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ABSTRACT

This research was carried out in the Kasinhani area of Konya Province, which is recognized as
Tiirkiye’s leading carrot production region. Carrots were stored in cold storage facilities during the
months of January, February, and March, and changes in certain quality parameters were monitored.
The research was carried out in six different cold storage facilities, each with varying storage
capacities (1,000 tons, 1,200 tons, and 2,000 tons) and equipped with different refrigeration systems
(ammonia and freon). The results indicated that the firmness of Nantes carrots stored in the
Kasinhani region declined during the storage period. Mean firmness decreased from 3.74 to 3.51 N
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Keywords: mm 2 in 2015 and from 3.76 to 3.58 N mm™2 in 2016, based on the first measurement taken in
Nantes January and the last measurement recorded in March. Conversely, SSC values increased from
Carrots 10.19% to 13.31% in the first year and from 10.50% to 12.47% in the second year. Over the three-
Cold Storage month storage period, the average rooting, sprouting, and rotting percentages were 12.38% and
Quality Parameters 13.31%, 14.65% and 14.67%, and 4.98% and 5.43% for the first and second years, respectively.
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Introduction

Carrot (Daucus carota L.) is a root vegetable with
fleshy (tuberous) roots, classified under the Umbelliferae
(Apiaceae) family. Following the potato, carrot is the
second most widely produced root vegetable in the world,
and it is cultivated in many regions globally, including
Tiirkiye. The vast majority of carrots produced worldwide
are of the orange-colored type.

In Tiirkiye, the ‘Nantes’ cultivar is the predominantly
produced carrot variety, and the cultivation area, production
amount, and yield data for Tiirkiye and Konya Province are
given in Table 1. According to Table 1, Tiirkiye’s total carrot
cultivation area reached 147,652 decares in 2024, while total
production amounted to 892,155 tons. During the same year,
Konya Province had 91,300 decares of carrot cultivation area
and a production volume of 638,800 tons. Based on these
figures, Konya accounted for 61.83% of the national
cultivation area and 71.60% of total carrot production. In
comparison, the corresponding shares in 2015 and 2016 were
44.30% and 58.80%, and 45.98% and 60.65%, respectively.
This comparison demonstrates that Konya's carrot cultivation
area and production volume have increased significantly by
2024. Therefore, Konya may be considered a strategically
important hub for carrot production in Tiirkiye.
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Carrot is a root vegetable widely consumed around the
world and is particularly rich in vitamin A. Carrot is widely
regarded as a major dietary source of B-carotene, contributing
about 17% to the total B-carotene intake in human nutrition.
[-carotene is a carotenoid with the potential to be converted
into vitamin A, and it plays essential roles in vision, cell
differentiation, glycoprotein synthesis, and the overall growth
and development of bones (Alasalvar et.al., 2001). Nantes
carrots are generally small to medium-sized, measuring
approximately 15-20 cm in length and 2-5 cm in diameter.
They are characterized by cylindrical roots with blunt,
rounded ends. The roots are straight and covered with smooth,
firm skin ranging from bright orange to orange-red. The flesh
is uniformly orange, fine-textured, crisp, and juicy, with a very
small or indistinct core. Nantes carrots are known for their
tender texture and mild, sweet flavor (Anonymouus, 2026).

In addition to its consumption in fresh form, carrot is
also widely processed into various industrial products.
However, due to its high water content and continued
respiratory activity, it is highly susceptible to rapid
postharvest quality deterioration (Seljasen et al., 2013).
This situation leads to economic losses throughout the
supply chain-from field to table. To minimize these losses,
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appropriate postharvest handling practices and proper
storage conditions are essential.

Cold storage is one of the most effective methods for
extending the shelf life of agricultural products by slowing
down their metabolic activity. In particular, temperature
ranges between 0-5°C and relative humidity levels of 90-95%
provide ideal conditions for preserving root vegetables such
as carrots without spoilage (Ili¢ et al., 2013). However, even
under these optimal conditions, various physical and chemical
changes may still occur over time, including weight loss,
softening, discoloration, reductions in vitamin and phenolic
compound levels, and microbial spoilage (Gajewski et al.,
2010; Rashidi et al., 2009).

