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ABSTRACT

Fourier transform infrared (FTIR) spectroscopy measurements were used for the
prediction of commercial tannins antioxidant capacity, i.e. DPPH, through Partial-least
squares (PLS) regression. Plot of the leave-one-out full cross-validated PLS predicted
scavenging activity values (DPPH %) with a good correlation (r= 0.82), proving FTIR
succeeded to rapidly provide information on commercial tannins antioxidant capacity.
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1. INTRODUCTION

Tannins are naturally occurring polyphenols produced by plants via secondary metabolic
processes. Their ability to bind proteins, pigments, and complex metallic ions, together
with their flavouring effect are the basis for their extensive use as additives in the food
industry. Tannins are commercially available in water suspension liquids, which can be
stabilized by the addition of (poly)saccharides, or as lyophilized powders, which can be
either a single extract or a blend of two or more tannins, which can have one or more
degree of purity (VERSARI et al. 2013).

Taking into account their nutritional and technological potentials, the main challenge is
their analytical characterization, since suppliers seldom label their composition and the
degree of purity. Manufacturers provide general information only regarding the source of
the product and its use, whereas additional details such as their antioxidant activity —
which makes tannins of great interest in the wine industry, due to a diminished addition
of sulphur dioxide in this beverage — are often needed.

In this view, there is an ongoing interest to improve the measurement of the tannin
antioxidant activity. It is well known that tannins bind proteins therefore the assays based
on reaction catalysed by enzymes for generating radicals are inadequate because they use
proteins sensible to oxidation to measure the antioxidant activity. These leads to the
disability of tannins to be measured with, since there is the possibility that tannins can
interact with the radical generator per se, or sensor, or even to scavenging the radicals
themselves. It is important to notice that these both ways of measurements can be seen as
antioxidant activity, but it may not be clear whether the tannins are acting or not
(HAGERMAN et al., 1998; RIEDL et al., 2002; MILLER et al., 1993; CAO et al., 1993).
Currently there are several antioxidant assays available: ABTS (2,2’-azino-bis (3-
ethylbenzthiazoline-6-sulphonic acid) cation radical (ABTSe+) scavenging ability), DPPH
(2,2-diphenyl-1-picrylhydrazyl radical, DPPHe scavenging capacity), FRAP (ferric
reducing antioxidant power), electrochemistry (HAGERMAN et al., 1998; BOUCHET et al.,
1998; MUCCILLI et al., 2017, OSZMIANSKI et al., 2007), each of them presenting both
advantages and limitations. For example, the ABTS assay needs the time of incubation to
be optimized depending on each and every substrate (WALKER and EVERETTE, 2009).
Concerning electrochemical analysis, it is necessary to have trained professionals as an
expensive apparatus.

Conversely, the application of Fourier transforms infrared spectroscopy (FTIR) analysis in
oenology has had a considerable boost in recent times, due to its fastness, reliability and
versatility of use. Analytical devices based on the vibrational spectroscopy method are
widespread in analytical laboratories of oenological companies, providing the most
important quality parameters and supporting oenologists in different process stages.
Vibrational spectroscopy enables to disclose the molecular composition of unknown
samples, also including complex matrices, and to highlight interactions involved in the
molecular arrangements; this latter is especially useful to determine the occurrence of
intermolecular interactions.

Therefore, this study aimed to develop a fast analytical approach suitable for screening
antioxidant activity of tannins, which can provide reliable information in the wine and
food industry to tailor at best the use of commercial tannins.
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2. MATERIALS AND METHODS
2.1. Samples

Thirty commercial tannins were provided by suppliers as powder and dissolved in model
wine (pH 3.6, 12% EtOH) in a concentration of 1 g L.

2.2. DPPH scavenging activity

The amount of ‘bioactive tannins’ was calculated with the method of scavenging the
DPPH radical (BRAND-WILLIAMS, 1995), which is based on ability of the sample to act as
antioxidant agent within the methanolic solution of the free radical 2, 2 diphenyl-1 picryl-
hydrazyl (DPPH), which shows a maximum of absorption at 517 nm. Once the antioxidant
is added to the solution, absorption diminishes. The chemical reactions that take place are
as follows:

DPPHe +AH —DPPH-H +A
DPPHe +Re — DPPH-R

DPPH radical reagent was prepared in methanol (25 mg L+). Tannin solutions (100 uL)
were mixed with 2.9 mL DPPH radical solution (NIXDORF and HERMOSIN-
GUTIERREZ, 2010) and after 60 min, absorbance were measured at 517 nm against
methanol. The results are given considering the solution of 2.9 mL of radical and 100 uL as
control (100%), and to tannins sample it was considered their ability to neutralize the
DPPH radical, in relation to control, according to the following equation:

