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Variation law of whole-plant corn silage nutritional quality
under different storage periods

YAN Jun',GAO Yu-peng', WANG Wen-jie* , MU Shu-qin*
(1 College of Animal Science , Northwest A&F University ,Yangling s Shaanxi 712100, China;

2 Tianjin Institute of Animal Science and Veterinary , Tianjin 300112, China)

Abstract; [ Objective] In order to ensure the better utilization of silage, the variation law of whole-
plant corn silage nutritional quality under different storage periods was studied. [Method] The whole-plant
corn was harvested and ensiled at the 89th day of growth,and the silo was opened after 50 days fermenta-
tion. Main nutrients and fermentation products of whole-plant corn silage at different storage periods from
50 to 290 days were analyzed. The relationship between main nutrients and storage periods was studied and
the single-element regression models were built. [Result] The results showed that: dry matter and fiber
carbohydrate of silage increased(P>>0. 05) ;crude protein,starch and phosphorus decreased(P>>0. 05) , the
content of calcium significantly decreased (P<C0. 05). pH and acetic acid were enhanced (P>>0. 05), the
content of formic acid and propionic acid reduced(P<C0. 05). The relationship between dry matter and stor-
age periods could be described using an exponential function,and there were linear relations between crude
protein,starch,calcium,and phosphorus with storage periods,also the linear relations between acid deter-
gent fiber, neutral detergent fiber,acid detergent lignin with dry matter. Besides the model between phos-
phorus with storage periods,there was a good fit for the other seven models. [Conclusion) The nutritional

quality of whole-plant corn silage decreased with different storage periods. It is feasible to forecast the vari-
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ation law of whole-plant corn silage nutritional quality under different storage periods by the models,and

this research achievement can provide scientific basis for the rational utilization of silage.

Key words: whole-plant corn silage;nutritional quality;storage period;regression model
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J5 &t (V) DM (ne) Ry oK B2 OE B () 9 5 % =
(Vo) HATREIE .
1.5.3 pHMA . AR FANREZMNL FHIWH
K pH {EH pHS-3C & B 15 s & 4 A (NH; -
N & it R FHZE Mk s A LR (LR SR TN
2 TR & i B 35 vk U 2, g 45 0 o8 - 3
H Agilent ZORBAX SB-Cy5(5 pm,4. 6 X250 mm) ;
WA 0. 01 mol/L e & — %% . A 1 mol/L B2
Z pH = 2. 70, Il A7 F 75 WA W 1.0
mL/min s FEFE 20 pLs BAMG I A% I K 214 nm,
1.6 HiEALIE

i SAS 9. 0 A4 A i) — LR ALY (General
linear model, GLM) % 5 XJ iR I8 B 45 617 5 22 447 »
F K95 22 5% @ % 0, #5147 Duncan's 2 5 . B35
P Ky P<<0. 05, REGEE S LM + hrfE 227
FoR, X ETEFYIE R S AER R LY
i 5 DM & i A7 — o [l A 4047 8 i e A5 i
e T AR A

2 HRESH

2.1 AERARMGFHERZKSTAMREL
E

Wt 5 D IS ) ) S L 5 AR Y B30 5 ¥
W e O IRk @ A7 185 d LAY
x1

o AR 185 d LUJE B AR At . IV 290 d
PEATR AR A, WA R W I R 5 A
WL, WAF 185 d DL Wi Bk 07 75 ok B ik . 4
NS B 5 J5— I BE(185~290 ) FRIK Y & . 5 7
PRI SS . 45 B B S5 M AR R A S A . SRR TS
25,50 d 15 17 43,95 d 158 16 43,120 d 18 15 4%,
180 d 18 13 43,220 d 18 12 43,260 d 158 11 43,290 d

1+ 8 7.
2.2 AERARAMGHEREKBEREAMERY
REgEnEN

M 1 AT LU Bl 25 I 25 5 A7 B 1) Y SEE 4K
FoK A fR W kLt DM & il I AE 50 d i
243.64 g/kg FFFFNE 290 d B4 254. 67 g/kg,
HEHHE R A R E(P>0.05), TYE T CP & &#
H W) 1 78. 60 g/kg T FEF 290 d W 70. 82
g/kg(P>0. 05), JE# &% &t B 130. 97 g/kg TR
103. 64 g/kg (P>>0.05);Ca & 4. 35 g/kg B3
TRER 2.83 g/kg (P<<0.05),P &4t 1. 92 g/kg
TreH 1. 71 g/kg (P>>0. 05); 1M NDF., ADF Fi
ADL % & WA A EF+, H o NDF & & i 599. 39
g/kg ' F+3 611. 86 g/kg. ADF & 321. 72 g/kg
FF3) 329.15 g/kg, ADL &t 37.09 g/kg b FF
F38. 87 g/kg fH2EF ¥R R E(P>0.05),

