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Introduction 

Fresh fruits and vegetables are the sources of vital nutrients 

and fibre. Consumers have been paying more attention in 

recent years to the quality of vegetables, especially those that 

are nutritious. However, food loss is more likely due to their 

short shelf life and high perishability. Recently, several 

researchers have identified the reasons for post-harvest food 

losses and methods to mitigate them. According to data from 

the Food and Agriculture Organisation (FAO), the most 

wasted commodities are fruits and vegetables, especially in 

developing countries, primarily due to insufficient storage 

facilities in horticulture. Consequently, post-harvest losses 

occur, characterised by overripe, senescence, softening, 

firmness, weight loss and pest and disease attacks (1).  

 Globally, post-harvest losses of fruits and vegetables 

are significant, estimated to be between 28 % and 55 % of 

total production, amounting to approximately USD 750 

billion annually. In some instances, these losses can reach up 

to 60 %, varying depending on the specific type of produce. 

These losses account for over 40 % due to various factors, 

which include mechanical damage and biological factors 

such as pests and diseases (2). 

  

 A recent study by NABARD Consultancy Services 

(NABCONS) revealed that post-harvest losses in 54 different 

crops in India lead to a financial loss of 1.5 trillion rupees 

annually (USD 18.5 billion). This loss represents roughly 2.35 

% of the national GDP, calculated based on the current prices 

for the first quarter of 2022-23, exceeding the previous years’ 

Ministry of Agriculture and Farmers Welfare (MoAFW) budget. 

Livestock products such as milk, meat, fish and eggs 

contribute the most to this economic loss (21.70 %), followed 

by fruits (19.34 %) and vegetables (17.97 %) (3). 

 Utilising Light Emitting Diodes (LEDs) for lighting 

emerges as one of the key new agricultural technologies to 

extend the shelf-life of horticultural crops. In recent years, 

visible light treatments have emerged as an innovative post-

harvest method. (4). Vegetables are typically stored in the 

dark after harvest, which hastens and causes post-harvest 

senescence. Harvested plant parts, such as leaves and 
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Abstract  

Improper handling practices often aggravate post-harvest losses in horticultural produce. Due to ethylene production, climacteric fruits 
have a short shelf life, which triggers ripening and senescence. Traditionally, post-harvest preservation has relied on chemical methods, 

which can pose health risks. In contrast, Light-Emitting Diode (LED) treatment has emerged as an effective, residue-free alternative to 

conventional light sources for maintaining the quality of fruits and vegetables during storage. LED treatment has enhanced the 

accumulation of important phytochemicals such as vitamins, chlorophyll, total soluble solids and carotenoids in fruits and vegetables. It 
also leads to changes in anthocyanin, carotenoids, phenols and flavonoids. These beneficial effects are linked to the interaction of LED 

light with plant physiology, which can help regulate ripening, improve nutritional content and control microbial growth. Combining 

different LED wavelengths at varying intensities during post-harvest storage has been found to promote fresh produces’ nutritional value, 

slow` ripening and reduce pathogenic microbial load. While research on using LEDs for post-harvest quality preservation is still in its early 
stages, initial findings are promising. This review examines the applications of LED treatment in preserving the post-harvest quality of 

fresh horticultural produce, highlighting its role in extending shelf life, maintaining nutritional value and reducing post-harvest losses. 
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vegetables, respond to light even after harvest. Leaves 

continue light-dependent biological processes such as 

photosynthesis if there is enough light (5). LED lighting is 

superior to traditional post-harvest storage techniques due to 

its low radiant heat emissions, which minimise thermal 

damage and degradation, making it suitable for cold storage. 

LEDs offer control over the spectral composition of emitted 

light, enhancing the nutritive quality of foods, manipulating 

fruit ripening and reducing fungal infections. UV LEDs provide 

a non-thermal method of pathogen inactivation without 

chemical sanitisers or accelerating bacterial resistance. 

Furthermore, LEDs are cost-effective, with long life 

expectancies, robustness and compactness. They are a 

promising technology for reducing food waste by improving 

food quality and safety during post-harvest preservation. 

Unlike traditional lighting, LEDs offer greater control over UV 

or infrared (IR) radiation emissions and do not contain 

mercury, avoiding the risk of toxic heavy metal leakage (6, 7). 

 Post-harvest illumination with LEDs is a non-chemical 
technique to preserve vegetables, impacting their physical, 

nutritional and microbial qualities. Studies often favour 

continuous LED treatment, with different wavelengths 

improving nutritional content like chlorophyll, lycopene, 

vitamin C and phenolic compounds while stimulating 

antioxidant enzyme activity and maintaining membrane 

integrity. Red, blue and white LEDs are effective in various 

vegetable physiological processes and can inactivate 

foodborne pathogens (8). LED lighting enhances plant 

physiology, improving photosynthesis, chlorophyll and 

antioxidant activity, leading to better nutrition and longer 

shelf life. Cold storage and Modified Atmospheric Package 

(MAP) mainly slow deterioration without enhancing quality. 

Ozone treatment reduces microbial load but may cause 

damage to produce if not controlled. Unlike these methods, 

LED lighting offers targeted effects using specific 

wavelengths. This makes it a versatile and practical approach 

to vegetable preservation (8). The freshness of vegetables and 

fruits can be preserved through an innovative and 

environmentally friendly technique, such as exposure to 

visible light. This review focuses on exploring LEDs to extend 

the quality of fruits by slowing down senescence, enhancing 

ripening and improving their nutritional properties and 

secondary metabolites.  

