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ABSTRACT

The aim of this study is to evaluate the effect
of some factors on the hydrolysis of coconut oil
(CO) in the present of two kind of enzymes, the
free lipases and immobilized lipases porcine
pancreas. The activities of these two lipases
under the optimal hydrolysis conditions was
determined.

The effects of factors on hydrolysis degree
of coconut oil was investigated: the ratio of
enzyme to substrate, the pH condition, and the
temperature. The best conditions for the high
hydrolysis degree in case of using lipase from
porcine pancreas ascatalyst included: the ratio

of the enzyme to substrate of 90(U/mL), and the
pH condition of 8.5 at the temperature of 40°C.
The best reaction condition the case of using
immobilized porcine pancreas lipase as the
catalyst was determined, including: the ratio
enzyme to substrate of 393U/g, the pH condition
of 7.5 and the temperature of 35°C. The
hydrolysis degree of CO by immobilized porcine
pancreas lipase was increased slower than free
lipase at the first time. The highest hydrolysis
degree achieved with immobilized porcine
pancreas and free porcine pancreas lipase was
72.26% and 68.61%, respectively.

Keywords: coconut oil, hydrolysis, immobilized porcine pancreas lipase, free porcine pancreas

lipase

1. INTRODUCTION

Coconut oil (CO) is a popular agricultural
product in Vietnam as well as in other tropical
countries such as Philippines, Thailand, India,
Indonesia, Sri Lanka, Malaysia and New Guinea.

CO is composed of short and medium chain fatty
acids. Coconut oil has been used for health
promotion, aliment prevention and for
medication [6]. Hydrolysis products from
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coconut oil such as: glycerol and saturated fatty
acids are mainly used in food industry,
pharmaceutical and cosmetics [5].

Depending on the hydrolysis conditions, the
hydrolysis products have different features. In
which, there are some compounds having
bioactive. Lauric acid is a medium chain fatty
acid with high antibacterial characteristic [4].
The applications of lauric acid on food industry
has been reported by researchers and nutrition
experts [1,3].

The products from the enzymatic hydrolysis
of coconut oil have higher bioactive activity than
the hydrolysis products from chemical hydrolysis
[2]. Enzymatic hydrolysis is an advantageous
method because it can be performed at lower
temperature, leading to products with fewer side
product. However, lipases as well as other
enzymes has low thermal stability and high cost,
which limits its potential applications in
industrial hydrolytic reactions. To increase the
stable and lower the cost of lipase, using of
immobilized lipase on several supports has been
reported for oil hydrolysis reactions [7]. The aim
of this study was to compare the effect of lipases
from porcine pancreas and immobilized porcine
pancreas on the hydrolysis of coconut oil

2. MATERIALS AND METHODS

Refined coconut oil used in this study was
purchased from Tin Vui company, Vietnam.
Lipase from porcine pancreas (type 11, L3126, 60
U/mg) were supplied by Sigma-Aldrich Co.
(USA). Carriers hydrotalcite was prepared at the
Institute of Chemical Technology - Vietnam
Academy of Science and Technology. Acasia
gum (Instantgum™BA) (Nexira, France) was
purchased from Asian Shine company. Reagents
used in this study were NaOH solution of 0.1M,

KOH solution of 0.1M, HsPO, 85%,
phenolphthalein 1% in ethanol as the pH
indicator, H.SO, solution of 0.1N, borate buffer.
These reagents were at analytical standard and
these solutions were prepared as procedures
described in Vietnamese standard No 4320-86.

2.1 Hydrolysis of coconut oil using free
porcine pancreas lipase (PPL)

Coconut oil emulsion was prepared in borate
buffer, pH from 7.5 t0 9.0

A mixture of acasia gum (3g/100ml) and 30
ml of CO and buffer solution (the volume of
buffer were changed respectively 15, 30, 60, 90
ml) were placed in an 250ml —Erlenmeyer flask.
Emulsifying the mixture was carried out using an
homogenizer in 20 minutes. To start the reaction,
1% solution of lipase porcine pancreas in borate
buffer were added slowly. This mixture was
stirred using magnetic stirrer for 10 minutes. The
hydrolysis reaction was performed in an
appropriate duration. The range of reaction
duration was 5 hours at temperature of (30 -
60°C). The mixture was shaken for 10 minutes in
every one hour. To stop the reaction, 3ml of
ethanol 99.5% were added in the reaction
mixture. The effect of tree factors including the
pH condition, the temperature and the
concentration of enzyme in the CO hydrolysis
were studied. From the output data, the change of
hydrolysis degree versus the reaction time was
determined.

