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1.1.2 MRS
10.0 g~ 10.0 g+ 5.0 g.
o 5.0 g~ 5.0 g- 2.0 g-Tween 80
1.0 g« K,HPO, 2. 0 g. MgSO, « 7H,0 0.2 ¢g.
MnSO, ¢ H,0 0.05 g.CaCO, 20.0 g~ 150 ¢

1.0 L pH 6.8,
1.1.3
o M enke 2
1.1.4
( 1
) ( 125s)
o o 2 65 C 24 h I mm
o GB/T
1 18868—2002 ; Hall "
1.1 Fibretherm FT12 (Gerhardt Ana-—
1.1.1 lytical Systems ) (neutral
detergent fiber NDF) (acid deter—
- gent fiber ADF) ; 14
22696, (DM). (OM).
(CP). (NDS) o
1.
1 ( )
Table 1 Main nutrient composition contents of maize stover and rice straw (DM basis) " %
Content
[tems Maize stover Rice straw
DM 95.40 94.38
oM 75.86 72.21
CP 5.23 6.24
NDF 63.59 63.15
ADF 38.56 43.37
CF 31.15 33.05
NDS 26.41 26.85
1.1.5 (ICP-AES) (Ca). (P) o,
N 2,
(500+50) kg 3 1.2
(Holstein cow) 1.2.1
NRC (2001) o (Lactobacillus plantarum) 4 0(
( ) ).0.25%107.0.50%10".0.75x10" CFU /mL
60:40. 12.24.48 h 3

3 o
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2 ( ) ( =9:1 ) CO,o
Table 2 Composition and nutrient levels of the 1.2.4
basal diet (DM basis) " %
Items Content (6x6 ). N
Ingredients R
Rice straw 40.00 1 1
Comn 39.60 ’
Soybean meal 18.10 1
CaHPO, 1.00
Limestone 0.30 o (0.500 0+0.000 3) ¢
Premix " 1.00 0.
Total 100.00 )
Nutrient levels® 0.25.0.50.0.75 mL o
DM 70.88 39.5C
cPp 17.98 CO, 50 mL
ADF 42.98 co
NDF 23.72 :
Ca 0.72 39.5 °C
P 0.35 48 ho
NE, /(MJ/kg) 7.70 1.2.5
D One kg of premix pro— 1.2.4.6.12.24.36,
vided the following: VA =2 000 000 IU VD =300 000 TU 48 h (CYG130-12
VE=3 000 TU Cu=3 500 mg Fe= 10 000 mg Zn = )
10 000 mg Mn=9 000 mg Mg=9 800 mg [=90 mg Se= y=1.506x
40 mg Co=30 mg,
N 1 o 1.506
o NE, was calculated according to the method of . s Y °
Liu et al 7  while the other nutrient levels were measured Wang LE
values.
1-exp(d-txk)
V=V x——
1.2.2 1+exp(b-1xk)
) (mL);V,
1~2 (mL) ;k (% /h) ;b
0.5~1.0 mL d b>0 S b<0
MRS S & o
I mL 20 mL MRS
50 mL 37 C 48 h (FRD,) (<12 h);
4 FRD k ;
o I % * l+exp(b)’
10" CFU/mL 4 C 1/2
° > (t5) P
o . _In 2+exp(b)
1.2.3 e k i
3 8 1.2.6 (DMD) .
CO, (NDFD) (NH,;N)
39.5 C (VFA) pH
39.5 C 12.24.48 h
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400 pH  (REX
PHS-3C ) pH;
NH,N.VFA
o 0 NH,N
; Vanzant 2 VFA
105 °C 8 h
DMD;
DMD
NDFD B
1.3
SAS 8.2 MIXED
contrast
o P<0.05.
2
2.1
3 .
(1.2 4 h) 0.75 x
10" CFU/mL
.0.25x107  0.50x10" CFU /mL
(P<0.05) 3 (P>
0.05) ; 6 h 0.75%10” CFU /mL
0. 50 x
10" CFU /mL (P<0.05)
0.25x 10" CFU/mL (P>
0.05) ; 12 h 0.75x10" CFU /mL
+0.25%x
10" 0.50x10" CFU/mL (P<0.05)
0.50x10" CFU /mL
0.25x10” CFU /mL (P<0.05) 2
(P>0.05); 24 h
0.75x107  0.50x10" CFU/mL
0. 25 x
10’ CFU /mL (P<0.05) 0.75% 107
0.50x10" CFU /mL . 0.25x%
10’ CFU /mL (P>
0.05); 36 48 h
(P>0.05).

