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Abstract: The objective of this experiment was to evaluate the effects of the chopping length
and additive on the fermentation characteristics and aerobic stability in silage of Leymus chinensis.
L. chinensis was chopped to 1-2 cm and 4-5 cm, and immediately ensiled with the three treatments, i.e.,
2% sucrose (fresh weight basis; SU), 1 x 10° cfu/g Lactobacillus plantarum (LP) or 1 X 10° cfu/g LP plus
2% sucrose (SU+LP). Silage treated with distilled water served as the control. After silage processing
for 30 and 90 d, the fermentation quality of L. chinensis silage was evaluated. The composition of
the fermentation products and the pH value in the silage were determined at 1, 3, 5 and 7 d after
opening the silo. The results showed that in L. chinensis silage there was a lower pH value, higher
lactic acid content and better aerobic stability at the 1-2 cm length than those at the 4-5 cm (p < 0.001).
When the chopping length was 4-5 cm, the addition of either LP or SU+LP increased the content
of lactic acid and acetic acid, and decreased the pH value and butyric acid content, compared to
those of the control and SU treatment (p < 0.001). Furthermore, combination treatment of SU+LP
performed better than LP alone, and the aerobic stability time of L. chinensis silage at 4-5 cm without
any additives was the worst. In conclusion, enhanced fermentation quality and aerobic stability can
be obtained by processing L. chinensis silage with the shorter length. When the L. chinensis is cut
longer, e.g., 4-5 cm in this study, LP or SU+LP could be used as an effective method to improve the
fermentation quality and aerobic stability of L. chinensis silage.

Keywords: silage processing; fermentation quality; Leymus chinensis; aerobic stability; Lactobacillus
plantarum

1. Introduction

Leymus chinensis (Trin.) Tzvel., which is commonly known as Chinese wildrye, is a native
cool-season perennial grass in the Gramineae tribe and a good forage source for ruminants [1].
Nowadays, it is widely distributed on the Eurasian Steppe, including the eastern Inner Mongolian
Plateau and the Songnen Plain in China [2,3]. Fresh tender stems and leaves have good palatability,
and higher levels of digestible fiber in L. chinensis [4]. Generally, L. chinensis is usually processed for
hay and silage [5]. The hay preparation includes processing and storage, and during these processes
the loss of nutrients can reach 28%-32% [6]. Moreover, hay preparation is easily affected by external
factors such as the mowing period, weather and others, and especially rain causes mildew growth
and deterioration in forage grass [7,8]. Therefore, processing L. chinensis for silage is an effective way
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to utilize natural grassland. The processing of silage under sealed anaerobic conditions can reduce
the loss of nutrients, which in turn provides high-quality fermented green forage for livestock in
winter [9]. However, L. chinensis silage is not easily processed for ensiling because of its relatively
low concentration of lactic acid bacteria (LAB) and water-soluble carbohydrate (WSC) content during
ensiling [1,10]. Moreover, the hollow and hard stems impede the creation of anaerobic conditions for
successful ensiling [11]. In addition, the raw material characteristics of L. chinensis and mechanical
limitations prevent the cutting of L. chinensis into short segments, which increases the quantity of
oxygen entrapped in the silage and may result in poor silage preservation [12]. L. chinensis silage also
deteriorates easily when exposed to air [1]. Thus, more efforts are needed to improve the fermentation
and aerobic stability of L. chinensis silage.

In our previous studies, organic acids, chemical additives and LAB strains were used to improve
the fermentation quality and aerobic stability of forage silage [1,10]. It is well documented that
homofermentative bacterial inoculants ferment WSC into organic acids, particularly lactic acid (LA),
which improve the fermentation of silage [13]. Sucrose is usually used as an additive to improve
the fermentation quality of grass silage or to reduce the aerobic deterioration of silage, especially for
plants with lower WSC contents [14,15]. Applying a combination of these two types of additives
may be more effective than using one type of additive alone [16]. In addition, the cutting length also
influences the density of compaction and the followed fermentation characteristics [12,17]. However,
to our knowledge, only a few studies have investigated the effects of proper lengths and additives on
improving the fermentation quality and suppressing aerobic deterioration of L. chinensis silage.

The aim of our study was to detect the effects of chopping length and additives on the fermentation
quality of L. chinensis silage. Furthermore, the levels of in acidic substances associated with the aerobic
stability during the aerobic exposure were also measured.

