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Effects of green light-emitting diode light treatment on the quality and an-
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Abstract:  In order to explore the effects of light-emitting diode (LED) irradiation treatment on the quality and an-
tioxidant capacity of green cabbages after harvest, the green cabbage samples were treated with different colors (white, red,
blue and green) and intensities [ 3.5-25.0 wmol/(m® + s) ] of LED lights. The suitable light color and light intensity for
prolonging the storage period of green cabbages were screened out firstly. With the screened light color and intensity, the
effects of LED light on the quality and antioxidant capacity of green cabbage stored at room temperature (23-25 °C) were
further investigated. The results showed that the appearance quality and chlorophyll content of green cabbage stored under
25.0 pmol/(m* « s) green light were higher. Compared with the control, green LED irradiation treatment effectively re-

duced the respiration rate of green cabbage after harvest, the production rate of reactive oxygen species such as H,0, and

superoxide anion ( O," ) and the accumulation of

7 B . 2022-04-21 malonaldehyde ( MDA ). Also green LED light treatment
BB JLAERNFHE B EEIHEEETH [ CX(20)3046] maintained the better color of leaves and appearance quali-
EERIN S8 0E(1998-) 55 INPU IR LA se A, EE N ty, improved the activities of antioxidant enzymes such as

RFRR G R EESE . (E-mail) 774829012@ qq.com superoxide dismutase ( SOD ), peroxidase ( POD) and

BIRLEE 28, (E-mail) pengxiali@ 126.com catalase (CAT) , and maintained the higher contents of as-
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corbic acid and total phenol. Therefore, green LED irradiation treatment can effectively maintain good quality and high an-

tioxidant capacity of cabbage, and extend the shelf life of cabbage at room temperature by 5-6 d.

Key words;

H & ( Brassica oleracea var. capitata 1.) M FRAL
K BIDR, R HAERL S R R, W S TR
LR Gk R o A3 2 A 1 55 8 I ) o S 1k
o, BAT R R e R G NRE MR 1L BT 4t
TR o R R AR AR, TR T R
BN 2 R, v B A A 7 o J i 5
S HAe 2 G S i Kt A 5 5+ E
BRI o AHH R AE H R R R S kA i B
b I E G B % il B S s Ly e
SIS [R] PN THGH T B B AR A6 ~ 8 d, X LA RE N A2
U H R R M R . PR, R S R4
A8 H W5 SR S5 DR R R | X H R BT 400 2 vy FL R
PIMEA B EEE S, YT, ©A % #0 H g oy
VR TESE . Hu S5 BRE45 R R I, 1-H 3L ER T
J5 (MCP ) Ab B AT H 1 £ 0% BRI 5 i, I
MIEZHR G 3%, Zha %55 R FH B 25 OA I 5 i
SEPE 5 IRAR I, g AR T RS O PR i
BRI 4% 3% & i, Rozpadek 5% FI LU 28 (1 )y
2, ARERTE TS H SRR TR B
A A &

HRAEY A SR B A o3 B SR A
R, BB A RO EY R A DB SE, A
Yy B A B U R [RIRE S SR E R
R LA E AR, 35 B AR RO R AL AT A AL
P il R g% 20 200 ¥ Ak AR AR R =, 9 40, Dhakal
DT A5 R W 5 AL PR AR R T VLI 44T
(RERE  XIFAASE Hasperue 557 RIBRIEAES A5
BRI ER) UV-C 85 & 200608 06454 rothb
FHAZID AL AT LR FFPE 22 AR5 o BT, I R 5
% Yan 550 Song 51 435SR FH 6 LT XS
FoRHATAC TR, 2 PRI IR S5 (R AT S22 5 it
wAb, I H RO A RE g e i ¥ S b i 1 A4 R
M, EFXH % Harbaum-Piayda 251" % 3 UV-B
JEHRALPRBEAE A R = 1 H i 2 W25 R B A A
IR B Yang 5 FIARRDG AL BER H K, &
MLLET S A TR A AR A M el R & i
FEFRABT, (H B RT AR WG R AL BT 4 H iR 5
s SO () A DG I

