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Abstract: Problem statement: Sanitation is a critical step to insure safetyfreSh-cut produce. The
inadequacies of chlorine, currently used as aigenithave stimulated interest in finding safer,reno
effective sanitizers, however little is known ore ttmpact of these novel sanitizers on sensory and
nutrimental quality of the treated product&pproach: The effect of four sanitizers: Sodium
hypochlorite (OCI), Peroxiacetic Acid (PA), Acidifi Sodium Chlorite (ASC) and carvacrol on
microbiological, sensorial and nutritional qualftgtal phenols, vitamin C and antioxidant capaoitfy)
fresh-cut jalapeno peppers stored at 5°C duringa@s was evaluate®esults. All sanitizers (except
carvacrol) maintained microbiological and overallatity of jalapeno peppers during 27 days. ASC
(500 and 250 mg T) maintained the best microbiological and sensqiaperties at the end of the
storage period. Carvacrol, active ingredient ofgar® essential oil, maintained shelf life for odly
days. At the end of the storage period, all treatsishowed a decrease of 12-43% respect to thia init
vitamin C values. Total phenols and antioxidantaciy decreased in a lesser degree. None of the
treatments except ACS 500 mg'Linduced higher losses of vitamin C, total pheralsntioxidant
capacity compared to contrdConclusion: Our results showed that all sanitizers were capable
controlling microbial growth without inducing majtoss of antioxidant capacity and photochemical.
Carvacrol was the only sanitizer that reduced sgnacceptability of fresh-cut jalapeno peppers,
however carvacrol treated samples retained theebiglevels of photochemical and antioxidant
capacity. ASC was the most effective sanitizer etrerugh it was used at concentrations lower that
those currently approved by the FDA.
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INTRODUCTION maturity, growing conditions and postharvest
manipulation. Considering their high concentratimn

Hot peppers are very important in the Mexicanbioactive compounds and widespread use among the
diet; together with corn “tortillas” and beans theye  Mexican population, there has been an interest in
part of the basic diet of a large percentage of thgroducing fresh-cut peppers (Gonzalez-Aguitral.,
population. Hot and sweet peppe€@afsicum annuum  2008a; Raffcet al., 2008).
L.) are good sources of vitamins A, C and antiomida Studies have shown that fresh-cut products are
(Chuahet al., 2008; Deepat al., 2007; Materska and particularly susceptible to microbial growth owing
Perucka, 2005; Topuz and Ozdemir, 2007).the removal of plant protective tissues and theas
Concentration of these compounds depends on cyltivaof cellular fluids from cutting (Heard, 2002), whic
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results in shelf life reduction and food-borne ékses MATERIALSAND METHODS
Given that fresh-cut products are marketed as pre-

washed and ready to eat and not subject to furthgt;esh-cut peppers preparation: Fresh jalapeno
microbial killing steps, the development and properpeppers fruitsCapsicum annum cv. L) cultivated in the
application  of sanitizing agents t0 remove grea of Delicias, Chihuahua, Mexico and purchased a
microorganisms ~ and  control  pathogen  cross{gcal wholesale market in the same city were used f
contamination effectively is critical to ensure tpeality  this study. Fruit were sorted to eliminate damageady
and safety of fresh-cut produce (Ruiz-Cetial., 2006a).  quality fruit. Jalapeno peppers were washed wifh ta
Fresh-cut produce deteriorates faster than intaGiater to remove residual soil and cut manually ihto
product; this deterioration affects not only sefand  ¢m width longitudinal strips. Cut peppers were déd
microbiological quality, but also nutrimental qugli  into individual 1.6 kg portions contained in nyloresh

since concentration of bioactive compounds deceeasgags and washed in the selected sanitizer solutisns
as a consequence of deterioration. described below.