An Overview of Light Emitting Diode (LED)  

In developing a more effective crystal detector for radio 
waves, British scientist Henry Josef Round of Marconi 

Company made the unintentional discovery that an artificial 

silicon carbon (SiC) crystal was emitting light when current 

passed through it. In the 2000s, LEDs were first used in plant 

cultivation (9). Furthermore, LEDs are favoured over 

conventional light sources because of their compact size, 

low heat emission, durability, extended lifespan and 

capability to select specific wavelengths for desired plant 

responses (6). Compared to traditional light sources, LEDs 

have a longer lifespan and are more efficient for energy use.  

The highest efficiency of Photosynthetic Active Radiation 

(PAR) is given by LEDs (80-100 %; refer to the electronic 

supplementary material). Significant progress has been 

made in creating specialised light techniques, particularly 

for horticultural crop production under controlled 

surroundings in recent years. 

Working principle of LED 

When an electric current flows through a certain kind of solid-

state semiconductor diode, called an LED, the diode emits 

light. P-type and n-type semiconductors are two processed 

materials directly interacting to form an LED chips’ p–n 

junction. Only the p-side (anode) to the n-side (cathode) is 

where current flows. An electron loses energy as a photon 

when it comes into contact with a hole, which lowers its 

energy level. The substances employed in producing an LED 

possess energies that correspond to near-ultraviolet, visible, 

or near-infrared light. The semiconductors’ energy gap 

determines the colour (wavelength) of the emitted light (10). 

Due to their compact size, longevity and relatively cool 

emitting surfaces, LEDs are perfect for using lighting systems 

in plants (11). The term used to describe light produced by a 

solid-state process is electroluminescence. LED operates 

through a non-thermal process of electroluminescence, 

which occurs when an electric current passes through a 

semiconductor (12).  

Mechanism of LED technology in plants 

 Plants react to their complex light environment using a 

range of photoreceptors sensitive to different wavelengths. 

Light signals are monitored by these receptors, which also 

control plant behaviour (13). Plants can sense various 

aspects of light, including its direction, duration, intensity 

and specific wavelengths. They accomplish this through 

four main types of photoreceptors. Phytochromes (phys) 

are chiefly responsible for detecting red (R) and far-red (FR) 

wavelengths (600-750 nm), while three other types of 

photoreceptors- cryptochromes (crys), phototropin (phots) 

and another receptor-sensitive to blue (B) and ultraviolet-A 

(UV-A) light play roles in perceiving the blue/UV-A region of 

the spectrum (320-500 nm) (14). 

 At least four photoreceptor families can distinguish 

between light wavelengths: UVR8 absorbs ultraviolet B 

(UVB) wavelengths, cryptochromes and phototropins 

recognise blue and ultraviolet A (UVA) wavelengths. In 

contrast, phytochromes essentially absorb red and far-red 

wavelengths (15). 

 LED lighting influences post-harvest vegetable quality 

by activating specific photoreceptors (phytochromes, 

cryptochromes and phototropins), triggering downstream 

signalling pathways. Phytochromes (absorbing red and far-

red light) regulate chlorophyll metabolism, delaying 

senescence by upregulating chlorophyll synthesis genes and 

downregulating degradation genes (16, 17). Cryptochromes 

(sensitive to blue/UV-A light) affect antioxidant activity and 

metabolite accumulation by modulating gene expression in 

antioxidant pathways, thus reducing oxidative stress (17). 

Phototropins (also blue light receptors) may optimise light 

capture, potentially enhancing photosynthetic activity (18, 

19). By understanding these photoreceptor-mediated 

responses, lighting strategies can be tailored to improve post-

harvest preservation and enhance vegetable quality (6). 

 Among the metabolic changes that highlight stress 

are the xanthophyll cycle, non-photochemical quenching, 

https://plantsciencetoday.online


3 

Plant Science Today, ISSN 2348-1900 (online) 

photorespiration, malate valve and antioxidant activity. 

These shifts create storage compounds, shielding, 

quenching of reactive oxygen species and repair 

mechanisms. Terpenoids and phenylpropanoids are 

examples of metabolites whose production occurs in or 

involves plastids (20). The depiction of the LED technology 

mechanism is shown in Fig. 1. 

The role of LED in horticulture 

LEDs possess the potential to extend the shelf life of 

horticulture crops. The monochromatic nature, extended 

lifespan, resistance to temperature degradation and high 

photon efficiency of LEDs are further benefits. LEDs have 

become more widely used post-harvest because of their 

many advantages over traditional light sources (Fig 2). LEDs 

enable non-thermal operations, thus reducing the potential 

for heat-related deterioration that could impact the quality 

of fresh produce. LED lighting offers unique opportunities to 

preserve and enhance food quality as a sustainable post-

harvest treatment. 

 Research on Arabidopsis has also revealed that 

darkness accelerates the process by stimulating the genes 

involved in ethylene biosynthesis (21). It is widely 

recognised that darkness causes plants to express genes 

related to the breakdown of proteins, chloroplasts and 

chlorophyll, as well as an increase in reactive oxygen 

species (22). Nevertheless, post-harvest storage is 

frequently uncontrolled by light, with commodities kept in 

complete darkness for commercial purposes. This 

accelerates the development of senescence. Commonly 

utilised additional light for greenhouses is metal halide and 

fluorescent lighting. Research has shown that exposure to 

light improve the shelf-life and visual quality of microgreens 

such as spinach, radish and lettuce (23, 24). However, mixed 

spectrum light ratios at various ratios have been adopted 

recently and found to improve LED lighting efficiency.  

