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ABSTRACT

In order to popularise organically produced vegetables, two vegetable crops most commonly grown in organic systems in Serbia
were studied. This research aimed at investigating differences in phytonutrient content between organically and conventionally
produced beet and carrot, in fresh roots, juices pasteurised at different temperatures (70 and 900C) and dried products.
Multivariate analysis (principal component analysis) was used in order to determine the main components accounting for the
highest variance, from both systems of production, according to the average content of phytonutrients in beet and carrot. The
samples were divided into two clusters, one for carrot and one for beet, each containing two subgroups. The subclusters for beet
were: | - BDO, BDC, BJ90C, and BJ900 - dried samples and juices pasteurised at 900C, from both systems of production; and II -
BFC, BFO, BJ700 and BJ70C - fresh beet and pasteurisation at low temperatures. The two sub-clusters for carrot were: I - CDO
and CDC - dried samples; and Il - pasteurised juices and fresh carrots from both systems of production. In this research, carrot
was more stable for processing than beet, as determined for samples from the study area, from both systems of production and
for the phytonutrients covered by this research.

Keywords: beet, carrot, organic, conventional, juices, dried products.

M3BOJ

Jla 61 ce U3BpILIMJIA MOMyJIapH3alidja OPraHCKH Mpou3BeJieHor noBpha, HCKMTaHe Cy ABe NOBPTapCKe BPCTe Koje ce Hajyelrhe
raje y opraHckoM cuctemy y Cp6uju. OBo HCTpakMBarbe MMa 3a LW/b Jla Ce UCIUTAjy pas/ivKe Y caApxajy GUTOHYTpHjeHaTa KOA
L[BeKJle 1 MpKBe IOpPeKJOM U3 OpraHcKe U KOHBEHI[MOHA/He IPOU3BO/Ibe, KOJ| CBEXKUX KOPEHOBa, KO/ COKOBA NaCTepPU30BaHUX
Ha pa3iuuyuTuM Temneparypama (70 u 900C) u cyweHor npousBoza. KopuiheHna je MyaTuBapujanMoHa aHajau3a (aHajau3a
rJIaBHUX KOMIIOHEHTH) Kako 6U ce oJpejuie IJlaBHe KOMIIOHEHTe HocHola Hajsehe BapujabUIHOCTH, MOpeKJOM U3 o6e
IPOU3BO/[Ibe Ha OCHOBY IIPOCEYHOT Cafip>kaja QUTOHYyTpHUjeHaTa KoJ IBeKJe W MpKBe. McnuTHBaHM y30pLM Hajlase ce y jBa
KJIacTepa, KJIacTep 3a MPKBY M KJIACTep 3a IIBeKJIy, C TUM LITO Ce Yy OKBUPY CBaKe INojeiUHAYHe Ipyne MOy AeHUHUCATH 110 /iBe
nogrpyne. Iloarpyne 3a nexiay: | - cymeHu y3opnu ¥ cokoBd Ha 900C U3 o6a HauMHA NPOU3BOAbe; U Il - cBexxa IBek/Ia U
nacTepusalyja Ha HIXKUM TeMniepaTypama. [loarpyne 3a MpkBy: | - cymenu ysopuy; u Il — ocTanu TpeTMaHH 3ajeJHO Ca CBEXKOM
MpPKBOM M3 06a Ha4MHa NPOU3BO/be. Y OBUM HCIIMTHBAbMMa 3a MPKBY ce reHepasHO Moxe pehu fa je cTabuiHuja 3a npepagy
o/1 I[BEKJie, a Ha OCHOBY y30paKa KOjU Cy ca MCIMTHBAHOT MOAPYYja, U3 [iBa HauMHa NPOU3BOJIbEe U 3a QUTOHYyTPHjeHTe
obyxBaheHe 0BUM UCITUTHBAbEM.

K./by'-lHe pevu: ysekaa, MpKked, Oop2aHCKd, KOHBEHYUOHA/1HA, COKO8U, CyuleHU npouseod.

