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Abstract: This work describes a novel L-lactate biosensor based on the immobilization of L-lactate
dehydrogenase enzyme on the screen-printed electrode modified with a ternary composite based on
gold nanoparticles, electrochemically-reduced graphene oxide, and poly (allylamine hydrochloride).
The enzyme was stabilized by crosslinking with glutaraldehyde. Applied working potential, pH and
NAD+ concentration were optimized. The biosensor reports a specific sensitivity of 1.08 µA/mM·cm2

in a range up to 3 mM L-lactic acid with a detection limit of 1 µM. The operational and long-term
stability as well as good selectivity allowed the L-lactic acid measurement in dairy products and
wine samples.

Keywords: L-lactate; biosensor; NADH detection; reduced graphene oxide; polyallylamine
hydrochloride; gold nanoparticles; screen-printed electrode; dairy products

1. Introduction

L-lactate monitoring is widely used in different areas, from clinical diagnosis and
sports medicine [1,2] to the wine industry [3] and fermentation processes [4]. L-lactic
acid (2-hydroxy propionic acid) is the final product of the anaerobic phase of glycolysis,
where pyruvate is converted to lactic acid by lactate dehydrogenase [5]. Under anaero-
bic conditions the lactate production occurs in all tissue, namely skeletal muscle, kidney,
brain and red blood cells [6]. The lactate balance is related to acid–base homeostasis,
the accumulation of lactic acid leading to lactic acidosis. In healthcare, L-lactate monitor-
ing is crucial for the identification of metabolic disorders, heart failure and respiratory
insufficiency. The monitoring of blood lactic levels is also a very important task in sport
medicine, because it allows to evaluate the athlete’s performance following intensive exer-
cise and endurance-based activities [7]. In the fermentation processes, the lactic acid level
represents an indicator of the quality, stability and freshness of dairy products, such as
creams, yogurt and milk, as well as of raw meat, fruits and vegetables. In wine industry,
during the malolactic fermentation, the lactic acid presence leads to the lowering of the
wine acidity and tartness.

Various techniques are used for lactic acid determination, including enzymatic and
non-enzymatic methods like chemiluminescent [8], high-performance liquid chromatog-
raphy —ion exclusion chromatography [9] and HPLC with fluorescence detection [10].
However, several drawbacks of these methods like time-consuming steps, invasive proce-
dures and the need of specially trained personnel must be taken into account. Compared
to spectrophotometric or chromatographic methods, electrochemical lactate biosensors
possess the advantages of being simple, portable, highly selective and user-friendly. They
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do not require complex sample preparation or treatments and provide a fast response with,
direct and real-time information about the L-lactate concentration.

There are mainly two types of L-lactate enzyme biosensors one based on L-lactate dehy-
drogenase (LDH) [11] and other on L-lactate oxidase (LOD) [12]. L-lactate dehydrogenase-
based biosensors are better performing than L-lactate oxidase-based biosensors, in terms
of cost, stability and substrate recycling and was extensively used in lactate detection.
LDH enzyme has a high catalytic activity in the conversion of lactic acid to pyruvate
and β-nicotinamide adenine dinucleotide (NAD+) to its reduced form (NADH), that is
electrochemically detected by using an appropriate detector [13].

Several nanomaterials were reported in the development of the L-lactate
dehydrogenase-based biosensors aiming the immobilization of L-lactate dehydrogenase
through physical or chemical interactions as well as to improve the performances of the
NADH detection. Carbon nanotubes [14], polymers [15], mediators [16] or gold nanopar-
ticles [17] are reported in the literature as the immobilization support for LDH. Func-
tionalized reduced graphene oxide (RGO) [18] or graphene oxide nanoparticles [19] were
successfully used to covalently attach LDH on the surface of the electrode. Graphene-based
nanocomposites have attracted attention recently, being in high demand now. The noble
metal nanoparticles are of a great interest for electrochemical applications and have been
used lately to decorate graphene-based materials [20]. Metal nanocomposites have an im-
portant role in preventing the graphene aggregation by dispersing among the graphene lay-
ers and display excellent properties for electrochemical detection of NADH [21]. A sensitive
and selective detection of L-lactate was achieved by Azzouzi et al. by using a composite ma-
terial based on RGO and gold nanoparticles (AuNPs), which improved the performances
of the electrochemical detection of NADH [22].

