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Study on the Development of Quality
Conditioner for Bakery using Takju
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SUMMARY

This study was carried out to develop quality conditioners for confectionery
and bakery using 7Tuakju, so that the quality of the existing quality
conditioners for processing and preserving them might be improved
(abhorrent smells such as starch odor might be removed), imports replaced,
and the utilization of traditional Takju enhanced. The following 1is the

summary of the study results.

O The quality of Takju was investigated to develop quality conditioners for
bakery that use Takju for bakery, depending on the use of starch materials,
the addition of starters, and the fermentation period. In nonglutinous rice
Takju that was not added with starters, pH was 6.16 (the highest)
immediately after fermentation and 4.6 (the lowest) in nonglutinous rice
Takju that was added with starters. pH remained 3.54 at all treatments from
four days to 20 days after fermentation. Total acids remained almost the
same (0.40~0.54%) at treatments except nonglutinous rice Takju that was
not added with starters; however, they started to rapidly increase (0.83~
1.28%) at all treatments from two days after fermentation and reached the
highest (2.35%) on the 20th day after fermentation. The total quantity of
organic acid was 472.23 mg/100mL at the early stage of fermentation and
increased as times went on after fermentation. Lactic acid was an organic
acid, whose content was the greatest and reached the peak (1,902.74
mg/100mL) on the sixth day after fermentation and then reduced slowly.
The flour Takju and the nonglutinous rice Takju that was not added with

starters emitted more severely sour odor and produced rancidity membrane



on their surface as the fermentation period was more lengthened. It was
judged that the flour 7Takju had strong flour flavor. Volatile flavor
components acquired after the starter-added nonglutinous rice Takju was
identified through GC-MS depending upon the fermentation period, comprised
39 kinds including alcohols, esters and acids; volatile flavor components were
30 kinds just after fermentation and their number reached the peak on the
9th day after fermentation. The kind and peak area of volatile flavor
components also gradually increased on the 4th~14th days after

fermentation but reduced after that.

O The sensory test was applied to the bread produced after adding the
marketed bakery improvers and the starter-added nonglutinous rice Takju
manufactured in different fermentation periods. The results of the
examination demonstrated that there was little difference in sensory grades
of appearance, flour flavor, fermentation flavor and color. In contrast, the
lowest grade was got from texture and overall acceptability when marketed
bakery improvers were added while all the Takju powder—-added bread got
satisfactory grades. Therefore, it was found from the analysis of Takju
ingredients and the sensory evaluation, that the characteristics of bakery
improvers could take effect the most when the starter-added nonglutinous

rice Takju was fermented at 30C for four days and then powdered.

O As more Takju powder was added, pH of dough was more reduced. The
height, volume, baking loss rate of flour dough after its first fermentation
showed sufficient difference until Takju powder was added to 1% of the
bread while there was little difference after adding more than 1%. As more

Takju powder was added, L value within the bread was more increased. A



sensory examination was applied to appearance, color, flour powder of the
bread manufactured after different amount of spray dried Takju powder was
added. The examination results showed that flour powder flavor and
offflavor (important elements in bread) of the bread added with Tuakju
powder were better than those of the control bread; when Takju powder
was added to 0.7~1% of the bread, it was advisable as a quality conditioner
for bakery. In GC analysis of the bread added with spray dried powder,
about 23 kinds of major volatile flavor components were identified and the
total peak area of the bread was two times or so wider than that of the

control bread.

O Investigation was conducted into the change in quality of spray and
freeze dried Takju powder for 50 days of storage after the starter—added
nonglutinous rice Takju was fermented for four days. The Investigation
results showed that the moisture content of spray dried powder was
changed from 6.64% to 7.38% and that of freeze dried powder from 4.86% to
6.51%; and the total cell count of spray dried powder was changed from 1.2
x103 CFU/g in the early stage of the Investigation to 8.2x104 CFU/g and
that of freeze dried powder from 2.1x105 CFU/g in the early stage to 1.7x
106 CFU/g. In contrast, the values of reduced sugar and the whole sugar
were slowly increased during the storage period. L and b values of color
changes were slowly increased in spray dried powder as time passed during
the storage while L value was reduced and b value was increased in freeze
dried powder. There was big difference in organic acid contents in the early
stage of the storage because the organic acid content in freeze dried powder
was 5,171.39 mg/100g and spray dried powder 3,949.97 mg/100g. The organic

acid was reduced in both spray and freeze dried powder as time passed



during the storage. About 20 major volatile flavor components were
identified in spray and freeze dried Takju powder through GC-MS; the total
peak area of spray dried Takju powder was increased about 25% in
comparison with freeze dried 7Takju powder and the volatile flavor

components were reduced as time passed in storage.
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Table 3. Volatile flavor compounds of fresh

Takju

Peak No. Volatile compounds Fresh Takju
1,2 Pentane(solvent) 985.4
3 Diethyl ether(solvent) 844.2
4 8-Methylisothiazolo[4,5-c]-2,1,3-b 0.6
5 Acetic acid 5.6
6 Ethanol 215
7 2-propanol 4.9
8 Cyclotetrasiloxan, octamethyl 108.8
9 1-propanol 115
10 2-butanol 115.2
11 2-pentanol 3.9
12 1-butanol, 3-methyl- 2.8
1-butanol 1.3
13 Benzaldehyde 2.7
14 1-butanol, 30methyl-(impure) 371.5
15 1-octen-3-one 59
16 1-hexanol 24.2
Unknown 4.2
Unknown 7.2
18 1-propanol, 3-ethoxy- 2.2
19 1-octan-3-ol(IS) IS
20 Pentadecane 1.0
21 Unknown 4.3
22 Cyclopentane, 1-ethyl-1-methyl- 6.3
23 2-heptene-4-one, 2-methyl- 4.2
24 7a,9c0(Iminoethano)phenanthrol[4,5—- 5.6
25 2,3-butanediol 2.5
26 Hexadecane 7.7
27 Dodecane,2,6,11-trimethyl- 49
28 Decanoic acid, ethyl ester 6.7
29 1,2-epoxy-1-vinylcyclodecane 6.4




( Continued )