The postharvest preservation of agricultural products
plays a crucial role in ensuring food safety, reducing economic
losses, and maintaining product quality. Fresh vegetables, in
particular, are highly perishable due to their high water
content and ongoing metabolic activity as living tissues.

During the cold storage of carrots, numerous factors
can influence product quality. Previous studies have
demonstrated that variations in temperature, humidity, and
storage duration can lead to significant physiological and
chemical changes in carrots.

The harvested carrot root is an underground organ that
is removed from the soil while still in a fully active
metabolic state. Carrots show low metabolic activity at low
temperatures due to their inherently low respiration rate
and under optimal storage conditions, they can be
preserved for 6-8 months without significant quality loss
(Ili¢ et al., 2013; Stoll & Weichmann, 1987). Two
fundamental conditions suggested by previous researchers
for long-term storage are a temperature of 0 °C and 98%
relative humidity (Eshel et al., 2009; Geng et. al., 2018).

Inadequate storage conditions following harvest can
lead to physiological losses, moisture loss, decay, and
spoilage. These issues negatively affect both the visual
quality and marketability of the product. Therefore, cold
storage is widely used as an effective method to minimize
quality losses in carrots. In this context, proper storage of
root vegetables such as Daucus carota L. under controlled
conditions plays a critical role in extending shelf life and
preserving nutritional value.

Cold storage slows down the metabolic activity of
products and limits microbial growth by providing low
temperatures and high relative humidity. However,
monitoring and evaluating the physical, chemical, and
biological changes that occur during the storage period is
essential for assessing the effectiveness of preservation
methods. In carrots, key quality parameters during storage
include weight loss, color change, firmness, pH, SSC, and
changes in sensory attributes.

This study investigated changes in certain quality
parameters of carrots stored for a period of three months in
cold storage facilities located in the Kaginhani region of
Konya Province. The findings are expected to contribute to
the development of appropriate postharvest storage strategies
and to the delivery of higher quality products to consumers.

Materials and Methods

The study was conducted in cold storage facilities
located in Kaginham district of Konya province in 2016
and 2017. Tiirkiye. Kasimhani is situated approximately 20
kilometers from the city center of Konya and is accessible
by both road and rail (Anonymous, 2025). The area
features a flat topographys, is rich in groundwater resources,
and has soil conditions well-suited for the cultivation of
root vegetables. As a result, carrot production is
widespread in the region. Due to both the high production
volume and the region’s role in carrot export, harvested
carrots are commonly stored in cold storage units before
being marketed.

In this study, six cold storage facilities equipped with
ammonia (G;) and freon (G:) refrigeration systems were
selected, featuring storage capacities of 1,000 tons (CS)),
1,200 tons (CS,), and 2,000 tons (CS3). Carrots stored in
these units during the 2015 (Y) and 2016 (Y) seasons
were evaluated at the beginning of January and the end of
March. Quality parameters were measured to assess
changes occurring during the storage period. The monthly
temperature values recorded in the study area during 2015
and 2016 are shown in Table 2.

Table 1. Carrot Cultivation Areas and Production Quantities in Tiirkiye and Konya (TURKSTAT, 2025)

Tiirkiye Konya
Years Production area (da) Production (ton) (2{11::11_(,1) Production area (da) Production (ton) (:(;121_(11)
2015 101 003 534 988 53.0 44 745 310295 69.3
2016 101 080 554736 54.9 46 480 336 463 72.4
2017 108 489 569 533 52.5 53780 355 652 66.1
2018 123 478 642 837 52.1 68 150 424 636 62.3
2019 125772 663 882 52.8 66 367 425 241 64.1
2020 109 890 588 778 53.6 50373 337 820 67.1
2021 100 686 590 483 58.6 49 900 353 700 70.9
2022 135 624 788 578 58.1 84 966 552 128 65.0
2023 136 627 777 908 56.9 77 660 522 410 67.3
2024 147 652 892 155 60.4 91 300 638 800 70.0
Table 2. Average monthly temperature data for the study area in 2015-2016 (Anonymous, 2017)
Year Temperature Type January February March
Minimum Temperature (°C) -17.3 -10.2 -4.5
2015 Maximum Temperature (°C) 15.5 16.6 21.2
Average Temperature (°C) -0,9 3,05 8,35
2016 Minimum Temperature (°C) -15.8 -8.3 -5.6
Maximum Temperature (°C) 16.2 20.6 25.6
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Figure 3. Refractometer

