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R%
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T-2/HT-2
TRIS
UHPLC
ZEA

dried distiller’s grains with solubles
deoxinivalenol

enzyme-linked immunosorbent assay

the Food and Agriculture Organization of the United Nations
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high-performance liquid chromatography
kilodalton

lactic acid bacteria

Lactobacillus bulagircus

limit of detection

limit of quantitation

Lactobacillus sakei

de Man, Rogosa and Sharpe

mass spectrometry

tandem mass spectrometry

polyacrylamide gel electrophoresis
Pediococcus acidilactici

Pediococcus pentosaceus

Pediococcus pentosaceus

Pediococcus pentosaceus

the coefficient of determination

means of recovery

relative standard deviation

T-2/HT-2 mycotoxins
2-amino-2-hydroxymethyl-propane-1,3-diol
ultra high-performance liquid chromatography
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List of microorganisms genera
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C. — Claviceps
F — Fusarium

N. — Neotyphodium
P. — Pediococcus
Penic. — Penicillium

K. — Kluyveromyces Pith. — Pithomyces
L. — Lactobacillus S. — Saccharomyces



1. INTRODUCTION

Motivation for the research. Cereals are a significant and important
resource in human food as well as livestock feed worldwide. Grain quality
assurance must be controlled by the entire grain production and processing chain
from the primary cereal grain production to product marketing to the consumer.
Particular attention is paid to contaminants — fungi originating from grain
cultivation and storage. Mycotoxins-producing fungi disrupt the grains by
changing their structure; they are able to produce toxins which contaminate
human food and animal feed.

One of the basic raw materials for malt production are malting cereals
(barley and wheat), the quality of which is of primary significance. The malting
industry requires malt with a high extract yield, high levels of enzyme activity,
and good modification to manufacture consumer products of excellent quality.
Optimal germination performance, such as germination capacity, is definitely
one of the most important quality criteria for malting grains.

FAO analysis showed that annually up to 25 % of the produced grain can
be contaminated with mycotoxins. For this reason, mycotoxins may cause huge
economic losses; they represent a significant hazard to the cereal processing
chain especially at the time of flowering and storage when respectively the
weather and temperature/ humidity may be out of range. During the last decades,
Fusarium graminearum has become the dominant species causing scab or head
blight of cereals in the world. Global warming and therefore the change towards
higher temperatures/humidity favors its dominance in the disease complex
fostering the occurrence of mycotoxins such as trichothecene-group mycotoxin
deoxynivalenol.

Fusarium spp. could have a more prominent negative impact on the
malting grain sprouting capacity when seeds are stored for a longer time. Seed
distributors should analyze each lot for the presence of microbial pathogens by
using internationally accepted analytical methods and keeping up-to-date
agricultural records in order to eliminate contaminated seeds. Unfortunately,
these methods are prohibitively costly. Therefore, consumer protection against
mycotoxins is necessary to feature efficient control of their determination in the
grain processing line. Worldwide, the common practice of determining
mycotoxins is the use of labor- and time-intensive fundamental chemical,
physical and enzyme immunoassay analysis. Considering the fact that the
detection methods of these mycotoxins are complex and expensive, special
attention should be paid to any innovative mycotoxin determination technology
which would allow quick and inexpensive detection of mycotoxins in the raw
materials.

Fungal infection not only results in the accumulation of mycotoxins but
also causes grains to shrivel and become more porous. This phenomenon is
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known as head blight or scab, and is widely seen as one of the indicators of poor
grain quality. Due to changes in the grain microstructure, a rapid and non-
destructive method of the evaluation of the quality and safety of grains is
therefore required so that to detect and subsequently eliminate these toxins from
the food chain. In the framework of EUREKA ITEA2 project ACOUSTICS, the
first portable acoustic device predicting the level of deoxynivalenol (DON) in
cereal grains has been developed by using a broadband capacitive ultrasonic
transducer. The project results showed that the acoustics method, applied for
grain safety monitoring for the first time, is thus innovative and important in
terms of ensuring the safety of grains. However, to the best of our knowledge, so
far, no studies of the influence of Fusarium spp. and their metabolites on the
chemical composition and technological properties of malting grain have been
performed. On the other hand, it is fundamentally important to ensure
appropriate malting grain storage conditions. When stored grains are
contaminated, they are starting to breathe, the grain silos temperature increases,
and grains consequently begin to produce CO, gas. It is believed that CO,
monitoring allows accurate detection of the cereal contamination as well as much
earlier discovery of the grain storage silos and insect infection than the
temperature and humidity monitoring methodology. In order to increase the
precision of the method and to extend the field of application of grain storage
control in non-ventilated silos, it is appropriate to devise new technical solutions
to monitor CO, levels in the grain mass.

Cereal processing which may involve physical, chemical or
microbiological decontamination can often be effective in destroying or
redistributing Fusarium mycotoxins. In recent years, biological decontamination
and biodegradation of mycotoxins with microorganisms or enzymes has been
used more commonly. The essence of the biological decontamination
methodology is the use of microorganisms inhibiting the biosynthesis of
mycotoxins, by isolating (or °‘binding’) mycotoxins and suppressing or
transforming them into non-toxic or less toxic compounds. One promising and
economically attractive strategy is the treatment of malting seeds with anti-
fungal LAB bio-products (Bioekotech project), which could be performed
seeking to decontaminate a wide range of plant seeds as well as malting grains. It
should be noted that Lithuania is rapidly expanding in the field of production of
biofuels (e.g. bioethanol, biodiesel). The efficiency of bioethanol production
from cereal biomass can be increased by selecting LAB in combination with a
biocatalyst. Furthermore, biotechnological treatment may be considered to have
a positive effect on the residue of alcohol fermentation (dried distillers grains
with solubles (DDGS)) as feed.

Therefore, by using LABs in fermentation processes and creating new
bioproducts, e.g. for the treatment of malting grains, an additional study of the
influence of bioproducts on the germination criteria is required. The creation of
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such a type of bioproducts is necessary in order to increase the sprouting
capacity of barley grains by eliminating the development of phytopathogens such
as fungi producing secondary metabolites (e.g. mycotoxins) during the sprouting
of the malting grains as well as in order to increase the efficiency of malt
production.

The bioproducts used for the processing of malting grain seeds in organic
farming should be not only effective but also cheap. Upon setting such a goal,
the search for new media for the cultivation of LAB is relevant by paying
attention to lactose by-products (whey permeate) of the dairy industry which
could reduce the price of the bioproduct manufacturing.

It is also important to determine the effect of LAB biotreatment on the
biochemical changes of the malting grain protein. The proteomic comparison of
seeds under normal and stressed conditions could identify useful markers serving
this purpose. Such environmentally beneficial plant-protection strategies devised
in the course of molecular analysis of developing cereal grains could be easily
integrated into sustainable agricultural practices in order to increase yields,
safety and quality without incurring environmental harm.

Alternative methods of mycotoxin detoxification in malting grains involve
the use of ozone (O;). Ozone, a powerful oxidant, possesses numerous beneficial
applications and is very familiar within the food processing industry. It has long
been used in food processing as a water treatment agent disinfecting and
eliminating odors, taste and color. The rapid decomposition of ozone (Oj3)
residues to oxygen ensures that ozone leaves no chemical residues when used in
food treatment. It is authorized as a safe antimicrobial agent that can be applied
to foods directly or through aqueous phases for the destruction and/ or
detoxification of mycotoxins in malting grains. However, the antimicrobial
effectiveness of ozone depends on several factors — the applied amount and
various environmental factors, such as grain mass temperature, humidity and
surface properties. It is thus important to evaluate the balance between the
efficiency and safety concerns of ozone in malting cereal, its storage and
procession.

The aim of the thesis. Development of fast and efficient methods for the
detection of Fusarium spp. contaminated malting cereal grain and assessment of
possibilities of detoxification of Fusarium spp.-contaminated cereal grains with
such antifungal bioagents as LAB bioproducts and ozone.

The following tasks were set in order to achieve the aim of the thesis:

1. To determine the connection between the concentration of mycotoxin
DON produced by Fusarium spp. and the chemical composition and
microstructure of contaminated malting grains;

2. To determine the connection between the level of contamination of
mycotoxin DON produced by Fusarium spp. experienced by malting



wheat grains and the range of acoustic signal parameter values;

3. To evaluate innovative technical solutions allowing to monitor the
changes of CO, concentration levels in wheat grain mass
contaminated with Fusarium spp;

4. To evaluate the influence of ozone on the reduction of mycotoxins in
malting wheat grains;

5. To assess the influence of LAB bioproducts and cultivated cheese
whey permeate nutritional medium on the volume of the resulting
metabolism products, increase of efficiency of malt production and
decrease of mycotoxin concentration in malting wheat grains;

6. To identify the effect of LAB on the quantitative composition of the
protein substances of malting wheat grain contaminated with
Fusarium spp. at the time of grain germination by performing protein
fractionation according to molecular mass quantitative composition
affecting LAB biotreatment stress resistance during Fusarium spp.
contaminated wheat seed germination;

7. To evaluate the use of various biotechnological means — LAB and
grain enzymatic hydrolysis on the increase of the efficiency of
Fusarium spp. contaminated barley grain alcohol fermentation and the
reduction of the amount of mycotoxins in the production waste
(distiller’s dried grains with solubles).

Novelty of the study. For the first time, a new acoustic spectrometer is
tested and adapted for fast and non-contact determination of the mycotoxin
deoxynivalenol (DON) in malting wheat grains affected by Fusarium spp.

For the first time, the effect of LAB bioproduct and ozonation on
mycotoxin reduction in malting wheat grains is tested.

For the first time, the effect of LAB bioproduct cultivated in cheese dairies
whey permeate medium on mycotoxin reduction in malting wheat grains is
tested.

For the first time, the influence of LAB biotreatment during grain
germination on Fusarium spp. is tested, and the quantitative composition of
contaminated malting grain protein substances is determined;

The practical value of the work. A new acoustic technique for quick and
non-contact determination of mycotoxin deoxynivalenol (DON) was developed
in malting wheat contaminated by Fusarium spp.

Bioproducts of LAB intended to process organic wheat grain seeds were
developed. The new bioproducts allow to reduce DON mycotoxin in malting
grains and to increase the germination energy of the contaminated malting wheat.

It was discovered that ozone allows reducing other trichothecenes in
addition to DON, such as ZEA, T-2 and HT-2 mycotoxin in contaminated
malting grains.

LAB, enzymes and yeast used for Fusarium spp. damaged barley grain
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during fermentation increase the yield of bioethanol and the reduction of DON in
DDGS.

Defended claims of the dissertation.

