
 22  

����� 3 
 

��	ก��
�������ก����������������� 
 

 3.1 �������	ก��
������� !����"#$ 
 3.1.1 �������	ก��
 
  -  Fermentor:  Biostat B , B.Braun , Germany 
  -   Analytical balance : Sartorius analytic,Gottingen, Germany 
  -  pH meter : Metler, UK 
  -  Incubator shaker : Innova TM 4900 , New Brunswick, USA 
  -  Vortex mixer : Votex-2 Genie G-560E ,Scientific Industries Inc.,  
     New York, USA 
  -  Centrifuge : Sorvall RC5C, UK 
  -  Microcentifuge : Hettich zentrifugen, D-78532, Germany 
  -  Freeze dryer : Savant Supermodulyo, USA 
  -  Spectrometer : GBC932 Scientific equipment PTY Ltd.,Australia 
  -  Gas chromatrography (GC): Shimudzu17A gas chromatrography   
                            equipped with an auto-injector and flame ionization detector, Japan 

  -  Gas Chromatrography column : OmegawaxTM250 (0.25µm X 0.25mm 
     X 30m), Supelco, USA 
  -  Larminar flow BH2000 series ClassII Biological Safety cabinets, USA 
  -  Hot air oven Model 700, Memmert ,Germany 
  -  Sonicator : Scientific ,USA 
  -  Autoclave : Tomy SS-325 , Japan 
  - Blender: Cole primer, Instrument Company, Germany 
 
 3.1.2  ���� !� 
  -  Magnesium sulphate (MgSO4.7 H2O) : Carlo Erba reagent, Italy 
  -  Dipotassium hydrogen phosphate (K2HPO4.3H2O) : Carlo Ersa reagent,    
                            Italy 
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  -  Calcium chloride (CaCl2.2H2O) : E. Merck, Germany 
  -  Sulfuric acid (H2SO4) 95-97% : E. Merck, Germany 
  -  Sodium sulphate ( Na2SO4) : E. Merck, Germany 

  -  methanol : E. Merck, Germany 
  -   n-hexane : E. Merck, Germany 
  -  Butylate hydroxytoluene (BHT) : Sigma chemical Co., USA 
  -  Heptadecanoic acid (C17H33COOH) : Sigma chemical Co., USA 
  -  Chloroform (CHCl3) : E. Merck, Germany 
  -  Polyoxyethylene sorbitan monooleate (Tween 80) : Sigma-Alrich,  
     Germany 
  -  Urine Reagent Strips : Teco DIAGNOSTICS, Netherlands 
  -  glucose commercial 
  -  Glucose liquicolor : Human, Germany 
   
 3.1.3 ��'�����(���#)(� 
  -  Yeast  extract : Becton, Dickinson & company Sparis, USA 
  -  Potato dextrose agar (PDA) : Becton, Dickinson & company Sparis,    
                            USA 
 
3.2 ���*����
���������
 

EFGHIJKLMNLOPJQRSGMQSTUVWUJกFRYZก[F \]^ RFEFGHIJKLM Mortierella sp. BCC2863 _ àJEFG
HIJKLMQSTbcWNFกYdJGMHIJKLePYeกRRfgOh_Q\iJiOGSVSejFHgklmVFnP  _กopRIก[FUJ^FkFR_OSqGm_V]q^ 
Potato dextrose agar slant (PDA slant) _กopbeWQST L̂rkjdfP 4 ^mYF_sO_sSGE gOhQtFกFR_`OSTGJ
^FkFR _OSqGmpJ^FkFRUkfl QLก 2 _c]^J 
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3.3 �� 
	��ก��+����'�����(���#)(� 
 UJกFR_nRSGf^FkFR gplm_ àJ  2 EleJ  \]^ 
     EleJQST 1 `Rhก^pcWeG ( `RPfFrnl^ 1 OPnR) 
  -  Yeast extract  10 กRIf 
  -  MgSO4.7 H2O  0.5 กRIf 
  -  K2HPO4.3H2O   4 กRIf 
  -  CaCl2.2H2O   0.1 กRIf 
JZTmulF_V]q^QST L̂rkjdfP 121 ^mYF_sO_sSGE \eFfcIJ 15 `^JcMnl^nFRFmJPqe _ àJ_eOF 15 JFQS 
  EleJQST 2  กFR_nRSGfกOdi\EQST\eFf_vWfvWJnlFmw JZTmulF_V]q^QST L̂rkjdfP 110 ^mYF_sO_sSGE 
\eFfcIJ 15 `^JcMnl^nFRFmJPqe _ àJ_eOF 15 JFQS 
 
