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Effects of Monascus Koji on the Microstructure and Color Tone of Bread

R
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The effects of Monascus koji (MK) on the microstructure, physical properties and color tone of bread were in-
vestigated. The larger the grain size of MK and the greater the amount added to bread, the greater the gas dam-
age to the cell walls, with many small holes being apparent. The larger the grain size of MK and the greater the
amount added, the lower the specific volume, the harder the bread and the lower the cohesiveness compared with
bread made without MK. The color tone of bread shaded from light was not affected, but that of bread subjected
to ultraviolet light dramatically changed. The sensory evaluation indicated that bread containing 0.5% to 1.0%
MK was highly rated for all six parameters investigated, and bread containing 2.0% MK was highly rated for

taste.
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Table 1.  Effect of Monascus koji on various readings of the farinogram of wheat flour
Monascus koji
small particle middle particle large particle
0% 2.0% 5.0% 2.0% 5.0% 2.0% 5.0%
Water absorption (%) 67.2 68.7 71.2 68.7 71.0 68.5 70.9
Stability (min) >23 >23 22 >23 22 >23 23
Development time (min) 6.5 9.0 9.0 9.5 9.5 10.0 10.5
Weakness at 10 mins after peak (min) 15 28 23 23 23 18 18
Existence time of elasticity (min) 10.0 10.0 6.0 10.0 6.0 11.5 6.5
Mixing Tolerance Index (BU) 15 20 15 20 15 15 15
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Fig. 1. Effect of 5.0% Monascus koji on various readings of the extensogram of wheat flour

(a) Energy (cm?, (b) Resistance (BU), (¢) Extensibility (mm)

O : bread crumb without Monascus koji

@ : Monascus koji of grain size of 100 mesh (small particle size)

A : Monascus koji of grain size of 60 mesh (middle particle size)

M : Monascus koji of grain size of 30 mesh (large particle size)

*? Values in each column followed by same letter are not significantly different.
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Fig.2. The volume of dough with 5.0% Monrascus koji
O : dough without Monascus koji
@ : 5.0% Monascus koji of grain size of 100 mesh (small particle size)
A :5.0% Monascus koji of grain size of 60 mesh (middle particle size)
B : 5.0% Monascus koji of grain size of 30 mesh (large particle size)

*P Values in each column followed by same letter are not significantly different.
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Fig. 3.
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Photographs of longitudial section of breads containing Monascus koji of grain size of 100 mesh
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(a) control ' (b) 100 mesh 1 .0% Monascus koji

“m B

(d) 60 mesh, 1.09% Monascus koji (e) 60 mesh, 5.0% Monascus koji

(f) 30 mesh, 1 0% Monascus koji (g) 30 mesh, 5.0% Monascus koji

Fig. 4. SEM photographs of breadcrumbs containing Monascus koji
Magnification : X 35, Bar length : 500 zm

(a) bread crumb without Monascus koji {control)

(b) bread crumb containing 1.0% Monascus koji of grain size of 100 mesh (small particle size)
(c) bread crumb containing 5.0% Monascus koji of grain size of 100 mesh (small particle size)
(d) bread crumb containing 1.0% Monascus koji of grain size of 60 mesh (middle particle size)
(e) bread crumb containing 5.0% Monascus koji of grain size of 60 mesh (middle particle size)
(f) bread crumb containing 1.0% Monascus koji of grain size of 30 mesh (large particle size)
(g) bread crumb containing 5.0% Monascus koji of grain size of 30 mesh (large particle size)

D 5.0% KLEIAN/ S (Fig 4(e)) T, KigBEDFE L v EEPMMOMEDOTHR L HE L THERIZE L, |k
T f ﬁ‘%ﬂiﬁéhﬁ:o KHELF (30 mesh) #EDEE, 1.0% & 5.0% MRLFFLEERAN/ S TIE 1.0~1.6 mm DKiE D

