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ABSTRACT

1, 2-Isopropylidene glycerol produced by ketalyzation of glycerol with aceton was esterified with long
chain fatty acids in the presence of a Mucor miehei lipase to obtain 1, 2-isopropylidene 3-long chain acyl
glycerol. To determine optimal conditions for the esterification reaction, esterification was proceeded as a
reversible second-order reaction in various parameters that are enzyme/substrate ratio 0.096g/g at reac-
tion temperatures ranged from 25C to 70C. The order of reaction rate of fatty acids were lauric acid,
myristic acid, oleic acid, and stearic acid. The range of their activation energies were from 7.8 to 11.4

(kcal/mol) and that of entropies of activation which have negative values were from 42.8 to 52.5(e.u. ).
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Fig. 1. Progress curves of esterification for 1,2-iso- Fig. 3. Progress curves of esterification for 1,2-iso-

propyiidene 3-lauroyl glyceride.
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Fig. 2. Progress curves of esterification for 1,2-iso-

propylidene 3-myristoyt glyceride.
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Fig. 4. Progress curves of esterification for 1,2-iso-
propylidene 3-oleoyl glyceride.

0O:125C @:40C P:55TC ©:.70C
*IPMG : 1, 2-1sopropylidene 3-oleoyl glyceride



4 AT A¥+F - 2738 - d7iy Rt ask

o] gAFujo] 9 g AWAlFe o e =23} 283 B4 (Kx) k& Table 20 EA} 3%},

gkgol dojA HAHNE 2EXULE 50~60CUS
¢ T Atk AT GHAAA d2H s e <
- o 0.8 [

A4E B dlzBart gYste $Res PPol 3§ /“'\
olBHE AN, Bol AAHR ol YR TF B " /’%::
Aol Ye Y REL-E Yehdnt, 5 : °~

2 AFNNE Ayl st FAY 7] 9 0e
FEE FE Y 2 d2ElERgoR yegne § |
RFA Y] 2mo) e INHA whgEEVe § =3
o83} o] fESST. =

'3
—dCa/dt=k; Ci—kpC2 +ererrrvrmrvmnvrveruccnns (1) 8 41
Ca : concentration of long chain fatty acid 1 1 1
20 40 60
mol/0) T ture(C)
C. : concentration of 1, 2-isopropylidene crmperatire
3-acyl glycérol(rnol /D Fig. 5. Effect of temperature on equilibrium conver-
sion of long chain fatty acid at different total

2 AWAre] Al A x|ukake] AH3S- pressure of reaction system.
(Xa) 2 th A3t U3 o) 2ary é]'f_?’_i (AL F O ;lauric acid, @ : myristic acid
B3o A en aor. (P :stearic acid, @ ;oleic acid

In[{X.—X.(2X.—1)}/(Xe—Xa) ]

=2K1(1/Xe—1)Caot «eeevererecerecniinninicecnns (2)
Xa : conversion ratio of long chain fatty acid -
Xe : equiliblium conversion ratio of long chain
fatty acid .
Ca: initial long chain fatty acid concentrat- 41_ ,
ion(mol/) |
t :reaction time(sec)
ki :rate constant for esterification(//mol - ©
L
0.
o/

o

sec)

A3ge ol r e} wh-go] AP = RO 2 J1H3n
;ﬁ‘* 9 -"E"&}—r ki# gut-8-o] & A k9o

Ko=K1(1—=Xe)KYX2 weererrerrrrrirreeeecenenecs (3)

In[{Xe— (2Xe—1) Xa}/(Xe—Xa) 1/ (1/Xe—1)

L

60 120 180 240
Reaction time(min.)

Fig. 6~9¢ 3929 $244 kg 737 9a
oA &= (2)9 AR ¥A7HS plotd A
oltt. ol ztzte} 71g712 RE 2 W LT A9

Fig. 6. Order of reaction and initial rate constants
determination reversible second-order inter-

kit ()4 oA koghS F3IH 1, ol2 HE HIFA pretation in the enzymatic reaction of lauric
F KE 738 o] A3}E Table 10 A8t} = acid and isopropytidene giycerol.
g BAAeEio A kg3 2 BAYT A AL O:25C, @:40TC, (P:55C, ©:70TC



Vol. 10, No, 1(1993)

Ki=Koe Xe/Kae Kpe  +vvererserennessnssssnnnnns (4)
Xae, Xue : mole fraction of reactants in equilib-
rium |
Xee, Xge : mole fraction of products in equilib-
rium

Table 1, 2014 B ulg} o] KaKsghol & ¢

22930 o8 ZH SR R=SYUAMAY =Y A gl ol FHEH & 5

¢S L T U T3 o] AT ghFHufo] o g
= §-go) 719 2tg o2 AYEW 2 nF A
gAa7t S el whet S e E Fobd
I €A 47 Y § stearic acid$} oleic acidol]
2Z23%to] E=A8= oleic acide] W& X7}
=]

e
23
Al

w2

L]

