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Quality Characteristics of Cookies Fortified with Soymilk
Cake Fermented by Bacillus subtilis GT-D

Mi-Jin Ryu, Hyuk-Ii Kim and Sam-Pin Lee'
Dept. of Food Science and Technology, Keimyung University, Daegu 704-701 Korea
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Soymilk cake (SMC) fortified with defatted soy flour was fermented by a novel Bacillus subtilis GT-D
in the solid-state fermentation with chlorella, mulberry leaves or green tea as food ingredient. The fermentation
of SMC resulted in higher content of tyrosine and higher activities of protease, amylase and fibrinolytic
enzymes. Fermented SMC including mucilage indicated six-fold higher content of dietary fiber compared to
that of non-fermented SMC. The SMC fermented without additional ingredient allowed the highest spread
ratio and width of cookies. Cookies prepared without SMC showed the lowest value of spread ratio and width
compared to those of fermented SMC. In addition, these cookies showed the highest hardness value of 8,975
g, and thickness value of 5.97 and slightly higher bright color. Cookies fortified with SMC fermented with
chlorella or mulberry leaves showed higher sensory evaluation value. Fortification of SMC fermented without

additional ingredient resulted in the highest preference in the sensory evaluation of cookies.
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Starter H{QFH XM=

ehx) o) ul A g 59 S o2 FAEE F 121°Ce
A 1587F Wa-3te] WzHgr o A wiA] 50 mLol MRS agar
plates] A 42°Cell A 24X17y whF A7) B. subtilis GT-D &5
£ 13 AFg 5, A= k7] (SI-900R, JEIO TECH Co,
Ltd., Korea)ell 4] 42°C, 24417k 53} 180 rpm.>- . vl <3}
starter2 AM-2-3}4ic}.
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o] 42°Cel| A 18417 3.4 »E s},
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pHE pH meter{model 420A+, Thermo Orion, USA)E
ojgsle) A E 2 g AH Yol 80 mLe] BFpel T
3. 3.3}7] (Jeil Scientific Ind. Co., LTD., Korea) 2 2% &<}
5000 rpmel A E&3 3 A1 89 pHE A 3sich A&
& A 34 Astrup® Mullertz2] fibrin plate method(17)
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2 Apaste] 24t £ak vA] WA ES] peptide B4
A% Z28}7] $15t9] Folin phenol Al2F& o]-§-8t i
w2 9] =& Fol] A3} tyrosine FFE A A
(18). A2FAL a-amylases} protease® el 47 &
A ste] 0 o], H]X|4kEE 5 goll 0.02 M phosphate buffer(pH
70) 95 mL& A7FeE 5 Aol zek F 44142115000
pm, 15 min)ske] AFEA e 2ie R4e AT v =
23434 A5 a-Amylased] 1A 2% 1% 7H-AA
(0,02 M phosphate buffer, pH 7.0) 1 mL-& AH-8-3k3leh
nle] ZAg £4S 1 mL Arkste] 37°CelA 3027t uks-
A7) %1 M acetic acid 10 mLE HHg-& AAA]7]2 825
3} 2-98(0.005% I2+0.05% KD 2 mL& 93 H4A7 F
660 nmoll Al FB =8 & te] blank 0ODzk2] 10% 7HAAl
Fle AL 1 wit® 3] AR 1 go2 A7 F 2ASA
2T TAYL vl Axd A4 100°CelA 30
27} ZolA] 2L 48 AAE A3 THI9). Protease
o] B = Ansond] WS W ste] FA3HATH20). 7
A2 06%2) caseing 035 mLI} A9 035 mLE
e-tubeol] ¥3 5o w-&(37°C, 10 min)A A ohE
0.44 M TCA 49} 07 mL& gl wh-g-& AA A F 37C
ol A 3087F A A Z1e}, o] whg-4-& UAE=] (15,000 rpm,
15 min)g+ ¥ o} 1 mL°ﬂ 055 M NaxCOs3 2.5 mL2} 3wl
&A= Folin reagent 05 mL-S 23 37°Cell A 30%7F vh-&-
A7 2 660 nmoll A FFES A8l o] g4 3t
oA 137k tyrosine 1 pge FrEl A7l A48%S 1 unit2
sholch v AR AxrE HEEE FFFE 104 3
Aate] FAsFeE & ol 13 mLE 953 3 =A(HAAKE
RheoStressl, Germany)ell Spindle(rotor GD43 KIN 53544
Titan)& #2-3}od measuring cup DG43& AHg-3te] &4

skl ek 21).
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Table 15}

Table 1. Formula for production of functional cookies for-
tified with fermented SMC

