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1. Introduction
Blackberries are widely cultivated and consumed as fresh 
or frozen fruit as well as dietary supplements worldwide 
as an essential source of biochemicals with great nutra-
ceutical value (Milosevic et al., 2012). This fruit is rich in 
dietary fibers, carbohydrates, minerals and vitamins, and 
functionally bioactive compounds such as anthocyanins, 
catechins, flavanols, and flavones (Gündoğdu et al., 2016). 
These characteristics have induced the rapid development 
of blackberry cultivation for various purposes such as 
fresh consumption, nutraceutical markets, and other in-
dustrial uses. However, compared to other horticultural 
crops, they have a relatively limited shelf-life duration of 
approximate 3 to 5 days even under cold storage because 
of their highly perishable texture, which makes it difficult 
to conserve them without prestorage treatments (Guzmán 
et al., 2018). Using synthetic chemicals is still a common 
strategy worldwide to prevent postharvest diseases of fresh 
produce during cold storage. However, the random use of 

synthetic chemicals can be harmful to human and environ-
mental health. Recent improvements in postharvest tech-
nologies have positively affected the food supply chain for 
the maintenance of marketable quality of products, sup-
porting a better relationship between demand and supply 
in the food industry. Among them, UV-C light exposure, 
as a healthy postharvest treatment, is reported to trigger 
defense physiology in many agricultural products includ-
ing fruits and vegetables. Sole or combined usage of UV-C 
irradiation with other nonchemical and environmentally 
friendly strategies has been widely proven to maintain the 
postharvest quality of perishable products such as straw-
berries (Nigro et al., 2000), tomatoes (Charles et al., 2005), 
and table grapes (Sabir et al., 2021). A previous study using 
stem-excised ‘Michele Palieri’ grape berries revealed that 
UV-C irradiation was effective in maintaining the fresh-
ness and organoleptic quality of the berries, even though 
it was not capable of delaying the weight loss of the ber-
ries (Sabir et al., 2020). Many studies have indicated that 

Abstract: Fresh blackberry fruits have easily perishable tissue and therefore have a very short postharvest storage life, although custom-
ers and marketers desire a longer shelf life. The ever-increasing demand of the world population for residue-free functional foods has 
motivated scientists to investigate environmentally friendly methodologies for the quality extension of perishable products like fresh 
blackberries. The present study was performed to determine the influences of UV-C treatment and chitosan coating on the extension 
of postharvest bioactive compounds and the marketable quality of fresh blackberry (Rubus fructicosus L.) fruits. Organically produced 
‘Jumbo’ blackberry fruits were sorted into four equal groups for postharvest treatments: (a) untreated berries as a control, (b) UV-C 
irradiation for 5 min at 254 nm, (c) coating with 1% chitosan, and (d) UV-C + chitosan. After these treatments, blackberry fruits were 
stored in polypropylene cups of 12 × 15 cm at 1 ± 0.5 °C and 85% relative humidity for 14 days. Blackberries were sampled on the first 
day (day 0) and the 4th, 7th, 10th, and 14th days during cold storage. At the end of the 14-day storage period, the greatest weight loss 
was determined in control fruits (3.04%) while the lowest was found for UV-C irradiation + chitosan coating (1.59%). The activity of the 
polygalacturonase enzyme was significantly restricted by all treatments with the highest effect of UV-C + chitosan treatment, which also 
provided the best visual quality during storage. UV-C + chitosan was also the best treatment for delaying the changes in soluble solid 
content, titratable acidity, L*, C*, h°, antioxidants, ascorbic acid, and total anthocyanins. Overall, the findings revealed that postharvest 
chitosan coating at 1% concentration following UV-C irradiation at 254 nm for 5 min could be proposed as an effective, safe, healthy, 
ecofriendly, and sustainable strategy for extending the bioactive compounds and marketable quality of fresh blackberry fruits.

Key words: Blackberry, postharvest physiology, cold storage, bioactive compounds, edible coating, polygalacturonase

Received: 23.03.2023              Accepted/Published Online: 09.08.2023              Final Version: 01.12.2023

Research Article

This work is licensed under a Creative Commons Attribution 4.0 International License.

https://orcid.org/0000-0002-7399-4523
https://orcid.org/0000-0002-4307-964X
https://orcid.org/0000-0003-1596-9327


ÜNAL et al. / Turk J Agric For

908

chitosan coating, as an N-acetylated derivative of the poly-
saccharide chitin, is an excellent alternative application 
as a naturally degradable organic material that possesses 
eliciting capacities and antimicrobial potential without 
modulating the sensorial quality characteristics of fruits 
and vegetables (Sharif et al., 2018). Chitosan is among the 
most widespread edible coatings used to extend the quality 
of fruit by delaying weight loss and suppressing fruit dete-
rioration along with prolonged cold storage (Sabir et al., 
2020). This substance is a linear cationic polysaccharide 
with a high molecular mass of β-(1–4)-2-acetamido-D 
glucose and β-(1–4)-2-amino-D-glucose derivative from 
chitin (Mansilla et al., 2013). In the food industry, chi-
tosan is known as a nontoxic and biodegradable product 
for extending the quality of perishable fresh fruits such as 
strawberries, avocado, and papaya due to its excellent film-
forming characteristics (El Ghaouth et al., 1991; Bautista-
Baños et al., 2003; Elsabee and Abdou, 2013; Bill et al., 
2014). However, the existing literature suggests that there 
is not enough experimental information about the effects 
of chitosan coating on the postharvest life of fresh black-
berries, especially when used in combination with other 
healthy strategies like UV-C irradiation. Therefore, the 
aim of the present study was to evaluate the effectiveness 
of chitosan and UV-C treatments alone or in combination 
to extend the postharvest quality of blackberry fruits dur-
ing cold storage.