1. Introduction

The reasons for consumers’ interest in organically
produced food are the safety of the production process
for people and the environment (air, soil, water) and
high quality standards of the food (both fresh and
processed) (Bavec et al,, 2010, Domagala-Swiatkiewicz
and Maciej, 2012, Kazimierczak et al, 2014).
Differences between organically and conventionally
produced food have been the subject of a great number
of studies in the last twenty years. Beetroot and carrot
were among the first organically grown vegetable
crops. Beet and carrot are grown easily and do not need
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a lot of pesticides in their cultivation. They are used in
the human diet throughout the year, both fresh - as a
salad - and processed (juices, pasteurised and dried).
Beet is a functional food since it has bioactive
compounds that benefit human health (Georgiev et al,,
2010). Some studies proved that beet has a positive
effect on the clinical picture of diseases such as
hypertension, atherosclerosis, diabetes and dementia
(Ninfali at al, 2013). Among strong antioxidants,
vitamin C neutralises free radicals in the human
organism. However, it is thermally labile and is easily
lost during thermal processing (Njoku et al, 2011).
Besides vitamin C, the total antioxidant activity of
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vegetables largely depends on phenol content (Oboh
and Rocha, 2008), and beet processing impacts the
phenol level in the final product (Ravichandran et al,,
2012). The need for organically grown and processed
food is higher than demand since the production is
economically demanding and yield is lower, which
increases the cost of the product. However, numerous
studies proved that organically manufactured food
products contain more bioactive components (vitamins
and phenols) (Bourn and Prescott, 2002; Bavec et al,,
2010; Kazimierczak et al., 2014a). Madrau et al. (2009)
reported that the average levels of a high number of
nutrients decrease with increasing temperature during
thermal processing. One of the oldest ways of food
preservation is drying (Roberts et al., 2008).

Vegetable and fruit juices are becoming more and
more popular. Thermal processing is the most
commonly used way of processing (pasteurisation),
which inactivates enzymes and microorganisms that
spoil food and thus prolongs the expiry date of juice
(Kathiravan et al.,, 2015). There are different ways of
food processing with different effects on the levels of
phytochemical compounds in products (Guldiken et al.,
2016). The general opinion is that the nutritive quality
of food is lost after its thermal processing. However,
some thermal processes increased some components of
food quality (Ravichandran et al, 2012). It is
considered that the key factors for that phenomenon
are time and temperature (Guldiken et al., 2016).

Some studies imply that carrot crops grown in
organic systems are richer in polyphenols, flavonoids,
phenols and total antioxidants (Castro et al, 2014,
Oliveira Pereira et al, 2016). Hallmann et al. (2011)
found that juice from organic carrot contains more
vitamin C, caffeic acid and lutein than conventionally
grown carrot. It was also proved that carrot juice is a
natural antioxidant, given its high antioxidant activity
of polyphenols even after processing (Tingtin et al,
2013). Dried carrot slices can be shelved even longer
than 6 months without a big change in quality (Sra et
al,, 2011). Dried carrot is used for instant soups, for
preparing food without oil and as a healthy snack (Lin

etal,, 1998).

Certified organic farming accounts for 0.44% of the
total agricultural area in Serbia
(https://www.makroekonomija). In order to

popularise organic vegetables, two vegetable crops
most commonly used in organic systems in Serbia were
examined.

This research aimed at finding differences in
phytonutrient content between organically and
conventionally produced beet and carrot, in fresh roots,
juices pasteurised at different temperatures and in
dried products. These two vegetables have an
important place in crop production. Differences
between fresh and dried products and juices from
organic and conventional systems of production should
be further investigated.

2. Material and method

Beet (cv. ‘Bikor’) and carrot (cv. ‘Nantes SP-80")
were obtained from six different organic producers
from certified organic farms located in different parts
of Serbia: Suvobor, Taras, GloZanj, Padina, Kikinda and
Kisac.

Also, conventionally grown beet and carrot were
provided on the same farms. Samples were collected in
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October (winter production). The experiment was
carried out in 2017 in the Chemical Laboratory of the
Faculty of Agronomy in Cadak, Serbia.

Fresh beet and carrot roots, juice thermally
processed at 70 and 90°C and dried samples were
analysed.

Beet and carrot roots were first washed and
macerated in a rotation blender (a centrifugal juicer),
and the obtained juice was pasteurised in a water bath
at 70°C and 90°C for 15 minutes.

Slices of organic carrot were first blanched at
1000C for 2 minutes in order to inactivate enzymes that
impact the quality. Dried samples of organic beet were
first blanched at 100°C for 5 minutes, then peeled and
cut into thin slices. Prepared samples were dried in a
home dehydrator at 500C-55¢C.