30
31
32
33
34
35
36
37
38
39
40
41
42
43

44
45
46
47

48

49
50
ol
52

53
54
55

56
57
58
59
60
61

Unknown

Heptadecane

Unknown
1-propanol,3-(methylthio)-
Unknown
Hexadecane,2,6,10,14-trtramethyl-
Unknown
2,5-furandione,3-(dodecenyl)dihyd
Heptadecanoic acid, ethyl ester
Hexanoic acid
(Z2)-1,5-dimehylspiro[3,5lnonan—-(Z
Unknown

Pyrene, hexadecahydro—
Benzeneethanol
Phenol,2,6-bis(1,1-dimethylethyl)
Phenol

1-oxa—4B.beta.,8,8 10A.beta.~tetra
Eicosane

Decane 2-cyclohexyl-

2-N-buthyl-3-N-hexyldecahydronap

%tehnzene 1

propano

Hexadecanoic acid, ethyl ester
2,2-dideutero octadecanal
1H-purin-6-amine

Unknown

Butanedioid acid, monomethyl ester

Octadecanoic acid, ethyl ester
9-octadecenoic acid(Z)-,ethyl ester
Unknown

9-octadecanoic acid, ethyl ester
1H-purin—-6-amine, 2-fluorophenyl
Ethyl linoleate
9,12,15-octadecatrienoic acid
Lonoleic acid, buthyl ester
Silicate anion tetra

164
0.00
22.2
6.7
8.8
271.2
35.2
22.3
22.7
189
24.6
14.7
24.5
31.3
141.9
22.5
142
199
13.0

72

12.0
136.8
3.1
2.8
14
2.0
30.3
162.4
0.0
6.2
0.7
2155
7.3
4.3
2.1




( Continued )

62
63
64
65
66
67
63
69
70
71
72
73
74
75
76
77
78

11-eicosenoic acid, methyl ester
Tetradecanoic aicd
Nonane,2,6-dimethyl-
Hexadecanoic acid, 2-hydroxy-
9,12-octadecadienoic aicd(Z,Z)-
3,60dioxa-2,4,5,7-tetrasilaoctane
Hexadecanoic acid
(+-)-15-Hexadecanolide
Tetrasilaoctane
4-methoxymethylphenol
Cyclotetradecane,1,7,11-trimethyl
10-demethylsqualene

Unknown

Octadecanoic azkd

Heptadecene

Heptadecene—(8)~-carbonic acid-(1)

Unknown

44
9.6
74
2.0
11.5
1.0
123.3
19.3
1.1
3.4
2.8
21.3
24
24.4
234.1
55.3
70.1
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Table 4. Composition of ingredients

for seed mash preparation

Sample A Sample B Sample C
Nonglutinous rice(g) 200g 100g -
Wheat flour(g) - 100g 200g
Nuruk(g) 80g 80g S0g
S.cerevisiae(ml) 60ml 60m¢ 60m
Water(mf) 600m¢ 600m¢ 600me
3. %48y g5 2 ¢E
wAele] wEEE Table 59 2k AwWg EA4N4 ALe 9@ A4
vhe ANl delME Fig 19 2ol AEA 98 2 Fx @} 47E
gk e FAEE fste] @Ay A7k Zb7E 15 kg 9o W o
2 Agste] S § 30 ColA Bl o3 o5 o4 958 15 L F84
of ¥a = 45 L9t ¥F 600 g, FE 450 mLE 7Fa] £¢3F tg 30 TollA
g Al A HFig. 1).
Table 5. Composition of ingredients for Takju preparation
Sample A Sample B Sample C  Sample D
Nonglutinous rice(kg) 1.5kg 0.750kg - 1.5kg
Wheat flour(kg) - 0.750kg 1.5ke -
Seed mash(m{) 450md 450mf 450mf 450mé
Nuruk(g) 600g 600g 600g 600g
Water(4) 452 450 4574 457¢




Rice(2kg)
|
Soaking (5hr)
|
Steaming(121°C, 20min)
|
Cooling(room temp)

| «—— Nuruk 800g

Water 6L |
1 |

Yeast starter 600ml Mashing
|

Fermentation(30C)

|

Screening
|

Takju

Fig.1. Schematic diagram for the preparation of Takju.
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Table 6. Formula of bread added with Takju powder
(Unit: g)

Content Treatments(%)"

(%) 0 0.5 1 2 3 4

Ingredients

Wheat flour 100.00  280.0 2786 2772 27144 2716 2688
Dried yeast 1.45 4.06 4.06 4.06 4.06 4.06 4.06

Salt 1.45 4.06 4.06 4.06 4.06 4.06 4.06
White sugar .27 2036 2036  20.36 2036 2036 20.36

Butter 5.45 1526  15.26 15.26 15.26 1526 1526
Water 6364 17819 17819 17819 17819 17819 178.19
Takju powder 0 14 2.8 56 8.4 11.2

b Takju powder per flour



Table 7. Flow of a straight dough baking procedure

Flow Treatments(%)"
0 0.5 1 2 3 4
Al
(jlj_, 24 C, 25 T, 25 C, 25 T, 25 C, 25 T,
;:; 22 C, 22 C, 22 C, 22 C, 22 C, 22 T,
o 20 20T 20T 20T 20T 2 C
v/;\_.
DIES L G S
S L I B
10 A 1?‘{,\“ 15&
NS5 235 T 242 C 250 C 240 C 237 °C 237 C
ARERES 0 #E A A% A% HE
g A 28 T,
oran  mo, B BE A% 3% 4%
THELE 280 T 282 T 28 C 284 C 285 C 285 T
EESE
5 1E
2 B
3) A A
Y AR A% A% A% A% A%
(L
S 0%
a4 28
Ll 276 C 212 C 2713 °C 282°TC 215°C 2715 T
D ERolgy 108 #%  #%  H%  ®E A%
5) B e
A . T T
o uAEe 108 #%  F%  F%  #®e A%
3) A3
a5 AE A% A% &% A%
5 2T
R, BE A% A% A% A% A%
1) 35 T
oe aw  wme #E 3F A% 8% 4%
6) Baki
ke L BE AE A% A8 2% A%
Baking=% 180 C
i T T T
(e}
Dz 60F A% A% A @me  H®E

v Takju powder per flour
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L 24 2 229 F2

