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(Construction of Nongovernmental CMO of Feed additives
with Fermentation technology)
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SUMMARY
(FE2E)

Construction of Nongovernmental CMO of fermented feed additives

In order to establish an effective CMO{(Contract manufacturing organiszation) system

achieved the four objectives, as follows:
1, Standardization of seed microbial control has been established.

2. New model case of contract manufacturing system for fermented feed additives

on-demand was presented, (Several types of small amounts / Mass producticn)

3. Mass production process was improved and standardized to maximize the efficacy of

the product and reduce production costs of fermented feed additives,

4. In addition to existing analysis of number of probiotic cells, there was supposed
new analytical indicater candidates for the quality assurance of fermented feed

additives,

5. Basic data and experiences were accumulated to advice in public organization like

as agricultural cooperation that wish to self-made fermented feed additives.

Separately, it developed three kinds of fermented feed additives. Among them,
fermented multi enzyme complex is scheduled for commercialization are currently

exported to China.

Research on developing fermented feed additives using useful microorganism and

verifying the effect of fermented feed

The knowledge for the cultivation technologies, medium composition, culture
conditions and quality evaluation methods for production in low cost are lacked for
supplying useful microorganism to livestock farmers. The production for supply of
liquid and solid state fermentation microbial agents requires the field technology. The
following studies were conducted to establish efficient production method of a useful
microorganism along with the development of various excipients and formulation easy to

apply to the field,



1. Establishing the useful microbial and identifying the conditions to develop

fermented feedstuff additives.

- Establishing beneficial microorganisms such as lactic acid bacteria, bacillus,
yeast, and photosynthetic bacteria to ferment plants and natural resources.
- Determining the condition of the liquid and scolid state fermentations to develop

fermented feed additives utilizing natural resources.

The microorganism with strong activities of digestive enzymes and anti-microbial
activity were isolated from Korean cattle gastric juice, silage and seaweed powder.
Feed fermentation was characterized by using lactic acid bacteria and bacillus strain,
singly and mixedly in order to determine the liquid and solid state fermentation

conditions.

2. Establishing high efficiency process technology to produce fermented feed additives
-Establishing processing technology according to materials of fermented feed additive.
-Establishing cultivation method through FBD (Plackett-Burman design) analysis
-Manufacturing of trial product and establishing the method for formulation

The impact on the cultivation results by the strain selected for each material of
feedstuff was surveyed. The optimal mixing condition was examined based on the results.
The design method for mixes, one of partial factor analysis method was used for the
optimal mixing condition, and its effect was examined through variance analysis and
response value was modeled using optimized tool, Finally the optimal medium composition

of different features was surveyed,

3. Setting the indicator for efficacy evaluation in addition to method to identify the
count of microbial in probiotic bacteria/fermented feed

- The water content, the count of microbial, pH, preservability

- Biological activity (Measurement of antioxidant activity, antimicrobial activity,

and enzymatic activity)

The basic activity of various physiological activities were measured and compared on
the prototype of fermented feed using single and mixed culture method. The activity of
dehydrogenase which is used as indicator to determine living microorganism of soil was
applied as a new evaluation method together with measuring the count of microbial which
is a method to evaluate the quality of conventional feedstuff at storage temperature,
15T and 30TC.



O Various useful strains for the fermentation of feed material were obtained from
the byproducts of agricultural foods and it may be useful for the fermentation

agricultural byproducts,

O The lactic acid bacteria and bacillus in mixing in a MRS medium were cultured,
and antibiotic resistance spectrum which can identify the two bacteria for the

quality contral was established.

O Soybean meal of 3.96%, wheat bran of 19.76% and corn powder of 76.28% were
derived for the optimal compounding conditions to ferment feedstuff efficiently
using various strains through manufacturing process technology  and

PBD(Plackett-Burman design) analysis on different types of material.

O The result of measuring a variety of biological activities of the trial product
manufactured confirmed that the mixed culture had high survival rate of lactic

acid bacteria compared to the single culture.

O The activity of dehydrogenase, which is a new method to evaluate quality of
fermented feed additives showed more active in the mixed culture compared to

single culture,

Effects of dietary supplementation of Fermented feed additive on growth
performance, blood biochemical profiles and meat quality in broiler cickens,

pigs and Hanwoo,

1. The effect of fermented diets on growth performance and Fatty acid profile of
broiler are as fallows:

(1) Fermented diet supplemented groups had numerically higher feed intake, body weight
gain, average daily gain and feed efficiency than the control.

(2) Fermented diet supplemented groups had higher myristic acid (C14:0) concentration
than control, but lower pentadecanoic acid (C15:0) concentration.

(3) Oleic acid (C18:1n-9) concentration increased with increasing levels of fermented
diet.

2. The effect of fermented diet on growth performance and blood metabolites of weaning
pig are as follows:
(1) Final weight, gain, average daily gain and feed efficiency were numerically
highest in HP treatment.
(2) Insulin, IgF-1 and blood glucose were highest 1% fermented diet (MP) treatment.



(3) On 3 weeks, Salmonella and E. coli were not detected in all treatments.

3. The effect of fermented feed additives on growth performance, blood metabolites and
meat quality of growing pig are as follows:
(1) In 1.0#% fermented diet (HP), feed intake and gain was lowest, but average daily
gain was highest.
(2) Blood urea nitrogen and blood glucose were increased with increasing levels of
fermented diet.
(3) Overall acceptability was numerically increased with increasing levels of

fermented diet in raw and cooked pork loin.

4, The effect of fermented diet on growth performance and blood metabolites of Hanwoo
calve are as follows;
(1) Final weight increased with increasing levels of fermented diet.
(2) Average daily gain and feed efficiency were highest in 2% fermented diet (HP)
treatment,

(3) Blood urea nitrogen increased with increasing levels of fermented diet.

b, The effect of fermented diet on growth performance, blood metabolites and meat
quality of Hanwoo steer are as follows;
(1) Gain and average daily gain were increased with increasing levels of fermented
feed additives.
(2) In final blood metabolites, Growth hormone, total cholesterol and blood urea
nitrogen were highest in HP treatment.
(3) Aroma and marbling score were higher than 0.5% fermented diet (LP) and 1%
fermented diet (MP) treatment compared to CON treatment of raw Longissimus muscle.
(4) Oleic acid (C18:1n-9) concentration was highest in 1% fermented diet (MP)

ireatment,
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7t. 138 A2 Hek/deE] AA

(1) Bel/e] AA Hxnly : o] FFHE F S-S HEHI FAld & A
2 #7134 BAE AT + gt FHEIATNYE Ast SHGHANME v]AE 23
(KACC)2] S5 FF 7[etof FHAedt ] A A5 2HAMH 9 FuS g oolE T
3 & AFHAY UEALE B g4 URFAY KR A fEuAE Add
§ B3/H7] %9 ALY FF Wt FAld B A7 He|A E/FFA RS
o] ¢BFY A 9 ge] et W 99UES £ dArHAY FIHE AAF 2E3)
o F&HF.

U. #gu RS Eel/53 2 A8g 239 /%54 Hof

(1) #8728 7 £ 9 wepdy

Aol RRY F3 ol MRS FF EAS 93 AEY, SH9ARY AR RH
Bol X 2% ARE AN Fol, WFH Yl A4(0.85% NaCl)oll W Ach wpl L%
& \B agar, RAME & WS agar, EEF 4& FDB agaro] ¥4 0.1018 Asbstel RI%
oz mustl 2d WY ¥, F3E Lesdrh

(2) 715 B4 v P& Y

WHeldo|MEL  Bacillus cereus, Candida albicans, Clostridium perfrigens,
Escherichia coli, Haemophillus parasuis, Haemophillus simmunus, Listeria monocytogens,
Mammheimia haemolytica type A, Pseudomonas aeruginosa, Pasteurella multocida type A,

Salmonella gallinarum, Salmonella pullorum, Salmonella typhimurium Staphylococcus

aereuss LB agarof 35ColA Arju)efste] ARE-stsTl.
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(3) ga2yg AR
FiE 2 FUMAZS YIYEE BU 23 MU o) Saluonella gallinarun

#lol Q4 AT LB brotho] A wjekstol, LB agarell AlZaeted(1.0x10° cfu/ml) 1042
HR|Z] oA FUT thE: EUsiArh. AR 5me] Cokr Borerg o[§3t FEE UomH,
MRS brothol Al 19 wioket wjekelg A= WE(0.2m)ol ojzsted 22} 20048 HE7istel,
35T, 20hr ¥9of clear zoned] AES FIF5IHT}
(4) Amylase/Glucoamylase ¥4 HF

2.0% soluble starch #7}8F Nutrient agar W|A|& ZA|IF.en], 35TojA 24A]2F Fet
A okst Fofl, Gram’'s iodined FA|S wjorst =1t gk ubale] shite %, Wolma FH

Zg)o]] EHH(Clear zone)o] T FFE& Auslgct vjiE 2
ooz e HhH O F gluccamylase £35S TESIHETL

r[o

(o]

= amylase <=3[%°] ¢

(5) Protease ¥4 3
1.0% skim milk #7}3F Nutrient agar¥]X|& Z#|3}lge, 35T A 2442t Fet vkt
Fo 4 F¢o] BHHA(Clear zone)o] E AFE5Z M dsigdr}.

(6) Cellulase 8 HAF

0.5% carboxymethyl celluloseE® %H-/3t Nutrient Broth agare] HE3lo] 37TCoA w3}
gt ujeE F52] replica plated w53 2447 Hot nofst Fof, Gram’s iodineE T
AE ST Fd T Hutdo hE 4, Eol=g A F9 o FEH/(Clear zone)o] &
+FEES AU

(7) Xylanase 4 «F

1.0% oat spelt xylan(sigma)E %73t Nutrient Broth agare] FHESI2 37ColA 2447
T YR Fol, Gram’s iodined HAE WY HU T FItijo] TS ¥, Holx=g
A F4ol FEB(Clear zone)o] E #F5& AAUstArt

(8) Phytase ¥/ H+F

Phytase screening medium agar(glucose 1.5%, calcium phytate 0.5%, MgS04-7H:0 0.05%,
KCI 0.05%, FeS04-7H:0 0.001%, MnSOs 7H:0 0,001%, NHHoPOs 0.5%, agar 2%)& RA4slgE.om,
10N NaOHE pH 5.50.8 ZA3}e], 121°C, 158 "3} agar vjA|S zZAstgc};. 35T, 2
33t F FHof clear zoneo] E FFEE AU

(9) Cas(Po4); 7183 45
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84 d4g 7183 nAE EElo AEE PK uiRE EAH2 glucose 1%, (NHi)2S04
0.05%, NaCl 0.02%, KCI 0,02%, MgS04-7H:0 0,01%, MnSO4-7He0 0.05%, FeS04-7H:0 0.05%, agar
2%, yeast extract 0.05%, pH 7.02.2 ZA3l, 2S84 Qi ¥ o2 Cas(P04): 0.5%5 Ztz}
715t agarvlA & Mzt en, 35T, 2¢d F# F FH clear zoneo] T FFES A
wstgch

(10) Hydroxyapatite 7}F&& n=] =4}

=284 did /18E nAE EeEof AR PK wfR]Y] 2L glucose 1%, (NHi)2S04
0.00%, NaCl 0,02%, KCI 0,02%, MgS0i-7H:0 0,01%, MnS04-7H»0 0.05%, FeS0i-7H:0 O, 05%, agar
2%, yeast extract 0.05%, pH 7.02.8 ZAdlo], LA ¢l4l € © T Hydroxyapatite 0.5%5
24z} A8t agarv]A & AMZEstHen, 35T, 2 3} F FH clear zoneo] E AFF
& AWstHr

(11) /& HAE FH (74, vilg L, 5R)e F8 FRIF 53

AE% {F(BBG L1, L29, L30, Bl, B5, Y3, Y6)2] T3E ¢l3] Helztz, A3ty 5
& AES}Y Bergey’s Mannual of Systematic Bacteriologyd& #I13le I-F BAHS ZASIE
o, AEEY AHL Lactobacillus 42 API50 CHL medium, Bacillus <2 APIS0 CHB/E
medium, Saccharomyces &2 API20 C AUX Kit systemE& o] &3} ZAISIE I, H4HF(BBG
L1, L29, L30) Hpda]A(BBG Bl, B5)%2] #5F5%2 165 rDNA A=} H7|MEE 4313
o, FRE(BBG Y3, Y6)%2] #5732 185 rINA F-3HA} H71AE& £431ch

th. s Fd UE 3F(F4, vidEL, 38)9 FHA=E FI Ampule A I W

revival

(1) $2AzR 3 J7 AH4A3.

fritd, vhdeEs, ERE gt addE AL S (cfw/nl)F FA L™, control
< H7ME i, FR54E A7 AMgsidch #A s%E skim milk 10, 20, 30%,
peptonelQ, 20, 30%, trypone 10, 20, 30%, soluble starch 10, 20, 30%, casein 10, 20%,
soybean flour 10, 20%, 2.2 3}grl =AAX BIF 7 A7 AEE -60TE HdAF )
&, 52 4=7)eA T2 Azsidrh A=RE FAE B EUd A e, ALdeE
F3s1, F2A=Z FY FES(%)E FFsidrh. TFHeA FHE F7 A8, d4F A=
B A2 wgdel HreEd Fsks HeR ARt
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(2) 52A=R3A FHFsx 3.
12} | AEo]| FAzfelM FA L peptoned f4td2 20%7} HA, widie} ZRE
10% F=71 HA F71st 13 Pz 22 WHeE AYEsiant, 23A 2 AeEAE
517] 93 control{F&7}), arabinose 1, 5%, cellobiose 1, 5%, corn starch 1, 5%,
dextrin 1, 5%, fructose 1, b%, galactose 1, 5%, glucose 1, 5%, lactose 1, b%, maltose
1, 5%, mannose 1, 5%, soluble starch 1, 5%, sucrose 1, 5%, trehalose 1, 5% &7}s}it}.
Z¥ #AE 2238l £UH A thE, AFFE FH, FEHA=Z ¥ AEE(%)
ér’éﬁ}ﬁt}.

(3) TE2RSA H7 AAZA.

SEEEA 7 A7 ARE FPEEE JUIBIH, -20CE FZEAIZ ¥, 304 B33} Fd
A2 o FA4E FY3, T2 ¥ HAEE(%)E ST fikd, v s, IR
F et v AdF(cfu/ml)F FFdIE L, control2 H7E i, F/+E FE7}
Sto Apgstaict.

(4) s4RZA HIYsx ZF.

ZZHAREH 1x} g AEAI FAH2 glycerol, mineral o0ilg, ¥YHgAX galactose,
glycerol, mineral o0il&, ® XX glycerol, sucrose, trehalosed 10, 15, 20, 25, 30, 40%
w22 ude] Wrksle] HPEEE 13 BlAEs} FAR PHos ANl wR 7} A)
=8 Tl 8317t At AW Agsled, BY Al AU Z3kE BASHATH

2., A4z

7h. slepEag Z7o) R AA

(1) FF Bele] ALY P30 BAT WAy zal=

@ 150 9001 AAE HEY Fd AL A" 7tE
- N AEALRE AFAEAME FHEE HA

@ F29 aU/F2 WAE 9%l F82 FFo thME ampule A ZAdu]of
A A7A 2

@ v¥E JFEE Hx #E

@ v E ATe] AFAH Aa

(2) £ d3Aeae] Rel/ gz : KACC n]FE ApdHe] RAEA F

[SsdF d2|] F& A8t £ A 22" &
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(3) S| AlAY HEE ST AL/ B
(D 100L Autoclave W Clean bench(biosafetys) 7} = (Al A4d)
@ FEA=Z7], dAEY7] & =3t aFdEE H¥ (A d744))

@ A4 A7 gy AARAY AFE AR 25029 olHdL 53 FF FR
[ 60 m? — 140 m? !

@) oA 2A2YFaE A Y
— FAFR7 A B o
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i} 8T NES BE/EA € Jng 239 74 T

Tt vHdElA, TR f8IF EEE 8, a2 YA nAdEe U ¥2¥
BENE A FFE AY stden, nie 78 SS(ELEHE) $HA EY
An|dEe] tE FEBAdo] EAt de FFE AIEL, TRE AUIEE HE AF

stol, 23l HE N3 Y= FFE HIstach

(1) 34973 3= dF fidde] Fa8E =41

A AEA, B A7 He 7IEEFL, $#9E 5 dA¥d3e Salmonella
gallinarum, Salmonella pullorum, Salmonella typhimuriums] tigtF 344 EHAEEF 382
¥, 3 A3} Salmonella gallinarum, Salmonella pullorum, Salmonella typhimurium?] 3%
tfa] 25 3rF®Ao] el A& BBG L1, 30, 39% U}ElWt:, Salmonella pullorum,
Salmonella typhimurium®] 23] tfs] d&Edo] el AL 129, L372% UElLton,
Salmonella gallinarum, Salmonella pullorum®] 2% tf3)] 3t o] LUEel = ZHEL3602
eyttt Salmonella galliparum®] 1&e) tjs] Td¥do] vlelhls 2L L5 Uleldtch
(Table 1),

(2) 2 #akae] 2 9 349749 v B8] v T3 AHEYH =4

itk Haed AHeld, FF¥AEe] EA vk BBG L1, L5, 129, L30, L36, L37, L39
tfe] WA n|AFel Bacillus cereus, Candida albicans, Clostridium perfrigens,
Escherichia coli, Haemophillus parasuis, Haemophillus simmunus, Listeria monocytogens,
Mammheimia haemolytica type A, Pseudomonas aeruginosa, Pasteurella multocida type Adj|
g Pt AFEHE ZApsiglon], I Z3} BEG L1 14718 ¥4 43 F 12718 ¥4
oS tist &g E3E vehdon, 129 1171 HAUA o AEe] oig #$FEHE e}
Wal, L302 L1zt o] 12712 ¥ nAdEd didt FFE3}7 A UehkitHTable 2,
Fig. 1),

o|lg} o] J A BHZI H= Salmonella gallinarum, Salmonella pullorum, Salmonella
typhimuriuns] TASE BZYHo] &g B ohiel, WUFoE ThE W4 mAZH T @
#8740l w2 BBG L1, 129, L30F o[ &3}o], 4558 AR
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Fig. 1. Antibacterial activities of the isolated bacteria.

726,



Table 1 Antibacterial activities of the each isolated lactic acid bacteria strains against animal

pathogens.
Salmonella Salmonella
BBG Salmonella typhimuium
Source gallinarum pullorum
No (mm)
(mm) (mm)
1 Cecal of chick 9 15 12
2 KACC10771 0 0 0
3 Cecal of chick O 15 Q
4 Cecal of chick 0 0 Q
5 Cecal of chick 12 0 Q
6 Cecal of chick 0] 0 0
7 Cecal of chick 0] 12 0
3 Cecal of chick 0] 13 0
9 Dung of chick 0 0 Q
10 Dung of chick 0] 0 Q
11 Dung of pig 0] 0 14
12 Dung of pig 0 0 13
13 Dung of pig 0 12 0
14 Dung of pig 0 0 Q
15 Soil of forest O 13 Q
16 KACC910186 0 14 0
17 KCTC3600 0] 9 0
13 KCTC3145 0 9 0
19 Soil of forest 0] 15 Q
20 Soil of forest O 9 Q
21 Soil of forest 0 0 0
22 Soil of forest 0 0 0
23 KCTC3928 0 12 0
24 KCTC23109 O 14 Q
25 KACC10779 0 Q Q
26 KACC10251 0 11 0
27 KCTC23112 0 13 Q
28 KCTC23194 0 14 0]
29 KCTC3018 0 12 9
30 Cecal of chick 11 13 13
21 Dung of chick O 12 0
32 Dung of chick 0 13 0
23 Dung of pig 0] 0 0
34 Dung of pig O 15 0
35 Dung of pig 0 0 Q
36 Dung of pig 9 12 0
37 KACC10773 0 14 9
38 KACC10213 0 13 11
29 Soil of forest 9 13 13
40 KACCI10557 0 Q Q
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Table 2. Anfibacterial spectrum of isolated lactic acid bacteria strains BBG L(1, 5, 29, 30, 36, 37,

39). against pathogens

1 5 29 30 36 37 39
(mm)  (mm) (mm) (mm oo (W;m) (;;)

Bacillus cereus 10 10 10 0 0 0 11
Candida albicans 0] 0 0 0 0 0 0
Clostridium perfrigens 18 13 15 14 11 14 0
Escherichia coli 13 0 13 13 0 0 0
Haemophillus parasufs 14 15 12 11 11 12 13
Haemophillus simmunus 14 18 19 16 15 18 17
Listeria monocytogens 183 16 12 15 0 12 14
Mammbeinua haemolvtica type A 14 14 12 11
Pseudomonas aeruginosa 0 0 0 14
Pasteurella multocida type A 13 13 11 14 11 12 13
Staphyiococcus aereus 14 12 9 11 0] 14 11

(3) v A F58 |78 3%  Bacillus£?] nPEEL A9 Ed|E 4 cellulase,
xylanase, lactase & H[3tq HNEdd S &SI ol& ©HAHULE o]&¥ ¢ S
al o] 2HKim et al., 1995: Kim et al.,2004: Lee and Choi, 2006) iturin, surfactin,
fengycin, bacillomycin®}l Z2 ¥4 FRAEAL Ai317] w2 HHd nAE PAHES
g 7IU¥ 5 vt 2 EE Hdy nfAEe tiFt BF 2 B ozl /I1E 3 R
x Fasitia tietEe], §7]E 3] HAEE AWsidrt

Hhd 2] 2e] 8|3t {7]E(protease, amylase, cellulase)®3] Izlo] iyt ZARE A,
protease EH|&ZI}= B5> Bl) B2028] o2 &HA UElILSH, amylase EH|FZ 3= B5> B4=
Bl5= B22 £° % V}E}LtF, cellulase £H|# 2Z}= B5> B2> Bl> B20> B25 £ o =& v}EIRITE £
HH o7 AP S ufl, protease, amylase, cellulased BT |3l oA Eo] ofgt LR
H] %3 BBG B 1, 5, 20, 258 #F7} ¥ o] Wri(table 3).

Protease, amylase, cellulase?] & 4AEH|7} A e}t BBG Bl, 5, 20, 258 #FE o
£35}lo] xylanase, mannanase, phytased] ZEAEH] H3E AAslden, 2 Az} xylanaseo]
o3t ZAEH]E B5> Bl> B20> B252] 4o % L}E}LtOn, mannanaseo] tf¥t FAFv]:= B5
Bl= B20= B252] «=©2 U}ElYIC}, Phytases] Tyt FAEH|E 4523 FF71 BHlsiA &= 92
Z1 o 2 LElgITH table 4).

B84 it 7183 HZAE B7 9=, BBG B 1, 5 20, 252 ZFE o]&3
hydroxyapatie, Tricalcium phosphated] tf3l E|AEE 233}, 422 B 5 BF
24 A4t 7183 ke Uehixl otth(Table 5).
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Fig. 2. Enzyme production of isolated bacteria.

o8 {7180l iy £3] o] ol BEG Bl, 5, 20, 259] FF2] ulY(NB, 30T, 39,
150rpm) A Z}o& o8 %1e], WPA n|WEQ Candida albicans, Salmonella gallinarum,
Salmonella pullorum, Salmonella typhimurium, Staphylococcus aereuse] ti¥l 3 & zE ¥
elstgct. 1 A3} BBG Bacillus tequilensis B18] T-FWt Candida albicans, Staphylococcus
aereuso] TSt rFA2pqk Ltelten], BRG BS, 20, 258 #3R= &S uvehjzx] ¢aith

o]9} o] FIIE Esl=o] &okdl BBG B5Y} 7 E EslEa ¥ nAE] oy B
¥y ¥I7 9l BBG Bl #F3EA S AW

Table 3. Enzymatic acitivities of isolated Bacillus sp.

BBG NO Source Protease (mm) Amylase (mm) Cellulase (mm)
1 Seil of meuntain 16 & 186
2 Soil of mountain 10 5 3
3 Soil of mountain 10 5 12
4 Soil of mountain ) 5] 12
b Soil of mountain 17 12 21
& Vinyl house 10 5 0
7 Dung of pig(BS) 15 4 9]
2 Dung of pig 15 o o
9 Dung of pig 12 O O
10 Dung of pig 15 0 O
11 Soil of vinyl house a5 0 9]
12 KCTCle62 7 4 o
13 KCTC3709 8 8] O
14 KCTC1607 8 & 0
15 KCTC1602 8 G o
16 Dung of chick 8 G 0
17 Dung of chick(BT) 13 O O
18 Dung of chick(BC) 12 0 10
19 Dung of chick(BS) 13 0 O
20 Dung of chick(BS) 156 4 13
21 Dung of chick(BS) 5 9] 0
22 Soil of vinyl house 0 5] o
23 KCTC3014 15 O O
24 Soil of vinyl house 13 5 o
25 Soil of vinvl house 13 3 13




Table 4. Enzyme production of isolated bacteria BBG B(1, 5, 20, 25).

Xylanase Mannanase Phytase
BBG NO
(mm) (mm) (mm)
1 16 14 Q
5 23 20 0
20 14 14 Q
25 12 14 Q

Table 5. Phosphate solubilizing activity of isolated bacteria BBG B(1, 5, 20, 25).

Hydroxyapatite Tricalcium phosphate
BBG NO solubilization solubilization
(mm) (mm)
1 0 0
5 0 0]
20 0 0
25 0 O

Table 6. Antibacteria activity of each isolated bacteria strains against pathogens.

Conferifa 1 5 20 25

(mm) (mm) (mm) (mm)
Candida albicans 5 0 0 0
Salmonella gallinarum 0 0 0] O
Salmonella pullorum 0 0 0] 0
Salmonella tphimurium 0 0 0] 0]
Staphviococcus aereus 6 0 0] 0

(4) 529 {7]& &3l%

J 2= glucoamylase?] g0 FHio|ll eI T2 vidFeY u[H4 dUrte 2 iy
A& o2 Nigste glucose® E3JA7[& AE e, ol EE AE7L o|d 59
& 7R3 A ohlith B ZRE 22 tiAEES] EHE T3] yeast culture(WFE)
of 38& 7AT Ate), #4718 Eelsdo] Qe FFE Uslo] Ag3tE Zol wiwHy
U Ze= BuFd], 4718 Bl HAEE Fi) Lslse] 238 AysiuT:

Protease, glucoamylase, cellulase2] E3|&z}eo] vt =Agt #Hz}, BBG Y3, 64t
cellulase &3] &7} WElWTHTable 7). cellulase?] &AFH|7} LJEIE BBG Y 3, 628 o
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F5 o| 839 xylanase, mannanase, phytase?] FAHH| JEIHEF ZAASIEed, 2 Az}
xylanase, mannanase, phytaseo] t{%l ZAFEH|= 23 EFr BH[SIRE @2 Aoz velyd

T} Table 8).
=874 Uit 7R3 E3E H7] 93], BBG Y3, 62 #FFF |83l hydroxyapatie,
Tricalcium phosphated] T3t EHAEF Fysig o, 2%9] E2] 2F EF &84 Uit 71

£33 F3E= vERLR] kit table 9).

Table 7. Enzyme production of isolated Yeast.

BBG Protease Glucoamylase Cellulase
NO Sl (mm) {mm) (mm)
1 Soil of vinyl house(SC) 0 0 0]
2 Soil of vinyl house(SC) 0 0 0
2 Soil of vinyl house(SC) 0 0 5
4 Soil of vinyl house(SC) 0 0 0
5 Soil of vinyl house(SC) 0 0 0
6 Soil of vinyl house(SC) 0 0 3
7 Dung of pig 0 0 0
3 KCTC7004 0 0 0
9 KCTC72238 0 0] Q
10 KCTC7906 0 0 0
11 KCTC7118 0 0 0
12 Dung of pig 0 0 0
13 Dung of pig 0 0 0
14 Dung of pig 0 0 0
15 Dung of pig 0 0 0

Table 8. Enzyme production of isolated bacteria BBG Y(3, 6).
Xylanase Mannanase Phytase
(mm) (mm) {mm)
3 0 0 0
6 0 0 0
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Table 9. Phosphate solubilizing activities of isolated bacteria BBG Y(3, 6).

Hydroxyvapatite Tricalcium phosphate
solubilization solubilization
(mm) (mm)
3 0 0
6 0 0

(5) Ee[dF4 &%

AE¥ Salzel BRG LI, 129, 130, u}alalA BEG Bl, B5e} ¥R el Y3, Y6e] #22 &
AL s AeiFE, A}y 54L& FESle] Bergey's Mannual of Systematic
Bacteriologyd *r15lo] Ag|3d, AuEFH BEAHE RApstgrcl. BBG L1, L29, L30, Bl, Bo=
gram(+) $ o2 PF YUt F2|H fike, vhdEL, ZR BE @2 citrated o[ &3ld L
, glucose2HE 2+& Eu|slgcHTable 10).

Table 10. Physiological properties of isolated BBG stirains.

Test of
o L1 L29 L30 Bl BS Y6
characteristics
Gram stain + + + + + fungi
Cell type spherical spherical Rod Rod Rod spherical
Colony color White White White Ivory Ivory White
Spore . _ 3 _ i % &
formation
Oxidase
i + + - + + +
reaction
Catalase
; = = - + + +
reaction
Urease
) = = - + + -
reaction
Citrate
e + + + + + +
utilization
Marked acidity
+ + + + + +

from glucose

5 54 AHZ API kit systemS o]-&3le] ZAPSIQon, f-4HF-2 BBG L30o] L1, L29¢]
H)3] T}okdt GBS o]L3ls Ao Urlton, HlAYHAFZL Bl, B52 =L A} U}
ElstcH(Table 11, 12).
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Table 11. Biochemical characteristics of BBG L1, BBG L29, 130, B1 and B5 strains.

NO Substrate L1 L29 L30 Bl BEb NO Substrate L1 L29 L30 Bl Bb
1 GLY = = = + + 26 SAL + + + + +
2 ERY - - - - - 27 CEL + + + + +
3 DARA - - - - - 28 MAL - + + + +
4 LARA + + + + + 29 LAC - + + + +
5 RIB + + + + + 30 MEL - + + + +
6 DXYL + + - + + 31 SAC - + + + +
7 LXYL = = = = = 32 TRE + + + + +
3 ADO = = = = = 33 INU = + = + +
9 MDX = = = = 34 MLZ = = + = -

10 GAL + + + + + 35 RAF = + + + +
11 GLU + + + + + 36 AMD = = = + +
12 FRU + + + + + 37 GLYG = = = + +
13 MNE + + + + + 38 XLT = = = = =
14 SEE - - - - - 39 GEN + + + + +
15 RHA + + + - - 40 TUR - - + + +
16 DUL - - + - - 41 LYX - - - -
17 INO - = + + 42 TAG + + - - -
18 MAN - - + + + 43 DFUG = = = =
19 SOR - = + + + 44 LFUG = = = =
20 MDM = = + = = 45 DARL = = + =
21 MDG ~ = + + + 46 LARL = = =
22 NAG + + + + + 47 GNT = = + =
23 AMY - + + + + 43 2KG - - - -
24 ARB + + + + + 49 bKG = = = =
25 ESC + + + + +
Table 12. Biochemical characteristics of BBG Y6 strains.

NO Substrate Read NO Substrate Read

1 D-glucose + 11 Methyl-aD—glucopyranoside +

2 Glycerol - 12 N-acetyl-glucosamine =

3 Calclium 2-keto—gluconate - 13 D-cellobiose -

4 L-arabinose = 14 D-lactose =

5 D-xvlose - 15 D-maltose +

6 Adonitol = 16 D-saccharose +

7 Xylitol - 17 D~-trehalose +

3 D-galactose + 13 D-melezitose +

9 Inositol = 19 D-rafinose +

10 D-sorbitol = 20
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165 rDNA 32} 7|4 E& S4BT 2H FFF HFIHLE T3 2 A /4
el BBG L1 Pediococcus acidilactici EI}C(Fig. 3-4), L29% Pediococcus
pentosaceus® VIEIYI1(Fig, 5-6), L30-2 Lactobacillus plantarum® }E}%ITHFig, 7-8).

Hid 8| AH-¢l BBG Bl Bacillus tequilensis® W ElIYe(Fig. 9-10), B5:= Bacillus
amyloliquefaciens® VEIYJTHFig., 11-12),

B RS9l BBG Y3, Y6& TSI oL Y38 FF tEI = FEH o7t HA 4
2 Fo g zelE]o], Y6uhE RISl O A3} BBG Y62 Saccharomyces cerevisiae® LV}IE}
WeHFig, 11-12),

oj2} Zo| & mAEo] izt AEF 5 3o} W@ IF FHE I A ndE
of tf3t B5AA-E weStEt). Pediococcus acidilactici BBG L12 T}efrst 3l AW ERHZS 7]
A3 gl Pediococcus pentosaceus L292 T}¥3t §7]1& o|&E 3= Ao = ey,
Lactobacillus plantarum BBG L30 T}}3l 3hd AMEH I {F7/ES o|_3I= For ZAlF
oic}. Bacillus amyloliquefaciens BBG B52 Bacillus tequilensis BBG Blof H|3] amylase,
cellulase, protease, mamnanase, xylanase?] F4A EH|FE3:= A Vel Ble] 7R
0li= Candida albicans, Staphylococcus aereuso]| TJgt BraFH = ¢lelth. Saccharomyces
cerevisiae BBG Y62 TI= FERE H|3)] cellulase EH|EXAE LIEh]g e, o] H o]
u AR 5 A7 AR HAUBBlHE £& ZoR IwtHch
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ctatacatgcagtcgaacgaacttcogtiaattgattatgacgtigettgecactgaatgagatittaacacgangtgagty
geggacgpetpagtaacacgtgpgtaacctgeccagaageaggggataacacctggaaacagatgetaat
accptataacagagaaaaccgcctggtttictittaaaagatggctcigetatcacttctggatggaccegeggcgoatt
agctagtiggigagrtaacggctcaccaaggogatgatgegtagecgaccigagagggtaatcggecacattgggactga
gacacpgcccagactcctacgpgapggcagcaglagpgaateticcacaatggacgecaagtctgaiggage
aacgececgteagtgangaagggtticggctcgtanagetctgttgtinnagaagaacgtgggtgagagtaactgttcac
ccagtpacggtatttaaccagaaageocacgegetaactacgigecageageegoggtaatacgtagegtgee
aagcgtiatccgpatitatigggegtanagegapegeagprpgetctititaagtctaatgigaaagecticggctcaaccg
aageagtgcatiggaaactgggagactigagigcagangaggacagtiggaactoccatgtgtagocggtgaantgegtagat
atatggaagaacaccagtggegaagpcgpctgictpgtctptaactgacgetgagegcicpaaageatgggtagcgaaaca
gEgattegataccctggtagiccatgocgtanacgatgatiactaagtgtiggagggtitccgoccttcagtigetgonget
aacgcattaagtaateegeoectiggpgagtacgacegeaaggttpaaactcaaaagaattgacgggggcccg
cacaagcgpteggagcatgtgpgtitaaticpaagctacgegaagaaccttaccaggtettgacatetictgeccaacctaag
agattaggcgttcccticggggacagaatgacagRtgRtgcatgRttgtcgtcagectogtgtcgtgagnt
gtigggitaagtccecgeaacgapgegraacecttattactagtigecageattcagiigggcacictagtgagacigecge
tgacaaaccggaggaagpiggggacgacgicanatcatcatgececttatgaccigggctacacacgigetacaatggat
ggtacaacgagtegegaaacegegagptttagetaatetcttaaaaccaticteagtteggactgtaggetgeaactege
ctacacgaagtcggaatcgctagtaatcgcggatcagcatgccgcggtgaatacgttcccgggccttgtacacaccgccc
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Fig. 4. Phylogenetic tree for bacterla strain of Padlococous ackdilachicd BBG L1



ggcegtpctataatgeaagtegaacgaacttecgttaatigattatgacgtgettgeactgaatpagatittaacacgaag
tgagtggcpgacgEgRtgagtaacacgtgggtaacctgoccagaagecaggggatancacctgganacagat
Ectaataccptataacagagaaaaccgectggttticiitiaanagatggcictgctatcacitctiggatggaccogopgpe
cgcattagetagtippgtgagegtaacggcteaccaaggegatgatgegtagccgacceipagaggataatcgaccacatigy
gactgagacacggeccagactecctacgggapggeageagtaggpgaateticcacaatggacgeaagtetga
tggagcaacgocgogtgagtgaagnagpgiticgeoctcgtanagetcigtigtinpagangaacgtgggtgagagtanct
gticacccagigacggtiatitaaccagasagecacgectanctacgigecagragecgcggtaatacgiaggiggrange
gttatccggatitatipgecgtanagegagegeaggcgotctitiaagtctaatgtgaaagecticggetcanaccgaaga
agtgcattggaaactggpagactigagtgcagaagaggacagiggaactccatgtgtageggtgaaatgegtagatatat
gRaageBcaccagtggcgaaggeggctgtctggtctgtaacigacgotgaggectcgaaageatgggtage
g‘aacaggattagataccctggtagtccatg:cgtaaacgatgattal:taagtgttggagggtttccgcccttcagtgctg
gcggtggagcatgtggtttaattcgaagctacgcgaagaaccttaccaggtcttgacatcttctgccnacctaagagatt
agpcgttcecticgRggacagantgacaggtggtgeatggtigtcgicagetegtgtogtgagatgttgggttaagtoce
gcracgagegranccettattactagitgecngeaticagttgggoeactctagigagactgoeggtzacanaccggagen
agegtpgapacpacgicaaatcateatpecccitatgaccigpggctacacacgigetacaatgpatggtacaacgagtege
gaaaccgegagptttapetaatetettasaaccattetcagitepgpactgtaggetpeaactegectacacgaagitcgga
atcgctngtnntcgcggﬂt{:ngcnt5cr.:gcggtgﬂﬂtn{:gttc{:cgggccttgtﬂcacac{:gcccgtcacnccﬂtgagﬂg

Fig. 5. 168 rDNA sequence of Padiocoocus peniveaceys BBG L19.
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Fig. 6. Phylogenetic tree for bacteria strain of Padiococcts peniosarens BBG 129,
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FEacgEgcgtgctataatgragtcgancganctciggtatigatiggtgeitgoatcatgatitacattigagigagtggc
gaactgpgtpagtaacacgigppaancctgeccagnagegggEggatancacciggaaacagatgrtaatac
cgeataacaactiggaccpratgetocgagcttpaaagatgpcitegagetatcactttiggatgetoccgegpoptatia
gctagataptgeeptaacgpctcaccatgprantgatacgtagecgaccipagagpetaatcppgecacatipgpacigag
acacggcccaaactcctacgggaggcagecagtagggaatcticcacaatggacgaaagictgatggagca
acgccgcptgagipaagaaggetlttcggcicgtaaaactcigitgttaaagaagaacatatcigagagtaacigticagg
tattgacggtatttaaccagaaagccacggetaactacgigecageagecgeggtaatacgtaggipggea
agegttgtecggatttattpggegtaasagegagegcaggepgttttttaagtetgatgtgaaagecttcggetcaacega
agaagtgcatcggaaactggpaaacttgagtgecagaagageacagtgeaactccatgtgtageggtzaaatgegtagata
tatggaagaacaccagtggcpaaggeggctptetpgtctgtaactgacgetgaggctogaaagtatggetageaaacagy
attagataccctggtagtccataccgtaaacgatgaatgetaagtgttggagggtttcegoccttcagtgotgeagetaa
cgcattaagecaticcgectggggagtacgRocecgraaggctgaaactcaaaggaattgacgggEgCccgea
caagcggtggagecatgtggtitanttcgaagetacgegaagaaccettaccaggtcttgacatactatgea
aatctangagattagacgticccticggpgacatggatacagptgptgoatgpttgtocptcagctopgtgtogtgagatgt
tggegttaagtccecgeaacgagegeaacecttattatcagttgocageattaagtipgpcactetggtgagactgecgetg
acaaaccggaggaagptgpgeaigacgtcaantcatcatgocectiatgacciggectacacacgtgetacaatggatgpe
tacaacgagtigcganctegegagagtaagctaateictianagecattcicagticggatigtaggctgraacticgect
m:atgaagtcggaatcgctagtaatn:gl:ggatcagcatgccgcggtgaatan:gttcc:ggg:cttgtacacaccgcccgt

Fig. 7. 165 rDNA sequence of Larichanilins plostorys: BBG L),
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21 HOS42228 1 Laclehacilus pladaran slrain KJL3
20 HF352340.1 Lactobacilis alantarum strain qz-573-2

|_ 13 EUBICE13.1 Lactobacilies so. KOS 10714
; |_ 34 EUBIDS1 2.1 Lactobacilius =o, KOS 10708
| L 32 EUBINA1H.1 Lactobecilius so. KOS 10715
| L 10 |QRO1725 1 Lartohacilus planarum stram 1544

11 ARRI 75471 lacthacilus nlantarum skeain 50771
12 EUBI0GZN 1 Lactobacilus =n. KOS 10717

Fig. B. Phylogenetic tree for bacteria strain of Lactohacillus plartarum BBG 130,
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gegocatgggeeggetgoctatacatgcaagtcgageggacagatgggagettgetecoctgatgttageggcggacgeptga
gtracacgtppgtaacetgectgtangactggpatanctecggranaccpgegpctantaccgpatgetigtttgaacepc

atggticaaacataaaaggtggcticggctaccacttacagatggaccocgeoggegcatiagetagtiggt
gaggEtaatgegpctcaccaaggcaacgatgcgtagececgacctgagaggEtgatcggocacac
tgpgactgagacacppoccapacicetacpggpgagegcageagtagegpaatcttecgecaatg
gacganagtctgacggagcaacgecgegtgagtgatgaaggttttcggatcgtaaageictgtigttagggaagaacaag
tacegticgaataggpepptacettgpacpptacctaaccagaaagecacgeetaactacgtpecageagecgegptaata
cglaggtiggecaagegttgiccggaattatigggcgtaaagggeicgecaggeggticctlaagictgatgtgaaageoccee
EgcteapccppEpagggtcattgpaanctgppgancttgagtgcagangagpagagtgraaticcacgtptapgeeetena
dtgcgtapagatpliggagpaacaccagigpcpaagepcgaccictggictgtaactgacpetpaggagecgaaagegtepes
gagcgaacaggat‘tagataccctggtagtccacgccgtaaacgatgagtgl:taagtgttagggggtttccgccccttagt
ttaattcgaagcaacg:gaagaa::|::ttaccaggt::ttgac:atcctctgacaatcctaga
gatagpacgtecccticgpegegcagngtgacaggtpgtgcatggttgicgicagctcgtgicgtgagatgttpgettang
teccgcaacpagegraaccectigateitagttgocageattcagtiggecacictaagptigacigecgegtgarcaaaccgg
aggaaggtggggatgacgtcaaatcatcatgocececttatgacctgggetacacacgtgetacratggacagaacanaggy
cagegaaaccgegaggttaagocaateecacaaatetgticteagttcgpategcagtetpeaactepactpeptgaape
tggaat{:gctagtaatcgcggatcagcatgt:{:gt:ggtgaatacgttcccgggccttgtacacaccgcccgtcacaccacg

Fig. 9. 165 rDNA sequence of Bacillus feqeilemsis BBG Bl.

03 HOZO0ZBZL 1 Bacilus t=gulerais skrain &-3
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g e 1T KL L Dacllus sp. 415
1 Iz subblis strain 112
o 57.1 Daci

sulbytiis sheain WIRL-1 01

T
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‘ I | 1E = e
‘Tl F 113131 Eacilius tTequianss sirar <M:-.

Fig. 10. Phylogenetic tree for bacteria strain of Bacfles feprilnsis BBG BL

_38_



catgpcggrgtgctatacatgrangicgagcggacagatgggagettgetccctgatgttagcgecgpacgggtgagtaa
cacgtggegtaacctgoctgtaagactgggataactccgeraaaccggggctaataccegatgctitgtttgnnccgcatgg
ttcaaacataaaagptggetteggetaccactiacagatggaccegoggegeattagetagttggtgaggtaacggetea
ccaagpcgacgatpegtagecgacctgagagpgtgatecgeccacactgpgactgapacacggcccagact
cctacggpgaggcageagtagpgpgaatcticegcantggacgaaagictgacggagcaacgecgegtgagty
atganggitttcggatcgtaaagctctgtigttagggaagaacangtgccpgticaaatagggcggraccet
tgacggtaccteaccaganagecacggetaactacgtgeccagengocgcgptrnatacgtaggtggcange
gttgtecggaattattgggegtasagggctegeaggeggtitettaagtetgatgtgaaagececegpget

caaccggggagggtcattpgaaactggegpaacttgagigeagaagaggapgagteggaatte
cacgtgtagcgpgtigaaatgepgtagagatgtggaggaacaccagtgpgecgaaggecgactetc
tggictgltaactgacegctgageagcgaaageetggEEagrgnacageattagataccctggtagteccacg
ccgtanpacpgatpagtpctengtgttaggppgEtttccgeocacttagtgetgecagetnacgeattnagenct
cegectgeggagtacgpicgecaagacigaaacicasaggaatigacgpgpgeccgcacaageggtggage
atgtggtttaattcgaagraacgcgaagaaccttaccaggtctigacateccteigacaaicctagagataggacgtcecc
ttcgppeeragagtgacaggtpgtgcatggttgtcgicageteopigicgtpapgatgtigggttaagtcce
graacgapcercaacccttgatcttagttgecageaticagttgggractotaapetgncgccgEtgacaaaccgEagea
agptggggatgacgtcaaatcatcatgococttatgacctgggotacacacgigetacaatggpgeagaacaaaggpeagce
gasaccgcgaggttaagecaateccacaaatcigtictcagiteggategeagictgeaactegactigegigaagetgga
atcgctagtaatcgcggatcagcatgc:gcggtgaatacgttcccgggccttgtacacaccg:ccgtcacaccacgagag
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Fig. 12, Phylogenctic tree for becteria etrain of Bacillue enyloliuefaciens BEG BS5,



tecptaggtgaacctgeggaaggatcattaaagaaatttaataattttgaaaatpgattttittgtittggcaagapcat
gagagcttitactgggcaapgeagacaagagatgpagagtccagecgggoctgegottaagtgegeggtcttgotaggott
WMWMWWWW&WMW

Fg. 13. 165 tDNA sequence of Sacharomtyces cereviske BBG Y6
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Fig. 14. Phylogenetic tree for bacteria strain of Sacharownsom oerepisine BBG Y6,
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o} n[3E FA(HAE, vidE A, FR)2] YRR 24 vt

49 BHRA 24 23R fabd, updEA, ER it FEAREIA, FERE
EA, YHEEA AT S APt o] A AHEH IFE Yo E Yol AEFHEA
5 AMRSI2AF, H4bg-2 Lactobacillus plantarum BBG 130, v}A 8| AYX Bacillus subtilis
BBG B20, R Saccharomyces cerevisiase BBG Y65 ©|&35}4ic}
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2 = A= T FRE, EAE FHAIFIAL, vater vapor?] FEUE HEOoEH o
=& 3F F7I1E =L sHe o3 dojHth W2 dHIoA d&Y FEIFE A= FE
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=

=

e
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T}, o)d BAFE A 93] ERAZLIAE Foju BIFANE 2 AAS 22
}shgich.

b

MA+E ZAS {AFd, vlgls, ERE Qs oo skim milk(10, 20, 30%),
peptone(10, 20, 30%), trypone(10, 20, 30%), soluble starch(10, 20, 30%), casein(10,
20%), soybean flour(10, 20%)2] & 7lA2] ==& ] AES}EH T Tabel 13).

Lactobacillus plantarum L30¢] o}FA = A7slA] olx A 7E vl &2 <2 F& A7)
3 FEAZES AEES 0.10%(control )2 v A UEelden, efARy dWtyge s
ARREIaL 9lE= skim milk A2|Fe= 20.3-21.7%8] AESEE  VeRcl,  Lactobacillus
plantarum L300 T3t ZHdAZBIFAZE A1LE AAY AE2F £4+= Pepton) Trypone >
Soluble starch > Skim milk > Casein ,Soybean flour £2.& LU}E}Yten, o]3% peptone 20%
A7t Al B3E7 &2 Zo2 veh} HIHA HFSE eAE g3t

Bacillus subtilis BBG B20¢] olE-AE H71317] ¢l #HA7E vjal T ofe] E3 A%
ZHAZREY HEEL 3.30%(control ) 2 ¢ YA VeElyten, ezjHPE dulFgogE AL
312 9= skim milk A2E|F+= 33,3-67.7%2] RNEFE VElNIT) Bacillus subtilisl BBG
B20¢o] Ut EZAZRIFAE ALEH FHA Y HE2E £ Pepton 10%> Casein 10%,
Trypone 10%, Skim milk 10% > Pepton 20% > +°F L}ElLtOr, o|F peptone 10% 7} A|
H3a371 2 ZAo=E e} A7 2= gAEd FEsiyTt

Saccharomyces cerevisiase BBG Y6ef o}RZ T #7715tz ¢fx H7E o4l &2 4 B
A FAAZEY HEES 1.30%(control ) 2 vI-¢ WA LIElRter, ejEFE dutze
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2 A3l 9lE skinm milk AH2|FE 4.10-7.10%2] AE2EE VEMITE  Saccharomyces
cerevisiase BBG Y6o] T3l ZHAZRRIFZT AIEH AH2 AHE2F sAE Pepton 10%
Pepton 20%> Casein 10%> 22 LIEIGIO ™, o|F peptone 10% &7} A] R3FHN7 &2 &
o2 Uph} ¥ HA%E Hlasel Fgsign

AvtFo g Gikgt, HlAlF A, TR SHAZX A] 108 njute] MEES Ho], W= &
AAZRIAS A5l Y258 59 oyl 9= Ao wwdAd.

Table 13. Freeze-drying cryoprotective agents and survival rate of BBG

strains.
Survival rate(%)
Crvoprotectant agent(%) Lactobacillus Bacrllus Saccharomyces
plantarum 1.30 subtilis B20 cerevisiase Y6
Control 0 0.10 3.30 1.30
Casein 10 15.9 66.7 12.8
Casein 20 18.8 27.3 2.60
Peptone 10 66.7 233.3 64.1
Peptone 20 76.8 56.7 30.8
Peptone 30 49.3 43.3 20.5
Skim milk 10 20.3 66.7 7.10
Skim milk 20 20.3 43.3 7.40
Skim milk 30 21.7 33.3 4,10
Soluble starch 10 29.0 43.3 5.10
Soluble starch 20 26.1 36.7 2.70
Soluble starch 30 24.6 29.7 2.00
Soybean flour 10 17.4 50.0 1.50
Soybean flour 20 17 .4 36.7 2.60
Trypone 10 49.3 66.7 0.20
Trypone 20 61.0 60.0 1.00
Trypone 30 23.2 43.3 3.40

(2) TAAZERSA HHxE

A#H(1) HA2Eo] H3jolA FA L2 peptoned -frihdZ 20%71 = A, vidle{L2} FRE=
7} 10% =x=7F HA H7Ble 22 YHoE JAEstgrt. BEAY AeazE A5 8
control (E2t3 7}), peptone(10 or 20%), arabinose(1, 5%), cellobiose(l, 5%), corn

starch (1, 5%), dextrin (1, 5%), fructose (1, 5%), galactose (1, 5%), glucose (1, 5%),
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lactose (1, 5%), maltose (1, 5%), mannose (1, 5%), soluble starch (1, 5%), sucrose (1,

5%), trehalose (1, 5%)2] & 7lH2] =55 ] AE3}EHCHTabel 14).

Lactobacillus plantarum L30o] o}FZ2 %= A75lz] ¢t A71E 4l &2 o 55 A7}
3t EAAZEY HREL 1,20%(control )& W WA UE}Rten, peptone 20%3+ )}t A
252 40.0%% E}WIT) Lactobacillus plantarum L30¢] tj¥l SHZAZRIAZE ALLEH H
AHe] MEF 4+ Lactose 1% Arabinose 5%> Galactose 5%> Lactose 5% Glucose 5% <2
2 UElWoen, o]|% peptone 20% + lactose 1% 37} A] 80%2] AEFE ¥ o, peptone 20%
27l Al BT} 28] o]4, FAE|H Hr}l 668 o]Ats] RIFIF LIehe], Lactobacillus
plantarum LI0EZAZRFAE st Ao schAT),

Bacillus subtilis BBG B20¢] olE-AE H71317] ¢l #HA7E vjal T ofe] E3 A%
%@a Y MEEE 7.86%(control )2 - WA U}E}ESM, peptone 10%%t H7I¥E HE

&2 78.6%%2 VE}WIT}, Bacillus subtilis BBG B20¢f Tj§t SHAZAZRRIAZ A1&F A
HEE +4+ Fructose 1%, Lactose 1% Corn starch 5%, Dextrin 1%, Maltose 1% £ 2= U}
E}sten, o] peptone 20% + fructose 1%%} peptone 20%+lactose 1% M7} 2] 92, 9%2] A=
& R, peptone 10% H7} A] BT} 1,28 o]4F, FA2|LET} 11u)] o]Ate] RFFNE L}
Ehfio], Bacillus subtilis BBG B20FAAZXRFAZE HJg Zlo T sivtHc]

Saccharomyces cerevisiase BBG Y6o] o}F-ZA T A75IA] ¢z AE il L kel &
= 373t %@ﬁ}_a-«l AEEL 7.00%(control ) £ - WA L}elton, peptone 10%7F 3
715t HEZFL 30, 0%2 IElYIT}. Saccharomyces cerevisiase BBG Y6ef| tf§t ZEAZRRFH
2 ARH 11]*“-4 22 £ Mannose 1% Corn starch 1% =22 U}Elteny, o|F
peptone 20% + Mannose 1% &7} A] 52, 0%2] 25 Ko, peotone 10% A7} A] K} 1, 7u)
o|ak, FAg|FECT} Tafe]4td B3I FHF Ueh)o|, Saccharomyces cerevisiase BBG Y6 H4
AzB 32 g Fo g gk}
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Table 14. Freeze-drying cryoprotective agents mixing and survival rate of BBG strains.

Survival rate(%)

Cryvoprotectant agent (%) Lactobacillus Bacillus Saccharomyces
plantarum 1.30 subtilis B20 cerevisiase Y6
Control 0 1.20 7.86 7.00
* 0 40.0 73.6 30.0
* + Arabinose 1 28.4 71.4 9.00
# + Arabinose 5 68.0 57.1 5.20
# + Cellobiose 1 20.4 57.1 11.0
# + Cellobiose 5 24.4 71.4 20.0
# + Corn starch 1 12.0 71.4 31.0
# + Corn starch o 20.0 8b.7 4.00
# + Dextrin 1 12.8 8b.7 6.00
# + Dextrin 5 8.00 78.6 8.00
# + Fructose 1 24.0 92.9 25.0
* + Fructose 5 32.0 57.1 1.00
# + (Galactose 1 16.8 78.6 30.0
# + (Galactose 5 56.0 8b.7 1.00
* + Glucose 1 28.4 71.4 51.0
* + Glucose 5 48.0 85.7 3.10
# + Lactose 1 80.0 78.6 11.0
# + Lactose 5 52.0 92.9 10.0
* + Maltose 1 14.0 85.7 23.0
# + Maltose o 32.0 78.6 9.00
# + Mannose 1 21.2 64.3 52.0
# + Mannose 5 28.0 71.4 24.0
= + Soluble starch 1 16.4 78.6 22.0
# + Soluble starch 5 20.4 71.4 4.00
* + Sucrose 1 16.4 71.4 13.0
* + Sucrose 5 40.0 71.4 1.00
# + Trehalose 1 24.8 71.4 20.0
# + Trehalose 5 40.0 71.4 21.0

* Lactobacillus plantarum L30(peptone 20%+ Cryoprotectant agent), Bacillus subtilis
B20, Saccharonmyces cerevisigse Y6(peptone 10% + Cryoprotectant agent)
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(3) SH4234 A=A

TERIAZ ndE IFE A WH F WREA, T Y A d3Z3FY 44
of 23] Axg] R % n|AE A3l Urhdtl. FE AP A nPE AP LE
A=5t7] fl5te, A2 FIE HLHSI] 93 FEERIAE AU FHRE A 04
& A3tdde] EAEE 3] A% FREIAE Hojd RIEFANE ZE AAE A
stdth

AA4+E FAIN fFirF, v A, FEE wYst o arabinose, carboxymethyl
cellulose, dextrin, fructose, galactose, glycerol, glucose, lactose, mannose, mineral
oil, soluble starch, sucrose 30%(carboxymethyl cellulose 5% 37}) =55 A7}, dut
o2 A L 4 U=, -20T YFLel FHo nE A+ HiE FHsAeH, 4
2E(%)E FA3}4THTabel 15).
Lactobacillus plantarum L300¢] o}FA %= A751x] o3 #A7IE tjal -2 of B A7)
P AZE2L 0,0002%(control )2 i YA UElWer, fEdARE dutFHoF AlRSia gl
glycerol-2 12.50%2] AEFS vlelWlt)l. Lactobacillus plantarum L300] t]3t SZ R T A
AMRHE A A HAEF £4= Glycerol) Mineral oil > Glucose > Sucrose £2% LU}JE}YE
b, o]& glycerol, mineral oil d7} A] RIFI 2 Zog Ueht H7H A3E:
HAEo &3t
Bacillus subtilis BBG B20o] o}RZ % Azlsla] ¢t H71E tjrl L ke E& AH73t
HEEL 0.83%(control)E v WA Uelden, ofHEEH duiFoE AEII Qe
glycerol-2 8. 33%2] H&5& LIelWt). Bacillus subtilis®l BBG B20¢] tj3t ZHRFHF
AIRE FH| A e B2 F 45 Galactose, Glycerol, Mineral o0il)> Sucrose} Scluble starch
F£oF LJEIten, o]&F Galactose, Glycerol, Mineral 37} A] REF 7 & 7oz U}
el A #HHsx elaEe FHE3igct

r

Saccharomyces cerevisiase BBG Y6 o}lF-AE H7}5lA] ¢3 AAE vjal T2 ool &
S H713t 4232 0.0014%(control ) E ¢ WA vlelyten], fzjAEe dutzezx ilg
32 9l glycerol2 25,00%2] MEZF-Z Ielult}. Saccharomyces cerevisiase BBG Y6ef tf
3 SARIAZT ALH HA e AEF £4LE Glycerol} Trehalose) Sucrose) Glucose T2
2 EIRten, o]% Glycerol, Sucrose, Trethalose 37} A] B3 F 37 2 FHoZ LER
7 AF e Hasel Hesldn,
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Table 15. Cryoprotective agents and survival rate of BBG strains.

Survival rate(%), after 30days

Cryoprotectant agent{%) Lactobacillus Bacillus Saccharomyces
plantarum 1.30 subtilis B20 cerevisiase Y6

Control 0 0.0002 0.8300 0.0014
Arabinose 30 0.0100 0.1670 0.1071
Carboxymethyl

5 0.0010 0.2600 0.0143
—cellulose
Dextrin 30 0.0010 0.1330 0.0071
Fructose 30 0.0010 0.4330 2.8570
Galactose 30 0.0010 8.3330 6.5714
Glycerol 30 12.500 8.3330 25.000
Glucose 30 0.7500 1.6670 7.8571
Lactose 30 0.0020 0.6670 0.0143
Mannose 30 0.7500 1.0830 0.1071
Mineral oil 30 3.2600 8.3330 2.8571
Soluble starch 30 0.0010 2.4170 0.0071
Sucrose 30 0.4300 54170 11.428
Trehalose 30 0.0010 0.0025 14.285

(4) 3AR3A HYE=

(3)8] SHBRIA AAZEA HHAA ZA ¥ Lactobacillus plantarum L30-2 glycerol,
mineral oilZ, Bacillus subtilis BBG B20+= Galactose, Glycerol, Mineral oil&,
Saccharomyces cerevisiase BBG Y6+= glycerol, sucrose, trehalose& 10, 15, 20, 25, 30,
108 S22 wgo] Arlst] HAFES Uokws] sl ABsiart
Lactobacillus plantarum L30¢] o}RA T A713}A] ¢z AZE o2l L2 % ES H7jst
AEEL2 0.0001%(control )2 m& A vlElGen, 30d FH3 T AR BRIEIF} mout
AL glycerol 25% HZ} A] 1.06%(control 0.0001%)E v}el HI7I3IA] kS oot ¢
10,0008] o]4te] &7t LElL, f4ta BEEE A HFEEE glycerol 252 ARSI}
(Tabel 18).

Bacillus subtilis BBG B20o] olRAE A7skx] o AJE il 72 o] B& Hyhgt
BEELS 23.00%(control )2 UEldon, 3048 ZFA F A% RIEEASL Held AL
galactose 10%, mineral oil 20% 37} A] 33.33%(control 23.00)% 1}&} A7}s}A] ¢kokS of
el of 10% o] ErP e, bHld#4A FEEE A #HFFEE  galactose 10%,
mineral oil 20%% Z A3} cHTabel 17).

Saccharomyces cerevisiase BBG Y6o o}R-ZAE A7z ¢ F7RE tjal T2 <8 HFS

713t AEEL 0.003%(control )2 ¢ WA UEiden, 30d Z2 F 7% REE AT H
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ot AL glycerol 30% H 7} A] 58.33%(control 0,003%)F 12} H7151A] askE ujEc) o
19,000%H) o|4te] &7l Ueh), &8 FEERE A HFHEEE glycerol 302 ZAAFstgr}
(Tabel 18),

TZEAY A, FE3E= AFoA nAEY A7 FE 274 ZLSR=R|, AT A
5 Z4sHE A ns] f3, FERIZA A S AEHFE T2 AY 1d, 30¢
B3 F RAEEE FHslo AASs HEE vasiEct 2 23 F2 14 Fo 42 AF
2] zjole] 2J3] 20.0-80.0% ZHA S vlelon, 3040 99.0% ojato] AlEHE Ho U}
Eixitt vl elA= AP Alold &), 1€ F3 Al 3.0-77.0% T2 F3E UElden, 30
d o]Fof= 70% o]io] AMEEE ALZ UeikTh EEE AP Aol 3, 1d B A
17.0-92.0% & F3HE Uehllon, 30 ojFoE gutAo g 90x oj4de] APEEE Zo=
Lpelytct.

TARZIA7 2 BAES EY staS Al AlWA] 37t A& HaE dtEo], A
2 237 I HY¥uE HAE 31901, galactose 10%(33.33%), mineral 0il(33.33%) %t
E A7 A, nldgAeAM BREHIZ Z1F A U8te) glycerol 7.5%+ mineral oil 7.5%
Z3E7E Al 38,1022 UEh}, @5 AR A] BUl BA4 e}, ERERIYYE F7F AA S
ol

Table 16. Cryoprotective agents concentration and survival rate of Lactobacillus

plantarum 130,

Survival rate(%)

_ ‘ glycerol(1):
Cryoprotect control glycerol mineral oil
mineral oil(1)
At BRentihr — 4 30 1 20 1 20 1 20
day days day days day days day days
10 77.66 0.02 = 0.001 63.83 0.001
15 45.74 0.01 - 0.001 96.80 0.001
20 37.23 0.43 = 0.010 63.93 0.010
31.91 0.0001
25 5b,32 1.06 = 0.200 61.70 0.032
30 43.01 0.28 - 0.280 37.23 0.106
40 20.04 0.23 = 0.001 34.04 0.319
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Table 17. Cryoprotective agents concentration and survival rate of Bacillus subtilis B20.

Survival rate(%)

mineral  glveerol(1):

Cryoprotect control glycerol galactose ) ) )
oil mineral oil(1)
ant agent(%) — 20 1 30 30 30 20
day days day davs days days days
10 97.62 23.80 33.33 30.95 35.71
15 92.85 30.95 23.80 23.80 33.10
20 66.67 28.57 30.95 33.23 30.95
9524 23.80
25 71,42 23.80 30.95 28,57 33.33
30 76,19 26,19 28.57 28,57 30.95
40 23.80 22.50 26,19 26,19 28.57

Table 18. Cryoprotective agents concentration and survival rate of Saccharomyces cerevisinse Y6.

Survival rate(%)

sucrosel(1):
Cryoprotect control glycerol sucrose trehalose
trehalosel(1)
ant agent(%) — 20 1 20 30 30 20
day days day davs days days days
10 3.33 4.17 0.33 1.67 0.50
15 17.50 4.17 0.59 1.16 0.42
20 26.67 6.83 9.17 0.83 1.16
10.00 0.033
25 50.00 6.00 2.92 0.58 2.32
20 83.00 58.3 2.17 0.70 NS
40 37.95 10.0 2.50 0.91 NS

* NS: not solution.

_48_



Az A aRE YRR P4 282 FH/F R HAHRD A 5

1. A3y

7. ulBE FA(FE, vidEg L, TR)2] 44 HAu|A] @A

H4td2 Lactobacillus plantarum BBG-L30, HlA&]AYX Bacillus amyloliquefaciens
BBG-B5, B R Saccharomyces cerevisiase BBG-Y6F o]|L23lFct. | Awjx] AHELS MI
ninimal mediums 7|FSF EF4A2-2 arabinose, glucose, galactose, fructose, lactose,
mannose, soluble starch, sucrose W trehalosed 717} 1%2] HEE 715l B34 A
Worelg 154 HEYL F BTHA 20br, 150rn 2 A% Wik The wjatele] HEE
660nmofl A S StGT RiA4 HIleE=e] ¥ HAFH ©£4E& 0, 0.5 1.0, 1,5, 2.0,
2.5, W 3.0% ¥ HI73lo] FL=ZoNA HAESIATL

AL yeast extract, soypeptone, peptone, tryptone, beef extract, NHNOs,
(NHe)2POs, (NHi)2S0s, NHCL, NaxCOs 5& ZtZ} 0.5%2] w22 Hrlsta 22339 A wgy
& 1%% FF YL F 35Co|A 20hr, 150rpn 2 FE w3 o} v e] =g 660nmof Al
F3sterh. 4P nAE ASFTIE A3l LY sz 42 4FE LW 18
0, 0.3, 0.6, 0.9, 1.2, 1.5, 1.8 @ 2.1% & As}s}e] etz EAd=AdA] HAES}IHL]
ALg 2= ALY 17 7S WYHoe= 0, 0.2, 0.4, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 W 2,0%
% H71ste] a3 FU=oA HESIHTL

B d2 F3 7}, CaClz, MgS04 7H:0, KoHPOs, ZnSOs, FeS04.7Ho0, AlCla, CuSOs, MnClz, CuCls
= 0.1%2] =2 IS FedF2 A wigdE 1% HFT F 35Tl 20hr, 150rpm
o= A% Mg thE g HEE 660nmolM FFsIGCE FIE b= ¥ A
AE ZAAE 0, 0.05 0.1, 0.2, 0.4, 0.6, 0.8 I 1.0% % Hrszle] ZA=AN BES]
gich

. HEu gz @A

H4td-2  Lactobacillus plantarum BBG-L30, H}Al8]AY Bacillus amyloliquefaciens
BBG-B5, H B Saccharomyces cerevisiase BBG-Y6Z o|L&3}gtl. | FujLdzxAL 500m1 AHzt
&el2Te AA] viAE 200m] H7PE ThE, EEFEF A AL 1.0%% FF3 FES}
gch 3 gESEEe AGSEE 25750T 2 HHE HHAIFHA 150rpno] A 204]2t v
FE % 660mmol A WIS FREE 2Pttt wixle] 27) pai 0.IN HCLZ} 0. 1N NaOHE
HB7lste] 27] pHE 3-8 HEE 2T o} APsHY, ANEEY FYFE phE 7.00.82 =
Agt ¥ At £ 5 50, 100, 150, 200, 250rpm o HIIA|F|HA 357ToA] 2047t n)feksle]
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wjorels] ERTE 660nmol A ZHsielc),

ot g A2 AFPu], LR ZTF AL PPN G7] A, FALEAL £
W UFAE F7A 8 nEd type £37] HA #%

2. d34d#

7t n|3E FA (A4, npdE s, TR2)2 4% HYnA| 2

WEAEE 94 ATHE 2ele EH 289 FEUAE, 12, F4F ¥ Lo
tfgt A a2 E @AY Y3l AT FE FAbE2 Lactobacillus plantarum BBG
L30, vl & AX Bacillus amyloliquefaciens BBG B5, R 2= Saccharomyces cerevisiase BBG

Y6 2ol oit vjd=A & gt

(1) &tae] g3

BtA %] £R77} 22§t Lactobacillus plantarum BBG 130, Bacillus amyloliquefaciens
BBG B5, Saccharomyces cerevisiase BBG Y62 A-&of njx]= H8& AESIH Fig, 1, 3, 5ol
Urehgich.

Lactobacillus plantarum BBG L30, &] %3 2] BtAHNL2 glucose, trehalose W arabinose
o3 Z o]l’F}g oL}, fructose, galactose, lactose W mannose 52 % o|&3}xr] L35}
L RAow JElYTHFig 1). o|Ate] A2}E Lactobacillus plantarum BBG L30, 2] =&
2P glucose® ZASI 1 3 AMS=E AEd S Fig. 20] LERQTE Glucose?]
A7lsEE 2.59712] F71A el mel FA8] H4B2 AY AdHeR Frisiglen), I o4
2] sxolAe AL ¥l g AL2E Ueh glucesed] 3 HIlsEe 2.5 AF6HY
t}.

b ol

E
) 5

Bacillus amyloliquefaciens BBG B5%] & &Fe&] ®BlAWL2 soluble starch, arabinose,
trehalose W glucose ¢S & o]&35}¢ 01}, fructose, galactose, lactose W mannose
S @ o8 B o= UshitkFis 3). olde B Bacillus
amyloliquefaciens BBG B52] %2 ®l4ANE soluble starch® ZAASIT I 23 A= d
ZAEsto] Fig. 4ol LElLfSIrt. Soluble starch?] BI7bs=E 2.0x71x] F7FA1Z o] whel Al
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o gAe AY FAHo= FMEOL, 1 olge SEelAE Ag Fuo] g RoE U}
E}L} glucose?] #F Hrzis 2.0 HFsIET)

Saccharomyces cerevisiase BBG Y62 # & 2] §t4-44-2 sucrose, glucose I arabinose &
o7 #Z o]g319g e}, fructose, lactose W mannose B2 F o]E3A] Bl Ao= 1}
ENJTHFig. 5). ©]Ate] A2E  Saccharomyces cerevisiase BBG Y62 %3 ElA YL sucrose
2 AR 3 M3 Hrle=E HAESH Fig. 6o Uehf2irl. Sucrose?| HF7lMs=E 2.5%
7R AR wet A HRe A AMHes Frstdoy, 1 oyl HEAL
A%l dako] g RO UBh} sucrosed] 3 ArlsEL 252 FFstAch ol A3
of miet EE|FFof nith o]&3t= LU FF H HIEE vk Aol7} dle o=
B,
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0.D at 660nm
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01

Carborn sources

Fig. 1. Effect of carbon sources to the growth of Lacivbacilius plentarum BBG 130,
A: Gulcose, B: Arabinose, C: Mannose, D: Lactose, E: Galactose, F: Fructose, G:
Sucrose, H: Soluble starch, I: Trehalose.

