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ABSTRACT

Broccoli has been consumed around the world in various ways; either raw, blanched, frozen, dehydrated or fer-
mented; however, functional foods and nutraceuticals are currently being designed and marketed from broccoli, through
the extraction of compounds such as sulforaphane, which according to several studies and depending on its bioavaila-
bility has a protective effect on some types of cancer. Likewise, several food technologies are reported to seek to offer
innovative foods to increasingly careful and critical consumers, ensuring that they retain their nutritional and sensory
attributes even after processing and that they are also safe. In this sense, studies on the effect of processing on com-
pounds of interest to health are of great relevance. Therefore, this article presents an overview on the study of tradition-
ally consumed broccoli and the design of new products from the use of agro-industrial residues that, due to their high
content of fiber and fitochemical compounds, can benefit the quality of life of the human population.
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1. Introduction

The increase in the development of novel foods by the food indus-
try is due to the convergence of several critical factors, such as: aware-
ness of the deterioration of personal health, where busy lifestyles, poor
choices in prepared foods, and sedentary lifestyles predominate. Scien-
tific developments in nutritional research are focusing on product inno-
vation in the area of functional foods or ingredients that provide con-
sumers with healthier foods. Cruciferous vegetables or brassicas such
as broccoli, cabbage, arugula, turnip, kale, etc., are booming due to the
diffusion of the benefits they provide. There is also a high consumption
worldwide due to their availability in local markets, low cost and con-
sumer preference for ease of use as a garnish. Several studies have
shown an inverse relationship between the consumption of brassica
vegetables and the risk of diseases such as cancer, where the beneficial
effects for human health of these cruciferous vegetables attributed to the
presence of high levels of fitochemicals called glucosinolates. Broccoli
is widely used in cooking in many parts of the world, also because it is
a natural source of fibra and flavonoids with high antioxidant activity.
However, all technological or culinary processes, whether minimal or
higher grade, could cause changes in the nutritional quality of brocco-
li before it is ingested. For this reason, the objective of this review is to
present and compare the nutritional and functional properties of
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broccoli when various food technologies are applied
to broccoli to extend its shelf life, in addition to
recognizing the importance of its consumption.

2. New concepts in food develop-
ment

2.1 Functional food, nutraceutical, “super-
food”

Nowadays, many people are looking for a
closer relationship between their diet and their
health, demanding more information about the di-
verse range of foods, and even more about those
foods called functional foods and their bioactive
compounds. Functional foods can be processed or
unprocessed, and consumed as part of a daily di-
et, but they provide nutrients and functional sub-
stances capable of producing metabolic or fisiolog-
ical effects useful for the maintenance of good
physical and mental health, in addition, they
can become auxiliary in reducing the risk of ac-
quiring some chronic and degenerative disease!*™!,

Functional foods have a market estimated at
$29 billion dollars a year in the United States alone,
and the food industry and scientists are shifting
their developments to the production of functional

foods and also to proving their beneficial effects on
health by their consumption, without downplaying
the importance of good sensory acceptance of such
foods!.

There are also pharmaceutical presentations
prepared from common foods, which can be pre-
sented as pills, capsules, formulations in the form of
powders or concentrates to be added to food, and
which have the medicinal character that are called
nutraceutical foods!>5®),

In recent years, the term “superfood” is being
used for those foods that can be related to the high
content of nutrients of high bioavailability and bio-
activity for the human body, providing health bene-
fits. The term is mainly employed for fruits and
vegetables that naturally contain a high concentra-
tion of nutrients, fitochemical compounds and anti-
oxidants?"#],

Through food science, it is possible to study
and create some foods that would not normally be
available, in addition to knowing how active com-
pounds interact within the metabolism of people.
Figure 1 presents the relationship of various actors
involved to preserve and understand the mecha-
nisms of action between these types of foods*.
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Figure 1. Stakeholder relationships for the study and development of functional and nutraceutical foods.