> (Fig.4(f)) <Tit, KiaHE & &/AH%ZEE KEEN5.0% KB THERIN AN LY LEEIIE» -

%%@ﬁ‘ﬂ#ﬁkﬁ‘?ﬁ% L, MPIKEL o/ £72, 121 726 0.6mm &£ 0.8 mm ORIEDRKEXTIEEDOREL
DORIBOKE S LK TFHHTIE, MRFHAE, T FAEEREDODONLZPo7, ZOHERIE, SEMEZETK
LD HPSCBESN, KETHEDS5.0% 8% WAoo L) REIVhNsLBEsh
mssy (Fig 4(g)) Tid, 5GaBOBESHEATVSIRE 7R E—HL T,

WEE SN, LED L) KR EUEREIZ, 185 7 2) WER

DFFFEMAERTHEEMED X VHESD (Fig 1)) #° REORLDAHEZ RN L 72230 OEAERE% Fig 6 12K
BT L7722 &, Fig2 TIFALARME®ROBRSEE Y, L 720 /NRFRLERRAN S > & AL FALAR N/ S > T,
j(*ﬂ%ﬂ*l?iif&“( I 185 A THREOFAPR N2 & 0~1.0% A ERNINE TIEIHERBICEEEV RO LN 2

RIS & ) E#OREFI &L, — AT 27273, 1.0% D ETIIHHEORIMBES S 25138
N DOFEEBEBACSHERAPE L2 e —H FEIIARINE (koo REFALEEN S TIE, A

EEZ BN S, FFB L OER AT S EERROEMAERD St/

STWEOKED 5.0% FLEBRIN/ S & BERIN SO A, EERIN/ S & 1.0% BRI/ S ORI D BEEENR
WAIZOWTRER ERIBOKE &% Fig 512K L7, af)f?;hf:o 2.0% B LU 5.0% FLEHM/ N> T, KA+
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Fig. 5.
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Number of gas cell and size of breadcrumbs containing 5.0% Monascus koji
O : bread crumb without Monascus koji

@ : Monascus koji of gain size of 100 mesh (small particle size)
A : Monascus koji of gain size of 60 mesh (middle particle size)
M : Monascus koji of gain size of 30 mesh (large particle size)

= Values in each column followed by same letter are not significantly different.
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Fig. 6.

Specific loaf volume of breads crumb containing Monascus koji

@ : Monascus koji of grain size of 100 mesh (small particle size)
A : Monascus koji of grain size of 60 mesh (middle particle size)
M : Monascus koji of grain size of 30 mesh (large particle size)

" Values in each column followed by same letter are not significantly different.
0.5% Monascus koji ; @ : a, A :ab, B : ab
1.0% Monascus koji ; @ : ab, A - ab, B : bc
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Fig. 7. Physical properties of breadcrumbs containing Monascus koji
(a) Hardness, (b) Cohesiveness
@ : Monascus koji of grain size of 100 mesh (small particle size)
A  Monascus koji of grain size of 60 mesh (middle particle size)
B . Monascus koji of grain size of 30 mesh (large particle size)
=D Values in each column followed by same letter are not significantly different.
(a) 0.5% Monascus koji ; @ : a, A : zb, W : ab
1.0% Monascus koji ; @ - ab, A - abc, l : bc
(b) 0.5% Monascus koji : @ :a, & *a, M2
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Fig. 8.
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Time (day)

(a) 1.0% Monascus koji, (b) 2.0% Monascus koji, (c) 5.0% Monascus koji,
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o
A
|

a=g)

(a) 1day
(b) 1day:

(¢) 1day:
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4) R

(1) *

FBEMORNEDOEWIZL 52BFAOEIE Fig 9I1ZR-L
720 afl GRWRE, Fig. 9(a)) BHABONEISHMIVIZE
HEIZNE o7, bE (HWKE, Fig.9(b)), LiE (B,

18

O:
O
A de N de
O:

@ cA fgH: g

bread crumb without Monascus koji
: Monascus koji of grain size of 100 mesh (small particle size)
. Momnascus koji of grain size of 60 mesh (middle particle size)
: Monascus koji of grain size of 30 mesh (large particle size)
Values in each column followed by same letter are not significantly different.
2, @:ab A :ab M :bc2day: O @ AN bc 4day: O, @ A M :d6day. O @ A W ¢

‘2, @ b AibcMic2day: O:b@: b A:bc, Micdday: O @ A M :c6day: O:d@:de

30 60

Mesh

100

20

{b)

15 ¢

10

20

Fig. 9.