Chlorine (sodium hypochlorite, OCI) has been

widely used as a sanitizer during prm_juce washinggnitization procedure:  Jalapeno strips  were
(Sapers, 2003). However, numerous studies havershow,pmerged in 1:10 ratio (wt/v) solutions containiijg
that chlorine _used at concentrations permitted & t 500 mL 12 sodium hypochlorite (OCI) (Cloralex, NL,
FDA lacks efficacy in removing human pathogens andyexico, 6% NaOCl)and pH was adjusted to 6.5 with
spoilage microorganisms (Zhang and Farber, 1996)—1C|; (ii) peroxiacetic acid (PA, 80 mLT, Ecolab, St.
Additionally, chlorine may react with organic matte  paul, Minn., USA.); (jii) acidified sodium chlorite
water to fo.rm carcinogenic pro_ducts (Paneh.al., (ASC, 250 and 500 mgF) by mixing 0.4 or 0.8 mg
2903). The !nadequa_mes_ of.chlorlne as a samhaae_ L™ of NaCIO, (Sigma-Aldrich, USA) with 2.5 and 5 g
stlmglated interest in finding safer, more effeetlv L™ of citric acid (Sigma-Aldrich, USA), respectively;
sanitizers (Sapers, 2001; 2003). Alternatives torste, iv) 1 or 2.5 mM of carvacrol (Sigma-Aldrich, USA
such as chlorine dioxide, ozone, peroxyacetic acidrap water washed peppers samples were used as
acidified sodium chlorite and some essential odseh controls. Immersion time was 1 min for ASC and
been already proposed (Beuchat, 1998). Acidifi@iuso  carvacrol treatments and 2 min for OCI, AP and
chlorite has shown strong antimicrobial activiyamst  control. After dipping, peppers were drained forsa@
E. coli O157:H7,Salmonella, Listeria monocytogenesand  and spin-dried for 30 s to remove excess of watging
spoilage microorganisms on fresh-cut producea manually operated commercial salad spinner. Sssmpl
(Gonzalez-Aguilart al., 2004; Ruiz-Cruzt al., 2007). of 200 g each, were packaged in polypropylene bags
Peroxyacetic acid has also been shown to be aféecti (18x22 cm) with an oxygen transmission rate of 290
against spoilage and pathogenic microorganismsiL day' m™ O, and sealed using a AIE-302 impulse
(Rodgerset al., 2004). Among essential oils, oregano sealer (American IntNI Electric, Taiwan). All sarapl
essential oil and its active component carvacraleha were stored at 5°C for up to 27 d for subsequent
been widely recognized for its antimicrobial prajeey ~ Microbiological, sensorial and nutrimental anatyse
(Lambertet al., 2001; Zhotet al., 2007), however they 3 day intervals.
are also known to produce undesirable flavorseated
produce (Rojas-Gragt al., 2009). Sensory evaluation: The overall visual quality of cut
Several approaches have been addressed in ordergeppers was evaluated following a modified procedur
minimize deterioration of fresh-cut peppers, sueh aof Mercado-Silveet al. (1998) by a six-member trained
modified atmosphere packaging, sanitization andl col panel. Before the test, the panel members werngetlai
storage (Raffoet al., 2008; Conesaet al., 2007). to recognize and scale the quality attributes of cu
However, little information of the effect of these peppers. Samples were coded with three-digit random
conservation techniques on the nutrimental andosgns numbers to mask the treatment identity. The
quality of fresh-cut peppers has been publishedtiie  acceptability was scored using a nine-point hedonic
reason, the aim of the present study was to ewalthat scale, where 9 = excellent, no defects, 7 = verydgo
effect of different sanitizer agents on the micabbi minor defects, 5 = fair, moderate defects, 3 = poor
reduction of fresh-cut Jalapeno Peppers during col@hajor defects and 1 = unusable. Minor defects were
storage and their impact on the sensory qualityattributed to dryness of the surface tissue andomaj
antioxidant capacity, total phenols and vitamin Cdefects were usually due to decay. A score of 5 or
concentration. below was considered to be unsalable.
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Microbial counts. Cut peppers samples (25 g) were Ferric Reducing/Antioxidant Power assay (FRAP) and
homogenized with sterile phosphate buffers using ®PPH radical-scavenging assay. FRAP was performed
stomacher blender (Model 400) for 2 min at 230 rpmas previously described by Alvarez-Parrétal. (2007)
The homogenate was serially diluted by a ten factorFRAP reagent was daily prepared and kept at 37§yC, b
For each dilution, 1 mL was plated on each mediunmixing 0.3 M acetate buffer, pH 3.6 with 10 mM TPTZ
according to Mexicans Official Norms (NOM). Plate solution in 40 mM HCI plus 20 mM FeCI3«6H20, at a
count agar (Difco) incubated aerobically at 35°C fo 10:1:1 ratio. Measuring solutions were prepared 96
24-48 h for total aerobic bacteria; violet red bilgar  well microplate, by mixing 180 uL of FRAP reagent
(Difco) incubated at 35°C for 24-26 h for coliforraed  with 24 pL of diluted jalapeno extract (1:3), distl
potato dextrose agar supplemented with 10% ofrtarta water or FeS@7H,O stock solutions. All
acid for yeast and molds. Results are expressédgas measurements were carried out at 37°C. Absorbance
cfu g of fresh-cut jalapeno pepper. was measured at 595 nm, every 30 s, during 60 min,
using a Biorad microplate reader. Values of antiart
Total phenols content: Jalapeno extracts were capacity are reported as umofFeer 100 g FW.
obtained according to the methodology proposed by DPPH radical-scavenging assay was performed
Khkonenet al. (1999). Briefly, 0.1 g of powdered dried according to Wojdylo et al. (2007), with slight
jalapeno was weighted into a test tube. 5 mL of 80%nodifications. 5uL of jalapeno extract (or Trolox
methanolic solution was added, stirred and soeicat standard solution) were mixed with 19& of 60 uM
15 min in the dark. Then the tube was centrifugeddDPPH (1,1-Diphenyl-2-picrylhydrazil radical, Sigma
(3000 g) for 10 min and the supernatant was catkct Aldrich) in a 96 well microplate, at room temperatu
Extraction was repeated and total volume was ta&en Absorbance was measured at 517 nm, every 60 sec,
10 mL. Total phenols were determined as previouslyduring 60 min, using a Biorad microplate readerPBIP
reported by Alvarez-Parrilleet al. (2007), with the values were determined at 30 min and are repoed a
Folin-Ciocalteu reagent, using Gallic acid in meibla pmol Trolox Equivalents (TE) per 100 g FW.
(80%) as standard. 5L of extract (or standard) was