Total antioxidant activity (TAA) was determined
spectrophotometrically at 517 nm DPPH (1.1-diphenyl-
2-picrylhydrazyl) by the method described by Xu et al.
(2010).

Levels of B-carotene were determined according to
the method of Nagata and Yamashita (1992). The dried
ethanol extract (100 mg) was vigorously shaken with
10 ml of acetone-hexane mixture (4:6) for 1 min and
filtered through Whatman Grade No. 4 filter paper. The
absorbance of the filtrate was measured at 453, 505,
645 and 663 nm. The content of [-carotene was
calculated according to the following equation:

-carotene (mg/100 ml) = 0.216A4663 — 1.22A4645 —
0.304As05 + 0.4524453

Pale carrot and beetroot juice was obtained by
pressing 100 cm3 of carrot and beetroot juice and
mixed with equal quantity of (100 cm3) solution of a
mixture of HPOs and glacial acid CH3COOH. Then, the
mixture was filtered through creased filter paper. The
first 5-10 cm3 of filtered mixture was thrown away and
the aliquot part was taken from the rest of the mixture
for further investigation. If necessary, the investigated
sample was diluted with cooled boiled distilled water
so that the aliquot part contained about 2 mg of
ascorbic acid. The process of determining ascorbic acid
in the sample: - 10 cm3 of filtered sample (containing 5
cm3 of juice and 5 cm3 HPO3 and glacial acid CH3COOH)
was pipetted into three Erlenmeyer flasks. Each sample
was titrated with Tilmans reagent (TR) solution until
pale pink, for about 5 seconds. At the same time,
solution of TR was titrated and blind tested until pale
pink (Cvijovi¢ and A¢amovi¢, 2005).

The content of ascorbic acid (mg/ cm3) = (V - V1) x
Tx100/g

V - cm3 of TR solution used for titration in trial
testing

V1 - cm3 of TR solution used in blind testing

T - titre solution TR (mg CeHsOs /1 cm3 TR
solution)

g - juice volume in cm3 in aliquot part of sample

Total phenols in the carrot and beetroot ethanol
extracts (20g carrot and beetroot juice in 100cm3
ethanol) were estimated according to the Folin-
Ciocalteu method (Singleton et al. 1999). The extract
was diluted to the concentration of 1 mg/mL, and
aliquots of 0.5 mL were mixed with 2.5 mL of Folin-
Ciocalteu reagent (previously diluted 10-fold with
distilled water) and 2 mL of NaHCO3 (7.5%). Aliquots
were left for 15 minutes at 45°C, and then the
absorbance was measured at 765 nm with a
spectrophotometer against a blank sample. Gallic acid
(GA) was used to calculate the standard curve. The
assays were carried out in triplicate; the results were
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the mean values * standard deviations and expressed
as mg of gallic acid equivalents per gram of dry extract

(mg of GA/g).
Total sugar content was determined by Bertrand’s
method, used for the determination of all

carbohydrates with free hemiacetal groups that reduce
Cu?+ metal ions to Cu+ from Bertrand I reagent
(CuSO45H20), according to Cvijovi¢c and Acamovi¢
(2005).

The method is based on the precipitation of
potassium in the form of potassium tetraphenyl borate,
its dissolution in acetone and titration of the resulting
solution with AgNOs3 solution with the formation of
insoluble Ag-tetraphenylborate in acetone. The
potassium content was calculated based on the
consumption of 0.1 mol dm=3 AgNOs. The potassium
content was expressed in mg/100g of the sample.

Samples from all farms were analysed using
average values in 4 replicates, with 10 roots per

Correlation among the traits based on the analysed
genotypes was determined according to Pearson’s
matrix at the p<0.05 level of significance. Correlation
between genotypes and traits was determined by the
multivariate technique PCA (principal component
analysis) using the statistical software XLSTAT Version
2012.4.02 (Addinsoft, Paris, France). The analysis was
performed based on the average values of the
investigated parameters.