Table 1. The rate constants and equilibrium constants of reversible esterification reaction

k1% 10*(Z/mol - sec)

k2x 10°(I/mol - sec) k

Comp'd. “coo  gov  s5¢ 70T 25T

40C 55T 70C 25T 40C 55T 70C

IPLG 1.39 2.19 4.14 7.21 8.72
IPMG 081 1.69 3.61 6.53 5.99
IPSG 0.36 0.88 1.92 3.98 2.98
IPOG  0.78 1.56 2.16 5.56 5.21

3.73 3.18 8.01 1.59 5.89 12.90 9.00
3.99 3.80 11.4 1.35 4.24 9.50 5.73
2.38  2.50 8.18 1.19 3.68 7.68 4.87
2.86 2.43 7.38 1.49 545 13.00 7.53

ki : the forward rate constant for esterification
k2 : the backward rate constant for esterification
K : the equilibrium constant

In[{Xe"' (2Xe_'1)Xa}/(Xe"'Xa) ]/(I/Xe '“'].)
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Fig. 7. Order of reaction and initial rate constants
determination reversible second-order inter-
pretation in the enzymatic reaction of myristic
acid and isopropylidene glycerol.
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Fig. 8. Order of reaction and initial rate constants
determination reversible second-order inter-
pretation in the enzymatic reaction of stearic
acid and isopropylidene glycerol.
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3t Arrhenius plot24] %433 AAHNTAA} ALR
t}. o] 71&718 H¥ 848 AR E Fsin, 84
3l €9 (AH") & AIAs9 S8 Eyring2loA &
38t AEZ 9 (AS”)E ALt o] AxE Table 3
df JelbUTt. &3 sebr e & Jeld Table 3
NA BAFo)3to] FAGAEY] of Ae] = 3}ut-S-
& DFAge] daF7E Zolgol wal $433 o
Uz, #4943 Ay, S4sIERNM 9 Flo] BF
Z7htRT. § 8 @A gl FUF nFAal 0C Xe 0354 0337 0328  0.350
stearic acid®} oleic acidol Al &= 25 A o] &3t X. 0354 0337 0.328  0.350
oleic acid®] &43} A7t At Eg§ A5 K« 58 427 364 544
AEE23 gro] 25 &9 & Zed ole 284 ¥ X. 0108 0123 0133 0.108
oM Ao deie] a7k Fagtel we} A= Xee 0108 0123 0133 0.108

Comp’d IPLG IPMG IPSG IPOG

Xe 0221 0232 0239 0225
Xee 0221 0232 0239 0.225
25C X 0279 0.268 0.261 0.275
Xee 0279 0268 0.261 0.275
K« 158 133 119 147

Xee 0146 0163 0.172  0.150
Xee 0.146 0163 0.172  0.150

E4dol dojy7] fFolch ela Ho)deollA A 55C¢  Xee 0392  0.377 0.367  0.392
Zo] F71s o] AHFFo] AAEH AEZHI} 7 Xee 0392 0377 0.367 0.392
A3t Ao2x d4A4T F Ay, vl 2L o K« 1320 9.39 7.61 13.20

Xae 0125 0.147 0.156 0.134

Xbe 0125 0.147 0.156 0.134
70T Kee 0375 0.353 0.344 0.366
St Xae 0375 0.353 0.344 0.366
T Kx 9.00 5.77 4.86 7.46
> 4 .
= 4k Xae, Xve : the mole fractions of reactants,
E Xce, Xae : the mole fractions of products,
“5 Kx : the experimental equilibrium constant.
= © s
| o
2 3
= Table 3. Activation parameters for the esterification
;’3 of long chain fatty acids with 1,2-isopro-
’,|2: o} < pylidene glycerol
a
| # #
1F © AH AG _ ”
»-% ® o/ Comp'd. Em(kcal/ (kcal/ (kcal/ AS
= ° o mol) - e.u)
—_ /"‘ mol) mol)
._—_______.o Q .
0 , : 1 IPLG 7.8 7.1 24.3 52.5
60 120 - 180 240 N .
Reaction time (min. ) IPMG 9,7 9.0 24.4 47.0
caction Lmet . IPSG 11.4 10.8 24.8 42.8
Fig. 9. Order of reaction and initial rate constants IPOG 9.0 83 245 49.3
determination reversible second-order inter- _
pretation in the enzymatic reaction of oleic IPLG : 1, 2-1sopropylidene 3-lauroyl glyceride
acid and isopropylidene glycerol. IPMG : 1, 2-isopropylidene 3-myristoyl glyceride
: -1 i - 1 1d
O:25C. @:40C, (B:55C, ©:70C IPSG : 1, 2-1sopropylidene 3-stearoyl glyceride

IPOG : 1, 2-isopropylidene 3-oleoyl glyceride
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Fig. 10. Arrhenius plot for determination of activation
energy in the enzyme catalyzed reaction.

QO : 1, 2-1sopropylidene 3-lauroyl glyceride
@® : 1, 2-isopropylidene 3-myristoyl glyceride
(D : 1, 2-isopropylidene 3-stearoyl glyceride
© : 1, 2-isopropylidene 3-oleoyl glyceride
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