0.75x10" CFU/mL

lh
3 (P<
0.05) 0.25%10" CFU /mL
0.75x10" CFU /mL (P<0.05)
0.50x10” CFU/mL (P>
0.05) .
o 36 48 h 0.25 x
10" CFU /mL
0.75%10” CFU /mL (P<
0.05) 0.50x10" CFU /mL
(P>0.05); . 0.50 x 10’ 0.75 x
10" CFU /mL
(P>0.05) .
2.2
4 o
. 1/2
(P<0.05) .
0.75 x
10" CFU /mL
.0.25x107  0.50x10" CFU /mL
(P<0.05)  0.50x10” CFU/mL
(P<0.05)
0.25x10" CFU/mL (P>
0.05)  0.25x10” CFU/mL
(P>0.05) . 0.75x10" CFU /mL
1/2
0.25x10” CFU/mL (P<
0.05) 0.50x10” CFU /mL
(P>0.05); 0.50x10’ CFU/mL
.0.25%10” CFU /mL
(P>0.05) .
(P>0.05) .
1/2
(P>0.05);

0.75x10" CFU /mL
(P<0.05) .
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(P<0.05) 1/2

(P<0.05) . (P>
0.05) .

3
Table 3 Effects of different supplemental levels of Lactobacillus plantarum on in vitro

fermentation gas production of maize stover and rice straw mL

Gas production

Levels/
Substrates (x 107
CFU /mL) 1h 2h 4 h 6h 12 h 24 h 36 h 48 h
0 6.98 10.54 14.81 19.53 33.83 59.29 74.30 78.76
+0.46" +0.39" +0.61" +0.91° +0.57° +0.38" +0.92 +1.09
0.25 6.78 10.99 15.51 20.18 33.73 58.88 73.59 78.36
\ai ' +0.66" +0.69" +0.54" +0.54* +0.84° +1.14" +1.40 +1.37
awne 7.18 10.99 16.47 21.69 36.14 61.29 75.75 80.27
stover 0.50 | \ \ \ \
+0.88" £0.94" £1.28" £1.57" £1.31" +£1.48" £1.92 +£2.49
0.75 11.85 16.77 22.99 28.61 40.16 62.85 75.25 79.32
' +1.00° +1.06° +£1.37° £0.99° +0.61° £0.61° £2.74 £2.59
0 10.84 12.65 15.31 17.72 27.26 50.80 64.91 70.63
+0.15" +0.26 £0.17 £0.31 £0.84 +1.66 «1.71" +1.83"
0.25 9.69 15.81 15.81 18.83 27.56 52.11 67.32 73.64
’ +0.53" +0.53 +0.69 £0.78 £0.79 £1.31 £1.20° +0.94°
Rice straw 0.50 8.99 11.80 15.11 18.02 26.96 51.30 65.81 71.99
’ £0.53" +0.43 +0.83 +0.77 +0.92 +0.74 £0.45® £0.45%
0.75 8.63 12.10 15.76 18.67 26.81 50.75 64.91 70.98
’ +£0.74° +0.74 +0.83 +1.34 +1.85 +1.31 +0.66" +0.96"
(a~c) (P<0.05) .

Values within a column with different letter superscripts (a to ¢) differed significantly among Lactobacillus plantarum sup—

plementation levels (P<0.05).

4
Table 4 Effects of different supplemental levels of Lactobacillus plantarum on in viiro

fermentation gas production parameters of maize stover and rice straw

Levels/(x10" CFU/mL) P P—alues

SEM
Items Substrates Mean 0 0.25 0.50 0.75

Substrate  Level Interaction

83.56° 82.22 82.34 84.53 85.17 1.27 <0.0001 0.5121 0.207 8

Maize stover

Theoretical maximum GP/mL 74.82" 72.84 76.98 75.04 74.42 0.065 3

Rice straw

SEM® 0.64

3.18° 2.68° 2.83™ 3.18" 4.03* 0.09 <0.000 1 <0.000 1 <0.000 1

Maize stover
Initial GP rate of fermentation/
(x107> mL/h) Rice straw
SEM? 0.05

171" 1.55" 1.69" 1.74™ 1.86" L(<0.000 1)
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4
Levels/(x10” CFU/mL) P P-values
SEM
Items Substrates Mean 0 0.25 0.50 0.75
’ ’ ’ Substrate  Level Interaction
. 15.63° 16.13" 16.18"15.44™14.76" 0.29 <0.000 1 0.032 5 0.179 1
1/2 Maize stover
Time of reaching 1/2 " 19.12 19.42 19.10 19.05 0.898 7
theoretical maximum GP /h Rice straw 19.17 : . ’ ’ :
SEM® 0.15
1) ;2) ;3) L
)

Y mean for individual Lactobacillus plantarum across supplementation levels;  SEM for the interaction of supplementation
level and substrate; ? L meant linear effect of supplementation level; ¥ SEM for pooled mean of Lactobacillus plantarum supple—
mentation levels. The same as below.

