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INCREASE IN BIOGAS YIELD FROM WHOLE CROP MAIZE SILA GE
PREPARED WITH THE ADDITION OF INOCULANT LACTOSIL BI  OGAZ PLUS

Summary

The aim of the study was to evaluate the biogaftpbdity of silages made of whole crop maize Etsivith the addition
of inoculant, containing strains of Lactobacillusrgis from species that stimulate the synthesisoamaétabolism of 1,2-
propanediol to propionic acid. As a result of theeriments on the synergistic action of bacterizhias an inoculant
composition Lactosil Biogas Plus has been develophith contains the following bacterial strains: thuchneri A KKP
2047 p, L. diolivorans K KKP 2057 p and L. reutetiKKP 2048 p. Silages made of whole crop maize thighaddition of
the inoculant Lactosil Biogas Plus were preparedemproduction conditions at the experimental statiBased on the re-
sults of the silage analyses, it was found thatetfiect of inoculant in the ensiling process reslin the improvement of
their microbiological purity expressed by pathogebacteria elimination such as bacteria of the geBalmonella and Es-
cherichia coli species and by fivefold reductiomuaflds. In the experimental silages increased auraé acetic acid, 1,2-
propanediol and propionic acid was observed andrtherobic stability was 192 hours, while the aeimbtability of si-
lages prepared without the addition of inoculantswenly 96 hours. Thus the experimental silagesestltp methane fer-
mentation by laboratory method allowed to achidwehiogas yield higher by 60.2 NI kg dry organictiexd, the methane
content of the biogas higher by 6.4 percent redativthe standard silage without the addition @ ithoculant.
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WZROST WYDAJNO SCI BIOGAZU Z CALYCH RO SLIN KUKURYDZY
KISZONYCH Z DODATKIEM INOKULANTA LACTOSIL BIOGAZ PL  US

Streszczenie

Celem bada byta ocena biogazodochodoseokiszonek z catych stin kukurydzy konserwowanych z dodatkiem inokulan-
ta, zawieragcego szczepy bakterii z rodzaju Lactobacillus zuglabw, ktére stymulyj syntez i/lub metabolizm
1,2-propanodiolu do kwasu propionowego. W wynikdabadotyczcych synergizmu dziatania szczep6w bakterii opraco-
wano skiad inokulanta Lactosil Biogaz Plus, ktGayiera nasgpujgce szczepy bakterii: L. buchneri A KKP 2047 p,ib- d
livorans K KKP 2057 p i L. reuteri M KKP 2048 p.s&bnki z catych whin kukurydzy z dodatkiem inokulanta Lactosil Bio-
gaz Plus spormzono w warunkach produkcyjnych w gospodarstwigvizmiczalnym. Na podstawie wynikdw analizy ki-
szonek, stwierdzondée dziatanie inokulanta w procesie kiszenidliro spowodowato popragich czystéci mikrobiolo-
gicznej wyraajqcej se wyeliminowaniem bakterii patogennych z rodzajurteaella i gatunku Escherichia coli i obang
pieciokrotnie liczly plesni. W kiszonkach dwiadczalnych nagpit wzrost zawartéci kwasu octowego, 1,2-propanodiolu i
kwasu propionowego, a ich stabikidalenowa wynosita 192 godziny, podczas gdy stakiltienowa kiszonek bez dodatku
inokulanta tylko 96 godzin. W efekcie poddaniadisk déwiadczalnych laboratoryjnej fermentacji metanowegtoa
spfm, uzyskano wzrost wydajoibbiogazu o 60,2 jednostek NI kg smo., wzrost dad@ metanu w biogazie o 6,4 procent
w stosunku do kiszonki standardowej, bez dodatkuianta.

Stowa kluczoweinokulant, kiszonki z catych ftin kukurydzy, wydajni@ biogazu

1. Introduction opment of aerobic microorganisms during ensiling] [1
There is a commercial need for bacterial prepamati

Directions of research aimed at developing tedinic that improve the aerobic stability of silages imted for

bacterial preparations that improve the biogasitatuifity

of renewable raw materials refer to the cofermémtaof

various species and strains of lactic acid bactand in-
clude the understanding of metabolic pathways esyn-
thesis and transformation of organic acids, as althar-
acterization of metabolites formed in this procasd their
industrial use [1, 11]. The high content of acetiid in si-
lages is particularly important for the proper cmurof
methane fermentation, because in the acetate-geplesse,
about 70% of methane is formed from acetic aciderehs
high lactic acid content adversely affects the vétgtiof

