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Chapter 1

General Introduction







FDA, 2004). In August 2006, the Japanese Ministry of Agriculture, Forestry and
Fisheries (MAFF) issued guidelines to ensure the safety 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 oil content, and many
foodstuffs are made from it. Soybean curd residue is also called okara (Ma et al., 1996),
tofu cake (Kakihara et al., 2004) or soy pulp (O’Toole et al., 1999) is the filtrated
residue from which soybean milk 1s separated. It is produced in large quantities in
conjunction with the manufacture of soy milk and soybean curd (tofu), especially in
Asian areas. During soybean curd production, especially the filtration step (Figure 1.1),
up to 30% of the soybean 1s lost as a waste product (Kim and Lee, 2010).
Approximately 700,000 metric tons of soybean curd residue from manufacturing
companies are produced annually in Japan (Amaha, 1996; Kajikawa 1996), which
suggests that soybean curd residue could be a potential source of low-cost plant protein
to be used in animal feed.

Large quantities of soybean curd residue are dumped in landfills or burned,
which causes environmental problems (Ohno et al., 1996). Soybean curd residue is
treated as industrial waste with little market value because of its short shelf life
(O’Toole, 1999). It deteriorates rapidly upon exposure to air because of its low dry

7
matter (DM) and high moisture contents, which vary from 65% to 75% of the fresh
matter (FM) (Amaha et al., 1996; Xu et al., 2001; Yang et al., 2005; Rashad et al.,
2011). However, many nutrients remain in soybean curd residues after the residues have

passed through a filter press. Soybean curd residue generally possesses high nutritive

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






The advantages of ensiling soybean curd residue

Aerobic deterioration begins within half a day during the summer if raw 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 transport, the risk or spoilage and
transportation costs increase. However, if soybean curd residué 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 industrial by-products that contain low 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-nutritional properties 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 digestibility in animals.
During fermentation, extensi\‘le degradation of the nitrogenous compound occurs, which
produces volatile nitrogen (N) that may adversely affect the ruminal fermentation of the
host animal. McDonald et al. (2011) indicated that well-preserved silage should have a -
volatile basic nitrogen (VBN) content of less than 100 g per total N.

Additionally, the generation of silage from materials with high moisture content,
such as soybean curd residue, presents the risk of effluent production during ensiling.
Therefore, soybean curd residue is usually mixed with other drsx’ feedstuffs as an

effective way to prevent nutrient loss, as suggested by Kajikawa et al. (1996). Wang and






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 opén for four days, the lactic
acid content decreased and the pH increased (Amaha et al., 1996). Therefore, re-sealing
after opening the silo is necessary to 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 at
low levels in soybean curd residue. However, Kondo et al. (2006) and Cao et al. (2009)
suggested that the anti-nutritional properties of the feed material could be eliminated by
fermentation. Indeed, a recent study by Rashad et al. (2011) revealed that fermentation
could reduqe the anti-nutritional properties of soybean curd residue. Moreover, they
reported that fermented soybean curd residue has antioxidant activity similar to that of
vitamin E, which could reduce the level of free radicals in the body and thus be useful

as a healthy animal feed supplement.












Unlike the non-ruminants, ruminants have ability to synthesize protein in the
rumen (microbial protein). Ruminal microbes are capable of utilizing non-protein
nitrogen (NPN), primarily ammonia (NHj3) 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 it
will be excreted in feces. The end products from the digestion of dietary RDP in the
rumen are NH; and microbial protein, whereas the end product from the 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 that is
delivered to the 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 of the tracee. For example, the estimation of VFA production
rates in ruminant can be determined by infusion of [1-"*CJacetate (Jinior et al., 2006) or
[1-13C]propionate (Martin et al., 2001), whereas the whole-body protein turnover can be

assessed by infusion of [1-"C]leucine (Leu) (Wolfe and Chinkes, 2005; Waterlow,
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Objectives of the study

Driven by the fact that: i) soybean curd residue is a potentiaily 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, hitrogen balénce, 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

C







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 of body weight (BW) were used. 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 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 to ensure 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-sealed and stored at 4°C 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 2.2. The sheep 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 Figlire 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 23°C and
70% relative hilmidity, 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 finishing of each

dietary treatment.
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continuously infused 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) at a
rate Qf 7.2 umolkg BW*”/h and 2.9 pmol/kg BW*>/h for [1-CJLeu and [U-
BC]glucose, respectively, through the same catheter. The infusion rate of the tracer
solution was recorded every 30 min throughout the infusion period.

The blood samples (6 mL) were taken from the left jugular vein immediately
before the priming injection and 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 from the whole blood samples was separated
by centrifugation at 8,000 x g for 10 min at 4°C and was stored at -30°C prior 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 Soestl et al. (1991) using the Foss Analytical
FiberCap system (FiberCap™ 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. Thén, the capsules were washed in a hot water (3 x 0.5
nﬁg), rinsed in methanol (2 % 0.5 min) and dried in the air oven (130°C for 3 h). After
dried, the capsules were weighed and then ignited in the muffle furnace (600°C for 4 h).

