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Synergistic effects of added maize steep liquor and lactic acid bacteria during
fermentation on the nutritional value, rumen fermentation characteristics, and in
vitro degradability of maize stover
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Abstract: This experiment aimed to investigate the synergistic effects of added maize steep liquor and lactic acid
bacteria during fermentation on the nutritional composition, rumen fermentation characteristics, and in wvitro
degradability of maize stover. Maize stover was prepared with four different pretreatments based on dry matter: no
pretreatment for the control treatment (CON) ; 1.0X10" CFU-g 'lactic acid bacteria pretreatment for the CL
treatment (CL) ; 5% maize steep liquor pretreatment for the CC group (CC); and a 5% CC+ lactic acid bacteria
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treatment (CCL). Distilled water was added to the maize stover to adjust the moisture content to 65% , and each
group had four replicates. The nutritional composition, in vitro rumen fermentation characteristics, and in vitro
digestibility of the maize stover were analyzed after 56 days of anaerobic fermentation. Results showed that: 1) The
crude protein and acetic acid contents in the CL., CC and CCL groups were significantly higher than in the CON
group (P<C0.001), and the pH values in the CL. and CCL groups were significantly lower than that in the CON
group (P<C0.05). 2) Compared with the CON group, the in vitro fermentation ammonia nitrogen concentration in
the CL, CC and CCL groups was significantly increased (P<C0.05), the acetic acid and the total volatile fatty acid
concentration in the CCL group was significantly increased (P<C0.05). 3) Compared with the CON group, the in
vitro dry matter degradability in the CL, CC and CCL groups were significantly higher than that in the CON group
(P<C0.001), and the in vitro crude protein degradability in the CC and CCL groups were significantly higher than in
the CON group (P<C0.05). In conclusion, the addition of synergistic fermentation of maize steep liquor and lactic
acid bacteria enhanced the nutritional value of maize stover, improved its fermentation quality, and increased the
degradability of nutrients.

Key words: corn stover; corn steep liquor; nutritional composition; in vitro degradability
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B, B 1000 kg & ) ORE S I FLOER B & 1< 10" F1 EXAREFERR(TURERM)
CFU- g v EE?KS{}‘Z Hy B VT IR 4R A W RS A B A Table 1 Nutrient composition of corn steep liquor (DM basis)

L T R 2 1 Wi H Ttem 4> & B Nutrient content (%)
HMLEE M Crude protein (CP) 43.0
1.2 Xkt
" " , K4 Ash 17.0
e LA AR FE BG4, R :
B UERTIERFAMR KRBT AT ok a8 Water-soluble car- 18.0

A4 A )X IR ZH (CON, 2R i 4 38 (9 K 7% FF bohydrates (WSC)
A1), FLMRE A (CL), BRI (CC), ERK 5 I TR AR Sulfites 0.2
B P ) &% B 41 (CCL A B 5 30 R B AN ok 3%
), FLER A : 1 X 10" CFU-g ', Tk . T KFEFFT
Yy B R 5%, AR T AN K ERFE TR 1~2 em (/NBES , B K 4 & i 2 65 %, B RE A 35
em X 25 em Y IE IR & BEAS REAS BORFS AP0 1 kg BJE H5 PE I & B A4S & B RS FE IR (25+5) C]
NEEARAE, KR BES6 d 5, X B IR R L BT RS R R RSN AL R AT 4 A
1.3 Ao F A5 m
YRR i Je AN ) b B R L 2 IR AL 2 T R el I 2t A T 6 R )R F 65 “CHE T 48 h, By i % 0. 425 mm i

TTEFYF P . 2% GB/T 6435-2014 % T ¥ i (DM) & & ; 2% GB/T 6432-2018" Il & Ml & 11 (CP) &
AU E Z(KDN-04A B, Jb 50 i Z 36 BHEA FRA 7)) I E s 2% GB/T 6438-2007"° 1l 7 L K 43 (Ash)
i, 28 Van Soest 55 7 L0 E M DR 2T 4E (NDF ) R M Uk U £ 48 (ADF) & 1

