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Summary

Five species of herbs from organic and conventional cultivation (dropsy
plant, lovage, mint, thyme and sage) were used for this experiment. The re-
search material consisted of usable parts of fresh herbs, which were harvested in
the first ten days of September 2009 and 2010. In order to avoid losses in the
content of biologically active compounds in the plant material, the herbs were
frozen at -80°C immediately after harvesting, and then subjected to freeze-
drying; finally, analytical research was conducted. The results of two-year stud-
ies indicated that herbal plants from organic production contained a higher level
of dry matter, vitamin C and flavonoids, while the conventional ones contained
more phenolic acids. Regardless of the cultivation system, dropsy plant and
mint were distinguished by the content of phenolic acids, the highest level of
flavonoids was found in thyme, while lovage was the raw material containing
the most vitamin C. The qualitative analysis of phenolic compounds contained
in herbs showed that the most diverse composition of phenolic acids was at-
tributed to sage and thyme, which also contained the largest number of identi-
fied flavonoids.
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INTRODUCTION gastronomy, medicine as well as cos-

metic and perfumery industries. They

Herbal plants are an important owe their unusual properties to the

component of diet as they contribute  present essential oils, phenolic com-

to the enhanced taste and aroma of pounds, tannins, bitter compounds,

foods and provide significant nutrients  organic acids and muci. Fresh herbs

and bioactive substances. Thanks to also contain enzymes, vitamins, phy-
that they enjoy a broad application in
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toncides and other active substances.
They are a valuable source of antioxi-
dants such as phenolic acids, flavo-
noids and vitamin C, which are im-
portant from the standpoint of preven-
tion of many diseases caused by free
radicals, including cardiovascular
diseases, atherosclerosis, Alzheimer’s
disease, Parkinson’s disease and tu-
mours (Bartosz 1995, Grajek 2007).
Currently, among consumers
there is observed the increased de-
mand for food produced in a natural
way, without the use of agricultural
chemicals, resulting in rapid devel-
opment of organic farming (Luczka-
Bakuta 2007). Its main purpose is to
care about the environment, maintain
an appropriate degree of soil fertility
and produce high quality food. Crops
are produced through natural methods
which do not cause their contamina-
tion or loss of nutritional value and
health properties (Worthington 2001).
In accordance with the applicable
laws, it is not permitted to use syn-
thetic pesticides and artificial fertiliz-
ers in organic cultivation system.
However, there are used natural ferti-
lizers such as manure, compost and
green manures as well as natural
methods of protection, including the
use of pathogens to fight natural ene-
mies, the use of pheromone traps or
glue boards (The Council Regulation
834/2007). That stimulates plants to
a higher synthesis of phenolic com-
pounds, which perform the function of
natural pesticides (Young et al. 2005).
The results of many scientific
studies on the quality of agricultural
products from organic and conven-
tional systems show a higher nutri-
tional value and a higher content of
biologically active compounds in

organic raw materials (Brandt & Mol-
gard 2001, Carbonaro et al. 2002,
Hallmann & Rembiatkowska 2007,
2008, Bourn & Prescott 2002). At the
same time, there are some results pro-
vided by other references which do not
confirm such differences (Kazi-
mierczak et al. 2009, Rembiatkowska
& Hallmann 2007, Wunderlich et al.
2008, Asami et al. 2003). In numerous
studies, the authors suggest that the
variability of the quality parameters
studied is hugely influenced by a crop
season; therefore, the papers contain-
ing a comparison of quality parameters
of plant raw materials should include
at least two-year studies (Chassy et al.
2006, Pieper & Barrett 2009).

The purpose of this paper was to
verify the hypothesis that herbal
plants from organic production con-
tain more bioactive compounds than
the conventional ones.

MATERIAL AND METHODS

There were selected five species
of herbal plants for the experiment:
common mint, garden sage, dropsy
plant, thyme and garden lovage. The
choice of herbs was based on their
high health value and frequent use by
consumers. The herbs were grown in
the years of 2009 and 2010, on a certi-
fied organic farm and a conventional
farm located nearby in order to ensure
similar climate and soil conditions.
Table 1 presents the types of fertiliz-
ers and the nutrient content used in
both years of cultivation. The study
material consisted of fresh herbs col-
lected from three- and four-year plan-
tations. Herb harvesting was per-
formed manually, during the phase of
harvest ripeness corresponding to the
utility ripeness of individual species.
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Table 1. Characteristic of localization and fertilizers used for organic and conventional
cultivation of herbs (mean value for 2009-2010)

