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The contents of sugars, organic acids, total phenolic content, and the antioxidant activity were quantified
in the flesh of red beet from conventional (CON), integrated (INT), organic (ORG), biodynamic (BD),
and control farming systems using established methods. Significant differences were measured for malic
acid, total phenolic content (TPC), and total antioxidant activity, where malic acid content ranged from
2.39 g kg~ ' FW (control) to 1.63 g kg~ ' FW (CON, ORG, and INT). The highest TPC was measured in
BD and control samples (0.677 and 0.672 mg GAE g ', respectively), and the lowest in CON samples
(0.511 mg GAE g "). Antioxidant activity was positively correlated with TPC (r? = 0.6187) and ranged
from 0.823 uM TE g~ ' FW to 1.270 uM TE g~ ' FW in CON and BD samples, respectively, whereas
total sugar content ranged from 21.03 g kg™' FW (CON) to 31.58 g kg~ ' FW (BD). The importance of
sugars, organic acids, phenols, and antioxidants for human health, as well as for plant resilience and
health, gained from this explorative study, is discussed and put into perspective.

KEYWORDS: Beta vulgaris; red beet; organic farming; biodynamic farming; quality of food; farming
system comparison; chemical composition; sugars; organic acids; total phenolic content; antioxidant

activity

INTRODUCTION

In recent times there has been increased interest in the influence
of farming systems on food quality, especially regarding the
composition and health promoting effects of food (/). The
methods of industrial farming are ever more subjected to public
pressure for their environmental and health effects (2). Alter-
natives have been sought, and an integrated approach toward
agricultural production has been created (3). Moreover, demand
for organically grown products is steadily growing and has
exceeded supply in many countries (3). Consumer and research
interest in the biodynamic farming system, which is regarded as a
part of the organic farming movement, is posing questions
regarding its influences and differences (4). A number of studies
comparing organically and conventionally produced food have
been conducted over the past 20 years, the results of which are
summarized in various review papers (5 —8). Findings point
toward the trend that organically produced foodstuffs in most
cases contain greater amounts of health promoting constituents
(e.g., vitamins and phenols) and lesser amounts of harmful con-
stituents (e.g., pesticide residues and nitrates). However, the results
are not always consistent, as there is a great variety of environ-
mental and production factors influencing the composition of
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food. Different approaches toward sampling also influence the
comparison of food from different farming systems. Often, food is
bought in the store or from the market and then the composition is
compared (5). This presents one of the easiest methods for
acquiring samples, and at the same time, it is the food that the
consumer would eventually buy in the store or from the market.
However, the influence of handling, transport, refrigeration and/or
shelf life is not always given and is difficult to account for.
Sampling different crop varieties can also strongly bias the results.

Another approach would be to find matching pairs of farms with
different production systems in close proximity to each other. In
this case, environmental and soil conditions are better matched
between the samples, and similar varieties can be grown. One also
has a better overview of the production methods and treatments
used. However, it is hard to compare more than two different
production systems (i.e., four), as so many different farms are often
not in close proximity. It is also a challenge to control soil tillage,
sowing, and harvesting dates, as practices differ with every farmer.

A controlled field trial is the third option, where most of the
above-mentioned factors can be either controlled or at least
recorded and where the same varieties and sowing/harvesting
dates are applied in all systems under study. The drawback of
such trials lies in the cost of establishing and running them. Plots
also have to be large enough to gather practice relevant results
and at the same time be manageable within a trial.
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Furthermore, the greater number of studies comparing vegeta-
bles from organic and conventional production has focused mainly
on cabbage, carrots, tomatoes, and potatoes (9), whereas other
vegetable crops have been examined more sporadically. In the only
study found, comparing red beet from organic and conventional
production, yields, holistic quality, and some internal quality
parameters were investigated (/0). Red beet is regarded as a good
potential source of antioxidants and phenols (//—15), and it also
expresses anticancer and radio-protective properties (16, 7). It has
also been shown to contain other health promoting constituents
(I8—20) and is therefore regarded as a good enrichment of the
human diet (27). Furthermore, to date no studies have been pub-
lished that investigate differences due to the production method in
the contents of sugars, organic acids, total phenolic content, and
the antioxidative activity in red beet. Thus, there is a need for more
studies comparing the amounts of these substances in plant foods
under well-defined conditions.

