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Effects of Moisture Content and Mixing Ratio on Mixed Silage Quality of
Avena sativa and Sesbania cannabina

GUO Sheng-ze, DU Xiao-bo, ZHANG Jia-ye, WANG Si-meng, LIU Gui-he’
(College of Animal Science and Technology, Hebei North University, Zhangjiakou, Hebei Province 075000, China)

Abstract: To explore the effects of moisture content and mixing ratio on the silage quality of Avena sativa and
Sesbania cannabina mixed silage, this experiment was designed with three moisture content gradients (55%
-60%, 60%-65%, 65%-70%) and seven mixing ratios (fresh weight ratio from 100: 0 to 0: 100). Samples
were vacuum ensiled for 60 days, after which nutritional and fermentation quality indices were determined, and
a comprehensive evaluation was conducted using the membership function method. The results showed that
moisture content, mixing ratio, and their interaction had significant effects on silage quality (P<Z0.05). With
the increase of moisture content, dry matter (DM) , crude protein (CP) and water-soluble carbohydrates
(WSC) decreased, while fiber content, lactic acid (LLA) content and relative forage quality (RFQ) increased.
pH and butyric acid (BA) decreased first and then increased, and acetic acid (AA) increased first and then
decreased. Among the mixing ratios, Awvena sativa silage had the highest DM content, Sesbania cannabina
silage had the highest CP, WSC, and LA contents, and the 30: 70 mixture (Avena sativa: Sesbania canna-
bina) exhibited the optimal RFQ. Higher Sesbania cannabina ratios resulted in lower fiber contents. The pH
values of all treatments were below 4. 2. Comprehensive evaluation revealed that the mixed silage with 60%
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-65% moisture content and an Avena sativa-to-Sesbania cannabina ratio of 30:70 performed the best, and Ses-
bania cannabina silage with 55% -60% moisture content also showed excellent quality. The former can be rec-
ommended in production to achieve balanced nutrition, and the latter can be adopted for high nutrient value and

single raw material utilization.

Key words: Moisture content; Mixing ratio; Avena sativa; Sesbania cannabina ; Silage quality
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Table 1  The chemical compositions of raw materials

Ok Y A . _P‘iﬁ‘f’#‘lf’ﬁ‘i%ﬁ?ﬁ *‘T’#‘H’ﬁ‘iﬁ%ﬁ?ﬁ_ KL &)
Raw material Dry matter/  Crude protein/  Acid detergent fiber/  Neutral detergent fiber/  Water soluble carbohydrates/
(% FMD (% DM) (% DM) (% DM) (% DM)
EME 25 Mk Avena sativa 29.31 7.70 33.30 57.13 14.20
7 Sesbania cannabina 21.48 13.00 29.80 40.57 6.70

1.2 R R HE

WE R W R, RS K E (A K
55%~60% (A, .60%~65% (A,) .65%~70% (A;)
SANBE B HeE + R (B R A 4 IR A LB
(B) ¥ M 4 : M # =100: 0(B,, # A& H ")  70: 30
(B,) . 60:40(B;) . 50: 50 (B, ,40: 60(B) . 30: 70
(By) .0:100(B,, H#& )£ 4K, 321 A,
BAHEGIWER,

R R A B A I 2 M7 R S IR
Je 3 Y A B A K R K A B R
55%~60%,60%~65%,65%~70% J& , Fi 8l 7] ]

JYIRE R 3 em 7 Ay, #% LR AN [R5 L] 72 0 IR
JEORE, SRR R A B S AR I B R S8, 4R 750 g, e
I E 2 B LA B2 5 B, BT %R T LI,
60 d J& JF A2 HORE 2E 47 0 5 50 #r

1.3 MEIER

1.3.1 &AM TP (Dry matter, DMD
ok G ke Y KL (1 (Crude protein,
CP) & f R YL IR a8 200k ™ 2 M v Uk & 4t
(Acid detergent fiber, ADF) il ip ¥ 1 ¥ £F 4k (Neu-
tral detergent fiber, NDF) 7 & % # Van Soest 1) J5
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P HEAT I A5 KB R Bk UK A A 9 (Water soluble
carbohydrates, WSC) & & % JH 155 S R 7K i - TR - A7
2 Le 3 I 2 0, O 1 55 R X 40 BT d (Relative
forage quality , RFQ)"*"',

