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Abstract: The growing increase in the amount and type of nutrients in food created the necessity
for a more efficient use in dietetics and nutrition. Flavonoids are exogenous dietary antioxidants
and contribute to the total antioxidant capacity of the food. The current work aims to obtain optimal
models to predict the total antioxidant properties of food by the ORAC method. A dataset based
on the Database for the Flavonoid Content of Selected Foods and the Database for the Isoflavone
Content of Selected Foods, was created. Different algorithms of artificial intelligence were applied,
in particular Machine-Learning methods. They were employed using a R language. The performed
study allowed to show the effectiveness of the models using structural-topologic features of
Topological Substructural Molecular Design (TOPSMODE) in the databases. The proposed
models can be considered, without overfitting, effective in predicting new values of ORAC,
excepting the MultiLayer Perceptron (MLP) algorithm. The optimal model was obtained by the
Random Forest (RF) algorithm, which presented the best R2 of the series (R2 = 0.9571313 for the
training series and R2= 0.9247337 for the external prediction series).
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1. Introduction
The relation between the dietary intake of
bioactive antioxidants and health needs new

approaches and studies for its better
understanding. The research in this area has being

Mol2Net, 2015, 1(Section A, B, C, etc.), 1- x, type of paper, doi: xxx-xxxx

2

limited by the high number of bioactive
compounds, which also difficult the development
of analytical techniques and availability of
reference standards [1]. The FCDB of flavonoids
provides researchers with new values on the
flavonoid content of many foods in order to better
ascertain the impact of flavonoid consumption
against several chronic diseases [2,3]. Flavonoids,
particularly flavan-3-ols, have been associated
with the reduction in the risk of cardiovascular
diseases by modulating different mechanisms of
primary and secondary prevention [4]. One of the
their most important activities is related to their
antioxidant activity [5].
Food sources are complex matrices, in which
the antioxidant activity is variable with the
amount and type of bioactive compounds.
Several methods are available for the dietary
antioxidant determination. The ORAC has
emerged as an assay method of choice in
measuring peroxyl radical scavenging capacity in
foods and other matrices [6]. The ORAC assay has
been very controverted, although it has many
advantages [1]. A correct use of the data obtained
by this methodology, through epidemiological
clinical trials, has expanded the knowledge about
the dietetic intake of antioxidants and their
relationship to chronic diseases [7-14].
The present study takes into account the need
for a holistic and less reductive treatment in the

analysis of the health benefits of bioactive
compounds in nutritional sciences [15]. Our
purpose is to consider in the FCDB analysis a
chemoinformatic perspective, which aims at
generating useful models that can predict the
chemical and biological properties of the
compounds [16]. Essentially this research is based
on the assumption that the numerous FCDB data
have huge chemical information due to the
structural diversity of the compounds encoded on
it. Several articles explained that the antioxidant
properties are also related to the chemical
structure of polyphenols, mainly attributed to the
high reactivity of the hydroxyl substituents
[17,18]. This project was developed taking into
account the possibility of generating predictive
information related to the data found in the FCDB.
In particular, we were looking for a tool to predict
the antioxidant capacity of food containing
different compounds with flavonoid scaffold
(dietary exogenous antioxidants).
Therefore, the current work is centred in
obtaining optimal models based on MachineLearning methods that allow the prediction of the
total antioxidant capacity of the food, based on
food
flavonoid-composition
database
information, topologic-structural descriptors and
antioxidant activity of flavonoids.
.
.

2. Results and Discussion
Due to the complexity of food composition it
is not known which dietary constituents are
responsible for the consumption of antioxidantrich food and health association, but antioxidants
appear to play a major role in the protective effect
of plant foods [19].
The database used to create the models was
formed by 991 instances, six different types of
attributes, in addition to the class, reason why the
resulting matrix has a high dimensionality. The
monomeric dietary flavonoids present in the
studied data (flavonoid attribute) are from the
chemical subclasses: flavonols, flavones,
flavanones and flavan-3-ols. Quantifiing them as
aglycones facilitate the analysis, but reduce the
variety of compounds that can be analysed.
In table 1 it is shown the order of influence of
the attributes in the predictor variable (class). This
order is associated with a greater "weight" in

qualifying for this data matrix (dataset). The total
of polyphenols is the most influential in predicting
total antioxidant capacity of foods. Positive
correlations between ORAC and total phenolic
contents have also been previously reported [2022]. Moreover, the introduction of the topologicstructural information as a new metadata helps to
verify the hypothesis that the chemical structure
of flavonoids comprising the food is correlated
with the total antioxidant capacity. The influence
of these topological weight or structural attributes
is limited to this database. However, the high
dimensionality of the matrix and the fact that
foods are compiled in FCDB from UEA has led to
suggest that the scope of these results is in
correspondence with the knowledge that currently
exists in this field.
The models were constructed using the set of
A2 attributes (table 1). The optimal model for
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optimum for respectively algorithm is shown in
table 2.
The effectiveness performance comparison is
shown in table 2. In all cases, the superiority of the
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model corresponds to RF, followed by SVM and
KNN. In the case of the neural network MLP, a
very poor performance at both times was
recorded.