The compositions of 1 L of NDF solution were listed in Table 2.3.
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Each sample (silage extract, ruminal fluid or deproteinized-blood) was mixed with 20%
H,SO4 and MgSQOy, followed by steam distillation. The distilled samples were titrated
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 70°C. The VFA
were measured by gas chromatography (HP-5890, Hewlett Packard, USA), and the
molar concentration of each VFAs were calculated from the ratio of standard area and
sample area, using crotonic acid as an internal standard. The ruminal NH3 concentration
was determined as described by Weatherburn (1967) by mixing the ruminal fluid
sample with phenol and hypochlorite reagents and then incubating the sample in a water
bath at 37°C for 20 min. The absorbance was measured by a spectrophotometer (V-630
BIO, JASCO, Japan) at 625 nm. 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 H,SO4 in the
presence of a catalyst that promotes the conversion of NH; to NH;". The NH,"
molecules were then converted into NHj; gas, heated and distilled. The NH3 gas was led
into a trapping solution. Finally, the amount of trapped 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 (a-KIC) and the
plasma enrichments of [1-*C]Leu and a-[1-*C]JKIC were 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
internal standard, 100 pL of n-Leu (0.5 mmol/L) and 100 pL of ketovaleric acid (KVA)
(0.05 mmol/L). After centrifugation at 12,000 x g for 10 min at 0°C, the supernatant

was applied to a column containing 0.5 mL of cation exchange resin (Dowex S0W x 8,
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form) and 1 mL anion exchange resin (Dowex 1 x 8, acetate form). After elution with
distilled water (2 x 0.5 mL), the glucose fractions were pooled, dried and converted to
pentacetate derivative with acetic anhydride and pyridine. The samples were heated in
the air oven for 1 h at 90°C 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 at 3,000
x g for 5 min at 3°C. 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, 100 uL of
chloroform were added into each glass tube. The derivative was analyzed with GC-MS
with ionization using a 20 eV electron beam, and the fragment was monitored at m/z
314 and m/z 319.

The plasma glucose concentration was determined using the glucose oxidase
method described by Huggett and Nixon (1957). The plasma (200 pL) was
deproteinized by adding 1.8 mL of trichloroacetic acid, and the liquid fraction was
separated by centrifugation at 3,000 x g for 10 min at 4°C. The liquid obtained was
combined with the mixed enzyme-oxygen acceptor 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 37°C 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, NH; and urea, the plasma was deproteinized by mixing 1
mL of plasma with 1 mL of 3% SSA. The supernatant was separated by centrifugation
at 3,000 x g for 10 min at 4°C and then passed via syringe through a 0.45 pm cellulose
acetate filter (Advantec, Japan). Approximately 50 pL of this filtrate was used for the

determination of plasma AA, NH; and urea concentrations using an automated AA
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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<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, propionate and
butyrate) were detected in the silage (Table 2.4). The feeding effects of soybean curd
residue silage on the BW 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 (£<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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The changes in the pH value and the concentrations of NH; and VFA in the
rumen after feeding are illustrated in Figure 2.2. The mean value of ruminal pH and the
mean concentrations of VFA and NHj 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
iniﬁal values by 6 h after feeding. The dietary treatments did not affect the ruminal pH
(P=0.60). The concentrations of NHj, total ruminal VFA, acetate, propionate, butyrate,
and valerate increased (P<0.05_) at 3 h after feeding and subsequently decreased
(P<0.05). Higher (P=0.01) ruminal NH; concentrations were found in sheep fed the
SCRS diet than those fed the Hay diet. The concentrations of acetate, propionate,
butyrate, valerate, -isobutyrate, and isovalerate in the rumen were higher (P=0.03,
P=0.01, P=0.02, P<0.001, P=0.01, and P=0.03, respectively) for the SCRS diet than the
Hay diet. It is resulted in higher (P=0.03) total ruminal VFA concentration for the
SCRS diet than the Hay diet. The molar ratio of acetate to propionate tended to be lower
(P=0.09) for the SCRS diet than the Hay diet.

