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Effects of biological and antifungal additives on ensiling characteristics, in vitro
digestibility, gas production, and aerobic stability of fermented total mixed ration
including wet brewers’ grains
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Abstract: Wet brewers’ grain (WBG) is an industrial by-product that is produced in large quantities, and is rich in
nutrients, including crude proteins, vitamins, and minerals. However, the high water content makes it challenging

to preserve WBG, and this severely limits its use in ruminant farming. Hence, the aim of this study was to
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investigate the effects of biological and antifungal additives on the fermentation quality, in vitro digestibility, and
aerobic stability of fermented total mixed ration (TMR) containing WBG at a concentration of 100 g-kg ' fresh
weight (FW). The TMR was ensiled in 20-L silos with six treatments: 1) no additives (Control) ; 2)
Lacticaseibacillus casei (LC; applied at 1X10° cfu-g ' FW); 3) Lentilactobacillus buchneri (LB; 1X10° cfu-g '
FW); 4) potassium sorbate (POS; 1 g-kg ' FW); 5) sodium diacetate (SOD; 5 g-kg ' FW); and 6) calcium
propionate (CAP; 5 g-kg ' FW). All silos were opened after 100 days of ensiling to evaluate the fermentation
quality and in vitro digestibility of the silages, followed by a 14-day aerobic stability test. All the TMR silages were
well-preserved with low pH (4.32—4.47) and acceptable levels of butyric acid (0. 837 —1.750 g-kg ' dry matter)
and ammonia nitrogen (76.7—91.8 g-kg ' total nitrogen). The control, LB, POS, and SOD silages remained
stable during the 14—day aerobic stability test, and the POS silage was the most stable. Compared with the other
silages, the POS silage had smaller populations of aerobic bacteria (5.50 vs. 6.56—7.66 log,, cfurg ' FW) and
mold (4.93 vs. 4.96—5.91 log,, cfurg ' FW) on day 14 of the aerobic stability test. The POS and CAP silages
showed increased in wvitro digestibility of dry matter (62.5% —65.4% wvs. 55.3% in the control) and neutral
detergent fiber (56.3% —59.1% ws. 48.2% in the control). Overall, POS (applied at 1 g-kg ' FW) is
recommended as an additive to improve the fermentation quality, aerobic stability, and in vitro digestibility of
fermented TMR containing 100 g-kg ' FW WBG.
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2R A H e (total mixed ration, TMR) & A Kk CRLEEDEL 47 4 S50 R 2 A 32 45 JRUkE , B 4578 95 W 5 L0 1) ~F- £
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1 #MR5FE
1.1 X3 AH 5k g ik it

IR A H MR W MUP RS | 2 bR (Avena sativa, WOR T 33N ) AR 8 90 5 (Vicia sativa, WAR T 45 %€
W) 3 B (Hordeum vulgare var. coeleste) s FF QISR 525 T4 38 43 ) e i M0 B o 7 46 B0 &0 6 22 R 5 BRI A AL
TV L H 9 Uy R AT 0 (29, 27° N, 88.88° E) MR RE T 2023 4E 7 H 25 HOAIEI . A kL3245 200 g-
kg ' fif i (fresh weight, FW) 32K #1 .75 g-kg ' FW £ K #1275 g-kg ' FW £ K54 (distillers dried grains with
soluble, DDGS) 200 g-kg ' FW /& ( Triticum aestivum) %k .200 g-kg ' FW 2 # ( Gossypium hirsutum) ¥t .50 g-
kg 'FW YL RO W) . PR 65 B AT BRRS AT X T U0 10~20 mm KR, 4% BRI B SRR S
SHRS) . ARG HORRAEDEL & RO R AL 22 B0 G 1 TR o IRT TR A H R & JsURE 2 L A ) B i e Al
IR 2R .
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Table 1 Chemical compositions of ingredients used in total mixed ration

i [ T MY g MR HERAS R Rk
Items Wet brewers’ Common Whole-crop Hulless barley Mixed
grain vetch oat straw concentrate*

T4 5t Dry matter (g-kg ' FW) 231 281 514 969 911
HLZ 1 Crude protein (g-kg ' DM) 284 181 93 43 151
HPEVE S F 4k aNDFom (g kg ' DM) 393 476 367 600 178
Rk VE % 4 4k ADFom (g-kg ' DM) 140 74 176 117 161
HLIE 5 Ether extract (g-kg ' DM) 108 70 85 59 56
LK 7> Ash (g-kg ' DM) 139 71 51 65 107
T PERR K AL 45 ) Water soluble carbohydrates (g+kg ' DM) 68 81 150 42 105
2% B Buffering capacity (mEq-kg ' DM) 144 325 181 44 173
Ak £F 4 P15 K AEA 8 Non-fibrous carbohydrate (g-kg ' DM) 76 202 404 234 508

H: FW B E ;DM : T 5 ;mEq: mg 244t 5 aNDF om : H i Uk i 21 4 O Jin #4880 1 U 83 8, R & LK 43 ) s ADFom : TR PEVE VR £F 4k CR &M K43 ) o
SRR 200 g-kg T FW ZEHFH1 75 g-kg ™' FW E KK 275 g-kg ™ FW F KA 200 g-kg ™' FW & AfHF (50 g-kg ™' FW 44 3 57 ) i 71 200 g- kg™
FW/NE#k. TH.

Note: FW: Fresh weight; DM: Dry matter; mEq: Milligram equivalent; aNDFom: Neutral detergent fiber assayed with a heat stable amylase and
expressed exclusive of residual ash; ADFom: Acid detergent fiber expressed exclusive of residual ash. *Mixed concentrate includes 200 g-kg ' FW rape
cake meal, 75 g-kg ' FW crack corn, 275 g-kg ' FW distillers dried grains with soluble (DDGS), 200 g-kg ' FW cotton seed, 50 g-kg ' FW vitamin-
mineral, and 200 g-kg ' FW wheat bran. The same below.