Nevertheless, beside LDH immobilization it is also necessary to increase the perfor-
mances of the electrochemical detectors mainly their sensitivity and selectivity. In the past
two decades, the polyelectrolytes have gained increasing importance in the development
of electrochemical biosensors, due to the fact that they are flexible materials that can be
tailored for different purposes [23]. The literature reveals that polyelectrolytes are mainly
used as coating-materials or as immobilization matrices for biomolecules [24]. The poly-
electrolyte layer ensures a high active area, and the electrostatic interaction between NADH
and polyelectrolyte could facilitate its accumulation at the electrode surface, resulting in
the enhancement of the analytical signal [25].

Graphene based polymer nanocomposites have been recently reviewed and showed
interesting properties in various fields including electrochemical sensors [26]. Our group
have previously reported the advantages of using polyelectrolytes based nano-composites
in the detection of NADH [21,27].

The present article describes the development of an LDH based biosensor for de-
tection of L-lactic acid in real samples. The enzyme was immobilized on screen-printed
electrodes modified with a ternary composite based on a polyelectrolyte, graphene and
metal nanoparticles. Optimization and characterization of the biosensors was performed
by using different electrochemical techniques.

2. Materials and Methods
2.1. Reagents

L-lactic dehydrogenase from rabbit muscle (L-LDH, 25 KU), L- (+)—lactic acid (L-
LA), glutaraldehyde (GA, 25 wt% in H2O), nicotinamide adenine dinucleotide hydrate
(NAD+), nicotinamide adenine dinucleotide reduced disodium salt (NADH), poly (ally-
lamine hydrochloride) (PAH, MW 15 kDa), gold nanoparticles (AuNPs) (20 nm in diameter)
suspension in PBS 0.1 mM were purchased from Sigma Aldrich and were used as received
without further purification. Graphene oxide (GO) was purchased from DropSens (ref.
GPHOX). All other chemicals were of analytical grade. Phosphate buffer 0.1 M, pH 7.5
was prepared from Na2HPO4 and NaH2PO4 and contains 0.1 M KCl. All solutions were
prepared in ultrapure water (Millipore 18 MΩ·cm).
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2.2. Equipment and Materials

Autolab PGSTAT 101 (Metrohm-Autolab B.V., Utrecht, The Netherlands) electrochem-
ical workstation was used for cyclic voltammetry and amperometric measurements. DRP
C-110 screen-printed electrodes (SPE) from Dropsens (Metrohm Dropsens, Oviedo, Spain)
based on carbon working electrode; silver pseudo-reference electrode and carbon counter
electrode were used for the preparation of the LDH biosensor. All potentials are reported
vs. pseudo-reference silver electrode. All measurements were performed at room tempera-
ture. A magnetic stirrer was used to provide a constant convective transport during the
amperometric measurements. Prior to the immobilization of LDH, the enzyme activity was
determined spectrometrically using a Shimadzu UV-1650PC UV–VIS spectrophotometer
(Shimadzu, Kyoto, Japan) by monitoring the NADH at 340 nm [19]. The AuNPs-GO-PAH
nanocomposite was prepared using an Elmasonic X-tra 50 H ultrasonic bath (Elmasonic,
Singen, Germany) and Qualitron DW 41-230 centrifuge (Qualitron Inc., Gyeonggi-Do,
South Korea), while pH measurements were performed with an InoLab WTW pH 730 pH
meter (Inolab WTW, Weilheim, Germany).

2.3. Preparation of GA-LDH/AuNPs-ERGO-PAH/SPE Biosensor

The biosensor construction process is schematically presented in the Figure 1.
The preparation of L-LDH biosensor was performed in three steps:

I. AuNPs-GO-PAH composite preparation and deposition on SPE electrode, labelled
AuNPs-GO-PAH/SPE;

II. Electrochemical reduction of GO on the AuNPs-GO-PAH/SPE modified sensor;
and

III. Immobilization of L-LDH on the surface of AuNPs-ERGO-PAH/SPE by cross-
linking with glutaraldehyde (GA).

The first step was reported elsewhere in a previous publication of our group [27].
Shortly, The AuNPs-GO suspension was prepared by sonicating 1 mL AuNPs suspension
with 25 µL aqueous GO suspension (1 mg/mL) for 1 h and followed by centrifugation of
this mixture for 30 min. After removal of the supernatant, 80 µg of AuNPs-GO were mixed
with 40 µL aqueous PAH solution (0.1 mg/mL) by sonication for 15 min to obtain a stable
AuNPs-GO-PAH composite. A volume of 5 µL of this suspension was deposited on the
working electrode surface of the SPE sensor and let to dry at the room temperature for 24 h.