2. Materials and methods
2.1. Fruit material
Organically produced blackberry fruits (Rubus fructicosus 
L.) of the ‘Jumbo’ cultivar were harvested from a glass-
house at Selçuk University (Konya, Türkiye) in 2021 at the 
commercial ripening stage, when the fruit attained a culti-
var-specific dark color and its soluble solid content (SSC) 
reached 11.2%, in the early morning. They were then im-
mediately transported to the laboratory in a frigorific ve-
hicle. Blackberry fruits were chosen according to fruit size, 
color, and defects of the fruits and unhealthy and damaged 
fruits were discarded. The selected fruits were disinfected 
with sodium hypochlorite (100 µL/L) for 5 min and air-
dried at 24 ± 1 °C under laboratory conditions for 1 h. The 
fruit pedicels were gently cut using sanitized sharp scis-
sors, allowing 1–2 mm of the berry pedicel. The blackber-
ries were then randomly divided into four equal treatment 
lots, including: (a) untreated berries as the control, (b) ir-
radiation with UV-C, (c) coating with chitosan, and (d) 
UV-C + chitosan. 
2.2. UV-C and chitosan treatments
For the UV-C applications, two groups of fruits (UV-C 
alone and UV-C + chitosan coating) were irradiated at 
254 nm for 5 min in a steel chamber with two germicidal 
low-pressure mercury-vapor discharge lamps (15 W, Phil-

ips, Amsterdam, the Netherlands) with an emitting qua-
si-monochromatic UV-C radiation characteristic as ex-
plained by Xu et al. (2017). The blackberries were placed in 
metal wire-fence trays in a single layer about 12 cm away 
from the UV-C irradiation lamps. Fruits were exposed to 
the UV-C irradiation by ceiling and bottom lamps to en-
sure homogeneous irradiation (Sabir et al., 2021). 

The chitosan solutions (Sigma-Aldrich, St. Louis, MO, 
USA), used at 1% as recommended by Sabir FK et al. 
(2019) for fresh berry fruits, were obtained by dissolving 
10 g of chitosan using 10 mL (v/v) of acetic acid with 1 L of 
distilled water as described by Tezotto-Uliana et al. (2014). 
To completely cover the blackberry fruits with chitosan, 
they were dipped in the chitosan solution for 5 min. After 
coating, the fruits were kept at 24 ± 1 °C under laboratory 
conditions with slow air movement for 2 h, allowing any 
moisture on the fruits to evaporate. 
2.3. Storage conditions 
After treatments, about 300 g of fruits from each treatment 
was placed into a polypropylene cup of 12 × 15 cm, which 
was wrapped using a monolayer film polyester (thickness: 
18 µm). The blackberry cups, with approximate surface 
area of 100 cm2, were hermetically covered and stored at 1 
± 0.5 °C and 85% relative humidity for 14 days (Sabir and 
Sabir, 2013). 
2.4. Weight loss and visual quality 
Weight loss values were obtained with the following for-
mula: weight loss = [(A – B)/A] × 100, where A is the 
blackberry fruit weight obtained with a precision balance 
prior to treatment and B is the fruit weight recorded at 
each sampling date during cold storage (Karabulut et al., 
2004). The visual quality of the blackberry fruits was as-
sessed by six panelists with a nine-point hedonic scale as 
previously defined by Sabir et al. (2020), where 9 = excel-
lent appearance and freshness without any visible disorder, 
7 = good, 5 = fair (limit of commercial marketability), 3 = 
fair (moderate condition), and 1 = unusable (>50% soft or 
brownish fruits).
2.5. Soluble solid content, titratable acidity, and pH
To determine the SSC, titratable acidity (TA), and pH of 
the fruits, blackberries were weighed to about 150 g and 
subjected to a juice extractor in the laboratory (24 ± 1 °C) 
to obtain fruit juice. Blackberry juice was centrifuged in 
three replicates. For these juice samples, SSC was mea-
sured with a hand refractometer (model 9313, ATAGO 
Co., Tokyo, Japan) and recorded as a percentage. TA was 
determined by titrating 10 mL of the blackberry juice 
(eluted using 90 mL of distilled water) with 0.1 N NaOH 
to an end point of pH 8.1 (Mattiuz et al., 2009). TA was 
expressed as percentage of citric acid equivalent. pH was 
directly determined using a pH meter (HI 2211, Hanna 
Instruments, Woonsocket, RI, USA). 
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2.6. Fruit color
Thirty blackberry fruits for each treatment group were 
used to determine the fruit color parameters of chroma 
(C*), hue angle (h°), and lightness (L*) at equatorial points 
on the berry surface using a colorimeter (CR-400, Konica 
Minolta, Osaka, Japan) (McGuire, 1992). 
2.7. Total phenolic content and antioxidant activity
Extracts of blackberry fruits for total phenolic content 
(TPC) and antioxidant activity (AA) were obtained using 
the method proposed by Thaipong et al. (2006) with minor 
modifications. The blackberries were homogenized with 
pure methanol for 1 min using an Ultra-Turrax homoge-
nizer (T18 digital, IKA, Staufen, Germany) and then mixed 
at 4000 × g at 5 °C for 30 min. The supernatant phase was 
recovered and conserved at –20 °C in dark-colored glass 
bottles until use during cold storage. For TPC, the meth-
odology described by Singleton et al. (1999) was followed. 
An aliquot of 100 µL of each blackberry extract was mixed 
with 1.58 mL of water, 300 µL of sodium carbonate solu-
tion (200 g/L), and 100 µL of Folin–Ciocalteu reagent. The 
samples were then kept in the dark for 2 h at room tem-
perature (24 ± 1 °C). The absorbance read at 760 nm was 
recorded using a spectrometer (U-5100, Hitachi, Tokyo, 
Japan). TPC was calculated as gallic acid equivalents (mg 
GAE 100 g–1). The antioxidant capacity of the blackberry 
fruit sample was determined with the ferric reducing anti-
oxidant potential (FRAP) method as described by Benzie 
and Strain (1996). The reagent for FRAP was a solution of 
2.5 mL of 20 mM ferric chloride hexahydrate, 2.5 mL of 10 
mM 2,4,6-tripyridyl-1,3,5-triazine (TPTZ), and 25 mL of 
acetate buffer (pH 3.0). The reaction of this mixture was 
commenced when 0.5 mL of the supernatant was supple-
mented into 5 mL of FRAP solution. The incubation of the 
reaction mixture was carried out at room temperature for 
30 min and the absorbance was read at 630 nm. The anti-
oxidant capacity was expressed as µmol TE/g FW.
2.8. Ascorbic acid analysis
Blackberry samples of 5 g were ground with 45 mL of 0.4% 
oxalic acid in a Waring blender (Waring Commercial, Mc-
Connellsburg, PA, USA) and then the mixture was filtered 
with Whatman 42 filter paper (Sigma-Aldrich). Filtrate (1 
mL) and 2,6-dichlorophenolindophenol sodium (C12H6Cl-

