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Abstract: This study evaluated the effects of compound lactic acid bacteria inoculants and calcium propionate on the
fermentation quality, chemical composition, microbial counts, mycotoxin contents and aerobic stability of whole
plant maize and oat silages. The two forages, whole plant maize and oats, were ensiled for 120 days in an
experiment with four treatments: a control treatment (CK) , addition of compound lactic acid bacteria (LAB
treatment) , addition of calcium propionate (PACA treatment) and addition of a combination of LAB and PACA.
The application rates of LAB and PACA group were separately 5X10° CFU-g " and 0.4% of the fresh material. It

was found that the fermentation quality of maize silages was very good while for oat silages the butyric acid and
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ammonia nitrogen contents were very high after storage. The effects of the additives on the silage quality of whole
plant corn and oat silages were varied. All additives significantly increased the lactic acid and acetic acid contents and
decreased the pH value, butyric acid, ammoniac nitrogen contents and yeast counts of oat silages (P<Z0. 05). While
the PACA and LAB-+PACA treatments showed better aerobic stability, significantly increased starch and soluble
carbohydrate contents and decreased the mould and yeast counts of the whole plant maize silage (P<C0.05). The
aflatoxin B1 content was reduced by the LAB and LAB-+PACA treatments only in the maize silage (P<0.05).
The propionic acid content was only increased by the PACA and LAB+PACA treatments, but this effect was seen
in both the whole plant maize and oat silages. Therefore, the combination of LAB and PACA treatments provides an
important improvement in silage quality for whole plant maize and oat silages.
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FIBA 6 mL K B G WA I 8 S U85 R 2 h i AGE B K (60 mL) 3 R 249 20 WEW o 75 0 oRL b, FREL 12 g TR R4S
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MO, CK AL %5 i 60 mL Z8 18K SR 5 B A K5 & 048 bl B s B B, A A 3 58 B T30 A 5 3l D' i
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FH 4 20 A FE PR AR g, A9 BRI AE T — 20 “CokAE o, T )5 W pHAH VS EURA HLRR & =l e . R
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mL-min ", A5 4 60 °C, K 3% K 4 210 nm , 38 F7 0 18] 20 min, R B — R EARMEN E 258 58", &G
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1.3.3 EFEMPBME  HC300 g B CAE 105 CHEAR 2R 75 15 min, JR )5 65 CHET 29 48 h &, AR 115 T
Py 51 % & (dry matter, DM) , Bt T J5 A Sy #7521 mm 55 H1 78 F= 0B 09 R0 o SR AL TG e R0 Kl B AL (total
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I (Ankom200i ZF 4 16 A , 38 [E Ankom BFE A B2 A1), SR FBECER B 6 2005 nT s v ok b & & =Y R e
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Fig. 1 Curve of At (temperature difference between sample temperature and room temperature) during aerobic exposure of

corn and oat silages
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FH(P<0.05) it — AT 2 AL, R Tukey W HHT 2 8 AL . A AL B LOE- 3 bRl 25 R0R .
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RE % . 35 [ I M 42 75 U ARDRE Y pHAE (P<<0. 05) o T AT F 6 K 3 W2 ARDRE R 56, V8 i 700 % pHLJE 8 35 B AR AR, B
PACA REf% 35 $2 /& B K 7 4 B pHAE (P<<0.05) . PACA Al LAB-+PACA &b 21 7€ £ K 1 7 22 75 I 4 et
R RE A% T R T AR A SR A R (P<<0. 05) , T LAB 4b B 20 A3 75 36 4 75 I 450kl vh BT 5B 3548 i AR (P<
0.05). PACA FILAB-+PACA I 3 2 & 1 #2235 Wi e iy R & &8 (P<<0.05) . 2 A PACA M LAB+PACA
fab T ZEL B % 35 i 9 Ao 75 I ARDRL A4 TN R 4 R (P<<0. 05) , LABAbBRAL A CK 41 22 A K H & i, Ml TR
BAFAE T e W AADR 2 v LADB 41 A 08 W AR e 2 5 I kb A T R & i, PACA FT LAB+PACA ZbH4H T R
AR 00 FORF R P AR A TR & &, S A & 58T 10% , LAB f LAB+PACA &b 3 20 { M %L
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Table 1 Effects of additives on fermentation quality of corn and oat silages

