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Abstract

The nutritive value and wholesomeness of carrot are highly appreciated owing to such
biologically active compounds as carotenoids, vitamin C and mineral compounds found in
its roots.

In 2007-2009, field experiments were performed on the effect of foliar fertilisation
of carrot with magnesium sulphate during its vegetative growth on selected nutrients (to-
tal carotenoids, vitamin C, mineral magnesium). The field experiment was set up in a split-
plot design with three replications on light soil, of slightly acid reaction, low in available P
and K forms and very low in Mg. Magnesium was applied in rates of 0, 45 and 90 kg MgO
ha! by spraying carrot plants with a 3% solution during their intensive growth in the
vegetative season, accompanied by constant N, P, K fertilisation. The experiment involved
five carrot cultivars: medium-late Berjo, and late Flacoro, Karotan, Koral and Perfekcja,
all characterized by good storage life. The content of selected nutrients in carrot roots was
determined immediately after harvest and after six-month storage in a traditional earthen
mound.

Foliar application of magnesium significantly increased the nutritive value of roots
of the carrot cultivars after harvest, raising the content of total carotenoids, vitamin C and
magnesium in edible parts. The rate of 45 kg MgO ha=! was most favourable. The six-
month root storage led to a decrease in the biologically active compounds. The recorded
loss (mean for cultivars and fertilisation) reached 20% of carotenoids, 50% of vitamin C
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and 1% of magnesium. The highest nutritive value was determined for roots of the culti-
vars Karotan and Perfekcja and the lowest one in roots of cv. Flacoro.

Key words: carotenoids, vitamin C, magnesium, carrot cultivars, magnesium fertilisation,
storage.

WPLYW DOLISTNEGO DOKARMIANIA MAGNEZEM I PRZECHOWYWANIA
NA WYBRANE PARAMETRY WARTOSCI ODZYWCZEJ KORZENI
SPICHRZOWYCH MARCHWI

Abstrakt

Warto$¢ odzywcza i zdrowotna marchwi jest wysoko ceniona za wzgledu na wystepu-
jace w jej korzeniach zwigzki biologicznie czynne, jak karotenoidy, witamina C, oraz zwigz-
ki mineralne.

W latach 2007-2009 przeprowadzono doswiadczenia polowe dotyczace wplywu dolistne-
go dokarmiania marchwi siarczanem magnezu w okresie jej wegetacji na wybrane sktadni-
ki odzywcze (sume karotenoidéow, witamine C, magnez mineralny). Doswiadczenie polowe
zalozono w uktadzie zaleznym split-plot w 3 powtdrzeniach na glebie lekkiej o odczynie
lekko kwasnym, matej zasobnos$ci w przyswajalne formy P i K oraz bardzo matej zasobno-
§ci w Mg. Nawozenie magnezem zastosowano w dawkach 0, 45 i 90 kg MgO hal — w for-
mie oprysku 3% roztworem w okresie intensywnego wzrostu ro§lin w trakcie sezonu we-
getacyjnego na tle stalego nawozenia N, P, K. Obiektem badan bylo 5 odmian marchwi:
$rednio poézna Berjo oraz pézne: Flacoro, Karotan, Koral, Perfekcja — o dobrej trwatosci
przechowalniczej. ZawartoS¢ wybranych skladnikéw w korzeniach marchwi oznaczono bez-
posSrednio po zbiorze i po 6 miesigcach przechowywania w kopcu tradycyjnym.

Dolistne nawozenie magnezem wplyneto istotnie na wzrost warto$ci odzywczej korze-
ni badanych odmian marchwi bezpo$rednio po zbiorze wskutek zwiekszenia w czeSciach
jadalnych zawarto$ci sumy karotenoidéw, witaminy C oraz magnezu. Najkorzystniejsza oka-
zala sie dawka 45 kg MgO hal. Po 6 miesigcach przechowywania korzeni stwierdzono
zmiejszenie zawartosci zwiazkow biologicznie czynnych. Wystapily straty (Srednio dla od-
mian i nawozenia) 20% karotenoidow, 50% witaminy C i 1% magnezu. Najwigekszg wartosé
odzywcza mialy korzenie odmian Karotan i Perfekcja, a najmniejsza Flacoro.

