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In recent years there is an increase in consumption of food products and the supply of fresh vegetables to the consumer is getting more
and more popular. However, this group of products is among the fastest perishing products. It is because of environmental and internal
factors in vegetables during storage are unavoidable.
During the preparation for the market vegetables are being cleaned, washed, sanded, sorted and dried. This consumes a lot of energy
and water. Different technological measures are used to reduce the consumption of natural resources during the preparation of products
for the market and to slow down their quality changes. Ozone is an effective measure to slow down product bio destruction.
Ozone usage in small doses as a disinfectant is recognized as safe. Although there are a lot of publications in the usage of ozone, but
its impact on vegetable qualitative indicators has not been sufficiently investigated. There is a lack of research in the analysis of the
effects of ozonated water, which can be successfully used in vegetable washing technologies.
The article analyzes the effect of ozonated water treatment on fresh carrots colour and quantity of carotenoids. The obtained data
showed that the use of ozonated water in concentration of 1.53 ± 0.09 mg L-1 did not have an effect on the amount carotenoids
accumulated in the products. Also, ozonated water did not have significant effect on the colour of products.
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INTRODUCTION
Over the past three decades due to the growing needs of consumers for a healthier diet and food quality requirements
the fresh vegetable sector has grown significantly (Ssemanda et al. 2017, Soto-Silva et al. 2016). Fresh vegetables and fruits
containing vitamins, minerals and nutrients are important component of healthy diet in children and adults (Besik and
Nagurney 2017). However, fresh vegetables and fruits are classified as highly perishable products (Perez-Cueto et al. 2017)
which account for the largest part of trade and consumption about 15-30 % (Gustavsson et al. 2011).
The important part in the vegetable supply industry is the acquisition and further storage of fresh products because
it is connected with the quality of end product and economical benefits (Soto-Silva et al. 2016).
Taking in the consideration all the stages of the preparation of fresh vegetable for market the washing is the first
step in removing dirt and residues. Also the population of microorganisms are reduced in vegetables (Maffei et al. 2017).
If it is not prepared and stored properly it can become hazardous to health due to pathogenic activities (Faour-Klingbeil
et al. 2016). However with proper precautionary measures and storage it can be slowed down.
Perspective alternative for traditional disinfectants is ozone (Tzortzakis and Chrysargyris 2017). It has been
recognized as safe to use in food industry by USA Generally Recognizad as Safe (GRAS). This powerful oxidant kills
microorganisms and decays quickly without leaving any by-products (Sandhu et al. 2011, Li et al. 2013). Vegetables at
the washing stages are effectively disinfected to destroy or reduce the number of pathogenic microorganisms without
affecting the quality, safety or product (de São José et al. 2014).
Ozone is used in vegetable washing, but there is a lack of information if its use does not affect quality indicators
of vegetables such as carotenoids and the colour changes. Carotenoids are pigments soluble in fats (Fernández-García et
al. 2012). Carotenoids are incorporated into cellular structures in a variety of fruit and vegetable chromoplasts cells within
a specific subgroup of crystalline, membranous or ring-shaped (Jeffery et al. 2012). Its physiological functions are related
to its antioxidant properties and vitamin A activity (Fernández-García et al. 2012, Mutsokoti et al. 2016).
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The colour of vegetable is direct reflection of the quality of product along with its recognition (Brasil and Siddiqui
2018). The measuring of colour also show what changes occur in food products (Kaur and Sharma 2013). Consumers are
likely to notice the changes of colour, but the natural vegetable colour is unstable and easily altered during processing
(Kowalski et al. 2013). The purpose of this study was to examine the effect of fresh vegetable treatment with ozone to
their colour and the amount of carotenoids accumulated.