methane fermentation bacteria, although it inhiliével-
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feed as well as for the production of biogas fremewable
raw materials, which take into account the efficierof
methane production from these materials [4, 5, Bhfte-
rial preparations added to the ensiled raw plamitsnided
for animal feeding and inoculants intended for pineduc-
tion of biogas should have a slightly differentiaest The
biochemical processes occurring in the processsilieg
renewable raw materials for biogas production shdig
aimed at limiting the synthesis of lactic acid, hncreas-
ing the synthesis of acetic and propionic acidgs tensur-
ing durability and aerobic stability and increasthe effi-
ciency of biogas from these silages [14]. In abes it is
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necessary to use silages characterized by highohiicr
ological quality and durability of functional feaés, and
for these reasons it is necessary to use inocufantheir
production, which include effectively acting in ghdirec-

- Lactobacillus buchnerh KKP 2047p,

- L. diolivoransk KKP 2056p,

- L. reuteriM KKP 2048p,

deposited ircollection of cultures of industrial microbes in

tion strains ofL. buchneri[ 2, 9, 12, 18]. In order to en- Institute of Agricultural and Food Biotechnology.

hance the effect of inoculants used for ensilinghetcrop
maize for biogas production, in addition to straofsL.
buchneribacteria, the participation of strains frdm dio-

livorans [8] and L. reuteri species is important [13, 19].

Silage experiments were carried out in productiondi-
tions at the experimental station of the Institaftd echnology
and Life Sciences in Falenty. Experimental sildgas whole
crop maize, with the addition of the developed grafion and

Strains of bacteria frorh. buchnerispecies are character- without its addition, were made from plants withrgt matter

ized by the ability to synthesize 1,2-propanedBitains of
L. diolivorans are characterized by the abilityrietabolize
1,2-propanediol to 1-propanol and propionic acidctria

content of approximately 34%. The preparation, @se of 5
grams per ton of plant masses, was given afteoldisg in
water, in the form of spraying, using an applicatoefore

of L. reuterispecies are capable of synthesizing the form cloading the plant material into the silo.

cobalamine, which is a coenzyme of diol dehydratase

After 60 days of ensiling the probes were taken fo

enzyme catalysing the reaction of conversion of- 1,2analyses: pH value, lactic, acetic, butyric andpjooic ac-

propanediol to propionic acid [13, 17].

As a result of model experiments, it was found tha
maximum B, uptake ofL. reuterioccurs during cultivation
in MRS medium enriched with glycerol
propanediol [13, 15]. At prof. Wactawabrowski Institute
of Agricultural and Food Biotechnology in the eerli
studies of the authors on the cofermentation oéctetl
strains of bacterial specids buchneri, L. reuteriand L.

ids, 1-propanol and 1,2-propanediol content andrimro-
biological measurements: number of molds, numbéract
teria of the genus or species as followiSgimonellasp.,

and 1,2-Escherichia coli,coliform bacteria andClostridium per-

fringens.

Methods of silage analyses:
- lactic acid bacteria were measured by pour gdath
MRS medium according to ISO standard (PN-EN

diolivorans it was found that there is the possibility to 15787:2009),

stimulate the synthesis of desirable metabolitesaastic

- the number of moulds was determined by the pletthod

acid as 1,2 -propanediol and propionic acid, whosaccording to the ISO standard (PN-ISO 21527-2: 2088 2)

presence in silage from renewable raw materialgongs
their aerobic stability and increases biogas yiBlased on
isolated from the natural environment
genetically and biochemically strains of these gmdhe
bacterial composition of the Lactosil Biogas seriesas

using agar medium with dichloran and 18% glycerol,
- determination oEscherichia coliand coliform bacteria

characterizedvas done using a plate method with the use of teahn

medium — 3M™ Petriflm™E. coli/Coliform Count Plates
(Noack, USA),

developed, intended for ensiling renewable raw tplan- Salmonellasp. were measured by a plate method with

materials such as whole plants of maize, grasswaeatiow
sward [19, 20].

