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Southern China region

€ Rainy
€ Hot
€ Humid

=

» China’s total demand for high-
quality forage will exceed 120
million tons, leaving a gap of nearly
50 million tons;

» Difficult to produce hay in this area
due to climate restrictions;

» The quality of silage is low due to
the characteristics of forage and

uncontrollable fermentation.




Background

Effect of DM on Fermentation End Products: Corn Silage

=f=pH == =eNH3-N ==@==[acticacid ==@= Aceticacid === "Propionic acid === Total acids
4.5 9.00
8.00
4.3 L
6.00
=) 5.00 2
& 4.0 =
: = 400 o
High level of el S
acetic acid «—] | 3.00
fermentation ** \ o
—4__
% X K ® ¥ ¥ ¥ - S S S D S S T - S S S S --. ]{]{]
3.5 — 2 0.00
é"'i 3, I3 0 95 )7 S5
23, 23, 7, Igs 23, B s,

Range of DM % Kung et al. 2018



Background

DMIl-adj (kg/100 kg BW)

3.10 1

3.00 -

2.90

Silage

0 10 20 30 40 50 60
Diet acetic acid (g/kg DM) o &

Silage with a low DM content (less than 20%) can exhibit acetic acid levels as
high as 3% to 6% DM.

Excessive acetic acid fermentation (greater than 3% DM) has been observed to
results in significant DM loss, accelerate aerobic spoilage, and markedly
reduce animal intake (Gerlach et al., 2021).



Background

Acetobacter Sp. may cause high acetic acid fermentation in corn silage in
humid and hot regions

Acetobacter bacteria
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In particular, during the 1
opening stage of silage in the
hot and humid regions, a
significant presence of
Acetobacter bacteria has been
observed (Guan et al., 2018). 0.251-
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Scientific Questions

2. What is the silage fermentation process dominated by Acetobacter?

How do microorganisms interact?
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Bagged whole-plant corn

silage
Technology Roadmap :
| |
Initial concentration
Table 1 Group information et Ssmmio il I A o TAR

Group T (°C) M (%) A (%)
1 (T30M75A50) 30 25 50 Ensiling for 60d
2 (T20M80AS0) 20 20 s .
3 (T30M75A50) 30 25 50 L
4 (T30M70A60) 30 30 60 st !
|
5 (T30M75A50) 30 25 50 ! Aerobic exposure :
6 (T20M75A60) 20 25 60 : [
|
7 (T20M70A50) 20 30 50 i | | | .
|
8 (T30M80A40) 30 20 40 ' ) ) . . l
| Inoculation with A.p Inoculation without A ..p |
9 (TA0MB0AS0) 40 20 50 : ASA ASN :
10 (T40M70A50) 40 30 50 : | | |
|
11 (T40M75A40) 40 25 40 : | |
|
12 (T40M75A60) 40 25 60 : Ensiling for 7d I
|
13 (T20M75A40) 20 25 40 ! [
14 (T30M75A50) 30 25 50 -L
15 (T30M70A40) 30 30 40 i \
16 (T30M80A60) 30 20 60 : Aerobic stability Nutritional Fermentation :
| evaluation quality quality |
17 (T30M75A50) 30 25 50 ! :
| |
o | Microbial I
Note: T, temperature; M, dry matter content; A, initial ! RT-qPCR analysis based on !
concentration of A. pasteurianus. ! sequencing !



Methods

Activation and propagation of Production of bagged whole plant corn
acetic acid bacteria silage

Nutritional quality
= Fermentation quality

Microbial community

structure

Open bag sampling Making aeszlcgig exposure RT-qPCR




Results-Fermentation Quality

Table 2 Changes in fermentation quality during silage fermentation to aerobic exposure stages

With AP | No AP
Bl
pH / NH:-N (mg-dL™!) LA (%DM) AA (%DM) PA (%DM) BA (%DM)

