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on shredded Galega kale quality for development of modified
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Abstract

Respiration rate, sensory attributes, colour alterations, and water, chlorophyll and ascorbic acid contents were monitored
during storage of shredded Galega kdeaSsica oleraceaar. acephalaDC.) at 20°C to define an adequate range of &d
CO; partial pressures for product preservation. Different lowa@d high CQ atmospheres were tested. First, tolerance to low
O, partial pressures (1, 2, 3 or 21 kPawith balance N) was tested. Quality retention was improved ag@rtial pressure was
reduced and there was no induction of anaerobic respiration. Then, tolerance to high@a pressures (0, 10, 15 or 20 kPa
CO; plus 21 kPa @ and balance N was tested. The high GQpartial pressures extended the shelf life of the shredded kale
and no symptoms of CQnjury were detected. Finally, combinations of low énd high CQ (1 or 2kPa @ plus 15 or 20 kPa
CO;, with balance M, and an air control) were analysed. No differences were observed among the different gas combinations.
An atmosphere of 1-2 kPa,@lus 15-20 kPa Coand balance Nextends the shelf life of shredded Galega kale to 4-5 days at
20°C, compared with 2-3 days in air storage. Predictive models of chloroplayitlb degradation as a function of time and
gas composition were developed.

Introduction

Controlled and modified atmosphere (CA and MA)
* Corresponding author. Tel.: +353 21 4902383; storage utIIIZIng low Q. a”‘?' hlgh _CQ partlal pres-
fax: +353 21 4270249, sures are knO\_Nn to maintain quallty_ and consequently
E-mail addressfaroliveira@ucc.ie (F.A.R. Oliveira). extend shelf life of many fresh fruit and vegetables
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(Isenberg, 1979; Smock, 1979; Brecht, 1980; Kader, The shredded Galega kale is commonly prepared at the
1986; Ballantyne et al., 1988; Solomos and Kanellis, retail level prior to display for sale; however, the shelf
1989; Zagory and Kader, 1989; Qi and Watada, 1997; life at ambient store temperatures is very short, typ-
Kader and Saltveit, 2002alhe decrease of the overall ically 1 day or less. Thus, development of MAP for
metabolic activity of plant tissues, including a decrease shredded Galega kale could substantially improve the
of respiration rate and inhibition of ethylene biosyn- quality of the product that is available to consumers.
thesis and action, are the main metabolic responses toAdditionally, MAP could allow preparation of shred-
reduced @ and elevated C®atmospheres. The ben- ded Galega kale to be carried out at central distribution
eficial effects on product quality include: (i) delayed facilities, with associated reductions in the cost of pro-
ripening and senescence, (ii) reduced incidence andcessing.
severity of certain physiological disorders, (iii) reduced The objectives of this work were: (i) to evaluate the
fungal growth, (iv) greater chlorophyll retention, (v) tolerancetolow @, (ii) to evaluate the tolerance to high
inhibited sprouting and flower opening, (vi) delayed CO,, and (iii) to identify the best combination of;0O
fruit softening, (vii) delayed toughening in vegetables, and CQ partial pressures for preservation of shredded
(viii) reduced susceptibility to decay, and (ix) control Galega kale in MAP.
of insect pests. Harmful effects may also occur if the
partial pressures of £and CQ are not within the
range tolerated by the commodity. Exposure pqo@r- Materials and methods
tial pressures below the tolerance limit may result in
anaerobiosis, tissue necrosis, and growth of anaerobic Plant material and handling treatment
microorganismsiader et al., 198P The latter may in-
clude species that constitute serious health hazards for Galega kale plants were grown at the Horticultural
humans if the produce is consumegtgckett, 199 Research Unit of the University of Florida, Gainesville,
Partial pressures of Cigher than the tolerance limit ~ Florida, USA. Galega kale is a nonheading leafy cole
may also induce anaerobiosis and tissue injigder crop with long petioles and large midribbed leaves.
and Saltveit, 2002b Fully expanded leaves were picked early in the morning
Different fruit and vegetables have unique tolerance and transported immediately to the laboratory. Older,
limits to low O, and high CQ. The tolerance limits diseased, and injured leaves were discarded. Midribs
vary by commodity, cultivar, and physiological age, were excised with a sharp knife, the leaves were then
possibly due to differences in resistance to gas diffu- rinsed with potable water to remove dirt and insects,
sion, as well as for different temperatures and times shredded in a hand shredder machine (1.5mm wide
of exposureKader, 1989; Kader et al., 1989; Beaudry  slices), rinsed with chlorinated water (100 mg&gpH
and Gran, 1993; Gran and Beaudry, 1p9%herefore, 7) for 30 s, and centrifuged in a salad spinner to remove
the ranges of @and CQ partial pressures must be de- adhering water. Approximately 150 g of shredded kale
fined for each product and for each handling process per replicate were placed in glass jars of 1.2da-
applied (chopped, shredded or otherwise prepared). pacity in a controlled temperature room. The jar lids
Modified atmosphere packaging (MAP) is a com- had a rubber septum for gas sampling and two rubber
mercial application of low @ and high CQ atmo- tubes for gas application. A tube was extended from
spheres. In order to design a successful MAP system, the inlet to the bottom of the jar to facilitate uniform
it is important to define the partial pressures of O flushing of the gas mixture. For each atmosphere treat-
and CQ that prolong the shelf life of the fresh pro- ment, a flowboard was connected to six jars in order to
duce. No research has yet demonstrated a beneficialdeliver a constant and equal gas flow rate. The gas flow
effect of reduced @and elevated C@on fresh shred-  rate to each jar was 1.7 mt. The flowboard was con-
ded Galega kaleBrassica oleraceaar.acephalaDC.) nected to a gas mixing board inside the room, which
quality. This is an important fresh-cut vegetable in the delivered the specified partial pressures of QOp,
Portuguese market, which is still quite unexploited by and No. The error in the target partial pressure was 0.6
the food industry, distributors, and retailers. The thinly and 0.2 kPa for @and CQ, respectively. Gas streams
shredded leaves are an ingredient in a traditional soup.were humidified by bubbling them through deionized