Figure 1. Schematic representation of the GA-LDH/AuNPs-ERGO-PAH/SPE biosensor preparation.

The electrochemical reduction of GO (second step) was accomplished by scanning the
potential in the range between −1000 and +500 mV in 0.1 M KCl solution, in the absence of
O2, for 10 cycles, at a scan rate of 10 mV/s. The method is described elsewhere [21].
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In the third step, LDH immobilization was performed by cross-linking with glu-
taraldehyde. A volume of 5 µL of L-LDH solution (6 IU/electrode) was deposited onto the
AuNPs-GO-PAH/SPE and allowed to dry for 5 h at 4 ◦C. In order to stabilize the enzyme
on the surface of the electrode, glutaraldehyde was added as a crosslinking agent. Thus,
a volume of 5 µL of 0.1% GA solution (prepared in 0.1 M PBS, pH 7.5) was deposited on
the enzyme layer and let to dry at 4 ◦C for 1 h [28]. The electrode surface was rinsed with
ultrapure water to remove any unreacted GA.

3. Results and Discussion
3.1. Optimization of Immobilization Method

One of the most important aspects in the development of a biosensor is the immobi-
lization of the enzyme on the surface of the electrode. In this sense, two immobilization
methods were tested.

The first immobilization method consists in the embedding of the L-LDH into the
ternary mixture AuNPs-GO-PAH. The L-LDH solution was mixed with PAH solution
before the preparation of the AuNPs-GO-PAH composite. In this way the enzyme was
incorporated in the composite used for the chemical modification of the SPE. A volume of
5 µL of LDH-AuNPs-GO-PAH (6 IU of LDH/electrode) was deposited onto the surface of
the working electrode of SPE and let to dry at 4 ◦C for 24 h. After drying, the graphene oxide
was electrochemically reduced at the surface of LDH-AuNPs-GO-PAH/SPE biosensor
using the method described in Section 2.2.

The second method of immobilization, described in Section 2.3, implies the immobi-
lization of the L-LDH by cross-linking with GA, as a separate biocatalytic layer.

Cyclic voltammograms were recorded for both types of biosensors in 5 mM NADH
solution on the potential range between +100 and +1000 mV at a scan rate of 100 mV/s.
Figure 2A shows variations in the intensity of the NADH oxidation peaks and potentials,
depending on the immobilization method used. The LDH-AuNPs-ERGO-PAH/SPE biosen-
sor exhibits an oxidation peak of NADH to a lower potential, at +400 mV, compared to
the GA-LDH/AuNPs-ERGO-PAH/SPE biosensor, which shows a oxidation potential at
+550 mV. The presence of the second LDH-GA layer, as the biocatalytical layer, can explain
the higher over-potential required to oxidize the NADH.

Figure 2. (A) Cyclic voltammograms recorded in 5 mM NADH for (a) LDH-AuNPs-ERGO-PAH/SPE and (b) GA-
LDH/AuNPs-ERGO-PAH/SPE (SR = 100 mV/s, PBS pH = 7.5). (B) Cyclic voltammograms recorded on L-lactic acid 2 mM
for (a) AuNPs-GO-PAH/SPE, (b) AuNPs-ERGO-PAH/SPE and (c) GA-LDH/AuNPs-ERGO-PAH/SPE (SR = 100 mV/s,
PBS pH = 7.5).

Despite the higher oxidation potential, the peak current is higher in the case of the
biosensor based on the enzyme immobilized by crosslinking with GA (3.22 µA) compared
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to the peak current of the biosensor with the enzyme embedded in the ternary composite
(1.22 µA).

Tests on LDH-AuNPs-ERGO-PAH/SPE biosensor for detection of 2 mM L-lactate in
the presence of 8 mM NAD+ showed a low oxidation current and a constant decrease of
the amperometric response for successive measurements. It was observed a decrease of the
initial current (70 nA) with approximately 50% after seven measurements. This behavior
can be attributed to the leaking out of the enzyme from the electrode surface.

