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ABSTRACT

I'he eflects of dip treatments with
chlorine, citric acid, ascorbic acid and
Cal'l on the storage lile of Romaine let
fiee leaves were investigated. While the
prescnce ol chlorine delayed degrada
Hon related to the activity ol the native
and exopenous microllora, the other
compotinds did not improve the stor
ape e ol the product when used alone.,
A combination of citric and ascorbic
acid hiad a benelicial effect on the over
sl visoal quality (color, texture, bright
tenn), The ratio ol ascorbie acid con

RIASSUNTO

£ stato studiato I'effetto del tratta
mento con cloro, acido citrico, acid
ascorbico ¢ CaCl sulla vita di scallal
della lattuga Romana. Mentre la pre
senza di cloro ¢ fondamentale per ri
tardare la degradazione collegata all'al
tivita della flora nativa ed esogena, pl
altri additivi, quando applicati da soli
non hanno migliorato la vita di scallal
del prodotto. La combinazione di acid
citrico ¢ acido ascorbico ha avulo
clfetto vantaggioso sulle caratteristiche
organolettiche (colore, tessitura e lucen

Iey words disintection, lealy vegpelable quality, sensory atteibutes, storape



(s in samples treated and not fread
with ascorbic acid as additive wig
ul 4,200 immediately after the dip
iment bul dropped to about 2. 1:1
1 10 days of storage.

INTRODUCTION

((uce is a very perishable product,
cmely sensitive to abuse such as
yerature or mishandling. One of the
( common processing-induced dis-
14 18 discoloration. Techniques that
e surlace and edge browning in-
o low slorage temperatures (BOLIN
HIXSOLL, 1991), modified or con-
l ntmospheres with low oxygen (2%)
/ot relatively high carbon dioxide
ln (790) (KIS and SALTVEIT, 1989a;
o8 e al., 1993a,b; HEIMDAL et al.
5) and chemical additives (McEVILY
Ly 1DD2),

wvernl chemical compounds are re-
vl to have inhibitory effects on en-
At hrowning ol various commodi-
SAPICRS of al. (1990) reduced dark-
i ol "Russel Burbank” and “Katah-
“potatoes by using a dip treatment
| ascorbic acid, CaCl, and citric acid.
1, dips have been reported to delay
ning ol pears and bananas (WILLS
TIRMAZIL, 1982, POOVAIAH, 1986), re-
| (lesh softening (BANGERTH et al.,
2) and retain the vitamin C content
pple fruit (DRAKE and SPAYD, 1983).
(reatments with ascorbic acid and
¢ acid alone have been shown to re
| cnzymatic browning in freshly pre
o vegelables (BAUERNEFEIND and
KIERT, 1970; ANONYMOUS, 1983).
vever, PONTING ef al. (1972) tound
| ascorbic acid or CaCl, alone did not
rent discoloration ol refrigerated ap
slices, bul when used in o combing

(reatment they were very ellectve

o used alone or combined with

(ezzn) 1 vapporto trac il contenuto in
actdo nncorbico nei campiond trattali ¢
non trattati con questi composti, ¢ sta

(o 4.2:1 immediatamente dopo f1 frad

{amento, ma ¢ scesa a 2.1:1 dopo 10
giorni di conservazione.

other substances such as ascorbic acid
or sulfur dioxide has been shown (o
maintain firmness of pear and strawhei
ry slices (ROSEN and KADER, 1989), nnd
carrot sticks (BRUEMMER, 1987).

Several authors have studied the ¢l
ity of head and shredded iceberg letio
as affected by processing conditions. Al
though iceberg is the predominant I
tuce used for prepared salad, other (v
of lettuce are now used in salad i
Information on the postharvest belin
ior of these other types of lettuce is T
ited, especially with regard to their plhiy
iology and quality as a minimally pro
essed product (LOPEZ-GALVEZ ¢l «l
1996). Lettuce quality is reduced and il
shelf life shortened by tissuce browning
Some of the most common post-harves!
browning disorders of iceberg letinee (i
sue are russet spotting (RS), brown stain
(BS) (SALTVEIT, 1997), leal surliacs
browning (LSB), leal edge browning (L1011
(LOPEZ-GALVEZ et al., 1996) and st
browning (SB).

