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THE ACCUMULATION OF NUTRIENTS IN UNDER-GROUND
PARTS OF PLANTS OF THE GENUS CRAMBE L. SPP.

Objective — to study the accumulation of biochemical compounds in the under-ground part of the plants of the genus Crambe L.
in the period of early spring in the conditions of M. M. Gryshko National Botanical Garden of the NAS of Ukraine.

Material and methods. Plant material of this investigation — Crambe species (Brassicaceae Burnett): C. cordifolia Steven
(CCR), C. grandiflora DC. (CGR), C. juncea M.Bieb. (CJR), C. koktebelica (Junge) N. Busch (CKR), C. maritima L. (CMR),
C. steveniana Rupr. (CSR), C. tataria Sebeok (CTR). As control were selected plants of Armoracia rusticana P. Gaerth., B. Mey &
Scherb (ARR). All biochemical analyses were conducted using the under-ground part of plants in the period of early spring.

The determination of absolutely dry matter was done according to A.l. Yermakov, total content of sugars, ascorbic acid,
content of organic acids, tannins — according to V. P. Krishchenko, level of total ash — according to Z.M. Hrycajenko et al.,
concentration of calcium and phosphorus — according to H.N. Pochinok, antiradical activity of ethanol and water extracts —
according to W. Brandt-Williams et al.

Results. Obtained data showed that content of dry matter ranged from 16.00 % (CMR) to 22.48 % (CCR), total content of
sugar ranged from 11.03 % (CJR) to 46.48 % (CSR), content of ascorbic acid ranged from 192.85 mg% (CSR) to 483.45 mg%
(CTR), level of tannins in range from 1.64 % (CGR) to 5.12 % (CJR), content of organic acids ranged from 2.28 % (CSR)
to 3.64 % (CJR), content of ash in range from 9.24 % (CSR) to 14.67 % (CJR), level of calcium ranged from 0.76 % (CTR)
to 1.37 % (CKR),content of phosphorus varied from 0.57 % (CCR) to 1.33 % (CTR). Antioxidant activity of ethanol extracts
was in range from 6.84 % (CGR) to 11.65 % (CTR) and water extracts — from 0.76 % (CGR) to 2.52 % (CCR).

Conclusions. It can be concluded that under-ground part of plants of the genus Crambe is rich source of nutrients in the
period of early spring. Some investigated species showed higher biological activity in comparison with ARR plants. Comparative
analyze of phytochemical content of raw matter demonstrated that under-ground part of investigated plants can be competed with
other food plants such as Armoracia rusticana by content of ascorbic acid, total content of sugars, organic acids, ash, macroele-
ments etc. Total antioxidant activity of ethanol extracts of investigated plants demonstrated higher results than water extracts.
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10,000-year-old traces of cultivation give evidence
that plants in the family Brassicaceae Burnett are
among the oldest cultivated plants known. These
plants grow under various climatic conditions and
accumulate different bioactive compounds that are
important for human health, food and animal feed
[10, 19, 25]. Cruciferous vegetables (e.g., Chinese
cabbage, broccoli, and mustard) are a major food
crop contributing to the diet of millions of people and
are of significant importance for agricultural econo-
mies worldwide. They have been independently do-
mesticated for consumption, industrial products, and
medicine in Europe, the Middle East and Asia [16].
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One of the most interesting plants of Brassica-
ceae are the genus Crambe L. species, that indicate
the need for their widespread introduction and in-
vestigation due to promising properties such as
food, decorative, medicinal etc. [21]. Nowadays
has carried out the study with Crambe seeds for
biodiesel production, mainly due to the high con-
tent of oil in it [24]. As reported Wazilewski et al.
(2013) the crambe biodiesel is more stable than
the soybean biodiesel [26]. Raw material of these
plants has an antioxidant activity due to content of
phenolic compounds and flavonoids [15]. Plants
of the genus Crambe, as other species of Brassica-
ceae, contain glucosinolates [20]. Also, Goncalves
et al. (2013) identified that the crambe (Crambe
abissinica Hochst) can be effective in the treat-
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ment of wastewater containing toxic metals by be-
ing a low cost option and a byproduct that requires
no previous treatment [29]. On the other hand,
some species of Crambe genus is threatened and
they require conservation measures [14, 16].