2NO2-Na) solution (9 mL) were mixed and then the absor-
bance read at 520 nm was recorded using a spectropho-
tometer (Sabir F et al., 2019). 
2.9. Total anthocyanin content
Total anthocyanin content (TPC) was determined by 
pH differential methodology as described by Cheng and 
Breen (1991). Dilution was carried out by adding 1.9 mL 
of potassium chloride (pH 1.0) and sodium acetate (pH 
4.5) solutions to 0.1 mL of blackberry fruit extract. Sample 
absorbances were read at 520 nm and 700 nm against pure 

water with a spectrometer. TPC was expressed as cyani-
din-3-glucoside (mg/100 g).
2.10. Polygalacturonase analysis
The activity of polygalacturonase (PG) was determined by 
performing slight modifications to the dinitrosalicylic acid 
(DNS) method (Pathak and Sanwal, 1998). For PG analy-
sis, 100 µL of pectin solution was added to 20 µL of fruit 
sample and the solution was incubated in an oven at 30 
°C for 10 min. The solution was then mixed with 120 µL 
of DNS and incubated in a hot water bath (96 °C) for 4 
min. The solution was allowed to cool for 3 min on ice and 
samples were read at 530 nm using a spectrometer. 
2.11. Statistical analysis
A total of 48 polypropylene cups were used for this study, 
11 of which represented each postharvest treatment ex-
cluding the first analysis on day 0. Three cups (replicates) 
per treatment were used for each analysis during storage. 
Statistical analyses were carried out in triplicate for the 
four different treatments. Means and standard deviations 
were first calculated. The numerical data were analyzed us-
ing ANOVA and Student’s t-test at p < 0.05 with SPSS 13.0 
for Windows (Efe et al., 2000). Treatment × storage time 
interactions were evaluated according to least significant 
differences (LSDs) in tables or figures. 

3. Results and discussion
3.1. Physical characteristics of the fruits	  
The weight loss of fresh blackberry fruits significantly 
increased during the prolonged storage duration at 1 °C 
in all treatments (Figure 1). After 7 days of storage, fruits 
treated by UV-C, chitosan, and their combination had sig-
nificantly lower losses in weight than the control fruits. At 
the end of 14 days of storage, the highest weight loss was 
determined in control fruits (3.04%) followed by the UV-C 
treatment (2.08%). Weight loss of 6% is accepted commer-
cially, since fresh blackberries can easily lose their water 
by dehydration as they lack epicuticular wax (Paniagua et 
al., 2013). The fruits treated by UV-C + chitosan coating 
had the lowest weight loss (1.59%) compared to the con-
trol. Such a high reduction in weight loss could be due to 
induced physiological defense responses of the fresh fruits 
to UV-C (Stevens et al., 2004) and the selective barrier for-
mation of chitosan on the surface of the fruits (Elsabee and 
Abdou, 2013), which decreases respiration (Jiang and Li, 
2001) and slows the moisture loss of fresh produce (Tezot-
to-Uliana et al., 2014). 

The visual quality of the blackberries remained un-
changed for up to 7 days of storage, as shown in Figure 
2. After this period, there was a significant decrease in 
visual quality with the highest decrease observed in con-
trol fruits. In contrast, the lowest loss in visual quality was 
found in the fruits treated with a combination of UV-C 
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and chitosan (6.8), followed by those coated with chitosan. 
At the end of 14 days of storage, control fruits had very 
low visual quality scores (3.0), approaching unmarket-
able levels, while the UV-C-treated fruits were also almost 
unmarketable (4.8). These changes in visual quality corre-
lated with a gradual increase in fruit weight loss as previ-

ously demonstrated by Sabir F et al. (2019), who studied 
the postharvest physiology of blackberries as influenced 
by salicylic acid and CaCl2 immersion. Enzyme activities, 
respiration, and water loss accelerate postharvest senes-
cence in fresh fruits (Meneghel et al., 2008). An increase 
in these reactions leads to the rapid development of physi-

Figure 1. Changes in weight loss (%) of ‘Jumbo’ blackberry in response to postharvest UV-C and 
chitosan treatments. Mean values of three replications ± standard deviation. Values represent 
the means of weight loss measurements in three replicate cups. Vertical bars represent standard 
deviations.

