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Abstract

This study evaluated the effects of mixed fermentation using the wild yeast Kluyveromyces marxianus NIYC1 (KM) from a medicinal
starter culture, indigenous baking yeast Saccharomyces cerevisiae SPC-SNU 70-1, and lactic acid bacteria (LAB) on the physicochemical
quality and aroma compounds of bread. Bread was prepared using the sponge-dough method, and proximate composition, specific
volume, texture, gas production, pH, total titratable acidity (TTA), and volatile organic compounds (VOCs) were analyzed.

The results showed that KM exhibited a higher specific volume and superior gas production during early fermentation compared
with the control, improving dough expansion and final volume. LAB demonstrated stable fermentation and a lower increase in
hardness during storage, effectively regulating acidity and enhancing flavor complexity. VOC analysis revealed that LAB increased
alcohol content, whereas KM promoted fatty and organic acids. Both strains suppressed the production of off-flavor compounds.
These findings indicate that mixed fermentation with KM and LAB offers superior fermentation performance, texture, flavor
complexity, and storage stability compared to commercial yeast fermentation. This study highlights the industrial potential of
underutilized microbial resources and provides foundational data for the development of functional and value-added bakery
products.
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VOCsE 2.8, oA, Feajol=, YokaE 5 Sl 7iAlz
4, Tmo] 9AH S4T ot Aol det 7] Lol
e E4& YehdtiHazelwood et al., 2008; Birch et al,
2013a; Birch et al., 2013b; De Vuyst et al., 2014).

Az Ak AQol A= Saccharomyces cerevisiae®2] AFA-S
F7F T2 ARE, ARl TRy oS 7kstt 4= Al
SIHBai et al., 2022). 18U} o]Est 4= 4 |79 A
28 59l I GUStE AT o= A AlES] A
= 7] Fdof HAZS 71ALTH Aslankoohi et al., 2016).

ol et Aol Aol HHO SAS Bk Tt
oby Emo) o) Y ezt A 2ol df BAo] FolA T
Ik o152 193 AR 483 S5 A AR A
StAl# ghthBokulich & Bamforth, 2013). 53], 3}, &, WaAlE
SolA ZElE of ale 7|E AUE akeks UE S5 H|
29 VOCsE A= Ao® B QItiMcKinnon et al.,
1996; Aslankoohi et al., 2016). 18} ZE opf FEW7} Ao
Agat AL o, Wit WaEo] WAL olF ot lavonE
ok= 5 A 4 Aste] Helo] & 4= Utk Spano et al., 2010).

Saccharomyces cerevisiae SPC-SNU 70-1-2 Z& FEof4] Ea]
H ane Fogy o3 o), f%t da Y, Agad 548
Ad Aoz Huww, dx s AR ARlolM Afdxlos &8
)21 Qch(Park et al., 2021; Cha et al., 2025). F7}% GAHHLAB,
lactic acid bacteria)S S-835F 8= B Ful} ukS SXA|7|1L
A% W 9 B A0l 27 1S el 202 B
JIHTHGil-Cardoso et al., 2021; Pagliai et al., 2021; Kwon et al.,
2022).

olo] & AtolAl= FFFoIA E2H Kluyveromyces mar-
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HAS o e AEE nE ALY 7154 7R dE ERlsta,
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B 30| A Axof| ALSEH AFE Table 13 2tk WE
(Mildawon Co. Inc., Gongju, Korea), A A&HCJ Co. Inc., Seoul,
Korea), £-E'J(Samyangsa Co. Inc., Incheon, Korea), A, AE-&
R Y(Saccharomyces cerevisiae SPC-SNU 70-1, Choheung Co. Inc.,
Ansan, Korea)2 A} A|z0f ARSI AATHKM)S A5

oA E2st SR (Kluyveromyces marxianus NIYC1, Bisionbiocam
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Table 1. Formulations of sponge-dough white pan bread with different
yeast and LAB

Baker's percent (%) CON KM LAB
Wheat flour 70 70 70
Yeast (S. cerevisiae 9 9 2
SPC-SNU 70-1)
Step 1 KM yeast 1
LAB 0.5
Water 40 40 40
Wheat flour 30 30 30
Sugar 4 4
Step 2 S_alt 2
Whole milk powder 4
Fat
Water 25 25 25
CON: control.