tlago
Typewriter
Materials and methods

tlago
Typewriter
Plant material and handling treatment


water in jars, in order to avoid weight loss of the perature of both columns was set at@with the in-

product. jector and detector at 9. Calibration of the gas chro-
matograph was performed using a calibration mixture
Experimental design of 7.13kPa @ plus 7.12kPa C@ O, and CQ pro-

duction rates (mg kgt s1) were determined by Egs.
Sets of six jars were stored at 20.5°C and (1) and(2):
flushed with different atmospheres under the follow- i ¢
ing experimental design (total pressure was 101 kPa): Ro, = (pOz — poz) x Vi x Wo, 1)

, =

(i) Low O tolerance experiment. Four atmospheres 10° x R x T x M(ir 1)
were tested: 1, 2, and 3 kPa @ith the balance (prOg — Picoz) x Vs x Weo,
being N, and air as the control. Rco, = 0 ‘

(i) High CO, tolerance experiment. Four atmo- 10° x R x T x M(tr — i)
spheres were tested: 10, 15, and 20 kPa (i0s Wherepi02 andpiCOZ are the @ and CQ partial pres-

21kPa Q with the balance beingNand air as ¢ ,res atinitial time in Pagl,, andp(,, the @ and CQ

i Ifhsvcgmroll' high CQ experiment. Five atmo- partial pressures at final time in Pélp, andWco, the
(iif) Low O plus hig experiment. FIve almo- g1ecular weights of @and CQ in kg mol-1, R the

spheres were tested: all the combinations of 1 or |, ,iversal gas constant in¥Ramol 1 K1, T the tem-
2kPa Q plus 15 or 20kPa Cowith the balance o ra1re in KM the product mass in kg, — t; the time

being N, and air as the control. interval in s andv; is the free volume inside the jar

Physiological, sensory, and physicochemical pa- inl.
rameters were monitored during the experiments. Stor-
age was terminated as the shredded kale deteriorated.  Sensory inspection
Respiration rates were determined every day during
the course of each experiment for each storage atmo-  The sensory attributes (off-odour, colour and over-
sphere. In addition, every day one jar from each storage all visual quality), which were selected based on the
atmosphere was opened, the shredded kale weighed, it&onsumer point of view, were evaluated using a 1-9
sensory attributes immediately evaluated and its colour rating scale index, with 1 being the lowest and 9 the
instrumentally measured. Samples for water content, highest levels of the analysed attribute. The evaluations
chlorophyll (Chl), and ascorbic acid (AA) determina- were blind (i.e., the jars could not be identified). Visual
tions were taken. The Chl and AA samples were frozen quality evaluation included general appearance, colour,

()

and stored at-25°C prior to analysis. wilting, and detectable injuries. The limit of saleability
was defined as the level 5 of the scale. Shelf life of the
Respiration rate product was calculated as the time when the first sen-

sory attribute reached the score corresponding to the
Respiration rate was determined using a closed sys- limit of saleability. When necessary, shelf life was cal-

tem. The gas flow was halted, the gas stream inlets culated by polynomial interpolation between sampling
and outlets closed, and two gas samples of 0.5 ml weretimes.
withdrawn from each of three jars per treatment with
1.0 ml plastic syringes, at time zero and after speci- Colour measurement
fied time intervals. Gas samples were analysed with a
Gow-Mac Series 580 gas chromatograph (Bridgewa-  Colour was measured with a Minolta CR-200 Chro-
ter, NJ, USA). The gas chromatograph was equipped mameter (Ramsey, NJ, USA). The measuring head was
with two columns in series and a thermal conductiv- placed against the top surface of the shredded leaves.
ity detector. One column was a porous polymer col- Six measurements were performed per storage atmo-
umn (80—-100 mesh Columpak PQ) and the other was asphere in order to compensate for the great variability
molecular sieve 5A column (60—80 mesh). The gas car- due to the non-uniform surface. Thg a", andb” from
rier was helium at 275 kPa, flow rate 0.5 mfs Tem- the colour notation system were displayed aitiwas
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determined (Eq(3)). TheL" value indicates lightness,
a’" indicates chromaticity on a green)to red (+) axis,
andb’ represents chromaticity on a blue)(to yellow
(+) axis. TheAE value is an overall measure of the
differences inL", a’, andb’ values compared to the
respective initial valuesi(’, a, b").

