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Strawberry is one of the most consumed fruits in the world, and due to its perishability, 
there is a need for new preservation technologies capable of extending its shelf life. An 
alternative for the preservation of short shelf life fruits is refrigeration associated with LED 
lights. In this context, the present study evaluated the effect of white LED light in straw-
berry preservation at the postharvest condition. Strawberry samples were stored in a per-
forated package under refrigeration (5 °C), in the presence and the absence of a white LED 
light. Samples were stored for seven days, and analysis was performed on days 0, 2, 4, and 
7. Strawberry samples were analysed according to the physical, nutritional, and sensori-
al indexes. The results showed that white LED light incidence on strawberries results in 
higher transpiration rates (1030.3 ± 78.2 mg kg-1 h-1), ascorbic acid degradation (85%), and 
instability in the total polyphenols content. The sensorial evaluation showed no influence 
from the presence or absence of white LED light in strawberry preservation of the visual 
quality. In brief, the results encourage the market to develop new refrigeration technolo-
gies, emphasizing that the use of white LED light, during the postharvest stage, can reduce 
strawberry preservation.    

1. Introduction

1

Strawberry is a fruit with sensory characteristics that 
make it appealing to consumers, such as its bright red 
colour, distinct aroma, soft texture, and slightly acidic 
flavour. According to Musa et al. (2015), strawberry 
is a potential source of bioactive compounds, such as 
vitamin C and phenolic compounds. However, this 
non-climacteric fruit has a delicate skin that is prone 
to surface crushing (Zhang et al., 2018), and has a 
short shelf life (Lan et al., 2019; Finardi et al., 2022).

As a result of its high susceptibility to mechanical in-

jury, water loss, microbial and physiological deterio-
ration, and high respiration rate (Nguyen et al., 2020), 
postharvest handling and storage of this fruit is a com-
plex matter. Hence, due to the high perishability and 
physiological activity of strawberries during the post-
harvest period, fast cooling at low temperatures is the 
most appropriate method for controlling strawberry 
senescence (Han et al., 2004; Hoffmann et al., 2021a).

Despite the high price, there is an increasing demand 
for fresh strawberries.  For this reason, alternatives to 
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increasing the distribution ratio and extending straw-
berry shelf life are of interest (Almenar et al., 2006). 
Besides storage at optimal temperature for preser-
vation, the combination of low temperature with in-
novative technologies, such as ozonation (Soares et 
al., 2018), food coating (Angioletti et al., 2020), in-
telligent and active packaging (Hoffmann et al., 2019, 
Hoffmann et al., 2022), and UV and LED lights appli-
cation has been discussed in the literature (Finardi et 
al., 2021). 

Light-emitting diodes (LEDs) are lighting devices 
with high photoelectric efficiency, low thermal out-
put, compactness, and portability and are easily inte-
grated into electronic systems (D'Souza et al., 2015). 
This solid-state lighting can be applied to postharvest 
preservation, as it can affect the secondary metabo-
lite of plants (Kasim & Kasim, 2017). The role of LED 
light is to delay the senescence of perishable fruits and 
vegetables, allowing them to be modified in terms 
of their nutritional content, fruit ripening rate, and 
prevention of fungal infections, which reduces food 
spoilage (D’Souza et al., 2017).

Jiang et al. (2019) claimed that the use of light-emit-
ting diodes has some advantages when applied to ex-
tend the shelf life of harvested fruits and vegetables. 
LED used in postharvest storage can delay senes-
cence, provide nutritional enhancement, and reduce 
microbiological deterioration. Chong et al. (2022) 
also observed the contribution of LED light to the in-
activation of microorganisms (Rhizopus stolonifer and 
Botrytis cinerea) and the physicochemical properties 
of strawberries. On the other hand, some negative ef-
fects were also observed. According to Hasperue et al. 
(2016), the use of LED light in broccoli preservation 
caused a higher weight loss, which resulted from the 
opening of the stomata when exposed to LED. 

In strawberries preservation, it was observed that the 
long exposure to LED light caused an increase in the 
transpiration rate (Duarte-Molina et al., 2016). In 
addition, Xu et al. (2014) evaluated the application 
of blue LED light in strawberries and the results ev-
idenced the accelerated ripening by the increase in 
respiration and ethylene production. However, the 
use of blue, red, and green LED improved anthocya-
nin content in strawberries, when compared with the 
storage under dark conditions. The vitamin C content 
was preserved under blue and green LED lights and 

total phenolics production was stimulated under blue 
LED light (Kim et al., 2011, D'Souza et al., 2015).

