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geotrichum SJM-59 for preparation of probiotics; , [ar=2]F3e3) % ;5 | 14, 2005,
pp.493-497.

H.M. Jayaprakasha, Yoon, Y.C. and Paik, H.D., “Probiotic functional dairy foods
and health claims: an overview”, Food Sci. Biotechnol. 14, 2005, pp.523-528.

whxbe ) Wz, o)A, G s, 2F 9, hEsh, HAA, 2005, pp.159-168.

AT, A2, AAA, 2005, pp.327-343.

o], AAA, 2004, pp.127-129.

21) &7, o]+d, Xu Bao Jun, A%<, "dentification of Yeasts from Korean Feces
a Prerequisite Charaeterization for Preparation of Probiots; , T3]3 3}8}3] ]
13, 2004, pp.63-70.

TR, 212 b d, AR, $174E, "KefirolA #2813 Candida kefyre] A+t A
s 9% 54, , 5544 EEs A, , 48, 2006, pp.307-314.
AEY, T8 (FRHN)S o] &3 probioticse] A, . F&=a7sk3] x| 12 1994,

2 do

[e

AAA, e, AgE, AL RE FgE Ay g gFe] ZEulojeE &
Ay, T AEFARRES A, 12, 2005, pp.184-188
22) 254, Chan-shick. Kim, ©]4#, " Bioconversion of soybean curd residues into
functional ingredients with probiotics; , [er=2]Edgaets =, | 9, 2004,
pp.138-143.



Al 2 A Qualified Presumption of Safety (QPS)

Europe food safety authority (EFSA) & QPS (Qualified Presumption
of Safety of microorganism in food and feed)Z biological agent (V] %
?T)J =)
SotAthY)  EFSAT 2353 e e A4 fsacls
7}0} ¢1=38 4 9 7|Holth. ol A= EFSA7F GRAS (Generally
Recognized As Safe)& AF&3F#] 231 QPSE A 8A17]7] W&o, 5L
s AR g = GRASS QPSIlA = ZHzh thE AdHEE YEeRY
ATtk QPS+i Dbiological agent A9 <FHA]  (safety)THS 718}
biological agentE& AJ4tst7] 91k Eo]ldl FAely biological agentE
Abgste]l Aibete HF:AES 40 dsidE hHdAdS HrtekA E=
t}.

w1 WS 2| 23k @82 Saccharomyces cerevisiaett X = A Z
o] A}-83}+= Lactobacillus bulgaricus 52 272 @ A} oA 43
Hoz sttt JAXFHI e mAEo|T 2y giFEe mA
(biological agents)ell W&k St/ o] s = & dHA JA ¥ 33

=) b
Aoz PFHol YAE B upehd SEF AFHYE W= Aud

adubx el Q= H7FH (generic risk assessment approach)®

o,

+

k!

U Al EolA S %éﬂﬂ Y754l glvbar EFSAC] BIOHAZARD panel
o] IdstA HW QPS /TS WA #Hr}h o9} o] QPS UFS o

o3& HaF, v AW, X2, Transformation of the Glycosides from
Food Materials by Probiotics and Food Microorganisms; , [3t=n] A& 33t3)
Ay, 16, 2006, pp.497-504.

9, o1AE, A9, F&25, AF3], &S, ProbioticsE o]-&3te] HaAzl 3
2 7MEEAE DR EEA | TAI A ESES A] ) | 34, 2006, pp.158-165.

23) R.G.K. Leuschner, Robinson, T.P. Hugas, M. Cocconcelli, P.S. Richard-Forget, F.
Klein, G.Licht, T.R. Nguyen-The, C, Querol, A. Richardson, M. Suarez, ]J.E. Thrane,
U. Vlak, JM. and von Wright, A. “Qualified presumption of safety (QPS): A
generic risk assessment approach for biological agents notified to the European Food
Safety Authority (EFSA)”, Trends Food Sci. Technol. 21, 2010, pp.425-435.
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biological agenti= "|A&E TFTE ©o|&3ALY o|E A EI7FF o] &5}
2 A§-o EFSAZRE FrhHel oA EAS wHAwA  wrh

BIOHAZARD panelel 23 QPS ¢1=2 sintt}t 7/HAEH 2 Ao}

QPS listell Debaryomyces hansenii (Pichia farinosa), Hanseniaspora
uvarum, Kluyveromyces lactis, Kluyveromyces marxianus, Saccharomyces
bayanus, Saccharomyces cerevisiae, Saccharomyces pastorianus,
Schizosaccharomyces  pombe,  Xanthophyllomyces dendrorhous?}  feed
additives @ plant production product®4] AF&7}ssltta ol Qi

3T

Pichia angusta, Pichia anomala, Pichia jardinii, Pichia pastorisT 2%
T4 AAE 9% HEH o= QbHE A AFETEEE Ao RE AFH AT

A 3 A A% (White Pan Bread)

-

]J__'\:_‘
355074 el W spAo] MAHEY = it o]
doughs ©]-&3te] WS TEIAZ F & Aoz FALAGYD a9
Sk

sour dough:s HHE

Lo,

a5 SR =AY ok aER

t}. Sour dought 18684 4d€ &r7l =d3sl7] A7b# e g Wy
o] styE AEE oM W Aol startergt= v E Q1A E Sl T)26
ol Wgols R o3 dmE gl o3 WEAEL W Fn
Ageta 71573 E

o
=
gas HAste] WSS FEe

il

il

24) EFSA, “Scientific opinion of the panel on biological hazards on the maintenance of
the list of QPS microorganisms intentionally added to food or feed”, EFSA Journal
7:1e93, 2009.

