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ABSTRACT

Agro-industrial wastes are rich in bioactive compadst Its use as a source of natural
antimicrobials may provide alternatives to the fowdiustry as it enables the
replacement of synthetic preservatives by natwalpounds, as well as the disposal
of by-products and reduced environmental impacer&tore, this study assessed the
antimicrobial potential and chemical composition agfro-industrial wastes against
pathogenic microorganisms of importance in foodsetBstalk, peanut peel, Pinot
Noir grape marc, Petit Verdot grape seed and madcgrapes fermentation lees and
guava bagasse wastes showed antimicrobial actaganstStaphylococcus aureus
and Listeria monocytogenesrhe minimum inhibitory concentrations ranged from
0.78 to 25mg/ml. Wastes with antimicrobial activstyowed the highest total phenolic
compounds among the wastes studied (37.3 to 4@AKJkg). Analyses by GC-MS
allowed the identification of caffeic, gallic, fdim and p-coumaric acids, besides
flavonoids quercetin, myricetin and epicatechinn@stes that exhibited antimicrobial
activity. This study demonstrates that agro-indaktwastes from wine and food
processing industries could be used as source safareh on new antimicrobial
compounds for use by food and beverage industnafasal preservatives.
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INTRODUCTION

The use of antimicrobials in food has become irsinggy necessary as the global
economy boosts the production and transportatiofoefi worldwide; however, to
ensure the supply of high-quality food, the userafservatives is essential (Davidson
and Branen, 2005). The potential application olirsdtantimicrobial compounds by
the food industry is huge, and studies on the pa@tion of antimicrobials in food
and to maximize their biofunctionality have beemduacted worldwide (Naidu,
2000).

Studies have shown the presence of bioactive oangs in different types of
agro-industrial wastes, representing valuable giateapplication in industry. Their
reuse would reduce environmental risks caused bpodal, besides providing a
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source of profitability for populations living arod industrial regions (Anastasiadi, et
al., 2008). Different types of waste can be usedaasource of raw material in
researches for natural antimicrobials. Studies Hauad bioactive compounds with
antimicrobial activity in grape seeds (Adamez, kbt 2011) and in their marcs
(Katalinic, et al.,, 2010), pomegranate peels (Ateky, 2009), lemon peels
(Mahmud, et al., 2009), green walnut husks (Olaeat al., 2008), among others.

In this study, wastes from food and beverage strtks and from large fruit
and vegetable distribution centers were evaluabedhe presence of antimicrobial
compounds with activity against microorganisms camiy associated with food
toxico-infections such aStaphylococcus aurepkisteria monocytogeneSalmonella
EnteritidisandEscherichia coli In addition, the chemical composition of wastest t
exhibited the greatest antimicrobial potentials @etermined.

