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Commercially available lipase from porcine-pancreas has been immobilized onto zirconia coated alkylamine glass-beads 

through the process of glutaraldehyde coupling with 100% retention of its initial activity. The enzyme showed changes in its 

physical properties after immobilization. The utility of immobilized enzyme in removal of oil stain from cotton cloth is 

demonstrated. 

Lipases have attracted more attention compared to 

other classes of enzyme because of their commercial 

use in the food industr/ as well as in the high tech. 

production (If fine chemicals and pharmaceuticals
2 

and in diagnostic kit for the estimation of 

triglyceride'. Lipases are known to hydrolyze 

triglycerides to fatty acids and glycerol, by acting on 

ester bonds. Recently, lipases have found a great 

significant role in detergents, as they can remove the 

fat stain from the clothes more easily under alkaline 

conditions, compared to that by proteases
4

. But the 

currently known lipases are not generally stable in 

detergents and need to be protected from the 

inhibitory action of proteases and other surfactants . 

Further, the use of lipases in manufacturing of 

detergents requires its bulk quantity, which is 

expensive. The immobilization of lipase on insoluble 

support not only provides its reuse but also protects it 

from protease action and surfactant inhibition. In 

order to get their reuse, lipases from different sources 

have been immobilized onto various supports such as 

microporous polypropylene
5

, porous polyurethane 

partic\es
6

, organic polymer beads
7

, Sepharose 6_B
8

, 

polystyrene butadiene rubber
9

, polyvinyl chloride 

b . h . 10 d d· mem rane, anion exc ange resin ,an latomaceous 

earth" . However lipases have not been immobilized 

onto alkylamine glass beads, which being inorganic in 

nature, are resistant to microbial attack and stable 

over a broad pH range or various solvents
12

. The 

present report describes the immobilization of lipase 

on zirconia coated alkylamine glass beads, study of 

changes in its physical properties after immobilization 
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and use for removal of oil stain from cotton cloth in 

presence of commercial detergents. 

Experimental Procedure 
MateriaLs-Zirconia coated alkylamine glass beads 

(pore diameter 55nm) from Coming Glass Works, 

New York, USA; Lipase from porcine-pancreas (40-

70 Ulmg protein) from MIS SISCO Research 

Laboratories Pvc Ltd., Mumbai ; Gum-Arabic, olive 

oil and detergents were purchased from local market. 

Assay of soLubLe lipase-Lipase was dissolved in 

0. 1 M tris buffer, pH 8.0 (I mglmL). The activity of 

soluble lipase was measured by titration of fatty acid 

released from fats of olive oil by lipase action against 

NaOH according to Gotthiff Naher" . The titration 

was carried out manually using burette. 5.0 mL olive 

oil emulsion and 1.0 mL lipase solution (I mg/mL) 

was added to 5.0 mL, 0 .1 M tris buffer, pH 8.0 and 

incubated at 45°C for 10 min. Control was made for 

each sample to correct any drop in pH, due to any 

factor other than lipase or incomplete termination of 

reaction by acetone and methanol mixture (\: I) . In 

case of control, 5.0 mL 0.1 M tris buffer (PH 8.0) was 

added to 1.0 mL enzyme sample, kept in boiling 

water bath for 10 min and then 5.0 mL olive oil 

emulsion was added to it and incubated at 45°C for 10 

min as for test. After keeping at room temperature for 

20 min., 10 mL acetone-methanol mixture (I : I) was 

added to both test and control to stop the reaction . 

Each sample was titrated against 0 .025 N NaOH using 

I % phenolphthalein as indicator. The volume of 

N~OH used in the titration was noted . To prepare 

o live oil emulsion, 180 mL distilled water, 20 mL 

olive oil , 0.4 g of sodium benzoate and 1.0 g gum-
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Fig. I-Effect of pH on free and immobilized lipase. 

arabic were emulsified in mixer. One unit of lipase is 

defined as the amount of enzyme required to liberate 

Illmol of free fatty acid from olive oil per min under 

the standard assay conditions (PH 8.0 and temp. 

45°C). 

Immobilization of lipase-The lipase was 

immobilized onto alkylamine glass through the 

process of glutaraldehyde coupling using the method 

of Guo et al. with modification
l4

. To 100 mg glass 

beads, 1.0 mL of 2.5% glotaraJoehyde prepared in 0.1 

M tris-buffer, pH 8.0 was added and allowed to stand 

for 2 h at room temperature with occasional shaking. 

After 2 h, excess of glutaraldehyde was decanted and 

the glass beads were washed thoroughly with distilled 

water until the pH of the washing discard was 8.0. 

Finally, the beads were washed with 0.1 M tris buffer, 

pH 8.0. One-mL lipase solution was added to the 

glutaraldehyde-activated beads and kept at 4°C for 48 

h with occasional shaking for coupling. The unbound 

enzyme was decanted and tested for activity and 

protein . The glass beads were washed 2-3 times with 

the same tris buffer, until no activity of enzyme was 

detected in the washing. The enzyme protein bound to 

glass-beads was estimated by determining the loss of 

protein from the solution during immobilization using 

the method of Lowry et al.
15

• 

Assay of immobilized lipase-It was carried out in a 

25 mL conical flask (at pH 8.0 and temp. 45°C) in the 

same manner as described for free lipase except that 

1.0 mL enzyme solution was replaced by 100 mg 

alkylamine glass bead bound lipase. For control, 100 
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Fig. 2-Effect of temperature on free and immobilized lipase. 

mg glutaraldehyde activated alkylamine glass beads 

were used in place of free enzyme. 

