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Abstract: In order to fully utilize the by-products of safflower (Carthamus tinctorius) and explore the best ratio
of mixing silage in different proportions with forage oats ( Avena sativa ) and safflower stems and leaves, six
treatments were designed in this study. Oats and safflower stems and leaves were mixed with fresh weight, and
the mixing ratios were 10: 0 (CK), 9:1 (H,,), 8:2 (Hy), 7:3 (Hy), 6:4 (Hy) and 5:5 (Hy). Each treat-
ment was repeated in three groups. After sealing and fermentation for 60 days, the samples were taken and ana-
lyzed. The fermentation quality, nutritional value and bacterial community structure were determined. The
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results showed that the sensory evaluation results of the experimental group were still good or above. The pH
values of CK group and H,, group were significantly higher than those of other experimental groups (P<C
0.05 ). There was no significant difference in ammonia nitrogen content among the experimental groups. The
contents of lactic acid and acetic acid in Hy, group were significantly higher than those in other experimental
groups (P<C0.05), and the contents of acid detergent fiber and neutral detergent fiber were the lowest. There
was no significant difference in acid detergent fiber content among the experimental groups. The contents of pro-
pionic acid and butyric acid in CK group were significantly higher than those in other experimental groups (P<C
0.05). The dry matter content and soluble sugar content increased with the increase of the proportion of mixed
silage, while the crude protein content was decreased in the opposite direction. Combined with the comprehen-
sive evaluation of the membership function method, it was concluded that the silage fermentation quality of the
Ha, group was the best, in terms of microorganisms, at the phylum level, the dominant bacteria in each test
group were Firmicutes. At the genus level, except for the unidentified-Chloroplast in the Hy, group, the domi-
nant bacteria in the other test groups were Weissella. The results of comprehensive analysis showed that the
optimal mixing ratio of oats and safflower stems and leaves was 7: 3, and the fermentation quality and nutri-
tional quality were significantly improved.
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Table 1 Sensory evaluation results of mixed silage with different proportions of oats and Yunnan safflower bran

AE P Treatment R Odor

Jit M 25 #) Texture structure

% Color PE4> Scores A Grade

CK 11 2
Hy, 12 2
H,, 13 4
H,, 14 4
Hy, 13 4
H., 12 3

2 15 i
2 16 =8
2 19 R
2 20 R
2 19 N~
2 18 HhE

F2 AREILGIFREMIIEZEM

RBESMAMLREBERRETN

Table 2 Fermentation quality changes of mixed silage with different proportions of oats and Yunnan safflower bran

- FLi % [].73 T
pos:i! ABR L L L o
. pH . (Lactic acid,LA)/ (Acetic acid,AA)/  (Propionic acid,PA)/  (Butyric acid,BA) /

Treatment NH,-H/ (g-kg™ ") o o — —
(g kg™ ") (g-kg™ ") (g-kg™h (g-kg "
CK 5.3540.12" 0.7240.31° 11.3740.04° 5.9340.02° 1.554+0.01° 6.19+0.03"
H,, 5.4740.11° 0.924-0.35* 7.3240.04" 4.18%0.01" 0.344-0.03" 4.2740.02"
H,, 4.5540.08" 0.6240.05" 13.48+0.02 6.20+0.01 0.68+0.01° 1.5840.01'
H,, 4.5240.01" 0.5140.08" 33.85+0.05" 11.1340.03" 0.9240.01 2.9040.02°
H,, 4.534-0.03" 0.704-0.24* 26.000.09" 9.254-0.04" 1.1840.01 3.224-0.01¢
H;, 4.5340.03" 0.60-0.28" 21.904-0.07° 8.71+0.02¢ 0.99-+0.02¢ 3.5540.02°

5

TE 3R DS S5 AR ARG R o B 55 TR 9 Bl AN Rl /NG 5 R ROR 22 53 W 3 (P<20. 05) . R[]

