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BIOCHEMICAL STUDY OF PLANT RAW MATERIAL
OF SILPHIUM L. SPP. IN M.M. GRYSHKO NATIONAL
BOTANICAL GARDEN OF THE NAS OF UKRAINE

Objective — to evaluate the biochemical composition of plant raw material of species of the Silphium L. genus in M. M. Gryshko
National Botanical Garden of the NAS of Ukraine.

Material and methods. In this study investigated following species of Silphium genus and one cultivar: S. lacinatum L.,
S. integrifolium Milchx., S. perfoliatum L., S. perfoliatum L. cv. Kanadchanka, S. scaberrinum Ell., S. trifoliatum L. The con-
tent of dry matter and crude fiber were determined according to A.1. Yermakov et al. (1972), the total content of sugars, ascorbic
acid and potassium concentration — according to V. P. Krishchenko (1983), the content of carotene — according to B.P. Plesh-
kov (1985), the content of ash — according to Z.M. Hrycaenko et al. (2003), the content of calcium, phosphorus and protein —
according to H.M. Pochinok (1976). Obtained data processed in Data Analysis (Excel 2016).

Results. In the period of flowering content of dry matter in raw of species of Silphium L. genus was 21.14—29.02 %, total
content of sugars — 3.54— 12.17 %, crude fiber — 29.46—48.24 %, ascorbic acid — 77.12—296.35 mg%, carotene — 0.23—
1.54 mg%, protein — 14.18—26.08 %, lipids — 2.34—4.26 %. Content of ash was 3.25—7.82 %, potassium — 0.78—2.18 %, cal-
cium — 1.66—3.07 %, phosphorus — 0.13—0.35 %. The coefficient of correlation between all investigated parameters is determined.

Conclusions. Obtained data identified that in M.M. Gryshko National Botanical Garden of the NAS of Ukraine investigated
species and cultivar of Silphium genus are rich sources of nutrients. The high content of dry matter and crude fiber, potassium,
calcium detected for S. scaberrinum, the content of sugars, ascorbic acid, lipids for S. lacinatum, carotene for S. trifoliatum,
protein for S. integrifolium, ash and phosphorus for S. perfoliatum. Taking into account obtained data about biochemical com-

position, plant raw material of these crops can be competitively capable among other forage crops.
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Species of Silphium L. belong to Asteraceae Bercht.
& J. Presl family and native to North America [18].
Among commonly known species of this genus is
Silphium perfoliatum L., which also known as cup
plant. They imported to the Europe region in the
18 century because of decorative features [24]. Al-
so, S. perfoliatum is an alternative crop with high
yields of biomass and have ecological advantages
comparing with traditional cultures such as maize
[31]. Investigated plants characterized by high pro-
ductivity of biomass and can use an alternative en-
ergy crop as reported studies conducted in Ukraine,
Moldova, Lithuania, Austria, Romania, Germany
[7; 12—14; 20; 35; 38; 39—41]. Due to high pro-
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ductivity, the content of carbohydrates of plants of
S. perfoliatum can compete as an energetic source
with Zea mais on biogas production [34; 40]. As re-
viewed Gansberger et al. (2015), many experiments
were conducted regarding the cultivation of cup
plant in the former USSR, Japan, France, Switzer-
land, Romania, the Czech Republic, the USA, Ger-
many, Hungary, Chile, China, Austria, etc. [14].
The yield of these plants depending on conditions
of grows [37]. Interesting results obtained by Assefa
et al. (2015) concerning biological features of seeds
of cup plant that important for evaluating of genet-
ic diversity of Asteraceae [5].

Study of biochemical composition reported that
these plants source of phenolic acids, flavonoids,
terpenes, saponins [8; 11; 23; 28]. In roots iden-
tified carbohydrate inulin [25]. Kowalski (2007)
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reported that triterpene aglycones of saponins iso-
lated from raw of Silphium species were oleanolic
acid and ursolic acid [24]. According to Han et al.
(2000a), Silphium perfoliatum had similar diges-
tion parameters to Medicago sativa L. [15].