M

7t pH 2 4

A& 10 goll &7 50 mLE 7}3t2 pH meter(Suntex 2000A, USA)S o]
43t pHE SA3F v, 1 % phenolphthaleing XA|eFo 2 3to] (1IN
NaOH &efo= w4 (pH 83)c] & wi7}x] HAstar 24 A el 0.0095

gto]l A5 &

i

Lo

ZA+S lactic acid® A9}

b obvle A
AR 5 g& 7= E AAS & 250 mL= 84, #dstste] o &5 25

mLE F 8] Formal'f .= ofv]id] Fazgs S433)

AFFS FFstgdon, T AR 10 goll 25 % HCl 200 mLE ¥ 100T
off 4 2417 FeoF 7FEE] 3 ] 10 % NaOH= pH 6.8~72% <3}3taL, 314
4&3 5 1 mLE Fall JEFsto] glucose FEFe= FAIGAT A8 3=
= UV/VIS spectrophotometer(V-550, JASCO, Japan)E Ab&3}o] 550 nmol A

ZRega, AFFAEe 57 PEEEGEA0E TIATh



WoAE R 2EE 27
A= M A (Macbeth spectrophotometer color eye 310, USA)E Al-&3}

%om, Hunter MAtAIe] ¥& A=E vebdl= Lit(Lightness), #& A 4
=5 Yetl= aft(redness) 3 =49 A5 YEtu= bak(yvellowness) o=
A5t SAA e, 2 Ay AMEe Aol= MA(color difference, A
E)E ol&sle] EAsth MAUE) @S F Mo vuAl wjg {834 AE
Hedl, Ak gho] 0~0501™ AA7E A9 glow, 05~15% +4% Aol 1
5~3.02 AT = & AE Ao, 30~6.02 AA3 o], 6.0~12.0 3]

AAZE 2to], 12 o] Feold v& AlTe] Moz AAIY AWEE AR 13 g&

rlo

FH3skar 40 mLe SHFFE 718 o3 10 % trichloroacetic acid €< 10 mLE
A7 kel Ao A 2A1ZF FoF WS & o3sie UV/VIS
spectrophotometer(V-550, JASCO, Japan)Z ©]-&3t¢] 420 nmolA SH =S =

At

-

up, v A EF
T4 2 wbde] e A4+ Plate count agar(Difco)E o] &3te]

=]

93l ar, kA2 Trypticase soybean agar(Difco)®, A2 Lactobacilli

o

MRS agardl sodium azideE 7 7}8to] AL&3st o, X 7= Potato dextrose

agar(Difco)E ©]&3te] F4 33

At 714k

AR 20 g& FA3t 10,000rpmell Al 1583 ¥ A4 Eesta 45 F
2 mi& FHshkel 0.008M HzSOq &9 10 meol 23 &3 & Seppak Cis
cartridges &¥AA w@d, M4 AW o aegA =25 AAANZ F 045
um membrane filter® o Z}ate] ozl 20 WE Table 8% 2 Z71oA

HPLCoOl FQ3te] BAstn, F7]4ke] Hakado e Aakalgl



Table 8. operation condition of HPLC-UVD for determination of

organic acids.

Column Aminex HPX-87H, 300 mmx7.8 mm
Column temp. 35T

Detector JASCO UV-975, 210nm

Flow rate 0.6 m¢/min

Injection volume 20 1l

Mobile phase Sulfuric acid, 0.008M

2. qwel EARH 2 H}

7}. Dough9 pH

Dough®] pHE AOACE #4839 mixinge wF3F dough 10gg FH 3l =
F< 100 mL9} 7 homogenizer(AM-1, HARi#EELE R, JAPAN)Z 10,000
rpmoll Al 5 A Stete] o EEAS AR 3087 WAAZ F pH

meter(Suntex 2000A, USA)Z =435} % ).

Y. 1x &8 F dough® volume
A v gtulel] whek WkSEk dough 10 g5 FH o) Adx#o] Eolsti= Tl
7475 w23 50 mL mess cylinderel 2ol 2% A %-§ dough®t 7 13 &
gt FEvt 29 A5 T2 &2 dough Sl F-&S A st H-9
o

pyS E}
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ol Hyl= F£48 o] &3 £2X 39 (seed displacement) 0.2 A3}l o]

O
O

Ao 2HE v A A (specific loaf volume)S AAFsFE T Awe] Eol= F+YA

Aol 37 B9-FoA M =L BES caliper® &4 (mm)3FA U

FH
n.t[o
o
)
7.
o)
li)e]
)
%)
n
—~
o
=4
e
rl

O,
dlo
A=
.
rlo
X

L, w7] ¥4 (baking loss)¥} 7]

HH o Tk

7] ¥4 (baking loss) = DW - BW
7] &4 4 (baking loss rate) = DW-BW/DW x 100

=

ol 7]l DW : W= & (dough weight), BW : A| %% & (bread weight)©] th.
uh, AW i) A x

M= 2Aws A2 2 cm FAZ 2 $Y4 592 1038 ol M
(Macbeth spectrophotometer color eye 310, USA)Z =432, Hunter A
kA1 9] ¥ AEE UER= Lak(Lightness), < M9 AEE Uehd+ a#t
(redness) @ w=&Me] A2 YeEE bik(yellowness) 02 =4l ow 7t
A g3ke] MEo] Aol MA(color difference, AE)E o]&3to] #2431
AZE gkol 0~0.50lW M7 A glew, 05~15¢ 4% Aol 1.5~3.02
o] ko], 3.0~6.02= FA I Aol 6.0~12.02 =3 AA
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uh, Al o] ol AR
Aol AA @y G A& 2H(DC 4800 zoom Digital Camera.,



Kodak)® #o] wza 2 FArlefe] w2 2w E48 nwslgd
3. %87 A& &4

7h. 3 ¥
T2 A-hAD. 20cmx10.0cm, 80mesh)ol ©3Ad F&AS  polydivinyl

benzene(porapak-@Q, 50~80 mesh, Waters) 5.0 g& &%3l¢] go]24 100 mL

diethyl ether 100 mL& A}&3
sodium sulfate anhydrous® #| 73k
AA 2 ol gale] 600 uE F= | 559 02uE A3 FHste gas
chromatography S ©]-&3lo] 430 GC GC-MSe| ZsZ72 Table

9} 2t

>

24

2
o]

Tz de] 2% 2 gofl S/ 18 mLg vhste] s Hd F
centrifugeol A 4T, 8000 rpm, 15 minE<e GAEE A, F8ZHAD.

