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Table 12.  Effects of alginate and CaCl, concentrations on immobilized yield, immobilized lipase

activity and recovery of activity of immobilized lipase.

Aginate (%) Ca(l, Immobilized yield Immobilized lipase Recovery of
(mM) (%) activity (U/ml) activity (%)

50 97.8 £0.03" 2.72 % 0.59° 2121+ 1.82°

1.5 100 99.6 = 0.02" 241%0.07"° 2351 1.28°
200 99.7£0.01" 1.85 £ 0.23° 21.7%0.82°

50 98.6 £0.01' 2.36 £0.00” 21.8 £0.00°

2.0 100 99.4 % 0.02"° 2.78 £ 0.28" 249 10.72'
200 99.6 £0.02' 246 £ 0317 19.9 £ 0.62"

50 98.9 = 0.02° 1.99 +0.92" 17.1 £0.96°

2.5 100 99.6 £ 0.02° 224 10297 18.5 1 0.48°
200 99.5 £0.03" 1.72£037° 13.4 % 0.40°

* Different letters in the same column within the same alginate concentration indicate significant

different (p < 0.05)
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Figure 10. Characterization of beads ((a) 1.5 % of alginate and 50 mM of CaCl, concentration, (b)
2.0 % of alginate and 50 mM of CaCl, concentration and (c) 2.5 % of alginate and 50 mM of
CaCl, concentration (d) 1.5 % of alginate and 100 mM of CaCl, concentration, (e) 2.0 %
of alginate and 100 mM of CaCl, concentration and (f) 2.5 % of alginate and 100 mM of CaCl,
concentration (g) 1.5 % of alginate and 200 mM of CaCl, concentration, (h) 2.0 % of
alginate and 200 mM of CaCl, concentration and (i) 2.5 % of alginate and 200 mM of CaCl,

concentration).
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Table 13. Effects of enzyme concentration on immobilized yield, immobilized lipase activity and

recovery of activity of immobilized lipase.

Enzyme Immobilized Immobilized lipase Recovery of activity
concentration (U/ml) yield (%) activity (U/ml) (%)
10 99.4 £0.02" 2.78 £ 0.28" 2491 0.72°
30 952 %039 8.11%0.77° 222 %043
50 84.2 £0.92° 8.92 £0.83° 17.8%t0.16"

* Different letters in the same column within the same indicate significant different (p < 0.05)

| 4 1 1 a A 1A
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Table 14. Effects of bead size on immobilized yield, immobilized lipase activity and recovery

of activity of immobilized lipase.

Needle size Diameter of Immobilized Immobilized Recovery of
(G) beads yield (%) lipase Activity activity (%)

(mm) (U/ml)
24 G (0.55 x 25 mm) 2 9521039  811%0.77° 2221043
20 G (0.90 x 25 mm) 2.5 953+£029" 5.19%0.71 123%021°
18 G (1.20 x 25 mm) 3 959 004"  527%0.03 133%0.14°

* Different letters in the same column within the same indicate significant different (p < 0.05)
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Figurell. Glycerolysis of palm oil by immobilized lipase with alginate; TAG: Triacylglycerol,
FFA: Free fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol. The
reaction contained 10 % (w/w) of water content in glycerol and mole ratio of glycerol
to palm oil at 8:1. The amount of immobilized lipase was 50 beads (8.11 U/ml). The

reaction was carried out at 500 rpm and room temperature (29-32 OC) for 24 h.
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Glycerolysis of palm oil by immobilized lipase with alginate; TAG: Triacylglycerol,
FFA: Free fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol. The reaction
contained 30 % of palm oil in 2-methyl-2-butanol, 10 % (w/w) of the water content in
glycerol and mole ratio of glycerol to palm oil at 8:1. The amount of immobilized lipase

was 50 beads (8.11 U/ml). The reaction was carried out at 500 rpm and room

temperature (29-32 OC) for 9 h.
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Effect of 2-methyl-2-butanol on glycerolysis reaction by immobilized lipase; TAG:
Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG:
Monoacylglycerol. The reaction contained 30 % of palm oil in 2-methyl-2-butanol, 10
% (w/w) of water content in glycerol and mole ratio of glycerol to palm oil at 8:1. The
amount of immobilized lipase was 50 beads (8.11 U/ml). The reaction was carried out

at 500 rpm and room temperature (29-32 °0).
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Figure 14. Glycerolysis of palm oil by immobilized lipase with 40 % added glycerol (v/v); TAG:

Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol.

