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Abstract

Aim: Food production demand has been promoting an increase in the generation of agro-industrial waste.
Food industry waste can contain compounds with added value that, if properly extracted and used, can be
applied to the development of healthy foods (clean label), nutraceuticals, senior food, cosmetics, etc. The
revaluation of by-products from the broccoli industry will make it possible to reduce the large volume of
broccoli waste, reducing the cost of waste management and obtaining compounds of interest from them.
The aim of this work is the extraction of compounds of interest by means of environmentally sustainable
technologies and to characterize the freeze-dried broccoli extracts obtained in each green technology in
terms of their characteristic compounds of interest and the study of antimicrobial and antioxidant capacity.

Methods: The methods of extraction of compounds of interest from broccoli used in this research are
environmentally sustainable technologies, using water as the extraction solvent, including aqueous
extraction (AE), enzymatic extraction (EE), and ultrasound-assisted extraction (UAE). After extraction, the
freeze-dried broccoli extracts obtained were characterized and the antimicrobial capacity was studied with
Listeria and Salmonella strains and the antioxidant capacity was studied with Saccharomyces strains, thus
determining which of the techniques is most effective for obtaining a freeze-dried broccoli extract with a
high concentration of bioactive compounds.

Results: As a result of the research, different products have been obtained from broccoli waste by means of
three green extraction techniques, obtaining products with a high concentration of bioactive compounds
with antioxidant and antimicrobial capacity against strains such as Listeria and Salmonella.

Conclusions: The waste generated in the broccoli industry has been revalued to obtain high added value
products using environmentally sustainable techniques. Due to their high concentration of bioactive
compounds, these products are effective as functional products due to their antioxidant and antimicrobial
capacity.
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License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution
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Introduction

The agricultural industry is known to be the main producer of waste each year. The generation and
accumulation of waste from the food industry have a significant impact on biodiversity, human health, and
climate change [1]. It is for this reason that by-products and waste from the agri-food industries are
attracting international attention, mainly due to issues related to pollution and their mismanagement in the
economy, as they produce losses of money at different levels of the supply chain. Therefore, a reduction in
waste generation has the potential to generate considerable economic value [2].

The revalorisation of by-products has become the main objective of the agri-food industries; therefore,
the implementation of the economy model makes possible the application of compounds of interest that can
be used for application in different industries, due to their antioxidant, antimicrobial, and functional power
[3, 4].

Recently, food by-products such as broccoli (genus Perseus and Ares) by-products have been studied
for their content of other compounds of interest have been studied for their content of other non-
nutritional compounds with potential biological properties, such as flavonoids, carotenoids, vitamins, and
minerals, which may help reduce the risk of many chronic diseases (cardiovascular and age-related
degenerative diseases) [5].

In recent years, several studies, both in vitro and in vivo, have focused on the bioactive compounds of
brassicas and their potential to mitigate chronic diseases [6, 7]. Moreover, due to its composition rich in
compounds beneficial to health, it can also be used to treat other problems such as hypercholesterolemia,
cardiovascular diseases, diabetes or photosensitivity disorders [8, 9].

Thus, numerous studies have linked its richness in bioactive compounds to the properties associated
with broccoli as an anticarcinogen [10], antioxidant [11], antimicrobial [12], anti-inflammatory [13], and
antihypertensive [14]. The bioactive compounds in broccoli include glycosylates (and their hydrolysis
products, isothiocyanates) and phenolic compounds (flavonoids and hydroxycinnamic acids), which have
been shown to be antioxidants that may reduce the risk of certain types of cancer [15].

Conventional extraction using organic solvents, which have been used for many years but have many
drawbacks, has led to the introduction of new and promising extraction techniques. These techniques are
known as non-conventional or “green” extraction techniques [16]. Among the most common green
extraction techniques for the extraction of bioactive compounds from by-products of the agri-food industry
are enzymatic extraction (EE), ultrasound-assisted extraction (UAE) [17, 18], and microwave-assisted
extraction (MAE) [19].

