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Technology development of manipulating

protein and starchy feed for improving meat
production in Hanwoo
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SUMMARY

1. Development of feeding techniques of protein to improve starch

utilization in small intestine of Hanwoo

1) Development and examination of method for Cr analysis
We have compared the concentration of duodenal Cr by two different
methods (currently used method and newly improved method). When Cr analysed
by currently used method, the concentration of Cr was lower then the method
developed newly improved one. Hence, currently used method may be needed to
supplement different levels of KsPOs for analysing duodenal sample and this
newly improved method might be presented in the standard method for Cr

analysis.

2) Effect of casein profiles infused into abomasum on starch
disappearance in gastrointestinal tracts of Hanwoo steers
Hanwoo steers (378.3+27.7kg) with ruminal and duodenal cannulas were
used in 3x3 Latin square design trial to examine the effect of different protein
profiles infused into abomasum on starch disappearance in gastrointestinal tracts.
Treatments were 0 (Control), 1415 (raw casein; RC), or 150g/d (enzyme
hydrolysated casein: EHC) of casein along with 1,000g/d of cornstarch. The RC
was composed of 100% protein nitrogen and EHC was composed of amino acid
nitrogen and peptide nitrogen with proportion of 3:7. All animals were fed
corn-based concentrates and mixed grass hay and fed 2 times per day (1.8% of
weight). Casein infusion did not affect the quantity and percentage of organic
matter and CP disappearances from intestine. However, The percentages of starch
disappeared in the intestine and total tract for RC treatment tended to increase (p
= 0.11, 0.08) compared to other treatments. This suggests that abomasal RC
infusion may be of greater increase in intestinal true protein flow and starch

disappearance than for EHC.
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3) Effect of casein amounts infused into abomasum on starch
disappearance in the gastrointestinal of Hanwoo steers
Hanwoo steers (471.8£29.8kg) with ruminal and duodenal cannulas were

used in 4x4 Latin square design trial to examine the effect of protein levels
infused into abomasums on starch disappearance in gastrointestinal tracts.
Treatments were 0, 75, 150, or 225g/d of casein along with 1,000g/d of
cornstarch. All animals were fed corn-based concentrates and mixed grass hay
and fed 2 times per day(fed 1.8% of BW). CP flow at the duodenum tended to
increase linearly (p = 0.02) with increased casein infusion. The quantity and
percentage (percent duodenal flow) of CP disappearance in the intestine showed
significant increases (p < 0.01, p < 0.05) with increasing casein infusion. Only
the quantity and percentage of total tract starch disappearance in the current

study tended to increase (p < 0.1) with abomasal casein infusion.

4) Effects of various degrees of synchrony of energy and nitrogen
release in the rumen on starch disappearance in the gastrointestinal
of Hanwoo steers

Hanwoo steers (274.8+4.6kg) with ruminal and duodenal cannulaes were
used in a 4x4 Latin square design trial to examine the effect of various degrees
of synchrony of energy and nitrogen release in the rumen on starch
disappearance in gastrointestinal tracts. Dietary treatments consisted of
concentrate that were based on ground corn with soybean meal (CS), ground
corn with corn gluten meal (CC), ground barley with soybean meal (BS) and
ground barley with corn gluten meal (BC). CC should be a synchrony of slow
fermentation and BS is fermented in fast synchrony. All animals were fed
concentrates 3.4 kg and rice straw 1.6kg as fed basis, 2 times daily in an equal
amount. The higher content of protein supply by corn gluten meal with high
UDP content resulted in significant (p = 0.0001) higher protein flow to the
duodenum for CC and BC (averaged 1010g/d) than for CS and BS (696g/d).
However, there were no effects of dietary protein supply with different UDP
content on starch disappearances in intestine. Rather protein effect, we found that
there was significant (p < 0.05) effect of synchronizing protein and starch

degradation in the rumen on starch disappearance percentage in the intestine.

_15_



5) Effect of rate of synchrony of energy and nitrogen release in the
rumen on starch disappearance in gastrointestinal tracts Hanwoo
steers

Four Hanwoo steers (274.8141.2kg) with ruminal and duodenal cannulae
were used in a duplicate 2x2 Latin square design trial to investigate the effect of
rate of synchrony of energy and nitrogen release in the rumen on starch
disappearance in gastrointestinal tracts. Dietary treatments consisted of
concentrates that were based on ground barley with soybean meal (BS), both
fast in synchrony, and ground corn with corn gluten meal (CC), both slow in
synchrony.

No difference in ruminal pH between treatments was observed but
ruminal ammonia concentration was significantly higher for BS until 8h
post-feeding. The disappearance rates of protein and starch in the total tract for
BS tended to be higher (P<0.1) than CC.

6) Effect of rate of synchrony of energy and nitrogen release in the
rumen on feed intake and gain of growing Hanwoo steers
Fourteen growing Hanwoo steers (260.0£40.0kg) were used in a
3-month-feeding trial to investigate the effect of rate of synchrony of energy
and nitrogen release in the rumen on feed intake and gain. Dietary treatments
consisted of concentrates that were based on ground barley with soybean meal
(BS), both fast in synchrony, and ground corn with corn gluten meal (CC), both
slow in synchrony.
Dry matter intake was numerically higher for BS than CC but average
daily gain was lower. Thus, Dry matter intake per kg of gain was lower for CC,

slow in synchrony than BS.

2. Technique development for improving protein utilization in the rumen
and small intestine of Hanwoo
1) Estimation and comparison of nitrogen reactions in the rumen using

CNCPS, nylon bag and mobile bag methods

The thirteen types of domestic protein feeds (soybean meal, rapeseed
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meal, corn gluten meal, corn germ meal, cotton seed meal, soybean hull, wheat
bran, corn gluten feed, lupin, sunflower seed meal, palm oil meal, coconut meal,
sesame oil meal) were used to estimate and compare the nitrogen fraction of
each feed source using CNCPS, nylon bag and mobile bag methods. The nitrogen
fraction of each feed source was calculated to NPN, soluble nitrogen,
protein(buffer-soluble nitrogen) NDIN and ADIN using the method of Licitra et
al (1996).

Each nitrogen fraction from RDP, UDP, UDIN and CNCPS was compared
and examined the alternativity of in vitro experiment for the estimation of protein
feeds.

In comparison of nitrogen fraction of RDP and CNCPS, P value of
A+B1 fraction (Y=0.66X-12.87) was significant (P<0.02) but not participating of
A+B1+B2 fraction. In comparison of nitrogen fraction of RUP and CNCPS,
B1+B2+B3 or B2+B3 fraction did not have any participation. On the other hand,
C nitrogen fraction of UDIN and CNCPS have no participation.

2) Estimation of soluble N digesting pattern in the rumen

Five ruminally cannulaes Hanwoo steers were used to investigate effects
of level and degradability of protein on concentrations of soluble non—-ammonia
nitrogen (SNAN) in the rumen. Treatments in a 5x5 Latin square design
consisted of a basal diet containing 8% CP and two protein feeds (corn gluten
meal; CGM or soybean meal; SBM) with two levels (12 or 16%) of CP. Average
daily pH and VFA were not significant but ammonia concentration was higher
when cow fed high protein and digestibility was higher in the rumen. In nitrogen
fraction in the rumen, peptide concentration was higher and amino acid, peptide
and soluble protein concentrations of soybean meal was higher compared with
corn—-gluten meal. In plasma metabolites concentrations in blood, BUN, albumin
were not significant among treatments. Amount of rumen microbial protein
synthesis increased compare to protein content or rumen digestibility, but

nitrogen balance did not show any significant among treatments.

3) Comparison and measurement of the digestible pattern of soluble N
fraction (soluble protein, peptide bound AA, free AA) from the
rumen and omasum

Four ruminal and duodenal cannulaes Hanwoo steers were used to
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determine the effects of protein level and degradability on concentrations of
soluble non-ammonia nitrogen (SNAN) in ruminal (RD), omasal digesta (OD),
rumen fermentation and blood metabolites. Diets were consisted of two protein
feeds (corn gluten meal or soybean meal) with two CP levels (12 or 16%). Mean
SNAN concentrations in OD were significantly higher (P<0.05) than those in RD.
Concentrations of each SNAN fraction in RD (P<0.01) and OD (P<0.05) for high
CP diets were higher than those for low CP diets, except for peptide.
SBM-supplemented diets increased peptide concentration in RD (P<0.01) and OD
(P<0.05). High level and degradability of CP increased (P<0.001) mean
concentrations of total SNAN in RD and OD. Mean ruminal ammonia
concentrations were 40.5, 74.8, 103.4 and 127.0 mg 1! for low CGM, high CGM,
low SBM and high SBM, respectively, with significances (P<0.01 for CP level
and P<0.001 for CP degradability). In plasma metabolites concentrations in blood,
High CP level increased (P<0.001) BUN concentrations but CP degradability did

not significant.

4) Estimation of the utilization rate of different ratio of peptide and AA
of casein in intestine

Three Hanwoo steers (378.3127.7kg, 13months) with ruminal and
duodenal cannulas were used in this study. Experimental diets were consisted of
Control (6kg basial diet/d + lkg corn starch/d) RC treatment (6kg basial diet/d +
lkg corn starch/d + 141.51g raw casein/d) and EHC treatment (6kg basial diet/d
+ 1lkg corn starch/d + 150g enzyme hydrolysated casein/d). Corn starch and
casein were mixed with 7L water and infused(290g/h) into abomasum just before
feeding. The quantity and percentage of CP, in the low part digestive track,
increased RC treatment without significance when compared with control. The
quantity and percentage of CP in total digestive track did not affect among
treatments. The rate of nitrogen accumulations from amount of nitrogen intake
and nitrogen contents in urine and feces was significantly different according to
the amount of casein infusion into abomasum, but excretion of nitrogen level by

urine and feces was not significant.
5) Study of protein degradable pattern and the measurement of the rate

of microbial protein synthesis in the rumen

Three Hanwoo steers with ruminal and duodenal cannulas were used in
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3x3 Latin square design. Experimental diets consisted of Control (excluded
protein source), wheat hull treatment (high degradability) and soy bean hull
treatment (low degradability).

Ammonia concentration was higher for wheat hull treatment (P<0.01),
but pH and VFA did not affected among treatments. Cow fed wheat hull
showed higher BUN concentration without any significants of plasma metabolites
concentrations in blood compare to other treatments. When compared SNAN of
experimental feeds in ruminal and abomasal digesta, wheat hull treatment was
significantly higher than thus of soy bean hull treatment or control (P<0.05).
Protein utilization was higher for wheat hull treatment than other treatments
(P<0.05). Nitrogen balance or degradability of nutrients (organic matter, protein

and starch) did not affect among treatments.

3. Effect of processing to improve starch utilization in the rumen and

abomasum of Hanwoo steers

1) Investigation and comparison of analytical methods for starch in feeds
We have compared the starch contents in starch substance feeds by using
perchloric aicd extraction method and enzyme-hydrolysis method. Perchloric aicd
extraction method was higher for all feed samples expect for oat sample, but the
rate was lower when the samples compared with duodenal samples. duodenal
samples were analysed, using perchloric aicd extraction method and
enzyme-hydrolysis method to compare the quantity of starch. The results
indicated that enzyme-hydrolysis method was four times higher when compared
with perchloric aicd extraction method.

No paper has been reported about the result of starch analysis with a
sample collected from digestive tracks in large animals. According to our results,
starch analysis, to measure the quantity, using two different methods (perchloric
aicd extraction method and enzyme-hydrolysis method) might have different
results. Therefore, we suggest that the use of right method depending on which

sample you analysis.
2) In vitro degradability of starch substance feeds

Rumen fermented samples were collected at 1h before feeding and 2h

after feeding and compared as follow; There were no changes on rumen pH
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among the treatment processed corns (row, flake, expanded) and the starch
substance feeds (corn, oats, wheat, barely). Also There were no differences on in
vitro gas production by the corn treatments supplementation. However, It was
little affected on in vitro gas production among starch substance feeds. The order

of fast fermentation was observed for oats, and for corn, wheat.

3) Effects of intra-intestinal infusion on glucose and insulin
concentrations in blood of Friesian lactating cows
Friesian lactating cows (559+41.9kg) with ruminal cannulae were used in a
4x4 Latin square design. The cows were housed in individual stalls. The four
treatments were basal diet alone (Control) and the basal diet + intra-abomasal
infusion(sodium caseinate 270g), the basal diet + intra-abomasal infusion (Glucose
300g) the basal diet + intra—abomasal infusion (starch 243g) and four
experimental period each of 14 days. No differences have observed on feed intake
and rumen fermentation parameters among the treatments. However, insulin and
glucose concentrations in blood were higher in the sodium caseinate treatment
then thus of the glucose or starch treatments. Current result did not observe the
percentage of starch disappearance, however it may support the hypothesis and

results from our studies (experiments) in 1-3 and 1-4.

4) Effects of heat treated soybean meal on protein utilization and starch
utilization in intestine

No pH was changed in the rumen when compared cows fed between just
before and after 1h feeding and increased pH for heat treated soy bean meal
treatment until 3h. Ammonia-N concentration was not changed by 1h after
feeding, however it was twice higher for low soy bean meal treatment by 3h and
bh after feeding. Total VFA concentration was higher for low soy bean meal
treatment(74mM) than heat treated soy bean meal treatment(68mM). Also, there
were no difference between treatments on each VFA ratio from total VFA except
valeric acid (P<0.05) after 3h feeding.

The treatments did not affect the quantity and percentage of OM
disappearance and CP disappearance in each digestive track. Amount of starch
flow into intestine and the percentage of starch disappearance was little higher
for low soy bean meal treatment without significant. But the quantity and

percentage of starch disappearance in total digestive track was 7% and 3%
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higher (P<0.05) for low soy bean meal treatment then thus of heat treated soy
been meal. We have resulted that intra—abomasum infusion of casein increases
the percentage of starch digestibility in intestine. However, effect of increasing
UDP content in dietary feed on enhancing the percentage of starch digestibility in
intestine was not showed by the corn gluten feeding study (1-4) and current

study.

5) Effect of wheat bran and soybean hull feeding on starch utilization in
intestine

The ruminal pH observed significant lower for ground corn with soybean
hull diet (T1) than ground corn with wheat bran (T2) and flaked corn with
wheat bran (T3) diet for during 3 to 5h post feeding. But, ruminal NH3-N
concentration in among treatments differences were not significant. In variation of
VFA concentration, Propionic acid of T3 kept high concentration, concentration
following 1h post feeding shown significant(<.05). Expressly, an overall acetic
acid concentration higher(<.05) T3 than T1 and T2.

The duodenum content CP tended lower T1, T2 than T3, percent of and
amount disappearance of CP in hind gut in among treatments appeared tendency
higher T3 than T1. The percent of and amount disappearance of CP in total
tract higher(<.01) T3 than T1. Amount of starch flow to the duodenum and
disappearance in small intestine were not differ, but percent disappearance in
small intestine shown(<.01) higher T2 and T3 than TI.

The study of 1-3, 1-4 in infusion of casein to abomasum increased percent
of starch disappearance in small intestine which was increased by amount of CP
flow to the small intestine , however, the study 1-5, 3-3 was not influence
elevation of percent of starch disappearance in small intestine by supply CP to
feed intake. Therefore, this experiment was to determine the effect of soybean
hull and wheat bran CP level of intake feed and looking at the effect by
adjusting UDP and RDP ratio, T2 and T3 were little higher on CP intake than
T1, but we have estimated that no protein affect, among treatments, due to no
differences on ammonia-N concentrations. Therefore, feeding wheat hull, instead
of barley hull and feeding flaked corn than ground corn are more effective on the

percentage of starch digestibility in intestine
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6) Effect of wheat bran and soybean hull on feed intake, growth and
nutrients digestibility in fattening period of Hanwoo bulls

Sixteen 24-month-old Hanwoo bulls (463+51kg) were used in a
3-month-feeding trial to investigate effect of feeding wheat bran and soybean
hull on feed intake, gain and disappearance of protein and starch in
gastrointestinal tracts. Dietary treatments consisted of concentrates that were
based on ground corn with wheat bran (T1) and soybean hull (T2).

Dry matter intake was significantly higher for T2 than T1 and average
daily gain was also numerically higher for T2. However, The disappearance rates
of protein and starch in the total tract were significantly higher (P<0.05) for T1
than T2.
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(Firkins &, 2001). Huntington(1997
glucose®=A FFH A Fe s A A st A
WHEelell A o] HiEEal 7t AMSU 5ol Al B o] stk

Fig 1 A#AS dito] oA Ea F¥= A} SAolA 43
H= HA Y olyA] o] & &S Hustal Avk(Black, 1971). Ay Ao 24)
HAAAA 7 9] el A zh2t el AstE At 7o d 59
vlo 2= 742 61%¢F 81%°l Atk et WETtSe] fA ol v A
W9l oy A ZEol &Y duA BE&Y o 1B3FFoR wopxl
Harmon¥ McLeod(2001)& Black(1971)¢] Z37F I H7FE A S A
g9 A A¥E EYE 959 ] dE9 ojgago] Ao Ea A
a8 oF 73%etal st
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CH, (10% of Digestible Energy)

Ruminal Heat of Fermentation
Ghicose (6% of Digestible Energy)
85% Efficiency Net
Digestible Metabolizable 1,088
Energy Energy K;:a]/d
1,735kcal/d \ 1,393keal/d 56% Efficiency ©1%
Heat loss Production

Urine Energy
(10kcal/gN excreted)

Gross
Energy
1,780
Keal/d

of depolymenization
(1% of DE)

100% Efficiency
Digestible Metabolizable Net
Energg/ Energ:v 1,450
1,735kcal/d 1,694kcal/d . Kcal/d
Pos . \ 71.6% Efficiency (81%)

Glucose
S o

;
:

Fig. 1. Energy partitioning as influenced by site of glucose metabolism in
ruminants (Black, 1971).
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AR wE7tEY A Ul AR FFE v A= el Bk A
= glucose(Larsen &,

Hol A=A, F 1956; Huber %,
1961; Pehrson %, 1981), maltose(Larsen %, 1956; Huber %, 1961), A% (Larsen
5, 1956; Huber %, 1961; Little 5, 1968, Mayes®t Qrskov, 1974; Pehrson %,
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a1 sk ar, gellatin 2] dt AES Fosts HSol A= a-amylase +H] = Al $HE A
kAW AREENE di-, tri-, 183 short chain oligosaccharide7} A & A 3k¥ o}
sttt Walker®t Harmon(1995)2 AA-$-9] "9l starch hydrolysate(SH)
AAl 2Fo 2ol AR FYFS F7Fst AT, a-amylase, trypsin, chymotrypsin
H g9 o= s T2 7] it B g&e Zadta 9. 4
, W99l A 4992 F Ao SHE S T2 SHY FYa3s wEt
ol a-amylase 4|7} S7Fskoba S A 4912 SHE &4
g AAFY] AWE FAH = oA Fol 2 0E9 dgof 93t o
2 ol FrbsklaL, AR Qe AR A% A EA T g
7Fsko] (Richards %, 2003), 372 a-amylase #4] = Aol 3kt
Kreikemeier 5(1995)2 Al AU A& dASA FAFS o, 2 5FA
2 Fo5AY iAoz SH £ A #AFe AME WEE3 o-amylase
28tk 319 AL, Swanson 5(2002)2 Al 4912 glucose$} SH F #Fo
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s W, AG EnAEe o] a-amylase T, WH &, Ll & o]
ta st o] A4S Al 492 FYJH glucoseR <& FHAY EulEe FUle)
a-amylase® Z el ®Wst7E USl7] witel A S E a-amylase #H|7F
ashE Bloletar st om, Wang¥ Taniguchi(1998)% Aol A &% glucose
2 QI shiastd ) dE frdEFel S7reke] #Ado] a-amylase HI7F Al gk T
3 3kl Call 5(1975) % Chittenden 5(1984)% AAM 5=9Fe] Mo =2 glucose 7
9 (115g/d, 230g/d)*l &8l n-amylase wHl= FHAHRal &F3th Johnson &
(1986)2 monensins wodhs WE Ho|A o=z proplonate T A FY 3
AA A o2 HH n-amylase &Ho] F71519S ¥, o] & g-amylase FH|o] o}F
g W7l v esith ol RaE SR, dE AIAGEH AR Wl A&
ngOﬂ et # o] a-amylase #H o ®stE = ? Ao, 53 LFORE FTHY
= AEe e A% ﬂ—amylase wale] ¥-(-)o a9E & o= AZddr. u
E‘r*ﬂ WERlol A EaE A B AR FUHEE HAES aFolA o] &Ado] AT
Hol AuRiE Fos 5:*.:_‘?5}7%] HAHOwens %, 1986; Kreikemeier 5, 1991; Nocek
¥} Tamminga, 1991; Huntington, 1997). ¥Fde)l, Swanson 5(2004)2 #] 4992 SH
FYA A a-amylase FH|7F HAEA G, ol A= o]/ B
H AAS AgAdA dERG o7F fldlen, 2o {F9¥ e SHIF Al gl A oy
gk HbSS f{X8le]  a-amylase ®H|ZF SUFSE AAH HAY A,
Shirazi-Beechey &(1991)2 3}H-43l3# o= glucose +%9 Al o-amylase &H] <}t
glucose transport &#eo] F7lsl=d], U glucosedt AFo 2 FUHE AE] 7}
Tl ol M glucose®] 54 ztol2 Qe 4 a-amylase wHlol F&F
S Wokal, glucosed FHFol FETE A G dEH|Eo] Aty o] YEhe

HH
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Astera sk ey AR 2 W BEskEd el A%l a-amylase ¥
o =]

]
Hlo mA= ol w3k dde] A WEeA we nbrk glei(Swanson
5, 2002).

2) 230 @92 =4

7 #4
HHAoR HAAFE SAE o =RES T ol 4 th Hlel WAl
ot WrE9 waEEv|stelt HEer FAHY ot HlET|SE Hlug AE
(Herrera-Saldana &, 1990)o4] HFF9] AE 43tE&2 Zol7F gl oy, H Aol

o
HELAUAE Y H SR AST A HiE AstEo] FUFETAL kSt
Christensen $(1993)2 Z#+$= o|&3 Aol RUP(ruminal undegradable
protein) ¥&Fo] =2 AR E A AAE, B9 A &8s, A
r El &M RUP &&o] vr& AleE A
APLS v Bop FoA A =dvha Basdinh Veira 5(1980)2 3t
A 0% A 15% % soybean meald 55 gldte] Fofdt
A A Ast# O AR 2 Fo] Frsta 9T
Eal A

MRS Al 491me] W 79 AYe Bl 2P0 5
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= AEo A3tgo] FriteE 23S B3k =582 ©x vl Taniguchi %
(1993)2 7+7} kel Al 4912 caseing THHAS W, AEwt =43 AelFtol H]
2% g A8 AAE0] 55%o A 93%E Z7Fsktla kg al, ®3 Taniguchi 5
(1995)2 ¥ A 491 % casein 200g/d +
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SR 800g/de T
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S 4% A, A 4992 S5
Atk T % Richards 5(2002)& AA$-9 A 492 =4
S rdE 244 d1E 1,050g/d + casein 200g/dS F

datd s wf % gl 226g/d A% Y F7FelAlaL, dEd AAES
227g/d © Z7Fstthal skt Richards 5(2003)2 3 Al 4912 SH + casein
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460g/d® FhetAS W, Al mE FF glucose Fxol zkol7b §lokar kT
Hh o ok 50% FIALEE Folst:E WY (McNeil 1998)°]y+ & A (Putnam¥}
Varga, 1998)%] 4%, Al L

H o,

dul o] F7tEgE dF glucose FE7F F7FsESATH
&=
=06

=
w3 Swanson 5(2004)2 Al 49 E casein +% Al insulin %7} Z=7}sttta

st ATk

g§43lEY F Ay v R g F=9]o] el a-amylase w4
of M= ol A E A2 o2 AEe] BuxHi vl Kato 5(1986)2 W
o] AHojxAo g YFEFEE FY A AN} ag-amylase EW]|7F F71ectn o}

[e] H

9 3l, Wang® Taniguchi(1998)% AF o= whwlza £l A p-amylase #H| 7} Z7}
ghrhar shdth EgH Richards 5(1998)2 Ao 2 SR + caseing T3
S u] n-amylase l"‘ir‘ﬂﬂ =713t} 3Fth. Richards 5(2003)& AA$-< Al 44
casein ¢ A o-amylase %, &€ 181 o] T/ttt A=, ol
Swanson 5 (2004)2] Ay} FASFA T :Lﬂib‘r WangJJr Taniguchi(1998)= 2o
2 2FFAE + gilz F9 Al g EZ o BlE] a-amylase #8] o] 7HAEHA|
er=tha 89 a1, Richards 5(2003)¥ Swanson %5(2002)% A A%< Wkl A 49
2 2FEFHAE + casein Y A HETFE v WIS W] a-amylase EH]o| o7}
St 3. Reynolds®} Heath(1981) & W&ol shE-4sta# o= 100, 200ug/mine
peptone(amino acid®} small peptide &) 59 A #A A, o-amylase, trypsin,
chymotrypsin &¥] Sol W7} glhar 343t
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M 3% A7 =d & & 21

A1 A gEgoll oM 2 A Adts FdS AT o

HE Horew NE(EAATL)

L. Cr #4949 AHE R Axdy AL

M
1%

47 FAFOZNYH Z17] vE 7I3bel 43 AFHAFT # AR 168
=]

7}) Method 1(FAFAF4)

Imm +4¥ AR 2g& crucibled] ¥, AE4EstAIQL Al 3JAEE &
(KsPOp= Alsel Imt H7bebe, Almel ¢bds] E3kste] 3)stA21 vh3(800°C, 40
), 92 Alg7F 97 crucibled SHFFE Fo 100md volumetric flaskol] A 71X
A o 2427 A S AT 2427 Fol AlRE oFEle] ICPE AF FEE =

st

£

) Method 2(7) &)
Method 13 RE WS 5U&AT KPOE H7MHES ofefel Zo] &
g staA A E v aste

AolAd g2 7<= 49 A e=s vug 23= Table 13 2t
e Cr &=+ 15685ppmel 2171 wiZoll A o] &
olEHom I oo Frolojof it E AgolA



71E BAY 9t AolAd WEE Alge Cr T2+ BT AFA59 ppmiEth
Ak 2 el ok & 167H ANmZT 3 ARE At 5 A FAL
w9 ppm Hth Eokch

Table 1. Cr concentration of duodenal digesta analysed by different methods

Sample Cr concentration(ppm) Difference

Method 1 Mothod 2 (M1-M2) Mz/M1
No. 1 1549.6 1694.5 -144.9 1.1
No. 2 1516.5 12254 291.1 0.8
No. 3 1560.0 1801.3 -241.3 1.2
No. 4 1499.4 1600.8 -101.4 1.1
No. 5 652.7 1442.7 -790.0 2.2
No. 6 609.2 1304.5 -695.3 2.1
No. 7 749.2 1881.6 -1132.4 25
No. 8 756.5 1730.7 -974.2 2.3
No. 9 1468.7 19789 -510.2 1.3
No. 10 1085.6 1406.0 -320.4 1.3
No. 11 1415.3 2028.1 -612.8 14
No. 12 1157.0 1650.9 -493.9 14
No. 13 13375 1849.9 -512.4 14
No. 14 1422.8 19259 -503.0 14
No. 15 1397.3 1664.4 -267.1 12.
No. 16 1528.0 2024.1 -496.1 1.3

S o

AT FAFY woArE F Cr v 1585ppmo1°471 wj Fof| &
# 1 oo]e] ppmeolojof Fal, &
ofof gttt et 7]E AW o
< EE AAY UEE A=
oo, o)A Eoly & A
| SioF & dado] AVIEAL, oo thsh

oF dtria kg o)

AN S xQ 7
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Table 2. Cr concentration of feces analysed by different methods

Cr concentration(ppm)

Difference
Sample Method 1 Mothod 2 (M1-M2) M2/M1
No. 1 1146.1 4100.69 ~2954.6 36
No. 2 1793.0 3872.41 -2079.4 2.2
No. 3 10169 3899.57 -2882.6 3.8
No. 4 1426.8 4102.15 ~2675.3 2.9
No. 5 4615 4020.23 -3558.7 8.7
No. 6 659.7 3232.96 -2573.3 49
No. 7 7415 1036.25 -294.8 14
No. 8 570.1 3533.04 -2963.0 6.2
No. 9 216.9 3759.67 -3542.7 173
No. 10 549.2 4051.24 -3502.1 74
No. 11 355.0 4311.33 -3956.3 12.1
No. 12 456.0 3850.25 -3394.2 8.4
No. 13 136.8 4137.06 -4000.3 30.2
No. 14 256.2 3887.43 -3631.3 15.2
No. 15 226.6 4312.34 -4085.7 19.0
No. 16 126.7 381118 -3684.5 30.1
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2. Casein®] FfF°| W F 48 | AL £ &5

Ao A= Lol A W EajEo] AFoR {FoHE HiES & =
o] F7te A, sti-Asd W(53] & | , 5
=9 AHEEL el stast) Falgo] 97% olFom dHA e AUl
caseing ©ol&sto] thgdt o] F JHA AlFE ST AE TedAM e 2R &
wEHE ¢d o] wE arAstd W dEEEel vAE JEgs Hrketr] 913
] 100% protein N2 TAE raw casein¥} raw caseine &4 =2 7F¢EEs] AlA

amino N : peptide N2 H|&©°] 3 : 72 FX % enzyme hydrolysated caseing #| 4

Jz FYAA HPLW O AR 28&S BAHLD, o AP ARE By
e AGAA SRSt W AR L3}

=3 =&
casein =Y (0, 75, 150, 225g/d)& @t +
A& Wsts #starzl st

=
T8 caseing A3k, Al 491=
AFAL W Sz W AR &

= 1?‘5&0114—5— 137 9% o9 AMS(EEAFT @ 3783 + 27.7ke) 3FE
AR eE FAEFS "9 cannula(Bar Diamond, inc.; Komarek, 1981a)%F 4] o] %]
cannula(simple T shaped type; Komarek, 1981a)7} Ao &2
(multi-cannulations; Fig 1) 2 FAAT4 7IEFHEIF A Fote] 9gA&S
& et ATk

> b oX ol

Figure 1. Both rumen and duodenal cannulated Hanwoo steers.
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g 24 5555 FYER 6}% Hi AL E oF FAFA Al A A A A

AetE £33 BAXE o] &35t (Table 1), & F9AEE 6ke(WiEALE 2kg + A X

0.6kg; BW 1.8%)& 4 ‘1(0800 20:00) £ wolstden, 5

°of A AMRAHHEFS FAATN] #18te] 10em 7= Aehste]

wolstdth g =3 mdlE FEAEGAATE AANE AAGE A8 HZES)

T AfFrEe] AAY ¢ AEF Sk A arasriHe] WEE fFUES dotr

71 A A AFECR0)E b - AY AR del Al 7 ATgM(RE AP

0.25% ) EFste]l Folstdh. @A, 7xAtsE 9 12%(3 AMGREE
2002) 8 7l=o = wiEstslth

i

o))

2) AgAA

2 A& 3x3 Latin square design® & 3}, 3+ A @7 7He 1498 T
Attt 149 T 19~9¢92 FHE4] Hebo] & AHE7|zto= 343, 10 ~
42 A5 A7 R Stk Alm AFA7IZE $ 109, 1192 4S5 1292
WEEelel g f3 wE 139, 149 AolA o B 23 w5 7 AFH s

2 AEe] AEe vsd 2ok 1) E2F Ol 2AE6ke/d + STFFHAE 1ke
/4); 2) RCTF(71 AR 6kg/d + S4AE 1kg/¥ + raw casein 14151g/Y); 3)
EHCH (7] 2AFS 6kg/< 9| —’F—’F AE 1kg/¥ + enzyme hydrolysated casein 150g/

1

Ad). SFFHEY caseine & 7Ll E3ste], F&H FEHE wEo] 23A1%F F<t
At H A A 49) FYE A (abomasum infusion tubing; Fig 5)<& Ea FL(eF

290g/h)stal o) Als Fol Aol F9& A&t
gt B Ao M= 100% protein N2 FA ¥ raw casein® &4 7
E3AA olu]=2t N : peptide N& H]&©] 3 : 7% enzyme hydrolysated caseins
THEAE ARgEleH, o5 249 FYFE Table 2914 YERHIT. Raw
Fqlmre 150g/9 om AANAA L,
enzyme hydrolysated casein® 4% 4FS 538417171 98] NaCle &3tz
T casein®] 271& TAAE AL AnE A G RH Table 29 #©] casein®

Fd o] e

casein® enzyme hydrolysated casein®]
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Figure 2. Abomasum infusion tubing.

Table 1. Ingredients and chemical composition of the basal diet

Item

9%, DM basis

Ingredients composition

Corn

Soybean hull

Wheat hull

Soybean meal

Calcium phosphate
Limestone
Vitamin—mineral mixtures®
Mixed grass

Total

Chemical composition

DM
CP
Starch
NDF
ADF

30.5
6.1
10.7
6.1
0.2
0.6
0.2
45.6
100

90.89
12.14
16.30
50.51
217.28
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Vit. A 2,650,000 IU, Vit. D3 530,000 IU, Vit. E 1,050 IU, Niacin 10,000 mg, Mn 4,400 mg,
7n 4,400 mg, Fe 13,200 mg, Cu 2,200 mg, I 440 mg, Co 440 mg, B.H.T. 10,000 mg per kg.