The main objectives of this study were, therefore, to (1)
produce red beet in four different production systems (4control
plots) in a controlled field trial, (2) collect representative samples
of red beet roots, and (3) analyze the chemical composition
(sugar, organic acid, total phenolic content, and the antioxidative
activity) of red beet from the different farming systems under
study.

MATERIAL AND METHODS

Chemicals. The following standards were used for the quantification of
sugars and organic acids: sucrose, glucose and fructose; and citric, fumaric,
malic, and shikimic acids from Sigma-Aldrich Chemie GmbH (Steinheim,
Germany). The chemicals for the mobile phase were HPLC grade. For the
total phenolic content, Folin-Ciocalteu phenol reagent (Fluka Chemie
GmBH, Buchs, Switzerland), sodium carbonate (Merck, Darmstadt,
Germany), gallic acid, and ethanol (Sigma-Aldrich) were used. For the
antioxidant activity 1,1-diphenyl-2-picrylhydrazyl (DPPH), ascorbic acid,
and methanol were purchased from Sigma-Aldrich.

Plant Material. The plant material was produced in a long-term field
trial at the University Agricultural Centre of the University of Maribor
in Pivola near Hode (46°28'N, 15°38'E, 282 m a.s.l). Four production
systems + control plots were arranged in a randomized complete block
split-plot design with four replications. The size of the experimental field
plots was 7m x 10 m, with 4 m buffer zones between production systems.
The farming systems differed mostly in plant protection and fertilization
strategies and are defined by the valid legislation and standards: conven-
tional (CON) (22), integrated (INT) (22—24), organic (ORG) (22, 25),
biodynamic (BD) (22,25, 26) farming system, and control (22) plots, where
no fertilization/plant protection was used. Basic soil cultivation, sowing,
and harvesting dates and methods were identical among experimental
plots and were performed on the same dates and in the same manner as
that with adjacent fields (Table 1). Differences in fertilization and plant
protection are presented in detail in Table 2. Two different five-course crop
rotations were used, where red beet was preceded by 2 years of red clover-
grass and spelt, and was succeeded by false flax. Two years prior to the
beginning of the trial a red clover-grass mixture was grown on-site, and the
whole experimental plot was managed according to organic farming
standards for 6 years before the trial started in 2007.

The same varieties of crops were used in all farming systems, although
the origin of the seed differed: organically produced seed for the ORG,
BD, and control plots vs conventionally produced seed for CON and INT
plots. The red beet variety Rote Kugel was chosen, as it is a quality variety
for fresh consumption and processing, and its seed was the only one
available in both CON and ORG origin.

Samples of red beet were picked on 19th August, 2009 from the
center 10 m? of the experimental plots, cleaned, and samples from each
plot stored separately at optimal conditions (27) in a cooling room at
6 °C and 95% relative humidity until the analyses were performed.
Sample preparation for analyses was done on 4th November, 2009.
For the analyses, 5 representative roots were taken from each stored
plot/replication.

Table 1. Farming Systems under Investigation in the Field Trial and the Differences between Them?®

soil cultivation and basic operations weed management pest management manure application

production system

preventive use of herbicides according preventive use of pesticides according NPK and N mineral fertilizers used according

plowing, seedbed preparation, sowing,

conventional farming according to the

to GAP and nutrient removal estimates
NPK and N mineral fertilizers used on the

to GAP
curative use of pesticides according

to GAP, harrowing when needed
use of herbicides according to the rules of

and harvesting
plowing, seedbed preparation, sowing,

Slovene agriculture act and GAP
integrated farming according to Slovene

basis of soil analysis and nutrient

removal estimates
1.4 LU of cattle manure/ha

to the rules of INT management

INT management, harrowing at least once

and harvesting

standards for Integrated farming

plowing, seedbed preparation, sowing, harrowing 2—5 times/season, cover use of some natural pesticides (Neem-oil,

organic farming according to the EC

BT extract) on vegetable crops when needed

use of BD preparations, some natural

crops after cereals
harrowing 2—5 times/season, cover crops

and harvesting
plowing, seedbed preparation, sowing,

Regulation on Organic Farming
biodynamic farming according to Demeter

1.4 LU of composted cattle manure/ha with

added BD compost preparations

pesticides (Neem-oil, BT extract) on
vegetable crops when needed

none

after cereals

and harvesting

International Production Standards and EC

Regulation on Organic Farming

control plots

none

harrowing 1—3 times/season

plowing, seedbed preparation, sowing,

and harvesting

Bavec et al.

