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Abstract

This study focuses on the biotechnological potential of Sorghum bicolor (sorghum) for integrated
processing to produce ethanol and protein-lysine feed supplements. The research evaluates the chemical
composition of different grain varieties, quantifies reducing sugars in stem juice, and explores microbial
conversion processes. Seven sorghum varieties were compared in terms of starch, crude protein, true
protein, and hemicellulose content. The middle part of the stem was identified as the richest in reducing
sugars. Gas chromatographic analysis revealed ethanol as the dominant fermentation product (up to 85.3
g/L), with minimal concentrations of byproducts like methanol and acetaldehyde. Fermentation
experiments using Saccharomyces cerevisiae and Brevibacterium flavum RCAM 01129 demonstrated high
performance in ethanol and lysine synthesis, respectively. Notably, variety 111 showed higher yields of
target products than variety V, despite lower starch content, due to a more favorable polymer compaosition.
The resulting lysine-protein supplement contained 1.8 times more protein and 36.5 times more lysine than
the original distillers’ stillage. The findings demonstrate that integrated sorghum biorefining, supported by
advanced biotechnological methods, presents a sustainable approach for maximizing biomass utilization,
reducing agricultural waste, and improving animal nutrition, especially in resource-constrained and
drought-prone regions affected by climate change.
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Introduction

In the context of bioeconomy development and increasingly stringent resource-efficiency
requirements, one of the key challenges facing processing industries is the expansion of the raw
material base and the reduction of waste generation through the deep conversion of agricultural
biomass into value-added products [1,2]. This issue is particularly relevant for the production of
bioethanol, enzyme preparations, and microbial synthesis products, where traditional cereal crops-
wheat, corn, and rye-are widely used as primary substrates despite their high food value [3-5].
Such use intensifies the «food-biotechnology» competition and necessitates the search for
alternative plant carbohydrate sources as well as the development of more efficient technological
conversion schemes [6].

One of the most promising alternative feedstocks is Sorghum bicolor (L.) Moench,
characterized by high adaptability to drought and salinity stress, substantial biomass productivity,
and the ability to accumulate carbohydrates both in grain and in stem juice [7-12]. In recent years,
new grain and sweet sorghum varieties have been developed with enhanced starch content and
intensive green biomass formation, accompanied by expansion of cultivation areas [9,13].
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Modern biotechnological approaches enable integrated processing of sorghum to produce
bioethanol, feed products, organic acids, and biologically active compounds [14,15]. Enzymatic
hydrolysis and microbial fermentation technologies facilitate the recovery of valuable components
not only from grain but also from stems and bagasse [16,17], thereby improving both
environmental and economic performance of production systems [18,19]. Additional potential
arises from the application of genetically improved or selectively enhanced microbial biocatalysts
to increase target product yields [20].

Despite the widespread use of sorghum for ethanol production, the quantitative relationship
between grain polymer composition (starch, protein, and non-starch polysaccharides, particularly
hemicelluloses) and the yield of target products remains insufficiently investigated. It is well
established that non-starch polysaccharides can increase mash viscosity and reduce the efficiency
of enzymatic hydrolysis and fermentation; however, statistically validated comparative studies
across sorghum varieties, particularly within integrated processing schemes, remain limited.

Integrated bioprocessing approaches that combine bioethanol production with subsequent
bioconversion of stillage into amino acids, such as lysine, are of particular scientific and practical
interest. Such strategies increase the overall carbon utilization efficiency of the feedstock and
enhance the biological value of by-products.

Research Hypothesis. The yield of bioethanol and lysine in an integrated processing scheme
of Sorghum bicolor depends statistically significantly (p < 0.05) on grain polymer composition;
varieties with a more balanced starch-to-hemicellulose ratio provide a higher cumulative yield of
target products compared to varieties with high starch content but elevated levels of non-starch
polysaccharides.

Objective. To quantitatively and statistically assess the influence of grain polymer
composition of different sorghum varieties on: bioethanol yield, the composition of fermentation
by-products, the efficiency of stillage bioconversion into lysine by Brevibacterium flavum RCAM
01129, and to substantiate the technological feasibility of an integrated processing scheme.

Materials and methods

All experiments were performed in three independent biological replicates (n = 3). The
results are presented as mean + standard deviation (x = SD). Statistical significance of differences
among sorghum varieties was assessed using one-way analysis of variance (ANOVA) at a
significance level of a = 0.05, followed by Tukey’s honestly significant difference (HSD) post hoc
test. Pearson’s correlation coefficient (r) was calculated to evaluate the relationship between grain
polymer composition and the yield of target products.

Determination of Chemical Composition

Hemicellulose and dietary fiber contents were determined using the neutral detergent fiber
(NDF) method in accordance with contemporary approaches to dietary fiber analysis and official
AOAC methods [21]. Analyses were conducted using an ANKOM Fiber Analyzer (ANKOM
Technology, USA).

Starch and protein contents were determined using standard laboratory procedures described
in fundamental references on laboratory diagnostics and analytical chemistry [23]. Total and
digestible protein were measured by the Kjeldahl method with correction for non-protein nitrogen.

Determination of Reducing Sugars

Reducing sugars in sorghum stem juice were quantified using a modified Benedict-Bernard
colorimetric method. Methodological principles and calibration procedures were consistent with
modern colorimetric techniques for reducing sugar quantification [22]. Optical density was
measured at 540 nm. Calibration was performed using glucose standards in the range of 0.1-1.0
g/L (R*>0.995). Results were expressed in g/L.

Gas Chromatographic Analysis

Qualitative and quantitative determination of volatile fermentation components (ethanol,
methanol, acetaldehyde, and higher alcohols) was carried out using gas chromatography [26].
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Analyses were performed on a “Kristall 5000” gas chromatograph (Chromatec, Russia) equipped
with a thermal conductivity detector (TCD) and a nonpolar capillary column. N-propanol was used
as an internal standard. Multi-point calibration was conducted using standard solutions (R? >
0.995). The limit of detection (LOD) was determined experimentally based on a signal-to-noise
ratio of 3:1, and relative measurement error was evaluated from replicate analyses (n = 3).

The analyzed samples consisted of distillates obtained from sorghum juice fermented with
Saccharomyces cerevisiae.

Microbial Conversion and Lysine Determination

Microbial cultivation was performed according to standard microbiological protocols.
Lysine concentration in the culture medium was determined using the ninhydrin colorimetric
method with photometric detection at 570 nm in accordance with established analytical procedures
for amino acid quantification [27].

Results and discussion

To comprehensively characterize the nutritional value of sorghum grain and assess its
suitability for biotechnological processing, a comparative analysis of the chemical composition of
various varieties was conducted (Table 1).

Table 1 — Chemical Composition of Sorghum Grain

. Starch |A from CrUd.e A from DlgeStI_ble A from |[Hemicellulose| A from
Ne| Sorghum variety (%) | mean protein | | protein | “ - (%) mean
(%) (%)

1 | Kazakhstanskoye 16| 72.1 | —2.0 | 105 | 0.7 8.3 —0.8 7.2 +0.4
2 | Kazakhstanskoye 20| 73.4 | -0.7 | 11.2 0.0 8.9 -0.2 6.8 0.0

3| Klz-2 741 | 0.0 115 | +0.3 9.2 +0.1 6.1 —0.7
4 | KIZ-3 752 | 411 | 120 | +0.8 9.6 +0.5 5.9 —0.9
5 | Bars-2020 756 | +1.5 | 109 | —0.3 8.7 —0.4 8.3 +1.5
6 | Samba 748 | +0.7 | 11.8 | +0.6 9.4 +0.3 6.5 —0.3
7 | Solaris 739 | -02 | 110 | 0.2 8.8 —0.3 7.0 +0.2

Mean (X) 74.1 - 11.2 - 9.1 - 6.8 -

Table 1 shows that the starch content in sorghum grain ranged from 72.1% to 75.6%. The
highest values were observed in varieties KIZ-3 and Bars-2020. However, differences in ethanol
yield among varieties did not consistently correspond to their ranking in starch content, indicating
the influence of other grain components.

Hemicellulose content varied between 5.9% and 8.3% and, according to correlation analysis,
demonstrated a negative association with ethanol yield (r < 0; p < 0.05). This finding is consistent
with the role of non-starch polysaccharides as factors that increase mash viscosity and reduce the
efficiency of enzymatic hydrolysis and fermentation processes. For a comprehensive evaluation
of the biochemical potential of sweet sorghum and its suitability for biotechnological processing,
the carbohydrate composition of the stems, the chemical composition of the grain, and the
parameters of alcoholic fermentation of the resulting wort were analyzed (Table 2).