It was interesting to conduct biochemical com-
parative analyze of these plants with well-known
food and medical plants of Armoracia rusticana
P. Gaerth., B. Mey & Scherb (Horseradish) due to
similar pungent smell of roots. Previous data re-
sulted, that horseradish plants contain compounds
that can act as natural antioxidants and anti-can-
cer component [12, 23]. The main aim of this
study was to compare the accumulation of bio-
chemical compounds in the under-ground part of
the genus Crambe L. species and plants of A. rusti-
cana in the period of early spring in the conditions
of M.M. Gryshko National Botanical Garden of
the NAS of Ukraine.

Material and methods

Plant material was collected in M.M. Gryshko
National Botanical Garden ofthe NAS of Ukraine.
It was used to investigate plants of Crambe cordi-
folia Steven (CCR), C. grandifiora DC. (CGR),
C. juncea M.Bieb. (CJR), C. koktebelica (Junge)
N. Busch (CKR), C. maritima L. (CMR), C. ste-
veniana Rupr. (CSR), C. tataria Sebeok (CTR)
[3], as control — plants of Armoracia rusticana
P. Gaerth., B. Mey & Scherb (ARR).

All biochemical analyses were conducted using
the under-ground part of plants in the period of
early spring (the end of March) to screen accumu-
lation of some nutrients.

The determination of absolutely dry matter was
done by drying to constant weight at 100—105 °C
according to A.I. Yermakov [5]. The total content
of sugars was investigated by Bertrand method in
water extracts. The concentration of ascorbic acid
(AA) of the acid extracts was determined by a
2.6-dichlorophenol-indophenol method that bas-
ed on the reduction properties of AA. Total con-
tent of organic acids was identified by titrimetric
method with phenolphthalein. Content of tannins
was determined by titrimetric method with reac-
tion of indigo carmine discoloration. All these
analyses carried out according to V.P. Krischenko
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[4]. The level of total ash was determined using the
method of combustion in muffle-oven (SNOL
7.2-1100, Termolab) at 300—800 °C until the sam-
ples turned into white ash to constant weight ac-
cording to Z.M. Hrycajenko et al. [2]. The con-
centration of calcium was determined by titration
method of acid extracts with Trilon B. Phosphorus
content in plants was identified in acid extracts us-
ing molybdenum solution. Both these analyses
were done according to H.N. Pochinok [6].
Antioxidant capacity of the ethanolic and aque-
ous extracts was determined according to W. Brand-
Williams et al. (1995) against DPPH radical
(2,2-diphenyl-1-picrylhydrazyl) [13]. This method
based on reaction of radical discoloration. The pro-
cedure of determination of optical density measured
with 2800 UV/VIS Spectrophotometer, UNICO
at wavelength 515 nm. Optical density of the solu-
tion was measured after adding sample imme-
diately and after 10 min of incubation in the dark.
Obtained results were calculated in percentage by
using formula: ((A—A,))/A,) * 100
(A, — absorbance of the control solution (con-
taining only DPPH *); A, — absorbance in the
presence of the plant extract in DPPH ¢ solution.
Mean values of three replicates and standard
deviations are given in Table 1, 2 and Fig. 1.
Experimental data were evaluated by using Ex-
cel 2010.