50 Rk H 58 4 B AL T, 1 X BE 2 (control, B8 N &5 & 25 85 7K ) T E& ZLAF B 4L (LC, B 1X10° cfu-g !
FW) M RFLAFEA (LB, 1X10° cfurg ' FW) (I AR EF 4L (POS, B 1 g-kg ' FW, B &2 il 4 &
98% , I T [ T ik TR ABHL AR AR WL BREZ (SOD, RN 5 g kg ' FW, & 5 G N, 4B 99 % , W T
FE 40N 5 R IR A IR A B MRS (CAP,5 g-kg ' FW, & ST INA , 4l 5 99 % , M T v [ 1 38 B 9L A= 4
PR RARAT) . BB 6AF I HHMIEEE (B WREF A 20 L, BAAR A Wb, HEER
U)o $EFPRT, B FLIR B AR FE MRS (deMan, Rogosa and Sharp ) A E; 7255 (10 g SR H I 5 g 4 R K (4 g IERER |
2 g 1 mL R —80.2 gWiMR A A .5 g LTRAN .2 g Mr IR = 4% .0. 2 g BIBREE 0. 05 g Bt Bk 4 . 1000 mL %
WA (W T L i 4B A BRA R #4715 37 S A0 QLT B8 AT 86 FLAT B 2 3K ) H AR 42 vk B2 1< 10° cfu-
g 'FWIJGE7E TMR " EAT R . K 2L 8 B B2 A0 R 5 25 8 /K IR & 0, AR T 3l s a5 2L 10 1 42 o 90 22 ) Wi G 7
TMR I IR 2eii 1 5 mine A& F AT b 30 m E 4776 B, B kg(FW) TMR JokF I H 2l M8 a7 B 10 mL
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T2 VR R B B, AT IR P % i 22 T B2 WRWLRA B SRR M E RS M R
Ko FEASTE A A A2 9 kg FW f TMR J& Table 2 Ingredient proportions, chemical compositions and
TR 28 B T 3k 2 250 ke T 4 R (d " microbial populations of total mixed ration before ensiling

» B 2R e H 1A 2 g jui (dry matter,

, it H AR TR
DM) -, 33 36 475 WA (6 4 4k 7 6 /4 . .
Items Total mixed
i), E i (20~24 C) T % EH A7 100 d (2023 4F 8— ration
11 8), JFUEL#4) 1%, Ingredient proportions
FI 100 d J5 , FF R HEI A S EmE F M4 Wet brewers” grain (g-kg ' FW) 100
253 em JE ) TMR GB35 B85 B A R 4 i %% = Common vetch (g-kg ' FW) 350
P 3 I 5
R A TR L AR SRR, e e e 0
R | kg FW 1% B TMR BRI T A0 R o ek ) -
E4) : ]
& 7 H Bl Mixed concentrate (g-kg ' FW) 300

mn I ATRUAE it 5. BT 29 3 kg FW ) & B2 TMR

Ak2% 1% 43 Chemical compositions

TR T A AR E TR - FHJ% Dry matter (g-kg ' FW) 569
2y 3 kg FW 1 TMR 75 P 1) Rk JC He 52 6 45 %2 HLEE £1 Crude protein (g-kg ' DM) 155

10 L % i 101 JG B8 28 OREAE A, A O R SUZ 2 A AL 5 JK ¥ PER K Ak £ ) Water soluble carbohydrate (g-kg ™' DM) 93.0
By 1k PR 85E 75 YL fnoK a2 , 2 Al H it AR, RV 2 £F 4 aNDFom (g-kg ' DM) 374
BTERAEEEN18~22C) TAHEETE 14 d, R MEVE % £F 4k ADFom (g-kg ' DM) 126

B AL 6N 7R AT S R 0.6.9F1 14 d HLIEIT Ether extract (g-kg ' DM) 70.7

5 BUREJ3 BT pH VRS A LR K Rk fe g TR Ash (ke TDMD 8.8
Wy A B R R B A A A R I A R R IR £F 4 TR 7K Ak A ) Non-fibrous carbohydrate (g-kg™'DM) 315
2% WP fiE Buffering capacity (mEq-kg ' DM) 212

pH {H L H1 46 pH {E (A7 %A 2 82 55 0 K ) T 0. 5 B
AHIE R T AR I

¥4 Y% Microbial populations

Y i FLIR B Lactic acid bacteria (Log,, cfu-gfl FW) 4.83

1.2 WFELBAY RS U750 Aerobic bacteria (Log,, cfu-g ' FW) 6. 54
3 B TMR JFURL A1 IE A1 IS (9 % B2 TMR 47 REEFH Yeasts (Logy, cfu-g ' FW) 6.28
BHIEATICRE SR 07 . 45— FRE (200 g FWH i Vs (Log, g ' W) 5.15

100 mL % & T KR & HATHEM S, 2R T H L W+ Logy: - HE BB ofu s %0 R A (. T L.
Ak 8 5 A5 20 U8 W, PR AF T —20 “CuK AR , T Note: Log,,: Decimal logarithm; cfu: Colony-forming units. The same
%W . MR pH I (S400-K, B+ o5 A2 it g gy PO
B — e 2 R W E K pH . R A A A A
oy — R R T 2 3k DN 2 S ek JRORE B 2% ol E (buffering capacity )™ o it FH 2 RECRAR €233 75 [ 22 848 1260 784 3 %50 T AR K
W 2R Ge, Bl 7 22 K0 00 2% 5 9 8h AH R 2.5 mmol- L' B R % W, W3 0.5 mL-min ', A & 55 °C; 4% A 2k H
Carbomix H-NP # (#'5- 260508-7830) , W [ 75 N F& 43 B 43 A PR 2w 100 & 4 ity v 1) £ B2 S LR (LI . &
B2 NER TR & & s R ARG R — A% My Hb (8 7k I 2 % & b (19 2045 AL (ammonia nitrogen, NH,-N) & &' K
P Conaghan %5 (1) J ¥ % 5 W4k 2 I & I 0B A7 1EAN o #5 & PR IR D72 (volatile fatty acids, VFAs) N 4R (TN R
AT R & 5 AR . & 2257 9 (fermented products, FP) A FL & (lactic acid, LA) . Z 2 . 2 . T R (butyric
acid, BA)FI Z e & 50 GVF . FLIRWE B LLFLIR & i 5 K A Wiy WAE (LA FP) Ko o W ARDRES BT Al 43
2= (LA FP<<50% ,BA=25g-kg ' DM) .2 (LA:FP<<50% ,BA<25g-kg 'DM) H (LA:FP}50%~60%) .
U (LA:FP R 6100~70%) (LA FP>70%)5145 4