The postprandial changes in the concentrations of blood VFA are illustrated in
Figure 2.3. The mean concentrations of blood VFA across all sampling time are
presented in Table 2.7. The concentrations of total blood VFA, acetate and propionate
were differed within the sampling time (P<0.001, P<0.001 and P=0.001, respectively),
whereas butyrate concentration in the blood only tended (P=0.05) to be different within
the sampling time. The blood acetate and propionate values measuied for the two diets
increased gradually from the values measured before feeding, reached a peak level at 3
h after feeding and then decreased gradually. The total blood VFA and acetate

concentrations tended to be higher (P=0.05 and P=0.08) for sheep fed the SCRS diet
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Table 2.7. The effects of feeding soybean curd residue silage on blood VFA

concentration in sheep'

Treatment” P value
Item Hay SCRS SEM? Treatment Time  Treatment
diet diet X Time
Total VFA (umol/L) 510 600 30 0.05 <0.001 0.15
Acetate (umol/L) 483 569 20 0.06 <0.001 0.13
Propionate (umol/L) 17 20 2 0.11 0.001 0.20
Butyrate (umol/L) 10 11 2 0.56 0.05 0.81

" Values represent the means from 7 sampling periods (0, 1,2, 3, 4, 5, and 6 h after feeding) 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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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 our
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

It is widely hypothesized that N utilization from food by-products is likely
affected by the quality of the materials and processing methods (Yang et al., 2005; Cao
et al., 2009). Fermentation process increases the solubility of N fractions in the soybean
curd residue silage through the 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 excretionr 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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concentration of VFA and NHj3 in the rumen demonstrated the feasibility of soybean

curd residue silage as energy source for ruminant.

Blood metabolites

Examination of the individual blood VFA 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 concentration in either group, agreed with those observed from the portal vein
by Annison et al. (1957) and from the jbugular vein by Evans et al. (1975). In the SCRS-
fed sheep, propionate might largely removed by the liver for glucose synthesis, whereas
butyrate might be metabolized to ketone bodies in the ruminal epithelium, as suggested
by Bergman (1990) and Kristensen (1998). This may explain the reason why the
concentrations of propionate and butyrate in the rumen were 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,
acetate is less metabolized than propionate and butyrate. The trend toward increasec:l
concentration of blood acetate with the SCRS diet suggests a possible increase in
acetate availability in the body with feeding soybean curd residue silage.

Although the N intake was enhanced with the inclusion of soybean curd residue
silage in the diet, the concentrations of plasma AAs were not significantly affected. It

seems that, quantifying the actual protein supply in the ruminant is difficult because
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Chapter 3

The Effects of Replacing Commercial Concentrate with
Soybean Curd Residue Silage on Ruminal Characteristics,

Plasma Leucine and Glucose Turnover Rates in Sheep







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 of the silage has

-

been described in Chapter 2. The chemical compositioﬂ of mixed hay, soybean curd
residue silage and commercial conceﬁtrate 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 isonitrogenous (NRC, 1985; NARO, 2009) as shown in Table 3.2.
The sheep were fed twice daily at 08.30 and 20.30 h and had ad 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 agiaptation
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 treatment. On day 15, the sheep were
moved to individual metabolic cages in a controlled-environment room, with an air
temperature of 23°C, a relative humidity of 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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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 of the 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=0.11 and P=0.14, respectively) between 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 source of N on the BW gain and N balance in sheep’

Treatment®
Items : SEM? P value
CONC diet  SCRS diet
BW gain (kg/day) 012 | -0.15 0.03 0.21
N intake (g/kg BW7/day) 1.27 1.28 0.005 0.05
Fecal N (g/kg BW*7/day) 0.48 0.45 0.03 0.17
Urinary N (g/kg BW®"*/day) 0.48 0.55 0.07 0.05
N absorption (g/kg BW*”/day) 0.79 0.83 0.01 0.11
N retention (g/kg BW*"*/day) 0.31 0.28 0.02 0.42
N digestibility (%) 62.5 65.0 1.0 0.14

"Values represent the means for n= 4.

% Treatment, mixed hay (orchardgrass and reed cannarygrass) as the basal diet which 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 error of the mean. :
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Figure 3.2. Time course changes of ruminal characteristics in sheep fed the SCRS diet (M) and the
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Plasma metabolite concentrations

The plasma AA, urea and NEFA concentrations determined at the pre-isotope
infusion 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, arginine, and proline concentrations tended to be lower (P<0.10)
in the sheep fed the SCRS than CONC diet; the concentrations of other AA were
comparable between the diets. The plasma NH; and urea concentrations were higher
(P=0.03 and P=0.02) in the sheep fed the SCRS than those fed the CONC diet, whereas

plasma NEFA 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-C]Leu and a-[1-
BCIKIC enrichments were at constant level during the last 2 h of isotope infusion
(Figure 3.3). The plasma Leu and a-KIC concentrations did not differ (P=0.18 and
P=0.13, 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 cohlparable (P=0.23 and P=O;24) between the diets. The plasma glucose
concentration and [U-"*C]glucose enrichment were essentially constant during the last 2
h of the isotope infusion (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 3.7. The effects of the source of N on the plasma Leu and glucose kinetics in

sheep'
Treatment®
Item SEM® P value
CONC diet SCRS diet
Leu kinetics
Leu concentration (umol/L) 135 107 13 0.18
a-KIC concentration (pmol/L) 12.8 10.3 0.5 0.13
LeuTR (umol/kg BW*7/h) 521 507 23 0.74
WBPS (g/kg BW*"/day) 21.7 20.7 1.1 0.23
WBPD (g/kg BW"7/day) 19.8 18.8 1.2 0.24
Glucose kinetics
Glucose concentration (mmol/L) _ 3.34 3.40 0.18 0.68
GluTR (mmol/kg BW®7/h) 2.24 2.14 0.09 027

" Values represent the means for n=4.