 

Fig. 1. Mechanism of LED technology in plants. 
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Effect of LED Light on Physiochemical Characters of 

Fruits and Vegetables During Storage 

LEDs release particular light wavelengths that can impact a 

range of physiological and chemical processes in plants, 

including ethylene generation, pigment synthesis, respiration 

rates and nutritional content. The most significant benefits of 

LED treatments are mentioned in Fig. 2. 

 

Colour 

Light significantly impacts the colour of fruits and 

vegetables, which controls their shelf-life. After harvest, 

fruits develop colour due to the concentration of several 

compounds like anthocyanin, chlorophyll and lycopene (25, 

26);(27). On the second day of storage, the amount of 

chlorophyll in the broccoli florets treated with green (520 

nm) and fluorescent lights (400-700 nm) was 39.8 % and 

59.1 % higher, respectively, than in the control group. The 

LED green light treatment kept the Hue value higher and 

prevented the colour decline of broccoli (11). Table 1 below 

shows the effect of LED light on the colouration of fruits and 

vegetables 

Total soluble solids (TSS) 

Total soluble solids (TSS) in fruits and vegetables determine 
their maturity index. Increased TSS indicates faster ripening, 

while decreased TSS indicates slower ripening and longer 

shelf life. Research indicates that during 15 days of treatment, 

green (525 nm) LED light had lower TSS values than red (630 

nm), blue (470 nm) and the control samples. LED treatment 

for 4 days at 5 °C shows a significant increase in sugar level, 

vitamin C and glycogen accumulation (28). The rise in TSS is 

due to the solubility of cell wall compounds such as 

polyuronides and hemicelluloses during fruit development. 

 Disputation, Blue light (470 nm) treatment 

significantly increased TSS content and ethylene production 

in post-harvest peaches. The highest ethylene production 

was postponed to 9 days. During post-harvest storage, 

pigment synthesis and internal ethylene could accelerate 

the ripening of blue LEDs (29).  

Weight loss 

A significant issue with post-harvest fruit and vegetable 
storage is weight loss. For vegetables like Brussels sprouts 

(Brassica oleracea gemmifera) and broccoli (Brassica 

oleracea), LED light treatment has been shown to mitigate 

weight loss. After 10 days of treatment at 22 °C, brussels 

sprouts with white and blue light at a rate of 20 W m-2 

showed increased weight loss. The blue light interacts with 

stomatal cells, which influences stomatal opening. 

Consequently, higher respiration rates occur, impacting the 

metabolic pathway of fruits and vegetables (19). Light also 

affects transpiration, another process linked to stomatal 

opening (30). Similarly, both treated and untreated broccoli 

samples experienced higher weight loss during storage. 

Compared to the treated broccoli after 4 and 5 days, the 

control group exhibited a notably lesser increase in weight 

loss (11). Additionally, research demonstrates that 

treatment with red and blue LED at wavelengths of 456 nm 

and 655 nm, respectively, at 23 °C, initially led to an increase 

in lettuce weight, followed by a subsequent decline after 10 

days of storage (31). 

Fruits & Vegetables Colour of 
LED Light 

Wavelength range 
and intensity of light 

Remarks Reference 

Broccoli 
(Brassica oleraceae 
var. italica) 

White 463 nm and 50 Wm-2 After 12 days of treatment at 22 °C, the light (L) value increases. (26) 

Broccoli 
(Brassica oleraceae 
var. italica) 

Red 630 nm and 50 Wm-2 
Compared to the untreated control samples, increasing the L value 

was prevented by red light, resulting in a greater chlorophyll content 
of 59.1 %. of 5 days treatment at 20 °C 

(11) 

Lettuce 
(Lactuca sativa) 

White, 
Green, 

Red, 
Blue 

400-700 nm 
516 nm 
630 nm 

450 nm and 10 Wm-2 

After 21 days at 5 °C, all LED treatments substantially reduced 
yellowing in the lettuce; chlorophyll content was raised by white LED 
light, but blue light inhibited the pathogenic effect and total soluble 

solids were raised. 

(78) 

Table 1. Effect of LED light on the colour of fruits and vegetables  

Fig. 2. Effects of LED lights in postharvest storage. 
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Effect of LED light on the synthesis of bioactive compounds 

of fruits and vegetables 

The synthesis of antioxidants and bioactive substances can 

be induced by exposure to various LED wavelengths (Table 2), 

enhancing horticultural crops' nutritional value. Using blue 

LEDs (400-470 nm) has been associated with changes in 

several metabolic pathways and the buildup of anthocyanin, 

polyphenols, phenolic compounds and carotenoids (32). 

White light enhances nutritional quality by stimulating 

chlorophyll metabolism, increasing chlorophyll synthetase 

gene expression and downregulating chlorophyll-degrading 

genes (17, 33). Red light increases carotenoid content (16), 

whereas Green light helps preserve or improve chlorophyll 

content in vegetables like broccoli and cabbage (11, 33, 34).  

Light intensity plays a crucial role, with low-intensity LED light 

(4.3 Wm-2) minimising abiotic stress, while high-intensity 

exposure can increase reactive oxygen species (ROS) 

production, potentially counteracting benefits (33, 34). UV-B 

light strongly induces stress responses, upregulating 

antioxidant enzyme activity and gene expression in the 

phenylpropanoid and flavonoid pathways, leading to 

flavonoid accumulation for UV protection (30). 

 The treatment with white-blue LEDs on brussel 

sprout leaves and after 10 days of storage at 22°C exhibited 

decreased respiration rate and increased chlorophyll 

content, antioxidants and flavonoids in leaves by 10 times 

compared to the control group (19). Research indicates that 

LED lights affected the overall nutritional composition of 

cabbage, resulting in increased levels of ascorbic acid, total 

phenolic content and total chlorophyll content and 

decreasing the presence of reactive oxygen species (35). 

