alkol/yag molar orani (v/v)  
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�F��$ONRO�\D÷�PRODU� RUDQÕ� LOH� VÕFDNOÕN� YH� NDUúÕOÕNOÕ� HWNLOHúLPOHULQLQ� HVWHU� G|Q�ú�P�QH�
HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
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� ����

(d)� $ONRO�\D÷� PRODU� RUDQÕ� LOH� HQ]LP� PLNWDUÕ� YH� NDUúÕOÕNOÕ� HWNLOHúLPOHULQLQ� HVWHU�
G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
 

 

ùHNLO�������� Rhizomucor Miehei (Lipozyme RM-,0��HQ]LPLQLQ�NXOODQÕOGÕ÷Õ�EL\RGL]HO�
VHQWH]� UHDNVL\RQODUÕQGD� |QHPOL� IDNW|U� HWNLOHúLPOHULQLQ� HVWHU� G|Q�ú�P�QH� HWNLOHULQL�
J|VWHUHQ�\�]H\�JUDILNOHUL�� �D���$ONRO�\D÷�PRODU�RUDQÕ� LOH� UHDNVL\RQ� V�UHVL�YH�NDUúÕOÕNOÕ�
HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L���E���(Q]LP�PLNWDUÕ�LOH�
VÕFDNOÕN�YH�NDUúÕOÕNOÕ�HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L��
�F���$ONRO�\D÷�PRODU�RUDQÕ� LOH� VÕFDNOÕN�YH�NDUúÕOÕNOÕ�HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�
HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L���G��$ONRO�\D÷�PRODU�RUDQÕ�LOH�HQ]LP�PLNWDUÕ�YH�NDUúÕOÕNOÕ�
HWNLOHúLPOHULQLQ�HVWHU�G|Q�ú�P�QH�HWNLVLQL�J|VWHUHQ�\�]H\�JUDIL÷L� 
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  Enzim miktari (%)    Alkol/yag molar orani (v/v)  
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������%L\RGL]HO�<DNÕWÕQ�76(1�������$QDOL]OHUL 
 

2SWLPXP� GHQH\VHO� NRúXOODUGD� HQ]LPDWLN� WUDQVHVWHUOHúPH� UHDNVL\RQX� LOH�
VHQWH]OHQHQ�EL\RGL]HO� \DNÕWÕQ�76(1������¶H� J|UH� VDKLS� ROPDVÕ� JHUHNHQ�|]HOOLNOHUGHQ�
ED]ÕODUÕ�VWDQGDUW�DQDOL]�\|QWHPOHULQH�J|UH�DQDOL]�HGLOPLúWLU��(OGH�HGLOHQ�VRQXoODU�dL]HOJH�
�������¶GH�YHULOPLúWLU�� 
 

dL]HOJH���������2SWLPXP�GHQH\VHO�NRúXOODUGD�HQ]LPDWLN�WUDQVHVWHUOHúPH�UHDNVL\RQX�LOH�
VHQWH]OHQHQ�EL\RGL]HO�\DNÕWÕQ�76(1�������DQDOL]�VRQXoODUÕ 

 

 

6WDQGDUW� GHQH\� \|QWHPOHULQH� J|UH� \DSÕODQ� DQDOL]OHU� VRQXFX� EL\RGL]HO� \DNÕWÕQ� 76(1�
������VWDQGDUWODUÕQÕ�VD÷ODGÕ÷Õ�J|]OHQPLúWLU� 
 

 

 

 

$QDOL]�$GÕ Birim En Az (min.) En Çok (max.) Deney sonucu 
Deney 

Yöntemi 

(VWHU�PXKWHYDVÕ % (m/m) 96,5 - 97,26±0,65 EN 14103 

$VLW�VD\ÕVÕ mg KOH/g - 0,5 0,48±0,04 EN 14104 

ø\RW�VD\ÕVÕ g iyot/100 g - 120 112±4,69 EN 14111 

Linolenik asit metil esteri % (m/m) - 12 9,76±0,43 EN 14103 

0HWDQRO�PXKWHYDVÕ % (m/m) - 0,2 0,11±0,003 EN 14110 

0RQRJOLVHULW�PXKWHYDVÕ % (m/m) - 0,8 0,30±0,10 EN 14105 

Digliserit muhteYDVÕ % (m/m) - 0,2 0,20±0,03 EN 14105 

7ULJOLVHULW�PXKWHYDVÕ % (m/m) - 0,2 0,18±0,01 EN 14105 

Serbest gliserol % (m/m) - 0,02 0,012±0,05 
EN 14105 

EN 14106 

Toplam gliserol % (m/m) - 0,25 0,17±0,015 EN 14105 
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3.12. Destek Maddesinin SEM $QDOL]L�øOH�<�]H\�.DUDNWHUL]DV\RQX 

 

(Q]LP�LPPRELOL]DV\RQXQGD�NXOODQGÕ÷ÕPÕ]�GHVWHN�PDGGHOHULQLQ�\�]H\�|]HOOLNOHUL�
YH� RQODUÕQ� LPPRELOL]H� ROPXú� W�UHYOHUL� WDUDPDOÕ� HOHNWURQ� PLNURVNREX� �6(0�� LOH�
LQFHOHQPLúWLU�� ùHNLO� �������¶GH� VWLUHQ-divinilbenzen (STR-DVB) polimerinin yüzeyi 

/LSR]\PH� 7/���/� HQ]LPL� LPPRELOL]DV\RQX� |QFHVL� YH� VRQUDVÕ� J|U�OPHNWHGLU�� 6(0�
J|U�QW�OHUL� LQFHOHQGL÷LQGH� LPPRELOL]DV\RQ� |QFHVL� JHQLú� YH� G�]HQVL]� RODQ� SRUODUÕQ�
LPPRELOL]DV\RQ�VRQUDVÕ�GDKD�G�]HQOL�YH�GDU�ROGX÷X�J|U�OPHNWHGLU�� 
 

 

�D��øPPRELOL]Dsyon öncesi stiren-divinilbenzen (STR-DVB) polimeri 

 

 



� ����

 

�E��øPPRELOL]DV\RQ�VRQUDVÕ�VWLUHQ-divinilbenzen (STR-DVB) polimeri 

 

ùHNLO� ������� Stiren-divinilbenzen (STR-DVB) polimerinin SEM görüntüsü (a) 
LPPRELOL]DV\RQ�|QFHVL��E��LPPRELOL]DV\RQ�VRQUDVÕ 
 

ùHNLO��.12.2.’de ise stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) polimerinin 

HQ]LP�LPPRELOL]DV\RQX�|QFHVL�YH�VRQUDVÕ�\�]H\�\DSÕVÕ�J|U�OPHNWHGLU��6(0�J|U�QW�OHUL�
LQFHOHQGL÷LQGH� LPPRELOL]DV\RQ� |QFHVL� SRUODUÕQ� JHQLú� YH� G�]HQVL]� ROGX÷X�
LPPRELOL]DV\RQ�VRQUDVÕ�LVH�OLIOL�ELU�\DSÕQÕQ�\DQÕQGD�SRUODUÕQ�GDKD�G�]HQOL�YH�GDU�ROGX÷X�
görülmektedir. 

