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BIOCHEMICAL COMPOSITION OF PLANT RAW MATERIAL
OF SWEET SORGHUM (SORGHUM SACCHARATUM (L.) MOENCH)
GENOTYPES

Objective — to investigate biochemical properties of plant raw material of cultivars and varieties of Sorghum saccharatum (L.)
Moench in conditions of M.M. Gryshko National Botanical Garden of the NAS of Ukraine.

Material and methods. Investigated plants were cultivars and varieties of Sorghum saccharatum collected in experimental
collection of Cultural Flora Department of National Botanical Garden of the NAS of Ukraine: S. saccharatum (SS), S. saccha-
ratum, cv. Botanichnyi (SSB), S. saccharatum, cv. Energodar (SSE), S. saccharatum, cv. Medove (SSM), S. saccharatum,
cv. Yantar (S§SY), S. saccharatum, f. AMBR-1 (India) (SSA-1), S. saccharatum, f. AMBR-2 (Kazakhstan) (SSA-2), S. sac-
charatum, f. AMBR-5 (Kazakhstan) (SSA-5).

The content of dry matter was determined according to A.1. Yermakov et al. (1972), the total content of sugars and ascorbic
acid concentration — according to V. P. Krishchenko (1983), the content of carotene — according to B.P. Pleshkov (1985),
the content of ash — according to Z.M. Hrycaenko et al. (2003), the content of calcium and phosphorus — according to
H.N. Pochinok (1976). Energetic value of dry plant raw material determined on calorimeter. Content of photosynthetic pigments
in leaves detected according to M.M. Musienko et al. (2001).

Results. In the period of milky-wax seed ripening the plant raw material of Sorghum saccharatum accumulated dry matter
Srom 21.11 % (SSA-1) to 46.41 % (SSB), total content of sugars — from 8.64 % (SSE) to 28.65 % (SSA-1), ascorbic acid —
Sfrom 11.39 mg% (SSA) to 35.96 mg% (SSA-2), carotene — from 0.16 mg% (SSE) to 0.92 mg% (SSA-2), ash — from 2.32 %
(SSY) to 4.02 % (SSB), calcium — from 0.503 % (SSA-5) to 1.127 % (SS), phosphorus — from 0.037 % (SSY) to 0.148 %
(SSM). Energetic value of dry raw was from 2928.77 Cal/g (SSE) to 4075.62 Cal/ g (SSA-5). Ratio of photosynthetic pigments
content was 1.26 (SSM) — 6.20 (SSB).

Conclusions. Obtained data demonstrated that in conditions of M.M. Gryshko National Botanical Garden of the NAS
of Ukraine cultivars and varieties of Sorghum saccharatum are the valuable source of nutrients and biofuel in the period
of milky-wax seed ripening. Among investigated genotypes SSB characterized by the most content of dry matter and ash,
SSA-1 — total content of sugars, SSA-2 — vitamins, SSA-5 — energetic value.
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Sweet sorghum (Sorghum saccharatum (L.) Moench)
is a subspecies of sorghum (Sorghum bicolor (L.)
Moench) developed for its high stalk sugar content
rather than for grain production [29]. This warm
season tropical grass is reported to be the most
widely adapted species among cereal grasses that
perform favorably in dry environments [18]. Sor-
ghum is important food crop in many areas of Asia,
Africa, and Latin America. In the United States
and Argentina sorghum is used primarily as animal
feed [25]. Last time numerous reviews about dif-
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ferent species of Sorghum Moench resulted about
active selection work [21; 22; 26]. Sweet sorghum
has been identified as a possible ethanol feedstock
because of its biomass yield and high concentra-
tion of readily fermentable sugars [8; 11; 13; 19;
33]. Feasibility of ethanol production from sweet
sorghum juice and bagasse for second generation
ethanol production has already been presented in
many studies [7; 16; 24; 27; 28].