2.0cm>10.0cm, 80mesh)ol a4 S &4 polydivinyl benzene(porapak-Q, 5
0~80 mesh, Waters) 50 g& S*X3le] Eol]&4 100 mLEZ F&417 ths €
AiEEe Je5d 10 mLe S84 EFA1Z F elution solvent?! diethyl ether
100 mLE AMgste] #F714ES &t &5 e E3FE  sodium
sulfate anhydrous® | # 3k T8 2 (40~45C)°) 4] Kuderna-Danish X =

o] &3lo] 600 w2 HEAZ T



7t Yl A 20 goll diethyl ether 100 mL& 7}ste] 2A]7Hs<F k7]
ARES FE3AT o] 59 U9 E3F2 sodium sulfate anhydrous 2 g 7}

, TE2(40~45C)° 4 Kuderna-

Table 9. Operating conditions of GC-FID and GC-MS for analyses of

volatile compounds

GC-FID GC-MS
- GCMS-WP5000
Instrument Hewlett-Packard 5890 SHIMADZU

J&W GC column

Column (Caltalog:1225032,Serial No:US2476344H)
- Length(m) 30 30
- LD(nm) 0.252 0.252
- Film thickness(ym) 0.25 0.25
Temperature(C)
- Injector 210 210
- Detector 210
Oven program
- Initial temp(C) 40 40
- Initial time(min) 5.0 5.0
- Rate('C/min) 8.0 8.0
- Final temp(TC) 200 200
- Final time(min) 5.0 15.0
Gas flow rate
Carrier gas N2 50 kPa Ho
- Hydrogen 50 kPa 50 kPa
- Air 50 kPa 50 kPa
Split ratio 1:67 1:100

Library WILEY138 library
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Aol PEAAE Table 109 o] WHE 7|7 glate] A xe A S
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BRAZA B
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SR ES AR

=
oE

, 22]al ol R AR WX ke FHIF A 7hz A x5k
Table 113} Zo] #d ¥ EYH] EZ9(balanced incomplete block method)ell
o)t tAlmE HAL] AgAFol| wetr] FFAAE HAASATE dde 2

wAEATE AEFEA Tl 2es A 108E AdAgske] 18] 37

Holl oJate] Friet=s ataitt o] W HAS AASHA & Aus T A4
sho] ojyt 9 Ae] 7|3 #AFA] st s ekl om, A= SAS(statistical
analysis system)Z ©]&3te] ANOVA test¥ Duncan’s multiple range test®
B §9AL 5% FoFFdA HAx £9x AA(east significant

difference test) .2 ZA}s}%th



Table 10. Treatment number according to different kinds of Takju
powder

Treatment No. Kinds of sample

1 No addition

dough improver
Takju powder of 4day fermentation
Takju powder of 6day fermentation
Takju powder of 8day fermentation

Takju powder of 10day fermentation

N O O ok W

Takju powder of 12day fermentation

Table 11. Balance incomplete block design for 7 treatments in blocks

of 10 units
Block Replication

! I I
1 1 5 )
2 2 5 .
3 3 4 )
4 A 5 ;
5 5 5 ,
6 6 ; ,
7 7 1 ;

* Each cell consists of treatment number
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o FEzE e A A Ao 13 =8l Fo obv=E dA
2 dud f9E, 2vE AR SOl drEe e dde] 5 Fo v
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AA
A o] ikt wlE FE& @49 acid proteasett peptidase 52 &

A RS AR AT 59 ol FAAAK s, auEol} AR 3
=

Table 12. Composition of commercial Takju

Storage o Total Amino
time(day) b acid(%) nitrogen (mg%)
1 415 0.25 23.9
Company E
(wheat powder 100%) 10 590 044 ST
b ° 20 404 124 171.0
Company E 1 419 0.31 359
(polished rice 80%+ 10 3.96 0.55 85.8
wheat powder 20%) 20 4.08 1.73 244.4
1 4.08 0.24 25.9
Company P
(polished rice 100%) 10 315 0.2 020
b ° 20 400 081 753
Company P 1 4.03 0.28 216
(polished rice 40%+wheat 10 3.93 0.42 457

powder 20%+starch powder 20%) 20 4.01 1.54 141.2
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Fig 2. Changes in pH of Takju during fermentation.

A  Takju was made of nonglutinous rice with addition of starter.

B : Takju was made of mixture of nonglutinous rice and wheat flour
with addition of starter.

C : Takju was made of wheat flour with addition of starter.

D : Takju was made of nonglutinous rice without addition of

starter.
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Fig 3. Changes in total acid contents of Takju during fermentation.
A  Takju was made of nonglutinous rice with addition of starter.
B : Takju was made of mixture of nonglutinous rice and wheat flour
with addition of starter.
C : Takju was made of wheat flour with addition of starter.
D : Takju was made of nonglutinous rice without addition of

starter.



Amino nitrogen(mg%)

) /
10- / o
A —l Sample A
v —e— Sample B
50 —A— Sample C
41 —v—Sample D

0 2 él‘r 6 8 10 12 14 16 18 20
Fermentation time(day)

Fig 4. Changes in amino nitrogen contents of Takju during
fermentation.
A Takju was made of nonglutinous rice with addition of starter.
B : Takju was made of mixture of nonglutinous rice and wheat
flour with addition of starter.
C : Takju was made of wheat flour with addition of starter.
D : Takju was made of nonglutinous rice without addition of

starter.
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Table 13. Changes in quality characteristics of 7Takju during

fermentation

Fermen Quality characteristics of Takju
7?1’3211 oH Total acid niAt?;igne(:)n Resizceglg ;Ogt:i Solid
(day) (%) (ng%) (%) (%) (%)
0 5.24 0.24 11.13 4.49 15.84 20.70
1 3.61 0.78 48.54 7.64 17.13 2261
2 3.58 0.99 55.37 6.91 19.18 21.72
4 3.44 1.26 65.74 1.23 11.57 15.46
6 3.50 1.31 88.64 1.08 11.96 15.78
8 3.64 1.31 89.30 0.91 9.37 13.50
10 3.65 1.33 97.34 0.88 9.44 13.18
12 3.67 1.34 114.26 0.87 9.53 13.20
15 3.63 1.34 112.96 0.84 9.34 13.50

18 3.67 1.35 103.23 0.78 8.84 12.94
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Fig. 5. Changes of cell count during 7akju fermentation.