mixed with 250pL of Folin-Ciocalteu reagent (1:10 gatigtical analysis: Experiments were repeated twice,
dilution with water) in a 96 well microplate and each with three replications. Results of the two
incubated 2 min at room temperature. 200 Of  experiments were combined and values represent the
Ng,CO; (75 mg L ) were added and incubated during mean + SD of six replicates. ANOVA and DMS analyses
15 min at 50°C. After cooling to room temperatute t \yere performed in order to determine differences

absorbance at 760 nm was measured with a BioRaGuyeen sanitizer treatment and storage periogs{:t
BenchmarkPlus microplate reader (BioRad Mex'co'using the commercial software SPSS 13.0

Mexico City, Mexico). Results are expressed as mg

Gallic Acid Equivalent (GAE) per 100 g FW.
RESULTS

Ascorbic acid content: AA was determined as

previously described by Gonzalezal. (2004) 2 g of sensory evaluation: Overall visual quality for all
fresh-cut Jalapeno peppers were homogenized Witheated fresh-cut Jalapeno Peppers decreased
15 mL of metaphosphoric acid (4%, wt/v). The migtur continuously when stored at 5°C (Fig. 1). Waterslos
was centrifuged (3000 rpm) and the aqueous extrag{as the most important detrimental factor that ciéfe
filtered throughout 0.4%im pore size nylon membrane fresh-cut jalapeno peppers quality. No statistical
(Millipore Corp., Bedford, MA). Filtered extractsere  difference between control and PA treated jalapeno
manually injected (20 pL) into a Varian ProStar PL peppers were observed during the whole experiment.
system (Varian Inc., Walnut Creek, CA) equippechwit Shelf-life for these samples was 20-22 days. Papper
UV-Vis detector and fitted to a Microsorb-MV C18 treated with OCI and both ASC concentrations showed
reversed-phase column (4Z0 nm) (Varian Inc., the highest overall quality at the end of therage
Walnut Creek, CA). 0.2 M KKPQ, (adjusted at pH 2.4 (27 day at 5°C), in contrast, Carvacrol treated gam
with phosphoric acid) was used as mobile phasa,lat presented the lowest scores during all the storage
mL min™ flow rate. Ascorbic acid was monitored at period. Shelf-life of Carvacrol treated fresh-cut
254 nm. Results are expressed as mg AA perl00 g FWalapeno peppers was only 14 day at 5°C (overall