AE =[(L* — LY + (@ — a2+ (" — 6)]°

®3)

Water content

cause weight loss was considered negligible, being less
than 3%.

Adcorbic acid content

The dinitrophenylhydrazine (DNPH) method de-
veloped byTerada et al. (1978was used for to-
tal AA analysis. Two replicates were performed per
storage atmosphere. Tissue samples weighing approx-
imately 0.8g were mixed with 40ml of a mixture
of 6% metaphosphoric acid in 2N acetic acid. The
mixture was centrifuged (20 min at 17,6@Qy,) and
the supernatant clarified by filtration through What-

Three replicates per storage atmosphere of approx-man #4 filter paper. The supernatant was thawed at

imately 2 g were dried at 7QC. The samples were re-
weighed periodically until no significant changes were

room temperature (23-2%&). A 1-ml aliquot of the
supernatant was mixed with one drop of 0.2% 2,6-

detected (usually 1 day), and the water content was gjichlorophenolindolphenol and the solution was incu-

determined by mass balance.
Chlorophyll content

The sample preparation for Chl determination con-

bated at room temperature for 1 h, then 1 ml of 2%
thiourea in 5% metaphosphoric acid and 0.5 ml of 2%
DNPH in 9N sulfuric acid were added, followed by in-
cubation at 60C for 3 h. The reaction was stopped by
placing the tubesinanice bath and slowly adding 2.5 ml

sisted of mixing approximately 0.2 g of shredded leaves of ice cold 90% sulfuric acid. Finally, absorbance at

with 10 ml of N,N-dimethylformamide. Three repli-

540 nm was read against a blank and the AA concen-

cates were performed per storage atmosphere. Thetration determined using a standard curve. The sample

samples were stored at& for 36 h in darkness (cov-

ered with aluminium foil) then shaken for 24 h. For
the Chl analysis, the solution was filtered through Mir-
acloth (Calbiochem, San Diego, CA, USA) and the

concentration of AA was calculated per kg of FW:

CsampIeX Vsample

M

(6)

absorbance measured at 647 and 664 nm. The Chl con-
centrations were calculated using the equations devel-where AA is the ascorbic acid content in mgkg

oped byMoran (1982)

Chla = (12.64 x Agga — 2.99 x Aga7)
1000x Vsamp|e
w5 ——— - " Sampe

4
. @
Chlb = (—5.6 x Agea+ 23.26 x Ag47)
1000x V.
% X Vsample (5)

M

where Chla and Chlib represents chlorophyd andb
contentin mg kg? of fresh weight (FW), respectively,
As47 and Age4 the absorbance at 647 and 664 nm, re-
spectively,Vsample the sample volume in ml, anif

the sample mass in kg. The Chl content was deter-

Csamplethe sample AA concentrationin mod, Vsample
the sample volume in |, anbll is the sample mass in

kg.

Statistical analysis

A two factor with replication analysis of variance
(ANOVA) at a significance level of 5% and the least
square difference (LSD) test were applied to the data
using the Statistica software (release 5.1, 97 edition,
Statsoft Inc., Tulsa, OK, USA). Degradation of the
Chlaandb were both modelled by the Weibull model
(Weibull, 1951; Seber and Wild, 1989rhe model pa-
rameters were estimated by fitting the model to the
experimental data by non-linear regression using the

mined based on the fresh weight of the product be- same software.
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Results and discussion Table 1
Sensory attributes of shredded Galega kale stored in lpwt@o-

Tolerance to low O spheres and in air at 2C

Sensory t(days) Storage atmosphere

A higher metabolic activity of the product is man- atteutes 1kPaQ 2kPaQ 3kPaQ

ifested by a higher rate of respiration. Thus, there is a o¢_odour 0
direct relation between the rate of deterioration of the 1
product and the respiration rate. There was a clear dif- 2
ference between respiration rate of shredded kale stored 3
in air and that stored in low £atmospheresHig. 1). g
Samples stored in air had the highest Gg®oduction 6
rate, on average 4.7 mgk§s~1, and those stored in o
1kPa @ had the lowest C®production rate, on aver- 1
age 1.5mgkgts—1. The respiration rate of shredded 2
kale exposed to air increased during storage, proba- 3
4
5
6
0
1
2
3
4
5
6

>

r

=
=
=

| ©o g wEr -

Colour

bly due to a fast degradation of the product in this
atmosphere. If @falls below a critical partial pres-

sure, anaerobic respiration is induced. Fermentative
respiration is characterised by production of ethanol, Visual quality
acetaldehyde, and GQwithout O, consumption. No
significant increase in RQ values, the ratio between
CO, production and @ consumption rates, was ob-
served in any of the low ©atmospheres (data not
shown). This indicates that sufficienp @as available
for aerobic respiration and no anaerobic respiration Was The values show the rating in a 1-9 scale index.
induced.

