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General Introduction 



Gen…roduction 11 
Recent issues in the globallivestock industry 

Animal products provide one-sixth of all human food energy and more than one-

third of human protein consumption globally (Bradford， 1999). Projections for the 

future suggest that there will be large increases in the per capita demand for animal food 

products in developed and developing countries. With increases in livestock production， 

the demand for livestock feed will also increase， and there will be more competition for 

grains and crops for use as human food and animal feed. In Japan， the domestic supply 

of roughage accounts for less than 80% of the amount used， and domestic concentrate 

accounts for only 10%. Thus， the total livestock feed self-sufficiency ratio is only 26% 

(MAFF， 2009). Japan depends heavily on imports for its feed supply; approximately 

75% of the total digestive nutrition of the 25，286，000 metric tons of feed consumed in 

Japan is imported (Sugiura et al.， 2009). In addition， there is great political and social 

pressure to reduce the pollution generated by industrial activities. Consequently， most 

countries are moving towards a model in which food industrial residues are no longer 

treated as waste but are considered as potential resources and energy sources. Future 

efforts should therefore be focused on increasing the domestic feed supply by utilizing 

currently unused resources and promoting the use of by-products or residues generated 

by the food industry. Food industry residue may be able to replace imported commercial 

feedsラandits utilization will reduce the environmental impact of burning or landfilling 

food wastes. However， choosing safe material for livestock feed is important， 

particularly in light of increasing concerns about food safety for human consumption. 

Since the outbreak of bovine spongiform encephalopathy， material containing animal 

protein has been banned from use as ruminant feed. The European Union and North 

American regulations against the use of animal protein supplements in ruminant diets 

and have promoted research into the use of plant protein concentrates (Hasha， 2002; 
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FDA， 2004). In August 2006， the Japanese Ministry of Agriculture， Fores位yand 

Fisheries (MAFF) issued guidelines to ens町e也esafety of non-animal protein material 

as a ruminant feed (Sugiura et al.， 2009). 

Soybean curd residue 

Soybean is an important food seed with high protein and oi1 content， and many 

foodstuffs訂emade企omit. Soybean curd residue is also called okara (Ma et al.， 1996)， 

to白 cake(Kakihara et al.， 2004) or soy pulp (O'Toole et al.， 1999) is the filtrated 

residue from which soybean milk is separated. It is produced in large quantities in 

conjunction with the manufacture of soy mi1k and soybean curd (tofu)， especially in 

Asian紅白s.During soybean curd productionラespeciallythe fil回 tionstep (Figure 1.1)， 

up to 30% of the soybean is lost as a waste product (Kim and Lee， 2010). 

Approximately 700，000 me仕ictons of soybean curd residue企ommanufacturing 

compamesぽeproduced annually in Japan (Amaha， 1996; Kajikawa 1996)， which 

suggests that soybean curd residue could be a potential so町ceof low-cost plant protein 

to be used in animal feed. 

Large quantities of soybean curd residue紅edumped in landfills or burned， 

which causes environmental problems (Ohno et al.， 1996). Soybean curd residue is 

仕eatedas indus位ialwaste with li抗lemarket value because of its short shelf life 

(O'Toole， 1999). It deteriorates rapidly upon exposure to air because of its low dry 

matter (DM) and high moisture contents， which v紅y企om65% to 75% of the企esh

matter (FM) (Amaha et al.， 1996; Xu et al.， 2001; Yang et al.， 2005; Rashad et al.， 

2011). However， many 即位ientsremain in soybean curd residues a長erthe residues have 

passed through a filter press. Soybean curd residue generally possesses high nu仕itive

quality because of its degradable protein content， which is high because the soybean 

2 



Gen…roduction 11 
protein m01ecu1es are denatured and protease inhibitors are destroyed during the 

manufacturing process (Kamata et al.， 1979). The protein content varies from 18% to 

27% DM (Kajikawa， 1996; Ma et al.ラ 1996;O'To01e， 1999; Hirayama et al.， 2002; 

Kakihara et al.， 2004). Previous1y， Ma et al. (1996) studied the isolation and 

characterization of protein from soybean curd residue. They reported that soybean curd 

residue has high in vitro protein digestibi1ity. Moreover， the essential and non-essential 

amino acid (AA) profiles in soybean curd residue were comparable to the Food and 

Agriculture Organization (F AO) scoring pattern， with sulfuric AAs (methionine and 

cysteine) and tyrosine as the 1imiting AAs (Ma et al.， 1996). Raw soybean curd residue 

generally contains 12-17% soluble fiber (Chiou et al.， 1998; O'Toole， 1999)ラ11-16.6%

ether extract (EE) (Enishi et al.， 2004; leki et al.， 2010)， minerals and vitamins (lkeda 

and Murakamiラ1995;Yokota et al.， 1996). Therefore， soybean curd residue is a 

prospective supplement for farm animal feed. 

| Soybea加n| 今抑刊W削a邸s油仇hi

Figure 1.1. Flow chart of soybean curd (tofu) production. The soybeans are soaked in the water and 
grounded before heated at 95・lOOOCfor 3 minutes. A coagulant consisted of a gypsum powder or a 
solution of magnesium salt (nigari) is added into the soybean slurry. The free supernatant whey is 
removed， and then the soybean curd is transferred into perforated boxes and pressed until a coherent 
block of curd obtained. The soybean curd is next immersed in cold running water for several hours， with 
the purpose of cooling and leaching out excess coagulant and entrapped whey solids. The soybean curd 
block is cut into r巴tail-sizeportions and wrapped for marketing. Adapted from Amaha et al. (1996). 
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The advantages of ensiling soybean curd residue 

Aerobic deterioration begins within half a day during the s田nmerifraw soybean 

curd residue is left untreated. Once spoilage has begun， the soybean curd residue is less 

palatable and can cause diarrhea and ketosis. Soybean curd residue manufacturers are 

mostly located in urban areas， whereas livestock farms tend to be in more remote 

locations (Amaha et al.， 1996). With long-distance仕ansport，the risk or spoilage and 

transportation costs increase. However， if soybean curd residue can be stored without 

spoilage for longer period， it does not have to be delivered to farms everyday. Ensilage 

is the most convenient way to preserve food indus仕ialby-products th剖 containlow DM 

(Amaha et al.， 1996; Yang et al.， 2005; Kondo et al.， 2006; Cao et al.， 2009)， such as 

soybean curd residue. Although considerable biochemical changes occur during 

fermentation， especially to the carbohydrate and protein balance， the overall DM and 

energy losses arising from the activities of lactic acid bacteria are low (McDonald， 

2011). Moreover， the fermentation process eliminates anti-即位itionalproperties and 

may even increase nutrient levels through microbial synthesis (Cho et al.， 2007; Kondo 

et al.， 2006). The fermentation process results in highly soluble nitrogenous contents 

relative to those present in raw material， which may increase the digestibili守inanimals. 

During fermentation， extensive degradation of the nitrogeIious compound occurs， which 

produces volatile nitrogen (N) th瓜mayadversely affect the ruminal fermentation of the 

host animal. McDonald et al. (2011) indicated th剖 well司preservedsilage should have a 

volatile basic ni仕ogen(VBN) content of less than 100 g per total N. 

Additionally， the generation of silage企ommaterials with high moisture content， 

such as soybean curd residueラpresentsthe risk of effluent production during ensiling. 

Therefore， soybean curd residue is usually mixed with other dry feedstuffs as an 

effective way to prevent nutrient loss， as suggested by K司ikawaet al. (1996). Wang and 
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G… 
Nishino (2008) compared the fermentative quality of soybean curd residue ensiled alone 

with that of residue ensiled after mixing with other ingredients. The soybean curd 

residue silage containing other ingredients had a lower pH (3.49) and higher lactic acid 

content (2.23%) than soybean curd residue ensiled alone (4.38 and 0.52%ラrespectively)，

indicating better fermentation and silage quality for soybean curd residue ensiled with 

other ingredients than those ensiled alone. IndeedラMcDonaldet al. (2011) noted th剖

good-quality， well-preserved silage should have a pH value of less than 4.2 to provide 

stability for the silage. During ensilage， fermentable carbohydrates in the form of water-

soluble carbohydrates (WSC) are necessary as a carbon source for microorganisms. 

Thus， the addition of other feed ingredients to soybean curd residue provides not only 

the benefit of reducing moisture content but also the WSC to promote lactic bacteria 

fermentation. 

Conceming the suitable ensiling period， Wang and Nishino (2008) observed the 

fermentative characteristics of soybean curd residue silage produced by two different 

ensiling periods: a short period (14 days) and a long period (56 days). They reported 

that prolonged ensiling (56 days) reduced the lactic acid content of the silage and 

increased the pH and acetate content. These observations suggest that in the long 

ensiling period， Lactobαcillus plantarum or Lactobacillus buchneri metabolism was 

activated because these species are known to produce acetate from lactic acid under 

anaerobic conditions (Lindgreen et al.ラ 1990).Although Wang and Nishino (2008) did 

not conduct animal feeding experiments with those different silages， it is widely 

understood that aerobically metabolized material is often toxic and should not be 

offered to animals. In another studyラ Amahaet al. (1996) developed a technique to 

preserve soybean curd residue silage by fermentation over 15 days. They obtained 

good-quality silageラ asindicated by a low pH and high lactic acid content. Thus， it 
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seems that a short ensiling period (14 to 15 days) is the optimal fermentation period for 

soybean curd residue. Moreover， after the silo was left open for four days， the lactic 

acid content decreased and the pH increased (Amaha et al.ラ 1996).Therefore， re-sealing 

after opening the silo is necess訂Yto prevent the development of aerobic conditions and 

preserve the silage. 

Soybeans naturally contain anti-nutritional properties (e.g.， trypsin inhibitors). 

O'Toole et al. (1999) reported that these anti-nutritional properties are still present剖

low levels in soybean curd residue. However， Kondo et al. (2006) and Cao et al. (2009) 

suggested that the anti園nutritionalproperties of the feed material could be eliminated by 

fermentation. Indeed， a recent study by Rashad et al. (2011) revealed that fermentation 

could reduce the anti-nutritional properties of soybean curd residue. Moreover， they 

reported that fermented soybean curd residue has antioxidant activity simil紅 toth剖 of

vitamin E， which could reduce the level of企eeradicals in the body and thus be useful 

as a healthy animal feed supplement. 

6 



Gen…roduction 国

Figure 1.2. Soybean curd residue silage manufacture (Hirakawa Food Co. Ltd.， Iwate Prefecture， Japan) 

Ruminant digestive system and metabolism 

Ruminants have a unique digestive system with a capacious set of stomachs that 

harbor microorganisms capable to digest fibrous materials， such as cellulose. This 

allows ruminants to eat and digest plants， crops by-product and industrial residue， which 

may have a high fiber content and low nutritional value for simple-stomached animals. 

In this introductory chapter， the special features of the ruminant and the potential for 

quantitative description of ruminant physiology are described briefly. Anatomy of 
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ruminant digestive system includes the mouth， tongueラsalivaryglands (producing saliva 

for buffering ruminal pH)， esophagus， stomach consisting four compartments (rumenラ

reticulum， omasum and abomasum)， pancreasラgallbladder， small intestine (duodenum， 

j司unumand ileum) and large intestine (cecumラcolonand rectum). 

Rumen 

Rumen 

Figure 1.3. Ruminant digestive system. Diaphragmatic representation of four compa比mentsof stomach 
(rumen， reticulum， omasum and abomasum) and the flow of digesta. Adapted from Church (1979). 

In adult ruminant， the stomach occupies almost 75% of the abdominal cavity 

(McDonald et al.， 2011). Feed， after being chewed during eating， enters the reticulo-

rumen where it is subjected to microbial attack and to the mixing and propulsive forces 

8 
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by the musculature contractions. This muscular activity results in the pattem of 

movement of digesta that is shown in Figure 1.3. The digesta passed from the reticulum 

to the omasum via a sphincter. From the omasum， digesta passed to the abomasum， the 

compartment that is almost similar with the stomach of non-ruminant. Acid and 

enzymes are secreted in the abomasum and are mixed with the digesta by the muscular 

activity of the organ. The small and large intestines follow the abomasum as further 

sites of nutrient absorption (Churchラ1979;Djikstra et al.， 2005; McDonald et al.， 2011). 

Dietary carbohydrates， i.e. cellulose， hemicellulose， pectinラstarchand soluble sugars are 

fermented by microbes in the r山nenand yields short chain fatty acids， known as 

volatile fatty acids (VF A)， microbial cells and gases such as methane and carbon 

dioxide (McDonald et al.ラ 2011).In addition to dietary carbohydrate， dietary lipid and 

protein also can increase the concentration of VF A in the rumen (Church， 1979). The 

contribution from lipid is small because lipid normally presents in a small proportion of 

the diet， whereas protein can be a significant source of VF A， particularly if the diet 

containing high amount of ruminally degradable protein (RDP) (Djikstra et al.， 2005). 

Acetate， propionate and butyrate are the predominant VF A， in which the concentration 

and relative proportion of the individual acid are related to the level of intake 

(Robinson， 1986) and the composition of the diet (Djikstra et al.， 2005). In ruminants， 

VF A constitute the m勾orsource of energy and may provide up to 80% of the daily 

metabolizable energy absorption (Bergman， 1990). Both oftotal VFA concentration and 

the type of VF A formed can significantly affect the utilization of absorbed nutrient in 

ruminant， thus can affect the total milk production and milk composition in dairy cows 

(Sutton， 1989; Sarwar et al.， 1992) and the growth rate in fattening ruminant (のrskovet

al.， 1979). 
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Unlike the non-ruminants， ruminants have ability to synthesize protein in the 

rumen (microbial protein). RumiI1al microbesぽecapable of utilizing non-prote祖

国trogen(NPN)， prim訂ilyammonia (NH3) to synthesize microbial protein. However， 

some of dietary protein will escape ruminal degradation (ruminally undegradable 

protein， RUP). Some of the RUP will be digested in the small intestine and some of江

will be excreted in feces. The end products企omthe digestion of dietary RDP in the 

rumen町eNH3 and microbial protein， whereas the end product企omthe digestion of 

RUP and microbial protein in the small intestine is AA (Church， 1979， Djikstra et al.， 

2005; McDonald et al.， 2011). 

Recent approaches in ruminant nutrition and physiology 

As qualitative knowledge increased， it becomes possible to develop quantitative 

approaches to increase understanding on ruminant nutrition and physiology. Tracer 

method with radioactive or stable isotope is widely used in the metabolic study， both for 

human and animals. Compared to the radioactive isotope， the most obvious advantage 

of stable isotope is the little or no risk to human subject. To measure metabolic flux 

using stable isotope， the compound of interest must first be identified. The un-labeled 

nutrient (naturally occurring compound) is called ‘tracee'. The labeled compound th抗 IS

deliveredωthe subject experimentally is the ‘tracer' (Wolfe and Chinkes， 2005; 

Waterlow.， 2006). Typically， the tracer is chemically and functionally identical to the 

tracee. By following the fate of a tracer in the body， information can be obtained 

regarding the metabolism ofthe tracee. For example， the estimation ofVFA production 

rates in ruminant can be determined by infusion of [1-l3 C] acetate (J加ioret al.， 2006) or 

[1-l3C]propionate (Martin et al.， 2001)， whereas the whole-body protein turnover can be 

assessed by in白sionof [1_13C]leucine (Leu) (Wolfe and Chinkes， 2005; Waterlow， 

10 



G… 
2006). Wo1fe and Chinkes (2005) revea1ed th剖 atsome time (dependent on the kinetics) 

the tracer will be 10st at the same time it appears and there will be no further change in 

the re1ative concentration (Figure 1.4). This situation is called an isotopic equi1ibrium or 

steady state condition， because a p1ateau in enrichment of the body poo1 of tracer is 

achieved. 

Free substrate pool 

Synthesis 
Degradation 

Figure 1.4. Schematic representation of a single pool， with Ra coming from constant infusion of tracer 
and the steady state is assumed as Ra = Rd. 
(・)n utri ent (tracee); (・)nutrient with isotopic tracer; Ra， rate of appearance; Rd， rate of disappearance. 

In present study， sheep was used as a mode1 to investigate the feeding effects of 

industria1 food residue on the nutrient metabo1ism in the body. There are some 

advantages of using sheep as a mode1 for the nutritional and physio1ogica1 study. Sheep 

is 1arge enough to support 10ng period of frequent serial sampling of periphera1 b1ood. 

Important1yラthiscan be done with individua1 cage and the sheep is freely standing and 

1ying， thus avoid stress due to restraint. Moreover， sheep model has an intrinsic 

economic re1evance for metabo1ic study (particu1arly for isotope dilution technique) and 

the findings 企omsheep can be transported to other 1ivestock anima1s. 
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Objectives of the study 

Driven by the fact that: i) soybean curd residue is a potentially useful ruminant 

feed given its relatively low price and abundant availability within Asian countries; ii) 

soybean curd residue silage can be stored for longer periods than raw soybean curd and 

has a high nutritive value because of its high soluble protein and fermentable 

carbohydrate contents; and iii) there is currently no data pertaining the nutritive value 

and beneficial effects of soybean curd residue silage consumption on ruminal 

fermentation and whole body nutrient metabolism， it was imperative to study the use of 

soybean curd residue silage. 

Therefore， the aim of this thesis was to investigate the effects of soybean curd 

residue silage consumption on whole body nutrient metabolism in the ruminant. The 

following objectives were established and experimentally tested via a series of three 

different experiments (described in Chapter 2-4): 

1. To determine the effects of inclusion of soybean curd residue silage in the diets 

on the ruminal characteristics， nitrogen balance， blood metabolites and plasma 

amino acid and glucose kinetics. 

2. To compare the effects of feeding soybean curd residue silage and commercial 

concentrate on the ruminal characteristics， nitrogen balance， blood metabolites 

and plasma amino acid and glucose kinetics in sheep. 

3. To investigate the effects of dietary level of soybean curd residue silage on 

plasma amino acid， acetate and glucose kinetics in sheep. 