2 Treatment, mixed hay (orchardgrass and reed cannarygrass) as the basal diet which is partially replaced with either
commercial concentrate (CONC diet) or soybean curd residue silage (SCRS diet) at a ratio of §0:20 on DM basis.

* SEM, standard error of the mean.

.Discussion
Silage quality
The silage was well preserved, as indicated by the low pH, high lactic acid
content, high Flieg point and V-score. The chemical compositions and organic acid
concentrations were comparable with those observed in previous experiment (Chapter
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 comparable to those reported in raw
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reported that the concentration of NHj in the rumen fluid only affected by the level of
dietary protein intake.

Volatile fatty acids are produced in the rumen as the end product of microbial
fermentation, and their production largely depends on the type of carbohydrate ingested
(Djikstra, 1994). Although the NFC content in soybean curd residue silage (477 g/kg
DM) is less than concentrate (528 g/kg DM), the organic acids in the silage, mainly
lactic acid might be contributed to the higher propionate concentration in the rumen of
sheep fed the SCRS diet than those fed the CONC diet. Previously, Beauchemin (1991)
suggested that NDF concentration in a ruminant diet is positively correlated with the
amount of VFA produced in the rumen. Nonetheless, the lower NDF content for
soybean curd residue silage (150 g/kg DM) compared to the commercial concentrate
(207 g/kg DM) did not alter the total VFA concentration in the rumen. Present findings
demonstrated that replacing the commercial concentrate with soybean curd residue did
not significantly influence the total VFA concentration, indicating similar efficiencies of

energy-source production for both diets.

Plasma leucine kinetics

The primary source of dietary protein affected the plasma AA concentrations in
sheep (Schelling et al., 1967). For the different protein sources in the present study, the
lower concentrations of certain plasma AAs in the sheep fed the SCRS diet might not be
indicative of the total AA supply because the protein supply in both treatments was
similar and sufficient. Thus, the observed lower plasma AA levels were most likely due
to proteolytic activity during the fermentation process, which could alter the

composition of AA in the silage (Ohshima and McDonald, 1978). Another possibilities
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Nonetheless, in current experiment, plasma LeuTR, WBPS and WBPD between sheep
fed the soybean curd residue silage and commercial concentrate were comparable. The
inconsistency with current study possibly related to the species, treatment and diet used.
Moreover, the dietary treatments in cur.rent experiment were approximately isoenergetic
and isonitrogenous, which could have contributed to the comparable plasma LeuTR for
the two diets because the plasma LeuTR was positively correlated with the dietary
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 sources (urea and soybean meal) in sheep fed the isoenergetic and

isonitrogenous diets.

Plasma glucose Kinetics

The GIuTR is influenced by several factors, including the energy intake and
supply of gluconeogenetic substrate to the liver (Ortigues-Marty et al., 2003). The
propionate produced in the rumen is a major glucogenic substrate and a precursor of de
novo glucose synthesis (Herbein et al., 1978). In the present study, the SCRS diet
enhanced the availability of glucogenic substrate and resulted in the similar plasma
GIuTR with the CONC diet. Hence, present findings demonstrated that replacing
commercial concentrate with soybean curd residue silage in the diet of sheep did not
adversely affect plasma Leu and glucose kinetics. Furthermore, the comparable results
for the plasma Leu and glucose kinetics indicated that soybean curd residue silage could
provide sufficient nutrient as well as commercial concentrate, due to its abundant

soluble N and fermentable carbohydrate compounds. Taken together, similar plasma
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Chapter 4

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







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 + 1 kg were used.
Sheep were fed three diets differing in the amount of soybean curd residue silage: 100%
mixed hay (SCRS-0, 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 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 treatments were 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 [ibitum.

The experiment followed a 3 x 3 Latin squaré 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 23°C, 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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The plasma [1-"*CJacetate enrichment and the concentrations of plasma acetate
and lactate were determined using a selected jon monitoring system with GC-MS as
described by Moreau et al. (2003). Briefly, the plasma (1 mL) was deproteinized by
adding 1 mL of 4% SSA and 100 pL of an internal standard containing 0.5 mmol/L of
2-ethylbutyric acid and 0.5 mmol/L. of 4-methylvaleric acid. After centrifugation at
12,000 x g for 10 min at 0°C, the supernatant was collected in a screw-cap glass tube
and acidified by adding 25 pL of 37% HCl. A double extraction procedure was
performed with diethyl ether, and the two phases were then separated by centrifugation
at 1,000 x g for 3 min at 0°C. The upper organic layer was transferred into a new screw-
cap glass tube, and an additional ethyl extraction was performed on the aqueous layer.
After the complete recovery of the organic layer, 100 pL of the organic sample was
placed in new screw-cap glass tube and added with 20 pLL of MTBSTFA. The following
ions were evaluated: m/z 117 and 118 for the [1-*Clacetate enrichment, m/z 117 for

acetate concentration and m/z 261 for lactate concentration.

