Waste and Biomass Valorization (2024) 15:2215-2230
https://doi.org/10.1007/512649-023-02280-8

ORIGINAL PAPER q

Check for
updates

Effects of Lactiplantibacillus plantarum, Limosilactobacillus fermentum,
and Propionic Acid on the Fermentation Process Of Sugarcane Tops
Silages Along with Variations in pH, Yeast and Mould Count After
Aerobic Exposure

Nutan Chauhan' - Neelam Kumari? - Veena Mani' - Diwas Pradhan? - Gopal R. Gowane* - Sachin Kumar' -
Nitin Tyagi’

Received: 10 March 2023 / Accepted: 7 September 2023 / Published online: 8 October 2023
© The Author(s), under exclusive licence to Springer Nature B.V. 2023

Abstract

Purpose The research aimed to assess and compare the effect of bacterial inoculants, chemical additive and their combina-
tions on the fermentation process of sugarcane tops silages along with variations in pH, yeast and mould count after aerobic
exposure.

Methods In harvest season, sugarcane tops were collected from local farmer fields (27.80% DM). The treatments were,
control (no additive), LP (Lactiplantibacillus plantarum), LF (Limosilactobacillus fermentum), PA (Propionic acid), a com-
bination of LP+LF, PA+LP, PA +LF, and PA +LP+LF. After 30 days of ensiling, silage fermentation parameters and pH,
yeast and mould were accessed after aerobic exposure.

Results The treatment with additives reduced pH (P <0.05) and increased lactic acid, acetic acid and dry matter recovery
significantly (p <0.05). In the PA+LP+LF treatment, the oxalate content substantially reduced by 51.36% after ensiling
(p<0.05). NDF content reduced in all treatments as compared with control (p <0.05). LAB count was higher in PA +LF
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treatment (8.58 log10 CFU/g) (p <0.05). Yeast and Mould counts were lower in treatments PA +LP + LF and PA, 2.22 and
3.01 (log10 CFU/g) respectively (p <0.05). Among the treatments, combinations of PA +LP+LF and PA +LF were the

most effective to improve the fermentation quality of silage and
reduce the yeast and moulds after aerobic exposure.

the combination of PA 4+ LF has shown more potential to

Conclusion The additives were effective to improve the fermentation quality and reduced oxalates content of the sugarcane
tops silage. As the exposure time increased the pH values and the yeast-moulds count remained more stable in silage treated
with bacterial inoculants and chemical additive which reduced aerobic spoilage in sugarcane tops silage.
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Statement of Novelty .

e Sugarcanetops (SCT) is a low quality roughage source
for ruminants. Co-ensiling sugarcane tops with suitable
additive and further inoculatig with suitable bacterialin-  ®
oculants and enzymes coverts SCT into a superior quality
roughage source for ruminants. °

Highlights

e Sugarcane tops after ensiling with suitable additives can ~ ®
be used as quality fodder for livestock
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Estimated parameters

- Limosilactobacillus fermentum - Propionic acid -

The additive treatment, including Lactic acid bacteria (L.
plantarum and L. fermentum) and propionic acid (PA)
along with urea (0.5%) and molasses (1.5%) reduced pH,
increased lactic acid, acetic acid and dry matter recovery
in sugarcane tops silage (SCT)

NDF content reduced in all treatments as compared with
control (p<0.05)

In the PA +LP+LF treatment, the oxalate content sub-
stantially reduced by 51.36% and yeast count were also
lower in PA +LP+LF treatment

The combinations of PA+LP+LF and PA +LF were
the most effective to improve the fermentation quality of
silage

The combination of PA+LF showed a higher abil-
ity to inhibit yeast and moulds after aerobic exposure,
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which are the main contributors of aerobic deterioration
of silage

Introduction

Sugarcane (Saccharum spp.) is one of the most agronomical
and economically suitable forage that is produced in more
than 100 countries worldwide in tropical and sub-tropical
regions and India is the second-largest sugarcane producer
globally. In India, 21% of the agricultural area is used for
sugarcane production and its green leaves considered to be
medium-quality forage due to less protein (6.84% CP), min-
erals, energy and high oxalate content [1-3]. Sugarcane tops
are a by-product of sugarcane harvesting, comprising green
leaves. A significant by-product of the sugarcane industry,
the sugarcane tops (SCT) make up around 20% of the entire
plant [3]. Even though sugarcane tops are easily accessible
after a harvest, still it’s a low quality roughage to be utilised
for ruminant feeding Sugarcane tops exhibits a substantial
quality loss over time, becoming rough and less desirable to
animals during drying and storage. Therefore, ensiling of
sugarcane top can not only benefit the sugarcane industry
but also support ruminants who are struggling with a lack
of green fodder during the lean seasons [4, 5]. Ensiling of
sugarcane tops as a feed alternative avoids higher losses of
quality and dry matter (DM), reduces oxalate content and
could extend the storage time [6—8]. Ensiling of silage is a
forage conservation method that is based on spontaneous
lactic acid production of forage under anaerobic conditions.
Lactic acid bacteria and water soluble carbohydrates (WSC)
are essential components for optimal silage quality through-
out the ensiling process [6, 9]. Because during ensiling pro-
cess, SCT silage losses their quality with time and high DM
losses also observed (up to 15.9% of DM through gaseous
loss and an average loss of 250 g/kg), it is a serious issue for
silage industry [10-13].

Applying additives during preparing silage is one of the
management strategies during the ensiling, storage, and
feed-out phases to reduce a nutrient loss (yeasts cause a sig-
nificant loss of dry matter), enhance its nutritional value,
and prevent nutrient loss. Thus, various biological addi-
tives and chemicals have been used to achieve an optimal
fermentation process [14, 15]. The two most feasible addi-
tives are urea, which gives the silage's microbes ferment-
able nitrogen and significantly lowers the oxalate level of
sugarcane tops [16], and molasses, which is a source of
fermentable carbohydrates. Among the various additives,
homofermentative bacteria inoculants have been suggested
as a potent stimulant to boost the initial lactobacilli load
and fermentable substrate in silage [17, 18], but it is more
unstable when exposed to air because of the production of
less antifungal compounds (such as acetic acid) [19, 20].

