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Il Abstract
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This study proposed a method to determine the sum of the concentrations of inosine 5-monophosphate (IMP) and

guanosine 5-monophosphate (GMP) in final and intermediate products through a combination of UV spectroscopy and
multivariate calibration. Partial Least Squares regression (PLS regression) was used for the data analysis and the proposed
methods presented errors of around 4 mg/L. In addition, the analysis cost is 10 times lower than the reference chromatographic
method and the analytical frequency is 20 samples/hour.
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Il Resumo

Neste estudo, foi proposto um método para determinar a somatéria das concentracdes de inosina 5’-monofosfato (IMP)
e guanosina 5-monofosfato (GMP) em produtos finais e intermediarios, através de uma combinag&o de espectroscopia UV
e calibragdo multivariada. Na proposigdo do método, empregou-se Partial Least Squares (PLS), para a analise de dados,
e 0s métodos propostos apresentaram erros em torno de 4 mg/L. Além disso, apresenta custo de analise 10 vezes menor
quando comparado com o método cromatografico de referéncia, sendo que a frequéncia analitica é de 20 amostras/hora.

Palavras-chave: Intensificadores de sabor; Método espectrofotomeétrico; Quimiometria; Andlise rapida; Sabor umami.

I 1 Introduction

The development of easily applicable analytical
methods with high analytical frequency for quality control
and the identification of contaminants in mid-process and
final food product components is a challenging task in the
food industry. Several methods described in the literature
include the use of an electronic tongue to evaluate the
tastes of monosodium glutamate (MSG), disodium inosinate
and guanylate umami (YANG et al., 2013), as well as the
combination of multivariate calibration with spectro-analytical
techniques for the simultaneous determination of herbicide
levels (ZHANG; PAN, 2011).

Yeast extract is an ingredient widely used in the food
industry as a nutritional supplement to reduce sodium in the
final product and as a flavour enhancer. The naturally occurring
proteins, amino acids, B vitamins, micro and macro elements
and ribonucleic acid (RNA) in yeast extract enhance the
original flavour of the food. Several biotechnological processes
can be used to produce yeast extract, and the nucleotides
5’'IMP (inosine 5’-monophosphate) and 5’GMP (guanosine
5’-monophosphate) are responsible for the natural flavour
intensification and enhancement of umami. The determination
of the concentration of these components in the final product
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can be carried out by a combination of spectrophotometric
and chemometric methods. This approach was presented
by Ni et al. (2011) for the quantification of the following
four flavour enhancers in commercial samples: maltol,
ethyl maltol, vanillin and ethyl vanillin. Duran-Meras et al.
(1993) proposed the use of derivate spectrophotometry
for the determination of IMP and GMP in food samples.
Acebal et al. (2008) also applied spectrophotometric
methods in combination with chemometrics to determine
IMP, GMP and MSG in commercial stock cube samples.
The relative errors obtained for the prediction were from
2% to 3%. The direct evaluation of raw materials in the
food industry is a critical task in real time process quality
control, in order to accelerate decision-making during
production. To develop these methods, one must take into
consideration the sample matrix complexity, analytical costs
and robustness of the analytical method. The application of
chemometric tools plays an important role in this scenario,
establishing regression models for the prediction of both
the characteristics and analyte concentrations. Bernardes
and Barbeira (2016) used UV-Vis and spectrophotometric
techniques to discriminate aged cachagas. Cantarelli et al.
(2009) proposed a method to determine aspartame and
acesulfame-K using molecular absorption spectrophotometry
and the multivariate calibration mathematical approach.
The results obtained were compared with a well-established
high performance liquid chromatography (HPLC) method
and the predicted error obtained was lower than 10%.

The goal of this study is to apply molecular
spectrophotometric techniques (UV) and PLS regression
(Partial Least Squares regression) (KUSWANDI et al.,
2015) to determine the concentrations of IMP and GMP in
mid-process products from a manufacturer of food flavour
enhancers. The employment of chemometric tools, mainly
PLS, in food analysis is a very interesting procedure in
order to improve decision making in food quality control
(MUNCK et al., 1998). The method proposed in this
study was developed by collecting data from several
yeast extract samples from mid-process products over
an 18 month period.