Hydrolysis rate was calculated as the
amount in milliliter of KOH 0.1M needed per a
minute:

Hydrolysis rate,

(a — b) x 0.1 * 1.000.000
1000 * 60

r(umol/minute) =
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a: The amount of ml KOH 0.1M in sample
b: The amount of ml KOH 0.1M in blank
Hydrolysis degree (DH)%

(a—b)*x01xM
mx 10

DH(%) =

a: The amount of ml KOH 0.1M insample
b: The amount of ml KOH 0.1M in blank

M:The average molecular weight of fatty acids in
coconut oil

m: The volume of coconut oil was used (g).

2.2 Hydrolysis of CO using immobilized
porcine pancreas lipase on HT ace 0.15M- 500

2.2.1 Lipase immobilization

The porcine pancreas lipase was
immobilized on the hydrotalcite carrier by co-
precipitation method using two kinds of salt
AI(NOs3); and Mg(NOs), with the ratio of Mg/Al
was 2/1 and intermixing acetate ion
concentration of 0.15M. Then the hydrotalcite
was baked at 500°C for 2 hours. The lipase was
mixed with hydrotalcite carrier in the borate
buffer solution at pH 7.5. The mixture was stirred
at the temperature of 32°C and the speed of
300rpm in 5 hours. After that, the immobilized
porcine pancreas lipase was separated from the
solution by a centrifuge. The activity of
immobilized enzyme was 1965.4U/ g.

2.2.2 Hydrolysis of coconut oil with
immobilized lipase:

Hydrolysis reaction was carried out the
same way with free lipase. To stop the reaction,
immobilized enzyme was centrifuged at
6,000rpm for 10 minutes at the room temperature
in order to separate the solution and the

immobilized enzyme. Immobilized PPL was
rinsed with borate buffer and reused.

2.3 Analytical methods

Acid, peroxide and iodine value of coconut
oil were determined according to Vietnamese
standard No 6127:2010; 6121:2010; 6122:2010

Composition and concentration of fatty acid
were determined by gas chromatography
according to AOAC standard No 969.33. A GC
2010 gas chromatograph (Shimadzu, Japan)
equipped with FID detector was used. Separation
was carried out in a TR-Fame column with
dimension of 60mx 0.25mm i.d.x 0.25um. The
oven temperature profile was: 150°C (3 min),
20°C/min to 220°C (7min), 5°C/min to 240°C
(5min). Helium was used as a gas carrier.
Samples and standard were injected at the
volume of 1pl.

Analysis of variance (ANOVA) with
Statgraphic Centurion XV.l software was
employed to analyze the differences among
group means (P< 0.05)

3. RESULTS AND DISCUSSION

3.1 Characteristics of coconut oil

Total lipid content in coconut oil was
99.25% in which free fatty acids was 0.06%.
Acid, iodine, and peroxide value was 0.13mg
KOH/g, 9.85¢/100g, and 2.0 meg/kg,
respectively.

Table 1 showed that the major fatty acid in
coconut oil was acid lauric (49.2%), a kind of
saturated fatty acid. From the content of fatty
acids, average molecular weight of coconut fatty
acids was 206.99g.
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Table 1. Composition and content of
fatty acids in coconut oil, %

Common Content

Fatty Acid name (%)

Octanoic acid, C8:0 |Caprylicacid | 10,9

Decanoic acid,

C10:0 Capric acid 7,56

Dodecanoic acid,

C12:0 Lauric acid 49,2

Tetradecanoic acid,

C14:0 Myristicacid | 17,4

Hexadecanoic acid, Palmitic acid 7.29

C16:0

Octadecanoic acid, L

C18:0 Steric acid 1,98
Cis-9-Octadecenoic L

acid, C18:1 Oleic acid 4,38
Cis- 9,12-

Octadecadienoic Linoleic acid 1,28
acid, C18:2

3.2 Investigation of oil hydrolysis conditions
using free PPL
a) Enzyme/substrate
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Figure 1. The ratio of enzyme/substrate (a), pH (b)
and temperature (c) effect on hydrolysis of coconut
oil by free PPL

The effect of factors on the hydrolysis coconut
oil using PPL as a catalyst were shown in Figure
1. Accordingly, the appropriate parameters were
selected as the ratio of the enzyme to the substrate
of 90U/mL, the suitable pH condition was 8.5 and
the temperature was 40°C.

3.3 Investigation of oil hydrolysis conditions
using PPL immobilized on HT ace- 0.15M —
500

a) Enzyme/substrate

\
\,
™

./-/

Hydrolysis rate, pmol/min

pH
—#—HT ace 0.15M 500
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Figure 2. The ratio of enzyme/substrate (a), pH (b)
and temperature (c) effect on hydrolysis of coconut
oil by HT ace 0.15M 500

The effect of factors on the hydrolysis
coconut oil using immobilized LPP as a catalyst
were shown in Figure 2. The results showed that
appropriate ratio of the immobilized enzyme to
the substrate of 0.2g/g (392U/g), the suitable pH
condition was 7.5 and the temperature of 35°C.