5k} ) pH {if L W Wi T AER
Material Additive pH value Lactic acid Acetic acid Propionic acid Butyric acid Ammoniacal nitrogen
(%DM) (%DM) (%DM) (%DM) (%TN)
FRFI CK 3.714£0.0l1de  4.5340.15b  0.7040. 06de ND ND 6.504+0. 16¢
Corn silage LAB 3.69+0.01le 4.54+0.18b  0.37-+0.09 ND ND 4.62+0.21c
PACA 3.9240.02¢ 5.5040.48a  0.9940.17cd  0.5740. 04a ND 6.1940. 32¢
LAB+PACA  3.84+0.02¢d  5.7140.27a  0.4640.05¢ 0.55+0. 05a ND 4.66+0. 21c
HEHFIL CK 4.7340.12a 1.4440.36e  1.1140. 11c 0.024£0.01d  2.1740.95a 21.3843. 16a
Oat silage LAB 4.38+0.13b 2.52+0.43d  1.2340.13c 0.05+0.02d  0.86-0.74b 15.51+3.15b
PACA 4.2240.02b 4.1940.30b  1.6340.19b 0.2740.03c ND 11.9440. 23b
LAB+PACA  4.36+0.03b 3.3040.16c  2.40-0.16a 0.42-0.06b ND 13.54+0. 77b
FrifiEiR SEM 0.07 0. 29 0.14 0.05 0.17 1.22
Total significance A . % sk sk sk *ok
M XA Hok *ok *k Hk ok ok

DM: + %5 Dry matter; TN: &% Total nitrogen; ND: A £ i Not detected; CK: X} lE4] Control; LAB: FLEZTH Lactic acid bacteria; PACA : N
45 Calcium propionate; LAB-+PACA : LR B AN R 45 &2 & ¥ il Mixture of LAB and PACA ; SEM: Standard error of mean; M: JURIZL Y Effect of
material; A: WG Effect of additive; M>X A M Al A (458 T AU Interaction effect of M and A **; P<C0.01; *: P<C0.05; NS: P>>0.05; [
B[R INE F Rk R 22 55 1 3% (P<<0. 05) The different letters in the same column mean significant differences at P<<0. 05; T [fi] The same below.
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2.2 AmANERFELFEAHREDHKE O 0

030 0 DR X 2 T AR A A A AR (3% 2) Y BAT B 3 5 e (P<<0. 01) , LS i 590 A0 R 7 2L IR TR
(P<0.01) B BE T (P<<0.05) f1 8 B (P<<0.01) ¥ L3947 7E W35 1 AR RN o 76 KOk & 04 B H LAB+
PACA 4b#E4] i FEAK T FLIR B 18 B 1 0 25 1 A 8500 (P<<0. 05) , PACA 4b B 41X T %5 B B0 A 35 14 [ 1K
ROR (P<<0.05) o 7EMEA T WAk i 4% A 35 20 L 108 141 R 5% DA 48300 A 25 AN R e 2 7 T 0 ek v 5 T MR A 2,
HXIRAA — A TG DB o W INFE TRE % 3 R A 2 T I G o I RE B G 0 (P<20. 05) ,
H1 LAB+PACA 4b ¥ RO i (P<<0. 05) o

R2 FmMANERMBES AR EDBENR N

Table 2 Effects of additives on microbial counts of corn and oat silages (g CFU"g™')

5B Material I Additive FLB2 B Lactic acid bacteria B HRE B Yeast 75 % Mould
T CK 4.92-40.80b 4.63+0.42a 4.26+1.51a
Com silage LAB 4.2620. 24b 4.5740. 06a 3.4540.15a
PACA 4.50-0. 20b 3.48-+1.07ab 0.93-+1. 60b
LAB+PACA 2.00+0. 0lc 2.600. 11be ND
Wk I CK 7.48+0. 0da 3.95+0. 46a 0.4440.76b
Oat silage LAB 7.1740.27a 2.6340. 20be ND
PACA 7.40+0. 18a 2.79+0. 09bc ND
LAB+PACA 7.49-+0.08a 2.24-+0. 22¢ ND
FrifEiR SEM 0.40 0.20 0.36
PSRN 35 M o o ok
Total significance A . ok ok
MX A o * o