Application of immobilized /ipase-The 

immobilized lipase was used for removal of oil stain 

from cotton cloth in presence of commercial 

detergents. For this purpose the cotton cloth pieces 

(size 5 x 4 cm) were stained with 0.2 mL mustard oil. 

The stock solutions of three commercially available 

detergents namely Ariel , Surf and Fena in di stilled 

water (2.0 giL) were prepared . For each detergent , 

three test cloth pieces were taken . One piece was not 

washed at all; other was washed in detergent alone 

while the third piece was washed with the detergent in 

presence of immobilized lipase . Washing was done at 

30°C for 20 min (presoaking-condition) with 

continuous shaking in a shaker to make the sufficient 

contact of the lipid with immobilized lipase, after 

which it was rinsed with distilled water. The washing 

performance in each case was noted. 

Reusability and storage-To reuse the immobilized 

lipase, the glass beads were allowed to settle down on 

the bottom of container and the washing discard was 

decanted carefully , leaving the glass beads in the 

container. The beads were washed 2-3 times with 

distilled water prior to their next use. The 

immobilized enzyme was stored in distilled water at 

4°C when not in use. 

Results and Discussion 

Commercially available lipase from porcme-
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Table I-Immobilization of porcine pancreas lipase onto zirconia coated alkylamine glass beads (pore diameter 55 nm) 

Lipase added to 100 mg 

glass beads (mgl 

Lipase coupled 

(mgl 

% Lipase 

coupled 

Total activity Ilmol 

FFNmin 

Retention of specific 

activity 

0.8 0.6 75 % 9 .375 100% 

[Specitic activity of free lipase was 14.75 Ilmol/min/mg protein . One enzyme unit is deli ned as the amount of enzyme required to 

produce Illmole FFNmin under the standard assay conditions] . 

FFA = Free Fatty Acid 
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Fig. 3-Effect of time of incubation on free and immobilized 

lipase. 

pancreas has been immobilized onto zirconia coated 

alkylamine glass beads (pore diameter 55 nm) through 

the process of glutaraldehyde coupling with a 

conjugation yield of 6.0 mg/g support. The 

immobilized enzyme retained about 100% of its initial 

activity (Table I), which is higher than that reported 

for cell wall immobilized lipase (80%)16. These 

results showed that alkylamine glass is a suitable 

support for immobilization of lipase. 

Physical properties of immobilized lipase-Some 

physical properties of alkylamine glass bound lipase 

were studied and compared with those of free enzyme 

in Table 2. The maximum activity of alkylamine 

conjugated lipase was attained at pH 7.1, which is 

slightly lower than that of free enzyme (PH 7 .5) 

(Fig. I). The immobilized enzyme was active in pH 

range 7.0 to 7.5. This may be attributed to the loss of 

amino group from the surface of enzyme upon 

conjugation to alkylamine glass, since glutaraldehyde 

coupling involves the amino group of the enzyme for 

Fig. 4-Washings of cotton cloth having mustard oil stains in 

detergent with and without immobilized lipase. 

covalent couplingl? The immobilized enzyme showed 

maximum act ivity when incubated at 30°C, which is 

lower than that of free enzyme (35°C) (Fig. 2). The 

immobilized enzyme was active in l' e temperature 

range 30-35°C. These results show comparatively 

narrow range of the pH and temperature for maximum 

functioning of the enzyme after immobil ization . The 

time of incubation for the maximum activity of 

enzyme was increased from 15 to 20 min after 

immobilization (Fig. 3). This indicated the decreased 

rate of reaction after immobilization, which might be 

due to the diffusion problem of the substrate from the 

bulk to the active centre of the immobilized enzyme. 

Storage and reusability-The immobilized enzyme 

showed about 50% loss of its activity during its 
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Table 2-Comparison of some properties of free and alkylamine 

glass bound porcine pancreas lipase 

Parameter 
Free Alkylamine 

conjugated 

Optimum pH 7.5 7. 1 

Temp. for max imum acti vi ty 35°C 30°C 

Time of incubation (min) 15 20 

regu lar use 100 times over a period of 2 months when 

stored in di stilled water at 4°C . 

Application of immobilized lipase-The results of 

application of immobilized lipase, as vi sually 

interpreted from washed cloth pieces and as shown in 

Fig. 4, revealed that the detergents mixed with 

alkylamine glass bead bound lipase gave better 

washing than that by detergents alone. The removal of 

the old stain from the cotton cloth by the combination 

of lipase with three different detergents was found in 

the following order: Ariel + immobilized lipase > Surf 

Excel + immobilized lipase > Fena + immobilized 

lipase. Lipases are well known to hydrolyze the fats 

present in the oil and thu s, remove the oil stain from 

the cloth freely and rapidl y. Hence on the basis of 

visual assessment, the detergents gave better washing 

results in the presence of immobilized lipase 

compared to that with detergents alone. The lipases 

have been empl oyed along with the alkaline proteases 

in laundry detergents. Generall y, the lipases in free 

fo rm are not safe as these mi ght be attacked by 

proteases and inhibited by surfac tants
4

. The use of 

alkylamine glass beads is expected to be less 

susceptible to the inhibitory effect of surfactants and 

the proteolytic acti on of proteases. The use of 

alkylamine glass bound lipases in the detergents 

would not onl y increase their washing e fficiencies but 

also likely to reduce the cost of washing, as it can be 

reused . However, the modality and the technicality of 

the use of the glass beads coupled to lipase in the 

detergents for the washing of clothes at large scale 

requires to be studied furth er. 

Conclusion 

Zirconia coated alkylamine glass beads constitute 

good supporting material for immobilization of lipase. 

The alkylamine glass bound enzyme gives maximum 

activity at pH 7 .1 and 30°C temperature and can be 

employed in commercial detergents for better 

washing of cotton cloth . 
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