3. General information on broccoli
and ways to consume it

3.1 Description of broccoli cultivation and its
importance in Mexico

Broccoli (Brassica oleracea L. var. Italica)

originated in the eastern Mediterranean region of
Europe. A highly perishable climacteric vegetable,
it is rich in minerals, vitamin C, dietary fibras and
especially nutritional antioxidants, phenolic com-
pounds and glucosinolates®®?. According to
Cronquist™®, broccoli taxonomically falls into the
following categories (Table 1).
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Table 1. Taxonomic classification of broccoli (Brassica
oleracea L. var italica)

Reino Plantae
Division Magnoliophyta
Class Magnoliopsida
Subclass Dilleniidae
Order Brassicales
Family Brassicaceae
Genre Brassica
Species Oleraceus L.

Source: Adapted from Cronquist!*l,

Broccoli in Mexico is grouped in the agricul-
tural production sector of vegetables, being a crop
that is developed in regions where temperate and
cold climates predominate. It is managed mainly
through the irrigated agriculture modality. Accord-
ing to the Panorama Agroalimentario 2019 gener-
ated by SIAP in Mexico, Guanajuato accounts for
more than 67% of national production, and ex-
ports broccoli to countries such as Japan, South
Korea and Hong Kong™*.

3.2 Ways of consumption of broccoli

Broccoli is a vegetable that is consumed in
various forms around the world, has been part of
diets such as the Mediterranean diet and is usually
consumed both raw and cooked. However, in both
cases, it has been sought to ensure safety in the
handling within the supply chain of this to avoid
health risks to consumers!*®!.

It is estimated that, of each broccoli plant in
the field, only the inflorescence is used, which con-
stitutes about 30% of its total weight; there-
fore, 70% of the plant is agricultural waste consist-
ing of heavy stems and green leaves (Figure 2),
with the possibility of being used for the benefit of
various industries such as food or pharmaceuti-
cals™*®l. On the other hand, also in broccoli packing
houses, wastes are generated that, although they
meet safety specifications, do not comply with
minimum defects such as size or other commercial
qualities (personal communication with broccoli
producers in the region of Los Reyes Juarez, Pue-
bla).

Table 2 presents some ways of consumption
of broccoli or its extracts, as well as the general
conditions of the process, its average shelf life and

also the potential preferred market.

Figure 2. Parts of broccoli and its usable residues for obtaining
functional fitochemical compounds.

4. Most important nutritional and
functional components present
in broccoli

Several researchers have conducted in vivo and
in vitro studies®?!, to demonstrate that bioactive
compounds present in brassicas and in particular
in broccoli (ascorbic acid, phenolic compounds,
dietary fibra, carotenoids and glucosinolates),
could be responsible in the control of chronic dis-
eases, such as metabolic syndrome (Figure 3).

4.1 Phenolic compounds

Phenolic compounds are secondary plant me-
tabolites whose molecular structures include one or
more aromatic rings substituted by one or more hy-
droxyl groups. Phenolic compounds present in
foods have attracted interest due to their benefits to
health and also for their antimicrobial characteris-
tics and impact on multiple sensory attributes in
foods, including flavor, astringency, and color. Fur-
thermore, it has been determined that polyphenols
are largely responsible for the high antioxidant ac-
tivity of broccolil®,

The health benefits of phenolic compounds are
increasingly recognized and are known to be par-
tially dependent on their microbial conversion,
which can occur in situ after cutting plant tissue,
during food processing, particularly during food
fermentations due to the action of gut microbiota
after digestion.
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Table 2. Main forms of consumption of broccoli and broccoli extracts

Form of consumption  Process conditions Type of consumers Shelf life Reference
Whole raw broccoli Pre-cooled, weighed, boxed, Markets and supermarkets Up to 1 week Giletto et al.[7}
sealed with low density plastic
film, stored at 0.8 to 12 °C.
Minimally processed Sorting, sectioning, disinfec- Supermarkets and hotel, Up to 15 days Lemoine et al.[18]
raw broccoli pieces. tion, treatment from 42 to catering, restaurant and
48 °C and use of UV-C, pack-  school sectors
aging and cooling.
Raw broccoli chunks Sorting, sectioning, disinfec- Convenience stores Up to 21 days Hernandez et al.[*9]
under passive atmos- tion (NaClO), centrifugation,
phere conditions packaging in rigid polyeth-
ylene with passive atmosphere
and refrigeration.
Organic broccoli Selection, sectioning, disinfec- Supermarkets and the hotel,  Up to 15 days Dos Reis et al.[2]
tion, packaging in low density  catering, restaurant and
polyethylene and refrigeration.  school sectors.
Broccoli, cut Sorting, washing, section- Supermarkets and the hotel ~ Up to 14 days Stringer et al.[21
and blanched ing; blanching, cooling, air and catering sector catering,
drying at 7 °C, packing in restaurants and schools
polyethylene, sealing and
cooling.
Broccoli in juice Reception, cutting, extraction,  Supermarkets and the hotel,  Not reported Sanchez-Vega et