Figure 2. Changes in visual quality (1-9 scale) of ‘Jumbo’ blackberry in response to postharvest 
UV-C and chitosan treatments. Mean values of three replications ± standard deviation. Values 
represent the means of measurements in three replicate cups. Vertical bars represent standard 
deviations.
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ological disorders, ultimately resulting in reduced visual 
quality and a shorter storage life. 
3.2. Biochemical characteristics
Table 1 shows that the SSC and TA values of fresh black-
berries significantly decreased during cold storage, where-
as pH values gradually but insignificantly increased as 
TA values declined over the extended storage period. The 
decline in SSC during the postharvest period has been 
reported for different berry fruits including strawberry 
(Ayala-Zavala et al., 2004) and blackberry (Joo et al., 2011). 
The highest changes in both SSC and TA were determined 
in control fruits while the lowest changes for these param-
eters occurred in fruits treated with UV-C + chitosan. 

An increase in the respiration rate after harvest is a 
well-known physiological phenomenon in vegetables and 
fruits (Jiang and Li, 2001; Ayala-Zavala et al., 2004), result-
ing in a reduction in SSC as organic sugars and acids are 
primarily substances for the respiration process (Meighani 
et al., 2015). The combined application of UV-C and chito-
san effectively delayed changes in the biochemical charac-
teristics of the blackberries. Regardless of the treatments, 
the pH value of the blackberries insignificantly increased 
as TA progressively decreased, since they are inversely re-
lated during storage. Similarly, in peaches, general acidity 
declined and pH increased slightly after the harvest (Kaki-
uchi et al., 1981).
3.3. Fruit color 
The ANOVA results revealed significant differences in 
the color attributes of the blackberry fruits due to treat-
ments and extended storage time (Table 2). All blackber-

ries showed gradual treatment-dependent decreases in 
C*, L* and h° values during storage. The decrease in color 
coordinates may be primarily attributed to the oxidation 
of phenolic compounds and other physicochemical pro-
cesses in fruits (Pathare et al., 2012), such as the formation 
of adducts or complex substances between anthocyanins 
and quinones (produced through polyphenol oxidation) 
and the weight loss that occurs during storage (Cortés Ro-
dríguez et al., 2020). The desirable red/purple-bluish color 
in blackberries is due to anthocyanins, and during the 
postharvest life of the fruit, certain variations occur in pig-
ments determining the fruit color (Mannozzi et al., 2018). 
At the end of the storage time, the highest changes in color 
parameters were observed in control fruits while the low-
est decreases occurred in the fruits treated with UV-C + 
chitosan, followed by chitosan coating alone. These results 
suggest that the chitosan barrier has a protective effect on 
berry skin, as previously demonstrated for minimally pro-
cessed fresh grapes cold-stored for 21 days after UV-C ir-
radiation and/or chitosan coating (Sabir et al., 2020). 
3.4. Bioactive compounds
The total anthocyanin content of blackberry fruits signifi-
cantly decreased during storage, although a slight increase 
was observed in the fruits treated with UV-C + chitosan 
during the first 7 days (Figure 3). At the end of 14 days 
of storage, the greatest degradation of anthocyanins (from 
366.5 mg/kg to 240.8 mg/kg) occurred in control fruits, at 
a rate of 33.2%, in comparison to those treated with UV-C 
+chitosan (18.7%). Ngo et al. (2006) found that total an-
thocyanins in strawberry fruits decreased by 69% over 60 

Table 1. Changes in SSC, TA, and pH of ‘Jumbo’ blackberry in response to postharvest UV-C and chitosan treatments.

Treatments
Storage time (days)
0 4 7 10 14

SSC Control 11.20 a 10.80 c 9.93 ef 9.40 h 9.33 h
Chitosan 11.00 b 10.07 e 9.47 h 9.73 g
UV-C 10.80 c 10.27 d 9.80 fg 9.47 h
Chitosan + UV-C 11.07 ab 10.33 d 9.93 ef 9.80 fg

TA Control 1.167 a 1.094 b 0.974 c 0.758 d 0.572 f
Chitosan 1.123 ab 1.083 b 0.805 d 0.627 ef
UV-C 1.149 ab 1.188 a 0.815 d 0.610 ef
Chitosan + UV-C 1.171 a 1.092 b 0.811 d 0.670 e

pH Control 3.37 3.48 3.48 3.56 3.73
Chitosan 3.49 3.45 3.51 3.63
UV-C 3.43 3.44 3.52 3.66
Chitosan + UV-C 3.41 3.42 3.46 3.61

Different letters following values indicate significant differences. LSD for SSC: 0.20; TA: 0.067; pH: N.S. 
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days of storage at ambient temperature. Anthocyanins, as 
bioactive phytochemicals, contribute to the nutritional 
value and organoleptic quality characteristics (Espín and 
Tomas-Barberan, 2001). The chemical stability of antho-
cyanins is the prime consideration of most recent studies 
because of their many potential uses as well as essential 

impacts and potential as alternatives to synthetic colorants 
in foods. Studies have shown that the postharvest antho-
cyanins of fresh berry fruits can decrease, remain stable, 
or even increase during storage (Mikkelsen and Poll, 2002; 
Kalt, 2005). The success of a storage process depends on 
maintaining the biochemical and physical characteristics 

Figure 3. Changes in total anthocyanin content (mg/kg) of ‘Jumbo’ blackberry in response to 
postharvest UV-C and chitosan treatments. Mean values of three replications ± standard deviation. 
Values represent the means of total anthocyanin analyses in three replicate cups. Vertical bars represent 
standard deviations.

Table 2. Changes in L*, C and h° values of ‘Jumbo’ blackberry in response to postharvest UV-C and chitosan treatments.