FERARMFPEREKRENAMTIEERYREENETL

Table 1 Change of main nutrients of whole-plant corn silage at different storage periods in opened silo g/kg
Stﬁﬁ%égod DM CP JE# Starch NDF
50 243.64+6.94 78.60+4. 26 130.97423. 83 599.39+57. 86
95 242.56+21.63 77.29+5.85 129.90429. 61 599. 68429, 37
140 244.81+£8.19 74,14+7.05 128.44+32.56 608. 85445, 14
185 245.82+11. 31 69.05+5. 60 118.30429.91 609. 17440. 10
230 247.88+8.21 72.01+£6.21 109. 58427. 24 612.13455. 20
260 250. 24+15. 46 71.85+5.55 105. 92425.76 611.04447. 66
290 254.67410. 34 70.82+6.52 103. 64=+31.52 611.86451. 83
Stﬁﬁ%égod ADF ADL Ca P
50 321.72420.01 37.0945.12 4,3540.52 a 1.9240.09
95 324.99+17.61 37.1844.38 3.59+0. 64 ab 1.8640. 22
140 329.00422.52 36.8143.09 3.58+0.81 ab 1.8340. 16
185 327.68+15. 37 38.6042.49 3.14+0. 68 ab 2.0140.14
230 330.45+18.59 38.65+4.89 3.02£0.72 ab 1.80+0.17
260 328.28+15.06 38.24415. 46 3.00+0.59 ab 1.7240.12
290 329.15+22. 21 38.8745.48 2.83+0.66 b 1.7140. 16

E < [R50 B3 5 b A ) B R R 2 F R B3 (P>0. 05) JAr Rl Fh 3 #oR £ 5 3% (P <0.05) ., £ 4,

Note:In the same row, the same superscript letters after data indicate no significant difference (P> 0. 05) ,different superscript letters in-

dicate significant differences (P <Z0.05). Table 4 is the same.
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Hofth 109 5 #2 P<<0. 01,
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Table 2 Regression models between main nutrients and different storage times in opened silo

HFEW) T Nutrient [a] JF 455 A Regression model R? P n
DM Yom= 281.7e 0-0016X 0. 900 0 0.003 2 9
CP Yep= 79.733 9—0.032 3X 0.945 2 0. 000 2 9
WM Starch Yieg = 141,336 7—0. 130 1X 0.939 4 0.000 3 9
Ca Ycea= 4.360 7—0.005 6X 0. 888 8 0.001 5 9
P Yp= 1.976 3 —0.000 8X 0.422 4 0.114 1 9

A NDF,ADF,ADL & & (g/kg) 2}y Y, i DM
ik (g/kg) o X, 28— It Iul 5 53 M 45 3 [a] )9 4
WA 3. F 3 aTRLE i, 7 4 kL NDF, ADF

1 ADL & &5 TWIk & E MLk R %
RE¥I KT 0.7,P<<0.05,

®3 AERAALFHEXEHKBENEAR P ALLY RS DM § @ 7R

Table 3 Regression models between the fiber carbohydrate and DM in opened silo

BRI AR - - -
Nutrient Regression model
NDF Yapr= 232.158 5 + 1.520 2 X 0.811 1 0.015 4 9
ADF Yapr= —103.516 6 + 1.716 3 X 0.898 8 0.005 9 9
ADL YapL= 2.487 8 + 0.143 8 X 0.705 3 0.049 6 9

2.3 AEREAAEEHREXEKETANLESR
BReEL
M 4 T UL Y BE A FF 25 I WA I ) i) 98 K
FARLBRF R pH E M AE 50 d (9 3. 59 TR
290 d 1y 3. 64; AR/ DA HAEH 7. 840 B F
ETFE 12.07% (P<<0. 05), A HLER M 5 F [t

e H LR & i EAE 50 d 19 23. 22 mg/g TR
FAE 290 d f9 18. 15 mg/g(P<C0. 05) ; LR & &
Ak ARJF I (185~290 d) & I % IR A &
A7 50 d 19 22. 53 mg/g T B EIIFAF 290 d i)
14. 82 mg/g(P<C0. 05) ; 1 T BR AR L ARAG i