3. Results and discussion

The analysis of the average values of bioactive
components in fresh beet and carrot, in juices
pasteurised at different temperatures and in dried
products (chips), from organic and conventional
production, based on average values from 6 organic
farms and 6 conventional producers, revealed different
results.
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Figure 1. Contents of bioactive components (vitamin C and phenols) and antioxidant activity in fresh beet and carrot
and their products, from organic and conventional production, A - beet, B - carrot

The contents of vitamin C, total phenols (Fig. 1 - A)
and potassium (Fig. 2, B) were higher in fresh beet and
carrot from organic production compared with
conventional production. The same was for organic
products compared with conventional ones, except for
dried carrot, which had higher values in conventional
products than in organic ones (Fig. 2, B).

As regards the other bioactive components (f
carotene, carbohydrates and total antioxidant activity),
higher levels were determined in conventionally
produced fresh beet and carrot and their products than
in organically produced ones (Figs, 1 and 2).

Differences in the level of carbohydrates in fresh
beet were in favour of conventional production
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(7.00g/100g) compared with organic production
(6.68g/100g) - (Fig. 2, A). In the research conducted by
Szopinska and Gaweda (2013), the difference was in
favour of fresh beet produced organically (conventional
7.57 g/100g, organic 7.97 g/100g). However, when
assessing the level of vitamin C, the same authors
obtained significantly higher values in fresh beet from
conventional production, as opposed to the results of
this research, which showed higher levels under
organic system of growing (10.94 mg/100g) than
under conventional system (10.21mg/100g), Figure 1.
Brandt et al. (2011) found higher levels of vitamin C in
organic vegetables compared with conventional crops.



Pavlovic et al.

— 03 4 Y] _ 12
ey 0,25 - £ b 10
£ 02 = 2 8
~ 015 -
¥ 01 E 1w g 6
S 005 2 50 5 4
] ' P | @ 0
g [ v Zz 2
o o o o o] . . . - S
= s |2 4|2 02 4 o ER 22 3|2 32 s o
o z 2z z = 4 2 = 4 =] z =z = z 2 z F - g 3 g 2 g 2 g
x = = =] s = a =] I 3 Q o 5 = 3 =) 53 = H H H H 2 H
@ ¢ Bl & B | & E | & & g = E & £ | & & = ¢ =2 2|8 g8
S §|°© & ©° & ° @ ° & % @9 @ et s E & g s g s
> = = > > 2 = = =] 3 3 3
z Zz z z =z z z
zZ = =z =z -
] ] ] 3 8 8 8 8 ° s s
i i FRFSH WIEF7anc WicFannc nRiED
FRFSH IICF700r | IICF90aC DRIFD FRESH INEFTaac | NICF S0ac DRIFD
A - Beetroot
] a0 8
- — -
By, W 350 Cl
-g- _E 300 $ 13
o ! 250 85
c . E m©
g s 3w 5 ¢
v @ 15 > 3
4 k4 <2
H T 100 ]
2 H a1
8 g 2
a [ | ) 80
g 2 ER ¢ 4 g 2 ¢ 3|2 22 22 2 K] : |3z 2|z 2|z
z z H z z ES z z z z z z z z H z - - 3 - 3 3 ] S
H z H H H H F B E z E z E z E 3 ] 3 g 3 g 3 e E)
© £ © £ © g © £ g £ g £ g £ 2 £ + & £ & = & = g
& z g z & z § z § H § z § H [ H ° g ° g ° g °
g & & g g g y
g g g g g g g g H H H
z z z z z z z z
FRFSH IICF7000 IICF 900 DRIFD

FRFSH WICF 7000 1ICFanoc: DRIFD FRFSH

B - Carrot

ICF 700(

1ICF anac DRIFD

Figure 2. Levels of bioactive components (3 carotene, potassium and total carbohydrates) in fresh beet and carrot
and their products from organic and conventional production, A - beet, B - carrot

During different processing treatments, the
composition of phytonutrients changed. Total phenols
content decreased in juice (90°C) and in dried products
(by approximately 50% and 70 % in organic and
conventional production, respectively) (Fig. 1-A), as
opposed to Guldiken et al. (2016), who found an
increase in total phenols in dried beet (in their research
beet was dried to 50% moisture, and in this research it
was dried to 15% moisture) and in homemade puree
(exposed to high temperatures). Similar results were
obtained for total antioxidant activity, i.e. its increase in
products obtained by drying, while in our research the
antioxidant activity of similar products was decreased
(Fig. 1-A).

