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Research progress on LED light modulation for preservation of fruits

and vegetables
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China; 3. Nanyang Technological University, Singapore 639798, Singapore)

Abstract: Fresh fruits and vegetables contain a large amount of water and rich nutrients, which are prone to spoilage during
transportation and storage, greatly affecting their commercial value. The traditional chemical preservation methods have
significant effects, but there are certain safety hazards, and its operation is relatively complex, and thus can no longer
meet the growing market demand. LED (light emitting diode) dimming technology, as a new type of green fruit and vege-
table preservation and storage technology, has attracted widespread attention in the food industry. It can effectively main-
tain the commercial appearance of fruits and vegetables, slow down the decline in post harvest quality, improve the nutri-
tional value of fruits and vegetables to a certain extent, and achieve the goal of reducing storage losses and extending the
shelf life of fruits and vegetables. This article reviews the impact of LED light modulation technology on the color,
appearance, and nutritional quality of fruits and vegetables, as well as its effects on fruit and vegetable metabolism from
monitoring the levels of antioxidant system, disease resistance, and enzyme activity. It also looks forward to the current
application status and prospects of LED light modulation technology, in order to provide new ideas for innovation in fruit
and vegetable preservation technology and industrial development.
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Table 1 Effects of LED light quality treatment on nutrient content in different fruits and vegetables
, \ S Wk ‘ .
R BE LEBH A yman BH Yk
. . . . Experimental .
Light quality Variety Light parameters . Main results Reference
conditions
SFevd P AL HESER, 5°C/22°C,  HEFETBURIERER B DR SR, 22 SO AT RE . [14]
White blue light ~ Broccoli 20 pmol-m?-s",42 d (68+1)% RH  FUBE ARG & B0, HAE 5 °C, (et T A B & =
Continuous lighting, R
20 pmol-m”-s",42 d Maintaining high content of chlorophyll and carotenoid,
glucose, fructose, and sucrose increased at 22 °C, but pro-
moted the accumulation of all sugar at 5 °C
I UL HELE, (4£0.5)°C, OB T T EAE R 2R3 i [12]
Green light Broccoli 24 pmol-m™-s’ (68+2)% RH  Green light increases the chlorophyll content of broccoli
Continuous lighting,
24 pmol-m”-s”
% PEEEAE JEHEEREE (100+5) Ix 5°C, FRET G RE NS ] T AL B AL SE GRS R AR [13]
Red light Broccoli Light intensity RH>95% Monochromatic red light can inhibit broccoli yellowing
(100 £ 5) 1x and delay chlorophyll degradation
EPIAAD/q PEIETE 2h-d", 20 °C FOGTIZLGAL BRI 4 3R a FIER TR O A [34]
White light, Broccoli 20~25 pmol-m?-s*,4 d ‘White and red light treatments reduced the degradation of
red light chlorophyll a and proteins
=PI BRI ZRGE SR, 5°C, LOGAN A G REBE AN B A2 2 BRI 4 K AR [9]
White light, Wild rocket  (3542.5) pmol-m*+s’  95% RH Green and white light can inhibit chlorophyll degradation
green light Continuous lighting, in wild arugula
(35£2.5) umol-m™s’
0% EEPJFEU 8 h-d', 150 pmol-m™s™ 7°C, PEREEEDIRIM T -t N GEAMAL KA IR [10]
Red light Fresh cut 85% RH R SRR A & &
pepper Promote the synthesis of /5 - carotene and lycopene in fresh
cut sweet peppers, while main
taining a high content of chlorophyll
Wt EEDIF 8 h-d', 100 pmol-m?s™ 7 °C, TR R B IR A (R PR AL R A SR & | [10]
Blue light Fresh cut 85% RH The lycopene and chlorophyll content that fresh cut sweet
pepper peppers can maintain under blue light irradiation
% NEZE HELLEI, 20 °C LU 1R R, BBCR EEEE DT [18]
Red light Pakchoi 65 umol-m*-s",5d Red light inhibits chlorophyll degradation and has a better
Continuous lighting, effect than blue light
65 umol-m*-s",5 d
ot UNEP2 LR, 20 °C, FIOGIREE 1 2RI B e, 55 Sk s AR D RIS AN [16]
White light Pakchoi 10 pmol-m*>-s*,7 d 90% RH ity v
Continuous lighting, White light slows down the degradation of chlorophyll, reg
10 umol-m?-s",7 d ulates the expression of chlorophyll metabolism genes and
enzyme activity
LRI EAR MRS 16 h-d',300 W-m?,2d 21°C P b BRI N SRR A [51]
Blue light, red light Tatsoi Both treatments increased chlorophyll content
ZO6 s S99 8h-d', 100,116 4°C FRREHTINIF SRR a AIHHERE b RIS DR BT RN 7 [24]
Green light, blue  Green 117W-m?,9d Both can increase the content of chlorophyll a and chloro
light, red light asparagus tip phyll b, carotenoids, and anthocyanins
500 nm £ G 12h-d", 5°C Py R] P v ATV R A R SE G SR A I P A [52]
530 nm Z¢% Lettuce 10 pmol-m?-s*,14 d Both can increase the content of soluble solids and delay
500 nm green light, the degradation of chlorophyll
530 nm green light
Fob. 4t POPREW 1hod', 20 °C FOEMZ G R 12 3 A i ml i PR 2 AT 26]
White light, Purple 20~25 pmol-m>+s",3 d FRRETT REE TIEE RN MRS =
red light collard White and red light increased chlorophyll, protein, soluble
cabbage sugar content and antioxidant capacity, while maintaining