Table 2 — Chemical Composition of Sorghum Stem and Fermentation Products

Ne Object of Study Reducing Sugars, % Fermentation Products, g/L
1 | Stem (lower part) 125 -

2 | Stem (middle part) 14.2 -

3 | Stem (upper part) 10.8 -

4.1 | Distillate — Ethanol - 85.0

4.2 | Distillate — Methanol - 1.2

4.3 | Distillate — Acetaldehyde - 1.8

4.4 | Distillate — Fusel oils - 0.7
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According to the data presented in Table 2, gas chromatographic analysis showed that the
ethanol concentration in the distillate reached 85.0 g/L, while the levels of fermentation by-
products were as follows: methanol 1.2 g/L, acetaldehyde 1.8 g/L, and higher alcohols 0.7 g/L.
These values fall within the typical ranges reported for yeast fermentation of plant-based substrates
and indicate controlled process performance under the selected experimental conditions.

Table 3 — Comparative Characteristics of Cereal Crops by Hemicellulose, Protein, and Starch Content

No Crop Hemicellulose, % | Protein, % Starch, %
1 Sorghum Kazakhstanskoye 16 8 7 65
2 Sorghum Kazakhstanskoye 20 9 6 70
3 Sorghum KIlz-2 10 6 75
4 Sorghum KIZ-3 11 6 78
5 Sorghum Bars-2020 12 6 80
6 Sorghum Samba 12 5 79
7 Sorghum Solaris 11 5 77
8 Wheat 10 12 66
9 Maize 9 10 70
10 Rye 10 13 68

Comparative analysis of sorghum grain varieties revealed a starch content ranging from 65%
to 80% of dry matter, with the highest value observed in the Bars-2020 variety (up to 80%). Crude
protein content ranged from 5% to 7%, which is lower than that of wheat (=12%), rye (<13%), and
corn (=10%). Hemicellulose content varied between 8% and 12% and was comparable to that of
conventional cereal crops.

Although a high starch content determines the theoretical ethanol yield, the actual conversion
efficiency depends on the overall polymer composition of the grain. Elevated levels of
hemicelluloses and proteins increase mash viscosity and reduce starch accessibility to enzymatic
hydrolysis, thereby potentially limiting ethanol production. Therefore, the technological value of
sorghum is determined not only by its absolute starch content but also by the balance between
starch and non-starch components.

An additional advantage of Sorghum bicolor is its ability to accumulate soluble sugars in
stem juice, which can be used either as an independent fermentation substrate or concentrated for
subsequent processing, thereby expanding the possibilities for integrated utilization of the crop
The statistical evaluation of chemical composition parameters and ethanol yield is presented in
Table 4.

Table 4 - Statistical evaluation of chemical composition parameters and ethanol yield (n = 3

Starch. % Hemicel Ethanol yield,
Variety taren, 7o 95% ClI lulose, % | 95% ClI /100 95% CI
(D) (x £SD) g (X +SD)

Kazakhstan 16 72.1+0.8 71.2-73.0 7.2+0.3 6.9-75 423+1.1 41.0-43.6
Kazakhstan 20 73.4+0.6 72.8-74.0 6.8+0.2 6.6-7.0 43.5%+0.9 42.6-44.4

KIZ-2 741+05 73.6-74.6 6.1+0.2 5.9-6.3 45.6+0.9 44.7-46.5
KlIZ-3 75.2+0.7 74.4-76.0 59+0.3 5.6-6.2 448+1.0 43.7-45.9
Bars-2020 75.6+0.9 74.6-76.6 83+04 7.9-8.7 439+1.2 42.5-45.3
Samba 74.8+0.6 74.1-75.5 6.5+0.3 6.2-6.8 44.7+0.8 43.9-455

ANOVA results:

Starch: F=6.41; p = 0.003

Hemicellulose: F = 5.87; p = 0.005

Ethanol yield: F = 4.92; p =0.012

Correlation analysis:

r (hemicellulose — ethanol yield) = —0.68; p < 0.05
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The high efficiency of integrated utilization of different sorghum plant fractions (grain and
stem juice) has been demonstrated in ethanol production and as a carbohydrate source for
microbial lysine biosynthesis. Lysine production was achieved through cultivation of the strain
Brevibacterium flavum RCAM 01129 in nutrient media containing stillage, a by-product of wort
fermentation by Saccharomyces cerevisiae. Both sorghum grain and stem juice were used as
substrates (Figures 1 and 2).

mmm Ethanol yield (g/100 g)
mmm Lysine in feed additive

Content

Sorghum varieties

Figure 1 - Ethanol yield and lysine content in feed supplement depending on sorghum variety

The ethanol yield varies within the range of approximately 42-45 g per 100 g of raw
material. The highest values are demonstrated by the KIZ-2 and Bars-2020 varieties, whereas the
Kazakhstanskoye 16 variety is characterized by the lowest moka3zarens. Overall, the differences in
ethanol yield are moderate, indicating a relatively similar alcohol production potential among the
studied varieties. The lysine content in the feed additive varies within a broader range,
approximately from 19 to 24 g/L. The maximum values are also observed in the KIZ-2 variety,
with slightly lower levels recorded for K1Z-3 and Bars-2020. The lowest lysine accumulation is
characteristic of the Kazakhstanskoye 16 variety.
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Figure 2 - Dynamics of reducing sugars, lysine content, and biomass growth during cultivation of
Brevibacterium RCAM 01129 on sorghum stem juice and stillage
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Throughout the entire observation period, a consistent decrease in reducing sugar
concentration is recorded: from approximately 13 g/L at 24 hours to about 9 g/L at 48 hours, and
further to 3 g/L by 72 hours. This trend indicates active substrate consumption by microorganisms
during growth and metabolic activity. Simultaneously, a steady increase in lysine concentration is
observed. While its level is around 18 g/L at 24 hours, it increases to approximately 33 g/L at 48
hours and reaches about 36 g/L by 72 hours. The most intensive accumulation occurs between 24
and 48 hours, which likely corresponds to the phase of active metabolism and amino acid
biosynthesis. Biomass growth (OD) also demonstrates a pronounced positive dynamic: from
approximately 0.6 at 24 hours to 1.05 at 48 hours and 1.25 at 72 hours. This indicates the transition
of the culture from the exponential growth phase toward stabilization, approaching the stationary
phase.

As shown in Figure 3, stillage, a by-product of alcoholic fermentation, is characterized by a
relatively moderate crude protein content of about 24%, with digestible protein accounting for
approximately 17-18%. The lysine content in stillage is extremely low and does not exceed 1%,
indicating limited amino acid value when used as a standalone feed additive.

mmm Crude protein (%)
mmm Digestible protein (%o)
40 | == Lysine (%)

30

Content (%)

20

10 ~

Stillage Lysine-protein product
Product type

Figure 3 - Comparative characteristics of feed products obtained from integrated conversion of grain
sorghum into alcohol and feed products

In contrast to stillage, the lysine—protein product demonstrates significantly higher
nutritional parameters. The crude protein content reaches approximately 44-45%, while digestible
protein cocrasnsier about 26-27%. Particularly notable is the increase in lysine proportion to 27—
28%, indicating substantial enrichment of the product with this essential amino acid.

The obtained results confirm that Sorghum bicolor represents a promising feedstock for
biotechnological processing. However, process efficiency is determined not solely by starch
content but by the overall polymer composition of the grain and the technological characteristics
of the substrate. Statistical analysis demonstrated that differences among varieties in key
compositional parameters (starch and hemicellulose content) were significant (ANOVA, p < 0.05).
Ethanol yield showed a tendency to increase with higher starch content and to decrease with
increasing levels of non-starch polysaccharides. Mechanistically, this observation is consistent
with the known effects of hemicelluloses and other non-starch polysaccharides, which increase
mash viscosity and restrict enzymatic access to starch granules, thereby reducing the extent of
hydrolysis and fermentation efficiency. Accordingly, the Bars-2020 variety, despite its high starch
content, may exhibit lower target product yields than the KIZ-2 variety due to its elevated
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hemicellulose fraction and less balanced polymer composition. This explains the observed
discrepancy between varietal ranking by starch content and actual ethanol yield.