There was no fundamental difference between
organic and conventional juices (Kazimierczak et al,
2014a). Facts about vegetable products (mostly juices)
from organic production have been confirmed in other
studies, which can be due to the insufficient use of
organic products (Hallmann et al, 2010) and their
price. In our research, changes in the contents of
bioactive components in processed products were in
correlation with their contents in fresh carrot and beet
(Figs. 1 and 2).

Our research showed that organic carrot had
higher levels of total phenols, vitamin C and potassium,
both in fresh and processed products (Figs. 1B and 2

B). Similar results were obtained by Hallmann et al.
(2011), who found a higher level of vitamin C in
organic carrot. Tingtin et al. (2013) reported that the
antioxidant activity of polyphenols remained in carrot
juices after processing. Different results were found
during the pasteurisation of juices and preservation of
total polyphenols and carotene by Mendelova et al.
(2016), who found a decrease in total carotenoids and
polyphenols. Based on their research and comparisons
of changes in carotenoids and total polyphenols, the
loss of carotenoid level due to the impact of
temperature was significantly higher than the loss of
polyphenols. Our results were in accordance with this
research regarding total phenols and [-carotene in
juices pasteurised at 70 and 90°C. At a pasteurisation
temperature of 90°C, losses were higher than at 700C
(Figs. 1B and 2B).

Based on the principal component analysis (PCA),
the components PC1 and PC2 determined 95.25% of
the total variance in fresh roots and products of beet
and carrot grown in organic and conventional systems
(Table 1.) A high proportion (78.8%) of the variance
explained by the first two basic variables was
determined by Paciulli et al. (2016) in their research
on the quality of juice obtained by different processing
technologies.

CONVENTIONAL

CONVENTIONAL

Table 1.
Eigen value
Value number Eigen value % total Cumulative Eigen Cumulative
value %
1 3.034 60.680 3.034 60.680
2 1.729 34.573 4763 95.253
3 0.199 3.982 4968 99.235
4 0.030 0.597 4992 99.831
5 0.008 0.169 5.000 100.000
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The research proved the impact of evaluated
factors (levels of potassium, carbohydrates, beta
carotene, vitamin C and total phenols) on the total
antioxidant activity of fresh roots and products. Total
antioxidant activity was mostly affected by the total
level of phenols and vitamin C, and less intensively by
the content of beta carotene, since its level in beet was

Factor 2 : 14.85%

-05 0,0

Factor 1:79.42%

05

0 Active
O Suppl.

A - fresh and processed beet

low. This position of the vectors implies high
correlativity of TAA and investigated traits. The angle
of TAA and potassium, as well as the angle of TAA and
total carbohydrates indicated that this correlation was
low and that total antioxidant activity did not depend
on these two factors (Fig. 3, A).

Factor 2 : 6.69%

Factor 1:91.43%

o Active
0 Suppl.

B - fresh and processed carrot

Figure 3. Projection of variables in samples of fresh and processed beet and carrot from organic and conventional
production, based on correlation among investigated factors (A- beet, B-carrot)

The projection of the correlation among
investigated factors relative to TAA in fresh and
processed carrot, regardless of the system of growing,
was slightly different than in beet. Antioxidant activity
in carrot had the highest impact on the level of beta
carotene, with which it was in the strongest correlation.
TAA was highly correlated with total phenols and the
level of vitamin C. A weak or lack of correlation was
found between antioxidant activity and the levels of
carbohydrates and potassium (Fig. 3, B).

Both graphs and the analysis of both vegetable
crops indicated that the main antioxidant activity was
exhibited by beta carotene, vitamin C and total phenols.

Eigenvalue showed that the first components were
responsible for total variation for both root vegetables
and both systems of production. The highest impact on
the first component was made by the level of
carbohydrates (0.967) and beta carotene (-0.945),
while the other component was impacted by vitamin C
(-0.988) and potassium (0.723), in both cases with
different signs in front of the number (Table 2).

Table 2.