| PP WO oo

AU ONODWOWMO MUINNOODOO ONPANRPRE
NDAUUTONOO NPODONOO ONPANDNPRE
P WPOODOO RPWPMNODOODOO ONPANNPRE

Il PP N OO

Shredded Galega kale exposed to low @artial
pressures maintained its sensory quality longer than
shredded kale exposed to ambientaatfle . Low Oy
atmosphere extended the shelf life of shredded Galega
kale from 2d in air to 3.5d in 3kPa£4d in 2kPa
41 O and 4.5d in 1 kPa & For samples stored in air or
3 kPa Q, shelf life was controlled by colour (i.e., yel-

N lowing) and visual quality, for samples stored in 2 kPa
§__————I~\H O, the limiting sensory attribute was visual quality,
and for samples stored in 1 kPg Off-odours above

2+ acceptable levels defined the product shelf life. Low
O, atmospheres were particularly effective in decreas-
i ing the rate of colour changes. Indeed, yellowing was
much faster in air than in low £atmospheregHg. 2).
Colour was unacceptable after 2d in air, whereas in 1,
¥ \ ' ; ' > 2, and 3 kPa @it took 5, 4.5, and 3.5 d, respectively, to
0 1 2 3 4 5 6 . . .

reach colour scores of 5. Changes in visual quality were
very similar to those for colour, with the exception that
Fig. 1. CQ production rate of shredded Galega kale stored in air in2kPaQthe “mlt. of accz_aptabllltywas rea.Ched in4d.
(@), 3kPa Q (@), 2kPa Q (@) or LkPa Q (&) at 20°C (average Off-odours were first noticeable after 3d in the 1 kPa
of three replicates S.D.). O7 atmosphere. Kale stored in other atmospheres first

6

R co,(mg kg'l s'l)

t (days)
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Fig. 2. Shredded Galega kale stored 5d in loyva@mospheres or in air at 2C.

developed detectable off-odours after 2 d storage, most5 d of storage, which was significantly greater than for
noticeably in air storage. Unacceptable off-odours oc- shorter storage times. This result agrees with the rat-
curred after 4.5d for all the low £atmospheres, and  ings observed for sensory analysis of colotatfle ).
after 3d in air. No colour differences between the three lowgrtial
Colour is one of the most important visual attributes pressures could be detected.
in food products. If the appearance is unattractive, a  Water content varied between 858 and 887 g'kg
potential consumer will never experience the other ma- averaging 87& 7gkg, and no clear relationship
jor attributes—flavour, texture, and odour. The narrow was found with storage atmosphere or storage time.
shreds as well as the differences in colour between ribs Greenness, an indicator of product quality, is the result
and leaves were a great limitation in identifying colour of the Chl content. As Chl degrades during senescence,
differences between samples stored in different atmo- the green leaves become yellow and brown. In green
spheres. Nevertheless, after 2 or 3 d of storage, samples/egetables, chlorophydl andb are the most important
stored in air showed significantly greater values of all pigments Khachik et al., 1986; Gross, 1991IThere
the colour parameters.(, a', b", and AE) than sam- was no visible degradation of Chl content in samples
ples stored in low @atmospheresli@ble 3. Increased stored in 1 kPa @ and samples stored in the other low
L" andb” values indicate lightening and yellowing, re- O, atmospheres showed a much slower degradation
spectively, while increased values indicate loss of  of chlorophyll than samples stored in affig. 3). Re-
greennesd.”, a’, b", andAE values increased during  tardation of Chl degradation was considereddpss
storage in air, showing a faster lightening and yellow- (1991)to be one of the most beneficial effects of low
ing of the product in these conditions. Colour values O and high CQ on green vegetables. The mechanism
changed relatively little in low @atmospheres, except  of Chl breakdown during leaf senescence is not fully
for the value ob" in samples stored in 3 kPax@fter understoodNlatile et al., 199%. The ratio of Chiatob



Table 2
Colour parameters and ascorbic acid content of shredded Galega kale stored indowdSpheres and in air at 20 (average: S.D.)

Physicochemical parameters t (days) Storage atmosphere
1kPa Q 2kPaQ 3kPaQ Air

L"+S.D. 0 - - - 35:3
1 37+3 36+2 33+4 35+3
2 36+2 35+5 34+ 4 38+4
3 31+2 35+4 35+4 39+2
4 35+3 30+3 34+2 43+3
5 36+ 3 34+3 37+1 43+3
6 36+2 39+3 39+3 -

a +S.D. 0 - - - —15+1
1 —14+2 —14+2 —15+1 —-14+1
2 —13+2 —-12+1 —-13+1 —-13+1
3 —12+2 —-13+1 —-13+1 —13+1
4 —-13+1 —-12+1 —-12+1 —-8+1
5 —-13+1 —-11+1 —-13+1 —-5+1
6 —-12+1 —-10+2 —-10+1 -

b' +S.D. 0 - - - 2Q:2
1 19+2 18+3 21+2 21+1
2 19+2 17+1 18+1 20+2
3 17+3 19+2 18+2 23+2
4 19+3 18+1 18+2 25+2
5 19+2 19+2 23+2 26+ 3
6 19+3 21+2 25+2 -