Fermentation time (day)



2 ZR7|T WE {74k WA
Dby $ owEy eule f714E HPLCE 4% 2= Table 149

Zo} wrde o] f7]4be 2 citric acid, tartaric acid, malic acid, succinic acid,
lactic acid, acetic acid, propionic acid’} #<lE|1om o] F lactic acid’} %
o)
=

delel 8 frIAte R yeEt #f7]4be] 5

flo

st oz Yelutth F 4714k lactic acid & FEHQ ol nlFF EA 3}
v Ay Ao 2g B F el AA F

o] tjALZFgolL} EEd o AAAE AJES & 7 AT Lactic acide
F 69l 190274 mg/100me = H LA S Woltprt AA3] FHadte 4TS B
ow, ol WAESY A NI dAsAY. I Heow M B FES
UE = 714k succinic acid® o] 37 o] mF EAsk= frjtew W
27 A wet Srtete BEdFS UER AT Acetic acide A5 3
g Arelm A e o] gbmlel] #ejst= FAEoIth 2 AP A TE 1590
M = S dEd], A= UF e A eyl wiied 2Es W
= W 159 olde] #HAEgE Ao S & 4 AMn Citric acid= vHE
TR o] v dolw, wa A T wAES tAEE o R FHAEH
HE Row delx] drh. E3 propionic acidE AmAr o] Qo] whe] A AA
= F st EEE 4HA o], 2 kel Aol 1299 At Aol

Az WEAS W T ANE AAE 5 e Ao PrE,

¢



Table 14. Changes in organic acid contents of Takju during

fermentation
(Unit : mg/100me)
Fermen
—tation Citric Tartaric Malic Succinic Lactic Acetic Propionic Total
time  acid  acid  acid  acid  acid  acid  acid o
(day)
0 - 1.47 59.04 87.01 158.03 15480 11.88  472.23
1 - 5.03 44.67 30.75  893.01 94.88 11.61  1079.95
2 - 19.16 68.62 4793 140355 13358 17.89 1690.73
4 - 24.26 64.21 9762 186991 14843 1880 2223.23

6 27186 2678 101.37 10524 190274 16850 2556  2358.05
8 2273 2185 9526 129.00 171462 16338 2597 217281
10 63.00 2142 11473 187.04 1821.77 18772  30.30  2430.98
12 5154 2532 12400 20711 1815.02 19891 3793 2459.83
15 02.88 2211 12804 25425 179826 20589 3948  2500.91

18 41.08  16.61 11318 255.02 166536 189.97 36.32 2317.54

* — ! Not detected
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Fig. 6. Gas chromatogram of volatile flavor components in 7Takju
added with starter by fermentation time.
A: Initial, B: 4 days, C: 9 days, D: 20 days



Fig. 7. GC/MS total ion chromatogram of volatile components in Takju
added with starter at day 9 of fermentation.



Table 15. Volatile flavor compounds identified in Takju added with
starter during fermentation by GC and GC-MS
(Unit : peak area %)

Peak Fermentation time(day)

No. Compound 0 1 4 9 14 20
1 %ﬁgf add, 021 034 002 023 04l -
2 2-propyl-furan 0.14 0.37 0.55 0.75 1.50 0.55
3 Ethanol 9.00 1248 4148 3823 3498 3492
5 3-methyl-2-butanol 341 683 556 478 517 496
6  23-butanediol 010 042 367 371 436 -

2-hydroxy-
7 propanoic acid, 0.61 0.03 11.60 11.25 12.94 -
ethyl ester

8 Iso-butyl alcohol - 0.25 3.14 3.54 3.99 -
2,4-dimethyl- B B _ _ _

9 heptane 6.18

10  2-ethyl-1-butanol - 0.75 0.12 0.70 0.38 0.22
2,3-dimethyl- _ _

11 heptane 0.36 0.20 0.04 0.08

12 4-methyl-octane - 0.67 1.11 2.82 351 0.11
2-hydroxy-

13 propanoic acid 0.02 3.83 1.26 1.54 1.85 0.19
Acetic acid, 3

14 propyl ester 0.03 0.53 0.85 0.99 0.08
3-methylthio— 3 B

15 1-propanol 0.63 1.38 0.22 0.58

16 Phenol 0.46 2.45 0.17 0.88 0.70 -

17 1-butanol - - 0.08 0.30 0.30 -
5,7-dimethyl- _

18 undecane 28.52 0.50 1.57 1.81 2.89
4 7-dimethyl-

19 undecane 12.99 3.86 0.37 0.57 0.62 2.48

6-ethyl-2-methyl- B

20 octane 1.63 1.79 0.81 0.97 1.27

21 Undecane 0.72 1.08 0.22 0.46 0.47 2.92

22 Dodecane 0.45 2.15 0.77 1.32 0.63 14.06

23 Benzeneethanol 0.96 - 9.47 10.50 9.98 547

6-ethyl-2-methyl-
24 octane 0.30 0.35 0.17 0.91 0.71 2.15




( Continued )

25 Benzothiazole 0.81 121 0.36 0.53 0.48 1.68
26 Unknown 0.53 0.78 0.29 0.18 0.03 2.17
27 Tetracane 4.25 0.60 0.85 0.52 1.45 -
6-ethyl-2-methyl- B
28 octane 1.22 1.20 0.16 0.17 0.25
29 Hexadecane 1.36 0.73 0.96 0.69 0.09 -
6-ethyl-2-methyl-
30 octane 1.96 2.27 0.52 0.18 0.25 0.98
2,6,11,15-tetra _ _
31 methyl-hexadecane 0.78 3.52 0.27 0.09
4 7-dimethyl- B B
32 undecane 0.16 0.12 0.06 1.09
33 Unknown 0.53 1.23 0.53 0.40 0.06 0.76
34 Unknown 0.64 2.86 0.08 0.09 0.05 18.82
1-phenyl-1,2-
35 othanediol 1.11 6.98 5.77 4.21 1.76 4.94
36 Unknown 2.88 5.25 0.81 0.38 0.43 0.90
37 Pentadecane 511 6.42 0.78 0.54 1.40 -
2,6-bis(1,1-
38 dimethyl)-4- 13.05 3.37 5.06 4.24 470 0.48
methyl-phenol
39 Eicosane 5.63 16.46 1.01 0.95 0.62 -
Total peak area 2,830,169 2,292,070 5,956,588 8,392,027 6,958656 733,513
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Fig. 8. Gas chromatogram of volatile flavor components in Takju
without starter by fermentation time.
A: Initial, B: 4 days, C: 9 days, D: 20 days