Kumar et al. (2010) were resulted that Sorghum
saccharatum (L.) Moench. can be recommended
for harvesting at both physiological maturity or
post physiological maturity due to high level of
sugars [10]. Physiological study on . saccharatum
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showed that these plants can be used as bioindica-
tor of presence of soil residues of herbicides [23].
As reported Rooney (1978), fatty acid composi-
tion of sorghum grains its free fatty acids (70—
90 %), where palmitic acid was prevalent [25].
Methanol extracts of different species of Sorghum
showed an antiradical scavenging activity of 31.13—
86.48 % [32].

Objective — to evaluate plant raw material of
S. saccharatum (L.) Moench cultivars and varie-
ties by biochemical characteristics.

Material and methods

Plant material was collected from the experimen-
tal collection of Department of Cultural Flora in
M.M. Gryshko National Botanical Garden of the
NAS of Ukraine in the milky-wax seed ripening
stage: S. saccharatum (SS), S. saccharatum, cv. Bo-
tanichnyi (SSB), S. saccharatum, cv. Energodar (SSE),
S. saccharatum, cv. Medove (SSM), S. saccharatum,
cv. Yantar (SSY), S. saccharatum, f. AMBR-1 (India)
(SSA-1), S. saccharatum, f. AMBR-2 (Kazakhstan)
(SSA-2), S. saccharatum, f. AMBR-5 (Kazakh-
stan) (SSA-5).

All biochemical analyses were conducted using
above-ground part of plants in the milky-wax ripen-
ing period. The determination of absolutely dry
matter was done by drying to constant weight at
100—105 °C according to A.I. Yermakov et al. [3].
The total content of sugars was investigated by
Bertrand method in water extracts. The concen-
tration of ascorbic acid (AA) of the acid extracts
was determined by a 2.6-dichlorophenol-indo-
phenol method that based on the reduction prop-
erties of AA. Both analyses carried out according
to V.P. Krishchenko [2]. The concentration of total
carotene determined according to B.P. Pleshkow.
The procedure carried out in petrol extracts by
spectrophotometric method using 2800 UV/VIS
Spectrophotometer, Unico. Mixtures were left in
a shaker for 2 hours and their absorbance was
measured at the wavelength of 440 nm [5]. 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. Hrycajenko et al. [1]. The concentration of
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calcium was determined by titration method of
acid extracts with Trilon B. Phosphorus content in
plants was identified in acid extracts using molyb-
denum solution. These analyses were done ac-
cording to H.N. Pochinok [6]. Procedure of de-
tection of energetic value was measured on calo-
rimeter IKA-200. I this case, dry plant raw mate-
rial was burned in oxygen bomb. Measurement of
every sample was 15 minutes approximately and
expressed in Cal/g. Photosynthetic pigments iden-
tified in acetone extracts at 662 nm (chlorophyll a),
644 nm (chlorophyll b) and 440 nm (carotenoids)
using spectrophotometer Unico UV 2800 accord-
ing to M.M. Musienko [4].

Experimental data were evaluated by using
Excel 2010. Mean values of three replicates and
standard deviation are given in Tables 1—3.

Results and discussions

Knowledge of genetic diversity has an important
impact on the improvement of crop productivity.
Plants from Poaceae Barnhart. family well adapted
to low input conditions as well as to biotic and
abiotic stress factors [14]. Last time carry out in-
vestigations of S. saccharatum concerning bio-
chemical composition due to ecological proper-
ties of these plants. It is relates with drought resist-
ance of plants [30]. We investigated before bio-
chemical composition of some Poaceae plants and
found that the most content of dry matter and to-
tal content of sugars were detected in seed ripen-
ing stage [9; 17; 31]. Also, we detected that these
plants are potential source of antioxidants [32].

Content of dry matter among investigated plants
was in range from 21.11 % (SSA-1) to 46.41 %
(SSB) (Tabl. 1).

The knowledge on sugar components at differ-
ent phenological stages of crop growth and identi-
fication of appropriate stage of harvesting is critical
for sweet sorghum commercialization and value
chain sustenance. Variations in sugar content at
different growth stages revealed that the sugar
yield was high at physiological maturity, but high-
est at post-physiological maturity [10]. Compared
to other sorghums, sweet sorghum produces less
grain but contains a large amount of readily fer-
mentable sugars in the stem. Sweet sorghum stem
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juice can be used for sugar, syrup, and ethanol
production [18].