25) W. Doerry,. op.cit , Vol. 20. Chapter 7, 1998.

26) o1F 4, o|A A, A, wHdF, AAA, 2003, pp.1245-1252.

27) T.F. Sugihara,. op.cit , 1977, pp.76-80.
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=

NAL Eae] Agel elale] wEel Bald A7

(biological value)7} 7141 ¥t} .28)

fll
_ti

EEECRR
wel  wEel Wl  mRE b dwdem  AgdE

Saccharomyces cerevisiae ©]2]9l San Francisco sour doughol] A #2]¥

S. exiguus, S. inusitatus, S. uvarum S°| Ut}.29

A 4 A BAEAY (Texture Profile Analysis, TPA)

i

TPA #AWH-& AZ(texture)©] #sEA (sensory)ol] "X+ JatS =
Ast7] fste] 1960t tE itk TPAE "Two bite” compression
testE& FaASTE o= AlHeo] AFES 23] AAES wWel HIES 'Force

()" o 'Time (A7) g =z=2 vebd Aoltt. (Fig. 1)

TPA EA o5 dojZ texture profile curveZ4HH th53 & &S
A= 7 T

1. Fracturability: The ease with which the material will break.

2. Hardness: The force required to compress the material by a given

amount
3. Cohesiveness: The strength of the internal bonds in the sample

4. Adhesiveness: The energy required to overcome attractive forces

between the food and any surface it is in contact with.

5. Springiness: The elastic recovery that occurs when the

compressive force is removed.

6. Gumminess: The energy required to break down a semi—solid food

28) o] F 4, o|AlA, A, v, AAA, 2003, pp.1245-1252.
29) T.F. Sugihara, . Kline, LMiller, M.W., “Microorganism of San Francisco sour dough
bread process”, Appl. Microbiol. 21, 1971 ,pp.459-465.
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ready for swallowing

7. Chewiness: The energy required to chew a solid food into a state

ready for swallowing.

force—

of the

initial  slope

the

of deformability:

8. Modulus

deformation curve before the first break in the curve (i.e. before

fracture of the sample)
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. First Bite . Second Bite .
Downstroke  Upstroke  Downstroke Upstroke
- Ll L L L
o 12 Fq
o
- FI
|
|
|
|
|
A. |
1 |
° |
0 —
A 3 Dl ame
Fy

Fig. 1. Typical curve of texture profile analysis. Texture profile parameters

are determined from: Fracturability = F1, Hardness = F2, Cohesiveness

A2/Al, Adhesiveness = (based on) A3, Springiness = D1, Gumminess
hardness x cohesiveness = F2 x A2/Al, Chewiness = hardness x cohesiveness
X springiness = F2 x A2/Al x D1, Modulus of deformability (based on) slope,
S1
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A3 AHAE R WH

1. Galactomyces geotrichum SJM-59¢] ujj &

Galactomyces geotrichum SJM-59¢} W Z42 A3t Saccharomyces
cerevisiage= (F)HErto] 2.9 FFRALRRE Fgow FFugitt G
geotrichum SJM-59E potato dextrose broth (PDB; Difco, USA)o| %
stel (O.D. = 03 £ 0.05), 140 rpmo. =2 WHFSFHA 24A17HE<F v 35k
t} (30 £ 1TC). Log phased ZEXEE 3,000 rpmell A4 10+3F (20 £ 17C)
Ar gt ZRAAE 3Fotdlar, HraHEde] dae AREskth
S. cerevisiae= Ho g 3lgete] FANzRS 5 AW A xA 4

== AbEskA

offt }-EI

01551} l:lo]—

A& 10 gol TFFE "7t 100 mL2 F83 & 30C9 AEse
FEAA 4AZE T FESEA T ol 15000 x g (4T) oA 10=3F ¢
Al &2l (High speed refrigerated micro centrifuge, MX-301, Tomy,

Fremont, CA, USA)3teo] 4 A AS gAhHo 7 AL
Alpha-amylase &7 =+= dinitrosalicylic acid (DNS) 30 o g =%
Ak =, 05% soluble starch €9 ImLE Alg & € 30C FZolA

A F &4 H 1 mLE 7Feto] 303 WA AT whE--& ol
o] DNS Al¢ks ¥ #F+ =olA 5i3F vhgA 7| W] WAzl &
550 nmell 4] Aste] Alg 1 go] 1 &< AT AT
glucose® 2+aFA T

Protease @A %EE Kim et al. (1998)3De] Wy o g Z=AHsAv. =,
0.6% casein %Qﬂ (pH 7.0) 3 mLE 30CollA 283t odate] =a A
mLE #H7}gk & 30TCoA 1083 ¥gA]7]3L, 04 M trichloroacetic acid

ol

e,
oo
it
A

pol

30) G.L. Miller,. “Use of dinitrosalicylic acid reagent for determination of reducing sugar”,
Anal. Chem. 31, 1939, pp.426-431.
3D) A%, 49, oxloh, AEH, (nFF WF nF ETE uFgel w

o, HH?@] F3sts A, 30, 1998, pp.924 933.