MATERIALS AND METHODS
Materials
Carrots was chosen for testing as they have a thin peel so their qualitative indicators can be damaged by processing
with ozone. For the study are used medium size and similar form (weight – 96.28 ± 2.04 g and length 190.0 ± 10 mm)
late breeds carrots grown in middle of Lithuania. Carrots (Daucus carota L.) are the one of the most important root
vegetables that contains a lot of biologically active compounds such as carotenoids and dietary fibers that contain many
other functional components with significant health-promoting characteristics (Hashimoto and Nagayama 2004).
Ozonation process
Sample preparation. 6 samples of 7 carrots (hereinafter referred to as "samples") are numbered (repeated 6 times).
The specimens are classified as follows:
 Samples 1 (B1) – rinsed with ozonated water for 5 min
 Samples 2 (B2) – rinsed with ozonated water for 10 min;
 Samples 3 (B3) – rinsed with ozonated water for 15 min;
 Samples 4 (B4) – rinsed with ozonated water for 20 min;
 Samples 5 (B5) – samples rinsed with tap water;
 Samples 6 (B6) – control – untreated.
Rinsing of samples with ozonated water. The ozonated water was prepared by ozone water generator OZ-AW-15
(power 2 kW, flow of treated water – 5 m3 h-1, ozone generation rate – 15 g h-1). Ozone is fed through an ejector to a
container with water (water content 1.5 l, ozone concentration in water – 1.5 ± mg L-1). To determine the concentration
of ozone in water was used Chemetrics CHEMets Test Kits for ozone.
One sample from every set is taken and set aside for further qualitative measurements.
Storage
The remaining six samples are subdivided into two parts. Samples are pooled in threes and put into bags with holes
for storage. The first samples are put into incubator, which maintains recommended temperature for storage for most
produce (3.0 ± 0.15°C, relative humidity – 86.5 ± 2.0 %). Second batch of samples are placed at 16.0 ± 1.0°C temperature
(relative humidity – 41.6 ± 2.3 %). Samples were taken from each of the samples stored at different temperatures after 7
days (on day 8), 19 days (on day 20) and 35 days (on day 36) to determine qualitative parameters.
Colour coordinates
Preparing the device for analysis. Ready-to-use Spectrometer “ColorFlex” is calibrated by using standard white
and black plates. Data is recorded by HunterLabTM software. The luminous flare mode measures the parameters: L*, a*
and b* (corresponding to brightness, red and yellow coordinates according to the CIE L*a*b* scale) and the color purity
(C* = (a*2+b*2)1/2) and the color tone (h° = arctan(b*/a*)) is calculated. The values of L*, C a* and b* are measured in
USA National Bureau of Standards unit (NBS), color tone h° is measured in degrees from 0° to 360°. NBS unit – a unit
of the US National Standards Bureau that meets one color separation threshold, i.e. the smallest difference in color that
can be captured by the trained human eye (AOAC 1990).
Preparation of the sample for analysis. The carrots are cut into three parts and the sample is measured in three replicates.
Sample scan. The prepared sample is placed on the device and then covered with a light-proof cap. The cap reduces
the effect of light on the actual color. Measurement is performed. The sample color is scanned three times, each time the
glass is changed, i.e. the sample is moved.
Determination of carotenoids
The set up of graduation diagram. Transfer 5; 10; 20; 30; 40 and 50 ml of standard potassium bichromate solution
(0.72 g L1) into 50 ml measuring flask and make up to the mark with distillated water. Distilated water is pourn into
comparative cuvette. The optical density of the prepared solutions is measured with The Perkin Elmer UV/VIS Spectrometer
Lambda 25 (accuracy ± 0.001) by using 10 mm wide cuvette and blue light filter. Measure with glass cuvette (400 ml).
According to the received data, the graph is plotted: in the x-axis, we set the standard ml solution, and the y-axis
is the optical density.
Analysis. 1-5 g of minced sample is put into 100 ml cogical flask (sanded). Add 5 g of anhydrous sodium sulfate,
5 g of 10% alumina and 0.5 g of ca-lcium oxide, and 50 ml of benzene or acetone. The flask is tightly corked and kept in
the dark for 18 – 20 h. The next day the optical density of the solution is measured. The quantity of carotene is calculated
according to the formula (Gražulevičienė et al.1999):
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X 
where