In this study, different green extraction technologies, including the use of enzymes, thermal extractions,
and UAE, alternatives to the conventional ones in which large amounts of organic solvents are used, have
been developed to obtain extracts rich in compounds of interest from broccoli. The lyophilized broccoli
extracts obtained with different methods have been compared in terms of their characterization of
compounds of interest such as chlorogenic acid, caffeoylquinic acid, Di caffeoylquinic acid, and total
polyphenols and their measurement of antioxidant and antimicrobial capacity in vivo.

Materials and methods
Plant material

Broccoli by-products (B. Oleracea Var. Italica) of the Blanca Tudela variety are composed of broccoli stem
and leaf were supplied by several companies in Murcia-Spain during the months of September and October
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2022. Broccoli leaves and stems were transported directly to the laboratory within 1 h after generation and
stored at -18°C * 1°C until the extraction experiments were carried out.

Experimental design

In this study, four techniques were applied to investigate the impact of broccoli polyphenolic compounds,
including chlorogenic acid, caffeic acid, caffeoylquinic acid, and Di caffeoylquinic acid. Concentrations of the
broccoli polyphenolic compounds in the extracts were compared for the identification of suitable
conditions for maximum recovery yield from broccoli by-products. Figure 1 shows the experimental
scheme.

Broccoli by-product
v
Defrost at 4°C

s ¥ —4
Aqueous extraction (AE) EE UAE
v
Testing phenolic compounds
4
Testing antimicrobial and antioxidant capacity
4

Identify optimal conditions for polyphenolic compounds recovering

Figure 1. Experimental scheme

Extraction of phenolic compounds using different techniques
Extracts of interest were prepared with three different extraction methods as follows:

(a) AE: Water was added to broccoli by-product in a 1:3 (w/w) proportion. It was then heated up to
100°C and constantly stirred for 60 min.

(b) EE: The broccoli by-product was mixed with water 1:3 (w/w). A cellulase enzyme (Validase® TRL,
Sigma) was added at 0.01% of the weight of the broccoli by-product and the mixture was kept
stirred in constant agitation at 50°C for 60 min. Then the enzyme was deactivated heating the
mixture at 100°C. This method was described by the enzyme supplier.

(c) UAE: According to the procedure described by Saifullah et al. [20] (2020), the broccoli by-product
was mixed with water 1:3 (w/w). UAE in a UIP500hdT equipment (Hielscher, Germany) with a
power of 164 W, amplitude of 100% with constant agitation at 75°C for 60 min was applied to the
mixture.

All the samples obtained through the AE, EE, and UAE extraction were centrifuged (Centrifuge Heraeus
Labofuge® 200, Thermo Scientific, Massachusetts, EEUU) at 11,200 g for 20 min, filtered (Whatman® Grade.
42) and the supernatant liquid was lyophilised using Coolvacuum Lyoepic-85 (Coolvacuum Technologies,
Granollers, Spain). All the experimental processes were conducted in triplicate.

These conditions were defined in preliminary tests, considering the sample characteristics and the
limitations of the apparatus. Moreover, the recommendations of Saifullah et al. [20] (2020), Lu et al. [21]
(2021), and Barbosa et al. [22] (2021) were followed.

Determination of total polyphenols

The total polyphenols content was determined using the Folin-Ciocalteu method. Folin-Ciocalteu reagent
(FCR) was prepared from water (90 mL) and Folin-Ciocalteu stock solution (10 mL). A dilution was made
by mixing with FCR (5 mL), 5% sodium carbonate solution (4 mL), and the dissolved sample and kept in the
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dark for 1 h. After 1 h, the sample was measured in a spectrophotometer (UVmini 1240 Shimadzu, Kyoto,
Japan) with a wavelength of 765 nm. The units used to express the total polyphenols were mg gallic acid
equivalents (GAE) per 1 g dry matter (DM; mg GAE/kg DM). [23].