In the previous publication [21] the effect of thrter
culture of Lactosil Biogas series with the follogin
bacterial compositionL. buchneri A KKP 2047 p,L.
diolivoransKKP 2057 p and.. reuteriM KKP 2048 p, on

the use of Rambach Agar (Merck, USA)

- Clostridium perfringensnumber was measured by a
plate method on selective medium TSC with D-cydiose
according to the 1SO standard (PN-EN 1SO 7937:2005)

- determination of pH by potentiometry,

- dry matter content with the PN-ISO 6496:2002 ctad,

biogas yield from silage made of meadow sward from determination of L- and D-lactic acids, aceti¢daand

second cut was presented. Experimental silages thith
addition of a newly developed preparation
characterized by high quality and extended by 78r$o
aerobic stability, more than twice higher acetiid aontent
and more than ten times higher propionic acid aante
comparison to control silages prepared without tiatdiof
the preparation. On the basis of the biogas piufita of
these silages it was found that the preparatiatisrain the
ensiling process resulted in a higher biogas yisd the
raw material by 39.9 NI kg dry organic matteand a
higher methane content in biogas by 3.7%,
simultaneous reduction of biogas contamination eaint
with ammonia and hydrogen sulphide [21].

2. Aim of the study

The aim of the study was to use the bacterialgnafon
Lactosil Biogas Plus for ensiling whole crop mastkges
and to show its impact on increased purity and dsogeld,
which can be produced from this material duringhaate
fermentation.

3. Materials and methods

Experiments were carried out with the usage ofdsddio-
gaz Plus preparation, which contained three battgrains:
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D-3-hydroxybutyric acid concentrations using enztima

weremethods (Boehringer Mannheim, Germany) (measurement

error 0,15-0,03 g-dm),

- propionic acid, 1l-propanol and 1,2-propanediolrave
determined by gas chromatography, which used atedgi
Technologies 7890A gas chromatograph with a flaomé i
sation detector (FID) and a capillary column witdiame-
ter of 0.53 mm and a length of 30 m with phase DB\
(J & W Scientific Columns). Helium was used as &iea
gas with a flow rate of 85 mL minand the following tem-

withperature program: 35°C (0.5 min.), with an increa$e

20°C min* to 90°C, and an increase of 10°C thin 200°C
(0.5 min); SPE C-18 columns for cleaning the probes

- aerobic stability was performed according toragera-
ture method described by Honig [7], biogas yields wiz-
termined by methane fermentation method accordng t
analytical procedure of Institute of Technology anite
Sciences no. PB 01/LBMPZ 2010/FM [10],

- biogas composition was determined by GA 2000 Geo-
technical Instruments and Multi Gas gauge.

Statistical analyses of the results were perforomdg
following software: Microsoft Excel 2003 and
STATISTICA 8.0 (Statsoft, Poland). Standard dewviati
was calculated.
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4. Results and discussion addition of the Lactosil Biogas Plus inoculant walso
characterized by a fivefold lower number of mold- ex

The effect of the preparation was evaluated ineeixp pressed in log CFUY
ments in which the time of ensiling whole crop neaizas
60 days. After this time, the microbiological anklypico-
chemical quality of silages, their aerobic stapilind bio-
gas profitability were evaluated. The results & #nalysis
of silage from whole crop maize are presented ibl§sa1
and 2 and in Fig. 1 and 2.

Experimental silages which were under the infleeat
the starter culture of the preparation, composedti@fins
from three heterofermentative bacterial speciesewbar-
acterized by high quality and microbiological pyribver
three times higher content of acetic acid was oleskin

As a result of subjecting the experimental silapges
pared with the addition of Lactosil Biogaz Pluslabora-
tory methane fermentation, a biogas yield was obthi
from whole maize plants with a value of 686.20 Mldcy
organic mattet, with an increase in methane content in
biogas by 6.4%. In this experiment, the biogasdywhs
higher by 60.2 NI kg dry organic mattein relation to the
result obtained from standard silage prepared withdded
inoculant [10]. The results are presented in Tabland
graphically in Fig. 2.

relation to control silages, which is particuladgvanta- The dynamics of the methane fermentation process w
geous when using a raw material for biogas prodocti accelerated and overtaking in relation to the stahdnaize
(Table 1, Fig. 1). silage. In addition, there were no factors thatdtened the

In the process of ensiling whole crop maize thetddéa  usage of the substrate obtained in the ensilagegsonith the
of the genusSalmonellasp. and from thée. coli species addition of the preparation in biogas plant (TahlEig. 2).
were completely eliminated under the influencehef bac- Biogas produced from silage prepared with the tauidi
terial preparation (Fig. 1). The number of colifobacteria  of the preparation was characterized by a reduge82B6
decreased from 3.3 log CFU'do 1.0 log CFU @, while  content of ammonia, in relation to the standaragsi| what
the number ofC. perfringensdecreased from 2.3 log CFU is particularly advantageous due to the costs reduin fur-
g™ to the value of 0.5 log CFU'g Silage prepared with the ther purification processes (Table 2).

