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Abstract

The present work was aimed to compare the extraction efficiency of two techniques, the supercritical fluid
extraction (SFE) and the ultrasound assisted extraction (UAE) applied to broccoli by-products and utilize the
most active extract for prolonging the shelf life of fish burgers. To the aim, the antimicrobial activity of two
different percentages of extracts (2% and 5%) were tested against Pseudomonas spp. and Candida krusei. Once
the SFE was chosen as the best extraction method, the extract was added to sea-bram burgers to prolong the shelf
life. To the aim, both microbiological quality and sensory properties were monitored during refrigerated storage.
The SFE-extract addition to fish burgers determined a shelf life increase by about 7 days respect to control samples,
without any negative sensory perception.
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1. Introduction

The use of vegetal products as source of bioactive and healthful components is a concept which drew consumer
attention because of the increasing demand for high nutritional foods, free of synthetic preservatives. In addition
to the increasing attention towards nutritional aspects, food industry has to find innovative solutions to ensure an
extended food shelf life, in line with the global commerce which promotes the transportation of foods worldwide
and in line with the modern consumer lifestyle, more oriented towards limited time available for food supply. In
order to ensure an adequate shelf life, the transport of highly perishable fish products, needs a deep control of
microbial quality (Widsten, 2014) and for this reason, chemical preservatives could be an ideal choice to achieve
a good quality (Botterweck et al., 2000). Despite their utility, chemical preservatives may pose adverse risks to
human health causing for example carcinogenesis. As a consequence, researchers are trying to find natural
products without side effects. The rise of microbial food outbreaks determined by consumption of ready to eat
foods, represent another problem to be solved. Unfortunately, current technologies are inefficient to completely
control microbial spoilage. In particular, fish products are an ideal environment for microbial growth because of
their nutritional profile and their high content of water (Gill et al., 2002). Considering consumer demand for
minimally processed foods, alternative solutions for shelf life prolongation, need to be found. Vegetal
by-products such as leaves, flowers, seeds and peels have some natural antimicrobial compounds (Baydar et al.,
2004) capable of being used both to improve microbial quality and to promote sustainable practices in order to
reuse wastes (Martin et al., 2012). Brassica oleracea belongs to the Brassicaceae family which comprises 3500
species such as cauliflower, broccoli, kale, cabbage and Brussels sprouts. These vegetable products are a
consistent part of human diet worldwide because they have been reported to have anticancer antioxidant and
antimicrobial properties due to their phenols content (Keck & Finley, 2004). The bioactive vegetable phenols
consists in flavonoids, phenolic acids and tannins, mostly non volatile capable of being extracted by means of
aqueous and organic solvents (Wijngaard et al., 2009). The most common method for the separation of these
compounds, consists in a liquid solvent technique. This process presents some limitation such as: high energy
cost, elevated solvent use, high temperatures, low selectivity (Pormortazavi & Hajimirsadegui, 2007). To solve
these limitations, could be useful the adoption of other kind of extraction techniques. Supercritical fluid
extraction (SFE) and Ultrasound-assisted (UAE) leaching are modern extraction techniques, still little applied
but more efficient In the case of SFE extraction, solvents can be used above their critical point, determining in
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this way, diffusivity values more than two times higher respect to those of other liquids. The advantages of this
technique are: improved selectivity, automation, environmental safety (Brunner 2005). The use of CO,as solvent,
allows to avoid chemical and toxic solvents. The fact that CO, is volatile, improves chemical and thermal
stability of bioactive substances. The disadvantage consists in its no polar nature that limits its use with polar
compounds and for this reason polar co-solvents can be used to increase the extraction ability (Silva et al., 2008).
The UAE is based on sound mechanical waves that go beyond human hearing, whose frequencies are superior to
20 kHz. This type of extraction requires a liquid medium previously selected that allows ultrasonic wave to
propagate up to the product, also preserving the integrity of the molecules that can be thermolabile, thermostable,
hydrosoluble, and liposoluble. This is possible due to the cavitation forces resulting from the ultrasound
application. The ultrasound waves determine the formation of cavitation forces which enabled the collapse of
bubbles into the medium. The resulted mechanical effects such as: particle collisions, solvent penetration and
cell destruction, improve the mass transport rates of bioactive compounds, outside the food matrix (Gonzales et
al., 2014). Finally, this extraction method, can be considered natural since, its use of water as solvent and
efficient, in consequence of high extraction yield. In literature studies about the use of vegetal by-products are
focused on the extraction optimization conditions to obtain potential bioactive compounds, but the applications
of the extracted substances to foods are very scarce and completely absent in the case of broccoli by-products
extracts. Despite the recognized antimicrobial activity of broccoli extracts (Jaiswal et al., 2011; Correa et al.,
2014; Sibi et al.,, 2013) no studies are available on stems and leaves from broccoli by means of sustainable
extraction techniques such as SFE and UAE. Therefore, this work aims to compare the extraction efficiency of
SFE and UAE on the antimicrobial activity maintenance of broccoli by-products. Then, the extract from SFE has
been added to sea-bream burgers with the aim of prolong its shelf life. To prove its effectiveness, microbial and
sensory descriptors have been analyzed.