1.4 A 50 K B 30 U # )

FREL 20 g £F &b, A 180 mL ZE M8 /K , MIGIR 2 42 4 h 5 FASUZ 20 A3 ik 0 L SR J5 F 3 i pHS-3C AL pH i (14X
RBFF AL A BRZA 7D 5E £ 5 pH o SR H AR & HE GC-2030 S M i 0l 5 2 e e .
1.5 RO Ak
1.5.1 RGP sl 350 3h ¥ 0 ab BRI B 80 7 R SR R A B 2 B 4 A R R AT (L SO
NXU-2024-145) .
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Table 2 Composition and nutrient levels of the basal diet (DM basis)

J5UEL Ingredient i Content (%) H 7K Nutrient level & & Content
F KT Corn silage 45.06 VfrfiE Net energy (NE,MJ-kg ')” 5.94
B4 70 Alfalfa silage 4.12 HLEE 19 5% Crude protein (CP, %) 11.69
WG R Brewer’s grains 1.53 TRV T 4E Neutral detergent fiber (NDF, %) 30. 74
JE A K Pressed corn 22.50 5 Ca (%) 0.67
H7E Alfalfa 10. 32 WP (%) 0.28
WA Premix! 14.30
FFSE WKL Beet granules 2.00
/NFRAT NaHCO, 0.17
41t Total 100. 00

VR RL N B kg G AR 424 The premix provided the following per kg of diets: VA 950 TU, VD 180 IU, VE 25 IU,Cu 10 mg, Fe 80 mg,Mn 20 mg,Zn 75
mg,11.0mg,Se 0.6 mg. Y¥rRENITEME ", A B9 ., NE was a calculated value'®’, while the others were measured values.
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1.5.5 (RAMEARRGIE KRR 72 h RS IO S B O R R AR IR 2 AALAE R 48 pm RSF R 8 em X 16
em JE B it g4 U RE LS L IR K G081 B o VRO o e R AS TR R L BT 65 C TR Th LT 48 h, £
HAEER T M 24 h, B A8 R4Sl ke A [ 48 b B AF DL TR S0 DN o AR A T ) R i R
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FB SR AR (V) = (REMIZE =Y & & — R AR FR Y& &) /R W8 FR YT A & X 100
1.6 3%t 5 o 47

TR 55 B {8 F Excel 2016 #1245 & #J5 , oR FH SPSS 19. 0 84 47 5 K R J5 22 47 Bf (one-way ANOVA) , 2 57
35 B9 AR R A Duncan’ s 5 #EAT 2 5 HLACKS 30 0 306 45 SR P 8 AR 22 38R, P<<0. 05 BoR = 57 W 3% .

2 HBREHGH

2.1 ERRLEARAWE LB 2 RBF TR YA

N 37, 5 6 A A LE , 4% A 32 B R AR 1 5 o 3 R s (P<<0..001) . S XTRRZAARLL ,CCL 41 Ash &
i P T FE(P<<0.05) ,DM #I NDF & & 75 4 41 Z [ . . 3% 22 5% (P=>0.05) .
2.2 ERRLARAWE RN EREAALEERR G W

M4 R, CCLA LR E B35 T HA% 4 (P<<0.001),pH & K F Xt 41 (P<<0.05) .