Table 2. Composition and amounts of casein infused into the abomasum

Item Treatments®
Control RC EHC
***** Compositions, % ————-
Total Nitrogen (TN) 0 13.25 125
Amino acid nitrogen (TN basis) 31.2
Peptide nitrogen (TN basis) 68.8
Protein nitrogen (TN basis) 100
NaCl 0.40
————— Amounts, g/d ————-
Casein 0 141.51 150
Total Nitrogen 18.75 18.75
Amino acid nitrogen (TN basis) 5.85
Peptide nitrogen (TN basis) 12.90
Protein nitrogen (TN basis) 18.75
NaCl 6 6 6

“RC=raw casein, EHC=enzyme hydrolysated casein.

) AR AH L EAFTE
71 7 ZAE
Atg e 4 AE7IE T 23] 500g 8= AAFAAL, A AR s A A
3 ANBE A2 =3 ¥ Wiley mill(Standard Model No3., ARTHUR
H.THOMAS Co. PHILADELPHIA. USA)Z Imm ##3}o], AdukAE(AOAC,
1990), d¥, NDF % ADF(Mertens, 2002), 183l A &S ¥A43Ath A8 @
Y FAR oM, AgF AT dE B S TS BAEte HAEFES BHAS

Atk

) W9 WEE

Zy AlE 717 F 1294 0730(0), 0900(1), 1100(3), 1300(5), 1500(7), 1700(9)

o F 63]o] A 300m FE=A AHAS}AT WEES AFH A 48 A=E o
2 A5 YPAE A A% S, pH meter(Pinnacle 530 routine, corning)® pHZ

¢ S 100me> W B0 s, A= dRYol 4 3

AAe & sto] 4 A7hA Ws 2#(-20°C) 3F3ith

oy ok
o ool @

P‘ﬂ,

32

)

w

o

=]

=

) AelAE We=
ZE A@ 712 % 1394 0730(0), 1100(3), 1400(6), 170009), 14€4 4 0730(0),
0930(1.5), 1230(4.5), 1530(7.5), 1830(10.5)° A=At WE&= FF1x71(70°C,
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T2A17F ol el A AxAZ S disc. mill(BM-D 100, McCoy Corp., serial No.
980812, maximum 1750rpm)& ©]€3o] Imm= 2t 28 F, AFAz &
2 10%% &3 (composite)dte], DM, CP, ash, A&, 281 IS X390}

2})
B g e F 7k e s &k Time-#2 dA 3

of AHste oz HolAF WEEI] AT At AFd How 200g A=A

AR o, Z=H(total collection feces)< 12, 13, 144 33 H - £

AF T ZE B(lkg)S TFTAZXRVNTOC, 72413 o))l A AXRAA, THS 54
Atk AxE AZE disc. mille ©] €39 Immz 8 S, Time-2< A3 A

EE 10%Y, T RS 4 ARV EE Egeision, B

ash, i, 283 A5 A8

i

r{n
>
il
rr
=)
=
O
3

vacutainerol] 2143 &7 w@a, A QAR (3500rpm, 15%)3}h
BEAL A= 1S 1.5m¢ Eppendorf tubed] Hi 4 A7lA Ys BHAstH o
(-20°C), B4 & dorl~ ABL 555(4 38 Ciba—coming 3 2% £47]; ABL)S 9]

£3}o] glucose®} urea nitrogens =A3F ).

nh)
wE AN 3 500ml7F o] e £71E o] gale], 39712, 139, 149)
FABR e, N 2240 o] g3t}
uh) ol
gl 7k A7t T 10Y, 1194 16:000] o5 Fot FAEe] F4us
3t AFST F, sodium heparm(%ﬂ"—ﬂ SaA ANl Eold= 2709 10me-&-
skt dARE F
]

P ol (NHz-N)
} 22 Chaney®} Marbach(1962)2] Wi o= g3} o] EA s}
) S fgk AAE HHL 4 10ml DA el FE 6.2ml
S 93, HgCl(P A& 28 AA) 0.06me #H7kste], 942 (3,000rpm, 15+)3F3
of dAEE & AE=9S 15ml Eppendorf tubed] %1, Ws B (-20°C) 3t
AA, 5 ARE o= Fo4x 4438 (12,000rpm, 5%) sttt
N 0.02m0 3 FEYol & £4(25, 5 10, 20, 2831 40mg NH;-N/100
ml), 2831 FFF(blank)E 42 3709 20ml tubeo] 3L, phenol color reagent®}t

{o

1
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alkali-hypochlorite reagentZ 2zt tubeol| 1m¢® H7lste] E3A171 & 37°C 4%
oA 168 AE wlstAttx25°C, 30). wWlYe] Eud 7 tubedd FHT 8mls
HA7Fste] &35} a1, spectrophotometer(UVIKON 923 Double beam UV/VIS; 630nm)
2 OD(optical density)E =439t}

) A

50ml YAEE o Imm 4 A& 02ge ¥ v, 80% &

& "olmal, SFF onts ¥l £tk 75°Cel 80% ol '-& 25me X3
94 A4 (3000rpm, 104) stk 4 8 &, S HES
W2 ol oAl Al #el 75°Ce] 80% ol &g 30mlS Fol E3tele], 5zt WA
w, Ay st il = atal AF A AE vy thg 1
Z(40~50°C, 60%) st Az & FF7FSF tmlS ¥ £ e, 52% perchloric
acid reagent 65mlS Yol 5% 7tAo® T3ty F 2087 &£ttt ol 7))
F 20ms go] &8k, 4 #E(3,000rpm, 10+%) shATE 94 e & A
S 100m¢ volume metric flaskol]l o] &} HA] Fkow HZE o]F IHAHL 23]
o] 100mes o et ATk A= & H(25 50, 100, 200¢g/ml /100me S/ )
=49(25, 5 10, 20m FEFEN/100m ZHF)S Zod wFR 3Aska, 20ml
tubeo] 1m¢® Y& t}S, anthrone reagent Smle F7Fste] &35kt 100°Cel &
=z 12~1387 WAstan, A & F55] ARoew WA oy

spectrophotometer(630nm)oll A =7 3} 93 t}.

& o
=

o (T

;3
X

s

th) s A (CreOs) A1 Fd d JdFLn 248 A=
Imm #d¥ A& 2gS crucibleo] ¥, ZEAE3}A QI ol

(KsPOy= Al52] Aol wet 05~1me H7bsbH, Alseh ¢hxds] &3tste] 3siA 2l

th2(800°C, 40%), @2 A&7} 97 crucibled] SH4

flaskell EA7bA] A2 T 24A13F WA SFRATE 244 3F $o A5 & o] #ste] ICP=

3y Bol AF F(g/g DM), F, A& AFH A3 W
]

211 : g DM flow/d at sample collection site

marker input (g/d)
marker concentration in sample (g/gDM)
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4 1ol oaA T 2 G99 B F 0SS okl Aol vigiste] W,
shpist, welm A ashe W GPa A F(disappearance, g/d)E T T, F

ol

ko] thak A g (disappearance, %)S T3F T}

¢

2] 2 : Whole stomach disappearance
= (Intake + Infusion) - Duodenal flow

2] 3 : Intestine disappearance
= Duodenal flow - Fecal flow

2l 4 1 Total tract disappearance

= Whole stomach disappearance + Intestine disappearance

5 A A
OM, CP, A& A2Ad& el gdo] A3 data:x SAS package(version
9.01)¢] GLM(general linear models) Program® 2 EAIA T E st o, w39 o
T Yo} & pH data:= A|{FEE Fo} SAS package(version 9.01)¢] mixed procedure
2 EAAYE A o] RdE period, 3AEF, L83l casein 7Y HHE £}

= Aol

R
D w9 e Ay
Al 4912 FYH casein®] FHOl whE o) A we] Ay #d 34
] o] -]_
b B

%2 Table 37 #Zth & glucoseﬂ BUN T&5& BE Ag oA #9

Guerino 5(1991)2 AAM oAl 90% FFAIRE FoIstHA,
300g/d9] caseins FYT AlgAA N glucose = E“‘;@}X] ok = 0}
, Konig S(1984)% Z-fF5° 56% FFASE S998HA, Al 4992 0, 240,
460g/d—4 caseing F¢ 3 A FHoA A 4 glucose FXo] o]zt glthal A
F McNeil 5(1998)% Putnam and Varga(1998)+= ¢F 50% & 3FAl5E Folste @
G Zfel A shast @ o] Frhstel] wel del Wf glucose F=7F St
= d BuE 9wk o Wl glucoseF ol o] FH-2EE R F
wEE @de gy off WEeA 5SS & 7 A
9

S

=

W9 pHEl A%, Al 491 Tl oiF &nE wAgs] 8 S4 Ao A
2 A AR ALTE FAL Aol G ER wFe el N



TEe HJo AFRS Al 492 FYHE casein FHS uHE o], W] nAE A
of HAToR AR e Q7FT AEE AIRE WEte] Fo B FYstd e
28 Akl oAl Aolzt glE Aog BT E A|FolA wkE9] QFR
ol N 5% H9+E 6.6~83mg/100ml = Slyter} Satter(1979)7F A A& #+3¢] n A&
Al o3 HAI FE F£F9 Smg/l100mlETHE thAa Eka AT BA 4
A Zol7k gllemz Al 4929 casein F¢lo] WHES W A4 dFS FAAY,
W9 g o] Apol7l 2% AstEol WA= FEFS /IS Ao A

Table 3. Ruminal and blood characteristics in Hanwoo steers abomasally infused

with starch and casein

Treatments® Staticstical significance®
Item
Control RC EHC SEM" C; C: C3 (4
Ruminal pH 656 652 657 004 033 079 026 063

Ruminal ammonia N,
704 832 661 004 032 070 023 067

mg/100ml
Blood glucose, mg/dl 7700 7717 7850 197 09 064 068 0.76
Blood urea N, mg/dl 88 717 855 1.12 040 087 047 054

“RC=raw casein, EHC=enzyme hydrolysated casein.

"Standard error of the mean, N=3 for 0, 150 (raw casein), and 150 (enzyme casein)g/d of
casein infused.

“Statistical significance of treatment effect by GLM procedure for mean value; Ci=control
vs. casein;, Co=control vs. raw. casein; Cs=control vs. enzyme hydrolysate casein, Cs=raw
casein vs. enzyme hydrolysate casein.

2) OM &4 &

A 4992 TP = casein®] FTHA M2 99 7 Aty ¥ OM 2AH 4

OM 42488 Table 49 Zth OM FUHFS x2TH 49] casein ¢ A7 T
7F 14~15% wkort, oo tigh d3ko] Aolxd OM Y ZFollde= HeEtA &8
o EHCH9] w39l OM &2A#2 iz o H3] 2% AP = 009 HiL,
RCT-¢F vl s A &= EHC 9] Wk5=9] 0.04) 0.2 yhoka, ~d&

bt

(3

)

2AFE FAAHP =
S e AP = 01002 EAA T, 1 Pele EHCT9 #Hi OM *é%%ko} A A71
ol Al 49 FHel 9%k A% W dSA] ST H&%%Ql 54 2 B4

i

o W& dgo] Artl= H I(Richards 5, 2002)9F 22 A3z AT 44
sato o] OM 2 En 2288 w9 ZAulel= wlgiz EHCT 7} 7H3
=i, RCH, tix7 oA, A4 Fo4dL Atk d &3

rﬂ
©)
=
B
L2
ot
_E
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g M= A3t 2ol 7b gllH

Table 4. Organic matter (OM) disappearance rates in each segment of

gastrointestinal tract in Hanwoo steers

Staticstical
significance®

Controi RC EHC SEM" C C, C; Cu

OM intake, g/d 5,642.7 56642 53441 2022 @ - - - -
OM infusion, g/d 1,000.0 1,141.5 1,150.0 0 - - - -
Duodenal flow, g/d 3,333.0 3,347.6 3,469.3 1557 0.73 095 0.60 0.64
Fecal flow, g/d 21164 19916 20195 503 021 022 031 0.73

Disappearance, g/d
Whole stomach® 3,309.7 34581 3,0249 664 049 025 0.09 0.04

Intestine 1,216.7 11,3559 1,449.8 1561 043 059 040 0.71
Total tract 45263 48141 44747 1873 066 039 086 0.33

Disappearance, %°
Whole stomach B58.7 61.1 56.3 1.2 0.99 029 029 0.10

Intestine 36.0 40.6 41.8 31 030 040 031 0.82
Total tract 68.1 70.8 63.8 1.0 032 020 0.70 0.29

Treatments®

Item

“RC=raw casein, EHC=enzyme hydrolysated casein.

"Standard error of the mean, N=3 for O(control), 150 (raw casein), and 150 (enzyme
casein)g/d of casein infused..

“Statistical significance of treatment effect by GLM procedure for mean value; Ci=control
vs. casein; Co=control vs. raw. casein; Cs=control vs. enzyme hydrolysate casein; Cs=raw
casein vs. enzyme hydrolysate casein.

‘Infused OM was substracted from duodenal flows before calculation of whole stomach
disappearance values.

“Disappearance as percent of flow to the segment.

3) CP &4 &
A 4992 FYE = caseing FFO WE I AASY 7 233 E CP &
A 2 AAEL Table 59F &l CPY HolA A FUAFL casein T+ Ao =
2 YR Ay = NF

ol Hle Frkske AP = 013)& HATh o]zl
o] F7tsted vEtd AR A E dow, NRC(198)IAE CP 44

120%, Richards % (2002) CP A##e] 109~142%7F 2o 2 et &
Ao A= 86~106%2] CP7F 2% o2 F95HAt EHCTolA w39z 4 =
skl N&Fol w9kdl ol f #WetA= ¥Xwh N AFH o] 7Hd #9kd €ddle] N
AEFE EFZ8A & Anz dephd Aow welh 3, shasd o CP &4
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P 2O E casein FATIE DRl M) FAGoRE FoSAA, A7
bl Fof A1 Aol gilen, A skt W Ad®2 casein THT A S7HeE
AP = 0092 B, 58 RCT= dlzrs} nastel $7ksks AP = 0.08)
2wt

Table 5. Crude protein (CP) disappearance rates in each segment of

gastrointestinal tract in Hanwoo steers

Item Treatments® ) Staticstical significance®
Control RC EHC SEM Ci Cs Cs Cqy
CP intake, g/d 643.8 655.7 626.3 154 - - - -
CP infusion, g/d 3.3 121.7 1195 0 - - - -
Duodenal flow, g/d  556.0 624.2 662.3 277 013 022 011 043
Fecal flow, g/d 254.9 264.2 280.2 105 031 060 023 0.39

Disappearance, g/d
Whole stomach® 91.2 153.2 83.4 13.0 023 0.08 0.71 0.06
Intestine 301.1 360.1 382.2 36.0 025 037 025 071
Total tract 392.2 513.3 465.6 250 009 008 017 031
Disappearance, %°
Whole stomach 14.2 23.3 12.6 19 024 008 061 0.06
Intestine 54.2 575 575 3.6 053 059 058 0.99
Total tract 60.7 66.0 62.3 2.4 036 025 069 0.38

"RC=raw casein, EHC=enzyme hydrolysated casein.

"Standard error of the mean, N=3 for O(control), 150 (raw casein), and 150 (enzyme
casein)g/d of casein infused..

“Statistical significance of treatment effect by GLM procedure for mean value; Ci=control
vs. casein; Co=control vs. raw. casein; Cs=control vs. enzyme hydrolysate casein; Cs=raw
casein vs. enzyme hydrolysate casein.

‘Infused CP was substracted from duodenal flows before calculation of whole stomach
disappearance values.

“Disappearance as percent of flow to the segment.

4) AE A4S
A 4912 FYHE caseind FTFHA WE 9 AMS 2 L d AR &
Aok 1 HE AAE&L2 Table 63 2tk RCHFO AHolAHow R+ AEHLS
]

e}

=
fx7 Boh 2o AIFP = 009, 189 EHCHF Bu §94 9A #ZAP =
0.04) stiet. =, =
EHCH Hth= 94 A

W dFae S7F wbEee eeAd ® TdEed wA=
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(Richards %, 2002)2}= AwkeE = Aol 2ejuf wHE9lolA AR Bl &o] =3k
d RCH7F shE-AstdoM = AR Axddde] &2 AP = 011, P = 013)S B3
, A 23 AR A2dgy AE AAENAE RCH7F o2 A o Hl&)] =

flo K

i
Age wevh

[} AR

Table 6. Starch disappearance rates in each segment of gastrointestinal tract in

Hanwoo steers

Treatments® Staticstical significance®

Control RC EHC SEM® Ci C G G4
Starch intake, g/d 9105 9162 9173 35 - - - -
Starch infusion, g/d 8162 8162 816.2 0 - - - -
Duodenal flow, g/d 859.1 8258 9528 182 031 032 007 0.04
Fecal flow, g/d 173.8 1213 188 11.7 029 009 054 0.06
Disappearance, g/d
Whole stomach’ 8677 9066 780.8 207 044 031 010 0.05
Intestine 6853 7044 7669 142 010 044 0.06 0.09
Total tract 1,553.0 1,611.1 15477 11.7 020 0.07 078 0.06
Disappearance, %°
Whole stomach 95.2 99.0 85.1 2.0 033 032 007 0.04
Intestine 79.9 85.3 80.6 14 021 011 076 0.13
Total tract 89.9 93.0 89.3 0.7 028 0.08 057 0.06

Item

*RC=raw casein, EHC=enzyme hydrolysated casein.

"Standard error of the mean, N=3 for O(control), 150 (raw casein), and 150 (enzyme
casein)g/d of casein infused..

“Statistical significance of treatment effect by GLM procedure for mean value; C;=control
vs. casein; Co=control vs. raw. casein; Cs=control vs. enzyme hydrolysate casein;
Cs=raw casein vs. enzyme hydrolysate casein.

YInfused starch was substracted from duodenal flows before calculation of whole stomach
disappearance values.

‘Disappearance as percent of flow to the segment.

RCT9 3t343td Ad® 2 2280 =9dd e 230w Fdus iz
o] BEAdoz HAYyd 4 rh, EAFo|A ALEH raw caseine  100% soluble

protein N2 FA % o] 13 enzyme hydrolysate caseine amino N : peptide N9
H]g&o] 3 : 72 o]z} 7] Wi Al 4992 FYH casein®] 4¥A 7EE] 3
Ae ° #AA He= AL 318 v, RCH7F EHCFRUYE Aoz fYdHE

o

peptide”} ] Ee Ao 2 FZ=FHTt}l Richards 5(2002)2 2% U dEEN= A
oo FYPuE T o] g 2 5

2o 5 FUetgn ® st 93, Christensen 5
(19932 RUP ##ol & AARE HAD FH9t A%, R R

L
e
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shgnh et ARMAD
Al 481 RC #8177} EHC #9)

Richards 5(2003)2] AlgolM % Al 492 7}FEe] AR + 4
Aol glucose®t portal veinoll 49 a-amino N& A3, ANW=Z &F
5 awde] SR Qs A Asd U A s o] SUlste Aolgte AdE B

L3 Z o] 3l FolA oA nLFIFAIES A 0%l 15% =2 soybean
meal T2 2Este] F918 Veira 5(1980)9] Al dolA= A At ] A& 24
o] F7hgkohal &kt
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ol
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o
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3. Casein9 FY o] & FFL8F W A& £33 &7

7F AlE 2 9
) AEEE 9 AMEF9
W19k Aol A cannulaZb Ao F2E 217 €9 9 AAS(HAEA T

4718 + 298kg) 4FE sASAT. 7IE2AFRS] AL ofd Al F A8t (Table

D, AP5E 74kg(M AL S 24kg, A% bkg, 94T S 0.6kg; BW 1.8%)S w3t
R, FAAY & 2 udE FEA T2 ol AlgH FdIALh A - shEAs
el WEE BREES dobry] AT AHABE ob - AW Ak Fol A 27
55 (AEHNAY 0.25% ) st Fo3stA
Table 1. Ingredients and chemical composition of the basal diet
Item %, DM basis
Ingredients composition
Corn 30.5
Soybean hull 6.1
Wheat hull 10.7
Soybean meal 6.1
Calcium phosphate 0.2
Limestone 0.6
Vitamin-mineral mixtures® 0.2
Mixed grass 45.6
Total 100
Chemical composition
DM 84.99
Cp 13.01
Starch 16.48
NDF 46.06
ADF 29.28
Vit. A 2,650,000 IU, Vit. D3 530,000 IU, Vit. E 1,050 IU, Niacin 10,000 mg, Mn 4,400 mg,
Zn 4,400 mg, Fe 13,200 mg, Cu 2,200 mg, I 440 mg, Co 440 mg, B.H.T. 10,000 mg per

kg.

2) A@AA
B A& 4x4 Latin square designl Z 3t} ow, 3 A7 174E F
Aotk 174 5 1€ ~1082 FHEE9 d3d e 2457, 119~14¥2 A=
ANH717F, 159 2 7} o B



A" AHele gy 2o 1) WER2FOI AR T4kg/d + STFFHE lkg
/d); BT TF(71 A R 74kg/d + S5 A R 1kg/d + raw casein 75g/d); 150T (7]
ZA VS T4kg/d + £FFAE 1kg/d + raw casein 150g/d), 225T (71 2A S 7.4keg/d
+ AR 1kg/d + raw casein 225g/d). SFFHR Y caseine & TLo| £3%s
o, 789 FEE vrEo] 23413 F wSAA Al 49 FUEIS

290g/h)3}F %3 T}

Table 2. Composition and amounts of raw casein infused into the abomasum

Item Treatments®
Control 75T 150T 225T
***** Compositions, % ————-
Total Nitrogen 13.25 13.25 13.25
Amino acid nitrogen (TN basis)
Peptide nitrogen (TN basis)
Protein nitrogen (TN basis) 100 100 100
————— Amounts, g/d ———-
Total Nitrogen 0 9.38 18.75 28.13
Amino acid nitrogen (TN basis)
Peptide nitrogen (TN basis)
Protein nitrogen (TN basis) 0 9.38 18.75 28.13

¥75T=raw casein 75g/d, 150T=raw casein 150g/d, and 225T=raw casein 225g/d.

3 Algel AH 9 =AM

HO
>,
o
A=
offt
e,
ol
o,
i)

o 2 $33t9ar, ot period 49 ## W&
o A BAS FISA XS] wiel A

B Azapgels FAZ wAs e
JYi £8& AJE period 4T BF AZTE #4 FAN Sk webd 7
Aepd uE s 319t
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U, Adx 9 a3
D w39 2 g A

- AAS-o Al 49] casein FHF WE T AEA I B FEAAY
WM sl= Table 37 2t} ¢ casein 7 &

A Ul glucoses® ¥ BUNFZOA A2
9} dRrYol FLo| % casein FY o w

casein T Foll W& Fo] W9 A v X =

Table 3. Ruminal and blood characteristics in Hanwoo steers abomasally infused
with starch and casein

Treatments® P <
Item
0T 75T 150T 225T SEM" Linear Quadratic
Ruminal pH 6.60 653 652 648 0.1 0.47 0.66
Ruminal ammonia N,
651 545 699 589 7.0 0.46 0.70
mg/100ml
Blood glucose, mg/dl 60.0 638 620 628 1.7 0.51 041
Blood urea N, mg/dl 121 120 114 11.0 20 0.67 0.93

75T=raw casein 75g/d, 150T=raw casein 150g/d, and 225T=raw casein 225g/d.
"Standard error of the mean, N=4

2) OM &~4d&

Casein FH &l W& 59 7zt 43 H OM 24" 2 OM A4&S
Table 47 2tk OM FYZF] zbol7F AJAIRE, HolAdow Fu= OMZFS A
g Zroll Apol7b A AelAE 7 OMEFo=HEH OM FHEFS W Foz N E
ARE w9 AT OM A A Ze] died AAEAAE Fo4<1 Afo]7t HolA|
ekoktt w3 -2y OM A #Y A28 agla A 233 W OM &2 &0l
U OM A& E Azt Fo4d Aole At As FoldxE o83t 2
ANZF rAo g2 7 ZALEE F913F Richards 5(2002)¢] Al&olMd = Al 491 OM <
ol F7Hghel wEl HolAd OM i #el S7iste A3dE Bou, ¥ Ade
NZAIEE 1Y 23] £ Fost9a, AT AaEEe] Aol w9 n A3tE
o HolAg FdEol #olste] A Aol FAFNA FA1 Aol 7b e
A e Ao wkd)

HEE9) A EA Azt Aot glAdE A2 Al 49 Tl gk A% Ul dd
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A Fg vX e dEg&S Frhe= R I(Richards 5,
Ql casein =7 AN % raw casein(150g/d) 49 F4

To] W39 OM AAES hx79 2o)7F I, raw casein Y ZFE 225¢/d7}
A SRR R A= Aol zh il 2 Al el whE9] pHSF Y EUol N &
2 7+ xol7t e A (Table 9% Al 4992 FYE = OMo] ¥h3=¢) o

Foll S vAA e S AEHsta vk W9 OM A= s Astd
2 A2k zbel= AR eFgka, RS OM A48 56~62%, shi-4sd U

A A

A& 73~76%% YEST

Table 4. OM disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

Treatments® P <
Item b
oT 75T 150T 225T SEM” Linear Quadratic
OM intake, g/d 6,947.7 6,745.3 6,953.2 6.957.7 - - -

OM infusion, g/d 1,000.0 1,075.0 1,150.0 1,225.0 - - -
Duodenal flow, g/d  3,754.7 3997.1 3,766.7 3958.0 1644 0.75 0.88
Fecal flow, g/d 1,922.7 21102 20688 19726 1171  0.88 0.27
Disappearance, g/d
Whole stomach® 4,193.0 3,823.2 4,336.4 4,2247 17677 0.34 0.49
Intestine 1,832.0 1,886.9 1,6980 1985 1303 0.78 0.41
Total tract 6,025.0 5710.2 6,034.4 6,210.2 1528  0.20 0.16

. d
Disappearance, %

Whole stomach 60.3  56.3 62.4 60.7 2.3 0.39 0.62
Intestine 492 472 45.1 50.5 2.6 0.96 0.21
Total tract 7.8 729 74.5 75.9 1.5 0.71 0.20

“75T=raw casein 75g/d, 150T=raw casein 150g/d, and 225T=raw casein 225g/d.

PSEM : Standard error of the mean, N=4

‘Infused OM was substracted from duodenal flows before calculation of hole stomach
disappearance values.

dDisappearance as percent of flow to the segment.

3) CP 24 &

339 Al 4%] casein T Foll u}

il
uh)
E~
L
r
e
O
v}
B~
1
o
ME,
O
vl
B~
>
o



Table 53 #t}. Casein T+ ol S7Fghel wet HolA% CP Fd@el +94
ZFelAaL(P = 0.02), AHolA CP i &FelA 4992 F4E CPHFS wial
9 CP 2A=FR A& APz Aol7b gldth ey w39 At
de] Foll A 21~26%= U AL Aey = NFFo| F7kste] verd
Holw NRC(1984)dl A= CP AH #9 75~120%, Richards & (2002)2 CP A3
o] 109~142%7F Ao =2 fFdevta i, 2 HAPoA= CP HAZFS 76~
97%7F AP 2 FYE Aoz ey

O

r“ﬂHU

N ol

=
R

ol o ro
N

Table 5. CP disappearance rates in each segment of gastrointestinal tract in

Hanwoo steers

Ttem Treatments® P <
0T 75T 150T 225T SEM" Linear Quadratic

CP intake, g/d 8174 8132 8180 8184 2.3 0.39 0.36
CP infusion, g/d 33 661 1289 1714 - - -
Duodenal flow, g/d 6176 7049 7292 7898 375 0.02 0.73
Fecal flow, g/d 2943 3125 3229 3079 135 0.42 0.27
Disappearance, g/d

Whole stomach® 203.1 1744 2176 2001 378 0.77 0.89

Intestine 323.3 3923 4064 4819 285 0.01 0.91

Total tract 5264 566.8 624.0 6820 143 0.01 0.56
Disappearance, 964

Whole stomach 248 214 266 24.5 4.6 0.48 0.55

Intestine 51.7 545 558 61.2 2.2 0.02 0.56

Total tract 641 644 659 63.9 1.7 0.09 0.47

¥75T=raw casein 75g/d, 150T=raw casein 150g/d, and 225T=raw casein 225g/d.

"SEM : Standard error of the mean, N=4

‘Infused CP was substracted from duodenal flows before calculation of hole stomach
disappearance values.

Disappearance as percent of flow to the segment.

S s AEH W CP 24P = 003 CP 24P = 0.02)= dz7
Hl 3] casein T oA FHFo] F7HEFE FeolHdo= 27]'0}1’ 76“'%][—% H ST,
OlALE AaFoR FYFHE CPHFol B caseinFTH 7oA CPY 427 W 0]%"3 o]

n_|>«
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St el Alew Mz, ol AnE A A AW o CP &
felmo 2400 - 001), CP £ABAAE FAALGE - 009 £ A



o ayasd Aus agw dgdde AdE BF Egsn U
= Z

e 2

Richards(2002) R.aio] w=w e CP 24&% ()9 #He BHoFva 39
i, 71 olfe gAY mAE Hge] o nAYE dd 84 FRUYol Fo
TE No| &s F7Hx1717] wiioletar skt
4) AR 2AE
T Al 49] casein FHFN WE 4 Aty o AR LA @ AR A4
& Table 69 2t B A FolA HolAFom {Fdd d&EZFo] A= F9)
H AEE ok A2 AdE A, wEA AHAAE AR w9 A&
100%7F AA ALt Aok, wheba 100/7]' 9= AL 25 100%2 %78 A5 ok
FHeAe] dio] g il o] &HAS Aol As gujdra & 5 9l
o BE Aol AR FdE A sFastd U dE Aol 85%0]%
o8 uyetwa, Ak EAA Aol v 2Ry A AEER AHES
casein Y @Fol F7tstAA F7tste AadS HAT
Richard % (2002)°] @ﬂroﬂ Me 2FoR Fidde dulde F7E A% A
Adads S7AZETL 28310 v & ddodAs &% ] casem‘“/k 225g

X A
THA S 7FAI F AR S iﬁ}% ARk F Zol7b AAT, AA
AE 2482 A4 casein =Y Fol T/ 5 lineardstAl S 718h=
FAG. A 4992 FJE caseinol & A% HEEE] o] FUtE AT
g 2x @Ak Wk (Castlebury$t Preston, 1993; Taniguchi %, 1993)%} # A%
(Taniguchi &, 1995)ol A &7 W @ d F5go] WY 424 U A &3&o] T
Zbeld ot BaEgde. 2 FoE Wangd Taniguchi(1998), Richards 5 (2002.
2003)c] o] e HFe] o-amylase wHI7F W, 1 A3 S]] A
|

Er
Lo
o
2,
>
Lo

T ol84do FXEY Buste] A% U shgdwde] S A a4 #e)
2 U AR A3ES =9 F due HAEE ST

2FoR FUHE AT HFHddA v FalE AoV wiiol &2 4 A
THF N9 Rl o8] S werh wEba ARG disk &2 W A
ol 288 WS 4288 F() #AE RHAFa, A% A I A%
W AR A5ES F9 A5ET A0 #AC At (Theurer &, 1999). =, &%
o o] AR A& ATAY = 7] "WEdd AEHFHZ JdTFS vAA &=
Mo "9 HE A23E8S ZolW A A3l HE A23E&L Zolxtl o]y gt

A E e o]HE REFMAE P ] FUhsthE Ao th(Firkins &
2001). Huntington(1997)2 Ao 2 #FAd¥H+= AR oF 45%7} glucoseEA S5
A g Ae AAHHA 2FoR FYHe ST SR E el AE
A7 AASY FddA 8 olde] Avkar sk wEkA] AEGHA G dFES
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> AR ErEs =Y F v A ge s 2 Aok

ANE 13 I A 2Fom 98 AL w39 nia) dE(F 500~600g/d)
A 492 FIE AE(F 800g/d)e.2 FAEY] Wi AFolMe] AERE A
A 4912 FdE G d TRl o & MY B dFgFS e Aoz A7
ok EOoAg ] w9} A4St ]l AR AAEY s Ao|A o] AStE
o AEAFH A A F AF F49 A A dFS vy 2skd
S AXet FAEES o] &3 AFAdA Y FaE S AT ALY 2o 7=
s AaE s AAE AAre]l Wol(Richards, 2002)E 2 Ade B2 2o A
Holl oJaf =3 Ad Aol sjAolM AFof & S Av] st

Table 6. Starch disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

Treatments® P <
0T 75T 150T 225T SEM" Linear Quadratic

Starch intake, g/d 1,048.3 1,046.8 1,049.0 1,049.3 1.0 0.24 0.40
Starch infusion, g/d 8740 8740 8740 8740 - - -
Duodenal flow, g/d 8489 8962 751.0 8386 40.4 0.24 0.64
Fecal flow, g/d 1073 1051 975 32.1 3.6 0.08 0.47
Disappearance, g/d

Whole stomach® 1,0735 1,0246 11720 1,0847 40.8 0.24 0.65

Item

Intestine 7416 791.1 6535 @ 756.5 35.3 0.37 0.48

Total tract 1,815.1 1,815.7 18255 1,841.1 87 0.06 0.42
Disappearance, 94

Whole stomach 1004 979 100.0  100.0 - - -

Intestine 875 884 86.9 90.0 0.8 0.20 0.21

Total tract 944 945 949 95.7 0.5 0.08 0.47

75T=raw casein 75g/d, 150T=raw casein 150g/d, and 225T=raw casein 225g/d.

