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l.td, lbk~,o, Ja~nL Ct.ln+hdd rugo.stt lipa~e ~|.ipa.-,,c.OF, Meltt~ 
Sangyo Co. Lid.. A+chi. japam. R drl~mar lipa_sr ITa hpase; 
"ran~tl'~ .~r Co. LId.. Cb;aka. )ai"~n L 

/-:r:, 't,m,tion -/.'_~ter_~ ~m/~'eC/am. ,cid.~ f/-/-71 ! m rt~c- 
titm m~xtun'. Esim'~, i.glyc:enck'n and lauryl estclxl and lau~t  
ak'oho~ +qte ~xmK:tcd u~ith |(X) rnl, t~+hexa=~ after adding 70 
ni l  t~f (}5 N KOI! (30q elhallo-[ xOtUtitmt into 5 g of lr 
mtxl~rc |-'t:A tt~ 1|~ ~-+l+r ph;t~,~ v~-r ~xlTar v,+lh II[~) tn[,  

n-hexanr  ~flct +idlf; ,r  '~ith IICI iS). 
.4md~_++_+ l.ipa~.e actixny ,,~a,+ mea,~ured by titralin$ f+tty 

acid', liberated :F~un olive oil l.~'+ako PIJ~ Uheml,~al) ~ l h  O_t)~ 
N K()If a~ de,r  p~vlousl} t21) Fhe rcaelmn v, as car- 
twd ,ut  at ::lS"C |'tar .It) rain ~,tth stming at 5rio rpm. l)ntt unit 
l l ! t  ol lipasc :,ct=~il.~ ,;,,.as defined an the atn~mm of enzyme 
thai lily,crated I ~n~ti of (aft,, a~.'nd l~.'r minute 

Fatty rtr v.etr methylated :t~ IgO:C in 5+~ - !t('l-r 
fnr 3 h. and ;-malyrcd with a F{e~lcte-Packard 58t~+ plux gas 
chromatograph ( A~ondalc. PA) ,.'onnr162 Io a D B  2 ~ uapil- 
l a d  r tO.2.~ m m x  30 m, J& W 5r i:oL,~,t~, CA) 
:e, @scribed p=e',.=~msly {2()~. 

kistty a<.td .ffw+ ~citv +~/ til~t.~+" m t,ydmtv.Ct. E,,aluattun of 
fatt) acid ,,l'~'C~ficit) ot lipase+, in h)drol~~,i,, ,~a,, earned out 
u~in~ the randomly meete~tcrified oil +1,+ a sub,,trate < I I.171. 
The raadontly inleresterllied o|1 was pn~pared by the c~,mven.- 
|ionai mlcrr o4 w,,eral triglyeeride~ m, mg Na- 
meth.~lale as a cataly';l acc~.dmg to the I1ft2'~ioo~. paper 

I t,22). A reaction mixture ccmlaming I g ~+f Ihr interesteri. 
ficd oil, 3 m [  of ~atcr, anti IOO I..! t~f [lpili~e ~'i.'as incubated at 
3~"C wnth s t imng at r-~) zpm for 30 rain -'%flet the hydtol)+ 
�9 ,is. the FFA Jracm+n v, an extracted t~th n.he~anc+ and its 
fate) acid contt~sititm was artatyr The activity oll a fatl~ 
a~id r (,41~ a) t~a., expres~Ld i~r tn }-Xluitlinn I. 

v,.hetr ['ff~ and k,,+ ate the conical ImoY} l ol p-~,rtieuhn" lit D 
;.K:id m the }-YA fr,~'tion afw+ hydrt+l)si~ and in the mletester- 
itied m[ hr hydroly~i~, rc,[~cliv~ly. 