1.3.2 A ®&pEsAs  FLER (Lactic acid, LA) . &
fig (Acetic acid, AA) . T R (Butyric acid, BA) & & %
WEVF B J7 45 0 5 ik AT 2 pH E ] pH 3t
(PHS-3C K5 % pH i)W i 5 2 28 A (NH,-ND % 2t H]
R - SRR A b I Y A A/ AR
(Ammonia nitrogen/ Total nitrogen, AN/TN)

1.4 HEBHRITESH

I B H] Excel #01F #E47 % 3, Hl SPSS 27.0
WA AT 5 224307, R H Duncan [G L7 £ 8 L
R F VR AT, A5 RO B £ AR UE 27 ROR, D
P<20. 054F Jy 22 5 b 3 1 A 0B s o

SR FH SR T bR AN [R) A B2 A 75 T4l b 75

R AR PRI TER A AT SRR BB TS AR
X=X X))/ (X — Xin) (1)
Xy=1— (X— X))/ (X — X (2)
oA X, RN SR bR i 8 sR B, X iz dabnill &
T3 X s X i 23 9 AT B 04 B ) 5 (R S /N DU
B YIE T PRSI BT 4 IE AR DG A D, Y
D€ $5 A5 5 5 i B &2 SOOI I A =0(2) . DM,
CP,WSC,RFQ,LA,AA 5% 5 i 2 1EAM5¢, ADF,

NDF,pH,BA,AN/TN 53 5 5 7k 5

2 ER5HMWH
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Table 2 Effects of moisture content and mixing ratio on nutritional quality of Avena sativa and Sesbania cannabina

skl T4 H Bl Mixing ratio P{f P value
5iH Moistue FHE - AR RAKE SKEXRALH
Item con’tem B, B, B, B, B. By B. Average  Moisture  Mixing  Moisture content X
content ratio Mixing ratio
TH%k A 42.00£060%  37.8540.05"  39.00£0.50"  39.6510.55"  39.65£0.05" 38154045 38.00£020% 39.19+0.10°  0.000 0.018 0.000
DM/(%FM) A, 30752065 32.90£010% 31902040 319520.05" 31802030 334020407 318520.15" 32.08+0.10°
A, 29.0020.30° 30452025 29.6020.40"  29.3510.05"  29.00£0.30  28.75£0.15" 29551135 29.40£0.10°
T Average  33.9516.00°  3373+327° 33504426 33.65H4.65"  33.48479" 33434408 33134385
HEM A 9.00£0.10%  1085+0.25"  10.704£030% 12154005 12254035 1345+0.55" 15204020 11.94+0.06"  0.000 0.000 0.000
CP/(%DM) A, 825005 10454025 104520150 10552025 11904030 12254025 13.154045%  11.000.06"
A 8500.00" 10252005 10.45£0.05" 11450045 11302040  116550.25" 12404010 10.8620.06"
FHM Average  8.3810.34° 1052032 10534021 1138H0.74° 1182052 12451086 13.58+1.28"
i3 A 39.60+£050%  37.8040.10"  37.504£040°" 36404010 37.15+1.05%* 36.05+0.65" 3410+1.00%  36.94+0.17°  0.000 0.000 0.074
fiaisiEs A, 39.8520.05 36750095 3840£ 1404 36.50£0.30 3675105 33.9520.65" 33.40£0.60° 36.514017"
ADF/ A, 40851085 3825115 3845H1ISM  36.8520.35" 38.6020.60"  36.50£0.80" 35.9510.85" 37.92£0.17
(ADM) i Average 4010076 3T60E100° 38124108 3658L03L  STS0ELIE 3550133 3448+13F
it A 64224082 58.2242.04" 57534038 5474158 5119+2.12%  48.89+0.12d% 43.57+ 148" 54.05+0.81%  0.341 0.000 0.074
R A, 63004150 56.2310.77" 579240766  56.83+0.02" 51524050 50.68+2.29% 44804255 54424031
NDF/ A, 63.0621.28" 58234018  56.95E 141 5AT6E104M 52955 114" 52494228 44414091 54.69+0.31°
(ADM) FffAverage 63435192 STS6E14S  STAGE008  SSMELAF  SLESELAT 5069205 M26E168
ki A L15E015M 4254025 4402000 370£0.80" 51540350 57040900 53540750 46740110 0.023 0.000 0.001
KA A, L65E105 34520550 44020.20" 4051035 485H045 4352025 44510.05°  4.31£011"
Wsc/ A, 5050045 37510.05MF 3354015 3254055 5002040 3.90£0.70% 5552005 4.2620.11°
ADM) i Average  46220J0° 3824047 405H058  SETRO6P 500037 AS5ELOC 5124063
IR A 137.00+4.00" 142504050 137.50+2.50"  137.00+2.00% 122.00+3.00% 122.00+3.00% 126.50+3.50° 132.07£093° 0000 0.000 0.000
ikt A, 129.0041.00% 151504150 142.504:2.50" 140,504 1.50" 138.0045.00* 138.007.00 134.5049.50"* 139.1440.93"
RFQ A, 135.00+ 1,00 140.50+4.50"" 138.00410.00* 144.00+2.00 127.50+2.50" 138.5040.50"4129.50+4.50** 136.14+0.93"
FHM Average 133.67+4.18°  144.83£5.61° 139.33+581"  140504343" 120.17+7.72" 132.8348.98% 130.1746.55"

