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Abstract

The effect of bacterial inoculation on the fermentation and aerobic stability of two ensiled whole plant
soybean (WPSB) cultivars was determined in a 2 x 2 factorial design. Two WPSB cultivars, Link LF6466 and
Pannar 522 RR, were harvested at their R6 growth stage, chopped to 25 mm and ensiled in 1.5 L anaerobic
jars. The chopped forages were treated with or without the bacterial inoculant Lalsil Dry (LD) and treatments
were as follows: i) Pan control (soybean cv Pannar 522 RR with no additive); ii) Link control (soybean cv Link
LF 6466 with no additive); iii) Pan LD (soybean cv Pannar 522 RR treated with LD); and iv) Link LD (soybean
cv Link LF 6466 treated with LD). Jars were opened on days 3, 7, 10, 21 and 90 to determine pH. Samples
of day 0 and day 90 were used to determine chemical composition and fermentation characteristics. In
addition, samples of day 90 were subjected to an aerobic stability test in which they were exposed to air for
five days, and CO,, pH, hours for temperature to rise above 2 °C, yeasts and moulds were determined.
Pannar cultivar had higher contents of dry matter (DM), crude protein (CP), gross energy (GE) and ether
extract (EE) compared with the Link cultivar at pre-ensiling. However, Link cultivar had higher content of
water-soluble carbohydrates (WSC) compared with Pannar. Inoculation with LD reduced silage DM, CP and
fibre contents, and increased silage pH compared with the control. Inoculation increased silage acetic and
propionic acids, but had a lower content of lactic acid (LA) and DM recovery compared with the control.
When compared with the control, silage aerobic stability was improved with LD inoculation, as indicated by
reduced CO, production, and yeast and mould populations, and increased number of hours for stability after
aerobic exposure. It was concluded that LD inoculant reduced silage fermentation and preservation, but
improved aerobic stability of silage. Further work is needed to determine the effects of soybean silage on
growth performance and production response of ruminants.
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Introduction

The shortage of quality feeds and their high costs are the most important obstacles towards achieving
profitable livestock production in South Africa, especially under smallholder farming systems (Nkosi et al.,
2011). Protein supplements, such as oil cakes (e.g. soybean oilcake) and urea, are used mainly in animal
diets but are considered a limiting factor under smallholder farming conditions. This is because of the costs
involved in purchasing these protein sources and the risk of improper use of urea by these farmers. In
addition, South African law (Act 36, 1947) prohibited the use of protein sources of animal origin, and
alternative sources of affordable plant origin should be considered.

Soybean (Glycine max (L) Merr.) is a highly productive summer forage legume of high quality, suitable
for ruminant production operations, which normally depend on the declining quality of pastures. This forage
is used in livestock diets in the form of oil cake, grain and hay in many commercial operations in South
Africa. However, South Africa is a major importer of soybean oil cake, and imports of close to 1 million tons
will be required by 2019 to supplement the shortfall in local production (BFAP, 2010).

Soybean is grown primarily for grain and oil production worldwide. However, adverse weather
conditions may cause reduced seed yields and quality, forcing soybean producers to seek alternative uses
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for the crops (Coffey et al., 1995). As a result, interest in producing new high-yielding soybean varieties for
use as forage rather than grain crops has increased in many parts of the world (Nayigihugu et al., 2002).
According to Vargas-Bello-Perez et al. (2008), forage soybean cultivars are usually taller and later maturing
than typical oilseed cultivars. To have enough feed to sustain ruminant production during winter months or
drought, forage soybeans could be ensiled for this purpose.

Mustafa & Seguin (2003) reported that well-preserved silages can be produced from forage-typed
soybean cultivars, but this forage has its own limitations for ensiling. These include its WSC content,
relatively high buffering capacity and moisture which make it difficult to ensile it successfully without
additives. Lima et al. (2010) reported that soybean silage had the worst quality (highest pH, ammonia-N and
butyric acid content) of all silages evaluated. However, several studies have found that the addition of lactic
acid bacteria (LAB) inoculants (Xu et al., 2011), molasses (Zhang et al., 2013) and cereal grains (Lima et al.,
2010) before ensiling improved the preservation of silage from leguminous forages. In addition, some studies
(Mustafa et al., 2007; Vargas-Bello-Perez et al., 2008) have shown that good-quality soybean silage could
be produced when the forage was wilted before ensiling.