Factor coordinates of the variables, based on correlations
Investigated traits Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Carbohydrates 0.967 0.085 0.212 0.110 -0.023
Vitamin C 0.036 -0.988 -0.127 0.075 0.038
[-carotene -0.945 -0.014 0.324 0.016 0.038
Potassium (K) -0.658 0.723 -0.182 0.107 0.009
Total phenols -0.878 -0.472 0.016 0.026 -0.071
Total antioxidant activity* -0.733 -0.606 0.222 0.146 0.044

The strongest impact on factor 1, regardless of the
system of production and processing technique, was
exhibited by BDC (2.548) and BDO (2.118), i.e. dried
beet from conventional and organic production, which
had positive values, as well as by CFC (-2.695) and CFO
(-2.407), i.e. fresh carrot from conventional and organic
production. Factor 2 had the highest impact on
variability in CDO (dried carrot from organic
production) - 2.521 and CDC (dried carrot from
conventional production) - 2.233 (Tab. 3). The other
factors were not considered since they explained 5% of
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total variation. The negative value of antioxidant
activity indicated that handling and processing of
carrot and beet caused a decrease in this activity. Since
it is a dependent variable (a supplement factor), it was
highly impacted by the active factors (for example,
thermally unstable vitamin C) and it is understandable
that it had the strongest impact on this factor in a
negative manner, i.e. it caused its decrease. Here, the
system of production was not a significant factor.
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Table 3.

Factor coordinates of the observed treatments, based on correlations

Treatments Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
BFO (beetroot, fresh, organic) 0.779 -1.844 -0.444 0.101 -0.069

BFC (beetroot, fresh, conventional) 1.069 -1.792 -0.1473 -0.113 -0.101

BJ700 (beetroot, juice 70°C, organic) 0.961 -1.364 -0.420 0.257 -0.020

BJ70C(beetroot, juice 70°C, convl.) 1.270 -1.206 -0.227 0.087 0.097

BJ900 (beetroot, juice 90°C, organic) 1.306 -0.139 -0.115 -0.263 0.0428
BJ90C (beetroot, juice 90°C, convl.) 1.718 -0.018 0.170 -0.372 0.115

BDO (beetroot, dried, organic) 2.118 0.780 0.5107 0.137 -0.061

BDC (beetroot, dried, conventional) 2.548 0.801 0.800 0.112 0.005

CFO (carrot, fresh, organic) -2.407 -0.963 0.171 0.036 0.129

CFC (carrot, fresh, conventional) -2.695 -0.825 0.774 0.080 0.080

CJ700 (carrot, juice 70°C, organic) -2.059 0.111 -0.155 0.089 -0.075

CJ70C (carrot, juice 70°C, convl.) -2.216 -0.163 0.480 -0.087 -0.108

CJ900 (carrot, juice 90°C, organic) -1.312 0.959 -0.682 -0.040 0.104

CJ90C (carrot, juice 90°C, convl.) -1.280 0.910 -0.226 -0.247 -0.157

CDO (carrot, dried, organic) -0.008 2.521 -0.441 0.143 0.068

CDC(carrot, dried, conventional) 0.214 2.233 -0.050 0.080 -0.051

Figure 4. shows grouping of both systems of
production including all parameters evaluated in this
research. The best quality parameters were found in
fresh beet, from both organic and conventional
production, and were located in the fourth quadrant

the products with the highest loss of bioactive
components were dried products, and they were
located in the first quadrant, both for beet and carrot.
Products in the zone of the coordinate lines (apices
were closer to the centre of the coordinate system) had

and distant from the origin of the coordinate system. average values of the investigated parameters
The furthest treatments for carrot were in the third compared  with  fresh and  dried roots.
quadrant for both systems of production. The worst, i.e.
Projection of the cases on the factor-plane ( 1 x 2)
Cases with sum of cosine square >= 0,00
4
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Figure 4. PCA biplot of the first and second principle components

Figure 4 shows the order of treatments for carrot
and beet. The samples occurred in two clusters, one for
carrot and the other for beet. Each cluster contained
two subclusters. The subclusters in the beet cluster
were: | - BDO, BDC, BJ90C, BJ900O - dried samples and
juices produced at 90°C from both systems of
production; and II - BFC, BFO, B]700 and BJ]70C - fresh
beet and beet pasteurised at low temperatures. In the
carrot cluster, the two subclusters were: I -CDO and
CDC i.e. dried samples; and II - pasteurised juices and
fresh carrot from both systems of production. In this
research, carrot was generally more stable than beet, as
determined for samples from the study area, from both
systems of production, and for the phytonutrients
covered by this research.
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4. Conclusion

Carrot and beet, commonly grown in organic
vegetable production in Serbia, were analysed in this
study. Differences in the contents of phytonutrients
(vitamin C, total phenols, total antioxidant activity, -
carotene, potassium and total carbohydrates) between
crop samples from organic and conventional growing
systems, as well as the effect of processing were
determined. Generally, this study indicated higher
stability of the phytonutrients in carrot, compared with
beet, after thermal treatment at different
temperatures.