1. A new acoustic technique is capable of quickly and accurately
detecting contamination in malting wheat grains, which correlates
with mycotoxin DON produced by Fusarium spp;

2. The LAB bioproducts reduce the DON concentration and fungi
infection on the surface of contaminated wheat grain seeds and
increase the grain germination energy;

3. LAB, enzymatic preparations and yeast used during the fermentation
process of barley raw materials contaminated with Fusarium spp.
increase the yield of bio-ethanol and decrease the concentration of
Fusarium spp.-produced mycotoxin DON in DDGS.

4. Ozone has a detoxification effect on the trichothecenes DON, ZEA, T-
2 and HT-2 contaminated with Fusarium spp.

Structure and content of the dissertation. The thesis is written in the
Lithuanian language. It consists of a list of abbreviations, an introduction, a
literature review, materials and methods description, results presentation and
discussion, conclusions, a list of references, and a list of publications relevant to
the subject of the dissertation. The dissertation text covers 113 pages, it features
24 tables and 40 figures. The list of references includes 253 bibliographic
sources.

Approval and publications of the results of the study. The results of the
research have been published in 4 scientific articles in the journals indexed by
Thomson Reuters (WOS) and in proceedings books of 9 international
conferences. The results of the research have also been presented in 5
international scientific conferences and in 2 journals of Lithuanian scientific
conferences.

2. RESEARCH OBJECTS AND METHODS

2.1. Research objects

Contaminated seeds. Wheat grains (harvested in 2012, milling company
Kauno Griidai, Kaunas, Lithuania), scabby wheat grains contaminated with DON
(harvested in 2011, breeding and seed company Florimond Desprez, Cappelle-
en-Pévele, France) and samples of Lithuanian barley grain (harvested in 2010,
obtained from different farms of Lithuania) were used for the analysis of the
chemical composition and the investigation of qualitative characteristics.

The following wheat grain samples were used for acoustic analysis: the
model systems were created by mixing wholesome wheat grains (harvested in
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2012, moisture content 13.5 %; milling company Kauno Gridai, Kaunas,
Lithuania) and scabby wheat grains contaminated with 4000 pg/kg DON
(harvested in 2011, moisture content 13.8 %; breeding and seed company
Florimond Desprez, Cappelle-en-Pévéle, France) in different proportions,
ranging from 10 % to 100 % contaminated grains in 10 % steps (11 test samples
in total, including a wholesome grain sample). Each sample weighed 200 g. In
order to test the method in practice, 34 naturally-contaminated soft wheat grain
samples harvested in 2013 with a moisture content of 13—-14 % and DON
concentrations of 254-1600 pg/kg from the Lithuanian milling company Kauno
Griidai and the Institute of Agriculture, Lithuanian Research Centre for
Agriculture and Forestry (LRCAF-IA), were used.

Wheat grains (harvested in 2012, milling company Kauno Gridai,
Kaunas, Lithuania) and scabby wheat grains contaminated with DON (harvested
in 2011, breeding and seed company Florimond Desprez, Cappelle-en-Pévéle,
France) were used for CO, detection analysis.

Contaminated grains of spring wheat cultivars Arktis LEU 60210 (protein
content 11-11.5 %) grown and harvested in 2012 (contaminated with Fusarium
spp., the dominant species being F. culmorum) were collected from various farms
in Lithuania (Plungé District Municipality) and were used for LAB bio-products
regarding grain antifungal activity and germination energy analysis.

Wheat grains contaminated with DON grown and harvested in 2011
(breeding and seed company Florimond Desprez, Cappelle-en-Pévele, France)
were used for LAB bioproducts for the research of grain detoxification.

Barley seeds of malting barley cultivar “Propino” (obtained from the
Institute of Agriculture, Kédainiai, Lithuania) and naturally contaminated spring
wheat with Fusarium spp. (harvested in 2011, breeding and seed company
Florimond Desprez, Cappelle-en-Pévéle, France) were used for proteomic
analysis.

Samples of Lithuanian barley grain (harvested in 2010, obtained from
different farms located in Lithuania) were used for bioethanol production
analysis.

The totality of seven analyzed wheat grain series of “Arktis” (LEU 60210)
spring wheat cultivar (harvested in 2012, protein content 11-11.5 % was
randomly collected in 2014 from several farms in Lithuania, Plungé District
Municipality) and used for ozonation analysis.

Before the experiment, all the grains were passed through two sieves (3.5
and 1.0 mm slotted perforations) in order to remove impurities.

Microorganisms. L. sakei (Ls), P. acidilactici (Pa7), and P. pentosaceus
(Pp8, Pp9 and Ppl10) strains, previously isolated from spontaneous Lithuanian
rye sourdoughs (KTU, Department of Food Science and Technology) as well as
L. bulgaricus (Lb) obtained from KTU Food Research Institute (Lithuania) were
used for the treatment of barley biomass and permeate fermentation. The bacteria
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were cultured at the optimal temperatures for each strain (30°C (Ls); 32°C (Pa7
acidilactici); 35°C (Pp8, Pp9, Pp10), and 42°C (Lb)) in MRS broth prior to their
use.

The yeasts K. marxianus and Kluyveromyces marxianus var. bulgaricus
(Biodestruction research laboratory, Institute of Botany, Lithuania) were used for
the fermentation of barley biomass. The yeast of S. cerevisiae (Lesaffre Polska
S.A., Poland) was used for the comparison of the fermentation efficiency.

Commercial xylanase Ecopulp TX-200A (AB Enzymes, Finland) and
amylase StargenTM 002 (DuPont Industrial Biosciences, Denmark) preparations
were used as a biocatalyst in order to increase the efficiency of the enzymatic
degradation of contaminated barley granular starch substrate and non-starch
polysaccharides to glucose.

Media for bioproduct fermentation and antifungal test. Cheese whey
permeate was obtained from JSC Rokiskio pienas (Rokiskis, Lithuania) with the
following characteristics (g/100 g): dry residue 6.3 + 0.1, protein content 0.17 +
0.05, and total sugar (lactose plus galactose) content 5.67 + 0.12. The permeate
was heated for 20 min. at 90 °C temperature for protein precipitation and
sterilized at 121°C temperature for 15 minutes.

Various substances for the biotreatment of grain and the evaluation of their
antifungal activity were prepared by using fermentation (24 h) at optimal
temperature with tested LAB, as well as with L. bulgaricus (Lb) widely used in
the dairy fermentation industry. Sterilized distilled water was used for the control
treatment of wheat grains.

2.2. Methods

Determination of grain chemical composition and qualitative
characteristics. The required humidity was set by using the drying method
according to the ratio of the grain weight loss while drying (130 + 3 °C
temperature) and the constant weight (AACC method 44-15 (2000)).

The bulk density was determined by weighing a measured volume and the
weight of the container filled with a sample of grains, as well as with the weight
of 1000 grains.

The total nitrogen amount was determined by the micro-Kjeldahl method
according to ICC standard method no. 105/2: 1994. Crude protein content was
estimated by using the conversion factor of 5.7 for wheat.

The starch content was determined by employing the enzymatic analytical
method using Megazyme K-TSTA 05/06 reagents (a-amylase and
amyloglucosidase) kit (Megazyme International Ireland Ltd., Ireland).

The total sugar (lactose) content was determined by using the enzymatic
analysis method and employing Megazyme K-LACGAR 03/14 reagent kit
(Megazyme International Ireland 1td., Ireland) supported by hydrolyzing the
lactose (pH 5.0) to D-galactose and D-glucose while using B-galactosidase
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isolated from Aspergillus niger.

The amount of the soluble dry matter (SDM) was determined according to
AACC method 68-62.

The total reduction of sugars was determined colorimetrically by using a
dinitrosalicylic (DNS) acid reagent.

The concentration of ethanol was determined by using direct distillation
and pycnometry.

The pH of the fermentation medium was measured by using a pH electrode
(PP-15,Sartorius, Goettingen, Germany).

Acidity analysis was performed by titration with 0.1 N NaOH. One degree
(1°) of acidity corresponds to 1 mL of 1 N NaOH required to neutralize the acids
present in 20 mL of filtrate.

The percentage fermentation efficiency of the enzyme and yeast strains
was calculated on the basis of the theorethical yield based on the relationship
between the consumed sugar and alcohol

The grain microstructure was evaluated with a scanning electronic
microscope (SEM). The infected and healthy grain cross-sectional images were
taken by using a scanning electron microscope (SEM) EVO 50 (LEO Electron
Microscopy Ltd., Cambridge, UK) using an SE (second electron) detector.

Enzymatic analytical tests. Whole grain flour (0.5 g) was extracted with
3 ml of particular buffer. The extracts were centrifuged at 10,000xg for 10
minutes at 20 °C and used for enzyme activity measurements.

a-Amylase activity was determined by using ICC Standard method No.
108 (ICC, 1998).

Endoxylanase activity was determined with the dinitrosalicylic acid assay
(Miller, 1959).

Protease activity was determined with Sigma’s enzymatic assay of
protease by using tyrosine as a standard (Sigma Quality Control Test
SSCASEO01.001, 1999).

Acoustic technique. The wheat grain samples were screened by using a
recently-developed portable acoustic spectrometer with penetration. The
spectrometer measures in relative units the amplitude of the acoustic signal (Ap)
which penetrates the grain matrix over the frequency range of 10-80 kHz. The
15-40 kHz interval was selected as the optimum frequency range. The duration
of each measurement was ~10 s. The test was carried out by placing the test
portion of 200 g grains into a plastic vessel whose base was covered with a
sound-transmitting material. The thickness of the grain layer was 50 mm. The
impact of DON contamination on the bulk grain density and the amplitude of the
penetrating acoustic signal (Ap) were also investigated by using measurement
vessels with different diameters (small: 40 mm, medium: 80 mm and large: 100
mm).

Determination of mycotoxins. An ELISA was used to determine the
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DON concentrations in contaminated barley and wheat test samples. For this
purpose, a three test kit RIDASCREEN®FAST DON (R-Biopharm AG,
Germany) was used. The ground test portion size used in ELISA was 100 g. The
mycotoxin extraction and testing was carried out strictly according to the
manufacturer’s instructions.

CO, concentration analysis. The CO, concentration of the storaged
wheat grains was determined in plastic-sealed jars packed into a constant (25 °C)
climate chamber (Sheldon Manufacturing, US). The cells were maintained at a
fixed temperature (25 = 1°C) and constant relative humidity (60-65 %). The CO,
concentration was measured every 1 h by employing a CO, sensor (SenseAir
firm CO, Engine K30 FR) within 48 hours throughout the sample. The sensor is
based on the principle of infrared absorption. The analyzed data was recorded by
CO, Meter software (GasLab, US).