#GAP, good agricultural practice; INT, integrated farming; EC, European commission; BT, Bacillus thuringensis; LU, livestock units; BD, biodynamic.
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Analysis of Individual Carbohydrates and Organic Acids. Red
beet samples were analyzed for their content levels of carbohydrates
(sucrose, glucose, and fructose) and organic acids (malic, citric, succinic,
and fumaric). In the laboratory, roots for each sample were peeled, halved,
cut into small pieces, and thoroughly mixed. Thereafter, 5 g of the fresh
mass was immersed in 15 mL of twice distilled water and homogenized
with a T-25 Ultra-Turrax (Ika-Labortechnik, Stauden, Germany). The
vegetable samples were left for extraction for half an hour at room
temperature, with frequent stirring, and the extracted samples were
centrifuged at 15550g for 7 min at 10 °C (Eppendorf Centrifuge 5810R,
Hamburg, Germany). The supernatants were filtered through a 0.45 um
filter (Macherey-Nagel, Diiren, Germany), transferred to a vial, and
analyzed according to the method described by Sturm, Koron, and
Stampar (28) using high-performance liquid chromatography (HPLC;
Thermo Scientific, Finnigan Spectra System, Waltham, MA, USA). For
each analysis, 20 uL of sample was used. Analysis of sugars was carried out
using a Rezex-RCM-monosaccharide column (300 x 7.8 mm; Phenom-
enex, Torrance, CA) and an RI detector with a flow of 0.6 mL min~' and
with column temperature maintained at 65 °C. For the mobile phase, twice
distilled water was used and an RI detector for identification. Organic
acids were analyzed using a Rezex-ROA-organic acid column (300 x
7.8 mm; Phenomenex, Torrance, CA), and the UV detector set at 210 nm
with a flow of 0.6 mL min~' maintaining the column temperature at 65 °C.
For the mobile phase, 4 mM sulfuric acid (H,SO,) was used. The
concentrations of carbohydrates and organic acids were calculated with
the help of corresponding external standards.

Determination of Total Phenolic Content. In the laboratory, roots
for each sample were peeled, halved, cut into small pieces, and thoroughly
mixed. Five grams of each sample was extracted with methanol (10 mL)
and homogenized with the T-25 Ultra-Turrax, then sonicated with Sonis
4 (Iskra pio, Ljubljana, Slovenia) for 1 h in a cooled water bath. After
extraction, the sample extracts were centrifuged for 10 min at 15550g at
4 °C. The supernatant was filtered through a Chromafil AO-45/25 poly-
amide filter (Macherey-Nagel, Diiren, Germany) and transferred to a vial.

The total phenolic content (TPC) of the extracts was assessed using
the Folin—Ciocalteu phenol reagent method (29). Six milliliters of twice-
distilled water and 500 uL of Folin—Ciocalteu reagent were added to
100 uL of the sample extracts, and after waiting for between 8 s and 8 min
at room temperature, 1.5 mL of sodium carbonate (20% w/v) and 1.9 mL
of twice-distilled water were added. The extracts were mixed and allowed
to stand for 30 min at 40 °C before measuring absorbance at 765 nm on a
Lambda Bio 20 UV/vis spectrophotometer (Perkin-Elmer, Waltham,
MA). A mixture of water and reagents was used as a blank. The total
phenolic content was expressed as gallic acid equivalents (GAE) in mg per
g FW of red beet. Absorptions were measured in three replicates.