The reaction contained 30 % of palm oil in 2-methyl-2-butanol, 10 % of water content in

glycerol and mole ratio of glycerol to palm oil at 8:1. The amount of immobilized lipase

was 50 beads (8.11 U/ml). The reaction was carried out at 500 rpm and room

temperature (29-32 OC) for 9 h.
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Figure 15. Glycerolysis of palm oil by immobilized lipase with 70 % added glycerol (v/v); TAG:
Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol.
The reaction contained 30 % of palm oil in 2-methyl-2-butanol, 10 % of water content in
glycerol and mole ratio of glycerol to palm oil at 8:1. The amount of immobilized lipase
was 50 beads (8.11 U/ml). The reaction was carried out at 500 rpm and room temperature

(29-32 °C) for 9 h.
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Figure 16. Effect of glycerol concentration in alginate gel beads on glycerolysis reaction; TAG:
Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol.
The reaction contained 30 % of palm oil in 2-methyl-2-butanol, 10 % of the water content in
glycerol and mole ratio of glycerol to palm oil at 8:1. The amount of immobilized lipase
was 50 beads (8.11 U/ml). The reaction was carried out at 500 rpm and room temperature

(29-32 OC) for 9 h. Bars represent the standard deviation from three determinations.

Different letters within the same product indicate significant differences (p < 0.05)
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Figure 17.
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Glycerolysis of palm oil by 6 h silicate coated beads; TAG: Triacylglycerol, FFA: Free fatty
acid, DAG: Diacylglycerol and MAG: Monoacylglycerol. The reaction contained 30 % of
palm oil in 2-methyl-2-butanol, 10 % of water content in glycerol and mole ratio of glycerol

to palm oil at 8:1. The amount of immobilized lipase was 50 beads (8.11 U/ml). The

reaction was carried out at 500 rpm and room temperature (29-32 OC) for 6 h.
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Glycerolysis of palm oil by silicate 12 h coated beads; TAG: Triacylglycerol, FFA: Free

fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol. The reaction contained 30

% of palm oil in 2-methyl-2-butanol, 10 % of water content in glycerol and mole ratio of

glycerol to palm oil at 8:1. The amount of immobilized lipase was 50 beads (8.11 U/ml).

The reaction was carried out at 500 rpm and room temperature (29-32 OC) for 6 h.
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Figure 19. Effect of silicate coated alginate gel beads on glycerolysis reaction; TAG: Triacylglycerol,
FFA: Free fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol. The reaction
contained 30 % of palm oil in 2-methyl-2-butanol, 10 % of water content in glycerol and
mole ratio of glycerol to palm oil at 8:1. The amount of immobilized lipase was 50 beads
(8.11 U/ml). The reaction was carried out at 500 rpm and room temperature (29-32 OC) for

6 h. Bars represent the standard deviation from three determinations. Different letters within

the same product indicate significant differences (p < 0.05)
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Figure 20. Reusability of immobilized lipase without silicate coating in glycerolysis reaction; TAG:
Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol.
The reaction contained 30 % of palm oil in 2-methyl-2-butanol, 10 % of water content in
glycerol and mole ratio of glycerol to palm oil at 8:1. The amount of immobilized lipase was
50 beads (8.11 U/ml). The reaction was carried out at 500 rpm and room temperature

(29-32 °C) for 6 h.
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Reusability of immobilized lipase with silicate coated by in glycerolysis reaction; TAG:
Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol.
The reaction contained 30 % of palm oil in 2-methyl-2-butanol, 10 % of water content in
glycerol and mole ratio of glycerol to palm oil at 8:1. The amount of immobilized lipase
was 50 beads (8.11 U/ml). The reaction was carried out at 500 rpm and room temperature