 

 

 

 

 

 

 

 



� ����

 

�D�� øPPRELOL]DV\RQ� |QFHVL� VWLUHQ-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) 

polimeri 

 

�E�� øPPRELOL]DV\RQ� VRQUDVÕ� VWLUHQ-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) 

polimeri 

ùHNLO�������� Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) polimerinin SEM 
J|U�QW�V���D��LPPRELOL]DV\RQ�|QFHVL��E��LPPRELOL]DV\RQ�VRQUDVÕ 
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3.13. Destek Maddesinin FTIR $QDOL]L�øOH�<DSÕ�.DUDNWHUL]DV\RQX 

 

Enzim immobilizasyonunda kullanGÕ÷ÕPÕ]�GHVWHN�PDGGHOHULQLQ�\DSÕ�|]HOOLNOHUL�
YH� RQODUÕQ� /LSR]\PH� 7/���/� OLSD]� HQ]LPL� LOH� LPPRELOL]H� ROPXú� W�UHYOHUL� IRXULHU�
WUDQVIRUP�LQIUDUHG�VSHNWURVNRSLVL� �)7,5�� LOH� LQFHOHQPLúWLU��ùHNLO����������ùHNLO���������
YH� ùHNLO� �������¶GH� � VÕUDVÕ\OD� VWLUHQ-divinilbenzen (STR-DVB), stiren-divinilbenzen-

poliglutaraldehit (STR-DVB-PGA) ve celite 545 destek maddelerinin Lipozyme 

7/���/� OLSD]� HQ]LPL� LOH� LPPRELOL]DV\RQ� |QFHVL� YH� LPPRELOL]DV\RQ� VRQUDVÕ� )7,5�
VSHNWUXPODUÕ�J|VWHULOPLúWLU�� 

ùHNLO��������� LQFHOHQGL÷LQGH�/LSRzyme TL-100L immobilizasyonu öncesi 3452 

cm-1’ de STR-'9%� NRSROLPHULQLQ� SROLPHUL]DV\RQ� DGÕPODUÕQGDQ� JHOHQ� VX\D� DLW� 2+�
DEVRUEVL\RQ�EDQGÕ�������FP-1 ve 3023 cm-1’ de aromatik C-H gerilmesi, 2924 cm-1 ve 

2852 cm-1’ de alifatik C-H gerilmesi, 1601 cm-1, 1491 cm-1 ve 1450 cm-1’ de aromatik 

C=C gerilmesi, 1025 cm-1 ve 903 cm-1’de aromatik C-+� G�]OHP� LoL� H÷LOPHVL� �S-

sübstitüe benzen için), 796 cm-1, 756 cm-1 ve 699 cm-1¶� GH� DURPDWLN� G�]OHP� GÕúÕ�
H÷LOPHVLQH��S-sübstitüe benzen için) ait pikler görülmektedir. Poliglutaraldehit ile aktive 

HGLOPLú� 675-DVB kopolimerine Lipozyme TL100L lipaz enzimi immobilizasyonu 

VRQUDVÕ� LVH� ����� FP-1’GH� � DOGHKLW� JUXEXQD� NDUúÕOÕN� JHOHQ� & 2� JHULOPHVLQH� DLW� SLNOHU�
poliglutaraldehit ile aktive edilen STR-DVB kopolimerinde poliglutaraldehitiQ�YDUOÕ÷ÕQÕ�
göstermektedir. Polimerin 1654 cm-1’ GH�J|VWHUGL÷L�DEVRUSVL\RQ�SLNL�LVH�SROLglutaraldehit 

ile aktive edilen STR-'9%�NRSROLPHULQGH�J|]OHQHQ�& 2�ED÷Õ�LOH�OLSD]�HQ]LPL�DUDVÕQGD  
immobilizasyon süresince�ROXúDQ�LPLQ�ED÷ÕQÕ��-C=N) göstermektedir. 
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ùHNLO� ������� Stiren-divinilbenzen (STR-DVB) kopolimerinin FTIR spektrumu (a) 
Lipozyme TL-���/� LPPRELOL]DV\RQX� |QFHVL� �E�� 3ROLJOXWDUDOGHKLW� LOH� DNWLYH� HGLOPLú�
STR-DVB kopolimerine Lipozyme TL-���/�LPPRELOL]DV\RQX�VRQUDVÕ� 
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ùHNLO��������� LQFHOHQGL÷LQGH�/LSR]\PH�7/-100L immobilizasyonu öncesi 3452 

cm-1’ de STR-DVB-3*$�NRSROLPHULQLQ�SROLPHUL]DV\RQ�DGÕPODUÕQGDQ�JHOHQ�VX\D�DLW�2+�
DEVRUEVL\RQ�EDQGÕ�������FP-1 ve 3026 cm-1’ de aromatik C-H gerilmesi, 2925 cm-1 ve 

2853 cm-1’ de alifatik C-H gerilmesi, 1601 cm-1, 1493 cm-1 ve 1451 cm-1’ de aromatik 

C=C gerilmesi, 1029 cm-1 ve 903 cm-1’de aromatik C-+� G�]OHP� LoL� H÷LOPHVL� �S-

sübstitüe benzen için), 833 cm-1, 760 cm-1 ve 699 cm-1¶� GH� DURPDWLN� G�]OHP� GÕúÕ�
H÷LOPHVLQH��S-sübstitüe benzen için) ait pikler görülmektedir. 1744 cm-1 ve 1724 cm-1’de  

DOGHKLW� JUXEXQD� NDUúÕOÕN� JHOHQ� & 2� JHULOPHVLQH� DLW� SLNOHU� 675-DVB-PGA 

NRSROLPHULQGH� SROLJOXWDUDOGHKLWLQ� YDUOÕ÷ÕQÕ� J|VWHUPHNWHGLU�� /LSR]\PH� 7/���/� OLSD]�
enzimi immobLOL]DV\RQX� VRQUDVÕ� 675-DVB-PGA kopolimerinin 1658 cm-1’ de 

J|VWHUGL÷L�DEVRUSVL\RQ�SLNL� LVH�STR-DVB-3*$�NRSROLPHULQGH�J|]OHQHQ�& 2�ED÷Õ� LOH�
OLSD]�HQ]LPL�DUDVÕQGD  immobilizasyon süresince�ROXúDQ�LPLQ�ED÷Õ��-C=N) nedeniyledir. 