quality score of 5). The low quality score in these
Antioxidant capacity: The antioxidant capacity of the treatments was mainly due to the decayed and slimy
different jalapeno samples was determined by bottappearance of samples.
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Fig. 1: Effect of carvacrol and sanitizer treatment
overall quality of packaged fresh-cut jalapeno
peppers stored at 5°C for up to 27 days. Data =,
points are means + SEM of six replicates -

Microbial enumeration: Initial populations of total
aerobic bacteria (Fig. 2a), total coliforms (Fidp) 2nd
molds and yeasts (Fig. 2¢c) on unwashed peppers wer
3.1, 1.4 and 1.0 log cfu'{; respectively. Treatment
with all sanitizers decreased initial total aerobic
bacterial counts compared with control (water-wa$he
PA showed the larger initial reduction. Althougte th
aerobic bacteria grew rapidly during cold storagehe

end of the experiment (day 27), all treatments cedu
total aerobic counts by 2-3 log cfi'gompared to
control. It is important to mention that at day both
carvacrol concentrations showed the best aerobic
bacteria growth reduction, however, as previously
described, at this day the products were not aeddpy
panelist. ASC treated samples (both concentrations)
maintained the lowest bacterial counts throughbaet t
storage.

All treatments (except carvacrol 1 mM) caused
significant reductions in total coliforms count day 0
compared with the control (Fig. 2b). This reductieas
maintained throughout the storage. Reduction 4f 1.
3.2 log cfu @, were observed for the different
treatments. Fresh-cut peppers washed with ASC
presented the lowest microbial growth, while cohtro
peppers showed the highest coliforms growth.

The yeast and mold counts on fresh-cut peppers.

Total coliforms (log cfu

Yeasts-molds (log cfu g ')
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. 2: Effect of carvacrol and sanitizers treatmen
(a) total aerobic counts; (b) total coliforms and
(c) yeasts and molds in fresh-cut jalapeno
peppers stored at 5°C for up to 27 days. Data
points are means + SEM of six replicates

during 27 days of storage are shown in Fig. 2c. Nd 19
microorganisms were detected during the first 3sdzfy
storage, starting at day 6, all treatments shovwedas
growth of yeasts and molds. At 17 day no statibtica
difference was observed between control and Cavlacr
treated samples. At the end of the experiment &j,d

a significant decrease in yeast and mold growth wag otal phenols content: Figure 3a shows the modification
observed between all treatments (except OCI) andf total phenol concentrations over time, for fresh
control. jalapeno peppers treated with different sanitizers.
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Phenolic concentration of fresh-cut jalapg@eppers treated with carvacrol and sanitizensedtat 5°C for
up to 27 days (a) Time dependent evolution of pliemompounds (b) Initial and final concentratiobata

points are means = SEM of six replicates. Differettiers in bars indicate statistical significarffetence

between treatments in either initial of final vaduéDMS test, p<0.05). *: Means statistical diffecten
between initial and final values (t-test, p<0.05)

