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RSS 

RSUM 

RSUMS 

SBM 

SEM 

TR 
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VFA 

WBPD 
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WBPS 

Rice straw 

Rice straw supplemented with soybean meal 

Rice straw supplemented with urea and molasses 

Rice s仕awsupplemented with urea and molasses silage 

Soybean meal 

Standard error of the mean 

Turnover rates 

Volatile basic ni仕ogen

Volatile fa句Tacids 

Whole body protein degradation 

Whole body protein flux 

Whole body protein synthesis 
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General Introduction 

Background 

Rice (Oriza sativa) is considered one of the most economically important cereal 

crops all over the world， serving as the daily basic source of nutrition for billions of 

people (Van Soest， 2006). Globally 155 million ha of rice is harvested annually and 

produces at about 596 million tons of straw (IRRI， 2001). Approximately 80% of the 

world's rice is grown by small-scale farmers in many developing countries and it is 

common to use rice straw as animal feed (S出nklonget al.， 2010). 

In some parts of Asia rice s仕awis burned after harvest， incorporated into soil or 

used as a source of bio-energy (Binod et al.， 2010; Li et al.， 2010). However， in the 

mixed smallholder farming systems prevailing in large p紅 tsof South and South-East 

Asian countries， rice straw constitutes the most important feed resource for ruminants. 

Devendra and Thomas (2002) estimated that rice straw was the principal residue feed 

for over 90% of alllivestock kept in this p紅 tof the world. The high utilization rates of 

f1ce 抑制 as animal feed in Bangladesh and Thailand， where around 80% of the total 

available rice straw was used as livestock feedラmakingit the single most important feed 

resource for millions of Ie紅mers(Devendra and Sevilla， 2002). Moreover in China and 

Japan about 20・25%of total available rice straw is used as animal feed. In Japan 

utilization ofwhole crop rice silage is increasing day by day in dairy.farming (Ogino et 

al.， 2008)， but in most tropical and sub-tropical countries， due to shortage of green 

roughage and altemative feed so町 ces，the productivity of ruminants largely depends 

upon available crop residues， mainly rice s仕aw(Baset et al.， 2003). In dry s四回ner
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coun仕lesf1Ce s仕awis especially important during the periods when other feeds紅 e

inadequate. 

Limitations of rice straw as animal feed 

Low crude protein content， low digestibility， high silica and lignin content are the 

m司orlimitations of rice s仕awfor use as animal feed. The high level of silica and lignin 

content of rice s仕awlimits its voluntary intake by animals， impacting negatively on 

fiber digestibility and inhibiting degradability by rumen microbes (Mould， 2003; Van 

Soest， 2006; Frei et al.， 2011). The combination of low voluntary intake， low 

digestibiliザ andimbalanced mineral composition means that rice straw alone can not 

even meet the animal' s maintenance needs. Therefore， presently many scientists are 

applying themselves to find out an e能 ctiveway of utilizing rice straw for ruminant 

production. 

Previous findings using rice straw 

The supplementation of nitrogenous substrates has been reported to improve dry 

matter (DM) digestibili臥 feedintake and subsequently performance of animals (Han et 

al.， 1993; Prasad et al.， 1998; Vu et al.， 1999). Warly et al. (1992) showed in a field trial 

that a ration of rice straw supplemented with soybean meal (SBM) increased both intake 

and degradability of dietary nitrogen (N). Some chemical substrates such as sodium 

hydroxide (NaOH)， ammonia (NH3) and urea訂 eused to improve the utilization of rice 

straw， because these substances can be absorbed into the cell wall and chemically break 

down the ester bonds between hemicellulose and cellulose， and physically makes the 

struc旬ral fibers swell (Lam et al.， 2001). This process enables the rumen 
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microorganisms to attack the structural carbohydrates， enhancing degradabili句Tand 

pal瓜abilityof the rice straw (Shen et al.， 1999; Selim et al.， 2004). Currently， urea is 

widely used rather than NaOH or NH3• because it is safe to use and can be obtained 

easily in many developing countries. Supplementation of urea in combination with 

molasses to rice straw improved the daily gain， DM intake， digestibility， ruminal 

characteristics compared to only rice straw (Acorda et al.， 1992; Barnah et al.， 1992; 

Baset et al.， 2003). 

Research on rice straw silage 

At present in many countries it is normal practice to use rice straw-based silage， 

because ensilation is the method of improving the feed quality and conserving rice straw 

for animal feed. In recent years， Japanese and Korean studies showed an improvement 

in feeding value of rice straw by ensiling (Cai， 2006). However， successful ensiling of 

nce s仕awis difficult due to its hollow stem， low water soluble carbohydrates and less 

epiphytic bacteria (Li et al.， 2010). In order ωimprove the quality of rice straw silage， 

some commerciallactic acid bacteria， sources of N and soluble carbohydrate are added 

as additives for ensiling. Many scientists showed that the ensiling of rice s仕aw

supplemented with町 eaand molasses improved the digestibility， pal瓜abili句T and 

nutritional values of s回 wdue to fermentation during the ensiling period (Y叫istianiet 

al.， 2003; Fadel Elseed， 2004; Hue et al.， 2008). 

Hypothesis 

It can be expected that rice s仕awsupplemented or treated with protein and energy 

so町 ceswill be improved企omrice straw alone， and intermediary metabolism of plasma 
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nutrients will be in:fluenced through providing the easily fermentable nitrogenous 

substrates and energy substrates for increasing the microbial activities. 

Objectives 

However， to date， the animal nutritionists have focused their research on the effects 

of rice straw-based diets on voluntary intakeラ digestivefunction and ruminal 

characteristics in ruminants， and no research has been conducted to investigate the 

feeding effects of rice straw-based diets on intermediary metabolism of plasma nutrient 

kinetics in ruminants. From this point of view the present research was designed to 

evaluate the feeding effects of rice straw-based diets on digestive function and 

intermediary metabolism of plasma nutrients in sheep using stable isotope dilution 

methods. 

Experimentallayout 

To know the performance of rice s仕aw開 baseddiets on digestive function and 

intermediary metabolism of plasma nutrients， four several experiments were conducted 

during my research tenure. First of all， experiment-l (Chapterl) was conducted to 

evaluate the feeding effects of only rice straw， experiment-2 (Chapter2) was conducted 

to determine the performance of rice straw supplemented with SBM， experiment-3 

(Chapter3) was conducted to investigate the effects of rice straw supplemented with 

町 eaand molasses， and血lallyexperiment-4 (Chaptel・4)was conducted to know the 

effects of ensiling rice s住awsupplemented with田 eaand molasses. It is hoped that the 

present findings will provide information about means of improving rice straw use for 

raising ruminant production. 
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Chapterl 

Introduction 

Intermediary Metabolism of Plasma Acetate， Glucose 

and Leucine Kinetics in Sheep Fed Rice Straw 

Agricultural by-products 訂 eone of the most important feed resources in 

sustainable animal production. Abundant availabili旬ofrice straw makes it important in 

animal production (FAO， 1998， Van Soest， 2006). Due to shortage of altemative feed 

sources， rice straw is widely used in也edry summer and developing countries to raise 

livestock production. In South and South-East Asian countries， the potential use of rice 

straw as animal feed is particularly important as it constitutes the staple diet of 

ruminants. The nutritive value of rice straw and its e能 cton digestion attributes in small 

andl町geruminants has been investigated (Acorda et al.， 1992; Hossain et al.， 2002; Wu 

et al.， 2005). However， no research has been conducted on intermediary metabolism in 

ruminants consuming rice straw. Thus the present study was designed to evaluate the 

effect of rice s仕awon the intermediary metabolism of plasma acetate， glucose and 

leucine (Leu) in sheep using isotope dilution methods of [1-13C]Na acetate， [U-

13C]glucose and [1-13C]Leu， as well as digestion attributes such as N balance and rumen 

characteristics in sheep compared with mixed hay. 

Materials and Methods 

Animals， diets and management 

Four crossbred (Corriedale x Suffolk) shom sheep (Ovis aries) average age three 

years and having body weight (BW) of 50.1土1.1kg were used in this experiment. The 
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sheep were assigned to two dietary treatments; one is rice straw (Orizαjaponica) only 

(RS-diet) and the other is mixed hay (MH-diet) of orchardgrass (Dac砂lおglomerata)

and reed c田l.arYgrass(Phalaris arundinαceae) at a 60:40 ratio (Table 1.1). The 

metabolizable energy (ME) was estimated at 1.30 kcal/g for rice straw (NARO， 2006) 

and 1.73 kcal/g for mixed hay (NRC， 1985). In the preliminary experiment 20% RS-diet 

remained as leftover and MH -diet was completely consumed by the sheep when both 

diets were given at maintenance level. For this reason， feed allowance was 67.2 

g/kgO万 /dfor the RS-diet based on energy at maintenance level and 40.5 g/kgO.75/d for 

the MH -diet based on energy about 20% less企ommaintenance level to ens町 ethe 

almost s副neenergy intake for both diets. The experiment was performed using a 

crossover design with two 21 d periods. Two sheep were fed the RS-diet during the first 

period and then fed the MH-diet during the second period， and the other two sheep were 

fed in the reverse order. The sheep were housed in individual pens in an animal bam 

during the first 14 d of each dietary period. The sheep were fed at 8:00 h and 20:00 h 

and企eshtap water was available ad libitum. On day 15， the sheep were moved to 

individual metabolic cages in a controlled environment chamber at an air tempera加reof 

23土1oC with lighting企om7:00 h to 21:00 h. The sheep were weighed on d 1， d 8， d 15 

and d 21 of each dietary period. The handling of animals， including cannulation and 

blood sampling was carried out according to the rules and regulations established by the 

Animal Care Committee of Iwate Universiザ.The experimental layout is shown in 

Figure 1.1. 
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Table 1.1. Chemical composition of experimental feed on air dry ma枕erbasis

Items (%) Mixed hay Rice s廿aw

D円rma社er 94.3 94.4 

Crude protein 13.5 

CrudeAsh 10.9 

Crude fiber 29.6 

NDF 70.0 

ADF 33.0 

ADL 1.9 

NDF = Neutral detergent fiber， ADF = Acid detergent fiber， 

ADL = Acid detergent lignin 

Nitrogen balance 

4.4 

15.5 

32.0 

74.0 

42.0 

2.4 

A nitrogen balance trial was conducted for 5 d (企omd 16 to d 20) of each dietary 

treatment. Urine was collected企omeach sheep every 24 h in a plastic bucket 

containing 50 ml of 6 N H2S04 solution to prevent N loss. The urine was shaken 

properly after keeping record of total volume， and then sub-samples (50 mL) were 

stored at -30 oC until analysis. Feces were also collected企omeach sheep every 24 h 

and dried at 60 oC in a forced air oven for 48 h and then weighed after being placed at 

room temperature for 5 d. Then the air dried samples were weighed and sub-samples 

were ground to pass through a 1 mm screen and stored at room temperature for further 

analysis. 

Collection 0/ rumen fluid 

On d 20， rumen fluid was collected at 0，3 and 6 h after feeding via a stomach旬be

for measuring the pH， ammonia (NH3) and volatile fatty acids (VF A). The pH of the 

rumen fluid was measured immediately after collection with a pH meter (HM-10P， Toa 

Electronics Ltd.， Japan). A sub-sample was centrifuged剖 8，000x g for 10 min at 0 oC 
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(RS-18IV， Tomy， Japan)， then an aliquot (1 mL) ofsupernatant was acidified with 1 mL 

of 0.1 N HCl and stored at -30 oC for measuring the r山nenNH3 concentration. The 

residuals of rumen fluid were also preserved at -30 oC for further analysis. 

Adaptation period 

day 1 to 14 (sheep barn) 

Sheep were transferred to 
control house at 23土lOC
and 70% RH) 

Rumen sampling (at 0，3 
& 6 h after feeding) 
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Isotope dilution methods using 
[l-13C]Na acetate 
[U_13C]glucose and 
[1-13C] Leu 

Figure 1.1. Schematic diagram of experimentallayout showing the sampling protocols 

lsotope dilution metllod 

For determining the turnover rates (TR) of plasma acetate， glucose and Leu an 

isotope dilution method using (1-I3C]Na acetate， [U-J3C]glucose and [l-13C]Leu was 

conducted simultaneously on d 21 of each dietary period. Two catheters， one for isotope 

infusion and another for blood sampling were inserted into the left and right jugular 

veins on the morning of isotope dilution study. The catheters were filled with sterile 

solution of tri-sodium citrate (0.13 moνL). At 12:00 h on the day of the isotope dilution 

method， 87μmol/kgo.7S of [1-13C]Na acetate (1_
13
C， 99%， Cambridge Isotope 

Laboratories， Inc.， USA)， 3.1μmol/kgO.7S of [U_13C]glucose (D-glucose _13Cふ 99atom% 
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excess 13C; Cambridge Isotope Laboratories， USA) and 7.2μmol/kgo.75 of [l-13C]Leu 

(L-leucine-l-13C， 99 atom% excess 13C; Cambridge Isotope Laboratories， USA) 

dissolved in saline solution were i吋ectedas pr出1Ingdose through the jugular infusion 

catheter. Immediately after the priming dose i吋ectionthe isotopes were continuously 

infused at rates of 87， 3.1 and 7.2μmollkgo.75/h for [1-13C]Na acetate， [U_13C]glucose 

and [1-13C]Leu respectively by a multichannel peristaltic pump (AC時 2120，Atto Co. 

Ltd.， Japan) for 4 h through the same catheter (Figure 1.2). Blood samples (10 mL) 

were coUected through the sampling catheter just before of the priming dose i吋ection

and (5 mL) every 30 min intervals during the last 2 h ofthe isotope dilution study. The 

collected blood samples were irnmediately transferred to heparinized tubes and stored in 

crushed ice w1til centrifugation. Blood samples were centrifuged at 10，000 x g for 10 

min at 2 oC and the plasma samples were then stored at・30oC for further analysis. 

87μmoJlkgO万 of[1-'3C]Na acetate 
3.1 μmollkgO.75 of [U_13C]gLucose 
7.2μmol/kgo.75 of [1-13C]leucine 

(1-13C)Na acetate at 87μmollkgo.75/h 
l U_13C]glucose al3.1μmollkgo.7S/h 
[l-13C]leucine at 7.2μmol/kgO.75/h 

3 

f一 一一個叩司ー ω一一勧』圃叫鋪畑一一一均一ー一..-・...._...---一ー“ "“一切句ー・刊一一一一個ーー"一"、

I AlI data were statistically analyzed by the MIXED 1 

L PrOC6dwe ofSAS(1996) j 

Figure 1.2. Layout of isotope infusion and blood sample collection method 
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Chemical analysis 

Analyses of proximate components of the experimental diets were performed using 

the methods described in AOAC (1995). Niけogenin diets， feces， urine and a1so the 

leftover of the given diets w，ぉ analyzedby the Kjeldahl method with the Foss勾eltec

System (Tecator Digestor System and Kjeltec 2300， Foss Tecator， Sweden) shown in 

Figure 1.3. Rumen VF A concentrations were determined by titrating the steam distillate 

of rumen fluid wi出 0.1N NaOH. The titrated distillate was dried and then the 

individual VFA were determined using the gas chromatography (OC) (5890A， Hewlett 

Packard Co.， USA). Ammonia-N content of rumen fluid was determined using the 

colorimetric method (羽leatherburn，1967). 