12 



Chapter 2 

The Effects of Inclusion of Soybean Curd Residue Silage in 

the Diets on Plasma Leucine and Glucose Kinetics， Blood 

Metabolites and Ruminal Characteristics in Sheep 

し



Soybean curd residue silage as ruminant feed 

Introduction 

To optimize the amount of absorbable AA for ruminant productivity， one 

objective of the diet formulation is to provide adequate amounts of protein. Soybean 

curd residue silage has high levels of degradable protein and fermentable carbohydrates 

that may meet the nutritional needs of animals. Xu et al. (2001) reported no detrimental 

effect on ruminal fermentation when soybean curd residue silage was fed to sheep. 

Moreover， Cao et al. (2009) reported increased N digestibility in sheep fed whole-crop 

rice silage supplemented with soybean curd residue. Ruminants generally absorb only 

small amounts of glucose from the alimentary tract and rely on hepatic gluconeogenesis 

for their glucose supply. The major precursor of glucose in fed animals is propionate， 

which is produced by microbial fermentation in the rumen (Bergman， 1990). Some 

studies reported an increase in the ruminal propionate concentration in sheep fed 

soybean curd residue silage (Xu et al.， 2001; Kakihara et al.， 2004; Cao et al.ラ2009).

Based on these previous studies， it was hypothesized that feeding soybean curd 

residue silage could increase plasma AA and glucose kinetics due to its high N and 

fermentable carbohydrate contents. Thereforeラ firstexperiment was conducted to 

investigate the effects of inclusion of soybean curd residue silage in roughage diet on 

the ruminal fermentation characteristics， N balance and the plasma kinetics of Leu and 

glucose in sheep using the isotope dilution technique of [1-13C]Leu and [U_13C]glucose. 
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Materials and Methods 

Animals， dietary treatments and feeding 

The handling of the experimental animals， including blood sampling， was 

conducted according to the guidelines established by the Animal Care Committee of 

Iwate University. Six crossbred (Suffolk x Corriedale) sheep， all approximately 4 years 

of age and initially of 50::!: 5 kg ofbody weight (BW) were used. Two different dietary 

treatments were tested， one was mixed orchardgrass and reed can訂ygrasshay (Hay 

diet) and another one (SCRS diet) was mixed hay plus soybean curd residue silage 

containing 15% beet pulp at a ratio of 8:2 on a DM basis. The soybean curd residue 

silage was purchased from Hirakawa Food Co. Ltd. (Japan)， placed into 90 L polyvinyl 

silo， compacted， and tightly sealed ωensure anaerobic conditions over 15 days ensiling 

period. After 15 days， the silo was opened and the silage was fed to sheep. The silo was 

then re田sealedand stored at 40C until the next feeding. The chemical compositions of 

dietary treatments are given in Table 2.1. The diets were formulated slightly above the 

maintenance level (NRC， 1985; NARO， 2009)， as shown in Table 2ユThesheep were 

fed twice per day at 10.00 and 22.00 h and had ad libitum access to water. 

The experiment followed a crossover design with a period of 21 days. The 

layout of experiment is illustrated in Figure 2.1. The experimental period consisted of 

14 days of adaptation to the diets and 7 days of sample collection. The sheep were 

housed in individual pens during the adaptation period and then moved to individual 

metabolic cages in a controlled-environment room at an air temperature of 230C and 

70% relative humidity， with light provided from 09.00 to 23.00 h. The sheep were 

weighed at starting of the experiment， on day 8， 15 and after the fmishing of each 

dietary treatment. 

14 



Soybean curd residue silage as ruminant feed 

Table 2.1. Chemical compositions ofthe dietary仕eatments

Hay diet 
(Mixed hay)l 

DM  (g/kg) 894 

CP (g/kg DM) 110 

EE (g/kg DM) 34 

NDF (g/kg DM) 680 

NFC (g/kg DM) 76 

Ash (g/kg DM) 100 

ME4 (Mcal/kg DM) 1.97 

SCRS diet
2 

，U
3
e
 

m
唱

C
L
μ
 

n

m

M

 

a
3
 

h
M

似
:
i
 

n
U
Q
U
 

s
m
 781 327 

132 220 

49 110 

570 134 

152 456 

96 80 

3.32 

I Mixed hay of orchardgrass and reed canarygrass. 
2 SCRS diet consisted of 80% mixed hay plus 20% soybean curd residue silage on DM basis. 
3 Soybean curd residue silage containing 15% beet pulp (Hirakawa Food Co.， Ltd.， Iwate， Japan). 
4 Metabolizable energy of mixed hay was calculated as the propo口ionof orchardgrass and reed 
canarygrass (60:40) according to NRC (1985). Metabolizable of soybean curd residue silage was 
calculated as the proportion of soyb巴ancurd residue and beet pulp (85:15) in the silage according to 
NARO (2009). 

Table 2.2. Diet formulation and intakes ofCP and ME ofthe dietary treatments 

Treatment
1 

Mixed hay (g/kg BWo 75/day) 

Hay diet 

67.。
SCRS diet 

48.5 

Soybean curd residue silage (g/kg BWo 75/day) 。 12.1 

CP intake (g/kg BWO.75/day) 

ME intake2 (Mcallkg BWO.75/day) 

7.4 8.0 

132 135 

Treatment: Hay diet， mixed hay (orchardgrass and r巴edcannarygrass); SCRS diet， mixed hay 
2supplemented with soybean curd residue silage (SCRS diet)at a ratio of80:20 0n DM basis. 
Assumed from NRC (1985). 
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Adjustment period 

Sheep were moved to 
controlled-environmental room 

口Uri… Ruminal fluid 

Figure 2.1. The experimentallayout showing sampling protocol. 

Urine and feces 

Isotope dilution method of 
[1-13C]Leu and [U_13C]glucose 

Isotope仙 tion圏B100dVFA 

Urine and feces were collected separ剖e1yfor 5 successive days (from day 15 to 

19) at 24-h interva1s using a 3・mmp1astic screen as a separator. Urine was collected in a 

bucket containing 50 mL of 6 N H2S04 to prevent the 10ss ofN. The urine vo1ume was 

recorded， and a subsamp1e (50 mL) was stored at -30oC prior to further ana1ysis. The 

feces were dried in a forced-air oven (600C for 48 h)ラgroundthrough a 1-mm mesh and 

stored at room temperature prior to further ana1ysis. 

Blood VFA 

On day 19 of each tria1， a po1yviny1 catheter was inserted in the right jugu1ar 

vein. The b100d samp1es (2 mL) were drawn hourly from before feeding (0 h) to 6 h 

after feeding to determine the b100d VF A concentrations. The b100d samp1es were 

transferred into heparinized tubes and temporari1y stored on ice before deproteinization. 

The b100d samp1es were deproteinized by adding 2 mL of 100 g/L sodium tungstate 
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Soybean curd residue silage as ruminant feed 

solution and 2 mL of 0.34 M H2S04， and then kept at room temperature overnight 

(F吋itaet al.， 2006). The supern剖antfluid obtained after centrifugation at 3ラ000x g for 

10 min at 40C (RS-18V， Tomy， Japan) was stored剖 -300Cuntil further analysis. 

Ruminal fluid 

Ruminal fluid (50 mL) was collected before feeding (0 h) and剖 3and 6 h after 

feeding via a stomach tube inserted orally on day 20. Approximately 200 mL ofruminal 

fluid was collected at each time. The pH value of the ruminal fluid was measured 

immediately after collection with a pH meter (HM-10P， Toa Electronics Ltd.， Japan). 

The liquid fraction was separated by centrifugation at 8，000 x g for 10 min at 40C. An 

aliquot (5 mL) of ruminal fluid was used to measure the ruminal VFA concentrationラ

and another 1 mL was acidified with 1 mL of 0.1 mol/L HCl to stop the microbial 

activity and prevent the loss on NH3 for ruminal NH3 concentration measurement. All 

samples were kept at -30oC prior to further analysis. 

Isotope dilution procedures 

A primed-continuous infusion of [l-13C]Leu and [U-13C]glucose was conducted 

on day 21 of each仕eatmentto assess plasma Leu and glucose kinetics in the sheep. 

Polyvinyl catheters were inserted in both jugular veins of each sheep on the morning of 

the day on which the isotope dilution procedure was conducted. A saline solution 

containing 7.2μmol/kg BWO.750f [l-13C]Leu (L-leucine-1-13C， 99 atom% excess 13C; 

Cambridge Isotope Laboratories， USA) and 2.9μmol/kg BWO.75 of [U-13C]glucose (D-

glucose-13C6， 99 atom% excess 13C; Cambridge Isotope Laboratoriesラ USA)was 

i吋ectedinto the right jugular catheter as a priming dose. The tracer solution was 
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continuously in:fused over 4 h period (between 3 to 7 h after feeding) immediately after 

the priming injection using a multichannel peristaltic pump (AC-2120， Atto， Japan)瓜a

rate of 7.2μmol/kg BWO.75/h and 2.9μmol/kg BWO.75/h for [1-13C]Leu and [U-

13C]glucose， respectively， through the same catheter. The infusion r瓜.eof the tracer 

solution was recorded every 30 min由roughoutthe infusion period. 

The blood samples (6 mL) were taken企omthe left jugular vein immediately 

before the priming i吋ectionand at 30-min intervals during the last 2 h of the isotope 

infusion period (5 to 7 h after feeding). Blood samples were placed in heparinized tubes 

and temporarily stored on ice. The plasma丘omthe whole blood samples was separated 

by centrifugation at 8，000 x g for 10 min at 40C and was stored at・300Cprior to further 

analyses. 

Chemical analysis 

The chemical compositions of the diets were analyzed using the methods 

described by the Association of Official Analytical Chemists (AOAC， 1990). The 

neutral detergent fiber (NDF) contents in soybean curd residue silage and mixed hay 

were determined according to Van Soest et al. (1991) using the Foss Analytical 

FiberCap system (FiberCapTM 2021/2023， Foss， Sweden). Briefly， samples were 

weighed (1 g) in the capsules and extracted by boiling the capsules in the beaker 

containing NDF solution for 1 h. Then， the capsules were washed in a hot water (3 x 0.5 

min)， rinsed in methanol (2 x 0.5 min) and dried in the air oven (1300C for 3 h). After 

dried， the capsules were weighed and then ignited in the muffle白mace(6000C for 4 h). 

The compositions of 1 L ofNDF solution were listed in Table 2.3. 
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Table 2.3. The ingredient ofthe NDF solution 

Item 

Disοdium ethylenediaminetetraacetate (EDTA) 

Sodium borate decahydrate 

Sodium lauryl sulphate 

Disodium hydrogenphosphate 

Triethylene glycol 

Soybean curd residue silage as ruminant feed 

Amount (in 1 L of solution) 

18.61 g 

6.81 g 

30 g 

4.56 g 

10mL 

The fermentation products of soybean curd residue silage were determined from 

cold-water extracts (Cao et al.， 2009). The silage pH was measured using the pH meter. 

The VBN content in the silage was determined based on the steam distillation method 

according to Dhaouadi et al. (2007). Briefly， 10 mL of soybean curd residue silage 

extract was added to 3.5 mL of20% NaOH solution and a few drops ofphenolphthalein 

indicator. The distillate was collected in a conical flask containing 20 mL of 4% boric 

acid and a few drops of Tashiro indicator and subsequently titrated against 0.01 N HCl. 

The lactic acid concentration in the silage was determined using the colorimetric 

method according to Taylor (1996). The silage extract (300μL) was mixed with 200μL 

of distillated water and 3 mL of concentrated H2S04， followed by incubation at 95-

1000C for 10 min prior to the addition of 50μL CUS04 and 100μL of phenolphthalein 

reagent. The absorbance was measured at 570 nm using a spectrophotometer (U-1000， 

Hitachi， Japan). To assess the silage quality， the V -score and Flieg point were 

calculated from the fermentative components as described by Takahashi et al. (2005) 

and Yilmaz et al. (2009). The VF A concentrations in the soybean curd residue silage， 

ruminal fluid and deproteinized-blood samples were determined after steam distillation. 
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Each sample (silage extract， ruminal fluid or deproteinized-blood) was mixed with 20% 

H2S04 and MgS04， followed by steam distillation. The distilled samples were ti仕ated

against 0.1 N NaOH for the ruminal fluid sample and 0.01 N NaOH for the silage 

extract and blood samples. The distillates were dried in the air oven at 70oC. The VF A 

were measured by gas chromatography (HP-5890， Hewlett Packard， USA)， and the 

molar concen仕ationof each VF As were calculated from the ratio of standard町eaand 

sample area， using crotonic acid as an intemal standard. The ruminal NH3 ~oncentration 

was determined as described by Weatherburn (1967) by mixing the ruminal fluid 

sample with phenol and hypochlorite reagents and then incubating the s田nplein a water 

bath at 370C for 20 min. The absorbance was measured by a spectrophotometer (V四630

BIO， JASCO， Japan)瓜 625nm. The N contents in the diet， urine and feces were 

analyzed using the Kjeldahl method with the Foss Kjeltec System (Kjeltec 2100， Foss， 

Sweden). The sample (diet， urine or feces) was digested by concentrated H2S04 in the 

presence of a catalyst that promotes the conversion of NH3 to NH4 +. The NH4 + 

molecules were then converted into NH3 gas， heated and distilled. The NH3 gas was led 

into a trapping solution. Finally， the amount oftrapped NH3 was determined by titration 

with a standard solution and calculated automatically by the Foss Kjeltec system. 

The concentrations of plasma Leu and a-ketoisocaproic acid (α-KIC) and the 

plasma enrichments of [1-13C]Leu如 dα-[1-13C]KICwere determined according to the 

procedure of Rocchiccioli et al. (1981) and Calder and Smith (1988). Briefly， 1 mL of 

plasma was deproteinized by adding 1 mL of 4% sulfosalicylic acid (SSA) and the 

intemal standard， 100μL ofn-Leu (0.5 mmol/L) and 100μL ofketovaleric acid (KVA) 

(0.05 mmol/L). After centrifugation剖 12，000x g for 10 min at OOC， the supem瓜ant

was applied to a column containing 0.5 mL of cation exchange resin (Dowex 50W x 8， 
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hydrogen form)， and the co1umn was washed with distilled water (2 x 0.5 mL). The 

e1uent obtained was submitted toα-KIC ana1ysis. Subsequent1y， 4 N NH40H was 

passed through the co1umn (2 x 1 mL) and washed again with distilled water (1 x 1 

mL). A 0.5 mL a1iquot of the resulting e1uent was collected in a screw-capped glass 

tube and dried in a dessicator containing H2S04 for Leu ana1ysis. From the a-KIC 

丘action，1 mL of e1uent was mixed with 0.5 mL of 1 % 0・pheny1enediaminein 4 M HC1 

solution in a screw-capped glass tube and heated for 1 h at 900C followed by coo1ing for 

1 h at room temperature. Then， 2 mL of ethy1 acetate was mixed by vigorous shaking 

for 1 min and centrifuged at 1，000 x g for 10 min at 40C. The supernatant was separated 

and dried using anhydrous Na2S04 for 2 h， and the supernatant was then p1aced in a new 

screw-capped glass tube and dried with N gas. After all of the samp1es (for Leu and α-

KIC ana1ysis) were dried， 25μL of acetonitri1e and 25μL of N・methyトN-t-bu守1-

dimethy1si1yltrifluoroacetamide (MTBSTF A) were added to each screw-capped glass 

tube. The tubes were capped and then heated at 800C for 20 min in the air oven. The 

concentrations of p1asma Leu and a-KIC and the enrichments (atom % excess) of 

p1asma [1-13C]Leu and α-[1-13C]KIC were determined by gas chromatography-mass 

spectrometry (GC-MS， QP-2010， Shimadzu， Japan) with se1ected ion monitoring. The 

following ions were monitored: mlz 302 and 303 for Leu， mlz 302 for rトLeu，mlz 245 

for KVA， mlz 259 and 260 for a-KIC. 

The p1asma [U_13C]g1ucose enrichment (atom % excess) was measured as 

described by Tserng and Ka1han (1983)， with the slight modification described by Fujita 

et al. (2006). The p1asma (1 mL) was deproteinized by adding 1 mL of 4% SSA. After 

centrifugation at 12，000 x g for 10 min at OOC， the supernatant was purified through a 

tandem co1umn containing 0.5 mL cation exchange resin (Dowex 50W x 8， hydrogen 

21 



form) and 1 mL anion exchange resin (Dowex 1 x 8， acetate foロn).After elution with 

distilled water (2 x 0.5 mL)ラtheglucose企actionsw町epooled， dried and converted to 

pentacetate derivative with acetic anhydride and pyridine. The samples were heated in 

the air oven for 1 h at 900C followed by cooling on ice for 3 min. Then， 2 mL of 

distillated water and 1 mL of chloroform were added and mixed by vigorous shaking for 

1 min (repeated 3 times). The two phases were then separated by centrifugation剖 3，000

x g for 5 min at 30C. The upper layer was discarded and the sample was then placed in a 

new glass tube and dried with N gas. After all of the samples were dried， 100μL of 

chloroform were added into each glass tube. The derivative was analyzed with GC-MS 

with ionization using a 20 e V electron beam， and the fragment was monitored at mlz 

314 and mlz 319. 

The plasma glucose concentration was determined using the glucose oxidase 

method described by Huggett and Nixon (1957). The plasma (200μL) was 

deproteinized by adding 1.8 mL of trichloroacetic acid， and the liquid 企actionwas 

separated by centrifugation at 3，000 x g for 10 min at 40C. The liquid obtained was 

combined with the mixed en勾me-oxygenacceptor reagents as follows: 200 mg/L 

glucose oxidase， 60 mg/L peroxidase and 10 mg of o-dianisidine in 10 mL of 95% 

ethanol. The sample was incubated at 370C for 1 h in a water bath and then the 

absorbance was measured at 440 nm using the spectrophotometer. To determine the 

concentrations of plasma AA， NH3 and urea， the plasma was deproteinized by mixing 1 

mL ofplasma with 1 mL of 3% SSA. The supernatant was separated by centrifugation 

at 3，000 x g for 10 min at 40C and then passed via syringe由rougha 0.45μm cellulose 

acetate filter (Advantec， Japan). Approximately 50μL of this filtrate was used for the 

determination of plasma AA， NH3 and urea concentrations using an automated AA 
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analyzer (JLC-500N， JEOL， Japan). The plasma non-esterified fa町 acid(NEFA) 

concentrations were determined enzymatically using a commercial diagnostic kit 

(NEFA-C test， Wako， Japan). The plasma (50μL) was mixed with 1 mL of color A 

solution containing acyl-CoA synthetase， coenzyme A (CoA)， adenosine-5-triphosphate 

disodium salt (ATP)ラ4・aminoantipyrineand ascorbate oxidase， followed by incubation 

at 370C for 10 min in a water bath. After incubation， 1 mL of color B solution 

containing acryl-CoA oxidase and peroxidase was added into each sample and then 

incubated again at 370C for 10 min in a water bath and finally the absorbance was 

measured at 550 nm using the spectrophotometer. 