. Weight (g)

Ingredients Control Cookie
Flour 320 281.6
Fermented SMC 0 384
Sugar 192 192
Shortening 96 96
Non-fat dried milk 96 9.6
Sodium bicarbonate (NaHCO3) 32 3.2
Sodium bicarbonate (in solution A") 2.56 2.56
Ammonium chloride (NH,C]) (in solution B”) 1.6 1.6
NaCl (in solution B) 1.44 1.44

Deionized water variable variable

Uprepared by dissolving 79.8 g NaHCO3 in 1 L of distilled
water.

Dprepared by dissolving 101.6 g NILC1+839 g NaClin 1 L
of distilled water.
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7o m £ AACC method 10-52(22)°) e} A 235}g
ohoWdA FRa 2EYS) AW, @A B4, FREGS
el Y 19elA 3974 2 A 184 294
g7} = wfj7-A] A7) 9 A (model H-3841, Hobart, USA)Z
EYW FOURE PHEE 9 F 587 225 A7

")) &3tslo),
2 %A 6.15 mm, A& 51.30 mm<)
o} 205°CollA] 1187F & & A2
ol 4] 1A17F Wzbat 3 Al el Ag-siglc).

FI|9 Mz

719 AMxE XA/ (Chromater CR-200, Minolta,
Japan)Z. &A1 814 L(lightness), alredness), b{vellowness)
e 63 b Sl o HES bl 25 9
I (standard white plate)-2 LZF 97.48, agl 0.02, bak 1.82¢]
sdct.

2712 HEY 53

F719] & A (spread ratio)= AACC Method 10-52(22)
o] W& Abg-ste] E3siel 7] 6718 o]l =A
(mm)7} Fol(mm)e] ¥l 2 vl Zlez &3} e A28
o]-g-3fe] F3lgich.

20 mesh Aol W 2-& Wy Ao Yz F
u

5144

_ cookie 174l Hg 4+ Yl o] (cm/7))
Lt

2l
(spread ratio)  cookie 17Roll @&t S 7 (cm/7N)

BIX[E=Z #7|9] =34 £5F
A 27 F719 2472 **H(packaging) el oA 244]
Z¥o] Rtk F Texture analyzer{TA.XTplus, Stable Micro
Systems, Lloyd Instruments Ltd,, UK)S A}-8-3}o] =27}
S &A 3l o} Texture analyzer?] =7-8 Table 29| =4
2.2 BRI 42 cm 2] F A A Alelel] F7|E
Texture analyzerell A2 712 7 cmell 57| 0.28 cm HDP/
BS probe7} F-71 2 22 F 5 mm HF3A A F7]
7F SA A A o Arle 234 B4 S8
7] 9] =2A3sl7] 23814 Snap test
(Three-point break, triple beam snap)S 438315 t}(23).
FIN7F A A FelA o e Hd 3 (maximum force;
g)& 7 X (hardness)E FEASFT A E 2 mm2| cylinderd

o I

73 =(hardness) &

Table 2. Operating conditions of texture analyzer

Caption Value

Test mode Compression
Pre-test speed 3.00 mm/sec
Test speed 1.00 mm/sec
Post-test speed 10.00 mm/sec
Target mode Distance
Distance 800 mm
Trigger type Auto (Force)
Trigger force 50 g

Break mode Off

Haql - o]AhH]

v v

probe(P/2)& 71422 8 mm HFA1A 28 Z(graph) A+
o] 1}elrli= peak(hold 100 g)2] 7W<=(number of peak)E
k2l A (vpatulALgE brittleness) 22 vehl 9l ek