The other problem is, after opening the silo the silages are
perforated by air, which encourages the growth of aerobic,
acid-tolerant microorganisms (Lactate-assimilating yeast
such as Saccharomyces, Candida, Cryptococcus, Pichia,
and mould) and produce potentially toxic substances which
lead to aerobic spoilage and reduced nutritional value [13,
21]. In addition, the quality and nutritional richness of sugar-
cane silage directly influence aerobic deterioration [22]. The
aerobic stability of silages has been enhanced using a vari-
ety of methods. For example, applying heterofermentative
lactobacilli (L. Buchneri, L. fermentum, etc.) and propionic
acid-based additives have enhanced the aerobic stability of
silage [23]. However, acetic acid, which is a more effective
antimycotic agent than lactic acid, is produced during heter-
olactic fermentation, which is less effective than homolactic
fermentation at conserving nutrients [13, 24, 25]. Recently,
the addition of homofermentative and heterofermentative
bacteria has shown better results especially in exhibiting
higher fermentation quality, and inhibition of yeast and fun-
gal proliferation. Therefore, the studies on sugarcane silage
have mainly focused on indenting additives associated with
silage fermentation that inhibit forage deterioration to reduce
losses. Furthermore, limited information is available regard-
ing the effect of Lactiplantibacillus plantarum, Limosilacto-
bacillus fermentum), and propionic acid or in combination
on fermentation profile and changes in pH, yeast and mould
count after aerobic exposure of sugarcane tops silage. The
findings of this study may provide 1 guidance and support
for future sugarcane top silage production, using appropri-
ate LAB inoculants and chemical additives. Therefore, this
study aimed to evaluate the effects of bacterial inoculants,
chemical additive and their combinations on the fermen-
tation process of sugarcane tops silage in laboratory silos,
along with variations in pH, yeast and mould count after
aerobic exposure.

Materials and Methods
Materials and Silage Preparation

The research was conducted at the Animal Nutrition Divi-
sion of the National Dairy Research Institute (NDRI), Kar-
nal, Haryana, India. NDRI is situated 250 m above sea level,
with latitude and longitude of 29° 42" N and 79° 54" E,
respectively. With a diurnal fluctuation of 15-20 °C. The
district typically receives 582 mm of precipitation per
year. It is an alluvial plain-like region that is a part of the
Indo-Gangetic plain. Sugarcane tops were obtained from a
nearby farmer's field during harvest season (late November
to early December). Whole sugarcane tops were chopped
into 2—4 cm segments using an electrical chaff cutter. When
the tops were ensiled, the DM content was 278 g/kg. In all
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treatment groups, urea (0.5%) and molasses (1.5%) were
added on a fresh basis. To avoid fungus growth, molas-
ses was also given a heat treatment by being autoclaved
at 121 °C for 15 min. The following additions were used
in fresh material to prepare silage: bacterial inoculants
(ampoules were obtained from the National Collection of
Dairy Cultures), namely Lactiplantibacillus plantarum (2
x 10® CFU g~!) (NCDC No. 344) and Limosilactobacillus
fermentum (1 x 10° CFU g~!) (NCDC No. 412) after grow-
ing in MRS broth (Himedia Laboratories Pvt. Ltd, Mum-
bai, India), and chemical additive propionic acid @ 0.1%
on fresh matter basis. Treatments were control (no additive),
LP (Lactiplantibacillus plantarum), LF (Limosilactobacil-
lus fermentum), LP + LF, PA (Propionic acid), PA +LP,
PA +LF, and PA +LP+ LF. Three containers were filled
with sugarcane tops for each treatment after proper mixing
with additives. The containers were weighed and then sealed
tightly before being kept at room temperature (Weight of
sample 2.80 kg). After 30 days of ensiling [26], the sam-
ples were analyzed in triplicate for fermentation parameters,
microbial composition, and checked pH, yeast, and mould
count after aerobic exposure. Pre-ensiled samples were taken
for chemical analysis.

Chemical Composition and Silage Quality
Estimation

The chemical composition (DM, CP, OM, and EE) of fresh
sugarcane tops was determined as per the method described
by AOAC [27]. The pH of fresh fodder and silage was deter-
mined using the Eutech pH meter from the aqueous extract.
The water-soluble carbohydrate (WSC) content of fresh sug-
arcane tops was determined by a spectrophotometer after a
reaction with an anthrone reagent [28]. The fermentation
coefficient (FC) of sugarcane tops was calculated according
to the formula given by [29]. Oxalate was estimated accord-
ing to [30] method. Van Soest et al. [31] methods were used
for analysing the acid detergent fibre (ADF) and neutral
detergent fibre (NDF) contents. Lactic acid estimation was
done per [32] method or modified method as given by [33].
Volatile fatty acids were estimated with the help of Nucon’s
gas—liquid chromatography. The supernatant was injected
into a Gas chromatograph (Nucon 5700, Nucon Engineers,
New Delhi) equipped with flame ionization detector and
stainless steel column packed with Chromosorb—101 (length
4’; 0.d ¥4”; 1.d. 3 mm; mesh range 80—100) to serve as a sta-
tionary phase. The following were the analytical conditions
for VFA fractionation: Injection port temperature, 250 °C;
column temperature, 190 °C, and detector temperature, 260
°C. The flow rate of carrier gas (nitrogen) was 40 ml/min;
hydrogen 30 ml/min; air 300 ml/min. The injection volume
was 3 pl. The injection was carried out using a 10 pl Hamil-
ton syringe (Hamilton, Nevada, USA). Dry matter loss was

@ Springer

determined by the disappearance of organic matter after
keeping it in a muffle furnace [34]. NRC, 2001 was used
to compute the true digestible NFC (tdNFC) and energy
content. Numbers of LAB were determined by pour-plating
tenfold serial dilutions on de Man, Rogosa, and Sharpe agar
[35] from Himedia Laboratories of Pvt Ltd, Mumbai, India.
The Petri plates were incubated at 37 °C for 36 h to enumer-
ate LAB in fresh sugarcane tops and silages. Total number
of yeast and moulds were determined by pour-plating tenfold
serial dilutions on potato dextrose agar that was acidified
with 0.5% (vol/vol) of 85% lactic acid after autoclaving.
Clostridia spore concentration in fresh silage samples was
determined by the most probable number (MPN) procedure
described by Tabacco et al. [36].