Fertilization range

Farm Localization Fertilizers (kg-ha™)
N P K
. Rozalin
Organic 52°10'N 18° 51' E manure 80 45 105
Conventional Szczytno mixed fertilizer 92.5 13.3 112

52°56' N 20°48' E

The weight of laboratory samples for
testing was min. 0.2 kg. The usable
parts of separate herb species (com-
mon mint, garden sage, dropsy plant,
and thyme — leaves and leafy tops of
shoots, and lovage garden — leaves)
were used for analysis. In fresh herbs
were determined: dry matter content
by gravimetric method according to
PN-R-04013:1988, the content of
vitamin C by titration method accord-
ing to PN-A-75101-11:1990, and the
content of phenolic compounds by the
method high performance liquid
chromatography (HPLC) described by
Hertog et al. (1992) with modifica-
tions. A weighted amount of freeze-
dried herb sample (100 mg) was put
into a plastic test tube, then 1 ml of
methanol with 1% ascorbic acid were
added, mixed thoroughly by vortex
and incubated in an ultrasonic bath
(15 minutes at 30°C). Then the sam-
ples were swirled at the speed of
5,000 rpm. From the test tube 1 ml of
extract was collected and re-swirled at
the speed of 12,000 rpm. The amount
of 500 ul of extract was taken for
HPLC vials and analyzed. To deter-
mine polyphenols there was used high
performance liquid chromatograph
HPLC Shimazu (Poland), consisting
of two LC-20AD pumps, CMB-20A
system controller, SIL-20AC au-
tosampler, UV/VIS SPD-20AV detec-

tor, CTD-20AC oven, and Synergi
Fusion-RP 80i column (250 x 4.60
mm). The gradient flow was applied
along with two mobile phases - ace-
tonitrile/deionized water (55% and
10%), pH 3.00. Time of the analysis -
36 minutes, flow - 1 ml/minute, wave-
length - 250-370 nm. Polyphenols
were identified based on Fluka and
Sigma Aldrich external standards with
purity of 99.5%. In order to avoid
losses in the content of biologically
active compounds in the plant materi-
al, the herbs were frozen at -80°C
immediately after harvesting, and then
subjected to freeze-drying; finally,
analytical research was conducted.
For statistical analysis of results
there was used two-way analysis of
variance with the Tukey’s test
(0=0.05). A lack of differences be-
tween the examined groups was de-
termined with the same letters. The p-
value coefficient is given by figures
and tables. If the coefficient calculat-
ed was statistically insignificant, the
result of statistical analysis was de-
termined as n.s. (not statistically sig-
nificant). The factors tested was
method of cultivation (organic and
conventional) and plant species. Addi-
tionally, standard deviations (s.d.) for
the examined sample were calculated.
Each analysis was carried out in trip-
licate. The results were specified as a
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mean of two-year experiment.
RESULTS AND DISCUSSION

The results of the studies showed
a significantly higher content of dry
matter in organic raw materials com-
pared to conventional ones. This is
confirmed by the studies on herbs,
conducted by Seidler-Lozykowska et
al. (2006), which reported the higher
content of dry matter in organic plant
material. The research on dried herbal
spices having been purchased (Kazi-
mierczak et al. 2010) also showed the
higher dry matter content in the prod-
ucts which had a certificate of organic
production compared to those coming
from conventional system. The higher
content of dry matter in organic raw
materials compared to the conven-
tional ones is also confirmed by the
studies on other plant materials, in-
cluding onions (Hallmann & Rem-
biatkowska 2006), apples (Rem-
biatkowska et al. 2004), beetroots
(Sikora et al. 2007), and fresh carrot
juice (Sikora et al. 2009). The oppo-
site results were obtained in the stud-
ies on fruit and products of black cur-
rant (Kazimierczak et al. 2007,
Kazimierczak et al. 2009) as well as
two varieties of carrot - Perfekcja and
Flacoro from organic and convention-
al cultivation  systems  (Rem-
biatkowska & Hallmann 2007), where
conventional raw materials contained
more dry matter.

The results obtained as well as
the results of other authors, which
confirm a higher content of dry matter
in organic raw materials, can be ex-
plained by the fact of mineral fertiliz-
ers application in conventional crops,
which results in the increased yield

biomass; at the same time, the volume
of water in plant cells grows, which,
in turn, causes decline in dry matter
content (Brandt & Mglgaard 2001).