Note: The indicators in the table were calculated based on the fresh weight of the samples. The same column data with different lowercase let-

ters showed significant difference ( P<<0.05 ). The same as below

2.3 AELGIHESAREHRETTEANES
A As

H 2% 3 A 1, DM [ & &t B 4 21 46 25 0 L 3] 3
PSR BN L, CKA DM & & B &K T
oA 2 56 241 (P<C0. 05) 5 Fifi 5 21 46 25 i L 9] 1) 34
i, CP & AL MR 2B T MBS, He 4 H,y,

41 CP & & L T HAh i 56 41 (P<<0. 05) 5 45 ik
gl Z B ADF & %A % 22 5% CK4Lf H, 4l
NDF & & & 3% & T H A 2 56 41 (P<<0.05) ; b &
2146 ZE 0 H B B 38, WSC & i 5L 0 Y
P, H, 41 WSC & & W & T H b i 18 41
(P<<0.05),
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Table 3 Nutrient composition changes of mixed silage with different proportions of oats and Yunnan safflower bran

. 1k ok R A TV VR 2T 4 GRS
e T BB &ﬁ/ﬁ{f?ﬁe riﬂfi(ft%?’ﬁ‘ R
. L (Acid detergent fiber, (Neutral detergent fiber, (Water solube carbohy-
Treatment  (Dry matter, DM)  (Crude protein, CP) R R .
ADF) NDF) drates, WSC)
CK 32.3240.03° 8.3940.64" 38.1341.34° 61.5541.64" 0.55-+0.06"
H,, 32.544+0.03" 8.3440.34" 38.01+1.66" 60.8040.57* 0.720.20¢
H,, 32.8540.03" 8.0440.34" 37.1140.69" 58.35+0.69" 1.35+0.15°
H,, 32.8340.05" 7.76+£0.50° 36.214+1.23" 57.1740.54" 1.5840.09"
Hy, 32.89+0.06" 6.50+0.35" 38.15+0.76" 57.70+0.57 1.77+0.04"
Hs, 32.9740.23" 6.55+0.11" 36.8741.06" 57.9340.28" 1.81+0.07"

T R DA SRR B RS R T E B SR 0

Note: Each index in the table is calculated according to the dry weight of the sample, and the unit is %

2.4 ZEMETESHRF

W 4 TR, Hy 4145 43 5 L 1l CK 4148 43 fie
1% ; BARAEA3HEF hy - Hy 20 > Ho 4 > H, 241 >H, 4
>H,#HH>CK 4.

2.5 AELkFIHRESTIEEHREFT T AMAR
EZ=d: i

2.5.1 Alpha $ # M4 WESATH, KA B A
T YK T 0,99, 7 W 245 5L n] Lo B S e i
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Table 4 Comprehensive value evaluation and ranking of silage

i H Ttems CK Hy, H,, H,, H,, H,,
pH 0.13 0.00 0.97 1.00 0.99 0.99
2% NH,-N 0.49 0.00 0.73 1.00 0.54 0.78
FLR LA 0.15 0.00 0.23 1.00 0.70 0.55
2R AA 0.25 0.00 0.29 1.00 0.73 0.65
W% PA 0.00 1.00 0.72 0.52 0.31 0.46
T2 BA 0.00 0.42 1.00 0.71 0.64 0.57
¥ % DM 0.00 0.34 0.82 0.78 0.88 1.00
MEHCP 1.00 0.97 0.81 0.67 0.00 0.03
Pk 1 R VR £F 4 ADF 0.01 0.07 0.54 1.00 0.00 0.66
T EVE %R 4T 4 NDF 0.00 0.17 0.73 1.00 0.88 0.83
AR VERE WSC 0.00 0.13 0.63 0.82 0.97 1.00
SRR Average value 2.03 3.10 7.47 9.50 6.64 7.52

HEF Rank 6 5 3 1 4 2

) RL A0 T REVE FRAE . Hy W R R 45 SO
Chaol #& B A%, Vi W iZ R I H A B ) fh 2 & 2 &
1%, 1 Hao 41 Chaol 48 5 =y, ¢ BH 122 30 56 20 41 o 4y

