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Effects of acetic and lactic acid in corn stover silage on
aerobic stability and methane yield rate

MA Xu-guang', LIU Jing-jing', ZHENG Ze-hui'. YUAN Xu-feng', REN Ji-wei' ,

WANG Xiao-fen', CUI Zong-jun'"
(1. College of Agronomy and Biotechnology/Center of Biomass Engineering, China Agricultural University. Beijing 100193, China;
2. Shool of Chemistry, Leshan Normal University, Leshan 614000, China)

Abstract Effects of acetic (A) and lactic acid (L) on the aerobic stability of silage were determined by adding mixture
of A and L with various mass ratios of A/L to prepared corn stover silage. In addition, the roles of acetic and lactic
improving methane yield rate (MYR) of silage in the presence of exposure to ambient air were analyzed using three
feedstocks including the silage before and after the aerobic stability test, mixtures of A/L and stove-dried silage with
different ratios of A/L. For this purpose, the aerobic stability tests and anaerobic digestion tests were respectively
performed using paperless recorder with thermocouple theory and several bath reactors. The results showed that
addition of acetic acid significantly extended the aerobic stability of silage and the stability increased along with the
increased acetic acid concentration. Accordingly, dry matter (DM) loss of the treatments adding 10% and 8% acetic
acid was 1% and 3% respectively,whereas adding 2% and without acetic acid loss 20% and 25% DM respectively.
The linear relationship between DM loss of silage( x) and its methane yield decrease( y) was expressed as: y =0.705x +
1.224(R? =0.986 2).MYR of higher acetic acid concentration was significantly higher(P<C0.05) than that of higher
lactic acid concentration in anaerobic digestion system with acetic and lactic acid as only feedstock. However, adding
17% and 13% acetic acid had less effect on MYR compared to those treatment by adding the same ratios of lactic acid
in the stovedried silage. A comprehensive assessment showed increasing acetic acid concentration in silage was

beneficial for its aerobic stability,DM loss and MYR. These results suggested that heterofermentative ensiling with higher
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acetic acid concentration was an effective method of storing fresh feedstock during the feed-out period in the presence

of exposure to ambient air for biogas production.

Key words acetic acid; lactic acid; silage; aerobic stability; anaerobic digestion; methane yield rate (MYR)
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Table 1 Physicochemical characteristics of feedstocks and inoculums

W 5E 48 b5 HIR 141 °CF BT 19 75 0k A5 e

Parameters Silage Stoving silage at 141 °C Inoculum
FH R/ % Dry matter (DM) 27.53240. 69 99.77+0.17 5.8740.00
AW T/ %Y Organic dry matter(ODM) 92.26+0. 43 91.29+0.17 68.56+0. 25
2T/ (g/kg) Ethanol 2.56+0.93 ND? ND
B /(g/kg) Lactic acid 24.58=+1. 80 2.2540.22 ND
21/ (g/kg) Acetic acid 9.0141.12 ND ND
W%/ (g/kg) Propionic acid 16.9740. 56 2.96+0.13 18.074+0. 16
TR/ (g/kg) Butyric acid 6.33+0.12 0.8340. 04 ND
pH 4.40%0. 00 6.1020.00 7.9040. 00

TR PRECTER S KEZ B FRHEMIT 2%, OET TR AN TY RS 8. OND LR, FRH. B 2%,

L VNTR T RRI & i 5 ke T BOP R & 4

Note: Values represent means and standard deviations of three replicates. @ ODM contents base on DM. @ ND means non-detection. The

same as follows. Contents of ethanol,lactic,acetic, propionic and butyric acid are the contents per kilogram DM.
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Letter A means acetic acid and L. means lactic acid. The same as follows.
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Fig.1 Temperature changes in response to different A/L mass ratios addition to silage in the aerobic stability test
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Table 2 Changes of DM, volatile fatty acids and pH of silage with different ratios of lactic acid and

acetic acid for before and after aerobic stability tests

H
Qb3 - P
(A ¢ m(LY) FyFEmkR/ % AWK/ % CBmER/ % AR R/ %
m smiL i W i} i W
DM loss Lactic acid loss  Acetic acid loss Propionic acid loss A8 A g R