An important outcome of the study is the confirmation of the technological feasibility of the
integrated processing scheme. Stillage generated after alcoholic fermentation was successfully
utilized as a medium component for the cultivation of Brevibacterium flavum RCAM 01129,
resulting in lysine accumulation and the production of a value-added protein-enriched product.
Thus, stage integration enables not only the production of the primary product (ethanol) but also
the enhancement of by-product value through bioconversion into a nutritionally enriched feed
additive. The limitations of the study include laboratory-scale experiments, a limited number of
sorghum varieties, and the absence of pilot-scale validation and life cycle assessment (LCA).
Future research should focus on expanding the varietal range, evaluating mash rheological
properties, conducting pilot-scale trials, and performing techno-economic modeling.

Conclusion

Comparative analysis of the chemical composition of different sorghum grain varieties
confirmed their high biotechnological value as alternative feedstocks for bioethanol production.
Starch content ranged from 72.1% to 75.6%, reaching up to 80% in certain varieties, which is
comparable to or exceeds that of conventional cereal crops. Statistical analysis (ANOVA, p <0.05)
demonstrated that differences in polymer composition significantly affect the yield of target
products. Ethanol yield was shown to depend not only on absolute starch content but also on the
balance between starch and non-starch components. An increased proportion of hemicelluloses
was statistically associated with reduced fermentation efficiency (correlation analysis, p < 0.05),
confirming the influence of polymer balance on technological performance. Although the Bars-
2020 variety exhibited the highest starch content, the KlZ-2 variety, characterized by a more
balanced grain composition, provided the highest cumulative yield of ethanol and bioconversion
products.

The highest concentration of reducing sugars in sorghum stems was detected in the middle
section (up to 14.2%), supporting its technological priority for juice extraction and subsequent
fermentation. Gas chromatographic analysis of the fermented product revealed ethanol as the
predominant component (=85 g/L), with low concentrations of by-products (methanol 1.2 g/L;
acetaldehyde 1.8 g/L; higher alcohols 0.7 g/L), indicating controlled fermentation under the
selected conditions. The integrated processing scheme combining ethanol production with
subsequent microbial conversion of stillage into lysine by Brevibacterium flavum RCAM 01129
demonstrated technological feasibility and resource-saving potential. Lysine concentration
reached 30.1 g/dm3, and the resulting lysine-enriched protein product exceeded the original stillage
in protein content by 1.8-fold and in lysine content by 36.5-fold. Overall, the results substantiate
the feasibility of integrated processing of Sorghum bicolor, in which efficiency is determined by
the balanced polymer composition of the raw material and the rational utilization of all biomass
fractions, thereby increasing overall carbon utilization efficiency and enhancing the biological
value of final products.
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SORGHUM BICOLOR 3TAHOJI MEH JIN3UHMEH BAUBITBLIFAH )KEM
OHAIPY YINIH OCIMAIK BUOMACCACBIHBIH TYPAKTBI KO3I PETIHIE

Tyiiin

Byn 3eprrey Sorghum bicolor (kymaii) eciMairiH KerieHai OHICYAiH OMOTEXHOJOTHSITBIK
MYMKIHIIKTEpiHe apHaiIFaH. Herisri Makcat — 3TaHOJI MEH aKybI3AbI-TIM3UH/II )KEMIIK KOCTIAJIapAbl Ty
VIIIH IWKI3aT pEeTiHAe KyMaiapl maigamaHy. 3epTTey OapbhIChIHIA OPTYPIi KyMail COpPTTapbIHBIH
KpaxmaJl, )KaJIbl )KoHEe HAaKThI aKybI3, COHJIali-aK TeMUIISILTION03a MeJIIIEPi aHbIKTa bl KaHT Memmepi
cTeOenbIiH opTa OeiriHAe eH KOFaphl EKEHi aHBIKTANIBIN, OCHl allMaK 3KCTPAKIUS YIIIiH THIMJIi OOJBIT
TaHblIABL. ['a37pIK XpoMmarorpadus apKbUibl (pepMEHTAlMs OHIMI PETIHAC 3TAHOJABIH OachiM CKEHI
(85,3 r/m) menmenmaenzi. Saccharomyces cerevisiae amsiTKbichl jxoHe Brevibacterium flavum RCAM
01129 mTamMMmbl KOJNJAHBUIFAaH MHKPOOTBHIK ©HACY HOTHMKECIHIE 3TAaHOJN MEH JH3WHHIH JKOFaphl
mibIFbIMbI Oafikanasl. Copt 11 kpaxman Meniepi ToMeH OOJFaHbIHA KapaMacTaH, THIMJl TOJIUMEPITIK
KYpaMbl apKachIH/a 3TAHOJI MEH JIM3MHHIH JKOFaphI IIBIFBIMBIH KOPCETTI. AJIBIHFAH JIM3UHTE 0ail aKybI3
KOocmachl OacTarkbl OapAaMeH CalbICThIPFaHAa aKybl3 KypaMmblH 1,8 ecere, anm mm3uHIi 36,5 ecere
apTIThIPABL. 3ePTTEY HOTHXKENEepPl KyMalabl KeLICHAI OHICYIIH JKOHE MHKPOOHOIOTHSIIBIK
TEXHOJIOTHSJIAP/IbIH arpOOHEPKACIN KEIICHIHAE MIUKI3aTThl THIMII NainanaHy, KaJIbIKTapabl a3anTy
JKOHE OHIMAUIIKTI apTTHIPY YIIiH MaHbI3/bI HIEHIiM 001a anaThIHBIH KOPCETTI.

KinrTi ce3nep: Sorghum bicolor, stanon enaipy, Tu3uH, MUKPOOTHIK (PepMEHTALIHS, MaJl a3bIFbI
KOCTIACHI.

MPHTHU: 62.09.37; 62.35.33; 62.09.35
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SORGHUM BICOLOR KAK YCTOMUYUBBIA UCTOYHUK PACTUTEJLHOI'O
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doi:10.53729/MV-AS.2026.01.15

AHHOTANUA
Hacrosiias paboTa mocBsieHa ucCiIe0BaHU0 OHOTEXHOIOTMIECKUX BO3MOYKHOCTEH KOMILIEKCHOM
nmepepaboTku  pacteHus Sorghum bicolor (copro) ¢ 1enmpl0 IMOMy4YeHHsT DSTaHOIA W OEITKOBO-
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AMHHOKHUCIIOTHBIX KOPMOBBIX 100aBOK. OCHOBHOE BHHMAaHHUE YIEICHO OINpPENEICHUI0 XUMHYECKOTO
COCTaBa Pa3IMYHbIX COPTOB 3€pHA COPIO, AHAINU3Y COACP)KAaHMs PEAYLUPYIOIIHUX CaxapoB B CTEOISX, a
TaK)KE MNPOBEACHHUI0O MUKpPOOHOH TpaHC(HOPMALMH PACTUTEIBHOrO ChIpbs. IIpoBeAéH CpaBHUTEILHBIN
aHaJlM3 CEeMH COPTOB COPro IO COACPKAHMUIO Kpaxmania, TeMHLEIUTION03, CHIPOr0 M IepeBaprUMOTO
NpoTEerHAa. Y CTaHOBIICHO, YTO HauOOJbIEe COAEPKaHUE caxapoB HaOII0IaeTCsl B cpegHel yacTu cTeds,
YTO  OIpeleNaseT  BbHIOOp  ONTUMAJIBHOTO  AHATOMHUYECKOI'O  ydyacTKa  UIi  OKCTPaKIUH.
["azoxpomaTorpaduyeckuii aHaIn3 MOATBEPANI AJOMHUHUPOBAHKE 3TAaHOJIA B MPOAYKIUH pepMeHTALHH (10
85,3 r/n). [IpoBeeHbI MUKPOOHOJIOTHYECKUE IKCIIEPUMEHTBI C MCIIOJIb30BaHUEM JIpOsKkei Saccharomyces
cerevisiae u mramma Brevibacterium flavum RCAM 01129, noka3zaBiiie BBICOKYIO 3(G(PEKTHBHOCTh
CHHTE32a JTaHOJla W JIM3MHA, COOTBETCTBEHHO. Hawmydmme mokaszaTelid MOJy4eHbl MPH UCIIOIb30BAHUH
copra K13-2, HecMoTps Ha ero 6ojiee HU3KOE collepKaHue Kpaxmana 1o cpaBHeHuIo ¢ coproM bapc-2020,
YTO CBSI3aHO C ONTHMAIBHBIM COOTHOIIICHUEM CTPYKTYPHBIX MOJIUCAXapUIOB. Pe3ynbTaThl HOATBEPKAAIOT
BO3MOXKHOCTb ITOJTyYCHUSI TH3MHO-0CITKOBOM JOOABKH, PEBOCXOISIICH NCXOTHYIO Oap/ Iy 1Mo CoJep KaHUIo
mporerHa B 1,8 paza u nusuHa - B 36,5 pasa. KomiuiekcHas mepepaOoTKa cOpro ¢ NPUMEHEHHEM
COBPEMEHHBIX OHOTEXHOJOTHMA MOXET CTaTh J(GQEKTUBHBIM peIICHHEM Uil  PalHOHAJILHOTO
UCIIOJIb30BaHUSI PACTHTEILHOTO CHIPbS, MHUHHUMH3AIUM OTXOZOB M TMOBBIMICHUS MPOJYKTUBHOCTH
YKUBOTHOBOJICTBA B YCJIOBHSIX OrPaHMYEHHBIX PECYPCOB U KIIMMATUYECKUX N3MEHEHUH.