1.2

0.D at 660nm
=1 =]
o ]

b=
=

0.2

a as I 15 2 25 3

Concentration of glucose|34)

Fig. 2. Effect of concentration of glucose to the growth of Laciobacilfius plemiarum BBG L30.
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0.D at 660nm

02

A B C D E F G H [

Carborn sources

Fig. 3. Effect of carbem sources to the growth of Bacilius emyloliguefociens BBG BS.
A: Gulcose, B: Arabinose, C: Mannose, Ix Lactose, E: Galactose, F: Froctose, G:
Sucrose, H: Soluble starch, I: Trehalose.

0.D at 660nm

a I i i i I
a 05 1 15 2 2.5 3

Concentration of soulble starch(%s)

Fig. 4. Effect of comcentration of glucose to the growth of Baollius emylolguefaciens BBG BS.
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o4

0.D at 660nm

Carborn sources

isiase BBG Y6.

Fig. 5. Effect of carbon sources to the growth of Saccharommyces
Ar Gulcose, B: Arabinose, 0 Mannose, I Laciose, E: Galactose, F: Fructose, G
Sucrose, I: Soluble starch, I: Trehalose,

05
045 |-
0.4
0.35
0.3
025
0.2
015

0.D at 660nm

0.1 |
.05 |

D i Il i L
0 05 ' 15 2 25 3

Concentration of sucrose(%)

Fig. 6. Effect of concentration of glucose to the growth of Saxhwramyces cerevisiase BEBG Y6,
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@) A2 19 FF

AA2] BRI} BeE|8 Lactobacillus plantarum BBG L30, Bacillus amyloliguefaciens
BBG Bb, Saccharomyces cerevisiase BBG Y62] A5 m|x= 4% HAESIH Fig. 7, 9, 11
of pehigict.

Lactobacillus plantarum BBG 130%] 23 IALZA BME 2|3], MI minimal mediumoi]
glucose 2.5% H7pslal o8 F7 A4LHUE 27 0.5%% Friste Wl Azb NHCI,
NHNO; 52 F7]|3A 4% R cH= yeast extract, soypeptone W beef extractd} 2 H7]34H
& & o[ &3h= ez UektHFig. 7). 2 FolA soypeptoneE H7IRE AEFolA A
qao] 713 4435137 Wil #3F A4S soypeptone® ARSI, 1 AU BEE AE
T ZAH 1.5712] F7HEsS FA Y o] sl O oY sEdM= 24 43
of FHFL H[AA| Koh= A= LIERL soypeptone?] #3ZF H7F FEE 1.58= ZASHAUC]
(Fig. 8).

Bacillus amyloliquefaciens BBG B5&] #]3 ZAYZRZA BMAE o3, MI minimal mediumo]
glucose soluble starch 2.0% A7}l o8 FR/e ALHUE 47 0,542 Hrlste wl<st
A} NHCL, NHNO3 58] F7]2 AR T= yeast extract, soypeptone % tryptonez} T2 §
7|AAHE 3 o[®3He FAo= UeldrhFig. 9). 1 FolA soypeptone & H7IF A|EF
oAr A FFo] 71 F3137] el A AAYE soypeptone® HEFSIAL, I I &
55 AR ZA L2pA] F7HEaS IA Y Aol ¥gsiaert, I ol FwRelME
A o] GBS nA|A] Kol= A o= LEI soypeptone 8] A FIt HEE 1.2%=2 2
RSt cHFig. 10).

Saccharomyces cerevisiase BBG Y62] #4 A HQ=z7 B2 93], MI minimal mediumof
sucrose 2.5% F7Psla o8 FRY ALYE A 0.5%% AHriste] wigdt @b NHCI,
NHiNO3%5 2] F7] &AL Bl yeast extract, soypeptone B! beef extract®} T2 F7|A4AY
& & o] &= Zo® UElkthFig. 11). 2 FolA yeast extractE& IRt AJHF M &
A Aol 713 Y5197 e #3F ALYE yeast extract® AASIAL, I A7 BES
AET A 1.2071A] 71T FA S o] AL, 2 oY FERAME A
Bl BEE A Rt FALE e} yeast extractd] #HF H7F BEE 0.65= #EF
StelthFig. 12).
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Fig. 7. Effect of niirogen sources fo the growth of Laciohacillus plebewm BBG L30.
Az NELNOs, B: (NH):PO, C (NHg:S0y D= NECl, B: NaCOp, F: Yeast extract, G: Soypepione, H:
Peptone, I: Tryptone, J: Beef extract.
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Fg. 8. Effect of concentration of soypeptone to the growth of Lackobardlluc plartoruns BBG L30.
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Fig. 10. Effect of comeemtration of soypeptone to the growth of Baollus amyloliqueficienss BBG B5.
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HFg. 11. Effect of nitrogen sources io the growth of Soccdssromyces cerepisioss BBG Y.

A NHNOg, B: (NHJ PO, C (NH):S0, D: NHCL E: NayCOq F: Yeast extract, G:
Soypeptone, H: Peptone, I: Tryptone, J: Beef extract.
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Fig. 12. Effect of concentration of yeast extract to the growth of Sexhoomyes caevisiase BEG Y6
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(3) W4 22 9%

=4 o FEE A3 42498 ol JERvhe, £ AELE UE o ¢FAeR Ny
o] AxlE A-971 wol, Y W[A|Z2AY scypeptone, yeest extractd EZlEt, F&e] o
A d9g ASas(Fig. 13, 14, 15)¢] Lehysich

Lactobacillus plantamm BBG 1302] 3] 349 29 yesst extrect WIFeES 1. 23914
712180 ofet AN gL AL HHFez FAse, I <4y EAAMe AY
dYo] gle AL=2 UEht yeast extract®] HA JPrHp=s 1.2 FYRACHFIE 13),

Bacitius amyloliquefzciens BBG B52] XA A4 28] yeast extract N7He=a 0,637
A F7A7) W FAY AP AL JuHLD FolRaon, 1 ol pEofAE 7
2] 9%l gl A= VER] veast extracts] I ekl 0.6 FBHACHFIL
14).

Saccharoayvces cerevisiass BBG Y58] 3 AL 28] soypeptone {7 Pe=8 1. 467
E7IA8 wial s A3 FAEEel Aolrt gl Ao = veht soypeptones] 23 YN
7Heet v, H2I8A] o= 2o FAPFAHATHFIg 15).

0.D at 660n

a 0.2 0.4 0.6 0.8 1 12 1.4

Concentration of soypeptone (%)

Fig. 13. Effect of conrentration of yeast extract to the growth of Lachohaiffye plesheuwm BBG L3,
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Fig. 14. Effect of comcentration of yeast extract to the growth of Bacllus asyloliquefariens BBG BS.
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Fg. 15, Efect of comentration of soypeptone to the growth of Sacheromyoss cerepisiase BBG Y6,
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F7]go] BE|&t Lactobacillus plantarum BBG L30, Bacillus amyloliquefaciens BBG B5,
Saccharomyces cerevisiase BBG Y62] AdSof m|X|= A3 S HES|S Fig. 16, 18, 200 e}

ujgich

A wfx] RIALE 9EFE FIE Zzbe] iyt @3 AER B3, Lactobacillus
plantarum BBG L30-& CaCls-2H:0, MgSOs-7H:0, MnClz-4H:0, K:HPO,= Ao H3kg mj3 oun},
CuClz-2H:0, AlCla 6H08} e ZZ&HEL AL 238 Ast= AoE el on(Fig.
16), 3 F7|9L KHPO, 0,2 ZAASIATHFig, 17).

Bacillus amyloliquefaciens BBG BS= Z| 3 njx] RALE, 9FFe F7|d Zzo] cfgt
QS ZAEZ A}, MgS04-7H:0, AlCly 6H:0, FeS04-7H20, KHPOLE= AASof F3S mFon},
CuClz-2H:0, CuSOs 5H:02} & FFEHEL ARE 238 AN A2 Uehlyder(Fig.
18), 3 F719& KHPO, 0.6%% ZAZFSIGrHFig. 19).

Saccharomyces cerevisiase BBG Y6 3 vz RASE, 957/ Fr7|E ZZo] oyt
BRE ZEY A3, FeS0sTHO, KHPOs MgSOs 7TH O Afof @& mjHov},  AlCls-6H0,
CuCly 2,0, CuSOs-5H08} TE ZIEPE MSE 038 Aol HOE Uelton (Fig
20), #3 F71Q9-2 KHPOs 0.2%2 ZZ 3} cHFig. 21).
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Fig. 16. Effect of inorganic salis to the growth of Lachbadlins plortznon BBG 130,
A CaClh-2LO, B: MgS50,-7TH:0, C K:HPO, D: ZnS04-7H0, E FeSO,.-7H:O,
E: AlCls-6H:O, G: CuS0:-5H0, H: MnCl;4H0, I: CuCl:-2HA
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Fig. 17. Fifect of comcentration of K:HPQO, of the growth of Laciobadlius plesimum BBG L30.

_62_



25

=
un
T

0.D at 660nm
H
T

5
n
T

(]

A 2] C D E F G H | Cont

Inorganic sources

Fig. 18. Effect of Inorganic salls to the growth of Bacillus omyiciguefacios BBG B5.
A: CaCl-2I:0, B: MgSOs-7HO, C KxlTPO, Dt ZnSOe-THXO, HE FeS8O4 7HAO,
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18 I
b !—A—'/,
14

12 |

o8 I
06 [
04 |
02 |
0 L i 1 i i i L 1 i
0 01 0.2 0% o4 05 06 0.7 0B 0.9 1

0.D at 660nm
[

Concentration of KzHPO (%)
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Fig. Z1. Effect of concenirafion of KHPOy of the growth of Secchanampors cerepiciare BBG Y6,



. gz @A

(1) 29 o3

i or2 =7} Lactobacillus plantarum BBG 130, Bacillus amyloliquefaciens BBG B5,
Saccharomyces cerevisiase BBG Y62] A}5of njx|= A3 AES| ZHESH Fig 22, 23,
240 Lieh] gitt.

Lactobacillus plantarum BBG L302] vjot& =& 25°50C W2 Wil 7| HA wjokst Az}
B2 27} 30CoA 35CE &olRd ulel FA|e] F4o] FHIA o|FojF L), 45T A
50C7R = FETIA 4S50 A3 He A= Ueht, AS #HF 255 3BCTE AA sl
(Fig. 22),

Bacillus amyloliquefaciens BBG B52] v} =& 25°50C HYZ WEIA WAl vt 2
2}, WSLET}E 25ColA 40TE Fobel utel FAY F2jo] F45HA o[Fojx 2L}, 46T
oA B0TTZIRE FHsHA BKo] A3 =& 7o veh}, 48 24 2xE& BTE 23
st TH(Fig. 23).

Saccharomyces cerevisiase BBG Y62] W22 F 25°50TC ‘B E HIA|F|HA wjgst 2
2}, wjF2ETE 25CoA 35CE golRel uiel FA8] FAjo] FHFA o]FojHLLl, 46T
oM 50CZR|E 5] A3 HE ZLE Ueht, 4= H3A 255 I5TE FHsIAcHFig
24).
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Fig. 22, BEifect of temperature fo the growth of Laciohaslig plerrum BBG L.
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Fig. 23, Effect of temperatune o the growth of Barllle anyloligeafuciess BRG BS,
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Fig. 24, Effect of temperature o the growth of Saccharomyces cerepisios BBG Y6,
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(2) =7 g 9%

7] pH7} Lactobaciiius plantarus BBG 130, BRacilius amyloiliquefaciens BBG B5,
Saccharvmyces cerevisisse BBG Y62 8o ulXx]:= v A Ede AED Fig. 25, 25,
27e] pepdsic

Lactobacillus plantarus BBG L3I0 pH 4,00 3fofld = Ad&e] ¥ Holx|l= @4 B
goul, d 5.08. 07 8o Pdetddct. o4 Az Fe|3 BBG LI0Y] wix]L] 27
d A= A, o 24& 8.08 A48l cHFig 25).

Bacillus amyloliquefaciens BBG BS= il 4.00|SlojAl = M-&o] FH5] Folxl= HAR B
geovt, o 5.078. 074 H%o] HMsiact |42 F= E2|U BEG B52] )= &7
dF M= A, pH 242 8 02 FAe}GcKFig 26).

Saccharomyces cersvisiase BBG Yo+ pH 3.0710.09f=] QSo] $faelqct ol4le] Hal=
E2 4 BB Y62 w[=[2] 7] W@ A= A, H AL 8.0 PARATHFig 27).

2]

0.Dat 660nm
= 5]
in (=] in
§

[

0.5

pH

Fig. 25. Bffect of pH to the growth of Larichocillus pletorsrs. BBG 130,
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Fig. 26. Effect of pH to the growth of Barilles amylofiguefuciens BBG BS,
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Fig, 27, Bffect of pH fo the growth of Sacclaromues cerevisians BBG Y6,
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(3) 2t §2o 4F

IUYE ST} Lactobacillus plantarum BBG 130, Bacillus amyloliguefaciens BBG BS,
Saccharomyces cerevisiase BBG Y62] AdSof m|X|= A3 S HES|I Fig. 28, 29, 300 e}
iglct.

Lactobacillus plantarum BBG L30S ufz] 7] pHE 8.02F 33, 25 35CY njerlx
ol &4 EE 0, 50, 100, 150, 200, 250rpmo = HIIAIF|HA wjoFst Az, 064 250rpm
77 o] RS o] Fo] Fom, olae A3b: BRG 1308 WkE ¥ M A &=
L 200rpn .2 HA SIS THFig. 28).

Bacillus amyloliquefaciens BBG B5& ulZ] 7] pHE 8.0L.8 %3, 25§ 35T w2
ZojlA AvlEEE 0, 50, 100, 150, 200, 250rpmC. % HEA|F|HA wjodst A2 e =&
7t A ZeE v|AEL] F42 43313k 500M 150rp7tAl & HAH L2 A8o] K43
A olFo] Fom, 150rpm o|HolM= AL Mzt AL AAE VEYTL o]Ae] A=
BBG B59] ujefE $1¥ 23 ¥ =& 200rpmeE FHF 1Y cHFig. 29).

Saccharomyces cerevisiase BBG Y6& =] &7] pHE 8.02.F 313, €% F 35T 8 uju2
ZojA FEFEEZF 0, 50, 100, 150, 200, 250rpuo T HIAF WA wjoret A3 VY K=
7t AEE dEY F42 45T 5004 250rpm7tAl = AMFH T FZo] 43
A ool Mom, 200rpm ol YelNE A2 HIET A% FAE Utk oy AHE
BBG Y62] wjdE AT A AW SE= 250rpme = A S CHFig. 30).
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Fig. 30. Effect of shaking speed to the growth of Sacckwomyres cerepisies BBG Y6.



(4) wipAIZte) A%

) oFA]| Zto] Lactobacillus plantarum BBG L30, Bacillus amyloliquefaciens BBG B5,
Saccharomyces cerevisiase BBG Y62] &9 m|X & H¥S ZAESI Fig. 31~320] UER|S

o,

Lactobacillus plantarum BBG L30E vjz] 7] pHE 8.02.% 3l3, 228 35T 8 ujekZ
TolA, AYEEE 200rpmS 2 0, 24, 48, 72, 96hr WYt Az} 24hrof A 48hr ZIA = F A
FoT AqHo] FAAstA Lelutoul, 48hr o]Ate] Ao ALY Hix¥ A& AIE vE]
Uigleh o]de] = BBG L3028 wigE #1%t H3FH Y do= 48hrE HAYSIHTHFig
31).

Bacillus amyloliquefaciens BBG BG5S ®jA] 7] =] 27| pHE 8.00.% 313, 2=& 3
5CY wjy2=oA, IEHEZE 200rpmS 2 0, 24, 48, 72, 96hr wj}Yr Azt afy A|HE
7t A AFS ndEL] 4L BYSHrTL 24hrol M T2hr 7R A Fo® AJFo] s
A UElsten}, 96hr o]4te] AZteA = AY vt AL AIE LEhdgh o]y AR
BBG B52] wjdt& ST A vy do= ZhrE AR SIKTHFig. 32).

Saccharomyces cerevisiase BBG Y6F wv=A] nx] &7| pHF 8.0 3}, 225 35C9
g2 EA, AHEEE 250romS 2 0, 24, 48, 72, 96,hr wjJT HZ A A TS F71
AR4E DA 242 Pl bl N 72 ZAE JUHOE Aol YA U
Eftent, 96hr o|A4}e] AZeME AL Hlsd AL AAE LEhiYrh ol A= BBG
Y62] vk 1% A Y ¢ 72he2 ZPI1YcH(Fig. 33).

o| A8l AIE ulBY}O R [Lactobacillus plantarum BBG L30&] X|F wix|z2A o 2 Fsjaof
24L& thgzt Zoh ZPRALES 200rpm, WRA S 48hr, WiREEE 35T, WX 2L
glucose 2.5%, soypeptone 1.5%, yeast extract 1.2%, KxHPOs 0.2%, 7] pH 8.02.8 ZHAEq
THTable 1).

Bacillus amyloliguefaciens BBG B5&] &3 wx]|Z2A4 W 3wt 2AL vz Avt 2
Wiz AL 200rpm, vGATHL T2hr, WY2E=LE 35T, ujR] EAL souble starch 2. 0%,

soypeptone 1.5%, yeast extract 0.6%, IGHPO, 0.6%, 7] pH 8.02.8 Z A= gt}(Table 2).
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Seccharomyces cerevisiase BBG Y82] 33 == 3 Axplar =23 oL Al 2
Bkx AL 250rpm, WA ZRE T2, WjoR2 Rl 35T, ¥)X] =S sucrose 2.5%, veast
extract 0.6%, KHPO, 0.2%, 27] pH 8,022 F@AEAcHTeble 3.

0O.Dat 660nm
=
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0 24 48 72 o6
Incubation time(hr)

Fig. 31. Effect of incubation fime to the growth of Laciobafus plorinn BBG L0,

B gk
o

0.Dat 660nm
[ — - [
O - " - T R (U

B2
]

a

0 24 48 72 96

Incubation time(hr)

Fig. 32. Effect of incubation time to the growth of Bardlive amyloliquefaciens BBG B5.
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Fig. 33. Effect of inwubation me to the growth of Sacchanemyces careolshee BBG Y6,

Table 1. Optimam eomdifiom for the cell growth of Lavioborifiu: plostores BBG L30.

Inoculation size 1.0%0wr)
Agitation speed 200 rpm
Colture time 48 hr
Temperature a5
ducose 2. 5% 0m)
SovpeptoneYeast extract 1. 8% (i)
Yeast extract 1. 2% (i)
KzHF O 0, 2% (i)
pH 8.0

Table 2. Optimmm condition for the cell growth of Baiflies esylliguefiviess BRG BS.

Inoculation size 1.0%0rfw)
Agitation speed 200 rpm
Culture time T2 hr
Temperature 35T
Souble starch 1.0% A
Sovpeptone 1. 28 (i)
Yeast extract 0, 6% i)
KzHF O 0, 6% [ ./7)
pH 8.0




Table 3. Optimum condition for the cell growth of Saccharonwyces cerevisinse BBG Yé.

Inoculation size 1.0%(v/v)
Agitation speed 250 rpm
Culture time 72 hr
Temperature 35T
Sucrose 2.5%(w/v)
Yeast extract 1.2%(w/v)
KZHPO4 O2%(W/V)
pH 8.0
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A3 A A REAR A4 AL 2 AFAAGE2 AGHAA)E A
2 A7A 2F

L A7y
7. FFREFL QY RAEY TANG 23 33 © VAR A7 AL
(1) 23Is S nPEe) AYa} 43

Axst F3(BBG L1, L29, L30, Bl, B5, Y6)8 ¥ AHE Felslr| 93, AL W
W3l BUASA slo] Agsigon, fakzol viet A HIE MRS agarold Halsiglon,
nlgso] Tjgt A% HIS NB agarolH, EEo] vjet A% F3N= PDB agarol M Helstyl
o,

(2) S E v BER2] | (pH, NaCl, 2E)uE 4F53 vfel.

pHel] wE v AE AF HAR= HC18} NaOHE o]&351e] 2.0, 3.0, 4.0, 5.0, 6.0, 7.0,
8.0, 9.0, 10.02.2 =A3}o] HAE 3sjgoen, NaClo] w2 nAdE M3k AA= 0, 2.0,
4,0, 6.0, 8.0, 10.0%& H7Isl HAE 353, 226 wE nAE A3 FAR= 10, 18,
25, 30, 35, 40, 45, 50Tof wjefstgict. Zh A W< nAES SH[st] FFF2 1%, 3
5T, 150rpm, 24 w|gdl ZFAHE Hhslgon, fibd-2 MRS, widlelAE= NB, ER+=
PDBE Ew3lo o|&3iqltt.

(3) SA ATAEE LE A=A A=

Vel A dupfatad] 2 240 AFEHZF] ol ARrfellAM AHEsie WHY 29
| o] n]AS(Pediococcus acidilactic BBG-L1, Lactobacillus plantarum BBG-L30, Bacillus
tequilensis BBG-Bl, Bacillus amyloliquefaciens BBG-B5, Saccharomyces cerevisiase
BBG-Y6)& 1% FAE3lo, 535S 5057 HA E& H7}8tgtt. Growth chamberd o] -£3}o
3BT, AUg= 95%oR dtof, 47 wig W URE Fste, A= &, fE7AUd F
BRpRoN SA Al AEe] Agstgict

(4) 295 WEF3 WUTEe] YUFE @ ofuat 4 WA

£ 3)ef v|XF(Pediococcus acidilactic BBG-L1, Lactobacillus plantarum BBG-L30,
Bacillus tequilensis BBG-Bl, Bacillus amyloliguefaciens BBG-BS, Saccharomyces
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cerevisiase BBG-Y6)& 1% AEJlo, 2SS 50%7F HA S H75HEHCE  Growth
chamber & o] &3lo] 35T, ATIGE 9%OE sof, 4uzt wje} W UEE ARstel, AZ=AHA
A|BZ o|gstgrt. LHA ZZ LIAF|A] 2 29 U E(2e, =A)g, =24+,
ZHE)S A0ACH o] 25t Rarsle D, ZuhWaAle semi-micro Kjeldahl Ho g ZA3slac}
oha| At 1796 tfigt A E v]|zF amino acid auto analyzer(Amino acid analyzer S-433,

Germany )= Al&3s}e] zsistact.
(5) G Al A4 FA/nZE W YFEA T A9

A7t qBE FHE Y] 93, dF (KAl Y A R, A ER, fabaenl
HeElL, fA)E Eelste, 1% n[AES £Yujo] FFAL, il 5%7t HA ES
75l 1, 4, 743, 3B5ToA PrZRAM LAEAHA, FAde] wpE A+ 4 pH 8
35 SFsIch 24 wgA] AMEE FFE fAMES Pediococcus acidilactic BBG-LI,
Lactobacillus plantarum BBG-L30S EUSt Algsigen, vl AE  Bacillus
tequilensis BBG-Bl, Bacillus amyloliquefaciens BBG-B5S E3I3lo AME31¢3, ARE

Saccharomyces cerevisiase BBG-Y6& o]-&35}¢t}).

e AE Wy (5)8 22 WHLeE ANIEon, YAFMES LAYy, HA[C)F

o, "X, SEHYES EYste] 447 YAAA, Fads AAE AFsied

(8) ZA7 Alolo] w}E UEE2R] n]AE H3I A
WE Al G 7 corn starch, glucose, sucrose, soluble starch)o] w}E AFr W pH H
2HE B3 dRAEHE AP

(9) 2712 §7] uigyel £ YHEES v|ZE HH A4
X7eNe}, 7GR AN LEAA, wAE W FIS AN en, EF T or ¥
7] ZelolA g mdE TF HI(FAAZHIAAR, vl i) wE Ao]E A

o,
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(10) & AHolo] ulZ LHEES] v|4E ¥3l HA}
UE 2%(25, 30, 35, 40, 45T) Riojof W2 A4 W pH AALE B3 LEAEE FAL
staict,

(11) v E FFFN S LTS vABE H3l HAl
HET Aolo] w2 A2 9 pi FAE 3 LEALEE FAAsiaoh

(12) o[ E FFulSo] W2 UFEES v]FE U3} A4
HEuE Aold wlE AIFTHAE T3 LERAEE HASIAT

(13) U7 Aolol W2 WEFe] WAE A} AX
WA Aolo] TR BFHUAE o) URATE FAstAT

U, SA AoAY A4S 9T UE ARAsA Aw P

2. A34d%

7. FFREFL QY RAEY TANG 23 33 © VAR A7 AL

(1) 23w H-& nP=e] 493} HF

FEUAEY A% HAE F3 AUTe] T TE, wpgs, SaTe AV Y
UAl ggter, Emol vyt mpdals, A4 AWEIE Ushix watch sladsel o
3t Asrf 3=, Ak (Pediococcus acidilactic BBG L1, Lactobacillus plantarum BBG L30)
2}, FH R (Saccharomyces cerevisiase BBG Y6) w|Feolx| Bacillus tequilensis BBG Bl,
Bacillus amyloliquefaciens BBG Bhel ti¥t A8 Fz2LE Jeph ol (Fig. 1).

ditF o 2 fFibdde] 23t wpdelAe] vyt AyEIE 7HAAL gley, ERe] 23 vl
HA AsF = 2 eV R] U= AoT BT Eo], BF Saccharomyces cerevisiase BBG
Y6ol g njAEo] tiyt ¥FEz FF3 oiE AR =Ea F5E J¥Y oAFelth
IA A S o] &T AHolM = vi A 250] iRt b3t ER AYEA} Lietgion,
i@ e] tt2RE, e Aldde theE d37 UE o & ZAeE dniEe], HdEdt
«5(BBG L1, L29, L30, Bl, B5, Y6)F co|&38}d AM|oF E|AE] o|£3}4dr].

I UEAE| M= [AF LSS Pediococcus acidilactic BBG L1, Lactobacillus

plantarum BBG L305 Zislo] Al&sled oy, HA R Saccharomyces cerevisiase BBG Y65 Al



Lol n, HlE A Becillus teguilensis BRG Bl, Bs=cillus smyloliquefsciens BRG BSS
LRl ALg-#qict

Fig, 1. Growth inhibition of [solated bacteria om NA.
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(2) 2’3 =& vdE2] BF(pH, NaCl, 2E)eo] mE JF5H ¥of.

33 g Al AR RAME Folle ofAbdol ALY, FEe Ho| MRE e B4l
Wol, A Wi A] AHEY w44 =(BBG L1, L30, Bl, B5, Y6)2] pHél NaCl2] FXof ulE 4
BedE Fefsiarh. EI 2Ed tit 4F 5HE Wi, AL AFEE 44 A
AHE Al A2 oA F A2k nlREE HAFSIh

pH W 3}le] w}E [2AtH Pediococcus acidilactic BBG L1, Lactobacillus plantarum BBG
L30L pH 2-39) MelolAE H5S Eolelom, pi 4-108] HgelHE F8o] sy How
L}ElyITE vl 8] A Bacillus tequilensis BBG Bl, Bacillus amyloliquefaciens BBG B5:= pH
2-4, 102] HeloAHE AE5E Bolgon, pH 4-92] WA= A&o] 7 A= Utk
t}l. 3R Saccharomyces cerevisiase BBG Y6+ pH 20jAE= &S Eslgen, pH 3-108]
SelAE Aso] Flett ZeT LR, vlss Bo} Abdoly, YgelzAIA Agol T
#elgt Zeg st Th(Tabel 1).

Table 1. Effect of pH to the growth of strains.

pH L1 L30 Bl Bb5 Y6
2 = - — s .
3 - = e = +
4 + + - - +
5 + + + + +
6] + + + + +
7 + + + + +
3 + + + + +
Q + + + + +
10 + + = - +

NaCl HE}o]] w2 F-Abw Pediococcus acidilactic BBG L1, Lactobacillus plantarum BBG
L30= 8.0%2] o|e] oA AS5E Xolglen, 6.0%2 o|5l2] FEA= AFo] 7
gt Zle = eyt vlA @A Bacillus tequilensis BBG Bl, Bacillus amyloliquefaciens
BBG B5i 0-10,0%2] SEOIME 8ol Hsdt A0 Ush} 255 @] Exsids 4
o] 71T AL=E Vet FX Saccharomyces cerevisiase BBG Y6+ 0-10.0%2] ol A]
E 5o 7ttt 7}1._1 Vel 3552 @80 2aslds A&o] Jls3t Aoz Uely
o HPEA, BEZ SUTHC Naol 2w Edold %ol FUT RoT urhyrh
(Table 2),
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Table 2. Effect of NaCl to the growth of strains.

NaCl(%) L1 L30 Bl Bb5 Y6
0 + + + + +
2 + + + + +
4 + + + + +
6] + + + + +
3 = - + + +
10 - - + + +

25 WH3te] uwhE BANHE Pediococcus acidilactic BBG L1, Lactobacillus plantarum BBG
L30E= 10T ©|3l, 50T ol4e] 2RoME 45S Eildod, 18-45T 2EoME B0
7Fs%t ARe=w  vietydrt.  wlda]lA  Bacillus  teguilensis BBG Bl, Bacillus
amyloliquefaciens BBG B5= 10T ©]3818] 2EoAE AEES E3lgom, 18-50T 8 2=oA
= AFe] 7158 ALE LElYTE #X Saccharomyces cerevisiase BBG Y6+ , 10-50T
] 2xoA ASo] 7%t AL=E el uidEA, ERE fANFI 22HA Ao
frelstaen, AEE fAibd HpA AR ALM o] [T AR Uehtes 574
< LElcH Table 3).

Table 3. Effect of temperature to the growth of strains.

Temperature(T) L1 L30 Bl B5 Y6
10 = = ™ = +
18 + + + + +
25 + + + + +
30 + + + + +
35 + + + + +
40 + + + + +
45 + + + + +
50 - - + + +

(3) §7 AYHAE A8 AZ

SAAMNGEUALES 1/4Z7]0] s, 7IFE|FL APFitads] A 220 X H
] Qdol, ZpatellA Alg3t= whHel Awy|e] w|AE(Pediococcus acidilactic BBG-LI,
Lactobacillus plantarum BBG-L30, Bacillus tequilensis BEG-B1, Bacillus
amyloliquefaciens BBG-BS, Saccharomyces cerevisiase BBG-Y6)& "WhH-& F &34t} UEE
q2 AANE st A {4k 4.6x10° cfurg, HFUEHA 1.2x107 cfu/g, ER 4.6x10cfu/g =
Uelsten, WE F phi 4.52(27] pH 6.44)F UViebdch UdRAlR A2ES SIE7IHA FH
AL M FHA ALFELES] ARESIE T
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(4) £93]F o3 YFE3 LHES YT 4 opr]=

293 F XA Zz dFAF]R] 42 AL AR (2D, AW, 2HF{, 23
i, TR opmiest 1750 it 4 v|aE APt

UEE nUEEY ez PEL wHEo] 16.72%2.2 nUEE2Y 15.09% Xt}
1.63% A UElden, AW HEL wWHEo] 2,84%, nUHEo] 3.44%E, UFTEHT]
0.6% &7 LIElWTE ZFE HAEL UFEC| 51002 nUFEL 4.69% BT} 0.41% =7
Uelsten, 24f dES LEEC] 9.79%2F nUEF2] 9.11% Er} 0.78% &A UElkirt
Z2el= UEEC] 4.049cal/gL 2 nUTEFS] 3,945 BTl 10428 A Urikdrh, 2y
o2 ZAYE A BE HEHUY] nUFTEEC WFEEo| A Ushle ZAe RokE
o, UEINF A n|AEL FYL o|EF viAEY A &3 Zel stk THTable.
4),

Table 4. Contents of general component and energy in feedstuff.

Crude Crude Crude Crude
Energy
Material Protein Fat Ash Fiber (cal)
ca
(%) (%) (%) (%)
Wheat bran 15.09 3.44 4.69 9.11 2,945
Fermented
16.72 2.84 5.10 9.79 4,049
Wheat bran
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Table 5. Amino acid contents in feedstuff.

Wheat bran Fermented Wheat bran
Contents
(%) (%)

Alanine 0.744 0.833
Arginine 1.068 1.157
Aspartic acid 1.091 1.137
Cystein 0.275 0.284
Glutamic acid 2.718 2.878
Glycine 0.822 0.204
Histidine 0.439 0.482
Isoleucine 0.461 0.016
Leucine 1.039 1.136
Lysine 0.683 0.749
Methionine 0.178 0.1381
Phenylalanine 0.617 0.696
Proline 0.968 1.051
Serine 0.663 0.709
Threocnine 0.550 0.587
Tvrosine 0.456 0.441
Valine 0.666 0.721
Total 13.438 14.462

UEE3 o EEL] 175 o it HEFRFLE, 0] WHEEY Tyrosine(0. 456%)/d o] W
HE52] Tyrosine(0.441) AEEHT} 52 Z& AL dlile, 16%F(Alanine, Arginine, Aspartic
acid, Cystein, Glutamic acid, Glycine, Histidine, Iscleucine, Leucine, Lysine,
Methionine, Phenylalanine, Proline, Serine, Threonine, Valine)2] o}u|i4t ¥gko| mdH
=8 HEE2] Tl ¥A UEikch 1752 opnkat Y WAE HE v] HEEY F
gHako 13 438%o|m, WUHEo] 3RS 14 462%0.F 1.0% o] At ojn|i-4} $tako] L Ao
= Ushdeh ol: HAE Ba Ao Hulsle ZRE MR, A44F, wpdARe was)
BT onk=AtE Bgel 7193517 R e® 3hetdcH(Table 5).

(5) 23mMg Al 48 HAym¥s 9 HHEAF A9,

YEAE A2 A, H7E o@E F7E A5 H3l, 455 €elsled, 1 74, 2
FAtEat g A, 30 fAER, 4, fabdapalE A2 R g ajodsigrt
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SarF Trel wjoF Ao 1¥ Ao 1.2x10%fu/ge] AFF7E AESE oL, WFE 4UH
5.0x10°%cfusge] LlEld, & 7480l 1.0x10%fu/ge HF47t AETHo], wEYo| Lol
H Faitde] BEe7t ASHoE AH3EE HAo] UEelWTHFig 2).

kg + upAd A wfek Al 1Y xto] fAM 4,3x10°%cfu/g, WML EA 1,5x10%fu/g &) A
47} AEFG oL, wWE 44 §AbF 7.0x10°cfu/g, Bl A 1.3x10%fu/go] UENGE,
wE 7)ol |4k 6. 7%10°cfu/g, WRAE A 1,5x10%cfu/gE AF457t AEFH, wEde] &
ojubd, fatte] ZF¢ faibkd @ wiYg AlRrohe ebg Al AelE H ZAo® StEdELL, u)
Ay Ao JF47t 402 A3tE = HAto] LeltHFig. 3).

fabd + 2 u[eF Ao 1Y Hof {akF 5,9x10%furg, TR 2,1x10%fu/g &) AF-4=7}
A& g oL}, wE 4dx] S4F 4.2x10°%cfu/g, BR 3.3x10%fu/ge] VNS, UE 7UH|of
FAFE 6.0x10°cfurg, EE 1,010 cfu/g2 FF571 AEHo], UELo] Fouhd, Fatz2
ZAF Frakt <l wig AlEris A aige] AEHE Zo= vristen, FY FE
E Rfelgt Zlozg Bivkdcnt, BRe] BFf L7l GdFos s, wE viRu de wfjyge] He
F oz elgtHFig 4).

faE o+ wdEA + ZEE NG Ao 1Y Aol f4MF 8.3x100cfurg, HIAHA
1.4x10%fu/g, B2 4,0x10%fu/g & AF57 AEFU oL, UFE 4d#] {1122, 2x10%fu/g,
vl g A 1.2x10%fu/g, BEE 3.2x10%fu/ge] LIE}WD, WUFE 7AR|e] S4bd 1.1x10°cfu/g,
HId A 2, 2x10°%cfu/g, R 3.2x10%fu/g2 AF47 AEF o], wido] Hojuld, RArF
2] BF it T ag ARETHe A uige] ARHE Zles veien, ¢FP FE

£ feElgt Zoz sivt¥in). apde(se] F§ UE 4dxle] FHSHA o] o[Fo A&
Aoz vetgton, G329 FeE WA 443} FFSA F718t st Ao Yeldti(Fig.
).

%1

WFo 2% pH Wi UE 19 A= fatd 9 vl Aol 713 WA vEten, f4
+ vl A + AR u[F Al7F M A Lelkth U4E 44 2 fabd dd vl Aol 7t
ZF SA Urigten, fibt o+ videA - ER o ik + BE WG Ao &4 UEBtHTLH
Wi 74 A it Tl el Alel A WA velder, fad + R e Aol 1%
A UetsitHFig. 6).

nAES] FFI F (1. fibt, 2. fidapd gL, 3. fAAF+ER, 4 Rt
vl g A+ E R o whel, wj mjEo] Welxle FoeE uelderd, ol AIE uwksid S
o, YE AR A2 Ao RG2S 240 AP, UFAZLS 442
AR sterh
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Logcfufg
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a 1 2 3 4 5 B 7
Fermentation time(days)

Fig. 2. Viable cell change of Lactic acid bacteria by fermentation time,

10

Logefu/g
~l

/

(4] 1 2 3 4 5 =] 7
Fermentation time{days)

—gp— [ actic acid bacteria —f— Bacillus

Fig. 3. Viable cell change of Lactic acid bacteria and Bacillus by fermentation time
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10

Logclufg
~

o p | 2 3 4 5 =] 7
Fermentation time(days)

=#— Lactic acid bacteria =—ll—Yeast

Fig. 4. Viable cell change of Lactic acid bacteria and Yeast by fermentation time.

10

Logecfu/g
~l

Q 1 2 3 4 5 -] e
Fermentation time(days)

==L actic acid bacteria == Bacillus —sir—Yeast

Fig. 5. Viable cell change of Lactic acid bacteria, Bacillus and Yeast by fermentation time.



Fermentation time (days)

e | el |+ B L+ |+ B4

Fig. 6. pH change of Lactic acid bacteria, Bacillus and Yeast by fermentation Hime.
® L: Lactic acld bacteria, L+B: Lacticacid bacteria, Bacillus, L+Y: Lacte acld bacteria,
yeast, L+B+Y: Lacte acld, Baclllus, Yeast.

(6) Fit& A4 %Y

Ui o T BtA] Ko|F HYHAEL &LuN], cfFd), FRE, 0, SejwEo] v
B8 vigstr] 918 428 ZYsH ¢ eAEsgc)
Fig, 72 @o], fikt, vl #m9e] HMF4EF Hokd ul, cfF4(soybean meal) Wi
Bo| §atF 2.310%cfuw/g, BRI A 4. 3x10%cfu/g, AR 2.810cfu/gl s FERY, A¥iw o
T Fol vl i ZiAr gskon, izl ds BE, wjilsA AAE7 gol AYA
ol AR A, diFYE FHER s

Fig. 83t Zo], Wu 2| pH HPA} Au](6.40»4.4)0, ti5F2}(6.38>5.00), FH3
(5.50—4,70), D[Z}(5.96—4.73), SefUE(6.10—~4.57)2 Lelten, tfFy G552 pHA}
5002 % e}, fikF, vplEs, e Agde] e fEe Hjd fEgt Hoew mgh
Pt
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10

* *
=]
L
8 * *
=
T 7 m
a3 m
m
# o
&
n
5
4
Initial Wheatbran Soybean meal Soymilk residue Rice bran Corn grits
# Lactic aicd bacteria M Bacillus Yeast
- . - . -
Fig. 7. Viable cell change of various maferials by fermentation.
6.3
* -
L
2 &
=55 >
5 .
= =
4.5 L
]
4
Wheatbran Soybean meal Soymilk residue Rice bran Corn grits
® Initial M Finish

Fig. 8. PH change of various materials by fermentation.

(7) HALE ZeiAlH4 &2y
¢ 4E AR 4], tiFulo] 880%1/kg, £ ¥] 3504 /kg, n]7F 32048 /ked, SefEE 450

H/kg AoE, hFue] 71Fo] wol, % AEE A& Sio, v[AE AASe 71251
S AP A8 o A2 2des AHESE Aok Table 6).



Fig. 92} Ze], {4, v, HARS A8 Hebg of, I 24 A, 7(tUF¢
50%, -ZElWHE 50%, S-Abd 2.6x10°cfusg, ¥R A 1.2x10%fwg, BR 1. 210%fu/g)e] A¥
oA fabo] RS 2 & AstnE, ©d 24 A B} A7t AAVR EY =24Ec
= Y 24oE 7= ALor AFPsAch @Y 24 A Fig 9% A #ARE Ex=, ofF
9}{soybean meal) WHSo] [AFFE 4. 3x10%cfu/g, HPAHA 6, 1%10%fuw/g, X 2.0¢107cfu/g
L2 Ueht}, 2o QI WARTH= rfFufe R thd wjgfsie], HIFTE o Fo)
= Wao] o ZEFolx, ©@rf A oM Fe¥t ZeE uivtHALL

Table 6. Mixing ratio of raw materials.

Mo Sovbean meal Wheat bran Rice bran Corn grits
(%)
1 100 = = =
2 = 100 = =
3 = = 100 =
4 = = = 100
5 50 &0 = =
5 50 = 50 =
7 50 = = 50
8 b0 2h 25 =
g 50 = 25 25
10 25 &0 - 25
11 25 2hb 25 25
10
* . 'S P
=]
- - * < * &> &
B
g 7
= =
g5 ] -
5 - = -
a = B m = =] =
3
Initial 1 2 3 4 5 ] 7 & 9 10 11

# Lactic acid bacteria M Bacillus Yeast

Fig. 9. Viable cell change by mixing ratio of raw materials.



(8) F3H7l Hojo] }E AR T ulPgE HH i}

t)5uks o] 8% wF x| WA 7} corn starch, glucose, sucrose, scluble starch)ef o}
E iy yS FAAsHEc

Fig. 103} 2ol §42¢ 3% ¥ ¥7 Qg o Mol FRAPAN &A Ueht, 7
H7lol s, Fattol PFeH=H ol §4 UL Ao= nuwrt

v Ae) AE o A7 A ul, tI27F} 1.0x10%fu/g® Lielsten, glucose H7}
37} 2.3<10°cfu/g, sucrose AZIE7L 2.6x10°cfu/gs TS AWLe] v &A elgdcl o]
£ vpdear} dFe elA 24 gE A, dFRe o]@ T L o517 H AeEY
FEES Mg FAod o] 8317] diE¢l ReE kA

B2 AL g A7 58S o, =217} 2. 2x10°cfurg® Uehten, corn starch H¥7}
7} 1.6x107cfusg, soluble starch MBFFE7T 1, 2x107cfug=s ChE AV o v]3] =A Vel
v}, ®Txa] ofal wjeF A] corn starch, scluble starchdE %l4AH S8 AHA78HA g9, A4 =
AP0 T o|gdA] Bl VA0 dFEe HARoA dojuls A& HokE o, olFE e
A A RE Ao, fabet, vpdElA B2 T2 o gEe] AREINE Fle, ddRE 35
= AYAE 255= 7|¢ell, HAEE AT 4o AYAE 22517 wE¢ Re= o
At

Initial Control Corn starch Glucose Soluble starch Sucrose

Fig. 10, Viable cell change by add an additive,
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(9) 272t €7 MYl 2 VA2 v]PJE B3 AN

ohFehE o) g3 U A MY, QR o dRY 27, H| 23N
A3 A8 =P(Fad e AR, vile|A)aE dEafdg FASL

Fig. 11e]A]2} Zo] F7] ufe} Alof: AR AA7E €7 ol A} A elte
o, AR Adrs e 2o 8] Y Ad 33 Ae= vl

Fig, 12043} o] vl LS 2 oeqE o), ZH] o|F A= dpd# L2 Afgr
H7l vl Al 2o} &4 vehds ZoR ekl

Initial aerobic anaerobic

# Lactic acid bacteria M Bacillus Yeast

Fig. 11, Viable cell change by condition for fermentafion(Lactic acid bacteria, Bacillus and Yeast].

7 L J
= *
T 6
L=1.3
=
5
a4
3
Imitial aerobic anmnaerobic

Fig. 12 Viable cell change by condilion for fermentation {Bacilbas).
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(10) &= Aojof = P Fe] u]PJE # AL
TEuhg o] a%t wlE A gE 2=(25 30, 35 40, 45T7)of o= wire(eS HAstov)

Fig. 132} fo] fH-4ta, HRe] 7lajsE= 25T, 30T wid Alef, 35 40, 45CHC &A L}E]
won, vplgA AMSE= o8 fHALasis Ao® Jely)

10

9 * *
>
4 &
=
=% =
:-E- 7
B ﬂ m™
g &6
5 i [ |
4 J213] |
3
Initial 25°C 30°C 35°C 40°C A5%C

# Lactic acid bacterial W Bacillus Yeast

Fig. 13, Viable cell change by temperature for fermentation,
(11) Y] 35 5Tl ohd YXg2 v[4E U3 A4

g ol FY WA A 2% nPE AFF(L, 3, 5, 10%)o] wE URFRE A
Tl Fig. 148} o] HF 1xe] oY Ax+E viehislen, #4228 Axee JTTN B
Aflel vlx¥ AAasE e, ¥Rdsse A FY ¥EE EUE nPEF E
e 10x {71 Ao St RAL2E YEiilen], ¥R & o[ AF Al FASe AL

LERRtt.

8 & ks & *

7 =
hg
= &
b=l i
Bo
i | m

5

O
a4
3
Initial 1% 3% 5% 10%

# Lactic acid bacterial B Bacillus Yeast

Fig. 14. Viable cell change by inoculation for fermentation.
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(12) {}A g A4 45 A7 =Pvle] w2 9

frabd s THEE Pl A, Y g =2A(25C, B, 8 44, FHEEE
50)2, Fig. 148] FAF HIYO = Table 72 o] EYslo], n|BE ZYld o2 HAF
T

Fig. 150{M 2} o], -S-atgie 0 33%(5. 210%fu/g) W7FE Boie, 0.5% 7% =4
oA, L0x10"%fu/g o442 AN47 Uelydrl R ¥7ske] Z%e] ulel Hdie=s
Z7812] gdsleny, A2 A HAE # A HriH7L 107 cfurgPRo® Yehd 2o,
10° cfu/ps-5£ 0%, Fa HAE A=o4 FAHAL o) nd4E v =gule] 2T 4%
HrH=, Fig 1304 ¢} o] 25TY 25 dASE o7 odft, n]dF A7 S
Aog Peigy]. wlFAE Hrge] ojel FsNE APl Lo, nHE AFE10°
cluw/g $F2 2 A FHTA= Usict

Table 7. Mixing rafion of microbes.

N Lactic add bacterial Bacill us Yeast
- (%) (98) (%)
1 034 023 0.33
2 =10 5.00 4 .50
3 Q.50 &, 00 280
4 050 .00 2.80
& 050 &.00 1.50
3] Q&0 9.00 0.&0
2k 8
10 &> - - L ] -
oo
o
a8
7 L
= ] = - o
= m
S
4 m
3
Imitial 1 2 3 4 o &

@ Lactic acid bacterial M Bacillus Yeast

Fig. 15, ¥iable cell change by microbe ratio for fermentation,
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(13) ] 24N Y EAANE] sucrose HFHE] wWE HY,

TildE REEE v At HI gy =305T, B, 4E 44, s=4F
sw)olM, T4 W&EZ QA ol 4EL JEEE 1062 1 o, sucrose BE(D, 1, 2
3, 4x)o] o} E HAE THAUCL IBTAM(Fig. 16) F H7F Y A= o], 33
7ol v 432 UrhiA] 4slan, BTN ANNAE et 2Rl ods 4
7 E&A s R FHF UL

=
a

rm [ ] [ ] iz

W I8 Wmom = o \o

Initial 03% 1% 2% 3% a9

# Lactic acid bacterial W Bacillus Yeast

Fig. 16. Viable cell change by socrose malio for fermentation

. £ AY4dH FEd AT UE ARWAA AR 4= 9 IF

wE AR B3RS $P starters] HEF L planterue F5-= FFETA QUET
of AYRE T AFE 4, fEFY. U9 59 that BFo] ot Mgae 2
T2 )] Fela Ll 7574,

o] 27 Adke] LA AFUAFTAM & o5 B3] & ©d T Ay 1
FAZE ALNAE B2, ZIFEFLY EPEA Qo) B4 @2 violLEY AL
E A% & T "ol 3 Ag& wEid Ao gle.

E3 A8 Y8 [ acidilactis PR FFRE| A g AaE] 6] o) ofe AN
4E Ushi: 232 5 IRZA0ME AWA0) fof RUAo 2 FoiEe A¢ AW A
A .

olg 55 o1E% URAE A8 SA4AE b= M2z Algdy dvE
ZlofM ThEaL 18,
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A4 A AR B FEVAES 0|47 TE ARAAY od F
olXo] di¥ B} AT

1. 4993
7t EolA AlY HAE Aluzij=z

ofglFolx] 2] it HAo nRE UE AR B/ FoliEHY FFE 3] ArgEHA
Ed A8¥ AEE vhe Zeo] Az:sidvl. HY A3/ HU AFvidaeA EEt
Bacillus subtilis sk877%2} A}A} MY Bacillus amyloliquefaciens BBG-B5S HIU 3 AR
ARgBtglen, fide $E Q71Rd AFTitaelM AE3 Lactobacillus plantarum

5k3121, Lactobacillus brevis 13045 AM&38le] LHAIRE 35T, 3Y, THE7] 274 A
2315t

2. 43

A 2 YA 1AdE A5 F=

_98_



A 5 4 AL E AAANAHA(CMO)S 9T YF2EHE ASAY

1. A3y

7t 2 v g oAE AFE A7 A4

Bacillus amyloliquefaciens, Saccharomyces cerevisiase, Lactobacillus plantarum Z}Z}
Bf gt ejgde] JFEEAZ FIHE ARE A EEE I8, 25TolA RaAsigled,
304 Z Foll, BFTE 3 FEE(%)E S5 SH, control 2 F7E oA, FF
48 A7hstel AAgsiart.

. ot ulge] REA P71 A, L2 d A Zto] o} E AFf HE

dxgza 12 HAEAZ 713 A4 UL EE2AE(H4HF2 sodiun malate, glucose&,
vl g A= glucose, ERE sodium succinate)E A3l 2% 58, 25(4, 10, 18, 25,
35T )l W] W AIZH7, 14, 21, 28U)H BAFTE AIE tlo, PYEEH)S SHIA
ot

. EF udE AFE REA 71 AA

Bacillus amyloliquefaciens, Saccharomyces cerevisiase, Lactobacillus plantarumo] Z+&
HEE 3 ajgele], APEEAT 7 ARE HPe=E A7, 25TolA RHus}
glom, 30 B2 Fol, AFTE S8 AEE(%)E FA3192m, control 2 F7ME df

A, 24 2o Abgsieict

. EY ugE AF 2EA A7 A, 25 2 Aol BE 434 A

GYREA HAEAT 7 A LS HEANE sodium nalate 2% FEE, LE(4, 10,
18, 25, 35C)ol Mol WE AZH7, 14, 21, 28U)8 BF4E A2ES sol, 2B
z7gsigct.

2. 4723

fratet, Biddels, TR ot ¥d FHLE, frlEdslaziaaf]) Z5& 53
ZISE|FA4e0F 2o o7 B u[dEo] E2It Flolt Lactobacillus plantarum BBG
L3028} F7IE5N2 7T | olt Bacillus amyloliquefaciens BBG B5, cellulase F-H|H3 o]

ol Saccharomyces cerevisiase BBG Y6& -=Z|5}&ic}.

AAR 71, Fe=3HA, TR AL 5 oA 3ulgE Feld AFET ofvizl, 94
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AHEF (LB or &5-8)2 Tl'i}’ﬂ WA dojub=s A& Wgsle, AFLEE AE
M-S AYsigct. FEEFE l%ﬂ‘# 17ZE g1=F A AR(OM0)E HF DALElEE A
dsty] f3, mBE gAY AFEE 527 AT 224 HaAEF AP

7. <td g v B E AF F7E AA

Lactobacillus plantarum BBG L30, Bacillus amyloliquefaciens BBG Bb, Saccharomyces
cerevisiase BBG Y65 Z}Z} u¢r§t ¥of|, citric acid, carboxymethyl cellulose, dextrin,
fructose, galactose, glycerol, glucose, lactose, mannose, mineral oil, potassium
hydroxide, potassium sodium tatrate, soluble starch, sodium acetate, sodium alginate,
sodium hyroxide, sodium malate, sodium succinate, soluble starch, trehalosed HE'EZE
H7bstel, 25T, 0U BAFe] HAE P4 AE FPstAoH, YRE(EZ BAST
(Table 1),

Lactobacillus plantarum L309] o}FA %= AZl5lx] ¢z #A7IE tjal -2 of B A7)
gt AEF2 0,80%(control ) E o4 A UEIte, BFEF 7 Holyt AL sodium malate
= 6.60%2] YEES VEldlen, 0.80%x FHE7IFECE 8uf oY Ert vehd, fabd o
shfeke) REZF = sodium malate 2% =8 ZHASIg],

Bacillus subtilis BBG B20o] o}RZ T A 7lslA] ¢t H71E tjrl L ke E& A73h
HMZE220. 20, 3%(control ) 2 LIEIGe ], BRI F 7 Holyt AL glucoseE 33, 3% ANEFS
velhleon], 20.3% FE7IERCE 1.60] o] FEIF el HpdgA g HEF
L glucose 2% =22 FASIHETT.

-t

Saccharomyces cerevisiase BBG Y6of o}RZl % A7}5l#| ¢tz HZE o4l T2 ¢ 55
H7lgt HEEE 1.00%(control)E WA UEltery, BEEH7 Fojyk ZHAE sodium
succinate® 50,0%2] FEEE Ve oy, 1.00% FH7ItRc) 50u) o]Are] 37l e,
Fu odxkpjere] B 2L sodium succinate 2% =2 A ST

= 00—



Table 1. Preserved agents and survival rate of microbe.

Preserved agent{(%)

Survival rate(%), after 30days

B acirl ] us

Lactobaciilus Saccharomyces
amyloliquefaciens
plantarum L30 cerevisiase Y6
EBBG Bb
Control 0 0.80 20.3 1.00
Citric acid 0.5 1.20 16.7 0.10
Carboxymethyl cellulose 0.2 0.80 22.2 10.0
Dextrin 2.0 2.00 22.2 3.60
Fructose 2.0 6.40 22.2 8.00
Galactose 2.0 0.40 22.2 10.0
Glucose 2.0 12.0 33.3 25.0
Glycerol 2.0 0.40 24.4 7.10
Lactose 2.0 0.40 12.2 30.0
Mannose 2.0 6.00 11.1 40.0
Mineral oil 2.0 0.60 30.0 15.0
Soluble starch 2.0 1.00 23.3 6.50
Potassium hydroxide 0.5 5.40 22.2 0.20
Potassium sodium tatrate 2.0 1.80 24.4 4.60
Sodium acetate 2.0 8.00 22.2 2.20
Sodium alginate 0.2 1.00 27.8 1.00
Sodium hydroxide 0.5 4.80 24.4 0.20
Sodium malate 2.0 6.60 23.3 2.20
Sodium succinate 2.0 6.00 20.0 50.0
Soluble starch 2.0 1.00 23.3 6.50
Sucrose 2.0 2.40 22.2 11.0
Trehalose 2.0 2.00 14.4 12.0
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(2) Sl Wl REA A7 A, X W Ade| S L4 W3

AT A AY L=} Aol ME FE4 W} Uehd Ao WYTol, dau
ZF HA2EZY 713 A V2 BREF &, Lactobacillus plantarum L30-2 sodium malate
2%5, Bacillus amyloliquefaciens BBG Bo+ glucose 2%, Saccharomyces cerevisiase BBG
Y6 sodium succinate 2% HE=Z HI7}slo], £%(4, 10, 18, 25, 35T) HEe} A|zH7, 14,
21, 284Y)of ulE A+ HHE AT

Lactobacillus plantarum L30 A& = A], Table 204 Ei= ule} o] 18°C o|dlolA B
U AlgE, 25T o]ifolA AT AgHc} ANbFog AEFo A UE FVEE U
Epdtt, FEA g BU} sodium malate 2% A E|L7 AZ2EE Hole FeoeT Uelyton, B
ZA§ A2 A2 Ao 7l o 2 Fez veiyth fabF v 10T 032 B
H PHE A3

Table 2. Preserved agents and survival rate of Lactobacillus platarum BBG L30.

Survival rate(%), Sodium malate

Days 47 10T 18T 25T 35T
0% 2% 0% 2% 0% 2% 0% 2% 0% 2%
7 1.00 34.0  4.500 40.0 4.00 40.0 0.01 26.0 0.01  3.500
14 0.60 25.0 0.650 34.0 1.56 26.0 ND 18.0 ND  0.060
21 ND 18.0 0.001 30.0 0.29 18.0 ND 15.0 ND  0.005
23 ND 9.0 ND 10.0 ND 5.00 ND 5.00 ND ND

* ND: not detected, 10°cfu/ml.

Bacillus amyloliquefaciens BBG B5 A& ZA 2], Table 3ojA] XX= H}2} o] 18T o]4t
oA HAUF AlgE, 10T oldto]A EAZ A|RETE AHoE YEF] A Le: 7
4& Ui, Az B BAE7 AEES ol ALE Ueht, videies H
Ag A7FStAl 4712 ZAstgen, F2 oldolAg AF & A ARl o Fri=EA|HL
i elA 5/9 3l 2@7Fs/dol uh$ kol 10Telste] A 2o H#As= Ao

N o

Table 3. Preserved agents and survival rate of Bacillus amyloliquefaciens BBG B5.

Survival rate{%), Glucose

Days 47 10T 18T 2571 3BT
0% 2% 0% 2% 0% 2% 0% 2% 0% 2%
7 400 440 2300 330 400 700 600 70.0 90.0 20.0
14 380 420 300 310 40.0 b50O 600 67.0 800 18.0
21 330 410 300 31.0 33.0 b2ZO H30 620 66.0 13.0
28 30,0 280 30.0 280 380 320 580 400 400 10.0
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Saccharomyces cerevisiase BBG Y6 F|F 24 A], Table 404 R ujg} o] 18T o]sf
A BHT A&, 25T oMo HAT ARt HFHOoR AEEC] A Ut FHAY
= YEllth. FAE|F Er} sodium succinate 2% A 2|27t AEEE Eole ALE Ui
om, IR AfgA2 10T o5t B PSS dPsgct

Table 4. Preserved agents and survival rate of Saccharomyces cerevisiase BBG Y6.

Survival rate(%), Sodium succinate

Days 47T 10T 18T 25T 35¢C

0% 2% 0% 2% 0% 2% 0% 2% 0% 2%

7 61.0 64.0 70.0 74.0 70.0 73.0 40.0 48.0 25.0 40.0
14 40.0 45.0 31.0 37.0 33.0 46.0 30.0 36.0 20.0 40.0
21 22.0 34.0 23.0 31.0 25.0 39.0 23.0 30.0 15.0 27.0
283 16.0 30.0 20.0 31.0 22.0 35.0 10.0 15.0 10.0 20.0

cl. % vdE AF BEA F7 AA

N FAETE 7F T APFET ohel, S AP E 3 AoE AW, 47 ujgy o
< Sduj&(l:1:1)E HE& E§No), citric acid, carboxymethyl cellulose, dextrin,
fructose, galactose, glycerol, glucose, lactose, mannose, mineral oil, potassium
hydroxide, potassium sodium tatrate, soluble starch, sodium acetate, sodium alginate,

sodium hyroxide, sodium malate, sodium succinate, soluble starch, trehaloseE A&

2 A7, 25T, 0Q Fo| HEES BUSYC

ZUT vjgdelrt By EFE v]dEo] HEALI= AAETIs, U ujdEdd =
T RE2FAINE Ve AAE Ao MeEFert. I ZE3} Sodium malate 2%> sodium
succinate 2%» soluble starch 2% 0.8 LUEIYC REA FAg78 H2AHFE 0.001%,
sodium malate X 2]|-F2] §ArFL 7.14%% UElL}, FA g R} 7,0008] o]ite] RE2FINE
Llelvjolen, FA g 78] vl A= 58.0%, sodium malate A 2|22 vl AE 60.0%=
Ueh}, Satel UEhiAl Qgkeh A elPe] LEE 0.2%, sodiun malate A2l7e ERE
0.0v2 LT}, FATHEC 45u] olate] HERAME Urhigch g mads
sodium malate 2% #7152 AASIEc}(Table 5).
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Table 5. Preserved agents and survival rate of microbe mixture.

Survival rate(%), after 30days

Preserved agent{%) Lactobacillus Ragdie -,
plantarum amyloliquefacrens o
. i cerevisiase Y0
Control 0 0.0001 53.0 0.200
Citric acid 0.5 4.2900 70.0 0.010
Carboxymethyl cellulose 0.2 0.0002 56.0 0.100
Dextrin 2.0 0.0001 46.0 0.100
Fructose 2.0 0.1420 63.0 0.200
Galactose 2.0 0.0001 56.0 0.300
Glucose 2.0 0.0001 62.0 0.100
Glycerol 2.0 0.0001 72.0 0.010
Lactose 2.0 0.1420 46.0 1.000
Mannose 2.0 0.0001 52.0 0.200
Mineral oil 2.0 0.0010 66.0 0.001
Soluble starch 2.0 0.0001 56.0 0.300
Potassium hydroxide 0.5 0.0030 64.0 1.000
Potassium sodium tatrate 2.0 0.2850 50.0 0.300
Sodium acetate 2.0 0.0030 73.0 0.001
Sodium alginate 0.2 0.0001 60.0 0.001
Sodium hydroxide 0.5 0.0010 50.0 0.001
Sodium malate 2.0 7.1420 60.0 9.000
Sodium succinate 2.0 7.1420 50.0 6.000
Soluble starch 2.0 4,2850 56.0 0.300
Sucrose 2.0 0.0030 56.0 0.400
Trehalose 2.0 0.0001 50.0 0.500
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gl. Z3} v| 3 & AFE BREA H7 A, 25 9 AU o E A4 HE

AFB4 A AR 2= AF7[ ] wE A HEHI el Zog ItiEoe], AR
24 gAEZAZ} 713 A U2 BE4 sodium malate 2% S22 H7lsio, 2%(4, 10, 18,
25, 35C) HE} A[ZH7, 14, 21, 28Y)e] w}E B4 HIHE FHSIHUT.

Table 3, 4, 504} o] HlF oz npdzL F& HF Fild, TR AP 227

Be4F NS AN Bastgon], T2(35T), S&(25C)RT} 18T ofste] A&y 3
oA RBYE W, 5u] olate] AREAE Uehialct.

Lactobacillus plantarum L30 & X A], Table 6oflA4 B Hle} o] 18T o]sloA B
;Y A8, 25T olitoA @St AgRT) HAutFgeos MEFo| A UL AYHS U}
Epdct, B2 BU} sodium malate 2% A 2|17} AE2E5L Lol How UEejyten, B
EXF AH-2olMd Az Alo] Er o & He = ettt

Table 6. Preserved agents and survival rate of Lactobacillus plantarum 1.30.

Survival rate(%), Sodium malate

Days 4T 10T 18T 25T 351

0% 2% 0% 2% 0% 2% 0% 2% 0% 2%

7 9.3 12.8 3.4 13.4 11.6 12.8 11.8 13.6 3.7 3.4
14 6.0 127 4.2 12.8 6.9 10.5 7.7 10.5 1.7 5.6
21 3.5 12.0 3.2 12.0 5.7 8.2 3.5 6.9 1.0 4.0
28 3.0 11.8 2.3 12.0 4.8 7.3 1.4 4.5 0.6 1:9

Bacillus amyloliquefaciens BBG B5 A& RA] A|, Table 7oA B ulg} Zo| FA7IHR
t}, sodium malate 2% F 7oA EA ekttt mE JAst 2ok vEHAAE e
Wi ed3ke.

Table 7. Preserved agents and survival rate of Bacillus mnyloliquefaciens BBG B5.

Survival rate(%), Sodium malate

Days 47 10T 18T 254 3BT
0% 2% 0% 2% 0% 2% 0% 2% 0% 2%
7 13.3 13.3 16.2 18.6 14.8 16.6 22.3 16.6 13.3 14.8
14 13.3 13.3 14.8 18.6 14.2 14.8 17.8 16.0 11.2 13.4
21 13.3 13.3 11.4 17.6 13.8 14.8 14.5 16.0 10.9 12.8
28 13.3 13.3 11.4 17.6 13.5 14.8 13.8 15.7 3.5 12.8

= 05 —



Saccharomyces cerevisiase BBG Y6 HF 24 2|, Table 8o]4 R v}l Zro] 10T of
ol BAZL Algf, 25T o|4oA BAUZ AlzHT) ANIFog PEFo] A Ul: F¥H
‘8& Uehdth FA 2|2 Er} sodium succinate 2% A7t FEEE Eole ALoE URH

t}.

)

Table 8. Preserved agents and survival rate of Saccharomyces cerevisiase Y6.

Survival rate(%), Sodium malate

Days 4T 104 18T 260 350

0% 2% 0% 2% 0% 2% 0% 2% 0% 2%

7 19.2 23.1 2.3 12.8 5.2 7.7 3.8 1.7 0.6 2.1
14 6.9 21.6 15 12.38 2.5 6.4 1.8 7.5 0.2 1.6
21 1.5 16.6 1.5 12.8 1.8 6.4 1.9 7.2 0.1 0.1
28 2.18 154 1.5 770 1.3 6.4 1.0 7.0 0.1 0.1

(2) < vy BEF Hrl, W% vdE A EEA 37l 23&F vaLsiEE o, ®
S el nAE AFE 24 AETL EY vAE AFLE 2ASEE u, AFEl ¥
He ez Uriden, TRE fAtE updels E3F A Aol A3EE ALE UE
Ll

7V2ElFL, F98 5 W F2 HEA nAdE g APE oAUshe nAES, fid
o] & AHE UEhEE, fAHE Yol EET 4 9, 3 nAE Z4ol sodium malate
%5 A7 240 dFsiglen, AFLSEL 10CE A5t

uh, A4 gl 22 WA

A wjgZ7Ao] 2hFo] ufokA|Zt W owjeF £8F(1,000L)0] Lactobacillus plantarum BBG
L30, Bacillus amyloliquefaciens BBG B5, Saccharomyces cerevisiase BBG Y62] ASof ]
t €8S ZESHY Fig. 1760 YEhjgict

AR, AR A
ol, Z7|z7Asto]Al 24, 48, 72, 96hr BjAFRt A3} invitro testolls] Ak} Ao uss}
A vl AZHE E7} AL4E | PEL] 242 9Agsigrh. 24hrol A 48hr(9. 8x10°cfu/ml )7}
e FAHez F5o| FsiA yrtyted, 7ihr F 3 Fol FIE IS A LA o
obx|gt, w]AEL] AAErt TAHE Hoes el W A)ZHE 48hrE BAstAchHFig
61, Fig. 62),

Lactobacillus plantarum BBG L302] wjx] &7] pHE 8.02.% 3|32, &5& 35TY wjarex
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Ohr 24hr ABhr 72hr S6hr

Fig. 1. Effect of large scale culture(1,000 Liter) to the growth of Lacfobacilius planimrum BBG L30.

11

10

Log cfufml

Ohr 24hr 48hr 72hr 96hr

Fig. 2. Effect of large scale culture(1,000 Liter) to the viable cell of Lactbacifius plartzrum BBG 130,

Bacillus amyloliguefaciens BBG B52] wf=x] &7 S 8.0 % 331, £ 35TH nl
2xo], Ir|=A3 0N 24, 48, 72, 96hr B[R} A3} invitro testoll X A3} FEPgo] ]
284 WY ADE B ALeF  nEEe  FAL  RANUT. 2ol
72hr(1. 1x10%cfu/ml IR E A M2 ® AW5o] RAFSA Urhdon), 7z 32 ol FY=
e TA ot gston, nPEY AMS BN BANA Ut AOE Uiy, MY A
T& 72hr® Y3 cHFig. 63, Fig. 4).
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0D 660nm

Ohr 24hr 48hr 72hr o6hr

Fig. . Effect of large scale culture(L000 Titer) tu the growth of Bailles amyldigefrions BBEG B5.

10

Log cfufml
=

Ohr 24hr Aa48hr 72hr o6hr

Fig. 4 Effect of large scale cubture{l,000 Hier) fo the viable coll of Baclls amybiigugickns BBC
BS.