Calculation and statistical analysis

The turnover rate of plasma acetate (AceTR) was calculated according to Wolfe
and Chinkes (2005).
TR (mmol/kg BW*™/h)=Ix (1/E-1)
where [ is the infusion rates of [1-'*C]Na acetate and E is the isotope enrichment of
plasma [1-"*CJacetate during the steady state.
The WBPS and WBPD were calculated according to Schroeder et al. (2006)
and Harris et al. (1992) and all data were analyzed using the MIXED procedure of SAS

(1996) as described previously (Chapter 2).
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decreased (P<0.001) and urinary N excretion increased (P<0.001) with increasing

dietary silage content in the diets. Increasing the dietary levels of soybean curd residue

silage resulted in an increase (P<0.001 and P=0.001) 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’

Treatment?
[tem SEM P value
SCRS-0 SCRS-20 SCRS-40

BW gain (kg/day) 0.06 0.10 0.1 0.01  0.06
N intake (g/kg BW*"*/day) 1.05° 1.13° 1.20° 0.01  <0.0001
Fecal N (g/kg BW*"*/day) 0.42" 0.31° 0.26° 0.02 <0.001
Urinary N (g/kg BW®"/day) 0.25° 0.42° 0.50° 0.02 <0.001
N absorption (g/kgBW"/day) 0.63° 0.82° 0.94 0.01 <0.001
N retention (g/kg BW*"*/day) 0.38 0.40 0.44 0.03 023
N digestibility (%) 60.2° 73.4° 78.4° 1.1 0.001

0% Means within a row with different letters differ (#<0.05)

! Values represent means for n=46

? Treatment, partial replacement of mixed hay with soybean curd residue silage in the amount of 0% (SCRS-0, at
ratio 10:0), 20% (SCRS-20, at ratio 8:2) and 40% {SCRS-40, at ratio 6:4), on DM basis.

68






7.5 1 20 ~

Ruminal pH
@ N
o [=]
o
o
NH, (mmol/L)
o

8.

6.0 - 4 -
— a .
T 100 - " g 80
3 °
E 801 Eso-
« Y
> 60 1 T 40 1
g 8
[~ 40 - -1 20 -
T 307 I 87
2 a °
E 20{ o b E 64
d, S
g 10 - E E E. B 4
2 2
[+
o o n=:’ 2 -
£ 0
- 071 §1-4'
: 2
E ~ . 1-
g 0s 5:%3:@ %
@ v = ]
T 0.3 1 S 0.6 -
9 o
L >
= 01 - 8 02-
Q 11 6 "
2

0.8 -
E o 5-
£ 06 B
s o 4 -
S 0.4 1 <
Ko
Q
L p.2 r . . 3 . v v

0 3 6 0 3 6

Time after feeding (h) Time after feeding (h)

Figure 4.2. Time course changes of the ruminal characteristics in sheep fed SCRS-0 (@), SCRS-20 (A)
and SCRS-40 ([). The values are expressed as the mean + SEM for n=6. Different letters (a, b) indicate
significant difference (P<0.05) between times after feeding.
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Plasma metabolite concentrations

Concentrations of plasma threonine, valine, methionine, phenylalanine, glutamic
acid, glycine, alanine, tyrosine, arginine and proline did not differ (£>0.10) among
treatments. Whereas plasma isoleucine, Leu, histidine, lysine, serine, asparagine and
glutamine were present at lower concentrations (P<0.05) in the SCRS-20 and SCRS-40
groups than in the SCRS-0 group (Table 4.6). The plasma NH3 and urea concentrations
increased (P<0.0001 and P=0.002) with increasing amounts of soybean curd residue
silage in the diet. The inclusions of soybean curd residue silage in the dicts affect
(£=0.01) the concentration of plasma lactate. The plasma lactate concentrations were
higher (P<0.05) in the SCRS-20 and SCRS-40 groups than in the SCRS-0 group, and
the concentration between SCRS-20 and SCRS-40 groups were similar (P>0.05). The

plasma NEFA concentrations did not differ among the treatments (P=0.85).