In light of these considerations, this research objective 
is to investigate the effects of white LED incidence in 
strawberry preservation during postharvest storage. 
For this reason, the strawberries were submitted to 
different storage conditions (presence and absence of 
white LED), under refrigeration. 

2. Materials and methods

2.1 Postharvest treatment and storage conditions

Strawberry samples were harvested from a hydropon-
ic cultivation system in Indaial, Santa Catarina (Bra-
zil). Fresh fruit sample selection was based on their 
uniform size (length/width of about 0.9-1.2), weight 
(15-20 g), colour (uniform colour all over the straw-
berry surface and between the samples), and maturity 
(30 days), as well as the absence of mechanical dam-
age and diseases. Once harvested, samples were im-
mediately transported, under refrigerated conditions 
(cooled box), within 1 hour, to the Laboratory of Food 
Preservation & Innovation (University of Blumenau). 

Before storage, strawberry samples were washed un-
der running water and the remaining surface water 
was removed with absorbent paper by applying gentle 
pressure. Then, the samples were packaged in polyeth-
ylene terephthalate material (15 cm x 13 cm x 5 cm), 
with 3 perforations of 1.5 cm of diameter at the cover. 
Each package included 4 samples of strawberries. 

The samples were stored under dark and white LED 
light conditions, with 2 lx and 180 lx of luminosity, 
respectively. The white LED light was adjusted at 25 
cm of distance from food samples and the white LED 
light power was 7.2W. In both conditions, the pres-
ence and the absence of light, were evaluated in straw-
berry preservation, for 7 days at 5 °C, in BOD (Bi-
ochemical Oxygen Demand) chamber, and samples 
were analysed on days 0, 2, 4, and 7. Physical, nutri-
tional, and sensorial indexes were collected in order 
to validate the effects of white LED light in strawberry 
preservation. For this reason, mass variation, transpi-
ration rate, total polyphenols, ascorbic acid (AA), and 
sensorial analyses were conducted. 
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2.2 Physical index: mass variation and transpira-
tion rate

Strawberry mass variation was determined based on 
each sample weight, over time. Mass variation (MV) 
was calculated from the initial (Mi, immediately af-
ter arrival at the laboratory) and final mass (Mf), as 
shown in Equation 1. The MV results were expressed 
as a percentage of mass loss/variation according to the 
fresh mass.  
    

In addition, the strawberry transpiration rate (TR) 
was calculated per unit of initial mass and time (t), 
according to Equation 2 (Hoffmann et al., 2021b). 

2.3 Nutritional index: ascorbic acid and total 
polyphenols

Ascorbic acid (AA) content was measured using 
2,6-dichloroindophenol, according to AOAC (2005). 
Strawberry samples (10 g) were grounded in a com-
mercial processor (NPRO, Arno), for 3 min. The AA 
content was extracted from the ground material with 
oxalic acid 1%, for 15 min under dark conditions. 
Subsequently, the filtered extraction solution was ob-
tained through a paper filter (C41, Unifil). Three ali-
quots of the filtrate were titrated with 2,6-dichloroin-
dophenol and the results were expressed in mg of 
ascorbic acid 100 g-1 of fresh weight (FW). 

Total polyphenols content was determined using the 
Folin Ciocalteau method (Nguyen et al., 2020), where 
the results were expressed in mg of gallic acid 100 
g-1 of fresh weight (FW). Briefly, strawberry samples 
(10g) were macerated and mixed with 20 mL of eth-
anol 96%. The solution was centrifuged (HERMLE, 
Z300K) at 4°C, for 10 min. The supernatant was col-
lected and reacted with Folin Ciocalteu reagent and 
sodium carbonate 20% (w/v). The mixture was meas-
ured at the absorbance of 765 nm (UV-1800, SHI-

MADZU) and compared to the standard curve, which 
was developed using a standard solution of gallic acid. 

2.4 Sensorial index: strawberry visual quality

The visual quality characteristic of strawberries was 
evaluated throughout the storage period by a sensory 
panel of five trained judges. Sensorial evaluations were 
carried out immediately after removing the straw-
berries from storage (5 °C), in an individual sensory 
booth, with control of the lighting, temperature, and 
the absence of noise (Meilgaard et al., 2016). A nine-
point hedonic scale, from excellent (9) to extremely 
poor (1), was used to evaluate the visual quality. This 
attribute was analysed considering food appearance, 
related to freshness, colour change, wilting, decay, and 
damage. A score of 6 was considered the shelf-life limit 
for strawberries.  The execution of this project, which 
contemplates the participation of human beings, was 
approved by the Ethics Committee on Research with 
Human Beings at the University of Blumenau (CAAE: 
48613415.1.0000.5370).