He 55 0 TR (150 g FW)E 65 C R MET 48 h = o B S I/ B RDEN8 #7 AL (545 SFSP999, v 4 i
BUBRAE 72 A RS 5] R A%, 2ok 1 mm 57 9 (L5 FW 100, 28 307 RS A IR 6D J5 1 100 5 R o 19 38 F2 iy R
LR — TR Lo £ 1k 0 22 BE & P K I8 1 ik K Ak & ) (water soluble carbohydrate, WSC) & £, 2 1 2 [ 23 B4 #r
{27 P 45 (Association of Official Analytical Chemists, AOAC) " [ J7 ¥ 43 51 X5F R P Bk 4% 21 4 (R &5 KL K 43 ) (acid
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detergent fiber expressed exclusive of residual ash, ADFom) . T %) i (DM) ML ig i (ether extract, EE) KL K 5
(ash) FIHLZE F (crude protein, CP) & s EA7I5E o ARYE Van Soest 55 1) 77 74 M 78 v M v 16 £F 4 (I I #iv ke e vk
VE M BE , AN & MUK 43 ) (neutral detergent fiber assayed with a heat stable amylase and expressed exclusive of residual
ash, aNDFom) & &, I 52 BN A T 1 & 6 o SE RS B o 3R 27 4k PR 5 K 1k & 4 (non-fibrous carbohydrate , NFC) £
1 4 5% [l [ % 9F 5% ¥ F 25 (National Research Council, NRC)"™/23 i () P 4 8% 3% 75 24 :UHHH (NFC=1000—
CP—aNDFom—EE— Ash).

2% Wang 257 10 07 2 BUSE 3Oy FAE R (10.0 g FW) , 5 90 mL Jo i A= B R 7K (0. 85% NaCl) £ 200 mL #E &
RGBT KRR IR 2 hGEBE 120 remin™ ') o 4R35 45 5 WHEJE b WO T mL WA 2 4 0 28 7 B, ]
TELRR A Or S B R R RE T 4. FLER >R B MRS (deMan, Rogosa, Sharpe) Biflg 35536 (10 g &R AR .5 g
A-PAKY 4 gBEREH (2 g WIATHE 1 mL kiR —80.2 g BEMR A —H .5 g LTREN .2 g MR =84 0. 2 g B IREE 0. 05 ¢
WA AR .15 g AR (1000 mL Z& 17K ) 7E 37 “CIR A M P 15 95 3 do U %018 R 8 77 BiUlR 55 9% 2 (nutrient agar;
10 g\ AR 3 g RE 5 gAML 15~20 g B R (1000 mL ZE 18 7K ) K5 57 , B T A1 B T R 55 82 2 (Solanum
tuberosum ) T %)l B g 5 5% 3 (potato dextrose agar; 200 g B84 3 20 g i 450 . 15~20 g Bifig . 1000 mL ZE 18 /K ) Kx
I WP R T AN B R I TE 37 CCAR B IR AR P I SR 3 d L B SR Ak I B B B R AR BR A F
1.3 RSN A RH AR I

FR A% Menke %5 11 J7 110 52 & T TMR Al RHEE §h 19 4R 41 31 16 3R J2 7= <t (gas production, GP). #EHL5 H fg
JHE JCAR I JR 28 L 2 CSF- 00 i AR 8 R 99. 7 k) A 9 B AL A4, a6 301 ) 7E L /R 72 30 ARSI 52 30 43 Sl ] R 5 A
45% (DM) 7 i A OBEFIL 5526 (DM)BLERDEF(H 50 96 M6 22 T %0R1 506 & 3 B 0 T B0 20 1) i Al Am) ke, ORUE 1 #R AR
Ko TERHET 2 h S8R 19 W, 28 4 2 ML 20 A ok B 5% Hs 28 1008 R (128 mL) v, L3 O rh & A FEGE 119 (39 °C)
e vhif L H B 2wl =1: 200 BUEL ) L 36 50 mL JAIHE 5 B9 4 AR it (1 g DM IR RF22 I COL pht . £ 39 °C
MK HE IR B35 72 h, WA 3 EAE S AE 2.4.8.12.,24 .36 A8 F1 72 hibf i 38 7 £ i SR AR (mL) o )t
T B AR I W BRI A R (in vitro dry matter digestibility, IVDMD ) Fl #4356 ¥ £F 40 7 1k 2R (in vitro neutral
detergent fiber degradability, IVNDFD)" 31520020 B A0 F -

IVDMD( %) =100 X [ & BRI Y E (g) — KRR 5k B IR Y H (¢) |/ R BERTIE Y H (g)

IVNDFD (%) =100X [ & B¢ Hij Jii ) NDF & £ (g) — K BEJ5 5% B I8 ¥ NDF & & (g) |/ & BERTIK %) NDF &
it(g)

HRAE LT 2l 48 B WA, R SAS AR AN s = S8 PR AR R

Y=bX(1—e™)
A YR B E AL g KRR RS a (mL) ;b ARAE 1 g AR 72 h 3 e K= A& (mL) 5 o fUR R R
(mL-h") ;ARSI L R (h) .
1.4 HAELEL G54

TEVFH TMR 75 00 Rk A T i 5T R S Ak 238 K= SRy ik g o ok T 98 2 B AL IR 30 50, 3h i 6 Ak B8, 24>
b3 6 AN fi ] SPSS(13.0) B #E 4T e it 43 o SR FH BRI U5 22 43 #1 (one-way analysis of variance,
ANOVA)XF TMR Gl 1 % e it J57 K AR S 7 SR Ak 8 50080 34 47 53 4

Y=p+Te,
AP /N R TV-HME; Yo R AR (i=1,2,3,4,5,6) 5e, WERZET0; T, 0 T W8 5510 Ab P .

