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kAR K, EAF, KRIE

CENTT & PO AT, HR =1 7300500

WE: ARZIFPEEFEORERASLA, KXBERA LR X 24K, BIEERE Qvena sativa), B %
K (Zea mays) #= X & (Glycine max) AT M E G REV LB 5 A TALE, 5 304590:0:10(1). 72:18:10(I). 54:36:
10 (M), 45:45:10 (V). 36:54:10(V), 18:72:10(V[), 0:90:10 (), HA KL IAE L, B 1~2 cm )31 3]
K EN IR ENSE, WIBESKIE 5% ~T0% B BRI IARESHG, REEEZAAERECHFE, B
A 600kgm S, EAGEFSS kg, ROSE, ETHRFRAASAE R, ERAV.: FEHRTRAMAHKEL
G mmitd, A FEATR, EHEHETRE, EFHEBELTAREE, MAAMERERZ, T
B, CEROLSEHRITER, TRAZMAALE 16 0.89% K 242V 032% (P<001); ZHEAZTALE L
521% B 242 VI#) 3.07% (P<0.01), Ehbimd@m, LI FHHA OM) L ERDE 3460%, SA2INERRLE
(P>005) MREZHTHHEM(P<001); REI#FE (CP)LEHT62%, HEF ST HLMELE (P<0.01); &2
VI e PR A S ENDF) A B ER2% A4, MEFKTHEMELRZMA (P<0.01); 42V, VI, IP¥agsitst
;m?‘f’?ﬁ (ADF) A ZE29% A4, MIBEFRTHEAEALIZHE (P<0.01); LIEVIFTEMEKLESS (WSC) L EH
314%, MEE S THRELFEH (P<001), BoF &, RE. 2HIER, REEFHE36:54: 1089504 REF
W, H KBS R RS A g R 4F, DM, CP. NDF, ADF, WSC /\f"'\xl 4 33.30%. 6.65%. 53.48%. 29.73% #2.71%.
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Effects of mixed fermentation on the quality of silage

ZHANG Junlong, HU Hongwei, ZHANG Chenghu
(Lanzhou Animal Husbandry and Veterinary Research Institute, Lanzhou 730050, Gansu, China)

Abstract: To explore the effect of mixing three types of forage grass with different mass percentages on silage quality, a

single-factor complete random design was adopted. The seven treatments were as follows: oat (Avena sativa), corn silage
(Zea mays), and soybean (Glycine max) straw-mixed silage (90:0:10 (1), 72:18:10 (I), 54:36:10 (1), 45:45: 10
(IV),36:54:10 (V), 18:72:10 (VI), and 0: 90 : 10 (VIl), with 3 repeats for each treatment. Three kinds of forage grass

were ground into 1~2 cm pieces, air-dried until the water content was between 65% and 70%, and mixed evenly. Wrapped

silage was prepared using a silage-wrapping machine with a compactness of 600 kg-mfs, and a single package weight

of 55

kg, wrapped in five layers, placed in a cool and dry place, and sampled after 45 days. The results showed that with an

increase in the proportion of corn silage, aroma of the silage became stronger, structure of stems and leaves became

complete, and color changed from light brown to yellowish green. With an increase in the proportion of corn silage in the

mixed ratio of oat and corn silage (fresh weight), the contents of butyric acid and acetic acid also decreased gradually, with

Ui HEA: 2022-03-03  BEFHHE: 2023-02-22
B—1EE: KBk 1971, F, HlMFBN, SRS, AR, B0 EBEWHE . E-mail: 553637060@qq.com
BIEEE: KR (1968-), J5, HilKEN, BIRG, AF, PRI EREE. E-mail: Zch12900@163.com