Accumulation of sugars in plant raw material
of S. saccharatum plants was in range from 8.64 %
(SSE) t0 28.65 % (SSA-1). According to Koztow-
ski et al. (2009), content of sugars in different
part of S. saccharatum plants was of 37.86 —
142.61 g/kg[12].

Concentration of ascorbic acid was from
11.39 mg% (SSA-5) to 35.96 mg% (SSA-2) and
carotene — from 0.16 mg% (SSE) to 0.92 mg%
(SSA-2).

As shown in Table 2 the content of ash in plant
raw material was from 2.32 % (SSY) to 4.02 %
(SSB) (Tabl. 2). Content of calcium was in range from
0.503 % (SSA-5) to 1.127 % (SS), phosphorus —

Table 1. The content of dry matter, total content of sugars and vitamins in above-ground parts
of plants of Sorghum saccharatum (L.) Moench depending on cultivars and varieties

Sample | Dry matter, % Total content of sugars, % | Ascorbic acid, mg% | Carotene, mg%
SS 30.75 £ 0.07 18.31 £ 0.57 27.49 £ 1.01 0.39 £0.01
SSB 46.41 £ 0.70 9.58 +0.49 18.21 £0.21 0.45+0.01
SSE 42.70 £ 0.59 8.64 £0.58 19.96 + 0.65 0.16 £ 0.01
SSM 30.05£0.18 2245+ 1.37 22.98 £ 1.08 0.26 £ 0.02
SSY 25.54 £ 0.56 20.58 £ 1.98 13.46 + 1.55 0.20 £ 0.01
SSA-1 21.11 £ 0.05 28.65+ 1.44 26.05 +0.38 0.42 £0.02
SSA-2 29.06 £ 0.46 14.05 £ 1.37 35.96 £1.90 0.92 +£0.02
SSA-5 30.77 £ 0.02 18.78 £ 1.80 11.39 £ 1.31 0.26 £ 0.01

Table 2. The content of ash, lipids and macroelements in above-ground parts
of plants of Sorghum saccharatum (L.) Moench depending on cultivars and varieties

Phosphorus, %

Energetic value, Cal/g

Sample Ash, % Calcium, %
SS 3.78 £0.59 1.127 £0.125
SSB 4.02 £0.30 0.733 £ 0.006
SSE 2.99+0.13 0.610 £ 0.020
SSM 2.50 £0.06 0.927 £+ 0.066
SSY 2.32+£0.09 0.727 £ 0.033
SSA-1 2.68 £0.03 0.780 £ 0.017
SSA-2 342+0.11 1.027 £0.045
SSA-5 2.82+0.23 0.503 £+ 0.065

0.140 £ 0.007 3949.53 £ 55.60
0.040 £ 0.003 3865.88 £ 97.67
0.090 £0.001 2928.77 £85.70
0.148 £0.003 4001.22 £ 88.91
0.037 £ 0.004 3881.14 £ 96.21
0.095 £0.001 4039.93 £ 33.80
0.053 £ 0.004 3350.73 £79.81
0.116 = 0.001 4075.62 = 110.20

Table 3. The content of photosynthetic pigments in leaves of plants of Sorghum saccharatum (L.) Moench
depending on cultivars and varieties, mg/g (fresh weight)

Sample Chlorophyll a Chlorophyll b Carotenoids Chlorophyll a/chlorophyll 5
SS 0.141 £ 0.002 0.025 £ 0.004 0.166 £ 0.001 5.67
SSB 0.247 £0.034 0.040 £ 0.005 0.287 £0.039 6.20
SSE 0.120 £ 0.008 0.053 £ 0.008 0.173 £0.016 2.28
SSM 0.206 £ 0.004 0.163 £ 0.006 0.369 £0.011 1.26
SSY 0.245 £ 0.002 0.061 £ 0.002 0.305 £ 0.001 4.02
SSA-1 0.302 £ 0.004 0.104 £ 0.008 0.406 £ 0.011 2.92
SSA-2 0.193 £ 0.003 0.036 = 0.002 0.229 £ 0.003 5.37
SSA-5 0.194 £ 0.005 0.054 £ 0.009 0.247 £0.015 3.69
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from 0.037 % (SSY) to 0.148 % (SSM). Energetic
value of dry plant raw material was from 2928.77
Cal/g (SSE) to 4075.62 Cal/g (SSA-5).