Results and discussions

In the department of Cultural Flora of National
Botanical Garden of the NAS of Ukraine the bio-
chemical research of different Brassicaceae repre-
sentatives have conducted [1, 2, 28]. In this work
we compare the biochemical properties of Armo-
racia rusticana (horseradish) and Crambe species.
Horseradish has been known since ancient
times as a folk medicinal herb and as a plant of
nutritional value and culinary interest. The tradi-
tions to use horseradish plant for medicinal pur-
pose are still applied in many countries. A. rusti-
cana is a rich source of a number of bioactive
compounds such as glucosinolates, their break-
down products, phenolic compounds [8, 30]. Also,
some studies demonstrated antimicrobial, anti-
fungal, anti-inflammatory and antioxidant activity
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of horseradish extracts [8, 9, 31]. Likewise, Cirim-
bei et al. (2013) reported that horseradish root is
rich in vitamin C, B,, minerals (iron, potassium,
calcium, magnesium) [27]. According to Ciska et al.
(2017), glucoraphanin, glucoraphenin and napo-
leiferin were noted for the first time in the tissues
of horseradish [18].

As shown in Table 1 dry matter of investigated
plants of the genus Crambe was in range from
16.00 % (CMR) to 22.48 % (CCR). Control sample
of ARR showed significant difference in the con-
tent of dry matter if compare with the genus Cram-
be species by 14.49—20.97 %. Content of dry mat-
ter in under-ground part increased in the follow-
ing order: CMR > CSR > CKR > CJR > CGR >
CTR > CCR > ARR. Total content of sugar was in
range from 11.03 % (CJR) to 46.48 % (CSR) and
plants of ARR showed accumulation of sugars
20.29 %. Under-ground part of ARR has accumu-
lated total content of sugar on 26.19, 24.12, 13.47
and 1.72 % less than samples CSR, CMR, CTR

and CGR respectively. Total content of sugars in
under-ground part increased in following order:
CJR > CCR > ARR > CKR > CGR > CTR >
CMR > CSR.

It should be noted that the content of ascorbic
acid was ranged from 192.85 mg% (CSR) to
483.45 mg% (CTR). Obtained result for ARR
plants was 316.51 mg%. Level of ascorbic acid in
samples CTR, CMR, CCR was more than in con-
trol sample and difference was 166.94, 99.83 and
36.47 mg% respectively. Accumulation of ascorbic
acid was increased in following order: CSR > CKR
>CGR > CJR > ARR > CCR > CMR > CTR.

It was observed that level of tannins was in
range from 1.64 % (CGR) to 5.12 % (CJR) while
under-ground parts of ARR plants accumulated
the smallest amount of tannins (0.42 %) among
investigated plants. Level of tannins was identi-
fied in following order from minimal to maxi-
mum: ARR > CGR > CCR > CTR > CKR >
> CSR > CMR > CJR.

Table 1. The content of dry matter, vitamins, tannins and total content of sugar

in under-ground parts of plants of the genus Crambe L.

Sample Dry matter, % Total content of sugar, % Ascorbic acid, mg% Total content of tannins, %
CCR 22.48 +1.72 17.92 +1.80 352.98 £ 6.93 2.48 £0.29
CGR 21.34 £ 1.11 22.01 £1.14 220.87 £ 7.61 1.64 £0.31
CJR 19.71 £ 0.51 11.03 £ 0.54 305.08 = 8.25 5.12+0.52
CKR 19.54 £ 0.63 20.50 £ 1.84 207.85 + 8.32 4.76 £ 0.34
CMR 16.00 £ 0.72 4441 +£2.04 416.34 £ 10.16 5.09+0.42
CSR 16.52 £ 0.19 46.48 £ 0.45 192.85 + 3.94 4.93 +0.41
CTR 22.05£0.43 33.76 £ 0.48 483.45+2.95 3.52+0.31
ARR 36.97 £0.18 20.29 +0.67 316.51 £ 8.79 0.42+0.18
Table 2. The content of ash, macroelements and total content of organic acids
in under-ground parts of plants of the genus Crambe L., %
Sample Total content of organic acids Ash Calcium Phosphorus
CCR 3.32+0.27 10.53 £ 0.54 1.09 £ 0.11 0.56 £ 0.01
CGR 3.61£0.12 11.52 £ 1.10 0.89 = 0.04 1.63 £0.02
CJR 3.64 £0.15 14.67 = 1.31 1.18 £ 0.07 1.61 £0.07
CKR 3.19 +£0.27 14.44 + 1.68 1.37 £ 0.08 0.64 £0.03
CMR 4.00 £0.13 11.47 £ 0.83 1.36 = 0.06 0.63 £0.04
CSR 2.28 £0.28 9.24 £ 0.59 0.92 £ 0.07 0.92 £0.02
CTR 3.59 +£0.05 9.64 +£0.03 0.76 £ 0.04 1.33 £ 0.04
ARR 2.50 £ 0.07 5.86 £0.37 0.74 £ 0.05 0.98 £0.02
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Fig. 1. Antioxidant activity of ethanol and water extracts of plants of the genus Crambe L. (%):