~w~-i~ ~l~-r Ixr~,~c oil ~a.~ h vda,l~ z~l ur~k-r the fl~lfo~ing 
r A mixtu+c of 3 g k'~q~e oit, 2 g v,-aler+ and $Cg)O U 
hpa~ ~,a~ mcubmWd ,it 35 C with ~titrm~ al _~t q~m lot 2.1 h 
TI~,. h)-dmly,.i~ e~.I~,lll ',~-:L,. calct=lat~,i |~m~ IlK* acid value of thr 

After the hydrol)su% l:l}cctt@s + e ~  removed hy extract 
Jrlg mith t+..hexane, anti Ihen FFA me+e extracted frcmt the 
~;11r f~a~- ~i|h n, he~a~" alter tt~Rur~in~ it {o acidic pll, "l~e 
K",ulung FFA ~,,'r~ named ~>tage-l"FA and tt~'<| for the ~h. 

~?ation ,~}f boragc-FY,+~, wa~ t a m e d  out acc't~tding |o the pte~ i- 
ous paper ~20t. :S m;xtur~ of 4 g botage-Ft':A/lauryl Mcoh~l 

1:2, .uq/m~ll. I ~ v~tcr, and IlXX} i t Rh+mpu.~ hpa~ wa.~ tn- 
etnhatrd a~ ~(+; C lor 2{) h ~,~h xtirting ~l 5t'~) r p m  The re. 
['),q,tted t.'stCftfi~datltm ~il,'g conducted under the ~ame ctmdi+ 
lion~ u~ing FFA obtained fr,~m the ~ingtc ~acl ion a,. a sub- 

+,irate I'he acid val~r b,cfore a~d after the reactions were 
nwa~ured by t~lraling wilh I.O N KOH. and the e,;lerification 
extent ~a', eak'utated on the basi~ of the amount of  Fall)' acid 
Ct~13*~Umed ttt~rlfl~! Ihq I~e~ctp~(1 

RESULTS 

Itpa~e~ are cl~mfied inlo t%.e families of Str 
P.~eudom+ma.< crp~r P.~e.dr.m~m.~ .l~tore.sr en.~, C~ndid., 
and Rhi;opu.~ lJl~e~, on the ha~i~ of |heir primary -~Im~'lUtC~. 
l.ipa~ m the sarn~ family were pm~h~'e4 h~ the siwilar pro- 
duclio|t mt~hanism, a+~d their tcrt=a D ~,tmclurr I'v~mhled 
each olher in ;~tditmn. d'~y also I p < ~  slmfl.~r pmpcn~r 
c g .  ta=~y acid aid l ~ m m a l  ~l'~'ificitic~, tt'~ cqudibrmm of 
hydmly,,~ m~ r162 ~nd ,,u cm + 23,24). Sitwe commer- 
c'tal ljpa~.+,~ l~etong to rE" t ~  Iamfl~e~ of t',~u,h~,r~,m~t crr~- 

c~'h family and tl'~t rally t~id ~ix'cil~'ily m hydrolysis '~as in- 
ve,,ug.eed tl:itt, l~. It ~s ,,,.1:11 krt0~.n t~at t ipa~s generally act 
o~ PI.+F7,, ~,eakty (25,26). a~ ~r~m,;l~tted h): C ruR~*.&~ and R. 
deh.'nu+r |ip~L~<s. ( ~  the c<mtrar'y, ~,tm'e P 4~trURueo.sa l i p ~  hy- 
dr,.d).led tbc ester bond of GI..A ,,mmgly, borage ml ~as h~- 
dnt[yztxt with ~veral Pte.&m;.nu_~ lipi~'s. As ~h,[wr itt [i!blr 
I, all Ptt, ud+.n~mn_~ l i i ~ ,  v.r round to hydmtyze the GI_A 

c~mtenl of tt'~e I-'FA Iraclttm ~as the ~me ~c~, that of II~c otlginal 
oil (22.2q 9. tiowevet, the hydrol~six e'~tenl h~," P~eu&,m~ma~ 
,~p. K'~'t-56 l ipa~ t~a.+, t~nt)- .t;5'~, at'~d that hy I'.~rud~m~m~t.~ ~ .  
lipa~ (t..IF~.)SA M) @ ~ e d  the highest hydrulys+s r (87~ ") 
and ( iLA rct-ot:e~ tSqtg-L Therefore, the hpa~e. LIP()SAM+ 
~,.a~ *ck\:led ac, d ~ e d  t~r ttw following e,~pe~n~:nt. 