Saccharcmyces cerevisiase BBG Y82] ujx] 27 piF 8.02E 312, 25F 3BT vdes
of, E7|ZA3l0lA 24, 48, 72, 96hr Wi PY Az} iovitre testejr] Azle} FPygol ujws]
A g AN 57 AL4H B FAE PAisigich 2hrolM TZhr(5. 2610°%fu/ul )3
A= AMaos PG| FAstA ed o, T2he P2 Fo] FRE U2 A TAWA] o
gtox], n]PE] AM4¢ 2 FrPEA] g Ro= Uiy, Y A7 2heE ZASGECT
[Fig. 5, Fig. 6}.
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0D 660nm

Ohr 24hr 48hr 72hr S6hr

Fig. 5. Effect of large scale culture(1,000 liter) to the growth of Seccharemsces cerepboime BBG Y6,

Log cfufml
o
5]

Ohr 248hr 4ghr 72hr o6hr

Fig. 6. Bffect of large scale culture{1,000 liter) to the viable cell of Suocharamwoes corevisine BBG Y6,
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ot AFAL R 55

et T2 8T AEE HIELE ZuAE AHFLE 2l ¢, A=A & AS
& dstgon, ulzigel AAA|ARE(CMO) AMHE $]8le], Saccharomyces cerevisiase
1x10%fu/ml, Lactobacillus plantarum 1x10°%fu/nl 2 SSHE S SE3lgon, RRAF A
FA 2 EEMBo] Qi Bacillus amyloligquefacienst= #7}dE o2 1x10%fu/nl o =A 5}
gich.

YO A ANUT AHFE ol &3to] R AAIAAR(CM) AldE ARE Zloly, F

% FAF Y AEMLE T, FoA FIAL AE UFY 4 Qe FEHIEE HEY
X BRE 3tz gl
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A6 B ATARNA E&d 7|R7EL ol §F AYS R 7&o)A
- A4 A9 R TMR A8 E& AHHE o 8¥ AR P4

— QEAR G209 AYYA R 0]§ o4 TEAE 44 =2} & 7dl

1. 971 A3t 4 3343 daAE 4 4t 712 dhvle 22 9 7)lgold

- 7Z1gold iy coFPMHRAAEZTR
- 71ge]d 71g ¢ WAHMIAISE F2 o] &7 UAAE P4 W MR FE (577%)

WEARE FAE 18 ¢ SHo|AsulA (50%): ]2 uH(20): 1] Z(30%) H&
22} : ol ul A ux) (60%): 1] x| 2H(20%) : 1] ZH(20%) =&

HAMZA] | =7 %) | ¥R (%) pH B subtilis |L. acidophilud S. serevisiae
50 30 20 456 |2 0x 10°| 33 x 1078 3.3 x 1075
60 20 20 453 (26 x 10°6| 25 x 1078 3.1 x 1076
80 0 20 489 |20 x 10~8(1.8 x 108~ | 14 x 10”6

FAUE = 35T, 5ok 40, 2417 v}, EF EF starter 1.5% FE

2. 7|12 BR{EF/8eEFTY ttr154 profile ¥4 AZE o] &8t A YHARE
E3u A E Starter & H2AR JESS B ol (AdH 4F A9 1)

- "A 33 LHALE AR A AFRFEAR T A F

3. PNY BE TS AT A 2PN =598 FAS EUR (A3 43 24 2)
7128 n]AE ufgulA] AFE Gadel=E | A o]AE G| g ALRFHol ol

- 439 284 AE3F W 22 FE Bl Wl F o YoPIL Ug

4. 71GAY AHE o124 JebAz HY WelHe MoU 33

- ERAY MU £ AHE 2& ¥, £35Y 24 O F

5. 1l SHEXARAR (F= £3)3% 7|0/ & AF +4 ol 24F
- 71€ oA i : GRS e / BRAAE At - JeoldAR s 249N
(4 4342 stdos AFq7e =& Ad)
- As oY d2 Y nAAE 7 SHPAE 734
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B 2AE . AU S

A1d 38& 28 ASHAVA dF BAA 2" A H
1. dEAE A4 2374 99 2 283
7. a9

(1) o=l 2 S48 o4& AISH A AL L A4 AT

o-FAE W S48 UX ARHVAE AU %l 1AEE A7 AHoA 2
ALEE T LIAEHIA Birs AT JEAFTE FHAVFEY (F)ulo| Az} A1
7139 Ao AEYglolA] E28t --8n|AWEQl Pediococcus acidilactic BBG-LI,
Lactobacillus plantarum SK3121, Bacillus subtilis SK877, Bacillus subtilis BBG-B20,
Saccharomyces cerevisiase BBG-Y6 5% T-F2] YAy S TAUTE 8 starterE ©|&
SHgirt.

JAEE= 250 vpdejs ZRAAY starterE FET aAPURSY 254 FAE 257 2
158 AR PN starterE LT Y URZ 42 AT F, 442 Az2URES 101
2 Zystach

ZZte] R g4 starterE IAAUEES] FHol tiulsto 1% AFd, HFTE
qFS 50%7F HA S5 FUIStEch LREHA trays o]@ste 3UZT MY E LAE I
¢ ¥, A=A

(2) 23w g 2] &Y Axn)PE2] JFTUH

UTFd(starter)d] FFPHL A=sH7] f3, #54 oigy ¥ Fel(FAatE+atd g
2+ H R, FAER, Al E A, fAadER, A, AR, vMEA)E dElEe,
1%2] gEZuf AL cfFete] FESHAZ, E0] 50%71 HA & F7Isisdrh. 35T
3UZ LEAFA, BAYol whE A4+ L pH HEE FA3MCL

JAF wjerr] AMRH FFE F2HHEE Pediococcus acidilactic BBG-L12} Lactobacillus
plantarum SK3121& E%3le] AMRslgloen, HlAla#AY Bacillus subtilis SK877 o
Bacillus subtilis BBG-B20E E¥sSle AMESlE, HRBLE Saccharomyces cerevisiase
BBG-Y6F -&3}3ich

SR AW P (2)% B PUSE Ashgon, YAPAELS  FHH(soymilk
L
|

residue) u]ZHrice bran), - (corn grits), AW|(wheat bran), WFuH(wet brewer’'s
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grain), HX[t]F9}(soybean meal)o] ZtZ} widHAE tid HEF3NZ, ERo fidtE& EF
HEslo], BTAM, 23 n|d™of 347t LFE3 A, FFL st

(4) 42 E¥AA 24
g2 AR Wy (2)8 2 WHLeE AYstgon, UFFNSS 29y, HA[C)F
Bl SE|ES ESl 397 WEAA, Ads FALE HysiAch

(5) A4 JA7E xolo] w}E UYHEL n|ZE FF W3} HAx
WE Al Tiest 2 A%(Corn Steep Liquor, Ammonium chloride(NHsC1l), Ammonium
sul fate((NHs)zS04), Ammonium nitrare((NHs):NO3)2] 2% H7}of whs wE kA Fzsigct

(6) Z2a71 Aole] W& UFEL] n|PE A4F W J4A}
o} 2% H7Hmolasses, glucose, sucrose, sodium succinate, sodium malate, sodium
acetate, corn starch)e] whE WH okArS AAs}AC]

(7) 2d HAsleto] W2 AT EL] n|PE J4F W3 A}
Molasses 0, 2, 4, 6, 8, 10% ¥ 7}=ke] w2 WEYHL FAstgc]

(8) #7]14tg H7lo] W& LEE2] v[AF #4F H3AA
F7]4t8 2% #7l(sodium succinate, sodium malate, sodium acetate)e] WS WEI[HS

Hstert

(9) +EH71F 43
25 30, 35, 40, 45, 50, 55%of w2 wFokArS FAs|gc).

(10) dE A7t 4F
wkgE A]7HO, 12, 24, 48, 72, 96hr) Xjolof wl= urF kAN AAIIGT]

(11) &£ Aolo] wlE LHF2] v]P& HE F4}
WH 22(20, 25, 30, 35 40, 45T) Apelof uhE UHFAS FAsIATh
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. 934z}
(1) 3% v]BE J{F 9 gy 49

o) Fute]] ©hduiok(log CFU/g) A, 42 9,30, ER2E= 8,12, vlAglALE 9,158
=8 vehidlon, Z¥uiY(coculture) A] it ZF FFol HACl 9.20-9.259)
A F=F Uehlo] fAtde] dduigyt fARE F42EF vEhdnh EE 23 2§
FFo] BAQ] 7.90-8.128] FA =S Uehlo], ARZE wdn¢ T we} 2 x}o]F g}
wiZ] eksith @l widElAE EF #Ee ARl 6.10-6.122] FAEEF Liehle], u}
e 20] T uf} Alet gol Alo]F el siTHTable 1),

mretd fabd, B2 9 g AF s GIsie AREsH] fEiAE 3%y
gRETHE, 7 32 vl FESto wiYdste Pgolul, vidYAE ©d FEINI, "R
GAFe B3} wjorsl o] ENA Ao g veldth o] Fof WE uv]AES] vk wjg
< Held 4wy FY W vigrY oF WA o8 845 Y uf, s
5 g ¥ ERe RS EF wigshe WHe R HF Mgt

[

£ ot o

pU

1

Table 1. Viable cell densily of fermented soybean meal according Lo various kinds of
microbial inoculation.

Log CFU/g
Strains LAB Saccahromyces cerevisae Bacillus spp.
LAB" 9.30 - =
Y - 812 =
B’ - = 9.15
Y+B m 790 6.10
LAB+B 9.25 - 6.12
LAB+Y 9.25 8.15 —
LAB+Y+B 9.20 813 6.20

* LADB: Lactic acid bacteria, Y: Saccahromyces cerevisae, B: Bacillus spp.
(2) 33 214 2AE 98 ¥AE A4
(7h) DA F44E
DA FAE] fAbE+BER Z3h} Al Fig. 1ol o] tfF2(soybean meal)?] HAls

Z=7Hlog cfu/g) B4k 10.12, BXF 8.212 nj7bo|}, &, AYyRc}l &4 veht,
H+EE ZFG Al t RS FURE AMESITh
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Log CFU/g
0] [4)]
1 1

O 1 1 T T 1 1 1

Inoculation  Soymilk residue Rice bran Carn grits Whesat bran  Brewer' s grain Soybean meal

Fig. 1. Effect of different raw organic by-products on viable microbial cell density after solid
fermentation by coculture.

[J: Lactic acid bacteria, ll: Saccahtromyces cerevisae.

W R abEe] uplEA THENIGE Al, Fig 20149} 2] thFH(soybean meal)®] FAEE
7Klog cfu/g) 9.260.2, 8.629) mzolu}, 8.178] G, Adulurt HA Ueht, ubusa
e Aol SN FURS AHgSigC

10 S

Log CRUg
(8]
L

0 T T T 1 1 1 1

Inoculation  Soymilk residue Rice bran Carn grits ‘“Wheat bran  Brewer' s grain Soybean meal

Fig. 2. Effect of different raw organic by-products on viable microbial cell density by fermentation
of Bacillus subilis.
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Table 29} o] E§FatEo] Fabd+ER Eqh|o} &), Fig. 3ofAel Zo] 72hr LUE Aof
52} (soybean meal) wHAWHF LSS dAM5E7Hlog cfu/g) w4t 10.30, ¥R 8.702
718 w3on, &F, AWyE HFIY EY UEFAEET FAeEY AFAE] s AL
2 3tdE o] tiFeke ©d 98 E AMESiL

ZatHalEo] HlAlYA wHEwE|oF A], Fig, 4042} Zo] t]FuH soybean meal)?] TFA|E%E
7Hlog cfu/g)9.302. 2, 2HAZE A 2 2H ZA(c]5uh(50%)+ £ 1] (50%) ¥ C}) 9,128}
A vehd, 433 4 $5H, HFFHLE npdEA whRul Al ol FikE vd o
B2 AMgsterh

Table 2. Mixing ratio of raw organic materials for solid fermentation by dual
microbial strains

Soybean meal Wheat bran Corn grits

o (%)

1 100 0 0
2 o0 50 0
3 50 0 50
4 50 25 5]
5 25 o0 25
6 25 25 50
7 33 34 33
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Fig. 3. Effect of different mixed materials on viable cell density and pH exchange by
fermentation of coculture.

(a): Lactic acid bacteria, (b): Saccahromyces cerevisae, (c): pH, €: Ohr, l: 24hr, /.: 48hr,
x: 72hr.

10 7

g [ | % + ® ¢
] | ] ¢ ¢
™ L
B
] ]
1"
3 “ * 4 ® ) N -
o7 ] |
g
™ o
§ | ] N - -
4
5
n
3

1 2 3 4 5 6 7 1 2 ¥ 4 5 & 7

Fig. 4. Effect of different mixed materials on viable cell density and pH by fermentation of
Bacillus sutilis.
@: Ohr, l: 24hr, A.: 48hr, x: 72hr.
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(3) 244 JAE A

A2 2087 WE /AR EIFG AL Fig. 5elAseh e| L3 7Zheef AP
B, Y FHsEE(log cfu/g) corn steep liguorAE]F- 9,75, controli =] 9,74,
amoniun sulfate({NH):S0,)3 2]+ 9.722 1}lel}, 713 &A L} corn steep siquor3 2]
8} controlX 2|78 Xo]7} pehlx] sich. EES dMEEs(log cfu/g) corn steep
liquor 2] 8.20, controlX 2| 8.21, smeonium sulfateX 2]+ 8.21F Jeht, 213 &=A
L2 ammoniun sulfateX] 2]t 2} contrelA (2] Ale]rt vjehg=] ¢iglch. wapy A+
X EFIY Ao 244S ¥riei] de 2oz Agesic

=
H

Log cALlig
= - 2 (5] $ h o =l oo w

Inoculation CsL HHACI (WHAZ S0 NHSE NO2 Control

Mitrogen sources
Fig. b. Effect of different nitrogen sourcea on wiable cell density by fermentation of
coculture. [1: Lactic acid bacteria, Il Seccafvromyces cerevisage, CSL: Corm Steep Liguor,

4N 2.0} o] opE wialejA gHplak A], Fig 6efAj8} o] HE Tohro] wis} |, B}
AgAd HMETi(log cfu/g) controlX 2| 10.2]1, ameonium chloride(NHLC1 ) 2]
10.19, ammonium nitrare{ (NHJ)NO:)A 2 10.03E e}, 1% wA 2 control A 2]}
Amonium chloride(NHCL)A 2]2] Zlo]7t vehd=] it wepa] upde]s a9y Ale] da
4 FoleA] e ReE @A

Log GFLkg

h‘.t.r:;_a— SOUMCES
Fig. 6. Effect of different nitrogen sources cnm viable cell density by fermentation of Bocilfus
sudilis. CSL.: Com Steep Liquor.
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{4) 3 F7E &4

g 2.6} Eo] wE iR ERMIY Al, Fig. 7oA} do] YWE Tzhro] nY 4,
farde] FAlsEE(log ciwg) YBe(molasses) M e 9.75, S5eHE(corn starch)A ]
9.63, controlX 3 9.43%8 ehtl B A 2 FEAITL control A 2|72 Ape]7}
0.32 Jelylct, TE2 FAlFEL(log cfu/g) PU{molasses)H T 8,21, §F{lactose)H
T]F 8.21, controlA 2] 8.182 Jeht, 713 wA e FdFeE7 % fPAETE
control X 2] -2} & Xlo]Z} VelLER] ¢hsict melM Jal+ER R Ao Fakt 54
of 37 Y 2o T ould My ZoR AAgr]

M

log &

=

Fig. 7. Effect of different carbon sources on viable cell demsity by fermemtatiom of coculture.
LI Lactic acid bacteria, ll: Sacoghromyces cerevisae, A’ Molasses, B: Qucose, C: Sucrose, Dt
Corn starch, E: Lactose, Fr Control

2 2.0xN 7180l ofE vidlels a9} Al, Fig, 8oA gl go] & 72hro] WY H, W}
A A8 FAMeE(log cfu/g) FY{molasses)¥ | 10.28, S HAE{corn starch)H ]
F 10.17, f<F(lactose)X 2]+ 10.18, controlX 2 9.81% vep), 713 A4 & ©d
(molasses) A 2] 10.282} control X ]te] Aje]7} 0.47ufeludct. wlebs] w2 a[efF Alof
HIA H A F4of H3}t 9 shAu2E g AsEts Aoz FAsqc.

-

Log CFWY

Fig. 8. Effect of different carbon sources on viable cell density by fermeniation of Dacillus
subtilis.
A’ Molasses, B: Glucose, C: Sucrose, D¢ Com starch, E- Lactose, F: Control.
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{6) ¥ T A4

AR wE FAFER ERaoF &), Fig, YofM 2} Po] 4k 7ihrof Wi B, #4
28] e e(log cfu/g) 2,08, 8. 0N2]F 10.26, 0.2 9, Z e, 78 A
LR 2.0, 8.0xXz)t2} 0.0wM a7 AlelZt 0.52 el BRS Fqs=E(log cfug)
2.0, 10.0% N7} 8.65, 0.0%MEF 8.39% veht, 73 wA U2 2.0, 10.0sM235
0. 0xA 2] 0] Alo]7t 0,208 2 LE}RICE

T AP nlde fa R Bes FAL UeiiA] gpoiow, FNulTe] HH
2.0 M=]77} wA Vet AEAos fobtedn ERe(or Alof fiba Falo] 22)A

gl vidoc® PUL 2. RS FoR FYFHAL.

Lo CFUG

Fig. 9. Effect of different molasses concentration o vighle cell density by fermentgtion of
coculture.
U: Lactic acid bacteria, ll: Sccoafsomyces cersvinse.

T8 Ag w2 vlglzs GSaly A], Fig 10ofa8} o] W® 7Zheof 8y ¥, a3
28] FqpEi={log cfusg) 2.0, 4.0x¥2[3 9,14, O, 0N 0,35= e}, 73 =4
< 2,0, 4.0xA2]F 9,145] 0, 0¥ T7-8] Aja]Z] O, FlElNICE

ol Aol uiEie] w28l FAL gojufa] glaton], 2 owM| 2 4 0wME] 2t
e 524 Lelge], g0z viEA dq Al uldEA Fiof Earl gl T4l
28 QUL 2Nl A e FoE FPAAL
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LogioALig

O = KW L =+
L1

Concs ptrator ot mo s fex %
Fig_ 10. Effect of different molasese conceniration @ vighle cell deneity by fermentgtion of
Bocillus subdilis,

{6) 7449 ¥ 1+

A 83 B4 e #7389 2.0 o #ER EYF 2], Fig. 11914
o} Zho] WA Tohrof WY B, FTL) FABSELlog cfwg) sodiun mlater] 87 9.74,
central 9.73, sodim succinated @] 9.5, weodium acetate 9.42 ¢2% 1}ep}, A &
A U2 sodim malate® ¥)72} control M-8 el 0.01 viejidct oM )ikl 8
Aol WE R4l TA FAL UrUA Neth X3e Sl ofu/g) sadiue
suwecinated @] §.22, sodium malated]#]-7* 8 21, control 818, scdimn ecetate 7.93 9
2 it 7FF 24 & sodium succinated] 2-22f control A 2]F2] Flo]F 042 LIERNL
o Wbl SN A7l WE 29 B BNE UEhiA Uit HEHLS fatde
2w FYee A KAAGE WA Ge Ro= dANEL.

Lo CF ¥

Organk acld sailis
Fig. 11. Effect of difforent orgamic sckdd salis on visble o=l densily by famentstion of
cocultvre. [1: Lactic scid bhocteria, ll: Seowipomyces oeremiszee, Al sodium succinate, B
sodium malate, C: sodium acetate, [k Comirol.
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712 2.0y A v vl A S5eiY A, Fie 12¢0M2} fo] UE TZhro] #iY
H, rvadA% FMeE=(log cfu/g) control 10,21, scdium succineted ] 10,19,
sodium malateM€]# 10,04, sodium acetate B.97 o= e}, A4 wA L2 sodium
succinateX #] 7 10.1948} contral¥ 78] Xo]7} -0.02u}elkic). oiwlq f7|dd H7e]
i vhlEA F42 UehlA gfal, {FILE vpdss u]d Ale] JANR] g2 Aoz
EAsact.

Log CFLg

noCeston

C'-'-EE':J achd s3ks
Fig. 12 Effect of different orgenic acid szali: on viable ocll density by fermeniation of
Bocllus sublilis. A sodiom sucrinate, B: sodiom malate, O sodiom acetate, T Control.

{7) +E3A4F 473

SENAGA o’ fag e Eqaly A, Flg 130142} o] $3E Tehref wlYg €, #
L8] FHeEi(log cfusg) B0xA 2] 10,18, S5eMe]-F 10,18, 45xM=]-3 9,85, 40N T
F 9.7, WA 9.00, AN 7.3 ¢ JER}, 7R WA U 50, Soaaa)e}
713 WA U a2 1e] el Z.ad uEidcl Rabgs] 2 FAE AN SR 4E
A 3EFHloF fabdd] WEFL ¥t IA olFeolNe AeE YuEn, ol WE 27
o] SH4t $H3pTo] ofRojAla] glon] ulF ] LFdc] o} SHFuUE oY 4HGE
of o Fez Idfcl HEY Fqp=(log cfusg) 506N 2] 8,35, ShxA]z]- 8,32,
40 2|7 8,15, 45xN @)L 8,11, 3|7 7.88, mAEL 8,18 =2 Ljep}, A1 BA
1R 5wl A1 WA Lh 0w E]8] Atelrl 2,16 elydvl. B JA FH§& U 4
N7 o] BaE ool WEA 2] § Res ydHEcE oohA FAFEE Z9a]ak A
+EN 73S sosx FAPejgch
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Log CF Wy

Fig. 13. Effert of different waler concentration on viahle cell density by fermenistion of
coculbtune.
[J: Lactic ecid hacterin, l: Sacodromyoes cerevisar.

Tourb nis vllelA S5dE9F A, Fig 14ofA2} o] YT TZhre] 41 G, vi
L0 FMEEr(log cfu/g] SN 9. 26, SoxA |3 9,25, 45=A(z]| 5.20, 40xN3]
5+ T.81, IwAE]S- T.5f, AR 7.17 £2= Usht, 7P e 2 50, SheAE[tsd
1A SA L& WAz Aol At 2,09 LJERdch. EYeg 23U nAAHE R S
A 9 LA E AMAE SR 550 2] YAt FoxE vepdon, AFHox uiild
2 g & 287N = F8sh

10 S

W m -~ oM
| I N N |

Logerlg

O = KW L =+
| |

T T T T T T T
rocodslan 3s .| = =] E
Copce itEHoN WIE M)

Fig. 14 Efiect of different walter comeentratim om vishle pell density by fermentstion of
Bacillus subiilis.
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(8) A=\ A|ZE HF

WEAZ ] o Fald+B R ZRm|eF A], Fig. 15048} o] Fatdte] dAlset(log
cfu/g) 72hr> 96hr> 48hr> Z4hrd 1Zhr £02 Uelgth, FRe FASEL(log cfu/g)
72=48hr>96)24hr>12hr 0.2 e}, HEHos farF+FT Tl E3} Wk A|, 72hre] UF
2| 7+& ARt

11 9

y T T T T 1
o 12 24 48 7z 96

Fermentation time(hrs)

Fig. 15. Effect of different fermentation time on viable cell density by fermentation of
coculture.
O: Lactic acid bacteria, @: Saccahromyces cerevisae.

UFA Zhe] w2 wpdelA dsujel A, Fig. 16642} widej 2] FAlsEE(log cfu/g)
72hr=96hr> 48hr> 24hr> 12hr =02 Lieh}, 2FH o WFAZHE 72hr2 A SIGTL

Lcg CFLKg

T T T T 1
o] 12 24 48 72 96

Fermentaion time(hrs)

Fig. 16. Effect of different fermentation time on viable cell density by fermentation of
Bacillus subtilis.
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9) 2= 473

eso] WE §aFER Egher Al Fig. 17642} Qo] HHA 7zheo] wia} B, HatZe)
FAEEE(log cfusg) I5THET 9.35, 40THET 9.09, 30THT 9.03, 25CH7
8.74, 45T 2| 8.25, 20CH 2T 8.19 22 Uehl, 71 &7 & 3sTHTe} 7h3
W U2 20CHE el Mozt 116 Utk EEe] FAsEE(log cfu/g) 25THT
8.26, 30TAeT 8.19, 35THeT 8.19, 20TH|F 7.21, 40THF 6.29, 45CH T
528602 Ueht, 78 B U 25TH 79 7b8 WAl U 45TH el Aol7h 3.00
Letdeh 25, 30, BTAFY BE FASERC|7L AL vt ol faa+EE TP 1
Z 4], fage] 713 2 34 He BTE I == ZP%dG

10 4

Log CFUIg

Inoculation 20 25 30 35 40 45

Temperature(c)

Fig. 17. Effect of different temperature on viable cell density by fermentation of coculture.
Ll: Lactic acid bacteria, ll: Saccahromyces cerevisae.

250 whE vl A thEuYg A], Fig. 18ojAe} o] WHE 7zhro] v H, upde29]
A== (log cfu/g) 35CTHZF 9.43, 30THIZF 9.28, H0THAIF 9.13, 25TH =+
8.61, 45TCA 2]+ 8.56, 20CAHEF 7.83xco = e}, 713 =4 2 3BTAHz e 13
WA L2 20TA 28] Alel7t 1.60 UEtyith wetA wideAs dd A, dvpdeATt ugdo]
2 5= 35CE FHAH 2= ARSI

11 -

10

9 =S

Log CFUfg

I ]
I N B

Inocu lation 20 25 30 35 40 45

Temperature (3c)

Fig. 18. Effect of different temperature on viable cell density by fermentation of Bacillus
subtilis.



2. dZFA| 2" A Y (Scale—up)
7} 439y

(1) dFA| L% 3 ¢ (Scale-up)

A4 = UF 7] (200kg), Eo] (4, bkgxdbea), v]d9(10kgx20ea), 2r3r)(20kgx10ea)
of Ztz} updeLs, FR+FFA EIlYste A FA o] 71 e 35S UIPES
F221 3BT A 342 dHEste EvHE F AT}

(2) Edjo] W (Tray fermentaion) Scale-upA|, A+ I pH H3},

Ego| (4. 5kgxdbea) WHE o[ 43 vl A, TR+FAE T ste] AdS F2]o] 7}
F ARE AEE YIWEE AR} 35ToA 0, 1, 2, 343 HESI dEsHE FA5
c}.

(3) YE &3} vURE2 Uit E 9 ofnx3t H% Usd A}

HEHoZE v]5o] n|AWF(Pediococcus acidilactic BBG-L1, Lactobacillus plantarum
SK3121, Bacillus subtilis SK877, Bacillus amyloliquefaciens BBG-B20, Saccharomyces
cerevisiase BBG-Y6)& 1% A F3lof, ELFE 50%7} HA & Hristdch. daideA
trayE o|-§3le] 35T, 3Ut vy U UFE FAslo, ARAA ARE o[ &3ttt LEA
P Az} BEAFA] o2 Ao (2, 2APY, 2EFK, I F)E A0ACH &5l
Aerslgd s, 2 A-L semi-micro Kjeldahl Ho = FHAdlHc]. ofm] =it 1550 o3t A&
H] 2§ amino acid auto analyzer{Amino acid analyzer S-433, Germany)& A}23}oe] Zasla

t}.
. 4342

(1) dx=y 4%

WEe] wE fabd+ER2 T Al, Fig, 19042} Zo] WE 7zhrof Wit H, F4t
2] FHEEE=(log cfu/g) E#FHo|UFH(tray fermentaion)Fz]F 9.28, IFIHUFY|
(rotary drum fermentor)? 2| 8.68, AXFF o|&§t YUH(rice bag)2] | 8,33, njdyut
X (plastic bag)Ag]F 7.40 €22 e}, 7} &A L2 Ego|dH(tray fermentaion)?]
gl72t 71 WA U2 vl E(plastic bag)A 2] F2] Aje]7} 1.88 UEINITE. HE2| A
T +(log cfu/g) Ede|YdH(tray fermentaion)® 2]+ 8.36, F| A= UH 7| (rotary drum
fermentor)# 2|3 7.68, RxFE o]RFF W (rice bag)A T+ 6.34, v]|dWUF (plastic
bag)A ]+ 6.17 =22 e}, 71F A U Edo|UE(tray fermentaion)?] ]2} 713
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WA U2 g9t (plastic bag) A E]F-e] Ael7} 2,19 Uikt #AlEI ER 2R Ed
o (tray fermentaion)A 2|12 HWAsE7 71 AU FHIFoE EdFo|UA(tray
fermentaion) 3] -& ZAF 314l

=}
i

Log CFUig
o - (] w s m (2] = o o

Inaculation A B c D

Fig. 19. Effect of different fermentation methods on viable cell density by fermentation of
coculture.

Ll: Lactic acid bacteria, l: Saccahromyces cerevisae, A: Rotary drum fermentor, B: Tray,
C: Plastic bag, D: Rice bag.

WdaHo] wE vl els ©Sujef A, Fig, 200]x2f o] WA 72hre] vjof ¥, vl
£2] FAsEs(log cfu/g) Edo|UHE(tray fermentaion) gl 9,17, HAFE o] &3 U
F(rice bag)* 2]+ 7.70, FA=FUH7|(rotary drum fermentor)®| 2|7 6.14, v duilsi
(plastic bag)® g+ 5.31 €22 e}, 713 A4 L2 Ego|df(tray fermentaion)3]z]
T2 71 WA L2 v R (plastic bag)A 2|72 Alo]|7} 4.04 LIEIGICE whdeA ujof
Al @712AHT Z7|2Ae] FHejof FAlo] deonti=t], ZI|AAEQ] EdolUE(tray
fermentaion)®2jo] TS WHET A ueht widelA ujyg Al EoUE (tray

fermentaion)®al-& & A s},

10 4

Log CFU/g

q 4
5 4
7 4
6 4
5
4
3 4
2 4
1

o]

T T T T T
Inaculation A B C =]

Fig. 20. Effect of different fermentation metheds on viable cell density by fermentation of
Bacillus subtilis. A: Rotary drum fermentor, B: Tray fermentaion, C: Plastic bag, D: Rice
bag.
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(2) Scale-upe] 2%t Fat4 9 pH HE}

Scale-upF-FollA FAtd+ERE EF|F A], Fig. 210A 8} o] FAata-2 WUH A7t uwlz}
Z4sto] 7ohr(log 10.25CFU/g)ol HaAol WHOMW 9ol LSS AoE el
invitroA| @ Az} ]38t dASE et EEE UR Ao uwlel F2]8te] 48hr(log
8.220FU/g)ol Aol WULH, invitroAl AT HIST P& UEhART wehx 4t
B R Z3 UF A, WAL 72hr2 A SIGTL

]

Log CH ¥g

a 1‘2 2‘4 dIB 7‘2 9‘6
Fermentation time(hrs)
Fig. 21. Effect of different fermentation time on viable cell density and pH by fermentation
of coculture of lactic acid bacterium and yeast
(: Lactic acid bacteria, @: Saccahromyces cerevisae, [1: pH

Scale-upFZollA HidA THE 8foF A], Fig. 22042} Zo] v AE yUFA|Zro] et
F-43to] 48-72hrof] FXo] "I LM, in vitroA|HZAZIL} H]RF S-S viehdo], WA
L 72hr2 ZAAFGCL

10.0 5 7.8
7.6
' r 37

Log CR g

CI) 1‘2 2‘4 4‘8 ?IE =151
Fermentation time(hrs)
Fig. 22. Effect of different fermentation time on viable cell density and pH by fermentation
of Bacillus subtilis.

@: Viable cell density(log CFU/g), [1: pH.
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(3) BE S vPUREY] YUEE R ohuj=it J & 34}

Scale-upEF oA Esgo|®edH (tray fermentation) 9
23 15359 otni4it E4& 3tach

3 A3, Table 42} o] FAildt, EE, Hid#|s WHof g UFC|FE LIS HT]
Zehial +4 47%, X9 +0.63%, =AMF +2,.35%, LEE] +128cal A VElGen, =IE
[0.52% A Urehd, WMERE] 48 UE A, F84EE0] F/%he o= oaHr,
B4 156%9) ofuliat $MA} Table 59} Wol WENFBe) o8 WEF(39.83%)0] H]LE
2(36.80)520) ofuliat gieo] 2.99% A UEhten, HA ohnliAltinpel BT 3719
L 7oz v,

S

Table 4. Contents of general component and energy in fermented and non-fermented
feedstuff.

) Crude Protein Crude Fat Crude Ash Crude Fiber  Energy
Material

(%) (%) (%) (%) (cal)
Soybean meal 42.70 2562 6.99 5.80 3,929
Fermented soybean meal 4717 3.15 6.47 8.15 4,057

Table 5. Amino acid contents in fermented and non-fermented feedstuff.

Contents Soybean meal (96) Fermented soybean meal (%)
Alanine 1.873 1.996
Arginine 2.722 2.797
Aspartic acid 4.348 4714
Glutamic acid 7.322 7.878
Glycine 1.680 1.851
Histidine 1.038 1.100
Isoleucine 1.530 1.700
Leucine 3.171 3.460
Lysine 2.349 2.593
Phenylalanine 1.894 2.080
Proline 2.277 2.572
Serine 2.081 2.168
Threonine 1.594 1.698
Tyrosine 1.309 1.430
Valine 1.639 1.815
Total 36.836 39.852
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3. 4RAR IS ARY 4%

7t d3-83
FAEEA W AZAEEIAY AF2A W APV NE UdolET] 3o, FAL-EE
SE, fibt, &R, "L UESAEAEAE ARsIHey 4, 10, 20, 25, 30, 3
5Co] AAsle] 0, 7, 14, 21, 28-Sl A2 HHE AT, d2URAIRI]
= FAIRHIIA S} g fatd-Er E3hig, wldgA WUEAA AR ARE 111EF
slo] Algslgen, 4, 15, 25, 35Tof A&3te] 0, 30, 60, 90, 120 Fzhs}gcl.

v, dzdz
(1) w& &A1 =22 74

(71 fat+82 Z3us FAZ37AA Ag=zd

A+ ERE EPLE SARAA Y AFEo] whE HIHE= Fig, 23048t o] Rt
2] #AEE(log CFU/g)= 4T A 2] 9.29—-8.47, 10T A 2]+ 9.29—-8.26, 20T A 2] 9.29—
6.61, 25CH 2| 9,295.01, 30CHE]T 9.29—5.33, 35CHe|F 9.29-5.15 €22 e}
1}, 10T olstells BEasH= wpgo] #e|Fel Zog eyl #HR9 FA5%=(log CFU/g)
L 4TH e 8.27-8,23, 10TH | 8,.27—8.15, 20T |+ 8,27—4,61, 25T A | 8,27
—3,99, 30CA [T 8.27-3.44, 35TH 2| 8.27-3.25 08 UEl}, ARLEr} AsEsy
5 "3 es Fadts ZloR Won, 10T ostelA Bzt whyo] Fe|Fd Aoz
Ebydch,

A+ B R EFPUE FAERAAY A2l 23t AEAAL A/ B A, AR}
fratdZet dofl #ofste] Faste Fo] ¢ FE ZRo=T Ui, 10T o3t BAusH:= W
ol 713 #e|Hed Ao ety

() fu2Las #2374 4324

FAPLE FATAAANY A FLTo] T2 WK Fig. 240|Ms} Wo] RATE FASE
(log CFU/g)= 4CTH &7 9.33-8.39, 10CH 2|7 9.33-8.15, 20CH 2T 9.33-8.39, 30T
22| 9.33-5.54, 35CA 2T 9.33-5.13, 25CH 2T 9.334.85 205 Uelych S
FEE T3 OUEBET KUR DF YT A, 0TAITL] FASEI} BasH Fol A
Uehstom, 20T olsteld BBsH: Wwol YelFel Ao wrusc
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Fig 23. Effect of different storage temperature on viable

fermentation of coculture.
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Fig 24. Effect of different storage temperature on viable cell density and pH by
fermentation of lactic acid bacteria.
(a): pH, (b): Viable cell density, @: 4T, O0: 10T, ¥: 20T, A: 25T, H: 30T, [: 35T

(ch) augs SARH7/A 4322

ERUE SARATAY A2 wE Wi Fig 25048 Zo] #itde] A=
(log CFU/g): 4THE|F 8.26—8.15, 10T 2|7 8.26—8.19, 20T 2| 8.26—6.08, 25T
A2 8.26—4.40, 30TCA T 8.26-3.22, 25THT 8.26—3.00 £2.2 Uelydet AR
SEulg A, A ER ZWURER HIRT Pl UEEien, 10T olstels Hast=
o] feldd Aoz vt
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Fig 25. Effect of different storage temperalure on viable cell densily and pH by
fermentation of Saccharomyces cereviase.
(a): pH, (b): Viable cell density, @: 4T, O: 10C, ¥: 20T, A: 25T, H: 30T, [1: 35T
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(sh) Wil A WEFARYAA AB2E

Hid AU FAIRH 7MY AL Lo ulE HIE Fig, 260042} o] {itxte] dAs
E(log CFU/g)= ATCAR]F 8.34—8.15, 10TAE|TL 8.34—8.29, 20CA 2| 8.34—8.28, 2
BT A 2| 8.34—8.11, 30CA 2|+ 8.34—8.20, 25CAZ|F 8.34—8.02 2. & L}e}yiC), Bfd
o wEler A, FARAAAE AN E 2aHR i Ao e

] o Bt ~o.
O i '::"—i:i‘in.q.i
i - %f .
804

751

Log CFU/g
pH

7.0
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1] 7 14 21 28 1] 7 14 pal 28
Days Days
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Fig 26. Effect of different storage temperature on viable cell density and pH by fermentation of

Bacillus subtilis.
(@): pH, (b): Viable cell density, @: 4T, 0O: 10T, W¥: 20T, A: 25T, H: 30T, [: 35T

(2) & ARAZAZA

FrAld-EE E3dE AxEI vl L UE AXES IIIE EYUT ARE 4, 15, 25,
35Col A &8l 0, 30, 60, 90, 120905 LA P EL] #AFEL] HEE FHSNGC]

AZAIRAZIA S AL =] wE F4lde] HE= Fig 250148} go| FAtde] dAexE
(log CFU/g)= 4TH 2T 9.26—9.21, 10TH T 9.26—9.23, 20THA 27 9.26—9.26, 30T
2|+ 9.26-9.21, 35CA T 9.26-9.21, 25TH|F 9.26-9.21 22 eyl YiF
AR e W] A8 AXAEFTIAL fatd2 35Telsl, 1208 E#steix= ¢t
3 Z2 = ety

AZARAAAS APLEo] HE LR UL Fig 256142} Yo TR FAEE(log
CFU/g)= 4T A 8]+ 8.21-8.21, 15TH | 8.21—8.30, 25T A e]F 8.21—5.93, 35CHA T+
8.26—4.34 S22 Uiyl ST t2F 02 15T olshiAt 1200 HASAE 24
H5 War) el ggtem, 25T olslolAt 309, 35T 30 oldel FABES 2as)
gt o2} o] HRE FahEI th2A Lxeof o uje HY Hes T, R
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o FAFERAE SsjHE 15Tl stold BIsHE whgo] Mgt T Ro 2 Uit

AZAZEIMA Y] AFLse] wE vide| Ao WHE: Fig. 27eA et o] fitded] HAls
S(log CFU/g): 4CA 2|7 8.50-8.44, 15CA 2] 8.50-8.49, 25T 2] 8.50-8.43, 3
5CH gL 8.508.41 22 LIeldt}. {4173} npaslx| 2 vpde L] FAEEZ 35T, 120
d 2% grATt Hog vebdch

o]g} Zro] Fabadz}t wig A2 FA|FETL 35T, 1204 HEASIE AT Hog el
o}, B AEFFH(FESF or tARER )] wel ML= 35T, 15To3l2 A2FE 5
glow, E AHe B3 A}, RS AF, I FoFPoE AZARHA RALEE 15T
£ 3tgret.

10 1 9
s ] - & ]
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Fig 27, Effect of different storage period for different temperature on viable cell density of dried
fermentation feedstuff.
(a): Lactic acid bacteria, (b): Saccaromyces cerevisae, () Bacillus, @: 4T, O: 15T, ¥: 25T, A: 35T.
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(3) N£5 35 €%

(7h) S48 T G7/ZANA/2E&ALHE 7], 2ALYFIL, FHI=T] & &9

- 2

- 544z 27 ¢ 1-220dE AFAA Y =& SHAARREIA Y 5= L

(1) FE8uBE ddYg FF F5 (47 seed W T starter §EMFA)

e AL 5E Bl ok
2F 91 g A A 1ETon W %F7] / 0. 52 vl 7]
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U, 2= ge 75

(1) Fr8nds Qe

- 1AE 47T BaN 2=

(2) PUEE o|-€F UFARE F74

- 2 E d7EAAE [1X 27 4T AREA R ALy AE] 22

(3) £27FE thEF A AR

AR UHES A4S AY A2 221dE @7 EAAE 1 58S UE ARAA
g AiALR] ZleA Flet aFAE 2dAE e = FYsidch

Aepgar s a7she old b a7 Aol R4 fisted Thedt e ARL
=&wigch

e} o] vpdeA, fikt, IR, P A+I R, v i fabd, TR+AFAHE, HR
H A+ B+ FAbd, Aspergillus niger, Aspergillus oryzaefgs BT Z H|93}7] ¢3l 2
0] 3Gl WA EZE A (materials composition)E FEA|TlELr, AxE HokE ¢3A=
12H LR tfFEHA 24)E AHESIES ST

OFY A48 Al Q7 Aol g el 2 AU Fuwlel tisla: BRA 2L
dAiEL, 3 ool o AT AAET oSS shalch
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Table. Small-scale production systems.

Single / Coculture

Strains

Materials composition

Bacillus amyloliguefaciens,

A. Soybean meal

Bacillus® B. subtilis, B. megaterium, B. Soybean meal 50%+ Wheat
B. coaglucans, B. licheniformis bran 50%
Lactobacillus acidophillus, L. brevis,
L. casei, L.plantarum, L. reuteri, A. Soybean meal
Lactobacillus® Leuconostoc citreum, L.m esenteriods, | B. Soybean meal 50%+ Corn
Enterococcus faecium, E. faecalis, grits50%
Pediococcus acidilactic, P. dextrinicus
A. Soybean meal
Yeast" Saccharomyces cerevisiae B. Soybean meal 33%+Wheat

bran 33%+ Corn grits 33%

Bacillusl), Yeast?

A. Soybean meal
B. Soybean meal 66.0%+Wheat
bran 17.0%+ Corn grits 17.0%

A. Soybean meal

Baci]lus1),
§ - B. Soybean meal 75%+ Corn
Lactobacillus"
grits 25%
A, Soybean meal
Lactobacillus+Yeast? - B. Soybean meal 75%+ Corn
grits 25%
" A. Soybean meal
Bacillus®,
5 - B. Soybean meal 75%t Corn
Lactobacillus+Yeast?
grits 25%
Wheat bran 70%+Corn grits
Aspergillus niger” Aspergillus niger 1%
5 Wheat bran 70%+Cormn grits
Aspergillus oryzae" Aspergillus oryzae 30%

1)

: one strain fermentation,

D coculture fermentation
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5. Y=g VT dEY 2 X& AR A HUR ] 44 g T J8

7h wE ZAUES Y A3

(1) f=p4de] of5Ua A d7ddely =89 &3 e E&F2R 34317 4
3o 71E ThlF= 78 APIEIHE vl A A

(2) Mg =
D =44
@ 239 B4
@ ool 3=

(2) A4
-1,350L x 1,250D x 1,650 H
- Working volume : 2 5 354
- FYERE : 3,75 kw
- &7 Hl& ;1730
- 7)o 9 Wola) : No. 120 / UCFC Z12
-7 20070
- 8]E 5 kn
- A% ¥ : STS 304

A AR (L£FF Sdfolole €4 B2 Hulw Hulse] d4)

1} & FFEl ofejdaeitl €d ¥, IAUE A2 W B 2dE Foj7 3]
1 o
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A 2 4. v]dE UEFIA (starter) 2] JHFE A R AAL] o}
ik

1. qZAg AL

o7

7t a3y

A HE AUsty] Y3 1A= A3xdE3 {4l (Lactobacillus plantarum BBG-L30)
sodium malate 2,.0%, I X (Sacchromyces cereviase BBG-Y6) sodium succinate 2,0%, H}X2]A
(Bacillus subtilis BBG-20) sodium malate 2,0%, FAtA+ZE2+8Fd8|A Z89 sodium
malate 2,0%& F7P3lod, 26T, 28U AF SE uf, FAF=e BEFZA7L e 2o
Lieb ST HETI HA W HIYex P S A%, 7 ABPY =50, 1, 2, 3, 4
5% F7istgeon, fatd-2 0, 7, 14, 21, 28, 60, 90, 120, 240€ F9}, EEE 0, 7, 14,
21, 28, 60, 90, 120, 210, widg]lAE= 0, 7, 14, 21, 28, 60, 90, 120, 210, fAla+%&
2l AR (SUN]S)0, 7, 14, 21, 28, 60, 90, 120, 150, 210¥ FA|H:=§ s}
ol

ox

u. 4323

(1) 4t

f4Yt(Lactobacillus plantarum BBG-L30) % nvljefeje] #|BHE 23, sodium malate 3
bkt A7 o] wE fAtdd] H3H= Figo 280 A9 Zho] 24097t AN F A], fAabete
A5 E(log CFU/ml )= 5%X )L 9.16—5.26, 4%X | 9.26—5.18, 3% 2|7 9.26—3.29,
25X 8|7 9,26—0.00, 1%X |7 9,26—0.00, 0%x 2] 9.26—0.00 £ 22 Liejdr). ojgf &
o] sodium malate F7}%o] F718 8 f48 BER A= F7i8Hs 22 eyt

12027t8] R 3 A] §2+7-2] FA%5E(log CFU/ml )= 5%X 2| 9.16—5.51, 4%x 2] 9.26
—5.35, 3A 2| 9.26—3.94, 2%A2]F 9.26—0.00, 1%A2]F 9.26—0.00, 0%A 2]+ 9.26—
0.00 £2 2 uelkit), o|e} o] sodium malate FI7}Efo| F71ee®, fitde REFIE
F715H= Z1o2 JeElydr)

90 7te] A A A Fabd-e] FAEE(log CFU/ml )= 5% 8]T 9,16—5,86, 4% g+ 9.26—
5.52, 3wA2]|F 9.26—4.25, 2%A2]F 9.26—3.15, 1%A2|F 9.26—2.13, 0%A 2]+ 9.26—
0.00 22 Uelulth o2} Zo] sodium malate F71Fe] F718sF, Fitad HEXIE
F715H= Zlo2 Uelydrh

60 7ke] A& A] GatFe] FAEE(log CFU/ml)E 5% 2T 9.16—6.41, 4%A 2|7 9.16—
5.81, 3%xg|F 9.26—4,82, 2%X e8|+ 9.26—3.93, 1sXg|F 9.26—3.53, O0%* ]+ 9.26—
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2.12 £22 Uelulth o[#} o] sodium malate H71Fo| FrIES4F, fFitdsd] REXI}
F715hHs Zle2 ety

282 7ke] A A} A] farFe] FAEE(log CFU/ml)E 5%3 | F 9.16—6,25, 4%A &L 9.16—
6.25, 3% 2|7 9.26—4.75, 2%A 2|7 9.26—4.75, 1%A 2T 9.26—4.65 0% 2] 9.26—
4,12 £22 Ueislt} o2} o] sodium malate H7IRFo] F71E4F, filds REIF=
F715hHs Zle2 ety

o] ¢} Zo| sodium malate HI7}Fo] F71UFF, FiE AP EA7t F73He ALE U
wom, ol WHENI 9lE sodium malated] FrPRe] FIESSE, AFEINI Frlshe
Zo 2 TrohATE sodium malte M7FFE Wol H7Ishd £21x1%E, 1lkgell 9,000 ] TH717}
o] glo], 5% H7} Al 45091/Le] 71FHAAlo] HEE, I 5%o[3lE A= Ao A
st

HZH 371 £2 sodium malate 5.0% A2 F& {4t G4AFL] AFEAS JHs}
71 13 A7si712 dAgsiglen, 10Tolse] A2 P& HFIJo= FFPsiart

fr

0 ':’ 1‘42‘1 2‘8 GIO 9‘0 120 240
Storage period(days)
Fig. 28. Fffect of different storage period for different material concentration on viable cell
density of Lactobacillus plantarum BBG-L30.

@®: 0%, 0: 1%, V: 2%, &: 3%, B: 4%, [I: 5%

(2) ax

H B (Sacchromyces cereviase BBG-Y6)2] %l nfjorele] AH¥ILE 93, sodium succinate
Az R AA7 T T2 TR HIL Fig 2900M & Zo] 21043k A A], %A E
8.29—6.23, %A 2] 8.29—6.12, 4xA 2|7 8.29—4.13, AT 8.29-0, 2%A ] 8.29—
0.00, 1%x 2] 8.29—0.00LC % LIElYIT, o]2}t o] sodium succinate 1, 2, 3%, 4%3 7}
Al, ZRE] HEFNE HLSE Zo2 VEen, ox Frt Aols FAZFETL ZASHA
sgket

1200 7+e] A A] AR FHEE(log CFU/ml )= 0%A 2] 8.29—7.18, 5% 2|7 8.29—
7.11, 4%A 2] 8.29—6.24, 3xAT|F 8.29—4.89, 2wA [ 8.29—4.29, 1%A ] 8.29—
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4,162 2 L}elyit], ©]e} Ze| sodium succinate 1, 2, 3%, 4%87} &, E22] REF I+
Fasis 2oz Uehten, s A7t Aojs FAac 2o Wetth

gogzte] AF A EEe] FAEE(log CFU/ml)= 0%X T 8, 297,20, 5%¥ 7 8, 29—
7.13, AT 8.29-6.70, 4% 2| 8.29—6.60, 2%A 2T 8.29-5.60, 1%Xa]F 8.29—
5. 502 2 L}eluitt, ©]e} Ze| sodium succinate 1, 2, 3%, 4%37} A, E22] REF I+
ashs 2oz Uehten, s A7} Aol FAac 2o Wetth

60U 7te] A3 A R FAM¥EE(log CFU/ml)= 3%X 2| 8.29—7.24, 5%X 2|4 8.29—
7.20, 0%A 2]+ 8.29—7.16, 4%xA2|F 8.29—7.12, 2%A 2| 8.29-7.12, 1%A 2]+ 8.29—
6.35x2 8 LUElYTE o]8} o] sodium succinate 1%3 7} A], TR REFIE= A4S
Reg Uelxten, 2, 4% H7l Alde FA R BEFEAI 2L ke, 3, o
A7} Aol FAe|FRot REF 37 2431 A Ul

287te] AF A ZR2 dAE=(log CFU/ml)E 2%X] 2] 8.29—7.25, 3%A 2] 8.29—
7.23, 4%* 2| 8.29—7.15, 5%AE|F 8,.29—-7.12, 0%x 2] 8,29—-7.11, 1%* |+ 8.29—
6.41x0.8 U}ElYTE o]9} o] sodium succinate 1%87} A], AR REF I FrASIE
Aoz Ueken, 2, 3, 4, & A7} Aoje FAEFRT 2ASA BA Uhde,

o3} Zo] sodiun succinate A7t F, 28Uz AF A, 1% NAFE AL BE Xa|7of
A AFEIE VERglor), AR Alzte] F7184H sodium succinate F7IRE AJHEIL 2
5|8 FIsHA] FA gl Fel B3] AFPLEAE UEh) sodium succinated H7stA] 7=
A3 st

28-60¥U2] RE2[ 71 g, 2.0%c]|%42] sodium succinate A2 E= T2 A T4
AFaE Jei3} 317 93 HFAL=2 FIsiA 4712 FAPsiEen, 10To[3t2] A
2A st Y S HFH o= dFstdr.

Log CRUAH
o - N [A) B o m -~ o 4]

0 I? 1‘42‘1 2‘8 6.0 9.0 1‘20 21‘0
Storgae period(days)
Fig. 29. Effect of different storage period for different material concentration on viable cell
density of Sacchrommyces cereviase BBG-Y6.

®: 0%, 0: 1%, ¥: 2%, &: 3%, B: 4%, [I: 5%

- 144 -



(3) npd g2

H}A 8] A(Bacillus subtilis BBG-20)2] Tt njjokele] HHFSF 93], sodium malate #E7}
sz} A7) 7o) WE upAlE A HBHE Fig 30ojAel o] 210U7re] AR A, oxA T
8.28—7.84, 1%x 8] 8.28—7.15, 2%A 2| 8.28—7.14, 5xx2]|F 8.28—7.14, 3%A 2|
8.28—6.76, 4%x 2] 8.28—6.75T0.F UJEIYITE o|2} ZHo| sodium malate 1, 2, 3%, 4%,
5% 7t A, widELe] REFIE= FA 2o HZ3tEE W, UehtA] dgleh

1204 78] AF A] uld A8l FAEZ(log CFU/ml)= 0%A 2] 8.28—8.24, 2%A 2]+
8.28—7.51, bHuA 2| 8.28—7.32, 3%AE|- 8,28—7.26, 1%* |7 8.28—7.25, 4%A |
8.28—7. 212 2 UlElylt}, o]|8} Zro] sodium malate 1, 2, 3%, 4%, 5% 27} A], vlAlg|A2]
HEF e FA 2o vlastEE wl, vEhdA] dlc

gouzte] AA Al vpalE 2] FME=(log CFU/nl )& 0%A] 2] 8.29—8.25, 2% 2] 8.29
—7.61, buXE|4 8,28—7.61, 1%AE|3 8.28—7.52, 3%A |+ 8.28—7.52, 4%A 2| 8.28—
7.2550.8 velytc). o]} o] sodium malate 1, 2, 3%, 4%, 5% 27} A], vjlgAe] BE
E3= FA o] vstdE& uof, viERR] sl

60 7te] A A] vid A FAFE(log CFU/nl )= 0%A 2] 8,28—8.25, 2%* 2] 8,28
—7.93, 3%A 2] 8.28—7.84, 1%A| 2] 8.28—7.75, S5%A| 2| L 8.28—7.71, 4%A 2| 8.28—
7.6452 2 L}ElyiT}. o]2} o] sodium malate 1, 2, 3%, 4%, 5% 27} A], vjlgAre] BE
= FAEFo vastdE o, viEhGA] ¢fslct

28 7ke] A& A] BlA Ao FAEE(log CFU/ml)E 5%A 2] 8,28—8.24, 24X 2T 8.25
—8.21, 1%* 8|3 8.28—8.20, 3%* 2] 8.28—8.20, 0%* 2] 8.28—8.18, 4%* 2]+ 8.28—
8.17x0.8 v}Elylt). o|9} o] sodium malate 4537} A, HER2] REF I ZHASIE= 1o
2 veixten, 1, 2, 3, 5% A7t Ao FA R 223A4 A4 e

o]2} o] sodium malate F7} ¥, 28UZt A3 A, 4% A FE AYT BZE A FolA
AZEIE Vieluiglen, MA Al7to] F7184eF sodium malate 7R A|HLIT 238 H
7V81A] ¢} FA ol H3] ARFTLFAE LleR] sodium malated FVE1A| Q7R HA
3l

SidAceo REFII 9=, 2.0%0]4 2] sodium succinate A& = H 8 A AT

AZaASE I3 317 98 HFFHoE FAAStA W72 APsigen, AFL 5ol
A& f18, 10ToI31 A LA Fsh= WHE HFFH L= AP

- 145 -



5

0 I? 1‘42‘1 2‘8 6.0 9‘0 1‘20 21‘0

Storage period(days)
Fig. 30. Effect of different storage period for different material concentration on viable cell
density of Bacillus subtilis BBG-B20.

®: 0%, 0: 1%, W¥: 2%, &:3%, B: 4%, [I: 5%

(4) A+ ZRapd gl A EYEY

ZUe) AE AYSHE A3, sodiun malate B7HFF AH7Zo) WE FabFe] WsE
Fig. 3lelxe} Zo] 210U7te] A A, F4tde] FAs=(log CFU/ml)= 2%A 2] 9.32—
7.48, 1xA 2] 9.32—6.96, 0xA |7 9.32—6.58, bwA L 9.32—6.51, 4xA ] 9.32—
6.45, 3xA 2| 9.32—6.44 =27 LIEIYITE o]e} Zo] EAg|FEr} sodium malate 1, 2%
AelfolA FAFe EEXAI F78He ALE YElpien, 3, 4, 5% FEAME FAHTF
o} Aozt ERFR] gttt

Z¥e] AFE AYEE ¢13], sodium malate F7IF2} AF7| o] wiE HRe] HEHE
Fig. 290lA12} Zro] 21047te] A& A], ARL FAEE(log CFU/ml)E %A T 8.256—
6.23, 5%XT|F 8.25—6.12, 4%AT|F 8.25—4.13, 1xXE|F 8.25-2.15, 2%x]2|F 8.25-0,
3% 2] 7 8.25-0 £o8 UElyth o8t Zto] XA g ZHU} sodium malate RER @] FolA
ERY REFZE UEhIA] ted, AR E ugd zd A8l gol 5x AHe|FolMT 7
Helfo] dl3] - log 0.10CFU/g?] 4%t 2o]E VERfIth 14-1208xte] A A Alo] 1%
sodium malate A 2|77} FA el LRl A Vel RERISL gigioL], 1509 o[ FFE T
277 o A UERG 90d AEe wr] BE# Ao HIUUG =2 HTL Sodium
malate F7lgo] o] F71std AR AFERI FF AlE = Y& ALo= oA4FE, FHAgol
glol o olate] FEoAE ANEHA] 7|2 AASHYcT

=32 AF APEE A3, sodium malate F7IFI A F7| o] wlE wpdefLe] W=
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Fig. 2904e} o] 2109 7Fe] A3 4], HjAlglae] FA%E(log CFU/ml ) 0%A g7 8.25—
7.12, 1%A 2] 8.25—7.11, 2%A2|F 8.25—7.15, 3%X 2L 8.25-7.12, 4% |7 8.25—
7.13, SeAe)T 8.25-7.122 UshdTh olgh Zol FA 2|72} sodiun malate BEA 7ol
A A&7} gol, REF = UehtA] gtgkrh

A7\ o] AIULE, HiEH BRe] FA e Zkigen], ndHal log
1.50CFU/ml FEe) sl Uehiz, A4de FASES SAsiic. Tgds] AE2aE
dstol, SarEst Tmel AR TIHE Urhl: sodiun mlate 158 HEHoz Hrlsirz
ARsden, AFLE TY 10T ste] Agsirlz AR

a5
9.0 4% X
853
god 7

754

Log CFULMI

Log CFUImI
R T
R A -

7.04

65

GO

0 7142128 60 an 120 150 210 0 7142128 60 an 120 180 210
Storage period{days) Storage periodidays)

@ (b)

Log CFRUMI

6.5 4

6.0

(©
Fig, 31. Effect of different storage period for different material concentration on viable cell
density of mixed microbials.
(@): Lactobacillus palantarum, (b) Saccharomyces cereviase, (c):Bacillus sutilis, @: 0%, O: 1%, W: 2%, A:
3%, W: 4%, [: 5%
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2. 44x 734 AF
7t A3y

(1) A4
A2, ML, EEE QUS HUE(5,0000)%0, EelH RAllcake)tt 43t
o,

(2) 534=w3H

=88 ZA lgo SHAREIAHZE FHRY casein(10, 20, 30%), peptone(10, 20, 30%),
corn starch(10, 20, 30%), skim milk(10, 20, 30%), soluble starch{10, 20, 30%),
trypone(10, 20, 30%), yeast extract(10, 20, 30%) Hz}si¢g o, Una:= A5 A7s
o HFFAI 10go] HA Zg3ty, FA e} 7Rt AEE YL81%TE Fid, A REdeep
frezer& ©|&3%te] -80CE Fsle] 147 FHAF o, nidegAs 247 FHAA, 142
SAAZ AA WUE AES WF4E FF0 BAAZRIAZ ALY =Y Bre 33
stdth

B FHAZEIZIA Y FEF FUA7]7] $13 B A7l whE HEE dEsisnh {4
% Pediococcus acidolactic® skim milk 20%, Lactobacillus plantarum® skim milk 30%,
Saccahomyces cereviase= skim milk 30%, Bacillus sutilis™= corn starch 20%5 7]&2%
3%, arabinose(l, 5%), dextrin(l, 5%), fructose(l, 5%), galactose (1, 5%), glucose(l,
5%), lactose(l, 5%), maltose(l, 5%), mannose(l, 5%), sucrose{l, 5%), trehalose(l, 5%},
monosodium glutamate(l, 5%)&] 7142 =& | AE3tgc)

BAAZRIAL TS B7] 8, 14 AURCT, F2E 22 Bshstel, FAE,
BEE deep frezer§ o]&3te] -80T=E Fuiste] 2d FZAAZRLn, pdas 44T §
AAIA, 247 FEA= AHTL 7 FHo We A4TE FH59 U2 FAHE, FEA=
Foll FEE(%)S AsHArTL

. d7d3

e EL] F7EEE Y FHEUARE A E dAE 45 ARAFEHN AFs= W
Holn, tifEe nAEE ZFoz 7] BEY 4 e el EYUA, A%,
. BAE TolA FERUARY FAEE AE 5 Ude U FEAX AFA dAY &S
o} B MESo] W2 FHE nAA HER nE dA 9 AESE HUH &Y 5 3
o] @ 3T, SEAREB I H (cryoprotectant agents)= AEFof njA&= 713 $8%
zlolA|xt, BB Ae] Y2 n[AFe FF, THA=, A=RAT Fol oz} vi=H, Ay
=8 Fiel ulEtM e ESA7L AES IS nEe,E Qo] E3A AY A @ F9

= op

© r
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7 Wi,
(1) §2t(Lactic acid bacteria)

(1) Pediococcus acidolactic

1Ixpdze] Ee2|3t /fL&AFF Z el Pediococcus acidolactic BBG-L1(P.A):=
Lactobacillus plantarume} TS el fAtd2oE, FEHAZR A tE ZHz7l o4atEe,
Pediococcus acidolactic BBG-L1oj St A AZ R FAHF eFstact

Pediococcus acidolactic BBG-L1(P.A)2] EZAZR S$HAHF HAHE37] &3], FHIEE A}
£ FZEUAZEZA Hole] wE P.AS AES(%) HI= Fig, 320048} o], skim milk
20%A] 2] F(no. 12) 71.01, skim milk 30%3]2]F(no. 13) 69.13, yeast extract 30%3]2]F(no.
22) 55,07, skim milk 10%3* 8]3t(no. 11) 21.31 £2 2 L}EIG SN, skim milk 20%3A 28|17}
FA 2] (no. 1) 4.40] H]3] 66.61 52 TEA=EIFIAE Lehfdcr}. H7AE FE2A=
HE= skim nilk HE|F71 ofE H7lEA PRt 4534 wudern, ©E AR F
yeast extract 30%3 2]1ut BRI F 27} A LIEFUT) yeast extract?] 3 zlitako] 30xE. T}
B B AT skin nilk 20, A )29} M4 EAE Ushd OE AT, 3
Aol WA Gt F7AUEL BHA] 712 shith ol9h ol skim milk 20xA =] ol M P.AS]
SAAZRIIAA TR AePol wsl B Uthl, FHEE 48U SAAZUIAE
skim milk 20%= A A stgch.

Q0
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70 1
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g 601 .'f E
g 50 - i \ |
) 1 !
2 a0 i ]
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20 - ; i {
= i i !
10 1 e 2B / 1 A
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Fig. 32. Effect of cryoprotectant agents on viable cell density of Pediococcus acidolactic BBG-L1.

1: control, 2: casein 10%, 3: casein 20%, 4: casein 30%, 5: peptone 10%, 6: peptone 20%, 7: peptone
30%, 8:corn starch 10%, 9: corn starch 20%, 10: corn starch 30%, 11: skim milk 10%, 12: skim milk
20%, 13: skim milk 30%, 14: soluble starch 10%, 15: soluble starch 20%, 16: soluble starch 30%, 17:

trypone 10%, 18: trypone 20%, 19: trypone 30%, 20: yeast extract 10%, 21: yeast extract 20%, 22:
yeast extract 30%.
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Pediococcus acidelactic BBG-L1(P.A)2] FZA AR T A o] B2H 7 wE P.AY HES
(%) HI}= Fig., 330A¢} o], skim milk 20% + maltose 5%(no. 16)A] 2] 76.28, skim
milk 20% + maltose 1%(no, 15)A 2] 62.18, skim milk 20% + lactose 5%(no. 14) 62,82,
skim milk 20% + monosodium glutamate 5%(no. 24)3* 2]+ 52.56 =23 L}Elylic}.

Skim milk 20% + maltose 5%*2|F(no. 16, 76.28%), F*2]3t(no. 1, 0.45%), skim milk
20%(no. 2, 33.34%)%} v|235}% S wl, Skim milk 20% + maltose 5%A|2] 72 SEARXREIH
7t EA Urtdch, #7AE FAAZRTFIE maltose A7t ohE HAMEAEF R
Lokon, TIE A2|F £ lactose?] 2|72} monosodium glutamateA] 2] 72 BIF 7 A
e, o] we A7) o]FojRof ¥ Ao g TuiEr) o|#} o] skim milk 20% + maltose
5%A 8] Lo P.AS] EEAZRIFII} T2 Ao w3 A Ueh), RRYE2 ALY
SHAZRB T A= maltose 5% HA SO, Pediococcus acidolactic BBG-L1&] HZEA=R
A], skim milk 20% + maltose 5%3 ZZZAXRIAE FAAsIgTh
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1234567 8 9101112131415161718192021 222324

Fig. 33. Effect of different cryoprotectant agents on viable cell density of Pediococcus acidolactic
BBG-L1.

1: control, 2: corn starch 20%+, 3: 2+arabinose 1%, 4: 2+arabinose 5%, 5: 2+dextrin 1%, 6: 2+dexirin
5%, 7. 2+fructose 1%, 8: 2+fructose 5%, 9: 2+galactose 1%, 10: 2+galactose 5%, 11: 2+glucose 1%, 12:
2+glucose 5%, 13: 2+lactose 1%, 14: 2+lactose 5%, 15: 2+maltose 1%, 16: 2+maltose 5%, 17
2+mannose 1%, 18: 2+mannose 5%, 19: 2+sucrose 1%, 20: 2+sucrose 5%, 21: 2+trehalose 1%, 22:
2+trehalose 5%, 23: 2+monosodium glutamate 1%, 24: 2+monosodium glutamate 5%.
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(2) Lactobacillus plantarum

Lactobacillus plantarum BBG-L30(L.P)2] SZ AR 3 AF AHA3317] €3, FHL&E A}
% THAREFA Hlo] uwlE L.PY BEE&(%) W3 Fig. 34oAM 8} o,
30%* 2] F+(no, 13) 66,97, casein 30%3* 2]4t(no. 4) 57.58,

skim milk

skim milk 20%* g|Ft(no. 12)
30.09, yeast extract 30%A 2]F(no. 22) 27.58 £2.2 e}t O, skim milk 30%3 2|17}

FA g t(no. 1) 0.001e] ®I3} 66.978] ¥ FHARRIGINE Uehiigich. H7HAE 52
AzBEH N skim milk A2|F71 ©fE F7IEA g FRu oo, T©E AT F
casein, yeast extract AE|#7} BEEEM7} A Leludt). o|&} o] skim milk 30%3* 2]+

o4 L.P2 FHEAXREIFZ2IL TRE Ao w3l &4 Ueht, FHEE ARE FZU=
H I A= skim milk 302 AASIEC)
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Fig. 34. Effect of cryoprotectant agents on viable cell density of Lactobacillus plantarum
BBG-1.30.

1. control, 2: casein 10%6, 3. casein 2095, 4 casein 30%, 5. peptone 10%, 6. peptone 20%, 7. peptone
30%, Bicorn starch 1096, 9: corn starch 209, 10: corn starch 30%, 11: skim milk 10%, 12: skim milk
209%, 13: skim milk 30%, 14: soluble starch 1025, 15: soluble starch 20%, 16: soluble starch 30%, 17:

trypone 10%, 18: trypone 20%, 19: trypone 30%, 20 veast extract 109, 21: yeast extract 20%, 22:
veast extract 30%.

Lactobacillus plantarum BBG-L30(L.P)2] FAAZR T A8 RZA7IA wE L.PY A=
S(%) HEE= Fig. 3504 &} o], skim milk 30% + glucose 5%(no. 12)* 8]5% 76.67, skim
milk 30% + glucose 1%(no. 11)&2]F 62.67 L2 L}E}Y}C].

Skim milk 30% + glucose 5%A 2]-F(no. 12, 76.67%), FA2|F(no. 1, 0.007%), skim milk

20%(no. 2, 18.75%)¢} u]23}9lS w], Skim milk 30% + glucose 5xA 2|28 SAARERITH
B2t A Vel BAAE SEARRRIGE glucose A g 77t tE AZEANELEL B

i



oter, tT}E A2|F+ 2 maltose, mannose, galactoseX |2l B3 F 37 A e, o
W2 dF7} o] FojAof & Zog sictHr), o[} o] skim milk 30% + glucose 5%A] 2|0
A L.P2] SHAZRBIZTHI TIE AT v3] A Ueht, R2Y8T ¥ FHA=Z
BRI A= glucose 5%% AAF}9 .2, Lactobacillus plantarum BBG-L30{L.P)&] HdAZ 4],
skim milk 30% + glucose 5%5 FAARRTAE ZAstgrc)
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Fig. 35. Effect of different cryoprotectant agents on viable cell density of Lactobacillus plantarum

BBG-L30.