,4/\5] u]

fol
I
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(TCA) 5 mLE #H7Fste] 30TColA 30%7F WkS-A1 7] oS o 3t} of
ol 2 mLoll 0.4 M Na2CO3 5 mL¢ Folin Al¢F 1 mLE £33k 3 30Tl

A 30+ e TAAA 660 nmE FHFEE FAHSY] &4 1 mLelA] 1

w31 pM9 tyrosines fEld WE 1 unit=Z 3%

3. G. geotrichum SJM-59< o] &3 Xy Ty dEHo] Wy
N+ (Glycine max, Eunha-kong)E vF33sto] n-hexaneo = &#| s &,

Park (1993)32)e] e ozl A|who] 7Fast tlFES A3 U+
Bk 50 goll 74 150 mLE ¥ 93 31 x 10*-1 x 10° cfu/mL

Galactomyces geotrichum SJM-59¢F 3 (1-5%)= % 7}sle] 28-377T ol A]
aatslet. HEVE g5 ARe gdxse] 29ste §, -20T
HastAaA EAAER2 AFESEA T

ar
=

wavt gd5" A5 FESHLS Moisture analyzer (MS-70, A&D,
Tokyo, Japan)® =43}, Zuwza Zxw stake AOAC 4

(984.13A-D, 920.39A)°l we} A k3t

¥ (Jenico Foods Co., Korea)S AM&3FSitt. =)

I Ao Awe AACC 101-10A33 (AACC, 2000)°] o3k A3 uk=Ho
w2t Table 19] A8E W57]o] Y £9sto] 223 w3/ & T5
o= 583 &3sta A 1o 533 TS T 28T e 2%
o 75%° FE & FrAste] 401 12 HEE TR, 160 g4 &

32) e, TUlF g
pp.643-649.

33) AACC, Approved methods of the AACC, MN, USA, The American Association of
Cereal Chemists, 2000.
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10. A "e] H &4
o] Ryt FES ol FF FANDUN 02 YA, o F I

o= wprol M §HS REFG

Alge] Ax= AAA (Color reader CR10, Konica Minolta, Tokyo,
Japan)E o] &3&te] 543kl al, Hunter?] L, a, 3 b #to= UEIH
o wl Al&3 FTEWMFO WAHXE L = 9846, a = -0.23, 183 b = 1.02

12. A% E4

2SS 3 x 3 x 3 cme JEAZ ZFE EAHAS SASE e, o1 =4
S Table 29} #Zt} (Texture analyzer TA-XT2, Stable Microsystem,
UK).

13. #5374
20~400 W 129 BEAALYoR HAste] £ Ade] 43 3
gl dsl # AT £ QS BEAAE AMEI) olhd A
52 AASAT A Azsel AedM WA F, #EAA e A
2 Agadrh 3, USRS ol e 348 A=

o
T AR Ao ol el Al AEskth. Alse] ©f3 (appearance), |

L

=

34) E.J. Pyler, Physical and chemical test method, Baking science and technology, 2™
ed., Sosland Publication Company, Kansas, USA, 1979, pp.891-895
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(color), &7] (flavor), %t (taste) % HAAAH FE&% (overall

acceptability) & 9% HEWE o] &3t £& AL 94, ¥ A& 17e=

14. F=dH o9 A (Antimutagenic effects)

StEAH AL Salmonella typimurium TA9SE o] 83}e] Maron &
Ames (1983)39)9] W o= ZASAY. S typimurium TA9IZE genotype
(rfa mutation, ampicillin resistance, histidine requirement A]& o4 o7
o]  #l)e  AFEEATh S99 mixture=  Arochlorl254%  SD
(Sprague-Dawley) ratel 500 mg/kg body weight® FA}ste] AL 7Ho
2HEH ZA T S9& cofactor mixture (1 M NaHPO4; 300 mM HoPO,,
120 mM MgCl,-6H-,O, 12 mM EDTA, 200 mM glucose-6-phosphate,
16.2 mM NADP)ol thall 5% 718t Attt AL ice bath “goll
2 05 mL S9-cofactor mixture, 0.1 mL S. typimurium ¥, 50 pL
sample, 50 pL aflatoxin B1 (DMSO)= Yo X&ujF (37T, 150 rpm, 30
min)3tal 2 mL top agar (0.5 mM histidine, 0.5 mM biotinS 10% $-)
= 218 minimal glucose agar plate®] =23l t}& 37Tol A 484 7F ujj ok

AN
3t & revertants = A48tk

15. &&EA

A ALAMEFT (MKN-45)5 SFHAEZFSPOZHE  Futo}
10% fetal bovine serum (FBS), 0.1% penicillin—streptomycin (10,000
units/mL.  for penicillin and 10 mg/mL of streptomycin)e] 3X3t%
Rosewell Park Memorial Institute (RPMI) 1640 media (Gibco, USA)el
w9 (37°C, 5% carbon dioxide, 95% moisture)3} i th.

Hj okl oA L= 0.05% trypsin-EDTA (Gibco, USA)E #g]&tit}. ¢+
AEZE 1 x 10* cells/wellZ2 ¥53 t}2 CO, incubator (5% CO,, 95%

35) D.M. Maron, and Ames, B.N., “Revised methods for the Salmonella mutagenicity
test”, Mutat. Res. 113, 1983, pp.173-178.
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H;O, 37C)oll 5A1ZHs<t wish & A5 &5 H7leto] 724135t wi st
th. Hj%o] g HEIFTo 20 pl MTT  {3-(4,5-dimethylthiazol)—
2,5-diphenyl tetrazolium bromide}E % 7}8}e] 4A]7FHs<F CO, incubator
(5% CO, 95% H0, 37T)el wigstdct A5 S AlAsta, DMSOE
Hol P4 E formazan crystals §3AIA 540 mmolA e FFEE 73
shlal, FdEd s v A ow AFEsiith

Viability (%) = Absorbanceof control — Absorbanceof sample %100

Absorbanceof control

S
A #AAL Duncan’s multiple range test®, T A|879 FIAHAAES
Student’s t-test=3F T EA A o= SPSS(ver. 14.0, USA) Z =19

& Abestlnh
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Table 1. Composition of ingredients for white pan bread making

Ingredients (g) Control GG-1 GG-2
Bread flour 1,600 1,520 1,440
Water 1,000 1,000 1,000
Whole egg 90 90 90
Sugar 90 90 90

Salt 35 35 35
Yeast* 45 45 45
FSP** 0 80 160

*Yeast: Lyophilized Saccharomyces cerevisiae. **FSPP; Lyophilized

soybean protein fermented by G. geotrichum SJM-59.
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Table 2. Operating condition for texture profile analysis

Classification Condition

Pretest speed 10.0 mm/sec

Test speed 1.0 mm/sec

Posttest speed 1.0 mm/sec

Probe P10 (10 mm DIA cylinder aluminium)
Sample area 3.0 mm?