BIX| =T F712 BHs2At

WAt #9129 AdE e g AAsg
T ALolA 244]7ke] Ad Frol] 222 A Ao o}
AA S e HrHE2 o, Fol, Bubdh v,
& ot 2 AkA <l 713 xe]w scoring test F 9% HEH
SR ristgich aela 4 5L AR 2 AeE
TEF 3len rire B4 AImr) 2445 £
& FEF 5k

EAIXz]
EAREA L SAS EA packageE ©]-4-3+d Duncan’s

multiple range test& AA[3}e] 5% -2 <ol A Fo A&

Azseel,
A7 9 D3
HIZ] A BIX[LESS LtMZ

An) =) g wEanz] o] kA E-2 Table 304 el
ZAXF *EHVH FB FFEFS 749, Z5HlA 69%, A1
09%, =Af 2.3%°l et bt el v A UEE] 8 ek

2 69%, 2l A 889%, ZA|8F 19%, AT 124%E e}
wtehH(Table 3). ScrewA] F=tulal o 22 odoyz] Au|Al = A
2] o] ol AHE Helx glov), 13
0938% FAHUA AlFe] AKE + Qe 8¢ =4%
Zk33 ek weba] AulA]e el o7 nALEE
FHlA AR R o] mzgeol A= HAE,
Hetol= B FLF-E FFEt Ak Im F(24)°0] gt
B A AFe] ANHAL ol wlste] an] ] o] A w) Alo] A
fr FEFo] 2 o2 vebgt) o] u]x] MAEAM A}
He @A FE el s njAEaEe] el glepo]
Z71E Z122 AAgd v A aAe g dEEge] A
7he 4R A 27] ¥ FEE 33 59 2 A
Aol e dFFF] te] =3 9lct. Prakasham %
(25)& Azl 7 mA TR ANA B YA 7129
G ¥ me RN 288 RS Bt

Table 3. The general composition of fermented SMC

Component FSMC SMC
pH 7.1 75
Moisture (%) 69 74
Crude protein (%) 8.7 6.9
Crude fat (%) 1.8 0.9
Carbohydrate (26) 7.8 14.8
Dietary fiber (%) 124 2.3

SMC: soymilk cake, FSMC: fermented soymilk cake.
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Table 4. Functional and physical properties of fermented SMC

NV g1? S g3? S
pH 6.4%0.1 6.9+0.1 6.9%0.1 6.940.1 72+05
Fluid consistency (Pa - s" ND? 0401 \ 0.3£0.1 0301 04%01
Fibrinolytic activity (%) ~ 34+3 33+1 30x4 282
Tyrosine content (mg%) 192 53757 575+ 39 561+45 718+ 34
Protease activity (unit/g) - 37449 392+32 376+18 418+58
a-Amylase activity (unit/g) - 101 =20 102*16 12037 10818

UN: non-fermented SMC. ?S1: Fermented SMC. ¥S2: Fermented SMC with chlorella.

934: Fermented SMC with green tea. 9ND: not detected.

933: Fermented SMC with mulberry leaves.

E3) anxe] Aol fre szl oA A A H| A= 34%, Ll FEAet Y HaE Hriste] d2
Eol 71Q1ste] A7 AulAo vlalA 6 A= S 2 AEe ASE 77 33, 30, 28% 2 vhebytel. Protease 2
o}, sl e §heke) 7ta wERF W Eokd WrEA o a-amylase AT ¢ AuA A= AA] 2 A
9] amlof 7|Qlgk Ao nalch wALEES A9 oiF orgront Auix] Ha Ly FA RS Hriste] HEA A ¥
o) E23) vl e, whauhy 3 Ak Y Ee A A F oA AT Gl ¥4 vebdel. 53] protease
olof we} HF wEn|AAES ek Wzl gl AR A} FAe =25 Hrpe A9 418 unit/gE VA =4 Vel
E5h t} oli= SkollAl WA HEE2] tyrosine ¥ F A
Ho22 XMyIE H|X|WESo| 22|58 EN A3 f’]'%_ Axtedtt a-Amylase 242 SE2d=LE A
%;} o) gen e wx] WFE S|4 120 unit/g® A Yebgch

