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Studies on Soypeptide Manufacturing

Technology Based on Microbial Fermentation
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SUMMARY

I. Title

Studies on Soypeptide Manufacturing Technology Based on Microbial Fermentation

IT. Research Objectives and Background

The weaning pigs need high quality proteins. Though vegetable proteins like
soybean meal are cheaper as compared with animal proteins; soybean meal is unsuitable
for consumption as it contains anti—nutritional factors. The use of animal protein sources
like spray-dried plasma proteins and dried porcine soluble makes the pig production
uneconomical because of their higher cost. Hence soybean meal can be a cheaper
alternative if its anti—nutritional factors are removed. One of such products like isolated
soy proteins (ISP) is being used in pigs feed after removing its trypsin inhibitors,
chymotrypsin, urease, [i-conglycinin and other anti—nutritional factors.

The production of processed soy products is not difficult in our country; but the
amount of raw soybeans imported to the extent of 9,600 tons needs additional revenue
of 159 billion Wons. The commonly used processed soy products are ISP, SPC and
HP300. ISP is produced by removing some of the carbohydrates from meal by using
ethanol and then heat-treated. SPC is produced by extracting proteins from the soybean
meal, then neutralization with alkali and spray-dried to contain around 67% crude
protein. The HP300 though comparatively cheaper, but still it has economic impact on
pig production. The objectives of the present research were therefore to manufacture
some alternative cheaper processed soy products with high protein value to reduce feed

cost in the pig production in our country by using microbial fermentation method.

M. Research Scope and Contents

_10_



The methodology is based on the principle that microorganisms utilize carbohydrates
and hence the proteins are concentrated and since microbes are also protein in nature, it
ultimately increases the protein content of the product after fermentation. The unwanted
sugars like raffinose and stachyose are also removed and products with different levels
of protein content can be prepared. The process of developing processed soy product
containing higher levels of protein was selected. After developing such product,
experiments were conducted to know the nutritive value and effects on performance,
nutrients digestibility, intestinal morphology, and immunity in weaning pigs. The
following series of experiments were conducted in order to study the efficacy of the
processed soy-product developed by microbial fermentation. The microbes used for

fermentation were Aspergillus oryzae and Bacillus subtilis.

1) Effects of processed soy protein developed by fungal fermentation on growth
performance, digestibility of nutrients, morphological development and immune
response in early-weaned pigs.

2) Effects of processed soy proteins developed by either fungal or bacterial
fermentation on growth performance, digestibility of nutrients, morphological
development and immune response in early-weaned pigs.

3) Effect of different levels of processed soy proteins developed by bacterial
fermentation on growth performance, digestibility of nutrients, morphological
development and immune response in early-weaned pigs.

4) Comparative evaluation of the efficacy of processed soy protein developed by
either bacterial or fungal fermentation.

5) Comparative evaluation of the processed soy protein developed by bacterial
fermentation with plant and animal protein sources.

6) Development and characterization of optimal processing conditions for producing
high quality processed soy proteins by microbial fermentation.

7) Standardization and mass production of high quality fermented soy proteins.

IV. Research Results and Proposal for Practical Use

1. Research Results

_11_



1) Effects of processed soy protein developed by fungal fermentation on growth
performance, digestibility of nutrients, morphological development and immune
response in early-weaned pigs.

In this experiment different protein sources like SBM, SPC, HP300 and processed
soy protein developed by fungal fermentation (FSP-A) at 8% level each, were fed for 2
weeks and then a common commercial diet was fed to all groups for 15 to 35 d. During
0 to 14 d there was no significant difference in the average daily gain, average daily
feed intake or feed to gain ratio among the treatments but the processed soy products
showed improved growth than SBM though it was not significant. For total period(5
weeks) the ADG was significantly (p<0.05) lower in SBM fed group than other
processed soy products tested, because of lower (p<0.05) nutrients digestibility in this
particular group. Apparent and true amino acid digestibility was also lower (p<0.05) in
SBM fed group, but the processed soy products remained comparable.

The wvilli height and crypt depth were not affected by the dietary treatments but
SBM treated group had lower villi height to crypt depth ratio as compared with other
groups.

The immune cell populations, erythrocytic and thrombocytic counts or hematological
enzymes were not affected by dietary protein sources tested. The basophil concentration
was also not increased by feeding the dietary protein sources. The polymorphonuclear

granulocytes induced chemiluminiscence also remained unchanged in the present study.

2) Effects of processed soy proteins developed by either fungal or bacterial
fermentation on growth performance, nutrients digestibility, morphological
development and immune response in early-weaned pigs.

In this experiment different protein sources like SBM, SPC, HP300, FSP-A and
processed soy protein developed by bacterial fermentation (FSP-B) at 8% level each,
were fed during 0 to 14 d and for 15 to 35 d a common commercial diet was fed. The
ADG was significantly (p<0.05) higher in SPC fed pigs than other diets at all phases of
measurement. All the processed soy products tested in this experiment showed improved
(p<0.05) growth than SBM during all phases of study. The nutrient digestibility for
some of the nutrients showed lower (p<0.05)values in SBM fed group. FSP-A and
FSP-B did not differ with respect to weight gain but FSP-B showed higher nutrients

_12_



digestibility than FSP-A. The apparent and true amino acid digestibilities were also
lower (p<0.05) in the SBM fed group than other protein sources, but when compared
among processed soy products most of the amino acids digestibility’s remained
comparable.

The morphological studies conducted with respect to villi height, crypt depth and
their ratio did not reveal any effect due to dietary treatments though the wvilli height to
crypt depth ratio was numerically lowest in SBM and SPC fed diets as compared with
other protein sources.

The immune cells population, erythrocytic and thrombocytic counts or hematological
enzymes were not different among the dietary treatments. The chemilumiescence induced
by polymorphonuclear granulocytes did not reveal any special effect in processed soy

product fed diets.

3) Effect of different levels of processed soy proteins developed by bacterial
fermentation on growth performance, nutrients digestibility, morphological
development and immune response in early-weaned pigs.

In this experiment the effect of different levels of FSP-B at 3, 6, and 9 % of the
diet was compared. The ADG was higher (p<0.05) in the FSP-B added diet as
compared with non-added diet at all phases. During 0 to 14 d, 6% and 9 % FSP-B
added diet showed higher (p<0.05) ADG as compared with 3 % diet. During whole
period, a linear trend was noticed with respect to ADG. In 6% and 9% FSP-B added
diets there were no significant differences noted on growth performance. The nutrient
digestibility was significantly higher (p<0.05) in FSP-B added groups than non FSP-B
added diet. It was noticed that the apparent ileal amino acid digestibility was improved
(p<0.05) by addition of FSP-B at higher levels.

Villi height, crypt depth and their ratio remained unaffected by dietary treatments
though the ratio was numerically lower in FSP-B non-added diet. No special effect on
morphology was noticed between added and non-added diets.

During the experiment, the population of some of the immune cells was significantly
(p<0.05) lower in FSP-B added diets than non-added diets. The erythrocytic and
thrombocytic counts and hematological enzymes were little lower in added diets as

compared with non FSP-B added diet, but the values were within the normal range.
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The polymorphonuclear granulocytes induced chemiluminiscence did not reveal any
change in added diets. The serum antibody IgG titers were not detected in the
treatment diets. Also the different levels of FSP-B did not have any effect on serum
histamine release. This draw the conclusion that the processed soy proteins used in this

experiment did not contain any allergen and antigen

4) Comparative evaluation of the efficacy of processed soy protein developed by
either fungal (FSP-A) or bacterial (FSP-B) fermentation.

FSP-A and FSP-B were added at the levels of 3 and 6% level each in the diets of
weaning pigs during 0 to 14 d and a common commercial diet was fed during 15 to 35
d. The ADG in non-added diet was significantly (p<0.05) lower than FSP added diets
during 0-2 week and 0-5 week study. The F/G ratio was improved (p<0.05) in added
diets as compared with non-added diet. The different processed soy products when
compared, irrespective of levels, did not reveal any effect during 0-2 week study on the
growth performance. But at 15 to 35 d and overall study (0-5 week), significantly
higher (p<0.05) ADG and ADFI were noted in the bacterial fermented soy proteins
(FSP-B) than fungal fermented protein diets. When levels (3 and 6%) were compared
irrespective of the source, the ADG was higher (p<0.05) at 6% level than 3 % fed
groups only during overall study, but the ADFI and F/G ratio were comparable. The
nutrient digestibility and ileal amino acid digestibility was significantly (p<0.05)
improved in FSP added diet than non-added diet, showing higher digestibility in
bacterial fermented soy proteins than the fungal fermented sources but when the levels
of FSP were compared the digestibility remained unaffected.

The villi height, crypt depth and their ratio were not affected by dietary treatments
but in FSP-B added diet the villi height to crypt depth ratio was numerically higher
than non-added diet and no special effect was noticed on intestinal morphology in added
diet than non-added one.

During the experiment most of the immune cell population did not reveal any effect
of processed soy protein sources. The erythrocytic and thrombocytic counts and
hematological enzymes though significantly affected by dietary treatments but no
particular trend was noticed. The serum enzymes were not affected at 35th day of

measurement. The polymorphonuclear granulocytes inducedchemiluminiscence did not
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reveal any change in added diets. The serum antibody IgG titers were not detected in
the treatment diets. Also the different levels of FSP-A and FSP-B did not have any
effect on serum histamine release. This again draw the conclusion that the processed

soy proteins used in this experiment did not contain any allergen and antigen

5) Comparative evaluation of the processed soy proteins developed by bacterial
fermentation with vegetable and animal protein sources.

SBM, FSP-B, RPC, WPC and FM were added at 6% level each and were fed to
weaning pigs. During the experiment, the growth performance was significantly higher
(p<0.05) in plant and animal protein sources than SBM fed diets. The ADG and ADFI
were significantly lower (p<0.01) in vegetable protein sources (FSP-B, RPC) than the
animal protein sources (FM, WPC). The F/G ratio was not significantly (p>0.05)
different among treatments except during 0-14 day. The ADG was significantly higher
(p<0.05) in FSP-B diet than SBM at all phases of study. But it was not different when
compared with RPC and was lower (p<0.05) than WPC and FM diet only during 0-7
and 0-14 d study. The nutrient digestibility between RPC and FSP-B was similar as
like growth performance, however the digestibility of some of nutrients was lower than
animal protein sources. The ileal and fecal amino acid digestibility for most of the amino
acids were similar among RPC, WPC and FM fed diets.

The wvilli height in duodenum, jejunum and ileum and villous height: crypt depth
ratio was significantly higher in animal protein sources than to plant proteins. Total
bacterial count and lactobacillus were higher in FSP-B diet than other diets. The TBC,
Lactobacillus and Cl perfringens count were higher in vegetable protein sources than

animal protein sources.

6) Development and characterization of optimal processing conditions for
producing high quality processed soy proteins by microbial fermentation.

A. oryzae and B. subtilis were isolated from traditional soybean malt and the
amylase activity was improved by mutation. The processing method contains dehulled
soybean meal steeping low temperature sterilization Microbial inoculation Fermentation

and enzymatic degradation drying at low temperature grinding. This is one ofthe
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methods of fermentation using microbes at high temperature. This increased the CP
content to 55%. Various strains of fungus A. oryzae and bacteria B. subtilis were tested
for their efficacy in increasing the CP content after fermentation. A. oryzae GB-107
increased the CP content to 54.6% after fermentation and also showed higher amylase
activity.

The trypsin inhibitor, oligosaccharides like raffinose and stachyose in soybean meal
were removed during microbial fermentation by protease and amylase causing hydrolysis
and the proteins were concentrated thereby increasing the CP content of the soy
proteins.

In this experiment the high quality soy proteins were produced by microbial
fermentation, which was different and unique compared with conventional methods. The
product developed by this method is better than other commercial processed soy
products, as anti-nutritional factors were low and protein was better dissolved and
concentrated. The microbial protease can produced the peptides with 25 Kda sizes, which

contributes to 70% hydroxylation of SBM as studied by electrophoresi

7) Standardization and mass production of high quality fermented soy protein

The optimal cultivation and standardization for producing high quality soy proteins
was studied. The microbial fermentation condition was soybean meal to wheat bran in
the 1:2 ratio and they induce optimal enzyme activity that can be used for large-scale
production. Optimal conditions were established after measuring the protease and
amylase activity when Aspergillus oryzae and Bacillussp. were mixed in 50:50 ratios
and it increased the crude protein after fermentation. Pilot scale type and packed-bed
type (10 tons/batch) was used for production and moisture was fixed at 40% and stable
high quality protein was produced. To minimize the anti—nutritional factor, the
temperature and microbes were tested which can effectively increase the protein quality.
The best temperature condition was 80C The large-scale cultivation of microbes was
done so that the amylase and protease activity were concentrated. There were no effects
on the quality when it was stored at room temperature for long period. By repeated

trials we have standardized the method of production of high quality proteins.
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2. Proposal for Practical Use

Through these series of experiments we have developed processed soy proteins by
fermentation using Aspergillus oryzae and Bacillus subtilis isolated from Korean
traditional Meju. Superior quality proteins can be produced by this technology as
compared with imported soy proteins by reducing the anti-nutritional factors; and as it
contains small peptides these can be easily hydrolyzed by digestive proteases.

The processed soy proteins (FSP) produced by this method has similar growth
performance, nutrient digestibility and intestinal morphology when compared with
imported soy products tested. Also, as compared with animal protein sources the growth
response and nutrient digestibility were almost comparable. The two FSP products
produced by using different microbial fermentation have higher growth performance and
nutrient digestibility than SBM fed diets.

As these fermented products have less anti—nutritional factors and antigens, they
could be an alternative to the expensive imported soy protein sources and could partly
replace the use of animal protein sources.

Mass production is one of the ways to reduce production cost of FSP at this
moment, which is more competitive to imported products. Currently, 9,600 MT/year of
imported processed soy products are used as feeds in our country with the price of
1,150~2,600 Wons/kg. However, the domestic consumption could be increased if
production cost of FSP is reduced. In the near future, if we could be able to produce
processed soy products at large scale, there can be a possibility of increasing the
domestic consumption and exporting it to other Asian countries thereby generating

additional revenue.
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diFuke] dA g dfue] Fd3 YA o84 dFE MH 5+ Ak Rudolph 5,
1983; Vandergtift 5, 1983; Chag %, 1937). €87} A2d A9 AATEE AiAd
A= AP ELS T84l ¥k (Anderson &, 1979). dlF4f

E WA Hed oldd A= A5 AFAMAAES AAS=H a4 ol (Charg 5,
1987, Herkelman %, 1991; Cheeke, 1998). Z1&iu} dFute] A el ofv| Aty w43}
Fo Agdor I ol&EFo AsHE ZAAAE xIFH(Maillard, 1916, Warnick 5, 1968;
Aherne®t Kennelly, 1985).
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Byl v =28 NoF A& 4385 ety o, 2898 o]lfAatEe] A3 dejes W3tz A
] ]’ HMAE}(O QUIHI’I o, 1997)
g Fuke 27] ol fFAE A w2 vl A sk (Hartman 5, 1961)32 €A1 4

S (Newby %, 1984; Li 5, 1990; Qin %, 1996)& do7|= AR a L oAt}
J o

l-«O
1%
rU
o,

ri

s st vk ol AbEANR Y] A4 - x7] olfAEY YL FFE A
st 98-S sto(Miller 5, 1984), A58 S Hojrmdti(Li 5, 1990). Hall?} Byrne(1989)
= dFdde] gk delo] olf F A= A UelA HHAHAoH, Fo E4e] tFd
ol gk gl A Hukgel o8 fFid & dvkal stk Li 5(1991b) e A
FE& T3 o] f A= vlste] dlFubEs Folgh A=) FE Eol(villus height)= &L,
ok

o] (crypt depth)&= Zlow, &
el Askge] fHAE T s 7
1986; Sohn %, 1994; Qin &, 1996). A=Folol] gk vjFute] v‘i—xﬂ%ﬁ—% AAska g& 4
o2 o]g3ly] 9ty oy rtFHHES] MUt ISP, SPC 18 il
Moz e diFdd AEFSCT o5 JFUFEHE v|aA ol Astgo] AR
(dried skim milk; DSM)®} fFAFFe] (Sohn 5, 1994) AHEALE Y FA1EFS diAs 7] o] £&
Az Lot duk diFutel] nlste] gho] HIRY] wiiel] 4 EAR ) ARG A A= H gt
ISP= &9 diFet 24 diFFolazRe nHdWesgES FE5te] duids ®
2 gtk (Kolar %, 1985; Figure 2-1). ISP vl d s} ofn|yw=Aako] dFeko] =0 w(Table 2-1),
Z49 ANF's7F A9 glt} Lysine &3S 526% 2 83.0%9 3% oln Al 2385
EFATHNRC, 1998). Pond 5 (1971 fedS ISPEZ A 4 d=7tE 293 2y
1 7bE S st e, Sohn §(1994)2 o] f-2kE AFE U] ISPSF DSM Fo F7kol A3
o A F(average daily gain; ADG)9] f2]# <l ez glley, difFutel] HlsiA $-5317
velytta B sttt Chae 5(1997)8 ISPE Fol3d xE=o] AAA g4 FH F(average
daily feed intake; ADFD> DSME& wolgh zEof nlste] fojAoz v vepg o
ADGE FoAQl AFol7h gilvhal ®astgict,

SPCE =, 84 alcohol =+ isoelectric leachingol <3 ©X tiF3F o] =ZHE

IN

A G533 ES AgFor AATgGozHN Aastt(Figure 2-1). SPCE Figure 2-1914
BE vke}l o] UMk SPC, textured SPC 18]3l low antigen SPCQ Al 7}x] dHEjr}t 71
AbE ARE

ar k. ARk SPCe= B4 WFFeolaE 84 alcoholz FEdho] RhE
t}. Low antigen SPCE 484 alcohol T8, 7ML % a8 1l 7FEALE %
A

kol ztE 7HAAZITh Textured SPCE UyF SPCol| JAEF

O

JAERH 7MES F7 20~30%9 &% 120~180T oAl 7}t &toll o] FojAw, o]ejd 7}
TZALE g V5K FxEEE wyg Az

_27_



Soybeans

Cleaning,
cracking,
dehulling

Conditioning
flaking

Full fat flakes

g Crude
Extractioni g oil
Defatted / \
. flak
Protein and carbohydrate SOy TaRes
extraction & Refined
separation Grinding ] Lecithin
soy 1ol
Soy . Soy flour .
. Toasting Extraction
isolate
Dehulled . Soluble
FExtraction
soybean carbohydrate
meal v
Textured Anti-
. soy flour Traditional nutritional
Granulation trat factor
Soy . SOy CONCENLIALE | activation
hull R’ FExtraction /
ulls
Textured soy Molecular
weight
concentrate modification
Y v
Low-antigen
Structured Soybean Functional soy soy
soy isolate meal concentrate concentrate

Figure 2-1. Processing flow chart of SBM, SPC and ISP (Central Soya, 1999).

SPC= ISPl Hlsto] dujd dhafo] wrai(64.0%<F 85.8%), A<l ofn] =4t
S TH(Table 2-1). 22iu} SPCe| ofv|:=qt 3] 435482 ISP Hlske] =A AA =1
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(NRC, 1998; Sohn ‘&, 1994). Sohn¥ Maxwell(1990a)< SPCe] A %A 43482 SBMo
Hjste] 53] oW, DSMETUTE tha wrovh A9 Hs=dk zlox Hustiivth &g
Sohn# Maxwell(1990b) 2] Aol A SPCe] ofr] =it o] 882 DSMe] o] && Kt} tha vt
ARk & AolE YehA = ggtow, SBMel wlsle 493 w2 o448 et
B 13}¢t}h Lenehan $(2003)& o]-FAE A8 W SBM< lysine 7|2 % SPCE thA &l
s mAE 4% HrbstAth o)A Abmdl SBMO 1/2 tA|(14.3%)= ADG
AP o, A% hAl(286%) = g 2AAN JFE v EdIh o=
SBM d %S SPCE A S o ADFIZF ©HA YEhv= o2 Hof Atz 7|sAd &
AE o7l N 71E AR AlsHTh

e, SPC ol & 7h#] 7hEWy & AFE3le] Aatsta 9lom, 7}
7R 7F 7 E Ak Li 5 (1991b)S Absd] diFebeiel] oisk gk
J&ﬁlé ZA8E7] $1skel SBM, 9yt SPC 18]l extruded SPC(ESPC)E o] A=A R W
b 38%, 24% 12]al 24%%E wiskstel woletith ESPCE w3 A=¢ ADGE SBM
Fo§ AE=R =4 Yelhyton F/GE SBM# 9uk SPC Btk AXEHE Aew yE
Wk Friesen 5(1991; 1992)2 o8] tlFd®WAEZod gk F2 JEFH] o] fFAEY
Fiedol mAe J3FS 2AEAT. F24 ESPCE ¥yt SPCell Hlste] ADGSH F/G7F 7N
o7 yegon £ JAeEFA shEed 98] Not #E(dry matter; DM) 43}
&o] Z7hstd vk Rt E3 Tokach 5(1991)% LWk SPCel H]ale] 54 ESPC7}
ADGE 41 7]= Aoz Busglth Burnham 5 (1994)2 A4n 85 dAztstuz &=
F= U2 BS o]&st &3 SPCIF ol f A= 44 eH N Y%L Astes ¥

I AT e Ve 2AREE, 4R E-FF SPCE F93 A= ADGS ADFI
t B-FF SPCRUY Esko), AR E &(feed/gain; F/G)& FAMSIATH B-F% SPCE &
FE&-F% SPCel vgte] DM Astgo] kA N &8hg2 vstdtta ®astaith

F <, ISPY SPCe dA ey da&FFol e g ¥4
FAEAS FRHoR o717 Ydte] Aoy ARE o] &3 A2 hEEol ey
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o g AR g HEYE AASHATE Rooke §(1998)2 o
Ty g EA ks wEglen] SPCe DSMell Hlste] olf F 7d#71A] ] F A #ol
= thal ¥ skt Caine 5(1997ab)S whulz
st AFRE Fold Ao A= oy 9 31 ofu] Al

i
N

do N o
_1\1

N
m
o
N

T oo
k)
3L

upt vAe YR
ahgo] Aol golvtn washgict,

_29_



Table 2-1. Nutrient composition of various soy protein products (as fed)

ISP SPC HP300
NRC Central Soya NRC Central Soya Zhu et al.
(1998) (1999) (1998) (1999) (1998)
DE, kcal/kg 4,150 - 4,100 4,355 -
ME, kcal/kg 3,560 - 3,500 3,745 -
NE, kcal/kg 2,000 - 2,000 2,280 -
DM, % 92.00 95.00 90.00 91.50 92.00
CP, % 85.80 92.00 64.00 65.00 55.00
Fat, % 0.60 0.50 3.00 0.80 2.50
Amino acids, %
Lys 5.26 5.26 4.20 4.23 6.2
Met 1.01 1.01 0.90 091 15
Cys 1.19 1.01 1.00 0.98 15
Thr 3.17 3.31 2.80 2.80 4.0
Try 1.08 1.47 0.90 0.91 1.3
Ile 4.25 4.05 3.30 3.25 4.8
Leu 6.64 6.99 5.30 5.33 7.8
Val 4.21 4.14 3.40 3.44 5.2
His 2.25 2.21 1.80 1.76 -
Arg 6.87 - 5.79 - -
Phe 4.34 4.88 3.40 3.38 5.0
Tyr 3.10 3.31 2.50 2.54 -
(Han, 1999)

HP300> At F1hS =34 2 8}
2 o g Aakwm, oF 5599 o 3
olth, HP300& SPCell Hsto] whulz @%}ol SE(55%9F 65%), lysine® methionine &
ofu| ;= 4ko] sheFe E=rH(Table 2-1). L3y HP300] Aol A<l ofn] it 2442 SPCe o}
el 2T FARBIER ARG AR A E VA E e o ddnh Ee, HP300S
SPCell ®lste] TI9] ghafo] tha x| vk ghuld o] ghefo] vly] wjio] o Be FS ALS
ok & meste] B w AlgW TIO &% ¥uE o]z} glvh

SPCell Hl&] HP300o] thale] ®ar A<l gith. HP300¥} SPCe ME: H]
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o
-
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7 7vo] AZJAELS AAsaL QA vH(3,745kcal/kg 9t 3,724kcal/kg). HP300<] 3]
&z ANG ATAHAE EUR BH-HBRAE HE o 74
I 9lt}. Decuypere 5(1998)2 3% o|fFA=S Ao E ISP, SPC 283 HP3009] =
AEE AAs O A3 HP3002 SPCell Hldte] ADGE oo, ADFIE frAbe:
Ao Yl Az o F/G7F =4 JEbs
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H 3 & Ad7dsd e 2 21

Al A ARAA: FEAR W FadFE 3
, FE 23g, 23719 Feey 2D 2 Wy

HESo mA= G B AT

/\3 ;gr

.4 &

r>~

1A=L A 5 ol FAZMA EFEFYH 45 ddac AYadE
o

=
™ (Mosenthin, 1998), o] & Z2#3 AUALEL o|FA=E AEZFH FF2A

T 3
thoolfAHEARE BA2RE DA gAaY wee] Ud AEdAE H255)
d5te] dga 2383 1540 BR FATAL Aose QREZ WIHEHLee, 2000).