x4 AEREFRALGFHERERENANABRSMEENTL

Table 4

Change of fermentation products of whole-plant corn silage at different storage times in opened silo

m”’ﬁ,ﬂ;ﬁ/d HAE BE Y _ HHLEE/(mg « g 1) Organic acid
Storage  pH NH, N/TN L LM L TH
period Lactic acid Acetic acid Propionic acid Butyric acid
50 3.59 7.8441.03 ¢ 23.2243.01 a 21.6442.04 ab 22.53+1.55a —
95 3.58 9.0240. 54 be 20.5241.02 ab 23.9941.15a 19.69+3.21 ab -
140 3.51 8.0740.8 6¢ 22.60+1.65 a 19.6440.68 b 19.57£0.42 ab —
185 3.53 8.0740.49 ¢ 22.424+1.99 a 19.38£0.52 b 16.83+2.15 be —
230 3.57 10.28£0.76 b 20.3541.98 ab 20.174+1.89 b 15.29=+2. 38 be —
260 3.61 10.31£0.89 b 18.22+1.83 b 21.884-0.91 ab 14.83+1.57 ¢ -
290 3. 64 12.07+1.51 a 18.154+2.10 b 22.584+1.17 ab 14.82+1.14 ¢ —
e —. Rkt
Note: —. Not detected.
NN B R
39
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SECE IS O R LR A T T i
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Ab o i T RO JE AR TR L 5 R RO
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UL, AR B RASATEREE LI (P
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Ca P 559 ¥) 5t 76 3 W An)R op & K. AS B
AR T, ERE R ER AN, Ca & 2R
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2R HE(P<0.05) fHJE R & B 7E 5 1 (180 d
PUJG ) &2 - Th R 3, 2 B OR R e Bl < Tk 17 1 v 1 o
Jil o ARG 7 AR 2R AN R R A A PR
FRGE AR 30% a4y, HIG W i & B it
FLWR , AT RE R R T W 1 S ) K, S 30w Bk
MKW AERER B E SRR, W22, AR
2T 2 75 0 Ak YR B A 5 A 2 A 1 3 B B R
U5 o A HGEFE 1, YR 2 B A B T8 3910 38 T LA 9%
FLBR B AR K AR E s W I A R SR

4 %5

W 5 i T A 3 ) S I A bk K I A Rt
FRE % il BB W T R s AT SR SE 1 7 AN RO BRAY
F8 o] T AR (P55 g 5 D A I ] ) [ 09 A6 2R I8 A1)
W] Ak B K 7 I AR 3 38 SR W) o B YA I ) £
ARPC LR S T LR B0 A . AR 4 Ja B AR R ok
S SR T B 0 T VARV A7 19155 3% il oA A 1) H A I
2R LU o A M S AR SR B Y T
PR RAR R} 2 i i

(5% k]

(1] KA. BRbkiE ARG, 5. 5 IR0 32 B0 %t 35 I
R ()], RS . 2007(3) :65-68.
Zhang D W, Chen L. H, Zhu H X, et al. Effect of the main mi-
cro-organisms in silage on silage quality [J]. Feed Research,
2007(3) :65-68. (in Chinese)

(2] RPEE 2R X . 52 0 3 0 RDRL G B R 3R 04 OF 5% i R
(). K& A A% M, 2007,28(1):109-112.
Zhang D Y,Li Z Q,Liu C L. Progress in the study of infection
factors on silage quality [J]. Acta Ecologiae Animalis Domasti,
2007,28(1) :109-112. (in Chinese)

[3] Giffel M C,Wagendorp A, Herrewegh A,et al. Bacterial spores

in silage and raw milk [J]. Antonie Van Leeuwenhoek, 2002,

81:625-630.
(4] W82, X0 08, 5K 740 F7 DR DML b 50 A0l A i
1985.

Hu X K, Liu Z, Zhang Z Y. Silage [ M]. Beijing: Agricultural
Press, 1985. (in Chinese)

(5] #5057 T R AR kL b i 3 S [T, h ER B IR S
X %1,1995(3) :24-27.
Tong P Y. Establish a dominant position of corn in the feed
[J]. Chinese Journal of Agricultural Resources and Regional
Planning,1995(3) :24-27. (in Chinese)

[6] McDonald P. The biochemistry of silage [M]. New York:John
Wiley and Sons,1981.