light-emitting diode (LED) light; cabbage; storage quality; antioxidant capacity

KA A (light emitting diode , LED ) Y i 4
RELF , SHEYDCEERDGE SR A& I A
IRRERE DEIE RG22 4] i ka2
R s, 0 SR A A R R R i v g 42 1B ke B 22
AOFERR T ARHFZE LA SR H i i g6 Aok, o Jeam
T AN [RIB €0, J% ' JERE X  H R i o BT AR Ak 1 5
M), G5 36 1 B AE K 2t H 0 I S0 199 O € B St R BE
i — 20 UG 8 L R 6 SO BB F9Y TR IR (23 ~
25 C) %M, LED R AL B2 H SR 5 i it J
AT SE A, 5 78 G H i R S PR S I 5l 4
BB

LB i

1.1 #MR5iRF

AR BB 1 2 H R TV AR B2 e
H A AR S, SR H 27, RIE 1 h INiE E 5L
B EE , PEHOCH] AU 07 | 28R Sh i J5 B 5T
H#550~650 g FRE11~12 em FRI213~14 cm AYH
WA RIS R

AR AL ZRR R BN ER 1 A
2 MR A AR A BR AR, 2 RV 2R A
LR FhFR YR 1A V4 BB 2 B A BR2S 7 v
R EHR B A RURE I A LR A R AT FRA
Al S TR F SR PR A R F iR
BR G A O BRI A ] 24 4R AT Ak A )
AR ], - ZE WM [ T AR A BR A A
1.2 FHik

DL AR T (Ab T 58 4 BRGS0 ) xR
KRR B O R BE 7 LED 6 B X 4 H i 647
WPR(FR 1), HPRERM ST R 18 N —dH (B4~
FAT 64 BENLE RIS LED AT 54 1, T
WIL(23~25 C) &M T, LG 12 h, 5] 12 h X
SH AT AR RO E, 12 d GG H IR
R Je SR 28 S i AR U, T 18 H 25 A AR e
B Lo

DA BE 1) 25 800 fe A 1 O BB A5 R Dy Ak 3
2, AL R 0 BRA, TR (23~25 C) el 12
h, K53 12 h Z50F T, W98 LED YEREAL BT 4% H il R



R WESE LED StAb U H RS il BB AT P A 491

Je ity R AT AR PR AR IR ) AR 3 d A
A B AT RRLH P BEALI R = A AT (P47 6
ANHE) e ORE . R IBCH S 3 J= A, e
mANZEM AT IE @22, R Y 2 MR BR AR A
Rk, TR P AR AT T -80 °C UKkA# T 4530
Az BAE AR RN E

F1 FEAEHSREH
Table 1 Light conditions of different treatments

bosil

s e Mmjff‘ = 9] v
K i 0 0

R1 2001 3.5 12

R2 205k 6.5 12

Bl w6 3.5 12

B2 ot 65 N

1 58 125 12

o 5o 25.0 12

Wi 1t 125 12
w2 ot 25.0 12

1.3 I5HRNZE
1.3.1 &Z2nE SRaBESE" ik, et
B B e SN2 0 e B TF 2 ik Bk R AL PRk 3 4
R, R CR-400 4 3 3l I £ €5 22 {4 ( KONICA MI-
NOLTA , HA) #4715
1.3.2 »fFoRak Fom e PRI ORI e S B SCEk
(16 Wik Rl B 5 sk H ik, R & e & Tk
B 21 LB EF N FEH IR T %M 4 h, b5 8
Danbell “A&43#71X ( DANSENSOR , £+22 ) I 5E 46
CO, PR FR AT AR 2 (1) THE LTI 3
PP e (ke - h),C0,] = 2 00
(1)
Kl a N NETE CO, R
Rt m AR S A
133 wtgEsemE SHRERESE .
FREC 0.2 g H B AR HFE M, A 10 ml (KR53 30K
80% N VA , 5 Mk iR 4 8 h, i 85 B LI,
FH UV-1102 BUEEHRA] B4R (iR SERMFAAY
A R w7 ) I Fe S R B i, LA 80% P
W25 AR I LI WTE 642 nm Fll 665 nm ALY
WG,