MATERIALS AND METHODS
Agro-industrial wastes. Guava bagasseP$idium guajavg Cabernet Sauvignon,
Pinot Noir {itis viniferg) and Isabella grape marcVitjs labruscd wastes were
collected in several Brazilian industries in thestfihalf of 2009. Petit Verdot and
Verdejo grape marcs, Syrah and Verdejo grape stPett, Verdot grape seeds and
red grapes fermentation leev/it{s vinifery and tomato bagasseSdlanum
lycopersicum wastes were collected in the second half of 20@yetable wastes —
kale Brassica oleracer beet Beta vulgari$, broccoli Brassica oleracerand turnip
stems Brassica rapg, carrot Daucus carota and radish leavefR@phanus sativiis
pumpkin Cucurbitasp.) and passion fruit hull$&ssiflora eduliy — were collected
from gardens and fairs in the first half of 2009.the same period, artichoke leaves
(Cynara cardunculysand peanut peelsAfachis hypogaeawere also collected in
industries. With the exception of peanut peelwalbktes were freeze-dried for 5 days
at 60-10QuHg and at -50°C (LiotdpL101) and stored at -18°C until use.
Extraction procedure: The freeze-dried agro-industrial wastes were guoun
mechanical mill (IKA' A11). For preparation of extracts, samples (1:8)wiere
immersed in ethanol (40:60) and methanol (30:7Q)tems and kept in rest under
refrigeration for 96 hours. Every 24 hours, theraotis were filtered in qualitative
filter paper 12.5m (Qualy’) and the retained material was added to the réspec
extraction solvent. The solvents present in theafés were removed under low
pressure at 45°C (rotary evaporator Techahnd the resulting aqueous phase was
freeze-dried (LiotopL101). The freeze-dried extracts were stored unelieigeration
until the time of analysis. For the tests, the &t were dissolved in tryptic soy broth
(TSB).
Antimicrobial activity
Microorganisms tested: Antimicrobial activity was evaluated on Gram-posati
(Staphylococcus aureusTCC 25923 and.isteria monocytogeneSTCC 7644) and
Gram negative microorganismSglmonella EnteritidiATCC 13076 andEscherichia
coli ATCC 25922), from the collection of strains of thaboratory of Hygiene and
Dairy — "Luiz de Queiroz" School of Agriculture (BEQ/USP).
Agar diffusion method: The screening of the antimicrobial activity of exdts was
performed using the agar diffusion technique adogrtb the Clinical and Laboratory
Standards Institute-CLSI (CLSI, 2009a) and Duattal e(2003), with modifications.
200ul of standardized inoculums (LXCFU/mI) of each organism were transferred
to 200ml of tryptic soy broth (TSB) plus 0.7% ofcbexiological agar at 45°C in order
to obtain final bacterial population of 1.5 XIOFU/ml. With the aid of a sterile
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graduated test tube, 70ml of inoculated agar wearesterred to Petri dishes (150mm),
in which wells of 8mm in diameter were producedvaguum pump, within which
40ul of extracts were distributed (100mg/ml). Petshes were kept at rest for 1 hour
at room temperature to allow the diffusion of egtsainto the medium. As negative
control, 4Qul of TSB were used, and as positive controlpl40f chlorhexidine
solution 0.12% (v/v) were usedriplicates were made for each extract tested.
Minimum bactericidal and inhibitory concentrations (MIC/MBC): For MIC
determination, the macrobroth dilution method waedy as described by the CLSI
(CLSI, 2009b) in 96-well microplate. The conceritras of extracts were obtained by
2-fold serial dilution in the microplate, resulting concentrations ranging from
25mg/ml to 0.78mg/ml after the addition of inocetTSB (1-2x1® CFU/ml). The
final volume for each well was 20D The controls were composed as follows:
positive control (20Al of TSB added of 0.12% chlorhexidine v/v) and rega
control (20Qul of sterile TSB). Two hundred microliters of sterTSB were used for
broth sterility control. After incubation at 35°Grf24 hours, all wells received |30
of resazurin (0.01% w/v) with the objective of wgimg, through visual reading, in
which wells bacterial growth was detected. Any ewick of color change was
considered as indicative of bacterial growth. Foe MBC determination, 10 of
broth were removed from the wells considered inbiyi and sown in Petri dishes
containing tryptic soy agar (TSA), which were inatdd at 35°C for 24 hours. The
MBC was considered as the lowest concentrationhétiwno growth of colonies on
the surface of the culture medium was observed r@latet al., 2009). The
experiments were conducted in triplicate for eadnaet.

Growth curves: The effect of extracts on the growth of microorgam was assessed
using 96-well microplates (Gutierrez, et al., 2008) wells received 100l of sterile
TSB. The first well of each column was added of  lQéf extracts to be tested and
then 2-fold serial dilution was performed with @€ of a multichannel micropipette,
resulting in final concentrations ranging from 28mpto 0.78mg/ml, after adding
100ul of inoculated broth (1-2xf0CFU/mI). Controls consisted of 200 of
inoculated TSB (negative control), 2000f inoculated TSB added of chlorhexidine
0.12% v/v (positive control) and 20@ of TSB, plus extract, without inoculum
(white). The microplates were incubated in spe¢todpmeter (Victor X3,
PerkinElmer) at 35°C for 18 hours and the absorbance readimge performed at
intervals of 1 hour at 600 nm. Triplicates were m&u each extract tested.

Chemical composition

Determination of total phenolic compounds. The total phenolic content was
determined with Folin-Ciocalteau reagent accordiogmethodology described by
Singleton et al. (1999). 5Q00f extracts (10mg/ml) were mixed with 2.5ml oflife
Ciocalteau reagent (1:10) and 2ml of sodium cartsalution (NaCGOs) (4% wiv).
After incubation in the dark at room temperature Zdours, the absorbance reading
was performed at 740 nm in visible light spectrdpheeter (Femtd Plus). The total
phenolic content was expressed as gallic acid atpnt (GAE) in g per kg of sample
(g GAE/kg) from the gallic acid standard curve. Foe gallic acid, the curve was
established by plotting concentratiqug(ml) versusabsorbance (nmy (= 42.7k +
0.3187; R = 0.9997, wherg is the absorbance amds the concentration).