Plants from the Asteraceae family exhibited
various biological activities such as antioxidant,
antimicrobial, vasoprotective, antitumor, antiul-
cerogenic, hepatoprotective, antifungal, antipara-
sitic, neuroprotective, etc. [6]. Plant raw of S. in-
tegrifolium, S. perfoliatum and S. trifoliatum such
as roots, leaves and essential oil demonstrated dif-
ferent biological activity of alcohol extracts [25;
26]. For example, rhizomes extracts had a high
antimicrobial activity [24]. Jamiotkowska and
Kowalski (2012) reported that ethanol extracts of
S. perfoliatum from the leaves exhibited antifungal
activity particularly concerning Alternaria alter-
nata and Colletotrichum coccodes [19].

Material and methods

Plant material

Plants of following species of Silphium genus were
used in this study: S. lacinatum L., S. integrifolium
Milchx., S. perfoliatum L., S. perfoliatum L. cv. Ka-
nadchanka, S. scaberrinum Ell., S. trifoliatum L.
Plant raw material of investigated plants collected
in the stage of flowering from both collections of
forage and energetic plants of Cultural Flora De-
partment of M.M. Gryshko National Botanical
Garden of the NAS of Ukraine.

Biochemical analyses

All biochemical analyses were conducted using
the above-ground part of plants at the period of full
ripening of seeds. The above-ground part of plants
shredded and used for next procedures. The deter-
mination of absolutely dry matter was done by dry-
ing to constant weight at 100—105 °C. The content
of crude fiber identified using acid and alkaline
washing. The procedure of the determination of
total lipids was performed using Soxhlet extractor
with petroleum ether. These procedures conducted
according to A.I. Yermakov et al. [43]. The total
content of sugars was investigated by Bertrand me-
thod in water extracts. The concentration of ascor-
bic acid (AA) of the acid extracts was determined
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by a 2.6-dichlorophenol-indophenol method bas-
ed on the reduction properties of AA. The content
of potassium determined on flame photometer
(CL 378, ELICO, India) analyzing acid extracts of
samples. Different solutions of KCl used as a stand-
ard. Before measurement conducted procedure of
crude aching in the concentrated sulfuric acid
(fixed mass of sample in 3 ml of acid) [43]. These
analyses carried out according to V.P. Krishchenko
[29]. The concentration of total carotene deter-
mined according to B.P. Pleshkov. The procedure
carried out in petrol extracts by a spectrophoto-
metric method using 2800 UV/VIS Spectropho-
tometer, Unico. Mixtures were left in a shaker for
2 hours and their absorbance was measured at the
wavelength of 440 nm [32]. 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 samples turned into white
ash to constant weight according to Z.M. Hryca-
jenko et al. [17]. The concentration of calcium was
determined by the titration method of acid extracts
with Trilon B. Phosphorus content in plants was
identified in acid extracts using molybdenum solu-
tion. The content of protein determined by chlo-
ramine method. These analyses were done accord-
ing to H.N. Pochinok [33].

Experimental data were evaluated by using
Excel 2010. Mean values of three replicates and
standard deviation are given in Fig. 1—4. Cor-
relation analysis performed using Pearson’s cri-
terion.

Results and discussions

Study of different aspects of plants of genus Si/-
phium in M.M. Gryshko National Botanical Gar-
den has been conducted since 1970™ first of all as
forage [41]. These plants characterized by high pro-
ductivity of green biomass, high content of dry matter
and complex of nutrients. The height of plants can
achieve up to 200 cm [1]. In other reports indicated
that high yields possible twice in the stage of bud-
ding and flowering using a different combination of
fertilizers [4]. Nowadays in the collection of forage
plants of NBG six species (and cultivars) have cul-
tivated and besides forage direction of use, it inves-
tigated as energetic crops [22; 35].
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Fig. 1. The total content of dry matter, sugars and crude fiber in raw of Silphium L. species
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Fig. 2. The content of ascorbic acid and carotene in raw of Silphium L. species, mg%
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Fig. 3. The content of protein and lipids in raw of Si/-
phium L. species, %

One of the most important parameters of intro-
duced plants is the biochemical composition of
plant raw, particularly concerning forage quality.
This parameter identified as the capacity of forage
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plants to provide the complex of nutrients to live-
stock: the amount of proteins, digestible carbohy-
drates, ash, lignin, cellulose, crude fiber, carotene,
etc. [3]. Forage plants use in the animal feed in-
dustry and searching of new species still the actual
direction of biological science [21; 36].