I 2 Material and methods

In the proposed procedure, samples from a process
production (named PP) were used and collected during
several periods of the year. The samples were prepared by

Product Total number of

Table 1. Sample characteristics and data set description for the proposed model.
Calibration set
Concentration range

diluting the solid (80 mg) in deionized water, and subsequently
filtered through a 0.22 um filter and transferred to a vial.

Reference concentrations of both analytes
(IMP and GMP) were determined using a high performance
liquid chromatographic (HPLC) method (Thermo Fisher,
model 3000) with a C18 column (150 mm x 3.0 mm; 3 um,
Sigma Aldrich) and ion pairing with hexylamine (5 mmol/L)
(COULIER et al., 2011). The injection volumes of the
samples and standards were 10 pL, and the calibration
curves for both analytes were from 0.5 mg/L to 23 mg/L.

The ultraviolet (UV) spectra between 200 nm and
300 nm were recorded for each sample using a HACH
(DR5000, USA) spectrophotometer. This equipment allows
for data collection with good linearity up to absorbance
values of 3.5.

The spectral information and reference values were
combined, and the Pirouette 4.2 software (Infometrix,
Bothell, USA) was used to generate regression models
to predict the sum of the IMP and GMP concentrations as
determined using PLS regression. Table 1 shows the total
number of samples collected, the IMP + GMP reference
concentration range and the number of samples used
to propose the calibration and the validation datasets.
In this case, the data set was divided into equal parts
for calibration and validation. The samples used in the
validation dataset were not employed in the calibration
process and were applied to evaluate the predictive
capability of the proposed model.

Il 3 Results and discussion
3.1 Reference method performance

As mentioned, a HPLC method was used to obtain
reference values for both the GMP and IMP concentrations.
The limits of detection (LOD) and of quantification (LOQ)
for both analytes were 0.2 mg/L and 0.5 mg/L, respectively.
Reproducibility (n = 20) and repeatability (n = 6) were 6%
and 1%, respectively. One hundred and eighteen samples
from the process production were collected and analysed
during a period of more than one year. The reference values
obtained using the HPLC method already described were
used to propose the regression model.

Figure 1 shows the analytical signals obtained
from the standards: IMP 20 ug/L, GMP 20 pg/L and their
mixtures (20 pg/L of each). The IMP signals consisted
of two peaks - one in the range from 200 nm to 225 nm

Validation set
Concentration range

samples  Samples b . GMP), mg/L (mean = SD) 2P (IMP + GMP), mg/L (mean = SD)
8.9-35.0 13.0-37.0
Product 118 59 59
Process (PP) (245 + 4.9) (24.8 + 4.8)
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and the other at 250 nm. GMP presented a shoulder from
275 nm to 280 nm. After 300 nm no chemical information
was observed and the absorbance was at the baseline.
Thus further calculations were only considered in the
region from 200nm to 300 nm.

Figure 2a shows the analytical signals for the product
obtained from the process. As shown in the figure, there
are baseline issues and a small shoulder at 275nm to
280 nm. In this case, normalization using the norm and the
first derivative (with a window of 19 points) were applied to
correct signal fluctuation and baseline problems, respectively
(Figure 2b). The dataset was subsequently mean-centred
as shown in Figure 2c. The UV-Vis equipment used allows
one to obtain absorbance values with good linearity up
to 3.5. Despite this, some saturation was observed in a
few samples. Since the proposed chemometric method is
intended to be a fast quality control method, none of the
samples were eliminated from the model.