anthocyanin and carotenoid content
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Table 1 (Continued)

- ; R VN
A HES HIBH i 1 B
Light quality Variety Light parameters Experimental Main results Reference

£ conditions
ARSI [ihE HELLHR], 4°C £ 3R B A R S L IR o HEZELA1G [53]
Red blue light Parsley 10 umol-m*-s",12d The loss rate of chlorophyll content is lower than that
Continuous lighting, of the dark control group
10 umol-m™-s™, 12.d
ot Wit BRI, 10 °C T AE B i, AR RS RN R KR [39]
Blue light Arbutus 40 pmol-m*-s",8d 1.8 fi
Continuous lighting, Increased anthocyanin content by 1.8 times compared to
40 pmol-m”-s", 8 d the dark control fruit at the end of storage
ot X B, 5°C PR R A S B [27]
Blue light Strawberry 40 pmol-m*-s”,12 d Increase the content of anthocyanins to increase the
Continuous lighting, total sugar content
40 pmol-m”-s",12d
LS AAID AN = B <X 42 HEGR], 4°C B bl A (B A DA BRI IR AT R [21]
Blue light, red Blueberry  2.24 pmol-m*-s',12d Both can increase the sugar content, but only blue light can
light, white light Continuous lighting, delay the degradation of anthocyanins
2.24 pmol-m?-s*,12d
Wt ik 20 HESE,3.6 W om®,  0.5°C, b AT T B R 61 (Cy-3-r A1 Cy-3-Glu) & =3 [41]
Blue light Sweet cherry 10 d Continuous lighting, 80%~85% RH Can increase the content of two anthocyanins (Cy-3-r and
3.6 W-m>, 10d Cy-3-Gluw) in sweet cherries
Wt R 8.0 W-m? 15~25°C 450 nm [ (4 LED SBRI T3 RAEHE RIVELR [42]
Blue light Apple 450 nm blue LED light stimulates the accumulation of
anthocyanins in apples
[SPIAEAIS AN R Y23 12h-d" 25°C LLEANH T AET A R N RIS, IR R i [43]
White light, red Kiwifruit Red light inhibits the expression of anthocyanin synthesis
light, blue light genes, while blue light can promote
A NP 1 50 ymol-m”-s",6 d 20°C ARAERRNE MR, IR RS R [54]
Red light, Mandarin Effectively increase the content of carotenoids, especially
blue light orange f - cryptoxanthin content
BN Bd MEREEAT 118 pmol m®-s",21d Q21D °C DGR AL R -8 bR A R S R3]
Red light, Cherry TN A2 J 2 2 e LS Joi R R
blue light tomato Red and blue light increase the content of lycopene,
[~ carotene, and soluble solids in tomatoes without
significantly affecting the quality and hardness of the fruit
FiSANEDA SEYIEAE RSN, 7 d (4+1) °C, R RS TR ARLL AR S R g 0 [47]
Blue light, Fresh cut Continuous lighting,7d  60%~80% RH Single blue light illumination delays the increase in
white light tomato lycopene content
Wk B 14 pmol-m?-s",8 d 25°C,80% RH HGALTEH 8 RIMGHIA R S ES CK A HAM  [48]
Blue light Pepper B
On the 8th day of blue light treatment, the effective
increase in capsaicin content was measured compared
to the CK group
Wkt BB B, 24°C, SV INE e e = WA 2 U oy [15]
Blue light, Pepper 50 umol-m™s’ (75£3)% RH  Both increased the content of capsaicin, while red light
red light Continuous lighting, decreased the chlorophyll content
50 umol-m™-s"
ot aEE SR, 5°C.85% RH  ALHIN T KN N %A R [9]
Green light Red beet (35+2.5) umol-m*-s", Green light increases the content of carotenoids