Et — etanol extracts; W — water extracts

Total content of organic acids was ranged from
2.28 % (CSR) to 3.64 % (CJR) while ARR plants
had similar sign to CSR plants (2.50 %) (Table 2).
Samples of CTR, CMR, CKR, CJR, CGR, CCR
contained more organic acids than control sam-
ple. Concentration of total organic acids increased
in investigated plants in following order: CSR >
ARR > CKR > CCR > CTR > CGR > CJR >
> CMR.

Content of ash was in the range from 9.24 %
(CSR) to 14.67 % (CJR) and increased in follow-
ing order: ARR > CSR > CTR > CCR > CMR >
CGR > CKR > CJR. Level of calcium was ranged
from 0.76 % (CTR) to 1.37 % (CKR) and increased
in following order: ARR > CTR > CGR > CSR >
>CCR > CJR > CMR > CKR. Content of ash and
calcium in control plants was less relatively investi-
gated plants of Crambe. Content of phosphorus va-
ried from 0.56 % (CCR) to 1.33 % (CTR). Plants
of CGR, CJR and CTR contained more phospho-
rus than plants of ARR. Concentration of phos-
phorus in investigated plants increased in following
order: CCR > CMR > CKR >CSR >ARR >CTR >
> CJR > CGR.

We were interested to measure the antiradical
capacity of different extracts of investigated plants
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(Fig. 1). It was chosen ethanol and aqueous ex-
tracts for experiment only. In classic investigation
of antioxidant activity, it is customary to deter-
mine inhibition of DPPH radical in the methanol
extracts also [13]. We proceeded from the fact that
plants A. rusticana are used as food plants with nu-
merous properties for human healthy [12]. Pre-
vious data on antioxidant capacity of extracts of
leaves and under-ground parts of horseradish show-
ed strong activity [22]. The purpose of this study
was to compare biochemical capacity of plants of
Crambe and A. rusticana to recommend it for pos-
sible use.

Figure 1 demonstrates antioxidant activity of
plant extracts of Crambe species and ARR. Gener-
ally, ethanol extracts of investigated plants showed
inhibition of DPPH radical solution more than
water extracts. Antioxidant activity of ethanol ex-
tracts was ranged of 6.84 % (CGR) to 11.65 %
(CTR) whereas ethanol extracts of ARR plants
showed inhibition by 13.75 %. Antioxidant capac-
ity of water extracts for plants of the genus Crambe
was ranged from 0.76 % (CGR) to 2.52 % (CCR).
This result was less than for ARR control plants.
Minimal results were obtained for CGR plant ex-
tracts, and inhibition index of ethanol extract was
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9 times more than water extracts. The highest in-
dex was marked for CTR plants (ethanol extracts)
and CCR plants (water extracts). Difference be-
tween maximal indexes of different extracts was
in 4.6 times more for ethanol solutions. Accord-
ing to Tomsone et al. (2012) the scavenging activ-
ity of DPPH radical of root extracts of A. rusticana
ranged from 1.16 to 20.56 % depending from vari-
ety [23]. Analyzed water extract of AAR showed
DPPH free radical scavenging activity of 46.22 %
as reported Istrati et al. (2013) [17].