2. Material and methods
2.1 Raw Materials

Broccoli stems and leaves (Brassica oleracea) were purchased from a local company near to Foggia (Southern
Italy). Once arrived at the laboratory, samples were dried at 30-35 <C for 48 hours using a dryer (SG 600, Namad,
Rome, Italy). Then, all dried stems were reduced to powder by means of a mill (16/BV Beccaria s.r.l., Cuneo,
Italy) and kept at 4 <C untilization.

Sea-bram (Sparus aurata) was provided by a fisherman of Mnfredonia (Foggia, Italy) and after being cleaned
and eviscerated, it was cut into steaks of 400 g and transported under ice to the laboratory. After having been
thawed at 4 <C, all fillets were used for burger preparation.

2.2 Extraction Techniques

Broccoli extract (GME) was obtained by means of ultrasound assisted extraction UAE (USR-1500-50WL, Weal
s.r.l., Milan, Italy) using only water as solvent. In the reactor dried stems were suspended in water at a ratio of
1:10 (w/v) (2.5 Kg/25 L) and ultrasonically treated for 60 minutes at acoustic frequency of 25 kHz and with
ultrasonic power density of 50 W/L. The obtained extract was homogenized and a part of this was dried under
vacuum at 30 <C in an oven. The residue was recovered centrifuging at 6000 rpm for 10 minutes, using water (25
mL) to re-suspend the extract.

For the supercritic fluid estraction SFE,, experiments were made as described by Arn&z et al. (2016), using the
Speed SFE-2 (Applied Separation, Allentown, USA)supercritical fluid extractor. The instrument consists of two
pumps, one to deliver the solvent and the other used for the addition of an organic co-solvent (ethanol). The
operative conditions were: temperature at 35 <C, pressure at 50 bar and CO, flow rate of 2 L/min. The process,
as described by the overall extraction curve (OEC) lasted 140 minutes and consisted of 7 cycles. Briefly, 33 g of
broccoli dried powder were placed into the extraction vessel and after the reach of the set temperature, the
pressurization started. The extract was collected in a separate vessel while, CO, was depressurized using a heated
valve. Finally, the extract was vacuum dried at 30 <C in order to remove ethanol and re-dissolved in 25 mL of
absolute ethanol, in order to be centrifuged at 6000 rpm for 10 minutes (5804 R, Eppendorf, Milan, Italy) before
chemical analyses.