2.5 Statistical analysis

Data were subject to Tukey’s test, at a 5% level (p < 
0.05) of significance, in Statistica software 7.0 version 
(Box et al., 2005). All analyses were performed in 
triplicate and the results are reported as the mean ± 
standard deviation.

3. Results

3.1. Mass variation

Figure 1 presents the mass variation results for straw-
berries stored under white LED light and in the dark. 
Strawberries lost weight at rates of 519.9 ± 76.4 mg 
kg-1 h-1 (under dark) and 1030.3 ± 78.2 mg kg-1 h-1 (in 
white LED light) in storage conditions, after 7 days. 
The results of mass variation showed that strawber-
ries, submitted to white LED light, lost 19% of their 
weight, while strawberries in the dark, only 8% at the 
end of storage. 

3.2. Ascorbic acid and total polyphenols

The lack of stability in ascorbic acid (AA) content 
resulted in a significant decrease (p < 0.05) in both 
storage conditions, with white LED light presenting 

(1)

(2)
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higher reductions (85%) than storage in the dark 
(69%). Figure 2(a) presents the ascorbic acid content 
in strawberries during refrigerated storage. 

AA degradation was modelled by first-order kinetics 
since the natural logarithm of the ratio between AA 
and initial AA (AA0) against time is well described by 
a straight line, as presented in Figure 2(b). Lines for 
each ascorbic acid degradation, under dark and white 
LED light, were LN(AA/AA0)=-0.1484t, R2=0.8927, 
and LN(AA/AA0)=-0.2437t, R2=0.9314, respectively. 
Strawberry stored under white LED light degraded 
1.64 times faster than strawberry stored in the dark. 
The total polyphenols results are presented in Table 1.  
The results showed that both storage conditions did 
not negatively influence the total polyphenols con-
tent, where an increase was reported. 

3.3 Sensorial analysis 

Figure 3 presents images of strawberries under the 
white LED light (a) and in dark (b). Strawberry im-
ages reveal that, after the 4th day of storage, microbial 
(mould) proliferation became more intense and visi-
ble. In addition, drip loss is observed at the bottom of 
the package on the last day of storage.
Strawberry visual quality showed great results on the 
first day (after harvest), with a small reduction at the 
beginning of storage (2nd day), as presented in Figure 
4. The main reason for this reduction, in visual qual-
ity, is the presence of small bruises on the strawberry 
surface and loss of luminosity in the samples due to 
mass loss. A more intense reduction, in visual quality, 
was registered after the 4th day, due to the presence of 
microbial proliferation. However, no significant dif-
ference (p>0.05) was observed in the preservation of 
the strawberry, when comparing the different condi-
tions (white LED light and in the dark).

Figure 1. Strawberry mass variation under white LED light (×) and in the dark (•). Means ± SD (n = 3) 
with different letters are significantly different at 5% level, between white LED light and dark condition.
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4. Discussion

Mass variation is mainly associated with respiration 
heat and evaporative cooling from the food surface, 
in response to transpiration. Both processes, transpi-
ration, and respiration play an important role in water 
maintenance in the postharvest quality of strawber-
ries (Hoffmann et al., 2021b). The higher transpira-
tion rate observed in strawberries stored under the 
white LED light was circa 2 times higher than the one 

observed in the absence of light, consequently result-
ing in the higher mass loss (mainly associated with 
the loss of water). Duarte-Molina et al. (2016), also 
observed higher mass loss in strawberries treated with 
a longer exposition of light and related this result to 
the tissue injury caused in strawberry samples due 
to light incidence. Photorespiration can additionally 
play an important role in strawberry transpiration un-
der the white LED light once the achenes present in 
the strawberry, even after postharvest, have photosyn-

Figure 2.  Strawberry ascorbic acid (AA) content in (•) dark and (×) white LED light (a), and AA degra-
dation (b) during the storage time. Means ± SD (n = 3) with different letters are significantly different at 
5% level, between white LED light and dark condition. AAO is the ascorbic acid at the initial of storage.
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thetic capacity due to chlorophyll incomplete decom-
position, which leads to photorespiration (Meyerhoff 
and Pfündel, 2008). This physiological process has a 
direct effect on the metabolism and transpiration from 
fresh food produce, such as strawberries.  According 
to Sastry and Buffington (1983), water removal from 
fresh food produce is assisted by evaporative heat due 
to the respiration mechanism, in which metabolism 
provides heat. For this reason, several studies recom-
mend reducing the respiration rate to preserve fresh 

food produce (Chaomuang et al., 2019, Hoffmann et 
al., 2021a).    