Figure 1. Digital thermometer and
hygrometer

Figure 2. Hand penetrometre

Table 3. Temperature and Relative Humidity Values Measured in Cold Storage Depots in 2015-2016

Years Cold storage 2015 2016
Cooling Gas capacity Months Temperature Relative Humidity Temperature Relative
(°C) (%) (&®) Humidity (%)

CSl1 January 0.9 89 0.8 92

CSl1 February 1.0 91 1.0 89

CSl1 March 0.9 87 0.8 87

Ammonia gas CS2 January 0.8 85 0.7 88
(G1) CS2 February 0.9 89 0.5 86
CS2 March 0.8 86 0.8 87

CS3 January 0.6 85 1.1 87

CS3 February 0.8 83 1.0 86

CS3 March 0.8 82 0.8 88

CSl1 January 0.9 84 0.4 92

CSl1 February 1.1 86 0.3 93

CSl1 March 0.9 88 0.2 91

CS2 January 0.7 85 0.8 89

Freon gas (G2) CS2 February 0.8 85 0.7 88
CS2 March 0.5 84 0.5 91

CS3 January 1.0 84 0.7 85

CS3 February 1.0 82 0.5 90

CS3 March 0.8 81 0.6 88

In this study, temperature and humidity measurements
were carried out using the PCE-555 device in order to
monitor the environmental conditions in cold storage
facilities. All measurements were conducted manually by
the same researcher. Temperature and relative humidity
measurements were performed using a digital measuring
device with a measurement range of 0-100% RH and -30
to +100°C, a resolution of 0.01% RH and 0.01°C, and an
accuracy of £2% RH and +0.5°C under standard conditions
(Figure 1).

Carrot firmness was determined using a TR-brand hand
penetrometer with a measurement range of 2-20 kg and a
resolution of 200 g (Figure 2). The diameter of the
penetration probe was 8 mm. The measured penetration
force values were divided by the probe area, and carrot
firmness values were expressed as N mm™.

In this study, a handheld refractometer (ATC brand)
with a measurement range of 0-90% Brix was used. The
instrument is equipped with Automatic Temperature
Compensation (ATC: 10-30°C), which reduces
measurement errors arising from variations in ambient
temperature (Figure 3). All refractometer readings were
performed by the same individual to ensure consistency.

Experiments were conducted using a factorial design
arranged in randomized plots with three replications. For
the determination of carrot firmness and total soluble solids
before and after storage, three groups were created from

100 randomly selected carrots, and 10 carrots from each
group were randomly chosen for analysis. At the end of the
storage period, rooting, sprouting, and decay were
evaluated in three replications, each consisting of 100
randomly selected carrots. The obtained results were
analysed using analysis of variance (ANOVA) with
Minitab Statistical Software. Tukey’s test was performed
to determine significant differences among treatment
means, with the level of significance set at 0.05 for all
statistical analyses.

Results

The mean values of the daily measurements recorded in
the cold storage facilities are presented in Table 3.
According to Table 3, the temperature and relative
humidity values measured in ammonia-cooled storage
facilities varied between 0.6—1.0 °C and 0.5-1.1 °C, and
82-91% and 86-92% in 2015 and 2016, respectively. In
contrast, in Freon-cooled storage facilities, temperature
values ranged between 0.5-1.1 °C and 0.2-0.80 °C, while
relative humidity values ranged between 81-88% and 85-
93% for 2015 and 2016, respectively. Overall, the data
indicate that higher temperature levels were recorded in
2015, whereas higher humidity levels were observed in
2016.
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Effect of Storage Conditions on Carrot Firmness and

SsC

in the Kagmhani region.

Table 4 shows the carrot firmness and soluble solid
content values obtained over a three-month period (January
Table 4. Carrot firmness and SSC values before and after storage by year

to March) in 2015 and 2016 for carrots produced and stored

Carrot Firmness (N mm™2) SSC (%)
January March Change January March Change
measurement measuremen measurement measuremen

Y1(2015) 3.74 351, -0.23 10.19 13.31, 3.11a

Years Y2(2016) 3.76 3.58 -0.18 10.50 12.47y 1.96b
SEM 0.02042 0.01530 0.02231 0.1840 0.1596 0.2548

P-value 0.581 0.005 0.115 0.252 0.001 0.004

G1 (Ammonia) 3.74 3.58, -0.17, 9.99, 12.71 2.71

Cooling G; (Freon) 3.75 3.51p -0.25; 10.70y 13.06 2.36
Gas SEM 0.02042 0.01530 0.02231 0.1840 0.1596 0.2548
P-value 0.756 0.004 0.019 0.012 0.133 0.335

CS; (1000 t) 3.76 3.60, -0.17 10.36 13.35, 2.99

Cold storage CS, (1200 t) 3.71 3.48; -0.23 10.37 12.58, 2.21

capacity CS; (2000 t) 3.78 3.55, -0.22 10.32 12.73a 2.41
SEM 0.02501 0.01874 0.02733 0.2254 0.1955 0.3121

P-value 0.145 0.000 0.164 0.985 0.023 0.202

Y x G 3.73 3.56 -0.17 10.19 13.24 3.04

Years Y x G 3.76 3.46 -0.30 10.204 13.37 3.17

§ Y2 x Gy 3.77 3.60 -0.17 9.80y 12.19 2.39

Cooling Gas Y2 x G 3.75 3.55 -0.20 11.21, 12.75 1.55
SEM 0.0288 0.02164 0.03156 0.2603 0.2257 0.3604

P-value 0.383 0.192 0.096 0.013 0.352 0.190

Y xCS; 3.71 3.56 -0.16 10.07 13.90 3.84

Y1 xCSs, 3.73 342 -0.31 10.05 13.10 3.05

Years Y x CS3 3.79 3.55 -0.24 10.48 12.91 2.44

X Yo x CSy 3.81 3.64 -0.18 10.65 12.81 2.15

Cold storage Y, x CS; 3.69 3.53 -0.16 10.69 12.06 1.37

capacity Y2 x CS; 3.78 3.56 -0.22 10.16 12.55 2.38
SEM 0.03537 0.02651 0.038865 0.3187 0.2765 0.4414

P-value 0.121 0.177 0.088 0.262 0.351 0.123

G x CS; 3.80 3.67 -0.13 10.144 13.76, 3.62

G x CS; 3.71 3.48 -0.22 10.534 12.664bc 2.13

Cooling Gas G x CS3 3.73 3.58 -0.16 9.32 11.72, 2.39

X G, x CS; 3.72 3.52 -0.21 10.584 12.954 2.37

Cold storage | Gz x CS; 3.72 3.47 -0.24 10.224, 12.50p, 2.28

capacity Gz x CS3 3.83 3.53 -0.30 11.31, 13.74, 2.43
SEM 0.03537 0.02651 0.03865 0.3187 0.2765 0.4414

P-value 0.088 0.054 0.241 0.005 0.00 0.228

Y1 x Gy x CS; 3.70 3.63 -0.07 10.22 14.35 4.13,

Y1 x Gy x CS; 3.74 3.47 -0.28 10.17 13.65 3.484

Y1 x Gy x CS; 3.73 3.57 -0.16 10.20 11.71 1.51a

Y1 x Gy x CS; 3.72 3.48 -0.24 9.92 13.45 3.54

Years Y1 x Gy x CS; 3.72 3.38 -0.34 9.93 12.56 2.62 1

X Y1 x Gy x CS3 3.84 3.52 -0.32 10.75 14.11 3.36a
Cooling Gas |Y2 x Gy x CS; 3.89 3.71 -0.18 10.06 13.17 3.11a
X Y2 x Gy x CS; 3.67 3.50 -0.17 10.89 11.67 0.78 a
Cold storage | Y2x G x CS3 3.72 3.58 -0.15 8.46 11.72 3.27
capacity |Y2x G2 X CS; 3.73 3.57 -0.17 11.25 12.44 1.19 4
Y2 x Gy x CS; 3.69 3.56 -0.14 10.50 12.44 1.94 4

Y2 x G2 x CS3 3.82 3.54 -0.28 11.87 13.37 1.50a
SEM 0.05002 0.03749 0.05566 0.4508 0.3919 0.6242

P-value 0.259 0.350 0.574 0.081 0.074 0.014

& Means with different superscripts within a column differ significantly (P<0.05), SEM: Standard error means

A decreasing trend in carrot firmness was observed
across all groups during the three-month storage period.

This indicates that the carrots experienced moisture loss
and structural degradation over time.
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Based on Table 4, the carrot firmness values measured
in January of 2015 and 2016 ranged between 3.70-3.84 N
mm2 and 3.67-3.89 N mm™2, respectively. The mean
firmness values at the beginning of the storage period
(January) for the years 2015 and 2016 were found to be
3.74 and 3.76 N mm™?, respectively. In storages using
ammonia (G:) and freon (G:) as refrigerants, the
corresponding average values were 3.74 and 3.75 N mm 2.
For storage capacities of 1,000 tons (CS:), 1,200 tons
(CS2), and 2,000 tons (CSs), the carrot firmness values
were 3.76 N mm™=2, 3.71 N mm=2, and 3.78 N mm2,
respectively. According to the variance analysis performed
on the initial measurements taken in January, no
statistically significant differences were found among the
selected parameters or their interactions (p> 0.05).

At the end of the storage period, carrot firmness values
measured in March ranged from 3.38 to 3.63 N mm™2 in
2015 and from 3.50 to 3.71 N mm in 2016. The average
firmness recorded during this second measurement was
3.51 Nmm2for 2015 and 3.58 N mm for 2016. Based on
the type of refrigerant used, an average firmness of 3.58 N
mm 2 was observed in storages using ammonia, while those
using freon recorded an average of 3.51 N mm™
Regarding storage capacity, the average firmness values
were 3.60 N mm™>2, 3.48 N mm™=, and 3.55 N mm= for
storages with capacities of 1,000, 1,200, and 2,000 tons,
respectively.  Variance analysis of the March
measurements showed that year, refrigerant type, and
storage capacity had significant effects on carrot firmness
(p<0.01), but their interactions were not statistically

significant.
The variance analysis applied to the changes in carrot
firmness revealed that only the refrigerant type

significantly affected firmness (p<0.05), while differences
related to other parameters and their interactions were not
statistically significant.

During the three-month storage period, the highest rates
of decrease in carrot firmness were observed in the first
year in cold storage depots with Freon-based refrigeration
systems and capacities of 1,200 and 2,000 tons, at 9.14%
and 8.33%, respectively. In 2016, a relatively high decrease
rate of 7.33% was recorded in the 2,000-ton storage facility
cooled with ammonia (Figure 4). These high reduction
rates were primarily attributed to variations in internal
storage climate conditions in 2015 specifically, the lower
humidity and relatively higher temperatures observed in
Freon-cooled, large-capacity cold storage.

The loss of firmness in carrots over time is primarily
attributed to moisture loss and structural degradation
within the cellular tissue.

Throughout the three-month storage period, an upward
trend in the SSC was recorded in all groups. In the first year
(2015), SSC values in January ranged between 9.92% and

10.75%, whereas in the second year, they ranged from
8.46% to 11.87%.

An examination of the initial measurements showed
that the average SSC values in the first and second years
were 10.19% and 10.50%, respectively. In storage units
cooled with ammonia and freon, the SSC values were
9.99% and 10.70%, respectively. Regarding storage
capacity, the average SSC values were recorded as 10.36%,
10.37%, and 10.32% in facilities with 1,000, 1,200, and
2,000 tons of capacity, respectively. According to the
variance analysis applied to these initial measurements, the
effects of refrigerant type and the two-way interactions of
year X refrigerant type and refrigerant type X storage
capacity were found to be statistically significant (p<0.05).
No statistically significant differences were observed for
the other parameters or their interactions. These initial
differences in SSC values may be attributed to variations
in the production areas, harvest dates, and the time elapsed
before the carrots were delivered to cold storage.

In the second measurements conducted in March of
2015 and 2016, SSC values were found to range from
11.71% to 14.35% and from 11.67% to 13.37%,
respectively. The average SSC values were 13.31% in 2015
and 12.47% in 2016. In cooling facilities using ammonia
and freon as refrigerants, the SSC averages were 12.71%
and 13.06%, respectively. According to storage capacity,
SSC values were determined as 13.35%, 12.58%, and
12.73% for CS1, CS2, and CS3 storage units, respectively.
The variance analysis of the March measurements
indicated that year, storage capacity, and the interaction
between refrigerant type and storage capacity had
statistically significant effects (p<0.05). A higher SSC
average (13.31%) was observed in the first year (2015),
and the lowest average SSC value (12.58%) was recorded
in the CS2 storage unit. Regarding the refrigerant x storage
capacity interaction, the lowest SSC value (11.72%) was
found in the G1 x CS3 combination, which was statistically
different from the other interactions.

According to the variance analysis of the changes in
SSC values, a statistically significant effect was found for
the year factor and the interaction of yearxcooling gasx
storage capacity (p<0.05). Other main effects and
interactions were not statistically significant. The highest
change in SSC (4.13) occurred in the Y:ixXGixCS:
combination, which also corresponded to the most
pronounced increase in SSC, calculated as 40.41%. No
statistically significant differences were found among the
remaining combinations.

Throughout the study period, the increase in SSC
values was generally higher in 2015, particularly in
ammonia-cooled and smaller-capacity storage units
(Figure 5).
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Figure 4. The percentage reduction in carrot firmness during the Figure 5. Percentages of increase in soluble solids content
storage period in both experimental years (2015-2016)

in carrots during the storage period (2015-2016)
Table 5. Average post-storage values (%) for root formation, sprouting, and decay in carrots

Roting percentage %

Sprouting percentage %

Decay percentage %

Years

Cooling Gas

Cold storage

capacity

Years x Cooling Gas

Years x Cold

storage capacity

Cooling Gas

X

Cold storage

capacity

Years
X

Cooling Gas

X

Cold storage

capacity

Y1(2015)
Y2(2016)
SEM
P-value
G1 (Ammonia)
G, (Freon)
SEM
P-value
CS; (1000 t)
CS, (1200 1)
CS3 (2000 1)
SEM
P-value
Y x Gy
Y1 x Gy
Y2 x G
Y2 x Gy
SEM
P-value
Y, x CSy
Y x CS;
Y x CS3
Y, x CS,
Y, x CS;
Y, x CS3
SEM
P-value
G x CS;
G x CS;
Gy x CS;
Gy x CS;
Gy X CS,
G2 % CS;
SEM
P-value
Y1 x Gy x CS,
Y1 x Gy x CSy
Y1 x Gy xCSs
Y1 x Gy x CSy
Y1 x Gy x CS;
Y X Gy x CS;
Y2 x Gy x CSy
Y2 x Gy x CS;
Yox Gy x CS;3
Y2 X Gy x CS)
Y2 X Gy x CSy
Y2 X Gy x CS3
SEM
P-value

12.38
13.31
0.6264
0.304
13.04
12.65
0.6419
0.6264
13.42
12.26
12.75
0.7672
0.621
12.26
12.50
13.81
12.80
0.8859
0.478
11.78
12.01
13.34
15.05
12.71
12.17
1.085
0.142
13.17
13.06
12.89
13.66
11.66
12.62
1.085
0.684
11.89
12.22
12.66
11.67
11.80
14.02
14.44
13.89
13.11
15.66
11.52
11.52
1.5345
0.584