http://cykx.lzu.edu.cn



1688 LN S & 58540 3%

the content of butyric acid decreasing from 0.89% during treatment I to 0.32% during treatment VII. There was a significant
difference among treatments (P < 0.01). The acetic acid content decreased from 5.21% in treatment I to 3.07% in treatment
VIl (P < 0.01). In terms of nutritional quality, the dry matter (DM) content in treatment [ was the highest, reaching 34.60%
(which was not significantly different from that in treatment II'), whereas there was a significant difference between
treatments I and the other treatments (P < 0.01). The content of crude protein (CP) in treatment [ was the highest, reaching
7.62%, which was significantly different to that of the other treatments. The content of neutral detergent fiber (NDF) in
treatment VI and VI was approximately 52%, which was significantly lower than that in other treatment groups (P < 0.01).
The acid detergent fiber (ADF) content in treatments V, VI, and VI was approximately 29%, which was significantly lower
than that in the other treatment groups (P < 0.01). The water-soluble carbohydrate (WSC) content in treatment VI was
significantly higher than that in the other treatment groups (P < 0.01). Overall, the fermentation and nutritional qualities of
oat: corn silage: soybean straw mixed silage at 36 : 54 : 10 in treatment V were the highest, whereas the DM, CP, NDF, ADF,
and WSC contents were 33.30%, 6.65%, 53.48%, 29.73%, and 2.71%, respectively.

Keywords: oat; full storage corn; soybean straw; silage; sensory evaluation; nutrition analysis

Corresponding author: ZHANG Chenghu E-mail: Zch12900@163.com

R 5] 2 R ) B Ok R ) B LR, R
FMOW R R AR 7 3R . ISR, 4 [ 5 Hb AR 2
TR TAE R 2, A I HES) 1 B0 3 7 1 0
R, B = T S TR 5 AR B R BUR AR R — Ko
Mo AREBEAEAHINA ZMHT A RS, A+
B IR BRI ARG AT BRI, 2 Hb O AE AR ] AR R
SR e B M N [ B S N o & N S N LN o
FT 31 2 24 1 R e o] T A% 1) 32 SORH pa) Al 3 0

M (Avena sativa) X PR #eF7 . BB ZE, &M
B3 F A, 7 T b X DURIE TR R
E B R T HE . PR 10 4 bk E K (Zea
mays) A i R B B0 DA R I E R L IR AR 4
R P AR S R A S i LA R D ke
(Glycine max) F&F FIt 5 78 7% B 73 fig 5 R A B 4CH 3k
AR IAN. BRAC M, KSR AP (157 (crude
protein, CP). A7 4 ¥k % £ 4§ (neutral detergent fiber,
NDF). B2 % ¥ % 4T 4§ (acid detergent fiber, ADF) 7
B A 6.24%. 57.93% Fl 40.52%, % £ 4 1 ) K
(Oryza sativa)s /NZZ (Triticum aestivum). £ K FEFF &
FEFYL KBEKENE KGR, B,
I FOK B I RO B AR 20, 1942 9 Hh ) A
Ay MG R 52 B WY R AR ), G BT PR R R AT AN
B SE I N 1, 3% B FR ARk . R 2 B e R 0,
B R R F I, B RS K E IS & (> 85%), & % 5l i
FEPR R B e e, AR ) EE B EH FIM &K
B R E SN T R AR AE RS AT 5 K

TR LR AR L 5 7K &, 3271 7 W e Rk A0 A I8 o T o
AWFICE LT M KR EREFK Y S ER EAE
R, DL R K B2 BROK AL A B B
R, g B R GRS S Atk KT IR
EE SO (eI N T el T o 2 B A B
IR & T K RE L], SdtiR &5 R 5Ok 45
ey, B R AL B, O R R E A AT S
T N o / e N/ B K | DA EE e N

1R Tk

1.1 RIEEE, L S5iR
111 6 A [a) A A5

BRI A D 2019 2 9 H —10 A, 50 1 s H
A =M T KB BRI 2 K 8 28 AR A AR R TR AR IR
R A= (2
.12 HER

B R N LA = B R (86 d 1A
B FL D) I R 335 Ak KA E KE
Fift. TR & 8 R FEE RS EEWE Y.
1.2 RIGwIT

KH BRI, Bz, 2k sk,
K S T 4 O B B 0 bR 7 AN AR B, A3l N
90:0:10 (1) 72:18:10 (II). 54:36: 10 (). 45 :
45:10 (IV), 36:54:10 (V). 18:72:10 (VI). 0:90:
10 (VI, HA KSR EZBIRESE S RER
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Table 1 The main nutritional indexes of oat, whole corn, and soybean straw
%
Gl T FHAR 1 5 SRERVRZ AR PRk Ve T 4 IKIEERR KAL)
Ensilage material Dry matter Crude protein  Neutral detergent fiber ~ Acid detergent fiber ~Water soluble carbohydrate