Although the fermentation quality of soybean silage was improved with the addition of sugarcane
molasses and homofermentative LAB inoculants in some studies (Coffey et al., 1995; Tobia et al., 2008;
Lima et al., 2010), the aerobic stability of the silage might be impaired by these additives, since low acetic
acid levels were produced. In addition, forage soybean cultivars may differ in nutritive value and fermentation
quality when ensiled (Coffey et al., 1995; Mustafa et al., 2007; Touno et al., 2014). Therefore, the present
study was conducted to determine the ensilability of two forage soybean cultivars produced in South Africa
and to determine the effects of adding a heterofermentative bacterial inoculant on the fermentation and
aerobic stability of ensiled forage soybean cultivars. The hypothesis tested was that the addition of the
heterofermentative bacterial inoculant, Lalsil Dry (LD), to forage soybean will improve both the fermentation
and aerobic stability of the ensiled forages.

Materials and Methods

Two whole crop forage soybean (Glycine max) cultivars, Pannar 522 RR (Pannar Seed Pty Ltd,
Hildesheim Farm, Greytown, KwaZulu-Natal, South Africa) and Link LF6466 (Link Seed Pty Ltd, Greytown,
KwaZulu-Natal, South Africa), were grown on a sandy loam soil at 38 - 50 cm row spacing in October 2013.
These cultivars were harvested in March 2014 at the R6 (full-size green beans) stage and chopped to a
theoretical cut length of 25 mm with a John Deere 6810 (John Deere Co., Moline, lll.) forage harvester. The
chopped forages were left untreated (control) or treated with LD inoculant (Lallemand Animal Nutrition,
Blagnac Cedex, France), which contains Pediococcus acidilactici (CNCM MA 18/5M), Lactobacillus buchneri
(NCIMB 40788) and enzymes (cellulose and hemicellulose). To ensure that the required application of
inoculant per fresh forage was obtained before ensiling, the suspensions were plated immediately on de
Man, Rogosa and Sharpe agar (Oxoid CMO0361, Unipath, Basingstoke, UK) and analysed for LAB
populations following the International Dairy Federation (IDF) standard (1991) procedure. The LD inoculant
was used by mixing 0.5 g with 100 mL water to treat 100 kg forage. This was done to meet a targeted
inoculation rate of 3.5 x 10° colony forming units (CFU)/g of fresh forage. To ensure the same amount of
moisture as in the treated forage, the control (100 kg fresh forage) was sprayed with 100 mL water just prior
to compaction in silos.

The study was conducted in a 2 x 2 factorial design in which two ensiling treatments (control and LD)
were evaluated on two soybean cultivars, soybean cv Link LF 6466 (denoted as Link) and soybean cv
Pannar 522 RR (denoted as Pan). The treatments were arranged as follows: i) Pan control (soybean cv
Pannar 522 RR with no additive); ii) Link control (soybean cv Link LF 6466 with no additive), iii) Pan LD
(soybean cv Pannar 522 RR treated with LD); and iv) Link LD (soybean cv Link LF 6466 treated with LD).
The chopped material was thoroughly mixed before being pack into 1.5 L anaerobic jars (J. Weck, GmBHu.
Co., Wehr-Oflingen, Germany). Each jar was filled with approximately 850 g (wet weight) chopped forage
without headspace, and a packing density of 567 kg DM/m® was obtained. Jars were kept at room
temperature for 90 days. Triplicate samples per treatment were collected on day O (pre-ensiled materials)
and three jars per treatment were then opened on days 3, 7, 21 and 90 post ensiling to determine the pH. In
addition, samples collected on days 0 and 90 were used to determine nutritive values and fermentation
profiles.