Assessment of pH, Yeast and Moulds Count After
Aerobic Exposure

After exposure to air, the silage's pH level was measured to
determine its stability in air [37]. 2 kg of silage was packed
in plastic bags and kept in a confined space at room tempera-
ture (27 °C). During the aerobic exposure (0, 2, 4, 6, and
8 days), the silage was sampled to determine pH values and
yeast and moulds count. 25 grams of sample (silage) from
each replicate were homogenized with 225 mL of sterile
water. The counting of yeast and moulds were done on a
plate of potato dextrose agar acidified with lactic acid (85%).
The plates were incubated at 37 °C, for counting of yeast and
moulds at 48 and 96 h, respectively based on morphology.

Statistical Design

Data of the fermentation parameters were analyzed by one-
way analysis of variance (ANOVA). Using the general linear
model process of SPSS (26.0), the pH, yeast and moulds
count (after aerobic exposure) were subjected to a two-way
analysis of variance with the fixed effects of additives, ensi-
lage period, and additives X ensilage period. For LAB, yeast
and moulds used log10 transformed data. Pairwise compari-
sons of the mean values were tested by Tukey’s test at the
significance level (p <0.05). ClustVis (https:/biit.cs.ut.ee/
clustvis/), a web platform for visualizing multivariate data
clustering, was used to produce heat-maps and principal
component analysis (PCA). PCA was used to obtain sta-
tistical differences and relationship among the treatments.

Results and Discussion
Chemical Composition of Fresh Sugarcane Tops

The chemical composition and microbial counts of fresh
sugarcane tops are already presented and discussed in our
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previous publications [38]. The chemical properties of
the fresh sugarcane top were analyzed prior to ensiling,
and results revealed that DM content in fresh sugarcane
top was 278.0 g/kg. Moreover, the crude protein, ether
extract, organic matter and total ash content was 63.0,
24.8, 934.1, and 75.9 (g/kg DM) respectively. Addition-
ally, sugarcane tops also had high structural carbohydrate
content, with NDF and ADF accounting for about 771.0
and 420.1 g/kg of DM, respectively. The hemicellulose,
NDICP, and ADICP content of sugarcane tops was 350.9,
16.2, and 8.10 g/kg of DM, respectively. The TDN, DE
(MJ/Kg DM), and ME (MJ/Kg DM) of sugarcane tops
fodder were 51.94, 9.40, and 7.61, respectively The pH,
Buffering capacity (mE /100 g DM), WSC (%), LAB, and
yeast-moulds count of sugarcane tops (log10 CFU/g) fod-
der was 6.69, 17.00, 13.14, 5.23, and 5.01, respectively
[38]. The oxalate content of fresh sugarcane tops was 1.46
(g/ 100 g DM) and the fermentation coefficient (FC) of
fresh sugarcane tops was less than 35. According to a
study [29], If FC < 35 =bad ensilable between 35 and 45
i.e. 35 <FC <45 =middle ensilable and if FC > 45 = good
ensilable, It might be seen as being low quality, difficult
to ensile, and in need of the application of appropriate
additions. Consequently, molasses was used in the cur-
rent study to enhance the FC of sugarcane tops. Molasses
directly provide soluble sugar during the initial stage of
fermentation, and also improved the N—C synchronization
when used with urea. The substantial energy contained in
molasses serves as additional fuel for the production of
lactic acid and raises the silage's overall energy content.
For optimal ensiling, fresh material should contain a dry
matter content of 25-30 g/100 g DM, 6-7 g/100 g DM of
water-soluble carbohydrates, and a likely amount of LAB
(> 10° CFU/g FM) [9].

Chemical Composition of SCT Silages Ensiled
with Different Additives

The chemical composition of SCT silage treated with dif-
ferent additives is presented in Table 1. DM is the main
factor in deciding the fate of ensiling. Dry matter (%) in
different treatments ranges from 24.87 to 27.43%. The
PA +LP+LF silage had the highest (p <0.05) dry mat-
ter content (27.43%), followed by the LP silage (27.39%),
and control silage (24.87%). However, the addition of the
additives might have an impact on the DM content of the
ensiled materials, in contrast, to control silage because
they improved fermentation, decreased dry matter loss, and
boosted dry matter recovery [39, 40].

The highest concentration (p <0.05) of CP was found in
PA+LP+LF (8.66%), followed by PA +LF (8.16), PA+LP
(7.67), and LF (7.02) respectively. According to the current
research, sugarcane tops ensiled with urea-based additives
had a much greater concentration of CP than the fresh sug-
arcane tops, which was consistent with the previous studies
[40]. This was also in agreement with that an increase in CP
from 5.6 to 7.15% after ensiling of sugarcane tops. In the
current study, it was found that lactic and acetic acid, two
silage organic acids, had favourable correlations (0.71 and
0.55) with the silage's CP content (Fig. 1). In relation to the
current findings, a study revealed that urease (bacterial ori-
gin), an enzyme that hydrolyzes urea to ammonia and carbon
dioxide, reacted with silage acids (Lactic, acetic acid, etc.)
to generate ammonium salts (non-volatile) and improved
the crude protein. It implies that increasing the silage acids
would increase the CP in silage [41, 42].

The effects of the additive treatments on DM loss of
silages treated with various additives ranged from 12.48 to
8.75%. In contrast to other treatments, the silage treated with
L. plantarum had the least (p < 0.05) dry matter loss (8.75%)
and the control group experienced the highest dry matter loss

Table 1 Chemical composition

_ Treatments DM CP* DM loss* tdNFC* Oxalate*

of sugarcane tops silage treated

with the different additive Control 24.87°+0.23 7.13940.04 12.48+0.34 12.37°+0.04 0.81*+0.02

combinations
LP 27.39*+0.02 7.189+0.05 8.75°+0.39 13.35°+0.04 0.79° +0.00
LF 26.24°+0.01 7.02°+0.09 9.07**+0.06 15.91°+0.04 0.76* +0.02
LP+LF 26.25°+0.10 7.139+0.05 10.21°+0.14 14.61°°+0.05 0.75% +0.02
PA 25.42940.05 7.199+0.06 9.60+0.19 12.33°+0.10 0.76% +0.02
PA +LP 26.78°+0.03 7.67°+0.09 9.64% +0.11 13.94% +0.06 0.75% +0.02
PA+LF 26.56"+0.01 8.14°+0.05 9.65%+0.49 15.75%+0.07 0.73%+0.00
PA+LP+LF 27.43*+0.05 8.66"+0.23 9.05%+0.30 1377 +1.43 0.71°+0.01
SEM 0.18 0.17 0.24 0.31 0.01