2.3 AmAsSERFEREFENFE RS @

T2 T WA R T W) 0 HLER (1 D PR VR TR AT e IR R VR VR AT dE AT TERROK AL B ) RTE R B i 5 ek Bk
AW 225 (P<<0.01), HEAK B, 35 5n) i i T e 3552 w1 oRLER 11 (P<<0. 01) P M Bk % £F 4 (P<<0. 05) . AT
FEVERR KA B ) RTE B % 5 (P<<0. 01) o B30 A EURHE -4 B (P<<0. 01) LR 1 (P<<0. 05) I A] i PR ik 7K £k
EW(P<<0.01) & EhFEAE B FENAZ TN . LAB+PACA 35 AR T 1 22 75 01 kL T 4 I & & (P<<0. 05) .
PACA FI LAB-+PACA FEAR T F K kit b A 1 3 1 01 W 35 42 & 17 AT i PR K A6 & ) 3% i (P<<0. 05) , 1
Xif 7 A2 5 I iR ) G i 3 S e (3R 3) .

2.4 AMANERFELFLAAALEIRFREREETOY A

K RN HE A T AR A R E T R T R BN K AR A S 2 A A o 25 5 (P<<0.01) , #E
& F WA A AR e P T 168 h, 1T K T IR A AR E M I AR T 84 he PACA FILAB+PACA 123
PR T BRI R A S A E P (P<<0.05) , Hirh PACA BRI Bl , 17 LAB W 3 A #2755 5ok 5 R i A
ARREME . WIS A SR X R R B E W, LAB FI LAB+PACA B EREAL T FOK T I RDRE)
MhMEHEEBLATE(EL.

WL FH W EEHE 168 h i B IS B b i A A =R 1 °COE 1) o T7E B RF e, 443 91 hi
R AT AR B Ar ¥ T 2°C. Hp CK.LAB A LAB+PACA 20 f5 5 6 B 3 %50 5 °C . B A IRAIG
BIEZMERE 121 h N LAB . PACA F1 LAB+PACA BUR T ,51 hZ N PACA Il LAB+PACA R R ML,
it 51 hjg PACA RCR 54
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Table 3 Effects of additives on chemical composition of corn and oat silages

JFUBE Material @5 Additive DM (%) CP(%DM)  NDF (%DM) ADF (%DM) WSC (%DM) &k Starch (%DM)
ERFH CK 32.2540.91c  7.3440.28cd  33.08+2.30b 17.54+1.89b  1.0640. 15¢ 29.55-+2. 16b
Corn silage LAB 32.2140.43c  7.6320.20bc  32.04+2.23b 16.9741.63b  1.014-0.05¢ 37.9443. 46a

PACA 32.9140.85c  7.0040.11d  29.74+0.30b 15.7240.37b  1.88-+0.19b 33.77-+3. 61ab

LAB+PACA  34.214£0.72bc  6.8540.19d  29.56£2.04b  16.8740.15b  5.99-0.65a 35.69-3. 37a
HEFIL CK 37.00£0.92a  7.9740.23ab  58.93+£2.76a 34.60+1.86a  0.3940.08c 11.794+1. 15¢
Oat silage LAB 38.134+0.76a  8.30+0.13a  55.62+0.87a 31.8340.87a  0.5140. 0dc 15.46+1.78c

PACA 38.20£0.47a  8.2740.17a  54.96+1.4la 32.06+1.26a  0.5840.11c 14.8241. 47¢

LAB+PACA 35.04+1.14b  8.0740.30ab  56.84+1.74a 32.9242.27a  0.50-0.05¢ 12.68+1. 13¢
FRifER SEM 0.51 0.12 2.69 1.71 0.37 2.24
Total significance A NS *x * NS sk sk

M XA ok * NS NS *k NS

DM: T4 i Dry matter; CP: HlLZE 1 Crude protein; NDF: 1k 1% & £F 4k Neutral detergent fiber; ADF:
Al % PE ik K46 A ) Water soluble carbohydrate.