Conclusions

This is the study providing results on biochemical
properties of under-ground parts of plants of the
genus Crambe L. Study showed that plant raw ma-
terial of investigated plants are valuable source of
nutrients such as dry matter, vitamin C, tannins,
macroelements, ash, organic acid in early spring.
Comparative analysis between investigated plants
and plants of Armoracia rusticana demonstrated
that in under-ground part of A. rusticana content
of dry matter was the highest. Plants of Crambe
prevailed in content of ash and calcium. Summa-
rizing obtained data, it can be noted that investi-
gated plants even after winter period are able to
accumulate nutrients such as vitamins, macroele-
ments, soluble sugars, tannins etc.
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O.M. Bepeyn, JI.b. Paxmemos,
O.B. lllumancovka, B.B. Diwenxo

HauionanbHuit 6oTaHiuHWMIA caf
iMmeHi M.M. Tpumka HAH Ykpainu,
VYkpaina, M. Kuis

HAKOITMYEHHA IMTOXNWBHUX PEHOBUH
Y MIJA3EMHIN YACTUHI POCJIMH BUIIB
POY CRAMBE L.

MeTta — J0CHiAUTH HAKOMMUYEHHS 0iOXiMiUHUX peYOBUH
y mig3eMHiil yactuHi BuniB poay Crambe L. y paHHbOBeC-
HAHUI mepion B ymoBax HalioHaabHOro 0O0TaHiYHOrO
cany iMmeHi M.M. Tpumka HAH Ykpainu.

Marepian Ta MeToau. PociiuHHMIT MaTepian 1LibOro a0-
chimxeHHs1 — Bunu pony Crambe L. (Brassicaceae Bur-
nett.): C. cordifolia Steven (CCR), C. grandiflora DC.
(CGR), C. juncea M.Bieb. (CJR), C. koktebelica (Junge)
N. Busch (CKR), C. maritima L. (CMR), C. steveniana
Rupr. (CSR), C. tataria Sebeok (CTR). Pocnuuu Armora-
cia rusticana P. Gaerth., B. Mey & Scherb (ARR) ciyrysa-
JI KOHTpoJieM. 151 Bcix OioXiMiYHMX aHali3iB BUKOPHUC-
TOBYBAJIU ITiA3¢MHY YaCTUHY POCIHUH Yy PAHHbOBECHIHUIMA
nepion. AGCONIOTHO cyXy Macy Bu3Havaiu 3a A.l. €Epma-
KOBUM, 3arajbHUI BMICT LIYKpPiB, piBeHb acKOpOiHOBOI
KWCJIOTH, OPTaHiYHUX KUCJIOT, IyOUIbHUX PEYOBUH — 3a
B.I1. KpuiieHkoM, 3arajbHuil BMicT 3011 — 3a 3.M. Ipu-
11a€HKO, BMICT Kabllito Ta hochopy — 3a X.H. [TouuH-
KOM, aHTUPaIUKaJbHy aKTMBHICTh €TaHOJBHUX Ta BOI-
HUX ekcTpakTiB — 3a W. Brandt-Williams et al.