The immobilization of L-LDH by crosslinking with GA was considered optimal and
used for subsequent experiments. Therefore, cyclic voltammograms were recorded after
each preparation step of the GA-LDH/AuNPs-ERGO-PAH/SPE biosensor in order to test
the response to L-lactic acid. As it is shown in the Figure 2B there is no response to L-lactic
acid for the modified SPE electrodes as well as for the LDH based biosensor in the absence
of NAD+.

3.2. Optimization of the Working pH

The L-LDH enzyme activity is strongly dependent on the working pH and the chemical
equilibrium is shifted to the formation of L-lactate or pyruvate. The activity of the L-LDH
was determined spectrometrically by monitoring the formation of NADH at the wavelength
of 340 nm in the pH range from 2 to 8 [19]. As it is depicted in the Figure 3, an increase
of the enzyme activity was observed in the pH range from 2 to 7.5 reaching a maximum
value at pH of 7.5. Therefore, all subsequent studies were realized at pH = 7.5. This value
is in the optimal pH range reported in the literature for this enzyme, which is between 6
and 7.8 [29].

Figure 3. Influence of pH on the enzymatic activity of L-LDH (n = 3).

3.3. Optimization of the Working Potential

The optimization of working potential was achieved by recording the chronoamper-
ometric response of the biosensor GA-LDH/AuNPs-ERGO-PAH/SPE for 2 mM L-lactic
acid solution in the presence of 8 mM NAD+ at different working potentials in the range
from +100 mV to +600 mV. The Figure 4 shows a very low response in the range from +100
to +300 mV with a significant increase from +300 to +500 mV. The maximum current was
achieved at +500 mV and all further amperometric measurements were realized at this
potential.
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Figure 4. Influence of working potential on the biosensor response (PBS 0.1 M pH = 7.5, 8 mM NAD+,
2 mM L-lactic acid, n = 3). (inset: chronoamperometric response curves at an applied potential
between 100 and 600 mV).

3.4. Optimization of Coenzyme Concentration

L-LDH is a dehydrogenase that catalyses a reversible reaction that imply L-lactate and
pyruvate. The oxidation of L-lactate by can be realized in the presence of the coenzyme
NAD+, which acts as electrons and H+ ions acceptor. Usually, it is necessary a higher
amount of the coenzyme in order to reach the maximal reaction rate of the enzyme reaction
and to shift the chemical equilibrium in the direction of L-lactate oxidation. The influence
of the NAD+ concentration on the biosensor response was investigated by chronoamper-
ometric measurements. The biosensor response was recorded at an applied potential of
+500 mV, in PBS buffer pH = 7.5 containing different concentrations of NAD from 1 to
12 mM after addition of 2 mM L-lactic acid. The response of the biosensor presented in the
Figure 5 shows an increase of the signal from 1 to 8 mM NAD+ followed by a decrease
of the current at higher concentrations of NAD+. Diffusion issues can explain this be-
haviour at higher concentrations of NAD+. Consequently, 8 mM NAD+ that ensures the
highest sensitivity was the concentration used for biosensor calibration and real samples
determinations.

Figure 5. Influence of NAD+ concentration on the biosensor response (E = +500 mV, PBS 0.1 M
pH = 7.5, 2 mM L-lactic acid, n = 3) (inset: chronoamperometric response curves recorded for NAD+

concentrations range 1–12 mM).
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3.5. Biosensor Calibration for L-Lactic Acid

Calibration of the GA-LDH/AuNPs-ERGO-PAH/SPE biosensor was performed in
a 5 mL cell under continuous stirring, at an applied potential of +500 mV in PBS buffer
containing 8 mM NAD+. Successive volumes of lactic acid were added at regular intervals.
Figure 6 shows the dynamic response range of the biosensor corresponding to the anodic
current measured as a function of the L-lactic acid concentration, where each point repre-
sents the mean value for three measurements. Experimental data allowed us to split the
dynamic range into two linear domains. The specific sensitivities for two linear domains
were calculated. A specific sensitivity of 1.08 ± 0.05 µA/mM·cm2 was calculated for the
first linear range between 0.5–3 mM, while for the second linear range assigned to the
4–16 mM domain the specific sensitivity was 0.28 ± 0.03 µA/mM·cm2. The detection limit
of the biosensor was estimated to 1 µM (based on signal to noise ratio of 3). Biosensor
presents a fast response of about 20 s for the entire L-lactate concentration range.