(29-32 °C) for 6 h.
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Figure 22.Effect of silicate coated and non coated beads on monoacylglycerol production. The
reaction contained 30 % of palm oil in 2-methyl-2-butanol was, 10 % of water content
in glycerol and mole ratio of glycerol to palm oil at 8:1. The amount of immobilized
lipase was 50 beads (8.11 U/ml). The reaction was carried out at 500 rpm and room
temperature (29-32 0C) for 6 h. Bars represent the standard deviation from three

determinations. Different letters within the same product indicate significant differences (p

<0.05)
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Table 15.  Effects of repeated use of immobilized lipase on monoacylglycerol yield and relative yield

(%) in glycerolysis reaction.

Monoacylglycerol (%)

Run 1 Run 2 Run 3 Run 4
Alginate bead
Yield (%) 45.2 37.4 27.7 19.3
Relative yield (%) 100 82.7 61.3 42.7
Silicate-coated alginate bead
Yield (% ) 46.2 43.9 29.9 27.1
Relative yield (%) 100 95.2 64.8 58.7
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Table 16. Initial rate of MAG production of immobilized lipase.

Initial rate [mmol/h]

Run 1 Run 2 Run 3 Run 4
Alginate bead
Initial rate [mmol/h] 0.26 0.21 0.13 0.09
Relative initial rate (%) 100 81.1 50.3 333
Silicate-coated alginate bead
Initial rate [mmol/h] 0.26 0.22 0.13 0.12
Relative initial rate (%) 100 84.0 50.6 44.7
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Table 17. Comparison of immobilized lipase activity before and after glycerolysis reaction 4 times.

Activity (U/ml)
Before After
Alginate bead
Activity (U/ml) 14.3 4.88
Relative activity (%) 100 343
Silicate-coated alginate bead
Activity (U/ml) 11.5 7.65

Relative activity (%) 100 66.6
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Figure 23. Effect of water addition on MAG production ([ll) and initial rate (—~@-). The reaction
contained 30 % of palm oil in 2-methyl-2-butanol with various amounts of water
content in glycerol and mole ratio of glycerol to palm oil at 8:1. The amount of
immobilized lipase was 50 beads (8.11 U/ml). The reaction was carried out at 500 rpm
and room temperature (29-32 0C) for 6 h. Bars represent the standard deviation from three
determinations. Different letters within the same product indicate significant differences (p

<0.05)
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Figure 24.

Tﬂﬂﬁ TAG f® Triacylglycerol, FFA A0 Free fatty acid, DAG Ao Diacylglycerol
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Time course of Glycerolysis by immobilized lipase not using water in glycerol; TAG:
Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG:
Monoacylglycerol. The reaction contained 30 % of palm oil in 2-methyl-2-butanol,
without water addition in glycerol and mole ratio of glycerol to palm oil at 8:1. The

amount of immobilized lipase was 50 beads (8.11 U/ml). The reaction was carried out

at 500 rpm and room temperature (29-32 °C) for 6 h.
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Figure 25. Effect of mole ratios of glycerol to palm oil on MAG production ( [l) and initial rate (—¢p-).

The reaction contained 30 % of palm oil in 2-methyl-2-butanol with various amounts of mole
ratio of glycerol to palm. The amount of immobilized lipase was 50 beads (8.11 U/ml). The
reaction was carried out at 500 rpm and room temperature (29-32 OC) for 6 h. Bars represent
the standard deviation from three determinations. Different letters within the same product

indicate significant differences (p < 0.05)
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Figure 26. Time course of glycerolysis by immobilized lipase using the optimal mole ratios of glycerol
to palm oil; TAG: Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG:
Monoacylglycerol. The reaction contained 30 % of palm oil in 2-methyl-2-butanol with mole
ratio of glycerol to palm oil at 10:1. The amount of immobilized lipase used was 50 beads

(8.11 U/ml). The reaction was carried out at 500 rpm and room temperature (29-32 OC)

for 6 h.