1: control, 2. corn starch 20%+, 3: 2+arabinose 1%, 4. 2+arabinose 5%, 5: 2+dextrin 1%, 6 2+dextrin
5%, T: Z2Hfructose 1%, 8: Z2+fructose 5%, 9: 2+galactose 1%, 10: 2+galaciose 5%, 11: Z+glucose 1%, 12:
Z+glucose 5%, 13: 2Hactose 1%, 14: Z+lactose 5%, 15: 2+maltose 1%, 16: 2+maltose 5%, 17 2+mannose
1%, 18: 2+mannose 5%, 19 Z2+sucrose 1%, 20 Z+sucrose 5%, 21 Z+rehalose 1%, 22: 2+irehalose 5%,

23: 2+monosodium glutamate 1%, 24: 2+monosodium glutamate 5%.
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(3) B2

Sacchomyce cereviase BBG-Y6(S.C)2] T AZ A F AAHs17] 23], FHIEE A&
ZHAZRBRTA H7lo) whE 5.2 ¥EE(%) W= Fig, 36048} To|, skim milk 30%3 €]
TF(no. 13) 78.84, yeast extract 30%3|2|F(no. 22) 62.18, skim milk 20%3* 2] F(no. 12)
58.33, yeast extract 20%* 2]3t(no. 21) 48.72 £2= V}JE}WOH, skim milk 20%3A 28| t7}
FA 2] F(no. 1) 11.840] H]3) 50.34 &2 THZAZRITHINE Yeliddch H7AE FZ24
ZB 3= skim milk, yeast extract A g|t7} BRI FZ7 A Vet o[&) Zo] skim
nilk 30%X 2ol A 5.c8) BAAZRBTAs} chEAS Tl 8] ¥ Uk}, Zuas A}
£ ZAAZRIAL skin milk 30¥2 ZFstgch
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Fig. 36. Fffect of cryoprotectant agents on viable cell density of Sacchomiyces cereviase BBG-Y6.

1: control, 2: casein 10%, 3: casein 20%, 4: casein 30%, 5: peptone 10%, 6: peptone 20%, 7: peptone
30%, 8:corn starch 10%, 9: corn starch 20%, 10: corn starch 30%, 11: skim milk 10%, 12: skim milk
20%, 13: skim milk 30%, 14: soluble starch 10%, 15: soluble starch 20%, 16: soluble starch 30%, 17:

trypone 10%, 18: trypone 20%, 19: trypone 30%, 20: yeast extract 10%, 21: yeast extract 20%, 22
yeast extract 30%.

Sacchomyces cereviase BBG-Y6(S.C)2] FTZAAZRIA L HZH7Ao] uwlE S5.C8 HA&EE
(%) HEE= Fig. 379M & o], skim milk 30% + galactose 1%(no. 9)A @]t 78.16, skim
milk 30% + glucose 1%(no. 11)A] 2] 74.71, skim milk 30% + monosodium glutamate 5%(no.
24)X 8] 70.11 €22 JEldTh

Skim milk 30% + galactose 1%*8)3%(no. 9, 78.16%), F-A&]F(no. 1, 5.52%), skim milk
20%(no. 2, 27.70%)%} v]Z3}¢lS uwl, Skim milk 30% + galactose 1%* 2|18 FHAAZRRE
7 A vERc #AoAE SR ARRET F2H= galactose, glucose, monosodium
glutamate® 2|77} T2 AZIEA272Rct A velydct o]} o] skim milk 30% +
galactose 1xA 8| LofA S.C8 SZARRTIHEINI T2 Ao v|3] &4 Lvel}, R=ERY
2T ALY ZHARBIAL galactose 1%E ZFAIGLH, Sacchomyces cereviase
BBG-Y6(S.C)8] ZHAZA], skim milk 30% + galactose 1%5 FAAZBIAE FASIAC}
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Fig. 37. Effect of different cryoprotectant agents on viable cell density of Sacchomyces cereviase

BBG-Y6.

1: control, 2: corn starch 20%+, 3: 2+arabinose 1%, 4: 2+arabinose 5%, 5: 2+dextrin 1%, 6: 2+dextrin
5%, 7: 2+fructose 1%, 8: 2+fructose 5%, 9: 2+galactose 1%, 10: 2+galactose 5%, 11: 2+glucose 1%, 12:
2+glucose 5%, 13: 2+lactose 1%, 14: 2+lactose 5%, 15: 2+maltose 1%, 16: 2+maltose 5%, 17:
2+mannose 1%, 18: 2+mannose 5%, 19: 2+sucrose 1%, 20: 2+sucrose 5%, 21: 2+trehalose 1%, 22:

2+trehalose 5%, 23: 2+monosodium glutamate 1%, 24: 2+monosodium glutamate 5%.
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o} updE A

Bacillus sutilis BBG-B20(B.S)2] HFAAR A F H# 3817 93, FHERE ALY &
AAZBFT A #7lo] u}= B.S2 HE8&(%) W3 Fig. 38048} Zo], corn starch 20%3] 2|
TF(no. 9) 84.13, skim milk 20%* 2] F(no. 12) 78.57, yeast extract 20%*]2|F(no. 24)
76.98, £2.F U}E}Wte ], corn starch 20%3 2] 37} FA 2] F(no. 1) 15.8809] H|3] 68.25 =
< FZAZRIIIAE VR o]g} o] corn starch 20%A 2[Fef4 B.S8] FZEAZE
ozt e Aol ui3] =A Uel}, FHEE AL FHAZRHIAE corn starch
2062 ZAStET)
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Fig. 38. Effect of cryoprotectant agents on viable cell density of Bacillus sutitis BBG-B20.

1: control, 2: casein 10%, 3: casein 20%, 4: casein 30%, 5: peptone 10%, 6: peptone 20%, 7: peptone
30%, 8:corn starch 10%, 9: corn starch 20%, 10: corn starch 30%, 11: skim milk 10%, 12: skim milk
20%, 13: skim milk 30%, 14: soluble starch 10%, 15: soluble starch 20%, 16: soluble starch 30%, 17:
soybean flour 10%, 18: soybean flour 20%, 19: soybean flour 30%, 20: trypone 10%, 21: trypone 20%,
22: trypone 30%, 23: yeast extract 10%, 24: yeast extract 20%, 25: yeast extract 30%.

Bacillus sutilis BBG-B20(B.S)8] TZHAZR T A4 REZA7Ao] wlE B.S2 AE&E(%) ¥
3}= Fig. 399 A&} Zo], corn starch 20% + maltose 5%(no. 16)A 8] 76.74, skim milk
20% + galactose 5%(no. 10)A 2] 71.95 L. L}E}yic].

Skim milk 20% + maltose 5%*|8]L(no. 16, 76.74%), F-A2]L(no. 1, 3.02%), skim milk
20%(no. 2, 23.80%)%} v]Z3}¢lS uwl, Skim milk 20% + maltose 5%A| 2|78 FAARRIER
7t A uetkddct, JA7AME FZEAREA = maltose, galactose A E[F-7} TIE HIIEA
g2 R &A LEldCt o8} o] skim milk 20% + maltose 5%A 2]FLof4 B.S2] FHIAZR
Fa2A7T crEA e v]3] A veh}, EXUEE AMEY FAAZEIAE naltose %5
275194 O ™, Bacillus sutilis BBG-B20(B.S)2] BZZAZRA], skim milk 20% + maltose 5%5
FAAZRTAE FFP3McL
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Fig. 39. Effect of different cryoprotectant agents on viable cell density of Bacillus sutilis BBG-B20.
1: control, 2: corn starch 20%(+), 3: 2+arabinose 1%, 4: 2+arabinose 5%, 5: 2+dextrin 1%, 6: 2+dextrin
5%, 7: 2+fructose 1%, 8: 2+fructose 5%, 9: 2+galactose 1%, 10: 2+galactose 5%, 11: 2+glucose 1%, 12:
2+glucose 5%, 13: 2+lactose 1%, 14: 2+lactose 5%, 15: 2+maltose 1%, 16: 2+maltose 5%, 17
2+mannose 1%, 18: 2+mannose 5%, 19: 2+sucrose 1%, 20: 2+sucrose 5%, 21: 2+trehalose 1%, 22:
2+trehalose 5%, 23: 2+moncsodium glutamate 1%, 24: 2+monosodium glutamate 5%.
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Al 3 4. E3ds a4A A
1. ¥RFFay

A FREF AU

(1) Amylase 4 wj=] =74

2.0% soluble starch #7}3} Luria Bertani Broth(LB Broth)agar WjA|E ZA|s}& e, 35T
oM 2427t F¢ wjYRt Fof, Gram’'s iodined HAE A ST TH Faigo] e
¥, "olmd 2H F9lol FH(Clear zone)o] T FEELS MLt

(2) Protease &4 ujjx] =
0.5% skim milk 2 7}%t Nutrient agarBiA]|E ZA|3lg.on, 35To|A 24117t St ufjokst F
of 22 F9lol FHR(Clear zone)o] T FRES Musirt

(3) Cellulase &4 vjR] =4

0.5% carboxymethyl cellulose® ¥§-3t Nutrient Broth agarol] HZsto] 37TolA ularstel
Cl wjgH FEQ replica plateE RHEI 24A|7F F4F wiFEt Fof, 0.2%(w/v) Congo red
€Ho2 gA3lgloen] IM NaClZ2 AT Fol Uehte =3t FB#(halo)o] & #F5&
kst el

(4) Xylanase &4 x| 2A

0.5% oat spelt xylan(sigma)E %¥-7-3} Nutrient Broth agare] Z&35}3 37ColA 24r 7t =
Qt ujYRY Fofl, 0.2%(w/v) Congo red &Jo 8 HAstgom EHF(Clear zone)o| T FF
g Husian

¢

ﬂl[ﬂ
i

5) Mannanase 3/d uvjz] 24
0.5% locust bean gum (sigma)ZE ¥-8-3} Nutrient Broth agare] HESI3Z 37TollA 2447
ol vfjer3t Fof, 0.2%(w/v) Congo red &Moo g HMFlg o FHH(Clear zone)o] & T+
FE& Ausigrh
UE BEJRFAAE ALstr] g3, 7] Fed vidEs 3F 40F, fad 4085, TR 10
%, BBol(Aspergillus &, Rhizopus & F) 30%8] #F& FRAAY FF=2 o]&sisrt. o
FH AUAFE o] &Flo] amylase Y] H8o] 2 FFE Bacillus & acillus sutilis
BBG-B20, Bacillus amyloliquefaciens BBG-BS, Aspergillus < Aspergillus oryzae BBG-Al0,

—

Aspergillus niger BBG-A152& #1135} o, protease, cellulase, xylanase, mannanase?2]
HafH] 22E #FE3tgchTable 1).
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Table 6. Enzymatic acitivities of isolated microbials.

amylase protease cellulase Xylanase mannanase
BBG NO
{mm) (mm) (mm) (mm) (mm)
B5 16 14 10 10 10
B20 11 13 20 20 20
Al0 14 8
Al5 12 0 0 0 0

L}, a-Amylase +H] #F A

FRFFEZ MWE Bacillus sutilis BBG-B20, Bacillus amyloliquefaciens BBG-B5,
Aspergillus oryzae BBG-A10, Aspergillus niger BBG-A15E LB broth&} PDB brothe] #3Z3}o
35Tol 24hr A B F3le] 1.0x10°cfu/nld] =7} HES FH3le], 27w 100go] 5% HF
3tgrt. L EFHEL udYo $ES 40% 233} plant growth chambero] 30T, &&= 90%,
3UZt WESt a-amylase E4FIGiT]

Amylase #A2 0.1M sodium acetate buffer £+5829oJ(pH4.8)0] 1.0% soluble starchd
9l & 0.5 L& 7|AE o]&slHT H[AEL] wof A2 0.5 ulE FAOE Hrlsle] 37C
oAl 30 HES-AIFHTE o] o] AAMHEH FTHFe] §HRF2 3,5-dinitrosalicylic acid(DNS)¥rH
(20)2.2 540mmollA FAsIolem, 2 AFo)AM EL BFL 1 unitE 1 & 1 1mol?]
glucoseE AJ4lste A Ao T Hostgrh

3 Hz}, Aspergillus oryzae BBG-A10:= 349unit/g, Aspergillus niger BBG-Al5:=
297unit/g, Bacillus amyloliquefaciens BBG-BS:= 174unit/g, Bacillus sutilis BBG-B20=
156unit/g2.2 U}ElL}, HEFHOE H|Fos B2|8t Aspergillus oryzae BBG-A102.2 AHA s}
gchFig. 40).

400 4
350 4 T
300

250 o -|-

200 H

150 T

100 4

aAmdase activity{unit'y)

50

0

Fig. 40. Effect of different microbials enzyme production.

A.Q:  Aspergifius oryzae BBG-A10, AN:. Aspergillus niger BBG-Alb, B.A! Bacillus
amyloliguefaciens BEG-B5, B.S! Bacillus sutilis BBG-BZ0.
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2. dFYE HIH=A

7Zh dadwe] A

UHHE MES 95t &8, 429y, 52, n)7Z; 100g9]| Aspergillus oryzae BBG-A105
A (1. 0x107cfu/ml)Bte], 5% HF3tA oM, QTS HdMe] $EE 40% ZHINS
plant growth chambere] 30T, &% 90%, 37} WH3}lo] a-amylase £4]35}4ich.

O d3, SEL 174unit/g, A2WIEE 174unit/g, Ti5FE 174unit/g, |72 174unit/g=
velten, Ayt 174unit/gE 713 A Uel}, UE Fddss LAwugE ZAAsdr)
(Fig. 41),

250

200 .|_

150 o

100 o

a-Amyase activity(unit/g)
_|

50

0 T T T T
Corn grits Wheat bran Soybean meal Rice bran

Fig. 41. Effect of different materials enzyme production.

U uudze A3 =24
UE FYEE MY 2¥el T A A UL SES ERsiel, aaEulel Ay

Hl&-2 2z} 4wy 100%, A9y 70%, A9y 508, Auy] 20% AWy = A Hstach
23} utE S E 100g0] Aspergillus oryzae BBG-A10S A wjok(1.0x10°cfu/ml)5le], 5%% HZF
sldon, &% n|dWo] TELZ 40 ZXA5}od plant growth chambero] 30T, S%
90%, 33U 7l WH Sl a-amylase =45} THTable 7).

Table 7. Mixing ration of raw materials.

No Wheat bran Corn grits
(%)
1 100 0]
2 70 20
3 50 1510
4 20 30
5 0] 100

= LD



2 Azb, 291 100% A= 183unit/g, 2T¥] 70% AP 222unit/g, AT 50%
Ag]F+= 163unit/g, A¥ 20% A 2] 138unit/g, £9¥ 0% 103unit/go 2 UElLTE £
8| o] 50%olt FREE AHe|FeA s a-amylase "/do] A EE ZeE Urigon,
A y] 100% A 2]FRTE, Ay 70% A 2|12 a-amylase o] o &A UEht HFFH
FHER AY 70%, S 30%=2 AR SATHFig, 42).

250 q

200

150 o

100 o

a-Amlase adivity(unit/g)

50

1 2 3 4 5
Materials

Fig. 42. Effect of different mixed materials enzyme production.
Show table 6.

3. % HH=xA
7. Bdakd i 248454

TABENo] Y AriESE 32} 0, 10, 50, 90%E Al g LEHE 100g0]
Aspergillus oryzae BBG-A10S A w]ek(1,0x107cfu/ml )5}, 5%¥ HEslgon, QE3E
HdHeof +2& 40 £33} plant growth chambero]] 30T, 3UZt U E 5 a-amylase =4
stk

2 Az, ANgx 0% ANz unit/g, 10¥ AT 92unit/g, 50% Azt
162unit/g, 90% A ]Gt 214unit/ge 2 UElYT) Atlgx #gke] 0, 10, 50% A g|oA&
a-amylase #’go] FAFe ZoT vEidon, ol ArigErsl W Az|FolA plant
growth chamber?} &5& 237] 93] €%0] chambergleE Folo =y, 94X o= ¢l wE
Az71 dojut a7} A2 HA] o2 Zo= gictHct. o2} o] 90% A2|Le| a-amylase
o] tiE A FErt &4 Vel 2 EFHU HUigEs 902 A SHHUTHFig. 43).
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250 1

200 H

150 o

100 o

a Amylase activiby(unit/s)

50 o

0 10 50 90
Relative humidity(%6)

Fig. 43. Effect of relative humidityon enzyme production.

Y% goldd wE H48Y5Y

FAFu]o] HEF g Wi Ho|F A=} 2.5, 5 10, 15cn® Eg 0] (15%20cm) &7]o A]
#slarct. Z3 wWHEYPS o) Aspergillus oryzae BBG-ALOE & w)oF(1. 0x107cfu/ml )5led, 5%
Azsldon, +HES 40T ZA 5} plant growth chamberol] 30T, &% 90%, 3Y7t wWHE s}
o a-amylase 45ttt

I Az}, 2.5cm AHglFE 223unit/g, 5S5cm A g F= 193unit/g, 10cm A 2] F=199unit/g,
15cm A 2| 136unit/g® UEldT). 982 Hol7l 71 2 2.5cm A 77t HAEAo]
713 w3kew, 5, 10cm AE|F= & Alo|rp LA dgtey, Wawo[7l 15em A g]FolA=
T4/ 71F Holx= ZeZ Ui}, tiFUE A WEEe|& 15cn R|FteE  Slojof &
ZAox wetdrt, Aol 71 A U Al 2,5cwelul, tiRPEE 4] 2, 5cn® thF
Wi solle Aild U AN 5o 2ASo] HYSHA dol, HFFHLE LHH0|E 10cnE
AR5 THFig. 44).

300

250

200 T T

150 o T

100 o

a-Amylase activib(unit/g)

50 o

25 50 10.0 15.0
Height(cm)

Fig. 44. Effect of different height on enzyme production.
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. fEol BE FLUASEY

FaBulo] AR Yh L5 %7 ¢l 20, 25, 30, 35, 40, 45, 50CA¥shgdch =
Rt# g1 R o] Aspergilius oryzae BEG-AL0E & W]9¥(1.0x10'cfu/ml)sled, 5%%) FEsigon,
+5& 40 ZA5le] plant growth chambero] 30T, &% 90%, WHipo] 10cm(tray,
15%20cm), 3Y 7t LA S} a-amylase 24 51HTl.

2 4z}, 20C ANglFE= 62.3unit/g, 25T AT 129.3unit/g, 30T HgFE:
171.3unit/g, 35T A= 171.7unit/g, 40T AP+ 48.3unit/g, 45T Hz|F+=
11.6unit/g, 50T A7 11.6unit/gE UEldTh LELE7l 40T ololAE 238 2
224 20, 26C WA JElgtsd, ol A2olAM= Aspergillus oryzae BBG-A109] F-2lo] 3t
A 2 Ao Holm, 20, 25T $2E%E7F 30, 35T Ael7Xct 8 ZAZo]
2to[7} Yeh= Z2s atetdr}. T4¥4do] 7P A W2 Azl 30, BTE Yt o
FUH Al 30-35C RAIFH= Ao] HAT AoE uiviyn], HFHOE 2J] 22t 0T A
2|2 AASIATHFig. 45).

200 4

180 T T
160

140 A

120

100

a0

a-Amylase activity(unit'a)

40

20 A

gl 1 1 11 1] L1 |7

T
20 25 30 35 40 45 a0

Temperature(c)

Fig., 40, Effect of different temperature on enzyme production,

. REvFE FF Tl oS TLEYSA

EaIv o] FHYT 45 AFFE R7] 48, T LHARe| Aspergillus oryzae BBG-A10
& A k(1. 0x107cfu/ml )8, 1, 5, 15, 25, 50 »% FEsiHon, $E& HAFHOF 40%
ZA¥lo] plant growth chambere] 30T, &= 90%, LA o] 10cm(tray, 15%20cm), 347+
# 3} a-amylase H4J5}¢C}.

= B2 =



3 A3, 1% A2]F 167.7unit/g, 5% A 2|74 202.7unit/g, 15% A 2[3-= 316.7unit/g,
25% X 8] 276, Tunit/g, 50% A )= 253.0unit/g2 UIElRITh 1-15% A E|F= FR232
F7tel uwizl v F oz FTLHAo FSIHL), 25-50% FEH2 15% HF Az|FHr) ¢
Al Vel}, Aspergillus oryzae BBG-A102] FHZE3F2 X|E£3 o T 15%F HAAJ|IFTHFig. 46),

350 1
300
250
200

150 o

aAmylase activin( %6

100 o

50

T T T T
1 5 15 25 50
Inoculation volume(%s)

Fig. 46. Effect of inoculation volume on enzyme production.

u}. Cocultures] wlE HAYUHEA

WUFEFALA 2 T2 FSF71E $sl, Aspergillus oryzae BBG-A108]o|| Bacillus
amyloliquefaciens BBG-B5(LB, 35, 24hr), Saccahromyces cerivisae BBG-Y6(PDB broth, 3
0°C, 24hr), Pediococcus dextrincus BBG-L45(MRS broth, 37C, 24hr)E A |t
(1,010 cfu/ml ) 5to] X235} o1, Aspergillus oryzae BBG-Al0 15%5 7| EZF o8 FHAZF3|o
Table 83} Z& 2o 7 AH3IELL 2L 2 EH o T 40 233} plant growth chamber
of 30C, % 90%, Wi o] 10cm(tray, 15%20cm)ef 3Y 2t U H S} a-amylase =2 S}%H )

Table 8. Mixing ration of microbials.

Bacillus amyloliquefaciens ~ Saccahromyces cerivisae  Pediococcus dextrincus

No BBG-BS BBG-Y6 EBG-145
(%)
1 0 0 0
2 1 0 0
3 0 1 0
4 0 0 1
o 1 1 1
6 1 1 0
7 1 0 1
3 0 1 1
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2 "3, 1(FAE)Y Al 236unit/g, 298] AHEFTE  244unit/g, 39 A
24lunit/g, 58] A 2[5 246unit/g, 62] A 2| 245unit/g, 78] AT 244unit/g, 8
2] A= 23%unit/gR UElWTh 18] FA 2ol wE]  1x EIF LRI A2
a-amylase EAEAlo] AJ TR o= Aoz vleh}, 2 E£3 0% Aspergillus oryzae BBG-A10
15%¢j], Bacillus amyloliquefaciens BBG-B5 1%, Saccahromyces cerivisae BBG-Y6 1%,
Pediococcus dextrincus BBG-L45 1% %] R 7lsle Z% wUFE A7 vhH & HAASI¢tHFig.
47).

300
250 1r T - T * T
200
150 1

100 o

a-Amviase activity(unit/g)

50

0

1 2 3 4 5 6 7 a8

Fig. 47. Effect of microbial coculture on enzyme production.

sh BrAY A7l] WE EABHEA

A2 F7le] wE a-amylase XATPL] WIHE K] fJ3], APH LR o]fo] 7t
28 &, corn starch, glucose, molasses, sucroseS Z} 2% #7185l AJ¥sleict, =23 uHd
g18o] A wjek(1.0x10°cfu/ml)3t  Aspergillus oryzae BBG-Al10 15%,  Bacillus
amyloliquefaciens BBG-BS 1%, Saccahromyces cerivisae BBG-Y6 1%, Pediococcus dextrincus
BBG-145 1% % AESIT T8 2 EHOT 40 235} plant growth chambero] 30T,
&5 90%, UHA o] 10cm(tray, 15%20cm), 3Y LHEI UFES a-amylase E4 5]

3 A, BAe3E UHEEL 303.7unit/g, corn starch X7 LYEELS 302.3unit/g,
glucose A g7 WA EL 292 7unit/g, molasses A |-+ UXELE 269.0unit/g, sucrose] ]
T UEEL 277 Tunit/gR UBhhith RE Bad 2% A7ke TATel vs) 2714 ook
o, 23|38 YU(molasses) AT ALBAgo] o= BF¥Po] LiER}, BrbH 2% F7}
HFAOR vhAUS 7SR AU Ao AFAUrHFig. 48).
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350 1

300

250

200 -

150 o

a Amylase activiby(unit/s)

100 o

50 o

T T T T T
Control Corn starch  Molasses Glucose Sucrose

Carbon sources

Fig. 48. Effect of carbon sources on enzyme production.
Al A4 Q Bl i E HAHEAPEA

g4 Ao WE a-amylase HAFJ2] WIS B7| 43, UYHLR o]go] 7t
28 2, peptone, yeast extract, malt extract, beef extractE Z} 2% M 7}sto] A|EsIe
. &3 wxdze] A vfok(1.0x10'cfu/ml )8t Aspergillus oryzae BBG-ALQ 15%, Bacillus
amyloligquefaciens BBG-BS 1%, Saccahromyces cerivisae BBG-Y6 1%, Pediococcus dextrincus
BBG-145 1% 4] FF3gch +8& T2 40 273l plant growth chambers] 30T,
£ 5 90%, UFH o] 10cm(tray, 15%20cm), 3Y UE3I WX ELE a-amylase E4 5L

3 A, FAZF UFTELE 345 3unit/g, peptone A |7 WEEE 346.0unit/g, yeast
extract X g WA EL 344. 7unit/g, malt extract A a|F UEEL 342 3unit/g, beef
extract A2l7 VELEE 313 7unit/g2 Ushgith. 2E dad 2 Azke FAT]
71812l Yoter, 23]8 beef extract X EAF/Jo] ol ZA¥ol Ueh}, HEF
Hog AAHL VIR 4= Ao ARSATHFig 49).

400

350 - = = -

300

250

200

150 4

aAmylase activity(Unit/g)

100 o

50 1

T T T T T
Control Peptone Yeast extract Malt extract Beef extract

Nitrogen source

Fig. 49. Effect of nitrogen sources on enzyme production.
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of. e F=lol 2%t FLBUYTKY

HE FAol| ulE a-amylase ELHG 2] HEE B7] ¢3], APEL7|o] &7]o &2 €8
§ I3l 121T, 1lhe FASIECTL SRR 482 FASER] 42 8o d wjg
(1.0><107cfu/m1)§l' Aspergillus oryzae BBG-Al0 15%, Bacillus amyloligquefaciens BBG-BDH 1%,
Saccahromyces cerivisae BBG-Y6 1%, Pediococcus dextrincus BBG-L45 1% %] FEslgct 5
2L ¥E3H o7 40% 2S5} plant growth chambere] 30C, % 90%, UHFEEo| 10cm(tray,
15%20cm), 3Y WHI UFTES ag-amylase T4 3}g ).

3 A, F2B1A] ¢S UFEL 346, 0unit/g, FEAEE UEFE-S 332, 3unit/g= LIERGITE
FABHA] b2 AElrt FAT A FET 4L A LEh, HFFHeE FABH 4= W
oz AAFsIHrHFig. 50).

400 -

300 A

200

aAmlase activity(unit/g)

100 o

T
Raw steamed

Materials

Fig. 50. Effect of materials by steamed on enzyme production.

b g do] o E FARYSHY

EAPulo] AYY YAAZS 2] A, T YAESC] A wji(l.0x10cfu/nl ) §E
Aspergillus oryzae BBG-Al0Q 15%, Bacillus amyloliquefaciens BBG-Bb 1%, Saccahromyces
cerivisae BBG-Y6 1%, Pediococcus dextrincus BBG-L45 1% & A Z3Flgcl. 58S FTFoR
40% Z A5} plant growth chambero] 30C, €% 90%, ¥ o] 10cm(tray, 15x%20cm), 24,
48, 72, 96, 120, 144, 168hrse] W H &t UFES a-amylase £ FFgic].

I AZ}, 24hrs LBHEEL 107.3unit/g, 48hrs LHEL 195.3unit/g, 72hrs UHAEL
414. 3unit/g, 96hrs WHE-L 416.7unit/g, 120hrs UHEL 414 3unit/g, 144hrs WHEL
334 6unit/g, 168hrs WHEEL 282.6unit/gE LIEIGICE 24-72hrs?] WHELS WFA|ZY F
7lol wiz} vl os TAFPo] Zrstglen, 72-120hre] WHEL wlF A 7ho] ZAISINE
a-amylase EAT ol & S XA Wgiv). 144-168hr YHE-L LHA|ZH] F713e]
TAaFgo] fadte], UYAATZE HFHOE 7T2hrsE AASIGCHFig. 51).
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Pl il =T .

400 A
=)
=
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=)
= ]
:‘i 300 T
a
©
i
E 200 A
W

100 o

0 T T T T T T T T
0 24 43 iz 96 120 144 168

Fermentation time(hrs)

Fig. 5l1. Effect of different fermentation time on enzyme production,

3. dzexd WE FABIEY

UE7 Sy AFEEL AXAF7] 33, UEE 100sL 5T, 40T, 45ToAl, 1, 2, 347t
AR5 HAo] T4 HEE PASIHr]. a-amylase L EA5lgen, controlE
10022 5}o] residual activity(%)E A ats}aict,

Fig. 52042} Zo] 35C(@) AT 100-100%, 40C(0) AT 100—-96.7%, 55T
(W) A& 100—-71.0%, 60C(A) H 2T 100—83%, 65T(HM) H a7t 100-39% L}E}
Wth 35 T AT AR7% 58 G48g0] WoR|A] ¢gter, 40T AT A=A
B¢ 17% HolF Tl 45T A& AR 5 ZFA oA, AFE AR 4], ARXREE
7} 45T o]48 =71 EHY AAEAHS FAA ZaFEe ZISE givkFe], AR L &
A%d Wyl g 35TE ZAA s

100 4 = -

90 4

80 4

70 o

60 o

Resiclial adtivty%4)

50 o

40 o

20

0 2‘4 4‘8 7‘2
Holding time(hrs)
Fig. 52. Effect of different dryving temperature on enzyme production.
@®: 35T, O: 40T, ¥: 45T.

=TT —



4. BETAA pi, SEAPYZA

7} pH <+FA

WUEF A pHol cfdt ¢t d ZANE AR f13], UEFE 10ge] FF+ 90nl& 7%
¥ pH 4, 5 6, 7, 85 wio], Ao 4|7 T WA F, a-amylase TP E43g
o, control& 100%% 3}o] residual activity(%)E AAls}arc).

3 Az}, pH 4 Ae]t= 16.7%, pH b A g7 92.7%, pH 6 A= 91.6%, pH 7 A gF=
93.3, pH 8 Azl 88.7%%= UElMCL. Fig. 130]A8} o] pH 4 A FoAe A0
FA3HA dolA|Ll, pH 5-7A 2] ol ¢HE A Ze R eyl

100
90
80
70
60
50

40

Resiclia activity(29

30

20

Fig. 53. The effect of pH on stability of fermentation products.

. 2% o3y

UEFAAL %o izt ¢tAA A5 AAFEHZ] ¢3)], 2EE 1008 2% 45, 50, 55,
60, 65, 70CE o], 1, 2, 3, 4, 5417t F¢t YX§t F, a-amylase B S F45lgon,
control-S 100%E 3}od residual activity(%)E A4t cl.

Fig. 54%A &} Zo] 45C(@) A& 100-98.7%, 50C(0O) AE|F= 100—96.7%, 55C
(W) A= 100-71.0%, 60CT(A) AE = 100-55.3%, 65T (H) A T 100-0%, 70T
(O AElFtE 100—>0%2 UElKThL 45 T A& 5AI B¢ ZLEAG0] AL Holx|A] ¢
otem, 50C AE|FE 5412 F¢ 3.3% HolFrh 55Tl AEFoAM =7t LetdTH
v o2 Fago] oAl FALoE IO, 65T of4 A FedA FH3tA "HolHA,
HERF oL}, o]F Alo] F2dlof & Z oz IctHc]
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100 o

20 o

60 o

40 o

Resiclidl activity%6

20 o

0 1 2 3 i 5
Holding time(hrs)
Fig. 54. The effect of temperature on stability of fermentation producis.
®: 457, O: 50T, w: 55T, & 60T, W 65T, [ 707TC.
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5. Scale-up(500kg)2] UH A=XF LA L] 54

7}. Scale-upe] W& WH W AX 54

Scale-up& $]5}od, Z3} Wi ¢S 500kge] A wo¥(1.0x10'cfu/ml ) ¥t Aspergillus oryzae
BBG-A10 15%, Bacillus amyleoliquefaciens BBG-Bb 1%, Saccahromyces cerivisae BBG-Y6 1%,
Pediococcus dextrincus BBG-L45 1% % HEslgr]l, TE2& FFFHLE 40% 2AS|o, wWEA
(room) HHHo] H2EH 7}F57]1& o| &3] % 90%, 30T, UH o] 10cm(tray, 30x50cm) 2
o= WUE sigrch UE A1, 2, 3, 4, 54)3, 35ToA 33U dF AR (drying)Tt WE
=29 a-amylase £33}

AlFE A4 9 UFUEE #sle] UES 500kg] Scale-up AEE AASIHTE In vitro
Aol HF2ASR YL ae] o] Nsigonm, I Az, 2hrs LHES
168.3(invitro Alg Az}, 107.3)unit/g, 48hrs WHEEL  391.7(invitro ABAI,
195.3)unit/g, T72hrs WEESL 573.3(invitro AE A3}, 414.3)unit/g, 96hrs UFT S
574. T(invitro M8A2}, 416, 7T)unit/g, 120hrs WHEESL 574.7(invitro AEAZ},
414, 3)unit/g, ARE(drying)> 573, 4(invitro A A2}, 416.7)unit/g2 LfE}NTH

Scale-up W& F°|, invitro AHAIKT} a-amylase #/ido] &A Yejgton, U EL] A
Z 3 T2 ZLYAYLS Holx]A] Yo}, AFAate] €¥ Y o= Hichr],

a-Amylase adivity(Lnit/g)

T T T T T T
0 24 48 72 96 120 Drying
Fermentation timed{hrs)

Fig. 55. Effect of scale-up on enzyme production.
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U wsAzasAe] AR

Scale-up¥t UFE AZFAH 2] a-amylase, protease, cellulase, mannanase, xXylanase?] &
AHAHE BAM3lE O, yeast, lactic acid bacteria <€, bacillus &2 A5 ZFH5}o
AEFEE mhefstaz} st

(1) Protease 22uhy
ProteaseTreFS R A[5}7] €I51o] 1A]ZF WR|8E AJ& & 3,000 rpmojlA] 15=7 Y4l =28t
5 0.2 ym microfilter& AM U2 AAAG ZFLNO0Z AR3FI%TE pH 7.0 =F§
1.0% casein®e] 3 mlE 37CoA odste FA o 1 nlF HFIE F 30ToA 1027 kg
A)ZIT}h, utgA)F] o) 0.4 M TCARY 5 mlE 7}8te] 37CeolA 3087 wRA7 ¥ A8 d&
3,000 rpmoj|A 1587 (A2 2 0.2 um microfilterS AA HAIZATE oYY 2 mlof 0.4
M NazCO3 5 m18} folinA]®} 1 mlE Y3l TRA] 37TolA 3027 WA A)71 ¥ 660 nmol A &%
§ FAslocrt. FELYO T L L-tyrosined ARSI Fo] U3 FHTAlole FEIMS
#’é‘%‘l F 13 ZMof wiel A 852 proteaseHE lunitE 7]& 1 ol F A H tyrosine?] n
g YoF Aistdnt

(2) Cellulase EAupy

Na-carboxymethyl celulase (Na-(MCase)?] AT DNS o AzphHo =z FHAIIHT]
(Miler &, 1960). &, ZF5of ¢l 1.0% CMC 60 pl, 20 mM citrate-NaOH bufer (pH 4.5)
250 ple}t 2FAC 10 pl, FFT 50 plE ZYUSIL 45ToA 1A HESA|Z Fof
Na-carboxymethyl celulose(Na-CMC)e 2H e F2|H glucose §3fZ DNS 3ot Agkiow
550mmo| A EFFIIHTHMiler &, 1960), FA2] VAT 1.0 units 98] ZAS|oA 15 Fet
Na-CMCEHE] 1 umol®] glucosed] AFSsH= Hplivts MASH= FH 4o ofo g AH2lsigc].

(3) Xylanase &4y

Xylanase?] ¥4 E X 3, 5-dinitrosalicylic acid (DNS) 2PH& A}&3} oat spelt xylan®
SHE #9 wlose YFE FPst] Bajstact. £ AT A48T FABHEIS AV

£ urggoe =FLA 500 1LY} 1% oat spelt xylan29 500 L A Z3sle] 50T
Al 307 HEEAITL ¥, DNS &9 1 wl& HIIR ¥ FE S50 AEAE BHH FHAIFIEHA
5EZF UMAF F Z2F4 10 aLF H7I3}2 540 oA FHFEF FF s Y=2ELe 2F
4 500 wLet FF5 500 WE I{ste] A=Y FUSHA sHFstATh. ZLEAY
international unit (IU):= 127t 1 1mol8] xylosed] AE3H= F[(AYST WASE= H429] 9
o= Fstgrh.

Qe =
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(4) Mannanase =Auhy

Mannanase?] AT 3, 5-dinitrosalicylic acid (DNS) ®HE& A}23}9 Locust bean
gun(sigma) 2 2HE FE]¥ mannose TFE FHdl FM3HTE 2 AT AHEH T4
F3& 9%t B2F NEEYL 2H 49 500 1L} 1% locust bean gum§e) 500 WLE A EF}
Blo] 37TellA 3020 WA F, DNS €9 1 g H7IRE ¥ F= % A@#E €A
FHAFIEA 5EZ U F FFH4 10 wbE F7ISIA 540 oM FFEE FH AT
H2E2 2FE L 500 1L} FF 500 L& 2Bl AEe} FAsA +Y3iuct L
) 1 international unit (IU):= 187F 1 1mol?] xyloseo] AF&3l:= HHEE FAMdE= H4

2] o= Hostyich

Table 982} Z'o] a-amylase 573.4 unit/g, protease 146,3 unit/g, cellulase 153,6 unit/g,
xylanase 122.7 unit/g, mannanase 58.0 unit/g?] H4AFAdo] LEIGOH, a-amylase ©]&]e]
T  protease, cellulase, xylanase, mannanase?} <FH|[¥Eo] B|HEBEC}IYHF nonstarch
polysaccharides) A ¥& <41}, protease 4A3F o] ELE F= Hitg 4o BEAS 772
olth. XEZF Table 103} o] w4 Log 6.14CFU/g, EE Log 6.25CFU/g, F4bd Log
7.23CFU/g= e}, AlSof =ltfEo] =)= A (HlAl#]4 Log 6.00 cfu/g, A X Log 6.00
cfu/g, b Log 6.00 cfu/g)e] HAe=2} v|xsHA UEikten, B3EL 33} oo
A=A e 71t 4 Qlo], 71Fel Fo A] £& Zo=® IctHr)

Table 9. Enzymatic acitivity of products.

amylase protease cellulase xylanase mannanase

unit/g 573.4+4.0 146.3%£2.9 163.7%£5.1 122.7+2.5 58.0%£2.0

Table 10. Viable cell density of products.

Bacillus sp. Yeast sp. Lactic acid bacteria

log CFU/g 6.140.05 6.25+0.03 7.2310.09

= I RR



6. ¥rAX aLA9 A AT AN E

7t AEEy

(1) AE5E € AEEA

Atz W dEARAE H7E7 AAtA L] Al Aol nRe F¥E A5t $sl, 255
H Isa brown 4IgHA] 320& 5 2], 44HE, g © 1654 A A8l 8F I AlFAHE 4
21stgct. 712AREE Seg-uFt $158] 7|RALE(Con: basal diet)E ARS-3tgrh. 4tgh
A Aato]] HYUZ A|E HFIMAIE AEES FH7] 9I5td, o] o] AR A, Z|RAlR U
AR TAAE 0.5%% FA7IE AALY] AAIEE, BALY] BAIE-E, CAMY CAEF, U&7z &
AAE FA71E DAEFE STt

(2) APA= 2 A

AEAIRE S44-t]54 ¢ AlE24 2,904kcal ME/Kg, 15.45% CP, 0.70% lysine,
3.25% Ca, 0.61% PE #8352 slgcHTable 11). A|BAIEE 715 el atehsst A Z&
agsle] AT F& Foslden, 2 AFFTIE &3 AFEo HE + UEF
stgint. 3 BE AT 172 3o] EH =& 2Hstg)

Table 11. Ingredients and chemical composition of the diets.

Ingredient (%6)
Yellow corn 504
Soybean meal 187
Wheat grain 10.0
Com gluten meal 2.00
Wheat bran 5.00
Animal fat 440
Limestone 750
Tricalcium phosphate, 18% 1.40
Salt 0.30
DL-Methionine, 5094 0.10
Vitamin mixture” 0.10
Mmineral mixture” 0.10
Chmical compositionm

ME(kcal/g) 2,904
Crude protein{%) 15.00
Lysine(%) 0.80
Methionine(96) 0.32
Calcium{%¢) 3.25
Phosphorus{%5) 0.61

UProvide per g of deit: witamin A, 12,500IU; wvitamin D3, 2,500IU, wvitamin E, 10.0mg; vitamin
Ks, 2.0mg; vitaminB,, 1.0mg; vitaminBj;, 5.0mg; vitaminBg, 1.0mg: vitaminBiz, 15.0mg; folic acid,
500mg; niacin, 35,000mg; Ca—pantothenate, 10,000mg and biotin 50mg.

? Provide per g of deit: Mn, 80mg; Zn, 60mg; I, 1.5mg; Cu, 25.0mg; Fe, 40mg; CO, 1.5mg, and
SE, 0.15mg. ¥ Caculated values.
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i} A

% 872 AE71Z T ARE d G2 £FHSI =27 A iwkEE =Allg
on, AR HAF2 4F D9 ARBFE FHY U2 ABEZIFS %’-ﬂ]i}&ik] &3}
gth diRtgS Aes B IEE I3 AMdsliden, ARHHTE ARIFLeE Ur
o] 22 7E&E& =&3Hdrh

(1) 1-472be] B344

25-2878 (1-4%)8] AFS7]7t Bt ARMAR(g)S CAEl 77} 115,182 718 WA UE B
A7 108,745} 6. 44g T Wol HAstel, 7% Ee HAEE Ushizno), AzeTg3l
HZstel B, CHEF ARRFEE 2.0182, 71 ELHOE L} DA F7H1.937) R}
T&Holx Rajgich. ols} o] ARLTIEL DHETN0] % BEHOE Urigon, &
E Az 37} BA TR 2&Fo Uiy, DAeTe wEAZ FaA sl o A=
Az w317} gk

b (%) AA |71 96.55(DA 2|7, 95.82)%, 713 WA U2 FEAg|TET} 2,56 A
vgten, 2E ANe|37t FA TR Agh&o] A viEl, DAY UEAZ FaH H
7tell 2%t sterE&e] F 1EAI dTh

U3(g)e DA 6LITR, 7HF WA Lk BN Tuc) 2.65 AURKOH, B Nel 78
AT BE e Fold, FATEC UFol &7 Ueht, DAl wEAZ BaA A7t
o g% dgel F7iETst Adch

dxtgtare DA 2|77} 58,942, 7} WA UL FA2|RRET} 4.86 EAUSoH,
2|27} BEajg| R} datstato] A Leh), DAty WEAZR FAA Hro] 2§t g)‘._}
gsre] F71EArt gl

olet o] DAL WAAZ Z2A HIL Aol 26-30FF H AlRIAL] gabge] Aehg
371 A=dE B3, IE57h LAty 371 237t Uelkeh (Table 12).

(2) 5-85t2] B4

29-327%(5-8F)8] AM{7|Tt T ABRAH T (8)2 AM |71 110242 71 WA 2 B
A 2|7 107.481E Tt 2.76g O Weol Hsl, 71 2 YHEE vy, AueFEH
Hla sty Eul, AXE| AlRR4E&2 1977, 71 E&FHOE 12 DAZ|FIH1.934) )
FEAolA] Eslgr}. o|g} o] AR TES DA a|L7te] 7 FL&FoF Leltoen, BA
g5 #HY3t BE A7 BAFEL &3 o F e}, DAY UEAR FAA

- 174 -



H7tel 2% A= Y FZ347) s

ke (%)L Ax |27} 93. 80(Di-] 2|7, 93.78)2, 71F 9A 2 BAE|FECTE 3.04 BAY
Heon, ﬁi g5 AL BE A7 FA2[FRT} igh&e] A UEeht, DA i
BA= TAA H7l AT ‘_i:lgA Z7ta37t Yt
WH5(g)2 BA 2|7} 60.56(DA 2], 60.44)2=, 717 WA U2 cAeFRTt 0.25 BAU
om, A, C AFE AT, B, DANFolo, FAFEC tFo| A UEht, DAF
o] UFA=Z FLA Hrle] T *Fe] FrIEAA Lok

%J‘_ o A% @77t 55.89(D el T, 5.8, 7HF A e BASFEC 3.93 AU
o, B,C He7E ALY A, D HelTst RAPEct dateiel ¥A Ueht, DAIF

91 YEAZ BaA Artel o8 YuRFY F74EAA dgich
o9} go| DNe| T WaAZ B

#7} Aol 29-32%% © AAY Aol g
37} Aeaz B 93EL 9uue 3

].
7} 37} vlEelytc}. (Table 12).
(3) 1-857t2] B2ty

25-322%(1-8%)8] AMS7|7H Beb AZHAT(g)S AN T 118,162 7% WA UL B
A2l 108.165T 10.06g T Wol Hastol, 71 &S 4A&e Urhiglou, AHza7e
#} p|2E Eufl, AXE]F AR FEL 1.954F, 13 H&FHoF L2 DA E|F7ZH1.892) K
o BgHolx Baigth olg} ol ARRTFEE DA FTo] AE BEFOE Uehgton,
RE AeFs} EARRT &Y 02 UER), DA BEAZ TaA Uslel out A
=37 537} ddoh.

HUEME A BN TS ONA T, UL, AT WA L PACITAG 2.2 &
Avgton], RE A7st RAe TR Aekgo] A Ushi, DT BEAZ TaA
H7lol &g Aleke) FAHEAS Yo

UF(@)e DA 61182, 71 sl Lhe BN e TRTH 2.09 BAUKON, B Hel7E
A, A, C, DAITolN FAITRC UFol ¥ Ueht, DATY wEdZ oA 2
el 2% B3 F7kEAT} ek,

Grtetal2 DAJE| 7L 57.91% 71 WA v FAFEC 3.71 sAUYen, BE A

F7F RA 2R datztao] A U}, DAE|FY wWEAZE FAA Hrle] 23t datst
Fel F7EA7L Qlslch
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ol ol DNFY WEAZ Baa| A7 Aol 25-327F H AL Pl VB
37 AREW B3, 9F3EVL QUVY 37 I Ushaon, AELE WYL Ut
A B, C Al AFERT), DA WEAZ BoA7} AeiAs Yudel TG ki
= Zlo 2 UElt] (Table 12),

Table 12. Effect of different fermentaion enzyme products on performance of laying

hen,
1-4 Weeks
Treatment Feed intake(g) Egg Egg weight(g) Egg mass FCRY
production(%)
Control 110.23 93.99 59.28° 54.08° 2.090
A 113.44 96.55 59.73" 57.96* 1.969
B 108.74 95.69 58.72" 55.32" 2.068
C 115.18 96.31 59.73" 53.0% 2.018
D 111.22 95,82 61.37° 58.94° 1.937
P-value 0.20 0.40 0.01 0.01 0.40
4-8 Weeks
Treatment infale(fjg) prodigtigon(%) WeiEggli(g) Egg mass FCR"
Control 108.03 91.48 60.31 54.44 1.986
A 110.24 93.55 59.85 55.89 1.977
B 107.48 90.76 60.56 51.96 2.080
C 107.84 93.80 59.39 54,35 1.987
D 107.83 93.78 60.44 55.84 1.934
P-value 0.84 0.41 0.82 0.33 0.43
1-8 Weeks
Treatment infale(fjg) prodigtigon(%) WeiEggli(g) Egg mass rep?
Control 109.13 92.76 59.51° 54.20° 2.015
A 118.18 95.08 59.87" 57.27° 1.954
B 108.10 93.27 59,09 54,23 1.985
C 111.60 95.08 59.66° 56.83% 1.964
D 109.57 94.82 61.18"° 57.91° 1.892
P-value 0.37 0.35 0.01 0.01 0.21

1 g u
) Feed conversion ratio
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= S

Az F4 FF L 25t F 854 AIY7IL F 4, 8Fo] AFEE 3071 AE ¢
2 A, o]g3lo ZtZe JEAE FP3Art. IHABEE YAZEZFFII(QC-SPA, TSS,
K)E A183tden, z5F7: FHK(Fujibara Co, LID., Japan)Z& ©]&3le &3 slgon,
T, Wi, IeRUAAE)ZN BN EE EE FFP7](QM:, TSS, K)F ©]831e]
3 sttt

(1) 1-45202] &4

25-28FF (1-4F) 8] AM57] Fe YZPA2 DAJE| 7} 24,998, FA2|FHr} 0.82 32
W, A, C Hel7E AAY B, DAl TE FAGPRT w0 Ueht, DY wEAZ B2
Al A7kl 1% Wzt F7hEAT Yok

3 (mn)= DA E[F7} 8.99%2, FAE|FHCT} 0.21 &3k3ten, C AHLE AT A, B,
DA 2| 2= BExEl2Re}t &4 UERY, Do) UEAR F43 Ayl o3 Uwiae] &y}
F37} Qlgch

IR AN (DA 2] 93.71)7F 93.83%, FAZ|FHC} 0.99%3eH, C HFE A
2%t A, B, DA E|= FA SRt ¥A UEhd, DAE]Fe WEAZR TaA] HIle 2% 2
TR F7EA} dddch

1&%&1& CA el 77} 6.36(DA & T 6.24)%, EAlFuc} 0,05 ¥3ton, B, DE A A
cAE 7 BAlzl7Rc &A Ueh}, DA UEAZ G4A Brjo] T I8 27}
8317} vehgA sk

A (g/en’) s B2 T7HDA ST 4.33) 4,730 RAFECE 0.40 w3kom, DA
g%, A, B, CAElFE PAeTET B2 Usht, DA 2e EAZ ZaA At
¢ WA= FhEa} kA dgieh

G2 A (em) = Ai‘lﬂl:l’-F’HDi’]El:l’- 0.33) 0.352% FA2|FHC} 0.01 E3ten, B, C, DA
78 AU ANFE FAelTRC B2 Ushd, DAY wEAZ TaA WA o
QAR B e st

ol#} o] DA 2| T URA=E FAA 7L Ao 26-30FF H AIRtAY HEH 22
7t one] FtES, TERW S7HEATL UEbkitH(Table 13).
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(2) 5-852] =4

29-32F-(4-85)8] AM&7|7 5 AL DAE|t7} 25.702, FAE]FRTL 0,57 &4t
o, AXZFE AR B, C, DA FAFHET A Uel, DAze UREA= &
A H7tel 23 G F7tEI AT

Vol 31 (mm )= DA 2|7} 8.782, FEA2|LRET) 0.39 Hgkgteny, A, D Aa|LE A& §l B,
CA 2| F+= FA TR BA Ul DA2[Fe] URA=Z F4A F7le] 23 e F71
E37F JehA] itk

Feeve pajE| (DA E]F 89.45)7} 91,628, FAe|LRCt 0,749k, A, C, D HE
T& AT BA 2= FAFREC A UEld, DAY WEAZR F4AH Hrlo] &t
§Rue] F7EIT Vel gttt

Uge. DA | 5,578, FAeg|RT} 0,07 o, A B, C& A DHEF= F
2| FRT A4 Ve, DAl HEAR H4AH Hrlo] o8t vy e Z71E 37 9l

W2t S (kg/en’) = DA 2| 4.830.2 BAa|FHCE 0,04 Hekor, A, B, CHa1E 9
g DAE[F= A RET A Uehl, DAE[Fe] UEAZR FLA Mt % G
77 it

L=
-

AT (cn) DT 0.3002 EAel2RTH0.04 Eow, BE AelFst RAeFuc
w7 Ueht, DA el GEAZ FaA Aolel % WA F7tEAA gt

o]} Zro] DA e[2] LFAZ FAA HIl Alej 29-32F3 H AstA L] JEAL 25-28F
o Ao Y2ty uem 3e{Y Frraet &, e, e, uzbge,  zbeA
Z71735 vehjgdtH(Table 13).

(3) 1-852te] JEA

25-32FF (1-8F) 2] A1S717F F9F G2HAE DA 2|F7) 25,142, BA g FHT} 0,74 &3ke
o, A, BA2|FE A|&g C, DAEFE= FAg|FXETt A el DAZF LREAX A
A H7te]l 2%t 2t F71E 7T elgiTh

W3 (mn)= DA 27} 8.81%, FA2|FRTL 0.12 E3hgten, ¢ A+& A #¥ B, C,
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DA 2| 2= RExe|2Re} &4 Ve, DAjEte] UEAR F43 Ayl o3 Uwae] &)
EF37} qlgdch

Begue A BN T(DAZT 92.82)7} 92,992, EA7RC} 0,6059LeH, C A TE
Aol A, B, DAEFE BATRT) A Ui, DAElF wEAZ HLA Wrle] oy
zogue) 2737 Y4t

UYL CHT 6.15(DX 2T 6.10)2, FAelTuCt 0.02 #3kom, A DE HAWB, C
AT FAYPEC & ek, DAY wEAZ BAA Al 48 UBYe] F7}
B3h7}h velA] et

WZHZE (kg/en’) e BAE| T 4.73(DA 2| 4.68) 0% AR} 0.30 e, =
Bl FAEFET £A4 vshd, DAele] wEAR Fa4A Hrle ¥t dAAE FI1E
#71 At

G2 () RE M 77t 03302 RA TR} 0.01 gotom, BE A2l BA
FBT} BA B, DA Fe MEAZ Ba Aol &t WAFA FAEAI sl

oj¢} Lo] DA 2|8 WEAZE F4A Hr} Alo 25-325FHH kgAY JFEILS BN T

o ulsl, Yz, i, IeRY, A=, dAFA FARAE LEhde], AAetAe] A
shgmat ohjel WED F3ols 27tEAE LehigTH Table 13).
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Table 13. Effect of two different fermentaion enzyme products on egg quality of

laying hen.
1-4 Weeks
E hell
Ep spa | CUPURT |k bggali' ) Epg shell thick
she a realin she ickness
Treatment &8 height ug Yolk color £ £&
color unit strenth (cm)
(mm) 2
(kg/cm®)
Control 24,17 8.78 92.84 6.31 4.33 0.34
A 23.98 8.93 93.83 6.32 4.48 0.35
B 24,06 3.80 93.34 6.15 4,73 0.34
C 24.36 3.66 92.44 6.36 4.bb 0.34
D 24.99 3.99 93.71 6.24 4.33 0.33
P-value 0.38 0.34 0.59 0.14 0.09 0.20
1-8 Weeks
E hell
o il | PR | bggali' ) Egg shell thick
she a reakin she ickness
Treatment B8 height ug Yolk color = b5
color unit strenth (cm)
(mm) 2
(kg/cm®)
Control 24.40 3.69 92.39 6.13 4.43 0.32
A 24,18 8.78 92.99 6.14 4.53 0.33
B 24.31 8.74 92.99 5.97 4,73 0.33
C 24.56 3.49 91.48 6.15 4.60 0.33
D 25h.14 3.81 92.82 6.10 4.68 0.33
P-value 0.34 0.28 0.39 0.31 0.12 0.42
4-83 Weeks
E hell
Ep spa | CUPURT |k bggali' ) Epg shell thick
she a realin she ickness
Treatment &8 height ug Yolk color £ £&
color unit strenth (cm)
(mm) 2
(kg/cm”)
Control 2h.23 8.39 90.83 b5.60 4.79 0.26°
A 24.93 8.17 39.73 5.43 4,74 0.27¢
B 25.30 8.52 91.62 5.27 471 0.29"
C 587 8.78 87.71 5.33 4.30 0.29"
D 2b.70 3.12 39,45 b.b7 4.83 0.30°
P-value 0.97 0.29 0.33 0.72 0.17 0.01
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AE U HEAZAE B SAY AP WAL G AT Aol 193
Cobb *gote] 32048 5X2], 4MHE, W & 165 4 WA st] 572 AYURS AAIsch
AYABE NRC AFFEE(1994)0] 2ASt] DA olux P FUsHA Wt on,
SARI0-37)8 SAFI(4-57) A2 o] Aottt ¥ A2 T A= Fo|
7 W g9 JleE nEPE SAsHl aAstden, Azs B AR AN 2 AR 2
4 AJZITHTabel 14),

A il AWY AW AARE 7] Asted, o] Aol AYHA, VAR YE
BAAE 0598 AR ANS AXYT, BAe] BAEF, CAY OB, WEAZ B
271 DART, RAYTE APstdon, APANLY APTE(0-3, 3-5, 0-5) B
3} A% W ARMATE st AV AR2 7S T4

2
A=
AE
HZ

Table 14. Ingredients and chemical composition of the diets.

Ingredient(%) Starter Finisher
Yellow corn 53.29 61.65
Soybean meal 33.91 27.88
Comn gluten meal 4.01 4.00
Soybean oil 473 3.06
Lirnestone 2.60 2.88
Tricalcium phosphate 2.00 1.31
Salt B B B 025 B B B 025
DL-Methionine o 02T 007
Lysm—HCl S B B 001 B B B 005
Vitamin-mineral mixture” 080 050
Total 100.0 100.0
Chemical value®

Me, kcal/kg 3,100 3,100
Crude Protein, % 22.0 20.0
Methionine, % 0.50 0.38
Lysine, % 1.10 1.00
Ca, % 1.00 1.00
Available P, % 0.45 0.35

Y Vitamin-mineral mixture provide the follown nutrients per g of deit:

vitamin A, 15,000IU; witamin D3, 1,500IU, vitamin E, 20.0IU, wvitamin K; 0.70mg; vitaminBis,
0.02mg; niacin, 22.5mg; thiamin, 5.0mg; folic acid, 0.70mg; pyridoxin, 1.2mg: riboflavin, Smg
pantothenic acid, 25mg; choline chloride, 175mg; Mn, 60mg; Zn, 45mg; I, 1.25mg; Cu, 10.0mg;

2 Caculated wvalues,
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(1) 271(0-3531)2] SAF, ASHHAF, AEL+E

Z7) 0-337re] A A2 DA e| 894.73g, AR 2] 876.01g, CA &)L 875.68g, BA|
2] 875.20g, FA|E]T 843.77g ¢« o= UEN}, DA|IHURAZR FaF)e] 717 &4 G
Efirt,

27) A3k DAJg|Fel 851,78z, AXE|SL 833.17g, CA|2]5- 832.80g, BA&|5- 832.31g,
FA 2] 800.83g o= LERY, DAE|IHUEAZR FaA)o| 71 A Lelddct

27) AlgAd2jsre  DpAE|L 1233.728, AME| T 1215.05g, CHE|F 1214.57g, BAE|F
1120, 70g, T | 1176.47g =22 L}elL}, DA g|7to] 713 =A Velutt).

o} Zro] %7] FAF, ABEHIF, AIRRFES DA ZIHEIFPLEE LA )] 71 FA
Lelgteon, 2E AE|F7t g2 Bop $A4 Ueht, dRBAIE HIT Ao, &AL 7] A4
Ao A5kg nx= AoF I CTHTable 15),

(2) ¥71(4-552)28] AT, AEHHT. ARa L.

7] 4-5F7te] A EE 2L DA 2| F 2026.69g, CA2]F 2008.49g, BA 2]F 2006. 20g,
AX ] 2001.71g, F-A 8|5 1921.71g £ = e}, DA e|#te] 71F A Lepudc).

F7] FA 7S CA 2|3+ 1132.81g, DA2|F 1131.96g, BA =] 1131.01g, A =2]F 1125,69,
AT 1077.94g £02 Ueht, cHel77te] A% A el

27 AlEMdz|are ANe2|E 1967.43g, BA 2| 1959.11g, DA 2|7 1941.66g, CAZ]F
1991,47g, FH g 1913.72g =22 e}, Ade|7to] 713 =A Vel

X7 AR T2 DA BT 1.706, AXE|F 1.745, CA 2] 1.754, BA 2|4 1.762, F3*|g
T 1.775 22 el DA F70] A% A UEhdTh olaizle] ¥7] 4-577¢) 21872
5o DRI} Mol 71 BT, CAERT Aol wow, A AVILI ARYH Bl
FYTh BE RN AFE FAL, AdiTel UzFuc F& FAS v,
ARLTFEE HA EE APFelN tiZTET MY EIE B4 gD, 5ol DAET
A 7hE Ge AR 27&E Uthidrh olst Zo SAY WEALR H7} Alel, &AL £
Habdo] Q¥E nAE Zow TerHTHTable 15),
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Table 15. Effects of fermentation enzyme products on the growth performance in
Broiler Chicks.

Weeks 0-3
P-value
Treatment Control A B C D
Body
) . 343.77 376.01 375.02 375.68 304.73 0.51
weight(g/bird)
Body weight
] } 300.83 333.17 332.31 332.30 351.78 0.51
gain(g/bird)
Feed
) ) 1176.47 1215.05 1120.70 1214.57 1233.72 0.67
intake{g/bird)
Feed conversion
i 1.470 1.458 1.455 1.459 1.448 0.73
rate(feed/gain)
Weeks 4-5
P-value
Treatment Control A B G D
Body
. . 1921.17 2001.71 2006.20 2008.49 2026.69 0.23
weight(g/bird)
Body weight
) ) 1077.94 1125.69 1131.01 1132.81 1131.96 0.99
gain(g/bird)
Feed
) ) 1913.72 1967.43 1059.11 1991.47 1941.66 1.00
intake{g/bird)
Feed conversion
) 1.775 1.745 1.762 1.754 1.706 0.28
rate(feed/gain)
Weeks 0-5
P-value
Treatment Control A B C D
Body
) . 1921.71 2001.71 2006.20 2008.49 2026.69 0.93
weight(g/bird)
Body weight
1878.77 1953.86 1963.31 1965.61 1983.74 0.93
gain(g/bird)
Feed
) ) 3090.19 3132.48 3169.48 2026.04 3175.58 0.99
intake{g/bird)
Feed conversion
) 1.642 1.622 1.617 1.632 1.6000 0.96
rate(feed/gain)
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(3) SA(0-553)2] FAF, ARHAF, AELAE.

SA 0-5F%Y A|EPE AF2 DAe|F 2026,69g, CA e[ 200849z, BAE|+
2006, 20g, AR 2] 2001.71g, FA 2|3 1921.71g 2.5 e}, DA g|t7to] 713 A el
sttt

AH 7)7Fe] ZA=k2 DA|E|¢ 1983.74g, CA]8|5- 1965.61g, BA 2|7 1963.31g, AAN |
1958.86, A2 1878.77g =02 LlelL}, DA g|F7to] 7} &A LlelC)

A 7|7+ A}EAM 2|22 AN 2] 3182.48g, DA g|L 3175.38g, BA |- 3169.8lg, CHE|
= 3026.04g, F-AE]7- 3090.19g o= Lehl, Axe|F3Ite] 713 &A LiEluT

A 7|12t AEae+&2 DAEF 1.600, BAE|L 1.617, AME]F 1.622, CAeF
1.632, FA 2T 1.642 £2= veht, DAe]Fzto] 713 $A Uelulch

572 A2l AF, FAY, ARTE FuolA DNET(UEAZ BaA)7t $A
B Yol 73 A Ushen, BE AT zTut & A3E Ushiol, 2
BARE A7 Fd A, $AY ANAE Eoli Ao urhuth olst Wo] SAY WA
£ A7} Alol, $A2) Pdel P& WAL o= VHUCHTable 15),

. 3 ndE A3A

AY FEdo] Ne7E 548 Qo2 AFste] NP Dol sends) HASE st &
T+(total bacterial count:TBC)3} E.coliS 37ToA 24A]2F w[eFs}lgl:, Lactic acid
bacteriat= 37TellA] 4842t wjfgt F, £AE HUSIAL logE FAMsle] A AT

AlFAIE F5F F AL SiIEEd M U FYFEHE AFFY Meckel's
diverticulinZ e g 5cm A3t 4%t M) & n|AE (TBC)-L BA2]F log 2.33CFU/g, D
8]+ log 2.03CFU/g, BA2|F log 1.67CFU/g, AXE]++ log 1.63CFU/g, CHe|F log
1.58CFU/g 2.3 U}elL}, BA 2]Fzto] 24314 A VElWtTh.

E.colit= DA|2]F log 1.83CFU/g, BA 2| log 1.77CFU/g, AX2]F log 1.72CFU/g, CAE]F

log 1.21CFUsg, BA g log 0.26CFU/g 402 L}ERL}, DA E|E7te] 2481A &A Uelkte
o, BAz77] MY WA vehsith
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Lactic acid bacteria2 AA2]|F log 2.10CFU/g, BAX2]3t log 2,10CFU/g, DA 2] log
2.07CFU/g, T 2|7 log 1.72CFU/g, CAE|L log 1.63CFU/g &5 Ueh}, cxaltzte] 7}
% WA ekt A B C A2 vt £&4 FEF Uehiden, Z451A4 FAFEr]
LA VelyitH Tabel 186).

Table 16. Effects of fermentation enzyme products on the cecal microflora in broiler chicks.

Control A B C D P-value
TBC
1.67° 1.63° 2.33° 1.58° 2.03% 0.01
(Log CFU/g)
E.coli
€0 0.26° 1.79% 177 121° 183 0.02

(Log CFU/g)

Lactic acid
bacteria 1.72° 2.10° 2.10° 1.63° 2.07° 0.01

(Log CFU/g)
%> Means in the same row with different superscripts differ significantly(P<0.05)

o, 4% BAL £A

278 ARIRES Mo} 9] Alole] WHE SI sIRMEEE Yzl wge] FYRE &
Fog sl YLEL AASI 2R 2Asigon, 24 NI 24 SV Lol
g0 2 WASIER, A%e] T fAe svhiel a3 wae] FYRolA Send 23] ske]
EAE 2Fsll m2 BASHL)

(1) £7%82 ¥A

HE3 AFFAL ¥ LS FEAeL 16.90, AN 16,71, BA )T 17.83, CA T|-716.42,
DA 2] 15.672, BXCIZHAC0D EA2 ol ME £FFAY v Eo] Bidgse
X =R ZABIE e, AFo| 7R we] Lizhk= D, € Ae3et AF 2FFA vEo] 7
Astgort, tiE FH|polA HHAHALE LEhx] el AWl ¢l ZoE wiwidc
(Table 17).

- 185 -



Table 17. Effects of fermentation enzyme products on relative body weight and
small intestine weight in broiler chicks(g).

Control A B C D P-value

Body weight/small
) ) ) 16.20 16.71 17.83 16.42 15.67 0.43
intestine weight

(2) 3132 5A

Ao FA= BAIEF 0.22, tl+ 0.21, AABFE 0.20, CAIEF 0.20, DA|EF 0.192
Ueith, BAIEY A 7P 2A uEhkith AE3 £2F5A L] v&Y I3 vasiedE
o, #F3} £F3FA v&L o] F BT WY FAM FAL FHE Ushiddx, AFH
AF5A v&2] Zho] AL AP AL FAS o B¥E UEhgich(Table 18),

Table 18. Effects of fermentation enzyme products on small intestine in broiler

chicks(g).

Control A B 5] D P-value

small intestine thickness 0.21 0.20 0.22 0.20 0.192 0.73

ol2} Zo] JAE &Y 57 AAL MF, FAY, AERLTE PUnd=E, £ F
Ast FAe s3] =ABlGen, O A3 ISR RESolZ A, B, C, D AJEF S,
DAET HEAZ TAATE A A Fel 7 FA4 Ui, A A A dRdAx
FA4A 0.5% HIIst ARESH JAE71] € ol5e] E A2 dhHrh
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8. HIPESLAE LT SASTAAMY B FF

- 2AA: AAKEARAR, FE UKL WOT, REw BERAH
- HAE B4 ARl AHg U LEAREAA 87 AE 3, Y B S WA
e,

BAF A SH Agato] H3E AP HIAEE 7] H5lo, A, B, C, D, E, F, G, HY 8
1A AEE, 2 A 0.5%2 FUSA Aelsidrt. 2z Anict 16, 160ut2] 2] HolelE ¢
A]8ted, 40907 zhofzt Hol A wizpx] ARSstdch. FAR 544, AIRRT-E(FCR, feed
conversion rate) F3& $13le] FA|F(g/bird)I AIEHEI % (g/bird)E 1317 RES], &
8} A AA| AR /33| 8HTotal feed intake)z} AA| FA|(Total body weight)E FASt
sttt

A Z(Body weight, kg/bird)e DA|E-F 2.426, FAEZ 2.416, GAlEL 2.373, HAJE
2,334, EAH 2,333, AAHT 2,289, CAJYT 2.185, BAJET 1.938 £25 Uelych BA|
B2t 718 @2 AFE vepdgdden, DAE Y dRdzx G447 71 B2 AFE UEl
o, §AE AF F7lel F¥EF v|A= Z2o=E Uetkdr}

A2 2] %F-2(Total feed intake, kg)2 DA]E 57,600, CAIE 57,149, FA|P T 54,994,
AAJE T 54,879, EX|E-F 54,409, GAJE-F 54,352, HA|EF 50,989, BA|E 42,923 08
vielsith, BAEEI 7 W2 AR A E stden, DARET dadR T4 R =
< 22 H43E&S& Vehjdrh

AlE 2@ F&(FCR, feed conversion rate)<= DA|E - 1.702, FA|E3 1.730, EAJEL 1.780,
AAIES 1,915, CA|E 1,931, GAIEF 1.946, BA|E 2,037, HA|EF 2.242 £2F LelY
oh BABTIL AR W AR HAE sged, H A¥TI /Y We AEeTae vshi
om, $A AF FANAE 73 wold DAURY HIRBELAN Y we ARE
28 Uthio], 7 Aol 9%E WA ALT TUHCHTable 19).