Determination of chlorogenic acid, caffeic acid, caffeoylquinic acid and dicaffeoylquinic acid

Fifty milligrams of each sample were extracted in 1.5 mL methanol at 70°C for 30 min with vortex mixing
every 5min to facilitate the extraction. Samples were centrifuged at 13,000 g, 15 min, 4°C). The
supernatants were collected, and methanol was completely removed using a rotavapor (R-210 Buchi). The
dry material obtained was redissolved in 1 mL of ultrapure water and filtered through 0.22 pm
Polyvinylidene Difluoride (PVDF) (Millipore) and measured with high performance liquid chromatography
diode array detection (HPLC-DAD) Agilent Serie 1200 (Agilent Technologies) [24].

Measurement of in vivo antimicrobial capacity by electrical impedance

Measurement of in vivo antimicrobial capacity was performed by direct application of extracts on bacterial
growth. Strains of Salmonella Enterica subsp. Enterica, serovar Typhimurium (CECT 4594), and E. coli (
Escherichia coli CECT 515), from the Spanish Type Culture Collection, with a concentration of 10° colony
forming unit (cfu)/mL, were used as culture medium 001A (Sy-Lab, Austria), performing the impedance
measurements at 30°C.

The lyophilized strain is placed in tryptic soy broth (TBS) for 24 h at 37°C, where a concentration of
approximately 10 cfu/mL is reached. After that, 9 mL of Sy-Lab001A medium was added to the tubes to be
introduced into the BacTrac apparatus, inoculating each tube with 0.1 mL of strain at a concentration of 10°
cfu/mL and the antimicrobial extract to be tested at a concentration of 5 g/kg. The tubes were then placed
in the apparatus and left to incubate for 24 h.

The changes in impedance or resistance of the culture medium due to the growth of microorganisms
were measured automatically with the BacTrac 4300 equipment (Gomensoro, Spain).

Measurement of in vivo antioxidant capacity by electrical impedance

The method is based on the ability of CO, (released by the cells during cell respiration) to collapse potash
(potassium hydroxide). In this sense, if the potash collapses, it is because there is cell growth, with the CO,
concentration being directly proportional to the number of cells.

To measure the antioxidant capacity by electrical impedance, the BacTrac 4000 Series was used. For
this, the cell is subjected to oxidative stress using 1 mmol/L hydrogen peroxide (H,0,). After subjecting the
cells to oxidative stress, the antioxidant agent (final extracts) is added and left to stand for 1 h at room
temperature for the antioxidant agent to counteract the effect of the peroxide, subsequently detecting the
growth of the cell. After 1 h, 0.1 mL of each vial is added to cells containing 3 mL of yeast nutrient broth. The
cells are placed in plastic tubes containing 2 mL of 2% KOH, and the equipment detects changes in
conductivity by means of electrodes immersed in the vials.

The prepared vials were made in triplicate in all cases, starting from a yeast culture (Saccharomyces
Cerevisiae) at a concentration of 10° cfu/mL:

(a) Vial 1: Medium control (2 mL potash). Potash is left open for atmospheric O, saturation.
(b) Vial 2: Strain control (800 pL strain + 100 pL H,0).

(c) Vial 3: Atmospheric O, saturation control for oxidative stress (800 pL strain + 100 pL H,0, + 100
ulL H,0).

(d) Product vial: Antioxidant extract control (800 pL strain + 100 uL H,0, + 100 pL extract with
concentration 5 g/kg).
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Data processing

The experiments were performed in triplicate as were the analytical determinations. The values presented
are the mean values obtained together with the standard deviation (SD). The statistical analysis to obtain
the SD was carried out using Statistical Package for Social Sciences (SPSS) 12.0 (SPSS Sciences, Chicago,
USA).

Results
Effect of the AE, EE, and UAE methods in the extraction of Polyphenols from the broccoli by-product

The values of polyphenols in the three lyophilized broccoli extracts are reported, and the concentration of
compounds of interest is illustrated: total polyphenols, chlorogenic acid glycoside I, caffeoylquinic acid, and
Di caffeoylquinic acid (Table 1). Highlighting that the highest concentration of chlorogenic acid glycoside I
(3.24 g/kg) and caffeoylquinic acid (9.07 g/kg) were obtained when the EE extraction was used, and the
highest concentration of total polyphenols (21.32 g GAE/kg) and Di caffeoylquinic acid (10.04 g/kg) was
obtained when the AE extraction was used.