R3 EARSIBEMRAABRNEXRBHERRS SEHNHMN

Table 3 Effects of synergistic fermentation of corn steep liquor and lactic acid bacteria on nutrient content of corn stover

WiH 205 Group Pd

Item CON CL cc CCL P-value
T )% Dry matter (DM, %) 94.457+0. 20 94.600. 21 94.66+0.19 94.13+0. 21 0.298
rh P ¥ 2T 4 Neutral detergent fiber (NDF, % DM) 85.630.01 85.182-0.02 85. 680. 02 83.590.03 0.824
R Pk 2 I 27 4 Acid detergent fiber (ADF, % DM) 60.87+0.0lab  59.69+0.0lab  64.34+0.33a 55.30-0.17b 0.047
KLZE 115 Crude protein (CP, % DM) 3.18=+0. 13¢ 4.34-+0.18b 5.60=+0. 10a 5.99+0. 25a <£0. 001
MK 4y Ash (% DM) 8.14+0. 18a 7.4740. 26ab 7.3740. 39ab 6.65+0. 16b 0.014
TE = A A7 B0 0 5 B B ) 5 B 3R 28 52 AN 3 (P20, 05) , AN ) 55 B 7R 28 53 8.3 (P<<0. 05) . CON : A Al db B K % FF 4 No pretreatment for

control group, CL:FLEAH 21 1.0 10" CFU-g ' lactic acid bacteria group. CC: T K34 5% corn steep liquor group, CCL: T K 3% 15 FL M 14 b [+l
KWL 5% corn steep liquor+1.0X 10" CFU-g ' lactic acid bacteria, T [f].
Note: In the same row, values with no letter or the same letter mean no significant difference (P>>0.05) , while with different letter mean significant

difference (P<C0.05). The same below.
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R4 FARSIABREHNRABNERBFLERRROZME

Table 4 Effects of synergistic fermentation of corn steep liquor and lactic acid bacteria on fermentation quality of corn stover

i H 21 % Group P

ltem CON CL ce CCL P-value
. Acetic acid (AA ,mmol-L ") 4.3740.09d 14. 6040. 56b 6.17+0. 85¢ 16.46+0. 28a <0.001
pH 4.4140. 15a 4.020. 06bc 4.30-0. 11ab 3.86+0.71c 0.011

2.3 ERELLBEA R RN 2 RAEFFIRIG T ABELAKG T

MR 5, #5 A BRAH e T W h NHL-N i e B2 34 Wl 35 T %0 BR 20 (P<<0. 05) , Hirp CCL 4 fe i ; CCL 20 & 1R
W B T HAKH(P<0.05) ;CLANER T BRI ZENRITBR (TVFA) W B3 KT X 41 (P<<0. 05) ;
CCLALM TVFA M JE 2 5 T H A& 4 (P<0.05),

x5 EXAFEIABREHREEBEN ERBEFEMLBSENZMN
Table 5 Effects of synergistic fermentation of corn steep liquor and lactic acid bacteria on in vifro fermentation characteristics of

corn stover

i H 2151 Group Py

Ttem CON CL ce CCL P-value
pH 5.90=0. 07 5.9840.02 6.01%0.93 6.0540.62  0.478
A A% Ammonia nitrogen (NH,-N,mg-dL. ") 11.0740.13b  15.51+0.72a  14.7940.49a 15.7540.95a  0.003
¥tk ¥ 1 Microbial protein (MCP,mg-mL ") 0.23+0.03 0.2240.02 0.34+0.04 0.26-+0.02 0.081
2. Acetic acid (AA,mmol-1. ") 45.524+0.83b  45.7841.53b  45.4940.19b  50.3241.02a  0.025
N2 Propionic acid (PA ,mmol-L ") 24.06+1.27a 18.89+0. 25b 23.10+0. 86a 24.434+0.72a  0.003
T Butyric acid (BA,mmol-L ") 7.7940. 29a 6.70=0.15b 7.9140.05a 8.04+0.43a  0.027

JERPENRIER Total volatile fatty acids (TVFA ,mmol-L ") 77.364+2.09b  71.37+1.76c  76.51+0.23b  82.79+0.30a  0.003