Samples of day 90 were subjected to an aerobic stability test in which 500 g sample from each jar was
packed loosely in an open plastic jar, which was covered with two layers of cheesecloth and kept at 28 °C.
Thermocouples (T-type copper constantan, 20-gauge wire) were placed in the geometric centre of the silage
mass in each jar and also in the room where the jars were stored to record temperature. Room temperature
and the temperature in each jar were simultaneously recorded at one-hour intervals using a CR7X data
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logger (Campbell Scientific, Logan, Utah) for five days. Carbon dioxide production (Ashbell, et al., 1991), pH
and yeasts and moulds were determined after the five-day exposure following the IDF procedure (1990).

A representative 40 g silage sample was taken from each jar to determine the fermentation
characteristics. The 40 g silage sample (n = 3) was mixed with 360 mL distilled water in a stomacher bag,
homogenized for four minutes, and pH was immediately determined with a pH meter (Thermo Orion Model
525, Thermo Fisher Scientific, Waltham, Mass., USA). It was then filtered through Whatman No. 54 filter
paper (GIC Scientific, Midrand, Gauteng, South Africa). The extract was used to determine pH, water soluble
carbohydrates (WSC), volatile fatty acids (VFAs), lactic acid (LA) and ammonia-N. The WSC were
determined by the phenol-sulphuric acid method of Dubois et al. (1956). Lactic acid was determined by the
modified colorimetric method of Pryce (1969). The VFAs were determined with a Varian 3300 FID Detector
gas chromatograph (Varian Associates, Inc., Palo Alto, Calif.,, USA) by the procedure of Suzuki & Lund
(1980). Ammonia N was determined by distillation using Buchi 342 apparatus and Metrohm 655 Dosimat
with E526 titrator, according to AOAC (ID 941.04, 1990).

The dry matter (DM) of pre-ensiled mixtures and of silages was determined by drying the samples at
60 °C until a constant mass was achieved, and was corrected for loss of volatiles using the equation of
Weissbach & Strubelt (2008). Dry matter recovery was calculated using weights of compacted jars before
and after the 90-day ensiling period, and the DM contents. After drying, the samples were ground through a
1-mm screen (Wiley mill, Standard Model 3, Arthur H. Thomas Co., Philadelphia, Pa.) for crude protein (CP),
gross energy (GE), ether extract (EE), neutral detergent fibre (aNDF), acid detergent fibre (ADF) and acid
detergent lignin (ADL) analyses. The CP was determined according to the procedure of AOAC (1990, ID
968.06), while GE was determined with an adiabatic bomb calorimeter (IKA C7000, Staufen, Germany). The
aNDF, ADF and the ADL were determined according to the procedures of Van Soest et al. (1991). The aNDF
concentration was determined using heat stable a-amylase (Sigma-Aldrich Co. LTD., Gillingham, UK, no. A-
1278) with sodium sulphite, and the ADF concentration was determined using the Fibretec System
equipment (Tecator Ltd., Thornbury, Bristol, UK). Separate samples were used for ADF and aNDF analysis
and both included residual ash.

For microbiological analyses, forage or silage (10 g) was added to 90 mL sterile 70 mM potassium
phosphate buffer (pH = 7.0) and agitated for 60 sec at 260 rpm in a high-power laboratory blender
(Blendfast™, Waring Commercial, 314 Ella T. Grasso Ave., Torrington, Connecticut, USA). The suspension
was serially diluted (10’2 to 10'7), and 100-pL aliquots of each dilution were spread in triplicate onto semi-
selective MRS agar (MRS, Oxoid, Basingstoke, UK) to enumerate LAB (Lactobacilli), onto nutrient agar
(Oxoid, Basingstoke, UK) to enumerate total bacteria (TB), and onto potato dextrose agar (PDA, Sigma-
Aldrich Pty Ltd, South Africa) to enumerate yeasts and moulds. Lactobacilli MRS agar and nutrient agar (NA)
plates were incubated at 37 °C for 24 - 48 h, while PDA plates were incubated at 25 °C for 72 h. Colonies
were counted from plates containing a minimum of 30 colonies and a maximum of 300.

The experiment was carried out as a completely randomized design (CRD) replicated three times. The
treatment design was a 2 x 2 factorial with factors cultivar (Pannar and Link) and ensiling treatments (control
and LD). Data on microbial populations were expressed in Ioglo CFU/g of forage or silage prior to statistical
analysis. Data were subjected to an appropriate analysis of variance (ANOVA), and analysed using GenStat
® (2011). Means of significant effects were compared using Student’s t-LSD (least significant difference) at a
5% significance level (Snedecor & Cochran, 1980).