Determination of Antioxidant Activity by the DPPH Radical
Scavenging Method. Samples for the determination of antioxidant
activity were prepared using the same method as that for TPC. The free
radical scavenging activity of the red beet extracts was measured accord-
ing to the DPPH (1,l-diphenil-2-picrylhydrazyl) method reported by
Brand-Williams, Cuvelier, and Berset (30), with slight modifications.
The extract (50 uL) was placed in 96-well microplates, and 200 uL of
0.1 mM methanolic solution of DPPH was added and allowed to react in the
dark at room temperature. The decrease in absorbance of DPPH at 520 nm
was measured at 5 min intervals by a spectrophotometer (Perkin-Elmer,
Waltham, MA), until the absorbance stabilized (30 min). Methanol was
used as a blank and DPPH solution without sample as a control. All samples
were prepared in triplicate. Determination of antioxidant activity of the
samples at various concentrations was made using the trolox standard
curve. The DPPH radical scavenging activity of red beet extracts was
expressed as uM trolox equivalents (TE) per g FW of red beet.

Statistical Design and Methods. Data were analyzed by one-way
ANOVA with the production system as a factor using Statgraphics
Centurion (Version XV, StatPoint Technologies, Inc., Warranton, VA).
This was followed by least-squares means comparisons after Duncan’s
test (37). Values given within the article are means + standard error of the
mean (SEM).

RESULTS AND DISCUSSION

Sugars. The same variety of red beet from five different
production systems (control, CON, INT, ORG, and BD) was

Bavec et al.

Table 3. Concentrations of Individual Sugars in Roots of Red Beet
(B. vulgaris L. cv. Rote Kugel) Depending on Farming System in g kg ' FW?

farming system sucrose glucose fructose total sugar
control 2845+736 028+0.14 1.10+£021 29.83+7.16
conventional 18.88+485 065+020 1.49+0.19 21.03+4.66
integrated 2487+263 080+035 1.33+0.19 27.01+£295
organic 2370+528 0.76+0.17 155+0.15 26.01+5.34
biodynamic 20.26+366 095+039 1.37+£020 31.58+£3.49

4 Average values + standard errors are presented. No statistically significant
differences were detected between the farming systems.

examined in this study and the concentrations of individual
sugars were assessed. The most abundant sugar in red beet was
found to be sucrose, whereas fructose and glucose were found
only in small amounts (Table 3). This corresponds with the
findings of Rodriguez-Sevilla et al. (20), where sucrose was also
found to be the most abundant sugar in raw red beet samples.
Values for the total sugar content ranged from 21.03 g kg™
(CON) to 31.58 g kg~ ! (BD), whereas no statistically significant
differences were found between the farming systems. Neverthe-
less, a trend of more total sugar content in organic farming
systems is observable. Pfiffner et al. (/0) compared red beet from
different farming systems on the basis of sucrose content and
reported no differences between the farming systems. However,
also no account is given on the measured values. The importance
of sugar content in vegetables is gaining increasing interest, as
sugars constitute the main energy source in vegetarian diets (20),
and information on the content of carbohydrates of food is of
relevance also for diabetic patients, as they need to adapt insulin
dosage accordingly (32). In addition, sugar is being intensively
researched for its sensing and signaling functions in plant phy-
siology and development, and it was found to be integrated with
signaling pathways in plants (for inorganic nutrients, hormones
and various stress factors) (33).

Organic Acids. Four organic acids were identified in red beet,
namely, citric, malic, shikimic, and fumaric acid (Table 4).
Shikimic acid was the most abundant organic acid. Statisti-
cally significant differences were found between different
farming systems for malic acid content. The significantly
highest values were measured in samples from control plots,
followed by the BD samples. The CON, INT, and ORG
samples contained significantly lower amounts of this organic
acid compared to the samples from control plots. Results are
partly in line with findings from previous studies, where
higher values of malic acid were measured in maize and
blueberries from organic production (34, 35). A study of
Rudrappa et al. (36) hints toward one of the possible reasons
for this phenomenon. It was demonstrated that malic acid,
selectively excreted through roots, signals beneficial rhizo-
bacteria and encourages their interaction with plants. Bene-
ficial soil bacteria have been found to confer immunity
against a wide range of foliar diseases by activating plant
defenses. Organic acids (as well as phenolic compounds) have
been also found to participate in leveling out P deficiency by
being excreted through plant roots (37). Levels of P added in
our trial were similar for the INT and ORG systems and CON
and BD systems (Table 2), whereas control plots received no
additional P. The aforementioned potential role of organic
acids and phenolic compounds in leveling out P deficiency is
thus partly reflected in the malic acid concentrations and the
TPC in our trial. However, the BD system deviates from this
assumption in both cases; despite the relatively high levels
of P added, high values for malic acid and TPC were also
measured. Reasons for this deviation could be sought in a
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Table 4. Concentrations of Organic Acids in Roots of Red Beet (B. vulgaris L. cv. Rote Kugel) Depending on the Farming System?