I~

AbEALE ] ARG e AEA dd dse Wk (wheat protein; WP), 5 7
ALk (potato protein concentrate; PPC), A Al EH—‘:r‘%H (isolated soy protein; ISP), 5= U}
T (soy protein concentrates; SPC), HP300 5| th o5 985 <% ISPY SPCe #

JFalAhgEFzEe J5Fag EFal gA ¢ Z}(trypsin inhibitor; TID), 7| 2 EHA oA 2=}

(chymotrypsin inhibitor; CTI), f#l¢}Al(urease), @& (lectins), AF¥ 4 (saponins), ©]4

rlo

Wl (isoflavones) ¥ %2 3 %< A (anti-nutritional factor; ANF’s)e] gaFe vt
AAG 1FA FdAFolrt. 28y o] g FauAFES obHARE ol A
2R %3}5—7 g2 Fdel oEsta e, v urte] AgRA AlReEd FewTt
oA ARGkl AAA o]l Han itk

ka2 A UE
n) A 348k e ¥

WoAEo R AR A ZFAE WIEety] flsko] AAshilvh

R

e o

A
72
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2. A % WY

7t FASE, A@RAA R AR
1) AHFAIE

ALEA S f1El O]%X}%(LXYXD 21+2¢ 4, 4.85i0.66kg) 16875 &Alstol(4A 2], 34t
EoukRT 1457), ol F 25 (0~14Y9)9 3~5F(15~35¢)&E F 5F(3HBY)TF AN ES A
Attt A AE I Aol wel Zhzhe] Ael el ¢k §l ol Al ek it

ANPALEE 54, WPB8%) 18lal SDPP(7.8%) 9159 Abzel SBM, SPC, HP300
ZE]al FSP-A(A. Oryzaeoll &3 Zadisam)s 242y 8%% gHirstslen, ¢4 ofrx
AHS Hrbelol B538k 2] CP, lysine 12 i1 methionineE 33t %2 vl 3tal 9 tH(Table
3-1-1). A8 A5+ 3,300kcal/kg ME, 20.0% CP, 24.7% lactose, 1.55% lysine, 0.80% Ca =L
213 040% Av. P& shfsiglon, nletwls} v Fade NRC(1998) &7 3S S84
U 23ste s skt YA 2stes SA8HY] ko] A AE(Cr0)E EASHAAA =
7}t .

A Al E2F7IZE S AT Rl Ak AR dH_FE Folstlen, o &

g Fol@ F, ol F 15359 7AX BE ATl A AR
]

APE A REE F935Y duto] Zekel =uH(1.9mx2.54m)ol Al A58k o
w =41 Er)E dlS ol &ste] AASIIAAY. AR B2 AFAA Al HIMAGY
oFEL Add AMEEHA] &odth Vel A=e] Al HElE 2 AFAe] B Fske] AA S
At

2) BFisE A Y
s gast &S E 98 ol fAR=E(LxYxD, 21£29%, 553+0.54kg) 15F(GBA 2] 3uH)E ¥
Alsto] Walker “5-(1986)¢] ®Riol wel simple T-cannulas 23 5 Zpz4e] Ao ¢
Aol mixsdh Ag T SBM, SPC, HP300 18]a1 FSP-AlowH, o] &
o the YRES VA dRES AT A obvwit IFAstE S 93l
k3l F2 A~ Al & (nitrogen—free diet) S FoldtAth Al AR E o9
A o 278t Zhzbe] gmd Q97 ¢} corn starche] AR S AASFoH, AAsU A
A ES wddy] 98k a-cellulose(Sigma®)E  AF&39tHTable 3-1-2). Simple
T-cannula g2 & 747 6A1ZF A} 12A1k0] AAS Algatdt. o] F Atz & 7
FAA Ao, datA I Al A AFSEIA T Al E 7S AlFALR ] digE 3U 7] A8
2k 3dzte] 3 AAURE AFH S FAACh



Table 3-1-1. Formula and calculated compositions of experimental diets for feeding

trials (day O to 14)

SBM SPC HP300 FSP-A
Ingredients, %
Whey powder 38.00 38.00 38.00 38.00
Corn 36.64 37.05 36.89 36.92
Deh-SBM (48%) 8.00 - - -
SPC - 8.00 - -
HP300 - - 8.00 -
FSP-A - - - 8.00
SDPP 7.80 7.80 7.80 7.80
Fish meal 5.00 5.00 5.00 5.00
Soy oil 2.00 1.80 1.80 1.80
Limestone 0.60 0.60 0.60 0.60
ZnO 0.34 0.34 0.34 0.34
Vitamin premix’ 0.28 0.28 0.28 0.28
Mineral premix” 0.20 0.20 0.20 0.20
Salt 0.20 0.20 0.20 0.20
Acidifier 0.20 0.20 0.20 0.20
Apramycin 0.15 0.15 0.15 0.15
L-lysine (78%) 0.15 0.02 0.13 0.12
DL-methionine (50%) 0.14 0.06 0.11 0.09
Choline chloride (25%) 0.10 0.10 0.10 0.10
Sulfathiazol 0.10 0.10 0.10 0.10
Mecadox 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Calculated composition

ME, kcal/kg 3,300 3,300 3,300 3,300
CP, % 20.00 20.00 20.00 20.00
Lactose, % 24.70 24.70 24.70 24.70
Ca, % 0.80 0.80 0.80 0.80
Av. P, % 0.40 0.40 0.40 0.40
Lys, % 1.55 1.55 1.55 1.55
Met+Cys, % 0.85 0.85 0.85 0.85

! Supplied per kg diet: 9600IU vitamin A, 1,800IU vitamin D3 24mg vitamin E, 1.5mg
vitamin B;, 12mg vitamin By, 24mg vitamin B6, 0.045mg vitamin Bz, 1.5mg vitamin Ks,
24mg Pantothenic acid, 45 mg niacin, 0.09mg biotin, 0.75mg folic acid, 18 mg ethoxyquin.

z Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 4649 mg Mn, 09mg I, 0.9mg
Co, 0.3mg Se.
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Table 3-1-2. Formula and calculated composition of experimental diets for ileal

digestibility trials

N-free SBM SPC HP300 FSP-A
Ingredients, %
Deh-SBM (48%) - 45.70 - - -
SPC - - 31.00 - -
HP300 - - - 37.00 -
FSP-A - - - - 38.00
Corn starch 40.75 8.59 21.75 15.83 15.10
Cellulose 3.00 0.40 1.75 1.70 1.45
Lactose 20.00 20.00 20.00 20.00 20.00
Glucose 20.00 10.00 10.00 10.00 10.00
Sucrose 10.00 10.00 10.00 10.00 10.00
Corn oil 2.00 2.00 2.00 2.00 2.00
Limestone 0.80 1.46 1.40 1.62 1.45
DCP 2.55 0.95 1.20 0.95 1.10
Vitamin premix’ 0.25 0.25 0.25 0.25 0.25
Mineral premix” 0.20 0.20 0.20 0.20 0.20
Choline chloride (25%) 0.10 0.10 0.10 0.10 0.10
Chromic oxide 0.25 0.25 0.25 0.25 0.25
Mecadox 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00
Calculated composition

ME, kcal/kg 3,494 3,340 3,496 3,396 3,400
CP, % 0.24 20.13 20.00 20.12 20.28
CF, % 297 2.96 297 2.98 2.96
Ca, % 0.90 0.90 0.90 0.90 0.90
T. P, % 0.48 0.48 0.48 0.48 0.48
Lys, % 0.00 1.29 1.30 1.28 1.29
Met, % 0.00 0.28 0.28 0.31 0.24

' Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin Ds, 24mg vitamin E, 1.5mg
vitamin B;, 12mg vitamin B, 2.4mg vitamin B6, 0.045mg vitamin Bis, 1.5mg vitamin Ks,
24mg pantothenic acid, 45 mg niacin, 0.09mg biotin, 0.7omg folic acid, 18 mg ethoxyquin.

* Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 4649 mg Mn, 09mg I, 0.9mg
Co, 0.3mg Se.
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1) ArER A, 9F4 &3H& 2 9 FHTgH 84 &4

ALEA ROl A dolxl AT AlsAAFeRE dFFAF(ADG), ¥ YAE A H F(ADFI)
gl AFRES(F/G)E 248 AT AR B dubdE #2412 AOAC(1990)9] WRiel
ugl EASE A, duA e dEEFIFEA7](Model 1241, Parr Instrument Co., Molin,
ILE A3 er, 282 9A5F =4 (Contron 942, Italy) & AF&3to] &3

Villus height®} crypt depthE ZA3L7] Ysle] 10% formaling o] HEF o] e A
BZ paraffine @ TAHAAZ F 6ma7| 2 Aetsle] azure A%t eosine® GG G H
A5 408 B]& <] microscopedl A S e tHCera 5, 1938).

3% W= ofv=At 42 ARE 2443 FF 105Te 4 6N HCl §fo= 7h4
el A7l § HPLC(Waters 486, USA)E Abg&ste] Bl o, &3 obm|:=ihe 244
FoF 7FERs]l A2l 5 cold performic acid& o2 Abslx g ste] #23} tH(Moore,

1963).
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£7F Luminometer(Berthold LB-9505, Germany)E ©¢]83}¢] chemiluminescenseE =4 3}
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ol ¥ 0~14Uxt AFAIEE wolatdnh ZF diFAE3E AFd A F9AQ Ao+

_87_



Qe Aowm

i

Ebst o uH(p>0.05), ADGS] 49 SBM A7} 7Fa 7w A2 Fol H

gto] FxH o2 v Yelti(Table 3-1-3). AW A& A58 A8 E F93 15~-359
kel AR A mek ZF AP gbe] oAl ztels: YERA @ %Athp>0.05). e A A
AFEA D71 7H0~35)2] AP A S B, SBMO AFRS HA A AMGA S w"ojmel=
Aoz yetytth, AA7|7HS 2 v, ADGE HP300 A2 77F SBM A 2] ol Bl ste] f2]4
o7 EA YEE o (p<0.05), ZFEUFAET ] folAQl AolE: YEAE ekt
(p>0.05). F/G= 78 A3 FolH Aol & yehU A= A Hp>0.05), SBM 2]+

= LB FAE(SPC, HP300 2] FSP)ol vlake] #3402 ) ety

Table 3-1-3. Effects of various soy products on growth performance in early-weaned

pigs
Item SBM SPC HP300 FSP-A SEM!
Day 0~14
ADG, g 315 331 337 327 11.10
ADFI, g 474 461 476 470 3.82
F/G 151 1.42 1.41 145 0.05
Day 15~35
ADG, g 404 443 447 439 6.41
ADFI, g 657 649 665 659 5.9
F/G 1.63 1.47 1.49 151 0.03
Day 0~35
ADG, g 368" 398 403° 394 511
ADFI, g 584 574 589 584 421
F/G 1.59 145 1.46 1.48 0.02

P Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.

U dEx 23e
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Sea e asgel vskel oo o UEhtor (p<005), 7} 713
T = FYAA Aol 7 SIATHp>0.05). SBMO] JFL AstES T T
12 UeuA Qo (p<0.05) FRH o vl ekt 99s &

w3} 5914

sl&ol 9o A

o
2k
o

Feb A Eibel] oAl Aozt gl o=@ Hol SPCe HP300¢ dF-=
FSP-A= tiA7} 7bed Ao = yepwth aA9, SPCS FSP-A A 279 SBM A 2] 77+
12 o9le] A¥glon ol onfr &3 fiFute Algo=
of AbFAAA ] Be TS WA F2UA vEE Aow AlnETh
g WA ofw st 3 FAstE e A= 747} Table 3-1-59F Table 3-1-67 %

o o #A oln Al F A48 o], SPC A 2] & histidine, isoleucine, alanine ZL#] il

=2
Ho
lo
»
ro,
N 2
o
N
N
=
0
I
>,\1

HP300 &7+ isoleucine, threonine, valine, alanine, glycine, proline ZL#] 3 FSP-A+
histidine, alanine, glycine®| &|3#A 3| &4 3tg0] SBM A2 7o H|Ste] FoH oz =4
Y EFSETH(p<0.05).

Table 3-1-4. Effects of various soy-products on fecal digestibility of nutrients in

early-weaned pigs (at day 14)

Item SBM SPC HP300 FSP-A SEM!
DM 78.76" 79.62% 82.09% 80.41%" 0.51
GE 78.02" 78.71%° 81.73 79.31%" 0.57
CP 73.68" 77.49% 7897 75.51% 0.85
EE 64.62 69.35 71.80 68.71 1.50
Ash 43.45" 46.03" 53.41° 48,74 1.52
Ca 40.30 46.38 49.72 45.87 2.41
P 41.49 47.36 49.15 44.46 1.91

® Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.
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Table 3-1-5. Effects of various soy products on apparent ileal digestibility of amino

acids in early-weaned pigs

Item SBM SPC HP300 FSP-A SEM'

Essential amino acids
Arg 81.27 83.61 86.42 87.01 1.07
His 72.40 84.20° 76.65" 8257 1.79
Tle 67.70 81.74° 79.98" 77.85" 2.23
Leu 80.00 86.52 84.76 85.21 141
Lys 79.35 86.44 7854 82.40 155
Met 77.74 77707 77.78 7761 1.17
Phe 72.96 75.78 7894 74.40 1.43
Thr 66.60° 69.41™ 79.55" 76.22" 1.82
Val 64.68" 74.26" 79.86" 75.45" 2.17
Sub-mean 73.63 79.97 80.27 79.86 1.38

Non-essential amino acids

Ala 67.86" 78.92° 81.46" 79.84° 2.09
Asp 86.93 83.08 86.49 88.60 0.08
Cys 78.88 7750 79.80 80.10 113
Glu 85.80 91.06 86.91 89.31 0.93
Gly 6451 71.14% 78.29° 77.16 2.07
Pro 76.58° 79.05" 87.35° 86.29° 1.73
Ser 81.27 83.58 80.54 79.43 1.31
Tyr 77.18 79.71 7716 80.51 1.83
Sub-mean 77.16 81.65 82.60 83.02 1.19
Total-mean 75.18 80.70 81.29 81.24 1.28

abc

Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.

A4 opu| =4t 3] o], SPC A2 histidine, isoleucine, lysine, alanine
8] HP300 #8]++ isoleucine, methionine, threonine, valine, alanine, glycine 12]il
FSP-A+ alanine®| 3F238l&o] SBM A 7o Hsle] Hojxoz =4 YEely
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(p<0.05). AAF AA ofm] At
Yol 2 VERA 3k erh(p>005),

2 ved =39, ﬂ P47 AR 14 obn)x
e A

W ATkl gAE fo Al

Aol &

[eX3
ook

Jel ot sbETiFEas el

%
T A=A e
2b B gdd oM E ThE
Hp>0.05).

Table 3-1-6. Effects of various soy-products on true ileal digestibility of amino
acids in early-weaned pigs

Item SBM SPC HP300 FSP-A SEM'

Essential amino acids
Arg 90.66 91.40 92.25 92.87 0.57
His 80.55" 91.20° 82.62" 87.32% 1.52
Ile 72.70° 86.39" 83.42° 81.29° 2.04
Leu 83.13 90.07 87.44 87.34 1.32
Lys 84.54° 91.24% 82.05" 86.31" 1.45
Met 88.13" 88.26" 95.00" 87.07° 1.26
Phe 81.99 83.79 84.34 80.95 1.05
Thr 91.02* 85.87" 90.56" 86.16" 0.91
Val 81.44 89.47" 90.26" 86.87" 1.31
Sub-mean 83.80 88.63 87.55 86.24 0.92

Non-essential amino acids
Ala 77.49° 86.43" 86.88" 85.43" 152
Asp 89.28 90.46 88.33 90.39 0.71
Cys 81.50 86.82 82.88 85.44 156
Glu 88.02" 93.44° 88.76" 91.22% 0.89
Gly 92.72° 95.62 96.88" 94.77% 0.63
Pro 86.34 86.81 92.90 92.44 1.24
Ser 95.16" 96.26 90.17 90.06" 1.11
Tyr 92.91 92.64 89.11 92.64 1.24
Sub-mean 83.85 91.67 90.43 90.99 0.75

Total-mean 86.01 89.96 83.81 83.32 0.82

® Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.
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TR Eolet §9 ZolE Table 3-1-7¥ Zth §X kole 2t A7k Fo4 A
ol7b Ao (p>0.05), FA A o2 JbFoFhl M7k SBM Al el Hlste] thAi &
A vebstth g9k zolol oAM= FE Foleh Wi AR At fo]Hl ztolE& u
Bl A 2th(p>0.05). T3, 5 Eol:g9l Zolo uHl&o YoM E Azt HolA
Aol & YERW A @ SktH(p>0.05). HIE A s ztel §X Eoligel 2ol g 2%
1 Aol fIAAIRE, SBM A 77F 7 tiFad Aol vjgte] tha sHAl vERsTh
ol SBM AH#F¢ g9 zlole 7ty diFdd AgFEel Hlste] diiHow A&
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Table 3-1-7. Effect of various soy products on ileal villus height, crypt depth and
villus height : crypt depth ratio of early-weaned pigs

Item SBM SPC HP300 FSP-A SEM!
Villus height, /m 317 327 324 319 5.23
Crypt depth, /m 217 218 214 213 3.06

Villus height:
Crypt depth

1
Pooled standard error means.

147 1.50 1.51 151 0.04

7t Agtd g% Mg FAHANE Table 3-1-83F 2t Al A 3o & W
4 Fo] ZF FAELY FolH Aol BAEA gk, of&y LT, "I, g
SARe Froll oM e FoA e WStE Fol B o glAtHp>0.05). 53], & Al A
BAS zZte= SAVIAAME =, basophild] L AA dFEHHAE FojFoA A BF
oA ekt

9}]\0%]‘11':— _<|2|_o A 9}]\?‘:‘ Eﬂ:‘ﬂ'%‘ 1%@' "F m%lﬂr(p>0.05). 1‘311 H ?j:rL
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Table 3-1-8. Effects of various soy products on the immune cell population in

early-weaned pigs

. Leukocytes1
tems
SBM SPC HP300 FSP-A
Initial
WBC, k/ut  13.67+3.63" 12.82+3.65 12.98+358 13.18+1.59
NE, k/ub 3.91+0.77"% 3.87+0.71 3.55+0.62 3.74+0.81
LY, k/ul 5.95+0.99%% 6.00+0.91 5.99+0.98 5.94+1.01
MO, k/ub 2.98+0.64™ 3.07+0.71 2.87+1.19 3.01+1.03
EO, k/ul 0.30+0.08~% 0.28+0.07 0.29+0.08 0.29+0.08
BA, k/ul 0.03+0.02%% 0.04+0.01 0.04+0.02 0.04+0.02
After day 14
WBC, k/pl  14.01+1.75% 13.34+2.57 13.99+2.09 13.27+2.15
NE, k/ul 6.54+1.59™ 6.22+1.41 6.13+1.44 6.02+1.68
LY, k/ul 5.90+1.78% 6.11+0.98 5.92+1.09 5.81+0.91
MO, k/ul 2.17+0.88™ 2.72+1.01 2.58+0.99 2.37+1.12
EO, k/ul 0.33+0.07™ 0.34+0.09 0.33+0.13 0.34+0.10
BA, k/ul 0.05+0.02~% 0.04+0.02 0.05+0.03 0.04+0.02
After day 35
WBC, k/pl  13.13+3.44% 14.12+2.35 14.06+1.86 12.62+3.54
NE, k/ul 4.15+0.99 3.89+0.97 4.34+1.58 3.90+0.89
LY, k/ul 6.01+0.98%> 5.95+1.01 5.78+1.23 5.69+1.41
MO, k/ub 2.45+0.70™ 2.85+0.67 3.06+0.90 2.73+0.56
EO, k/ul 0.30+0.09~ 0.29+0.07 0.30+0.09 0.29+0.08
BA, k/ul 0.05+0.03% 0.04+0.01 0.04+0.02 0.05+0.03

' Values are mean + S.D., N=6.

NS Values within the row are not significant at p<0.05 by Duncan’s multiple range

test.
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Table 3-1-9. Effect of various soy products on hematological values in early—- weaned

pigs
Ttems Erythrocytes and Thrombocyte
SBM SPC HP300 FSP-A
Initial

RBC, 10%/mrf 3.20 2.90 3.34 3.02
MCV, g’ 56.50 55.60 52.70 57.49
RDW, % 24.61 23.47 25.73 27.12
HCT, % 16.75 18.35 15.21 17.03
PLT, 10*/mr 15.36 19.24 1552 17.32
MPV, m’ 8.39 750 8.07 8.94
WBC, 10%/mr 12.37 13.59 14.64 13.73
Hb, g/de 5.24 5.34 5.67 4.93
MCH, pg 15.86 16.14 1547 15.92
MCHC, g/dl 25.82 26.97 27.05 28.15

After day 14
RBC, 10%/mrf 3.00 3.12 3.12 3.12
MCV, m’ 58.50 54.91 54.91 54.91
RDW, % 26.12 29.20 29.20 29.20
HCT, % 18.15 16.23 16.23 16.23
PLT, 10%/mr 19.65 19.33 19.33 19.33
MPV, m’ 8.98 8.41 8.41 841
WBC, 10°/mr 13.72 13.35 13.35 13.35
Hb, g/dt 4.74 5.31 5.31 5.31
MCH, pg 15.90 15.82 15.82 15.82
MCHC, g/dt 26.28 25.85 25.85 25.85

After day 35
RBC, 10%/mr 343 3.39 3.39 3.39
MCV, m’ 49.30 50.93 50.93 50.93
RDW, % 20.57 21.20 21.20 21.20
HCT, % 16.99 17.27 17.27 17.27
PLT, 10"/mr 12.75 22.53 22.53 22.53
MPV, 7.95 9.47 9.47 9.47
WBC, 10%/nr 11.97 14.37 14.37 14.37
Hb, g/dt 5.02 5.10 5.10 5.10
MCH, pg 14.62 15.17 15.17 15.17
MCHC, g/d¢ 29.67 29.83 29.83 29.83
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4% AQTAL YaWA FAE BAD AFE Table 3-1-99 2k A@ANA W5
AW Aawe 7 grun AE Fo490 o7t YA (p>0.05), Fel 27 F
s ARERAL FA gelNE FelAe Aozt gl Aow ZAHATHE>0.05). Ao
o oobmliste] HolEa $e AT A Table 3-1-103 wow] WMATAst A7
o BAASE bR AF BaAC] AR 4 oFay ik fol4 gl Aol

Table 3-1-10. Effect of various soy products on change of hematological enzyme in

early-weaned pigs

Items SBM SPC HP300 FSP-A
Initial
AST, w/ ¢ 46.70 49.80 52.50 47.70
ALT, w/ ¢ 46.60 45.70 43.80 46.80
ALB, g/d¢ 2.23 2.10 241 2.23
BUN, mg/de 6.39 712 6.56 5.97

After 14 day

AST, w/ ¢ 42.70 40.80 42.20 37.70
ALT, w/ ¢ 40.60 47.80 46.80 40.20
ALB, g/de 3.43 3.11 3.89 2.96
BUN, mg/de 8.25 8.15 7.89 8.92

After 35 day

AST, w/ ¢ 48.30 63.5 54.50 51.50
ALT, w/ ¢ 39.70 50.5 45.00 48.50
ALB, g/de 2.65 2.45 2.70 2.30
BUN, mg/de '7.50 8.50 7.03 7.00

2) %39 chemiluminescence

AE Atz BEQTFEEe Hrle wE A& g d  wE L (polymorphonuclear
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granulocytes)?l Z5 7 2 basophil®] HY wr&o] ol&te] W3 %= chemiluminescence®l
MAE e BT A3 Table 3-1-113 2. ARMAA SBME 7]Fo2 dto] Ha
stul B o] 25 9 AFASTEA BT 24zl by dirdd Ao fo4d e
Wt Solsh g2 AEEA Z ok (p>0.05).

.

Table 3-1-11. Effect of wvarious soy-product on the polymorphonuclear granul-

ocytes(%) induced chemiluminescence' in early-weaned pigs

Item SBM SPC HP300 FSP-A

Initial 100" 102.6+4.5 99.4+8.5 103.9£3.4
After 14 day 98.3+11.3 104.9+£9.3 105.3+£3.2 102.1£11.1
After 35 day 100.8£8.1 106.7£12.8 106.1£5.7 106.8£8.9

1
Values are means + S.D., n=3.

¥ 100% = 4.044 + 10° cpm (cpm = count per million).

4. 8 ¢

SBM A9 7bg diFey M tEel wstel A An Y 2nad o] #
o|#Q) #o] & vhehil A e »} QA b o

of e gl A}%%Ol 8962 A% A}
| wEow Amsoldt FoRThE
o7} glo} 71Ee] A FHue wEEENo R A

f
=
I

z
S
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% 2
Fi 23S, 23719 FHHY Y R WY ¥
AR e g B8 AT

.4 8

ke ThSel Al Folske b AAHYI nEde AeA dUdE dRRA S5
ofo] AAgh wiehe AR FFI ofbv At A4S ZHAl Fk(Seerley, 1991). Lyt
ofd 7h59 Abzelle ARE ol AFdE T o] FAkwmoel o] WiFuhE wre whEld Asts S
7FAH dA Al A 9L 5, 1990; Qin 5, 1996)S 2
ket FAS ek okt delE RS E A AR AA gl oste] 4
stjE 4tk 100CelA 1524 % 7hdskd Dol of = 95%0l7e] s E v
(Cheeke, 1998), & AEoA] ZRInkSS Uo7 allergens Foll WluA oA soh(Li
5, 191a). =3k A= 5 lecting #HAAZ 4 A2 raffinose®}t stachyose %
I 72e 27 13 (oligo-saccharides; 0S)¥ A4 o FgHHog TAAT|A Esh
(Lalles, 1993).

