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Abstract

The purpose of this study was to examine differences between postharvest treatments, either washed (hot water,
H,0, and Na,OCIl) or non-washed (control) carrot roots and the effect of different storage conditions, S; (0°C
and > 95% RH) or S, (0-2°C and < 90% RH) on the compositional changes. Losses of mass, -carotene and
vitamin C in carrot taproot (Daucus carota L. cv.’Maestro F;”) were monitored during 160 days of cold storage (in
both cold room) plus 20 days at 20°C (market simulation). At the end of 180 days of storage the percentage mass
loss ranged from 3.1 to 33.2% depending on the storage condition and disinfection treatment. Loss of B-carotene
during storage was higher in the S, (28.2-46.9%) than in the S; cold storage (7.8-20.7%). The vitamin C loss in
carrot root inside the S; cold room ranged from 2.0% to 18.2%, while the vitamin C loss was significantly higher
(20.7%-52.3%) under simple refrigerated cold storage (S,). Our experimental results indicate that prestorage root
washing (Na,OCl) significantly reduced weight loss, while hot water treatment maintaining a quality (B-carotene
and vitamin C). Storage at cold room (S;) after these treatments, is a practical strategy for reducing weight loss,
[-carotene and vitamin C contents in the carrot during prolonged storage.
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1. Introduction

Carrots (Daucus carota L.) are, in general, one of the best sources of B-carotene in our diet, and they provide 17%
of the total B-carotene intake in human nutrition (Alasalvar et al., 2001). B-carotene is the principal precursor of
vitamin A, which is involved in vision, cell differentiation, synthesis of glycoproteins, mucus secretion from the
epithelial cells, and overall growth and development of bones. The harvested carrot root is an underground organ
that has been dug out of the soil while it was in full metabolic activity. The carrot has low metabolic activity at low
temperatures, as shown by the low respiration rate (Stoll & Weichmann, 1987) and can be stored for 6-8 months
without loss of quality under optimal storage conditions (Ili¢ et al., 2009).

The two basic conditions, as recommended by previous researchers are a temperature of 0°C and a relative
humidity of 98% (Afek et al., 1999; Eshel et al., 2009). The most significant changes in postharvest quality are
weight loss, bitterness, bacterial deterioration, rooting and sprouting. All of these changes can be prevented by
different methods including cold storage, postharvest treatment and chemical applications. Chlorination of process
water is one of the primary elements of a proper postharvest sanitation program. Washing carrots with cold
chlorinated water (4°C) and warm tap water (50°C), respectively, provided good microbiological safety paired
with improved sensorial properties (Klaiber et al., 2005). In the last few years, carrot growers in Israel usually
applied combined application with stabilized hydrogen peroxide (Tsunami® 100) or a yeast commercial product
(Shemer™) and have begun to brush carrots before storage to remove the outer peel of the root (Eshel et al., 2009).
Since carrots are important source of vitamin C and carotenoids in the human diet, it is appropriate to determine to
what extent these compounds are lost during storage. Loss of B-carotene during carrot storage was observed to be
higher in the cellar than in the cold storage (Fikselova et al., 2010). Singh et al. (2001) have reported vitamin C and
[-carotene losses after storage, with higher losses for vitamin C. A thirty-day carrot storage resulted in a significant
reduction in vitamin C content (47%) and B-carotene content of 11% (Matejkova & Petrikova, 2010). The aim of
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this study was to determine the effectiveness of prestorage treatment in maintaining the quality of carrot during
prolonged cold storage.

2. Material and Methods
2.1 Plant Material

The carrot (Daucus carota L.) cv. ‘Maestro F,’ is a commercial hybrid for open field production during fall,
autumn and winter. Uniformly sized taproots at their full maturity stage, about 150 g, were picked directly from a
field in the south part of Banat (village Debeljaca). The soil conditions were well drained and sandy, and drip
irrigation was used. Cultural practices, such as land preparation, planting and plant protection of the crop, were
as is the standard in this area. Mature carrots were harvested in the fall and sent into storage immediately after
harvest. Taproots without defects or diseases, of same size, shape and injury free were selected for the experiment.
The carrots went into storage on November 10, 2011 and the study was terminated on April 20, 2012.