Determination of organic acids. Lactic acid was determined by using
enzymatic test K-DLATE 12/12 (“Megazyme International Ireland 1.td.”,
Ireland). The presence of acetic acid was determined by distilling the
investigated samples using while using a Behr S4 Distillation unit (Lab
Unlimited UK, Behr, Frimley,UK).

Biotreatment of wheat grains was performed by mixing an individual
bacterial culture suspension with a grain sample (antifungal activity: 10 ml
suspension for 60 seeds; grain detoxification: 10 ml suspension for 20 g seeds;
germination analysis: 10 ml for 100 seeds) and thoroughly shaken for 30 min. at
room (18 °C) temperature. A control sample was prepared by mixing wheat grain
with tap water.

For the antifungal test, the Petri dishes with the stagnant agar medium
were uncovered one at a time near an open flame, and 10 grains were placed on
the medium in 3 rows (3 grains per row, 4 grains per row, 3 grains per row) by
using sterilized tweezers. The closed dishes were put into bags, sealed and
transferred to a thermostat maintained at a temperature of 27 °C for 7 days. After
7 days, the antifungal activity was evaluated as a percentage of unmolded grains.

Ethanol production. A low-temperature technological process was used
for ethanol production under laboratory conditions. For control processing,
barley wholemeal (300 g) was mixed with water pre-heated to 90 °C by using a
ratio of 1:6 and kept at the same temperature for 30 min. to in order to reach
partial degradation of polysaccharides and decrease microbial activity. A
simultaneous liquefaction and saccharification procedure was performed for 90
min. at a temperature of 56-57 °C by adding StargenTM 002 at a dose of 0.456
AV/ kg (according to recommendations of the manufacturer) and appropriate
amounts (1150, 2300, 3450, 4600 and 5750 XU 100 g/grain) of Ecopulp TX-
200A. The pH was adjusted with lactic acid to obtain pH = 5.0. The fermentation
was carried out at 32 °C temperature for 48 h in 500 ml glass flasks by adding
the inoculum (10 g/1) of appropriate yeast. The whole stillage was dried in an
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oven at 50 °C with aeration for 24 h and used as DDGS for DON analysis.

Ozone treatment of malting grains. Initially, 200 g of naturally
contaminated wheat seeds were evenly spread over metal mesh in a 40 | plastic
box. The generated by OZ-3G generator (Kai Yuan, Guangzhou, China) O; gas
(purity > 99.8 %, “AGA”, Latvia) at the maximum flow was introduced into the
bottom of the box via a plastic tube until the concentration of O; reached its
maximum of 20 mg/l. The concentration was maintained during the ozonation
process by regulating the proportion of O3 output from the generator controlled
by a portable sensor (A-22 Ozone Sensor, California, USA). The procedure was
continued for the remaining seeds which were ozonated for additional 40 and 90
min. at 20 mg/l in order to reach the ozonation duration of 80 min. and 130 min.,
respectively. All the experiments were performed at room temperature and 65—
75 % relative humidity. Three parallel replicates of each sample were obtained.

Germination analysis. The seeds were germinated between layers of
moist filter paper strips (20 cm x 100 c¢cm). One hundred seeds per roll were
placed in rows at regular 5-6 cm intervals from the top edge, leaving 3—4 cm
gaps on the sides, a strip of filter paper and loosely rolled. Four rolls per
treatment were prepared. The rolls were placed in glass beakers with distilled
water (covering the bottom 3 cm of rolls) and incubated at room temperature
(18°C) for 3 days. The germination percentages (%) were used to measure the
effect of LAB on the sprouting energy of seedlings.

Proteomic analysis of grain. Proteins were exctracted from each sample
and quantified by the 2-D Quant Kit (GE Healthcare, UK) with bovine serum
albumin (BSA) as standard.

Electrophoretic analysis of four proteins was carried out on 12 %
polyacrylamide gels under reducing conditions by using 1.5 mm thick perspex
spacers and glass plates. Electrophoresis was performed with SDS running buffer
at 180 V for 1 h until the electrophoretic front was approximately 1 cm from the
bottom. The gel was stained with Coomassie brilliant blue R-250. Destaining
was performed by soaking the stained gels five times with deionized water.

Volatile compound quantification by gas chromatography (GC).
Analysis of higher alcohols and methanol was performed by using gas
chromatography (GC). A Hewlett Packard 5890 gas chromatograph equipped
with a split-splitless injector and a FID detector was used in all measurements.
The injection temperature was 200 °C and helium served as a carrier gas with a
flow rate of 1.2 mL min'. Chromatographic separation was accomplished with a
Zebron ZB-WAX column (30 m x 0.25 mm X 0.25 pm, 100 % polyethylene
glycol; Phenomenex, Torrance, CA, USA). The temperature programme was as
follows: the initial temperature of 40 °C for 5 min, rising to 100 °C at a rate of 4
°C min"', and a 2 min hold. The detection temperature was set at 250 °C.

Mycotoxin  determination by UHPLC-MS. The optimized
chromatography conditions were kept constant for both applied instrumental
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UHPLC-MS methods. The UHPLC separation of target compounds was carried
out by using a 100 mm x 2.1 mm i.d., 2.6 um Kinetex C18 reversed phase
analytical column (Phenomenex, USA) operated at 40 °C, by applying a flow
rate of 300 pL/min with a mobile phase gradient based on 0.1 % formic acid in
water (A) and 100 % methanol (B). The effective gradient began at the initial
mobile phase of 95 % A and 5 % B, which was maintained for 6.0 min.; from 6
min. to 10 min., the percentage of phase B was linearly raised up to 95 % and
was held constant until 11 min. Then the percentage of phase B was sharply
decreased again to 5 % over 0.1 min., and was kept at this level until 15 min. The
injection volume of 10 pL was used, and the column and sample temperatures
were 40 °C and 10 °C, respectively.

UHPLC-Orbitrap-HRMS analyses were performed on an Accela 1250
UHPLC system coupled to a Q-Exactive Orbitrap-HRMS (Thermo Fisher
Scientific, US) detection system (Bremen, Germany).

UHPLC-QqQ-MS/MS analyses were performed by using an AB Sciex
QTrap 5500 mass spectrometer (AB SCIEX, Framingham, MA,US) equipped
with heated electrospray ionisation interface and a Waters Acquity UHPLC
system (Waters, Milford, MA, US).

3. RESULTS AND DISCUSSION

3.1. The changes in the microstructure and chemical composition of
Fusarium spp. damaged barley and wheat grains

The changes in the chemical composition of Fusarium damaged grains

Fusarium spp. could considerably influence the structure as well as the
chemical composition of barley and wheat grains. Therefore, some components,
such as total protein, starch and hectoliter/1000 grain mass were determined.

The relationship between starch, hectoliter/1000 grain mass and DON
concentration in barley and wheat grains was found. With a concentration of
DON (0425 pg/kg) in barley grain, starch and barley grain hectoliters content
decrease (r = —0.310 and » = —0.328; p < 0.05). A similar trend was found in
wheat grains. With a concentration of DON (254-1600 pg/kg) in wheat grain,
the starch content (» = -0.737; p < 0.01) and 1000 wheat grain weight (r = —
0.637; p <0.01) significantly decreased.

The changes in enzymes activity of Fusarium spp. damaged grains

The chemical changes in the endosperm of Fusarium spp. damaged
kernels caused probably by the activity of hydrolytic enzymes produced by the
fungi showing amylolytic, xylanolytic and proteolytic activities on selected
barley and wheat samples were analyzed. The results show that the higher
contamination level resulted in an increased activity of a-amylase, xylanase and
protease.

16



Table 3.1. DON concentration and enzyme activities in naturally Fusarium
infected barley grains

Sample DON Amylase Xylanase Protease

No. concentration activity activity activity
(ng/ke) (AU/g) (XU/g) (PU/g)

1 0+5 542 + 1 0.173 £0.00 86 +4

2 10£5 560 + 4 0.172+£0.01 89+6

3 19+£8 608 +3 0.173 +£0.01 92+7

4 2045 579+ 4 0.175+0.01 99+9

5 28+6 568 +5 0.173 +£0.01 90+2

6 30+4 528+9 0.173 £0.00 88 +2

7 40+ 7 570+9 0.173 £0.01 92 +11

8 55+5 586+3 0.178 £0.01 97 +1

9 60+8 557+4 0.173 +£0.01 87 +4

10 75+6 72742 0.175+0.01 107 £ 10

11 90 +8 721 +£6 0.180 +0.00 133 +£8

12 140 £ 8 605 +4 0.177 £0.00 129+9

13 170 £ 15 807 +£4 0.179 +0.01 159+ 4

14 425+ 10 913 +2 0.186 £0.01 189 +£7

At the starting point of barley contamination (DON concentration till 140
pg/kg), the measured a-amylase activity varied between 528-727 AV/g, xylanase
activity between 0.172-0.180 AU/g and protease activity between 86—133 PU/g
barley grain (Table 3.1).

By increasing the DON concentration till 425 pg/kg (EU Regulation limit
1250 pg/kg), the enzyme activities increased significantly till 605-913 AV/g,
0.177-0.186 AU/g and 129-189 PU/g, respectively. In all the cases close positive
relationships between the enzyme activities and the degree of Fusarium infection
(DON concentration) were found (for a-amylase, » = 0.868; p < 0.01; xylanase r
=0.482; p <0.01, and for protease, » = 0.914; p <0.01).

Similar results were obtained from the analyzed contaminated wheat
samples. At the starting point of wheat contamination (DON concentration till
1246 ng/kg), the measured o-amylase activity varied between 229-296 AV/g,
xylanase 0.153-0.167 activity between 0.172-0.180 AU/g, and protease activity
between 21-213 PU/g wheat grain (Table 3.2).