In accordance with mass loss, the ascorbic acid (AA) 
also presented a superior level of degradation under 
white LED light, when compared to dark condition, 
with approximately 16% higher AA degradation, af-
ter 7 days of storage. Xu et al. (2014), in a study with 
strawberries stored under blue LED light, obtained 
a higher level of ascorbic acid after 4 days, with ap-

Total polyphenols (mg gallic acid 100g-1 FW)

Day Dark White LED
0 1.8±0.1a 1.8±0.1ab

2 1.8±0.2a
1.7±0.1a

4 1.9±0.0a
1.9±0.1ab

7 2.0±0.0a 1.9±0.1b

Table 1. Total polyphenols under the presence and absence of white LED light. (Means ± SD (n = 3), with 
different letters, are significantly different between white LED light and dark condition, at 5% level)

Figure 3. Visual quality of strawberry under white LED light (a) and in the dark (b), during 
the 7 days refrigerated storage. 
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proximately 1.25 mg g-1 FW, at the end of 12 days of 
storage. On the other hand, the AA content in spin-
ach, exposed to white LED light, showed 32% higher 
degradation than the samples stored in the dark, after 
16 days of storage (Toledo et al., 2003). The AA is an 
unstable vitamin present in strawberries. According 
to Klein (1987), some of the factors that have an im-
portant influence on AA content in food are tempera-
ture, pH, and light incidence. The reduction of ascor-
bic acid in strawberries can also be related to the mass 
loss (higher under white LED light) since the water 
movement, from the inside to the surroundings of the 
strawberries, carries other substances therein, such as 
vitamins, pigments (Ramallo and Albani, 2004, Agüe-
ro et al., 2011).  

The increase in total polyphenols content in strawber-
ries can be associated with the mass loss since the wa-
ter reduction from the samples resulted in an increase 
in polyphenols concentration. This correlation was 
presented by Agüero et al. (2011), who demonstrat-
ed that the quantification of the nutritional content in 
lettuce, when dealing with dried weight basis, reduces 
during food storage. In contrast to the fresh weight 

basis, which does not consider the water reduction 
from food and, for this reason, the results from sub-
stances are presented in higher levels. Despite the 
total polyphenolic compounds presenting similar re-
sults in both conditions evaluated in this study (white 
LED light and dark condition), the mass loss was 
significantly higher in the strawberries stored under 
white LED light, which may have provided a higher 
concentration in total polyphenols when results were 
presented in fresh weight basis. This observation led 
to the analysis that the total polyphenols under white 
LED light could be more degraded in this condition. 

The visual quality presented no significant difference, 
in the strawberry preservation, under the presence 
and absence of white LED light, as shown by the sen-
sorial analysis. The main factor that controlled the 
visual quality in this study was microbial proliferation 
because when moulds were visually present, after the 
4th day, the sensorial scores dropped significantly. 
Both conditions, white LED light and dark condition, 
provided microbial proliferation, on a visual scale, at 
the same period, which can suggest that the different 
conditions did not influence this result. However, a 

Figure 4. Visual quality white LED light and in the dark condition, in strawberry preservation under refrig-
eration, during the 7 days storage.  (---) represents visual acceptance limit.
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deeper study on microbial quantification is needed. 
In addition to microbial proliferation, the influence of 
tissue damage and bruising at the strawberry surface 
can also decrease sensorial scores.

5. Conclusion

The white LED light, when applied in the postharvest 
preservation of strawberries, had presented a negative 
effect, which can be mainly associated with photores-
piration, caused by light incidence. This physiological 
process, stimulated by light, accelerated the mass loss 
by increasing the transpiration rate and, consequently, 
provided higher degradation of the ascorbic acid and 
total polyphenols content present in the strawberries. 
The sensorial scores, evaluated according to the visual 
quality, did not present influence from the presence 
or the absence of white LED light, while the microbial 
proliferation played an important role in the senso-
ry evaluation, by reducing its visual quality value. In 
summary, the effects of the white LED light observed 
in strawberry indicates that, during the postharvest 
stage, this fruit storage should be conducted in the ab-
sence of light (white LED light) to preserve its organo-
leptic properties for longer.  
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