Acta Agriculturae Serbica, 25 (50), 171-177, 2020

Acknowledgements

This study was supported by the Serbian Ministry
of Education, Science and Technological Development:
Project No. TR31059 (Integrating Biotechnology
Approach in Breeding Vegetable Crops for Sustainable
Agricultural Systems).

References

Bavec, M., Turinek, M., Grobelnik, S. M., Bavec F. (2010).
Influence of Industrial and Alternative Farming Systems
on Contents of Sugars, Organic Acids, Total Phenolic
Content, and the Antioxidant Activity of Red Beet (Beta
vulgaris L. ssp. vulgaris Rote Kugel). Journal of
Agricultural and Food Chemistry, 58(22), 11825-31.

Bourn, D., Prescott, J. A. (2002). Comparison of the Nutritional
Value, Sensory Qualities, and Food Safety of Organically

and Conventionally = Produced  Foods. Critical
Reviews in Food Science and Nutrition, 42, 1-34.
Brandt, K., Leifert, C, Sanderson, R. Seal, CJ. (2011).

Agroecosystem management and nutritional quality of
plant foods: The case of organic fruit and vegetables.
Critical Reviews in Food Science and Nutrition, 30, 177-
198.

Castro, D.S.B., Rosa, L.S., Menezes, E.M.S., Teodoro, A.J. (2014).
Comparative evaluation of organic and conventional
farming on chemical quality parameters and antioxidant
activity in fruits. African Journal of Biotechnology, 13(18),
1883-1890.

Cvijovi¢, M., Acamovi¢-Dokovi¢, G. (2005). Practicum in
Biochemistry. Faculty of Agriculture. Ca¢ak (Serbian)
Domagala-Swiatkiewicz, 1, Maciej, G. (2012). Comparative
study on mineral content of organic and conventional
carrot, celery and red beet juices. Acta Scientiarum

Polonorum Hortorum Cultus, 11(2), 173-183.

Georgiev, G.V., Weber, ]., Kneschke, E.M., Denev, N.P,, Bley, I,
Pavlov, A. T. (2010). Antioxidant activity and phenolic
content of betalain extracts from intact plants and hairy
root cultures of the red beetroot Beta vulgaris cv. detroit
dark red. Plant Foods for Human Nutrition, 65, 105-111.

Guldiken, B., Gamze, T., Kubra, N. M., Okur, S., Boyaciogly, D.,
Capanoglu, E. (2016): Home-processed red beetroot
(Beta vulgaris L.) products: changes in antioxidant
properties and bioaccessibility. International Journal of
Molecular Sciences, 17, 858-871.

Hallmann, E. Rembiatkowska, E., Lipowski, ], Marszatek, K.
(2010). The estimation of nutritive and sensory value of
the pasteurized tomato juice from organic and
conventional production. Journal of Agricultural
Engineering Research, 55(3), 105-111.

Hallmann, E., Sikora, M., Rembialkowska, R., Marszalek, K,
Lipowski, J. (2011). The influence of pasteurization
process on nutritive value of carrot juices from organic
and conventional production. Journal of Agricultural
Engineering Research, 56(3), 133-137.

Kathiravan, T. Nadanasabapathi, S., Kumar, R. (2015).
Pigments and antioxidant activity of optimized Ready-to-
Drink (RTD) Beetroot (Beta vulgaris L.) - passion fruit
(Passiflora edulis var. flavicarpa) juice blend. Croatian
Journal of Food Science and Technology, 7(1), 9-21.

Kazimierczak, R., Hallmann, E., Lipowski, ]., Drela, N., Kowalik,
A, Piissa, T., Matt, D, Luik, A. Gozdowskif, D.,
Rembiatkowska, E. (2014a). Beetroot (Beta vulgaris L.)
and naturally fermented beetroot juices from organic and
conventional production: metabolomics, antioxidant
levels and anticancer activity. Journal
of the Science of Food and Agriculture, 94(13), 2618-29.