By increasing the DON concentration till 4371 npg/kg, the enzyme
activities increased significantly till 306-464 AV/g, 0.163-0.189 AU/g and 137—
397 PU/g, respectively. In all the cases, close positive relationships between the
enzyme activities and the degree of Fusarium infection (DON concentration)
were found (for a-amylase, » = 0.741; p < 0.01; xylanase » = 0.602; p < 0.01, and
for protease » = 0.800; p < 0.01).
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Table 3.2. DON concentration and enzyme activities in naturally Fusarium
infected wheat grains

Sample DON Amylase Xylanase Protease

No. concentration activity activity activity
(ng/ke) AU/g) XU/g) (PU/g)

1 0+0 229 +38 0.157 +0.00 22+4

2 0£0 283+9 0.167 £ 0.00 21+£5

3 577+82 335+6 0.157+0.01 152+10

4 892 + 64 296 +9 0.153+£0.00 87+8

5 1246 + 145 255+4 0.160+0.01 213+25

6 1457 + 106 306+ 19 0.189+0.01 137+19

7 2750 + 173 321+12 0.163 +£0.01 239+ 17

9 3534 +190 328+9 0.179 £0.00 173 +£8

9 3942 +278 464 + 13 0.185+0.01 397 +20

10 4371 +223 365+ 6 0.179 £ 0.01 234+ 17

The changes in the microstructure composition and germination energy of
Fusarium damaged grains

Fungal infection not only results in the accumulation of mycotoxins, but
also causes grains to shrivel and become more porous. This is known as head
blight or scab, one of the indicators of poor grain quality. The microscopic
analysis of the contaminated grains by Fusarium and the wholesome barley and
wheat grains shows visible damage on the surface of the contaminated grain
kernels (Fig. 3.1, 1b). It shows what happens to the structure of the grain kernels
when it has been attacked by Fusarium.

In Figure 3.1. (2a), the structure of the grain kernel wall is healthy and
wholesome, in Figure 3.1. (2b), the starch granules have been ‘consumed’ by the
fungus and the skeleton type of landscape appears more prominently. Endosperm
cells of healthy kernels (Fig. 3.1, 3a, 4a) were filled with tightly packed large
and small starch granules surrounded by the protein matrix. Examination of the
endosperm in the Fusarium damaged kernel revealed the presence of hyphen in
the endosperm and characteristic micro structural changes observed as lack of
cell walls and disappearance of the protein matrix between starch granules and
visible symptoms of the amylolitic degradation (and absence) of starch granules
(Fig. 3.1, 3b,4b).

These changes in the structure of the damaged grain endosperm influence
the porosity of the kernels and change the packing factor of grains in the grain
matrix.
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Barley grains Wheat grains

Fig. 3.1. The microscopic analysis of the wholesome barley/wheat (a) and contaminated
grains (b) by Fusarium. 1 — total grain image, 2 — microstructure of grain wall (400 um),
3 — endosperm microstructure of grain (400 um), 4 — starch microstructure of grain (20

Hm)

The chemical changes of Fusarium damaged wheat kernels caused grain
germination energy changes by the fungi contamination. Results show that the
higher contamination (DON) level resulted in a decreased wheat grain
germination energy (Fig. 3.2). At the starting point of wheat contamination
(DON concentration till 1246 ng/kg), the measured germination energy of wheat
grains varied between 91.00-99.67 % (Fig. 3.2). By increasing the DON
concentration till 4371 pg/kg, the germination energy decreased significantly till
37.00 %
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Fig. 3.2. The effect of DON concentration on wheat grain germination energy after
3 days of germination

A reverse positive relationship between DON concentration and wheat
grain germination was found (» =-0.932; p < 0.01) (Fig. 3.2).

3.2. New electrical acoustic technical application research opportunities for
DON detection in wheat grains

Calibration of the acoustic method for DON analysis in wheat grains

Mathematical analysis showed that the analytical curves prepared from
different measurements carried out by two different analysts over 2 days were
reproducible and stable.
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Fig. 3.3. Relationship between deoxynivalenol (DON) concentrations (determined

by ELISA) in wheat model samples and (4) the penetrating acoustic signal amplitude (4,,)

in relative units (r.u.) or (B) the acoustic calibration curve (DON(Acoust) (n =10), where »
= coefficient of correlation

A strong inverse correlation was observed between the DON content in the
model wheat samples measured by ELISA (DON(ELISA)) and the Ap values
recorded by using the acoustic spectrometer (r = -0.9856; p < 0.05) as shown in
Figure 3.3. (A). Regression slopes and y-axis intercepts differed significantly
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from zero (p < 0.05). For acoustic calibration (Figure 3.3, B), the DON
concentrations (DON(Acoust)) from each of the model samples were calculated
according to the equation y = -0.086x + 694.08 derived from the relationship
between DON(ELISA) and A, (Figure 3.3, A). Single laboratory validation based
on accepted standards revealed the precise performance characteristics of the
acoustic measurements in terms of within-laboratory reproducibility.

The naturally-contaminated soft wheat samples (the validation sample set)
were analyzed in order to confirm the relationship between the acoustic signal
amplitude and the DON content. A significant linear correlation (» = 0.9013; p <
0.05) between the concentration of DON determined by both ELISA and
acoustic method (Fig 3.4) was observed.
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Fig. 3.4. Relationship between the deoxynivalenol (DON) concentration determined by
ELISA (DON(ELISA)) and the DON concentration calculated from the acoustic
calibration curve (DON(Acoust)) in naturally-contaminated soft wheat samples
(validation sample set) (n = 34), where r = coefficient of correlation

The relative standard deviation (RSD) values for the wheat model samples
varied between 2.1 and 9.3 %, which falls well within the range of repeatability
(£ 20 %) prescribed by CEN/TR 16059:2010 (CEN, 2010). According to our
results, the acoustic method is reliable and can be used to predict the level of
DON contamination in grain samples.

3.3. Distribution of Fusarium mycotoxins in malting wheat grains after
ozone treatment

The results obtained during the contamination studies are summarized in
the box and whisker plots in Figure 3.5. The dependence of the results presented
in the graphs indicates a rather different distribution of the initial concentration
levels of mycotoxin contamination in the analyzed wheat grain samples, as well
as variations of their concentrations at different ozonation stages. The results
indicate notable differences in the contamination levels and the degradation
range of the analyzed mycotoxins in wheat grain samples. The plots in the graphs
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indicate the median values (at 50 % level). The whiskers indicate the extreme
(maximum and minimum) concentration levels for each contaminant in grain
samples at different stages of ozonation. However, the skewness of the median
and the shift of box-plot characters within the concentration range show a
positive influence of ozonation treatment on the degradation rate of mycotoxins
in the samples, depending on the mycotoxin type and their initial contamination
level in wheat grains. Due to the high impact of ozonation on the destruction of
mycotoxins, a notable shift of median values to lower concentrations was found
for ozonated ZEA and T-2 toxins after treatment for up to 80 min, whereas the
trend in the case of DON was less pronounced (Fig. 3.5, a).
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Fig. 3.5. The ranges of mycotoxin concentrations (the median values marked with
dots) in wheat grain samples vs. the ozonation time: DON (a), ZEA (b), T-2 (¢), HT-2
toxin (d) (* and ** — substantial differences compared with the control at 95 and 99 %

probability level)

The presence of DON and ZEA was found in four of the analyzed five
malting wheat samples. The initial levels of DON varied from 3370 pg/kg to
6930 pg/kg with the average concentration of 5093 pg/kg (Figure 3.5, a). The
levels of ZEA were in the range from 19.5 pg/kg to 459 pg/kg, with the average
concentration of 196 ug/kg (Figure 3.5, b). The amounts of T-2 and HT-2 toxins
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detected in three samples (in one sample as the only contaminant and in two
samples together with ZEA and DON) initially varied from 19.54 pg/kg to 35.4
pg/kg (Figure 3.5, ¢) and from 258.4 pg/kg to 819 pg/kg (Figure 3.5, d),
respectively. The average concentrations determined for T-2 and HT-2 were 32.8
pa/kg and 517 pg/kg, respectively.

The extent of mycotoxin degradation increased with the processing time.
The influence of ozonation was less obvious in the case of DON, as its
concentration was reduced on average by only 16 % after the first 40 min. of
exposure to 20 mg/l of O; and reached the mean concentration of 4283 ug/kg.
The maximum degradation efficiency of 25 % after 130 min. of ozonation
allowed to reduce the contamination by 1.3 times; meanwhile, the average
contamination level remained above the acceptable level of 1250 pg/kg (EC,
2007). For other three Fusarium mycotoxins, a significant decrease in
concentration was notable already after the first 40 min. of treatment with 20
mg/l of Og, resulting on average in 2.4-fold, 2.8-fold, and 2.6-fold reduction of
contamination with ZEA, HT-2, and T-2 mycotoxins, respectively. It could be
concluded that, for these mycotoxins, even a short ozone treatment was highly
effective, resulting in 58.6 %, 65.6 %, and 62.0 % degradation, while also taking
into account the rather low initial concentrations of natural contamination levels
in the analyzed wheat samples, compared to those of DON.

On average, the maximum degradation rates of DON, ZEA, HT-2, and T-2
toxins after ozonation for 130 min. were 25.0 %, 48.7 %, 82.8 %, and 68.9 %,
respectively. It can thus be concluded that O treatment provides effective means
for reducing DON, ZEA, T-2, and HT-2 toxin levels in contaminated malting
wheat grains, and has a potential for ensuring that DON levels in stored malting
wheat grains, as well as ZEA and other trichothecenes, could be kept below the
maximum acceptable levels in accordance with EU legislation (EC 2007, 2013).

A second order (e.g., parabolic) polynomial fitting was the most suitable
method for indicating the relationships between the duration of ozone treatment
and the degradation extent of DON, ZEA, HT-2, and T-2 toxins, as shown in
Figure 3.6. The fitted parabolic function curves indicate the determined
correlations between the time (x) and the degradation extent (y). The fit was
found to be acceptable for all mycotoxins, as proved by the correlation
coefficient (R’) values of 0.9721, 0.9087, 0.9644, and 0.9620 for the curves of
DON, ZEA, T-2, and HT-2. In our study, all Fusarium mycotoxins were partially
degraded as they were exposed to Os treatment. However, ozonation resulted in
different degradation rates for the tested trichothecenes.
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Fig. 3.6. The effect of exposure time to 20 mg/l of ozone on the destruction of
mycotoxins in malting wheat

In some cases of highly contaminated malting wheat, the level of DON
could be reduced by up to 25 % after O3 treatment at the concentration of 20
mg/l for 130 min., while in other cases the amount of ZEA was reduced by up to
55 % after ozonation for 80 min. Similarly, the HT-2 and T-2 toxins were most
effectively degraded up to 74.5 % and 70.0 % after treatment with 20 mg/l of
ozone for 80 min.

3.5. Antifungal LAB bioproduct for detoxification and increasing efficiency
of fermentation process from Fusarium spp. contaminated grains

The effect of LAB metabolites on the mycotoxin content in wheat grains

The results obtained during the contamination studies are summarized in
the box and whisker plots in Figure 3.7.
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Fig. 3.7. The effects of treatment with LAB bioproducts on the DON concentration in
contaminated wheat samples (*and ** — substantial differences compared with the control
at 95 and 99 % probability level)
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The presence of DON was found in three of the analyzed four malting
wheat samples. The initial levels of DON varied from 1246 pg/kg to 4371 pg/kg
with the average concentration of 3050 pg/kg (Figure 3.7). The ELISA analysis
showed that the DON content in contaminated wheat grains after treatment by
LAB bio products fermented in permeate medium decreased. Detoxification
level depended on the LAB strain used in grain biotreatment. The study showed
that the DON concentration in wheat grains after processing with LAB bio
products led to a reduction of DON concentration from 16.59 to 66.86 %
compared to the control values (Fig. 3.7).