Figure 1.3. Schematic diagram of Foss Kjeltec System (Tecator Digestor System 

and Kjeltec 2300， Foss Tecator， Sweden) used for determinig the N balance 
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Concentrations of plasrna企eearnino acid (AA)， NH3 and町 eawere determined 

using an autornated AA analyzer (JLC-500N， JEOL， Japan). Concentration of plasrna 

non-esterified fa均racid (NEF A) was determined enzyrnatically using a diagnostic kit 

(NEFA C， Wako Pure Chernicals， Japan). 

Plasrna [l-13C]acetate enrichrnent and concentrations of plasrna VF A and lactate 

were determined using the selected ion rnonitoring systern with the gas chrornatography 

rnass spectrornetry systern (GC瓜tlS)(QP・2010，Shirnadzu， Japan) after converting to N-

rnethyl-N-t-butyl-dirnethylsilyltrifluroacetarnide (MTBSTFA) derivatives according to 

the procedure of Moreau et al. (2003) as previously described by Al・M田nunet al. 

(2009). Plasrna [U-13C]glucose enrichrnent was determined by the procedure of Tsemg 

and Kalhan (1983) with slight rnodification as described previously (Sano et al.， 1996). 

The enrichrnent of [U-13C]glucose was determined using the selected ion rnonitoring 

systern with the GCふtlS.Concentrations of plasrna glucose determined using the 

rnethod described by Huggett and Nixon (1957). 

Plasrna AA and a-keto acids were separated and converted to MTBSTF A 

derivatives according to the procedures of Rocchiccioli et al. (1981) and Calder and 

Srnith (1988) as described previously (Sano et al.， 2004). Isotopic enrichrnents of 

plasrna [l-13C]Leu and a-[l-13C]ketoisocaproic acid (αー[l-13C]KIC)and concentrations 

of plasrna Leu and a-KIC were rneasured by the selected ion rnonitoring rnethod using 

theGC品1S.
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Calculation 

Mean values with standard eηor of the mean (SEM) are given. For the isotope 

dilution method， the TR of plasma acetate， glucose and Leu were calculated using the 

equation given by Tsemg and Kalhan (1983) as follows: 

TR=f x (1厄・1)

Where， 1 is the infusion rate of [l-13C]Na acetate， [U-13C]glucose and [l-13C]Leu 

加 dE is the plasma isotope enrichment of [1-13C]acetate， [U-13C]glucose and [ト

13C]Leu or a-[1-13C]KIC at steady state. Plasrna Leu TR model is shown in Figure 1.4. 
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Whole body protein synthesis (WBPS) and degradation (WBPD) were calculated 

企omthe relationship田nongwhole body protein flux (WBPF)， N absorption and urinary 

N excretion according to the equations described by Schroeder et al. (2006) as follows: 

WBPF = LeuTRlO.066 

WBPS = WBPF -(urinary N x 6.25) 

WBPD = WBPF -( absorbed N x 6.25) 

Leucine concentrations in carcass protein (66 g/kg) were used as described by Harris 

et al. (1992). Thus the WBPF was obtained by dividing the旬moverrate of plasma Leu 

by 0.066. 

Statistical analysis 

All data were statistically analyzed with the MIXED procedure of SAS (1996). The 

least square means statement was used to test the effects of diet and period. The random 

effect was sheep. Results were considered significant at the P < 0.05 level and a 

tendency was defined as 0.05三P< 0.10. The repeated statement and the Tukey 

adjustment were used for the time co旧民 ofchanges and the significance was P < 0.05. 

Results 

Daily pro..βle and N balance 

Body weight change did not differ between diets (Table 1.2). Dry ma社町 intakeand 

estimated ME intake were higher (P = 0.002 and P = 0.03， respectively) for the RS-diet 

than the MH-diet. Nitrogen intake， N excretion through feces， N excretion through urine 
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and N digestibility were lower (P < 0.05) for the RS-diet than the MH・diet，and N 

retention did not differ between dietary treatments. 

Table 1.2. Dietaηr effects on body weight (BW) change， dry ma仕er(DM) intake， estimated 

metabolizable energy (ME) intake， nitrogen (N) balance and N digestibiliザinsheep 

Items MH-diet RS-diet SEM 

No.ofsheep 4 4 

BW change (kgjd) -0.11 ー0.07 0.04 

DM intake (gjkgO.75jd) 37 54 5 

ME intake (kcaljkgo.75jd) 63 70 3 

N intake (gjkgO.75 j d) 0.85 0.47 0.12 

N in feces (gjkgO.75 j d) 0.28 0.21 0.02 

N in urine (gjkgO.75 j d) 0.42 0.09 0.10 

N absorption (gjkgO.75jd) 0.57 0.26 0.10 

N retention (gjkgO.75jd) 0.15 0.17 0.02 

N digestibility (%) 67 56 4 

MH = Mixed hay of orchardgrass and reed canaηrgrass， RS = Rice straw， 
SEM = Standard error of the mean. 

Rumen jermentation characteristics 

P-value 

0.31 

0.002 

0.03 

0.002 

0.01 

0.002 

0.004 

0.39 

0.02 

Rumen pH did not differ between diets and decreased (P < 0.05) after feeding 

(Table 1.3). Rumen NH3 concentration was lower (P = 0.0002) for the RS-diet and 

decreased (P < 0.05) at 6 h a食erfeeding. The concentrations of rumen total VF A did 

not differ between diets， and also did not change after feeding. Acetate concentration in 

the rumen tended to be lower (P = 0.07) for the RS-diet than由eMH聞 diet.

Concentration of rumen propionate was higher (P = 0.02)， iso-butyrate was lower (P = 

0.04) and iso-valerate tended to be lower (P = 0.08) for the RS-diet than the MH-diet， 

but valerate did not differ between diets. 
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Table 1.3. Dietaη， effects on rumen pH， concentrations of rumen ammonia (NH3) and 
volatile fatt:y acids (VFA) at 0，3 and 6 h a丘erfeeding 

Treatments P-value 

Items MH-diet RS-diet SEM Diet 。 3 6 。 3 6 Diet Time x 

No.ofsheep 4 4 4 4 4 4 Time 

pH 6.88a 6.83a 6.69b 6.99 6.76 6.90 0.10 0.26 0.04 0.04 

(mmoljL) 

NH3 4.94b 5.64a 4.33c 1.33d 0.8ge 0.60f 1.2 0.0002 0.001 0.001 

Total VFA 91.8 92.5 98.3 88.0 89.9 89.2 2.1 0.17 0.28 0.56 

Acetate 69.7 69.8 73.8 62.9 59.5 62.2 4.7 0.07 0.40 0.84 

Propionate 14.9 14.6 17.1 18.1 23.2 19.7 1.4 0.02 0.26 0.10 

Iso・Butyrate 0.91 0.86 0.69 0.49 0.38 0.49 0.09 0.04 0.18 0.44 

Butyrate 4.8 4.7 5.6 5.5 6.0 5.9 0.66 0.11 0.78 0.49 

Iso-Valerate 1.2 1.6 0.72 0.59 0.39 0.50 0.22 0.08 0.29 0.22 

Valerate 0.38 0.96 0.36 0.36 0.40 0.38 0.13 0.24 0.13 0.25 

MH = Mixed hay of orchardgrass and reed canarygrass， 
RS = Rice straw， SEM = Standard error of the mean， 
aムcYalueson the)¥，任1・dietwith different superscripts differ (P < 0.05)， 
d，e，fYalues on the RS-diet with different superscripts differ (P < 0.05). 

Plasma metabolites 

Plasma total and almost all企eeAA concentrations determined with the pre-

infusion of isotope dilution method were significantly lower (P < 0.05) for the RS-diet 

comp紅 edto the MH-diet (Table 1.4). Concentrations of plasma NH3 and urea were 

lower (P < 0.05) for the RS-diet than the MH-diet. Concentrations of plasma NEF A and 

lactate did not differ between diets. 
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Table 1.4. Dietary effects on plasma metabolite concentrations in sheep 

Items MH-diet RS・diet SEM P-value 

No.ofsheep 4 4 

Essential AA (μmolfL) 

Threonine 259 130 35 0.0001 

Valine 218 175 18 0.03 

Methionine 37 15 6 0.02 

Iso-leucine 104 67 10 0.04 

Leucine 126 76 14 0.07 

Phenylalanine 52 36 5 0.08 

Histidine 37 22 4 0.01 

Lysine 34 25 4 0.02 

Nonessential AA (!l.molfL) 

Aspartic acid 14 13 2 0.55 

Serine 234 167 21 0.06 

Asparagine 105 64 13 0.004 

Glutamic acid 253 142 25 0.05 

Glutamine 120 82 13 0.14 

Glycine 690 463 68 0.04 

Alanine 198 178 9 0.06 

Tyrosine 79 59 9 0.09 

Tryptophan 177 107 26 0.01 

Arginine 126 86 16 0.07 

Proline 76 56 10 0.001 

Total AA (IlmolfL) 2843 2160 239 0.01 

NH3(μmolfL) 389 182 72 0.03 

Urea (mmolfL) 6.86 2.42 1.60 0.01 

NEFA(μEqjL) 254 222 36 0.41 

Lactate (μmolfL) 352 404 66 0.16 

MH = Mixed hay of orchardgrass and reed canaηrgrass， RS = Rice straw， SEM = Standard 
error ofthe mean， AA = Amino acid， NEFA = Non-esterified fa句Tacid. 
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Plasma acet，αte， glucose and Leu kinetics 

Plasrna acetate concentration and enrichrnent of plasrna [l-13C]acetate rernained 

1.5). (Figure infusion acetate [l-13C]Na of the h 2 last the during constant 

Concen仕ationof plasma acetate deterrnined in the latter half of the prirned-continuous 

in:fusion of isotope dilution method did not differ between diets. (Table 1.5). Turnover 

rate of plasrna acetate calculated frorn the enrichrnent of [l-13C]aceぬtedid not differ 

between the Rふdietand 由e~任ιdiet.
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Figure 1.5. Time course changes in plasma acetate concentration and plasma enrichment 
of [1-13C]acetate during the last 2 h continuous infusion of [1・13C]Naacetate in sheep fed 
the RS-diet (~) and the MH-diet (.). (Means :!: SEM). 

Plasma glucose concentration and enrichment of plasma [U-13C]glucose were stable 

during the latter half of the [U-13C]glucose infusion (Figure 1.6). Concentration of 

plasrna glucose calculated企omthe latter half of the prirned-continuous in:fusion of 
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isotope dilution method was lower (P = 0.01) for the RS-diet compared to the t-.任十diet.

Plasma glucose TR calculated企omplasma [U-13C]glucose enrichment did not differ 

between diets (Table 1.5). 
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Concentration of plasma Leu and enrichment of plasma [1-
13C]Leu remained 

1.7). Plasma α・KICinfusion (Figure constant during the last 2 h of [1-
13C]Leu 

concentration and enrichment of か [l_I3C]KICwere also stable during the latter half of 

and WBPD 

determined from the enrichments of plasma [1-13C]Leu and か [1-
13C]KICdid not differ 

WBPS as well as 1.8). Plasma LeuTR (Figure infusion [1-13C]Leu 

18 

between dietary treatments (Table 1.5). 
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Table 1.5. Dietaηr effects on plasma acetate， glucose and leucine (Leu) metabolism in 
shee 

Items MH-diet RS・diet SEM P-value 

No.ofsheep 4 4 

Acet，αte 

Concentration (IlmolfL) 363 410 47 0.48 

TR (mmolfkgo.75jh) 4.92 4.12 0.86 0.39 

Glucose 

Concentration (mmolfL) 3.54 3.20 0.11 0.01 

TR (mmolfkgo.75jh) 1.58 1.37 0.20 0.15 

Leu 

Concentration (IlmolfL) 90.8 73.9 8.4 0.21 

TR(μmolfkgo.75 jh) 259 205 27 0.14 

WBPS (gjkgO.75jd) 9.7 9.2 1.0 0.67 

WBPD (gjkgO.75jd) 8.8 8.1 1.0 0.58 

α-KIC 

Concentration (IlmolfL) 15.3 13.8 2.1 0.54 

TR (mmoljkgo.75jh) 338 251 39 0.16 

WBPS (gjkgO•75jd) 13.5 11.3 1.5 0.39 

WBPD (gjkgO.75jd) 12.5 10.3 1.5 0.37 

MH = Mixed hay of orchardgrass and reed canarygrass， RS = Rice straw， SEM = Standard 
error of the mean， TR = Turnover rate， WBPS = Whole body protein synthesis， WBPD = 
Whole body protein degradation，α-KIC =α-ketoisocaproic acid. 

Discussion 

The present study demonstrates that rice straw alone is not sufficient for raising 

ruminant production， because， even though estimated ME intake was greater for the RS-

diet，同moverrates of plasma acetate， glucose and Leu as well as WBPS and WBPD 

were numerically lower for the RS-diet compared to the MH-diet. 

Nitrogen balance 

The considerably lower urinary N excretion for the RS-diet suggested a decreased 

protein oxidation due to lower CP intake than the MH  -diet. This is in agreement with 
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the results found in sheep by AI-Mamun et al. (2008)， and in lactating cows by Castillo 

et al. (2001). Although N intake was lower for the RS-diet than the MH聞 diet，N 

retention did not differ between diets. This may be due to recycle of N as ufi飽食om

liver to rumen via saliva. Becauseラrecyclingofblood町 eato the rumen allows ruminant 

to survive on diets very low in N (Kohn et al.， 2005). Considerably lower N digestibiliザ

for the RS-diet than the MH -diet might be due to lower dietary N intake for the RS-diet. 

The present result was supported by Sano et al. (2004)， who showed the lower N 

digestibilty in sheep for low CP intake diet than medium and high CP intake diet. 

Rumen jermentation characteristics 

In the present study rumen pH was not affected by the diets， but declined after 

feeding for both diets. This drop in pH may be associated to the fermentation of 

carbohydrate and similar production of total VF A in the rumen. This is in agreement 

with the findings of Salman et al. (2008)， who suggested that pH values were inversely 

related to total VF A concentration in the rumen of goats. The s田netrend was found in 

sheep by Santoso et al. (2006). The lower NH3 concentration in the rumen for the RS-

diet might be due to lower dietary CP intake. A similar response was observed in sheep 

in the previous fmdings (Al・Mamunet al.， 2008). 

Plasma metabolites 

Several factors紅 eresponsible to， influence the level of AA. in blood such as 

abso中tion，tissue utilization and liver catabolism， dietary types and企'equencyof 

feeding (Young et al.， 1973， Cecava et al.， 1990， Lapierre and Lobley， 2001). In the 

present study considerably lower N intake for the RS-diet resulted in lower plasma企ee
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AA concentrations in sheep. Lower plasma企eeAA concentrations in the present study 

might be due to inadequate supply of dietary protein in accordance with Pendlum et al. 

(1980) and Lobley et al. (1987). Plasma NH3 concentration is positively correlated to 

production of NH3 in the rumen and absorption也toportal blood (Lobley et al.， 1995). 

In the current study lower plasma NH3 concentration for the RS-diet indicated the lower 

absorption of NH3 from the rumen. Plasma NEF A concentration is the best indicator of 

body lipid loss (Chilli訂 det al.， 2000). Energy intake is inversely related to plasma 

NEF A concentration (Sticker et al.， 1995). The similar NEF A concen仕ationfor both 

diets in this study might be due to use of roughage diets with restricted energy. 

