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Studies on Quality of Silage from Domestic Herbages
V. Effects of starch addition on the quality of leaf and
stem silage of kudzu
Jong Koea Kim, Sang Hoon Lee, Young Kyu Kim and Dae Jin Kim

Summary

This experiment was conducted to investigate the effects of starch addition on the fermentative quality
and dry matter digestibility(DMD) of Kudzu(Puerarie thumbergii Bentham) silage.

The herbages was ensiled by the conventional methods in small plastic silo of 7.5 liters with addition
of starch of 0%, 2%, 4%, 6 % and 8 %, respectivery.

The samples of kudzu silage were separated into leaf and stem, and was determined the pH, organic
acid and characteristics of fiber such as neutral detergent fiber(NDF), acid detergent fiber(ADF) and acid
detergent lignin(ADL). The DMD of leaf and stem silage were evaluated by pepsin-cellulase technique
method. The energy values(total digestible nutrients, TDN; digestible energy, DE; metabolizable energy,
ME) were calculated by DMD. The results obtained were as follows:

1. The fiberous meterials(such as NDF, ADF and ADL) of leaf and stem were decreased with increasing
levels of starch(p<C0. 05).

2. The hemicellulose of leaf was increased with increasing levels of starch, however that of stem was dec-
reased(p<0. 05).

3. In the leaf of kudju silage soluble cell contents was significantly improved than hemicellulose conduct
by starch addition.

4. In increasing levels of starch with 8 %, the DMD of stem was more improved as 6.04 % than leaf by
3. 58 %(p<C0. 05). Therefore, in DMD, the leaf and stem were increased by 0.45 % and 0. 73 %, respec-
tively, per percent of added starch(p<0.05).

5. Regression equation. and correlation coefficients between level of starch(X) and DMD of silage(Y) were
Y=56.2+0.45X, r=0.925(p<0. 01) in leaf and Y=45.1+0.73X, r=0.927(p<{0.01) in stem, respecti-
vely.

In conclusion, the quality of stem in kudju silage was more improved than that of leaf by starch addi-

tion.
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Table 1. Outline of silage making on level of starch.
Level of starch(%) N Volume of silo(1) Ensiled amount(g) Density(g/1)
0 3 7.5 3,500 466
2 3 7.5 3,500 466
4 3 7.5 3, 500 466
6 3 7.5 3, 500 466
8 3 7.5 3, 500 466
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Table 2. The fermentative quality of kudzu sitage in response to starch level*.

Level of Moisture Lactic

Acetic

Butyric Total

starch(%) (%) pH aad®)  acid@)  acid®)  acid(%) Score*  Grade
0 81.88 5. 49° 0. 62¢ 0.89 1. 20° 2.71 25. 00° 4
2 78.87 5.10° 1. 14¢ 0.52 0.81% 2.46 44.33" 3
4 79.52 4.89° 1.67 0. 40 0.86" 2.93 52.67° 3
6 76.71 4.29° 2. 45% 0.67 0. 30° 3.42 74,33 2
8 72.33 4.19° 2.91° 0.56 0. 20° 3.66 85. 00° 1

*Different superscripts for treatment indicated that means differ significantly(P<(0.05,.

*Score : Flieg's score.

_62_



2. LB ¥ BWaltE

B A S ME F Adx e 27 £719)
{LE 154 2 pepsin-cellulase & F|H ¥ DMD < Table
33 e},

7 ERES) HESE RO ¥e 3] 20.19~
16.16% %7]7} 8.76~9.56% =4 #¥pH b Ko
wingsEE ddAde Woldm 7o 47t
2718 BRged o)A KAHES ¥R dve B
grel Hrleko] mnatel el HERI2Z o}
A E7)e A deld B o g2 wAdEe]
a5 gl wiolel ¥k NDF @3 @i
7h50) 0,2, 4,6,8% 2 7}l wpe} olo] 50.05, 48. 34,
592,33, 48.56, 48.33% %1, &7]& 85.11, 84. 00, 82.
86, 65.14, 62.02% & ZE7|lMe fEe] Etov
B L Eo) BME TR HA A dojglom B
5] k6, 8% A7HA Al Ml E7|A FEs
sro} # oh(P<C0. 05).

ADF &2F9] ¥l o] 35.01~23.69%, 5717}
56.66~47.76% & U 6,8% H7}A] o 25.75, 23.69
%, 7] 48.13, 47.75% 2 HIRE 3 7€} A2 Tl
w)sl F &R Yo (P<0. 05).

ADL & e REH7M8FE0) 0, 2, 4, 6, 8% FH 7}l
w2} olo] 6.68,6.08,5.92,4.71,4.24% 3 £7|=
11.87, 10.54, 10.29, 9.39, 9.74% 2 = Z7] &3
HEo 2 shatrh(P<0.05). ol whsle] flam A
#2) NDS = #¥E7HeEEel BMmys= el 49.
95~51.67%, 717} 14.89~37.98% £ F7}3ld+=
b olel Ao ZrpEch Fr)ol e Wizt HE A
vhebyt el (P<0. 05).

3] Abde] A8 pepsin-cellulase DMD = # ¥4 7t

F50] 0,2, 4, 6 8% A7l w2} 3] 56.38, 57.27,
57.49, 59.28, 59.96% <ld| v]sle] Z7]A 44.19,
47.36, 48.47, 49.88, 50.23% & AR H7pTol F
7}atel) what Yol M 3.58% F47 ARt E7]A
6.03% 2 HILE [ kol =LA # = ok (P<0. 05).

