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Effects of adding lactic acid bacteria on the quality of mixed silage of whole-plant
corn and Yunnan safflower stems and leaves
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Abstract: To fully utilize safflower (Carthamus tinctorius) by-products and determine the optimal ratio of whole-plant corn

(Zea mays) mixed with safflower stems and leaves for silage with the addition of lactic acid bacteria, this study designed four
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treatments: whole-plant corn to safflower stems and leaves ratios of 100:0 (CK), 90:10 (T,), 80:20 (T,), and 70:30 (T,). Each
treatment had three replicates. After 60 days of sealed fermentation in tanks, the tanks were opened, and samples were
collected to assess fermentation quality, nutritional value, and microbial composition. The results showed excellent sensory
evaluation of silage across all mixing ratios. The pH values of all treatment groups ranged from 3.63 to 3.65 after silage
fermentation, with no significant differences (P > 0.05). The ammoniacal nitrogen content was highest in the T1 group,
reaching 0.016%. The lactic acid and acetic acid contents decreased as the proportion of safflower stems and leaves
increased, while the propionic acid content in the T, group reached 0.17%, which was significantly higher than in the other
treatment groups (P < 0.05). The butyric acid content in the T, group was 0.57%, significantly higher than in the other groups
(P < 0.05). Nutritionally, crude ash, neutral detergent fiber (NDF), acid detergent fiber (ADF), and calcium (Ca) content were
positively correlated with the proportion of safflower stems and leaves, whereas crude fat and phosphorus (P) content
decreased with increasing safflower stems and leaves. The T, group had the highest dry matter content (33.91%), while the
T, group had the highest crude protein content (7.53%) and received the highest comprehensive evaluation score using the
affiliation function method. Regarding the microbial community, at the bacterial phylum level, the dominant bacterial group
in all treatments was Firmicutes. At the bacterial genus level, the dominant bacterial group in the T, treatment was an
undefined Chlorobium genus, whereas Lactobacillus was predominant in the other treatment groups. A comprehensive
analysis indicated that the optimal mixing ratio of whole-plant corn to safflower stems and leaves was 90:10, making it a
viable option for production applications.

Keywords: whole -plant corn; yunnan safflower stems and leaves; mixed silage; fermentation quality; nutritional
components; microorganisms
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Table 1 Ratios of whole-plant corn mixed with yunnan saf-
flower straw chaff for silage

%

b3 VRS THAAEZE M

Treatment Whole plant maize Yunnan safflower stems and leaves

CK 100 0
T, 90 10
T, 80 20
T, 70 30

1.3 MEEFR
1.3.1 EEIFE

TR N A8 B AR R 4 A A T T R AT
Ji IRV, A E R E VR S IR E
At 2 (DLG) VE 43 b, VF 2 b WL 36 20 BB IF

SE SN 2048, WA AR R (16~ 20 43 ). 1 4F
(10~15 49) 5 (5~9 49) B (0~4 43) PUAZELL.
1.3.2 R B E
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Table 2 Sensory scoring standard for silage quality by the German Agricultural Society

L P b L
Scoring index Grading Score
AR5 5 Rk B AL F IR Aromatic fruit or obvious bread-like fragrance 14
A TR, FRURIRIKEE, 7575 PREHX Slight butyric acid odor, strong sourness, weak aroma 10
S
ok LRI TR, T kR ,
Noticeable butyric acid odor, often accompanied by a foul or moldy smell
AP T FRRER IR, SO — TR E IR )
Strong butyric acid or ammoniacal odor, or almost no acidic aroma
ZE S5 M RFE R IF Good stem and leaf structure 4
ZHGE IR R Z Poor stem and leaf structure 2
LKy - ‘ "
Texture structure LM SR DR FRF IR 2 B B AR P T e 1
Extremely poor stem and leaf structures or slight mold contamination
ZMJEIEET Y E Severe stem and leaf decay or significant contamination 0
55CRARL, T 5 23448 € Similar to raw materials; light brown after drying 2
[EEREE PR E M, RO 0 Slight discoloration; pale yellow or slightly brownish 1
Color ‘ . ,
A rE, RGOEERG, FRENER 0

Severe discoloration; dark green or brownish-yellow with strong mildew smell
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1T PCR ¥ 3%, Jf-{# H Illumina Miseq™-¥ & it 17 /5 il
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14 HESHS5