The model fitted:
Yik = M+ T+ 0 + Ti0j + €
where Yijtk is the individual observations of the i" treatment,
i™ cultivar and k™ replicate, pt is the general mean,
T and q; are the main effect and the interaction is Tig; with error € as the random variation or
experimental error.

Results

Data on the chemical composition of pre-ensiled soybean cultivars are shown in Table 1. The Pannar
cultivar had higher (P <0.05) DM, CP, GE and EE compared with the Link cultivar. However, the Link cultivar
had higher (P <0.05) WSC content compared with the Pannar cultivar. Inoculation increased (P <0.05) the
LAB population compared with the control (Table 2).

Data on the fermentation characteristics and aerobic stability of soybean forages after 90 d of ensiling
are shown in Table 3. Inoculation reduced (P <0.05) silage DM, CP, fibre (aNDF, ADF and ADL) contents
and increased silage pH compared with the control. Inoculation increased (P <0.05) silage acetic acid (AA)
and propionic acid (PA) contents, but had lower (P <0.05) lactic acid (LA) content and DM recovery
compared with the control. However, silage aerobic stability was improved (P <0.05) with LD inoculation.
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There was a gradual decline in pH between day 0 and day 3 in soybean silages, except for the Pannar
control, which declined between days 3 and 7 (Figure 1).

Table 1 Chemical composition of soybean cultivars at pre-ensiling (n = 3)

Cultivar
Parameter SEM P
Pannar 522 RR Link LF6466

DM g/kg 333.3° 268.0° 0.943 0.001
CP g/kg DM 176.7 169.7° 0.596 0.001
GE MJ/kg DM 18.21° 17.07° 0.049 0.001
EE g/kg DM 67.09% 44.2° 1.60 0.001
v o/kg 404.4° 453.1° 1.93 0.001
ADF g/kg DM 304.4 312.9 2.38 0.064
ADL g/kg DM 64.60 67.50 1.384 0.213
WSC g/kg DM 64.3" 72.0° 1.88 0.001
pH 7.03 7.04 0.033 0.946

2" Means in the same row with different superscripts differ significantly (P <0.05).
DM: dry matter; CP: crude protein; GE: gross energy; EE: ether extract; aNDF: amylase treated neutral detergent
fibre; ADF: acid detergent fibre; ADL: acid detergent lignin; WSC: water-soluble carbohydrates.

Discussions

The main goal in silage making is to maintain the original quality of the preserved crop as much as
possible (Wilkinson & Davies, 2012). As a result, additives have been used to direct the fermentation
process towards the production of LA as the main fermentation product. When silage DM content is less than
250 g/kg, conditions for clostridial activity are favourable, resulting in high losses and silage of low nutritional
value (Wilkinson, 2005). In this study, the DM content of freshly chopped Pannar cultivar was 333 g DM/kg,
while that of Link cultivar was 268 g DM/kg (Table 1), suitable for ensiling. This is agreement with Coffey
et al. (1995), who reported differences in DM content between Bay soybean forage and Stafford soybean
forage at pre-ensiling. Mustafa & Seguin (2003) reported 264 g DM/kg in wilted forage soybean before
ensiling, comparable with Link forage soybean before ensiling in the current study. However, the DM in
forage soybean cultivars before ensiling was higher than 248 g DM/kg reported by Tobia et al. (2008) in
unwilted forage soybean at ensiling. Wilting soybean forage before ensiling resulted in silage that contained
>478 g DM/kg in some studies (Mustafa et al., 2007; Vargas-Bello-Perez et al., 2008), which is higher than
those of the present study. Inoculating soybean forage cultivars with LD at pre-ensiling resulted in an
increased (P <0.05) population of LAB compared with the control (Table 2), which is consistent with other
studies (Reich & Kung, 2010), in which LAB inoculation was applied during ensiling of forage. The higher DM
content of the Pan control compared with the Link control and the lower DM of LD inoculated forages were
supported by the higher (P <0.05) DM recoveries in the control compared with the LD treatment. The DM
losses associated with the LD treated soybean silages could be explained by the biochemistry of the hetero-
fermentative pathway, as outlined in the review by Wilkinson & Davies (2012). The present study
corroborated that of Martinez-Fernandez et al. (2010), who reported high DM losses when L. buchneri was
applied to direct-cut forages of faba beans at ensiling. This effect is reduced in wilted forages, probably
because the higher DM content in wilted forages reduces the overall activity of L. buchneri (Martinez-
Fernandez et al., 2010), and the soybean forages in the present study were not wilted before ensiling