TEAT A R 2 WA, iR T S8 A BEHL BT, AT 6 F 3 S I on) A 4 A7 S8 B i I 8] A, d M Ab B 6 D AT
HRAE 6 B 5 T2 I 500 AT A A S 28 B8 B (8] 6, Oy 6 <4 DR a3 B o, R A o A 27 1820 B B A 0 i 1 AT U 2R
245381 (two-way ANOVA) , fifi F§ SPSS(13. 0) 8K {443 #r -

Y,=p+T+D~+(TXD), te,
K Y, N HEAS S BRI T2 F s A2 (i=1,2,3,4,5,6) s DA AR ER 5 (G=1,2,3,4);
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(TXD), RHW M54 ARG L BAE e, 2% 2200 . R H 250 20 1E 28 % b (2t 2 =) & FAik
AN TR A R A AR 2 5 B 1) 6 & T T MR T Ak Ak 2 K ol A= W i 3 1 52 )

K Tukey J7 1 %4k B[] Je A 480 7% B8 R B0 508 647 22 5 HL A, R P 359 08 A 389 {8 b 1 1% (standard error of
the mean, SEM) &/ 45 REH , P<<0. 05 KR 5 ¥

2 HRE545H
2.1 TMRUEAHML B &R AT RS> FMEDIE
F /AN 82 (P<<0. 01) 52 M TMR 158 & B 5 Bt A28 i i e (3R 3) ., H i 100d )5 ,LC

R3 AB10dE£RBREARAANABRRULERSIRENHE

Table 3 Fermentation quality, chemical compositions and microbial populations of fermented total mixed ration after 100 days

of fermentation
W H Kb Treatments tRifER P
Items Control LC LB POS SOD CAP SEM P value

K R Fermentation characteristics

pH 4.47a 4.32d  4.34cd  4.37c 4.45a 4.41b  0.014 <<0.001
FLMR Lactic acid (LA, g-kg ' DM) 99.2b  112.4a 86. de 90. 4d 86. 9de 95. 2¢ 2.193  <<0.001
Z.T# Acetic acid (g+kg ' DM) 13.79b  13.63b  12.94b  12.47b 19.21a 9.47c  0.719  <<0.001
LR/ 2.1 Lactic acid/acetic acid 7.22bc  8.28b 6.69¢c 7. 26bc 4.53d 10.10a  0.418 <<0.001
& Propionic acid (g-kg ' DM) 2.95cd  3.30bc  3.44b 2. 46e 2.51de 8.32a  0.496 <<0.001
T Butyric acid (g-kg ' DM) 0.837c  1.716a  1.748a  1.612ab  1.465b 1.512ab  0.076 <<0.001
YERPENRITTR VEAs (g-kg ' DM) 17.6bc  18.6bc  18. 1hc 16. 5¢ 23.2a 19. 3b 0.536  <<0.001
Z. T Ethanol (g-kg ' DM) 11. 14a 1. 24c 2. 06¢c 3.48b 3.32b 3.14b  0.794 <C0.001
FLIR KB LAFP (%) 77. 6c 85. 0a 81.1b 81.9b 76. 6¢c 80. 9b 0.682 <<0.001
IR PERR K AL A ) Water soluble carbohydrates (g-kg ' DM)  35.8de  34.4e 41. 8¢ 45.9b 38. 6ed 52. 5a 1.535  <<0.001
S %A NH,N (g-kg ' total nitrogen) 86.3ab  91.8a 90. 9a 88. 6ab 76. 7c 83.5b 1.298  <<0.001
fk2% 143 Chemical compositions

F#1 5 Dry matter (DM, g+kg ' FW) 546a 519¢ 5l4c 548a 550a 540b 3.476  <<0.001
HLEE 19 Crude protein (CP, g-kg ' DM) 144ab 142ab 146a 140b 142ab 146a 0.578 0.004
HLK 5> Ash (g-kg ' DM) 66. 4c 75.2ab  77.4a 72.2b 76. 2a 78. 0a 0.996 <<0.001
LIS 7 Ether extract (g-kg ' DM) 72.2b 69. 6b 76. 0a 71.6b 77.0a 78. 6a 0.819 <<0.001
Pk T 27 4 aNDFom (g-kg ' DM) 484b 499a 446¢ 495ab 494ab 494ab 4.474  <20.001
R PEVE %4 4k ADFom (g-kg ' DM) 128. 0a 97.0c  117.7ab  118.3ab  108. 7hc 110.7bc  2.576 <<0.001
AR £F 4 PRk K 1k & 4 Non-fibrous carbohydrate (g-kg ' DM)  167a 139be 177a 150b 135¢ 126¢ 4.510  <<0.001
A W %0 Microbial populations

LR 1A Lactic acid bacteria (Log,, cfu-g ' FW) 7.42¢ 7.77a 7. 66ab 7.52bc 7.69ab 7.69ab  0.033 0.002
- %0 Aerobic bacteria (Log,, cfurg ' FW) 5. 30c 7.09a 6.71b 6. 79ab 6. 77ab 6.79b  0.144 <<0.001
FERE 1 Yeasts (Logy, cfurg ' FW) 5.79 5.28b  5.31b 5.28b 5. 86a 5.8la  0.065 <20.001

i Molds (Log, cfurg ' FW) 4.75a 4.51b 4.53b 4.55h 4.77a 4.78a  0.057 <<0.001
T VEAs: R MR LA FP . ZLBRE R~ W i i L (R =FL + LR+ NI+ TR+ ) s NH,-N: =5 A . Control: A 4b ) &
AR A OB B2 s LC U 1< 10° efu- g ' FW TS FLAT T AL FRAL s LB 451 1< 10° cfu- g ' FW £ [RFLAT W AL BEZH s POS - 1 g-kg ' FW 111 3¢
FRAN AL BELH s SOD N 5 g kg 'FW S Z BR B AL FAH ; CAP U N 5 g-kg ' FW N IR A5 Zb B2H o SR H Tukey £ 5 L #2558 Y (8 8] 1) e 312 22 5 .
SEM : brfiiid o W4T B4 A 6] = B 7R 22 5 .3 (P<<0.05) . FIA].

Note: VFAs: Volatile fatty acids; LA: FP: Percentage of lactic acid in fermentation products (FP=lactic acid+ acetic acid+ propionic acid -+ butyric

acid+ethanol) ; NH,-N: Ammonia nitrogen. Control: Untreated fermented total mixed ration; LC: L. casei at 1X10° cfu-g 'FW; LB: L. buchneri at
1x10° cfu-g 'FW; POS: Potassium sorbate at 1 g-kg ' FW; SOD: Sodium diacetate at 5 g+kg ' FW; CAP: Calcium propionate at 5 g+kg ' FW.
Statistical differences among means were determined using Tukey’s multiple comparison. SEM: Standard error of the mean. Values in the same row

with different letters are significantly different (P<<0.05). The same below.
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A e, S BAML, POS.SOD M CAPHTHAM S H B EEME, LBATHARS HEEEHETLC
2. CAPHISOD 4 h N J 18 T & 4y il fe my o A5 41 T R S S A A & 1 43 K T 2. 00 g+ kg ' DM F193.0 g+
kg "RE. HXTRAML, LCHMLBAN TR &I & SHALAML, CAPHISOD 4 ¥ & IR (VFAs)
TR, LCA P LAFP i, £ A0 B 4] vh 2, & 2 39 8 5 IR T IR 4