Stowa kluczowe: karotenoidy, witamina C, magnez, odmiany marchwi, nawozenie mag-
nezem, przechowywanie.

INTRODUCTION

Carrot (Daucus carota L.) is one of the key vegetables grown in Asia
and Europe. With the carrot yield of 270-300 dt ha!, Poland is the second
European producer (Gasewskl et al. 2007). In 2009, the carrot consumption
was 21.4 kg per person, including fresh carrot consumption of about 10 kg,
which shows how important this vegetable is in human nutrition, as the
total annual consumption of vegetables is about 115-120 kg per capita. Most
of the carrot harvest supplies the Polish market, although because of the
large scale of production and a growing demand, the vegetable has become
an important export commodity (FiLipiak, Maciesczak 2010).
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Over the recent years, much attention has been paid to the presence
of natural antioxidants found in food, which inhibit or delay the oxidation
of other molecules and protect the cells from harmful action of reactive oxy-
gen forms. Fruit and vegetables, e.g. carrot, are rich sources of antioxidants
such as carotenoids and phenolic compounds as well as ascorbic acid (VELI-
oGLU et al. 1998, PAULAUSKIENE et al. 2006, PopsepeEk 2007, PokLupa 2008,
Domarapzki et al. 2010). With different sowing dates, high yields as well as
good storage life, carrot roots are available on the market all year. The
quality of storage roots in carrot is cultivar-specific and depends on climate
and soil conditions, agronomic practice as well as environmental conditions
during prolonged storage (SELJASEN et al. 2001, KARKLELIENE et al. 2009, Doma-
RADZKI et al. 2010).

There is relatively much information on the effect of organic and basic
mineral (N, P, K) fertilisation on the chemical composition of carrot roots,
but little is known about the effect of Mg fertilisation on transformations in
carrot roots (SMOLEN, Sapy 2007). Magnesium participates in the synthesis
of carbohydrates, proteins and provitamin A. It is also a structural compo-
nent of chlorophyll. Therefore, it can be assumed that supplying carrot with
such an important macronutrient can affect the accumulation of chemical
compounds and their transformations in its roots.

The aim of the present research has been to determine the effect of foliar
fertilisation of plants with magnesium as well as of long-term storage
on selected parameters of the nutritive value of roots in selected carrot cul-
tivars.

MATERIAL AND METHODS

The research material was obtained from a field experiment carried out
at the Experimental Station in Mochetek (2007-2009), owned by the Faculty
of Agriculture and Biotechnology, the University of Technology and Life Sci-
ences in Bydgoszcz (the Kujawy and Pomorze Province). The field experi-
ment was performed on light soil of slightly acid reaction, low in available P
and K forms as well as a very low in Mg (Table 1).

The experiment was set up in a split-plot design with three replications.
The experiment design covered:

— date of analysis (after harvest, after storage);

— cultivars (medium-late Berjo, late Flacoro, Karotan, Koral and Perfekcja);

— magnesium rates (0, 45, 90 kg MgO ha™1) in the form of magnesium sulphate
(16%) alongside constant fertilisation with nitrogen (70 kg N ha=1), phosphorus
(80 kg P50y ha™1) and potassium (100 kg K;0 ha™1). Foliar fertilisation with
magnesium was applied twice during the intensive plant growth (July, August)
with a 8% solution of magnesium sulphate in the rate of 300 dm3 ha~!.
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Table 1
Chemical composition of soil prior to the experiment
Growing year
Parameter Unit Richness
2007 2008 2009
pH H,0 - 6.6 6.5 6.7
slightly acid soil
pH KC1 - 6.0 5.9 6.1
Organic carbon (mg kg1) 7650 7800 7550
Total nitrogen (mg kg™1) 720 690 750
Available phosphorus forms (mg kg1) 24.0 23.0 25.0 low abundance
Available potassium forms (mg kg™1) 42.0 43.0 45.0 low abundance
. . 1 very low
Available magnesium forms (mg kg™) 18.5 20.0 17.0 abundance

Cultivation treatments and protection against diseases and pests were
in line with the requirements established for carrot, i.e. seeds were seed-
dressed with Funaben T and the herbicide Stomp 330 EC was applied each
year after sowing and prior to plant emergence. During the vegetative peri-
od, hand-weeding was performed. Carrot storage roots were harvested at
full maturity (first ten days of October). During the harvest, root samples
were taken from each plot for analysis and storage studies. The samples
were stored in a traditional earthen mound for 6 months. The parameters
of the chemical composition of carrot were determined applying the follow-
ing methods:

— total carotenoids — with the colorimetric method following PN-90/A-75101/12;
— vitamin C — with the titration method following PN-90A-75101/11;
— magnesium — with the atomic absorption method after mineralization.