The CP and WSC contents in forages are the two most important compositional factors that affect the
nutritional quality of cereal silages (Hargreaves et al., 2009). The LD treatment reduced the CP content of
soybean silage compared with control silages (Table 3). This was reflected by the increase in ammonia-N
content in the LD treated silages. This was not consistent to other studies in which LB inoculation improved
the CP content of silage (Rooke et al., 1988; Gordon, 1989; Nkosi & Meeske, 2010). However, the present
study agrees with that of Zhang et al. (2013), who reported reduced CP content with LD inoculation in Urtica
cannabina silage. Other studies (Mustafa & Seguin, 2003; Lima et al.,, 2013; Touno et al., 2014) have
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recorded CP values in soybean silage that are higher than in the soybean silage of the present study, which
might be attributed to the different soybean forage cultivars used amongst these studies.

Table 2 Mean lactic acid bacteria (LAB) and yeast populations in forage soybean at pre-ensiling (n = 3)

Treatments
Microbes (log 10 cfu/g) SEM P
Pan Control Pan LD Link Control Link LD
LAB 3.46° 7.9 3.81° 8.2° 2.64 0.005
Yeasts 35 3.7 3.4 3.2 1.85 0.108

Cultivars: Pan: Pannar 522 RR; Link: Link LF6466. LD: bacterial inoculant, Lalsil Dry.
2" Means in the same row with different superscripts differ significantly (P <0.05).

Inoculation did not affect EE contents in soybean silages of the present study (Table 3). In contrast,
the inoculation of soybean silage with L. brevis reduced EE content compared with a control (Tobia et al.,
2008). However, the effect of cultivar was significant, and the Pannar cultivar had higher (P <0.05) EE
content compared with the Link cultivar. This might be because of higher EE content in the Pannar cultivar
before ensiling. The EE content in the Pannar soybean silage was higher than 42 g EE/kg DM reported in
the literature (Tobia et al., 2008; Dias et al. 2010; Lima et al., 2013). The relatively high EE content of
soybean silage is an important feed parameter since it represents a high energy contribution to balanced
animal feeds. However, the energy content in soybean silage of the present study did not differ (P >0.05)
among treatments and cultivars.

Concentrations of NDF in silages that are lower than the original herbage reflect the breakdown of
hemicellulose during ensiling, which provides additional substrate for the fermentation. Hemicellulose also
can be degraded through hydrolysis by organic acids produced during fermentation or can be applied with
silage additives (McDonald et al., 1991). However, it has been reported that the effects of LAB inoculants on
fibre degradation are not consistent because LAB cannot effectively use fibre as an energy source to
produce lactic acid (Muck, 2010). Faber et al. (1989) attributed the lack of response with LAB inoculation to a
lower environmental temperature that inhibited hemicellulose degradation. However, LD inoculation reduced
(P <0.05) the fibre fractions (aNDF, ADF and ADL) of soybean silage compared with the control. This might
be because LD inoculant contains enzymes that may be capable of degrading fibre. In contrast, inoculation
did not affect the ADF or aNDF content in maize silage compared with the control silage (Reich & Kung,
2010). Further, Xu et al. (2011) reported improved in vitro CP digestibility of milk vetch silage treated with LD
inoculant compared with a control.