Table 1. Hierarchy of attributes of the set A1 regarding their influence in the class.
Order

Attributes*

1
2
3
4
5
6
7
8
9
10

TPexp
µ8H
µ12H
µ11H
µ10H
µ13H
id_flav
mean_flav
TEACexp
Class_flav

Value of
correlation with the
class
0.1551576
0.1483031
0.1349679
0.1213032
0.1206462
0.1096691
0.1018874
0.0341301
0.0108586
0.0094634

Set of attributes to
model
A2
A2
A2
A2
A2
A2
-

*-TEACexp (Trolox equivalent antioxidant capacity flavonid value), Class_flav (Class of flavonoid), id_flav (Flavonoids), mean_flav
(Amount of flavonoid (mean), TPexp (Total polyphenol value).

Table 2. RMSE and Rsquared values for the training and external perdition series (test) for the
proposed models.
Algorithm
RMSE Test
RMSE Train
RSquared Test
RSquared Train
KNN
1956.81
1851.174
0.8804453
0.9050207
SVM
1622.627
1790.536
0.9169604
0.9005644
RF
1557.108
1271.060
0.9247337
0.9571313
MLP
6429.185
6582.955
0.007487001
0.28457467
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Figure 1. Effectiveness performance versus RMSE for each algorithm. (a) KNN, (b) SVM, (c) RF, (d)
MLP.

3. Materials and Methods
Conformation of the data related to the food
composition
The dataset information was obtained in
different FCDB: a) database for the flavonoid
content of selected foods, Release 3.1 (FDB 3.1)
and b) isoflavones database released by the USDA
in 2008 (IDB 2) [2,3]. The Standard Reference
(SR) [23] was used to identify each unique food
entry if it matches a food in SR.
Description of the class variable and Attribute
selections
The variable selected (attribute class) to
predict was the ORACexp value, expressed in
.

μmolTE/100 g, was found in the literature. ORAC
was selected because it is considered to be the
preferable methodology to evaluate the
antioxidant capacity due to the biological
relevance to the in vivo antioxidant efficacy
[24].The assay has been used to measure the
antioxidant activity of foods and measures the
degree of inhibition of peroxyl-radical-induced
oxidation by the compounds of interest in a
chemical milieu.
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.
. Figure 2. Scheme of the applied methodology.
To the attributes, different weights were
assigned taking into account their influence in the
attribute class. The attributes (Group A1) are:
Trolox equivalent antioxidant capacity flavonoid
value (TEACexp); Class of flavonoid
(Class_flav); Flavonoids (id_flav); Amount of
flavonoid (mean) (mean_flav); Total polyphenol
value (TPexp). The experimental parameters were
taken from the scientific literature. TPexp
(mgGAE/100 g) for each substrate was found in
the literature. The analytical method developed by
Prior et al was used as the reference method for
select published sources [25] [26]. The spectral
moments were the TOPSMODE topological
attributes [26]. The bond weights used were noctanol/water partition coefﬁcient (H) [27], polar

surface (PS) [28], polarizability (Pol) [29],
Gasteiger-Marsilli charges (Ch) [30], van der
Waals atomic radii (vdW) [31] and molar
refraction (MR) [32].
A different weight was assigned to each
attribute using the measure of the quality of a
similarity decision system.
Weights were
assigned manually and using the Particle Swarm
Optimization + Rougt Set Theory method
(PSO+RST) [33-35] executed in Java. Different
machine learning algortms were investigated
(KNN algorithm , Support Vector Machine(SVM)
algorithm, Multilayer Perceptron algorit, Random
Forest algoritm. To evaluate the precision of
the results obtained, they was used [36] [28]: Root
Mean Square Error, RMSE,
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4. Conclusions
The proposed models can be considered, without overfitting, effective in predicting new values of
ORAC, excepting MLP algorithm. The optimal model was obtained by the RF algorithm, which
presented the best R2 of the series (R2 = 0.9571313 for the training series and R2= 0.9247337 for the
external prediction series). The prediction of the total antioxidant capacity of various food matrices
compiled in the database used requires knowing the total polyphenols and estimating the molecular
descriptors of the TOPS-MODE approach for the flavonoids contained in food.
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