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Abstract

Enzyme biosensor was developed to determine the triglycerides present in coconut milk. 
Lipase, glycerol-3-phosphate oxidase (GPO) and glycerol kinase (GK) were co-immobilised 
on the gelatine membrane, and coated on the surface of the working electrode. The standardi-
sation of the biosensor was carried out at different standard triolein solutions. The effect of 
gelatine concentration, glutaraldehyde concentration, and pH of reaction buffer were 
optimised. It was found that 45 mg gelatine, 2.5% glutaraldehyde concentration, and pH 7.0 
yielded the best results. The developed biosensor could detect the triglyceride concentration 
between 0.3 and 1.3 mM. Triglyceride content in coconut milk was determined using the 
developed amperometric biosensor method, and the results obtained were compared with the 
triglyceride analysis in coconut milk by ultra-high performance liquid chromatography 
(UHPLC) method. It was found that the correlation between the results of the two methods 
was 97%. Apart from these, thermal stability and sensitivity loss on storage of the working 
electrode was also studied. The working electrode lost 48% of its activity in 4 h when main-
tained at 40°C, and lost 57.7% of its activity after 30 d when stored at 4°C.
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Introduction

 The coconut tree is one of the most economical-
ly important palm species, cultivated in tropical regions 
across the globe, mainly for its endosperm. India stands 
as the third-largest producer with 11.1 million tons per 
year, out of which 90% coconut is produced in the 
southern states (Yong et al., 2009; DebMandal and 
Mandal, 2011). A coconut approximately comprises 
of 54% kernel, 36% shell, and 11% water. The coconut 
kernel consists of 53% moisture, 35% fat, 4% protein, 
1% ash, and 6% carbohydrate (Kwon et al., 1996; Yong 
et al., 2009). It is considered as a ‘functional food’ as 
it adds on to numerous health benefits apart from the 
nutritional constituents (Dendy and Timmins, 1973). 
 Coconut milk, extracted from the solid 
endosperm of coconut, is an aqueous solution, which 
serves as an indispensable ingredient in cuisines of 
south India and other parts of the world (Seow and 
Gwee, 1997; Tansakul and Chaisawang, 2006). It has 
been estimated that 25% of coconut output is consumed 
as coconut milk (Gwee, 1988). Coconut milk is an 
important ingredient in bakeries, confectionaries, and 
ice creams to enhance the taste and flavour. Coconut 
milk also reduces heart disease by reducing cholesterol 
level in the body (Monera and Del Rosario, 1982).. 
 Coconut milk has high-fat content due to which 

it is susceptible to chemical spoilage by oxidation. The 
chemical spoilage occurs due to auto-oxidation and 
hydrolysis of triglycerides into acylglycerol and free 
fatty acid (FFA). Spoilage of coconut milk depends on 
the oxidation kinetics of triglycerides. Therefore, the 
quantity of triglyceride present in coconut milk could 
be used as an indicator to monitor the quality of the 
milk. Spectroscopic methods (Monosik et al., 2012), 
chromatographic methods (Asmis et al., 1997), fluoro-
metric method (Mendez et al., 1986), and titration 
methods (Klotzsch and McNamara, 1990; Okazaki et 
al., 1998) were earlier reported for the determination 
of triglyceride content in different samples. These 
methods have the disadvantages of high solvent 
consumption, require skilled labour, time-consuming, 
expensive, and non-portable. Hence, there is a need for 
a novel technology to overcome these disadvantages 
(Turner et al., 1987; Rustagi and Kumar, 2013; Murug-
aboopathi et al., 2013). An electrochemical sensor is 
one in which electrochemical signals is generated, and 
is measured by electrochemical transducers. The 
electrochemical-based biosensing method contains 
different types of detection such as electrochemical, 
metal oxide-based sensor, optical-based biosensor, 
conduct metric biosensor, and potentiometric biosen-
sor. The electrochemical sensor was selected in the 
future work as the selectivity of triglyceride content is 
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high as compared to other biosensors. The present 
work highlights the application of biosensor in the 
analysis of triglyceride content in coconut milk in areas 
such as food industry and food safety. The novelty of 
the present work was to develop a biosensor which 
can determine triglyceride content in food sample to 
analyse its quality. In the present work, an enzyme 
biosensor was developed to instantly evaluate the 
triglyceride content present in the coconut milk. One 
enzyme cannot be used to complete the reaction 
process; so, three enzymes are required to generate 
ions which are then detected by the biosensor.
 The aims of the present work were (1) to devel-
op a three-electrode system based amperometric 
biosensor which has lipase, glycerol kinase (GK), and 
glycerol-3-phosphate oxidase (GPO) enzymes co-im-
mobilised on the working electrode surface using 
gelatine membrane to find out the triglyceride content 
present in coconut milk, (2) to develop an optimised 
analytical procedure for the instantaneous measure-
ment of triglycerides present in coconut milk using 
the amperometric biosensor, and (3) to study the 
storage and thermal stability of the immobilised 
enzyme electrode. 