1.3.4 &M 2R (Reactive oxygen species, ROS) & &
e FEAE(H,0,) & & E S M Brennan
LS, FRE0.5 ¢ HEEM AR EESY, A 2.5
ml A PR, 212K J5 #F 4 C .10 000 g 5.0 20
min, BEFEC L E W 1 ml LA 0. 1 ml 5% &7 B2 £k A
0.2 ml WREUK, FFUTIEIE UG , R T AR 2 T B
O, F R FIEW ., DUUERR o IR 2 KT 0k, B2
LW TG A, BES FUTIEMA 3 ml 2 mol/ LAY HRAR,
FRoE RIS TE 415 nm AL EL 6, H, O, BR HEARE &
YEFRUERRZL

FEAARIE 7 (0, ) A i 2 08 1 % [ 45
Mk, BO.5 g H M RAES, IMA 2.5 ml 0.1
mol/ LINBEIR 2% thi W (pH=7.2) , SIHJGTE 4 °C |
10 000 g 0> 15 min, FEFH 1 ml FIEWIMA 1 ml
10 mmol/ LI ERFRFZIETE 25 C A FHLE 1 h, 285
JIA 1 ml 58 mmol/ L)X} 2 JE A 12 A1 7 mmol/ LAY
a-ZE I 7E 25 °C R CE 30 min, BEJS7E 530 nm 4bHE
0, FAS TR IERE S ERR 2k
1.3.5 A=@8(MDA) &2 N _ E&EENE
SIBEAE WS, B g FEA LA 2.5 ml &
FUTEN 5% 1) =& LR W, IR ETE 4 C
10 000 g F5.0> 20 min, BEFHL 2 ml FIEWINA 2 ml
TRFUMECH 0. 67% A L L 22, 03 e J W 7K v
20 min, R HE PR ES G, B 5 0 FEAE 450 nm (532
nm F1 600 nm A-HESGIE
1.3.6  RAABEEM®R 2 HLEER A S FRE
0.5 g HEEMAFEM, A 2.5 ml 0. 1 mol/ LAk 2%
WA (pH=7.2) ,IR2IJG7E 4 °C .10 000 g &L 20
min , WOAE T8 R T4 S0 il 0% P 0

MEE ALY I AL (SOD ) 36 PRI 5E 2 B 7S
APV BUSO pl B, KOOI B B &R
R DUME K% R I EDTA-Na, 4% 0.3 ml, IR 215 1E
JERAEE A4 000 Ix (4 HOGAT T KN 20 min, Bl 5 48—
FH PR €8 SHE ' AT 3 55 R LAASE 1R OB, F 560 nm Ab L
0, AR 2 P WO S0 b BV A 0t R4S B FS T
B SoD Ttk

i E AL (POD ) 195 1D 2 SR FH A A A 1y 3%
B 50 pl HLEERINA 2 ml 0. 05 mol/ LAY AT B A M %
W, 7E 30 COKIBHEAGT 5 min, K5 MA 1 ml 0. 2%
1) H,0, % , T 470 nm &34, LL4E53 80 470 nm
REWSEAEAR AL 1 2R 1A POD BEREPERRAAL(U) .

