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Conservation of crisp lettuce in different post-harvest
storage conditions
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ABSTRACT

The objective of this work was to evaluate the post-harvest quality and the final storage time of the hydroponic
crisp lettuce ‘Brida’, conditioned in different types of plastic packaging and environments. The statistical design was
a completely randomized 3x2 factorial design, with 3 types of packages (control (without plastic packaging), perforated
plastic packaging and closed plastic packaging) and 2 types of environments refrigerated (£ 5 °C) and non-refrigerated
(x 23 °C). Fresh leaf weight loss, relative®&Pcontent, total soluble solids content (TSS), pH, total titratable acidity
(TTA), chlorophyll a and b, carotenoids and final storage time were meaherd.was a decrease in the parameters
of fresh mass, acidityotal soluble solids, and relative content oABRhlorophyll in refrigerated lettuce compared to
uncooled. The use of packages also influenced post-harvest quality and closed packs resulted in lower values. It is
concluded that the post-harvest quality of lettuce is better when they are refrigerated and packed in sealed packages.
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INTRODUCTION Despite the great consumption, the leafy vegetables
in general present high fragility and may deteriorate in
Lettuce (actucasativa L.) is the most consumed leafy g P g 9ty Y . .

. . . . few days after the harvest. Therefore, immediate
vegetable in Brazil, being one of the basic components of

salads prepared both in homes and in commerci?a nsumption or use of post-harvest conservation
. . echniques is necessary (Fingeal., 1999) Among the
establishments (Moretti & Mattos, 2006). . y (Finge ) g

. ) techniques to increase the shelf life and presentation of
Among the lettuce varieties, crisp lettuce has stoota

. e product to the consu acking vegetables in
out among the producers. The lettuce originates from the P mep g veg

. ) Uitable packages and storage under refrigeration is also
Mediterranean and was one of the first vegetables to Be b g g iy

. . Important (Rosa, 2002).The maintenance of the vegetables
cultivated by man. It is currently cropped all over the

} at a great temperature for preservation, from the harvest
country and can be grown throughout the ybath in g P P

. . . . to the consumption, reduces the respiratory rate as well
soil and in hydroponic systems. Moreov#ris leafy P P y

: as the microbiological and enzymatic actiyaitowing a

vegetable presents a better adaptation to the summer crop . .
. . . _ better post-harvest life of the vegetable (Rickraiza .,

as much as its resistance to early tillage and diseas 07)

greater ease for transportation, longer shelf life and better Another important factor for leafy vegetables

texture for consumers (Rodriguetsal ., 2007; Meirelles, preservation is the use of suitable packaging. The

1998; Soares, 2002). packaging is used in harvest, transport and retail of
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vegetables. Its main functions are to avoid mechanicebnical shape with a size of 20 cm by 40 cm and thickness
damages and to group products in suitable units for mark#t0.005 and a transparent bag with a size of 20 cm by 30
and handling (Shepherd, 19983cording to Ballou (2001), cm and thickness of 0.012 mm. In cold environment, a
adequate packaging is one of the main factors to avaldmestic refrigerator with a temperature of + 5 °C and
post-harvest losses. relative humidity of 10 to 15%. In the non-refrigerated
To evaluate the éiciency of post-harvest environment, the samples were kept at an ambient
conservation, the awareness of physiological parametéesnperature of £23 °C, without controlling the relative
is extremely important, such as physical, chemical ardimidity.
sensorial characteristics. The statistical design used in the experiment was
According to Bezerra (2003) the quality of a fooccompletely randomized in a 3x2 factorial scheme, with six
product is a difficult point to define, since it varies with itdreatments and four replications, totalizing 24 plots. Each
type and its purpose. For the consyrseme appearance experimental unit was composed of ten lettuce leaves that
characteristics such as size, shape, cabsence of were randomly chosen. The treatments consisted of: three
spots, texture, taste, scent and nutritional value are ttypes of packaging (Control: without plastic packaging,
main quality attributes required. The postharvest qualifyerforated plastic packaging and closed plastic packaging)
of leafy vegetables is evaluated especially for the conterastad two types of environments at £+ 5 °C (refrigerated)
of total soluble solids, pH and total titratable acidityand + 23 °C (non-refrigerated).
(Chitarra, 1994). In this context, researches aimed at post- The characteristics analyzed during the experiment
harvest conservation in vegetables are very important, were:

order to minimize postharvest losses and avoid foqekegh injtial and final mass: all lettuce leaf samples were

waste. weighed in a METRA analytical balance to later calculate
The purpose of this work was to evaluate the posihe |oss of leafy water

harvest gua.llty and the. final §torage t|m§ of th,foss of fresh mass during storage: It was determined
hydroponic crisp lettuce (Brida cultivar), packed in plas“?rom the equation

packaging with and without perforations and storage at +

5°Cand+23°C. PMF = (MFi - MFf x 100)~ MFi

MATERIAL AND METHODS in which, PMF: loss of fresh mass (%); MFi: initial fresh
mass and MFf: final fresh mass. Soon aftee results

The experiment was conducted at Agricultural  \vere transformed into percentage of fresh mass.
Sciences Center of the Federal UniversityofSantaCatari||1_§b|‘,:ltive content of chlorophyll SPAD: This was

Ioca'ted'in highvya;Admar Gonzaga'l, 134?’ It"’lcorUbi'determined by direct reading with the aid of a chlorophyll
Floriandpolis, with humid subtropical climate (Cfa)‘meterequipment, model Minolta8P-502, in each sample

according to the climatic classification of Koppen, fron}ive leaves of lettuce were chosen to perform an average

January 16 to February 5, 2018_‘ . between the values collected per leaf.
The lettuce leaves used in the experiment were

produced in Hydroponics Laboratory (LabHidro) of theTotal soluble solids content: The content was determined

Department ofgricultural Engineering igricultural by a refractometeusing 1.0 g of lettuce leaves macerated

Science Center (CCA), in Floriandpolis - SC, in summép crucible and diluted in 1.0 mdf distilled waterA field-
crop condition ’ ’ specific digital refractometer was used to perform the brix-

Curly lettuce LactucasativaL.) ‘Brida’ were harvested grade for reading the samples, with a reading range 0 Brix

and selected at the development stage correspondingo{o0 H= 32% and accuracy of 0.2. Before reading each

commercial harvest, 40 days after sowing. Plants were fuﬁ)?mple, the refractometer was calibrated with distilled

harvested at 8:08M for further evaluation of post-harvest water and after the calibration a drop of each sample was
conservation placed on the surface of the prism, reading directly and

After harvesting the lettuces, they were taken to thtge results were expressed in the brix according to the

Phytotron Laboratory of the Department of Plant Scienéssomatlon of Clicial Analytical Chemistry (AOAC,

of UFSC, which were collected five samples to b 002).

evaluated on the harvest day (time zero) while the othel: The pH was determined through measurements made

plants were stored and prepared according to eadfing a pHmeter digital bench branded lon PHB-500, from

treatment. the maceration of 1.0 g of lettuce leaf diluted in 30 mL of
The p|astic packaging used was made (ﬁlSU”Ed water according to theOAC (2002)

polypropylene material, which is a perforated plastic in a
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Titratable total acidity (TTA): It was determined by a related to the movement of water in the product after its
titrameter using 1.0 g sample of lettuce leaf macerateldarvest. Due to this intense transpiration process, a deficit
with 75 mL of distilled water with a phenolphthaleinoccurs and the product ends up losing water to the
indicator drop and titration with 0.1 of sodium hydroxideenvironment causing a water stress. This water stress has
(NaOH) until reaching the turning point of theas characteristics the loss of turgidity and reduction in
phenolphthalein indicatpchanging to pink color (AOAC, the fresh weight of the samples (Chitarra & Chitarra, 2005).
2002). The results were determined from the equation: The loss of mass has several effects on the physiology of
plant tissues, and it can anticipate maturation and
senescence of the leaves (Carvalho & Lima, 2002).