In the own study, there was
found that the herbs from organic
farming contained more vitamin C
compared to the conventional ones.
Lovage was the richest in this vitamin
(Table 2). Researchers engaged in
studies on the quality of plant raw
materials point out that the vitamin C
content in plants is undoubtedly influ-
enced by a cultivation method, where
one of the decisive factors is fertiliz-
ing of plants. Their results generally
confirm that the use of high doses of
nitrogen fertilizer has a negative ef-
fect on the synthesis and accumula-
tion of vitamin C in plants. It was
proved, among others, by Toor et al.
(2006) who ascertained that the toma-
toes which were grown with the use
of organic fertilizer were character-
ized by a higher content of vitamin C.
These results correspond to the stud-
ies of organic and conventional fruit
of blackcurrant (Kazimierczak et al.
2007), onion (Hallmann & Rem-
biatkowska 2006), pepper and tomato
(Hallmann et al. 2005), potatoes
(Rembiatkowska 2000) and beet roots
(Sikora et al. 2008), as a result of
which there was found a greater
abundance of vitamin C in the case of
organic raw materials, where no ni-
trogen fertilizer was applied. Howev-
er, the studies on carrots from differ-
ent cultivation systems presented the
results of the vitamin C content in
favour of conventional raw materials
(Rembiatkowska & Hallmann 2007).
With respect to the broccoli study,
there was found no difference be-
tween the content of ascorbic acid in
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organic and conventional products
(Wunderlich et al. 2008), whereas
conventional corn contained more

vitamin C by 34% compared to the
organic one (Asami et al. 2003).

Table 2. Content of dry matter and ascorbic acid in selected herbs from organic and
conventional production systems (+ standard deviation) (mean for 2009-2010)

Growing system Herbs Dry mfaltter Ascorbic_la cid
(g'100 g~ f.m.) (mg-100 g f.m.)
dropsy plant  26.01+0.19 63.06+1.93
mint 20.93+0.40 46.89+0.94
Organic growing lovage 19.14+0.09 48.60+2.10
thyme 30.57+0.85 64.52+4.88
sage 24.20+0.88 43.95+2.47
dropsy plant 18.86+0.60 33.81+2.40
mint 18.19+0.44 33.21+1.79
Conventional growing lovage 17.27+0.15 95.61+3.65
thyme 18.06+0.79 28.53+4.81
sage 18.59+0.53 44.74+£1.22
Mean for organic growing” 24.17 b 53.10 b
Mean for conventional growing 18.19a 47.18 a
Mean for dropsy plant 22.43 ¢ 48.44 b
Mean for mint 19.56 b 40.05a
Mean for lovage 18.20 a 72.10c
Mean for thyme 24.32d 46.52 b
Mean for sage 21.40 c 43.60 ab
p-value
Growing system <0.0001 <0.0001
Herbs <0.0001 <0.0001
Interaction <0.0001 <0.0001

Note: Data followed by the different letters differ significantly at the 5% level of proba-

bility (0=0.05)

Ambiguity of the results regard-
ing the vitamin C content in agricul-
tural crops from conventional and
organic farming confirms the thesis
that the concentration of this vitamin
in plants is affected by many non-
cultivation factors connected with
environmental conditions. It should
also be noted that in the case of drop-
sy plant, mint and thyme the vitamin
C content was significantly higher
when they derived from organic farm-
ing, while the opposite situation con-

cerned sage and lovage, which had
bearing on the mean result.

According to data contained in
Table 3, the method of cultivation had
an impact on the accumulation of
phenolic acids and flavonoids in
herbs. It was confirmed that on aver-
age more phenolic acids were found
in conventional raw materials, mainly
due to dropsy plant, mint and thyme
which were richer in these compounds
when they derived from conventional
cultivation. In the case of lovage and
sage, a higher content of phenolic
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acids was observed in organic raw
materials. More flavonoids occurred
in herbs from organic farming, and
the dependence concerned most spe-
cies. Only in the case of dropsy plant
more flavonoids were found in the
conventional herb. The results ob-
tained correspond to the results of the
studies on dried herbal spices from
organic and conventional production
(Kazimierczak et al. 2010). The re-
sults of blackcurrant and its products
(Kazimierczak et al. 2007, Kazimier-
czak et al. 2009), onion (Hallmann &
Rembiatkowska  2006), tomatoes
(Rembiatkowska et al. 2003), beet-