In the present paper, an attempt has been made to present model de-
termination of daily consumption of total carotenoids, vitamin C and magne-
sium, assuming that the daily consumption of carrot storage roots equalled
55 g per capita. The data were compared with the Recommended Dietary
Allowance. The content of vitamin A was calculated from total carotenoids,
assuming 18 mg of carotenoids as equivalent to 1mg retinol RE (Retinol
Equivalent).

The results of the 3-year research were statistically verified using the
analysis of variance. The significance of differences was evaluated with the
Tukey’s multiple confidence intervals for the significance level of «=0.05.
Coefficients of linear correlation between the quality characteristics in car-
rot were calculated.
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RESULTS AND DISCUSSION

Carotenoids and fibre mostly determine the wholesomeness and nutri-
tive qualities of carrot (ALAsALVAR et al. 2005, Fik et al. 2008, DOMARADZKI et
al. 2010). Carotenoids are red, orange or yellow pigments soluble in plant
lipids, and give the characteristic coloration of roots (SKREDE et al. 1997).
Present in edible parts of carrot, carotenoid compounds are mostly a- and
pB-carotene (HOLDEN et al. 1999, MavErR-MIiEBACH, SPiEss 2003, Nawirska, KroL
2004). Being a vitamin A precursor (HANDELMAN 2001, Nawirska, KroL 2004)
and highly active antioxidants, carotenoids are essential in controlling prop-
er functions of the human body (Rock 1997, VELIOGLU et al. 1998, PAULAUSK-
IENE et al. 2006, PopsgDpEk 2007). According to HoLDEN et al. (1999), depending
on the cultivar, carrot contains from 57 to 84 mg kgl of fresh weight of
carotenoids, while PokLup (2008) reported that an average content of carote-
noids calculated for 28 carrot cultivars was 86.0 +25.0 mg kg1 of fresh
weight, with the lowest concentration of 42.0 mg kg™! for cv. Fuk and the
highest one of 168.0 mg kg1 for cv. Kortina. Some other data imply that
the content of carotenoids in carrot roots, being cultivar-specific, ranges even
more broadly, e.g. from 10 to 140 mg kg™! of fresh weight (GaJEWsKI et al.
2007), from 55.8 to 138.9 mg kg1 of fresh weight (Nawirska, KroL 2004) and
from 136 to 854 of fresh weight (LacuMaN et al. 2000). In the present re-
search, the results of the content of carotenoids in roots of five carrot culti-
vars are given in Table 2 and confirm the earlier results reported by the
above authors. The analysis of variance showed significant differences in
the content of carotenoids between the cultivars. The highest content of
this nutrient was found in cv. Karotan: on average 136.1 mg kg ! of fresh
weight; the lowest one appeared in cv. Flacoro: 106.8 mg kg1 of fresh
weight. Such results correspond to the root coloration since out of all the
cultivars, cv. Karotan had roots in the most intensive dark-orange colour,
a finding which coincides with the results reported by SKREDE et al. (1997).
A similar relationship was reported by GaJewski et al. (2007), who analysed
six carrot cultivars and the root colour ranged from yellow (cv. Yellowstone)
through orange (cv. Florida) to purple (cv. Purple Haze). These authors claimed
that the darker the root colour, the higher the content of carotenoids.

