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Chemical composition in soybean silages with inoculant and molasses
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Abstract

Chemical composition was assessed in soybean silages
without any additive (control), with a microbial inoculant (1),
with | + molasses (I+M), and with molasses only (M). Soybean
plants were harvested at the reproductive 6 (R6) stage and
ensiled in 2 kg-capacity PVC laboratory silos. The SIL ALL C4
inoculant produced by Alltech Brazil was used in combination
with or without 2.5% molasses added to the natural
matter base. A 4 x 6 factorial arrangement (4 additives x 6
fermentation periods)in a completely randomised design with
3 replications was used. The assessed fermentation periods
were 1, 3,7, 14, 28, and 56 days. Excluding the dry matter and
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Resumo

Avaliou-se a composicao bromatologica de silagens de
soja sem aditivos (controle), com inoculante microbiano
(1), com | + melaco (I+M) e com melaco (M). As plantas de
soja foram colhidas no estadio R6 de desenvolvimento e
ensiladas em silos laboratoriais de PVC, com capacidade
de 2 kg. O inoculante utilizado foi o SIL ALL C4 da Alltech
do Brasil associado ou ndao com 2,5% de melaco, na base
da matéria seca. Utilizou-se um esquema fatorial 4 x 6 (4
aditivos x 6 periodos de fermentacao) em um delineamento
completamente casualizado com 3 repeti¢Ses. Os periodos
de fermentacdo avaliados foram: 1, 3, 7, 14, 28, e 56 dias.
Excluindo os teores de matéria seca e de proteina bruta foi
observado efeito (P<0,05) da interacdo aditivos e periodo de
fermentacado sobre as silagens. Observou-se maiores valores
médios de matéria seca, de 290,02 g kg™, e de proteina bruta,
de 151,28 g kg, para as silagens |+M e M, respectivamente.
Foi observado menores valores (P<0,05) de NIDN e de NIDA
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nas silagens 1+M, de 180,47 and 125,07 g kg', respectivamente. A
adicao de inoculante associada ou ndo ao melaco altera a composicao
bromatoldgica de silagens de soja.

Palavras-chave: aditivo, bactéria acido latica, pH, valor nutritivo

Introduction

From a historic perspective, leguminous plants were always rated as inadequate for
ensiling because they exhibited a high buffer capacity as well as low water-soluble
carbohydrates and dry matter content. Besides these fermentation-restrictive
characteristics inherent to leguminous plants, soybean further exhibits high ether
extract content, which might inhibit bacteria in the ensiled mass; this inhibition affects
fermentation, resulting in high silage pH.

For the use of the soybean in the form of silage, one must determine the best moment
to realize the harvest, aiming to obtain yield and quality. Although protein content
remains slightly variable with advancement in age, later harvesting causes a decrease
in forage yield as a function of the shorter cycle®”. In addition, soybean harvest for
ensiling might be performed between stages R3 (onset of pod formation) and R7 (onset
of maturity)@.

In production systems, the feed quality has limited animal performance. Due to this
situation, there has been an increase in the demand for information on bulky foods of
higher nutritional value able to meet the nutritional needs of animals of high genetic
potential or categories of higher nutritional requirements and reduce production costs,
reducing the supplementation of animals with concentrates. The legume silage can
be associated with the of the diet of animals, when provided a diet with less crude
protein, as is the case of sugar cane and pasture in the dry period of the year. Analyzing
diets for Morada Nova sheep the authors® observed that diets that 20% cane tip silage
plus 30 and 60% soy silage supplemented with 20 and 50% of concentrate promoted
higher intake of DM (4,2a and 4,4a) and CP (0,84 and 0,85) in % of live weight than diets
composed with 20% of cane tip silage plus 80% concentrate.

