
Academic Editor: Manuel Viuda-

Martos

Published: 21 January 2025

Citation: Gutiérrez, D.R.; Ruiz, S.C.;

Benites, J.F.; Rodriguez, S.d.C.

Innovative Technologies to Increase

Bioactive Compounds in Carrots of the

Chantenay Variety. Biol. Life Sci.

Forum 2024, 40, 16. https://doi.org/

10.3390/blsf2024040016

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Proceeding Paper

Innovative Technologies to Increase Bioactive Compounds in
Carrots of the Chantenay Variety †

Diego Ricardo Gutiérrez 1,2,* , Silvana Cecilia Ruiz 3 , Julio Federico Benites 1 and Silvia del Carmen Rodriguez 1,2,*

1 Food Science and Technology Institute, Faculty of Agronomy and Agroindustries, National University of
Santiago del Estero (UNSE), Santiago del Estero CP4200, Argentina; fedebenites@gmail.com

2 Applied Biophysics and Food Research Center, National Council for Scientific and Technical Research,
National University of Santiago del Estero (CIBAAL-CONICET-UNSE), Villa El Zanjón,
Santiago del Estero CP4209, Argentina

3 National Institute of Agricultural Technology, Santiago del Estero Agricultural Experimental
Station (INTA-EEASE), Santiago del Estero CP4200, Argentina; ruiz.silvana@inta.gob.ar

* Correspondence: diegorgutierrez@hotmail.com (D.R.G.); silviadepece@hotmail.com (S.d.C.R.)
† Presented at the 5th International Electronic Conference on Foods, 28–30 October 2024; Available online:

https://sciforum.net/event/Foods2024.

Abstract: Carrots have become a functional food ingredient, providing various nutraceu-
ticals such as carotenoids and phenols. The application of stress by cutting followed by
incubation and UV-C radiation would induce a higher accumulation of bioactive com-
pounds which would benefit the obtaining of a carrot flour to be used as a new food
ingredient with improved functional properties. In this work, the effect of cutting (shred-
ding) and different doses of UV-C radiation on the content of phenolic compounds and
antioxidants, as well as the color of carrots of the Chantenay variety produced in Santiago
del Estero, Argentina, was evaluated.
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1. Introduction
In Argentina, Carrot production (Daucus carota) in 2021 was 300,000 tons, and Santiago

del Estero is the province with the second highest production of an annual variety called
Chantenay, whose root is a source of carotenes (pro-vitamin A), compounds responsible for
its orange color [1]. These vegetables are grown by large, medium, and small producers and,
depending on the type of sale, they can also be collectors, whose production is generally
destined for the local or internal market through its commercialization in the Central
Market of Buenos Aires (MCBA) [2] through bulk sales and without greater added value.

Now, consumers are looking for safe foods with differentiated nutritional properties.
In this sense, vegetables play an important role in human health, being a source of essential
nutrients such as potassium, folic acid, and vitamins A and C, and carrot in particular has
become a functional ingredient that provides various nutraceutical compounds such as
carotenoids, other bioactive compounds, and dietary fiber, all of which are necessary for
good health [3,4].

To improve the nutraceutical properties of foods, according to research, postharvest
treatments such as cutting stress can increase the bioactive compounds in carrots so that
they can be used as an ingredient in food formulations [5]. On the other hand, UV-C
radiation, non-ionizing and germicidal at a wavelength of 190 to 280 nm, is a technology
widely used for the decontamination of surfaces of cut fruits and vegetables [6,7], so it
could be applied with a dual purpose: to prolong the shelf life and maintain the intrinsic
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properties of the vegetables. Likewise, and according to the Innovative Argentina Plan
2020 (IAI-2020), more and more companies in the food sector adopt new technologies
and undertake innovative processes to comply with new regulatory requirements and
increase added value, with a view to responding to internal demands and growing external
ones. It is important to note that the use of UV-C radiation is an accessible and low-cost
technology [8].