Calculation and statistical analysis 

Mean values with standard eηor of the mean (SEM) for all data are given. The 

turnover rates of plasma Leu and glucose (LeuTR and GluTR) were calculated 

according to Wolfe and Chinkes (2005). 

TR (mmol/kg BWo 75/h) = Ix (11 E -1) 

where 1 is the infusion rates of [1 _I3C]Leu or [U-・13C]glucoseand E is the isotope 

enrichment of plasma 任 [1-13C]K1Cヲ ametabolite of [1-13C]Leu， or plasma [U-

13C]glucose during the steady state， respectively. 

The whole body protein f1ux (WBPF) was calculated by dividing the LeuTR by 

0.066 (Leu concentration in sheep carcass protein suggested by Harris et a1. (1992)). 

Then， whole body protein synthesis (WBPS) and degradation (WBPD) were calculated 

from the relationship between the WBPF and N balance according to Schroeder et a1. 

(2006). 
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WBPF = LeuTR / 0.066 

WBPS = WBPF -(urinary N excretion x 6.25) 

WBPD = WBPF -(N absorption x 6.25) 

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

effects in the model included period， diet， and period x diet interaction， and the random 

effect was sheep. The result was considered significant at P<0.05， and the tendency was 

defined as 0.05三P<0.10.Repeated statements and Tukey's adjustment were used for the 

time course of changes. The results were considered significant at P<0.05. 

Results 

Silage quality， body weight gain and nitrogen balance 

The silage pH was 4.11， and organic acids (lactic acid， acetate， propion瓜eand 

bu句rrate)were detected in the silage (Table 2.4). The feeding effects of soybean curd 

residue silage on也eBW gain and N balance are shown in Table 2.5. The BW gain 

during experimental period tended to be higher (P=0.06) for sheep fed the SCRS diet 

than those fed the Hay diet. The sheep fed the SCRS diet exhibited a higher (P<0.0001) 

N intake than sheep fed the Hay diet. Fecal N excretion was lower (P=0.001) and 

urinary N excretion was higher (P=0.008) for sheep fed the SCRS diet than those fed 

the Hay diet. The N absorption and digestibility were higher (P<0.0001 and P=0.001) 

and N retention tended to be higher (P=0.07) for the SCRS diet than for the Hay diet. 
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Table 2.4. The fermentative characteristics in the soybean curd residue silage 

Itern Arnount 

Moisture (g/kg) 673 

pH 4.11 

Lactic acid (g/kg FM) 15.4 

Acetate (g/kg FM) 1.1 

Propionate (g/kg FM) 0.03 

Butyr剖e(g/kg FM) 0.003 

VBN (g/kg total N) 60 

Flieg point 100 

V-score 98 

Table 2.5 The effects of feeding soybean curd residue silage on BW  gain and N balance 

in sheepl 

Itern 

BW  gain (kg/day) 

N intake (g/kg BWO.75/day) 

F ecal N (g/kg B WO 751day) 

Urinary N (g/kg BWO.75/day) 

N absorption (g/kg BWO.75/day) 

N retention (g/kg B WO 75/ day) 

N digestibility (%) 

1 Values represent the mean of 6 sheep. 

Treatrnent2 

Hay diet SCRS diet 

0.08 0.18 

1.17 1.28 

0.47 0.43 

0.42 0.51 

0.70 0.85 

0.29 0.33 

61.0 66.1 

SEM3 PVαlue 

0.04 0.06 

0.01 <0.0001 

0.01 0.001 

0.02 0.008 

0.01 <0.0001 

0.02 0.07 

1.2 0.001 

2 Hay diet， mixed hay of orchardgrass and reed canarygrass; SCRS diet， mixed hay plus soybean curd residue silage 

(at a ratio of 8:2). 

3 SEM， standard巴rrorof the mean. 
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The changes in the pH value and the concentrations of NH3 and VF A in the 

rumen after feeding are illustrated in Figure 2ユThemean value of ruminal pH and由e

mean concen回 tionsof VF A and NH3 across all sampling time are presented in Table 

2.6. For both diets， the pH values decreased at 3 h after feeding and did not return to the 

initial values by 6 h after feeding. The dietary treatments did not affect the ruminal pH 

(P=O.60). The concen仕ationsof NH3， total ruminal VF A， acetate， propionate， butyrate， 

and valerate increased (P<O.05)剖 3h after feeding and subsequently decreased 

(P<O.05). Higher (P=O訓)ruminal NH3 concentrations were found in sheep fed the 

SCRS diet由anthose fed the Hay diet. The concentrations of acetate， propionate， 

butyr剖e，valerate， isobutyr剖e，and isovalerate in the rumen were higher (P=O.03， 

P=O.Ol， P=O.02， P<O.OOl， P=O.Ol， and P=O.03， respectively) for the SCRS diet than the 

Hay diet. It is resulted in higher (P=O.03) total ruminal VF A concentration for the 

SCRS diet than the Hay diet. The molar ratio of acetate to propionate tended to be lower 

(P=O.09) for the SCRS diet than the Hay diet. 

The postprandial changes in the concentrations of blood VF A are illustrated in 

Figure 2.3. The mean concentrations of blood VFA across all sampling time are 

presented in Table 2.7. The concen仕ationsof total blood VF A， acetate and propionate 

were differed wi由inthe sampling time (P<O.OOl， P<O.OOl and P=O.OOl， respectively)， 

whereas butyrate concentration in the blood only tended (P=O.05) to be different within 

the sampling time. The blood acetate and propionate values measured for the two diets 

increased gradually企omthe values measured before feeding， reached a peak level at 3 

h after feeding and then decreased gradually. The total blood VF A and acetate 

concen凶 tion:stended to be higher (P=O.05 and P=O.08) for sheep fed the SCRS diet 
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than those fed the Hay diet， whereas the blood propionate and butyrate concentrations 

did not differ (P=O.ll and P=O.16) between the diets. 

The plasma AA， NH3， urea and NEF A concentrations measured from the pre-

infusion blood samples are shown in Table 2.8. The concentrations of plasma AAs did 

not differ (P>O.05) between the tre剖mentsラ exceptthat the plasma glutamic acid 

concentration was lower (P=O.Ol) for the SCRS diet than for the Hay diet. The plasma 

NH3 and urea concentrations were higher (P=O.003 and P=O.02) for the SCRS diet than 

for the Hay diet， whereas the plasma NEFA concentrations did not differ (P=O.70) 

between the two diets. 

The plasma Leu and α-KIC concentrations and plasma α-[l-13C]KIC 

enrichment were virtually constant during the last 2 h of isotope infusion (Figure 2.4). 

The plasma Leu and α-KIC concentrations and the plasma LeuTR (Table 2.9) were not 

significantly influenced (P=O.57， P=0.40ラ P=O.29ラ respectively)by the dietary 

treatment. The WBPS and WBPD also did not significantly influenced (P=O.38 and 

P=O.34) by the treatments. 

The plasma glucose concentration and [l-13C]glucose enrichment were also 

constant during the last 2 h of isotope infusion (Figure 2.5). The plasma glucose 

concentration tended to be higher (P=O.06) in the SCRS diet than in the Hay diet and 

plasma GluTR was not significantly influenced (P=O.17) by the diets (Table 2.9). 
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Figure 2.2. Time course changes of the ruminal characteristics in sheep fed the Hay diet (・)and the 
SCRS diet (企).The values are expressed as the mean土 SEMfor n = 6. Different letters (a， b， c) indicate 
significant difference (P<O.05) between times after feeding. 
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Soybean curd residue silage as ruminant feed 

Table 2.6. The effects of feeding soybean curd residue silage on ruminal pH， and the 

concentrations ofruminal NH3 and VFA in sheepl 

Treatment2 P value 

Hay SCRS 
SEM3 
Treatment Time Treatment x 

Item diet diet Time 

pH 6.94 6.83 0.04 0.60 0.001 0.48 

NH3 (mmollL) 7.9 11.3 0.4 0.01 0.001 0.10 

Total VFA (mmollL) 79.5 97.6 2.2 0.03 0.002 0.68 

Individual VFA concentrations (mmol/L) 

Acetate 58.0 69.6 1.1 0.03 0.04 0.27 

Propionate 14.7 19.1 1.0 0.01 0.01 0.19 

Butyrate 5.3 6.5 0.3 0.02 0.01 0.16 

Valerate 0.4 0.6 0.02 <0.001 0.01 0.33 

Isobutyrate 0.6 0.8 0.1 0.01 0.02 0.76 

Isovalerate 0.7 0.9 0.1 0.03 0.18 0.45 

Acetate :propionate 3.9 3.6 0.1 0.09 0.06 0.76 

1 Values represent the means from 3 sampling periods (0， 3， and 6 h after feeding) for 6 sh巴ep.
2 Hay diet， mixed hay of orchardgrass and reed canarygrass; SCRS diet， mixed hay plus soybean curd residu巴silage
(at a ratio of 8:2). 
3 SEM， standard error ofthe mean. 
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Figure 2.3. Postprandial changes in the blood VF A concen仕ationsin sheep fed the Hay diet (・)and 
those fed the SCRS diet (企).The values are expressed as the mean:l: SEM for n = 6. Different letters (a， 
b) indicate significant di偽 rences(Pく0.05)between the times after feeding. 

Time after feeding (h) 

blood VFA on silage residue curd soybean of feeding effects The Table 2.7. 

concentration in sheepl 

PVα~lue Treatment2 

Item Treatment 

x Time 

Time Treatment 
SEM3 SCRS 

diet 

Hay 

diet 

0.15 <0.001 0.05 30 600 510 Total VFA (μmol/L) 

0.13 <0.001 0.06 20 569 483 Acetate (pmol/L) 

0.20 0.001 0.11 2 20 17 Propionate (pmol/L) 

0.81 

30 

0.05 

1 Values represent由巳meansfrom 7 s創nplingperiods (0， 1，2，3，4，5， and 6 h after feeding) for 6 sheep. 
2 Hay diet， mixed hay of orchardgrass and reed can紅ygrass;SCRS diet， mixed hay plus soybean curd residue silage 
(at a ratio of8:2). 
3 SEM， standard e汀'orofthe mean. 
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Soybean curd residue silage as ruminant feed 

Table 2.8. The effects of feeding soybean curd residue silage on plasma AA， NH3， urea 

and NEF A concentrations at pre-infusion of isotope in sheep' 

Treatment2 

SEM3 P value 
Item Hay diet SCRS diet 

Essential AA (μmol/L) 

Threonine 264 261 18 0.91 

Valine 298 270 12 0.15 

Methionine 28 20 2 0.14 

Isoleucine 106 92 6 0.20 

Leucine 146 124 9 0.17 

Pheny lalanine 66 60 4 0.35 

Histidine 62 58 2 0.32 

Lysine 151 118 13 0.19 

Non-essential AA (μmol/L) 

Serine 176 144 14 0.22 

Asparagine 116 104 10 0.40 

Glutamic acid 96 74 5 0.01 

Glutamine 310 280 12 0.23 

Glycine 606 535 35 0.31 

Alanine 198 190 11 0.64 

Tyrosine 96 91 7 0.53 

Arginine 194 156 12 0.11 

Proline 112 102 10 0.47 

NH3 (μmol/L) 142 212 6 0.003 

Urea (mmol/ L) 4.40 6.83 0.2 0.02 

NEFA(μEq/L) 124 112 9 0.70 

Values represent the means for 6 sheep 

2 Hay diet， mixed hay of orchardgrass and reed canarygrass; SCRS diet， mixed hay plus soybean curd residue silage 
(at a ratio of 8:2). 
3 SEM， standard error of the mean. 
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Soybean curd residue silage as ruminant feed 

Table 2.9. The effects of the source of N supplementation on plasma Leu and glucose 

kinetics in sheep 1 

Treatment2 

Item SEM3 P value 
Hay diet SCRS diet 

Leu kinetics 

Leu concentration (j..tmollL) 112 116 4 0.57 

α-KIC concentration (μmollL) 12.9 14.3 1.4 0.40 

LeuTR (μmollkg BWO.75/h) 446 514 36 0.29 

WBPS (g/kg BWO.75/day) 18.6 21.3 2.2 0.38 

WBPD (g/kg BWO.75/day) 16.8 19.7 2.1 0.34 

Glucose kinetics 

Glucose concentration (mmollL) 3.13 3.37 0.10 0.06 

GluTR (mmol/kg BWO 75/h) 1.76 2.10 0.20 0.17 

I Values repr巴sentthe means for 6 sheep. 

2 Hay diet， mixed hay of orchardgrass and reed canarygrass; SCRS diet， mixed hay plus soybean curd residue silage 
(at a ratio of 8:2). 
3 SEM， standard eηor of the mean. 

Discussion 

Silage quality 

Beet pulp was added to soybean curd residue silage (at a ratio soybean curd 

residue:beet pulp = 85:15) to adjust the moisture content. The DM  content in our silage 

(32.7%) was comparable to th剖 ofsoybean curd residue silage containing peanut hull 

(34.5%， at a 78:22 ratio) and higher than soybean curd residue silage without any 

additive (18.5%)ラasreported by Yang et al. (2005). Soybean curd residue silage used in 

the current study was well preserved， as indicated by its low pH， high lactic acid 
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content， high V -score and Flieg point. The fermentation characteristics of the soybean 

curd residue silage analyzed in this study were comparable with those observed 

previously (Xu et al.， 2001). Soybean curd residue silage is naturally rich in soluble 

carbohydrates. Thus， it provides sufficient sugar for the production of organic acids， 

primarily lactic acid， by microbial fermentation. Only a small quantity of butyric acid 

was found in the silage. This compound is considered to represent a secondary product 

of anaerobic fermentation， as suggested by Wang and Nishino (2008). However， the 

presence of butyric acid did not influence the overall quality of the silage. The 

efficiency of fermentation can also be judged by the VBN content in the silage because 

the VBN content reflects the degree of protein degradation. The VBN content in 0町

silage (68 g/kg total N) was in the normal range (well-preserved silage should contain 

less than 100 g VBN/kg total N)， as described by McDonald et al. (2011). 

Nitrogen utilization 

lt is widely hypothesized that N utilization企omfood by回productsis likely 

affected by the quality ofthe materials and processing methods (Yang et al.， 2005; Cao 

et al.， 2009). Fermentation process increases the solubility ofN企actionsin the soybean 

curd residue silage由roughthe extensive hydrolysis of N compound and this process 

may affect the N metabolism in the animal. Low fecal N excretion in the SCRS fed 

sheep indicated that soybean curd residue silage might contain large amounts of 

degradable N. Previously， Swanson et al. (2000) and Castillo et al. (2001) reported a 

decrease in fecal N excretion in sheep and dairy cows with increasing dietary RDP 

intakes. Moreover， although higher urinary N excretion was found in sheep fed the 

SCRS diet than the Hay diet， the SCRS-fed sheep tended to retain more N， due to their 
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Soybean curd residue silage as ruminant feed 

higher N digestibi1ity. Simi1ar responses to soybean supp1ementation have been 

observed in go剖sand sheep (Kadzere and Jingura， 1993; Cao et al.， 2009; Foster et al.ラ

2009). Results indicating that soybean curd residue si1age have a positive effect on N 

uti1ization in sheep. Hence， this by-product shou1d not be considered as waste but as 

potentia1 protein source for sheep. 

Ruminal fermentation characteristics 

Although soybean curd residue si1age contained high 1eve1s of readi1y 

fermentab1e carbohydrate compounds， which often resulted in a rapid decrease in the 

rumina1 pH (McDona1d et al.， 2011)， the present study demonstrated that the inclusion 

of soybean curd residue si1age in the diet did not adverse1y affect rumina1 pH. Previous 

studies revea1ed that diet rich in fermentab1e carbohydrate (Bergman， 1990) and protein 

(Djikstraラ 1994;Cunningham et aLラ 1996)increased the concentration of VF A in the 

rumen. The current finding was agreed with them， because concentrations of the m司or

and branched-chain VF As in the rumen were increased when soybean curd residue 

si1age was fed to sheep. Simi1arly， Xu et al. (2001) and Kakihara et al. (2004) reported a 

higher concentration of tota1 rumina1 VF A in sheep fed hay supp1emented with soybean 

curd residue si1age than in those fed hay a1one. Moreover， the organic acids in soybean 

curd residue si1age (primari1y 1actic acid) cou1d be converted to acetate， propionate and 

butyrate in the rumenラ assuggested by Gill et al. (1986). Large amount of solub1e 

nitrogenous compounds in soybean curd residue si1age increased the NH3 concentration 

in the rumen. Simi1ar responses were observed in 1actating cows and heifers fed raw 

soybean curd residue (Chiou et al.， 1998;乱11ayet al.， 2003). The increases in 
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concentration of VF A and NH3 in the rumen demonstrated the feasibility of soybean 

curd residue silage as energy so田cefor ruminant. 

Blood metabolites 

Examination of the individual blood VF A indicated that the concentration 

changes for blood acetate and propionate in both groups were reflected by the 

corresponding changes in the concentrations of these substances in the rumen. 