Treatments
Storage time (days)
0 4 7 10 14

L* Control 19.82 a 18.26 cd 17.77 cd 17.57 cde 15.75 g
Chitosan 19.09 ab 17.50 de 16.79 ef 16.82 ef
UV-C 19.18 a 17.71 cd 17.46 de 16.55 f
Chitosan + UV-C 19.08 ab 18.36 bc 18.19 cd 17.73 cd

C*

Control 2.87 cd 2.32 fgh 2.03 hi 1.71 i 1.69 i
Chitosan 3.02 bc 3.00 bc 2.76 cde 2.17 gh
UV-C 2.71 cde 2.61 def 2.45 efg 1.80 i
Chitosan + UV-C 3.69 a 3.24 b 2.97 bc 2.59 def

Hue

Control 0.60 a 0.57 b 0.43 fg 0.39 h 0.34 i
Chitosan 0.57 b 0.47 de 0.43 g 0.35 i
UV-C 0.57 b 0.46 ef 0.44 fg 0.36 i
Chitosan + UV-C 0.59 ab 0.50 c 0.48 cd 0.40 h

Different letters following values indicate significant differences. LSD for L*: 0.80; C*: 0.34; h°: 0.03.
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of the produce. Anthocyanins in fruits and vegetables un-
dergo enzymatic degradation during storage or process-
ing, since anthocyanins and other phenolic compounds 
are inevitably oxidized during prolonged storage. In the 
present study, UV-C + chitosan effectively protected an-
thocyanin compounds in fresh blackberries, likely by in-
hibiting enzymatic activity and oxidative degradation dur-
ing cold storage. 

Figure 4 shows the variation in TPC in response to 
treatments during storage. Initially, blackberries had TPC 
of 71.5 mg GAE/100 g. However, as the cold storage pro-
longed, TPC significantly increased across all fruit treat-
ments up to the 10th day of cold storage. The highest in-
crease was observed in control fruits (98.0 mg GAE/100 
g), while the lowest change occurred in those treated with 
UV-C + chitosan (89 mg GAE/100 g). After this point, 
TPC began to decline, likely due to cell structure break-
down resulting from physiological senescence (Macheix 
et al., 1990). This pattern is consistent with findings from 
Gol et al. (2015), who studied the effects of chitosan on 
Indian blackberry quality during cold storage. Phenolic 
compounds are extensively distributed as organically syn-
thesized substances in fruits and vegetables with high po-
tential to scavenge free radicals (Pila et al., 2010). They are 
key components of total antioxidant capacity and their in-
creased synthesis contributes to reduced microbial growth 
and enhanced antimicrobial activity (Dixon and Paiva, 
1995). Figure 5 illustrates the significant changes in the AA 

of the stored fruits. AA slightly decreased for all fruits up 
to the 10th day of storage, except for control fruits, which 
showed a sharp decline. Thereafter, the decline was more 
noticeable, with the lowest change determined in the fruits 
treated with UV-C + chitosan. These findings indicate that 
treated blackberries had significantly higher AA compared 
to control fruits for up to 10 days of storage. At the end of 
14 days of storage, the greatest protective effect was ob-
served in the fruits treated with UV-C + chitosan. Stewart 
et al. (1999) reported that extended storage durations lead 
to decreased AA due to O2-induced phenolic oxidation 
and ascorbic acid (vitamin C). The higher AA of black-
berry fruits at the end of 14 days of cold storage could be 
attributed to the reduced losses of bioactive substances, in-
cluding phenolic compounds and anthocyanins (Barman 
et al., 2014).

Figure 6 shows the changes in ascorbic acid retention 
in blackberry fruits during storage. The amount of ascor-
bic acid was significantly affected by the postharvest treat-
ments. Loss in ascorbic acid was easily noticeable in con-
trol fruits throughout the 14-day storage period, while all 
postharvest treatments significantly restricted the decrease 
in ascorbic acid during the 14 days of storage. At the end 
of the 14-day cold storage, the highest ascorbic acid was 
determined in fruits treated with UV-C + chitosan, closely 
followed by those treated with chitosan coating. These 
findings can be explained by the influence of chitosan 
treatment in slowing the ripening and effectively restrict-

Figure 4. Changes in total phenol (mg/100 g) of ‘Jumbo’ blackberry in response to postharvest UV-C and 
chitosan treatments. Mean values of three replications ± standard deviation. Values represent the means 
of total phenol analyses in three replicate cups. Vertical bars represent standard deviations.
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ing the metabolic activity, which can result in ascorbic acid 
oxidation. Fruits and vegetables are generally known for 
their rich vitamin C (ascorbic acid) contents, contributing 
to the human diet. It is also well established that ascorbic 
acid levels decrease as fruit ripening progresses (Lee and 
Kader, 2000).

3.5. Polygalacturonase (PG) activity
Figure 7 illustrates the effect of treatments on PG activity. 
The initial PG activity was 0.79 mmol/kg/h, and it gradu-
ally and significantly increased as previously reported in a 
similar blackberry storage study (Gol et al., 2015). PG ac-
tivity peaked at the end of the storage period (on day 14), 

Figure 5. Changes in antioxidant activity (µmol/kg) of ‘Jumbo’ blackberry in response to postharvest 
UV-C and chitosan treatments. Mean values of three replications ± standard deviation. Values represent 
the means of antioxidant activity analyses in three replicate cups. Vertical bars represent standard 
deviations.