I A S (CAT) 6 M I 52 R 2t S fb &Lk



492 AN N R 3

2023 4F 45 39 & 52

HCO. 1 ml HLEE, A 2 ml 0. 05 mol/ LEYHERRZE nh
WL, AE 25 CAKIE RIS min, LA 1 ml 0. 2% 1Y
H, 0¥, T 240 nm 2034, LA 534 240 nm ZEWK
FEMEAEAE 0. 01 24 1 A~ CAT BHEGPERAL(U)
1.3.7 EEAE e e I SR AR AR
Bio DIRETFRRMERE SAEPR M2
1.3.8 IR eBRAFN T PRI & I R
B k™ ) B g BESL I 2.5 ml BFR-EDTA
TR (%2 0. 05 mol/L 0. 20 mol/L EDTA) J57E 4 °C |
10 000 g #.C> 20 min, BEFHC 0. 1 ml FIHWHAIA 0.5
ml TR - RV, 1. 0 ml 5% B2, 2.0 ml 5%1H
PRRRER WL, 30 C/KIE BN 15 min, BJS 760 nm
b L AR SR FHBUIR I R AR ERE il VERR I 4k
14 HIELXESSH

K H Origin 2021 1R, K JH SPSS 24 #4784
Gy, AL B R) A 25 1 22 5Ok FH Duncan” s #1 2 %

Bl

Z3E43HT (P<0.05)
2 ZER5HT

2.1 EBEHHIGE

2.1.1 RF LED R A HERB G Ha S
WL BARRFE B B ORE T Ry B, I 1 By
s, HEETEARTF 645 LED JEHRALBE 12 d JFRILH A
) ) ff S5 AR R L Tk 12 d I X BRI H s E
O] WA B Ak R s Ot B D 3.5
pwmol/ (m?* « s) 1 6.5 pmol/(m® - s) £I 6l S Ab
PR H R B O 2] AR e B A O
B 12.5 wmol/(m? « s) A1 25.0 pmol/(m® - s) FH
b PR H R AR R (H O Rk R ™
1 ORI R H AT PR R, B
ARG Hod SEREEEA 25.0 pmol/ (m” - s) &%
DAL BB H W AU B B A

0 d MALFRRTAE S, CK . R1.R2 .B1 B2.G1.G2. W1 W2 UL3 1;G2L \W2L 435Ik G2 W2 AbFR Ay H i it Fr i,

B 1 AE LED XB&EXHIEREMZMm

Fig.1 Effects of different light-emitting diode ( LED) light conditions on green cabbage phenotype
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Fig.2 Effects of different LED light conditions on chlorophyll
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Fig.3 Changes of appearance quality of green cabbage with storage time under green light treatment
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Fig.4 Changes of leaf color value of green cabbage with storage days under green light treatment

2.4 GREALERE 3G H I R IR I R A S

WP R XA P 3 A A e, Al S
AL D ), X6 R 3 0 R I G R 2 5 LT R 3
NI SR TTES S RS e St N T Sk IE DO DI
P2 S8 S A AN [B] 72 T4t b B, 7655 3 d L6
d.9 d. 12 d B 53 5] ek 3 23, 57% 6. 07% |
36. 86% M1 21. 74% , K IL, &% 4k P RE A% A 20 il
R 5 I %

2.5 SFiExEHIENFEES(ROS) 1 MDA
SENEI

WE 6 fizw, g Bl R4 5 i B 057 28 il
SRS ST 1] (38 i S B PR BT Rk, 4b
3 d 5, SRt AL B 0, A i K HE Xt IR AR
16.76% ~22. 07% , Wi # 2 5 . 2 s X R H i H, 0,
TETES 3 d WSRO B B R BT, 25 12 d B
SRR R TR A A DR A [ A A T A AR



494 o9 &b 2 W

2023 4F 45 39 B 2 W

SEKF, WETESS 6 d.9 d F1 12 d i H,0, & 4>
FREECA TR 1. 8 4% 2. 2 550 1. 6 5, B, &%
JEAb FRAE S A RO S B E M R TR R LR

HHEM 7 MDA 75 12 [ 5 T 7] B SE 4 1 AR
. ARFR 3 d PN, A G AR SR AR T R B
J& 2 AP AR B AR — S (AALI 3 d X
HE MDA 7 i il 2 5 TARGAL 3 55 3 d T 6 d B 43
TSR GAL R 33, 36% F1 27. 73% ., FHIL AT UL, 4%
JEAb PR AT RO S% H i - MDA IR