2. Materials and Methods

2.1. Forage Harvest and Silage Preparation

The heading stage of L. chinensis was harvested in July 2018 at Guyuan, Hebei Province, China
(41°42'—-41°57" N, 115°32/-115°59" E, altitude 1430 m). The materials of L. chinensis were collected and
chopped to 1-2 cm or 4-5 cm, and immediately ensiled with the three treatments, i.e., sucrose at 2% of
the silage fresh weight (SU), 1 x 10° cfu/g Lactobacillus plantarum KR107060 (LP), which was isolated
from L. chinensis by Zhang et al. [10] or 1 X 10° cfu/g LP plus sucrose at 2% of the silage fresh weight
(SU+LP). At the same time, silages treated with distilled water served as the control. The L. chinensis
from each pile was packed in 1 L bucket silos and sealed with plastic lids. The targeted packing density
was 600 kg/m3. Laboratory silos were stored at room temperature for ensiling 30 d and 90 d. The three
replicates were included in each treatment, with 48 silos in all.

2.2. Fermentation Quality and Microbial Counts

Upon silo opening, 20 g of the silage from each bucket was diluted with 180 mL of sterilized
distilled water, homogenized for 1 min via 30 pulses of 2 s using a plant tissue crusher (WaringTM-8010S;
Waring Laboratory Science, Kendall, TX, USA) and then filtered through four layers of cheesecloth
and a qualitative filter paper. The pH of the filtrate was measured with a glass-electrode pH meter
(PHS-3C; Shanghai Precision & Scientific Instrument Co. Ltd., Shanghai, China). The filtrate was
further processed with a dialyzer of 0.22 um and then kept at =20 °C for organic acid analysis.
The LA, acetic acid (AA), propionic acid (PA) and butyric acid (BA) contents were determined by
high-performance liquid chromatography (HPLC; Shimadzu, Tokyo, Japan) [18]. The HPLC conditions
were as follows: column, Shodex RSpak KC-811S-DVB gel C (8.0 mm X 30 cm; Shimadzu, Tokyo,
Japan); oven temperature, 50 °C; mobile phase, 3 mmol/L HCIOy; flowrate, 1.0 mL/min; injection
volume, 5 uL; and detector, SPD-M10AVP. For the microbial counts, 10 g of the sample was ten-fold
serially diluted with sterilized saline solution (0.85% NaCl). The numbers of mold and yeast were
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counted according to Zhang et al. [10,19]. And the microbial counts were transformed to logjp and
presented on a fresh matter (FM) basis.

2.3. Chemical Composition Analyzes

The pre-ensiled materials of L. chinensis were collected for chemical analysis. The dry matter
(DM) content was determined after oven-drying the samples for 48 h at 65 °C. The dried samples
were ground to 1 mm screen using a microplant grinding machine. Using an automatic fiber analyzer
(Ankom 2000i full; Ankom Tech Co., Macedon, NY, USA), the neutral detergent fiber (NDF) and acid
detergent fiber (ADF) were determined according to the methods by Van Soest [20]. The crude protein
(CP) content was analyzed by using method of the Association of Official Analytical Chemists [21].
The content of WSC were determined by the anthrone-sulfuric acid method [22].

2.4. Aerobic Stability

After ensiling for 90 d, the plastic buckets were opened, and 300 g of L. chinensis silages were
placed loosely back into 1-L plastic buckets. The aerobic stability was defined as the number of hours
before the silage temperatures increased to 2 °C above the ambient temperature [23]. The ambient
temperature and silage temperature were measured at 5-min intervals using a temperature recorder
(SMOWO MDL-1048A, Shanghai Tianhe Automation Instrument Co., Ltd., Shanghai, China). Three
buckets were used for temperature recording over 7 d of exposure to air. Other silage samples were
collected from another three buckets, and the pH value and composition of the fermentation products
of the L. chinensis silages were determined at 1, 3, 5 and 7 d after silo opening.

2.5. Statistical Analysis

The data were collated in Excel 2010. Duncan’s multiple comparison method was used to analyze
the two factors of different additives and lengths. Significance was declared at p < 0.05. All of the above
statistical analyzes were performed with the GLM procedure in SPSS 19.0. The data are presented as
the means and standard error of the mean (SEM).