The highest detoxification effect established after the treatment of
contaminated wheat grain with L. sakei (Ls) (from 57.47 to 66.86 %; p < 0.01)
and P. pentosaceus (Pp10) (from 39.46 to 66.21 %; p < 0.01) compared to the
control values. Other types of LAB influence of the concentration of DON in
wheat grain was lower with P. acidilactici (Pa7) (from 24.30 to 52.35 %; p <
0.05) and L. bulgaricus (Lb) (from 16.59 to 64.74 %). Wheat grain treatment
with unfermented permeate also observed DON concentration decrease from
21.14 % to 46.94 % compared to the control values.

Antifungal trials of bioproducts based on cheese permeate

Permeate samples fermented by tested LAB were screened for their
antifungal activity against various Fusarium spp. possibly occurring on infected
wheat grains (Fig. 3.8). The inhibitory effect of permeate bioproducts was quite
different, mainly because various samples had different amounts of lactic acid
present in them.

Table 3.3. Unmolded grain content after different biotreatments

Grain sample Unmoulded grain, %
Control’ 21.7+1.2
Permeate 450+ 1.6
Permeate + L. bulgaricus (Lb) 95.0+1.4"
Permeate + L. sakei (Ls) 933+1.7"
Permeate + P. acidilactici (PaT) 91.5+2.1"
Permeate + P. pentosaceus (Pp8) 87.5+2.3"
Permeate + P. pentosaceus (Pp9) 88.0+2.0"
Permeate + P. pentosaceus (Pp10) 883+1.5"

'Control — grain treated with sterilized distilled water.
** — substantial differences compared with the control at 99 % probability level

The antifungal test has shown that the grain treatment with pasteurized
cheese whey permeate fermented by LAB significantly (p < 0.05) improved the
grain resistance to mould infection, with more than 88 % (P. pentosaceus
strains), and on average 93 % (L. sakei, P. acidilactici and L. bulgaricus) of
unmoulded grains compared to the control (Table 3.3). The low antifungal
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activity was observed in the samples treated with spontaneously fermented
permeate, which resulted in 45 % of unmoulded grains.
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Fig 3.8. Fusarium spp. contaminated wheat grain (@) and after biotreatment with Ls
(fermented in permeate 48 h) (b)

The production rate of organic acids during permeate fermentation
strongly (p < 0.05) depended on the LAB strain and fermentation time.

Table 3.4. L(+) ir D(-)-lactic acid amount (g/l) in LAB fermented bioproduct

Fermentation LAB L(+)-lactic D(-)-lactic Total lactic acid,
time, h. acid, g/l acid, g/l g/l
Lb 0.356 £0.04 0.417+0.05 0.773 £0.12
Ls 0.505 £0.06 0.417+£0.05 0.922+0.14
24 Pa7 0.646 £0.08 0.449 +£0.05 1.095+0.16
Pp8 0.388 £0.05 0.384 +£0.05 0.772+£0.12
Pp9 0.517 £0.06 1.826 £0.22 2.343 £0.35
Ppl0 1.648 +£0.20 0.545 +0.07 2.193+£0.33
Lb 0. 000 +0.00 1.697 £0.20 1.697 £0.20
Ls 1.134 +£0.12 1.021 +0.11 2.155+0.28
48 Pa7 0. 000 + 0.00 4.870 +0.54 4.870 +£0.54
Pp8 0.632 £0.07 0.456 £0.05 1.088 £0.14
Pp9 0.527 £0.06 0.249 +0.03 0.776 £0.10
Ppl0 1.034 £0.11 0.481 £0.05 1.515+0.20
Lb 0.000 £ 0.00 1.371£0.19 1.371£0.19
Ls 0.924 £0.13 0.633 +0.09 1.557+£0.23
72 Pa7 0.646 +0.09 0.000 = 0.00 0.646 +0.09
Pp8 0.737 £0.10 0.233+0.03 0.970+0.15
Pp9 0.420 £ 0.06 0.000 = 0.00 0.420+0.06
Pp10 0.485+0.07 0.449 £ 0.06 0.934+0.14

Pa7 produced the highest amount of total lactic acid (LA) (4.87 g/l) after
48 h of fermentation; in this case only D(-)-lactic acid has been detected (Table
3.4). The highest total LA content on average 2.26 g/l was produced by Pp10 and
Pp9 strains after 24 h of fermentation. Ls and all P. pentosaceus (Pp8, Pp9 and
Pp10) strains could be indicated as DL-forming bacteria, whereas the percentage
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of L(+)-lactic acid in which varied between 52—-76 %.

The highest content of acetic acid (AA) after 24 h of fermentation was
found in Lb and Ls samples (5.22 and 4.14 g/, respectively), while AA
production by the other LAB strains was lower by 58.4 % (Fig. 3.9), and AA
content was only from 12.5 to 17.6 % higher compared to the control values.
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Fig 3.9. The acetic acid (AA) content after 24 and 48 hours of cheese permeate
fermentation by different LAB strains (*and ** — substantial differences compared with
the control at 95 and 99 % probability level)

Prolonged fermentation (48 hours) with Pa7 and Pp10 allowed to increase
the content of acetic acid on average by 14.4 %, Pp9 and Pp8 on average by
21.4 %, and Ls by 5.5 % compared to 24 h fermentation. According to the data
analysis, a strong relation (r = 0.832; p < 0.05) was found between the AA
content in LAB bioproducts and their antifungal activity. The assessment of the
impact on antifungal activity showed that the correlation coefficient between the
total lactic acid content in bioproduct samples and the antifungal activity was
lower (r = 0.488; p < 0.05). No significant correlation was found between the
content of lactic acid isomers L(+) and D(-) in bioproduct samples and antifungal
activity.

The effect of LAB metabolites on the germination energy in contaminated
wheat grains

The effect of biotreatment on germination energy significantly (p < 0.05)
depends on LAB strains used for the bioproduct fermentation, as well as on the
grain contamination level. The germination energy of the contaminated grains
(1800 pg/kg DON) decreased on average by 9 % compared with the healthy
grains (<10 pg/kg DON) (Fig. 3.10). The Pa7 and Pp10 bioproducts containing
the high amounts of LA (Table 3.4) and low amounts of acetic acid (AA) (Fig.
3.9) had no significant effect on the germination energy of healthy grains,
whereas the germination energy of contaminated grains increased on average by
7.5 % in comparison with the untreated grains.
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Fig. 3.10. The effect of permeate bioproduct fermented with different LAB strains on
healthy (0 pg/kg DON) and contaminated (1800 pg/kg DON) wheat grain germination
energy after 3 days of germination (*and ** — substantial differences compared with the

control at 95 and 99 % probability level)

The Ls and Lb bioproducts containing the high LA and low AA contents
lowered the germination energy of healthy grains by 6.9 %. However, the
germination energy of contaminated grains was increased by 3.6 % in
comparison with the control values.

Fermentation of Fusarium spp. contaminated barley biomass

In order to determine the efficiency of the alcohol fermentation of barley
contaminated at different levels with Fusarium spp. mycotoxin deoxynivalenol
(DON), the concentration of ethanol and fusel oils were analyzed.
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Fig 3.11. Effect of contamination with DON on the amount of ethanol (4) and
concentrations of higher alcohols (B) in the distillates from Fusarium spp. contaminated
barley (*and ** — substantial differences compared with the control at 95 and 99 %
probability level)

It was found that liquefaction and saccharification of Fusarium
contaminated barley biomass using only traditional amylolytic enzymes
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(StargenTM 002; 0.456 GU/kg) caused the decrease between 7.5 % (sample B-
120) and 12.2 % (sample B-1225) in ethanol concentrations (Fig. 3.11 A). Figure
3.11 B shows on the contrary a different picture for the higher alcohols where an
increase between 17.4 % (sample B-120) and 61.3 % (sample B-1225) in
concentrations compared to the control sample may be noticed. The decrease of
ethanol concentration was not adequate to the changes of higher alcohols. It
indicates that apart from mycotoxins, many factors could modify the
fermentation process and the composition of raw spirits.

The ethanol yields after fermentation of wholesome and infected barley
biomass reached 79 % and 71 % of the theoretical value (0.461 g/g), respectively
(Table 3.5). The explanation for the decrease in the ratio of fermentation by S.
cerevisiae might be the inhibitory effect of high concentrations of Fusarium
mycotoxins on yeast growth.

Effects of combined enzymatic treatment of infected barley biomass on
ethanol yields and fusel oils

In order to determine the influence of a combined treatment with a mixture
of amylolytic and xylanolytic enzymes on the efficiency of the alcohol
fermentation process from Fusarium contaminated barley biomass, T reesei
xylanase (Ecopulp) was selected as a catalyst for further trials.
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Fig. 3.12. Alcohol concentrations in distillate obtained after saccharification of barley
(sample B-1225) using appropriate amounts of xylanase (Ecopulp TX-200A) and
fermentation with S. cerevisiae yeast (*and ** — substantial differences compared with the
control at 95 and 99 % probability level)

The addition of a selected catalyst (Ecopulp TX-200A) at the levels from
1150 to 5750 XU/kg in combination with S. cerevisiae yeast resulted in a higher
on average by 10.3-29.2 9% ethanol concentration compared to the control
sample without xylanase (57.7 g/1) (Fig. 3.12). The highest ethanol concentration
was achieved when the amount of 3450 XU/kg xylanase was added (74.6 g/l).
Our study showed that the action of xylanase depends on substrate selectivity. It
could be that the hydrolysis rate decreased with the increasing concentration of
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soluble materials in the substrate due to the enlarged arabinoxylans degradation
and solubilization with the addition of xylanase at the dose higher than 3450
XU/kg.
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Fig. 3.13. Formation of methanol and higher alcohols during fermentation of Fusarium
contaminated barley (sample B-1225). Samples: control — with amylolytic enzymes; with
xylanase — combined treatment with amylolytic enzymes (StargenTM 002) and xylanase

(Ecopulp TX-200A) at a level of 3450 XU/kg (*and ** — substantial differences
compared with the control at 95 and 99 % probability level)

The quantitative analysis of alcohol showed that by application of a
combined enzymatic treatment by addition of T. reesei xylanase for hydrolysis of
infected barley biomass, also the quality of bioethanol decreasing the total
content of higher alcohols (fusel oils) in the distillate on average by 23.9 %
improved (Fig. 3.13). It also reduced the methanol concentration by 26.3 % in
comparison with the sample without xylanase. In summary, the addition of
xylanase played a positive role on the enzymatic hydrolysis of Fusarium
contaminated barley. The formation of methanol during the fermentation
indicated that Fusarium contaminated cereals were a pure growing medium for
yeasts.