Values with different superscripts within a column differ significantly (P <0.05). *g/100 g DM. DM dry
matter of silage, CP crude protein, tdNFC truly digestible non-fibrous carbohydrates, LP Lactobacil-
lus plantarum, LF Lactobacillus fermentum, PA propionic acid, PA+LP combination of propionic acid
and Lactobacillus plantarum, PA+LF combination of propionic acid and Lactobacillus fermentum,
PA + LP+ LF combination of propionic acid, Lactobacillus plantarum, and Lactobacillus fermentum
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(12.48%). According to a study, urea-ensiled SCT silage had
the lowest dry matter recovery and the greatest proportion
of effluent losses [43]. In the present study, it was observed
that L. fermentum had lower DM recovery or more dry mat-
ter loss as compared to L. plantarum mean value might be
due to L. fermentum producing gas, CO,, and acetic acid.
The present study was in agreement with Borreani et al. [44]
that, the initial ensiling fermentation carbon dioxide losses
were minimised to the greatest extent by the homofermenta-
tive LAB. Overall, results of the present study revealed that
additives treatments of SCT silage had lower dry matter loss
as compared to control, it could be supported by the lower
unwanted microbes like yeast and moulds count, which are
responsible for lower DM recovery or more losses. Similar
results were analysed in an investigation that initial reduction

in pH by additives addition favours the lactic acid bacteria
and reduces the activity of enterobacteria and clostridia [45].
These results were similar to the findings of Muck and Kung
[46]: DM recovery significantly increased by 6% in additives
treated silage than in untreated silage. The truly digestible
non-fibrous carbohydrates (tdNFC) of SCT silage ranged
from 12.33 to 15.91%. The highest (p <0.05) tdNFC was
observed in LF (15.91) and PA + LF (15.75) respectively as
compared to others treatments. The reason for the increase
in tdNFC could be due to a lower NDF content in the LF
and PA + LF treatments (Table 1).Values obtained for tdNFC
content of the silage are a clear indication of well-fermented
and preserved silage as supported by the findings of Ferreira
[47].

The oxalate content of fresh sugarcane tops was
1.46 g/100gm DM reduced by 44.52% in control
(0.81 g/100gm DM) after the ensiling with urea and molas-
ses. All of the treatments had lower oxalate contents than
fresh sugarcane tops, and PA 4+ LP+LF treatment had the
largest reduction (51.36%) in comparison with others treat-
ments (p <0.05). According to a study, urea treatment of
sugarcane tops reduced the oxalate level of SCT by 52.28%
significantly [48]. Oxalates are degraded into carbonates and
then turned into CO, by anaerobic bacteria, which may be
the cause of the drop in oxalate during ensiling [49].

Effect of Additives on Fibre, Energy and Nitrogen
Content of SCT Silage

Table 2 depicts the fibre, energy and nitrogen content
of sugarcane tops silage. The NDF, ADF, and hemicel-
lulose (g/100 g DM) content were lower (p < 0.05) in all
treatments as compared to fresh sugarcane tops. All treat-
ments significantly affected the NDF contents (p < 0.05)
and higher NDF content was reported in control silage

Table 2 Effect of various additives on fibre, energy and nitrogen content of SCT silage

Treatments NDF* ADF* Hemicellulose*  TDN DE ME NDICP ADICP
(%DM) (MJ/KgDM) (MJ/KgDM) (%DM) (%DM)
Control 71.03*+0.01  41.39+0.03 29.64*+0.03 52.587+0.02  9.57°+0.002 7.76+0.00  1.60+0.01 0.78+0.01
LP 69.40°+0.02 41.11+0.01 2829%+0.02  54.15°+0.07 9.84°+0.02  8.05°+0.02  1.53+0.03 0.76+0.01
LF 67.01°9+0.01 41.01+£0.02 26.00°+0.01 55.69°+0.07 10.11°+0.02 832°+0.02  1.56+0.05 0.75+0.05
LP+LF 68.02°9+0.01 40.89+0.72 27.13%+0.72  56.15°+0.08 10.19°+0.02 8.40°+0.02  1.55+0.02 0.75+0.01
PA 69.92°°+0.02  40.81+0.01 29.11°°+0.03  54.35°+0.27 9.88Y+0.05 8.09°+0.05 1.57+0.01 0.78+0.01
PA+LP 68.11°¢10.01 39.88+0.22 28221021  53.34°+031 9.73°+0.05  7.93°+0.05 1.56+0.03 0.77+0.08
PA+LF 66.019+0.15  39.76+0.31 26.25°+0.32 57.90°+0.09 10.56°+0.02 8.77°+0.02  1.58+0.01 0.76+0.01
PA+LP+LF 66319+1.52  40.56+0.19 25.75°+1.71 54.959+0.34 10.07°+£0.07 829°+0.07  1.52+0.01 0.76+0.03
SEM 0.38 0.15 0.36 0.37 0.07 0.07 0.01 0.01
p-values 0.000 0.82 0.004 0.000 0.000 0.000 0.336 0.18

Values with different superscripts within a column differ significantly (P <0.05). *g/100 g DM. NDF neutral detergent fibre, ADF acid detergent
fibre, TDN total digestible nutrient, DE digestible energy, ME metabolizable energy, NDICP neutral detergent insoluble protein, ADICP acid

detergent insoluble protein
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(71.03%). While no significant difference (P> 0.05)
was observed in ADF content of silages. However,
highest hemicellulose content was observed in control
(29.64 g/100 g DM) as compared to others treatments
(p <0.05). The NDF contents in the treatment group with
LP and LF were lower than control group (P <0.05),
which could be due to the LAB that secrete lingo-cellu-
lase enzymes which stimulate conversion of fibre to WSC,
thereby making soluble sugars ready to use for successive
conversion to lactate, leading to a decrease in cell wall
carbohydrates associated with the effective degradation
of NDF contents [50]. A similar observation was made by
Wang et al. [51], who reported that lactobacillus treated
silage had lower NDF as compared to untreated silage.