‘H & 712, glutamateZgA 2 A4

?’910] AHE
R A E B2 ArpgE $£7)9] A& Table 59} 2} F
719] ¥h71E el Lt feelA el 2elrk slglom, vl

ol O

29 Ao ZUkE AzAdE Jebligich v AR EES A EE] A7EH A o TollA 69452 T 8 S
Au)| AR} o7k =& pH 697+ ng.on] x5 Al Bk wAPEAES A7bE 7AW A=0R07E
735l 7P =2 pH 725 viehlw A ofekde Al S et U e ARAE wasy] A o Ades Ay s
ot BAlo] sl shatE)] % E:i:L vl tyrosine uh-g-3} B MEE ol dovhs wlA A sk o
ek nAPEaEodlA 636 mg%EA AR vAno) o 3u) o oy s anx]e] Arlel 713 LR A}
A FrbE ek 53] A5 A7l FodEs v A LEE 29}
ol A 718 mg% R W7ol vlste] 34% A vebkdeh Oh AAeE el agt-d 535 Aok el 7845
54902 AA A Ao Fu] A EE-E vl Ao 10% FFo 71 = UrEPﬁrimL Aol L3k 7H o2 58295 vt
A7vete] 3o WA uAHE Ee] 300 mg% A Ulsich 3k A2 g vebdlis bt E 2T} A
tyrosinezbg -f-3hctu B ashglth o)l YRR ¥ & A7k ?7] ol A frolA el Apolr glgl ot =AF WA
ol gheke] G| F o] WA JlpE s B2 A7 FI)oM 26652 tha e 7S eyt
of 713 Ao AbgE el vA] ARA] HUiEE YU olAY F7)9) ML AAZ A F2 Pl gt dsk

ol Zmala} Habide] PAgle] LEN|AY HErx
03~04 Pa - 0.2 A2 M3t g Aoz el

0w >>4. rlo i

ool q Rl ol Wl HLA 2He
Aol $AYL ol AT A3 W3l

o] 23, TL2)

maillard ¥F-Z,

Qe Es B P YAEHNESlasminye] @ os) F7] Aol GBS 1A Ao AnHch F3, WA
Do KU B AN AETAAE AeDRel  AES LED A4 Al BE AF 77 AT A=A
AEHH ARA, FURE WA g pEAD HE 9T FlAE 2e Azl

Table 5. Color values of the cookies fortified with the SMC fermented with chlorella, mulberry leaves and green tea”

Fermented SMC

C 2)

ontrol s1 S2 3 Y

L 69.45£0.92* 62.29+1.37° 58.29+0.88° 63.180.99" 62.37+253"
a 5.87+0.58 6.63+0.82° 7.84+051° 2550287 5.40%1.03°
b 34.77+0.56° 36.01 £1.00° 35.32+051° 35.82+1.02° 26.65+3.10°

Dy alues represent the means of four cookies. Mean values with the same letter in a row are not significantly different (p<0.05).

PControl: cookies prepared without fermented SMC.
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Tab)le 6. Texture characteristics of the cookies fortified with the SMC fermented with chlorella, mulberry leaves and green

tea1
Fermented SMC
Control ST S2 S3 54
w? 4405+ 0.35° 46,70+0.14° 45.00+0.14° 4555+ 0.35° 4550 +057°
T 5.97+0.01° 5.15+0.02° 5.51+0.02° 5.260.03° 5.40%0.01°
5.RY 7.38+0.04° 9,07+0.14% 8.17+0.067 8.66+0.02° 8.43+0.08°
)2 8975695 4584+622" 3618 209° 4655+ 380" 4162 4240
B® 47+1° 49+6° 60+4° 33+4° 50+3P

YValues represent the means of four cookies. Mean values with the same letter m a row are not significantly different (p<0.05).