KM: Kluyveromyces marxianus NIYC1 yeast.
LAB: lactic acid bacteria.

Co. Inc., Korea)S IHO|AE FejZ ARJARRIY 712 &3 A7}
519tk LAB= -SARHKSPC Health-Guard SAFF 43}, Mediogen
Co. Inc., Koreay@ 3712 £3+ 7ksto] Auke Azsioick. o
BAFE 1x10" CFU/g oA} B&9] L. plantarum (SPC 72-1) 10%,
L. fermentum (SPC L751) 10%, P. pentosaceus (SPC L77-1) 10%,
L. curvatus (SPC70-3) 5%, L. brevis (SPC70-2) 5%, F. sanfran-
ciscensis (SPC12779) 5%= 4= o] Ut

WA 19 AEES SK-20A41}0]E BA(SK Mixer Co., Ltd.
Saitama, Japan)E: |83l S AR 23t & 4 h TH3IY]
t}. o] fAE AQet 21A AEE 9 A5 3 min S F,
FAE H7Iste] 1004 7 min 235H3iTh

12} 2= 30T, ST 75%C7141 60 min 18§51 0H, o %
HHES 380 g¥ BEolo] 528 F 30 min FAAFE B
one-loaf FEIZ 43St H, 38T, AHESE 85%°fA4] 60 min S
23} raskelc)

opREto 2 175CE o dH QE0A 35 min - T, R 2=
7} 25Tl =2 wi7kA] A2olA WZstoint. $9H A2 &
glofgal ol LEoto] FAo ARgSHAT
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Eles

oo>“

2/E4 R7/218/5(VOCs) 24
214l FFH(crumb) 1 g& #2SISE & GC vialoll &7]31, SPME
/4-G(solid phase rmcroextractlon)— 0]-&5}o] 60T ofA 40 min =

o 3y W) AR A

https://doi.org/10.13050/foodengprog.2025.29.4.293

mx250 umx0.25 pm)< A8 Q8 &% RAL 40T oA 5
min A5t 5, 8C/min2] £ 2 230C7HA] 5351 o]% 1087k
A5t

MS 442 HRo| 2SHEl) TLE(70 eV)E $3E|9loH, o] L5}
LELE 230C, AEHE 5L 150C, A7 HYE m/z 41-3502
2 AAsiith

4 A RS 4TE, drslo]z, o AF,
4 7]et JFER EFole] WESE UERITKTable 2).

AL, AE

SH &

= A 33 §HE A5 om, FA| £42 SPSS Statistics
25(IBM, New York, NY, USA)E AR&sto] AYuix] EAHLA (one-
way ANOVA)Z 481, Tukey AFHA O R + 7 2l0lE A
ot e HEFEAE Tr)slyoH, 5 I ol
A AR T2 BAl= BAF o2 fost AlolE YERATHp<0.05).

1z

= = =
Aol 225151Y 2 £4

Table 30] AAIE] BHe} o], 48 FJFE KMG6.17)914] 1%
7 UeRom, CONGS.37) Hlas) §olat Aol Lhekick
ohe 5 £ Aol G o o 8 4 wh

& 71c] 3 0 2 48 Bk 240 98¢ AT
SR IS B R B0l U kg 29

Table 2. Specific volume and texture properties of white pan bread with
different yeast and LAB

CON KM LAB
Hardness, day 1 (N) ~ 3.36+0.03°  3.10+0.05°  2.85+0.01°
Hardness, day 3 (N)  5.44+0.05°  4.71+0.03°  4.84+0.08°
Hardness, day 6 (N) ~ 7.24+0.05°  6.53+0.05°  6.23+0.05°
Specific volume (mL/g) 4.58+0.06°  4.94+0.05°  4.81+0.05°

Data are shown as means+standard deviation. Values with different letters in the
same row were differ significantly (£{0.05).

CON: control.

KM: Kluyveromyces marxianus NIYC1 yeast.

LAB: lactic acid bacteria.

295



S Kim et al.