K H Excel % P& 4, K H SPSS 26.0 47 51 A

77 250 i1, KM Duncan RVE#ET £ B HEL dE
25 RR AP E £ R E R ERIR, P<0.05 £om %=

FRE.
2 AR

21 EAXREEAHEEMMREEATAEAMNNRE &
53
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YIFF A 53 5 0w e b v
22 EREEAEZMREESTIERALEESR

s[4, CK b HARSASEL EHM T
A5G 4 (P < 0.05); AR & & LIRS B EHLL
16 25T RS N EE A9 36 in i B, T, bR 5
KT HoAh R 36 41 (P < 0.05); TN IR & P B 40 18 251
Eb A1) F 42 v S B S 18 0 5 R R e 3, T AL R4 TS
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Table 4 Sensory evaluation of silage blended with whole-plant corn and yunnan safflower stalk bran

b3 @US Jo 5 A JEERES W &R
Treatment Odor Texture Structure Color Total Score Grade
CK 13 4 2 19 LR Good
To 13 4 2 19 LR Good
T, 13 4 2 19 LR Good
T, 14 4 2 20 i R Good
xS EMEXRGRLEZHRESEANLBERRNOF M
Table 5 Effects of fermentation quality on whole-plant corn mixed with yunnan safflower straw bran
buszil BER LR N R T
Treatment pH NH;-N/% Lactic acid/% Acetic acid/% Propionic acid/% Butyric acid/%
CK 3.65+0.01a 0.012 +0.001b 3.08+0.21a 0.39+£0.02a 0.12 £ 0.02b 0.33 £0.02¢
Ty 3.65+0.01a 0.015 £ 0.002a 2.96 £ 0.09a 0.39+0.04a 0.17+0.03a 0.48 + 0.6ab
T, 3.63 £0.03a 0.016+0.001a 2.87+£0.05a 0.33+0.01b 0.10+£0.01b 0.36 £+ 0.09bc
T, 3.65+0.01a 0.015 +0.002a 2.59+0.02b 0.24 +0.02¢ 0.09+0.01b 0.57+0.07a

AR IR YRR A B E AT RPN RN S T REROR 2 B (P <0.05), T

The indicators were calculated based on the fresh weight of the samples. Data in the same column with different lowercase letters indicate a significant

difference ( P < 0.05); This is applicable for the following figures and tables as well.
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Table 6 Effect of nutrient composition on whole-plant corn mixed with yunnan safflower straw chaff

%

qb s T4 HEA HELAR 7 FLR 5y TPESLERATAE  BRVEBEERT4E
Treatment Dry Crude Crude Crude Neutral detergent Acid detergent Ca P
matter protein fat ash fiber fiber
CK 32.03+0.17c  7.46+0.50a 2.40+0.06a 3.18+0.07b  40.62 = 0.65¢c 22.97+0.41c 0.37+0.08b 0.14 +0.00a
T, 32.50+0.19bc 7.53£0.16a 2.16+£0.04b 4.14+0.04a  45.72+1.33b 28.57+0.60b 0.69+0.13a 0.14 +0.00a
T, 3391+091a 6.90+£0.24b 2.00+0.05c 4.18+0.05a  46.90 = 1.29b 29.85+1.54b 0.73+0.02a 0.13 +0.00b
T, 33.36+0.30ab 6.40+=0.90b 1.81+£0.06d 423+0.06a 49.55+0.83a 32.59+0.92a 0.82+0.05a 0.12 +0.00c

BARPRIIIRAEAE T E I

All indicators were calculated based on the dry weight of the samples.

T, 41 (P <0.05), 5 Ty A AH LA & & (P> 0.05);
FL & (150 s o 2 2 Bl Y 20 0 25 ks i LA 1) 1
IR > (P <0.05); CK AR 7K 4y 5 Ca & & . #1K
T H A AL EL2H (P < 0.05), HILARANEE A 2 7] 22 5 A
3 (P> 0.05); T, &b BRAH Ao PR U 41 4 5 1R 14 e ¢
g ERER T HMAHEH P <005, P5EDR
FART H AR AL EE A (P> 0.05).
24 ZEMETFNSHF

T SR R O AT VRN AN R B Ak R OK S A
AAEZEHREFLRR, HiA8 Kb 705,
ToH ek &M EWE &, HHF N T H > T, H >
T, 4.