2.4 EARE5BRAMB LB ERBTRFTRINB R REMEN Y

AN 3% 6 Fr s A EE T 0 BR AL, 45 Ak B2 I R T RSN S R AR R (P<<0.001) . CC 411 CCL 4 iy {4 41
LR R R B T A (P<<0.001) o 2R, 1K 4 ADF 4K #h NDF [ fif R 76 45 4 0] Ot i 3% 2 %
(P>0.05),

F6 EXARSIBEMRABNEXREHEETERYREBENZ N

Table 6 Effects of synergistic fermentation of corn steep liquor and lactic acid bacteria on nutrient digestibility of corn stover ( %)

i H 245 Group P{E

Item CON CL cC CCL P-value
IVDMD 32.2140. 83c 38.3640. 63ab 40.0840. 08a 37.2740.70b <20.001
IVNDFD 17.55+2.10 20.7644. 60 19.92410.91 20.98411.57 0.786
IVADFD 18.73+2.78 21.92+4.31 20.98-+1. 29 12.12+4.70 0.131
IVCPD 8.48=+1.79b 8.6142. 38h 38.3045.07a 33.3545. 00a <<0.001

IVDMD: {& &} T 9 J5i B fift 2% In vitro dry matter digestibility, TVNDFD: & 4} o 3 i 25 4 [ it % In vitro neutral detergent fiber digestibility .
IVADFD : AR 1 Uk 15 2T 4 B3 /% 2R In vitro acid detergent fiber digestibility, TVCPD : 1R &ML 1 i [% % % In vitro crude protein digestibility .

3.1 EXARLAREAWRALENSEREF TRV YA
CP & 5 2 VF 0 F5 A 1R RE 3 57 b A0 B8 B 48 b, X T RS FFARDRNINT &, CP & 2 A9 = IR 55 78 3% 0 0 52 1E AR OG , B
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ﬁﬁ,ﬂiﬁﬁh*%&ﬂé’ﬂNDF'ﬁADF AT BRZH T W 2 2 S, FL U IR AT BB R N Rk rh K BT R AT AR R
TR LR T e AT L AT A S A A, S BUNDE 5 ADE & i 25 SOR BT o RS A AR i g b & B
IS INFL IR TR R BE (RS A1 4RDBE o NDF F1 ADF & i W 3% T RE . A 7EAS I b, CCL 20 AR K 43 55 o AR T X IR
41503 TR, X AT AR B R 7E R W R TP A ) FLAT R AR TR R, TR B pH FRECY . MR T I8
Wy J5 AT B e 46 Ry 4 R Mk AT A R B S
3.2 Lﬁl':%‘zi‘a%'w 7@ l’liﬁ#ﬁlﬂ:ﬁ*ﬁmﬁ#mﬁéﬁ%ﬁ
JE MR RL R T Ao AR v AR I A R PR D R 2 — , L A 0 1 E 2 B R I A R BRSO W Bh

5 o mﬁag‘ftjﬁ%@ilﬁﬂ%fiﬁﬂ%kﬁ%’mﬂ%m)ﬁ,mﬁagﬂm%ﬁﬂﬁi?ﬁ%’ﬂﬂpHWﬂ,Tmﬂlﬂ%ﬂﬁ%w@%
BB TR B, R BRI & BT PTRE A IR A s MR T 2 RE R . Okoye % BT K B, Ai [ FLAT 1A AL
HEXRBHG, 2R REENE. EARE P, CCLANIR S BEHETHAKSHEE I E. X R E KK
55 FLIR 1A B IR K T AT LA e EORFE AT A SR & &t 03X AT BB SR IR O K 3R Ol FLIR 1A & e 4 (L ik 4 At 7L R 1
S e e TR B A B, i 20 PR TE % T el B R i BRUSRTY L pHL o R e o R R T o A EE AR AR pH ARG,
i A, & T e Rk B 2 T A7 o U SORR AR I 9 R B, A B FLAT B R T T OKRS AT, AT AR 2 E VK pHL. FEAR
Y, CCLA pH W F M T HASA X 5 CCL A L8 & i fic i M — 3, R 1K 35 208 B 0 IR) & 8% 6 OK %
*?TLJL*%%I—%E#EEI A T B RS R O R B, A ECFLAT B AL R A bR R OK R FLIR & Tk pH BRI .