In which V = volume of 0.1 M NaOH spent in the titration; ~ The initial symptoms of excessive water loss are leaf
M = molarity of NaOH solution (0.1); v = volume of theWilting and wrinkling, which may accelerate deterioration
sample used in the solution. The results were expres$é4f to increased catabolic source reactions (Finger &
as percent of malic acid. Vieira, 1997). In contrast, the leaves stored in closed plastic
packaging without and with refrigeration presented low

Quantification of pigments (chlorophyll a and b and . . )
carotenoids): 1.0 g of each sample was macerated with 1{§SS ©f fresh mass, about 7.5% and 3.5%, respectively
hese results demonstrate the importance of using

mL of acetone, and then filtered. The final volume wa1s_ o ) ) )
adjusted to 25 mL (Bruinsma, 1963). The samples remaingaCkag'ng in storagéccording to Chitarra & Chitarra

in the dark for 15 minutes (wrapped in foil). Therefore, th?00°); the packages allow the selective exchange of gases
absorbance of the samples was determined m the interior with the external atmosphere, causing

spectrophotometry at wavelengths 663, 647 and 470 nm? elevation of carbon dioxide level and decrease of

The pigment contents were obtained from the equatidiY9€™ with the aid of product respiration. However

Malicacid (g\10am) =V x M x 75 x 100+ 1000 xv

proposed by (Lichtenthaler987): refrigeration slows the maturqtion, respiratory activity anq
decreases the heat production of the samples, showing

Cla=11,24 A663] - 2,04 p647] (Chlorophyll a) efficiency in relation to the loss of fresh leaf mass and

Clb= 20,13 P647] - 19 P663] (Chlorophyll b) prolonging the commercial life of these products (Chitarra

. & Chitarra, 1990).

C+X= (1000 B470] - 1,90Ca = 63,14Cb - 214 Similar results were found by Oliveietal. (2015) in a
(Carotenoids) storage of cilantro at temperature of + 5 °C, in which the
Theresults were expressedjig.g*FM. low temperature delayed the loss of watdue the
reduction of water potential gradient between the

limits were established for the general aspects of Iettugngonment.and the leaves, shqwmg the beneﬂ_mal effect
leaves when they were: wilted, yellowed or with signs Oqf the reduction of temperature in the prolongation of the

deterioration, and they were unfit for consumption. Thgostharvest life of vegetables.

parameters used for the final time of storage were: wilting, Accor.dln'g. to the resul.ts, it was verified that there
yellowing and the appearance of some signs Jyas no significant interaction between the packages and
deterioration the environment for all the variables studied, except for

Satistical analvss bmitted s fthe titratable total aciditypH and carotenoid content
atistical analysis: Data were submitted to analysis of a6 1) For the variable soluble solids, there were

vananceo(ANO\A) a_1|r_1d the rlatgs WerehcompgreldlluIU:ey fsignificant differences between packages, and for the
test at 5% probabilityln relation to the variable loss o variable relative content of chlorophyll 8B, significant

fresh mass and carotenoids, the data were transmm}ﬁﬂerences were found among the environment. There

mtg log. Howevarthe transformaﬂop of van.able freShwere no significant differences for the chlorophyll a and
weight loss did not meet the analysis of variance, as tBQ/ariables (@ble 1)

better option was to use the descriptive statistics for this
variable.