PSEM : Standard error of the mean, N=4

‘Infused starch was substracted from duodenal flows before calculation of hole stomach
disappearance values.

Disappearance as percent of flow to the segment.
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(268+8kg) 4F& ol-&stlaL, 4719 Al o] A1 (127 x 250cm)oll 174 483}
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o Bulo] AEAAR o] HA R EeEEr e diFety S 2R e
WA Als A2 wigels 487 AR (Table DE 19 34kg Adso] &
o, HAE 16kg®E Attt SFr+SEFHE(COAZ T B+ F49HBS)A
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Table 1. Ingredients and chemical composition of the basal diet

Corn Barley

SBM CGM SBM CGM
Ground corn 30.5(56.07) 305 - -
Ground barley 30.5 30.5
o ] 6.1(11.21) 6.1 6.1 6.1
Wheat bran 10.7(19.67) 10.7 10.7 10.7
Soybean meal 6.1(11.21) - 6.1 -
Corn gluten meal - 6.1 - 6.1
Calcium phosphate 0.2( 0.37) 0.2 0.2 0.2
Limestone 0.6( 1.10) 0.6 0.6 0.6
Vitamin-mineral mixture 0.2( 0.37) 0.2 0.2 0.2
Rice straw 45.6 45.6 45.6 45.6
Total 100 100 100 100
CP(% DM) 15.9 18.4 17.9 20.9

2) ARAA L 2AFE
RIER S

) e WeE
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7z} A1@ 717 % 1294 0830(0h), 1000(1h), 1200(3h), 1400(5h), 1600(7h)
58] 2ol 200ml FE4A AHSHD, AepEe o AP A

) AolAE W=
Zt A7z S 1394 0830(0h), 1200(3h), 1500(6h), 1800(9h), 14U =)
0830(0h), 1030(1.5h), 1330(4.5h), 1600(7.5h)ell A HsATE WEELS FF027](6
0°C, 48717k o] oA Azt om, 1 Fo AHuHge o A7 Tt

7 2
Total-+< 3¢ FoH(A12Y, 13Y, 14¥Y) Z+ZF 315 Alo] wjAds S
AskAl HolA 500g AR, Time-H 4o
& A7 wel] AP oR 100g4 AFHste] EFaAL AR Ax P AL 4o
A% WEE e Yo Aes

u}h)
wE AN 3 500ml7 o] dE £7]E ol &3le] 3YUH(A9Y, 10, 11
Ad) FAsIA M, N #4]o] o] &3t}

=}

Jo e 2 @Y1 T A 16009 BAFS AAWE Eoked A

v Ay 9 uz
D) 2883 22 Y
E713HCS2 BS)9] CP AA &S st} vls7|ste] CS¢ BCE= CP A
Aol = #ol7k AATHTable 2). 1 olf+ SSFuldy Hele] CP ko] A
2 7] wiEolt wel CSE ok 10% A, BCx ¢F 15% =7 CPE A # 38

oz o}
t ATE B AR AR 9% JFa 2sen AaFFAAE AU f
149l 2ol 7k glgrh.
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Table 2. Digestibilies and nitrogen balance

CS CcC BS BC
Intake
DM (g/d) 4307.0 4266.2 4296.4 4295.8
CP (g/d) 521.5 583.1 576.0 662.0
Digestibility (%)
DM 745 74.0 72.8 73.8
OM 85.1 84.9 84.1 84.5
CP 60.3 58.1 61.8 63.5
Starch 98.5 98.7 99.1 99.0
CP balance
(g/WO0.75)
intake 1.23 1.36 1.37 1.57
Fecal 0.49 0.57 0.53 0.58
urinary 0.94 0.54 0.84 0.63
balance -0.20(-16.14) 0.25(18.3) 0.01(0.35) 1.21(23.1)
2) HhE9] g
§39) pHeF NHy N 5=l A Az 544 feo4de gothFig. 1).
o Y] o] S5l ﬂfﬂ?(CS CC)&= NH3-N 5=+ IAAC H1 s=d =Y
S, pHE AEAH 547 F7H4 sobdth S5 welsh wastel CP ¥
¥ RDP gtaFo]l wirh, mgla oiFuhe SEFE B CPEEe] vl RDPE&S
b mebd] au P AT F ol kel 9k S U Bk NHy-No| =3td 2
olth. FROEE pHIE S A SrobgE A S5 B £E7b welnd

Sl
= =27 w2l duAZt A& T
?l A2 F(BS, BC)&= NHy-N F7H7F 3AIZHA 744
A7y 74 wkskth BSsk BCE Hlaakd tiFuhbgel 7k 9Al NHy-N 5=7b &9
. & VFA FX=+= Table 3o Hepigley, 444 ztol= fllth
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Time(h)
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-=—-CC
——BS
—>—BC

Fig. 1. Changes in ruminal pH and NHs;-N concentration(mg/L) of Hanwoo

fed experimental diets.
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Table 3. Ruminal VFA concentration of Hanwoo fed experimental diets

Item Time(hr) CS CC BS BC
0 97.45 93.06 91.55 85.14
1 101.17 94.32 105.82 85.44
Total VFA 3 98.99 107.95 116.30 91.26
(mM) 5 107.57 111.15 96.51 94.26
7 99.45" 102.97 94.78" 87.62"
AVG 100.92 101.90 100.99 88.74
0 62.69 58.09 59.54 60.21
A 1 64.61 57.31 63.00 56.03
cetate
(% Total VEA) 3 62.37 71.31 74.73 61.59
o tota 5 65.49 68.49 63.29 63.80
7 62.24 62.25 58.90 58.47
0 15.49 15.33 13.52 14.03
Propionate 1 16.93 15.36 1741 15.12
(% Total VFA) 3 15.97 19.51 20.30 16.14
5 16.84 1859 15.49 15.62
7 15.63 16.96 13.75 13.22
0 5.36 7.08 4.40 1.15
Iso-butyrate 1 3.88 6.88 8.44 437
PR 3 6.18 0.89 1.39 2.59
5 10.10 9.01 1.75 421
7 7.25 9.95 7.85 7.34
0 11.11 9.68 1141 10.78
B 1 12.62% 11.22% 13.76° 10.40°
utyrate
(% Total VFA) 3 11.65 12.88 15.70 11.50
5 12,59 12.30 13.11 11.96
7 12.23 11.14 12.04 10.64
0 2.04 2.19 1.97 2.11
Iso-val 1 1.90 1.93 1.85 1.83
so—valerate
(% Total VEA) 3 1.67 2.04 2.14 1.86
5 1.67 1.89 1.49 1.74
7 155" 1.97° 1.23° 1.42%
0 0.75 0.67 0.69 0.71
Valerate 1 1.19b 1.15b 1.35a 0.88ab
o8 Torsl VA 3 1.15 1.34 2.05 1.64
5 0.88 0.87 1.38 1.32
7 0.56 0.70 1.02 0.76
0 408" 383" 4.45" 4.29°
1 3.79 3.63 3.65 3.72
C2/C3 3 391 3.68 3.73 3.86
5 3.92 3.69 4.09 413
7 3.98 3.73 4.32 4.48
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Table 4. OM disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

tem Treament S Sl

CS CC BS BC P1 P2 P3
Intake, g/d 3984.4 3951.7 3942.8 3959.6 - - -
Duodenal flow, g/d  3381.4 4013.3 3035.7 3460.7 317.59 0.3000 0.0158 0.5389
Fecal flow, g/d 209.8 2429 1854 2206 2549 0.1168 0.0366 0.9361
Disappearance, g/d
Stomach 6029 -616 9072 4985 31759 0.0345 0.0149 0.4505
Intestine 31716 37704 2850.2 3240.0 325.65 0.0398 0.0229 0.5447
Total tract 37745 37088 37574 37389 2549 0.6270 0.0163 0.1132
Disappearance, %
Stomach 1513 -156 2301 1260 799 0.0329 0.0146 0.4619
Intestine 9358 9383 9387 9353 1.02 09475 0.9700 0.5502
Total tract 9473 9385 9530 9443 064 0.1278 0.0350 0.9851

? CS: Corn+tsoybean meal, CC: Corn+Corngluten meal, BS: Barley+soybean meal, BC:
Barley+Corngluten meal.

" Standard error of the mean.

¢ P1, Corn VS. Barley P2, Soybeanmeal VS. Cornglutenmeal P3, Unsyncronization VS.
Synéronization.

HolAgow FdHs CPEe oluA4 o4
a5l Aol(P<OODN Sl o = JBe wsiH SEEALL A9
Rolo wAGe] HolAF #9 CPFel HAAMRS CPF nvh o Frbshe e
Axol Aedel dBE WAL dow BuAth o=@ £%3¢ F98 CPh 2%
o4 £9¥E #3 & dUA LR Gudld o dFe we Aow v
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Table 5. CP disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

frem Treatment’ M et
CS CC BS BC P1 P2 P3

Intake, g/d 5215 5831 576.0 662.0
Duodenal flow, g/d 7138 10792 6774 9405 60.73 0.0279 <.0001 0.1432
Fecal flow, g/d 2099 2429 1854 2207 2549 0.1168 0.0366 0.9361
Disappearance, g/d
Stomach -192.3 -496.0 -101.4 -2785 60.73 0.0023 0.000Z2 0.0822
Intestine 504.0 836.3 4919 7199 61.90 0.0834 0.0001 0.1427
Total tract 31177 3402 390.6 441.3 2549 0.0004 0.0208 0.4166
Disappearance, %
Stomach -36.87 -85.07 -17.60 -42.07 10.12 0.0008 0.0004 0.0575
Intestine 7037 77101 7247 7634 3.34 0.6852 0.0198 0.4373
Total tract 59.76 5834 6781 66.67 4.30 0.0089 0.5740 0.9498

4 CS: Corn+soybean meal, CC: Corn+Corngluten meal, BS: Barley+soybean meal,
BC: Barley+Corngluten meal.
" Standard error of the mean.

° P1, Corn VS. Barley; P2, Soybeanmeal VS. Cornglutenmeal; P3, Unsyncronization VS.
Syncronization.

Lol mele] St SeFRy folHoR =%tHTable 6). whebA
S FoATE AolAFeR ¥ w2 Aol FYHARHP<0.001), ShF-a skl A
o] 4% 2A4&E frold PAP<000D) 2 Ao Y ey sl
Arolell of @t gab= AWk o R YA gtk WS 2E S w3k 24
S 2% CCrek BSTelA shiastd 2d&o] fo4d AA(P=0.02) =3ttt
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Table 6. Starch disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

Item Treatment” SEM” Staticstical_
significance
CS CC BS BC P1 P2 P3
Intake, g/d 1610.5 1573.1 1500.7 1502.4
Duodenal flow, g/d 633.6 6732 1731 149.6 124.66 0.0002 0.9007 0.6309
Fecal flow, g/d 265 195 138 154 542 0.0197 0.3804 0.1776
Disappearance, g/d
Stomach 977.0 8999 1327.7 1352.8 124.66 0.0007 0.6915 0.4438
Intestine 607.1 6535 159.3 1343 125.69 0.0003 0.8707 0.5909
Total tract 1584.1 15534 14869 1487.1 542 <0001 0.0013 0.0013
Disappearance, %
Stomach 60.66 57.21 8847 90.04 7.78 0.0002 0.8167 0.5424
Intestine 95.06 97.08 92.08 8953 154 0.0005 0.7420 0.0248
Total tract 98.36 98.74 99.08 9898 0.35 0.0321 0.4490 0.2062

4 (CS: Corn+soybean meal, CC: Corn+Corngluten meal, BS: Barley+soybean meal, BC:
Barley+Corngluten meal.

" Standard error of the mean.

¢ P1, Corn VS. Barley; P2, Soybeanmeal VS. Cornglutenmeal; P3, Unsyncronization VS.
Syncronization.

63



5. W9 ¥3E7|8 = wE 2 JE £35E& W

. =
NIERE
B oAge wEe dol N Awes Ay @9 A FEolA 6F(Hit

2) N@ArE BAIE A A

WAL E o] i H]= Table 13 2t} S50
E Z

Ral&ws nels gF =4¢ 2 a;z, A} MgAEE A7
e ARl B 1A AR WAS ARAD AN AT %
REe Table 2014 B wisl 2 7 Aol BAEL 374 oz WA st

Table 1. Ingredient content of concentrate mixes for cows fed diets containing
corn or barley with Corn gluten meal(CGM) or soybean meal(SBM).

T1! T2?
Corn+CGM Barley+SBM

Ingredient Slow synchrony Fast synchrony
Corn, ground(%) 56.1 -
Barley, ground(%) 56.1
Soybean Hull(%) 11.2 11.2
Wheat Gluten(%) 19.7 19.7
Soybean meal(%) 11.2
Corn gluten meal(%) 11.2 -
Dicalcium phosphate(%) 0.4 0.4
Limestone (%) 1.1 1.1
Vitamin mineral(%) 0.4 0.4

1: Tl=treatment 1, 2! T2= treatment 2.

Table 2. Chemical composition of experimental diets

Concentrate mix Forage
Measurement Corn+tCGM Barley+SBM Rice straw
DM (%) 88.55 89.03 88.56
CP(%DM) 17.92 15.88 4.28
Ether extract(%DM) 2.97 2.44 1.03
Crude fiber(%DM) 8.22 13.48 36.08
Crude ash(%DM) 3.77 4.38 10.86
Gross energy(cal/g) 4036 3918 3466
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Fig. 1. Change in ruminal pH.
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Fig. 2. Change in ruminal ammonia-N concentration.
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Table 3. OM disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

Treatment”
Item P value
T1 T2
Intake, g/d 6172.4+508.0 6055.8+519.1 0.9723
Duodenal Flow, g/d 4457.2+803.6 3521.1+646.5 0.7295
Fecal flow, g/d 2067.6+405.4 1739.3£301.5 0.6389
Disappearance, g/d
Stomach 1715.2+454.7 2534.7+566.9 0.7259
Intestine 2389.6+469.2 1781.8+£361.2 0.6779
Total tract 4104.8+340.6 4316.5+419.1 0.7415
Disappearance, %
Stomach 29.07£9.1 42.20+8.2 0.8713
Intestine 52.89+4.0 50.44+2.1 0.3190
Total tract 67.02+4.5 71.49+3.9 0.8100
'Values are mean+Standard error.
*T1: Corn+corn gluten meal ; T2: Barley+ soybean meal.
CP A& & AolAd < 9B A e

T27+7F 4o S

A =k}

A AAZFS Azt Zol 7 gldloy, Holx4d ¢ didS TI77F =2 4
(p<0.1)S Bt =, WrEfo A el A8 TI7F T27 X HAar, upeha
TiTE ¢ B2 dio] adoz 49 Aolth, 2oz fdd AES T17lA
o 22 o] BaHAG. 2y A AstEdAE T277F o4 A =g
o] & gt ﬂ}% A FaE Ay Adelw Zoth
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Table 4. CP gisappearance
Hanwoo steers

rates in each segment of gastrointestinal tract in

Treatment”
Item P value
T1 T2

Intake, g/d 890.7+69.4 904.7+111.6 0.4563
Duodenal Flow, g/d 1031.7+189.3 984.6+184.0 0.9637
Fecal flow, g/d 332.1£78.3 269.7+47 .4 0.4311
Disappearance, g/d
Stomach -141.0£179.4 -80.0+101.9 0.3776
Intestine 699.6+124.2 715.0+143.1 0.8207
Total tract 558.6+62.9 635.0£65.0 0.9579
Disappearance, %
Stomach -16.68+21.6 767104 0.2612
Intestine 63.11+2.7 72.16+3.1 0.8517
Total tract 63.29+6.9 70.83+1.9 0.0651

Walues are mean+Standard error.
*T1: Corn+corn gluten meal ; T2: Barley+ soybean meal.

Table 5. Starch disappearance rates in each segment of gastrointestinal tract in

Hanwoo steers

2

Treatment
Item P value
T1 T 2

Intake, g/d 2113.7£181.5 1966.9+208.7 0.8238
Duodenal Flow, g/d 1110.8+323.7 381.6196.1 0.0763
Fecal flow, g/d 322.7+95.2 88.5+18.2 0.0221
Disappearance, g/d
Stomach 1002.9£157.3 1585.3+120.1 0.6690
Intestine 788.1+241.8 293.0£81.3 0.1063
Total tract 1791.1£90.9 1878.3£194.3 0.2441
Disappearance, %
Stomach 50.07+11.2 81.45+2.9 0.0519
Intestine 69.81+4.7 75.80%2.3 0.2747
Total tract 85.50+3.1 95.60+0.6 0.0270

Walues are mean=Standard error.
*T1: Corn+corn gluten meal ; T2: Barley+ soybean meal.
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2) APAE 9 AT EiA
ok AlFo| Ao} o] WkF9 eyt wE ®y e ulFubt R =Y S
Fob SFFHUT 24 TR o] AMETSY FEolA 145(260.0+40kg) S o] &3}
AtFA RS 3E FaEt] AARAA T SAES S8EAT

A FFAEE AT 17% FTolA e, AR E AR A4

A71E 20 A WS Bl $7F = oA E(SSe-S2Fud)e e o)

FAR (R -gFEh 7 AR AHAF S SAC vAE 23E Bz Y, S5

Folgtol wlate] wuElFoFrt FAHoR AEAFH Ho] EA Vel dFTA Y

o vk s BP0, kg THT AEHAT] SFF-S2FH FoAT F,
I

=R ke dEE s el el skl WERS EH(P<0.01).

Table 1. Growth performance

Treatment '

Item Pr>F *
T1 T2

Initial BW, kg 312.3£8.6 309.5+14.5 0.4091
Final BW, kg 367+10.5 362.9£17.5 0.4229
ADG’, kg 0.60+0.02 0.59+ 0.07 0.0938
DDMI*, kg/d 7.41%0.29 7.53%0.31 0.9228
Concentrates 4.85%0.14 4.88+0.23 0.4514
Rice straw 2.56+0.18 2.65+0.30 0.4142
DDMI/ADG 12.31+0.17 12.84+1.32 0.0074

' T1: Corn+Corn gluten meal; T2: Barley+soybean meal
? Probability level

3 Average daily body weight gain

* Daily dry matter intake
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Table 1. Ingredients and chemical compositions of experimental diets.

Ingredients, % of dry matter Contents
Corn 30.5
Soybean hull 6.1
Wheat hull 10.7
Soybean meal 6.1
Calcium phosphate 0.2
Limestone 0.6
Vitamin-mineral mix' 0.2
Orchardgrass 45.6

Total 100

Chemical composition2
DM, % 93.09
CP, % DM 12.32
EE, % DM 2.30
NDF, % DM 38.92
ADF, % DM 24.70
Ash, % DM 6.12

Iprovided following nutrients per kg of additive: Vit. A 19,610 U, Vit. D3 3922 IU, Vit. E
7.77 1U, Niacin 74 mg, Mn 32.56 mg, Zn 32.56 mg, Fe 97.68 mg, Cu 16,28 mg, I 3.256 mg, Co
3.256 mg, BH.T. 74 mg

DM; dry matter, CP; crude protein, EE,; ether extract, NDF; neutral detergent-insoluble
fiber, ADF; acid detergent-insoluble fiber.
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3 & At

W9 U Ral&S 7122 319 @rskovet McDonald(1979)7F #|<tsk o}z
Ll &3t SAS(SAS, 2002)¢] HAdE 3442 (PROC

&5 F48h

P=a+b(1l-e%)
EP=a+bc/ (c+k)

. Degradability of nutrients at time "t”
: Rapidly degradable fraction

. Potentially degradable fraction

: Constant fro b fraction

. Rumen suspension time

o o ® g

: Rumen passage rate per time
ED : Effective degradability
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Table 2. Chemical compositions of samples used’.

Feedstuff DM CP EE NDF ADF Ash
-— % - % of DM ——————————————
Rapeseed meal 90.76 40.30 1.13 21.60 12.42 10.45
Soybean meal 90.45 50.38 2.83 20.29 16.14 6.46
Corn gluten meal 92.26 63.16 1.51 35.33 24.10 1.54
Cottonseed meal 89.67 38.69 0.47 51.71 23.85 7.53
Corn germ meal 90.23 12.99 18.34 23.96 5.70 4.37
Soybean hull 90.29 11.81 1.98 66.79 50.76 3.92
Corn gluten feed 88.33 22.09 1.58 35.66 3.53 6.84
Wheat bran 88.39 16.27 3.89 40.13 9.61 5.08
Sunflower seed meal 91.45 14.58 5.78 51.80 39.19 10.64
Lupin 92.16 33.91 7.10 32.19 21.56 2.76
Palm meal 91.31 17.64 8.24 63.04 41.19 5.96
Coconut meal 90.61 23.85 1.96 59.05 26.13 6.73
Sesame oil meal 96.29 42.92 15.59 25.66 15.27 9.67

'DM; dry matter, CP; crude protein, EE; ether extract, NDF; neutral detergent-insoluble
fiber, ADF; acid detergent-insoluble fiber.
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Table 3. Disappearance rates (%) of dry matter of samples incubated in rumen

Incubation times 0 3 6 9 12 24 48 60

Rapeseed meal 27.02 51.80 6082 7170 7442 80.06 8426 8294
Soybean meal 2522 4205 56.72 6565 7718 96.08 99.18 98.41
Corn gluten meal 214 1984 30.83 3241 3461 4315 7356 7617
Cottonseed meal 12.37 2364 3387 4098 4655 60.38 73.35 75.49
Corn germ meal 1440 5313 70.08 7734 84.03 9343 96.29 95.61
Soybean hull 1589 2210 2336 2949 3374 5472 71.80 93.38
Corn gluten feed 61.61 6723 6584 6550 70.02 8164 87.00 91.06
Wheat bran 2593 4734 51.31 5998 64.65 6768 7787 85.87
Sunflower seed meal 1526 2285 2732 3249 3473 3913 49.80 50.66
Lupin 1431 1539 1525 4435 7289 76.09 93.76 92.92
Palm meal 11.77 1497 1679 19.75 2258 49.44 7298 77.66
Coconut meal 2508 2592 29.37 3216 40.11 6824 7751 82.83
Sesame oil meal 2577 30.80 35.02 40.77 50.57 64.10 7347 73.29

Table 4. Disappearance rates (%) of crude protein of samples incubated in rumen

Incubation times 0 3 6 9 12 24 48 60

Rapeseed meal 1717 6869 76.07 8788 8791 9049 93.04 91.97
Soybean meal 12.04 2637 4595 5455 7049 94.00 9884 97.68
Corn gluten meal 036 082 999 10.20 11.37 1868 62.83 67.25
Cottonseed meal 16.82 2142 4131 5485 6353 7654 88.06 8598
Corn germ meal 1576 43.06 6591 66.39 76.23 89.56 91.68 90.42
Soybean hull 2535 3610 40.06 4761 4953 6749 7560 84.68
Corn gluten feed 61.61 6723 6584 6550 70.02 81.64 87.00 91.06
Wheat bran 2679 4912 5370 64.09 7313 7790 89.27 96.31
Sunflower seed meal 1267 3892 4647 5091 5783 63.01 8736 87.73
Lupin 1431 1539 1525 4435 72.89 76.09 93.76 92.92
Palm meal 13.03 1592 1519 16.63 19.37 3442 5582 71.28
Coconut meal 1373 1476 1472 1567 19.03 44.35 61.69 80.55
Sesame oil meal 2096 2568 2680 31.83 40.65 54.30 64.49 64.92
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Table 5. Effective degradability of samples incubated in rumen

Parameters
Feedstuff EPD’
4! b2 o
Rapeseed meal 17.89 72.84 0.3433 81.47
Soybean meal 9.02 84.75 0.0859 67.01
Corn gluten meal 0.00 99.37 0.0182 22.55
Cottonseed meal 12.08 75.92 0.0841 59.69
Corn germ meal 16.60 74.16 0.1473 71.96
Soybean hull 26.62 59.48 0.0449 54.76
Corn gluten feed 61.34 36.31 0.0272 74.13
Wheat bran 29.88 61.91 0.0883 69.40
Sunflower seed meal 19.98 67.01 0.0667 58.29
Lupin 4.32 83.03 0.0703 55.76
Palm meal 8.48 86.86 0.0164 29.94
Coconut meal 6.78 93.44 0.0182 33.05
Sesame oil meal 18.24 4891 0.0480 42.19

1Rapidly soluble fraction.
2Potentially degradable fraction.
*Constant for b fraction.
‘Effective degradability of crude

protein at the passage rate(k) of 0.05
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Table 1. Ingredients and chemical compositions of experimental diets.

AAE 3
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Ingredients, % of DM Contents
Corn 30.5
Soybean hull 6.1
Wheat hull 10.7
Soybean meal 6.1
Calcium phosphate 0.2
Limestone 0.6
Vitamin-mineral mix' 0.2
Orchardgrass 45.6

Total 100

Chemical composition2
DM, % 98.09
CP, % DM 12.32
EE, % DM 2.30
NDF, % DM 38.92
ADF, % DM 24.70
Ash, % DM 6.12

1provided following nutrients per kg of additive: Vit. A 19,610 IU, Vit. D3 3,922 IU, Vit. E
7.77 1U, Niacin 74 mg, Mn 32.56 mg, Zn 32.56 mg, Fe 97.68 mg, Cu 16,28 mg, I 3.256 mg, Co

3.256 mg, BH.T. 74 mg

DM; dry matter, CP; crude protein, EE; ether extract, NDF,; neutral detergent-insoluble

fiber, ADF; acid detergent-insoluble fiber.
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Table 2. Disappearance rates (%) of dry matter of samples in different sites of

gastro—intestine.

Small

Feedstuff Rumen Abomasum intestine Total
Rapeseed meal 60.59 3.30 14.70 78.60
Soybean meal 78.31 6.65 7.19 92.16
Corn gluten meal 21.52 11.50 54.30 87.33
Cottonseed meal 38.18 3.66 20.49 62.33
Corn germ meal 62.53 3.33 22.36 88.22
Soybean hull 34.96 0.40 8.84 4421
Corn gluten feed 57.48 1.23 9.21 67.93
Wheat bran 60.51 3.79 10.48 74.79
Sunflower seed meal 2791 291 15.87 46.68
Lupin 69.41 0.94 14.67 85.02
Palm meal 32.02 3.07 25.02 60.11
Coconut meal 48.47 1.85 26.47 76.79
Sesame o0il meal 46.41 2.84 33.37 32.61
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Table 3. Disappearance rates (%) of crude protein of samples in different sites of

gastro—intestine.

Feedstuff Rumen Abomasum ; n%érsl%lrll o Total
Rapeseed meal 62.12 2.77 27.06 91.96
Soybean meal 7177 5.71 20.50 97.98
Corn gluten meal 10.83 19.15 57.76 87.75
Cottonseed meal 29.18 7.10 42.61 78.89
Corn germ meal 65.44 1.37 25.35 92.17
Soybean hull 70.31 1.44 13.96 85.71
Corn gluten feed 65.55 1.64 24.89 92.08
Wheat bran 63.61 4.64 27.80 96.05
Sunflower seed meal 70.05 0.48 24.14 94.67
Lupin 69.62 1.11 21.27 98.00
Palm meal 4461 2.00 42.33 88.94
Coconut meal 27.13 2.67 61.62 91.43
Sesame 0il meal 10.64 1.95 62.75 75.34
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3. CNCPS 7190l 23 B AR 9 nitrogen fractionation

1) Non-protein nitrogen(NPN)

Az e 05g9 MES ol 125ml 42t b= ©@i S/ 50ml
= ¥ ¥ sodium tungstate %C‘” 8mls Wil 20725Cel A 303 A A At
g

. Filter
Tgo

E
e
YRR

paperE ze 27| #4138 '?‘ =T &
Fr2 F H AoFE Z papers Kjeldahl flaskel

A He ALE AN, FHAZEYH 729 d& F4E NPNS AL

2) Soluble nitrogen and protein(buffer—soluble nitrogen)
7z #4435 05ge AZFS 126ml AT EEx3e Ea 50mle
borate-phosphate buffer(monosodium phosphate 12.20g 1! ,sodium tetraborate
891g 1! tertiary butyl alcohol 100ml 1 1)S 23 sodium azide £4< 1ml 9%
t}. o] % Ao 3AZF For AT F filter papers ©|&3Fe] I AFgo =
olststeirh 49E 0misl AhE FHEE AL F ADUE Agdel ArE 5

Ao F Zuwdye] 2ol soluble proteing Al AFEHA T

3) Neutral detergent insoluble nitrogen(NDIN) and acid-detergent insoluble
nitrogen(ADIN)

Sample 172g2 NDF % ADF ¥4 4

ARAe] F& HFE AWRL ol Fate] %

Nx6.25%2 NDIN % ADINS YEpTEH

Foll whel #2(Van soest, 1991)3
o

BHE stgov FAne W&

80



u. A

Table 1. Nitrogen fractionation (%) of samples

Feedstuff A By B Bs C

Rapeseed meal 25.23 15.71 26.03 22.16 10.87
Soybean meal 5.63 417 38.49 29.68 22.03
Corn gluten meal 2.73 1.42 31.88 23.18 40.78
Cottonseed meal 5.89 6.60 48.95 27.85 10.70
Corn germ meal 29.70 6.08 22.34 21.99 19.89
Soybean hull 10.68 8.05 23.28 34.39 23.61
Corn gluten feed 66.34 0.52 14.28 10.82 8.04
Wheat bran 16.83 1.94 32.30 37.99 10.94
Sunflower seed meal 15.06 0.59 41.20 22.04 21.11
Lupin 30.45 20.11 6.69 25.74 17.02
Palm meal 1.62 3.54 21.55 40.72 32.58
Coconut meal 3.67 5.63 12.29 51.87 26.54
Sesame oil meal 20.13 1.27 29.74 24.59 24.27
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4. CNCPSs} g &y muldy] uelg 53 No "ugr}

In situ W<l Nylon bag¥® mobile bag o] 98] =43 RDP, UDP,
UDIN# in vitro ¢l CNCPS W o® =43 7} nitrogen fraction #t 7<) H
WE Fote @il d AR IF H7EE] in vitro WAIE BES A Y. 23 = Table 13
Fig. 1~5%} 2t}

Table 1. Comparison of nitrogen fractions (%) between in situ and CNCPS'.

Feedstuff ropP  A+B1 AN upp BB a3 ubiv
Rapeseed meal 815 409 811 185 256 482 3.0 10.9
Soybean meal 67.0 9.8 420 i 330 657 682 2.0 22.0
Corn gluten meal 22.6 4.2 bl.1 75 72.2 55.1 12.3 40.8
Cottonseed meal 597 125 581 §{ 403 504 768 i 21.1 10.7
Corn germ meal 72.0 35.8 67.0 28.0 63.9 44.3 7.8 199
Soybean hull 548 187 483 i 452 723 577 i 143 236
Corn gluten feed 74.1 66.9 36.0 25.9 56.5 25.1 7.9 8.0
Wheat bran 694 188 615 { 306 834 703 4.0 10.9
Sunflower seed meal 583 157 51.1 | 41.7 556 632 5.3 21.1
Lupin 5.8 506 569 i 442 638 324 2.0 17.0
Palm meal 299 5.2 267 1 701 658 623 i 11.1 326
Coconut meal 33.1 9.3 572 1 670 525 64.2 3.6 26.5
Sesame oil meal 422 214 216 § 578 698 543 i 247 243

"The Cornell Net Carbohydrate and Protein System

RDP; ruminally degradable protein estimated by effective protein degradability
(EPD), RUP; ruminally undegradable protein estimated by 100-EPD, UDIN;
undegradable intake nitrogen estimated by the portion of undigested protein

throughout gastro-intestine in the mobile bag trial.

7F. RDP$} A+Bl X+ A+B1+B2 fraction
RDP$} CNCPS9] nitrogen fraction®] W] 1ol A= A+Bl fraction®]
Y = 066X - 12879 #AANSZE P valueZt 0022 S A9 A+B1+B2

fraction= AT A7} EA 514 F=
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1) RDP vs A+Bl fraction

80
y =0.66x —12.87

70 | R®=0.39

P=0.02 .

60

50 *

40

A+B1, %
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0 20 40 60 80 100
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Figure 1. Relationships between ruminally degradable protein (RDP) estimated by
in situ trial and A+B1 fractions estimated by CNCPS.

2) RDP vs A+B1+B2 fraction

90

y = 0.42x +27.26
R%=0.228
P =0.10

80 |

70

60 |
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Figure 2. Relationships between ruminally degradable protein (RDP) estimated by
in situ trial and A+B1+B2 fractions estimated by CNCPS.
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L}, RUP¢ B1+B2+B3 52 B2+B3 fraction
RUP$} CNCPS9 nitrogen fraction®] Hl oA+ Bl1+B2+B3 =& B2+B3

fraction 257 F@##AA7F EA8HA] = HoZ YERY

1) RUP vs B1+B2+B3 fraction
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Figure 3. Relationships between ruminally undegradable protein (RUP) estimated
by in situ trial and B1+B2+B3 fractions estimated by CNCPS.