 LED treatments for 9 days with the intensity of 29.2 

Wm-2 at 24 °C, red light (650 nm) increases lycopene 

concentration in tomatoes by 41 % compared to dark 

Fruits & Vegetables 
Colour of 
LED Light 

Wavelength range 
and intensity of light 

Remarks Reference 

Citrus 
(Citrus sp.) 

Red 
Blue 

660 nm 
470 nm and 

50 Wm-2 

Red and blue LED treatment increases antioxidant content, phenolics, 
total soluble sugar content, ascorbic acid content and enzymatic 

activity for 6 days at 20 °C. 

(25); 
(27) 

Tomatoes 
(Lycopersicum 
esculentum) 

Blue 
Red 

440 nm 
450 nm and 
85.72 Wm-2 

Red LED-treated tomatoes increased red colour, while blue light made 
them yellowish. Firmness decreased with storage time, while blue light 

maintained higher levels. Lycopene content increased with storage 
time, reaching levels similar to red and blue light. TSS content 

remained constant after 14 days at 25 °C. 

(79) 

Strawberry 
(Fragaria ananassa) 

Blue 470 nm and 40 Wm-2 
The influence of blue LED treatment in strawberries for 12 days at 45 °C 

resulted in a decrease in the sugar content and an increase in the 
acidity level, phenolics, antioxidants, ascorbic acid and DPPH radical 

(80) 

Blueberry 
(Vaccinium sp.) 

Red 
Blue 

Green 

630 nm 
463 nm 

520 nm and 20 Wm-2 

LED treatment for 3 days at 20 °C increased non-flavonoid content in 
blueberries, including rutin, ascorbic, caffeic, chlorogenic acid and 

phenolic compounds. 
(28) 

Strawberry 
(Fragaria ananassa) 

Blue 470 nm and 40 Wm-2 
After four days of LED treatment, there was a 13 % increase in the 

phenolic compound content observed at 5°C. (28) 

Broccoli 
(Brassica oleraceae 
var. italica) 

Blue 525 nm and 20Wm-2 After seven days at 2 °C of LED therapy, there was a 1.8 % increase in 
total phenolic content compared to the untreated control sample. 

(30, 61) 

Garden Pea UV-A 375 nm and 33 Wm-2 A more significant rise in quercetin-glycoside content was noted 
compared to the untreated control sample after 5 days of treatment. 

(81) 

Cabbage 
(Brassica oleraceae 
var. capitata) 

Blue 
  Green 

436 nm ; 1.455 Wm-2 
524 nm; 1.515 Wm-2 

  

Both LED treatments increased total phenolics, chlorophyll and 
vitamin C content at 5 °C after 18 days of treatment. Blue LED 

treatment enhanced vitamin C levels, whereas green LED increased 
chlorophyll content. 

(33, 82) 

  Satsuma orange 
 (Citrus sp.)  

Red 660 nm  and 50 Wm-2 

All-trans-violaxanthin, total carotenoids, 9-cis-violaxanthin lutein, beta
-cryptoxanthin and beta-carotenoid content increased significantly 

after red LED treatment for 4 days at 20 °C when compared to the non-
treated (control) sample. 

(80) 

 Mandarin orange 
 (Citrus reticulata) 

Red- Blue 
(60:40) 

630 nm 
460 nm and 32.6 Wm-2 

Citrus fruits treated with red-blue light at 20°C for 7 days showed 
increased phenolic compounds, carotenoids, ascorbic acid and 

antioxidant activity. 
(83) 

 Muscat grapes 
 (Vitis vinifera.) 

Red 
Blue 

660 nm 
470 nm and 

21.7 Wm-2 

Compared to grapes grown in the dark, grapes exposed to red, blue 
and red-blue light at 20 °C for 9 days had skin higher in carotenoids and 
less chlorophyll. Monoterpene levels, including linalool, limonene and 
geraniol, were more effectively maintained and increased by blue and 

red-blue light. 

(84) 

  Indian pennywort 
(Centella asiatica) 

White  
Blue 

400-500 nm; 
5.8 Wm-2 
450 nm; 

6.4 Wm-2  

The application of white and blue LED light to C. asiatica leaves for 3 
days at 25±2 °C increased the genes such as CaSQS, CaβAS and CaUGT 

involved in the triterpenoid pathway, which in turn accelerated the 
production of centellosides, specifically madecassoside and 

asiaticoside. 

(85) 

 Tomato 
 (Lycopersicon 
esculentum) 

Red 
Blue 

660 nm 
470 nm and 10.8 Wm-2 

After 7 days of red LED treatment at 26°C, phytoene, lycopene and β-
carotene levels were ten times greater than those in the control and 

blue LED-treated groups. 
(86) 

Cherry tomato 
(Solanum 
lycopersicum var. 
cerasiforme) 

Blue 454 nm and 25.6 Wm-2 
The fruits were illuminated for 2 days at 21°C, which increases lycopene 
and β-carotene levels, especially in green-mature fruit, along with total 

soluble solids (% TSS), improving nutritional quality. 
(87) 

Table 2. Effects of LEDs on bioactive compounds of fruits and vegetables  
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conditions. Still, blue light (440 nm) slows the maturation 

process (36). In comparison to red (630-670 nm), blue(455 

nm) and white (400-500 nm) LED lights, red LED efficiently 

increased phenolic content and antioxidant activities. It 

maintained the ascorbic acid in cabbage (Brassica oleraceae), 

rocket (Eruca vesicaria) and radish (Raphanus sativus) after 

post-harvest storage for 6 h for 5 days at 5 °C and 85 % RH 

(37). 