Final storagetime: For the final storage time, tolerance

The titratable total acidity variable gble 2) on the
harvest day was 0.00656%. When the treatments were
RESULTSAND DISCUSSION pompareq reg.arding titratable total acidity at harvest, an
increase in acidity was observed for all treatments except
The loss of fresh mass in lettuce leaves presentéat those with closed plastic packaging with and without
great variation among the treatments (Figure 1). Therefrigeration (Bble 2). It was also observed that only
were higher losses in control treatment (without plastithese treatments presented statistical differences among
packaging) without and with refrigeration, about 53.6%reatments, and the treatment of closed plastic packaging
and 43.7%, respectiveljhe loss of fresh mass comprisesvith refrigeration showed the lowest percentage of
the reduction of fresh weight of the product over timdjtratable total acidity (@ble 2).This decrease in acid
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content is related to the fact that, after harvesting and The pH (Table 2) on the harvest day was 59/hen
during storage, the concentration of organic acids usuatigatments were compared to the pH value on the harvest
declines because of its use as a substrate in respiratilaty, a decrease was observed for all treatments except for
or for transformation into sugars (Chitarra & Chitarrathe treatment of closed plastic packaging with refrigeration
2005). The total titratable acidity is a parameter involve(lable 2). It was also observed that only this treatment
with the state of conservation of the product. Besidggesented statistical differences compared to other
influencing the sensorial characteristics of foods, it igeatments, and the treatment of closed plastic packaging
an indicative of acid or sour taste in vegetables, excepith refrigeration presented a higher pH value, which is a
for vegetables with low acidityin this case, they are lower acidity while the other treatments showed a higher
more susceptible to deterioration (Paschoalino, 1997cidity which influences a bitter taste in leaves, presenting
Thus, the treatment of closed plastic packaging withn undesirable flavor to the consumesh(€ 2). Similar
refrigeration presented a lower acidity in relation to theesults were found in the work of Maetal. (2010) when
other treatments, becoming more susceptible ®valuating the active packaging for fresh lettuaetuca
deterioration. Therefore, the lower consumption ofativa L.), due to the high respiration rate of the product
organic acids presented in this treatment can be justifitht consumed the organic acids, causing pH increase.
by the consumption of the vegetable tissue itself, in For the carotenoid variabledble 2), the harvest day
attempt to maintain its initial state of quality (Rinadtli was 01866ug.g*MF. When treatments were compared to
al., 2005). the carotenoid value at harvest, a decrease of carotenoids

Loss of fresh mass
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Figure 1: Percentage of fresh mass loss of crisp lettuaet(ca sativa L.) ‘Brida’, submitted to treatments: Control (without plastic
packaging), Perforated plastic packaging and Closed plastic packaging, without and with refrigeration.

Table 1: Summary of variance analysis for the varialdl&S (Total Soluble Solids)TTA (Total TitratableAcidity), pH, relative

content of SRD chlorophyll, chlorophyllA and B and carotenoids in crisp lettuce leakest(ca sativa L.) ‘Brida’, submitted to
treatments: Control (without plastic packaging); Plastic perforated packaging and Plastic packaging closed, without and with
refrigeration

TSS TTA SPAD  Chlorophyll A Chlorophyll B Carotenoids
©Brix) (% malicacid) P (H9) (H9.g'FM) (Mg.g'FM) (Hg.g*FM)

SV LF AS AS AS AS AS AS AS
Packaging (P)x 2 0.4654* 0.000037* 0.1702* 13.40™ 0.0154 0.0090% 0.1378s
Environment (E) 1 0.0104 0.000003* 0.1426* 29.92* 0.0140¢ 0.0287 0.0733s
PxE 2 0.1754rs 0.000003* 0.0832* 4.21m™ 0.0124 0.0770s 0.4211*
Residues 18 0.0854 0.000001 0.0175 4.71 0.0069 0.0472 0.0823
CV% 55.74 29.57 3.44 14.49 27.47 39.58 68.23
Total 23 56.48 29.57 3.85 66.73 27.52 39.74 68.94