Table 1. Determination of compounds of interest (g/kg). Effect of AE, EE, and US methods in the extraction of polyphenols for
the broccoli by-product. Results are expressed as mean values of triplicates + SD

Compound AE EE UAE

Total polyphenols (g GAE/kg DM) 21.32+042 20.95+0.31 3.91+£0.09
Chlorogenic acid glycoside 2.26 £ 0.05 3.24 £ 0.06 1.36 £ 0.07
Caffeoylquinic acid 8.47 £ 0.20 9.07£0.13 1.64 £ 0.03
Di caffeoylquinic acid 10.04 £ 0.24 7.99+£0.10 0.76 £ 0.01

The ability to extract polyphenols by enzymatic methods in vegetable products is corroborated by
different articles [25]. As with the results of the study, other comparative studies of extraction methods
claim that the results obtained after UAE are less effective [26].

Measurement of in vivo antimicrobial capacity by electrical impedance

A study was carried out to measure the antimicrobial and antioxidant capacity of the lyophilized extracts
obtained by the different extractive techniques by in vivo electrical impedance, in this study Listeria and
Salmonella strains were used as controls. The results obtained using the extract with a concentration of 5 g/
kg against the different strains in this study are shown in the following figures, which represents in the
vertical axe the changes in impedance (M%) of the culture medium due to the growth of microorganisms at
different times (hrs, horizontal axe).

The growth time of the Salmonella strain is 1.24 h, when broccoli extract obtained by UAE is added, this
growth slows down to 2.04 h, since the slowing down time is low, we cannot assure that these extracts have
antimicrobial capacity against Salmonella.

The growth time of the Listeria strain is 7.95 h, when broccoli extract obtained by AE is added, this
growth slows down to 40.08 h and when broccoli extract obtained by EE is added, the growth of the strain
is completely inhibited, so we can assure that these extracts have antimicrobial capacity against Listeria,
being the EE the one with the highest antimicrobial capacity against the Listeria strain. This is because the
freeze-dried broccoli extract obtained by EE has the highest concentration of chlorogenic acid, followed by
the aqueous broccoli extract (AE).

Measurement of in vivo antioxidant capacity by electrical impedance

The analysis of antioxidant capacity by in vivo electrical impedance consists of measuring the growth of a
Saccharomyces strain and a Saccharomyces strain subjected to oxidative stress (H,0, 1 mmol/L), causing
the growth of the strain to be retarded. To this strain subjected to oxidative stress, the different extracts
mentioned above are added to see if they have the opposite effect on oxidation.
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When subjected to oxidative stress the Saccharomyces strain has a growth of 10.00 h, if we add to these
conditions broccoli extract obtained by enzymatic technology (EE) the growth is 8.25 h and if broccoli
extract obtained by AE is added to these conditions the growth is 8.30 h, compared to broccoli extract
obtained by UAE which reduces the time to 9.36 h. This is because the broccoli extract (UAE) has the least
total polyphenols, so it has the least antioxidant capacity.

Discussion

As can be seen in Table 1, UAE is the least effective for obtaining polyphenols and chlorogenic acid
derivatives, obtaining less content in bioactive compounds, this is because these compounds tend to
degrade when subjected to powerful frequencies. These results agree with the study carried out by
Wianowska et al. [27], in which they investigated the stability of chlorogenic acid in pressurized liquid
conditions, concluding that high extraction temperatures and pressures cause the degradation of these
compounds, and consequently their low yield.

The antimicrobial activity of the aqueous extract and the enzymatic extract is due to the high
concentration of polyphenols it possesses, the high concentration of chlorogenic acid, which is higher in the
aqueous extract. Polyphenolic compounds are known for their antimicrobial capacity because they can
increase the content of oxidative free radicals and cause endogenous oxidative stress in bacterial strains
[28]. Experimental studies, such as the one conducted by Lou et al. [29] on the antimicrobial activity of
chlorogenic acid obtained from burdock leaves (Arctium lappa), concluded that the molecular structure of
this compound can bind to and permeabilise the bacterial membrane, causing damage to the integrity of the
membrane, which could lead to the death of the bacteria. This experimental study showed that this type of
compound acted remarkably on Gram-positive bacteria such as Listeria strains, while on Gram-negative
bacteria such as Salmonella the antimicrobial activity was not so affected [29].