3. Results

3.1. Chemical Composition of Fresh Forage

As shown in Table 1, the DM content of L. chinensis before ensiling was 450.06 g/kg, the WSC
content was 62.86 g/kg DM, and the CP content was 67.08 g/kg DM. The NDF and ADF contents were
619.75 g/kg DM and 329.62 g/kg DM, respectively.

Table 1. Chemical composition of L. chinensis material before ensiling (+SD).

Item L. chinensis

Dry matter (g/kg) 450.06 + 0.77

Crude protein (g/kg DM) 67.08 +0.34

Water soluble carbohydrates (g/kg DM) 62.86 + 1.59
Neutral detergent fiber (g/kg DM) 619.75 + 12.01
Acid detergent fiber (g/kg DM) 329.62 +£ 5.81

SD, standard deviation; DM, dry matter.

3.2. Fermentation Traits of L. chinensis Silage for Ensiling 30 d

The fermentation quality of L. chinensis silage with different chopping lengths and additives ensiled
for 30 d is shown in Table 2. The chopping length and additives both affected the pH value of the silage,
and shorter silage lengths resulting in lower pH values (p < 0.001). At a length of 1-2 cm, the pH value
of L. chinensis silage treated with all additives was lower than that of the control (p < 0.001). At a length
of 5-6 cm, pH value did not differ between the control and SU but decreased under the LP and SU+LP
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treatment (p < 0.001). The pH values in the SU+LP silages were the lowest at all lengths (p < 0.001).
The silage of shorter-length L. chinensis had a higher LA content compared to the longer-length silage
for the SU, LP and control treatments (p < 0.001). The LA content of the LP treatment was higher than
that of the control for all lengths tested (p < 0.001). In contrast, the shorter-length L. chinensis silage had
a lower AA content compared to the longer-length silage (p < 0.001). At the 1-2 cm length, SU+LP
increased the AA content of L. chinensis silage (p < 0.001). At both 1-2 cm and 5-6 cm lengths, there
was no significant difference (p > 0.05) in the PA and BA contents in SU and SU+LP, compared to the
control. At the 1-2 cm length, LP significantly decreased the PA content (p < 0.05). At the 5-6 cm
length, significant differences were not observed in the PA content (p > 0.05). BA was detected in all
treatments, but the contents were close to zero.

Table 2. The pH value and fermentation products of L. chinensis silage with different chopping lengths
and additives after ensiling for 30 d (Dry matter basis).

Item Length Additive SEM p-Value
Control 18) LP SU+LP Length  Additive Interaction
1-2 . aB . bB . bB . cB
pH cm 420 4.00 406 388 0014 <0001 <0001  <0.001

4-5cm  4.643A 4583A 414bPA 399DbA
Lacticacid  1-2cm  3253PA 402004 517734 38500

(@kg) 0801  <0.001  <0.001 <0.001
& 45cm 460 377bB 34369B 37032
Aceti id _ . bB . bB . bB . a
C?g}ia)a 1-2cm 6.37 3.53 5.97 13.50 0433 <0.001 0.007 0.002
& 4-5cm 18707  19.834A 21904 19.33
Propioni 1-2 10472 87P 90 bB 33ab
acri‘;p(lo/fc) em 10 887 790 9-33 0186 0017 0.589 0.008
858 4 5cm 9.57 9.70 11274 9.97
Butyric aci - 4 . . .
Uténﬂf é;“d I2em 123 153 176 156 o1 0.672 0.235 0.678
g 45em  070° 10026 2633 1032

Means with in the same row @9 or with in the same column /8 with different superscripts differ significantly
(p < 0.05); SU, sucrose; LP, Lactobacillus plantarum; SEM, standard error of the mean.

