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Evaluation of whole-plant maize silage quality in different regions of China based
on principal component and silage quality grading score analyses

CHEN Yanbin"’, CHEN Yakun', SHEN Yifan', WANG Jianping’, ZHAO Liansheng'

(1. Institute of Animal Sciences, Chinese Academy of Agricultural Sciences / State Key Laboratory of Animal Nutrition, Beijing 100193,
China; 2. Henan University of Science and Technology, College of Animal and Technology, Luoyang 471000, Hannan, China)
Abstract: The aim of this study was to investigate the quality of whole-plant maize silage stored in cellars in different
regions of China using principal component and whole-plant maize silage quality grading score (CSQS) analyses, and to
provide a theoretical basis for the evaluation and production of whole-plant maize silage. The nutrient composition and
fermentation quality of whole corn silage in different regions were significantly different (P < 0.05). The CSQS was used to
classify 17 provinces into five grades with respect to four nutritional indicators (crude protein, starch, crude fat content, and
neutral detergent fiber digestibility;qy,), and two fermentation indicators (ammonia and lactic acid contents). The whole-plant

corn silage quality in different regions was found to descend in the following order: (CSQS = 64.42) in the Yellow and
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Huaihai regions (Shandong, Hebei, Henan, and Anhui); (CSQS = 59.72) in the northeast region (Heilongjiang, Jilin,
Liaoning, and Inner Mongolia); (CSQS = 58.99) in the northwest region (Shaanxi, Shanxi, Qinghai, Gansu, Xinjiang, and
Ningxia); (CSQS = 52.87) in southwest China (Yunnan and Guizhou); and (CSQS = 48.41) in south China (Guangxi).
Among these regions, the best quality silage was made in the Yellow and Huaihai regions. Principle component analysis
revealed neutral detergent fiber digestibility, crude fiber, and organic acids as the three principal components, with a

cumulative contribution of §3.201%, which reflected the comprehensive quality of whole-plant maize silage.

Keywords: coarse feed; nutrient composition; fermentation index; silage quality classification index; near infrared;

correlation; principal component analysis

Corresponding author: ZHAO Liansheng E-mail: arronann@163.com.
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Table 1 Comparison of nutrition and fermentation indices of whole-maize in different regions of China

T H BRI AudX PEILIX PURX ARRmX SEM P

Item Huanghuaihai region Northeast Northwest Southwest South China
T#))5i Dry matter(DM)/% 30.59a 29.13ab  27.99bc  25.97d 26.62cd  0.14 <0.01
FHH )5 Crude protein(CP)/% 8.79b 8.81b 8.93b 9.36a 9.48a 0.02 <0.01
Fp BRI 2T 4E Neutral detergent fiber(NDF)/% 37.44d 40.40c 40.60c 43.97b 47.21a 0.18 <0.01
gg E iﬁflﬁﬁiﬁfEﬁgg;ﬁaﬂzzm % 60.73a 60.16ab  60.11ab  59.32b 61.13a 0.08 <0.01
BRPE PRI £T4E Acid detergent fiber(ADF)/% 23.05d 24.85¢ 24.98c¢ 27.04b 28.65a 0.12 <0.01
JEH Starch/% 29.64a 27.04ab  26.41b  21.98c 1581d 024 <0.01
FHET Crude fat(EE)/% 4.19a 4.01b 4.07ab 3.84c 3.54d 0.01 <0.01
#H7K % Crude ash(Ash)/% 6.38¢ 6.58¢ 6.54¢ 7.02b 7.48a 0.03 <0.01
pH 3.86¢ 3.87bc  3.83c 3.95ab 3.98a 0.01 <0.01
AR NH;-N/% 0.94a 0.86b 0.90ab 0.92ab 0.89ab  0.01 <0.01
FLER Lactic acid(LA)/% 4.08a 3.96ab 4.07a 3.57abc 3.24c 0.03 <0.01
4% Acetic acid(AA)/% 2.64ab 2.38b 2.73ab 2.70ab 2.83a 0.02 <0.01
NER Propionic acid(PA)/% 0.35b 0.41a 0.39ab 0.43a 0.42a 0.01 <0.01
FLEZ L BREL Lactic-acetic acid ratio(LA/AA) 0.24¢ 0.23¢ 0.24¢ 0.28b 0.43a 0.03 <0.01
B 24 9F) Quality grading scores (CSQS) 64.42a 59.72b 58.99¢ 52.87d 48.41e 0.34 <0.01

FATA RN FRERR 2 7 B E (P < 0.05).

Different lowercase letters within the same row indicate different significantly at the 0.05 level.

F,=-0.30 x ZX, +0.20 x ZX, + 0.37 x ZX; + 0.36 x
ZX, — 0.24 x ZX5 — 0.37 x ZX, — 0.31 x ZX; + 0.35 x
ZXg + 0.29 x ZXy + 0.03 x ZX;o — 0.27 x ZX;, + 0.16 x
ZXp5+0.11 X ZX 55

F,=—0.14 x ZX, +0.25 x ZX, — 0.06 x ZX; — 0.11 x
ZX, — 0.14 x ZX;s + 0.08 x ZX, + 0.29 x ZX, — 0.01 x
ZXg — 0.20 x ZXy + 0.51 x ZX,y + 0.12 x ZX,, + 0.49 x
ZXp5 +0.50 X ZX,5;

Fy=0.40 x ZX; — 0.52 x ZX, + 0.11 x ZX; + 0.12 x
ZX, + 0.39 x ZX;s + 0.05 x ZX, + 0.11 x ZX, + 0.08 x
ZXg + 0.30 x ZX, + 0.18 x ZX,, — 0.37 x ZX,, + 0.24 x
ZX), +0.24 X ZX,5;

F = 6.758/(6.758 + 2.694 + 1.364) x F, + 2.694/
(6.758 + 2.694 + 1.364) x F, + 1.364/(6.758 + 2.694 +
1.364) x Fy.

