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Abstract. Results of studies on the
storage of Sorghum saccharatum stems
as an industrial feedstock are presented
in the paper. It is proved that
physiologically mature stems of
Sorghum  saccharatum may be
preserved for a month providing they
are placed in storage without symptoms
of illnesses, which allows obtaining
juice without significant changes of
technological and  microbiological

Relevance. Processing of Sorghum
saccharatum to a sugar-based product
faces the problem of the organization of
a constant and uniform supply of raw
material. It is necessary to process
sorghum raw materials of various
vegetation periods of ripening. At the
initial stage, there is a need to process
early- and medium-ripening varieties
and hybrids, and at the final stage —
late-ripening ones.

In addition, the length of a
campaign largely depends on the
possibility  of  storing  Sorghum

saccharatum stems as an industrial raw
material. Rational storage of stems can
be considered one of the main
prolongation factors for the production
season of food syrups.

There are various scientific
opinions about the storage life of
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quality. Implementation of such storage
conditions for sorghum saccharatum in
the industry can significantly extend
sweet sorghum campaign and reduce
the price of the final product.
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stem, storage time, technological
guality, Sorghum saccharatum juice,
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Sorghum saccharatum stems. Long
storage life of stems in closed shelters is
preferred nowadays, but it is necessary
to note the dynamics of decreasing the
content of sugars. According to Ferraris
and Steward [2], short-term storage of
sorghum stems is also possible. Storing
stems for 72 hours do not lead to the
changing of dry matter and sucrose
content. This point of view is also
supported by Delavier [3], providing
that storage within two days is possible
only under normal climatic conditions
without frosting.

Diversification of  approaches
indicates uncertainty in the changes that
occur in the raw material during
storage. Therefore, there are reasons to
consider needs for detailed research in
this field.
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The purpose of the research was to
identify the features of changes in
technological and  microbiological
quality of Sorghum saccharatum juice
provided that raw materials are stored
within a 1 month.

To achieve the goal, both
convenient and special research
methods were exploited. Dry matter
content of juice was determined by the
refractometric method. Dry matter
content of stems was determined by
weighting. Total sugars of juice was
determined according to the copper-
metric method by Luff-Schoorl [4]. The
acidity of the juice was determined by
titration method in terms of lactic acid.
Purity was calculated as the ratio of
total sugars to the dry matter of
Sorghum saccharatum juice.

The quality of Sorghum
saccharatum juice was tested in terms
of the following microbiological
parameters: quantity of mesophilic
aerobic and optional-anaerobic
microorganisms  (QMAFANM), the
guantity of yeast and mold, and the
presence of bacteria of the coliforms
group in accordance with standards [5,
6].

Samples of Sorghum saccharatum
juice, obtained by pressing of crushed
stems taken from storage place were
analyzed. Two hybrids of Sorghum
saccharatum — ‘Mamont’ and ‘Zubr’
(originated by the National Center of
Seed and Nutritional Sciences) — were
chosen for the experiment. Stem
samples of Sorghum saccharatum were
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separated from the leaves and panicles
and prepared in open areas, where they
were stored at the temperature from 6 to
12°C (October 2017) for 1 month.

It should be mentioned that
samples of Sorghum saccharatum stems
were taken separately due to the colour
markers. Leaves and stems that had
brown spots were affected by
helminthosporiosis (brown spot). The
causative agent of the disease is the
imperfect fungus Helmiri-thosporium
turcicum Pass. Its mycelium initially
develops in the intercellularway in the
parenchymal tissue and then penetrates
into the wvascular system of leaves,
affecting stems and interstitial.
Helminthosporiosis leads to premature
falling leaves, stem destruction, and, as
a consequence, reduce the vyield of
green mass [7].

Visual examination of sorghum
plants showed that plants of ‘Zubr’
hybrid were affected to a larger extent
which is connected with a lower
resistance of this hybrid to
helminthosporiosis. In addition, ‘Zubr’
feedstock had worth quality: dry matter
content in the stems equaled 31.2%, dry
matter content of juice 14.0%, total
sugar content 11.06%; purity of juice
79.0%. ‘Mamont’ hybrid had 25.1% dry
matter content of stems, 18.2% dry
matter content of juice, 16.78% total
sugar content and 92.2% juice purity.
Changes of technological quality and
the microbiological status of sorghum
juice were discovered in the process of
stems storing. Stems were sampled once
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a week, crushed, squeezed and the juice
was analyzed in regard to the dry matter
content, total sugars, acidity (by lactic
acid), and microbiological parameters.
The purity of juice was also calculated.

Shown in the Tables 1-2 are the
changes of technological parameters of
sorghum material over storage time in
shown in.

1. Technological quality of ‘Mamont’ hybrid juice over storage time

Storage Dry matter Dry matter Total sugars Purity Acidity (lactic acid)
time content of content of content of juice (%) (mg/100cm?3)

(days) stems (%) juice (%) (weight % )

1 25.1 18.2 16.78 92.20 194.4

6 27.5 18.4 16.72 90.87 201.8

12 28.4 18.6 16.61 89.30 248.4

18 295 19.0 16.59 87.31 252.0

24 30.6 19.6 16.49 84.13 272.0

30 32.5 19.8 16.36 82.63 302.0

2. Technological quality of ‘Zubr’ hybrid juice over storage time

Storage Dry matter Dry matter Total sugars Purity Acidity (lactic acid)
time content of content of content of juice (%) (mg/100cm?®)
(days) stems (%) juice (%) (weight %)
1 31.2 14.0 11.06 79.00 363.3
6 32.6 13.6 9.88 72.70 496.8
12 36.0 11.6* 8.11 70.00 663.3

* - during the storage of stems, sorghum juice changed its colour from light-green to milky-brown.

Table 1 data analysis shows that
the quality of the stems of ‘Mamont’
hybrid varies during storage for 30
days. There are no significant changes
in the dynamics of deterioration of the
technological quality of juice in the
process of stems storing, which
indicates a high stability of this hybrid
to the pathogen of brown spot disease.
However, there is an increasing of dry
matter content of stems, which is
connected with moisture evaporation. In
addition, an increase in the total sugars
and organic acids content is noted in
permissible limits, which was fixed by
increasing the titrated acidity in terms
of lactic acid. This is connected with the
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spending of carbohydrates on living
processes. Therefore, the amount of
carbohydrates reduced with storing, and
as a consequence, the purity of juice
decreased. However, these changes are
not so significant for  further
technological processing of stems for
food and technical purposes. It can also
be successfully used in sugar factories
or small processing plants of the food
industry (depending on the volumes of
processed sorghum feedstock) for the
production of food syrup by the
developed technology [8].

At the same time, storage of ‘Zubr’
stems (Table 2) significantly degrades
their technological quality, which is
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connected with a significant damage,
caused by helminthosporiosis. This is
confirmed by increasing juice acidity in
terms of lactic acid, which indicates an
intensive decomposition of sugars to
organic acids and, as a consequence,
decreasing the purity of juice.

According to visual observations,
the causative agent of the disease enters
the stem core through leaves on the 12t
day of ‘Zubr’ stems storage, then
spreads and affects juice. Irreversible
processes of decomposition of sugars
Into organic acids occur in sorghum
juice, as well as the formation of
coloured substances of melanoidins [9].
All these negative consequences make
juice unsuitable for further processing
in the food industry.

The results of microbiological
parameters of sorghum juice over the
storage time (Tables 3-4) conform to

previous studies. Thus, regular changes
in  microbiological parameters of
sorghum juice correlate with the
concentration of sugar. In particular, it
can be seen from Tables 3-4. A gradual
decrease in the content of sugars in
sorghum juice leads to a decrease of
mesophilic  aerobic and optional
anaerobic microorganisms, yeast and
mold from 4.3 x 108 to 1.8 x 10° CFU
and from 2.4 x 10* to 3.0 x 10° CFU,
respectively. The quantity of coliform
bacteria remained at the same level
during the storage of juice, namely,
0.001 cm?®. Such a tendency can be
explained by the fact that carbohydrates
are the main source of vital activity of
microorganisms and changing
concentration of carbohydrates in juice
leads to concentration changes of
microorganisms.

3. Microbiological parameters of ‘Mamont’ hybrid juice over storage time

Storage time QMAFANM Yeast and mould Bacteria of the E. coli group
(days) (CFU /cm®) (CFU /cmd) (CFU /cmd)
1 2.6x10° 1.3x103 0.001
6 4.3x10° 2.4x10% 0.001
12 1.6x10° 7.0x10% 0.001
18 8.0x10° 2.1x10° 0.001
24 1.8x10° 3.0x10° 0.001
30 3.1x10° 6.0x10° 0.001

4. Microbiological parameters of ‘Zubr’ hybrid juice over storage time

Storage time QMAFANM Yeast and mould Bacteria of the E. coli group
(days) (CFU /cm®) (CFU /cmd) (CFU /emd)
1 1.9x10° 1.5x103 0.001
6 1.7x10° 1.1x10* 0.001
12 7.2x10° 7.0x10% 0.001
Conclusions to diseases and can be stored for 30

As a result of the research, it can
be stated that the stems of a high-
yielding ‘Mamont’ hybrid are resistant
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days without significant changes in
technological and  microbiological
parameters of juice. As the trend of
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moisture  evaporation and  sugar
decomposition will continue, the longer
storage time is not appropriate and will
lead to a deterioration of the quality of
obtained juice. This will negatively
affect the process of further processing.
Under the conditions of putting stems

References

1. Mengoni, O. (1976). Sorgo
zuccherino e | suoi sciroppi. Lindustria
saccarifera italiana Italy, 69(1), 5-10.

2. Ferraris, R., Steward, G. (1979)
The use of sugar sorghum as a raw
material for the production of sugar.
Journal Australian Institute Agricultural
Science, 45(3), 156-164.

3. Delavier, (1970). Sorghum fiir die
Zuckerproduktion. Z.f.d.  Zucekind,
20(12). 640-641.

4. Kupchik, M. P., Reva, L. P,
Stangeeva, N.l. (2007). Tehnologiya
cukristih rechovin. Laboratornij
praktikum [Technology of sugary
substances. Laboratory workshop]. -
Kiev: NUTH, 215.

5. Cukor. Metodi viznachannya
mikrobiologichnih pokaznikiv. (2007).
[Sugar. Methods for the determination
of microbiological indicators]. DSTU
4323:2004. Ukraine.

JOCJII>KEHHS BILVIUBY
TEPMIHY 3BEPITAHHS CTEBEJI
HA ITOKA3ZHUKH
TEXHOJIOTI'TYHOI TA
MIKPOBIOJIOI'TYHOI AIKOCTI
COKY COPI'O HYKPOBOI'O
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Anomauis. B cmammi
npeocmasieti pe3yiomamu
0ocniodicenb w000 30epicanHs cmebel
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COpe0  YYKPOB020  SIK  NPOMUCIOBOL
CUPOBUHLU. Bcmanosneno, wo
Qizionociuno  3pini  cmebaa  copeo

30epiearomvcsi NPOmMscoM Micays, 3d
YMO8  3aK1a0awHs ix 0e3  O03HaK
8pAdICeHHS. X8opobamu, uye 00380J€
ompumamu cik 0e3 Cymmesux 3MiH
NOKA3HUKIB MEeXHON02TUHOT ma
MIKpOOION02IUHOT AKOCMI.
Bnposaooicennss  ymos  30epicanus
cmeber copeo YYKPOBO2O y
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NPOMUCTIOBUX — Macumabax cymmeeo
pos3wupums ~ mepmiH  8UPOOHUYO020
Ce30HY 3 nepepooOKuU 0AHOI CUPOBUHU MA
30euesums eapmicmo KIHY€68020
YYKPOBMICHO20 NPOOYKMY

Knwuosi cnosa: yyxkpose copeo,
mepmin 30epicanHsl cmeober,
MEexXHON02IYHA  AKICMb, CIK  COp2o,
MIKpOOIion02iuHi NOKA3HUKU, XB80po0a,
2eNIbMIHIMOCNOPIO3.

HNCCIEJOBAHUE BJUAHUSA
CPOKA XPAHEHUS CTEBJIEA
HA MOKA3ATEJIN
TEXHOJOI'MYECKOI'O 1
MHUKPOBUOJIOT'HYECKOT'O
KAUYECTBA COKA COI'PO
CAXAPHOI'O
H.A. I'puropenxo

Annomauus. B cmamoe
npeocmaesiieHul pe3yibmantvl
ucciedo8anull. no Xpawenuio cmeoetl
COpP20 CAXApPHO20 KAK NPOMBIULIEHHO2O
ChIPbAL. Yemanoaneno, ymo
Qusuonocuuecku spenvie cmediu copeo
COXpAHAIOMCS 6 meueHue mecayd, 8
VCI0BUAX 3aAKNA0KU UX 0e3 NPU3HAKO8
NOpadicenst bonezuamu, Mo
no3eonsgem  NOAYYUMb — COK  0Oe3
CYULeCMBEHHbIX U3MeHeHUll
noxazamesnei  MeXHOI02UHUECKO20 U
MUKPOOUONIO2UUECKO20 Kauecmsad.
Bueopenue ycnoeuti xpanenus cmebineu
COp20  CAXapHO20 8 NPOMBIUULIECHHBIX
Macumaodax cyujeCmeenHo pacuiupum
CPOK NpPOU3BOOCMBEHHO20 CEe30HA NO
nepepabomke  OAHHO20  CbIPpbs U
yoeutegum  CMOUMOCHb — KOHEYHO20
caxapocooepaicauie2o npooyKma

Knwueevie  cnosa.  caxapmoe
copeo, CpoKk  XpaHeHnusi — cmebiell,
MeXHOI02UHeCKoe Ka4ecmao, COK copeo,
MUKpOOUONO2UYeCKUe noxaszameint,
Oone3Hb, 2eIbMUHMOCNOPUO3
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