Contact force 50 g

Threshold 200 g

Distance 10.0 mm

Strain deformation 90.0 %
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A4 A2 2 nF

1. Galactomyces geotrichum SJM-599] uj %

G. geotrichum SJM-595 30ColA vl S weo] A=A Fig. 2
oF ok w3 A 12A7HHE 24X A G geotrichum  SJM-59+=
logarithmic phase®l ZY43std MESF7F 5353, I o] Fo &= stationary
phaseo| =g3to] AlxFo] AL F£53] kst webA] w244
Aol ARE 3Fetal FAAERT F *20°C°ﬂ At o] 5o A
of AR-&3t3dtt.

G. geotrichum SJM-59% A Ulo] x5 AYa 9t} (Fig. 3). &5
Al ol EAsts £ BR7F A58ty - o] W, 245}
HHA gRe ASS =W £ ups)  FEXAERA G geotrichum

2}

SIM-59+= Al A st & A5 Aoz ARHAT

FAEHAE S

G. geotrichum SJM-59 wF°| AF1A &&7Fs4S dotstr] 9etod
amylase (alpha-amylase)®} protease FA =5 =A 3t Z3+= Figs. 4-5%}
2o wrg A 7ke] Aystol] wrel G geotrichum SJM-59 2] 7l4(A
)7 S7vekaa, w5 72 S7FeE 3 amylase®t proteased] 4%

st 7 elA Y. o= FF Aol AMEE &= Aspergillus oryzae &
7} AYE protease ¥ amylase A =0 A&3= A}o]QlthsD
Holl S, cerevisiasex= WEAIZF R T F7Fe}E AAGlo]l FFRAEG
&

& & v HAE amylase ¥ protease TAHEE YERNA 2Tt

Lo I

oo L

36) 227, ol+d, Xu. Bao. Jun, 473, AAA, 13, 2004, pp.63-70.
37) o5, olFW, A, TEuulA At mhE A By 2E A4F MAE
a4 2 1A Weh,, TRRS SRR, 43, 2000, pp.27T-284.
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(data not shown). W&tA, G. geotrichum SJM-59
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X

oz Azdol o1 St AVE AL QEREAFo by 2

2
40 W (Wad: Aspergillus oryzae) O % XﬂZ:?} 9He gExT =

Alg3tA T (Fig. 6A). GFP €3 (Fig. 6B)2 dEd oz Axd A%
(Fig. 6A)BE T =7} Fof B FAS Yetuyle (Table 5). GFPE &
ARzl LRI FEo] 165 £ 1.92%7F =2 AxX3 F Alg2 AE3)
A TH.

GFPe] dwkdits 248 A= Table 63 2tk Table 6914 ¢ %

GFP+ ZHErt aild w9 g g2 Fojxo=z oo} 3
st AE o] GFPRUY {fodo= =qkty. GFPe w4 sk
a2 #AE GFP Jd

6. HFEULEE (GFP)9 #Foln =it £4
GFPY frgoln =it 248 4319t (Table 7). GFPell 7174 2o

_27_



ShEo] e oln Ak leucine (24.88%)°] L AL, glutamic acid
(12.76%) > wvaline (12.44%) > phenylalanine (12.28%) > isoleucine
(11.16%) o2 HAZE% At Methionine?} histidine?] &2 7Hg v
FTER SOl AU

Leucine, valine, phenylalanine, isoleucine, threonine, methionine %
histidine “23t (bitter taste)’s W obv=Atelth. GFP+= 454%7F &
WS W= ofr|xatoe g FAlE ol At Glutamic acid®} aspartic acids=
“T-9=3 1k (savory taste)”S Wi ofm|:=Ato]th GFPi:= glutamic acid<b
aspartic acid®] 3ol 10.5%°] A .

T arbeEe] opneal 243 o Aol= MAE F4, 95 W

=

&, WE 7 2 2ol ek gErha) gEREstEEe felohu il
2R F EE R AA o g5t AR FF, ARW )
Fulg, SALE, S471%, waxd L 4n Fo| A Gy o)
wake] T4 H g Sol o8 G wiEvhe)

A3 2o FRUAAF FHE folnwite FR G 2

o~

ol HEAES "o 9SS +#th. =, glutamic acid, aspartic acide} 2

2 AHA ofm| At o) ekzre] Aluks FAShH, ofn| x4t Y X

Aol whel g AEe] ek gro] PAHET  Anky oz FHAA Tt
o

F Ee s AR = ofv] Ak glutamic acide]th44d)  Kim & Leed]

41) A, YT, A, "HAE MU 239 2 A, g Fxe A, ,
24, 2008, pp.198-205.

42) &4, R, A", F83, AFE §79, T FEH A8EF Ut A4 o
Ty, TB=EFAE R | 14, 1997, pp.27-36.

43) AR, s, T & Hrhrp Do) Fde vA= 9%, , Tadxseystst
3| Ay, 47, 2004, pp.208-215.
F%, HEe, dEq, 49
Ay, 21, 1992, pp.443-448.