a  0,00416  100
, mg %
m

(1)

a – found in graduation diagrama, ml;
m – the amount of sample taken for analysis, g;
0,00416 – carotene quantity in one ml of standart solution, mg.

Statistical analysis
The study data is processed by the Microsoft Excel program using the Student t-test and the significance level of
the received data is 0.05.
RESULTS AND DISCUSSION
It is very important to prepare and store carrots corectly during the preparation for commercial usage in order to
keep its quality and attractivness for long periods of time. Therefore ozonated water is used as a preventetive measure
during rinsing to minimize microorganismes. Smilanick (2003) and Suslow (2004) states that 0.5 to 2 mg L-1 ozone
concentrations in water are required to destroy microorganisms. In the laboratory carrots were rinsing with ozonated water
which had ozone concentration of 1.53 ± 0.09 mg L-1.
It was chosen to carry out tests on carrot color and accumulated carotenoids to determine the quality of treated
samples. The white/black (L*) ratio were found to be on average between 45.76 and 51.98 NBS units during the storage
period at both temperatures with treated (rinsed with ozonized water and tap water) and untreated (control) samples.
Changes in color of the surface of the treated samples and untreated samples, expressed in terms of the color purity C*
and the color tone h°, are shown in Tables 1 and 2. It was found that among the samples that were rinsed with ozonated
water in different time regimes (day 36), i.e. 5, 10, 15 and 20 min. a significant difference in mean was not observed (p
< 0.05). In a further discussion of the study, the comparison of mean of all samples rinsed with ozonated water with
different time regimes will be carried out.
Table 1 shows the variation of samples, which were held in 3.0 ± 0.15°C and 16.0 ± 1.0°C temperatures, color
tone on different days. On average, the color tone value at 3.0 ± 0.15°C (36 day) for samples rinsed with ozonated water
(B1.1-B4.1) was 47.36 ± 1.01°, for sample rinsed with tap water (B5.1) – 46.92 ± 0.79° and control (B6.1) – 47.78 ±
0.81°. At higher temperature, i.e. at 16.0 ± 1.0°C, the mean for the sample rinsed with ozonated water (B1.2 – B4.2) was
48.57 ± 1.35°, for samples rinsed with tap water (B5.2) was 49.00 ± 0.72° and control (B6. 2) – 49.75 ± 1.24 °.
Based on the results and comparing of the samples treated with ozonated water with control samples (3.0 ±
0.15°C), the color tone value decreased slightly (p < 0.05) – 0.86 %. And the difference in the color of the tonnage treated
with tap water alone was 1.8 % compared to the control samples. Table 1 shows the mean of data and the difference in
letters is showing a significant difference of 5% (p < 0.05) using Student's t-test between the samples. It is showed that
there were no significant differences in the mean between samples treated with ozonated water and treated with plain
water or control samples (p < 0.05).
Table 1. Variation in carrot color tone (h°, °) during storage. Variation in the letters between samples indicates significance difference
at 5% level (p < 0.05) utilizing Student’s t-test.
Processing methods
Temperature 3.0 ± 0.15 °C, relative humidity
– 86.5 ± 2.0 %
B1.1 – Rinsed with ozonated water for 5 min
B2.1 – Rinsed with ozonated water for 10 min
B3.1 – Rinsed with ozonated water for 15 min
B4.1 – Rinsed with ozonated water for 20 min
B5.1 – Rinsed with tap water
B6.1 – Control – untreated
n = 216
Temperature 16.0 ± 1.0 °C, relative humidity
– 41.6 ± 2.3 %
B1.2 – Rinsed with ozonated water for 5 min
B2.2 – Rinsed with ozonated water for 10 min
B3.2 – Rinsed with ozonated water for 15 min
B4.2 – Rinsed with ozonated water for 20 min
B5.2 – Rinsed with tap water
B6.2 – Control – untreated
n = 216

Carrot color tune
Day 20

Day 1

Day 8

48.96 ± 0.99 a
47.44 ± 1.04 b
48.60 ± 0.79 a b c
47.55 ± 0.82 b
47.29 ± 1.06 b c
47.46 ± 1.47 b c

47.72 ± 1.14 a
49.41 ± 1.20 b
48.30 ± 0.73 a b
48.21 ± 1.11 a b
47.61 ± 0.65 a
49.12 ± 1.43 b

LSD0,05(D1.1) = 1.18

LSD0,05(D8.1) = 1.21

48.96 ± 0.99 a c
47.44 ± 1.04 b
48.60 ± 0.79 a b c
47.55 ± 0.82 b
47.29 ± 1.06 b c
47.46 ± 1.47 b c

47.93 ± 0.75 a b
47.58 ± 0.93 a
47.78 ± 1.21 a
47.19 ± 1.01 a b
48.78 ± 1.21 a
47.68 ± 1.69 a b