2.2 Postharvest Treatment

The following postharvest washing treatments have been conducted: 1-hot water washing and brushing (50°C for 1
minute); 2-1% H,0, (tap water for 1 minute); 3-175 ppm Na,OCl (tap water for 1 minute); and 4-control,
non-washed roots (with soil).

2.3 Storage Condition

Following treatment, the taproots were stored for 160 days at different storage conditions. The taproots were
stored at 0°C, in a cold room (S;) with high relative humidity (RH 95-98%) in the dark, or (S,) in a cooling room
with a temperature of 0-2°C and uncontrolled conditions of relative humidity (RH 79-94%). For each postharvest
treatment and storage regimen, 25 roots per replicate were sampled for analysis, with 4 replicates analysed in
total. After 160 days storage at either temperature, the taproots were transferred to 20°C during 20 days
(simulates marketing practices). The analysis of B-carotene and vitamin C has been carried out after 90, 160 and
180 days of storage.

2.4 Samples and Analysis

Ten grams of scraped carrot were extracted with 100 ml of 95% hot ethanol in 400 ml erlenmeyer flask, for 30
minutes. The obtained yellow extract was diluted with water to 85% of ethanol and cooled down to room
temperature. This solution was then transferred to a separatory funnel and mixed well with 50 ml of petroleum
ether. The lower, alcoholic phase, was washed with petroleum ether in portions of 2 ml, until the upper layer
became colorless, which indicates that all carotenes are extracted. Petroleum ether layers have been collected and
washed with 85% ethanol to remove possibly present xanthophylls. The collected petroleum ether layers were
concentrated under vacuum at temperature below 40°C. The remaning oil residue was kept in dark at 4°C.

HPLC analysis of extracts was carried out with the Agilent 1100 Series system, Waldborn, Germany (pump,
detector, software). The LC column Zorbax-Eclipse XDBC18; 4.6 mm x 250 mm, 5 pum was used. Mobile phase
was a mixture of acetonitrile : methanol : ethyl acetate, 6:2:2 v/v, flow rate 1 cm’/min. The injection volume was
20 ul using DAD Agilent 1200 Series detector, monitored wavelength was 474 nm (Cvetkovic and Markovic,
2008).

2.4.1 Preparation of Extracts for Analysis

The extracts (8 cm’®) of different concentrations were evaporated to dryness with rotary vacuum evaporators at
room temperature, and the residues were dissolved in n-hexane (2 cm®). Extracts were filtered through a 0.45 um
Millipore filter immediately before HPLC analysis. Chromatogram of f-carotene standard in concentration of
0,00625mg/cm’ is shown on (Figure 1).
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Figure 1. HPLC chromatogram of B-carotene (¢ = 0,00625mg/cm’)

2.4.2 Calibration Curve for B-carotene Standard

B-Carotene was dissolved in n-hexane just before HPLC analysis, and diluted to appropriate concentrations
(1.56-100 mg/cm’) for calibration curve preparation of (Cvetkovic & Markovic, 2008). The external standard
method was used to determine the (-carotene concentration in the extracts. Calibration curve obtained from
HPLC analysis of B-carotene in different concentrations is shown on (Figure 2).
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Figure 2. The calibration curve for determination of B-carotene content in carrot, based on HPLC analysis

2.5 Vitamin C

Vitamin C content was determined by Tillman’s method’. The method is based on the extraction of L-ascorbic
acid from the analysing sample by means of the oxalic acid and conversion of 2.6-dichlorphenolindophenol into
dehydroascorbic acid.
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2.6 Chemicals

All chemicals and reagents were of analytical grade and were purchased from Sigma Chemical (St. Louis, MQ,
USA), Aldrich Chemical Co. and Alfa Aesar (Karlsruhe, Germany).

2.7 Data Analysis

All data were subjected to one- or two-way statistical analysis at P = 0.05 using JMP6 Statistical Analysis
Software Program (SAS Institute Inc. Cary, NC, USA).