44) vt 5F, A, HAAg, 374, olgds, A% HdEA @4 FAH,, Tadm4FE
A &3 A, , 29, 2000, pp.211-217.

WA, A, S, 54, oldd A Axd ATHFe] FHEA,
Pl 2=z 9sk3] A5 | 16, 2000a, pp.121-127.

TR AR 9wl 54, THRAEI %o

WS olgd, MRS olEy, MR FAL wed 54 B4 daiRd oy
w2 2A L, T E ks A | 26, 1994, pp.609-615.
Qulg, olsle, TANA, A% Aga AwRge] Felorwiy, Wi o B B
A, THEAEILRLEA, 17, 1988, pp69-72
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B (1985)450f ojstH EAAgl x| Zo|i= glutamic acid, leucine %
valine®] 3dr&Fo] =Skth o] GFPY ofn|x=4t A3 FASE Ao= G
geotrichum SJM-595 g dow 3dto] giFELS HastdS we of

Wit 24e B33t tden o3d 2% fAsHa,

45) A4E, ol¥F, (A= L AF oA & W Auel= 54, , T FHAEF 193
Ay, 17, 1985, pp.276-282.
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Fig. 2. The growth curves of Galactomyces geotrichum SJM-59.
Galactomyces geotrichum SJM-59 was inoculated into 1.5 L potato
dextrose broth in 3 L Erlenmeyer flask with baffles and the 3 samples
were placed on the shaker of 140 rpm for 48 h at 30+1C.
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Fig. 3. Ascospores of Galactomyces geotrichum SJM-59 on Kleyn
media for 3 day at 25C. Sodium acetate 0.5 g, KoHPO, 0.02 g,
KH:PO, 0.012 g, glucose 0.062 g, NaCl 0.062 g, biotin 2 pg, mineral
solution 1 mL, agar 2.0 g, and distilled water was added to make 100

mL. Light microscopy, magnification was 40.
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Fig. 4. Amylase activities of G. geotrichum SJM-59 during

fermentation
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Table 3. Proximate composition of soybean protein powder

Water Protein Fat Ash CHO*
() (8) (8) () (8)

Soybean a a a
(100 g) 15.5 36.3 17.4 5.39 29.5

SPP*x b b b
(100 g) 15.5 76.8 6.6 5.38 12.5

*CHO: carbohydrate (reducing sugar)
*xSPP: soybean protein powder

Different letters within a row denote values that were significantly

different by Student’s t-test (p < 0.05)
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Table 4. Composition of SJM-Doenjang (soybean protein powder
product) fermented with G. geotrichum SJM-59

Ingredients Concentration
G. geotrichum SJM-59 1 x 10% cfu/mL
Soybean powder 50.00 g
Distilled water 150.00 mL
Glucose 1.00 g

Fermentation condition

Fermentation temperature 30°C

Fermentation time 24 h
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Fig. 6. Product made of soybean protein powder fermented with
G. geotrichum SJM-59 (GFP). A: fermented with Aspergillus oryzae
for 45 days (control). B: soybean protein fermented product (GFP) by
G. geotrichum SJM-59 for 24 h.
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Table 5. Chromaticity of soybean powder product fermented with
G. geotrichum SJM-59 (GFP)

Control GFP
L value 43.3£0.02% 64.4+0.40°
a value 3.1£0.13 3.0+0.21
b value 17.4+0.01° 27.6+0.11°

Control; traditional Doenjang made from Aspergillus oryzae fermented
at 30C for 45 days. GFP; soybean powder product fermented with
G. geotrichum SJM-59 at 30C for 24 h.

Different letters within a row denote values that were significantly

different by Student’s t-test (p < 0.05).
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Table 6. Proximate composition of soybean powder product fermented

with G. geotrichum SJM-59 (GFP).

GFP Hard wheat flour
Moisture (%) 1551+1.92 15.18+2.84
Protein (g) 158.73+1.83% 13.76+1.83°
Fat (g) 21.52+1.25° 0.59+0.08"
Ash (g) 46.63+1.712 0.35+0.05"
Reducing sugar (g) 37.22+1.49° 68.14+2.88"

A soybean powder product fermented with G. geotrichum SJM-59 at
30C for 24 h.

Different letters within a row denote values that were significantly

different by Student’s t-test (p < 0.05).
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Table 7. Free amino acids composition of soybean powder product
fermented with G. geotrichum SJM-59 (GFP)

Amino acid GFP (%) Taste
Leucine 24.88 Bitter
Glutamic acid 12.76 Savory
Valine 12.44 Bitter
Phenylalanine 12.28 Bitter
Isoleucine 11.16 Bitter
Arginine 4.1 Bitter
Lysine 3.5 Salty
Threonine 3.3 Sweet
Aspartic acid 2.5 Savory
Methionine 2.3 Bitter
Histidine 0.9 Bitter

GFP was a soybean powder product fermented with G. geotrichum

SJM-59 at 30T for 24 h.
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A 2 4 GFPE A7t & Awe F3 E4

1. A% ¥=29| pH

GFPE #7bste] Alzg 2 wk=e) pHE
. GFPE 7 AW wbse] pH7F dz Ry of udd. G
geotrichum SJM-59 w5+ HaHE T B 49 f71bs Aiste
Aowm wWawo] gtk wepAd oz Rt A3t o] pHIE shobA
ot ok AT Abolol FoAQl Aol BFH A Ft

A AR waEe Qrka) AW wEe] WEE uaTe 48T A
=)

of F94<Ql ApelE HERHA &ttt (Fig. 8). Wk GFPE Y& 4
ol AEStH FHLE S cerevisiae® TES UlxTef thEX S Ao

)
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)
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i)
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)
rot
1>
o
[JE
AN
o,
M
fols
o,

B3Ee 543 A3 Fig. 99 2t
Aol 14 2E x719 28 10%7H4 = GFP 247}?L4 Lol o
ZFEY =goy FoHolAE ekrk ey TEAge] A st A
GFP AgToAel wasieel dzxirt {4z Frhetith
GG-1& dx=Frt o 10-25%, GG-2& tixTHTh o 25-35% =&
g33=s YeEhATh GFP #H7F st 2w wisso] whg el Alold

¥

46) &7, &, Chang-Tian. Lee, Xu, Bao—Jun., AAE, FX=, A=A, AT, AA
A1, 13, 2003, pp.800-808.