BOLIN et al. (1977) stated that relip
eration temperature is uscd to extend (i
shell life of shredded lettuce, Letfuc
stored at 5° or 10°C had a statistically
shorter shell life (10 days) than sample
held at 2°C (26 days) (BOLIN et al., 1977)

BOLIN and HUXSOLL (199 1) found thiad
dipping solutions of CaCl,, citric acid ol
ZnCl were inelfective in retaining (i
(quality ol salad-cut lettuce, but dipping
in 0,65% nscorble acld increased the shell
lite by about 10%, KRAHN (1977) repord
e that sodivnm Disullite and CaCl weirs
ol Hitle or no value inextending the shell
e of cut head lettuce, 1ZUMI and WATA

DA (1995) reported that the addition ol
chorine to o CaCl dip enhanced the de
slrable effect of caleium on zucchini
s,

Taking into account that fresh horti
cultural crops dilfer in morphological
alivcture, in composition and in gener
il physiology, it is clear that require
thenls and recommendations for maxi
i post-harvest shell life will differ.
KIC and SALTVEIT (1989b) and COUTURE
ol al. (1993) reported differences in the
hiowning activities ol various cultivars
ol lettuce when shredded and kept in
ditterent storage conditions.

The elfectiveness ol chemical dip treat-
menls (o increase post-harvest storage
e s allected by pH, temperature, wa
ter netivity, initial microbial load and
slorape atmosphere. Moreover, when dif
lerent additives are used together they
iy cause either synergistic, additive or
antngonistic effects (WILEY, 1997).

The purpose of the present work was
to determine the response of whole Ro
maine lettuce leaves to various chemi

il treatments in order to extend its shell

il

MATERIALS AND METHODS
Sample preparation

Heads of Romaine lettuce (Lactuca
nittiva, type Cos, variely Logifolia) were
harvested at optimal maturity when they
hiad reached a marketable size (approx
imately 20-24 leaves per head). They
were immediately transported to the lab
otatory and analyzed by a sensory pan
el, Outer leaves were discarded and only
phiotosynthetic leaves (green leaves) were
inclhuded in the samples, Lettuce leaves
were dipped in the various baths for 4
minutes af room temperature (ca, 20°C)
al aoweight ratio 1010 The dipping baths
were: 1) unchlovinated water (tap waler
with the following cation composttions:
valetiom 20 me /L, magnesioan 10 mp /1,

socdium 260 mp /L, polassioem Th g/
total iron 000 mg /L, manganese Od
mg /L, and a wader plhob G.87.0) 2) chl
rinated waler (Control), The source
chlorine was Hogudd sodivim hypochilon
(NaOCT) and (o achieve the hest bl
of activity and stability of the hypochl
rous acid, the pllol the water wis madi
tained between 6.5 and 7.5, 3) chlorh
plus ascorbic acid (Chl-AA); A4) chloris
plus citric acid (ChE-C: H) ehlorine ph
CaCl, (Chl-CA); 6) chlorine plus asco
bic acid plus citric acid (ChlAA Cl);

chlorine plus ascorbic acld plus Ciad
(Chl-AA-CA); 8) chlorine plus citric ae
plus CaCl, (Chl-CI-CA); 9) chlorine ply
ascorbic acid plus citric actd plus Cad
(Chl-AA-CI-CA). The chlorine concentr
tion was 0. 1% sodium hypochlorite, (1
ascorbic acid concentration was 05"
the citric acid concentration was 0.1
and the CaCl, concentration was 1%