Restricted energy intake for both diets caused similar fatty acid mobilization企om

adipose tissue which was responsible for similar BW loss of sheep for both diets. 

Plasma acetate， glucose and Leu kinetics 

The central role of n即時nfermentation products in intermediary metabolism of 

ruminants is well recognized. Acetate is the primary fatty acid produced in the rumen， 

absorbed through rumen wall and then to the portal vein (Bergman， 1990; Quigley et al.， 

1991; Sutton et al.， 2003). That means plasma acetate turnover rate depends largely on 

dietary type， intake， microbial activities and dietary carbohydrate fermentation for 

acetate production in the n即時nand absorption into the portal vein. In the present study 

plasma acetate TR did not differ between dietsラbutnumerical values were slightly lower 

for the RS-diet than the MH -diet. This might be due to poor fermentability of rice straw 

in the rumen， resulting in a tendency of lower acetate concentration for the RS-diet. 

Similarly， Prior (1978) determined plasma acetate TR in sheep fed restricted and ad 
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libitum田nountsof feed and did not fmd any significant difference between diets. 

Numerical values of plasma acetate TR in the present study were comparable with the 

data previously determined by using [14C]acetate dilution technique in sheep fed luceme 

hay plus concentrate mixture (Sunagawa et al.， 1986). 

Lower plasma glucose concentration was found for the RS-diet than the MH-diet. 

Evans et al. (1974) also found lower glucose concentration for a low quality roughage 

diet than a high quali守roughagediet. In adult sheep plasma glucose TR was correlated 

with dietary energy intake level， suggesting that the nutritional status of the animal had 

at least as much in:fluence as the supply of glucose precursors (Ko凶get al.， 1984; 

Ortigues-M訂tyet al.， 2003). In the present study plasma glucose TR basically did not 

differ between diets， but numerical values were slightly lower for the RS-diet than the 

h狂I-diet，although propionate， a m司orglucose precursor in the rumen， was higher for 

the RS-diet than the MH -diet. This might be due to roughage diets resulting lower 

absorption of propionate， because Sano et al. (1999) suggested that in sheep fed a 

roughage diet， propionate absorption is not strongly increased by feeding and 

gluconeogenesis is sustained by variable contributions of different precursors over the 

feeding cycle. Rodriguez et al. (1985) also reported that propionate infusion into the 

rumen failed to influence the percentage of glucose derived企ompropionate， the 

amount of propionate converted to glucose and glucose TR in lactating goats fed a 

forage based diet with concentrate mixture. The numerical values of plasma glucose TR 

in the present findings were comparable with the data previously reported in sheep fed 

roughage diets at restricted and ad labitum amounts (Sano et al.， 1999). 
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Plasma LeuTR in the present study was comp訂ableto data reported previously in 

sheep (Sano et al.， 2004). In the present study plasma LeuTR calculated企om[ト

13C]Leu infusion rate and the enrichments ofboth plasma [1-13C]Leu and αー[1-13C]KIC

did not differ between diets， but numerical values were slightly lower for the RS-diet 

than也eMH-diet. This might be due to lower intake of CP for the RS-diet， because 

dietary CP intake is positively correlated with LeuTR in sheep (AI-Mamun et al.， 2008). 

However， Sano et al. (2004) reported that plasma LeuTR in sheep was influenced only 

slightly by dietary CP intake when ME intake was constant. Although no significant 

difference was found， the numerical values of WBPS and WBPD calculated from 

plasma LeuTR using N balance were slightly lower for the RS-diet compared to the 

MH-diet. In the equation used (Schroeder et al.， 2006)， lower urinary N excretion and 

lower N absorption results in higher protein synthesis and degradation as described 

previously (Sano et al.， 2004). In spite of different CP intake the WBPS and WBPD did 

not differ between diets. This variation might be due to greater estimated ME intake for 

the RS-diet than the MH-diet. This is in agreement with the obsevation ofLapierre et al. 

(2002). Moreover， the values of WBPS and WBPD in this study calculated企om[1・

13C]Leu and a-[1-13C]KIC， were v町ysimilar with the values reported in sheep (Al・

Mamun et al吋 2007)calculated using the same equation. From the present results it was 

found that the turnover rates of plasma acetate， glucose and Leu as well as WBPS and 

WBPD were numerically lower for the RS-diet than the MH-diet， even though 

estimated ME intake was higher for the RS-diet than the MH -diet. Considering the 

whole results of the current study it could be proven th剖 byusing only rice s仕awfor 
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ruminants， satisfactory output is not possible because of its low voluntary intake and 

low digestibility. Further research should be done to find out the effect of rice straw 

supplemented with protein or energy so町 ceon intermediary metabolism of plasma 

nutrients in sheep. 
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Chapter2 

Intermediary Metabolism of Plasma Acetate and Rumen Fermentation 

Characteristics in Sheep Fed Rice Straw Supplemented 

with Soybean Meal 

Introduction 

From the previous study (Chapterl) it was understood that low CP content， low 

digestibility and low voluntary intake were the main limiting factors in utilization of 

nce s仕awonly as feed to support animal production. It is necess紅 Yto recover the CP 

deficiency of rice s仕awto get better perforinance in ruminant production. Soybean meal 

is highly degradable CP source with high energy contentラ andsupplementation of SBM 

to rice s仕awimproved the efficiency of gain， digestive function and consumption of 

straw by heifers and sheep (Church and Santos， 1981; Wu et al.， 2005). Warly et al. 

(1992) suggested that in sheep the nutritional limitations of rice straw could be 

overcome by supplementation with SBM to provide an optimum ruminal condition for 

rumen microorganisms. However， until now， information about the feeding effects of 

rice straw supplemented with SBM (RSS-diet) on metabolism of VF A， the important 

metabolites in ruminants， is not available. 

Acetate is one of the m司orVF A which fulfills 50% energy requirement in sheep 

(Skutches et al.， 1979). Production of this acid in the rumen largely depends upon the 

quantity of dietary feed intake， type of dietary carbohydrate and time course of feeding 

(Van Nevel and Demeyer， 1988; Bergman， 1990; Sutton et al.， 2003). Therefore， it 
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could be expected that acetate metabolism will be in:fluenced in sheep fed RSS-diet 

because it provides requi問 dNH3 for increasing microbial activity (W紅 lyet al.， 1992). 

The current study was designed to evaluate the effects of RSS-diet on kinetics of plasma 

acetate turnover rate using a [1-13C]Na acetate isotope dilution technique as well as 

rumen fermentation characteristics and blood metabolites concentration in sheep. 

Materials and Methods 

Sheep， diets and management 

The study used 4 sound healthy crossbred (Corriedale x Suffolk) shom sheep of 

both sexes， averaging 34.3土5.7kg of BW at the beginning of the study. Animal care 

procedures and protocol were the same as before (Chapter1). The sheep were assigned 

to two dietary treatments induding either a RSS-diet or a MH-diet with 100% ME and 

120% CP for maintenance. Chemical compositions of experimental diets were shown in 

Table 2.1. The ME was estimated 1.30 kcal/g for rice straw， 2.77 kcal/g for SBM and 

1.73 kcal/ g for mixed hay according to same feeding standard as mentioned in 

Chapterl. Feed allowance was rice straw 59.4 g/kgO.75/d supplemented with SBM 7.4 

g/kgO.75/d for the RSS-diet and mixed hay 57.8 g/kgO.75/d for the MH-diet. The 

experiment was performed using a crossover design with two 24 d periods. Two sheep 

were fed the RSS-diet during the first period and then the MH-diet during the second 

period， and the other two sheep were fed in the reverse order. The sheep were housed in 

individual pens in佃 animalbam during the first 17 d of each dietary period. On d 18 of 

each dietary treatment， sheep were moved to individual metabolic cages in a controlled 

environment chamber at an air temperat町 eof 23土1oc with lighting企om08:00 h to 
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22:00 h. The animals were fed once daily at 14:00 h and the manger was untouched till 

next morning. Water was available ad libitum. The sheep were weighed on d 1， 8， 18 

and 24 of each dietary仕eatment.The experimentallayout is shown in Figure 2.1. 

Nitrogen balance 

A five d (企omd 19 to d 23) long N balance仕ialw加 carriedout for each dietary 

treatment. Procedures of urine and feces samples were treated as described before in 

Chapter1. 

Table 2.1. Chemical composition of experimental diet on air dry matter basis 

Items (%) MH RS 

Dryma抗er 89.2 93.3 

Crude protein 11.2 5.1 

Crude ash 11.1 15.9 

Crude fiber 29.3 33.8 

NDF 69.4 72.3 

ADF 38.1 44.4 

ADL 3.9 2.0 
MH = Mixed hay of orchardgrass and reed canarygrass， RS =悶cestraw， 
SBM = Soybean meal， NDF = Neutral detergent fiber， 

ADF = Acid detergent fiber， 

ADL = Acid detergent lignin. 

Collection 0/ rumen fluid 

SBM 

89.0 

45.2 

6.2 

4.2 

8.1 

6.1 

0.1 

On d 23 of each dietary treatment， rumen fluid was collected 2 h after feeding 

through the stomach tube inserted orally. The pH value of the rumen fluid was 

measured by a pH meter immediately after collection. A sub-sample was centrifuged 

and then an aliquot of supematant was acidified for measuring rumen NH3 concentration 
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as described in Chapter1. The acidified supematant and residuals were stored at -30 oC 

for further analysis. 

Adaptation period 

d1tod17 

N balance and collection 

of rumen f1uid 

d 19 to 23 

Sheep were transferred to control house at 
23::1:1 oC and 70% RH 

Body weight was 
measured on 

d 1， 8， 18 and 24 

Figure 2.1. A schematic diagram of experimentallayout showing sampling protocols 

Isotope dilution method 

An isotope dilution method using [l-13C]Na acetate was carried out to determine 

TR of plasma acetate on d 24 of each dietary period. Isotope dilution procedure， rate of 

isotope infusion， method of infusion and blood sampling procedures were same as 

described in Chapter1. After the end of the experiment plasma was separated from 

blood cells by centri白gingas before (Chapterl) and supem剖antwas then stored剖

-30 oC for later analysis. 

Chemical anαlysis 

Chemical analyses of N balance and dietary composition were the same as 

described in Chapter1. Rumen VF A concentrations in rumen fluid were determined 
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using the GC after steam distillation， and rumen NH3 concentration was measured using 

由ecolorime仕icmethod as described previously (Chapterl). Plasma企eeAA， NH3 and 

urea concentrations were determined using the automated AA analyzer. Concen位ation

of plasma glucose and NEF A were determined enzymatically using the diagnostic kit as 

described previously (Chapter1). Plasma [1-13C]acetate enrichment and concentrations 

of plasma VF A and lactate were determined using the selected ion monitoring system 

with the GC瓜r1Sas described in Chapterl. 

Calculation 

Mean values with SEM are given. For the isotope dilution method， the plasma 

acetate TR was calculated using the equation given by Tsemg and Kalhan (1983) as 

follows: 

TR=]x (1厄四1)

明尽lere] is the in:fusion rate of [1-13C]Na acetate and E is the plasma isotopic 

enrichment of [1-13C]acetate at steady state. 

Statistical analysis 

All data were statistically analyzed with the MIXED procedure of SAS (1996) with 

diet ~d period as the fixed effect and sheep as the random effect. Results were 

considered significant at the P < 0.05 level and a tendency was defined as 0.05 ::; P < 

0.10. 
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Results 

Daily pro_βle and N balance 

Body weight gain did not differ between diets (Table 2.2). Dry matter intake was 

higher (P = 0.01) for the RSS-diet and estimated ME intake was similar between diね ry

treatments. Nitrogen intake did not differ between diets. Nitrogen excretion through 

feces was lower (P = 0.01) for the RSS-diet， but N excretion through urine and N 

retention did not differ between diets. The reduction of N excretion through feces 

resulted in considerably higher (P = 0.004) N digestibility for the RSS-diet compared to 

the MH -diet. 

Table 2.2. Dietaηr effects on body weight (BW) gain， d巧rma抗er(DM) intake， estimated 
metabolizable ener肝 (ME)intake， nitrogen (N) balance and N digestibility in sheep 
Items MH-diet RSS・-diet SEM P-value 

No.ofsheep 4 4 

BW gain (gj d) 57 30 30 0.40 

DM intake (gjkgO万 jd) 50 58 2 0.01 

ME intake (kcaljkgo.75jd) 100 98 1 0.43 

N intake (gjkgO.75jd) 0.99 0.93 0.02 0.20 

N in feces (gjkgO.75 j d) 0.38 0.26 0.03 0.01 

N in urine (gjkgO.75 j d) 0.39 0.39 0.02 0.99 

N balance (gjkgO.75jd) 0.21 0.28 0.03 0.25 

N digestibility (%) 62 73 2 0.004 

MH = Mixed hay of orchardgrass and reed canarygrass， RSS =悶cestraw supplemented 
with soybean meal， SEM = Standard error of the mean. 

Rumen fermentation characteristics 

Rumen fermentation par田netersfor each treatment訂 epresented in Table 2.3. 

Rumen pH was similar between the dietary treatments. Concentration of rumen NH3 
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tended to be higher (P = 0.07) for the RSS-diet than the MH-diet. Concen仕ationsof 

rumen total VF A and acetate did not differ between diets， and those of other individual 

VFA were higher (P < 0.05) for the RSS-diet compared to the MH-diet. 

Table 2.3. Dietary effects on rumen pH， concentrations of rumen ammonia (NH3) and 
volatile fatty acids [VFA) in sheep 

Items MH-diet RSS-diet SEM P-value 

No.ofsheep 4 4 

pH 6.90 6.93 0.07 0.80 

(mmolfL) 

NH3 4.14 6.25 0.76 0.07 

Total VFA 77.0 93.0 4.8 0.11 

Acetate 58.0 66.0 3.1 0.26 

Propionate 12.0 17.0 1.2 0.02 

Iso・Butyrate 0.8 1.1 0.1 0.01 

Butyrate 4.3 6.6 0.5 0.04 

Iso・Valerate 0.8 1.5 0.1 0.01 

Valerate 0.5 0.8 0.1 0.02 
MH = Mixed hay of orchardgrass and reed canarygrass， RSS =悶cestraw supplemented 
with soybean meal， SEM = Standard error of the mean. 

Plasma metabolites 

Plasma total free AA concentrations tended to be lower (P = 0.08) for the RSS-diet 

compared to the MH-diet (Table 2.4). Among the individual plasma free AA， lysine 

was higher (P = 0.02) and proline was lower (P = 0.03) for the RSS-diet compared to 

the MH-diet， and those of other individual AA did not differ significantly between diets. 