Materials and methods

Chemicals and materials
 Lipase (E.C.3.1.1.3, from Candida rugosa, lot 
no. BCBV3825), glycerol-3-phosphate oxidase 
(GPO) (E.C.1.1.3.21, from Aerococcus viridans, lot 
no. SLBL4471V), glycerol kinase (GK) (E.C.2.7.1.30, 
from Cellulomonas sp., lot no. SLCB0815), triolein 
(Y0001113), Triton X-100 (9002-93-1), adenine 
triphosphate (ATP), and other chemicals used in the 
present work were purchased from Sigma 
Aldrich-Merck (Bengaluru, India). 
 Potentiostat/galvanostat/impedance analyser 
(Make: Palmsens 4) was purchased from Palmsens 
(the Netherlands). Glassy carbon electrode (working 
electrode), Ag/AgCl electrode (reference electrode), 
and platinum wire electrode (counter electrode) were 
purchased from Class one systems (New Delhi, India).

Preparation of standard buffer solution
 A total of 15.6 g of sodium phosphate dibasic 
(Na2HPO4) and 14.1 g of sodium phosphate monoba-
sic (NaH2PO4) were weighed and separately dissolved 
in 100 mL distilled water. Then, 2.89 mL of Na2HPO4 
solution and 2.12 mL of NaH2PO4 solution was 
obtained and diluted in 45 mL of distilled water. This 
was then made up to 50 mL by adding distilled water, 
and stored at 4°C for use (Gómez et al., 2001).

Preparation of triolein standard solution
 Trioline was used as a substrate for lipase, 
GPO, and GK. Nine different concentrations (0.1 – 20 
mM) of standard triolein solution were prepared to 
construct the standard calibration curve. The prepared 
standard triolein solutions were refrigerated (4°C) 
until further analysis (Pundir and Narang, 2013).

Preparation of mixed enzymes solution
 Enzyme solutions were prepared by adding 1 
mg of lipase (> 700 U), 1 mg GPO (> 70 U), and 1 mg 
GK (> 60 U) in 1 mL of buffer (0.1 M sodium phosphate 
buffer) separately. From these, 300 µL of lipase 
solution, 150 µL of GK solution, and 60 µL of GPO 
solution were added to form a mixed enzyme solution 
at a ratio 10:5:2. Next, 100 µL ATP in 1 mL of buffer 
(0.1 M sodium phosphate buffer) solution, and 1 mg 
of MgCl2 in 1 mL of buffer (0.1 M sodium phosphate 
buffer) solution were prepared. From these solutions, 
10 µL of ATP and 10 µL MgCl2 were added to the 
enzyme mixture (Pundir and Narwal, 2018).

Preparation of gelatine membrane
 Three different gelatine membranes were 
prepared with varied gelatine concentrations to study 
the effect of gelatine concentration in the immobilisa-
tion of enzymes. Three different portions of gelation 
(30, 45, and 60 mg) were weighed and mixed with 30 
mg of bovine serum albumin (BSA), respectively. 
BSA was used as reinforcement for the solution since 
it prevents leakage of the enzyme through the gelatine 
membrane by increasing the size. Each gelatine-BSA 
mixture was mixed with 300 µL of buffer (0.1 M 
sodium phosphate buffer solution). Next, 31.5 µL of 
0.0008 mg/mL of MgCl2 solution was added. The 
solution was homogenised at 1,000 rpm for 10 min. 
The prepared solution was refrigerated until further 
analysis (Yücel et al., 2016).