10d

Continuous lighting,
(3542.5) pmol -m*s™,
10d
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SEOR FHAN[F) o K LED X 55 S sz i 4T B
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BAE 28, P 40 e AH E 3 At b B 21
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S 20 K, BBy R &9 & &M T xR A
CHE B FR &Y, 2485040 B 5 1Y 4 32 8w
SEMEE T EFERAT. BRSOk,
WA A2 A eI & BB B 2R
R, 0 26 0 2™ B AR 25 RR SR O AR A Bk
A

HE ) o oy R0 I3 1) S R TR S R AE 2R T
% fift G (PALD T VE F T 2B 1 PRI R TR AR W s 42 R
T HE 9 32, T 2 W) o [ fidk e 1 22 By B AL T Cpolyphe-

nol oxidase, PPO) #1344 i (peroxidase , POD)
PIHEAL AL R AT BEEE KR R &
A& s R RIS BEAE A il R 5 Ik
AR & BOANAR B2 A OC Il Cn PALD 3 14 R 42
e K R A AR ) B B
3.3 AT

PrA MBS A PUE R R AZ O TR bR, B2
H T 5 B 2R IE B A 3 8 A o0 i 1 23
55 B 48 AL S Ccatalase , CAT) i H AL W lifg
(POD) F 4t W4 IfiL 1% 1 %8 4k ) I (ascorbate peroxi-
dase , APX) /2 fiEA6 H,O, 73 i A1 B i & H.0, (13
LHUEACEE . Jiang S5 E 20 °CIN FZ006 4b B 7Y
WAL 5 d, R IUAE ORAF 75 576 A0 UL [R] B o ] 42 75
POD.CAT Fil APX ¥& 1. L4k, 2 LED 2006 fiH
KRG 6 d I %, Ae 3 58 A& B BB TE T,
FEORFFE K Y R A&7 #E LED Ab 3 2%
AR s, 15 E LED 6 A B 2 i S k)
B4k I (superoxide dismutase, SOD) . POD F1 CAT
T PEAR Lo IR ZH CRIED 57, JF4RTE T R 2 it AL
IKFET, A JE4 9 LED (660 nm AT 405 nm)
AE TR 35 5 U) (1 =2 B (9 POD AT SOD i 12
AN[E] LED it o7 Ak B A 6] SRR 514 R S 1 52
N 2 Fizs.

&2 LED XRAEXE WA S RS AE
Table 2 Effects of LED light quality treatment on antioxidant components

BT

JeJst e Jel 24 . EEREEP 275k
Light quality ~ Variety Light parameters Experimental Main results Reference
& conditions

A P HELEME BT, 20 pmol -m?-s™,42d  5°C $eEF C EEm T RA [14]
White blue Broccoli Continuous lighting, The content of vitamin C is higher than that of
light 20 pmol-m~*-s",42 d the control group
Mk PHEETE 20 pmol -m?-s" 4°C,90% RH HirE R C S ANIRALR 1.28 £% [57]
White blue Broccoli The vitamin C content is 1.28 times that of
light the control group
SPIAN 5/ I T3 TSR 4~5°C,95% RH #RIGHN 1 23R B My AN4EZE 3R C 5, 8]
White light, ~ Cabbage Continuous lighting WG YA 2 B G N B AL
blue light All increased the content of chlorophyll, total

phenols, and vitamin C, with blue light being

the most effective in increasing vitamin content
ok g 8h-d',100 pmol-m?s" 7°C,85% RH YERE TSR BN T BRI R S & [10]
Blue light Sweet peppe Maintained nutritional quality and increased

the content of phenols and ascorbic acid
D3 UNEE: BT, 65 pmol -m*s',5d  20°C Y 44 C RTRVA PR ER R [18]
Red light Pakchoi Continuous lighting, Inhibited the loss of vitamin C and soluble protein