0.5r

0.3F

H,0,% it (mmol/g)

WPl 3HE A [mg/(kg + )]

I ] (d)
e SR —o— SR AN TR

¢ R [ DU [R) S Ak 355 5% M TR) 26 57 1 3 (P < 0.05)

Bl 5 SR AbTE T H T PR 53 2R B e e A ] B9 R 4L

Fig.5 Changes of respiration rate of cabbage with storage time
under green light treatment
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Fig.6 Changes of production rate of superoxide anion, H,0, and malonaldehyde (MDA ) contents in leaves of cabbage with storage time

under green light treatment
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Fig.7 Changes of peroxidase (POD) , superoxide dismutase (SOD) and catalase (CAT) activities of cabbage leaves with storage time un-

der green light treatment
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Fig.8 Changes of ascorbic acid and total phenolic contents of cabbage leaves with storage time under green light treatment

3 v

HAGAE R 25 m H RS i ) R A
T as SRR 8 AR LED 6 R AT 38 i o8 42
% F A sl A ) 2 2 3 T A ) T R A i SR
JE R AR B Liao 45 SR FH W 6 XM AR 4T
AbFR BB 40 wmol/ (m” - ) AU {6 LED YGHE AT i
M LR I A P BB, DT A A A SR A AR
Pennisi %[24] 1 Kasim %:25: R ISk Ab PR EE IS 2
1 2 R S I 2 e R AIG 55 9 % rh
PREFZRSE TN B A A T, AR FFEIA A, 25.0
pmol/ (m” - s) FLRIG AL B AT I8 2 1 il 28 H 85k A
I3t 22 o fire B PG T %6 A A0 e 2% FL Al 2 AL RS

O BE A PR B R S e 1A LR ARG
WA R B A AR, WF5E R B, Sk it
PRI 22 AE -2 K R 3L [ BoSGR ., BoPAO . BoNYC1 |

BoCCR MRkt $0 i -2 22 A3 16 055 1, DA 1 B
RV LR SR R RO LG RE IR VG 22 AE A H
JR-PUIR M FRAEIR , 4 o HATT AU Ak RE R O Re 7Y 22 4K
Rt B 278 T Y a4 P L AR B Ak R Gk
PSR RE T, R TR S AR 5k
30 3 00 o R R S o D TR A A A I A R
ZH 0T AR /N SR RO A 9 R B, 1 D 43
3 2 5 PR LA B H R -BO IR i fR A 2 RN E 45 46
T2 A BRI A AR & 3K [ ( NCED1 . NCED2 . NOR |
RIN) |, Rk 22 /)N 11 5% 10 35 2 FLOR A5 O R S b
EEADI-SZ] .

AHFFE LRI, 25.0 pmol/ (m? + s) [ LED 451
Qb BT R AR T A Y I 1) A v 7 0 S AL B ( SOD
POD F1 CAT) T 1k , A %80 H i 0,7 F1 H,0, 19
SR IEBRACH: MDA PR R IR R & T H
A PUAALY R (LR L ER AR ) (A, Rk, Tk
iR R 25.0 pmol/(m® - s) LED Z¢5¢ A0 Bl — J5 1H]



496 o9 &b 2 W

2023 4F 45 39 B 2 W

READ W e 35 e R A B, 53— T Tl e i
AL RE R BT ROS Y BRAE 1, i T 40 i
P 4R L A R e AR RN G A4 L A AR
e, R IEZ T RIS, P, AUFFEIA
ZRotAL U i ST H BT AAL BE R A S HoR A
JEERE, X W VR 2L S Jin 2 1E
[ IV PR iee Sy