78

a d
3.3 waveslSanane i
a o a a
ninmsanywavessuaton lsil lanlaassglunsndaluTueFandwesoa Tae
Y Aa 4 = qg/’ 1 d' 1 d'i
1Sinaeu lad Talansagiaaua 50-200 beads HamsnaaouaaslunImi 27 WuINlo
a o = Q' d? o a a = :;
Usmavevenlallanaaieginuiu agilumsnanluTuedanfivoseaaadiag
d’i t:' a d =X o Y 1a 2’ t:' dg‘ Y [
e lumsiusunaseu laiasegl sz ilsumanih lussounududae msizaa
d K dg’d 4 lu/g Aaaa d't:dgld n Yy A Aaaa =
ulyiaiegizlihiluesdlsenevegd aniulgnsermnevuislulatie sl §asenare-
15 laga uavzildinalgnsenlelas lagadae inld TuTuedandivesean lagndosdate
o Y a v A A dg’ Aa d X ~
nazi I USmmnsa lvdudaszsinumniuTassmaneu laiagegili 50, 100, 150 az 200
Y (a v A = o w = Y 9
beads IaUTumnsaluiudasei 27.47, 34.61, 43.07 naz 46.22 A9 naziaNudNIY
| { a A 73 &
youou lai lan)aa3agii 50 beadsliniswan TuTueFandosoagegane 53.5 wlosidua
B 9 1 A= a o =
F992 1ANAA199INUBI Kaewthong Hazame (2004) idnyinaveasuaneu ol lanla ps ads
' a a < S s o
suaemswan InTundwesoa InsldSuranenlsilanla PS asegiaua 10-60 losidud
oy o J as A a2 o =2 A 42‘ a a
youiniuhanledadu wudulelSinaveseu led lanla Ps a3eg1) miuvumsnaa Tulueda-
= A £ 9 = 9 o = s3 o
NAOTOAINNGIINA tazinNududuvesou lsil lanla PS #3331 50 nag 60 1lesimua
oy Y] 4 ==t 1 Y a [l 1 [ aa ~ Yy 9 o
youiniuthauTedadu wunldmswaalusanaedunmeana Taefianududuveson lad
{ 78 o J o s A
lanla ps a5931# 50 nlesidudveniniuihanledduldmsnanluTundivosoa 54.38
I3 J
nJosimua
= o a a =\ A g A (A 4 =
ninmMsAnyIdasIMInan T Tuedandesoaisudu Nusuateu el lanlansagll
1 [ ~ oA a o = A dg’ o Y o a
a1 agnaaslunmi 27 wudulodsunatenlmi lanlaasegimuaiuezi lidasinsnan
a A 4 { o J
TuTuedanfiwesoaiuiudie uazianududuveson luilananiegil 150 beads Wy
Troasimanan TuTuedandivesoaisudugegane 0.82 Haa Inaaodd Tua uaiomulsum
o = dgl IS 1 v a a = A g A
ou i Tanlan3egilga¥uiu 200 beads WuoRTINMIWAR T TURFanAIvoTOAITUAUITY

A o o o A = a S = ~Aq ¥ a A ~
NN ﬂ\iuu(luﬂ1§ﬂﬂ!ai’]ﬂi]\if]ﬁnﬂﬂﬁu]ml@uqmuﬁiﬂﬁﬂﬂiﬁﬂaNaﬁiuiut@%aﬂal%@ﬁ@a IUag

U
]

~ =)

[ a a z:' 1 a 4 {
dasmsnda Ty Tuedandiesoasudu Mmanzauigane Usuamou laia3egif 150 beads

L)
=

115 unmsnaaesaelil osnnidsinameu lsia 91319 150 beads 1wanaa Tu Tuedana-

U

S I 4 Yo a a = A 9
o500 51.9 1WesiFua Lmﬂmmmﬁwa@hTmamaﬂamasamsmuqaqﬂ



79

70 0.90
1 0.80
60
b c 1 0.70
50
1 0.60 =
E
Sl 1050 £
= i
2 i g
€0 | 0.40 -
=
1030~
20
1 0.20
10
1 0.10
0 ' 0.00
50 100 150 200