SHALAA L, LCHM LB DM & ¥ 5K, LBA CAP4Lh CP & m T HALA . 45 4b B2 Rl K 4%
T E T A A . LC A PG U A ADFom % 5 Fe fil , aNDFom % & 5 & o AHE T IR0 TMR, & V25 BR
LB #4045 20 aNDF om & & 34 H 30 TH i, i b B2 o ADFom & & 00 30K [RI R BE R B 5 0, 4% 20 7L 1R T 0
Fh i TR A 2 TR R G S R S U o AN [ AR AR AL
2.2 HAMLEH

TR 54 48 2 5 R B0 32 BAE FE X & 8 TMR 4R pH  FLIR L 212 TR . T 1R . 2 1 W SC Fil NH.-
N O it B LR A A S T B TR RN B TR B0 A R S (P<C0. 001) (R4 FZR 5) . HIU X pH FLIR . &
2 IR TR . L \WSC R NH,-N & i S ZLIR 1A 4 U 9 B BB 0 358 i (P<<0. 001) . AR 2 14d
PG RR AL LC LB . POS Ml CAP 411y pH {43 51 5 i 7 0. 07.0. 68.0.02.0. 09 A1 2. 28, SOD 41 pH F F% 0. 01,
LCH i FL IR & & 2R MEREAREH (P<<0.001) ., AH BT 9. 14 KEF, LB SOD A Z MR & E K m (>15.0
g-kg ' DM) . 7 %5 5 W), % B vh 201 i R IR R (P<C0. 001) . A R R EEH 14 Ki, POS 41 i S0
ik (5. 50 vs. 6.56~7.66 log,, cfurg ' FW ) FIE £ (4. 93 vs. 4.96~5.91 logy, cfurg ' FW) ML T H A4 .
2.3 RINIEAEREB A N F AR AR

T 0 30 %A AR T Ak SRR S ) 2E R AR A B 3 2 m (P<<0.05) (£ 6) . LB.POS #l CAP 4111
IVDMD Ff1 IVNDFD ¥ & F X Bidl . LC.LB A CAP L) 72 h BR=S 5 (GP,,) FIiE7E 7= g 34 i F 0 B4l .
3 iFig
3.1 A& TMR R4

6 3 B0 75 4R R B LA S H ) T T & R (250~400 g-kg ' DM) VB 19 WSC & i B 19 2% wh BE AN 38
SR FLIR T B A T, TMR JEURR b 88 e (9 9 50 1 T RE S5 I ikl 35 I ek AR eh A LR R . K A R FLIR
R AR AR BT 0 T Y TRD B X 5 I ok AR b A AR ) B KT R s e B S S e DR, T I JEORE v A K 43 B X
R T R P O E Y Keshri 87 & 80 I 4RDRE A 8 w30 09 9 7 2 1T RE 2 Il i I ORE B SRR
LR B A0 Z 50 A ARG P o b A, 7500 JFORE R TS R B9 W SC B Bt J2 3R A0 5 I ARDRE A B B . AR
K, 3 I RT TMR 8 WSC A &8 T 60~70 g-kg ' DM (It 25 2 4 A b 2 i 8 O B 75 00 4 ) 1 298 e 1%
1B, X7 BY T 75 007 b LR B 00 A4 4 B0, A1 0 LR & T, RT3 I T ol R T AT

AR p, TMR BB 1 & B0 B 2 A A v 50 o 1 T B TR R85 08 o 7 ek A vl o D Rt 0 4 R B30 I 4]
BT R RE R B KT A AR R T TR R TR A T R K IR R LR 5 R AR rh p LA P e
Thim, 1A EUE Y A R RSN AR IR R B AR BRI X TR AE R A I R R B
PR T B R B0 AN O B ) 3~4 log,, cfu-g ' FW 75 I 4r) ) v 8 B R 1 A Bl 22 SRR R O oA U
W RS S B A o e A, T TP T MR B} e 3¢ i 1 HHL i J 7 kA 25 402 T 3 DDt rp oS R BCZE 0 1 A K 0, e
G T W T o DR T — S e TR R N 7 ok B Kk I T MR GRDRF Y T A A PR AR A A . AR
B e B AT DR A 0 R0 2 S R 1 A A TMIR JFURE & B A B TMR 3 I 4 )
3.2 A xt TMR F 44 2 B 50 R 69 % vk