Study of saccharification of wholesome and Fusarium spp. contaminated
barley biomass (sample B-1225) showed that the treatment with only traditional
amylolytic enzymes (0.456 GU/kg) caused the formation of a lower content (by
12.2 % and by 16.3 %, respectively) of reducing sugars in the wort compared to
the combined treatments (Table 3.5). The analysis of broth acidity indicated the
formation of higher amounts of organic acids during the fermentation of infected
barley biomass. The pH value of the broth was lower by 24.2 % in comparison to
the uninfected sample (Table 3.5). After a combined enzymatic treatment, the
ethanol yields reached 87 % of the theoretical control sample and 83 % of the
theoretical infected sample (Table 3.5). The results showed that T. reesei
xylanase together with different side glycoside hydrolases (cellulase/glucanase)
may influence the enrichment of the yeast growing medium.
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Table 3.5. Effects of added enzymes on reducing sugar (g per 100 g) and ethanol yields following the hydrolysis

Sample Worth Fermented broth Ethanol yields*
Reducing sugar Reducing sugar
Amylolytic Amylolytic and pH Amylolytic Amylolytic and pH Amylolytic Amylolytic and
enzymes xylanase enzymes enzymes xylanase enzymes enzymes xylanase enzymes
B-0 18.1+0.2° 20.3+0.2° 6.07  3.5+0.02° 2.240.02° 5.12 0.363° 0.403°
B-1225 16.4+0.1° 19.6:0.2° 7.01 _ 4.2+0.02° 2.6+0.02° 3.88 0328 0.381°

Table 3.6. Effect of treatment by different LAB on the methanol and higher alcohols of infected barley (sample B-1225) using S. cerevisiae, K.
marxianus and K. marxianus bulgaricus yeasts

Treatment with Yeast Methanol Propyl alcohol  Isobutyl Isoamyl Total higher Ethanol
alcohol alcohol alcohols yields'

Control with S. cerevisiae 140 + 23 275+21 760 + 42 1768 £ 174 2803 0.381

amylolytic and

xylanase

enzymes

Ls S. cerevisiae 98 +4 267 +21" 699 £ 16 1957 £ 51 2923 0.378
K. marxianus 120+ 12 330 +£23" 1132 £57" 2951 +48" 4413 0.375
K. marxianus bulgaricus 118+8 415+ 18" 680+22°  2223+28" 3318 0.401

Pa7 S. cerevisiae 69 +3" 319+32" 727 + 24 2500 + 36" 3546 0.375
K. marxianus 112+ 6 220+227 932+ 14" 2483 +43" 3635 0.373
K. marxianus bulgaricus 90 +4" 382+24" 822+ 11 2245 + 66" 3449 0.392

Pp9 S. cerevisiae 68+5 451+26" 1080 +48™ 2381 +38" 3912 0.377
K. marxianus 9240 330+ 16" 926+36" 3040 +42" 4296 0.376
K. marxianus bulgaricus 88 +0 540+ 26" 618+12°  2717+21" 3875 0.393

" Ethanol yields in g alcohol/g reducing sugars
*and ** — substantial differences compared with the control at 95 and 99 % probability level
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Effect of barley grain treatment with LAB on ethanol yields and quality

Effects of treatment by different LAB on the concentrations of ethanol and
higher alcohols in the distillates obtained from Fusarium spp. contaminated
barley are presented in Figure 3.14 and Table 3.6.
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Fig. 3.14. Effects of treatment by different LAB of infected barley (sample B-
1225) on the ethanol concentrations after fermentation with S. cerevisiae, K. marxianus
and K. marxianus bulgaricus yeasts (*and ** — substantial differences compared with the
control at 95 and 99 % probability level)

The treatment of contaminated barley with selected LAB and S. cerevisiae
yeast had no significant influence (p < 0.05) on the ethanol quantity (Fig. 3.14).
The alcohol concentration after treatment of infected barley with Ls, Pa7 and
Pp9 were detected on average of 73.7 g/l. Unfortunately, by using some LAB
strains, higher amounts of higher alcohols formed during fermentation (Table
3.6). It was noticed that the application of a combined treatment with xylanase
and tested Pa7 and Pp9 for infected barley grain using S. cerevisiae yeast for
fermentation significantly increased (by 27.5 %) the content of isoamyl alcohol
(Table 3.6). Also, the total amount of fusel oils increased by 24.6 % in
comparison with the untreated sample (Fig. 3.14). The treatment of barley grains
with Ls had a lowering effect on fusel oil formation: the increase in
concentrations of isoamyl alcohol by 9.6 % and in total fusel oils by 4.1 %, was
observed.

The selection of yeasts for barley biomass fermentation

The effects of different yeasts on the amount of ethanol and concentrations
of higher alcohols in the distillates from Fusarium contaminated barley are
presented in Figure 3.14 and Table 3.6. The results showed that the efficiency of
the fermentation process of infected barley could be increased by selecting
different yeast strains. By using K. marxianus var. bulgaricus yeast for barley
fermentation, higher ethanol concentrations by 5.7 % and 6.5 % (Fig. 3.14) were
observed in comparison with S. cerevisiae and K. marxianus yeast. Treatment
with different LAB of barley biomass by using different yeasts for fermentation
gave the ethanol yields in the range of 81-86 % of the theoretical value. Based
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on the reducing sugar content in barley biomass, after treatment with 20 % of
LAB suspension at the xylanase of 3450 XU/kg grain together with 10 g/l of
selected yeast, the ethanol yield was obtained (Table 3.6).

K. marxianus var. bulgaricus yeast in combination with tested LAB gave
the highest ethanol yields (85-86 %) of the theoretical value. The results of
ethanol qualitative analysis showed that by application of K. marxianus yeasts
and combined treatment with T. reesei xylanase and different LAB, the quality
of the obtained bioethanol was lower. After treatment with Ls, Pa7 and Pp9, the
higher amounts of total fusel oils in the distillate on average by 26.6 % were
identified (Table 3.6) in comparison with the untreated sample (2803 mg/l). They
did not differed significantly from the samples fermented with S. cerevisiae.
Contrary to the treatment with Ls, Pa7 and Pp9 and both K. marxianus strains
reduced the methanol concentration in the broth by 15 %, 27 % and 35.5 %,
respectively, in comparison with the untreated sample (140 mg/l).

Effect of combined treatments of infected barley on DON contents in DDGS

After alcoholic fermentation using amylolytic enzymes (amyl) for barley
biomass hydrolysis, 92 % of the initial DON level (1427 pg/kg d.m.) was
detected in DDGS (Fig. 3.15). The complex enzymatic treatment with T. reesei
xylanase (amyl+xyl) used for wort saccharification reduced the DON levels in
DDGS up to 71 % of the initial concentration.
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Fig 3.15. Effect of different treatments on DON concentrations in DDGS. 1 —
S.cerevisiae; 2 — K. marxianus, 3 — K. marxianus bulgaricus (*and ** — substantial
differences compared with the control at 95 and 99 % probability level)

However, the residual DON concentration in DDGS was still too high —
despite its reduction — for the DDGS to be used in feed. The combined treatment
of the infected barley biomass with Ls and S. cerevisiae for bioethanol
production initiated the reduction of DON levels in DDGS up to 49 % of the
initial contamination. Other tested yeasts of K. marxianus and K. marxianus var.
bulgaricus in combination with the treatment with Ls reduced the DON
concentrations in DDGS up to 52 % and 45 % of the initial level, respectively,
during the fermentation of infected barley biomass (Fig. 3.15).
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4. CONCLUSIONS

1. It was found that Fusarium spp. produced metabolites affected cereal
chemical composition, microstructure and properties of technological
changes:

1.1. With the increasing concentration of DON in barley and wheat grains, the
quantity of starch, on the contrary, declined. The infected grain showed an
increase in the enzymatic activities (amylolytic, xylanolytic and
proteolytic).

1.2. Fusarium spp. infection changed the microstructure of grain: the grain wall
became thin and wrinkled, it lost the form of starch grains, signs of
hydrolysis and increased spacing between the starch granules were
determined,

1.3. Fusarium spp. contamination had a negative effect on the technological
properties of wheat 1000 grain mass and germination energy: the increasing
concentration of DON wheat germination energy reduced from 93.6 to
37.00 %.

2. The development of the acoustic method for the detection of mycotoxins in
wheat grains showed:

2.1. Strong correlations (r = 0.9013; p < 0.05) were achieved between DON
concentrations determined by the reference ELISA method and were
predicted with the acoustic technique in wheat samples.

2.2. Relative standard deviation (RSD) values for the wheat model samples fall
well within the range of repeatability (< 20 %) prescribed by CEN/TR
16059:2010 (CEN, 2010). According to our results, the acoustic method is
reliable and can be used to predict the level of DON contamination in wheat
grain samples.

3. CO, concentration in stored wheat grains is highly dependent on the degree
of Fusarium spp. infection in wheat cereal, grain moisture and coarseness:

3.1. It was found that varying moisture content of stored healthy (0 pg/kg) and
contaminated (800 ug/kg) wheat grains leads to the increase of CO,
concentration. CO, concentration increased with the grain moisture content
(18.5 and 24.5 %), whereas at 14.5 % a significant concentration increase
was not identified.

3.2. The intensified CO, concentration was determined in large stored grains
compared to the small stored grains.

3.3. In Fusarium spp. contaminated storaged wheat grains, a higher CO,
concentration than in healthy grains was determined.

4. The largest mycotoxin detoxifying effect of ozonation depended on the
duration of the exposure time: when the processing time was 130
minutes,the degradation rate of mycotoxins DON, ZEA, T-2 and HT-2 in
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malting grains reached up to 25.0 %, 48.7 %, T-2 65.0 % and 82.8 %,
respectively.

5. The development of LAB bio product in malting grain processing provides
that:

5.1. The cheese whey permeate is a suitable medium for fermentative
production of LAB bio product and its antimicrobial metabolites — lactic
and acetic acid.

5.2. The DON concentration in malting wheat reduced at a rate from 16.59 %
to 66.86 % after treatment of malting wheat with LAB bio products. A
higher antifungal effect was determined with L. bulgaricus (Lb) (95 %), L.
sakei (Ls) (93.3 %) and P. acidilactici (Pa7) (91.5 %) strains.