e Ay RN E KR 554 ~60% , A, R F K i 60 % ~65% , Ay R &K i 65 % ~70% s #54 + HFF IR A H i, B, /R 100:0, B, 7R 70: 30,
By #R 60:40, B, #/R 50: 50, B; %78 40: 60, By %R 30: 70, B, %R 0: 100, [R5 804 A [l /NG 5 B o) 22 57 0 2 (P<C0. 05) , [R5 804 AS ) K
G R RN TR — 445 T 225 B3 (P<<0.05) . T

Note: A, A,, and A3 represent moisture contents of 55%-60%, 60%-65%, and 65%-70%, respectively. The oat to sesbania mixing ratios are
denoted as B, (100:0), B, (70:30), B, (60:40), B, (50:50), B;(40:60), B, (30:70), and B; (0:100). Different lowercase letters in the same row means
significant difference( P<<0. 05), different uppercase letters in the same column means significant difference( P<C0. 05). The same as below
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DM, CP,WSC,ADF it & RFQ 2 5 ¥ i 2 (P<
0.05 ,NDF & ®Z % AE % . AMDMF &R E
BT ALFIAL(P<<0.05), A, A, A, =0 2% 53 B 3%
(P<<0.05), A/HJCP,WSC & B EE T ALA,
(P<<0.05),A, 5 Al 2% A W3 . A8 ADF &
HREET AMAP<0.05,A, 5 A, HERA R
Fo AMRFQEF & T A (P<L0.05 , A1 RFQ
WEET AP<0.05 ., BRAWH EZN T ,B #Y
DM &5 ,B1,B,, By, By, B B F 5 T By, B,(P<
0.05). B, CP & & o & & T H AR A& o fil (P<<
0.05), H ik & B, B.,B,, B, B,, B, i CP & & &A% .
B, ADF & & W 3 & T H AR A e (P<<0.05),
HKE By, B, Bs, By, By, B, 1 ADF %5 & e ik . NDF
# 5 ADF Z2 L LA AR, B, NDF &% & . 3% =
T HAB IR & e (P<<0.05) , B7 By &K . WSC &
H#,B, 1 WSC & =&, B, &% ,B,,B;,B,,B,
%% T B, By, B,(P<<0.05), B, RFQ B % & T
HoAth L i (P<<0.05) , H ik J2& B, Bs 9 RFQ /) .
oK S5IR A B 22 AR R IR A )
f) DM,CP,WSC & & & RFQ(P<C0.05) , i & 22 1.
YE ISR I 45 8 NDF , ADF £ 8 T8 i 2 50 .