Plasma NH3 concentration was lower (P = 0.02) and plasma urea concentration tended 

to be higher (P = 0.08) for the RSS-diet than the MH-diet. Concentrations of plasma 

NEF A， glucose and lactate were not affected by dietary treatments. 
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Table 2.4. Dietary effects on plasma metabolite concentrations in sheep 

Items MH-diet RSS-diet SEM P-value 

No.ofsheep 4 4 

EssentiαlAA (μmolJL) 
Threonine 287 146 43 0.12 

Valine 248 177 40 0.05 

Methionine 22 11 7 0.32 

Iso-Ieucine 115 78 15 0.07 

Leucine 157 96 23 0.12 

Phenylalanine 75 47 12 0.15 

Histidine 25 22 3 0.34 

Lysine 24 36 4 0.02 

NonessentiαlAA (μmolJL) 

Aspartic acid 16 14 2 0.17 

Serine 178 123 36 0.07 

Asparagine 89 66 12 0.07 

Glutamic acid 213 152 23 0.05 

Glutamine 116 154 25 0.07 

Glycine 636 513 93 0.06 

Alanine 228 206 19 0.38 

Tyrosine 67 42 10 0.10 

Tryptophan 137 150 18 0.34 

Arginine 144 129 13 0.49 

Proline 118 45 35 0.03 

TotalAA (μmolJL) 2895 2208 322 0.08 

NH3(ドmolJL) 398 310 34 0.02 

Urea (mmolJL) 5.04 6.80 0.65 0.08 

Glucose (mmolJL) 3.83 3.59 0.12 0.12 

NEFA(μEqjL) 339 472 11 0.10 

Lactate (μmolJL) 357 405 40 0.12 

MH = Mixed hay of orchardgrass and reed canarygrass， RSS = Rice straw supplemented 
with soybean meal， SEM = Standard error of the mean， AA = Amino acid， NEFA = Non-
esterified fa句，acid. 

Plasma acetate kinetics 

Plasma acetate concentration and [l-13C]acetate enrichment remained constant 

during the latter half of the [l-13C]Na acetate infusion (Figure 2.2). Plasma acetate 
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concentration determined during the last 2 h continuous infusion of the isotope dilution 

did not differ between diets (Table 2.5). Turnover rate of plasma acet剖edetermined 

from the enrichment ofplasma [1-
13C]acetate did not differ between dietary treatments. 
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Figure 2.2. Time course changes in plasma acetate concentration and [l-13C]acetate 
enrichment during the latter half of the primed-continuous infusion of [l-13C]N a acetate in 
sheep fed the RSS・diet(.1) and the MH-diet (+). (Means:t SEM). 

Table 2.5. Dietary effects on kinetics of plasma acetate concentration and turnover rate 
(TR) in sheep 

Items P-value SEM RSS-diet MH-diet 

4 4 No.ofsheep 

Plasma acetate 

Concentration (~moljL) 

TR (mmoljkgo.75jh) 5.18 4.57 0.34 0.15 

MH = Mixed hay of orchardgrass and reed canarygrass， RSS = Rice straw supplemented 
with soybean meal， SEM = Standard error of the mean. 
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Discussion 

The present experiment demonstrated th剖 ricestraw supplemented with a high 

energy protein source showed comparable performance to mixed hay on plasma acetate 

metabolismラ andimproved performance over mixed hay on rumen VF A， NH3 and N 

digestibility in sheep. 

Daily profile and N balance 

In the present experiment both diets were consumed by the sheep. For both diets 

animals were in positive BW gain. It was indicated the similar palatabili句Tfor both diets 

and sheep were企ee企ommetabolic disorder throughout the exper耐lentalperiod. In the 

current study considerably higher N digestibility for the RSS-diet might be due to 

presence of rumen degradable protein source which could rapidly degrade the dietary 

nitrogenous substrates in the n盟国n.In previous studies it was shown that inclusion 

protein source to low quality roughage diets made N available for microbial growth and 

increased the N digestibility in ruminants (Pradhan et al.， 1996; Nguyen et al.， 2008). 

Comparing with the results ofthe previous study (Chapterl)ラ江 islikely th剖 dietaryN 

intake and N digestibility were enhanced in sheep fed rice straw supplemented with 

SBM. 

Rumen fermentation characteristics 

Rumen fermentation characteristics such as NH3 and VF A concentrations were 

influenced in sheep fed rice straw supplemented with SBM. It was indicated that SBM 

supplementation to rice s仕awmade a better rumen environment for dietary 

carbohydrate fermentation providing easily fermentable nitrogenous and energy 
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substrate. The present results were supported by Warly et al. (1992)， who observed that 

SBM supplementation to rice straw increased the rumen VF A concentrations by 

in:fluencing the dietary organic matter fermentation in the rumen. The higher propionate 

concentration in the rumen for the RSS-diet is in accordance with the previous findings 

of Kirkpatrick and Kennelly (1989)， who revealed th瓜 supplementationof SBM with 

chopped brome-alfalfa hay and barley increased rumen propionate concentration in 

heifers. Similar rumen pH for both diets in the present study indicated the balance of 

n即 時nVF A and NH3 between the diets. A similar trend was found in sheep fed rice 

straw supplemented with SBM as protein source (Nguyen et al.， 2008). 

Plasma metabolites 

Several factors紅 eresponsible to in:fluence the level of AA in blood such as 

absorptionラ tissueutilization and liver catabolism， dietary types and企'equencyof 

feeding as described previously (Chapterl). The present results revealed th瓜 SBM

supplementation to rice straw did not in:fluence the plasma total企eeamino acid 

concentrations determined at 22 h after feeding. The effect of SBM supplementation 

would not be ref1ected in plasma企eeamino acids due to its rapid degradation in the 

rumen. This is in agreement with the previous findings of Santos et al. (1984). The 

lower supply ofN企omrice s仕awresulted in a tendency of lower plasma total 企eeAA

in this study. In the previous study-(Chapterl) plasma仕切 AAwere considerably 

lower in sheep fed rice straw only due to its lower N content. A tendency of higher urea 

concentration in plasma for the RSS-diet ref1ected the rapid absorption of NH3企om

rumen and then converted into町 eain the liver in accordance with Milano and Lobley 
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(2001). The present findings were also agreed with the observation of Sano and 

Shibasaki (2011)， who reported th瓜 Nsource supplementation influenced plasma urea 

concentration in sheep fed concentrate-based diets. Plasma NEF A concen仕ationshowed 

variation related primarily to the time of feeding (Bowden， 1971; Udum et al.， 2008). 

Higher plasma NEF A concentration might be related to a prolonged sampling time 

relative to feeding in the c町 rentstudy. This i包S1泊na邸.cc∞or吋da如nc印ewith Rus部selet al. (1967η)， 

who found也a剖tNEF A levels i加newe白slncロre伺as問ed3 t胎05times，合om2 to 3 h after feeding 

to 24 h after feeding because of addipose tissue mobilization. Plasma NEF A is an 

important indicator of nutritional status in animal， and thus the present results indicated 

the similar nutritional status between the diets in sheep. Moreover， the similar plasma 

lactate concen仕ationbetween the diets indicated the overall efficiency of energy 

utilization for both diets in accord組 cewith the fmdings of Gill et al. (1986). 

Plasma acetate kinetics 

Until now， the feeding effects of rice s仕awsupplemented with SBM on plasma 

acetate kinetics have not been investigated in sheep. Acetate is the prim紅 yfa句Tacid 

produced in the rumen， absorbed through rumen wall and then to the portal vein， thus 

plasma acetate TR depends largely on acetate production in the n即時nas described in 

Chapterl. In the present study， rice straw supplemented with SBM did not influence 

the plasma acetate TR in accordance with Reynolds et al. (1994)， who reported th瓜

acetate absorption by the portal-drained viscera was not influenced in heifers fed 

concentrate diet. Moreover， Pethick and Lindsay (1982) also reported也剖 plasma

acetate concentration as well as plasma acetate TR were unaffected by concentrate 
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supplementation to diet in lactating sheep. The similar plasma acetate TR in the current 

study might be partially due to give the feed as iso・caloricand iso-nitrogenous， even 

though the different diets were used. The numerical values of plasma acetate TR of the 

present study were close to the data reported in sheep using the s紅neisotope dilution 

technique (Al・Mamunet al.， 2011). Moreover， the numerical values of plasma acetate 

TR of the present study slightly differed from the data of my previous study in sheep 

fed rice straw only (Chapterl). This may be due to the differences of feeding level， 

feeding企'equencyandsampling time relative to feeding. From the present study江was

found that SBM supplementation only to rice ~ straw was not su宜icientto influence 

intermediary metabolism in sheep. Thus further research should be done to evaluate the 

feeding effects of rice straw supplemented with so町 cesof protein and soluble 

carbohydrate on intermediary metabolism of plasma nutrients in sheep. 
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Chapter3 

Intermediary Metabolism of Plasma Glucose and Leucine Kinetics 

in Sheep Fed Rice Straw Supplemented 

with Urea and Molasses 

Introduction 

The previ'Ous study (Chapter2) dem'Onstrated that SBM supplementati'On t'O rice 

S仕awas a high energy protien s'Ource did n'Ot influence the intermediary metab'Olism 'Of 

plasma nutrients in sheep. Intermediary metab'Olism 'Of plasma nutrient is c'Orrelated t'O 

micr'Obial activities in the rumen. F'Or increasing the micr'Obial activities it is necessary 

t'O supply ni仕ogen'Oussubstrates al'Ong with s'Oluble carb'Ohydrate s'Ource in ruminants 

fed rice straw， because s'Oluble carb'Ohydrates influenced the micr'Obial pr'Otein synthesis 

in the rumen 'Of cattle (R'O'Oke and Armstr'Ong， 1989). An easily available s'Oluble 

carb'Ohydrate s'Ource is m'Olasses， which supplies the required energy f'Or micr'Obial 

activities (T'Opp'O et al.， 1997). Supplementati'On 'Of nitr'Ogen'Ous substrates t'O rice straw 

is the way t'O rec'Over its CP deficiency and t'O impr'Ove its digestibility as menti'Oned in 

Chapter2. Urea is the m'Ost c'Omm'On s'Ource 'Of supplemental nitr'Ogen'Ous substrate t'O 

pr'Ovide NH3 f'Or rumen micr'Obial gr'Owth (Tedeschi et al.， 2002; Zinn et al.， 2003). It 

was f'Ound that the supplementati'On 'Of urea in c'Ombinati'On with m'Olasses t'O straw diets 

impr'Oved feed intake， digestive functi'On al'Ong with ruminal characteristics in ruminant 

(Can et al.， 2004; Wu et al.， 2005; Hue et al.， 2008). 
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It can be expected that rice straw supplemented with町 eaand molasses (RSUM-

diet) will influence nu仕ientmetabolism as well as rumen fermentation characteristics 

and N balance in sheep through providing required NH3 and energy for rumen microbial 

activities to Increase the dietary carbohydrate fermentation. Therefore， the present study 

was designed to evaluate the effect of a RSUM-diet on turnover rates of plasma glucose 

and Leu along with the determination of the N balance， rumen fermentable 

characteristics and plasma metabolite concentrations in sheep comp紅 edwith a MH  -diet. 

Materials and Methods 

Animα~ls， diets αndmαnαrgements 

Experimental procedures including animal care， cannulation and blood sampling 

were reviewed and approved as before (Chapter1). Four sound healthy crossbred 

(Co汀iedalex Suffolk) shom sheep， weighing 46.6土2.2kg of BW  were used. Two 

dietary treatments were tested; one was a RSUM-diet， the other was a MH-diet using 

100% ME for maintenance. Chemical composition of experimental feed is shown in 

Table 3.1. The ME was estimated at 1.30 kcal/g for rice straw， 2.62 kcal/g for molasses 

andl刀 kcal/gfor mixed hay， according to the same feeding standard as mentioned 

before (Chapter1). Feed allowance was rice straw 59.7 g/kgO万 /dsupplemented with 

urea 0.84 g/kgO
万
/dand molasses 7.6 g/kgO万/dfor the RSUM-diet， and mixed hay 57.8 

g/kgO.75/d for the MH-diet. Urea and molasses were given on chopped (3・4cm) rice 

straw immediately before feeding. Feed was given at 8:00 h and 20:00 h and企esh

drinking water was available ad libitum. 
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Table 3.1. Chemical composition of experimental feed on air dry matter basis 

Items (%) Mixed hay Rice straw Molasses Urea 
Dryma仕er 93.3 94.7 84.6 ND 
Crude protein 12.0 4.6 12.4 288 

Crude ash 10.8 J 14.4 12.5 ND 
Crude fiber 28.6 31.9 8.6 ND 

NDF 68.8 73.1 30.0 ND 
ADF 32.7 41.7 20.6 ND 

ADL 2.0 2.4 5.4 ND 

NDF = Neutral detergent fiber， ADF = Acid detergent fiber， ADL = Acid detergent lignin， 
ND = Not determined. 

The experiment was performed using a crossover design with two 21 d period. Two 

sheep were fed the MH-diet during the first period and then the RSUM-diet during the 

second period， and the other two sheep were fed in the reverse order. The sheep were 

housed in individual pens in an副首malbarn during the adjustment period (first two 

weeks)， and on d 15， the sheep were moved to the controlled house at an air temperature 

of 23:l: 1 oC with lighting企om8:00 h to 22:00 h and maintained in wooden metabolism 

stalls designed for total collection of feces and urine. The sheep were weighed on day of 

starting the experiment and every 7 d intervals of each dietary period. All exprimental 

procedures were carried out without noticeable stress to the animals. Timetable of the 

experiment is shown in Figure 3.1. 

Nitrogen balance 

A five d long (from d 16 to d 20) N balance trial was conducted for each dietary 

period. Procedures of urine， feces and feed refusal samples were treatとdas described in 

Chapter1. 
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Collection 0/ rumen fluid 

Rumen fluid was collected from each sheep 2 h after the moming feeding with an 

orally inserted stomach tube on d 20 of each dietary period. The pH value was measured 

by the pH meter immediately after collection of the rumen fluid. A sub-sample was 

centrifuged and then an aliquot of supematant was acidified by 0.1 N HCl for measuring 

rumen NH3 concentration as described in Chapterl. The acidified supematant and 

residuals were stored at -30 oC for further analysis. 

Adaptation period 

day 1 to 14 (sheep barn) 
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Isotope dilution methods using 
[U-13C]glucose and 
[l-13C]Leu 

Figure 3.1. Schematic diagram of experimental layout showing the sampling protocols 

Isotope dilution method 

Isotope dilution methods using [U_13C]glucose and [1-13C]Leu were conducted to 

determine the TR of plasma glucose and Leu on d 21 of each dietary period. Two 

cathetersヲ onefor isotope infusion and another for blood sampling were inserted into the 
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left and right jugular veins on the morning of each isotope dilution method. The isotope 

dilution methods， rate of infusion， method of infusion and blood s田nplingprocedures 

were the s田neas described in Chapterl. After end of the experiment plasma was 

separated from blood cells by centrifuging as described before (Chapterl) and 

supematant was then stored at・30oC for later analysis. 

Chemical analysis 

Chemical analyses of N balance and dietary composition were the s田neas 

described in Chapterl. Rumen VF A concentrations in rumen fluid were determined 

using the GC after steam distillation， and rumen NH3 concentration was measured using 

the colorimetric method as described previously (Chapterl). Plasma企eeAA， NH3， 

urea and NEFA concentrations were determined as described previously (Chapter1). 

Plasma enrichments of [U-13C]glucose were determined using the selected ion 

monitoring system with the GC瓜tlS.Concentration of plasma glucose was determined 

using the method described in Chapterl. Plasma AA and α-keto acids were separated 

and converted to MTBSTF A derivatives according to the procedures described in 

Chapter1. Isotopic enrichment of plasma [l-13C]Leu and concentration of plasma Leu 

were measured by the selected ion monitoring system using the GC品tlS.