3.3. Fermentation Traits of L. chinensis Silage for Ensiling 90 d

The fermentation quality of L. chinensis silage ensiled for 90 d is shown in Table 3. The addition of
LP or SU+LP significantly decreased the pH value, and the pH values of the SU+LP silages were the
lowest for all lengths tested (p < 0.001). Furthermore, similar to the case for silage ensiled for 30 d, the
silage pH value of the 1-2 cm-length was significantly lower than that of the 4-5 cm-length silage for
all the additives (p < 0.001). When the chopping length was 1-2 cm, there was no significant effect
on the LA content in all treatments (p > 0.05). However, at the 4-5 cm length, with the addition of
LP and SU+LP, the LA content increased from 12.30 g/kg DM to 30.27 g/kg DM and 26.25 g/kg DM,
respectively. Moreover, the silage of both LP and SU+LP had a higher level of AA for all chopping
lengths. Treatment with SU+LP resulted in lower PA contents for all lengths (p < 0.001). With no
additives, differences were not observed in the PA contents for all chopping lengths tested (p > 0.05).
Compared with silage ensiled for 30 d, higher BA was detected with the addition of SU at all chopping
lengths and with no additives at the 4-5 cm length. The yeast counts in L. chinensis silage treated with
LP were 1 x 10>7! and 1 x 10?%° cfu/g FM at the 1-2 cm length and the 4-5 cm length, respectively.
At the 1-2 cm length, lower yeast and mold counts were observed of L. chinensis silage compared to the
4-5 cm length. At the 4-5 cm length, SU+LP decreased the yeast and mold counts of L. chinensis silage
compared to the control.
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Table 3. The pH value and fermentation products of L. chinensis silage with different chopping lengths
and additives after ensiling for 90 d (Dry matter basis).

Additive SEM p-Value
Item Length
Control SuU LP SU+LP Length  Additive Interaction
1-2 ) aB . aB . b 85¢
pH cm 411 4.07 4.00 385 0028 <0001  <0.001 <0.001
4-5cm 49438 4619A 401b 391b
Lacticacid  1-2 72A o7apA 694 3544
a(cgl/iasl cm 3472 2742 38.69 1.046 <0001  <0.001 0.054
& 45cm 12308 732bB 3027aB 26252
Aceticacid ~ 1-2 03b 793aA 21442 09 bB
Cfg}iafl cm 803 16.79 8.09 0557 0899  <0.001 <0.001
& 45cm 9.67° 4019 22652 1862bA
Propioni 1-2 10.67 2 9P 1024 22¢
acrif’ip(‘g/im) cm 106 8.19 11.10 6 0194 0262  <0.001 0.156
& 45cm 9702 8203  g45aB  ygpb
Butyricacid ~ 1-2 ND 16.87 3B 38P ND
v (y;lf ";Cl om 68 0.38 3450  0.072 0.106 0.299
& 45cm 3326 34694 ND ND
Yeast (Log1o 12 cm <2 <2 2.71 <2
cfu/g FM) 4-5cm 3.63 <2 2.56 <2
Mold (Logzo 12 cm <2 <2 <2 <2
cfu/g FM) 4-5cm 2.45 <2 2.03 <2

Means with in the same row @9 or with in the same column (*® with different superscripts differ significantly
from each other (p < 0.05); SU, sucrose; LP, Lactobacillus plantarum; ND, no detected; SEM, standard error of means;
cfu, colony-forming units; FM, fresh matter.

3.4. Aerobic Stability of L. chinensis Silage

The temperature changes of L. chinensis silage were examined with the time of aerobic exposure at
lengths of 1-2 cm (Figure 1) and 4-5 cm (Figure 2). We found that the temperature of L. chinensis silage
increased firstly and then decreased with the increased of aerobic exposure time. At the 1-2 cm length,
after 120 h of aerobic exposure, the temperature of silage treated with sucrose was 2 °C higher than
the ambient temperature. Silage treated with SU+LP and the control almost exceeded the ambient
temperature by 2 °C at the same time. Under this test condition, the temperature of L. chinensis silage
treated with LP was always lower than the ambient temperature by 2 °C after aerobic exposure. At the
4-5 cm length, after 50 h of aerobic exposure, the temperature of L. chinensis silage with no additive
exceeded the ambient temperature by 2 °C, and after 70 h of aerobic exposure, the highest temperature
was observed. The aerobic stability of L. chinensis silage can be improved with the addition of LP, SU
or SU+LP. When exposed to air, the temperature of L. chinensis treated with SU and LP exceeded the
ambient temperature by 2 °C after 120 h and 160 h, respectively. A factorial analysis revealed that the
length, additive and their interactions had significant effects (p < 0.001) on the aerobic stability and the
time required to reach the maximum temperature of L. chinensis silage (Table 4).
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P — 1-2cm CON
_____ 1-2cm SU
304 | —————————- 1-2cm LP
——————— 1-2cm SU+LP
......................... Ambient
Ambient+2°C

Temperature ('C)

22 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180

Exposure time (h)

Figure 1. The temperature changes of L. chinensis silage at a length of 1-2 cm with the time of aerobic.
exposure. CON, control; SU, sucrose; LP, Lactobacillus plantarum.