AES.D. 1 4+2 442 3+2 3+1
2 3+3 6+1 4+1 5+2
3 5+2 5+2 4+2 5+3
4 442 6+2 4+2 12+2
5 442 5+2 5+1 15+ 4
6 4+1 7+3 9+1 -

AA £+S.D. (mgkg?) 0 - - - 513+ 19
1 524+ 26 512430 472+ 126 538+ 42
2 418+ 27 412+78 450+ 8 534442
3 593+ 30 501+ 19 515+ 35 372+4
4 438+ 62 379+ 23 490+ 4 317+11
5 463+ 15 354+ 39 387+19 202+ 23

is usually around 3:1Gross, 199). The experimental  air than in the low @ atmospheres, particularly after
ratio ranged from 2.2:1 to 3.5:1. The ratio of Ghlo 2d of storageTable 3, while little difference was ob-
bin the air control was much lower after 5d of storage served between 1, 2, and 3 kPa. @agory and Kader
when compared with samples stored for shorter times, (1989)pointed out that low @ atmospheres slow AA
indicating that Chla degraded faster than Chl No loss by inhibiting its oxidationBarth et al. (1993Je-
differences in Chh to b ratios were observed among ported higher AA retention in broccoli stored in MAP
the low & atmospheres. than in unpacked broccoli, akhvenainen (1996je-

Ascorbic acid is a cofactor in numerous enzymatic ported that losses of AA and carotenes are the main
reactions and an important nutritional component of factors limiting nutritional quality of fresh-cut vegeta-
fruit and vegetables. It is very labile and its preserva- bles.Ezell and Wilcox (1959foncluded that the loss
tion is of crucial importance to the human di&zgll of AA in kale is a function of storage temperature and
and Wilcox, 1959. Degradation of AA was faster in  wilting.
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Fig. 3. Chlorophylla and b degradation in shredded Galega kale
stored in air @), 3kPa Q (@), 2kPa Q (¢) or 1kPa G (A) at
20°C. The lines are the model fit (Eqg’) and(8)).

Tolerance to high CO»

There was a clear difference in G@roduction rates
between the different COatmospheresHig. 4). The
CO, production rate was greater in samples stored in
air when compared with samples stored in high,CO
atmospheres. Increasing g@artial pressures from 10
to 15 kPa decreased G@roduction to a rate similar to
that for 20 kPa. C@production rates of samples stored
in air increased over time and this effect also occurred
in samples stored in high C@atrtial pressures fromthe

R o, (megkg's™)

= 4
n

T
0 1 2 3

t (days)

Fig. 4. CQ production rate of shredded Galega kale stored in air
(@), 10kPa CQ (M), 15kPa CQ (¢) or 20kPa CQ (A) at 20°C
(average of three replicatesS.D.).

Shredded Galega kale stored in high £&mo-
spheres maintained sensory quality longer than sam-
ples stored in airfable 3. The high CQ contents
increased product shelf life from 2.2d in airto 3.5d in
20 kPa CQ. Thus, high CQ partial pressures are notas
effective as low @ partial pressures in extending shelf
life (in the ranges tested). Colour and visual quality
were the critical factors limiting shelf life in all condi-
tions tested. Differences among samples stored in high
COy, partial pressures could only be detected shortly
before or after the limit of saleability was reached. Sam-
ples stored in 20 kPa CQOnaintained colour and visual
quality better than samples stored in 10 or 15 kPa.CO
Shredded Galega kale stored in high£fmospheres
developed off-odour after 3d of storage, whereas in
samples stored in air off-odour was first detected after
2 d. Unacceptable off-odour was detected after 2.7 d in
samples stored in air, 3d in samples stored in 10 kPa
COy, 4din samples stored in 15 kPa g@nd 4.3d in
samples stored in 20 kPa GQn contrast to what was
observed with low @ atmospheres, where the sam-
ples yellowed with time, in this case browning was ob-
served. One possible reason is that lowa@nospheres
inhibited oxidative browning.

L", a", b", and AE values changed in response to

second day of storage. There was no significant effect high CQ, during storageTable 4. Samples stored in

of CO; partial pressures on RQ (data not shown).

air for over 1-2 d showed higher valuesldf, a", b",
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Table 3
Sensory attributes of shredded Galega kale stored in highe@o-
spheres and in air at 2C

Sensory t(days) Storage atmospheres
attributes -
Air  10kPa 15kPa 20kPa
CO, CO, CO,
Off-odour 0 1 1 1 1
1 1 1 1 1
2 3 1 1 1
3 6 5 4 4
4 9 6 5 4
5 - 9 8 8
Colour 0 9 9 9 9
1 8 9 9 9
2 6 8 8 8
3 3 4 6 6
4 1 2 3 4
5 - 1 1 3
Visual quality 0 9 9 9 9
1 8 9 9 9
2 6 8 8 8
3 1 4 6 6
4 1 2 3 4
5 - 1 2 3

The values show the rating in a 1-9 scale index.

and AE than those stored in high GGatmospheres.
Analysis of variance indicated that parametérde-

creased with time, whila" and AE increased during
storage. Water content varied from 862 to 887 gkg
with an average of 87% 6 g kg~1. Degradation of Chl
a and b was reduced at high COpartial pressures

