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: : i Mixin Fermentation
=L} tiF 2 A Table 1. Formulas for campagne made kimchi sour starter Scaling 9 ermentatio
4600 Ingredients (g)  Con! KS10 KS20 KS30 KS40 KS50 CON, K510, K520, D straight dough D |
500 KS30, KS40, KS50 method 26°C 80% 60min
v Flour? 500 500 500 500 500 500
oo Sour starter 0 50 100 150 200 250 ¥
4000 Water 350 330 310 290 270 250 Make-up Proof Baking Cooling &
3,900
3,800 Salt 10 9 8 7 6 5 Packaging
;;88 Yeast 12 6 6 6 6 6 BOQg dividing, rou o
3500 nding, bench time 26°C 230/210°C After cooling for
2020 2021 2022(p) 2023(p) 2024(p) 2025(p) 2026(p) NCON: Control bread made without kimchi sour starter 15min, sheeting, 80% for 120min, packagin
: : : KS10: C de with 10% kimchi tart annin 40min '
Figure 1. Changes in gross domestic bread market sales ampaghe made W e SPR S panning 2omin 9

KS20: Campagne made with 20% kimchi sour starter
KS30: Campagne made with 30% kimchi sour starter
KS40: Campagne made with 40% kimchi sour starter
KS50: Campagne made with 50% kimchi sour starter

A3} (Results)