Gas chromatography with mass spectrometry (GC-MS): The extracts that showed
the best antimicrobial activities were submittedges chromatography with mass
spectrometry (GC-MS) in order to determine theeroical composition according to
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Proestos et al. (2006) and Markham et al. (19@6)xomatographic analysisthe
extracts were analyzed by Shimadzgas chromatograph (Model GC-2010) coupled
to a Shimadzu mass spectrometer (QP 2010 Plus). The separationrred in
capillary column RTX5MS (30m x 0.25mm x Oi#8). The injector temperature was
280°C and the injection volume was Qbin "splitless" mode. The interface was
maintained at 280°C and the detector operatedearigbanning” mode (m/z 40-800).
Chromatographic conditions were: initial temperataf 80°C (1 min) heating to
250°C, at a rate of 20°C/min (1 min), heating t®<3D (5 minutes) at a rate of
6°C/min, heating to 310°C (10 minutes) at a ratd®fC/min, and heating to 320°C
(10 minutes) at a rate of 20°C/min, totaling 40 ut@s of analysis. The integration
was done using the LabSolutions-CGMS software. dflaids, phenolic acids and
derivatives were identified by comparison with datdained from GC-MS, such as
retention time and ionic fragmentation of autherdiandards silanized and eluted
under the same conditions, and with the Wiley Ealiip.

Statistical analysis: The statistical analysis was performed using thatiSical
Analysis System software (SAS 2002). The Tuke)ss (@.5% probability) was used
to compare means.

RESULTS AND DISCUSSION
Antimicrobial activity: Preliminarily, the antimicrobial potential of eatts was
gualitatively evaluated by agar diffusion methodi e 20 wastes analyzed, 7
showed inhibition zones for at least one of micgamisms tested, namely: beet
stems, peanut peels, Petit Verdot and Pinot Napgrmarcs, Petit Verdot grape
seeds, red grapes fermentation lees and guavadea@Bable 1). The quantitative
analysis of the antimicrobial potential of extraetas performed by determining the
minimum inhibitory concentration (MIC) and minimubractericidal concentration
(MBC); the extracts showing the lowest MIC aga@saureusndL. monocytogenes
were, respectively, methanol extract of peanuté&l78mg/ml) and ethanol extract
of guava bagasse (1.56mg/ml) (Table 1). The mininbactericidal concentration of
peanut peel extract was relatively low (1.56mg/rSBfudies have already shown the
antioxidant activity of this waste (Davis, et a010). However, there are no
references as for its antimicrobial activity agai@sam-positive and Gram-negative
bacteria. Guava bagasse extract showed the high@sticrobial activity against.
monocytogeneslthough its bactericidal potential is reducethva high MBC value
(212.5mg/ml). The antimicrobial potential of guavarts such as leaves and bark has
been investigated (Gutiérrez, et al., 2008); howeMtie is known about the reuse
and utilization of wastes from guava processingno-industries.

The inhibitory activity of extracts of grape masguch as seeds against Gram-
positive bacteria is in agreement with results tbim previous studies (Adamez, et
al., 2011).The antilisterial activity of grapes and winery bygucts — such as marcs,
seeds and stems — enhances the potential for gatra¢ antimicrobial compounds in
this type of waste (Anastasiadi, et al., 2008halgh this study did not show this
activity in stems of white grapes. Despite beingtith unexplored winery byproduct,
red grapes fermentation lees had one of the loMé&Stdetected folS. aureusamong
the investigated wastes, as well as methanol éxtfaoeet stems, and some studies
have reported the antioxidant and antimicrobiabptél of beet; however, using the
tuber, not the stalks (Rey, et al., 2005).

None of the extracts inhibited the growthSfEnteritidis ande. coli. Gram-
negative bacteria have a second system of lipaybik, the outer membrane, which
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hinders the penetration of antimicrobial substangggng them a high resistance
level (Schved, et al., 1994). These microorganismsimonly present minimum
inhibitory concentration values significantly hightor many antibacterial agents
when compared with Gram-positive bacteria (HOR@04).