HEF B Oat grass 31.85 9.13 55.65 31.57 7.91
Ak EK Corn silage 30.07 7.05 54.20 30.32 9.23
KEFEFT Soybean straw 76.31 6.24 57.93 40.52 1.27

TN FUE P b, Oy TR T 2

The dry matter is the fresh weight percentage, and the other is the dry basis mass percentage.

10% SR 0 (4 4 T 56 45 51 15 B VR A& L il Rk =
FEAF I, B3 AER (K 2).
1.3 B EREH

W38 I B (2019 4F 9 20 H) (7 2 51 (L 3k
W) Ak BOK (RKFFRLFLEAE 1/2~3/4 1) I
DI 1~2 cm [/NB, BEAT B, FF &K B LE 65%~
70%, $# I8 _ERRIE Wit e R A 850, HE I EA
ML CE 3 8 Orkel MP2000 #if 2% 40, 43 i — & #L, ft
JO7 7 T A6 B AR L R 4 A BR A FD) HE R E A
I, 504D 1 T 4 55 kg, S0l 600 kgm , B
52, BFHETEAL.
1.4 FIRHE

HI45d JEHT R340, B R EANZ 5 om 1E I
BE, BUREAN LB TR A1 20 em VR AL 1R 500 g (I RE L TS
GIVRED, KRR R it o B B 5% A A TR I 4 AT
1.5 #&MIsFRF T A
151 EREIFE

TR VP E 04 7 ] A b bl 2 R AT R T AT
AU SRR b 3 A T TR AT R AN
T 20 4y, SR A 14 4, T 4 4y, BE S 2 5,
AR 16~20 N — R K, 10~ 15 8 g i,
5~9 N =g, 0~4 NI

152 RN B i 5T 4y B

$2 I8 R PR R R T o (R A7) U o R
PRV, S OB A 35 A (Agilent 1200) Wl i€ T &
(butyric acid, BA) 1 Z.F& (acetic acid, AA) & &.
i 464« {03 K% ] Shodex Rspark KC~811S~DVB
gel Column 30 x 8 mm; £ ] 25 K A} SPD~MI10AVP;
JENAH 3 mmol L' & 4 FR VAV : YR 1 mL'min 5
TN 50 °C KGN KA 210 nm; BEFE R 10 uL.
153 HIRVE IR oM

K H LT (105 °C IR B2 SR T ) W E T4 I
(dry matter, DM) & &, M E A& B X YLK E
%% (KIELTEC AUTO 1030Analyzer L & & & 1X
Tecator) A4 I ™. 8 1k 3 34 e 4 4 A o 4k 3 34 ek 4
o A B R Y R AT g e vk K PR KL S
¥) (water soluble carbohydrate, WSC) & & X FH Bl —
B L A
1.6 FIRES

A Kaiser 2 U7 2 H 9 75 007 R % 45 5001 € A%
HE o AZVEE bR dE DL T R AN £ R 7E 75 4k b i o
VENTE WOk % b 53 1R € Fi b (3 3).
1.7 BEGIoHh

F SPSS 19.0 %f %t 45 77 % 73 #r, H LSD (least-

2 WEEit
Table 2 Experimental design

%

B KbFEZH 4 Test treatment combination
Ingredient I I m W% vV VI VI
M Oat 90 72 54 45 36 18 0
4:#k K Corn silage 0 18 36 45 54 72 90
KEAEFF Soybean straw 10 10 10 10 10 10 10
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Table 3 Evaluation system of silage fermentation quality