ùHNLO��������� LQFHOHQGL÷LQGH�/Lpozyme TL-100L immobilizasyonu öncesi 3450 

cm-1’ GH�FHOLWH�����GHVWHN�PDGGHVLQLQ�LoHUGL÷L�VX\D�DLW�2+�DEVRUEVL\RQ�EDQGÕ�YH������
cm-1’ de Si-2�JHULOPHVLQH�DLW�SLNOHU�J|U�OPHNWHGLU��3ROLJOXWDUDOGHKLW� LOH�DNWLYH�HGLOPLú�
celite 545 destek maddesine Lipozyme TL���/�OLSD]�HQ]LPL�LPPRELOL]DV\RQX�VRQUDVÕ�
ise 1850 cm-1’GH� � DOGHKLW� JUXEXQD� NDUúÕOÕN� JHOHQ� & 2� JHULOPHVLQH� DLW� SLNOHU�
poliglutaraldehit ile aktive edilen celite 545 destek maddesinde poliglutaraldehitin 

YDUOÕ÷ÕQÕ� J|VWHUPHNWHGLU��&HOLWH� ���¶� LQ�1640 cm-1’ dH� J|VWHUGL÷L� DEVRUSVL\RQ�SLNL� LVH�
poliJOXWDUDOGHKLW�LOH�DNWLYH�HGLOHQ�FHOLWH�����GHVWHN�PDGGHVLQGH�J|]OHQHQ�& 2�ED÷Õ�LOH�
OLSD]� HQ]LPL� DUDVÕQGD  immobilizasyon süresince� ROXúDQ� LPLQ� ED÷ÕQÕ� �-C=N) 

göstermektedir. 
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ùHNLO� ������� Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) kopolimerinin 
FTIR spektrumu (a) Lipozyme TL-100L immobilizasyonu öncesi (b) Lipozyme TL-
���/�LPPRELOL]DV\RQX�VRQUDVÕ 
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ùHNLO� ������� Celite 545 destek maddesinin FTIR spektrumu (a) Lipozyme TL-100L 
LPPRELOL]DV\RQX� |QFHVL� �E�� 3ROLJOXWDUDOGHKLW� LOH� DNWLYH� HGLOPLú� &HOLWH� ���� GHVWHN�
maddesinin Lipozyme TL-���/�LPPRELOL]DV\RQX�VRQUDVÕ 
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3.14. Kantitatif PrRWHLQ�$QDOL]�6RQXoODUÕ 
 

 dDOÕúPDPÕ]GD�LNL�IDUNOÕ�VHUEHVW�OLSD]�HQ]LPL�³Lipozyme TL-100L ve Novozyme 

���³� EHú� IDUNOÕ� GHVWHN� PDGGHVLQH� ³VWLUHQ-divinilbenzen (STR-DVB), stiren-

divinilbenzen-glutaraldehit (STR-DVB-GA), stiren-divinilbenzen-poliglutaraldehit 

(STR-DVB-3*$��� FHOLWH� ���� YH� VLOLNDMHO³� DGVRUEVL\RQ� YH� NRYDOHQW� ED÷ODPD� ROPDN�
�]HUH� LNL� IDUNOÕ� PHWRWOD� LPPRELOL]H� HGLOPLúWLU�� 'HVWHN� PDGGHOHULQH� LPPRELOL]H� RODQ�
SURWHLQ�PLNWDUODUÕ�%UDGIRUG�SURWHLQ�DQDOL]�\|QWHPL\OH�EHOLUOHQPLúWLU��dL]HOJH��������¶GH�
destek mDGGHOHULQH�LPPRELOL]H�RODQ�1RYR]\PH�����HQ]LPLQLQ�SURWHLQ�DQDOL]�VRQXoODUÕ�
Çizelge 3.14.2.’de ise Lipozyme TL-100L� HQ]LPLQLQ� SURWHLQ� DQDOL]� VRQXoODUÕ��
YHULOPLúWLU�     
 

Çizelge 3.14.1.   Destek maddelerine immobilize olan Novozyme 388 enziminin protein 
anaOL]�VRQXoODUÕ�   
 

 (STR-DVB): Stiren-divinilbenzen , (GA): Gluturaldehit, (PGA): Poliglutaraldehit. 
 
 
 
 
 

 
Fiziksel immobilizasyon metodu 

(Adsorpsiyon) 
Kimyasal immobilizasyon metodu 

�.RYDOHQW�ED÷ODPD� 

Destek maddesi 
øPPRELOL]H�HQ]LP 

(mg/g-destek) 

øPPRELOL]DV\RQ�
verimi 

(%) 

øPPRELOL]H�HQ]LP 
(mg/g-destek) 

øPPRELOL]DV\RQ�
verimi 

(%) 

1. STR-DVB  10.96 29.22 0.99 11.65 

2. STR-DVB-GA - - 1.77 26.21 

3. STR-DVB-PGA - - 4.19 36.99 

4. Celite 545 1.54 11.69 10.11 33.72 

5. Silikajel 3.10 13.77 1.71 6.19 
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Çizelge 3.14.2.   Destek maddelerine immobilize olan Lipozyme TL-100L enziminin 
SURWHLQ�DQDOL]�VRQXoODUÕ�   
 

 
 (STR-DVB): Stiren-divinilbenzen , (GA): Gluturaldehit, (PGA): Poliglutaraldehit. 
 

 

 dL]HOJH� �������YH�dL]HOJH� �������� LQFHOHQGL÷LQGH�1RYR]\PH� ��� enziminin en 

fazla fiziksel immobilizasyon metodu ile STR-'9%�GHVWHN�PDGGHVLQH�WXWXQGX÷X��������
mg/g-GHVWHN�� RQX� NLP\DVDO� LPPRELOL]DV\RQ� \|QWHPL\OH� &HOLWH� ���¶LQ� L]OHGL÷L� �������
mg/g-destek) göU�OP�úW�U��$\QÕ� HQ]LPLQ� LPPRELOL]DV\RQ� YHULPOHULQH� EDNÕOGÕ÷ÕQGD� HQ�
yüksek verim kimyasal immobilizasyon metodu ile STR-DVB-PGA destek maddesinde 

��� ������� J|U�OP�ú� RQX� \LQH� NLP\DVDO� LPPRELOL]DV\RQ� \|QWHPL� LOH� &HOLWH� ���� ���
�������WDNLS�HWPLúWLU��$\QÕ�GH÷HUlendirme Lipozyme TL-100L�HQ]LPL�LoLQ�\DSÕOGÕ÷ÕQGD�
GHVWHN� PDGGHVLQH� HQ� oRN� WXWXQPD� JUDP� GHVWHN� EDúÕQD� ������ PJ� SURWHLQ� LOH� &HOLWH�
���¶GH�NLP\DVDO� WXWXQPD�PHWRGX\OD�JHUoHNOHúPLúWLU��675-DVB destek maddesi gram 