Sensor mechanism
 Fats are made from individual fatty acid mole-
cules attached to glycerol, a 3-carbon backbone. The 
most common type of fat is called a triglyceride, or 
triacylglycerol, which contains three fatty acids 
attached to the backbone, and resembles a fork without 
the handle. The triglyceride present in the sample will 
be converted into glycerol and fatty acids through 
catalysis by lipase. Glycerol reacts with ATP in the 
presence of MgCl2, and will be catalysed by GK to 
give α-glycerol-3-phosphate and ADP. GPO is used 
to break the α-glycerol-3-phosphate to dihydroxyace-
tone phosphate and H2O2. Then, due to the high poten-
tial applied between the working electrode and the 
reference electrode, H2O2 under high potential 
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disintegrates into 2H++O2+2e-, and is proportional to 
the triglycerides present in the sample. The electro-
chemical reactions involved are as follows:

Fabrication of amperometric biosensor
 The schematic diagram of the biosensor is 
shown in Figure 1. The cylindrical reaction cell made 
of glass with 25 mL of the total volume was filled with 
10 mL of buffer (0.1 M sodium phosphate buffer) 
solution. The working electrode was prepared by 
dipping it in the solution that contained 40 µL enzyme 
mixture added with 10 µL of gelatine solution, and 
kept at 4°C for 30 min for enzyme immobilisation. 
The working electrode was once again dipped in fresh-
ly prepared glutaraldehyde solution for 10 min for 
cross-linking (Rothwell et al., 2010). One –CHO group 
was bound to –NH2 groups of BSA, and another –CHO 
group of glutaraldehyde linked to –NH2 group of the 
enzyme (Schoemaker et al., 1997). Then the electrode 
was rinsed with distilled water. All the three electrodes 
were fixed in the cell using Teflon holders and connect-
ed to potentiostat for measuring the current. For the 
immobilised sensor, when dipped into the reaction 
buffer added with substrate solution, the enzymes were 
released and catalysed the reactions involving the 
triglycerides present in the substrate solution. All the 
experiments were conducted at room temperature 
(28°C).

Experimental procedure 
Calibration of biosensor

 Firstly, 0.1 mL of triolein solution of known 
concentration was added to the sodium phosphate 
buffer solution present in the reaction cell. The work-
ing and reference electrodes were polarised at +0.4 V 
using the potentiostat software PsTrace. A potential 
of +0.4 V was applied between the working electrode 
and a reference electrode to initiate the electrolysis of 
formed hydrogen peroxide. The output current from 
the counter electrode was measured using a potentio-
stat, and it is directly proportional to the concentration 
of triolein solution. Experiments were repeated for 
nine different triolein concentrations, and output 
currents were measured for each triolein solution. The 
calibration graph was plotted with triolein solution 
concentration versus measured output current. All 
experiments were done in triplicates, and the average 
value was taken for further analysis.

Effect of gelatine concentration on biosensor response
 Three different gelatine membranes were 
prepared as explained in the preparation of gelatine 
membrane to study the effect of gelatine concentration 
on the kinetics of the immobilised enzymes. The work-
ing electrode was dipped in each membrane, and the 
output current was measured by the addition of 0.1 
mL of seven different known triolein concentrations.

Effect of glutaraldehyde concentration on biosensor 
response
 Crosslinking of enzymes was carried out using 
a glutaraldehyde solution. Three different glutaralde-
hyde solutions were prepared with concentrations 1.5, 
2.5, and 3.5% v/v in buffer (0.1 M sodium phosphate 
buffer) solution to study the effect of glutaraldehyde 
concentration on the immobilisation of enzymes. The 
biosensor response was also noted for known triolein 
concentrations. Next, 40 µL enzyme mixture added 
with 10 µL of 45 mg gelatine solution were used for 
the preparation of the working electrode. 

Effect of pH on biosensor response
 Reaction buffer solutions with pH range of 
4.0 to 9.0 were prepared to study the effect on biosensor 
response. The required quantity of citric acid solution 
was added to 10 mL of sodium phosphate buffer 
solution present in the reaction cell for maintaining 
the low pH range from 4.0 to 7.0 pH; and for high pH 
from 7.0 to 9.0 pH, glycine solution was added. A 40 
µL enzyme mixture added with 10 µL of 45 mg gelatine 
solution and 2.5% v/v glutaraldehyde solution were 
used for the preparation of the working electrode. The 
output current for each pH condition was noted for 5 
mM triolein solution.

Figure 1. Schematic diagram of the biosensor.



