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INTRODUCTION

RESULTS

Annually one third of all the food produced is wasted leading
to costs and negative environmental impact. To mitigate
these impacts, according to the circular economy concept,
the reuse of the residues is suggested. Some of the
alternatives are the recovery of valuable compounds with
beneficial properties from the residues and the bioproduction
of new added value products. Phenolic compounds can be
recovered from food by-products and were shown to
possess antimicrobial and antioxidant capacities, being
natural alternatives to food preservatives and helping reduce
the risk of some chronic diseases.

MATERIALS AND METHODS
Fourty-two agri-food by-products, distributed by 3 groups
with equal number of samples: leafs (resulting from the
vegetable “cleaning” and sorting process), “fleshy” (dense
and bulky by-products), and aromatic herbs (leftovers
resulting from sorting and cleaning ), were analyzed by four
different assays. For each by-product, three extracts were
accessed. The total phenolic content (TPC) was assessed
using an adaptation from the Folin-Ciocalteu method.
Flavonoid content (FC) assay was evaluated according to
Alothman et al. Antioxidant activity was assessed using two
different methods: the radical ABTS+• inhibition and the
DPPH• free radical scavenging analysis.
The analysis of differences of each parameter was evaluated
between the groups using the Kruskal-Wallis tests (α=5%)
and the agglomerative hierarchical clustering was used to
group by-products in clusters based on their similarity, using
the complete linkage method for computing distance
between clusters and Euclidean distance for measuring the
similarity between objects. The number of clusters was
chosen based in the evaluation of the dendrogram and the
silhouette analysis. The software used was the R 4.1.0.

Figure 1 – Top 10 of quantities resulting from each the parameters evaluated (TPC, FC, ABTS +• and DPPH•) by by-product.
Table 1 – Statistical analysis of the TPC, FC, ABTS +• and DPPH•
by groups (aromatic herbs, “flesky” and leafs).
N Mean ± S.D. Median Min. Max. 95% CI
TPC

FC

ABTS+•

DPPH•

Aromatic herbs

42

4,83 ± 5,42

2,87

0,54

22,00 3,15 - 6,52

Fleshy

42

0,76 ± 0,47

0,61

0,21

2,00

0,62 - 0,91

Leafs

42

0,84 ± 0,45

0,74

0,15

2,21

0,70 - 0,98

Aromatic herbs

42

2,44 ± 3,36

1,30

0,02

13,98 1,39 - 3,49

Fleshy

34

0,21 ± 0,19

0,16

0,03

0,75

0,15 - 0,28

Leafs

38

0,17 ± 0,10

0,16

0,03

0,44

0,14 - 0,21

Aromatic herbs

42

18,29 ± 29,58

6,45

0,54 130,31 9,07 - 27,50

Fleshy

42

1,48 ± 1,31

0,92

0,21

5,17

1,08 - 1,89

Leafs

42

1,22 ± 0,88

1,12

0,12

4,08

0,95 - 1,50

Aromatic herbs

42

4,47 ± 4,06

3,06

0,11

13,99 3,21 - 5,74

Fleshy

42

0,60 ± 0,52

0,50

0,06

2,02

0,44 - 0,77

Leafs

42

0,44 ± 0,30

0,37

0,09

1,17

0,34 - 0,53

In terms of TPC, FC, ABTS+• and DPPH•, there are statistically
significant differences between the aromatic herbs and the remaining
two groups (p<0.001).
In the cluster analysis with the four parameters, the by-products were
grouped into three clusters (Figure 2). From cluster analysis using only
the TPC assay, four clusters were obtained, and the FC analysis
suggested the establishment of three different clusters. For the
antioxidant activity assays, the by-products were grouped into three
cluster for the ABTS+• assay and two clusters for the DPPH• method.

Figure 2 – Dendrogram with the parameters
TPC, FC, ABTS +• and DPPH•.

CONCLUSIONS
Despite the antioxidant potential of aromatic herbs, leaf-based horticultural by-products could be an interesting source of addedvalue compounds. It was possible to assess that the grouping initially performed based on the agricultural characteristics of the byproducts was different from the clusters obtained. It should be noted that only part of the aromatic herbs constituted their own cluster
regardless of the parameters of TPC, FC and antioxidant activity evaluated in any of the analyzes performed.
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