Table 16. Volatile flavor compounds identified in Takju without starter
during fermentation by GC and GC-MS

(Unit : peak area %)

Peak

Storage time(day)

No.  Compound 0 1 1 9 14 20
Acetic acid, _
cthyl ester 0.62 0.67 0.56 0.99 1.24
2. 2-propyl-furan - - 0.75 2.33 1.22 1.67
3. Ethanol 0.14 13.84 38.28 56.28 41.77 39.79
3-methyl-2-
5. butanol 0.67 9.29 2.55 2.83 4.38 5.00
6. 2,3-butanediol - 0.08 2.34 3.00 3.34 3.94
2-hydroxy-
7. propanoic acid, - 1.50 8.02 6.29 7.30 10.09
ethyl ester
8. Isobutyl alcohol - - 2.14 1.82 2.15 2.34
2,4-dimethyl- 3 3 3 3 3 3
heptane
2-ethyl-1- 3 3
10. butanol 0.78 0.90 0.65 0.11
2,3-dimethyl- B _ _
11. heptane 0.20 0.26 0.24
12. 4-methyl-octane - - 4.19 2.84 4.85 7.92
2-hydroxy—
13. propanoic acid 0.14 1.72 2.11 1.96 2.35 0.03
Acetic acid, _ _
14. propyl ester 0.72 0.88 0.91 1.19
3-methylthio- 3 _
15. 1-propanol 0.56 0.19 0.19 1.03
16. Phenol 2.72 0.28 0.28 0.71 1.21 -
17. 1-butanol - - 9.22 0.20 0.50 0.03
5,7-dimethyl- _ _
18. undecane 2.03 1.38 2.81 1.11
4 7-dimethyl-
19. undecane 0.24 1.76 3.93 0.49 0.75 0.17
6-ethyl-2— B
20. methyl-octane 1.84 0.39 0.89 1.40 0.91
21. Undecane 1.30 0.57 0.52 0.40 0.72 0.17
22. Dodecane 0.81 0.30 0.55 0.44 0.79 -
23.  Benzeneethanol 1.50 1.51 3.88 2.80 3.58 4.95
o4, brethyl2= =y g - 025 062 126 095

methyl-octane




( Continued )

25.  Benzothiazole 2.04 1.47 0.84 0.42 0.33 0.13

26. Unknown 3.05 1.03 0.27 0.24 0.12 0.05
27. Tetracane 1.63 0.84 1.25 0.59 1.42 1.09
6-ethyl-2-
28. methyl-octane 3.20 2.12 1.01 0.30 0.38 0.05
29. Hexadecane 1.54 1.77 1.16 0.62 0.80 1.09
6-ethyl-2-
30. methyl-octane 4.96 1.20 0.55 0.38 0.24 0.30
2,6,11,15-
31. tetramethyl- 3.99 1.62 0.62 0.50 0.18 0.42
hexadecane
4 7-dimethyl-
32. undecane 3.05 0.88 0.53 0.27 0.11 0.05
33. Unknown 2.35 0.72 0.51 0.48 0.25 0.12
34. Unknown 4.87 1.68 0.28 0.33 0.08 0.13
1-phenyl-1,2-
35. othanediol 5.19 2.09 0.98 0.83 0.81 0.36

36. Unknown 16.61 14.14 1.49 1.15 0.78 1.60
37. Pentadecane 15.20 4.46 1.17 1.07 2.03 2.71
2,6-bis(1,1-
38. dimethyl)-4- 10.63 27.33 5.08 3.52 6.01 8.18
methyl-phenol

39. Eicosane 11.94 3.01 1.35 1.20 1.99 3.30

’ ’

2
Total peak area 855,060 1,775,873 8,096,029 4,825,884 4,237,381
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Table 17. Changes in L, a and b values of 7Takju powder during

fermentation
Takju powder Takju powder with arabic gum
Fomegtion 1 b [Fmegion 0 b
4 93.72 014 897 - 4 96.44 0.08 427 -
6 91.12 056 1332 5.09 6 96.21 0.04 570 145
8 9326 0.05 1270 3.76 8 95.11 -0.04 655 264
10 89.35 0.66 19.09 11.04 10 94.96 -0.09 7.87 3.90
12 8357 0.75 797 1358 12 95.78 0.15 418 0.67

LE7|e de Axd Hde 2T Hvkske] Alxd Aol 4510
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Table 18. Sensory score of appearance, flour odor, yeasty, color, texture, taste
and overall acceptability for 7 treatments in block of 7 units



Table 19. Analysis of variance of appearance, flour odor, yeasty, color,

texture, taste and overall acceptability

A= sensory item gt TRl
AP 179.3333
FO 260.9524
YE 263.2381
Blocks 6 CcO 133.619
TX 379.9048
TS 167.8095
OA 200.9524
AP 219.8095 36.63492
FO 145.0476 24.1746
YE 489.3333 81.55556
Treatments 6 CO 162.381 27.06349
TX 409.381 68.23016
TS 313.619 52.26984
OA 322.71619 53.79365
AP 218.8572 27.35715
FO 300.9524 37.61905
YE 597.9996 74.74995
error 8 CcO 282.9524 35.36905
TX 119.2856 14.9107
TS 107.7144 13.4643
OA 198.5714 24.821425
AP 618
FO 706.9524
YE 1350.571
Total 20 CcO 578.9524
TX 908.5714
TS 589.1429
OA 722.2857

* AC: appearance, FO: Flour odor, YE: Yeasty, CO: color, TX: texture,
TS: taste, OA: overall acceptability
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Table 20. Mean of adjusted treatments for appearance, flour odor,

yeasty, color, texture, taste and overall acceptability of

samples
Treat =Y + (KTi - BGQ))/tx
“ment Appearan  Flour Overall
N Yeasty Color Texture Taste .
0. ce odor acceptability