177

Kazimierczak, R., Jabtonska, P., Rembiatkowska, E. (2014).
Analysis of organic and conventional beetroot juice
assortment in Warsaw shops and consumer evaluation of
selected products. Rahmann G & Aksoy U (Eds.) (2014)
Proceedings of the 4th ISOFAR Scientific Conference.
‘Building Organic Bridges’, at the Organic World Congress
2014, 13-15 Oct,, Istanbul, Turkey, 917-920.

Lin, M.L., Durance, T.D., Scaman, H.S. (1998). Characterization
of vacuum microwave air, and freeze dried carrot slices.
Food Research International, 31, 111-117.

Madrau, A., Monica, C., Piscopo, A., Sanguinetti, M., Del Caro,
A, Poiana, M., Romeo, V. F., Piga, A. (2009). Effect of
drying temperature on polyphenolic content and
antioxidant activity of apricots. FEuropean Food
Research and Technology, 228, 441-448.

Makroekonomija (2017). Organic food production in Serbia
https://www.makroekonomija.org/0-branislav-
gulan/organska-proizvodnja-hrane-u-srbiji-2017/ (date
of access 4 April 2018)

Mendelovj, A., Mendel, L., Fikselov4, M., Andrejiova, A. (2016).
The dynamics of changes in nutritionally significant
ingredients of carrot juice after the pasteurization. Acta
Horticulturae et Regiotecturae - Special Issue Nitra,
Slovaca Universitas Agriculturae Nitriae, 8-12.

Nagata, M. Yamashita, I. (1992). Simple method for
simultaneous  determination of chlorophyll and
carotenoids in tomato fruit. Journal of Food

Science and Technology, 39, 925-928.

Ninfali, P.,, Donato, A. (2013). Nutritional and functional
potential of Beta vulgaris cicla and rubra. Fitoterapia,
89(1), 188-199.

Njoku, P.C,, Ayuk, A.A.,, Okoye, C.V. (2011). Temperature Effects
on Vitamin C Content in Citrus Fruits. Pakistan Journal of
Nutrition, 10(12), 1168-1169.

Oboh, G. Rocha, J]B.T. (2008). Water extractable
phytochemicals from Capsicum pubescens (tree pepper)
inhibit lipid peroxidation induced by different pro-
oxidant agents in brain: in vitro. European Food
Research and Technology, 226, 707-713.

Oliveira Pereira, F., Santos Pereira, R, Souza Rosa, L. Junger
Teodoro, A. (2016). Organic and conventional vegetables:
Comparison of the physical and chemical characteristics
and antioxidant activity. African Journal of Biotechnology,
15(33), 1746-1755.

Paciulli, M., Medina-Meza, 1.G., Chiavaro, E., Barbosa-Canovas,
G.V. (2016). Impact of thermal and high pressure
processing on quality parameters of beetroot (Beta
vulgaris L.). LWT - Food Science and Technology, 68, 98-
104.

Ravichandran, K., Abdelrahman, R. A,, Dietrich, K., Smetanska,
L. (2012). The effect of different processing methods on
phenolic acid content and antioxidant activity of red beet.
Food Research International, 48, 16-20.

Roberts, ].S., Kidd, D.R., Zakour, O.P. (2008). Drying kinetics of
grape seeds. Journal of Food Engineering, 89, 460-465.

Singleton, V.L., Orthofer, R, Lamuela-Raventds, R.M. (1999).
Analysis of total phenols and other oxidation substrates
and antioxidants by means of Folin-Ciocalteu reagent.
Methods in Enzymology, 299, 152-178.

Sra, S.K, Sandhu, K.S. Ahluwalia, P. (2011). Effect of
treatments and packaging on the quality of dried carrot
slices during storage. Journal of  Food
Science and Technology , 51(4), 645-654.

Szopinska, A.A., Gaweda, M. (2013). Comparison of yield and
quality of red beet roots cultivated using conventional,
integrated and organic method. Journal of Horticultural
Research, 21(1), 107-114.

Tingtin, M., Tian, C., Luo, J., Zhou, R,, Sun, X, Jinjin M. (2013).
Influence of technical processing units on polyphenols
and antioxidant capacity of carrot (Daucus carrota L.)
juice. Food Chemistry, 141, 1637-1644.