As resulted Koztowski et al. (2009), content of
calcium in different organs of S. saccharatum was
of 3.04—12.05 g/kg, and phosphorus was of 1.16—
2.45 g/kg [12]. According to Koztowski et al.
(2007), energetic value of different organs of these
plants was 16.63—18.10 MJ [20].

As resulted Faheed et al. (2005), the pigment
contents of plants of S. bicolor subjected to salt
stress via a gradual increase in NaCl concentra-
tion, were higher than plants in normal condi-
tions [13].

We determined that ratio of chlorophylls accu-
mulation was in range from 1.26 (SSM) to 6.20
(SSB) (Tabl. 3). These results showed that the less
resistance to stress factors of environment can ex-
hibit SS, SSB and SSA-2 plants, where chloro-
phyll b accumulated less than in other plants.

Concentration of chlorophyll a was from
0.120 mg/g (SSE) to 0.302 mg/g (SSA-1) and
chlorophyll » — from 0.025 mg/g (SS) to
0.163 mg/g (SSM). Carotenoids in leaves ac-
cumulated in range from 0.166 mg/g (SS) to
0.406 mg/g (SSA-1).

Conclusions

Based on obtained data, it can be concluded that
in conditions of M.M. Gryshko National Bota-
nical Garden of the NAS of Ukraine plants of
S. saccharatum accumulated nutrients in the stage
of milky-wax seed ripening such as dry matter, vi-
tamins, macroelements etc. Maximal content of
dry matter and ash was detected in plant raw ma-
terial of SSB, total content of sugars — in SSA-1,
ascorbic acid and carotene — in SSA-2, calci-
um — in SS, phosphorus — in SSM, energetic
value — in SSA-5. Minimal content of dry matter
accumulated in plant raw material of SSA-1, total
content of sugars, carotene and level of energetic
value — in SSE, ascorbic acid — in SSA, ash and
phosphorus — in SSY, calcium — in SSA-5. Vari-
able level of sugars (8.64—28.65 %) and calorific
value (2928.77—4075.62 Cal/g) allow concluding
that selection work with more productive forms
should continue.
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BIOXIMIYHUM CKJIAII POCIMHHOI
CHUPOBMHU 'rEHOTHUIIIB COPT'O HYKPOBOT'O
(SORGHUM SACCHARATUM (L.) MOENCH)

Mera — pocniautd OiOXiMiUHI OCOOJIMBOCTI CUPOBUMHU
Sorghum saccharatum (L.) Moench B ymoBax HattionansHo-
ro 6oraHiyHoro cany imeHi M.M. Ipuiika HAH Ykpainu.
Marepian ta meroau. [1oCligXeHi pOCIMHUA — COPTU
ta (hopmu Sorghum saccharatum, 3i6paHi Ha eKCIIEpUMEH-
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TaJIbHUX AUISTHKAX KOJIEKIIil Biaily KyJbTypHOI (iopu
HauionanbHoro 6otaniyHoro cany iMmeHi M.M. Tpuinka
HAH Ykpainu: S. saccharatum (SS), S. saccharatum, cv. Bo-
tanichnyi (SSB), S. saccharatum, cv. Energodar (SSE),
S. saccharatum, cv. Medove (SSM), S. saccharatum, cv. Yantar
(SSY), S. saccharatum, . AMBR-1 (India) (SSA-1), S. sac-
charatum, f. AMBR-2 (Kazakhstan) (SSA-2), S. saccha-
ratum, f. AMBR-5 (Kazakhstan) (SSA-5). Bmict cyxoi
PEYOBMHU Y POCJIUH copro Bu3Havyanu 3a A.l. €pmako-
BUM Ta iH. (1972), 3araibHuil BMICT LIYKpiB Ta acKopOi-
HoBoi kuciotu — 3a B.I1. Kpumenkom (1983), BMicT
kapotuHy — 3a B.II. [1nemkoBum (1985), BMicT 3011 —
3a 3.M. Ipunaenko Ta iH. (2003), BMicT KajblIito Ta (poc-
dopy — 3a X.H. IMounrkom (1976). EHepreTnuHy IiH-
HIiCTh POCAMHHOI CUPOBMHM BU3HAYaId Ha KaJOPUMETPi
IKA C 200. BmicT OTOCUHTETUIHUX TIITMEHTIB y JINCT-
Kax — 3a MeToaukoro M.M. MycieHka 1a iH. (2001).