Immobilized enzyme loading (beads)

i 27 wavesdTuaneu lxi lawlaaegllumswaa TuTwedandisosoa (M) uazdns
v Y
nmswaaluTuedandwosoasudu @) aroonlsilanaaTagl Tagldiniu
Yrauludifiiazars 2-methyl-2-butanol 30 11/o515uA dadiuluandisosoano
oy o 4 = a d = A A 1
umuﬂmu 10:1 Llagﬂﬂ‘]&l'l‘]J'iﬂJ'lﬂ‘lLf]uul"]ﬁJﬁi\‘]?’ﬂﬂ 50-200 beads U810 500 59UND
A A a9 = I o

UIMN NYUHHUYIDI (29-32 AU RLT ) L“]Junm 6 Glf'ﬂll\‘]

Figure 27. Effect of immobilized lipase loading on MAG production ([l ) and initial rate (—@-.
The reaction contained 30 % of palm oil in 2-methyl-2-butanol, and mole ratio of
glycerol to palm oil at 10:1. The amount of immobilized lipase was varied. The reaction
was carried out at 500 rpm and room temperature (29-32 0C) for 6 h. Bars represent the

standard deviation from three determinations. Different letters within the same product

indicate significant differences (p < 0.05)
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Figure 28. Time course of glycerolysis by immobilized lipase using the optimal immobilized lipase
loading; TAG: Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG:
Monoacylglycerol. The reaction contained 30 % of palm oil in 2-methyl-2-butanol, mole
ratio of glycerol to palm oil at 10:1. The amount of immobilized lipase used was 150

beads. The reaction was carried out at 500 rpm and room temperature (29-32 OC) for 6 h.
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Effect of palm olein concentration on MAG production (H) and initial rate (—@». The
reaction the concentration of palm oil in 2-methyl-2-butanol was varied using mole
ratio of glycerol to palm oil at 10:1. The amount of immobilized lipase 150 beads. The
reaction was carried out at 500 rpm and room temperature (29-32 OC) for 6 h. Bars represent
the standard deviation from three determinations. Different letters within the same product

indicate significant differences (p < 0.05)
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Figure 30. Reaction of glycerolysis by immobilized lipase using the optimal palm olein
concentration; TAG: Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and
MAG: Monoacylglycerol. The reaction contained 10 % of palm oil in 2-methyl-2-
butanol, mole ratio of glycerol to palm oil at 10:1. The amount of immobilized lipase
was 150 beads. The reaction was carried out at 500 rpm and room temperature (29-32 OC)

for 6 h.
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Figure 31. Effect of temperature on MAG production ([l]) and initial rate (~4-). The reaction

contained 10 % of palm oil in 2-methyl-2-butanol and mole ratio of glycerol to palm oil
at 10:1. The amount of immobilized lipase was 150 beads. The reaction was carried out
at 500 rpm and various temperature for 6 h. RT; room temperature. Bars represent the
standard deviation from three determinations. Different letters within the same product

indicate significant differences (p < 0.05)
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Figure 32. Time course of glycerolysis by immobilized lipase using the optimal temperature;
TAG: Triacylglycerol, FFA: Free fatty acid, DAG: Diacylglycerol and MAG:
Monoacylglycerol. The reaction contained 10 % of palm oil in 2-methyl-2-butanol,

mole ratio of glycerol to palm oil at 10:1. The amount of immobilized lipase was 150

beads. The reaction was carried out at 500 rpm and room temperature (29-32 OC) for 6 h.
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Figure33. Reusability of immobilized lipase in optimum glycerolysis reaction, TAG: Triacylglycerol,
FFA: Free fatty acid, DAG: Diacylglycerol and MAG: Monoacylglycerol. The reaction
contained 10 % of palm oil in 2-methyl-2-butanol and mole ratio of glycerol to palm oil

at 10:1. The amount of immobilized lipase was 150 beads. The reaction was carried out

at 500 rpm and room temperature (29-32 OC) for 6 h.



