
On the plate treated with 0.1% 
Quercus ilex acorn extract, 
Phytophthora cinnamomi growth 
spread throughout the entire plate, 
while treatment with 1% Quercus 
ilex acorn extract resulted in 
complete growth inhibition after 15 
days of culture at 25 °C. 

GRAPE MARC ENRICHED FEED

INDUSTRIAL APPLICATION OF MASS SPECTROMETRY FOR THE VALORIZATION OF AGRI-
FOOD AND FORESTRY BY-PRODUCTS

High-resolution mass spectrometry (HR-MS)-based metabolomics, although well established as a highly impactful analytical tool in academic research, has gained increasing relevance 
in the industrial sector, experiencing exponential growth in its application over recent years. Its ability to provide detailed structural information on chemical compounds enables process 
optimization, quality control, and the development of innovative solutions across various industries, particularly in the agri-food sector [1]. Furthermore, the integration of artificial 
intelligence and machine learning has significantly streamlined the processing of large metabolomic datasets and the identification of biomarkers [2]. In this context, this work presents 
several industrial applications of HR-MS, including metabolomic studies combined with supervised and unsupervised machine learning models, using ultra-high-performance liquid 
chromatography coupled to quadrupole time-of-flight mass spectrometry (UHPLC-QTOF-MS) for the analysis of agro-industrial matrices. Within the framework of agri-food by-product 
valorization, the objective is to reincorporate these residues into the value chain by exploiting their remaining bioactive compounds. As a case study, the enrichment of swine and poultry 
feed with a phenolic-rich extract obtained from grape marc is investigated. A metabolomic workflow is applied to monitor the fate of these bioactive compounds from ingestion to their 
bioconversion during in vivo trials, evaluating multiple biological matrices. Additionally, the phytochemical profiling of Quercus spp. acorn extracts is presented, assessing different 
operational extraction parameters aimed at enhancing the recovery of specific bioactive compounds with potential applications in the control of plant pathogens. 
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In vivo tracking of grape marc biomarkers, 
bioconversion, metabolic tracers, and microbiota 
modulation in swine fed a polyphenol-rich extract 
diet [1]
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METABOLOMIC RESULTS

✓ MSAT enabled the sustainable and scalable extraction of bioactive compounds from grape marc, yielding polyphenol-rich extracts with a high abundance of flavan-3-ols.

✓ HR-MS-based metabolomics provided a comprehensive approach for the characterization and tracking of grape marc-derived bioactive compounds, supporting the study of their 

transit and bioconversion in animal feed applications.

✓ Quercus ilex acorns showed a differential bioactive profile associated with tree health status, with increased levels of specific compounds detected in acorns from diseased trees.

✓ Q. ilex acorn extracts showed potential against Phytophthora cinnamomi, with complete growth inhibition observed at 1% extract after 15 days under the conditions evaluated.

✓ Overall, HR-MS combined with sustainable extraction and metabolomic approaches supports the valorization of agri-food and forestry by-products as sources of bioactive 

compounds for industrial applications.

Effects of different concentrations of a white grape 
marc extract on broiler performance, apparent ileal 
digestibility, antioxidant capacity, intestinal barrier 
function and nutrient transport markers [2]

The main by-product of the wine industry 
consists of skins, seeds, stems, and any 
other solid waste.

1 kg of by-product per 6 L of wine

Grape marc retains 70% of phenolic content (skins 15% higher than pulp)

This residual by-product 
causes an important handling 
and storage problem.

Acorns are the primary feed source for 
Iberian pigs.

Without holm oaks, there are no 
acorns; without acorns, there is no 

acorn-fed Iberian pig.

The holm oak (Quercus ilex), the tree 
responsible for acorn production, is 
severely threatened by Phytophthora 
cinnamomi, one of the main pathogens 
responsible for oak decline, a disease that 
weakens and kills the tree.
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The Medium Scale Ambient Temperature 
(MSAT) extraction technique is presented as a 
scalable and simple method, incorporating 
standard temperature and pressure 
conditions, for obtaining bioactive extracts 
from various organic matrices.
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Comparative Analysis of Phytochemical 

Profile and Antioxidant and Antimicrobial 
Activity of Green Extracts from Quercus ilex and 
Quercus robur Acorns
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Nº RT (Min) Compound [C] (mg·L-1)
1 2.15 β-glucogallin 1.3
2 3.55 Gallic acid 350
3 4.33 Gallocatechin 0.4
4 5.8 Catechin 6
5 6.52 ∑ Procyanidins B1 and B2 3.9
6 6.62 1,3,6-trigalloylglucose 790
7 6.67 Epigallocatechin-3-O-gallate 0.48
8 6.8 Isovanillic acid <LOQ
9 6.96 Procyanidin C1 0.6

10 7.11 4-hydroxycinnamic acid 0.08
11 7.25 ∑ Procyanidin A1 and A2 <LOQ
12 7.68 1,2,3,6-tetragalloylglucose 1030
13 8.06 Epicatechin-3-O-gallate 0.48
14 8.31 Polydatin 0.08
15 9.46 1,2,3,4,6-pentagalloylglucose 2400
16 9.93 Quercetin-3-O-galactoside 0.16
17 11.46 Ellagic acid 4300
18 12.03 Naringenin 5.7

∑ Polyphenols 8889

GRAPE MARC BY-PRODUCT FALLEN ACORNS

A differential pattern associated with the
health status of the holm oak was observed in 
the acorns, with an increase in specific
bioactive compounds in those collected from
diseased trees. This increase may reflect a 
metabolic response to the stress associated
with infection, resulting in specific changes in 
the metabolite profile of the acorns.
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INHIBITION OF PHYTOPHTHORA CINNAMOMI

Table 1. Principal bioactive compounds detected in Quercus ilex.
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