Frozen broccoli

Browli leaves in pow-
dered form added to
pancakes

Fermented broccoli
stalks

degassing, filtering and treat-
ment with high intensity elec-
tric pulses (HIPEF).

Sorting, washing, sectioning,
placing in trays and freezing
(-20 °C).

Selection, washing, blanching,
freeze-drying, pulverizing,
packaging, sealing and storing.
Dosing according to formula.

Reception, separation of flo-
rets, washing, peeling, cutting,

mixing with NaCl and layering

for 6 h.

Mixed with ingredients such as

sugar, soy sauce or sesame oil,
pepper.

Fermented from 6 to 10 °C at
least 1 day. It is marketed
without refrigeration.

catering, restaurant and
school sectors

Supermarkets and the hotel,

catering, restaurant and
school sectors

Supermarkets and celiac

population and vega na

Traditional fermented food

yan-tsai-shin

Up to 12 months

Not reported

Not reported

al _[22]

Kmiecik et al.[2]

Krupa-Kozak et
al _[24]

Chen et al.[?®]

Source: Authors.

Figure 3. Main effects of consumption of Brassicaceae group in various syndromes?’-2%1,
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4.2 Dietary fiber

Antioxidant dietary fiber composed of group-
ing antioxidants and dietary fiber. The dietary fibra
protects phenolic compounds from enzymes, be-
cause they spontaneously bind to cellulose, hemi-
cellulose, lignin and pectins, making possible the
release of intact phenolic compounds within the

gastrointestinal tract to be utilized by the microbio-
talt?l,

4.3 Glucosinolates, isothiocyanates and sul-
furafanates

Among the most important fitochemical com-
pounds in broccoli are glucosinolates and
their breakdown products, the isothiocyanates.

0
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Broccoli is very rich in glucoraphanin, which is the
precursor of sulforaphane. The isothiocyanate sul-
foraphane (4-methylsulfinyl-butane isothiocyanate)
has been extensively studied and has been shown to
have beneficial health effects such as modulation of
several cancer-related events™**%,

Glucosinolates are not biologically active until
they are hydrolyzed (Figure 4) by the action of the
endogenous enzyme myrosinase (R-thioglucosidase,
EC 3.2.3.1) when the plant tissue is ruptured as a
result of mechanical damage (by cutting or chewing)
or when myrosinase also present in the intestinal
microfiora contacts glucosinolate and releases glu-
cose, bisulfate, and aglycone®:%,
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Figure 4. Formation of isothiocyanates from Glucosinolates.

The perfil and content of glucosinolates in
Brassicas depends on various aspects such as crop
genotype, growth stage, environmental conditions
such as temperature, light, water, nutrient availabil-
ity, growth stage and postharvest conditions™!.
Currently, more than 130 glucosinolates have been
identified and more than 30 are always present in
Brassica species. The metabolism of such com-
plexly interacting compounds is subject to study;
for example, in broccoli, it has been generally found
that the glucosinolate content is higher in florets
compared to other plant sections such as stems and
leaves (525-556, 415-446 and 22-30 mg-kg™
dry basis, respectively)EL3#-%1,

5. Effect of processing technologies
on broccoli nutritional and func-
tional compounds

It is known that food processes can affect the
nutritional characteristics of broccoli. In some cases

they are beneficial and can improve the bioavaila-
bility of certain fitochemical substances present.
However, they can also cause significant losses of
nutrients. Due to the above, several studies
have been conducted to demonstrate such effects as
described below.