S So— —— 4-5 cm CON
77777 4-5cm SU
30 5 2 |emsearsassss 4-Scm LP
_______ 4-5 cm SU+LP VAR
......................... Ambient
Ambient+2°C / [ \\\

Temperature ('C)

22 T T T T T T T

0 20 40 60 80 100 120 140 160 180

Exposure time (h)

Figure 2. The temperature changes of L. chinensis silage at a length of 4-5 cm with the time of aerobic
exposure. CON, control; SU, sucrose; LP, Lactobacillus plantarum.
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Table 4. Significant analyzes of length, additive, and their interactions on aerobic stability, maximum
temperature and the time to maximum temperature of L. chinensis silage.

Aerobic Stability =~ Maximum Temperature Time to Maximum

Treatments (h) (@] Temperature (h)
Length <0.001 0.088 <0.001
p-Value Additive <0.001 0.010 <0.001
Interaction <0.001 0.825 <0.001

3.5. Changes of pH Value and Acidic Substances of L. chinensis Silage

The dynamic changes in the pH value and LA content during the process of aerobic exposure of L.
chinensis silage with different chopping lengths and different additives are given in Figure 3. At1-2 cm,
with no additives, the pH value remained stable after the silo had been opened for 3 d, and it increased
5 d after exposure to air. With the addition of LP, the pH value did not change after the silo had been
opened for 5 d, but it increased 7 d after exposure to air (Figure 3A); after exposure to air for 3 d, the LA
content of the control silage with no additives and the LP- and SU+LP-treated silage remained stable.
With the addition of SU, the LA content decreased from 27.42 g/kg DM to 17.12 g/kg DM. Additionally,
the LA content was close to 0 during the 7-d spoilage test for all treatments (Figure 3B). At 4-5 cm, with
the addition of LP or SU+LP, the pH value was lower compared to the control and remained stable
after the silo had been opened for 5 d and increased 7 d after exposure to air. With the addition of SU
or with no additives, the pH value tended to increase after 3 d of exposure to air (Figure 3C); the LA
content of L. chinensis silage treated with LP or SU+LP was higher than that of the control or silage
treated with SU on 0 to 5 d of aerobic exposure. After aerobic exposure for 7 d, the LA content was
close to O for all treatments (Figure 3D).

A —+— Control C ——t— Control

9 --m--SU ? --m=--sU

3 m---8 4 _1p 8 —e—1P

7 ! eeoaees SUSLP 7 ____4‘ evedeeer SUSLP
Z6 R £

5 5

4 Q= 4

34 ; ; ; i 3 |

0d 1d 3d 5d 7d 7d
Day

B 50 —+— Control D —+— Control
- --m--5U 50 --m--SU
A 0 ., —e—LF g 40 —e—1FP
éﬁ 30 ’\ vevedeoes SULLP E%Q 30
220 - \ =20
210 - E 10
S0 ‘ ‘ ‘ ‘ Z 0
= od 1d 3d 54 7d =4 0od 1d 3d b5d 7d
Day Day

Figure 3. Dynamic changes in the pH value during aerobic exposure of L. chinensis silage treated with
different additives at 1-2 cm length (A) and 4-5 cm length (C). Dynamic changes in the lactic acid
content during aerobic exposure of L. chinensis silage with different additives at 1-2 cm length (B) and
4-5 cm length (D). SU, sucrose; LP, Lactobacillus plantarum; DM, dry matter.
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The dynamic changes in the acetic acid, propionic acid and butyric acid contents during aerobic
exposure of L. chinensis silage with different chopping lengths and different additives are given in
Figure 4. At 1-2 cm, the AA content decreased after silo opening during the 7-d spoilage test. After 7 d
of aerobic exposure, the AA content of L. chinensis silage treated with LP was 11.72 g/kg DM, which in
the other treatments was close to 0 (Figure 4A); the PA content fluctuated from 5 g/kg DM to 15 g/kg
DM and decreased after 7 d of aerobic exposure (Figure 4B); after exposure to air for 3 d, BA was
detected on all the days with the addition of SU. In contrast, BA was not detected at any number of
days of aerobic exposure with the addition of LP (Figure 4C). At 4-5 cm, the AA content of L. chinensis
silage treated with LP and SU+LP was higher than that of control and SU at 0 to 7 d after aerobic
exposure. After aerobic exposure for 7 d, the AA content was close to 0 for all treatments (Figure 4D);
no regular changes of the PA content were detected after the silo had been opened for 7 d (Figure 4E);
BA was detected at 7 d of aerobic exposure in the SU and control, but was not detected in LP and
SU+LP treatments at 0 to 5 d of aerobic exposure (Figure 4F).