(7] kP40 spE R (ML JE s o ROl AL . 2000.
Zhang Z Y. China Feed Sience [ M]. Beijing: China Agricultural



80

P Al e MR K AR

537 &

(8]

9]

[10]

[11]

[12]

[13]

Press,2000. (in Chinese)
B M. GRS BT B )RR R B R (ML JE st dE st
Reg L - 1999,
Yang S. Analysis of feed and assay methodology of feed quality
[M]. Beijing: Beijing Agricultural University Press, 1999. (in
Chinese)
Boever J L. De,Brabander D L. De,Smet A M De,et al. Evalua-
tion of physical structure. 2; Maize Silage [ J]. Journal of Dairy
Science,1993,76:1624-1634.
XUEEHT YR X2z, S5 S5 I RDRL A B ) 5 R T e
KR (1], 4R Tk, 1999,20(4) :3-5.
LiuJ X,Yang Z H,Ye J A,et al. The reasonable modulation
and quality evaluation standard of silage [J]. Feed Industry,
1999,20(4) :3-5. (in Chinese)
B RAsE RS RiE S (M deatde gkl K
A, 1990.
Mo F. The ruminant nutriology experiment instructs [ M].
Beijing : Beijing Agricultural University Press, 1990. (in Chi-
nese)
EhE AR X M. W AR o DR I B AR A AL
RS EOAR [J]. P B4, 2005(1) - 28-30.
Wang J] Q,Zhou L Y,Liu H. The mechanism of lowering nu-
tritional quality and the new technology of control during en-
siling process [ ] ]. China Dairy Cattle, 2005 (1) : 28-30. (in
Chinese)

Stefanie ] W H, Frank Driehuis,Jan C Gottschal, et al. Silage

[14]

[15]

[16]

[17]

[18]

[19]

[20]

fermentation process and their manipulation [R]. Rome: FAO
electronic conference on tropical silage,1999.

Patterson D C, Steen R W. Studies on the composition of ef-
fluent from grass silage and its feeding value for pigs and beef
cattle [R]. Hillsborough: The Agricultural Research Institute
of Northern Ireland,55th Annual Report,1982.

Dunlea A P,Dodd V A. The application of membrane filtra-
tion to silage effluent [ J]. Canadian Agricultural Engineering,
1989(31):39-43.

Patterson D C. Feeding value for finishing pigs of silage efflu-
ent with high initial pH [J]. Journal of Agricultural Science,
1990,115(1):129-133.

Steen R W J. An evaluation of effluent from grass silage as a
feed for beef cattle offered silage based diets [J]. Grass and
Forage Science,1986,41:39-45.

Rooke J A, Armstrong D G. The importance of the form of ni-
trogen on microbial protein synthesis in the rumen of cattle
receiving grass silage and intrarumen infusion of sucrose [J].
British Journal of Nutrition,1989,53:691-708.

Siddons R E,No lan J V.,Boever D E. Nitrogen digestion and
metabolism in sheep consuming diets containing contrasting
forms and levels of nitrogen [J]. British Journal of Nutrition,
1985,54:175-187.

Woolford M K. The silage fermentation [ M]. New York:
Marcel Dekker,1984.

(E¥F 74 70

[16]

(171

(18]

PeRER IS . B 4. 12— 17 B 26 26 X950 B kb B
RE WA BT [J]. B 5K F 2000 (3):30-32.

Yao L K,Yang K L,Fan S J,et al. Resarch of powdered milk
and processed soy meal on digestibility in 12—17 days lambs
[J]. Grass-feeding Livestock,2000 (3):30-32. (in Chinese)
ARE. ZFNAFB BT S M [T meHE %, 200109)
10-12.

Diao Q Y. Research and application of lamb powered milk
substitute [ J]. Feedstuff Exposition, 2001(9) :30-32. (in Chi-
nese)

Bines ] A, Hart I C. Hormonal regulation of the partition of

[19]

[20]

energy between milk and body tissue in adult cattle [J]. Dairy
Sci,1978,37(3) :281-287.

KRACTE iR Z YA W, 55 SR E ORI 3 % X /0N Ji 2
Ay [J]. sh¥E372440,2007.19(4) : 344-349,

Song D J,Zhang J H, Yang Y.et al. Effect of weaning age on
mucosal morphology in small intestine of goat kids [J]. Jour-
nal of Animal Nutrition,2007,19(4) :344-349. (in Chinese)
Fujiwara Y,Kaji T. Possible mechanism for lead inhibition of
vascular endthelial cell proliferation; a lower response to bF-
GF through inhibition of heparan sulfate synthesis [J]. Toxi-
cology»1999,133,144-157.