Plasma leucine Kinetics

The plasma concentrations of Leu and o-KIC and the isotope enrichment of -
[1-BCIKIC were stable over the last 2 h of isotope infusion (Figure 4.3). The
concentrations of plasma Leu and a-KIC were similar (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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Figure 4.3. Plasma Leu and o-KIC concentrations and plasma a-[1-PC]KIC enrichment in sheep fed
SCRS-0 (@), SCRS-20 (A) and SCRS-40 ([).

Table 4.7. The effects of dietary level of soybean curd residue silage on plasma Leu

kinetics in sheep’
Treatment®
Item SEM P value
SCRS-0  SCRS-20  SCRS-40

Leu Concentration (umol/L) 107 . 105 106 4 0.90
a-KIC Concentration (umol/L) 14.5 15.6 16.0 1.0 0.34
LeuTR (umol/kg BW*™/h) 469 516 572 21 0.17
WBPS (g/kg BW*"/day) 20.8 22.0 22.3 2.1 0.47
WBPD (g/kg BW*/day) 18.4 19.4 19.5 2.0 0.58

! Values represent means forn = 6
2 Treatment, partial replacement of mixed hay with soybean curd residue silage in the amount of 0% {SCRS-0, 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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Figure 4.5. Plasma acetate concentration and enrichment of [1-13C]acetate in sheep fed SCRS-0 (@),

SCRS-20 (A) and SCRS-40 (0).

Table 4.8. The effects of dietary level of soybean curd residue silage on plasma glucose

and acetate kinetics in sheep'

Treatment’
Item SEM P value
SCRS-0  SCRS-20 SCRS-40
Glucose concentration (mmol/L) 3.10° 3.34* 3.42° 0.10 0.03
GIuTR (mmol/kg BW"/h) 1.70 2.12 2.02 0.11 0.06
Acetate (umol/L) 722 811 788 30 0.13
AceTR (mmol/kg BW*"*/h) 5.00 5.26 6.01 0.10 0.08

0¢ Means within a row with different letters differ (P<0.05)
! Values represent means for n =6

2 Treatment, partial replacement of mixed hay with soybean curd residue silage in the amount of 0% (SCRS-0, at

ratio 10:0), 20% (SCRS-20, ratio at 8:2) and 40% (SCRS-40, at ratio 6:4), on DM basis.
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apparent DM and organic matter digestibility in the high soybean curd residue group.

Although there was tendency toward increasing N retention in the first experiment

(Chapter 2), the lack of response in N retention in the present experiment may have

resulted from increasing urinary N excretion.
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Figure 4.6. Schematic diagram illustrated the digestive tract and important body tissues of sheep that are
important sites of movement and metabolism of nitrogenous compound in ruminant.

The average ruminal pH across treatments ranged from 6.4 to 6.8, which is

considered suitable for fiber digestion (Djikstra, 1994). Increasing the dietary levels of

soybean curd residue silage did not influence the ruminal pH, which is consistent with

the results observed in dairy cows with increased dietary protein intake (Ipharraguerre
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infusion. Although in their experiment the energy supply also maintained constant, the
result was contradict to our findings. Some possible causes of these differences are; first
is the different types of protein used; second is the treatment, in which the casein was
infused in the incremental quantities: 3, 1 and 0.1 times of N equilibrium; third is the
microbial degradation of casein in the rumen might be less because casein was infused
directly into the abomasum, thus influence the quantity of AA absorbed in the small
intestine; and fourth is under normal condition, infant and growing animals usuvally have
higher rate of protein turnover than those in the adulthood, as suggested by Wolfe and
Chinkes (2005) and Waterlow (2006).

Furthermore, current experiment demonstrated that increasing level of dietary
CP intake caused by increasing amounts of soybean curd residue silage in the diet
would not enhance the protein synthesis activity of t-RNA synthetase. Previously,
Taillandier et al. (1996) and Kita et al. (1996) reported that the RNA translational
efficiency and fractional rate protein synthesis were depressed in rats and chicks fed a

high protein (30% and 40%) diet.

Carbohydrate metabolism

As discussed in the previous chapter (Chapter 2), total VFA concentration in the
rumen increased when soybean curd residue silage was fed to sheep in the amount of
20% on DM basis, but the VFA concentration did not increase further with higher
amount of silage, as shown by similar concentrations between the SCRS-20 and SCRS-
40 groups in the present experiment. Conversely, the highest amount of silage in the
diet was, the highest concentration of NH; observed in the rumen. 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 NH; in the rumen but not the
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plasma GIuTR tended to increase with increasing amount of soybean curd residue silage
in the diet. Nonetheless, when the SCRS-40 diet was fed to sheep, the plasma GluTR
was similar with those in the SCRS-20. The comparable results between the SCRS-20
and SCRS-40 are likely associated with similar concentrations of ruminal propionate in
the two diets, indicating that high carbohydrate availability in the diets did not further
increase both ruminal propionate concentration and plasma GluTR in sheep.

