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ABSTRACT 
 
A new technique for the detection of lactate using 

lactate dehydrogenase (LDH) immobilized in polyvinyl 
alcohol (PVA) nanofibers is described in this article. A 
major stability of the enzyme is reached through its 
immobilization, allowing its use as biosensor in different 
environmental conditions. This immobilization is attained 
using a novel but relatively simple technique named 
electrospinning. There is an increase in the 340 nm 
absorbance once the immobilized enzyme is introduced in 
the reaction media. This increase in the absorbance can be 
used to sense the presence of lactate in different 
environments. The immobilized LDH system presents 
different advantages in comparison with traditional methods 
for the detection of lactate such as an improved sensibility 
and a better response time.  
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1 INTRODUCTION 
 
The detection of lactate has a considerable importance 

in several fields in the actual society. As analyte in the 
medical area, the detection of lactate has relevance in some 
interesting medical cases such as the prediction of survival 
in children after open heart surgery and mortality in 
ventilated infants [1].  The detection de lactate is used by 
the athletes as an indicator of the athletic performance. The 
lactate levels are used as indicatives of the quality of 
several commercial substances such as juice, milk and 
yoghurt [2]. Despite the above mentioned the use of lactate 
as an analyte of interest remains hindered by the time 
detection required by the actual techniques used in the 
laboratories. Indeed the typical detection time for lactate 
takes around 30 minutes or longer, which one hinders the 
application of lactate as a commercial analyte in the 
industry and medical laboratories. 

 
The use of enzymes has emerged as an interesting 

option to eliminate the inconvenient of the detection time of 

lactate. Since the enzymes catalyze the most of the 
reactions that took place in the nature, its potential as 
catalyst in reactions of scientific interest is enormous.        

  The major obstacle to the use of enzymes as a 
molecular recognition element in biosensor devices is their 
instability out of their original biologic environment. Hence 
there have been several attempts to keep the original three-
dimensional structures of the enzymes once they are 
extracted of several organisms, such as absorption, covalent 
bond, encapsulation and entrapment of the enzyme within 
several kind of matrix such as mesoporous materials and 
one-dimensional composite nanostructures [3]. 

 
Electrospinning is a promising and relatively simple 

technique that permits the obtaining of fibers with 
diameters in the submicron range. This technique uses a 
high voltage field to produce highly charged jets from 
polymer solutions or melts, which ones by evaporation of 
the solvent become nanofibers that are collected in an 
opposite charged collector [4]. Different researching groups 
around the world have employed successfully this 
technique to immobilize several biological species such as 
bacteria, vitamins, virus, enzymes, etc. Lipase, glucose 
oxidase, urease, cellulase are some enzymes immobilized 
through this technique [5]. 

 
In this work we described the detection of lactate 

through the use of an immobilization of lactate 
dehydrogenase (LDH) that catalyzes the oxidation of 
pyruvate to lactate using NADH as cofactor in a reversible 
manner. However in this report we use the immobilized 
LDH to reduce lactate to pyruvate using NAD+ as cofactor 
in order to detect lactate in the media reaction. There is an 
increase in the 340nm absorbance as a result of the 
conversion of NAD+ into NADH, this increase can be 
monitored to sense the presence of lactate in determined 
environments. 
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2 EXPERIMENTAL 

 
2.1 Materials 

Poly (vinyl alcohol) (PVA) (98% hydrolyzed) (average 
Mw 126 kg/mol), poly (vinyl alcohol) (PVA) (87-89 % 
hydrolyzed) (average Mw 13-23 kg/mol) were purchased 
from Aldrich. L-lactic dehydrogenase (LDH) type II from 
rabbit muscle (EC 1.1.1.27), Nicotinamide Adenine 
Dinucleotide (NAD+), lactic acid were obtained from 
Sigma. Tris buffer was purchased from Sigma-Aldrich. 

 
2.2 Instruments 

Microscopy: Scanning electron microscope (SEM) was 
used to study the morphology of the dried fibers using a 
JSM-7401F Field Emission Scanning Electron Microscope.  

Spectroscopy: UV spectra were recorded using 
.SHIMADZU 2401 spectrophotometer.  IR spectra were 
recorded in Nexus 470 spectrophotometer. 

Electrospinning: The electrospinning setup consists in a 
syringe with a flat-end metal needle cut, two syringe pumps 
Cole Parmer (Pump 1) and KD Scientific (Pump 2) were 
used respectively in order to control feeding rates. A 
grounded aluminum collector and a high voltage dc power 
supply (Spellman CZE1000R) complete the setup. 
 
2.3 Immobilization  

Poly (vinyl alcohol) solution: In the immobilization 
process through electrospinning technique a 50:50 solution 
of both kind of PVA was utilized until reach a 
concentration of 8%w/w.   

 
Enzyme solution: A specific quantity of LDH enzyme 

was dissolved in a 0.02 M Tris-HCl buffer pH 7.3 to obtain 
a concentration of 1.22 mg/ml.   