FHI 100 d J5 , % 20 & B TMR G B R 77 B B pH M R T 4. 2, X n gl th TR 40h T i & & m
S BRI, TR i R 0T A R E R R pH A AR SR BB AR B R AT IR AN Al R
TMR el ZLIR & i ¥ 7F 80~120 g+ kg ' DM WA I ™. LC A 2L & it die i L X I RS2 T TS FLAF
PR JE T 3 S 7 R e FLIR T L 8 EORE COBE IR % I O FLIRR AR FEAR IR SR F T S AT R AR I, AR LR .CO, M &
BE(E O, LBA I MRS BT LCA, rIaE 5 LM o (LAB) 3 F ) v 2L IR B B Ak 19 A0 81 38 22 AN TRl A 56 .
M IRFLFF & T Lt 5 R OR LR A, vl O R W LR A M S B (B 4R ), 7 ZLIR ORI T T 1
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Table 4 Changes in pH and fermentation products of fermented total mixed ration after exposure to air
i H pis:! A A ZE #E K E Days of air exposure b 15 P{H P value
Ttems Treatments (T) 0d 6d 9d 14 d SEM T L Q TXD
pH Control 4.47Ba 4.47Bb 4.51ABa 4.54Ac 0.006 <C0.001  0.002  0.164 <C0.001
LC 4.32Bd 4.33Bc¢ 4.37Bc 5. 00Ab <00.001 <<0.001
LB 4. 34Bcd 4.36Bc 4.44AD 4.36Bc¢ 0.010 <<0.001
POS 4.37Cc 4.42Bb 4.50Aab 4.46ABc <<0.001  0.005
SOD 4.45Aa 4.46Ab 4.46Aab 4. 44Ac 0.688  0.334
CAP 4.41Bb 4.55Ba 4.46Bab 6.69Aa <00.001 <<0.001
SR Control 99. 2Ab 93. 4Bc 86.9Chc 84.1Cc 0.208 <C0.001 <C0.001  0.444 <C0.001
Lactic acid LC 112.4Aa 103. 0Bb 84.8Cc 74.9Dd <<0.001  0.209
(g-kg™' DM) LB 86.4Ce 108. 3Aa 102. 7Ba 103. 7Ba <<0.001 <<0.001
POS 90. 4Bd 92. 6ABc 89. 7Bbc 95. 6Ab 0.004  0.047
SOD 86.9Dde  101.3Ab 90.9Cb 95. 2Bb 0.001 <<0.001
CAP 95. 2Ac 95. 9Ac 74.1Bd 52.7Ce <£0.001 <<0.001
2. Control 13.8Ab 13.7Ab 13. 2Aab 5. 3Bc 0.112  <C0.001 <C0.001 <C0.001 <<0.001
Acetic acid LC 13.6Ab 12.4Ab 12.0Ab 3.2Bcd <0.001 <<0.001
(g-kg ' DM) LB 12.9Bb 14. 2ABb 15. 8Aa 15. 5ABa 0.008  0.263
POS 12.5Ab 12.1Ab 10. 7Ab 8.3Bb <0.001  0.041
SOD 19. 2Aa 17.7ABa 15. 8Ba 16. 4Ba 0.003  0.129
CAP 9.5Ac 6. 3Bc 5.5Bc 2.8Cd <<0.001  0.977
(] Control 2.95Ccd 3.35BCh 3.66ABc 4.11Ab 0.034  <C0.001 <<0.001 0.576 <<0.001
Propionic acid LC 3. 30Bbe 3.56Bb 3. 38Bed 4. 14Ab 0.001  0.035
(g-kg ' DM) LB 3.44Bb 3.64Bb 4.59Ab 4.05ABb 0.007  0.086
POS 2.46Ce 2.53BCh 2.85Bd 3.33Ac <0.001  0.016
SOD 2.51Bde 3.50Ab 3. 24Acd 3.61Abc 0.001  0.086
CAP 3.32Aa 8.47Aa 7.78Aa 5.52Ba <0.001  0.002
T Control 0. 84Bc¢ 1.45Aa 0.92Ba 0.89Bb 0.012  <C0.001  0.739  0.001 <C0.001
Butyric acid LC 1.72Aa 1.39Ba 0.61Db 0.96Cab <0.001  0.001
(g-kg™' DM) LB 1.75Aa 1.63Aa 0.97Ba 1.06Bab <0.001  0.465
POS 1.61Aab 1.56Aa 0.69Chb 1.14Bab <<0.001  0.001
SOD 1.47Ab 1.44Aa 0.49Cb 1.05Bab <0.001  0.002
CAP 1.51Aab 1.33ABa 0.69Ch 1.18Ba <<0.001  0.001
B Control 11.14Aa 1.19Cc 2. 35Bcd 2.53Bc 0.032  <<0.001 <C0.001 <<0.001 <<0.001
Ethanol LC 1. 24Dc 2.56Ch 4.64Aa 3.77Bb <<0.001  0.001
(g-kg™' DM) LB 2. 06Ac 1.65Ac¢ 2.21Ad 1.52Ad 0.127  0.443
POS 3.48Ch 3.80BCa 4.06Bb 4.73Aa <<0.001  0.085
SOD 3.32Bb 2.67Ch 2.80Cc 4.50Aa <£0.001 <<0.001
CAP 3.14Bb 3.83Aa 3.72ABb 4.33Aab <<0.001  0.945

e R 90 B R (6] /NG SRk 3 7R 6] — B [R) b 3] 2% 5 3 (P<<0. 05) 5 [R A7 50 R 7] K 5 7 BF 36 7R 6] — 45 A5 A [ % 5] 2% 5 1 3% (P<<0. 05)

T: FFICE NG AL B LA Q, 43 AR A 4 B2 58 KB AY R M A0 — KON s T X D e 7 IR IR A 4 B2 58 KA (D) RIS AR . T IR

Note: Different lowercase letters in the same column indicate significant difference among different treatments at the same day (P<C0.05) ; Different
capital letters in the same row indicate significant differences among different days at the same treatment (P<Z0.05). T: Effect of silage additives; L and
Q represent linear and quadratic effects of exposure days respectively; T X D: Effect of interaction between silage additives and exposure days (D). The