91

]
day

= d' Y (Y] aaa 2 =
5. Anwvaunamansinedvesnuiljisenndirelslada
[ { a a d 1 o U
Padenldlunmsnnsandimavesnanssweou lxidennududuvesdumasnion
. . v . I AL Yot
Michaelis-Menten constant (K, ) NUA1 maximum initial rate (V, ) #4181191015 19395 double-
v o 1 o d 1 o
reciprocal plot i1 K, HAAIDIAUNTIANWADTUAATN (affinity) vouou lsiaodumasn i
' o 1 4 o 1 o 1 U [
Wina1 K, dwaasineu lsilidunssanmasdumasnge @i v, ueaaenaonsing
NAURN301g9gA AWLANATINIATATNINIGNNHTOFUAVOIFUTIATN HATAIIY
' 9 o 4 1 (= Y Aaa 1
uanaluauanusunzvesou leiudazuvasdinaliar k, uaz 7, veslgnsemanaig
AU (Patel et al., 1995)
Aaaa [ 3’ o Aav o o I o [
lulgnsernsdesaaresiniuluaisazarodiadulasldon e lalaiudusa
A ]
' a [ VY o o @ . e &
Wy sziamsdudimaiiauveuen lai Tagdudiasn (substrate inhibition) 1iie 19 luszay
Y ]
anududugenidesas 3-5 hminasiSiag ilesnindesinadiunsaisTouniaas
1 Aaaa 1 Aaan A Yo o a S Jd A
(mass transfer) ¥03a1356199 Tulfnsen ualualgaserninisledriazareounsd viselu
= ¢ Y v o aaa o 73 o '
szpvInesaamnanudutuvesduaasnlulgnsed iesikudnsdesaailsves
J o A t4 o A o o v @ o a N o 1
o laiazduiiesnin Tuanavesou lagdgnihaaiieduia Tasasanudiiaza1edunsd ua
4 A [ 1 1 A Y J g a
WeruaNududuvesdumasnaziidIugIsNuANUAIA Ve e T nAu NS 1z U5
1 c?/‘ t4 v @ @ o [ o 4 )
ananuavesteu sz sunuduaasn hldawisatlosdunisgnihareiiesnindii
a =4 9 a [ 1 a Y] a o dg’
azaeouNsd uaz ldwananaoniiiolsuasvedal§nseiqedn ( Patel e al., 1995)
= S A 9 o Aaan = = o o oy o 4
HAvDIMsANYIvaUNamaas NneIvonulfasendire1s lagadmsminiuihay
o { v A o w a a
Teadunazniiresoalagldou lad lan)afiad sgUdredaiiug Tasmsihidasimsnaa Tueda-

2 A gy a Y Y g’ o s A v o
NALFDIDAULTUAUNAITUIUNUUA N Gumumuﬂmu‘ﬂazm&ﬂummazmﬂ 2-methyl-2-butanol

'
A o

a A 3’ % [ a 4 1 [ 4
(1.98-2.11 Haalualuaisazareniigu 3.2 DY) 3J1’Jmi1$1ri1/ﬂﬂ”lﬂ\1°ﬂﬁﬁ’iﬁJLi’)Ll"lG]ﬁJ (Km) tag
1 <3 aan 4 Ya . A 1
aanusnlgnsegegaveouled (7, ) Tae1435 Linewever-Burk plot 910017 34 WU
4 = 9 v A Y ~ o [ A Aa A 1 <
mu"l«m"lmﬂamqgﬂmaaamumﬂwmmmmmmau%ma 0.85 Haalua taza1nuiGn
aaa d o a Aa Vo g’ Y
Ugnsngegaveweu luidedumasnae 1.25 dad Twadedd Tue Tuszuvvesansazagiiiu

3.2 A5W



92

1/V

Vmax

1,5/ -1 -0.5 0 0.5 1 1.5 2

-1.0 - 1/

A . = =~ 9 o =]
AMNA 34 Lineweaver-Burk plot ¥94n35z01um3nare 15 lagaaeen land TanlaaT gl