T SOl R AT B FLAT B AR ) FLAT R B & R B2 KRS (Oryza sativa) B AP, & BRI pH AR, FLIR I 2 1R & & T
o FLIED R RE B A FLIR T M AE KRR L7 AR KA FLIR A L R, AT R AR A RE pH o
3.3 E2RELIMAWE LB 2 RAEAIKRING § ALK G R

pHEME FEM LS — BRI E pH N 5. 6~7. 5", 5 B & B pH ol LAl 5 R85 45 5
SE TR I AR Y AR Bh A ERELET AR 09 R A ST AL, 0GR B R BT RE . A I pH Ol 5. 78~6. 18, 3%
A K 5 3L B DI () TR B N R B AR ST BRI ME o NHL-N U9 S E 9 0 i R e & =9, il o
AR EE 1 AR RIS o R R W o0 A R R S A R R U P E T NHL-N O Y AR
B 45 F R, 4% A0 FH A NH.-N ¥ Ji (10. 81~17. 61 mg-dL ") ¥ 75 IE % 35 Fl N (6~30 mg-dL "), H.9 2 # IR &
A T B (0. 35~29. 00 mg-dL ™)™, £ AbH AR & RV 1 NH,-N R JE & 3% = F CON 4L, Hop CcCL 4l
NH,-N ¥ B 5 5, 3 Uk B, (K3 5 LR 11 D ) K T8 K RS AT, A7 76 42 8 B b NHL-NOR B A s ) o s
AR R LR TR R T KSR S 2 — 20 0 R0 R, 4 B A 1 O 19 AR A R NTHL-N A A

PR VERRIWITR LA TR NIR . T R £, N R A s W N4t 7000 ~80 %0 ry & o FL 3 o8 K 4 0 43 L
S8 B A W BT 1 B K AR A Rl T AR AR BT ZE ARG P, 5 CONALA L, CCL 41 & B AP A & TR vk i
SN R R 7 R M P 2 T DR AN TR A AT T R R A AT R IR RO B T R R R OK AL S R
JBG, 3K 46 B A3 AR B O AR AL T R R B IR R TR R R R 1 A
3.4 ERELABREAMFE LB ERETE TR ERDRGERENG YA

il AT AL 2 T8 T N I 88 St 38 T LA WS R Ak ) o ST B R R ARk Y o A R T L R A (L
o AR, CL  CC A CCL 20 /Y £ KA AT R 014 J57 [ A 32 1 12 2 5 T CONVZHL, 36 B R i 7L 1R T FT 6K 3K
B I & T 24 0T o3 R OR RS AT AR AN ALK . Cao 55 BT 5E & 8L, R N ZL IR B 20 1) DM & i it 2k g b, Itk oh -+
W) I 6 it SR 1R o ML 1A AR I R A R s e T et R ORL R AR I R AR A . AR, CC 4L CCL
Y1 (R R 1 IR SR R AR B T CON 4 8 35 T i, 3K n] 82 IR Ry R OK J 8 3 mI R I 1 e /K Ak 6 0 FIVER 1 I, Sl Bl
AR T R BB SR . X SR AR US4 1R 0 0 R A R R I T Bl DA R i AR T A R A R
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4 @i

TEAAR I ZRAF T, B KI5 FLIR B Db IR) e RE S0 35 2 KR FPORLEEE 19 3 B R A T o T [ I 8 oo AR A1 i T
7 A B0 NH-N U B2 2 A 1 I 1 e 32 DL B A A1 W e e 3 R AR 1 REL 6 1 e 4, MG v 5 DR R 2L 1R o 3 [
R WA ROR B o
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