Karwuesbie caoBa: Sorghum bicolor, mpousBoacTBO 3TaHoa, JTU3WH, MUKPOOHAs QepMeHTaIHs,
KOpMOBas 100aBKa.

Beenenue

B ycnoBusix pa3BuTHs OHO3KOHOMHKHU U Y)KECTOUCHUSI TPEOOBAHHI K PeCypcocOepeKeHUI0
OJTHOM M3 KJTIOUEBBIX 3a71a4 NepepadaThIBAIOIINX OTPACIEH SIBIISETCS pacIipPEHUE CHIPhEBOM Oa3bl
Y CHIDKEHHE 0TX01000pa30BaHus 3a CUET TITYOOKOM MepepadOTKU CEIbCKOX03SICTBEHHOTO CHIPhS
B IIPOJYKTHI C BBICOKOM J100aBieHHON ctouMocThio [ 1,2]. OcobenHo akTyalibHa 3Ta mpodiemMa Jyis
MIPOU3BOJICTBA OMO3TaHOJa, (EPMEHTHBIX NMPENapaToB U MPOIYKTOB MUKPOOHOTO CHHTE3a, TJE B
Ka4ecTBE OCHOBHOTO CyOCTpara TPaJAMLIMOHHO HMCIOJIB3YIOTCS 3€pHOBBIC KYJIbTYPHI - MIICHUIIA,
KYKypy3a ¥ PpOXb, OOJaJaronIe BBICOKOW MPOJOBOIBCTBEHHON IIeHHOCThIO [3-5]. D10
dbopMUPYET KOHKYPEHIIMIO «IHUINa—OMOTEXHONOTHI» M TpeOyeT TOHUCKAa albTePHATHBHBIX
pacTUTEIBHBIX MCTOYHUKOB YIJIEBOJOB M Pa3paboTku Oojee 3((HEKTUBHBIX TEXHOIOTHUCCKUX
cxeM mnepepadboTku [6].

OmHMM W3 TEPCIEeKTHBHBIX BHIOB ChIpbs sBisieTcs Sorghum bicolor (L.) Moench,
XapaKTepU3YIOIeecs: BHICOKOM aTalTUBHOCTBIO K 3aCyXe M COJIEBOMY CTpEcCy, 3HAUMTEIbHOM
61OMacCONPOTYKTUBHOCTBIO U CIOCOOHOCTHIO K HAKOIUICHHUIO YTJIEBOJOB KaK B 3€pHE, TaK U B
coke crebueit [7-12]. B mociemnue roapl co3aHbl HOBBIE COPTa 36PHOBOTO U CaxapHOTO COPro ¢
MOBBIIICHHBIM COJICP)KAHMEM KpaxMaia M CIIOCOOHOCThIO K HHTEHCHBHOMY (DOPMHPOBAHUIO
3€JIEHON MaCChl; PaCHIMPSIOTCS MOCEBHBIE TUIOMIAINA KYJIbTYpHI [9,13].

CoBpeMeHHbIE OMOTEXHOIOTHYECKUE MOAXO/bI MO3BOJIIIOT OCYHIECTBISATh KOMIUIEKCHYIO
nepepaboTKy COpPro ¢ mojiyueHueM OMO3TaHOJIa, KOPMOBBIX IPOAYKTOB, OPTaHUUYECKUX KUCIIOT U
OMOJIOTHYECKH aKTUBHBIX coenuHeHuid [14,15]. Metoasl (epMeHTaTUBHOrO THAPOIHM3A U
MUKpPOOHOH (epMeHTai 00ecTeynBalOT W3BJICUCHHUE I[EHHBIX KOMIIOHEHTOB HE TOJIbKO W3
3epHa, HO W W3 cTebneil u xoma [16,17], 4To cOCOOCTBYET MOBBIMICHUIO 3KOJOTUYECKOW U
SKOHOMHUYEeCKOU 3 dexkTuBHOCTH Tpor3BoacTBa [18,19]. JlonmoTHUTENBHBIN MOTEHIIUAJ CBSI3aH C
MPUMEHEHHUEM CEJIEKIIMOHHO yIyUYIICHHBIX U MOIU(PUIIUPOBAHHBIX IITAMMOB MUKPOOPTaHU3MOB-
ouoxaranu3aroposn [20].

OpHako, HECMOTPS Ha UIMPOKOE UCIIOIB30BAHUE COPTO IS MOIYYEHHUS STAHONA, OCTAETCS
HEJOCTAaTOYHO M3YYEHHOH KOJMYECTBEHHAs B3aHMMOCBS3b MEXKIY MOJUMEPHBIM COCTaBOM 3€pHa
(kpaxMan—0eIoOK—HEeKpaxXMalbHbBIE MMOTHCAXAPUIBI, TIPEXKIEC BCETO TEMUIIEILTIONO03bI) U BBIXOJI0M
LEJNEBbIX MPOAYKTOB. M3BECTHO, YTO HEKpaxMallbHbIE MOJIMCAXapUIbl CIIOCOOHBI MOBBIIIATH
BSI3KOCTh Cyclla U CHWXaTh 3(PPEKTUBHOCTh THIPOIN3a U OpOXKEHHUs, OJHAKO CPABHUTEIIbHBIC
WCCJICIOBAHMS COPTOB COPIo C 00s3aTEIbHON CTAaTUCTHYECKOW 00pabOTKOM TaHHBIX M aHAJTU30M
WHTETPUPOBAHHBIX CXEM MepepaboTKU MPeICTaBICHB OTPAHUYEHHO.
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JIOTIOTHUTENbHBI  HAYYHO-TIPAKTUUECKHI WHTEPEC NPEACTAaBISCT WHTETPUPOBAHHAS
nepepadoTKa, BKIIOYAOIIAs MOJydyeHrne OMOITaHOIa U TTOCIICYIONTYI0 OMOKOHBEPCHUIO Oapisl B
AMHUHOKHCIIOTBI, B YACTHOCTH JIM3HMH. TaKoW MOX0/] TO3BOJISIET YBEIHYUTh CTCIICHb YTHIH3aLUH
YIJIEPO/Ia ChIPhS U TIOBBICUTH OMOIOTHYECKYIO IEHHOCTh TTOOOYHBIX MPOTYKTOB.

[IpoBepsemas HayuHas runore3a. Berxoa 6Mo3TaHONa U IM3MHA B UHTETPUPOBAHHON CXeMe
nepepadbotku Sorghum bicolor craructuuecku 3uaurmo (p < 0,05) 3aBHCHT OT MOJUMEPHOTO
cocTaBa 3epHa; copra ¢ OoJyiee cOATaHCHPOBAHHBIM COOTHOIICHHEM KpaxMalia i TeMHIICILII0IIO3
obecrieunBarOT 00Jice BBICOKHMI CYMMApHBIH BBIXOJ IENIEBBIX MPOAYKTOB IO CPABHEHHIO C
COpTaMH C BBICOKMM COJCp)KaHHEM Kpaxmaja IpH TOBBIILICHHOW J0JIe HEKpaXxMalbHBIX
HOJIMCaXapUI0B.

Lens uccnenoBanusi. KoJn4ecTBEHHO W CTATUCTUYECKU OLICHHUTH BIHMSHUE IOJUMEPHOTO
COCTaBa 3€pHa pPa3JIMYHBIX COPTOB COPro Ha BBIXOA OHOATaHOMA, MapaMeTPbl MOOOYHBIX
IPOIYKTOB OpokeHusl, 3phekTHBHOCTE OMOKOHBEpPCHH Oap bl B JIM3HMH mTaMMoM Brevibacterium
flavum RCAM 01129, a Takxke 00OCHOBaTh TEXHOJOTHUYECKYIO II€JECOO00Pa3HOCTh
MHTEIPHUPOBAHHOI CXEMBI IIepepadOTKH.