Figure 34. Lineweaver-Burk plot of glycerolysis reaction by immobilized lipase.
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Table 18. Apparent V

max

and K values for lipolytic reactions catalysed by immobilized lipase

Method of Solvent or
V K, T(C) pH Source of lipase Support Subsrate Ref.
immobilization continuous phase
0.208-2.52* 0.026-0.15” 25 9.0 Pancreatic SS Cross-linking \%% B (Lieberman and Ollis, 1975)
0.282* 0.896°”’ 25 9.0 Pancreatic PA Covalent \%% B (Lieberman and Ollis, 1975)
na. 2.5 45 8.5 Microbial Agarose Covalent w Olive 0il  (Kilara, 1981)
na. 2.5 45 8.0 Microbial Agarose Covalent w Butter oil  (Kilara, 1981)
0.0434* 2.5 37 8.2 Microbial Agarose Covalent \\% Olive oil (Kilara et al., 1977)
0.0306* 6.0” 37 7.5 Microbial Agarose Covalent \%% Butter oil  (Kilara et al., 1977)
0.06476** 141 35 7.0  Aspergillus niger PP Adsorption w Butter oil  (Malcata et al., 1991)
na. 20° 35 7.5 Candida cylindracea Agarose Covalent w Olive 0il  (Tahoun, 1982)
na. 50° 35 7.5 C. cylindracea PA Entrapment w Olive 0il  (Tahoun, 1982)
4] 5%** 0.043” 35 6.0 C. rugosa PEG Entrapment 10+10% W Olive oil (Kwon et al., 1987)
62.5%** 0.043” 35 6.0 C. rugosa PEG Entrapment 10+10% W Olive oil (Kwon et al., 1987)
19.7-23 4% 1.6-3.9” 20-50 n.a. Rhizopus arrhizus Mycelia Cell binding DIPE+0.07% W Olive oil (Bell et al., 1981)
64.28-81.88%** 9.2-13.2>  20-50 na.  R.arrhizus Mycelia Cell binding DIPE+0.17% W Olive oil ~ (Bell et al., 1981)
23.24-32.772%** 4.4-6.9”  20-50 n.a.  R.arrhizus Mycelia Cell binding DIPE+0.37% W Olive oil  (Bell et al., 1981)
220%* 63.6° 50 8.7 R. oryzae Alumina Covalent w TB (Neklyudov etal., 1981)
160* 2.62° 50 8.7 R. oryzae Alumina Covalent w TB+PVC  (Nektyudoveral., 1981)
na. 0.50 35 8.5 Geotrichum candidum CMC Covalent w Olive 0il  (Kroll et al., 1980)
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Table 18. (cont.)

. Method of Solvent or
V K, T(C) pH Source of lipase Support Subsrate Ref.
immobilization continuous phase
na. 0.48° 35 8.5 G. candidum PABC Covalent w Olive oil (Kroll et al., 1980)
0.6%*** 0.0266’ 37 7.0 Mucor javanicus DEAEC Ion exchange W Olive oil (Ogiso et al., 1972)
1 82%%* 140° 30 n.a. M. miehei Rasin Ton exchange Hexane EB (Welsh et al., 1990)
S5QHskk 92’ 30 n.a. M. miehei Rasin Ton exchange Hexane BB (Welsh et al., 1990)
Rk 390° 30 n.a. M. miehei Rasin Ion exchange Hexane 1A (Welsh et al., 1990)
3H*k 420’ 30 n.a. M. miehei Rasin Ion exchange Hexane 1B (Welsh et al., 1990)
430-1470*** 2.6” 37 5.5 Psudomonas MBBA Entrapment TMAC SMPOE (Karube et al., 1977)

n.a.; not available
* pmol/(min mg
** nmol/(min cm’
**% umol/(min g
**%%mol/(min ml
’umol/ml

” % wiv

% viv

NV Malcata lazaate (1992)

immobilized protein

support

support

support

)

BB: butyl butyrate

CMC: carboxymethylcellulose
DEAEC: DEAE-cellulose
DIPE: di-isopropyl ether

EB: ethyl butyrate

IA: isopenty] acetate

IB: isopentyl butyrate

10: isooctane

MBBA: 4-methoxybenzilidene
-4-n-butylaniline

PA: polyacrylamide

PABC: p-aminobenzylcellulose

PEG: polyethylene glycon

PP: polypropylene

PPG: polypropylene glycol

PVA: polyvinyl alcohol

SMPOE: sobitan monolaureate
poly(oxyethylene)ether
SS: stainless steel
TB: tributyrin
TMAC: tetramethylammonium
chloride, aqueous solution

W: water
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