2) RUP vs B2+B3 fraction
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Figure 4. Relationships between ruminally undegradable protein (RUP) estimated
by in situ trial and B2+B3 fractions estimated by CNCPS.
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t}. UDIN¥ C fraction

UDIN# CNCPS9] C nitrogen fraction?tel
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Figure 5. Relationships between undegradable intake nitrogen estimated by in situ

trial and C fraction estimated by CNCPS.
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Table 1. Ingredient and chemical composition of experimental diets

Diets'
Control LCGM HCGM LSBM HSBM

Items

Ingredients (% of dry matter)

Corn(ground) 5360 50.61 4879 5144 46.75
Cottonseed hull 1888 1783 1718 1812 1647
Skimmed rice bran 6.40 6.04 5.83 6.14 5.58
Calcium phosphate 0.64 0.60 0.58 0.62 0.56
Mineral-vitamin additive” 0.16 0.15 0.14 0.15 0.14
Salt 0.32 0.30 0.29 0.31 0.28
Corn gluten meal - 558 11.63 - -
Soybean meal - - - 877 1799
Rice straw 20.00 1889 1556 1444 12.22
Total 100.00 100.00 100.00 100.00 100.00
Composition (% of dry matter)
Dry matter (% of fed basis) 8754 8777 88.00 8744 87.38
Crude protein 726 1037 13779 1065  14.17
Ether extract 2.93 2.89 2.89 2.87 2.75
Crude fiber 16.15 1529 1389 1443 1338
Neutral detergent fiber 33.32  31.69 2913 2991 27.66
Acid detergent fiber 2071 1965 1800 1862 1725

'LCGM; low level of corn gluten meal, HCGM; high level of corn gluten meal, LSBM; low
level of soybean meal, HSBM; high level of soybean meal.

provided following nutrients per kg of additive: Vit. A, 2,650,000IU; Vit. Ds, 530,000IU;
Vit. E, 1,050 IU; Niacin, 10,000mg; Mn, 4,400mg; Zn, 4,400mg; Fe, 13,200mg; Cu, 2,200mg;
I, 440mg; Co, 440mg.

th) w91 VFA
VFAE 99 9S 479 gauzez AFgt & 919 5mlel HgCly 0.05ml,
HsPO4 1ml, pivalic acid 0.2ml<S ¥l 4°CollA 3083+ A A A7) 2L, 3000rpmel A 20
7 94 B 3 AE=dE FHslol GC(Gas chromatography; VARIAN model
CP-3800)& ol&3ste] &A1& thHErwins &, 1961).

2}) W9 NH3;-N

Hh9] GEUol i A NS 4% 9] gauzeR o3 F A= A&
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S AAAZ7] 918 HegCLZE: Y¥ar, 3000rpmolA 20%37F 94%2 % Chaney2t
Marbach(1962)¢] ol 98] UV  spectrophotometer (BIO-TEK  KONTRON
model UVIKON923)E o] &-3lo] 221313t}

uh) wk3=9] g4 BgdEYote] A 2A3gHE(SNAN; soluble non-ammonia
nitrogen)
Choi 5(2002a)9] ®Ho wpe} b33 Zo] sample preparation H #4]&
F3 A EAS 1,000xg, 4CTE 10837 AR st 2 AApep w9
IR EZOE AAZ T 10,000xg, 4CT= 308 3+ HAEse] ¥3x9 w2y ol
AAS 1 4FqE trichloroacetic acid(TCA; HF &%= 5% w/v)Z Hgste] &=
|4 ddSs Jds H8l s W B F 10,000xg, 4C2 30% F 9AE
2] stk &S del free AA, peptide R fEUo7E 5o glal TCAR Fd+
Fojg (pellet)dll = F2 T84 gl do] EAstty, dRYole] dAE a-amino acid
assay S 3}7] o &ZT Exz (1M NaOH, 60C 20%)= AAsITh HAE
pelletoll &= FA & AEo] dRYole] AAE 7FA 3 gl7] W&ol (Choi &, 2002a) &
44 g dy dAdare dRYoty AAE BAEHA &t PelletS 5% TCAZ =%
AP A AlFste] ol = T A AFH S pellets 457 1F
N, 7}~2 flushing® 6N HCI(HFF5=)Z HEdt & 7 AZS A 7h5R38] ol
20730% %t Np 7F22 flushingdtAth A5 & pellets $F3 tubed] vHE
2 23 110T, 2473 st 7hEsiA AT e aia gl dE o pellet 4=}
=

m
=
7 % dzd A

il

2
R )

2

e o
rok

N
)
m
M
gg
>
N
B
&2
rlo
>
o
ofj
2
n)v
i
tlo
N
(@)]
o
™
of
ol
ol
2
o
o|\
23
)

stebeel Z7te] Ha #3& EBC

standard ninhydrin assayE ©|&3%}¢] U

@D free AA+= 2F 7}58R3e)] 81A) $& A=

@ peptide’= 7FpEa] 2171 A= U] A2l A free A
T"i‘

=
G4 BMAe TCA A% 74

o
A2 7} periode] whAIE & A 9AI e} @ F3A]o] 7w o

sl A7 Holde e FrEe ol 3500rpm e 2 4°Coll A 1523 A4 &2

Azde A FAEA 7| (CIBA-Corning model express plus)E ©]-&3ste] BUN,

albumin, total protein, creatinines ¥413}%t}.

oL
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AP Bl E A ol oh ] 5

nAEA A A Borchers(1977)% ¢ Wl o Ase] UV
spectrophotometer(BIO-TEK  KONTRON model UVIKON923)Z o]-&3}o] o}z e}
2ol #A s

% AZS 100ml volumetric flaskE o] &3dlo] 1:5002 348 th. 100ml
sample® o &7 @& t}S NaOHZ o]&3le] pHE 8.0+05% ZAH3AY. 34 =
AMZ 25mlS test tubeo] HiL 15040 xanthin oxidaseE Y il 2A17F vl &3t thA]
1500 uricase ¥l 2417 Wi ¥stE=d], o)Wl = A= W hypoxanthine¥} xanthine©]
xanthine oxidase®| 2|3 uric acidZ A3 ¥ 31 o]= YA uricasedl ]3| allantoin®
2 3Er 05ml 0.6M NaOHE ¥ol+ th& 100C water bathell A 10-15%%F &
o] &£t} Alkaline hydrolysis® allantoin< allantoic acid® A3kt Z2-4 02 1ml
9] 0.1% 24 dinitro phenylhydrazine in 2M HCIE YolF0o] thA] 2483+ # =
o], o714 acid hydrolysis® allantoic acidE urea + glyoxylic acid® %i%]r/\] ]J—
WA el Zgo®  glyoxylic acid® phenylhydrazoneo] @A L APi}E]Oi
chromophoreE THEAl ®t} o] F ZE A Ao =gd wj7px] W7hsk & 5mle]
25M NaOHE ®al 10 b Z2eolA AA sl A&2 OD #< 520nm= 574
sk itk

15}

o
& F dx FFS AWl od FYSHAT BE wsh 2 /0 U Aol
WARe Z4sn & atelel 500g¥ AEY @ F DM, CPE 245}

A2 g Aol FodE HAFe7] fstel FAEAE SAS
Procedure(2002)=  ©] Atk BUN, albumin, total protein, creatinine, "|A& A ¢k
B, da F4E o2 GLMez FeAds A5 selen, pH, VFA, NH;-N,
SNAN- mixed procedure(Littell 5, 1998)E o] &3} t}.
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L, Az
1) "k59] pH

Table 29 Fig. 12 At&W CP =3 RDP % RUPSFF E pHe W
32 Uetd Aolth AlgHo & 1A+ 347kl HCGM(high level corngluten
meal)¥} HSBM(high level soybean meal)e] pH: 9] §& 1A17ko] Z+Z}; 6.88, 6.74,
3AIZkel 6.70, 64022 HSBMA 277k HCGM Aol nlsjA wA el
(P<0.05), ol AL vnd Ea7} St 1A 3ol A 3A 7R o] H] 528 YA =5
stoll A wh9] B &RrE wE 7o)l b gogo® Qs ElEHE /7=
o] W7l Wil Ao& Helth ¥y 3 feeding cycle® R %S we pHE A
g HE F AolE Holx =t o] AL Robinson¥} McQueen(1992), Reynal
¥} Broderick(2003) 53 frAbgt A#E vERTH BEE9] pHYE 55 o]stE "ol AW
A4 BalEo] wl$ 2olx=d(Hoover, 1986), & A& M= A+ &3 FALE

AP el el A RbE9] pHE =7F H & 64 o]d& A8kt

Pk

pay

Table 2. Effect of CP contents and levels of RDP and RUP in diets on changes

in ruminal pH, concentrations of ammonia and volatile fatty acids (VFA).

o Statistical
Diet L 2
Ttems SEM significance of
Control LCGM HCGM LSBM HSBM C1 Ca Cs
pH 6.79 6.74 6.76 6.7 6.66 0.09 0.2201 0.7767 0.1726

Ammonia, mg/L 374 344 5887 7094 10322 1772 0.1400 0.1100 0.0300
VFA, mM

Acetate 7145 69.27 6875 6781 2.4 54 07136 0.6311 0.7951
Propionate 1883 1882 1873 1953 19.39 196 0.8739 0.9385 0.6412
Isobutyrate 0.97 1.07 1.26 1.36 1.65 0.12  0.0020 0.0081 0.0008
Butyrate 9.92 9.58 9.03 11.84 13.65 1.3 0.3456 0.5104 0.0038
Isovalerate 1.94 2.96 2.50 2.50 2.73 0.26 0.0731 0.6931 0.7874
Valerate 0.80 0.98 1.09 1.17 1.39  0.09 0.0019 0.0421 0.0073
Total 103.86 10217 101.70 104.37 111.54 844 0.8874 0.5982 0.3509

"LCGM; low level of corn gluten meal, HCGM; high level of corn gluten meal, LSBM; low
level of soybean meal, HSBM; high level of soybean meal.

Statistical significance of treatment by mixed procedure; Cl, control vs. protein ; C2, low
protein vs. high protein; C3, CGM vs. SBM.

90



7.1
7
6.9 r
6.8 —e— Control
6.7 —=—|LCGM
5 6.6 [ HCGM
6.5 LSBM
6.4 —— HSBM
6.3
6.2
6.1
0 1 3 5 7
Hour

Figure 1. Effect of CP contents and levels of RDP and RUP in diets on changes
in ruminal pH (LCGM,; low level of corn gluten meal, HCGM; high level of corn
gluten meal, LSBM; low level of soybean meal, HSBM; high level of soybean

meal).
2) W59 VFA ¥ %
Alm W CP &% RDP ¥ RUP =9| ¥+ Y&E&529 VFA AA nx
g akoll ¥3 A3} Table 29 Figure 201 YERE whel 2t}
U39 total VFA, acetate, propionate-% e AAHor HS o,

W

7 Aol whep frolH <l zbolzt gliTh ol wilA Atmo] FH{7F VFA F kol
F T2 ¥+=th= Prichardeb Males(1985) Santoss(1984) 2 Stern &
(1983)94 At frabeh Aot VFAE v El A4S 93 875 E ATPE
A7 S84 FE BFsES B o A= FAER AlGAE S B5stE o

01 Hl ek A3} dAE F VFAZE 8w Rog AZEY, 3 Algge] & 34
Zrol 9JojA 9 total VFA, acetate, propionate?] &%+ CGM FoTEtT SBM &
of ol A E Al I%E}ML(P<005) E3] HCGM7°l Hl&] HSBMT-ollA =4 e
=H(P<0.05), °]& Ab&Ewo § 1AIZFel Al 3AI1ZE7-A] HCGM TRtk HSBM+<] pH
7F 6 vk Ay AHo] e Aoz Bt Iso-butyrated HEE WiER‘FHU
A2 oA, CGMTl vl SBMTolA A YEFSTHP<0.05). Butyrated] =+
CGMTel B8] SBMFol A A YeEba1(P<0.05), iso-valerate?] &= thZol
vls] Aok, wad A o] vjs) gl A A VERRTHP<0.05).  Valerate
v 2T 2o ATl A, CGMTel B8 SBMT-lA = A WERS THP<0.05).



Bryant(1973)‘€: branched chain fatty acid(BCFA)Ql iso-butyric acid®} iso-valeric
acide] ®& R l‘%‘éﬂ kg glote] Ao A branched chain amino
ac1d(BCAA)-4 % of o]&dS Bttt webA R BCFA s%=7F vtow
v A8 S A sHetha OBAE]r(Cllne =, 1966). =3+ Hoover 5(1986)& BCAAZ2
W9 olst g o HE ful¥l BCFAZE A4 &3 whdlgloto] Aol oA
w¢& Fa3dtcta vt wEbA iso-butyrate?t iso—valerate® HTEdo] zZ+zt
valine?} leucineo] a2 WU &l &o] ¥ ¥ SBMTFolA @A ygo] o @k
7] Wz BCFAS v%=7F o =4 Yed Ao = BRItk g CGMelA ¢ H] a4

TE o] AE AgAlste] 9 dRUYole] Fkel M=
o

FSL o?:, Fl
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Figure 2. Effect of CP contents and levels of RDP and RUP in diets on changes
in ruminal total volatile fatty acid concentration (LCGM; low level of corn gluten
meal, HCGM,; high level of corn gluten meal, LSBM; low level of soybean meal,
HSBM; high level of soybean meal).

3) ¥+9 NH3-N &%

Figure 3%} Table 2= Z} A7 T Alddd & dRYole] FEws)

Bl ol w9y dEYol sEE AlEwo $* ghAE z 2
o}

F

ojFol Hasts AFES Helsd, 4 AT

Fl
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LCGM 34.4, HCGM 5887, LSBM 70.94, HSBM 103.22mg/1& YEsth. CGMT<F
Hlas] SBM7F Yol w7 w2 kth(P<0.05). AAH o2 Bets o CGMel
H] 3|4 SBMT-9] tRUYol wXrt =4 veted], o= Agdd AHgH 7 amAd
e B9 U B35S 8PS o SBMO| whE Ea S oA 7|de Ao
Btk wh59u #3lE =7 wWE SBMe wol 25 Ao PlAEE0] o8& + 3l
= A&7 o w7 Wil dRUYole] A o] o] Bds FoE HRln. o¥

A= AbRY dde] Freet Fake Frbe A w9 dRYol B F
72 olojt= Aol dA S (Armentano 5, 1993; Olmos Colmenero$}
Broderick, 2003; Davidson &, 2003). ¥F=¢ W ¢ PL’W o} %EE T3 pHoll 92

wd], w9 pHoE Stebdel meb wESlY SEFANH)Y B FolAw
FEFdel e 4o Feje] GEoNH) Rtk H&%%Eﬂ, F4gol onz pH
b ebAE WG el BEsb EolAAl Ak ¥ @A Amiel ¥ 1

Al Zkoll Al 3AIZE7EA €] pH7F CGMol Al Hth SBMT-ol A o SEekdd A gk ok ry
o} Fxo] JtS vHS FE A Aoz AZHECTE Reynal 3 Broderick(2003)-
Z|ZALEE wost iz SSBM(solvent soy bean meal), ESBM(eXpeller

soybean meal), BM(blood meal), CGM< HFo13F A& thx+9 CGM< 3k
A ol A okgwa} FEb wgka, SSBME uoﬁl’?{ Al el 7 3 »}E‘ri B
A=, dHETe FEol ki, CGM2 W9 e &o] wtr] wZel vAdE

L7F grold Ao=®  HogTH

o] REF9UY NPN O]%% ST AA dEYol F
Robinson¥} Mcqueen(1994)2 SBM, BM+CGM< =
AT A dRYol X7t =9ktta sto] 2 A FASE AEFS BT

érﬁﬂ] &30 H] FRuobe] dA
1] ol WP% AN T= 2 dd WH3aS Table 3, Figure 4, 5, 6, 2
79| Z+7Z+ Xﬂ/\]‘}‘iﬂi} é] A7l o}n| = AHP<0.05), pept1de(P<0001) U
SNAN(P<0.0001)¢] HETRT ok 999 peptide B & SNAN 3
v

e go] TS VT SBME] ofbw] At
A(P<0.0001)2] Hi HEE= CGMTFHRT E=9toh

%
# FEE CP 5F
11;_]—13

(P<0.00D) 3 =84

93



160

140 s
120 1

/ —e— Control
100

= A —a— | CGM
O
80 HOGM
£
60 T LSBM
% HSBM
40 |
20 |
0
0 1 3 5 7
Hour

Figure 3. Effect of CP contents and levels of RDP and RUP in diets on changes
in ruminal NHs-N concentration (LCGM; low level of corn gluten meal, HCGM;
high level of corn gluten meal, LSBM, low level of soybean meal, HSBM; high
level of soybean meal).

8] ofu Ak WSS ] @A Fa) F<F Ay e (Broderick, 1987) ©]
= "AEA @A FAHS AT ?E}(Maen 5, 1976). T3 vdwA g HE B
peptide= W9 W& o8 Fauo] wuwld A T duxdom o] g=
4 AH(Allison, 1970; Russell 5, 1983) Peptide Bacteriodes ruminicola®] 43 %ol
2 5™ (Pittman® Bryant, 1964) &3 WE9] Al Eo A dRE Yol wEHTT O
w2 AJge 7hA S oH(Wright, 1967). &3 W29 #lAELS {8 ofv| bRt
peptide 23} O]'U]lt}x‘lg 9 w27 A A (Prins, 1977). 2822 SNANS| &
T WESAA Bs Aowm o AX D} 12y peptides= 1 *E&°] peptide 7hH
A &olut WA E %—’F Hup =5 o whE9dA 24" F Aok B Aol A
3 EFe] SNAN #-3o] nk3=9] ]/\1 Z;HQ}\}\J— ARl g H7bA7E obd g2
TFAME  FEHAY.  olek H]=E A Chen 5(1987a, b)¥  Robinson¥}
McQueen(1994) %= peptideZ} #5390 =2t B g Choi 5(2002b)S Abd
Fe] SNANo| whE9loA SA AT Bugvy, & Aol @id H7hep o
A H7F L wF9olA ol =2k peptide] FEE SUMAIAL ol ¥ B
Al ade] FH o R peptide?t ofv]Ato® R H] wjEog Mwst

-1>
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T84 F80] =& gude gy VR a4 ] vhges o

WA JEZafof 317] Wit FF wEA Zad. 1R 8443 Als 9

A2 HFEH SNANS WEA7l= 33 #do] gk o & 59], Chen 5(1987a)2 &

Aol ¥ FA4E SBMES 3938S W =2 539 peptide’t ¥FE9] ol F4 5=

WhH g o] Yol EE A2 SBME w913 S Wl peptide FEE AT

Haugtch o] AFoA] AL&3 SBM & o] 53%7} phosphate buffer(pH 6.8)e] 4=
(o]

Aot dAEl SBME FEAL 7%olth olet M=EhAl B ATl A
SNANS| RE 289 v T840 @2 CGMY vlaste] SBM<s w8 o
<7beldth. SBMol CGMEH B B2 F84 d@9ds x3stal 7] w2l (20%
SBM vs. 42% CGM; Sniffen &, 1992) SNAN Fx& ©uid 8437 o] gl
ta e ¢ Qv 2y B AT nEy Aol @S A

Williams®} Cockburn(1991)& peptide 3%+ H7} d o
AZ 7FA Qqvba 33 Choi 5(2002b)2 HEF L oA SNAN2S ©d 7tz 5
ZhskARE H 7 o] Feo] wE 93 AT B

Table 3. Effects of CP contents and levels of RDP and RUP in diets on the
concentrations (mg N/L) of nitrogenous fractions of soluble non-ammonia

nitrogen (SNAN) in the rumen

Diets’ ~ Statistical
Ttems SEM? significance of
Control LCGM HCGM LSBM HSBM Ci Co Cs
Amino acid 2168 2797 2871 4944 6760 594 00305 0.1310 0.0001
Peptide 3170 4054 4251 5381 9449 798 0.0020 0.0037 0.0001

Soluble protein 1898 1583 1828 29.64 3807 3.56 0.0672 0.0832 <.0001

SNAN? 7837 8434 8951 19 201934 <ooor 00001 <000

1.CGM; low level of corn gluten meal, HCGM; high level of corn gluten meal, LSBM, low
level of soybean meal, HSBM; high level of soybean meal.

“Standard error of mean.

3Statistical significance of treatment effects by mixed procedure. C; control vs. protein
supplement, Cz low protein vs. high protein, Cs CGM vs. SBM.

Calculated as the sum of free amino acid, peptide and protein.
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Figure 4. Effect of CP contents and levels of RDP and RUP in diets on changes
in ruminal total soluble non-ammonia nitrogen concentration (LCGM,; low level of
corn gluten meal, HCGM; high level of corn gluten meal, LSBM; low level of
soybean meal, HSBM; high level of soybean meal).
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Figure 5. Effect of CP contents and levels of RDP and RUP in diets on changes
in ruminal free amino nitrogen concentration (LCGM; low level of corn gluten

meal, HCGM; high level of corn gluten meal, LSBM; low level of soybean meal,
HSBM; high level of soybean meal).
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Figure 6. Effect of CP contents and levels of RDP and RUP in diets on changes
in ruminal peptide nitrogen concentration (LCGM; low level of corn gluten meal,
HCGM,; high level of corn gluten meal, LSBM,; low level of soybean meal,
HSBM,; high level of soybean meal).
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Figure 7. Effect of CP contents and levels of RDP and RUP in diets on changes
in ruminal soluble protein nitrogen concentration (LCGM; low level of corn gluten
meal, HCGM; high level of corn gluten meal, LSBM; low level of soybean meal,
HSBM; high level of soybean meal).
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& ol EH/\].U A

Table 4= 2t A FelA el o tazde $x=E vebd 2Qld, BUN
Z+, LCGM, HCGM, LSBM ¥ HSBM<e| A2 Z}Z} 6.31, 125, 17.95, 161 2
21655 iz vl A F7HP<0.05), @A AgEed vl Lol (P<0.05),
CGM-ol Hl3] SBM+7HP<0.05) =4 debstth. Albumin SBMT-ol Hls CGM
T7HP<0.05) A WEFSEAL, total protein H=g SBMFel 8l CGMT7HP<0.05)
=7 YeErstth Creatinines 2 A2 7ol =8uUsE F27F 911t} Ellenberger
5(1989)% Angus$t Hereford mg$-olA A Ao gt vHluE AA S 2
I oAg Y T R AFoR AdkE o aiAAs HH o] 5% SR B

37 %7)¢] BUN fﬂaw e AL dgare TEAQA o4 YERA ZlojEt B
Ak F AolA o] BUNS U, 53] A o] & a&848 7Hs
g 5 e T8 %z} xuah g 4= gtk B Ao BUNS gl do) 3ol &
gzl vl Fkske Aol FEEA UEREd, SBMO] whE w9 U &3
Eoo] 7]913 Ao 2 Welth Stern(1980) 5 WHEEEolA A Eaju]&o] =
2 AEE Fostd wEUed mAEd o dRYolrt A A EZ Qb
FAWe A FEgk hEYol F47F dojuf oA 8 AT S FTIHAA B F
o L =] 7} iEEM w ol Ak S ZFAATE Yol "Huka vl B g oA
o] Wk R ol AAHHES B SBMTolA R 2o 9ko] ofmuolst whAd
= ﬂl*ﬁgoﬂ o3 A, o] &Hi P& FHFFo R Yolrt WS T F5E
o] A= BUN9 Z7l2 olojxd Aoz Bt} &2 £+ CP £ RDPE JFoldt
Ae W =5 T Ha Ao Trte on B FgAEY o RuE v gtk

(Kréber %5, 2000; Castillo 5, 2001; Leonardi %5, 2003). Cecava®} Hancock (1994)
S wwmE HEFALR LHOH RUP s$t#Fe] F7l+= %2 PUN(plasma urea nitrogen)s %=
o]oj At} 3¢ 1, Huntington 5(2001)2 CGMY} SBM| H]&o] 2 : 12 w9
AR} SBMQEUJ o] Fo]7 WEARE MWL W CGM#} SBMe| &
ool A w2 OL‘:"%O} TFAE Yetit L stk ¢ A3 Adsd B A
AdE ge w REEEo] glojA el BUNC R 13k dA4d] &42 RUP #9¢<l
CGM ®.th RDP #9¢l SBMe] of & zle® neltk &d CP Ho] Tl slojA
T =2 CP %o SloiA e BUN s=7F A4 Wesk=ul(P<0.0001), °l= At:

ﬁlﬂmﬁw

4

e CP %9 57 BUN sX9 F7F2 olojxithes v AT AdEd YA st
94 HBunting %,1987; Thomson %, 1995; Hunting ton %, 2001). €¥t8 oz &
o] dH total protein® AAHAYE 65-8g/dlolar, FH o wwizme =7+

albumin® Z7tell 7]Qst=dH(A 7% |, 2003), ©]&= albumino] A vl o] ojjk
60% AEE xA3}7] wWjEolth(Anatomy and physiology, fifth edition). Albumin
3} total protein = SBMol H|sjA CGM©o| =k+=Ul, o]l= CGM A A o|Ae o]&

J
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o] =7 W&o, A= 2 o] amino acid®} peptide?! albumino] Zkoll A 34 =
o o]& = 4 A= amino acid®t peptide’t Bkoll 7118 Aoz Bl
Table 4. Effect of CP contents and levels of RDP and RUP in diets on blood

metabolites.

. Statistical
Diet o 2
Ttems SEM significance of
control LCGM HCGM LSBM HSBM Ci Cs Cs
Bun (mg/dl) 6.31 125 1795 161 2165 054 <.0001 <.0001 <.0001

Albumin (g/dl) 3.82 3.91 406 378 376 008 05242 0.4243 0.0179
TP® (g/dl) 6.76 6.93 715 676 664 009 03172 0.6055 0.0036

Creatinine (mg/d)  1.35 1.33 133 136 129 0.02 0.3361 0.1069 0.8076

1.CGM; low level of corn gluten meal, HCGM; high level of corn gluten meal, LSBM,; low
level of soybean meal, HSBM; high level of soybean meal.

*Statistical significance of treatment effect by GLM procedure; C1, control vs. protein; C2,
low protein vs. high protein; C3, CGM vs. SBM.

3total protein.

6) MAEA dd AT D5

Table 5= "AZGNd YT} A4a548S vHebd A lE} v = A
WA e tFx, LCGM, HCGM, LSBM, HSBM<e| o2 7+ 23.25 2864,
59, 39.91, 50.07°] =, thz=Fo Hl&l] A7 F7HP<0.001), @ Xﬂ‘}r\‘%oﬂ H] &}
o] (P<0.05), CGMT-ell Hvld]l SBMol(P<0.05) =dth A4 482 3950,
4362, 41.35, 3869, 41.15%2 vt ont 24 Akl fFolAvt gldt vAdE o
A BAEFe] A SBM woATolA =4 dest=d, ol w9 =0 wE
SBM wofAlel A H vl @ o] Ry ol o] 7]Qlg o R HITh
Russell 5(1992)2 FEUolrt wk39] ubgglole] mjAEA] @z Al o] &5 =
FH Ax FTFdolztn g =, e golee ¢ 38%(Hristov %, 2003)°14 70,
80%(0Oldham ¥ Taminga, 1980; Leng¥} Nolan, 1984; Koenig %‘ 200009 A2 E
ol yolZ HE FFHt=t}l Klusmeyer 5(1990)2 CGMS H9 35S wlol M3
SBME Ho3tRE& well 87 setel Aoz mAEH HAo o] dAA A
Sojutthal st =, o Aol CGME = REF9] Fal&Eol ofgh R 1ol
A A AdtelA 20k stk 145%9 11%eA4e] CGMe] g Yole] A
Tt 47 25, 19mg/dlo] e wbHo| SBMO] dREUolE] A4 TR 1059

ﬁrﬁ
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S54mg/dl= W2 Aol7F Wl Aol 9o AnE A7 & Fr} Erasmus 5(1994)2>
CGMolH ol e RUP o] &2 < utebriA el SBM 2o
RDP $reFo] 2 Almo] Hls|A vAES] @i o]&g&o] vt 3%, O]g]r
FrALSHAl Waltz 5(1989) & w2 59 RDP &S 7F7 ARoA Hu &2 4
9 RDP &3S 7H Abs A v]A Aol o BEokrhaL 3}»\1‘%. 22
gt Clark 5(1992)7 Oldick 5(1999)2 HkEfldle] Fig w59 3 dw ol
YoleldAE st e AFE7 3adud, 1 o5 s T oA
& a0 oA Ak sklal, Windschitl? Stern(1988)2 vk

b e il A S HE S W mAEdd el i 0}1:}.
Gadol dolM o] whE9 Fefeol = 1o mE PR Yoty HAC Fa
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Table 5. Effect of CP contents and levels of RDP and RUP in diets on changes
in Microbial N synthesis and nitrogen balance

. a Statistical
Diet o b
Items SEM Significance of
Control LCGM HCGM LSBM HSBM G G G

Microbial N (g/d) 2325 2864 4459 3991 50.07 3.29 0.0005 0.0019 0.0259

N balance (%) 39.50 4362 4135 3869 41.15 557 0.7895 0.9862 0.6533

1.CGM; low level of corn gluten meal, HCGM; high level of corn gluten meal, LSBM, low
level of soybean meal, HSBM; high level of soybean meal.

Statistical significance of treatment effect by GLM procedure; C1, control vs. protein; C2,
low protein vs. high protein; C3, CGM vs. SBM.
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6. WtFA A A 3999 soluble N fraction (soluble protein, peptide bound
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Table 1. Ingredient and chemical composition of experimental diets

Diets' (% of dry matter)
LCGM HCGM LSBM HSBM

Items

Ingrediets (% of dry matter)

Corn(ground) 50.50 48.68 51.35 46.69
Cottonseed hull 17.79 17.15 18.09 16.45
Skimmed rice bran 6.03 5.81 6.13 5.58
Calcium phosphate 0.60 0.58 0.61 0.56
Mineral-vitamin additive” 0.15 0.14 0.15 0.14
Salt 0.30 0.29 0.31 0.28
Corn gluten meal 5.57 11.60 - -

Soybean meal - - 8.75 1791
Rice straw 19.06 15.75 14.61 12.39
Total 100.00 100.00 100.00 100.00

Composition (% of dry matter)

Dry matter (%6 of fed basis) 87.69 87.41 87.62 &7.73
Crude protein 11.98 16.17 12.45 15.69
Ether extract 3.12 3.01 3.08 3.07
Crude fiber 16.15 15.29 15.64 13.36
Ash 5.75 5.99 5.40 513
Nitrogen free extract 63.00 59.54 63.43 62.75
Neutral detergent fiber 40.51 37.94 32.78 33.63
Acid detergent fiber 19.87 16.04 17.65 16.24
Calorie (Mcal/kg) 4328.09 4443.69 4363.80 4387.29

"LCGM; low level of corn gluten meal, HCGM; high level of corn gluten meal, LSBM; low
level of soybean meal, HSBM; high level of soybean meal.

2provided following nutrients per kg of additive: Vit. A, 2,650,000IU; Vit. Ds, 530,000IU;
Vit. E, 1,050 IU; Niacin, 10,000mg; Mn, 4,400mg; Zn, 4,400mg; Fe, 13,200mg; Cu, 2,200mg;
I, 440mg; Co, 440mg.

t}) Omasal digesta®] =3
Z} period 1494 FHFEY) A 39 A3E 100ml= Ahvenjarvi et
al.(2000)2] R wil omasal sampling devices ©]-&3] A 9] o}FH Fo] HE

(0 time), 1A1ZF $=(1 time), 3A17F $(3 time), 5A1%F $(5 time), 7AIZF (7 time)
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7tz Ak AT A 39 hsE2 47 A== AR § uAE
A17171 918 Imle] HgCl¥ &l 874 nlekryole] AAsetsE
-20°Coll B #3tdt

1x oo

o o

ECY
o

Mr L

v w59 @ A3 &g vidE Yol HASHEE(SNAN;  soluble
non-ammonia nitrogen)
o A Y

SRR
1) w9 pH, grEdel 5 2 Wy A e
AR WU 2 R Rslgel wEs) pH, dEUel BE % VFA Bxo

) x]= J3FS Table 2, Figure 1, 2 @ 3o Yebgith ¥+39 pHE A&7+ xFol7}
oy grYole] dae FRiE CP FE(P<0.0D) 2 #&&(P<0.00D0] 7
F= S7tskth o] A= 145%9F 11%2] CP 522 CGMS F93d& o nk3
9 drEYoly HAA FE7F 25 9 19mg/LE SBME #Z2 FFo2 F93& we
105 2 54mg/LR.t} =9kthi= Klusmeyer 5(1990)<] HILQ} FAFsL T} o] RUP
kol =2 CGMel dolAl w9 U Qtryo} AJ4ke] RDP §Hie] %2 SBMAE
o d ves BoErh CGMe CP o] o =8 2= SBME"/P o ve o
2yol AAS 71 gvHHCGM 78.84mg/L vs. LSBM 103.40mg/L). 50mg/L¢] w3
?l dRYote HA e Hu vhae] vAE AR 29SS F Ue T
Fo7 wolEo X 9ri(Satter?t Roffler, 1975). 2182 & LCGMY nAE A%
2 50mg/LET W& kol Aito = Aghd ¢ o AAR, & APy Z2 A

o] o] " A (Lee, 2006)°14 LCGME vmAEAG A gAdze Ha+ 5 7}

L

o
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SETHLCGM 28.64g/d, HCGM 44.59g/d, LSBM 39.91g/d, HSBM 50.07g/d). =1 2] 7-
F & VFA H%¢ #ol7F gl A wt isovaleratet= CP 0] ZF7l3¢2 Z71819)
3(P<0.05) SBMET CGMolA © ¥e S BItHP=0.08). #3=9olx =4
VFAE 23 oo feldti(Wolin 5, 1997). webA w39z z17] g

e BEATIE AR W @ sE 9 Edle2 ol VFAY & WEE

Table 2. Effects of levels and degradabilities of dietary protein on rumen pH,

ammonia, volatile fatty acid (VFA) concentrations, and acetate:propionate (A:P)

ratio.
Diets! Statistical
Items s SEM?  significance of
LCGM HCGM LSBM HSBM C Co
pH 6.63 6.55 6.66 6.62 0.05 0.2153 0.2429

Ammonia, mg/L 4048 74.84 10340 127.00 10.69 0.0066  0.0002
VFA, mM

Acetate 60.66 6164 6239 61.22 2.23 0.9659  0.7769
Propionate 1712 1702 1720 1771 1.01 0.8459  0.6977
AP ratio 3.57 3.64 3.70 3.49 0.15 0.5558  0.9455
Isobutyrate 1.26 1.46 1.35 1.57 0.12 0.1079  0.4254
Butyrate 971 1054 1090 10.22 0.87 0.9140  0.5445
Isovalerate 2.89 3.43 2.98 3.01 0.24 0.0344  0.0844
Valerate 0.90 1.01 0.90 0.98 0.06 01231  0.8671
Total 9254 9509 96.12  94.70 3.84 0.8859  0.6897

.CGM; low level of corn gluten meal, HCGM; high level of corn gluten meal, LSBM; low
level of soybean meal, HSBM; high level of soybean meal.