# <, ISP, SPC, HP300 &3 #o] @Ay daSFE
NF's¢ d&E4dS a4
TRl JtEol gk 2 Ade] AgH LEUFENS TIE E8A43A7] OSE
AAE7] $18te] A oryzae®t B. subtilis 5o &3 waw
Al & 5= endopeptidase®t glucoamylaseE #H|3S
z+z} TI9F OS7F A AEh d5Fuke] wastgo M A oryzaes B. subtilisith TIg OSZE
AAst= o BHAQ Aow yetwrh =3k, o] Sheko] lolM e o AlSFIke] Zb

!
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2} 53%¢%t 58% = uEwth wEkAd B A2 F rFESH AddE dadgFdy 3
FAA B eelaude] g Wk} ol mME A= A, dEE 238, 2379 FH G
A odd 9wl wkSo] mAl= e 2AMSke] V1] viFda B o] A A

o
HAE BAsaA A
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1. A5 2 ¥y

7t FASE, A@RAA R AR
1) AHEA R
ALEAIE S 918 ol - AFE(LxY <D, 23+3¥Y®; 5.86+0.45kg) 210F+5 FAlste], Ay A
<ol wet 5A ] 3wk 14570 ghdle wiAstATh AlF IS ol F 25(0~14
)9t 3~5F(15~3HA)E Hro] F 55759 AA AT
A A gEE 2559 WPSIF9 Also] SBM, SPC, HP300, FSP-A(A. oryzaeo] <3t
Ui Fa) el FSP-B(A. oryzae®t B. subtilis®] E-gto] 93 wagFa)= 7}

747}

Hjgtsllon, 553 e CP, lysine 7183 methionineE FF3l=s FA ofv=
o

-

OO/Z\J )=

e AEIATHTable 3-2-1). APAR Anzdel BE FFE Axds7] 95
T, W 2 Ao =S AlQR BE RS2 T &S AMRslth Al@A
59 AT+ 3300kcal/kg ME, 20.0% CP, 24.7% lactose, 0.80% Ca, 0.40% Av. P,

1.55% lysine?} 0.85% Met+Cysollom, 71et HlEt 3 FEHAL NRC(1998) &7%S 5
AU 2 EE st ddA AskES FAY] fste] A AF(Cr0)s Ba
SPA A A 2 7be Tk

Ef7IZE FeE A FRgle] duk A#E g&fE Foddden, off F 0~14%
HA N EAL RS 3 5 15~359 74A BE Aol dut
sttt A= HP%A Auro]l &2kl =W(1.9mx2.54m)oll Al AbSsk g on, EALe] 3] =
We ol gate] A V|t drh Atret B AFA AR, A7V FES A AE

4 itk J1E AES] AgRes B aPe] g Eakol AAsY

2) 3F &38& A E

g 2staSAS Y o) FAFELXY XD, 22+29%  548+0.3%kg) 18F(6*2] 3ukE)E
Alete] Walker 5(1986)¢] dFH ol wel simple T-cannula® &2bsl & z-zko] 2 g] Lo
Aol wixgtct. el = SBM, SPC, HP300, FSP-A 18|31 FSP-Blow, ol &
AYE ol9o] g U552 WA dEES AHSSIATh A A ofu it A3g
g2 g 44 A} (nitrogen—free diet)= st Al
INEE 553 T4 dNAR2039%)s FHstes stlom, @l FExfold wE
z}o] = corn starch® A3 HTable 3-2-2). Simple T-cannula %%
Fob 1247k e] A2 S Attt ol % Alg et =2 AFAA Al ow, ZbZbe] gk o] A

oA AbssEA T

om

Mo 1 o

o
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Table 3-2-1. Formula and calculated compositions of experimental diets for feeding

trials
SBM SPC HP300 FSP-A FSP-B
Ingredients, %
Whey powder 38.00 38.00 38.00 38.00 38.00
Corn 36.64 37.05 36.89 36.92 36.97
Deh-SBM (48%) 8.00 - - - -
SPC - 8.00 - - -
HP300 - - 8.00 - -
FSP-A or B - - - 3.00 8.00
SDPP 7.80 7.80 7.80 7.80 7.80
Fish meal 5.00 5.00 5.00 5.00 5.00
Soy oil 2.00 1.80 1.80 1.80 1.80
Limestone 0.60 0.60 0.60 0.60 0.60
Zn0O 0.34 0.34 0.34 0.34 0.34
Vitamin premix’ 0.28 0.28 0.28 0.28 0.28
Mineral premix” 0.20 0.20 0.20 0.20 0.20
Bactacid 0.20 0.20 0.20 0.20 0.20
Apramycin 0.15 0.15 0.15 0.15 0.15
L-lysine (78%) 0.15 0.02 0.13 0.12 0.08
DL-methionine (50%) 0.14 0.06 0.11 0.09 0.08
Choline chloride (25%) 0.10 0.10 0.10 0.10 0.10
Sulfathizol 0.10 0.10 0.10 0.10 0.10
Mecadox 0.10 0.10 0.10 0.10 0.10
Salt 0.20 0.20 0.20 0.20 0.20
Total 100.00 100.00 100.00 100.00 100.00
Calculated composition
ME, kcal/kg 3,300 3,300 3,300 3,300 3,300
CP, % 20.00 20.00 20.00 20.00 20.00
Lactose, % 24.70 24.70 24.70 24.70 24.70
Ca, % 0.80 0.80 0.80 0.80 0.80
Av. P, % 0.40 0.40 0.40 0.40 0.40
Lys, % 1.55 1.55 1.55 1.55 1.55
Met+Cys, % 0.85 0.85 0.85 0.85 0.85

! Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin D3 24mg vitamin E, 1.5mg
vitamin By, 12mg vitamin By, 2.4mg vitamin B6, 0.045mg vitamin Bi2, 1.5mg vitamin Kas,
24mg pantothenic acid, 45 mg niacin, 0.09mg biotin, 0.75mg folic acid, 18 mg ethoxyquin.

2 Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 09mg I, 0.9mg
Co, 0.3mg Se.
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Table 3-2-2. Formula and calculated composition of experimental diets for ileal

digestibility trial

N-free SBM SPC HP300 FSP-A  FSP-B

Ingredients, %

FSP-A or B - - - - 37.58 35.36
HP300 - - - 37.00 - -
SPC - - 31.20 - - -
Deh-SBM (48%) - 45.66 - - - -
Corn starch 31.15 6.95 25.37 18.01 17.12 19.67
Cellulose 3.00 - - - - -
Lactose 30.00 20.00 20.00 20.00 20.00 20.00
Glucose 20.00 10.00 10.00 10.00 10.00 10.00
Sucrose 9.00 9.00 9.00 9.00 9.00 9.00
Corn oil 2.60 4.70 0.60 2.20 2.40 2.00
Limestone 0.80 1.44 1.40 1.63 1.46 1.48
DCP 2.55 1.00 1.20 0.95 1.10 1.05
Vitamin premix’ 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix” 0.20 0.20 0.20 0.20 0.20 0.20
L-lysine (78%) - 0.21 0.19 0.22 0.22 0.30
DL-methionine (50%) - 0.14 0.14 0.09 0.22 0.24
Choline chloride (25%) 0.10 0.10 0.10 0.10 0.10 0.10
Chromic oxide 0.25 0.25 0.25 0.25 0.25 0.25
Mecadox 0.10 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00 100.00
Calculated composition
ME, kcal/kg 3,470 3,464 3,494 3,464 3,465 3,459
CP, % 0.24 20.39 20.39 20.39 20.39 20.39
Ca, % 0.90 0.90 0.90 0.90 0.90 0.90
T. P, % 0.48 0.48 0.48 0.48 0.48 0.48
Lys, % 0.00 1.50 1.50 1.50 1.50 1.50
Met, % 0.00 0.35 0.35 0.35 0.35 0.35

! Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin Ds, 24mg vitamin E, 1.5mg
vitamin B, 12mg vitamin B, 24mg vitamin B6, 0.045mg vitamin Bz, 1.5mg vitamin Ks,
24mg pantothenic acid, 45mg niacin, 0.09mg biotin, 0.75mg folic acid, 18mg ethoxyquin.

2 Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 0.9mg I, 0.9mg
Co, 0.3mg Se.
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AR o] 25 F ga ARk AE AdEALRE Fo] 3F
E1

A1
o HAdgom MBEHAFE S/ Aste] APAE Fol 2F T AW ARE
* o

AEALRE §9 35 Fo FolF FE Atz FAE SAsATh BAR AH=
AlEAL R Jo] 27 & A7t =R AfFHEAT BARE AFH F 60T dFAx7]
A 72417 AZAA Imm HAF Wiley millZ 2 F 248 wj7tx] JF Bk

AU SR o]5shA WstE #HEY] fete] AFFAIE JHAIH ] AP EFAA T2
AR AFE B on, AR Fo 25 Foll 47t =W o2RE 1F(AHYT 47, F
205)% m=AF 5 osjEEle] 2] 25%, 50%, 75% HES A&t AdsE AFH 5 10%
formalin & 9ol A3t} FAIAW A o2 #2e w7 W HaAsd

3% ‘H%%% 3A7e AS713ko] vt ¥ 4dA H= EHEHGURN AusEiE A
S4B 3 WE=o AL
AEE 80T Wedzx7](Samwon Inc, Korea)olr W& 71x3}
Imm™AL wiley mille #3435 ofv]=2bS 457 A7bA] W Basdth
WSS EA87] fete] AFMAE =RTE flol 479 A= APAE 5ol 2
T ok AAFTRA 47 A 4FA(F 207) AW mRE dHE Ao heparin
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o A8 FH 2 4
1) AERA, 9F4E &23+& 2 FY FHEH 54 £4
AFEA A HolH AFI AlRAFHA R AFEA HADG), ¥ UAEAF Z(ADFI)
283 ARESF/GES EASAT AFsSE 2o dubdE 412 AOAC(1990)9] i o
ugl EASE A, duA e dEEFIFEA7](Model 1241, Parr Instrument Co., Molin,
ILE A3 er, 282 9A5F =4 (Contron 942, Italy) & AF&3to] &3
Villus height®} crypt depth= =437l $938te] 10% formaling o] HEF o] UE A
= paraffin® 2 ZAAZ & 6umA7] 2 AE3te] azure A9 eosine® I AT GAE
A5 408 B]& <] microscopedl A S e tHCera 5, 1938).
3 WEEY ofnx4t BAE ARE 24417 B¢ 105ToA 6N HCl &0z 7h4
el A7l § HPLC(Waters 486, USA)E Abg&ste] Bl o, &3 obm|:=ihe 244
FoF 7FERs]l A2l 5 cold performic acid& o2 Abslx g ste] #23} tH(Moore,

1963).
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T
b e nE AE, GAset % BaN 24
WARAAL 24 A% Foky e AEY ARUontE APste] de do

S heparin®.® &3 vialo]l Hol F B#I ke AFN A7 (Hemacyte',
oxford science, INC. USA)E ©¢|&3sto] W& F4(WBC), 4&+4(RBC), &5 7(NE), ¥3}
T(LY), ¢dFMO), ZAFFHEO0), THF(BA), sIZ==29(Hb), svfEaRATCT), 4%
(PLT), B3t AE7EHMCV), H 42+ 2FMCH), B+ A+ A5 =(MCHC) &
7| EAE FSASAT of&d @AW SAldte 24T T3 dobd do]EA(ALT),
of =T El A o] EA(AST), ¢HF(ALB) ¥ d% SAHEA(BUN)S WstE FAsto] o
FebEle] wiste] mE JEgFS FEISATH

) g8 WE o] chemiluminescence 574
|

1:0[A
1‘

ZEo] AW o 2 HE heparin(10U/ml)e] ¥3+% vacutainerE ©|&3to] dAS A3
st % Double-density Percolls ©]&3te] FIFo2HE = tfys] WdFE Felsta a3
9] mononuclear cellZ2%-E = monocyteE #£28to] chemiluminescence =4 -8 medial

pheno red’b $fr¥# 22 1%9 BSAZF d7bd RPMI-1640 wjxlol Z+7F 1 x 10°/ml¥} 5
x 100/m=2 HMEES 1A4gs & exmeo] WMo wWE respiratory burstA] A EFE
reactive oxygen(RO)E =743}7] 93le] luminols amplifier® 3Fo] ARAe] 587 Oy ¢ W
AS SZAZF o HA C3be opsonizationA] 7] zymosan particleS stimulator® 3}e] 40
£-7F Luminometer(Berthold LB-9505, Germany)Z ©]&3}o] chemiluminescense® =743}

%o,

3 EAR &
%—w AP AT doa 23ke HlolHE SAS(998)¢] GLM RAE o] §3te] Hzx
SO A4S ANHGw, FALg A PO BAGG 4E A4 W dlo]

52 SAS1998)¢] GLM AAkE o]-&3te] Duncan®l v 8o= Fo4 A HAASHA
ct.

3. 49 2 3F
7b AR AE 2 LR 25 E

AFEAA A E AT Table 3-2-33 2tk AJgAlE Ho]7]7H0~14Y) 59 SBM # g
T2 ADGE 7Hg S e A2 FEo Hste] foHoz A L}E}ﬁgttl SPC =72

IUE

0

_52_



ADGE= ©& ZhediFdio] vgte] fojHow =A YEWHH(p<0.05). ADFIC] 3lo] SPC
©} HP300 A&7 SBM Aol Hste] fFold oz A veps o (p<0.05), HaoF
o AP F(FSP-A9F FSP-B)= SBM  Agl7ek F94 Aols el ghgkrh
(p>0.05). 1832 SPC AT+ thE& Aol Hlgte] F/G7F fFo4 o2 MAaHE o=
Ve o (p<0.05) HEWF Y A FEe] F/GE SBM At §9%8 AolE e}
WA eFktH(p>0.05). duk Al#HE AHE AFEF]7]7H15~35%)e lolA Tkl e
A= SBM Aol Hlste] AR AR S AN TE A2 vEr T

AA A7l A SBM A2l e] ADGE 7 tiFe e FEd vste] foA o
2 9A vEtg e ADFIE FSP-A AgFE Aesta, 713 diFdd M5 SBM
Aol vate] fFeojH oz =A YeEth(p<0.05). F/GE FSP-B A +& A9e 7%
g HE 5] SBM Aol Hlste] oA ow faEs AeR YETHp<0.05).
g o Fe A2 IHESP-A9F FSP-B)o] Abd A& vlalste] B, fro 2l zte] 7t ¢l
RO Hp>0.05), AFEAFH ol o= FSP-B A g7 FSP-A Attt ti =4 o
Ebk

Table 3-2-3. Effects of soy proteins fermented by different microbes on growth

performance in early-weaned pigs

Ttem SBM SPC HP300 FSP-A FSP-B SEM'
Day 0~14
ADG, g 267¢ 291° 282" 280" 281" 2.21
ADFI, g 430° 446" 449 431" 443 2.79
F/G 1.60™ 153 157° 1.60° 1.61° 0.01
Day 15~35
ADG, g 430¢ 477 461°° 453" 469 4.69
ADFI, g 684" 711° 700 685" 704° 3.56
F/G 1.56 1.49° 1.52% 151 153" 0.01
Day 0~35
ADG, g 369° 403 391" 389" 390" 3.02
ADFI, g 582" 605" 599 584" 599 2.71
F/G 1.58° 1.50° 153" 154 1.55% 0.01

P Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.
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& SAA¥= Table 3-2-40 AA ] dvk. SPCe FSP-B A2 4
stgo] Qo] tE A FEe] Hlge] folHom A yEwowH
o 3t&2 SBM# FSP-B Ag77F th& A5 Hlgte] foxoz
A YERSEHH(p<0.05). SBM A= Zhe tirdd A arRu GFn Asksol o] o
A2 vk AgS e

FSP-A A7 SPC Aol Hste] A2 w2 Jddh 23&S UERHo,
HP300 A&l 7-¢t= A= oAl ztol& YeERA &kth(p>0.05). FSP-B A2 79 7
9 HP300 2]l Hlste] @md 43l&S AQfstal, A9 BEE J%h 2st&olA TrA
20l 2ol 2 UEFATHDP<0.05). SBM3F FSP-A @] 7o f2ol ¢l Aol7t gl Aoz
B tH(p>0.05).

FSP-A¢} FSP-B A& vluste] & wj, FSP-B A g7} FSP-A A& T H]s}
A, 2eMA g3 Qo] xstgo] FolHoF i e THp<0.05). HE FSP-ASt
FSP-B A 7te] AP AL Fo)H2l Apoli= SIAATHP>0.05), Fda 2gh&o] glofA
v FAACE A=A e

v

Table 3-2-4. Effects of soy proteins fermented by different microbes on fecal digestibility

of nutrients in early-weaned pigs (at day 14)

Item SBM SPC HP300 FSP-A FSP-B SEM!
GE 79.10° 82.57° 80.79° 78.90° 82.52° 0.46
DM 79.85" 82.80° 80.47° 80.34° 82.66° 0.36
CP 66.72° 73.85° 71.49° 68.20° 73.49° 0.84
EE 51.65% 58.58% 40.92° 49.09% 62.24° 2.98
Ash 50.10™ 57.07° 48.87° 55.54% 56.35° 1.25
Ca 43.44° 50.21% 45.91° 4550° 52.41° 0.95
P 44.01" 48.50™ 40.84° 51.61° 47.87" 1.20

B Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.

_54_



Table 3-2-5. Effects of soy proteins fermented by different microbes on apparent ileal
digestibility of amino acids in early-weaned pigs

Ttem SBM SPC HP300 FSP-A FSP-B SEM!
Essential amino acids
Arg 79.01° 82.92% 85.62° 87.15" 84.40™ 1.01
His 75.27° 83.53" 75.28" 81.43™ 82.74% 1.26
Tle 70.99 81.62° 79.96° 79.97 79.33° 1.12
Leu 7759 85.95 83.87 82.16 83.14 1.26
Lys 7891 85.87 77.28 8257 84.10 1.34
Phe 80.40™ 83.56™ 85.99" 82.34" 82.48" 0.60
Thr 65.41° 75.22° 78.36° 74.24° 78.45° 1.42
Val 72.05" 75.37° 79.88° 79.39° 81.41° 1.01
Met 75.06" 77.64° 75.26" 76.92° 83.49" 2.80
Sub-mean 74.96° 81.30™ 77.72> 80.68™ 82.17° 0.88
Non-essential amino acids
Ala 72.80° 77.33° 81.05 78.86" 82.60° 1.60
Asp 85.36 ]7.58 85.70 36.98 85.74 0.76
Cys 77.22 82.56 80.35 80.67 83.64 1.05
Glu 84.08" 90.68" 86.14™" 89.42° 83.59" 0.98
Gly 60.22° 69.93> 77.02% 77.39% 80.19 2.26
Pro 73.75° 78.17" 86.61° 86.43" 74.19° 1.93
Ser 79.01 82.89 84.24 81.67 80.56 0.85
Tyr 74.43 78.85 78.00 78.58 80.91 1.03
Sub-mean 75.36" 81.00° 82.39° 82.50° 81.43" 0.98
Total 75.16° 81.15° 80.05" 81.59° 81.80° 0.88

B Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.

Qg ol At 3] AskE2 Table 3-2-59F o) ¥ ol At 3G Aast g 3l
o] SBM Ag+= 7teuiFdy Agsrt fAZ w4 deve 43S BAAT, 7
s WFeH s ol AR Fo4 ZolE YEA 3o (p>0.05). 7HE
gl A FLEL SBM A g el ¥]3sle] isoleucine, threonine 18] il alanined] €34 3%
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23tgo] FoHow =A vEly o1} (p<0.05), leucine, lysine, aspartic acid, cystine=
A Fgbell Fo ARl AfolE YERAl 2 9kth(p>0.05). FSP-A¢t FSP-B A2l <] 9 #%
oln =2t 3 H43ES vl Wste] B, methionined] ¢o]A= FSP-B A @ +7F Fold o g
=7 YEst e glutamic acid®t prolined] QoiX &= FSP-A7F 94 o2 =4 Yest
(p<0.05).

Table 3-2-6. Effects of soy proteins fermented by different microbes on true ileal
digestibility of amino acids in early-weaned pigs

Item SBM SPC HP300 FSP-A FSP-B SEM!

Essential amino acids
Arg 85.61" 88.91™ 90.48" 90.88" ]7.91% 0.75
His 81.14° 88.59" 82.33" 83.84" 84.57%" 0.87
Tle 75.61° 84.76" 82.81%" 81.36™ 80.23" 0.97
Leu 81.40° 85.31% 84.15™ 85.65" 84.18" 0.60
Lys 83.42° 88.48" 84.96™ 86.13" 85.27% 0.71
Met 83.48 88.37 86.52 84.04 36.81 0.89
Phe 80.11° 8257 86.62° 79.61° 81.41° 0.78
Thr 80.30° 86.43" 84.28%" 80.15° 82.03" 0.85
Val 79.79° 82.62% 86.20° 84.27" 84.55% 0.97
Sub-mean 81.21" 86.23" 85.37° 83.99" 84.11% 0.59

Non-essential amino acids
Ala 76.56" 83.19% 85.76° 82.17% 85.60° 1.27
Asp 87.37 89.19 86.95 87.30 86.07 0.71
Cys 82.03 86.55 84.82 82.34 84.67 1.12
Glu 86.79™ 92.77? 88.12% 90.51%" 84.55 0.95
Gly 78.05° 86.95 91.24 88.72% 90.23% 1.65
Pro 81.11° 84.56% 91.19% 90.29 79.37 1.66
Ser ]7.82% 91.82° 91.71° 88.30%" 86.03" 0.84
Tyr 81.32 85.85 84.34 83.02 84.00 0.74
Sub-mean 82.63" 87.61° 88.02° 86.58% 85.07%" 0.77
Total 81.92° 86.92° 86.69° 85.29% 84.59™ 0.64

W Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.
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542 Table 3-2-601 4 R wie} 2tk SBM Helte 214 of
2o ol foldel AolE UehhAE  wgront

(p>0.05), 7hedFabd] A5l Hlgto] FAH oz vA yeius 43S BZdv E5
opr =2t B4 shE2 SPCeF HP300 A2l 7+7F SBM A 2]l Hlgte] fFejaow =7
=]

Ebyt o (p<0.05) LR FE(FSP-A¢t FSP-B) Ag o= f22el 2pols yehfA
&kt (p>0.05). & BA ofln| x4t 23E = 2Y leucined lysined A3&dA HFH <l
Apol 7k B ¥ 9= SPC ﬂa%u&o] SBM A& ¢ 492 #o]E e THp<0.05).
gt 7t EEH AP TES SBM A g el v isoleucined glycinee] {A A
shEol A frolHom A YRR tHp<0.05). 7 oiFeE A gihe] WA ofuwst 3]
Faskee Ayt AR FolAQ Aols yEhl A &t (p>0.05). F TR FE
A H(FSP-A% FSP-B)el A ofv|=it 3744585 Hlulste] B, FSP-A A2 9
prolines Al e|akaL, -2l ofm=glo A o4l AolE #FT = AT (P>0.05).

Tl

[k

. %o gHey wg

4o g% xolst g9 olE 24 Table 3-2-73 2t} §= 7

A 7ol feHowy FARoRE Aol god, got Aot ojde] Avsl: @

2 SBM3} SPC A2l 77k the ATl Fo49 Aolsh erhA 23krh(p>008). 44

Mo tha A Uehdth e SBM3} SPC Ml T §x olgsh wol MEn
17k

Hi

O]E‘

rO(
in?
o
as

=

el § R Eold H|gte] AU eR o oyt A Aow FEAFHIT a2 oA
of Aus} whAAPAR o4l Aol 7k heAE 2 ekeh(p>0.05).

Table 3-2-7. Effect of soy proteins fermented by different microbes on ileal villus

height, crypt depth and villus height : crypt depth ratio of the early-weaned

pigs
Item SBM SPC HP300 FSP-A FSP-B SEM!
Villus height, /m 310 312 314 311 315 4.32
Crypt depth, um 221 222 215 215 217 2.45

Villus height :
Crypt depth

1
Pooled standard error means.

1.41 1.40 1.46 1.44 1.45 0.02
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Table 3-2-8. Effects of soy proteins fermented by different microbes on the immune

cell population in early-weaned pigs

It Leukocytes1
1901
ems SBM SPC HP300 FSP-A FSPB
Initial

WBC, k/ub 13.78+3.34™% 13.24+4.35 13.41+3.86 12.82+1.09 13.64+1.83
NE, k/ul 3.81+0.68™ 3.70+£0.96 3.85£0.45 3.42+0.49 3.84+1.00
LY, k/ub 6.15+1.09™ 6.05+0.77 5.97+0.79 5.91+0.96 6.00+1.11
MO, k/ul 2.80+0.55™ 3.07x0.77 2.37+1.19 2.93+1.01 277+1.28
EO, k/ul 0.31+0.09™ 0.29£0.08 0.27£0.08 0.29+0.09 0.33+£0.06
BA, k/ib 0.03£0.01" 0.03+0.01 0.04£0.02 0.03+0.01 0.03£0.02
After day 14

WBC, k/ub 13.99+151N 14.19+2.64 13.65+1.93 14.10+2.24 14.46+1.45
NE, k/ul 6.03+1.53" 6.01+£1.58 6.53+1.40 6.52+1.85 6.04£2.03
LY, k/ub 552+1.12™ 6.04+1.88 5.80+0.78 5.36%+1.12 5.63+1.43
MO, k/ul 2.15+0.76™ 2.44+0.51 2.28+1.33 1.99+0.48 2.1320.45
EO, k/ul 0.32+0.06™ 0.320.10 0.32£0.20 0.35+0.14 0.40%0.31
BA, k/it 0.04=0.02 0.050.02 0.05£0.04 0.06£0.04 0.05+0.02
After day 35

WBC, k/if 11.32+2.71N 11.61+1.84 11.06+£0.86 11.62+5.87 11.77+3.24
NE, k/ul 4.25+1.02™ 4.63+0.87 4.46+1.72 4.60+1.85 4.43+1.46
LY, k/ub 5.75+1.15™ 5.82+1.21 5.51+1.50 557+2.09 5.36+0.85
MO, k/ul 2.01+0.43" 1.99+0.55 1.93+0.35 2.12+0.23 1.96+0.37
EO, k/ul 0.29+0.15" 0.30+0.06 0.34+0.10 0.33+0.19 0.36+0.05
BA, k/if 0.06+0.04™ 0.05+0.02 0.05+0.02 0.05+0.02 0.05+0.02

' Values are mean = S.D., N=6.