R5 AREILLFIHEMIIEZMN

FE R . CKA A AR B, RV Y 2
REVE f L AR BN £ AR 22 R A T S L 7 A
L R 2 B 2 A

RESPAMEESHEEREH

Table 5 Bacteria diversity index of mixed silage with different proportions of oat and Yunnan safflower bran
Ak L/ R R Chaol 5% R PRI B
Treatment Observed species index Chao 1 index Shannon index Simpson index Coverage
CK 259 263.105 4.691 0.912 1.00
Hy, 257 258.800 4.557 0.866 1.00
H,, 215 217.647 4.380 0.877 1.00
H,, 184 185.120 4.033 0.872 1.00
H,, 321 331.929 3.996 0.847 1.00
H;, 422 426.125 4.465 0.887 1.00

2.5.2 FRLHE EEL L EF RS FRAM
MEAMAEMAETTRF Loy A HIETAA, &R
B AR TRV b A2 B HE 24 B0 = 09 TR 43 ) Oy JE
W] (Firmicutes) 2 JE & '] (Proteobacteria) 1 #
B 1] (Cyanobacteria) , H: o J5 BE 18 ] b 48 35 B8 1
Hio 20 JEEBE T 1) 5 2 I e s Hoo 2H R BE B 1) F 8 e I,
AR T B e s Ho B R T FE IR L 3k
#]33.18%.

2.5.3 FRLH EES I LT RS F MM
A EBKE Ley o R 2R G
IV R T8 K CF A D 2 HE 44 AT T fY TR 4 )
MWK E B (Weissella) | g Bk # J& (Enterococ-
cus) RS FLFTF B (Fructilactobacillus) FLFT 1 &
(Lactobacillus) . & 5y 25 19 il 2% 4K J& Cunidentified-
Chloroplast) ¥ %) FLAT & J& (Lactiplantibacillus) |
1 4 F A W B (Levilactobacillus) . i 1 H &

(Enterobacter) .\t £ FLAT W & (Companilactobacil-
lus) W 5 Bk #1 )8 (Leuconostoc) %5 . Forp BT G 1
JBTE CK A H,o 21 \Hoo 21 \Hao 4 1 Hyo 21 F B2 5 i
H o U8 3T J 3 Hao 21 0 R 43 28 11 it 2 4 3 B8 e
Pz AR .

2.5.4 FRAkKEERELELZLETRESFTEAH
MU AR L FE SR ERESN R 3R, R
FFATR S 5 DM 2 W IEAA G, 5 CP 2 B EM
FHE(P<C0. 05) 5 R4 KA T4 {k 5 WSC 24l i %
IEAHSG, 5 CP 2 W3 6 AH 5C (P<<0. 01D, [Al iy 55
DM & & % IF M1 5¢ , 5 NDF & & % fi #] 3¢ (P<<
0.05) ; Y FLAF % J& 5 pH . NH,-N . BA £ & 3 1F
I, 5 LA AA B 3 5 ¢ (P<<0. 05) ; I A1 1A
J&5 CP 2 & ¥ IEM X, 5 DM 2 & 3 fu kX (P<
0.05), [Al i 5 WSC 4 i 2 5 A7 X (P<<0. 01D,
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Fig.1 The distribution of bacteria in mixed silage at phylum level
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Fig.2 Distribution of bacteria in mixed silage at the genus level
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Fig.3 Spearman correlation analysis heatmap between bacte-
rial community and silage quality of mixed silage
TE < A AR AR B AT T2 B HE 44 A 10 B TR RE , 0 A B AR 3 7 IE 0 5
FHOHR bR, 21 AR R IE ARG, i AR FUMDOG , L SRR 3 1 R
FHA W FEAMLNE (P<20. 05) 50U HA B 35 A1 56k (P<20. 01)
Note: The abscissa represents the top 10 flora in the horizontal abun-
dance, the ordinate represents the silage quality related index, the red
represents the positive correlation, the blue represents the negative
correlation, and the asterisk represents the significance, * represents a
significant correlation (P<<0. 05) ; ** represents a very significant cor-

relation(P<<0. 01)
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