Silage pH is one of the main criteria that reflect the extent of fermentation and quality of ensiled
forages. It is well known that legume forages are rich in proteins, of which 10% - 20% of the buffering effect
of plant constituents on pH is attributed to proteins (McDonald et al., 1991). Legumes, with their low water-
soluble carbohydrate content and a higher buffering capacity, generally reach a terminal pH of about 4.5. A
rapid decline of pH during the early stages of ensiling is required to ensure good silage quality (McDonald
et al., 1991). The decline in pH of ensiled forages can be attributed to the fermentation of WSC by LAB
(McDonald et al., 1991). The final pH of soybean silage was reduced to 5.1 for the LD inoculated silages and
4.5 and 4.4 for the Pan and Link control silages, respectively (Table 3). The higher pH on the inoculated
silages may be attributed to less efficient utilization of the limited amount of WSC present in the whole crop
soybean prior to ensiling. However, the pH was not low enough for efficient preservation, because it should
range between 3.8 and 4.2 for well-preserved silage (Kung & Shaver, 2001), but was typical of that of
soybean silage reported in the literature (e.g. Coffey et al., 1995, Nayigihugu et al., 2002, Mustafa & Seguin,
2003). The LD inoculation increased (P <0.05) silage pH compared with the control. It is well known that
inoculation of LB to forages at ensiling may result in increased silage pH compared with untreated silages
(Driehuis et al., 2001, Kristensen et al., 2010). In contrast, LB inoculation did not influence the pH in maize
silage (Reich & Kung, 2010), but reduced that of potato hash silage compared with control (Nkosi & Meeske,
2010). However, inoculation of a homofermentative LAB to forage soybean at ensiling reduced silage pH
compared with a control (Coffey et al., 1995, Tobia et al., 2008). The pH of LD inoculated soybean silages in
this study was lower than 6, recorded in Urtica cannabina (legume forage) treated with LD inoculant after 60
days of ensiling (Zhang et al., 2013).
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Table 3 Mean (SEM) chemical composition, fermentation characteristics and aerobic stability of whole plant
soybean silage after 90 days of ensiling (n = 3)

Treatments Significant effect (P)
Parameter ; SEM
Pan Link . TRT x
Control Pan LD Control Link LD TRT Cult Cult
Chemical composition
DM g/kg 318.0% 254.7° 303.7° 228.3° 1.500  0.001 0.001 0.004
CP g/kg DM 151.7° 149.0° 162.5° 142.1° 1.154  0.017 0.001 0.001
GE MJ/kg DM 18.1 18.4 18.4 18.1 0.121  0.915 0.790 0.057
EE g/kg DM 63.9° 64.7° 43.3° 47.1° 0.367  0.061 0.011 0.081
aNDF g/kg DM 452.3" 390.2° 474.0° 398.5° 0.628  0.001 0.001 0.001
ADF g/kg DM 347.3° 314.0° 393.4° 314.7° 0.600  0.001 0.001 0.001
ADL g/kg DM 68.2° 57.7° 75.1° 62.0° 0.252  0.001 0.001 0.001
Fermentation characteristics
WSC g/kg DM 2.07° 2.39% 2.66" 6.47°  0.100  0.001 0.001 0.001
pH 45° 5.1 4.4° 5.1 0.063  0.001 0.466 0.579
LA g/kg DM 41.6° 31.9° 54.8° 38.2° 0.193  0.001 0.001 0.001
AA glkg DM 42.8° 52.7° 41.0° 61.2° 1.092  0.001 0.001 0.001
PA g/kg DM 3.2° 28.6" 6.9 37.1° 0.373  0.001 0.001 0.002
NHs-N g/TN 54.8" 78.2° 74.7° 99.4° 1.391  0.001 0.001 0.743
DM recovery g/kg ~ 958° 918" 966° 915" 11.2 0.002 0.092 0.161
Aerobic stability after 5 days of exposure
CO, g/kg DM 16.4° 7.9° 21.6° 12.9° 0.296  0.001 0.001 0.877
"Hours 61.8" 72.8% 55.6" 75.8% 0.920  0.001 0.232 0.069
Yeasts and 4.5° 3.3° 4.5° 3.3° 1.91 0.001 0.089 0.052

moulds cfu/g logio

Cultivars: Pan: Pannar 522 RR; Link: Link LF6466. LD: bacterial inoculant, Lalsil Dry.

2= Means in the same row with different superscripts differ significantly (P <0.05).