NS Values within the row are not significant at p<0.05 by Duncan’s multiple range

test.
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Table 3-2-9. Effect of soy proteins fermented by different microbes on hematological

values in early-weaned pigs

Erythrocytes and Thrombocyte

I
tems SBM SPC HP300 FSP-A FSP-B
Initial
RBC, M/t 6.08+0.47"5 5.60+1.14 5.75+0.65 5.98+0.72 6.32+0.71
Hb, M/dL 10.47+1.24%% 10.60+2.14 10.88+1.23 10.99+1.38 11.40+0.74
HCT, % 37.42+4.70N 3785815  3898+356  38.69+5.01 39.95+5.83
MCV, fL 56.48+4.60N 57844600  57.70#528  53.02+396  57.68+5.21
MCH, pg 16.18+1.21% 16.99+1.79 1652+1.17 16.62+0.86 16.63+1.37
MCHC, g/dl. 2875221 2897+2.05  29.01+2.21 28 77+0.99 28.91+1.60
RDW, % 22.16+1.76~5 20.40+1.15  21.72+291 21.17+1.49 21.29+2.20
PLT, k/ul 34072 326+59 337+81 336+42 348+42
MPV, fL 11.83+1.89%% 12.23+3.17 11.78+1.37 12.62+2.35 11.52+1.36
After day 14
RBC, M/ut 6.10+0.86™ 5.71+0.77 5.76+0.87 6.41+0.63 6.57+0.86
Hb, M/dL 11.52+1.24N% 11.18+1.59 10.47+2.30 10.98+1.13 11.78+1.70
HCT, % 36.9+4.52N% 36.23+4.94 35.2+6.46 37.48+2.32  37.38+3.25
MCV, fL 60.68+3.04" 6350+2.68  60.82+2.45  61.17+599  62.20+5.21
MCH, pg 19.05+1.97™% 19.65+1.90 18.05+1.83 17.25+2.29 17.98+1.71
MCHC, g/dl.  29.63+5.21™ 30.88+1.91 29.67+2.75 28224298  2893+1.60
RDW, % 21.32+1.23% 21.35+1.62 21.27+1.88 21.00£1.08  21.47+1.41
PLT, k/ul 34037 345+39 343+31 350+87 338+68
MPV, fL 11.30+1.87™% 11.53+1.87 12.22+0.78 13.03+1.93 12.27+0.92
After day 35
RBC, M/t 5.97+1.35™ 5.70+0.66 6.09+1.45 6.14+0.98 5.92+1.36
Hb, M/dL 9.62+1.35™ 9.33+1.15 8.95+1.12 9.13+1.76 9.45+1.54
HCT, % 34.47+2.56™ 32.40+4.92 34824415 3403602  33.95+6.51
MCV, fL 53.52+2.39" 55.68+347  53.17+347  54.35+492  5550+3.32
MCH, pg 16.27+1.35™ 16.02+1.80 16.17+2.72 16.20+4.14 15.80+4.28
MCHC, g/dl.  27.8+4.80™ 28.3+2.90 27.05+4.12 28.38+7.15  28.28+651
RDW, % 25.75+5.38N5) 26.10+3.34  28.05+5.33 28634498  27.28+6.35
PLT, k/ul 324+74N 32976 33887 339+199 324499
MPV, fL 1052077 11.95+3.68 10.35+1.67 11.03+1.14 10.33+0.94
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Table 3-2-10. Effect of soy proteins fermented by different microbes on the
polymorphonuclear granulocytes (%) induced chemiluminescence in early-

weaned pigs

Item SBM SPC HP300 FSP-A FSP-B

+

Initial 100 996 + 3.7 1039 £ 79 1102 + 92 1081 + 83
After day 14 1082 £ 85 1049 £ 93 1053 + 3.2 99.2+ 6.7 1052 £ 7.1
After day 35 105.8 £ 11.3 989 £ 53 1008 + 76 1032 £ 50 1006 £ 6.2

+

+

1) Values are means = S.D., n=3.

2) * 100% = 5.174 + 10° cpm.
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H, SBM(48%)¥ FSP-B(58%)¢] Tz stk zto]l2 lste] YEhv= AlgAIE Y ©ld
geF Aol AR Ao kS AESte] T2 FEES FASIES 9 tH(Table

3-3-1). A8 A5 += 3,300kcal/kg ME, 21.0% CP, 24.7% lactose, 1.55% lysine, 0.80% Ca =L

2l 0.40% Av. P gH3t92H, lysines 7|52 2 methioninetcystine?} threonine®] 4=
T 7}7F 559 59%E FAIGtES wiEstd et e v Epu Y FEF-S NRC(1998) &
TS THFIAY A3 EF ST YR 23ES FAHSY] fete] A A E(Cr0)S

pasA AR A7heg

AESNA EF712F B AT PRl AW ABg UEHE Folskgon, olF
F0~149 74 ARARE T F, o HF 15~35 744 RE Ao dur ARg
a2y A}E% Folaharh. AES wherel Aol Hekel EW1Im25Am)NA A s e
o ARAN AR3, AAAL FES 9H A

shol A gk

sorel Ewnz AAAAT, PARE A9 T 6

A 72X AEAA Imm GAE Wiley mill2 24 § 243 74 g Rasgio

2 529 =o|(villus height) ¢ €9 2 Ol(crypt depth)& Z437] 93t AlgA}
w9 27 Fo 47 EWoziY 1F(HYD 47, T 167)% =4 & )5St WA
3 AABEARRE <k 15cme] AURYE A5l AdAd4=E MFH £ 10% formaling

J_:,L

of ##E w7 Wy ®Ba#she o

&5 AEAE F9 27 Fo 479 =Wo=ziy AHEd 474 F 1675
Tabste] MES Agstdhe] oF 25% -9l AFUEES AFH skl -10Te W
-80TC ¢ WS HdZ7](Samwon Inc., Korea)olA W5 7

stk Ax2E Ass ImmBAb wiley mill2 2 g § ofvleits 248 A W

AN

o N

HAEAS BAE7] 9alo] ANAMAIA =8 Qlo] 459 A=y A|FALR Ho] 2
T Fo AgFTEA 44 AU 4FN(F 167F) ANz E NS A FHFY heparin
[e)

2 F&aAg vialol Yol £43t7] A7bA WA Bl
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Table 3-3-1. Formula and calculated compositions of experimental diets for feeding

trialsn (day 0~14)

FSP-B level, %

Control
3 6 9
Ingredients, %
Whey powder 38.00 38.00 38.00 38.00
Corn 30.38 30.90 31.15 31.35
SDPP 4.00 4.00 4.00 4.00
Biscuit byproduct 4.00 4.00 4.00 4.00
Deh-SBM (48%) 15.00 12.00 9.00 6.00
FSP-B 0.00 3.00 6.00 9.00
Fish meal 3.81 3.18 2.87 2.64
Animal Fat 2.00 2.00 2.00 2.00
L-Lysine (78%) 0.32 0.34 0.34 0.34
DL-Methionine (100%) 0.13 0.15 0.15 0.16
Limestone 0.75 0.84 0.89 0.92
Salt 0.20 0.20 0.20 0.20
Vitamin premix’ 0.30 0.30 0.30 0.30
Mineral premix2 0.20 0.20 0.20 0.20
Choline chloride (25%) 0.10 0.10 0.10 0.10
Apramycin 0.15 0.15 0.15 0.15
Mecadox 0.10 0.10 0.10 0.10
Sulfathiazol 0.10 0.10 0.10 0.10
Acidifier 0.20 0.20 0.20 0.20
Zn0O 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00
Calculated composition
ME, kcal/kg 3,306 3,306 3,306 3,305
CP, % 21.00 21.00 21.16 21.35
Lactose, % 24.70 24.70 24.70 24.70
Ca, % 0.82 0.82 0.82 0.82
Av. P, % 0.41 0.40 0.40 0.40
Lys, % 1.55 1.55 1.55 1.55
Met+Cys, % 0.85 0.85 0.85 0.85
Thr, % 0.91 091 0.92 0.93

! Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin Ds, 24mg vitamin E, 1.5mg
vitamin B;, 12mg vitamin By, 24mg vitamin B6, 0.045mg vitamin Bie, 1.5mg vitamin Kj,
24mg pantothenic acid, 45 mg niacin, 0.09mg biotin, 0.75mg folic acid, 18 mg ethoxyquin.

? Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 0.9mg I, 0.9mg Co,
0.3mg Se.
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pheno red”} SHfr¥ A 92 1% BSAZF H7bEl RPMI-1640 ®i <ol 747F 1 x 10%/me¥} 5
x 107/mz AEXE 1483 F S5 e] WMo wE respiratory burstA] A EE
reactive oxygen(RO)E Z43}7] $38le] luminolS amplifier® 3] AFde] 5587F Oy 9 w9t
A FEAZ o HA C3be opsonizationA %! zymosan particles stimulator® 3} 40
!

Oll

£-7F Luminometer(Berthold LB-9505, Germany)Z ©]&3}o] chemiluminescense® =74
Ak
th) @AW o7 @l gid IgG 97t 54
AU o7 de] gk IgG 97 S Li 59 Wi st vy} o] as)
Atk @ 96-well microtiter plateZ carbonate-bicarbonate buffer(0.05M, pH 9.6)% 3]2] 3%t
<=3 soy bean (B0pg/ml)CeZ 1ml/wellZ 1A]ZF coating 3 §& PBS-1% Tween 20(pH
742 33 AAHFPTE. @ 28] coating HA & HFEL 3% PBS-bovine serum
albuminE 1000% &3k 3 37C wid7]oA 1A17F 7H2A1 712 PBS-1% Tween 2002
5%7F 33 MAH3AT @ S PBS-Tween 2022 24 ©A 8 A sle] ZF wellol] 10002
st 37C widrlol 1A13F 2= A7 & PBS-1% Tween 2022 587F 33] A& 313t}
@ T4 %A A (horse radish peroxidase— labeled anti—porcine igG(dilution 1: 3,000, 1m¢
/wel)S 3% BSA©l 848 5 7} wellell 100p04 53t 37C wld7]el 1A13F 224 21
¥ PBS-1% Tween 2022 5237k 33 AlH sttt ® 0.05% ortho-penylenediamine(OPD)
I} 0.006% H-O-7} & == A %3k 0.1M phosphate-citrate buffer (ph 5.0)E Z+ welldl
7}6}5’— obalo]l Yol Ao 30%3F HSAZ T 25M HoSOZ 7 welloll 50ul 2 €2
Zth. ® ELISA reader(Molecular divices)E Al&3te] 492molA &4 =

42 micro twbedl W3 Zzke] ARE 7ol 302 F 31T FeFzlA W
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Sk ¥ n-butanol 1mE H7tsle] 383 EA171 H 800 x g2 583 YA A
o7 dFd TOuUAEE AAZ FH salt-saturated 0.IN-NaOH 50005 A7bsla 12
skl 800 x g 5wt W4l EstATh AFd 800wE Aol 0.IN-KCl 450402}
n-Heptane 1.5mE &3ato] 1237F ¥H-&A171 7 800 x g= 523 dHAIA 35 400uE
o] 0.IN-HCl 16mE #H7FsFth IN-NaOH 400uZ A F7rete]l £33 5 1% o
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= E335to] Shores 9 WHol ¢3to]  spectrofluorometer(Berthold, Germany)® 438nm
(excitation at 353mm)o Al A ste] 3| ~EpHlS At BE FE s ~ERl g ol o
T2 oste] B 4~ERRl FFe] ulg WMiEgE wASH
el slzeNlE (%) = (WFd9 Foe] Fu sl2gud - 2 Ao g 3
i

SAE A A Y dYan 2skE dolH= SAS998)¢] GLM HAE o] &3t A
o)A A AAstd e er EAst Had TN A ALEFE
S o =35}7] 93l linear effect®} quadratic effectol] thall EA8tATt. = E J A E 3
A eldeolH SAS(1998)9] GLM HA&5 ©]€3te] Duncan® Ao o4 A4
= AAskd
3. 2% 2 u%F

7h AAER A

AP A& Table 3-3-2014 Hi= vkl 2o A4S 59 257 (0~14Y)5<t 28
Fouls ke At g9 giFuks Hke gzt Hlske] ADGYE el AR A
Efskom, ADFI= 3% H7bgE A& A9t foldez =4 Yebsth(p<0.05). *=
3t F/Gx= ADFIS} mpa7bA 2 dadifuy 6%F 9% 7k-7F tix+tol vlste] fof 2o
2 SHA UEbRtH(p<0.05). HE W T o] Ab&el whel AR Aol linear effects7F o
B}t 0 U (p<0.05), quadratic effects®= WEFFA] 2 3ktH(p>0.05).

-
RO

Auk AFE AAL ARE FoID 37(15~35)FF AYAL ADAR Fo] 2577
of AFAAI fAE ABE etk BEUTFE 3% A7hTel AGAe I YT
Buhe AFS S YRS fo4Q) Aol UEhlA Qo tkp>0.05), 6% 9% H7b

o] vlsle] FolFow =A e tHp<0.05). 3 Alg4Ed wE linear effects”}

9 AoE VERATHP<005). olE AL 257 Bore] Agy A ol o F 37 Foro
A Aol Je v gon AgrEel Frhg wet Y] ANEAt AeS

AA A7 A A S AvEw, dRagFE HJrke] ADGS ADFI= thx
Elsk o1 (p<0.05), F/G= Aoz YA YebuoH(p<0.05).
w3k o] Mo AlUEA L nR7FA E linear effects® YEFW O quadratic effects™= U EFL
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=
o
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A 93k TH(p>0.05). LR FEY 6% 9% H7FFAE A 713 Wl frel Al ZolE
Rl A S THp>0.05). whebA] LA FEU S 6%0]d AT A A AS FoHow
FENA e Ao Alndn. 58], AgAR 25§59t ADGel linear effects7} i1
ol freidel sl Ae® YER(p<0.001) 27] olfrAEe] A s 4Ed MAAE F
9le Aoz e

Table 3-3-2. Effect of level of fermented soy protein on growth performance in

early-weaned pigs

o [ < 2

Ttem Control Level, % SEM! Probability (P<)
3 6 9 L Q

Day 0~14
ADG, g 262° 274° 286° 286° 3.35 Ktk NS
ADFI, g 394° 406 414° 412° 3.19 * NS
F/G 1517 1.48® 1.45™ 1.44° 0.01 ok NS
Day 15~35
ADG, g 407" 4217 430° 434 3.89 ok NS
ADFI, g 631° 638 649 653 3.40 * NS
F/G 1.55% 1.52% 151" 1.50° 0.01 * NS
Day 0~35
ADG, g 349° 362° 372° 375° 3.29 ok NS
ADFI, g 537¢ 545° 555° 557° 2.58 ok NS
F/G 1.54° 1.50° 1.49° 1.48° 0.01 * NS

abc

Values with different superscripts of the same row are significantly differ (p<0.05).
' Pooled standard error means.

2L : linear effects; Q : quadratic effects.
¥ % p<0.05; #* p<0.01; ##x p<0.001.

4 Not significant(p>0.05).

daFaae] ALEFF STt WE A AFY MAEHE F o Lolrr] fehd
Figure 3-3-12} #Zo] &3 AT adoA B vle} o] A|dAm Fo713k AA] A]g
717kl A ADG9F ADFI&= 6% #H7HA] dAdd o= Frbstthrt o] & tha Fhast 7y ebnb
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0~14 day
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Figure 3-3-1. Effect of level of fermented

early-weaned pigs.
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BagFa AL FFo 2 JYh 4882 Table 3-3-33 2t} olyx], w
Tol wlste] BEoFe HUlE
o % A YERL O (p<0.05), TEUFEE A7kl = oAl Aol 7t e
W 3%k 9% H7ETArel el Al Apol 7t o
et ov g AstES ddAom {FoFQl Aozt AA vtk AFEA A3 vt
e S A HadgFay xS wet linear effects”F HHE}

W0 W (p<0.05), quadratic effects= YWEFLA] & ATHp>0.05).
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Table 3-3-3. Effect of level of fermented soy protein on fecal digestibility of nutrients
in early-weaned pigs (at day 14)

Level, % Probability (P<)?

Ttem Control SEM!

3 6 9 L Q
DM 82.14° 83.84° 83.76" 84.33" 0.29 45 *NS*
GE 82.05 83.49° 83.92° 84.30° 0.31 - NS
CP 73.75° 77.31° 78,68 80.84° 0.86 ok NS
EE 63.09° 66.66° 68.40° 67.35 0.70 % *
Ash 54.18 57.73 58.22° 59.14° 0.67 - NS
Ca 56.93" 56.45" 57.83" 58.52° 0.31 * NS
P 48.73° 53.43" 50.86" 49.77° 0.60 NS ok

e Values with different superscripts of the same row are significantly differ (p<0.05).
' Pooled standard error means.

21, : linear effects; Q : quadratic effects.

? % p<0.05; #x p<0.01; *+x p<0.001.

! Not significant(p>0.05).

A @ALE ] ofm At 3] A4 shE2 Table 3-3-4¢F Zth. I ofw|=Ate] 3%
ool LEWFEM 6% 9% H s iz tol wiste] o
et ]

W, H@g obnmite FPE RW ofnwite Adu feHez A vhebu

FT oy
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(p<0.05). et WEUFE 305 A2l re] g @ w@E obvle
of wete]l i FeolHel Aot o, wEFT Az ke ol
AolM = Feol Al 2ol 7k YA THp>0.05).

Table 3-3-4. Effect of level of fermented soy protein on apparent ileal digestibility of

amino acids in early-weaned pigs

Level, %
Item Control SEM!
3 6 9

Essential Amino Acids
Arg 77.20 81.30°" 83.09° 84.38" 1.00
His 66.88° 70.64™ 76.97 73.78% 1.30
Tle 7277 75.90°" 79.00° 78.62° 0.95
Leu 73.76° 77.39 80.24% 81.23 0.98
Lys 70.47" 73.78% 77.30° 75.27% 1.02
Met 74.04° 76.84% 79.37° 78.84° 0.76
Phe 74.27° 75.57% 79.47 76.73 0.79
Thr 65.55" 68.87%" 73.23 69.88" 1.08
Val 72.67° 75.55% 78.12° 78.99 0.97
Sub-mean 71.96" 75.09° 7853 7752 0.90

Non-essential Amino Acids
Ala 70.62° 72.65> 78.04™ 76.77° 1.13
Asp 71.93 74.84 76.74 75.47 0.96
Cys 55.69° 58.81% 63.63" 65.73" 1.38
Glu 75.87° 78.68%" 79.42% 81.24° 0.81
Gly 59.02° 62.98% 65.41° 63.92% 1.37
Ser 73.67 74.31 78.13 77.69 0.98
Sub-mean 67.80° 70.38% 73.56° 73.47° 0.97

Total 69.88" 7274 76.05° 75.50" 0.93

abc

Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.
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o F FHEH I
3] R Eolet §¢ zolE FAHS A= Table 3-3-5¢F 2ol §5E =ol= 7
AP §9H20 Zolrh Gl o (p>0.05), AR FFke]l o]zl o

7 &
Zo]l =R FoHe Aol} Aot #‘1@3% o}zl x}om ChEbRT W

ol F MY o]lfAE AU tiFHe Hrbe §R Eold AAE 4o Tty
-+ (SPC, extruded SPC 5)° H7l= diFdte] Hlste] R Folo] HAE Y F
Atk By up ok (Li T, 1991b), & AFoA dadiFade] H b oiFu Hrbet
B2 Aol & UYEWAIE FoHh §E Eol9 FAE FRY FFUAS HAATL EFE

(Cera 5, 1988; Li &, 1990).

Table 3-3-5. Effect of level of fermented soy protein on ileal villus height, crypt
depth and villus height : crypt depth ratio in early-weaned pigs

Level, %
Control SEM!
3 6 9
Villus height 326 335 329 336 496
Crypt depth 223 218 215 213 3.96
Villus height: 147 154 153 158 0.03

Crypt depth

1
Pooled standard error means.

3d §29 morphologyE AAAm Aoz #AZ3 SEM AR S Figure 3-3-29F 2t}
Figure 3-3-2% #A¥EHW, g5 5 SAA= FREAT 7o vHste] TaofF
ATt FE F7F v @ol] #EEHAW, e R JE7F BEd T A2t
Hgte] thh WA Rofxa gtk



FSP—-B 6%

Figure 3-3-2. Effect of level of fermented soy protein on ileal morphology in

early-weaned pigs.
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6%k 9% FH7bel A T ME e At $FEJ L w19 S5 % "Hak 1y
A G A gEEdou ol AN WA Aololw EF FAA FoA
L HEEA FUATHP>0.05). T E AT #AARS] basophil®] AR EHJE o] m]&}lo]
BE SEgFa AeelA dEEJoH EAAR FodS AT (p>0.05



Table 3-3-6. Effects of level of fermented soy protein on the immune cell population

in early-weaned pigs

Leukocytes1
Items Level, %
Control
3 6 9
Initial
WBC, k/ul 2246424 19.66+3.53 13.61+1.84 14.49+2.63
NE, k/ub 11.78+2.66™ 8.26+1.87 852+1.57 7.98+2.27
LY, k/ul 6.55+1.42" 9.21+1.60" 3.25+0.40° 4.13+1.05°
MO, k/ul 2.01+0.48" 1.10+0.19° 1.41+0.19™ 1.48+0.22%
EO, k/ul 2.01+0.78" 1.03+0.45™ 0.40+0.10° 0.83+0.21"
BA, k/ul 0.11+0.04™ 0.07+0.03 0.03+0.01 0.07+0.02
After day 14
WBC, k/ul  24.44%560™ 25.21+2.77 2252+3.13 17.44+2.28
NE, k/ul 10.711.58™ 9.23+1.17 1151+1.93 9.23+1.35
LY, k/ul 7.78+0.98™ 7.030.45 8.7620.87 6.93+0.75
MO, k/ul 1.63£0.50°" 2.17+0.35" 1.34£0.25" 0.76+0.24
EO, k/ul 1.33+0.34" 3.27+1.02 0.830.19* 0.48+0.16
BA, k/ut 0.22+0.15™ 0.24%0.07 0.08+0.02 0.04+0.02
After day 35
WBC, k/pt  27.02+4.70™ 25.53+1.84 21.62+2.11 18.05£1.38
NE, k/ul 12.89+2.25% 8.73+1.10°" 8.57+1.62% 7.03+0.49"
LY, k/ul 8.28+1.63" 7.18+1.66 6.5620.79 6.58+0.47
MO, &/l 2.42+0.44" 2.24+0.22° 4.17+0.69 2.92+0.32°"
EO, k/ul 3.26+0.88° 716+1.77" 2.24+0.42° 1.47+0.66"
BA, k/ul 0.17£0.07" 0.22+0.07 0.0920.04 0.0620.02

! Values are mean + S.D., N=5.
® Values with different superscripts of the same row are significantly differ (p<0.05).
N9 Values within the row are not significant at p<0.05 by Duncan’s multiple range

test.
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Table 3-3-7. Effect of level of

early-weaned pigs

fermented soy protein on hematological values

in

Erythrocytes and Thrombocyte

Items Control Level, %
ontro.
3 6 9
Initial
RBC, M/t 8.05+1.09%% 851+1.08 817+1.17 8.94+0.31
Hb, M/dL 15.68+1.84™ 12.90+0.46 13.18+0.46 13.92+0.78
HCT, % 55.18+7.80°" 57.06+2.50% 60.04+4.98" 62.86+2.76"
MCV, fL 68.36+1.24" 67.32+1.53 62.00£10.71 70.50+3.13
MCH, pg 19.82+1.34% 15.26+0.54" 16.58+0.90™ 16.40+1.53%
MCHC, g/dl.  28.94+1.70% 22.66+0.41™ 22.16+1.08™ 21.84+0.84"
RDW, % 22.12+1.15" 24.14%0.99% 19.68+0.52" 21.10+0.48"
PLT, k/ut 2323+333™ 1700+234% 3282+217° 2810+265
MPV, fL 2.66+0.15™ 3.00+0.38 2.66+0.25 2.28+0.12
After day 14
RBC, M/ut 8.59+0.90° 9.79+0.9 9.11+0.73" 8.31+0.29
Hb, M/dL 16.70+1.39% 18.62+1.54 17.22+1.31 15.12+1.15
HCT, % 58.78+5.15° 66.00+5.91° 61.28+4.56" 57.22+3.35
MCV, fL 68.58+1.74™ 67.94+2.65 67.42+2.29 68.66+2.40
MCH, pg 19.70+1.34Y% 19.24+1.02 18.96+0.80 18.14+1.12
MCHC, g/dL 28 58+1.44% 98.32+0.89 28.18+0.84° 26.40£0.90"
RDW, % 24.53+0.65" 25.20+0.82° 22.16+0.74° 22.74+0.63™
PLT, k/ul 660+173 1504+488 1409+323 2148+384°
MPV, fL 0.38+2.17" 6.88+2.16™ 6.12+1.82% 2.94+0.46"
After day 35
RBC, M/ul 7.81+0.97° 12.11+1.30™ 7.19+0.64° 6.47+0.61°
Hb, M/dL 14.65+1.57 18.00+2.47 14.40+0.67 12.00+1.19
HCT, % 49.55+6.58" 75.88+4.73° 40.55+2.92° 36.33+2.91"
MCV, fL 63.30+1.64%> 63.50+2.76 56.68+1.74 56.45+1.52
MCH, pg 18.90+0.68™ 15.05+0.72" 20.28+1.11° 18.58+0.57*"
MCHC, g/dL 29.93+1.41° 23.78+0.90¢ 35.70+1.03° 32.90+0.75"
RDW, % 22.78+0.81 23.05+0.58 20.68+0.69 22.10+0.84
PLT, k/ut 611+155™ 2720+111° 379+115° 538+123™
MPV, fL 9.05+1.65 2.88+0.08" 11.60+0.90 9.80+1.03"

" Values are mean = S.D., N=5.

abc

NS)

Values with different superscripts of the same row are significantly differ (p<0.05).
Values within the row are not significant at p<0.05 by Duncan’s multiple range

test.
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Figure 3-3-3. Effect of level of fermented soy protein on AST and ALT enzyme

in serum in early-weaned pigs.
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2) g9 WMEF 9] chemiluminescence
ANl S s Q2TE VT2 R dto] AlFAE Fo 27 ok AlFETEA 7 A
253 Hlaste] BW(Table 3-3-8), WaEUFH AHg-2to] Fo4 A= W3t 5o
g FEge #EHA Gt F dxTE VIeeR oo wRuFE A9 chemi
mmluminescence W3} HEE A rom BE A oAl F5lg Ao]rt gldTth

Table 3-3-8. Effect of level of fermented soy protein on the polymorphonuclear

granulocytes' (%) induced chemiluminescence in early-weaned pigs

Level, %
Item Control
3 6 9
Initial 100" 106.6+£5.4 101.5+3.8 99.8+5.6
After day 14 100™ 105.8+6.8 98.9+54 108.8+4.8
After day 35 100" 98.5+6.8 106.1+£6.8 104.2+5.4

! Values are means + S.D., N=3.
©100% = 4.427 + 0657 x 10” cpm.
" 100% = 4.283 + 0495 x 10 cpm.
"100% = 4519 + 0.872 x 10° cpm.

g7 il %XH%‘ Aow 7]"414 ‘:HT DP‘ﬂ”oﬂ W3t IgG FAe FA& AN 2

T agal AEFRA S Aol de @#E A ko (Table 3-3-9) ofdl uwh&
el A ktiter) A A@INA 25 § 2P AFFEAS] HETE HEEH

ol A SAHA G tHTable 3-3-10). 213t Aap= 2 Aol AR&E diFo e

5 YA E+= allergen ©2A 9] FES YERA FE5S ARG & 5 gtk

e ngt N

4) ELISA 7|9 & 0|83 fa% s|xEvle] =4
B Ao AREH FANETQ Tk ALgo o]5te] whAY
o el A FEE F Jdoggtn FHE 3| 2Eu o

72 Aol Sl AHU@e 2AH A WEF A

2 5 Qe g 9t
sk Ad 2942 7| gst

o
g5 =80lal T



A 23 ARAR Fel 27 F a9

& ¢kth(Table 3-3-11).