GHVWHN� EDúÕQD� ������ PJ� SURWHLQL� IL]LNVHO� PHWRWOD� LPPRELOL]H� HGHUHN� LNLQFL� VÕUD\Õ�
DOPÕúWÕU�� Lipozyme TL-100L� HQ]LPLQLQ� LPPRELOL]DV\RQ� YHULPOHULQH� EDNÕOGÕ÷ÕQGD� HQ�
yüksek verim kimyasal immobilizasyon metodu ile Celite 545 destek maddesinde (% 

 
Fiziksel immobilizasyon metodu 

(Adsorpsiyon) 
Kimyasal immobilizasyon metodu 

�.RYDOHQW�ED÷ODPD� 

Destek maddesi 
øPPRELOL]H�HQ]LP 

(mg/g-destek) 

øPPRELOL]DV\RQ�
verimi 

(%) 

øPPRELOL]H�HQ]LP 
(mg/g-destek) 

øPPRELOL]DV\RQ�
verimi 

(%) 

1. STR-DVB  11.56 30.11 4.79 23.70 

2. STR-DVB-GA - - 5.04 26.48 

3. STR-DVB-PGA - - 5.81 34.66 

4. Celite 545 4.61 13.80 21.20 55.27 

5. Silikajel 6.32 18.66 7.93 16.12 
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������� J|U�OP�ú� RQX� \LQH� NLP\DVDO� LPPRELOL]DV\RQ� \|QWHPL� LOH� 6TR-DVB-PGA (% 

�������WDNLS�HWPLúWLU�� 
dL]HOJH� �������YH� dL]HOJH� �������� GH÷HUOHQGLULOGL÷LQGH� GHVWHN� PDGGHOHULQLQ�

\DSÕVÕQD�JOXWDUDOGHKLW�YH�SROLJOXWDUDOGHKLW�JLUGL÷LQGH��NRYDOHQW�LPPRELOL]DV\RQ��GHVWHN�
�]HULQH�WXWXQDQ�HQ]LP�PLNWDUÕ�KHU�LNL�OLSD]�HQ]LPL�³Lipozyme TL-100L ve Novozyme 

���³�LoLQGH�DUWÕú�J|VWHULUNHQ�HQ]LP�DNWLYLWHOHULQGH��dL]HOJH���������YH�dL]HOJH����������
ELU�PLNWDU�G�ú�ú�J|]OHQPHNWHGLU��%X�VRQXo�RUWDPGD�EXOXQDQ�ID]OD�PLNWDUGDNL�HQ]LPLQ�
ELUELULQH�ED÷ODQDUDN��SURWHLQ-SURWHLQ�HWNLOHúLPL��OLSD]�HQziminin aktif merkezini inaktive 

HWPHVLQGHQ� ND\QDNODQPDNWDGÕU�� %X� QHGHQOH� GHVWHN� PDGGHVL� �]HULQH� DúÕUÕ� HQ]LP�
\�NOHPHVL�\DSÕOPDPDOÕGÕU� 

 

3.15.�(Q]LP�$NWLYLWH�$QDOL]�6RQXoODUÕ 
 

dDOÕúPDPÕ]GD�LNL�IDUNOÕ�VHUEHVW�OLSD]�HQ]LPL�³Lipozyme TL-100L ve Novozyme 

388“ bHú� IDUNOÕ� GHVWHN� PDGGHVLQH� ³VWLUHQ-divinilbenzen (STR-DVB), stiren-

divinilbenzen-glutaraldehit (STR-DVB-GA), stiren-divinilbenzen-poliglutaraldehit 

(STR-DVB-3*$��� FHOLWH� ���� YH� VLOLNDMHO³� DGVRUEVL\RQ� YH� NRYDOHQW� ED÷ODPD� ROPDN�
�]HUH� LNL� IDUNOÕ� PHWRWOD� LPPRELOL]H� HGLOPLúWLU�� 'HVWHN� PDGGHOHULQH� LPPRELOL]H� RODQ�
lipaz enzimlerinin aktiviteleri VSHWURIRWRPHWULN� PHWRWOD� EHOLUOHQPLúWLU� (Winkler ve 

Stuckman, 2003). Novozyme 388 ve Lipozyme�7/����/�HQ]LPOHULQLQ�EHú�IDUNOÕ�GHVWHN�
PDGGHVLQH� DGVRUSVL\RQ� YH� NRYDOHQW� ED÷ODPD� PHWRWODUÕ\OD� LPPRELOL]H� HGLOPHVLQGHQ�
VRQUD� |Oo�OHQ� DNWLYLWH� GH÷HUOHUL� VÕUDVÕ\OD� dL]HOJH� �������� YH� dL]HOJH� �������¶GH�
J|VWHULOPLúWLU� 

dL]HOJH� �������YH� dL]HOJH� �������� LQFHOHQGL÷LQGH� 1RYR]\PH� ���� HQ]LPL� HQ�
\�NVHN� DNWLYLWH\L� JUDP� GHVWHN� EDúÕQD� ������8� ile fiziksel immobilizasyon metoduyla 

&HOLWH� ���¶H� WXWXQGX÷XQGD� J|VWHUPLúWLU�� (Q]LP� DNWLYLWHVL� PJ� OLSD]� EDúÕQD� 8� ��QLWH��
RODUDN� �VSHVLILN� DNWLYLWH�� LQFHOHQGL÷LQGH� ������ 8�PJ-SURWHLQ� GH÷HUL� LOH� NLP\DVDO�
immobilizasyon metoduyla STR-'9%�GHVWHN�PDGGHVL�|QH�oÕNPÕúWÕU�� 
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Çizelge 3.15.1.   Destek maddelerine immobilize olan Novozyme 388 enziminin 

DNWLYLWH�DQDOL]�VRQXoODUÕ�� 

(STR-DVB): Stiren-divinilbenzen , (GA): Gluturaldehit, (PGA): Poliglutaraldehit. 

 
 
Çizelge 3.15.2.   Destek maddelerine immobilize olan Lipozyme TL 100L enziminin 

DNWLYLWH�DQDOL]�VRQXoODUÕ�   
 

(STR-DVB): Stiren-divinilbenzen , (GA): Gluturaldehit, (PGA): Poliglutaraldehit. 