5.3. The treatment with Pa7 and Ppl0 fermented permeate increased the
germination energy of Fusarium spp. contaminated wheat grains on
average by 7.5 % compared to the control sample.

6. Proteomic analysis of Fusarium spp. contaminated wheat protein substances
evaluated by 1D PAGE electrophoresis showed that LAB biotreatment had
no significant effect on the malting wheat proteomic changes during grain
germination.

7. The examination effect of bio product for the increasing efficiency of
bioethanol production from Fusarium spp. contaminated barley biomass
provides:

7.1. 1t was found that DON concentration from 120 ug/kg to 1225 pg/kg in
Fusarium spp. contaminated barley caused the decrease from 7.5 % to 12.2
% in ethanol concentrations and the increase from 21.0 % to 158.43 % in
the concentrations of higher alcohols compared to control sample (DON — 0
Hg/kg).

7.2. The highest ethanol yield (74.6 g/l) was obtained by using xylanase of
3450 XU/kg grain for hydrolysis; xylanase caused the decrease to 23.9 % in
the concentrations of higher alcohols.

7.3. Treatment with Ls of Fusarium spp. contaminated barley biomass using K.
marxianus var. bulgaricus yeast for fermentation gave the ethanol yields
reaching 87 % of the theoretical value for the control sample.

7.4. The tested yeasts of K. marxianus and K. marxianus var. bulgaricus in
combination with the treatment by Ls allowed to reduce the DON
concentrations in DDGS up to 45 % of the initial level, respectively, during
the fermentation of the infected barley biomass.
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FUSARIUM SPP. PAZEISTU JAVU GRUDU SALYKLO
GAMYBOJE APTIKIMAS IR DETOKSIKACIJA ANTIMIKROBINEMIS
BIOPRIEMONEMIS

SANTRAUKA

Temos aktualumas. Gyventojy skai¢ius Zeméje nuolat didéja. Tai lemia
maisto produkty ir pasary paklausos augimg. Griidiné Zaliava maisto produkty
gamyboje uzima svarbig vieta ir sudaro didele Zmogaus mitybinio raciono dalj,
todel labai svarbu uztikrinti, kad ji atitikty grieztus kokybés ir saugos
reikalavimus.

Viena i§ didziausiy grudinés Zzaliavos panaudojimo sri¢iy yra salyklo
gamyba, kuri yra svarbi maisto pramonés Saka. Pastaruoju metu ypa¢ aktualus
salyklo gamybos efektyvumo didinimas. Sios problemos sprendimas susijes su
salykliniy gridy daigumo didinimu jvertinant ir laiku i§ grudy perdirbimo
grandinés pasalinant mikroskopiniy gryby pazeistus salyklinius gridus.
Nepalankios klimatinés salykliniy griidy auginimo bei netinkamos jy laikymo
salygos ir gridy morfologiniai ypatumai sudaro palankias salygas daugintis
mikroorganizmams. Todél ypatingas démesys turi biiti skiriamas antriniy
mikroskopiniy gryby metabolizmo produkty — mikotoksiny — prevencijai. Dél
grudy uzterSimo mikotoksinais patiriami didziuliai ekonominiai nuostoliai, nes
uzkrésta zaliava negali buiti parduodama ar perdirbama. Taip pat pazymétina, kad
Lietuvoje sparéiai ple¢iama ir biodegaly gamyba. Zinoma, kad uzkrésta griidiné
zaliava turi neigiamos jtakos fermentacijos procesui, o kaip bioetanolio gamybos
atlickos licka Zlaugtai, kurie gali biiti sékmingai naudojami kombinuotyjy pasary
gamyboje. Svarbu, kad Sios bioetanolio gamybos metu gautos atlickos biity
saugios paSary gamybai. Taigi, tiriant fuzariozés pazeisty salykliniy gridy
panaudojimo bioetanolio gamyboje galimybes, tikslinga iStirti skirtingy
biotechnologiniy priemoniy — grudinés zaliavos fermentinés hidrolizés ir
alkoholinés fermentacijos — jtaka bioetanolio gamybos efektyvumo didinimui ir
mikotoksiny kiekio gamybos atliekose (zlaugtuose) mazinimui.

Vienintelis patikimas biidas uzkirsti kelig salykliniy grudy uzterSimui
mikotoksinais yra uztikrinti, kad griiduose nesidauginty mikroskopiniai grybai.
Todél vartotojams nuo mikotoksiny apsaugoti biitina turéti gera jy nustatymo ir
kontrolés griiduose sistemg. Pasaulinéje praktikoje mikotoksinams nustatyti
dazniausiai taikomi daug darbo ir laiko reikalaujantys pamatiniai cheminiai,
imunofermentiniai ir fizikiniai mikotoksiny analizés metodai. Kita vertus, iki §iol
neiSspresta méginiy paémimo mikotoksiny analizei problema. Jvertinus tai, kad
mikotoksiny nustatymo metodai yra sudétingi ir brangis, salykliniy grudy
perdirbimo procese iSskirtinis démesys turi biiti skiriamas inovatyviems
metodologiniams sprendimams, kurie leisty greitai ir pigiai aptikti mikotoksinus
zaliavoje neimant méginiy.
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Kita vertus, mikrobiologinés tarSos kontrolé salykliniy gridy perdirbimo
grandinéje siejama su kompleksiniy technologiniy sprendimy taikymu ne tik
vystant naujus mikroskopiniais grybais uzkrésty griidy aptikimo metodus, bet ir
kuriant naturalias salykliniy griidy apdorojimo (detoksikacijos) biopriemones.

Pirmoji tyrimy kryptis siejama su Siuo metu Salyje vystomu akustiniu
metodu ir technika jam realizuoti. EUREKA ITEA2 projekta ACOUSTICS
verting ekspertai pabrézé, kad akustika pirmg karta taikoma grudy saugos
monitoringui, ir pazyméjo idéjos novatoriskumg ir svarbg vartotojo
sveikatingumo uztikrinimui. Taciau iki S§iol néra tirta Fusarium spp.
mikroskopiniy gryby ir jy metabolity jtaka salykliniy griidy cheminei sudéciai ir
technologinéms savybéms. Be to, stokojama informacijos apie Fusarium spp.
uzterSty gridy mikrostruktiiros poky¢iy ry$j su vystomo akustinio metodo
vertinimo parametrais. Kita vertus, labai svarbu uztikrinti tinkamas salykliniy
gridy laikymo salygas. Laikomy griidy gedimas siejamas su tam tikrais
i$skirtiniais pozymiais: puvimo kvapu, padidéjusia gridy masés temperatiira,
i$siskirian¢io anglies dioksido (CO,) koncentracijos padidéjimu. Tolydinés CO,
kontrolés technika pagrjsta $io parametro fiksavimu laikomy gridy maséje. Ji
leidzia grudy gedima nustatyti tiksliai ir daug anksciau nei vykdant temperatiiros
ir drégmés monitoringg. Toks techninis sprendimas efektyviausias talpyklose,
turinCiose aktyviosios ventiliacijos sistema. Grudy saugyklose nesant
ventiliacijos sistemy, toks CO, monitoringas grudy laikymo metu yra
probleminis dél skirtingy dujy migracijos laikomuose griiduose ypatumy.
Siekiant padidinti Sio metodo tikslumg ir pritaikomuma skirtingy technologiniy
parametry gridy laikymo kontrolei, pvz., neventiliuojamose talpyklose, aktualu
vystyti techninius sprendimus, leidziancius stebéti CO, koncentracijos pokycius
laikomy gridy maséje.

Antra vertus, tarptautinéje praktikoje didelio susidoméjimo kaip grudinés
zaliavos detoksikacijos priemoné sulauké biotechnologiniai preparatai, pagaminti
naudojant antimikrobinémis savybémis pasizymin&ius mikroorganizmus. Salyje
tokie bakteriocinus gaminantys mikroorganizmai buvo isskirti i§ ruginiy raugy ir
sékmingai pritaikyti maisto pramonéje (FERMFOOD projektas). Antimikrobinj
poveiki Fusarium spp. mikroskopiniams grybams pademonstravo su
bakteriocinus gaminanciomis pieno rugsties bakterijomis (PRB) pagaminti
bioproduktai, kuriais buvo apdorotos kvieciy, mieziy ir kukurtizy javy séklos
(BIOEKOTECH projektas). Manoma, kad naujy antimikrobinémis savybémis
pasizyminciy bioprodukty gamybos technologijy kiirimas ir pritaikymas galéty
padidinti salyklo gamybos efektyvuma ir sumazinti Fusarium spp.
mikroskopiniy gryby ir jy gaminamy mikotoksiny kiekj perdirbamoje salyklinéje
zaliavoje. Taip pat labai svarbu jvertinti séklos dygimo metu vykstancius
biopreparatais apdoroty salykliniy griidy baltymy pokycius, atliekant baltymy
frakcionavimg pagal molekuling mase. Tai leisty geriau suprasti salykliniy grady
dygimo metu vykstancius biocheminius procesus ir parinkti optimalius
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technologinius salyklo gamybos parametrus.

Sparciai pleciasi ir kity ekologiniy priemoniy, pvz., ozono, kaip
alternatyvos biotechnologinéms griidy uzterStumo maZzinimo priemonéms,
panaudojimo griidinéje Zaliavoje esanciy mikotoksiny koncentracijai sumazinti
galimybés. Ozonas yra gana palankus aplinkai, jj naudojant nesusidaro toksiniy
lieckany. Vis délto ozono antimikrobinis efektyvumas priklauso nuo keliy
veiksniy: panaudoto kiekio, mikotoksiny riiSies ir koncentracijos, jvairiy
aplinkos veiksniy, pvz., griidy masés temperatiiros, drégmés ir pavirSiaus
savybiy, todél ozono panaudojimo gradinés zaliavos saugai uztikrinti galimybiy
tyrimg bitina plétoti.

Darbo tikslas

Sukurti greitus ir efektyvius metodus Fusarium spp. mikroskopiniy gryby
pazZeistiems griidams aptikti, o S$iy gryby gaminamiems mikotoksinams
detoksikuoti ir fermentacijos proceso efektyvumui didinti panaudoti natiiralias ir
ekologiskas priemones — pieno riigsties bakterijy bioproduktus ir 0zona.

Darbo uzdaviniai

1. Nustatyti ry$j tarp Fusarium spp. gaminamo mikotoksino
deoksinivalenolio (DON) koncentracijos ir pazeisty salykliniy griidy
cheminés sudéties bei mikrostruktiiros pokyc¢iy.