Food Eng. Prog. 2025;29(4):293-300

Table 3. Proximate composition of white pan bread with different yeast

and LAB
g/100 g CON KM LAB
Moisture content (%) 35.37+0.15°  36.17+£0.29"  35.67+0.12®
Ash 1.563+0.06° 1.57+0.06° 1.57%0.06°
Carbohydrate 49.03+0.16°  48.20+£0.20°  48.57+0.40®
Crude protein 9.563+0.15° 9.43+0.06° 9.47+0.06°
Crude fat 4.53+0.15° 4.63+0.12° 4.73+0.25°
Calorie 275.10£0.38° 272.20+1.86° 274.70+0.91°

Data are shown as means*standard deviation. Values with different letters in the
same row were differ significantly (0{0.05).

% 9 cipo] 714 0 i} x13te) o] o] vl o
e ARHEAL Rojt

e gkE EE2 CONo| 7HY =91.0.1(49.03), ©]of H]
S KM(48.2002 F-oJstA R g Ut o= KM #59]
B3 AMgo] B B AMgET BRE Re 43Hoz svle
ﬁ_i HQIt}. Fonseca et al. (2008)0]] W=H KM= thofst

EAY gASS BO3ltty B ysiglon, o] ko] vkg 1A

o] 1% 2413] ol=2o} 7102 1Sk ek of2let Fohe 3%
FVdw 22goe JFS vE 5+ U2 AXRITE

i 2 x5zt sg

A AE] AL oY, 47, 7|SE 5 Thst 840 o)
2=, o] H]Xﬂﬁ.(spemﬁc volume)¥} 74 &= (hardness)= A&
o] P22 Wt AHRF Aol 2491 g2 nAlE A
A ;olck. AL wh5o] aHW kA {4 5EHE HdoH,
AEE A% 7|7k w2 SKretrogradation) 49} BlAA] HS}
£ Uehdich mebd £ A2 AR o Al 23ho] Ak 12
2 B3 gAA 0 v|Rl= Y= BRI A8 3 H -

Fig. 1 9 Table 20 W=, AJHko] H]H[4-2 KM(4.94)°14 7}
%} =9kom, LAB(4.81), CON(4.58) 4=0& 3-0]5} 2}o]& Ko}
ol tial FHHTIKM #= T3t ARE A] 7HA A4 533 7|12

SA200] o] 94slel M%) B HE AR ) o]
7101REL AT 53] KM 5k ot Shagl it 2t

T2 AL B9g) ahg IpolA] o A9l B 9rst Zog
Hq-(Fonseca et al., 2008; Pentjuss et al., 2017). LAB T3t
CON tj] 22 v]F|2S Lehgliat], of= Su et al. (2019)2] 511
S o] LAB 44 7o) £ $E BHE REHAL e
S ZAHE FsAS ehich
B A 717l Wt Frlxom SISk A HaloH,
ofi= Ao 3le} weo] Qitk. 194 A== LAB(2.85)7F 71
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CON KM LAB

CON: control.
KM: Kluyveromyces marxianus NIYC1 yeast.
LAB: lactic acid bacteria.

Fig. 1. External appearance and crumb structure of white pan bread with
different yeast and LAB.

Bk o) KM &1 % LABY] 4F A4o] ¥k
ZZ Aslo] 7]JPLe-S A, E5] LABE &3t whav} Ak
o] 7] 227 Ao EIHYL Vehdic,

3GAlol= KM(4.71)3 LAB(4.84)7} 718 W2 B gha B3
1, CON(5.44)0] 71 =Q1tt 693} AZOoAE CON(7.04)x
KM(6.53), LAB(6.23)Xt} 8-9J51A| &=9toH, ojgjst Ail= bl
TFHTF KM #5F = LAB &35 ARgo] Aldlo] v|A| A} %3

7 ZdolA] 94t Boslele B4 B4 ABY 4 0L
ofr.

Uol KM(3.10), CON(3.36) 4208 EAHo g 9oj3t xjoj=

ge »Ez 24
A 3ol A ¥ %i
T2 5ol A FFS
o) 7t A T2 HE Y] ‘éL—rL HES
9] A A} gAXHE 4
anel gAN 2010] g9 7]'5 "“Eobﬂ U]Z]L oﬂ‘%}"— "ﬂ7]'°}
0, ¢ S 1a B4 Bish] fls 3=
Fig. 20]] =W, E% AejolA R 27] 7k Ao 54
5] 37 & AR} Ak e Bt o= 27]ol= & At
7t &dsHA A7t 714 14 9 thabkE S3] w2t H%
A== dukAQl 8 ¥R EAS w3t Aslankoohi et al.,
2013).