the baths that included each of thes
compounds. Lettuce leaves were r
moved [rom the baths without rinsii
and were centrifuged for 30 s at 200 1p
in a salad spinner (o eliminate exces
solution adhering (o the tissue surlac
Leaves were piled up in 100 g stack
placed in open plastic containers o
covered with a 15 m polyvinyl chlori
film, with an O, permeability ol G2
2,248 cm.m*.day ' and a CO, perme
bility of 4,263-8,138 cm®.m*.day '

atm-22°-25°C), Each container of 100
stacks corresponded to a duplicate

independent lots. These contalners we
placed in holding boxes at a relative T
midity (RE) of 97 99% and o (cmper
ture of 4+1°C for 10 days. Beakers wi
saturated K,50  solutions were plice
in the boxes to maintain RET ca, HEY,

Microbiological studics

Lettuce leaves (25 g) were macerate
in PO K bulfer solution (1,68x10 b
L adjusted to pll = 7.2 with 1 mol,
NaOL), with a homogendzer (Stomach
400 Cireulator Homogenizer, Londo

Yy



$). The enomeration and differentia

ol microorganisms were performed
dng the following culture medin andd
ure conditions: mesophilic acrobic
cleria on PCA (Plate Count Agar) in

bated at 35°C for 48 hours (ICMSI,
183 MOSSEL and MORENO GARCIA,
186); psychrotrophic bacteria on PCA
cubated at 5°C for 3-4 days (ICMSF,
153); molds and yeasts in YGC (yeast-
1cose-chloramphenicol) medium and
cubated at 25°C for 5 days (ICMSF,
143). Microbial counts were performed
duplicate on three independent lots,
crefore count values are the mean of
¢ determinations.

Delermination
ol reduced ascorbic acid

Ancorbic acid content was determined

fhe titrimelric assay described by
LLITTHCR (1985). Ground lettuce (20
win torn manually by hand and add-

lo 100 ml, 6% metaphosphoric acid
o homopenized for 3 min, it was made
o 2H0 ml with 3% metaphosphoric
Il e Hltered through Whatman # 42
o1 paper. Aliquots (5 mL each) of the
Tule were titrated with 2,6-dichloroin-
phenol. Ascorbic acid concentrations
11/ 100 g) are reported on.a wet basis.
| assays were performed in duplicate
three independent lots, thérefore each
ltie represents the mean of six deter-
nations.

Calcium content

e caleinm concentration of samples
aled with CaCl,) was calculated using
¢ method described by ROSEN and
DR (1989). Samples were [iltered us
s Whatman N. 12 (ilter paper and an
zed on a Varian AA-375 Series Alom
Absortion Spectrophotometer (Varian
chiron Py, Lid, Springuale, Austral
and recorded on a dry weighil hiasins
assays were perlormed in duplicate
(hree independent lots and eacl vl

7 TR 4 an 3 - P T

te represents the thean ol six deferind
nations,

Sensory evaluation

Six judges, aged 30-45 years (4 [
males and 2 males, all members of (he
UNMDP Food Engincering Rescoioly
Group), with sensory evaluation experd
ence with lealy vegetables, were trafned
in the quality evaluation ol Romafne e
tuce. At each sampling time (0, 2, 1
and 10 days ol storage), lettuce leaves
were removed [rom the plastic conlain
ers 20 min prior to evaluation (o reach
room temperature. Lettuce leaves o
three independent lots were subjectod (o
sensory evaluation in duplicate, The corl
ed (3 digit) samples were presented o
at a time in random order (o (he fuicds
who sat at around a table and muade 11
dependent evaluations. Samples [ron
each treatment were evaluated for i
centage and severily of injury and wih
sequent decay. Evaluated indexes wiis
overall visual quality (OV(Q): color, (i
ture and brightness) (KADER ¢l al., 197 1)
leaf surface browning (LSI3) (.01
GALVEZ et al., 1996), stem browning (111
and russet spotting (RS). OV} wiir 1l
ed on a scale from 5 (o 1, where [ -
cellent and 1 = unusable. An OV} 1l
ing of 3 was considered the limit of «ils
ability. LSB, SB and RS were scorcd on
a scale from 1 to 5, where 1o lack ol
defects and 5 = severe deflects, A ncon
of 3 was considered the limil for wile
bility. For each of these delects, an i
dex was calculated by multiplying (1
scores by the percentage ol picces il
ed.