DM: dry matter; CP: crude protein; GE: gross energy; EE: ether extract; aNDF: amylase treated neutral detergent fibre;
ADF: acid detergent fibre; ADL: acid detergent lignin; WSC: water-soluble carbohydrates; LA: lactic acid; AA: acetic acid;
PA: propionic acid; NH3-N g/TN: ammonia-N g/total N; CO3: carbon dioxide;

"Hours: time for a 2 °C increase above room temperature.

Trt: treatment; Cult: cultivar; Trt x Cult: treatment x cultivar interactions.

8.0
7.5 A
7.0

6.5
6.0 -

pH

5.5 1
5.0 1
4.5 A
4.0

0 3 7 21 90 95
Days of Ensiling

Figure 1 Effects of treatments (Pan control (m), Link control (¢), Pan LD (A), Link LD (e)) on pH and aerobic
stability (days 90 - 95) of whole crop soybean silage.
Cultivars: Pan: Pannar 522 RR; Link: Link LF6466. LD: bacterial inoculant, Lalsil Dry.
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Water-soluble carbohydrates are regarded as essential substrates for growth of LAB for proper
fermentation (McDonald et al., 1991), and low levels may restrict LAB growth. Lunden-Pettersson& Lindgren
(1990) recommended an amount of 60- 70 g WSC/kg DM for achieving well-preserved silage. The soybean
cultivars had WSC content within this range (Table 1), with highest recorded in the Pannar cultivar (70 g
WSC/kg DM). The WSC in forage soybean cultivars before ensiling was higher than 30 and 35 g WSC/kg
DM recorded in other studies (Mustafa & Seguin, 2003; Mustafa et al., 2007). It has been reported that the
initial WSC concentration in forages varies widely with genotype, maturity at harvest and climatic conditions
such as crop heat units and frost (Addah et al., 2011), which might explain differences in WSC content in the
soybean cultivars in this study compared with those recorded in the literature. Lower (P <0.05) residual WSC
was obtained in the control treatment compared with LD treated silage. The level of residual WSC, however,
was reduced in all treatments, indicating that most WSC were utilized during fermentation. Higher residual
WSC in silage may be beneficial to ruminants, since it supplies energy to animals. However, residual WSC in
silage may serve as substrate for aerobic microbes during the feeding-out phase (Weinberg et al., 1993).

Lactic acid is the strongest of all silage acids, and its presence would decrease the pH more effectively
than other VFAs. This can be achieved by the use of silage LAB inoculants to increase the number of
homofermentative LAB in the ensiled forage. However, this depends on the amount and type of sugars
present in the crop at ensiling. When the LAB were using hexose sugars, the fermentation becomes
homofermentative, while the utilization of pentose sugars results in a hetero-fermentative fermentation
(Wilkinson & Davies, 2012). The lower levels of LA in the inoculated forage soybean compared with the
control are in contrast to Zhang et al. (2013), who reported increased LA production in LD-treated Urtica
cannabina silage compared with control. Xu et al. (2011) reported the same phenomenon in LD-treated milk
vetch (Astragalus adsurgens) compared with control treatment, inconsistent with the current study. However,
this study is consistent with those of Ranijit et al. (2002) and Kristensen et al. (2010, who reported reduced
LA production in maize silage treated with L. buchneri compared with control silage.

A review of 11 studies on the use of inoculants containing L. buchneri during the ensiling of forages
indicated that L. buchneri increased the levels of AA and ammonia-N in silages by 270% and 113%,
respectively (Wilkinson & Davies, 2012). It is also reported that LA is converted into AA with L. buchneri
inoculation, and thus higher AA compared with LA can be obtained (Oude Elferink et al., 2001). The LD
inoculant increased the contents of acetic and propionic acids compared with the control (Table 3), and is in
line with the general findings of the effects of inoculation with L. buchneri (Kleinschmidt & Kung, 2006;
Kristensen et al., 2010; Nkosi et al., 2012).