Table 1. The content of organic acids, 1,2-propareshd 1-propanol in silages from whole crop maepared with and
without the addition of the preparation Lactosio§az Plus

Tab. 1. Zawarté¢ kwaséw organicznych, 1,2-propanodiolu i 1-propanal kiszonkach z catych dlm kukurydzy, bez
i z dodatkiem preparatu Lactosil Biogaz Plus

Whole crop maize si- Acid content, g/100 g of silage Metabolite conteng)/100 g of silage
lages with 38% of dry pH lacti ti butvri 1,2- 1 | — .
matter content actic acetic utyric propanediol -propano propionic aciq
Silage without the addi- +01 1,18 0,45 0,15 19,3

tion of preparation 4,56 102 +0.1 £005 not detected not detected 134
Silage with the addition + 1,82 1,58 154,7 70,3 2048

of p?eparation 3,70*%1 £03 +015 not detected £123 +154 +17,0

The results are the average of 3 chosen silogngstrd deviation / Wynikgsirednimi z trzech wybranych balotéw, +odchylenamdardowe

Source: own work Zrodto: opracowanie wiasne

Table 2. Yield and purity of biogas produced frotmole crop maize silage: standard - prepared withmipreparation and
treated with the preparation Lactosil Biogaz Plus

Tab. 2. Wydajn& i czyst@é biogazu wyprodukowanego z kiszonek z caltyglnrukurydzy: standardowej i z dodatkiem
preparatu Lactosil Biogaz Plus

Silage content, Biogas characteristic
% in dry matter after 5 weeks of spfm fermentation
. . Biogas yield Biogas content
Whole crop maize silage PH Dry Organic mass, Ash, NI kg dry
matter, %| % in dry matter| % in dry matter organic methane, % Nk mg/nt
matter'*

Silage without preparatio +01 33,96 95,42 3,51 626,00 +1,08 +0,5
(standard silage) 4,56 £31 +0.08 £02 +2,03 47,89 4,7
Sllage trgated with 3’701 01 3;1,]?:0 9160,?0 3110720 6?46{%0 54,30¢ 1,20 3’21 0,5
preparation

* The results are the average of 3 samples. Unitarfas yield NI kg dry organic mattéis a standardized netto liter of biogas obtained
from the 1 kg of dry organic material of a givemgde and refers to the stated dry matter contedt@ganic dry matter content.

Wyniki g srednimi z 3 prébek. Jednostka uzysku NI kg $jest znormalizowanym litrem biogazu netto uzyskanyan suchej masy or-
ganicznej danej probki i odnosieslo podanej zawarfgi suchej masy i suchej masy organicznej

Source: own work on the basis of [10frbdto: opracowanie wlasne na podstawie [10]
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Fig. 1. The effect of Lactosil Biogas Plus inoculan the microbiological purity of silages from waarop maize
Rys. 1. Wplyw inokulanta Lactosil Biogaz Plus mgstd¢ mikrobiologiczi kiszonki z catych stin kukurydzy
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* The results are the average of 3 samples. Unitarfas yield NI kg dry organic mattéis a standardized netto liter of biogas obtained
from the 1 kg of dry organic material of a givemgde and refers to the stated dry matter contedt@ganic dry matter content.

Wyniki g srednimi z 3 prébek. Jednostka uzysku NI kg $ijest znormalizowanym litrem biogazu netto uzyskanyan suchej masy or-
ganicznej danej prébki i odnoskgilo podanej zawarkgi suchej masy i suchej masy organicznej

Source: own work on the basis of [10frbdto: opracowanie wtasne na podstawie [10]

Fig. 2. Accumulated plot of biogas yield obtaingdnhethane fermentation from silages from whole argize
Rys. 2. Wykres kumulowany uzysku biogazu rmpdéoohentacji metanowej z kiszonek z calycltimkukurydzy
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Fig. 3. The effect of the inoculant on the resaftthe aerobic stability test of silages from whotep maize
Rys. 3. Wplyw inokulanta na wyniki testu stabitmdlenowej kiszonek z catychstim kukurydzy

The results of the research presented in thisrpagee lactic acid, and increasing the synthesis of aegtit propionic
confirmed the positive effect of inoculants intethder ensil-  acids, which consequently improve the durabilitycrobi-
ing renewable raw materials on the biochemical gsses ological purity and aerobic stability of silage. Asresult of
which occur in the ensilage process: limiting tietilsesis of methane fermentation of renewable raw materialpgves
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with the addition of special inoculants an increasdiogas
yield from organic matter of dry plant is obtairjé{