Statistical analysis

ANOVA was used to establish the |
els of significance of the differens
among the mean values from dilferend
assays, Regression analysis was vned (o
draw least square Hnes representing (i
depradation ol sensory atteibutes oves

Hine, Differences among slopes were test
e an indicated by VOLIC (1958).

RIESULTS AND DISCUSSION
Sensory atlributes

Seores for leal superficial browning,
atem browning and overall visual quali
Ly ol Romaine lettucee samples dipped in
chlorinated water over a 10 day storape
period at 4°C and 98% RH are present
e In g 10 The regression equations
lor the different quality parameters of the
sinples from all the dip (reatments are
teported in Table 1. Lower slopes repre
sent lower rates of degradation. In com
paring samples dipped in unchlorinated
and chlorinated water, there were high
o tales ol degradation for OVQ indexes
(p=0.01) for the unchlorinated samples,
but there were no differences in the
slopes for the LSB and SB indexes. This
wis dae {o the [act that, in the unchlo
tnated samples, the native and exoge
nous Hora were still active and could
have caused necrosis and other delete
riots elfects (INg, 2A). On the other hand,
(he fact that chlorine did not affect the
development of LSB and SB indicales
that they refleet mostly enzymatic phe
nomena and are not directly affected by
the presence ol chlorine. The activity of
phenylalanine ammonia lyase is involved
in the phenylpropanoid pathway in phe
nolic metabolism, leading to lettuce
browning (PEISER ef al., 1998).

The addition ol ascorbic acid, citric
actkd or CaCl, to the chlorine dipping so
lution did not make any improvements
("0, 10) in (he sensory indexes as com
pared (o lettuee treated with chlorinat
cd water (control) (Table 1),

Samples treated with ascorbic acid
(ChlAA) had higher slopes [or OVQ, LSI3
and S8 (P<0,10) than with chlorine
alone, BOLIN and HUXSOLL (1991) re
ported that 0.5% ascorbie actd increansced
(he shell Tite of iceberp lettuce by 10%, A
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Ifig. 1 - Evolution of LSI3, SI3 and OV 1 lett
leaves dipped in water with 100 ppim ol chilo
(Chlorinated water) during 10 days of storagp
4°C. Means ol six determinations, Vertienl I
represent SD. Some SD bars are masleed hy
graph symbol.

possible explanation could be o diff
ent response ol the varictios (leeherp o
Romaine) and the different storage o
ditions uscd,

Samples treated with chlorine and ¢
ric acid (Chl-CH had a faster decline
OVQ (P<0.10), than with chlorine alor
This is contradictory (o (he repoirts
citrie acid can benefit the storape Hie
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¢ 1 Repression equations for changes in the quality patameters (Indexes) over 1O diays of storigs

nl 44 1°C

"roatments

ova

shlonnated water

ornated water (Chl)
| ascorbic acid

y=-0.461x + 4.808

b
y=-0.321x + 4.859
y=-0.491x + 4.925

Quality parameters

LSB

y=0.249x + 0.700

n.s.
y=0.183x + 0.870
y=0.293x + 0.792

5B

y=0.280x + 0,825
n.8
y=0.206x + 0.800
y=0.358x + 0.7/0

b b b \

|1 oltric acid y=-0.441x + 4.601 y=0.235x + 0.878 y=0.217x + 0.927 ‘
b n.s. n.s.