3.4 �-������"#$"�ก�����(���#)(� 
 3.4.1 ก��./ก0�'��-���ก�����(������'!���!12�ก������3�1��41+�� Mortierella  
                  sp. BCC2863 ���ก��;��1 ARA 
 
   3.4.1.1 ก��./ก0��*)��'���������'!���!"�ก���1���!'���#)(�����!1$�"�ก�����(����  
                     Mortierella sp. BCC2863 
 กFRQcO^mUJEleJJSqNhQtFกFRQcO^mUJvec_vGlFvJFc 250 fPOOPOPnR QSTfS^FkFR_kOe 50 
fPOOPOPnR  icGfSvIqJn^JUJกFRctF_JPJกFRePNIG cImJSq 

1. กFR_OSqGm_V]q^UJ^FkFRgvom (stock plate) 
QtFกFR_OSqGmRFEFGHIJKLM Mortierella sp. BCC2863 UJ plate (sterilize plate) gOhvec

_vGlF`RPfFnR 250 fPOOPOPnR QSTfS^FkFR_kOe PDA (potato 4 กRIf/OPnR dextrose 20 กRIf/OPnR 
agar 15 กRIf/OPnR)`RPfFnR 50 fPOOPOPnR icGQtFกFR_OSqGmQST L̂rkjdfP 25 ^mYF_sO_sSGE _ àJ_eOF  
5 eIJ 

2. กFRYZก[FkFePKSQST_kfFhEfUJกFR_nRSGfkIe_V]q^_RPTfnWJ fS 3 ePKS cImJSq 
ePKSQST 1) nIcVPqJeLWJNFก stock plate vJFc 1x1 nR.sf. EIpUkWOh_ ŜGc _OSqGmUJ^FkFR_OSqGm   
           _V]q^`RPfFnR 50 fPOOPOPnR 
ePKSQST 2) _OSqGmnFfePKSQST 1 _ àJ_eOF 2 eIJ gOWeJtFfF ỳzJOh_ ŜGcicGUVW_\R]T^m ỳzJ (blender)  
           JFJ 2 JFQS NFกJIqJJtFkIe_V]q^`RPfFnR 2.5 fPOOPOPnR kR]^ 5% (icG`RPfFnR) {lFG  
           OmUJ^FkFR_OSqGm_V]q^`RPfFnR 50 fPOOPOPnR 
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ePKSQST 3) _nRSGf stock plate UJvec_vGlFvJFc 250 fPOOPOPnR _nPf glass bead gOh 
           JqtFกOITJ 20 fPOOPOPnR _OSqGmpJ_\R]T^m_vGlF\eFf_RoeR^p 200 R^pnl^JFQS L̂rkjdfP    
           25 ^mYF_sO_sSGE _ àJ_eOF 1eIJ NFกJIqJJtFkIe_V]q^`RPfFnR 2.5 fPOOPOPnR kR]^  
           5% (icG`RPfFnR) {lFGOmUJ^FkFR_OSqGm_V]q^`RPfFnR 50 fPOOPOPnR 
icGkIe_V]q^QSTbcWNFกQIqm 3 ePKSNh{dก_OSqGmUJ^FkFR_kOeVJPc GY (glucose 30 กRIf/OPnR 

Yeast extract 10 กRIf/OPnR MgSO4.7 H2O 0.5 กRIf/OPnR K2HPO4.3H2O  4 กRIf/OPnR 
CaCl2.2H2O 0.1 กRIf/OPnR) icG_กopnIe^GlFmQLก 12 VITeifm _ àJ_eOF 4 eIJ gOhgnlOhVlem_eOFNh
QtFกFR_กopnIe^GlFm 2 sqtFNJกOdi\EUJ^FkFR{dกUVWNJkfcNZmGLnPกFR_OSqGm JtFnIe^GlFmQSTbcWfF
eP_\RFhkMJqtFkJIก_sOOMgkWm \eFf_vWfvWJv^mกOdi\E gOheP_\RFhkM`RPfFr ARA _O]^กePKS_nRSGfkIe
_V]q^QSTUkWJqtFkJIก_sOOMgOh`RPfFr ARA EdmQSTELcEtFkRIpกFRQcO^mnl^b` 
 