Figure 6. Calibration graph of GA-LDH/AuNPs-ERGO-PAH/SPE biosensor (E = +500 mV,
[NAD+] = 8 mM, PBS 0.1 M pH = 7.5, n = 3) (inset: biosensor response to successive L-lactic acid
additions).

The performances of the GA-LDH/AuNPs-ERGO-PAH/SPE biosensor were com-
pared with data from the literature and the results are summarized in the Table 1.
The working pH varies between 6.5 and 7.5 for all reported works. As it can be seen,
the biosensor presented in this work exhibits one of the largest response ranges, with a low
detection limit of 1 µM L-lactate. Specific sensitivities are comparable for references [14,30]
and biosensor reported in this paper with a clear advantage related to the response range
of our biosensor.

Table 1. Comparison of the performances of some L-lactate biosensors based on mediators, polymers or nanomaterials.

Matrix pH Linear Range
(µM) LOD (µM) Sensitivity

(µA/mM·cm2) RSD (%) Ref.

MWCNT/MB 7 100–10,000 100 3.46 N.R. [14]
pTTA/MWCNT 7 5–90 1 0.0106 4.3 [15]

MBRS 6.5 550–10,000 556 N.R. 4.28 [16]
Fe3O4 nanoparticles
/MWCNTs/NAD+ 7.5 50–500 5 7.67 4.7 [30]

CeO2-Nano 7.4 200–2000 50 N.R. (571,19 µA/mM) 2.8 [31]
DP/TTH 7.3 1.4–55 N.R. 0.0044 4.7 [32]

NB/MSA/CDTe/QDs 7.4 50–10,000 50 N.R. N.R. [33]

AuNPs-ERGO-PAH 7.5 500–3000
4000–16,000 1 1.08

0.28 4.2 This work

MWCNT—multiwall carbon nanotube, MB—Meldola’s Blue, CeO2-Nano—cesium oxide nanoparticles, MBRS—Meldola’s Blue-Reinecke
salt, pTTA—poly-5,2’-5’,2”- terthiophene-3’-carboxylic acid, Fe3O4 nanoparticles, NAD+—nicotinamide adenine dinucleotide, DP—
diaphorase, TTH—tetrathiafulvalene, NB—Nile blue, MSA—mercapto-succinc acid, CDTe—cadmium telluritum, QDs—quantum dots.
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3.6. Stability of the GA-LDH/AuNPs-ERGO-PAH/SPE Biosensor

Operational stability of the biosensor proposed in this work was studied by performing
successive chronoamperometric measurements, every 2 min for 2 mM lactic acid in a buffer
solution that contains 8 mM NAD+. Between measurements, the biosensor was rinsed with
phosphate buffer. The currents recorded for 10 successive measurements is presented in the
Figure 7A. The relative standard deviation (RSD) was calculated to estimate the stability
of the biosensor response. The biosensor presents a very good operational stability with
RSD = 4.2% for 10 successive measurements.

Figure 7. (A) Operational stability of the GA-LDH/AuNPs-ERGO-PAH/SPE biosensor. (B) Long term stability of the
GA-LDH/AuNPs-ERGO-PAH/SPE biosensor (E = +500 mV, [NAD+] = 8 mM, PBS 0.1 M pH = 7.5).

The long-term stability of the biosensor was studied by performing three calibrations
curves of the biosensor every week for seven weeks. The biosensor was kept in the
desiccator at 4 ◦C when not in use. A significant 2.7-fold increase in sensitivity was
observed in the second week of testing compared to the first week (Figure 7B). The response
of the biosensor keeps stable for the next three weeks. Finally, at the end of the seven week
the sensitivity reached 75% of the initial value. The same behaviour of the LDH biosensor
was reported by Azzouzi et al. [22] where the biosensor showed an increase of the response
after one week of storage.

3.7. Selectivity of the GA-L-LDH/AuNPs-ERGO-PAH/SPE Biosensor

One critical aspect to be considered for the analytical application of the biosensor is
the potential interfering effect of other compounds present in real samples. Therefore, to
test the usefulness of the proposed biosensor in detection of L-lactic acid in real samples
(such as yoghurt, wine) a study of the influence of the most common compounds that may
be present in these real samples was realized.