 

 
Fiziksel immobilizasyon metodu 

(Adsorpsiyon) 
Kimyasal immobilizasyon metodu 

�.RYDOHQW�ED÷ODPD� 

Destek maddesi 
Lipaz aktivitesi 

(U/g-destek) 

Spesifik 
aktivite 

(U/mg-protein) 

Lipaz aktivitesi 
(U/g-destek) 

Spesifik 
aktivite 

(U/mg-protein) 

1. STR-DVB  20.73 1.89 20.29 20.50 

2. STR-DVB-GA - - 18.28 10.33 

3. STR-DVB-PGA - - 17.69 4.22 

4. Celite 545 29.63 19.24 20.80 2.06 

5. Silikajel 8.64 2.79 8.87 5.19 

 
Fiziksel immobilizasyon metodu 

(Adsorpsiyon) 
Kimyasal immobilizasyon metodu 

�.RYDOHQW�ED÷ODPD� 

Destek maddesi 
Lipaz aktivitesi 

(U/g-destek) 

Spesifik 
aktivite 

(U/mg-protein) 

Lipaz aktivitesi 
(U/g-destek) 

Spesifik 
aktivite 

(U/mg-protein) 

1. STR-DVB  28.32 2.45 22.20 4.64 

2. STR-DVB-GA - - 19.37 3.84 

3. STR-DVB-PGA - - 17.54 3.02 

4. Celite 545 26.77 5.81 20.09 0.95 

5. Silikajel 8.52 1.35 5.85 0.74 
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$\QÕ� GH÷HUOHQGLUPH� Lipozyme� 7/� ���/� HQ]LPL� LoLQ� \DSÕOGÕ÷ÕQGD� HQ� \�NVHN�
DNWLYLWH�JUDP�GHVWHN�EDúÕQD�������8�LOH�\LQH�IL]LNVHO�LPPRELOL]DV\RQ�PHWRGX\OD�675-

'9%¶H� WXWXQPD� VRQXFX� � J|]OHQPLúWLU��(Q]LPLQ� VSHVLILN� DNWLYLWHVL� GLNNDWH� DOÕQGÕ÷ÕQGD�
ise 5.81 U/mg-SURWHLQ� GH÷HUL� LOH� HQ� \�NVHN� DNWLYLWH� \LQH� IL]LNVHO� LPPRELOL]DV\RQ�
PHWRGX\OD�&HOLWH����¶H�WXWXQPD�VRQXFX��J|]OHQPLúWLU�� 

dL]HOJH��������YH�dL]HOJH���������GH÷HUOHQGLULOGL÷LQGH�GHVWHN�PDGGHOHUL��]HULQH�
fiziksel immobilizasyon (adsorpsiyon) metoduyla tutunan lipaz enzimlerinin “Lipozyme 

TL-100L ve Novozyme 388“ aktivitelerinin kimyasal immobilizasyon (kovalent 

ED÷ODPD��PHWRGX\OD� WXWXQDQ� OLSD]� HQ]LPOHULQGHQ� GDKD� \�NVHN� ROGX÷X� J|U�OPHNWHGLU��
%X�VRQXo�JOXWDUDOGHKLW�DNWLYDV\RQX�LOH�GHVWH÷H�NRYDOHQW�RODUDN�tutunan enzimlerin daha 

VÕNÕ� ED÷ODQGÕ÷ÕQÕ� YH� KDUHNHW� DODQÕQÕQ� GDUDOGÕ÷ÕQÕ�� GHVWH÷H� DGVRUSVL\RQOD� WXWXQDQ�
OLSD]ODUÕQ� LVH�GDKD�HVQHN�ED÷ODQGÕ÷ÕQÕ�YH�GDKD�VHUEHVW�KDUHNHW�DODQÕQD�VDKLS�ROGX÷XQX�
J|VWHUPHNWHGLU��'L÷HU�WDUDIWDQ�GHVWHN�PDGGHOHULQH�IDUNOÕ�PHWRWODUOD�ED÷ODQDQ�HQ]LPOHULQ�
WHNUDU�NXOODQÕP�VD\ÕODUÕ�LQFHOHQGL÷LQGH��ùHNLO���������ùHNLO��������YH�ùHNLO���������GHVWHN�
PDGGHOHULQH� HVQHN� ED÷ODQDQ� �DGVRUSVL\RQ�� OLSD]� HQ]LPOHULQLQ� DNWLYLWHOHULQL� �� WHNUDU�
NXOODQÕPGD� ND\EHGHUNHQ�� GHVWHN� PDGGHOHUL� �]HULQH� GDKD� VÕNÕ� ED÷ODQDQ� �NRYDOHQW�
ED÷ODPD�� OLSD]ODUÕQ� LVH� ��� WHNUDU� VRQXFX� GDKL� |QHPOL� ELU� DNWLYLWH� ND\EÕ� J|VWHUPHGL÷L�
J|]OHQPLúWLU�� 
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3.16.�øQFH�7DEDND�.URPDWRJUDILVL��7/&��$QDOL]�6RQXoODUÕ 
 

 dDOÕúPDPÕ]GD� EL\RGL]HO� |UQHNOHULQLQ� *&� DQDOL]L� |QFHVL� HVWHU� G|Q�ú�P�
YHULPOHULQLQ� WDKPLQ� HGLOPHVL� DPDFÕ\OD� LQFH� WDEDND� NURPDWRJUDILVL� PHWRGX�
NXOODQÕOPÕúWÕU�� %X� DPDoOD� VHQWH]OHQHQ� EL\RGL]HO� |UQHNOHUL� E|O�P� ������¶GH� DQODWÕODQ�
\|QWHP�LOH�VWDQGDUW�EL\RGL]HO�|UQH÷L�LOH�NDUúÕODúWÕUÕOPÕúWÕU��ùHNLO��������¶GH�7/����/�YH�
N 38��HQ]LPOHUL\OH�VHQWH]OHQHQ�EL\RGL]HO�|UQHNOHULQLQ�VWDQGDUW�EL\RGL]HO�|UQH÷L\OH�7/&�
PHWRGX�NXOODQÕODUDN�NDUúÕODúWÕUÕOPDVÕ�J|VWHULOPLúWLU�� 
 

ùHNLO���������TL 100L ve N 388 enzimleriyle sentezlenen biyodizel örneklerinin TLC 
DQDOL]� VRQXoODUÕ� �<$0(�� <D÷� DVLGL� PHWLO� HVWHUL�� 7*�� 7ULJOLVHULG�� 6<$�� 6HUEHVW� \D÷�
asidi; DG: Digliserid; MG: Monogliserid) 
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������%L\RGL]HO�*D]�.URPDWRJUDILVL�$QDOL]�6RQXoODUÕ 
 