 3.4.1.2 ก��./ก0������*�+�� 2� ��!�	>�ก���2�� (pH) +����'�����(���#)(�12�  
                   ก������3�1��41���ก��;��1 ARA  
 JtFkIe_V]q^QSTbcWNFกกFR_nRSGfUJkIevW^ 3.4.1.1 _OSqGmUJ^FkFR_OSqGm_V]q^QSTfSกFR`RIp\lFHS_^V
nlFmwกIJ \]^ 5,6,7gOh 8 nFfOtFcIp icGUVW^FkFR_kOe GY (glucose 30 กRIf/OPnR Yeast 
extract 10 กRIf/OPnR  MgSO4.7 H2O 0.5 กRIf/OPnR K2HPO4.3H2O 4 กRIf/OPnR CaCl2.2H2O 0.1 
กRIf/OPnR) icG_กopnIe^GlFmQLก 24 VITeifm _ àJ_eOF 6 eIJ gOhgnlOhVlem_eOFNhQtFกFR_กopnIe^GlFm 
2 sqtF JtFnIe^GlFmQSTbcWfFeP_\RFhkMJqtFkJIก_sOOMgkWm \eFf_vWfvWJv^mกOdi\E gOh`RPfFr ARA 
  
     3.4.1.3 ก��./ก0������*�+�����'-B!����!�;�12�ก������3�1��41���ก��;��1    ARA 
 JtFkIe_V]q^QSTbcWNFกกFR_nRSGfUJkIevW^ 3.4.1.1 _OSqGmUJ^FkFR_OSqGm_V]q^QST L̂rkjdfPnlFmwกIJ 
\]^ 20,25 gOh 30 ^mYF_sO_sSGE nFfOtFcIp icGUVW^FkFR_kOe GY (glucose 30 กRIf/OPnR 
Yeast extract 10 กRIf/OPnR MgSO4.7 H2O 0.5 กRIf/OPnR K2HPO4.3H2O 4 กRIf/OPnR 
CaCl2.2H2O 0.1 กRIf/OPnR) icG_กopnIe^GlFmQLก 12 VITeifm _ àJ_eOF 5 eIJ gOhgnlOhVlem_eOFNh
QtFกFR_กopnIe^GlFm 2 sqtFNJกOdi\EUJ^FkFR{dกUVWNJkfcNZmGLnPกFR_HFh_OSqGm JtFnIe^GlFmQSTbcWfF
eP_\RFhkMJqtFkJIก_sOOMgkWm \eFf_vWfvWJv^mกOdi\E gOh`RPfFrกRc ARA 
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 3.4.2  ก��./ก0������*�+����'�� ��
��� ( C-source) �����'��H�41����  
                  ( N-source) "���'�����(���#)(�12�����3�1��41���ก��;��1 ARA 

กFRQcO^mUJEleJJSqQtFกFRQcO^mUJvec_vGlF _H]T^YZก[F_p]q^mnWJ{Zm\eFfEFfFR{UJกFR
UVWEFR^FkFR\FRMp^JgOhbJinR_NJUJกFR_NRP|_nPpingOhกFR}OPnกRcbvfIJbfl P̂TfnIev^mRF_H]T^
QcgQJกFRUVWกOdi\E 

 \FRMp^JQSTJtFfFUVW bcWgกl glucose , sucrose , glycerol \eFf_vWfvWJ 30 กRIf/OPnR   
starch , sunflower oil , soybean oil , palm oil gOh by product NFกiRmmFJJqtFfIJsZTm
`Rhก^pcWeG oleic oil , distilled oil gOh crude lecithin \eFf_vWfvWJ 10 กRIf/OPnR UJกFR
QcO^mNhgGก_nRSGf stock v^mgkOlm\FRMp^JnlFmw gOWe_nPfOmUJ^FkFR_kOeQST_nRSGfbeW fS
^m\M`Rhก^p\]^ Yeast extract 10 กRIf/OPnR MgSO4.7 H2O 0.5 กRIf/OPnR K2HPO4.3H2O 4 กRIf/
OPnR CaCl2.2H2O 0.1 กRIf/OPnR  tween 80 1 กRIf/OPnR  _กopnIe^GlFm_f]T^_OSqGm_ àJ_eOF 4 eIJ gOh
gnlOhVlem_eOFNhQtFกFR_กopnIe^GlFm 2 sqtF JtFnIe^GlFmQSTbcWfFeP_\RFhkMJqtFkJIก_sOOMgkWm gOh
`RPfFr  ARA 