MarepuaJjbl 1 METOABI

Bce aKcriepuMeHTBI BBIMOIHSIIN B TPEX HE3aBUCHMBIX OMOJIOTHYECKUX MOBTOPHOCTAX (N =
3). Pe3ynbTaThl IpeCTaBICHBI B BHJIC CPEHEr0 3HAUYCHUS + cTaHAapTHOE oTKiIoHeHue (X £ SD).
CTaTuCTHYECKYIO0 3HAYUMOCTD PAa3IMUUi MEKy COPTaMH OLEHUBAIM METOJIOM OAHO()AKTOPHOTO
mucriepcuoHHoro ananmza (ANOVA) nmpu ypoBre 3Haunmmoctu o = 0,05 ¢ mocnemyroumm
MPUMEHEHUEM KpUTEpHUsi MHOKeCTBEeHHBIX cpaBHeHuW Tukey HSD. Jlns orneHku B3auMOCBSI3U
MEXAYy TMOJIUMEPHBIM COCTAaBOM 3€pHAa W BBIXOJIOM IIEJIEBBIX MPOJIYKTOB PACCUUTHIBAIU
koa(durment koppensuuu [Tupcona (r).

Omnpenenenne xuMuyeckoro cocraBa. CoJepkaHue reMHUILEIIII0I03 U MUIIEBBIX BOJIOKOH
OTIpeNeIsIN  METOJIOM  HeWTpanbHO-nerepreHTHor  ¢pakumu (NDF) B cooTBercTBHHM €
COBPEMEHHBIMHU MOAXOJaMU K aHAJIN3Y MHILIEBBIX BOJOKOH U opunuambHeiMu MetogamMu AOAC
[21]. Ananu3 nmpoBoamin ¢ ucnonb3oBaHueMm aHanuzaTopa ANKOM Fiber Analyzer (ANKOM
Technology, CILIA).

Onpenenenne kpaxmana ¢ Oelka OCYIIECTBISUIM C TPUMEHEHUEM CTaHAApTHBIX
71a00paTOPHBIX METOJOB, OMHCAHHBIX B (yHIAMEHTAIBHBIX PYKOBOJCTBAX IO JIaDopaTOpPHOU
JTUAarHOCTHKE W aHaduTH4eckor xumum [23]. OOmmit u mepeBapuMblid OEJIOK OMpeaesi
metonoM Keenpaans ¢ yu€TtoM HeOeIKOBOro a30Ta.

Omnpenenenue peayuupyomux caxapon. KonnuecTBeHHOE ompeeneHne peayuupyomux
caxapoB B COKe cTeOJell Copro npoBOAMIN MOAU(DUIUPOBAHHBIM KOJIOPUMETPUYECKHM METOJIOM
benenukra—bepnapa. MeTtoaudeckue MoAXoAbl W NPUHLHUIIBI KaJTUOPOBKH COOTBETCTBOBAIIU
COBPEMEHHBIM KOJOPUMETPUYECKUM METO/JAaM KOJIMYECTBEHHOIO aHAIM3a PEeIyLHUPYIOIINX
caxapoB [22]. OnTuyeckyro MIOTHOCTh u3Mepsiu npu A = 540 uM. KanuOpoBKy BBIMOTHSIIN 110
CTaHIapTHBIM pacTBOpaM Tioko3bl B nuanazone 0,1-1,0 r/im (R? > 0,995). Pe3ynsTaThl BeIpaxkanu
B I'/IL

["azoxpomaTorpaduuecknii aHanu3. KadecTBEHHBIM M KOJTMYECTBEHHBIM COCTaB JICTYYHX
KOMITOHEHTOB (3TaHOJI, METAHO, AlleTabACTH]I, BEICIITUE CITUPTHI) OMPEACIISIIN METOIOM T'a30BOM
xpomarorpadguu [26]. Ananu3 mnpoBoauiau Ha razoBoM xpomarorpade «Kpucramr 5000
(Xpomatak, Poccust) ¢ TepmokonaykTtoMerpudeckuMm netektopoM (TCD) u HemonspHO#
KanuJUIIPHOM KOJIOHKOW. B KauecTBe BHYTPEHHEro cTaHAapTa HCIOJIb30Bajld N-TPONAHO.
KanuOpoBKy BBINOJHSIM O MHOTOYPOBHEBOHM craHnmaptHoi mkaine (R? > 0,995). Ilpenen
OOHapyXeHHsl OINpEeNesUIM  SKCIEPUMEHTATbHO 10 COOTHOLIEHWIO CUTHain/mym  3:1;
OTHOCHTEJIbHYIO MOTPEUTHOCTH OLEHUBAJIH 10 MOBTOPHBIM U3MEpEHUsM (n = 3).

OObeKTOM aHanmu3a CIYKUJIU TUCTHILISATH COPOXKEHHOTO Cycia, MOJy4YEHHOTO W3 COKa
copro nociie pepMeHTaIuu Ipoxokamu Saccharomyces cerevisiae.
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MHOroypoBHEBYIO KQJIMOPOBKY MPOBOJMIIN 110 CTAaHAAPTHBIM PACTBOpaM aHAIU3UPYEMBIX
BemecTB. [Ipenen oOHapyxkenus (LOD) ompenensium SKCHEPUMEHTAIBHO MO COOTHOIICHHUIO
curHai/mym 3:1. Bocpon3BoauMOCTh U3MEPEHUN U OTHOCUTEIBHYIO MOTPEITHOCTh OILICHUBAIIN
0 pe3ysbTaTaM MOBTOPHBIX aHAJIU30B.

MukpoOHasi KOHBEpCHsI U olpeneneHue nu3uHa. KylbTUBUpOBaHHE MHKPOOPTaHU3MOB
OPOBOJWIM B COOTBETCTBUM CO CTAHJAPTHBIMH IPOTOKOJAMH  MHUKPOOMOJIOIMYECKUX
uccinenoBanuii. KoOHLEHTpamuio JIM3WHA B KYJIbTYPalIbHOH  JKMAKOCTH  ONpPEACIIsuIN
HUHTUAPUHOBBIM METOJIOM ¢ (POTOMETPUpPOBAaHUEM NPHU A = 570 HM COIJIaCHO YCTaHOBJIEHHBIM
AHAIUTUYECKUM MPOLEAypaM KOJIMYECTBEHHOIO ONPEIEIEHHUs] aMUHOKUCIIOT [27].

Pe3yabTaThl U 00Cy:KIeHUE

Jnst monydeHus 6oJiee TOJIHOW XapaKTEPUCTUKU MUTATEIIBHOW IIEHHOCTH 3€pHa COPro M
OLIGHKH €ro TMPHUTOJHOCTH Uil OWMOTEXHOJIOTMYECKOH mepepaboTku OblT  MpOBEAEH
CpPaBHUTEIBHBIN aHAIM3 XMMHUYECKOTO COCTaBa pa3InuHbIX copToB (Tabnuma 1).

Tabmmma 1 — XuMH4YeCKni COCTaB 3epHa COPTO

Kpaxman | A ot Coipoii A | TlepeBapumebrit | A Temunexn A ot

No Copt copro (%) 2 Oemox oT % Berox (%) or % | HOI03a, 2

(%) (%)

1 | Kazaxcranckoe 16 72,1 -2,0| 10,5 | -0,7 8,3 -0,8 7,2 +0,4
2 | Kazaxcranckoe 20 73,4 —0,7 11,2 0,0 8,9 —0,2 6,8 0,0
3 | KU3-2 74,1 0,0 115 | +0,3 9,2 +0,1 6,1 —0,7
4 | K13-3 75,2 +1,1| 120 | +0,8 9,6 +0,5 5,9 —-0,9
5 | Bapc-2020 75,6 +15( 10,9 |03 8,7 -0,4 8,3 +1,5
6 | Camba 74,8 +0,7| 118 | +0,6 94 +0,3 6,5 —0,3
7 | Comsipuc 73,9 —0,2 11,0 | 0,2 8,8 —0,3 7,0 +0,2

Cpenanee (X) 74,1 - 11,2 - 9,1 - 6,8 -

W3 Tabmuuel 1 cnenyer, 4To coepkaHue Kpaxmaia B 3¢pHE COPro BapbUPOBAJIO B IIpeaesiax
72,1-75,6%. Haubomnpiue 3HaueHus: ormedensl y coptoB KN3-3 u bapc-2020. Onnako paznuyus
[0 BBIXOJ/Y 3TaHOJAa MEXAY COPTaMHU HE BCETrJa MOBTOPSIOT PaH)XUPOBAHUE IO KpaxMmally, YTo
yYKa3bIBaeT Ha BIUsSHUE Ipyrux dpakuuii 3epHa. ComepkaHue TEMHUIIEIUIIONI03 COCTaBIsIO 5,9—
8,3% u, COINIacHO KOPPENSALMOHHOMY aHAJINU3Y, JEMOHCTPUPOBAIO OTPULATENIBHYIO CBA3b C
BbIX0/10M 3Tanoua (r < 0; p < 0,05), yTo cormacyercsi ¢ poJIbl0 HEKPOXMaIbHBIX MOJUCAXAPUIOB
KaK (DaKTOpPOB, MOBBIIIAIOUINX BA3KOCTh U CHIKAIOMIUX 3((HEKTUBHOCTH TUAPOIIN3a/OpOKEHHUS.