Standard error of mean

Statistical significance of treatment effects by mixed procedure. Ci; low protein vs. high
protein, Co; CGM vs. SBM.
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Figure 1. Diurnal variation of pH in the rumen digesta during a 7 h feeding
cycle (LCGM; low level of corn gluten meal, HCGM; high level of
corn gluten meal, LSBM,; low level of soybean meal, HSBM; high
level of soybean meal).

—— [ CGM
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Figure 2. Diurnal variation of ammonia concentration in the rumen digesta
during a 7 h feeding cycle (LCGM; low level of corn gluten meal,
HCGM,; high level of corn gluten meal, LSBM; low level of soybean
meal, HSBM; high level of soybean meal).
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Figure 3. Diurnal variation of total volatile fatty acid concentration in the rumen
digesta during a 7 h feeding cycle (LCGM,; low level of corn gluten
meal, HCGM, high level of corn gluten meal, LSBM; low level of
soybean meal, HSBM,; high level of soybean meal).

2) €9 A=A
D B2 E&S A W total protein ¥ creatinine®] ¥ Eo
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L AR gelE e FkE @
39 7 SR Be &
. Jordan 5(1983)2 CP
w  BUN¢] Bigth LSBM9
HCGMUE.T} =9k8-o ©(LSBM 103.40mg/L vs. HCGM 74.84mg/L)
2 HCGMX.t} LrtHLSBM 11.86mg/dl vs. HCGM 16.08mg/dl).
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Table 3. Effects of levels and degradabilities of dietary protein on level of blood

urea nitrogen (BUN), total protein (TP), albumin and creatinine in the

plasma.
Ttems Diets' SEM? Sigrslit?igsgigeal ! of
LCGM HCGM LSBM HSBM (O} Cs
BUN, mg/dl 1033 16.08 1186 1589 0.72 0.0021  0.4231
TP, g/dl 7.05 7.00 6.99 6.98 0.08 0.7179  0.6928
Albumin, g/dl 4.00 3.90 3.7 3.88  0.03 0.5896  0.0173
Creatinine, mg/dl 1.40 1.38 1.46 146  0.03 0.7096  0.0936

'LCGM; low level of corn gluten meal, HCGM; high level of corn gluten meal, LSBM; low
level of soybean meal, HSBM, high level of soybean meal.

“Standard error of mean

3Statistical significance of treatment effects by mixed procedure. C;; low protein vs. high
protein, Co; CGM vs. SBM.

3) 9591 2 A3 Y gad v Ry ole] A

CP T W sl wEd 9 A3 Y W ofn =4k peptide, 873
Wz 9w F SNANY FXo wx& 93-& Table 4, Figure 4 2 59 AA]S
A3Y A} ] Hir SNAN T2+ A3 W 24 SNAN 3 w7 vt duy =
71 ol W9 e] SNAN T=rt fo4 o= o Ehth(P<0.05). asF2 CP
A el A dEF2] H(P<O. 01)4' A3Y A (P<0.05)2] 2 SNAN E3 9] F%E+ peptide
= A9sta A4 CPFEY =Tl SBM Fols W39 A(P<0.01) 2 A39]
(P<0.05)9] peptide F=E& S7HIAHAT. 1459 CP g3y =2 EI&2 W59
4 gl A3 Y] F SNAN F=5 Foldoz F7FAIZ tHP<0.001).

A3Y Al ofm =4k peptide, &4 @d 2 = SNANY FLE: v
AHET} F=RTHP<0.05). o]& &+ A9 FFH[ & ”"Pﬂ BHACRE ¥ B2 5%
Ats A7 AT R A2 2 Eol7kA 13te] WE7] Wi (Choi &, 2002b) o=
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AAZITE HEEF9H el ofn| ity 8 Tl FEE JUHoR e FFEO
2 AZE Y (Williams®t Cockburn, 1991; Choi %, 2002b) ¥ & =72 ozxn
Se opuliest w7l $2E AT Nolan, 1993). Ly B QATolA ofnlwiti 4
£ 9ilde e A ke oy F8A ddY A W il 2 5oE
&8 dide HEo FUhel opn|qte] Ay 84 dwdEe] dd v}

(oo A
%N' (o

o F7tel 7l%ld Ao=m AlmEtl A3YE o] AT peptide?] Hit =
106.74mg N/LEZ SNAN #3% Z Jxo= 713 @t} ol peptide w3l 7} 9
o 7}*%}1011*1 Hal& 24299 & e old ®i(Chen %, 1987; Choi
5, 2002a, 2003)E A AT

HE9] gl de] Ea g dutd o F in situ 7]“401] g3 =AHE = o
g e wEA 2dE ¢ e

S, 1987a, b; Robinson¥} cQueen 1994; Choi %, 2002b) = A3YH(Choi 5,
He 0] Bl LA

2002a, b, ¢, 2003)ol A4l 2] o}u| Ak peptide E 84 vl
=0tk 71Ee BHaet dA it 1y BrE gl o
UL in situ 71O 7FEE O ol FESHA Fre S R g

el H7b FES A 9 A39)de] SNAN Fke JdFs mAHTH
o] A= SBMO] ool F7tEFE W9l peptide 5%
th= Chen 5(1987a)¢] ®. 119} X3ttt Chen 5(1987a)> H3F 484
= dAge grets sads 4E peptldeg‘r T84 Tl wE9] ¥

Aol S7hglvkar Baskaith o= %
w R 7R St 7IQlE Aow AR QE}
SBM=2 &3 maize gluten meal(Robinson, 1997), ¢} (Chen %, 1987a)3}

2L gE dwd HukARY o BE SNAN 52 7H 2t ol 840 v
CGM¥} ®lulsle] SBMolA SNANO RE B3 Fwwrt ¢ E9gd B e 2
o} dxgt}, ey Williams2t Cockburn(1991)2  H7F d@jdo] 4843
peptide &% Ztoll A#ITAAVF vty Ru3 3 Choi 5(2002b)2 HEE9IU] SNAN
T w9d HbE ZUFeAN HoF v d ] JeHohs #AVE itk Rugh

i
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Table 4. Effects of levels and degradabilities of dietary protein on the

concentrations (mg N/L) of nitrogenous
non-ammonia nitrogen (SNAN) either in the

omasal canal.

fractions of

soluble

rumen or entering the

Diets! n , ~ Statistical
Items Site SEM®  significance o
LCGM HCGM LSBM HSBM C Co
Free amino acid
Ruminal 21.38 2917 3224 50.50 33.37a 355 0.0091  0.0037
Omasal 40.38 52.88  57.76 73.51 56.23b  4.18 0.0161  0.0049
Peptide
Ruminal 56.78 6255  91.46 95.69 76.44a  5.75 0.2547  <.0001
Omasal 9434 9362 11698 12222 106.74b 9.21 0.8111  0.0233
Protein
Ruminal 10.80 3169  28.44 43.78 28.75a  2.33 <.0001  0.0003
Omasal 1357 5204  44.30 52.67 40.66b  7.20 0.0171  0.0656
SNAN’
Ruminal 87.93 12342 15214 18998 138.37a 6.68 0.0006  <.0001
Omasal 14617 19854  219.03 24840 203.85b 7.26 <.0001  <.0001

L.CGM; low level of corn gluten meal, HCGM,; high level of corn gluten meal, LSBM; low

level of soybean meal, HSBM; high level of soybean meal.

"Different letters express a statistical significance for the mean of each fraction between

sampling sites (P<0.05).
3Standard error of mean

Statistical significance of treatment effects by mixed procedure. C;; low protein vs. high

protein, Cy; CGM vs. SBM.
°Calculated as the sum of free amino acid, peptide and protein
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Figure 4. Diurnal variation of total soluble non-ammonia nitrogen in the rumen

during a 7 h feeding cycle (LCGM; low level of corn gluten meal,
HCGM; high level of corn gluten meal, LSBM; low level of soybean
meal, HSBM; high level of soybean meal).
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Figure 5. Diurnal variation of total soluble non—-ammonia nitrogen entering the

omasal canal during a 7 h feeding cycle (LCGM; low level of corn
gluten meal, HCGM; high level of corn gluten meal, LSBM; low
level of soybean meal, HSBM; high level of soybean meal).
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7. Peptide®t AAQ ZA 1|7} T & caseing £2F Y o] && =3 A3

AN 7 14972 o] Foj7 JukE F 429 FoF AP H AT FAEHLS
$l cannula®} A oA cannulaZ} Aol F2HdE 137) €8 ¢ AAS(HTEAT -

378.3+27.7kg) 3FE A3k

2) NAAR B A RS

2R 24 Sere YRR o weARe £ =
S1il(Table 1), & o s 6k AR 2kg + WX 4kg €T
BW 18%)< 94 23](08:00, 20:00) & Fofation, 53 Hxe= o
g AeAHEFS A7 Aste] 10em A2 ddsto] Folsklh. £ =3
uE FEAs Aol AHAE ¢ d=ES v - sFasriae] Wee
PFS dobr 7] 91 A3 F(Cri0m)2 o - A9 AbR Hol Al A4 47gH (A=
HHF 025% ) Edste] Holsksl

T

3) AEAA

E AlgL& 3x3 Latin square design® & 3}, 3 AP/ 1492
Aottt 149 T 19 ~9d 2 FAEde] Agdd wE A&7|7te® a3, 109 ~
142 Az AF7IeR st AR AFH7IE T 10, 1YL 95, 1292
e WY w5 13Y, 492 HolA g H E3 w5 727 AAFH sk

2 AP Aees vs5d 2ok 1) RSO 2AECkg/d + STFFHE ke
/4); 2) RCTFUI2AR 6kg/d + S44AE 1kg/Y + raw casein 14151g/Y); 3)
EHCT (7] A= 6kg/dell <

N

FHAE 1ke/Yd + enzyme hydrolysated casein 150g/
d). SFEFARI caseind B 7Ll E3Fste], 8 FEE vhEe] 2343 St
WHHSFHA A 49 FUERES T FU(F 290g/h)sEH o, AlR o A F
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Table 1. Ingredients and chemical compositions of the basal diet.

Item 9% of dry matter

Ingredients composition
Corn 30.5
Soybean hull 6.1
Wheat hull 10.7
Soybean meal 6.1
Calcium phosphate 0.2
Limestone 0.6
Vitamin-mineral mixtures' 0.2
Mixed grass 45.6
Total 100.0

Chemical composition
Dry matter (%) 90.89
Crude protein 12.14
Starch 16.30
Neutral detergent insoluble fiber 50.51
Acid detergent insoluble fiber 27.28

Vit. A 2,650,000 IU, Vit. D3 530,000 IU, Vit. E 1,050 IU, Niacin 10,000 mg, Mn 4,400 mg, Zn
4,400 mg, Fe 13,200 mg, Cu 2,200 mg, I 440 mg, Co 440 mg, B.H.T. 10,000 mg per kg.

REEIEE

7} 71 Z2ALE

Ak 2 AR7IRE T 23] 500g A= AFER L, A AF7IRE S5 A A
, Willey mill(Standard Model No3., Thomas Co.
Philadelphia. U.S.A)=Z 1mm &#3ste], LdWARZ(AOAC, 1990), &, NDF %
ADF(Van Soest, 1991), 18] 1 ZE& EA ATt Ay ZEs md =

KeR
=
AP AR AE R JYE FFL Bl 4AFS RAHY

g AEE A2 EFT F

skl o,

) AolAd yéE
Zt Al 717 F 1394 0730(0), 1100(3), 1400(6), 1700(9), 14¥€ A 0730(0),
0930(1.5), 1230(4.5), 1530(7.5), 1830(10.5)°] AFHsA . WEELS TF1Z7(70°C,
72X 7 o] Aol AZAZ e disc. mill(BM-D 100, McCoy Corp., serial No.
980812, maximum 1750rpm)& ©] &3t Imm= EHstct. &4 & AT 4
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2 10%% &3 (composite)dte], DM, CP, &% #2433t}
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Procedure(2002)&

S A% fe4e AFes sAstel EARA
|39 BE datat GLMoZ FoAdS HF3sAh
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., Az
1) CP &4 &
A 4912 FYH = casein®] FTFH W S AAMF 7 xsd H CP
2 g 4482 Table 29 Zt} CPe A eolA
FAA F7tsteE AP = 0.13)S 29, 53] EHCH 7}
(P = 012)o10th. HolAE CP @l Al 4912 Fdd CPF
Aol A CP AHFET Bokrh webA vk A=k 44
F()¢ 234 YeglaL, 53] EHCT oA ztel 7t 7Hd #
& WE9E Ae$EHE NZFo] F7iste] dvehd AdE §43
NRC(1984)91 A= CP A # %¢] 75~120%, Richards 5(2002)& CP A3 %e] 109~
142%7} 2gow iy i, B AL 1216~139.8%9 CP7l a%o
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Table 2. Crude protein (CP) disappearance rates in each segment of

gastrointestinal tract in Hanwoo steers

Treatments' , Staticstical Signiﬁcance3
Item SEM
Control RC EHC Cy Co Cs Cy
CP intake, g/d 643.8 6557 6263 154 089 064 051 0.31
CP infusion, g/d 3.3 121.7 1195 0 - - - -
Duodenal flow, g/d 823.8 919.0 9879 434 013 026 012 0.38
Fecal flow, g/d 372.6 386.1 4095 154 031 060 023 0.39

Disappearance, g/d
Whole stomach® -176.7 -1415 -242.1 290 071 048 025 0.13

Intestine 4512 5529 5784 546 026 040 024 0.62

Total tract 2745 3914 3363 296 013 011 028 0.32
Disappearance, 9%°

Whole stomach =275 -216  -398 29 046 029 010 0.05

Intestine 54.8 577 58.4 37 054 063 056 091

Total tract 42.5 50.3 44.8 35 036 025 069 0.38

'RC=raw casein, EHC=enzyme hydrolysated casein.

*Standard error of the mean, N=3 for O(control), 150 (raw casein), and 150 (enzyme
casein)g/d of casein infused..

3Statistical significance of treatment effect by GLM procedure for mean value; Ci=control
vs. casein; Co=control vs. raw. casein; Cs=control vs. enzyme hydrolysate casein; Cs=raw
casein vs. enzyme hydrolysate casein.

‘Infused CP was substracted from duodenal flows before calculation of whole stomach
disappearance values.

Disappearance as percent of flow to the segment.

2 AAYR Bul ARFFS o8N TH A2 3
&
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Table 3. Effect of casein infusion on nitrogen balance in Hanwoo steers.

Diets' ' Statistical significance of’
Items SEM.?
Control RC EHC Cy Co Cs Cy

Nitrogen intake, g/d  647.03 77731 74565 1542 <05 <05 NS <05
Fecal Nitrogen, g/d 27294 29441 259.60 1606 NS NS NS NS
Urinary Nitrogen, g/d 2651 2822 2601 204 NS NS NS NS

Nitrogen balance, % 5384 5849 6173 297 NS NS NS NS

'RC=raw casein, EHC=enzyme hydrolysated casein.

*Standard error of the mean, N=3 for O(control), 150 (raw casein), and 150 (enzyme
casein)g/d of casein infused..

3Statistical significance of treatment effect by GLM procedure for mean value; Ci=control
vs. casein; Co=control vs. raw. casein; Cs=control vs. enzyme hydrolysate casein; Cs=raw
casein vs. enzyme hydrolysate casein.
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Table 1. Ingredient and chemical composition of experimental diets

Diets' (% of dry matter)

Ttems
Control SBH WB

Ingrediets (% of dry matter)

Corn(ground) 67.30 33.10 48.15

Cottonseed hull 5.00 2.46 3.58

Skimmed rice bran 26.09 12.83 18.66

Calcium phosphate 0.40 0.40 0.40

Mineral-vitamin additive” 1.00 1.00 1.00

Salt 0.21 0.21 0.21

SBH - 50.00

WB - - 28.00

Total 100.00 100.00 100.00
Composition (% of dry matter)

Dry matter (% of fed basis) 86.26 87.62 86.67

Crude protein 10.10 12.13 12.06

Ether extract 2.90 3.58 3.68

Ash 4.32 4.86 5.26

Neutral detergent fiber 18.61 44 .88 24.65

Acid detergent fiber 3.80 28.58 5.37

ISBH; soybean hull, WB; wheat bran.

provided following nutrients per kg of additive: Vit. A, 2,650,000IU; Vit. Ds, 530,000IU;
Vit. E, 1,050 IU; Niacin, 10,000mg; Mn, 4,400mg; Zn, 4,400mg; Fe, 13,200mg; Cu, 2,200mg;
I, 440mg; Co, 440mg.

SR CENEE O
W39 &5 2 period®] 1394 HFR HE) W59 Asdts §5to]

, 2,4, 6,8, IOhoﬂ 100ml A= AFHs 2 g (F5Y) 1, 3,5, 7, 9, 11hel 100ml
= AHE F 12709 time AES FH| Tk AFH I vFQAe FA 479 A
= o]&, 044-0}04 pH(Corning model 530 pH meter)& =743 & VFA, NH3;-N,

n-amino N= 4 3}

co

IN o L

t}) Omasal digesta®] 3
7} period 1394 YH(F8 AY) A 39 A3E 200mlS Ahvenjarvi et
al.(2000)9] "W el wel omasal sampling deviceg o]&s Fo & 1, 3 5 7, 9,
11hel 200ml B A2 GEHERL) 0,2 4, 6, 8 10hel 200ml 3= HA 2
o & 12709 time AES Fuch AAD A 39 2ELS U2 238 S T
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7l 913 composite samples 918 100g# &bl A= 4489 A== o 2gk
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@ii}i}'% 222 98] -20Ce] H &k}

|59 A

2 Z} period?] 1344 H(FFE A) W AEHE F5}9
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=t %H% 0}04 12719] time &S FH AT AT HolAF WEES d4a
23lES 0}7] 93k composite samples Y& 100g® =3tal Ao

Ap w2 A3Y e gl R Yol A4 3HEE(SNAN;  soluble
non-ammonia nitrogen)
o A Y
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web B4 sk AR 2Ae e 2ok 5om ARl Imm B4 AR
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flo

S0y 3 9ltH(Satters} Roffler, 1975). 1822 tizxT9 SBHY wAE 4%

Somg/LEth e ehmyol Axow Add & vk & A4 WAR 44 96
A RDP A4 §3= medor s A4S MMt Ytk

Table 2. Effects of degradability of dietary protein on rumen pH, ammonia,

volatile fatty acid (VFA) concentrations, and acetate:propionate (A:P) ratio.

Diets! o Statistical
Items SEM? significance of

Control SBH WB Ci Co
pH 6.58 6.64 6.58 0.05 04846 0.3021
Ammonia, mg/L 31.26 38.74 72.71 2,71 0.0018 0.0009

VFA, mM

Acetate 61.75 64.55 47.46 10.38  0.6045 0.2558
Propionate 18.17 17.3 14.96 252 04970 0.3920
AP ratio 3.36 3.72 3.18 023 0.7598 0.1773
Isobutyrate 0.93 0.96 0.83 0.14 0.8270 0.5117
Butyrate 12.11 9.94 11.09 240 04017 0.5867
Isovalerate 1.65 1.92 1.32 0.30 0.9460 0.2219
Valerate 0.90 1.01 0.91 012 0.6082 0.4704
Total 95.51 96.11 76.57 1549 05708 0.3400

'SBH; soybean hull, WB; wheat bran.
“Standard error of mean
3Statistical significance of treatment effects by mixed procedure. C;; Control vs.

protein supplement, Co; SBH vs. WB.
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Figure 1. Diurnal variation of pH in the rumen digesta during a 12 h feeding
cycle (SBH; soybean hull, WB; wheat bran).
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Figure 2. Diurnal variation of ammonia concentration in the rumen digesta
during a 12 h feeding cycle (SBH; soybean hull, WB; wheat bran).
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Figure 3. Diurnal variation of total volatile fatty acid concentration in the rumen
digesta during a 12 h feeding cycle (SBH; soybean hull, WB; wheat

bran).
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Table 3. Effects of degradability of dietary protein on level of blood urea

nitrogen (BUN), total protein (TP), albumin and creatinine in the

plasma.

Diets! Statistical
Ttems 1ets SEM? _ significance of

Control SBH WB G Co
BUN, mg/dl 5.44 7.75 9.65 029 00113  0.0422
TP, g/dl 7.28 7.38 7.27 0.05 06072  0.2698
Albumin, g/dl 3.68 3.68 3.73 0.02 03739  0.2952
Creatinine, mg/dl 1.21 1.22 1.18 001 05528  0.178

'SBH; soybean hull, WB; wheat bran.

“Standard error of mean

Statistical significance of treatment effects by mixed procedure. C;; Control vs.
protein supplement, Co; SBH vs. WB.

3) HEE9jo 2 A3 Ay & 2
il HrE 9 gaid o] 9] B o] HhEd 9 A3 Ul ofn|
Ak, peptide, =84 @A 2 = SNANY Fxo] nmX= 98-S Table 4, Figure 4
2 500 AAFA T A3 A ofn =2t peptide, TEA ©HME = F SNANY F
ZE W ARG =gt(P<0.05). ol & AT ZEH|Eo] Yoli Ay oz
o %2 F3AE GAVE AlYET A291=2 Eo(7bA 2 WE7] #iE(Choi &,
2002b) o2 A AT REFIA o] oAbyt 84 W] FRE FJudo=
o F£=zo g AR (Williamse} Cockburn, 1991; Choi %5, 2002b) ¥ <o) A
2t 44 Y sEe WA Zded ol 784 dude] F9 HIUb
GNP HEE 84 dudel W&o Tt ofveite] A S84 dwdel o
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%), W9 BaA&l ool wek £EH ARE Aot & £ ot wEA
2AE ¢ W9l Ul SNAN®] AI39129] o]e] mA:

FE&A ol otHl WS e &olgte AS HolEh

Table 4. Effects of degradability of dietary protein on the concentrations (mg
N/L) of nitrogenous fractions of soluble non-ammonia nitrogen (SNAN)

either in the rumen or entering the omasal canal.

Diets! Statistical

Items Site? SEM? significance o

Control SBH WB C Co
Free amino acid
Ruminal 19.95 17.16 23.10  20.07" 1.80 0.9389 0.0753
Omasal 24.30 23.56 26.94 2493 273 0.7666 0.4039
Peptide
Ruminal 45.02 70.46 85.26  6691" 579 0.0081 0.1393
Omasal 58.46 78.28 95.16  77.30° 847 0.0395 0.2153
Protein
Ruminal 16.59 20.35 22.33  19.76 221 01485 0.4956
Omasal 20.32 24.15 2697 2381 1.84 0.0003 0.0317
SNAN®
Ruminal 79.40 105.81 12766 104.29° 752 0.0521 0.1710
Omasal 103.08 125.99 149.07 126.04" 586 0.0015 0.0248

'SBH; soybean hull, WB; wheat bran.

“Different letters express a statistical significance for the mean of each fraction
between sampling sites (P<0.05).

*Standard error of mean

Statistical significance of treatment effects by mixed procedure. C;; Control vs.
protein supplement, Co; SBH vs. WB.

°Calculated as the sum of free amino acid, peptide and protein
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Figure 4. Diurnal variation of total soluble non-ammonia nitrogen (SNAN) in
the rumen during a 12 h feeding cycle (SBH; soybean hull, WB;

wheat bran).
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Figure 5. Diurnal variation of total soluble non-ammonia nitrogen entering the
omasal canal (eSNAN) during a 12 h feeding cycle (SBH; soybean
hull, WB; wheat bran).
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Table 5. Effects of degradability of dietary protein on changes in microbial

nitrogen synthesis and nitrogen balance

.1 Statistical
Diet o 5
Items S.EM? significance of
Control SBH WB C Co

Microbial nitrogen, g/d  21.05 29.30 39.87 091 0.0068  0.0146

Nitrogen balance, % 48.8 61.58 590.28 390 01819 0.3723

'SBH; soybean hull, WB; wheat bran.
“Standard error of mean
*Statistical significance of treatment effects by mixed procedure. C;; Control vs.

protein supplement, Co; SBH vs. WB.
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Table 6. Effects of degradability of dietary protein on organic matter (OM)

disappearance rates in each segment of gastrointestinal tract

ftems Treatments' SEM? Sigr%%ggggg 1 of
Control SBH WB C Co

OM intake, g/d 571051 572693  5638.08 3556 05861 0.2193
Duodenal flow, g/d 3500.47 3500.17 364254 16369 0.7574 0.6012
Fecal flow, g/d 1478.03  1104.00 1291.18 13871 0.2406  0.4407
Disappearance, g/d

Stomach 2210.04  2226.76 199554 19026 0.7126  0.4807

Intestine 202244 239617  2351.36 276.23 0.4081 0.9192

Total tract 423248 462293 434690 14547 0.2922 0.3117
Disappearance, 91

Stomach 38.63 38.84 35.42 3.18 0.7372 0.5270

Intestine 57.16 63.19 63.97 6.08 0.3539 0.6721

Total tract 74.09 80.70 77.11 245 0.2495  0.4088

ISBH; soybean hull, WB; wheat bran.

“Standard error of mean

*Statistical significance of treatment effects by mixed procedure. Ci; Control vs.
protein supplement, Cy; SBH vs. WB.

"Disappearance as percent of flow to the segment.

128



ol o] kel Hrb wde] w9 ®alg Aol7t CP &AM 2 CP &4
gol " G Table 77 2l CPY AHolAd FddS dd Hrte oJgo
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o] F7}ate] yEtd AR M Jon, NRC198)lHE CP AF e 75~
120%, Richards %(2002)& CP A# #Fe] 109~142%7F 2oz fddvta &t
AP SRSty Ade AR gAY AstE EF xFeta dARL
Richards 5(2002)¢] Hiio] w2 el CP &2Ad&%E H(-)9 s HoFra
93, I olfE tFcdMe wAE wrge o3 wAE duwd o4 wio}
o] BF N &g T7HA7]7] wiolekar skt

Table 7. Effects of degradability of dietary protein on crude protein (CP)

disappearance rates in each segment of gastrointestinal tract

N Tratments’ o SR
Control SBH WB Ci Cy

CP intake, g/d 560.65 659.96 647.83 1381 0.0314 0.5979
Duodenal flow, g/d 91831  1116.46 1054.73 61.61 0.1569 0.5521
Fecal flow, g/d 265.17 226.00 241.60 19.90 0.3269  0.6351
Disappearance, g/d

Stomach -357.65  -456.50 -406.91 49.00 0.3426  0.5485

Intestine 653.14 890.46 813.13 73776 0.1589  0.5358

Total tract 295.48 433.96 406.23 26.00 0.0595  0.5294
Disappearance, 9%*

Stomach -63.91 -69.27 -62.83 6.16 0.8034 0.5368

Intestine 71.14 79.14 7718 245 01439  0.6283

Total tract 52.75 65.78 62.77 325 01011 05792

'SBH; soybean hull, WB; wheat bran.

“Standard error of mean

Statistical significance of treatment effects by mixed procedure. C;; Control vs.

protein supplement, Co; SBH vs. WB.

4Dis,.auopearance as percent of flow to the segment.
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Table 7. Effects of degradability of dietary protein on starch disappearance rates

in each segment of gastrointestinal tract

Ttems Treatments' SEM? sigrslitfaitclgggg : of
Control SBH WB C Ca

Starch intake, g/d 3161.21  1943.89 2909.23 61.37  0.0103  0.0080
Duodenal flow, g/d 112757  842.94 65691 22731 03078 0.6213
Fecal flow, g/d 306.83 138.33 208.50 29.24  0.0651 0.2317
Disappearance, g/d

Stomach 2033.65  1100.94 2252.31 20452  0.2901 0.0577

Intestine 820.74  704.62 44841 21832 04574  0.4939

Total tract 2854.39  1805.56 2700.72 3264 0.0044 0.0026
Disappearance, 9%*

Stomach 64.43 56.27 77.43 8.89 0.8448 0.2343

Intestine 72.33 81.81 68.25 6.07 0.7511 0.2548

Total tract 90.33 92.86 92.86 1.18  0.2220 0.9970

'SBH; soybean hull, WB; wheat bran.

*Standard error of mean

Statistical significance of treatment effects by mixed procedure

protein supplement, Co; SBH vs. WB.