LSD0,05(D1.2) = 1.18

LSD0,05(D8.2) = 1.32

Day 36

47.81 ± 0.70 a b
47.63 ± 0.36 a b
46.92 ± 0.91 b c
48.41 ± 1.07 a b
47.45 ± 0.45 a b c
49.32 ± 0.69 d
LSD0,05(D20.1) =
0.83

47.45 ± 1.42 a
47.32 ± 0.63 a
47.39 ± 1.26 a
47.29 ± 0.72 a
46.92 ± 0.79 a
47.78 ± 0.81 a
LSD0,05(D36.1) =
1.10

49.43 ± 0.91 a
47.48 ± 0.73 b c
48.45 ± 0.56 c
49.15 ± 0.58 a c
47.83 ± 0.43 b c
49.02 ± 0.74 a c
LSD0,05(D20.2) =
0.76

48.96 ± 0.82 a b
48.03 ± 1.24 a b
48.32 ± 1.65 a b
48.98 ± 1.69 a b
49.00 ± 0.72 a b
49.75 ± 1.24 a
LSD0,05(D36.2) =
1.42

The values of the purity of treated and control samples are given in Table 2. The color purity at 3.0 ± 0.15°C (36
days) on avarage of the samples rinsed with ozonated water (B1.1 – B4.1) was 54.56 ± 2.70 NBS units, the sample rinsed
with tap water (B5.1) was 57.49 ± 4.34 NBS units and Controls (B6.1) – 52.86 ± 2.45 NBS units. At a temperature of
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16.0 ± 1.0°C, the color of the samples rinsed with ozonized water had a purity mean of 55.75 ± 4.20 NBS units, sample
rinsed with tap water had the mean of 55.53 ± 3.86 NBS units and a control unit of 50.61 ± 3.98 NBS units.
Thus, the change in the colour purity at 3.0 ± 0.15°C, of samples treated with ozonated water was 3.01 % higher
than control samples, but 5.20 % lower than that of rinsed with tap water. The purity of the colour for samples stored at
16.0 ± 1.0°C and rinsed with ozonated water was 9.23 % higher than that of the control and 0.39 % higher than that of
tap water. In the evaluation of the carrot color purity values given in Table 2, we can see that there was no significant
difference between the samples treated with ozonated water and treated with tap water or bigger significant differences
in control samples (p <0.05). It can be stated that the carrot color changes was not affected by ozonated water.
Table 2. The changes in carrot color purity, (C*, NBS units) during storage. Variation in the letters between samples indicates
significance difference at 5% level (p < 0.05) utilizing Student’s t-test.
Processing methods

Day 1

Temperature 3.0 ± 0.15 °C, relative humidity
– 86.5 ± 2.0 %
B1.1 – Rinsed with ozonated water for 5 min
B2.1 – Rinsed with ozonated water for 10 min
B3.1 – Rinsed with ozonated water for 15 min
B4.1 – Rinsed with ozonated water for 20 min
B5.1 – Rinsed with tap water
B6.1 – Control – untreated
n = 216
Temperature 16.0 ± 1.0 °C, relative humidity
– 41.6 ± 2.3 %
B1.2 – Rinsed with ozonated water for 5 min
B2.2 – Rinsed with ozonated water for 10 min
B3.2 – Rinsed with ozonated water for 15 min
B4.2 – Rinsed with ozonated water for 20 min
B5.2 – Rinsed with tap water
B6.2 – Control – untreated
n = 216

Carrot color purity
Day 8
Day 20

66.06 ± 5.75 a b
61.62 ± 3.84 a b
63.77 ± 6.85 b c
55.40 ± 2.55 b
58.81 ± 6.90 b c
55.43 ± 6.03 b

60.57 ± 4.83 a
61.70 ± 6.33 a
61.65 ± 5.06 a
56.40 ± 3.45 a
60.11 ± 5.80 a
60.76 ± 7.54 a

56.12 ± 4.10 a b c
52.90 ± 1.92 a b
56.56 ± 3.11 a b
53.47 ± 4.35 a b
57.29 ± 4.10 a c
51.37 ± 3.91 a b c

LSD0,05(D1.1) = 6.24

LSD0,05(D1.1) = 6.35

LSD0,05(D8.1) = 4.13

66.06 ± 5.75 a b
61.62 ± 3.84 a b
63.77 ± 6.85 b c
55.40 ± 2.55 b
58.81 ± 6.90 b c
55.43 ± 6.03 b