Jlis KOMIUJIEKCHON OLIEHKHM OHOXMMHYECKOro IMOTEHIMaja CcaxapHOro copro M ero
IOPUTOJHOCTH K OMOTEXHOJOTHYECKOW TmepepaboTke ObUIM MPOAHATM3HPOBAHBI IOKA3aTeNn
YIJIEBOIHOTO COCTaBa cTedsiel, XUMHUUECKOr0 COCTaBa 3€pHA, a TakKe MapamMeTphbl CIIUPTOBOIO
OposkeHus nmosrydeHHoro cycia (Tabmuna 2).

Tabmura 2 — XumMudeckuil cocTaB cTe0JIs U IPOTYKTOB (DepMEHTAIINN COPTo

Ne OOBEKT ucclie1oBaHus Penynupytronme caxapa, % [TponykTel OposkeHUsl, I/1
1 Crebenb (HMKHSSA 4acTh) 12,5 —
2 Crebenb (CpeaHsist YacTh) 14,2 —
3 Crebenb (BepXHsis 4aCTh) 10,8 -
4.1 | ductunnsar - Oranon — 85,0
4.2 | ductunnsr - Meranon — 1,2
4.3 | JuctumnsT - Aueransaerun — 1,8
4.4 | JucTHIsT - CuByinbie Macia — 0,7

[To manHBIM TaOIUIEI 2, Ta30XpomMaTorpadUUECKUii aHaau3 MOKa3all, YTO KOHIICHTPAIIUS
3TaHoNla B JAUCTHILIATE cocTtaBuia 85,0 r/m, Torga Kak mMOOOYHBIE MPOAYKTHI OpOXKEHHUs
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HAXOJWJIMCh Ha YPOBHX: MeTaHon 1,2 /1, aneranpaerun 1,8 v/i, cuBymabie macna 0,7 v/m. Otu
3HAYEHMsI COMTOCTABUMBI C TUITMYHBIMU THATa30HaMH JIJIsl IPOXOIKEBOTO OPOKEHUS PACTUTEIBHBIX
CyOCTpaTOB U YKa3bIBAIOT HA KOHTPOJIUPYEMOE MPOTEKaHUE MPOIEcca P BEIOPAHHBIX YCIOBHSIX.

Tabmuua 3 - CpaBHUTENbHAsS XapaKTEPHCTHUKA 3€PHOBBIX KYJIBTYp MO COAEPIKAHHIO TE€MHILEIIIIOJIOSHI,
Oenka M Kpaxmasa

No KynesTypa I'emuniemumionosa, % benok, Kpaxwman, %
1 Copro Kazaxcranckoe 16 8 7 65
2 Copro Kazaxcranckoe 20 9 6 70
3 Copro KIN3-2 10 6 75
4 Copro KIN3-3 11 6 78
5 Copro bapc-2020 12 6 80
6 Copro Camba 12 5 79
7 Copro Comnsipuc 11 5 77
8 IMTmenuna 10 12 66
9 Kykypysa 9 10 70
10 Poxb 10 13 68

CpaBHMTENBHBIM aHAJIM3 3€pHA COPTOB COPro IMokaszall coaep)kaHue kpaxmana 65-80 %
CyXOro BeIIEeCTBa, MPU MaKCUMalibHOM 3HaueHuu y copta bapc-2020 (mo 80 %). Conepxanue
chIporo Oeska coctaBiseT 5—7 %, 4To HUXe, yeM y nieHuIs! (<12 %), pxu (=13 %) u KyKypy3sl
(=10 %). Jons reMunemitoao3 BappupyeT B mpenenax 8—12 % u conocraBuMa ¢ TpaJulluOHHBIMU
3epHOBBIMU KYJIBTypPaMH.

XOTs BBICOKMH YpPOBEHb Kpaxmajga OINpeAensieT TEOPETHUYECKUM BBIXOJ ATaHOJA,
¢daxTrueckas 3(PQPeKTUBHOCTh MEepepadOTKM 3aBUCUT OT IOJMMEPHOTO COCTaBa 3€pHa.
[ToBhilIeHHOE COEpKaHHE TEMULEIUTIONO03 U OEJKOB YBETUYMBAET BSA3KOCTh CYClIa M CHHXKAeT
JOCTYITHOCTB Kpaxmajia /i pepMEHTaTUBHOTO THAPOIIN3a, YTO MOXKET OTPAaHUYUBATh CITUPTOBOM
BbixoA. CrenoBaTeslibHO, TEXHOJIOTMYECKas I[IEHHOCTh COPro OIpenesseTcss He TOJBKO
abCOJIIOTHBIM ~ COJIEp’KAaHMEM Kpaxmaja, HO M €ro COOTHOLICHHEM C HeKpaXMalbHbIMU
KOMITOHEHTaMHU.

JIonoMHUTEIbHBIM — IIpeuMymiecTBOM — Sorghum  bicolor  siBiseTrcst  cnocoOHOCTH K
HAKOIUICHHIO PAaCTBOPUMBIX CaxapoB B CTEOJIEBOM COKE, KOTOPBIA MOXET MCIHOJIb30BaTHCS Kak
CaMOCTOSITENIbHBINA (DepPMEHTAIIMOHHBIN CyOCTpaT WM KOHIIEHTPUPOBATHCS JUIS MOCIEAYIOIIEeH
nepepaboTKU, YTO pacHIMpseT BO3MOKHOCTH KOMITJIEKCHOTO MCIIONb30BAHUSI KYIbTYPHI.

CratucTuyeckas OILIEHKa TIIOKa3aTesleld XUMHUYECKOrO0 COCTaBa M BBIXOJA OSTaHONA
npejacTaBieHa B Tabmuie 4.

Tabmmma 4 — CratucTrdeckas OIleHKa MoKazaTeliel XMMHIEeCKOro COCTaBa M BBIX0a dTaHoia (n = 3)

I'emunen Brixon
Copt 0}<p§man, 9506 Cl | monosa, % | 227 | sramona, /100 | 95% Cl
0 (X £ SD) - Cl -

(x £ SD) r (x £ SD)
Kazaxcranckoe 16 72,1+08 | 71,2-730 | 7203 |6,9-7,5 423+1,1 41,0-43,6
Kazaxcranckoe 20 73,4+06 | 72,8-74,0 68+0,2 |6,6-7,0 435+0,9 42.6-44.4
KN3-2 741+05 | 73,6-746 | 6,1+0,2 |5,9-6,3 456 +0,9 44,7-46,5
KN3-3 752+0,7 | 74,4-76,0 | 59+0,3 | 5,6-6,2 448 +1,0 43,7-45,9
Bapc-2020 75,6+09 | 74,6-76,6 | 83+04 |7,9-8,7 439+1,2 42,5-45,3
Camba 748+06 | 74,1-755 | 65+0,3 | 6,2-6,8 4477 +0,8 43,9-45,5

ANOVA pe3ynbTaTsl:

Kpaxwman: F=6,41; p=0,003

T'emunenmonosa: F =5,87; p = 0,005

Brixon stanona: F=4,92; p=0,012

KoppensimuonHstit ananus: r (reMumenroiao3a — 3tanon) = —0,68; p < 0,05
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Bricokast 3¢)(peKTUBHOCTD KOMILJIEKCHOTO HCIOJB30BAHUS PA3IMYHBIX YaCTeH pacTeHHS
copro (3epHa M COKa M3 CTe0JIEBOM YacTH) OblIa MOATBEPXKACHA MTPU MMPOU3BOJICTBE ITAHOJA U B
Ka4eCcTBE MCTOUYHHUKA YTTIEBOJIOB JUIi MUKPOOHOH TpaHchOpMaIK B JTH3HH.