[+ CaCl, y=-0.326x + 4.509 y=0.328x + 0.737 y=0.195x + 1.018 ‘
' n.s. o n.s.

|1 ascorbic acid + citric acid
a
|+ ascorbic acid + CaCl,
b
|+ citric acid + CaCl,
b
|+ anscorble acid + citric acid + CaCl,
a

y=-0.232x + 4.995
y=-0.414x + 4.881
y=-0.512x + 5.028

y=-0.262x + 4.431

y=0.170x + 1.003

y=0.280 + 0.834 |

n.s. n.s. ‘
y=0.160x + 0.887 y=0.310x + 0.6 |
n.s. n.s ‘
y=0.241x + 0.739 y=0.142x + 0,980 |

n.s. n.s
y=0.412x + 0.898 y=0.326x + 0,844 |
C n.s

Jope significantly lower than slope of dip treatment with chlorir)ated water (Chl) at P<0.10.
lupe significantly higher than slope of dip treatment with chlorinated water (Chl) at P<0.10. ‘

lope significantly higher than slope of dip treatment with chlorinated water (Chl) at P<0.05. \

No significant differences.

() - overall visual quality, LSB = leaf superficial browning, SB = stem browning. ‘

tiee by lowering the pH (BOLIN et al.,
/) or by preventing enzymatic brown-
by chelation of Cu in polyphenol ox-
s¢ (WILEY, 1997).

samples {reated with chlorine and
1, (Chl-CA) had a higher slope for LSB
0.05), with respect to chlorine alone.
\LIN (1977) also reported that the use
'l did not produce any benefits in
cnding the shelfl life of cut head let-
¢, Also, the storage life of shredded
tcee (BOLIN et al., 1977) was notl ex-
ded by caleium treatment. The lack
‘caponse of lettuce to caleium com
od Lo other products such as apples,
wwherries, pears and carrots, may be
o differences in its form, the con
Hration ol the solution and storage
iperature (IZUME and WATADA, 19941)
cconcentration of the remaining Cac'l,

on the lettuce was determined. Alted
treatment, the concentration was 4 (i
higher (1,344 ug/g) than in non treated
samples (330 pg/g). This concentralion
might be too high and produce negilive
effects on Romaine lettuce. SAMS ¢f al
(1993), studying the effectivencss ol posl
harvest CacCl, treatments to mainftain
firmness and reduce decay of whole ap
ples, found that excessive caleivm could
result in fruit injury.

The use of solutions containing i coin
bination of two additives with chlorinad
cd water produced mixed results, The s
multancous addition ol citric and ascon
bic acid (ChI-AA-CI) produced o lower
slope for the OVQ index (p<0,10) coni
pared with lettuee treated with ehlorin
aled waler (control), without signilicant
ly alfecting indexes thal show enzymiti

tegradation such as LS and S13. This
could be dae both to the lowering of the
phland (o citric acid strengthening the
action ol ascorbie acid (WILEY, 1997).

The combination of ascorbic acid and
CaCl (Chl-AA-CA) and (he combination
ol cltric acid and CaCl, (Chl-CI-CA) pro
duced greater declines in the OVQ in
dex (p<0.10).

The simultancous addition of ascor
bie and citric acids and CaCl, (Chl-AA
C1 CA) gave beneficial effects on the OV(Q)
index, but deleterious effects on the LS
index. Probably the presence of a high
concentration ol remaining calcium on
the lettuce leaves after the CaCl, treat
ment, produced this negative effect.

Only the simultancous addition of
nucorbic and citric acids (o chlorinated
wiler (Chl-AA-CI) gave an improvement
over chlorinated water alone (control).

Russel spotting (RS) is a major phys-
lological disorder of harvested Iceberg
lettuce, Itis induced by exposure to eth-
ylene and is more severe at a tempera-
tire of H7C (RITENOUR ef al., 1995). These
authors indicated that when harvested
leeberg lettuce was exposed to 10 ppm
ol ethylene at 5°C, symptoms appeared
alter approximately 3 days ol storage. In
all the samples, the development of rus
set spotting showed no significant in-
crease up Lo 6 days ol storage. By day
10 ol storage, the indexes increased slow
ly regardless of the bath (reatment,
renching final values of 1.6 (o 2.0.