47) HAAQG, A9, g TRawMAS Jobe de8Rge olge 54, Taa4EFx
st x| 22, 2006, pp.69-79.
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Eookg g AREAL ee L F Yo, FAHelAE Wt

(Pearson’s correlation coefficient was 7 = 0.603, p =0.086).

A e WE PFYE WEAA gluten AT 2 BFH ol
od) G Wik AEF vl (Table 6)3 o], GFPE WAT (3%
FoM (1154 o2 ek meba] A A2 A o
5t ke dYFS GFPE hAF 4%, F v Fo| 37

= =
staA wkmol g o]l SR Aor ALRE AT

T3k GFP= G geotrichum SJM-595 ¥ 3t3ta Yt} G geotrichum
SIM-59+= fFrx2 F4 ERE 95 oot ojitstetas AT = gl
b4 =, GFP A# 7= GFPell #++¥ G. geotrichum SJM-59¢ 2] 3}
o|ibstEr A Aol FTFSER 7] wiitol whsel WEIgEo] gxHT
FoAoR =3d Aow ARHIJT webx AuA A "WIMFE
GFPZ tiAT A5, 124 FEATS 10-202 A= G5 + J& 3o

=2 AR E AT

o)

Apolel Aol 7k 1T (Fig. 10).

w7144 (baking loss)S LR AE FToA FEA EHo] H= HAF
=

ot ol o] HUSWA FRol FLF OO FAR 2373

48) 227, o]&d, Xu, Bao-Jun.,, 3=, AAA |, 13, 2004, pp.63-70.
49) AAE, &2, Ag¢, Marston PE, "d-2wg B3 Zg2 Ad 2 AW A
3, M=k EF 398t s] ] | 10, 1978, pp.247-251.

50) S. PRoels, Cleemput, G. and Vandewalle, X., “Bread volume potential of variable
quality flours with constant protein level as determined by factors governing mixing
time and baking absorption levels”, Cereal Chem. 70, 1993, pp.318-323.
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GFP H7tel ol&) 5712 & o] o Hste] F3F F7kstd o, #9
Al Wste TS5 A &tk (Fig. 11).

5. 4% pH

=9 GFPE #7He 279 pHE A8 (Fig. 12). 9]
pHE Y GFP H7b-e pH7} fol#ez ve Ze GFPe dFd G
geotrichum SJM-59 wj&#<l Ao g ALRHAC G geotrichum SJM-59
+ waste st bFe] fribs Adste ERonsD AW g s)
= BAZer XS G geotrichum SJM-597} 7ol WEw WA AAEE=

F714kel ofsf Aue] pH7F Stopxl Ao ® ALg QA

6. AW HEH

=79k GFP A 279 v&4s SAS 234+ Fig. 133 2t GFP
A 7o) HEAe dETEY foHoer wodrh F GFP Ao &
9q7b dzamn fFojHow Frkesith o= GFP Jel 3I#d G

[e} s
Stz GFPe] gnba 2rhse s Azt

51) 227, &7, Lee, Chang-Tian, Bao—Jun, Xu.,, A AE, 42+, AAH, A3, AA
A1, 13, 2003, pp.800-808.
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HE AFS LA T E W W
= JAAA air celle] wLstA HAYsH
el gz F R GFPE H7bele] Al

FA st

7.4 Ax
Aol A, ol FHeh F, wEe
2% 5ol o8 9% Wi=th® (Shin & Kim, 2008). ¥

Baro|mE, AW AEA WAT A GFPE A/b 4@Te MEE

7S Yetdigley, GFP Hubege] Frbe

2 72y 3, AL (redness) 2 A
7het itk A W (crumb)®] M R A, ‘W AaTs Uy
KXot GG-12 “MEN” GG-2& “@3A7s vEedT o= GFP =
Aol Ao o8] el Axz AR E AT, Table 99149k o], GFP
AHA = e FAS el Egoldoh Lﬂra}/ﬂ 2ol F7HE = GFP2
Fol 7SS AW o AMxrE GAE UBEe AoR ARHATH

P

4
L

a

(vellowness)+= &

8. Ao EA
GFPE %ol Az 2wy gz =S F43A (Table 10).
Table 1004 ¢} o], 2T HU} GFPE #H7lsto] Az Ao A%




(hardness)¢} 834 (cohesiveness)©] 7 2
57 gtk SHAALS AE WHY ZA¥EES Hrlete Agolth whet
Al GFP A8+ 72 5 22 119 Aol ofg Ao
Ach ©H=A (springiness)S A= ghol IS W=tk A3