W Aol Hul, 247, 713
4 $4 4ol E5) A
& DA 35 A
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CON: control.
KM: Kluyveromyces marxianus NIYC1 yeast.
LAB: lactic acid bacteria.

Fig. 2. Gas production of white pan bread dough with different yeast and
LAB.

Sl HgRt S diA 5T w2 U aee Bkl 9
= AR, SRR WA B 22t Aviels ek
CON2IH 27] 7P W2 7k Rs Holod da ARE
o] A¥TrE PPHolAL A% Thedt TaE 54 UER:
LABL KMHECH= W20k CONETH= &2 7hA WhEg B0
, ol LABS 4 o= QI3 v Wi pHE A5t 559
A e F2A 0= JAFE 7Hsde AR meb 21
o LABY] &3 ARG A ¥E 37 2do] Fagks yehdh

2 fAIsto] wize) BT HF AR B3] el 27 7l
Sholek. ol KM 25 &3 Abgol Al A% BHo)H wazs)
584 SN 94T SHS A HolFr, § ] £
A% AE(Sweet dough 5) el Qo] -8 138 Aoz
287 719 AR

pH ¥ & HE ME

A AlEe] FE2 Tad, 22 P, AP T Hdt 84
=

29 oL T S AHolk

webd 2 e Az e g5 xi0] AP AT B4
S G W] 98 SEs

Fig. 30 Th22u, pHi ZE 2204 Wi/t Ayge] a4
Ao FAFGOT, ofs BE U J4KE] ST 4] T
£ AT FAE voJaTh 2% A% SAGIA LAB@SOK: 7MY
kO pHE KT, KM(5.50), CON(5.55) 4202 UFERTh LAB=
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CON: control.

KM: Kluyveromyces marxianus NIYC1 yeast.
LAB: lactic acid bacteria.

Fig. 3. pH and total titratable acidity (TTA) of dough and white pan bread
with different yeast and LAB.
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A Aol ks U Al £AE AEFSS AARITH
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o 5202 AIPZS HolET TTA 8.5 7204 %= LAB(7.99)
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olgfst Avk= T F1 IaETHKM 2 LAB &3 Uavt 4t
T 24 50N ke HolFo, b WA, 22, e
WY Aot duEA Al F4 ol 710 4 22 Al
ARRITE §5] LAB 29t W= oFn] Z3HE ofdet A4 iAol
T anARl Ao griEw, A Aol &8 kst nlAy
& 2dowA 7ts8E AR

S

ARy AE2] Fule ve] 715wt AlE AP0l AH <
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P mAE @ FE 9409, 53] I {718R=(VOCs)
< 2% 9 A it 255 F3 AAEC] AlFY ] 2=
A2 2H3. VOCs= EF2, AAH, dstols, f714L A
It SRFER FAEH, o] T EFZ, R dHlstol=
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o3t TR Pentjuss et al. (2017)2] AtollA HilH HfQ} Zo]
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Table 4. Volatile organic components (VOCs) of white pan bread with
different yeast and LAB

Group CON KM LAB
Alcohols 0.72+0.05° 0.72+0.04° 0.75+0.01°
Aldehydes 0.03+0.01° 0.03+0.01° 0.04+0.00°
Esters 0.02+0.01® 0.03+0.01° 0.02+0.00°
Acids 0.11+0.03° 0.16+0.02° 0.11+0.01°
Ketones 0.07+0.01° 0.04+0.01° 0.04+0.00°
Others 0.04%0.01° 0.02+0.01 0.03+0.01°

Data are shown as means*standard deviation. Values with different letters in the
same row were differ significantly (¢¢0.05).

CON: control.

KM: Kluyveromyces marxianus NIYC1 yeast.

LAB: lactic acid bacteria.
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