Calculation 

Results are presented as mean values with SEM. Tumover rates .of plasma glucose 

and Leu w町ecalculated using the equ剖iondescribed by Tsemg and Kalhan (1983) as 

follows: 

TR=]x (11E・1)
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明弓lere，1 is the infusion rate of [U-13C]glucose and [1-13C]Leu isotope and E is the 

plasma isotopic enrichment of [U-13C]glucose and [1-13C]Leu during the steady state. 

The WBPS and WBPD were determined企omthe relationship among WBPF， N 

absorption and urinary N excretion using same equation described in Chapterl as 

follows: 

WBPF = LeuTRlO.066 

WBPS = WBPF-(urinaryN x 6.25) 

WBPD=WBP巴(absorbed N x 6.25) 

Statistical analysis 

All data were statistically analyzed using the MIXED procedure of SAS (1996). 

The least square means statement was used to test the effects of period and diet. Results 

were considered significant瓜 theP < 0.05 level and a tendency was defined as 0.05三P

<0.10. 

Results 

Dailypr，ザileand N balance 

The BW gain did not differ between diets (Table 3.2). Dry ma抗erintake was 

gre瓜er(P = 0.02) in sheep fed the RSUM-diet than也eMH・diet.Estimated ME intake 

did not differ between diets. Nitrogen intake and N excretion t祉oughfeces were lower 

(P < 0.05) for the RSUM-diet than the MH-diet， and N digestibility did not differ 

between diets. Nitrogen excretion through urine did not differ between diets and N 

retention was lower (p = 0.03) for the RSUM-diet compared to the MH-diet. 
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Table 3.2. Dietary effects on body weight (BW) gain， dry ma仕er(DM) intake， estimated 
metabolizable energy (ME) intake， nitrogen (N) balance and N digestibili!y in sheep 

Items MH-diet RSUM-diet SEM P-value 

No. of sheep 4 4 

BW gain (gjd) 89 30 48 0.26 

DM intake (gjkgO.75jd) 54 

ME intake (kcalfkgo.75jd) 99 

N intake (gjkgO.75jd) 1.10 

N in feces (gjkgO.75 j d) 0.37 

N in urine (gjkgO.75 j d) 0.45 

N retention (gjkgO.75 j d) 0.28 

N digestibility (%) 67 

59 

92 

0.94 

0.30 

0.46 

0.18 

も1

2 0.02 

2 0.21 

0.05 0.01 

0.02 0.01 

0.01 0.90 

0.04 0.03 

1 0.57 

MH = Mixed hay of orchardgrass and reed canarygrass， RSUM = Rice straw supplemented 

with urea and molasses， SEM = Standard error of the mean. 

Rumen jermentation characteristics 

Rumen pH did not differ between dietary treatments (Table 3.3). Concentration of 

rume叩nNH3wa部shigher (σP=O.Oω3) for the RSUM-d品i詑耐etthan the MH-園.diet.Concentrations 

of rumen total VF A tended to be higher (P = 0.09) for the RSUM-diet than the MH-diet. 

Acetate concentration in the rumen did not differ between diets. Concentfation of 

propionate in the rumen was higher (P = 0.01) for the RSUM-diet than the MH-diet. 

Concentration of iso・butyratewas lower (P = 0.01) and iso同 valeratetended to be lower 

(P = 0.05) for the RSUM-diet compared to the MH-diet， but concentrations ofbutyrate 

and valerate in the rumen did not differ between diets. 

Plasma metabolites 

Plasma free AA determined at pre四 m白sionof isotope dilution did not differ 

significantly between diets， except that lysine， glutamic acid and glutamine were higher 

(P < 0.05) for the RSUM-diet compared to the MH-diet (Table 3.4). Concentration of 

plasma NH3 tended to be higher (P = 0.07) for the RSUM-diet and urea did not differ 
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between diets. Concentration ofplasma NEFA was lower (P = 0.03) for the RSUM-diet 

compared to the MH  -diet. 

Table 3.3. Dietary effects on rumen pH， concentrations of rumen ammonia (NH3) and 
volatile fatty acids (VFA) in sheep 

Items MH田 diet RSUM-diet SEM P-value 

No.ofsheep 4 4 

pH 6.82 6.86 0.10 0.81 

(mmol/L) 

NH3 4.56 7.06 1.06 0.03 

Total VFA 79.5 88.4 6.4 0.09 

Acetate 59.5 61.3 4.4 0.38 

Propionate 13.7 20.9 2.6 0.01 

Iso・Butyrate 0.7 0.3 0.1 0.01 

Bu句rrate 4.6 5.3 0.5 0.17 

Iso・Valerate 0.7 0.3 0.2 0.05 

Valerate 0.5 0.3 0.1 0.34 
MH = Mixed hay of orchardgrass and reed canaηrgrass， RSUM = Rice straw supplemented 
with urea and molasses， SEM = Standard error of the mean. 

Plasma glucose and Leu kinetics 

Plasma glucose concentration and [U-13C]glucose enrichment remained constant 

during latter half of the isotope in白sion(Figure 3.2). Concentrations of plasma glucose 

determined during the latter half of the primed-cotinuous infusion of isotope dilution 

method did not differ between the diets (Table 3.5). Tumover rate of plasma glucose 

calculated from the enrichment of plasma [U-13C]glucose did not differ between diets. 
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Table 3.4. Dietary effects on plasma metabolite concentrations in sheep 

Items MH-diet RSUM-diet SEM P-value 

No.ofsheep 4 4 

EssentiαlAA (μmolfL) 

Threonine 194 163 41 0.07 

Valine 228 185 34 0.13 

Methionine 37 29 14 0.49 

Iso-leucine 92 74 16 0.26 

Leucine 100 85 20 0.38 

Phenylalanine 45 41 6 0.48 

Histidine 24 23 2 0.43 

Lysine 32 43 5 0.04 

NonessentiαlAA (いmolfL)

Aspartic acid 14 12 2 0.11 

Serine 205 176 14 0.33 

Asparagine 66 70 11 0.93 

Glutamic acid 253 332 24 0.02 

Glutamine 84 121 21 0.01 

Glycine 610 583 44 0.11 

Alanine 183 197 18 0.09 

Tyrosine 58 63 11 0.39 

Tryptophan 149 136 25 0.41 

Arginine 131 101 15 0.06 

Proline 67 68 12 0.78 

TotalAA (μmolfL) 2437 2565 162 0.24 

NH3(μmolfL) 383 419 16 0.07 

Urea (mmolfL) 7.83 8.37 0.89 0.18 

NEFA(巴~ 284 148 62 0.03 
MH = Mixed hay of orchardgrass and reed canarygrass， RSUM = Rice straw supplemented 
with urea and molasses， SEM = Standard error of the mean， AA = Amino acid， 
NEFA = Non-esterified fatty acid. 
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Figure 3.2. Time course changes in plasma glucose concentration and [U-13C]glucose 
enrichment during the last 2 h continuous infusion of [U-13C]glucose in sheep fed the 
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Plasma Leu concentration and [1-13C]Leu enrichment were stable during the latter 

half of isotope infusion (Figure 3.3). Concentration of plasma Leu determined during 

the latter half of the primed-continuous infusion of isotope dilution did not differ 

between dietary treatments (Table 3.5) Tumover r剖eof plasma Leu as well as WBPS 

and WBPD determined from plasma [1-13C]Leu enrichment did not differ between the 
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Figure 3.3. Time course changes in plasma Leu concentration and [1・13C]Leuenrichment 

during the last 2 h continuous infusion of [1-13C]Leu in sheep fed the RSUM-diet (d) and 
the MH-diet (+). (Means:t SEM). 

Table 3.5. Dietary effects on kinetics ofplasma glucose and leucine (Leu) metabolism 
in shee 

P-value SEM RSUM-diet 

4 

MH-diet 

4 

Items 

No.ofsheep 

0.51 0.11 3.28 3.38 

PIαsmaglucose 

Concentration (mmoljL) 

TR (mmoljkgo.75jh) 0.31 0.18 1.52 1.43 

PlasmaLeu 

Concentration (μmoljL) 

TR(μmoljkgo.75 jh) 

WBPS (gjkgO.75jd) 

WBPD包jkgO.75jd) 9.0 9.1 2.4 

MH = Mixed hay of orchardgrass and reed canarygrass， RSUM = Rice straw supplemented 
with urea and molasses， SEM = Standard error of the mean， TR = Turnover rate， WBPS = 
Whole body protein synthesis， WBPD = Whole body protein degradation. 
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Discussion 

The present study demonstrated that田町eatedrice straw supplemented with urea 

and molasses showed improved performance over mixed hay on rumen fermentation 

characteristics， and comparable perfoロnanceto mixed hay on加rnoverrates of plasma 

glucose and Leu as well as WBPS and WBPD in sheep. 

Daily pro_β'les and N balance 

The animals were血pos江iveBW gain for both diets. No significant difference was 

found between diets in relation to daily BW gain. A similar trend was found in lambs 

fed urea treated rice straw supplemented with molasses (Hue et al.， 2008). Greater DM 

intake for the RSUM閏 dietin the present study might be due to availability of urea and 

molasses， which lead to progressive change in rumen fermentation. The numerical 

values of DM intake in the present study were comparable with the data reported by 

Singh et al. (1995). Although feed was given as iso・nitrogenous，lower N intake for the 

RSUM -diet might be due to loss of some N through residue of rice straw. N 0 significant 

difi仕'enceoccured in N digestibility between diets in the present study. This might be 

due to rapid hydrolysis of町 eain the rumen. Can et al. (2004) reported the improved N 

digestibility in sheep fed wheat straw supplemented with urea and molasses than only 

wheat straw. Similarly comparing with the results of Chapterl， it can be noted that N 

intake as well as N digestibility were improved in sheep fed rice straw supplemented 

Wl白 山eaand molasses than rice straw only. 
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Rumen jermentation characteristics 

Rumen pH determined at 2 h af王erfeeding was within the normal range for both 

diets. Similar rumen pH between diets was an indication of balance between the 

concentrations of VF A and NH3 in the rumen as described previously in Chapter2. The 

numerical values of rumen pH of the present study were comparable with the data 

reported in sheep fed urea supplemented diet (Sano et al.， 2009). Leng (1990) reported 

that the critical level of NH3 is between 2.9 and 14.7 mmol/L of rumen liquor for 

promoting the rumen fermentation rate. In the present study rumen NH3 concentration 

was within the normal range for promoting the rumen fermentation. The higher NH3 

concentration in the rumen for the RSUM-diet was likely due to the presence ofurea in 

supplements. This is in accordance with Jain et al. (2005)， who reported that in go剖

kids the higher solubility of町 eaand its rapid hydrolysis by rumen microorganisms 

increased the NH3 concentration in the n即 時n.Supplementation of urea and molasses to 

low quality roughage diets made betler rumen environment for dietary carbohydrate 

fermentation through supplying adequate NH3 and energy for rumen microbial growth 

(Sri凶vasand Gupta， 1997). A tendency ofhigher rumen total VFA for the RSUM-diet 

in the present study indicated the well fermentation of dietary carbohydrate in the rumen. 

Similarly Jain et al. (2005) observed that rumen VF A concentrations were affected by 

urea， molasses and mineral granules supplementation with rice straw in goat kids. 

Propionate concentration in the rumen is generally affected by the readily fermentable 

carbohydrate in diets (Van Houtert， 1993). Higher concentration ofruminal propionate 

for the RSUM-diet than the MH-diet was due to presence of molasses as a so町 ceof 
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readily fermentable carbohydrate. The present results were supported by Broderick and 

Radloff (2004)， who mentioned that molasses supplementation to diets influenced the 

propionate concentration in the rumen.、

Plasma metabolites 

Plasma企eeAA concentrations in peripheral blood are related to the quantity of 

dietary protein that reach the small intestine (Bergen et al.， 1973). Pendlum et al. (1976) 

suggested that changes in plasma企eeAAp釧 emsin ruminants were associated with 

the degree of protein degradation and synthesis in the rumen. Elevated plasma AA for 

the RSUM-diet in the present study might be due to adequate supply ofNH3 and easily 

fermentable energy substrates for microbial protein synthesis. Concentration of plasma 

NH3 is positively associated with the production of NH3 in the rumen as described in 

Chapter2. A tendency ofhigher plasma NH3 concentarion for the RSUM-diet might be 

due to rapid absorption ofNH3企omthe rumen. The present result is in accordance with 

Sano et al. (2009)， who suggested th瓜 whenurea was supplemented to the basal diet， 

the postprandial plasma NH3 increased markedly because a large p紅 tof the NH3 

produced企omthe supplemental urea in the rumen and directly absorbed into portal 

blood. Plsama NEF A concentration is the indicator of energy status in ruminants (Fox et 

al.， 1991). Because， NEF A is released into blood when adipose tissues are mobilized to 

supply the metabolic needs of animalラ primarilythe need of energy. In the current study， 

lower NEF A concentration for the RSUM四 dietis likely due to the slower consumption 

of the RSUM -diet白瓜 madenutrients available to teduce the body lipid mobilization. 
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Lower plasma NEF A concentration for the RSUM -diet indicated its improved 

nutritional status due to nitrogenous substrate and soluble carbohydrate supplement剖ion.

Plasma glucose and Leu kinetics 

Until now， plasma glucose metabolism was not observed in sheep fed rice straw 

supplemented with urea and molasses. Whole body glucose TR is influenced by 

endocrine hormones (Sano et al.， 1996). Other studies reported th剖 ratesof plasma 

glucose t町 noverwere associated with the dietary intake level and supply of 

gluconeoge凶csubstrates to the liver as described previously (Chapterl). In previous 

studies it was suggested that血epr~cursor availability is an important factor in 

regulating gluconeogenesis (Schmidt and Keith， 1983; Oba and Allen， 2003). Plasma 

glucose TR in the present study did not differ between diets， although the rumen 

propionate， a major glucose precursor， was higher for the RSUM-diet. The present 

results were supported by Seal and Parker (1994)， who reported that increasing supply 

of glucoge凶cpropionate did not influence the plasma glucose TR in steers. Although 

the isotope dilution method was differentラthenumerical values of plasma glucose TR of 

the present findings were comparable to the data reported in sheep fed plantain herb 

(Al・Mamunet al.， 2007). 

Research on protein metabolism in sheep fed the RSUM-diet is scanty. In the 

present study， although N intake was lower for the RSUM-diet than the MH-diet， 

plasma LeuTR as well as WBPS and WBPD did not differ between diets. This might be 

due to presence ofurea and molasses in the RSUM-diet which accelerated the microbial 

protein synthesis in the rumen. This is in agreement with Rooke and Armstrong (1989)， 
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who pointed that availability of soluble carbohydrates in the diets in:fluenced the 

microbial protein synthesis in the rumen. M()reover， Sano et al. (2009) reported that 

supplementation of町 eaand SBM to roughage-based diets did not in:fluence the plasma 

LeuTR as well as WBPS and WBPD in sheep. The numerical values of plasma LeuTR 

as well as WBPS and WBPD were slightly improved than the data previously found in 

sheep fed rice straw only (Chapter1)， because the N intake and estimated ME intake 

were also greater in sheep fed the RSUM-diet than rice straw only diet. 