Chla (mg kg')

Chlb (mg kg')

0 1 2 3 4 5 6
t, days

Fig. 5. Chlorophylla and b degradation in shredded Galega kale

(Fig. 5. This may have been due to decreased cellular stored in air @), 10kPa CQ (H), 15kPa CQ () or 20kPa CQ

pH in the high CQ treatments and consequent reduc-
tion of the breakdown of Chl into pheophytidggory
and Kader, 1989; Gross, 199The ratio of Chla to

b was not statistically different between the high £0
treatments. This ratio was stable over time for sam-
ples stored in high C@atmospheres, but decreased on
day 4 in samples stored in air. Some AA degradation
occurred, but there was no effect of g@n AA degra-
dation rate Table 4.

Combination of low O, and high CO,

Tolerance limits for @ and CQ may be affected
by the partial pressure of the other g&ader et al.,
1989. Beaudry and Gran (1998pserved increases in
the G tolerance limit (i.e., the @partial pressure that

(A) at 20°C. The lines are the model fit (ES’) and(9)).

induces fermentative metabolism) with increasec,CO
partial pressure for apple and blueberry, whekzam
and Karel (1963pbserved no influence of high GO
on the Q tolerance of applekader (1989Yyeported a
decrease inthefolerance limit of pears with decreas-
ing temperature, as dileaudry and Gran (1993pr
apples and blueberries. In this case, commercial use of
an G tolerance limit determined at the upper end of the
expected range of handling temperatures would reduce
the risk of fermentation if temperature fluctuations oc-
cur. On the other hand, GQolerance has been shown

to decrease as temperatures decrease for snap beans

(Costa et al., 1994and mangoesBender, 1995
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Table 4
Colour parameters and ascorbic acid content of shredded Galega kale stored in higtm@€pheres and in air at 20 (averaget S.D.)

Physicochemical parameters t (days) Storage atmosphere
Air 10kPa CQ 15kPa CQ 20kPa CQ
L"+S.D. 0 35+3 - - -
1 35+2 33+3 35+4 37+2
2 37+£6 34+2 37+3 33+3
3 38.4+0.1 373 34+3 35+2
4 38+4 34+2 34+3 34+2
5 36+3 35+3 33+2
a’ +S.D. 0 -14+1 - - -
1 —-14+1 —-14+1 —-13+1 —-15+1
2 —13+2 —13+1 —-13+1 —-13+1
3 —-11+1 —12+2 —-12+1 —-12+1
4 —-8+1 —-10+1 —10+1 —-11+1
5 - —-9.2+05 -9+1 —-10+1
b' +S.D. 0 20+ 2 - - -
1 20+3 20+2 18+2 22+2
2 22+4 19+2 18+3 19+2
3 22+3 19+3 17+2 18+2
4 25+1 19+1 18+1 17+2
5 - 19+ 2 17+2 17+1
AE+S.D. 1 3+1 - - -
2 5+3 3+2 443 4+3
3 5+1 443 5+2 4+2
4 9+1 5+1 5+2 5+2
5 - 6+1 6+1 6+2
AA £+S.D. (mgkg?) 0 521439 - - -
1 526+ 8 293+12 439+4 483+ 15
3 216+ 27 261+ 8 352+ 24 219+ 16
4 102 245 18&70 202
5 - 56+ 8 82+ 35 212+15

CO, production rates were greater in air than in the ranges tested yielded a shelf life of 4 d for the 1 kBa O
atmosphere combinations testddg( 6), but no dif- plus 15 kPa C@treatment and all the other combina-
ferences were found among the different combinations tions tested led to 4.5 d. Thus, the combination of low
of low O plus high CQ partial pressures tested ex- O, and high CQ partial pressures increases shelf life
cept for the 2 kPa @plus 15 kPa CQtreatment, which similar to those found for low @atmospheres, with
maintained low respiration for only 2 d before increas- no synergistic effects of low £and high CQ. It is
ing two-fold over the next 2d. No changes in respi- curious to note that the shelf life of samples stored in
ration rate were observed over storage time. The RQ air was close to 3d, longer than previously observed (2
values did notindicate anaerobic fermentation (data not and 2.2 d). This may be explained by differences in the
shown). quality of the raw material, owing to climactic varia-

Shredded Galega kale stored in low @lus high tions. Samples analysed in this latter experiment had
CO, partial pressures maintained its sensory quality a lower respiration rate in air and a lower water con-
longer than samples stored in aliaple 5. The com- tent (856t 7 g kg~1) than samples used in the first two
bined low & plus high CQ atmosphere combinations experiments.
increased product shelf life from 2.7 dinairupto 4.5 d: Itis also curious to note that off-odour dictated shelf
storage in an atmosphere resulting from combining the life for all samples stored in combinations of lows O
lower partial pressures ofand higher of CQin the and high CQ, whereas previously the effect had been



Table 5

Sensory attributes of shredded Galega kale stored in Ipar@ high CQ atmospheres and in air at 20