However, legumes are characterized by high protein content which greatly favors the
fermentation carried out by clostridia in the ensiling process. The clostridial fermentation
products (concentrations of amines, ammonia and butyric acid) are not as acidic as
lactic acid, thus raising the pH of the silage and destabilizing the silage mass, causing a
negative effect on the voluntary intake of ruminants (Rooke and Huckfield, 2003; Muck,
1988; Weiss et al, 2003) cited by Coblentz et al.®. In this sense, legume silages should
be produced with additives.

Research on soybean silage is still incipient in Brazil despite the increasing demand for
information by local farmers. Therefore, this study aimed at assessing the chemical
composition in soybean silages treated with microbial inoculant and molasses.
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Material and methods

Soybean plants were grown at the Department of Animal Science of the Federal
University of Vigosa, located in Vicosa County, Minas Gerais (20°45'S, 42° 51" W), Brazil.

The DM 339 (Pioneer) soybean variety was sown in November 26", 2006 in an 800-m?
area, with 0.7-m spacing between rows and 25 to 30 seeds m™ of sowing density. Soybean
plants were hand-harvested using knives when they reached the R6 stage.

After the harvest, the material was cut in a stationary ensiling machine, and additives were
applied before ensiling. The treatments were no additive (control), microbial inoculant (1),
inoculant and powdered molasses (1+M), and powdered molasses only (M). The inoculant
usedwasSILALL C4 (Alltech Brazil, composition: cellulosicenzymes, Pediococcus acidilactici,
Lactobacillus plantarum, Enterococcus faecium, and 80% dextrose. The guaranteed levels
of microorganisms were 10 billion CFU g L. plantarum, 1 billion CFU g P. acidilactici,
and 10 billon CFU g E. faecium). Following the manufacturer recommendations, the
inoculant was applied using a 2-L capacity spray, and 2.5% powdered molasses was
added to the natural base matter.

After the application of additives, ensiling was performed in PVC silos, with a diameter
of 10 cm and height of 50 cm that included a Bunsen valve for gas release. In each
silo was placed 2 kg of fresh forage. A 4 x 6 (4 additives x 6 fermentation periods)
factorial scheme was used in a completely randomised design with 3 replications. Silos
were opened after each fermentation period (1, 3, 7, 14, 28, and 56 days); samples of
approximately 300 g were collected at each period to evaluate the dry matter (DM)®,
organic matter (OM) and ash®); total nitrogen (TN) was assayed by a Kjeldahl method®,
ether extract (EE) (Soxtherm 2000 S 306 M, Gerhardt; Kénigswinter, Germany) in
Goldfish with ethyl ether at 180 °C for 4 h; neutral detergent insoluble (NDF) was
analyzed according to procedures described by Mertens?”, and acid detergent fibre
(ADF)®; neutral detergent fibre corrected for ash and protein® (NDFap); acid detergent
insoluble N (ADIN) and neutral detergent insoluble N (NDIN) were performed according
to Licitra® and concentration of sulphuric acid detergent lignin (ADL) was analyzed by
soaking the bags containing ADF residue in 12M H,SO, during three hours®.

The total carbohydrates (TC) content was estimated as: TC = 100 - (%CP + %EE
+ %ash)® and the non-fiber carbohydrates content (NFC) was estimated as:
OM - {[NDF - (NDIN x 6.25)] + (N x 6.25) + EE}1"0,

The data was submitted to analysis of variance to determine the main effects (inoculant)
and, to analyse the unfolding of the interactions, a regression analysis was used, and
the means of the treatments were compared by the Tukey test, at a 5% probability
level. Both of data was analysed using the SAEG-UFVU" software version 8.0.

Results

The table 1 describes the chemical composition, pH, and microbial composition of
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soybean plants before ensiling.