5.1 Thermal technologies in broccoli pro-
cessing

To preserve broccoli, temperature reduction is
frequently used, either by applying refrigeration
temperatures (2 to 10 °C or freezing (-45 to -18 °C),
which results in a challenge to ensure that the shelf
life is maintained and at the same time the content
of bioactive compounds responsible for the
health benefits of consumers is preserved. Because,
although the rate of reactions is lower, some reac-
tions still take place!?**7,

In a study by Alanis-Garza et al.", a freezing
process was applied to seven commercial broccoli
varieties, finding that there were no relevant chang-
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es in total phenol content. However, the carotenoid
content was improved (#60-300%) and the extrac-
tion capacity of glucosinolates was increased. These
results suggest that in frozen broccoli, there is a
higher bioavailability of bioactive compounds
compared to fresh broccoli, however, the mecha-
nisms that cause this higher yield remain to be ex-
plained.

Regarding the use of heating, a study is re-
ported using broccoli florets sections, which con-
sisted of blanching at 57 °C for 13 minutes, fol-
lowed by incubation, to determine the ideal
temperature and incubation time using response
surface to maximize sulforaphane content, resulting
in 38 °C for 3 hours as the best ratio. A first option
the authors suggest is that sulforaphane could be
isolated from broccoli to be employed with a
nutraceutical or functional ingredient. A second op-
tion after achieving maximization of sulforaphane
content by incubation was to dry the broccoli paste
using a fluidized bed, with the objective of main-
taining that concentration of sulforaphane after
processing. The results showed an increase of 25%
with respect to fresh broccolit®®34,

Mahn and Rubio®! reported the evolution of
total polyphenol content and antioxidant activity
in blanched (57 °C for 13 min) and unblanched flo-
rets, during storage at temperatures from -45 °C to
20 °C for more than 80 days, finding that both pol-
yphenol content and antioxidant activity increased
at the beginning of storage (-21, -1, 10 and 20 °C)
and then decreased; in contrast, during storage at
-45 °C, no significant changes occurred.
Both blanched and fresh broccoli underwent the
same reactions that caused changes in polyphenol
content.

5.2 Barrier or obstacle technology applied
to broccoli

Hurdle technology is a food preservation pro-
cess that combines the use of one or more preserva-
tion methods to inhibit the growth of the microor-
ganisms present. In this way, a synergy is developed
with the application of various treatments, which
offers advantages compared to the separate use of
the individual treatment™. The most commonly

used obstacles in food preservation are temperature
(high or low), water activity (Aw), acidity (pH),
oxide reduction potential, use of preservatives such
as nitrites, sorbates, etc., and the use of microor-
ganisms such as lactic acid bacteria™>4!,

At present, non-thermal processes in foods,
such as the use of electric field pulses, are being
studied. Another group of obstacles are the use of
natural preservatives such as spices and their ex-
tracts, enzymes such as lysozyme, chitosan, bacte-
riocins such as nisin (E234), etc.”],

Additionally, the application of barrier tech-
nology can improve sensory and chemical charac-
teristics in addition to microbiological characteris-
tics. More than 60 different types of barriers
have been reported that can be used in different
combinations and concentrations in food processing
as presented in broccoli.

Recently, biodegradable materials are being
studied with the GRAS denomination to create edi-
ble films that in addition to increasing shelf life,
improve food safety. Such is the case of the study of
the evolution of native microorganisms (aerobic and
psychrotrophic mesophilic bacteria, fungi and
yeasts, lactic acid bacteria and coliforms) of an edi-
ble film made from chitosan, applied on
fresh broccoli florets and stored for 20 days under
refrigerated conditions. It is found that it presents a
significant reduction in mesophilic and psy-
chrotrophic bacteria compared to control samples
and inhibits the growth of coliforms during the re-
frigerated storage time, in addition to delaying the
yellowing characteristic of the product senes-
cencel®!,

Das et al.l* studied the effect of three disin-
fectants, chlorinated water 100 pL/L free chlorine
pH 7, electrolyzed water with 100 pL/L free chlo-
rine pH 7.2 or ozonated water (O3) 2 pL/L on
fresh broccoli freshly chopped, and after treatment
were bagged in 30 um polyethylene bags. The study
was analyzed on the ninth day of storage at 5 °C
where the results showed no significant difference
in the evaluation of color parameters (L* and hue
angle), in addition, it was concluded that the appli-
cation of ozone for 180 s obtained lower total aero-
bic and coliform bacteria counts, and ozone
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could be a potential disinfectant to maintain micro-
bial quality in fresh fresh-cut broccoli.

5.3 Minimally processed food technologies
in broccoli

Minimally processed broccoli should be ready
for consumption, only disinfected with organic
compounds such as peroxyacetic acid or natural
antimicrobials such as bacteriocins and recently
emerging technologies such as UV-C or ozone,
among others.

However, an important problem of minimally
processed broccoli is that it is very perishable due
to the damage that the vegetable suffers when cut, it
allows a greater availability of intracellular contents
that favors the growth of pathogenic microorgan-
isms and saprophytes, which among other things
could trigger problems of low food safety, so it is
also common to use refrigeration or modified at-
mospheres to promote its preservationt®!,

Broccoli has a high respiration rate, and to
maintain its quality and increase its shelf life, a
study was conducted to evaluate the behavior in
fresh florets, in fisicochemical, microbiological and
sensory parameters. As a common postharvest
treatment for pathogen control, half of them were
treated with hot air at 48 °C for 3 h, then they were
packed in polypropylene bags, applying a passive
atmosphere and others were subjected to a modified
atmosphere (5 and 10% CO;) to be stored under
refrigeration at 5 °C, a control sample was kept. The
results in the use of both atmospheres did not pre-
sent significant differences between them, manag-
ing to keep the product for up to 21 days compared
to the control, but in practical and economic terms,
the use of passive atmospheres is better!?®!,

Ansorena et al.¥ studied minimally pro-
cessed broccoli through the effect of using a flexible
film composed of chitosan and carboxymethyl-
cellulose with or without the application of light
thermal shocks (1.5 min at 50 °C) on broccoli
stored refrigerated at 5 °C for 18 days. They found
that this technology has a beneficial impact on the
physical and nutritional quality of broccoli, evalu-
ating aspects such as weight loss, texture, color
(decrease in the appearance of yellowing), ascorbic

acid content, total chlorophyll content, aerobic
mesophilic bacteria count and sensory quality.

In another study of fresh broccoli, UV-C
treatment at 10 and 14 kJ-m™ was applied to delay
chlorella degradation (broccoli yellowing) and also
to increase the antioxidant capacity, which could be
useful from a nutritional point of view and to de-
lay broccoli senescencel®. Likewise, in another
investigation, the influence on the quality and post-
harvest fisiology of minimally processed broccoli of
combined treatments of UV-C (5, 8 and 10 kJ-m?
followed by hot air (42, 45 and 48 °C and stored at
20 °C for 4 days was analyzed. The combinations of
48 °C with a dose of 8 kJ-m? allowed delayed yel-
lowing, lower broccoli senescence and higher level
of antioxidant capacity during the storage period™®!,

Many consumers today are looking for diets
that provide high nutritional level, but without los-
ing the sensory quality of food and that are practical
for preparation and consumption, so it has been in-
novated in products such as the hybrid called
kailan-broccoli and commercially known as Bimi®
or Broccolini® among other names (Brassica
oleracea lItalica Group x Alboglabra Group). Cur-
rently highly consumed in northern European coun-
tries, the United States, Brazil and Australia, it has
the same qualities of broccoli and retains the bioac-
tive compounds, but with softer organoleptic char-
acteristics in the sulfur smell, besides being slightly
sweet. Another advantage of the kailan-broccoli
hybrid is that it consists of elongated and thin stems
making it completely edible. This product was
studied to evaluate the effects on glucosinolate and
vitamin C content when treated by 6 methods: boil-
ing (100 °C for 3.5 min), low pressure steam
(100 °C, 0.02 MPa for 5 min), high pressure steam
(0.1 Mpa for 2 min), sous vide (90 °C for 15 min),
grilling (280-300 °C for 3 min) and microwaving
(2.5 min), and then stored for 45 days at 4 °C. Low
pressure steam and microwave processes are the
methods that allowed preservation of glucosinolates
and vitamin C (60% and 79%, respectively), with
glucoraphanin being the most thermostable glucos-
inolatet®!,

Other studies carried out on applied technolo-
gies for broccoli utilization are summarized in Ta-

126



ble 3.

Table 3. Studies on the nutritional aspects of broccoli utilization in the world

Study material

Study conducted

Relevant result

Reference

Broccoli florets

Broccoli florets

Broccoli sprouts and
seeds

Organic and conven-
tional whole
fresh broccoli

Fresh broccoli

Broccoli florets with
green bean chunks

Broccoli florets

Broccoli seeds

To study the effects of pre-
treatment and freezing on glu-
cosinolate content and antiox-
idant capacity.

To evaluate the effect of cook-
ing methods (boiling, steaming
and microwave) on glu-
coraphanin degradation

and bioaccessibility in a simu-
lated gastrointestinal digestion
model.

To measure the effect of tem-
perature on glucoraphanin,
sulforaphane and myrosinase
content and distribution in the
sprout.

To compare the effect of 0zo-
nated and chlorinated water as
sanitizers on antioxidant prop-
erties.

To evaluate the use of ethanol
to extend shelf life and deter-
mine antioxidant activity.

To determine the effect

of blanching with hot water (20
to 52 °C) and storage from 7 to
10 °C and to simulate post
process of contamination (in-
oculation of Listeria mono-
cytogenes, Bacillus cereus and
E. coli O157:H7.

To evaluate the effect of
household practices such as
refrigeration, freezing and
cooking on vitamin C retention
and its relationship with sul-
foraphane.

To evaluate the glucosinolate
content and antioxidant activity
in seeds of several broccoli
varieties grown in Thailand.

The current method of industrial freezing is good
practice for preserving the main antioxidant nutri-
ents. Pretreatments such as blanching can be im-
proved.

The steamed treatment had only 11.87% loss of
glucoraphanin and the boiled one 47.03%. The
steamed broccoli presented lower bioaccessibility
(94.59%)).

The content of glucoraphanin and the formation of
glucoraphanin decreases with the growth of the
sprouts. More sulforaphane is present in
ungerminated seeds.

Cultivation method has an effect on polyphenols,
vitamin C and total chlorophyll content. Flavonoid
content and antioxidant capacity is higher in or-
ganic broccoli. The use of ozone favors chlorophyll
preservation.

The use of ethanol can extend shelf life and increase
antioxidant activity. It could also retard broccoli
yellowing.

The method improves appearance and reduces the
endogenous microbial population but may also
allow the growth of contaminating and pathogenic
organisms.

When refrigerated at 6 °C and 95% R.H. there was a
high loss of vitamin C and sulforaphane. Freezing
was a good technique to preserve the vitamin and
the concentration of sulforaphane did not change in
the product.

The concentration of glucosinolates varies among
the four broccoli seed varieties. Methanol and water
are the best solvents for extraction in the determi-
nation of antioxidants.

Cai et al.[%

Cuomo et al.[?]

Guo et al.l5%

Lima et al.BbY

Xu et al.l52

Stringer et al.[2]

Galgano et al.[52

Chuanphongpanich
et al.l3d

Source: Authors.

5.4 Application of fermentation to broccoli

Fermented foods are consumed all over the
world, playing important roles in the nutrition of the
population, such as food preservation due to the
formation of metabolites such as lactic acid, acetic
acid, propionic acid or formic acid, ethanol, bacte-
riocins, etc. In addition, they improve food safety
due to the decrease of enterobacteria due to pH
changes. They also improve the nutritional value,
organoleptic quality of food and generally increase
digestibility!™*S],

There are various processes in the world to
carry out fermentation of fruits and vegetables, re-
gions of Europe, Asia, America and Africa, such as
Vietnam, Taiwan, Philippines, China, etc. (Figure
5). Such processes can be described in a general
way as presented by Manas et al.®.

The stems of broccoli florets are usually dis-
carded, however, they can also be used to make
fermented broccoli stems (yan-tsai-shim), which are
traditionally sold without refrigeration in Taiwanese
markets. Broccoli stalks are washed, peeled and cut,
layered with NaCl in a vat for 6 hours, then the ex-
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Figure 5. Overall fermentation process for fruits and vegetables.

Source: Adapted from Manas et al /%%,

udate is removed and sugar, soy sauce and sesame
oil are added and left to ferment for 24 hours at a
temperature of 6 to 10 °C. This food has been stud-
ied to describe the great variety of lactic acid bacte-
ria (LAB) in both fresh and fermented products, as
well as the presence of antimicrobial substances
produced during fermentation!?®!,

Filannino et al.”! studied the metabolism of
phenolic acids and flavonoids during fermentation
of cherry juice and broccoli puree to be a potential
food source of phenolic compounds with biogenic
properties. Broccoli is a major source of flavonoids,
mainly acylated derivatives derived from synaptic,
ferulic, caffeic, caffeic, and p-coumaric acids.