Sew'rid [,zct~,r.~ i~ffectm,r h)dn,ly~'~.s ,r od. Becau~ 
LIPOS.~M hydrol) led the extr ~ m d o t  GLA as ,~II as Iho~  
ot the r con~tituent fatD acid.~, (iI ,A can be effectively 
recovep:d in t l~ I~-~A f~ ' t ion by hiF.her bydrutysts extent. So, 
~cveral l+autt+rs affecting h)druly,.is r I-s~rage oil wc~e e~an+- 
il3r It+ lil~,.~ (+tlt the o~ifflUm cot~dititm~. 

figure 2 ~ho~,,, tl~ r ~f r an+,~m on the hydml. 
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TABLE 1 
Hydrolysis of Borage Oil by Several Pseudornona~ I_ipases a 

Cotltenl Recovery 
I~]ydr[)lysis (~ GI_A" of GLA 

[ rl zy: r l le  n 1 , Y+,, f t.",,'I' ~ ,  I U +,G .I 

Pseudomonas aer ~ 80_q 22 ,q 83,5 
Pseuclomonas sp+ KWt-SG a 35.4 21 _++ 54,4 
Pseudr ;monas  s~.  +. 79_.~ 23  .O ~:~ 2 .2  

Psc.udon+rma5 sp .  r 87.3 2 2 , 7  8q. ~, 
(2~rr~r~lohacterium visc~)ydnT, r 7 7 , 3  22 2 77.~, 

" [ h e  mixture conta in ing 3 g nr be,age oH, 3 ,q ,31 wale~, anct 6[)D(J LI of li- 
paso was stirred t500 rpmi at 3'UC for 16 h. 1-he y-t inoleni~ a~ld (C;I A) r.on- 
tent (# b(~rage oil '.*.'as 2 2 , 2 % ,  

tqhe c:r~ntent of  GI.A in the free laity acid fla( tinfl.. 
'iPL.; Toyoi~r~ t:r>., Lkt., Osaka, [apan. 
dKurita Water Ind., t.l(I., Tokyo, lapan. 
"1 it)asi!-AK (Amann I'harnnaceutical (o . ,  I.td, Akh i ,  JapanL 
~t IPOSAM {Sh,~;',..,.,,] I;enkr~ K.K., "[nkyn. lapan) 
~Same .is P. ~]tJ~t],+l+. 

ysis extent of borage oil. When the lipasc amount was below 
500 L!fg of  reaction mixture,  the hydrolys is  extent was ele- 
vated with increase in the alnount of enzyme. ] 'he hydrolysis  
extent was not so increased even though unore ,'tlllOt.ltl[ Or" eli I 
zyme was used, and reached 94.59~ with 200(} U/g or  reaction 
mixture. 

The effect of water content on hydrolysis of borage oil was 
examined using lOOt) U of lipase per I g of  reaction mixture as 
a catalyst (Table 2). Borage oil was hydrolyzed elTectivcly at 
the water content or40 to 5o~/0, and the hydrolysis reaction w'as 
8 5 ~  complete. Since lipa~e catalyze.,, nr~t only hydroly.~i~ but 
also cst~rillcatkm simuhanec;usly, large a[llOtElls ~.}-f w~.ttcr ;_ire 
necessary to shift the equilibrium to Inydrolysis. However, when 
hydrolysis was conducted in the rnixtt~re contaiulillg more than 
?0% of  water, hydrolysis was decreased. This phenomenon 
may be explained by the decrease of  hydrolysis rate. which ix 
attributed t~ the low enzyme concentratiolt m the water phase 
due to the targe amount of water. Actually, when the reactmn 
was extended to 72 h. the hydrolysis  leached 91.39~. In addle 
lion, when 0.5 g el-oil was hydrolyzcd in a mixture r163 
4.5 g of  water and t5,000 1_) of the lipase, the hydrolysis after 
16-h  rcaction was clcvated to 90.5%. 