We determined the content of dry matter, the
total content of sugars and content of crude fiber
(Fig. 1). The content of dry matter of plants of Si/-
phium genus was in the range from 21.14 to 29.02 %.
As described in Han et al. (2000b), S. perfoliatum
had low dry matter content at harvest that takes
into account at ensiling [16]. The total content of
sugars was from 3.54 to 12.17 %, and crude fiber
from 29.46 to 48.24 %. Results of a study of poly-
saccharide complex investigated in previous work
and showed that detected 71 % of polysaccharides
and carbohydrate moiety consists of glucuron-
oxylan [9].
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Fig. 4. The content of ash, potassium, calcium and phosphorus in raw of Silphium L. species, %

Accumulation of vitamins in raw of forage plants is
a necessary parameter for evaluation of use. Ascorbic
acid and carotene along with other components in-
cluded in the forage production. The content of
ascorbic acid in plant raw material of investigated
plants at the flowering stage was from 77.12 to 296.35
mg% and carotene from 0.23 to 1.54 mg% (Fig. 2).
Study of protein content in the above-ground
part of six investigated samples showed that this
parameter was from 14.18 to 26.08 % and lipids
from 2.34t04.73 % (Fig. 3). According to Dudkin
et al. (1980), crude protein in raw of Silphium per-
Soliatum was 20 % that is similar to our results [10].
The content of protein among forage plants was 36 %
(Agropyron cristatum), 34 % (Lolium perenne), and
32 % (Medicago sativa, Trifolium repens), etc. [30].
An important parameter in the study of forage
plants is content of ash and mineral component that
it includes. We found that content of ash in Silphium
species was in the range from 3.25 to 7.82 %, potas-
sium from 0.78 t0 2.18 %, calcium from 1.37 to 3.07 %,
and phosphorus from 0.13 to 0.35 % (Fig. 4).
According to Wever et al. (2019), the content of
ash for different samples was 8.86—9.40 % [42].
Dudkin et al. (1980) found 2 % of ash substances
in the plants of Silphium perfoliatum [10]. Data of
Achakzai et al. (2018) reported that plants from
Asteraceae possessed a significantly high concen-
tration of K in the vegetative stage than in the re-
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productive period. In this case, the content of K in
raw of some selected species was from 9.33 mg/g
(Achillea wilhelmsii C. Koch) to 21.33 mg/g (Seri-
phidium quettense (Podleh) Ling, Bull). Also, in
this study described that accumulation of phos-
phorus was higher in vegetative stage than in the
reproductive growth stage [2]. The maximal value
of this research was similar to our data.

We used correlation analysis to find out the re-
lationship between all studied parameters of in-
vestigated plants. Obtained results showed very
strong correlation between following substances:
content of lipids and carotene (r = 0.80), lipids
and ash (r = 0.81), proteins and crude fiber (r =
0.88). Strong correlation found between the accu-
mulation of calcium and ash (r = 0.68), crude
fiber and ascorbic acid (r = 0.68). Relationship
between accumulation of potassium and calcium
(r = 0.47), lipids and calcium (r = 0.49), ash and
carotene (r = 0.52) demonstrated moderate cor-
relation. The coefficient of correlation between of
rest parameters was weak, very weak or negative.