TFR Butyric acid

4% Acetic acid

S Al
TE =5y TE =55 Total score Mark
Content/% Points Content/% Points
(0,0.3] 100 <3.0 0 90~100 1
(0.3,0.4] 90 3.0~3.5 -10 72~89 2
0.4,0.7] 80 3.5~45 -20 52~171 3
(0.7, 1.0] 70 4.5~55 =30 30~51 4
(1.0, 1.3] 60 5.5~6.5 40 <30 5
(1.3, 1.6] 50 6.5~7.5 =50
(1.6, 1.9] 40 7.5~8.5 —60
(1.9, 2.6] 30 >8.5 =70
(2.6, 3.6] 20
(3.6,5.0] 10
>5.0 0

KIS T S5 3R [15].

Derived from reference [15].

significant difference) ¢ /]y & 3 VE 22 7 32 540 75 A4k 22 (1]
BEAT 2 S LU, 45 R P28 + bR 227 0K

2 HR50M

2.1 BFERREEN

3 i I JRORLAS R B 5 VR A 7 I R A
BAE (GR 4). ALERH T4 90% M#EFE FE 10% K
SRR EG, HIORE R B T R Ak, 224K
TREFIR 72, M RKANTE T, B IR 8, T E N
G KhER T, T IVAHE R 32 9% 05 &k, 220
SERRFF BN R, B NIR A, B E VIR E &
JR U AR ERLA V. VIL VIR IR 05 B Rk A, 250
CERREE R, BN TG, AL FUR i,
PE AR .
22 BEIRNERAR

B e 22 5 Ak TOKTR A LL Bl A dk B0k A Tl
(I3 0, R0 5 (DM) & 232 i PR (68 5).
AbFE T FOALEE 1T ¥ DM & & f i 23 il 4 34.60% F
34.53%, M # A 2 5 AN B3 (P> 0.05), H % # DM
SEWMEER T HMh S A4 (P <0.01); 4FE .
IV. V. VI i) DM & &/ T 33%~34%, 4T 5