3
7F TR wokr] witel] At %EVJE Ll s e i

(gumminess)¥} A 34 (chewiness)S A%, SHA 2 &5 Fozwr
1979 A%, §34, 2 &

B AEEY. B A= GFPE 737}?‘& &
A

g4l dETRTh L ot mepd AdTe g4 9 4A4E fx

TR Skt
9. B5HA

GFPE %ol Az 2wy 79 AsidiAE A %
Hl 3 A], ZbZbe] s AL g tief FoW 79, fom 18 F
stAth #eHAF A, dET 2 AFT Alold] &l;
t} (data not shown). W&t thx+9 s 54 #s 7|+
AT #ASEAN IS Hrigk A3E Figo 159 2t Awe] o#
(Figure)> tx7-¢F A3 Atelo] #5A Q1 2pol& YERWA 2okt 2
o] A (color)= GFPY H7bge] BS45 #54d Aaxrt 7453
ot AlEZEY] oAl Aol gl

2ol 3F7] (flavor), Bt (taste), =& 7} (texture), ¥ A2 +8&%&
(overall acceptability) &&olA = 279 Ad G Alolo] 2%l A}o]
7F #SEHAS S, AW 7] ot 243 2 dAFHS] 8k g

HERE dzTur 4977 #9908 B9, ol GFPY A71Fo)
A

_n

GFPoll&= W2 <o 3JFHA drjditol 5o Jth. Mo et al
(2012)2] B a9 2]std GFPel+= trimethylhexane (cured meat flavor)”7}
°F 26% % FrEol i, I vHoer Fo|l AEE WA IR
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1-dodecene (savory flavor) > 1-hexadecanol (waxy floral) > ethyl
2-methyl butyrate (fruity, sweet green apple fruity) > 2,6-dimethyl-4-
heptanol (mild fresh, ethereal, fermented yeasty) > phenylethyl alcohol
(sweet, floral rose, fresh) > prenyl isobutyrate (fruity, berry, butter)®]
GFPY 7| AEE "savory”, "waxy”, "fruity”, "sweet’d+t}t. 3
phenylethyl alcohol®] GFPelA tt= HE=%¥ A& GFPY Wil G
geotrichum SJM-597} phenylethyl alcoholg v AAdF= #FF0]7] ol

e
_1

ToR HIdATES o]9} o] GFPoll= “Pleasant”$t 7] &¢] ©ol
HrEel 9lar, GFP7F “Savory”dt sta WElU7] Wil GFPE #H7Het
AT 1T, B FEAA dEzTRng fodoer Azt =399

o

P

ALE 5 AT

HAe=gk nle} o] GFP7F H7Fe A 3d 5+ hardness, springiness,
chewiness, gumminess, % cohesiveness?} tlZ&FHt} Yttt (Table
10). webA “ZHZF SR A ATt didt dEE7F 2R =3
=3

“AA A £8% (overall acceptability)’= flavor (+# = 0.929), taste
(7 = 099), 2 texture (¥ = 0.754)¢} 73+ A (positive)o] HAAA S
LFeR It (Table 13). =, flavor, taste, texture®] T5EA o] 3 A
% overall acceptability®™= A 53 Aoz yElSTE Table 129 A
o} o], GFP #7l 5% =545 Awo] flavor, taste, textureo] o3k
sS4 ol Eskvh wheba A Al xAlo] GFP H7MES S7HAZASTE

overall acceptability®™= Fol2d Aoz ALz ¥ AT}

F-{N

53) 27, &7, Lee, Chang-Tian., Bao-Jun. Xu., A A, 4A-
AA - 13, 2003, pp.800-808.
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Fig. 7. pH of white pan bread dough added with soybean powder
product fermented with G. geotrichum SJM-59 (GFP). Data were

expressed as Mean * standard deviation.
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Fig. 8. Density of white pan bread dough added with soybean
powder product fermented with G. geotrichum SJM-59 (GFP).

Data were expressed as Mean £ standard deviation.
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Fig. 9. Dough expansion rate of white pan bread dough added
with soybean powder product fermented with G. geotrichum
SJM-59 (GFP). Data were expressed as Mean * standard deviation.
Tested groups were not significantly different (p < 0.05) at 10 min.
but significant differences were detected after 20 min, analyzed by

ONE-WAY ANOVA and Duncan’s multiple range test (p < 0.05).
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Fig. 10. Dough yield of white pan bread dough added with
soybean powder product fermented with G. geotrichum SJM-59
(GFP). Data were expressed as Mean = standard deviation. Tested
groups were not significantly different (p < 0.05) at 10 min. but
significant differences were detected after 20 min, analyzed by

ONE-WAY ANOVA and Duncan’s multiple range test (p < 0.05).
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Baking loss rate, %

Control GG-1 GG-2

Fig. 11. Baking loss rate of white pan bread added with soybean
powder product fermented with G. geotrichum SJM-59 (GFP).
Data were expressed as Mean = standard deviation. Tested groups
were not significantly different (p < 0.05) at 10 min. but significant
differences were detected after 20 min, analyzed by ONE-WAY
ANOVA and Duncan’s multiple range test (p < 0.05).

_50_



8
=]
T
Il
i
e | b
b
L 5 -
o
4 +
3 -
2 4
1
Control GG-1 GG-2

Fig. 12. pH values of white pan bread added with soybean
powder product fermented with G. geotrichum SJM-59 (GFP).
Data were expressed as Mean * standard deviation. Different letters in
a figure denote that significantly different (p < 0.05), analyzed by
ONE-WAY ANOVA and Duncan’s multiple range test.
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Fig. 13. Specific volume of white pan bread added with soybean
powder product fermented with G. geotrichum SJM-59 (GFP).
Data were expressed as Mean + standard deviation. Different letters in
a figure denote that significantly different (p < 0.05), analyzed by
ONE-WAY ANOVA and Duncan’s multiple range test.
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Fig. 14. Correlation between specific volume and addition of GFP
(soybean powder product fermented with G. geotrichum SJM-59)

in the making of white pan bread.
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Table 8. Chromaticity of white pan bread added with soybean powder product fermented with G.
geotrichum SJM-59 (GFP).