1 71.29° 5652 4657 67.05° 6743 6557 63.86"
2 65.86" 4724  58.00°  6391° 5457 5872° 58.00°
3 7229 5095  5157°  7091* 6943  70.14™ 70.86"
4 67.43"  50.09" 4757 7048 67.00°  69.29™ 70.58"
5 76.86°  5124*  4543*  67.05° 6586 7172 69.86"
6 68.71°  5467"  5557" 6848 6457  67.86™ 69.43"

7 66.14° 4895"  60.28"  61.48" 5829  61.72% 63.43"

* Same letter means no significant difference(PP<0.05) by least significant
difference test.
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Fig. 10. pH of bread dough on the various levels Takju powder.
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Table 21. Color values on the internal of bread added with Takju
powderZ)

Color Takju powder content(%)

value 0 0.7 1 2 3 4

L 68.06£6.02 66.27+2.24 73.26+2.96 69.00£2.16 65.75+3.69 70.32+2.99

a -0.42£0.19 -0.05+0.13 -0.30£0.13 0.06+0.09 0.26+0.28 0.41+0.21

b 9.28+£1.02 10.86£1.03 9.75+0.84 9.97+0.73 9.88+1.08 12.48+1.11

AE - 242 522 1.26 2.48 3.95

S Lightness 0~100, a : Redness -60~+60, b : Yellowness -60~+60
? Spray drying



B .
Fig. 15. Cut and loaf of bread added with Takju powder.

A: control, B: added with 0.7 % Takju powder, C: added with 2 % Tuakju
powder, D: added with 4 % Tuakju powder
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Fig. 16. The sensory evaluation of bread on the various levels of

Takju powder
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Fig. 17. Gas chromatogram of volatile flavor components in bread
added with Takju powder.
A: Control (0%)
B: Added with 2% Takju powder
C: Added with 4% Takju powder



Fig. 18. GC/MS total ion chromatogram of volatile components in
bread added with 4% Takju powder



Table 22. Volatile flavor compounds identified in bread added with
Takju powder by GC and GC-MS

Peak Peak area %

No, Compound 0 507 192
2 Acetic acid 5.46 2.36 2.33
3 3-methyl-1-butanol - 0.31 0.44
4  Hexadecanoic acid 14.99 - -
5 Nonadecanoic acid, 046 332 339

ethyl ester
6 2,3-butanediol - 5.53 8.45
7 Octadecenyl aldehyde 3.10 1.72 2.17
8 Linoleic acid, ethyl ester - 14.52 13.62
9 Oleic acid 4.56 4.51 512

10 Palmitic aldehyde 1.61 0.57 0.55
1 Hexadecanoic acid, 0.84 B 786

ethyl ester

12 Docosane - 2.00 2.99
13 Unknown 6.54 6.44 475
14 Unknown 2.13 1.10 0.29
15 Heneicosane 6.54 - -
16 Unknown - 1.56 -
17 2-benzoylguaiazul 4.35 4.40 0.61
18 1-bromo-tridecane 8.31 - 0.90

Ethanoic acid

19 dodecf7*enyléster - 3.92 0.64
20 Tricosane 2.20 3.30 0.34
21  2,4-Di(1-phenylethyl)phenol 1.38 1.98 -
22 Butyl-2-ethylhexanoate - 10.17 17.29
23 Pentacosane 34.40 24.78 21.65
24  2-methyl-heptadecane 3.14 752 6.59

Total peak area 943,151 1,965,599 1,720,681
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Fig. 19. Changes in pH of spray drying Takju powder during storage.
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Fig. 20. Changes in pH of freeze drying Takju powder during storage.
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Fig. 21. Changes in total acidity of spray drying Takju powder

during storage.
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Fig. 22. Changes in total acidity of freeze drying Takju powder

during storage.
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Fig. 23. Changes in amino nitrogen of spray drying Takju powder

during storage.
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Fig. 24. Changes in amino nitrogen of freeze drying 7Takju powder

during storage.
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Fig. 25. Changes in moisture contents of spray drying 7akju powder

during storage.
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Fig. 27. Changes in reducing sugar of spray drying Takju powder

during storage.
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Fig. 28. Changes in reducing sugar of freeze drying Takju powder

during storage.
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Fig. 29. Changes in total sugar of spray drying 7akju powder

during storage.
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Fig. 31. Changes in browning index of spray drying Takju powder

during storage.
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during storage.



Table 23. Changes in color value of Takju powder during storage

Storage Storage time (day)
Sample temper
—ature(C) Initial 10 20 30 40 50
5T 84.81 87.45 87.27 87.41 87.29 87.33
L 15T 84.81 88.28 87.48 87.60 87.42 87.39
25T 84.81 86.95 86.65 87.27 87.34 87.42
5C 1.09 -0.07 0.04 0.13 0.02 -0.08
a 15T 1.09 -0.11 0.04 0.20 0.12 -0.04
Sp! 25T 1.09 -0.06 0.05 0.14 0.10 -0.08
5C 11.78 13.88 14.25 14.72 14.56 14.19
b 15T 11.78 13.80 14.31 14.76 14.56 14.48
25T 11.78 13.84 14.60 1541 15.02 14.92
5T - 3.57 3.64 4.04 3.88 3.68
AE 15T - 419 3.83 4.18 3.93 3.90
25T - 3.19 3.52 4.49 4.23 4.25
5T 88.75 88.90 88.96 88.38 88.58 87.97
L 15T 88.75 88.28 87.95 87.35 88.33 87.34
25T 88.75 88.36 87.26 88.30 88.60 87.43
5T -0.23 -0.25 -0.56 -0.51 -0.33 -0.31
a 15T -0.23 -0.22 -0.41 -0.36 -0.35 -0.22
FD? 25T -0.23 -0.31 -0.33 -0.53 -0.42 -0.25
5T 12.39 12.17 12.07 12.61 12.46 12.90
b 15T 12.39 12.48 12.81 13.40 12.70 13.05
25T 12.39 12.76 13.51 12.74 12.22 13.57
5C - 0.27 0.51 0.51 0.21 0.94
AE 15T - 0.48 0.92 1.73 0.54 1.56
25T - 0.54 1.87 0.64 0.30 1.77

v Spray drying

Y. Freeze drying



Z B4y 24 A F Fo Wk Fig 33 % 34
o} Zrh BRAx vdy B 27 #54E 1.2x10° CFU/gelflen, #1747
o] 5CelA 309 A& ¥ 51x10" CFU/g, 508 A%
% 82x10" CFU/gel wrao] 25C Aol 309 A% F 24x10" CFU/g,
509 A ¥ 14x10° CFU/go. 2 AZewrt Z713te] wet thi F7hste 4