The aim of the present work was to evaluate the effect of cutting stress (shredding) and
the application of different doses of UV-C radiation on the color and content of phenolic
and antioxidant compounds of carrots of the Chantenay variety produced in Santiago del
Estero, Argentina.

2. Materials and Methods
2.1. Sample Preparation and Treatments

Carrots of the Chantenay variety were obtained from farmers in Santiago del Estero,
Argentina. The roots were washed and disinfected with chlorinated water (200 ppm-5 min)
and dried with absorbent paper. Both ends of the carrots were cut with a sharp knife
and they were subjected to grating using a food processor. Subsequently, the samples
were subjected to the different treatments: T1 (control): grated carrots; T2 (control + I):
incubation of the samples at 25 ◦C-24 h; T3-5 (UV-C): applied doses of UV-C: 10, 25, and
50 kJ m−2; T6-8 (UV-C + I): carrots were incubated after being treated with the UV-C doses;
T9-11 (I + UV-C): incubated before UV-C. Incubation of the samples was carried out to
stimulate the production of phenolic compounds. For this purpose, 100 g of grated carrots
were placed in polyvinyl chloride (PVC) trays (BANDEX, Buenos Aires, Argentina) with
dimensions of 15 cm × 10 cm × 4 cm and covered with bioriented polypropylene (BOPP)
bags (35 µm thick and 20 × 15 cm2 area) perforated with 0.3 mm diameter holes spaced
0.03 m apart to allow respiration. Absorbent paper was placed on the bottom of the trays to
absorb excess moisture and they were stored in an incubator (TECNAL TE-4001, Piracicaba-
Brazil) for 24 h at 25 ◦C. After each treatment, the influence on the color, total phenols
and antioxidant capacity of the grated carrots was evaluated. The samples were stored at
−80 ◦C (Ultrafrezzer Righi, Buenos Aires-Argentina) until chemical analysis was performed
(within 15 days), in glass jars with screw lids. All the measures were made in triplicate and
the results were expressed as means ± SD.

2.2. UV-C Radiation Equipment

Grated carrots were irradiated in a stainless steel cabinet as described by
Gutiérrez et al. [6]. The cabinet was equipped with 12 germicidal lamps (254.7 nm, TUV
36W/G36, Philips, Amsterdam, The Netherlands) distributed equally on the top and bot-
tom of the samples. The light intensity was kept constant (0.017 kW m−2) and the received
dose was measured with a portable digital radiometer (Cole-Parmer Instrument Company,
Vernon Hill, IL, USA).

2.3. Color

The surface color of grated carrots was determined by measuring the color param-
eters L*, a*, and b* in CIE LAB space with a tri-stimulus colorimeter (Minolta CR 300,
Ramsey, NJ, USA), with a viewing aperture of 8 mm diameter, D65 illuminant, and obser-
vation angle of 0◦, previously calibrated using the manufacturer’s standard white plate.
Color parameters were expressed as lightness (L*), chroma (C*), and hue angle (h◦). The
hue angle [h◦ = 180 + tan−1(b*/a*)] and the values of chroma [C* = (a*2 + b*2)1/2] were
calculated from a* and b* values [9].
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2.4. Preparation of Extracts for Total Phenols and Antioxidant Activity

The extraction of phenols was performed according to the procedure described by
Gutiérrez et al. [10] with minor modifications. For this purpose, 5 g samples of frozen carrots
were homogenized with 15 mL of methanol. Subsequently, the extract was transferred to
caramel-colored vials and refrigerated at 5 ◦C for 24 h. After this time, the samples were
centrifuged for 10 min at 12,000 rpm and the supernatant was taken for the determination
of total phenols and antioxidant activity.