62.17 ± 8.13 a b c
62.32 ± 4.20 a b c
58.11 ± 8.92 a b
62.46 ± 4.05 a b c
57.14 ± 3.09 a b
64.73 ± 2.87 a c

57.06 ± 2.78 a b c
56.81 ± 2.28 a b
57.07 ± 4.44 a b c
57.93 ± 2.59 a b c
53.52 ± 2.78 b
48.58 ± 3.00 d

LSD0,05(D1.2) = 6.24

LSD0,05(D1.2) = 6.45

LSD0,05(D8.2) = 3.44

Day 36
54.12 ± 3.00 a b c
53.21 ± 2.29 a b
57.18 ± 2.96 a c
53.47 ± 2.56 a b
57.49 ± 4.34 a c
50.61 ± 2.45 a b
LSD0,05(D20.1) =
3.67
54.86 ± 3.70 a b c
50.37 ± 3.33 a b
58.41 ± 5.74 a c
57.78 ± 4.04 a c
55.53 ± 3.86 a c
50.61 ± 3.98 a b
LSD0,05(D20.2) =
4.70

When assessing the color purity of treated and untreated carrots, it can be noted that when carrots are stored for a
long period of time, the color purity gradually decreases. The purity of carrots, stored at 3.0 ± 0.15°C for 36 days,
decreased by about 9.07 %. And the carrots, which were stored at 16.0 ± 1.0°C for 36 days, reduced the purity of the
color by about 8.7 %. Although the changes in the color values between both storage temperatures of all samples differs
slightly, the change in higher temperature is lower than the changes in lower temperature. This may be associated with
higher losses of moisture, which results in an increase in the concentration of carotenoids in samples. Kaur and Sharma
(2013) and Sowbhagya and Chitra (2010) confirms the correlation between the amount of retinoids and the intensity of
color, claiming that the carrot's color depends on carotenoids in it. As we shall see later, the amount of carotenoids in the
second half of the maintenance period is greatly increased.
Table 3 shows the amount of carotenoids accumulated in treated and untreated carrots and its variation during storage
periods at different temperatures. Initial (day 1) quantity of carotenoids in carrots treated with ozone (B1 – B4) averaged
27.31 ± 2.70 mg%, treated with tap water (B5) – 28.37 ± 0.74 mg% and control (B6) – 27.77 ± 3.51 mg%.
Table 3. Carotenoid content (mg %) accumulated in carrots during storage. Variation in the letters between samples indicates
significance difference at 5% level (p < 0.05) utilizing Student’s t-test.
Processing methods

Day 1

Temperature 3.0 ± 0.15 °C, relative humidity
– 86.5 ± 2.0 %
B1.1 – Rinsed with ozonated water for 5 min
B2.1 – Rinsed with ozonated water for 10 min
B3.1 – Rinsed with ozonated water for 15 min
B4.1 – Rinsed with ozonated water for 20 min
B5.1 – Rinsed with tap water
B6.1 – Control – untreated
n = 81
Temperature 16.0 ± 1.0 °C, relative humidity
– 41.6 ± 2.3 %
B1.2 – Rinsed with ozonated water for 5 min
B2.2 – Rinsed with ozonated water for 10 min
B3.2 – Rinsed with ozonated water for 15 min
B4.2 – Rinsed with ozonated water for 20 min
B5.2 – Rinsed with tap water
B6.2 – Control – untreated
n = 81
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Carotenoid content
Day 8
Day 20

26.50 ± 2.37 a b
29.23 ± 4.85 a b
27.88 ± 1.04 a b
25.62 ± 2.54 a
28.37 ± 0.74 a b
27.77 ± 3.51 a b

26.19 ± 1.04 a b c
26.10 ± 1.67 a b
27.64 ± 0.38 a c
26.87 ± 0.64 a b c
26.00 ± 1.97 a b
26.96 ± 0.35 a b c

30.75 ± 1.59 a b
28.54 ± 3.33 a b
31.13 ± 2.49 a b
30.20 ± 2.88 a b
30.14 ± 2.07 a b
31.57 ± 1.87 a