From the current resu1ts it can be said that the untreated rice s仕awsupplemented 

with urea and molasses was comparable to mixed hay for the metabolism of plasma 

glucose and protein in sheep. It is hoped that ensiling of rice straw with urea and 

molasses will improve the kinetics of plasma nutrient metabolism in sheep through 

providing NH3 and readily fermentable energy substrates due to proper fermentation in 

ensiling period. Further research should be performed to investigate the effects of rice 

straw-based silage on intermediary metabolism of plasma nutrients in sheep. 
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Chapter4 

Intermediary Metabolism of Plasma Acetate， Glucose and Leucine 

Kinetics in Sheep Fed Rice Straw Supplemented 

with Urea and Molasses Silage 

Introduction 

The previous studies (Chapter2 and Chapter3) proved th剖 untreatedrice straw 

supplemented with nitrogenous substrates and energy sources improved digestive 

function and ruminal characteristics， but did not in:fluence the intermediary metabolism 

of plasma nutrient in sheep. This is because the high fiber content in rice straw th剖

makes it difficult for sheep to digest in untreated form (Orden et al.， 2000). Ensiling is 

regarded as a good forage preservation method， because fermentation by some microbes 

is an effective way to improve the digestibility， palatability and nutritive values of 

straws (Holmes et al.， 1987; Nishino et al.， 2004; Gao et al.， 2008). Various additives 

such as町 ea，molasses， ammonia， inoculants and acids have been tested to increase the 

quality of silage or to improve the ruminal fermentation (Takahashi et al.， 2005; Mahala 

and Khalifa， 2007; Zhang et al.， 2010). 

It can be expected that rice s仕awsupplemented with町 eaand molasses silage 

(RSUMS-diet) will improve the metabolism of plasma acet瓜e，glucose and Leu in 

sheep through in:fluencing ruminal microbial activities. However， until now， the effects 

ofa RSUMS田 dieton intermediary metabolism of plasma acetate， glucose and Leu has 

not been investigated. Therefore， the current study was undertaken to find out the 

55 



feeding effects of a RSUMS-diet on plasma acetate， glucose and Leu metabolism in 

sheep using combined experiments of isotope dilution methods and N balance test. 

Materials and Methods 

Animals， diets and management 

Four crossbred (Correidale x Suffolk) adult shom sheep averaging 50.2士2.1kg of 

BW剖 thebegining of the study were used in this experiment. The sheep were assigned 

to two dietary treatments including either a RSUMS-diet or a :r-.柾1・dietusing 100% ME 

for maintenance. Chemical composition of experimental feeds is presented in Table 4.1. 

The ME was estimated at 0.91 kcal/g for the RSUMS-diet， and 1.73 kcal/g for the MH-

diet， according to the s町nefeeding standard as mentioned before (Chapter1). The feed 

allowance was rice straw-based silage 109.9 g/kgO.75/d for the RSUMS-diet and mixed 

hay 57.8 g/kgO.75/d for the MH-diet， as fed basis. Crude protein supply was 5.4 g/kgO万 /d

for the RSUMS-diet and 6.4 g/kgO.75/d for the MH-diet， on DM  basis. The animals were 

fed twice daily at 11 :00 h and 19:00 h， and fresh drinking water was available ad 

libitum. The experiment was performed using a crossover design with two 21 d periods. 

Two sheep were fed the RSUMS-diet during the first period， and then the MH-diet 

during the second period， and the other two sheep were fed in the reverse order. The 

sheep were housed in individual pens in a sheep bam during the adjustment period (the 

first two weeks of the experiment). On d 15， sheep were moved to controlled 

environment house with air temperature 23:1::1 oC， 70% relative humidity and lighting 

企om7:00 h to 21 :00 h and maintained in wooden metabolic cages for total collection of 

urine and feces. The BW  ofthe sheep was measured on d 1， d 8， d 15 and d 21 of each 
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dietary treatment. The handling of animals including cannulation and blood sampling 

was carried out as described in Chapter1. The schematic diagram of experimental 

layout is shown in Figure 4.1. 

Table 4.1. Chemical composition of experimental feed on the basis of air dry matter 

Items (%) 

Dry matter 

Crude protein 

Crude ash 

MH 

87.9 

12.7 

10.8 

69.4 

2.0 

RSUMS 

48.0 

10.2 

11.2 

52.4 

2.2 

NDF 

ADL 

MH = Mixed hay of orchardgrass and reed canarygrass， RSUMS = Rice straw supplemented 
with urea and molasses silage， NDF = Neutral detergent fiber， ADL = Acid detergent lignin. 

Adaptation period 

Rumen sampling (at 0， 3 
& 6 h after feeding) 

day 1 to 14 (sheep barn) 
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Figure 4.1. Schematic diagram of experimentallayout showing the sampling protocols 
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Prepαrα!tion ofsilα!ge 

Prior to processing， the rice straw was chopped in a particular (3・4cm) size and 

spreaded on a clean polythene sheet. Urea (1.5 % of DM of rice straw) and molasses 

(10 % of DM of rice straw) were dissolved with required amount of water to keep the 

moisture content of silage at about 50・60%.The well mixed urea and molasses solution 

was then sprayed over the chopped rice straw by hand and mixed properly. The 

prepared materials were then put into the plastic silo (180 L)， pressed sufficiently to 

create anaerobic conditions， filled properly and kept for 21 d for better fermentation. 

After 21 d processing the silo was opened and silage was offered to the animals. The 

silage containing silo and silage for chemical analysis are shown in Figure 4.2. 

Figure 4.2. An airtied silo and some portion of silage after 21 d fermentation 

for chemical analysis 

Preparation of silageαtracts 

After finishing the 21 d ensiling period， the silo was opened for offering to the 

animals and a portion of the silage was taken from different places for making silage 
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ex仕acts.For preparing the silage extracts， 15 g DM of silage was put into a beaker， 

added 140 ml of distilled water， and put into the re企igeratorfor 24 h for dissolving. The 

extract was collected using filter cloth (gauze) with hand pressure from the well 

dissolved sample. Immediately after collection the extract， pH was measured by the pH 

meter and then preserved at・30oc for further analysis ofvolatile basic N (VBN)， lactic 

acid and VF A. 

Nitrogen balance 

A five d (企omd 16 to d 20) long N balance trial was conclucted for each dietary 

位eatmentin which町 ine，feces and feed refusals were collected. The samples of urine， 

feces and feed refusals were treated using the proced町 eas described before in 

Chapterl. 

Rumen fluid collection 

On d 20 of each dietary p町 iodrum即日凶dw;ぉ collectedほ9，3 and 6 h after the 

morning feeding via an orally inserted stomach tube for measuring the pH， NH3 and 

VFA. The pH ofthe rumen fluid was measured immediately after collection by the pH 

meter. A sub-sample was cen仕ifugedand then an aliquot of supematant was acidified 

by 0.1 N HCl for measuring rumen NH3 concentration as described in Chapterl. The 

acidified supematant and residuals were stored at・30oc for further analysis. 

Isotope dilution method 

Isotope dilution methods using [1-13C]Na acetate， [U-13C]glucose and [1-13C]Leu 

were conducted simultaneously on d 21 of each dietary period to determine the TR of 

plasma acetate， glucose， and Leu in sheep. Isotope dilution method， rate of isotope 
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m白sionand blood s副nplingprocedures were the s田neas described in Chapter1. After 

the end of the experiment plasma was separated企omblood cells by cen仕ifugingas 

before (Chapterl) and supematant was then stored at -30 oC for later analysis. 

Chemical analysis 

Analysis of N in dietsラ feces，urine and feed refusals and chemical compos社ionof 

experimental feed is same as before (Chapterl). The fermentation products of silage 

were analyzed using cold司 waterextract (Cai et al.， 1999). Lactic acid concentration of 

silage was measured by the colorime仕icmethod (Taylor， 1996). The VBN content of 

the silage was determined according to ste田n distillation method as described 

previously (Dhaouadi et al.， 2007). Concentrations ofNH3 and VF A in rumen fluid， and 

concentrations of VF A in silage were determined using the procedure as described in 

Chapterl. To evaluate the quality of silage， the Fleig point was calculated企omthe 

relationship between DM and pH values of silage according to Yilmaz et al. (2009)， and 

the V -score was calculated丘omthe relationship of VBN/total N and VF A 

concentrations as described previously by Takahashi et al. (2005). 

In pre田 m血sionof isotope， plasma企eeAA， NH3， urea and NEFA were determined 

using the procedure described in Chapterl. Plasma [1-13C]acetate enrichment and 

concentrations of plasma VF A and lactate were determined using the selected ion 

monitoring with the GC瓜r1S.Concentrations of plasma glucose and [U-13C]glucose 

enrichment were determined by the procedure described previously (Chapterl). Plasma 

AAand 怯 ketoacids were sep訂 atedand converted to MTBSTFA derivatives according 

ωthe procedures described in Chapterl. Isotopic enrichments of plasma [1-13C]Leu 
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and a-[l-13C]KIC and concentrations of plasma Leu and α-KIC were measured by the 

selected ion monitoring system using the GC品1S.

Calculation 

Results are presented as me組 valueswith SEM. For the isotope dilution method， 

the TR of plasma acetate， glucose and Leu were calculated using the equation given by 

Tsemg and Kalhan (1983). 

TR=]x (1厄・1)

明弓lere，] is the in白sionrate of [l-13C]Na acet剖e，[U-13C]glucose and [l-13C]Leu and 

E is the plasma isotopic enrichment of [l-13C]acet剖e，[U-13C]glucose and [l-13C]Leu or 

任 [l-13C]KICat steady state. 

The WBPS and WBPD were calculated from the relationship among WBPF， 

LeuTR and N balance according to the equations described in Chapterl as follows: 

WBPF = LeuTRlO.066 

WBPS=WBPF幽 (urinぽyNx 6.25) 

WBPD = WBPF -(absorbed N x 6.25) 

Statistical analysお

All data were statistically analyzed with the M医EDprocedure of SAS (1996). The 

least square means statement was used to test the effects of diet and period. The random 

effect was sheep. Results were considered significant at the Pく 0.05level and a 

tendency was defined as 0.05三P< 0.10. The repeated statement and the Tukey 

adjustment were used for the time co世間 ofchanges and the significance was P < 0.05. 

61 



Results 

Silage qualii砂andN balance 

Data of rice straw-based silage quality are presented in Table 4.2. Dry matter intake， 

estimated ME intake and BW  gain did not differ between diets (Table 4.3). Animals 

were in positive N balance for both diets. Nitrogen intake and N excretion through feces 

were lower (P < 0.0001) for the RSUMS四 dietthan the MH-diet. Nitrogen excretion 

through urine was considerably higher (P = 0.01) for the RSUMS-diet compared to the 

MH-diet which resulted in lower (P = 0.01) N retention for the RSUMS-diet than the 

MH-diet. The lower N excretion through feces increased (P = 0.001) the N digestibility 

for the RSUMS-diet than the MH-diet. 

Table 4.2. Fermentative characteristics of rice straw treated with urea and molasses 
Items RSUMS 

pH ~5 

Moisture (gjkg FM) 520 

Lactic acid (gjkg FM) 42 

Acetate匂jkgFM) 3.1 

Propionate (gjkg FM) 0.1 

Bu句rra白包jkgFM) 0.02 

VBN (gjkg FM) 0.2 

V-score 89 

Flieg point 100 

RSUMS = Rice straw supplemented with urea and molasses silage， 

VBN = Volatile basic nitrogen， FM = Fresh matter. 

Rumen fermentation caharacteristics 

Rumen pH did not differ between diets (Table 4.4ふRumenNH3 concentration was 

higher (P = 0.004) for the RSUMS-diet than the MH-diet. Concentrations ofrumen total 
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VF A and acetate did not differ between diets. Concentration of propionate in the rumen 

tended to be higher (P = 0.07)， iso閏 bu守r剖eand iso・valeratewere lower (P < 0.05) for 

the RSUMS-diet comp紅 edto the MH  -diet. Concentrations of butyrate and valerate in 

the rumen did not differ between dietary treatments. 

Table 4.3. Dietary effects on body weight (BW) gain， dry ma仕er(DM) intake， estimated 
met油 olizableenergy (ME) intake， nitrogen (N) balance and N digestibility in sheep 

I~ms MH回 diet RSUMS-diet SEM P-value 

No.ofsheep 4 4 

BW gain (gjd) 92 31 63 0.15 

DM intake (gjkgO.75jd) 50 51 1 0.76 

ME intake (kcalfkgo.75jd) 99 97 1 0.41 

N intake (gj同O.75jd) 1.04 0.88 0.05 <0.0001 

N in feces (gjkgO.75jd) 

N in urine (gjkgO.75 j d) 

N absorption (gjkgO.75jd) 

0.38 

0.48 

0.66 

0.24 

0.61 

0.64 

0.04 

0.04 

0.03 

<0.0001 

0.01 

0.0001 

N retention (gjkgO.75jd) 0.18 . 0.03 0.05 0.01 

N digestibility (%) 64 72 3 0.001 

MH = Mixed hay of orchardgrass and reed canaηrgrass， RSUMS = Rice straw 
supplemented with urea and molasses silage， SEM = Standard error of the mean. 

Plasma metabolites 

Plasma total企eeAA concentrations were lower (P = 0.01) for the RSUMS-diet 

than the MH-diet (Table 4.5). Among the individual plasma企eeAA， the concentrations 

ofplasma methionine， lysine，.aspartic acid， glutamic acid and glutamine were higher (P 

< 0.05)， and concentrations of valine， Leu， phenylalanine， tyrosine， tryptophan and 

arginine were lower (P < 0.05) for the RSUMS-diet compared to the MH-diet. 

Concentration of plasma NH3 tended to be higher (P = 0.05) and urea was higher 
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(P = 0.03) for the RSUMS-diet than the MH-diet. Plasma lactate and NEFA 

concentrations did not differ between diets. 