Conclusions

Thus, it was identified that in conditions of
M.M. Gryshko National Botanical Garden of
the NAS of Ukraine investigated species and cul-
tivar of Silphium genus are a valuable source of
nutrients. Maximal content of dry matter and

83



D.B. Rakhmetov, O.M. Vergun, N.O. Stadnichuk, O.V. Shymanska, S.0. Rakhmetova, V.V. Fishchenko

cellulose, potassium, calcium identified for S. sca-
berrinum, the content of sugars, ascorbic acid, lip-
ids for S. lacinatum, carotene for S. trifoliatum,
protein for S. integrifolium, ash and phosphorus for
S. perfoliatum. Results showed that very strong cor-
relation exists between the content of lipids and
carotene, lipids and ash, proteins and cellulose.
Relationship between the accumulation of calcium
and ash, cellulose and ascorbic acid determined as
strong correlation. Based on obtained data, inves-
tigated plants of Silphium genus can compete with
other forage plants as valuable plant raw material.
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HauioHnanbHuit 60TaHiyHuii cag iMmeHi M. M. Tpuiika
HAH VYkpainu, Ykpaina, M. Kuis

BIOXIMIYHE JOCHIAXEHHA POCIMHHOI
CHUPOBMHUN BUAIB POAY SILPHIUM L.

Y HAIIOHAJIbBHOMY BOTAHIYHOMY CALY
imeni M.M. TPUILIKA HAH YKPATHU

MeTta — OLIHUTU OiOXiMIYHMIA CKJIad POCIUMHHOI CUPO-
BUHM BUIIB poxay Silphium L.y HauioHaisHOMY 60TaHi4-
HoMmy cany iMmeHi M.M. Ipuiika HAH Ykpainu.

Marepian Ta meromu. JlocnimkyBanu Bunu poay Sil-
phium Ta onuH copt : 8. lacinatum L., S. integrifolium Mil-
chx., S. perfoliatum L., S. perfoliatum L. cv. Kanadchanka,
S. scaberrinum Ell., S. trifoliatum L. BmicT cyxoi peyoBu-
HU BU3Havau 3a A.l. €pmakoBum Ta iH. (1972), 3arajb-
HUI BMICT LIyKPiB, aCKOpOiHOBOI KUCJIOTU Ta KOHLIEHTpa-
uito kamito — 3a B.Il. Kpumenkom (1983), BMmicT
kapotuHy — 3a B.I1. ITnemkoBum (1985), BMicT 3011 —
3a 3.M. Ipuniaenko ta iH. (2003), BMicT Kasbliio, pocho-
py Ta 6inka — 3a X.M. ITounnkom (1976). OrpumaHi gaHi
ompalboBaHoO B raketi AHami3 nanux (Excel 2016).

Pe3ynsratu. B niepion 1BiTiHHSI BMICT CyX0i pe4OBUHM B
CUPOBMHI BumiB pomy Silphium craHosus 21,14—29,02 %,
3araJbHUI BMicT LykpiB — 3,54—12,17 %, uenrono3un —
29,46—48,24 %, ackopb6iHoBoi kuciotu — 77,12—
296,35 mr%, xaporuny — 0,23—1,54 mr%, Ginka —
14,18—26,08 %, nimigiB — 2,34—4,26 %, 3011 — 3,25—
7,82 %, xanito — 0,78—2,18 %, kanbiio — 1,66—3,07 %,
dochopy — 0,13—0,35 %. BusHauyeHo KoedillieHTH KO-
pensuii Mix BciMa JOCiIKyBaHUMM IMapaMeTpaMu.

Bucnosku. OTpuMaHi gaHi cBigyaThb, 110 B HalioHasnb-
HoMy OoTaHiyHoro cany imeHi M.M. Ipuiuka HAH VYk-
paiHM nociimkeHi Buay pony Silphium Ta COpT € LiIHHUM
JIKEpEJIOM TOXMBHUX pedyoBUH. Bucokuii BMicT cyxoi
PEYOBUHMU Ta LETI0JI03H1, KaJlilo, KaJblil0 BU3BHAYEHO JIJIsI
S. scaberrinum, BUCOKMI 3araJlbHUil BMICT IIyKpiB, ac-
KOpOiHOBO1 KUCJIOTH, JiMmiaiB — st S. lacinatum, xapo-
TUHY — i S. trifoliatum, 6inka — nna S. integrifolium,
3051 Ta pochopy — s S. perfoliatum. PociuHHa cupo-
BMHA TOCIIIKEHUX KYJIbTYP MOXe KOHKYPYBATH 3 iHIIU-
MM KOPMOBHUMMU KYJIETYPaMU.