[TonyueHre NMHM3MHA OCYIIECTBISUIOCH MyTEM KyJIbTHBHpOBaHMs mTamMMa Brevibacterium
flavum RCAM 01129 Ha nutaTenbHBIX Cpenax, CoAepKammx OapAy - NOOOYHBIA MPOIYKT
OposkeHMsI cyclia ApoxokaMu Saccharomyces cerevisiae. B kauectBe cydcTparta HCIIONIb30BaIKCh
KaK 3epHO, TaK U COK u3 crebduneit copro (Pucynku 1,2).

Brixox aTanHona BappupyeT B nipeaenax npuommsutenbHo 42—45 /100 r ceipesa. Hanbomnee
BBICOKHE 3Ha4YeHUsI 1eMoHCcTpupytoT copta KM3-2 u bapc-2020, Torna kak copt Kazaxcranckoe
16 xapakTepu3yercsi HAMMEHBIINM TI0Ka3aTeneM. B 1meaoM pa3nudust o BBIXOAY TaHOJIA HOCST
YMEPEHHBIM XapakTep, YTO CBUAETEIBCTBYET O JOCTATOYHO OJIM3KOM CIIHUPTOBOM MOTEHIIHAJIE
UCCIIETYEMBIX COPTOB.

mmm Boixon dTadona (r/100r)

! JluznH B KOpMOBORW aobaeke
50

Copro Copro Copro Copro Copro Copro Copro
Kaszakcauckoe KN3-2 KN3-2 KW3-3 Bapc-2020 CambBa Consapuc
16

B
(=]

D¥aHKE
w
o

Cone,
N
o

=
o

Pucynok 1 - Beixon sTanona u coaepskanue JU3MHa B KOPMOBOH 100aBKe pa3HBIX COPTOB M THOPHUIIOB
copro

Conepkanue JTU3MHA B KOPMOBOW J00aBKE M3MEHsETCS B Oojiee MHUPOKOM AHWAra3oHe -
npuMepHo oT 19 no 24 r/n. MakcuManbHble 3HAUE€HUS Takke HaOmonaiotes y copra KN3-2,
HECKOJIbKO HIDKe mokazatenu y coproB KN3-3 u bapc-2020. MunuManbHOe HaKOIIJICHHE JTU3UHA
oTMeueHo y copra Kasaxcranckoe 16.

—e— BoccTanapnuearmlme caxapa (rin)

359 —a— Nuank (r/n) —
— ]

—e— Buomacca (OD) 1.2

301
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PucyHOK 2 - JluHaMKKa BOCCTaHABJIMBAIOIINX CaXapoB, COICPIKAHMUS JIN3HHA U MPUPOCTA OHOMACCHI TPU
kyapruBupoBanun Brevibacterium flavum RCAM 01129 na coke ctebist copro u 6ape
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B Teuenune Bcero mepuona HaONIOJACTCS TOCIEIOBATEILHOE CHIDKECHHE KOHIICHTPAIIUH
BOCCTaHABJIMBAIOIINX caxapoB: ¢ mpuMmepHo 13 1/ Ha 24 gace mo okoso 9 r/n Ha 48 vace u 70 3
/11 K 72 yacy. DTO CBHIETEIBCTBYET 00 aKTUBHOM MOTPeOJIEHUH cyOcTpaTa MUKPOOPTaHU3MaMHU
B MPOIECCE POCTA U METAOOIUYECKON aKTHBHOCTH. OTHOBPEMEHHO (PUKCUPYETCS YCTOWUMBBIN
pOCT KOHIIeHTpaIuu Ju3uHa. Eciu Ha 24 gace ero ypoBeHb COCTaBIIsIeT OK0JI0 18 1/11, To k 48 yacy
OH YBEJIMYUBAETCA 110 MpuOau3uTensHo 33 1/11, a K 72 yacy gocturaet nopsiaka 36 r/n. Hanbornee
MHTCHCUBHOE HAaKOIUJICHUE HAOJI0AaeTcsl B MHTEpBale Mexay 24 u 48 yacamu, 4To, BEpPOSITHO,
COOTBETCTBYET (pa3e aKTUBHOTO METabOJIM3Ma M CHHTE3a aMHHOKHUCIIOTHL. [IpupocT Gmomaccsl
(OD) Taxxe 1eMOHCTPUPYET BBIPAKEHHYIO MOJIOKUTENIBHYIO TUHAMUKY: OT puMepHo 0,6 Ha 24
gace o 1,05 na 48 vace u 1o 1,25 Ha 72 gace. DTo yKa3pIBaeT Ha MEPEXOJ KYJIbTYpPHI OT (ha3bl
AKTUBHOTO POCTA K CTaJIUM CTAOUIIM3AIMU, TPUOIIIKAIONIECHCS K CTallMOHAPHOH (ase.

50

EEE Chipoi npoTeuH (%)
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Pucynok 3 - CpaBHHUTEIbHBIE XapaKTEPUCTHUKN KOPMOBBIX ITPOAYKTOB, MMOIYYEHHBIX B pE3yJIbTaTe
KOMILJICKCHOH 11epepaboTKU 36pHOBOI'O COPIo B CIIMPT U KOPMOBBIE IIPOTYKTEI

Kak cnenyer u3 pucynka 3, Gapja, Kak HMOOOYHBIH TPOAYKT CIHUPTOBOTO OpOKEHUS,
XapaKTepU3yeTcss OTHOCUTEIbHO YMEPEHHBIM YPOBHEM CHIPOTO MPOTEUHA - OKOJIO 24 Y%, IpH 3TOM
coJiepKaHue MePEeBapUMOro MPOTEHHA COCTaBIseT Mpubau3uTensHo 17-18 %. YpoBens nu3nna
B Oapae KkpaiiHe HU3KMM © He mpeBblmaer 1 %, 4YTO yKa3blBaeT Ha OTrPaHUYECHHYIO
AMHHOKHUCIIOTHYIO LIEHHOCTh JAHHOTO MpPOAYKTa IIPH UCIOJb30BaHUM €ro B KadyecTBe
CaMOCTOSITEIIbBHOM KOPMOBOM J00aBKH.

B otnnume oT Gapabl, TU3MH-OCNKOBBI MPOAYKT JIEMOHCTPUPYET 3HAYMTENBHO Oolee
BbIcOKMe mokaszatenu. CopepxaHue cblporo Oenka jgocturaer mnpumepHo 44-45 %, a
IepeBapuMoro nporeuHa okosio 26—27 %. OcoOeHHO BBIPaKEHO yBETHMUEHHE 10JIU JTU3UHA J10 27—
28 %, YTO CBHIETEIHCTBYET O CYIIECTBEHHOM OOOTAIIEHWH MPOAYKTa JAHHOM HE3aMEHUMOU
AMUHOKHCIIOTOM.

IMonyueHHbIe maHHBIE MOATBEpXKAaroT, 4ro Sorghum bicolor sBrsercss mepcreKTHBHBIM
CHIpEM Ui  OMOTEXHOJIOTUYECKOH mepepadoTKH, OXHAKO 3(P(EKTHUBHOCTH IMPOLECCOB
OIpeNIeNAeTCsl He TOJBKO COJEPXKAHMEM Kpaxmaia, HO COBOKYNHBIM MOJIMMEPHBIM COCTaBOM
3epHa U TEXHOJIOTHYECKUMH XapaKTePUCTUKaMu cyocTpara. CTaTUCTUYECKU MOATBEPKIECHO, UTO
pa3nuuus MEXAY COpPTaMU IO OTJENbHBIM IOKAa3aTelsiM COocTaBa (KpaxMall, TeMULEIIHI03a)
3HaunMbl (ANOVA, p < 0,05), a BBIX0J1 3TaHOJa JEMOHCTPUPYET TEHACHIIMIO K YBETHUEHHIO MTPH
Oosiee BBICOKOM COJEpKAaHMM KpaxMmMalla M CHIKEHHMIO IPU pOCTe JOJIM HEKPOXMaJIbHBIX
HOJICAaxapuI0B.
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MexXaHUCTUYECKH 3TO COTIIacyeTcs ¢ TeM, YTO TeMHIIEIUTIONO03bI U APYrHe HEeKpaxMaibHbIe
MoJincaxapubl COCOOHBI MOBBIIATH BA3KOCTh CyClia U OTpaHUYHMBATh JOCTYI (PEPMEHTOB K
KpaXMaJIbHbIM TpaHyjaM, CHUXas TIOJHOTY Tuapoin3a U 3(P(PEKTUBHOCTh COpakuBaHUSL.
[Toatomy copt bapc-2020, obGnagaromuii BBICOKMM KpaxMalloM, HO TIOBBIIICHHOW JoJied
TEMUIIEIUII0N03, MOXKET IEMOHCTPUPOBATh BBIXO/] IEJIEBBIX MPOAYKTOB HUXe, ueM copT KMN3-2 ¢
Oosiee cOATaHCUPOBAHHBIM COCTABOM. OJTO OOBSCHSAET HAOII0IaeMOE€ PACXOXKIACHUE MEXKIY
paHXUpPOBAaHHEM COPTOB IO KpaxMasly U ()aKTHYECKUM BBIXOJIOM 3TaHOJIA.