Table 4.4. Dieta円reffects on rumen pH， concentrations of rumen ammonia (NH3) and 
volatile fatty acid (VFA) at 0，3 and 6 h after feeding in sheep 

Treatments P-value 

Items MH幽 diet RSUMS-diet SEM Diet 。 3 6 。 3 6 Diet Time x 

No.ofsheep 4 4 4 4 4 4 Time 

pH 6.94 6.74 6.67 6.87 6.78 6.82 0.09 0.70 0.10 0.50 

(mmolJL) 

NH3 6.1e 6.3d 5.0f 7.6C 13.5a
、

12.8b 1.8 0.004 0.01 0.01 

Total VFA 85.6 95.1 94.5 87.2 88.6 98.1 5.5 0.92 0.24 0.60 

Acetate 66.1 73.3 73.7 66.4 65.0 71.7 4.1 0.38 0.33 0.54 

Propionate 13.8 15.2 15.1 16.0 18.3 20.4 1.4 0.07 0.15 0.56 

Iso・Butyrate 0.6 0.6 0.5 0.4 0.3 0.3 0.04 0.01 0.26 0.18 

Butyrate 4.1 4.9 4.5 3.7 4.4 5.1 0.4 0.64 0.04 0.22 

Iso・Valerate 0.8 0.7 0.4 0.4 0.3 0.3 0.1 0.04 0.10 0.10 

Valerate 0.3 0.4 0.3 0.3 0.4 0.3 0.04 0.40 0.40 0.77 

MH = Mixed hay of orchardgrass and reed cana叩grass，RSUMS = Rice straw supplemented 
with urea and molasses silage， SEM = Standard error of the mean， 
a， b， cValues on the RSUMS-diet with different superscripts differ (P < 0.05)， 
d， e， fValues on the MH -diet with different superscripts differ (P < 0.05) 

Plasma acetate， glucose and Leu kinetics 

Plasma acet剖econcentration and enrichment of plasma [l-13C]acetate remained 

constant during the latter half of the [l-13C]Na acetate in:fusion (Figure 4.3). Plasma 

acetate concentration calculated during the last 2 h continuous in白sionof the isotope 

dilution did not differ between diets (Table 4.6). Tumover r剖eof plasma acetate 

determined from the enrichment of [l-13C]acetate did not differ between dietary 

treatments. 
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Table 4.5. Dietary effects on plasma metabolite concentrations in sheep 

Items MH-diet RSUMS-diet SEM P-value 

No.ofsheep 4 4 

EssentiαlAA (μmolJL) 

Threonine 219 185 41 0.15 

Valine 251 150 41 0.01 

Methionine 16 23 3 0.04 

Iso-Ieucine 94 63 16 0.06 

Leucine 132 74 23 0.01 

Phenylalanine 48 39 4 0.03 

Histidine 26 21 2 0.10 

Lysine 33 40 3 0.03 

Nonessential AA (μmolJL) 

Aspartic acid 9 11 2 0.02 

Serine 180 178 15 0.18 

Asparagine 80 67 9 0.05 

Glutamic acid 290 379 35 0.03 

Glutamine 80 172 27 0.04 

Glycine 623 571 44 0.13 

Alanine 211 171 25 0.08 

Tyrosine 66 60 8 0.01 

Tryptophan 114 103 20 0.01 

Arginine 144 110 15 0.003 

Proline 62 53 18 0.60 

Total AA (IlmolJL) 2675 2301 178 0.01 

NH3(μmolJL) 385 461 46 0.05 

Urea (mmolJL) 6.9 11.1 1.8 0.03 

Lactate (IlmolJL) 233 222 22 0.54 

NEFA(μEqjL) 109 168 30 0.11 
MH = Mixed hay of orchardgrass and reed canarygrass， RSUMS = Rice straw 
supplemented with urea and molasses silage， SEM = Standard error of the mean， 
AA = Amino acid， NEFA = Non-esterified fa句Tacid. 
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Figure 4.3. Time course changes in plasma acetate concentrations and plasma 
enrichments of [1・13C]acetateduring the last 2 h continuous infusion of [1・13C]Naacetate 
in sheep fed the RSUMS-diet (~) and the MH-diet (+). 

Plasma glucose concentration and enrichment of plasma [U-¥3C]glucose remained 

4.4). (Figure infusion [U_13C]glucose the of half latter the during constant 

Concentration of plasma glucose determined during the latter half of the pr出led-

continuous infusion of isotope dilution remained unchanged between diets (Table 4.6). 

Tumover rate of plasma glucose calculated企omthe enrichment of [U_13C]glucose did 

not differ between the RSUMS-diet and the MH-diet. 
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Figure 4.4. Time course changes in plasma glucose concentrations and plasma 
enrichments of [U・13C]glucoseduring the last 2 h continuous infusion of [U-13C]glucose in 
sheep fed the RSUMS-diet (.1) and the MH-diet C+). 

Concentration of plasma Leu and enrichment of plasma [1-13 C] Leu remained 

constant during the latter half of [l-13C]Leu infusion (Figure 4.5). Plasma α-KIC 

concentration and enrichment ofαー[l_I3C]KICremained constant during the latler half 

of [l-13C]Leu infusion (Figure 4.6). Plasma Leu concentration calculated during the last 

2 h of isotope infusion did not di百erbetween dietary treatments， and plasma α-KIC 

concentration tended to be lower (P = 0.06) for the RSUMS-diet than the MH-diet 

(Table 4.6). Plasma LeuTR as well as WBPS and WBPD determined from the 

enrichment of plasma [l-13C]Leu and αー[1_13C]KICdid not differ between dietary 

treatments. 
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Table 4.6. Die句ryeffects on kinetics plasma acetate， glucose and leucine (Leu) 
metabolism in sheep 
Items MH-diet RSUMS-diet SEM P-value 

No.ofsheep 4 4 

Acet，αte 

Concentration (Ilmo1jL) 474 431 28 0.35 

TR (mmoljkgo.75 jh) 5.55 5.71 0.68 0.84 

Glucose 

Concentration (mmoljL) 3.04 3.11 0.14 0.50 

TR (mmoljkgO.75jh) 1.59 1.55 0.11 0.73 

Leu 

Concentration (IlmoljL) 98.4 75.4 8.7 0.15 

TR(μmoljkgO.75jh) 321 280 27 0.29 

WBPS (gjkgO.75jd) 12.3 9.4 1.4 0.19 

WBPD (gjkgO.75jd) 11.2 9.2 1.3 0.34 

α-KIC 
Concentration (IlmoljL) 12.1 8.1 1.6 0.06 

TR(μmoljkgO•75jh) 334 313 28 0.43 

WBPS (gjkgO•75jd) 12.9 11.1 1.4 0.20 

WBPD (gjkgO•75jd) 11.8 10.9 1.3 0.56 

MH = Mixed hay of orchardgrass and reed canaηrgrass， RSUMS = Rice straw supplemented 
with urea and molasses silage， SEM = Standard error of the mean， TR = Turnover rate， 
WBPS = Whole body protein synthesis， WBPD = Whole body protein degradation，α-KIC = 
α-ketoisocaproic acid. 

Discussion 

Silage quali砂

The pH is often considered one of the crucial factors in evaluating the fermentation 

quality of silage (Muck et al.， 1988). During the ensiling period， acetate and lactate are 

fermentation end products which improve silage quali旬 (Gaoet al.， 2005)， while 

butyric acid often deteriorates silage quality (McDonald et al.， 1991). The rice straw-

based silage fed in the present study had high lactic acid， high V -score and Fleig point 
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indicating that RSUMS was good quality silage and resulted 企om excellent 

fermentation in the silo. The pH valueラmoisturecontent and organic acid content were 

close to the values reported in whole crop rice silage (Takahashi et al.， 2005). 

Nitrogen balance 

Lower N excretion through feces for the RSUMS-diet is in accordance with 

Atkinson et al. (2007)， who revealed th瓜 inlambs fecal N excretion decreased linearly 

with increasing supplementation of nitrogenous substrates. The higher urinary N 

excretion for the RSUMS-diet indicates the excess NH3 production in the rumen， 

because NH3 in excess of microbial protein synthesis is converted to urea in the liver 

and most of the urea is excreted in the urine， and some recycled via saliva (Nolan and 

Leng， 1972). This agreed with the observation by Siddons et al. (1985). They reported 

that rapid degradability of dietary N企omsilage increased the urinary N excretion in 

sheep. A similar trend was found in sheep fed straw-based silage (Abazinge et al.， 1994). 

In spite of lower N intake， the higher N digestibility for the RSUMS-diet might be due 

to ensiling of rice s仕awwith旧 eaand molasses which made the gradual release of NH3 

for microbial activities in the rumen through better fermentation during ensiling. This is 

in accordance with Broderick and Radloff (2004). The numerical values of N 

digestibility of the present study ~as comparable with the data reported previously in 

sheep fed urea ensiled rice straw (Yulistiani et al.， 2003). 

Rumen jermentation characteristics 

No differences in rumen pH occured in the present study， consistent with Cameron 

et al. (1991)， who found th瓜 rumenpH was not changed in cows fed alkaline hydrogen 
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peroxide treated wheat s仕aw.The numerical values of n即時npH of the present study 

ranged丘om6.7 to 6.9， which were in optimal pH range of 6.7土0.5to maintain normal 

cellulolysis (Van Soest， 1994) and above 6.0 for microbial protein synthesis (Russel et 

al.， 1992). The results of rumen fluid pH of the present findings were similar with the 

data reported in cattle and buffaloes fed rice s仕awsupplemented with urea-molasses 

blocks (Wanapat et al.， 1999). In the current study the mean values of NH3 

concentration in the rumen for both diets is above the minimum concentration of 

approximately 2.9 mmol/L for promoting desireable rumen fermentation rate (Balcells 

et al.， 1993). Higher NH3 concentration for the RSUMS-diet in the present study was 

likely due to soluble N degraded rapidly企omthe RSUMS-diet in the rumen. This is in 

agreement with previous fmdings (Bonsi et al.， 1995; Orden et al.， 2000). Dijkstra 

(1994) suggested that production of VFA the end product of microbial fermentation 

largely depended on血e旬peof dietary carbohydrate ingested. In the present study 

similar rumen total VF A and. acetate concentrations between diets indicated the similar 

fermentability for both diets in the rumen. A tendency of higher propionate 

concentration in血erumen for the RSUMS田 dietmight be due to available of molasses 

as source of soluble carbohydrate in the RSUMS-diet in accordance with the previous 

findings (Greathead et al.， 2006). 

Plasma metabolites 

Level of dietary N intake influenced the concen仕ationsof AA in the blood plasma， 

and N from different sources resulted in different plasma amino acid levels in steers and 

sheep (Young et al.， 1973; Remond et al.， 2000). In the present study plasma total企ee
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AA concentrations were lower for the RSUM同 diet.This rnight be due to rapid 

digradabiliザofNfrorn the RSUMS幽 diet.This is in accord組 cewith Milano and Lobley 

(2001)， who suggested that in sheep.rapidly degradable N reduced the AA availability 

for protein rnetabolisrn. Plasrna NH3 and urea concentrations are closely related to 

production of NH3 in the rurnen and absorbed into portal blood as described before 

(Chapterl). Higher plasrna urea concentration for the RSUMS-diet indicated the rapid 

absorption of NH3 frorn the rurnen into blood circulation and converted to urea in the 

liver. The present results were supported by Nolan and Leng (1972) who reported the 

influence of rurninal NH3 on plasrna urea in sheep. Plasrna NEF A is the irnportant 

nutritional status in rurninants (Tokuda et al.， 2002). In the present experirnental 

condition the sirnilar NEF A concentration indicated the sirnilar nutritional status 

between diets. Lower plasrna NEF A concen仕ationin the present study indicating that 

the sheep were felt cornfort to consurne the rice straw-based silage diet. 

Kinetics 0/ plasma acetate， glucose and Leu metabolism 

The principal energy substrate in rurninants is acetate. The concentration of acetate 

in blood circulation is inversely related to the concentration of ace阻tein the n即時n

(Pethick et al.， 1981; Cro吋eet al.， 1991). This is in accordance with the present study. 

Plasrna acetate concentration was sirnilar between diets， this is because the sirnilar 

acetate concentration in the rurnen for both diets. Plasrna acetate TR depends largely on 

acetate production in the rurnen and absorbed into portal vein as described previously 

(Chapterl). Plasrna ace同teTR did not differ between diets in the present study. This 

irnplies th剖 anirnalsfed the RSUMS-diet and the 1狂1-diet had sirnilar acetate 
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absorption rates from rumen wall to portal blood， and under steady-state condition it is 

assumed to be equal acetate TR for both diets. This is in accordance with Greathead et 

al. (2006) who did not fmd significant difference for plasma acetate TR in steers fed 

grass silage and dried grass. The numerical values of plasma acetate TR of the present 

S加dyw町ecomp紅 ableto the data reported in sheep fed ensiled hop residues (Al・

Mamun et al.， 2011). Moreover， numerical values of plasma acetate TR of the present 

study were slightly improved than the data previously shown in sheep fed rice s仕aw

only diet (Chapterl)， and in sheep fed rice straw supplemented with SBM without 

ensiling (Chapter2). It is indicated that ensiling rice straw with町 eaand molasses， 

ensured the betier fermentation of dietary carbohydrate in the rumen through 

influencing the microbial activities. 

Kinetics of glucose metabolism has not been investigated yet in sheep fed ensiling 

rice straw supplemented with urea and molasses. Plasma glucose concentrations of the 

present findings were comparable to data reported in lactating dairy cows fed com 

silage diet (Polat et al.， 2009). Whole body glucose TR depends on the dietary 

carbohydrate type and mainly starch rich diet is問 spondedpositively on glucose 

metabolism. Dietary energy intak:e and precursor availability were important factors for 

regulating the gluconeogenesis as described previously in Chapter3. Simil紅 plasma

glucose TR between the diets in the present study might be due to the similar 

fermentability pa悦 mand dietary energy intak:e level between diets. The present results 

were supported by the previous findings of Konig et al. (1984)， who revealed th剖 the

dietary energy intak:e level was responsible to regulate the glucose metabolism in 
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lactating cows. The numerical values of plasma glucose TR in the present study were 

close to the data reported in sheep fed plantain herb diet (Al四 Mamunet al.， 2007)， 

although they used the single injection isotope dilution method. Moreover， the values of 

plasma glucose TR of the present study slightly higher than the data found in sheep fed 

rice straw only (Chapterl). This may be due to the well fermentation of dietary 

carbohydrate of the RSUMS-diet through ensiling. 

Kinetics of plasma Leu metabolism has not been investigated in sheep fed rice 

straw閑 basedsilage. In the previous experiment (Chapter3) plsama Leu metabolism was 

not influenced in sheep consuming untreated rice straw supplemented with町 eaand 

molasses. Lobley et al. (1987) revealed th剖 theplsama LeuTR was positively 

associated with protein addition rates in beef steers. Savary-Auzeloux et al. (2003) 

demonstrated that in sheep the whole body protein metabolism was associated with 

dietary ME intake. In my present study plasma LeuTR determined from the enrichments 

of plasma [l-13C]Leu and a-[l-13C]KIC remained similar between diets， although N 

intake was lower for the RSUMS-diet than the ~狂l-diet. This is probably due to similar 

estimated ME intake for both diets in the present study， because plasma LeuTR in sheep 

was influenced slightly by dietary CP intake when ME intake was constant as decribed 

in Chapterl. Thus it is noted that the RSUMS-diet did not adversely affect the plasma 

LeuTR in sheep in the present s同dy.

While there was difference in CP content between the diets， the lower CP on DM 

basis of the RSUMS-diet resulted in lower N intake for the RSUMS-diet. Lower N 

intake for the RSUMS-diet did not depress the WBPS and WBPD in the present study. 
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This is in accordance with the previous results found by Sano et al. (2004). The present 

results were also supported by Greathead et al. (2006)， who determined the whole body 

protein metabolisni in steers fed grass silage and dried grass did not find significant 

difference between diets. The numerical values of plasma LeuTR as well as WBPS and 

WBPD were slightly higher than the data observed in sheep fed rice straw only diet 

(Chapterl). The comp町ableperformance was found between the RSUMS-diet and批

MH-diet on kinetics of plasma acetate， glucose and Leu in由epresent study. Thus 

ensiling rice rice s仕awsupplemented with nitrogenous substrates and soluble 

carbohydrate source can serve as an altemative of mixed hay for ruminant production. 
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Chapter5 

Summary and Conclusion 

Short background 

W orld population is increasing day by day and increasing the demand of ruminants 

production to meet meat and milk requirements to improve the quality of life. However， 

feed shortage is a m司orconstraint to raise livestock production， especially in tropical 

and sub-tropical countries it is a severe problem. Rice s仕awcan play an important role 

for raising livestock production due to its abundant availability throughout the world. 