bJinR_NJQSTJtFfFUVWUJกFRYZก[F \]^ yeast extract , brewer yeast , MSG , (NH4)2SO4 

,NaNO3 , NH4NO3 ,urea \eFf_vWfvWJ 10 กRIf/OPnR gOh UJ^FkFR_kOeNhJtFgkOlmbJinR_NJ
VJPcnlFmw UElRlefกIp^FkFR_kOeQSTfS glucose 30 กRIf/OPnR  MgSO4.7 H2O 0.5 กRIf/OPnR 
K2HPO4.3H2O 4 กRIf/OPnR CaCl2.2H2O 0.1 กRIf/OPnR _กopnIe^GlFm_f]T^_OSqGm_ àJ_eOF 4 eIJ gOh
gnlOhVlem_eOFNhQtFกFR_กopnIe^GlFm 2 sqtF nIe^GlFmQSTbcWfFeP_\RFhkMJqtFkJIก_sOOMgkWm gOh`RPfFr  
ARA 

 
  3.4.3 ก��./ก0� ��!�+$!+$�+���(��1��ก�B4 �����'!���!12�ก���1��41���ก��  

        ;��1 ARA   
UJEleJJSqNhQtFกFRQcO^mUJvec_vGlF icGUVWกOdi\EQSTRhcIp\eFf_vWfvWJRhkelFm 15- 90 

กRIf/OPnR icG_nRSGf^FkFR_kOe GY ( Yeast extract 10 กRIf/OPnR MgSO4.7 H2O 0.5 กRIf/OPnR 
K2HPO4.3H2O 4 กRIf/OPnR CaCl2.2H2O 0.1 กRIf/OPnR) gOWe_nPfกOdi\EOmb`UkWbcW\eFf_vWfvWJ
nlFmw _กopnIe^GlFmQLก 12 VITeifm gOhgnlOhVlem_eOFNhQtFกFR_กopnIe^GlFm 2 sqtF NJกOdi\EUJ
^FkFR{dกUVWNJkfcNZmGLnPกFR_OSqGm JtFnIe^GlFmQSTbcWfFeP_\RFhkMJqtFkJIก_sOOMgkWm \eFf_vWfvWJv^m
กOdi\E gOh`RPfFr  ARA 
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3.4.4 ก�����(��"�J��'!�ก+��� 5 ��1��*)���*��!	��!���L��
��� ARA 
 QtFกFR_OSqGmUJRhppกFRkfIกgpp batch icGUVW^FkFR_kOe  GY  `Rhก^pcWeG 

glucose 60 กRIf/OPnR Yeast extract 10 กRIf/OPnR  MgSO4.7 H2O 0.5 กRIf/OPnR K2HPO4.3H2O 
4 กRIf/OPnR CaCl2.2H2O 0.1 กRIf/OPnR  {lFGกOWF_V]q^NFกvec_vGlFNtFJeJ 150 fPOOPOPnR  kR]^ 
5%( icG`RPfFnR) OmUJ{ImkfIกvJFc 5 OPnR QSTfS^FkFR GY 3  OPnR EjFeh\ep\LfUJ
กRhpeJกFRkfIก sZTmbcWgกl L̂rkjdfP, ÎnRFกFRUkW^FกFY, ÎnRFกFRกeJ cImJSq 

 L̂rkjdfP      25 ^mYF_sO_sSGE 
  ÎnRFกFRกeJ   500 R^p/JFQS 
  ÎnRFกFRUkW^FกFY       1 OPnR/OPnR.JFQS 
_กopnIe^GlFmQLก 12 VITeifm _ àJ_eOF 144 VITeifm gOhgnlOhVlem_eOFNhQtFกFR_กopnIe^GlFm 2 sqtF 
NJกOdi\EUJ^FkFR{dกUVWNJkfcNZmGLnPกFR_HFh_OSqGm JtFnIe^GlFmQSTbcWfFeP_\RFhkMJqtFkJIก_sOOM
gkWm \eFf_vWfvWJv^mกOdi\E gOh`RPfFr ARA 
 