4Disappearance as percent of flow to the segment.
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1. A8 A A5 9 in vitro 3 &
=
Ad FFAE S5 7y, flake, expanded), 718, &9, ®ElE disc.
o _

=9 A=t FFE AT 650kge] AAToNA 1Y FFALR 6kg, HA
2kgE Hol3t

3) In vitro W%
In vitro YA F S 7= F SZEAE o] &t AAlstglon, wjd A
2l 50ml Wi S o] &3t th 0.0omm= A E A E(L) 0.1gS 50ml Wi
of Hatodar vk 2mid F71A wigd 8mls H7betHA Az ow, &dut
= standard® AFE3F% 3L, blank® A& §lo] wHEovte] spaubAlekS =435
U} Blanke} ¢yl 29tEB4 A5 302 48N e AlE S W e vt
22 AR Schofield? Pell(1995)9] W el weba] ZA AL, sidke] #ubd pH
SAHE SA4sAH

N

7F) Rumen inoculum % in vitro W o] FH]
oin vitro A@ol AREE WA fH = AlEEY 2AZF F, WS
cannulaZ} F2E g AMSEZRYH wEAn 3P ES AHT F 849 cheese
clothe} F8dFE &l o7t 200mlE AFsFAeH, AHF A2 02
free-CO2 gas”} %1% 100ml HH ol @i Ak 02 free-CO2 gasE 187 <
g 5 ¥R d¥stal dFHE S AHA FA71Ad 23S FAsHY, o
39C 3Fzxz ke % S FAANA FAh olEA AFHE WFAAE in
vitro WA E S 9138 inoculum o 2 AF-&-3F93t
In vitro W% (Goering and VanSoest, 1970)2 250ml H] A FH < 40ml
2 04g Casein enzymatic hydrolysate #7}ste] LAsHA nuksk & 20ul

F

O

oE
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Micromineral Solution ¥ 40ml F&/F4 H7Fste] 10823F nwksla, o239 in vitro
buffer & 40ml A 7}ste] 387 wvkshy mlx] 2o 2 40ml macromineral solution
A7 ske] 5837 WHH0.2mL resazurin 7P 3 & w0z A& A T

Table 1. Composition of the medium” and preparation procedure

Solution Regent Amount
In Vitro buffer Sodium Bicarbonate NaHCO3 35.0 g/L
solution (1L) Ammonium Bicarbonate NH/HCO3 4.0 g/L
. Sodium Phosphate Na,HPO, 5.7 g/L
g?ﬁ{?orglﬁia)l Potassium Phosphate KH>PO, 6.2 g/L
Magnesium Sulfate MgSO, e 7TH20 06 g/L
Calcium Chlorade CaCl, o 2H.0 1.32 g/10mL
Micromineral Manganese Chloride MnCl; e 4H.O 1.00 g/10mL
solution (10ml)  Copalt Chloride CoCiy ® 6HL,O 0.10 g/10mL
Ferric Chloride FeCls e 6H>O 0.80 g/10mL

D" Goering et al, (1970)

) in vitro Wi ¢F 7k WA 54
(1) AAAEE ABEE 01g8E ZolA 50ml Bottled] ¥ 2™ magnetic bar
T ¥er
(2) A& 1670 AleF - 250ml Beakerel|l Casein Hydrolysate 0.4g, &<
80ml, in vitro buffer solution 40ml, Macromineral Solution 40ml,
Micromineral Solution 2045 S A Z ¥ il Hot Plateo] 4] wysl™
A 7rhet A g8 AEE FEs] Helth
(B) Tw3] = Aloks ¥ T SHaA ¥ FR=CA dAsA #
127 A AR TFAAIIH

4) 7t ¢ = g~

% Cysteine-Hcl 0.1g ¥+t

(5) ol FH] # Az AkE WA Iml FolA AsEE Fw38 A2l F
CO7t=E FYAMY. 7t2E dAsA FH/e & Ao =
=3

6) CO7t=E ST

# el Aluminum Seal

o
(7) Bottleol Sensor® <123 ¥ Fermentero] ¥ il lead®} <423t}
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t}) Gas production system

2 A= duAtR e Bg A BEY e 7t FS S48t Asskd vk
HAF Z7 A 2=EI(LS system, korea) 0. ZA] ARSI H I A= v =42] Cornell 7}
2 AR 7 A 28(Schofield, 200003 U3tk 7k §AL AFfulolE glol
U= WEFE A A= TF=e g8 ke = bEs 29k AEE AN E Sk
Aoz Asty o] 208 FHHM AFH oz 7AFE Al (Atlantis for Windows,
Lakeshore Technologies, Chicago, IL)ol ¢|3le] A E v 2D Z =13 (Version 4.0;

Jandel Scientific software, C.A.)2.2 ¥ I JA& & 4 3t}

5 455

Fig. 1. Gas production system

Z}) Digestion rate constant®] =4

A¥3E E43517] 984 non-linear curve fitting®] WAIS AXA =,
o] wj 43+4 modell W} curved TAEHAl Hrh @A Pell A4 2 CNCPSY
A A g3l Q= exponential model equation(Schofield et al., 1994) %3l digestion
rate constantE ot AAS AHEW tEI Zoh
Vr =0 (0<T<L)
Vi = Viaex(1 — EXP(-KX(T - L))) (T > 1)
TE A 7Hh), LE discrete lag time(h), K3 gas production rate constant(h ),
Viaxts BAE F e A 7F2#FmL), VE TAIFe] Gas Production(mL)
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A ZHT)o| W& Gas production 23 (V)& 7FA3L 9]9] exponential model
equation®. 2 Gauss-Newton®, steepest descent®, &=+ &2 33 Marquardt B
55 o] 83} non-linear regressions 33FH (Motulsky ¢+ Ransnas, 1987), Z+ A
b pointll A1 9] o] ZX] 9} Z7X]7Fe] root sum of square(RSS) gtel 7Hd 2 =F &)
Vmax, K L #& F& ¢ At} o] w F3x K kel Al59 Kd, digestion rate

constant (h HEtal & 4 o}

N o
ol

rr

AT R az
) gubgd & 24
7b dme] 2oy g avo] VP =9ta, O ve o we, A, S5
Fowollth 2K FHS At A BY, O Lo &M e S55e
o]l Atk (Table 2).
Table 2. Chemical composition of starchy grains
Moisture CpP EE CF C. ash
% % DM ——————————
Corn
Raw 11.11 8.02 3.40 2.05 1.02
Flaked 11.73 7.98 3.45 3.28 1.05
Expanded 12.26 8.60 3.31 1.96 1.34
Mean 11.70 8.20 3.39 2.43 1.14
Whole Oats 759 8.68 6.80 7.28 2.08
Whole wheat 12.20 13.10 1.46 5.69 1.48
Rolled Barley 10.68 11.82 1.96 3.33 2.23
AR FFARE AFAA oA b AwALd quAdels @5 v
% ool QA AR 60% ol4e AAR ¥ Ao FAAE F Aesh n
g 2AAE 2o s AHelA FAEHAL, A 2RAAS HAW AEdA
BAS 2 AR AugR BAAD, JPPR, WFI BERA 549
zpol 7} Qe Awe] wulA slare W A9l Herrera-Saldana 5(1990)o A %= 717
A vhebot, ¥ ARt of 3% wekth Al AE nelt A gu
slako] 9k on} Herrera-Saldana 5(1990)¢] Z3E A7 BB =)
2) S5 7tEdddE pH W3t
Abmao] § 2A7F A Fofl AfFH g R AS o] &3 in vitro HEAFA
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7HTable 3), $5F 7h3A kel pHE 5421 tol7k glsith

Table 3. Change in pH fermented by rumen liquor

Time Raw corn Expanded corn Flaked corn
0 6.88 6.88 6.88
2 6.70 6.75 6.74
4 6.68 6.62 6.66
8 6.50 6.51 6.55
12 6.38 6.40 6.46

T
ot
=
g:'s
e
rob
rII.
o
(o]
2
tlo
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ofo
o
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=,
=
T
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i3
fols
i1
o
iy,

Table 4. Change in pH fermented by rumen liquor

Time Raw corn Barley Wheat Oat
0 7.06 7.08 7.07 7.08
2 6.76 6.74 6.75 6.71
4 6.68 6.59 6.62 6.60
8 6.42 6.43 6.38 6.44
12 6.31 6.36 6.31 6.39

4) drE9ol AfH Al7bo| w2 Gas production W3} H|
_i,_

Atsae] 1AIZE A3k Fof 2413F Fo AH T RS o] &3 in vitro
: O~ 2= s -
7k A ol A (Fig. 23 Table 5), S5 7FeAgzbe] 54 A Q1 Aol7F gl
35 35
30 - 30 —
25 o 25
£ 50 Eo20 |
8 8
S50 / St | /
— alfalfa — alfalfa Ll
10 / ——com(raw) | | 10 fcorngraw)
corn(f L 5 4 corn(f [
5 corn(exp) corn(wxp)
0 . . . . . . n i L . . . . . ; ; :
0 360 720 1080 1440 1800 2160 2520 2880 3240 0 360 720 1080 1440 1800 2160 2520 2880 3240
Time(min.) Time (min.)

Fig. 2. Gas production of using rumen liquor collected 2hr after and lhr

before feeding.
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Table 5. Gas production report

Kd(h™) Lag(h) Vmax(ml/100mg)
Raw Corn 0.0532 2.75 30.43
Corn flake 0.0461 2.69 28.15
Expended corn 0.0573 1.97 25.99

5 Y8% gas production H] Il
ArgFo] AT AT Fo] 24 7F o] A FHE w9 dS o] &3 in vitro 7}

A 2ol A (Fig. 3¢9} Table 6), d&2 A}871¢] x}o] 7}

o O~ O~ >~
=7 7bg wstwn, o vgo] RE, i S5 "W Folddnh
Herrera-Saldana 5(1990)% in situ 2 ¥ & 3 oate] AE, xoyd HAELS
> O~ O~ : p
WESAANA 7P we ol 33, Wtk welsk F4, S559 mios MY Rt
i stATh = 2dw A AEe
35 35
30 - N 30
25 - = o5 0 =
(=]
£ 20 | / €0 |
s S
%15 F / %15 r
—alfalf: = —— alfalf: =
10 / —2oran(araw) 10 / —2orn(araw)
5 barley = 5 barley
wheat wheat
8 N = Jel
0 360 720 1080 1440 1800 2160 2520 2880 3240 0 360 720 1080 1440 1800 2160 2520 2880 3240
Time(min.) Time(min.)

Fig. 3. Gas production of using rumen liquor collected 2hr after and 1lhr

before feeding.

Table 6. Gas production report

Kdh™) Lag(h) Vmax(ml/100mg)
Raw Corn 0.0511 3.09 29.34
Barley 0.0579 2.13 25.24
wheat 0.0589 1.77 29.02
Oat 0.0670 2.98 17.26
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2. 418 AEY BEATY ¥APFE
4 ==L
1) 3AA=
7h AEd FHRAE
AR FFARY S 71E, flake, expanded), #A &, &% H=
A BAHH v s 98 TAIAER o] &3
) sk WEE
AolA A Maetel Al AT A% FY WE&E 15HY AdATHeR
AFAST F ARE o) Este] AR BAWMIEY v AlPES ST

7}) Method 1: Perchloric acid H

50ml ¢AEZ T Imm=zZ E4E A8 0288 ¥2 o,
gojrgl i, FHF 5mle Yol £t 75T 80% ethanol 25ml
7 WA g & 2] (3000rpm, 10%)3}$3 T},
ThAl Al el el 75T 9] 80% ethanol 30mls 3o %ﬂz‘ﬂfﬂ S5EZF W
(3000rpm, 10+&)3FAth, ?l“l"?‘ﬂ 5, ZALE Al

13 O

[A

?:]_Al

f

of
S
s
o

=
oo d
N

[¢)
[e)
W ST 20mls it 944

2210l o] 3t A thAl g Rk
g89 9 FFLN25 5 10, 20ml EFEN/100ml F57F
3ta, 20ml Ald el Iml® ¥ % anthrone reagent bml&
100Ce] &LFxolA 12-1327F WA 7L A 53] Aoz WZAAzl oy

spectrophotometer(630nm) ol /] =% 3} 31 o}

EEERRER

Sota o] gL

24

_\lz
rlo
e
O
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, 5‘:
iy
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oty
>

1}) Method 2: Enzymatic hydrolysis ®

Alm 02g(Imm= +3)E& A& 2=2(250mDell 3

=
F3 121Col A 998 7+ autoclaver] 21t} autoclaveo] B4 &,

15} S

j =
il ==

23] 31 acetate bufferE 15ml
2.5oml ©H3skaL
overnight ] %A 71t}
2A+A RS FAE A
ko] AF 9 10mlE

T

ﬁ‘v__

fq zZopras

ol 10ulE

7 50mlE

Zo23

g3k 5
téte] EE5o]F a1 thA] o 7)o amyloglucosidase
foil2 Y i shaking incubatoro]# 55C &2
T, EHaaE AR FFEoR AEA EE
T 5051, particle] 7FeEE 30 %= AA

Algd o] #FH3slH 3.0mlel glucose
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solution& Hg Yth AlAHAE vortexdtal 39CHFZFANA 2087 viEA 7] 3 thA
vortex A7) 500nme] oA ¢l &=
2
1) AR F/FAE
) R A
7 oane zuud g3 avol by ¥eku, 1 thgom me, A,
S55 wolddth 2% WFe At AP wom, 1 dLow 4¥, we S5
F9 #olge,
Table 1. Chemical composition of starchy grains
Moisture CpP EE CF C. ash
S % DM —————————~
Corn
Whole 11.11 8.02 3.40 2.05 1.02
Flaked 11.73 7.98 3.45 3.28 1.05
Expanded 12.26 8.60 3.31 1.96 1.34
Mean 11.70 8.20 3.39 2.43 1.14
Whole Oats 7.59 .68 6.80 7.28 2.08
Whole wheat 12.20 13.10 1.46 5.69 1.48
Rolled Barley 10.68 11.82 1.96 3.33 2.23
‘/]r) A A & dEgd vl
FAAN B AES S perchloric acid FEW(Method 1)3 ZAEINH
(Method 2) 2 Wad A3 Table 23 2t} Oat AlRE A3 ZE A]E'OM
perchloric acid F&WHe] EaFaHET =koy, HolAF Y& EoA RolF

Aol mh Zhgkey.
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Table 2. Starch content (% DM) analyzed by different methods

Difference
Method 1 Mothod 2 M2/M1

(M1-M2)
Raw corn 73.87 68.95 49 0.93
Corn flake 69.76 66.13 3.6 0.95
Expanded corn 68.12 67.82 0.3 0.99
Oats 44.82 48.41 -3.6 1.08
Wheat 71.87 64.75 7.1 0.90
Barley 65.46 57.83 7.6 0.88

Method 1: perchloric acid , Method 1; Enzymatic hydrolysis

2) &3 WEE

7h AelAF W&=
Aol A WE&ES perchloric acid &Y FTAEHHOZ H

+ Table 3% Fig 13 %
A FA Wl BF Ee

At

w I
2
Shs

N
-
i)

Table 3. Starch concentration of duodenal digesta analysed by different methods

Starch concentration (%DM) Difference
Sample Method 1 Mothod 2 (M1-M2) M2/ML
No. 1 16.10 26.21 -10.1 1.6
No. 2 10.75 15.07 - 43 14
No. 3 512 15.51 -104 3.0
No. 4 3.97 18.54 -14.6 39
No. 5 16.40 23.10 - 6.7 14
No. 6 3.23 12.13 -89 3.8
No. 7 20.75 22.26 - 15 1.1
No. 8 4.12 12.22 - 81 3.0
No. 9 5.31 12.97 - 77 2.4
No. 10 10.58 15.51 - 49 15
No. 11 2.89 11.24 - 84 3.9
No. 12 15.51 19.17 - 3.7 1.2
No. 13 4.23 13.31 - 91 3.1
No. 14 15.20 18.62 - 34 1.2
No. 15 14.50 15.59 - 1.1 1.1
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Method 2

10
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Method 1

25 30

Fig. 1. Starch concentration (% DM) of duodenal digesta
analysed by different methods

g 2 AR
® T AE B4E& perchloric acid FEH¥} g4 HeZ vHlugk Ay
Table 49} Zth AHold Ul&E A Aorae} o] hiA o] BE A Ro|A
E2 AEEFS BAa, 1 Aol o AA OF Muiy =4 7t AR E AAT
Table 4. Starch concentration of feces analysed by different methods
Starch concentration (%6DM) Difference
Sample Method 1 Mothod 2 (M1-M2) M2/l

No. 1 2.07 13.08 -11.0 6.3

No. 2 0.86 6.89 - 6.0 8.0

No. 3 0.85 9.44 - 86 11.1

No. 4 0.98 13.93 -13.0 14.2

No. 5 1.58 8.82 - 72 5.6

No. 6 0.90 7.04 - 6.1 7.8

No. 7 0.95 7.64 - 6.7 8.0

No. 8 0.57 6.54 - 6.0 115

No. 9 1.60 8.63 - 70 5.4

No. 10 1.66 9.45 - 178 5.7

No. 11 0.71 5.82 - 51 8.2

No. 12 1.34 541 - 41 4.0

No. 13 0.70 455 -39 9.3

No. 14 0.86 8.03 - 72 9.3

No. 15 1.52 6.84 - 5.3 45
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Fig. 2. Starch concentration (% DM) of feces analysed by different

methods
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3. 23 FYEHo] F glucose E insulin F =) v XE JF

re

5

B Age HaAFTo] 559(SE, +41.9)kgel w9 Aszrl FFH S 2ERR
¥ 475 4 x 4 Latin square WS o] &3t Al cagedl ol A 2= At Al
5 wole 09:00  15:0001 23] o stAeH, Zf= 09:007 15:000 AbsE
9} &7 AAsH T 3 salt blocke &4 A1 Al AT}

2) AdAs 2 A
EE SAFS AE AF 21Y HAEE ZIRAIREE 598 SAES
grass silageE AFEA A2 =S SFHA rape seed meal (5.3kg DM/d)Z} barley
grain (0.9 kg DM/d)S HEZFA3Ich 2 A]go|A A& perennial ryegrass
(Lolium perenne) silagex F+AF A A (Ecosyl, Ecosyl Products Ltd, Billingham,
Cleveland, UK)E #H<3slo] #AZ3tdt}. Barley graine roller? #47]2 o] &34

w4 & Holsdo

Table 1. Chemical composition of experimental feeds

Feed

Grass silage Rapeseed meal Barley
Composition, g/kg dry matter (DM)
DM, g/kg 2186 382.8 869.0
Organic matter 904.6 920.0 9775
Total nitrogen (N) 24.7 60.9 18.3
Ammonia N, g/kg total N 141.8 ND ND
Neutral detergent fiber 547.5 387.0 330.0
Acid detergent fiber 347.3 2235 725
Silage fermentation quality, g/kg DM
pH 4.07
Acetic acid 51.0
Propionic acid 11.0
Butyric acid 0.12
Lactic acid 83.6
Ethanol 7.2
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A8 = 7l Z2AFE F(Control), 71 ZAFE + A149] infusion(sodium caseinate
270g)7, 71Z2AFR +  A49]  infusion(glucose 300g)7*+, 7IZAFE  + A4
infusion(starch 243g)T% 313, Z} period TA S 1442 3tk 49 infusionS
W9 Alsdte) 239 7S 53435 A 49714 =2 3lE 6-mm infusion tubeE %
3 Sttt EE  infusatest 6L/d® T HA LW peristaltic pump (Watson
Marlow, Falmouth TR11 4RU, UK)E “&3dto] 23413/ 5t ALelA] Folakiv

) AEAY R sebd B

19 ARAHTE A SRdRon Ant Y 10149A MY At
EFF F, BAL ARE do] AxsYth AR AF L OM, 299 A AOAC
ol wel BASG wEe SRS APAL T 140 HE P AR

HgCl, solution JJr 20 ml ¢ 1 M NaOH solution < 5.0mle] ®FF¢j e 3] s}]
At R Yol 0.3 ml 9o 50% HSOs& 15mle] w9 He H7hste] 5T
A A AZMA dEEd st S AlERE AY TR A 497 A5 AH s
A Az AFAZ & 1490 He F Atsgo] 1, 2, 4, 183l 6A1 7 we A
AsEo v fHFATT. -l AEH obr A 183 A insulin
glucose®] AFAIS FA W2 9o Q9Fst Chamberlain et al (1993)9] ®WHI} FAF
shA A A3

4) BAEA
AEE 53] 42 A= Genstat 5 (Lawes Agricultural Trust, 1990)8 o] &
sto EAREAS HAAEAT AAEAA Y S 7 AE T5 59 AHRE o
£3le] HA s ==
v Ay 9

AEAAG D WE WEAH(Table DAAE A7k Aol7k AT Lel}

ol F9 insulin® glucose FEAAM = casein TYUT7F AYHoRE & Fs
e

1

B tHTable 3). 20w Fd¥ A& whF9olA n e diol7] wiol &
oY AwEe daHor W FalEo dFs vt weA A AW
of digh &% Wl A Ast&d W9 A5Ed F()Y #AE RAFI, &%
FadHel A 2% W AE AsE&e B9 AsEd A9 #AAC o
(Theurer %, 1999). =, A2FddA e AR 4£3&S AFAL = 7] wWiE AL
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A FFE AA e Aol ] B9 AR &238ES wolW HA A
AR 234 % ZolAth o] 2AA W T2 o]He ulEou AR g4 ako] =7}
shttE= Aot (Firkins %, 2001). Huntington(1997)8 Ao 2 FYduE= HiEo oF
45%7F glucoseZA FT5 A && S AAHA L2Foz Fs= AEF 57
Hops 9o e] ddwszt AASY oA o ool vkar skt

QWHFE WFEIFe A W dEES FEFS vX = ajle] #Hg A

ol AlFEQon F& W9 A 4992 glucose(Larsen %, 1956; Huber %,
1961; Pehrson &, 1981), maltose(Larsen &, 1956; Huber %, 1961), # & (Larsen
%, 1956; Huber %, 1961; Little 5, 1968, Mayes®t Qrskov, 1974; Pehrson %,
1981) 59 w3t WS Alkel] gtou, tiRe] Aol dE

& = = el dAZEA wrETESe] Al 49129 ¢
HE Fd AP Tl 2R FAEE AR Lshso] ST AdE KB
3 =i WA 2tk Taniguchi 5(1993)2 7H7F Weke] Al 4912 caseing F¢4s)
e, AN FAE Aol nle) 2 W AR A Eo] 55%14 93% = 7t
Sty 8, XESE Taniguchi 5(1995)2 Weke] w9l =& Al 492 casein
200g/d TR 800g/dS FHStel AW W JYx 5SS AT A A 4

L o =
) p e ) [e] = |

Y2 AR FIA AAMOA glucoseZFo] Z7 etk d9th. 1 % Richards
o]

%‘(2002)9‘ AMF2 A 492 SFEFAE 1,050g/dS FLUIAS WETgE SFFEA

¥ 1,050g/d + casein 200g/dS FUIAS W AFAA HFE 42 E0] 226g/d =
H 7t o, @A AdES 227g/d ¥ S7Hetthal skl th. Richards 5 (2003)
Eok A 4912 SH + casein YAl AAMAA YE= glucose@dol S7He &
£ £ YEY= a-amino N JA] S7kghtkal BastaA oA AWE &5
He Abm gide] F7bR Qe d Askd W A AR FUkE e Adeba st
ATt .

B AT AAANE casein®] A4 FUo] glucoseH starche] A4¢ F

% glucose? insulin ¥ 55 =olE EHE HY, 23 AR &S 2AEHA
et o, AIAF-TFAL] A 33 49 Aol pES fiwbdE T
Azttt

N

s
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Table 2. Intake of experimental diets and rumen fermentation parameters of cows
receiving a control diet of grass silage and a barley-rapeseed meal supplement

with abomasal infusions of casein, glucose or starch

Nutrients infused abomasally L
SED P-value

Control Casein Glucose Starch

DM intake, kg/d

Grass silage 85 9.2 9.1 79 0.68 0.308
Concentrate 6.2 6.2 6.2 6.2 - -
Total 14.7 154 15.3 14.1 - -
Rumen fermentation parameters

pH 6.94 6.91 6.84 6.82 0.076 0.379
Ammonia N, mg/] 93.6 97.3 96.5 93.7 11.38 0.383
Total VFA?, mmol/mol 110 129 127 121 6.6 0.158
Molar proportion of VFA, mmol/mol

Acetic acid 651 651 649 636 7.2 0.308
Propionic acid 223 223 224 222 9.2 0.808
Isobutyric acid 8.2 6.7 6.9 95 2.48 0.800
Butyric acid 87 79 38 89 4.0 0.226
Isovaleric acid 18 26 18 28 46 0.204
Valeric acid 13 14 15 15 1.6 0.619

} SED = standard error of the deviation
2 VFA = volatile fatty acid
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Table 3. Changes in concentrations of insulin (ng/ul) and glucose (mg/l) in blood
plasma of cows receiving a control diet of grass silage and a barley-rapeseed

meal supplement with abomasal infusions of casein, glucose or starch

Nutrients infused abomasally L
SED P-value

Control Casein Glucose Starch

Insulin

0 h post-feeding 378 510 550 598 135.4 0.426
1.0 h post-feeding 741 774 917 794 165.1 0.630
2.0 h post-feeding 781 879 1000 704 1585 0.475
4.0 h post-feeding 623 826 942 1029 236.6 0.544
6.0 h post-feeding 479 606 991 515 166.5 0.097
Mean 600 719 880 726 145.8 0.497
Glucose

0 h post-feeding 606 628 602 617 23.2 0.722
1.0 h post-feeding 604 607 633 554 35.1 0.339
2.0 h post-feeding 586 601 616 563 414 0.674
4.0 h post-feeding 592 620 616 553 41.8 0.145
6.0 h post-feeding 596 621 617 579 33.4 0.594
Mean 597 615 617 573 21.2 0.542

! SED = standard error of the deviation
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4. €A AT g o] &4 F AW AE o84 WA= EH

23 AFALE

TAFOEE W T AolAF et AFE gy AAS
(514£38kg) 4FE ol&atlaL, 4718 thatAlel A1 (127 x 250cm)ol 174 &3}
Two 4 x 4 Latin square design®l| 23] 23S 43s5
gFeb ) AA TS 7br] 15%4 diAstE AR S Al Z(Table 1)3ke] 1Y
8.0kg Alstiao] st o, WAL 15kgo = AgstATt wigAl=E < HAL 3FF
FFE 230(09:00, 17:000%2 HFo] Fofada, B3 vdEEsS AFAHH &

AEH st AlR dYdae FdFH 23Es Adtetrl 9% marker®ZA =
CriOs(AFEAAF 02%)S FFA R FdatA E3ate]l Folatdth

Table 1. Ingredients and chemical composition of the basal diet

SBM H-SBM

Ground corn 73.8 73.8
Soybean meal 17.0 -

Soybean meal(heat treated) - 17.0
Soybean hull 3.2 3.2
Molasses 4.5 45
Calcium phosphate 0.3 0.3
Limestone 0.9 0.9
Vitamin-mineral mixture 0.3 0.3
Total 100 100

SBM: Soybean meal; T-SBM: Heat trated soybean meal.

2) AEAH D EHEE
7 71%2A R
Ala+= 2 A8V S 13 AFHSe] Willey mill(Standard Model No3.,
Arthur H.thomas Co. Philadelphia. US.A)Z Imm ¥33t%3, d¥HAE(AOAC,
1990), A&, NDF, % ADF(Mertens, 2002), 183 Z&& #4353 th

) w9 WE=
2 AP F 1294 AFEF9] A 0830(0h) 9 Ho F 1000(1h), 1200(3h),
1400(5h), 1600(7h) & 53] A& 200ml A= AFskAch AFE wFgd FA)
479 A== o313 & pH meter(Pinnacle 530 routine, corning) 2 pHE 43I
i1, VFA®H NH3-N& #43t7] g dAE sto] 4] dA7bA @R aH(-20T)=
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sttt

) AolAH W&&

ZF AE7IE F 1394 0830(0h), 1200(3h), 1500(6h), 1800(5h), 14 |
0830(0h), 1030(1.5h), 1330(4.5h), 1600(7.5h)ol AFH3IH. WEEL EF 12716
0C, 48A1%F o]2holA AzxAZ tS disc. mill(BM-D 100, McCoy Corp., serial
No. 980812, maximum 1750rpm)< ©] &3t Imm= 3ttt &4 5 AHAA L
HE 10%% Efete] &, 2aWd 233, dE, 255 B8

Zh) &
Time—&2 HolAd W&=2S A3 & o
100g# AFA ko] Sttt AR Uz H —Er*—?
o2 Agsdtt

3) =4
ok A3 T
4) SAA
ok A3 T
L EE e = A
D w5 wggdy W
g9 pH 2 R Yole A4 FEo Wk Fig. 1o YeEUdth ALEH
A AR F AR 9] ikE=9] pHE A 2|ghe] Aol glglond, 3AE F
d= @A HWF FoAT7E 2w =9k, I Fols thAl Aozt gldlvh dRyel
B dxe] e Aradd A gl 1AZE Fdle Aozt fAAT, A Ff
SAIZE Fell= mA e diFd F5ol 7k oF 2u)(P<0.05) % kot
& VFA s== vAY g5t Asge] & 3AAd 7 =9kan, &
A diFurel wlarskel fo A (P<0.05)% ZolE HSAth(Table 2). AlzHE &

VFA %9 Hiol A% vxg dFe4E 74mM, €38 05815 68mME 2}o]
7F ddth 22 F VFAl tigh zF VFEASl 74 v&2 AlR o] 3 3A7H4 9
valeric acidol Al X2 7F §9A2 2o](P<0.05)7F UYL ¥, ot= VFAE X1t

=

Aol7k Yok, UFEe MEEe] wud FEAow wol o g3 i, 60~
8099 el o] wEglolA o] R Zinn 5, 1981). KA Afe e
AR o% BuMd FFo] TS FHAINA R/ MR LTFe] B
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2 9] viEs] AlRdwde] 2 FgEo] XA ®El FEojor st
webA] i e dlFEe] RS9 EalE&S v 99 shebd e EE A0 A
27t ol Folxitt. oiFuty A tFrte] wEg 2dwMd FAHEE in situ A
ol ofa FAFgE Kalscheur 5(2006)8] Zyfeol w2, RUP $haFe] 2hz 38%<}
73%°l et wEbA Y g2 dA g gl vEe dRYold Ax
sE9 F VFAE "AE diFd o750 Golx= Flo] 1 Aol A3
th. Broderick(1986)¢] Aol %= dAgofFut wol -9 w9 Yol FEef
T VFAT A2 diF9 wolat Bop fFoA o= Yok, dA48 Alzts &g o
Tl Fo] A ¥ (Demjanec 5, 1995 A% dxg] A zto] ZojxwHA HIE$ pHE
linearat Al ol al, R Uole] A9t F VFA ¥ %+ linearshAl 7H4stsith

72 250

70

t
4

68

pH

66

Ammonia-N (mg/L)

64

62 L L L L L L L , 0

Time(h) Time(h)

Fig. 1. Changes in ruminal pH and NH;-N concentration(mg/L) of Hanwoo fed
experimental diets.

SBM: Soybean meal; T-SBM: Heat trated soybean meal.
*: Means within the same row with different superscripts differ (P<0.05)
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Table 2. Ruminal VFA concentration of Hanwoo fed experimental diets

Item Time(hr) SBM H-SBM
0 60.86 56.76
Total VFA 1 75.54a 65.96b
3 84.28 68.32
(mM) 5 74.86 7654
7 78.96 73.22
0 64.33 63.72
Acetate 1 63.38 63.83
(% Total VEA) 3 63.95 65.39
o lota 5 64.13 64.88
7 63.39 63.71
0 11.73 12.46
Propionate 1 1358 13.25
(% Total VFA) J 13.06 1269
5 13.16 12.74
7 13.11 13.00
0 1.61 1.69
Iso-butyrate 1 113 1.14
(% Total VFA) 5 119 110
5 1.14 1.04
7 1.16 1.08
0 18.11 17.36
Butyrate 1 18.23 18.22
(% Total VFA) ’ 1783 1740
5 17.92 17.99
7 18.58 18.78
0 2.97 3.39
Iso-valerate 1 221 216
(% Total VFA) ; 239 212
5 2.22 2.08
7 2.30 2.16
0 1.26 1.39
Valerate 1 1'483 1'42}1
(% Total VFA) J 1.58 L31
5 1.44 1.28
7 1.47 1.28
0 5.49 5.13
1 468 4.82
C2/C3 3 4.90 5.18
5 4.83 5.12
7 4.85 494

SBM: Soybean meal; T-SBM: Heat trated soybean meal.
a b Means within the same row with different superscripts differ (P<0.05)
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2 o

g diFe g7 2 235t 2 OM &
g o7l gl tH(Table 3). W4, stH-43d, a8 & 423
28 7b7 it 39%, 51%, 183l 71% = LERY

Table 3. OM disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

Treatment !

Item SEM * Pr>F *
SBM H-SBM

Intake, g/d 7259 7322 - -
Duodenal Flow, g/d 4483.8 4340.2 909.17 0.8307
Fecal flow, g/d 2028.4 2195.7 198.36 0.2780
Disappearance, g/d
Stomach 2774.8 2981.5 909.17 0.7588
Intestine 2455.4 21445 900.47 0.6427
Total tract 5230.2 5126.0 198.36 0.4856
Disappearance, %
Stomach 38.23 40.72 12.47 0.7869
Intestine 53.19 48.25 10.23 0.5199
Total tract 72.06 70.01 2.72 0.3279

SBM: Soybean meal;, T-SBM: Heat trated soybean meal.
Standard error of the mean.
Probability level

A R dAe R el T 4 4w

i)
O

2 C

e

P

&2 Aol7k A tH(Table 4). F A 2le] HolAd CP #d&F A+t P A3
el 85%0]aL, whehA] WhE9) AdE 2 15%= YEbsith wE9 CP 43
& ol A NFol s o] 7] witelH, NRC(1984)9 4= CP
o] 75~120%, Richards &(2002)2 CP A3 #e] 109~142%7F &~ = #<
st AolAderw fFAE CPe 2dlA Hat 62% AW, HA
23t&S Hit 68%0] At

B
r?i i

o

E
K

do

°]

N
MR oo WD ol

By ot

=
3}
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Table 4. CP disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

Treatment !

