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Improving the Nutritive Value of Low Quality Roughage.
1. Effects of Physical, Chemical Treatment and Gamma Irradiation on the
Digestibility and Nutritive Value of Barley and Rape By-products

Chang-Cho Choung and Jai-Jun Choung

Summary

The mixed effects of grinding,chemical treatment and irradiation with 7-ray on in vivo DM digestibility
and nutritive value of barley straw, barley hull, rape stem and rape hull were studied.

Samples containing 50% moisture were treated with NaOH or NH,OH at 0.1.5, 3, 4.5 and 6% dry matter.
The NaOH treatment was for 24 hours and the NH,OH treatment for 10 days, both at room temperature.

Grinding improved DM digestibility but was not related to particle size. The mixed treatment of grinding.
chemical treatment and irradiation had an effect on rape stem and rape hull.

NaOH treatment continued to improve DM digestibility as the NaOH level increased, but DM digestibil-
ity did not increased beyond 3% level in NH,OH treatment.

Mixed treatment of grinding, chemical treatment and irradiation affected the digestibility of rape stem and
rape hull in NaOH treatment but all samples were affected by NH,OH treatment.

Chemical treatment by NaOH or NH,OH decreased NDF and hemicellulose in barley straw and barley
hull but the NDF and ADF decreased with NaOH treatment of rape stem and rape hull. The nitrogen
content of NH,OH treated samples increased in barley straw, barley hull and rape stem but not in rape hull.

The optimal treatment level of NaOH was 6% in barley straw, barley hull and rape hull but 4.5% in rape
stem. NH,OH level was 3% in barley straw, rape stem and rape hull but 4.5% in barley hull.
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Table 1. Treatment of sample
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3. HEFE KN

HRES AEc &1st b

Item Treatment
2G-Al NaOH treatment after 2mm screen grinding
FG-Al NaOH treatment after fine grinding
2G-Am NH,OH treatment after 2mm screen grinding
FG-Am NH,OH treatment after fine grinding
IR-2G-Al NaOH treatment after irradiation and 2mm screen grinding
IR-FG-Al NaQH treatment after irradiation and fine grinding
IR-2G-Am NH‘OH treatment after irradiation and 2mm screen grinding
IR-FG-Am NH ,OH treatment after irradiation and fine grinding
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Table 2. Chemical composition and DM digestibility of samples (%)

Sample DM Ash Total N CP CF NDF ADF Hemicellulose DMD
Barley straw 90,82 7.88 0,98 5.89 29,32 66,19 43,72 22,47 22,22
Barley hull 90,74 11,76 0.69 4.34 21,8 70,48 38,00 32.48 24,32
Rape stem 87.42 6.74 070 4.38 3525 64,38 52,03 12,35 20,09
R ape hull 88,84 9.17 0.7 4.38 34,01 65,89 52,89 13.00 22,32
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Table 3. Effects of physical and Y-ray irradiation on the DM digestibility (%)

T
reatment Control 26 FG IR-2G IRFG

Sampie

Barley straw 22.22% 36.41¢ 25.59abd 29.78b¢ 32.284

Barley hull 24.4318 27.6711 35.43hi 30.430 29.44fh

Rape stem 20.09° 30.39%¢ 27.08%¢ 31.27%¢ 32.299¢

Rape hull 22.32° 28.72b¢ 29.97b¢ 33.97d¢ 30.86°¢

ac Means in same line with different superscripts differ (p ¢ 0.01)

£ Means in same line with different superscripts differ (P { 0.05)