2.3 In vitro Tests for the Antibacterial Activity

Broth dilution method was adopted and two strains of Pseudomonas spp. (isolated from spoiled fresh cheese)
and a strain of Candida krusei (isolated from spoiled cream cheese) were used as test microorganisms. The
medium used for Pseudomonas was Plate Count Broth (PCB, tryptone 5 g 1-1, glucose 1 g 1-1 and yeast extract
2.5 gl-1, Oxoid) while for Candida krusei, the media was Sabouraud Dextrose Broth (Mycological Peptone
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10.00g/L and Dextrose 20.00g/L). the stock cultures were allowed to grow overnight at 25<C and immediately
after, the two strains were mixed at 1% each in order to obtain a cocktail solution of about 10* CFU/mI. Growth
experiments were made using the Japanese Industrial Standard (JIS) Z 2801:2000 (Anonymous, 2000). PCB and
SAB cultures were inoculated into three different tubs consisting of: Broccoli extract (EXT), and ethanol (ETH)
or water (W) as control experimental samples. All the afore-mentioned samples were tested at two different
percentages: 5% (v/v) and 2% (v/v). For each experimental sample (EXT, ETH, W) seven tubes were prepared in
order to follow the microbial growth for one week. A proper amount of target microorganism was inoculated in
each tube and incubated at 25<C for 24 h. Samples were diluted using a sterile saline solution (10 mL) stirred for
180 s, then plated on Pseudomonas Agar Base (PAB, Oxoid) and Sabouraud Dextrose Agar (SAB, Oxoid) and
incubated at 25<C for 48 h. Pseudomonas enumeration, the medium was modified with Pseudomonas CFC
selective supplement while Sabouraud Dextrose Agar, with 0.1 g/L of chloramphenicol (C. Erba, Milan, Italy).
All analyses were performed twice. With the aim of comparing the effectiveness of broccoli extracts against the
target microbial groups, data were showed as log reduction (A), that is:

A=log CFUy, g - log CFUgxrg ™

where log CFUw is the cell load of control sample that is water and log CFUgxr is the cell load of broccoli
extracts. To better understand the differences between the two extraction methods in antimicrobial activity
preservation, another index was calculated, (antimicrobial efficiency, AE) dividing A to the dry weight of the
extract (EXTpw) as follows:

AE=A/ EXTDW
2.4 Fish Burger Preparation

For fish burger preparation, 832 g of minced fish meat obtained by using a domestic food processor (Multichef,
Ariete, Firenze, Italy) was flavoured with, 41.6g of whey protein foam soaked with 1049 of olive oil (Farmalabor,
Canosa di Puglia, Italy), according to the work of Conte et al. (2011), 52g of potato flour (Bongiovanni,
Villanova Mondovi(CN), Italy), 5.2g of salt and 5.2g of oregano (CNT sample). The second control sample
consisted in sea-bram burger with 5% (w/w) of ethanol (ETH). The active formulation (EXT) had the same
composition of control samples with 5% (w/w) of broccoli extract obtained by means of supercritic fluid
extraction (SFE). The fish patties were homogenized in a bowl mixer for 5 min and divided into three batches
(1040 g each) made of 26 burgers of 40 g each. Each burger was shaped by means of a metal shaper in order to
obtain 1 cm thickens and 10 cm diameter. All burgers were packaged in an anti-fog high-barrier multilayer film
made of polyethylene terephthalate, ethylene-vinyl alcohol and polyethylene, with oxygen transmission rate (OTR)
of 6.19 cc/m?day, and water vapor transmission rate (WVTR) of 1.208 g/m?day, thickness of 50 um (Di Mauro
Officine Grafiche spa, Salerno, Italy). The storage temperature was 4 <C.

2.5 Microbiological Analyses

Twenty grams of sea-bream burgers were diluted with 180 mL of NaCl solution 0.9% using a Stomacher LAB
Blender 400 (Pbi International, Milan, Italy). The same diluent was used for decimal dilutions which were plated
on appropriate media in Petri dishes. Nordic Committee on Food Analyses (2006) and the International
Commission on Microbiological Specifications for Foods, ICMSF, (1986) prescribe for fresh water and marine
species, the following microbiological limit: 5x10° CFU/g for aerobic plate count (APC) at 30<C, 2 -10°CFU/g
for coliforms (Altieri et al., 2005), 10°CFU/g for Pseudomonas spp and 10° CFU/g - 10" CFU/g for hydrogen
sulphide-producing bacteria and psychrotolerant-heat-labile aerobic bacteria, respectively (Koutsoumanis and
Nychas 2000; Dalgard 1995), and The media used for the study were supplied by Oxoid (Milan, Italy).
Analyses were conducted in duplicate on two different samples. The acceptability limit was determined using the
modified version of the Gompertz, equation fitted to the experimental data, (Conte et al., 2009; Del Nobile et al.,
2009).

2.6 Sensory Analysis

A time intensity descriptive sensory evaluation was made following the Codex Alimentarious Commission
guidelines (WHO, 1999) by 10 trained panelists from the Department of Agricultural Sciences, Food and
Environment of the University of Foggia (Angiolillo et al., 2017). Panelists were asked to express their
judgement on burgers color, odor, juiciness, texture, taste and whole quality before and after cooking. All burgers
were coded by a letter and presented individually to each panelist in random order. The e xperimental burgers
were cooked in a microwave oven to an internal temperature of about 57 <C.The panelists used a 9-point scale
where the score 1, corresponded to extremely dislike while the score 9 to like extremely (Patsias et al., 2006;
Boskou & Debevere, 2000). The threshold value was set to 5 The sensory acceptability limit (SAL) was
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calculated fitting all data with the modified version of the Gompertz equation (Conte et al., 2009; Del Nobile et
al., 2009). The quantitative analysis was performed during three replicates sessions on different days at the same
hour of each day.2.7 Statistical analysis

All the results were using one-way Anova analysis. In the specific a Duncan’s multiple range test, with the
option of homogeneous groups (P<0.05), was used to determine significance among differences. The software
used for the scope was Statistica 7.1 for Windows 152 (StatSoft Inc.,Tulsa, OK, USA) was used.

3. Results and Discussion
3.1 In vitro Antimicrobial Activity of Broccoli by-products

To compare the effectiveness of the two extraction methods on the antimicrobial quality of the extracts, both the
log reduction (A) and the antimicrobial efficiency index were shown in Table 1 and Table 2. As it can be seen in
both tables, even if the ultrasound (UAE) extraction allowed to obtain a large quantity of extract respect to
supercritic fluid extraction (SFE), that is 5.09 g of extract from 20 g of broccoli raw stems and leaves, the quality
of the extract was better for the SFE extraction method. The added value of ultrasound-assisted extraction
consists properly in the great recoverywhich results in a higher dried weight product probably because of the
higher capability of the implant and the easier conditions for the extraction process. Even if the quantity of the
SFE extract was lower respect to the UAE extraction method, 1.01g from 33 g of raw material, the quantity of
phenols and flavonoids was greater (data not shown) and for this reason the antimicrobial efficiency index was
higher for the SFE extract at both percentages and for both microbial groups. Between the two index exists a
direct correlation that is evident looking both tables. In fact, when the antimicrobial index increase revealing a
great log reduction respect to the control sample, as a consequence, the antimicrobial efficiency index increase.
The antimicrobial index range was 1.31-2.44 for one week of experimental trial against Pseudomonas at 5% (v/v)
and decreased to 1.05-1.32 at 2% (v/v) extract concentration, while the corresponding antimicrobial efficiency
index ranges between 1.32-2.44 in the first case and 1.05-1.32 in the second case, revealing its dependent trend
from the antimicrobial action of the extract that is higher in the case of 5% added extract. For Candida krusei the
antimicrobial efficiency of the extract was more evident, revealing an active action against this microbial group,
the range was about 1.82-2.26 (at 5% v/v) and 1.01-1.23 (at 2% v/v). As a consequence the antimicrobial
efficiency index at 5 % of added extract, appeared to be the higher among the two techniques, ranging between
1.82-2.26. The gap between the two extraction methods was evident looking at Table 2 were the antimicrobial
index was three times less for both microbial groups. This result has been determined by the less pronunciated
antimicrobial activity of the ultrasound extract. The better quality of SFE extract in terms of quality protection of
polyphenols was also confirmed by Oliveira, Salvador, Smania, Smania, Mareschin & Ferreira,(2012) which
underlined that SFE provides an extraction without air and light that protects the bioactivity of the extracts. The
better quality of SFE extract justified the greater antimicrobial action revealed against both Pseudomonas spp.
and Candida Krusei respect to UAE extract. As it can be inferred from Table 1, the antimicrobial action against
the two microbial groups increased with the increase of the tested extract concentration and was about more than
double respect to UAE extract (Table 2). The antimicrobial activity towards the yeast strain was slightly more
pronounced and this result was of great importance as yeasts have been implicated in the spoilage of various
foods (Casey &Dobson, 2003). Even if literature did not account for SFE and UAE polyphenols extraction from
broccoli by-products, the antimicrobial action of broccoli extracts against Pseudomonas spp. was confirmed by
Jaiswal et al. (2011) and Jaiswal (2012). A possible explanation of the antimicrobial action of extracted
phenolic compounds is related to their ability to penetrate the bacterial cell membrane and to interfere with the
genetic material (Burt, 2004).
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Table 1. Log reduction (A) and antimicrobial efficiency index (AE) of broccoli by-products supercritic fluid
extract (SFE) towards Pseudomonas spp. and Candida krusei at 5% and 2% (v/v)