The energy content of silage with and without the
addition of chemical and biological additives, varied
significantly (P <0.05). All the treated SCT silages had
higher TDN%, DE (MJ/Kg DM), and ME (MJ/Kg DM)
as compared to fresh sugarcane tops (51.94, 9.40, 7.6)
respectively. This could be supported by the higher NFC
content and lower NDICP in all the treated silage as com-
pared to fresh sugarcane tops. Our results are in agreement
with Akinbode et al. [52], found that high energy of SCT
silage compared to fresh SCT, which was attributed to
the increased NFC content. In present study, among LAB
inoculants, LF treatment had increased energy content
than the LP, which could be supported by the improved
fermentation. The present findings showed similarities
with the reports of Kebede et al. [43] in that ME for sug-
arcane tops silage was 7.74 MJ/Kg DM however, the ME
of SCT silage in present study was 7.76 MJ/Kg DM (Con-
trol). The NDICP and ADICP content of SCT silage was
significantly reduced in all treatments as compared to fresh
SCT (1.62 and 0.81% DM) but stayed similar (p > 0.05)
among treatments.

Table 3 Quality parameters, yeast and moulds count of sugarcane tops

Effect of Additives on Quality Parameters of SCT
Silage

Table 3 displays the quality parameters of sugarcane tops
silage. The pH of SCT silage ranged between 4.15 to 5.69.
The chemical and biological additives (Propionic acid
and Lactobacilli) lowered the pH of the SCT silage sig-
nificantly (p <0.05) as compared to control (5.69). These
results are in line with the observations of the majority of
researchers, who reported that adding bacterial inoculants
induces the quick drop in pH of silage compared to con-
trol [14, 53]. The control treatment had higher pH; this
could be because of urea addition. Similarly, Kebede et al.
[43] reported sugarcane tops silage treated with urea had a
higher pH than molasses treatment or with their combina-
tion. Likewise, during the ensiling period, the decrease in
pH is delayed because of the alkaline character of ammo-
nia [54]. Silage quality is not adversely impacted by the
use of urea and molasses, except for an increase in pH
level of silage [55]. In the current investigation, LAB-
treated silages had lower pH as compared to the control
could be because of OM (Hemicellulose, glucose, starch)
converted into organic acid (Lactic, acetic acid) during
ensiling by the LAB. LAB used the OM as a substrate
and produces more amount of organic acid. These finding
coincide with previous investigations, that the pH value of
SCT silage decreased as a result of the loss of organic mat-
ter, which supports a pH drop [43]. In the current study, it
was found that silage treated with propionic acid had lower
pH values (4.28) than control (5.69) values, which may
be related to its pKa value or acidic character. Similarly,
researchers found that propionic acid used as an additive
(PA;10 g /kg fresh matter) for high moisture corn (30%)
before ensiling leads to a decrease in pH of silage to 4.94
as compared to 5.88 in control silage [56].

silage treated with the different additive combinations

Treatments pH Lactic acid (%DM) L: A NH;-N(%DM) Yeast Mould Clostridium
(loglOCFU/g)  (loglOCFU/g)  (loglOCFU/g)

Control 5.69°+0.09  4.89°+0.35 3.7394£0.10  0.18+0.01 2.81*+0.01 1.53+0.01 ND

LP 424°+0.04  6.56°+0.16 4.63°+0.11 0.14°+0.01 1.74°+0.10 1.52°+0.01 ND

LF 4.18°+0.03  7.23%94+0.06 5.17%°+0.11  0.19°+0.00 1.98°4+0.13 1.39°+0.05 ND

LP+LF 4.15°+0.01  7.40*°+0.07 5124020  0.19°+0.01 2.50*+0.23 1.44% +0.02 ND

PA 428°+0.06  6.90°9+0.42 6.17°+0.05  0.12°+0.01 1.88°4+0.06 1.13°+0.05 ND

PA+LP 4.17°+0.01  7.21*¢+0.11 5.52°4+0.17  0.19°+0.01 2.21*+0.01 1.13°+0.01 ND

PA+LF 4.16°+£0.03  7.82°+0.08 5.69°+0.31  0.21*+0.01 2.23%+0.04 1.06°+£0.02 ND

PA+LP+LF  4.19°+0.08 8.18*+0.07 5.94*+0.36 0.18*+0.00 1.22°+0.01 1.01°+£0.01 ND

SEM 0.11 021 0.17 0.01 0.10 0.04

p-values 0.000 0.000 0.000 0.000 0.000 0.000

Values with different superscripts within a column differ significantly (P <0.05). L: A lactic acid to acetic acid ratio, CFU Colony forming unit,

ND Not detected
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In the present study, the pH value was negatively cor-
related with the LAB, LA: AA, lactic acid, acetic acid, and
propionic acid, but positively correlated with DM loss,
yeast-mould, and butyric acid (Fig. 1). It indicates that
treatments with lower pH values had elevated numbers
of LAB, lactic acid, acetic acid, and propionic acid, and
lower concentrations of DM loss, yeast-mould, and butyric
acid.

The concentration of lactic acid was higher in all treat-
ments as compared to control silage, which ranged from 4.89
(control) to 8.18 (PA+LP+LF) g/100 g DM (Table 3) and
the highest was in PA +LP + LF followed by PA +LF (7.82)
and LP+LF (7.40) % DM respectively. When L. plantarum
and L. fermentum were used as LAB inoculants, the lactic
acid concentration increased as compared to using LP or LF
alone. The L. fermentum produced more lactic acid (7.23)
compared to L. plantarum (6.56), which might be because
the addition of molasses encourages the growth of hetero-
fermentative rather than homofermentative lactic acid bac-
teria. Therefore, the more bacteria possess the more lactic
acid in silage, another reason may be due to the nature of
bacteria, LF is less fastidious and grows easily [26]. Lactic
acid is the major acid in high quality silage. Therefore, 4 to
12 g/100 g DM lactic acid should be present in high-quality
silage [9]. In present study, a sign of well-fermented silage is
that, the LA content in SCT silage was within this acceptable
range. It appeared that on the addition of molasses, enzymes,
and bacterial inoculants, lactic acid content was enhanced.
Lactic acid is the main acid, which lowers the pH of silage
more effectively than other fermentation products, which
produce high-quality silage [57, 58]. During the initial stage
of fermentation, molasses directly supplies soluble sugar.
A study also reported that the addition of propionic acid
slightly reduces the lactic acid contents of silage, because
of inhibition of microbial activity [59].