878 Manoj, D., et al./IFRJ 27(5) : 875 - 882

Ultra-high-performance liquid chromatography
 Three points representing three samples of 
coconut milk of different times were taken, and meas-
ured for triglyceride content by both HPLC standard 
method and the developed biosensor. Coconut oil was 
extracted from 15 mL of coconut milk by adding 30 
mL of hexane, and mixed in magnetic stirrer for 1 h. 
The aqueous phase and oil phase were separated using 
separating funnel. The top oil layer was drained, and 
used for triglyceride determination using 
ultra-high-performance liquid chromatography 
(UHPLC) method. The UHPLC system (Shimadzu 
Corporation, Japan) was equipped with column: 
Shim-pack XR-ODS III (100 × 2 mm, 2.2 µm particle 
size), column temperature of 40°C, flow rate of 0.3 
mL/min, and injection volume of 5 µL. The mobile 
phase was ACN/MeOH/THF (40:40:20 v/v/v) with 
injection volume of 40 µL, and samples were eluted 
at a flow rate of 1 mL/min. 

Extraction of coconut milk
 Fresh coconut milk was extracted from fresh 
coconut meat. Coconut meat was washed with water 
containing 100 ppm of H2O2 and then followed by 
blanching at 80°C for 10 min. Coconut meat was sepa-
rated by draining with stainless steel metal strainer 
and grated into small pieces. The grated coconut meat 
was kept aside in open condition to bring down the 
temperature to 25°C. The grated coconut meat was 
ground in a domestic grinder and squeezed by using 
coconut milk extraction unit (Arumughan et al., 1993). 
Next, 5 mL of milk was mixed with 10 mL of buffer 
(0.1 M sodium phosphate buffer) and 1 mL of 5% of 
Triton ×100 solution to find out the triglyceride content 
of coconut milk, which was used as an emulsifying 
agent. The output current was measured, and the 

amount of triglyceride was calculated using an empiri-
cal relation obtained.

Statistical analysis
 Regression analysis was done to evaluate the 
empirical relationship between the current difference 
between a biosensor and triglyceride content. Mean 
and standard deviation were determined using Micro-
soft Excel 2016.

Results and discussion

Parameter optimisation 
Gelatine concentration and biosensor response
 Three different concentrations of gelatine 
were taken, and it was found that 45 mg gelatine 
solution yielded the best results for biosensor response 
based on R2 values and linearity (Figure 2). In low 
gelatine amount (30 mg), the substrate may leach out 
easily from a bioactive layer. Thus, there is a deviation 
from linearity and low R2 values. In the case of high 
gelatine amount (60 mg), the substrate molecules could 
not pass through the gelatine membrane, hence result-
ed in low biosensor output current. Similar results is 
reported in triglyceride determination in blood serum 
(Yücel et al., 2016), immobilising the enzymes in poly-
vinyl chloride (Narang et al., 2009), polyvinyl acryla-
mide (Pundir et al., 2010), cellulose acetate membrane 
(Minakshi and Pundir, 2008), and membranes for 
triglyceride determination. 
 
Glutaraldehyde concentration and biosensor 
response
 The maximum output current was obtained 
for 2.5% (v/v) glutaraldehyde concentration, as shown 
in Figure 3. Lower biosensor response was obtained 

Figure 2. The effect of gelatine content on biosensor response.
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for 1.5% glutaraldehyde because the substrate solution 
easily passed through the gelatine membrane due to 
weak cross-linking with the membrane. For high gluta-
raldehyde concentration (3.5%), the biosensor 
response was less due to increased crosslinking, which 
prevented the substrate from passing through the 
gelatine membrane. The above results are supported 
by Pundir et al. (2010) in the triglyceride determination 
in serum, and also by acrylamide determination in 
French fries by Tareke et al. (2002). 

Effect of pH on biosensor response
 The biosensor response increased up to pH 
7.0, and then decreased for further increase in pH of 
reaction buffer solution (Figure 4). 5 mM substrate 
concentration was used to study the effect of pH. Maxi-
mum current (175 mA) was observed at pH 7.0. At 
low pH range, the possibility of forming ionic bonds 
between substrate and enzyme molecules is less, which 
resulted in low current output. At high pH, the output 
current is less due to the denaturation of enzymes 
(Madhavi and Lele, 2009). Similar results were 
obtained for oxygen meter based biosensor which was 
optimised for pH 7.5 (Bhambi et al., 2006), potentiom-
etric biosensor pH 7.0 (Reddy et al., 2001), and oxygen 
meter based biosensor pH 8.0 (Kelly and Christian, 
1984). Biosensor activity was calculated using Eq. 1.