Treatments Before After
10: 0 1.4440.19 a 30.3942.53 a 69.5340.79 a 24.6940.16 a 4.240.1 4,240.0
8:2 3.2740.22 b 37.244+7.90 b 72.0342.04 a 39.1340.52 b 4.040.0 4,140.0
2:8 20.874+1.58 ¢ 99.0041.80 ¢ 76.1640.22 b 45.9040.47 ¢ 3.840.1 8.640.0
0:10 25.42+1.53d 99.4140.38 ¢ 92.97+1.31d 50.02+0.36 d 3.84+0.0 8.6+0.1
%t B8 Control 25.20+1.41 ¢ 99.35+1.80 ¢ 91.904+2.52 ¢ 49.5240.27 d 4.6+0.0 8.6+0.0

T IECF G R F B R R 1 0. 05 AKF B FHRE. TH,

Note: Values followed by the different letters in each column are significantly different at 0. 05 level. The same as follows.

2.2 AEAEBFSTHEFEEEM XK. GHNH T 22 (1 A R R e 5 SR A A AR R MR 0 R AR
e 7E R AR E PRI I AT 20 > T 1L 09 X0 RN 4. 64 %0, FE
A PRAE AR AR M G BT L S Y R e e R R EEBRAERBFNLER(P>0.00) M. RIS
e & 52 SRS N A K (- 2) . @%b ERDG BAL 0 H e 7= R e A MR e

58774 Methane yield rale (b) B %5¢ & 1 Methane content
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AR FHER IR &AM Z M 7E 0. 05 K F&RMEEE, TH.

Different letters are significantly different at 0. 05 level among the treatments. The same as follows.
B2 EAEBEEFEREESRRW. GHNRARSEZNARSE
Fig. 2 Comparisons of methane yield rate and methane content of adding different mass

ratios of A/L to silage before and after aerobic stability tests
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Fig. 3 Correlation between DM loss and methane yield decrease
(a) A 5L i Temporal biogas yield
700 ¢
600
500 ¢

N
=l
S

300
200
100

AL 4 /mL
Temporal biogas yield

I5f[E]/h Time
m(A):m(L)

0 10 20 30 40 50 60 70 80 90

2.3 AEAFRELNZBRMIIBHRREIESF

R BREERILR

AN TR T 6 b A 2 R R L R X 7 H o ) 5 e D
Bl 4, &AAE 100 h NG5, CRIE & 2
) Ak B 7= S g W ) 45 2 TR A /0 (1) A B S 20 h
Ly (B 4Ca)) ABFE PSR CRIT 50 h) Ji & 8K 5 &
B R e B i v (L 4 (b)) s A 2 L RS 2L IR S i
Z bR E R R AR SRl W
HIPTIR , LR AR A 7 W Joe oy 11 1Y) B B2 i AR 3, 1T 1L
e mg TR T TR R L T LR I T B Ak S TR
TR NS AR E A REAE VE 2R W 1A R I A
HEEEIER = AR, £X -2 P, 21mna
PR A 7E S B ) PN AT 13 R 58 B 7E AR 22 45 1 g I
MBI TR AL B, MEAG ZLIR T 75 H fh BE 2 (il
(AG” =—4.2 kJ/moD"™" . K1 . 24 IR 431 1L IS
Yy FLIR F o BB 5 22 i, B 5 % TR I [R) A ZE K
ALK BB 2 7 4 A R AL iZ B
& 3 FLERAE A A A b i vl B AR Ak W] LA BIHIE 5L,
28 3 AT, SRR AE DR A R I o) 7 v ik B i W A I
M FLAER 2 Gl 2 R Ak, PR G 78 WS I FL R #2220 19 Ak 11
W, SR PR BE 25 30, SR 5 ARV TR 7= R B ol T 1Y
YE R 32 8 A