Figure 6. Changes in ascorbic acid (mg/100 g) of ‘Jumbo’ blackberry in response to postharvest UV-C 
and chitosan treatments. Mean values of three replications ± standard deviation. Values represent the 
means of ascorbic acid analyses in three replicate cups. Vertical bars represent standard deviations.
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indicating that PG could show weak physiological action 
in the early stage of fruit storage (up to day 7). However, 
the blackberries treated with UV-C irradiation + chitosan 
coating had significantly lower PG activity. The control 
fruits showed a dramatic increase in PG activity after the 
7th day of storage, reaching 1.12 mmol/kg/h, while black-
berries treated with chitosan and UV-C had similar values 
of 0.97 and 0.99 mmol/kg/h, respectively. On the 10th day 
of storage, fruits treated with UV-C + chitosan had rough-
ly 22.3% PG activity in comparison to the control fruits. 
A study on the storage of perishable fruits like peaches 
showed that an increase in PG activity is directly corre-
lated with fruit senescence and physiological deterioration 
(Ruoyi et al., 2005). Thus, inhibiting PG activity is a crucial 
physiological consideration for extending the postharvest 
life of perishable fruits.

4. Conclusion
The present study demonstrated significant effects of post-
harvest UV-C irradiation (5 min, 254 nm) and 1% chito-
san coating on protecting the bioactive compounds and 
biochemical and marketable characteristics of organically 

produced ‘Jumbo’ blackberry fruits during 14 days of stor-
age at 1 °C and 85% relative humidity. Fresh fruits tend to 
lose weight, visual quality, and biochemical and bioactive 
compounds such as total anthocyanins and ascorbic acids, 
resulting in a decrease in antioxidants over time. These 
changes were significantly delayed by the treatments ap-
plied in this study, with the most effective protection pro-
vided by the combined UV-C and chitosan treatment. At 
the end of the 14-day storage period, control fruits had ex-
perienced considerable weight loss, while the lowest weight 
loss was observed in fruits treated with UV-C + chitosan 
coating. PG activity was effectively suppressed by the treat-
ments, with the greatest effect seen for UV-C + chitosan, 
resulting in the best marketable quality during storage. 
UV-C + chitosan was also superior in delaying changes 
in SSC, TA, L*, C*, h°, antioxidant activity, ascorbic acid 
content, and total anthocyanin values in fresh blackber-
ries. Therefore, using a 1% chitosan coating and UV-C ir-
radiation at 254 nm for 5 min can be recommended as an 
environmentally safe, sustainable, and healthy postharvest 
strategy for protecting bioactive compounds and market-
able quality in fresh blackberries. 

Figure 7. Changes in PG activity (mmol/kg/h) of ‘Jumbo’ blackberry in response to postharvest UV-C 
and chitosan treatments. Mean values of three replications ± standard deviation. Values represent the 
means of PG activity analyses in three replicate cups. Vertical bars represent standard deviations.



ÜNAL et al. / Turk J Agric For

916

 

References

Ayala-Zavala JF, Wang SY, Wang CY, Gonzalez-Aguilar GA (2004). 
Effect of storage temperatures on antioxidant capacity and 
aroma compounds in strawberry fruit. LWT - Food Science 
and Technology 37: 687-695. https://doi.org/10.1016/j.
lwt.2004.03.002

Barman K, Asrey R, Pal RK, Kaur C, Jha SK (2014). Influence of 
putrescine and carnauba wax on functional and sensory quality 
of pomegranate (Punica granatum L.) fruits during storage. 
Journal of Food Science Technology 51: 111-117. https://doi.
org/10.1007/s13197-011-0483-0

Bautista-Baños S, Hernández-López M, Bosquez-Molina E, Wilson 
CL (2003). Effects of chitosan and plant extracts on growth of 
Colletotrichum gloeosporioides, anthracnose levels and quality 
of papaya fruit. Crop Protection 22: 1087-1092. https://doi.
org/10.1016/S0261-2194(03)00117-0 

Benzie IFF, Strain JJ (1996). The ferric reducing ability of plasma 
(FRAP) as a measure of “antioxidant power”: the FRAP assay. 
Analytical Biochemistry 239: 70-76. https://doi.org/10.1006/
abio.1996.0292

Bill M, Sivakumar D, Korsten L, Thompson, AK (2014). The efficacy 
of combined application of edible coatings and thyme oil in 
inducing resistance components in avocado (Persea americana 
Mill.) against anthracnose during post-harvest storage. 
Crop Protection 64: 159-167. https://doi.org/10.1016/j.
cropro.2014.06.015 

Charles MT, Kalantari S, Corcuff R, Arul J (2005). Postharvest 
quality and sensory attributes of UV treated tomato fruit. 
Acta Horticulturae 682: 537-542. https://doi.org/10.17660/
ActaHortic.2005.682.67

Cheng GW, Breen PJ (1991). Activity of phenylalanine ammonia-
lyase (PAL) and concentrations of anthocyanins and phenolics 
in developing strawberry fruit. Journal of the American 
Society for Horticultural Science 116 (5): 865-869. https://doi.
org/10.21273/JASHS.116.5.865

Cortés Rodríguez M, Villegas Yépez C, Gil González JH, Ortega-Toro 
R (2020). Effect of a multifunctional edible coating based on 
cassava starch on the shelf life of Andean blackberry. Heliyon 6: 
e03974. https://doi.org/10.1016/j.heliyon.2020.e03974

Dixon RA, Paiva NL (1995). Stress-induced phenylpropanoid 
metabolism. Plant Cell 7: 1085-1097. https://doi.org/10.1105/
tpc.7.7.1085

Efe E, Berk Y, Şahin M (2000). SPSS’te Çözümleri ile İstatistik 
Yöntemleri. Kahramanmaraş, Türkiye: Kahramanmaraş Sütçü 
İmam Üniversitesi Rektörlüğü (in Turkish).