Pesyasratu. BcTaHOBIIEHO, 1110 BMIiCT CyX0i peYOBUHU
craHoBuB Bix 16,00 % (CMR) no 22,48 % (CCR), 3araiib-

10

HMii BMicT 1tykpiB — Bim 11,03 % (CJR) 1o 46,48 % (CSR),
BMicCT acKop6iHOBOI Krcaotu — Bin 192,85 Mr% (CSR) no
483,45 mr% (CTR), nyounpHux pedyoBuH — Bim 1,64 %
(CGR) 10 5,12 % (CJR), opraHiyHux K1ciot — Bin 2,28 %
(CSR) mo 3,64 % (CJR), 30mu — Bin 9,24 % (CSR) no
14,67 % (CJR), xanbuio — Bin 0,76 % (CTR) mno 1,37 %
(CKR), docdopy — Bin 0,57 % (CCR) mo 1,33 % (CTR).
AHTUOKCHIAHTa aKTUBHICTb €TAaHOJBbHMX €KCTPAKTIB CTa-
HoBwiIa Bin 6,84 % (CGR) mo 11,65 % (CTR), BomHux —
Bin 0,76 % (CGR) mo 2,52 % (CCR).

BuchoBku. [TigzeMHa yacTrHa pociauH BULiB pony Cram-
be L. — LliHHe IXepeso MOXMBHUX PEYOBUH Y pAHHbOBEC-
HsIHUM niepion. Jlesiki 3 JOCTiIKYyBaHUX POCIMH BUSBUINA
BUIY OiOJIOTiYHY aKTUBHIiCTh IMOPIBHSIHO 3 pOCIMHAMU
Armoracia rusticana. I1opiBHSUIBHUI aHaTi3 (hiTOXiMIYHOTO
CKJIaJly CUPOBMHM TOKa3aB, 10 AOCIiIKYBaHi pOCIMHU
MOXYTh KOHKYPYBAaTH 3 IHITUMU XapuOBUMU POCIMHAMMU,
HaIpuKJian, 3 Armoracia rusticana, 3a 3araJJbHUIM BMiCTOM
aCKOpOIiHOBOI KMCJIOTHU, LIYKPiB, OPraHiYHUX KHUCJIOT, 30-
JIM, MIKpPOEJIEeMEHTIB TOll0. 3arajibHa aHTUOKCHJIAHTHA
aKTHUBHICTh €TAaHOJIbHUX €KCTPaKTIiB AOCIIIXKYBaHUX POC-
JIMH OyJ1a BUIIOIO, HIXK BOTHUX.

Kmouosi cioBa: Crambe, cyxa pedoBrHa, aCKOpOiHOBA KUC-
JloTa, yOUJIbHI peYOBMHMU, 30J1a, MAKPOESJEMEHTU, aHTU-
OKCHIaHTHA aKTUBHICTb.

E.H. Bepeyn, JI.b. Paxmemos,
O.B. lllumanckas, B.B. Puwenko

HauuoHanbHbIi O0TaHUYECKUI cafl
umenu H.H. Ipumiko HAH Ykpaunsl,
VYkpauHa, . Kues

HAKOIUIEHUE IMUTATEJIbHBIX BEHIECTB
B IMOJI3EMHOM YACTU PACTEHW I BUOB
POJA CRAMBE L.

Iems — MccaenoBaTh HaKOIICHUE OMOXUMUYECKUX Be-
LIECTB B OA3EMHOI YacTu BUAOB poaa Crambe L. B paH-
HeBeCeHHU Tiepro B ycaoBusix HarmoHanpHoOro 6ota-
Huyeckoro cana umenu H.H. Tpuinko HAH YkpauHsl.
Marepuaa u Metonpl. PacTutebHBIN MaTepua JaH-
HOTro uccienoBaHus — BUnbl poaa Crambe (Brassicaceae
Burnett.): C. cordifolia Steven (CCR), C. grandiflora DC.
(CGR), C. juncea M.Bieb. (CJR), C. koktebelica (Junge)
N. Busch (CKR), C. maritima L. (CMR), C. steveniana
Rupr. (CSR), C. tataria Sebeok (CTR). Pacrenust Armo-
racia rusticana P. Gaerth., B. Mey & Scherb (ARR) ciy-
KU KOHTpOoJieM. JIJisT Bcex OMOXMMUYEeCKUX aHAIN30B
KCIIO0JIb30BaJIM MOI3EMHYIO YaCTh pacTeHUI B paHHEBe-
CEHHUI mepro. AGCOIIOTHO CYXYIO0 MacCy Ompeaesin
no A.M. EpmakoBy, o0lliee copepKaHUe caxapoB, YpO-
BEHb aCKOpPOMHOBOI KHCJIOTbI, OPTAaHUYECKUX KHCIIOT,
nyounbpHbIX BelecTB — 1o B.I1. KpulieHko, o6iiee co-
nepxanue 3oibl — 1o 3.M. IpuliaeHko, comaepxkaHue
kanpuus u dhocpopa — no X.H. [MounHky, aHTUpanu-
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KaJIbHYI0 aKTUBHOCTb 3TAHOJIbHBIX M BOIHBIX SKCTPaK-
ToB — 1o W. Brandt-Williams et al.