4 zt i

WM, G 25.0 pmol/(m® - s) Y
LED g GAE B | 7] A R I 0 I i % Sk 57
S Z A, 12 = BT A L (SOD , POD | CAT) i
PR, AR i BT S A BT (PR IR RN ST )
i, I ROS(H,0,.0;,7) R R | Bk MDA £
AR, A RSk H RS T, R H R
MR EHHIER S ~6 d

S Xk

[1] KRISTAL A R, LAMPE ] W. Brassica vegetables and prostate
cancer risk; a review of the epidemiological evidence[ J]. Nutri-
tion and Cancer, 2002, 42(1): 1-9.

[2] HUHL, ZHAO H H, ZHANG L G, et al. The application of 1-
methylcyclopropene preserves the postharvest quality of cabbage by
inhibiting ethylene production, delaying chlorophyll breakdown
and increasing antioxidant capacity [ J]. Scientia Horticulturae,
2021, 281 109986.

[3] ZHUZ W, WU X W, GENG Y, et al. Effects of modified atmos-
phere vacuum cooling (MAVC) on the quality of three different
leafy cabbages [ J]. LWT-Food Science and Technology, 2018
(94) : 190-197.

[4] ROZPADEK P, SLESAK I, CEBULA S, et al. Ozone fumigation
results in accelerated growth and persistent changes in the antioxi-
dant system of Brassica oleracea L. var. capitata f. alba[ J]. Jour-
nal of Plant Physiology, 2013, 170(14) . 1259-1266.

[5] DHAKAL R, BAEK K H. Metabolic alternation in the accumula-
tion of free amino acids and y-aminobutyric acid in postharvest
mature green tomatoes following irradiation with blue light [ J].
Horticulture Environment & Biotechnology, 2014, 55(1) : 36-41.

(6] XUPEKS, SR, Zedtfe 4. UV-C FI LED ZL065 & Ak Jx) 75
2B AR BRI [ T]. B ab Bk, 2020, 41(17) ; 238-245.

[7] HASPERUE J H, GUARDIANELLI L., RODONI L M, et al. Con-
tinuous white-blue LED light exposition delays postharvest senes-
cence of broccoli[ J]. LWT-Food Science and Technology, 2016,
65: 495-502.

[8] ik W, fAIHGA, JCSCHR 55, LED B L1008 >4 1R J5 d 4k
HIRCR IR T]. il SOG4, 2016, 36(4) : 955-

[10]

[12]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

959.

YAN Z, ZUO J, ZHOU F, et al. Integrated analysis of transcrip-
tomic and metabolomic data reveals the mechanism by which LED
light irradiation extends the postharvest quality of Pak-choi ( Bras-
sica campestris L. ssp. chinensis (L.) Makino var. communis Tsen
et Lee) [ J]. Biomolecules, 2020, 10(2) ; 252.

SONG Y, QIU K, GAO J, et al. Molecular and physiological ana-
lyses of the effects of red and blue LED light irradiation on post-
harvest senescence of pak choil J]. Postharvest Biology and Tech-
nology, 2020, 164 111155.

HARBAUM-PIAYDA B, PALANI K, SCHWARZ K. Influence of
postharvest UV-B treatment and fermentation on secondary plant
compounds in white cabbage leaves[ J]. Food Chemistry, 2016,
197 47-56.

YANG B, ZHOU X, XU R, et al. Comprehensive analysis of pho-
tosynthetic characteristics and quality improvement of purple cab-
bage under different combinations of monochromatic light [ J].
Frontiers in Plant Science, 2016, 7. 1788.

BIAN Z H, YANG Q C, LIU W K. Effects of light quality on the
accumulation of phytochemicals in vegetables produced in con-
trolled environments: a review[ J]. Journal of the Science of Food
and Agriculture, 2015, 95(5) ; 869-877.

fE B ARASRI, [EF5 2. LED 7EAE Y B 5 b 4 B e
01 Al TAE, 2008,24(8) : 249-253.