. S5A fejE 4 HAE

FAZNA UE TAAL HIISZ] H¥, AF 871A] AE A B, C, D(HUUILFLA),
E, F, G, H&, & A%¥ol 0.55= FUsA Az|stden, A 54 &4 A B C DAHAE=
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16,1602 2] *golelE YW, E, F, G, H A|HF= 16,640m12|2] *gol2lg& Yol, 4043
i 7h o A wi7tA] ARSste], i HARES Aot

& (%)  DAEF  86.30(13,946m}2]), CA|EE  83.79(13,541m}2]), FAJEF
79,08(13,159u}8]), EAI®  78.76(13,107ulg]), AA®F  77.46(12,517), GAJgE
70.70(11,765), BA|® -7 67.37(10,8871}2]), HAJEL 58.56(9,7451}2]) 05 L}elyith. DA
B71 86.30%2] Tof&E Uehio], 7Y @S & Thfstgch

HARE (%) 3hoj &3t uhaaste] HAE 41.44, BA|EF- 32,63, GA|ETF 29.30, AXEF
22.54, EAEHF 21,24, FAIEF 20.92, CAJE - 16,20, DAJE T 13.70 £ 2 L}elytth. HA|
H17t HAREo] 713EA Letkten, DAJErT HARE 13,702 71 WA UElRTHTable
19).

o} & AR e TS wWE FHES

DA]E - 86.30%(FCR, 1.702), CA]®-L 83.79%(FCR, 1.931), FA|®EF 79.08%(FCR, 1.730),
EAJE S 78.76%(FCR, 1.780)%} o] I3z} Alzo&o wE FHESE v|slolen,
O A3 DA UEAZR LAV AIRQ TS 1.7028) Tho& 86, 30%2 T}E A|8Lej u]
3 A vehd, &7 Qi Al 7 E&3d Aoz Ueikrh

FAjE] glo] Y APelel, FA T2 37| AN, IPFLZ FhEoldl
A, B, C, D, E, F, G, He| 871A]28] Az| oA 7} A vehd dxA=Z TLA(DA 2] F)2]
F L, amylase®®l olu] 2} cellulase, protease, mannanase, probiotic®] E#l3 el wWaH A
ol 2% Ao 2J3t Zlog uivtHt. EI o[ T2 FE|FH wWEH o cipFd
A7t do¥ Zle g AlZ¥H(Table 19).

DALY WBAZUIAAL B A7 FRIA (F)uujoledo] B d7zANA
=59 A7d2AE YFuo ALY AAFeE 33 dA £52 o= 333 yuy
Q) FROVAEGMEARATL] Y22 of 2000 48 SAF At REAINE FHUNE
el A SA SAA € HAle 77hx) AE} wlLsie] Ajeralgo] WMH A,
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Tabel 13. Effect of fermentation enzyme products on growth performance in broiler

chicks.

A B C D E F G H Avg.

Total
body
weight
(kg)
Body
weight 2.289 1.938 2.185 2.426 2,333 2416 2.373 2.334 2.287
{kg/bird)
Total
feed
intake
(kg)

28,652 21,094 29,693 33,832 30,575 31,793 27,924 22,746 28,276

54,879 42,963 57,149 57,600 54,409 54,994 54,352 50,989 53,417

FCR 1.915 2.037 1.931 1.702 1.780 1.730 1.946 2.242 1.880

Mortality

%) 22.54 32.63 16.20 13.70 21.24 20.92 29.30 41.44 24.75

FCR: [Feed conversion rate, (feed/gain)]
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O ATAANA =5d 7I1x7I<S o &F A3 2 71=olA

ARAAA AR AY F5 U BRAE oA B WBARANN LY A=l o) 7)o
= 2 IHold 27} ALY ALYARN2R F33 Bl AUAFIN =29 A2A
& AT AT £eAIA AMY © A2AE oG Folo AIFQ WEARWT
A A% Az T&E Yujsle] M7 FNFA2Y 2HE TREd Adsiaa) gt
O 97 Az 2 52943 FEAE J4L 98 BE/NE 52 2 /&A%
1. 0059 H4ANREZ
D /AT 1 : HASIAE 52 o848t YHAE A4 L TR FE (57%)

@ 71eA = 2 FAYEE 213 starter?] 2¢HA FFL T FEujdE SHEE 32

old : 3F4 FEuAE(IRF, fitd, AR) Y T2 starterg HE

= IARTL F2]o] dolA

o] & : FAtHd T starter?] HF/E 1Y F, AR/IRF EY starter 3L
= 3% & dEY 2= FAs BE

2. 005y 22T
- 2¢tA|2] starter H-ELL E3F MR AFSAAE wlF AL o] 3] 3pal
3. IAF 0008 5HA
- AgA] R A A2 B2E Fote] URAIRATIA ALt A= 7
— UF starter?] FFA u|FHE @ BT ALY L8

S RYA BEZAL 72 A7 22 AR AN L B0I3Y DAY
= QBY A5 dEel £FE A7 TR Tl A& W AN 75
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Bl 3 +94M =xd AF ¥ 7«4 F5 T L 7ec]d A9 94

1. 4% v& B9 A9 98

. 50 A dEARRAA R w4V 4EA AGF A0 42HA A4 dY R F
g

W M000L AR R A F

i} B4 SYEETAAS T AE &4 A¥D FAS
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2. FETAES QiYrie R TALE @9 AFries 88X +9

7L R ekrlEs clAd B8 94y ARyIH Ad FY =24

Ll f71584HER GFuEE o ¥ TAAE Y7HEY FIU FFE YA ¥4

REEFEEIH AR e omE
W3uhg ol 40 ERARYIA 4L P ¥ ZxA=

2014.9

- BigBiogen Co. Ltd. (WHH)/ HERE PWF-EARAR (LRERR)

ol I

U.I!!ﬂf&m*&‘!l Shandong Jingrhi Liquer Co , Ltd
WA IS T SR B EA ) shendone Zhonehusn Yanschun Feed Co.. Ltd.

AT RFE /FAAH

WFER  AhEH  ESAERIZ BsT
AEEFHT FFAF ‘Eii‘g 44

]
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TR £ ERR

(LR I PEE IAHAIREE 4 F)
20145 4t (B R AR AFHNELSENSE)

- BRI AEEO R  3EME (30,000 Ton)
-SRI 20008 md TERSREIIHERIIFITIRE

20185, £ECTH
-EE 20E
- EEAMEQRE: X (60,000 Ton)
- Bl 7

LR EEE. S00E M /F

HHBIELAROERHE = Bi5 7 R R - irEEsiinEES,
FAEAAY A= S5 AFAAAAE A3E FRA498

IRtRiRaE (REMRETF | SRR S (B EFE E AR

ﬁ%ﬂ% T
o) vl o] A F vhok3}
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B 3AE: A7IEU S

A 1A duage A=gy AF o A 24y

k2 o€ Tray-HE Y (scale-up, 200Kg)2l BEAEES ARSI, HEAR F
A o] ¢ A EE HF57] #%te 1) AL 7713, 2) $FLEE, 3) I
4) 24287 HEof tfs] =Apstgich

1. A& g P

7} WA, 23 WY, wEAR A AZ

NFAZTA A|A® AHLE ¢3t9, Bacillus subtilis= LB uJ#](Tryptone 1%,
yeast extract 0.5%, NaCl 1%), lactic acid bacteriat MRS H|R|, Saccharcmyces
cereviase = YM 8] X|(yeast extract (.3%, malt extract 0.3%, peptone 0.5%, dextrose 1%)
AH&3t4 o0, agar plate M2 Aloll& 2.0% agar & H7I5Igvh. BE wjz]+ 121C, 1
Ke/em 02 15 87 B3 F Agstgct, £ Ade] ALY FFE= DMSO 1058 A 716t
-70C deep freezer o M #3le] Al LSIHr}. Bacillus subtilis+ 35T, 200rpm of A
1 ¢t vjersisl e, Pediococcus acidilactic YW Lactobacillus plantarum2 35T,
OrpmofjA] 1 97t woF3le 3, Saccharomyces cereviase= 30T, 200rpmojlA 1 U7t
HjoFste], Wi o T ALLJlgrTt. Bacillus subtilis, Pediococcus acidilactic, lactic
acid bacteria, Saccharomyces cereviase Bk} 1%E t{STal 200kg o] HZIgoen, T
2%E AI7VEl FEParo] 50%E A dlod, 35ColA] Bacillus subtilis(Bacillus subtilis
BBG-B20 + Bacillus subtilis SK877)= 3437}, Pediococcus acidilactic BBG-L1 +

Lactobacillus plantarum SK3121 + Saccharomyces cereviase— co-culture & 3 47l Ego]

UE st 2|88 APl &St

H2} @ =8 (Atomic absorption spectrophotometry)& o]-8-3led EA35l¢c}t. A& bg
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& A R Bol AL ALrol A o] HERAZ F HI|Z 600TOA 247 o] A A 8]
ShA2 R St AL A(101) 10018 AAste] SR YA BAAL The No.6 AARE o]
%, EAS BE ozl YALOE UH ARGOT Bt ARY YFDE 500 HASHA
Zo] Ao} 5% Aeka g 10018 YIS 3 VeHr Yol 1% HES T}, Th Ja8
(1:1) 10l E 7312 BF4E BHS RET 02 DL QT AAFFREA 33 422. 7
o EREE FAUT). olof BEEELAL0, 2, 4, 6, 8, 0ppno] HES 50nl WAZe}A
o] 2% ThE oi7lo] Bebr 891 10018 247} Y2 FREE BA7A AL oI FUEE 2
3, TEFA(ALFA)E PO,

AE Y &R/ 1ppm7 | F5FE < 3| A 4
24D - 100
NEEHH < 10°

(2) <
AE 58 A3 ARABo) 218l FrolA o] HAZ F, B7= 60T 2417 o]
wal) ¥5jx]2) § WSl @ABeN(1:1) 10018 Asio] SHEE WA 23N THE No.6 AT
ol8, AL BE ozl YHWeT WA Ao Fh}, 25ul wWAGekaTZo] AR 1-20u
(9l kol wehE Nk LA 2.501(87] I/10)E 718 The ZRAS BHS UE ¥ Ty
T 1587 W ¥ W 0mol N FREE SR} BEAT L WO R YAld),
Az R = lppm7 | =82S X 34

Ql (%) = x 100
NEZFEHg x 106

gl ofu x4t
ofu] 4t 18Fo] t]gt AE H|ZEF amino acid auto analyzer(Amino acid analyzer

$-433, Germany)E AMgs}e] zaisigic).

o}, Trypsin inhibitor(TI)

AlE 1gell 0.01N NaOH 50ml-& Y3l 321t F¢k AT F, AHFE3te] JTAE 200]
A5t} 3oy 2ml} 2%(w/v) trypsin{porcine pancreas trysin sigma)£% 1mlS Y3,
5ml 2] BAPANA-2¢¥ [40% N-Benzoyl - DL-arginine -nitroanilide-HCl(sigma)< 20mM CaCls,

= LG~



50mM Tris(pH 8.2¢] %917)]1& 7I5led 37TCTA 10&E32 ¥hg AJ2 ¥, 1ml 30% 24t B4 7}
3t3, HIAZ 410me) FelN FFEE SYNACH

v}, AE}F| A, oo A

AR 200mz 33 3mlo] acetone A EE 33 60°C2l water batho] Fol 2413t St Wt
SA F, ol 2000rpno 2 5E37 HAHEDSIY FAEE HPLEA APAE AA S8l
. BAES of 60T heating blockol A @Azste] &2 #7]EulE H#H3] AA314L,
2zl 59 1.9l 7151 60T2] water bathof] 2x]7F Fet £ F 0.1ml2] IM 5-SSA
(5-sulfosalicylic acid)& #7}5ld 4To| 3 overnight A|ZTl ©|F 3000rppnl.E 5%t
HEEStY FHE2 WEl AFAE 33l AlEd ZdE EE v ET WeedE
AATL ¥ 4T 0.8ul0] FFH HA FHTE YL 4TolA 12,000rpme 2 1022 AHE
gl A5YS 33Tt 0.2um membrane filterd] AT dS HZAIF F 4Tof HA3|N
HPLC(High performance liquid chromatograhpy)® raffinose @ stachyose &S EA3}4

e

2

l

tl. AF2F HPLC = Agilent 1100 series(Agilent Technologies, USA)o]m, RI(reflective
index) detectorZ ARE3}ET) E4 column Supelcogel 610-H column(300 x 7.8 mm i.d.,
9um, Supelco, USA)E Al231¢ 21, elution solvent: 0.1% H3PO; 489E& AE5145, o]
=42 flow ratex= 0.6ml/min, A|&2] FYUF2 10ule]|gdr). Ztzte] FELYL 100mg/ml-S
4 2L FRrol &35l stock solutionC 2 ZA fFe[ge] ¥ ARIJY F, Mo I,
0.5, 0.25, 0.125, 0,0625mg/ml = &tod Z}z}e] chromatogramE Y¢o™ peaks] WY EF
£ 222 HAE AFHES 3l A EQ raffinose W stachyose T FFFEAo F£&
Sttt

AL B

7t AFS4E 13 1) YHeR A2 agarE B8 wiA o, Bacillus subtilis
L 35T 207 wierslgen, Lactobacillus plantarum® 35CelA 297+ wjershed
3, Saccharomyces cereviaser= 30T oA 247t wigslo], wtd FE2UE Alsld AD
+8 a3sdrh,

ol. £, ¥UZ

FME 89 2mlE test tubeo] Wil 5%(v/v) phenol 1mlE 7181, 95% T4t 5mlE
715 F 308 Fob AL w514} SpectrometerE o] 83t¢] 470nmollA] EHE=E F3
Stel e, glucose standard curveE o835l vt k(%)L F54ct IAHEH AE 1nmlE

s
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test tubeo Y3l Dinitrosalicylic acid(DNS) regent lml-& 7}5lo] 3 42 F H= FollA
158 B¢ 3% AlZch 2o 353 43 F F7F 3nmlS Yalrl Spectrometer& ©|§
3l 546mmol|l A EZEE =31t Glucose standard curved o] &3] T|Yut =K (%)E
Fohaic

A= A

AR 2gof 33 T/ 20olS J18te] 30E3 REIIFETVIR FEsYen, FEY2 H
AEe)71& ol &5t 3,000rpm o4 102 H4E2elst, AP AE 35l 0.45im membrane
filter® of2}5ld HPLC(Agilent 1260, Agilent, Santa Clara, CA, USA)E EAMstdr}
Analytical column® Cosmosil Sugar-D(4,6x250 mm, Nacalai Tesque Inc., Kyoto, Japan)Z
A2t 3, o]5RulE water®} acetonitrileZ 30 : 702 ¥|E FY3lgoen, FIL:L
30TE AT oA 2 B% 1.mlE fAFIEen, A8 FUF2 100, AE
7]+ ELSD{Agilent LT-ELSD G4128A, Agilent)E& AME-314iT).

X}. SDS-PAGE

A|BE SDS 2%, 2-mercaptoethanol 5%29 02 A|TE2}2] H]|&E 1:10(w/v)2 8 &%
F ¢AE2](10,000rpm, 10min) 3o, 4% stacking gel, 15% separating gelolA] 4lA]5}g
3, S 0.125%8] coomassie brilliant RE, B acetic acid : ethanol : H:0 = 8 :

25: 65(v/v)S. 2 A A3t}

7} ARG

A2 5gol 80% methanol 50mlE 7} 3to] 70C Ao 3027 223 g F22EL
o{Z}H(Whatman No. 2)3}%ic}. o[ FEIEE 23] HHE HAslq £& o9& 3oL 55Tl
A Y FHEY e FolE2E FF S0ml 2 FESHoct o|ZE B ZArfrle &3 o
HE 50mlZ # & kg & 5& EX% 7% 50nlZ 33 £&3 F, X3 FRIESE 1
g gFo= T FHESLLT] Lo A 5 FT F 105TelA 2023 A=sigr). ot
2] dAlAeTEoll A 3027 A3 FAE FHEY F vl 2ol 23] AR ke Foigrl

* ZAE (ngx)= A2 F 5718 FA(ug) —718 FAl(ug)/ A E(g) X100

= 90—



B}, #7714, pH

AE 0.1g& 1 500l -3PFol 3L 0.4% FAbg) 20mlE 71 F 2057 2w 2
ol E3Ac). 0.4% GAgFo T FEola FFA YT F FEYS QAE(3000rpn, 102)
AL EE ARt F 0.45m membrane filter2 o{Hslo] AlPgA o2 AN 74 #FE4
& §1¢} BUstA Az|sle] EELG02 Fct

r-[u:

LC Pump : Isocratic pump

Mobile Phase : 5™20mM H2504

Column : Organic acid analysis colum, RSpak KC-811(300mmx 7.8mm, Shodex)
A&27 0 W 210mm, §< @ 0.7*1.0nl/min

F918F ¢ 20ul, Column Oven : 40T

(2) pH
AIRE 10v) 3Aslod, 30Tt WA ¥, pH SR 7 E pHE SF 319

»}. KOH, 43He, UA
(1) 0.2% KOHE3]=

A= 1g A 2|5l €x3F The 200ml A2hEatAFe] W3 45CE nje] 7423} 0.2% KOH
£ 150l & 71515 45°C B2 fRel| A EEo] FHA 1647 £AZ TS No, 24 X E & 3}5]
Act. E43ES 242 AH3a BE43EI AAXE EdEeisIe] Y 2 FiPHd £31
o &3, 5 FHPsl EL¥Ee] 2hA RS Il HER AR Uiyt e g
L F3todrh

KOH &3l =(x%) : KOH 8-efof] -E3f¥l whia(%)/ 32 (%)x100

(2) 0.2% A 4£3-&

AT 1g& B3 3sle] AT T 200ul AzpSeiAe] Yil 45CE nl2] 7t 0,2% 4l
FAHE) 150ulF 71SIaL 46°C F2pReA ZFo] FHA 1647 25T THE No, 24 SZR|2 o
3ol EAES 4% ARSI B4AMEY AARE EdEetaTe] Yau =ga FFH
F3lo] £3l, 57, A B4R Rehild URkS P3Gt HEE AR oyt =xhizle]
L= Lolgict

— BOD —



WAl A318(%) = (A-B)/Ax 100

¥ A ALES bz ek %)
B : E43EZ zehilal yak(x)

(3) F-HeolAg7HU.A)
UFRARE 158 24893 ZisigE uf 304 127 wWAlste dEUofe] 24l oFe] )
o2 urease activityd &Astgc}

(1) a-amylase

a-amylase?] WHEL 3 5-dinitrosalicylic acid(DNS) WHE Al&5}o] starchEXg
2" glucose PFE FH Sl oAl & 7ol AHEE LY EFFES 4 EE v
S&YLE 2T A Inl8 1% starch &9 InlE &3 EHsle] 40TeA 302 HEEAZ F,
DNS €9 2nl& HE7IE ¥ F= 50 A 8&AS 3058 e F Aot S/ 1mlE #7t
sz, B2 Aee] YAT] 50 mold FLEF kAT, IETE AR SUA
S3stort. H4AEA 1 international unit(lU)E= 127t 1imol?] glucoseof 4331 |
& AAE Ba0 o= Aot

(2) Protease

Protease?] XL Folin-Ciocalteu’s phenol& A&l milk caseinZHE Lz
tyrosin ¥FE& FH sl E4sigct. & Aol AHEE LAY FHS ST EE UGEY
< 713 bml& 37TelA 1027 oE3t ¥, AEEY 1ml& $3 10E7 2usiuch. 2yt
¥ 30% TCA A|¢f 5ml& Yol 308 aulste AR AAEE AAUT. A3}y F 2wl
0.5M sodium carbonate solution 1mlE Y3l 307t ANHFIc Y-S 660nmof A FHEE &
Astgict. =222 A= FYstA F3stgct. B4 1 international unit(lU)E 18

Zt Limol 8] tyrosine]l 483t VUGS A3 4 Qo E Hosigct

(3) CMC-cellulase
CMC-cellulase®] E4dXx+ 3,5-dinitrosalicylic acid(DNS) ®WHE& ARLSlY
CMC-cellulaseZ2H5 RE[H glucose HHFE FAFdI 43Tt 2 Aol A8 54
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HEAG 2T X2 LN 2T A4 Inl#} 1% starch 89 ImlE A Zslo] 45T
A G0EZE HR-2A)Fl F, DNS 29 2nl& FAE ¥ Fe Edo] AU 5ET JZo F 43
th. FF 10m1E H7IeEaL, 3023 2ol YA|ste] 550mmolM FZEE FAFSIATE tiE
12 A58 HUStA 4885igdct. A 1 international unit(IU)E= 1EZP 1umol?]
glucoseo] &8s BFUEE Aot T4 do = Fogrh

(4) Xylanase

Xylanase?] XX+ 3,5-dinitrosalicylic acid (DNS)WH & Al&5}e Xylanasel ZH
B fel¥ xylose UFE sl E4sidrt. £ dFof AHE ZLHVYEFFE 2% &
USRS ZF A 1nlet 1% starch €9 InlE $3F T3 50TA 102 HHEA[F
¥, INS &9 Znls AT H Ee= S50 AEAS 55T 4 ¥ 4k FF4 s
H7¥8taL, 3023 d-2ol FAISl 50mmofA FIFEE FFSIGUTE RIS AR 54U
A 3stgct. #48A 1 international unit(IU)= 127 1imol 2] xyloseo] AN23t:= 3y

G2 A BLe] o= Fodgrh

(5) B-Mannanase

B-Mannanase®] A XX 3, 5-dinitrosalicylic acid(DNS) ¥H-& A}&5}9 Locust bean
gun(signa) S EHE #21¥ mannose §HE FFsle] LAsiar). & Aol A8Y T2UA
ZHL 9% EFE whggo2 20 500112 15 %% locust bean gumge) 500u1F £ &
sty 37CAA 30T HEAIZ 5, INS &9 1ml & 7R H &= &5 AqHS €A
ZERA I WA, 587 WA F E2H54 10nlE FISIR 540mmol N FREE SASHACL
t2E2 A 7o FUSHA £yt £4E2d 1 international unit({IU)E 1E7 1umol?]
mannosed] A-&3h= AUGE BHse AL o= F 3ok

A. & EvdE, F S0l
(1) 552 A=
2200 7t WFEAF FEuE SAARIY g2 2 10go] 80% ofshE 100mlo] =
s}

w7x] F7RE F Ao A 154 T 5T vhE 3,000rpm of A 3027 U4 FE[tt &
< F5dE A B ¢ F, ARl EUE H A EF HY AMEsHh

— BOR —



(2) & &Sl

2 Zg v 3HaFe Folin-Denis W22 23319 tHZhou et al., 1980), A|EES 3|44
7 T2 YY) lmlo] Folin-Ciocalteu’s reagent 1ml& 715} 357 B A|I ¥ 1033w
Nez:C0s €4 lnl-& 7}31o] EYHE Thg A20A 1A FAA[Z F 760moAA FH=E F3
5t4Cl Tannin acidgd £H4E &« %710, 5, 10, 15, 20 2 25ug/ml folo] &
Z3to] A Re} FUL o BEMEle 2, EE AYPMOBEE ARFEES] F Ea¥
E #§FgS Ao

(3) & SefRol=

2 EtlEkolE ¥ Zia 5o WYL AYIl ZA3ATHZia et al., 1999). F=
H FEE 150& 7I5ta, 50048 1M NaOHE T ¥ 2.6ul8 3798 A7 F 585¢
37Col A YA Pt EFFHE = Catechin® 2 (Sigma, USA)Z AMESIgiTE. 500nmef A A4l
S A4 F ARY § Seliol= S AHESIGCL

Y. Faksiag
(1) #8549 A=

FEES 4 YR ffFYE AR 42 T 10go] 80% of¥hE 100nlo] ¥
72 AZFe F B2oA 15A% 54 F28 ThE 3,000rpn o4 30EL UH Esiq ¢
< AFYE AU FF T F, AR TEUAR H A RE HHol AMESHTL

(2) DPPH

DPPH 2tt] @ &7 %32 Biosis $(1958)8 *ilol 98] &3stoich. 3.49ng DPPHE
100m1 ™%H&(methanol)ol]l ¢l ThHE lmg/ml, 2mg/ml, 4 mg/ml H%2] AF 200ule]l 0.1mM
DPPH 20l & YL 47l 2 the A2eAd 308 5¢ 4847 ¥ 517molA FH=E
ZA3s}o] A& A4slart. = 2 A58 Kt AAEEL A28 AR ok
2o FHES 172 2 BAA7Ev 9o AR sxl R0 He 2 viehigch,

s Rt B

DPPHEC] T A 5 (%)=(1- AR B T A )X100
i = | = BE Bars IR

DPPH = #pA| 7} of9- et %t free radical 24 517mme]A 53 FFTE Uehi: Hepy
E3pEoltt. DPPHE 43E §Y f718vieddd uwig dFHom i S F
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proton-radical scavengerof] 2]5}e] ®AE|o] 3lAls} AL Jetog A HAY £ 9

el gir

fr

(3) ABTS

ABTS zit]Zt 4752 F32 Re 5(1999)8] uhyof 23] F33tglct. 7mM ABTS 600ul2}
7.35mM KS20s 30011& Z3A|Z] T QhAojA] 14A]7F Fot 9h8A)2) %], 80ml {52} 344
71 th2 734mmof|A] tixFe] EHE Zlo] 0.7 £ 0.027} 5| =& =A3ZF ABTS solutionS AR
519}, lmg/ml, 5Smg/ml, 10mg/ml HE=2] AR £ 20ul%} ABTS solution 2mlE 6% F-oF ¥l
SAZ o 73mol N FHEE A5, AMES ALttt ®F 7 AR Fe|erH
AARYLE ARE HABHR] L URTY FHEE 172  FAAF =Y Wed AR B
$2¢l RC50 Zho.2 Lleljiglt).

it i
A=A Tl w =

ABTSTF ] Zr 2~ 7] 5 (%) =(1- X100

H. & olageld

A|& 5 gof| ethanol 500mlE Yol Al2oA 15Xt F&3tgrt, H4lEe|7]= 3,000xg
olq 2087 YHERIF F 4B IS 35t Whatman No. 41 AJAZ AAYsar, o2 50T
o]]A] rotary vacuum evaporator(EYELA, Japan)Z ARRSle] %23t t}l2, ethanold Y3 A
£3]XA 2nlE AL}t =292 gyringe filter(0.2im)E 33 F, 4CojA 19 B#
T AAHEL A gHA[H, 2 2 20ulS HPLC (Waters 600, Waters Co, USA)S A}25}od
gradient solvent system®E XEA3tgcr}. EAHo]| AMRHE column¥ supelco TMLC-18
column(5um, 25 cmx4.6mm, HPLC column, Waters Co, USA)o|%lil, UV detector& A}£35}o]
249nm, 261nmoflA] =331}, Gradient:= &0 A(1% acetic acid) : £1u)] B(acetonitrile)&
0 : 10022 A]3}5te] 202 Fol&= 100 : 0°] H =& 3 F tir] 0 : 10022 4027 flowA]
FHOom, flow rate:= Iml/mino]git}. FE=a|3t isoflavone #EFL daidzin, genistin,
daidzein, genistein Z}Zz}2] FFEZ 2 %o t]3t peak WF L FFE A M (standard

calibrationcurve) ®. 28 H4l51%c}.

g. TAEA
BEE dojA AFlef tfit AR AL Statistical Analysis System(SAS, 2002)E o]|£73}

o HEaEdg dAsigleon, 2 B2 9204 7B Duncans] THE 2% (Multiple range
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test)o] £J3to] HA|StATHDuncan, 1955). A 2|78 RABUFL Fe5F PQ.05004 2
Astaon, RAFE PKO.10& 2 AHAME F¥ol2taL BA38
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2. 3t g 2

7} QC &g % LUREAE HIHAL diME HF

(1) Litd (= d, 2445, 22%, 23

vpd A, R+ BRe] UHFZHo] I GRS ko] tiste] Apsigich. |
1-12} Zho] UFA| o] miE YHMEE 5 ZXehE(A) ek, daAte] F71 ¥+5, vl
Bl&o}t Fatd+ERe RehE S SISt uhidelAe 7240 WA A] 46, 35%, #4t
T+ B = 72417 W E A] 45,8252 Vel FA 2] 41,75% BT, 212 4,60%, 4,074 &A
ettt (P40, 05).

e

U E F 2AR(TF 1-1, B) FE, LHAO] F71 TF, vl AE 4847
712, A+ ERE 7240 71K, 24§ TFL FUI8HT vpdEaEs 72410 UE A
7.82%, {AME+ERE 7247 LA 4] 7.98%2 e} FA el 7.02% Krl, 2tz 0.96%,
0.80%% A LEFRITHPLO. 05).

vt 3 XEE(2E 1-1, C) gk, UEA|Uo] F7} deF, vpalgie} fibd
+H e RIE FELe Zylsidrt, vlala]Al 72427 WE A] 7.55%, {Ald+ARE 7247
WE Al 7.658%2 VER FAE|F 6.87% BT, ZH2} 0.68%, 0,71%2 E=A LIEFRITHEPLO, 05).

ANPE 3 A 1-1, D) TF2, LFEA D] 7 5, vl Ly =A%
PFL S7IE oL, A AR A ¥ A4sATh. i AE T2AT UE A
1.55%, SAH+ARE 72A7 HE 4] 1.05%2 UEht A 1.35% Rt 27 0.20%,
-0. 2062 L}E}LITHPLO. 05).

ole} ol widF L, Fikd+ERe] HEIF F 2, MR, I AP

UNbgdE2] UEFS UE Fo ti2Fe] nj3] 2, 24F, 2IF, L UE F 2

AW P2 2F FUBtd e, fi+E R UE F 2AY @R 324519 THP<0. 05),
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Crude protein contents (%)

48 -

9.0 -

8.5 1

46 4 §
0
c 8.0 A1
o
c
S
44 e 7.5 1
]
ol
U=
| 7.0
=
42 Q
6.5
40 T T T 1 60 1 T T T T
12 24 438 72 0] 12 24 438 72
Fermentation time (hrs) Fermentation time (hrs)
(A) (B)
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8.0 1 2.0 1

~
w
1

1.6

~

o
1
[¢]

1.4

Crude ash contents (%)
Crude lipid contents (%)

<
(6] ]
1

1.2

6.0 T T T T 1.0

0 12 24 43 72 0 12 24 48 72

Fermentation time (hrs) Fermentation time (hrs)

(C) (D)

23 1-1. d$aRE FY @i E He
(A): Crude protein contents, (B): Crude fiber contents, (C): Crude ash contents, (D): Crude lipid contents, @: Bacillus
subtilis, O: Co-culture(lactic acid bacteria, Saccharomyces cerevisiae).

Different superscripts{a-g) in the same row indicate significantly(P<0.05) different values in mean score(MeanSD) among

treatment groups.
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(2) #7124(Z=&, )

vt A, Fabd+ AR UHEFF A % e, U gkl oty
ZApstgct, 2§ 1-221 go] WHA|Z] mE FI1A F TE(A) T2, UEA
Zto] 71 ¥4-5F, uldg 2l fatd+ET R 4 ke Frisigch updg AL
72A1 7t UE A] 0.61%, fAF+ERLE T2A 0 UE A 0,60%2 UERL FA S
0.55% BT}, 2}z} 0.06%, 0.05%% LA L}E}LITHELO. 05).

A(2# 1-2, B) ©FE, LEA|Zo] F71 &4F, vpdelie} fald+
o] o #/F2 FUI5Igc vl EAs 7247 UE A 0.66%, FAMEREES 724]
7+ A A 0.62%x2 LERL} BA e 0.58% Rt Zhzh 0.08%, 0.04%2 A LE}
LITH(PLO0, 05).

o

ol o] MilEa, FatE-EEe] WEANY F A < P,
WE Fof tl27ol Hls] ZE Z71SIRATHPLO. 05),
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0.70 ~ 0.70 -

a
0.65 - . 0.65 - 2
ey ) a b b
& A 2 be
@ 0.60 4 b ab T 0.60 - b
% cd = d d
E d cd 5 cd 8
8 055 3 3 ? 0.55 -
5 2
< 050 1 2 0.50 -
]
O ic
o
0.45 A 0.45 A
040 1 1 T T T 040 1 1 T 1 T
0 12 24 48 72 0 12 24 438 72
Fermentation time (hrs) Fermentation time (hrs)
(A) (B)

a7 12 wENE 29 B Qe A
(A): Calcium contents, (B): Phosphorus contents, @: Baciilus subtilis, O: Co-culture{lactic acid bacteria,

Saccharomyces cerevisiae).

Different superscripts{a-g) in the same row indicate significantly(P<0.05) different values in mean score(MeanSD) among

treatment groups.
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(3) ofm|=at

v els, fatat+E RS 7247 UEES ofulieqt kel tiste XAty
Tl Tabel 1-12} Zo] W& ¥, 18F-F ot ¥ F71siddrt. wialea
39.68%, HAN+HERE 39, 77%= LelLt A 2| F 37.74% KT, Z}2F 1.94%, 2.03%
2 A vielstch 23 n|J g FFO AAgle] 1857 oinitE IIF F
7iZHen, 53 FREWIHI2T: 7.49, v 8,19, AR R: 8.13)
3} ot ATIE AN TR 4.07, vlABA: 4.58, FAME+AR: 4.59)9 S o F
7HA71E ALE eyl

o|8} Zo| vide L, FAF+ARY UTES 18FFE oni=qt fPH s,

o] E2] FRel Aol 1857 olnxitE IAF FIAFlen, 53] Z25E
R4zt ofATIEIY HERE ¢ FVMIIE A= UEliith
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Table 1-1. UFXEL] o}u]i-At 3k

Control Bacillus' Co-culture?
EYEH 0.68 0.70 0.70
Efeyd 1.53 1.58 1.65
Al #l 1.99 2.05 210
=29 1.93 1.90 1.99
L] 1.64 1.76 1.74
o)A T4 1.63 1.75 1.72
F4 2.99 3.09 3.05
B 24 1.30 1.35 1.31
ol =] 2 0.54 0.52 0.50
N E-] 0.57 0.60 0.56
2ol 2l 2.28 207 2135
=rfo] 4l 1.64 1.72 1.76
et 1.77 1.78 1.83
&71d 2.67 2.56 2.69
=5t 7.49 8.19 8.13
of2 g 4 4.07 4.58 4.59
5] ~El @ 1.14 1.29 1.23
Hd gt 1.88 1.99 1.87
Al 37.74 39.68 39.77

. Bacillus subtilis.

= Co-culture(lactic acid bacteria, Saccharomyces cerevisiae),
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L} OC F&S ST LaAE 7Y BIRERE AF
(1) Eg4l A3H|E(TI)

i eA, Fibd+ 2R UEF A T FFUEE F EHA UdsHH
(TL) efoll oiste] 2alstgdct. 7l 1-38f o] UHA|Zo] whE E4] ¢1s]H]
H(TI) 32, LIAZe] F71 5, uide|se faba-F R ERA o3y
B k2 ZAstlrt wide|As 7247 W3R A] 0.35mg/g, FANEHEELE 724
7t WE Al 1.25mg/g® VER} BEAE] 3.6%mg/g B}t 2z} 3. 34mg/g, 2. 44mg/g
kA5 QA rH(P<0. 05).

[+

[*]

o]2} Zo] vidYL, FalF+ERE URFY F WIT 42U EEA U3
HIE(TI) ¥, 4R Fo dxTof vs) 2% Hssigen, fild+AEH
o} HRd 2 A AL A, EYAl A3|H[E fHge] o A E ZTH(P0.05).

Trypsin Inhibitor contents (mg/g)

0 12 24 48 72

Fermentation time (hrs)

a7 1-3. UHEAA S92 Trypsin inhibitor?] W3}
@ Bacillus subtilis, O: Co-culture(lactic acid bacteria, Saccharomyces
cerevisiae).

Different superscripts(a-f) in the same row indicate significantly(P<0.05)

different values in mean score(MeantSD) among treatment groups,
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(2) AE}F| A, glE|oA

Hhdela, f4td+8 R wWaFdyo] 23 YFUEE F LEFIeL2) gy
oA ko] tfste] XaRSlgich, I3 1-42F Zo| UHA T wE AElF|2 A
(A) ©FE, HIEAZe] F71 B5F, vzl fid+TRe Ao A Y
2 Zastgn), v AL T2A10 LE A 0.35%, RANERE 7247 4R A
0.57%% LIEJL} FA 2] 2.91% BT}, Z}2} 2,56%, 2.34% 7H4% 2 THPL0.05).

A= A(TY 1-4, B) ¥P2, LEA D] F71 ¥4F, updeae {4t
THERS = oA AP AL vhlAE 72X LE 4] 0.26%, FAt
T+HREE= 727 UE Al 0.35%2 LER} FAT 1.02% Hr}, ZHzk 0.76%,
0.67% %] QITHP<0.05).

o3} ol HpA A, fatdiEEe] UENY F YIY HEY Axhles

Bl =@ A0 RPHENE, UHE Fof tiZAe] v BF HLtgoen, fibt+E
EETH A ARG Al O 4 HITHPO. 05).

- 214 -



4 4 1.2 -
—_ —~ 1.04
5 C)
3 A o))
E £
c
]
o i R R
@ o
g 3
£z £ 0.4 -
3 =
g §
0.2 4
0 1 T 1 T T 00 T 1 1 T 1
0 12 24 48 72 0 12 24 48 72
Fermentation time (hrs) Fermentation time (hrs)

(A) (B)

a3 1-4, WEANY S99 A oA A2 HE

(A): Stachyose contents, (B): Laffinose contents, @: Bacillus subtilis, O: Co-culture(lactic acid bacteria,

Saccharomyces cerevisiae).
Different superscripts{a-i) in the same row indicate significantly(P<0.05) different values in mean score(MeanSD) among

treatment groups.
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Tl OC F&< T LA F7HH2 A=ed 2S5
(1) B

il A, Fabd+E RS LR F A AT A ©HEF] sty EApEg
ol % 1-58} o] UmAIZe] wE AT T vpA2(A) HEFS, 0 A3
log 7.17 CFU/g, 12 A|Z} log 7.26 CFU/g, 24 A]Z} log 8.89 CFU/g, 48A]7l log
9.23 CFU/g, 72A]Z¢ log 9.23 CFU/go.= UERdTh WE 48X 7t7}A] Z7} st
o, 724 2els RAHO R 7} shal ehakeh(PCO. 05).

FAd+E R WRA T OE A4 F A" 15, B) ¥F2, 0
AlZ} log 7.20 CFU/g, 12 A7} log 7.47 CFU/g, 24 A7t log 9.17 CFU/g, 48X]7+
log 9.24CFU/g, 7223t log 9.25CFU/gS & LiElytT) W& 24A17H712] F71 slgle
i, 48217 o]Fel= RF LR F7} 1A WUTHPL0.05).

FadaRe] dFA N wE AIde F ER(2Y 1-5, C) T, 0
A7t log 6.13 CFU/g, 12 A|Zt log 6.25 CFU/g, 24 A|ZF log 7.89 CFU/g, 4847t
log 8.23 CFU/g, 72212t log 8.20 CFU/g2.2 Liehilth. WE 482 27H4) 37} shad
on, 72X 7ol foA o ZFrt KR ¢QITHPLO. 05).

ol2} o] wpdE s, fAtd+E RS UANY F I IS vpdss)

FATEZ log 9.10 CFU/g, EX= log 8.10 CFU/g ©o]4f ujef Heen, AFTE
AR F UFA| L 48X He 2 LIEIGTHPLO, 05).
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Log CFU/g (B.S)

12 24 48 72

Fermentation time (hrs)

(4)

Log CFU/g (LAB)

— @V =

12 24 48

Fermentation time (hrs)

(B)

72



Log CFU/g (S.C)
(@]

0 12 24 48 72

Fermentation time (hrs)

(C)

a3 15, WEAY 3¢ AT4 Hs
(A): Bacillus subtilis, (B): lactic acid bacteria, (C): Saccharomyvces cerevisiae.

Different superscripts{a-c) in the same row indicate significantly(P<0.05) different values in mean score(Mean*SD) among
treatment groups.
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(2) 39, BYLH Fed=RA
v A, Fatd+EEL] gEIFF LR oY Fd, Y, FolW @
HEE dolrr] 3] FW, BYF W AP (fructose, glucose, sucrose,

galactose, maltose, mannose, lactose, xylose)ol tdle] Zx}51¢it}.

2% 1-63F Zo] UHEA| e wE FHA) ¥R, UEAIZN] F7 45,
vt Al 39 B AAIEOon, RAFERE 4847 742 Ao} 724
Tl 32 LY Heol7b LEhA] Uit vpdEAE 722413 dE A
78.7Tmg/g, FAAF+ERE T2AIL EE A 84.63mg/gR UEht FA S
160.07mg/g R}, Z+z} 81.90mg/g, 75.44mg/g ZHAE ATHPLO.05).

UHA| o] uhE Y (27 1-6, B) UL, LEA| ] F71 €45, v}
Ao WHFZH 12ATE A2Jsn T P2 vj2To vlsf npalag s, §
AHF+ER BT ZI3ign), wldgAE 2442 {fAF+ERE Z4z) 27, 5lmg/s,
6.92ng/% HIRAE vehldcizl, Azte] FAU4LF FLstgct nvpdeis 72
AlZt LE A 6.05mg/g, FAMF+ERE 72417 LE A] 3.20mg/gE LIERL TR g
T 1.89mg/g B}, zrzt 4 16mg/g, 1.31mg/g =713 tHP<0.05).

Galg ko] WHIE  golE7] $I3]  fructose, glucose, sucrose,
galactose, maltose, mannose, lactoseg} xylosed] cfsle] ZAlstgrct.
Fructose( 2% 1-6, C) I, HRlelL, Fild+ERE 12436 227 0, 63%,
1.15%2 I A& Uepdgictzt, A|Zte] FpdsSF LS v gie 724
ZF wE A 0%, |AAHERLE 727 UFE A] 0,21%2 e} A 2] 0% HT},
Ztz} 0%, 0.21% Z71519THP<0.05). Glucose(2¥] 1-6, D) §ake, wupdaA, &
A+ ERE 0AIZHC]ZF)ol 3,965 HIAAE ERITtrL, AZto] BAEF
A4Syt vl AE T2AIE HE A] 0%, FAEERE 72X UE A 0.07%
2 et BN 3.96% B}, 22 0%, 3.89% ZAIYETHPC0.05). Glucose(1
@ 1-6, E) e, vhigs, fAFERE 12020 Zhz) 4,225, 2.24%2 H 3
2 & LEhGictrl, Al7te] Fde,S A4S vidE A 7223 YR A
0%, FAME+EEE 7223 UE A] 022 Ueht FA 2] %2} TYU3stA e,
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48x7te] A tE]7) Mo BE £FEE 08 UEPITHPW.05). I 8] galactose,
maltose, mannose, lactose?} xylosed] t]d}e] Za}sleior), A2E=| ol Ao
2 Jelgkel}, fructose, glucose$} sucrosed] WHEFH £2] wlE2A ZAFE £
2l o Hetdzte} vas] Bols w), S ©$Ee FedS dRAF Fol vl
2 £3HE Zleg ghyct

o|2} o] widE L, fibF+ARSY WAAY F IS BT TLINR
Fog2 oA 12X A2 E ALt B2F F78I%, el (fructose,
glucose, sucrose, galactose, maltose, mannose, lactose, xylose)2 fructose,
glucose®} sucrose 0A]Zto|L} 12A17F AFE o] FIAXE LtElGOL}, UH
34 Fol ule wWEA uwgEel 23] AREEHo ZALHe ZHLeE UEhNTl
(P<0.05). ®3F Fe]w & galactose, maltose, mannose, lactose, xylose:= HZ&
2] okgron}, ol FHLE UL FElTE YA Fol viE £ HEFHA
A2 Zez Fhetdc,
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4.5

4.0

3.5 1

3.0

2.5 A

2.0 A

1.5 4

1.0 4

Free sugar contents (%%, Sucrose)

0.5

0.0 1

0 12 24 48 72

Fermentation time (hrs)
(E)
oy 1-6. LEIF F2 T, BELI FelEe] HE
(A): Total carbohydrate contents, (B): Reducing sugar contents, (C): Free sugar contents(Fructose), (D): Free sugar
contents{Glucose), (E): Free sugar contents(Sucrose), @' Bacillus subtilis, O:! Co-culture(lactic acid bacteria,
Saccharomyces cerevisiae).

Different superscripts{a-g) in the same row indicate significantly(P<0.05) different values in mean score(MeantSD) among

treatment groups.
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(3) SDS-PAGE

b A, fAtd+ERe] YAEZ ol AU Feo| =4 Wi IUS Heldy)
#18] SDS-PAGEER &%to] Balsisirt. Of 1-73 Feo] UHAZe] whZ SDS-PAGE
A, uhdEsEs 48AIYE ol EHsE, A Pell=E A LA Al
e A= vrilen, fAIE-BHEE 12407, 43-72kDad] o 717 WEes}
A HA@EL Ao BHYE of, AR EIE Uehfs Zo=2 PREHL,
pd g Lof wldle] I FAE gBjgiv) ofe} o] SDS-PAGE EME upde|is
Fata+BRECH AMgRbE B3I o Z2shA UElsich

kDa Con B12 B4 B4 B72 kDa Con Y12 Lv24 Y48 |y

72
55

43

34

26

17

11

(A)
a4 1-7. X EL] SIS-PAGE(AH7|FF)

(A): Bacillus subtilis, (B): Co-culture(lactic acid bacteria, Saccharomyces

cerevisiae).
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(4) ZAEW

vt A, fAt+ERe] YREFF 7t RAE ¥ HEe] st 2
At 2% 1-83 o] WaA e whE XALEY R, WHA o] F71 &
48 RBRE Z7519c). plalalAs 7247 WE Al 3.03%, SatE+ERE 7247
WE A 1.96%2 LUeht BEAE| 0.73% Rl Z 2.30%, 1.23% Z71E Ut
(P€0.05).

olg} o] utde A, fAtF+EEL] WEINY F 2AREY FFHIE=, dz
Toll ul3] BT Frisiglon, {fAF-ARECH vpdeElA AN A, 2AbEd @
< o $71 sHEITHP0. 05).

N

4.0

3.5 1

3.0 1

2.5 1

2.0

1.5 1

1.0

Crude saponin contents (%)

0.5 1

00 T T T T T
0 12 24 43 72

Fermentation time (hrs)

a2 1-8, LEANF Fo ZAEUL] HH
@ Bacillus subtilis, ©: Co-culture(lactic acid bacteria, Saccharomyces

cerevisiae).

Different superscripts(a-g) in the same row indicate significantly(P<0.05)

different values in mean score(MeantSD) among treatment groups,
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(5) 714, pH

il e, R4+ RS UIF o &J¥t {rlak(24h, FHil ZRIIE
2} pHoll dfiste] Zalstach. 1§ 1-92f Zo] WaEAZ] wE {714 F HAHA)
2] R, AplE AL 2A0E FHlstA] 4gtoy, fal+ERE WEAIe] 71
Y45 Zisigich vidEAE 72X LE A] 0%, fAFERE 7227 HE A
3.13%= LR} FA 2] 0% Br}, z}Z} 0%, 3.13% 5715 JTHP<0. 05).

LHEA| N wE R4 F AR 1-9, B)Y 2, vl As ik
|3 ggkont, fANF+ERE 24AI3%0] 3.76%% HAE UEh AT, HE
Aol F7t E4E A4S vl dAE T2A% UE A 08, RATERE 72
AlZE wE Al 1,79%2 e} BAe] 0 Kol ZHZb 0%, 1.79% S7E|9dc)
(P<0.05),

UFA| 2] wE |7]4F F T2y AH(F 1-9, )9 a2, splgsE
Z2yLatg BEu|ska ogtol), fAF+ERLE WEA| 7] F71 W45 Frlslg
th. vlAlgAE 72X WA A Omg/kg, SARERE T2A LE A
407.58mg/kg® VFERL} A 2] Omg/kg HTh, Z}Z} Omg/kg, 407.58mg/kg Z71E4l
THP<D. 05).

YHA| o] wE pH(Z2E 1-9, D) ke, whlelA: HHA D FUSE
Fretg e, i+ ERE WEA D] F7F 47 Fastdrt vpdeAE 72
Al E A 7.27, AR RE 7220 W& A] 5.01F Uiehut FA 2] 5,898
t}, Z}z; +1.38, -0.88L8.= L}E}YITHPCO.05).

o9} ol wpaEA, fAFREES] WEANY F uhdEAE
A ggrer, fAFEEE YENY F 24, 24 ¥ ZEeag Fussck
o Zhe HMIEAL WEAO] F/HUSE FABGLE, FATERE

o] E7} Y4B HASHHTHP.05).

714 £ulst
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Fermentation time (hrs)
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0 12 24 438 72 0] 12 24 48 72
Fermentation time (hrs) Fermentation time (hrs)

(C) (D)

a7 1-9. EEHF FY G742 pHe HE)
(A): Acetic acid contents, (B): Lactic acid contents, (C): Propionic acid contents, (D): pH value, @: Bacillus subtilis,

O: Co-culture(lactic acid bacteria, Saccharomyces cerevisiae).

Different superscripts{a-g) in the same row indicate significantly(P<0.05) different values in mean score(MeanSD) among

treatment groups.
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(6) KOH €3] =, #x] 438 Urease activity(U.A)

v Els, fatd+ERS] YEF ol 2%t 0.2% KOH &3=, 0.2% pesin &
& o oA Zh(U.A)el st xapsignt, AR dA el Heohnk=ihE
2ot A2 o] &S AFIA]FIH, KOH §3l=s A A=4 Wiel 9
o]A whiize] FA-g FAPsH=u o]&HTE. 13 1-103 Zo] WHAIZe] ulE
0.2% KOH(A)®] §ars, npdgjatst fA+ERE WUH 2447 o] ¥ HE wWEHY
3 Fol A7E LR 3t At vpdAE 72417 UE A] 71 34%,
SAF+ARE 7227 HE A 70.48%2 LEh} A et 74.53% By}, Zzt
3.19%, 4.05% A% THPC0.05). L} KOH E3]= gho] 70% o]ate] 7| wj&
of UHE}F Fof KOH -§3l= A ste] 3, whilAe o] &4 EAlo] F3F¢E nx]7|

UE ZeZ wieych

AL o] 87T WAL R3S, Xl FL HElo|=u} oln]
Ate g2 mhgo] F= Endopeptidased] 3hujoln|, FAHEZ&o A HBAHFU Pk
o2 ZAste] FHIHA R @1HHCL)Y] FHEof o3 S 71 Piloz AdA
ol WHEAIZ w}E 0.2% WA A3} (2F 1-10, B)2] UL, vlAlgA=s}
AR ERE 22 UE 24, 48X T ol F FE LEAY Fol A7E UEL 9
3to ZAstgich. widsAE 72417 HE Al 90.67%, RAIZEARE 72X HE
Al 92.67%x2 UEN} FEA e 93.39%% Kl zhzb 2.72%, 0.72% ZrAF v}
(P€0.05). 2L} A1 £32HE o] 90% olite|m, oE2 A9 Hili
o]3ld ¢ whyA2] o] ggo] HelA 4 gtk R} HjasiEE o, UEINF
Foll Wl 4348 Aslo] AT, @A o4 EAlo] FFE nRA| ¢ Ao
2 3ighEc}

A

o 2

AA g7} 3 or¥ o S$uh2 Urease activity(U.A)7} B2 Z3o] glo], AH
Zl7t & 48 o FE PEshe o[fo] HA givh. dHIFeR U.AZE 0.3 o4
A A FEAIE vehdcl whebd gEa el wE U ATHE 1-10, O) ¥F
2 Axstgen), Hialg At fAMF+ERS] WHFA Fo] F2F HIE= UE]
L}x] eralcH(P>0. 05).
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0|8} Zro] BIAYA, FAF+ARS] UFIA 2 KOH L3l=, Hal A3lge
YENE Foll ZAasIEoLH(PO.05), I Fo] A o8 FEAlo] @&
o]X]A] & Ao= AEn, Urease activity(U.A)e FHU HHE Uehiz|
okglcl.
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Urease activity index

o
o

0 12 24 48 72

Fermentation time (hrs)

(€)

O 1-10. SHEAAR 22 0.2% KOHS} 0.2% pepsin 4383 U A ¢ W3}
(A): 0.2% KOH, (B): 0.2% pepsin, (C): Urease activity index, @ Bacillus subtilis, O: Co-culture(lactic acid bacteria,
Saccharomyces cerevisiae).

Different superscripts{a-e) in the same row indicate significantly(P<0.05) different values in mean score(Mean*SD) among

treatment groups.
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i es,  fald+BERe  UaFFe ¥ A¥HIA F a-amylase,
protease, CMC-cellulase, xylanase 3§ B-mannanase ts}e] Zipstgdch 2@ 1-11
3 o] WHAIo]| wE 4£FF L F a-amylase(A)d] TS, AL WHEA
to] F71ETH a-amylase?] T2 LT F7I5193L, FA+EREE EL8HE
22F LJEht} 2459} slala Al 724]7F WF A] 50.69 unit/g, SAVF+ER
= T2AZ UE Al 0 unit/g® VER} BEAEE 0 unit/g Bl ZHZ 50.69
unit/g, 0 unit/g 3715 ¢ HP<0.05).

UFA| ] WhE £2}F A F protease(TH 1-11, B)2] UL, vpdaLE
YHA o] S5 proteaseld] VHFE £% F7PIEA, FAAd+-EREE 24%
& 2% Uehith 2450, slEAE 242 BE A 7171 uwnit/g, R4
LERE 7227 UE A] 0 unit/gE UER} EA2]T 0 wnit/g BT}, 2z} 71,71

unit/g, 0 unit/g €715 < THP<O.05),

UFA| 7] ol AHFA F MC-cellulase(23 1-11, C)& 2, ulpd
A WHAZo] F71UTF MC-cellulased] TFZ £ F7I8IE, AL+
ARE AALREE A% Uehiot &A= vl gAE 7222 UE A 68.41
unit/g, FAMG+ERE T2A1ZF L& A] 0 unit/g® LER} FA T 0 unit/g B
T}, ZtZ 68.41 unit/g, 0 unit/g &7}= (PO, 05).

e e

b x| Zto] wh2 A3F 4 F xylanase( 2 1-11, D)o] ek npdgyAs
WE 24A| 7] 545,61 unit/glE 71 B2 THE Ul WEA ] F7t
Y45 xylanased TS ZrAaslglon, |fAFERE YREAZO] FESFH
xylanase?] ¥aro] Z7151dr}. vl HAE 72X 7t UH A] 513.84 unit/g, RAbF
+HERE= 7227 A A] 313.54 unit/g® VERY A2 0 unit/g By, zZHzt
513.84 unit/g, 313.54 unit/g S 7}E Y THPL0.05).

YEA o] WHE AEA 2 B-mannanase(Y 1-11, E)& gae, wialg
2L 4HE 24A]700] 4378.11 wnit/gOE 713 B& RWES LEhigls, WEA|Zto]
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%7145 B-mannanase?] [ FAdlglon, fA+EREE UHA| o] F71Y
<5 B-mannanase?] wle] FIIstgirl. videlAE 72X L& A] 987.83
unit/g, FAtF+ERE= 72417 W& A] 310,38 unit/g2 UEIL} FHE]F 0 unit/g
Xr}l, z}z} 987.83 unit/g, 310.38 unit/g F 715 9Th(P<0.05).

ol2} o] wlAYHA, HFiA+EERe wWEHA F a-amylase, protease,
(MC-cellulased] HH|:= dlala|AojAlgt 100 unit/g ojpte] HFAZAM S LER)gl e
o, fAFERE of$ FH2 g AATES Uehitl AAFATHP.05).
Xylanase @ B-mannanase FH|E WM 47t FAE+ER BT A4 UEisten, §

3] Hld Aol EH|H B-nannanase?] Wike] 24Xkl ulg A LhEhgith
webd UEZH Fol ¥HEE B-mannanased §ste], Wl Ae] A

2l MeE|gd dAAS B uw|, URFA AN 72X 7oA 24x 7o 23
SH=A uigtA e 2o s wighAc,
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1500 +

B-mannanase activity (unit/q)
=
3

500 4

Fermentation time (hrs)

(E)

IF 1-11. HER Fo LA%E40 WE
(A): a-amylase activity, (B): Protease activity, (C): CMC-cellulase activity, (D): Xylanase activity, (E): B-mannanase
activity, @: Bacillus subtilis, O: Co-culture(lactic acid bacteria, Saccharomyces cerevisiae).

Different superscripts{a-g) in the same row indicate significantly(P<0.05) different values in mean score(MeanSD) among

treatment groups.
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(8) & EelslE, ¥ Eotiol=

Hhdea, f4td+a R waFye] 23t F Seislext ¥ Sl o|=d
tiste] RApStgint, 0§ 1-128}F Zeo] WaEA e wE & SelElE(A)8] #HEE,
HiA A 9 i+ B RE YHA| o] SRS {7 S8 uil A
72X 7t WE A] 62.33mg/g, FAMF+ERE T2A|ZF WE A] 41, 09mg/gE LIERL} F
A 2]t 17.35mg/g BT}, Z}Z} 44, 98mg/g, 23. Tdmg/g 57} A THPLO. 05).

UFA|ZH] WE F Seiiol=(ad 1-12, B)Y YL, wpdeExE H
Z 48A1 0]l 17.33mg/8 8 2 FHY B2 ¥S UEhYa, fAZ-EARE 482130
11.08ng/ge.2 7 & ©IHE Uepforh sidgae 72410 HE A
17.33mg/g, FAHE+EEE 72X HE A] 9.76mg/g= eI} T3 2] 6.35mg/gk
t}, 2z} 10,98mg/g, 3.41mg/g Z71E SITHPLO,05).

olg} o] midA, Fi-ER2 URHNY F F EelHed F EHelEe

ol=g] # t|EFof nl3] Frslgon, nldHe F EeHEd F SR
LolE HMT¥=Ho| S2AtF+ERHT} A LIEFGCHPLD.05).
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a7 1-12. 23 3 £ SdEsd £ SR koltd HE
(A): Total polyphenol contents, (B): Total flavonoid contents, @: Bacillus subtilis, O: Co-culture(lactic acid

bacteria, Saccharomyces cerevisiae).
Different superscripts{a-g) in the same row indicate significantly(P<0.05) different values in mean score(MeanSD) among

treatment groups.
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(9) ¥ArEE/d(DPPH, ABTS)

i e s, fate+RES] YaEFFol 3 4tEEd F DPPH U ABTS
radical &A%¥o] thste] ZFapstgict, 2@ 1-139} Zo] UFA|7te] wlE DPPH
radical 2% (A)] RC50E, nldEAE W& 24470 3.85mg/go = 713 &2
£2A%E Ve, fihE+EEE 48A 7] 2.16ug/gl 2 J1Y w3 2ASE
vehfdch vtdgss 72220 UE A 4. 5mg/g, FANEAERLE 72417 HE A
2.16mg/gE e} FA 2T 4.92mg/g(v]EMY C, 0.03mg/g) Ech, Zt2} 1.07mg/g,
2. 3Mng/g £A%50] F71E S rH(P<0.05).

ul# A 7bo] whE ABTS radical AA%(I# 1-13, B)L, vldajAL i 48
Alzbe] 1.17mg/go 2 71 &2 £A%E Urhigls, fab+ARE 484 7
1.83mg/g2 2 71 w2 £A%E Uehfarh. wideis 72X UE 4
1.25mg/g, FA+RERE 72213 BE A] 1.92mg/g= e} FA 2] 2. 23mg/g(H]
El2l C, 0.25mg/g) BT}, Z}Zf 0,98mg/g, 0.3lmg/g 2AS°] €715 2ITHPL0. 05).

olsh o) uldE A, §AFF+EES) WEAY F YUY F DPPH U ABTS

radical AASL v B3] F715}91.2n, DPPH radical AAHL vld g A7}
ABTS radical AA %52 §A2r7+HAR7} A LERSCHPCO. 05).
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I3 1-13. HEAR Fo PG HE
(A): DPPH(RC50), (B): ABTS(RC50), @: Bacillus subtilis, O: Co-culture(lactic acid bacteria, Saccharomvces cerevisiae),

Different superscripts(a-g) in the same row indicate significantly(P<0.05) different values in mean score(Mean*SD) among

treatment groups.
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(10) ¥ ol&EehE

Hid e,  fibd-B 2o gadFe] 3 F o]AEvhi(daidzin,
genistin, daidzein, genistein, total glucoside, total aglycon, total
isoflavone, conversion ratio of total aglycon)el tisle] ZA}ste T}, Tabel 1-2
e} o] daidzin Y genistin T WEAZD] FIASFF FLFHeH,

daidzein W genistein ¥er2 WH A 7to] FI1e 45 Z71st4c].

53] widelit daidzein®® AR TPl ooV, HAFERE
daidzein % genistein®® BT A= Usre] A  UENCE  Total

glucoside(daidzin + genistin) ¥grE W HA|7lo] Z7/1USFE A AFSC)

Total glucoside®.C} total aglycon?] FHZ}7} 5-10u] = o]4F Hul= K
7} Hel den, F oja&IeE ] 1 Fa¥ 249 total
aglycon(daidzein + genistein) ¥3r2 WFA|7to] F71d-F Frlsigdon, v
# A7} T72A|Zto]  316.46mg/kg, FAbde]  688.77Tmg/kg®E LR} B E|F
32. 2mg/kg B}, 2z 283. 74mg/kg, 656.05mg/kg A LIEFWICE

Total isoflavone?] ¥zFL uiFA|7lo] Z7134E ZtAFgon, ufalgA
7} 7241 7Vo] 956. 16mg/kg, -&-4tdo] 1013.82mg/kg® LIERL} E-X 2] 1378. 15mg/kg
B}, zhzl 421, 99mg/kg, 364. 33mg/kg EA] UEILC]

&1} total glucoside?] total aglycon®.Z2] HEH|E-2 WHA|Zto] F7}
45 FIIstelon, upd@AT) 7247k 33.27%, fFabdo] 67.94%F LfElL} R
A2t 2.37% B}, Z}z} 30.90%, 65.57% HA LIE}RCE

o|2} Zo] UFZA Hof total isoflavone?] k2 ZHAsIg o1}, total
aglycon® 22| FFu|&o] ol A FJEo], isoflavone?d] o]-8-&o] F71H G
c}. vld 3 AL total aglycon 5 daidzeinC Z HA#|S= HA7} &¢ton}, /4t
+E B daidzein ¥ genistein RFr} ASI= E27t BA Liely)
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meta] YT FZP Fol EH|H = total aglycond: §5te], FAlA+HRE
Al =Y dAE HokE u, YR FF A 2R SH=A v
Ay Fog wow),
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Table 1-2. WHEZY Fo F o|&ZeHEY HE

(mg/Kg)
Daidzin Genistin Daidzein Genistein gllgéggde Total aglycon Iséﬁﬂgigne of0?2¥258;8Ty£g;i?%)

Control  118.44 1226.98 17.00 15.72 1345.43 32.72 1378.15 2.37
Fermentaion process of Baci//us subtilis, hrs

12 102.05 1206. 12 39.60 36.88 1308.17 76.48 1384.65 5.52

24 72.95 902.70 86.83 47 .41 975.66 134.24 1109.89 12.09

48 42.84 569.55 160.44 41.73 612.39 202. 17 814.55 24.82

72 42.75 591.95 229.34 87.12 634.70 316.46 951.16 33.27
Fermentaion process of co-culture (lactic acid bacteria, Saccharomyces cerevisiae), hrs

12 85.61 1130.32 26.30 24.60 1215.94 50.90 1266.83 4.01

24 96.78 1284.76 218.68 224.84 1381.54 443.52 1825.06 24.30

48 17.55 396.51 276.68 290.38 414.06 567.06 981.12 BT 79

72 15.59 309.46 365.68 323.10 325.05 688.77 1013.82 67.94
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3. 8 ¢

hFE ol§% Tray- &} (scale-up, 200ke) 8] BB AASte],
B3E 3 24 199 0C AEE A Asfe], 1) AR TAH, 2)
YRYE, 3) 424, 4) AR Aol v Zatshart,

UEAY Fo iR A, 2HF, 2HE, 2AY, FU1Ad 2
Z 4 9 otmlx=it HPo] FUISIG LT, FFLEE A ERA A3, AE}F]
22 9 2hEesd] UFZ FLSIGTE o] BBV AR Fo 71F 2 83

€ Uehd =xhid HgE Gaay Fo FAMoF ¥ oC ¥ AP SHglrt.

UENY & EHEE ADEd 48U 39, g feld 24 § 3%
< wHA o] FAETF §Eo] FLd= Fo] AA Yeh} FF {ESE Uh
3 Fo] APsoF ¥ ac K| xT MASHC].

ZAEY UL LA A0 FAUEE U] ST, F7I0L up
At Zusx oglm, SAFEES 24 A4 U Teveas Hulsigc.
9 pHE MMlEAE UAA|TO] FUEE M Zho] EUbBIYR, §AZEARE

LHAZYo] FLTE HAste] T3 Aol E vfehigdrt. pHE PHIAE Fol
AZAsoF ¥ qC A E2 s

SDS-PAGE( 7] 95 ) 2] WE si¥lE niadaAe} fald+aRe] FRY ALEA
3 59 Saos AF I 4 9lo], SDS-PAGEF UHF Fol APsjof &
oc x| Es HAsigrc].

43 F 4 5 B-mannanase?] FAFAdo] vl A9l FAMF+ERES] FESIE AL
ol& Urhjglen, wHzg Fol W2 HAFHE dlo] B-mannanase UX I
o] AA ol ¥ oCc A ET dAsc).

3 EvdlEI F EfHEkC|E S UEZH Sl FUMIGR, Wiy
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3 (DPPH, ABTS) E3} F71stgict. o] B8P A& T F Edd= ¥g2 =
27t F3stA vehd, ¥ ERsEES GE23E Fol A ¥ ¢ A ER A
st

UFZH F total isoflavone?] T2 ZEAJ1H o1}, total aglycon2 E2]
AFn|-So] ¢ &4 AHHo], total isoflavone, total aglycon I total
aglycon?] A|H| -5 VAP Fol APsioF ¥ 0C AXEE M3}

utetA PRI Fol AFF ool HAsol ¥ oC A EE =2aVE, F
3} SDS-PAGE, pH, B-mannanase, ZEa]#}is, total isoflavone, total
aglycon ¥ total aglycon®] HFH| &S T F 77194 0.C A5 4As14
. =3 ol AE F BBE FE 71 2A S vA= A2 =
el 2 B-mannanase, total isoflavone(total isoflavone, total aglycon,
total aglycon?] HFIM|F)o T AT o] UFALS FHFFHoE gL =
24A1 7, |§AF+FERLE 727102 ARSI
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A2 d AFEEY TS AT AxZFE ALH Y

ARA Axe, vdEL BT T F AT LIARELE AX, ARSI 4
ARt AdA Y FEE njAES S5, UEYE, da=xd, dxyYd Sl st
o AA 2FEd, g LFE Ao A2 2% FEAAS Y ule & %
< 718} AGAL] dFEEE S8, o3 71A ZH7]} glev, FAHY o]
2 A=z7 ¥4A EHe ERLEVE UEE AUk e 2EsdE =EEds
7le AZE A xS A|&Ho] §l7] wEel ARA|Zo] BF 5-8UF =S ¢
2 7]Zo] £8Fo], AFF AT w HEA Holxl= A Fe] UAdsim,
ET UE tfAMES] ol FAH], F80] A3 AZAI A=z, AAF
22 7t g FAAATL olF A HA s, LR A=E FA
o & 4 glen, § Uo7t A28 2AM WA A=x s, L4 WHIHE F
£33 ¥ 5 g, MEL Al&Ho] Hasitl, ot AEH FHo gis, JIEY E
HUET] A2AG FAE ASl EFUEAXI|E Lsiglen, 7LdE =
HEEART] e GRAZZH AlAFl o3 A8t

ERURARIIE oY UREY A=X AHAME, 1) EHURIE <&
g J1EY AEHF 2) ERERTA A2AE FAE o] ARIFHALHES
EUT A2 A2 =EfEEd 2o Ade, Aedd w328 E, =
child, Zh, 1, RAF, FAR pH, ZAREY, 0.2% HAUAEE, 0.2% KH 3=,
FelotA 7, EWHE, ¥ ESEolE, ¥AIEEY, Mannase)2t A=XA|Zto] df
3] ZAbstglct

1. A= 4 H

Zhoal=], 5w, HE AaA] A=z

WEAZRZFH AlA&® A®E  $3%le, Bacillus subtilis:= LB
W) A] (Tryptone 1%, yeast extract 0.5%, NaCl 1%), lactic acid bacteria &
MRS ¥l &], Saccharomyces cereviase-= YMB|X|(yeast extract 0.3%, malt extract

0.3%, peptone 0. 5%, dextrose 1%) AF23}1¢ 21, agar plate AR AldE= 2.0%
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agar & F7lslgltt. EE wAE: 121C, 1 Kgrem o2 1527 WF ¥
ARgsigich, & AdEel AE¥ EF= DMSO 10xE F7I5ted -70T deep
freezer of X Sl ALSl4ET), Bacillus subtilisf= 35T, 200rpmof A
14zt afekste e, Pediococcus acidilactic W Lactobacillus plantarum-2
35C, OrpmofA 1YUF+ nLst9 3, Saccharomyces cereviase:= 30T,
200rpm ol A} 1 42t wjksle], wljggeoer AlRSlET). Bacillus subtilis,
lactic aicd bacteria, Saccharomyces cereviase B%¥<Y 1%5 cfF 200kg o
FEsteem, 92 %E FUGIR SEUPol 5SwEA  dte, Bacillus
subtilis(Bacillus subtilis BBG-B20 + Bacillus subtilis SK877)= 14Uz
Pediococcus acidilactic BBG-L1 + Lactobacillus plantarum SK3121 +
Saccharomyces cereviaset= 347t Edgo] W&o, 2 UFEE 1:1 B E§I5ly
AHgsteit.

Ay, 8, 2IE, e, o, ALY WHE, KH gI=E, HA 43
£, Urease activity(U.A), FAFZEY, 8.7]aH XA, AAb, pH, B-mannanase, =
EeHE, 3 Seiieol= W WAMEE/J(DPPH, ABTS) HEe] ojiz] 1%to] BAIE
Ag 9 Biel BAE HHes E43ig.
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2. 27t 4 2%
7l ERHA e et AR A2AT g 20T

=AUyt =SRUAARIE 0| &31e] ZtZpe] UEE (200Kg/500kg) S A
Zzstgon (g 2-1), 27 2-23} 2-3 Zo] 2t Az ulE SReEkz A%
T2 H47Zg vt I A3t ool FEUH0] 44.3x0.2 FUH.L
EFUA)(A) 158X Zho] ALt 12,802 Urlgton, SfAwUEA=ZI|(B)E= 35
AlZte] UM 8. 2082 Lfelt, SHUEI|(A)E o] 44 Rt 5dYde Az AT
o] ¥&sdrt EF 1§ 2-38] AFS REnpe o] =HUEA=RI(B)Y A=z
B2 AzAY N7z vzt Yelg Ao, EFEAT(A) ARELS 29
Az Atz QlF AAN Wg wi= MzgE Wiyt o) o] =R gAART)
F ol 8313 & o whE A=A 7ol &% FANIL FHA shd LR o4,
A 3 A H e ofsle] 2AbsHgch

a% 2-1. SUEy|e} SHUYR AR AAF
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x

Water content (%)

0- < O

0 16253545 80 100 130 158
Drying times (hrs)

O 2-2. SR} SRURART Y] AR o] ¥ =28/F (%).
A: SHEUFY], B: &HUFAZR7

Control

aF 2-3, =HLEV =SHUTAZRIE o837 ARE AA
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L =P8} =hURAZT 8 ARE] it AFTEH

cdgarel =HURAZXIE of&3te ZZp9 WaEE FAXslgen,
Table 2-12} Zro] Ad42] 8k v\ slgdct, 2 A3} Bacillus subtilise AR
Alog 8.81 CFU/g, Selutis|e} catgd=zs]e] AREL 742} log 8.82 CFU/g,
log 8.82 CFU/g® V}EW}, Bacillus subtilis®] R4l BT ZFA3A] okeith
Lactic acid bacteria:= ZAZ Hlog 8.89 CFU/g, =3 Ui 7|9 sl d ARy
A=RELZ Z}7} log 5.11 CFU/g, log 8.46 CFU/gE LIElL}, EHWURIE o] &34
S o o 2A FA3gen, ERAURAZRIE o &3¢S o, =RLEI R
log 3.35 CFU/g ®A VIElyIt}. Saccharomyces cereviase= Z1Z ZHlog 8.16
CFu/g, EQ¥R7|8} EHUT AR AXE2 242 log 4.11 CFU/g, log 7.47
CFU/g2 e} EEUEYE o839 o vl¢ 24 HLsiglen, =dyUER
Z71& o|8313E wl, =FUH7|Rr} log 3.36 CFU/g =A UEINITL

Table 2-1, ERLH 7|} EJURAZRIE o[ &8 A2F2 244 HY
& 2(Log CFU/g) control cCEgs | CaHYsSAHED]
Bacillus subtilis 8.81 8.82 8.82
Lactic acid bacteria 8.89 5. 11 8.46
Saccharomyveses cereviase 8.16 4.11 7.47

rh. SEUE)9 SHUEART| S A=E thdt 2ehld, &3} Q1o
=ELEI e} =EFUEARIE o]ESte] 7Y WEES ZAxslgen,
Table 2-2¢} Zo| ZubWA, Zs(Ca)zt QI(P)Y] & wlastdrt, 1 Azt 2d
PAL2 Az F 43.61%, E=HUEV =FUFARY L] AXES 47 38.91%,
43.67%= e} Zebdzle] ke, EfUE 7S o &3tdE wint A=A A
ZA3gon, EHUAAZRIE o] &3tdS o], EFRAI|EL} 4.76% =A LIE}
dUth ZE(Ca)2 A= A 0.45%, SRWEY 9} SAURARI Y AREL 2z}
log 0.41%, 0.47%2 UEl} Zg(Ca)e] EH2 =FLRIVE o[&319S oy, 2
Astgon, EFUAAZIE o] &3IAE of, =R UBV|ET] 0.06% =A UELRE
th. J(P)2 A= A 0.57 %, =FuAv|e =AY A2ELS #7
0.56%, 0.57%2 UElL} QI(P)Y Adfe ARwbHol &sle] & xlo]& LielL}A]
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gt

Table 2-2, EQUE7|2} EFUTAZIE o]8Y AZEL Zrad, B3 Q
BRCE:

d 2 2 control CEYs ) EdgsAHED|
A= CiEd A % 43.61 38.91 43 .67
2t % (Ca) % 0.45 0.41 0.47
o1(P) % 0.57 0.56 0.57

gf. EFUar|e} S UE AR ARE T {7142} pH

EEgaI|el EFUREARIE o]&3te 7Y WAES Zzslged,
Table 2-32} Zro] -f7]aH(Zx4t, Aah)3} pH g wlzstdch, 2 F3} {74 §
Ak AR A 0.34%, SEURV9} SEUFARIL] ARELS 747} 1.18%,
1.07%2 Viehu} Z4ate] k2 ARA|ZHo] 71 #9457 2R Frpslden, =8
271E o839 S W, =EURARZEC 0.11% A YERET frla 5 A
L AR A 1.12% EFUEI|Y SRAUEARY Y AZEL ZH2t 3.36%, 1.74%%
e Zate] gL Az 0] F7F E4-F F7RIE L, SHURIE o835
4 o], =HURAZI|EC} 1.62% o] F71514det pH 312 Az A 5.97, =9
Uy e sRUEAzI L] AXELS 747 4.78, 5.212 e} pH g2 A=A
o] F7t ¥EF HolFeon, =HUFIE o &GS u, =HUEARI K
0.43 WA Liepsict,

Table 2-3. ER'HE7|¢} EHURARI|F o] &% A=2E] /7|43t plie] B

d = = control cEds)| CEHYSHID
=4 % 0.34 1.18 1.7
gy % 1.12 3.36 1.74

pH value 5.97 4.78 5.21
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ol EFUA7)e} SAUEARY Y ARE cft 4£3&3} FeolA YL

EEEEI|el EEUEAZXIE ol &8sty ZZhY YEES Zzdlged,
Table 2-42} Zo] HAAHE, KOH §3 =2} oAU A)E HlZ3gch 2
Az} 0.2% HalA3}8L2 AR A 92.67%, =AF)2} saAUFARS] ARE
2 2z} 87.16%, 92,93%% el EFUEIE o] &39S uint HALHES A
233 Fasigon, SEURAZRIE oS5t E wl, SRURI| BT 5.77%
A Vel 0.2% KOHESIEE AR 3 70.43%, =3 &7t SHUEARY) Y
AzEL Zzt 51.66%, 66.83%F LIER} 0.2% KOHR3| = RE Az} 2o 7
2stgen], EFUAARINE o] &3S uf, =LAV R} 15.17% EA LIEIE
th QoA GIHU.A) Ze AR A 0.01, =P LAY} =FUAAZRIY ARE
< 2t7} 0,01, 0.012 Jeht PHotAIg7HU A) 212 Azl Adaglel & Al
o] LIehfA] ¢katrh.

Table 2-4, ERUR7| 2} ERUIAZRIE o[ T A=F2] 4383 Y19

7}

o F2 | Control [ =] CEHIUASHED
0.2% BAASZIE 9, 92 .67 87.16 92.93
0.2% KOHZ 51 = 9, 70.43 51.66 66.83

LY OFHIE Ot
v 9, 0.01 0.01 0.01
(U.A)

b, e E 7|8l ERUFT AR S ARE gt RAIE W 2} B-mannanase
=Eddar|s EHURARIIE o|&3St 7Y wUIES FAzxsigoen,
Table 2-58} Zto] ZALEU I} B-mannanase?] Z}S vz dlgct. I A3} RAIEUL
Az A 1.20s, =LAV} ERUTARIY AXE2 27} 1.47%, 1,232 L}
ElLl, AR 2 AR A BT FUPlEen, =EREaE ol
Sl o, =EEUEARI|E} 0,27% A UELKTH B-mannanase= AX A 825
unit/g, EFHUR) Y =@ URARIY] ARES 22} 200 unit/g, 750 unit/g®

WEIY B-mannanaset: BEE AZXAY Fo] BF Zxdigon, Sl §ARIE
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o] &3lgle o, =L WA KWL} 550 unit/g A LIERGICL

Table 2-5, E=EHUR7Z|} EHLFARIE o8¥ AREY AEUFY

B-mannanase

& &= Control cEes ) CHEgsAHED
AR % 1.20 1.47 1.23
B-mannanase Unit/g 825 200 750

Al =RV} EHRRART] Y D25 U F E¥ls, F SEHE0lE,
3+2r23 ] (DPPH, ABTS)

EFUATIe =EURAZIIE ol &3le] ZZe WRES A=dlglen,
Table 2-62} Zo] ¥ EelslE, F Sclil=o|=3} ¥4137J(DPPH, ABTS)E H|ZL
stgct. 2 dE F Eede B2 A2 4 30.72,/mg, =RUEV S EeUE
AR AREL 717} 32.214g/mg, 33.92ug/mg= VER} & EejsE fgke 2
Z5h= AFeM F7Isllen, SEURA=RIE o|&slEE uw, =3RRI
1. 71we/mg A VeI & S8l eol= ke AZ A 11.95ug/ng, EFUE
712} SHEURAZR Y AZEE 72 7.10umg/ng, 13.321g/mgE LIENL}, SEUR
71§ o] &3t Tz AFoMT F SetR o= HFo] Fistglen, =37
UBAZ7E 0] &51%E o], SEUEI| BT} 6.22u/mg A LERSITL
FAEEJ(DPPH) S A2 A 5.22/mg, SHUE7|Y =279 A2ES
2t} 6.81pug/mg, 6.43g/mg® LIER} 34FEIEAY (DPPH) S AZ3SH= A BF
Zastion, EHURARIE o[ &St E W], ERUAI|ET]} 0.38sg/ng F4HE
"/de] & vietkich 4R (ABTS)> AR A 4.57ug/mg, EFLH7|2} =9
UeAz71 AZES 747} 5.80ug/mg, 4.52ug/mg® LFElL} FARELIEA] (DPPH)-2
EREAINE o] 831 AR (AT FAEo] A4 on, EHUE
AZR7E o &stAS o, EHURI|RC} 1. 28pg/mg FAFEFo] A LElRdT)
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Teble 2-6. SULR/|9} SUURAZIE o] 42 A=EL] 2EevlE, 2En
o =3} RhAk3IEd (DPPH, ABTS)S] i3}

= control CEdEs ] EeYUSAHED]

ZEZCHE 45 /mg 30.72 32.21 33.92

EEdETC0E= #2/mg 11.95 7.10 13.32
RC50

DPPH .22 6.81 6.43
8/ mg
RC50

ABTS 4. 57 5.80 4.52
5/ mg

- 2bb -



3 8¢

AZZHAA B2 A=BE 454 ZLE HLH517] 951, A2 &£
Aol w2 AZE 431, A=A Fo| gl 7IE2] =FURT | AHLAFs FA
F A3l ERUEARI|E AUstgen, EfdEdAzr|e g UotRY
fste] =R ERURARIE ol &3 AREY d=xg=, Adse) A
BHE v B4 2 Y ERERARII ERERI|EY AR&E, A

X Az AFd4 ¥k (Lactic aicd bacteria, Saccharomyces cereviase), pH,
Thald $ter & (Ca)¥er, 0.2% HA A4S, 0.2% KOH 23 %, B-mannanase,
EeslE, ¥ STt olE, WAIZE/J(DPPH, ABTS)2 &7 uEhgen, #7]

(24, H4), A 292 WA UEbkich

oft B

)
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A 3. AF=Z zlo|e] A=Y A oC A EHLF

Trayg ©l-&%t HE Y (scale-up, 200kg)S AN, vpdels HEE 10 F4F
AR UEE 18 ¥ &2 EYT F, ARl A4 AEE AF2RAE L)
2 wl, AF7] wE AdEF, TR, 2N, e, A, ][] HE, KH
£3]x, M 438 Urease activity(U A), RALEY, -§7]4H &4, A2}), pH,
B-mannanase, % F|¥l&, ¥ EShElo|l= 9l ¥4hpEd(DPPH, ABTS) H2te] cf
3] zalstgrh R Azl AF A3 A4S UEE, AR Fo A o
2] acA &5 433tz st

1. Az @ P
7hei=], 25 vje, gE AgA] Az

MEAzRTH AA" VL f5l9l, Bacillus subtilis:= LB
U] A] (Tryptone 1%, yeast extract 0.5%, NaCl 1%), lactic acid bacteria &
MRS ¥ ®], Saccharomyces cereviase= YM 8|X](yeast extract 0, 3%, malt extract
0.3%, peptone 0.5%, dextrose 1%) AF23}9 21, agar plate AR Ald: 2.0%
agar & Hristgch. RE wjAlE 121T, 1 Kg/ew’ 22 1587 dF F
gttt # Agol ASE FFL DMSO 1088 Hslstel -70T deep
freezer o R UJlo] AIRSIET}. Bacillus subtilis= 35T, 200rpm o A
1 97t wfjekstg e, Pediococcus acidilactic N Lactobacillus plantarum-&
35C, OrpmollA 147+ uferslels, Saccharomyces cereviase= 307,
200rpm of] 4] 1 U7t wjkdled, uwjFd e T ALS}gIC}. Bacillus subtilis,
lactic acid bacteria, Saccharomyces cereviase BJ¢¥e] 1%E 54} 200kg of
FEogen, @i 2%E FIPBlIL L] 50%EA  Slo], Bacillus
subtilis(Bacillus subtilis BBG-B20 + Bacillus subtilis SK877)= 17,
Pediococcus acidilactic BBG-L1 + Lactobacillus plantarum S5SK3121 +
Saccharomyces cereviase+ 347} Eglo] UHdlH, Z} UEES 1:11 E Z§I5l9
2 FojlA E c=HWFEARI|(LID-2, Bigbiogen, korea)® 12%7} ¥ uj 7}x]
A=xsgc].
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L A, dEbgE, 7713, Ay £

A, o8, 2N, g, O, ABLY HEL KH §3ix, WA 4%
£, Urease activity(U.A), ZAFEU, -§7]AH XA}, #Axl), pH, B-mannanase, &
Fe|slE, F SeiixolE W 341E1R/d (DPPH, ABTS) ‘HEfe] tis] 13 o] BAE
Mg 9 oz FA3qr.
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2. A 4 3%

7t B

vt g A, fabgeE RS UEEFES ulda, fAE+ERY] AL
x}o](4, 15, 25 W 35T )ef 2J¥F A&7 7H0, 30, 60, 90, 120, 150, 180 T 270
Aol ot B4 Hgol oiste] 2Apstgct. 28 3-131 o] AAA L wE
A F upde20](A) k2, 0Y log 8,37 CFU/ge 2 Uelkten, 270d 7zt
3 4, 15, 25 W 35CL Z}Z} log 8.35 CFU/g, log 8.29 CFU/g, log 8.28 CFU/g
log 8.21 CFU/gl 2 leutl, upde| A8 A7t 2k 229 AR7| e &3] Z4
512] QFSETHPY0.05).

FrAt+ B R e WHAZN o Bds 5 FAEA(2E 1-5, B) @2, 0
ol log 9.24 CFU/ge B JEelgten, 2zt AA2Ee] A4 309 o]FHE 4, 15, 25
W 35CE 227} log 9,22 CFU/g, log 9.01 CFU/g, log 8.26 CFU/g X log 7.76
CFU/g 2.2 UFERGITHP<0.05), 2708 Az} ¥ 4, 15, 25 @ 35TE ZtZ} log
8.35CFU/g, log 8.23 CFU/g, log 6,51 CFU/g 4 log 0 CFU/gl.Z LU}, 3H7|7H
B Al 15T o|3te] A2oM EHSH=A vlpiz gt Zo=s yegten, 25 9 3
5C2 2EoA EF A, 20 AFF7 AsE F o= LFEIRLTHEPLO. 05).

FAtE+ AR UHA D] wE A F EER(TH 1-5 C) ¥, 0
Y log 7.32 CFU/ge.2 UElRten, zt AZ2=o A3 30 o FHE 4, 15, 25
W 35CE 2}2} log 7.27 CFUsg, log 7.19 CFU/g, log 6.70 CFU/g 2 log 6.25
CFU/g2 2 UEITHPL0.05), 270Y A=z} ¥ 4, 15 25 9 3BTE= 217} log 7.16
log 6.21 CFU/g, log 0 CFU/g I log 0 CFU/ge. 2 Uel}, #7|7t BF A] 4T o]
3te] A oA EIst=A vl 2o ueidon, 15 25 W 35T g2 &
ZolM B A, 2oM Adgr} LS ZeE LEFLTHEC. 05).

o|8} o] widelLs, [ANF+EARY AF2E Ao|(4, 15, 25 W 35T)ef ¢
g = A7)7H0, 30, 60, 90, 120, 150, 180 = 270%1)o] chdt AFS4 ke ulal
25 A=Y AR/ T EBS A dgkort, {42 15Tel3t, ER
£ 4T olslollA AFsfel e 22 LFelRITH(PL0. 05).

1)
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Log CFU/g

0 30 60 90 120 150 180 270
Storage periods(days)

(A) At &

Log CFU/g

- 260 -

30

60 90 120 150 180

Storage periods(days)
(B) fate



Log CFU/g

0] 30 60 90 120 150 180 270
Storage periods(days)

(o) - .~
23 3-1, A7t Fo] g HE
@: 4T, O: 15T, W: 25T, A: 35T.

Different superscripts(a-c) in the same row indicate significantly(P<0.05) different values in mean score(MeantSD) among

treatment groups.
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L iR (4, 2eh)

il s, A+ ER S LREHESY AA2ZE Xlel(4, 15, 25 L 35T)0
2% A 71740, 90, 180 W 270 )e] it it RebAA e tfste] RAaL
stgivh. 2§ 3-29f o] A AT whE SE(A) HakE, 0Y 12,4122 e}y
ow, 2704 F=t ¥ 4, 15 25 4l 35CE= 27} 12,.38%, 12.32%, 12,26% W 12,32%
o veht, $ERYTS =0t A7 o8] AR UTHE>0.05).

A G| o]l wlE A (27 3-2, B) ¥FL, 0Y 45.30x0% EIRS
o, 270Y Az} F 4, 15, 26 & 35CE ZM2} 45.17%, 44, 94%, 45 21% T 44 67%2
2 yehy, =uhid §{sre 29t 23] 7te] &3] 7ASHR] QFSTHPX0.05).

ol2} o] upAlEA, SAFP+EES] WEBUEL APLE Hol(4, 15, 25
% 35T)el &g ARIIHO, 90, 180 B 2708)o] TiRt +E} ZeaU pPe
2o} AR7I 2ol ofa] 7hasiAl eskthP>0.05),

olg} o] npdE A, FAH+ERL UFEFEY AFLE Ao[(4, 15 25

W 3B5T)ol &gt AF71ZH0, 90, 180 R 270 )e] gt +EH 2ehdd fyF2
228t A 7| 0ol 3] st ETHPY0.05).
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13 4 50 ~
¥ n — —y Py

12 4 45 - o — B —

11 4

10 A é 40 A

3]

% 8 - T 30 -
g 7 3
c = 254
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@ - o 20 -
e 3
2 4 g 15

3 - =

¢ 10 1

2 -

1- B

0 T T T T 0 T T T T

0 90 180 270 0 90 180 270
Storage periods(days) Storage periods(days)
(A) &2 (B) &by

a4 3-2. =P} 2P W
@ 4T, O: 15T, W¥: 25T, A: 35T.
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o} F71EQ, ZE)

il s, A+ ER S LREHESY AA2ZE Xfel(4, 15, 25 L 35T)0]
oJ %t A A7]ZH0, 90, 180 W 270 )of oIt w3t o kel sty RAPSIEITL
O3 3-3z o] A7 whE Za(A) B2, 0 0.50%2% UEeiyton, 270
d A3} F 4, 15, 25 @ 35TE= 242} 0.51%, 0.49%, 0.51% Q 0,4952= UeR},
a2 2o A P77l &3] Z4stA] 3ITHE>0.05).

A A o] wiE ¢l(2] 3-3, B) T, 04 0.61%2 2 JEiton, 270d
Az % 4, 15, 25 @ 35CE Z2 0.61%, 0.61%, 0.63% T 0.61x22 Jeht, ol
g2 =9} A7) ] FTA3EA] EdTHP0.05).

o|2} Zo] updeEA, Fibd+E RS UFEIEY AHEZE Ael(4, 15, 25

L 35C)e 2% A A717H0, 90, 180 T 2704 )ef ¥t L} ¢ e w9}
A7) v 28] AR 9kgitH(PX0. 05),
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Calcium contents (%)

Phosphorus contents (%)

1.0 1
0.9 1
0.8 A1
0.7 1
0.6 1
0.5 1
0.4 1
0.3 A1
0.2 A1
0.1 A

0.0

1.0 ~
0.9
0.8
0.7 1

0.5 1
0.4
0.3 -
0.2
0.1 1

0.0 T

90

Storage periods(days)

(4) Z

A
=

180

06 - §—E§E$§

270 0

23 3-3. Fauwst o ¥ v
@®: 4T, O: 15T, ¥: 25T, A: 35T,
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90 180
Storage periods(days)

(B) o
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2}, &]#ate] W3}, KOH £3]=, M4 4318 o Urease activity(U.A)

vl es, fabd+ARe] LAEHEY AFEE Ao|(4, 15 25 ¢ 35T)0
o3t AF71ZH0, 90, 180 - 2704 )ell ui¥t FATL] HE, 0.2% KOH &3)=,
0.2% 4l A¥E o UA 3k HEe] cidte] Zapstget. I/ 3-4¢) o] AF2E
zlolof )32 ML 3BTA 2ARA A, 4, 15 ¥ 26THL} He] AT LAY
o2 Hak= A2 el

A ZA Zho] wlE 0,2% KOH 23 =(2H3-5, A)=, 0 71.28%2 % LE}yte
o, 90Y I o|FHE 35T EHAF Ze] KOH =7t 4str] Alxsigiod,
2709 Zz2 ¥ 4, 15, 25 ¥ 3BTE 27} 69.55%, 65.56%, 57.04% T 32.43%0
LR, 259 35ColA 717t B Ao, 0.2% KOHES| =& uf-¢ FH3A 24
L Aoz LelYTHPO,05).

A RA o] uhE 0.2% HAl £3E(37 3-5, B)2, 0¥ 95,3722 UEl%t
on, 2704 ZF2 ¥ 4, 15 25 3 35T 242} 95.20%, 95.29%, 95.50% G 95.89%
oz eht, 0.2% Hi A3 2=l AV o8 Hisix] Yt
(P>0.05).

A Azt whE U A(ZE 3-5, C) 2, 04 0.01xS2 Leiyten], 2704
Az & 4, 15, 256 @ 35CE 72} 0.01%, 0.02%, 0.01% L 0.01%2.2 L}ER}, U.A
2 2o} ART| 7] o5 HEE LERfR] $UTHP>0,05).

ol8} o] nidEs, FiF+ERS] UEEHFY AL Alo[(4, 15, 25
% 35C)e] 23t A A7|ZH0, 90, 180 B 270 )ef vhEt A4t W3}, 0.2% KOH
S3=, 0.2% il A58 o UA Zte] WEHs, 35TolA 7|2 B3 Ao e
o] A THOF WP on, 0.2% KOH L3157} 259 35CelA A7 7t 2
Alel, 0.2% KOHE3 =& H43lglon, §3] 35T A3 Alde ¢ I3 g4
HE Ao VEIYTHP.05). I8} 0.2% FA A3} 2 UA Zhe] W= U
EfLtA] 939keH(P>0.05).
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Protein digestibility of 0.2% KOH (%)

100 -
90 -
80
70
60
50
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30 -
20 -
10 4

90 180
Storage periods{days)

{(A) 0.2% KOH

270

100 -
90 -
80
70
60
50
40 -
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20 -
10 4

Protein digestibility of 0.2% pepsin (%)

|

a7 34
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90 180 270
Storage periods(days)

(B) 0.2% pepsin



0.10 ~
0.09 -
0.08 -
0.07 A
0.08 -
0.05 A
0.04 -
0.03 A

Urease activity index (U.A)

0.02 ~

0.01 A

= -3

0.00 T T T T
0 Q0 180 270

Storage periods(days)
(C) U.A

% 3-5. KOH €3l%, HaA318 o U A #8k "3
®: 4C, O: 15T, W¥: 25T, A: 35TC.

Different superscripts{a-c) in the same row indicate significantly(P<0.05) different values in mean score(MeantSD) among

treatment groups,
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ot ALY

it g, fabt+ AR YEEHRES] AFEE Ao](4, 15, 25 L 35T)0]
2]%F A A7)7HO, 90, 180 W 2702 )e] 3t ALY 3 wale] t)sle] =A}E}
gdrt. 23 3-63t go] At ulE 2AREY T2, 09 2.56%2% LfElYe
™, 1809 I} o]FHH 25 W 35T BB A2 RAEd §sko] zhz} 2,154,
1.87%2.2 Zr4317] AlFpstgleon, 270d ZFHI ¥ 4, 15 25 W 35CE ZZ
2.50%, 2.12%, 1.61% 9 1,63% 22 L}l 15, 258} 35T Y 2204 A7 B
Z Ao, ZAIEJL] T2 AAEE O E LERITHPL.05).

o]} Zo] HiMe A, [AF+ERE UHFEIEL AFLE Ao[(4, 15, 25
L 35TC)oll I3 A|g7]2H(0, 90, 180 Z 270 )ol cit ZALE L] 3,
15, 25 &} 35TelA A7t B Alo] HASIFITHPL0.05).

3.0 1

2.5 1

2.0 A

1.5 4

1.0

Crude saponin contents (%)

0.5 1

0.0

0] 90 180 270
Storage periods(days)

8 3-6, RAIEY FHeF W3}
@®: 41C, O: 15T, W¥: 25T, A: 35T.

Different superscripts{a-c) in the same row indicate significantly(P<0.05)

different values in mean score(MeaniSD) among treatment groups.
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u}. §714t2} pH

HllE s, $agaRe] HAEYEL APLE Hol(4, 15, 25 @ 35C)e]
ol 7170, 90, 180 ® 27080)e Ti¥ RIIAHRA, HMah) W pHEt A
tistel zAbshgch.

A ] w2 /714 F 240 RO, A) HIe, 0d L1xe =
Uehtond, 2700 Az ¥ 4, 15, 25 W@ 35CE 227 1.00% 0.85% 0.81% o
0.87%2 2 El}, SAFHU RAARE UERA] ¢dol, AR Bt FAHA o
L Ao 2 EIYTHPY0.05).

A A 7ro] whE §7]4F 5 FHAre] (Y 3-7, B) WHEe, 0¢ 1.36%2
2 Uelygony, 2704 A=} 4, 15, 25 9 35CE zhzh 1.15%, 0.86%, 0.65% I
0.45%2 2 LI}, A4be] ke AALE7] 2S48 70459 THPL0.05).

A FA| Zbo| w2 pH(2® 3-7, C) 2, 0d 5.09% Llelygten, 270d A
3 4, 15, 25 @ 35CE 7} 6.54, 6.62, 6.34 W 6,162 2 LEh), pH 22 37|
7t A A, AFLE Al FsIden, AFLE 5S45 wE pHY
%7 Vb $icH(P<0. 05).

ol8} Zo] vl A, FAM+EARS] UBTIUEL AZLE Ao[(4, 15, 25
;U 35T)ell &3 A&71ZH0, 90, 180 F 2709 ol h¥ Fr]aH(XA4E, AHab) W pH
3k A, AR ATzl ¥ fFHQL xelE UrhiiA] ok}, FHaRE A
ALe7t H&+F 484 THPC0.05). 3 pH 32 217 AR 4], AR
o} AHgel FrstEen, AMFLEr &5 wWE pHY F71E vlehddot
(P<0.05).
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Acetic acid contents (%)

1.5 1
1.4 1
1.3 A
1.2 1
1.1 1
1.0 A
0.9 1
0.8 A
0.7 1
0.6 A1
0.5 1
0.4 1
0.3 A1
0.2 1
0.1 1

0.0

90 180
Storage periods(days)

(A) Acetic acid

2% 3-6 AR el e 714 W

270

1.5 7
1.4 4
1.3 4
1.2 4
1.1 4
1.0
0.9 1
0.8 1
0.7 1
0.6 -
0.5 A1
0.4 -
0.3 -
0.2 1
0.1 1

Lactic acid contents (%)

0.0

— PR ~

90 180 270
Storage periods(days)

(B) Lactic acid



7.0 1

8.5 1

6.0 1

5.5 1

pH value

5.0 ~

4.5 A1

40 T T T T
0 90 180 270

Storage periods(days)

(C) pH value

Oy 3-7. f7)1at3t pHe] ¥HE
@ 4T, O: 15T, W¥: 26TC, A: 35T.
Different superscripts(a-d) in the same row indicate significantly (P<0.05) different values in mean score (MeantSD)

among treatment groups,
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A}. B-mannanase

vt g, fabt+ AR YEEHRES] AFEE Alo](4, 15, 25 ¢ 35T)0]
2% A %7120, 90, 180 W 2704 )o] th¥t B-mannanase ZAEY HEe] rfslo]
ZAtstgdet. 23l 3-83 o] A FAIZMe] wE B-mannanase HAEES, 0Y
950,33 unit/g2 &2 UEeltor, 1809 A=} o|FHEE 15, 25 W 35T BAFH 72
Z APyl §hero] ZhzZ) 786.67 unit/g, 740,67 unit/g, 702,33 unit/goF ZrAS}7|
Azt on, 2708 A= ¥ 4, 15, 25 W 35CE= zhz} 788.67 unit/g, 704,67
unit/g, 643.33 unit/g o 641.33 unit/g 22 EN}, A A7 7Ho] FAESE A
A2=o Auglo]l AAIGE o, 15, 2568} 35T 2204 A7 B Ald], &
£32gdo] ] glo] ZhAE 2ATHP0.05).

o2} Zo] vldFA FANA+ERL] UTEYPEL] AFEE xlo](4, 15, 25
o 357 )o] 213 A A17H0, 90, 180 T 2702 )o] cf¥! B-mannanase FAFAH ¥
8=, 15, 25 &} 35ToflA] A7t B@ Ao ThAFEo] F7181ed tHPL0.05).

1000 +
900 A
800 A b a
700 A
600 -
500 -
400 -
300 A

200 A

B-mannanase activity (unit/g)

100 4

0 1 L) L) 1
0] 90 180 270

Storage periods{days)

1% 3-8, B-mannanase?] ¥}
®: 4C, O: 15T, W¥: 257, A: 35T.

Different superscripts(a-c) in the same row indicate significantly(P<0.05)

different values in mean score(MeantSD) among treatment groups,
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ol. ¥ EdlvlE, ¥ Sl xol=

b, fA AR YAEYPEL] AFLE xlo|(4, 15, 25 L 35C)0
o1% A A7 7H0, 90, 180 T 2704 )e] tiFt 2 Ewjs W & ZelR o= #ak
Hatel ofste] zAbstgcl

A zte] W2 F Ee(H &Y (I 3-9, A) HEE, 09 56.38mg/22
2 Ueigtend, 180¢ A3 o]FXyE 35T EBAT A F FvE o
45 59mg/g 0. & TAE17] AlFslaed, 270¢ A} ¥ 4, 15, 25 @ BTE 4z
54.08mg/g, 55.22mg/g, 53.30mg/g L 43.49mg/g © 2 LR}, 35ToA B3 A] &
SYHEY] o] FaHE A= LElLTH(PL0.05).

A A e wE F EolReolE HUIH(THI-9, B) M=, 0 10,33mg/g
o2 Ueiygeon, 2704 Azt F 4, 15, 25 9 35T E 2zt2} 10.46mg/g, 10.36mg/g,
10.30mg/g R 10.25mg/g 2= UEh}, FAHY #F2A2lE UehiA] odeol, AF7|T
et ZAAHA] 2 2R VEILTHP.05).

fr

ol8} o] uidHA, FAN+ARS UEEYEY AFLE Ao[(4, 15, 25
o 35C)o] oJgr AA7I7H0, 90, 180 = 270)o] oigt & EavlE 2L & SR
olt ¥t Hils, Z FTWlEd 3BTA B&E 4] & SislEd] @3] A4
HiE Aoz Ueigtey, § EtliolE U ARV L T ALHA ¢4 A
22 uepkich
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Q c 10 4 f
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2 45 c 6
o = o
> > 91
S S 4]
o =
— 40 4 3 -
5 g o
2 [
1 4
35 T T T T 0 T T T T
0 90 180 270 0 90 180 270
Storage periods(days) Storage periods(days)
(A) Total polyphenol (B) Total flavonoid

a8 3-9. & EzdlEst & Sl ol HE
@ 4T, O: 15T, W¥: 26TC, A: 36T.
Different superscripts{a-c) in the same row indicate significantly(P<0.05) different values in mean score(MeantSD) among

treatment groups,
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=}, ¥atx}E/d (DPPH, ABTS)

il g, At AR UREPES AFEE Alo](4, 15, 25 L 35T)0]
2% AA7]7H0, 90, 180 B 2702 ) thdt DPPH W ABTS radical A7 %o tfs}
o] ZAlstgdrt.

A #R|Zto] w2 DPPH radical £A% RC50(T¥3-10, A) WHI:, od
3.72mg/g 02 UEltem, 2708 Az} ¥ 4, 15 25 9 35CE 2z 3, 72mg/g,
3.73ug/g, 3.73mg/gz R 3.72vg/g2 2 LEht}, FAFHA RS LIERA] QoL
A7 T FAFHA] 932 ALZ LEIHTHPY0.05).

A AA o] WE ABTS radical £ A% RC50(2% 3-10, B) ¥, 0g
2.27mg/ge 2 UElIten, 2704 Az} ¥ 4, 15, 25 ¥ 35CE 7tz 2, 23mg/g,
2.35mg/g, 2.37Tmg/g U 2.61mg/ge 2 LENY, 15, 25 9 35TolA] BAE A] #4S]
= Ao g LEelYTHPL0.05).

ojg} o] vl L, fAF+ERS] WEEFES NFLE Ao|(4, 15, 25
o 35T)el 7 A7 ZE(0, 90, 180 H 270 )e]l vh¥t i1 F DPPHE A
7|17t B TAEA QgkoL}, ABTS radical AA%L 15, 25 & 35To|A B3
Al A= Ao = LIEFYICHPLO. 05).
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_‘3 40 - 5 3.0 1
8 3.5 A 8
(/4 E 55
z .. z
2 U4 2
& g 3
5] ]
-g 2.5 1 .? 20 -
o ’ o ’
c c
$ 2.0 A $
5 § 151
B 151 i
z 2
("
% 10 T T T T < 10 T T T T
0 90 180 270 0 90 180 270
Storage periods(days) Storage periods(days)
(A) DPPH (B) ABTS

131 3-10. $hatE}ERd(DPPH, ABTS) 3}
@ 4T, O: 15T, W¥: 26TC, A: 35T.
Different superscripts{a-c) in the same row indicate significantly(P<0.05) different values in mean score(MeantSD) among

treatment groups,

— PTG =



3 8¢

tFehE o] &R}t Tray-UF 2 (scale-up, 200Kg)S AA A=, LuEA=xE
o] AFEEe} AF7INe] wE VLS A, ARIL T LT <129
C NEEF A3 95, Ads, $E, 29, T, A, JAgY 43,
KOH €3]=, Al 4£31& Urease activity(U.A), RAIEY, H7]2HZ4 AL,
pH, B-mannanase, & Zg|HE, & ZElRkxeo|t= W 3riM3}EA (DPPH, ABTS) W&
ol cish ZAbstelch.

7717 Fo| e vPYLAE AFLELG AV 2 FHE 8HA
olotor}, FAtd-2 15To|3l, 2= 4T o]slelA A Ao}, BF429 A7
g doji}= ZAo = elydr],

A7 Foll I 2uALS £ Zohdd #@ske 2z A3
o sl FraskA] Qgton, =3t "aI o TERE 22 AR ] i
B}#] efatcl.

AZ7I1ZE Foll 0.2% Pl 432 U U.A o] W3 uvehiA] dgtert, 3
5TolA 71t B Alof A2 Mzo] FJ Aoz wWHIgon, 0.2% KOH
$3lx7} 253} 35TolA F7IT BA Ao, 0.2% KOHES| == vl-f FH5A
ZaxE Ao ey, AF7| F oC A EE2 FAAZ} 0.2% KOH §3)=
& A3t

A A7 7t Zo ZALEUS et 15, 25 &F 35ToA A7 B Ao
2434t

APAZ Bl §714 B 2L APTIRe] &7 F21HA Hol§ Liehx|
Goht, #7143 BN APLET} £ &4S Zasignh U o B AT
A% A, AgeEs Aol Zrbsldon, AREET} w&4S wE pHe] 27}
2 Uthiol M%7zt Fol phel s} RS o] Fo] A& o= e,
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A4 24% 4 A= oH @2 ¢ AXE HPsort

A A7) 7t Fo] B-mannanase HAEAHE 15, 252} 35T =4 7| B
#H# Alof], @ FAHMo| HAEE Zo| HAEF| o] B-mannanased QC A EE 4
3stdrl.

AR F F SEEolE UIH2 ARIL 5 HLFHA dgkon), F
FE¥E2 BTN B A F S Po] Hades A= Uehl, F
S ES oC A ER APl

A A7 F ¥4tEEd F DPPH radical &5 &4 A], AA7|T & &
AE]A] ¢kgro1] ABTS radical £A5E 15, 26 W 35ToA B A] Z4Ast= A
O = 1}ejL}, ABTS radical £A5& QC N EFEE HPFs}grc].

wEty AR Fol AZ4 olslol ISl ¥ oc Au= AT,

0.2% KOH £3]%, pH, B-mannanase, & Z&E|d&E W0 a3 A = ABTS
radical AA%S EI3 £ 6712 0.C R XE HAsFAr).
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A 4 d. YFEAREFTA L] AgHA o] O 25HS

1 Az % Py

7t A8AA
wMEALE HAZIAE 0.1, 0.3 B 0.5% 308 2zt AlRe] Aslste AA 4
| Aol putEo g TG en, 657 AlRFAHE A|stgicl.

L ARSE

2 AP 48577 Hy-line 24 AAE o] &5t FUY AFL Ao
o] BT 4x2] 5ulE o= uiE ©} 954 18058 AMwsle] 2327F Q¥ AJukAE
2 oujARS 3taen, AHe|ldE kg HFo] RABIEF fHUY wjx|sA
t}.

th. ¥R
RE ZAAEX cjatelLix] 2,800kcal/kg, CP 17%8] AtgbZ7] A|TAlEE &
SHEATHNRC, 1994). AEALES] wighd] W P4 2L Table 4-10] LERJSITE

g, Arete]
FAAE 2%t A= AHolx| (Yol 0em, Zo| 0cm, 7 736cn’)ol A AH&SigT.
AErze &2 AHAA 9 2H-E9 AlFlen, FFS 3 4878 e 16L:8D
2 a3sigcth. 7[El AlgE[E Hy-Line Algate] x|3Hol HAH UHo Esho
CRkIT =8

o, ZAE
(1) ARNT L DYy

ARG BAUT DY 17 BHALE zabsle] 7 VPR T 4
L BESEch AP B MY OF o] AT FPAF ASe 4,
et FE UL 3 AW ALE AR4ET o] VS Fodon, £49 3
N AR RAZ Bl A AU £2 o] FF UFS VA o
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AR ARkl WHEE FIAL 10022 Uro] A4ASIGICH

(2) Ae] 4

AE ALR Fo ¥ F W@ E A AR 5T 10714 35t 7}
ZE, d2EA 5 dHE IdY PHEE ZARNCL APAIRE Foistq Yaw
At & FEA) s At 13 FAoE sl U =, U2} A
Haughunit & AThe] 3 9l v2b3 #AW 3&ES S ¢ ZF=s
W2t F=A(FHK, Fujihira Ltd, Tokyo, Japan)& ©]-&3}e Agte] EHE-E &
qoz 14T ¥ Yug Aol EE £ g SN ¢
BE &3 F I Rol§ ZARIY ¢EE& tiv]|T Haugh uwnitFXE T3t
(QCM+, Technical Services and suplies Ltd,, York, England), Wz} S Agt
8] Zeoly Uzt mHE H2 st P2t F£xA (Digimatic Micrometer, Series
293-330, Mitutoyo, Japan)& F3l HFY FAL BIEA=Z st GRS
Roche egg yolk color fan{Yolk color fan, Roche, Switzerland)3} tj=23t Mz &
A EASlgCE oz el izt A% (QCM+, Technical Services and Suplies

Ltd., York, England)& o]|&%}o] SAsIHc]

(3) =42] Zo], F%, pHe} AAF

A S Y T8 Aol A TW 845 HI Aol FASIA st
of AL FSAEECH U] FHo met 24T F 3, 9, 4%, 4
g, 23, 1A, B3, S3AY 9 F4&IE Asle] FHE FHsNA EHF
100g & ATl FFo= fatsigdon, FAFS S

L ke

A FE Ao Z AP FARE AFS 71 AANE 894 Ausiy
gAS A3tz PHdEE olF ¥HS EEIstrh.  Glutamic-oxaloacetic
transaminase (GOT)EAH-L ZghL F|E (GOT-GPTZE, g A ¢)E AFL-3lo vy
4 o8 Hastgdry. HEE oIl 7] (COBAS MIRA plus, ROCHE diagnostics)& A}
235l 8% | triglyceride , total cholesterol, HDL-cholesterol, BN,

creatinine, total protein, albumin, globulin, albumin/globulin, amylase,

- 282 -



calcium?} phosphorus& &3 519t}

(5) o f IgA, TgG, IgM

el U] IgA, Ig6 T IgM 3FF& chicken IgA, IgG, IgM kit (BETHYL
Laboratories, Inc, USA)E Al&3l ZASIECE. Goat anti-pig IgA, IgG, IaMEZF
coating buffer (0.05M carbonate-bicarbonate)e] 1:100 H]| &2 I 4%t ¥ 96well
microplatee 100x8%] W31 37ColA 60&2t ¥rgA|Zcl ¥hE T 96well
microplate 2} well?] coating buffer& A A3} washing solution (50mM tris,
0.14M NaCl, 0.05% tween 20)2.% 3% M3&3lgct o]ojA] blocking solution
(50mM tris, 0.14M NaCl, 1% BSA, 0.05% tween 20)C.% I H4H AL 7} welloj
10062 g1 605-7F 37TolA RE3-A]Zl vl 53 AMH3}3L HRP conjugate 1004:£%)
Y 37TolA 603t HHEAIZT) o|& Tl 5% MH¥ F, enzyme substrate
(TMB peroxide substrate, peroxidase solution B)E 100u8%] Y31 wEgA|#H T}
5-30E 7 Whgof whE A HEE AASlo] Mo AHEHH M HS0FE €L W&
Az A|Z] ¥, microplate reader(Benchmark plus, Bio-Rad Laboratories, USA)E
450nmofl A FREE FHBIL AEE FEFHE o] 83to] I, Ig6 W IgMe] BF
< AHEsigict

(6) U &% 3

HAEZTE Aol =AY ZAxelA ARET B U&= Y ¥3& A
t}, =#F JLEE phosphate buffered saline(PBS) £z} EF3E o]F
homogenizer (AM 77 model, Nissei)E® @d3} s1g3, 1072¥ 1077}x] 2}212] H|
EE 3 Asloct. £ F, Coliform 2e|g]o} W lactic acid bacteriag] 48 &3
317] 23] B4 ¥ A|£F Nutrient agar, MacConkey agar W MRS agare] Z}z} AE
513icHTuohy 5, 2002). FEFIH SHO|Ex 37TolA 3641 Fot nigstalal 3
48 R4 & Axrtstarh

wh. BAEH

B2EE dojx] Ao 3t BAEL Statistical Analysis System(SAS,
2002)8 olg5le] BUEMNG ANsIEon, 2 B K4 AFL Duncand] T}
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<

Zo

rr

HZ Y (Multiple range test)o] 2|3to] HA|5t¢CHDuncan, 1955). A &7t

4 AELE FATE PO.05004 FHASIGEon, /5E PO.10& £ AHolA
Z3Fol el WA|stgch,
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Table 4-1. Formula and chemical compositions of the basal diet

Ingredients Conposition (%)

Corn 50.00
Tallow 0.20
Corn dried distillers gains with solubles (DDGS) 21.24
Sovhbean meal 742
Rapeseed meal 5.00
Sesame seed oil meal 2.00
Feather meal 1.50
Syn. Lys—sulfate 0.33
Syn. Met(lig.) 0.108
Syn. Thr 0.026
Limestone 10.20
Mono dicalcium phosphate (MDCP) 0.59
Salt 0.20
Sodium biscarbonate 0.10
Mineral premixl 0.11
Vitamin premix’ 0.13
Total 100.00
Chemical composition

Crude protein, % 17.00
Crude fat, % 5.3
Crude fiber, % 3.7
Ca, % 4.00
Available P, % 0.27
Lvs, % 0.83
TSAA®, % 0.72
TMEn®, Kcal/kg 2.800

Witamin premix provided followings
vitamin Ds, 8,000 IU; vitamin E,

10 IU: wvitamin Ka,

per kg of diet: wvitamin A, 40,000 IU:

4 mg: vitamin B;, 4 mgs

vitamin Bz, 12 mg: vitamin Bs, & mg: vitamin Bz, 0.02 mg: pantothenic acid,
20 mg; folic acid, 2 mg: nicotinic, 60 mg,

Mineral premix provided followings

Mn, 20 mg: Co, 0.15 mg: Cu, 5 mg: Se, 0.1 mg,

3TSAA: Total sulphur amino acid.

*TMEn: Nitrogen corrected true metabolizable energy,
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Table 4-2. The profile of fermented soybean meal

Ingredients Contents

Lactic acid bacteria, log10Q CFU/g 362 + 0.35
Yeast, loglO CFU/g 7.24 £ 0.28
Bacillus subtilis, logl0 CFU/g 3.56 + 0.34
B-mannanase, unit/g 633.18 + 92.97
Total isoflavone, mg/ke 1,061.86 + 140.72
— Total glucoside 0650.36 + 73.45
— Total aglycon 411.50 + 82.27
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2. A 4 3%

7t ik gel mAls 4%

Table 4-28t TE B3 VAR WIARHZMAL A A= f #71 F
A7t B, AEHHT H AREEC] A= FF Hist Table 4-3¢] Leh
gt

Table 4-3%2} #o] HIIALE Hilo] wE ARMNE2, FHII 81.25% 0.1%
717 87.95%, 0.3% H71- 85.39%, 0.5% 71 84.91%2 LIEh} RE Al 37}
A A7t FAIFECE ARRKEo] foFoR A UElWen, 3 FolA 0.1%
A7 7P B2 AREES UEehf it 0.1% HE7T A], 87.95%% RIS Hr
6.70% F=A UERTHP0,05), E3F Al F71A] E71e] S TE AtdE2 &
&stgde, BE AR H7A A7 PR AdREEe] A UElRdTh
(P<0. 05).

G (g)2, TR 64.37(g), 0.1 FI7 63.68(g), 0.3%x J7H
64.48(g), 0.5% F7}7 65.68(g)= UIElHITE 0.5% H7 Ao, f&3e= 7MY =
2 ¢3S vehlen, RE/ 2o dFel 1.31(g) A UEHHTHPLO. 05).

Q) AFgroF(Egg Mass, g/hensd)E, F-¥7b7 52,31, 0.1% M7} 56.02, 0.3%
E7HF 55,05, 0.5% F7H 55,672 UEeh, FEIPFRL BE FIHFelA §2F
2.2 wA uepdrh =3 0.1% Byl Ao, 71¥ &S daiRGE Ueldlon,
BA713 B} dabgkeko] 3, 71% A UEGTHPLO. 05).

AlEA 3] 9} Egg mass, g/day/bird)L, F3HZF 121.86, 0.1% A7
123.54, 0.3% B7H 124.17, 0.5% HA7E 122. 625 e}, 0.3%2} 0.1% F 7117}
FHFEC B4 YERE S ESTHPO.10).

AlR ¥ & (Feed conversion ratio, g feed/g egg)S, FAH7FE 2.39, 0.1%
7+ 2.24, 0.3% HE71F 2.28, 0.5% E71¢ 2.23F LIEjL}, FEJIZEC BRE

¥ ¥
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AT eH 0T BHo|A LIEPITHP.05). R 0.5%8} 0.1% A7} Alel,
713 L AREEEES Usiden, FAMJE Hrl AlE&E80] 0.163F 0.15 FA,
AEFH S F LERRTHPO. 05),

2 AY A YFAR HIA L ARA AR O, 95 AREE, J3F, dat
ghef, AR U ARREESS F7MA7E B BAH], Bitgdo & &
Ao g gk

b Algty] Edo nX = 4%
AEA Atz o dEclFe] ATl 971 2@e] F-o njal= g% of
3}ed Table 4-4o Llehfglict

Table 4-48} o] HIIE 3o wlE 2P 0.5% HF7l2yt 12,192,
FFLE A uveikten, FAE| 11,688t} 0,51 ¥A WEHTHPO0,05). &=
g, e, G257 9 Haugh unitd FEFOE ARREA F¥E n|
X&) oFQFCHPX0.05).

= A A3 UEAE A G ARA AR U, 0.5% J7F S dAY
F7H7le 37 B, B N2 Sl =42 & Zo= ek

flo

ol ZFo] mi= 4%

AtgtAl AR ) UECIFR] H 29971 RF njAle gk tisio]
Table 4-5¢] L}eRjgict, 7F, u|R, 29, Az Ez=xb 23k 33 33 2
o, WA, daw B PAFE A2 Z ozt gt o= vrhgoh Jut
FAZole A7l F71 ¥F TAIALH(F0.05), FF pHe 0.3% H7lol
At FEIMECH #A VEECHPLO. 05).

2 48 243 AW 242 3, ¥F, 4%, A, 3, 8%, U, 5F

A%, daF, AAFE FFele A Ae|rt glgich HEALR HIUMAY it
A AR Ul F7t Foe 38 LolE AT AT #AEE e, 0.3% H
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7R B o AEP7 AEsEe, ARATMA FI7t 4oz ¥4

FHZ oAA] ¢S A= giekdry

e AU 23 98] NAE 9%

A AR U REAE HoAA H7h Folrt WE WP v FF s
HA& ol Tiste] Table 4-60] UrehAdich & F4% AUE W FE4 of
A Nzt 2ol 7h LA kakeHE>0.05).

ol gegdel A= 9%

AREA AR o HEALE F7HA Z7F F9971 ohE 89 4 nAls 9%
o] tf3le Table 4-7¢] L}EpRfgich. AST-GOT, ALT-GPT, BUN(blood urea nitrogen)
creatinine, total protein, albumin, globulin, albumin/glcbulin, amylase,

calcium®} phosphorusoll A= A 2|7t & z}o]7} ¢l AoZE vteludcH(P>0.05).

EFE AEHA AR O HRALR I Z7F F9971 wE g9 SH2HE
date]l mlx]E d3te Tidle] Table 4-8¢) LIEhJgIt}. Triglyceride , Total
cholesteral, HDL-cholesterol 2} VLDL+LDL-cholesterol ofAl: A7t & z}o]7}
e ez JeiscH(P>0.05).

whebd MEALR A AA AR Foi: WY U 2o YEES] 9

F& nAA] Asich
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Table 4-3. The dietary effect of FSBM on the performance in laying hens

Fermented soybean meal
[tem

P-value
Control 0.1% 0.3% 0.5%
Fgg production, % 81.25 + 8.34b 87.95 + 5.64° 85.39 + 5.64° 84.91 + 6.38" 0.03
Egg weight, g/egg 64.37 + 2.09° 63.68 + 1.15° 64.48 + 1.25° 65.68 + 1.22° <0.01
Fgg mass, g/hen/d 52.31 + 5.75% 56.02 + 3.90 55.06 + 3.64" 55.67 + 4.13° <0.01
Feed intake, g/hen/d  121.86 + 3.89 123.54 + 4.10% 124.17 + 4.18° 122.62 + 3.89" 0.08
FCR', g feed/g sgg 2.39 + 0.29° 2.24 + 0.15° 2.28 + 0.15° 2.23 + 0.18 <0.01

lperm. . .
FCR: Feed conversion ratio.

Different superscripts(a-c) in the same row indicate significantly(P<0.05) different values in mean score(MeaniSD) among
treatment groups.
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Table 4-4. The dietary effect of FSBM on egg quality in laying hens

Fermented soybean meal

[tem P-value

Control 0.1% 0.3% 0.5%
Egashel | color, unit 11.68 + 1.46° 11.29 + 1.65° 11.58 + 1.40° 12.19 + 1.43° <0.01
Yolk color 7.93 + 0.56 7.88 + 0.58 7.82 + 0.79 7.94 + 0.66 0.57
Eggshel | strength, kg/om®  2.92 + 0.81 2.86 + 0.89 2.91 £ 0.77 2.94 £ 0.80 0.9
Egashel | thickness, mm 0.41 + 0.04 0.41 + 0.04 0.40 + 0.05 0.41 + 0.06 0.2
Haugh unit 89.65 + 8.94 91.43 + 7.81 89.78 + 7.99 91.97 + 7.26 0.13

Different superscripts(a, b) in the same row indicate sighificantly(P<0.05) different values in mean score(MeantSD) among

treatment groups.
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Table 4-5. The dietary effect of FSBM on relative weight, length and pH of organs in laying hens

| tem Fermented soybean meal Povalue
(g/ 100g BW) Control 0.1% 0.3% 0.5%
Liver 34.95 =+ 5.66 35.45 =+ 6.58 36.06 + 5.34 30.91 + 3.40 0.23
Spleen 2.08 + 0.08 2.06 =+ 0.08 2.05 + 0.08 2.00 + 0.05 0.16
Hear t 9.00 + 1.0 8.55 =+ 1.41 934 + 1.18 8.55 + 1.15 0.49
Gizzard 31.60 = 2.98 32.94 =+ 3.06 31.77 + 2.71 31.57 + 2.42 0.73
Jajunum 14.78 =+ 2.59 13.91 = 2.64 13.09 =+ 3.41 13.37 =+ 2.11 0.62
| leum 12.04 = 2.30 11.21 + 4.06 12.06 = 2.29 11.02 + 1.80 0.82
Cecum .06 = 0.91 .06 = 1.77 58 =+ 1.3 527 + 0.78 0.5
Abdominal fat 96.78 =+ 27.95 7234 <+ 19.08 76.03 + 24.72 86.39 + 21.18 0.17
Ovarian tube 61.72 =+ 18.04 65.38 =+ 7.66 7022 + 19.18 70.18 + 7.60 0.57
Jej umum a a b
fsteih i 69.43 = 3.70 67.19 = 5.00 60.56 = b5.B7 59.25 + 9.68 <0.01
Jojumum pH 590 =+ 0.17° 5.9 =+ 0.138 6.18 =+ 0.3% 5.9 + 0.14 0.04
"e“'FCr'n?”gth 62.44 = 5.91 59.44 =+ 5.15 6131 = 8.34 5.3 + 10.03 0.27
| leum pH 661 =+ 0.29 .56 =+ 0.54 620 = 0.27 .64 + 0237 0.13
Carcass
W begp 208 =+ 0.08 2.06 = 0.07 2.05 =+ 0.08 201 + 0.05 0.26

Different superscripts(a, b) in the same row indicate significantly(P<0.05) different values in mean score(MeantSD) among treatment

groups,
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Table 4-6. The dietary effect of fermented soybean meal on microflora concentrations in laying hens

Fermented soybean meal

[ tem P-value

Control 0.1% 0.3% 0.5%
Total microbes, log10(cfu/g) 6.41 = 0.26 6.36 £ 0.13 6.65 + 0.22 6.29 £ 0.32 0.35
Lactic acid bacteria, log10(cfu/g) 6.82 £ 0.17 6.71 £ 0.24 6.88 £ 0.19 6.93 £ 0.21 0.48
Coliforms, log10(cfu/g) §.26 & 0.18 .16 £ 0.23 5.18 + Q.88 5.2 £ D.25 0.22
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Table 4-7. The dietary effect of FSBM on blood characteristics in laying hens

Fermented sovbean meal

| tem P-value
Control A% 0.3% 0.5%

ALT-GPT, (U/ 4 ) 438 = 1.06 4.75 = 2.19 4.00 = 2.14 3.63 £ 1.51 0.63
AST-GOT, (U/ £ ) 148.25 £ 13.68 164.12 = 27.65 160.88 = 23.98 158.63 + 20.86 0.52
BUN, (mg/dl) 216 = 0.34 2.57 = 0.4 2.8 = 057 285 £ 0% 0.48
Creatinine, (mg/dl) 0.26 = 0.08 .28 &£ [Li2 0.30 = 0.08 021 + ILOZ (.22
Total protein, (g/dl) 564 = 0.61 540 x 0.29 566 = 0.86 520 £ 0.18 0.61
Albumin, (g/dl) 270 = 0.19 270 = 0.17 2.72 = 017 266 + 0.06 0.95
Globulin, (g/dl) 294 = 0.53 240 = 0.18 2.84 = 0.65 2.54 £+ 0.18 0.51
Albumin / Globulin 0.4 £ 0.15 1.00 = 0.06 0.8 = D.12 1.06 £ 0.08 0.43
Amylase, (U/4) 282.20 £ 61.37 349.00 = 45.62 279.88 = 23.74 405.10 £ 48.86 0.1
Calcium, (mg/dl) 20.48 = 2.7 21.32 £ 2.73 21.74 £ 1.34 204 + 2.3 0.74
Phosphorus, (mg/dl) 524 = 0.81 6.52 = 0.8 5881 £ 1.49 6.06 £ 1.17 0.37
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Table 4-8. The dietary effect of FSBM on cholesterol of blood in laying hens

(mg/dl)
Fermented sovbean meal
[tem P-value
Control 0.1% 0.3% 0.5%
Triglyceride 1,069.00 = 464.49 872.38 =+ 456.74 973.256 =+ 448.96 723.63 =+ 403.06 0.46
Total cholesterol 121.256 £+ 43.69 108.50 =+ 24.89 122.75 =+ 52.18 97.76 + 23.3 0.52
HDL-cholesterol 11.13 £ 2.88 10.84 =+ 2.07 12.68 = 6.10 10.84 + 2.78 0.76
VLOL+LDL-chol esterol ' 110.12 = 43.56 g7.86 = 23.58 110.68 =+ 46.43 86.91 + 21.28 0.78

WLDL+LDL-cholesteral: vlaue was calculated to subtract HDL-cholesterol from the total cholesteral.
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vl ¥l uf B E Hlo) X g%

AREA AR ] LEALE E7AS ¥ S99t immunoglobuline] nlX]& 4
ko] thste] Tabe 4-90] UelfST) IgA= 0.5% 7175t 204, 30ng/ml 2, T3z
3 192.00ng/ml BT} 12,30 ng/ml &A VELTHP0.05). EIF g 0.3% 71
47,.00ng/ml, 0.5% 7}t 44,51ng/mlE L}elL}, FA 2|+ 37, 32ng/mlET} 2z}
9.62ng/ml13} 7.19ng/ml =AH VEFYTHEC0.05). &ju} Ig6= HHd A= Bz
F-RY A7 goteut, 3 Aol uehtA] UbTHPN0.05).

2 A¥ A YEAER H/HY ARA AR ] 3V Fds B
IgA(0.5%) 2} IgM(0.3%, 0.5%) B=& F7MA7c ZA7F #E=E FYY Ao
E&E € 7= yEct

AL A #7132 U] Haugh unitz} MDA o] mlxlE Qe

A AR U BBAE B A7 3o F, AR 14338 N
Ul Haugh unit3} MDA We] u]xl d8rel Tisted Table 4-1001 UEhjglth,
Haugh unit& 1, 2, 3% B A(1-4) FZolxs M| 7t 2tol7} UrelLia] Qkgkx]ut
(P>0.05), 45 B3I Alof 0.1% M| FoA 77.33L8.%, BXa|t 72.628cl 4.71 &
A UBRFe A% UERIGITHEOD.10). MDAE M 7 Xjol7} UrElA eksitt
(P>0.05).

2 Ay A3 wEAE 27 ARA AR U A7) 0.1% 2 A, Haugh
wnit Z7IAI7E Aol A, AYA(AUE)] E2E & Fow Py,
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Table 4-9. The dietary effect of FSBM on IgG, IgA and IgM in laying hens

(ng/ml)
Fermented soybean meal
[ tem P-value
Control 0.1% 0.3% 0.5%
|gA 192.00 = 3.158° 194.24 + 5.0%° 188.64 =+ 11.33° 204.30 + 15.44°  0.03
lgG 40.65 + 13.59 4530 + 13.14 55.72 + 15.63 51.43 + 15.29 0.40
| oM 37.32 + 4.48° 38.48 + 4.21° 47.00 +  8.40° 4451 + 2.75°  0.03

Different superscripts (a, b) in the same row indicate significantly (P<0.05) different

among treatment groups,
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Table 4-10. Effect of dietary fermented soybean meal on the change of Haugh unit and yolk lipid peroxidation during storage in laying

hens

Fermented sovbean meal

Period P-value
Control 0.1% 0.3% 0.5%
Haugh unit (1 week) 84.43 + 6.16 86.97 + 8.98 89.41 + 8.94 85.75 + 8.14 0.26
Haugh unit (2 wesk) 7751 £ 11.75 75.76 + 9.41 74.48 + 10.45 76.15 + 8.97 0.83
Haugh unit (3 week) 76.61 £ 12.9% 78.15 £ 6.90 79.15 + 8.25 79.80 + 8.67 0.72
Haugh unit (4 week) 72.62 + 9.3% 77.33 + 10.27° 70.47 + 10.84° 72.57 + 6.42° 0.09
Haugh unit (1-4 week) 77.57 £ 11.37 80.04 + 8.97 78.38 + 11.87 78.43 + 9.38 0.51
MDA' (4 week, #2/g yolk) 0.0236 + 0.004 0.0231 £ 0.004 0.0209 + 0.003 0.0227 + 0.003 0.9

'MDA: Stored for 4 weeks.
Different superscripts{a, b) in the same row indicate significantly (P<0.05) different values in mean score (MeantSD)

among treatment groups.

— 296 —



3 8¢

AEA AR U ARRESMAY 428 Foi7F A AR nlAE 4
ol diste] zAlstgth. AHAEHAIEE Folste diRFe AIRHEZ/AE 0.1,
0.3 9 0.5% +F02 7} Aylste] AN 47] Aol stEoz 3o
Rt 994 F 18048 AUl 257 Uit A3 AlRE ou]AlS slglen,
A g ARhga) AFo] FARBIES $AYY ujxF F 8F7 AIFHUS 3%
ol A4y AFEY AREE, ¢F gaRt} F ARESE daFRd g4 U
B}t (P<0.05), AR T2 tl2FEt w2 AY¥S Urhilch(P0.10). A
HEE AEA GAFA, AR, BN L Haugh unit2 X2 2po]7t glole
o, ¢Zp4E 0.5% HFIbPolAd 2 F¥E Urhfrk(P0.10). A =3¢
B, A, AR, Ad, 3, 8%, B3, 8AAY, 4", BAFY FFde
Azt 2ol7t glglen, F2 ol Hrlge] F71ETF F£L319THL0.05),
=3 F FE53 €9 48 89 ] FH2EHEdE HeEz Alost gt 8
U HYRE dE 1gAL 0.5% B, IgMe 0.32} 0.5% ErlFolA &A Uelydt
SUHPL0.05), IgM AT+ Aol7} glgich A7t v Haugh unitd 45 X}oj
0.1% F7FFolA &2 F¥S UehigoLh(P0.10), MDAE AT 2lol7t gLt

ulats 4tgA] AR ) ALREMAY AR g7t 4k, AtEEey ¢
A, HE g FUAALeH, AREE BHAIIE FEE Urhider, de3e
2 FFFHA 4L uAA ¢S AL ulFo] E o AURAY Fird sjde] &
E&E & ZoR AgHrhL
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<Al 1 S{EfHITIIR, AIcHSIm ASHEED

B IAIH . AR

-

A 1A 4F AE JFZHAH ALE 9 (-8B E
U g [
1. 478

7} AE, $EAY VER FEFT UYL 59 24

AE, FEAY UEE 02, wEs, AR, FULAT 5 FE0HE Yg
Al e, A, MY Y o2W FOERY WAES Bsiel B
3 0 §4& Zarstart.

U, #8423 A BE W SYURA VE FY 33
PRI DAL IS FHUTE BPUELA RERF T BHUY
A3 27 97 L A TP S PPk LA 0, A, Has)
WA, s, eUREYLE S 9 2uUYA, ¥4 5 vl 4EtEya
B2 TYT HEUAE 2T U 9 NS ASAE AR

2. 4489

EAWY 23, YIWY F3, AY A, A U A3 L Y3y 5y
& =Astgch.

Ll oats =3

faga vidEa o ©E d Z3hiEas] 4E 53 337 91t RE
TFES MRSHiAA 37CTE WiFsId, pHEE, d4r53E, ¥IEE 4%8%
£ B3& FEsA

tl 2w =4

N, 4u3, Ui W PUS O[T T UE HHE A A% UF
gh AR U WdE 27 70:10:10:108 ¥ E&E A} WIS} stelch 47
oA WE ARL 0T MUSt 5-L0|AWE Baciflus subtilis SKB77, Lactobacillus
brevis SK1304 @ Lactobacillus plantarum SK3121& Z}Z} 1% FE3 F Anjk
o WE 44 (pHSF, By, ¥EEY, 4354 FY)S 2ABCL
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3. 434z}
7H 4% Als A7 U2 9% FLuAE 83l 9 =A 39

(1) 3% f1qolX 2] cellulase £H] #FF &2
5 2 YellA Eejgt 2& FI3] F2{5te] PDA vfX]e]| spreading -F congo red®
E5le, £ A3 2718 #EF7) cellulase #EE& BTt (37 1-1).

CHBsE  CHEe9

%y En

79 1-1. Isolation of bacteria showing cellulase activity on PDA medium from
Hanwoo rumen

(2) AR el A cellulase £B] F+F £e]

Atde]R|of A Fe[¥ 2 27 1-2004 FHel # 4 Qlrh. tjFFo| LBHjRA[A]
cellulase AL RAr}, He|g3 o=z Alo|gh E5& Z2 LB plated]
spreading ¥t ¥ congo red o= FAF A 1178 4F& =elsth

79 1-2. Isolation of bacteria showing cellulase activity from silages
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(3) T g9 B Alde x| oA Ee[§t FF¢ cellulase B RA}

Cellulase AL 319 ]| dojA Hz|¥ CH868(0.87 U/ml)=z} CH869(1.13 U/ml)
TFHL} Silaged| A E2[3 45 A& tiF-Eo| cellulase o] A LIElLte
™, CH879(3.36 U/ml), CH884(3.22 U/ml) X CH886(3.22 Urml)w37} o] A
LFEPRITHE 1-1).

3 1-1. Extracellular cellulase activities of isolated strains

—— Enzyme activities (U/ml)
Cellulase
CH868 0.87
CH869 1.13
CH877 1.32
CH878 2.08
CH879 3.36
CHS880 3.15
CH881 3.10
CH862 1.58
CH883 1.41
CH884 322
CH885 3.08
CH886 3.60
CH867 1.90

(4) olgF1tadt 22ERENY ds 2] 9 S4 24}

(7}) mjEEAIE 2 HE SK3364, SK3365, SK3367 T 2@€2BE SK3369S Ha|s)
gt (27 1-3).

(a) (b) |

1% 1-3. Photography of seaweed byproduct (a) and duck feather (b).
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(V) J% 1-4o]4 = SK3364, SK3365, SK3367 3 SK3369+= Amylase, Cellulase %
Protease #’d& LIEhfgitt

Protcase
\ : _

13 1-4. Enzyme activities of amylase, cellulase, and protease

(th 4£%F4 ¥ 34 Anylase B SK3365 F571 71 &A veldda,
Cellulase @ Protease A2 SK33642} SK3367 #5371 ZH7t 717 =2 A4S B
gt (& 1-3).

3 1-3. Extracellular enzymatic activities of isolated strains

Enzyme activity(U/ml)

Strains

Amylase Cellulase Protease
SK3364 451 £ 1.58 4.55 £ 0.11 10.58 = 0.00
SK3365 6.16 £+ 1.62 0.45 + 0.17 42.62 £ 0.12
SK3367 2.41 £ 0.54 1.96 + 0.06 95.00 £ 0.49
SK3369 0.94 + 0.80 2.99 £+ 1.96 36.95 £ 0.25
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(2h) g SH: HYE Adol tigh A"y d3es ¥ 1404 Be A3
), SK3365 #F = E coli®} Pantoea agglomerans YU Salmonellao] 84S
VIElStS. 53] Salmonella gallinarumo] 73%t 33 & vehjglc

3 1-4. Antibacterial characteristics of isolated strains from seaweed
and duck feather

Antibacterial activity

Strains Escherichia coli Pantoea Salmonella  Salmonella Haemophillus
(enterotoxigenic) agglomerans  gallinarum  pullorum parasuis
SK3364 - - + = =
SK3365 + + +++ + =
SK3367 - - - - -
SK3369 - - + = =

Antibacterial activities: -, no inhibition (6mm); +, very slight inhibition (7mm~11mm);

++, moderate inhibition (12mm~16mm); +++, heavy inhibition (17~21mm).

(r}) #5¢ &TA: 16S ribosomal RNA A]dE EA35le] NCBI genebanko] A]
homologysS =A% ZH2}= X 1-58F v}, SK133659-F=  Bacillus
amyloliquefaciens®} Bacillus methylotrophicus® 2 T Ale] AHEAHE Hol R}
TA 32 Xl "asdicl

3 1-5. Homology search of isolated strains

Query Max

Stock £ Description Coverage| Identity
(%) (%)
SK3364 Bacillus amyloliquefaciens 100 99
Bacillus amyloliquefaciens 100 100

5K3365

Bacillus methylotrophicus 100 100
SK3367 Bacillus amyloliquefaciens 100 99
SK3369 Micrococcus luteus 99 99
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(8}) Agzrei
cigh ety

E

2 Z A} API50 CHB/E kitE o]-R3F Ha|F32]
J
o

B4z} Ao hedt g

D42 olggof

X 1-6. Carbohydrate utilizat 583 gﬁgﬁl %ga%ﬁell‘ solated strains from seaweed

Utilization Utilization
Substrate Substrate
SK3364 SK3365 SK3367 SK3369 SK3364 SK3365 SK3367 SK3369

Control + + +: - Esculin o+ + + -
Glycerol + - - Salicin + ¥ + -
Erythritol + z - - Cellobiose S * ® +
D-arabinose + + + - Maltose + + + -
L-arabinose + + + + Lactose + - = =
Ribose + + + - Melibiose + + + +
D-xylose + - - - Sucrose + - + +
L-xylose + - - Trehalose =k - - -
Adonitol + - - Inulin + - - -
p-methyl-D-xyloside + - - - Melezitose + + + =
Galactose + + + + Raffinose + + + -
Glucose o + + - Starch + =+ + -
Fructose + + + - Glycogen + - - =
Mannose + + - - Xylitol + + + -
Sorbose + ki - - Gentiobiose + - - +
Rhamnose <+ + - - D-turanose & - - -
Dulcitol + + + - D-lyxose + - - -
Inositol + + + - D-tagatose =k - - -
Mannitol + + + - D-fucose + - - -
Sorbitol + + - - L-fucose + - - -
ity * + + . D-arabitol + _ _ _
ail}jﬁzl(lgil(_lg_ = + * - L-arabitol + + -
N-acetyl-glucosaine + + + - Gluconate + + +
Amygdalin + + - ot * & *
Arbutin * & + 3 gf’l;g[f]t]‘;}e * * - -
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(5) AFdE, ¥FZFE, SHYA £ A=Y T3 € ZLEY (H7]4] 0|
HEE, 2:2EoA EeT ndE TH)

- Enzyme activity
Source Stock # Identified A Cellulase S
SK3377 Microbacterium sp. - - ++
SK3378 Microbacterium sp. - - ++
AA4 SK3379 Azospirilium sp. - - -
SK3380 Microbacterium sp. - - -
SK3381 Enterobacter sp. - - -
SK3382 Ledlercia sp. 4+
SK3383 ND + + =
e ) SK3384 FEnterbacter sp. - - ++
SK3385 Enterbacter sp. = - =
SK3386 Staphylococcus sp. - - -
SK3389 Staphyiococcus _ . _
Hhominis
SK3390 Bacillus pumilus - ++ +
A PRI amﬁc%zgcéjggaéns i ) T
SK3387 Bacillus _ _ &
amyloliquefacens
SK23388 Bacillus pumilus + ++ ++
SK3365 Staphylococcuis sp. + - +
SK3369 Micrococcus Tuteus + - ++
SK3370 Bacillus sp. - - +
Al E = SK3371 Staphylococcus _ ~ R
eprdermids
SK3372 Stapindococcus B _ B
epidermidis
SK3373 Uncultured bacterium + - -
PRI mef]}%@?ﬁ%ﬂkyg o i o
[=] =) Y
& PR35 meﬁ%@?ﬁ%ﬂfw& kil s il
SK3366 Arthrobacter sp. - =
SK3367 Bacillus sp. + ++

- 306 -




(6) AYA BAe fuFT A 2o B4

(7}) A3}&EA : Amylase, Cellulase W Protease AL Bacillus subtilis
SK877, Bacillus licheniformis SK879 W Bacillus subtilis SK3365 o-5=7} ®4do]
EUTH (E 1-7).

M 1-7, Enzymatic activity of different microbes

Labling Identification Medium A C P X
SK1304 Lacrobac_ﬂ/us MRS _ _ _ _

brevis
SK2636 Lacrobaa/_/us MRS " _ _ _

revitert
SK3121 Lactobacillus MRS _ _ _ _

plantarum
leuconostoock
SK1962 €5 MRS - s - -
SK1958 Exdgd MRS = - - =
SK877  Bacillus subtilis LB + ++ +++ +++ =
SK879 ] LB +++ +++ +++ -
fioheniformis

SK1640 Badgiius subtiis LB +++ ++ ++ + w
SK1643 Badiflus subtilis LB +++ ++ + ++ =
SK1646 Bacllus subtiis LB +++ +++ ++ -
SK1865 SHEE Bacilus LB + ++ + -
sk33e5 2EIE Bacilus LB e | mo - ]

amyio
SK3391 E &t Badiflus LB + ) - )

amyio

Bacillus
Sl fioheniformis LB *+ e+ + -

A: amylase C: cellulase P:protease X: xylanase
clear zone area: +: 1~2mm; ++: 2~4mm; +++: 4~6mm; - no detected.
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(W) Hegd - 713EAd Aol gt 3FE4E LBujA|olA clear zoned &
AstAM FF5t3a A ¥ 1-8% A

Lactobacillus brevis SK13042} Lactobacillus reuteri SK2636+wF+ Haemopillus
parsuis®} Salmonella pullorumdf 733t AL Wl 53| Lactobacillus
plantarum SK1962%= Salmonella gallinarumel 7}%} 8}4¥& B 4t),

Table 1-8. Antibacterial activity of different microbes

SK870 SK872 SK876 SK890 SK891 SK3359 SK3360 1450
Test g 2 -
Bastah Identification  medium  p cpip s Lnterotoxigenic  Pantoea  Haemophilus  Haemopillus Salmenella Salmonefla Burkholderia
perfriingens E colf agglomerans — parasuis somnus  galinarum  pullorum sp.
: g g L4 L4
k1304 Lactoba_cﬂlus MRS _ 2 _ 135 9 ) 125 11
brevis
o r r r r r
skze3p | ~ocobadlus | g : 9.5 10 12 : 75 11 12
reuteri
Lactobacillus i i @ i " i r
SK3121 MRS 19 10 7.5 145 15 7.5 135 12
plantarum
Leuconostoock i i r & " 4 r
SK1962 i MRS ] 13 9.5 14 17 19 10 14.5
r
SK1958 g MRS - 6.5 - - - - - .
r r
SK&77  Bacillus subtilis LB 8 - - - 7 - - 15
Bacill
Skgrg oo LB = 2 : 5 “ . . 14
lioheniformis
SK1640  Bacillus subtilis B - - - - u u u 13
" r
SK1643  Bacillus subtilis LB - - - 7 9 ] ] 13
SK1646 Bacillus subtilis LB = = it E _ & = 14
SK1865  SfIE Bacillus B 7 - - - a “ 5 ”
El=] i i ¥
skaggs | S7LE Badlusl 8 . . 7 . . . 15
amylo
= Abd} £ o
skgzey | BE Badlus |, - . . - - 7 . )
amylo
Bacillus
SK1230 LB = - - - = 3 % -

lioheniformis

hole method ; diameter measurement (mm)

hole diameter: 6mm
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(ch fab@at videla F& Coculturesty] A8 A AYY 24h o8 37

5o =¥

FA I GE

%

AYRE BAE

Bacillus subtilis SK877,

Lactaobacillusbrevis SK1304 W Lactobacillus plantarum SK3121 w&F+% A& ZA%
zhg-o] glo] HF 3 PE T2 AEIIUCHE 1-9).

Table 1-9, Antagonistic activity of different microbes

test microbes

Main
. Identification
microbes 877 879 1230 1640 1643 1646 1865 3365 3391
1304 Lactobanj-/}’/us _ o e _ _ _ e _
brevis
1958 H=a=dtg ot - + - + - - + -
1962 Leuconostoock _ _ P _ " _ g _
sp.
2636 Lactobac;}f/us 4 s _ o sy _ _ P 4
reutert
3121 Lactobacillus _ _ _ _ _ _ o _
plantarum
1304 1958 1962 2636 3121
877 Bacillus subtiis - - + - -
Bacifius
- - + +
848 foheniformis G
Bacillus
1230 i " . + = + ++ ++
foheniformis
1640 Bacilus subtiis - - + ++ +++
1643 Bacilus subtiis + = + 4+ ++ +++
1646 Bacilus subtiis + = +++ ++ ++
1865 SHE Baciius = . - + ++
3365 Qel"Y Bacilus s _ _ s —
amylo
= AbHF 7
2391 = atdlt Bacifius _ _ _ _ 4
amylo
 d% oth -~ 4% g
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(2 EeiedA] +5 EUEHES 23 344 g Bk FEISFEY NG
Al & FFES AEstsd 24y 344 AMERS ANE AxE F 1-102 Z
Tl B3] Z3u|A] Bacillus subtilis SK877, Lactobacillusbrevis SK1304 2
Lactobacillus plantarum SK3121 #4-32] AH & 93l 3 Ao o3t J4Hd S
Fr1stEnt olE FFE A s179Iet BAAAY HF HxE ampicillin (504
/ml), tetracycline (10zg/ml) % gentamycin (8.5xg/ml) e 2 Eelx|dr}.

M 1-10. Antibiotic sensitivity of different microbes

Antibiotics

Medium Sample

Erythromycin  Streptomycin Chloramphenicol Carbenicillin Gentamycin  Ampicilin | Spectinomycin  Tetracycdine Kanamycin

1304 - - - + - - - - +

1988 + - - - - - # - -

MRS | zgz6 - - - - + - + - +
2121 - - - - - - - - -

1962 - + - - - - + - +

577 : + z z : ++ 4 g :

879 +++ ++ - - - + - - -

1230 - - ++ +++ - - - - -

1640 = = = ++ = ++ ™ 3 =

LB —— - - - ++ - ++ - - -
1646 - - . ++ - ++ - - -

1265 i » & & ' i & » i

3365 ++ - - - - +++ - - -

EEL=N1 = = = = = ++ = = =

- : no growth; + : slight growth ability; ++ : good growth ability; +++: excellent growth ability
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(mh) L& A= HIHAE Y F5 (SK877, SK1304, SK3121)2] HZ F7d: 7|0l

Bacillus

subtilis

SK877,

Lactobacillusbrevis

SK1304 o

Lactabacillus plantarum SK3121 #5& £ E¥hjoL FF5 Musigden o]
feorEtd ¥ 1-113 Zol

A agw
g 279

[=)
&

I 1-11. Characteristics of strains SK877, SK1304, and SK3121 for the

fermentation of feed,

Strains
Characteristics Eggg,fg Lactobacillius Lactobacillus
SKR7T brevis SK1304 plantarum SK3121
Amylase +H+ - -
. Cellulase +HH - -
E‘ga%c Protease +H+ - -
Xylanase - - -
- . No enzymatic activity; +++ : very strong enzymatic activity
Clostridium 8 _ 19
perfringens
Enterotoxigenic
E coﬁg h 8 10
FPantoea _ _ 75
agglomerans '
Antibacterial Haemophillus _ 135 145
activity for parasuis
pathogen e L 4 L
Salmonella _ B 75
gallinarum '
Salmonella
pulloruim - 12.5 135
Burkholderia sp. 15 11 12
Hole method (hole diameter 6 mm), - : No clear Zone
SK877 NA - -
Antagnonistic SK1304 - NA -
activity SK3121 - - NA
- No antagnonistic activity during coculture, NA: Not applicable
Erythromycin - - -
Streptomycin + - -
Chloramphenicol - - -
Carbenicillin - -
Antibiotic BElanen - -
activity Ampmﬂm . + - -
Spectinomycin - - -
Tetracycline - - -
Kanamycin - + -
++ : Strong resistance to antibiotcs; +: Resistance to antibiotcs; ; - @ No
resistance
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1. #4332

7}, pHHE

LRIEE!

O FEAY B8 BEARAA AL A
GPUE % 2PBE 23 77

bela Zo) DE W TYUEA BT 54 77

pHE Ho- 6.3 [A|SIEh. ©ESu[%A] Bacillus subtilis SK877

3} Lactobacillus brevis SK1304= pH7} 5.7 W 4.471x] 212z} 8 Zted
Lactobacillus plantarum SK3121+= 3.87}#] 713 WA F=| = gl E3a) ool A=

8|3t o] F
1-5).

. 2%
AE4e

pH7t 4,328 Ueiks, 1643 o F pHyl 4.0¢] =EWsigict (24

659 @ Bosublils Q- L brevis o L pianfarum  —O— Co-culture

35 T T T T T T T T T T T 1
0 4 8 12 16 20 24 28 32 36 40 44 48

Incubation time(hrs)

¥ 1-5. pH change

3 ZH(CFU)
njo} 8A]7t o]Fo 1.0x10° cfu/mé AFE FarF o=z velyct g

vfjerA] wh=ujekz} w|astel & ol Lactobacillus brevis SK1304= FH<71 5%
o, Lactobacillus plantarum SK3121+= H|=% £5£& F-XI5lgc} (0¥ 1-6).

- 312 -



11 —8— B subiilis e L previs M L plantarum
—0— B sublilis —i— [ bravie —0— L plantarum

Log! 0(CFU/ml)

. - Single culture
— Co- culture

T T T T T T 1
0 4 8 12 16 20 24

Incubation time(hrs)

1% 1-6. Cell growth

ch 71584 Mol iyt ¥4

Bacillus subtilis SK877, Lactobacillus brevis SK1304, Lactobacillus
plantarum SK3121 ©5 o Z3FA] 715 FLE oS oy FFEE 53
A O9 1-75E  1-113 g}, ejgr| o] FAjhe] uiel &2 /Gl
Eluts, ufor 24A|Ft o|F (lostridium perfringens, Haemopillus parsuis,
Haemopillus somnus, Burkholderia sp., W Salmonella pullorum BE Fof Zist &
do] viElkten, whEuielzl Z3uiYE HlastdE wf #/do] HixEA Uely
t}. Bacillus subtilis SK877, Lactobacillus brevis SK1304, Lactobacillus
plantarum SK3121 Z3hufokA] 31724 L2 )i E Lactobacillus plantarum SK3121
S 2Ry L2 Az vt gl o4l 5o EAE 3icE|o|Zct. Haemopillus parsuis
S} Burkholderia sp. AFEol I3 WFWHE W1 8T TR oA ekt
t}. Clostridium perfringens®} Haemopillus somnus X|45o] tiit IFEAHL )
oF 16A4] 7t o Z451A BAHS Rol|7]| A|Fslgln, Salmonella pullorums 24A]
Zto] AL A& o2 F/do] FrFaL ATt
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@ Bsubtiis Qe Lbvewis % [plantsrum =0~ Co-culture

Clear zone diameter{mm)

4 T v
4 =) 12 16 20 24
Incubation time(hrs)

Clostridium perfringens

%) 1-7. Antibacterial activity for Clostridium perfringens during the

cocul ture fermentation,

e B sURE Qe Lbreyis W Lplantanim —D— Co-culture

Clear zone diameter{mm}

T 4 T 4 T
4 8 12 16 20 24
Incubation time(hrs)

Haemophillus parasuis

%! 1-8, Antibacterial activity for Haemopillus parsuis during the

cocul ture fermentation.

@ BEubtils Q- [ brevis W Lpiantarum  —DO— Co-culture

Clear zone diameter(mm}

o of T o T 4 ; |
8 12 16 20 24

Incubation time(hrs)

Haemophillus somnus
3% 1-9. Antibacterial activity for Haemopillus somnus during the coculture

fermentation.
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ol BSUDINE Qe [ brevis W Lplanfarum —0O— Co-culture

Clear zone diameter{mm)

Incubation time(hrs)
Burkholderia sp.
23] 1-10. Antibacterial activity for Burkholderia sp. during the coculture

fermentation,

e Bsubtilis O Lbrevis oW Lplaniarum  —O— Co-culture

Clear zone diameter(mm)

Incubation timechrs)

Saimonella pullorum
%) 1-11. Antibacterial activity for Salmonella pullorum during the

cocul ture fermentation,

g A5t FE A A

X 1-110A] LBujR|o\| A Bacillus subtilis SK877Rto] #A ¥ S 7IA| 4
7] dgol THEujdA] o] o Efhudde] Ty A AME S FAI 4T H|
ATt (] 1-12). Bacillus subtilis SK877+= TH& uflofolA] Amylase Ed-2 uj
L JA SH=Egen Cellulase L SFEA] Uth Protease B uf%
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A 162,9(U/nl)2 71 A UElden, wjed F 48X 7teE 47, 2(U/ml) 2 FA
slgct. E3%F wioF (Bacillus subtilis SK877, Lactobacillus brevis SK1304
Lactobacillus plantarum SK3121)oj| A= Amylase W Cellulase A2 A Z3F
9l o, Protease A2 vljoF A 90.4U/ml)E 713 HA VIEWER, wloFF 4847
o= 26.2(U/ml)E Z£3HHTL Protease ¥/ A|Zto] Fjhe] mhel I3 o]
B MRS WjR]of 7|elsl= Ao F A}RHT}. Bacillus subtilis SKBT7TEZ2] A3}
& Wol 1BAIRY platesiAi Zstdont, wRse] SAIXolHE T oFy

oz BYsolAN £¥ ATZ Y o Folrh

X 1-12, Enzymatic activity during the coculture on MRS media

S(%IFIE})G Fasillus subtilis only Coculture
Incubation
time (hrs) 0 24 48 0 24 48
Amylase - 0.009+0.016 | 0.009x0.022 0.001+0.01 0.0083+0.03 -
Cellulase = - = = = -
Protease 162.9+59.6 10511 47.2+10.7 90.4+15.9 86.3+30.5 26.0+27.3
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2. thFu, 43, UE U 9AL 08T 2 U

At
ok,
=l
of,

7}. pH {3}
27] pie wj27] BE 6.4% SASITI7L wloF 24402 o|F BWF phr} 4.40]
=dstel AT LA FAW S Ytk olFol: ThA phrt 5,308 gAFHS

2 A58 ¥ paste A 24t (29 1-12).

707 —&— Co-culture

40 T T T T T T T T T 1

Incubation time(hrs)

1% 1-12. pH change
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L. A w13}

2ALFEAA AFSE Ho 1.0x10%fumt o]3}e R FAHoT HoFr]
g7} 23| whgl Lactobacillus plantarum SK3121%= 12A|ZY, Lactobacillus
brevis SK1304= 20A|Z}, Bacillus subtilis SK877-= 24A|7Z} o] ztz} Hf #
43¢ I3E Bt (39 1-13). 371 +F BFY J+& =4 A5
A|ZE2 Bl ¥ 244 Zto]Glr).

1059

—&— B swhiilis —¥— [ plantarum —— L. brevis

10.0 1

Log10(CFU/g)

70 T T T T T T T T T T T T T T T T T 1
o 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 B3 72

Incubation time(hrs)

% 1-13. Cell growth.

L= A e

AR we aAER oM Wil nBEd oji PYFBAEY BAE I
1-142F Zch. wjeF 60A]| 7Y o Clostridium perfringens, Haemopillus parsuis,
Haemopillus somnus, Burkholderia sp. W Salmonella pullorum 5 B-E Ao 7

3 HAHE vy, E3%] Clostridium perfringensol A 713 ZIgt Zad o] L Eelyic],
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—8— Ciosiridivm perfringens
—0— T Haemophilus parasuis
74 —%— Haesmophillus somnus
—&— Aurkholderia sp
—l— Salmonelia pullorum

Clear zone diameter(mm})

T T T T T T
0 8 16 24 32 40 48 56 64 72

Incubation time(hrs)

% 1-14. Antibacterial activity.

g}, 4%y

AIRHEY IAUFOAM Amylase BAGZ v 24A| ZhoflE A4St HAPS B
gdo1} o]F 24,0 U/ml(48A17H)ollA 85.3 U/ml(72Ax]ZH o2 ZF7l sidch (&
1-13). Cellulase ¥4 IE3} u]F 24A|3e= Z4Ste H3E HooLl, I o|F
18.2 U/ml(48A]Zt)oflA 385.0 U/ml(72A]ZH) 8.8 F7} §}4lr). Protease A2 uj
% Alzte] ZAzjgle] wel FrBle FUE Bdow, ujy 72A7e M &
313.4 U/ml 2 L}ElIC). #A] Gulcosidase T Xyalnase A A S H|ESlo 7]
A 3=}, Glucose B T LHEAIR U AIRHIAZEAMSY 7[E} BEE §F Fol
t}h.

F 1-13. Enzymatic activity during solid state fermentation

Enzyme Activity (U/ml)

Tested Enzyme [ncubation time (hrs)

0 24 48 72
Amylase 22.2449.0 6.4+ 2.4 2104351 85.31£46.5
Cellulase 15.1£4.9 7.8L 5.5 18.2+6.3 385x£73.6
Protease o7.813.9 151.2-87.3 228.3+£74.4 31344743
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W 2AlHE HPNEUS

A1 4. 383& GaANEHA A=z 37 Y
»:-#_- A7 WAANRAA 4B FFE Az P76 YYsln, ariee
4 $2E A BAY V& 48 293 ALE A BHe2 sY=gel

LAANEATA QESAE IAIE Aol detd ol 24 dEelEs F7t
Hoz awWysl SepURS AEsKT

7t gEEo] AuT F3ES) WA (FAVY U 2EPH)o] MAL Gy
ZA193, 1 A4S w1PoE MY Y 24 BAsnh

24 TPzAL FELARNEY S BUE dANE Besiden, By
E4g Botod LG AYstn, HARETE olgslel VUL By,
3402 A2 T 5492 HH A2y 240

= #HF3 qHelA e F 1A BEE Y £& Bt 71EL= EEStgch

A HHEE 3T YEY FEgPolth FERTS dEE F dxd 52
71E} ThE AEH A F3HALE T 7180 gt 2AEHL}, 13 ¥
Z AEY FEFPFE T Az FHY HIE E4& = Yl wlA g
T, HZ ngEY] FEYY] WE4E T3 EU i, i E7e 84
o= Y 4 QU

T HAls Z4ARgol L%‘ % AEDNRE S 2 KL AE 23
42 715 B AR ol84 A o YTk ZH5Y FulelA HEe] ¥
B3tA 23 R ol&HA %ﬂﬂl 5] , &3E2] o|FKEI YRR, Y2
FT Z&e] "olH 7152 At 11‘6} delel " = 9lr}

A gsle FARAelth FARYE AFS VLS AFA] YoM S
o8 A tie) Bk

SASe YIRAOI, YIRIE YA A B4 AUl ol iE Ban

ATl BT B WAARAZAL 5y sk YA A2 o
Bof glo] mj¢ FaT F3 WY aelos ekt
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7t. 48A=
2 A% AHgE HEE= OFYd 293, SefEES ol8ste dAR HER
3T ER}ste] A#stalrh

w234

Z} v Eo wel TEeld UAnfA] 6 g& 50 ol conical tubed] 2 F 4 ol
45 FTE Il 335 EYsIgch ddE #181e] dry oveno] 80T, 24|
¢ dA e st

t}. ALg 25

At Aols  BeElgt  Bacillus subtilis (SK877), AAoA Eeg
Lactobacillus plantarum (SK3121)%2} Bigbiogen F|A}2HE] EHoF ®Wh& Bacillus
aminol iquefaciens (SK3487), Saccharomyces cerevisiae (SK3587)% DA AIE WE
o Abg-stalct.

gl AHALE UE

A A HEe A2E dA T oiPALR] njg] FAEF A 459 UE #
28 2z 0.5 mA FZSCHI06V107CFU/g). B. subtilis (SK877), B,
aminoliquefaciens (SK3487)%} L. plantarum (SK3121)2 AZ3 3AAlEE= 37T,
S, cerevisiae (SK3587)= 30T oAl 48Xt F¢t ufjoksisict

ot A F3

A FAHL lawn-spotting WHOT A¥sioct. 2} aAUFE A= 1g3)
Iml 2] HFFFT &olA SAH LR M Fof 2 tAL] E 9 10ulL agar
x| ] spottingd}e Tt Bacilius® W& IF vj|oFel-& Luria Bertani{LB) agar wjA]
ol 37C, Lactobacillus® A3} njokel& lactobacilli MRS agar wjx]ojlA] 3
7°C, Sacchromyces® WHEFF v]oF-2 Yeast molds(YM) agarolA] 30C, 24X|7t &
ot wiedstant. 24A B9t i) & Fol FAEH HEY & SAsIAL

vl g 8y 53

A7) 4K FRE ol8¥ TAMEAIRY WY MYAT @H, L
plantarun (K3121)& AT 37 @5 AVIARE Yol Uehix o
sttt APA7 A3 B2 L plantarum (SK3121)2 2 UFFt INAZET H
228 AMtol oyt BHEEE Frisigich. Y Hotel AHEE MY I+
Enterotoxigenic coli SK872, Haemophilus somnus SK8912} Salmonella gallinarum
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SK33598 AMGSHAIT 7zt WYZES LRI 2042 H¢ wjARR Fol AHgs
gt} 3F B H7M= agar well diffusion assay BHH-& AME-3lgict #HdA
o AAE gdS HELE E3 LB FIhR|o] swabing S}%Tt. BWHFH Pasteur
tubed] BF-E-& o|-&3l AF 6 mm®] FH& eI ¥ERY FIHE AT L
AUBALE wgYS 7 g8 AAUBAIREE 21 wl HIEFFFe] $2 ¥, 6000
rpm, 10 min, 4 TollA €4 Fesisrt. 45d9E EIAAZE A% thd vacuun
evaporator (Rotavapor re 111, switzland)® wSA|#HCl. 5412 3 mlE 0.2 um
microfilter (Pall Corporation, USA)E CT}A] oZ}sle] ShAEAd AlHef A
tlh ¥LEY HIHE HIfAle HAA] 2 dElelA 37T A overnight F¢F
ajordt o ¥4H 6 m P& 7L ZTRY AHE mE PKAA R AT E 3

7F8tgict.

AL Amylase B &%

X3P 22] HIEYO B Bacillus SKB773} SK3487= o] 23t A UF AR 2] amylase
24& FUI8IATh amylase B FPE AT WES 2 g AALEAIEL 0.1 M
phosphate buffer(pH 7.0) 6mlo]] 232 F EF5} rotary incubatore] 180 rpm 30
+ ¢ shakingZ SH4IT. ShakingE FE%¥ F 6000 rpm, 10 min, 4TeA Y4
Heo|stdc), A58 0,2 um microfilter (Pall Corporation, USA)E o]3}5te ),
Amylase ¥4 &3 8vIH.2 Zhizhuang xiac et al (2004)of uwig} A¥ESIeicy FHA
8122 401l of soluble starch&} of2}8te] ZH|at 40ul WSS 2 E3kste] 50T,
30E gt ¥kgA|#r} 100 ul iodine reagentE @2 ThS, 150 ulE 3 3te] 96
wvell plateo] =eo] =Tl 0D FHE microplate reader (Biotek Instruments,
synergy 2)E o[-&3}o] 580nm m}FellA &7 Ficl,

U (%te]): 1 & Z¢to] 1 mg FE0] iodine €93} ¥Iesle] FA Ao sl
Ao LR Yehds &

Usml= (A580control - A580sample) + A580/mg starch + 30 min + 0.04 ml

A580 control: A7} ¢gl= AR 22 E3T

A580 sample: Ho] F Ao} vlLst EyUn

Ab80/mg starch: ¥F Mo 4L 1 ng AL FH=

30 min: WhZA]ZH

0.04 ml: FHANEo| FH A2 AlLT
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2. A4z}
7ZEARARANA 4B 25 AR TN E Y

(1) Thbe A MR8 ARBol Ml F SRET] WAL 97
£ TN WAE AEE0l TlN FRES LD F SRUTA UL g 3
3 2-1o]d Bi 73} grh $3 B, subtilis SK8779] A9 SE|UES AJ&sh=
Zo] #HF WUIFY TEUFE HE 4 UL Fe= zekEdrl. #F B
aminol igufaciens SK34872] A-¢ t]FihE AR widEelA 71 @2 TEHT
< Uehiglct, #5 5. cerevisiaze SK35872] ¢, AwWE|elA 713 WA eI
o, FF L. plantarun SK31210M4 & ZejdEo] 7% WA velsich

ol4e] AZE Bl £ AolA AEE Z wiA| dmEo] AMEE FFE
tisty AMZ ohE H3E Ushle ZLoE ekt
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Moisture content, %

Moisture content, %

Moisture content, %

Moisture content, %

75 q

70

65

60

55

50

80 -
75 1
70 1
65
60 -~
55 -+
50 -

80 -
75 4
70
65
60
55 A

SK877

Soybean meal Wheat bran Corn bran

SK3487

Soybean meal Wheat bran Corn bran

SK3587

50

80 A
75 A
70
65
60
55 o

50

Soybean meal Wheat bran Corn bran

SK3121

Soybean meal Wheat bran Corn bran

1% 2-1. Moisture content

- 324 -



(2) Thefgt 2A] wjA]E {UEEC] FA] HF o] nXe= 4%

328 A 4% Raol G A 4 GRS Tae 29 2204 e
A3 grh. 2RUDOINS} Po| FFel WA 2 RS B mpS chIshA
vFehdt} &T B. subtilis SK877elA & tiFulo] 71 &2 A 43 ESS
Ehiglct &3 B aminoligufaciens SK34872 A9 ¥|ofld 713 $8 BAHS U}
ERJglit). 8|3 § cerevisiae SK3587 #-F%} L. plantarum SK31214-F52 UF
sl 78 & Aete A0T Uehge.

o] el AZNE Bl 471K #F BF7 & A 4 93, %ih‘f}ml g 4
Ut HE A= B AEA AFEEH 7HA] HEEES B
L= FivtE|gict

e [
net
o]o
2
o
:.‘L
fr
i,

olof ol AWL ¢ M4 WX YEES TYY 4 db 2L Yot 9
st} a5 glc
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Cell yield, Log, (CFU/g) Cell yield, Log, (CFU/g) Cell yield, Log,,(CFU/g)

Cell yield. Log, (CFU/g)

SKa77

Soybean meal Wheat bran

SK3487

Corn bran

Soybean meal Wheat bran

8K3587

Corn bran

Soybean meal Wheat bran

SK3121

Corn bran

Soybean meal Wheat bran

19 2-2. Cell yields
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(3) A A UEES o83 Z} F38 njeo] 3lo] wjdde PFEA

Al 2 S0 Fitd slgde] Pl nRe S 2AT Ade E 241
A B R} Bt FF L. brevis SK13048] 7L Anlwjofy 713 L4543 PF
¥ UeEhyon, F3 L. plantarum SK31212] 73-‘.’— 3714 Y8 BT HE {A}
g A4S vehd gl

#E 2-1. AR A8 EO] fF4kit wjorde] Gt o) w2 ok

Medium Pathogen53
ingredient | SK870 SK890 SK891 SK1450 SK3360

Strain®

Soybean
meal

Wheat

SK 1304 ++ ++ ++ ++ +
bran

Corn

bran?

Soybean
meal

Wheat

SK3121 - + + - T
bran

Corn

bran

Strain: SK1304-Lactobacillus brevis: SK3121-Lactobacillus plantarum,
®Corn byproduct: <EjuE
3Pathogen: SK870-Clostridium perfingens Type E; SK890-Haemopillus
parasuis, SK891-Haemopillus somnus; SK1450-Burkholderia sp,
SK3360-Salmonel la pullorum,
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1}, da71£&2] 534 HRE 93 PBD (Plackett-Burman design)i®4 o2
ujoky il

(1) Ag4A

Z3E dAR 371A] 45 o] EF YT 27dA 7 H4EY HES
et dY dAlo AMEEE ol
2 dF7elMe viFy, 49y Ja SEjERS T HF 24AE =&
95t EFUE AANE FLsign, 2 A= ® 2004 BE 3 g
% 10718 M2 v2 siEn| &L Z3 9 A¥H(run)Eo] EEF 43, HAE
upebd | 2H wjA]e] 2 FFES FLEL wiek A &L FUISAch

® 22 AAdEse HF £ vE EEE AR £dw A4 AR
Variables (%)

o Soybean meal Wheat bran Corn bran
(A) B) (€
i 100.0 0.0 0.0
2 0.0 100.0 0.0
3 0.0 0.0 100.0
4 50.0 50.0 0.0
5 50.0 0.0 50.0
6 0.0 50.0 50.0
7 333 33.3 33.3
8 66.7 16.7 16.7
9 16.7 66.7 16.7
10 18.7 16.7 66.7
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(2) HF Mg=2 +

5 1018 AUSAA doid 2 22E WS 4
R Az A}t +F L. plantarum SK3121%2] 7A-¢ ThE 4550 v]3le] tht
"f“%ﬁ"ﬂ']’% el it

Ureh gich,

o
T
A=l

_|__'_

% 2-3 MAdEES

et X 2-304

b

WAoo FF 5. cerevisiae SK34872] F$ d|aF &2

ol WA= gak A
Strains'
Run
SK3121 SK3587 SK3487 SK877

1 48.2440.54 49.16 £0.22 45.80£0.51 02.98:1.82
2 50,59 4: .32 50.01£0.35 57.96 £ 0.60 56.02£0.86
3 45.66+1.36 BO.FL .65 b1.25% Q.17 51.48+0.45
4 48.49+0.15 bO.FL .18 53101 0.19 53.99+052
5 47 440114 48.78 £0.41 58.55=+ 0.25 55.34+0.24
6 50.0810.46 50.62+0.12 57.79£0.40 54.771+0.42
7 48.38+1.12 50 I8 035 60.04£0.23 55.70£0.62
8 45, 74.4:0.23 51,254 0.52 54.64+0.36 54.244-0.48
9 49.7410.04 51.48+2.06 58.2]1 £ 8.19 54.28+0.28
10 47.60+1.03 49.38£0.61 58.02£0.76 52.26£0.96

'Strains: SK877 - Bacillus subtili g, SK3487-Bacillus aminoliqufaciens,
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SK3587-Sacchromyces cerevisiae, SK3121-Lactobacillus plantarum,



(3) AL ¥4

Zt AP E(run)ollA Aol Wbgglo s AFEMNEAEL E 2-4004 B A
Z2rl AEENEL L jRLEEY] vjEH]| & € d¥S 22 U= AE 4 7+
adgict. & afu]Sol uletd FEARGo] Urhd & ohd 3R] A4S =
Arte ZE & + Al

E 24 WA LEES thekg Mgl #F Y T MUGE
o] dEFENEA(Unit)el] vz F93F 23}
_— Strain’
SK877 SK 3487
1 0.980.27 0.54+0.16
2 0.17£0.02 0.14+0.01
3 0.16 £0.00 0.18x0.01
4 ND 0.29+0.12
5 ND ND
6 0.17x0.01 0.15x0.01
7 ND ND
8 ND ND
9 ND 0.22+0.03
10 0.03x0.03 0.28+0.03

'Strains: SK877 - Bacillus subtili s, SK3487-EBacillus aminoligufaciens,
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(4) FAYZEE

Z} d¥(run)EollA ABojd FALYFEELS F 54 BEe A3 . H|zd
BEE #F5°] ¥ 434S uUehislen, L plantarum SK3121 F52] 77 u)
ALEE el FHF wUASA e AS & 5 s

# 2-5. A RES] opefRk Sl so] #F FAlAd A 4 8(1og(CFU/g)

Run Strains*
SK877 SK3487 SK3121 SK3587
1 9.9] £ 8.03 8.5610.06 10.03£0.05 8.96 +0.32
2 9.27+£0.05 9.1940.08 9.73+0.18 9.09+0.16
3 8.49+0.16 5.82%0.09 6.98 =0.04 7.57x£0.06
4 9.13£0.03 9.331£0.04 9.60+0.04 8.952+0.49
B 9.25£0.04 9.32+0.07 8.49+0.16 8.96 =0.26
6 8 2k 0,01 9.280.05 9.02+0.40 8.81+0.01
¥ 9.09£0.14 9.81+0.04 9.33£0.04 8.65+0.07
8 8.62+0.12 9.28£0.14 9:85+0.05 RSt
9 9.30£0.05 9.69£0.07 9.84+0.05 8.48+0.16
10 9.25x£0.14 8.8920.09 8.6220.09 8.2210.44

'Strains: SK877 - Bacillus subtili 5, SK3487-Bacillus aminoliqufaciens,
SK3587-Sacchromyces cerevisiae, SK3121-Lactobacillus plantarum,
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(5) o8

ChFg Y FE gt 2 U¥(run)EY] FFEEL F 2-60A B A 2
Tl HYgEE YFEgo] A 6 molA Hof 20 mE of$ 2 WIS Vehig
cl.

% 2-6. MALBEEY thokst &38go| L plantarum SK3121 #+F L a8 9 It
ZA(clear zone, mm)ell wR&= G&F A}

Pathogens1
Runs
SK872 SK891 SK3359
1 6.0 8.5 6.0
2 8.0 16.3 10.8
3 12.0 20:3 14.5
4 10.5 18.8 11.0
5 12.3 210 12.0
6 14.5 21.8 12.8
7 10.0 18.3 10.0
8 9.0 20.3 9.0
9 8.5 20.0 14.0
10 12.5 20.3 14.0

1Pathogen: SK872-Enterotoxigenic coli;
SK891 -Haemophi lus somnus:
SK3359-Salmonella gallinarum,
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(6) 4-EGo] tja Hiry

7t AHBelA Pt ux YRSe] Ethuigol A wotEe) SRyt o
A mIjel oiet BAEHE ¥ 2-7olH RE 33 BTk FF S cerevisiae
KIBTS AL BE FFoIN FF Efr} LIEFREHEW.05). & wix]
duEe Eyulgo] B £ELRS WA £ vk sMdo] ZWE YT
NALRE 28] ATHEo oA SHUES FHoD ¥ ABIANA £
Hal &3p7} wol B o),

7 2-7. ALESS WY F HAF Widey FEA FA= G i E44E
8 Az
Strains”
Item*
SK3121 SK3587 SK3487 SK877
Regression <0.001 0.081 <0.001 <0.001
linear <0.001 0.506 <0.001 <0.001
quadratic 0.040 0.073 <0.001 0.005
Lack-of -fit 0.871 0.052 0.001 0.024
Interaction
A*B 0.147 0.027 0.001 0.408
A*C 0.533 0.165 <0.001 0.001
B 0.014 (o9a <0.001 0.388

A, soybean meal: B, wheat bran:; C, corn bran
*Strains: SK877 - Bacillus subtil is, SK3487-Bacillus aminoliqufaciens,
SK3587-Sacchromyces cerevisiae, SK3121-Lactobacillus plantarum.
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(7) AEEs]ZLEYo] T 424

Z AEEA e viA] YREY Ed o] F viGES IENELE
doll mAlE Ele] gt E4AHEM2 ¥ 2804 BE A} Zrh F FF BFo
A feE Fapst FAFUCHPL.05). FFBAP ot vjRHEE 7o) A H
Ae dFE FHLE 3 AHABA AN BF F24do] FHEUTHP.05). <)%
8] ZA3F I3l AEEELYAG tiFHe] mjf S22 d8E 312 U= A
< & 5 gt

% 28 WAARESY WY T AZ g FEBA WAL Pl
g E4EA Fa
Strain?
Ttem®
SK877 SK3487
Regression <0.001 0.002
linear <0.001 0.010
quadratic <0.001 0.001
Lack-of -fit 0.051 <0.001
Interaction
A*B <0.001 0.278
A*C <0.001 <0.001
B*C 0.745 0.927

'A, soybean meal: B, wheat bran; C, corn bran

Strains: SK877 - Bacillus subtili 5, SK3487-Bacillus aminoliqufaciens.
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(8) FAIGZl tid &

W

SER

Z} dEEAA ¥ oix] ¥2E2] ZYu|Se] HF vdEL] FAGZ nl
e Zdo] T ZAEHE E 2-994 BE A
7 ujA] QR Ee] FAGF RHA EAS mAI e AR Uikt

3} gl RE FFE] thstol

(P<0.05).
E 2-9. WAL EES] MG T AT k=] AR A= g gk E4HEA
A5
Strains®
Item’
SK3121 SK3587 SK3487 SK877
Regression <0.001 <0.001 <0.001 0.010
linear <0.001 <0.001 <0.001 0.002
quadratic <0.001 0.093 <0.001 0.037
Lack-of -fit 0.002 0.056 <0.001 <0.001
Interaction SK3121 SK 3587 SK3487 SK877
A*B 0.641 0.143 <0.001 0.076
A*C 0.232 0.061 <0.001 0.152
B*C <0.001 0.328 <0.001 0.049

IA, soybean meal: B, wheat bran: C, corn bran
%Strains: SK877 - Bacillus subtilis, SK3487-Bacillus aminol igufaciens,

SK3587-Sacchromyces cerevisiae, SK3121-Lactobacillus plantarum.
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ohAlE A% QB

U2 HPEAE B3l F 4714 A= tiE 3F A
g HASHOufAEE 1),
FEE HU(elAPHZE 3) g2 /Y HoiS(AEE 4) 52

HHfR S T2

[=]
24 &

&g 2
H2EH N AT 2), AR

SEE 24

Helen, Zk MAYEES £ 2-100]4 B A3} Prth
% 2-10. Al 54 3 S8 mE X ds5Ee HF &%)
Optimized medium No.
Ingredient
A ((%E%ééﬁ (Alﬁgfla?se) (Celﬁoylild) (Anﬁ%%%gial
Soybean 3.96 33 0 96
Wheat 19.76 33 98 1
Lorn 76.28 34 2 0
Sum 100 100 100 100

QoW & 47k A= tIE HRAEE 7]
sjaratol Wt L &S Hasiglct

WjA U 424

N 7V we 4B

& 242 A3 4

2 AEEya FEY YHo=

AL 71Fo8 I wAEE 1
veh gloh( & 2 11).
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£ 2-11. 5 fg=

o %

s
ol

& 23

Optimized medium No.

IStrains

Nol Noz No3 No4
SK877 42.94 50.58 53.23 b LBl
SK3487 SO25 54.62 52.82 51.64
SK3587 49.09 5l.24 51.98 50.66
SK3121 46.70 47.68 48.19 48.00

'Strains: SK877 - Bacillus subtilis, SK3487-Bacillus aminoliqufaciens,

SK3587-Sacchromyces cerevisiae, SK3121-Lactobacillus plantarum,

3 oA SolAM gE 2
g} HjAE 284

A vebs,

OO L
[=]
e

® 2-12. HF UdEY AL

= T

IR

FiA

3

ik

2] ARENEA B2 F 2-120)4 BE
F2¥Y HHE dAE Zojn, EL¥Y EI

Optimized medium No.

IStrain

No 1 No 2 No 3 No 4
SK877 0.41 0.54 0.41 0.44
SK3487 0.35 (.55 0.41 0.48

Strains: SK877 - Bacillus subtili s, SK3487-Bacillus aminoliqufaciens,

Z} HAu= &2 FA 4 HAES X 2-13004 Ee
oz HAIH A= wjAPHE JHeldlct & wiAle

ol chstel 7hg AR A & 4+ UKk
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#® 2-13. HF iFEY MY B8
Optimized medium No.

'Strain

No 1 No 2 No 3 No 4
SK877 9.00 8.59 7.67 7.96
SK3487 8.87 9.28 9.42 8.22
SK3587 8.67 8.89 8.63 8.43
SK3121 6.70 8.20 9.36 9.56

1Strains: SK877 - Bacillus subtilis,
oK3487-Bacillus aminoliqufaciens,
SK3587-Sacchromyces cerevisiae,

SK3121-Lactobacilius plantarum

AT Be) YFVY AR E 214014 BHE A7} 2o} 6S ¥IYY 2
OiBhE S8 HFuiAs wjANE adolglon), WAHME 1elM FhE e
Ue}stet,

7 2-14 HF W= FoEAH

Optimized medium No.
Pathogen
No 1 No 2 No 3 No 4
SK872 15 12 e 8
SK891 21 18 13 8
5K3359 14 10 | 9

'Pathogen: SK872-Enterotoxigenic coli:
SK891 -Haemophi lus somnus:
SK3359-Salmonella gallinarum.

A MY A rygst FFES B2 Y BEE URAF ] A% HF )
gtzAoE v)5ut 3.96%, Ay 19.76% 18|32 )L 76.28%0] =& T}
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W 3XHdE HPINEUHS

Z1E2] AdA dmARY BdT 248 &, &5 F7)
A 43

1. A&

7h A A2A 2] AAF A F

2 a7 YIAERHIA AXE Q5 1R} 2apd oA tfFula} &)
T, SEHEES YRS AUsta IF=4 ey (ZAEE € 2%l o
A 8L At O AE HiYeE HF Y 2AL WA €49 3
A ZH 2U& o[ &3t 18E URAERHIMA Y A AES A ZEct

. 71E ARA AR 12 B &3

SEAREAAE BBAZ BE APLwo] met P47t aste] ol ol
A 4+ o7l R FARVE Wes woh web BIAEAAA EAHAE
A3l 7122 AR BAS VSRS P 4TS 34 P EQY IARHES
APt AES A48 gt DAL, AugY BAL 7 YhaEs WYL
Mg Aol 4FHOE HgsaAt Yk,

Th71& A BAARES] oY 71x] B8 &3

UFAEHTA L] ARE Al 4 FFE 4F Y 222 Fdsiglen, O
AIE B AT g Y EHIF iHoE heo] HES AH gl
o, YRARHTA A}E AF F oA 7px] AR (R, ¥F, AL F
714h)& &3
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2. Ay

7l A HA =
= A¥e AM8H dR= dFy A9y, SEfdES o]&3te 27 3.96%,
19, 76%, 76.28%= T3 T Eilslo] ABsIGT).

hAHE 27

Atd ela|of|A] E2|¥t Bacillus subtilis SK877, ZAX|ollA £e|%t Lactobacillus
plantarum (SK3121) 2} Bigbiogen AR HE ok wte.  RBacillus
aminoliquefaciens (SK3487), Saccharomyces cerevisiae (SK3587)8 I A AIE W&
of At

chg®E F5 Az

Bacillus subtilis (SK877), Bacillus aminoliquefaciens (SK3487)% Luria
Bertani (LB) brotholA 37T, S. cerevisiae (SK3587)%: Yeast molds(YM) brothej
AN 37C, L. plantarum (SK3121)= MRS agar Wl=x]olA] 37TColA 2447t Eot ek
steich.

g}, A AlE YR

(1) T3 324 Ux

HEE WPALE 312 gol 438 FFE ZF 208 oLy FFsArt (10107
cfu/g)., B. subtilis (SK877)%} B, aminoliquefaciens (SK3487)& FE3 A AR
= 37T, 24A]7t wjokstgd e, L. plantarum (SK3121)3} 5. cerevisiae (SK3587)
£ 37TCel A 4841 4t vidstact.

(2) T A4 YxE

W3t AlE 624 goll B. subtilis (SK877)%} B. aminoliquefaciens (SK3487)&
Ztz}t 104 ol FFE F (10107 cfurg), 37TOA 2447 wgsig o, F712
L. plantarum (SK3121)3} S. cerevisiae (SK3587)2 ZZ} 104 ml® HZE 3 F
(10107 cfu/g), 37TColA 24A12t u)ofsto] & 48412t wjoFsiqict.

ot A F3

BT FHZ lawn-spotting WH T MG}, Z} 2APUE AIRE UF A
7 2 225l AlR 1 g3t 9 1] HAFRT Yol &XFH L= HMF Fo
Zt gtAle] B 10 w82 agar vR|o| spottingdt&iT}. Bacillus® UAZE vfofy
& Luria Bertani (LB) agar WjR]oJA] 37°C, LactobacillusZ ®I3AZF ufoFed-2 MRS
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agar WR|o[A] 37T, Sscchromyces® WA HJQFelE Yeast molds (YM) agars]A
AN AT Bt 6l O ol YUY Y49 +F FPsdch

7. Yy &3

APEFAI} v LR L plantaruw {SK3121) 22 WET TMALE BFe vist
of 44 Aol oyt Y& BT TN Aol AREH PHY F
&= Haemophi fus somus SK891, Listeria monocytogerss SK728, Staphyilococcus
aureus SKT4l, Bacillus carcus K1633& AMedtgdvh. ZZs] WHZEFS LBoA
2041 BRE AT ol ARRSIAC. W W42 B agar well diffuaion
assay "$'H& ARl BN udF dYdd g HELE Y LB Prhulx)e
swabing #}%ict. ¥ Pasteur tubed] HN-EG o]83ie] X8 6 o] FY& Tt
4o ¥R B A 5 g AAUBARF 0 ol AThge] Yol 16T
elA 3AIF @ F, 4 Telra000 rpa, 108 Bt YAERE 21k JEd%
W] so|# 2 of24) o o B 290 PEAEch 2EH HFUL AR
7] (Rotavapor re 111, switzland}2 4d] Rt WP F71e Frh[A=
HAA ef2 Aefofa] 37T A overnight et A Fof H4AH 6 oo HF L
i EUY A4 §& m= ASAAR] S5E P78

ol {714 24

Adesogan 2] Wdof whel R7)3F £4& dAsidAch B2 AEY AREE LS
al Aol Y 1680 5646 X g2 Y ¢ AEda ol &k a3}
VFAE LV detector2} HE-& A HPLCE <)§-3te] &Y start.

HL %at3 3 &% (IFPH)
UEALE 100ulof B3 400ul, DPFH 804 2al Jo ERF ¥, A26lA
1623 RhEAAC). $712 2.5l B TS 42 blimodAd FF=S S

Tirt,
Contral Absorbance—5ample Absorbance

PitEE L Conwol Absorbance ¥ 1009 Astne] o AAFE(x)a
T8t

Al Dehydrogenase 474 474

HEAE 1 g 2.5 olf] Tris-huffer pH7. 02} 2 a6l
2,3, 5-triphenyltetrazolium chloride-glucose resgent (TTC-glucose) Bo0g 4
T, 1.0 N KL ol-#8icl (88 72 =4 sk 2¥8] H& ¥, oalck w4
of4 120 rpa, 37TOIN 24x\2t wigrsidic), ek ¥ ujx) HHo=ye Pyu
tripheny]l formazan (TPF)& £2[317] #13] 2.5 ol®] ml¢hga ¥ vortexing ¥,
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1087} 12000 rpnol Xl RS ik TF 25 P 33) ARsiginh. Iue
222 Qo7 45eg Polol smelN FHES ZPstolch

o &4 47}

A 2ZE UdHEALE F7HEE TEYS O 12V14%E ARAI F G o Yol 3
0TS 15CE FE3te] BAsigict, 23 3HHY 83 T¢ UEYS 3o cfy,
pH, -§7]14t 2 dehydrogenase ¥4-& &3 3}gicl.

3. A34d7}
77 BFAe AAE AR 93 YEZF FY

(1) SddF5ol glojA i U&

4718 FF5E& o|&5le AEE 2ALEI A= T9 313 Al A #+
T BT 24A0H0lA 7 B #A BHEES Bt pHY ZE¢ B subtilis
SK877, B. aminoliqufaciens SK3487 1@|3 S. cerevisiae SK3587 TFFoA= &
H3l= glglouh, L plantarus SK3121E pH 43 =2 Holxl: AL Erh o
48 AE B9 471 #5771 EF & FAYE 4 JS5S Hstart
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(A)

g
ne
s
I
o B
o W SKE77
—
] u SK3487
& mSK3121
=]
3 W SK3587
I
2h &h 18h 24h
(BJ
6
- GKETT
T 5 SK3487
== L3121
—— 2507

2h 6h 12h 24h

gl 3-1. AAgEolae] g A o (4) FAle] 43, (B) pH
SK87T: B smubtills, SKMBT: B aainollqufaciens, SK3121: L. plantarum,
SK3587: 5. cerevisiae.
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(2) Lactobacillus plantarum SK31212 FHZ£3 1A WA AlRe YEH
clekst wHelF Sof thil Lactobacillus plantarum SK3121 WHEE2] AL
E 3104 B A Zr). PEEE PFEYo] 4 8 molA FHrof 16 mnE
< FFEEE Bl B2 IR SHEAEHIAC] gle] ulf F8% 4]
2E 754 E Foste 2o AlRA AFoE 5% HAES Tl ASo=
ARk A2 2 oozt gl ZoE dtutEgrt 243 IAPUEA] PRVl F
=% 222 EelyT

¥ 3-1. Lactovacillus palntarum SK3121 45 UFEL] 374

{Clear zonhe, mm)

Fermentation time (hour)
Pathogen1

2 b 12 24 48

SK728 + + + + +

SK741 + + + + +
SK891 + - ++ +H+ +++
SK1633 + ++ + ++ ++

SK872 = = = = =

ska3399 - = = = =

Clear zone: 810 mm, +: 11~13 mm, ++: 14™16 mm, +++

'SK728, Listeria monocytogenus: SK74l, Staphylococcus aureus:

SK891, Haemopillus somnus: SK1633, Bacillus cereus: SK872, E coli:
SK3359,

Salmonella gallinarum
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(3) Lactobacillus plantarum SK3121 ¥+ LA E2 {74 £4

33 3-20]A 471A] FFES o] 23] naAlEE 39S wf L plantarum SK3121
o] 73 pH7l 471A] "ojFr) o] A UHALmS thste] f7]4HE £ SHach
Lactate, Acetate, Iso-butyrate A|7}x] 8-7]tef tslo] WA Zte] ule}l EA%t
Ae O2e} Pt} Lactate®} Aactatel= WH A Zhof wizl L Frstda,
Iso-butyratels 6AI 214 713 e & B ¥ MEst AWHHA 234 Wo}
4=
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(A)

400
300
ES
=
]
4
-
gt
o
o
m
o

[=]

]

200
WSK3121
ch gh

12h 24h

incutation time (hour)

(B)

0.60
£ aan
=
[
| I | B el
B I I
0.00
ch Bh 1Zh 24h
incutation time (hour)
;\Q T M
=
o 100
af
- SR—
E LS
I-: - - -
_5" D60 W5K311
O o
7] S
T
oh 6h 1Zh 24h

incutation time (hour

O 3-2. L plantarus SK31212 IAAIS UE{ AMEL] £7)4F B

Lactate (B) Acetate (c) Iso-butyrate. SK877'X B. subtilis, SK3487:

aminol iqufacians, SK3587: 8§ cerevisias, SK3121: L. planiarus.
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{4) Lactovacillus paintarus SK312]1 -7 WEES] 3410 (DFPH) 3
Lactovacillus paintsrum SK31212] FAH8l8d &3 FA 24[3E, 62]3e] n)s
12X 3ko] eFZh ol Azt 244 Aol A 718 w2 W& B3t (2§3-3).

(A)
o K O
y = 0.0055x - 0076
e 17 R2 = 0.0996
5 TR
n 08 1
-
T 06 -
&
3
'E 04 -
]
€ g2
0 . |
0 50 100 150 200 250
Concentration (mM)
(B)
_ 7000 -
=
& i
E 60.00 - -
(=)'
=
2 \-
& 50.00
=
o = Ck 3121
S 40.00
e |
i
i
& 30.00
2 2 6 12 24 48

incubation time (hour)

29 3-3. L piantarum SK3121=2 IAALS S ES AZ o shakd 84 24, (A)
Standard Curve (B) DPPH radical scavenging activity

A



L. nfofat F9 ulafE o83 AR AL AFEY] HEYQ FI

(1) 2&4
LHEALR H7HAY 2 BIHE H%le] HE F SEFE 12742 & F, |
5C8 30TE uHro] 85 §¢ Busidz, o 2o ThH ¥ A&& 31stsch

(7h) ddZF AF Al=F AE

A7l dAulHefa]e} o] B, subtilis (SK877), B, aminoliquefaciens
(SK3487), L, plantarum (SK3121) B! 8 cerevisiae (SK3587)E 712} AE£3 A&
€ AALEN 2L 1271455 42T A AFE A 2sact.

33 4-42 15Toll#] HAT ThdufeFe] ZAMe|n|, Bacillus subtilis (SK877),
Bacillus aminoliquefaciens (SK3487) 18|31 Saccharomyces cerevisiae (SK3587)
2 83 Lot & H3El ¢lo] AL slgeny, Lactobacillus plantarum (SK3121)2 4
F o|FZ APE3ITE pHe 2 HE glo] 458 #F BEF «d35HA #AIstdrh
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(A)

9
T I :|: I
av| 1
=~ L
- o
o 1 m SK877
- W 5K3487
2L
e 1 5K3121
SK3587
. # |
2w Ay ow Bw
preservation quality (week)
(B)
T —p K ETT
= |
R
SK3487
e G 3121
) A “ - ® ——3507
2W 4w Gw 8w

reservation quality (week)
3 3-4, YRS A7HA] 15T A2] BEQ AW, (A) A 44, (B) oh

SK877: B, subtilis, SK34B7: B, aminoligufaciens, SK3121: I, plantarum,
SK3587: 5. cersvisise,
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39 3-5= 0T oy WEALE A2 HEd dHe Aol
Bacillus subtille {SK877)2 8+ &St 2 HEl glo] ME Stg.OLl Rac/llus
mmninoliguefeciens (SK3487)2} Lecinbacillus plantaruw (3121} 45 ©]FE A}
Wit Ssccharospces carevisise (SK35B7)-2- 67 o2 Alg3gitt,
pie & WdE glalev, Baciflus subtilis (SKBT7)& 85-xfelA 2331 wiopala,
Bacillus sminoligquefaciens (SK3487)L 8T oA 9t wolxl: AWE R4c]

(A)

(B)

||:||:|||:| I:":- FI_I.".f”

pH

g

I
| 7 I
i -
- W Aw Bw ey

on

preservation quality (week)

—_—

L ]

—p
-

preservation guality (week)

r

W SKETT
W SK3LE7
SK3121

SK3587

3§ 3-5, WHAE B2 DTAMEY &9 HAY, () 244 47, (B) pH,

SKB?T: B subtilfs, SKSMBT: B asfnoliqufaciens, SK3121:
SK3587: 5 corevieiase

=38l =

L. plantarus,



(W) 4% EHHFTE FAET A1AE AF
B subtilis (SK877), B aminoliquefaciens (SK3487), L. plantarum (SK3121)
o S cerevisiae (SK3587) 4ZE2 FFT I AUR A5 A|AES AFsgh

% 3-6= Z§hleF(Co-culture)F 15T &} 30TolA 837t HASPHA R2H Al
o] ZHyjolrh, ZRhPlAH ABHdF FY Al Bacillus subtilis (SK877)%}
Bacillus aminoliquefaciens (SK3487)+= LB wx]elA] §alsle] ZAslgc). 15T
A BAFY AS Bacillus subtilis (SK877)2} Bacillus aminoliquefaciens
(SK3487)= 452 E AT GolFR|qt 8§57 AMESIY S, Lactobacillus
plantarum (SK3121)8} Saccharomyces cerevisiae (SK3587)= =& AF4+E |43}
o 83 F& AE3NGCL

30°C2e] #Z§ Bacillus subtilis (SK877)%} Bacillus aminoliquefaciens (SK3487)
£ 15T 83 W& BATE A3 8FA#A] FESIEA, Lactobacillus
plantarum (SK3121)= 4352} o|¥F APES}E3  Saccharomyces cerevisiae
(SK3587)+= 652} o|F= AESIHT]

AatAe] glojA A+ olf $8F FEAEL tiitelrt. ©@5uja %}?—]
Z3 vjekr] 15C8) A-$ Lactobacillus plantarum (SK3121)7} vl && AATE
FAIBIEA 8F7A] AEIYL, ol TEE[FETE ZTufYolM Hrl iﬁ%”
Q&= AS ¢+ AU
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(4)

7
=
=%
e
i
=]
g 3
1
2w Aw G aw
N SKET7, SK3487 BEEESK3121 2 EEESK3587 —pH
(B
=}
7
™
=
TN
et
=
o 8
1 I
2w Ay Bw 2w

B SKETT, SK34587 mmSK312] EEESK3587  e———pH

a9 3-6. &4} a9 (Co-culture) ¥ 15T 2} 30TH N 857 23Y AFs] REY
A%, (A) 15T, (BR) 30T SX877: B. subiilis, SK3487: B. aminnligqufaciens,
SK3121: L. plantarum, SK3587: S, cerevisiae.

=5 388 =



(2) F714F it £4

TrEuloF8t Lactobacillus plantarum (SK3121)2} &3] (Co-culture) ¥t 2F A}
E AZIAE 156T2} 0ToA 23 BHo= 857 F¢ #7]4 E4& stelen A3
= 17 3-73 Zh

Lactate?] B Lactobacillus plantarum (SK3121)efA]l:= 15T oAl 4324 E
8FA71A] ¢F 0,4%0.5 Lactate, DMsE H I, 30ToAE 8FAlej At 0,40.5
Lactate, DM¥E R gr}. 3 H7l A ] 3 Lactate, DMz} |2 S o oAl
#E B}, Z3h)ef(Co-culture)?] 7-¢ E#H7| o] AojA 4= Lactateflo] 3
oftE e ¥ 4 gldir)

Acetate?] ¢ Lactobacillus plantarum (SK3121)o]A = 23-A}o)lA 30CE A9
T e IS JAYE ¢ AL, IS (Co-culture) = 2F-Apo ATt 1
5C, 30T BF 2 & Byt

Iso-butyrate®] Lactobacillus plantarum (SK3121)o)A= ZAS- 15CHT} 30Co]
A w2 JE TR 7R HA™ 4 AR, E¥WY(Co-culture)oll M
Iso-butyrate §3fo] WA Ulelulrt
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Lactobacillus plantarum (SK3121D &Eghuf ok (Co-culture)
(A) B)

060 060
050 050
£ p4p = 040
= =
a A0 o T
g U=u o W2V
I W15 = w15
= 020 Y 020 o
- 30°C 8 e I I 30°C
010 010 I
2w Aw Bw aw 2w Aw &w 2w
preservation quality (week) preservation quality (week)
0.60 B0
050 050
£ pap £ 040
= =
(=] (=] ~
ar U=t qf U3U
= M15C i W15
Y s W o
Yy 30°C T 30°C
010 10
000 00 -
2w 4w 6w Bw 2w 4w Ew 8w
preservation quality (week) preservation quality (week)
6.00 6.00
500 00
xR =3
Z 400 Z 400
=} a
o A o
® 300 @ 300
& B 5 = m15%C
o 200 e 2 200 B
F- A UL “co, UL
@
" 100 100
o0 i L | ] |
2w 4w W Bw 2w 4w Bw Bw
preservation quality (week) preservation quality (week)

3% 3-7. Lactobacillus plantarum (SK3121) wheulakat Zghufere] gloid |71
2y Ay B (A) Lactobacillus plantarum (SK3121)0] AlA sl= Lactate, (B) &
Fhujoko 2]t Lactate AJAF, (C) Lactobacillus plantarum {SK3121)o] A4bsh=
Acetate, (D) -ZEFmoke]] o8t Acetate AAN, (E) Lactobacillus plantarum
(SK3121)0] AAtE= Iso-butyrate (F) Z¥rujjote] 2]§t Iso-butyrate F4l

- 354 -



(3) Dehydrogenase 8% &3

e ZPAYE o] B YHALR HIAE 15TelA 25 AFo= 85 F
& HeLTLUME HFSACT (Y 3-8). ERWGE 5wzt blasty
453 B2 TF g2 8 € 5 AU%Urh @A HoE A2 A7 A= &
ALE U] Dehydrogenase #’d HYJLE AL 2 AE S
I 4 Sl Ao vEluict

dT P B

(A)

AUggq

(B)

14 1
12 A

10 A

0.6

0.0 -

14

12

10 1

TF {pmalfmL)

08

0.6

04

02

0.0

a3 3-8 LEALEY

+
y = 46151x + 0.2721
; : R2 = 09828
0.05 01 0.15 0.2 0.25
TF (umol/mL)
W SKBTT

SK3487

BSK3121

I W SK3587
Co-culture

preservation quality (week)

9lojA Dehydrogenase ®7AJ.

2w 4w 6w aw

(A) Standard curve,

(B)

Dehydrogenase A1, SK877: B, subiilis, SK3487: B, aminoliqufaciens, SK3121:

L, plantarum, SK3b87: 5, cerevisiae,
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<Hl 2 #I&5g~72[2&, dYoi=fa &
A9y H2

1.

o] &4,

Py W A7UE

=
(dx=

R

9

a7a
(124 - 29 g2

A7UE

(2013)

124 =

A 10 A
H ga »\}i
H A & &
Aol iyt &

I AEFH F
o] A|A Ef"a‘

UE AR A7 Fof 428 wes,
& o SA2) ANANE FRAE 2 Ae
ANBe 24

A ANANF, FEAZF, 34
% % AEEE &7

AN} F7] 22 Aol g A
2o A2uR FUR NRES 24

SA BF 7k gAawzt gy

ndE &4t

SAA7|S 7] 22 Aol AW %A ¥
JENe Fof WAL =4}

%

SAS G

R

n A=

NRTE * FAHE SANL HAE%E
A2 5ol Par 24

A g A

24 £4

Ay 20 A
B UE AE
H7tAe] gk
2 FolAd
cfet &3 A
23 F4 A
A #H

L AR WS Fo9 422 gesial,
& o Folxg ANAZ, %—.‘&'zﬂ o}
EANTE =4

Bobe) ANNE, FRAF, 5
Ag U AREE 373

SAEA S nE 18 EEE A sl
Zh~wkAgatsl e nAAES 24

Fol £3 12 A3 B4

3 A= =4

AlZIZ Fot v AP S HAslaL Y
4 B8l "HYsygE 2A

Solr| ] Eodate] mals 9%
Z A}

2ZPAE

Y 1A
UE UE A}
A7
ol TR
23} 157
2o AA ¥
%

E 2 A el $E& BN
& w94 A9 ANAF, FEAF
% ABHNFE 24

54 - v 512 AAAE, FEA
5 AT 4 AREE &

"M% A7 W ¥
ANsle] Flauges Wag
AL

FTE Aol ¥
i3 ==y

Z|2t ¥4 mAE

A= UAT
(Salmonella,

33 -A%F £ 3

E. coli) FA}

ulg A7)l ulg F7] 2R Ao YAEA
& 53 A% g 24

o] Wopgate] ulx|

54 - v EF
i
—

CRER

<A™ 28 A
Uy wE A
2 7Y
H=loll ot
23 AZH
o1 AA
3

E AR FIHEY o & 2R84
& 1 olFAE=Y AAAF, FEAFT X
ARAHTE 24

ol A=Y AAAAE, FTERAZ,
AT U AREE £

AlE712t Fet mF 13 EHE 2335)o
ZrAgp ksl Py nAEE FAL

ojfAE=e] ¥ F k& ARkt
Bl n|ME (Salmonella, E.
coli) A}

AEEFE F AES AAstz 89 242

T8 "y E AL

olgAES Wiy
24}

- Aol mlAE
K

- 366 -




A E

-d¥E I
A wuH

4B AR AN FA 42 B9
sae w %4 - AN,
F2A3 U AugNFe 24}

%4 - v &8 ANAE, F
BAE, 3AY QL A=A
&3

AE AFA
o qeel
U £
233 3
AA %3

A& A79F A% F7] = Ao 24
& 235t Fhaugasl ey uA

g8 2}

2

4 -0%% ¥ 3 7= 04
G

22t ¥4 A&
(Salmonella, E, coli) A}

u]& Ao} uj& 7] E= Alo] W
Exg B3 Adsds 24

578 - v S5 g de] n

A 4% 24

Ay 2
Aue dE
e A7
o e
I £

A5 3o

0% A= 29 39 +2E 29
see W 4 - HKES AAE,
FEAZ Y ASHATE 24}

NAAF, F
AR E &

£ - v EY
BAE, SAHF
23

U

AL BE F 13 2AE A
of gz BN NAEE 24

%

S8 -u5EY £ 2 e

A=t Rk nAE

(Salmonella, E. coli) ZA}

AA =¥

AEZE * A8 Az 89 &
Hg B 95 e 24

$74 - u1&Ee] FARAol o
AL 4% 24
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W IXHE AP HE
</MEd LE ALE HIHAY SAL} 5o i &% A5>

1. AYD 4F A= F71A4] SAC o 24 A5 S AA 91

7Zh A 9 9y

(1) 7pdd LdF AlZ H71A 850, 0.5, 1 © 1% 822 AR A7}
k= 4 A EFLE FoTL

(2) thatAlelz] 7 A21E # ARS ol Brolier 964§ FAISt Fo A Fo]
frABI=ESE Z} AJEFuic & 5 3904 F 645 wiRstaen, Z} A[gynt
Tt 4Fo| A& A st A3t

(3) Atme} BFo] HEH 4 UEF AR E 7Y Foon, & AES
35 7t 3Pty

(4) AlRE 245 AIRE 337 FA F UnR] 3F% 43 A5F Fo3}

stk

(5) WA A2 H7IA 9} Al 3def 3PH 4] wigstdon, o] uf &3 4P
£ TP FHE 3] of 100g8] AZFE At 4 A7A FEEBINA
c}.

(6) AIEFAE AIRTE |83l FAE Foisigdon, 0928} 174]¢] AlEF
o3ty REstE, o4 AlggEe 3 RS FAS Id Ag HHF
& Axstden, 4L AA{E] £3A stHh

(7) AF2 A8 744, 253 F U F8 Al JjAEE FF sl

(8) 7t& HA4& 43171 #13] &2 AR 7145 22 viF Astden, A
NA F 253 " 5FR E& A3t = 44 £l o] &3t

(9) YL A A ¥ 23 9 F5 FFo] FFYAA 23t Y 4 &
Aof o] g3l

(10) &2 AYit EME& $13) A2 F&2 JF FAolA 9 304 =ASAo 715
2 A3 3t EAjof o|-&3tdr}.

(11) 7]l Algel= Ao E3tgch

(12) 24L& 98] A" AL 60TA 4847 ZA=3t ¥ hammer millE 53]
8lo] E2of o]&3}3lTl.

(13) £ AJ¥oj o] &3t A1E 4 ZUE UF A7AHY HEES oy HeolE 1
Z Hol& 2¢ Yehjaich
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. TAA

(1) AJ8olA] Yol AII= SAS (Statistics Analytical System, 2002)E o]&
sjod BH82, AU KUY ABE Tucky test (p¢0.05) AAIsHc,

< A9

o|

1 .

