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ABSTRACT - Biological preservative in whole crop wieat ensilage

Ensilage of whole crop wheat is popular in Europd America for feeding of ruminant animals, buisit
quite rare in Hungary. It can be introduced forlaepment of shortage of silomaize silages in drbugh
season. The quality of wheat silage could improwéiblogical inoculants.

Silage additives are expected to ensure a moreiggffi fermentation phase as well as reduce theafisk
aerobic deterioration when silages are exposedrtdany additives have been developed to imprdwee t
ensiling process and nutritive value of silage.

Nowadays the "8 generation biological inoculants —containing laetéid bacteria and enzymes — are used in
order to coordinate the fermentation in such a thay they increase lactic acid production at thgifm@ng

of the fermentation and improve the quality andiity of silage during the fermentation and feeglifThe
quality of raw material (maturity of plant, chopntgth, spreading of inoculant uniformly) and the gao
filling, compacting, covering and wrapping haveraa influence on the effectiveness of the inodul@he
mycotoxin content of malfermented silages is anesirdble risk factor.

The objective of our research was to determinedtffiect of two silage inoculant strairisactobacillus
buchneri and Pediococcus acidilacticimixture combined withamilase-, glucanase-, xylanasend
galactomannasesnzymes on whole crop wheat silage fermentatioaraiteristics, nutritive value and
aerobic stability compare to untreated control.

Experimental ensilage procedure started with the&icbwhole crop raw material originated from waxen
ripeness of wheat (hard cheddar stage of matufiseeds) at the time of harvesting. The DM content
chopped raw material was 44%.

The LAB inoculants were applied to raw materia &ix1G CFU/g fresh material (FM).

Because of quite good quality of untreated silades, the priority of LAB treatment could not provia the
aerobic stability test. The biological preservatiz&B+enzymes) promoted better fermentation andéddr
back the undesirable butyric acid production ingteges.

Keywords: whole crop wheat silage, lactic acid bacterianfentation, aerobic stability

INTRODUCTION

Wheat is used for bread-stuffs first of all, or &smmal feed. Ensilage of whole crop wheat
is popular in Europe and Ameri¢d/OOLFORD ET AL, 1982), but very rare in Hungary
until now. The reason of making whole crop whedéga for ruminant animals is the
following: The uncertainty of selling of over praztion could be avoided in the high yield
years. The wheat harvesting is occurred 2-2,5 nsoe#hnlier than for maize means: whole
crop wheat silage is available the same time eadit could be replace the shortage of
other forages at that time. Early entry of resesdgossible. There is no environmental
pollutant effluent. Lower clamp cost, eg. straw ballls are sufficient.

Additives are expected to ensure a more efficiemhéntation phase as well as reduce the
risk of aerobic deterioration when silages are sgpao air (KADY AND MURPHY, 1998,
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Szucs AND SINDOU, 2005) Many additives have been developed to improveetisling
process and nutritive value of silagesA(WND WITTEMBER, 1999, KUNG ET AL., 2003).
Acids: under difficult ensiling conditions (rainy weathacids are best choice as an aid to
preservationEnzymes:additives containing fibriolytic enzymes providdd#ional sugar
through the breakdown of plant fibf®acterial inoculantsthey can improve fermentation
characteristics by speeding up the fall in pH awlering ammonia levels into the silo. At
present biological additives are preferred becahsg are non-toxic, non-corrosive to
machinery, do not present environmental hazardsaesmdegarded as natural products.
Mixtures of different types of additivetiey can improve the effect of usage them selves.
Nowadays thebacterial inoculantswith cell-wall degradingenzymes-so called 3
generation biological inoculants- one of the mospyar additives are used in order to
coordinate the fermentation in such a way that thesease lactic acid production by leaps
and boundst the beginning of the fermentation and improwe diality and stability of
silage during the fermentation and feedingis ET AL, 1991). There is an unsettled
discussion around this issue: the circumstancegd®d in the silo do not always fit the
optimal conditions which are necessary for the fioming of the enzymes. For example
cellulase originating fronTrichoderma reseefungi, has an optimal activity between pH
4.8 and 5.2 while fronTrichoderma viridels between 4 and 5. The optimal temperature
for these cellulase enzymes: namely 55-65 °C anB04€C respectively (KABE, 1987).
We need to make a compromise regarding the matamidydry matter content of plant for
ensiling as well. The suggested domain of dry mattetent for ensiling of grass and
lucerne is 28-33% (@AMIDT ET AL., 2001)as thehard cheddar/ wax maturity of cereals
(Szucs AND AvAsi, 2005), in which domain both lactic acid bacteaad cell wall
degrading enzymes can work in a sufficient man8dage additives produce variable
results on aerobic deterioration of silages. A h@mcentration of lactic acid cannot
provide aerobic stability for su®cu AND FILYA (2006). Recently the heterofermentative
L. buchneriis regarded to be the most promising lactic acictdyéa for increasing aerob
stability (DREIHUIS ET AL, 1996, 1999, WINBERG ET AL, 2002). Applied by itself it may
show a negative effect by reducing the speed ahdetation, but its combination with
homofermentative lactic acid bacteria does compgentas disadvantage I(frA, 2003).
According to RISER AND KLEIMAN (2005) it takes effect on stability in thé%Zhase:
during the 1st phase lactic acid originates fromasiand in the " phase acetic acid and
1,2 propandiol are generated from lactic acidDOELFERINK ET AL. (1999) emphasize the
role of propionic acid originating from 1,2 propavidand 1 propanol in stability (1,2
propandiol and 1 propanol are not found in untebaage).L.buchnerimay produce
other yet unindentified metabolites with antifungadtivity Bax AND SINDOU (2005).
Applying suitable biological preservatives may leedfective method for the promotion
of lactic acid fermentation and preserving forageritive value during ensiling and on
exposure to air at feed-out @6DEL, 2001). The quality of raw material for ensilage
(maturity of plant, chop length, spreading of inlac uniformly) and the proper filling,
compacting, covering and wrapping have a greatuémite on the effectiveness of the
inoculant. The mycotoxin content of malfermentethgas is undesirable risk factor
(NADEU, 2007, ucs—AvAsiI, 2005).