65 umol-m*-s",5d

Wt ik AR, 40 umol -m?-s',12d  5°C ditE R C Rt [27]
Blue light Strawberry ~ Continuous lighting, Increased vitamin C content

40 umol-m™-s",12 d




2P 42 5 N
T RLRAE HOE R #3385
F2 B
Table 2 (Continued)
R ik M WEER  xmum 2%k
Light quality ~ Variety Light parameters corf ditions Main results Reference
SN FELLIE, 50 pmol - m? - s 24°C,(75£3)% Y64 N Hangjiao-2 MI4EZEZ C & &, 406 XI[15]
456 Pepper Continuous lighting, RH YR C B BRI, 8 SE PR 3 AR
White light, 50 umol-m™-s” MY C &t
blue light, White light increases the vitamin C content of
red light Hangjiao- 2, red light has no effect on vitamin C
accumulation, while blue light reduces the vitamin
C content in the three varieties
W IR LAY, 36 umol-m?-s",36h  (4x1) °C, WA IELR R A R C BRI, IR B [35]
Blue light Freshcut  Continuous lighting, 85%~90% RH & POD W&, #] T PPO VEMER) BT
strawberry 36 umol-m?-s”,36 h Blue light can delay the degradation of vitamin C

2196 Banana
Blue light,

green light,

red light

I ZRE

Blue light Arugula

500 nm 2806, A
530 nm 2806 Lettuce
500 nm

green light,

530 nm

green light

5 AT A 12

=bjn Blueberry
Blue light,

red light,

white light

Fik INZF3

White light Pakchoi

DA PHIEAE
Red light Broccoli

BT, 8 d
Continuous lighting, 8 d

ESIRIT, 35 pmol -m”-s”!
Continuous lighting,
35 umol-m”-s”

12h-d", 10 pmol -m*-s",14 d

SRR, 2.241 pmol -m?-s™,
12 d Continuous lighting,
2.241 pmol-m”-s*,12.d

JESIRIT, 10 pmol -m”-s™,7 d
Continuous lighting,
10 pmol-m?-s",7d

40 pmol-m*-s",5d

in strawberries, increase the content of total
phenols and POD enzyme activity, and inhibit
the increase of PPO enzyme activity

(20+2) °C, Pk T B8 LS A LR AT S M AR R [32]
85%~90% RH Promoted the accumulation of ascorbic acid

and total phenols in banana fruits

5°C,95% RH TG RT A 22 RS A B 1) [9]
Blue light promotes the synthesis of total
phenols in wild arugula

5°C £ 530 nm 1 500 nm %€ LED 1, B3 & [52]
RERT
In green LEDs at 530 nm and 500 nm, the
total phenolic content significantly increased

4°C W LLGHRER ST T 40| PPO.POD & 1E [21]
Blue and red light irradiation can significantly
inhibit PPO and POD activity

20°C,90% RH ~ POD.CAT.APX $r (LB PERIAT XS K 3 [16]
A T HE R
The enzyme activities and relative gene
expression levels of POD, CAT, and APX
antioxidant enzymes were higher than those of
the control samples
(20&1) °C, POD.CAT Hl APX [t P 3 5 [66]
90% RH Enhanced activity of POD, CAT, and APX