roots (Sikora et al. 2008) and peaches
(Carbonaro et al. 2002) also showed
that the raw materials from organic
cultivation system contained more
flavonoids in relation to the conven-
tional ones. Unfortunately, there are
no reports on the analysis of phenolic
acids in fresh herbs from different
cultivation systems. The results simi-
lar to the ones presented in this paper
were obtained in the studies on black-
berries, strawberries, corn and Chi-
nese cabbage, which contained signif-
icantly more phenolic acids when they
derived from organic farming (Asami
et al. 2003, Zhao et al. 2008).

Table 3. Total flawonoids and phenolic acids content in selected herbs from organic and
conventional production systems (+ standard deviation) (mean for 2009-2010)

Growing system Herbs Flavno_i{js Phenolic _a}cids
(mg-100 g~ f.m.) (mg-100 g~f.m.)
dropsy plant 71.72+1.56 34.01+1.47
mint 274.13£18.45 216.64+197.49
Organic growing lovage 122.08+7.21 212.34+10.46
thyme 385.22+55.80 124.78+12.48
sage 182.90+12.76 184.79+8.15
dropsy plant 90.98+9.64 724.84+15.79
mint 96.56+2.61 509.53+7.47
Conventional growing lovage 90.00+2.20 74.80+1.98
thyme 361.10+23.40 206.56+29.83
sage 86.80+2.73 103.42+2.25
Mean for organic growing” 207.21 b 15451 a
Mean for conventional growing 145.09 a 323.83b
Mean for dropsy plant 81.35a 379.43 b
Mean for mint 185.35¢ 363.09 b
Mean for lovage 106.04 ab 143.57 a
Mean for thyme 373.16d 165.67 a
Mean for sage 134.85b 144.10 a
p-value
Growing system <0.0001 <0.0001
Herbs <0.0001 <0.0001
Interaction <0.0001 <0.0001

Note: see table 2



R.KAZIMIERCZAK et al. - THE EFFECT OF ORGANIC ...

139

In order to determine which of
the herbal plants under examination
are characterised by the richest and
the most diverse composition, the
plant material was subjected to quali-
tative analysis involving the identifi-
cation of compounds based on exter-
nal Fluka and Sigma Aldrich stand-
ards, with a purity of 99.5%. As a
result of this analysis, there were re-
vealed the following phenolic acids:
gallic acid, chlorogenic acid, caffeic
acid, p-coumarin acid and ferulic acid.
In the group of flavonoids, in the ma-
terial from both cultivation systems

were identified: rutin, d-quercetin
glucoside, quercetin, d-kaempferol
glucoside, kaempferol, myricetin,

luteolin and naringinin. The greatest
abundance of the identified phenolic
acids was typical for sage and lovage,
where all detected substances occur-

red, while the poorest composition of
phenolic acids was a property of drop-
sy plant and mint (from conventional
cultivation). The highest amount of a
gallic acid (163.64 mg-100 g* f.m.)
and p-coumarin acid (225.44 mg-100
g f.m.) contained dropsy plant from
conventional production, in which
there was no found others phenolic
acids. The highest content of chloro-
genic acid was identified in sage
(24.20 mg-100 g* f.m.) from conven-
tional production and in organic mint
(18.89 mg-100 g* f.m.) and organic
lovage (17.92 mg-100 g™ f.m.). Caffeic
acid was found in the largest quantity
in organically produced mint (63.29
mg-100 g* f.m.) and lovage (52.19
mg-100 g* f.m.) and ferulic acid in
conventionally produced thyme (43.46
mg-100 g™ f.m.) (Table 4).

Table 4. Content of identified constituents of phenolic acids from selected herbs from
organic and conventional production systems (in mg-100 g™ f.m.) (mean for