Stiren-divinilbenzen (STR-DVB), stiren-divinilbenzen-glutaraldehit (STR-DVB-

GA), stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA), celite 545 ve silikajel 

destek maddelerine Lipozyme TL-100L and Novozyme 388 enzimlerinin� IDUNOÕ�
LPPRELOL]DV\RQ�PHWRWODUÕ�NXOODQÕODUDN�WXWWXUXOPDVÕ\OD�KD]ÕUODQDQ�|UQHNOHU�LOH�EL\RGL]HO�
�UHWLOPLúWLU�� ùHNLO� �������¶GH� � 6WLUHQ-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) 

destek maddesine tutturulan Lipozyme TL-���/�HQ]LPL�LOH�VHQWH]OHQHQ�EL\RGL]HO�|UQH÷L�
J|VWHULOPLúWLU�� 
 

ùHNLO���������Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) destek maddesine 

tutturulan Lipozyme TL-100L enziPL�LOH�VHQWH]OHQHQ�EL\RGL]HO�|UQH÷L� 
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)DUNOÕ�HQ]LP�YH�GHVWHN�PDGGHOHUL�NXOODQÕODUDN��UHWLOHQ�EL\RGL]HO�|UQHNOHULQLQ�*&�DQDOL]�
VRQXoODUÕ� dL]HOJH� ��������� dL]HOJH� ��������� dL]HOJH� �������� YH� dL]HOJH� �������¶GH�
YHULOPLúWLU� 
 

Çizelge 3.17.1. Stiren-divinilbenzen (STR-DVB) destek maddesine immobilize olan TL 

���/�YH�1�����HQ]LPOHUL\OH�VHQWH]OHQHQ�EL\RGL]HOLQ�*&�DQDOL]�VRQXoODUÕ 

 

 
Çizelge 3.17.2. Stiren-divinilbenzen-poliglutaraldehit (STR-DVB-PGA) destek 
maddesine immobilize olan TL 100L ve N 388 enzimleriyle sentezlenen biyodizelin GC 
DQDOL]�VRQXoODUÕ 

 
 

øPPRELOL]DV\RQ�
metodu 

Fiziksel immobilizasyon metodu 
(Adsorpsiyon) 

Kimyasal immobilizasyon metodu 
�.RYDOHQW�ED÷ODPD� 

Destek maddesi Stiren-divinilbenzen (STR-DVB) Stiren-divinilbenzen (STR-DVB) 

(%) 
TL 100L 
Enzimi 

N 388 
Enzimi 

TL 100L 
Enzimi 

N 388 
Enzimi 

6HUEHVW�\D÷�DVLGL 3,01 3.74 1.07 2.50 

Monogliserid 0.32 4.58 17.99 2.46 

Digliserid 0.28 11.86 2.28 10.15 

Trigliserid 0.02 11.49 0.08 12.12 

Ester 96.37 68.33 78.58 72.77 

øPPRELOL]DV\RQ�
metodu 

Kimyasal immobilizasyon metodu 
�.RYDOHQW�ED÷ODPD� 

Destek maddesi 
Stiren-divinilbenzen-glutaraldehit  

(STR-DVB-GA) 
Stiren-divinilbenzen-poliglutaraldehit 

(STR-DVB-PGA) 

(%) 
TL 100L 
Enzimi 

N 388 
Enzimi 

TL 100L 
Enzimi 

N 388 
Enzimi 

6HUEHVW�\D÷�DVLGL 2.98 0.79 6.61 1.77 

Monogliserid 3.5 1.5 3.81 3.70 

Digliserid 1.08 4.65 3.24 4.88 

Trigliserid 0.03 9.91 1.65 8.80 

Ester 92.41 83.15 84.69 80.85 
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Çizelge 3.17.3. Silikajel destek maddesine immobilize olan TL 100L ve N 388 
enzimleriyle sentezlenen biyodizelin GC analiz sonuçlarÕ 

 
 

Çizelge 3.17.4. Celite 545 destek maddesine immobilize olan TL 100L ve N 388 

enzimleriyle sentezlenen biyodizelin GC anDOL]�VRQXoODUÕ 

 

Çizelge 3.17.1., Çizelge 3.17.2., Çizelge 3.17.3. ve Çizelge 3.17.4. 

LQFHOHQGL÷LQGH�NLP\DVDO� LPPRELOL]DV\RQ�\önteminde Celite 545 destek maddesine en 

yüksek immobilizasyon verimiyle (%55.27) tutunan TL 100L lipaz enzimi ile en yüksek 

HVWHU� YHULPL� ��������� HOGH� HGLOPLúWLU�� )L]LNVHO� LPPRELOL]DV\RQ� \|QWHPL�
GH÷HUOHQGLULOGL÷LQGH� LVH� 675-DVB destek maddesine en yüksek immobilizasyon 

øPPRELOL]DV\RQ�
metodu 

Fiziksel immobilizasyon metodu 
(Adsorpsiyon) 

Kimyasal immobilizasyon metodu 
�.RYDOHQW�ED÷ODPD� 

Destek maddesi Silikajel Silikajel 

(%) 
TL 100L 
Enzimi 

N 388 
Enzimi 

TL 100L 
Enzimi 

N 388 
Enzimi 

6HUEHVW�\D÷�DVLGL 3.75 2.19 3.09 1.56 

Monogliserid 17.25 11.26 8.24 0.29 

Digliserid 3.90 14.88 10.78 4.04 

Trigliserid 0.23 4.62 5.63 11.81 

Ester 74.87 67.05 72.26 82.30 

øPPRELOL]DV\RQ�
metodu 

Fiziksel immobilizasyon metodu 
(Adsorpsiyon) 

Kimyasal immobilizasyon metodu 
�.RYDOHQW�ED÷ODPD� 

Destek maddesi Celite 545 Celite 545 

(%) 
TL 100L 
Enzimi 

N 388 
Enzimi 

TL 100L 
Enzimi 

N 388 
Enzimi 

6HUEHVW�\D÷�DVLGL 1.32 2.52 1.98 1.16 

Monogliserid 15.10 6.01 0.30 2.62 

Digliserid 2.82 8.90 0.21 2.45 

Trigliserid 0.11 7.26 0.25 4.92 

Ester 80.65 75.31 97.26 88.85 
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YHULPL\OH� ��������� WXWXQDQ� 7/� ���/� OLSD]� HQ]LPLQLQ� NXOODQÕOGÕ÷Õ� WUDQVHVWHUOHúPH�
UHDNVL\RQXQGDQ� \LQH� HQ� \�NVHN� HVWHU� YHULPL� ��������� HOGH� HGLOPLúWLU�� &HOLWH� ���� YH�
silikajel destek maddelerine immobilize olan TL 100L ve N 388 enzimleri 

inceleQGL÷LQGH� JHQHO� RODUDN� GHVWH÷H� NRYDOHQW� ED÷ODQDQ� OLSD]ODUÕQ� HVWHU� YHULPOHULQLQ�
DGVRUSVL\RQOD� ED÷ODQDQODUGDQ� � GDKD� \�NVHN� ROGX÷X� J|U�OPHNWHGLU�� $\UÕFD� OLSD]ODUÕQ�
WHNUDU�NXOODQÕODELOLUOLNOHUL�LQFHOHQGL÷LQGH��ùHNLO���������ùHNLO��������YH�ùHNLO���������\LQH�
deVWH÷H�NRYDOHQW�ED÷ODQDQ�OLSD]ODU�|QH�oÕNPDNWDGÕU� 
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4. SONUÇ 