2.4.1. Total Phenol Content

They were determined according to the Folin–Ciocalteu methodology [11]. First,
0.15 mL of the supernatant was mixed with 1.05 mL of distilled water, 0.65 mL of Folin–
Ciocalteu’s reagent (1:1 v/v, diluted with distilled water), and 3.15 mL of 20% (w/v)
Na2CO3. The solution was then stirred and heated at 50 ◦C for 10 min. The absorbance
was measured in triplicate at 750 nm using a UV-visible spectrophotometer (JASCO V-630,
Tokio-Japan). The calibration curve was performed with gallic acid, and the results of
phenolic compounds were expressed as mg gallic acid equivalents (GAE) per g of fresh
tissue (TF).

2.4.2. Antioxidant Capacity

Total antioxidant capacity was determined based on the evaluation of free radical
scavenging capacity according to the methodology of Ozgen et al. [12], using 2,2-diphenyl-
1-picrylhydrazyl radical (DPPH) of absorbance ~1.1. The absorbance was measured at
a wavelength of 515 nm, and the antioxidant capacity was expressed as a percentage:
%INH = (1 − absorbance Sample/control absorbance) × 100.

2.5. Statistical Analysis

Results were analyzed by Analysis of Variance (ANOVA), using Infostat 2011 software
(UNC-Argentina). All experiments were performed in triplicate. Means were compared by
the least significant difference (LSD) test at a significance level of 0.05.

3. Results and Discussion
Color is one of the most important quality attributes, and one that the consumer

considers when making a purchase [13]. L* parameter color and C* and hue◦ indices are
shown in Table 1. Color results indicated that no significant differences were found between
different treatments. It is important to note that no studies were found on the evaluation of
color in grated carrots treated with UV-C.

Table 1. L* parameter color, C*, and hue◦ indices of grated carrots of the Chantenay variety untreated
(control), treated with different doses of UV-C radiation, and incubated at 25 ◦C for 24 h after
UV-C radiation.

Color Parameters

Treatments L* C* hue◦

Control 53.4 ± 0.30 39.69 ± 1.41 57.71 ± 0.12
10 kJ m−2 51.9 ± 0.46 37.32 ± 0.63 58.07 ± 1.21
25 kJ m−2 52.1 ± 1.32 40.13 ± 0.47 57.91 ± 0.55
50 kJ m−2 54.14 ± 1.5 40.53 ± 2.52 58.46 ± 0.62
Control + I 53.4 ± 0.30 39.66 ± 1.4 57.69 ± 0.14

10 kJ m−2 + I 51.9 ± 0.46 37.32 ± 0.63 58.07 ± 1.21
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Table 1. Cont.

Color Parameters

Treatments L* C* hue◦

25 kJ m−2 + I 52.1 ± 1.32 40.13 ± 0.47 57.91 ± 0.55
50 kJ m−2 + I 53.94 ± 1.51 40.53 ± 2.52 58.46 ± 0.62

p-value 0.7093 0.8451 0.7490
Results expressed as mean values ± standard error. Different significant when p < 0.05.

The phenolic compounds of untreated grated carrots incubated at 25 ◦C for 24 h before
and after treatment with different doses of UV-C radiation are shown in Figure 1.
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As can be seen, the UV-C radiation treatments produced a significant increase of ap-
proximately 10% in total phenol content with respect to the untreated grated carrot samples
(2.72 mg GAE g−1 FW). However, no significant differences were observed between UV-C
doses. This increase in these phytochemicals observed in UV-C treated carrots is a response
to the applied abiotic stress [14]. Viacava et al. [15] have reported that the application
of abiotic stress induced significant increases in the p-cumaric acid and chologenic acid
concentration, as the main bound phenolic compounds and free phenolic compounds in
carrots, respectively. These increases have also been reported in other products such as
tomatoes [16,17], Satsuma mandarin [18], yam slices [19], organic grapes [20], and tomato
and cucumber [21]. The biosynthesis of phenolic compounds could be a defense mechanism
against UV-C stress and possibly due to a modification of the cell wall by depolymerization
and dissolution of polysaccharides by exposure to UV-C radiation, which facilitated the
extraction of phenols [21].