Conversely， no significant changes within the sampling time observed for blood 

butyrate concen仕ationin either group， agreed with those observed企omthe portal vein 

by Annison et al. (1957) and from the jugulぽ veinby Evans et al. (1975). In the SCRS-

fed sheep， propionate might largely removed by the liver for glucose synthesis， whereas 

butyr剖emight be metabolized to ketone bodies in the ruminal epithelium， as suggested 

by Bergman (1990) and Kristensen (1998). This may explain the reason why the 

concen仕ationsof propionate and butyrate in the r田nenwere higher in the SCRS group 

than Hay group but the concentrations of those acids in the peripheral vein did not differ 

between the groups. Conversely， there is a trend toward increasing concentration of 

blood acetate in the SCRS-fed sheep， and it is consistent with the high concentration of 

acetate in the rumen. This result indicated that in the portal-drained viscera and liver， 

acet剖eis less metabolized than propionate and butyrate. The仕切dtoward increased 

concen仕ationof blood acetate with the SCRS diet sugges臼 apossible increase in 

acetate availability in the body wi由feedingsoybean curd residue silage. 

Although the N intake was e曲ancedwith the inclusion of soybean curd residue 

silage in the diet， the concentrations of plasma AAs were not significantly affected. It 

seems也at，quantiちringthe actual protein supply in the ruminant is difficult because 
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Soybean curd residue silage as ruminant feed 

ruminal fermentation alters both the quantity and quality of absorbed dietary AAs. The 

degradability of dietary protein in the rumen could affect the AA profiles in the blood 

and almost all of AAs that reached in the intestine are microbial origin in many dietary 

situations (King et al.， 1990; Russell et al.， 1992). It is widely understood th剖 NH3

produced from feed protein degradation in the rumen is used to synthesize microbial 

protein. On the other hand， elevated concentrations of plasma NH3 and urea in the 

SCRS-fed sheep indicated that large quantity of NH3 from the rumen was absorbed to 

the blood. This pathway might alter the amount of AA reached and absorbed in the 

small intestine. 

Previous studies on energy balance imply that NEF A concentration in the 

circulation is reflecting the energy status of the ruminant (Allen et al.， 2009). The 

similar energy intake for sheep fed the SCRS diet and the Hay diet might explain the 

reason why the plasma NEF A concentrations did not differ between the diets. 

Plasma leucine and glucose kinetics 

Leucine is the AA that most widely used for measuring protein turnover， 

precisely because， the first step in the metabolism of Leu is irreversible transamination 

toα-KIC (Figure 2.6)， followed by irreversible decarboxylation (Waterlowラ 2006).

Therefore，α-KIC is considered as the true precursors of intracellular Leu for protein 

metabolism study in human (Waterlow， 2006) and animal (Sano et al.， 2004). Therefore， 

although both plasma enrichments of [1-13C]Leu and α_[1_13C]KIC were measured， only 

the results calculated from α-[l-13C]KIC enrichment in the steady state were discussed. 
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Figure 2.6. Pool model of leucine kinetics. The [l-13C]leucine was administrated to the plasma pool 
(Iarge arrow) and sampled 合omplasma. Plasma leucine exchanges with intracellular leucine where 
metabolism occurs: uptake for protein synthesis (S) or conversion toα-KIC. Oxidation (0) occurs合omα-
KIC. Unlabeled leucine enters into the仕eepool via dietary intake (1) or protein degradation (D) into 
intracellular pools. 

Savary-Auzeloux et al. (2003) suggested that the nature of the protein sources 

could alter the whole body protein turnover in ruminants. Nonetheless， there were no 

significant changes observed on the plasma LeuTR， as well as WBPS and WBPD when 

20% ofDM basis ofhay was replaced with soybean curd residue silage. Similarly， other 

studies in sheep also did not find any significant effects on plasma LeuTRラWBPSand 

WBPD when soybean meal was supplemented to either roughage (Sano et al.， 2009) or 

concentrate based-diet (Sano and Shibasaki， 2011). 

In the present study， there was a trend toward increasing plasma glucose 

concentration with feeding soybean curd residue silage. A similar response was 
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Soybean curd residue silage as ruminant feed 

observed in lambs fed a forage diet supplemented with soybean meal (75 g DM/day) 

(Ponnampalam et al.， 2005). The importance of propionate as a precursor for glucose 

synthesis in the ruminant liver is well established. In the normal feeding， 53% of whole 

body glucose is derived from propionate (Seal et al. 1992). Thusラitwas expected that a 

trend toward increasing plasma glucose concentration would be positively correlated 

with the increased propionate concentration in the rumen of sheep fed the SCRS diet. 

Moreoverラtheinfluence of the propionate supply on the whole body GluTR has been 

investigated in previous studies through the manipulation in exogenous propionate 

supply or through the changes in the composition of diets (Veenhuizen et al.， 1988; 

Linington et al.， 1998). The findings of the present study were consistent with the 

results ofthe previous study by Seal et al. (1992). Those authors found a slightly higher 

plasma GluTR in steers fed a forage-concentrate diet (2.74 mmol/min) than in steers fed 

a forage diet (2.18 mmol/min) at similar ME intakes， but the values did not attain 

statistically significant. Taken together， the present findings showed no detrimental 

effects on the plasma Leu and glucose kinetics when soybean curd residue silage was 

fed to sheep. 

Conclusion 

The current study demonstrated that soybean curd residue silage is a practical 

source of dietary protein and carbohydrates for sheep. Moreoverラsoybeancurd residue 

silage provides valuable substrates for N and glucose metabolism without any adverse 

effects on ruminal fermentation. Utilization of soybean curd residue silage as ruminant 

feed could reduce the feed sc訂cityand environmental problem of burning or dumping 

this high nutritive residue. 
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The Effects of Replacing Commercial Concentrate with 

Soybean Curd Residue Silage on Ruminal Characteristics， 

Plasma Leucine and Glucose Turnover Rates in Sheep 



Replacement 0/ concentrate with soybean curd residue silage in the diets 

Introduction 

Recently， economic and environmental concerns have driven investigations into 

the possibility of using food industry by-products as substitutes for commercial 

concentrates in animal feeds (Niwa and Nakanishiラ1995;Kajikawa et al.， 1996; Chiou 

et al.， 1998; Goh et al.， 2002; Kakihara et al.ラ 2004).Previous chapter demonstrated the 

feasibility of using soybean curd residue silage as an alternative protein source in 

roughage diets. In other study， Chiou et al. (1998) reported that replacement of the 

commercial concentrate with raw soybean curd residue in the diet of dairy cows did not 

adversely affect the milk production and milk constituents. Kakihara et al. (2004) found 

that lambs fed soybean curd residue silage tended to gain weight faster and had higher 

concentration of propionate in the r山nenthan those fed commercial concentrate. 

Therefore， it was expected that soybean curd residue silage could replace the 

commercial concentrate in the diet of sheep without any adverse effects on whole body 

protein and glucose metabolism because of the high soluble N and fermentable 

carbohydrate contents in the silage. Therefore， the objective of the second experiment 

was to deteロninewhether replacing a commercial concentrate with soybean curd 

residue silage would affect the plasma LeuTR and GluTR by using an isotope dilution 

method with [l-13C]Leu and [U-13C]glucose. The N balanceラruminalcharacteristics and 

blood metabolites were also analyzed. 

Materials and Methods 

Animals and diets 

The study was conducted using individual feeding pen and the environmental-

controlled house at Faculty of Agriculture， Iwate University. The experimental protocol 
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and sampling procedure were approved and followed the guidelines established by the 

Animal Care Committee of Iwate University. Four crossbred (Suffolk x Corriedale) 

sheep， all of approximately 4 years of age and initially of 56 ::!: 2 kg of BW were used. 

Two different dietary treatments， one consisted of 80% mixed hay (orchardgrass and 

reed canarygrass) and 20% commercial concentrate (CONC diet)， and another one 

(SCRS diet) consisted of 80% mixed hay and 20% soybean curd residue silage 

containing 15% beet pulp were tested. Soybean curd residue silage used in this second 

experiment also purchased from Hirakawa Food Co. Ltd. The handling ofthe silage has 

been described in Chapter 2. The chemical composition of mixed hay， soybean curd 

residue silage and commercial concentrate are listed 'In Table 3.1. The ME intakes for 

the SCRS diet and CONC diet were formulated slightly above the maintenance level 

and estimated to be isoni仕ogenous(NRC， 1985; NARO， 2009) as shown in Table 3ユ

The sheep were fed twice daily at 08.30 and 20.30 h and had αd libitum access to water. 

This experiment used a crossover design: a 21-day period that consisted of 14 

days of dietary adaptation and 7 days of sample collection. Throughout the agaptation 
ム

period， the sheep were kept in individual pens. The sheep were weighed at the onset， on 

day 8， 15 and after the finishing of each dietary仕切加lent.On day 15， the sheep were 

moved to individual metabolic cages in a controlled田environmentroom， with an air 

temperature of 230C， a relative h田nidityof 70%， and lighting from 08.00 to 22.00 h. 

The layout of sampling protocol is illustrated in Figure 3.1. 
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Replacement 01 concentrate with soybean curd residue silage in the diets 

Table 3.1. Chemical compositions of the mixed hay， soybean curd residue silage and 

commercial concentrate. 

Mixed hay 
Soybean curd 
residue silage 1 

DM (g/kg) 910 309 

CP (g/kg DM) 118 183 

EE (g/kg DM) 30 110 

NDF (g/kg DM) 680 150 

NFC (g/kg D恥1) 72 477 

Ash (g/kg DM) 100 80 

ME (Mcal/kg DM) 1.97 3.32 

I Soybean curd residue silage containing 15% beet pulp (Hirakawa Food Co. Ltd.， Japan) 
2 Commercial concentrate: formula D巴ed(“α-Beef' made by Chubu Fe巴dCo. Ltd.， Japan) 

Commercial 
concentrate2 

880 

127 

38 

207 

528 

100 

2.68 

Table 3.2. Diet formulation and intakes of CP and ME ofthe dietary treatments. 

Mixed hay (g/kg BWO 75/day) 

Commercial concentr剖e(g/kg BW075Iday) 

Soybean curd residue silage (g/kg BWO 75/day) 

CP intake (g/kg BWO.75/day) 

ME intake2 (Mcal/kg BWO.75/ day) 

Treatment1 

CONC diet SCRS diet 

52.6 48.5 

13.2 。
。 12.1 

7.9 7.9 

139 135 

I Treatment: mix巴dhay (orchardgrass and reed cannarygrass) as the basal diet which is partially replaced with either 
commercial concentrat巴(CONCdiet) or soybean curd residue silag巴(SCRSdiet) at a ratio of 80:20 on DM basis. 
2 Assumed仕omNRC (1985). 
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Adjustment period 

Sheep were moved to 
controlled-environmental room 

口Uri… Ruminal fluid 

Figure 3.1. The experimentallayout showing sampling protocol 

Sample collection 

Isotope dilution method of 
[l-13C]Leu and [U-13C]glucose 

Isotope dilution 

Before starting the feeding experiment， samples of the feed were collected and 

dried in a forced-air oven at 600C for 48 h to determine the chemical composition and to 

formulate the dietary treatments. Offered feed and refused feed (if any) were sampled 

and dried using the same procedure for the chemical analysis. All procedures of 

chemical analysis of feed and the sampling procedure and treatment of urine， feces and 

ruminal fluid have been described in detail in Chapter 2. 

Measurements of amino acid and glucose kinetics 

On day 21 of each dietary treatment， a primed-continuous infusion [1-13C]Leu 

and [U-13C]glucose method was conducted to determine the plasma Leu and glucose 

kinetics simultaneously over a period of 4 h， between 3 and 7 h after the morning 

feeding. The concentrations of saline solution and infusion rates of [l-13C]Leu and [U-

13C]glucose， and blood sampling procedures were same as those described in Chapter 2. 
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Sample analysis， calculation and statistical analysis 

The analytical procedures of sample analysis， calculations (LeuTR， GluTR， 

WBPD and WBPD) and statistical analysis of the data have been described in detail in 

the Chapter 2. 

Results 

Silage quality and nitrogen balance 

The fermentative characteristics of soybean curd residue silage are shown in 

Table 3.3. The pH value was 4.14， and organic acids， such as lactic acid， acetate， 

propionate and butyr瓜e，were detected. 

Table 3.3. Fermentative characteristics ofthe soybean curd residue silage 

Item Amount 

Moisture (g/kg) 690 

pH 4.14 

Lactic acid (g/kg FM) 16.9 

Acetate (g/kg FM) 1.1 

Propionate (g/kg FM) 0.03 

Butyrate (g/kg FM) 0.003 

VBN (g/kg total N) 68 

Flieg point 100 

V-score 98 
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The BW gain was similar (P=0.21) between sheep fed the SCRS diet and those 

fed the CONC diet (Table 3.4). Although both diets were estimated to be 

isonitrogenous， the N intake determined at the end ofthe experiment tended (P=0.05) to 

be higher for the SCRS diet than the CONC， diet. The fecal N excretion did not differ 

(P=0.17)， but the urinary N excretion tended to be higher (P=0.05) for sheep fed the 

SCRS diet than those fed the CONC diet. The N absorption and digestibility did not 

differ (P=O.ll and P=0.14， respectively) Qetween the two diets. The amount of N 

retained in sheep fed the SCRS diet and CONC diet were similar (P=0.42). 

Table 3.4. The effect of the so町ceofN on the BW gain and N balance in sheepl 

Treatmenr 
Items SEM3 Pvalue 

CONC diet SCRS diet 

BW  gain (kg/day) 0.12 、0.15 0.03 0.21 

N intake (g/kg BW.75/day) 1.27 1.28 0.005 0.05 

Fecal N (g/kg BWo
万
/day) 0.48 0.45 0.03 0.17 

Urinary N (g/kg BWO.75/day) 0.48 0.55 0.07 0.05 

N absorption (g/kg B¥¥戸75/day) 0.79 0.83 0.01 0.11 

N retention (g/kg B¥¥戸万/day) 0.31 0.28 0.02 0.42 

N digestibility (%) 62.5 65.0 1.0 0.14 

可抗esrepresent the meansゐrn=4.
2 Treatment， mixed hay (orchardgrass and reed cannarygrass) as the basal diet which is partially replaced with either 
commercial concen甘at怠(CONCdiet) or soybean curd residue silage (SCRS diet)， at a ratio of80:20 on DM basis. 
3 SEM， standard e町orofthe mean. 
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Replacement 0/ concentrate with soybean curd residue silage in the diets 

Ruminal fermentation characteristics 

The observed changes in the ruminal characteristics during the sampling period 

are provided in Figure 3.2. The effects of the two diets on the ruminal pH， NH3 and 

VF A concentrations， represented as the mean value of four sheep in three sampling 

periods (0， 3， and 6 h after feeding)， are shown in Table 3.5. No interaction was 

observed between the dietary treatment and the sampling time for the ruminal 

characteristics (P>0.10). The sheep that consumed the SCRS tended to have a higher 

ruminal pH than those fed the CONC diet (P=0.05). The pH values under both 

treatments were above 6.8 prior to feeding， and the values dropped to approximately 6.7 

at 3 h after feeding. Comparable NH3 concentrations were found for both groups 

(P=0.22); the NH3 concentrations were increased瓜 3h after feeding and eventually 

retumed to the previous values under both dietary treatments. 

The total VF A concentration in the rumen did not differ significantly (P=O.13) 

between the two diets. The acetate concentrations were similar for the two dietsラbutthe 

propionate concentration was higher (P=0.02) in the sheep fed the SCRS than the 

CONC dietラ resultingin a lower acetate:propionate ratio (P=0.03) for the SCRS than 

CONC diet. The butyr剖econcentration was lower (P=0.02) for the SCRS diet 

compared to the CONC diet， whereas the valerate concentration was higher (P=0.02) 

and other branched-chain VF A (isobutyrate and isovalerate) concentrations tended to be 

higher (P=0.05 and P=0.06， respectively) under the SCRS treatment. The total VFA 

concentration and the concentrations of acetate， propionate， butyrate， and valerate were 

increased at 3 h after feeding and eventually retumed toward previous values. The 

isobutyrate and isovalerate concentrations were gradually decreased at 6 h after feeding. 
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Replacement of concentrate with soybean curd residue silage 加 thediets 

Table 3.5. The effects ofthe source ofN on the ruminal pHヲNH3and VF A in sheep 1 

Treatment2 P value 

Item CONC diet SCRS diet SEM
3 
Treatment Time Treatment 

xTime 

pH 6.69 6.87 0.03 0.05 0.008 0.19 

NH3 (mmol/L) 11.2 11.9 0.5 0.22 0.002 0.73 

Total VFA (mmol/L) 87.9 93.4 1.5 0.13 0.002 0.68 

Individual VF A concentrations (mmol/L) 

Acetate 61.7 64.9 0.4 0.26 0.007 0.88 

Propionate 15.9 19.2 0.8 0.02 <0.001 0.18 

Butyrate 8.3 6.8 0.4 0.02 0.07 0.68 

Isobutyr剖e 0.7 0.8 0.1 0.05 0.01 0.56 

Isovalerate 0.8 1.1 0.1 0.06 0.007 0.76 

Valerate 0.5 0.6 0.04 0.02 0.001 0.29 

Acetate :propionate 3.9 3.4 0.2 0.03 0.008 0.63 

Values represent the means for n = 4. 

2 Treatm巴nt，mixed hay (orchardgrass and re巴dcannarygrass) as the basal di巴twhich is partially replaced with either 
commercial concentrate (CONC diet) or soybean curd residue silage (SCRS diet)， at a ratio of 80:20 on DM basis. 
3 SEM， standard e汀orofthe mean. 
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Plasma metabolite concentrations 

The plasma AA，ぽeaand NEF A concentrations determined at the pre-isotope 

iruusion period at 3 h after feeding are presented in Table 3.6. The plasma isoleucine， 

Leu， phenylalanine， and tyrosine concentrations were lower (P<0.05) and the plasma 

methionine， histidine， argi国ne，and proline concentrations tended to be lower (P<O.1 0) 

in the sheep fed the SCRS than CONC diet; the concen仕ationsof other AA were 

comparable between the diets. The plasma NH3 and urea concentrations were higher 

(P=0.03 and P=0.02)也thesheep fed the SCRS than those fed the CONC diet， whereas 

plasma NEF A concentration did not differ (P=0.38) between the diets. 