             (Eq. 1) 

Effect of triolein concentration on the output current
 The calibration curve was constructed for the 

prepared biosensor, and is shown in Figure 5. The linear-
ity obtained from 0.3 - 1.3 mM yielded the equation y 
= 18.6x + 99 (R2 = 0.932). The deviation from linearity 
at higher concentrations may be due to less amount of 
oxygen or due to a smaller number of enzymes in the 
membrane. Similar studies were done for silicon-based 
biosensor (0.2 - 2.1 mM), cellulose acetate bound 
enzyme-based biosensor (0.2 - 3.5 mM) (Reddy et al., 
2001), dissolved oxygen biosensor (5 - 2.0 mM) (Bham-
bi et al., 2006), and PVC membrane-based biosensor 
(5 - 2.1 mM) (Narang et al., 2009).

Figure 3. The effect of glutaraldehyde content on biosensor response.

Figure 4. The effect of pH on biosensor response.

Figure 5. Calibration curve for the developed biosensor.
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Validation of developed biosensor
Reproducibility 
 The reproducibility was tested using 0.5 mM 
standard triolein solution. The variation of coeffi-
cient, average value, and standard deviation were 
1.97% (n = 6), 0.515 mM, and 0.043 × 10-3 mM, 
respectively. The samples were also tested for 0.7 
mM triolein concentration, and the standard devia-
tion was 0.702 mM.

Storage and thermal stability of the working 
electrode
 The working electrode was kept in an incu-
bator maintained at 40°C for 4 h, and experiments 
were performed every 1 h. The biosensor showed a 
response of 89, 83, 65, and 48% activity, respective-
ly, at 40°C. At high-temperature, enzymes are dena-
tured, thus resulting in a reduction of activities (Ran-
gelova et al., 2010).
 The storage stability of the working 
electrode was studied for long-term usage. For this 
activity, the enzyme-immobilised working electrode 
was stored at 4°C and kept in the dark for 30 d. 
Experiments were conducted at every 5 d interval, 
and activity was noted. The biosensor response for 
5th, 10th, 15th, 20th, 25th, and 30th d were 94.4, 86.9, 
78.8, 72.0, 65.2, and 57.7%, respectively. A good 
reproducibility was shown in amperometric detection 
of a triglyceride of about 40% loss after 30 d (Phong-
phut et al., 2013). 

Determination of triglyceride content in coconut milk
 The developed amperometric biosensor was 
used to detect the amount of triglyceride in coconut 
milk. 5 mL of milk was mixed with 10 mL of buffer 
(0.1 M sodium phosphate buffer). The output current 
was measured at 5th, 10th, and 15th h. Similarly, the 
triglyceride content present in the coconut milk was 
determined using the UHPLC method (Lee et al., 
2013) using the same coconut milk samples. The 
results obtained showed good correlation between 
the methods with R2 value 0.97. Similar work has 
been done to detect the triglyceride content in 
serum, in which enzymes were immobilised to a 
PVA membrane. The developed system showed a 
good response at 25°C, 7.0 pH, and had a detection 
limit from 0.56 to 2.25 mM (Pundir et al., 2010), 
which has high detection limit as compared to this 
method.

Conclusion

 The amperometric biosensor was developed 
by immobilising a mixture of enzymes like lipase, 

GPO, and GK in a gelatine membrane for the deter-
mination of triglycerides present in coconut milk, 
and tested successfully. Gelatine and glutaraldehyde 
concentration, pH of reaction buffer, thermal, and 
storage stability were studied and optimised. It was 
found that at 45 mg of gelatine membrane with 2.5% 
v/v of glutaraldehyde solution concentration at pH 
7.0 of reaction buffer solution gave the best biosensor 
response. It was also noted that the biosensor activity 
was reduced to 40% within 4 h at 40°C. A decrease in 
biosensor activity (57%) was observed after 30 d 
when the electrodes were maintained at 4°C and 
analysis was carried out at room temperature (25°C). 
A good correlation was found between the values of 
triglycerides in the samples by biosensor and by 
ultra-high performance liquid chromatographic 
method (R2 = 0.97). Hence, this method will be very 
much useful for the determination of triglycerides in 
coconut milk. The merits of this method are: easy 
fabrication of biosensor, portability, instant results, 
detection of the triglyceride in the range of a mini-
mum of 0.3 to 1.3 mM, a high degree of accuracy, 
consistency in the accuracy of the results, and ability 
to operate at room temperature. Other advantages 
include accessible to unskilled labour and lifespan of 
the fabricated solutions till 30 d. The demerits are 
high cost of the enzymes, high cost of electrodes, and 
maintenance of electrode at a refrigerated condition 
to retain the enzyme activity. The analysis of the cost 
is currently undertaken and will be reported in due 
course.
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