 

 *�Q�P�]GH� IRVLO�N|NHQOL�HQHUML�ND\QDNODUÕQÕQ�D]DOPDVÕ��oHYUH�NLUOLOL÷L��N�UHVHO�
ÕVÕQPD� YH� G�Q\DGDNL� HQHUML� LKWL\DFÕQÕQ� KÕ]OD� DUWPDVÕ� JLEL� QHGHQOHUOH� W�P� G�Q\ada 

DOWHUQDWLI�HQHUML�ND\QDNODUÕQD�GR÷UX�KÕ]OÕ�ELU�\|QHOLú�V|]�NRQXVXGXU��6RQ�\ÕOODUGD�ELWNLVHO�
YH�KD\YDQVDO�ND\QDNOÕ�\D÷ODUGDQ�HOGH�HGLOHQ��oHYUH\H�]DUDU�YHUPH\HQ�YH�\HQLOHQHELOLU�
ND\QDNODUGDQ��UHWLOHQ�EL\RGL]HO��SHWURO�N|NHQOL�GL]HO�\DNÕWODUD�HQ�|QHPOL�Dlternatif enerji 

ND\QD÷Õ�ROPXúWXU� 
 %L\RGL]HO��UHWLPLQGH�IDUNOÕ�\|QWHPOHU�NXOODQÕOPDVÕQD�UD÷PHQ�VRQ�\ÕOODUGD�ÕOÕPOÕ�
UHDNVL\RQ� NRúXOODUÕQD� L]LQ� YHUPHVL�� VDIODúWÕUPD� LúOHPL� JHUHNPHNVL]LQ� JOLVHULQ� JHUL�
ND]DQÕPÕ� VD÷ODPDVÕ�� JHULGH� NLP\DVDO� DUWÕN� �U�Q� ROXúWXUPDPDVÕ�� X\JXQ� GHVWHN��]HULQH�
WXWWXUXODUDN� GHIDODUFD� NXOODQÕODELOPHVL� YH� GDKD� VDI� HVWHU� ROXúWXUPDVÕ� JLEL� DYDQWDMODUÕ�
QHGHQL\OH�EL\RGL]HO��UHWLPLQGH�OLSD]�HQ]LPOHULQLQ�NXOODQÕOPDVÕ�|QHPOL�KDOH�JHOPLúWLU�� 
 dDOÕúPDPÕ]GD�(1������EL\RGL]HO�VWDQGDUWODUÕQÕ�VD÷OD\DQ���UHWLP�PDOL\HWL�G�ú�N�
YH� HQ� |QHPOLVL� HQG�VWUL\HO� DODQGD� X\JXODQDELOLU� EL\RGL]HO� �UHWLOPLúWLU�� %X� DPDoOD�
JHOLúWLULOHQ�GHQH\�G�]HQH÷L\OH�UHDNVL\RQ�VÕUDVÕQGD�yan ürün olarak elde edilen gliserin 

D\UÕ� ELU� E|OPHGH� WRSODQDUDN� OLWHUDW�UGH� ID]ODFD� UDSRU� HGLOHQ� JOiserinin lipaz enzimini 

LQKLEH� HWPH� |]HOOL÷L� HQJHOOHQPLúWLU�� $\UÕFD� X\JXQ� EL\RGL]HO� �UHWLP� NRúXOODUÕ�
JHOLúWLULOHUHN�������HVWHU�G|Q�ú�P��HOGH�HGLOPLúWLU�� 
 dDOÕúPDPÕ]� LNL� DQD� E|O�PGHQ� ROXúPXúWXU�� øON� E|O�PGH� WLFDUL� RODUDN� �UHWLOHQ�
KD]ÕU� LPPRELOL]H� HQ]LPOHU� NXOODQÕOPÕú� YH� X\JXQ� EL\RGL]HO� �UHWLP� NRúXOODUÕ� �\D÷�
D÷ÕUOÕ÷ÕQÕQ� ���-����¶� L� RUDQÕQGD� HQ]LP�� ������-������� \D÷-DONRO� PRODU� RUDQÕ�� ����&-

���&�� UHDNVL\RQ� VÕFDNOÕ÷Õ� YH� ��-6) saat reaksiyon süresi) kemometrik optimizasyon 

teknikleriyle ve ANOVA analizi ile beOLUOHQPLúWLU�� $\UÕFD� DONRO� W�U�Q�Q�� UHDNVL\RQ�
RUWDPÕQGDNL�VX\XQ��UHDNVL\RQ�RUWDPÕQGDNL�RUJDQLN�VROYHQWLQ��UHDNVL\RQ�RUWDPÕQD�DGÕP�
DGÕP� PHWDQRO� HNOHQPHVLQLQ�� LPPRELOL]H� HQ]LPOHULQ� WHNUDU� NXOODQÕOPDVÕQÕQ� YH� HQ]LP�
NDUÕúÕPÕ�NXOODQÕODUDN�EL\RGL]HO��UHWLOPHVLQLQ�HVWHU�YHULPLQH�HWNLOHUL�LQFHOHQPLúWLU��øNLQFL�
bölümde ise TL 100L ve N 388 serbest lipaz enzimleri sentezlenen (STR-DVB; STR-

DVB-GA ve STR-DVB-3*$�� YH\D� KD]ÕU� DOÕQDQ� �&HOLWH� ���� YH� VLOLNDMHO�� GHVWHN�
PDGGHOHULQH� IDUNOÕ� LPPRELOL]DV\RQ� PHWRWODUÕ� NXOODQÕODUDN� WXWWXUXOPXú� YH� JHOLúWLULOHQ�
GHQH\�G�]HQH÷L\OH�����YHULPOH�EL\RGL]HO��UHWLOPLúWLU� Mikro gözenekli polimer destek 

PDGGHVL� �]HULQH� WXWWXUXODQ� OLSD]� HQ]LPOHUL� ��� NH]� NXOODQÕOPDVÕQD� UD÷PHQ� |QHPOL� ELU�
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DNWLYLWH�ND\EÕ�J|VWHUPHPLúWLU��%XQXQ�\DQÕQGD�HQ]LPOHU�SURWHin ve aktivite analizleriyle, 