Crust Crumb

Control GG-1 GG-2 Control GG-1 GG-2
Lightness (L) 45.1 43.5 40.1 93.3 75.5 65.9
Redness (a) 6.5 8.5 12.5 -9.6 -1.5 -1.6
Yellowness (b) 24.5 26.5 27.9 26.1 42.6 43.4
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Table 9. Chromaticity of soybean powder product fermented with
G. geotrichum SJM-59 (GFP).

GFP
Lightness (L) 64.0+0.4
Redness (a) 3.0+0.3
Yellowness (b) 27.6+0.1
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Table 10. Texture characteristics of white pan bread added with
soybean powder product fermented with G. geotrichum SJM-59
(GFP)

Categories Control GG-1 GG-2

Hardness (g/cm?) 209.42+18.39 205.19+17.93 196.37+£20.99

Springness 0.97+0.021 0.97+£0.018 0.96+0.017
Chewiness 82.08+5.26 79.17+8.01 76.87+8.07
Gumminess 92.85+8.29 90.18+8.90 88.71+4.96
Cohesiveness 044+0.11 0.43+0.12 0.43+0.08

Data were expressed as Mean * standard deviation.

_56_



O Control

BGG-1
BGG-2

14 T
08 T
0.0

16

Ayjenb Alosuas aniieey

Overall

Texture

Taste

Flavor

Color

Figure

15. Sensory evaluation of white pan bread added with

Fig.

soybean powder product fermented with G. geotrichum SJM-59
(GFP). Significant differences were not detected among tested samples

0.398) categories. Significant

0.813), and color (p =

differences were observed between the control group and the tested

in figure (p

groups in flavor (p = 0.001), taste (p = 0.001), texture (p = 0.002) and

overall acceptability (p = 0.011) categories. Different letters in a figure
denote that significantly different analyzed by ONE-WAY ANOVA and

Duncan’s multiple range test.
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Table 11. Relationship between the concentration of GFP and the

sensory characteristics.

Equation R?
Figure y=-6E-05x+1.005 0.0473
Color y=-0.0003x+0.9983 0.3941
Flavor y=0.0034x+1.015 0.9849
Taste y=0.003x+1.09 0.6867
Texture y=0.0021x+0.975 0.8729
Overall acceptability y=0.0029x+1.0667 0.7758
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Table 12. Correlation coefficients between GFP concentration and

the sensory characteristics.

Figure Color Flavor Taste Texture Overall

-0.218 -0.628 0.992 0.829 0.934 0.8801
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Table 13. Pearson’s correlation coefficients of sensory characteristics.

Figure Color Flavor Taste Texture Overall
Figure 1 0.623 -0.109 0.151 -0.116 0.123
Color 0.623 1 -0.579 -0.447 -0.368 -0.469
Flavor -0.109 -0.579 1 0.885%x 0.922%x 0.929%x
Taste 0.151 -0.447 0.885%x 1 0.680%** 0.994 %=
Texture -0.116 -0.368 0.922%x 0.680x 1 0.754x
Overall 0.123 -0.469 0.929%x 0.994 0.754x 1

#x; p = 0.01, % p = 0.05, Overall, overall acceptability.
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Fig. 16. Reduction of the mutagenicity of aflatoxin Bl for Salmonella
typhimurium TA98 by the water extracts of white pan bread added with
GFP. Same letters in a figure denote values that were not significantly

different. Significant differences were determined by ONE-ANOVA and
Duncan’s multiple range test (p < 0.05).
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Fig. 17. Relative viability of human gastric cancer cell line, MKN-45
treated with the water extracts of white pan bread added with GFP.
Same letters in a figure denote values that were not significantly different.
Significant differences were determined by ONE-ANOVA and Duncan’s
multiple range test (p < 0.05).
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ABSTRACT

Baking Properties and Physiological Characteristics of
White Pan Bread treated with Fermented Soybean

Protein Powder.
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In this study, white pan bread added with fermentation of
fermented soybean protein powder was prepared and the following
experiment was conducted in order to increase the use of soy protein
fermentation powder, improve its added-value, and grant health

functionality to traditional white pan bread.

Protein, fat, ash, fermentation power of dough expansion, and
specific volume were increased by adding fermented soybean protein
powder and the results of chromaticity showed no significant
differences between the control group and the experimental group in
kind and amount of sugar, PH of dough, and fermentation temperature

used upon preparing white pan bread.
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As the results of measurement of enzyme activity, the number
of G. geotrichum SJM-59 strain (viable cell count) was increased as
fermentation time passed and the activity of amylase and protease wer

e also increased with the increase of the number of strain.

As the results of sensory evaluation, the figure of bread did not
show sensory differences between the control group and the
experimental group. As GFP added amount was higher, sensory
preferences was reduced in the color of bread but there were no

significant differences between samples.

Significant differences were observed between the control group
and the experimental group in flavor, taste, texture, and overall
acceptability items of bread. That is, preferences for flavor, taste,
texture, and overall acceptability of bread were significantly higher in
the experimental group than the control group, and the preferences

were increased as GFP added amount increased.

It i1s considered that soft bread will be prepared by reducing
sugar content, pH of dough, lightness, hardness of the experimental
group, cohesiveness, elasticity, gumminess, and chewiness and it is also
considered that health functionality will be enhanced such as
antimutagenic activity, growth inhibition of gastric cancer cells,

anticancer activity, and immunopotentiation.

[Key words] Fermented soybean protein powder, White pan bread,
Enzymeactivity, Antimutagenic effects, Anticancer activity, S.

cerevisiae, G. geotrichum SJM-59.
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