The present study has been conducted to evaluate the feeding value of rice straw-based 

different diets through treating or supplementing with nitrogenous and energy substrates 

on intermediary metabolism of plasma nutrient in sheep using stable isotope dilution 

techniques as follows: 

Experiment-l 

First of all， the combined experiment of isotope dilution methods using [l-13C]Na 

acetateラ [U-13C]glucose，[l-13C]leucine (Leu)ラ and凶trogen(N) balance test were 

conducted to determine the effects of rice straw on1y (RS-diet) on intermediary 

metabolism of plasma acetate， glucose and Leu in sheep. Four sheep were assigned to 

two dietary tre瓜mentsincluding either mixed hay (MH-diet) or a RS-diet using 

crossover design with two 21 d periods. The sheep were fed eithβr mixed hay 40.5 

g/kgO.75/d for the MH-diet， or rice s仕aw67.2 g/kgO.75/d for the RS-diet. The isotope 

dilution methods were conducted as the primed田 continuousinfusion on d 21 of each 

dietary period. Ni仕ogenintake and N digestibility were considerably lower (P < 0.05) 
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for the RS-diet compared to the MH-diet. Rumen ammonia (NH3) concentration was 

lower (P < 0.05) for the RS-diet than the MH-diet. Turnover rates (TR) of plasma 

acetate and glucose did not differ between diets， but numerical values were slightly 

lower for the RS-diet than the MH-diet. Plasma LeuTR as well as whole body protein 

synthesis (WBPS) and degradation (WBPD) did not di民 rbetween diets， but numerical 

values were lower for the RS-diet compared to the MH  -diet. 

Experiment-2 

From the Experiment田 1江wasfound that although not significant， turnover rates of 

plasma acetate， glucose and Leu as well as WBPS and WBPD were slightly lower in 

sheep fed rice straw compared to mixed hay. It could be expected that supplementation 

of protein or energy source to rice straw would improve the plasma nutrient metabolism 

through providing required NH3 and energy for rumen microbes. Thus Experiment四 2

was designed using an isotope dilution method of [l-13C]Na acet侃eto assess the 

feeding effects of rice straw supplemented with soybean meal (SBM)ωa high energy 

protein so田 ce(RSS-diet) on intermediary metabolism of plasma acetate kinetics in 

sheep compared with a MH幽 diet.Four sheep were assigned either a MH-diet or a RSS-

diet using crossover design with two 24 d periods. The isotope dilution method was 

conducted as the primed-continuous in白sionon d 24 of each dietary period. The sheep 

were fed either mixed hay 57.8 g/kgO.75/d for the MH-diet or rice straw 59.4 g/kgO.75/d 

supplemented with SBM 7.4 g/kgO.75/d for the RSらdiet.Nitrogen intake did not differ 

between diets， and N digestibility was considerably higher (P < 0.05) for the RSS・diet

comp紅 edto the MH-diet. Concentration of acetate in the rumen did not differ between 
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diets. Plasma acetate concentration as well as turnover rate of plasma acetate did not 

differ between the RSS-diet and the MH-diet. From the current study， it was proved that 

supplementation of SBM as high energy protein source showed comparable 

performance to mixed hay on intermediary metabolism of plasma acetate in sheep. 

Experiment-3 

The Experiment-2 showed that rice straw supplemented with SBM gave the 

comparable performance to mixed hay on plasma acetate metabolism in sheep. It could 

be expected that supplementation of protein source along with soluble carbohydrate 

source would improve the intermediary metabolism of plasma nu仕ientsthrough 

providing required nitrogenous substrates and easily fermentable en町gysubstrates for 

microbial growth. Therefore， Experiment-3 was designed using isotope dilution 

methods of [U-13C]glucose and [1-13C]Leu to investigate the effects of rice straw 

supplemented with urea and molasses (RSUM-diet) on intermediary metabolism of 

plasma glucose and Leu kinetics in sheep. Four sheep were fed either a MH-diet or a 

RSUM-diet using crossover design with two 21 d periods. The isotope dilution methods 

were conducted as the primed-continuous in:fusion on d 21 of each dietary period. Feed 

allowance was computed on the basis of metabolizable energy (ME)剖 maintenance

level. The sheep were fed either mixed hay 57.8 g/kgO.75/d for the MH-diet or rice straw 

59.7 g/kgO.75/d supplemented with urea 0.84 g/kgO.75/d and molasses 7_6 g/kgO万 /dfor the 

RSUM-diet. Nitrogen intake was lower (P < 0.05) for the RSUM幽 dietthan the MH-diet， 

but N digestibility remained similぽ betweendiets. Concentrations of NH3 and 

propionate in the rumen were higher (P < 0.05) for the RSUM-diet than the MH-diet. 
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Turnover rate of plasrna glucose did not differ between diets， but nurnerical value was 

slightly higher for the RSUM-diet than the MH-diet. Plasrna LeuTR as well as WBPS 

and WBPD were cornparable between the RSUM-diet and the MH-diet. 

Expeiment・4

Frorn the Experiment圃 2and Experiment-3 it was found that untreated rice straw 

supplernented with nitrogenous substrates and energy substrates showed the cornparable 

perforrnance to rnixed hay on interrnediary.rnetabolisrn of plasrna nutrients in sheep. It 

is expected that ensiling rice straw supplernented with nitrogenous substrates and 

energy source will influence the interrnediary rnetabolisrn of plasrna nu仕ientsthrough 

better ferrnentation. Thus Experiment-4 was designed using the isotope dilution 

rnethods of [1-13C]Na acetateラ [U-13C]glucoseand [1-13C]Leu to evaluate the feeding 

effects of rice straw supplernented with旧 eaand rnolasses silage (RSUMS田 diet)on 

interrnediary rnetabolisrn of plasrna acetate， glucose and Leu in sheep. Four sheep were 

assigned to either a MH-diet or a RSUMS-diet using a crossover design with two 21 d 

periods. The feed allowance was rnixed hay 57.8 g/kgO.7S/d for the MH-diet， and rice 

straw-based silage 109.9 g/kgo.7s/d for the RSUMS-diet， as fed basis. Crude protein 

supply was 6.4 g/kgo.7s/d for the MH-diet， and 5.4 g/kgo.7s/d for the RSUMS-diet on DM  

basis. Nitrogen intake was lower (P < 0.05) for the RSUMS-diet cornpared to the MH-

diet， but N digestibility was considerably higher (P < 0.05) for the RSUMS-diet than the 

MH -diet. Rurnen total VF A and acetate concentrations did not differ between diets， and 

propionate concentration in the n即 時ntended to be higher (P = 0.07) for the RSUMS-

diet than the MH-diet. Turnover rates of plasrna acetate and glucose did not differ 
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between diets. Plasma LeuTR as well as WBPS and WBPD were similar between diets. 

From the results of this s加dy，it was shown that ensiling rice s仕awsupplemented with 

urea and molasses can be used for raising ruminant production as like as mixed hay. 

Conclusion 

Taken together the results of the present findings， it could be concluded that 

untreated or treated rice straw with ni仕ogenoussubstrates and energy substrates were 

comparable to mixed hay in relation to plasma acetate， glucose and protein metabolism 

in sheep. 

Further implication 

From the results obtained in the present research， it can be suggested that rice straw 

is one of the most important by-products as ruminant feed. The use of rice straw is a 

promising approach to overcome the problem of global feed scarcity， and a better way 

of recycling this residue to human nutrition through animal feeding. Effective use of 

rice straw will benefit livestock production. Thus untreated or treated rice straw with 

easily available protein or energy source should be used extensively for raising 

ruminant production， reducing feed cost and making a sustainable global environment. 
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Summary in Japanese 

ヒツジにおける血柴栄養素代謝動態に及ぼす稲わら主体飼料の影響

背景

全世界の総人口は日々増加しており、生活の質向上のため肉や乳の要求量を満たす

ための反甥家畜生産の需要が増加している。しかしながら、飼料不足が家畜生産向上

の主要な障害となっており、特に熱帯および亜熱帯地域では深刻な問題である。稲わ

らは、世界的に大量に供給できるため、家畜生産向上に重要な役割を果たすことがで

きる。本研究は、ヒツジにおいてサイレージ処理あるいは窒素化合物やエネルギー基

質添加の稲わら主体飼料の価値を安定同位体希釈法の血衆栄養素代謝動態から評価す

るために実施された。

実験 1

最初に、ヒツジにおける血柴酢酸、グルコースおよび、ロイシン(Leu)代謝に及ぼす稲

わら単独給与(RS飼料)の影響を測定するため、 [1-13C]酢酸Na、[U_13C]グルコース、

[1-13C]Leuの同位元素希釈法および窒素(N)出納試験が実施された。ヒツジ4頭が混播

牧草(聞飼料)と RS飼料に割り分けられ、実験は 1期 21日間のクロスオーバー法によ

り実施した。飼料給与量は阻飼料が混播牧草4Q.5 g/kgo. 75/ d、RS飼料が稲わら 67.2

g/kgO.75/dとした。それぞれの飼料給与 21日目に同位元素希釈法の primed-

continuous infusion法を実施した。 N摂取量およびN消化率は阻飼料に比べて RS飼

料が低かった(pく0.05)。ノレーメンアンモニア(悶3)濃度は阻飼料に比べて RS飼料が

低かった(pく0.05)。血衆酢酸およびグルコース代謝回転速度(TR)は両飼料で差がな

かったが、数値的には阻飼料に比べて RS飼料がやや低かった。血柴LeuTRおよび全

身のタンパク質合成速度(WBPS)および分解速度(WBPD)は飼料聞に差がなかったが、数

値的には阻飼料に比べて RS飼料が低かった。

実験2

実験 1では、有意差は認められなかったものの、血柴 AceTR、GIuTR、LeuTR、WBPS、

WBPDは阻飼料に比べて RS飼料がやや低かった。稲わらにタンパク質および、エネルギ

ー源を添加すると、ルーメン微生物の活動に必要な阻3やエネルギーが供給されるた

め血柴栄養素代謝の改善が期待される。そこで、実験2では[1-13C]酢酸Naの同位元素

希釈法を行い、ヒツジにおいて大豆粕 (SBM)添加稲わら (RSS飼料)と阻飼料の血竣酢
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酸代謝を比較した。ヒツジ4頭が 1期 24日のクロスオーバー法にしたがって阻飼料

あるいは RSS飼料に振り分けられた。それぞれの飼料給与 24日目に同位元素希釈法の

primed-continuous infusion法を実施した。飼料給与量は聞飼料が混播牧草 57.8

g/kgO
.
75/d、RSS飼料が稲わら 59.4g/kgo. 75/ d、SBM7. 4 g/kgo. 75/ dとした。実験は 1期

24日間のクロスオーバー法にしたがって実施した。 N摂取量は飼料間で差がなく、 N

消化率は阻飼料に比べて RSS飼料がかなり高かった(p= 0.004)。血柴AceTRおよび

酢酸濃度は RSS飼料と阻飼料に差はなかった。本実験の結果から、ヒツジにおいて高

エネルギー・高タンパク質である SBMを稲わらに添加すると血柴酢酸代謝動態は混播

牧草に匹敵することが示された。

実験3

実験2では SBMを添加した稲わらを給与したヒツジの血襲酢酸代謝は混播牧草に匹

敵することを示した。可溶性炭水化物を含むタンパク質源の添加は、微生物の成長に

とって必要な窒素化合物と易発酵性エネルギー基質を供給することによって血柴栄養

素代謝を改善するのかもしれない。したがって、実験3ではヒツジの血紫グルコース

およびLeu代謝動態に及ぼす尿素および糖蜜添加稲わら (RSUM飼料)給与の影響を測定

した。ヒツジ4頭が 1期 21日のクロスオーバー法にしたがって阻飼料あるいは RSUM

飼料を給与された。それぞれの飼料の 21日目に同位元素希釈法の primed-continuous

infusion法を実施した。飼料給与量は維持代謝エネルギー(ME)量とし、問飼料が混播

牧草 57.8g/kgO• 75/d、 RSUM 飼料が稲わら 59. 7 g/kgo. 75/ d、尿素 O.84 g/kgo. 75/ d、糖蜜

7. 6 g/kgo. 75/ dとした。 N摂取量は、阻飼料に比べて RSUM飼料がかなり低かったが (p

く0.05)、N消化率は両飼料で類似していた。ルーメン NH3およびプロピオン酸濃度は

阻飼料よりも RSUM飼料が高かった(pく0.05)。血媛グ、ルコース代謝回転速度は飼料

聞に差がなかったが、数値的には阻飼料と比べて RSUM飼料がやや高かった。血柴

LeuTR、WBPSおよびWBPDはRSUM飼料と阻飼料とで、同等で、あった。

実験4

実験2および実験3から窒素化合物とエネノレギー基質を添加した稲わらは混播牧草

と同等の成績が得られることを明らかにした。サイレージ化した窒素化合物・エネル

ギー基質を添加した稲わらは発酵を通じて血紫栄養素代謝に影響を与えることが期待

される。したがって、実験4ではヒツジの血柴酢酸、グルコースおよびLeu代謝に及

ぼす尿素と糖蜜添加稲わらサイレージ(RSUMS飼料)給与の影響を評価するため、 [1-
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13C]酢酸Na、[U_13C]グルコース、 [1-13C]Leuの同位元素希釈法を実施した。ヒツジ4

頭が 1期 21日のクロスオーバー法にしたがって阻飼料と RSUMS飼料に割り分けられ

た。飼料給与量は現物で RSUMS飼料が尿素・糖蜜添加稲わらサイレージ 109.9

g/kgO.75/d、阻飼料 57.8 g/kgo. 75/ dとした。粗タンパク質給与量は RSUMS飼料 5.4

g/kgO・75/d、間飼料が混播牧草 6.4 g/kgo. 75/ dであった。 N摂取量は阻飼料に比べて

RSUMS飼料が少なかったが(pくO.05)、N消化率は高かった(pく0.05)。ルーメン総

VFAおよび酢酸濃度は飼料開で差がなく、プロピオン酸濃度は阻飼料よりも RSUMS飼

料が高い傾向を示した(p= 0.07)。血柴酢酸および、グルコース代謝回転速度は飼料聞

に差がなかった。血竣LeuTR、WBPSおよびWBPDは両飼料で類似していた。本研究の結

果から、尿素と糖蜜を添加した稲わらサイレージは混播牧草と同様に反容3家畜の生産

向上のため使用し得ることが示された。

結論

窒素化合物とエネルギー基質を添加した未処理およびサイレージ処理の稲わらは血

柴酢酸、グルコースおよびタンパク質代謝に関して混播牧草に匹敵する飼料であると

結論される。

将来的な意義

本研究の結果から、稲わらは反甥家畜の飼料として最も重要な副産物の 1つである

ことが示された。稲わらの使用は世界的な飼料不足問題を解決する有望な手段であり、

家畜飼養を通じて稲わらを人の栄養に再利用できる優れた技術である。稲わらの効率

的利用は家畜生産にとって有益である。したがって、容易に供給可能なタンパク質と

エネルギー基質を添加した未処理およびサイレージ処理した稲わらは反甥家畜の生産

を向上させ、飼料コストを抑制し、持続可能な地球環境を創出するために広く普及さ

れるべきである。
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