Magnesium fertilisation significantly increased the content of caroten-
oids in carrot roots of the cultivars (Table 2). The magnesium rates applied
during the growing season increased the content of carotenoids in storage
roots immediately after harvest, except for cv. Karotan, which — when ex-
posed to the rate of 45 kg MgO ha! — did not respond with a significant
increase of this nutrient. Carotenoid pigments are thought to be stable asin
adequately stored plant products their changes are negligible (Koca, Kara-
DENIZ 2008). They can only undergo oxidation (SELJASEN et al. 2001), which
can lead to a decrease in their content and to sensory changes in the stored
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plant material, e.g. paler colour, unpleasant flavour and smell. The present
results confirm the above, since after 6-month storage a slight decrease in
the content of carotenoid was recorded although the determination date did
not have a significant effect on any such changes (Table 2). The smallest
decrease in the content of carotenoids occurred in roots of cv. Karotan
(17.8%), and the biggest one — in roots of vc. Perfekcja (20.5%). Contrary
results were reported by Koras-LANE and WARTHESEN (1995), KipmosE et al.
(2004), who found a slight increase in the content of carotenoids after stor-
age. GAJEWSKI et al. (2010) examined 8 carrot cultivars of various root colour
and concluded that after 3 months of storage the content of carotenoids in
edible parts of the carrot cultivars rose by 19.2%. In the present research,
the magnesium rates slightly stimulated the carotenoid loss in carrot stor-
age roots (Figure 1).

Carrot contains relatively small amounts of vitamin C (L-ascorbic acid).
Reports on the content of vitamin C in carrot roots provide various results,
e.g. 59.0 mg of vitamin C per 1 kg of fresh root weight (HoLDEN et al. 1999),
60.0 mg (WierzBicka, Kuskowska 2002) or 65.2-97.8 mg (MAJKOWSKA-GADOMSKA,
WiErzBicka 2010), depending on the cultivar. ALasAivar et al. (2001), who de-
termined vitamin C in fresh carrot, reported the following results: 53.3 mg
in orange, 19.8 mg in yellow and 12.5 mg in white carrot. Different results

Table 2
Content of carotenoids in the fresh weight of carrot roots; means for 2007-2009 (mg kg1)
Date Fertilisation MgO kg ha™1 (C)
of determination | Cultivars (B) Mean
(A) 0 45 90

Berjo 100.7 107.9 114.5 107.7

Flacoro 98.5 108.9 113.0 106.8

Karotan 132.3 133.9 142.1 136.1

After harvest

Koral 112.8 120.0 124.7 119.2

Perfekcja 126.2 1314 137.6 131.7

mean 114.1 120.4 126.4 120.3

Berjo 82.7 86.4 94.7 87.9

Flacoro 80.1 86.9 92.4 86.5

Karotan 105.9 112.9 116.9 111.9

After storage

Koral 94.7 94.1 101.0 96.6

Perfekcja 102.9 104.2 106.8 104.6

mean 93.3 96.9 102.4 975

Mean 103.7 108.7 114.4 108.9

LSD,_0.05
= ns* B = 168 C = 28
B/A = ns. A/B = ns. C/A = ns.
A/C = ns. C/B = ns. B/C = ns.

*n.s. — no significant difference
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Fig. 1. Percent loss of carotenoids in carrot roots depending on the cultivar, fertilisation
and storage period; means for years 2007-2009

were noted by FaveLL (1998), who claimed that the content of vitamin C in
fresh weight ranged from 28.0 to 45.0 mg. The present research showed
that vitamin C in roots after harvest ranged from 91.1 to 107.4 mg kg!
of fresh weight (Table 3), being slightly higher than reported by the cited
authors. This may have been caused by the foliar fertilisation of plants with
magnesium. The magnesium rate of 45 kg MgO ha~! increased the content
of vitamin C in carrot roots after harvest, as compared with the control, by
an average of 13.9% (Table 3). MaJkowska-Gapomska and WiIERzBICKA (2010),
while studying various carrot cultivars and the effect of additional plant fer-
tilisation, recorded a lower content of vitamin C in roots in cv. Deep Purple
and Purple Haze but a higher one in cv. Florida after an application
of multicomponent fertiliser Crop Care in a dose of 30 kg per ha The same
authors, and likewise Arasaivar et al. (2001), observed that storage roots
of the more colour-saturated cultivars contained more ascorbic acid. In the
present research, the content of vitamin C was higher in storage roots of the
cultivars with the most intensive red colour: cv Karotan had on average
of 107.1 mg of vitamin C per kg1 of fresh weight (Table 3). RocoziNska et al.
(2005) in their earlier experiment with another vegetable (potato), recorded
similar effects when applying identical magnesium fertiliser rates as in the
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Table 3
Content of vitamin C in the fresh weight of carrot roots; means for 2007-2009 (mg kg—1)
Date Fertilisation MgO kg ha™! (C)
of determination | Cultivars (B) Mean
(A) 0 45 90
Berjo 91.8 90.6 90.8 91.1
Flacoro 88.0 102.0 93.3 94.4
Karotan 94.6 117.9 108.8 107.1
After harvest
Koral 89.2 105.9 112.0 102.4
Perfekcja 84.2 94.0 98.4 92.2
mean 89.6 102.1 100.7 97.4
Berjo 49.0 48.8 49.0 48.9
Flacoro 52.1 55.9 59.9 56.0
Karotan 49.3 442 56.9 50.1
After storage
Koral 49.7 51.7 51.9 51.1
Perfekcja 50.6 53.2 58.8 54.2
mean 50.1 50.8 55.3 52.1
Mean 69.9 76.4 78.0 74.8
LSD,0.05