% Inhibition= [(Abs,... — Abs....) / Abs,...)] x 100

2.3. FTIR Analysis - Spectra acquisition

Fourier-Transform Mid-Infrared (FT-MIR) spectral analysis was performed using a Tensor
27 spectrometer (Bruker Optics) equipped with a horizontal attenuated total reflectance
(ATR) zinc selenide (ZnSe) crystal (HATR, PIKE Technologies, Madison, US). A remote-
control thermosetting device was used to keep samples (1 mL) at 40 +1°C for the whole
duration of measurements. Spectra, with a spectral resolution of 4 cm' and 64 scans
averaged for each spectrum, were recorded in duplicates from 4000 to 700 cm" for each
tannin. The same number of scans was used for background subtraction. Prior to data
analysis each spectrum was corrected for the variation in effective path-length using the
ATR correction option available in the Spectrum One 5.3.1 software (Perkin-Elmer,
Waltham, MA). The spectra were exported in ASCII format to the statistical software for
statistical analysis.

2.4. Chemometrics and data analysis

Partial Least Square regression (PLS) (Unscrambler 9.7, Camo, Oslo, Norway) was used to
model the relationships between the amount of bioactive tannins in commercial samples
and the selected wavelengths of FTIR spectra. Multivariate analyses were performed using
full cross-validation, i.e. the leave-one-out model, and with x-variables pre-processed as
‘Standard Normal Variate’” (SNV).
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3. RESULTS AND DISCUSSION

The tannins were coded by manufacturers (same letter), with info on their chemical
classification, if available (Table 1).

Table 1. Code, chemical classification and DPPH scavenging activity (%) of commercial tannins.

DPPH scavenging activity (%)

Code Chemical classification (mean=SD)
A1 Not available 25.7+0.2
A2 Condensed 44.3+0.7
A3 Hydrolysable / condensed 29.1+0.6
A4 Condensed 18.7+0.3
A5 Hydrolysable / condensed 26.4+0.01
A6 Hydrolysable / condensed 49.6+2.0
A7 Hydrolysable 19.3+0.2
A8 Hydrolysable 25.0+0.3
A9 Hydrolysable / condensed 40.8+0.9

A10 Not available 66.9+2.0
A1 Hydrolysable 34.7+1.6
A12 Hydrolysable stabilized with natural polysaccharides 27.8+0.7
A13 Hydrolysable / condensed 41.9+0.2
A14 Hydrolysable 36.0+0.4
B1 Hydrolysable 42.8+0.4
B2 Hydrolysable 59.4+0.5
B3 Condensed 30.7+0.6
B4 Hydrolysable 38.3+0.8
B5 Hydrolysable 37.9+0.01
B6 Hydrolysable 29.6+0.7
C1 Hydrolysable 28.8+0.7
c2 Hydrolysable / condensed 29.8+0.4
C3 Hydrolysable 34.6+0.1
C4 Condensed 24.2+1.2
C5 Condensed 25.4+0.4
Ccé6 Condensed 32.5+0.3
c7 Condensed 22.0+0.8
D1 Hydrolysable 21.3+2.7
D2 Hydrolysable 36.9+0.2
D3 Hydrolysable 29.3+2.6
D4 Hydrolysable 26.2+0.4

DPPH values ranged between 18.7-49.6%, which can be considered a representative
interval suitable for PLS modelling of FTIR spectra. Although the entire IR spectra was
acquired, after a preliminary attempt using the whole IR signal (4000 to 700 cm"), a specific
region 1750-900 cm' — which is well known as ‘fingerprint’ for polyphenolic compounds —
was considered for the PLS modelling, using 6 latent variables explaining up to 77% total
X-variance, and 61% total Y-variance. The selection of spectral regions was consistent with
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info from the literature (JENSEN et al. 2008; RICCI et al. 2015), which identified two IR
regions, 1485-1425 and 1060-995 cm, as mostly important for tannin quantification.

The fast-molecular screening provided by MIR spectroscopy showed satisfactory
correlation with the effective DPPH scavenging activity of commercial tannins (r=0.817;
slope 0.82) with the root mean square error of full cross-validation (RMSECV) of 6.6 (Fig.
1). This result is consistent with previous finding (VERSARI ef al., 2010), therefore
confirmed the reliability of FTIR analysis combined with PLS regression as a fast screening
method for antioxidant prediction in foodstuffs.

Moreover, it is also known that FTIR associated with chemometric can be useful for the
classification of tannin, and fraud disclosure (GRASEL et al., 2016a; GRASEL and
FERRAO, 2016b).
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Figure 1. Prediction of antioxidant activity (DPPH) of commercial tannins using FTIR and Full Cross PLS
Validation.

4. CONCLUSIONS

The preliminary findings of this short communication suggest that FTIR spectroscopy is
suitable as a rapid screening tool to provide information on antioxidant activity of
commercial tannins. Further FTIR analysis on a larger number of samples is needed to
improve the prediction model at best using an independent set of samples.
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