14.65
14.67
0.4973
0.980
14.31
15.00
0.4973
0.339
15.14
14.75
14.08
0.6090
0.476
14.67
14.63
13.96
15.37
0.7033
0.315
15.11
14.78
14.06
15.16
14.72
14.11
0.8613
0.997
14.94
14.28
13.72
15.33
15.22
14.45
0.8613
0.950
15.33
14.56
14.11
14.89
15.00
14.00
14.55
14.00
13.33
15.78
15.44
14.89
1.2181
0.976

4.98
5.43
0.3785
0.415
5.19
5.22
0.3785
0.944
5.22
4.94
5.44
0.4636
0.749
5.07
4.89
5.30
5.56
0.5353
0.682
5.50
4.67
4.78
4.94
5.22
6.11
0.6557
0.366
4.67
5.33
5.56
5.78
4.56
5.33
0.6557
0.349
4.78
5.22
5.22
6.22
4.11
4.33
4.55
5.45
5.89
5.33
5.00
6.33
0.9272
0.742
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This suggests that temperature variations within the
storage chambers led to moisture loss in the carrots and that
the product continued to respire during storage.
Additionally, it should be considered that the carrots placed
in cold storage may have originated from different
production stages and were harvested at varying stages of
maturity.

Rooting, sprouting, and decay values of carrots

As a result of the study, root formation values obtained
at the end of the three-month storage period ranged from
11.67% to 14.02% in 2015 and from 11.52% to 15.66% in
2016 (Table 5).

The average root formation values for the experimental
years 2015 and 2016 were 12.38% and 13.31%,
respectively. The averages for storage units cooled with
ammonia and freon were 13.04% and 12.65%,
respectively. Based on storage capacity, the average root
formation values were 13.42%, 12.26%, and 12.75% for
the 1,000, 1,200, and 2,000 ton storage units, respectively.
According to the results of the variance analysis applied to
the root formation data, no statistically significant
differences were found among the selected parameters or
their interactions.

At the end of the storage period, sprouting rates ranged
from 14.00% to 15.33% in the first year and from 13.33%
to 15.78% in the second year. The average sprouting rates
for 2015 and 2016 were 14.65% and 14.67%, respectively.
In storage units using ammonia and freon as refrigerants,
the average values were 14.31% and 15.00%, respectively.
Based on storage capacity, the average sprouting rates were
determined as 15.14%, 14.75%, and 14.08% for 1,000,
1,200, and 2,000 ton facilities, respectively. According to
the variance analysis of the sprouting data, no statistically
significant differences were found among the selected
parameters or their interactions.

Discussion

In this study, the firmness values decreased during the
storage period and were evaluated by comparison with
findings reported in previous studies on the subject. In
studies conducted on carrot firmness, Rakcejeva et al.
(2012) reported average penetration force values of 82.93,
81.38, 82.24,103.98, and 95.09 N for the Champion, Forto,
Berlikum, Maestro, and Bolero hybrid carrot cultivars,
respectively. Similarly, Isaac and Maalekuu (2013)
measured the firmness of Amazonia, Kuroda Improved,
and New Kuroda carrot varieties using a hand penetrometer
in control groups, and recorded force values of 4.22, 4.17,
and 4.10 kg, respectively. In a study, the researcher used a
hand penetrometer with a 6 mm diameter tip to assess
firmness in the Nanco F1 carrot cultivar (Ozdemir et al.,
2019). They found that the initial firmness value at the
beginning of the shelf life was 102.97 N on average, which
decreased to 91.76 N by the end of the 5-month+7 day
storage period. However, they reported that the changes in
firmness among the treatment groups were not statistically
significant.

The soluble solids content values observed in this study
were consistent with the ranges previously reported for
various carrot cultivars. Kreutzmann et al. (2008) reported
that the dry matter content in orange carrot cultivars

Nottingham, Nebula, Soprano, Nairobi, Tornado, and
Bolero was 11.39%, 11.15%, 10.45%, 10.80%, 11.57%,
and 11.83%, respectively. Similarly, Rakcejeva et al.
(2012) found that the average SSC in hybrid carrot
cultivars Champion, Forto, Berlikum, Maestro, and Bolero
was 8.20%, 6.10%, 9.70%, 10.30%, and 10.00%,
respectively. It is reported that the initial SSC of Nanco F1
carrots was 8.10% on average and increased over the
storage period, reaching 10.55% by the end of the fifth
month. The increase in SSC has been associated with
enhanced metabolic activity, particularly the conversion of
starch into sugars (Cemeroglu et al., 2001; Ozdemir et al.,
2019).