(e-f) (P<0.05); (a~c)
(P<0.05) . o
Values within a column with different letter superscripts (e and f) differed significantly between substrates (P<0.05) ; val-
ues within a row with different letter superscripts (a to ¢) differed significantly among Lactobacillus plantarum supplementation

levels (P<0.05). The same as below.

2.3 VFA (P<0.05) .
VFA 5 . VFA / (P>
VFA / 0.05)
(P>0.05) .
5 48 h VFA

Table 5 Effects of different supplemental levels of Lactobacillus plantarum on VFA

concentrations of 48 h in vitro fermentation of maize stover and rice straw

Levels/(x10” CFU/mL) P P-values”

SEM?
Items Substrates  Mean" 0 0.25 0.50 0.75

Substrate  Level Interaction

22.79° 19.75 23.36 23.92 24.16 2.32 <0.0001 0.7093 0.834 4

Maize stover
Acetic acid/
(mmol/L) Rice straw
SEM 1.20

14.64" 14.11 13.94 16.89 14.42 0.859 3

5.82° 5.04 6.08 586 6.29 0.61 0.0006 0.6038 0.6725

Maize stover

Propionic acid/(mmol/L) 4.18"  4.09 3.88 4.63 4.12 0.798 2

Rice straw

SEM 0.31
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5
Levels/(x10” CFU /mL) P P-values”
2)
Items Substrates  Mean" 0 0.25 0.50 0.75 SEM
’ ’ ’ Substrate Level Interaction
. 30.21° 26.43 30.36 30.69 33.36 3.09 0.000 8 0.570 9 0.277 9
Maize stover
Isobutyric acid/ " 26.66 21.89 25.40 21.83 0.486 3
(10~ mmol/L) Rice straw 23.95 . . . . .
SEM 1.57
. 1.86° 1.64 195 1.87 196 0.18 <0.0001 0.694 8 0.490 0
Maize stover
Butyric acid/(mmol/L) . 1.23"  1.29 1.14 1.36 1.14 0.566 0
Rice straw
SEM 0.08
. 43.71° 35.84 42.78 45.30 50.92 4.99 0.000 3 0.389 1 0.507 9
Maize stover
sovalaric acid/ ©32.27 29.13 35.83 32.37 0.632 9
(x107 mmol/L) Rice straw 3240 ' ' ' ' '
SEM 2.54
. 33.47° 25.76°31.74*35.49" 40.90* 2.77 <0.000 1 L(0.0008) 0.071 1
Maize stover
Valeric
acid/ (X107 mmol/L) . 24.94" 24.64 22.20 28.06 24.87 0.577 1
Rice straw
SEM 1.39
. 3.62° 3.64 3.63 3.60 3.61 0.04 <0.0001 0.4211 0.5209
/ Maize stover
Acetic acid/ ‘
. . . 3.49 346 3.49 3.51 3.53 0.805 9
propionic acid Rice straw
SEM 0.02
. 27.53° 22.29 29.84 27.02 30.97 3.95 0.000 4 0.602 5 0.482 4
Maize stover
TVFA . 18.99" 20.36 17.13 20.47 17.99 0.833 0
Rice straw
SEM 2.04
2.4 NDFD 2.5 NH,N
DMD pH
NDFD DMD 6 o NH,-N pH 7
NDFD DMD (P>0.05), NH,-N
(P<0.05) . 0.75%x10” CFU /mL
NDFD DMD NH,N
(P>0.05) 2 0.25x10" CFU/mL (P<0.05)
(P> 0.50x10” CFU /mL
0.05) - (P<0.01) 0.25x10" CFU /mL
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(P>0.05) 0.25x10" CFU /mL 10" CFU /mL (P<0.05) 3
(P>0.05) . 0.75x (P>0.05) .
10" CFU /mL NH,-N pH
0.25x 10’ 0.50 x (P>0.05).
6 48 h NDFD DMD
Table 6 Effects of different supplemental levels of Lactobacillus plantarum on NDFD and
DMD of 48 h in vitro fermentation of maize stover and rice straw %
Levels/(x107 CFU/mL) P P-values
[tems Substrates Mean 0 0.25 0.50 0.75 SEM ‘
Substrate  Level Interaction