(mg kg FW) (gkg ' FW)
farming system citric acid fumaric acid malic acid shikimic acid total organic acid
control 290.07 + 65.38 021 +£0.13 239+036a 36.75 + 6.77 39.43 + 6.47
conventional 304.44 + 62.16 0.46 + 0.21 1.63 +0.07b 25.03 + 8.19 26.96 + 8.21
integrated 311.71 £79.34 0.54 £ 0.07 1.63 +£0.08 b 13.76 £ 1.00 15.70 & 1.08
organic 218.41 £ 6.03 0.33 £0.10 1.63+0.21b 2413 +10.74 25.98 +10.92
biodynamic 322.01 £ 3.59 0.58 +£0.28 203 £0.11ab 24.81 +8.88 27.05 + 8.98

@ Average values = standard errors are presented. Different letters (a—b) in rows mean statistically significant differences between the farming systems at p < 0.05 (Duncan

test).
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Figure 1. Total phenolic content of red beet depending on the farming system expressed as gallic acid equivalents (GAE) inmg g~ ' FW of red beet. Average
values =+ standard errors are depicted. Different letters (a—b) above bars mean statistically significant differences in total phenolic content between the

farming systems at p < 0.05 (Duncan test).

changed microbial structure, enzyme activity, or amino acid
metabolism found in BD systems (4). The levels of potassium
(K) added correspond better with the measured values of
malic acid and TPC, for control and BD plots received sub-
stantially less K than CON, INT, and ORG plots (Table 2).
However, the results are in contrast to the findings of Lobit
et al. (38), who modeled malic acid accumulation and suggest
that there is a strong positive effect of K on malic acid
accumulation at the maturity stages of fruits. Levels of N
added were similar in all production systems (except control)
and are thus a less plausible explanation for the varying
organic acid levels. Moreover, according to the carbon:
nutrient balance hypothesis (39), reasons for a higher content
of shikimic acid in some samples could be linked to lower
nutrient availability, especially in the control system. How-
ever, results for the other systems under investigation are not
consistent with this explanation of limited nutrient availabil-
ity, and perhaps a more complex mechanism would better
explain the differences. Plant-microbial interactions and plant—
soil interactions are increasingly being researched and seem to
play an important role in providing plants with nutrients and
activating resilience against pests and diseases, where as a
consequence food products can also gain some beneficial
constituents/compounds (37). Reganold et al. (/) found more
than 200 different unique strains of microorganisms in organic
soils, as compared to only 2 in conventional soils for strawberry
production.

Total Phenolic Content. TPC of red beet samples ranged from
0.51mgg ' FW GAE to 0.6 mgg ' FW GAE in CON and BD
beet, respectively. Samples from BD and control plots had signif-
icantly higher TPC than samples from CON plots (Figure 1). The

importance of polyphenols as secondary plant metabolites is still
under discussion. Some authors have demonstrated their antic-
arcinogenic activity (40, 41) others their potential as an athero-
sclerosis drug (42). They have been also shown to play a role in
plant defense mechanisms (43, 44) as well as in the antioxidant
activity of the plant (43). However, the effect of polyphenols
strongly depends on the type of polyphenol and its combination
with other compounds. It is therefore difficult to draw any
definite conclusions on the health effects of total polyphenol
content on humans on the basis of TPC. A more detailed
composition analysis of TPC would be of assistance; this was,
however, not within the scope of this research article.

Kujala et al. (45) report that the TPC of red beet samples
decreases in the order peel > crown > flesh. Values measured in
their studies ranged from 15.5mg g~ ' in the peel to4.2mg g~ ' in
the flesh (dry weight). When we compare these with regards to the
dry matter (DM) content of red beet in our trial, where values of
TPC lie between 3.16 mg g~' DM GAE (CON) and 4.94 mg g~
DM GAE (control), results are in a range similar to that in
previous findings (45) since we determined TPC only in the flesh
of the beets. We also have to consider that the quality deteriora-
tion of red beet roots in storage, although stored at optimal
conditions, can be expressed in significantly lower TPC values
over time (45). The roots in our trial were in storage for 2 months.