2009-2010)
Growing Herbs Gallic  Chlorogenic  Caffeic P-coumarin  Ferulic
system acid acid acid acid acid
dropsy g 44 0.00 0.00 12.13 0.00

plant
Oraanic mint  7.17 18.89 63.29 2.68 0.00
rdqwin lovage  2.88 17.92 52.19 10.08 7.65
growing thyme  7.18 0.00 3.08 16.35 14.26
sage  12.80 20.54 2.95 26.88 31.61
mean 7.67 14.77 24.30 13.62 10.70
dgfaﬁiy 163.64 0.00 0.00 225.44 0.00
Conventional Nt 6:62 0.00 0.00 201.63 0.00
b lovage  2.70 14.12 8.34 7.99 1.66
growing thyme  8.38 2.44 5.64 19.88 43.46
sage  3.27 24.20 2.44 14.56 15.89
mean  36.92 10.07 3.28 93.90 12.20
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With regard to flavonoids, the
largest content was associated with
thyme from organic production,
which contained all the flavonoids
detected, but the lowest quantity of
the compounds was typical for con-
ventional sage. The results concerning
the contents of individual flavonoids
in herbs have shown the largest
amount of rutin (56.47 mg-100 g*
f.m.) in organic mint and d-kaemp-
ferol glucoside (36.03 mg-100 g*
f.m.) and myricetin (37.06 mg-100 g*
f.m.) in thyme from organic cultiva-
tion. Organic mint (17.47 mg-100 g*
f.m.) and organic thyme (17.45
mg-100 g™ f.m.) were richest in quer-
cetin. In herbs was relatively few of
kaempfrol and the richest was organic
sage (7.55 mg-100 g* f.m.). Highest
quantity of d-quercetin glucoside
(88.16 mg-100 g* f.m.) and nar-
inginin (67.43 mg-100 g* f.m.) con-
tained a conventional thyme, while
the richest in luteolin was dropsy
plant (15.46 mg-100 g* f.m.) from
conventional cultivation (Table 5).

As a result of analysis of profile
of flavonoids and phenolic acids,
there were not detected all compounds
in some samples tested, and therefore
statistical analysis related to the im-
pact of cultivation methods and plant
species on the content of individual
compounds was impossible to per-
form.

CONCLUSIONS

1. There was confirmed the influence
of a cultivation method on the con-
tent of biologically active sub-
stances in the herbal plants exam-
ined. The herbs from organic pro-
duction exhibited a higher content

of vitamin C, flavonoids and dry
matter, while more phenolic acids
were detected in the conventional
herbs.

2. Regardless of the cultivation sys-
tem which the herbs tested derived
from, dropsy plant and mint were
distinguished by the content of
phenolic acids, the highest level of
flavonoids was found in thyme,
while lovage was the raw material
containing the most vitamin C.

3. The analysis of phenolic com-
pounds contained in herbs showed
that the most diverse composition
of flavonoids was attributed to
thyme, while sage and thyme con-
tained the largest number of the
identified phenolic acids.
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WPLYW EKOLOGICZNEGO I KONWENCJONALNEGO SYSTEMU UPRAWY
NA ZAWARTOSC SUBSTANCJI BIOAKTYWNYCH
W ROSLINACH ZIELARSKICH

Streszczenie
Badaniami objeto pie¢ gatunkow roslin zielarskich: melisa lekarska, lubczyk
ogrodowy, migta pospolita, tymianek pospolity i szatwia lekarska, ktére pochodzity
z uprawy ekologicznej i konwencjonalnej. Materiat do badan stanowity czgsci uzytkowe
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$wiezych ziot, zebrane w pierwszej dekadzie wrzesnia 2009 i 2010 roku. Aby uniknaé
strat w zawarto$ci zwiazkdéw biologicznie czynnych w materiale roslinnym, natychmiast
po zbiorze ziota zostaty zamrozone w temperaturze -80°C, a nast¢pnie poddano je liofi-
lizacji, po czym przeprowadzono badania analityczne. Dwuletnie wyniki badan wykaza-
ly, ze ziota z produkcji ekologicznej zawieraty wigcej suchej masy, witaminy C i flawo-
noidoéw, natomiast ziota konwencjonalne odznaczaty si¢ wyzsza zawarto$cig kwasow
fenolowych. Niezaleznie od systemu uprawy, pod wzgledem zawartosci kwasow feno-
lowych wyrdzniaty si¢ melisa 1 migta, najwigcej flawonoidow stwierdzono w tymianku,
natomiast surowcem, ktory zawierat najwigcej witaminy C byt lubczyk. Analiza profilu
zwigzkéw fenolowych zawartych w ziotach wykazata, ze najbardziej urozmaiconym
sktadem kwasow fenolowych odznaczaty si¢ szalwia i tymianek, ktory jednoczesnie
zawieral najwickszg ilo$¢ zidentyfikowanych flawonoidow.