&
>,
ot
of\
ol
>
lo

Aol sl =EpRlo]l A3 HE A

Table 3-3-9. Effects of level of fermented soy protein on IgG antibody for test sera
by micro-ELISA in early-weaned pigs

Level, %
Item Criterion Control
3 6 9
Initial 0/5 0/5 0/5 0/5
No. of
After day 14 . 0/5 0/5 0/5 0/5
positive
After day 35 0/5 0/5 0/5 0/5

Table 3-3-10. Effect of level of fermented soy protein on serum antibody IgG titers

to soy proteins in early-weaned pigs

Level, %
Reciprocal titer Control
3 6 9
Initial
1 x 1/5 ND ND ND
2 x ND' ND ND ND
4 x ND ND ND ND
After day 14
1 x ND ND ND ND
2 x ND ND ND ND
4 x ND ND ND ND
After day 35
1 x 1/5 ND ND ND
2 x ND ND ND ND
4 x ND ND ND ND

I No detectable.
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.2

d

el
=
)
b

;OL
~

=]
y =

=

olegt A&

b 9l

et

717F ¢hwra] A= Aol

o)
=

Zh-ol A 7]

J
-

Z

sl
T

Nfo
e

o

ar
Njo
_Jma
)
—
file)

ﬂ
=

3
B

;OL
i

_80_

al

A7 = A

)=
RN

=

R

2yl AFEA Y



A4 A ARIA: 24 BEUFEY FUE ANADE
4 AT

du, SPCE 744 mwud PAHEE of 8T 65% dvgz FEael AAT o

i) :
fol
=
<
ey
=
flo
2
kS
S
.
=
0
S
IN
Q
Q
=l
N
Ny
&
Q
=
145}
195)
I
S
S
(7‘].
=l
N
e
2
rlo
i)
>
=
=
ox

fHoz did Fs FHAE YHeR Axdr 2 A AMSH #HadT

(fermented soy protein; FSP)2 A oryzae o] 93 ZaoiFaW(FSP-A)3} B.

subtilis 5o 23k Ay Fwl(FSP-B)o 2 wila shako] Zh7z; 53%9f 58% = el

o 2 AT FFE dEd R g FE(FSP-A¢ FSP-B)9 A&+

= u, olFA=Ee Adey, %L LshE, &3t FHEHA U
9

:
= Qge 2As] A4 AFFES dobna, A

my)
=

N

shai e,

2. A8 % WY

7t FASE, APAA R AR

AtFA RS A3l o] fFARE(LxY <D, 23+39 5 556+1.21kg) 300°F(5A4 2], 48HE, RHES ]
F)E wAlste], Ak ATl wel Zbzhe] Ael el ehddle] wiA s ol ¥ 25
(0~14%)9} 3~55(15~35%)Z F 57(35Y) AAFA A S A A5

AgAs = Saaet WP 5] AARRA dizT Abss 12%9 SBME st e
o, AT AR E FSP-A(A. oryzaed] 9%t &g oFohul)e} FSP-B(A. oryzae+B. subtilis
BTl oF waUFDU)E 747k 3%} 6% Ao, 1= s LR AFA}

2
W &3 lysine 28] i methionine+cystine® =}oli= o] B3} FAolm| w=itS ALE31o]

a1

i

_81_



T4 FEE FASEE wFsAtHTable 3-4-1). Al@A S G FES
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Table 3-4-1. Formula and calculated compositions of experimental diets for feeding

trials(day 0~14)

FSP-A, % FSP-B, %
Control
6 3 6
Ingredients, %
Whey powder 38.00 38.00 38.00 38.00 38.00
Corn 30.38 30.70 31.03 30.90 31.15
SDPP 4.00 4.00 4.00 4.00 4.00
Biscuit byproduct 4.00 4.00 4.00 4.00 4.00
Deh-SBM (48%) 15.00 12.00 9.00 12.00 9.00
FSP-A or B 0.00 3.00 6.00 3.00 6.00
Fish meal 3.81 3.40 2.99 3.18 2.87
Animal Fat 2.00 2.00 2.00 2.00 2.00
L-Lysine (78%) 0.32 0.34 0.35 0.34 0.34
DL-Methionine (100%) 0.13 0.14 0.16 0.15 0.15
Limestone 0.75 0.81 0.87 0.84 0.89
Salt 0.20 0.20 0.20 0.20 0.20
Vitamin premix’ 0.30 0.30 0.30 0.30 0.30
Mineral plremix2 0.20 0.20 0.20 0.20 0.20
Choline Chloride (25%) 0.10 0.10 0.10 0.10 0.10
Apramycin 0.15 0.15 0.15 0.15 0.15
Mecadox 0.10 0.10 0.10 0.10 0.10
Sulfathiazol 0.10 0.10 0.10 0.10 0.10
Acidifier 0.20 0.20 0.20 0.20 0.20
ZnO 0.25 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00 100.00
Calculated composition
ME, kcal/kg 3,306 3,304 3,303 3,306 3,306
CP, % 21.00 21.00 21.00 21.00 21.16
Lactose, % 24.70 24.70 24.70 24.70 24.70
Ca, % 0.82 0.82 0.82 0.82 0.82
Av. P, % 0.41 0.41 0.40 0.40 0.40
Lys, % 1.55 1.55 1.55 1.55 1.55
Met+Cys, % 0.85 0.85 0.85 0.85 0.85
Thr, % 0.91 0.91 0.91 091 0.92

' Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin Ds, 24mg vitamin E, 1.5mg
vitamin B, 12mg vitamin Bp, 2.4mg vitamin B6, 0.045mg vitamin Bj2, 1.5mg vitamin Ks,
24mg pantothenic acid, 45 mg niacin, 0.09mg biotin, 0.75mg folic acid, 18 mg ethoxyquin.

z Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 0.9mg I, 0.9mg Co,
0.3mg Se.
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ILZ F43d o, a7 Al(Contron 942, Italy)E A3l S35
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(1978)2] ®woll ulg} ethanol-preon series@ 743 A%l ¥ platinum coating * 2] &}¢]
ISI scaning electron microcope(HItachi S-3500N, JAPAN)ol <} &) =4 3}$t).

3 WEEY ofnx4t BAE ARE 24417 B¢ 105ToA 6N HCl &0z 7h4
el A7l § HPLC(Waters 486, USA)E Abgste]l Al o, 3 obm|:=ihe 244
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oxford science, INC. USA)E ©¢]-&3te] WM F4(WBC), 48 T4(RBC) 5T (NE), 3}
TLY), GIFMO), EAHHEO), TET(BA), AZZFZH(Hb), sIvtEIAHCT), 2%
(PLT), v AE744MCV), H1+ A7+ M0z MCH), B+ 48745 =(MCHC) &
A7 BAE FAsA o}%fﬂ AW EAstE 4T T2 dEbd Aol EAA(ALT),
0] Z 4 (AST), ¢ R(ALB) 2 d%F 222 ABUN)9 W32 A5l o
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) & wE o] chemiluminescence &7
|
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pheno red”} SHfr¥ A 92 1% BSAZF H7bEl RPMI-1640 ®i <ol 747F 1 x 10%/me¥} 5
x 107/mz AEXE 1483 F S5 e] WMo wE respiratory burstA] A EE
reactive oxygen(RO)E Z43l7] 913l luminole amplifier® sFo] Apdol] 5&3F Oy o &
A FEAZ o HA C3be opsonizationA %! zymosan particles stimulator® 3} 40

=

%7t Luminometer(Berthold LB-9505, Germany)& ©¢|&3}%] chemiluminescense® =73}

o AU T el g IgG 97 54
AU oiF @ digk IgG 97 F4L2 Li 5(1990)9] W oste] th53 ol
T35t @ 96-well microtiter plateE carbonate-bicarbonate buffer(0.06M, pH 9.6) &

3438t &3 soy bean (50pg/ml)CZ 1ml/well2 1A]ZF coating 3+ ¥ PBS-1% Tween
20pH 7.4)% 33] AHsFTE @ 18] coating H A &2 HE L 3% PBS-bovine serum
albuminE 1000% &3k 3 37C wid7]oA 1A17F 7H2HA)1 712 PBS-1% Tween 2002
57+ 33 A3ttt @ S PBS-Tween 2022 28] @A8] 4 5ke] 7} wellol 100444
st 37C widrlol 1A17F 2= A7 & PBS-1% Tween 2022 583F 33] A& 31t}
@ &2 EA A (horse radish peroxidase-labeled anti—porcine IgG(dilution 1: 3,000, 1ml
/wel)& 3% BSAel 3Ag & 7b wellol 100p0% 538k 37°C w&7]el 1A12F 3H2A17)
% PBS-1% Tween 2002 57t 33] AlHst3ith. ® 0.05% ortho-penylenediamine(OPD)
I} 0.006% H-O-7} & == A %3k 0.1M phosphate-citrate buffer (ph 5.0)E Z+ welldl
7}6}51 Aol Hol ALolA 30&7F vEAZ = 25M HoSOE Zb welloll 50ut 2 %2
Zth. ® ELISA reader(Molecular divices)E Al&3te] 492molA &4 =

FRo A
AR T 800 x g2 5EF AHAA A2 FFdelA slaETS FEE AT oiF 9
Aol Aol 7} Alsdile] Ca -Locke §9& H7het & A dExvoz 7359
= 5/:15}{ 4L Songed WHE WE, Hosto] g3 #Zol AT =, whs-of
500 utE 4TolA 800 x g= 533+ dAlFeste] FFd 400uE H7beke] oF 20%3F &%
gk ¥ n-butanol 1mE H71sle] 383 EA171 H 800 x g2 583 YA EE AL 9
0.IN-NaOH 500utE #7Fshal 18 &<t

J

o7 3t TBOuUAHEE A A3 5 salt-saturated
st 800 x g2 5wt W4l EstATh AFd 800wE Aol 0.IN-KCl 450402}
n-Heptane 1.5mE &3ato] 127F ¥H-&A171 7 800 x g= 523 dHAIA 35 400uE
o] 0.IN-HCl 16mE #H7FsFth IN-NaOH 400u=Z A F7rste]l £33 5 1% o
-phthalaldehyde(n-PT) 100putE H-23to] WgzolAl 43 1F 9h3A171 g 3N-HCI 20040
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= E335to] Shores 9 WHol ¢3to]  spectrofluorometer(Berthold, Germany)® 438nm
(excitation at 353mm)ol Al S8l 3| 2EMTS AT ZE F2 3| REulFS ol <

FAol olahe] Bl vkl Fabel tE MR HAGH

% EAH 24
F49 A ddn 288 deolEE SAS1998)e] GLM k& o] &dte] Hzx
freldh A4S AAerda, dddepAges st #5E © )
(FSP-A¢t FSP-B)el AMgw7k Fol= 7kx87be flske] s o578 Aavas A
Aletinh S48 FAdEt dejdlelH 52 SAS(1998)e] GLM dA+E ©]83te] Duncan
2

o vERAoR feld WS ATk

3. 49 2 3F

7h AAER A
o] wEe] ofdk waoFdul o] AbEFEe] whE ALY A Table 3-4-29F %
of AlgAb R Hol 2F(0~14%) et ) B} BTk fo
Aoz v YERy o (p<0.05), ADFI= FSP-A 3% HZ 45 A9ty BE Hagsd
WA oA FeHes A YERHTH(p<0.05). 1Ela HadiFud FSP-A 3%}
FSP-B 6% A g+ F/G7}F tix7Htt FoA oz YA st 9 (p<0.05), FSP-A 6%
¢} FSP-B 3% Az tizT9 FoH4A xels yehAl &dth(p>0.05). #F% +F
of W& AFFAA ] Feod Al 9ol o] Vbl ME dFet AREFEel oF foH
AFolE= gl Ao & e tHp>0.05).
Ak A#g A9E Alsde] 35(15~35%) &< FSP-B A9 ADGE dlxTol
18kl freldel zto]E YE o (p<0.05), FSP-A A& thz79 F24e xol7t
U ATHP>0.05). ADFI= FSP-B 6% A7kl x99 Fo%Ql zols yEwHon
FSP-A 3%¢9} 6% A2l7¢ FSP-B 3% Ag kel f<4<l Aol sl thp>0.05).
o} ApgFF wWE G o] TFE ADGS ADFIo foZel 9as nHow(zzt
p<0.017} p<0.05), AbF Aol Ab&FFo]l m A= FoAA ddFS GlATHP>0.05).
AA A7 7H0~352)] AAYA A S Aund GEYFEE Ao ADGE R
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A YERETHp<0.05). ADFI= FSP-A 6% 1831 FSP-B 3%t 6% 277} FSP-A 3%
Aot gz vjste] folHoR A Jeyton F/GE RE TaEuTad X
o] tixTol Hlste] FolAow E=A YErSH(p<0.05). ®=3H FSP-B 6% A2 ¢
FSP-A 3% A& T% o4l ztol& UEbATHp<0.05). Tt Fb o] w59k ALEFF
of W& g o] ADGE T ALEFTol mEk dFgFS N Ao YEhon (47
p<0.0017} p<0.01), ADFI&E el webr] GFS ve 1oz veby o (p<0.01), AR E
EF/Q)e T AHEFTe BF 4TS w4 &S Aoz e THp>0.05).

Table 3-4-2. Effect of level of soy proteins fermented by different microbes on

growth performance in early-weaned pigs

FSP-A, % FSP-B, % . Probability(P<)”
Control SEM -

3 6 3 6 microbes  Level
Day 0~14
ADG, g 269" 2847 297" 205" 293" 3.22 NS? NS
ADFI, g 405° 411%™ 435 432° 426" 4.12 NS NS
F/G 1.50° 1.45° 1.46™ 147" 145 0.01 NS NS
Day 15~35
ADG, g 428° 438" 444°¢ 451 4637 3.67 s NS
ADFI, g 674° 673° 675° 685" 688" 2.23 * NS
F/G 1.57° 1.54° 1.52% 152 1.49° 0.01 NS NS
Day 0~35
ADG, g 365° 376° 385" 389" 395 2.99 sk ok
ADFI, g 566° 568" 579° 584" 583" 2.24 ok NS
F/G 1.55" 151" 1.50™ 150 148 0.01 NS NS

abed yalues with different superscripts of the same row are significantly differ (p<0.05).

" Pooled standard error means.

? Microbes : A. oryzae Vs B. subtilis; Level : 3% vs 6%.
¥ Not significant (p>0.05).

!5 p<0.05; #x p<0.01; *x p<0.001.



e
T aoFdule] wFeh AbgFEe e YL asts SH A= Table 3-4-33 #
&

Table 3-4-3. Effect of level of soy proteins fermented by different microbes on
digestibility of nutrients in early-weaned pigs (at day 14)

FSP-A, % FSP-B, % Probability (P<)?
Ttem Control SEM'

3 6 3 6 microbes  Level
DM 82.18" 8380  84.29° 85.28" 84.33"  0.36 NS? NS
GE 82.29"  83.05"  83.69% 84.85" 8464 037 NS NS
Ccp 73619 77.21° 77.82" 7916 7975 0.62 s NS
EE 63.64°  68.70° 65.69° 70.35" 7037 0.77 ok NS
Ash 5297° 5935  60.26" 61.31°  60.06°  0.90 NS NS
Ca 56.94° 5808  57.03 60.63" 60.74* 054 ok NS
p 48.26° 5277 53.81° 5690 5353  0.81 * NS

abed yalues with different superscripts of the same row are significantly differ (p<0.05).

' Pooled standard error means.

 Microbes : A. oryzae vs B. subtilis; Level @ 3% vs 6%.
® Not significant (p>0.05).

! % p<0.05; ¢ p<0.01; #+x p<0.001.
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oful =Ate] B 43S S AW R (Table 3-4-4), FSP-A9t FSP-B 6% A2 72| o}
A Askgo] dRE ATl Hlske] FolHom = e o (p<0.05), TR
A ggrel = AR FAd AolE YEhA FReH(p>0.05). Ly FSP-B 6% # 2]
9] histidine, leucine, methionine, threonine 12 i cystine?] 3|34 3}&S FSP-A 3% A

gl ol Hlgte] FejHow JNAES HEE & AATHP<0.05).

Table 3-4-4. Effect of level of soy proteins fermented by different microbes on

apparent ileal digestibility of amino acids in early-weaned pigs

Item Control FoPTA, % FoPB, % SEM*
3 6 3 6

Essential Amino Acids
Arg 78.78" 80.91%" 82.05° 82.71° 81.81° 0.49
His 71.59° 72.50" 75.42% 72.01° 76.93" 0.68
Ile 74.66" 75.18% 76.65™ 76.23% 78.56" 0.57
Leu 76.08° 77.26™ 78.15™° 79.4a" 79.94° 0.48
Lys 74.76" 76.47° 7859° 78.37° 7756 0.56
Met 77.21° 79.17" 81.94 79.03° 82.66 0.64
Phe 74.43" 76.60°" 77.00™ 75.09” 79.15" 0.59
Thr 66.30° 68.21™ 71.23% 69.49™ 73.14° 0.75
Val 72.89° 74.70™ 77.55% 76.34 78.64° 0.67
Sub-mean  74.08° 7567 77.62% 76.52% 7871 0.51

Non-essential Amino Acids
Ala 72.34° 74.84%" 77.10° 75.44% 76.74° 0.62
Asp 73.34 7477 77.02° 75.62" 7723 0.53
Cys 57.34° 61.33 64.12°" 61.59" 65.90° 0.90
Glu 73.29 77.96" 80.52° 79.10° 79.35" 1.03
Gly 58.16 60.19 62.63 62.91 64.16 0.96
Ser 70.46" 73.71° 75.48" 74.10° 7737 0.76
Sub-mean  67.49° 70.46" 72.81% 71.46" 73.46 0.66

Total 70.78° 73.07 75.22% 73.99% 76.08" 0.56

¢ Values with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.
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7] §x Eolek §9 HolE FAI A= Table 3-4-59% Zrh §FE Eole &
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Table 3-4-5. Effect of level of soy proteins fermented by different microbes on ileal

villus height, crypt depth and villus height : crypt depth ratio in early-weaned

pigs
FSP-A, % FSP-B, %
Control SEM!
3 6 3 6
Villus height, m 329 335 337 346 340 5.08
Crypt depth, s 215 222 216 211 213 352
Villus height - 154 151 157 1.65 1.61 0.03

Crypt depth

1
Pooled standard error means.
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Figure 3-5-1. Effect of level of Soy proteins
fermented by different fungi on ileal
morphology in early weaned pigs.
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Table 3-4-6. Effects of level of soy proteins fermented by different microbes on the

immune cell population in early-weaned pigs

Leukocytes1
Items FSP-A, % FSP-B, %
Control
3 6 3 6
Initial
WBC, k/ut 19.68+4.14% 22.89+2.94° 23.49+2.94° 17.34+3.43" 12.27+1.61°
NE, k/ut 1 0.40+2.94" 12.75+2.71 11.19+2.95 6.81+1.52 757+1.61
LY, k/ul 556+1.31% 6.69+1.18%® 9.80+1.80" 8.43+1.81° 2.80+0.22°
MO, k/ul 1.71+0.49™ 1.49+0.10 1.37+0.22 0.98+0.18 1.37+0.24
EO, k/ub 1.92+1.00™ 1.86+0.74 1.05£0.16 1.08£0.57 0.42+0.12
BA, k/ul 0.09+0.04™ 0.10£0.03 0.10+0.03 0.04+0.01 0.03+0.01
After day 14
WBC, k/ut 24.44+5 60 22.54+2.94 21.72+3.22 27.61+1.81 25.14+2.21
NE, k/ul 10.71+1.58% 10.37+1.15% 8.06+0.37" 10.31+0.62% 13.10+1.42
LY, k/ul 7.78+0.98™ 8.72+1.64 7.29+0.69 6.92+0.56 9.40+0.75
MO, k/ul 1.63+0.50™ 1.56+0.35 1.69£0.49 2.37+0.38 1.54£0.20
EO, k/ub 4.10+2.75® 1.80+0.24° 2.90+0.90° 7.73+1.29% 1.01+0.09°
BA, k/ut 0.22+0.15° 0.09+0.02 0.17+0.08 0.29+0.06 0.10+0.02
After day 35
WBC, k/ul 27.02+4.70™ 18.80+5.85 27.68+3.60 25.53+1.84 21.62+2.11
NE, k/ut 12.89+2.25N 7.06%2.50 13.24+1.53 8.73+1.10 857+1.62
LY, k/ul 8.28+1.63 5.66+1.46 6.12+0.51 7.18+1.66 6.56+0.79
MO, k/ul 2.42+0.44° 1.22+0.55° 2.13+0.45" 2.24+(.22° 4.17+0.69
EO, k/ub 3.26+0.88™ 4.71£2.40 5.94+2.30 7.16+1.77 2.24+0.42
BA, k/ub 0.17+0.07" 0.15+0.07 0.25+0.09 0.22+0.07 0.09+0.04

! Values are mean = S.D., N=5.
® Values with different superscripts of the same row are significantly differ (p<0.05).

NS Values within the row are not significant at p<0.05 by Duncan’s multiple range test.
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Table 3-4-7. Effect of level of soy proteins fermented by different microbes on
hematological values in early-weaned pigs
Erythrocytes and Thrombocyte'
Items FSP-A, % FSP-B, %
Control
3 6 3 6

Initial
RBC, M/l 7.43+0.15™ 9.26+1.45 7.17+0.43 8.94+0.30 8.13+0.67
Hb, M/dL 14.70+2.01 16.18+2.31 13.26+0.96 13.25+0.39 13.03+0.56
HCT, % 50.58+8.13" 50.53+1.70 44.64+3.15 59.40+1.15 58.70+6.19
MCV, fL 67.98+1.53 69.80+4.49 70.62+557 66.63+1.76 72.25+4.00
MCH, pg 20.13+1.68" 17.58+0.52" 21.52+3.23" 14.85+0.46°  16.25+1.09"
MCHC, g/dL.  29.53%2.06" 25.45+1.74% 20.92+2.03" 22.03+0.25" 22.58+1.28"
RDW, % 21.58+1.31" 24.15+0.67" 30.28+4.61° 25.03£058"  19.45+0.60
PLT, k/ul 2171+383" 1851+87° 1427+39" 1468+39™ 3258+260°
MPV, fL 2.78+0.13™ 3.83+0.63 2.92+0.29 3.20+0.42 2.83+0.25

After day 14
RBC, M/l 859+0.90°" 6.31+0.79" 7.15+0.95 10.61+0.66" 9.73+0.50°
Hb, M/dL 16.70+1.39™° 13.18+2.19" 13.48+2.13" 20.05+0.74*  18.38+0.79""
HCT, % 58.78+5.15% 41.76+6.30° 48.20+7.95™ 71.15+3.75° 65.80+0.76"
MCV, fL 68.85+1.74 65.32+1.92 66.48+3.10 67.50+3.37 68.05+2.84
MCH, pg 19.70+1.34 20.62+1.85 18.68+0.92 19.10+1.31 18.98+1.03
MCHC, g/dL  2858+1.44™ 31.46+2.45 28.12+0.97 28.30+1.15 27.93+1.03
RDW, % 24.53+0.65" 23.28+0.85 24.06+0.94" 26.00+0.23° 21.70+0.75"
PLT, k/ut 660+173™ 651+236 963+482 1776+523 1662+259
MPV, fL 9.38+2.17™ 4.68+1.66 8.28+2.25 7.43+2.70 5.38+2.14

After day 35
RBC, M/l 7.81+0.97™ 761+2.27 10.64+1.81 12.11+1.30 7.19+0.64
Hb, M/dL 14.65+1.57 12.80+3.51 16.55+2.60 18.00+1.24 14.40+0.67
HCT, % 49.55+6.58" 44.08£12.72"  62.48+10.09" 75.88+4.73 40.55+2.92°
MCV, fL 63.30+1.64% 57.78+1.86 59.30+3.62 63.50+2.76 56.68+1.74
MCH, pg 18.90+0.68* 17.25+1.77% 15.65+0.72% 15.05+0.72° 20.28+1.11°
MCHC, g/dL  29.93+1.41" 29.78+2.27" 26.90+2.90™ 23.78+0.90¢ 35.70+1.03°
RDW, % 22.78+0.81™ 22.35+0.46 22.48+1.64 23.05+0.58 20.68+0.69
PLT, k/ut 611+155" 892+549° 2150+347" 2889+162° 1379+115°
MPV, fL 9.05+1.65 5.30+1.90" 2.50+0.08" 2.88+0.08" 11.60+0.90

! Values are mean * S.D., N=5.
¢ Values with different superscripts of the same row are significantly differ (p<0.05).

N Values within the row are not significant at p<0.05 by Duncan’s multiple range test.
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Figure 3-4-2. Effects of level of soy proteins fermented by different microbes on

AST and ALT enzyme in serum in early-weaned pigs.
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Table 3-4-8. Effect of level of soy proteins fermented by different microbes on the
polymorphonuclear granulocytes (%) induced chemiluminescence' in early-

weaned pigs

FSP-A, % FSP-B, %
Items Control
3 6 3 6
Initial 100" 107.8+6.5 101.2+3.2 105.2+5.1 99.8+5.6
After day 14 100™ 104.9£9.3 99.5+8.3 102.1£5.3 108.8£4.8
After day 35 100™" 99.6£5.7 103.8+5.1 101.5£4.6 104.2+5.4

! Values are means + S.D., N=3.
©100% = 4.278 + 0699 x 107 cpm.
"100% = 4712 + 0.849 x 107 cpm.
"100% = 4.891 + 0.867 x 10° cpm.