120 — Davo sanitization process was observed, due to a blegchi
100 . 4 a = Finalday process; this reduction was not observed in caovacr
> EL I LT treated peppers. These results can be explained
o 80 e 17 72;* e considering that carvacrol itself is a phenolic poend
S 6 7] e 7 and consequently it is absorbed into the tissuéngur
2 7 the sanitation process (Fig. 3b). In Fig. 3a passible
< 40 to observe that for all treatments there is aneiase on
= total phenols at day 3and thereafter a slight degrés
observed over time. Figure 3b shows initial andlfin
0 - L e phenolic concentrations of fresh-cut jalapeno peppe
R T treated with different sanitizers, in which a smaibt
s T O: oz d E significant, decrease in the phenolic concentradiotie
z 8 7 & & s end of the shelf-life was observed. Figure 3a iatdis
= 2 Z 3 § 3 that neither the sanitizers nor the storage peramtiany

effect on the phenolic concentration of fresh-cut
Initial and final vitamin C concentrationf o jalapeno peppers.

fresh-cut jalapeno peppers treated with carvacrol
and sanitizers stored at 5°C for up to 27 daysAscorbic Acid content: Effect of sanitization on

Data points are means + SEM of six replicatesvitamin C concentration over the shelf-life peried
Different letters in bars indicate statistical presented in Fig. 4. Initial vitamin C values ratidem
significant difference between treatments in83.2 mg AA per 100 g FW for OCI treated peppers to
either initial of final values (DMS test, p<0.05). 96.6 1 mg AA per 100 g FW for 1 mM carvacrol treate
*Means statistical difference between initial and peppers, these values were in the range of othertesl
final values (t-test, p<0.05) for jalapeno peppers (Navarebal., 2006; Chuatlet al.,
2008; Marinet al.,, 2004;  Simonnegt al., 1997;
phenolic concentrations ranged from 62.8 mgHoward et al., 2000). Carvacrol treated peppers had

GAE per 100 g FW for PA treated peppers to 102.4 mgtatistically higher vitamin C concentration. VitanC

GAE per 100 g FW for carvacrol 2.5 mM treated concentration decreased at the end of the storage
peppers. When the initial phenolic concentratiomsenv period, except for those peppers treated with caoka
compared among treatments, a decrease of thel initiwhere the concentration remained practically
phenolic concentration, respect to control, aftee t unchanged, or even a slight increase was observed.
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Fig. 5: Initial and final antioxidant capacity ofeSh-cut jalapeno peppers treated with carvacrdl samitizers
stored at 5°C for up to 27 days, determined byH@RAP and (b) DPPH assays. Data points are means *
SEM of six replicates. Different letters in barslitate statistical significant difference betwesratments
in either initial of final values (DMS test, p<0)05: Means statistical difference between initéald final
values (t-test, p<0.05)

However, it should be considered that the storage When the initial and final FRAP values were
period for these samples was only 17 days (FigTh¢. ~compared, it is possible to observe that almost all
largest vitamin C concentration decrease (42%) wa§eatments reduced the antioxidant capacity valtie o
observed for ASC 500 mgttreated peppers, followed fresh-cut peppers during shelf-life. This reductiorthe

by control. A 16.8% reduction was observed for theFRAP value was more evident for control (43%) than
OClI treated jalapeno peppers. The lowest vitamin dor the other treatments. These results are simdar
loss was found in PA treated peppers (8%). ThesH10S€ obtained for vitamin C. .

results suggest that elaboration of fresh-cut pap Figure 5b shows the initial and final DPPH values
peppers reduces their nutrimental quality due tc;‘or all treated fresh-cut jalapeno peppers. Inib&@PH

. : . oL value for control was 1.35 mmol TE per 100 g FW.
ascorbic acid I_osses, however, sanitation processgys Once again, when the initial antioxidant capacajues
help reduce this loss.

of the treated peppers were compared, it is pess$il
observe that both carvacrol treatments increase@HDP
Antioxidant capacity: In the present study, antioxidant value, however the other sanitizers had no effect o
activity was measured by both FRAP and DPPHDPPH value. When initial and final values were
scavenging assays, two of the most used antioxidamiompared (Fig. 5b), no effects were observed due to
capacity methods for vegetable samples. Initial PRA storage for all treatments except carvacrol 2.5 mM,
antioxidant capacity value for the control was 8.32where a significant reduction of DPPH antioxidant
mmol Fé* per 100 g FW (Fig. 5a) and the sanitationcapacity was observed.