 

Flavonoid compounds 

Changes in light quality have a significant impact on the 
synthesis of flavonoids. Blue and ultraviolet wavelengths are 

exceptionally efficient in enhancing flavonoid accumulation 

by upregulating the expression of genes involved in the 

flavonoid pathway (38). Essential photochemical processes in 

horticulture crops, such as synthesis and assimilation of 

secondary metabolites and photosynthesis, are regulated by 

light at different wavelengths (25, 27). 

 Red light can promote flavonoid accumulation by 

upregulating genes in the phenylpropanoid pathway, 

leading to increased enzyme activity, such as phenylalanine 

ammonia-lyase (PAL), chalcone synthase (CHS) and 

flavanone 3-hydroxylase (F3H), which enhance flavonoid 

biosynthesis. Blue light is particularly effective in activating 

the flavonoid pathway by increasing the expression of key 

regulatory and structural genes, significantly boosting 

flavonoid levels. UV light is a strong elicitor of flavonoid 

production, upregulating genes in the phenylpropanoid and 

flavonoid pathways, resulting in flavonoid accumulation 

that protects plant tissues from UV-induced damage (8). 

 Plants have abundant secondary metabolites called 
phenolic and flavonoid chemicals, which help them cope with 

biotic and abiotic stresses (39). Most flavonoids are well-

known antioxidants, including ascorbate and α-tocopherol 

(40). Additionally, the biosynthesis of secondary metabolites 

is influenced by light intensity; higher light intensity causes 

herbs to produce more polyphenols (41). The phenylalanine 

ammonia-lyase (PAL) enzyme appears to function in the 

induction of secondary metabolites in crops when LEDs are 

present. Secondary metabolites are produced at higher rates 

when blue light and red LEDs upregulate PAL (42). There 

hasn't been sufficient research done on how LEDs affect 

secondary metabolites.  

Phenolic content 

LEDs cause abiotic stress by altering the phenolic metabolites 

of fruits and vegetables. Utilising photoreceptors sensitive to 

blue light and phytochrome responsive to red light plays a 

role in accumulating compounds such as flavonoids, 

quercetin glycosides and kaempferol (30). LEDs act as a light 

source, which causes high photosynthetically active radiation 

efficiency and generates responses. Thus, phenolic 

compounds are produced in fruit by a biosynthetic route 

partially activated by blue light. It controls and activates the 

enzymes linked to the synthesis and breakdown of 

phenylalanine ammonia-lyase (PAL), among others. After 2 

days of green LED treatment with broccoli florets,  total 

phenolic content increased to 40.4 % and 29.6 % more than 

those in control and fluorescent (400-700 nm) treated 

broccoli florets (11). Vitamin C and total phenol content 

were increased in baby leaf lettuce in green LED light (505 or 

535 nm) than in blue LED light (455 or 470 nm) LED light (23). 

The okra treated with blue and white LED lights of 630 nm 

for 8 hours with an intensity of 17.28 Wm-2 had the highest 

total phenolic content. The elevated activities of chorismate 

mutase (CM), anthranilate synthase (AS) and AHP synthase 

(DS) were positively linked with the elevated phenolic 

content of the samples (43). 

Anthocyanin 

During the post-harvest phase, the anthocyanin 
concentration of fruits and vegetables can be altered by the 

varying intensity and LED wavelengths (Table 3). In 

strawberries, an investigation of the gene expression of the 

flavonoid pathway revealed that exposure to blue light 

raised the gene expression. When compared to dark control, 

it was discovered that all light sources cause anthocyanin 

accumulation. However, strawberries had the highest 

anthocyanin concentration when exposed to blue LED light 

(465 nm) followed by white light (405 nm) LED irradiation. 

Fruit exposed to green light (535 nm) had anthocyanin 

contents that were 1.5 and 3 times higher than those of 

white (405 nm) and red light (660 nm), respectively. White 

light produced a twofold anthocyanin accumulation 

compared to red light (15). The production of anthocyanin is 

triggered by blue light through the action of phototropins 

and cryptochromes (15, 44). Broccoli samples exposed to 

low-intensity white light showed a rise in carotenoid, while 

anthocyanin was preserved by 43 % of control leaves, 67 % 

by white light and 71 % by red light (45). 

Carotenoids 

Fruits & Vegetables Colour of LED 
Light 

Wavelength range and 
light intensity 

Remarks Reference 

Blueberry 
(Vaccinium sp.) 

Blue 
Red 

Green 

470 nm 
525 nm 

630 nm and 60 Wm-2 at        

Blueberry fruits treated for 10 days with red, blue and green 
LEDs at 2 °C and 21 °C had higher anthocyanin contents. 

(91) 

Sweet cherry 
(Prunus avium) 

UV-B 
  

Blue   

310 nm; 
23 Wm-2 
450 nm ; 

0.046 Wm-2 

Treatment with blue LEDs for 10 days had a considerably 
higher anthocyanin content at 1 ± 0.5 °C. 

(92) 

Grapes 
(Vitis sp.)  

Blue 
445 nm and 

80 Wm-2 

Treating with blue LED light enhances anthocyanin levels and 
genes involved in anthocyanin biosynthesis over 9 days at 15-

20 °C without impacting berry weight or acidity levels. 
(93) 

Immature 
strawberries

Green 500-600  nm and 33 Wm-2 Anthocyanin content was produced faster with green LED 
treatment for 5 days, which boosted the deep red hue at 4 °C. 

