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In vitro stability evaluation of coated lipase
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Objective: The study was conducted to evaluate the stability of commercial coated lipase 
(CT-LIP) in vitro. 
Methods: The capsules were tested under different conditions with a range of temperature, 
pH, dry heat treatment and steaming treatment, simulated gastric fluid (SGF) and simulated 
intestinal fluid (SIF) in this work, respectively. Free lipase (uncoated lipase, UC-LIP) was 
the control group. Lipase relative activities measured in various treatments were used as a 
reference frame to characterize the stability. 
Results: The lipase activities were decreased with increasing temperatures (p<0.05), and 
there was a markedly decline (p<0.01) in lipase comparative activities of UC-LIP at 80°C 
compared with CT-LIP group. Higher relative activities of lipase were observed in CT-LIP 
group compared with the free one under acidic ambient (pH 3 to 7) and an alkaline medium 
(pH 8 to 12). Residual lipase activities of CT-LIP group were increased (p<0.05) by 5.67% 
and 35.60% in dry heat and hydrothermal treatments, respectively. The lipase relative activity 
profile of CT-LIP was raised at first and dropped subsequently (p<0.05) compared with 
constantly reduced tendency of UC-LIP exposed to both SGF and SIF. 
Conclusion: The results suggest that the CT-LIP possesses relatively higher stability in 
comparison with the UC-LIP in vitro. The CT-LIP could retain the potential property to 
provide sustained release of lipase and thus improved its bioavailability in the gastrointestinal 
tract.
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INTRODUCTION

The stress of weaning and immature digestive tract makes young pigs susceptible to consid-
erable challenges, such as digestive disorders, diarrhea, higher morbidity and mortality [1,2]. 
Nutritive antibiotics could improve growth rate and efficiency of feed utilization, reduce morbidity 
and mortality, and improve reproductive performance [3]. However, antibiotic-resistant 
pathogens are linked with the use of antibiotics as growth promoters which limits their utility 
in livestock husbandry [2]. Exogenous enzymes proposed as alternatives to antibiotics, which 
include carbohydrase, lipase, protease, and phytase, are now extensively used throughout 
the world as feed additives in monogastric animal diets [4-8]. 
  Lipases are renowned for their versatility in addition to their ability to digest fat. They can be 
employed for the formulation of detergents, as feed ingredients and as biocatalysts [9]. Jensen 
et al [10] investigated the development of lipases in pigs and noted a pronounced decrease in 
pancreatic and an increase in stomach lipase activity (only 0.2% of the pancreatic activity) 
in newly weaned piglets. Low activity of pancreatic lipase and intestinal lipase in piglets during 
the first week after birth or post weaning may be one important cause of low-fat digestibility 
in neonatal or weaning piglets [11]. Some studies have shown that the combined use of tria-
cylglycerols containing medium-chain fatty acids or fatty powder and exogenous lipolytic 
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enzymes could improve growth performance [12], carcass com-
position [13], antimicrobial activity, clearly regulate and stabilize 
the gastrointestinal flora in the stomach [14]. 
  However, the crucial disadvantages of feed in stability, odour 
and storage caused by the endogenous lipase preparations limits 
their utility as feed additives in livestock production [15]. Micro-
capsules are promising candidates for encapsulating, delivering, 
and controllably releasing many technologically important actives, 
including agricultural chemicals, food additives, and pharma-
ceuticals [16]. The objective of our study was to assess the stability 
of the commercial encapsulated lipase (coated lipase, CT-LIP) 
in vitro. 

MATERIALS AND METHODS

Materials
The following materials and chemicals were obtained from 
commercial suppliers: CT-LIP (lipase from Bacillus stearo-
thermophilus, 9,012 U/g, Zhuhai Tiankai Biochemical Co. Ltd., 
Guangdong, China), uncoated lipase (UC-LIP, from Bacillus 
stearothermophilus, 10,935U/g, Zhuhai Tiankai Biochemical 
Co. Ltd., Guangdong, China), pepsin (from porcine, Sigma 
P7012, St. Louis, MO, USA), pancreatin (from porcine, Sigma 
P1750, USA). The enzyme activity unit (1 U) is defined as the 
amount of the lipase that catalyzes the production of one micro-
mole (1 μmol) free fatty acid per minute under certain conditions. 
All other chemicals and solvents used were of analytical grade. 

Experiment design 
The CT-LIP and UC-LIP were subjected to a diverse series 
conditions such as different pH and temperatures, dry heat 
treatment and hydrothermal process, and simulated gastroin-
testinal (SGI) tract in this work. The UC-LIP was invoked as 
the control group. Lipase relative activities detected in various 
treatments were used as a reference frame to characterize the 
stability of enzymes. The lipase relative activity profile of CT-LIP 
and UC-LIP samples in multiple conditions was reported. Each 
treatment was performed in six replications.

Lipase relative activity assaying
The emulsion used for assaying enzyme activity was prepared 
freshly. In brief, the solution (1,000 mL) with 40 g/L polyvinyl 
alcohol (polymerization degree 1,750±50, Guangcheng chemical 
Co., Tianjin, China) was filtered through double-layer gauze, 
and then the olive oil (50 mL) was mixed with filter liquor (1/3, 
v/v). The resulting liquid was homogenized immediately for 6 
min with high-speed homogenizer to ensure uniform dispersal. 
  The lipase activities of CT-LIP and UC-LIP were determined 
at 37°C in this study, using the titrimetric method as previously 
reported [17]. Briefly, the emulsion (4.00 mL) and phosphate 
buffer saline (PBS, pH 7.5, 5.00 mL) were added to blank conical 
flask (marked A) and trialed conical flask (marked B), respec-

tively. In addition, another 15.00 mL 95% (v/v) ethanol solution 
was added to the A conical flask and heated in a water bath (T 
42°C±0.2°C) for 5 min. Subsequently, equal enzyme solution 
treated by different conditions was added to A and B system, 
separately. Reaction in B system was terminated by adding 15.00 
mL 95% (v/v) ethanol solution after 15 min reaction time. The 
free fatty acids were titrated against standard NaOH solution 
indicated with phenolphthalein. The lipase activity and its relative 
activity were determined by following equations. 
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Where Xd is detected enzyme activity (u/g) in each sample, V1 (mL) and V2 (mL) were the volume of NaOH 106 

solution consumed by B and A trail, respectively. The character c (M) and n indicates the concentration of NaOH 107 

solution in titration and the dilution ratio of samples. Reaction time (character t) is 15 min in this experiment. Rx and 108 

Xm express the lipase relative activity and the maximum lipase activity detected in the same condition, respectively. 109 

The measured value in each time point was compared with the highest activity in control and experimental reactions 110 

to obtain the relative activity. The CT-LIP properties such as thermal stability, pH stability, tolerance of heat 111 

treatment and SGI tract environment were characterized as follows. 112 
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 Samples (CT-LIP and UC-LIP, 1.0000 g) diluted with freshly prepared PBS (pH 7.5, 1,000 mL) were incubated at 115 

40°C, 50°C, 60°C, 70°C, 80°C, 90°C, and 100°C for 30 min. After incubating, the solution was cooled down in an 116 

ice water bath and the pH was adjusted to 7.5. Formed resulting mixtures were immediately homogenized for 3 min 117 

with high-speed homogenizer, and homogenate was used to assay enzyme activity.  118 
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CT-LIP and UC-LIP (1.0000 g) were placed in 1,000 mL different PBS with pH range of 3.0 to 12.0 and then 121 

incubated at 40°C water bath for 30 min. The buffer solutions were prepared with the following formulations. 122 

Formed resulting mixtures were immediately homogenized for 3 min with high-speed homogenizer, and homogenate 123 

was used to assay enzyme activity. Different formulations prepared in this study were shown in Table 1. 124 
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Dry heat and hydrothermal stability of coated lipase 126 

Effect of dry heat treatment on CT-LIP was conducted at 80°C for 0.5 h by using electric constant temperature drying 127 

oven, while hydrothermal process of CT-LIP was performed in portable high-pressure steam sterilizer with 100°C 128 
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  Where Xd is detected enzyme activity (u/g) in each sample, 
V1 (mL) and V2 (mL) were the volume of NaOH solution 
consumed by B and A trail, respectively. The character c (M) 
and n indicates the concentration of NaOH solution in titration 
and the dilution ratio of samples. Reaction time (character t) 
is 15 min in this experiment. Rx and Xm express the lipase relative 
activity and the maximum lipase activity detected in the same 
condition, respectively. The measured value in each time point 
was compared with the highest activity in control and experi-
mental reactions to obtain the relative activity. The CT-LIP 
properties such as thermal stability, pH stability, tolerance of 
heat treatment and SGI tract environment were characterized 
as follows.

Thermal stability of coated lipase
Samples (CT-LIP and UC-LIP, 1.0000 g) diluted with freshly 
prepared PBS (pH 7.5, 1,000 mL) were incubated at 40°C, 50°C, 
60°C, 70°C, 80°C, 90°C, and 100°C for 30 min. After incubating, 
the solution was cooled down in an ice water bath and the pH 
was adjusted to 7.5. Formed resulting mixtures were immediately 
homogenized for 3 min with high-speed homogenizer, and 
homogenate was used to assay enzyme activity. 

pH stability of coated lipase
CT-LIP and UC-LIP (1.0000 g) were placed in 1,000 mL dif-
ferent PBS with pH range of 3.0 to 12.0 and then incubated at 
40°C water bath for 30 min. The buffer solutions were prepared 
with the following formulations. Formed resulting mixtures 
were immediately homogenized for 3 min with high-speed 
homogenizer, and homogenate was used to assay enzyme activity. 
Different formulations prepared in this study were shown in 
Table 1.

Dry heat and hydrothermal stability of coated lipase
Effect of dry heat treatment on CT-LIP was conducted at 80°C 
for 0.5 h by using electric constant temperature drying oven, 
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while hydrothermal process of CT-LIP was performed in por-
table high-pressure steam sterilizer with 100°C saturated vapor 
for 4 min. Samples were cooled to room temperature after 
multiple treatments. The relative lipase activity was analyzed 
before and after experiments. 

Tolerance of coated lipase in stimulated gastrointestinal 
tract
The activity profile of CT-LIP in SGI tract containing enzymes 
was also evaluated, using the methods as previously described 
[18-20]. Briefly, treatment of samples (CT-LIP or UC-LIP) in 
SGI tract conditions refers to dissolution carried out in simulated 
gastric fluid (SGF, pH 3.5) and simulated intestinal fluid (SIF, 
pH 6.8) at 39°C (water bath), respectively. Samples (CT-LIP or 
UC-LIP, 0.5 g) were incubated in 400 mL SGF with 1% pepsin 
(w/v) separately. The mixtures were incubated at 39°C in a 
shaking water bath for 1, 2, 3, 4, and 5 h. Similarly, the samples 
(CT-LIP or UC-LIP, 0.5 g) were digested by 400 mL of SIF with 
1% pancreatin (w/v) at 39°C under mild stirring for 1, 2, 3, 4, 
5, and 6 h, respectively. The digestion above was stopped by 
raising the pH to 7.5 with NaOH or HCl. The activity was in-
vestigated as aforementioned.

Statistical analysis
Statistical analyses of the data were performed using SPSS 17.0 
software (SPSS Inc., Chicago, IL, USA). Statistical differences 
between means were tested using one way analysis of variance 
(ANOVA) or t-test, where appropriate. For each experimental 
series, statistical differences were considered significant with 
p<0.05 whereas 0.05≤p<0.10 was considered a tendency. The 
t-test was used to analyze dry heat and hydrothermal stability 
of CT-LIP and to determine the stability difference between 
CT-LIP and UC-LIP under the same conditions. The statistical 
model one-way ANOVA was used to analyze the thermal sta-
bility, pH stability, and tolerance in SGI tract:

  Yij = μ+αi+eij

  Where Yij is the measured variable, μ is an overall mean, αi 
- the different conditions effect (treatment), and eij - the ran-
dom error.

RESULTS AND DISCUSSION

Thermal stability 
As shown in Figure 1, the lipase activities were decreased with 
increasing temperatures (p<0.05), and there was a markedly 
decline in lipase relative activities of UC-LIP compared with 
CT-LIP group (p<0.01). At 80°C, an extremely significant dif-
ference (p<0.01) was observed between the activities of the 
CT-LIP (65.80%) and UC-LIP (32.30%) group. High temper-
ature causes inactivation of conventional enzymes. As the 
temperature rose, CT-LIP protected by coating showed a stronger 
thermostability than the free one. The stability is a key factor 
in estimating the economic feasibility of commercial enzymes 
[21,22]. High pressure steam, which provides the appropriate 
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at a temperature of 80°C, in which CT-LIP has more heat sta-
bility, is sufficient to produce good quality pellets. Therefore, 
upon keeping its action during pellet processing, CT-LIP could 
have a considerable effect on the feed industry. Superior stability 
of enzyme preparations in pellets can withstand repeated han-
dlings in the feed industry, such as bagging, transportation, 
and storage. CT-LIP encapsulation as the physical enclosure 
of the enzyme within a polymeric membrane [23] could reduce 
the degradation of fat in feedstuff catalyzed by additive lipase 
and therefore improve the storage capacity.