Polyphenolic compounds in general are also compounds with antioxidant capacity, which can act
through two mechanisms of action, in the first one the polyphenol molecule reacts with the free radical,
with the transfer of a hydrogen atom. In the second, the oxidant transfers a singlet electron [30].

Regarding the antioxidant activity of the extracts obtained, we observed that the extract obtained by
UAE, having a low concentration of polyphenols, showed a lower antioxidant activity of the product. These
results agree with the study carried out by Lépez-Hernandez et al. [31], in which they studied the
antioxidant activity of broccoli liquid extracts using DPPH (radical scavenging capacity assay), ABTS (Trolox
equivalent antioxidant capacity), and ferric reducing assay (FRAP), observing that the higher the
concentration of total polyphenols, the higher the antioxidant activity of the extract [31].

With this research, another approach has been sought for the revalorisation of broccoli industry waste
to obtain natural ingredients with antimicrobial and antioxidant capacity using environmentally
sustainable techniques. The current need for a sustainable food chain requires the implementation of a
circular economy approach in the processing industries. The focus of this is to revalorize the discarded
parts of vegetables due to their high content of bioactive compounds.

Conclusion

In the present work, the efficiency of method with different green technologies for extraction of Di
caffeoylquinic acid and polyphenols from broccoli wastes was studied. The technologies were based on AE,
EE, and UAE. The AE showed the best result in terms of recovery total polyphenols and Di caffeoylquinic
acid, with an optimum concentration of 21.32 g GAE/kg DM and 10.4 g GAE/kg DM respectively. In
addition, extracts with the highest concentration of caffeoylquinic acid were obtained through EE, with a
concentration of 9.07 g GAE/kg DM. The UAE was the technique with lower extractive efficiency in all
compounds of interest. The main conclusion, this work has shown an optimal method of revaluation of by-
products from the broccoli industry and extract rich in Di caffeoylquinic acid of high purity could be
obtained.
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The antimicrobial capacity by electrical impedance using Salmonella and Listeria as strains, was show
an interesting difference depends on the green technology used. In Salmonella the result cannot assure that
these extracts have antimicrobial capacity. Instead, could assure the Listeria inhibitory efficiency in broccoli
extract obtained by EE. The objective of study the different green technologies is reduce waste of solvents
and energy. This environmentally friendly method uses natural resources that companies have as waste
and the final product with a quality concentration of interest component is obtained. In future we will
improve the efficiency and the food industry must revalue their by-products.

Abbreviations

AE: aqueous extraction

cfu: colony forming unit

DM: dry matter

EE: enzymatic extraction

GAE: gallic acid equivalents

MAE: microwave-assisted extraction
SD: standard deviation

UAE: Ultrasound-assisted extraction

Declarations
Author contributions

MDF and FL: Conceptualization, Investigation, Writing—original draft, Writing—review & editing. DQM and
PG: Validation, Writing—review & editing, Supervision. All authors read and approved the submitted
version.

Conflicts of Interest

The authors declare that they have no conflict of interest.

Ethical approval
Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

This research was funded by AGROMATTER project Establecimiento de una red cervera para el desarrollo
de materiales técnicos altamente sostenibles derivados de subproductos o residuos, and de la industria
agricola y de las operaciones de conservacion de espacios naturales [CER-20211013] from Ministerio de
Ciencia e Innovacién-CDTI, Spain. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Copyright
© The Author(s) 2023.

Explor Foods Foodomics. 2023;1:235-43 | https://doi.org/10.37349/eff.2023.00018 Page 241



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Osorio LLDR, Flérez-Lépez E, Grande-Tovar CD. The potential of selected agri-food loss and waste to
contribute to a circular economy: applications in the food, cosmetic and pharmaceutical industries.
Molecules. 2021;26:515.

Chiocchio I, Mandrone M, Tomasi P, Marincich L, Poli F. Plant secondary metabolites: an opportunity
for circular economy. Molecules. 2021;26:495.