Table 1. Chemical composition (g kg' of dry matter-DM) and pH in soybean plants
before ensiling

Plants’

Items Without inoculant

0 (Controle) 2 4
DM 237.9 285.2 258.8
oM 923.7 920.7 889.4
Ash 76.3 79.3 110.6
cp? 204.6 179.8 185.6
EE 31.9 32.6 325
TC 687.2 708.3 671.3
NDF 501.6 453.8 433.1
ADF 263.1 284.5 244.6
Hemicellulosis 238.5 169.3 188.5
Cellulose 263.4 231.5 276.6
Lignin 76.0 51.5 90.9
CNF 185.6 254.5 238.2
sc? 65.4 721 88.2
LAB 331 -- -
ENT 40.7 -- -
MY 29.5 - -
pH 6.06 -- --

With inoculant

0 (Controle) 2 4
DM 261.4 295.7 251.2
oM 3910.0 882.9 891.1
Ash 90.0 1171 108.9
cp? 193.4 173.6 184.3
EE 25.7 22.3 28.4
TC 690.9 687.0 678.4
NDF 435.8 530.7 489.2
ADF 279.5 307.8 2449
Hemicellulosis 156.3 222.9 244.3
Cellulose 252.9 250.7 255.0
Lignin 88.1 69.9 64.2
CNF 255.1 189.2 298.1
sC? 80.3 89.4 85.3

'gkg' of DM, ?g kg of total nitrogen, soluble carbohydrates.

The table 2 contains the chemical composition of soybean silages. Excluding dry matter and crude
protein an interaction effect between the additive and fermentation periods it was observed for the
variables (P<0.05). It was adjusted some regression equations to interaction effect between the additive
and fermentation periods to ADIN and ADF variables. Those regression equations are described in the
discussion of the results.
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Table 2. Chemical composition of soybean silages as a function of additives (A) and
fermentation periods (P)

Fermentation periods (days) Effect Standard
Additives 1 3 7 14 28 56 Average A P AXP  error
Dry Matter (g kg') * * ng 0.13

Control 265.7 2646 2749 2738 284.8 276.1  272.76
| 266.3 2636 271.8 2764 283.4 269.7 271.87

1+M 2811 292.6 294.6 287.1 300.4 284.3 290.02
M 279.3 269.3 275.5 284.9 291.8 287.0 281.30
Crude Protein (Lkg'of DM) * * ps 0.14

Control 169.3 1524 137.0 152.0 140 1481 149.82
I 1694 1528 1385 1458 141.0 147.9 14923

1+M 146.4 1433 1344 1363 1346 1389 13898
M 1647 1535 1611 1451 1425 140.8 151.28
NDIN (g kg of TN)' * % % 0.59

Control 296.7b 217.6b 197.3bc 188.0b 148.9c 136.7b 197.53
I 271.6c 219.9b 167.0c 199.4b 181.6ab 181.1a 207.90

1+M 226.7d 172.1c 180.9bc 162.0c 162.6bc 178.5a 180.47
M 330.5a_300.2a 242.4a 235.5a 177.2abc_186.6a  245.40
ADIN (g kg 'of TN) * * 0.30

Control 171.4b 161.2b 127.5bc 116.5¢ 106.1b 101.3b 130.67
I 166.3b 129.3c 114.2c 125.2c 125.4a 125.8a 131.03

1+M 122.6c 1121d 125.1bc 1740a 101.0b 115.6a 125.07
M 184.7a 181.8a 148.2a 1385b  119.3a 125.7a  149.70
EE (g kg 'of DM) * ns  * 0.06

Control 87.0a 856b 84.0b 87.0ab 98.5a 82.5b 87.43
| 87.6a 94.1a 92.2ab 93.5ab 88.8b 90.1a 91.05

I+M 88.7a 93.6a 9493 84.1b 84.0b 90.9a 89.37
M 85.5a 829b 879b 83.4b 81.6b 91.9a 85.53
NDF (g kg 'of DM) ns ns * 0.06

Control 476.6a 468.2a 47243 46863 47493 4679a 47143
I 469.1a 467.8a 475.33a 4739a 475.5a 473.7a 47255

1+M 470.9a 473.3a 463.2a 466.3a 474.0a 465.4a 468.85
M 468.0a 469.6a 470.2a 477.7a__470.2a _ 466.8a _ 470.57
ADF (g kg'of DM) * x % 0.32