The plasma AceTR were comparable to those observed in sheep fed mixed
clover and alfalfa hay measured using [1-'*C]acetate as a tracer (Sabine and Johnson,
1964), as well as those in sheep fed mixed orchardgrass and reed canarygrass hay
measured using [1-"*CJacetate as a tracer (Alam et al., 2010). Previous studies on whole
body acetate turnover in cattle and sheep reported that acetate utilization did not depend
on the acetate concentration (Lee and Williams, 1962; Al-Mamun et al., 2009). Our
findings are consistent with these reports. 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 fed at maintenance and those fed at twice of maintenance
level, measured with ["*Clacetate. In current study, although plasma AceTR levels
among treatments also did not attain statistical significance, there was a slight increase
in the AceTR with increasing level of soybean curd residue silage supplementation.
This trend was probably influenced by increasing amount of soluble carbohydrate in the
diets, as suggested by Ballard et al. (1972). The NFC contents in the diets were
increased with increasing level of soybean curd residue silage supplementation; 70, 162

and 254 g/kg DM for SCRS-0, SCRS-20 and SCRS-40, respectively.
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Chapter 5

General Discussion







body nuirient metabolism in sheep. The effects on plasma acetate kinetics were
investigated, in addition to the plasma Leu and glucose kinetics as studied in the
previous sections. Together, these studies described the effects of feeding different
amounts of soybean curd residue silage on whole body protein, glucose and acetate
metabolism in sheep. Finally, the current work to obtain insight into the physiological
and nutritional effects of food residues in the ruminant diet is outlined, and the major

conclusions of the thesis are summarized.

Utilization of nitrogenous compounds

Some feed protein can escape from rumen degradation and another are degraded
by microorganisms in the rumen, which produce NH3, VFA, CO; and other metabolites.
However, there are outstanding questions as how the nutrients in food by products
affect the metabolism in animal body and the value of it.

In the soybean curd manufacturing process, soybeans are boiled before grinding
and filtering. These processes should have profound effects on the solubility of the
résulting residue. Furthermore, during the ensiling process, extensive protein hydrolysis
occurs, which results in more soluble N fraction. Soluble N is generally considered to
be easily degraded by microbes in the rumen and to affect the digestibility in host
animals (McDonald et al., 2011). Many reports have confirmed that supplementation
with soybean curd residue (Chiou et al., 1998; Mlay et al., 2003; Cao et al., 2009;
Hosoda et al., 2012) in the roughage diets increased N intake and digestibility.
Increasing the N content of the diet through supplementation of soybean curd residue
silage also increased the rumen concentration of NHj3, thereby potentially improving

both microbial growth and cellulolytic activity in the rumen. As most typical roughage
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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 consequent loss of the AA that could otherwise be used to synthesize protein, as
suggested by Lobley (2003).

There are several possible reasons why the dietary N intake and ruminal NH;
concentration increased but the plasma AA concentration was not affected by soybean
curd residue silage supplementation. First, the proteolytic activity during the
fermentation process could alter the composition of free AAs in the silage (Ohshima
and McDonald, 1978); second, AAs from a soybean-based diet may be rapidly
catabolized in the body, as suggested by Deutz et al. (1998) and Bos et al. (2003); and
third, a large amount of NH; was absorbed from the rumen into the circulation,
converted into urea in the liver and excreted via urine, as illustrated in Figure 5.1.
Although some N might be recycled back to the rumen as urea from blood and with
saliva flow, Djikstra et al. (1992) suggested that the extent of capture is generally
limited due to a lack of energy. It is also assumed that a high NH; concentration in the
ruminal fluid depressed the transport of urea from blood to the rumen (Baldwin et al.,
1987) and that the recycled N is absorbed again as NH3 when not rapidly incorporated

in microbial mass (Clark et al., 1992).
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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 the
protein turnover and WBPS. The plasma LeuTR levels were 446 and 469
pnmol/kgBW*/h in sheep fed only hay; 507, 514 and 516 pmol/kgBW®/h in sheep
fed 80% hay plus 2—6% soybean curd residue; and 572 pmol/kgBW®"/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 the present study, it appears that, when the diets are
isoenergetic or when the protein supplies are above the animal requirement, whole body
protein turnover and protein synthesis are less affected. With different levels of energy
intake, previous studies reported an increase in WBPS with increasing ME intake in
sheep (Harris et al.,, 1992; Savary et al., 2001), goats (Fujita et al., 2007) and steers
(Lapierre et al., 1999). Moreover, the aminoacyl-tRNA synthetase activity and mRNA
availability would not be enhanced with high CP intake (Kita et al., 1996; Taillandier et
al., 1996). Overall, the present findings showed that the commercial concentrate and
soybean curd residue silage produce similar responses in plasma Leu kinetics in diets

formulated with the same energy intake.