2.5 Alpha ZH4%E 547

HH 2 8 W %N, P A A AR A 78 55 6 35K 75 0.99,
< W 25 L 0] LA AE B S i 7 T 4R Rl A W A TR R TR
FFAE o Tov T, 41 Shanon 48 25 & =1 T HoAth &b 2 21
(P < 0.05); CK 41 Simpson fi7 £ & 3 = T H i &b 38
#H (P <0.05); Ty 4 Ace Fi %k, Chao 8% & =1, H i
FE T CKAMT, 4 (P<0.05), H5 T, M I
T
26 EHRERSELAEZMES
MEITKE LR

HE AT, SR BRI A RS N
5 EE Il (Firmicutes), ¥ X N & ¥ ]
(Proteobacteria), Wi # ¥ 1] (Cyanobacteria) HE 5 = .
IR 2t G, JERER |13 A BB K, 6
w T FE A e e, B wFEAE T, Hix e, If
I8 6 VL Z1 A% 25 I8 0 A R 3 A i A 3 A

BFIEBRME

®7 FRRAMEENETFN RS

Table 7 Comprehensive evaluation and ranking of silage

i T, T
T#))5i Dry matter 0.25 0.71 1.00
#H 2K A Crude protein 1.00 0.44 0.00
HUIEMG Crude fat 0.59 0.32 0.00
H K% Crude ash 0.91 0.95 1.00
e 15 ST O
%[ﬁﬁﬁlﬁeﬁffent fiber (NDF) 0.42 0.28 0.00
e 5
ijcri%i@fgti% fiber (ADF) 043 030 000
Ca 0.71 0.80 1.00
P 1.00 0.50 0.00
F. Lactic acid 0.76 0.62 0.00
4R Acetic acid 1.00 0.60 0.00
VA& Propionic acid 1.00 0.13 0.00
T & Butyric acid 0.38 0.88 0.00
A% NH;-N 0.25 0.00 0.25
P45
i A 870 653 325
HEFF Rank 1 2 3

27 EHERSELALZHES
MERKELN D

B 2 m] %0, B T, 440, Ho db B2 75 & K F
A B B 9 AR A2 AT B R (Levilactobacillus),
1M Ty 2035 B 9 AR € S M SR AR 15 & (norank
Chloroplst), Y20 L5 I J& (Weissella). 1HY)
AN B (Lactiplantibacillus) 55 . 5 1A 2116 25 M
S, AR AR FLAT B JE A T B A IR B, T R A8

BRRAMME
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Table 8 Alpha diversity analysis of silage mixes of whole-plant corn and yunnan safflower straw chaff

Kb Shanonfi i Simpson?i %1 Acefi%l Chaofh % BHER
Treatment Shanon Index Simpson Index ACE Index Chao Index Coverage
CK 2.20+0.52b 0.39+0.14a 1316.78 + 149.60b 1214.82 + 146.29b 0.99 +0.00
Ty 2.99+0.10a 0.15+0.02bc 1602.07 + 84.39a 1478.93 + 83.62a 0.99 +0.00
T, 3.08+0.10a 0.11+0.02¢ 1469.03 + 54.02ab 1369.37 +49.27ab 0.99 +0.00
T, 242 +0.16b 0.25+0.03b 1400.13 = 81.15b 1294.91 + 62.66b 0.99 +0.00
o Other YAt @ Cyanobacteria Wi FE 1 |'] )‘( E(J []‘I‘ 2;—}('- {zjg )FH Xﬂ‘z'ifgj(%i%ﬁ jJ[] R Tl éﬂ {Eiﬂa “’LH 5] *H
o Proteobacteria CH B ] ® Firmicutes JZRER ] N = NN
100 ¢ XF = AL BB AR, 10 AR E SR SR AR AN F L IK
o B
80
S 70 b YL
sE | 3 g
$ g 50
<2 i Y 12 N=] 3
25 0l 31 ARIEHAEHKERSHELEZMHESETL
* 3
3 30} AR E IR R
20 - NN -
ol BB PR R N R BT A5 B A ik ik
0 TRE R R L SR K A B AT R A PR T,
CK N - N
— 7 52 56 R F A 4 M ) 4 (DLG) 7 18I 2 B0 3
f= 47
B 1 RABLERMENE AT LS FEbRE, TBTOR, 589, G ST HAR AT

Figure 1 Distribution of mixed dilage microorganisms
at the phylum level
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Figure 2 Distribution of mixed dilage microorganisms at the genus level

T, B Levilactobacillus it 4 FA 1# &
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