treatment reduced the initial antioxidant capaottyll In order to determine which of the two compounds:
samples (values ranged from 4.71 mmdi'Reer 100 g The phenolic compounds or vitamin C was the main
FW for carvacrol 1 mM treated peppers to 10.8 mmolkontributor to the antioxidant capacity of jalapeno
Fe?* per 100 g FW for carvacrol 2.5 mM). These resultspeppers, a correlation study between the initidll famal
showed that during sanitation, a loss of phenolicvalues of this two compounds with antioxidant cayac
compounds (Fig. 3b) and antioxidant capacity iswas carried out. Results are presented in Tabfgdm
observed for all treatments due to a bleachinggssc the analysis of this Table 1, it is possible to atode
The only treatment were no reduction (and even &hat phenolic compounds are the main contributors t
higher FRAP values) was observed was in the canvacr antioxidant capacity in jalapeno peppers and teéteb
2.5 mM treated peppers. These results are in agneiem correlation is observed with the FRAP method. No
with those observed for phenolic compounds. significant correlation was observed for awiin C.
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Table 1: Correlation coefficient between phenoliompounds,
vitamin C and antioxidant capacity assays

Correlation Pearson
Correlation coefficient (R) probability
FRAP-Folin 0.7172 0.0039
DPPH-Folin 0.6743 0.0082
FRAP-DPPH 0.6209 0.0235
AA-FRAP 0.3906 0.1676
AA-DPPH 0.4902 0.0752
AA + Folin-FRAP 0.7269 0.0032
AA C+ Folin-DPPH 0.7587 0.0016

,5(3): 331-341, 2010

obtained with ASC for the reduction of microbial
growth in shredded carrots (Ruiz-Crez al., 2006a;
2006b; 2007; Gonzalez al., 2004). The antibacterial
activity capacity of ASC is attributed to the low of
ASC solutions (5) that probably affect the cell's
ability to maintain pH homeostasis, disrupting drdis
transport and inhibiting metabolic  pathways
(Simonneet al., 1997). ASC is currently approved by
the FDA to be used in the range 500-1200 m§ L
(VLex, 2000). In this concentration range, ASC

A good correlation was observed when both antioxida exhibited strong efficacy over pathogen inactivaitim
capacity methods were compared (R = 0.62, p<0.05)arious food products (Gonzalez-Aguiletral., 2004).

Finally, it is possible to observe that when baotiepols

However, our results show that even lower ASC

and vitamin C are added, the correlation with bothconcentrations (250 and 500 mg’)L were highly

antioxidant capacity assays increased, indicatiag in

effective at controlling microbial growth, bettenan

the case of jalapeno pepper, both compounds arether treatments including OCI; ASC was also bedter
responsible (in more or less degree) for antioxidanmaintaining sensorial quality of fresh-cut jalapeno

capacity.
DISCUSSION
Gonzalez-Aguilart al. (2004) showed that fresh-

cut bell pepper maintained their quality fap to
25 days at 5°C. Therefore, this temperature wasearo

peppers. Moreover, in preliminary tests, we use@AS
at higher concentrations (in the FDA-approved range
on fresh-cut peppers, lettuce, cilantro and spiremth
found that it had a negative impact on visual dyali
whether or not it was followed by a potable watase&
(data not shown). Similar findings were also report
by Bosilevacet al. (2004) and Roller and Seedhar

in the present study, observing no visual sings 0f2002) who found that red meat products treatedh wit

chilling injury, in fresh-cut jalapeno peppers fap to

300 mg L* of ASC were superior to those treated with

27 days, contrasting with the study by Kang and Le&00 mg L*. Therefore, our results suggest approval for

(1997) who reported that fresh-cut peppers areitbens
to chilling injury during storage at 5°C.

the use of ASC below 500 mg’ishould be analyzed
since it may better preserve sensory attributebowit

Several studies have shown that sanitation igompromising food safety. FDA approval at these low

essential in preserving quality of fresh-cut frugsd

concentrations is needed before its commercial

vegetables, since deteriorative microorganisms argpplication.

ubiquitous in fruits and, during processing, pagmig
microorganisms can infect produce (Gonzattal.,

After ASC, OCI (200 mL [%) treatment was the
most  effective in maintaining sensory and

2004; Kang and Lee, 1997). The use of differentmicrobiological quality of fresh-cut jalapeno pepme

sanitizers, such as chlorine dioxide, Peroxyacadticl

followed closely by PA (80 mL 1) treatment.