Plasma leucine and glucose kinetics 

The plasma Leu and a-KIC concentrations and plasma [1-13C]Leu and α-[1-

13C]KIC enrichments were瓜 constantlevel during the last 2 h of isotope in白sion

(Figure 3.3). The plasma Leu and a-KIC concentrations did not differ (P=0.18 and 

P=O.13， respectively) between the diets (Table 3.7). The sheep fed the SCRS diet had 

similar (P=0.74) plasma LeuTR with those of sheep fed the CONC diet. The WBPS and 

WBPD were comparable (P=0.23 and P=0.24) between the diets. The plasma glucose 

concentration如 d[U_13C]glucose enrichment were essentially constant during the last 2 

h of the isotope in白sion(Figure 3.4). The plasma glucose concentration and GluTR did 

not differ (P=0.68 and P=0.27， respectively) between the two diets (Table 3.7). 
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Table 3.6. The effects ofthe source ofN on the plasma AA， NH3， urea and NEFA 

concentrations at pre-infusion ofisotope in sheepl 

Treatment2 

Item CONC SCRS diet SEM3 P value 

diet 

Essential AA (μmol/L) 

Threonine 232 235 13 0.83 

Valine 290 259 13 0.14 

Methionine 36 34 1.3 0.07 

Isoleucine 105 89 19 0.02 

Leucine 158 130 7 0.03 

Pheny lalanine 69 60 2 0.03 

Histidine 65 57 2 0.05 

Lysine 118 100 7 0.13 

Non-essential AA (μmol/L) 

Serine 151 131 16 0.34 

Asparagine 58 48 5 0.19 

Glutamic acid 52 58 4 0.28 

Glutamine 390 336 54 0.11 

Glycine 584 523 40 0.27 

Alanine 197 173 15 0.25 

Tyrosine 98 86 3 0.04 

Arginine 133 118 4 0.07 

Proline 129 107 8 0.09 

NH3 (μmol/L) 191 221 7 0.03 

Urea (mmollL) 6.21 7.80 0.2 0.02 

NEFA(μEq/L) 105 125 11 0.38 
I Values represent the means for n = 4. 
2 Treatment， mixed hay (orchardgrass and reed cannarygrass) as the basal diet which is partially replaced with巴ither
commercial concentrate (CONC diet) or soybean curd residue silage (SCRS diet)， at a ratio of 80:20 on DM basis. 
3 SEM， standard error ofthe mean. 
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Table 3.7. The effects of由巳 sourceof N on the plasma Leu and glucose kinetics in 

sheepl 

Trea伽lenr
Item SEM3 Pvalu巴

CONC diet SCRS diet 

Leu kinetics 

Leuconcen回tion(μmo此) 135 107 13 0.18 

a-KIC concen回.tion(μmo此) 12.8 10.3 0.5 0.13 

LeuTR(トlmol/kgB"戸75th) 521 507 23 0.74 

WBPS (g/kg BW.75/day) 21.7 20.7 1.1 0.23 

WBPD(ダkgBWO.75/day) 19.8 18.8 1.2 0.24 

Glucose kinetics 

Glucose concentration (mmoνL) 3.34 3.40 0.18 0.68 

GluTR(mmoνkg BWO.75血) 2.24 2.14 0.09 0.27 

I Values represent血emeans for n = 4 
2 Trea回 ent，mixed hay (orchardgrass田dreed cann町 grass)回出ebasal diet which is paηially r叩lac吋 witheither 
commercial conc沿ntrate(CONC diet) or soybean叩吋residuesilage (SCRS diet) at aratio of80・200nDMb酷is
3 SEM. standard eηor of the mean 

Discussion 

Silage quali句r

The silage was well preserved， as indicated by the low pH， high lactic acid 

content， high Flieg point and V -score.百lechemical compositions and organic acid 

concentrations were comparable with those observed in previous experiment (Chap旬r

2). The lactic acid concentration in the silage was similar to that found by Amaha et al. 

(1996)， but it was higher than that found by Xu et al. (2001). The NDF content of 

soybean curd residue silage (150 g/kg DM) was comp紅ableto those reported in raw 
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soybean curd residue (145 g/kg DM) by O'Toole (1999)， but it was lower than the NDF 

content of commercial concentrate (207 g/kg DM). 

Nitrogen balance 

Previous studies (Oltjen and Putnam， 1966; Clifford and Tillman， 1968; Prior， 

1976; Knaus et al.， 2002) have shown th剖 inclusionsoy protein in the diet of ruminants 

enhanced the N intake， urinary N excretion， N retention and N absorption. Sano et al. 

(2009) studied the effect of different N sources supplementation (urea and soybean 

meal) in the isonitrogenous design and found a large urinary N excretion difference 

between treatments， indicating a change in N retention. In the present study， replacing 

the commercial concentrate with soybean curd residue silage did not affect the amount 

of N absorbed and retained， whereas it did slightly affect the urinary N excretion. 

Hence， cuηent findings demonstrated the feasibility of replacing commercial 

concentrate with soybean curd residue silage to maintain a positive N balance. 

Ruminal fermentation characteristics 

The ruminal pH values of both groups of sheep were above 6.5 for all of the 

sampling times， and this is the optimal pH for normal ruminal fermentation. Thus， 

replacing the commercial concentrate with soybean curd residue silage did not impair 

ruminal fermentation; a similar response observed by Xu et al. (2001). The SCRS diet 

and the CONC diet in the present study were approximately isonitrogenous and 

isoenergetic; thus， similar N compounds should be available for NH3 production in the 

rumen. This finding is consistent with the results of Ipharraguerre et al. (2005) who 
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reported that the concentration of NH3 in the rumen fl凶donly affected by the level of 

die旬ryprotein intake. 

Volatile fa仕yacids紅eproduc巴din the rumen as吐leend product of microbial 

fermentation， and their production largely depends on the type of c訂'bohydrateingested 

(Djiks回， 1994). Although the NFC content加 soybeancurd residue silag巴(477g/kg 

DM) is less than concentrate (528 g/kg DM)， th巴 org創lIcacids in the silage， mainly 

lactic acid might be contributed to the higher propionate concell仕ationin白巴rumenof 

sheep fed the SCRS diet than those fed the CONC diet. Previously， Beauchemin (1991) 

suggested that NDF concentration in a ruminant diet is positively corr巴latedwith the 

amount of VF A produced in the r田nen.None吐leless，th巴 lowerNDF content for 

soybean curd residue silag巴 (150glkg DM) comp紅吋 tothe commercial concentrate 

(207 g/kg m.のdidnot alter the total VF A concentration in社lerumen. Present findings 

demons仕atedthat replacing the commercial ∞ncentrate wi也 soybeancurd residue did 

not sigmficantly influence the total VF A concentration， indicating similar efficiencies of 

energy-source production for bo也diets.

Plasma leucine kinetics 

The primary source of dietary protein aft'ected the plasma AA concen仕ationsin 

sheep (Schelling et al.， 1967). For the different protein sources in吐lepresent s旬dy，吐le

lower concentrations of certain plasma AAs in白巴sheepfed the SCRS diet might not be 

indicative of吐letotal AA supply because白eprotein supply in both仕切旬lentswas 

similar and sufficient. Thus，吐leobserved lower plasma AA levels w巴remost likely due 

to proteolytic activity during也efermentation process， which could alter the 

composition of AA in吐lesilage (Ohshima and McDonald， 1978). Another possibilities 
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that might affect the concentration of AA in the plasma are the type of protein and the 

digestibility in the r叩nen.Because both factors could alter the amount of AA absorbed 

in the small intestine， as discussed previously in Chapter 2. lndeed， although the 

ruminal NH3 concentrations within the sampling periods (0ラ3，and 6 h after feeding) did 

not differ between the two diets， higher concentrations of plasma NH3 and urea were 

observed in sheep fed the SCRS diet than those fed the CONC diet， indicated that large 

amount of NH3 in the rumen of SCRS-fed sheep was absorbed to blood. Furthermore， 

the N excretion via the urine tended to increase over time. Although the sheep fed the 

SCRS diet in our study exhibited lower concentrations of certain plasma AAs， replacing 

the commercial concentrate with soybean curd residue silage did not induce an AA 

imbalance， based on the positive N balance and similar N retention for both of the diets. 

The plasma LeuTR observed in current experiment was comparable to the 

previous experiment (Chapter 2)， and also comparable to those in another studies using 

single-isotope infusion of [1-J3C]Leu to determine protein kinetics in sheep (Sano et al.， 

2004; 2009). Similarly， the plasma GluTR observed also comparable to those from 

another study on glucose kinetic in sheep determined using single-isotope infusion of 

[U_13C] glucose (Sano et al.， 2000). These results indicate that the double isotope used 

in the current experiment did not alter either the plasma Leu or glucose kinetics of the 

sheep. Nielsen et al. (1994) suggested th剖 theuse of different protein sources influence 

the turnover rate of protein. Report on the protein tumover of soybean-based diets 

measured by isotope dilution technique in ruminant is limited， but there are some 

studies conducted in pigs and human (Deutz et al.， 1998; Bos et al.， 2003). They 

reported that the AAs from soybean-based diets were highly catabolized in the body and 

resulted in lower protein tumover compared with the diet containing casein. 
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Nonetheless， in c町rentexperiment， plasma LeuTR， WBPS and WBPD between sheep 

fed the soyb巴ancurd residue silage and commercial concen仕atewere comparable. The 

inconsistency with current study possibly related to the species，甘ea加巴ntand diet used. 

Moreover， the dietary甘eatmentsin current exper泊lentwere approximately isoenergetic 

and isonitrogenous， which could have con仕ibutedto the comparable plasma LeuTR for 

也etwo diets because the plasma LeuTR was positively correlated with the die旬q

protein and ME intake in sheep (Liu et al.， 1995) and cows (Lapierre et al.， 2002). 

Similarly， Sano et al. (2009) reported comparable plasma LeuTR， WBPS and WBPD 

for different protein so町 ces(urea and soybean meaりinsheep fi巴d也.eisoenergetic and 

isonitrogenous diets. 

Plasma glucose kinetics 

The GluTR is influenced by several factors， including the energy intake and 

supply of gluconeogenetic substrate to the liver (Ortigues-Marty巴tal.， 2003). The 

propionate produced in the r田nenlsam句orglucogenic substrate and a precursor of de 

novo glucose syn世lesis(Herbein et al.， 1978). In the present s知dy，吐leSCRS diet 

enhanced the availability of glucogenic substrate and resulted in the similar plasma 

GluTR with仕leCONC diet. Hence， present fmdings demonstrated也atreplacing 

commercial conc巴ntratewi也 soybeancurd residue silage in the diet of she巴pdid not 

adversely affect plasma Leu and glucose kinetics. Furtherrnore， the comp訂ableresults 

for the plasma Leu and glucose kinetics indicated that soybean curd rωidue silage could 

provide sufficient nu仕ientas well as commercial concentrate， due to its abundant 

soluble N and ferrnentable carbohydrate compounds. Taken together， similar plasma 
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Leu and glucose kinetics responses could be achieved by replacing commercial 

concentrate with soybean curd residue silage in the same amount of ME int北e.

As discussed in the previous chapter， the circulating plasma NEF A 

concentration was closely related to the nutritional status. The plasma NEF A 

concentration increases with high rates of lipolysis， such as occurs with fasting， 

negative energy balance or stress (Trenkle and Kuhlemeier， 1966). Hence， the 

comparable plasma NEF A concentrations indicated comparable nutritional status 

between sheep fed the SCRS and CONC diet. 

Conclusion 

Present findings demonstrated that replacing commercial concentrate with 

soybean curd residue silage in the diet of sheep did not impair ruminal fermentation， 

and enhanced the glucogenic propionate concentration. The inclusion of soybean curd 

residue silage in the diets of sheep could ensure a positive N balance and resulted in 

similar plasma Leu and glucose kinetics with commercial concentrate when formulated 

in the same energy intake. Thus， feed cost can be reduced by replacing commercial 

concentrate with soybean curd residue silage. Furthermore， technological developments 

in the use of residue and by-products will help to improve the feed self-sufficiency rates 

and make animal agriculture more sustainable. 
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Chapter4 

The Effects of Dietary Level of Soybean Curd Residue 

Silage on Ruminal Characteristics and Plasma Leucine， 

Glucose and Acetate Kinetics in Sheep Fed Roughage Diets 



The effects 0/ dietary level o/soybean curd residue silage on whole body nutrient metabolism E 

Introduction 

Low productivity in ruminants is mostly attributed to inefficient protein supply. 

However， protein supplementation can be costly. It has been proved that soybean curd 

residue silage could replace commercial concentrate (Chapter 3)， but the appropriate 

feeding level of this by-product must be identified. Goh et al. (2002) reported that sheep 

fed a 40% concentrate containing soybean curd residue gained faster than those that 

received lower quantities. In a fattening study， soybean curd residue supplementation 

(30%) to the diet of goats increased the fatty acid content in the carcass (Hirayama et 

al.， 2002). Similarly， Niwa and Nakanishi (1995) reported an increase in the fatty acid 

content of the carcasses of pigs supplemented with 50% soybean curd residue silage. It 

is widely understood that acetate is the most important metabolite in the fatty acid and 

carbohydrate metabolism in ruminants， whereas propionate is the major precursor in 

gluconeogenesis. Both acetate and propionate concentrations in the rumen were 

increased with soybean curd residue silage (Chapter 2). Huntington et al. (2006) 

suggested th剖 increasingglucogenic substrates availability could increase hepatic 

gluconeogenesis and glucose entry rates. However， to our knowledge， there is no 

information available regarding the effect of amounts of soybean curd residue silage 

consumption on the turnover rates of protein， glucose and acetate in ruminants. 

Therefore， the third experiment was conducted to investigate the effects of 

dietary level of soybean curd residue silage on the kinetics of plasma Leu， glucose and 

acetate in sheep using the primed-continuous infusion method with [l-13C]Leu， [U-

13C]glucose and [1-13C]Na acet剖e.The ruminal fermentation characteristics and N 

balance were also determined. 
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Materials and methods 

Animals， diets and management 

The experimental protocols for animal care and use were in accordance with the 

guidelines established by the Iwate University Animal Care Committee. Six crossbred 

(Suffolk x Corriedale) sheep with an initial BW of approximately 39土 1kg were used. 

Sheep were fed three diets differing in the amount of soybean curd residue silage: 100% 

mixed hay (SCRS-Oラ asa control)， 80% mixed hay plus 20% soybean curd residue 

silage (SCRS・20)，組d60% mixed hay plus 40% soybean curd residue silage (SCRS-

40) on a DM basis. The soybean curd residue silage used contained 15% beetpulp and it 

was purchased from Hirakawa Food Co. Ltd. The ensiling period and handling of the 

silage were same as those described in the Chapter 2. The chemical components of the 

mixed hay and soybean curd residue silage are listed in Table 4.1. The ME intakes for 

all dietary tre剖mentswere formulated slightly above the maintenance level (NRC， 

1985; NARO， 2009)， as shown in Table 4.2. The sheep were fed twice daily， at 08.30 

and 20.30 h， and had access to water ad libitum. 

The experiment followed a 3 x 3 Latin square design with a period of 21 days， 

composed of 14 days of adaptation to the diet and 7 days of sample collection. During 

the adaptation period， the sheep were housed in individual pens. On day 15， the sheep 

were moved to individual metabolic cages in a controlled-environment room with an air 

temperature of 230C， a relative humidity of 70%， and lighting from 08.00 to 22.00 h. 

The schematic layout of sampling protocol is shown in Figure 4.1. 
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Table 4.1. Chemical compositions of soybean curd residue silage and dietary 

treatments. 

Treatment' 
Soybean curd 

SCRS-O residue silage SCRS-20 SCRS-40 
(Mixed hay) 

DM (g/kg) 900 784 668 320 

CP (g/kg DM) 106 128 149 214 

EE (g/kg DM) 34 49 64 110 

NDF (g/kg DM) 690 578 469 137 

NFC (g/kg DM) 70 162 254 531 

Ash (g/kg DM) 100 96 92 80 

I Treatment， mixed hay of orchardgrass and reed canarygrass was partially replaced with soybean curd residue silage 
in the amount ofO% (SCRS-O， at ratio 10・0)，20% (SCRS・20，at ratio 8:2) and 40% (SCRS・40，at ratio 6:4)， on DM 
basis. 

Table 4.2. Diet formulation and intakes ofCP and ME ofthe dietary treatments. 

Treatment' 

SCRS-O SCRS-20 SCRS・40

Mixed hay (g/kg BW075/day) 62.2 43.6 28.6 

Soybean curd residue silage (g/kg BWO.75/day) 。 10.4 19.5 

CP intake (g/kg BW.75/day) 6.6 7.1 7.5 

ME intake2 (Mcal/kg BWO.75/day) 122 120 119 

T Treatment， mixed hay of orchardgrass and reed canarygrass was partially repla∞d with soybean curd residue silage 
in the amount of 0% (SCRS-O， at ratio 10:0)， 20% (SCRS-20， at ratio 8:2)加d40% (SCRS-40， at ratio 6:4)， on DM 
basis 
2 Assumed from NRC (1985). 

63 



A
U
 
n
 
a
 

J

e

 

れ

U

C

SO
 

A
U

、ν

ゆ

即
t
I
 

J
4
8
8
 

4
1
 

m
M
L
e
 

2

&

t
 

n
1・
a

u

U

M

 

6
t
I
t
y
p
 

・M

L
，
釦

U
M

創

a

u
い
昨
問

中

C
F
L

h

3

3

 

0

・
・

e
3

・・且・・且

首・-
a
'
E
E
K
E
-
-

Sheep were moved to 
controlled-environmental room 

口U山 a耐

Figure 4.1. The experimental layout showing sampling protocol. 

The similar isotope dilution procedure as previous experiments (Chapter 2 and 

3) was conducted on day 21 of each treatment. The isotope [l-13C]Na acetate was used 

in addition to [1-13C]Leu and [U_13C]glucose， to determine the plasma Leu， glucose and 

acetate kinetics simultaneously. Two catheters， one for isotope infusion and another one 

for blood sampling， were inserted into the right and left jugular veins， respectively. The 

catheters were filled with sterile 3.8% trisodium citrate (w/v). Blood samplings were 

performed without any noticeable stress to the sheep. 