= 173 B = ns* C = 58

B/A = ns. A/B = ns. C/A = 82

A/IC = 18.0 C/B = ns. B/C = ns

*n.s. — no significant difference

present research,. The most favourable rate was 45 kg MgO ha=1, for which
the content of vitamin C in potato tubers was the highest.

Vitamin C is the least stable nutrient and can be destroyed by ultravio-
let radiation, high temperatures, the presence of oxygen, oxidation enzymes,
metal ions and long-term storage (WIERzBICKA, KUSKOWSKA 2002, GASIOROWSKA,
MarkiEwicz 2004, DoMmaRADZKI et al. 2010). GastorowskA and MARKIEWICZ (2004)
demonstrated a linear dependence between the vitamin C content and the
storage period in another vegetable (potato). According to the above authors,
the longer the storage period, the higher the vitamin C loss. It is also
common knowledge that the content of vitamin C benefits from low but
stable temperature. The present study confirms such dependence since car-
rot storage roots were stored in an earthen mound, in which maintaining
stable temperature is very difficult. After long storage (6 months) a very
high vitamin loss was reported: from 40.6 to 52.7% on average (Figure 2).
The highest vitamin C loss was reported in cv. Karotan (62.5%) fertilised
with 45 kg MgO ha™! and the lowest one in cv. Flacoro (35.8%) which re-
ceived 90 kg MgO ha~!. Nawirska and KroL (2004) recorded a very low vita-
min C content after 60 days of storage of 4 carrot cultivars: from 16.0 mg
in cv. Nantejska to 24.5 mg kg1 of fresh weight in cv. Flacoro. As reported
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Fig. 2. Percent loss of vitamin C in carrot roots depending on the cultivar, fertilisation
and storage period; means for years 2007-2009

by WiErzBicka and Kuskowska (2002), vitamin C loss after 60 days of storage
ranged from 12.9% to 52.8% in 20 different vegetables, including carrot.
Magnesium is an element which is not readily absorbable from our diet
(Just 50% of magnesium in food is absorbed). On the other hand, since mag-
nesium partakes in most biochemical processes in the body, it can be per-
ceived as one of the most essential cell cations; hence the importance of the
presence of magnesium in food products. The results of our analyses on the
magnesium content in dry matter of five carrot cultivars are given in Ta-
ble 4. The cultivars did not differ significantly in their magnesium content.
Maskowska-GapoMmskA and WIERZBICKA (2010), who examined three other culti-
vars than the ones discussed here, recorded contrary results. Interestingly,
the average content of magnesium in the dry matter of carrot roots was
much higher in the present research (1.79 g kg™1) than reported by MaJ-
KOWSKA-GADOMSKA and WIERzBICKA (2010), which was 1.0 g kg™L. Such a big
difference must have been induced by the positive effect of foliar fertilisa-
tion of carrot with magnesium sulphate. The authors cited above also ap-
plied additional fertilisation (multicomponent fertiliser Crop Care, contain-
ing magnesium). However, they did not record any significant effect of this
fertiliser on the content of magnesium in carrot roots. In the present re-
search, the statistical analysis showed that the magnesium fertilisation rate
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Table 4
Content of magnesium in the dry weight of carrot roots; means for 2007-2009 (mg kg™1)