Din Shirahigue L, Ceccato-Antonini SR. Agro-industrial wastes as sources of bioactive compounds for
food and fermentation industries. Cienc Rural. 2020;50:e20190857.

Cruzado M, Cedroén JC. Nutracéuticos, alimentos funcionales y su produccion. Rev Quim. 2012;26:1-2.
Spanish.

Reynoso-Camacho R, Rodriguez-Villanueva LD, Sotelo-Gonzalez AM, Ramos-Gémez M, Pérez-Ramirez
IZ. Citrus decoction by-product represents a rich source of carotenoid, phytosterol, extractable and
non-extractable polyphenols. Food Chem. 2021;350:129239.

Raiola A, Errico A, Petruk G, Monti DM, Barone A, Rigano MM. Bioactive compounds in Brassicaceae
vegetables with a role in the prevention of chronic diseases. Molecules. 2018;23:15.

De la Fuente B, Lopez-Garcia G, Mafiez V, Alegria A, Barbera R, Cilla A. Antiproliferative effect of
bioaccessible fractions of four Brassicaceae microgreens on human colon cancer cells linked to their
phytochemical composition. Antioxidants. 2020;9:368.

Bahadoran Z, Tohidi M, Nazeri P, Mehran M, Azizi F, Mirmiran P. Effect of broccoli sprouts on insulin
resistance in type 2 diabetic patients: a randomized double-blind clinical trial. Int ] Food Sci Nutr.
2012;63:767-71.

Porter Y. Antioxidant properties of green broccoli and purple-sprouting broccoli under different
cooking conditions. Biosci Horiz Int ] Stud Res. 2012;5:hzs004.

Ares AM, Nozal M], Bernal ]J. Extraction, chemical characterization and biological activity
determination of broccoli health-promoting compounds. ] Chromatogr A. 2013;1313:78-95.

Jang HW, Moon JK, Shibamoto T. Analysis and antioxidant activity of extracts from broccoli (Brassica
oleracea L.) sprouts. ] Agric Food Chem. 2015;63:1169-74.

Owis Al Broccoli; the green beauty: a review. ] Pharm Sci Res. 2015;7:696-703.

Dang Y, Zhou T, Hao L, Cao ], Sun Y, Pan D. In vitro and in vivo studies on the angiotensin-converting
enzyme inhibitory activity peptides isolated from broccoli protein hydrolysate. ] Agric Food Chem.
2019;67:6757-64.

Jeffery EH, Araya M. Physiological effects of broccoli consumption. Phytochem Rev. 2009;8:283-98.
Moreno DA, Garcia-Viguera C. El brécoli fuente de ingredientes funcionales: glucosinolatos. Aliment
Nutricion y Salud. 2008;15:49-53. Spanish.

Rodriguez Garcia SL, Raghavan V. Microwave-assisted extraction of phenolic compounds from
broccoli (Brassica oleracea) stems, leaves, and florets: optimization, characterization, and comparison
with maceration extraction. Recent Prog Nutr. 2022;2:1.

Reche C, Rossell6 C, Umafia MM, Eim V, Simal S. Mathematical modelling of ultrasound-assisted
extraction kinetics of bioactive compounds from artichoke by-products. Foods. 2021;10:931.
Fernandes FA, Heleno SA, Pinela ], Carocho M, Prieto MA, Ferreira ICFR, et al. Recovery of citric acid
from citrus peels: ultrasound-assisted extraction optimized by response surface methodology.
Chemosensors. 2022;10:257.

Ferreira SS, Passos CP, Cardoso SM, Wessel DF, Coimbra MA. Microwave assisted dehydration of
broccoli by-products and simultaneous extraction of bioactive compounds. Food Chem. 2018;246:
386-93.

Saifullah M, McCullum R, McCluskey A, Vuong Q. Comparison of conventional extraction technique
with ultrasound assisted extraction on recovery of phenolic compounds from lemon scented tea tree
(Leptospermum petersonii) leaves. Heliyon. 2020;6:e03666.