SV: source of variation; LF: level of freedo®S: average square; PE: Packaging and Environmefit; not significant. * significant at 5%
by the Tukey test.
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was observed for all treatments except for the treatmentwith the samples stored in refrigeration with temperature
perforated plastic packaging with refrigeratioalfle 2). It of 5°C, presented a higher content cABhdex due of
was also observed that only the treatment of closed pladiiav temperature to hinder the degradation of the
packaging with refrigeration presented statisticathlorophyll, resulting in green leaves at the end of the
differences from the other treatments, being that th&heet storage. Similar results were found by Franaa
treatment presented a lower carotenoid value in relation(@015), who attributed the preservation of chlorophyll in
the other treatments &ble 2).According to Chitarra & lettuce leaves due to refrigerated packaging.
Chitarra (1990), carotenoid pigments may already be According to Parket al. (1999), one of the main
present, and are visible with the degradation of chlorophylymptoms of senescence of leafy vegetables is the loss
or they may be synthesized with the degradation in tled green colarthe temperature as the most influential
evolution of maturation (Paull & Chen, 2003). factor for degradation of chlorophyll. Thus, the samples
On the harvest day the SST content was 2.82° Brigtored at a temperature of + 5 °C reduced the chlorophyll
When the treatments were compared with the SST valdegradation process, contributing to the green color of
on the harvest dag decrease in SSifas observed for all the leaves.
treatments (@ble 3). It is also verified that the treatment  The final storage time of the leavesalile 4), was
of closed plastic packaging presented a lower content@faluated through the parameters of wilting, yellowing
total soluble solids in relation to other treatmentsand the beginning of signs of deterioration, proving to be
independent of the storage environment. This decreasefit for consumption. The samples of lettuce leaves
in the TSS content during the storage period is due teabmitted to the different types of treatments showed a
consumption of soluble solids, mainly sugahich is the shelf life of 6 to 20 days of storage.
main source of substrate in respiration. Indeed, when a The samples of lettuce leaves submitted to the closed
horticultural product is harvested at the optimum point gflastic packaging with refrigeration presented a greater
maturation, the sugar is used as a substrate in respiratédficiency in relation to the conservation of leaves, during
(Kays, 1991)According to Nerest al. (2004), the a period of 20 days, leading to a better water retention and
alteration of contents in each type of packaging is relatel@crease of respiration. The control treatment (without
to the increase of total soluble solids concentration dysastic packaging) was the one that presented a lower
to the water loss of the vegetable. conservation of the leaves at 6 days, as a consequence of
SPFAD content on the harvest day was 18ftlharvest, a greater loss of water and respiratory rate, leading to
a decrease in the relative chlorophyll content was observealuse an aspect of yellowing and wilting in the leaves,
for the samples that were not conditioned in a refrigeratéidlen causing a great loss of quality
environment (&ble 3). It was also verified that the  According to Bolinetal. (1977) minimally processed
treatments presented statistical differences, the treatmégituce when stored at 2 °C remained marketable for 26

Table 2:Average values of titratable total acidjid and carotenoids of crisp lettuce leavegi{uca sativa L.) of Brida cultivation,
submitted to treatments: Control (without plastic packaging); Plastic perforated packaging and Plastic packaging closed, without and
with refrigeration

Titratable Total Acidity - TTA (% malic acid)

Packaging
Environment 1. Control 2. Perforated 3. Closed
1. Non-Refrigerated 0.008450Ma 0.007550Ma 0.00547%Ab
2. With Refrigeration 0.008750Ma 0.007300Aa 0.003375 Bb
pH

1. Control 2. Perforated 3. Closed
1. No refrigeration 5.90Aa 5.79Aa 5.92 Ba
2. With refrigeration 5.88Ab 5.89Ab 6.30Aa

Carotenoids {1g.g'FM)

1. Control 2. Perforated 3. Closed
1. Non-Refrigerated 0.1680Aa 0.1035Aa 0.1707Aa
2. Refrigerated 0.13335Aab 0.2220Aa 0.0327Bb

Averages followed by the same lefteappercase and lowercase in the row do ndedstatistically from each other by tAekey Test, at
5% probability
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Table 3:Average values of total soluble solids content (TSS) 2. Considering the physical-chemical parameters
and relative content of chlorophyll 8B evaluated after the gygjed, there was a decrease in the acidity and respiratory

storage period of crisp lettuce leavkadtuca sativa L.) ‘Brida’ . . . .
submitted to treatments: Control (without plastic packaging)r,alte in the treatments of closed plastic packaging with

Plastic perforated packaging and Plastic packaging closed, with&Rd Without refrigeration, while the total soluble solids

and with refrigeration variable presented a decrease in all the treatments, due
Total Soluble Solids -TSS (° Brix) the physmlgglcal transfor_mau_ons that occur in plants such
, as maturation and deterioration.
Packaging ) _
1 Control 0.90A 3 The stor_at?e of lettuce Ieafvfs :)n i refr;]gerated
> perforated 0.55AB enV|r0r?ment with a temperature o _5 C kept the green
3. Closed 0.44 B coloration on the leaves of hydroponic lettuce.
Relative chlorophyll content SFAD (SPAD unit
_ Py ( ) ACKNOWLEDGEMENTS
Environments
1. No refrigeration 1658 We thank the laboratory of Hydroponlcs.(Lale(.jro)
2 With cooling 18.7A and the Phytotron Laboratory for the materials assigned

Averages followed by the same letter do nofeditatistically from to the realization from work.
each other byTukey Test, at 5% probability
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