On the other hand, incubation at 25 ◦C for 24 h (I) produced a greater increase in
phenolic compounds in all samples. This increase agrees with Viacava et al. [15], who
reported that incubation of grated carrots for 48 h at 15 ◦C stimulates the production of
phenolic compounds. The control + I treatment showed an increase of approximately
48% with respect to the untreated samples. On the other hand, when incubation was
applied in combination with UV-C treatments, the increase depended on whether it was
applied before or after the treatments. When incubation was performed after the UV-C
treatments (UV-C + I), they did not show significant differences (p > 0.05) with respect to the
control + I. However, when incubation was performed before the UV-C treatments
(I + UV-C), phenolic compounds showed an increase (p < 0.05) with respect to the UV-C + I
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combination and of approximately 60% with respect to the control. In all combinations, no
significant differences were observed between the different UV-C doses.

Therefore, to produce fresh grated carrots enriched with phenolic compounds, either
in households or on an industrial scale for later commercialization, the grated tissue could
be stored for at least 24 h at 15 ◦C and then UV-C could be applied. This additional
radiation stress further increases the accumulation of phenolic compounds induced by
cutting damage and, therefore, the health benefits of consuming carrots.

The antioxidant capacity of untreated grated carrots incubated at 25 ◦C for 24 h before
and after being treated with different doses of UV-C radiation is shown in Figure 2. The
antioxidant capacity of carrots is mainly due to their content of phenolic compounds [14]. In
this sense, it was observed that the antioxidant capacity was related to phenolic compounds.
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incubated at 25 ◦C for 24 h before and after being treated with different doses of UV-C radiation.
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UV-C treatments caused stress in carrots, inducing an increase in antioxidant capac-
ity relative to the control of approximately 15%, 33%, and 48% for doses of 10, 25, and
50 kJ m−2, respectively. However, similar to phenolic compounds, combinations of incu-
bation with UV-C doses induced higher antioxidant capacity depending on whether the
incubation was performed before or after the treatments.

The incubation of the control and after the application of UV-C radiation induced a
significant increase in the antioxidant capacity with respect to the control. This increase
was approximately 80, 81, 85, and 86% in the control + I, 10 kJ m−2 + I, 25 kJ m−2 + I, and
50 kJ m−2 + I, respectively. On the other hand, when incubation was performed before
the UV-C treatments, the 10 kJ m−2 + I and 25 kJ m−2 + I treatments showed no variation
compared to when incubation was performed before the treatments. However, the higher
dose of 50 kJ m−2 + I induced a significant increase of about 90% over the control.

These results suggest that the stress caused by cutting combined with UV-C radiation,
after incubation, improved the antioxidant capacity of grated carrots, probably as a result
of the increase in total phenolic content. To prevent or delay oxidative damage in humans
induced by free radicals, it is necessary to consume sufficient antioxidant compounds with
food [14].

4. Conclusions
In this study, the effect of cutting stress combined with UV-C radiation on phenolic

compounds and antioxidant capacity, as well as on the color, of carrots of the Chantenay
variety, grown under the soil and climatic conditions of the province of Santiago del Estero,
Argentina, was reported. Cutting stress was applied by grating the carrots and incubating
the tissue at 25 ◦C for 24 h before or after UV-C radiation. All treatments showed higher
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total phenol content compared to the control (2.71 mg g−1). UV-C treatments registered an
increase of approximately 10%; however, when UV-C was combined with incubation, the
increase was significantly higher, approximately 60 and 48% when performed before and
after UV-C, respectively. Treatment I + 50 kJ m−2 exhibited the highest value (6.97 mg g−1).
Antioxidant capacity presented a similar behavior to total phenols. As for color parameters,
no significant differences were observed between all the treatments applied.

Future research should explore the possible use of grated carrots with increased
functional properties obtained by the procedure proposed in this work as raw material for
obtaining, for example, carrot flour, which could be used as a new food ingredient for the
preparation of sweet cookies or bread, among others.
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