 3.5 ����ก����� ���'
12��M 
 3.5.1 ก�����ก������3�1��41+���#)(� 

kFJqtFkJIก_sOOMgkWm icGJtFnIe^GlFmQSTbcWUJgnlOhVlem_eOFfFQtFกFRกR^mcWeGกRhcF[
กR^m ( Whatman no.1) gOWeNZmQtFกFROWFm_sOOMQSTbcWcWeGJqtFกOITJ 2 \RIqm_H]T^OWFm^FkFR_OSqGm_V]q^
^^กNFก_sOOMNJkfc gOWeNZmJtFb`QtFgkWmicGUVW_\R]T^m freeze dryer _ àJ_eOF 2 eIJ NJJqtFkJIก
_sOOM\mQST 

3.5.2 ก����� ���'
 ��!�+$!+$�+��ก�B4 � 

JtFEFRnIe^GlFmEleJJqtFUEQSTbcWNFกกFRกR^mfFQtFกFR_N]^NFmUkW_kfFhEfgOWeeP_\RFhkM
\eFf_vWfvWJกOdi\E icGUVWePKSQcE^pcWeGEFROhOFG Glucose liquicolor ( Human) icGUVW
กOdi\E_ àJEFRfFnR�FJ EFROhOFG Glucose liquicolor _ àJกFRQtF`�PกPRPGFv^m_^JbsfM 
glucose oxidase gOh peroxidase nl^EFROhOFGกOdi\E 

3.5.2.1  ��������� ��!�+$!+$�+��ก�B4 � �$���������� Glucose liquicolor  
             fSvIqJn^JcImJSq   
1) �̀_`nEFROhOFG Glucose liquicolor  0.5 fPOOPOPnRgOhJqtFกOITJ  0.5 fPOOPOPnR  
     }EfUkW_vWFกIJ 
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2) �̀_`nEFROhOFGnIe^GlFmkR]^EFROhOFGกOdi\EfFnR�FJ 10 bfi\ROPnR OmUJ 
    EFROhOFGQST_nRSGfbeW }EfUkW_vWFกIJ plfQST L̂rkjdfPkW^m_ àJ_eOF 10 JFQS 
3) JtFb`eIc\lFกFRcdcกO]JgEmQST\eFfGFe\O]TJ 500 JFiJ_fnR (OD500) icGUVWJqtFกOITJ 
    _ àJ blank 
4) กFRQtFกRF�fFnR�FJ (standard curve) UVWกOdi\E_ àJEFRfFnR�FJ icG_nPfEFR 
    OhOFGกOdi\EQST\eFf_vWfvWJnlFmw OmUJEFROhOFG Glucose liquicolor gOWe}EfUkW   
    _vWFกIJ NFกJIqJQtFePKS_cSGeกIJกIpnIe^GlFm 
6) JtF\lFกFRcdcกO]JgEmb`_QSGpกIpกRF�fFnR�FJ_H]T^kF\eFf_vWfvWJv^mกOdi\EUJ   
    EFROhOFGnIe^GlFm icG\tFJerNFก 

\eFf_vWfvWJv^mกOdi\E(กRIfnl^OPnR) = ( OD.500 nm) x ÎnRFกFR_N]^NFm 
                \eFfVIJv^mกRF�fFnR�FJ 

 
3.5.2.2 ก���1���!��������ก�B4 �!�1�R�����ก����$��ก��S!�1�R��  
            ก�B4 � 

 _nRSGficG_N]^NFmEFROhOFGกOdi\ENFก\eFf_vWfvWJ_RPTfnWJ 5 กRIf/OPnR UkWbcW\eFf
_vWfvWJ 1 กRIfnl^OPnR gOWeNZm_N]^NFmnl^UkWbcW\eFf_vWfvWJVlem  0 � 1 กRIf/OPnR cImgEcmUJnFRFmQST 
3.1 cImJSq 
 