Ruminal fluid， urine and feces collection and chemical analysis 

The sampling method and chemical analysis for feed， urine， feces and ruminal 

f1uid were the same as those described in Chapter 2. 
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Application of isotope dilution techniques 

The isotope dilution procedures used to measure the plasma Leu， glucose and 

acetate kinetics were performed simultaneously on day 21. The primed-continuous 

infusion of [1-13C]Leu， [U-13C]glucose and [1-13C]Na acetate was conducted over a 

period of 4 h， between 3 and 7 h after the moming feeding. A saline tracer solution 

containing 7.2 !illlo1lkg BWO.75 of [1-13C]Leu， 2.9 !illlollkg BWO.75 of [U-13C]glucose 

and 87μmollkg BWO.75 of [l-13C]Na ace旬te(l_13C， 99 atom% excess 13C; Cambridge 

Isotope Laboratories， USA) was injected into the right jugular cathete1' as a priming 

dose. This tracer solution was then continuously infused through the same catheter 

using a multichannel peristaltic pump (AC-2120， Atto， Japan) at rates of 7.2，2.9 and 87 

!illloll kg BWO.75/h for [1-13C]Leu， [U-13C]glucose and [1-13C]Na acetate， respectively. 

The infusion rate of the t1'ace1' solution was 1'eco1'ded every 30 min throughout the 

infusion period. Blood samples (6 mL) were collected合omthe left jugular cathete1' 

immediately before the p1'iming injection and at 30・mininte1'vals during the last 2 h of 

isotope infusion (5 to 7 h after feeding). The blood samples we1'e placed in heparinized 

tubes and sto1'ed on ice. The plasma f1'om the blood sample was separated by 

centrifugation at 8，000 x g fo1' 10 min at 40C and then stored at -30oC until furthe1' 

analysis. 

Chemical analysis of plasma metabolites and isotope enrichments 

The procedure of chemical analysis to determine the concentrations of plasma 

Leu and かKIC，the enrichments of the plasma [1-I3C]Leu and a-[l-13C]KIC， and the 

concentrations of plasma metabolites (AA， NH3， urea， NEF A and glucose) have been 

described in detail previously (Chapter 2). 
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The plasma [1-13C]acetate enrichment and由巳∞ncentrationsof plasma acetate 

and lactate were determined using a selected ion monitoring system with GC-MS as 

described by Moreau et al. (2003). Brief1y， the plasma (1 mL) was deproteinized by 

adding 1 mL of 4% SSA and 100μL of an intemal standard containing 0.5 mrnoνL of 

2-ethylbutyric acid and 0.5 mrnoνL of 4-methylvaleric acid. After cen仕ifugationat 

12，000 x g for 10 min at ooC，也esupematant was collected in a screw-cap glass tube 

and acidified by adding 25μL of 37% HCI. A double ex仕actionprocedure was 

performed with diethyl e吐ler，and吐letwo phases were吐lenseparated by centrifugation 

at 1，000 x g for 3 min at ooC. The upper organic layer was仕組sfe町edinto a new screw-

cap glass tube， and an additional ethyl ex仕actionwas performed on也巴aqueouslayer. 

A自己:rthe complete recov巴ryof the organic layer， 100μL of the org鉱lIcsample was 

placed in new screw-cap glass飢beand added with 20μL of MTBSTF A. Th巴following

ions were evaluated: m/z 117 and 118 for th巴 [1-13C]acetateenrichment， m/z 117 for 

acetate concentration and m/z 261 for lactate concentration. 

Calculation and statistical analysis 

Th巴旬moverrate ofplasma acetate (AceTR) was calculated according to Wolfe 

and Chinkes (2005). 

TR (mrnolJkg BWO.75/h) = Ix (1/ E -1) 

where 1 is the inおsionrates of [1 _l3C]Na acetate and E is the isotope enrichment of 

plasma [1-13C]acetate during吐les胞:adystate. 

The WBPS and WBPD were calculated according to Schroeder et al. (2006) 

and Harris et al. (1992) and all data were analyzed using也.eMlXEDpro∞dureofSAS 

(1996) as described previously (Chapt巴r2) 
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Results 

Silage quality， body weight gain and nitrogen balance 

The silage pH was 4.06 and the silage had a high lactic acid content (Table 4.3). 

Other organic acids， such as acetate， propionate and butyrateラwerealso detected in trace 

quantltles. 

Table 4.3. The fermentative characteristics in the soybean curd residue silage 

Item Amount 

Moisture (g/kg) 680 

pH 4.06 

Lactic acid (g/kg FM) 13.0 

Acetate (g/kg FM) 1.3 

Propionate (g/kg FM) 0.02 

Butyr剖e(g/kg FM) 0.001 

VBN (g/kg total N) 40 

Flieg point 100 

V-score 98 

Inclusion of soybean curd residue silage in the diet tended to increase the BW 

gain (P=0.06) (Table 4.4). As expected， the N intake increased (P<O.OOOI) when the 

level of soybean curd residue silage in the diets increased. The fecal N excretion 
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decreased (P<O.OOI) and urinary N excretion increased (P<O.OOI) wi也 increasing

dietary silage content in the diets. Increasing世ledietary levels of soybean curd residue 

silage resulted in an increase (P<O.OOI and P=O.OOI) in the N absorption and 

digestibility， but the N retention did not significantly affected (P=0.23). 

Table 4.4. The effects of dietary level of soybean curd residue silage on BW gain and N 

balance in sheep 1 

Treatmeni 

Item SEM Pvalue 

SCRS-O SCRS-20 SCRS-40 

BW gain (kg/day) 0.06 0.10 0.11 0.01 0.06 

N intake (g/kg BWO.75/day) 1.050 1.13b 1.20" 0.01 <0.0001 

Fecal N (g/kg BWO.75/day) 0.42" 0.31b 0.260 0.02 <0.001 

Urinary N (g/kg BWO.75/day) 0.250 0.42b 0.50" 0.02 く0.001

N absorption (g/kgB¥¥戸75/day) 0.630 0.82b 0.94" 0.01 <0.001 

Nret巴ntion(g/kg BWO.75/day) 0.38 0.40 0.44 0.03 0.23 

N digestibility (%) 60.20 73.4b 78.4" 1.1 0.001 

a，b，e Means within a fOW with different letters differ (P<O.05) 
~ Values rep田sentme田sforn=6
2 Treatment， partial出placementof mixed hay with soybean cu凶 residuesilage in the田nountof 0% (SCRS.O， at 
回tio10:0)，20% (SCRS'20， at ratio 8:2) and 40% (SCRS-40， at ratio 6:4)， on DM b田 IS.
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Ruminal fermentation characteristics 

The ruminal pH values were approximately 7.0 prior to feeding， and the values 

dropped to approximately 6.8 at 3 h after feeding and remained constant at 6 h after 

feeding (Fig. 1). The patterns ofNH3， acetate， propionate and butyrate concentrations in 

the response to feeding were similar for all groups， in which the concentrations of NH3 

and those acids were increased gradually仕ombefore feeding to 3 h after feeding then 

decreased gradually afterward. Increased soybean curd residue silage level in the diets 

did not inf1uence (P=0.85) the ruminal pH (Table 5). The rurninal NH3 concentrations 

were increased (P=0.001) with increasing amount of soybean curd residue silage in the 

diets. Inclusion of soybean curd residue silage in the diets had significant influence 

(P=0.02; P=0.02 and P=0.02) in the concentrations of ruminal total VF A， acetate and 

propionate. The ruminal total VF A， acetate and propionate concentrations were higher 

(P<0.05) in the SCRS・20and SCRS-40 groups than in the SCRS-O group. However， no 

differences between the SCRS-20 and SCRS-40 groups were observed in the 

concentrations of those acids in the rumen (P三0.05). The ruminal butyrate 

concentrations were not influenced (P=0.15) by the treatments， whereas the valerate 

concentration increased (P=0.002) with increasing amount of soybean curd residue 

silage in the diets. The ruminal isobutyrate concentration tended (P=0.08) to increase 

with increasing dietary silage content in the diets， whereas the ruminal isovalerate 

concentrations remained unchanged (P=0.43). The dietary level of soybean curd residue 

silage tended to affect (P=0.06) the molar ratio of acetate to propionate. 
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Figure 4.2. Time course changes of the ruminal characteristics in sheep fed SCRS心(・)， SCRS-20 (ム)
and SCRS-40 (口).The values a問 expressedas the mean土 SEMおrn=6. Diffe問ntletters (a， b) indicate 
significant difference (Pく0.05)between times after feeding. 
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Table 4.5. The effects of dietary level of soybean curd residue silage on ruminal pH， 

and the concentrations ofNH3 and VFA in sheep' 

Treatment2 

Item SEM P value 
SCRS-O SCRS-20 SCRS-40 

pH 6.74 6.61 6.60 0.05 0.85 

NH3 (mmol/L) 6.6C 10.9b 12.93 0.4 0.001 

Total VFA (mmollL) 71.0b 81.63 80.73 2.3 0.02 

Individual VFA concentrations (mmoIlL) 

Acetate 51.7b 60.4a 58.63 2.3 0.02 

Propionate 12.9b 14.33 15.23 0.5 0.02 

Butyrate 4.6 5.0 4.9 0.4 0.15 

Valerate 0.42C 0.47b 0.503 0.09 0.002 

Isobutyr瓜e 0.55 0.66 0.71 0.12 0.08 

Isovalerate 0.77 0.72 0.74 0.14 0.43 

Acetate:propionate 4.0 4.2 3.9 0.1 0.06 

a.b.c Means within a row with different letters differ (P<0.05) 

I Values represent means for n = 6 
2 Treatment， partial replacement of mixed hay with soybean curd residu巴 silagein the amount of 0% (SCRS-O， at 
ratio 10:0)，20% (SCRS・20，at ratio 8:2) and 40% (SCRS-40. at ratio 6:4)， on DM basis. 
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Plasma metabolite concentrations 

Concen仕ationsof plasma threonine， valine， m巳白ionine，phenylalanine， glutamic 

acid， glycine， alanine，句rrosine，arginine and proline did not differ (た0.10)among 

仕切伽lents.Whereas plasma isoleucine， Leu， histidine， lysine， serine， asp紅 agineand 

glut紅ninewere present at lower concentrations (P<0.05) in the SCRS・20and SCRS-40 

groups白anin the SCRS-O group (Table 4.6). The plasma NH3 and urea concentrations 

increased (P<O.OOOI飢 dP=0.002) with increasing amounts of soybean curd residue 

silage in吐lediet. The inclusions of soybean curd residue silage in由巳 dietsaffect 

(P=O.OI) the concentration ofplasma lactate. The plasma lactate concentrations were 

higher (P<0.05) in the SCRS-20 and SCRS-40 groups than in吐leSCRS-O group， and 

世leconcentration between SCRS-20 and SCRS-40 groups were 由 lilar(た0.05).The 

plasma NEFA concentrations did not differ among the treatments (P=0.85). 

Plasma leucine kinetics 

The plasma concen仕ationsof Leu and α-K.IC and th巴isotopeenric加nentofαー

[1-I3C]K.IC were stable over the last 2 h of isotope infusion (Fig町e4.3). The 

concen仕ationsof plasma Leu and α-K.IC were sinlilar (P=0.90 and P=0.34) among all 

groups (Table 4.7). Increasing the dietary levels of soybean curd residue silage did not 

significantly influence the plasma LeuTR， WBPS and WBPD (P=0.17， P=0.47 and 

P=0.58， respectively). 
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Table 4.6. Plasma AA， NH3， urea， lactate and NEFA concentrations in sheepl 

Treatment 
Item SEM P value 

SCRS-O SCRS-20 SCRS-40 

Essential AA (μmol/L) 

Threonine 200 190 189 10 0.50 

Valine 284 257 251 13 0.12 

Methionine 27 21 20 4 0.11 

Isoleucine 103a 87b 83b 4 0.03 

Leucine 143a 123b 113b 5 0.02 

Pheny lalanine 62 53 52 4 0.13 

Histidine 63a 53b 54b 2 0.02 

Lysine 143a 108b 106b 10 0.02 

Non-essential AA (μmol/L) 

Serine 173a 116b 125b 11 0.01 

Asparagine 106a 83b 90b 7 0.03 

Glutamic acid 53 49 47 4 0.32 

Glutamine 334a 259b 262b 20 0.003 

Glycine 581 502 545 33 0.16 

Alanine 201 196 201 11 0.78 

Tyrosine 79 67 67 6 0.23 

Arginine 175 140 149 14 0.16 

Proline 114 93 98 9 0.14 

NH3(μmol/L) 123C 206b 218a 6 <0.0001 

Urea， mmollL 4.40C 5.nb 6.63a 0.1 0.002 

NEFA(μEqlL) 146 144 140 13 0.85 

Lactate (mmollL) 0.33b 0.48a O.4r 0.04 0.01 
..b.c Means within a row with ditTerent letters di作er(P<0.05) 
I Values represent means for n = 6 
2 Treatment， partial replacement of mixed hay with soybean curd residue silage in the amount of 0% (SCRS-O， at 
ratio 10:0)，20% (SCRS-20， at ratio 8:2) and 40% (SCRS・40，at ratio 6:4)， on DM basis. 

73 



150 

100 
(
」
言
。

E
ユ}

zozaw』
H
z
o
u
z
o
u

2
0
4
 

Pト十吋~

50 

20 

15 
{」=。

E
ユ}

z
o
z帽
』
喧

E
o
u
z
o
u

。-v-
・0

10 

3 

2 

t 

(
Z
O
O
M
0
4
F
E
S
S
 

一F20
Z』

Zu--』
Z
O

。-X[0"「
F]'o 。

4 3.5 3 2.5 2 

Time after infusion (h) 

Figure 4.3. Plasma Leu and日目KICconcentrations and plasma a-[l-13C]KIC enrichment in sheep fed 

SCRS-O (・)， SCRS-20 (ム)and SCRS.40 (口).

Table 4.7. The e百回tsof dietary level of soybean curd residue silag巴onplasma Leu 

kinetics in sheep 
1 

Tr切回巴nr
Pvalue SEM Item 

SCRS-40 SCRS-20 SCRS・0

0.90 4 106 105 107 LeuConcen位ation(仰nollL)

0.34 1.0 16.0 15.6 14.5 α-KIC Concentration (!.unollL) 

0.17 21 572 516 469 LeuTR(μmol/kg B¥¥戸75/h)

0.47 2.1 22.3 22.0 20.8 WBPS (g/kg BWO.75/day) 

0.58 
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1 Values rep田sentme田 sforn=6
2 Treatment， p副 ialreplacement of mixed hay with soybean curd residue silage in the amount of 0% (SCRS-O， at 
悶tio10:0)，20% (SCRS.20， at ratio 8:2) and 40% (SCRS.40， at ratio 6:4)， on DM basis 

19.5 19.4 18.4 WBPD (g/kg BWO.75/day) 



The effects 0/ dietary level o/soybean curd residue silαge on whole body nutrient metabolism 

Plasma glucose and acetate kinetics 

The plasma glucose concentration and [U-13C]glucose enrichment were constant 

during the last 2 h of isotope infusion， as shown in Figures 4.4. The inclusions of 

soybean curd residue silage in the diets affect (P=O.03) the concentration of plasma 

glucose (Table 4.8). The plasma glucose concentrations were higher (P<O.05) in the 

SCRS-20 and SCRS-40 groups than in the SCRS-O group， however， no significant 

difference was observed in the plasma glucose concentration between the SCRS-20 and 

with (P=O.06) mcrease to GluTR tended The plasma (P>O.05). SCRS-40 groups 

increasing dietary levels of soybean curd residue silage. 

also were enrichment concentration and [l-13C]acetate The plasma acetate 

constant during the last 2 h of isotope infusion (Figures 4.5). The plasma acetate 

concentration was not significantly influenced by the treatments (P=O.13) (Table 4.8). 

with increasing dietary levels of The plasma AceTR tended to increase (P=O.08) 

soybean curd residue silage. 
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Figure 4.4. Plasma glucose concen仕ationand enrichment of [U-13C]glucose in sheep fed SCRS-O (・)，
SCRS・20(ム)and SCRS・40(口).
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Figure 4ふ Plasmaaceta胞 concentrationand enrichment of [1-J3C]acetate in sheep fed SCRS-O (・)，
SCRS-20 (ム)and SCRS-40 (口).

Table 4.8. The effects of dietary level of soybean curd residue silag巴onplasma glucose 

and acetate kinetics in sheep 
1 

Treatmenf1 
Pvalue SEM Item 

SCRS-40 SCRS-20 SCRS-O 

0.03 0.10 3.42" 3.34" 3.10b Glucose concentration (mmollL) 

0.06 0.11 2.02 2.12 1.70 GluTR (mmollkg BWO.75/h) 

0.13 30 788 811 722 Acetate (J.lmollL) 

0.08 
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民，b，cMeans within a row with di日記rentletters differ (P<0.05) 
1Val田 5represent me四 sforn=6
るTreatment，partial田placementof mixed hay with soybean叩 rd田siduesilage in the amount of 0% (SCRS-O， at 
ratio 10:0)，20% (SCRS-20， ratio at 8:2)祖 d40% (SCRS-40， at mtio 6:4)， on DM b田 IS.

6.01 5.26 5.00 AceTR (mmollkg BWO.75/h) 
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Discussion 

Silage quality 

The silage was well preserved， as indicated by its low pH， high lactic acid 

content， high V score and Flieg point. The fermentative components were comparable 

with those of our previous experiments (Chapter 2 and 3). 

Nitrogen metabolism 

The enhancement of N intake with increasing soybean curd residue silage 

contents in the diet was consistent with repo口sin Holstein steers fed increasing 

amounts of soy sauce residue (Hosoda et al.， 2012) and in goats fed increasing amounts 

of soybean meal (Kadzere and Jingura， 1993). Many studies (Sultan and Loerch， 1992; 

Koster et al.， 1996; Castillo et al.， 2001; Gleghorn et al.， 2004; Sano et al.， 2004; 

Atkinson et al.， 2007) have reported that level of N intake did not affect fecal N 

excretion in ruminant. Interestingly， when the amount of soybean curd residue silage in 

the diets increased， the fecal N excretion decreased. As fecal N represents N losses 

through the gut that were not metabolized in the body tissue (Figure 4.6)， the decrease 

in fecal N excretion indicating that inclusion of soybean curd residue silage in the diets 

increased the utilization of N. Recently， Peripolli et al. (2011) studied the intake and 

digestibility of forage in grazing ruminants and revealed that low fecal N excretion was 

correlated with high digestibility of forage. Indeed， in the present experiment， there was 

an increased in N digestibility with increasing amount of soybean curd residue silage in 

the diet. 