Bcmtgc (~il was hydrolyzed at a tern+ 

TABLE 2 
Effect of Water Content on Hydrolysis of Borage Oil 
with Pseudoraonassp. I_ipase (LIPOSAM) ~ 

Water Conlenl Recovery 
content Reaclion mixture Hydud~,sis of [ ; i g  ~' of GIA 
[%>) ( ) [ I  gn 'k,V,ater ng,~ !%d I",GI ':"~nJ 

20 4.f l  1 .U 71_3 22_2 71. ~, 
311 ] +5 I ,S 81 _2 22_4 81 _tj 
' l i t  3,0 2 ['; 8,b,9 22_5 8i;.1 
5 0  2..5 2 . 5  8 5 ,  1 22 ,(1 ~3b. (~ 

7 0  1.5 3 . 5  51 .tl 2 2 . 3  5 1 . 2  

qO (),5 4.5 4 2,q 2 2.5 4 ~,.5 

'~rlnu re~l~I i l l~  Wd~ c a r r i v d  G'LJl ,1[ .]'~:'(_ ,with 5f;'(}t) [J u l  J i p a s v  k>r I ~ h. F~)r 

m , m t f f a c l u r e r  see Tab le  1. 

S~'he c o n t e n t  o f  GLA in Ihe  [rt:-i:- [a l t y  0. l id  r l a t f i o n ,  get, Tal>k, 1 It~r al>l)revi- 
,lli['.)tl aF,(~ I. or'r l [Jdrly ~,uurcl ' .  

pcrature between 30 and 55~C (Fig. 3). The hydroly:, is extent 
at'ten" 3 h was somewhat  k~w al 30~C. but d id not change at 
above 35~ Furthernmre, lhe extent after 16 h was not so af- 
t'ected by the reaction lemperatun'e. From these results, the ~.)p- 
l ima]  condi t ions ror the hydro lys is  o f  borage o i l  were deter- 
n'dned ;.is tblk~ws: A ir~ixtljl'e or  3 g borage oi l ,  2 g Wl.ttr21, and 
50(10 U L ] P O S A M  was incubated at 35~ with sdrn-ing at 5(10 
rp111. 

Time c+mr.+'e qf hydr+dysL+' +!f bora+e +,d. Fitmre 4 ~hows :_t 
typ ica l  t ime course e l  hydro lys is  o f  borage o i l  v,,tth L I -  
POSAM.  Hydro lys is  proceeded rap id ly  unti l  7 h. ai:d t11r r215 
tent d id trot increase much after 24 tl. be ing 92rTr �9 a l ter  50 h 
(Fig. 4A) .  The ral ly acid COlltell[~, Or  the FFA f rac l ion  are 

shown ill F igure 4B. ] 'he contents o f  pa lm i t i c  acid IPA}  and 
stcaric acid (.SA: data not shown) increased a l i t t le at d~e carl,, 
stage or  the hydro]ysb,,  but Ihe contents a f  al l  fatty acids o f  
tim F[ 'A I'ract{on approx imate ly  ngrced ~.ith theh- contents or 
borage o i l  af ter  l0  It. These results showed that I+ IPOSAM 
hydmlyzed the ester bonds of all the constituent fatty acids at 
nearly Ehe salne rate. al though the hydmlysi , ,  rates of  ester  
bonds of  PA and SA wcrc a little higher  than tho.,,e of  the 
other ratty acid C S I c I  bonds. From these results, hydrolys is  
was carried out [br 24 h, and tile resulting l)tty acid mixture 
(borage-FFA) was used 0.s a. sta.T'til;~ l"naterial Ik~r ~,clectivc es- 
tcrilication with lauryl alcohol. 

Selective ester!/icali+m q/'b~.'age-Ff'7~ a'ifl~ R. dclemar li- 
pa.~c'. The purification of GLA was allenllpted by selective es- 

FIG. :2. FfR'ct of ~srt,~unt u~ t@vudomonas :p. lipasv d_IPOSAM: 5howa 
J)ellkfl K.K,, Tokyo, lapan) c m hydrolysis c+i horagc oil, A mixture corn- 
raining 3 g of Imra~e uil, ~, ,g ~1 w,m,', and v4rhms ,mnmrlt <)i lipase was 
slirred at LS~ for 16 h. 