same below.
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Table 5 Changes in chemical compositions and microbial populations of fermented total mixed ration after exposure to air
i H b B A2 7 KB Days of air exposure F 1R P1H P value
Items Treatments (T) 0d 6d 9d 144d SEM T L Q TXD
KRR A Control 35. 8Ade 18. 4Cc 18.4Ca 21.8Ba 0.178  <<0.001 <<0.001 <<0.001 <0.001
Water soluble car- LC 34.4Ae 21. 5Bbc 14.4Cb 16. 8Cbc <<0.001 <<0.001
bohydrates LB 41. 8Ac 30. 3Ba 13.9Ch 15.3Che <<0.001 <<0.001
(g-kg " DM) POS 45.9Ab 18.2BCc  21.4Ba 17.1Che <<0.001 <<0.001
SOD 38.6Acd  23.4Bb 13.6Ch 13.6Cc <£0.001 <<0.001
CAP 52.5Aa 23.8Bb 14.1Cb 17.6Ch <00.001 <<0.001
HER Control 86.3ABab  82.3Bc 30. 6Bc 88. 9Ab 0.248  <C0.001  0.399  0.002 <20.001
Ammonia nitrogen LC 91.8Aa 91.6Aab  85.7Bb 78.7Ccd <<0.001  0.001
(g-kg ~total nitro- LB 90. 9Ba 92.7Ba  105.0Aa  108.0Aa <0.001  0.192
gen) POS 88.6Aab  84.5ABbc  80.0Bc 82. 5Bc 0.002  0.028
SOD 76. 7Bc 87.0Aabc  82.9Abc 76. 3Bd 0.726 <<0.001
CAP 83.5ABb  84.7Abc  65.7Cd 76.6Bd 0.002  0.047
FLIR Control 7.42BCc 6.99Ccd  8.59Aa 8.00ABbc  0.021  <C0.001  0.004  0.987 <C0.001
Lactic acid bacteria LC 7.77Ba 7.55Bab  8.73Aa 8.58Aab <<0.001  0.108
(Logy cfu-g LB 7.66Bab  6.90Ccd  8.29Aa 7.71Bcd 0.051  0.202
W) POS 7.52Bbc  7.22Bbc  8.47Aa 7.23Bd 0.935  0.002
SOD 7.69Bab  6.71Cd 8.57Aa 8.62Aab <<0.001 <<0.001
CAP 7.69Bab  7.73Ba 8.56Aa 8.81Aa <0.001  0.087
U ST Control 5.30Cc 8.33Aa 6.82Ba 6.56Bb 0.023  <C0.001  0.002 <C0.001 <<0.001
Acrobic bacteria LC 7.09ABa  7.29Ab 6.79Ba 7.38Aa 0.173  0.047
(Logy cfu-g ™ LB 6.71Bb 6. 49Bc 6. 66Bab 7.34Aa <<0.001 <<0.001
W POS 6.79Aab  6.36Bc 5.49Cc 5.50Cc <0.001  0.132
SOD 6.77ABab  6.23Bc 6. 46Bab 7.40Aa 0.019  0.001
CAP 6.79Bab  7.56Ab 6.13Ch 7.66Aa 0.007  0.010
1 B Control 5.79Ca 6.96Aa 6.31Ba 5.70Ch 0.028  <C0.001  0.100 <C0.001 <<0.001
Yeasts LC 5.28Ch 6.81Aa 6.39Ba 6.82Aa <<0.001 <<0.001
(Logy cfu-g ™ LB 5.31Ab  5.70Ab  6.07Aa 5.91Aab 0.094  0.361
W POS 5. 28Bb 5.61ABb  5.38ABb  5.90Aab 0.010  0.382
SOD 5.86Ba 5.86Bb 6.21Ba 6.70Aa <0.001  0.022
CAP 5.81Ba 6.55Aa 6.46Aa 6.62Aab 0.001  0.044
% 1 Molds Control 4.75Ca 5.89Aa 5.27Ba 5.61Ab 0.026  <C0.001  0.090 <C0.001 <<0.001
(Logy, cfurg™ LC 4.51Cb 5.75Aa 5.23Ba 5.91Aa <£0.001 <<0.001
FW) LB 4.53Bb  4.81Ac  5.02Ab 4.96Ac 0.083  0.342
POS 4.55Bb 4.52Bd 4.16Cc 4.93Ac 0.012  0.405
SOD 4.77Ba 4.89Bc¢ 5.39Aa 5.68Ab <<0.001  0.010
CAP 4.78Ba 5.48Ab 5.39Aa 5.58Ab <0.001  0.032
FUFFEEY . P AR R & TMR fa) e i) LR T B2 0 7], 1R L AT 581 76 75 107 2 e ol v 1 7= 2L 1R BE ) 2258 T A3 [T

AFFE . LCH PR E M LA FPWIES: T LC 4H Ao i) [ 50 % 1%

5% B8 41

HAH I, POS . SOD Fl CAP 4 3,
) Rk P AR A W (B 355 LR B ) 114 A K R

MR & A, T e i T ax stk
o W ALER A B 2 1R 40 RN TR IR 45 s N 350 ] LA B B = A AR A A BIL IR

S TN IR B PO R A T I
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Table 6 In vitro gas production kinetics and digestibility of fermented total mixed ration after 100 days of fermentation

i H kb Treatments b i i Py

Items

Control LC LB POS SOD CAP SEM  Pvalue

RSN ALK In vitro digestibility

RSN BOH LA TVDMD (20) 55. 3¢ 57. 9bc 59. 2bc 62. 5ab 56. 2¢ 65. 4a 0.9182  <<0.001
RO A 3 U £ 4 AL 3 TVNDFD (%4) 48.2d 51.7bed  53. 2bc 56. 3ab 50. 3cd 59. 1a 0.9652  <<0.001
Wehh =38 1 2# 48 bR Gas production kinetics

AN IR 72 h BRUT A GP, (mL) 164c 195ab 186b 167¢ 167¢ 203a 3.8216  <C0.001
W 78 7=, i Potential gas production (ml.) 170¢ 195b 192b 173¢ 172¢ 209a 1. 3100 0.006
77 % Gas production rate constant (mL-h"") 0. 042¢ 0.053a 0.041c 0.042¢ 0. 045b 0.046b  0.0012 0. 036

TE: IVDMD: WA T B AL IVNDED : R Ah T PR R 2T 4T AL 3 G Py IRAMEE IR 72 h RS
Note: IVDMD: In vitro dry matter digestibility; IVNDFD: In vitro neutral detergent fiber degrﬂdlblllty, GP;,: Cumulative gas production at incubation

time 72 hours.

(EEF IR . O AR MERE T, B0 A R R bR . X g ML 19 A A 25 5 1 7T LA 2 o i
S, 8 T30 S5 (58 40 S 1 £, AT BEL L A 4 1) A RS 28 Han 881 % Bt A FR R 4 (1 g-kg ' FW)BR
FUARAL AT A ] % 1 TMR Fal b o AS B2 9 00 A K, 3 25 00 o) 2L R BT A 6 o L, A LR 6 1) 338 B VR i 30
TAEA R IE ik — 2B 0F A o DR Ak, CAP I SOD 41 (14 75 iR Al 2, 12 5 5 43 9 76 45 4 BL20 o ¥ e v, 3 AT BB S il 1
VAT 5 RRL TR A S ) FL 88 7 A T — 2 W TN R N TR, 3 A T % B T CAP R SOD 4 vh VF As & i 1 HiAth
HEI 4,