3. Results and Discussion

Carrots have low metabolic activity at low temperatures, as shown by the low respiration rate. However, carrots
are sensitive to wilting if not protected from water loss. The moisture content of the refrigerated carrots decreased
with time of storage. The relative humidity measured inside the S; sophisticated cooling room conditions ranged
from 95% to 98%, whereas the relative humidity under simple refrigerated storage varied from 79% to 94%. The
low relative humidity under the refrigerated storage may have contributed to the decrease in moisture content of
the carrots with time.

Mass losses (shriveling) and fungal diseases were the most important causes of postharvest losses of carrot in
Serbia. At the end of 180 days of storage the percentage mass losses ranged from 3.1% to 33.2% depending on the
storage condition and disinfection treatment. Thus, the weight loss of carrot roots inside the S; sophisticated
cooling room conditions ranged from 3.1% with chlorinated (175 ppm Na,OCl) prestorage treatment to a
maximum weight loss of 6.8% in control (unwashed-control roots). A different trend was observed under simple
refrigerated storage, where the lowest mass losses (20.7 %) were recorded in treatment with hydrogen-peroxide,
but more significantly the highest mass losses (33.2%) were observed with hot water treatment (Table 1).

Table 1. Effect of postharvest treatments and storage conditions on mass losses (%) during storage

. S1-(0°C; > 95% RH) S,-(0-2°C; <90% RH)
Storage condition
days after harvest

Treatment 90 160 180 90 160 180
Control 0.86b 3.00b 6.77 ¢ 12.48b 18.96b 24.00b
Hot water 3.0la 4.01a 4.85b 21.80a 29.76a 3324 ¢
H, 0, 1.42b 1.73c 3.12a 11.71b 18.08b 20.69 a
Na,OCl 2.30a 3.02b 342a 11.00b 17.52b 21.25a

Similar results were found by Sudimac et al. (2012) who showed that the percentage mass losses ranged from
15% to 35% depending on the cultivars and disinfection treatment. Commercial storage of carrots resulted in mass
losses of 15% fresh weight over a 3-month period (Ng et at., 1998). The effects of sanitation treatments were
highly effective at reducing disease decay (4. alternata) in comparison with control (12%). In view of microbial
reduction and maintenance of sensory properties, the use of cold chlorinated water proved to be effective for
washing carrots (Sudimac et al., 2012). The rate of water loss of a carrot is affected by the surface area of the root,
the water vapour pressure deficit and air velocity (Correa et al., 2012). Water loss due to transpiration results in
shrivelling, loss of bright colour and increased risk of postharvest decay. An 8% weight loss is reported to make
carrots unsaleable (Robinson et al., 1975).

[-caroten and vitamin C levels in the fresh carrot decrease during storage. Since carrots are an important source of
carotenoids and vitamin C in the human diet, it is appropriate to determine to what extent these compounds are lost
during storage. The carrot root is associated with the presence of certain carotenoids, xanthophylls or anthocyanins.
In orange carrots, a-carotene accounts for 15% to 40% of the total carotenoid content, while B-carotene accounts
for 45% to 80% and y-carotene for 2% to 10% of the total carotenoid content (Tang, 2010). At the end of 180 days
of storage the percentage of P-carotene loss resulted in a significant reduction, particularly under simple
refrigerated storage. Depending on the disinfection treatment the loss of B-carotene varied. Thus, loss of
[-carotene in carrot roots inside the S; sophisticated cooling room conditions ranged from 4.1% with hot water
prestorage washing treatment to a maximum of 20.7% in treatment with Na,OCI (Table 2).
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Table 2. Effect of postharvest treatments and storage conditions on B-carotene (pg/g f.w) changes
S1-(0°C; >95% RH) S,-(0-2°C ; <90% RH)

Storage condition
days after harvest

Treatment Time of harvest 90 160 180 90 160 180

Control 39.74 38.80a 37.93a  36.65b 37.90a 34.05a 28.53a
Hot water 39.21a  3892a  38.12a 37.15a 32.10b 23.02b
H, 0, 37.54b  35.10b 33.52¢ 35.02b 31.55b 24.79b
Na,OCl 36.86b  34.45b  31.51c 34.10b 28.17¢ 21.09¢c

A similar trend was observed under simple refrigerated storage, where the lowest B-carotene loss (28.2%) was
recorded in control roots and the highest B-carotene loss was observed in Na,OCI treatment (46.9%).