PesynbraTtu. B mepiog MoJIOUHO-BOCKOBOI CTUTIIOCTI
HaciHHSI B POCJMHHINW CUPOBUHI Sorghum saccharatum
HaKoOIM4yBayiocst cyxoi pedoBuHu Bim 21,11 % (SSA-1)
10 46,41 % (SSB), uykpiB — Bin 8,64 % (SSE) no 28,65 %
(SSA-1), ackop6inoBoi kuciotu — Bix 11,39 Mr% (SSA)
1o 35,96 Mr% (SSA-2), kapotuny — Bin 0,16 mr% (SSE) no
0,92 Mr% (SSA-2), 30m1 — Bin 2,32 % (SSY) 104,02 % (SSB),
Kaibiio — Big 0,503 % (SSA-5) no 1,127 % (SS), docdo-
py — Bin 0,037 % (SSY) no 0,148 % (SSM). Enepreruuna
LiHHICTh CYXOi CMpPOBMHM CTaHOBWIa Bim 2928,77 kain/r
(SSE) no 4075,62 kan/r (SSA-5). CriBBinHoieHHs (oTo-
CUHTETUYHUX TirMeHTiB —1,26 (SSM) — 6,20 (SSB).

BucHoBku. OTpuMaHi pe3yiabTaTd CBig4aTh Mpo Te,
1o B yMoBax HallioHanbHOro 60TaHi4YHOTO cany iMeHi
M.M. Tpumka HAH Yxpainu mocmimkyBaHi copTd Ta
dbopmu Sorghum saccharatum € UiHHUM JIXepesioM TO-
XKMBHUX PEYOBUH Ta GiomajauBa B Mepioj MOJIOYHO-BOC-
KOBOI cTUTIOCTI HaciHHS. Cepen JOCITiIKeHNX TeHOTHITIB
SSB xapakTepusyBaBcsi HAOLIBIIMM BMICTOM CyXOi pe-
YOBUHMU Ta 30J11, SSA-1 — HaMOIIBIINM 3araJlbHUM BMicC-
TOM IIyKpiB, SSA-2 — HalONBIIMM BMIiCTOM BiTaMiHiB,
SSA-5 — HaiGIIBIIO €HEPreTUYHOIO LIIHHICTIO.

KurouoBi cioBa: Sorghum saccharatum, pocIMHHA CUPO-
BUHa, 010XiMiYHi 0COOJIMBOCTI, eHEpPreTUYHa LiHHICTh.
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BUOXUMUYECKUI COCTAB PACTUTEJILHOTO
CbIPbSI TEHOTUIIOB COPI'O CAXAPHOT'O
(SORGHUM SACCHARATUM (L.) MOENCH)

Iea» — wucciemoBaTh OMOXMMMYECKHE OCOOCHHOCTU
cbipbst Sorghum saccharatum (L.) Moench B ycioBusix
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HaumonanbHoro 6orannyeckoro caga umeHn H.H. Ipuiko
HAH VYkpauHsbl.