pH stability 
The pH is one of the important parameters of enzyme stability 
in aqueous solution. As shown in Figure 2, more of the higher 
relative activities of lipase were observed in CT-LIP group 
compared with the free one under acidic ambient (pH 3 to 7) 
and an alkaline medium (pH 8 to 12). There is a similar trend 
in the relative activity of the two enzyme preparations. Under 
various conditions of pH range from 3 to 12, the both activities 
increased first (p<0.05), dropped subsequently (p<0.05) and 
reached the highest value at pH 8.0. The results observed from 
this work are consistent with the report that the lipase purified 
from the culture supernatant of a thermophilic Bacillus sp. is 
optimally active at 60°C and pH 8.0 [24]. 
  Similar results have been reported by Kenthorai et al [25], 
which also suggested that the enzyme activity increased first 
and then declined under different pH conditions. The difference 
was that Kenthorai et al [25] has shown that the enzyme activities 
of the encapsulated were always higher than the free. This may 
be attributed to the different source of lipase or the encapsu-
lating materials. Generally, the CT-LIP had a stronger acid 
resistance than UC-LIP. The CT-LIP may retain the potential 
property to provide sustained release of lipase or resistance to 
acidic environment and thus improved its bioavailability in 
the upper part of small intestine.

Dry and damp heat stability 
As shown in Figure 3, residual lipase activities of CT-LIP group 
were increased by 5.67% (p<0.05) and 35.60% (p<0.05) in the 
dry heat and hydrothermal treatments, respectively, compared 
with UC-LIP group. Residual enzyme activity of CT-LIP was 
80.26% through the dry heat process and was 59.97% suffered 
hydrothermal treatment. Greater dry and damp heat stability 
was observed significantly in CT-LIP treatments compared with 
the control group (p<0.05).
  The heat tolerance of the CT-LIP was enhanced according 
to our research. Hydrothermal and dry heat treatments could 
damage the three-dimensional structures the of enzyme prep-
arations during pelleted process, and therefore cause inactivation 
of enzymes. Inactivation of enzymes would occur partially at 
pelleting, and the time of conditioning and higher temperature 
process would expedite inactivation [26]. In this work, the en-
capsulation materials provided protective actions to the enzyme 
structure. 

Stimulated gastrointestinal tract stability 
The lipase relative activity profile of CT-LIP was increased at 
first and dropped subsequently (p<0.05) compared with con-
stantly reduced tendency of UC-LIP exposed to both SGF (p 
= 0.078) and SIF (p = 0.069) in the present study. 
  As shown in Figure 4a, the relativity activity profile rose from 
61.93% to 100% through the first 4 h in CT-LIP group. The rel-
ative activity of UC-LIP declined constantly from 53.41% to 
35.79%. As shown in Figure 4b, during experimental times, 
the relative activity of CT-LIP reached the higher peak at 2 h 
and then exhibited a general decline tendency. However, the 

Figure 2. Effect of different pH on lipase relative activity. Data were presented with 
mean±standard deviation (n = 6). Vertical error bars show standard deviation of 
measured relative activity (* p<0.05).

Figure 3. Comparative effects of dry heat treatment and hydrothermal process on 
the lipase relative residual activity of coated lipase (CT-LIP) and uncoated lipase (UC-
LIP). Data were presented with mean±standard deviation (n = 6). Vertical error bars 
show standard deviation of measured relative activity (* p<0.05).
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relative activity of UC-LIP declined significantly from 94.98% 
to 65.73% in the first two hours and then appeared slow re-
duction. 
  The treatment of SGI tract was performed in order to assess 
the protective effect of coating against gastrointestinal condi-
tions in vitro. When exposed to an acidic pH<7.0 (SGF), the 
microcapsule of CT-LIP caused the coating shells to dissolve 
at a constant rate, starting at their exteriors. After a time delay 
of four hours, the shells became fully dissolved and the micro-
capsules released lipase. These results indicated that CT-LIP 
had a stronger resistance than UC-LIP in SGF. Su et al [27] 
reported that degradation of coating phytase by pepsin was 
obviously lessened. The additional trypsin or proteolytic enzyme 
could provoke a significant reduction in the activity of free lipase 
and little influence on the CT-LIP [28]. When exposed to SIF, 
the relative activity of CT-LIP was increased (p<0.05) at 2 h, 
and then the relative activities of UC-LIP had a constant decline 
that was not significant. The difference between SGF and SIF 
may be attributed to digestive enzymes and pH in the gastro-
intestinal tract. We expect CT-LIP to take longer to fully dissolve 
and ultimately release lipase in the intestine of piglets.

CONCLUSION

  The CT-LIP possesses relatively higher stability in comparison 
with the UC-LIP in vitro. The CT-LIP could potentially provide 
sustained release of lipase and thus improve its bioavailability 
in the gastrointestinal tract. A theoretical understanding of 
these properties would be very useful in the livestock industry. 
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