AKF, . V) DM & & 2 7 AR E (P> 0.05),
HE5 LV, VIfFE B E Z R (P <0.05); 42 VI
DM & & ik, 5 H Al % b3 25 R AR 2 (P <0.01).
FAFEE) CP FREEEME S 2R KBS
il H A Bk K G R i 2 R AR A (GR 5). &b
HIK CP&ERE, N T.62% 5% T HAh%
A (P <0.01); & F M. V. VI CPH & 1F
6.7% FE A, AT T A BER R A KT, HAEFE T
M. VI. IZ & & & (P < 0.01); & # VI. VI
CP & &RIK, 5HAS I Z R EE (P<0.01).
B Ab HE A R I U 4T 4 (NDF) AR 1 3 5% £F
4k (ADF) & & Bl & 1R A Lh ) o 4k 12K &5 L i 3
B AR (2 5). b T, [H NDF & B8, 4
55% LA b, P93 2 8] 2 5 A R E (P> 0.05), HK &
FZEm T HA S LB (P <0.01); AFEM. V. VI
NDF & & AT 53%~ 54%, 5 HAh 4 4~ kb #2545
% (P <0.01); 4 B VI. VIf) NDF & & f§ & T
52%, W i F AR T AR & AL BRZH (P < 0.01)0 AbFE T
11 /) ADF & & &, 75 32% LA b, e B3 T Hifb
KA (P <0.01); &b FE T IVH) ADF & & 4 T
30%~31%, 5 H A AL 72 M 5 3 (P < 0.01); Ab2E
V. VI. VIf"J ADF & &/ T 29%~30%, & &K T
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Table 4 Sensory evaluation of mixed silage in different proportions
hFZ ] B
remen L0 s it
Scent Texture Color Grade
group score
RIEHTRRYE, 47 MR, 27 s 2 At
I Pungent smell of butyric The maintenance of stem and leaf structure is poor, 2 ) . 8 .
. . . Light brown, 2 points Medium
acid, 4 points points
e M RRFRE, 29y y .
IR 55 / vk 4
I} ﬁé w5, 109 . The maintenance of stem and leaf structure is poor, 2 X sl . 13 ik
Light fragrance, 10 points points Light yellow, 1 point Acceptable
- SR REF R, 493 y N
Sy N3 = " : : R ’
I 75 AIRES, 109 . The maintenance of stem and leaf structure is well, {f?ﬁ% 17 . 15 il
Light fragrance, 10 points 4 points Light yellow, 1 point Acceptable
e ;;l] ét ?: ’ Y. N, pt
SET, 105 ZIEGIREERE, 49 . W, 14 il
I Light fragrance, 10 points The maintenance of stem and leaf structure is Light yellow, 1 point 15 Acceptable
& & VP well, 4 points gty 1P P
g 2GR REF R AT, 457 WM, 15 N
n 4
AY Ji BRI, 1473 . The maintenance of stem and leaf structure is Yellowish 19 LR
Strong fragrance, 14 points . . Good
well, 4 points green, 1 point
e M SRR R AP, 400 WA, 150 .
IR, k) . RS
Vi Ji IR, 1477 . The maintenance of stem and leaf structure is Yellowish 19 LR
Strong fragrance, 14 points . . Good
well, 4 points green, 1 point
e SRR RAF, 470 WA, 247 .
i I\ = {
VI JrEIRIE, 147} . The maintenance of stem and leaf structure is Yellowish 20 LR
Strong fragrant, 14 points . . Good
well, 4 points green, 2 points
WhPRAEFIZR2; R ERIE.
The processing group is the same as Table 2. This is applicable for the following tables as well.
x5 TEEFIREBURMEZEFERTMN
Table 5 Evaluation of the main nutritional indexes of mixed silage with different proportions
b3 T4 FHLR A i SR ERVR AR PR Ve ik 21 4 KRR
Treatment  Dry matter/%  Crude protein/%  Neutral detergent fiber/%  Acid detergent fiber/%  Water soluble carbohydrate/%
I 3460+0.11Aa  7.62+1.02Aa 55.60 £ 1.99Aa 32.56 £ 0.93Aa 1.27 £ 0.01Ff
II 3453+0.03Aa  7.41+0.97Bb 55.42 +2.03Aa 32.34 +0.84Aa 2.11 £0.04Ee
| 33.92+0.12Bb  6.75+1.04Cc 53.59 + 1.25Bb 30.71 £ 0.61Bb 2.42+0.01Dd
\4 33.71+0.54Bb  6.74 +0.89Cc 53.51+1.97Bb 30.57+0.37Bb 2.43 +0.10Dd
\Y 33.30+0.23Bc 6.65+0.79Dd 53.48 = 1.82Bb 29.73 £ 0.06Cc 2.71+0.07Cc
Vi 3329+0.31Cd  6.26+1.01Ee 52.17 £ 1.05Cc 29.65 +0.82Cc 3.07+£0.19Bb
i 32.17+0.57De  5.84 + 1.20Ff 52.07 + 1.16Cc 29.50 £ 0.76Cc 3.14+0.05Aa

FIFUAN R KRS SRR R A RSB RIAE0.01 /K- 128 7 (.35,

FIZIA NG 5B R R AR AR ER (] ££0.05 K- B2 7=

R, Ko,

Different capital and lowercase letters within the same column indicate significant difference between different treatments at 0.05 and 0.01 levels,

respectivly. This is applicable for Table 6 as well.