Date Fertilisation MgO kg ha~! (C)
of determination | Cultivars (B) Mean
(A) 0 45 90
Berjo 1.72 1.83 1.99 1.85
Flacoro 1.53 1.75 1.89 1.72
Karotan 1.53 1.70 1.99 1.74
After harvest
Koral 1.46 1.81 2.04 1.77
Perfekcja 1.74 1.76 2.12 1.87
mean 1.60 1.77 2.01 1.79
Berjo 1.70 1.82 1.97 1.83
Flacoro 151 1.74 1.88 1.71
Karotan 1.52 1.68 1.97 1.72
After storage
Koral 1.44 1.79 2.02 1.75
Perfekcja 1.73 1.74 2.10 1.86
mean 1.58 1.75 1.99 1.77
Mean 1.59 1.76 2.00 1.78
LSD,-0.05

= ns B = ns Cc = 0.07

B/A = ns. A/B = ns. C/A = nus.

A/IC = ns CB = 0.14 B/C = 0.23

*n.s. — no significant difference

had a significant effect of on the content of this element in carrot roots. As
expected, each rate applied increased the content of magnesium in the dry
matter of roots. The rate of 45 kg MgO ha~! resulted in a 10.6% increase in
magnesium content and the rate of 90 kg MgO ha! raised it by 25.8%, as
compared with the control.

Minerals, including magnesium, demonstrate high thermal stability and,
as such, they do not undergo extensive modifications. The present research
confirms high stability of this cation in that the magnesium loss during
storage was negligible, varying from 0.8% to 1.2% on average (Figure 3).

Numerous studies emphasise the positive effect of a diet rich in vegeta-
bles on human health. According to various sources, vegetable consumption
should be about 500 g served with 4-5 meals a day. Since carrot is one of
the most popular vegetables, this study has included an attempt at defining
daily consumption of the total carotenoids, vitamin C and mineral magnesi-
um, assuming that the average consumption of carrot was 55g per person
a day (Table 5). By comparing the present data with the norm contained in
the Recommended Dietary Allowance, it can be concluded that the daily
requirement for vitamin C and magnesium will not be covered much by
eating 55 g of carrot a day, but the daily consumption of carotenoids will be
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Fig. 3. Percent loss of magnesium in carrot roots depending on the cultivar,
fertilisation and storage period; means for years 2007-2009

considerable. Converting the total carotenoids into vitamin A, on the as-
sumption that 18 mg of carotenoids is equivalent to 1mg of retinol RE (Reti-
nol Equivalent), the daily intake of vitamin A equals 43% of the required
amount when eating 55 g of carrot right after harvest and 35 % when eat-
ing the same amount of stored carrot.

The results of our analysis of the linear correlation are given in Tables
6 and 7. As seen from Table 6, positive correlation between the content of
vitamin C and the content of carotenoids in carrot roots appeared (r=0.50),
whereas after storage (Table 7) vitamin C correlated positively with the con-
tent of magnesium, which means that the higher the content of vitamin C
in carrot roots, the higher the content of carotenoids directly after harvest
and magnesium after 6 months of storage.
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Table 6

Significant correlation coefficients (r) between the
analysed characteristics determined after harvest

Characteristics 2. 3.
1. Vitamin C content 0.503
2. Carotenoids content
3. Magnesium content
Py o517 = 0497
Table 7

Significant correlation coefficients () between
the analysed characteristics determined after storage

Characteristics 2. 3.
1. Vitamin C content 0.508
2. Carotenoids content
3. Magnesium content
Py o517 = 0497

CONCLUSIONS

The wholesomeness of carrot roots was significantly affected by fertilisa-
tion at the rate of 45 kg MgO ha~l. A significant increase in the content
of carotenoids, vitamin C and mineral magnesium in the edible parts of car-
rots appeared after that treatment.

The cultivars differed in their content of nutrients. Irrespective of the
experimental factors, the best nutritive value was recorded in roots of cv.
Perfekcja and Karotan.

Analysing carrot roots after 6-month storage, on average, an average
19% loss of carotenoids, 46% vitamin C loss and 0.94% magnesium loss were
recorded.

Consumption of 55 g a day of the analysed carrot fulfils much of the
daily demand for vitamin A but fails to provide the required amounts
of vitamin C and magnesium.
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