LSD0,05(D1.1) = 3.55

LSD0,05(D1.1) = 1.46

LSD0,05(D8.1) = 3.02

26.50 ± 2.37 a b
29.23 ± 4.85 a b
27.88 ± 1.04 a b
25.62 ± 2.54 a
28.37 ± 0.74 a b
27.77 ± 3.51 a b

25.24 ± 1.54 a
26.04 ± 2.34 b
27.73 ± 3.18 a b c
25.28 ± 1.42 a b
25.93 ± 1.37 a b c
26.65 ± 0.69 a b c

31.84 ± 2.54 a b c
33.24 ± 1.04 a b
34.57 ± 0.91 b
33.12 ± 2.61 a b
32.90 ± 0.97 a b c
30.69 ± 2.64 a c

LSD0,05(D1.2) = 3.55

LSD0,05(D1.2) = 2.38

LSD0,05(D8.2) = 2.42

Day 36
32.13 ± 2.11 a
29.09 ± 2.84 b
31.94 ± 0.57 a
31.90 ± 0.69 a
30.98 ± 0.90 a b
31.85 ± 2.14 a
LSD0,05(D20.1) =
2.18
38.06 ± 0.72 a b c
38.55 ± 0.83 a b
39.22 ± 0.90 a b c
37.82 ± 0.23 a b
39.45 ± 1.14 b c
34.91 ± 2.04 d
LSD0,05(D20.2) =
1.38
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The carotenoid quantity in the samples stored for 36 days at 3.0 ± 0.15°C temperature slightly increased. In carrots rinsed with
ozonated water carotenoids (B1.1 – B4.1) increased to 12.66 % (31.27 ± 1.55 mg %). Carotenoid quantity in carrots rinsed with tap
water (B5.1) increased to 8.41 % (30.98 ± 0.90 mg %) and control (B6.1) to 12.81 % (31.85 ± 2.14 mg %), respectively.

The effect of storage duration at 16.0 ± 1.0°C was statistically significant (p < 0.05), but the carotenoid content
rose during storage. From the study data, we can see that the amount of carotenoids accumulated at 36 day significantly
increased. After the storage period, carotenoids in the samples rinsed with ozonated water (B1.2 – B4.2) increased by
28.91 % (38.41 ± 0.67 mg %), in the samples rinsed with tap water (B5.2) increased by 28.09 % (39.45 ± 1.14 %) and in
the control samples (B6.2) increased by 20.46 % (34.91 ± 2.04 %). This can be explained by the loss of moisture, as
humidity is more strongly evaporated at higher temperature during storage. Carotenoids in the product remain the same,
but there is less moisture in sample even though the amount of sample taken does not change.
It can also be observed that the carotenoid content of the control samples is lower at 16.0 ± 1.0°C at 20 day and 36 days,
it is because that the control samples are non-rinsed and covered with dirt. This affected the moisture evaporation intensity.
When evaluating the data in Table 3, we can see that there were no significant differences between treated and
untreated samples (p < 0.05).
It was determined that ozonated water used in rinsing at the concentration of 1.53 ± 0.09 mg L-1 during the
commercial preparation did not affect the accumulated carotenoids content. Since ozone acts only on the surface of the
product as a disinfectant, and the main carotenoid content is in the inner carrot layers. According to Chauhan et. al. (2011)
carotenoids quickly react with molecular oxygen because they automatically oxidize. But it also confirms that ozones
oxidative effect on food is a surface phenomenon (Chauhan et al. 2011, Rice et al. 1982).
CONCLUSIONS
1. It was determined that ozonated water at a concentration of 1.53 ± 0.09 mg L-1 did not have significant effect on
changes in carrots color.
2. No significant effect on fresh carrots was observed between the processing times (5, 10, 15, 20 min) with ozonated
water.
1. It was estimated that ozonated water that was used to rinse carrots did not affect the carotenoids accumulated in
carrots. After storing carrots for 36 days at 3.0 ± 0.15 ° C temperature carotenoids increased by 12.66%. Respectively,
carotenoids in carrots rinsed with tap water increased by 8.41% and by 12.81% in the control group. When storing
carrots for 36 days in higher temperature (16.0 ± 1.0 °C) the total carotenoid amount in carrots rinsed with ozonated
water increased by 28.91 %, in carrots rinsed with tap water increased by 28.09 %, and in the control group by 20.46
%. Increases in carotenoids can be explained by higher moisture losses.
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