A AdelAE dF E72 B 2 Ay
B k¥l Fogd wek d3 EVE BF
W paEERE L AT (NDF, ADF, ADL)°] #4-3lx %4
HILR(DMD)S mEEdEd &3 #%(1987), &%
(1990)°] g A dA st

o] Aol EAA Al WAl uh 2 &Y
HER mEe 237F o178 Ml BRWES &
3 dR-Hel ) vl Hikr)l 18- AREERN
WHE Ad 2782 08 o SARHEME [ L)
Atk

3. oI X’

B A ©hE g Ade A duyA] &8
Table 4 2+ 2t} 3 Ald#=e] DMD &A7HE
Aok rlrt &83817] A2 AR kst m
HiLES B (TDN)-& A% 8% H77F & 59.09
%, 7] 51.92% 2 HRE 3 Hfth REE] o 66.45~
58.59%, 7] 47.47~51.66% °l w)3lel HFEMHOE
18 hn= A eHP<0.05). ) &5(1989) 2 BERE F
R MR e e}s 129 YF TDN 52.27% ¢
By 8% M7 E7)9 51.66% oF Wi g o]
et

ATk A (DE) = 88 8% IH7l77) 9 2.61
kcal/g, £7] 2. 29 kcal/g 2 HH2F % 71} ] T2
3l 2.49~2. 58 kcal/g, 7] 2.09~2. 28 kcal/g | ¥l &}

L
=
=

Table 3. Chemical composition of silage in response to starch level of kudzu silage*.

Level of N*6.25(%) NDS * (%) ADF * (%)

NDF * (%)

ADL#*(%)  Hemi-cellulose DMD

starch(%) L St L S L S

L S L ) L S L S

0 20,19 8.76" 49.95" 14,89 50.05" 85.11°
2 19.70® 9.58* 51.66% 16.00° 48.34" 84.00°
4 20.09° 9.87° 47.67° 17.14° 52.33° 82.86"
6 17.10° 9.57* 51.41% 34.85° 48.59" 65.14°
8

35.01° 56.66° 6.68° 1187 15.04° 28.46° 56.38" 44.1%°
b 34 35% 53.44° 608" 10,54 13.99° 30.56° 57.27° 47.36°
33.62° 52.60" 5.92° 10.29° 18.71" 30.26° 57.49° 48.47°
25.75° 48.13° 4.71° 9.39° 22.83° 16.64° 59.28° 49.88"

16.16° 9.56* 51.67* 37.98 48.33° 62.02° 23.69° 47.76° 4.24° 9.74° 24.64* 14.26" 59.96* 50.2%°

*Different superscripts tor each treatment indicated that means differ significantly(P<0. 05).
*Ahbreviations: NDS, neutral detergent soluble: NDF, neutral detergent fiber: ADL, acid detergent lignin: DMD, dry matter digestibility: L,

kudzu leaf: S, kudzu stem.



Table 4. Energy value of eilage in response to starch level of kudzu silage.

Level of TDN*(%) DE*(Kcal/g) ME*(Kcal/g)

starch(%) L* S* L S L S
0 56. 45 47. 47 2.49 2.09 2.04 1.72
2 57.11 49. 80 2.52 2.20 2.06 1. 80
4 57.27 50. 62 2.53 2.23 2.07 1.83
6 58. 59 51. 66 2.58 2.28 2.12 1.87
8 59.09 51.92 2.61 2.29 2.14 1.88

*Calculated values

*Abbreations: DMD. dry matter digestibility: TDN, total digestible nutrient: DE, digestible energy: ME, metabolizable energy: L, kudzu leaf;

S. kudzu stem.

Table 5. The relationship between chemical composition and DMD of kudzu silage.

Quality test

Regression equation

Correlation coefficients

L S L S
DMD(Y)~ CP(X) Y=71.9-0.738X Y=19.6+3.00X r=-0. 899** r=0.587*
DMD(Y)— NDF(X) Y=67.7-0.195X Y=61.1-0.173X r=-0.262 r=-(). 784**
DMD(Y)~ ADF(X) Y=66.3—-0.207X Y=77.9—-0.578X r=-0.927** r=-0.902*
DMD(Y)—-ADLX) Y=66.2—1.47X Y=50.15-0.46 X r=-0.98** r=-0, 721**
DMD(Y) ~ Starch(X) Y=56.2+0.459X Y=45.1+0.730X r=0,925* r=0.927**
DMD(Y)~Flieg's scoreX)  Y=54.8+0.058 X  Y=43.1+0.0877 X r=0.949** r=0.893*

*P<0.05.  **P<0.01
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Table 6. The relationship between organic acid and fermentative quality of kudzu silage.

Quality test

Regression equation

Correlation coefficients

Flieg’s score(Y)— Lactic acid(X)
Flieg's score(Y)— Butyric acid(X)
Flieg’s score(Y)— Starch(X)
Flieg's score(Y)—pHX)

Lactic acid(Y) —pH(X)

Butyric acid(Y)— pH(X)

Y=19.8+20.8X r=0. 892**
Y=90.6—5.10X r=-0.918**
Y=26.3+7.50X r=0.937**
Y=265—43.5X r=-0. 943**
Y=9.82—-1.68X r=-0. 850**
Y=-2.94+0.755X r=0. 909**

*P<0.01
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Acid detergent lignin(%)

Fig. 1. Relationship between detergent lignin{ADL)
and dry matter digestibility of kudzu silage.
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70 n = 15(leaf)
60 2 23—t
50 * 1
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Fig. 2. Relationship between starch and dry matter
digestibility of kudzu silage.
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Fig. 3. Relationship between pH and Flieg's score
of kudzu silage.
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