4 LED % ?ﬁ*Xﬂ‘%gﬁmﬁ‘ri i 5 FAEHE AN 208 BOR BRI Y 9 iR B LA T AR

M

T 9, AT BUR B T IR P L BOR R K R
0~ BIELIR S50 . H AT FUA L, LED D6 iR £

R PURTES & dh LB VIS, 9 T AR REEGUR MR R S0 5 B P A, — o2l
B 2 RS YR Sk o T AR RMSORIE A7 S8 38 e il e Rk ELRA R 2K 2R I e A2 W kAT 400
TP, RFEeR ek S AEdiE, % 6 R TR AERR SR w77 U7 5 —Fh
RIBFEAIA M 2 AEERANR, REA S EE ESHESREA S WHURTERTT, L @i
KERIR S RVE TR, M IEMEYE RS (EEE, S PUE e R AR R, DL A E 5
SH. HORJARRERREA S I — MY, G50, ande e g BE i 2 B 7 AR 3R &5 46

=]
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AT LR, o] WG LED RefE 4841
S B A, o O 28 3 B LED B 6 i
Kim PR 9K (405+5) nm (I3 e ab L, & BLTE
PRIFEET) T BLEA 5T R [F] N, B A R0 ) S e 4
A PR B RO B R G, O R AR TR
JAT B O157:H7 4= i i ALvb 1] IR B #G AS [A) 12
FERIHMEIE , SRR K456, KiEF 218 3
197 %o WOGHS SRR, i A AR Y R
T % W (Penicillium expansum) W 22K L2572 40 4l
it J5E 56 0 T L 1R e R AR B R 417 i) s iR B 2R
Koo BRAN, S RE SR BE N B A — o 2, 240
SRR T 120 pmol-m™ - s B, A W %2 381 X 3 B B 5z
O ES -2

A5 RS R B S PR ST, sk
T Koy B B A R B AR T K R 0
SR 51 LIRS SR Sun ZER ) 40 Wom? 1) 4
PG R AL FERE R 2 i, 3 d 5 PRk 5 i K 2
BEE A9k, HoA i 6 (470 nm) B9 AR fe 4, LED
s 368 I 34 i (577 0 P e AR 997 0 A O R AT 1 A
RIGRRBUR JT. MEAb, 3G BHOG B A A R
(1) S it 2 B A0 T I AR, 32 R e S A R P
o e (%) 22 IR 38 T A2 e AH S B ) A T, TR
iR ZR 2 W A D RS, AT B v A ) P
A0, FRIRTF BR8] A A R e (B B, T
Jen] Lid it i S RN A2 BRI RA SRR A
K595 I B A AR R 3 T o) B B A
WEFLFR B, 66588 50 pmol-m?-s™ H BB 5 J5iHH
N RRKEA B, RA S 150~200 pmol-m”-s”
A fe FLIE SR K B, I 52 v 7 48 I AN T A B
PE7, Pham 267K H 405 nm [1) LED ¥ Y6/ R 5
2], R I R T R K B R, HL 2 24 h
HESR A B ) 26 BB /N T 48 h, T S AT IR o
5 k& OB

BEE ANATVAETE KT AW B8 &, i VB IR %
2 [0 SRR T i 2 R A A S B T R Y5 DR L R
3 0 11 S B T OR B R AE AR R B AT A R 4F
(R T ML S e Rl S o BT R ) SR B K 40 B B v B
PRACER R DRAFAS 2928 5 SRR o, B AIC R i &
AR A . LED J6 iR R EER ARME N —Fh
Y B IR 22 A £ 1R AR B 7 025, RT RAOsk D S AR T
e, JELE R R, PRAr A SR8 i o, 7E R e R
B DR B rh 5 B AT o (H 2 SR ER = B A
() S B H, T OISR P AR TR IR R . N T

SEAF LK LED SR FOR M ] T SEBre gk, iE 7

FEREAT RN BB, ] AR AR B LED fREF

B AN R BR T SR B i JRE B 7 b BRI AL e

73,38 0] LIR H LED St B gEvE 7L AR 52 0 LA

S e s G A BEI 75 1555
B LED S AR SR OR A7 AL — 2 )

PR KIS TE] LED %2 HE AL PR , Bk H DG 45 mr e &

JEVEAE 9 Ak T BUN 2 s R B K 2 R

I AR A 2K 38 (R B R 205 SR ) [ B 38 B 7K 7 TR 2R

L%, & LED YCIBAR I BIH 7. 5341, LED Jt

RS HAl PR EE T BAAHLES &, 4100 LED #56

HAROREE 8 SRR S EANE S DR R
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WSS UE™ . LED DG HoR 50 A0 5 174 i
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