2G ! 2mm grinding FG : fine grinding

IR-2G: 2mm grinding after irradiation with 90Co r-ray 2.5 Mrad
IR-FG: fine grinding after irradiation with 69Co r-ray 2.5 Mrad
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Table 4. Effects of mixed treatment on DM digestibility of barley straw (%)

o
Level o

Alkaliation (NaOH) Ammoniation (NH,OH)
chemical reagent 2G-A1 FG-A1 IR-2G-Al IRFG-Al 2G-Am FG-Am IR-2G-Am IR-FG-Am
0.0 3641 25.59 29.78 32.28 3641 25.59 29.78 32.28
1.5 37.67 38.06 40.47 41.86 46.65 54.60  40.06 52.80
3.0 49.12 46.66 40.69 50.12 50.01 57.19 42.75 56.90
4.5 53.13 $§6.69 45.11 54.62 40.76 58.19 58.96 52.16
6.0 64.62 61.43 45.44 59.46 49.10 58.43 57.18 52.16

— 90 —



Improving the Nutritive Value of Low Quality Roughage 5

Results of factorial experiments are follow:

1. Effects of chemical treatment, mixed treatment of physical and irradiation, chemical and irradiation,
chemical physical énd irradiation are significantly different (P 0.01) in NaOH treated barey straw.

2. Effects of chemical treatment, physical treatment, mixed treatment of physical and chemical,
ckemical physical and irradiation are significantly different (P { 0.01) in NH,OH treated barley straw.

4G-Al: NaOH treatment after 2mm screen grinding, 2G-Am: NH,OH treatment after 2mm grinding

FG-A1: NaOH treatment after fine grinding,

FG-Am: NH,OH treatment after fine grinding

IR-2G-Al: NaOH treatment after 2mm screen grinding and jrradiation
IR-FG-A1: NaOH treatment after fine grinding and irradiation
1R-2G-Am: NH, OH treatment after irradiation and 2mm screen grinding
IR-FG-Am: NHqOH treatment after irradiation fine grinding
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Table 5. Effects of mixed treatment on DM digestibility of barley hull (%)

m
Level o

R Alkaliation (NaOH)

Ammoniation (NH,OH)

chemical reagent 2G-A1 FG-Al IR-2G-Al IR-FG-Al 2G-Am FG-Am IR-2G-Am IR-FG-Am
0.0 27.63 3543 30.43 29.44 27.63 3543 30.34 29.44
1.5 3799 4122 3488 30.10 4533 55.79 4165 51.95
3.0 47.37 5393 36.33 41.60 4931 6269 43.09 61.11
435 51.02 54.55 39.87 46.83 5204 4248 4505 58.39
6.0 56.82 62.22 53.77 54.73 5487 48.93 46.17 67.26
Results of factorial experiments are follow:
1. Effects of chemical treatment, physical treatment, irradiation, mixed treatment of chemical and irradiation,
chemical physical and irradiation are significantly different (P ( 0.01) in NaOH treated bariey hull
2. Effects of chemical treatment, physical treatment, mixed treatment of chemical and irradiation are signi-

ficantly different (P { 0.01) in NH, OH treated barley hull

2G-Al :
FG-Al : NaOH treatment after fine grinding,
IR-2G-Al :
IR-FG-Al :

NaOH treatment after 2mm screen grinding, 2G-Am: NH,OH treatment after 2mm grinding

FG-Am: NH,OH treatment after fine grinding

NaOH treatment after 2mm screen grinding and irradiation
NaOH treatment after fine grinding and irradiation

IR-2G-Am: NH,OH treatment after irradiation and 2mm screen grinding.
IR¥FG-Am: NH4OH treatment after irradiation fine grinding
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Table 6. Effects of mixed treatment on DM digestibility of rape stem (%)

W;L
Level o

Alkaliation (NaOH) Ammoniation (NH,OH)
chemica) reagent 2G-A] FG-Al IR-2G-Al IR-FG-Al 2G-Am FG-Am IR-2G-Am IR-FG-Am
0.0 30.30 27.08 31.27 32.29 3039 27.08 31.27 32,29
1.5 47.98 3221 32.05 35.12 3948 29.35 48.84 45.67
3.0 4186 37.05 36.02 35.56 43.77 31.91 47.82 46.07
45 5235 39.15 37.16 35.66 4094 3341 49.05 47.75
6.0 53.08 39.31 42.00 52.41 4491 34,12 50.61 50.32
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Results of factorial experiments are follow:

1. Effects of chemical treatment, physical treatment, mixed treatment of physical and irradiation, chemical
physical and irradiation are significantly different ( P{0.01) in NaOH treated rape stem
2. Effects of chemical treatment, physical treatment, irradiation, mixed treatment of physical and irradiation,

chemical physical and irradiation are significantly different (P (0.01) in NHq OH treated rape stem
2G-Al : NaOH treatment after 2mm screen grinding, 2G-Am : NH,OH treatment after 2mm grinding
FG-Al : NaOH treatment after f:ne grinding, FG-Am: NH,OH treatment after fine grinding
TR-2G-A] : NaOH treatment after 2mm screen grinding and irradiation
IR-FG-Al : NaOH treatment after fine grinding and irradiation
IR-2G-Am: NH,OH treatment after irradiation and 2mm screen grinding
IR-FG-Am.: NH,OH treatment after irradiation fine grinding

7h slaiet of HiLRS MBAAL HRE AHem slch
(4) wh3E7A NH,OH Bl 41 4=3.0% Akl fH{EHel <4
BE(LEHRE FHREBHS HaERA K 3 M7t ol NaOHEEE sl MHsido
witge Wit ®7sh 2ok W 4.5%LE Kigol AE HLEe ot @l

{LApeMa] o3t WEAA S HLE Be @R E AT 9le] NaOH®R -t NH,OHEM H
ool Hal Estoe NaOHZEE A 1 Kio] 18 # @Ak HatEBeel HEER NaOHv
mitell =t} MiLERe] ol HFAMLE ol T NH,OH 5.5 {t®&E BEHREcl HtET U&
T HTFESE 826] Aol Hal ol % BRI AT gt o NH,OH EEE S FGoll 4 Hts
o). BAHRBSEERE NaOHMREE ttal =2 o] #HAs WM Aden Qdch

Table 7. Effects of mixed treatment on DM digestibility of rape hull (%)

Level o Alkaliation (NaOH) Ammoniation (NH; OH)

chemical reagent 2G-A1 FG-A] IR-2G-Al IR-FG-Al 2G-Am FG-Am IR-2G-Am IRFG-Am
0.0 28.72 29.97 33.97 30.86 28.72 29.97 33.97 30.86
1.5 3552 3485 40.77 46.12 46.11 3955 5135 52.88
3L 4339 36.09 44.02 50.13 4587 4299  49.26 53.64
4.5 46.58 43.10 49.09 45.90 43.87 44.74 49.25 56.91
6.0 56.01 46.94 52.43 48.58 47.54 40.56 46.23 54.48

Results of factorial experiments are follow:
1. Effects of chemical trestment, physical treatment, irradiation, mixed treatment of chemical physical

and irradiation are significantly different (P € 0.01) in NaOH treated rape hull.
2. Effects of chemical treatment, irradiation, mixed trestment of chemical physical and irradiation are

significantly different (P { 0.01) in NH,OH trested repe hull.

2G-Al : NaOH treatment after 2mm screen grinding, 2G-Am : NH,OH treatment after 2mm grinding

FG-Al: NaOH treatment after fine grinding, FG-Am: NH,OH treatment after fine grinding