The effect of wastes on microbial growth was anediytay the growth curves of
S. aureusandL. monocytogenes relation to the six most active extracts. Fas,tla
comparison between two concentrations was made: M@ concentration
immediately below MIC, called sub-MIC. The analysisgrowth curves confirmed
the antimicrobial activity of extracts and theirspective MIC. For all extracts
evaluated, although not inhibiting threvitro bacterial growth, the sub-MIC increased
the lag phase when compared with their negativéralocurves (Figures 1 and 2). For
S. aureus the guava bagasse extract in its sub-MIC quadduphe lag phase of
bacterial growth, demonstrating its potential ugseneat concentrations lower than
those found for MIC. FoL. monocytogeneghe increased adaptation period of the
microorganisms to the medium could also be obsersgkcially for the sub-MIC of
the methanol extract of beet stalks (Figure 2).

Chemical composition: The total phenolic compounds found for ethanol and
methanol extracts of wastes ranged from 7.0 to 240@AE/kg (Table 2). The
extracts that showed antimicrobial activity agaistaureusandL. monocytogenes
are among those with the highest total phenolizesl suggesting a correlation
between antimicrobial activity and the presenceleénolic compounds. Extracts of
peanut peel, Petit Verdot seeds and marc and iegekgrfermentation lees had the
lowest MIC and the highest total phenolic conteadties.

The chemical composition of extracts analyzed by-NBE technique is
presented in Table 3. Azelaic acid, a saturatethatiaarboxylic acid widely used in
the treatment of acne and of recognized antimiatosctivity, is among the major
components of the beet stalk extract (Gollnick &wthramm, 1998). Dicarboxylic
acids such as succinic and azelaic acids, epidatedffeic acid ang-coumaric acid
were found in peanut peel extract and in the etdrat many other vegetables, with
proven antimicrobial and antifungal activities (B&ssry, et al., 2009). A recent study
has shown the presence of caffeic and syringicsaoidjrape marcs with antilisterial
activity, which is in agreement with results ofsttstudy (Anastasiadi, et al., 2008).
The previous authors also found large amounts grhin in grape berries, marcs
and seeds. In this study, Petit Verdot grape seeldnaarc extracts were the most
abundant in epicatechin. Fermentation lees sholwegrtesence of gallic and ferulic
acids, and flavonoids myricetin and quercetin, coomals of known antimicrobial
activity (Naidu, 2000). Epicatechin, quercetin andffeic acid were the most
abundant phenolic compounds in the guava bagassacexwhich are compounds
with antibacterial activity commonly found in freitand leaves (Gutiérrez, et al.,
2008). Petit Verdot grape seed extracts showedopradhnce of epicatechin and
presence of caffeic and gallic acids, which is greement with results found in
previous studies on grape seeds (Anastasiadi, 04l8; Maier, et al., 2009).

CONCLUSIONS
Agro-industrial wastes beet stalks, peanut pedit Ferdot grape seeds and marcs,
red grapes fermentation lees and guava bagasse edh@mempounds with
antimicrobial activity againsg. aureusand L. monocytogenesvhich are important
bacterial pathogens in humans. The use of suchew/ést the food industry becomes
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viable, since it is a natural alternative to sytith@reservatives and avoids waste
disposal into the environment, bringing benefitbath industry and consumers.
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Table-1: Inhibition Zone (1Z) (mm), Minimum Inhibitory and B actericidal Concentrations
(MIC/MBC) (mg/ml) of ethanol and methanol extractsof agro-industrial wastes with

antimicrobial activity.

Wastes S. aureus
MeOH EtOH
V4 MIC | MBC V4 MIC MBC
Beet stem 10.00+0.00 3.13 3.13 - - -
Peanut peels 18.00+0.00 0.78 1.56 20.00+0{00 D.7856 1
P. Noir grape marc 10.67+0.57 6.25 6.25 10.00£0}06.25 | 6.25
P. Verdot grape mar¢  12.00+0.00 3.13 6.25 10.0@0.06.25 | 12.5
Fermentation lees 10.00+0.00 3.13 6.25 10.00+£0,0056 1 12.5
Guava bagasse 10.00£0.00 3.13 3.13 10.00+0.00 B.BR5
P. Verdot seeds 16.00+0.00 3.13 3.13 14.00+0,00 6 1.53.13
L. monocytogenes
MeOH EtOH
V4 MIC | MBC V4 MIC MBC
Beet stem 12.00+0.00 12.% 25.00 - -
Peanut peels 12.33+0.57 3.13 3.13 14.00+0/00 3.1313 3
P. Noir grape marc 10.00+0.00 125 12.6 10.00£0j002.5 | 12.5
P. Verdot grape mar¢  10.00+0.00 12|5 25.00 - - -
Fermentation lees 10.00£0.00 6.25 25.00 10.00+£0.02.5 | 25.00
Guava bagasse 12.00+0.00 3.13 12|5 12.67+0.57 [1.3@.5
P. Verdot seeds 12.00+0.00 6.25 125 10.00+0,00 5 6.212.5

Averages of triplicates + standard deviation
MeOH: methanol extracts / EtOH: ethanol extracts

- No inhibition

Table- 2: Total phenolic compounds (GAE/kg samplepf extracts from different agro-

industrial wastes.