Sensory attributes t(days) Storage atmosphere

1kPaQ+20kPaC@ 1kPaQ+15kPaCQ@ 2kPaG+20kPaC@ 2kPaQ+15kPaCQ@ Air
Off-odour 0 1 1 1 1 1
2 1 1 1 1 1
3 2 2 1 1 3
4 4 5 3 3 7
5 7 6 8 7 -
6 9 9 9 9 -
Colour 0 9 9 9 9 9
2 9 9 9 9 7
3 8 8 8 8 4
4 7 7 7 7 1
5 5 6 4 5 -
6 4 4 3 3 -
Visual quality 0 9 9 9 9 9
2 9 9 9 9 7
3 8 8 8 8 4
4 7 7 7 7 1
5 3 4 2 3 -
6 3 2 1 1 -

The values show the rating in a 1-9 scale index.
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Fig. 6. CQ production rate of shredded Galega kale stored in air
(@), 2kPa Q plus 20 kPa CQ (M), 2kPa Q plus 15kPa CQ (¢),
1kPa Q plus 20kPa CQ (A) or 1 kPa Q plus 15kPa CQ (X) at
20°C (average of three replicatesS.D.).

critical only for samples stored in 1 kP& his shows
that, although combinations of lowxGnd high CQ
partial pressures yielded shelf life results very similar
to those found for low @atmospheres, the degradation
mechanisms appeared to be different. Off-odours were
first detected after 4 d of storage in atmospheres con-
taining 2 kPa @ and after 3d in all the other conditions
tested. Visual quality was also a limiting attribute for
all samples except for those stored in 1 kRa+Q5 kPa
CO;, and colour was a critical factor only for samples
stored in air. These results confirm that colour is the
sensory attribute that mostly benefited from the low
O2 plus high CQ atmosphere combinations tested.
Sensory inspection could not differentiate between the
combinations of low @ and high CQ tested, except
for samples stored in 1kPax® 15kPa CQ, which
showed for some storage times a better retention of
colour but a faster development of off-odoufakle 5.
Analysis of variance could not differentiate between
thel", a’, b’, andAE values of different low @ plus
high CQ, atmosphere combinations tested, but clearly
the air control was different from CAT@ble §. The

a" value increased during storage in all atmospheres
tested, indicating a loss of green colour, in contrast to
the other values, which increased over time only in



air. Thus, no yellowing was detected in samples stored the latter Table §. The ratio of Chla to b increased

in the atmosphere combinations tested. Degradation of during storage time. Degradation of AA during storage
Chlwas much faster in air than in the low @lus high was faster in samples stored in air than in lowus
CO, atmospheres and no differences existed among high CQ, treatmentsTable §.

Table 6
Colour parameters, and chlorophyll and ascorbic acid contents of shredded Galega kale storecbinddvihi@h CQ atmospheres and in air
at 20°C (average: S.D.)

Physicochemical t (days) Storage atmosphere
parameters -
1kPa Q 1kPa Q 2kPa Q 2kPa Q Air
+20kPa CQ +15kPa CQ +20kPa CQ +15kPa CQ

L" +S.D. 0 - - - - 36+3
2 3945 32+3 4045 38+2 3444
3 38+ 4 37+3 3544 34+3 39+3
4 36+3 35+3 35+3 35+2 45+ 5
5 3843 37+2 3642 38+4 -
6 38+3 39+3 36+2 36+4 —

a £S.D. 0 - - - - -13+1
2 —13+1 —13+1 —13+1 —13+1 —11+1
3 —1342 —12+2 —124+1 —12+1 —124+1
4 —12+1 —11940.5 —11+1 —10+1 —9+1
5 —124+1 —12+1 —114+1 —-11+1 -
6 —-109+0.3 —11+1 —10+1 —11+1 -

b"+S.D. 0 - - - - 18+2
2 18+2 19+2 18+2 1743 17+2
3 1743 17+3 1742 18+2 23+3
4 19+2 17+1 17+3 15+1 2441
5 18+2 18+2 17+1 1542 -
6 18+2 16+2 16+2 16+2 -

AE+S.D. 2 5+2 5+2 543 4+2 4+3
3 543 442 4+2 442 7+2
4 442 4+2 442 5+2 12+3
5 4+1 3+1 4+1 542 -
6 441 542 4+1 543 -

Chla+S.D. (mgkg?) 0 - - - - 785+ 35
2 918+ 124 979 62 8994100 976+ 56 852443
3 969+ 24 872+ 114 936+ 47 834+ 103 42942
4 971+ 109 748+ 76 7254+19 916419 280428
5 948+ 93 938+ 125 903+ 25 803+ 79 —
6 895+ 61 741430 818+ 61 764462 -

Chlb+S.D. (mgkg?) 0 - - - - 23814
2 292+ 55 3134+24 277+ 41 319428 289426
3 290+ 6 256+ 42 278+ 20 245+ 35 129+ 8
4 285+ 47 205428 21542 288+ 19 88+ 10
5 264+ 32 266442 268+ 17 2414+ 36 -
6 259+ 12 20244 249+ 22 219434 -