Control 277.7a 339.6a 325.2a 282.5a 322.5a 339.5a 314.50
| 287.4a 3349a 3251a 293.0a 3354a 329.0a 31747
I+M 263.9b 300.4b 303.5b 267.9b 297.2b 310.8b 288.04
M 249.3c 286.6c 272.4c 267.1b 299.5b 311.0b 280.98
Control: Soybean silage without any additive, I: with a microbial inoculant, 1+M: with | + powdered
molasses and M: with powdered molasses.
'TN: total nitrogen.
*significant at a 5% level of significance.
ns: non-significant at a 5% level of significance.

Same letters in the same column do not differ according to a Tukey test at a 5% level of significance.
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Discussion

The dry matter content of 265.0 g kg of forage before ensiling was close to the 250.0
g kg'value recommended by McDonald et al.'? as a necessary condition to minimise
effluent losses in the silo and, thus, retain silages nutrients. Assessing soybean forage
production and nutritive value in adverse tropical conditions the authors® found 267.0
g kg’ DM content in soybean plants harvested at R6 stadium, being these values greater
than those found in this study.

Evaluating forage quality of soybean silages not mixed with other crops the authors
find values to the DM of 308,0 g kg" and 458,0 g kg, crude protein (CP) content of 181,0
g kg’ and 240,0 g kg'. All those values are higher than those values find in this study,
probably because on that study the authors evaluated soybean plants at R3 to R4 stage.

The decrease in crude protein content observed in silages from the 3 fermentation
day onwards might be explained by the increase in proteolysis as a consequence of
the increase the ammonia-N content at the onset of fermentation by presence of
enterobacteria at the beginning of fermentation period. Analysing the fermentation
profile and the microbial population in soybean silages with inoculant and powder
molasses, Rosaetal."®observedthe enterobacteriaonlyuptothe 3day of fermentation,
besides the effect of the additive and fermentation periods on all variables (P<0.05), but
this effect was not constant. In that study, on the 56th day of fermentation, the authors
found higher ammonia-N values in control (72.5 g kg') and | silages (73.8 g kg"); the
latter did not differ among it (P>0.05) and on the other hand less ammonia-N values
were found in 1+M (52.6 g kg™") and M silages (P<0.05) (53.4 g kg") with not differ among
it (P>0.05). In this way, possibly due to the rapid fall of pH, an inhibition of the action of
proteolytic bacteria occurs, leading to a lower production of ammonia-N.

According to McDonald et al."®the enterobacteria produces ammonia-N from protein
structures. Proteolysis during ensiling started with the action of proteolytic enzymes,
which resulted in the formation of peptides and amino acids. In addition, bacteria of the
genus Clostridium and Enterobacteria, which develop in environments with high pH"®),
Rosa et al.’® assessing the fermentation profile and microbial population in soybean
silages with inoculant and powdered molasses observed a higher reduction of pH
values in the first 10 days of fermentation estimated to I1+M, and M silages equal to
0.02316 and 0.01521 units to pH values, respectively and the authors associated those
results to fast development of lactic acid bacteria and the lower ammonia-N average
values observed to these silages. Thus, reducing the pH of the silage by inoculation may
have reduced the development of the undesirable microorganisms, thereby reducing
proteolysis.

The lowest values (P<0.05) to neutral detergent insoluble nitrogen (NDIN) and acid
detergent insoluble nitrogen (ADIN) contents observed to 1+M silages, equal 180.47
and 125.07 g kg, respectively, is can be explained by association between microbial
inoculant and molasses that may have promoted a more efficient transformation of
sugars into lactic acid, reducing proteolysis. The lowest (P<0.05) neutral detergent
insoluble nitrogen (NDIN) and acid detergent insoluble nitrogen (ADIN) contents (g
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kg' of total nitrogen) observed in silages at the 56th day of fermentation might be
associated with a lower proteolysis rate by ADIN production”. To control and molasses
silages were adjusted the following regression equations to ADIN values Y = 15,07 -
0,11*X,R2=0,62 and Y = 16,82 - 0,102*X, R? = 0,58, respectively. Yet, all silages exhibited
ADIN values lower than 200 g kg of total nitrogen and that according to Van Soest et
al.1%, the use of forages with higher ADIN content than this value was restricted due to
the reduction in nitrogen availability and dry matter digestibility.