GHVWHN�PDGGHOHUL�6(0�YH�)7,5�DQDOL]OHUL\OH��VHQWH]OHQHQ�EL\RGL]HO�\DNÕWODU�LVH�*&�YH�
7/&�DQDOL]OHUL\OH�LQFHOHQPLúWLU� 
 dDOÕúPDPÕ]GD� VHQWH]OHQHQ� VWLUHQ-GLYLQLOEHQ]HQ� SROLPHULQLQ� VD÷ODP�� NDUDUOÕ��
PLNUREL\DO�DWDNODUD�NDUúÕ�GLUHQoOL�YH�KLGURIRELN�|]HOOLNWH�ROPDVÕ�KHP�JOLVHULQLQ�HQ]LPL�
LQKLEH� HWPH� RODVÕOÕ÷ÕQÕ� G�ú�UPHNWH� KHPGH� endüstriyel alanda uygulanabilir olma 

LKWLPDOLQL�DUWÕUPDNWDGÕU�� 
 6RQXo�RODUDN��HQ]LPDWLN�WUDQVHVWHUOHúPH�\|QWHPL\OH�76(1�������VWDQGDUWODUÕQÕ�
VD÷OD\DQ� EL\RGL]HO� �UHWLOPHVL� DPDFÕ\OD� X\JXQ� GHVWHN�PDGGHOHUL� VHQWH]OHQPLú�� VHUEHVW�
OLSD]� HQ]LPOHUL� KD]ÕU� YH� VHQWH]OHQHQ� GHVWHN� PDGGHOHULQH� EDúDUÕ\OD� WXWWXUXODUDN� WHNUDU�
NXOODQÕODELOLUOL÷L� VD÷ODQPÕú� YH� JHOLúWLULOHQ� GHQH\� G�]HQH÷L� LOH� \�NVHN� HVWHU� LoHUL÷LQH�
sahip katalizör� NDOÕQWÕODUÕ� LoHUPH\HQ� EL\RGL]HO� VHQWH]OHQPLúWLU�� (Q]LPDWLN�
WUDQVHVWHUOHúPH� PHWRGX\OD� EL\RGL]HO� �UHWLOPHVL� DPDFÕ\OD� JHOLúWLULOHQ� \|QWHPOHULQ�
LOHULGHNL�oDOÕúPDODUOD�HQG�VWUL\HO�ER\XWODUGD�X\JXODQPD\D�EDúOD\DFD÷Õ�NDQÕVÕQGD\Õ]� 
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EK-��<D÷�DVLGL�PHWLO�HVWHUOHULQLQ�06�VSHNWUXPODUÕ 
 

 

 

 

1. C14:0 pikinin kütle spektrumu.  

 

 

2. C16:1 pikinin kütle spektrumu 
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3. C16:0 pikinin kütle spektrumu 
 
 

 
4. C17:0 pikinin kütle spektrumu. 
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5. C18:2 pikinin kütle spektrumu.  

 

 

6. C18:1 pikinin kütle spektrumu.  
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7. C18:0 pikinin kütle spektrumu.  

 

8. C20:1 pikinin kütle spektrumu. 

 

 

9. C20:0 pikinin kütle spektrumu.  
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10. C22:1 pikinin kütle spektrumu. 

 

 

11. C22:0 pikinin kütle spektrumu.  
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g=*(d0øù 

 

 ����������� WDULKLQGH� %XUVD¶GD� GR÷GX�� øON�� RUWD� YH� OLVH� |÷UHQLPLQL� %XUVD¶GD�
WDPDPODGÕ�� 8OXGD÷� hQLYHUVLWHVL� )HQ� (GHEL\DW� )DN�OWHVL� .LP\D� E|O�P�QGHQ� �����
\ÕOÕQGD� E|O�P� LNLQFLVL� RODUDN� PH]XQ� ROGX�� ����� \ÕOÕQGD� 8OXGD÷� hQLYHUVLWHVL� )HQ�
Bilimleri EnstiW�V��.LP\D�$QD�%LOLP�'DOÕQGD�\�NVHN�OLVDQV�H÷LWLPLQL�WDPDPODGÕ��$\QÕ�
\ÕO� 8OXGD÷� hQLYHUVLWHVL� )HQ� %LOLPOHUL� (QVWLW�V�� .LP\D� $QD� %LOLP� 'DOÕQGD� GRNWRUD�
H÷LWLPLQH�EDúODGÕ� 
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7(ù(..h5 

 

 'RNWRUD�oDOÕúPDODUÕP�ER\XQFD�ELOJL�YH�WHFU�EHVL\OH�EHQL�\|QOHQGLUHQ�GDQÕúPDQ�
KRFDP�VD\ÕQ�3URI��'U��&HYGHW�'HPLU¶�H�WHúHNN�U�HGHULP� 
 8OXGD÷� hQLYHUVLWHVL� dHYUH� 0�KHQGLVOL÷L� %|O�P�QGHQ� VD\ÕQ� 3URI�� 'U�� <�FHO��
7DúGHPLU�YH�8OXGD÷�hQLYHUVLWHVL�.LP\D�%|O�P�QGHQ�VD\ÕQ�3URI��'U��1HFGHW�&RúNXQ¶�D�
ELOLPVHO�NDWNÕODUÕQGDQ�GROD\Õ�WHúHNN�U�HGHULP� 
 7H]� oDOÕúPDODUÕPÕQ� ELU� E|O�P�Q�� *HE]H� <�NVHN� 7HNQRORML� (QVWLW�V��
ODERUDWXDUODUÕQGD� \DSPDPD� L]LQ� YHUHQ� *HE]H� <�NVHN� 7HNQRORML� (QVWLW�V�� dHYUH�
0�KHQGLVOL÷L� %|O�P�¶QGHQ� VD\ÕQ� 3URI�� 'U�� %�OHQW� .HVNLQOHU¶� H� YH� oDOÕúPDODUÕP�
VÕUDVÕQGD� EDQD� ]DPDQ� D\ÕUDQ�*HE]H�<�NVHN� 7HNQRORML� (QVWLW�V�� dHYUH�0�KHQGLVOL÷L�
%|O�P�¶QGHQ�VD\ÕQ�$Uú��*|UHYOLVL�1DGLU�'L]JH¶�\H��WHúHNN�U�HGHULP� 
 8OXGD÷� hQLYHUVLWHVL� .LP\D� %|O�P�QGHQ� DUNDGDúÕP� gQGHU� $\EDVWÕHU¶� H� EDQD�
D\ÕUGÕ÷Õ�]DPDQ�LoLQ�WHúHNN�U�HGHULP� 
 Manevi desWHNOHUL\OH� KHU� ]DPDQ� \DQÕPGD� RODQ� VHYJLOL� DLOHPH� ú�NUDQODUÕPÕ�
VXQDUÕP� 
    

  

  

   

 