PA (6.17) and PA+LP+LF (5.94) had the highest LA:
AA ratio whereas lowest (p < 0.05) was observed in control
(3.73. The present study revealed that in all the treatments
the LA: AA ratio was above 3, which suggest the good
fermentation. So, present experiment results demonstrate
that the addition of additives during the ensiling of SCT
silage improved the LA: AA ratio and also silage quality
[60]. Comparable results were obtained by Borreani et al.
[44] which remarked that a higher lactate to acetate ratio in
the silage suggests a more homofermentative fermentation
process.

The ammonia- nitrogen (%DM) content varied from 0.12
(PA) t0 0.21 (PA +LF) and ammonia nitrogen content stayed
significantly lower (p < 0.05) in LP and PA treatment. In the
present study, NH;-N (% DM) content did not follow any
specific trend when ensiled with different additives. A higher
NH;-N content observed in present study might be due to
addition of urea during the ensiling. In the similar pattern,
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Singh et al. [26] also reported that urea treated silage had
higher ammonia—nitrogen content.

Effect of LAB and Chemical Additive
on Microbial Count of Sugarcane Tops Silage

The variations of the lactobacilli and yeast- moulds count in
the sugarcane tops silage are depicted in Fig. 2 and Table 3
respectively. After ensiling, LAB colonies increased in all
the silage treatments compared to fresh sugarcane tops.
The LAB count under this study ranged from 7.60 to 8.58
(log10 CFU/g), with treatment PA +LF having the highest
LAB (8.58) as compared to control (7.60) and difference
was significant (p <0.05). The inoculated groups had more
Lactobacillus counts than the control. These findings were
similar with the analysis that the LAB count was enhanced
along with the inhibition of yeast and moulds during ensiling
due to and increase lactic acid and decreased pH on adding
bacterial inoculants [61]. On individual effect, Lactobacil-
lus fermentum had higher LAB count than Lactobacillus
plantarum and this might be due to the addition of molasses,
which may favour the growth of heterofermentative lactic
acid bacteria as compared to homofermentative. A similar
observation was recorded by Singh et al. [26] in sugarcane
tops silage.

Clostridia spores were absent in all the treatment groups.
Yeast and moulds count (Table 3) were higher in con-
trol (2.81 and 1.53 logl0CFU/g) and lower (p <0.05) in
PA +LP+LF treated silage (1.22 and 1.01) respectively.
There was a significant trend (p <0.05) towards reduction

107

Lactobacillus (log;cpy/g)

Treatments

Fig.2 Effect of additives on lactobacillus count (loglOCFU/g) of
sugarcane tops silage. LP Lactobacillus plantarum, LF Lactobacil-
lus fermentum, PA propionic acid, PA+ LP propionic acid and Lac-
tobacillus plantarum, PA+ LF propionic acid and Lactobacillus fer-
mentum, PA+LP+ LF combination of propionic acid, Lactobacillus
plantarum and Lactobacillus fermentum. The error bars represent
standard error of the mean (n=3). Different letters (a-d) indicate a
significant difference (P <0.05)
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in yeast and moulds count on additives treatment as com-
pared to control. PA +LP+LF had the lowest yeast and
moulds count could be because of synergistic action of ace-
tic acid (which produced by L. fermentum) and propionic
acid, and both are antimycotic agent. Similarly, Borreani
et al. [44] reported that acetic and propionic acid reduced
aerobic spoilage through the inhibition of yeast and moulds.
Corn silage treatment with L. buchneri resulted in lower
yeast and moulds counts due to acetic acid and simultane-
ous improvement in aerobic stability of silage [42]. On the
contrary researchers also observed that propionic acid did
not affect yeast count and aerobic stability [62]. Control had
the highest amount of yeast and mould and this might be due
to the highest pH value. This observation was similar to what
McAllister et al. [63] who reported that the yeast and mould
proliferation was associated with higher pH and low lactic
acid concentration [64].

Effect of LAB and Chemical Additive on Volatile
Fatty Acid of Sugarcane Tops Silage

Figure 3 displays the volatile fatty acids of the of SCT
silages. The acetate concentration varied from 1.45 to 1.12%
DM, highest (p <0.05) acetate concentration was observed
in treatment LP+LF (1.45% DM) and lowest in PA treated
silage. Some studies reported that an increase in the ace-
tic acid concentration of silage inhibits yeast and moulds
growth hence it could lead to increase the aerobic stability
of silage [65, 66]. Furthermore, investigations suggested that
an increase in acetic acid was associated with the inhibition
of spoilage by micro-organisms [38, 67].

Propionate concentration varied from 0.38 to 0.14% DM
in all the treatments and highest (p < 0.05) was found in PA
and PA+LF (0.38 and 0.35 respectively) treated silage.
This result could be due to exogenous addition of propionic
acid in these treatments. Some results demonstrated that

154 ababt ab

Control
LP
LF
LP+LF
PA

gERE

PA+LP

054 PA+LF

B EES

PA+LP+LF

0.0 -
Acetic acid

Butyric acid

Propionic acid

Fig.3 Effect of additives on volatile fatty acids of sugarcane tops
silage. DM dry matter.The error bars represent standard error of the
mean (n=23). Different letters (a-c) indicate a significant difference
(P<0.05).

treatment with propionic acid-based preservatives had no
effect on acetic acid concentration but it increased the pro-
pionate concentration in the treated silage when compared
with the control [68].