Extraction Technique Dry extract weight (EXTpw)  Broccoli by-products total mass

Supercritic Fluid Extract (SFE) 5%  1.01g 33g

Microbial Groups Time (days) A (CFUug" - l0gCFUgxrg™")  AE (A/EXTpw)

Pseudomonas spp 1 1.34 1.32
2 2.16 214
3 1.75 1.73
5 1.85 1.83
6 2.71 2.68
7 2.46 244

Candida krusei
1 1.84 1.82
2 2.46 243
3 2.94 291
5 2.79 2.76
6 221 2.18
7 2.28 2.26

Superecritic Fluid Extract (SFE) 2%

Microbial Groups Time (days) A (CFUug? - logCFUgxrg™)  AE (A/EXTow)

Pseudomonas spp 1 1.07 1.05
2 157 1.56
3 0.61 0.61
5 0.63 0.62
6 1.44 1.42
7 1.34 1.32

Candida krusei
1 1.02 1.01
2 1.83 1.81
3 2.15 213
5 1.60 1.58
6 142 1.40
7 1.24 1.23

Log CFUw represents the cell load of control sample that is water and log CFUgxr the cell load of broccoli extracts. EXTpw is the dry weight
of the extract obtained by means of SFE extraction technique.
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Table 2. Log reduction (A) and antimicrobial efficiency index (AE) of broccoli by-products extract obtained by
ultrasound-assisted extraction (UAE), against Pseudomonas spp. and Candida krusei at 5% and 2% (v/v)

Extraction Technique Dry extract weight (EXTpw) Broccoli by-products total mass
Ultrasound Assisted Extract (UAE) 5% 5.09¢9 209
Microbial Groups Time (days) A (CFUWg™"— I0gCFUexrg™) A/ EXTow
1 0.39 0.08
3 0.46 0.09
4 0.96 0.19
Pseudomonas spp
5 0.93 0.18
6 0.92 0.18
7 1.05 0.21
1 0.52 0.10
3 0.53 0.10
Candida krusei 4 0.65 0.13
5 0.81 0.16
6 0.69 0.14
7 0.64 0.13
Ultrasound Assisted Extract (UAE) 2%
Microbial Groups Time (days) A (CFU.g" - logCFUexrg?) A/ EXTpw
1 0.33 0.07
3 0.40 0.08
4 0.20 0.04
Pseudomonas spp
5 0.25 0.05
6 0.36 0.07
7 0.76 0.15
1 0.20 0.04
3 0.02 0.003
Candida krusei 4 0.33 0.07
5 0.56 0.11
6 0.34 0.07
7 0.54 0.11

Log CFUw represents the cell load of control sample that is water and log CFUexr the cell load of broccoli extracts. EXTpw is the dry weight
of the extract obtained by means of UAE extraction technique.

3.2 Shelf Life of Fish Burgers with Broccoli by-products Extracts

On the basis of the better antimicrobial activity revealed by supercritic fluid extraction (SFE) broccoli
by-products extracts, the highest percentages (5% v/v) in vitro evaluated was added to sea-bream formulation
(EXT). As control, burgers with the same quantity of ethanol (ETH) and without any addition were considered.
The ethanol was chosen because SFE requires the recovery of the residue with ethanol and for this reason it was
decided to consider the possible contribute of ethanol to the microbial quality of the burgers. There are few
studies in the literature about the use of food by-products in real food matrix and to the best of our knowledge
there are only studies about the antimicrobial effect of broccoli extracts in vitro but not in real application then,
our study represents an innovation not only because compares two actual and sustainable extraction techniques
but also because it suggests a concrete application to ready-to-eat fish.