The data were then equally divided into two sets
(calibration and validation; see Table 1), and a multivariate
model was calculated for the product obtained from the
process.
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Figure 1. Spectra (200 nm to 350 nm) obtained for the individual
standards of IMP (20 ug/L) and GMP (20 pg/L) and their mixture.
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One of the most important parameters in the configuration
of the PLS regression model is the selection of the proper
number of latent variables (LVs). In the case of the product
obtained from the process, 3 LVs were necessary, and
Figure 3 shows the number of latent variables versus the
standard error of cross validation (SECV, leave-one-out).
The SECV value was lower than 3.5 mg/L. In order to verify
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Figure 2. Spectra (200 nm to 300 nm) for the product obtained
from the process (a), data after normalization using the norm
and first derivative (b) and mean-centred (c).
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if the model was obtained by chance, 29 PLS models were
calculated changing the number of samples in the leave
out process (from 1 to 29). In all models, the calculated
SECV values ranged from 3.3 (29 samples leave out and
2 LVs) to 3.8 (22 samples leave out and 2 LVs). For the
29 models calculated, 7, 21 and 1 required 2, 3 and 4 LVs.
Different numbers of LVs were selected in order to obtain
a cumulative explained variance higher than 60%. As can
be observed, the models were very homogeneous and the
error values varied within a small range.

As indicated in Figures 1 and 2, the most important
regression vectors were between 200 nm and 300 nm.
Figure 4 shows the regression vector for the PLS model
proposed. As can be observed, the wavelengths from
200 nm and 300 nm presented high values, in agreement
with Figure 1 (pure IMP and GMP standards).
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Figure 3. Latent variables (LV) versus standard error of cross
validation (SECV, mg/L) for the regression model proposed for
the product obtained from the process.
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Figure 4. Regression vectors for the calculated PLS model.
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The value for SEC (standard error of calibration) was
also determined for the PLS regression model. Table 2 shows
the PLS parameters obtained as well as the SEV (standard
error of validation), and the errors were low. In addition,
the value for SEV was higher than the values for SEC and
SECV, and the model showed no overfitting.

In the chromatographic method (reference method),
the relative errors comparing the mean reference value and its
replicates (n = 3) ranged from 0.1% to 4.1%. For the proposed
UV spectroscopy combined with PLS regression model, the
relative errors comparing the reference and the predicted
values ranged from -74% to 41% (average -2%). Figure 5
shows the reference versus the predicted concentrations
for PP. This figure also shows the R? values and the linear
equations for both the calibration and validation data sets.

Figure 6 shows the range distribution for the
relative errors and the accuracy of the calculated model.
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Figure 5. Reference versus predicted concentrations (IMP + GMP mg/L)
for PP, considering the calibration (squares, R? of 0.5066) and
validation (circles, R? of 0.3881) datasets. The figure also presents
the fitted lines for the calibration and validation datasets.
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Figure 6. Relative errors (%) and accuracy (%) for the calibration
and validation datasets for the calculated model.
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Table 2. PLS regression models proposed for the three products evaluated.
Model/product

Calibration set Validation set

Product obtained from the process (PP) 3

%" SECV*
80 3.4 3.2 3.8

3Latent variable; °Explained variance; °Standard error of cross-validation (mg/L); °SE for calibration (mg/L); °SE for validation (mg/L).

The accuracy was calculated comparing the reference
value (chromatographic method) with the predicted
value. The results obtained for the product obtained from
the process were satisfactory and can be used for fast
determinations of analytes.

As shown in Figure 5, the proposed method was
able to satisfactorily predict the sum of the IMP and GMP
in the product obtained from the process. This method
was also 10-fold less expensive as compared to the
chromatographic one. In addition, fewer chemical
by-products were generated, and the analytical frequency
was approximately 20 samples per hour.

All papers related to the determination of IMP and
GMP in foods employed the UV-Vis region (ACEBAL et al.,
2008, 2010) and no research was encountered using near
or mid infrared (NIR and MIR).

I 4 Conclusions

This study shows the combination of UV
spectrophotometric measurements with regression models
to determine the sum of IMP and GMP in mid-process
products. The method is robust and generates fewer
chemical by-products as compared to the chromatographic
reference method. This alternative model is a promising
approach to accelerate the decision-making process for a
flavour enhancement manufacturer. In addition, suspicious
values with high relative errors can be further confirmed
using the chromatographic method.
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