39.09 41.35 39.98 37.04 38.00 5.16 03717 0.9291 0.991 2

Maize stover

NDFD 35.79 36.44 36.53 35.45 34.72 0.994 1

Rice straw

SEM 2.58

47.80 50.79 44.40 47.42 48.58 4.04 0.1846 0.7819 0.848 6

Maize stover

DMD 43.97 44.83 44.76 43.55 42.73 0.970 8

Rice straw

SEM 2.02

7 48 h NH;-N pH
Table 7  Effects of different supplemental levels of Lactobacillus plantarum on NH,-N

concentration and pH of 48 h in vitro fermentation of maize stover and rice straw

Levels/(x107 CFU/mL) P P-—values

Items Substrates Mean 0 0.25 0.50 0.75 SEM

Substrate Level Interaction

2.21  1.87° 1.98™ 2.36" 2.61* 0.17 0.9433 L(<0.0001) 0.6395

Maize stover

NH;-N/(mg/dL) 2.19  1.95" 2.08" 2.08" 2.67° L(<0.000 1)

Rice straw

SEM 0.08

6.41 6.42 641 640 6.40 0.03 0.432 8 0.972 5 0.928 5

Maize stover

H
P 6.46 6.45 6.46 6.47 6.47 0.969 9

Rice straw

SEM 0.01
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Effects of Lactobacillus plantarum on in Vitro Rumen Fermentation
Characteristics of Maize Straw and Rice Straw

CHEN Liang' > REN Ao'* LI Bin® ZHOU Chuanshe’ *™ TAN Zhiliang”

(1. College of Animal Science and Technology Hunan Agricultural University Changsha 410128 China;
2. Key Laboratory for Agri-Ecological Processes in Subtropical Region Hunan Research Center of
Livestock & Pouliry Sciences South Central Experimental Station of Animal Nuirition and
Feed Science in Ministry of Agriculture Institute of Subtropical Agriculture Chinese Academy of
Sciences Changsha 410125 China; 3. Institute of Animal Science of Tibet Academy of
Agricultural and Animal Husbandry Sciences Lhasa 850000 China; 4. Hunan Co-nnovation
Center of Animal Production Safety Changsha 410128 China)

Abstract: The objective of this trial was to explore and the effects of Lactobacillus plantarum on the character—
istics of in vitro ruminal fermentation of maize straw and rice straw in dairy cows. The trial was conducted as
one-factor block experimental design and four supplemental levels 0 (control) 0.25x107 0.50x10" and
0.75%107 CFU /mL  of Lactobacillus plantarum were designed to analyze the influence on in vitro fermentation
gas production (1 2 4 6 12 24 36 and 48 h) gas production parameters dry matter degradability
(DMD) neutral detergent fiber degradability (NDFD) and concentrations of volatile fatty acid (VFA) and
ammonia nitrogen (NH,-N) as well as pH in fermentation fluid. The results showed that the supplementation
of Lactobacillus plantarum could significantly increase theoretical maximum gas production and gas production
at 1 to 24 h of maize straw (P<0.05) and the optimum supplemental level was 0.75x10” CFU/mL; the sup—
plementation of Lactobacillus plantarum could significantly increase gas production at 36 to 48 h (P<0.05)

and the optimum supplemental level was 0.25x10" CFU /mL. NH,-N concentration of two substrates of in vitro
fermentation was enhanced linearly and significantly with the improvement of supplemental level of Lactobacil-
lus plantarum (P<0.05). However there were no significant differences on NDFD DMD and VFA (acetic
acid propionic acid isobutyric acid butyric acid and valeric acid) concentrations and pH of fermentation flu—
id with the change of supplemental levels of Lactobacillus plantarum (P >0.05). The results suggest that
adding Lactobacillus plantarum can promote in vitro fermentation and nitrogen metabolism and maintain pH
balance of maize straw and rice straw the optimal supplemental levels of which are 0.75% 107 and 0.25 X

10" CFU/mL respectively. Chinese Journal of Animal Nutrition 2017 29(2) :678-689

Key words: Lactobacillus plantarum; in vitro fermentation; rumen; dairy cows; maize straw ; rice straw
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