2.2 BAEEARANEAAZKEZ+HERET
BB R RH R

B 3T, K& FEROY R, A AR pH
R EETAP<0.05) ,A 5 AR ZRARE.
A, AsHI LA &8 B &5 T A (P<0.05), H & [A]
LZRABE., AMAATERFSH T A, (P
0.05), A/ 5 A, AR EZER . ALALA=H
MR TR AR R B FE(P<0.05) ., =& KE
THAN/TN 2 % AW 2. RE H E80 T,
B, & pHH & # & T B,, By, B, #1 B, (P<<0.05) ,
B,,B;,Bs = HHZERAEE. B,,B,LA S =D
EE T HAMEH (P<0.05), H _FHMES AL
F. AFRBRSHONAASEEZF AR E AA S
B LB IRZ B i k. By, B BA & il
=T HALR & 6 (P<<0.05), B,, Bs# BA &
M ,B,, By, By, By, By Al R R E . KR
A IR AN/TN 22 58 8 3% B i m L, B9 I
o &K 5IR G i 28 B AR 5 m TR
T R pH AR AT LA , BA & B (P<<0.05) , W & %2
T AE IR IR R AA AN/ TN JG i 2 520

®3 BAERAGUOIMARKZ+HERABTLLEMARHN N

Table 3 Effects of moisture content and mixing ratio on fermentation quality of Avena sativa and Sesbania cannabina

P T4 H I Mixing ratio Pl
N . [
TH Moisture FHE Ak RARE AKEXEALA
Item corilem B, B, B, B, ; i B, Average  Moisture ~ Mixing  Moisture content X
content ratio Mixing ratio
pH A, 385035 3904000 4454025 3.80£020%  3.80+0.00% 4254015" 3754025 3974004 0.004 0.000 0.000
pH value A, 3.9520.15%  3.90£000"  3.80£000"  3.70£0.20% 3555005 3702020 3954005 3.7940,04"
A L50H0.15" 3754025 37040107 4.00£0.00"  3.70+0.20%  3.90£0.10"" 3854005 3.91+0.04°
T Average 4.1020.36" 3852015 3.98£0.38"  3.83£0.20% 3682016 3.95£0.28"  3.85+0.16"
ABMLA/(%DM) A 3302085 558007 585067 582405 6142001 42140.12%  692£0.37  540£0.13"  0.000 0.000 0.001
A, 4462051 5744028 6194090°M 534081 7264084 6.95£044" 7524067 6214013
A 345H0.24% 649111 6792096 5622005 7.8910.031 7042072 7412018 6382013
T Average 3.7320.750 5942071 6284085 5.59E054  T10£087  6.07E146* 7284048

ZHAA/(%DM) A, 32651697 22340550 20040820 2.29+0.89"
A, 2710644 2444053 2314157 2.89£0.90

A 1022004 251115 LE7TE0.T1™  2.710.69%

FHM Average 2331136 2.391070°  1.99+£099"  263+0.77

1734067 2082087 2524036 2.30£0.19"  0.041 0.331 0.499
16820.04%  276£1.02%  2.7620.39"  2.5140.19*

14540054 2031166 124051 1.80£0.19°

1624045 2.2941.12"  2.17+0.80°

TEBA/(%DM) A 0.8250.02%  0.32+0.02%% 0.29+0.04"* 0.2340.05

A, 0.28£0.12% 0.21£0.08"  0.16£0.12""  0.1440.07*
A L18£0.06  0.1920.11%  0.21£0.01" 0132009
T Average 0591045 0242009 0.22£009°  0.17£0.08°

0.3820.11%  0.2340.13* 0.19£0.04™ 0.28£0.02°  0.000 0.000 0.000
0.2920.03"  0.0940.09  0.10£0.10"  0.1840.02°

036003 0.1510.05"  0.2820.04  0.364:0.02"

0.34£009 0152012 0.194:0.09°

FAR/BR A 9.30+1.72% 9322059 940152 9.2240.21%
AN/TN/ % A, 10.0620.18% 9534255 10262178" 10.68+1.26™

3

T Average 10.77+1.88°  9.78£149°  9.66£1.25° 1043+ 1.20°

5
A, 12942012 1049£0.98"  9.33£0.19 11.38£0.71%" 10.49+1.05™ 11.03£1.95"" 7.67
100341565 10.38+2.56° 914

1L00£2.00  8.79+3.93%  9.19+1.20"% 9.4640.33  0.093 0.330 0.036
8.88+0.60 1133109 10.57+1.20" 10.19+0.33"

+
£079% 10.48+0.33"
+1.