FIG. 3. [:fP~'.t.I tfl lernFJ<'ra;uru on hydrolysis un M,a~e (>il wilh 
Pseudom~,ta~ sp. lipas~, (I K)SA, MI, 'IF, H,~drulysis l<+r 3 h; O, h~,dmls- 
s s for 16 h, See l-igurc. 2 IcJ+ ~ mnp.my s~uru'. 

P\~X?",. V~.I. 74, n<~. I t .:T997, 
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FIG. 4. Time ,Ctmr_~e oi hy(h-c~Fysis r;f borage ,.ill w i th  Pseudomemas sp. 
lipase (LIP()SAM1. A, Hydrolysis extant; I~,, (aMy acid content in tree Iauy 
acid fracl ion. The conlenl  of each t'atly acid in Ihe tree (att'y acid fra(- 
l ion was expressed relal ive to the ini l ial conlent c~t [[~e Iatty acid in t'u~r- 
age oil. C7:, Palmitic acM (the content of borage oil, 9.7'y,,.,; @,. oleic acid 
(l 7.5%.,; r ,  lmoteic a( id (3&3%): II, "/-lirlMenir a~id ~22.2%t. See I ig- 
ure 2 for company SOL~rC_e. 

terilication of borage-FFA with lauryl alcohol. A mixture con- 
laining 4 g of  borage-FFA/lauryl  alcohol (1:2, tool/tool), 1 g 
o f  water, and I000 U of R h & o p u s  tipase was incuhamd at 
3(FC with stirring at 500 rpm, The time course is shown in 
Figure 5. Esterif icat ion increased rapidly until 8 h and then 
increased gradual ly  {Fig. 5A). The contents of  PA, OA. and 
LOA in the FFA fraction decreased with the increase of  ester- 
ification, and the GLA content increased tFig, 5C). The GLA 
con'~terlt was 76c/~ after [ 6 h, and 81% of  the initial content 
was recovered in the FFA fraction, The linear decrease of  the 
recovery of GLA in the FFA fi'action (Fig. 5B)shows that tile 
amount of  l auuI  GI,A increases linearly in the n-eaction mix- 
ture, [f laury[ GI_A was generated by transesterificatkm (aci- 
dolysis)  cff lauryl esters with GLA.  the exponential  increase 
of launT1 GLA would be observed. Thus the loss of  GLA was 
probably due to the minor  esterif icat ion of  GLA with lauryl 
alcohol, but not to the acidolysis of  lautTI esters with GI,A. 

To elevate the GLA purity, unesteritied fatty acids were ex- 
tracted with tl-hexane after the first reaction,  and were al- 
lowed to react again in the same manner. ,ks shown in Table 
3. the G L A  contertl was risen from 22.5 to 7 0 2 g  in a 80% 
yieId by the first esterification. The esterilicafion extent of  the 
second reaction was 32%, showing that the reaction efficiency 
was decreased when the fatty acids that the lipase did not act 
upon initially were used as a subslratc, By the repeated reac- 
lion, the GI,A contenl could be elcwtted to 93.79,; in a yield 
of 73% of  the initial content of  borage-FFA, 

DISCUSSION 

We have described a method of  highly purifying GI.A LISillg 
tWO lipases: Psemhmuma.~ sp. lipase (LIPOSAM) which acts 
slrongly upon GLA.  and Rhiz<,pus lipasc which ~cts weakly 