PR P Pk 14 47 4 Acid detergent fiber; WSC:

R4 BNAMERMBEFTCAMERREENSED ERSERENHEN
Table 4 Effects of additives on aerobic stability of corn and oat silages and mycotoxin contents after silo opening
v #shn ) A AR E M AR Bl B N2
Material Additive Aerobic stability (h) Aflatoxin B, (pg+-kg™ ' DM) Zearalenone (pg-kg ' DM)
P Sy CK 23.67+11. 24d 3.96+2. 85a 97.32+1. 28ab
Corn silage LAB 29.67+2.08d 1.07=+0.80b 95.3041.77b
PACA 84.00+12.12b 1.97+1.08ab 97. 354 2. 98ab
LAB+PACA 63.67+8. 74c 0.87+0.61b 95.84+1.61b
ML TN CK >168. 00a 0.4540.02b 100. 50 1. 60ab
Oat silage LAB >168. 00a 0.30=+0. 15b 99. 99+ 2. 36ab
PACA >>168. 00a 0.4340.08b 101. 3441.09a
LAB+PACA >>168. 00a 0.8040.01b 100. 264-1. 88ab
FrifEiR SEM 12.86 0.31 0. 56
PERENITE A M ok ok **
Total significance A ok NS NS
M XA ok * NS
3 it
3.1 At B Ko ok F IR R B S R 6
5 L”%ﬁ)zﬁﬁﬁﬂiﬂé 7 G R R i%mmw e T UL AR 2 PO BL L G TR L R ol TR
T T HEAT T AR R o T OK Wk I 4 ) A I FL AR B 1/2 A B s, W B B A A

32. 21/~34 210, IE 2 A bR B KT I W 0 fog il A 0 o ASBIR ST BT P LR 1 o 790 o 52 45 FLIRR B A4 711 iﬁlﬁjlﬁ
0 TR R  e LR RR S R A TR LR AT, R 8 A I IR T I ARDRE pHLE Y [ N 4R v £ TR S5 A HILIR 5 e O 0 )
%ﬁ%%ﬁii%“ {ELR 5 I e e LR T (A G 7 L*?”E]“)EJE*%NETE*#*?EQ‘E%%ZW&F%,ﬁﬂﬁ%%dﬂ?%ﬂi
pH {ELFE A R AR, 7™ F R 1 A EQ LT B 7R R B AR E B B9 I M, (45 52 5 L BR v ) ) R R T R FLAT R
BOR X TR 5w TS L 3X 5 Miao 55 IIRF T4 R — Bl FORTFImB B2 TR, TR & b, AR B SE

H PR TR 1R B TR TR S VR N L 3K 5 A AR I TR A R B
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M2 5 W0 ) b 52 i RE 45 0, T 28 K0 1 P I M i K 6 & 1 ok DS B AR pHL (B, 5002 19 pH (B T BE EE 25 5
FECT R AR T A T A Y BT, DT R AR I ARDRE OT A  PRL O M S AR R R R 2R S R e e
Py ARG e IV R CK LA ME IR GHE , AR i RS A T I R B 38 % A B R TR
SRR E AR . X5 B S RIS AR, AT RR A SR T AE R AE AN R A O . 2P A IIF T Al A
BB A 225 AR EE S CKAM TR & R SRR & . 7238 1o 2L W2 B 1) V8 in 8 5% A s50m
i e A2 5 WD e i) TR R L B A T R R BT . AH GBI B R LT A A I R R T LR TR e %
A AR v A T R R B S SO ELRRAR T RR & i A [ FLAT X T e T DR Y K T TR TR A A
P ER AR R A PR IR 5 LA B DY TR S R L R A1 1 245 VS N AR B AR TR 1 RO B O Y S, SRR R O R T e
TR T A TR R A I PR 4 2 B A AR IR T I DR A TR
3.2 AmANERFELFLAMBEDBZTHY A