FAh e FLRR A B (R £ PR Ak B S R b ] B R
R A o AR B 1) AR A e R R T K 2 BHL A I
7 HUGE T T B AR RS B AR LR i P ot 7 5L IR Oy
g S ey B A A RGBT AR IE
FEH T f RS AT, R £ Y Ab B Y HR BE P R
BEETIHAREZMAE ., SR ™= R 5 A .
LFRZ 1) 2 ARhBEH e 7 23243 5 2 367 1 360 ml/g.
B F 40 CGRLIER) ) BIE 7= W B E 373 mL/g. 1M 3L
TR Z 1 2 AL e 7= Ak 329 1 334 mL/g. iX
U B TR} v g e B 1) L R s R AR Y e 7 R
- (b) H 44t Methane contant
70 b
- 60|
; 50 F
> 10l
= 30}
20 F
10 |

e &4t/ %
Methane content

0 10 20 30 40 50 60 70 80 90
I} i7]/h Time

——10:0 —=—8:2 ——2:8 —x-0:10

B4 FRREBENZBMIABIHN"SERFRSENTL

Fig. 4 Changes of temporal biogas yield and methane content of different A/LL mass ratios during anaerobic digestion
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Table 3 Concentration changes of acetic acid and lactic acid of the treatments during anaerobic digestion g/L
AT Gn(A) = m(L)) Ay & EEWFE] /h Digestion time
Treatments Composition 0 10 20 30 40 90
10: 0 218 Acetic acid 4,0240.17 2.90+0.05 2.0740.12 1.03£0.09 0.15+0.04 ND
8: 2 28 Acetic acid 3.2840.10 2.2240.25 1.3840.16 0.4740.07 ND ND
FLER Lactic acid  0.7340.08 ND ND ND ND ND
2:8 LR Acetic acid  0.80+0.09 1.9740.23 0.94+0.11 0.4840.06 ND ND
FLM Lactic acid  3.28%+0.12 ND ND ND ND ND
0:10 412 Acetic acid ND 2.304+0.32 1.80+£0.25 0.5740.10 ND ND
F.MR Lactic acid 4,084+0.08 0.15%40.03 ND ND ND ND
400 2.4 AEAREECNZBRMIABERTFISEMNFHN
a Ay 5
0 : b R IR AT R R b

A% (/g )
Biogas yield rate

_——= NN W

wn O W O W O
S O O O O O O
-

*
5

10:0

B B g7 Methane yield rate
O % 4kmkr” 3% Carbon dioxide yield rate

AR F RN &AL IAE 0. 05 KF LW FE ™= K22 RMERE, » R
IR AL BRIAE 0. 05 KT [ b R 2 RIERE . TH.
Different letters are significantly different in methane yield rate at
0. 05 level among the treatments, * means significantly different
in carbon dioxide yield rate at 0. 05 level among the treatments.
The same as follows.
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Fig. 5 Comparisons of methane yield rate and carbon

dioxide yield rate of different A/L ratios
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Fig. 6 Changes of temporal biogas yield and methane content of adding different

A/L mass ratios in stoving silage during anaerobic digestion
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dioxide yield rate of different A/L mass ratios

in stoving silage
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Table 4 Concentration changes of acetic acid and lactic acid of the treatments during anaerobic digestion g/L
AT Gm(A) + m(L)) % S WEWFIA] /h Digestion time

Treatments Composition 0 10 20 30 40
10:0 LR Acetic acid 4,0840.12 .0140.06 1.34%£0.06 0.46=40.06 ND
FLMR Lactic acid 0.07+0.02 ND ND ND ND

832 Z T8 Acetic acid 3.90+0.15 .74+0.08 1.92+0.07 0.0440.01 ND
FLER Lactic acid 0.73£0.08 ND ND ND ND

28 MR Acetic acid 0.924+0.07 .2440.08 0.48%+0.06 ND ND
FLWE Lactic acid 3.96+0. 14 .9440.09 0.36+0.09 ND ND

0:10 48 Acetic acid ND .36+0.14  1.14+0.08 0.48+0.03 ND
FLMR Lactic acid 4.75+0.19 .98+0.12  0.54+0.06 ND ND
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