Figure 2. Process of kimchi sour starter and campagne production

S HFH (Methodology)
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7] 7:’” x_q' = 2] A }\'l_ COND KS10 KS20 KS30 KS40 KS50 F-value Sensory attributes COND KS10 KS20 KS30 KS40 KS50 F-value
~ e B 2)3)4) B b B b B b B B d Kk
3 O = After mixing 4.80+0.152 4.72+0.462 4.57+0.72bc¢ 4.56+0.11bc¢ 4.51+0.62¢ 4.34+0.56 9.27 Volume 7 80+1.212239) 7 60+0.832 72041213 4.60+1.68 3.40+1.68¢ 42041 52b¢ 29, 4G
After fermentation B4.77+0.152 B4.71+0.152b B4.56+0.01bc B4.46+0.08< €4.31+0.01de €4.19+0.07e 16.30*** Brownness 3.20+2.01b 3.20+1.66° 6.20+2.402 4.80+2.21% 3.40+1.68P 5.80+2.212 6.62***
Roughness 5.60+2.592b 5.00+1.60P 6.80+£2.482 2.80+1.21¢ 3.00+1.46¢ 2.80£0.77¢ 13.40%**
After proofing B4.74+0.052 B4.64+0.152b B4.54+0.08P €4.29+0.06¢ P4.09+0.02d D3.94+0.05¢ 51.24*** Appearance Cell si 3.20+2.01¢ 7.25+0.45 4.80+1.78P 4.60+2.75b 7.20+1.522 7.20£1.78? 12.50
- = - ell size 2012, .25+0.452 .80+1. .60+2. 201, 201, S50%*F*
xn Hdl 2. 71 x]g2 o A NMHS : ul 57 B g >
E"E % a ] ]JL‘;I 1Og L H.A O]—OEI 1oomL Mess CYllnderoﬂ e 151—- ]-Tq_ Jg After baking A5.56+0.022 A5.39+0.03P A5.27+0.09¢ A4.99+0.024 A4.88+0.07¢ A4.77+0.04f 111.16%** Il uniformi 20+2.012 280+121b 4.20+1 52ab 4.40+2 5020 4.20+2 57ab 4.00+2.272b 2.10*
_]'Q lr:.o]E H:ﬂi( L)E 24OH 7]}}] = 2 Cell uniformity 5.20+2.0 80+1. 20+1.5 40+2.50 20+2.5 . . .
— e ) ==
= = T m s 1 O- F-value 40.38%** 32.01*** 84.20%** A5 G5*** 138.20%*** 116.62*** Lightness 6.80+1.372 6.20+1.012 4.40+2.23b 5.80+1.662 6.20+2.012 420+1.66P 5.79***
- - - - Yeast odor 5.40+1.802 5.20+2.482 4.80+1.782b 6.20+2.012 3.60+2.41b 6.00+1.732 3.11*
. = Q = 2 3 ZBls5 & z} 9t <& =
AACC method 02-52 slurry method= AHg &2 9] pHE =4 —_ " e — a0 cceo — Raw grain powder odor  4.80£221% 560259 3604168  400£196%d 32041019  540£192% 379
-value
Vol (mL) 479.33+16.04229 358.004109.12b 36133434950 47733413 325 372.00+17.32b 340,00+19.08 5 03 Saltness 5.73+2.052 5.13+1.302b 3.87+2.00P 4.80+1.97% 5.27+0.802 5.73+£1.832 2.47T*
B ] v . = -1 = o H o= = T 1 olume(m .33%16. .00+109. .33+34. 33£13. 00£17. .00£19. .03*
" "l""q = H]‘g‘;‘(ﬂl AACC method 72-10 < X}x]?}‘ﬂ]j-g /\}% TQT——E ff]cq), ?:}'HH]'TI‘Q '1‘7ﬂ Sourness 3.15+0.80b¢ 3.67+1.72b¢ 2.67+0.82¢ 4.07+2.43abc 5.13+£2.232 4.40+2.102b 3.47%
- _ - - = i b b a b b o Taste
E SA% T B E FAZE Ui & v (ml/g)oE 54, Specific 1-58+0.05° 1:1620.36 117201 1:60+0.05 1.230.06 1120067 5.69 Sweetness 2874146 373183 253:160 4074225  320:178  400£236 164N
SO . . 5 ] volume(mL/g) umarmi 453:125%c 413125 433:145%  560:164°  467+184%c  540:124%  246*
. t=4e) O = Yol S A ° : i 49+0.14¢ 71+0.64¢ .60+0.15¢ 69+0.110 .63+0.402 81+0.462 A0*x+
s FEEF A AR £4 1g8 AFste] 22 B2 (105C, A60)SE moisture Motsture 3349+0.14 BIIR06AT 330501 35692011 3663040 308120467 5340 Flour flavor 620:077  440+192 600146  4.80+248 540:223  475:201 218N
— = Q= = Zz] content(%)
analyzer(MB-95)& A}-&35lo =4, Bland flavor 6.00+1.85 5404124  6.00+0.93 5.60+1.24 6.00+173 6.25+1.86 0.61NS
Flavor
- Savory flavor 5.60+£1.92 5.40+2.41 5.60+£1.40 5.00+£1.48 4.60+1.40 6.00+£2.66 0.91Ns
- /3]_3!5 Colorimeter(JC-801)2 AF&35}o] =A(FF Wt 1L: 93.00, a: -1.67, b: 1.81) _
L4 == O ] o J—]—T -] = ° . 9 a' . ) . . . b b b a ab a **
CONY KS10 KS20 KS30 KS40 KS50 F-value Sour flavor 2.00£1.21 2.20+1.21 2.20+1.52 425+3.25 3.40+2.67 4.50+3.18 333
. = = Hardness 3.80+£1.37¢ 5.00+1.852abc 4.80+1.78abc 6.00+2.542 4.40+1.55b¢ 5.60+2.412b 2.47T*
» TPA: AACC method 74-09& AF-& texture analyzer(TA-XT Express)= S74. L 9389:0.05 93.93+0.03 93.94+0.02 93.84:0.09 93.93+0,04 9386005 186/ Texture
Springiness 5.80+2.11bcd 5.20+0.77< 6.60+1.8020 6.40+2.502bc 4.60+1.684 7.20+1.012 4.49**
. = : = Crust -1.75+0.28 -1.77+0.23 -1.57+0.01 -1.67+0.09 -1.75+0.19 -1.60+0.07 0.74Ns ;
u X‘] ZJ'/‘(‘):', Zj]- }\] 5= 24}\12_]_— Z_].-Zﬂ1 9O 2 texture analyzer’ moisture analyzer—g /\]_% 7§E rus a Moistness 5.60+2.13 5.80+0.77 4.80+1.66 6.40+2.50 6.20+1.66 5.00+1.28 1.86N
