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a  b  s  t  r  a  c  t

Yellowing  is  the  most  evident  symptom  of  senescence  in  green  vegetables  during  postharvest  storage.
As  chlorophyll  synthesis  is  promoted  by  blue  light, illumination  would  be a clean  alternative  to  maintain
healthier  vegetables  for longer.  In this  paper  was  assessed  the  effect  of  white-blue  light-emitting  diodes
(WB  LED)  on  outer  and inner  leaves  (OL,  IL) of  Brussels  sprouts  during  10 d storage  at 22 ◦C.  The  treated
sprouts  showed  lower  respiration  rate  and  remained  greener  with  a better visual  quality,  with  more  than
10  times  chlorophylls  than controls  in  OL  and  1.6 times  in IL towards  the  end  of  the storage  period.  The  OL
had  a  higher  content  of  antioxidants  (DPPH• and  ABTS•+ assays)  than  the  IL,  and  the treatment  increased
ng-diodes (LED)
ls

the  AOX  only  in  the  OL. Total flavonoids  content  was  higher  in  OL  than  IL, and  about  20%  higher  in treated
samples  at  day  10 of  storage.  The  storage  of Brussels  sprouts  under  continuous  low  intensity  WB  LED
was  effective  in delaying  the  senescence.  The  effect  of the  treatment  was  visible  not only in  the leaves
exposed  to  light (OL)  but also  in the  IL.  The  WB  LED lighting  would  be useful  to maintain  or improve  the
quality  of Brussels  sprouts  for both  storage  and transport.

©  2016  Elsevier  B.V.  All  rights  reserved.
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 with light to maintain the photosynthetic system active,
g the green color and enlarging the shelf life of sprouts.
nventional lighting could have an adverse effect by rais-
mperature in the storage room, the use of narrowed light
oid using wavelengths not useful for the photosynthesis as
and, wasting less energy when considering a postharvest

us or photoperiodic exposure to light. It is known that the
 of blue light on the development of the photosynthetic
s as well as its relationship with chlorophyll biosynthesis
., 2013; Terfa et al., 2013; Wang et al., 2015). Other stud-
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photosynthesis (Wang et al., 2015), and an increment of
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yll content (Hogewoning et al., 2010). Although the LED
 been used to a greater extent in vegetable seedlings (Li
0; Wu  et al., 2007), studies in postharvest storage are also
ry (Hasperué et al., 2016; Jin et al., 2015).
 the lack of background in the use of narrowed light
n Brussels sprouts postharvest conservation, the aim of
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ht loss (WL%) and respiration rate (RR) values of treated and control samples
g  postharvest storage at 22 ◦C. Data are presented as mean (n = 4) ± standard
.

WL (%) RR (�g CO2 kg−1 s−1)

C WB  LED C WB LED

 0.00 ± 0.00 0.00 ± 0.00 31.29 ± 1.42 b 31.29 ± 1.42 b
 3.19 ± 0.14 a 7.19 ± 0.17 b 35.69 ± 4.42 b 22.46 ± 1.46 a
d 6.45 ± 0.07 b 15.04 ± 0.82 c 32.60 ± 2.20 b 24.41 ± 2.72 a

ent letters indicate, in each parameter, differences at P < 0.05 among treat-
s and storage days (Duncanı́s  test).

 2
ges in Hue (◦) and lightness (L*) values of treated and control samples during
arvest  storage at 22 ◦C. Data are presented as mean (n = 35) ± standard error.

Hue (◦) Lightness (L*)

C WB  LED C WB LED

 119.4 ± 0.29 d 119.4 ± 0.29 d 58.5 ± 0.68 a 58.5 ± 0.68 a
ctral composition of blue and white LEDs used during the experiment.

exposition on quality of Brussels sprouts (inner and outer
aves) stored at 22 ◦C.
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by their size and the first whorl of small leaves was dis-
 uniform their quality. The sprouts were placed in plastics
apped with perforated PVC to avoid excessive dehydra-
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 nm and 450/525-558 respectively (Fig. 1).
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ompletely for the outer leaves. The whole experiment was
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ht loss and respiration rate

e weight loss determination, the entire sprouts were
during the sampling days mentioned above and weight
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 Four measurements were done for each treatment and
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ce color

lor evaluation was  performed with a colorimeter (Minolta
saka, Japan) using the Hunter L*a*b* scale: L* varies from

 to 100 (white), a* positive values are red and negative
e green, and b* positive values are yellow and negative

ue. The hue angle (h◦) was  calculated as ho = tan−1
(
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)
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when a < 0 and b > 0.

asurements were made in the two outer leaves that wrap
t.

rophylls and carotenoids

L and IL stored at −80 ◦C were ground separately with a
nd the procedure was performed according to Hasperué
16). Chlorophylls and total carotenoids were determined
ectrophotometer (U-1900, Hitachi Corp., Tokyo, Japan)

 to Lichtenthaler (1987) and expressed as mg  kg−1 in a
ght basis. All measurements were done by quadruplicate.

l soluble sugars (TSS)

 OL were frozen with liquid nitrogen and ground in a
pproximately 0.6 g of the obtained powder were homoge-

 ml  ethanol, vortexed and centrifuged at 5500 × g for 8 min
our extracts per sample and storage time were obtained.
rnatants were recovered and utilized to determine the
f TSS by the anthrone method. Briefly, one milliliter of 2 g

one prepared H2SO4 (98% w/w)  was  added to 10 �l ethano-
t, mixed and held at 100 ◦C in a water bath for 10 min.
ubes were cooled in water for 20 min and the absorbance
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tters indicate, in each parameter, differences at P < 0.05 among treat-
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 (FC) reacting substances, antioxidant capacity (AOX)
PPH• and ABTS

•+ radicals determination were followed
dures described by Hasperué et al. (2016). Four replicates
lyzed per storage time. Results were expressed as g gallic
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noids

avonoid content was determined as Shin et al., 2007 with
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he mixture was allowed to stand for 5 min  at room tem-
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l NaOH 1 M and the absorbance of the solution versus a

510 nm was measured immediately. Since the quercetin
s relatively high in many cruciferous, it was used as stan-
he calibration curve. Results were expressed as g quercetin

rimental design and statistical analysis

periment was  designed according to a factorial design,
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y or three-way ANOVA using the software InfoStat (Di
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Fig. 3. Total sugars in outer (A) and inner (B) leaves of treated (LED, grey columns)
and  not treated (C, black columns) Brussels sprouts stored for 0, 5 and 10 days
at  22 ◦C. Vertical bars represent the standard errors of the means (n = 5). In both
graphics,  columns with different letters indicate differences at P < 0.05 based on
Duncanı́s  test.
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 the tissue. Significant differences were found in color
rs during the storage between WB LED treated samples

rols (Table 2).
llowing was delayed in treated samples, according to the
alues observed. The hue angle, which indicates the green-
e tissue, remained almost unchanged in treated samples

d and decreased faster in controls. There was  a correla-
een the color parameters and chlorophyll content. Under
n to WB  LED, chlorophyll and carotenoids contents in OL
d 3 times higher respectively than in IL (Fig. 2).
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eld conditions, can promote chlorophyll synthesis (Danesi
4). In the OL, controls showed a drastic decrease in chloro-
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 flavonoids increased during storage in all samples, but
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 In the case of the IL, the flavonoids did not increase in con-
 treated samples had higher contents after 10 d of storage.
in reactive oxygen species (ROS) activate the biosynthesis
oids, which would scavenge singlet oxygen and stabi-
chloroplasts membranes (Agati et al., 2012). Flavonoid

 has been reported to be increased by exposure to light
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