Ammonia-N in silage reflects the degree of protein degradation. Well-preserved silages should contain
less than 100 g NHs-N/kg total nitrogen (TN) (McDonald et al., 2002). The effects of LAB inoculants on
ammonia-N reduction in silage compared with untreated silage have been reported (Rooke et al., 1988;
Gordon, 1989; Nkosi & Meeske, 2010). Generally, inoculation with L. buchneri has not increased ammonia
content of maize silages (Kleinschmidt & Kung, 2006; Mari et al., 2009), although an increase in ammonia
was observed in grass silage (Driehuis et al., 2001). The effects of treatments on the ammonia-N content in
soybean silages in the present study followed a similar pattern to the CP contents. Inoculation of soybean
forages with LD before ensiling did not restrict (P <0.05) proteolysis, as indicated by its higher ammonia-N
content compared with untreated (Table 3), consistent with Martinez-Fernandez et al. (2010). The increase in
ammonia-N concentration in the LD treated silages might be due to relatively higher pH caused by high
metabolic activity of the LB bacterium (Driehuis et al., 2001). However, silages of the present study had an
ammonia-N content that was within acceptable levels (<100 g NH3-N/kg TN) for well-preserved silages
(McDonald et al., 2002).

The aerobic deterioration of silage may increase the risk of proliferation of potential pathogenic or
undesirable micro-organisms, thus affecting the performance of animals fed the silage. Higher CO,
production in silage indicates the activity of yeasts and moulds, which cause a rise in temperature and
reduce the quality of silage (Woolford, 1990; Ashbell et al., 1991). Weinberg et al. (1993) concluded that
residual WSC and LA were both substrates for yeast and mould growth, and that AA inhibited the growth of
these organisms. The aerobic stability of the control soybean silage was poor, based on the intensive CO,
production, increases in pH, and a rise in temperature and yeast and mould populations, compared with the
treated silages (Table 3). This is in agreement with Szucs & Avasi (2005) and Szucs et al. (2011), who
reported improved aerobic stability of lucerne silage with LD inoculant. In contrast, the aerobic stability of
triticale-faba silage was not improved by LB inoculation (Martinez-Fernandez et al., 2010). Barbosa et al.
(2011) recorded a rise in pH to 8.8 from soybean silage after seven days of aerobic exposure, consistent
with that of the Link control in the present study. Increases in acetic and propionic acids in silages treated
with L. buchneri accompanied improvements in the aerobic stability of barley silage (Kung et al., 1999). The
LD inoculated soybean silages of the present study had higher acetic and propionic acid and improved
aerobic stability compared with the untreated silages. Ranijit et al. (2002) added L. buchneri to maize silage
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and the control silage heated after 18 hours, while the treated silages remained stable for longer periods.
The untreated soybean silages heated after 55 and 62 hours for Link and Pannar cultivars, while the LD
treated silages heated after 73 hours, respectively. The pH of the untreated silages went above 6 after 5
days’ aerobic exposure (Figure 1), indications of poor aerobic stability compared with LD inoculated silages.
The rapid increase in pH of the control silage compared with the LD inoculated silages was probably caused
by high yeast populations in the control silage. Yeasts are known to initiate aerobic deterioration of silage
(McDonald et al, 1991; Driehuis et al., 2001) and addition of L. buchneri to silage impaired the activity of
yeasts (Driehuis et al., 2001). Numbers of yeasts were extremely low or not detectable in silages treated with
L. buchneri compared with the control maize silage in some studies (Kristensen et al., 2010; Reich & Kung,
2010). The inoculation of L. buchneri during the ensiling of forages is often criticized because of the increase
in silage pH, AA and losses in DM and energy (Reich & Kung, 2010; Wilkinson & Davies, 2012). However, if
aerobic stability is improved, the loss of nutrients incurred by the addition of L. buchneri may be moderate in
comparison with what might have been lost at feed-out through aerobic deterioration (Nkosi & Meeske,
2010).

Conclusions

Good quality silage can be produced from forage soybean Pannar and Link cultivars. The inoculation
of forage soybean cultivars with LD at ensiling reduced silage fermentation quality, but improved the aerobic
stability of the silage. The application of hetero-fermentative inoculants on forages that contain limited
amounts of WSC may be discouraged. Further work to determine effects of soybean silage on nutrient
utilization and growth performance of ruminants is needed to determine whether the silage is a viable
alternative to conventional forages.
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