FFH X A U 4 v 2 A 1l X1 25 A Rl 4t M5
HEF (R 5). 28 1 s, HE 4 500 052 5 e Hh
XA AR AL B X, 28 2 3 553 HE 44 56 T Y 2 P ALt
X ARACHL X A AR R L [X s 28 3 3 s Hh 4 SE T

1) 2 7 b Hb X A 76 M X, iZH X CP iy o 4%
HRZE A VP BB ATt B 5 I 28 B 13 5 (F), 3 B Rk
NEER T HER R OR B R X . R, 7h
JEHb X, PER X BRI IX .

3 i

3.1 ARIXEBEKERTINERKS

ZINGI I R oF 7 S S N 0 £ 0 NP 7 i e
5 AANFE X8 FEAORIEE iz, B IR
B 22 5 0 3 R HE IR B 1 L T B
SR X A bk TOK T ISR A T LAl X
I R IR K o R 22 ) 1 R TR AT RE S DX, RS
St 3% S I PR B R B A A A — s e R
i W B 7™ SR DX 3 DL B E I S 92 ) AR R UK
Ak R L R A 72 5 4 P 3 72 A AN R
B T X, R AL AR P RO, A ATy
RAFMEA —EZ5, RaES M ks
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Table 2 Correlation coefficient of corn silage indicators
fd@ DM CP ADF NDF  30hNDFD Starch  EE Ash pH NHsN LA AA PA
DM 1.00
CP -072" 100
ADF  —063" 034 100
NDF 0607 031 099 100
30hNDED 0747 -054"  -046 044 1.00
Starch 0717 048" 097" 096" 051" 1.00
EE 058" —033 -080" -0.84" 036 084" 1.00
Ash -065" 038 0907 086"  -045  -092" 066 100
pH 038 008 0707 072" 31 —068 —065 075 100
NH;N  —0.11 029  —0.09 001 ~0.05 -0.02 038 016 016  1.00
LA 034 —009 066 073" 0.30 059" 0617 -050" -078" 012 1.00
AA 038 039 031 026 032 026 001 035 016 069 030 1.00
PA 029 026 019 0.4 030 012 018 023 002 057 —018 085 100
[GEEEI
Abbreviations as shown in Table 1. *, P <0.05; **, P <0.01.
F 3 ERSHEHEEMTEE
Table 3 Characteristic values and percentage contributions of principal components
i H FEEE 77 ZE DTk E BTTIRE
Item Eigenvalue Variance contribution rate/% Accumulative contribution rate/%
1 6.758 51.987 51.987
2 2.694 20.720 72.707
3 1.364 10.494 83.201
4 0.748 5.751 88.952
5 0.438 3373 92.325
Y 2 6 0.371 2.851 95.176
Variance of 7 0.276 2.126 97302
initial
cigenvalue 8 0.157 1.209 98.511
9 0.135 1.038 99.549
10 0.042 0.322 99.871
11 0.013 0.099 99.97
12 0.003 0.025 99.995
13 0.001 0.005 100.000
W 7 2 1 6.758 51.987 51.987
Variance of 2 2.694 20.720 72.707
initial
eigenvalue 3 1.364 10.494 83.201
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Table 4 Eigenvectors and load matrices corresponding to principal components

ESD %0 T2 T3
Yekr Principal component 1 Principal component 2 Principal component 3
Index SR NACTE=S Hpif SR NACTE=S At REE) = 3]
Feature vector Load Feature vector Load Feature vector Load
T4t Dry matter (X,) -0.301 -0.781 -0.138 -0.226 0.401 0.468
HUE FE Crude protein (X,) 0.198 0.515 0.251 0.412 -0.520 ~0.607
TR P DEIR 4T 4 Acid detergent fiber (X5) 0.365 0.948 —0.063 -0.103 0.107 0.124
PP T 4E Neutral detergent fiber (X,) 0.362 0.942 -0.111 -0.182 0.121 0.142
P Y& = AL 2%
gg Efﬁﬁ/jﬁfiﬁ%é degradation rate (Xs) —0.238 —0.619 —0.145 —0.237 0.388 0453
JEH Starch (Xq) -0.370 -0.961 0.076 0.124 0.047 0.055
MRS Crude fat (X5) -0.310 -0.805 0.285 0.468 0.110 0.128
F17K 43 Crude ash (Xg) 0.347 0.903 -0.005 —0.009 0.081 0.095
pH (Xo) 0.290 0.754 -0.198 —0.325 0.295 0.345
2 A% Ammoniacal nitrogen (X) 0.030 0.077 0.507 0.831 0.182 0.213
FLI2 Lactic acid (X;;) -0.273 —0.709 0.121 0.198 —0.368 —0.429
.1 Acetic acid (X,) 0.162 0.420 0.488 0.801 0.244 0.285
B Propionic acid (X3) 0.105 0.273 0.496 0.813 0.240 0.280
x5 BERPEEESIRHEAF
Table 5 Principal component comprehensive score and ranking
XI5 1547 Score HeF
Area F, F, F, F Sort

i X Huanghuaihai region -3.50 —0.44 0.07 -2.29 1

AALHLIX Northeast -2.98 -0.73 0.56 -1.97 2

PGk X Northwest —1.47 -0.80 -1.93 -1.36 3

FURGHLIX Southwest 1.89 1.52 —0.62 1.48 4

Hepg X South China 4.16 -0.73 0.85 2.52 5
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