ftems D60 ASA  ASN D60 ASA ASN D60 ASA  ASN D60 ASA ASN D60 ASA ASN D60 ASA ASN
1 (T30M75A50) ( 3.64%¢ \[ 4215 ) 4.31° | 24.92ec 292.92¢hi 22651 428 309  3.11f 126 1.2° 1.43%  ND ND ND ND ND ND
2 (T20M80AS0) | 3.48% || 5.62¢4 || 4.090¢ | 22.39%k 311.16%  234.01%%f 428*  ND 2,050 1.08¢ 037M 091  ND 03¢ ND ND ND ND
3 (T30M75A50) | 3.71% || 5560 || 430> | 2634*  305.01%df 243 0gebede  397¢f  130d  2.2hi 1.07°%  0.73<  1.21<% ND ND ND ND ND ND
4 (T30M70A60) | 3.56°% | 5.66° || 3.90% | 24.17bd 295730  230.24cdef 4840 ND 6.52¢ 142> 1390 154> ND 078 ND ND ND ND
5(T30M75A50) | 3.61% || 412 || 4320 | 2559  307.2%ck 22685  4.07<%  1.775¢ 2378 11294 094«  123%d ND ND ND ND ND ND
6 (T20M75A60) | 3.50% || 6.21° || 3.88% | 2038  316.18° 217.98f 3.14%  ND 3.77° 0788 093¢  1.14%% ND 024¢ ND ND ND ND
7 (T20M70A50) | 3.53< | 4.77¢ || 3.868 | 22.3%f  316.31° 219.56 4.35° 1.13¢ 311 1.13¢ 0478 1.14%%  ND 034 ND ND ND ND
8 (T30M80A40) | 3.51#h || 6.15° || 4.91° | 20488  309.85%cd 244 2wbcd 2 9)i ND 0.68 073"  0.65% 065 ND ND ND ND ND ND
9 (TAOM80AS0) | 3.56s|| 6.14* || 3.86¢ | 20.15¢  299.57¢fh 25084® 313  ND 491 074" 0281 129  ND 05 ND ND ND ND
10 (T40M70A50) | 3.76® || 4528 || 4.18¢ | 23.86%d 286.83 247.39%  3.04% 157 3.5  1.84¢  0.87% 207° ND 099 ND ND ND ND
11 (T40M75A40) | 3.60% || 4204 || 3.90% | 22.96% 304.75%% 254.07° 3248 1775° 3.96°  0.89°%"  065%  1.23%¢ ND ND ND ND ND ND
12 (T4OM75A60) | 3.64%¢ || 432" || 3.95¢ | 21.8f  309.26%d 246.51%d 375 2.17° 4339 1.020f 0488 124> ND ND ND ND ND ND
13 (T20M75A40) | 3.52%i || 5.42¢ || 4.00° | 21.25%  291.14%  222.4f 3.34¢ 0.72¢  3.17°  0.86% 025 0.95%  ND 022¢ ND ND ND ND
14 (T30M75A50) | 3.59%f|| 430" || 428 | 2538®%  302.04%cf 227.56%F  4.04% 214> 2548  1.13¢  1.06™¢ 129* ND ND ND ND ND ND
15 (T30M70A40) | 3.54° | 576" || 3.845 | 21.56°% 313.45%  243.26%< 381f 043 524  091°% 072 145 ND ND ND ND ND ND
16 (T30M80AG60) | 3.46 533¢ || 4.14% | 20.85%  208.30°fh 242 41 332e 0.84°  2.64¢  0.96%f 041" 0548  ND 048 ND ND ND ND
17 (T30M75A50) \ 3.80° J | 427" \ 432> ) 25.79®  301.69%fs  247.45%c  422b 3142 308  121°  1.12%  141* ND ND ND ND ND ND
SEM 0.0355  0.0453 0.0351 1.02614 4.7048 8.2729 0.103 0112 0.145 0.085 009  0.133 0.140

P <0.001  <0.001 <0.001 <0.001  <0.001 <0.001 <0.01 <001 <001 <0.01 <0.01  <0.01 <0.001

D60, whole-plant corn ensiled for 60 days; ASA, silages inoculated with A. pasteurianus during aerobic exposure; ASN, silages without A. pasteurianus during aerobic exposure. LA, lactic acid; AA,

acetic acid; PA, propionic acid; BA, butyric acid. Values with different superscripts in the same column indicate significant differences (P < 0.05).



Results

The duration of aerobic stability
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Figure 1 Effect of A. pasteurianus on the aerobic stability of whole-plant corn silage after 60 days of fermentation

Note: ASA, silages inoculated with A. pasteurianus during acrobic exposure; ASN, silages without 4. pasteurianus during aerobic
exposure.