Kimouogi cioBa: Silphium, pociuHHa cCMpOBHMHA, GioXiMid-
HUM CKJIad.
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HanuonanbHbI 60TaHUYECKU ca
umenu H.H. Ipumiko HAH Ykpaunsl,
VYkpauHa, . Kues

BUOXMMUNYECKOE UCCIIEJOBAHUE
PACTUTEJBHOI'O ChIPbA BUJOB POOA
SILPHIUM L. BHALIMOHAJIbHOM
BOTAHUYECKOM CALY umenu H.H. TPULLIKO
HAH YKPAMHDbI

Lleab — oLieHUTb OMOXUMUUYECKHUI COCTaB PACTUTEILHOIO
ChIpbsi BUIOB pona Silphium L. B HauimoHansHOM 60TaHU-
yeckoMm cany umenu H.H. Ipuinko HAH Ykpaunsr.

Marepuan u metoanl. Mccienosanu Buabl pona Sil-
phium L. n onuH copt: S. lacinatum L., S. integrifolium
Milchx., S. perfoliatum L., S. perfoliatum L. c. Kanan-
yaHka, S. scaberrinum Ell., S. trifoliatum L. ConepxaHue
cyxoro BelecTBa onpeaenstiu no A.U. EpmakoBy u ap.
(1972), obuiee comepkaHWe caxapoB, aCKOPOMHOBOI
KUCJIOThI M KOHLIeHTpauuio kKanust — o B.I1. KpuiieH-
ko (1983), conepxxanue kapotuHa — 1o b.I1. [TiemkoBy
(1985), conepxanue 306l — 1o 3.M. IpuiiaeHKo u ap.
(2003), conepxxkaHue Kaabliys, Gocdhopa u 6eaka — 1o
X.H. [Nouynuky (1976). [lonydyeHHbIEe JaHHBIE 0OpaboTa-
HBI B makeTe AHanu3 gaHHbIX (Excel 2016).

Pesynsrarsl. B ieprion 11BeTeHUS coiepskaHUE CyXoro Be-
1IECTBA B ChIphe BUIOB poaa Silphium coctapisuio 21,14—
29,02 %, obiuee comepxanue caxapoB — 3,54—12,17 %,
Le/UTIoN03bl — 29,46—48,24 %, acKOPOMHOBOM KUCIOTHI —
77,12—296,35 mr%, kapotuna — 0,23—1,54 mr%, Genka —
14,18—26,08 %, nmunumoB — 2,34—4,26 %, 3076l —
3,25—7,82 %, xanusg — 0,78—2,18 %, xanpuusa — 1,66—
3,07 %, docdpopa — 0,13—0,35 %. OnpeneneHsl KO3d-
(bUILIEHTBI KOPPEJISLIMY MEXIY BCEMU UCCIIeI0BAHHBIMU
rapameTpamu.

BeiBoapl. [ToyueHHbIe JaHHBIC CBUICTEILCTBYIOT, YTO
B HanmonanbHoM 60oTaHnyeckoM caxy umenu H.H. [pui-
ko HAH YxpauHsl uccinenoBaHHble BUIbI poaa Silphium v
COPT SIBJISIIOTCSI LIEHHBIM MCTOYHMKOM ITUTATEIbHBIX Be-
mecTB. Bbicokoe comepkaHue CyXOro BellecTBa 1 LEJUTIo-
JIO3bI, Kajivsl, KaJbLivsl orpeneiaeHo s S. scaberrinum,
o0l1Iee comepKaHue caxapoB, aCKOPOMHOBOI KUCJIOTHI, JIU-
NMUI0B — IS S. lacinatum, KapoTuHa — 1is S. trifoliatum,
oenka — miudg S. integrifolium, 30161 1 dhochopa — Wis
S. perfoliatum. PacTuTenbHOE ChIpbe UCCIETOBAHHBIX KYyJTh-
TYp MOXKET KOHKYpPUPOBATh C IPYTUMU KOPMOBBIMU KYJTb-
TYypaMU.

KinioueBbie cioBa: Silphium, pacTUTeIbHOE ChIpbe, OMO-
XMUMHUYECKUIA COCTaB.
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