El Ghaouth A, Arul J, Ponnampalam R, Boulet M (1991). Chitosan 
coating effect on storability and quality of fresh strawberries. 
Journal of Food Science 56: 1618-1620. https://doi.
org/10.1111/j.1365-2621.1991.tb08655.x

Elsabee MZ, Abdou ES (2013). Chitosan based edible films and 
coatings: a review. Materials Science and Engineering: C 33: 
1819-1841. https://doi.org/10.1016/j.msec.2013.01.010 

Espín JC, Tomas-Barberan FA (2001). Phenolic compounds and related 
enzymes as determinants of fruits and vegetables quality. Journal 
of the Science of Food and Agriculture 81: 853-876. https://doi.
org/10.1002/jsfa.885

Gol NB, Pinal BV, Ramana Rao TV (2015). Evaluation of polysaccharide-
based edible coatings for their ability to preserve the postharvest 
quality of Indian blackberry (Syzygium cumini L.). International 
Journal of Fruit Science 15: 198-222. https://doi.org/10.1080/155
38362.2015.1017425

Gündoğdu M, Kan T, Canan İ (2016). Bioactive and antioxidant 
characteristics of blackberry cultivars from East Anatolia. Turkish 
Journal of Agriculture and Forestry 40: 344-351. https://doi.org/ 
10.3906/tar-1511-1578

Guzmán TM, Cuenca K, Tacuri E (2018). Caracterización de la 
poscosecha de la mora de castilla (Rubus glaucus) tratada con 
1-metilciclopropeno. Revista Ciencias Técnicas Agropecuarias 27: 
66-75 (in Spanish with an abstract in English).

Jiang Y, Li Y (2001). Effects of chitosan coating on postharvest life and 
quality of longan fruit. Food Chemistry 73: 139-143. https://doi.
org/10.1016/S0308-8146(00)00246-6

Joo M, Lewandowski N, Auras R, Harte J, Almenar E (2011). Comparative 
shelf life study of blackberry fruit in bio-based and petroleum-
based containers under retail storage conditions. Food Chemistry 
126: 1734-1740. https://doi.org/10.1016/j.foodchem.2010.12.071

Kakiuchi N, Tokita T, Tanaka K, Matsuda K (1981). Relationship 
between respiration, ethylene formation, chemical composition 
and maturation of peaches. Bulletin of the Fruit Tree Research 
Station of Yatabe 1: 57-77.

Kalt W (2005). Effects of production and processing factors on major 
fruit and vegetable antioxidants. Journal of Food Science 70: 
R11-R19. https://doi.org/10.1111/j.1365-2621.2005.tb09053.x

Karabulut OA, Gabler FM, Mansour M, Smilanick JL (2004). Postharvest 
ethanol and hot water treatments of table grapes to control gray 
mold. Postharvest Biology and Technology 34: 169-177. https://
doi.org/10.1016/j.postharvbio.2004.05.003

Lee SK, Kader AA (2000). Preharvest and postharvest factors influencing 
vitamin C content of horticultural crops. Postharvest Biology 
and Technology 20: 207-220. https://doi.org/10.1016/S0925-
5214(00)00133-2

Macheix JJ, Fleuriet A, Billot J (1990). Changes and metabolism of 
phenolic compounds in fruits. In: Macheix JJ (editor). Fruit 
Phenolics. Boca Raton, FL: CRC Press, Inc., pp. 149-238.

Mannozzi C, Tylewicz U, Chinnici F, Siroli L, Rocculi P et al. (2018). Effects 
of chitosan based coatings enriched with procyanidin by-product 
on quality of fresh blueberries during storage. Food Chemistry 
251: 18-24. https://doi.org/10.1016/j.foodchem.2018.01.015

Mansilla AY, Albertengo L, Rodriguez MS, Debbaudt A, Zuniga A et 
al. (2013). Evidence on antimicrobial properties and mode of 
action of a chitosan obtained from crustacean exoskeletons on 
Pseudomonas syringae pv. tomato DC3000. Applied Microbiology 
and Biotechnology 97: 6957-6966. https://doi.org/10.1007/
s00253-013-4993-8



ÜNAL et al. / Turk J Agric For

917

Mattiuz B, Miguel ACA, Galati VC, Nachtigal JC (2009). Efeito 
da temperatura no armazenamento de uvas apirênicas 
minimamente processadas. Revista Brasileira de Fruticultura 31: 
44-52 (in Portuguese with an abstract in English). https://doi.
org/10.1590/S0100-29452009000100008

McGuire R (1992). Reporting of objective color measurements. 
HortScience 27 (12): 1254-1255. https://doi.org/10.21273/
HORTSCI.27.12.1254.

Meighani H, Ghasemnezhad M, Bakhshi D (2015). Effect of different 
coatings on post-harvest quality and bioactive compounds 
of pomegranate (Punica granatum L.) fruits. Journal of Food 
Science and Technology 52: 4507-4514. https://doi.org/10.1007/
s13197-014-1484-6

Meneghel RFA, Benassi MT, Yamashita F (2008). Revestimento 
comestível de alginato de sódio para frutos de amora-preta 
(Rubus ulmifolius). Semina: Ciências Agrárias 29: 609-618 (in 
Portuguese with an abstract in English).

Mikkelsen BB, Poll L (2002). Decomposition and transformation of 
aroma compounds and anthocyanins during black currant 
(Ribes nigrum L.) juice processing. Journal of Food Science 67: 
3447-3455. https://doi.org/10.1111/j.1365-2621.2002.tb09604.x

Milosevic T, Mratinic E, Milosevic N, Glisic I, Mladenovic J (2012). 
Segregation of blackberry cultivars based on the fruit physic 
chemical attributes. Journal of Agricultural Sciences 18: 100-
109. https://doi.org/10.1501/Tarimbil_0000001197

Ngo T, Wrolstad RE, Zhao Y (2006). Color quality of Oregon 
strawberries impact of genotype, composition, and processing. 
Journal of Food Science 72: 25-32. https://doi.org/10.1111/
j.1750-3841.2006.00200.x

Nigro F, Ippolito A, Lattanzio V, Di Venere D, Salerno M (2000). Effect 
of ultraviolet-C light on postharvest decay of strawberry. Journal 
of Plant Pathology 82: 29-37.