Butyric acid concentration ranged from 0.002 to 0.076%
DM in all silages. Control had the highest (p <0.05) butyric
acid content (0.076) as compared with other treatments. But
no significant difference (p > 0.05) was observed within the
propionic acid treated silages like PA, PA+LP, PA+LF
and PA +LP+LF. The present study revealed that additives
reduce butyric acid concentration significantly. Butyric acid
levels below 0.5% of DM in the current study illustrate that
silage has not undergone clostridial fermentation [69, 70].
Butyric acid is linked to clostridial fermentation and typi-
cally occurs when there is a lot of moisture [9]. The accept-
able limit of butyric acid in grass silage, should be less than
0.5-1% [70]. Butyric acid concentrations that are lower sug-
gest good fermentation conditions.

Effect of Additives on pH, Yeast and Moulds
Count After Aerobic Exposure of Silage

Variations in pH of SCT Silage After the Aerobic
Exposure

Table 4 depicts the pH of sugarcane silage after aerobic
exposure. Adding additives had a major impact on pH, aero-
bic exposure days, and their interaction (p <0.05). The pH
levels of all the treated silages (Table 4) were lower on the
zero-day aerobic exposure when the silage was first exposed
to the air and then gradually increased (p < 0.05) over the
subsequent days. It was observed that the respective lowest
and highest pH values in silages were observed at the zero-
day and the eighth day of aerobic exposure.. The overall
different treatments mean of pH at different time intervals
was 4.38, 4.73, 591, 6.79, and 6.82 at 0, 2nd, 4th, 6th, and
8th days respectively. When the containers were opened, the
pH values of all treatments were significantly lower than the
control. The mean pH values of silage from zero to eighth
day ranged from 5.58 to 6.28, with the control having the
highest mean pH value (6.28) and PA + LF having the low-
est (p <0.05) pH value (5.58). In the present research, silage
treated with L. plantarum (5.67) had a higher pH value
(p <0.05) than silage treated with L. fermentum (5.63).
The pH increased with an increase in the days of aero-
bic exposure, this might be due to the fact that many yeast
species convert lactic acid into CO, and water. lactic acid
breakdown raises the pH of the silage in aerobic environ-
ment,, which in turn encourages the growth of numerous
additional spoilage organisms [9]. This observation was
similar to what Liu et al. [71] who opined that the increase
in pH could be due to a reduction in the total acid content in
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Table 4 Effect of additives and

aerobic exposure days on pH Treatment Aerobic exposure days Mean SEM Significance
content of sugarcane tops silage 0 2 4 6 8 D T DxT
Control 5.69°C 584C 6138 686" 6.88* 628" 0.2 <0.001 <0.001 <0.001
LP 4.24°0 4.62°C 59208 678A 6804 5.67°
LF 4.18°° 4.60°C 5908 6.73%A 6754  563°
LP+LF 4.15°° 4.61°C 5898 6754 677%A 563°
PA 4280 456%C 591°8 6.840% 685" 568°
PA+LP 4.17°° 456%C 591°8 6874 6.88*4 5.68°
PA+LF 4.16°° 4549C 5788 671h  6.74* 5589
PA+LP+LF 4.19%® 45390 587€C 682%8 68794 565
Mean 438%F  473%  591¢ 679°  6.82%4

D aerobic exposure day, T treatment, D X T interaction of day and treatment

SEM standard error of the means

A-E values with distinct capital letters indicate statistically significant variations between ensiling days in
the same treatment (row) (p <0.05)

47¢ Significant variations across treatments in the same ensiling days are shown by values with distinct

small letters (column) (p <0.05)

the treatment groups after aerobic exposure. The increased
number of lactate-assimilating yeasts can cause a decrease
in lactic acid content. A similar observation was made by
Wang et al. [72] in sugarcane tops silage.

A study also hypothesised that the pH is an indicator of
aerobic deterioration of the silage because yeasts use lactic
acid during oxygen exposure and the silage becomes favour-
able substrate for the growth of other undesirable microor-
ganisms like moulds and bacteria, the increase in pH is a
sign of aerobic deterioration of the silage [73]. Likewise,
the pH of sugarcane tops silage up surged from 3.88 to 4.04
after aerobic exposure, and the amount of yeast grew sig-
nificantly, reaching 6.12, 7.14, and 7.51 log10 CFU/g FM
after 1, 2, and 3 days of exposure to the air [8]. Higher pH is
more favourable for yeast and moulds growth. Researchers
reported that the pH of the silages rose to a pH value of 7
along with the breakdown of organic acids [74]. L. plan-
tarum treated silage had a higher pH value as compared
to L. fermentum might be due to L. fermentum producing
comparatively more acetic acid whereas, acetic acid dis-
courages the growth of yeast and mould [14, 72]. Propionic
acid-treated silage exhibited a lower pH than the control
because propionic acid is an effective antifungal agent [66].
According to the studies, yeast and moulds are responsible
for the aerobic deterioration of silage, and propionic acid is
potent against them [75].

Change in Yeast Count of Different SCT Silages After
the Aerobic Exposure

The yeast count of sugarcane tops silage after aerobic

exposure is presented in Fig. 4. All the treated silages had
lower yeast count (log10CFU/g) at the zero-day of aerobic
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exposure after that it increased with the days of aerobic
exposure (p <0.05). Aerobic exposure days, additives, and
their interaction all had a substantial impact on the yeast
counts (logl0 CFU/g) (p <0.05). The lowest yeast count
(p <0.05) was observed at the zero days (2.04 log10CFU/g)
and highest on the 8th day (7.39 logl0CFU/g) of aerobic
exposure (Fig. 4a). The mean yeast counts of all treatments
were lower as compared to the control (Fig. 4b). It was
observed that the lowest yeast count was in PA, PA +LF,
and PA +LP+LF treated silages and the highest was in
control (6.03 log10cfu/g) (p <0.05). Among the bacterial
inoculants, L. fermentum (LF; 5.15 1og10CFU/g) had a lower
yeast count (p < 0.05) as compared to L. plantarum (LP; 5.55
loglOCFU/g) (Fig. 4b).

At the zero-day of aerobic exposure all the treated silages
had lower yeast count after that, it increased with the days of
aerobic exposure may be due to increasing the pH with the
day of aerobic exposure and microbial oxidation of organic
acids could be another factor. Yeasts break down the WSC
to produce carbon dioxide and water in aerobic environment
[76].