I 35 A kL T AR & KT 5 gokg ' DML 41K B TMR Wk b TR & 35/ T 5 g-kg ' DM,
RWIRWE R W b i) 028 00 et 2 S W 1 O Ak AR B 1 B A L i T e R ) A i TR RL I 7 SR AN (L
TE R B R0 F R A S A A B AN T 100 g-kg ' E & (total nitrogen, TN)™ . AKX, 45 4 0 & &
A BN T 92 g-kg "IN, UEBA 45 41 TMR 5 I 0a0RE &2 8 0 00 R o 08¢ v 1) 1 400 J0R 28 5k W7 A 430900 42 T4 I 4
PR AE R X AT BB S A5 A TR A S A A AR R . A LC R LB 4L TR Bk g T IR 3R] g
Em?k@%TMRﬂﬂtﬁiﬁmaﬁﬂﬁﬁ/‘E’Tfﬂﬂ%u T3 s LT B R A LG LAT B A AR . LB M LC 4l
TY B ot R T H A2, X 1T A8 5 LB ORI LC 4 h i LABFRISHE PERI SR A 56, 7503 B b (9 R L 3R 58 5 B & Ak
HEL f ADFom & 5 B I, 3 AT i 5 8 01 Rt o 25 %@@%mﬂc/\%ﬁzi@w@ﬁa&” UL A, AL T R uE@
TMR, k@%FB‘%LBéﬂ%%éﬂaNDFomagﬂm, ST H R R A T R TR
70 LN B9 aNDF om ¥ JE 5410 . awzla,%éﬁ?mﬁ%ﬁgthﬂﬂ%,Wﬁ@%%%\%ﬁ%ﬁﬁ’fu%ﬁgﬂﬂtﬂﬂmﬁlﬁ
J3 A Ak, e LR R R0 R L AR R AR 0k R R T R A 0 AR O B X AT AR T I R
TR A P P I 35 1 0 1 LR BT 1 2 K T) ot 2L R A 0 AR A R L A R A s A ) L B R B BE A R RN R
Tl A 0 1 B

T F v, BB AT AR WSC = A AR AN 2B, ARG o, 45 A B Y 2 B A R AR T A
Y A 0 5 0k 2 VAR O 3R X T 0 T R TR O L AT R R PR O I R B S A A BLIR A T R
S A AR, LC A LB AL 9 03 & 4%, BT 9 458 2 5 L 3 mT g 5 1 1 L AT BRI A EQZLAT T B AT R )
(A& 247 56 . Holzer S WF 58 & L, 78 S AL R W 2 op L 7 R AR 19 7= A4 K T I #E WSC 1y T 4t 2k
H5%~24%

3.3 A A A TMR F 40 4 A B A8 2 B 69 % v

| FE A S M D 2 ) A A 4 i T TR p (B T e R R B R R R A SR R EE ] LC R CAP

b pHE T, R LC M CAP A H AR 14 dJe kKA T A EEM X ATEE S LCF CAP 241 v & 1 ZL IR Fi
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WSC &t 06, A U 8 2 1 R A e Bk R T FE LR S 1R ™ . I EIF G @ MR AR WSC &
TR S Wl TR 5 A SR Y, Ik, & B TMR Gl kLA LR A WSC & il vy, Bl 5 & A2 4T U . Holzer
AT S PR S i FLER R WSC L K VEAs Y = 25 5 S 308 I AR A U I .

A LC R CAP 24l ZLIR 7 it 1 2R Bk — 20 E B T 76 480 55 00 1] O it 2L 10 ok I3 B 11 3 6 A 1
Ak, LB R SOD 41 F 4 % 5% 14 d J5 pH A iR BN, R A AR EM RIF X TR S EMN S A RSN m S
WA, BRSERM, SRR T SO A R W 0 A K R E P AT B o 7 AR R B R e Y . R T AT
PL TS FE WSC =2 W, 77 0 Fal Ak v A w8 11 & Tt 5 et 1 A 60 v ) TR R BT B0 AN TG 1 TR A SR R I T
Xof HE 2 v B AR 1) £ T 38 T X R L b R R 4 I Tt A AN R T

AR R 14 d 5, POS 4 b i 4 08 A8 T B30 35 I8 1 LAt 45 41, 3% W 70 A 40 2% 53 03 00 L) A% 9 50 X deg 4L 1T
B VA1) 0 78 AR AR T LA A ), K R RE R T L AR B AT LA H B 08 LA B A R 1 LU AR | T A A7 5 1
AR T LA ZE 3 2k 0 00 20 TR 0 IR et 2 AR TS PR A A MILR VS N R0 4 B BT Ak AR B T LA S AR
(pKa) FIEFEE pH, 2 34 55 pH A T H pKa BF, A HLER A8 7 2 LB 0 @ A Pe s s v . POS . SOD Al CAP /Y
pKafE AT, F & B 100 d 5, POS 44 b SOD #l CAP 41 A4 B 2R 0 2, 3 Al fig 5 POS 40 b pHAE AR A 6 .
3.4 HmA s TMR F 4 FR 9h = A RE AL F 69 %

PRSI 1 Ak Az TR A B i AT R R oK AL A A R I . Menke 85 U FSE R I IR AR R
5 1R A P T A R 2 ) H A AR R A A G o R ST N B AR T N 3 I R ke T A R A T b
RIS PR Ay 7 AR R AT L S R T A R TR e TR . ARG P, X B AR L, 4% A B A
J2 T TMR DRI V8 7 7= A0 RGP, P45 3, 33 T R 2 i S [ 14 % n 390 Ak B0 /> 185 33 0 S 4t %, DA 4
w TARSN =R X 5 Kozelov 557 R Li &80 9 BIF 58 285 S A — B0, RS0 19 I3 T Ak 23 2 S 198 5 7 ek 1) FH 36 1)
—ANEBESHC R T T AR WSC LU T VAR 4RSS T . LB POS AT CAP 41 () IVDMD Al
IVNDFD ¥ & T % B4 , 3 ] G &t T LB . POS FI CAP 4 1 (1 WSC 7 it &5 TXF R4 . 5% B4 A8 1k, LC . LB
I CAP AL GP, A 7E 7= S 5 3 i, 3 AT RE 2 b 3% 3 S Jon 791 b /e B B 0 5 1 1) 2 B 1k EL A il /E
MR/ T8 FR R R B P i AR S s 4R T 58 R i I RRE

4 Zig

FHI100 d 5, 45 4 & B TMR G R 4 4R A7 R AF . X IR4] (LB . POS M SOD A 7E A AR R 14 d N Rz
ARZ M POS 475 A 48 7% 78 45 14 K I AE AR 4 40 T AN 2 BB BRI S A2 g . POS M CAP 4425 1 & TMR
TR TVDMD il IVNDFD . 28 & % 58, 76 4 7= % 100 g-kg ' FW {8 MU RS & B TMR e kLo ol 0 1 g-kg !
FW i L AL B, R B8 0 A SRR e M 3 Wl 4R i AR A AL 8 o R BIF 5 &45 SR T S SR 08 P IF & 4 b Al R ) 5 U
PR LR A R IR AR R, BT — s e I, B AR 2 3R R 1 2 ) R R
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