As well as free enzyme, immobilized
enzyme has a pH value appropriate for the
reaction. However, optimum pH for immobilized
lipase was 7.5 while the free enzyme has
optimum pH was 8.5. Thus, it can be said that the
support has a pH condition affected on enzyme
activity. The effects of the support on optimum
pH of the enzyme was studied by Lee Dong-Geun
et al (2009) with the enzyme pocine pancreas

lipase immobilized on hydrophobic nano-sized
magnetic  particles, when examining the
influence of pH on the activity of the free and
immobilized lipase enzyme, resulting in
optimum pH of 6.7 for PPL free while
immobilized was 7.7 [8]. In our case, the
optimum of pH condition of immobilized lipase
was moved to rather acidify area. Thus, under the
influence of the support, the nature of the enzyme
also varies as the optimal parameters change as
well.

3.4 Hydrolysis of coconut oil with free PPL
and immobilized PPL on HT ace 0.15M -500
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Figure 3. Hydrolysis degree (%) of CO according to
the reaction time of free and immobilized PPL

Figure 3 shown that, the hydrolysis degree
of CO by free PPL was higher than the one from
immobilized at the first time of the reaction.
However, after 8 hours of hydrolysis, the
hydrolysis degree of CO by PPL was increased
slowly and reached to the highest of 68.49%
while the highest hydrolysis degree of the HT ace
0.15M- 500 was 72.12% after 12 hours. And after
24 hours the hydrolysis degree of these two
enzyme were slightly reduced.

3.5 Reuse times of the immobilized lipase
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Figure 4. The reusability of immobilized lipase on
the HT ace 0.15M-500

Reusability is a major advantage of using
immobilized lipase. The activity of immobilized
porcine pancreas lipase maintained 69.6% after
being reused 7 times. This result can be compared
with some other authors, Knezevic et al.,
immobilized lipase from Candida cylindracea
on zeolite to hydrolyze palm oil, after 7 times the
reused relative activity was 13.2% [9], Li et al.,
used lipase from Candida rugosa immobilized on
polyacrylonitril to hydrolyze soybean oil, after 7
times of use, the activity was 62.7% [7]

4. CONCLUSION

The hydrolysis of coconut oil by PPL and
HT ace 0.15M 500 had the appropriate
temperature were 40°C and 35°C, respectively.
The pH condition for the PPL was more alkaline
(8.5) than the immobilized enzyme, which was
7.5. The ratio of PPL to substrate was 90U/mL
while the ratio of immobilized lipase to substrate
was 385U/g. The hydrolysis degree of CO by the
free PPL was higher than that by the immobilized
lipase around five hours at the first time of the
reaction. The hydrolysis degree of CO by
immobilized lipase was slightly raised to 72.12%
after 12 hours. The activity of immobilized
porcine pancreas lipase maintained 69.6% after
being reused 7 times.
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Thuy phan dau dira bang enzyme porcine
pancreas tyu do va cb dinh
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TOM TAT

Muc dich cua nghién cuu nay la dinh gia
danh hwong ciia mét 6 yéu té dén qué trinh thay
phan ddu dira bang hai logi enzyme porcine
pancreas tw do va cé dinh, dong thoi xdc dinh
duge diéu kién thiy phan téi wu cua hai logi
enzyme nay.

MGt s6 yéu té anh huong dén qué trinh thuy
phan dau dira boi hai logi enzyme porcine
pancreas tu do va cé dinh duoc khdo sét 1a: ti 1¢
enzyme doi Véi co chat, diéu kién pH va nhiét do.
Piéu kién thiy phan dau dira téi wu véi Xuc tac

enzyme porcine pancreas ty do la: t7 Ié enzyme/
co chat: 90 (U/mL), pH = 8.5, nhiér dé 40°C.
Trong khi dé, diéu kién thiy phan dau dera toi wu
véi xUc tac 1a porcine pancreas cé dinh trén chat
mang hydrotalcite 1a: t/ ¢ enzyme/ co chit:
393U/g, pH = 7.5 va nhiét do 35°C. Muic do thiy
phan dau dira bang enzyme ¢é dinh ¢ giai doan
ddau tang chdam hon so véi enzyme porcine
pancreas tir do. Hiéu suat thiy phan dau dira cao
nhdt dat diroC V6i enzyme porcine pancreas co
dinh va ty do lan leot 1a: 72.26% va 68.61%

Tir khéa: dau dira, enzyme porcine pancreas cé dinh, enzyme porcine pancreas ty do, thiy phan.
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