ol FoATH whdel sAdx Hdd £ 2V des BFdAxE 2%
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Fig. 33. Change in total cell count of spray drying 7Takju powder

during storage.
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during storage.
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Table 24. Changes in organic acid contents of Takju powder during

storage



8. &7 A& W3zt

FRE Abstel BEw 2R 4949 98 BHeE 2Rz 2 54

sto] Az wdg] EEoA GC 24 A¥E Ao chromatogram< Fig. 35
oF i, GC-MSHl ¢fste] 543 F7]dE2 Fig. 36, Table 25 2 269} o]

ok 20707F E8lE e, total peak arear EF7AXx Ay BEwdo] A4AXx
w

)
BN

B>
32

&t At

=]
7z 94 2

N
S
—d
lo
oft
N
o,
Sh
-
rie

Az AFo= oF 105 A
Fol ZA3gtol wel A& 109 Fol &= acetic acid ¥ hydrazide’} R4 =

’

N

o
0

71
om A# 50¥ Fol+= 3-methyl-1-butanol 5 9F°] F7F A&HJL, 1 F
o % octane, 1,3,5-cycloheptartriene, 2,7-dimethyl-undecane So] Atz o =2
peak area’} E=A UEW oY 238 total peak area™ HAdE A S E LE
Wt 28l AR Ay SR (HAH] &, peak area%)> A 7| 7bel| u}
2} Zol= 9oy} nonaldehyde, 2,6-bis(1,1-dimethyl)-4- methyl-phenol,
3,6—dihydro—-3-methyl-2H-pyran-2-one, 3-methyl butanal, benzeneethanol,
undecane O &2 A2 FEFo] ol EHx HAg e o I 3
719 FARER Yebgth =g, Aol AtA peak FEol M =

ethanol #HZE% A &% 2™ nonaldehyde, 2,6-bis(1,1- dimethyl)-4-methyl-

T

phenol, 3,6-dihydro-3-methyl-2H-pyran-2-one< A% 7]|7to] Z ¥} sto] ulz}

Soi= 2-butanole] M ZEo] AAEASY 1-propancl-1-D1 5 5Fo] AHEQ
3L, A% 504 Fol = octane, formic acid ¥ ethyl ester 5°] F7} 2HEE R
M total peak arear FAFE Ao w Yelwtl 1g|al V| E 9] peak area

= AA7| e weEl AHole= oy 26-bis(1,1-dimethyl)-4-methyl-phenol,



nonaldehyde, 3-methyl butanal, a-hydroxy-benzeneacetic acid 2 ethyl ester,

benzeneethanol, 3,6-dihydro-3-methyl-2H-pyran-2-one <o & Arthz ghako]
ol BAAZ U Bl gdo} g el FARER e Braz

=
s g

rr

B>

Fol7b Sl&2 & & Uk



. Pl
B

(A)

.....




ler——————— e
yiii

s
!
E]
L
[ B F
¥
]
1

(D)

Fig. 35. Gas chromatogram of volatile flavor components in Takju

powder by storage condition.
A’ Spray drying, initial

B: Spray drying, after 50 days and storage at 25C

C: Freeze drying, initial

D: Freeze drying, after 50 days and storage at 25C



Fig. 36. GC/MS total ion chromatogram of volatile components in
spray drying Takju powder after 50 days of storage at 25T



Table 25. Volatile flavor compounds identified in spray drying Takju
powder during storage at 25C by GC and GC-MS
(Unit : peak area %)

Peak Storage time (day)

No. Compound Tnitial 10 day 50 day
2 3-methyl butanal 9.78 12.94 11.80
3 3-ethoxy—1-propene 0.68 0.33 1.02
4 3-methyl-1-butanol 1.56 3.93 2.11
5  2-butanol - - 0.81
6  2,3-butanediol - - 0.34
7 2-hydroxy-propanoic acid, 0.49 997 212

ethyl ester
8 Formic acid, ethyl ester - - 0.50
9  1-butanol - - 0.55

10 Octane - - 418
11 Phenol - - 1.26
12 1,3 5-cycloheptartriene - - 3.14
13 2,7-dimethyl-undecane - 0.33 2.49
14 Undecane 3.58 441 6.67
15  Benzeneethanol 4.39 10.36 14.65
16 1-propanol-1-D1 - 0.65 1.23
17  Acetic acid, hydrazide - 2.09 2.55
18 o oy benzeneacetic 2.18 8.62 7.98
19 S0 dihydro STmethyl 2 1489 6.73 6.89
20 Nonaldehyde 38.80 3.68 6.14
21 2,6-bis(1,1-dimethyl)-4- 2366 3865 9357

methyl-phenol
Total peak area 1,982,995 1,342,939 668,452




Table 26. Volatile flavor compounds identified in freeze drying Takju
powder during storage at 25C by GC and GC-MS
(Unit : peak area %)

Peak

Storage time (day)

No. Compound Initial 10 day 50 day
2 3-methyl butanal 12.23 16.78 14.68
3 3-ethoxy—-1-propene 1.05 0.56 1.68
4 3-methyl-1-butanol 1.21 1.87 0.08
5  2-butanol - 1.84 1.01
6  2,3-butanediol 0.06 - 0.25
7 Zgpdroxy “propanoic acid, 2.56 2.97 2.23
8 Formic acid, ethyl ester 0.06 0.30 -
9  1-butanol 0.06 - 0.27
10 Octane 0.04 1.59 -
11 Phenol 0.03 - -
12 1,3,5-cycloheptartriene - - -
13 2,7-dimethyl-undecane 0.46 0.33 1.25
14  Undecane 3.89 6.79 7.36
15  Benzeneethanol 8.69 22.86 20.59
16  1-propanol-1-D1 1.82 - -
17 Acetic acid, hydrazide 1.71 - 1.07
18 pfvdrony” benzeneacetic 9.27 8.65 9.40
19 DO dihydro Smethyl =2t 6.48 167 291
20 Nonaldehyde 17.99 2.76 3.30
21 20 PistL) dimethyD=4- 32.37 31.01 33.20

Total peak area 1,507,581 273,715 306,705
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