The lower ether extract (82.5 g kg') content observed in control silage on the last
fermentation day was puzzling because this component was not altered throughout
the course of fermentation. Nevertheless, according to McDonald et al."?, nutrients
might have been lost as effluents through lixiviation of some soluble compounds.

The increase of fibrous components in soybean plants after ensiling it must be due to a
reduction in the water-soluble carbohydrate content of cells, although this has not been
reported in this study. Interestingly, there is contradictory evidence regarding the effect
of microbial inoculants on fibrous fractions, and both rise and decline are reported,
especially the NDF fraction. The addition of lactobacillus plus enzymes, improved
the chemical quality of alfalfa silages, decreasing the NDF content®®. In the case of L.
buchneri, it is possible to observe the low values of NDF in sugarcane silages treated
with L. buchneri compared to the values obtained in the control silage (66.7% and 75.1%,
respectively). On the other hand, the use of microbial inoculants did not increase the
quality of the fibrous fraction92021.222324 Some authorsi®29, investigating the effects
of heterofermentative inoculant on the nutritional value of silages, also found that the
inoculant did not modify the NDF content in relation to the control treatment.

To the NDF content of silages was observed interaction effect between additive and
fermentation period (P<0.05). It was observed lower average values, equal to 468.85,
to silages with inoculant with molasses (I+M) however no equation fitted the data. The
application of the inoculant implied the fall of NDF probably due to the presence of
cellulolytic enzymes in this product, which acts on the cellulose contained in the cell wall
of the plants, breaking the B-1-4 glycoside bonds releasing sugars®”. Thus, the inoculant
and the molasses proved to be efficient in order to reduce the fibrous fraction and it
may be possible to ferment the ensiled mass due to the release of additional sugars,
since acid lactic bacteria does not degrade cell wall components®®.

To ADF contents it was observed interaction effect between additives and fermentation
periods (P<0.05). It was adjusted the following regression equations to ADF values Y =
7,5-0,019*X,R2=0,79 e Y = 26,5 + 0,88*X, R? = 0,66 to silages control and inoculant with
molasses (I+M), respectively. It was observed lower values to the silages with molasses
between 1" and 7" day of fermentation. This fact can be associated to higher water
soluble carbohydrates contents in those silages because Van Soest'? states that the
fibrous fraction of the ensiled material can be modified, as a result of the decrease of
the soluble carbohydrates, part of the cellulose fraction and the variable degradation
of the hemicellulose fraction in the ensiling process. Whereas that the hemicellulose
fraction is part of the plant, it implies modifications of the fibrous fraction in the silage.
On the other hand, the higher acid detergent insoluble fibre (ADF) contents observed
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in control and | silages at all fermentation periods were possibly due to a lower
hemicellulose content (P<0.05). The hemicellulose content was found to be higher in
silages compared to plants; this finding is unexpected because hemicellulose usually
decreases after ensiling due to acid hydrolysis. However, the reduction of hemicellulose
content in silages is can also due to the presence of hemicellulases in the ensiled plant,
and the effectiveness of these enzymes significantly varies as a function of the employed
source and substrate®.

Conclusion

The addition of microbial inoculant with or without molasses in soybean silages reduces
the proteolysis, producing silages with lower levels of acid detergent insoluble nitrogen.
Thus, it can be concluded that the increase in the population of lactic acid bacteria by
the addition of inoculant can advantage the fermentation process inside the silo and
ensure better characteristics of the silages produced.
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