Microbiological counts

A Tindamental problem in extending
the shell life of minimally processed [ruits
nnd vepetables is microbial proliferation
which must he retarded. Growth of dis
chne causing microorpganisms is a lood
salety concern, especially with higher pll
vegetables (incontrast (o lower pll(raits).
Visible growth and off odors caused by
microorganismes are aesthetically vnace
ceptable, The ccological niche caused by
the componttion of the food will deter

mine the lbnd ol wieroorgaiidsis |
will grow,

PONCIS e al (2002) veported T ge
lerences o the tndtial mdorobial con
among different lots of fresh leaves
Swiss chard obtained by conventio
methods that could nol e entively
plained by (he variability of (he asse
ment methods, Nomerovs fnctors, s
as ambient conditions duriog Ty
amount ol sofl accompinying (he pr
uct, time elapsed between last teripat
and harvest or post harvest handli
could be responsible for these differe:
es. Since some ol these [actors enn
be controlled, inttial counts would

harvest processes on (the micro (lora
this type ol product is evaluated,

IFig. 2 shows the trend of a) mesoph
bacteria, b) psychrotrophic bacteria a
¢) yeast and mold populations on et
leaves dipped in the various baths., |
tial counts for mesophilic acrobic mic
organisms were in the range ol 1.3x |
to 2.5x10" CFU/g for all sample (re.
ments. The initial counts correspondi
to control samples (chlorinated wat
were 7-8x 107 CI°U /g, the highest con
corresponded to samples with unch
rinated water (tap water) with 2 3x |
CFU/g and the lowesl counts cor
sponded to samples with chlorine pl
ascorbic acid plus citric acid (Chl AA
with 1-2x10° CIFU /g (Mg 2A). These sal
ples maintained the lowest counts up
2 days ol storage. Chlorine (reatme
reduced (P<0.01) the initial populati
ol natural contaminants. Hypochlor!
dips are commonly used in posthiarve
practices for sanitizing (ruits and veg
tables, particalarly in the fresh cut i
dustry (1311 IRSING el al., 2000). Chlorii
acts on the microbial flora ol vegelabl
(WILEY, 1997 WATADA, 1997). Microbi
activity has been shown (o be associs
cd with the development of niecrosts di
Ing storage ol lettuce leaves (NGUYLS
FHIE and PRUNIER, 1989; JACQUIES a1
MORRIS, 1994), By 10 days no differen
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Aean microbial Log,, counts of lettuce
iy slorage: Mesophilic bacteria (A), Psy-
hacteria (B) and Yeasts and molds (C).
rrenpond to a mean ol duplicates, ob-
i three independent lots, therefore val
1comeans ol six determinations. Vertical
caent 5D, Some SD bars are masked by
syinibol,
srinated water treatment, 11- Chlorinat
reatment, A - Chl-AA-CIL

O1) in the populations of mes
nerobic microorganisms were
n lettuce regardless ol type ol
HHEX107 CIU /), For minimally
cdvepetables, Ffrench legislation
L maximum of Hx107 CIU /g al

(he stage of consumption (BARRIGA ¢f al
190 1), hence the microbiological guinlity
cotld bhe considered satislactory duoring
10 days ol storage.

The levels and trend ol psychrotroph
ic microorganisms were similar to thos
ol mesophilic acrobic microorganisi
(IFig. 213). The population increasced fron
an initial level of 0.25-6x10" (o 2 -Gx 10
CFU/g. In general, the numbers ol oy
chrotrophic microorganisms were
ceptable. With the various chemicil
treatments investigated, no dilference
in the initial counts (P<0.01) were [ovnd
The lowest initial counts corresporicodd
to the sample treated with chlorinatod
water.