FLIR T 2 T R F s /K A A 4 7 28 R FLIR 1 — 2 8 2% [CBH MR TR 1 SRR o 76 75 I ARDRE b i S SURE RS L FLIIR
PR G L2 A ) FLAT DA RE 6% 7 A 2L R DR R IG5 0 AR Y pH (B . Y pH B/ T 4. 2 8043 3 B sz B (A 2
FLIR T A B th 23 32 20, LR T8 A9 B0 th S50l A0 TR K R 22 5 I AR R e A LR T B0 B A T R R Y
Horh FOK ARG pH 3 1 T 4. 0, ZLIR & 8 &, 045 F K 5 U2 inbek v 2L % 1 52 20410 1) DA fe 45 B0 i R K
WD AR T DR pH Ol T 4L 2, FURR A R A 2 o R T A TR T B R OK A DR A AR
I DR AEAN [ SR Y TR TR RS DAY 25 SR TR B BT LA AL, SR A A VE R S AR £ e v kK AL A )
(5 di o MRS MVE R & BEAUA R T I0Y 1/3, e B 0 R0 8 D B A . B SR R W, 2 A LR T I ) e 8
A SRRV TRk v 1 T R TR RBS SO [RDRE M TR R T T U A R e ) B R R R LA
AT o, VR0 R 0 fe P k2 i KT PR R T R R A RS AT — (A VR T L O R R 2 FLIR T T R
(2 A T )

3.3 AR afE R e & F AL F RS0 YR

AR o i KT WL R B0 R S ) DT R P R S B P R R LR T A VS N R A e e
P T AR 4 SE A AN AT VR PR RR K A A W AR MR AR TORLER (LR EF 4R 0 . ik dE— AP DI TN R
5 S 0 R0 A o) TR R R DA A TR TUE R T R OK AL B Y SRR i W B R TH AR LR T I 2 AR LR
PHREFYT . XGFEMET TR R B MENHEASTEER F2rHEEES 105%™ HARE
2 Wk AR v B R A B AR AR T R R S AL AR M T DR ML R R AE 800 25 A o R IR Y
FH B 6% A A0 W I e 22 7 T Rk 1 0 0t B e ML 1, 5 I I S B A 5 4 SR — B
3.4 AmANERAPRLFRANALR IR ER ALY R

PN F W IR IR A BT O RN A G FLAT B 00 A LR A S R X 4 ik K I R T R
TG 8 25 R {8 2 RE A A R R T I AR R A R R E T, HL 2 I OR S R S . AS IR 6 rh A2 A L IR T 1) 4
BEA BN SR & &, JF HA SR g MEAR L T X A I T 256 h, HIA it LB EXR, X%
SR s AN R R FE A, AL RT BE R 32 ] Al R ) b DR A M TR RE RS T TR P R S A HLRR X T R K I AR
BHrb A E AR ) B AT W RO AT B TR KT R A AR T IR A e T L R A S A
TR FLIR TR A (8 RO T4 8 K DR i 7 SRR M LA AR R AR — S S T LR L
SR S5 R R TR LR T I SR AN RS WS IIE S A LR S AR T o B i AR B 2 e 2 IR SRR
FE VL, AT 168 h, X 5 BT 8 I A B 45 R (CK 41K T 168 h) ML, {5 J2: 3% i T AR JUIRI 45 i 1F 9 45 SR
(CK4135. 1h). K5 35 I 4a 4 v 50 2 it 25 75 2 B 1A oK R 25 4 B & 1 2 A% T ADRE 124 b e 56 T 35 i 25
T BRI K IR R I (0 PR B ARAE . FORE AR 0 I R T R B S X R D O o A AR B
TR O LR A S B oK LR TRV N R A FH RS A R EOR F AR P B A E BL Y L, X
5P SEETRL K Guan 58 A 5T 45 A — B
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ORI G R  WE  BOOG R . BRI A4 0 G R PACA I LAB-+HPACA (4 2 &5 T 5 K 75 4 kY
VIR & o, 5 B 1 R OR T T ARDRE v (3 Y b A AT IS T A A £ 2 Rk K Ak B W I 1 e O SRR M R T A
LR TR 54 FWEWEGE . LAB X LAB+PACA A RN 1 i th d 88 1 B1AY & & o IS IR a9 (i 1] 12 2% 42 &
T MR H WY S T T BEAR T ESAM TR S L e TREER S =, P PACA FILAB+PACA BUREL
4o UL BN LR LAB+PACA W& G WS I T4 55 T K e 22 75 0 ARDRE I 75 07 b 03 RN & 4 Pk oA 2
EH .
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