Pe3ynbraThbl. YCTaHOBJICHO, YTO CONEPKaHME CYXOTo Be-
1ecTBa cocTaBuio ot 16,00 % (CMR) mo 22,48 % (CCR),
obiee comepxanue caxapoB — ot 11,03 % (CJR) mo
46,48 % (CSR), conepxxaHue acKOPOMHOBO#I KUCIOTHI —
ot 192,85 mr% (CSR) no 483,45 mr% (CTR), nyGuabHbIX
BeniectB — oT 1,64 % (CGR) 1o 5,12 % (CJR), opranuye-
ckux kucnot — ot 2,28 % (CSR) no 3,64 % (CJR), 307161 —
019,24 % (CSR) 1o 14,67 % (CJR), kanbius — ot 0,76 %
(CTR) 1o 1,37 % (CKR), docdopa — ot 0,57 % (CCR) no
1,33 % (CTR). AHTHOKCHIAHTast aKTUBHOCTh 3TAHOJIbHBIX
eKCTpakToB coctaBisuia ot 6,84 % (CGR) mo 11,65 %
(CTR), Bogubix — o1 0,76 % (CGR) 0 2,52 % (CCR).

BeiBonbl. [lomseMHasi 4acTh pacTeHMil BUIOB poja
Crambe — TIEHHBIN MCTOYHUK MMUTATETHHBIX BEIECTB B
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paHHeBeceHHMI mepuon. Hekotopwie M3 mcciaemnoBaH-
HBIX PacTEHUI MPOJEMOHCTPHUPOBAIN 00Jiee BBICOKYIO
OMOJIOrMYECKYI0O aKTUBHOCTh 110 CPaBHEHUIO C pac-
TeHUsIMU Armoracia rusticana. CpaBHUTEJIbHBII aHAIN3
(PUTOXMMUYECKOIO COCTaBa ChIPhs MOKa3ajl, YTO UCCIIe-
JIOBaHHbIE PACTEHUsI MOTYT KOHKYPHUPOBATh C IPYTUMHU
MUIIEBBIMU PAaCTEHUSIMU, HaIpuMep, ¢ Armoracia rusti-
cana, 1o o0LIEMY COAEPXaHUIO caxapa, aCKOPOMHOBOI
KHCJIOTBI, OPraHUYECKUX KUCJIOT, 30JIbI, MAKpOETEMEH-
ToB U T.A. O01Iasi aHTMOKCUAAHTHAs aKTUBHOCTb 3Ta-
HOJIbHBIX 3KCTPAaKTOB HCCJIEAYEMBIX pacTEHHWI Oblia
BbIIIIE€, YEM BOJIHbIX.

Kmouesble cioBa: Crambe, cyxoe BelIeCTBO, aCKOpOM-
HOBasi KUCJIOTa, IyOWIbHBIE BEIIeCTBa, 30J1a, MaKpoeJse-
MEHTbI, aHTHOKCUIaHTHAsT aKTUBHOCTb.
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