A similar report suggests that yeast and mould prolif-
eration might be successfully inhibited by the antimycotic
characteristics of propionic acid [45]. The L. Fermentum had
a lower yeast count as compared to L. plantarum due to the
production of more acetic acid compared to L. plantarum
which is an antifungal agent. Homofermentative lactic acid
bacterial inoculants decreased the stability of silage due to
production of the lesser amount of acetic acid [67]. Acetic
acid acts as an inhibitor of the growth of spoilage organisms.
The lower yeast count is associated with higher aerobic sta-
bility [62]. One study found a negative relationship between
yeast and aerobic stability. The stability of silage in air can
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be zero if yeast count exceeds more than> 6 logl0 CFU/g
of silage [23]. Good silage should contain less than above
count of yeasts on fresh basis.

Mould Count of Different SCT Silages After
the Aerobic Exposure

Figure 5 displays the moulds count of the of sugarcane top
silages. The lowest moulds count (Fig. 5a) was observed at
the zero days (1.33 logl0CFU/g) and highest (p <0.05) at
the 8th day (7.57 log10CFU/g) after the aerobic exposure of
sugarcane tops silage. Highest mould counts (Fig. 5b) was
observed in control (4.91 log10 CFU/g) while the lowest
(p <0.05) was maintained in PA +LF (3.80) respectively.
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¥

Treatments

Initially, (at zero days) moulds count (1.33 log10CFU/g)
was lower as compared to yeast count (2.04 log10CFU/g).
Usually, Yeasts typically start aerobic degradation by
devouring sugars and fermentation acids and increasing the
pH and temperature of the silage [77]. Bacilli and other aero-
bic bacteria flourish at higher pH levels; if the temperature
rises further, moulds eventually cause the silage to dete-
riorate completely. In current study, the lowest mould was
observed in PA +LF due to the synergistic effect of antimy-
cotic properties of propionic acid and L. fermentum which
was more effective to reduce the moulds growth as compared
to other treatments (Fig. 5b). Some researchers also reported
that undissociated acetic acid (a product of heterofermenta-
tive bacteria), is known to prevent the growth of yeasts and
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Fig.5 Effect of aerobic
exposure days and additives on
mould count of sugarcane tops
silage
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moulds, along with other short-chain fatty acids, but lactic
acid (sole fermentative product of homofermentative bacte-
ria) is mainly useless against these catalysts of the aerobic
degradation process [67, 76, 77]. When the moulds level
in the silage reached greater than 5 log10 CFU/g, moulds
become visible on the silage [78, 79]. Some researchers
have found that after 5 days of aerobic exposure, the rela-
tive abundance of Acetobacter climbed to 90% and Ace-
tobacter replaced Lactobacillus as the main community of
bacteria, which led to the aerobic deterioration of silage [72,
80]. Pahlow et al. [77] also reported that, after five days of
exposure, the yeast group Candida, which assimilates lactic
acid, gradually grew to dominate the fungal population. If
moulds count reaches up to 7 logl0CFU/g of silage then the
nutritional quality of the silage is reduced and the silage can
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be considered as aerobically deteriorated [44]. Therefore,
based on the lower pH, yeast and moulds count, the stability
of the sugarcane tops silage in the current experiment could
be in between 4 to 6 days.

Cluster Analysis of Sugarcane Tops Silage Treated
with Various Additives

Additionally, SCT silage with different treatments was
examined for similarities and differences between vari-
ous parameters and to categorize them. For simpler cat-
egorization and comprehension, hierarchical clustering
analysis of the different treatments with various param-
eters in heat maps was performed using a Euclidean
distance matrix of quantitative values (Fig. 6). A larger
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Fig.6 Heat map of hierarchal
clustering analysis of quality
parameters of SCT silage for
different treatments. Coloured
cells correspond to concentra-
tion value (larger concentration
of particular parameters value
in the silage sample is indicated
by the cell's increased colour
intensity); samples in column
and quality parameters in row

Fig. 7 Distribution of sugarcane
tops silage samples accord-

ing to PCA analysis using pH,
DM loss, microbial population,
ammonia—nitrogen, and organic
acids. Principle component
analysis (PCA) showed the
dynamic variance of the differ-
ent treatments of silages on the
basis of microbial population
and fermentation quality param-
eters. Components 1 and 2 may
explain 52.4% and 17.4% of the
total variance on the plots' x-
and y-axes, respectively and the
group fall inside the ellipse.
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concentration of particular parameters value in the silage
sample is indicated by the cell's increased colour inten-
sity. Overall, the clustering of the value of the different
parameters in heat maps showed that the findings were
in line with those that had already discussed in present
work. Principle component analysis (PCA) showed the
dynamic variance of the different treatments of silages on
the basis of microbial population and fermentation quality
parameters. Components 1 and 2 may explain 52.4% and
17.4% of the total variance on the plots' X- and Y-axes,
respectively and the group fall inside the ellipse (Fig. 7).
The control treatment of silage grouped closely and did
not overlap with others treatments of silage. The latter
was rather distant from one another, thus demonstrating
a higher variability of the considered characteristics in
between control and other treatments, it means control
had significantly different values than the other seven
treatments and this corroborates well with the results of
the present study related to chemical and quality profil-
ing of silage samples. The observations indicated that
PA +LP +LF and PA + LF had higher scores along with
F1. In our study, PA +LP+LF and PA + LF were the most
promising additive combination for improving the fer-
mentation quality of the SCT silage. Similarly, a study
also applied PCA to selecting the most promising combi-
nation of additives for silage [81].

Conclusion

The results indicate that the additives were effective to
improve the fermentation quality and reduced oxalates con-
tent of the sugarcane by-product (sugarcane tops) silage. As
the exposure time increased the pH values and the yeast-
moulds count remained more stable in silage treated with
bacterial inoculants and chemical additive. Among the treat-
ments, combinations of PA + LP+LF and PA + LF were the
most effective to improve the fermentation quality of silage
and the combination of PA 4+ LF has shown more potential
to reduce the yeast and moulds after aerobic exposure. In
totality, bacterial inoculants and chemical treated silage
positively impacted the lactobacilli, yeast, and moulds. This
improved the quality of fermentation and reduced aerobic
spoilage in sugarcane tops silage.

E-supplementary data of this word can be found in online
version of the paper.
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