Our findings that B-carotene is lost during storage and that this depends on the storage conditions is in agreement
with findings by Fikselova et al. (2010), who similarly found that loss of B-carotene during carrot storage is higher
in the cellar than in cold storage. The mean loss of -carotene in dry matter for cold storage was 13.57-14.28%,
compared to 20-27.3% in the cellar (Fikselova et al., 2010). In Nantes carrots, stored at 2°C and 90 percent relative
humidity, a-carotene and B-carotene levels increased slowly through 100 to 125 days and then decreased (Lee,
1986). Losses in total carotenoid content were reported in some vegetables, especially leaves. Both sweet pepper
and parsley lost over 20 % of their total carotenoid content at cold room storage (7°C) for 9 days (Takama & Saito
1974). Carotenoid losses amounted to 60 and 80 % at 15°C and 17°C, respectively. Leek lost about 53% of its total
carotenoid content within 3 days at both temperatures (Takama & Saito, 1974).

The content of vitamin C in carrot can be influenced by various factors such as genotypic differences, preharvest
climatic conditions and cultural practices, maturity and harvesting methods, and postharvest handling procedures.
Temperature management after harvest is the most important factor to maintain vitamin C levels in vegetables;
losses are accelerated at higher temperatures and with longer storage durations (Lee & Kader, 2000).

The losses of vitamin C that occur immediately after harvest. 90-day storage resulted in a significantly larger
reduction in vitamin C content under simple refrigerated storage (2-32.5%) compared with the loss in a
sophisticated cooling room (1-18.2%), Tab 3. A more pronounced vitamin C loss was observed by Matejkova and
Petrikova (2010) after 30 days of storage, a 47% reduction on average.

At the end of 180 days of storage the percentage of vitamin C loss resulted in a significant reduction particularly
under simple refrigerated storage. Depending on the disinfection treatment the loss of vitamin C also varied. Thus,
the vitamin C losses of carrot root inside the S; sophisticated cooling room conditions ranged from 2.0% with hot
water prestorage washing to maximum vitamin C losses of 18.2% in treatment with Na,OCI. A similar trend was
observed under simple refrigerated storage, where the lowest vitamin C loss (20.7 %) was recorded in treatment
with hot water treatment, but the highest vitamin C loss was observed with hydrogen-peroxide treatment (52.3%),
Table 3.

Table 3. Effect of postharvest treatments and storage conditions on vitamin C (mg-100g™") changes
S1-(0°C; > 95% RH)  S,-(0-2°C; <90% RH)

days after harvest

Storage condition

Treatment Time of harvest 90 160 180 90 160 180

Control 5.05 495a 472a 328b 4.80a 4.07a 297b
Hot water 5.00a 480a 4.07a 495a 420a 3.52a
H,0, 448b 435b 3.08b 4.10b 3.41b 2.56¢
Na,OCl 440b 4.18b 2.86b 4.30b 3.99a 24lc

Favell (1998) noted a 15% decrease of vitamin C in carrot after 14 days storage at 4°C. Fresh storage at ambient
temperatures resulted in greater loss. For example, fresh peas stored at ambient temperatures lost 50% of their
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ascorbic acid in 1 week, while fresh spinach stored at ambient temperatures lost 100% of its ascorbic acid in less
than 4 days (Hunter & Fletcher, 2002).

4. Conclusions

This work confirms the existence of important differences between storage condition and postharvest washing
treatments during carrot storage, regarding mass, vitamin C and -carotene losses. Losses of mass, f-carotene and
vitamin C during carrot storage were greater in the simple cooling room compared to the sophisticated cold storage.
After 180 days of storage the levels of both B-carotene and vitamin C were significantly lower with the largest
losses noted for vitamin C.

This research revealed that prestorage root washing (175 ppm sodium hypochlorite) significantly reduced weight
loss, while hot water treatment maintained a good quality of -carotene and vitamin C contents in the carrot.
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