FIG, 5. T ime course of .e lec l ive esterificalicm of fatty acids or ig inal ing 
tmrn l"x~rage oi l  Ihorage-FFA) wi th lauJy[ ahM'.~l  using Rhiz~pu.~ (k'le- 
mar lil;,~'lse. A, Esle~it'icati,,-m uxtenl; 8, recovery of y-Iinolenic acM ,:(.;1 A, 
in Ihe free iattv acid IF I-A) frat tiara; C. fatty: acid c.nnt~:nt in the t:F A frac- 
tMn. fhe content of eacln ran 7 acid in the F I.A trm. Ibm was expressed 
rclatJvc lu the init ial cnnlenl nf lhe fatty acid Jn horage-FFA. C;'. PalrnitJ~_ 
acid Ithe c~mten~ of h()rage-FFA. 0.7%',: @,, o lc ic ac i d~ l  7.2"...~,j: ;. 
l in~h4c acid L!.7. ~,'Yr,J; II, GI A (22.4%). 

upon GLA.  The first step was hydrolys is  of  borage oil with 
I+IPOSAM. and the second was selective esteriiication of the 
resulting borage-FFA with Rkiz, qms l ipase. Because selective 
esterilication w'ith lauryl alcohol does not require any' organic 
solvent, the reaction scate can be made small and the risk of  
explosion can be avoided. The reaction occurred effectively 
even in tile reaction mixture coiltailling 21)'2~ w.ater, so it is ii,.lt 
necessary to remove the water generated by esterification. In 
addilior~, not only GI..A but also Dt[A can be purified as re- 
ported previously (20). From these results, dliS selective es- 
lerification unay bc effective for industn-ial-scale pul'ification 
o f PL) FA. 

I . [POSAM hydro lyzed  nonspcci f ica l ly  the esters of  the 
COllstituel'lt fatty acids of  borage oil, and the f a t t y  acid con> 
posit ion of  borage-FFA was almost the s, anle ;.Is that of the 
otis_real borage oil. Nonspecific hydrolysis  of burage oil can 
be conducted by incubating in a large amount of  ed'~anol usi ng 
NaOH as a catalyst. But this chemical hydrolysis  has not heen 
used as an industrial method because there is a ri.,,k of  the iso- 
mcrization o1: GLA. We could nol find a iipase acLing on the 
ester of  OLA more strongly than those of the other constitue11I 
fatty acids, but G L A  may be purified more eff ic ient ly  by 
using such lipase as a catalyst of  tt~e first-step hydrolysis. 

]AC)CS, Vol. 74, no. 1 I i1"-497j 
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TABLE 3 
Pur i f icat ion o f  GLA try Repeated Selective Esteri f icat ion o [  Fatty Acids from Borage Oil (borage-FFA) 
wi th  Lauryl Alcohol Using Rhizopus delemar Lipase 

Reaction Recovery 
Puri f icat ion extent Fatty acid coml.)osJlion b,vl'g,~ '~ of GLA b 
step (",,;,) 16:0 18:t;. 18:t 18:2 18:3 2C':1 22:1 24:1 d Y,., j 

OflginaP - -  9,7 3.9 1 7.5 .'~{. 3 22.2 4.3 2.6 1.6 100.0 
Hydrolysis ~r 91 .'; 9 8  4 1 17,5 37,8 22,5 4,3 2,5 1.5 92,7 
Estt!riti{:ati(ln 

Firsl 74.4 4,7 2,0 6,3 1,t,3 70,2 1,3 0,8 n.d. 74.1 
Second 31,7 0,8 0,4 1 .C.t 2.8 q3.7 0,2 n.d. n.d. 67, 5 

'll:,~tty acid c:onqpositiun ui Ihe free fatty acid ([FA~ fraction, 
bRtx:ow'ry of GLA based on its; initial contenl of horage,FFA, 
'The Ialty acid content oi the original bola,v,,e oil. 
:"ltyclrtalysis oi borage oil with f*s(,ueklmclnas 5111, 1ii;,ase It ]P( )SAMJ; Ialty acid (.:onlenl of borage-FFA. Set' TabD t for i:~ther abbrevi- 
.Ilion omd company source. 