(PA), Acidified Sodium Chlorite (ASC) and some Carvacrol treatment was, on average, as effectiibe
essential oils has been proposed as an alterntttive others in reducing the growth of total aerobic and
chlorine (OCI) due to reported lack of efficacy and coliform bacteria; however it showed a strong niegat
other disadvantages of the later (Beuchat, 1998)mpact on visual sensory attributes of fresh-clatgano

Although effectiveness of these sanitizers in rauyc

peppers and a low effect in reducing growth of t®as

microbial growth has been demonstrated in somdifres and molds. Carvacrol is a phenolic terpenoid, major

cut products, studies addressing their effect entdkal
quality of the products are lacking.
Initial populations of total aerobic bacteria, alot

component and active ingredient of oregano essentia
oil and its antimicrobial properties are well doanted
(Lambert et al., 2001; Zhouet al., 2007), however

coliforms and molds and yeasts on unwashed jalaperstudies regarding carvacrol’s organoleptic impant o

peppers were similar to those reported for freghsell
peppers (Gonzalez-Aguilat al., 2004). Treatment of

fresh-cut produce are limited. Roller and Seedhar

(2002) reported that no adverse sensory change was

fresh-cut peppers with ASC at concentrations of 25®bserved on kiwifruit and honeydew melon treatethwi
and 500 mg [* showed the best results in reducingl mM carvacrol. O_n the contrary and in ag_reemeth wi
growth of all microorganisms and, at the same timghe results shown in the present study, Rojas-@rali

maintained the highest visual quality of the pradas
evaluated by a trained panel. Similar results Haaen
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(2009) observed that, in spite of the low concditna

of oregano oil used in the treatment of edible-edat
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fresh-cut apples, consumers detected a residubbher The antioxidant capacity of green, yellow and red
taste, which diminished overall preference of thesgeppers has been determined by several methods, suc
samples. It is clear that, carvacrol and/or oreganas 2,2-diphenyl-1-pycrilhydracyl radical, DPPH
essential oil have the potential to be used adizansiin ~ (Chuahet al., 2008; Materska and Perucka, 2005;
fresh-cut products, however its effects on senqagfity  Sun et al., 2007), TEAC (Navarroet al., 2006;
must be closely evaluated in each specific product. Pellegrini et al., 2003), B-carotene bleaching assay
Green, yellow and red peppers are known to bgéMaterska and Perucka, 2005), *Fmduced lipid
excellent sources of vitamin C, polyphenols andperoxidation assay (Oboh and Rocha, 2008) andcferri
carotenoids (Chualet al., 2008; Deepaet al., 2007; reducing/antioxidant power assay, FRAP (Deepal.,
Materska and Perucka, 2005; Topuz and Ozdemir2007; Marquezet al., 2006). Antioxidant capacity of
2007). These phytochemicals show high antioxidanfruits and vegetables is owed to phytochemicals sisc
capacity and a diet rich in such compounds has begphenolic compounds, vitamins C and E, carotenoids,
linked to a decreased risk of developing chronid an among others. In the present study, antioxidanviact
degenerative diseases (Gonzalez-Aguétaal., 2008a). was measured by FRAP and DPPH assays. Similar to
However, as far as we know, there are no studias thtotal phenols, initial FRAP values of antioxidant
show the effect of sanitizers and conservationogeon  capacity were reduced in all treatments (except
the phytochemical degradation and antioxidant dapac carvacrol) due to a bleaching process. FRAP values
of fresh-cut peppers. Initial concentrations ofatot were reduced after storage; however this reductias
phenols and vitamin C in control fresh-cut jalapenohighest in control samples (43%). ASC 250 migahd
peppers were similar to those reported by severadarvacrol 2.5 mM treated samples showed a significa
authors for jalapeno and other sweet and hot psppereduction in FRAP values (35 and 31% respectively),
(Chuahet al., 2008; Deepat al., 2007; Howarcet al.,,  all other treatments prevented the loss of antinid
1994; Navarreet al., 2006; Obotet al., 2007; Oboh and capacity; in fact AP treated samples had higher
Rocha, 2008; Ornelas-Pagt al., 2010). Sanitation antioxidant capacity at the end of the storage. Wthe
process reduced initial total phenols but not vita@  antioxidant capacity of fresh-cut jalapeno peppeas
concentrations; however, storage reduced vitamin Gvaluated with DPPH method, no effect on antioxidan
(11-42%) but had no impact on total phenolscapacity was observed due to sanitation or storage.
concentration. These results are in agreement with The case or carvacrol effect on phytochemicals and
several authors. Gonzalez-Aguilagt al. (2008b)  antioxidant activity deserves special attentiongsiit
observed a 20-60% vitamin C decrease in fresh-cuhcreased initial total phenols and antioxidant aity
mangoes stored at 5°C; Howard and Hernandez-Brenegd prevented loss of vitamin C and antioxidant
(1998) reported that ascorbic acid concentration otapacity in a high degree; therefore carvacroltégta
peppers decreased 17% when jalapeno peppers wesgmples showed the highest final values of phenols,
maintained at 4.4°C under MAP atmosphere duringitamin C and antioxidant capacity. However, it has
15 days; Raffoet al. (2008) observed an 11.6% been mentioned that carvacrol rapidly reduced
reduction on vitamin C of fresh-cut red sweet peppe acceptability of fresh-cut jalapeno peppers and
treated with OCI (165 mL 1), kept 9 days at 4°C. In carvacrol treated samples had the lowest shelf life