The aerobic stability test was performed according
Honig [7]. The stability was evaluated on the basishanges
in the temperature of experimental and controlgesaob-
served at room temperature for 10 days. The expetahsi-
lages with the addition of inoculant did not sholevated
temperatures above Z3for 192 hours, while the control si-
lage without added inoculant was stable only foh&6rs, af-
ter which time its temperature began to rise, liggctme high-
est temperature of 35 at 168 hour of incubation (Fig. 3).

5. Summary

Under the influence of the inoculant Lactosil Basg
Plus, composed of. buchneriA KKP 2047 p,L. dio-
livoransK KKP 2057 p,L. reuteriM KKP 2048 p, experi-
mental silages from whole crop maize, relative ¢mtrol
silages prepared without preparation, were chaniaetk by
more than ten times higher propionic acid contabsence
of potentially pathogenic bacteri®almonellasp. andE.
coli) and five times lower number of mold expressetb
CFU ¢* In addition, the aerobic stability time of experi
mental silage was twice as long as the aerobidlisgabf
control silages and was 192 hours.

As a result of subjecting experimental silagelabmra-
tory methane fermentation an increase in biogakl \og
60.2 NI kg dry organic mattérwas obtained, with a meth-

Herrmann C., Idler C., Heirmann M.: Improving aerobia-
bility and biogas production of maize silage ussilgge addi-
tives. Bioresource Technology, 2015, 197, 393-403.

[71 Honig H.: Determination of aerobic deteriorationstm
Volkenrode- Institut fur Grunland- und Futterpflamfor-
schung der Bundesforsungsanstalt fur LandwirtsdBetin-
schweig-Volkenrode, 1985.

[8] Krooneman J., Faber F., Alderkamp A. C., Qude iBKeB. J. H.

W., Driehuis F., Cleenwerck I., Swings J., Gottécha., Van-

canneyt M.Lactobacillus diolivoransp. nov. a 1,2-propanediol-

degrading bacterium isolated from aerobically stabhize sila-

ge. Int. J. Sys. Evol. Microbiol., 2002, 52, 63%64

Lara E.C., Basso F.C., Rabelo C.H.S., Souza F.A., Godoy

H.P., Goncaves G.S., Reis R.A.: Fermentation losseé<iey

matter recovery of corn silage inoculatégctobacillus

buchneriand exogenous enzymes. In: Proceedings of the XVI

International Silage Conference, 2-4 July 2012,

Hameenlinna, Finland. MTT Agrifood Research Finland,

University of Helsinki, 2012, 366-367.

Myczko R., Musiat R, Krych M.: Sprawozdanie z badey-

sku biogazu z substratu rolniczego- kiszonki z ky#ay. In-

stytut Technologiczno-Przyrodniczy, Poana014.

Nussbaum H.: Effects of silage additives basedaid: or het-

erofermentative lactic acid bacteria on methanlelyia the bio-

gas processing. In: Proceedings of the XVI Intéonat Silage

Conference, 2-4 July 2012, Hameenlinna, FinlandTMWri-

food Research Finland, University of Helsinki. 20422-453.

[12] Quide Elferink S.J.H.W., Krooneman J., GottschaC.J.

Spolestra S.F., Faber F., Driehuis F.: Anaerobiorecsionof

lactic acid to acetic acid and 1,2-propanedioLbgtobacillus

buchneri.Appl. Environ. Microbiol., 2011, 67, 125-132.

(6]

(9]

(10]

(11]

ane content in biogas higher by 6.4%, comparedhé t 13} Santos F., Vera J.L., van der Heijden R., ValdeZ&Vos

standard silage, which was prepared without anytiaddf
the inoculant.

The obtained results confirm the influence of ltheto-
sil Biogas Plus inoculant in the process of engilof re-
newable raw materials, intended for production iofghs,

such as maize, grass and meadow sward for impraweme

of their quality, microbiological purity and incre&in syn-
thesis of compounds that prolong aerobic stahjliy; 21].
Favourable changes in the chemical properties lafjes
transfer into an increase in the biogas yield fribva dry
matter of the organic feedstock subject to metHanaen-
tation, and therefore the use of appropriate ireusl for
preserving renewable raw materials improves ecoc® wii
biogas production.
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