3) AU diF del td IgG A7t

APl £AF Aoz AU rue e G FA FHEE ABAR ol
2% st NPFEA 2 mZ?ﬂﬁxhiﬁﬂﬁlm rou) ofgel MEUTFUNE Fof
& mE AYFAME G tha FAE A8 BEEA Gdrh(Table 3-4-9). F, ol
7E AU W A} A FTRE IAL GRTE WRA PEFTAAE TqR
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Table 3-4-9. Effects of level of fermented soy protein on IgG antibody for test sera by

micro-ELISA in early-weaned pigs

FSP-A, % FSP-B, %
Item Criterion  Control
3 6 3 6
Initial 0/5 0/5 0/5 0/5 0/5
No. of
After day 14 - 0/5 0/5 0/5 0/5 0/5
positive
After day 35 0/5 0/5 0/5 0/5 0/5

Table 3-4-10. Effect of level of soy proteins fermented by different microbes on

serum antibody IgG titers to soy proteins in early-weaned pigs

FSP-A, % FSP-B, %
Reciprocal titer Control
3 6 3 6

Initial

1 x 1/5 ND ND ND ND

2 x ND' ND ND ND ND

4 x ND ND ND ND ND
After day 14

1 x ND ND ND ND ND

2 x ND ND ND ND ND

4 x ND ND ND ND ND
After day 35

1 x 1/5 ND ND ND ND

2 x ND ND ND ND ND

4 x ND ND ND ND ND

' No detectable.
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Table 3-4-11. Effects of level of soy proteins fermented by different microbes on
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Table 3-5-1. Formula and calculated compositions of experimental diets for feeding

trials (day O to 14 )

Treatments SBM FSP-B RPC WPC FM
Ingredients (%)
Corn 28.88 29.79 29.92 30.82 31.01
Whey powder 20.00 20.00 20.00 20.00 20.00
FSP-B - 6.00 - - -
RPC - - 6.00 - -
WPC - - - 6.00 -
Fish meal - - - - 6.00
Deh-SBM (48%) 15.00 9.00 9.00 9.00 9.00
SDPP 6.00 6.00 6.00 6.00 6.00
Lactose 15.00 15.00 15.00 12.24 15.00
SPC 4.99 4.00 4.00 6.00 4.00
Biscuit byproduct 4.00 4.00 4.00 4.00 4.00
Animal fat 2.00 2.00 2.00 2.00 2.00
Limestone 1.30 1.39 1.36 1.27 0.81
MCP 0.57 0.53 0.56 0.48 0.46
Zn0O 0.25 0.25 0.25 0.25 0.25
Vitamin prernix1 0.30 0.30 0.30 0.30 0.30
Mineral premix” 0.20 0.20 0.20 0.20 0.20
Salt 0.20 0.20 0.20 0.20 0.20
Acidifier 0.20 0.20 0.20 0.20 0.20
Apramycin 0.15 0.15 0.15 0.15 0.15
L-lysine(78%) 0.31 0.33 0.39 0.17 0.28
DL-methionine (50%) 0.35 0.36 0.17 0.42 0.30
Choline chloride (25%) 0.10 0.10 0.10 0.10 0.10
Sulfathiazol 0.10 0.10 0.10 0.10 0.10
Mecadox 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00
Calculated composition
ME, kcal/kg 3,365 3,357 3,419 3,367 3358
CP, % 21.00 21.06 21.83 21.00 21.19
Ca, % 0.80 0.82 0.82 0.80 0.82
Av. P, % 0.40 0.40 0.40 0.40 0.40
Lys, % 1.55 1.55 1.55 1.55 1.55
Met+Cys, % 0.85 0.85 0.85 0.86 0.85

! Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin Ds;, 24mg vitamin E, 1.5mg vitamin
Bi, 12mg vitamin B, 24mg vitamin B6, 0.04dbmg vitamin B, 1.5mg vitamin Ks; 24mg
Pantothenic acid, 45 mg niacin, 0.09mg biotin, 0.75mg folic acid, 18 mg ethoxyquin.

2 Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49 mg Mn, 0.9mg I, 0.9mg Co, 0.3mg
Se.
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FEE nAYELS FiFF(total bacteria count; TBC), -fAFt(lactic acid bacteria),
F22E g F& 7 (Clostridium  perfregens)S  AAFSIA o™, 34 AL Peptone(0.5%)+
L-cysteine(0.02%)& 4 & Ab&stAd il M AAF XA FHE Paraffin oil= coating 3}
714 S FAEA9T. TSCHiA= Egg Yolk Emulsions 5%, Cycloserines 0.04% 7}
stATE Akt CL perfregens<= 7F2=3ol Wo] 37T A 72435 F7uj st 74

P —

HodlolE = SAS(1998)¢] GLM AApE o] &sto]

= & =
dddefuA g or FAeAT. Aol AHEE F - AEAH dHdE A55 FuF
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3. 49 2 3F

T X

%48y o

mﬁ
o,

o] AdH HAE e A AFSAE A A= Table 3-5-2¢9F 2
th A EAE Fo 1F(0~7Y)%< FSP-B A8 79 ADGYE SBM A g ol H&to] 2] %
o2 A YE W (p<0.05), RPC Ao 42 Aol 7F gl o™ (p>0.05), WPCS
FM AR us ‘IT-/];GQE A e THp<0.05). FSP-B #2719 ADFI= SBM}
RPC Hzl79k 222l 2ol Ao (p<0.05), WPCS FM A 2] Rt folx o= v
A YERRTHp>0.05). 3HAR, FSP-B A @49 F/Ge= SBM¥ RPCe| nHlste] foA o=
ok (p<0.05), WPCSF FM A2 F+9k= #ol7F 9 th(p>0.05). A& il A(FSP-Be}
RPC)# &4 @A (WPCe FM) A7kl ADGS ADFIE o4l ztel7b &= A
o % e HH(p<0.001).

A FALR Fo] 8~14%Y 9k FSP-B A 12 ADGE SBM A2l ol nlste] {2 %o
2 EoH(p<0.05), tE AHyTFEIE oAl AolE uvERNA F %o (p>0.05),
ADFIE SBM A# 7Rt fej4 o =7 YER 2 (p<0.05) RPCF WPC A2 7-¢b=
o] F el o]zt AAHpP>0.05). 28]al FSP-B A2+ F/GE SBM A 2 ol H|3le] 2
Ao A veou & AgFEdes F94 zel7b flAtHp>0.05). AEALL F
B4 9wd Ao o4 HAAd ddME He 1F st mRbE ADGS
ADFIol A 2491 2ol 7} w25 A th(p<0.01).

ANEFALE F9717H0~14Y)E < FSP-B #2729 ADG$} ADFIE SBM A 2] Hthi=
FaHow =A vehoy, WPCS FM Aol wsle fodoz viA veyt
(p<0.05). F/Gell 9olx WPC A gFwo] FSP-B Azl 7Rt Foldoz =4 yehyt
(p<0.05). ©] 717kl A AMFRAE SEA duld S50l AEA wuld X5 v
sto] fo]Hor we o= YERSGTHp<0.01).

AWt A|FE AHE ALEH7|7H15~28Y) B9k FSP-B A @9 ADGE SBM A&
TROE fFo)dod =4 YEPG o (p<0.05) e AYTETRE FH o7 gl
(p>0.05). ADFI®l ¢le1A FSP-B At WPCe FM A g ol Hlete] fojxoz v
UERETHp<0.05). F/G= FM A2 F-¢h= ol Aozt gldoy vh& AgTFERT
oH o2 EIrHp<0.05). © 717HESt ADFIol ARt B2 484 dwd xg 7tk &
e #ET F AATH(P>0.05).

AA A F717H0~289)2] ALY A S AR, FSP-B g9 ADGS F/G= SBM
A5 At & AgFET FoAQl Aols vERAl Z% 2™ (p>0.05), ADFI=
SEA g A WPCS FM A2l R s Fo2 o v Uebuth(p<0.05). 22l A&

- 103 -



AR Fol 179 27 oot vhabE BEA4 424 v

Ao 2 e THP<0.05).

Ak
=y
=
2
Ho
1o
oX,
L
%9,
rir

Table 3-5-2. Effect of different protein sources on growth performance in

early-weaned pigs

Vegetable Animal . Contrast, p<?
Item SBM SEM
FSP-B  RPC WPC FM Vovs A

Day 0 ~7

ADG, g 187¢ 207" 201° 236 2957 4.90 0.0001

ADFI, g 265" 279" 276° 315 305 552 0.0003

F/G 1.42° 1.35° 1.38" 1.34° 1.36™  0.01 NG?
Day 8~14

ADG, g 271° 307 206" 326° 3227 5.73 0.0043

ADFI, g 417 452" 430% 470™ A74° 6.49 0.0012

F/G 1.54° 1.47° 1.45° 1.45° 1.47° 0.01 NS
Day 0~14

ADG, g 229° 2B7° 248° 281° 273° 517 0.0002

ADFI, g 339° 370° 357> 397° 389° 5.83 0.0002

F/G 1.49° 1.44° 1.44° 1.42° 142 001 0.0096
Day 15~28

ADG, g 337" 376% 367 400° 390° 8.40 NS

ADFI, g 509¢ 523 529° 584 553" 7.38 0.0001

F/G 1.51° 1.40° 1.46° 1.46° 142 0.01 NS
Day 0~28

ADG, g 283" 316™ 307™ 340° 332 6.19 0.0155

ADFI, g 425¢ 447¢ 443° 4917 A11™ 622 0.0001

F/G 1.50° 1.42° 1.45° 1.44° 1.42° 0.01 NS

abed yalues with different superscripts of the same row are significantly differ (p<0.05).

! Pooled standard error means.
? Contrast: Vegetable (FSP-B and RPC) vs Animal (WPC and FM).
3 Not significant (p>0.05).
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3kae] 2848 Table 3-5-37 2th. SBM A2l 79 dUs 238
ge AT vkl foldow Wil GET(p<005). FSP-B Ag 7ol oy
& RPC Az Teh folde 2olE ERA ko th(p>0.05), 524
PCSt FM A2l 7ol wate] foldow WA tErhp<005). 718 A,
T e 45&e SBM ATE A9, e ALTs J+ fo) 1l Aol7h gl
(0>005). 524 224 Bud Aersre] v ol AE, A e w
Hel o7k A Hp<0.05), A, B 13 9le] AFge

o o W
e

@ oy oz

o

lo fo o ooy @

Jo X

A 2] €] ﬂ%% o] At 3 3 FASES SBM AT HUE fFo]Ho=R A e
S (p<0.05), B A FEHE HAR FAHd AolE YA &% (p>0.05). FSP-B
2] 7-9] isoleucine®] 9| ¥ 374 AztE& o]l FAEAl WPCe FM A 2]l H]sto]
Hog =7 YeEwth0<0.05). 183l arginine, histidine, isoleucine, leucine, valine,

glutamic acid®] # 23}4 3} isoleucine, leucine, mehtionine, threonine 22 3l aspartic acid
o] 3| AAAstENA FEAY AEA T FE A A feolde] #EE A TH(p<0.05).

Table 3-5-3. Effect of different protein sources on nutrient digestibility in
early-weaned pigs(at day 14)

Vegetable Animal Contrast, p<?
Item SBM SEM' —
FSP-B RPC WPC FM Vovs A
DM 84.19° 86.43"  86.41° 8756 8699 031 0.0062
GE 83.66" 85.74°  85.98™ 87.37" 8643”033 0.0001
CP 71.09° 7787° 7722 8027 7937 087 0.0002
EE 53.05" 6130  62.08" 62.79" 6443 128 Ns?
Ca 54.34° 61.30°  59.75" 60.63" 5772 088 NS
p 50.89° 58.18"  56.40° 6021 5772 092 NS

ed yalues with different superscripts of the same row are significantly differ (p<0.05).

! Pooled standard error means.
% Contrast: Vegetable (FSP-B and RPC) vs Animal (WPC and FM).
¥ Not significant (p>0.05).
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Table 3-5-4. Effect of different protein sources on apparent faecal amino acid

digestibility in early-weaned pigs(at day 14)

Vegetable Animal Contrast, p<?
Item SBM SEM! ——M
FSP-B  RPC WPC FM V vs A
Essential amino acids
Arg 7591  7837*  78.89° 7473 77.18% 0.49 0.0048
His 67.13° 7336  70.95™ 72.49"  69.72° 0.61 0.0714
lle 66.00°  74.94*  72.02" 7052°  69.92° 0.89 0.0181
Leu 70.05°  72.98™  75.08" 7769*  76.65% 0.87 0.0325
Lys 69.68"  7479*  75.04° 7460 73.86 0.65 NS?
Met 70.40° 7393 74.93" 7483"  73.89° 0.49 NS
Phe 71.22° 7676 72.38™ 7437 72.82" 0.59 NS
Thr 63.40° 7066  70.93" 7054 69.95° 0.83 NS
Val 62.17°  69.90™  67.45° 73.04*  72.22% 1.09 0.0008
Sub-mean 6844° 7397  73.07° 7365 72.91° 0.61 NS
Non-essential amino acids
Ala 64.90° 7235 7167 73.27% 7067 1.01 NS
Asp 72.24°  7533°  74.45™ 78617 7373 0.66 NS
Cys 5991° 6369 6297 6450  63.44° 0.52 NS
Glu 73.84°  77.04°  77.03 79.14%  71.89° 0.73 0.0431
Gly 60.09°  63.42" 66,58 67.69°  64.92° 0.88 NS
Pro 66.83" 6958  69.87° 68.43"  66.29" 057 NS
Ser 71.17° 7457 7356 72.68%  72.28% 0.50 NS
Tyr 64.01° 6771 6832 69.16°  65.43™ 0.77 NS
Sub-mean 66.62°  70.46™  70.56™ 71.69%  68.58™ 0.60 NS
Total 6753  72.21° 7182 7267 70.75° 0.59 NS

ed yalues with different superscripts of the same row are significantly differ (p<0.05).

' Pooled standard error means.
? Contrast : Vegetable (FSP-B and RPC) vs Animal (WPC and FM).
® Not significant (p>0.05).
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Table 3-5-5. Effect of different protein sources on apparent ileal

digestibility in early-weaned pigs(at day 14)

amino acid

Vegetable Animal Contrast, p<?
Item SBM SEM! ——M——
FSP-B RPC WPC FM V vs A
Essential amino acids
Arg 77.01 79.53 80.46 77.42 79.05 057 NS
His 69.71°  7464* 7172 7413 7129" 075 NS?
lle 69.71° 7667  76.65° 73.40° 7345 075 0.0035
Leu 72.42° 76417 7645 79.20° 7826  0.67 0.0092
Lys 7162°  79.00°  76.20™ 7815 7613 075 NS
Met 73.82° 7838  76.85™ 81.41*  79.12*  0.77 0.0269
Phe 73.16°  79.77*  7654° 7946  7588"  0.72 NS
Thr 68.109 7321  72.38° 75.35" 7636 0.83 0.0058
Val 68.87°  74.49*  73.03° 74420 TA62*  0.67 NS
Sub-mean  71.60° 7690 7559 76.99°  76.02° 059 NS
Non-essential amino acids
Ala 7281 7675 7557 79.28" 7520 059 NS
Asp 7519 7973 76.84™ 80,75  80.68*  0.71 0.0409
Cys 61.67°  6540"  63.19™ 67.16° 6232  0.67 NS
Glu 7587 80.07*  78.49™ 81.62* 7597 0.67 NS
Gly 62.82°  68.29°  68.70° 7090° 6799 085 NS
Pro 7178 7505 77.31° 7533 75720 061 NS
Ser 73.14°  7839*  7491° 7775" 7568 059 NS
Tyr 69.47° 7142  72.13% 7342*  70.04° 052 NS
Sub-mean  70.34°  74.39"  73.39 7578 7295° 055 NS
Total 7097° 7564 74.49° 76.39" 7448 056 NS

ed yalues with different superscripts of the same row are significantly differ (p<0.05).

1
Pooled standard error means.

? Contrast : Vegetable (FSP-B and RPC) vs Animal (WPC and FM).

® Not significant (p>0.05).
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ok ol Fejstz i

AolA%, 3 aga I3 F9lo §E Foleh §o olE ZHH AFE Table
3-5-63} £tk FSP-B A# ¢ &5 o], &9 2ol 2¥i 5 Fol:g% Z—M% SBM
Aok AR fFolHl 2te]E WERAl & %o (p>0.05), WPC A&l §X Eol&
SBM# FSP-B A g]7-¢l Hlste] BE F-9oA Fodow =4 YW th(p<0.05). FSP-B
Ao §R Aol AolAFS Aest T FFelA A7t FoHQd Aol E U
BRI A 29tch(p>0.05). FSP-B A 19 §5 Xo|:g9 Zolx= WPC g o] nlste] =
E 290A froHem v YERSTHp<0.05). ol diF e Hrbe fuw g H)
gto] §R EolE HaAIttae Li 5(191b)e] Aot At 18 $E4 A&
EFole] frojAe] BE RolA frofHd o]yt #EHUAT

T2
(p<0.05). webA A4 @ud d85rt =4 Gl d5d vste] §2 FolE ¢ Ha
S

Table 3-5-6. Effect of different protein sources on villus height and crypt depth of the

intestinal region in early-weaned pigs

SBM Vegetable Animal SEM! Contrast, P<’
FSP-B  RPC WPC FM V ovs A

Villus height, um

Duodenum 319" 327" 343® 363° 358° 5.43 0.0097

Jejunum 310° 322™ 330" 351° 345% 5.00 0.0217

Tlleum 301¢  312™ 318" 344° 327 4.65 0.0113
Crypt depth, #m

Duodenum 218" 222 214%™ 203" 207" 2.91 0.0447

Jejunum 218 219 212 213 216 2.04 NS?

lleum 211 212 205 206 210 1.93 NS
Villus height:Crypt depth

Duodenum 147" 148"  161% 1.79° 173 0.04 0.0067

Jejunum 143 148"  156™ 1.65° 1.60™ 0.03 0.0338

Ileum 142> 147" 1557 167 1.56™ 0.03 0.0335

abc

Values with different superscripts of the same row are significantly differ (p<0.05).

! Pooled standard error means.
 Contrast : Vegetable (FSP-B and RPC) vs Animal (WPC and FM).
3 Not significant (p>0.05).
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Y 55
Zt}. Figure 3-5-1014 &2 4 gl%o],
T AU ol& ofut= 7 AlF YR

7] Wi Aoz AR E

3-5-1. The scanning electron
microscopic pictures of the ileum
affected by different protein
sources in early-weaned pigs.
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2 Z A=

2% WEE MAE F5 AT A3 Table 3-5-29F 2k Ful&E9] & vAE

dFE FSP-B Ag77F 7 e ez FAHNeH, fAlvse e A v
F2 oz veiwth BY4d vAEA Ol perfringens® % RPC A&7t th& A2+

Sl wste] EA dEsken WPC A2l +7F 7B WA versth =4 il A=

suA 9 E Aol nlste] & e, FAbets Lelal Gl operfrigens7t B AoR S
AEAT ol AEA 9d ARV w4 dulE A5 skl Al vdEe] 4
FeEletA Gl @S 2Ae7] Wi Aom AR EY

10.00
9.80
9.60
9.40

9.20
9.00 =t
8.80 -
8.60 -
8.40 - T T T T
SBM FSP RPC WPC FM

Clostridium Perfrigens

-
wn
>

oo
=3
=l

Visible cell counts (log cfu/ml)
Visible cell counts (log cfu/ml)

2
wn
>

8.00

Total Bacteria Lactic Acid Bacteria
7.80
7.60

9.50 i
9.00 E
SBM FSP RPC WPC FM
7.40
7.00 -
6.80 -
6.60 -
6.40 -
g;g ] Figure 3-5-2. Visible cell counts (log cfu/ml) of
SBM FSP RPC WPC FM

intestinal contents in early-weaned pigs
fed different protein sources.

(log cfu/ml)

S

2
N
=]

Visible cell count:
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of A
g2 10mee] 3t 24 9(0.85% Nacl)ol @etate] 10'~10°9] H &2 3
218lo] 100iE chloramphenicol 100pg/mlS ¥
F3tal 30Tl A 48~56A1 75t vl ket & 3
£ st wEol AFEetst

= AW AR 1gg 10me] B A4 950.85% NaChell @Eate] 101~107°
18ko] 100utE LB S ufAol] =@slar 37°Col 4 2441 3bset w g & A

T v g FeE #ZEY Bacillus £02 #dEE dFENS

12 Adstant welE v e T84 AR B gARTE VAR o HAuA A gk
Aoz Jteidlaxre] Ao s dFE AWste] "Bergy’s manual of
sto] 4% = ARESHA T

A oryzae AEE 3 WERTOCE A oryzae Ripd0S, B. subtilis IZT o2 B
subtilis KCTC1028< o frdat2ad o2 iy EoF whobx] AR&3Fsitt

s}3l= PDA(potato dextrose agar)® Ao =
A A = x5 FAs= FZ Y (colony)

“<
Lo
N
MN
K
MN
Of

systematic bacteriology”

o
o
ol
2
N
S
>
)
offt
r (]
i3
ol
Ll
¥
o
ol
2
_Q o

=
o
o
=
l¢]
w
D
=

B\
ox
o
~N
o
o
BN
ol
B~
12
o
fru
rlr
S

15 10gs HAAPERE E3fste] v
o & & FHFE 100m7FA] A3 30=7F wwketal 2417F A A & 1023
(10,000rpm, 4TC)sle] A2 AT AES AFEsITt. Amylase 97Fe 784 A

{20mM  phosphate buffer(pH 7.0W 1%}S 71d&2 3l A" 3 dYG
DNS(dinitrosalicylic acid)} ¢ & ZA3ed 3, &4 1Uunit)E 29 1 pmole] =S &
A7l 540 oz A3t Protease 971 casein{20mM Tris—-HCI buffer.(pH 8.0)

07%}S 714= ARgsle] @4Wg & AAE tyrosined FolinHoz 4391, &4

[>
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1Uuni) &= 9 1 umole] AAES FEA7IE &4 doz A A

Low temperature sterilization

- Coding

Inoculation

-

Aspergillus oryzae and
Bacillus subtilis isolated

From tratitional soybean
malt

-

-

Drying in low temperature

11

Grinding

Figure 3-6-1. Fermenting method by A. oryzae and B. subtilis isolated from

traditional soybean malt.

"}, Trypsin inhibitor 7} &394
AACC Method 71-10(Kakade &, 1974)°] we} trypsin(TPCK-treated)S USBAFZ4-
Bl F3te] AR&sth T mg/ge TIU/mg sample/1.9x0.001%2 #4139

¥, KOH €3l ¥ PDI S3WH
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KOH &3l== A& 15gS A#ste] 150mle] 0.2% KOH &Ho ¥ 2087t stirring
PS5 oyt ool zuhuld RS AAste] Alg Zuwd ghape] WiE

PDI= A& 15g8 At 75 150mlell ¥ i 72 7](Ika, Japan)® 13,000 rPMoA] 10
T BAAI v ok of o] uuly ek AAste] Als xud shepe] MR &R

Alkst it

o

-

38

A}. Raffinose & stachyose 3ZFZ3

Raffinose @ stachyose &4 & =7}

ol

RLRSE s P R IR 0

7h HIAEZEWYE S o8 YTy xddld qFE FFoE T3} nALEV|H
s
1) o5 Hgo) o] &F mAE o5 A

s TRl o% o w gFute] vgstE s A7sty] flste] AHRE WAER
AV ssl AR Dol Holwt A oryzae, B. subtilis S AEBHFolA 5
o} B3 FFo] 739 A FH|, B LA} (conidiophore), 7 AF(phialide), A8 3L A}2]
RS #EEY A oryzae IFE AL T, AAWMYEFE(Sodium selenate, NaSeO,)E
05%(w/v) R EE&A A 5%(w/v)E Egsts Ao 1x10°) 7] #F RAZAES

q
o
S 2ARRE -, 30TolA 48413 mjeFste] A wafjgko] & WolwFE

gk os A9 3
Akl al, 5] EA vl E Table 3-6-1¢] YER ST

v FFE 80TA 158 F8 & LB dxlujAlo] =dste] 37CelA 2447 v
st & AAHE colonyE 2HEAMN T w7 AolA Gram+, rod, endospore-forming <!

i g AT eAEFE VAR = FauA ol
beai aae) g4e] -3 wFE 22 Atk ATl tet

of g4, vl ’5;‘3#, Ael g A 5EAS xAFSe] Bergy’'s manual of systematic

2) WAE @k o s o Eead @9 asel nAs 9%
W

Aspergzllus oryzae GB-107 Wo|#FE FEIHF 40% =2 H A 3Fo] At o Folo] A
& % 30ColA] 48A17F v g3t T amylase 97F7F =i o Fuabe] 2wl gEFS b

ol WA #FE HF ATstAtH(Table 3-6-2).
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Table 3-6-1. Aspergillus oryzae GB-107 Wo]F29 gz EA

e A. oryzae A.oryzae
B = GB-107 ¥lo] %
XA A =4 3}
AAMNYEF 0.002% T BHAHE + e+
AAAVEF 001% TEoA BAHAE - +4+
AAMNYEE 1% sEdA ASAHAE - et
AAAMYEEF 5% oA AS5HE - +
AES ESsti= shu Aol A 484 7F
8mm 20mm
W gAS w F3ste] FH
ol Fuhs v A 2 AFg-ske] A ek A
N C ° +(33U/g) +++(202U/g)
A& (starch)7trEsl 24 97}
ol Fahs v A 2 AFE-ske] A e A
B i ° +(15U/g) ++(35U/g)

oY ol A oryzae GB-105¢} gt frrzomR Y FF W tixzat A oryzae
Rip 4002 #galqls wf ubwd shafo] oF 51% Froldoy A oryzae GB-107 Wo]
T2 TEsde W 546%E WEIA F tlFHEY of 84% Wi o]l w553
th. Table 3-6-2¢14 dlFute] @l S amylase®] *7H7F & dFoA Wo] THHEE
w59 amylase 7283 @A F5o] AHI WAV = ACE YERRT ke
o] FHEe A diFate] g
A4 glucoamylaseo] ©]ste] 7his] @ & WA= Ao Do
o

24 Ao gvdel s5H Ao Aud
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Table 3-6-2. ¢& o W& dFur =dde] o Wst

Strains Cell number Amylase Protease Crude protein
(CFU/g) activity (U/g) activity (U/g) Contents(%)
Control 46.2+0.3
A.oryzae GB-105 2.6%10° 73.5%3.2 3.8£0.1 51.1+0.5
A.oryzae GB-107 2.2x10° 266.8+2.6 5.1£0.2 54.6+1.1
A.oryzae GB-215 2.1x10° 161.4%4.3 5.2£0.2 53.0£0.9
A.oryzae Rip40 2.5%10° 43.0+6.6 4.8+0.1 51.0£1.0
Aniger GB-10 2.6%x10° 11.4+05 1.4+0.2 50.2+0.6
Bacillus sp. GB-102 3.2x10° 13.5+3.2 497+0.14 52.0£0.5
Bacillus sp. GB-109 1.4x10° 21.8+2.6 434+0.12 52.60.6
Bacillus sp. GB-111 2.2x10° 83.4%4.3 5.10+0.2 54.0+0.6
Bacillus subtilis 9
3.6x10 20.946.6 2.44£0.11 51.6+0.5
KCTC1028
Lactobacillus 5
) ) 8.4x10 2.0x0.5 0 49.2+0.6
acidophilus

Figure 3-6-2. 54 vjx]|Z o] &3} A oryzae GB-107 Wo]FZ 404 7F 8] <%3k &
7 AFZL(x40).
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B Aol A ®ystel B, subtilis GB-1112 AH® #F2 5T 40%2 1A o
FHbE HEEs u tiFure] el dheko] 54%E A WrESHA] oFe tiFubel] Hlso]
78% FFHALH T FHA Loz FY & B osubtilis KCTC 1028 KT} 26% =
ATH

3) tiFur dsufA ] o] o My & xukwd 3kl w A= JEF
tFute] =8 Stako] wE A oryzae GB-1079 WHE & A A 9 xgwd
gFeo] wstE A7) flste] diFEte] RIS 30%, 40%, 50%, 60% % FAYEA A
N (5x10%mb) 5me-S ZF Aol EApste] FaF 4o 30T wWi%TIoIA 4042 W F 50T
Az71e A 8= 8%7F 2 wi7hA] A xste] 7 MEC] amylase, protease S E 2 X
whuld &g Z2AFSY Table 3-6-3°1 eI ATH

Table 3-6-3. 5ol =& g3Fo] A oryzae GB-107 L& o] 23 amylase, protease
A gl 2amz gheke] wsle] wX = JF
o} k<] B amylase protease B LA
Z7| (%) (CFU/g) (U/g) (U/g) (%)
30 3.3+0.5x10" 31.2+0.5 3.2+0.3 51.8+0.5
40 3.2+0.7x10° 223.6£1.5 7.4+0.5 55.4+0.5
50 9.3+1.0x10" 348.3t1.5 6.4+0.5 56.0+£0.5
60 7.8+0.5%x10° 41.6+0.7 46+04 52.5+05
A. oryzae GB-107¢ A5 2 protease G7F= tFube] Z7|gESEo] 40%Y
7} =9kA W amylase 97 2 @ F giFebe] xuwld e x7) FEIMER] 50%Y
uf 7bd =4 JElsth 3 Table 3-6-304 &g dfFube] 2wkl d gk amylase 9
ZFell wel WEsta A oryzaed Ao AAFHA e Aoz eyt oS
amylase7} 7] BFstES JheEdlste] mAdEo] A 2ad dUAE xxse
o 8% 98 ot S HAFAL
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Y. dFate 359 g FeARel trypsin inhibitorE A A= Wi AL
1) 5Fute] A= o] &3 trypsin inhibitor A A A

78] g% trypsin inhibitorE A ASHE 71E9 WHES Ao o AwWA

a8y dFES dxy b @S W trypsin inhibitor ¥9F ot} diFurml A el WA

o FAldl dojypmw I Auld AG 75 FUA o] &Eo] A "ol uhehA
dAxglo ek A x =2 A X = (protein dispersibility index, PDI)

o} KOH §3l=g ZAMstth £ dFolAe= diFet w8 Fgeda daoiFute] H45 A

< Z2 4 A Ee] W37} trypsin inhibitor &

T e i

2ol =7} trypsin inhibitor &4 Al WA= FFE e fgke] HiFEE
20%, 30%, 40%, 50%, 60% TEFFFOZ 1AIZF §eF AA G F A2oA Hdxste] vkl

A S e Table 3-6-40] YERWSTE Uil di7uhe Az AT thhe] 94
ol o3te] ojn AGHF AAHACH HiF 36 TI mg/g oA L& o] &5HE 40~
50% A #ZFol A= 01~0.3 TI mg/g Stobxith.