6"
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2.3 AEMESEAREZBERRNSESNMETNRHEF

HY T 45 Ak 30 3 I 25 048 AR 09 5% e 20RO —
B, L, R SRR R B0 6B R TR & I A T
M 11 WA AR AT 28 5 . SR BN (R4, A B,
A SRR R RO B E s (0,700, R ALB,

(0.63) ABs(0. 6D A A, AB 414 R & oh BT 1
A% C0.18) o L& MM HEF - AB,>A,B, >
A,B;>A,B,>A,B,>A B, >A B, >A B, >A B, >
A,B,>A,B,>A,B,>A,B,>A B, >A,B.>A.B,>
A,B,>A,B,>A B >A.B>A.B,.

F4 AAREHERGBELRERHINREEMEHF

Table 4 Membership function analysis and comprehensive value ranking of Avena sativa and Sesbania cannabina silage

g FUR O ORER MRS PRGOSOk MRBCRBR pH LR LM TR REE/GE P HE
Group DM CP 24 ADF - £F4ENDF - b5 WSC RFQ pH LA AA BA AN/TN  Average Sort
AB,  0.96 0.11 0.24 0.04 0.37 0.53 0.71 0.15 0.63 0.76 0.46 0.45 19
AB, 0.67 0.37 0.44 0.30 0.40 0.69 0.67 0.55 041 0.76 0.46 0.52 9
AB; 075 0.35 0.47 0.33 0.44 0.54 0.21 059 0.36 0.78 0.45 0.48 14
AB, 0.80 0.55 0.60 0.45 0.26 0.53 0.75 0.59 042 0.83 0.47 0.57 6
AB;  0.80 0.56 0.51 0.60 0.63 0.09 0.75 0.64 0.30 0.72 0.25 0.53 8
ABg  0.69 0.73 0.63 0.70 0.77 0.09 0.38 0.31 0.37 0.83 0.52 0.55 7
AB; 0.68 0.97 0.85 0.94 0.68 0.22 0.79 0.78 047 0.86 0.47 0.70 1
A,B,  0.18 0.01 0.21 0.09 0.50 0.29 0.63 0.35 0.51 0.79 0.37 0.36 20
A,B, 0.33 0.31 0.56 0.38 0.19 0.96 0.67 0.57 045 0.85 0.43 0.52 10
A,B;  0.26 0.31 0.37 0.31 0.44 0.69 0.75 0.65 042 0.88 0.34 0.49 13
A,B,  0.26 0.33 0.58 0.36 0.35 0.63 0.83 0.50 0.55 0.90 0.29 0.51 11
A,B;  0.25 0.51 0.56 0.59 0.55 0.56 0.96 0.84 0.28 0.79 0.51 0.58 5
A,Bg  0.36 0.56 0.87 0.63 0.42 0.56 0.83 0.79 0.52 0.94 0.21 0.61 3
A,B;  0.25 0.69 0.93 0.88 0.45 0.46 0.63 0.88 0.52 0.93 0.31 0.63 2
A;B, 0.06 0.04 0.10 0.09 0.60 0.47 0.17 0.17 0.14 0.12 0.02 0.18 21
A;B,  0.16 0.28 0.39 0.30 0.27 0.63 0.79 0.71 047 0.86 0.32 0.47 16
Az;B;  0.10 0.31 0.37 0.35 0.17 0.56 0.83 0.76 0.28 0.85 0.46 0.46 18
AB, 0.08 0.45 0.54 0.45 0.14 0.74 0.58 0.55 0.51 0.90 0.21 0.47 17
A;B;  0.06 0.43 0.35 0.53 0.59 0.25 0.83 0.95 0.23 0.73 0.32 0.48 15
ABg  0.04 0.48 0.58 0.55 0.31 0.57 0.67 0.80 0.36 0.89 0.25 0.50 12
A;B;  0.09 0.58 0.65 0.90 0.73 0.31 0.71 0.87 0.19 0.79 0.66 0.59 4
3 itig 1P R AL % (1 2248 b5, NDF , ADF 5 i By, 5K

3.1 EXkERALKAMARREZ+HEREETE
B MR

JEURH A F K B W SC AR IE 77 I 2 A v 2L IR B
IEE B MW E AN, — BB K WSC=10%
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