BaxxHpiM pe3ynpTaTOM SBISETCS TMOATBEP)KICHHE TEXHOJOTHYECKON peann3yeMOCTH
MHTETPUPOBAHHON CXEMBI: 0ap/a, 0Opa3yromasics mocie CIUPTOBOro OpokeH s, Obljla YCIEeITHO
UCIIOIb30BaHa KaK KOMIIOHCHT cpenbl s KyinbruBupoBanust Brevibacterium flavum RCAM
01129, uyto obecreunno HAaKOIUIGHHWE JH3MHA M (HOPMUPOBAHHE MPOIYKTAa C MOBBIIICHHON
OCIIKOBOM ¥ aMHUHOKHCJIOTHOW IEHHOCTHIO0. TakuM 00pa3oM, MHTETpalns CTaaui MO3BOJISIET HE
TOJILKO TOJY4aTh OCHOBHOM MPOAYKT (3TAHOM), HO U YBEIIMYMBATH LIEHHOCTHh MTOOOYHOTO TOTOKA
3a cu€T OMOKOHBEPCHH B KOPMOBYIO JI00aBKY.

OrpaHnuyeHus HCCIIEOBaHUS: J1a0OpPaTOPHBIM MaciiTad; OrpaHMYEHHOE YHCIO COPTOB;
OTCYTCTBHE THJIOTHOH OIlEHKH M pacu€roB xu3HeHHOro nukima (LCA). B nmampHelimem
nenecooOpasHbl: pacUIMpeHHe COPTOBOro Habopa, OLEHKAa PEOJIOTHYECKHX CBOWCTB Cycia,
MUJIOTHBIE UCIIBITAHUS U TEXHUKO-3KOHOMHYECKOE MOJICTUPOBAHHE.

3akiiroueHue

IIpoBenEHHBIN CPAaBHUTEIBHBIA aHAIU3 XMMUYECKOIO COCTAaBa 3€pHA PA3JIMYHBIX COPTOB
COPro MOATBEPIUI €r0 BHICOKYI0 OMOTEXHOJOTUYECKYIO IEHHOCTh KaK albTEepPHATUBHOTO CHIPbS
Ui OMo3TaHONIBHOTO Tpou3BoicTBa. ConepkaHMe Kpaxmajga B HCCIECAOBAaHHBIX 0oOpasnax
coctaBisuio 72,1-75,6 %, a y otnenbHbIX copToB aocturanio 80 %, 4TO COMOCTAaBUMO WM
IPEBBIIIACT MOKA3ATENN TPAJIUIIMOHHBIX 3€PHOBBIX KYIbTYp. IIpH 3TOM CTaTUCTHUECKUH aHAU3
(ANOVA, p < 0,05) mokasait, 4To pa3jIHyus B IOJUMEPHOM COCTaBE 3€PHA ABJISIOTCS 3HAYNMBIMU
U OKa3bIBAIOT BIMSHHUE HA BBIXOJ LIEIEBBIX IPOIYKTOB.

VYcTaHOBIIEHO, YTO BBIXOJ 3TAHOJIAa OMPEIEINAETCs HE TOJbKO abCONIOTHBIM COJIEpKaHuEM
KpaxMayia, HO U €ro COOTHOIICHHEM C HEeKpaxMaJbHBIMH KOMIOHEHTaMu. [loBbIIeHHAs a0
TEMUIICIUTION03 CTaTUCTUYECKH AaCCOIIMUPOBAHA CO CHUXEHHUEM 3(PGEeKTUBHOCTH OpOKECHUS
(koppenaunoHHbIi aHanu3, p < 0,05), 4To MOATBEpKAAET BIUSHUE MOJUMEpPHOro OanaHca Ha
TEXHOJIOTMYECKHE MapaMeTphl mpouecca. HecMoTpst Ha BBICOKOE cofiepKaHUe Kpaxmaia y copTa
Bapc-2020, HanOombInii cyMMapHBIA BBIXOJ 3TaHOJIA M MPOJYKTOB OMOKOHBEPCHH 0OECHICUnIT
copt KN3-2, xapakrepusyrommiics 60jee cOaiaHCUpOBaHHBIM COCTaBOM 3€pHa.

B crebne copro makcumaigbHas KOHLEHTpAIMs PEAYLHPYIOIIUX CaxapoB BBISBICHA B
cpenueit yactu (10 14,2 %), 4T0 000CHOBBIBAET €€ TEXHOJOTUYECKUI IPUOPUTET MPH MOITYUEHUN
coka ans (epmenrtanuu. ['azoxpomaTtorpaduueckuii aHanu3 cOPOKEHHOTO MPOAYKTa MOKa3al,
YTO OCHOBHBIM KOMITOHEHTOM SIBJISICTCS TAHOJI (=85 I/11), TP HU3KUX KOHIICHTPAIUAX MTOOOYHBIX
coenuHeHui (Metanon - 1,2 r/m; anerampaerun - 1,8 r/m; cuBymHble Macna - 0,7 1/1), 49TO
CBUJICTEILCTBYET O KOHTPOJIUPYEMOM MPOTEKAHUHU ITPOLIECca.

WUuTterpupoBanHas cxema nepepabOTKH, BKJIIOYAIOIIas TMOJy4YeHUEe dTaHola U
MOCTEAYIONYI0 MUKPOOHYIO KOHBEpPCHIO Oapapl B JM3WH mTamMmoM Brevibacterium flavum
RCAM 01129, nokasania TEXHOJOTHYECKYIO PEaTu3yeMOCTh B pecypcocOeperaronuii moTeHIIHAIL.
Konnenrpauuss nmsuna pocrurana 30,1 r/am?, a monydeHHBIH JIM3MHO-OETIKOBBIA MPOIYKT
MIPEBOCXOIUI UCXOJIHYIO Oapay Mo coep kaHMIo MpoTenHa B 1,8 pa3a U Mo coliep:kaHuio JTU3MHA
B 36,5 pasza.

Takum  o0pazoM, pe3yabTaThl MOATBEPKAAIOT  1E1€cO00pa3HOCTh  KOMILUIEKCHOMN
nepepabotkn  Sorghum  bicolor, mnpu  koTopoil  APPEKTUBHOCTH  OMpeaessercs
cOaaHCUPOBAHHOCTHIO MOJMMEPHOIO COCTaBa ChIPhSl U PAIlMOHAJILHBIM HCIIOJIB30BAHUEM BCEX
ero (pakiuii, 9YTO MOBHIIACT OOMUN KOAIPPHUIHMEHT YTUIM3ALUU YIJIepoJia U OMOJIOTHYECKYIO
HEHHOCTh KOHEYHBIX MTPOJYKTOB.
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OCYIIECTBIIsIa COOp U 00pabOTKY KIMMATHYECKUX M CITYTHUKOBBIX JaHHBIX. A.Y. OArOTOBHIIA
BU3yalM3aluu U  Kaprorpaduueckue Marepuanbl. b.C. BBINOJHWIA  TE€HETHYECKYIO
WHTEPIIPETAIIMIO TOJYYCHHBIX pe3ynabTaToB. C.B. obecmeunn HaydHOE pEIaKTHPOBAHUE U
Meroaojornyeckyro noaaepxkky. O.J. cTpykTypupoBanm pe3yiabTaTbl MCCIECIOBAaHUA U
noarotoBun Tabmuiel. E.C. BBIMONHUN (QUHATBEHOE PEAAKTHPOBAHUE M OPOPMIICHHE CITHCKA
autepatypsl. JK.I'. BHEC BKJIaa B aHaJIN3 TaHHBIX U OOIIYI0 KOOPAMHALIUIO OJITOTOBKU PYKOIHCH.
Bce aBTOpBI 03HAKOMHUITUCH C OKOHYATEIHHOW BepCHe U 0100puin e€.

Kondauxkrt uarepecon
ABTOpBI MOJATBEPHkAAIOT, YTO O3HAKOMJIEHBI C COJCPKAHUEM DPYKONHCU U 3asBISIOT 00
OTCYTCTBUH KOH(IMKTa HHTEPECOB.
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