LA, RERAE TR | 25, 1-MCP FI CO, A & Bk ¥ %t 7
AR SR R BRI ]. Bl 5 AT, 2014, 40
(2): 202-206.

ZHANG D, XU X, ZHANG Z, et al. 6-Benzylaminopurine im-
proves the quality of harvested litchi fruit[ J]. Postharvest Biology
and Technology, 2018, 143 137-142.

A RN, B WOF 4. B T B AR i Jr 20 11
TR B[], R, 2021, 42(13) : 241-248.
BRENNAN T, FRENKEL C. Involvement of hydrogen peroxide in
the regulation of senescence in pear[ J]. Plant Physiology, 1977,
59(3): 411-416.

T, B YR Y BT R SOV Y R
[J]. MY EB2EEIR, 1990(6) : 55-57.

A4 Y E IR IR AR [ M]. Jbst . mEAE
HiREE, 2000.

A, S TE R, YRR SR S (M s
Bl gl BhA B AR A, 2002.

O B AR ERFEAgEAR CLT]. BaRE,
2000, 21(8) : 42-45.

LIAO H L, ALFEREZ F, BURNS J K. Assessment of blue light
treatments on citrus postharvest diseases[ J]. Postharvest Biology
and Technology, 2013, 81 81-88.

PENNISI G, ORSINI F, CASTILLEJO N, et al. Spectral composi-
tion from led lighting during storage affects nutraceuticals and safe-
ty attributes of fresh-cut red chard ( Beta vulgaris) and rocket

(Diplotaxis tenuifolia) leaves[ J]. Postharvest Biology and Tech-



B WS LED S BNH R

Ja it ST R AT R 5 R

497

[25]

[26]

[28]

nology, 2021, 175 111500.

KASIM M U, KASIM R. While continuous white LED lighting in-
creases chlorophyll content (SPAD) , green LED light reduces the
infection rate of lettuce during storage and shelf-life conditions
[J]. Journal of Food Processing and Preservation, 2017, 41(6) ;
e13266.

XIE C, TANG J, XIAO J, et al. Purple light-emitting diode
(LED) lights controls chlorophyll degradation and enhances nu-
traceutical quality of postharvest broccoli florets[ J|. Scientia Hor-
ticulturae, 2022, 294, 110768.

JIANG A, ZUO J, ZHENG Q, et al. Red LED irradiation main-
tains the postharvest quality of broccoli by elevating antioxidant
enzyme activity and reducing the expression of senescence-related
genes[ J]. Scientia Horticulturae, 2019, 251; 73-79.

MA G, ZHANG L, SETIAWAN C K, et al. Effect of red and blue
LED light irradiation on ascorbate content and expression of genes

related to ascorbate metabolism in postharvest broccoli[ J]. Post-

[29]

[30]

[31]

[32]

harvest Biology and Technology, 2014, 94. 97-103.

JIN P, YAO D, XU F, et al. Effect of light on quality and bioac-
tive compounds in postharvest broccoli florets[ J]. Food Chemis-
try, 2015, 172. 705-709.

YAMAGA I, TAKAHASHI T, ISHII K, et al. Suppression of blue
mold symptom development in satsuma mandarin fruits treated by
low-intensity blue LED irradiation[ J]. Food Science and Technol-
ogy Research, 2015, 21(3) . 347-351.

KANG C H, YOON E K, MUTHUSAMY M, et al. Blue LED light
irradiation enhances L-ascorbic acid content while reducing reac-
tive oxygen species accumulation in Chinese cabbage seedlings
[J]. Scientia Horticulturae, 2020, 261 108924.

LIU Y, SCHOUTEN R E, TIKUNOVY, et al. Blue light increases
anthocyanin content and delays fruit ripening in purple pepper
fruit [ J]. 192
112024.

Postharvest Biology and Technology, 2022,

( AL S 45 . /‘5%‘7}7}'\)