Table 3-6-4. i 742 Z=wko] trypsin inhibitor &4 A| Ao v X+= 3k

Water content Trypsin inhibitor KOH solubility PDI
(%) (TT mg/g) (%) (%)
Control (0) 36 84.5 16.3
20 3.6 85.4 15

30 3.5 84.6 15.4

40 3.5 86.6 16

50 3.3 86.9 16.4

60 3.1 84.3 182

ZUal o) Fualke] A4S oln] A s 7W 233 % trypsin inhibitor 24 o] 3}¥] 5]
o] A 93 trypsin inhibitord 37} & A7 HAHES AXA &2 ALEAF O
FHRo R Areh 22 Hor A F zuwd kS £AFSe] Table 3-6-501 WERY
9 =4 dFake] trypsin inhibitor H¥ 159 TI mg/g ©l TFo] olgyE=

40-50% A ZFl A= 09-1.1 TI mg/g SFobxlth

__\1_|
rO
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Table 3-6-5. Q1 =AF t54HFe] H4=7Fo] trypsin inhibitor &4 A Aol n|x&=

Water content Trypsin inhibitor KOH solubility PDI
(%) (TT mg/g) (%) (%)
Control (0) 15.9 97 65.5
20 14.8 97.7 63.4

30 152 98.9 68.3

40 15 99 67

50 14.8 99 66.3

60 14 975 65.2

2) @Al 9g 79| trypsin inhibitor &4 | A
s HEsty] YA diFetel x3E LA ES AlASI L FALFAAE A
A7 = e o] wrEAl Fasin ey HEA g ot YL I E
7] sl A% I, @3 2% 2 AR 24do] dasit sk B I =4 o
40% =2 H=A3Fo] 60, 80, 100, 120TColA 30% H 603t €42 % trypsin inhibitor &7
ZAFste] Table 3-6-6° YER ST}

11

O

e 5

Table 3-6-6. 932 =7 w2 U4k 2 JA=4F 57499 trypsin inhibitor &4d 2] W38}

= f Ak d = 2k
C(I){::;iilil(q)is soi(lziity PDI 11;1}1751%[2 Sofl(lziity PDI ;rlllrliiig;
(%) %) (mg/g) (%) %) (mg/g)
Control 34.5 17.3 3.6 97 65.5 159
60T, 30+ 80.4 21.9 2.6 98 66.6 15
60T, 60+ 79 24.8 24 97.6 66.7 12.3
80T, 30+ 80.9 24.6 2.3 95.8 60.2 12.1
80T, 60+ 73.1 235 2.1 84.1 42.3 8.1
100C, 30+ 60.5 124 1.1 75 16.8 1.3
100C, 60+ 59.7 12.3 1.0 64.4 14.6 1.1
120C, 30+ 34.9 12.3 1.0 38.3 14.4 1.1
120C, 60+ 33.8 11.9 1.0 374 187 1.0
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Table 3-6-6°14 80CoA 30+ EAEEAS Wl trypsin inhibitor &7F7F FU4F of
FHb 49 1.3 TI mg/g SobAaL, 1=A4F tiFuke] 4% 3.8 TI mg/g SrobA At o2&
e tizTo Hlstel & Aol7h Atk 1 o] dA-gHAS wl dF2re] trypsin
inhibitor &7}%= Yol A vk @A e gajiele FA3] "olx wuide] dga It ¢
HEo] dAz WHos HHA e oz ALFETh Atrt 120ToA 60%3F DA st
% 1 TI mg/g A=Y #ojgdido] Fomz dxglo] o)Ayt trypsin inhibitors <H4 3
AAS7] o Hrt

)

(

3) nAE wgo ok thF99] trypsin inhibitor &4 A A
) Fuko] gk kol #}9l trypsin inhibitorE A AStE WH oz AA g
g g A= proteased] 9t JREE WHS RS AT. B A F A Akt

=
A. oryzae GB-107%} B. subtilis GB-1112 t}#9] endopeptidaseE #H| %It} o] 45 9]
a
[€)

Table 3-6-7. F]AE 5o o3 589 trypsin inhibitor 4 A A

. Trypsin inhibitor KOH
Strains - PDI(%)
(TI mg/g) solubility (%)
Control 22%0.2 84.1+2.1 25.4+0.3
A. oryzae GB-105 0.5%0.1 84.0+0.9 49.4+1.6
A. oryzae GB-107 0.4+0.2 87.4+1.3 55.5+1.1
A. oryzae GB-215 0.5%0.2 80.3+1.2 44.9+0.9
A. oryzae Rip40 0.5%0.2 84.3+0.8 50.7+1.9
A. niger GB-10 0.6%0.2 80.7x1.4 21.8£0.6
Bacillus. sp GB-102 0.7£0.1 80.1+1.5 75.9+2.3
Bacillus. sp GB-109 1.6+0.3 76.5+0.8 53.6+1.0
Bacillus. sp GB-111 0.7£0.4 89.2+0.7 75.0+1.2
Bacillus. Subtilis
1.11+0.2 81.1+1.2 54.3+0.4
KCTC 1028
Lactobacillus acidophilus 1.8+0.2 77109 9.2+0.2
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Table 3-6-7°1A 7+ & 40%=2 A8t 70T A 303 g3t A=
ZF ANE T gtk 2ol dA g st 7o) dFE 30TolA 40417F HE g ot
235t Aoty A oryzae®R T8 3S W Bacillus 4 TFHET §3% S 2 trypsin inhibitor
= A8 Ao AR A2 L uAHE dFgiAHS E319] trypsin inhibitorE 0.5 TI
mg/g FEoR WAL, g GAHT P& w120, 60) 8Tt oS ZHHOZ trypsin
inhibitorE | A s} %3 t}.

HE,E

rulo

o 5o gH8 213 raffinose E stachyose A A 71Y 74

Raffinose= sucrose®| furactose’} a-1,6 glucosidic bondZ, stachyose= raffinoseol
furactose”} a-1,6 glucosidic bondE& ¥FAd3staL JojA 7h50o] FHlsteE Exe 93t 7k
ol A Fomg od 75 AspelE dove= F8 ddde] #nh Raffinose$t
stachyoset= @ol "¢ <t Fxolma Ao 9ste] e AAHA &=t 7]E9
o5 EA AAUYLE 65% T2 FE5to] A7ste YRolAR FE3H T 84
ofn :=2ke] AAEE FEAl o] tk. B A S A= raffinose®t stachyose 1A E E & 9}A

oA ARHE TEaR AR AAsE Wt

[

Table 3-6-8. "] E L Fol 93 raffinose$} stachyosee] #| A& 3}

Strains Raffinose(%) Stachyose(%)

Control 1.34 3.60
A.oryzae GB-105 0 0
A.oryzae GB-107 0 0
A.oryzae GB-215 0 0
A.oryzae Rip40 0.02 0.04
A.niger GB-10 0.02 0.04
Bacillus. sp GB-102 0.06 0.15
Bacillus. sp GB-109 0.42 0.97
Bacillus. sp GB-111 0.07 0.18
Bacillus. Subtilis

0.11 0.24

KCTC 1028
Lactobacillus acidophilus 0.02 0.89
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TUab g FEbS SR 40% 2 A ske] 70T A 307 A2 FAF = Zbzbe] mA
2 AR 4047 e v 2E T2 raffinose®t stachyose S FAFsle] Table
3-6-8° YEF At} Table 3-6-894 A. oryzae® L& ¥ QS W raffinose?} stachyose:
443 AAEAC. Bacillus 4 59 28]l %E raffinose®?} stachyose’} AAE = F37})

VAN A oryzae RbE &I} . Ol AE A oryzaeol °dA BAEE AEF
glucoamylase®] 7}i3a] 28 7]¢ld Ao =w Alg T}

_lZi
o
>
&
X2
£

3 Z dFaude fAgo|sy
ZbEe] Fold dWRdude 9o golA rsE

o bl B
HEIS el @AAARE Felok Aol e feldh B aaAE ol 48 B
Fol AL proteased] S3te] YFRNAS AR ste] Wetol=g st

t ANIS
:BNIS

M

1:

2: té*szEH—?—@ EIES
3

4

5:CHIS

Figure 3-6-4. ©9 49| /b4R88 JEg wejFe vad 47195 24 AR,
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=
o HA7NGEse] 2 AF}E  Figure 3-6-4°] UYEUP, AVAdE AL AR
(Densitometer) &= &=}

e
B oolyel wE mEUwAS Figure 3-6-4004 Futsl vwells w gFule] o
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e
Gl
ox,
ot
o
ol
o
8
3!
[ije}
£
(@]
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gl ol Wxyl A7)7p 2e Ba 2oz %A 9t} Figure 36594 % 2 auFut
o] @Ak 25000kDa olet =L7]e] FE =7t HdA e 70%0w o Fu 9 e Al
BT} 25~30% =/ xS JSS HolE
100%
90% |
80% |
70% [
60%
0% m 25KDa0|’§
@ 25KDao| 5t
40% LS
30% | P
50% |- 2.2.9._
HEEES=
10% 1 3AME
0% 4 BNIZ
1 2 3 4 S 5.CHIE&
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d71el daks FEste] 71 diF b A gE vAde dEe o o
=

Aot AFs AP AAEFS AZek At (Figure 3-6-6).

ERASI2
XA
A
pI==TH I e _ ==
= > SN M =4
ol
MIA
7y
T q o= =2
'%Fté' CH== " M= S — ots N ESUE CHESCieHEl
=
Figure 3-6-6. 7|9 sHdlFd®d AT H I A oryzae GB-107S o] &3 HauF
el AL o H|u

AAG F 70CTAA 302 A& AL FEol 30T 4 rqwm Ao e 487}
2o A oryzae GB-1079] & Wl¥d FxS dFH 95 kg9 2g ¥ol =¥ H2 o
o TaEAAe dFdse] FAE oF bm® dto] FHEsHA iLE F 0CTE FAAZIHA 12
AIZEERY BAEAE oA, A Tolrt gREY U)o thFE RS WA
0] 30~33C7F HA FAIATIAA 2441 v F oF F25 40TE FA4A A 124
29 owiFstoh ko] gkEE ulFure 50TColA EF Az & Este] wao] o
e A A ES Al x5

AT AAEI ool A ilE VE dFduE AEES Tske] uiFd Al
EAS U= 29w A g8k trypsin inhibitor, PDI, KOH &&= XA}8le] Table

T
9o FERRSTE ¥ AAES EJNANA Gt @A vy, wnge] gHE F

Y
o
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& g7t
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3to] amylase
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(Table 3-6-9).
Table 3-6-9.
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=
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=
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Aspergillus oryzae 7+ % Bacillus 7&5% A< A tFato] HF3sto] U5 S
B3 E S uAlE Ao Hed ouAPdor APAZORA YT Lol gl A S A

Hog Fato]l oF 55%9 WA S ¥3slal, trypsin inhibitor$} raffinose, stachyose
9 &S A AxHHS gEste=d 9l
2. d7%4H

7h 1F2 dFSRd Age g FAAL
D U= 2ALEE 9% starterAl z=ol #g A+
7V) Aspergillus oryzae Z A%
A oryzae STUAZE 9% WA x£E 2 HA FRIT] F Al vAE dFE £
Abstth H A wiA & Adksty] 98] Table 3-7-19F o] wix| =4S 2
W g B B4V S wAE S ARE ST wiA R A s

W) Bacillus &1 A Z

Bacillus &3t 14L 4% 2 a7] 5 ol&3te] AAstA o™ Bacillus ¥ 4S £ 8iA
%42 Yeast extracts 10g/L, Glucose 10g/L, NaCl 10g/L ¢] sjA| & A Z3te] F YAk
o] &3}tk

sttt

>
%

g% A (0.1ton/batch)e] WHE T ©wld Atz AJibe] ok oA+
1 g 7](10ton) S o] &3 AR A A AR 2HF 248 Yy g g E

A
AEE AAsT A E Fae Abged o, FFE A oryzae I 2 Bacillus

=2
T EPMFHAT. 100kg AHS 918 el HH ¥ Agstgon, WA A=
FRgEe A4stdnh AF AT 29U FE 2 G BE 29wy s
£ zAbste] 2ud $E S4E 9@ A4 242 dysac.

3) Pack-bed E}Je] mA| & 7] (10ton/batch)E o83k tiFa-ld ALz o] d=zFAskel] 3
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= Ao w AZtEt(Table 3-7-1).

FurS 28l w Aol A protease F7F7F =A YER e, oiFuk UUE &3

=

RS R

) =<

]

T RN AR ARG a7 2 Al =4 vEEd 4ol 2

122 wjekd A= sl

Table 3-7-1. s ZA ) W2 A oryzaed &497F 2 <= A3}
Amylase activity Portease activity AO A<
a5 Higt
(u/g) (u/g) (cfu/g)
o) 7t 157.0+0.4 53+0.1 1.2x10°
17)& 395.6£3.7 28+0.3 1.7x10°
=il =i s o
359.1£2.3 46%0.3 2.4x<10
(1: 1
g Fukhd 7] o
381.2%£6.0 56£0.2 5.3X10
1:2)
g Fukhd 7] o
284.4x0.7 35%0.6 2.9x10
@2: D
off a2} v N
165.5%x0.4 48%0.5 2.6<10
2:1
Aol RIS dste] A oryzaeE: WY AI= Figure 3-7-13 2ok w A <]
TS 30, 40, 50, 60% = ZAsl] FA T TS HFTSn WY 2=E 0CER 243
T A E T WSS AT SRS Ee] =55 E o Aol FEeA o 40%
olgo] FEITHNAE Aol FESIFI TAG o] =G Y weElA HA FESES

W) Bacillus &1 A%

Bacillus S 141 A4 2§72 o] &35t AAEY o™ Bacillus #1S 93F Hj =

%42 Yeast extracts 10g/L, Glucose 10g/L, NaCl 10g/L 2] sjA| & A Z3te] F YAk

gk M F AF e 10 FEoIAT
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o) &3 wMgs A HHxA A4A
A. oryzae 2 Bacillus &3 9SS fst 4

A& A oryzaedl HA 3o F2 B
=, X 9] =EGF 40%, Ml FeE 30~35TE & t 2

ol o] &8t

300
N —=— 30%
250 e 40%
200 - 50%
—x— 60%

X10* cfu/g
on
(@)

0O 3 6 9 12 15 24 30 36 42 48
Culture time (hr)

Figure 3-7-1. wix]e] &3 ME A oryzae? 3%

2) 343FE @A (0.1ton/batch)e & &
13 7] (10ton)E o] &3

4 WS 9% WE 20 FPRAT WAL A=A
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Table 3-7-2. A. oryzae and Bacillus sp. ¢ E3ujdA] 2otz ghak ws)

7} Bacillus AO 80% AO 50% AO 20%
AO 100% . + + +
A g 1002 Bacillus 20% Bacillus 50% Bacillus 80%
FE(%) 11.4 116 11.4 114 115
Z kel A (%) 51.55 52.55 52.55 54.40 53.80

il
Hjx)o] RS Gl FHFE BEgEY xudd %S FAHI 2y Figure

=
3-7-29 Rtk FRFFo| 40% oY ASE MEU FAYYE Aol Hold gRo
A\ Z

54
52
50
48
46
44

CP content (%)

42

Control  30% 40% 50% 60%
Water content (%)

Figure 3-7-2. Aol e =W d 3 Hsh(%).
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Table 3-7-3. WFA kel W& =ebdd oFF W3}

Rl S s 29 d (%), 58 10%574
12 48.1+0.3
16 48.3+0.5
20 52.240.2
24 53.740.3

3) Pack-bed B} 9] zALE7](10ton/batch)S ©]-&3F Fehild Alg o] tfFAske] &
sk AT

dEmMAE gFdoes st NK A3 (SAE, Figure 3-7-5)°2.2 HiX & ¢+ dt

gk 5 3B[CT7HA WA AT, W2te] gdud F mAEHTEH S o] &5t dFdasE $3l

A. oryzae 2 Bacillus 7% % &3 tH(Figure 3-7-6).

Figure 3-7-5. 2~2® oA dgujx] G+t
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Figure 3-7-6. el=v|#]2] ¥z} 8 3t HF.
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o8 Yo, HF AFolA T Aole glith B FEEE
o] F S wet ol Al ol F 9 GolHE At HA FEFFS
2]ttt

w2 o] FEEFLFS 40%ER 24 T wEgy] o &5 ¥WIE  2AsYtHFigure
3-7-9). 7] AF2EE 21CE 2-sle B3 & ANzFeR e, A oryzae 9 Bacillus &
ol Al oF I8AIZFRE 27t Sepbr] AlAbste]l < 26A13F A 4TCHA 2=7F ST
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95 AL Figure 3-7-113 Zt}. Trypsin inhibitort 21.5kDa® A7 Wy oz st

St Al Foll = WEE ST = glo] e E S &8 ARAR 2l AS AT
oh;]__

- 138 -



2.5
2 L
O
> 1.5
£
<€ B
= 1
B B
i B
0 24 30

Culture time (hr)
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) 7% AStEAgAA S HAYsE + e 21 AA
23t g4A84S HAAS sIYE Ty SRS ES 40%2E 248t A oryzae <
[e)

BacillusE &% w3t A3 vidE 2] amylase®t protease@ A& ZFAste] Table 3-7-49
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el 2t Amylase activitys A. oryzae ¢ Bacillus £l Al A oryzae @ v %ol
Hl &) oF 28] o] e X E YENNN S Y, protease activity 9 Al Bacillus &5 W SR
o} oF 2807 wrokth &3 vl Al Zh7be] Asta el #HE 587 HEiA miA e R

oo 2 27 HE T 75 ol Uk JFS ZAFS A Th

A, iAo FEFFE R wgete] EAEEE A ARE Figure 3-7-12¢1 UE
ik wix e R3] 50% Y w) amylase activity 2 protease activityZ} 7H4 93}
Atk metA A oryvzae ¢+ Bacillus® S EAl 54 A4S HUls) b7 el A= HiA] 9
~ughere 50%7 78 Aol )

Table 3-7-4. A. oryzae and Bacillus sp. <3| A &4 &4 v

A7V Bacillus A0 80% A.O 50/ A.0 20%
A.O 100% o +
A g 100% Baczllus 20% Baczllus 50% Bacillus 80%
Amylase
o 105 46 25 45 15
activity (u/g)
Protease
o 17.48 37.16 15.71 19.57 20.37
activity (u/g)

Enzyme activity (u/g)

0 4 8 12 16 18 22 26 30
Culture time (hr)

Figure 3-7-12. wj#] 9] F&3leFo]

activity).
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WEEES B BA WAL AL 24

%
i
W

HELE7 =SS amylase +
protease activity”} E=A YEFYT o= A oryzae®t Bacillus EFH %A 257} ZolxH
Bacillus 7o) A 1o & T4 FAHE EolxE= AWNES e tH(Figure
3-7-13).

o 70
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: —— 25T
E = 275C
T(é ——30TC
o 10 32.5C
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En

0 4 8 12 16 20 24 28 32
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Figure 3-7-13. v wof o}
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A. oryzae ¥ Bacillus 1 % %] enzyme activityol "X = 43S FALs7] 98
T *FE 47 1><10', 1><10, 1x10”, 1><106, 1><107/g TE2 Fdsle] 50 1 509 H &=
A. oryzae(2g/200g) 2 Bacillus €7 (2ml/200g)& HF3 F 35CoA 39 FoF njss 4
& Table 3-7-5¢ HetWdleh. 27 HIFdF7F =555 40977 =4 YEEt o
B AHET TE F AR w5 100 FEY A9 E297PF 100w/gs dE Ao ey
A7tE F7HAI17) HalME 27 HEFSFES Ix1000Bes FFEdE Aol aiF o

o},
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Table 3-7-5. A. oryzae 2 Bacillus %7] 3% %°] enzyme activityol 7| X&= 93

Final product (cfu/g)

Initial inoculum (cfu/g) Enzyme activity (U/g)
AO Bacillus
1x10° 1.5x10° 5x10° 457
1x10* 8.2x10° 3x107 609
1x10° 5.4x10° 7x10° 8010
1x10° 9.2x10° 1x10° 95+15
1x10° 1.0x10° 3x10’ 105+14

2h) HA HgzAdA AlgALt
Aw7kA AP HEgxoz giFuts wgA ex 2 zudd e ®gE
Figure 3-7-14¢1 YeRNAT. A oryzaedtS 22A1%F %ol A peakES YEFR o
Bacillustt& 28A17F wj oAl =& w+E HERURT ol %27 HE2EE 30T o8tz
g E AzZele] 7] AFo] A oryzaeE TALE o|FoxH wg F 2LLEgsoz <l
g Bacilluswt®] 7ol 18A17F ol %58 g4 = 235 Jetdv. =dud b
B 52%E Yol 28A1%ke] HQl 54%E YEHATE o= T A%
AeS HoFoh
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12
>
[\
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o
o
o r

ok

0 4 8 12 17 18 20 22 24 28 32

25 AlZt (h)

—e—CP 25 —A—A.oryzae —— Bacillus

Figure 3-7-14. "B E a4 23 o3t zowdster W3}
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}9a tH(Figure 3-7-15). B3
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Figure 3-7-16. BR#L 50 wE A Fo] <rAA.

8 Aol o3k A|F o
FAMETE dojd = A ol & FASHY] Sl AlFEE 80T ~120T= 52, 1027 A7
sto] ol gk HFAEE AT
AFEZAR 100C/107F @A sto% dd sfe o] Wst= 79 gllen, 110T ©]
o] 2xoA e A wilde] F2A3 degradation®] oW tHFigure 3-7-17).

E Table 3-7-7% Zth %71 10° #%9 &5
B 90T/1083 A E stodw 10° £5& fAstA o, 100C X HE #57 24
atel HF 10" olat7hA HAastde

gl wWE AFE 4297t WIE FASE A3 Table 3-7-8%F 2t} Amylase
3 protease activity:= @Al wel 2g¥ Hacte AFES UEHA M, amylase
activity:= 100°C/5¥%, protease activity:= 100C/1083F 3 2] Ao = 27 d7Fe] 80%
o el A4S At er, 110T o] delA= T4 o] ®istol A Hinkel Zo] i
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tlo

dxe] Z7do W& trypsin inhibitor activity:= g Foll wet fAasteE A
et 7] vldAe] Aok 047 mg/gl® FE3I e S Uehlgd o 12002
dxe] Al el AdR s 025 mg/gel W @S UEtl Atk (Table 3-7-9).

AG7HA AdE T, ke dAe 21 0T/10%2 744 dAeE st Al
Lol EAo F JFS vHA G Ao ZAMEJY. E=I 100C/HEIF DAY so=

%
FEE ANG FRAE AP e Ao B,

M 12345672829

M 1 8 91011

Figure 3-7-17. €A g0l w2 oWz & (15% acrylamide gel).