Item SEM * Pr>F °
SBM H-SBM

Intake, g/d 1149 1176 - -
Duodenal Flow, g/d 969.19 1003.19 107.51 0.6704
Fecal flow, g/d 370.35 377.53 18.88 0.6101
Disappearance, g/d
Stomach 179.75 172.35 107.51 0.9256
Intestine 598.84 625.66 117.86 0.7585
Total tract 778.59 798.01 18.88 0.1961
Disappearance, %
Stomach 15.65 14.66 9.25 0.8855
Intestine 61.37 62.02 5.03 0.8600
Total tract 67.77 67.89 1.64 0.9208

! spM: Soybean meal; T-SBM: Heat trated soybean meal.
? Standard error of the mean.
3 Probability level

A etk dA ] oiFEE Fol e 74 sk i AR 24" R AR A
& Table 53 2t 2% o® FHHs AedH e A2 2% 2482 1|
=

[e]
o
A WFE el 27 wgod fode 99
o)

A 24" A" g5 g7 4

TH ol Tt E W,
oM el dE nsteo] TUFshEAIE ASE Aotk REEfjdll M o] R o}
Ao TS HopM = e difHre] w3 Ee&o] viAg diFetEn veka
ueba Aol gem o= dMA o] AUHor =ds Aoz s
e dA e Fojgte] AolA CP Fd@el of 4% =dkou #Fod
AR, 2 W A 23E T3 B3 YEuA gtk Al Al e 27 A
oM = 4912 FUE = caseino]l &% W A8 23tes SAAAGE d9E o
Rou, Jgolatg oa AFow FHEHE= wulde] FUF S5 Al UDP e
S/ 2 Wl AR 2ske St vAleE 2de AR 2EFRE S T

@A B APAAE et 2k
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dA g AIFe e gk
dA-g Algto] Hold +F A
O vAE FY dae rdEAy
A linearstAl S7bstlvh. 18l Ao w
linearstAl 718t A%E BAth vHg gFus
of gt Aoz FHdE HATEE 81%9]

S7bek AL, 7h 2 AlZke] 2108 EA e T

= Al S
S7F 43 Boe vu A E dAe] Yo RE 106%= EFokbA

Table 5. Starch disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

Treatment '

Item SEM * Pr>F *
SBM H-SBM

Intake, g/d 3736 3598 0 <.0001
Duodenal Flow, g/d 1528.2 1466.1 672.68 0.9005
Fecal flow, g/d 383.86 456.17 4756 0.0751
Disappearance, g/d
Stomach 2207.4 2131.9 672.68 0.8791
Intestine 1144.3 1010.0 663.50 0.7842
Total tract 3351.75° 3141.87" 47.55 0.0008
Disappearance, %
Stomach 59.09 59.25 18.36 0.9906
Intestine 70.84 64.46 13.85 0.5387
Total tract 89.73" 87.32° 1.30 0.0393

! SBM: Soybean meal; T-SBM: Heat trated soybean meal.
% Standard error of the mean.
¥ Probability level
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5. FES s 2y Felzk 2P AR o g4l WAL xH

TAFOEE W T AolAF et AFE gy AAS
(268+8kg) 3FE ol&staL, 3719 hAAl o] A (127 x 250cm)oll 174 F&3to] 3 x
3 Latin square designl 23] A3 FPFstA. A agAE ] wjEH] &
Table 17 2tk A 17 ¥WFAIEE 2ASTF 56%9F U739 23%, A2 29-&

A
Hlgo] ZEE 317 fd dFuy SSFd 23 &S 24t A 37+ A
g 279 EHEFTE S5 FHolaARE dASAT WA EE 19 52kgE Al
o 3.0kg® AlgstAdnt. wiFALE S} HA L aFFo FFE 2
3|2 Y] Fostaa, B9 muEESES AFA4F & F AERE St AR o
& < AXtE7] 9% marker2A4E CrOsAHEAA S 0.2%)S
SFALR TLSA EFste] FoIs

Table 1. Ingredients and chemical composition of the basal diet

Treatment combinations®

Tl T2 T3
Corn (ground) 56.0 56.0
Corn (flaked) 56.0
barley - - -
Soybean meal 8.0 - -
Corngluten meal 15 4.2 4.2
Soybean hull 23.0 5.0 5.0
wheat bran 5.0 28.0 28.0
Molasses 44 44 44
Urea 05 0.6 0.6
Calcium phosphate 0.4 0.4 0.4
Limestone 1.0 1.2 1.2
Vitamin-mineral mixture 0.2 0.2 0.2
Total 100 100 100
CP 13.7 13.7 13.7
RDP 8.6 8.6 8.6
UDP 5.1 5.1 5.1
NDF 20.3 18.2 18.2
Starch 31.8 319 319
TDN 75.2 74.4 74.4
ME (kcal/kg) 2,666 2,651 2,651
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2) Al=mAH
7h 71 ZAM R
Ala+= 2 A8V 5 13 AFHSEe] Willey mill(Standard Model No3.,
Arthur H.thomas Co. Philadelphia. US.A)Z 1mm 4333, IvrAdE(AOAC,
1990), A&, NDF, % ADF(Mertens, 2002), 183 Z&& &4} %th

) w9 WEE
ZF Ag 71z & 1294 0830(0h), 1000(1h), 1200(3h), 1400(5h), 1600(7h) *
53l A3 200ml HEH AAFASIATE AHAS REFEAH FA] 475 AR oA
% pH meter(Pinnacle 530 routine, corning)® pHE =4 3}051"7 VFAS NH3-N=
A7 1 AAYE stel B4 A7A BER#(-200)S skATh

) AolAd WeE
ZF A7 F 1394 0830(0h), 1200(3h), 1500(6h), 1800(9h), 144 |
0830(0h), 1030(1.5h), 1330(4.5h), 1600(7.5h)ol AFH3AT. WEELS EFH1Z27]6
0C, 48A17F o]ah)ollAd AZAZ e disc. mill(BM-D 100, McCoy Corp., serial
No. 980812, maximum 1750rpm)< ©] 83} Imm= astAch &4 F, A3 AIZE
A2 10%% &3ste] A&, 2awd 233, dE, A5S T4 8HATh

< 7 7 wR o R AHSAT. Total-w 39 FR(A12Y, 13Y, 14Y) Z424
T oAbo] MR & wdSA HolA 500g A S AL, Time-w2
25 AF Z vk LT AR woll A o® 100g¥ AF sk £ttt

7z

of Ax B 42 HolAF Wsed 22 ez At

vh)
e AN E2F 500ml7F £l = &71E ol &3ke] 3UIHAY, 104, 114Y) FAs)
Fom, AAEJNZTA I AAFEA o] &= ATk

up) oo
e 7t APV 5 1494 16009 A5 WS Fste] A %, sodium
heparin®] £+ 10ml vacutainerd] o}l 3500rpmeE 4T A 1587 A&y

T T ds Fste] WErRA(-20T)s A
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N concentration(mg/L) of Hanwoo
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Fig. 1. Changes in ruminal pH and NH;-




Table 2. Ruminal VFA concentration of Hanwoo fed experimental diets

Item Time(hr) T1 T 2 T3

0 88.05 83.51 85.00
1 106.24 83.75" 97.81"

Total VEA 3 97.48 98.73 99.38

5 97.98 101.30 96.04

(mM) 7 93.77 92,53 91.64

9 85.04 82.80 81.70

AVG 94.76 91.27 91.93

0 63.54" 64.74° 62.33"

1 62.55" 62.14* 59.22"

Acetate 3 62.40° 63.20° 59.89"

(9% Total VFA) 5 62.29 63.51° 59.93"
7 62.14% 63.71° 59.74°

9 62.36" 63.83" 59.90"

0 15.36 17.00 19.14

1 18.30° 19.53 21.42°

Propionate 3 18.15 1857 20.71
(% Total VFA) 5 17.59 17.94 20.66
7 17.06 1756 20.66

9 16.69 17.26 20.48

0 0.96° 0.68" 0.66"

1 0.65 0.60 0.56

Iso-butyrate 3 0.65 0.64 0.54
(% Total VFA) 5 0.69 0.62 0.51
7 0.68 0.60 0.56

9 0.70 0.64 0.60

0 17.37 15.44 15.26

1 16.41 1557 16.59

Butyrate 3 16.63 15.49 16.71
(9% Total VFA) 5 17.37 16.05 16.91
7 18.09 16.23 16.93

9 18.17 16.29 16.87

U'T1: Corn + Soybean hull; T2: Corn + Wheat bran; T3: Corn(flaked) + Wheat bran.

a b Means within the same row with different superscripts differ (P<0.05)

At A3 E Fold T3TNA Aol 9 OMF
of snsstudln AdHE T wRn 2AgddE BAY A% weFAT
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(P=0.14). 1812 T3+ & 5 42337 OM £24&%
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et B Fel etk

Table 3. OM disappearance rates in each segment of gastrointestinal tract in
Hanwoo steers

Treatment ' SEM * Pr>F °

Item
T1 T2 T3

Intake, g/d 6562 6508 6427 - -
Duodenal Flow, g/d 4908.4 5285.2 5046.5 992.70 0.8469
Fecal flow, g/d 2716.4 2786.7 21924 384.95 0.1102
Disappearance, g/d
Stomach 1654.1 1223.1 1380.2 992.70 0.8277
Intestine 2191.9 2498.5 2854.1 863.77 0.5750
Total tract 3846.1 3721.6 4234.3 384.95 0.2007
Disappearance, %
Stomach 25.2 18.2 21.5 15.16 0.8378
Intestine 42.4 46.6 56.7 9.41 0.1399
Total tract 58.6 57.2 66.0 592 0.1379

T1: Corn + Soybean hull; T2: Corn + Wheat bran; T3: Corn(flaked) + Wheat bran.
Standard error of the mean.
Probability level

S R

A 4 238 ¥ CP 24% 2 CP 2482 Table 40 Ye S
P& T1, T27 ®Ht} T3+7F =& AFP=0.1)°] YA, 6}3%&:5}%011*194 CP
A3l

ol
O

AA
e T3:r17} Tl?i‘i} 1T9V (P<0.05) Al =3ttt
b At dE AAE H A8 AHE2 Table 59l WERA AT A o]
Y AEFIt ]’HPJ S iiﬁlﬂoﬂ Apol 7k @l ont, Lol 4

Y= G ge] Sk A AT 2skEo] = 8k3laL, caseing A4
A= T ALARAA ] A 3, 4oM &= ATE TLE v A LA -
Al A 5k ABAFEIA AT 3oNAE AFARR TEHE dde] & HH A
28kg el aIsE fI907] wiEel & A 9

¢k RDPHI &5 27 oA diFyset hwye g34E iz 3?91‘9—‘%, T2 2}
T35 =id @] Ty Ed =5 o Y
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Table 4. CP disappearance rates in each segment of gastrointestinal tract in

Hanwoo steers

Treatment SEM ~ Pr>F °

Item
T1 T2 T3

Intake, g/d 802.7 836.9 836.9
Duodenal Flow, g/d 925.6 1060.0 1207.6 180.8 0.1427
Fecal flow, g/d 367.7° 363.0°" 295.6" 43.1 0.0746
Disappearance, g/d
Stomach -122.8 -223.1 -370.7 180.8 0.2046
Intestine 557.8" 697.0° 912.0° 195.3 0.0823
Total tract 435.0° 473.9% 541.3° 43.1 0.0199
Disappearance, %
Stomach -15.3 ~26.7 -44.3 22.0 0.2252
Intestine 59.0 63.4 755 10.1 0.1093
Total tract 54.2° 56.6™ 64.7° 5.2 0.0446

' T1: Corn + Soybean hull; T2: Corn + Wheat bran; T3: Corn(flaked) + Wheat bran.

? Standard error of the mean.
¥ Probability level

Table 5. Starch disappearance rates in each segment of gastrointestinal tract in

Hanwoo steers

Treatment ' SEM ° Pr>F °

Item

T1 T2 T3
Intake, g/d 2219 2138 2113
Duodenal Flow, g/d 558.6 764.2 699.6 186.14 0.3257
Fecal flow, g/d 72.6 56.4 46.6 17.45 0.1595
Disappearance, g/d
Stomach 1660.1 1374.2 1413.6 186.14 0.1154
Intestine 486.0 707.6 653.0 176.58 0.2347
Total tract 2146.1% 2081.7 2066.6" 17.45 0.0003
Disappearance, %
Stomach 74.8 64.3 66.9 8.68 0.2538
Intestine 36.8" 92.5° 93.2° 2.05 0.0033
Total tract 96.7 974 97.8 0.80 0.2198

U'T1: Comn - Soybean meal + Soybean hull; T2: Corn - Corngluten meal + Wheat hull;
T3: Corn(flaked) - Corngluten meal + Wheat hull.

iz Standard error of the mean.
® Probability level
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o 8AHE 20061 9L 7HA FAFA T Aol AFEA RS A ST

w AE2 2wy 5o (TD, vy Fo177(T2)¢ 270 Ag+&5 Fam,

Table 1. Ingredients and chemical composition of the basal diet

T1 T2

Ingredient, % of DM

Ground corn 65.0 65.0
Corngluten meal 3.0 3.0
Wheat bran 26.0

Soybean hull - 26.0
Molasses 4.0 4.0
Calcium phosphate 0.5 0.5
Limestone 1.2 1.2
Vitamin—mineral mixture 0.3 0.3
Total 100 100
Composition, % of DM

DM 86.85 86.47
OM 95.81 96.30
CPp 13.03 11.95
Starch 67.23 58.73
TDN 76 77

T1: Wheat bran, T2: Soybean meal.

3) AFEFEE
JA T AP FS MEHAAG] A AHpen size, 5.3x10.6m)el A 45
A TAFe o Calan system(Z A & F o] oA 2~8] {i-—~HA)E o] &3slo] Alg
g5 stk BAIE 717 F ofF 8A] MY Atme] RHFE 4T T, obd 94, A
Y SAlol AR} FFAIRE FAlM wostth AA AlESAdA HA 1.0kgE
el 232 uyle] Foatdla, wFAIE AFA Ao, B3 nudEese

2= 7w
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AFHA T 5 AEF Sk aem GYae AFaES 2ARY Astel 2
AW 4%H Aeste] e F (R F 0

Holaklth

4) A=A FH
7 Al @ALE
Ala= 4 A8717F F 13 2AFHSEe] Willey mill(Standard Model No3.,
Arthur H.thomas Co. Philadelphia. US.A)® 1mm 333, A9 E(AOAC,
1990), A&, NDF, 2 ADF(Mertens, 2002), L& 1 Z&& #4319}

N

B ARNAY, FAY 2 AF
ARE 19 Folge A% oFw o] fHolstel 9 odl ARl
A ARe 45 AARe Adaar. FAGe AYAANE 149 dAow

4% F Adtstadt AsE AIENAIEEH hE tAoR SA ST

Time- &2 A @AMAIFE 112 tAo= 2o Y3 o] grap sampling™d
o2 AFHeA=d, = 0830(0h), 1200(3h), 1500(6h), 1800(9h), &&=
0830(0h), 1030(1.5h), 1330(4.5h), 1600(7.5h)° AMF}A Y. A a5 TFHF7]60T,
A8A 7 o]l AZFAZ] the disc. mill(BM-D 100, McCoy Corp., serial No.
980812, maximum 1750rpm)< ©]&3te] Imm=z 3t 24 & AHAA T &

2 10%% EFste] AT, 2uwA 2R, AR, AFL BARAL

5 A
o

d 2d

4) A ¢
o Ay o

oAy g uF
1) AEAAF
MLz TAE AHZFFig. DF widAts AHAZFH(Fig. 2)¢] ¥WstE 29
soybean hull(thF3])o] 1kg oA o HF sl ALZ YEWt o AdoA o F3
= AWyl vlalste] W9l L E A st Yot AoRE FglHda, E AY
oA HFFo] F7HetE ol wEetA et o] 9ls Aolth

¢
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Total feed intake

intake (k¢
IS

6
6/7 6/14 6/21 6/28 7/5 7/12 719 7/26 8/2 8/9 816 8/23 8/30 9/6 9/13
day

‘ —e— Wheat bran —=— Soybean hull ‘

Fig. 1. Change in total feed intake of Hanwoos.

Concentrate intake

13

12

11
o
= 10
e
s 9
<

8

7

6

6/7 6/14 6/21 6/28 7/5 7/12 7/19 7/26 8/2 8/9 8/16 8/23 8/30 9/6 9/13
day
‘ —e— Wheat bran —=— Soybean hull ‘

Fig. 2. Change in concentrate intake of Hanwoos.

2) YEL 23E

Ae Aol =9d dF9 9 OMAAZE =tou, dudat dE A3
F& 2y w90t 538 AR dFe] 2 2y AR AAFe elA
1 AZFe](P<O.0DE E At OM 4 &3k&2 Azt A7k iAW, CPeb di
25E2 2T FoH(P<O.05)S R =AUtk HA FAE dAAI A T
T s BE ksl roelal, & A AARMFATEE Sk Al
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2 vhebuch elv vl 9 ARMAZY asee AUyl waith
Table 2. Nutrients intake and total tract digestibility
Treatment ' ) 3
Item SEM Pr>F
T1 T2
Intake, kg/d
OM 9.92 11.04 433.26 0.0001
Cp 1.38 1.31 0.08 0.1017
Starch 6.97" 6.32" 0.39 0.0044
Feces, kg/d
OM 2.88 3.36 0.51 0.0787
Cp 0.47 0.53 0.07 0.1105
Starch 0.80 1.01 0.22 0.0757
Total tract disappearance, kg/d
OM 7.03" 7.68" 0.50 0.0217
CPp 0.90° 0.78" 0.09 0.0193
Starch 6.17° 5.31° 0.42 0.0011
Total tract digestibility, %
OM 71.00 69.58 448 0.5360
CPp 65.65" 59.59" 5.25 0.0367
Starch 88.53" 83.99 3.40 0.0185

T1: Wheat bran; T2: Soybean hull.
Standard error of the mean.
Probability level

2) A 47

BN ANAZL A2 A7t fRon 34Y Fo AFL oy

b E2w mokth 2 BAA A gl 4 SACAME dFe T 25
=gtot 9A SAHR] °4*é£ otk Abs A F 53 s dHge o
FIT7E oA (P05 R =

HFel o W59 %ﬁ%?ﬁi}g} FARAAT S7F Bt aHle o
oy Bl AR AAE " A%k S Bde 2 A9 SAde 9%E A
xetslth
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Table 3. Growth performance

Treatment !

Item SEM * Pr>F *
T1 T2

Initial BW, kg 494 492 34.00 0.8795
Final BW, kg 575 586 29.92 0.4993
ADG", kg 0.88 1.02 0.22 0.2174
DFT’, kg/d 10.66 11.70 0.85 0.0291
Concentrates 9.69 10.71 0.86 0.0315
Rice straw 0.98 0.99 0.04 0.5830
DDMI, kg/d 9.27 10.13 0.74 0.0355
DDMI/ADG 10.80 10.39 0.72 0.5938

" T1: Wheat bran; T2: Soybean hull.
? Standard error of the mean.

¥ Probability level

il Average daily body gain

° Daily feed intake

% Dail dry metter intake
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D iyl Ay k9] Qb st Z]efsAnt, A AR el &l A=
e R R L R

2) 7tEdErt e SeaEd 2
Holz & ol A

eI

4. BF715 AL AW g9 d @i
7} In situ UL 29 wapda =3k
ol A o] &4 Bt
D =ul vigiAtE gl A e o) =2 =
ARt SEFRE Sujopul WA iy, AMn) awy] 30 siutet
7] 8y ey ofapey ) FwpEh)S o] 83k Gt
2) OrsKov 5(1980)°] #el wel 2mm ©lste] JAEE 7k A& e
T 7}2 10cm, AZ 15cm9 nylon bag(pore size 45l A& 5g< %01
(sample size : bag surface area = 16.67mg/cm?) ¥3$| cannula@t A&
SAFE 3T WES del Yol Ak FaElEs T @rskovg]r
McDonald(1979)¢] A= #4215 o] &3to] SAS(SAS, 2002)¢] ®|Add 3]

%44 (PROC NLIN)o.%2 W59 45 2889 F4aAr)
3) WFA, 49 R 2NN A FFa 23ES Hyelpund SO0 PEel
ek gk 5 100014 F 4SS (%)S Wi $te® UDINS O}M‘?‘r.

4) Licitra 5(1996)2] o 23] in vitro techniquel® A, Bl, B2, B3, C

fractions AFE3FA T
. In situ A1@(RDP, RUP, UDIN)Z} in vitro Al®(A, Bl, B2, B3, C)oll <3 A}

Sl A o] &4 7R vl

1) RDP®} CNCPS9 nitrogen fraction®] ®]ale|A+= A+Bl fraction®] [Y =
0.66X - 12.87]19] #A2 o2 P value’t 0.022 FoFFS 2A 7 A+Bl1+B2
fraction?}+= F@#A 7} EAsHA R

2) RUP® CNCPS9 nitrogen fraction®] ®]ulo|A+= Bl1+B2+B3 &2 B2+B3
fraction 27 FHAATE EA8HA] = Ao E e

3) UDIN¥} CNCPS¢] C nitrogen fractionzteol]l A#dA7}F £A4181%] &&= Ao
2 UEY

5. @Wlz EI =0 & ¢ A 4L o8& SA
7F =9 soluble N Ea9lE &4 Al
1) wde] Rt o wet CP b 8% vl (Contro) €} w4l
RUP T8 ==

i

A A4E=(LCGM; CP: 12%)¥ 143 (HCGM; CP:

—1ﬂi
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2)

o},

1 iz Abser W

16%), RDP #%9<¢ W58 AH+==(LSBM; CP: 12%)3¥ 14<=(HSBM; CP:
16%)9] 57 A 8T E 5x5 Latin square design®. & 433} t}.

HEE9] g g del ojA dd Har pHeF JEAdAEAE dFe A3t
Zpol S HolA| ko) Yol Fi= WA ghafo] ma whE9] B
o] =542 F7eth WU nitrogen fractionol] oA $Elo]= 3Fk
o] 714 = A YErew, ofuxit fEfo]= W F8A A AgteE 3] &
FrSFde vlste] BEE9 Fal&o] =& dlFdtel A A UEbwth kA
dF oA grAEAFEE BUNo| ool Asaks) w9 28 &0 v st
oAl ztolE YElW oy Iiw F duldy Idoleld g AT
Zhell zfol & HolA eFgkth whESuAEdwd A FdE G d sy gk
F9 Eagol v#H3te] Fr1stgd v, AW nitrogen balanceo] oA & A
2 FAQD AolE HolA] gkt

W9 ok A 39199 ¢] soluble N fraction #alolel =4 2 H| w24

G de] FalEet o] wet 471 AEFE U AEd, gixdel RUP
HHYol ZZFdE AFF(LCGM; CP: 12%)3 14F=(HCGM; CP: 16%),

RDP 992 th¥uF #A42=(LSBM; CP: 12%)3 1% (HSBM; CP: 16%)<]
470 A B FE 4x4 Latin square design®. & 33} ).

A3 N W Hat SNAN F== #3909 Ul ZF SNAN 3 F=7F w399
Bl 7] wjiEo] ¥hE9jdle] SNAN wEHT fodom o =gt
(P<0.05). 2] CPA el A w39 A (P<0.01) #1391 A (P<0.05)2] 7t
SNAN #3¢°] 5% peptides Al9Jstal A4 CPFHU =8kt SBM +

B R A(P<0.01) 2 A3YA(P<0.05)2] peptide HE=Z F7FAIZTH 1L
T CP gy =2 Fal&2 w5 2 A3 A9 F SNAN 5=5
oo F7HAATHP<0.001). E3gt peptide 37} W9 @z 77
ol Hale& AA9Ad 4 ke oA ®i(Chen %, 1987; Choi %,

A }oltt,

2002a, 2003)%} 2
MR B weAE R e a
9 welgol we awE AP W wRS wogo]

o

F 1
& g%y #H7FT9 370 A g2 3x3 Latin square design®. Z 33514 ).

2) A3k w39 pH, & VFA 3 7 7499 s== Aol7h il 2@y

gEobe) A FEE wMA AR F/HROU(P<O0D, BHd H7
AT R ol FAEEEF FAAAGHP000D. EF FF BUNS @)
Al A7k % BAEe] e FAheshE(P<005) Aol Fs uehge
U othe dudgand 2] sEE A0S wolx 2tk @, 439

o L
of o}u]it, peptide, 484 WM ¥ F SNANS FEE wEslanc %

(1o
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okom(P<0.05), WA A7l @ gulFe] uiF9 Ego] =S4 ukE
= = od g A

of W A3gele] SNAN 5ES Z7HAAT. )

WB el el A ¥l thebgtd), ol wr

of AAE Haa L:z Foz AHE FuLjobe Ao

Ak @A Aaddel ol AT 7ke] Aol7h fgltv, WA

4] 44 el WB?LOHH SohgolE Bpata Axd@ol Aol

2e WBat wlatshel waEelolA wajuA e dgge] SBHI &%
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ojdsol B F
S

0 kel 9% izl wal Frksks AP - 016)& B ©]
o] 2% W 23ed WA HUtR SUtehs S B9V wieel(P=0.14)
i bR Qlel sh V] askgo]l SXEs AAT 4 ok 1R F
23t 238 94 gl Wtz Fobske A4S RATHP=0.1)

6. At

7 %47 e B E A
k=

B A o AFdA ek o] b9 %311 7b wke weEeh oiFubt, Bt
=d Segst SSFET 24 g2 ol AAES FEokA 145(260.0440kg) &
ol g3to] AHFA RS ML FAs] ARAFAF] SAES FASAT

S Fg Fol o] HlEte] HElFA Rt FRH 0T ABAHH Lo =4 e
Wi dFFAEFE A FAE, kg AT AEHAT] SFF-S2FE G
5, WhE W] AR T sl frel et Al HERE

| A B S B R

247047 g HIAA S 165F(F T AT 46351kg) S ©]&3ko] A y] ol
Tob tFY Felge] 27 AR TE ol 3L AARAE S sk

AMEAATES T F5olTlA FoHem = Uesken, SAFE o

T3 FoToA FARAeZ =A YEelyt dbde] um Ay AR AW 43E
o Ay FolFol feolF oz =A YERETHEP<0.05).
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(PAA, AA, NHsN) 100%
O wEsmARGNy g4 T 9 w0
AAs wol Eallsie FHEAE
23} W% - ﬂE}OlEQ} ofml =Ab Ao thE 371
(20043) FE) o] casein (casein, &4 %3] casein,
= A2 casein) S 392 FUF F 23E
S8t &% o184 H7t
O 9= =y oAl
<A 3 A A > Eii e e
- - 2 AE 2dEe] W gle
W9 2 Az AR o] - =
a4 zas o Awd| ¢ 83 flake F7(1.5mm, 2.5mm)
o= bl [} = ES
a]éﬂro 7t 8 S55E ol &% Alsud
- Q9 g s
-2 R 5 AT
O AIF9 =9 S54 7HF A 527 |100%
- dFd e AUIRT 959 g st 7
AR g AU AR BAlEANAE &
LR g e R e R S e
- FEFEHVE 8 SEFEA 2 Fd o
a)et AWIE Fog AP S o]
A &5F5F FAFAA A AR &
d&ol T

173




-
fe
re
-
X
i3
A
£
)
-
)
i3
=
oo
g
oL
RS
S re
L

@)
::
£

F9 TaErISk
- BEEert wE Er)s(Re el e
g EEEEr =W FUEHS T
SSFFHY) oA 2l AE e
<AL AL A o] FHE AvE At
AEe 24W 28e F o $47] A 100%
& 7lE - wdErlE avE Ase] A% A A
SRk
- BAEE AR, S,
W9 E
Aol 24%

O WEFAMABENY FY FAS A @y
AN Fol By A

o
32 A= - @M HALE (RDP, UDPY) Hol & w39
<Al 2 AF-TA> ! = _
oo [0 2 UL ] R A 3998 AAslel wmd wap
Lo T ST TR EH(PAA, AA, NH:-N) 2 mAEwwd §

A 7 e 24 100%

O WrE9u wwd Easid AbEe] RDP
9 UDP FoaFe] AoaA 4

- ¥4%8 A8 RDP % UDP #9% data
setup

- A 391 +9Y soluble N $F2F data setup

<Al 3 AF-2A> O M§F7) AFAY
Hhel B gy AR o] - AR FolEd AES 9% A% o
84 20e AT ABA| - 2ARE  ARAND, A, 100%
] & 7} Ao 42oks
2. HARoke Vel Vg%
1) 12bd=ol] 125, 2abd Xol] 125, & 24%F o] B9l 2% MEZS A
FAste 9 AEs FuldA] HFow AAste] Al e o] &3toz A, uk

F7h50 AW A AT E S2es AV H

174



;AT!
_
N

Fhol| A €]

s}

4

o whet o Fofol

3t
=

A A

o
=

Njo

N
Nlo

= Zojs}

3

o 2Foz A

o

o
oF
el

)
)

™

i

3

5) & FHAA

NR

R
B

B
o

oj
il
B

|

175



ol
)

)

No

T e HEUSA M &

FpA ol €]

of o}

o

=

o))

Ea
==

Al

f
L.

e wel we Cr

)

oke] @

=]

A4

=

=

o o]

)=
RN

il =l As A7 o

o]

1o},

pul

FA el o)A Aol HE= AR

=

2.

)l
fa

oy

o)
~

g

b
6—E]_

qE

[e)

o =&

R R

ol
1=
°

=

]

1
4ol 474

o] &= o Ao
¢] Harmon i

)
s}
)
=

3

R
=

4 Kentucky

sk
=

by
< SCI Journal

fl oF

R E Ay
o

B

3L, 20073 workshop

A

3

24
3] )

©

A
o

L

pul

3} reentrant cannula

3

=

=

=

al
2k

75)]_

shech. weka ® QA ol
of Ao glol A

=

|

ofe] AF7A
 HAAT A

=]

LN

5o
&2 e

=
=

=

A

o]
PR

]_
o ¥ 7%

ERIES
7
she] W@ 75 o]t

=
T

- )
+ pancreatic pouch

5}
(e}
[
AR

Aol A Adolx A 123 AAAP(2006, F-AR)el A 7
[e))]

fuA
<
T

Ak Tl = o
51

™ full paper’} A
kel

o g ol ot

H
.

H

=

5. el=olM= ]

3.

B
1o
o

REERTI R

o

z
)
T

el

|

T

oy

i
s

176



A6 AT F

rol

a9 98} 7) % 1

A2 1 d Aol Kentucky W3te] Harmon W 4H S WEsle]l 2 Ao o
Iy wFdS 4, MEE T type-simple cannulas <
Aol & IpA] 5ol A /\]"Q—O}')%-—D:] A= AA A= &Estar o

2. B3 UgE o e A4S FY 7153 power point AHE gH.

NS AT 4 9= pancreatic pouch &2 reentrant
cannula Al &S $3 =4AT 429 Kentucky a7+ workshopS M & A 2.

1. AFRC. 1984. Agricultural and Food Research Council. The nutrient requirement
of ruminant livestock. supplement No 1, England

2. Ahvenjarvi, S., A. Vanhatalo, P. Huhtanen and T. Varvikko. 2000.
Determination of reticulo-rumen and whole-stomach digestion in lactating cows
by omasal canal or duodenal sampling. Br. J. Nutr. 83:67-77.

3. Allison, M. J. 1970. Nitrogen metabolism of ruminal microorganisms. In:
Physiology of Digestion and Metabolism in the Ruminant (Ed. A. T.
Phillipson). Oriel Press, Newcastle, England. pp.456-473.

4. AOAC. 1990. Official Methods of Analysis, 15th ed. Association of Official
Analytical Chemists, Arlington, Virginia, USA.

5. Argyle, J. L., and R. L. Baldwin. 1989. Effects of amino acids and peptides on
rumen microbial growth yields. J. Dairy Sci. 72:2017.

6. Bernard, J. K., J. D. Quigley, H. H. Dowlen, and K. C. Lamar. 1995.
Suplemental Niacin and heat—treated whole soybeans for Jersey cows during
early lactation. J. Dairy Sci. 78:2016-2023.

7. Black, J. L. 1971. A theoretical consideration of the effect of preventing rumen
fermentation on the efficiency of utilization of dietary energy and protein in
lambs. Br. J. Nutr. 25:31-55.

8. Blanshard, J. M. V. 1987. Starch granule structure and function in starch :

177



Properties and Potential, Critical Reports on Applied Chemistry. Vol
13(Galliard, T, ed.). pp. 16-54.

9. Borchers, R. 1977. Allantoin Determination. Analytical Biochem 79: 612-613

10. Bowman and Firkins. 1993. Effects of forage species and particle size on
bacterial cellulolytic activity and colonization in situ. J. Anim. Sci
71:1623-1633.

11. Broderick, G. A. 1978. In vitro procedures for estimating rates of ruminal
protein degradation and proportions of protein escaping the rumen undegraded.
J. Nutr. 108:181.

12. Broderick, G. A. 1998. Can cell-free enzymes replace rumen microorganisms
to model energy and protein supply? pp. 99-114. In vitro Techniques for
Measuring Nutrient Supply to Ruminants.

13. Broderick, G. A. 2003. Effects of varying dietary protein and energy levels on
the production of lactating dairy cows. J. Dairy Sci. 86:1370-1381.

14. Broderick, G. A. and R. J. Wallace. 1988. Effects of dietary nitrogen source
on concentrations of ammonia, free amino acids and flouresca mine-reactive
peptides in the sheep rumen. J. Anim. Sci. 66:2233 — 2238.

15. Call, J. L., G. E. Mitchell, Jr., and C. O. Little. 1975. Response of ovine
pancreatic amylase to elevated blood glucose. J. Anim. Sci. 41:1717-1721.

16. Castillo, A. R., E. Kebreab, D. E. Beever. J. H. Barbi, J. D. Sutton H. C.
Kirby, and J. France .2001. The effect of protein supplemen tation on nitrogen
utilization in lactating dairy cows fed grass silage diets. J. Anim. Sci
79:247-253.

17. Castlebury, R. E., and R. L. Preston. 1993. Effect of dietary protein level on
nutrient digestion in lambs duodenally infused with cornstarch. J. Anim. Sci.
71(Suppl.):264 (Abstr.).

18. Cecava, M. J., M. Hancock. 1994. Effects of anabolic steroids on nitrogen
metabolism and growth of steers fed corn silage and corn- based diets
supplemented with urea or combinations of soybean meal and feather meal. J.
Anim. Sci. 72:515-522.

19. Chaney, A. L. and E. P. Markbeck. 1962. Modified reagents for determination
of urea and ammonia. Clin. Biochem. 8:130-137.

20. Chen, G., C. J. Sniffen and ]J. B. Russell. 1987a. Concentration and estimated
flow of peptides from the rumen of dairy cattle: Effects of protein quantity,

protein solubility and feeding frequency. J. Dairy Sci. 70:983-992.

178



21.

22.

23.

24.

20.

26.

217.

28.

29.

30.

31.

Chen, G., J. B. Russell and C. J. Sniffen. 1987b. A procedure for measuring
peptides in rumen fluid and evidence that peptide uptake can be a
rate-limiting step in ruminal protein degradation. J. Dairy Sci. 70:1211-1219.
Chittenden, L. W., D. D. Johnson, G. E. Mitchell, Jr., and R. E. Tucker. 1984.
Ovine pancreatic amylase response to form of carbohydrate. Nutr. Rep. Int.
29:1051-1060.

Choi, C. W., S. Ahvenjarvi, A. Vanhatalo, V. Toivonen and P. Huhtanen.
2002a. Quantitation of the flow of soluble non—ammonia nitrogen entering the
omasal canal of dairy cows fed silage based diets. Anim. Feed Sci. Technol.
96:203-220.

Choi, C. W, A. Vanhatalo, S. Ahvenjarvi and P. Huhtanen. 2002b. Effects of
several protein supplements on flow of soluble non—-ammonia nitrogen from
the forestomach and milk production in dairy cows. Anim. Feed Sci. Technol.
102:15-33.

Choi, C. W, A. Vanhatalo and P. Huhtanen. 2002c. Concentration and
estimated flow of soluble non—ammonia nitrogen entering the omasum of
dairy cows as influenced by different protein supplements. Agric. Food Sci.
Finl. 11:79-91.