138



Agrar- és Videkfejlesztési Szemle 2011. vol. Gsypplement
»1 RADITIONS, INNOVATION, SUSTAINABILITY”
Hodmesvasarhely, 8 May 2011 Conference CD supplement  ISSNBT®45

MATERIAL AND METHODS

The certain amounts of inoculani&aple 1) were diluted in 200ml of distilled water, and
spread on 25 kg of raw materials as follows:

We evenly spread 25 kg/treatment of chopped whalp wheat on micro-silo ensiling on
plastic foil, then we vaporized the silage additorethe weighed portions, finally it was
mixed.

Table 1. Composition of applied biological (LAB+ emymes) inoculant

Lactobacillus buchnefNCIMB 40788 > 3.00 x 18°CFU* /g
Pediococcus acidilacticMA 18/5M >2.00 x 16° CFU /g
Beta-glucanase > 6000 IU/**g
Alfa-amilase > 2400 IU/g
Xylanase > 2400 IU/g
Galactomannase > 1200 IU/g

*Colony Forming Unit **Activity Unit

Treatments

- T21: Control (untreated) for 4 weeks storage

- T2: LAB inoculants 2.5x10CFU/g fresh material (FM) for 4 weeks storage
- T3: Control (untreated) for 6 weeks storage

- T4: LAB inoculants 2.5x10CFU/g fresh material (FM) for 6 weeks

Micro-size ensiling process

Small size containers (4.2 | cubic capacity / eaaiiich we used were closed by screwed
cap. We filled 5 containers for each treatmenggather 20 pieces. Storage took place on
20-22C interior temperature. We stored the filled miclantainers 4 or 6 weeks. We
performed laboratory examinations on them. The exation focused primarily on the
products of fermentation and the aerobic stability.

Chemical analysis

Dry matter (MSZ ISO 6496; 2001)

Crude proteinwith Kjehl-Foss technique on Gerhard Vapodestyp@s of equipment
(MSZ 6830-4; 1981)

Crude fat Soxhlet system (MSZ 6830-6; 1981

Crude fiber Henneberg Stohmann system (MSZ EN ISO 6865; 2001)

NDF, ADF, ADL Van Soest system (1967)

Crude ashsample burning on 600 Celsius® (MSZ ISO 5984;2)99

Examination of pHused electric Digital pH Meter OP-211/1

Examination of Nht We measured NHfrom watery extract, with OP264/1 NH
measuring device

Organic acids: lactic acid and volatile fatty acids (acetic-,thric-, propionic acid)with
the type ofYoung Lin 6100 Acme 6100 gaschromatograph devigglied FID detection.
The type of directing softwere Autochro 3000.

Examination of ethanoMWe determined it from watery extract with®&,O; solution and
through titration with Mohr-salt-solution.

Water soluble carbohydrates(WSC)system:D.HillegBaBlow, FAL Braunscweig,
Germany

Determination of aerobic stability System Volkenrode (Honig, 1990)
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Principle: To determine aerobic stability of the silages ahoétby Honig (1990) was
modified and implemented. It is based on monitorteqiperature wich rises due to
increased microbial activity of samples exposeditoThe measurement was continued for
7 days. The registration of the temperature ofsdumples was realized in every hour by
computer.

Evaluation: The time till that the silage is supposed to lablst is the registration unit

shows a temperature rise dC3above ambient temperature (last at least 48 h).
Statistical analyses:

Full statistical analyse was using an internatilyrr@cognised statistical procedure.
We processed data by means of IBM PC computer thiéhaid of Microsoft Excel

program. As method of mathematical statistics, Wweduthe method of comparison of

calculated mean values and significance. Signiieamas declared for P<0.05.

RESULTS

The most important characteristics of whole cropathand silages are showntable 2

and 3.

Table 2. Chemical composition and nutritive value bwhole crop wheat and silages

Parameters Fresh Silages

raw 4 weeks storage 6 weeks storage

material | Control | Treated | Control | Treated
T1 T2 T3 T4

Mean Mean Mean Mean Mean

n=5 n=5 n=5 n=5 n=5
Dry matter % 43.7 45.7 45.9 45.6 45
Crude protein g/kg DM 89 81 80 79 78
MPE g/kg DM 71 66 66 65 65
MPN g/kg DM 53 49 48 47 a7
Crude fat g/kg DM 26 18 15 18 20
Crude fibre g/kg DM 392 314 321 324 327
Crude ash g/kg DM 69 61 59 67 65
NE(m) MJ/kg DM 5.56 5.31 5.2[7 5.23 5.27
NE(Q) MJ/kg DM 3.14 2.92 2.89 2.85 2.89
NE(I) MJ/kg DM 5.22 5.19 5.1]7 5.13 5.15
WSC g/kg DM 72 26 23 26 29
NDF g/kgDM | 743 615 611 633 620
ADF g/kg DM | 408 319 334 336 338
ADL g/kg DM 68 68 73 66 61
Cellulose g/kg DM| 340 251 261 270 277
Hemicellulose g/kg DM| 335 296 276 297 282
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Table 3. Fermentation products in whole crop wheasilages

Parameters Fresh Silages
raw 4 weeks storage 6 weeks storage
material | Control | Treated | Control | Treated
T1 T2 T3 T4
Mean Mean Mean Mean Mean
n=5 n=5 n=5 n=5 n=5
Dry matter % 43.7 45.7 45.9 45)6 4.2
Buffer capacity 15 -- -- -- -
Lactic acid % of DM -- 12.5 20.5 12.3 13|7
Acetic acid % of DM -- 3.3 9.5 3.0 9]0
Butyric acid % of DM -- 4.8 2.5 4.3 115
Propionic acid % of DM -- 0.0 0.3 0.0 0|6
Ethanol % of DM -- 1.2 1.1 0.9 1|5
Ammonia % of total N -- 8.3 7.2 8.1 714
pH -- 4.1 4.1 4.1 412

CONCLUSIONS

The conclusion of whole crop wheat ensiling expenisare the followings:

-The basic whole crop raw material originated frwaxen ripeness of wheat (hard cheddar
stage of maturity of seeds) at the time of harmgstThe DM content of chopped raw
material was 44%.

-The average net weight of filled micro silo-contis was 1878-1882 g, the density of
silos was 0,442-0,443 t fAwhich corresponds to a density of 194 kg DNM/m

The statistical analyse confirmed the similar dgnsif the microsilos. There was no
significant difference (P>10%) among the densitgifferent treated microsilos.

-The average pH at silo opening was 4,1gggesting that the treated and also untreated
silages were well fermented.

-There was no significant effect of treatments atew soluble carbohydrate, protein- and
netto energy content of silages .

-Lactic acid and acetic acid were the main ferm@rigproducts. High concentrations of
acetic acid were found in the treated silages,catdig a hetero fermentative pathway
thanks to the activity dfactobacillus buchneri.

-There were significant differences between highaetic acid content of treated silages
and the the control after 4 weeks of fermentatién 6%) but there were no significant
differences on 6 weeks samples.

-Lactic acid and acetic acid ratio was better ieated silages, which results better
palatability and consumption for ruminant animals.

-The inoculant-treated silages contained less uradde butyric acid than that of control
silages. The difference is significant (P< 5) afieweeks of storage. The butyric acid is an
undesirable substance of silages, because it igedams for the health of ruminant
animals.

-The protein degradation was higher in controlggawhich was showed by their higher
NHs content.
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-On aerobic condition neither treated nor contiages did not heat up more than 3 C°
during 7 days of exposure to the air.

-DM losses in bacterial treated silages were lovegnpare to the control -both after 4 and
6 weeks storage silages- during aerobic stabikfyeament, but the difference was not
significant.

-Because of the sang®od stability of untreated silages, the advantagdésAB treatment
could not proven by the aerobic stability test.

-The applied dosage of biological preservative (bB&Bzymes) promoted better
fermentation and forced back the undesirable bwuggeid production in the silages.
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