M: Marker, 1: Control, 2: 80C 5min, 3: 80T 10min,
4: 90°C 5min, 5: 90C 10min, 6: 100C 5min, 7: 100C 10min,
& 110C Bmin, 9: 110TC 10min, 10: 120C 5min, 11: 120C 10min
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Table 3-7-7. dAlg] =3 ©W& F W3}

Temp. & A 2] A ZH(min) AO T (cfu/g) Bacillus 1t4=(cfu/g)
Control 4.6x10° 7.8x10°
5 3.5x10° 45x10°
80°C - -
10 3.0x10° 3.5x10
5 1.8%10° 1.8x10°
90°C - -
10 1.0x10 1.2x10°
5 2.6x10° 5.1x10°
100°C ’ ’
10 1.3x10 1.5%10
5 1.5%10" 6.5x10"
110C . ’
10 10°¢] &} 10%¢] &}
5 1.0x10? 2.3x10°
120C . -
10 10'e] 3} 10'] 3}

Table 3-7-8. A8 o] W& &4 97l ¥

Treatments Amylase Protease
Control 42.76 24.7
80C 5min 37.68 23.8
80C 10min 36.39 23.5
90C 5min 36.25 23.2
90C 10min 34.25 23.3
100C 5min 34.68 22.2
100°C 10min 24.02 21.5
110°C 5min 4.78 135
110TC 10min 3.575 11.9
120C 5min 2.42 10.3
120°C 10min 177 9.7
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0.47
0.46
0.39
0.36
0.35
0.34
0.33
0.27
0.27
0.26
0.25

TI % A3}

=

L.

Control

Al 2ol m
80C Smin

80C 10min
90C 5min
90C 10min
100C 5min
110C 5min
110C 10min
120C 5min
120°C 10min

Treatments
100C 10min

o= ]
=

g_}:

Table 3-7-9.

4. 2

nAE WBEgF

2 Systar

el

N

=0

7

HO

R

o
=

W Al Yt

%

el

+

ol

el

;OL

i
i

</

X

o

3

i

—

ol

50 : 50¢] vl &=
7} gk}, Pilot scale & B¢} packed-bed type

=

=

=

=

!

=

o

o]

.
$5e 2w
=

F
A2 & 7] (10 /batch)

7

2 3}

1

A7V R V|E O R Aspergillus oryvzae$t Bacillus sp.

Z

)

4719

3|

23}

7FA gkt

S5 80T M A

=

=

3t

L

R

= o 3} =

27 o]

Aoz 2AEAT. FALS 9

K

8

%

el

-
o
il
o

el

N

N

o

- 148 -



X ZtE Z ool 2| T|ol =

LH
X0
|l
4
Hr

-0

K0

X 4

sl Al

S

10

FAHEARS] A&

i

(FSP)& Hd#Hoz o

3L
™

g A

1. Al 1 AF3A

o

0

bol ofmliabe] o] g

425

=
=

ol single-T cannula

e

3]

) g
bol 4
bel o

A o

o

o

)

A}

b= tAl=

11 9
3

[e]

i

=

©

&}o]
A

o

=

=

H=

2

Fo

R

<

$ehebel W FERE

whul

o

9] opnlial o] g4 W7}

[e)

=
R Rae

3L
R=)

]

[}
H

]

A2k,

Aspergillus oryzae®?} Aspergillus oryzae + Bacillus subtilis E-3ttol olaf A4

[e)

Q) AbEeFE A
\:_IH'
- 149 -

LAz bl
= sy = >
aoray mE

1

P
T
=

-

’

9]
pad

s7] 9

S

17}

1}
JO

SR AHEAL R A}

o

=

1014 Aoz} gl Aoz AT weka

AR

o

J o]

2

7he o A

&
3

I

o A 7hA 7}
o Atad 71

o

slth o dd R A oy

i7]—0
uH
5%

1)
JO

&

s

ARGE o' uEbity mebs

s



3

R

k&2 6%%F

4

_04

<

H

A

shict, opv]

& W

0

oo

A

ZAs}e] ol

g
a

oy
4

s}

9

<

H

A

Fol we ofn

9% AH§A] it

¢
oo

Sk 28Y Aspergillus oryzae©| <

Aspergillus oryzae + Bacillus subtilisl ]3gF dt

aefF e ApEAlmy B dRRA 7HE7E
-

ur
=
23

ki3

o

Zfol7b ASiek. whekA ARgE IS} 7
9

=

pu—

R

CERIERE S

2 Yehgth aejug F
SRS

o

Fol webA] frelHel Aolge

ul

B
B

2

ur

R

[e)

1T R}

T

&t

5

11

O

7}

[e]

]

=N

=

Al

R

ey 7

i

k]
pl

7] olfrAh=e] AsAAlE A

of i

=
3=

3

ojtt.

=

o

]

=

=
—

Hl Z
=5
-

o

a7be] Y7
A=

]
]

B2 7HAo] Hlal

o

2

T

o v

ol e Aol

e

=

PN
g

Ik FAA717F A

el

1
~K

1

{
o
{

)
=K

3}

1

2

7

By
Ho

ol

i

k]
pl

371 9

37}5

]

A

=
=

=ole] guA 74

=

3

T

]

EE

o] F=A

O B A77F FdEo Aot Ao Hojxin

’

2. A 2 AFEIA

=

e

2 2] 3l chemiluminescence

W stol] w}

.WH

)

j

e

o129l W

=

E

o el Hig 5ol

.

ol 3lo] A
_g_ [e)

77
o ol fAHEALR Y] A}

]

Rz

712 2

gl

=

1k v}
i
- 150 -

RS

b ot

=

ZA} 3]
u}
=

=

=

18] 3 chemiluminescence



o
e

"

= o e,

] 7123 chemiluminscene®] W3l7} thi o
AR Qe Aol Wl om IgG 97l

S¥skel|
AR

kel
o

TA, Ea

ojxe] Al A TRTPFEUL ofFA=A A LA o

el

A% AGFE
olek. ol gl

A8} A

]
]

oF
xSk

141

=X

RS Aol A

8] 2

=

=3

[e3]
1=

=

to]l amylase® 2 97171 )

23

©

}

O]
pad

=

=

=

ok B3, 2704 dE T

Agrzel mE weukg s A}

= Aped,

al

28E A oryzae®t B. subtilis 7

=
T

= s

i

k]
pal

T2 o))
3. 4 A

A}—1] AY

=
[¢)

A A 2

—

gFaFol 46%¢%

w4

B

)

o))
M

=
=

I trypsin inhibitor, &2 31 %<] raffinose ¥ stachyose

o
j

bog ool 4

el

of A4 ¥ protease®} glucoamylaseol| <]

3

8

k]
Fict.

©

He

=
=

| trypsin inhibitor

9]

o] 54~55%FaolH,

g

e

o))
i

2

1

Ee
i

ko]
o

o5

i

s
19.48% = -
70% ©]%¢ 25kDa

0.1% ™

=

)

=

o)
)

=

ok
E}HH

=y
-

ste] o

o

stachyose
)= 27 76.18%

ul
=~

A A proteasecl] ¢

3.6mg/goll A 0.4mg/g o & ZFAAFH o raffinose

Az AA

i

Bfol= EA= 7t

bol e )

o]ﬁ

it A v

=

o

Atk A oryzae
T AR

1

©

#
- 151 -

AAMA =z ol

i

kel
pad

_?4

[e]

=4

oo ALk

)



7}el 71E o 2 Aspergillus oryzae

50 @ 509 H]
7FA ¢kt Pilot scale® Bl 2} packed-bed typeil

=
=

¢} Bacillus sp.

k)

tel oh

% o3

/batch)

=

1 (10

g7

dl

Z

=
=

o0

‘.myo

XY
ol

‘A
;onﬂ
21

)

N

KN
s

%

=9 Hj

vl Ay

ki3

2 9

A 2z ZAMEAY dgALt

A
ZS|

Fom 80C7H 7
7] Avek v

k]

KeN
=

} 7 A &2

Z
<F

=
=

o
T
o

ojp

)

k.
At

A2 d #E A9 7=

el
Hin

ar

k-
g

oy

B
Wc

N

2o AdFNAY e

o

W
)

F Qe

13
=

SHA

Avh} AR oZ A

=
=

oFer e At

el

N
wA

NI
_5.0

]

Ko
=

1% £58 7bd BAge] gom EsAd & 9l

|

*

ERES

Ho
—_

)

R

g
o0
A
B

%

Abg A o] S e

Ny

o
B

ol

)
=

2

P d7E 19999 0 & A

S

kg% 1,150~2,600

[e)
&

7

9

Hp
b

Ho
.

/}_]__

e

9,600 o=

kel
=

o 7tANA AbEF

gr=ol.

S

gk 915t zte] 7be

e

- 152 -



ol

0f0
el

ol
=
pll
il

T

o)

-t

K0

A 5

K3
W
Bl

0

)

B

o
_

o)
™"

7ol A

5

o Al

2]

p=2
o

A AEA]

% o
=

sje) 7}

A=
=
=

?_

AbRA 7EA

B

]

A

]

#}5}5

ot s A

ojv]

& Ago

TH

g

o Al

gl

7)et

ol

kel
T

23H Eg&§W Aspergillus oryzae GB-107(KCTC102581BP)E &= 7 =}

o] &%

o
=

Ao “Aspergillus oryzae Wol#F GB-107

)

Hin

o

Fo =X A9

A3
=1

s

7kel Abam] Aztol

F%

Azt

7}

!

&g AR

!

o elzt A

Aoz AlzHET)
gk off g}

=]
=

=l

2 A}

ol

=

=
=1

H

e

.

/\}gxg)\

i=R3h=1

- 1583 -



M 6

0
Dt
!
Mo
ok

Anderson, R. L., J. J. Rackis and W. H. Tallent. 1979. Biologically active substances in
soy products. In Soy Protein and Human Nutrition, Wilcke, H. L., D. T. Hopkins,
and D. H. Waggle, Eds., Academic Press New York, 209.

AOAC. 1990. Official Methods of Analysis (15th Ed.). Association of Official Analytical
Chemist. Washington D. C., USA.

Barrio, J. R., A. L. Goetsch and F. N. Owens. 1986. Effect of dietary concentrate on in
situ dry matter and nitrogen disappearance of a variety of feedstuffs. J. Dairy Sci.
69:420-431.

Burnham, L. L., J. D. Hancock, M. R. Cabrera, I. H Kim and R. H. Hines. 1994.
Alcohol- and water-extracted soy protein concentrates for early-weaned pigs. Swine
Day. Kansas State University. Manhattan, KS, USA. pp. 72-75.

Caine, W. R., W. C. Sauer, S. Tamminga, M. W. A. Verstegen and H. Schulze. 1997a.
Apparent ileal digestibility of amino acids in newly weaned pigs fed diets with
protease—treated soybean meal. J. Anim. Sci. 75:2962-2969.

Central Soya. 1999. Processing flow chart and composition of soybean products.
http://www.centralsoya.com.

Cera, K. R, D. C. Mahan, R. F. Cross, G. A. Reinhart and R. E. Whitmoyer. 1988.

Effect of age, weaning and post-weaning diet on small intestinal growth and jejunal

morphology in young swine. J. Anim. Sci. 66:574.

Chae, B. J, In K. Han, J. H. Kim, C. J. Yang, ]J. D. Hancock, I. H. Kim and D. A.
Anderson. 1999. Effects of dietary protein sources on ileal digestibility and growth
performance for early-weaned pigs. Livest. Prod. Sci. 58:45-54.

Chang, C. J., T. D. Tanksley, D. A. Knabe and T. Zebrowska. 1987. Effects of different
heat treatments during processing on nutrient digestibility of soybean meal in
growing swine. J. Anim. Sci., 65:1273-1282.

Conttrill, B. R., D. G. Beever, A. R. Austin and D. F. Osbourn. 1982. The effect of the
protein and non-protein nitrogen supplements to maize silage in total amine acid

supply in young cattle. Br. J Nutr. 48:527.

- 154 -



Cook, D. R., T. S. Stahly and P. M. Murphy. 2000. The effect of dietary soybean
iso—flavones on carcass muscle content and body growth in pigs fed from 6 to 30kg
BW. In: Soy swine nutrition. National Soybean Research Laboratory. Uni. of Illinois,
Urbana-Champaign, IL. pp. 3-12.

Crenshaw, M. A. and D. M. Danielson. 1985. Raw soybeans for gestating swine. J.
Anim. Sci. 60:163-170.

Cromwell, G. L. 2000. Utilization of soy products in swine diets. In: Soy in animal
nutrition(J. K. Drackley ed.). Federation of Anim. Sci. Soc. pp. 258-282.

Dre’au, D., J. P. Lalle's, V. Philouze-Rome, R. Toullec and H. Salmon. 1994. Local and
systemic immune responses to soybean protein ingestion in early-weaned pigs. J.
Anim. Sci. 72:2090.

Dunsford, B. R., D. A. Knabe and W. E. Haensly. 1989. Effect of dietary soybean meal
on the microscopic anatomy of the small intestine in the early-weaned pigs. J.
Anim. Sci. 67:1855-1863.

Ericson, J. 1988. Lupines: A potential source of protein for swing. Feedstuffs. Dec. b.
pp.15.

Friesen, K. G., R. D. Goodband, J. L. Nelssen, M. D. Tokach, and L. J. Kats. 1992. The
effect of dietary soybean meal level in phase I on subsequent phase I growth
performance. Report of Progress. KSU. Manhattan, KS. pp.59-62.

Foetisch K., S. Westphal, I. Lauer, M. Retzek, F. Altmann, D. Kolarich, M. Scheurer and
S. Vieths. 2003. Biological activity of IgG specific for cross-reactive carbohydrate
determinants. J. Allergy Clin. Immunol. April. : 889-896.

Garlich, J. D. 1987. Urease-trypsin inhibitor relationship in commercially produced
soybean meals. Pout. Sci. 66(supp)103A.

Hammerstrand, G. E., L. T. Black and J. D. Glover. 1981. Trypsin inhibitors in soy
products: Modification of the standard analytical procedure. Cereal Chem. 58:42.

Hancock, J. D., E. R. Peo, A. J. Lewis and J. D. Crenshaw. 1990a. Effects of ethanol
extraction and duration of heat treatment of soybean flakes on the utilization of
soybean protein by growing rats and pigs. J. Anim. Sci. 68:3233.

Hancock, J. D, E. R. Peo, A. J. Lewis and R. A. Maxley. 1990b. Effects of ethanol
extraction and heat treatment of soybean flakes on function and morphology of pig
intestine. J. Anim. Sci. 68:3244.

Hansen, B. C., E. R. Flores, T. D. Tanksely and D. A. Knabe. 1987. Effects of different

- 155 -



treatments during processing of soybean meal on nursery and growing performance.
J. Anim. Sci. 65:1281-1291.

Jones, D. B., J. D. Hancock, P. G. Reddy, R. D. Klemm and F. Blecha. 1990. Effect of
replacing dried skim milk with specially processed soy products on digestibility of
nutrients and growth performance of nursery pigs. Swine day. Kansas State
University. Manhattan, KS, USA. pp. 37-40.

Kiercgm, S. C., K. K. Bergerm, D. Guabika and G. C. Fahey, Jr. 1983. Effect of dietary
protein source and energy level on in situ nitrogen disappearance of various protein
sources. J. Anim. Sci. 56910:206-216.

Kolar, C. V., S. H. Richert, C. D. decker, F. H. Steinke and R. J. Vander Zanden, 1985.
Isolated soy protein. New Protein Foods. 5:261.

Kueber, I. E. and M. L. Kakade. 1980. Protease Inhibiters. Toxic Constituents of Plant
Foodstuffs. pp. 7-71.

Kwon, M. S. 1992. Comparison of highly purified isolation of polymorphonuclear granular
neutrophil by use of chemiluminescence. Kor. J. of Immunol. 14(2) : 181-185.

Main, M. A. and J. D. Garlich. 1987. Metabolizable energy of soybeans meals with
different urease and trypsin inhibitor values. Poult. Sci. 66(Supp):29A.

Miller, B. 1959. Use of dinitrosalicyclic acid reagent for determination of reducing sugar.
Anal. Chem. 31:426-428.

Misir, R., W. C. Sauer and R. Cichon. 1984. Chemical composition and protein quality
evaluation of high lysine barleys fed to growing rats and pigs. J. Anim. Sci.
59:1011.

Latunde-Dadam, Y. and R. ]J. Neale. 1984. Effect of soyabean protein on chicken meat
iron absorption. Proc. Nutr. Soc. 43:131A.

Lenehan, N. A., R. D. Goodband, M. D. Tokach, S. S. Dritz, J. L. Nelssen, M. R. Barker,
N. Z. Frantz, C. N. Groesbeck, T. Iwasawa, T. P. Keegan and K. R. Lawrence.
2003. Evaluation of different soy protein concentrate sources on growth performance
of weanling pigs. Swine day. Kansas State University. Manhattan, KS, USA. p.
81-89.

Li, D. F, J. Jianyang, Y. Ganfeng, Q. Shiyan, Z. Chuntian, W. Johnson and In K. Han.
1998. Effects of different levels of rapeseed meal on growth performance and
apparent ileal digestibility of amino acids in growing—finishing pigs. Biennial

Research Report. Division of Nutritional Sciences, Seoul National University. Suwon,

- 156 -



Li,

Li,

Li,

Li,

Li,

Li,

Li,

Li,

Kor. pp. 250-252.

D. F, J. L. Nelssen, P. G. Reddy, F. Blecha, J. D. Hancock, G. L. Alle, R. D.
Goodband and R. D. Klemm. 1990. Transient hypersensitivity to soybean meal in the
early-weaned pig, J. Anim. Sci., 68:1790.

D. F, J. L. Nelssen, P. G. Reddy, F. Blecha, R. D. Klemm, D. W. Giesting, J. D.
Hancock, G. L. Allee and R. D. Goodband. 1991a. Measuring suitability of soybean
products for early-weaned pig with immunological criteria. J. Anim. Sci.
69:3299-3307.

D. F., J. L. Nelssen, P. G. Reddy, F. Blecha, R. Klemm and R. D. Goodband. 1991b.
Interrelationship between hypersensitivity to soybean proteins and growth
performance in ealry-weaned pigs. J. Anim. Sci. 69:4062-4069.

D. F., Q. Shiyan, C. T. Zheng, G. F. Yi, X. Xuexin and In K. Han. 1998. Effects of
different levels of sesame seed meal on growth performance and apparent ileal
digestibility of amino acids in growing-finishing pigs. Biennial Research Report.
Division of Nutritional Sciences, Seoul National University. Suwon, Kor. pp. 261-263.
D. F.,, Q. Shiyan, W. Johnson, Z. Xinhong, Q. Qingyan and In K. Han. 1998. Effects
of different levels of sunflower seed meal on growth performance and apparent ileal
digestibility of amino acids in growing—finishing pigs. Biennial Research Report.
Division of Nutritional Sciences, Seoul National University. Suwon, Kor. pp. 255-256.
D. F., Q. Shiyan, Z. Chuntian, X. Xuexin, W. Johnson and In K. Han. 1998. Effects
of different levels of cottonseed meal on growth performance and apparent ileal
digestibility of amino acids in growing—finishing pigs. Biennial Research Report.
Division of Nutritional Sciences, Seoul National University. Suwon, Kor. pp. 253-254.
D. F., Q. Shiyan, Z. Chuntian, X. Xuexin, W. Johnson and In K. Han. 1998. Effects
of different levels of linseed meal on growth performance and apparent ileal
digestibility of amino acids in growing—finishing pigs. Biennial Research Report.
Division of Nutritional Sciences, Seoul National University. Suwon, Kor. pp. 257-258.
D. F, X. Xuexin, Q. Shiyan, J. Jianyang, C. Yong and In K. Han. 1998. Effects of
different levels of peanut meal on growth performance and apparent ileal digestibility
of amino acids in growing-finishing pigs. Biennial Research Report. Division of

Nutritional Sciences, Seoul National University. Suwon, Kor. pp. 259-260.

Moon, H. K., J. H. Kim, W. T. Cho, I. S. Shin and In K. Han. 1998. Effect of roasted

soybean meal incorporation level in the phase 1 high nutrient dense diet on the

- 157 -



performance of early-weaned piglets. Korean J. Anim. Nutr. Feed. 22(3):147-156.

Moon, H. K., J. W. Kim, K. N. Heo, Y. H. Kim, S. W. Kim, C. H. Kwon, I. S. Shin and
In K. Han. 1996. Growth performance and amino acid digestibility affected by
various protein sources in growing-finishing pigs. Biennial Research Report. Division
of Nutritional Sciences, Seoul National University. Suwon, Kor. pp. 202-207.

Moore, S. 1963. On the determination of cystine as cysteric acid. J. Biol. Sci.
238:235-237.

NRC. 1998. Nutrient Requirement of Swine (10th Ed.). National Academy Press.
Washington D. C.

O'Quinn, P. R, D. A. Knabe, E. J. Gregg and E. W. Lusas. 1997. Nutritional value for
swine of soybean meal produced by iso-propyl alcohol extractionl. J. Anim. Sci.
1997. 757714-719.

Parsons, M. J. 1991. Soybean protein solubility in potassium hydroxide: an in vitro test
of in vivo protein quality. J. Anim Sci. 69:2918-24.

Qin, B., M. W. Bosch and A. F. Poel. 1996. Thermal processing of whole soya beans:
studies on the inactivation of anti—nutritional factors and effects on ileal digestibility
in piglets. Anim. Feed Sci. Technol., 57:313.

SAS. 1998. User’'s Guide: Statistics, SAS Inst. Inc., Cary, NC.

Sohn, K. S. and C. V. Maxwell. 1990a. Effect of dietary protein source on nutrient
digestibility in early-weaned pigs. Oklahoma State University Animal Science
Research Report.

Sohn, K. S. and C. V. Maxwell. 1990b. Effect of dietary protein source on ileal amino
acid availability in early-weaned pigs. Oklahoma State University Animal Science
Research Report.

Sohn, K. S., C. V. Maxwell, D. S. Buchanan and L. L. Southern. 1994. Improved
soybean protein sources for early-weaned pigs: I. Effects on performance and total
tract amino acid digestibility. J. Anim. Sci. 72:622-630.

Vandergrift, W. L., D. A. Knabe, T. D. Tanksley and S. A. Anderson. 1983. Digestibility
of nutrients in raw and heated soyflakes for pigs. J. Anim. Sci. 57(5):1215-1224.
Walker, W. R., C. V. Maxwell, F. N. Owens and D. S. Buchanan. 1986. Milk versus

soybean protein sources for pigs. I. Effects on performance and digestibility, J.
Anim. Sci., 63:505.
Walker, W. R.,, G. L. Morgan and C. V. Maxwell. 1986. Ileal cannulation in baby pigs

- 158 -



with a simple T-cannula. J. Anim. Sci. 63:407-411.

Woodworth, J. C., M. D. Tokach, R. D. Goodband, J. L. Nelssen, P. R. O'Quinn, D. A.
Knabe and N. W. Said. 2001. Apparent ileal digestibility of amino acids and the
digestible and metabolizable energy content of dry extruded-expelled soybean meal
and its effects on growth performance of pigs. J. Anim. Sci. 79:1280-1287.

Zijlstra, R. T., K. Y. Whang, R. A. Easter and J. Odle. 1996. Effects of feeding a milk
replacer to early-weaned pigs on growth, body composition and small intestinal
morphology compared with sucked littermates. J. Anim. Sci. 74:2948-2959.

HFEA]L 1999, iFEbe] FA N AAA JEAL Al 83 AtmrbE @Y. @ FAbE o]
A& pp. 324-341.

AL 3] 1987, Uit B Rl B Ak sFEke] A el Hlal 3l

1Tt 1994, A=A A =L 3. pp. 123-124.

SRl 1998. A&7 At s, Abs st A AL SHAE pp. 67-107.

rQL'
4
H

ﬂlﬁ

- 159 -



- 160 -



EuHe acid fm- Lo

AR AR DA AA
Wyde | deen R {a_:m“ el
M i PSGIVEL 1 wualg |
B E Y el | o ele]
T & | g wTal NEw g 3a-a e
sAwe  omeseaen | deds [ e
4 = | 00 D
A 2%
g E | ol B I LT
P 4 N Ll
LR % i
oA g i) 271
EXE " am
e i 70

e e Ayl A LR e ARRRee g olaH
AT A W AHER e Hgr,

AR WP e T
TEL - D2 06 0636 FAX D42 S0 o6

- 161 -



KI-

o,

Qe o}

723}

A

ko)

9]

A

3. =77l 71l

QEEE-IRl=

1
R

3ol A




	미생물발효에 의한대두단백 제품 생산기술 개발에 관한 연구
	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발의 필요성 및 목적
	제 2 절 연구개발의 내용 및 범위

	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발수행 내용 및 결과
	제 1 절 세부과제: 자돈사료 내 발효대두단백의 첨가가 자돈의성장, 영양소 소화율, 소화기의 형태학적 발달 및 면역반응에 미치는 영향에 관한 연구
	제 2 절 세부과제: 균주를 달리한 발효대두단백 내 항영양인자및 올리고당의 함량 변화와 이에 따른 자돈의 성장, 영양소 소화율, 소화기의 형태학적 발달 및 면역 반응에미치는 영향에 관한 연구
	제 3 절 세부과제: 발효대두단백의 사용수준에 따른 자돈의 성장, 영양소 소화율, 소화기의 형태학적 발달 및 면역반응에 미치는 영향에 관한 연구
	제 4 절 세부과제: 2가지 발효대두단백의 상대적 가치제고를위한 연구
	제 5 절 세부과제: 개발한 발효대두단백의 동물성 단백질원에대한 상대적 가치평가
	제 6 절 협동과제: 미생물에 의한 고품질 대두 단백질사료 생산을위한 최적조건 확립 및 시제품 제작에 관한 연구
	제 7 절 협동과제: 고품질 대두 단백질사료의 대량생산 및 제형화에 관한 연구

	제 4 장 목표달성도 및 관련분야에의 기여도
	제 1 절 목표달성도
	제 2 절 관련 산업에의 기여도

	제 5 장 연구개발결과의 활용계획
	제 6 장 참고문헌
	부록 I. 
개발제품 시험성적서