0d 1d 3d 5d 7d
Day

A =t Control D ——+— Control
- 30 —-B=-SU --m--5U
825 —e—1P —e—1F
%ZO _:i—" cesedesss SUALP vieadeees SUSLP

15 [ -7 ol N

=

g 10 % .. F ) \\\ﬁ

© 5 e .

B AN

2 0 — ‘ mes

<

0d 1d 3d b5d 7d 7d
Day

B E —+— Control
=15 =15 --m--SU
3 2

50 80
10 %10
2 =
25 g5

9 =)
£ 0 &
C —— Control F —— Control
= 60 -=B=-50 = 80 -=B=-50
2 50 —e—1P —e—1P
=4
-5_340 verederes SUSLP {::b
- 30 . g
EEr Sty S S

9] ks Y
‘g 10 .- ‘B

- o)
£0 S
(=< sa]

0d 1d 3d 5d 7d
Day

Figure 4. Dynamic changes in the acetic acid content during aerobic exposure of L. chinensis silage
with different additives at 1-2 cm length (A) and 4-5 cm length (D). Dynamic changes in the propionic
acid content during aerobic exposure of L. chinensis silage with different additives at 1-2 cm length (B)
and 4-5 cm length (E). The dynamic changes in the butyric acid content during aerobic exposure of L.
chinensis silage with different additives at 1-2 cm length (C) and 4-5 cm length (F). SU, sucrose; LP,
Lactobacillus plantarum; DM, dry matter.
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4. Discussion

The contents of WSC and LAB are critical for successful ensilage. Previous studies showed that
with a low WSC content, inoculants will not produce enough LA due to the limitations of the substrates,
and the presence of sufficient LAB can convert WSCs into LA and lower the pH value in an anaerobic
environment [24,25]. However, previous research also showed that relatively low contents of WSC and
LAB were observed in L. chinensis [10,26]. Therefore, in order to promote fermentation, it is necessary
to supplement WSC or LAB inoculants. In addition, the L. chinensis stalk is hollow and hard; thus,
removing all the air when making silage is difficult [10]. Compacting and chopping were used to
exhaust the air from L. chinensis stems to make high-quality L. chinensis silage. In our experiments, SU,
LP and SU+LP were added to L. chinensis silage, which was cut into different lengths. The pH value is
an important factor that reflects the silage quality, and a pH value below 4.20 is considered an important
key indicator for inhibiting the growth of contaminating microorganisms [27]. For processing silage,
the key factors that determine the pH value are the LA and AA contents. Lower pH value and higher
LA content were obtained in L. chinensis silage with the shorter chopping length, which was consistent
with the results of Savoie et al. [12]. Additionally, lower pH value and higher LA content were detected
with the SU+LP treatment at all lengths. Moreover, the results of ensiling for 30 d and 90 d were
similar. Usually, both biological (mainly consisting of homofermentative LAB) and chemical additives
are used to improve silage quality [28,29]. The addition of homofermentative LAB to forage at ensiling
can enhance the fermentation process by producing high concentrations of LA and rapidly reducing
the pH of the silage [17]. Similar results were found in our experiments. In addition, we found that
when the cut length was 4-5 c¢m, all additives showed positive effects on L. chinensis preservation, and
LP or SU+LP treatments resulted in lower pH values and higher LA contents. Lactobacillus buchneri
(LB) were reported to increase the AA content, and L. plantarum (i.e., LP in this study) was shown to
increase the LA content [23,30]. In our study, inoculation of the L. chinensis silage with LP increased the
AA content and thereby affected the lactate:acetate ratio, which might be related to the lack of effect
of inoculation on certain fermentation end products. However, the increased BA content upon the
addition of SU with ensiling for 90 d was difficult to explain, and it may have arisen from Clostridia
reproduction in the silage [31]. The yeast count of the 4-5 cm length with no additives was 1 x 10363
cfu/g FM, which was higher than the count in the other treatments. The results showed that the yeast
number was inhibited by the length of chopping and additives.