 
Electrospinning Process: Coaxial electrospinning was 

used in this work to encapsulate the enzyme inside the PVA 
nanofibers. The polymeric solution and the enzymatic 
solution were utilized as external and internal solution 
respectively.  Different feeding rates were used for the two 
solutions. Pump 1 feeds the enzymatic solution (0.1 ml/h) 
and pump 2 feeds the polymeric solution (0.008 ml/h) 
toward the bunt-ended needle with an air gap between the 
grounded collector and the needle tip of 10 cm. An electric 
field was used to draw the polymer solution until the 
solvent is evaporated and the nanofibers are created. 

 
 

2.4 Enzymatic Activity 

The lactate dehydrogenase catalyzes the following 
reaction [6]: 

                      
 
 

 
 
 
Since the cofactor NADH absorbed strongly at 340 nm, 

the conversion of pyruvate to lactate using LDH as catalyst 
produces a diminution in the 340nm absorbance as the 
cofactor is oxidized to NAD+. However in this work we use 
the reaction in the opposed direction in order to sense 
lactate, measuring the increase in the 340nm absorbance as 
consequence to the NAD+ reduction to NADH. This 
increment in the 340nm absorbance can be used to sense 
the presence of lactate in the reaction media.  

 
The reaction media was composed of 2.8 ml of 0.02 M 

Tris-HCl buffer pH 7.3, 0.1 ml of 6.6mM NAD+ solution 
and 0.1 ml of 30mM acid lactic solution. Once the 
immobilized enzyme was introduced in the reaction media 
the 340nm absorbance increase was measured periodically 
along different time periods.  

 
 

3 RESULTS AND DISCUSSIONS 
 

3.1 SEM Analysis 

The morphology and diameter of the electrospun fibers 
of PVA was analyzed before and after the enzyme 
immobilization process. When the PVA blend is 
electrospun alone, fibers in the nanometric range are 
created without any apparent bead defects as shown in Fig. 
1 (a). Once the enzymatic solution is immobilized through 
the coaxial electrospinning method, the appearance of 
defects in the electrospun PVA fibers is increased. In the 
same way the immobilization process increases the 
diameter of the PVA fibers (Fig. 1b). However this increase 
in the fiber diameter is not significative, conserving the 
large superficial area characteristic of the nanofibers.  

 
 

3.2 Infrared Analysis 

The presence of enzyme LDH in the PVA nanofibers 
was confirmed through IR analysis. The IR spectra of the 
PVA alone and the enzyme loaded PVA nanofibers are 
shown in figure 2. There is a C-O stretching at 1090 cm-1 in 
the PVA nanofibers without enzyme, also the PVA fibers 
exhibit stretching vibration band of hydrogen-bonded 
alcohol (O-H) at about 3315 cm-1. In the IR spectrum of the 
LDH loaded PVA nanofibers the absorption band at 3315 
cm-1 was wider than that of PVA fibers due to the 
superposition of stretching vibration of 0-H and N-H. As 
well as an absorption band at 1650 cm-1 is induced from 
O=C-NH. The anterior absorption bands are characteristic 
of protein, which one is indicative of the presence of the 
enzyme in the PVA nanofibers [5,7]. 
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Fig. 1. SEM micrographs of PVA electrospun nanofibers using coaxial electrospinning with and without enzyme, (a) PVA 
alone, (b) 1.2 mg/ml enzyme concentration respectively (original magnification 8000x). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. IR spectra of PVA nanofibers alone (a) and enzyme 

loaded PVA nanofiber (b). 
 

 
3.3 UV Analysis  

For the measurement of the enzymatic activity, the LDH 
immobilized in PVA nanofibers was introduced in the 
reaction media and the 340nm absorbance increase 
periodically measured. The results are shown in figure 3, as 
we can see there is an immediate response in the  
UV signal once the immobilized is introduced in the 
reaction media. Besides, we can note continuity in the 
absorbance increase over a considerably period of time. 
Any decrease in the 340 nm absorbance is observed until 
the 20th day, which one is indicative of the enzyme stability 
as consequence of its immobilization in the PVA 
nanofibers.  
 
 
 
 
 
 
 

 
4 CONCLUSIONS 

 
In this work lactate dehydrogenase enzyme has been 

successfully immobilized in PVA nanofibers using a novel 
and promising technique called electrospinning. The 
morphology of the electrospun nanofibers is very good as 
we can see in the SEM micrographs. Once the enzyme was 
loaded into the PVA nanofibers the diameter of the 
nanofibers become larger and appeared beaded defects, but 
still conserving an acceptable morphology. The presence of 
LDH enzyme in the PVA nanofibers was confirmed by IR 
spectroscopy. Specific absorption bands at 1650 and 3315 
cm-1 confirm the presence of LDH enzyme in the 
electrospun nanofibers. The enzymatic activity was 
monitored through UV spectroscopy over a different time 
periods, the increase of 340nm absorbance spectra 
confirmed the activity of the enzyme once immobilized into 
the PVA nanofibers. The probed prolongated enzyme 
activity confirmed the effectiveness of the immobilization 
process in the stabilization of the three-dimensional 
molecular structure of the enzyme. These results confirm 
the effectiveness of the electrospinning in the 
immobilization process of enzymes as well as other 
different biologic substances [7]. 
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Fig. 3. Following of the enzymatic activity over different time periods: minutes and days (inset). 
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