W: width of cookies. PT: thickness of cookies.

of cookies (number of peak).
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HAAo] F4E gkx A7) HFg F7)71 "ol
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ol(glass transition) & 421 Arel7} = o] "k
o] Txtd wWi7bx] dojdr) HAALS W ]
WepE Aot 3o LA BEAo] Jld
o o3 A% ch26-29). whebA vlA L EE2]
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93 . R: spread ratio of cookies. “H: hardness of cookies (g force). ®B: brittleness

A g FAFE v ALEES HVekA e o
ZTo] 8975 g2 2 WA ES A/ Fy|E) 2] A Y
gt HEES IR #77F df2FRd o Y=
Ao velgon] aFoA B9 gf v ALEERZ Az
g FI A A=t H GA vebgt

F719 A (brittleness)-2 F-7)7F WAl wje} gk
s ub Aboleol] v}gAl ZA(porous structure)S FAIEE
o5 xA]o] ¢F-ZHE 3§ whol ¥4 wjvic) niruja}
g2 =717 == olZell 984 graphitell E7tE-E mul-
ti-peak”} viERHA] "o} mheba] wiaupabgks veldle
brittleness+ peak?] 7N<+Z veh &), peak] N7t 2
E9E brittleness”} §-43}t}(23). Brittleness+ 2 ##}
FH BEEZ A2 )04 60022 71 = viebyt
o AR S AP B2 HaTd HdEvr 23
% F7)) A brittleness= AR AA7} gl Aoz v
et o) wAL AR E o ‘_5:} 2 AAge] #7919
brittleness A1 3}oll & 3 3-S v A A ¢ Ao g QzpHT)
AT WEEY A} 8T H}T—‘i‘* brittlenesst ZA 3 3FS
WA gkglom) AE A oA aAE Rt

Table 7-2 VA EE 2 vAPEEE A7) glo] A=
F7)9] #5HA Asto|t HrHR wAtEES] ek
12%2 stg.ed 6,12, 18% 2.2 AH71sls< o v
AE 6% N A Bl 12%H ekl S o) F7)9] A3 =r}
Fokom 18%2 A% whEe] AAA A FH ol 54
4 x¢rh(data not shown).

fo

=13
2

Table 7. Sensory characteristics of the cookies fortified with the SMC fermented with chlorella, mulberry leaves and green

teal)
Control Fermented SMC
nro S1 S2 S3 S4
Appearance 4.89+1.45" 5.33%1.00° 6.00+0.87" 5.11+1.27 489+1.18
Flavor 5.00+1.17" 5.67£0.71° 5.67+0.87 5.11+1.05° 5.33%1.00%
Hardness 5.00+0.93 5.5640.53" 5.56+0.88% 5.56+1.33" 5.33+150"
Brittleness 556+1.24° 556+1.13% 5.11+0.78° 5.44+ 158 556+1.33
Delicate taste 5.11£0.67 5.56+1.01% 5.00£0.50 5.11 +1.00" 467+£0.94°
Overall acceptahility 5.00£0.78% 5.67+1.32° 5.11+1.05° 5.22+1.30° 4.89+1.05"

YValues represent the means of four cookies. Mean values with the same letter in a row are not significantly different (p<0.05).



TaFd A7 ¥A DAES VMY F719 FASA AT

“Control S1

1075

Fig. 1. Cookies fortified with the SMC fermented with chlorella, mulberry leaves or green tea.
Control: without SMC, S1: fermented SMC, S2: SMC fermented with Chlorella S3: SMC fermented with mulberry leaves, S4: SMC

fermented with green tea.

F7)9] 2P F2de} i LEER A2 )4
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e Aoz A4w Aoz A€ S8, ixle] AT
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Zatell 2% | E3tEEol AES P% 23 F el 9
g AAA ZAAsaEg-o] v AP R Foll Zhd
Aoz AlgHAch

Zu 79 NS A3 LR Eo| Al F7]60A
= WAAL R v&e Froe R FYriEgloed, Y4155 A
7}8kA 2 v AHEEN YRR FR4EE el
WEAZ] AR EER A2 T4 22 FoE et
woden, 48 A7 uALEER Azd F7)4A
oo Fol s Vbl ol #9719 3] 4= A
ZolA izl s A gl ot viA R ES
H7FE F7] At A =3l A= Fe3Ql 2ol & et
2 kst viAAR Y A= dE2Td v ANEE, =4}
2 AR MARERD 28 7oA HEe e U}
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