The aerobic deterioration of silage is a significant problem for farm profitability and feed quality
throughout the world [32,33]. After the silo was opened, the anaerobic environment became aerobic
immediately, and aerobic microorganisms began to reproduce. Generally, the aerobic deterioration
of silage is mainly caused by the activities of aerobic microorganisms such as yeast and mold, which
use the LA and residual carbohydrates, amino acids and proteins produced by silage fermentation to
release heat from the silage and cause the deterioration of aerobic metamorphism [34]. In this study,
when the cutting length was 4-5 cm, the yeast and mold levels of L. chinensis silage were higher than
those in all the other treatments, and the aerobic stability of L. chinensis silage was poorest with no
additives. Molasses and LAB have been reported to promote resistance to aerobic deterioration [35,36],
and similar results were found in this study. When the chopping length was longer, the aerobic
stability increased with the addition of SU, LP and SU+LP. In addition, we found that L. chinensis
silage is resistant to aerobic deterioration for 5-7 d in all treatments at the 1-2 cm chopping length.
Zhang et al. [10] investigated the aerobic stability of L. chinensis silage at 54.8 h and found that the
stability was lower than that observed in our study. This finding may be due to the different moisture
contents of the materials. In our experiment, the DM of the L. chinensis material was 450.06 g/kg, which
was higher than 327.3 g/kg that observed in previous study [10].

In our study, we found that when the chopping length was shorter, the pH value of L. chinensis
silage in all treatments remained stable after exposure to air for 3 d. The addition of LP increased
the AA content only after silo opening. Combined with the influence of the aerobic temperature, the
effect of additives on the aerobic stability of L. chinensis silage with a shorter length was not apparent.
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Many microorganisms are able to aerobically metabolize sugars and LA. The content of LA has been
reported to decrease with exposure time [10]. Similar results were observed in our study, and the LA
content was close to 0 on the 7th day of aerobic exposure for all treatments. In addition, we found
that BA could be detected with the addition of SU. This finding may be related to the use of sugar
by Clostridium undergoing nutritional reproduction [35]. Considering the high BA content in silage
treated with SU alone, SU+LP could be used to inhibit the aerobic deterioration of L. chinensis silage.
When the chopping length was 4-5 cm, the addition of LP or SU+LP greatly increased the LA content
of L. chinensis silage during anaerobic fermentation and enhanced AA production. Previous studies
found that an increase in the AA content could improve aerobic stability [30]. In our study, when
the chopping length was 4-5 cm, the addition of LP or SU+LP led to stable pH values after the silo
was opened for 5 d, and the aerobic stabilities were 157 h and 143 h, respectively. Therefore, the
enhanced aerobic stability observed in the silage treated with LP or SU+LP can be partly attributed
to the increased AA content after the silos were opened [5]. In addition, at the 4-5 cm length, the
content of BA was not detected in LP and SU+LP treatments at 0 to 5 d of aerobic exposure, which
exhibited low pH values. This might be explained by the growth of microorganisms, such as yeast and
coliform bacteria, which were inhibited at low pH values [14,37]. However, the microbial community
was not measured in our study, which represents a limitation of the presented work. In the future,
the microbial community of L. chinensis silage could be explored to determine the changes of acidic
substances during ensiling and aerobic exposure.

5. Conclusions

The chopping length affected the fermentation quality on processing of L. chinensis silage, and the
longer length resulted in negative effects. The lower pH value, higher LA content and better aerobic
stability were obtained at 1-2 cm length. The additives of LP or SU+LP could be used to improve the
fermentation quality and aerobic stability during processing of L. chinensis silage.

In summary, to ensure the high quality of L. chinensis silage, the recommended length of L. chinensis
is 1-2 cm; otherwise, appropriate additives should be provided to improve the fermentation quality
and aerobic stability.
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