Overall, root formation and sprouting rates in carrots
increased during the three-month storage period in both
years. Geng et al. (2018) reported that both rooting and
sprouting rates increased during storage in cold chambers,
reaching 58.65% and 26.37%, respectively, by the end of
the fifth month. Similarly, Ozdemir et al. (2019) stated that
in the Nanco F1 carrot cultivar, both rooting and sprouting
rates began to rise after the third month and reached
averages of 56.67% and 26.00% by the end of the fifth
month.

The decay values in carrots ranged from 4.11% to
6.22% in 2015 and from 4.55% to 6.33% in 2016. The
average decay rates for the trial years 2015 and 2016 were
4.98% and 5.43%, respectively. In storage units cooled
with ammonia and freon, the average decay rates were
5.19% and 5.22%, respectively. Based on storage capacity,
the average decay values for the CSy, CS,, and CS3 units
were 5.22%, 4.94%, and 5.44%, respectively. According to
the variance analysis conducted on the decay data, no
statistically significant differences were found among the
selected parameters or their interactions.

The high values observed in decay rates-one of the key
quality parameters-are attributed to the humidification
system wetting the floor and irregular ventilation practices,
such as opening the storage doors periodically instead of
maintaining controlled airflow. Van den Berg and Lentz
(1973) reported that in long-term storage tests conducted
with carrots, wild carrots, turnips, and cabbages, products
stored at 98% to 100% relative humidity showed lower
decay and moisture loss compared to those stored at 90%
to 95% relative humidity. They reported that the product
remained fresher, firmer, and maintained better color when
stored under higher humidity conditions. To minimize
decay rates, the storage temperature should be maintained
around 0-1 °C. Therefore, environmental conditions should
be continuously monitored, and the atmosphere
composition within the storage facility should be kept
stable. During storage, adequate ventilation and the
maintenance of proper humidity levels are essential to
preserve product quality.

In the cold storage facilities included in the study, the
lack of control over temperature, humidity, and ventilation
resulted in high levels of decay, sprouting, and root
formation, which are among the key quality parameters.

Conclusions

In this study, quality changes in carrots stored over a
three-month period were evaluated in cold storage facilities
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with different capacities and refrigeration systems located
in the Kaginhani region of Konya, Tirkiye. During the
storage period, a decrease in carrot firmness was observed,
with the reduction being more pronounced in the storage
units cooled with freon. In contrast, SSC increased over
time. This increase is likely due to the conversion of starch
and polysaccharides into soluble sugars through ongoing
metabolic processes. Factors such as environmental
conditions related to the production year, postharvest
handling practices, and differences in the initial storage
timing may have contributed to the increase in SSC.
Although root formation, sprouting, and decay rates
increased to some extent in both years, these changes were
not statistically significant. Increases in decay rates were
largely attributed to poor humidity control caused by floor
wetting during humidification and irregular door openings
during ventilation. Overall, the observed deterioration in
quality parameters indicates that insufficient humidity
control and ventilation within the microclimate of the cold
storage environments directly affected carrot quality.
Therefore, the cooling capacity of the selected compressors
used in these cold storage units should be re-evaluated.

In addition to optimizing compressor selection, a
ventilation system should be installed in the storage cold
storage facilities. Using a digital controller, the levels of
oxygen, carbon dioxide, and nitrogen should be
continuously monitored, and ventilation flaps should be
adjusted to maintain optimal atmospheric composition. To
ensure proper humidity regulation, a digitally controlled
system-capable of responding in real time to changing
room conditions-should be used to measure humidity and
activate a humidification system as needed. Moreover, to
minimize post-storage quality losses, special attention
should be given to transferring the carrots to storage
immediately after harvest and ensuring proper stacking
arrangements within the facility (Stoll & Weichmann,
1987).
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