The lowest initial counts lor ycasts il
molds (3-9x10% CFU/g) were lor letie
dipped in chlorine plus ascorbic acidl
(Chl-AA), chlorine plus ascorbic acid pli
citric acid (Chl-AA-CI), chlorine plu
ascorbic acid plus calcium (Chl-AA C'A)
chlorine plus citric acid plus calciom
(Chl-CI-CA) and chlorine plus ascorbi
acid plus citric acid plus calcivm (Chl
AA-CI-CA). This could probably be i
to the low pH of these baths (pl14-5H). 1
day 10 of storage no dilferences (p<0.0 1)
were found among dip treatments (1
2C). BEUCHAT and GOLDEN (1989) st
ied antimicrobials that occur naturally
in foods, and suggested thal some ol
ganic acids can exert fungicidal and [
gistatic action which is related direct
ly to lowering the pl of the substial

The ability ol both mesophilic and ey
chrotrophic bacteria and yecast andl
molds to multiply at the low tempern
tures assayed indicates their potentin
ability to cause lettuce spoilage.

Ascorbic acid contents

The initial ascorbic acid content ol
fresh leal samples was 8.3 mg/ 1004 ol
[resh weight. The endogenous ascorbi
acid concentrations in the fresh lettoe
vised i this stady were higher than those
reported by ALBRECHT (1993) lor Ko

mhalne lettuce, The ascorbie actd concen
trations ol samples dipped i treatments
free ol ascorbic acld were not signtlicant
Iy different (P<0.05). On (the other hand
siamples treated with ascorbic acid had
uhout a4 times higher initial ascorbic
ueld content without significant differ-
fhces among them. Fig. 3A presents the
iican values obtained for the ascorbic
acld concentration of samples treated
without ascorbic acid (treatments with
tinchlorinated water, chlorinated water,
Chl €1, Chl-CA and Chl-CI-CA) and Fig.
Al presents the mean values obtained
lor the ascorbic acid concentration of
sanples treated with ascorbic acid (treat-
thenls with Chl-AA, Chl-AA-CI, Chl-AA-
CA ind Chl-AA-CI-CA). The difference
helween the means of both groups dur-
Iy storage was always significant
(- 0.01).

I'he rate of ascorbic acid loss was lower
I namples without ascorbic acid treat-
tents than in samples with ascorbic acid

treatments, For example, by day 4, sam-
ples without ascorbic acid had lost 50%
ol their initial ascorbic acid content,
while samples with ascorbic acid had lost
77%. This difference could be attributed
Lo the ascorbic acid being on the sur-
face and more exposed to oxidation.

Nevertheless, in spite of the higher
rates of ascorbic acid degradation in
ascorbic acid-treated samples, their ab-
solute concentrations remained higher
than in the other samples during stor-
age.

CONCLUSIONS

The effect of dip treatments with chlo-
rine, CaCl,, citric acid and ascorbic acid
on the quality of Romaine lettuce leaves
during storage was investigated. Chlo-
rine may be required to inhibit the
growth of bacteria responsible for necro-
sis. Neither citric acid nor ascorbic acid
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=
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actd (Chloriated water, Unehlor it ed waler, Chl-Cl, Chl CA and Chl CHCA) and (13)
WL ascorbic nefd (Chl AA, Chil AA CL Chl AA CA, Chl AA-CLCA) during I()Id /b l‘
Maoans of six determinntions Vertieal Tines represent : 2

oday 2 dayé N\ 4 days 7 days m 10 da)ﬁ)

]

) in samples treated (A) withoul ascorbic
samples treated
storage at 4°C,
e 1]



winated solutions resulted o bm

hents in LSB, SB, OVQ Indexes,
i in contrast with published re

e leeberp lettuce, However, the
hation of both acids resulted in a
decline of the overall visual qual

(he Romaine lettuce leaves. The
ol calcinm chloride did not re

A{mprovements in the visual qual

[ could be responsible for faster
irface browning. Samples treated
wwcorbic acid maintained higher
Ws ol ascorbic acid throughout
¢, although the rate of ascorbic
ms was higher than in samples not
| in ascorbic acid.
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