GA-LDH/AuNPs-ERGO-PAH/SPE biosensor was tested, in the experimental condi-
tions previously optimized, for detection of 1 mM L-lactic acid in the absence and in the
presence of glutamic acid, acetic acid, ascorbic acid, ethanol and glucose. The biosensor
response before and after addition of the potential interfering compound is presented in
the Figure 8. The potential interfering compounds (I) were tested at the same level of
concentration as L-lactic acid (1:1 ratio) and at a concentration 10 times lower than L-lactic
acid (1:0.1 ratio). The current ratio expressed as the ratio between the current recorded for
1 mM L-lactic acid in the presence of the interfering compound and the current recorded
for 1 mM L-lactic acid are presented in the Table 2.
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Figure 8. Biosensors response to successive addition of L-lactic acid 2 mM and ascorbic acid (AA)
2 mM (red line) and 0.2 mM (black line), respectively (inset: biosensor response to successive
addition of L-lactic acid 2 mM and acetic acid, ethanol and glucose and glutamic acid (Glu) 0.2 mM;
E = +500 mV, [NAD+] = 8 mM, PBS 0.1 M pH = 7.5).

Table 2. Influence of interfering compounds on the detection of lactic acid.

Interfering Compound
Current Ratio 1

L:I = 1:1 L:I = 1:0.1

Acetic acid 1.25 0.95
Ethanol 1.0 0.93
Glucose 1.2 0.98

Ascorbic acid 1.41 1.12
Glutamic acid 1.02 0.94

1 Current ratio = IL+I/IL where IL+I = response of 1 mM L-lactic acid (L) in presence of interfering compounds (I)
and IL = response of 1 mM L-lactic acid in absence of interfering compounds.

The experimental results showed that only ascorbic acid significantly interferes in
the detection of L-lactic acid when it is at the same level of concentration as L-lactic acid.
The results of this study highlight that GA-LDH/AuNPs-ERGO-PAH/SPE biosensor is
suitable for measurements of L-lactic acid concentrations in the food products with a low
concentration of ascorbic acid such as dairy products and wines.

3.8. Detection of L-Lactic Acid in Food Sample

The GA-LDH/AuNPs-ERGO-PAH/SPE biosensor was tested to determine the concen-
tration of lactic acid in the real samples of yogurt and wine. Prior to chronoamperometric
measurements the real sample of yogurt was diluted by factor of 50, while the wine sample
was diluted by factor of 25 with PBS 0.1 M pH = 7.5. The yogurt sample was filtered
before performing the electrochemical measurements. Amperometric measurements were
performed in a 5 mL cell, where volumes of samples from 0.5 to 4 mL were added. Addition
of 2.5 mL of diluted yogurt samples and 4 mL of wine sample respectively, provided an
analytical signal, that allowed us to determine the concentration of L-lactic acid in the real
samples from the first linear calibration graph.

The lactic acid concentrations in yogurt found in trade yogurt and home-made red
wine are shown in the Table 3. The R-Biopharm kit, based on the UV detection of NADH
in the enzyme oxidation of L-lactate, was used as reference method for determination of L-
lactic acid in the same samples. A good correlation between the biosensor and spectrometric
method was achieved. This proves that the new developed amperometric biosensor can be
successfully used in food quality control.
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Table 3. L-lactic acid determination in yogurt and red wine samples.

Sample Replicate ∆I, nA
L-Lactic Acid, g/L

Biosensor Spectrometric Assay

yogurt
1 110

8.48 ± 0.37 8.25 ± 0.242 105
3 116

wine
1 91

2.13 ± 0.11 2.05 ± 0.072 80
3 85

4. Conclusions

In this study a new amperometric biosensor for the detection of L-lactic acid based on
L-lactate dehydrogenase was developed. The surface of carbon screen-printed electrode
was modified with a ternary composite based on gold nanoparticles, electrochemically
reduced graphene oxide and poly(allylamine) hydrochloride, that as it has been proved in
a previous work, showed good performances for detection of NADH. The enzyme was im-
mobilized on the top by crosslinking with glutaraldehyde. In this way the LDH activity was
stabilized and allowed us to use the biosensor up to seven weeks. The GA-LDH/AuNPs-
ERGO-PAH/SPE biosensor exhibits a large dynamic response range that includes two
linear ranges. The simple manufacturing method, low costs and good analytical perfor-
mances (high sensibility, low detection limit, good stability and selectivity) recommend
this biosensor for applications in the field of quality control of foodstuffs.
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