1������� 3.1 
nFRFmgEcmกFR_nRSGfEFROhOFGกOdi\EfFnR�FJ \eFf_vWfvWJ 0-1 กRIf/OPnR 

 
 กFR_N]^NFm \eFf_vWfvWJv^mกOdi\E  
kO^cQST EFRfFnR�FJ (µl) JqtFกOITJ (µl) ( mg/ml) OD 500 nm 

1 0 40 0 0.012 
2 10 30 0.25 0.100 
3 20 20 0.50 0.184 
4 30 10 0.75 0.281 
5 40 0 1.00 0.359 

 
 



29 

 

�B	��� 3.1 
gEcmกRF�fFnR�FJEFROhOFGกOdi\E EtFkRIpePKSQcE^picGUVWEFROhOFG 

glucose liquicolor 

          
NFกกRF� NhbcWEfกFR v^m Standard curve \]^  y = 0.35x + 0.012 
 
3.5.3 ก����� ���'
ก��H+!�� 

 JtF_sOOMgkWmQST bcWfFVITmJqtFkJIก 50 fPOOPกRIf UElUJkO^cEกIcNFกJIqJ_nPf Internal 
standard (heptadecanoic acid (C17:0)) `RPfFr 100 bfi\ROPnR gOh 5% H2SO4 UJ MeOH 
`RPfFr 2 fPOOPOPnR }EfUkW_vWFกIJgOWeJtFb`plfUJ water bath QST L̂rkjdfP 90 ^mYF_sO_sSGE _ àJ
_eOF 1 VITeifm QPqmUkW_GoJ NFกJIqJ_nPf hexane 1 fPOOPOPnR gOh JqtFกOITJ 1 fPOOPOPnR nFfOtFcIp}Ef
UkW_vWFกIJQPqmbeWUkW_กPcกFRgGกVIqJgOWeNZmcdcVIqJ hexane (EleJpJ) HRW^f_nPf Na2SO4 NFกJIqJNZmcdc
EleJUEUElUJkO^cEtFkRIpeP_\RFhkM  gas chromatography (GC) cWeG_\R]T^m gas 
chromatography (GC) (SHIMADZU) sZTm`Rhก^p\WeG\^OIffM OmegawaxTM250 fused silica 
capillary vJFc 30 _fnR X 0.25 fPOOP_fnR (Supelco,USA) gOh AOC-20i Auto injector EleJ 
detector _ àJVJPc flame ionization detector (FID) icGกFRQtFmFJv^m_\R]T^mNhกtFkJc L̂rkjdfP
QSTgnกnlFm cImJSq L̂rkjdfP injector \]^ 250 ^mYF_sO_sSGE EleJ L̂rkjdfP detector \]^ 260 
^mYF_sO_sSGE gOhUVW�S_OSGf_ àJ carrier gas QST\eFf_Roe 30 _sJnP_fnRnl^ePJFQS EleJ L̂rkjdfP
\^OIffM \]^ 200 ^mYF_sO_sSGE _ àJ_eOF 10 JFQS NFกJIqJ_HPTf L̂rkjdfP_ àJ 230 ^mYF_sO_sSGE
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_ àJ_eOF 12 JFQS NFกJIqJeP_\RFhkMvW^fdOv^m chromatogram (HS\) QST`RFก�_`RSGp_QSGpกIp
RhGh_eOFQST`RFก�}OHS\v^mกRcbvfIJfFnR�FJ ( fatty acid methyl ester standards  
( No.189-19 : from Sigma))  
กFR\tFJFr\lFกRcbvfIJ 
- EIcEleJv^mกRcbvfIJUJกRcbvfIJQIqmkfc (FA/TFA)  =  (H]qJQSTv^mกRcbvfIJ x 100)  
                H]qJQSTQIqmkfc 
- กFR\tFJerกRc^hRF\PicJP\nl^JqtFkJIกgkWm (%ARA/DW) 
 % ARA/DW = (      H]qJQST C20:4      ) x (   JqtFkJIก internal std.     ) X 100 
                       H]qJQST internal std.         JqtFkJIกgkWmv^mnIe^GlFm                
 

- กFR\tFJer`RPfFr^hRF\PicJP\ ( ARA concentration ) 
           ARA concentration = ((% ARA/DW)xJqtFkJIกgkWmUJkJleGกRIf/OPnR))x1000 
      100 