(81) 

Table 3. Effects of LEDs on anthocyanin content of fruits and vegetables  
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One of the essential secondary plant compounds is carotenoid, 

which has various uses. When light intensity exceeds the 

photosynthetic capacity, light collection, structural elements 

stabilisation, excess energy dissipation and defence against 

free radicals are created (46). Cryptochromes, activated by blue 

light, inhibit the COP1-based ubiquitin ligase, thereby 

protecting the HY5 transcription factor from degradation, while 

phytochromes, activated by red light, suppress the PIF1 

transcription factor. Both mechanisms regulate phytoene 

synthase (PSY), the key rate-limiting enzyme in the carotenoid 

biosynthesis pathway. Light intensity and quality also influence 

photosystem excitation through pH changes within the lumen 

and the balance of reduced and oxidised plastoquinones (47).  

 The transcript levels of the carotenoid biosynthesis 

genes phytoene synthase (PSY), β-cyclase (βLCY) and β-

carotene hydroxylase (βOHASE1) increased under blue and 

white LEDs (max 453 nm) in most Brassica sprouts, with pak 

choi showing a 14 % rise in carotenoid levels compared to 

white LEDs (404-789 nm) and ~19 % compared to red and white 

LEDs (633 nm) under photosynthetically active radiation of 19.5 

Wm-2 for 7 days (48).  Plants use pigments called carotenoid 

and chlorophyll for photoprotection and light harvesting. Chl a 

and Chl b pigments have maximum absorption in the visible 

light spectrum at red (663 and 642 nm, respectively) and blue 

(430 and 453 nm, respectively). Conversely, the blue zone 

exhibits the most prominent absorption of beta-carotene (BC) 

and lutein (LUT) carotenoid pigments, with respective 

wavelengths of 454 and 448 nm (49).  

 The capsicum increased its total carotenoid content 

(more than 3.5 times the initial value) following a 24-hour red 

light (630 nm) irradiation. After being exposed to far-red light 

radiation for 72 hours, the amount of capsaicin alkaloid 

increased significantly (more than 8 times compared to the 

initial value). It has been proposed that a reduction in 

phytochrome activity caused by either low temperatures or far-

red light (FRL) exposure (730 nm) at 25 °C with 15.2 Wm-2 

intensity could lead to heightened expression of the caffeoyl-

CoA 3-O-methyltransferase (CAM), phenylalanine ammonia 

lyase (PAL) genes (50). After 6 days of treatment in sweet 

orange at 20°C, blue light (470 nm; 43.4 Wm-2) and red light (660 

nm; 3.2 Wm-2) significantly increased citric acid accumulation. 

Notably, dark shade and red light treatments most effectively 

promoted carotenoid accumulation. This included different 

carotenoid concentrations, including lutein, total carotenoid, 

neoxanthin, isolutein, all-trans-violaxanthin, zeaxanthin, 

phytofluene, cis-carotene and β-carotene (51). 

Effect of LED Light in Ripening of Fruits and Vegetables 

During Storage 

LEDs impact the rapid ripening of certain crop species 
through respiration and increased ethylene production (25, 

27). LED light can induce ethylene synthesis in the yang cycle 

and cause ethylene production throughout this phase (29). 

This metabolic pathway involves receptors that alter the 

expression of genes associated with auxin or photosynthetic 

processes, limiting the ripening process (52). To seek the 

complete ripening phase of horticultural crops, LED light can 

cause light signal transduction and photo-oxidation 

processes by gene modification (53). Mechanistic diagrams of 

LED Light Interaction with Plant Metabolism Post-harvest are 

illustrated in Fig 1. Fruit exposed to blue light (470 nm) 

showed a considerable rise in ethylene synthesis because of 

increased activity of ethylene response factors, 1-

aminocyclopropane-ethylene sensors, 1-carboxylic acid,  

lipoxygenase and ethylene receptors (29). Genes like PpACS3 

and PpACO1 are stimulated to express when exposed to blue 

light, suggesting the molecular process behind LED-mediated 

fruit ripening. Table 4 illustrates how LED light affects the 

ripening process in different fruits and vegetables. 

Effect of LED Light on Senescence of Fruits and Vegetables 

During Storage 

Nutrient distribution throughout the tissue and changes to 

Fruits & Vegetables Colour of LED 
Light 

Wavelength range and 
light intensity 

Remarks Reference 

Peach 
(prunus persica) 

Blue 
470 nm and 

40 Wm-2 

Peaches with 15 days of treatment showed the highest 
ethylene production was delayed from 6 to 9 days, their 
TSS level increased and their acidity decreased at 10 °C. 

(29) 

Sweet Orange 
(Citrus sinensis) 

Blue 
450 nm and 
60-630 Wm-2 

Citrus fruits ripened more quickly when exposed to high 
blue LED treatment at 20°C for 18 days because they 

increased ethylene synthesis. 
(94) 

Immature tomatoes 
(Solanum 
lycopersicum) 

Blue 
  

Red 

450 nm ; 
22.3 Wm-2 
650 nm ; 

18.62 Wm-2 

When tomatoes were exposed to blue LED light instead of 
red light, the development of the red hue slowed down. 

Blue light and red light treatments postponed the ripening 
and softening of green tomatoes for 21 days at 25 °C. 

(79) 

Strawberry 
(Fragaria ananassa) 

Blue 
470 nm and 

40 Wm-2 

In comparison to the control, Blue LED treatment showed 
rapid red colour development, increased respiration 

and  ethylene generation, total antioxidant activity and 
enzyme activity after 12 days at 5 °C  

(25, 27) 

Broccoli 
(Brassica oleraceae) 

Blue 
Red 

470 nm 
660 nm and 

50 Wm-2 

Red LED treatment delayed senescence by avoiding 
yellowing and ethylene formation for four days at 20 °C, 
while blue LED treatment did not affect retaining green 

colour. 