Explor Foods Foodomics. 2023;1:235-43 | https://doi.org/10.37349/eff.2023.00018 Page 242



21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lu SY, Chu YL, Sridhar K, Tsai P]. Effect of ultrasound, high-pressure processing, and enzymatic
hydrolysis on carbohydrate hydrolyzing enzymes and antioxidant activity of lemon (Citrus limon)
flavedo. LWT. 2021;138:110511.

Barbosa PPM, Ruviaro AR, Martins IM, Macedo JA, LaPointe G, Macedo GA. Enzyme-assisted extraction
of flavanones from citrus pomace: obtention of natural compounds with anti-virulence and
anti-adhesive effect against Salmonella enterica subsp. enterica serovar Typhimurium. Food Control.
2021;120:107525.

Singleton VL, Orthofer R, Lamuela-Raventés RM. Analysis of total phenols and other oxidation
substrates and antioxidants by means of folin-ciocalteu reagent. Meth Enzymol. 1999;299:152-78.
Velasco P, Francisco M, Moreno DA, Ferreres F, Garcia-Viguera C, Cartea ME. Phytochemical
fingerprinting of vegetable Brassica oleracea and Brassica napus by simultaneous identification of
glucosinolates and phenolics. Phytochem Anal. 2011;22:144-52.

Alvarez R, Araya H, Navarro-Lisboa R, Lopez de Dicastillo C. Evaluation of polyphenol content and
antioxidant capacity of fruits and vegetables using a modified enzymatic extraction. Food Technol
Biotechnol. 2016;54:462-7.

Rajha HN, Abi-Khattar AM, El Kantar S, Boussetta N, Lebovka N, Maroun RG, et al. Comparison of
aqueous extraction efficiency and biological activities of polyphenols from pomegranate peels
assisted by infrared, ultrasound, pulsed electric fields and high-voltage electrical discharges.
Innovative Food Sci Emerging Technol. 2019;58:102212.

Wianowska D, Typek R, Dawidowicz AL. Chlorogenic acid stability in pressurized liquid extraction
conditions. ] AOAC Int. 2015;98:415-21.

Xiong LG, Chen Y], Tong JW, Huang JA, Li ], Gong YS, et al. Tea polyphenol epigallocatechin gallate
inhibits Escherichia coli by increasing endogenous oxidative stress. Food Chem. 2017;217:196-204.
Lou Z, Wang H, Zhu S, Ma C, Wang Z. Antibacterial activity and mechanism of action of chlorogenic
acid. ] Food Sci. 2011;76:M398-403.

Mendoza-Isaza NA, Hoyos-Arbelaez JA, Peldez-Jaramillo CA. Capacidad antioxidante y contenido de
polifenoles totales de extractos de tallo de Stevia rebaudiana en varios modelos in vitro. Rev EIA.
2020;17:34. Spanish.

Lopez-Hernadndez AA, Ortega-Villarreal AS, Vazquez Rodriguez ]JA, Lopez-Cabanillas Lomeli M,
Gonzalez-Martinez BE. Application of different cooking methods to improve nutritional quality of
broccoli (Brassica oleracea var. italica) regarding its compounds content with antioxidant activity. Int
] Gastron Food Sci. 2022;28:100510.

Explor Foods Foodomics. 2023;1:235-43 | https://doi.org/10.37349/eff.2023.00018 Page 243



	Abstract
	Keywords
	Introduction
	Materials and methods
	Plant material
	Experimental design
	Extraction of phenolic compounds using different techniques
	Determination of total polyphenols
	Determination of chlorogenic acid, caffeic acid, caffeoylquinic acid and dicaffeoylquinic acid
	Measurement of in vivo antimicrobial capacity by electrical impedance
	Measurement of in vivo antioxidant capacity by electrical impedance
	Data processing

	Results
	Effect of the AE, EE, and UAE methods in the extraction of Polyphenols from the broccoli by-product
	Measurement of in vivo antimicrobial capacity by electrical impedance
	Measurement of in vivo antioxidant capacity by electrical impedance

	Discussion
	Conclusion

	Abbreviations
	Declarations
	Author contributions
	Conflicts of Interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	References