When natural oil  was hydrolyzed and acidolyzed by a li- 
pase, the reactions proceeded according to its fatty acid speci- 
ficity (9,1 I, 15,17). Thus it is very ilnportant to know the or>r- 
reel specificity for the screening of lipase suitabIe for the re- 
action and R)r the prediction of  the re:lotion. However, it is 
well known that lipase catalyzes hydrolysis, esterification, 
and transesterification in ahnost all reaction systems reported 
previously (9,27,28), Therefore. it has been very difficult to 
evaluate the fatty acid speciticity of a lip:tse in each reaction. 
Recently, we proposed a new method of  investigating fatty 
acid specificity of lipase in hydrolysis and acidolysis by using 
randomly interesterified ~il 111.17,221. and showed that the 
fatty acid specificity of Rhi3:,ptts tipase in acidolysis is stricter 
th:m that in hydrolysis (17t. In the reaction system described 
in this study, fatty acids were esteritied effectively with lauryl 
alcohol, but lauryl esters generated were not hydmlyzcd {data 
not shown), It has not beet] clarified yet whether intercsterifi- 
catim~ between laury] esters and acidolysis of  lauryl esters 
willl f:.tlly acid occurs, Flowever. it was I"otuld that each fatty 

acid was esterified at a constant initial rate (F ig  5). It was, 
therefore suggested tha! fatty acid specificity of" Rift=OF, U,,; l i- 
pase in esterification coutd be ewduated by analyzing the 
early stage of  the reaction. 

The lhtty acid specificity of Rhizopus lipase in esterific:t- 
lion was tentatively investigated on the basis of  the amount of 
each I)tly acid lauryl ester generated after 1-h selective ester- 

TABLE 4 
Fatty Ac id  Speci f ic i ty of Rhize~pus delemar Lipase in Hydrolysis, 
Acidolysis, and Esterification a 

Relative act iv i ly  r%) 
, , k .  r . . . .  : ~  

Falh., acid ] lydrolysis ~ At, dt I,~. s Eslel'ttJ(:alior, ' 

16:tt q:~ ~}7 77 
18;tt q'l 81.r 67 
l tt:l I00 10c} 11111 
18:2 9 1 89 qO 
1 I~: ~ll-[~ 19 0 4 

'"l he acliviqy wits e• reialJv{-, to that on (~ll'ic ,wid. 
a~Ctm'tpiled trot'c, Figure l. 
'C,~Unl'.iled flom R...ference 17. 
'C~fl,c ulated according tc~ [-qarltion 2. 

ification as shown in Figure 5. The esterification activity {Aest) 

of each fatty was calculated according to Equation 2: 

A.~,= t F -  {I -/:71001 x Fn.}IF~i [2] 

where E is the eslerification extent (24,5%) after I-h reaction, 
and F ri and Fro, are the content (tool%) of  a particular fatty 
acid in borage-FFA and in the FFA fraction, respectively. 
Therefore, { l"ori- (I - E/100) x Ffl.} shows the amount of  a 
particular fatty acid (inol%) in the lauryl ester fractiola. The 
activity ~f each fany acid was expressed as a relative value to 
thai Ola O A ,  and con]pared with those of  the fa t ty  acid in hy- 
drolysis (Fig. I) and in acidolysis as reported previously ( 171, 
As shown in Table 4, the fatty acid specificities in all the re- 
actions were similar, but the activities on PA and SA in ester- 
ilication were a little lower than those in hydrolysis and acid- 
olysis. The activity on GLA decreased in the flfllowing order: 
hydrolysis > esterification > acidolysis. Actually, GLA could 
nol be enriched to more than 28 wtC/; �9 in gtycerides when bor- 
age oil was hydrolyzed with Rhizolm~ lipase (data not 
shown), and GLA of the 1,3-position of  the oil was scarcely 
acidolyzcd with caprylic acid at the early stage of  the rear- 
tmn ( 171. In addition, GLA was esterilied somewhat with lau- 
ryl alcohol (Fig. 5B). While the difference of  the activity Oil 
GI.,A in these reactions is ,,'cry small, the precision process- 
ing of oils may be enabled by taking advantage of  this differ- 
ence of  fatty acid spccilicities in the reactions. 
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