Antioxidant Activity. The antioxidant activity, expressed as
Trolox equivalents (TE), ranged from 0.823 uM TE g~ ' FW to
1.270 uM TE g~' FW in CON and BD samples of red beet,
respectively (Figure 2) . Kugler et al. (12) reported higher values
for the antioxidant activity of red beet (11.103 «M TE g~ '), where
freshly picked red beet roots of the same variety as in our study
were extracted and analyzed. Also Pellegrini et al. (/5) reported
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Figure 2. Antioxidative activity of red beet depending on the farming system expressed as «M Trolox equivalents per g FW of red beet. Average values +
standard errors are depicted. Different letters (a—b) above bars mean statistically significant differences in antioxidative activity between the farming systems

at p < 0.05 (Duncan test).

higher values (5.21 uM TE g™ ") for red beet samples purchased at
a supermarket. However, differences in attained values could be
attributed to the different focus of the studies, as our interest lies
in results given on an FW basis, rather than on a DM basis. If we
include the DM content in the final results, values lie in a range
similar to the findings of aforementioned studies (from 5.09 uM
TE g in CON t0 9.05 «uM TE g™ " in control samples) .

Samples from BD and control plots had significantly higher TE
values than samples from CON plots (Figure 2). Furthermore,
there is a significantly positive linear correlation between the TPC
content and antioxidant activity (+*=0.6187). This is in line with
findings from other authors (12). However, one has to bear in
mind that phenolic substances are not the only influence on the
antioxidant activity of beet root. Close and McArthur (46)
suggest, that phenolic content and antioxidant activity increases
under conditions with high light or limited fertilization, in order
to prevent photodamage to plants. When taking into account
nutrients added to the farming systems under investigation
(Table 2), this theory could partly explain the higher values
measured in the alternative farming systems.

In conclusion we can affirm our assumption, that differences
between farming systems do exist, even if sometimes only a trend is
noticeable. What we could also observe was a variability in the
results for some parameters, which may be attributed to the
microvariability of soil and/or climatic conditions (as other factors
were controlled: fertilization, plant protection, and soil cultivation),
since the plots and the whole experimental area amounts to over
1 ha. However, this resembles field conditions in practice, where
sometimes neighboring fields may have varying soil/climatic con-
ditions and consequently also varying product quality. Despite this
consideration, statistically significant differences were measured for
malic acid, TPC, and antioxidant activity values, where red beet
from the control production system expressed the significantly
highest values, followed by BD, INT, and ORG systems, whereas
significantly lower values were measured for red beet from the CON
production system. It is also important to keep in mind that
sometimes there is a variation within the different organic produc-
tion systems in the same range as between organic and conventional
production systems. This makes it difficult to draw categorical
conclusions regarding food quality, and therefore, different produc-
tion systems from the organic and conventional range have to be
compared separately. Measurements done on one variety in one
production year may also be regarded as of a more explorative
nature; however, long-term trials comparing more varieties and

production systems of many different crops are, as discussed
already at the beginning of the article, highly time-, work- and
resource-intensive, especially when all analyses following the trial
and the gap between individual crops within the crop rotation are
taken into account. Therefore, we believe that it is important to
share and publish results of controlled field trials on a regular basis,
in order to update the common base of scientific knowledge in this
highly interesting area of production systems comparisons.
Because our interest in the contents of sugars, organic acids,
TPC, and the antioxidant activity of red beet roots was focused on
the consumer, the removal of the peel may have decreased the
content of some constituents, especially when comparing the TPC
and antioxidant activity values with those from other studies.
However, results are of relevance to practice since few people, if
any, eat unpeeled red beet roots. Furthermore, many vegetarians,
vegans, and also omnivores consume fresh red beets in salads.
Additionally, storage times of 2—3 months used in this study
partly take into account quality changes due to storage. Examin-
ing the effect of longer storage times and processing procedures
on red beet roots from different production systems, however, is
seen as a future challenge and would additionally clarify the
importance of production systems on the quality of food.
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