Figure 1 shows the trend of total mesophilic bacteria and it is evident that the two samples with ethanol and
broccoli extract revealed a slow growth. The EXT sample was the best in term of time to reach the microbial
limit for the mesophilic bacteria, in fact it reached the limit at day 12.84 and so 3.91 day later respect to the
sample with the same quantity of ethanol (ETH) and 10 days later respect to the control sample, confirming that
the antimicrobial activity was due to the polyphenols content of the extract rather than its recovery with ethanol.
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Figure 1. Evolution of mesophilic bacteria in burger samples during the storage period

For Pseudomonas spp. (Figure 2) the effect evaluated in vitro was confirmed in fish because the samples with
broccoli extract never reached the microbial limit until 14 days while the control sample reached the limit after
about 8 days. Also in this case ETH sample showed a little high microbial contamination with 4.28 log CFU/g at
the 13 day while the EXT sample revealed a microbial concentration of 3.74 log CFU/g at the same day.
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Figure 2. Pseudomonas spp. count in burger samples during the storage period

Coliforms (Figure 3) didn’t represent a microbial problem for both fish burgers with broccoli extracts and
ethanol while the control sample reached the limit after about one week.
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Figure 3. Evolution of coliforms in burger samples during the storage period
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For the entire experimental period there was no growth of hydrogen sulphide-producing bacteria (data not
shown). As regard yeasts, samples with extract revealed a microbial growth two logarithmic order lower than the
control samples (data not showed).

All samples developed in this study were also judged for sensory properties (Figure 4). All samples recorded a
gradual decrease as a consequence of the microbial contamination but the ETH burgers were the less appreciated
because of their pungent odor and excessive whitening effect determined by the ethanol addition that also caused
a decrease of burger consistence. These samples were accepted until about one week. The CNT samples reached
the sensory acceptability limit in concomitance with the Pseudomonads growth, in fact the sensory limit was
reached almost simultaneously after 7 days. On the contrary, the addition of broccoli extract did not affect the
sensory quality because the EXT samples reached the sensory limit more than 7 days of storage, probably due to
the better microbiological preservation of the fish products. Sea-bram burgers shelf life is also listed in Table 3 as
the lowest value between MAL and SAL (Conte et al., 2009). It can be inferred from data that final shelf life was
limited by the sensory quality of raw samples. In general the addition of broccoli extract has led to a better
microbial quality without extremely sacrificing the sensory quality. Therefore, the broccoli extract addition to
sea-bram burgers determined a significant shelf life prolongation compared to control samples.
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b
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0 T T T T T T T T T 1

0 123456 7 8 910111213 1415
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Figure 4. Uncooked burgers sensory quality during the storage period

Table 3. Microbiological quality, sensory quality and shelf life (day) of sea-bream burger samples calculated as
the lowest value between microbial acceptability limit (MAL) and sensory acceptability value (day +SD).

Samples Microbial quality (day) Sensory quality (day)  Shelf life (day)
MALAPC MALPseudomonaS MALCoIiform SALO.Q
T=4C CNT 233%0.22a 7.88 +£0.27 6.97 +0.23 7.48 £0.14b 2.33+0.22a
ETH 8.93+0.75b >14 > 14 7.30 £0.25a 7.30+£0.25b
EXT 12.84 +0.71c > 14 > 14 9.15+0.50 ¢ 9.15+0.50 ¢

4, Conclusions

By-products represent a relevant problem for the food supply chain therefore their reuse in a sustainable way
may offer the possibility to reduce the environmental impact linked to their disposal. In this study two extraction
techniques were compared for their ability to preserve the bioactivity of broccoli by-products polyphenols. In
vitro antimicrobial tests confirmed the ability of supercritic fluid extraction (SFE) to obtain an high quality
extract in terms of antimicrobial efficiency against two tested microorganisms. The SFE extract was
subsequently added to fish burgers in order to confirm its antimicrobial activity also in a real food system. In
general the addition of broccoli extract has led to a better microbial quality without extremely sacrificing the
sensory quality. Broccoli extract addition to sea-bream burgers determined a shelf life extension greater than one
week while the corresponding control sample resulted unacceptable already after two days
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