Similarly， Mlay et al. (2003) also found lower fecal N output in heifers fed hay 

containing high quantity of raw soybean curd residue (420 g DMlday) compared with 

those fed lower quantity of soybean curd residue (210 g DM/day) due to increasing 
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app紅 entDM  and organic matter dig凶 tibilityin tbe high soybean curd residue group. 

Altbough tbere was tendency toward increasing N retention in吐1efirst experiment 

(Chapter 2)， the lack of response in N retention in the present experiment may have 

resulted企omincreasing urinary N excretion. 

Digestive 
tract 

Rumen 
Reticulum 

Body 

tissue 

占吊手~Urine 

Figure 4.6. Schematic diagram illustrated the digestive tract and important body tissues of sheep that町e
important sites of movement and metabolism of nitrogenous compound in ruminant 

百1eaverage ruminal pH across trea伽1entsranged丘om6.4 to 6.8， which is 

considered suitable for fiber digestion (I>リiks仕a，1994). Increasing the diet訂ylevels of 

soybean curd residue silage did not in:fluence the rurninal pH， which is consistent witb 

tbe results observed in dairy cows with increased dietary protein intake (Ipharraguerr巴
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et a1.， 2005). The high availability of NH3 in the rumen of sheep fed soybean curd 

residue silage most likely inf1uenced the ruminal pH. The ruminal NH3 in the SCRS-fed 

sheep might be rapidly absorbed into the blood， carried to the liver and converted to 

urea. Some of this urea might be returned to the rumen via the saliva， where it would 

contribute to buffering the acidity of the ruminal fluid. Indeed， in the present study， the 

higher concentration of NH3 in the ruminal fluid was， the higher concentrations of NH3 

and山 eain the plasma. The elevation of plasma NH3 and urea concentrations in the 

present study were supported by other studies出atincreased the protein solubility in the 

diet of sheep (Wohlt et a1.， 1976) and increased the ruminally degradable protein 

supplementation in the diet of cattle (Castillo et a1.， 2001; Gleghom et a1.， 2004). 

Conceming to the protein turnover， Lobley et a1. (1992) suggested th剖 hepatic

metabolism altered the amount and pattern of AAs that entered and became available in 

the systemic circulation， and AAs that could not be measured from the peripheral vein 

might be used as energy-rich substrates in the hepatic metabolism to support protein 

turnover within the tissues. Nonetheless， those mechanisms might be differed when 

soybean curd residue silage was fed. The loss ofN in the SCRS・fedsheep as shown by 

the increased concentration of plasma urea and urinary N excretion might affect the 

amount of AA absorbed in the small intestine and appeared in the plasma. Although the 

plasma LeuTR seems to be increased slightly with increasing dietary levels of soybean 

curd residue silage (469， 516 and 572μmollkgBWo.75/h for・SCRS-O，SCRS-20 and 

SCRS-40， respectively)， these values did not attain statistical significance. In other 

study， Liu et a1. (1995) reported th剖 inlambs nourished with an intragastric VF A 

infusion containing acetate， propionate and butyrate (in molar proportions of 

0.65:0.25:0.10) and incremental casein-N infusions (1500， 500 and 50 mg/kgO.75/day)， 

the N flux of the whole body protein tumover increased with increased levels of casein 
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infusion. Although in their experiment the巴nergysupply also maintained constant， the 

result was con仕adictto our fmdings. Some possible causes of these differences are; frrst 

is the different匂'pesof protein used; second is the treatment， in which the casein was 

infused in the incremental quantities: 3， 1 and 0.1 times of N equilibri田町 thirdis the 

microbial degradation of casein in也erurnen might be less because casein was in:fused 

directly into the abomasum，世lUSinfluence吐lequantity of AA absorbed in也esmall 

intestine; and four出isunder normal condition， infant and growing aninmls usually hav巴

higher rate of protein turnover than those in the adul吐100d，as suggested by Wolfe and 

Chinkes (2005) and Waterlow (2006) 

Furtheロnore，cu立entexp巴rimentdemonstrated仕mtincreasing level of dietary 

CP intake caused by increasing amounts of soybean curd residu巴silagein也ediet 

would not enhance the protein syn吐lesisactivity of t-RNA syn也巴旬se.Previously， 

Taillandier et al. (1996) and Kita et al. (1996) reported白at也eRNA translational 

efficiency and企actionalrat巴proteinsynthesis were depressed in rats and chicks fed a 

high protein (30%姐 d40%) diet 

Carbohydrate metabolism 

As discussed in the previous chapter (Chapter 2)， to阻lVFA∞ncen仕ationin the 

rurnen increased when soybean curd residile silage was fed to sheep in也eamount of 

20% on DM basis， but the VFA concen仕ationdid not increase fur仕lerwith higher 

amount of silage， as shown by simil紅 concen回.tionsbe.tween the SCRS-20 and SCRS-

40 groups in社lepresent experiment. Conv巴rsely，the highest釦lOuntof silage in the 

diet was，出ehighest concentration of NH3 observed in the rurnen. Similarly， in cattle， 

Yost et al. (1977) and Cunningham et al. (1996) reported that increases in the protein 

contents in the diet increased the concentration of NH3 in the rurnen but not白巴
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concentration of VF A. The lack of difference in the concentration of ruminal acetate 

between SCRS-20 and SCRS-40 group might result合omthe difference in the fiber 

content in the diets (578 g/kg DM for SCRS-20 and 469 g/kg DM for SCRS-40)， as the 

acetate concentration in the rumen is positively correlated with the dietary fiber 

(Bergman et al.， 1990). In other hand， increasing levels of soybean curd residue silage 

in the diets seems to increase the availability of starch. In addition to starch， lactic acid 

in soybean curd residue silage also conve11ed to propionate in the rumen， as suggested 

by Gill et al. (1986). Although ruminal propionate concentration in the SCRS-40 (15.2 

mmol/L) seems to be higher than those in the SCRS・20(14.3 mmollL)， the values did 

not attain statistical significance. Moreover， the presence of lactic acid in the diet 企om

silage is likely associated with the elevated concentration of plasma lactate in the 

SCRS-20 and SCRS-40 groups. Similar results were observed in sheep fed rγe grass 

silage (Gill et al.， 1986) and in dairy cows fed barley silage (Ametaj et al.， 2009). In 

ruminants， plasma NEF A is considered to be a good nutritional sta加sindicator 

(Bowden et al.， 1971) because NEF A is released into the blood when fat is mobilized to 

supply the metabolic needs of the animal， primarily when the other available energy is 

not sufficient. Hence， the comparable plasma NEF A concentrations across treatments 

indicated the positive effect of soybean curd residue silage on the energy supply in 

sheep. 

The contribution of propionate to glucose synthesis has been studied 

extensively， as discussed in Chapter 2 and 3. Several studies suggested that when the 

ME intakes were kept isoenergetic， the GluTR was simil訂 foreither roughage or 

concentr瓜ebased-diets in cattle (Herbein et al.， 1978; Harmon et al.， 1983; Schmidt and 

Keith， 1983)， lambs (Kempton and Leng， 1983) and sheep (Judson et al.， 1968; Ulyatt et 

al.， 1970). Although in the current experiment the ME intakes also kept isoenergetic， the 
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plasma GluTR tended to increase with increasing amount of soybean curd residue silage 

in the diet. Non巴theless，when由巴 SCRS-40diet was fed to sheep， the plasma GluTR 

was similar with those in吐leSCRS-20. The comp釘ableresults between the SCRS-20 

and SCRS-40 are likely associated wi血 similarconcentrations of runlinal propionat巴h

血巴twodiets， cjndicating that high carbohydrate availability in出巴 dietsdid not further 

increase both runlinal propionate concen仕ationand plasma GluTR in sheep. 

The plasma Ac巴TRwere comparable to those observed in she巴pfed mixed 

clover and alfalfa hay measured using [1 _I4C]acetate as a仕acer(Sabine and Johnson， 

1964)， as well as those in sheep fed nlixed orch訂dgrassand reed can紅ygrasshay 

measured using [1_13 c] acetate as a仕acer(A1am et al.， 2010). Previous studies on whole 

body acetate旬rnoverin cattle and sh巴epreported that acetate utilization did not depend 

onせleacetate concentration (Lee and Willi釦 lS，1962; A1-Mamun et al.， 2009). Our 

findings紅'econsistent with th巴sereports. In other study， Prior et al. (1976) reported that 

level of intake did not significantly influence plasma AceTR， as shown by similar 

plasma AceTR between sheep fi巴dat maintenance and吐lOS巴fedat twice of maintenance 

level， measured with e4C]acetate. In current study， although plasma AceTR levels 
among treatrnents also did not attain statistical significance， there was a slight increase 

in the AceTR with increasing level of soybean curd residue silage supplem印刷ion.

This出 ndwas probably influenced by increasing amount of soluble carbohydrate in the 

diets， as suggested by Ballard et al. (1972). The NFC contents in th巴 dietswere 

increased with increasing level of soybean curd residue silage supplem巴ntation;70， 162 

and 254 g/kg DM for SCRS-O， SCRS-20 and SCRS-40， resp巴ctively.
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Conclusion 

The increasing dietary levels of soybean curd residue silage resulted in increased 

rurninal NH3 concentration， but total ruminal VF A concentration was less affected. 

Although urinary N excretion was elevated with increasing amount of the silage， plasma 

LeuTR did not affected. Moreover， current study indicated that increasing dietary levels 

of soybean curd residue silage did not significantly influence plasma Leu， glucose and 

acetate kinetics if the diets were isoenergetic. 
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Chapter 5 

General Discussion 



ion 11 

Thesis outline 

The focus of this thesis was to evaluate the effects of feeding soybean curd 

residue silage to sheep. This by-product is considered as a promising potential feed for 

ruminants because of high contents of protein and carbohydrate. Previous studies 

revealed that soybean curd residue is palatable to ruminants， and dietary 

supplementation with this product increased milk production as well as the milk protein， 

milk lactose and milk fat contents in dairy cows (Chiou et al.， 1998). The raw and 

ensilaged forms of soybean curd residue were reported to have effects comparable to 

those of commercial concentrates on fattening sheep (Kakihara et al.， 2004) and 

increasing body weight gain and lipid composition in goats (Hirayama et al.， 2002). The 

main research questions were how soybean curd residue silage supplementation affects 

the protein， glucose and fatty acid metabolism in the animal body. 

Crossbred (Suffolk x Corriedale) sheep were subjected to various feeding 

treatments in these studies. The effects of inclusion of soybean curd residue silage in a 

roughage diet (Chapter 2) demonstrated that this by-product could be used as an 

alternative protein and carbohydrate sources for sheep without any detrimental effects 

on plasma Leu or glucose kinetics. After brief1y discussing the feeding effects of 

soybean curd residue silage， the goal ofthe next section (Chapter 3) was to compare the 

nutrient metabolism of two different feed; soybean curd residue silage and commercial 

concen仕ate.It was previously speculated that protein and glucose metabolism and their 

regulation would not be affected by replacing the commercial concentrate in the diet 

with soybean curd residue silage. After comparable results between soybean curd 

residue silage and commercial concentrates were obtained， the next chapter (Chapter 4) 

examined the effects of different levels of soybean curd residue silage on the whole 
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body nutrient metabolism in sheep. The effects on plasma acetate kinetics w巴r巴

investigated， in addition to仕leplasma Leu and glucose kinetics as studied in仕le

previous sections. Together， th巴sestudies describ吋 theeffects of feeding different 

amounts of soybean curd residue silage on whole body protein， glucose and acetate 

metabolism in sheep. Finally，社lecurrent work to obtain insight into the physiological 

and nutritional effects of food residues in th巴IUlllinantdiet is outlined， and ili巴major

conclusions of the thesis紅 esununarized 

Utilization of nitrogenous compounds 

Some feed prot巴incan~ escape企'omIUlllen degradation and another紅巳degraded

by microorganisms in the IUlllen， which produce NH3， VF A， C02 and oth巴rmetabolites. 

However， there釘eoutstanding questions as how the nu仕ientsin food by produc臼

affect the metabolism in animal body and th巴valueofit. 

In the soybean curd manufacturing process， soybeans紅 eboiled before grinding 

and filtering. These processes should have profound effects on白巴 solubilityof仕le

resulting residue. Fur血ermore，during the ensiling process， extensive protein hydrolysis 

occurs， which results in more soluble N f切ction.Soluble N is generally considered to 

be easily degraded by microbes in the rumen飢 dto affect the digestibility in host 

M由nals(McDonald et al.， 2011). Many reports have confirmed that supplementation 

wl也 soybeancurd residue (Chiou et al.， 1998; Mlay et al.， 2003; Cao et al.， 2009; 

Hosoda et al.， 2012) in也eroughage diets increased N intake and digestibility. 

Increasing the N content of the diet白roughsupplementation of soybean curd residue 

silage also increased the IUlllen concen仕ationof NH3， thereby potentially improving 

both microbial growth and cellulolytic activity in吐leIUlllen. As most typiω1 roughage 
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contained a large fraction of protein bound to the cell wall (Aufrとreand Guerin， 1996)， 

improved cellulolysis may have led to increase accessibility of the protease enzymes 

responsible for protein degradation， thereby increasing protein degradability. This may 

explain the reason why fecal N excretion was lower when soybean curd residue silage 

was fed to sheep (Chapter 2)， and when the amount of soybean curd residue silage in the 

diet was increased， the fecal N excretion was decreased significantly (Chapter 4). 

McDonald et al. (2011) stated th剖 highlysoluble protein generally promoted 

lower N retention than did poorly soluble protein. This statement contradicts the current 

findings because there was tendency toward increasing N retention in sheep fed soluble 

protein 企omsoybean curd residue silage (Chapter 2)， and compared with commercial 

concentrateラtheamount of N retained in sheep were similar (Chapter 3). Nonetheless， 

when the dietary level of silage increased (Chapter 4)， the N retention was not 

significantly affected. Elevated urinary N excretion as a consequence of excess protein 

may have influenced the pattem ofN retention in Chapter 4. 

In this studyラtheconcentrations of ruminal NH3 were 6.6 and 7.9 mmol/L in 

sheep fed hay alone; 10.9， 11.3 and 11.9 mmol/L in sheep fed 80% hay plus 20% 

soybean; and 12.9 mmol/L in sheep fed 60% hay plus 40% soybean curd residue. It 

appears that soybean curd residue silage enhanced the concentration of ruminal NH3 

Moreover， all ruminal NH3 concentrations in the SCRS-fed sheep were in the range that 

had been suggested preferable for microbial growth to support microbial protein 

synthesis (10-20 mmol/L， Song and Kennelly， 1989; Russel et al.， 1992). With respect 

to ruminal degradation， Given and Rulquin (2004) suggested that although the 

degradation of silage protein in the rumen is rapid and extensive， up to 10% of silage 

protein could escape the rumen and absorbed in the small intestine. Nonetheless， even 
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when the absolute amount of AAs supplied was optimized by soybean curd residue 

silage supplementation， there is still catabolism (oxidation) of AA by the sheep tissues 

with a cons明uentloss of the AA that∞叫dotherwise be used to synthesize protein， as 

suggested by Lobleyο003). 

There are several possible reasons why the dietary N intake and ruminal NH3 

concen回.tionincreased but the plasma AA concen仕ationwas not affected by soybean 

curd residue silag巴 supplementation. First， the proteolytic activity during the 

fermentation process could alter the composition of企eeAAs in the silage (Ohshima 

and McDonald， 1978); second， AAs企oma soybean-based diet may be rapidly 

catabolized in the body， as suggested by Deutz et al. (1998) and Bos et al. (2003); and 

由ird，a large amount of NH3 was absorbed丘om世leIUlllen into the circulation， 

converted into urea in the liver and excreted via urine， as illustrated in Figure 5.1. 

Al也oughsome N might be recycled back to吐lerumen as urea企omblood and with 

saliva flow， Djikstra et al. (1992) suggested that the extent of capωre is generally 

limited due to a lack of energy. It is also assumed that a high NH3 concentration in the 

ruminal fluid depressed也E仕組sportof旧日a企ombloodぬ th巴IUlllen(Baldwin et al.， 

1987) and that白erecycled N is absorbed again as NH3 when not rapidly incorporated 

in microbial mass (Clark et al.， 1992). 
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Figure 5.1. Digestion and metabolism of nitrogenous compounds from soybean curd residue silage. 
Degradable protein and NPN compounds in the soybean curd residue silage are converted to NH3 in th巳
rumen. Some of the protein can escape degradation in the rumen and subsequently digested in the small 
intestine. The ruminal NH3 produced together with some small peptides and free AAs， are utilized by 
ruminal microbes to synthesize the microbial protein. On other hand， when NH3 is accumulated in the 
rumen， the concentration will be exceeded. The NH3 is then absorbed into the blood， carried to the liver 
and converted to urea. Some ofthis urea may be returned to the rumen via the saliva， but most is excr巴t巴d
in the urine. 