Extracts
Wastes MeOH EtOH
Peanut peels 400.2 + 61 3745+ 9.7°
Petit Verdot seeds 348.0+ 8% 297.9+12.6°
Petit Verdot grape mard 186.1 + 573 192.5 + 3.9"
Pinot Noir grape marc 1619+ 7% 229.2+1.6"
Fermentation lees 124.2 + T4 165.1 + 2.7"
Verdejo grape stalk 81.7 +0%5 81.6+1.7"
Izabella grape marc 64.8 + 15 64.8 +1.5"
Beet stalk 49.5+57 51.0+1.6"
Syrah grape stalk 525+ 1"3 70.7 £ 1.8
Guava bagasse 37.3x064 43.1+09
Radish leaves 35.3+07 36.7 £0.3"
Turnip stem 31.6+0% 30.4 + 0.9
Kale stem 24914 23.6 £ 0.79™
Verdejo grape marc 24.8 + 02 28.9 + 0.4*
Tomato bagasse 22.1+0% 28.1 + 0.9"*
Passion fruit hull 195+ 09 24.2 +0.6™
Broccoli stem 18.0+0.2™ 17.3+0.7™"
Carrot leaves 13.5+ 08" 12.4 + 0.4™*
Artichoke 9.4+0.2™ 11.9+ 0.2
Pumpkin hulls 7.8+0.8" 7.0+0.3"

Averages in rows (n=3) followed by different smigliters show statistical difference at

5% (Tukey). Averages in columns (n=3) followed bijffedent capital letters show
statistical difference at 5% (Tukey)
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Table-3: Chemical composition of extracts of agroAdustrial wastes with antimicrobial activity
against pathogenic microorganisms.

o1

~

RT Percentage of relative ared lon
Agro-industrial wastes” (m/z, abundance between
Compounds® 1 2 3 4 5 6 parenthesis)
Succinic acid 6.19 0.63 - - - 147 (100), 734(79%%4 (32), 55 (28
Azelaic acid 9.03|] 288 435 054 222 241 O 8313 (1120902’225 (ﬁgég)l 23107)’(4'&)13 (30).
Syringic acid 9.63 - 0.54 3.03 - :(33237)%%2)(17; (295)5 :(361)2 gfé)’o;l%
p-coumaric acid| 9.85 - 3.72 - - - - Zg’ 431291)9 ?593)(33)(2338 ég?é),dsllg
Gallic acid 9.93 - - 1.68 2.18 - 2.62 %;21)(}132)(27;(295)(5';)3 §f25?é)’(1§|82
Ferulic acid 10.35 - - 2.04 - 7(§é)1 02% ég (5754 )(21)133(5; )d\)1132
Caffeic acid 10.99 046 10p 048 111 0J3 (ig)(llg?(Zg)(%%g%_og)ﬁ%g(é%ﬂél
Epicatechin | 17.27 395727 | 2408 | 7.92 33| 3% (10(22;;327()6;16)55%)(9)' 179 (8
Quercetin | 20.68 -] 313 14 (61417),%2?('1703;,(23%; o (62602?’0;59
Myicetin | 2025 - | - | - | w70 | -|73GY o glcf;?)'(g)‘t 7721532,'(0281 (8

~

« ?#peak area in relation to total percentage of @raks

« P 1. Beet stalks (methanol), 2. Peanut peel (methahaPetit Verdot grape marc (methanol), 4.
Fermentation lees (ethanol), 5. Guava bagassen@@)h&. Petit Verdot seeds (ethanol)

«  °All compounds identified showed similarity pertage > 80%

* RT: retention time (min)
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Figure-1: Growth curves of S. aureusin relation to methanol (MeOH) and ethanol (EtOH)
extracts of agro-industrial wastes at different conentrations.
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Figure-2: Growth curves ofL. monocytogenes in relation to methanol (MeOH) and ethanol
(EtOH) extracts of agro-industrial wastes at diffeent concentrations.
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