Volatile fatty acid and glucose metabolism

Soybean curd residue silage is rich in fermentable carbohydrates, which are
broken down in the rumen to acetate, propionate and butyrate and small amounts of
branched-chain fatty acids, as illustrated in Figure 5.2. Bergman (1990) suggested that
VFA could contribute up to 70% of the caloric requirements of ruminants. In sheep, the

total ruminal VFA could be increased by incorporating soybean curd residue silage into
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The present study showed that the concentration changes in plasma acetate and
propionate were reflected by corresponding changes in the concentrations of these
substances in the rumen. It has also have been demonstrated that soybean curd residue
silage could enhance the availability of acetate in the animal body. Acetate is used as an
energy source for ruminants (Djikstra et al., 2005). Moreover, some metabolic studies
with 'C-labelled acetate revealed that acetate is the major precursor of lipogenesis in
the ruminant tissue (Hanson and Ballard, 1967; Bauman et al., 1972; Ingle et al., 1972;
Greathead et al., 2001). Indeed, Hirayama et al. (2002) reported an increase in lipid
concentration in the carcasses of goats fed wild grass supplemented with soybean curd
residue (at a ratio of 7:3 DM). In another fattening study, Kakihara et al. (2004)
reported that the lipid composition in the carcasses of lambs fed soybean curd residue
was comparable to that in lambs fed a commercial concentrate. Hence, the present
findings indicated that soybean curd residue silage also has a positive impact on
intermediary acetate metabolism in sheep.

The fermentable carbohydrate content in soybean curd residue silage, which is
mainly starch, increased the ruminal propionate concentration in sheep. Seal et al.
(1992) suggested that 53% of the whole body glucose is derived from propionate. In the
three different experiments in the present study, the plasma GIluTR levels were 1.70 and
1.76 mmol/kgBW*™/h in sheeb fed only hay; 2.10, 2.12 and 2.14 mmol/kgBW*"/h in
sheep fed 80% hay plus 20% soybean curd residue silage; and 2.02 mmol/kgBW*"*/h in
sheep fed 60% hay plus 40% soybean curd residue silage. Although the plasma GluTR
level seems to increase with soybean curd residue silage supplementation, this
difference did not attain statistical significance. Moreover, the plasma GluTR measured

in sheep fed hay supplemented with soybean curd residue silage was comparable to
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Chapter 6

Summary and General Conclusion







and P=0.001, respectively). Although the urinary N excretion was elevated (P=0.008),
the fecal N excretion was low (P=0.001), producing an overall tendency (P=0.07)
toward high N retention in the SCRS-fed sheep. The concentrations of ruminal
ammonia (NHj3) and total volatile fatty acid (VFA) were increased (P=0.01 and P=0.03)
when soybean curd residue silage was fed to sheep. The total VFA concentration in the
blood tended to be higher (P=0.05) for the SCRS-fed sheep than those fed hay alone.
The plasma Leu turnover rate (LeuTR), whole body protein synthesis and degradation
(WBPS and WBPD) remained similar between the treatments. The plas;ma glucose
concentration tended to be higher (P=0.06) for sheep fed the SCRS diet than those fed
the Hay diet, whereas the plasma glucose turnover rate (GIuTR) did not differ between
the two groups. These findings suggest the feasibility of soybean curd residue silage as
protein and carbohydrate sources for sheep.

In the second experiment, the effects of replacing commercial concentrate with
soybean curd residue silage on the plasma Leu and glucose kinetics in sheep were
assessed by an isotope dilution method of [1-">C]Leu and [U-"C]glucose. Two different
dietary treatments, one consisted of 80% mixed hay and 20% commercial concentrate
(CONC diet), and another one (SCRS diet) consisted of 80% mixed hay and 20%
soybean curd residue silage were tested. The dietary treatments were estimated to be
isonitrogenous, and the ME intakes were 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-"*C]Leu and [U-BC]glucose was performed on day 21. Sheep
fed the SCRS diet absorbed and retained similar amounts of N compared with sheep fed
the CONC diet. Moreover, the N digestibility was comparable between the two diets.
The plasma LeuTR was comparable between the SCRS and CONC diets, and no

differences were noted in the WBPS and WBPD between the two diets. The
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tended to increase (P=0.06 and P=0.08) with increasing amount of silage in the diets.
These findings suggested that the dietary level did not significantly influence the plasma

Leu, glucose and acetate kinetics when the diets were kept isoenergetic.

General conclusion

Taken together, the results of the present study demonstrated that soybean curd
residue silage should not be considered as a waste product; rather, it is a potential
energy resource. It has been proved that soybean curd residue silage did not adversely
affect the protein, glucose and acetate metabolism due to its high soluble N and
fermentable carbohydrate contents. The use of soybean curd residue as a feed represents
a better way of recycling food industry wastes back to human nutrition through animal

feeding and the present findings will contribute to the sustainable ruminant nutrition.
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