HoAh % AbBEAH (P < 0.01),
BE 5 #3254 bk ROKTR & Ee il P A bk oK 5 L

(38 I, & A B A R 7K M K AE & P (WSC) & &
SR I N (F 5). AEE T ) WSC & &N 1.27%, %
fih 2% AbFLH (P < 0.01); ALFEIT. M. IV
VH ) WSC &N T 2%~3%, b THEKFE, 5

WEKTH

oAl 3 A4 B B2 AR ZE R (P <0.01); & # VI,

http://cykx.1zu.edu.cn
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Table 6 Evaluation of the fermentation quality of mixed silage with different proportions

e A;Eﬁ Butyric acid __ AEZ@? Acetic acid __ b s
Treatment S NI A NI Total score Mark
Content/% Points Content/% Points

I 0.89 +0.03Aa 70 5.21+0.01Aa -30 40 4

I 0.65 +0.01Bb 80 4.41 +0.03Bb —20 60 3

I 0.62 + 0.02Bb 80 3.95+0.04Cc -20 60 3

v 0.58 +0.01Cc 80 3.64 +£0.02Dd -20 60 3

\ 0.50+0.01Dd 80 3.64 +£0.02Dd —20 60 3

Vi 0.36 +0.01Ee 90 3.31+0.03Ee -10 80 2

Wi 0.32 + 0.02Ef 90 3.07 £ 0.07Ef -10 80 2

EU A A A bk R OK O L R N, TR B B R U B
ik, MALER T 0.89% [% 2= 4b #E VI 0.32%. A #
I.TM.N. V.VIZEW TR ®RAEREEES
(P<0.01), 3 TAAHEMZ 7] TR EEF AR
# (P>0.05). B HFE 5k B KRIE S L] 4tk
TR GBI, RS B R E RGBS
WERIV, VZ ) OIR & & 22 7 AR E (P> 0.05),
5 H Al S AR 2= B R (P <0.01). & ALFE A,
J 3 Bt T BN AR R VIR AL TR VI, 4543 80 43, 23
N2 AE T~ VE 53358 60 5, Fnh 3 9% ab
AR50, 40 58, FlN 4 9.
3 e

FHE 7 F1 A R KR A 7= vl AL AR o ] B,
3 B R T RAFMAR, (B CP &8 AR X m, g™
WEFERE, ‘A2 5, ‘H#MT 5, ‘HAM Y TR
) CP & & 70 5~ 11.52%. 10.55% A1 11.07%, 75 It*
gzt e, pH AN 5 FRAK, AR, X 5 Bk
B Rt g R ABEFOK 3 R R
RAFHN, —J7m, Tl FH #3 CP & &R
i~ A PR K WSC & & i AT AR 47 ol 7 I 4k
W JE 0 B R %, DA R K SR AT L AT e L Ky
SR HEASEM TR B AREARHELS
GRMA AT IR A HF I, A3 Bl R R A
FAR s 53— 5 T, BT LAY D AR 7 A OK R A R A R
AR FH 3 R TR e, A 2800 R ] A S e 3 3
ee I 2 o, Pt PG R P 7 o BT E T 0 T3 56 w7
T 10% B K SRS FF R B A A B B AR K H &
TRk AR, MORTE SO K SR IR IR & F I

TADRLE H 1) 10% BEAT IR N, DATE LRAIE T I 5 5 1) [
R 34E K 5 A FF R A KAk

IR T N R I, R T GHEFE 90% +
KEREF 10%) VP eS0T T MEHE PRI BT
T 1 ) P Sk, 2R A M PR R 2, R IR AR
VPE SRy & o T B A At Ak 3 R A R R OK L
B, BEWFNERH MR RNER . XS
Stk B K WSC & & & & il /B, i #e 22 fl K &
T F WSC & B, DAL K GRS ML 24F 4k 5 K i &
BEEASEH XK.

SRR P R, LR A BN B 4 R
SE VR WIARE ;s BT E IR R LB AT BRI R
RE 1% v B b T 0 7 0 TR I PR AR RR S B BORT IR
S B B R T R, R, AR T Kaiser!
i H TR B AR T R O e R R T TR R
TRV ER R, A HBAREMASEIEN
VP8 T EORE R I b AP SR AR vl o B L rp, B
FIC T KRR A B S, Z]RMT R
TR PG, TR MRS B F
e B AR E K. K REAT 20 A I A5l 36 : 54
10 (V) I, KEESFEE TR, X6 2RA T
il f 4 bk TR K o bR R IR, WSC A B R o A
B 5 M R R .
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