fact, it is well known that vitamin C is the mosblle Finally, the correlation studies between antiorida
phytochemical, which is easily degraded even bydmil capacity and concentration of phytochemicals sht t
treatments and during storage (Gonzalez-Aguita ., phenols are the main contributors to antioxidant

2010). Nevertheless it should be mentioned that altapacity in jalapeno peppers, but vitamin C is also
sanitizers except ASC 500 mg'lprevented vitamin C important. These results are in agreement with rothe
loss, compared to control. authors (Alvarez-Parrillat al., 2007; Gorinsteiret al.,

As mentioned before, neither treatment nor storag@004).
significantly affected total phenols concentration;
however, in Fig. 3a, it is possible to observe thaall CONCLUSION
treatments there is an increase on total phenotiayat
3and thereafter a slight decrease over time. Even The following conclusions can be made from the
though no enzymatic studies were carried out, thisesults presented above: (i) ACS at 500 and 250 thg
increase on phenolic content could be due to aiige was the most effective sanitizer in fresh-cut jalap
process that increases PAL activity, whichpeppers, since it reduced microbial growth without
consequently may increase phenolic content of psppesignificantly  affecting  sensory  quality  nor
(Simonneet al., 1997). phytochemical content or antioxidant capacity; (ii)
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fresh-cut jalapeno peppers are good sources ofofihen Deepa, N., C. Kaur, B. George, B. Singl a
compounds and vitamin C and sanitizer treatmensdoe  H.C. Kapoor, 2007. Antioxidant constituents in
not significantly affect the concentration of these some sweet pepperCépsicum annuum L.)
phytochemicals, in fact it may prevent their lossing genotypes during maturity. LWT Food Sci.
storage; (iii) even though carvacrol treatment was  Technol., 40: 121-129. DOl:
effective in preventing microbiological spoilagedan 10.1016/j.lwt.2005.09.016

phytochemical loss, it had a strong negative eftect Gonzalez, R.J., Y. Luo, S. Ruiz-Cruz and J.L. McEvo

sensory acceptability, further studies should beiah 2004. Efficacy of sanitizers to inactivate
out with carvacrol or oregano essential oil in orte Escherichia coli O157:H7 on fresh-cut carrots
overcome this lack of acceptability and take adaget shreds under simulated process water conditions. J.
of its beneficial properties. Food Protect., 67: 2375-2380. PMID: 15553615
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