Marepuan u meroapl. VccienoBaHHble pacTeHUs] —
copta u opmer Sorghum saccharatum, cobGpaHHbIe Ha
SKCMEPUMEHTATBHBIX YUaCTKaxX KOJJIEKLIMY OTAEa KyJib-
TypHOiIT yopsl HammonanbHOTO GOTaHWYECKOTO caja
umenu H.H. Tpumiko HAH VYkpaunsl: S. saccharatum
(SS), S. saccharatum, cv. Botanichnyi (SSB), S. sacchara-
tum, cv. Energodar (SSE), S. saccharatum, cv. Medove
(SSM), S. saccharatum, cv. Yantar (SSY), S. saccharatum,
f. AMBR-1 (India) (SSA-1), S. saccharatum, f. AMBR-2
(Kazaxkhstan) (SSA-2), S. saccharatum, f. AMBR-5 (Ka-
zakhstan) (SSA-5). ConepkaHue Cyxoro BelllecTBa y pac-
teHuit onpenensiiu no A.W. Epmakosy u jap. (1972), 06-
1ee colepkaHue caxapoB U aCKOPOMHOBOI KUCIOTHI —
o B.I1. Kpuienko (1983), comepkaHue KapoTHHA — 110
B.I1. [Tnewmkosy (1985), conepxxanue 30161 — 1o 3.M. [pu-
maeHko u np. (2003), comepkaHue Kamblus 1 hochopa —
no X.H. IMounnky (1976). DHepreTMUecKylo LIEHHOCTh
PaCcTUTENILHOTO CHIPbsI OMpenessiu Ha Kaopumetpe. Co-
nepXaHne HOTOCUHTETUIECKNX TTUTMEHTOB B JIUCTHSIX —
no metonuke H.H. Mycuenko (2001).

PesyabraTel. B iepron MoI09HO-BOCKOBOIA CTIENIOCTH
CEeMSIH B PaCTUTEJIbHOM ChIpbe Sorghum saccharatum Ha-
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KaIuIMBaJIoCch cyxoro BemiectBa oT 21,11 % (SSA-1) mo
46,41 % (SSB), caxapos — or 8,64 % (SSE) no 28,65 %
(SSA-1), ackop6uHoBoOI1 K1Ca0Th — OT 11,39 Mr% (SSA)
1o 35,96 mr% (SSA-2), kapotuHa — ot 0,16 mr% (SSE)
10 0,92 Mr% (SSA-2), 30561 — ot 2,32 % (SSY) 10 4,02 %
(SSB), kanbuus — ot 0,503 % (SSA-5) mo 1,127 % (SS),
dbocdopa — 010,037 % (SSY) 100,148 % (SSM). DHepreTu-
YyecKast [IEHHOCTb CyXOTO ChIPbsI cOCTaBIIsia ot 2928,77 kan/t
(SSE) mo 4075,62 kan/r (SSA-5). CoortHolieHure Gporo-
CUHTETUYECKUX TUrMeHToB — 1,26 (SSM) — 6,20 (SSB).

BoiBoabl. [lonydyeHHbIC HaHHbBIE CBUAETEIBCTBYIOT O
TOM, YTO B ycJOBUsIX HalMoHajibHOTO GOTaHMYECKOTO
caga umenu H.H. Ipumko HAH Ykpauns! copra u ¢op-
Mbl Sorghum saccharatum SIBISIOTCSI ICHHBIM WUCTOYHU-
KOM TMUTATEIbHBIX BEIIECTB U OUOTOIIMBA B MIEPUO MO-
JIOYHO-BOCKOBO# criesioctu ceMsiH. Cpenin vccieaoBaH-
HBbIX TeHOTUTIOB SSB XapakTepu3oBajcsi HauOOJIbLIUM
comepXXaHWeM CyXOro BelllecTBa U 30JbI, SSA-1 — Ham-
OOJIBLIM OOILIINM comepXKaHeM caxapoB, SSA-2 — Hau-
OOJIBLIINM COJEPKaHMEM BUTAMUHOB, SSA-5 — HanboIb-
e S9HEPTETUYECKON LIEHHOCTBIO.

KioueBsie ciaoBa: Sorghum saccharatum, pacTUTebHOE
ChIpbe, OMOXMMHMYECKKE OCOOCHHOCTH, SHEpreTUyecKast
LIEHHOCTb.
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