(56) 

 Broccoli (Brassica 
oleraceae) 
  

Green 
520 nm and 

2.6 Wm-2 
The shelf-life of broccoli was nearly three times longer than 

that of the control group by 2 days of treatment at 25 °C 
(11) 

Banana 
(Musa sp.) 

Red 655 nm and 6.32 Wm-2 

Banana fruits treated with red LED light for 8 days at 20 °C 
speed up the production of carotenoid pigments and the 
breakdown of chlorophyll. It also controls ATP levels and 

energy metabolism, accelerating fruit ripening and 
senescence. 

(95) 

Table 4. Effects of LEDs in ripening of fruits and vegetables  
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the biochemical and structural properties of the cell are the 

two main mechanisms behind the senescence process (54). 

Overproduction and buildup of ROS promote enzymatic 

alterations, membrane lipid, protein and macromolecule 

breakdown, ultimately destroying cells (55). LED lights (420–

700nm) can regulate senescence by reducing pigment 

degradation and influencing respiration and transpiration 

processes (45). Both red and blue LEDs postpone fruit and 

vegetable senescence by controlling other hormones to 

facilitate the synthesis of ethylene and ascorbates (56). 

  The main concern with maintaining broccoli at room 

temperature is that it causes yellowing and senescence, 

lowering its quality (57). Broccolis’ shelf life after harvest is 

considerably extended by green and fluorescent light 

treatment. The genetic expression of the gene, including 

zeaxanthin epoxidase, lycopene beta-cyclase (LCYb) and 

phytoene synthase (PSY), was also increased by blue and 

white LEDs (420-700 nm and 460 nm) in broccoli (58).  

 Several studies have demonstrated that the utilisation 

of LEDs delays turning yellow and ageing in certain fruits and 

vegetables, such as cabbage, spinach leaves, mandarin fruit, 

kiwifruit and Chinese kale (30, 59-61). 

 Ammonium buildup is significant during senescence 

and one key enzyme involved in its management is glutamine 

synthetase (GS). GS plays a crucial role in reassimilating 

ammonium and converting it into glutamine, which can be 

used in various metabolic processes. During senescence in 

darkness, the ammonium concentration increased 2.5 times; 

however, after 5 days of treatment with red or white light, 

there was no ammonium accumulation in basil leaves. 

Consequently, the senescence of basil leaves delayed by 

the red light pulses had the same effect as white light. In 

contrast to red light, far-red light did not lead to protein 

retention or a decrease in ammonium accumulation. 

Moreover, GS activity declined significantly under far-red light 

pulses than red light pulses (62). 

Effect of LED Light on the Pathogenic Effect of Fruits and 
Vegetables During Storage 

Several agricultural fields have used light-induced inactivation 

of microorganisms as a crop protection technique. LED 

illumination causes light to be absorbed by photosensitisers or 

photoreceptors, which then cause an effect by interacting with 

the biomolecules. The structure of microbial cells is disrupted 

by reactive oxygen species, leading to disintegration and 

preventing spoilage (63). Phospholipases D and A2 (PLD and 

PLA2) are integral components of lipid signalling in plants, 

essential for their immune response mechanisms (64). 

Overexpression of trans-phospholipases D and A2 (PLD and 

PLA2) in sPLA2 gene encoding, as well as the enzymatic 

substrates and products derived from them, play critical roles 

in the lipid signalling system and plant immune responses (64). 

 Near ultraviolet light stimulates sporulation in B. 

cinerea. Several fungal species, such as Penicillium, 

Aspergillus, Alteraria and others, have their toxic 

metabolism significantly inhibited by blue light (65, 66, 67). 

Endogenous porphyrins mediate the photoinactivation of 

Candida albicans by treatment with blue light (407-420 nm) 

and ALA (δ- aminolevulinic acid) of 0.03-600 mmol/l and 

precursors of endogenous porphyrins such as ALA methyl 

ester, enhances this process (68). Studies revealed that 

adding ALA to the light treatment would increase the 405 

nm lights’ inhibitory effect on B. cinerea spore germination 

(69). According to recent reports, the emission of LED light 

between 390 and 450 nm changes the process by which 

Penicillium normycium metabolises its toxins and impacts 

the proliferation of fungi (65). The antimicrobial effect of 

LED on fresh horticultural products has been mentioned 

(Table 5) 

Effect of LED light on food preservation 

Visible LEDs generate photodynamic processes, which give 

antibacterial characteristics. In response to specific 

wavelengths of light, endogenous porphyrins in bacteria 

promote the production of reactive oxygen species (ROS), 

ultimately resulting in bacterial cell death. (70). According to 

research conducted by (71), LEDs with 460 nm had a 

substantial effect on reducing bacterial activity and that 

effect increased with temperature. Liquid meals (Orange 

juice) were negatively impacted by the blue LEDs (460 nm), 

which also significantly changed the colour of food products. 

Blue LED lights primarily prevent bacterial activity by 

photodynamically inactivating microorganisms (PDI). When 

pineapples infected with Salmonella enterica were exposed to 

a 460 nm LED for 16°C illumination, the antibacterial effects 

were observed in Eschercia coli O157:H7, Salmonella 

typhimurium, Eschercia. coli  K12  and   Salmonella enteritidis, 

with the highest decline of 1.72 log CFU/g (72). A 405-nm LED 

decreased Salmonella in freshly cut papaya by 1-1.2 log CFU/

Fruits & Vegetables Colour of LED 
Light 

Wavelength range and 
light intensity 

Remarks Reference 

Citrus                                    
(Citrus sp.) Blue 461 nm and 152 Wm-2 

After 18 hours of blue LED treatment at 25 °C, Penicillium 
italicum and Penicillium digitalatum fungal infections were 

inhibited in citrus fruits. 
(96) 

Tangerines                        
(Citrus reticulate) 

Blue 456 nm and 8.6 Wm-2 

Compared to continuous dark conditions, fungal 
colonisation in "Fallglo" tangerines was significantly 

decreased by alternating cycles of 12 hours of 456nm blue 
light and 12 hours of darkness at 5 °C. 