IR-2G-Al : NiOH treatment after 2mm screen grinding and irradiation
IR-FG-Al : NaOH treatment after fine grinding and irradistion
IR-2G-Am: NH,OH treatment after irradiation and 2mm screen grinding
IR-FG-Am: NH,OH treatment after irradiation fine grinding
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Table 8.Regression equation and correlation coefficient of DMD and nutritive value of NaOH

treated samples

Sample

) Barley straw Bariey hull Rape stem Rape hull
tem
DMD Y=33.811344.7931X Y=30.872745.0676X Y=37.4613+3.13X Y=28.918X+4.3267X
r=0.9340 ** 1 =0.8494 ** r =0.7560 ** r =0, 8467 **
NDF Y=68.105-2.1303X Y=72.617-2.4657X  Y=65.477-0.4817X  Y=68.095-0757X
r=0.8783 ** r=-0.9017 ** r=-0675"* r=-0,9266 **
ADF Y=45.537-0.5727X Y=38.607-0.2303X Y=56.053-1.0333X Y=56.211-44.83X
T=-0.6124 r=-].473 1=-0,7782 ** r=-09705 **
Hemicellulose Y=22.458-1.5577X Y=33.81-2.202X Y=42-0.5523X Y=11.884-0.6273X
r=-0.8842 ** 1=.08919 ** r=-0.5585 r=-0.6237
X :  Level of NaOH (%)
Y : DMD (%), NDF (%), ADF (%), Hemicellulose (%)
. P(0.05
s :  P(0.01

& HAHol4 NaOH@tmA#e] mingdol ofe}
HltE fmsde vy velslde ki
igmoll =g} NDF2} hemicelluloses} 814 3tA| (P
©.01) ®Asle ¥ mEAS} 7=+ NDFsl
ADF7} HEMo 2 (P<.01) ®idsEx dgdct o
ot #2 BRe S5, 4, 23 %2 NaOH
HEA W REFERT Stet farstde
(Nicolic, 1982).

(2) AmmoniafgB iR

AmmonialB BB R+ F9oll RRstgl e

— 94

BERBH H3 Ammonia@@B: HLES HWm
A7l (P<0.01) dsle= velsidst uwelze
Ammonia@® 8ol fka 4 NDF2} hemicelluloses} M
Pad o mEAS) A+ £2le] hemicellulose
o iG-S Bolx gt oo e FRE
el o} 7212 MgEEBRol nelFo)d wel s
e RENl Beted BRI LBWEW fka] < who)
BRY & A&E WRsld Fn Yct

NH,OHS| @Bl =ie} wiE#A=E Kot 199
#HH9 total N9 4%& MMAIN 0 ammonial)
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Table 9. Regression equation and correlation coefficient of DMD, Total N and nutritive value of
NH4OH treated samples

- Sample Barley straw Bariey hull Rape stem Rape hull
em
DMD Y=40.688+1.2278X  Y=32.7967+4.6136X Y=33.79842.0333X Y=35.3453+42.3513X
1=0.5924 ** r=08218 ** 1 =0,7993 *= 1=0,6778 **
NDF Y=65.711-0.8343X Y=69.602-1.5667X Y=64.76+0.1993X Y=66.696-0.4097X
r=-0.6731%* r=-0.9302 ** r= 0.3266 r=-0.5877
ADF Y=43.655-0.1317X Y=38.29240.1067X Y=53.697-0.3957X Y=56.031-0.477X
r=-0.198 r= (0.2709 r=-04622 r=-0.6023
Hemicellulose Y=22.056-0.7027X Y=31.31-1.6733X Y=11.06340.589X Y=10.93840.0373
r=-0.6931"* r=-09126"°* r=0.4517 r=0,0464
Total Y=1.132+0.0953X Y=0.854+0.144X Y=0.968+0.1933X Y=0.8444+0.0647X
r =0.8701 ** r=09183 ** 1=0.8404 ** r =0.6156
X : Level of NH,OH (%)
Y : DMD (%), NDF (%), ADF (%), Hemicellulose, Total N (g/100g DM)
. P(0.05, s . P(0.01
3. Rape stem
“') 1. Barley straw - ”00 g 20
10 1 \A’"“\ 7 * “NgTotal N 1.8 g
o0 uur 1.6 3 s _~ANDF put
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Fig. 1. Effect of NH;OH treatment on the nutritive value and DM digestibility
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