Results

ACE index

Simpson index

6000

40004

20004

0.54

Group
.
-
1
-
r
e
| IO ——;
e

* Raw

D60
ASA
ASN

-

D60 ASA ASN

Group

Chaol index

Shannon index

600

400

200

The microbial communities

B
-
r - , Gror
1 —
-
— s
&
R;w DI60 AéA ASIN
Group
D
ok :
—
- - Gror
1 —
== &
B
B
Rallw DI60 AéA ASIN
Group

Raw
D60

ASA
ASN

Raw
D60

ASA
ASN

PC2-Percent variation explained 19.18 %

PCoA - PC1 vs PC2

0.4

0.2

0.0

0.2

® Raw
® D60
® ASA
® ASN

Figure 3 Bacterial alpha diversity of silage (A, ACE index; B,

Chaol index; C, Shannon index; D, Simpson index)
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Figure 4 Bacterial Beta Diversity of Silage



Results

The relative abundance
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Figure 5 Bacterial community structure at the species level (A) and relative abundance of A. pasteurianus and A.

fabarum the species level (B) in pre-ensiled, ensiled, and aerobically exposed silage




Results ,
LEfSe analysis
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|
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: Levilactobacillus, Lactobacillus and
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Results

The response surface statistical process and the ANOVA analysis of the model

Table 3 The Box-Behnken design with

independent factors and observed values for the Table 4 Analysis of variance for absolute quantitative
absolute quantitative results of 4. pasteurianus response surface modelling of 4. pasteurianus.
Level of Independent Factors Concentration of 4. Source Sumof squares ~ df  Mean square F-value p-value Significance
Runs X,(°C) Xa(%) Xa(%) Pasfewiamf Model 41.7254 9 46362 391.28 <0.0001  **
(log cfu-ml”) A- Temperature 2.2261 1 22261 18787  <0.0001  **
! 30 25 50 5.59 B- dry matter 0.8450 I 08450 7132 <0.0001  **
2 20 30 50 231 C- Initial concentration  2.5313 I 25313 2363 <0.0001  *
3 40 30 30 0.67 AB 03136 I 03136 2647 00013
4 30 25 50 336 AC 0.0441 I 00441 37 00950 NS
Z zg 25 53 > '26 BC 0.1369 I 01369 11.55 00115 *
5 5 5.

A 19.4145 1 194145 1638.53  <0.0001  **
7 30 20 60 3.64

B? 8.1037 1 81037 683.93  <0.0001  **
° 20 2 0 226 2 47516 1 47516 401.02 0.0001  **

<

9 20 25 60 3.1 ¢ ' ' ' '
0 0 20 40 . Residual | 0.0829 7 00118
1" 30 30 60 341 Lack of Fit 0.0175 3 00058 03566 07884 NS
12 20 20 50 245 Pure Error 0.0654 4 0.0164
13 30 25 50 576 Cor Total 41.8083 16
14 30 20 40 1.84 R? 0.9980
15 40 25 40 1.02 Adjusted R? 0.9955
16 40 25 60 2.8 Predicted R? 0.9909
17 40 20 50 1.93 Adeq Precision 55.9033
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: * The three-dimensional response surface map |
: and two-dimensional contour map of the

: content of Acetobacter pasteurianus in the

1 ASN stage are shown in Figure 2.

: * The interaction between storage temperature
: and moisture content ( AB ), moisture

: content and initial acetate concentration (

: AC ) was significant.

1 » Figs.a-f showed that with the increase of

: temperature and water content, temperature

: and concentration of A.pasteurianus, DM

: content and concentration of A.pasteurianus,
: the content of 4.pasteurianus in ASN

| increased first and then decreased.

Figure 2 Three-dimensional response surface plots (A, C, E) and two-dimensional contour plots (B, D, F) of ASN 4.
pasteurianus content. a-f respectively represent the interactions between temperature, dry matter content, and initial A.

pasteurianus concentration.



Results

The predicted conditions

Dry matter Initial 4. pasteurianus

Number Temperature + Absolute quantity  Desirability
content concentration

1 28.889 24.557 52.517 5.489(Max) 0.979

2 39.853 29.909 56.690 0.667(Min) 1

Predicted value of A. pasteurianus content

* The conditions with the highest quantity of A.pasteurianus : temperature
at 28.889 °C, DM content at 24.557 %, and 1nitial concentration of
A.pasteurianus at log 5.7 cfu-ml™!.

* The conditions with the lowest quantity of A.pasteurianus: temperature at
39.853 °C, DM content at 29.909 %, and the 1nitial concentration of
A.pasteurianus at log 5.9 cfu-ml™!.



Conclusion

1 > A. pasteurianus did not negatively impact the quality of corn silage

| when properly sealed, however, 1t can cause rapid aerobic spoilage
during the feed out stage.

» Not all Acetobacter have the negative impact on the aerobic
stability of silage, such as 4. fabarum.

» RSM analysis demonstrated that at temperature of 28°C, a DM
content of 25% of forage, and an initial 4. pasteurianus
concentration of log 5.7 cfu-ml™!, the highest concentration of 4.
pasteurianus was observed during the aerobic exposure stage.



i Future efforts should be focused on the prevention and control of A.
| pasteurianus in whole-plant corn silage to improve aerobic stability in hot
tand humid regions.
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