Choi, C. W., A. Vanhatalo and P. Huhtanen. 2003. Effects of type of grass
silage and level of concentrate on the flow soluble non-ammonia nitrogen
entering the omasum of dairy cows. J. Anim. Feed Sci. 12:3-22.

Choi . C. W. and C. B. Choi ., 2003. Flow of soluble non-ammonia nitrogen
in the liquid phase of digesta entering the omasum of dairy cows given grass
silage based diets. Anim. prod. research, MTT Agrifood Reasearch Finland.
Christensen, R. A., G. L. Lynch, J. H. Clark, and Y. Yu. 1993. Influence of
amount and degradability of protein on production of milk and milk
components by lactating Holstein cows. J. Dairy Sci. 76:3490-3496.
Christensen, R. A., M. R. Cameron, T. H. Klusmeyer, J. P. Elliott and J. H.
Clark. 1993. Influence of amount and degradability of dietary protein on
nitrogen utilization by dairy cows. J. Dairy Sci. 76:3497-3513.

Christopher G. Oates. 1997. Towards an understanding of starch granule
structure and hydrolysis : A review. Trends in Food Sci. & Tech.
November(Vol. 8) 375-381.

Clark, J. H. 1975. Lactational respones to postruminal adminis tration of

proteins and amino acids. J. Dairy Sci. 58(8): 1178.

179



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Clark, JH., T. H. Klusmeyer, and M. R. Cameron. 1992. Microbial protein
synthesis and fiows of nitrogen fractions to the duodenum of dairy cows. ]J.
Dairy Sci. 75:2304-2323.

Cooper, R. J., C. T. Milton, T. J. Klopfenstein, and T. L. Scott, C. B. Wilson,
and R. A. Mass. 2002. Effect of corn processing on starch digestion and
bacterial crude protein flow in finishing cattle. J. Anim Sci. 80:797-804.
Cunningham, K. D. , M. J.Cecava, T. R. Johnson, and P.A. Ludden. 1996.
Influence of source and amount of dietary protein on milk yield by cows in
early lactation. J. Dairy Sci. 79:620-630.

Davidson, S., B. A. Hopkins, D. E. Diaz, S. M. Bolt, C. Brownie, V. Fellner,
and L. W. Whitlow. 2003. Effects of amounts and degradability of dietary
protein on lactation, nitrogen utilization, and exXcretion in eary lactstion
Holstein cows. J. Dairy Sci. 86:1681-1689.

Eisemann, J. H., A. C. Hammond, T. S. Rumsey and D. E. Bauman. 1989.
Nitrogen and protein metabolism and metabolites in plasma and urine of beef
steers treated somatotropin. J. Anim. Sci. 67:105-115.

Ellenberger M. A., D. E. Johnson, G. E. Carstens, K. L. Hossner, M. D.
Holland, T. H. Nett and C. F. Nockels. 1989. Endocrine. J. Anim. Sci.
67:1446-1454.

Enrigh, W. L., J. F. Quirke, P. D. Gluckman, B. H. Breier, L. G. Kennedy, I
C. Hart, J. F. Roche, A. Coert and P. Allen. 1990. Effects of long-term
administration of pituitary—-derived bovine growth hormone and estradiol on
growth in steers. J. Anim. Sci. 68:2345-2356.

Erwin, E. S, G. T. Marco and E. M. Emery. 1961. Volatile fatty acid analysis
of blood and rumen fluid by gas chromatography. J. Dairy Sci. 44:1768-1771.
Faichney, G. J. 1980. The use of markers to measure digesta flow from the
stomach of sheep fed once daily. J. Agric. Sci. (Camb.) 94:313.

Faldet, M. A., L. D. Satter, and G. A. Broderick. 1991. Feeding heat-t reated
full fat soybeans to cows in early lactation. J. Dairy Sci. 74:3047.

Faldet, M. A., V. L. Voss, G. A. Broderick, and L. D. Satter. 1991. Chemical,
in vitro, and in situ evaluation of heat treated soybean proteins. J. Dairy Sci.
74:2548.

Firkins J. L., M. L. Eastridge, N. R. St-Pierre, and S. M. Noftsger. 2001.
Effects of grain variability and processing on starch utilization by lactating
dairy cattle. J. Anim. Sci. 79(E. Suppl.):E218-E238.

180



44.

45.

46.

47.

48.

49.

90.

ol.

52.

53.

o4.

50.

96.

French, D. 1973. Chemical and physical properties of starch. J. Anim. Sci.
37:1048.

Ganev, G., E. R. orskov, and R. Smart. 1979. The effect of roughage on
concentrate feeding and rumen retention time on total degradation of protein
in the rumen. J. Agric. Sci.,, Camb. 93:651.

Garret, R. D., Goodrich, J. C. Meiske, and M. D. Stern. 1987. Influence of
supplemental nitrogen source on digestion, dry matter and organic matter and
on in vivo rate of ruminal protein degradation. J. Anim. Sci. 64:1801.

Genry, L. R., J. M. Fernandez, T. L. Ward, T. W. White, L. L. Southern, T.
D. Bidner, D. L. Thompson Jr., D. W. Horohov, A. M. Chapa and T. Sahlu.
1999. Dietary protein and chromium tripicolinate in Suffolk wether lambs:
Hormonal responses, and immune status. J. Anim. Sci. 80:3361-3368.
Grummer, R. R. 1991. Effect of feed on the composition of milk fat. J. Dairy
Sci. 74:3244.

Guerino, F., G. B. Huntington, and R. A. Erdman. 1991. The Net Portal and
Hepatic flux of metabolites and oxygen consumption in growing beef steers
given postruminal casein. J. Anim. Sci. 69:387-395.

Ha, J. K. and J. J. Kennelly. 1984. In situ dry matter and protein degradation
of various protein sources in dairy cattle. Can. J. Anim. Sci. 64:443.

Harmon D. L. and C. ]J. Richards. 1997. Considerations for gastrointestinal
cannulations in ruminants. J. Anim Sci. 75:2248-2255.

Herrera-Salsana, R., R. Gomez-Alarcon, M. Torabi, and J. T. Huber. 1990.
Influence of synchronizing protein and starch degradation in the rumen on
nutrient utilization and microbial protein synthesis. J. Dairy Sci. 73:142-148.
Hirst, B. H., G. E. Storey, and C. W. Venables. 1982.
Polytetrafluoroethylene(PTFE): A new materials for construction of
gastrointestinal cannulae. Lab. Anim. 16:33-35.

Hoover, W. H. 1986. Chemical factor involved in ruminal fiber digestion. J.
Dairy Sci. 69:2755.

Horigane, A., T. Araki, A. K. Horigane, K. Hashimoto, M. Shinoda, I. Sasaki,
and Horiguchi, M. 1992. Technical note: Development of a duodenal cannula
for sheep. J. Anim. Sci. 70:1216-1219.

Hristov, A. N. , J. K. Ropp, K. L. Grandeen, S. Abedi, R. P. Etter, A. Melgar,
and A. E. Foley. 2003. Effect of carbohydrate source on ruminal fermentation

and nitrogen utilization in lactating dairy cows. J. Dairy Sci. 86(Suppl. 1):63.

181



o7.

o8.

99.

60.

61.

62.

63.

64.

60.

66.

67.

68.

69.

70.

Huges, A. D. 1970. The non-protein nitrogen composition of grass silsge. II.
The changes during the storage of silage. J. Agric. Sci. Camb. 75:421-431.
Huhtanen, P., P. G. Brotz and L. D. Satter. 1997. Omasal sampling technique
for assessing fermentative digestion in the forestomach of dairy cows. J.
Anim. Sci. 77:1380-1392.

Huntington, G. B. 1997. Starch utilization by ruminants : From basic to the
bunk. J. Anim. Sci. 75:852-867.

Huntington, G, M. Poore, B. Hopkins, and 1. Spears. 2001. Effect of ruminal
protein degradability on growth and N metabolism in growing beef steers. J.
Anim. Sci. 79:533-541.

Huber, J. T. N. L. Jacobson, A. D. McGilliard, and R. S.Allin. 1961.
Utilization of carbohydrates introduced directly into the omasso-abomasalarea
of the stomach of cattle of various age. J. Dairy Sci. 44:321-328.

Hvelplund, T., Weishjerg, M. R. and Andersen, L. 1992. Estimation of true
digestibility of rumen undegraded dietary protein in the small intestine of
ruminants by the mobile bag technique. Acta Agric. Scand. 42:34-39.

Ivan, M. 1974. A new type of re-entrant cannula designed for use in the
small intestine of the pig. Aust. Vet. J. 50:547-552.

Ivan, M. 1977. A new method for re-entrant cannulation of the duodenum in
sheep. Can. J. Anim. Sci. 57:225-227.

Johnson, D. D., G. E. Mitchell, R. E. Tucker, and R. B. Muntifering. 1936.
Pancreatic amylase, plasma glucose, and insulin responses to propionate or
monensin in sheep. J. Dairy Sci. 69:52.

Jordan, E. R, T. E. Chapman, E. W. Holtan and L. V. Swanson. 1983.
Relationship of dietary crude protein to composition of uterine secretions and
blood in high-producing dairy cows. J. Dairy Sci. 66:1854-1862.

Jouany, J. P., and K. Ushida. 1999. The role of protozoa in feed digestion.
Review. AJAS 12: 113.

Joy, M. T., E. J. DePeters, J. G. Fadel, and R. A. Zinn. 1997. Effects of corn
processing on the site and extent of digestion in lactating cows. J. Dairy Sci.
80:2087-2097

Kato, S., T. Ando, N. Adachi, and H. Mineo. 1986. The effects of atropine on
pancreatic responses to intravenous CCK-8 and intraduodenal soybean extract
in sheep. Jpn. J. Zootech. Sci. 57:1022-1028.

Kerry, C. M. and H. E. Amos. 1993. Effects of source and level of

182



71.

2.

73.

4.

5.

76.

7.

78.

79.

80.

undergraded intake protein on nutrient use and performance of early lactation
cows. J. Dairy Sci. 76:499.

Kim, N. S, J. K. Ha, Y. G. Ko, H D. Kim, W. Y. Kim, and B. O. Kwak.
1996. Effects of corn processing methods on the nutrient utilization II. Effects
of processed corn on ruminal degradability of starch and lower gut
disappearance rates of dry matter and crude protein in Holstein dairy cows.
Kor. J. Anim. Nutr. Feed. 20(4):360-370.

Klusmeyer, T. H.,, R. D. McCarthy, Jr., and J. H. Clark. 1990. Effects of
source and amount of protein on ruminal fermentation and passage of
nutrients to the small intestine of lactating cows. J. Dairy Sci. 73:3526-3537.
Komarek, R. J. 198la. Rumen and abomasal cannulation of sheep with
specially designed cannulas and a cannula insertion instrument. J. Anim. Sci.
53:790-795.

Komarek, R. J. 1981b. Intestinal cannulation of cattle and sheep with a
T-shaped cannula designed for total digesta collection without externalizing
digesta flow. J. Anim. Sci. 53:796-802.

Konig, B. A., J. D. Oldham, and D. S. Parker. 1984. The effect of abomasal
infusion of casein on acetate, palmitate and glucose Kkinetics in cows during
early lactation. Br. J. Nutr. 52:319-328.

Kreikemeier, K. K., D. L. Harmon, R. T. Brandt, Jr., T. B. Avery, and D. E.
Johnson. 1991. Small intestinal starch digestion in steers @ Effect of various
levels of abomasal glucose, corn starch and corn dextrin infusion on small
intestinal disappearance and net glucose absorption. J. Anim. Sci. 69:328-338.
Kreikemeier, K. K., and D. L. Harmon. 1995. Abomasal glucose, maize starch
and maize dextrin infusions in cattle: Small intestinal disappearance, net portal
glucose flux and ileal oligosaccharide flow. Br. J. Nutr. 73:763-772.

Krober, T. F., D. R. Kulling, H. Menzi, F. Sutter, and M. Kreuzer. 2000.
Quantitative effects of feed protein reduction and methidnine on nitrogen use
by cows and nitrogen emission from slurry. J. Dairy Sci. 83:2941-2951.
Larsen, H. J, G. E. Stoddard, N. L. Jacobson, and R. S. Allien. 1956.
Digestion and absorption of various carbohydrates posterior to the
rumino-reticular area of the young bovine. J. Anim. Sci. 15:473.

Lee, S. C. 2006. Effects of CP contents and levels of RDP and RUP in diets
on ruminal fermentation and protein digestion in Hanwoo steers. Master.

Thesis, University of Chungnam, Daejon, Korea.

183



381.

32.

83.

34.

80.

36.

87.

38.

89.

90.

91.

92.

93.

94.

Lenardi, C., M. Steven , and J. E. Armentation. 2003. Effect of two levels of
crude protein and supplementation on performance of dairy cows. J. Dairy
Sci. 86-4033-4042.

Licitra, G., T. M. Hernandez and P. J. Van Soest. 1996. Standardization of
procedures for nitrogen fractionation of ruminant feeds. Anim. Feed Sci.
Technol. 57:347-358.

Lie, S. The EBC-ninhydrin method for determination of free alpha amino
nitrogen. J. Inst. Brew. 79:37-41.

Littell R. C., Henry P.R, Ammerman C.B., 1998. Statistical analysis of
repeated measures data using SAS procedures. J. Anim. Sci. 76, 1216-1231.
Little, C. O., G. E. Mitchell, and C. M. Reitnour. 1968. Postruminal digestion
of corn starch in steers. J. Anim. Sci. 27:790-792.

Little, R. C., Henry P. R., and Ammerman C. B. 1998. Statistical analysis of
repeated mesures data using SAS procedures. J. Anim. Sci. 76:1216-1231.
Lykos, T and G. A. Varga, 1995. Effects of processing method on degradation
characteristics of protein and carbohydrate sources in situ. J. Dairy sci.
78:1789.

Macrae, J. C., and M. J. Ulyatt.. 1972. Quantitative digestion of fresh herbage
by shee p. II. The sites of digestion of some nitrogenous constituents. J.
Agric. Sci. 82:309-319.

Maeng, W. J., C. J. Van Nevel, R. L. Baldwin and J. G. Morris. 1976. Rumen
microbial growth rates and yield: Effect of amino acids and protein. J. Dairy
Sci. 59:68.

Martini, F. H. 2001. Fundamentals of anatomy and physiology. Pearson
Education.

Mayes, R. W,, and E. R. Qrskov. 1974. The utilization of gelled maize starch
in the small intestine of sheep. Br.. J. Nutr. 32:143-153.

McAllister, T. A., R. C. Phillippe, L. M. Rode, and K. J. Cheng. 1993. Effect
of the protein matrix on the digestion of cereal grains by ruminal
microorganisms. J. Anim. Sci. 71:205-212.

McDonald, I. W. 1953. Experimental duodenal fistula in the shee p. Vet. Rec.
19:290-291.

McNeil, D. M., R. Sleprtis, R. A. Ehrhardt, D. M. Smith, and A. W. Bell.
1998. Protein requirements of sheep in late pregnancy : Partitioning of

nitrogen between gravid uterus and maternal tissues. J. Dairy Sci.

184



9.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

81:1608-1618.

Mertens, David R. 2002, Gravimetric Determination of amylase Treated
Neutral Detergent Fiber in Feeds with Refluxing in Beakers or Crucibles :
Collaborrative Study. Journal of AOAC international Vol. 85. NO.6.

Mertens, David R. 2002. Gravimetric Determination of amylase Treated
Neutral Detergent Fiber in Feeds with Refluxing in Beakers or Crucibles:
Collaborrative Study. Journal of AOAC international Vol. 85. NO. 6.

National Research Council. 1985. Ruminant Nitrogen Usage. Natl. Acad. Sci.,
Washington, DC.

National Research Council. 1996. Nutrient Requirements of Beef Cattle. 7th ed.
National Academy Press, Washington, DC.

National Research Council. 2001. Nutrient Requirements of Dairy Cattle. 7h
rev. ed. Natl. Acad. Pre. Washington, DC.

NRC 1984. Nutrient Requirements of Beef Cattle. 6th ed. Natl Acad. Press,
Washington, DC.

Nocek, J. E., and S. Tamminga. 1991. Site of digestion in the gastrointestinal
tract of dairy cows and its effect on milk yield and composition. J. Dairy
Sci. 74:3598-3629.

Nolan, J. V. 1993. Nitrogen Kkinetics. In: Quantitative Aspects of Ruminant

Digestion and Metabolism (Ed. J. M. Forbes and J. France). CAB
International Wallingford, Oxon, U.K., pp.123-143.

Oldhm, J. D. and S. Tamminga. 1980. Amino acid utilization by dairy cows.
I. Methods of varying amino acid supply. Livest. Prod. Sci. 7:437.

Oldick, B. S., J. L. Firkins, and N. R. Stepierre. 1999. Estimation of microbial
nitrogen flow to the doudenum of cattle based on dry matter intake and diet
composition. J. Dairy Sci. 82:1497-1511.

@rskov, E. R. and P. McDonald. 1979. The estimation of protein degradability
in the rumen from incubation measurements weighted according to rate of
passage. J. Agric. Sci. Cambridge. 92:499 - 503.

@rsKov, E. R., F. D. Hovell and F. Mould. 1980. The use of the nylon bag
technique for the evluation of feedstuffs. Tropocal Animal Production
5:195-213.

Owens, F. N, R. A. Zinn, and Y. K. Kim. 1986. Limits to starch digestion in
the ruminant small intestine. J. Anim. Sci. 63:1634-1648.

Pehrson, B., U. Johnson, and M. Knutsson. 1981. The digestion of starch in

the small intestine of dairy cows. Zentalbl. Veterinaermed. Reihe A.

185



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

28:241-246.

Philippeau, C., C. Martin, and B. Michalet-Doreau. 1999. Influence of grain
source on ruminal characteristics and rate, site, and extent of digestion in
beef steers. J. Anim. Sci. 77:1587-1596.

Phillipson, A. T. 1952. The passage of digesta from the abomasum of sheep.
J. Physiol. 116:84.

Pittman, K. A. and M. P. Bryant. 1964. Peptides and other nitrogen sources
for growth of Bacteroides ruminicola. J. Bacteriol. 88:401.

Poncet, C., M. Ivan and M. Leveille. 1982. Electromagnetic measurements of
duodenal digesta flow in cannulated sheep. Reprod. Nutr. Dev. 22:651-660.
Prins, R. A. 1977. Biochemical activities of gut microorganisms. In: Microbial
Ecology of the Gut (Ed. R. T. J. Clarke and T. Bauchop). Academic Press,
New York. Pp.73-183.

Putnam, D. E. and G. A. Varga. 1998. Protein density and its influence on
metabolite concentration and nitrogen retention by holstein cows in late
gestation. J. Dairy. Sci. 81:1608-1617.

Qrskov, E. R. 1986. Starch digestion and utilization in ruminants. J. Anim.
Sci. 63:1624-1633.

Rémond. D., J. I. Cabrera-Estrada, M. Champion, B. Chauveau, R. Coudure,
and C. Poncet. 2004. Effect of Corn Particle Size on Site and Extent of
Starch Digestion in Lactating Dairy Cows. J. Dairy Sci. 87:1389-1399.
Reynal, S. M., and G. A. Broderick. 2003. Effects of feeding dairy cows
protein supplements of varing ruminal degradility. J. Dairy Sci. 86:835-843.
Reynolds, J., and T. Heath. 1981. Non-parallel secretion of pancreatic
enzymes in shee p following hormanal or vagal stimulation. Comp. Biochem.
Physiol. 68A:495-500.

Richards, C. J., A. F. Branco, D. W. Bohnert, G. B. Huntington, M. Macari
and D. L. Harmon. 2002. Intestinal starch disappearance increased in steers
abomasally infused with starch and protein. J. Anim. Sci. 80:3361-3368.
Richards, C. J, K. C. Swanson, S. J. Paton, D. L. Harmon and G. B.
Huntington. 2003. Pancreatic exocrine secretion in steers infused
postruminally with casein and cornstarch. J. Anim. Sci. 81:1051-1056.
Richards, C. J. R. A. Stock, T. J. Klopfenstein, and D. H. Shain. 1998.
Effect of wet corn gluten feed, supplemental protein, and tallow on steer

finishing performance. J. Anim. Sci. 76:421-428.

186



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Robinson, P. H. 1997. Modifying duodenal flow of amino acids by
manipulation of dietary protein sources. Can. J. Anim. Sci. 77:241-251.
Robinson, P. H., D. F. Smith, and C. ]J. Sniffen. 1985. Development of a
one-piece re-entrant cannula for the proximal duodenum of dairy cows. J.
Dairy Sci. 68:986-995.

Robinson, P. H., and R. E. McQueen. 1992. Influence of rumen fermentable
neutral detergent fiber levels on feed intake and milk production in dairy
cows. J. Dairy Sci. 75:520.

Robinson, P. H. and R. E. McQueen. 1994. Influence of supplemental protein
source and feeding frequency on rumen fermentation and performance in
dairy cows. J. Dairy Sci. 77:1340-1353.

Robinson, P. H., G. R. Khorasani, and ]J. J. Kennelly. 1994. Forstomach and
whole tract digestion in lactating dairy cows fed canola meal treated with
variable levels of acetic acid. J. Dairy Sci.77(2):552.

Ruiz, A. and D. N. Mowat. 1986. The effect of feeding frequency and protein
supplementation on nutrient digestion and flow to the small intestine of rams
fed alfalfa silage. J. Anim. Sci. 66:361(suppl).

Russell, J. B, C. J. Sniffen and P. J. Van Soest. 1983. Effect of carbohydrate
limitation on degradation and utilization of casein by mixed rumen bacteria.
J. Dairy Sci. 66:763.

Russell, J. B,, J. D. O'Connor. D. G. Fox, P. J. Van socst, and C. J. Sniffen.
1992. A net carbohydrate and protein system for evaluating cattle diets : I
Ruminal fermentation. J. Anim. Sci 70:3551-3561.

SAS Institute, 2002. SAS® User's guide: Statistics. Version 9.1 Edition.
Statistical Analysis Systems Institutelnc., Cary, NC.

Satter, L. D., and L. L. Slyter. 1974. Effect of ammonia concentration on
rumen microbial protein production in vitro. Br. J. Nutr. 32:199-208.

Satter, L. D. and R. E. Roffler. 1975. Nitrogen requirements and utilization in
dairy cattle. J. Dairy Sci. 58:1219-1237.

Schoeman, E. A, P. J. De Wet, and W. J. Burger. 1972. Agria nimalia 4:35.
Cited from E. R. Orskov (1982).

Scott, T. A, D. K. Combs, and R. R. Grummer. 1991. Effects of roasting,
extrusion, and particle size on the feeding value of soybean for dairy cows.
J. Dairy Sci. 74:2525

Shirazi-Beechey, S. P., B. A. Hirayama, Y. Wang, D. Scott, M. W. Smith,

187



136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

and E. M. Wright. 1991. Ontogenic development of lamb intestinal
sodium-glucose co-transporter is regulated by diet. J. Physiol. 437:699-708.
Sniffen, C. J.,, J. D. O'Connor, P. J. Van Soest, D. G. Fox and J. B. Russell.

1992. A net carbohydrate and protein system for evaluating cattle diets: II.
Carbohydrate and protein availability. J. Anim. Sci. 70:3562-3577.

Stern, M.D., A. Bach, and S. Calsamiglia. 1997. Alternative techniques for
measuring nutrient digestion in ruminants. J. Anim. Sci. 75:2256-2276.

Stern, M. D., K. A. S. Santos, D. C. Weakly, and L. D. Satter. 1980.
Resistance of extruded whole soybeans to microbial degradation in the
rumen. J. Anim. Sci. 58:714.

Stern, M. D., L. M. Rode, R. W. Prarge, R. H. Stauffacher, and L. D. Satter.
1983. Ruminal protein degradation of corn gluten meal in lactating dairy
cattle fitted with deodenal T-type cannulae. ]J. Dairy Sci. 56:194.

Stern, M. D., S. Calsamiglia, and M. I. Endres. 1994. Dynamics of ruminal
nitrogen metabolism and their impact on intestinal protein supply. p.105. in
proc. cornell Nutr. conf. New York Ext., Cornell Univ., Ithaca, NY.

Stock, R., N. Merchen, T. Klopfenstein, and M. Pous . 1981. feeding value of
slowly degraded proteins. J. Anim. Sci. 53:1109

Streeter, M. N., D. G. Wagner, F. N. Owens, and C. A. Hibberd. 1989.
Combinations of high-moisture harvested sorghum grain and dry-rolled corn:
Effects on site and extent of digestion in beef heifers. J. Anim. Sci.
67:1623-1633.

Streeter, M. N., S. J. Barron, D. G. Wagner, C. A. Hibberd, F. N. Owens,
and F. T. McCollum. 1991. Technical note: a double L intestinal cannula for
cattle. J. Anim Sci. 69:2601-2607.

Swanson, K. C., C. ]J. Richards, and D. L. Harmon. 2002. Influence of
abomasal infusion of glucose or partially hydrolyzed starch on pancreatic
exocrine secretion in beef steers. J. Anim. Sci. 80:1112-1116.

Swanson, K. C., J. A. Benson, J. C. Matthews, and D. L. Harmon. 2004.
Pancreatic  exocrine secretion and plasma concentration of some
gastrointestinal hormones in response to abomasal infusion of starch
hydrolyzate and/or casein. J. Anim. Sci. 82:1781-1787.

Taniguchi, K., Y.Sunada and T. Dbitsu. 1993. Starch digestion in the small
intestine of sheep sustained by intragastric infusion without protein supply.
Anim. Sci. Technol. Jpn. 64:892-902.

Taniguchi, K., G. B. Huntington, and B. P. Glenn. 1995. Net nutrient flux by

188



148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

visceral tissues of beef steers given abomasal and ruminal infusions of
casein and starch. J. Anim. Sci. 73:236-249.

Theurer, C. B., O. Lozano, A. Alio, A. Delgado—-Elorduy, M. Sadik, ]J. T.
Huber, and R. A. Zinn. 1999. Steam-processed corn and sorghum grain
flaked at different densities alter ruminal, small intestinal, and total tract
digestibility of starch by steers. J. Anim. Sci. 77:2824-2831.

Van Soest, P. J., J. B. Robertson and B. A. Lewis. 1991. Methods of dietary
fiber, neutral detergent fiber and non-starch poly-saccharides in relation to
animal nutrition. J. Dairy Sci. 55:805-810.

Veira, D. M., G. K. McLeod, J. H. Burton, and J. B. Stone. 1980. Nutrition of
the weaned Holstein calf. II. Effect of dietary protein level on nitrogen
balance, digestibility and feed intake. J. Anim. Sci. 50:945-951.

Waldo, D. R. 1973. Extent and partition of cereal grain starch digestion in
ruminants. J. Anim. Sci. 37:1062-1074.

Walker, J. W., J. W. Stuth, R. K. Heitschmidt and S. L. Downhower. 1985.
A new esophageal plug. ]J. Range Manage. 38:185.

Walker, J. A. and D. L Harmon. 1995. Influence of Ruminal or Abomasal
stach Hydrolysate Infusion on Pancreatic Exocrine Secretion and Blood
Glucose and Insulin Concentrations in Steers. J. Anim. Sci. 73:3766-3774.
Wallace R. J. 1996. Ruminal microbial metabolism of peptides and amino
acid. J. Nutr. 126: 1326S.

Wallace, R. J., and N. McKain. 1990. Acomparison of methods for
determining the concentration of extracellular peptides in rumen fluid of
sheep J. Agric. Sci (Camb.) 114.101.

Wallace, R. ], C, Atasogluy, and C. ]J. Newbold. 1999. Role of peptidesin
rumen microbial metabolism. Review. AJAS 12: 139.

Wang, X. B, and K. Taniguchi. 1998. Activity of pancreatic digestive
enzyme in sheep given abomasal infusion of starch and casein. Anim. Sci.
Technol. 69:870-874.

Waltz, D. M., and M. D. stern. 1989. Evaluation of various methods for
protecting soya-bean protein from degradation by rumen bacteria. Anim.
Feed Sci. Technol. 25:111-122.

Williams, A. P. and J. E. Cockburn. 1991. Effect of slowly and rapidly
degraded protein sources on the concentrations of amino acids and peptides
in the rumen of steers. J. Sci. Food & Agric. 56:303-314.

189



160.

161.

162.

163.

164.

165.

166.
167.
168.
169.
170.

171.
172.

Windschitl, P. M. and M. D. Stern. 1988b. Evaluation of calcium
lignosulfonate-treated soybean meal as a source of rummen proteeted protein
for dairy cows. J. Dairy Sci. 71:3310-3322.

Wolin, M. J., T. L. Mikker and C. S. Steward. 1997. Microbe-microbe
interactions. In: The Rumen Microbial Ecosystem(Ed. P. N. Hobson and C.
S. Steward). Blackie Academic and Professional, London, U.K. pp.467-491.
Wright, D. E. 1967. Metabolism of peptides by rumen microorganisms. Appl.
Microbiol. 15:547.

Young, F. W. 1957. A duodenal fistula in the bovine animal for experimental
investigation. J. Am. Vet. Med. Assoc. 118:98-110.

Zinn, R. A. 1991. Comparative feeding value of steam-flaked corn and
sorghum in finishing diets supplemented with or without sodium bicarbonate.
J. Anim. Sci. 69:905-916.

Zinn, R. A., L. S. Bull, and R. W. Hemken. 1981. Degradation of
Supplemental proteins in the rumen. J. Anim. Sci. 52(4):857.

Sab7% AT 4. 2001 REARAE BAY,
SN, EAEY, FAE AT 2002 FHARFEE HS

SR BAA FAATL 2002 ALALEE.

WA, 1998, W5 E G FRA

A7)E. 2003 B DAY} FAGHe] UF HARH P FARST FAof
B AT AU e g9er

S, o)A, nEA. 2003 WFEE s A

ST, oA, FA5, ARE. 2006 WFEE JLAe o

190



71E AR 9

.

ATAAAES el of

o]J

7= 718 Aol 2

3}
<1

3. =7+

ol fut}.

191



	한우 산육성 증진을 위한 단백질과전분질사료의 이용성 조절기술 개발
	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	1. 연구개발의 목적, 필요성
	2. 연구개발의 범위

	제 2 장 국내외 기술개발 현황
	1. 전분의 분해와 에너지 이용효율
	2. 소장 내 전분 소화율 향상 연구

	제 3 장 연구개발 수행 내용 및 결과
	제 1 절. 한우에 있어서 소장내 전분 소화율 향상을 위한 단백질 급여기술 개발(축산연구소)
	1. Cr 분석법 재검토 및 개량방법 개발
	2. Casein의 종류에 따른 하부소화관 내 전분 분해 효과
	3. Casein의 주입량에 따른 하부소화관 내 전분 분해 효과
	4. 반추위내 분해속도가 다른 단백질 및 전분질 사료의 조합이 소장내 전분 분해율에 미치는 효과
	5. 반추위 발효동기화 속도에 따른 소장내 전분 소화율 변화
	6. 반추위 발효동기화 속도차이가 육성기 사료섭취량과 증체에 미치는 영향

	제 2 절. 한우 반추위 및 소장내 단백질 이용성 향상 기술개발(제2세부과제: 축산연구소)
	1. In situ nylon bag 기법에 의한 원료사료의 반추위내 영양소 분해율 측정
	2. Mobile nylon bag 기법에 의한 원료사료의 반추위 및 하부장기내 영양소 분해율 측정

	3. CNCPS 기법에 의한 원료사료의 nitrogen fractionation
	4. CNCPS와 나일론백, 모바일백 방법을 통한 N의 비교평가
	5. 반추위내 soluble N 분해패턴 측정 시험
	6. 반추위액과 제 3위액의 soluble N fraction (soluble protein, peptide boundAA, free AA) 분해패턴 측정 및 비교분석
	7. Peptide와 AA의 조성비가 다른 casein의 소장내 이용율 측정 시험
	8. 반추위내 단백질 분해패턴 및 미생물 단백질 합성량 측정 시험

	제 3 절. 한우 반추위 및 소장내 전분 이용성 증진을 위한가공처리의 효과(협동과제; 충북대학교)
	1. 전분질 사료의 in vitro 분해율
	2. 사료 전분의 분석방법 비교검토
	3. 소장내 주입물질이 혈중 glucose 및 insulin 농도에 미치는 영향
	4. 열처리 대두박의 단백 이용성 및 소장내 전분 이용성에 미치는 효과
	5. 대두피와 소맥피 급여가 소장내 전분 이용성에 미치는 효과
	6. 대두피 및 소맥피 급여가 비육후기 사료섭취량, 전장소화율, 증체에 미치는영향 시험

	제 4 절 결과 종합
	1. 십이지장 내용물과 분 중의 전분 및 Cr 분석방법 확립
	2. 소장내 전분 분해율 향상에 미치는 단백질 공급효과
	3. 소장내 전분 분해율 향상에 영향을 줄 수 있는 사료급여 전략
	4. 반추가축 사료의 체내 단백질 평가방법 비교
	5. 단백질 분해도에 따른 한우 체내 영양소 이용성 측정
	6. 사양실험


	제 4 장 목표달성도 및 관련분야에의 기여도
	1. 연구개발 목표 및 연구개발 내용과 달성도
	2. 관련분야의 기술발전에의 기여도

	제 5 장 연구개발결과의 활용계획
	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌

