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SUMMARY

The soybean is low cost but high—-quality protein rich food. In recent years, the health
benefits of soybean—based products have been widely recognized all over the world. The
studies and clinical trials have revealed that isoflavones and soy peptides in soybean
were effective for the prevention of various chronic diseases and hormone-associated
heath disorders. Its consumption as a food product is not very popular in western
countries. One of the reason is its off-flavor which are produced during processing.
Lactic acid fermentation would be a promising way, because some lactic acid bacteria
are effective to reduce the off-flavor. The soybean benefits are more easily achieved
with fermentation, transformation of isoflavones to aglycon forms, reduction of
non-digestive oligosaccharides, and remove of antinutrition factors such as phytic acid
and trypsin inhibitors. Consequently, it is a better choice to intake fermented soybean
foodstuffs than non-fermented foods. Fermentation is a good tool for developing

bio—functional soy-foods.

The purpose of this research was to develop a novel fermented soy food product
(NFS) using starter organisms. To establish optimal production method, we also
performed the studies about processing conditions, manufacturing processing, and

combination ratio of the ingredients.

This project consists of one subject and a joint subject. the former is to conduct the
isolation and the screening of starter candidates suitable for the production of novel
fermented soybean food product (NFS). The latter is to establish the manufacturing
process, fermentation, and ripening conditions.

In order to take adequate bacterial starter for the production of NFS, we isolated
lactic acid bacterial (LAB) and fungal strains from the soy fermented foods such as
Cheongkukjang, Deonjang, Sufu, and Miso. LAB were primarily screened for the
suitability of microbiological characteristics, enzyme activities, pH profile, and growth
rate in real food system. In addition, their safety and fermentation properties in situ
were also determined.

The functionality and the safety of mold starter candidates were also assayed. The

toxigenicity of the mold strains was tested by biological methods such as Ames test,



brine shrimp assay, and MTT assay.

NFS that produced using twenty lactic bacterial starter candidates were scored as
good for the taste and flavor. Consequently, three of the isolates, Lactoccus lactis DC24,
Enterococcus faecium S2C16 and Lactobacillus curvatus R8 were finally selected for the
application to produce NFS. In addition, commercial starter FloraCarn F-2 was also
selected.

The mold starters were excepted because it is convinced that the tested commercial
mold starters were not suitable for the various growth behaviors on surface and flavors

of NFS.

The taste and flavor of the NFS were proper when ISP 100 g, soymilk 390 m{, starter
culture in soymilk 50 m¢, sugar 3.2 g, and gluten 97 g were mixed. Therefore, this
composition of the ingredients was further used to produce NFS.

The manufacturing process of the NFS was established at the industrial scale. The
optimal temperatures for the fermentation and the ripening were 25C and 15T,
respectively. In addition, the optimal time of fermentation was two days and the optimal
ripening period was used for six days.

The contents of biological material, isoflavone and phytic acid in NFS were
determined. Overall, after fermentation using starter organism, active form of isoflavones
were increased but phytic acid remarkably decreased.

Consequently, we manufactured the NFS having the highly biological and functional

activities and established the optimal manufacturing process for industrial application.
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W) FEdllsS 712 peptone #IAO] HF wE7F 1%7F HEE F(glucose, lactose,
maltose, raffinose, sucrose)S #7}stal A A|¢FS 2 (0.004% bromocresol purples AR-§
gtof 30 CeollAd 24 AIRE v 5 A o] Aol W= Zo® Uetdth HepAe] uf
A7 wZA WstH A, WekA o AR YEliith

th Gas A4 22 MRS brothel durham tube® 23 #2855 83t 24 h F gas

) ASEEs 4o Y5 30T wikste] 18 At Foll AAEH= HAE

spectrophotometer (UV-1601, SHIMADZU)Z o]&3le] =Asct. 1" MRS

tlo

brothell #2lF& HZE3 § 27 15T, 20C, 27C, 30T, 37C, 45T, 50ColA 48 Azt
Wgstel A% 548 wATHA

Table 1-2. Commercial starters purchased from CHR. HANSEN and Gewiizmiiller

Company Product name Microorganism
FloraCarn SPX Stanhyiococcus xylosus DD-34
/Bacterferm™
T-SPX Pediococcus pentosaceus PC-1
Bacterferm™  Staphylococcus carnocus M3

T-RM-10 Staphylococcus xylosus K4
Bacterferm™  Lactobacillus curvatus Lb3

T-SL Staphylococcus carnocus M3
Fl/oraCarn FF-2' I actobacillus pentosus LP-1
Bacterferm™

CHR. HANSEN F-2 Staphylococcus carnocus M3
Bacterferm™  Staphylococcus xylosus DD-34

F-LC Lactobacillus farciminis GN
Bacterferm™™ Staphylococcus xylosus DD-34
B-2 Pediococcus acidilactici PA-2
Bacterferm' " Lactobacillus curvatus M1 401

S-B-61 Lactobacillus sake BJ-33
Bacterferm' " Staphylococcus carnocus M3

S-SX Staphylococcus xylosus DD-34
LS-1
LSI:SB Zl?lus Staphylococcus,
Gewilizmiller Lactobacillus,
LK-30 Micrococcus
LK-30 plus

LKB-5
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123 279 drdd S A8 98 E2lFE MRS brothell 30TCel A 18417 Hf
G F 4T YAAAT abell 9] s pHeF HO-7F &t @A Ao vjA= JdS Al
7] 913l 0.1 M2l NaOHE ©]&3lo] pHE 7082 A3 oM catalaseE 50 U/ml
= H7kste]l 1 AZF &<F 30TColA wHgAI AT ¥H3A1Z1 F 5000 x g, 4Coll A 107k
AR} F ASAe Helel FAAXVE o€ T2 AxXAZ F 50 mM
sodium phosphate bufferE ©]&38te] 108 FFA|A Aoz AT =
4T BEastdA Ayl A&t R 2= MRS broths &
o® HAgste] AEstSl

4

) ADT 538

HEFEe] g s E1sl7] 93] agar diffusion test (ADT)E FasAh Ald
TFE AHYAHAT OS2 Bacillus subtilius KCTC 1022, Listeria. monocytogenes
ATCC 19113& ¢S To & E coli O157TH7 ATCC 43894% ©]&3tsith.
paper disc (Whatman, ® 8 mm)ell A5 50 W= A 3&tsle] Fi AejolA AxA71
T A EFFIE =EE wA o] ¥ Ea 30CAA 24 A7 o] el paper disc 9ol
Aagro] YAEE Ao FHAY NS Buslch

3) dH] starter 8] F<] o] & A FA
S A, AR, AR SOl dE Zel oY, FEM(EuFdy) o84 ol

awad BaisS $A protease activity A& HIX|Z 0]83}9] screening 31T
£ pancreatic digest of casein, yeast extract, glucose, agar® T % ¥lA | bovine
serum albumin, caseings #HF TZ7 1%7F HE2E HUMsk 3 dd S HEF:ske )
Aol clear zone ¥4 AH-EZ B B39 ScreeningS 3] Alo] ¥ HFE
9] enzyme assay© Jensen WHoll 93] FAst9 o 71A (0.6% Hammersten casein,
50 mM Sodium phosphate buffer(pH 7.0)) 5 mlE& 3 FZFoA o3 T A &=
2 A3 234 05 mE ¥ 37 ColA 20 mint WHSAIZI & TCA (1.8%
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Trichloroacetic acid, 1.8% sodium acetate, 1.98% acetic acid) 5 mlE Z7}5te] HH&S
TANZY dz2TE dd" 712 g TCAE H7Este] 20 w3 WAzl & 28409
< H7bste] wRSAIFT HES-9S 8000 x g, 30 min{t PAEE T F FFAS F
3}o]  spectrophotometer (SHIMADZU, UV-2501PC)E o] &3}o] 275 nmol A =434
t}. Standard curve® L-tyrosine (Sigma)< o] &3}t

) AW starch £31%

Aol R8s tributyring & ¢ e T

_IE‘,

o

KX
= e

JL%'

olt
_,_,

E=E2 AZx% lipid media
WA & o] &3ttt Wil 1

Jolmz waaaln.

FFI

= o] &3¢9 e starch £35S starchE 7|22 3 7]
S

S Hsto sl wiA o] =Este] 24 Al wiF & wfA] 9
A ZAJe Tab. 1-3, 1-4%} 2t}

j)L

r-1u:

Table 1-3. Composition of starch agar

DW 17
Peptone 5
Beef extract 3g
Starch 2 g
Agar 15¢g
pH 70 + 0.2

Table 1-4. Composition of tributyrin agar

DW 17
Peptone 5¢g
Beef extract 3g
Tributyrin 10 g
Agar 15 ¢
pH 70 £ 0.2

o} FAA Bl Fdme] o] &4 DNase A4S
X

Ax E352 Simmons citrate agarE o] &35le] S0 F we] o] &AL

—LI

ISPE A WA= sto] 259 S #F5F =2 ddedrt. DNase A4 52 methyl

greens % 7}3 DNase test agarg ©]-&35}o] A3t

4) o¥] starter w59 HHY ATE AT 22T

Tele AEstd A gAdes AFskrl 98l hemolysis, urease, coagulase,

7} Hemolytic activityS =743}7] 98] 5% sheep erythrocytes’} % 7}F¥ blood agar
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plateE A}-8-3} ST,
1}) Ureasex phenol red”} #7}E christensen’s medias A& 3+t
th Coagulase: skim milk brothell 24A17F #]<F & vix] ] SR 72 3Hl& )

2}) Hyaluronidase A 52 7|E ®ix|Z 50CE 43 % hyaluronic acid(400 pg/ml),
bovine albuming HZE % 1%7F HE2 H7lslel 1 2 B8 FE2 24A7F vk & 2

N acetic acid& vl Aol A 3}sto] F A= clear areaz 13}t

u}l) Biogenic amine (BA) AAlsS ¥ AdgAo A Niven's mediume WHIAZI
improved decarboxylating agar$} S. Bover-Cid agar® ©o]&3to] Feldit)
Improved decarboxylating agart Niven's mediaol ofv]x=Ats H7istn F714
((NH4)2SO4, MgSO; + 7TH20, MnSO; - 4H20, FeSOy - TH:0)ZF glucose, Tween 80
7}eta A Al ko & cresol redE o] 839 o™, S, Bover-Cid agare= Improved
decarboxylating agar°] ammonium citrate, thiamine, KoPO4 CaCQs, pyridoxal-5-P&

A7betd om A Al eko 2= 0.002%2] bromocresol purples A& 3}t

T3 BARY #FE #9d" 49 BAY AL HPLCE ol&3to] 48kl
4 M decarboxylaseE F=3F7] 913l 0,1%9F 1% pre-amin acid HJ Aol 2%
Al 3 1% pre—amino acid’} H7FE wjAo] 1Y vi¥F 5 Axg =S gt v
ol 1 m¢oll 04 M perchloric acid 9 M2 #7lsle] & & A EE st 045 m=Z <
I Hisk Alg 1 mlol Al 2 N sodium hydroxide®} sodium bicarbonate, dansyl
chlorideE ¥ 40ColA 45%-7F ¥F3A] 71t} Wk & 25% ammonium hydroxide® #
g3oto] oz F FAo o] &3t £A7]17]= Waters 996 photodiode array detector
¢} Millenium 2010 software’} &2el Waters 2690 separation moduleS column<
Nova-Pal C18, 4 gm, 150 by 39 mm (Waters)ES o]&3on o544 01 M
ammonium acetate (Sol A)$} acetonitrile (Sol B)& FE=FHlE Fo] A3t} &0

E 1 md/min°] Ao 254 oA HAZ=3sFA ).

ot
(i
Ib
H

2 Sl o3t curd s @A o] &5, 2 A 2d g EElE, 9 ol
£ =29 79l HEHoZ Adm 20 /e BEIFES BF37] 95 API kitE
ol &3&tgdth o]€% API kite API 50 CH, API STAPH, API STREP(BioMerieux,

3

E57E olgadon, Zzte kit A sed AP AW F AL
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ok A HE 5HLE PCRE ol&3lo] 16S rDNAE 5%319] sequenceZ
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ShA Ul A 67 Al T AR, o7, dE, EFY, o AddA gEEs
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T G ES o] &3 curd AT A A EH I #AEH Jlow, #EFE59 curd
AL Hit pH 3.7 o]&toll A o] FojA = Ao g YERY T3 catalase testoll A= &
- BF gAolden, agdA Ago s 2% %A, micro-morphologye %
T EE 9 do® UeEth Arginine 2l EF oFd FAHoR UEu o,
esculine #ale> ¥ A3 Aom vEwpt 14 5 15057 F curd 450l
Holx= 2059 9 #3ls % gas AAES HESGoH 1 Ay

;Goi 7 5} _E_H.%

pud

Table 1-5¢9 #t},

4

2 A% S5 2 WY HHex

=eF B 156T~45T9  2=weedA A% Jted Aom  sdHflon,
FEnterococcus faecium DC 21, Lactococcus. lactis ssp. lactis L2C5, 1L2C18, Aerococcus
viridans 1L2C8E A9l ymA] #FELE 50TCAAE AF 7tss o2 YEy §HE 2
= AS HeE 7 e AL AHATE R #FFES % ol whet cell
mass®| Apolut pH Wah= 719 yehbA] &9k

L= R T e S

HE g starter R 2050 FABYANY FA 23} E faecium S2C103} E.
faecium S2Cl11°] Listeria monocytogenes ATCCS} Bacillus subtiliusel sl 4SS o
B} o] bacteriocin BA 7FsAS HESIG oW, o] A#} lipaseo 9la&] A& ¥ = lipid-like

18 FZ55 3

5t 12} screening A3 H=+F A2 9F
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EiN
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2) A3} starch 3%, citrate hydrolysis, urease hydrolysis

Table 1-5. The biochemical characteristics of isolates after 24 h incubation.

Isolat pH after Acid formation from Gas from
SO incubation Glucose Lactose Maltose Raffinose Sucrose glucose
DC 21 3.73 + + + + + -
DC 24 4.27 - - +
DC 28 3.30 + + + + + -
DC 30 3.33 + + + + + -
LCY 10 3.57 + + + + + -
LCY 12 3.60 + + + - - -
LCW 1 3.58 + + + + + -
LCW 8 3.51 + + + + + -
LCW 11 3.45 + + + + + -
LCW 27 3.30 + + + + + -
PC 5 3.82 + + + + + -
PC 11 3.56 + + + + + -
PC 30 3.64 + + + + + -
S2C 7 3.34 + + + + + +
S2C 16 3.57 + + + + + -
L2C 5 3.60 + + + + + -
L2C 8 3.43 + + + + + -
L2C 18 3.51 + + + + + -
MI1C 25 3.44 + + + + + -
M1C 26 3.30 + + + + + -
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Fig. 1-1. Protease activities on screening media

200

Tyrosine (ug/ml)

LCW2 LCW4 LCW6 LCW7 LCW26 LCY3 LCY 6

LCY 7 LCY 8 LK30P.2 LS25P.3  LSI.1 LK30.1  LS25-1

Isolates

Fig. 1-2. Protease activities determined by the Jensen’s enzyme assay
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Table 1-6. Hydrolysis activity of macro-molecule materials.

Isolate  Lipid hydrolysis hys(iingl;};is hycdlrtg?;(;s DNase activity
DC 21 - (+) - _
DC 24 - + - -
DC 28 - (+) - -
DC 30 (+) + - -
LCY 10 - + - -
LCY 12 - + - -
LCW 1 - (+) - -
LCW 8 - (+) - -
LCW 11 - (+) - -
LCW 27 - (+) - -
PC 5 - (+) (+) -
PC 11 - (+) (+) -
PC 30 - (+) - -
S2C 7 - (+) - -
S2C 16 (+) (+) - -
L2C 5 - (+) - -
L2C 8 - (+) - -
L2C 18 - - - -
MI1C 25 - - - -
MiC 26 - (+) - -

=z
HAA HAE

Biogenic amine /s false-positiveZ’t UEFE 4 )02 =2 modified medium (331

&) S, Bover-Cid media 27FA & AR&3sho] vlasldth, 24kt 9] biogenic amine A
M2 S Bover-Cid mediags AF83 ZA3  improved modified media®] ¥] 3}
false-positive”t WEFLA] ek om pHell o3k wjx]e] Austs FsisiAl geld 4 U
tf Ay Ay B3 2270 EF7F 91K Aol A biogenic amines A &= Ao R
E R =
HPLC #42 &3 gt Aefsidnt. 78 240849 4% 4 23 245 2F

S o2 e starter $ETOE 835

~

rot

FHe B AT (HF AW @R SAA X9 A4S
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inhibitore] &= AL + A= Aot

=3 F B FEAES sufutt EUAFY tempehd S Actinomucor, Mucor,
Rhizopus<: o] #3%0l& ol&ste] WEAZIT o 7HA A& T3 #Fo] o 9
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riboflavin, thiamine, vitamin B12 %S =LA Z7psttta &delxd ok w3 F3o] 9
2hgoll 93] ZA o] AstHo] Tt F &7 dojvte o2 BRuHrh o
L FE ol &3 A=ZAZE Y3l Penicillium candidum, Actinomucor elegansS ©] 83}

of AFAZE AESAoH o A AgHF Wl B sol odd & Ax

o
o

%, amino®] AL, PG o] FUIEHIF Aol HHEA NtEtE HIE
393 w3 2 AFo A protease@A o] =2 Actinomucor elegansg AWEsLal ol &

olgshel 484 A= pehizeR AxeL GuA LS SHT

B Ao x FHo] starters NFS FEwHo] HAs A JaAE AAAZ 8tk ofyg)

Fgol SH9 Wb F& Folsvl, AW PA, A2 24 Fo| /eld AoE

71ES] A= W Actinomucor eleganstt &5 ol &% X2 fFAMAE 2HE @
Fa oy # A 542 22 FH # Fvvh 7|Ee] dFadyd 2R AEgs
Hsl He dF BEAES HEIA e solnR oy JhA wEAFe] diEA e
2 ol&¥= #F3o] starters9 A& VheAdS HES LA st ow 53] Penicillium

nalgiovense, Pen. chrysogenum, Pen. caseicolum, Actinomucor elegans, Rhizopus

T

oligosporus 5 Aol FHARE AEFHJT E3 w52 g o] &%= Aspergillus
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oryzaes< AFe 4 EAS WIAZ £ orn=z eyt Va5 ol &7t

A AE Ader ddHd oy NEFsAlz tigt 434 HEES A=83th

iy

2. A8 € %Y
7}. Fungal starter R 1o e - Astes 54 2 Al
1) Fungal starter $-X 2] &g

NFS A zZE 93 F3Fo] starter FHT AES 35l F 4 71X HYE AAHTI] A
E3tg o o5y 2

- NFS¢] A gl A ez a3z B BA5ss 530l e,
- Qo] FFEEV A oH] FR FFoldtS EdWol o] & Jhed HE.
- FHE T A F PaE A F Sufu 10§ =25Y 3ol g

- CHR. HANSENA}ol A A Z - #ofE = A4 fungal starterd ©]84 HAE.

AFolA wFolE westy]l A&l A& 10 goll 34 (0.05% Tween 80) 90 méS 7}
sto] At § @A Ao R S A sto] wjA|o] mesta 25Co 7% oA F 14Y
T 21w b wdskdth vl ¥ FEF R AolE Hole F¥olES 77 PDA
(potato dextrose agar)el] <=

5SS nEste] Ad . BESAY. AY 55 PDAY HES 25ColA 1493F vk
% 10%9] tween 80% o] &3te] XS £33l 10° spores/ml O E 3] A Elo] 4Tl A K
et A A ALEEA T BT = 8454(05% tween 80)E AFE3te] =)

gor BAstd e e AH MRS Bohol YREAL FAsT A% g P

Starter R A¥ 2 A . 35184 EA

Starter SH 2 AE 3 EAS HAESHZ] ¢s] dv A (Axioskop, ZEISS, Germany)<
o] g§3ato] wFole] A SAS Aot on, MY F 2k, A £ Y A5 5
e HESIY T Starter $H o] Ay 5L oA A F(xylose, maltose,
lactose, sorbitol), cellulose, A2 o] & 58S AESP oM statere] F84E A=37)

e a2 TAEAH 59
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7h FHFEAE U NFSolA B9 #59
food-borne fungi’'S FZ3te] =335ttt Czapek-dox mediumol ¥l %3}e] lactophenol

Jm
Jﬁ’&

?l& Samson 59| 'Introduction to

cotton blue (lactic acid 20 m¢, aniline blue 0.05 g, glycerol 40 m¢, phenol crystals 20 g,
DW 20 m)Z FA3 F &nFd #7459 Starter FH AL vlFeAA HFe Al 7

AR W R, AL AL D S WorE, 4, AN we g, A4y

4

g
a,

=]

W) ASEEE 247 e 55 25T wYste] 1~-3Y tF o2 Fgolo A7|E &4
sle] ASEEE Hustgon 25 W2 S EXL 10 spores/mlE A5t HE

ato] Z47} 4°C, 12T, 25T, 30TolA F 12247 vt dzsigivt

) 28 e 2gEe 7579 FHEA 542 MEA (malt extract agar), PDA, CY
(capek yeast extract), DRBC (dichloran-rose-bengal-chlorampenicol)®ll & vl &3} A
wFe] A ALk AL B S S5 wtAbe] A AEE FA45to] starter FH A O EA 9
18 S st

_|>~I

3) Starter XS & A=
7h a40gA

(1) @¥d olf5e€S =437 98] skim milkE 15% #H7}3F Casein hydrolysis
mediume o]&stgd o AW B lipase activity® ZA3sl7] 93 wixIZ 0.1%
tributyrin, fatty acid esterase activity® Z743}7] f3lA = tween 80 10% 713k
fatty acid esterase WA & 7tz o] €&ttt 10° spores/md-S WMEFAS o] &3le] 3 whuj x|
ol A = dom mief A7l & 149 5 dFsilon BE AL 33] vhE A3 ES]

.

(2) Cellulose ¥ A9 Ealls=s 02 22 10%°9] CMC (carboxylmethyl cellulose)”t
A 7FE cellulose agar plate®} starch agar plateZ ©]-&3te] =431 th Cellulose #3l %
2 g F 01% congo red AleF 5 mb& WA ZAAHA 5351 30 3 WESA 7]
I oA AAG F wFo] FHel AdE clear zones gH<la)

%o A8ttt Starch £31% < iodine solutions o] &3te] FHo] vteldt

2
)
ox,
"
1°)
o2
ox
)
ox,
)
>

Qo7

_ll}l'

—_—

clear zoneg #<ls}$ith

(3) Extracellular activity® 74371 998l DNAZF % 7Fe Nucleic acid hydrolysis

medium< o] &3ttt wYg £ 0.1 N HCl AJeks FH o "oluw AW E clear
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zones FA3FS T}

(4) Carbohydrate 352 =A3}7] a8 lactose, maltose, xylose ¥+ sorbitol2 <

0.5%, bromcresol purple 0.002%E 713 F&E3ls ZHE& wAE o] &3t g &

x| o] M-S ggaAow WMEA|Z] -9 carbohydrate ¥l 50] U= Aoz HAAH

olf
I
g
0
o,
o)

) E£4 FA

dAn) 7 (Axioskop, ZEISS, Germany)S ©| &3+ HAA|4 T 98] xx FA 58S
Ao AAY =AHL THFS ZH7F PDAC 2 FF4 Hujk o] 25Tl A Hj ok

SHHA ARl ASEE 9 LA oA o] A&l Af&dd e AAES S43A
gt ZA S Modified agar plug W83 ADT (agar diffusion test)S W3 3te] A3

YES (yeast extract sucrose) plated] T2 AS HEo ugl 2z} 149, 21¢ ot
25 CollA widstdct. wide 72 100 mle] MeOHE #7}38Fal blenderE ©]-&3fo] v}
Ak & ofatstel HebEE71(EYELA SB-651, JPN)E o] &-38te] 55383t

(2) ADT +3

T FE] FHAHE FA37] 98] agar diffusion test (ADT)E F ekt wjA &=
BHI(brain heart diffusion)¥} NB(nutrient broth)E& A}&38t9ow AlgydF+= IH3FAdT
© 2 Listeria monocytogenes ATCC 19113, Staphylococcus aureus KCTC 1916 & =1
S M T 0 2= Escheria coli O157:H7 ATCC 43895, Psedomonas aerugenosa ATCC
10145 2 o] &3tatt. 94 paper disc(Whatman, # 8 mm)o] A& HES 50 A 2 3}sto]
b Aol A=A AP FIF mEE wiA 9ol & Fal 25T oA 1843 o

dl 9
°f paper disc FWell Adjgte] = Aoz FddA oF S A

ot

(3) Modified agar plug method

F3o] THTS PDAC =Esle] vl & 27 8 mme cork borerE ©|-8§3}l¢] agar
plugE FHlsh vl AEuAES ZUA7] plateo] #%°]7F ASH agar plugE 7l
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Z3o] #F9o AEIA hAAHS 93 AFow MTT assay 2D Artemia salina test

o] AEstH HEWHES AAsgon starter THEIFE ZAWolAAS HAEFY] Y&l

7h Als &

O

YES broth 200 mlell spore suspension (10° spores/m)< 0.1 ml 93 149 E<F v 43s
of F&38 dAF FAHES otk MY ¥ Whatman No. 41%2 o] 3}sho] uj ko] &
chloroform® & 53] H<% FE3At. FAM(mycelium)e %9 methanols ¥ il
blenderg o]-&3le] 5&%F vl 3t & Whatman No. 412 ¥%3lal A e FFH3ATH &
=3 wjdod A myceliume 27 5% DMSO (Dimethy sulfoxide)t PBS buffer(pH
74)9 100 mg/mioll =of 4TolA HpstHA Ao A&t}

[¢]
-

W) Artemia salina (Brine shrimp) bioassay
(1) Brine shrimp <=H]

Solis 5(1993)¢] "WH& Wi st
international Inc., USA) 100 mgS A2l & 100 mle] artifical seawater(Nacl 30 g,
Dinatrium Glycerophosphate 3 g, CaCl: 0.3 g, MgSO4 0.5 g, MgCl: 1.5 g, KCl 0.8 g,
MgBr> 0.1 g, Glycine 6 g, Distilled water 1L)oll &#& ZA}stgd o 27T, 140 rpm e
2 X"AIA 24417 st vkl

AN

Astdtt. A brine shrimp egg (Parker

(2) Bioassay

B
ofN
HJZ‘,

g Fyd 1 M= Z2As7] Y& F3hS 200 shrimps/mie] I =& 2 &
stol-& 7t 48 wellell 100 ul® &7 welld shrimpo] °F 20~30 shrimp7} ¥ =5 3t}
Welldl shrimpE %7171 Aol #4]"d A& 100 ul€ disc pulp (8 mm)ol ¢ |
T = AxA71aL Zh2Eo] welloll ¥ o] Aot

—

Negative control®Z% PBSE positive control®A+ ochratoxin AS 0.1, 1, 10, 100
ug/well2 o] &3ttt 7t plateE parafimo® WEE I 27ToA 24 A7+ FoF wjdst

uied
o
f

ot ¥ larvacd] AEFE Zgstel AEES AEshgon 39
wREato] 10% olje] APAES e A¢ mEgoR wASAt AR AN
& Abbotte] A& g3 2.
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AHEE (P) = Al89 AFEE(PI) - controle] AFEE(C) / 1 - control?] AMEE(C) X 100
t}) Cell cytotoxicity
(1) Cell line

MTT(3- [4,5-dimethylthiazol-2-y1]-2,5-diphenyl tetrazolium bromide) assayS 3l
liver hepatobalstoma?]l HepG2 ATCC HB-8065¢ kidney cell¢l vero KCLB 10081& A}
239}t Cell iR 2E 10% FBS + 1% antibiotic + 1.5 g sodium bicarbonateS % 7} 3t
MEM (Minimal Eagle’s medium, GibcoBRL 12100-046, USA)3} RPMI 1640 (GibcoBRL
31800-022, USA)E o]l&3tom 5% CO, w% 100%, 37C Z7olA wgstHA 17
of 2~33 A= At ANsEA cello] FE38] npetol] L Fwo] ek 10°~10
cells/mo] S| =5 wjgFdtelon trypsin-EDTAR H & F cell& F3ate] A g AL
stk AlE+= 5% DMSOE ol&ste] ¢+ds] dgAlA FHst 3t

(2) MTT assay

96 well cell culture dishell vero cell®] A5 1 X 10" cells/well, HepG29] 2% 1 X
10° cells/wello] =2 seedingdlil 24 A|7FE<QF wlFstolct 24 A7 & Z6|H crude
mycotoxin FEwS 2F79] welldl & F39 10%=2 FYstar 48 Al7F &<k 37T A
WA Y T 25 mg/mle] TEE FHE MTT A9 10 ul/well A 83te] MTT
7F AL Al Bazkgo] o8 formazanl® e E =%
Astx DMSOE 150 ul/well #g3te] 108 &<t A2 WX & microplate reader
(BIORAD, 550)% 570 nmel A F3%=& F43t%ih

#}) Ames test

Direct plate incorporation W o2 Gt ATE Al HwF 2= Salmonella typhimurium
TA100, S. typhimurium TA1535 T#FZ o] &3lgon dA o]
azide(Sigma)E 2 ug/plate, 54 WEZToZE HIT T

3] HhE A g3le] A2 revertants”
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Table 2-1. Characteristics of fungal strains isolated from Sufu

Relative

Isolated strain . D
growing rate

Shape and color of mycelia

W3WP fast dark yellowish grass
XM7CY fast downy, white

W3YO slow downy, yellowish white
C6M slow grass, yellowish white
XG2' fast floccose, yellowish white
XG2WP middle floccose, yellowish-green white
W3WO middle yellowish white

H3CM fast yellowish grass
ZSTWH fast grass, fluorescent-yellow drop on gin area
GB7’ fast yellowish grass

H3WH fast floccose, yellowish green
H3IY fast fine down, deep green
GB3YM middle fine deep green
GH3WCH middle cotton dark green
GM3CYM middle yellowish white

W3RO fast orange

XM2YM fast yellowish orange

Vfast: covered completely when incubated on PDA during the 3rd-7th days, midium: covered

completely during the 8th—12th days, slow: covered completely during the 13th-17th days
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) NFS 2gA A4 d<dd o A== FFols Estdew, 1 Az
Aspergillus oryzae®t Aspergillus niger® SA33ck. o] F F9o FFolx= 73
protease &S 7HAY AlFo A dnE FA e xEAke] M m AIkEtA] gho}

FE oA AL ¥ At

Zt7} PDA, MEA, Czapek, DRBC| #]Y3ste] AS5E5HS HE 3

o (data not shown) I A3} RE HlA]o|A white, yellow white, greyish white,

creamy whites 9 M-S 7AW Fehe] Fert Ay e FEHPOR u=2w vl A w
E S HoleE 6719 = 15 AdEEY
"}) Cheese®} meat starter® Al€3H 31 U= A4 starterS CHR HANSENO 2 BE

o]
H

of

bol AEYL %

AdEsIdow 1 A3e v Tab. 2-29F 2

Table 2-2. Compositive and characteristics of commercial starters purchased

from CHR.HANSEN

Product name Color Composite microorganism Characteristics
GEO CA cream white Geotrichum candidum aminopeptidase
GEO CB cream white Geotrichum candidum aminopeptidase
GEO CD1 very white Geotrichum candidum aminopeptidase
GEO CE cream white Geotrichum candidum aminopeptidase
M-EK-72 white/light . . . . )

] Penicillum nalgiovense lipolytic, proteolytic
Bacterferm greyish
M-EK-4 . .. ) . ) .
white/cream Penicillum nalgiovense lipolytic, proteolytic
Bacterferm
M-EK-6 white/light o ) ) ) )
. Penicillum nalgiovense lipolytic, proteolytic
Bacterferm greyish
PCA 1 very white Penicillum candidum good aging
PCA 3 white Penicillum candidum anti-mucor
PCA FD white Penicillum candidum anti-mucor
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2) Starter Rt e] A - 3ot 54 2 A4

A8 &= Actinomucor elegans, Rhizopus oligosporus, Penicillium camemberti, P.
caseicolum, P. nalgiovense, P. chrysogenum =232 YUEFSTH A elegans® 749 Wik
5 1¥0] Ay ALe] HEo] 0.2-0.3 mm BE FAEHT 5Yo= 244 3] plated] 42
HE AgS ®Hgth w3 R oligosporus A 790E 94 AW, Penicillium
I
-

o A% 149 A% WP7Ire] Aol

S5C=
UElth 1R R Ags E57F NFS Al @a 252 25T Ags Aoz 3
= AT
100 —@— 4. clegans
% —M— R. oligosporus
g ——A—— P.camemberti
:5’ 60 —Jll— P naigiovense
; " —K—P. chiysogenum
en
E]
=
&

Incubation time (day)

Fig. 2-1. Growth rates of fungal starters tested

100
E4TC B12TC
B25 @30 T

A. elegans R. oligosprous P.c berti P. nalgi P. chry.

Fig. 2-2. Radial growth under the different conditions of temperature
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(2) tFe] A, s QA A WA AR

BokE 18F 9 EYF 2252 7217 DRBC, MEA, PDA, Czapek media©] 3% wj s}

o @Eel A, MAAA, FAbel

s

A ArE gty ti(data not shown). I
Penicillium camemberti®} P. caseicolum, P. nalgiovense %°] o}#] Fig. 2-33 %ol

white, yellowish white, grayish whiteE 7}AH "HAS= Ao 2 YUEY TR0 FE A

Fig. 2-3. Examples of cultured morphology on BRBC, MEA, PDA and Czapek
(1) Penicillium camemberti KCTC 6429
(2) Penicillium caseicolum KCTC 6041
from the left to the right: BRBC, MEA, PDA, CY plate

3) Starter TR T F8A4 A=

Gl oist HFo] R #d S 4% ZI Rhizopus oligosporus KCCM

116059] 4% maltose ¥ lactoseo] tsl] 3+ BT S z2t= Aoz FodF
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Table 2-3. Carbohydrate hydrolysis activity of fungal starter candidates

Hydrolysis activities of carbohydrate

Isolate No. .
Xylose Maltose Lactose Sorbitol
60415 + - - -
6429 - - - -
1233 - - NG NG
1995 - - NG -
34767 - - - -
62858 (+) (+) (+) (+)
844 - - NG -
6041 NG NG NG -
897 - + - -
60393 - ++ - -
11269 + - - -
11275 - NG NG NG
11605 - o+t A+ +
1145 - - NG -
1174 - - NG -

All tests were duplicated
NG: not grown

-, negative reaction; +, weak positive reaction; ++, positive reaction; +++, strong positive reaction

Fig. 2-4. Carbohydrate hydrolysis activity of fungal starter candidates

left: strong positive, right; negative

AREA Rals ddd3%= v 2o} Fatty acid esterase A4S tiy-3 44 9
Penicillium camemberti DSM 1995°] 7-- casein® starch ©]&5, DNase €&
A o] 943t Rhizopus oligosporus KCCM 11275, R. oligosporus KCCM 11605+ starch
- A3 Aoz yEhylith

olo



Table 2-4. Enzyme activities of fungal starter candidates

Strain Tribu tyg;rllpldEs terase cellulose casein starch DNA
60415 (+) - - - + -
6429 + ++ - + +++ +++
1233 NG - - - + NG
1995 + +++ - +++ +++ +++
34767 ++ +++++ - - +++ +
62858 + ++ - - ++ -
844 - - - (+) - -
6041 - ++ - + - -
897 + ++ - ++ + ++
60393 (+) +H+++ - - - -
11269 + +++++ - + - -
11275 + +++++ - - +++++ -
11605 ++ +++++ - + +++++ -
1145 ++ NG - - + -
1174 ++ +++++ - - + -

All tests were duplicated
NG: not growth

- ! negative reaction, + : weak positive reaction, ++: positive reaction, +++: strong positive reaction

(1) (2)

Fig. 2-5. Enzyme activities of fungal starter candidates
(1) casein hydrolysis (2) DNase activity
(3) esterase activity (4) starch hydrolysis
(1), (2) left; negative, right; positive

(3), (4) left; positive, right; negative
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) A4

Starter ¥ F3olE& 2vFH4 24 widstel AAHS S AR FddFol A
A eE S Hole #FE Sl Aoz oo AAHLE AFEE v s A
o8 AU A5 &
A% Penicillium camemberti, P. caseicolum, P. nalgiovense, P. chrysogenum %°l 4|

s me A gaes Bt

flo

=7} whE  Actinomucor elegans, Rhizopus microsporus)

J g A9

o

ot

3

%

A3 Penicillium

AN

Modified agar plug methodE ©]&3to] 7S4S

chrysogenum KCTC 347672 749 E. coli O157:H; ATCC 43895 ™3] 17 mme]

AAS JeElWA e P oroqueforti KCCM 112699 79 agar plug ol w]efst 34
S Yeridtk. ADT (agar diffusion method)+ modified agar plug method 23 3%

A& Yetdl P chrysogenum KCCM 347672 P. roqueforti KCCM 112695 A|9Jstal 4
FERom Alg g 5 EF FoEAAS YEHA e Aoz AfFAFHTH

Fig. 2-6. Antimicrobial activity with modified agar plug method

left plate, from up to down Penicillium. chrysogenum KCCM 34767, P. roqueforti KCCM 11269; right plate,
turn to the left P. camemberti KCTC 6041, P. caseicolum KCTC 6429, Rhizopus oligosporus KCCM 11605
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Table 2-5. Antimicrobial activities of fungal starter candidates with modified

agar plug method

Test organisms

Strain No. Psedom
Listeria monocytogenes Staphylococcus aureus Escheria coli O157:H7 seao . onas
aeruginosa

ATCC 19113 KCTC 1916 ATCC 43895 ATCC 10145

6041 - - - -
6429 - - - -
11605 - - - -
1233 - - - -
1995 - - - -
11275 - - - -
11605 - - (+) -
34767 - - Tt -
11269 - - - -

-, no activity; +, very weak (9-11 mm); ++, weak (11-14); +++, strong (14-17 mm); ++++, very strong (17-20 mm)
4) Starter FH o] ALt oA HAE

24084 9 A5 54 59 HdE AdrRY 12 HAE¥ Penicillum caseicolum
KCTC 6041, P. camemberti KCTC 6429, Rhizopus oligosporus KCCM 11605, R.
oligosporus KCCM 11275, P. camemberti DSM 1233, P. camemberti DSM 1995, P.
nalgoivense DSM 897, Actinomucor elegans DSM 63362 < 832 mycotoxin AJAHA

S g23t7] ¢Jal MTT assay 2 Artemia salina test?] AEsHY HASWHE AA 8%

ov), 1 Avte test 2
7}) Artemia salina (brine shrimp) bioassay

2y 7y v Fo At myceliumoll Al &% ¥lY FFE(culture extract) 1 mgS PBS(pH
74)° @Eete] 100 ul (1 mg/me)E Aol Ak

A (OTA)Y FEE 01, 1, 10, 100 ug/well® s}o] Algst 23 OTAS 45 1 ug/well
AN At E o] 16% ol o= uEhd HAdo] S1E . F3e] starter §RE o] vl Y
=E AE9 =& 47 10, 20, 100, 1000 ug/well2 3}o] AJgst Az} Antd o=z ujf
E XY mycelium F&E°] Artemia saling®] FFS UeEWE Aoz AL 53,
P. nalgiovense DSM 8972 #8l%E 3 mycelium F&& 25 1000
AP Eo] 10% ooz YE o™, mycelium FEE9 A5 AH
mycotoxin A 7hsAdol dv Aoz HuHpdrh 2z AB

salina®] AFEE S Fig. 2-7¥% 2t}

3 2.1 positive control?! ochratoxin
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— = =
90 H

60 H

30

Viability of shrimp (%)

C M C M C M C M C M C M C M C M

No. 1233 No. 1995 No. 6429 No. 11605 No. 11275 No. 897 No. 63362 No. 6041

Crude mycotoxin extracts

Fig. 2-7. Viability of Artemia salina exposed to ochratoxin A and crude

mycotoxin extracts

(1) Ochratoxin A, (2) Culture extract

C; culture broth, M: mycelium

) Cell cytotoxicity

Vero cell?} HepG2 cello] thet MEZAHS A% Aile= 7247 Fig. 2-8, 2-99F 2o}
THE A5 TEE 10%= 3to] 48A17F Al & 7} celldl tigh cytotoxicityE 74 g+
A3} positive control® AFE-E citrinin® dose-related toxicity responseZ YEFAH 10
ug/mee] sl A viability7b 50% oldt® H4& UEHNSATE Starter RIS B5- P
camemberti DSM 1995, Penicillum caseicolum KCTC 6041, P. camemberti KCTC 6429
9] A9 vero cellol thdt cell viability7} 80%, HepG2 celloll that cell viabilitys 92%
FEog ZAXo] ogAEA S Rhizopus oligosporus KCCM 11605 EA]o] gle Ao
=

A A

5
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w
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Culture extracts

Fig. 2-8. Cell cytotoxicity of citrinin and crude mycotoxin extracts on vero

cell (1) citrinin (2) culture extracts
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40
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Cell viability (%)

0.01 0.1 1 10

Citrinin (ug/well)

~_

8]

~
"
S

E1 10 ug/well £1100 ug/well 11000 ug/well

Cell viability (%)

w
S

S

6041 6429 1995 63362 897 11605 1233 11275

Culture extracts

Fig. 2-9. Cell cytotoxicity of citrinin and crude mycotoxin extracts on HepG2

cell (1) citrinin ~ (2) culture extracts

t}) Ames test

Salmonella TA100, TA1538¢] djst =AWl YA AI = Fig. 2-10% 2t} Starter &
®rol 9% positive controlZ AFE-3 sodium azideol H]d) TA100% TAI15387F 5
A3 e revertants® 5 YEFWHTH T3 TA1009 7% negative control¥} & =}

olE HolA Fter TAIS38Y A% 27k @A &= Ao FlHo] Edeldde]

o]} ol WA AFES FAS Ay F 80T T Penicillum nalgiovense DSM
897, P. camemberti DSM 1995, P. caseicolum KCTC 6041, P. camemberti KCTC 6429

1
°of Ag HAol slE Aoz gekr o] A8t
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400

200

Revertants/plate

6041 6429 11605 11275 63362 1233 1995 897 SA DwW

Crude mycotoxin extracts (100 ug/plate)

~
N
~

1000

800

600

400

Revertants/plate

200

6041 6429 11605 11275 63362 1233 1995 897 SA DwW

Crude mycotoxin extracts (100 ug/plate)

Fig. 2-10. Mutagenicity of crude mycotoxin extracts from fungal starter

candidates in TA100 (1) and TA1535 (2).

Revertants are given as mean £ SD of n = 3 plates.
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. NFS 98 A4

I

o,

=29 A 9o Ee

A AR

NFS Alzo] Agst 95& Adst7] s AFgE A5+ ISP (Isolated soy protein),
CSP (Concentrated soy product), soybean flour, A thF8 I, textured vegetable,
5=kl Jarge particle (TVS-1), textured vegetable soybean protein small particle
(TVS-2) & 7 7kA& o] &3tsith ISP CSP= ADM (USA)ZHF-E T Y4ato] AH8-at
Ao, soybean flour= Sigma (USA)ZHH X dFuty} & 4 F A (A L)l A
Tt AREstlaL, starter WY S 91F soymilks ZAD(FE)AGANA Yt

A5 e .
g) A4E oFeee] g B

48 A¥Ay £& z227S 29l ISP (isolated soybean protein), CSP (concentrated
soybean protein), TVS-1 (textured vegetable soybean protein, large particle), TVS-2

(small particle) 4%& ¥dx} A3} Tab. 3-13 #o] soymilkd T#HS G dle] =

Azt BASY. £ 47 ISPe CSPO] tid TVS-1, TVS-2¢] 9&g ulwsv|
o8 Tab. 3-2¢] wjgn| = HAS

st

Table 3-1. Proportions of soybean proteins: soymilk

(1)

(2)

ISP (g) Soymilk (ml) CSP (g) Soymilk (ml)
50 50
100 100
50 150 50 150
200 200
250 250
3) (4)
TVS—1 (g)  Soymilk (ml) TVS-2 (g)  Soymilk (ml)
50 50
100 100
50 150 50 150
200 200
250 250

(1) ISP, (2) CSP, (3) TVS-1, (4) TVS-2




Table 3-2. Proportions of soybean proteins
@) (2)

ISP (g) VS (g) VS2(g) | Soynik () CSP () VS-1 (g) TVS2(g) | Soymilk ()
100 B ~ 300 100 ~ B 300
80 20 I 240 80 20 o 240
60 40 o 180 60 40 o 180
40 60 o 120 40 € o 120
20 8 o 80 20 8 50 80
0 100 1% 100 0 100 1% 100

(1) Proportions of soybean protein ISP:TVS-1, TVS-2:soymilk

(2) Proportions of soybean protein CSP:TVS-1, TVS-2:soymilk

2) 718k = 3 A7kE e g
7h) AFA Al
AAdeErs 24 gluten, 7ok, EHE, &3 S5 AL, wheys AHESNon ¢

A AVMERE AARIERJAMVER, JE2JANMUEE, WERIMUEE, 425 activa
super curd (Ajinomoto), 2% 9] trans-glutamase (TG-PS, QR type: Ajinomoto)= =
1154 2FAE =& Deste] Hrtste] T @ 240 v s dEsto] F
< AT

b gvl AR g% FE A

Nutmeg, MSG, tyroler-aroma glutamat (TAG)E A}&3tdth. FdS 7]jFo=
nutmeg < 0.1~05%, MSGE 0.01~05%= wigstd #5HAAE st vlustid
TAG+= 0.005~02%% F7tste] A48T Z42be] e tgaA 8 RlufgdAE 53t
o 4% w55 HAASAN, 37HA HIFEIEY vl ofF AR HIbeA @#e A

(contro) @} $HA A& % HAlranking test)E& A At %

[‘_|.,
_ﬁ
).

v

MERSIALE, W ZQNER, A4 ZAMPES 3PS GFE AHE] migA

el AFE AAE] 98 HEZ2TE trans-glutaminaseS AF-E-3}

,55,



(2) S0 Apdel 2w JF

[o3

2us 01,05 1, 15 2, 3%%2 ==z @] H7iste]l Alxd NFSE vsA 5 u g

AHmultiple comparison test)& &3t 7 Adgk H7b=rS AA ST

l‘_>L
[‘Xﬂ
N
of\
{o

) ARAEE A gluten, Y ZE  alginic acid
51

calcium saltE AF&3t o™, &4 glutene FHHS 7|02 1~20%% alginic acid

calcium saltys ZowS 7|F02 001~1%2 E3ste] A xstg NFSe x=# 7k 3

ol e Qe BAste] mastch

Table 3-3. Proportions of coagulants: ISP, CSP, TVS-1 and TVS-2:gluten and alginic acid

£ (%)
alginate
0.01
0.05
0.10
0.50
1.00

ISP CsP TVS -1 TVS-2 g

c

N = — —
O U WO|=+
[}
=}

100 100 100 100

t}. A3t casing A

Q1% casing .2+ fibrous (Viskase, # 105 mm), cellulose (Devro # 70 mm), collagen
(Devro, t 20 mm)= A&t &g - $A47|3F B 247 F dojua, o]FdHA

o] M3t o] & o] FolA = casings AW - AT

/)
2 AFe 3,5 7 9 e geisel FAsgon 27 oA AAR A% AHY
22 7H7F 65T, 75, 95T, 1217TC, 7FEAIZEE Z+2F 15, 20, 25, 30 min& = 3te] & 16

7HA e o w A e

,56,



Table 3-4. The volume of soymilk added and condition of heat treatment.

7hae () dAe =7(C) 7+ 4] 7H(min)
3 65 15
5) 75 20
7 95 25
9 121 30

v}, Starter $H o] A
1) BAt startere] AH

In vitrool Al A¥E starter $H TSl NFSUolA el AtAS AAESY] 9ste] F
kg Al 2852 Enterococcus faecium S2C16, Lactococcus lactis ssp. lactis DC24,
AR BEF2 Lactobacillus curvatus R83FF commercial staret@l Microccus 1525

p.1, Staphylococcus 1.S1.1, Lactobacillus LK 30 p4, F-2 & 7% 9] starter AF-&3}% ).

2) &%o| startere] A
7} #3o] starter? <H]

=3gole]l AW ARgH 12 AW FFo|d  Penicillum caseicolum KCTC 6041, P.
camemberti KCTC 6429, Rhizopus oligosporus KCCM 11605, R. oligosporus KCCM
11275, P. camemberti DSM 1233, P. camemberti DSM 1995, P. nalgoivense DSM
897, Actinomucor elegans DSM 63362 & 875 T &4d4 2 A& 54, kA9
golw  Rhizopus oligosporus KCCM11605, Penicillium camemberti KCCM6429,
Penicillium caseicolum KCTC6041 % 3&<] #%°]& NFS Az o] &35t

$4 B2 27 AFFA0 cells/p)e Fustr] e B AFAA ;e Py
o gsteith JlAzE 50 30% Arkskel A W ol gatgon M Yz
FolE W 27 1 em’z g BWACl At} HES 2452 Aol wjFE]

of Yol Mg & 25CeoA 1047t witstdrt. vid ¥ Bufferfield-phosphate buffer
o 0.0001% triton X-100 & H& Alxsto] wjgHe] ST A7 Es F& F 24 &

oF MYAZLE &g & ujeto Wi H cheese clothe® ©]&3lo] o] 33Fe] 3000

O
T [e]

_LI./

mlo

,57,



rpmol Al 2087 YA RE S T A@EA5E 33 AHste] Fue T 107 cel/ml o
HEE s|Alste] £ 59T

) #%o] starter?] NFSolA WA = 435 7HAHH

NFSE Az AF2ZHH 7 o8] FRO colony 43 1 8 3 UAYHEE 1
o] NFS9| casing Wl A% HAL]

thoEd 25T, FlEE 85~92% Aol F3eo]l 2BEZE JFE NFS

o] «—
= -

Z

= WA S & ghatol] tidk AAE S #lskyth
t}) NESo|A o] 3o starter 2§ (in vitro)

NFS 93 % petri disholl 224 ¥

ol
SR
2
351
6=
2
o
Q
%
=
Q
o
4z
b
>,
)
M
RS
=2
i

ol 2EHE AT F 25T, 98%9 257l 343 TE A AT Colony 7t A
=™ 15~22TC, 82~95%°] &xof FE=E F23fF7]dA 743 S48ttt NFS €

Rzgol A el #Ae 4 % 4REEE Shsgc

ATy

dloAwE ARd ol@ A% wge] NFS A%

1) NFS9| 5 njghn]

il

NESE #Alzxst7] flal AF4ox A48 Age F7 7t a4 =41& A
sto] Aol A Eelste] AEE oH] starterE 3 7Fsle] NFSE A %389 Th NFS Al
= W2 v Tab. 3-5¢F #oh d89 wighulel rhgFe] Aol AIE Hrtstr] 9
3 Z+z} ISP} soybean flour, CSP9} soybean flour® ®igt z}o] ¢} soybean flourE
507 Abgshe A el Abolo] wE 23S 9@ Tab. 3-73 o] AstAuh
AzZA Y] T/ 2 FHIMF] wWE NFSS #H3lE textureT W53 A5 Yehy o)

flavore] =}o]7} A Al YElRL7]ell Tab. 3-69] flavor profiledl wha} vl ulsle] 48 3F9 o,

Table 3-5. Compounding of final NFS process

ISP Gluten soy milk starter
control 100 97 440 0
F-2 control 100 97 430 10
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Table 3-6. Flavor profile for sensory evaluation of NFS

1st factor(no) Flavor

2nd factor

1 Animal, foul

0

© 003 0w~

—
(=)

rancid
sweaty
putrid, foul
sickening
fecal
sour milk
animal
urine
sour, vinegar
cheesy

3 Non-citrus fruit

© 003 Ul W~ O

—
(=)

non-citrus fruit
apple
strawberry
peach
grape juice
pineapple
cherry
fermented fruit
banana
sweet

5 Nutty

© 003 Ul wN O

—
(=)

popcorn
nutty
peanut butter
grainy
meaty
fresh smoke
yeasty
brunt, smoky
mouse

Brown

© 0N 0 W = O

—_
(e}

caramel
maple
molasses
buttery
honey
chocolate
malty
coffee
vanilla

10 Citrus

bakery

lemon
grapefruit
citrus
orange

14 Coconut, almond

W N O wN R~ O

coconut
almond
vanilla

,59,



Table 3-7. Conditions as proportion of soybean flour: ISP and soybean flour:

CSP, soybean flour

Soybean Soybean DW Soybean
ISP(g) CSP(g) DW (ml)
flour(g) flour(g) (ml) flour(g)
40 0 40 0 120
30 10 30 10 160
20 20 20 20 200
10 40 10 40 240
50 0 50 0 160 40 280
40 10 40 10 320
25 25 25 25 360
10 40 10 40 400

Table 3-8. Conditions as proportion of ISP: gluten, total volume: soymilk

ISP(g) Gluten(g) Total volume(g) soy milk(ml)
100 50 100 100
100 100 100 150
100 150 100 200
100 200 100 250

2) ISP, gluten, ™5,

1~23hd% A4 b Agsiota sas

ARE H it o

217} Wrhape

o glutens 97, 92, 87, 82, 77<

A A startere] v EH]

2

SESE Y

Table 3-9. Representation profile of NFS component ratio

A= FHa52 ISPe Z2A| gluten©]
Aelstry] e g 2AE5S FdA.

#15te] Tab. 3-90l A ¢}

ISP Gluten soy milk starter
control 100 97 440 0
F-2 control 100 97 430 10
F2 A 100 92 430 10
F2 B 100 87 430 10
F2 C 100 82 430 10
F2 D 100 77 430 10
R8 control 100 97 390 50
R8 A 100 92 390 50
R8 B 100 7 390 50
R8 C 100 32 390 50
R8 D 100 77 390 50

,60,
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4, Ay A3

7F. NFS9| Az 29

1) 7]% NFS Azdd 2 =4

Fig. 3-1. NFS processed by variable method
(1) tofu type (2) chesse type (3) less water type (4) water type

(1) () (3) (4)

Fig. 3-2. The sections of NFS processed by variable method
(1) tofu type (2) chesse type (3) less water type (4) water type
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AlE starters M - BEAA 4 FHS AP A Frjp 2247 Aol A ISP
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Table 3-10. Characteristic of curd formation by different coagulants

Characteristic

coagulant

X
mm.o

Transglutaminase (3%)

Hydrocolloid (3%)

wE
il

—_—

o

O

o
ZO
Hir
=K
ZO

X

1_|
7AO
o

B

0

7A
0

(3%)

i
<)
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o)
=)

3

&
pY
o

K

gluten

=]
A&

s

(2)

—~
—
~

(4)

3)

Fig. 3-3. Changes of pre-NFS after added the coagulants

(1) Control

(4) Corn starch

(3) Whey

(2) Transglutaminase
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Flavor Animal, Foul

Flavor Coconut, Aimond Flavor Non—citrus Fruit

——0.40 0.60

-=—0.40 0.00

——0.30 0.70

0.30 0.20

—*—0.30 0.00

Flavor Nutty —e—0.20 0.80
——0.20 0.20

——0.20 0.00

0.10 0.90

——0.10 0.90
——0.100.20

Flavor Brown -—=—0.10 0.20
—a-0.10 0.00
0.00 0.00

Flavor Citrus

Fig. 3-4. Web graph NFS for flavor evaluation produced using different proportions

of coagulant transglutaminase® corn starch® ¥R S %= e,

9 A7HEe F5 R MFEd I

o]
Tab. 3-11 o YERd vpe} o] QAAF AFEA] AZAZA trans-glutaminase 2.t
o] Wojxm AT AANAE e FAE YERY o] A A grha dehy Qo

Table 3-11. Sensory evaluation about phosphate for selection of desirable texture

Phosphate
Panel Trans—glutaminase meta—sodium Na—pyro phosphate Total
phosphate Na-pyro phosphate (acid type)
P1 0.30 -1.08 1.03 -0.30 0
P2 1.03 0.30 -1.08 -0.30 0
Ps 0.30 1.03 -0.30 -1.03 0
P4 1.03 -0.30 0.30 -1.03 0
Ps -0.30 -1.08 1.03 0.30 0
Ps 1.03 -0.30 -1.03 0.30 0
P7 -1.03 1.03 -0.30 0.30 0
Ps 1.03 -0.30 -1.08 0.30 0
Po 1.03 -1.03 -0.30 0.30 0
Pio -0.30 -1.03 0.30 1.03 0
Total 4.12 —2.66 -1.33 -0.13 0
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Tab. 3-12 vhehd whe} 2ol Fn] S8 efAE 15%2] 23 Abgo] 71 44
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Table 3-12. Sensory evaluation as proportion of salt for desirable taste

Panel Salt (NaCl) Total
0.10% 0.50% 1.00% 1.50% 2.00% 3.00%

P4 5 5 3 4 4 3 21
P2 5 5 6 7 2 6 25
Ps 5 9 2 9 6 4 33
P4 5 7 9 9 6 5 32
Ps 5 1 2 5 8 5 24
Pe 5 3 5 1 5 5 19
P~ 5 7 7 4 4 7 27
Ps 5 2 8 5 6 3 21
Po 5 7 8 8 5 4 29
Pio 5 5 2 4 3 2 19
Total 50 51 52 56 49 44 250

Wb el BR L 4w
(1) 7e @7hol whe NFSel 54

Nutmeg 0.02%(Tab. 3-13), MSG 0.05%(Tab. 3-14), TAG 0.2%(Tab. 3-15) H7}A
MEE7t 7H =2 Ao Z Yty d7bEo| dn Aol nx= 9SS A

1=}
I TAGZF 274 th& 27k H7beel vs) daert =2 Aoz Jay

Table 3-13. Sensory evaluation as proportion of nutmeg for selection of desirable

flavor
Nutmeg

Panel 0.01% 0.02% 0.03% 0.04% 0.05% Total
P 6 5 5 4 1 21
P> 8 5 7 6 1 27
Ps 4 9 8 3 7 31
Pl 6 8 5 4 1 24
Ps 1 4 5 3 2 15
P 7 8 5 6 3 29
P ) 5 5 4 3 19
Ps 4 2 1 7 8 22
Ps 4 6 1 5 8 24
Pio 6 8 7 7 3 31
Total 48 60 49 49 37 243
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Table 3-14. Sensory evaluation as proportion of MSG for selection of desirable

flavor
Salt MSG

Panel 1.5% 001% _ 0.05% 0.10% 0.30% 0.50% Total
P 5 4 4 5 3 3 20
P, 5 2 7 5 6 6 24
Ps 5 6 9 9 2 4 26
P 5 6 9 7 9 5 32
Ps 5 8 5 1 2 5 21
P 5 5 1 3 5 5 23
P, 5 4 4 7 7 7 30
Ps 5 6 5 ) 8 3 04
Po 5 5 8 7 8 4 29
Pio 5 3 4 5 2 2 17
Total 50 49 56 51 50 44 246

Table 3-15. Sensory evaluation as proportion of TAG for selection of desirable

flavor
TAG

Panel | 5 005% 0.010% 0050% 0.100% 0.200% | '°%
P, 4 7 3 9 9 32
P 6 > 6 5 7 26
Ps 9 7 8 5 9 38
P, 4 5 5 4 4 22
Ps 2 > 5 3 3 15
Ps 7 3 2 5 8 05
P, 5 5 5 4 3 22
Ps 8 8 5 8 5 34
Po 5 5 4 9 6 29
Pio 2 4 7 3 8 24

Total 52 48 50 55 62 267

Table 3-16. Sensory evaluation as comparison of nutmeg, MSG and TAG for

selection of desirable flavor

Panel Control Nutmeg MSG TAG Total
P 1.03 -1.03 0.30 -0.30 0
P2 -0.30 0.30 -1.03 1.03 0
Ps -1.03 -0.30 0.30 1.03 0
P4 -1.03 -0.30 0.30 1.03 0
Ps 1.03 -1.03 -0.30 0.30 0
Ps -1.03 1.03 0.30 -0.30 0
Pz 1.03 -0.30 -1.03 0.30 0
Ps -0.30 -1.03 0.30 1.03 0
Po 0.30 -1.03 -0.30 1.03 0
P1o —0.30 1.03 -1.03 0.30 0

Total -0.6 —2.66 -2.19 5.45 0
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Table 3-17. Representation profiles of NFS component ratio

ISP Gluten starch soymilk  starter fructose
F2 control 100 97 0 430 10 3.2
F2 A-1 100 94 0 430 10 3.2
F2 A-2 100 91 0 430 10 3.2
F2 A-3 100 88 0 430 10 3.2
F2 B-1 100 79 15(7.5%) 430 10 3.2
F2 B-2 100 76 15(7.5%) 430 10 3.2
F2 B-3 100 73 15(7.5%) 430 10 3.2
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Fig. 3-5. Representation profiles of moisture contents and Aw in the NFS
(1) moisture contents in NFS (2) Aw in NFS
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Table 3-18. The volume of soymilk added and condition of heat treatment.

7k () dAeg =2(C) 7+ A H(min)
3 65 15
5 75 20
7 95 25
9 121 30

vl HF starter A

1)

ZIAbgt starter A&

Enterococcus faecium S2C16, Lactococcus lactis ssp. lactis DC24, Al A Fg] 521
Lactobacillus curvatus R8%} commercial staret] Microccus 1525 p.1, Staphylococcus
LS1.1, Lactobacillus LK 30 p4, F-2 & 7F9] starters A&t o5l 71 £&
445 Bl F-2¢ R8 starterE AFESIAT F T starter B 6, 12, 24417 soy
milkoll A &4 8t A[Z1 & NFSA| x| A&ttt &2 ol vl F-2v & 243
Azbdel A a2 E g3 6X7F FAstel A= 107, 12413 A skl A= 10° 24413
g st A= 1079 #55 etk v RS 243 Azt A F2RT S

E Yeiidloy 7k F2R "ojAe Zo® ddE ) weba] Rt
F-25 #HF AdsiA =0

o,
o,

commercial starter?] F-2, R8 & 0|9} &
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Fig. 3-6. The changes of NFS surface during fermentation and aging
(1) control (2) F-2 (3) R8

2) Ay FFo] TR NFSole A& 2 Hzx Al

(7}) NFS real food systemoll 4] startere] &4

[e]

Rhizopus oligosporus KCCM 11605% white colonyS YEFWH L EZA7F DAEA
W TAZE 92 wo] zElE EA o] AATE. Penicillium camemberti KCCM 6429+ ¥

Wygow WA} A= EAo] o %A
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(1) (2) (3)

Fig. 3-7. Colony formation of fungal starter candidates on medium based NFS material

(1) Rhizopus oligosporus KCCMI11605, (2) Penicillium camemberti KCCM6429, (3)
Penicillium caseicolum KCTC6041

) NFSol A 9] starter AH
(1) NFS WelXe] HAsHE 9 A5 7dA4E

Rhizopus oligosporus KCCM 11605, Penicillium camembertii KCCM 64292 NFS
casing ¥Ho] TL3 colony texture® HAt. 28U P. caseicolum KCTC 60412

FEEA9Q colony ¥4 YeERU ST

(1) (2) (3)

Fig. 3-8. Colony textures of fungal starter candidates on NFS

(1) Rhizopus oligosporus KCCM 11605, (2)Penicillium camemberti KCCM 6429, (3) P.
caseicolum KCTC 6041

,’70,



th NFSell A o] #go] starter 4% %=

Rhizopus oligosporus KCCM 116052] 74§ 48~72 AW ol NFS casing®l| colony

7F GERS A TAF P b E=x7bA] 5ol e o] vRE wE JgS 1ot
W Penicillium camemberti KCCM 6429} P. caseicolum KCTC 60412 colony &

s

4

M2l 4~590] A8 FHNL TAF FA F A ExE wrhx] 6~7€o] AR QT

Rhizopus oligosporus KCCM 11605% vl A vl ASE&E2 Q8] of& fhatol] oigh

o A St P. camemberti KCCM 6429 <A Z7]d FE2 oy
Aoy colonyel "Ao=z 3l =4 T HITdTol dd & Z=ExFHICH

caseicolum KCTC 60418 F-EA<Q colony? Aol dojuyn =@ AFAEHE==2 <

38

e dol A olFolx HAAHo] ok oz Fusdu. I HMAHow FF
starters R casing 4o nE =¥V Hx EFa AFo] wWo] vy F+F

starter?] H7l= vl slA] e Aoz At}

2}) w33 o] starters &3 NFSe 54

AzxzE NFSol & 3F9 w3 FrRTES FFsto] TR - sAANTEA FELA

717V 5-8  Rhizopus oligosporus KCCM 116059} Penicillium camemberti KCCM
6429 UlF- ZAkt R v A S22 el WA P oaaseicolum KCTC
60418 HF 3 NFS9 4% =434 7 E¢st AS34S ved® pH/E 87t

i=]
Aoz ol ey AA Ko w7 FHo| starters BT casing o Fol 1E &

7F ® A Bt Aol ol vy #3%o| starterd H7ME vbR A A &S Fow

,71,



(1)

38.00% 1.000
< 37.00% |
£ 37.00% 1 0980
2
 36.00% |
g
g {0920 2
@ 3500% |
2
@ 4
2 3100% 0880
33.00% P R S 0840
0 24 48 72 9 120 144 168 192 216 240
Date (hrs)
—=Inside —— Outside Wiater activity
38.00% 1.000
=3 37.00%
& ; 1 0960
2
& 36.00% -
s 10920 2
© 3500% |
E]
3 1 0.880
= 34.00% | ’
33.00% 0.840

0

24 48 72 96 120 144 168 192 216 240

Date (hrs)
—=—Inside ——Outside Water activity

(2)

Fig. 3-9. The moisture contents in and outside the NFS with molds

(1) Rhizopus oligosporus KCCM 11605 (2) Penicillium camemberti KCCM 6429

(3) P. caseicolum KCTC 6041
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Fig. 3-10. Growth curve and pH-value of Penicillium camemberti KCCM 6429

(1) fermentation period (2) ripening period
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Fig. 3-11. Growth curve and pH-value of Penicillium caseicolum KCTC 6041
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Fig. 3-12. Growth curve and pH-value of Rhizopus oligosporus KCCM 11605
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] Soy protein (100%) |

|

] Add soymilk (100%) |

|

] Mixing on silent cutter |

|

] Add starter and additives |

|

’ Filling in artificial casing |

dipping in fungal starter

suspension (over 107spores/ml)

| Fermentation at 25C for 3 days |

|

] Aging at 14722°C for 7 days |

|

] Final product |

Fig. 3-13. Flow sheet of processing method of NFS (less water type)

ISP+gluten (50+50) |

|

soymilk (100%)

|

] Mixing on silent cutter |

|

’ Add starter and additives |

|

] Filling in artificial casing |

|

’ Fermentation at 25C for 3 days |

|

’ Aging at 15C for 6 days |

|

’ Final product |

pre—fermentation with stater

(6, 12, 24 hr)

Fig. 3-14. Flow sheet of NFS processing method (water type)

,’74,



HEREEE!

Nd

TH

fei
=K

]

o
o
e
N

0

4

7K

il
o

Ho

A

:
=

kA

Z
A=t

Al

L

A2 NFS Z2] o A

iz}

=

d TEANVZ B

=
=

=

A 710
90 mee] 32 FFel peptone 0.1%, NaCl 0.75%

A7

5
T

Bk

A

[e)

=

of

skith NFS 10 g

NFS matirixel A
o

1)

et

TP E

st uf - 9]

FAYe Axs

NESo| A o]

Ho
Al

ol
Nlo
o3

=

1o
ok

N
Ho

B3 7E dojubx] o 9

]

ko>
[}

| casing®] 3

0

Tl ¢

123
=

o
=

ToR

4

A
Tl

iy

0

°ol-&

=

=

Fith Casingoll filler

°

49

Fo] Tab. 4-2¢F #o]

[

WS 722

4-12

4

K

fred

ol

fred

il

~

N

H 2= Alx¥ NFS

1.
H

k<)

Stlth. 3dol M Ada

S

o 7hExEie &y
— ’75 —

)
5

sl A

S

S48 ol g



Table. 4-1. Condition of the fermentation and ripening

condition E 2 s &5 (0) wE 2 s ATIHD)
1 20 5
2 25 6
3 30 7
4 37 -

Table. 4-2. Condition of the fermentation and ripening

condition W& 2%=(C) HA 22=(C) HF AZAVIIHY) A AZA7|7HY)
1 25 15 2 4
2 25 15 2 6
3 25 15 3 4
4 25 15 3 6

i} NFS ¥4 37}

NFS Alzsta 2 Adde A=st] fs 38 dsfdis U5 Tab. 4-3& 7+

3
o sho] FAwe WY 109e] ATk AREE B 24X 55 B A}

IAH 54 8
A o] AA duty g9
1 Hardness 22t o 2 o gusig
Fracturability At & o]zt
2 Cohesiveness Chcewiness Adtt} o ZF1ZE7) skt
Gumminess FA] A Bk
3 Viscosity 2 o AFY « =
4 Springiness geo] gty o wgdesitt
5 Adhesiveness n|Zu sttt o 22 A s}
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ripening

(1) condition from 1 to 3 (fermentation) (2) condition from 1 to 6 (ripening)

0.995 0.965
0.99
0985 | 0.96
0.98 1 0955
Z 0975 2
0.97 0.95 r
0-965 1 0.945 |
0.96
0.955 L L 0.94 L
0 2 3 1 2 3 4 5 6
Date (day) Date (day)
——F2 —=—R8 ——F2 —=—R8

Fig. 4-7. Change of the Aw in the NFS during fermentation and ripening

(1) condition from 1 to 3 (fermentation) (2) condition from 1 to 6 (ripening)
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Fig. 4-8. Change of the number of microorganism in the NFS during fermentation and
ripening(in MRS) (1) condition from 1 to 3 (fermentation) (2) condition from 1 to 6

(ripening)
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Fig. 4-9. Change of the number of microorganism in the NFS during fermentation
and ripening (in PCA)

(1) condition from 1 to 3(fermentation) (2) condition from 1 to 6(ripening)
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Fig. 4-11. The ripening process of NFS was produced by industrial scale
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Fig. 4-12. Changes of total counts and pH in the NFS during fermentation and
ripening (1) pH changes in NFS (2) Changes of viable cells of lactic acid bacteria (3)
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Fig. 4-13. Web graph of NFS for texture evaluation fermentation different period

(1) fermentation period 5 days and ripening period 5 days (2) fermentation period 6 days

and ripening period 6 days (3) fermentation period 7 days and ripeningg period 7 days
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Fig. 4-14. Representation profile of NFS surface and inside at 0 time

(1) pre—fermentation 6h 0.5% sugar (2) pre-fermentation 12h 0.5% sugar (3) pre-fermentation 24h 0.5% sugar

(1)

Fig. 4-15. Representation profile of NFS surface and inside after fermentation

(1) pre-fermentation 6h 0.5% sugar (2) pre-fermentation 12h 0.5% sugar (3) pre-fermentation 24h 0.5% sugar
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Fig. 4-16. Representation profile of NFS surface and inside after ripening

(1) pre—fermentation 6h 0.5% sugar (2) pre-fermentation 12h 0.5% sugar (3) pre-fermentation 24h 0.5% sugar
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Fig. 5-1. Changes of active form isoflavone contents in during fermentation and
ripening.

(1) pre-fermentation 6 h (2) pre-fermentation 6 h, sugar added

(3) pre-fermentation 12 h  (4) pre-fermentation 12 h, sugar added

(5) pre-fermentation 24 h  (6) pre-fermentation 12 h, sugar added
This results were determined by obtained from initial (after pre-fermentation of 6, 12, 24 h), fermentation 2

days, fermentation 2 days and ripening 1 day, and fermentation 2 days and ripening 6 days.
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Fig. 5-2. The changes of phytic acid content in NFS during fermentation and
ripening (1), pre—fermentation 6h (2) pre-fermentation 12h (3) pre-fermentation 24h
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Fig. 5-3. Amino acid analysis in NFS during fermentation and ripening

(1) pre-fermentation 6 h  (2) Pre-fermentation 6 h, 0.5% sugar
(3) pre-fermentation 12 h (4) pre-fermentation 12 h, 0.5% sugar

(5) pre-fermentation 24 h (6) pre-fermentation 24 h, 0.5% sugar
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Fig. 5-4. The oligosaccharides and monosaccharides in NFS during fermentation
and ripening

(a) pre—fermentation 6 h  (b) Pre-fermentation 6 h, 0.5% sugar
(c) pre-fermentation 12 h (d) pre—fermentation 6 h, 0.5% sugar

(e) pre-fermentation 24 h (f) pre-fermentation 24 h, 0.5% sugar
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Fig. 5-5. Changes of pH in NFS during fermentation and ripening

(1) condition from 1 to 3(fermentation) (2) condition from 1 to 6(ripening)

F-29] A% @a34d (25C, % B%)A 7HE ASE=7F 353 571 31921, RS
o] ALw BFEHAA 7MY =S AFELE BT F-2 RS 2% $AFAA(SC, ¥5%
85%) A= 10°~10"9] 742 54 a9t F-2, R8 F starter =5 LE A A vl A

w2 AT Z Jebl A7) NFS Azl o A3 starterd] Aoz Aohy o),

,98,



(1) (2)

1.00E408 110408
1005408 [
_ 100407
£ E QUET [
3 E
&} © L
1.00406 8aEOr
7007 |
1.0046 6.00E+07
0 2 3 1 2 3 4 5 6
Dete Date
—— pre-fermentation 6 hr —#— pre-fermentation 6 hr 0.5% sugar —— pre-formmentation 6 —8— pre-fermentation 6hr 0.5% sugar
pre-fermentation 12 hr pre-fermentation 12hr 0.5% sugar pre-fernentation 12hr pre-fermentation 12 hr 0.5% sugar
—¥— pre-ferrentation 24 hr —8— pre-ferrentation 24 hr 0.5% sugar —%— pre~ferentation 24 hr —8— pre~fermentation 24 hr 0.5% sugar

Fig. 5-6. Changes of the lactic bacteria counts in the NFS during fermentation

and ripening (1) condition from 1 to 3(fermentation) (2) condition from 1 to 6(ripening)
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Fig. 5-7. Total counts of microorganism the NFS during fermentation and ripening

(1) condition from 1 to 3(fermentation) (2) condition from 1 to 6(ripening)
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Fig. 5-8. Changes of the moisture contents in the NFS during fermentation and ripening

(1) condition from 1 to 3(fermentation) (2) condition from 1 to 6(ripening)
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Fig. 5-9. Changes of the Aw in the NFS during fermentation and ripening

(1) condition from 1 to 3(fermentation) (2) condition from 1 to 6(ripening)
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Table. 5-1.

Representation profile of TA analysis

A E HAukg At g
A E AE A E )
67 7L, 12417+ 24X 7%,
6A1 %t 1271 2F 24X 7k
30.5% 3 7} F0.5%3 7} 30.5%3 7}
Product Heght 10.680+ 0.98 11.320+ 1.44 10.470+ 2.17 9.880+ 1.33 10.670+ 1.49 11.245+ 2.43
Initial Stress 3.650+ 0.51 2.722+ 0.94 3.087+ 1.44 4.000+ 1.22 3.181+ 0.96 3.650+ 1.41
Compression 5.660+ 0.71 5.741+ 0.88 5.235+ 1.49 4.940+ 0.95 5335+ 1.42 5.622+ 1.91
Springiness 0.875+ 0.14 0.836+ 0.22 0.831+ 0.45 0.855+ 0.99 0.842+ 0.74 0.829+ 0.52
Cohesiveness 0.694+ 0.11 0.680+ 0.32 0.663+ 0.17 0.665+ 0.21 0.634+ 0.13 0.738+ 0.22
Chewiness 1174.662+ 21.41  1273.565+ 28.11 1001.999+ 18.59  1150.590+ 17.43  968.329+ 17.43  839.667+ 16.44
Gumminess 1341.799+ 25.78  1522.618+ 19.44 1205.602+ 22.73  1345.056+ 22.81 1150.426+ 19.43  1065.812+ 21.94
Adhesiveness -15.308+ 2.47 -17.486+ 3.96 -16.419+ 1.99 -15.312+ 1.45 -1.547+ 1.44 -16.447+ 1.96
Fracturgtlility NA NA NA NA NA NA
Hardness 1934.6+ 26.14 2240.8+ 19.78 1818.78+ 1.43 2022.9+ 14.56 1813.6+ 18.79  1719.22+ 13.29
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Table 5-2. Sensory evaluation of flavor and texture (pre-fermentation 6 h)

flavor texture
sourness FH A hardness springiness adhesiveness
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Table 5-3. Sensory evaluation of flavor and texture (pre-fermentation 12 h)

flavor texture
sourness Z-H Ay hardness springiness adhesiveness
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Table 5-4. Sensory evaluation of flavor and texture (pre-fermentation 24 h)

flavor texture
sourness Ay hardness springiness adhesiveness
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AT E R A7 e 2 e GAE (%)
2EE A4, 4F O Fait ~ee AA
Hel 9 Y5 wg, - &%o] #F(Actinomucor elegans,
g -4 24 Rhizopus oligosporus)2] Z~E}E] 2 A 2]
# % s} g8 7t HE
(Piolt Scale) - Z3po] #F9o vt Aalsiely =4
(FaFF718H) mycotoxin A4Hd B ®loldA HE
(in vitro) 100
O NFS Al=glol A teFst 574 =<l
(in situ)
- GA YRR, GAgFE, s a
wElgd o Ry Age e =1
A7
- g9 98 % HE AME HE
NFS mix®] # 4 s} O 2y 3 %4 =19 A3
2 A A E AR -H7bEe de A 2 HU 21 HE 100
(Fsd+718) -A8 ¥ig casing =49 FH A3}

AT s R AT U8 2 9 9= (%)
HAststo] AxzE F | O AAA FEE AxzE NFSe #42 54
kg A E (NFS) (Hs4, B84 2 L4, 7He7l=sA
°of FHEA, AZA 5 AE
M 2 AxEY T - A7 L mAESA kg Sis
HE Axsd =4 el 28 (Z hurdle 7B ek £9)
(Industry Scale) - AxE NFSe| mAEs A & s)shA,
(F#Fgs71d) Azleba 9 A e g4 (isoflavones, phytic 100
acid &) HAAF
O AglgdAdo] 5 A= P oy
g A Az
- AzxgyTAd H45
- A A R HE e " 54
374 g4

NES9] 24 A= O A R HEF Axxe &4
(B5d+718) - scale-up®] &4 % #5 54 &4 100
- Az 2 g8 34 gy

- 104 -




o7

o

4, J7F =

KR % o O O
~ NN % o o O
[SNEEaNEENaN| % o
(&N TolNle Nl Te)
A % o O
7 - S8S88S
uoooN 7 wm
H _ni ,ﬁW HI ,,a
7o ™ O B - Zo o
wjr U o ; N
w < s o _
woooR X T - <
ol o B X 3
oy e K oy o <
oy wm =0 HP 0 o o]
sl @ T TP =0 o =
' N EK - " s ) Hlo i
R OR Iy - o ”r = X
o B o ~ W S
100 o pi3 %o,ﬂ mn@ 70 o} o wr ~l <
Pl 2rgsT R R I i
R i TR R yoom ¥ -
o A o o O ) — — - oy N X do T
R~ il < B = X ol = X0
~ %o X7 o) Jﬂ N %o o X e
h _ < i KN od { o K = Tw O
o BK L GO 2 e h Ho - gy
o e a2 N o T o W
S raE X DO SR
r iy ~ R ol ~ <
- o) T T n,MomMomT_m X0 7% E N A " Ww
= XM mu! = 5 N do w Wﬂ o %O _
I 5o OF 7 " o o %
0 o 7 S > Jo BB K ) o o
T S BORT X g TP e Fo
Fooodo T s T R rx P H
do T L = g i e R W N
=K = N = N ~ N Nq Ho KR do %O =K X
R T T o T oo o ™
cleEe | EEE T | W o | TEIEZ
= __ 2 g3 ﬁ&ﬂé% &uoi ol %_gﬁyéﬂ
ggaqu B mxH Py O
— ﬂ.ﬂ El m ;QL o o ﬂ.hn_i U.X T R _:_” «g —_ =H ;QL e Q‘._ —
A FZ o3 Fo mo B e K o R e
- g leh 8 Hoax J g R e
o o B Mo & D oz o= N SRl T
e o o K] = M o X N o< = o o
il e o o Z % W T = i W D 0
o \.3/ ° ° X ™ ~ [ _,io E.D
In G = e * K @ Moz W T
B JM;L % \.Iﬁ_Al FI AO_.. ° ° L4 ° b
g N TS & B o o
[ap)] LL %\ Z.ﬁo \I_ﬁi
MR

- 105 -



wofell o] 7]

(A%
)

A 24

B
Nr
"

A

1. 7]

Ton
=

i
3
Hin
=T
o

o

7t

)

=
o

Ho
P

b

ol
e
N

o

o 2A) I AE2ar|E 2 biopreservation

kv
=

Al 3
2]

&

o
S

e (Hurdle-Technology ¢}

|

T
do
oo
|
B

N

o

w_

i
Njo

o

o3} HEo] Aze W

o

#A 75

XY
ol
ﬂ

W
|

oF

1o
XO
WU_-O

7t - g

=
[*

@ FYrtel

@ ready to eat

o (A, 37

ol

i AR A

[e)
R

pul

3 A=

o 2] Aol o

o

4

)
[6)

]_

= 7

<7bE NFSe] FujAgo e 4

o 4

- 106 -



il

a
N

= (NFS) Al

2

ur
=

oﬁ

%

Nfo

a
N

e

!

N
Hin

o

s 3 A= o

kv
=

o AAA &gom A3

stelrha

1 AlA]

HH e} gto] i, Aedd=de Wk 3o

il

Hin
G

o

fanres

al

] A

i)
=

559

AR ey 2 A

=50l 741

I o] Fo] A of

koA
=3

S EEREE

=ol7] #ls o

15

i

2 AztEm 57h7)

S

s5o] &

A
ZS|

ALz A

e

i3

o] T&

=13
=

2]=re] 49 startere] 7

Al ol A

;OL

7f o]

A= starter cultured] =2 starter?

e 23 A7 8 ddEojor & Aow AndY

s}k
=

R

=z 2=
= T

5 IHA)

x99

2R
A=

)

=
T

stgom (

o] 3l

)

)

| AAH s 2

9]

qom olo wil AxzE NFSe k1A 7k of

i

=r
7+
o
)

ol

oyt A

- 107 -



A6 F AT HAANAN - e ed R

1. 959 T ZRAFA A FE£H A7 7€ A5 FF

Foolut givke] sufu, A=UlAIo}e] temphe, Z 29| tahuri, Bl=<] tau hu yee, ¥
tofuyos el el Zt=ollA F HEAFe] FE8AIN AeEAdS ety s SR
Al A @ el oig A7 @t dg o] vk 53] sufud] A4 B A A

Fuol =l A= FARE FEee 24 v 2 5 4258 2de HEes

Biogenic amine (BA)¥= thsh WEAFolA TANHE F7IsER AFdA 2 7HA
istamine?} tyramine®] A2 @o] 155 o]
A gtk 2E mAEY BAXA e wiA]l amine A= E S FHUEstke] wiA o] A st

& ##H3 Ads ALY HPLC 42 sl Wlo] glon 2 Ao 4= pH indicator= 4]
bromocresol purple, =% 2 £ X4 pyridoxal-5-phosphateE 713t AEux = AL-g3}5ic)
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of A E HEst=H B &3 A3 A wHE ANE 5+ A0
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P3-37

Physiological and Structural Changes of a Soybean Product Fermented by
Lactic Acid Bacteria

Min-Kyu Sohn’, Un Jin Yun, Mi Young Yoon, Jae-Hyung Mah and Han-Joon Hwang
Graduate School of Life Sciences and Biotechnology, Korea University

This study was performed to develop a soybean product (NFS) fermented by

curd-forming lactic acid bacteria, For curd formation, two isolates selected because of
excellent curd-forming properties and carbohydrates hydrolyzing abilities. In addition

three commercial lactic acid bacteria were compared with the isolates. To enforce the
texture properties in the soybean product, the product was treated with a reagent for
coagulation. And then, physiological and textural change, and micro-structure in NFS
were observed, As the result, NFS inoculated with the selected isolates and commercial
strains showed that pH-value decreased from 52 to 48 and viable cell counts were
reduced 10’ to 10° The isolates produced more acids and less sour flavor than
commercial ones. It was observed using SEM and then the strains inoculated impartially,
although the micro-structure in NFS had many pore. Consequently, the isolates may be
potential for starter culture to produce NFS. The candidates of the strains will be

furtherly applied to NFS production in situ. |
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P6-072
Antimicrobial Activity of Enterococcus faecium S2C11 from
Fermented Soy Product against L. menecytogenes

Mi-Young Yoon', Min-Kyu Son, and Han-Joon Hwang
Graduate School of Life Sciences and Biotechnology, Korea Umiversity

Total 189 strains were isolated from 20 samples of traditional
fermented soybean food. Antimicrobial activity was examined by the
modified direct method and an agar diffusion method. Among of
isolates, S2Cl11 and S2C16 strains were showed the strongest
antimicrobial activity against L. monocytogenes. They were identified
as Enterococcus faecium with 165 rDNA sequence and determined
- hemolysis and amine decarboxylase activity for safety. Antimicrobial
spectrum was determined against 17 strains of pathogens and 6 strains
of lactic acid bacteria. With regards 1o the agar diffusion method, the
clear zone on L. monocytogenes was 15 mm, indicating the strain is
more sensitive than other strain tested. and corresponding to 0.6 mL
eq./disc of MIC. Mode of action about enzyme treatment and heat
treatment, effects of pH and solvent were determined. Antimicrobial
activity of S2C11 was stable to solvent, acidic and basic pH (except pH
12}, and to heat treatment conditions of at 43, 60, 75, 90, and 1217
for 15 and 30 min, respectively (except at 121C for 30 min)
Antimicrobial material of S2C11 was presumed as lipid-like matenal
because retamed its antilistenial activity afier protease, protemnase K,
trypsin. ccllulase treatment, but was inactivated by lipase.
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P3-078
As Variable Additives, Processing of Soybean Product
Fermented by Lactic Acid Bacteria

Min-Kyu Sohn’, Mi Young Yoon, and Han-Joon Hwang
Graduate School of Life Science and Biotechnology, Korea University

For developing a soybean product (NFS) fermented by curd-forming
lactic acid bacteria, this study was performed to enforce the texture
properties as variable additives. Four parts of additives selected, three
kinds of sodium phosphate, hydrocolloid, trans-glutaminase and a whey
protein concentrate and were compared with each other. And then, to
confirm textural changes in NFS used a texture analyzer (TA) and
sensory evaluation. As the result, K-carrageenan and a mixture of
xanthan and locust bean gum, two hydrocolloids, and three trans-
glutaminases showed that the texture enhanced in about springiness,
. hardness, gumminess, chewiness, fracturability, adhesiveness and
cohesiveness. Although sour flavor as similar with lemon except for
sweetness increased when added two hydrocolloids. In other hands.
NFS added three sodium phosphates showed that springiness had poor

Consequently, trans-glutaminases may mostly activate to bind proteins
and cooperate with curd-forming lactic acid bacteria. The candidates of
the coagulating agents will be further applied to NES production in situ.
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The Use of Toxicological Bioassay and Ames Test to
Asses Suitabilty as a Fungal Starter

Mi-Young Yoon'', Min-Kyu Sohn' and Han-Joon Hwang'%.
'Graduated of Life Sciences and Biotechnology, and “Depart-
ment of Food and Biotechnology, Korea University

Brine shnmp assay, cell culture test, and Ames test were
used to assess safety of selected mold starter candidates.
Previously, we have selected mold starter candidates and
evaluated their properties according to enzyme activities,
morphological characteristics, and growth conditions, Finally,
eight strains of candidate were selected and cultured in YES
medium. The extracts of mycelium showed stronger effect
than culture supernatant on Artermia salina test. Mortalities
of shrimps showed below 10% in all of samples tested,
except for mycelium extract (1 mg/well) of Penicillium
nalgiovense DSM 897 that was shown to over 30% of
mortality. With the cell cytotoxicity to vero cell, P. cam-
emberti DSM 1995, P. camemberti KCTC 6429, P.
aaseicolum KCTC 6041 showed 26, 21, 19% cell debris,
respectively. And to HepG2 cell, viability of P. camemberti
KCTC 6429 was 79%. In Ames test, five strains were
negative because revertants were extremely low compare
to positive control and showed no direct mutagenicity.
However, P. camemberti DSM 1995, P. caseicolum KCTC
6041, and P. camemberti KCTC 6429 were shown weak
positive in the bacterial reversion assay with Salmonella
typhimurium TA100, TA1535. Consequently, these results
might be suggested P. camemberti KCTC 6429. P.
camemberti DSM 1995, and P. caseicolum KCTC 6041 have
potential for mycotoxin production.
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P3-50 -
Development of Novel Fermented Soy Product
Min-Kyu Sohn'’, Mi-Young Yoon' and Han-Joon Hwang'*.
'Graduate School of Life Sciences and Biotechnology and
“Department of Food and Biotechnology, Korea University

This study was performed to develop a novel fermented soy
product (NFS) by lactic acid bacteria. For selecting strain
of excellent curd-forming and good sensory properties, 20
strains were primarily selected for candidates and cumpared'
with three commercial lactic acid bacteria. To enforce the
texture properties in the NFS, the product was treated with
trans-glutaminase (TG), gluten, hydrocolloid, and starch by
adding each ratios. The physiological and textural change
of NFS samples were evaluated by texture analyzer and
sensory profile. In addition, sugar, salt, and glutinous starch
syrup were treated to NFS for developing sensory properties
of taste. And nutmeg, mono-sodium glutamic acid (MSG),
and glutamate were treated to NFS for developing sensory
properties of flavor. As the result, isolate No. S2C16 was
selected because of excellent curd-forming, good sensory
properties. As the reagents of enhancing the texture, TG
and gluten were selected and added 0.3% and 20.0%.
respectively, And fructose and glutamate were selected and
added each 0.4% and 0.1% to NFS as the additives for
improvement of sensory properties. Consequently, the NFS
may be potential for novel fermented food, although NFS
still had beany flavor and weak texture.
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Application in the Removal of Nomdigestible (Migosacchandes in
Soybean Milk

Mi-Young Yoon® Graduate School of Life Sciences and Biotechnology, Min-Kyu
Sohn, EunJung Lee and Han-Joon Hwang Graduate School of Life Sciences and
Biotechnology, Department of Food and Biotechnology, Korea University

The crgalactosidase activities of lactic bactenal solates were evaluated to select
suitable strains for producing functional food from sovbean About 90% of isolates
were able to grow in soymilk, lowered the pH. and produced lactic acid. These
strains could be classified into three groups based on their hydrolyzing capacity
of non-digestible oligosaccharides (NDO). Out of 171 isolates, 34 strains could
ferment both raffinose and stachyose. Isolates No. RE and JKS535 were selected
having high fermentation ability and were identified as Lewconastoc mesenteriodes
using PCR amplificaton. The maximum acuvity of cell free extract of 1solate No
JKS5 was determmned to 98.6 + 3.8 AU (uM/nun) between 18 h and 21 h, which
corresponded to the late exponential phase of growth and then rapidly decreased
o 61.8 £ 4.1 AU after 24 h incubation. On the other hand, the highest acuvity
of isolate No. RE was 929 = 11.3 AU at 9 h, and slowly decreased to 57.8 =
6.0 ALl after 9 h. Effects of sugars on ergalactosidase activity, raffinose or
stachyose acted as efficient inducers. But this enzyme was inhibited by glucose.
When same ratio of glucose was added to 0.5% and 1.0% of raflinose, o
palactosidase activities lowered to 41.5 & 5 and 20 ¢ 0.7 AU, respectively. In
model food systemy two straims hydrolyzed effectively oligosacchandes. Especially,
isolate Noo JKSS strmn metabolized preferentially stachyose showing the reduction
of 91.52% after I8 h, while the consumption of raflinuse was less, 86%. Afler
24 h incubation, these sugars were letely hydrolyzed in a soymilk. Finally,
it is concluded that L. mesemiteriodes JK55 was the most suitable strain to produce
the yogurtlike fermented sovbean milk without NDO cause flatulence.
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P6-19 :
Fermentation products of Leuconosioc mesenieroides
JK55 and Lactobaciillus curvatus R8 in soymilk
Mi-Young Yoon'" and Han-Joon Hwang'?,

'Graduate School of Life Sciences and Biotechriology,
“Department of Food and Biotechnology, Korea University

Leu mesenteroides JKH5 (JK55) and L. curvatus R8 (R8)
were used for the production of soymilk. The changes in
the content of some components including sugars, organic
acids, and bioactive isoflavone in soymilk during fermenta-
tion were examined. Two strains effectively metabolized the
stachyose and raffinose, after incubation for 18 h at 37°C.
During the fermentation, contents of raffinose, stachyose,
and sucrose and pH decreased. The lactic acid content was
2.0-2.7 folds higher than that in soymilk did not fermented,
after 24 h fermentation. In addition, acetic acid content was
slightly increased. The bioactive isoflavone content was in-
creased from its initial value of 1522 mg/100 mL to 39.14
mge/100 mL and 36.05 mg/100 ml. in soymilk inoculated with
JK35 and RB, respectively. Therefore, a soymilk added nu-
tritive and probiotic value can be prepared by fermentation
with JK55 and R8.
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Kinetic properties of a-D-galactosidase frum Leuconostoc
mesenteroides JI<55 -
Mi-Young Yoon' and Han-Joon Hwang

: leduate School of Life Sciences and B;nmchnuiog:,r,
I'_'.Departmmt of Food and Biotechnology, Korea University

The kinetic properties of @ -D-galactosidase from Leu.
mesenteroides JK55 and L. curvatus R8 have been inves-
tigated to determine the optimum conditions for the hydrol-
ysis of raffinose sugars in soymilk. JK55 showed the stron-
ger activity than R8 to removal of non-digestible oligo-
saccharides in fermentation of soymilk. Maximum and spe-
cific activities of the enzyme produced from JK55 were 33.7
IU and 15.1 AU (IU/mg protein), respectively, at 37°C, pH
7.0. The Vaux and K 'asg, concentrate of p-nitrophenyl - a -
D-galactopyranoside (pNPG) were 7.77 [U/mL and 1.08 mM,
respectively. The relevance between cell growth and enzyme
activity was also examined with mMRS added 5% raffinose.
The enzyme aéti-vity on pNPG was highest in late ex-
ponential growth. The enzyme partially inhibited by glucose
and retained 72% of its initial activity following 3 months
‘storage at 4°C. The pH stability of a -galactosidase from
JK55 was relatively maintained in neutral between pH 65
and 10.0. In ﬁdditian, optimum pH was 7.2. The enzyme ac-
livity was shown to have an optimal operating temperature
of 37°C. The enzyme showed stability on temperature of
range from 0 to 40°C. The half-life at 37°C, was shown to
be 1 h. We confirmed that the a-D- galactosidase has the
molecular size of about 80 kD using nondenaturing-PAGE
together with zymogram.
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