6. Use of broccoli residues to obtain
phytochemicals

Currently, several studies are being carried out
in Mexico for the utilization of broccoli agricultural
residues, seeking to obtain bioactive products
through the fermentation of these residues. An in-

vestigation carried out by Campas-Baypoli et al.®®!,
consisted of evaluating the chemical composition
and sulforaphane content in fermented broccoli
residues; three treatments of crushed broccoli were
established for fermentation, adding 1% NaCl
powder in all cases and leaving it to stand for 20
minutes; to treatment 1, 33% water was added to
obtain a fermentation with native microbiota; to
treatment 2, 33% inoculum of lactic bacteria previ-
ously activated from a commercial probiotic of
immobilized cells, and for treatment 3, a scalding at
60 °C for 5 minutes was previously applied and
33% of previously activated inoculum was added.
The results showed that all fermented broccoli
improved its nutritional composition due to the ac-
tion of lactic acid bacteria (LAB), obtaining an in-
crease in protein (21.4 to 24.5%), lipid (1.6 to
2.6%) and ash (14.5 to 17.9%) content compared to
unfermented broccoli shreds (time zero). Regarding
sulforaphane, it presented an increase and remained
stable for a longer time in treatment 3
where blanching was applied, with the best content
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in a range of 109 to 376 pg/g dry matter, because
authors such as Fuller et al.® and Chen et al.®®],
have reported that lactic acid bacteria (LAB) pos-
sess enzymes with activity similar to myrosinase,
responsible for the conversion of glucosinolate
glucoraphanin to sulforaphane.

Sanchez-Machado et al.®™®, conducted a study
on the biochemical composition and fisicochemical
properties of different flours prepared from agroin-
dustrial residues of broccoli parts (florets, stems and
leaves), proposing that they can be a good source of
nutrients with potential use for food supplements.
The overall process consisted of convective drying
at 60 °C for each section, then pulverized and
sieved for analysis. The florete flours had the high-
est protein content (22.41 g/100 g dry weight) and
the stems presented the highest crude fibra content.
The amino acid perfil of the flours revealed high
concentrations of tyrosine, aspartic acid, glutamic
acid, proline, and valine.

Within the research conducted to determine
the bioconversion and viability of glucosinolates to
sulforaphane, Alvarez-Jubete et al.®! conducted a
study to compare the effect of microwave pro-
cessing on the content of isothiocyanate and total
sulforaphane in a ready-to-eat commercial Knorr®
soup, which was separately enriched with two
products; on the one hand, a powder obtained from
lyophilized floretes and another containing lyophi-
lized broccoli stems. Finding that the content of
isothiocyanates and total sulforaphane was higher
in both cases, with respect to the control, but was
significantly higher in floretes (0.29 and 0.21
pmol/g of soup) with respect to the stems (0.09 and
0.11 pmol/g). On the other hand, it is recognized
that the fibra contribution is higher in the latter,
which implies that broccoli stems represent an at-
tractive alternative in the formulation and develop-
ment of new food products, since they are currently
considered as a by-product of broccoli cultivation.

7. Conclusions

It is evident that broccoli and its extracts pos-
sess high functional properties for the benefit of
human health, due to the presence of bioactive
compounds (glucosinolates, sulforaphane, flavo-

noids, vitamin C, fibra etc.). The review presented
on various broccoli research strongly suggests that,
all factors within the vegetable supply chain, in-
cluding the form of culinary preparation or indus-
trial processing, will determine the content of phy-
tochemical compounds and their bioavailability.
Adding value to broccoli by-products by obtaining
functional ingredients and bioactive nutrients
could benefit the food and pharmaceutical industry,
contributing to the prevention of chronic degenera-
tive diseases. It is important for the scientific com-
munity to carry out confirmation of the effects
of broccoli processing, as well as the dissemination
of its nutritional quality to the population. Hopeful-
ly, in the near future the development and inclusion
of functional foods will be available and accessible
in supermarkets with established sections for the
prevention of specific chronic diseases.
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