Lobley et al. (1987) studied the effect of a progressive reduction in feed intake 

on WBPS using the [1-14C]Leu as tracer in finishing beef steers and found that feed 
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intake influenced overall protein metabolism. Hence， it was previously expected that 

increasing dietary N intake through soybean curd residue silage feeding influenced吐le

protein turnover 姐 d WBPS. The plasma LeuTR levels were 446 and 469 

μmollkgBWo.75/h泊 sheepfed only hay; 507， 514 and 516μmoνkgBWU.75/h in sheep 

fed 80% hay plus 20% soybean curd residue; and 572μmollkgBWU.75/h in sheep fed 

60% hay plus 40% soybean curd residue. Although the plasma LeuTR seems to be 

slightly increased when soybean curd residue silage was fed， but these values were not 

significantly different. From白epresent study， it appe紅 S也at，when the diets are 

isoenergetic or when the protein supplies釘巴abovethe animal requirement， whole body 

protein印rnoverand protein synthesis紅巴lessaffected. With different 1巴velsof energy 

intake， previous studies reported an increase in WBPS with increasing ME in句kein 

sheep但arriset al.， 1992; Savary et al.， 2001)， goatsσ吋itaet al.， 2007) and st巴出

(Lapierre et al.， 1999). Moreover，吐leaminoacy 1-依NAsynth巴taseactivity and mRNA 

availability would not b巴enllancedwith high CP intake (Kita et al.， 1996; Taillandier et 

al.， 1996). Overall，仕lepresent fmdings showed出atthe commercial concentrate and 

soybean curd residue silage produce similar responses in plasma Leu kinetics in diets 

formulated with the s創neenergy加take.

Volatile fatty acid and glucose metabolism 

Soybean curd residue silage is rich in fermentable carbohydrates， which紅E

broken down in th巴rumento acetate， propionate and butyrate and small創nountsof 

branched-chain fat勿 acids，as illustrated in Fig町巴 5ユBergman(1990) suggested吐mt

VF A could con仕ibuteup to 70% of the caloric requirements of rUlllIllants. In sheep，仕le

total rUlllinal VF A could be increased by incorporating soybean curd residue silage into 
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the diet. Moreover， the concentration of total ruminal VF A resulting from soybean curd 

residue silage supplementation was comparable with that obtained with comrnercial 

concentrate supplementation in isonitrogenous and isoenergetic diets. 

Diet 

Rumen 

Blood 

Tissue 
l PrO匂in I 

Soybean curd residue silage 

ω 州附l

C山 se 11 H…ω 

l VFA I 

lFat I 

| Fat I 

Figure 5.2. Digestion and metabolism of carbohydrate compounds. Carbohydrates in soybean curd 
residue silage are fermented to VFAs (mainly acetate， propionate and butyrate) by microorganisms in the 
rumen and used as energy to synthesize microbial protein. Propionate is considered a substrate for 
gluconeogenesis， whereas acetate and butyrate are utilized as substrates for lipogenesis. Adapted from 
Church (1979). 
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百lepresent study showed that the concentration changes in plasma acetate and 

propionate were reflected by corresponding changes in the concerr仕ationsof these 

substances in the rumen. It has also have been demonstrated that soybean curd residue 

silage could enhance the availability of acetate加theanimal body. Acetate is used as an 

energy source for ruminants (Djiks回 etal.， 2005). Moreover， some metabolic studies 

wi吐114C-Iabelled acetate revealed th祇 acetateis th巴majorprec町 sorof lipogenesis in 

the ruminant tissue (Hanson and Ballard， 1967; Baum飢 etal.， 1972; Ingle et al.， 1972; 

Greathead et al.， 2001). Indeed， Hirayama et al. (2002) reported an increase in lipid 

concen回 tionin the c訂'cassesof goats fi巴dwild grass supplemented with soybean curd 

residue (at a ratio of 7:3 DM). In another fattening study， Kakih紅aet al. (2004) 

reported血atthe lipid composition in the c紅'cassesof lambs fed soybean curd residue 

was comp紅ableto也at泊 lambsfed a commercial concentrate. Hence， the present 

findings indicatedせlatsoybean curd residue silage also has a positive impact on 

intermediary acetate metabolism in sheep. 

The ferment油lecarbohydrate content in soybean curd residue silage， which is 

mainly starch， incr官asedthe ruminal propionate concerrむationin sheep. Seal et al. 

(1992) suggested也at53% of吐lewhole body glucose is derived企ompropionate. In the 

three different experiments in the present s旬dy，the plasma GluTR levels were 1.70 and 

1.76 mmolJkgBW.75/h in sheep fed only hay; 2.10， 2.12飢.d2.14 mmollkgBW.7% in 

sheep fed 80% hay plus 20% soybean curd residue silage; and 2.02 mmolJkgBW.75/h in 

sheep fi巴d60% hay plus 40% soybean curd residue silage. Although the plasma GluTR 

level seems to increase wi仕1soybean curd residue silage supplementation， 吐出

difference did not attain statistical significance. Moreover， the plasma GluTR measured 

in sheep fi巴dhay supplemented wi血 soybeancurd residue silage was comparable to 
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those measured in sheep fed hay supplemented with concentrate (2.24 

mmollkgBWO.751h). Taken together， cu汀entfindings demonstrated that comparable 

plasma GluTR can be obtained among dietary treatments as long as the diets are kept 

lsoenergetlc. 
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Summary 

The use of residues generated from the food industry as livestock feed has 

increased throughout the world as the result of increasing demand for livestock products 

and increasing feed prices. The selection of safe feed material is important because 

animal protein cannot be used in ruminant feed. Consequentlyラapplicationof industrial 

residues containing plant proteins has become a matter of interest for many ruminant 

nutritionists. The use of these residues will provide additional income for the food 

industry and reduce environrnental problems related to residue disposal. For the farmer， 

the use of food residues， which are generally less expensive than other commercial 

feeds， will reduce feed costs. Soybean curd residue is a promising potential altemative 

feed due to its high protein and carbohydrate contents. The ensiling process not only 

lengthens the useful life of the soybean curd residue but also eliminates many of its 

anti-nutritional properties and increases its digestibility in animals. Therefore， three 

different experiments were conducted to investigate the feeding effects of soybean curd 

residue silage on whole body nutrient metabolism in ruminant. 

In the first experiment， the effects of inclusion of soybean curd residue silage in 

roughage diet on the plasma leucine (Leu) and glucose kinetics in sheep were assessed 

by an isotope dilution method of [1-13C]Leu and [U-13C]glucose. Two different dietary 

treatments were tested， one was mixed orchardgrass and reed canarygrass hay (Hay 

diet) and another one (SCRS diet) was mixed hay plus soybean curd residue剖aratio of 

8:2 on a dry matter (DM) basis. The metabolizable energy (ME) intakes were 

formulated slightly above the maintenance level for both diets. The experiment 

followed a crossover design with a period of 21 days. Primed-continuous infusion of [1-

3C]Leu and [U_13C]glucose was performed on day 21. The nitrogen (N) intake， N 

absorption and N digestibility were enhanced by the SCRS diet (P<O.OOOl， P<O.OOOl 
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and P=O.OOI， respectively). Although the urin紅yN excretion was巴levated(P=0.008)， 

吐lefecal N excretion was low (P=O.OOI)， producing an overal1 tendency (P=0.07) 

toward high N retention in the SCRS・.fedsheep. The concentrations of ruminal 

arnmonia (NH3) and to也1volatile fa町 acid(VFA) were increased (P=O.OI and P=0.03) 

when soybean curd residue silage was fed to sheep. The total VF A concentration in吐le

blood tended to be higher (P=0.05) for由巳 SCRS-fedsheep than those fed hay alone. 

The plasma Leu turnover rate (LeuTR)， whole body protein synthesis and degradation 

(WBPS飢 dWBPD) remained similar between the treatments. The plasma glucose 

concen回tiontended to be higher (P=0.06) for sheep fed the SCRS diet than those fi吋

the Hay diet， whereas the plasma glucose turnover rate (GluTR) did not differ betwe巴n

也etwo groups. These fmdings suggest the feasibility of soybean curd residue silage as 

protein and carbohydrate sources for sheep. 

In吐1巴S巴氾ondexper泊lent，也eeffi巴ctsof replacing commercial concentrate with 

soybean curd residue silage on吐leplasma Leu and glucose kinetics in sheep were 

assessed by an isotope dilution method of [1-13C]Leu飢 d[Uー13C]glucose.Two different 

di巴旬.ry甘'eatments，one consisted of 80% mixed hay and 20% commercial concentrate 

(CONC diet)， and another one (SCRS diet) consisted of 80% mixed hay and 20% 

soy bean curd residue silage wer巴tested.百lediet紅y仕eatrnentswere estimated to be 

isonitrogenous， and the ME intakes were slightly above the maintenance level for both 

diets. The experiment fol1owed a crossover design with a period of 21 days. Primed-

continuous in負lsionof [1-13C]Leu and [U-13C]glucose was performed on day 21. Sheep 

fed白巴SCRSdiet absorbed and retained sin甘l訂紅nountsofN comp紅巴:dwith sheep fed 

the CONC diet. Moreover， the N digestibility was comparable between也.etwo diets. 

The plasma LeuTR was comparable between the SCRS and CONC diets， and no 

differences were noted in吐leWBPS and WBPD between the two diets. The 
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concentrations of ruminal NH3 and total VF A were similar for both diets. The 

propionate concentration in the rumen was higher (Pニ0.02)for the SCRS diet than for 

the CONC diet， whereas acetate concentrations were similar between the diets. The 

plasma glucose concentrations and plasma GluTR were also comparable between the 

diets. These findings showed that feeding soybean curd residue silage resulted in similar 

plasma Leu and glucose kinetics with those produced from feeding commercial 

concentrate. 

In the third experiment， the effects of dietary level of soybean curd residue 

silage on the plasma Leu， glucose and acetate kinetics in sheep were studied using an 

isotope dilution method of [1-13C]Leu， [U-13C]glucose and [1-13C]Na acetate 

simultaneously. Sheep were fed three diets differing in the amount of soybean curd 

residue silage: 100% mixed hay (SCRS-O， as a control)， 80% mixed hay plus 20% 

soybean curd residue silage (SCRS-20)， and 60% mixed hay plus 40% soybean curd 

residue silage (SCRS-40) on a DM basis. The ME intakes were formulated slightly 

above the maintenance level for all diets. The experiment followed a 3x3 Latin square 

design for 21 days. The N intake and N digestibility were increased with increasing 

amounts of soybean curd residue silage in the diets (P<O.OOOI and P=O.OOI). Increased 

dietary level of soybean curd residue silage decreased (P<O.OOI) the fecal N excretion 

but increased (P<O.OOI) the urinary N excretion. The N retention， plasma LeuTR and 

WBPS did not differ among the treatments. The ruminal pH did not differ among the 

treatments. The ruminal NH3 concentration increased (Pニ0.001)with increasing amount 

of soybean curd residue silage in the diets. Nonethelessラhighlevel of feeding did not 

further increase the concentrations of ruminal total VF A， acetate and propionate， as 

indicated by similar concentrations ofthose acids in the SCRS-20 and SCRS-40 groups. 

Moreover， this study showed th剖 theplasma GluTR and acetate tumover rate (AceTR) 
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tended to increase (P=O.06 and P=O.08) wiぬincreasingamount of silage in the di出

These findings suggested that the dietary level did not significantly influence也巴plasma

Leu， glucose and acetate kinetics when仕lediets were kept isoenergetic 

General conclusion 

Taken ωgether， the results of the present study demonstrated that soybean curd 

r巴siduesilage should not be considered as a waste product; rather， it is a potential 

energy resource. 1t has been proved也atsoybean curd residue silage did not adversely 

a丘ect也eprotein， glucose and acetate metab.olism due to its high soluble N and 

fermentable carbohydrate contents. The use df soybean curd r巴sidueas a feed represents 

a be社erway of recycling food industry wastes back to human nu仕itionthrough animal 

feed泊gand the present findings will contribute to the sustainable ruminant nutrition. 
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ヒツジにおける全身の栄養素代謝に及ぼす豆腐粕給与の影響に関する研究

畜産物需要の増加および飼料価格の高騰の結果、食品産業から生じる食品残撞の飼

料としての利用が世界的に増加している。反調家畜の飼料に動物性タンパク質は使用

できないので、安全な飼料原料の選択が重要である。その結果、植物性タンパク質を

含む産業廃棄物の応用が反調家畜栄養学に携わる研究者の課題になっている。これら

の残涯の使用は食品産業の副収入となり、残j査廃棄に関連する環境問題を軽減するこ

とができる。畜産農家にと っては、一般的に他の市販飼料よりも安価な食品残溢の利

用は飼料費を軽減することができる。豆腐粕はタンパク質や炭水化物を豊富に含んで

いるため、有望な代替飼料になり得る。さらに、サイレージ調製は、豆腐粕の使用期

間を延長するこ とができ るばかりでなく、 多くの抗栄養成分を消失させ、飼料消化率

を増加させることができる。 したがって、反調家畜における全身の栄養素代謝に及ぼ

す豆腐粕サイレージ給与の影響を測定するため、3つの実験を実施した。

実験 1では、ヒツジの血柴ロイシン(Leu)および、クソレコース代謝に及ぼす粗飼料への

豆腐粕サイレージ添加の影響を[1-'3C]Leuおよび[U_13C]グノレコースの同位元素希釈法

を用いて測定した。飼料区はオーチヤードグラスとリードカナリーグラスの混播乾草

(MH区)および混播乾草+豆腐粕サイレージ(8:2乾物、 SCRS区)とした。代謝エネルギ

ー(ME)給与量を等量とし、2区とも維持量をわずかに上回る量と した。実験期間はl

期 21 日とし、クロスオーバー法にしたがって実施した。21 日目に[1-13C]Leuおよび

[U-
13C]グルコースの primed-continuousinfusion法を実施した。窒素(N)摂取量、 N吸収

量、 N消化率は SCRS区が MH区より高かった(Pく 0.0001、Pく 0.0001、P= 0.001)。

SCRS区において尿中N排池量は高かったが(P= 0.008)、糞中N排?世量は低 く(P= 

0.001)、全体としてN蓄積は高い傾向を示した(P= 0.07)。ノレーメン内アンモニア(NH3)

および総揮発性脂肪酸(VFA)濃度は豆腐粕サイレージ添加によって増加した(P= 0.01、
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P = 0.03)。血液VFA濃度は豆腐粕サイレージ添加によって増加する傾向を示した(P= 

0.05)。血衆 Leu代謝回転速度(LeuTR)、全身のタンパク質合成速度(WBPS)および分解

速度(WBPD)は飼料区間で類似していた。血柴グ、ノレコース濃度は豆腐粕サイレージ添加

によって増加する傾向を示したが(P= 0.06)、血柴グルコース代謝回転速度(GluTR)に有

意な変化は観察されなかった。これらの知見はヒツジにとってタンパク質、炭水化物

源としての豆腐粕サイレージの可能性を示している。

実験 2では、ヒツジの血衆 Leuおよびグ、ルコース代謝に及ぼす濃厚飼料の豆腐粕サ

イレージへの代替への影響を[1-13C]Leuおよび[U_13C]グルコースの同位元素希釈法を

用いて測定した。飼料区は混矯乾草80%+20%市販濃厚飼料(CONC区)および混播乾草

80%+20%豆腐粕サイレージ(SCRS区)とした。両飼料区ともN給与量を等量とし、 ME

給与量は維持量をわずかに上回る程度とした。実験期間は1期 21日とし、クロスオー

ノミ一法にしたがって実施した。 21日目に[1-13C]Leuおよび[U_13C]グルコースの primed-

continuous infusion法を実施した。 SCRS区のN吸収量、 N保持量、 N消化率は CONC

区と類似していた。血疑LeuTRはSCRS区と CONC区とで類似しており、 WBPSおよ

び WBPDは飼料区間に差がなかった。ルーメン内 NH3および VFA濃度は両飼料区で

類似していた。プロピオン酸濃度は CON区より SCRS区が高かったが(P= 0.02)、酢

酸濃度は両飼料区で類似していた。血柴グルコース濃度および GluTRもまた両飼料区

で類似していた。これらの知見は豆腐粕サイレージ添加給与時の血媛 Leuおよびグル

コース代謝は濃厚飼料給与時と類似していることを示している。

実験3では、ヒツジの血媛 Leu、グルコースおよび酢酸代謝に及ぼす豆腐粕サイレ

ージ給与水準の影響を[1-13C]Leu、[U_13C]グルコースおよび[1_13C]酢酸の同位元素希釈

法を用いて測定した。 3飼料区で実験が行われた。飼料区は混播乾草の 0%、20%、

40%(乾物)を豆腐粕サイレージで代替し、それぞれ SCRS-O区、 SCRS-20区、 SCRS-40

区とした。いずれの飼料区とも ME給与量を等量とし、維持量をわずかに上回る程度
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とした。実験期間は1期 21日とし、 3x3ラテン方格法にしたがって実施した。 21日

目に[l-13C]Leu、[U_13C]グルコースおよび[1-13C]酢酸Naのprimed-continuousinfusion法

を実施した。N摂取量およびN消化率は豆腐粕サイレージ給与水準が増加するに した

がし1増加した(Pく 0.0001、P= 0.00り。豆腐粕サイレージ給与水準の増加は、糞中N排

t世量を減少させ(P< 0.00り、尿中N排世量を増加させた(P< 0.001)0 N保持量、血媛

LeuTRおよび WBPSは飼料聞に差がなかった。豆腐粕サイレージ給与水準の増加はル

ーメ ン内NH3濃度を増加させたが(P= 0.001)、ノレーメン pHに悪影響を及ぼさなかった。

ノレーメ ン内酢酸およびプロピオン酸濃度は豆腐粕サイレージ添加によって増加したが

(P < 0.05)、SCRS-20区と SCRS-40区との聞には差がなかった。血駿グノレコース濃度

は立腐粕サイレージ給与水準の増加によって増加した(P=0.03)。さらに、血紫 GluTR

および酢酸代謝回転速度(AceTR)は豆腐粕サイレージ給与水準が増加するにしたがい増

加する傾向を示した(P= 0.06、P= 0.08)。以上の結果から、添加水準はエネルギー給与

量が一定の場合、豆腐粕サイレージ給与水準が血柴 Leu グルコースおよび酢酸代謝

に有意な影響を与えないことが示された。

本研究で得られた結果をまとめると、 豆腐粕は廃棄物ではなく 、有望なエネルギー

資源、であることが証明された。豆腐粕サイレージ中の高可溶性Nおよび易発酵性炭水

化物はヒツジのタンパク質、グノレコースおよび酢酸代謝に悪影響を及ぼさないことが

示された。飼料としての豆腐粕の使用は、家畜飼養を通じて食品加工残涯を人の栄養

に再利用でき る優れた方法であり、本研究の知見は持続可能な反調家畜栄養に貢献で

きるであろう。
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