2. Nustatyti rysj tarp salykliniy kvieciy gridy uzterStumo Fusarium spp.
gaminamu mikotoksinu deoksinivalenoliu lygio ir akustinio signalo
parametro verciy.

3. Ivertinti naujus techninius sprendimus, leidzianCius stebéti CO,
koncentracijos pokycCius laikomoje Fusarium spp. pazeistoje kvieciy
griidy maséje.

4. Nustatyti ozonavimo jtaka mikotoksiny koncentracijos perdirbamoje
salyklingje Zaliavoje mazinimui.

5. Jvertinti antimikrobinémis savybémis pasizyminciy pieno riigsties
bakterijy bioprodukty, kultivuoty siiriy iSriigy permeato mitybinéje
terpéje, jtaka susidariusiy metabolizmo produkty kiekiui, salyklo
gamybos efektyvumo didinimui ir mikotoksiny koncentracijos
perdirbamoje salyklin¢je zaliavoje mazinimui.

6. Nustatyti pieno riigsties bakterijy bioprodukty poveikj Fusarium spp.
pazeisty salykliniy kvieCiy gridy baltyminiy medziagy kiekybinei
sudéCiai grudy dygimo metu, atliekant baltymy frakcionavimg pagal
molekuling masg.

7. Ivertinti skirtingy biotechnologiniy priemoniy — pieno riigsties bakterijy
ir gridinés zaliavos fermentinés hidrolizés — panaudojima fuzariozés
pazeisty mieziy gridy alkoholinés fermentacijos efektyvumui didinti ir
mikotoksiny kiekiui gamybos atliekose (zlaugtuose) mazinti.
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Mokslinio darbo naujumas

Isbandytas ir pritaikytas pagal EUREKA ITEA2 projekta ACOUSTICS
sukurtas akustinis spektrometras, skirtas greitai ir bekontak¢iu btdu kvieciy
gridy uzterStumo Fusarium spp. gaminamu mikotoksinu DON lygiui nustatyti.

Salykliniy kvieéiy griidy biologinei tarSai — Fusarium spp. gaminamy
mikotoksiny koncentracijai — sumazinti panaudoti PRB bioproduktai ir ozonas.

IStirtos pieno perdirbimo atlieky (siiriy iSriigy permeato) panaudojimo
antimikrobiniams PRB bioproduktams gaminti ir Fusarium spp. pazeisty
salykliniy griidy sveikumui ir daigumui didinti galimybés.

Istirtas PRB bioprodukty poveikis Fusarium spp. pazeisty salykliniy
kvieciy grudy baltyminiy medziagy kiekybinei sudéciai gridy dygimo metu.

Teoriné ir praktiné darbo verté

Pritaikyta akustiné technika, leidzianti greitai ir efektyviai aptikti
Fusarium spp. pazeisty kvieciy grudy uzterStuma.

Jrodyta, kad pieno perdirbimo Salutinis produktas — siriy iSrigy
permeatas — yra tinkama terpé gaminti PRB bioproduktams, kurie pasiZzymi
antimikrobiniu poveikiu Fusarium spp. bei jy gaminamam mikotoksinui DON ir
padidina salyklo gamybos efektyvuma.

Nustatyta, kad ozonavimas sumazina Fusarium spp. gaminamy
mikotoksiny kiekj salykliniuose kvie¢iy griiduose.

PRB, fermentiniai preparatai ir mielés, naudotos Fusarium spp. pazeistos
mieziy grudinés Zzaliavos fermentacijos metu, padidina bioetanolio iSeiga ir
sumazina Fusarium spp. gaminamo mikotoksino DON koncentracija zlaugtuose.
Ginamieji disertacijos teiginiai
1. KvieCiy gridy pazeidimui jvertinti galima naudoti akusting technika,

leidzianéig greitai ir tiksliai aptikti kvieciy gridy pazeidima, kuris stipriai
koreliuoja su kvieCiy griiduose aptinkamo Fusarium spp. gaminamo
mikotoksino DON koncentracija.

2. PRB bioproduktai, kultivuoti stiriy iSrligy permeato terpéje, mazina
mikroskopiniy gryby infekcija kvieCiy grudy pavirSiuje ir pasizymi
detoksikuojamuoju poveikiu Fusarium spp. gaminamiems mikotoksinams.

3. PRB, fermentiniai preparatai ir mielés, naudotos Fusarium spp. pazeistos
mieziy gridinés zaliavos fermentacijos metu, padidina bioetanolio iSeigg ir
sumazina Fusarium spp. gaminamo mikotoksino DON koncentracija
zlaugtuose.

4. Ozonas pasizymi detoksikuojamuoju poveikiu Fusarium spp. gaminamiems
mikotoksinams.

42



ISVADOS

1. Istirta Fusarium spp. uzkrésty gridy cheminé sudétis, mikrostruktiira ir
technologinés savybés:

1.1. Mieziy ir kvieCiy griduose, didéjant DON koncentracijai, krakmolo
kiekis mazéjo, o fermenty (amilolitiniy, ksilanolitiniy ir proteolitiniy)
aktyvumas didéjo.

1.2. Uzkréstuose griiduose nustatyti Sie mikrostrukttiros pokyciai: plonesnés
ir susirauksléjusios griidy sienelés, destruktiirizuoti ir forma prarade
krakmolo grudeliai, sudar¢ pavienius aglomeratus, rodantys galimos
hidrolizés pozymius, ir padidéje tarpai tarp krakmolo granuliy.

1.3.  Fusarium spp. tarSa turéjo neigiamos jtakos kvieCiy gridy
technologinéms savybéms. Sumazéjo 1000 gridy masé ir nuo 93,6 % iki
37 % sumazéjo jy daigumas.

2. Sukurtas ir pritaikytas akustinis spektrometras mikotoksinams kvieciy
gruduose aptikti:

2.1. Nustatyta patikima tiesiné priklausomybé (» = 0,9013, p < 0,05) tarp
DON koncentracijos, nustatytos akustiniu metodu (DON (Acoust)), ir
DON koncentracijos, nustatytos ELISA metodu (DON (ELISA)).

2.2. Nustatytas akustinio metodo pakartojamumo santykinis standartinis
nuokrypis (SSN) skirtingam DON koncentracijos lygiui pateko i maziau
nei 20 % gero atsikartojamumo intervalo ribas, nustatytas pagal CEN/TR
16059:2010. Metodo patikimumo jvertinimo parametrai rodo, kad
akustiniu metodu galima nustatyti DON kiekj kvie¢iy griduose.

3. Nustatytas rySys tarp laikomuose griiduose susidariusios CO,
koncentracijos ir gridinés zaliavos uzkréstumo (DON) laipsnio, griidy
drégnio bei gridy stambumo:

3.1. Uzkréstuose kvieciy griiduose (DON — 800 pg/kg), palyginti su sveikais
griidais (DON - 0 pg/kg), nustatytas padidéjes CO, kiekis esant
padidéjusiam grudy drégniui (18,5 % ir 24,5 %), o esant standartiniam
grudy drégnumui (14,5 %) reikSmingo CO, koncentracijos skirtumo tarp
§iy gridy nenustatyta.

3.2. Nustatyta, kad CO, stambiuose griiduose iSsiskiria intensyviau nei
smulkiuose.

3.3. Laikomoje griidy maséje su Fusarium spp. tarSos zidiniu fiksuota
didesné CO, koncentracija.

4. Didziausias detoksikuojamasis Fusarium spp. grybais uzkrésty salykliniy
kvie¢iy gridy ozonavimo efektas priklausé nuo poveikio trukmeés:
vidutiniskai didziausiu detoksikuojamuoju poveikiu pasizyméjo 130 min.
trukmés pazeisty kvie€iy apdorojimas ozonu. Mikotoksiny DON, ZEN, T-
2 ir HT-2 koncentracija, palyginti su kontroliniu variantu, sumazéjo
atitinkamai 25 %, 48,7 %, 65 % ir 82,8 %.
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5. Istirtas PRB bioprodukty panaudojimas salykliniams griidams apdoroti.
Nustatyta:

5.1. Suriy iSrligy permeatas yra tinkama fermentaciné terpé PRB
bioproduktams gaminti, joje gerai dauginasi PRB ir kaupiasi
antimikrobiniai metabolizmo produktai (pieno ir acto riigstis).

5.2. PRB bioproduktais apdorotuose Fusarium spp. uzkréstuose kvieéiy
griduose DON koncentracija sumazéjo nuo 16,59 iki 66,86 %. Didziausiu
antigrybeliniu  poveikiu pasizyméjo bioproduktai, fermentuoti su
L. bulgaricus (Lb) (95 %), L. sakei (Ls) (93,3 %) ir P. acidilactici (Pa7)
91,5 %).

5.3. Fusarium spp. uzkrésty gridy daigumas po apdorojimo Pa7 ir Ppl0
padermémis, palyginti su kontroliniu variantu, padidéjo vidutiniskai
7,5 %.

6. Tyrimais jrodyta, kad apdorojimas PRB bioproduktu neturi jtakos
Fusarium spp. pazeisty salykliniy griidy baltyminiy medziagy kiekybinei
sudéciai gridy dygimo metu.

7. Istirtas biopriemoniy panaudojimas Fusarium spp. uzkrésty mieziy gridy
fermentacijos efektyvumui didinti. Nustatyta:

7.1. DON koncentracijai fermentuojamuose mieziy griduose didéjant nuo
120 iki 1225 pg/kg, susidariusio etanolio kiekis sumazéjo atitinkamai
nuo 7,5 iki 12,2 %, o susidariusiy aukstesnés eilés alkoholiy kiekis
padidéjo nuo 21 iki 158,43 %, palyginti su nepaZzeistais griadais (DON — 0
ng/kg).

7.2. Didziausia etanolio koncentracija (74,6 g/l) gauta, kai mieziy gridy
biomasé¢ fermentuota su 3450 XU/kg ksilanazés. Taip pat ksilanazé
susidariusiy auks$tesnés eilés alkoholiy kiekj distiliate sumazino
vidutiniskai iki 23,9 %.

7.3. Naudojant Ls ir K. marxianus var. bulgaricus mieliy derinj, nustatyta
didziausia susidariusio bioetanolio iSeiga tarp visy tirty PRB ir mieliy
deriniy — ji buvo 87 % teoriskai nustatytos biomasés iSeigos.

7.4. Pazeisty mieziy fermentacijai panaudojus Ls ir K. marxianus var.
bulgaricus mieliy derinj, DON koncentracija Zlaugtuose, palyginti su
pradine Zaliava, sumazéjo 55 %.
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