Paniagua AC, East AR, Hindmarsh JP, Heyes JA (2013). Moisture loss 
is the major cause of firmness change during postharvest storage 
of blueberry. Postharvest Biology and Technology 79: 13-19. 
https://doi.org/10.1016/j.postharvbio.2012.12.016

Pathak N, Sanwal G (1998). Multiple forms of polygalacturonase 
from banana fruits. Phytochemistry 48: 249-255. https://doi.
org/10.1016/S0031-9422(98)00005-3

Pathare PB, Opara UL, Vigneault C, Delele MA, Al-Said FAJ (2012). 
Design of packaging vents for cooling fresh horticultural 
produce. Food and Bioprocess Technology 5: 2031-2045. https://
doi.org/10.1007/s11947-012-0883-9

Pila N, Gol NB, Rao TVR (2010). Effect of postharvest treatments 
on physicochemical characteristics and shelf life of tomato 
(Lycopersicon esculentum Mill.) fruit during storage. American-
Eurasian Journal of Agricultural & Environmental Sciences 9: 
470-479.

Ruoyi K, Zhifang Y, Lu Z (2005). Effect of coating and intermittent 
warming on enzymes, soluble pectin substances and ascorbic 
acid of Prunus persica (cv. Zhonghuashoutao) during refrigerated 
storage. Food Research International 38: 331-336. https://doi.
org/10.1016/j.foodres.2004.09.015

Sabir F, Sabir A, Ozcelik S, Kucukbasmaci A (2019). Maintenance 
of postharvest quality of blackberry (Rubus fructicosus L.) 
fruits through salicylic acid and CaCl2 immersions. Acta 
Scientiarum Polonorum Hortorum Cultus 18: 121-128. https://
doi.org/10.24326/asphc.2019.4.11

Sabir F, Sabir A, Unal S (2021). Quality response of minimally 
processed ‘Alphonse Lavallée’ table grapes during cold storage 
as influenced by preharvest sustained deficit irrigation and 
postharvest UV-C irradiation. Erwerbs-Obstbau 63 (Suppl. 1): 
S141-S148. https://doi.org/ 10.1007/s10341-021-00592-4

Sabir FK, Sabir A (2013). Quality response of table grapes (Vitis 
vinifera L.) during cold storage to postharvest cap stem excision 
and hot water treatments. International Journal of Food 
Science and Technology 48: 999-1006. https://doi.org/10.1111/
ijfs.2013.48.issue-5

Sabir FK, Sabir A, Unal S (2020). Chitosan coating and UV-C 
irradiation to maintain postharvest quality of minimally 
processed table grapes cv ‘Michele Palieri’. Erwerbs-Obstbau 
62 (Suppl. 1): S35-S42. https://doi.org/10.1007/s10341-020-
00494-x

Sabir FK, Sabir A, Unal S, Taytak M, Kucukbasmaci A et al. (2019). 
Postharvest quality extension of minimally processed table 
grapes by chitosan coating. International Journal of Fruit 
Science 19: 347-358. https://doi.org/10.1080/15538362.2018.1
506961

Sharif R, Mujtaba M, Rahman MU, Shalmani A, Ahmad H et al. 
(2018). The multifunctional role of chitosan in horticultural 
crops; a review. Molecules 23: 872. https://doi.org/10.3390/
molecules23040872

Singleton VL, Orthofer R, Lamuela-Raventos RM (1999). Analysis of 
total phenols and other oxidation substrates and antioxidants 
by means of Folin-Ciocalteu reagent. Methods in Enzymology 
299: 152-178. https://doi.org/10.1016/S0076-6879(99)99017-1

Stevens C, Liu J, Khan VA, Lu JY, Kabwe MK et al. (2004). The effects 
of low-dose ultraviolet light-C treatment on polygalacturonase 
activity, delay ripening and Rhizopus soft rot development 
of tomatoes. Crop Protection 23: 551-554. https://doi.
org/10.1016/j.cropro.2003.10.007

Stewart D, Oparka J, Johnstone C, Iannetta PPM, Davies HV (1999). 
Effect of modified packaging (MAP) on soft fruit quality. In: 
Macfarlane Smith I, Heilbronn T (editors). Annual Report of 
the Scottish Crop Research Institute. Dundee, UK: Scottish 
Crop Research Institute, pp. 119-124.

Tezotto-Uliana JV, Fargoni GP, Geerdink GM, Kluge RA (2014). 
Chitosan applications pre- or postharvest prolong raspberry 
shelf-life quality. Postharvest Biology and Technology 91: 72-
77. https://doi.org/10.1016/j.postharvbio.2013.12.023

Thaipong K, Boonprakob U, Crosby K, Byrne DH (2006). 
Comparison of ABTS, DPPH, RAP, and ORAC assays for 
estimating antioxidant activity from guava extracts. Journal 
of Food Composition and Analysis 19: 669-675. https://doi.
org/10.1016/j.jfca.2006.01.003

Xu F, Liu S (2017). Control of postharvest quality in blueberry fruit 
by combined 1-methylcyclopropene (1-MCP) and UV-C 
irradiation. Food and Bioprocess Technology 10: 1695-1703.


	Some physicochemical and bioactive features of organically grown blackberry fruits(Rubus fructicosus L.) as influenced by postharvest UV-C and chitosan treatments
	Recommended Citation

	tmp.1701868325.pdf.zAk7T