AA £+S.D. (mgkg?) 0 - - - - 51421
3 589+ 4 580+ 94 435449 6134+ 04 367+ 49
4 369+ 19 433+ 39 397+ 50 394+ 54 251+8
5 411427 448+ 38 3414+12 273+ 15 -
6 448+ 61 395419 2514+12 2824123 -




Table 7
Parameters of the mathematical model (E@3$.and(8)) predicting chlorophyll degradation as a function of time andp@rtial pressure at
20°C (without CQ), and relevant statistical data

Chl; + CI (mgkg™1) a1 £CI(s) a2 £Cl (kPa) B+ Cl (dimensionless) R? (%)
Chla 812+ 26 150+ 12 145+ 0.6 2.4+ 0.6 89.0
Chib 267+ 12 156+ 24 14+ 1 2.1+0.6 79.8

ClI: confidence interval at 95% significance lev@d; coefficient of determination.

Table 8
Parameters of the mathematical model (E@$and(9)) predicting chlorophyll degradation as a function of time and, @@rtial pressure at
20°C (with 21 kPa Q), and relevant statistical data

Chl £CI (mgkg™1) a3+ Cl(s) aq £ Cl (kPay ! B+ Cl (dimensionless) R? (%)
Chla 1030+ 30 216+ 24 0.038+ 0.008 1.8-0.4 88.4
Chlb 365+ 12 246+ 36 0.029+ 0.008 1.6:t0.4 83.7

ClI: confidence interval at 95% significance lev@d; coefficient of determination.

Chlorophyll degradation modelling This shows that the mechanism of chlorophyll
degradation appears to be the same for the different at-
The kinetics of chlorophyla andb degradation of mospheres tested, but degradation rates increase with
shredded Galega kale were the only factors that could increasing Q@ partial pressures and decrease with in-
be modelled, as degradation of the other quality charac- creasing CQ partial pressuress(is a shape param-
teristics monitored either did not occur to a significant eter, that is related to degradation mechanism, and
extent or the scatter in the data was too high. Chloro- is a time constant, the reciprocal being the rate con-
phyll degradation was modelled according to a Weibull stant). Two non-linear regressions were applied to the

model: experimental data of the low Oand the high CQ
P experiments, substituting Eqé8) or (9) in Eq. (7),
Chl = Chl, x exp[—( L ) } @) respectively. Parameter estimates for both non-linear
o regressionsiables 7 and Bgave reasonable fits to the

] o ) experimental dataF{gs. 3 and h
where Chlis the initial chlorophyll concentration and

« andg are the time and shape model parameters, re-

spectively. Conclusions
This model was not applied to the experiments with
low O, plus high CQ combination, as in those atmo- The beneficial effects of low £and high CQ on

spheres chlorophyll degradation was negligible. The gquality of shredded Galega kale was manifested by ex-
influence of gas composition on the model parameters tension of the sensory characteristics, reduction in res-
was analysed for each set of conditions. It was found piration rate, greater Chl retention, and retardation of
thatp was not affected by the atmosphere composition, AA degradation. Both low @ and high CQ atmo-
whereasy decreased exponentially with increasing O  spheres had a positive effect on shelf life extension of
partial pressure (Eq8)) and increased exponentially shredded Galega kale. In the ranges tested, the effect of

with increasing CQ partial pressure (Eq49)): low O, was greater than that of high GOThe lowest
partial pressure of @and the highest partial pressure of
a CO; tested were found to be, respectively, high and low
— et 8
=0t exp(yoz) ® enough to avoid induction of anaerobic conditions. At-

mospheres combining lows @1-2 kPa) with high CQ
a = a3 x exp(as X yco,) 9) (15-20 kPa) partial pressures showed that the shelf life
of fresh shredded Galega kale at’ZDcan be extended
wherews, a2, a3, anda4 are the model parameters. from 2 to 3d (in air storage), to 4 to 5d.
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Colour and visual quality were the critical factors Gran, C.D., Beaudry, R.M., 1993. Determination of the low oxy-
limiting shelf life of shredded kale in air and in high gen limit for several commercial apple cultivars by respira-
CO, storage, whereas off-odour and/or visual quality tory quotient breakpoint. Postharvest Biol. Technol. 3, 259—
limited shelf life in the other conditions tested. Sam- 267.

. . ) Gross, J. (Ed.), 1991. Pigments in Vegetables: Chlorophylls and

ples stored in air were not acceptable after 2-3d be-  carotenoids. Van Nostrand Reinhold, New York.
cause of yellowing, while samples stored in low O Isenberg, F.M.R.,1979. Controlled atmosphere storage of vegetables.
plus high CQ atmosphere combinations were not ac-  Hortic. Rev. 1, 337-394. ' o
ceptable after 4-5d because of off-odour. Further re- Jurin, V., Karel, M., 1963. Stu_dles on control of respiration of

. . . Mclntosh apples by packaging methods. Food Technol. 17 (6),
search is necessary to assess microbial aspects before ;,, ;40
the best conditions for storage of shredded Galega kalekader, A.A., 1986. Biochemical and physiological basis for effects

can be recommended. of controlled and modified atmospheres on fruit and vegetables.
Food Technol. 40 (5), 99-104.
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