.
:
-,

BE A

H WAL AolA >

Table 1. Ingredients and chemical composition of the diets used in this study

(%, DM)
Ingredient Starter Finisher Probiotics
Corn grain 425 45,6 -
Wheat bean 19.3 20.0 =
Soybean meal 21.8 18.6 =
Com gluten meal 5.00 4,65 =
Whole soybean 5.00 5.00 =
Animal fats 2.60 2.88 =
Salt 0.38 0.38 =
Phosphate calcium 1.88 1.78 =

"Chemical composition o S
Dry matter 89.4 83.3 83.3
Crude protein 255 22.1 20.6
Ether extract 8.98 8.25 6.55
Crude ash 6.83 6.73 7.73
Calcium 0.85 0.88
Phosphate 0.56 0.54
Methionine+cystine 0.9 0.85
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Table 2. Microbial contents of fermented feed additives

Fermented feed additives

Lactic acid bacteria, logio cfu/g 6.80

Bacillus subtilis, logio cfu/g 7.15

Yeast, logio cfu/g 8.04
ch. dz}

(1) AJ8 A58 YitdE

(71) Table 3+ 7Y™ H&E AR HI7H H7l $&o oS 24F ALEL] ¢
S UEhd 2122 crude proteind A& It $&Fo] FI1TH
ZrAFH= ¥bHE (P<0.05), dry matter, ether extract R crude ash THaFE
f2]3 A zte]7l Gt (PX0.05).

(L) Table 45 71UE RE A4S A7b A7l +20] ©E E43 429 o
WP EE Llepd Z2 2 crude protein @ crude ash §gFo] A& M7}
+Fo| F71grE F715H= Wb (P<0.05), dry matter ¥ ether extract
TS YA A7t glsdrt (PX0.05).

Table 3. Effects of supplementation levels of fermented feed additives on
chemical composition of starter diet (%, DM)

Treatment*
SEM
CON LP MP HP
Dry matter 89.4 89.3 89.2 89.2 0.227
Crude protein 25.52 24.7% 24.3° 24.3° 0.525
Ether extract 8.98 9.08 9.06 9.05 0.145
Crude ash 6.83 6.75 6.80 6.75 0.099

CON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.0% fermented feed
additives, HP: basal diet with 1.5% fermented feed additives.
Y Means in the same row with different superscripts differ significantly (P<0.05).
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Table 4. Effects of supplementation levels of fermented feed additives on
chemical composition of finisher diet (%5, DM)
Treatment’
SEM
CON LP MP HP
Dry matter 89.3 89.2 89.4 89.2 0.154
Crude protein 22.1° 22.6% 23.0% 24.0° 0514
Ether extract 8.25 8.28 8.37 3.38 0.092
Crude ash 6.73" 6.93" 6.91° 6.93" 0.085

1CON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.0% fermented feed

additives, HP: basal diet with 1.5% fermented feed additives.

# Means in the same row with different supersctipts differ significantly (P<0.05).

(2) 218 ALRS] A4t g2

(7}) Table 5+ 7I4¥ UHE Als H7A A7t &0 wlE 233 AR AW
A #gere JeENd FHer BE AE|doA S2Fy
(P>0.05).

(\}) Table 62 7IL4¥ UE AR H7MA H7t 20 wE S5 2184 A

FE HEE vUEhd o= BE A FA F2AHA Al flddrh

(P>0.05).
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Table 5. Effects of supplementation levels of fermented feed additives on fatty
acid profiles of starter diet used in this study (26 of total fatty acid)

Treatment’

CON LP MP HP
C14:0 1.55 1.50 1.52 1.51
Cl4:1 0.15 0.04 0.09 0.08
C15:0 0.44 0.37 0.39 0.39
C16:0 20.2 20.1 20.2 20.1
C16:1n-7 222 2.26 227 2.25
C17:0 0.26 0.27 0.27 0.27
C17:1 0.34 0.35 0.37 0.38
C18:0 847 8.43 8.32 8.27
C18:1n-9 35.8 358 355 364
C18:2 27.1 21.3 275 217
C18:3n-6 0.28 0.28 0.28 0.29
C20:1 151 1.53 1.52 1.54
C18:3n-3 0.59 0.60 0.58 0.58
C20:2 0.16 0.16 0.15 0.15
C22:0 0.05 0.04 0.04 0.04
C20:3n-6 0.11 0.11 0.11 0.12
C20:3n-3 0.08 0.08 0.08 0.08
C2014 n-6 0.05 0.05 0.04 0.05
C22:2 0.02 0.02 0.02 0.02
C20:5n-3(EPA) 0.02 0.03 0.03 0.04
C24:0 0.07 0.06 0.07 0.07
C24:1 0.55 0.55 0.60 0.62
Saturated fatty acid 31.0 30.8 30.8 30.7
Monounsaturated fatty acid 405 40.5 40.4 40.3
Polyunsaturated fatty acid 28.4 28.7 28.8 29.0
PUFA/SFA 0.92 0.93 0.94 0.95
(MUFA+PUFA)/SFA 2.22 2.25 2.25 2.26
n—-6 0.44 0.45 0.44 0.46
n—3 0.67 0.68 0.66 0.66
n—-6:n-3 ratio 0.66 0.66 0.67 0.69

CON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.0% fermented feed
additives, HP: basal diet with 1.5% fermented feed additives.
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Table 6. Effects of supplementation levels of fermented feed additives on fatty
acid profiles of finisher diet used in this study (% of total fatty acid)

Treatment’

CON LP MP HP
Cl14:0 1.55 1.49 1.49 1.52
Cl4:1 0.08 0.07 0.06 0.06
C15:0 0.42 0.41 0.42 0.39
C16:0 20.3 20.2 20.3 20.2
Cl16:1n-7 2.36 2.38 241 2.25
C17:0 0.23 0.26 0.27 0.26
C171 0.35 0.34 0.37 0.37
C18:0 7.92 7.78 1.7 8.31
C18:1n-9 36.7 36.7 36.6 355
C18:2 26.8 27.0 271 276
C18:3n-6 0.27 0.27 0.27 0.28
C20:1 1.13 1.13 115 1.52
C18:3n-3 0.66 0.66 0.66 0.58
C20:2 0.18 0.19 0.18 0.16
C22:0 0.04 0.04 0.04 0.04
C20:3n-6 0.10 0.11 0.10 0.12
C20:3n-3 0.07 0.09 0.08 0.09
C20:4 n6 0.17 0.18 0.16 0.12
C22:2 0.02 0.02 0.02 0.00
C20:5n-3(EPA) 0.02 0.04 0.04 0.03
C24:0 0.07 0.07 0.07 0.07
C24:1 0.59 0.58 0.57 0.60
Saturated fatty acid 30.5 30.3 30.3 308
Monounsaturated fatty acid 41.2 412 41.1 40.3
Polyunsaturated fatty acid 28.3 28.5 28.6 289
PUFA/SFA 0.93 0.94 0.94 0.94
(MUFA+PUFA)/SFA 2.28 2.30 2.30 2.25
n-6 0.55 0.56 0.53 051
n-3 0.74 0.75 0.74 0.66
n-6:n-3 ratio 0.74 0.75 0.72 0.77

'CON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.09 fermented feed
additives, HP: basal diet with 1.5% fermented feed additives.
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(3) &A% 4% 54

(7}) Table 7 AU WA AR A7 27t 2ol BESAL FEFEL

Uehd Zo2 AN MBS BF 0.47 ke@ 2 Lehgth
(L) A% AN F 2~ 336l BE AWFIA FHQ

(P>0.05).

(th) A8 Q4] F 4 ~ 653104 4 542 BE Al FolA

7} ¢lgich (PX0.05).

(uh) AlE 7IEe 4% HE2 BE ATFoA f23d

(P>0.05).

Atol7t gk

EBERER

o7t qatch

Tahle 7. Effects of dietary supplementation fermented feed additives on growth

performance of broiler

Treatment’
CON LP MP HP Al
Initial weight, kg 0.465 0.473 0.465 0468  0.007
27 3wk
Feed intake, kg 1.42 1.436 1.442 1.443  0.140
Weight gain, kg 0.298 0.306 0.303 0308 0.044
Average daily feed intake, kg 0.102 0.103 0.103 0103 0011
Average daily gain, kg 0.022 0.022 0.022 0.022  0.004
Feed efficiency, gain/intake 0.210 0.214 0.210 0213 0010
47 6 wk
Feed intake, kg 1.055 1.142 1.093 1.232 1.065
Weight gain, kg 0.466 0.501 0.534 0493 0492
Average daily feed intake, kg 0.048 0.052 0.050 0.056 0.048
Average daily gain, kg 0.034 0.036 0.038 0036 0034
Feed efficiency, gain/intake 0.442 0.438 0.488 0400 0072
Total period
Feed intake, kg 2.475 2578 2535 2676 1.171
Weight gain, kg 1.003 1.066 1.046 1.066 0584
Average daily feed intake, kg 0.069 0.072 0.070 0.074 0.032
Average daily gain, kg 0.028 0.030 0.029 0.030 0016
Feed efficiency, gain/intake 0.406 0.413 0.412 0402 0.019

ICON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.0% fermented feed

additives, HP: basal diet with 1.5% fermented feed additives.
# Means in the same row with different supersctipts differ significantly (P<0.05).

(4) =A F 71554 At g2
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(7}) Table 82 7IdE UX Alm HA7MA H7 +&d WE =4 F 71554 A
it S UEld ZleE AE wE AIAY FIt vEol F7Rtel u
2t Cl4:0 §7ro] F7ists Whd, C15:08F2 T3t (PL0.05).

(Lh) 7igs 23 AR H7HAS A7 0] F713el ulel C18:1n-9 fJo] F
7¥8H=dl (P<0.05), ©o]& Lunt and Smith (1991)¢] wj=w utzlom
C18: In-9%t¥o] wOH 17[9] ot& 7 ol EXFHAEY, £ Al
X = C18:1n-9%t o] F7}8te] 52| FEo| "’“"a‘%t}l At ¥t

(Th) C17:0 ¥k LPolA 718 wA Lield b, MpolA 7H WA uelyt
T} (P£0, 05),

(2}) C14:1 ¥k AT E FoFHA 2ol glont, AL Lx ALZ HIHA
o 7t &0l F71del wet F78ts A¥E B3t (P=0.057).
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Table 8. Effects of dietary supplementation fermented feed additives on fatty
acid profiles of fowl breast meat

Treatment

CON LP MP HP SEM
C14:0 041" 0.56° 058 058 0.089
C14:1 0.13 0.17 0.16 0.17 0.030
C15:0 0.16* 0.14%* 0.11° 0.11° 0.033
C16:0 22.6 22.1 21.8 21.8 0.828
C16:1n-7 0.94 125 1.09 1.09 0.383
C17:0 0.26°" 0.34° 0.28" 0.29% 0.052
C17:1 1.10 1.11 1.12 1.12 0.223
C180 117 12.3 114 11.4 1.869
Cl18:1n-9 20.5° 24.7° 25.47 25.4* 3.140
C18:2 20.1 19.1 196 196 1.245
C20:1 0.22 0.26 0.28 0.26 0.061
C18:3n-3 0.34 0.37 0.32 0.32 0.082
C20:2 0.67 0.63 0.61 0.63 0.120
C22:0 1.39 1.30 1.34 1.34 0.167
C20:4 n6 10.0 9.40 9.34 9,34 1.956
C20:5n-3(EPA) 0.16 0.21 0.21 0.19 0.054
C24:1 3.03 245 2.24 2.24 0.754
C22:4 1.08 0.98 1.00 1.09 0.283
C22:5n-3(DPA) 1.00 0.91 091 0.91 0.196
C22:6n-3(DHA) 1.23 .57 1.19 1.19 0.315
Saturated fatty acid 376 36.8 369 359 1.577
Monounsaturated fatty acid 27.9 29.6 30.4 31.0 3692
Polyunsaturated fatty acid 345 339 33.0 33.4 2.508
PUFA/SFA 0.87 0.93 0.89 0.90 0.079
(MUFA+PUFA)/SFA 1.70 173 171 1.79 0.122
n-6 20.0 19.3 19.0 19.8 1.162
n-3 12.8 12.7 12.0 12.2 2.252
n-6:n-3 ratio 1.67 157 154 158 0.327

'CON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.0% fermented feed
additives, HP: basal diet with 1.5%4 fermented feed additives.

2" Means in the same row with different superscripts differ significantly (P<0.05).

(5) ¥ 3 ul4E 4%
g3y

44 nAE 24 A7 A& ¥4 st

_76'-.
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(6) BF AYT 3
(7)) Figure 12 7/PUE 0E AR A7H A7t $30] HE ¥F WET? 4A4E
Ushd Ao 23del s BE FeTold FHA Fol7t ggont 437
¥ P77} 714 WA Uk,
(LD o] Z71U4F WolN FAsA F7Itel 67FolN 7Hg wA Ueh
sk,

—e— Control
——rr

AP
—ie—HP

WBC (10%uL)

2 4 s
Weeks after treatments

Fig 1. Effects of supplementation levels of fermented feed additives on white
bloed cell (CON: basal diet, LP: basal diet with 0.5% fermented feed additives,
MP: basal diet with 1.0% fermented feed additives, HP : basal diet with 1.526
fermented feed additives).

(7) & 5 712~ 4%
(71) BE AlEFolA cop fg2 2ol 7t gl

Table 9. Effects of dietary supplementation fermented feed additives on carbon

dioxide emissions of faeces

I

CON L["I‘reaﬁnen;dP HP SEM

COz, 1weeks 1411.0 1579.3 1915.3 1572.3 473.1
CQOz, 3weeks 1578.8 1949 1402.8 10953 760.8
COs, Sweeks 3191.8 4081.0 3851.0 4534.3 20256

YCON: basal diet, LP: basal diet with 05% fermented feed additives, MP: basal diet with 1.0% fermented feed
additives, HP: basal diet with 1.5% fermented feed additives.
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(8) AR £4
(7)) Teble 9= &AS) ZANS ENT o2 YaY A2 WIAE 0.5 o3
A7t 2] ZAR $Ro| Bel¥ R AyzBrh

Tahle 9. Economical analysis of broiler as influenced by feeding system

Treatment
CON LP MP HP

Intake, kg

Concentrate (Starter) 1.420 1.429 1.428 1.420
Feed additives 0.00 0.007 0.014 0.020
Concentrate (Finisher) 1.055 1.136 1.082 1.214
Feed additives 0.00 0.006 0.011 0.018
Total intake 2475 2.578 2.535 2.676
Feed cost, won

Concentrate {(Starter) 639 643 643 693
Feed additives 0.00 21 42 60
Concentrate (Finisher) 433 466 444 498
Feed additives 0.00 18 33 48
Total feed cost (A) 1,072 1,148 1,162 1,299
Total gain (B), kg 1.003 1.066 1.046 1.065
Unit cost (A/B), won 1,069 1,077 1,110 1,220
Index, % 100.0 100.7 103.8 114.1

1CON: basal diet, LP: basal diet with 0.5% fermented feed additives, HP: basal diet with 1.09% fermented feed
additives.
Starter concentrate cost: 450 won/kg, finisher concentrate cost: 410 won/kg, feed additives cost: 3000 won/kg.

2} a9

) ALE UE AR F7HAS R FHE AAE, 22F 9 ERIS 27
6.80, 7.15 W 8.54 log cfu/g& UEehigL),
) 243 AL JPUY UE AR H7AY Brt £30] F7Kel vt
ws}h i, 343 ARelAE F7istr
(3) 4% Bgold AR 7W] F 2~ 3FAAN FAT L U FAFel [PTFeIN AR
w7 Ushdou, § A% 7120ld BE A¥T 2 434 2ol7t gidirh
1) BA T g A Yol ANE UE AR WA Bt 420 S
of e} C18:1n-9 Wae] F7ILU, ol %o] B PRVTIT Amwch
(5) WEE AT HAAE o4 A 0.5% ol4 Wislel AgHA Y Hol migHT
AoE Azgrh
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2. %R BE AR WAL ol Foldo] T XA AFH Fo AA %Y
A A= 0 Py

1) 7iE gE AR ASA 3220, 0.5 1 © 2% 23202 Alwd HAtE
4 AJPFE Fech

(2) ©J3l Folr| 20FE FAsle] AFET G 574 Aol vjR|3le 2A€ T YA RS

*é*l‘?h:}

) AFR FoJ= 09:002F 16:002 LFyo] 2oidl, A AlE3e] A RA=RE £AS

°=I AR H RS £
) &TE 21~rri°l AHASLA, 7e} AgHEE Y Aol 3k
) AFE AE AlF Al FE Ao 3 FATE BTt

(6) @—'ii A T8 F Z3EYE Tt AFste] Y S FH UL
) & F 7k W olBE BEE S BE £ASA 2 T 246 o]l
) ARE 60Tol|A 4847t A= ¥ hammer nillE FEHsle] £4o] o]&3t
1=

9) £ A¥of og3t Atz W LH HRAIAY HERE oY tableo] LFERI

< ok 94 > < AN A B >
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Table 1. Ingredients and chemical compositions of the diets used in the study

Ingredient Concentrate rice straw Probiotics
Corn grain 15.1 = =
Wheat brain 19.0 - -
Corn gluten feed 9.50 — =
Soybean hull 8.30 - -
Corn hull 0.50 = =
Corn cobs 8.00 N =
Soybean meal 12.5 = =
Corn gluten meal 1.00 = -
Alfalfa peleted 15.0 = =
Beet pulp 7.00 = =
Molasses 1.50 - -
Limestone 0.70 = =
TCPY 050 E s
Salt dehydrated 0.40 = =
Edimixed plus 0.12 - =
Yeast culture 0.10 = =
Vitamin Premix” 0.40 - B
Mineral premixg) 0.29 - -
Total o 000
Chemical composition
Dry matter 86.881 72.837 85.151
Crude protein 17.623 4.925 19.779
Ether extract 17.623 4925 4,294
Crude ash 10.133 14.011 8.508
Neutral detergent fiber (NDF) 31.726 70.201 53.017
Acid detergent fiber (ADF) 15.969 56.234 20.620
Hemicellulose 15.758 13.967 32.397

Y TCP : Tricalcium phosphate

? Vitamin mixture contains following nutrients per kg: vitamin A, 5,000,000 TU, Vit D3 1,000,000
IU, 1,000 mg, Vit Bl 150 mg, Vit B12 1,500 mg, et al.

¥ Fe 4,000mg, Zn 1,500mg, Mn 3,800mg, Cu 500mg, Co 100mg, Mg 200mg et dl.
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Table 2. Microbial contents of fermented feed additives used in this study

Fermented feed additives

Lactic acid bacteria, logio cfu/g 8.30

Bacillus subtilis, logie cfu/g 8.94

Yeast, logw cfu/g 859
. @3}

(1) solA9] 4% 59

(7)) Table 3& LT UE AR B A7 4Fo] WE Folx o] JAEA
& g 202 PN ANAF, FEAF % dYIALY) Y 8
Uehgeh.

(W) ABTES BE APTAA HAH Aol glor)

Table 3. Effects of dietary supplementation fermented feed additives on growth
performance of calves

ey Treatment SEM
CON LP MP IIP

Feed intake, kg 240 240 300 360

Average daily feed intake, kg 4,00 4.00 5.00 6.00

Intial weight, kg 182.6° 208.8% 243.2° 9289.%°7 21.74

Final weight, kg 220.2° 242.2° 282.2° 341.0° 21.96

Average daily gain, kg 376° 33.4° 39.0° 51.8° 0.092

Feed efficiency, gain/intake 0.157 0.139 0.130 0.144 0.020

'CON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.09 fermented feed
additives, HP: basal diet with 2.02¢ fermented feed additives.
%% Means in the same row with different superscripts differ significantly (P<0.05).

(2) $olxle] Y 44
(7}) Table 32 718E WE AR H7HA H71 oEo e $olx8 9440
L}Ell Z1 © 2 Blood urea nitrogen TebE wE ALE Myl E7) v o] 2ok

2 2735180 (P0.05).
(1}) Blood glucose 3tk A|HF 7+ R-2&Q Alo]7} ¢lglct (PX0.05).
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Table 4. Effects of dietary supplementation probiotics on blood metabolites of
calves

Treatment’
Item SEM
CON LP MP P
Blood glucose, mg/dL 723 69.5 68.4 70 5.139
Blood urea nitrogen, mg/dL 137 139" 15.0° 16.1° 0515

ICON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.0% fermented feed
additives, HP: basal diet with 2.0%6 fermented feed additives.

¥® Means in the same row with different superseripts differ significantly (P<0.05).
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(HP) & H718t 479 AEF-E AHF3, o4 AP+ 874 wiR|sle 2
HHEE AlA[ R

(3) 22 FAE 09:002} 16:002 Lro] Foisial, 23 Alggo] 3 AFE £743]
o AEAH RS ST

(4) S AHEEo] HFIsta, Z[el Alf#els w32 e £t

(5) AFZ AlE AF Al Al&7t ZAE A W FE Ao 33l FAFE E4T

t}.

(6) BUZ AR 23 A 9 AE F& F FENE Foto] 23 Y 44 24

it

(7) & 5 71~ 9 oBE E4& #3] 2 A%l B3t F E4of o] g4irh

(8) ABE 60TofA 4817t 2% ¥ hammer nillZ Ff3te] FAo] o] &%l
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. FAAH

NE A dojx AFE SAS (Statistics Analytical System, 2002)S ©]-&34
stz A8 37 94 FAL Tucky test (p<0.05)Z A A ST

. Az
(1) 574 - v &4 48 54

(7}) Table 12 ALH L& Al® B/ A7 4200 ©E &4 - ¥[S99 4
 54& vehd 2o A AFo] Ael7t e A2 €S tIEA A
SHEl7] wjEel Ape]7} v Zo® AtzHTL

(1) F8 AT CONFAA ThE AJEFECE wA UEkETt (P, 05).

(th A=, 49 AT U A2EE&S WP} HP77} LPFRET A el
T} (P<0.05),

Table. 1 Effects of dietary supplementation fermented feed additives on growth
performance of Hanwoo steers

frem Treatment' SEN
CON LP MP HP
Feed intake, kg 16775°  16775*  16363°  1595.0° 22.05
Average daily feed intake, kg 153 15.3* 14.9° 145° 0.200
Intial weight, kg 501.3°  4825%  4550™ 4125° 33.05
Final weight, kg 563.8° 536.3"  533.8% 4950 38.34
Gain, kg 62.5% 53.8° 78.8° 82,5 18.10
Average daily gain, kg 0568  0.489" 0.716 0.750° 0.164
Feed efficiency, gain/intake 4.008* 3525 5.295% 5.690" 1.207

CON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.0% fermented feed
additives, HP: basal diet with 1.5% fermented feed additives.
%" Means in the same row with different superscripts differ significantly (P<0.05).
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7h. Az @

(1) 7Pus wE Als #7048 £28 0. 0.5, 1 3 1.5% 208 o] {A[=0] #rs=
4 AIETE Folch

(2) B Fdd S Tk £3] GeEs7lolA o7k 1475 FA8H] A8
T & 1274 & o] ujAsiglen, ZF AlgFulrt 37k & WS dAslN ¢lst
pid=

(3) A=t o) AeY 4 U=E ouAEr|ZE 7Y Folon, & AL 2197
834t

(4) AlBE 2%, 3% 9 30F £ 3ERL] AIRE 2ol

(5) W& AR AUIALL AlRE 5dof TR wjysieed, o o ¢ U4 ¥}
4 913 oF 100 g8 ARE 233l B4 A7lx] FZR B3

(6) AEFE LBARBC7IE AAIFle] FAE FoI3telon, 0848 17A]e] AIRE
#Hlsl HEF3lhal, S A=l 437 stErt.

(7) AFL NAAF W FR2AFE AAERE S5

(8) & AJE7|7t 5ot £& ufF A5l 7hA kg EMEaL, AR A E FE A
o] && A3l & F u|AE H4 £l o83}t

(9) B2 A8 = F FEollA 233t B 2 £l o]-&313ct

(10) 7]et Atdztel= F3lo F3}9ich

(11) Jo¥4 35t BMg 93] +AY AL8E 60TolA 48417 ARE ¥ hammer millE
T3t E4ell o|- &3t

U, SAA=
AlPolA] do]A Az} SAS (Statistics Analytical System, 2002)& o]8£35}o]

EAslm, ART 424 AL Tucky test (p<0.05)2 AAstelr).
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Table 1. Chemical compositions of the diets used in experiment (%6, DM)

2% 35 0=
Dry matter 1.1 89.7 86.9
Crude protein 249 242 214
Crude ash 7.00 6.33 5.42
Ether extract 7.88 797 1.56

Table 2. Effects of dietary supplementation fermented feed additives on chemical
composition of diet

Treatmentl
I EM
tem CON LP MP HP S
2%
Dry matter, % 91.2 90.9 90.9 90.9 0.153
Crude protein, % 24.1 24.0 24.3 24.8 0.463
Crude ash, % 796 7.89 782 773 0.182
Ether extract, % 6.79 6.83 6.91 6.90 0.179
35
Dry matter, % 89.0 89.4 89.4 89.6 0225
Crude protein, % 241 23.6 238 243 0.297
Crude ash, % 7.87 776 781 7.80 0.079
Ether extract, % 6.55 6.55 6.31 6.8 0.1
303.
Dry matter, % 86.8 87.1 87.2 87.0 0.341
Crude protein, % 21.2 21.3 215 217 0.436
Crude ash, % 717 7.09° 7.42% 765" 0.158
Ether extract, % 5.17 5.22 5.37 5.25 0.183

ICON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.0% fermented feed
additives, HP: basal diet with 1.5% fermented feed additives.
2 NMeans in the same row with different superscripts differ significantly (P<0.05).

(1) A8 AR ARMEE
(7} Table 2= 7Pd€ L& AdA H7F $E0 wlE Ao o[ 8H AR dNMIES
UER 7o 30Beld WOl crude ash §o] 7b A Uehbs v
(P€0.05), dry matter, crude protein W ether extract 35F2 BE 3 7hojlAd F2]
Hql zpo|7} gt (PX0,05).
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(2) 1 RAES 4 B4

(7}) Table 32 W& Als H7te] A7 2320 w2 o] §AES HAFE=EHS e}
d Zo g JJA MFLS HF 7.43 kgl B LIELTL

(L) F2A4F, A%, 23T U AARESS ZE A|EFA f23e 2
ol gloit HPFellA &A LElTh (PX0.05).

Table 3. Effects of dietary supplementation fermented feed additives on growth
performance of weaning pigs

Treatment’
ftem CON LF MP HP SEM
Feed intake, kg 108.1 110.8 1159 108.3 8.057
Average daily feed intake, kg 515 5.28 5.52 5.16 0.383
Intial weight, kg 747 7.40 7.39 7.44 1.476
Final weight, kg 13.8 13.7 13.7 14.0 2.040
Gain, kg 6.32 6.32 6.31 6.54 0.662
Average daily gain, kg 0.303 0.301 0.301 0.312 0.032
Feed efficiency, gain/intake 0.059 0.057 0.054 0.060 0.004

'CON: basal diet, LP: basal diet with 0.5% fermented feed additives, MP: basal diet with 1.096 fermented feed
additives, HP: basal diet with 1.5%6 fermented feed additives.

(3) olF=l=2] o 44

(7}) Table 4= AWE L& AR W7 A7 £l W ol RAEY Wiy
S Ul Zod MPRo|A insulinz} glucose $Haro| THE A8 Fof H]3]
718 A YeEtkit} (PO, 05),
(Lh) 43Uxtet #AFo] e IGF-1 & FXH o2 MPFolA LeietAgt, 23
¢l Aol glalTh (PX0.05).
(t}) Glucose k2 MPFoA 713 A LiEpd ¥ (P<0.05), blood urea
nitrogen PF> BE T4 FYFHA Aol Ut (P>0.05).
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Table 4. Effects of dietary supplementation fermented feed additives on blood

metabolites of weaning pigs

1
e CON Ll;r reannen;vm HP DEM
I1gG(S), mg/dL 688.7 5786 596.6 685.9 157.3
Insulin, 1U/mL 0617 0.425" 0.925" 0.433" 0.383
IGF-1, ng/mL 91.1 84.8 114.0 92.9 40.00
Glucose(S), mg/dL 99.9° 103.8° 123.2° 105.9° 1052
Blood urea nitrogen, mg/dL 106 9.96 9.64 10.1 2.404

YCON: basal diet, LP: basal diet with 0.5% probiotics, MP: basal diet with 1.09% probictics, HP: basal diet with
1.5% probiotics.
2" Means in the same row with different superscripts differ significantly (P<0.05).

(4) olFAE = =EollA e Fdd nAE 44

(7}) Table 5& 7IUH WA At JA7HA JA71 80 wE £ £ 44 o4

5 A4S Vel 2o g AH FA] A BE F7 oA Salmonella$t E. coli
HEFE 723 Aol glalct (PX0.05).

(W) A8 F85 F BE FUoA salmonella®} E.coli= BEFA ol HAHA
] BE fhae] &7 91 o= JtfHr},

Table 5. Effects of dietary supplementation fermented feed additives on
Salmonella and E.coli in the feces of weanling pigs

Ttem Treatment' SEM
CON LP MP HP
0 weeks
Salmonella, logl0 cfu/g 3.71 445 3.43 3.18 0.426
E.coli, 1ogl0 cfu/g 3.86 4.09 3.18 4.08 0.797
3 weeks
Salmonella, logl0 cfu/g ND" ND ND ND
E.coli, logl0 cfu/g ND ND ND ND

*ND: not detected.
1CON: basal diet, LP: basal diet with 0.5% probiotics, MP: basal diet with 1.09 probiotics, HP: basal diet with

1.5% probiotics.
2" Means in the same row with different superscripts differ significantly (P<0.06).
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(5) ol-fixkE #AAE €4
(7}) Table 62 o|RAHES] FAYE £HE AIE Ushd O HPFA CON
Foll wlsl AAgo] S48 Zolztz A= HLL.

Table 6. Economical analysis of weaning pigs as influenced by feeding system

Treatment
CON LP MP HP

Intake, kg

Concentrate (23%) 259 26.3 217.33 25.42
Feed additives 0 0.100 0.270 0.380
Concentrate (33) 30.9 31.54 32.77 30.44
Feed additives 0 0.160 0.330 0.460
Concentrate (30%) 51.5 52.43 54.65 50.84
Feed additives 0 0.270 0.550 0.760
Total intake 108.1 110.8 1159 108.3
Feed cost, won

Concentrate (2%) 43,690 44,710 46,461 43,214
Feed additives 0 300 810 1,140
Concentrate (33.) 37,080 37,848 39,324 36,528
Feed additives 0 480 990 1,380
Concentrate (30%) 25,750 26,215 27,325 25,420
Feed additives 0 810 1650 2,280
Total feed cost (A) 106,520 110,636 116,560 109,962
Total gain (B), kg 6.32 6.32 6.31 6.54
Unit cost (A/B), won 16,854 17,505 18,472 16,813
Index, % 100.0 103.9 109.6 99.8

ICON: basal diet, LP: basal diet with 0.5% probiotics, MP: basal diet with 1.09 probiotics, HP: basal diet with
1.5% probiotics.
No.2 concentrate cost: 1700 won/kg, No.3 concentrate cost: 1200 won/kg, No.30 concentrate cost: 500 won/kg.

g, 29

(1) 4% S4golM lPFold FEAS, AT, 49 FAY U AEHLSo] T4
FoEr= wA Ueixtey, BEE A4 FolFe Aoz} glgdch
(2) @ diollA] MPFolA insulinZ} glucose X7} TS AR} A L
E}giTt
(3) AR} AAo] U= IGF-1 o] X F oz MPFA A UElREA
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W 3XHE HTEILUS
< LR AR FrHAe] 8o} diAe] B8 A AE>

1.AER 4R A= J7HA9] $4/85-2o it 23} 3534 F9 AA ¥

7. AE 2@y

(1) Z¢ AL J39 22 TAEAIM 48055 32F(15717/04 %,
462+37. 9kg) S F-AI8t 12714 AA| ¥l

(2) 78 LE AR A/AE FH7EL(CON), 0.5% (LP), 1.0% (MP) 2 1.5%
(HP) 2 H7I% 4719 AEF-E LA, Z4 AT 874 niR|slo 2
HhE-S AlA]gicl

(3) AR Fol= 09:002} 16: 002 o] Fo3lal, 23 AlRge] A #AgkE A3
o AlEAHFE Tt

(4) S AHrEo] M8, 7[El Algte|s w4e Aol Tl

(5) A3 XY A3 A&t AlZst ZAE A 2 FE o] FHs] FAFE MY

t}.

(6) MU Alz 2A) A € AE FE F ZFFUE F3lo A3l Y d4& £

it

(7) £ & 712 2 udE E4S $3 £ A3 REg ¥ £4¢ o8¢l

(8) AEE 60TCoA 48417t ARE F hammer nillE E23t E4o] o]&F

< Alge] o] 8d A > < A AT F4 >
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(9) Algol AHgE AFA 2] n|¥E +
(7}) Table 12 Aol ALY L& A2AVHAY o]dEE LERD Rolt}.

Table 1. Microbial contents of probiotics used in this study

fermented feed additives

Lactic acid bacteria, logio cfu/g 8.30
Bacillus subtilis, logis cfu/g 815
Yeast, logwo cfu/g 7.424

(10) Aol ALER AR H¥HH 54
(7}) Table 2= A|Hol AHEE ALE2] HHdEE YeEhd Zolth

Table 2. Chemical compositions of the diets used in experiment (%, DM)

TMF
Drv matter 574
Crude protein 16.7
Crude ash 105
Ether extract 6.15
Neutral detergent fiber 42.2
Acid detergent fiber 24.0
Hemicellulose 18.2

L. SAAEF

A4 Aol Ai}es SAS (Statistics Analytical System, 2002)L ©] 83t
E48ta, AETE #9948 A& Tucky test (p<O.05)E HASHAH.

o Az
(1) §4 - u]99e) 4% B4

(7}) Table 3& 7utel Wi Az FrlAl By} £20) ©E 84 - u] 89 A
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Z B4 Uehd Aoz A AFo] xelrt U AL d8E tlEA )
X31917] wigol Aol7t L Aoz AtgHrl

(W) 212Adaske] Rol7l U AL UFE=R =3 &3 d3o] tl=y] )
Eof xlo]7} Lt Ao g AlEEC)

(th AF2 Wp77F CONF W LPF B} &7 UEldr} (P0.05).

(2}) d2FAF 9 AREES AFH H7 v[&o] F71EsF 78RR 4]
B 23 Aol qlelet (PX0.05).

Table 3. Effects of dietary supplementation fermented feed additives on growth

performance of Hanwoo steers

Treatment’
Item SEM
CON LP MP HP
Feed intake, kg 5317.0° 53436° 65294° 70276  257.19
Average daily feed intake, kg 147 147 146" 145° 0.045
Intial weight, kg 501.3* 4825  4550™ 4125° 32.88
Final weight, kg 713.3 697.8 747.3 732.5 57.5
Gain, kg 2120°  2153°  297.3° 3200 4818
Average daily gain, kg 0.59 0.63 0.69 0.69 0.109
Feed efficiency, gain/intake 0.04 0.04 0.05 0.05 0.007

1CON: basal diet, LP: basal diet with 0.5% probiotics, MP: basal diet with 1.0% probiotics, HP: basal diet with

1.5% probiotics.
% Means in the same row with different superscripts differ significantly (P<0.05),

(2) &4 -85 € 44

(71) Table 4= U9 L& Atz F7MA A7 &0 g 24 - 0S50 8Y
Mo LJepd HOE AJYH 7JA] A] total cholesterol ¥&re W& AlE 3
714 A7lpEe] F71EsE 78Tt (P0.05).

(L) A8 7WA] A] blood urea nitrogen FHE2 CONFollA 71 WA Liepyt vt
H, P ® HPFoM 71 &7 LieldT} (P<0.05).

(th) A8 =% 4] growth hormone &2 HPF7} CONFof u]#] &A eldlch

(P<0.05).
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(8}) A|l8¥ &8 A] total cholesterol?} blood urea nitrogen ¥ &S HPF-of A
7t A vehd gbE MPRoflA 71 SEA LhERsiel (P20.05).

Table 4. Effects of dietary supplementation fermented feed additives on blood
metabolites of Hanwoo steers

Treatment’
Ttem SEM
CON LP MP HP

Initial blood metabolites

Insulin, ug/L 3.00 2.45 2.89 2.77 0.379
Growth hormone, ng/mL 1.29 0.83 0.67 067 0.447
Total cholesterol, mg/dL 1560° 1578° 21425° 2266° 1692
Blood urea nitrogen, mg/dL 14.1° 195 16.07 18.0° 1.564
Blood glucose, mg/dL 83.0 714 720 76.8 8524
Final blood metabolites

Insulin, ug/L 2.59 2.56 3.00 2.86 0617
Growth hormone, ng/mL 023" 019° 033  060° 0.23
Total cholesterol, mg/dL 1962  2260° 1716° 2258 2614
Blood urea nitrogen, mg/dL 140° 150 139" 164 0948
Blood glucose, mg/dL 91.8 90.3 90.0 70.8 14.83

ICON: basal diet, LP: basal diet with 0.5% probiotics, MP: basal diet with 1.09% probiotics, HP: basal diet with
1.5% probiotics.
% Neans in the same row with different superscripts differ significantly (P<0.05).

(3) &4 - v &-22] =ASA

(7}) Table 5& 728 Wx AE A7HA B7 430 WE 84 - w459 =
ASYE Yol 202 243 U SAYFAL B AR A7AE 2T
ol ISR e FHTH £MFHE B Uehkou AHT 2 R
Q1 Aol 7 glaich (PX0.05).

() &8 FFeIAE LPF R BPFolME 1+ ol 539 &7} 713 wol uheh

Tk,
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(ch) ¥, K3 SFolAdEe MPF L HPOA AGFo] 1mle]¥] Lk AL A ¢
el 25208 &9 52 WA Ushd 22 & 4 qth
Table 5. Effects of dietary supplementation fermented feed additives on carcass

characteristics of Hanwoo steers

Treatment’
Item CON P MP gp oM
Carcass weight, kg 439.8 4458 465.3 454.6 38.25
Longissimus muscle area, em® 89.2 93.8 915 976 9921
Back fat thickness, mm 183 145 155 17.3 2.301
Meat quality (17:17:1:2) 0:3:2:3 1521 1124 052 -
Meat quantity (A:B:C) 0:2:6 0:4:4 1:4:3 125 =
'CON: basal diet, LP: basal diet with 0.5% probictics, MP: basal diet with 1.09 probiotics, HP: basal diet with
1.5% probiotics.
(4) &4 - 0] S92 J2] o333 B
(7}) Table 62 7PL¥ L&A AR A7k B7t =526 & |4 - v]892] &
o olstety HHe Urhd Rog I FASY sldue Um A= A
7H F7teEo] 71§ T4t (P0.05).
(1) &% 8% ARt NPIZ FFQ Aol Gl (P0.05).
Table 6. Effects of dietary supplementation fermented feed additives on the
physciochemical characteristics of Longissimus muscle in Hanwoo steers
Treatment’
Ttem SEM
CON LP MP HP
Cooking loss (%) 345 338" 30.0% 287  1.602
Shear force (kg/cm”) 3.08 301 3.22 304 0241

'CON: basal diet, LP: basal diet with 0.5% probiotics, MP: basal diet with 1.0% probictics, HP: basal diet with
1.5% probiotics.
" Means in the same row with different superscripts differ significantly (P<0.05).

(5) &4 - u]-8-20] 2] pH, TBARS % S
(7}) Table 72 7PLE LA AR A7A H7l £30) w2 84 - 1829 &
o) pH, TBARS R Mg uehd ZO® A 9 B S LPTAN 1Y wA
LIERRETE (PO, 05).
(Lh) L k2 A2A H7beEel S7HETS 713813t (P0.05).
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Table 7. Effects of dietary supplementation fermented feed additives on pH,
TBARS and color of Hanwoo steers

Treatment!
Ttem CON LP MP HP wEld
pH 566" 5.73 552 5.54 0.076
TBARS 0.30° 039°  030° 032 0.014
L (Lightness) 362 391" 393 309" 1536
A (Redness) 29.9% 24.6° 20.0° 203 1951
B (Yellowness) 11.3° 1.7 9.27 780°  0.812

ICON: hasal diet, LP: basal diel with 0.5% probiotics, MP: basal diet with 1.0% probictics, HP: basal diet with
1.5% probiotics.
®b Means in the same row with different superscripts differ significantly (P<0.05).

(6) §4 - M5 AHG WP}

(7}) Table 82 71d¥E LE At& A7HH 7t £ w2 4 - v]SFe] YA
% TEE7E el ZeE A2 CNFolM 71 =A UEelET)
(P<0.05).

(L}) Aroma (Fu])&= AFAE A7 FollA ErlsiA] 4L FETl &4 UElyd

T} (P<0.05).

(th) Flavor (E3#])= CONF-&} LPFolA4 7Hg A el it HPFolA 713
SA WresiT (P<0.05).

(8}) Juiciness (&%) CONZolA 713 A Lielutt} (P0.05).

Table 8. Effects of dietary supplementation fermented feed additives the sensory
evaluations of raw Longissirmus muscle in Hanwoo steers®

Treatment!
Ttem CON LP MP HP SEM
Meat color 729" 650" 6.76° 6.06° 0.203
Aroma 404" 4548 5000 4200 0285
Flavor 433" 144° 3.38° 2.60° 0.309
Juiciness 500° 417 404 348" 0528
Marbling score 5.20 6.14 6.52 6.10 0.745
Overall acceptability 6.08 5.72 5.89 5.77 0.668

1CON: basal diet, LP: basal diet with 0.5% probiotics, MP: basal diet with 1.0% probictics, HP: basal diet with
1.5% probiotics.

ISensory scores were assessed on 9-point seale from 1 (extremely bad or slight) to 9 (extremely good or
much).

#" Means in the same row with different supersctipts differ significantly (P<0.05).
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(7) 84 - 1892 %o Aar 24

(1) Table 9& AWE WA AT FAHA W7t 230 BE 84 - 182 %
o AW ZHS U ASE C16:0 YL UE AR AAE AR
FolA A7SHA) g F Bl A Wit (P, 05).

(L}) C18:1n-9 §=k2 MPFolM 7} A Ve 4bH, CONT-&f HPFollAd 713
WA Uebteh (R<0. 05).

(Th C20:2 RFe WTolA 71 A Uehd W, Wold 718 WA vel
Ll (P<0.05).

(2}) Saturated fatty acid®} Monounsaturated fatty acid 52 MP7-oflA 7}
% ¥4 Jebstct (P<0.05).

Tahle 9. Effects of dietary supplementation fermented feed additives on fatty
acid profiles of Longissimus muscle in Hanwoo steers®

Treatment

CON LP MP TP il
C14:0 0.36 0.41 0.37 0.47 0.097
Cl4:1 0.21 0.24 0.26 0.22 0.055
C15:0 0.37 0.55 0.23 0.39 0.160
C16:0 185 23.5% 21.0° 7 5l 3314
C16:1n-7 3.26 3.26 3.96 0.76 0.635
C17:0 0.52 0.65 0.57 0.57 0123
C18:0 0.68 0.64 0.69 0.62 0.085
C18:1n-9 12.6° 134 15.8* 12.3" 1.855
C18:2n-6 46.9 47.0 451 456 4247
C20:0 2.79 350 2.79 2.59 0671
C18:3n-3 423 453 2.77 319 1.088
C20:2 0.44% 0.38° 0.49% 0.52* 0.074
C22:0 0.09 0.08 0.09 0.07 0.014
C20:3 n-6 0.06 0.06 0.04 0.04 0.018
C22:1 0.05 0.07 0.05 0.05 0.017
C20:4 0.27 0.32 0.22 0.21 0.095
C20:5n-3(EPA) 0.54 0.68 0.44 0.58 0.248
C24:0 0.02 0.02 0.01 0.01 0.006
C24:1 0.01 0.02 0.02 0.02 0.017
C22:5n-3(DPA) 0.11 0.19 0.23 0.12 0.154
C22:6n-3(DHA) 0.07 0.11 0.06 0.06 0.004
Saturated fatty acid 31.5% 29.3 33.6° 32.3% 2.243
Monounsaturated fatty acid 15.0° 16.0° 215 16.3" 1.723
Polyunsaturated fatty acid 50.9 49.7 49.7 50.7 2509
PUFA/SFA 158 1.48 1.39 158 0.134
n-6:n-3 ratio 144 118 14.6 15.2 2.430

'CON: basal diet, LP: basal diet with 0.5% probictics, MP: basal diet with 1.0% probiotics, HP: basal diet with
1.5% probiotics.
*! NMeans in the same row with different superscripts differ significantly (P<0.05).
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(8) €4 - H]|L99 AAA B

(7}) Table 10& &4 -u]8-9¢] AAH E4& Ushd AANSA LP7A

intex7} A UeEh 4EH Alm AARE Bt A] 0.5%0]312 FIsts

HI A Y o g ALRHr)

o]

Tahle 10. Economical analysis of Hanwoo steers as influenced by feeding

system
Treatment'
CON LP MP HP

Intake, kg

Total mixed fermentation (TMF) 5317.0 5317.0 6454.7 6923.8

Feed additives 0.00 26.6 64.6 1039

Total intake 5317.0 5343.6 6520.4 70276
Feed cost, won

Total mixed fermentation (TMF) 1,743,976 1,743,976 2,117,142 2,271,006

Feed additives 0 79,800 193,800 311,700

Total feed cost (A) 1,743,976 1,823,776 2,310,942 2,582,706
Income carcass (B), won/head 7,088,524 7,340,974 7,178,550 7,657,617
Income cost (B-A), won 5,344,548 5,517,198 4,867,608 5,074,911
Index, % 100.0 103.2 91.1 95.0

1CON: basal diet, LP: hasal diet with 0.5% probiotics, MP: basal diet with 1.0% probiotics, HP: basal diet with

1.5% probiotics.
Concentrate cost: 500 won/kg, feed additives cost: 3000 won/kg.

(1)
(2)
7t fejFel 2ol glait) (PX0.05).

87 S7golA HPFolA CON—TL W LP7 Kot A4 uebkith (P<0.05),
dPFFAT % AREES P J7L vEo] F71ETLF FI3 AT A

(3) A18 F=F A] growth hormone a2 HP7} CONTtefl W3] &A] LiElT]

(P<0.05).

(4) E4F 9 SXUYFAE AFAE I FolA Hrpsix] 942 7R} 4

AF o2 A UElGoLt AIETE 2 oA Ale]7t ¢t (PX0.05).
(5) SHSY SHdA L L 43 HA7MeEol

(P<0.05).
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(6) C18:1n-9 Eake MPTolA 713 &A UEhd 4ha, CNTF2} HPFolA 73
vhA LFEFSECE (PO, 05).

(7) LPoll4) intex7} &4 UEh} 9$EH A8 A/AE "7 A 0.5%0]3}=
H7}st= Aol ulghA Y Ro g AlRWLh
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2. 7GR 4aAsE F7A Y §4 -vSEdd U 2% AS

7k AE 9

(1) B 4T StolH & Yg=s7lolM £7d-v]%E= 1007( 69, 318.8kg)E FAl
Bto] 60U 7+ A A] g}

2) MR UE AR H7IAIE FH71 (ON), 0.5% (LP) & 1.0% (HP)E H71E 3
18] AEFE AASI, 0% APFo|AE= 2074 S, 0.5 I 1.0% A4
F-ollAME 2074 S-S A A%t

3) AlRE YEF7IIAM Fojdke AIRE o83t

4) LE AL A7} AlEE 5Yo] THY wisiEer, o u +E3 FUdx ©F
& $13] of 100 g2 ARE 235l oA A|71A] FHEUSIULC.

(5) AlEFoE {PFARFOI7IE ATl FAT Foistalen, 0822} 17X AEE
ZIStaL BEsla, S ARl 4#A sterh

(6) e 7HNAF 2 FEASS B 8 (0F)2 S8t
(7) 892 A T2 479 @ BEDE 53l A3t BY s EHUCL
(8) £ F 7I& & m|AE E4S A3 &5 T3t EHZ F 40 o-gg.
(9) 7]e} ArdelE AsBe) E3l3ch
(10) AlEE 60T oA 48A]7F AXE ¥ hammer millE 25} EAjof o] &35
th

Ll SAAz

Ao Ee]Fl A= SAS (Statistics Analytical System, 2002)E o]-£3}4
43, AT 724d AF S Tucky test (P0.05)F HAISHSITE

< A o8 EAL > < BAHSE U4 >
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o}, A%

Tahle 1. Effects of dietary supplementation fermented feed additives on chemical
composition of diet

Treatment.
CON LP P SEN
Dry matter, % 874 87.0 86.8 0.184
Crude protein, % 18.8 19.3 19.0 0.269
Crude ash, % 7.62 7.49 7.34 0.111
Ether extract, % 959 9.35 941 0.149

'CON: basal diet, LP: basal diet with 0.5% fermented feed additives, HP: basal diet with 1.0% fermented feed
additives.

(1) &4 - HSEY 4% 5

(7}) Table 2= 7idd ‘i‘—-_}I A2 A7 A7 ¢F whE 84 - HISEY A
54 L}E}"ﬂ Zog FjA] AFo] Alel7t v AL M L2 €
o 4K EY F7t £ dF & i=A wiAEHT] wjEe] 2o
7 Ut Zes Aedr

(L) AtgAdaigol ezt e e 4 -vIKEY dyo] ti=x, &3 U3
o] tt27] o] o7} L= Aoz Algdch

(th) FAFL LPrelM 74 A vehd Wb, HP7olA 7H8 WA Yelkic
(P<0.05).

(2h) €34T L ARHELS LPPA 717 A uvElgtou, ZE AlET
oA FelF el Ao]7t glalrh (PX0.05),

Table 2. Effects of dietary supplementation fermented feed additives on growth
performance of weaning pigs

Treatment’
Item SEM
CON LP HP
Feed intake, kg 94.1° 95.6" 702" 9.087
Average daily feed intake, kg 1.77 1.73 1.84 0.060
Intial weight, kg 69.3 61.3 78.1 7.403
Final weight, kg 100.6 103.5 104.0 3.589
Gain, kg 313" 45.2° 25.8° 4.805
Average daily gain, kg 0.67 0.76 0.68 0.071
Feed efficiency, gain/intake 0.38 0.44 0.37 0.036

1CON: basal diet, LP: basal diet with 0.5% fermented feed additives, HP: basal diet with 1.09% fermented feed
additives.
*® Means in the same row with different superscripts differ significantly (P<0.05).
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(2) &4 ¥]&E £ F waa @ HYd nAdE 43

(7}) Table 32 JILHE UE AR FIA F7l ¢&d oL $4 -vS$=d =
5 it 9 EEAE ndE BAE Usld ZeR HH B4 AIE AA A
BRE F7MoM Lactic acid bacterial} E coli T2 2] F¢l Xlo]7} 419
t} (P>0.05).

(W) A8 237} 4370l A lactic acid bacteria $~= AFH H7hu|Lo] F
715 F7isht A8 /23 Aozt gladct (PX0.05).

(th A8 25#] E.coli 7w <A H7M|&e| F7/HETF fRishy AT
A zte]7h fgiTt (PX0.05).

(2}) Salmonella 4= AJ¥o] FPFLE 59 A2 R ololc).

Table 3. Effects of dietary supplementation fermented feed additives on Lactic
acid bacteria, e.coli and salmonella in feces of growing pigs

fran Treatment' S
CON LP HP

0 week

Lactic acid bacteria, logl0 cfu/g 6.29 5.73 6.15 0.663
E.coli, logl0 cfu/g 4.07 3.48 3.97 0.844
Salmonelila, logl0 cfu/g ND' ND ND -
2 week

Lactic acid bacteria, logl0 cfu/g 6.85 6.52 7.15 0.250
E.coli, logl0 cfu/g 477 415 418 0.666
Salmonelia, logl0 cfu/g ND' ND ND -
4 week

Lactic acid bacteria, logl0 cfu/g 6.90 7.01 7.09 0.185
E.coli, logl0 cfu/g 438 444 4,36 0457
Salmonella, log10 cfu/g ND’ ND ND -

'CON: basal diet, LP: basal diet with 0.5% fermented feed additives, HP: basal diet with 1.0% fermented feed
additives.
*ND: not detected.
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(3) 94 uSEe] del gat

(7)) Table 4= YR YL AR BAAA A7h +Eol HE £4 - WKE W
23 Ar8 L}ERYE 2 ©F Blood urea nitrogen 3 blood glucose #arE A
7ol 715 F7188rt (P0.05).

(L}) Ig6 2 growth hormone2 A|EF-Zt {2 F YU Ajo]7} glgirt (P>0.05).

Table 4. Effects of dietary supplementation fermented feed additives on blood

metabolites of growing pigs

Treatrnent1
Ttem SEM
CON LP HP

IgG, mg/mL 22.4 215 239 2415
Growth hormone, ng/mL 0.23 0.24 0.22 0.097
Blood urea nitrogen, mg/dL 154" 16.4° 175° 1.683
Blood glucose, mg/dL 63.1° 63.2° 67.9° 3.356
YCON: basal diet, LP: basal diet with 0.5% fermented feed additives, HP: basal diet with 1.0% fermented feed
additives.

" Means in the same row with different superscripts differ significantly (P<0.05).

Table 5. Effects of dietarv supplementation fermented feed additives on the

physciochemical characteristics of pork loins

Treatment
SEM
CON LP HP
Cooking loss (%) 395 39.3 38.7 1.931
Drip loss (%) 2.69 3.49 3.32 1.220
Shear force (kg/cm’) 223" 290 206" 0.239
CoN: basal diet, LP: basal diet with 0.5% fermented feed additives, HP: basal diet with 1.0% fermented feed

additives.
# Means in the same tow with different supersctipts differ significantly (P<0.05).
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(4) 57 &= £2] o|3ay |4

(7}) Table 5% AW P& A2 F7bd ¥7h 20 2 %4 - HIKEY &
o] ol2teta HHg Ushd Zes AR PP7) ThE ARl 3 &

A LYEFTH (P<O. 05).

(Lh) 713 s 2 SE4F g2 A7 FAFQA Aol7t glsirt (P0.05).

(5) 84 U] 8E2] 42 pi, TBARS U 44

(7}) Table 62 Z'4¥ WA AR HI7HA H7 & o &4 - v S5EY %
2] pH, TBARS W £2-A& LeElWl Ao=T L (lightness) T b (yellowness)
A ekt

2 HPFelAd g A uUEhd U LM 71

(P<0.05).

(L) TBARS Be LPPOIA THE AlBol uls) &2 A Bsirh

(P=0.06).

(th a (redness) 32 A3 H7t v|Fo] F71EEF £XFor Fishe=

vbd, AJ8Z 7 {23 ¢l Aol glolch (PX0.05).

Table 6. Effects of dietary supplementation fermented feed additives on pH,

TBARS and color of pork loins

Treatment'
SEM
CON LP HP

pH 5.64 5.67 551 0.104
TBARS (mg MA/kg, sample) 0.11 0.13 0.10 0.075
L (Lightness) 51.9° 516" 54.8° 1.499
a (Redness) 6.41 6.45 6.68 0.583
b (Yellowness) 275" 217 3.26" 0.418

'CON: basal diet, LP: basal diet with 0.5% fermented feed additives, HIP: basal diet with 1.09% fermented feed

additives.
) Means in the same row with different superscripts differ significantly (P<0.05).

- 394 -



(6) &4 u1ZES) 214 2 Hage] DYt

(7)) Teble 7€ AWE WE AR W7 27} 420l WE 4 - MIGES 14
5 g 71dSe] #FFHE Held Z2E aromat HPE7} CONT Gl LPj
w13l A UEhdo} (2<0.05).

() &7 -u]8<=2] 214SolM marbling score, overall acceptabilityi:= <
A A7} wgol ErlUSE E7kse BE, AUT T $AFU Mol U4l
c} (P>0,05).

(th) &4 v &E=2] 71ESolA meat colors LPFolA 7H A Uehyrt
(P<0.05).

(2h) 54 -H|SE2] 719504 Tenderness= WE A& H7MA H &0l F71
45 FRFLE AFH= WHE, overall acceptability: F715ht, A|¥
7 & F2HA Aelzt glalet (F>0.05).
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Table 7. Effects of dietary supplementation fermented feed additives on the
sensory evaluations of raw and cooked pork loins®

Treatment”
SEM
CON LP HP

Raw meat sensory scores
Meat color 4.36 4,13 484 0.772
Aroma 328" 313" 3.70° 0.442
Flavor 265 2.76 2.81 0.649
Juiciness 4.06 3.43 3.59 0.881
Marbling score 3.40 3.63 3.63 0.99
Overall acceptability 3.99 4.46 4.63 0.732
Cooked meat sensory scores
Meat color 3.22° 3.66" 2.35" 0.854
Aroma 2.96 2.86 3.28 0.538
Juiciness 1.89 217 194 0.487
Tenderness 3.25 3.07 2.86 0.678
Overall acceptability 3.42 3.63 3.86 0.703

'CON: basal diet, LP: basal diet with 0.5% fermented feed additives, HIP: basal diet with 1.09% fermented feed
additives.

Sensory scores were assessed on 9-point scale from 1 (extremely bad or slight) to 9 (extremely good or
much).

# Means in the same row with different supersctipts differ significantly (P<0.05).

(7) &7 WS st 24
(7}) Table 82 AUH WE AT 7 7l ¢80l =& &4 - v &EY &
o] A kat 2L UePA ALE C16:1n-7 3 HPFOM 713 &A UE}
il (P<0.05).
(L) c18:0 &2 AFA H7t +&°] F71e+S ZA4s13r} (PX0.05)
(Th) C20:3n-6 P2 HPFolA 71 A LIElkich (P€0.05).
(2}) Saturated fatty acid ¥ 2 HPF-oA 713 A ElRTH (P<0.05).
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Table 8. Effects of dietary supplementation fermented feed additives on fatty
acid profiles of pork loins®

Treatment’

CON LP HP SEM
C14:0 0.06 0.06 0.06 0.017
Cl4:1 0.07 0.08 0.07 0.022
C15:0 0.22 0.29 0.24 0.068
C16:0 23.9 24.0 24.3 1.083
C16:1n-7 2.95% 3.01 2.67° 0.249
C17:0 0.39 0.38 0.41 0.043
C18:0 0.39" 0.36™ 0.34° 0.042
C18:1n-9 13.8 135 146 1.793
C18:2n-6 36.7 37.9 36.7 2.309
C20:0 2.58 3.30 2,66 0.499
C18:3n-3 12.7 11.3 115 1.413
C20:2 0.81 0.84 0.88 0.152
C22:0 0.33 0.36 0.39 0.075
C20:3 n-6 0.11% 0.09° 0.12° 0.030
C22:1 0.08 0.07 0.08 0.032
C20:4 0.17 0.18 0.18 0.039
C20:5n-3(EPA) 1.21 0.98 1.12 0.438
C24:0 0.03 0.03 0.03 0.017
C24:1 0.02 0.02 0.02 0.008
C22:5n-3(DPA) 0.21 0.22 0.22 0.048
C22:6n-3(DHA) 0.12 0.11 0.13 0.035
Saturated fatty acid 29.9° 2.7 29.4° 2.788
Monounsaturated fatty acid 185 18.0 186 2.825
Polyunsaturated fatty acid 51.3 48.7 50.9 3.938
PUFA/SFA 1.71 1.65 1.74 0.235
n-6:n-3 ratio 2.76 3.00 2.96 0.486

CON: basal diet, LP: basal diet with 0.5% fermented feed additives, HD: basal diet with 1.0% fermented feed
additives.
2" Means in the same row with different superscripts differ significantly (P<0.05).
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(8) &4 -v&E2] AAY £4
(7}) Table 9= wL&EH AlE HIMA H7 =20 8 4 v SEY FAES
YT Ao, LPFolM H=| 3 mig] 71-5=d o kg B 1,1208 22 7}
2 YA VERED, CONE-E 7208 3¢S o ¢ 25.5%71 A7 AP
d Fo= A=Fch

Table 9. Economical analysis of growing pigs as influenced by feeding system

Treatment’
CON LP HP

Intake, kg

Concentrate 04.1 94 70.0

Feed additives 0.00 0.5 0.7
_ Total feed intake (kg/head) 941 %9 07
Feed cost, won

Concentrate 47,050 49,131 37,100

Feed additives 0 1,500 3,500
_Total feedcost (&) 0% B8l 0600
Total gain (B), kg 313 452 25.8

Unit cost (A/B), won 1,503 1,120 1,574
Index, % 100.0 74.5 104.7

'CON: basal diet, LP: basal diet with 0.5% fermented feed additives, HP: basal diet with 1.0% fermented feed
additives.
Concentrate cost: 500 won/kg, feed additives cost: 3000 won/kg.

a2t f.of

(1) 23 BdollA SHFE HP2olA 713 A LElsdct (P<0.05).

(2) ALZREEoA LPFoA ThE AlB-ol v]3] SA UEelsit) (PL0.05).

(3) A8 253 o]F lactic acid bacteria 4= NFA B u[Ee] Z71HS-F Z718)
L A8 /234 ZeolFt glalct (PX0.05).

(4) Blood urea nitrogen ¥ blood glucose ek JFFA| H7l5Fo] EAYFF F7}
st (PO, 05).

(5) TS SMeAM a (redness) Fh& ATdA A7 ulge] F71YSE f2Fo
S7Fete b, AJEF T [ 2ol qlglt} (PX0.05).

(6) &M -H]|{E=2] xlM8o]A marbling score, overall acceptability:= A3t#] A7}
H|&o] F718r5F F715te WHH, AJgF T 723 Xol= glglct (P>0.05).

(7) LPoflA] =] ¥t mie] 7[-9E=d of kg 1,120 22 713 WA Uepyda,
CONTE 7|Zo g 519L uf o 25 5%7} Al=H]7 A" Ao ALsHL]
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	발효기술을 적용한 사료첨가제 민간위탁생산시스템 구축

	요약문

	목차

	제1장 연구개발과제의 개요 및 성과목표

	제1절 연구개발의 목적, 필요성 및 범위

	제2절 연구성과 목표 대비 실적


	제2장 국내외 기술개발 현황

	제1절 국내 축산환경

	제2절 생균제 및 발효사료 첨가제 기술동향

	제3절 생균제 및 발효 사료첨가제 시장 제품


	제3장 연구개발수행 내용 및 결과

	주관기관, 빅바이오젠

	■ 1차년도 연구개발 내용

	제1절 표준화된 종균관리시스템 구축 및 매뉴얼

	1. 연구방법

	가. 위탁생산용 균주의 보안/관리 체계

	나. 유용미생물의 분리/동정 및 기보유 균주의 기능성 파악 
	다. 미생물 종균 대표 3종(유산균, 바실러스, 효모)의 동결건조를 통한 Ampule 제작 및 revival


	2. 연구결과

	가. 위탁생산용 균주의 보안/관리 체계

	나. 유용미생물의 분리/동정 및 기보유 균주의 기능성 파악

	다. 미생물 종균(유산균, 바실러스, 효모)의 활력유지 조건 파악



	제2절 고효율 발효시료 생산 시스템의 정립/구축 및 위탁생산 체제 구축

	1. 연구방법

	가. 미생물 종균(유산균, 바실러스, 효모)의 액상 최적배지 탐색

	나. 최적배양조건 탐색


	2. 연구결과

	가. 미생물 종균(유산균, 바실러스, 효모)의 액상 최적배지 탐색

	나. 최적배양조검 탐색

	다. 액상배양 시스템의 계정비 및 고체발효를 통한 발효 사료첨가제 생산을 위한 시설 인프라 설치



	제3절 육계 발효사료 첨가제의 개발 및 사양실험(제2 위탁과제)용 발효사료 첨가제 공급

	1. 연구방법

	가. 가금티푸스 길항 유산균의 고체배양 조건 규명 및 발효사료 첨가제 개발

	나. 육계 사양실험 적용을 위한 발효 사료첨가제 시료 생산


	2. 연구결과

	가. 가금티푸스 길항 유산균의 고체배양 조건 규명 및 발효사료 첨가제 개발

	나. 육계 사양실험 적용을 위한 발효 사료첨가제 시료 제조 및 공급



	제4절 신규 분리 유용미생물을 이용한 발효 사료첨가제의 어린 송아지에 대한 효과 검증

	1. 연구방법

	가. 송아지 사양 테스트 시료제조


	2. 결과


	제5절 민간위탁 생산시스템(CMO)을 위한 액상스타터 제품개발

	1. 연구방법

	가. 단일 배양액 미생물 제품 첨가 제제

	나. 단일 배양액 보존제 첨가 시, 온도 및 시간에 따른 생균수 변화

	다. 혼합 미생물 제품 보존제 첨가 제제

	라. 혼합 미생물 제품 보존제 첨가 시, 온도 및 시간에 따른 생균수 변화


	2. 연구결과

	가. 단일 배양액 미생물 제품 첨가 제제

	다. 혼합 미생물 제품 보존제 첨가 제제

	라. 혼합 미생물 제품 보존제 첨가 시, 온도 및 시간에 따른 생균수 변화

	마. 액상 대량배양 조건 탐색

	바. 제품개발 및 등록



	제6절 연구과정에서 도출된 기초기술을 이용한 사업화 및 기술이전


	■ 2차년도 연구개발 내용 
	제1절 고효율 발효 사료첨가제 대량 생산시스템 정립

	1. 발효사료 첨가제 공정기술 확립 및 표준화

	가. 연구방법

	나. 연구결과


	2. 대량시스템 정립(Scale-up)
	가. 연구방법

	나. 연구결과


	3. 발효시료 첨가제의 저장성 연장

	가. 연구방법

	나. 연구결과


	4. 소량 다품목 생산시스템 구축 및 고농도 배양기술 구축

	가. 소량 다품목 위탁생산 시스템 구축

	나. 고농도 배양기술 구축


	5. 고체배양조건을 반영한 대용량 고효율 미생물 고상발효기의 제작 및 효능 검정

	가. 미생물 고상발효기의 제작

	나. 물 공급라인과 에어공급라인 연결 후, 고체발효 운전조건 및 효율을 2차년도 잔여기간에 분석 예정 


	제2절 미생물 발효종균제(starter)의 생산공정 개선 및 제제의 다변화

	1. 액상제형 개발

	가. 연구방법

	나. 연구결과


	2. 동결건조 수화제 개발

	가. 연구방법

	나. 연구결과

	다. 바실러스



	제3절 복합발효 효소제 개발

	1. 후보균주선발

	가. 후보균주 선발

	나. a-Amylase 분비 균주 선발


	2. 발효원료 최적조성

	가. 발효원료의 선택

	나. 발효원료의 최적 조성


	3. 발효 최적조건

	가. 상대습도에 따른 효소활성특성

	나. 원료 높이에 따른 효소활성특성

	다. 온도에 따른 효소활성특성

	라. 발효미생물 접종량에 따른 효소활성특성

	마. Coculture에 따른 효소활성특성

	바. 탄소원 첨가에 따른 효소활성특성

	사. 질소원 첨가에 따른 효소활성특성

	아. 원료증자에 의한 효소활성특성

	자. 발효일에 따른 효소활성특성 
	차. 건조온도에 따른 효소활성특성


	4. 발효효소제 pH, 온도안정성조사

	가. pH 안정성

	나. 온도 안정성


	5. Scale-up(500kg)의 발효 건조효소제의 특성

	가. Scale-up에 따른 발효 및 건조 특성 
	나. 발효건조효소제의 제품특성


	6. 발효건조 효소제의 산란계 사양 시험

	가. 시험방법

	나. 생산성

	다. 난품ㅁ질


	7. 발효건조 효소제 육계 사양 시험

	가. 육계생산성

	나. 장내 미생물 검사

	다. 소장의 무게와 두께

	8. 복합발효소제를 적용한 육계농장에서의 생산성 검증

	가. 육계 생산성

	나. 육계 판매율 및 폐사율

	다. 판매율과 사료요구율에 따른 종합효율


	◎ 연구과정에서 도출된 기초기술을 이용한 사업화 및 기술이전



	■ 3차년도 연구개발 내용 
	제1절 발효과정의 생리활성 검정과 QC 지표설정

	1. 재료 및 방법

	가. 배지, 균주 배양, 발효사료 첨가제 제조

	나. 일반성분(조단백질, 조지방, 조회분)

	다. 무기질(칼슘, 인)
	라. 아미노산

	마. Trypsin inhibitor(TⅠ)
	바. 스타키오스, 라피노오스

	사. 생균수

	아. 총당, 환원당
	자. 유리당

	차. SDS-PAGE

	카. 조사포닌

	타. 유기산, pH

	파. KOH, 펩신소화율, UA

	하. 소화효소

	거. 총 폴리페놀, 총 플라보노이드

	너. 항산화활성

	더. 총 이소플라본

	러. 통계분석


	2. 결과 및 고찰
	가. QC 적용을 위한 발효사료 첨가제의 일반성분 검증

	나.  QC 적용을 위한 발효사료 첨가제의 항영향성분 검증 
	다.  QC 적용을 위한 발효사료 첨가제의 생리활성 검증


	3. 요약


	제2절 제품품질의 향상을 위한 건조공정 시스템 개발

	1. 재료 및 방법

	가. 배지, 균주 배양, 발효 생균제 제조
 
	나. 생균수, 일반성분, 무기질, 생리활성 분석


	2. 결과 및 고찰

	가. 드럼발효기와 드럼발효건조기의 건조시간에 대한 수분함량

	나. 드럼발효기와 드럼발효건조기의 건조물에 대한 생균수함량

	다. 드럼발효기와 드럼발효건조기의 건조물에 대한 조단백질, 칼슘과 인의 함량

	라. 드럼발효기와 드럼발효건조기의 건조물에 대한 유기산과 pH

	마. 드럼발효기와 드럼발효건조기의 건조물에 대한 소화율과 우레아제역가
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