(97) 

Tomato                            
(Solanum lycopersicum) 

Blue 405 nm and 630 Wm-2 Prevent spoilage of harvested produce after 8 hours of 
treatment; lower the outbreak of A. niger spores. 

(98) 

Green grapes 
(Vitis vinifera) 

UV 405 nm and 37.2 Wm-2 

The control samples are prone to fungal infection from 
Guignardia bidwellii. However, testing the LED-48h at 29 °C 

showed remarkable effectiveness in inhibiting fungal 
growth, as observed through colour development and 

morphology. 

(98) 

Table 5. Effects of LEDs on mitigating pathogenic impact of fruits and vegetables  
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cm2 (73). Three Listeria monocytogenes and five Salmonella 

types on fresh-cut mangoes were reduced to less than 1.6 log 

CFU/cm2 after 36-48 h of LED exposure (74). LED treatment 

with 405 nm on Salmonella enteritidis inoculation in cooked 

food (75). A combined exposure of 3.8 kJ/cm2 at 4 °C 

decreased to 0.8-0.9 log CFU/cm2. Fresh-cut broccoli florets 

stored at 5 °C for seven days treatment, LEDs improved the 

sulforaphane content concerning darkness, reporting over 40 

% increases for blue (465 nm) and far red (670 nm) treatments 

with 10.4 Wm-2 light intensity (76). 

Challenges and Future Prospects of LED Technology 

Over the past ten years, LED technology has significantly 

expanded worldwide, rapidly displacing conventional lighting 

systems like incandescent bulbs, fluorescent lamps and high-

intensity discharge (HID) lights in various sectors. Researchers 

have explored non-thermal methods as alternatives to 

chemical treatments. LED technology is becoming 

increasingly popular due to its superior characteristics to 

traditional lighting. 

 Implementing LED treatments in commercial supply 

chains is cost-effective due to their energy efficiency, 

significantly reducing power consumption compared to 

traditional lighting. This energy savings, combined with the 

longevity of LEDs, lowers overall maintenance and 

replacement costs, making them financially advantageous for 

extensive storage facilities. Additionally, LEDs can enhance 

the shelf life and nutritional quality of produce, thereby 

reducing waste and increasing market acceptability, leading 

to higher financial returns. The technologys’ adaptability 

allows for scalability across various operational sizes, 

ensuring that it remains effective as demand for sustainable 

food production rises. While the initial investment may be 

higher, long-term savings and improved yields make LED 

systems a viable and attractive option for large-scale 

agricultural operations. 

 LED research is focused mainly on red and blue 

combinations, which are just beginning to achieve their 

future potential. Still, additional spectra besides the red and 

blue ones are valuable for research purposes. Green light 

has been claimed to reduce the harmful effects of 

continuous lighting. However, most of the research in this 

area is laboratory-based and must be implemented in 

actual food distribution processes. Retail stores can link this 

technology with additional factors, including packing or 

temperature, to boost effectiveness (77). 

 In developed nations, LED technology offers the 

potential to enhance safety and reduce post-harvest fruit 

and vegetable losses. However, risk assessment is a 

significant issue when utilising LEDs in post-harvest 

management. Research indicates that LEDs can influence 

the amount of phytochemicals in fruits and vegetables, 

which have positive and negative effects. Notably, the 

quality of light, particularly during artificial lighting, plays a 

vital part in regulating production, such as nitrate, a 

potentially toxic substance. The influence of light on 

consumer health and eye safety, especially during the 

installation of LED lighting on retail shelves, requires further 

investigation. Some studies have suggested a potential 

influence of blue light on retinal health and associated risks. 

Consequently, additional research is necessary to fully 

understand and address the implications of using LEDs to 

handle horticultural crop products after harvest. 

 

 

 

 

Conclusion  

LED lighting is emerging as a valuable tool in horticulture, 

enhancing post-harvest handling and storage of fruits and 

vegetables. LEDs regulate produce quality by emitting 

specific wavelengths, influencing bioactive compounds, 

nutritional value and secondary metabolites. Research 

highlights their ability to boost antioxidants, extend shelf 

life and reduce waste by modulating ripening rates. 

Additionally, LEDs inhibit microbial growth, improving food 

safety and minimising spoilage. LEDs offer sustainability 

benefits in commercial storage and distribution by reducing 

energy consumption and enhancing food preservation. 

Their integration into packaging, precooling and 

refrigerated transport can further optimise supply chains. 

Moreover, LEDs improve market display conditions, 

maintaining freshness and increasing consumer appeal. 

However, careful spectrum selection is essential, as some 

wavelengths may increase harmful substances like nitrate. 

There are also concerns about prolonged blue light 

exposures’ impact on retinal health, particularly in retail 

environments. Future research should focus on identifying 

optimal wavelengths for microbial control and maximising 

energy savings. In conclusion, while the advantages of LEDs 

in post-harvest practices are significant, further research is 

needed to understand potential risks to both produce 

quality and consumer health. The continued adoption of 

LED technology promises a more efficient and sustainable 

horticultural industry. 
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