el =Nre SL=2 = 60+2.23b 60+£2.23b 2.80+1.90P 4.20+2.8820 60+1.922 .50+2.612 36%*
of e WstE 54 b 195+0.35 187+0.05 1.89+0.02 171£0.16 191£0.01 1.79+0.06 0.88Ms After taste sour taste 3.60+2.23 3.60+2.23 80190 0288 >60£1.9 >-30+26 3.36
Savory taste 5.40+2.67 5.40+2.03 4.60+1.68 4.20£1.90 4.80+1.52 475+1.14 0.91Ns
L 93.94+0.01 93.96+0.01 93.92+0.03 93.95+0.02 93.96+0.03 93.94+0.01 1.46NS residue 4.00+2.07° 4.60+2.82b 3.20+2.40b 5.00+3.14b 3.60+1.55bP 6.75+0.872 3.96%*
1 O 1 O H b 1.93+0.052 1.91+0.022 1.89+0.042 1.89+0.052 1.87+0.032b 1.81+0.05P 3.37*
Appearance 5.28+1.51a23)6) 5.03+1.232b 4.33+0.86¢ 4.75+0.91bc 4.48+0.97d 4.15+1.30d 8.471***
_ Odor 4.03+1.58¢ 3.52+1.144 4.38+1.120c 4.48+0.930¢ 4.73£0.7120 4.98+1.50° 11.28%*
_ _ ] } } o CON" KS10 KS20 KS30 KS40 KS50 F-value b " , , b b .
- E_}\(_;' x’l_o‘l %:'A]-: 75] .bj E]:I 6:!‘337_ EH 6_]]‘% &ﬂ XL_]‘:]C—),__ T;H 6:'"-?:1 }g %_ 33_'%7&], /\]‘ —}FOQ % O] “)F—(?_]_' Q‘Ag Flavor 4.07+1.53 443+1.57 497+1.55 478+1.19 4.18+1.23 423+142 3.81
- = . 2] = - w _— =1 ] Hardness(g) 934.72+41.2793)  1223.92+146.80> 1308.58+107.95P 1544.44+217.36°> 1707.08+191.762  1940.09+157.062 15.77*** T 46541742 4254136 4454095 44041248 370£0.91b 36741635 5 60
=2 g 65+1. 25+1.362 45+0.952 4041, 70=0. 671, B0**+
15 o ]419," = ;LH EE dxo ’ g "rl’(appearance), DAH (Odor), /\(taSte)7 60 U] (ﬂaVOI”), }—Z—] Cohesiveness 0.79+0.052 0.72+0.042b 0.68+0.01bc 0.60+0.08¢ 0.60£0.07¢ 0.50+0.01d 13.55%** e
= =, E = -~ E A . T U. . . . V. . . . T U. . . .
ZHtexture), 1| (after taste) = 237F&] EA o sl 94 FHE=ZE o8&t HAL Overall acceptance 45041316 4.40+1.25b¢ 520+1.42 4.87+1.16% 4.23+121¢ 4.20+1.38¢ 5534
Adhesiveness -1.08+0.46 -0.94+0.26 -0.49+0.78 -0.73+0.72 -1.04+0.74 -0.41+0.67 0.607Ns .
o E 7:|A . O] 1B vz | A = E X 374_1" AAXL Ad o] o= o] ]:]]-O] ™ ju=| 20 Biplot (axes F1 and F2: 92.98 %) Correlations on axes t1 and t2
u 7]§ a ]- ANH Y 71| 3R E T3l B HAAF Aol = YRkl 60" (oA} 344, Springiness 1.86+0.18° 1.29+0.23b 0.98+0.01¢ 0.98+0.01¢ 0.97+0.01¢ 0.96+0.02¢ 26.89%** SaltnessT 1 Seltness
~ S SU S T o S
A 26%8 21~47ADS BEA, o, WA, BF 243, AREAQl 7S] 57HA] g Gumminess ~ 674.86+160.48"  830914348.14>  862.69+60.64>  1092.00+331.70° 1018.70+189.80> 1664.02+303212  555% s ors
sl 74 AT = o]l8&s | :
EH OH 7 = == ] o O]—OEI © 7]_ Chewiness 1048.78+326.09>  1198.07+126.00°  1209.77+221.30° 1245.13+127.10° 1869.36+598.862 1882.21+294.812 3.85* os
10 ’
7L.= s == H . o] =% == o = - o
= I g FAAE AAHPCA): 7t Alse 47 242 54430] AL Ao 3000 38 :
3T o YA = == =) =] : : . (@) ) ue
B dke T2 XLSTATE AHE T4 4 (Principal Component Analysis)< 2 2500 - o— = Masiie:
— —0 d N 0
}‘] & /O 0. 36 e Henamids
. Q =0=0C0O - =0=6CON N Springiness.t
= 2000 ® =+ ——
Q o— o1 C 35 =0 4o K5I CeORfrormi S H"
By S = =) . gL = = - 5 O o o] = = ° o
 BE 298 HALAPLSR): $54 547 /5 e 9AAS dopus) Aa || 7 Te s — _5 )
— = HHE S - = B o K @ K3 0 —_—— @ Ks3( Brownn
/\1 iil% XLSTATT‘E? /\]’% T 2‘(4_}1\_.\3 HO]— ‘ﬂ_‘@l’é‘ /\E]}\] = / o K4 = 33 \u. > KS4( e
1000 o . -075
-5 3 @-0-6KS5( "
500 ) y
8\, 31 -15 - -1 075 05 -025 0 025 05 0
-8 6 -4 -2 0 2 4 t1
Eﬂ j 0 30 F1(86.31 %)
(@) 24 hour 48 hour 72 hour 24 hour 48 hour 72 hour
= 5 = T 0] & 5 =23 2 =
s RE A9l gk Avte BUe 2ol 33 wE =4e Avs = | ||FgUleisChangesiof hardness and moisture contents
Tt o Ol o] B XL H. X — S Al o o DRefer to the legends in Table 1.
SPSS StatlStICS = /\]-% == T:]_T ) BB E— '—:’I (One Way ANOVA) == E/\] ) p<0.05 —”—‘4 Z)Mean + S.D. *p<0.05, **p<0'01’ *k%k p<0'001
=% o = o] A O Al 7F 2 7}o] Zlol= AA Ja-f means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
T, Duncan Q‘T H H H o= = }\] sy }\] - 1—]—-‘4 X]_ ] = H O- 49A-D means in a column by different superscripts art significantly different at the p<0.05 by Duncan’s multiple range test.

”9-point scale (1: very weak, 9: very strong)
07-point scale (1: very bad, 7: very good)
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