30

&0

100

Mesh

Color of Monascus koji

(a) a value, (b) b value, (c) L value

: Monascus koji of grain size of 30 mesh (small particle size)

. Monascus koji of grain size of 60 mesh (middle particle size)
. Momascus koji of grain size of 100 mesh (large particle size)
° Values in each column followed by same letter are not significantly different.

Change in hardness of breadcrumbs containing Monascus koji

2 3 4 S5 6 7

Time (day)

2@ bc A:cl:d2day;O:b@:bc, A:cd B:d4day. O:c@:c A e B ef6day; O:e,

{c)

30

100

Fig. 9(c)) 122\ T, /PMRTFHHEB L UHRFAEIE, K
HFHHEEIDLEZIIKREDP o2, SO L, AEOK

E/
5
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RIMEEB L UCREDOEREL LB EZ RN L2/ 0mH
IZDWT Fig 101278 L7z, afl (Fig 10(a)) &, 9T
OREOFBRTEI S VIZBWT, BMEESETEZCER
ICREL o720 2.0% AEBM S T, NMEPKEW
LOIZEHFEIZaEIIRE L o7z 5.0% ALEAM <~
TUE, INFALERIN S L, BRF B X ORI
TSy XD OEEI/NE L, ABEEMO a {8 & FEEOME
WERD 5z, bE (Fig. 10(b)) &, T XTOREIZS
W, 1.0% LLEDREBM/ Y T, IRhEREA 31
EEFIZEMOBERDFID bz /N TRLERR I S > 12,
FTRTOFRIEE T, FRTB LR TR/ S &
DEBIZKRED» -7, LE (Fig 10(c)) &, TXToH
BlZBWT, RIS 1.0% U Eofgmn sy o<
BEENROLN, RIMEEFETIIE LEITAEIINS
{1 o72.2.0% FIEEM/S > TlE, HENRSVIEIESE
BICKE L, PRFAIZERI S L, PRTFB X OKRRT
RN/ S KD b FEICKE L, afl & I EFEOMEMAHFE
HENTz,

ESEARTE L7228 v OB OREEL % Fig 11 IR L7
B, N OBHOBEFEILIZOWVTIE, /X OMMEIZE,
PIPERF IS B TR X 2 BE R O /INE L, /8>
&L CEMENTR D BV &CHIR S N/ R AL TR S v %
HEE L7 ERBRIEL/S TR, afl (Fig 11(a)),
bfE (Fig.11(b)) B X VAE (%, Fig 11(d)) DEEHR
EAICEEEZIR DN o7, LE (Fig 11(c)) T
FOHEMSEEREICHEMLZZ. AEQOO0HBEITHER
g5 &, mElER & HIZERME 0.5% AETM <~
OfOFETT BIZ213 &2 ] (3.0~6.0), HEiFHnE 1.0%

BT Sy OB O ZEIT TRIZ] (6.0~12.0), R
£2.0% BIUS5.0% FAERM S OBOEZ [£ERIZ]
(120U EB)2 TH B L hoTe 2D EIL, EHRE
HTHZLTHRyOFRBIEIRIFTEZ2DEEZ LN,

HHGEBEE L2 0BAEI T Fig 12125R L7 a
i (Fig. 12(a)) 132.0% & 5.0% #LEEM/ > Tk, 98
Bh»OHEIZHA L7, b (Fig12(b)) E2HE»S
BFEICENL, BEISREDIFEEREAEZICHRL o7,
LfE (Fig 12(c)) &, 5.0% #LEFHEM /S~ TiL 16 H H A
SLERICHEML 205, #NUBECIIAEEEIZZED N,
o277, L2L, BIRINMTIX2ZHELSEHEEIZRD L 72,
AE (Fig. 12(d)) 1%, 0.5~5.0% fLE M/ > Tk 2 H
HECHEICEALL, X5125.0% RN/ Tt 16
AFEEFTCHEEIZHA LA OHB L 37 HEDAE % lb#
THE, ERME 0.5% FEHM S O OEITZOBET
W TEZ2I3 & 55 37 HE T [H3512] (0~0.5),
HRINE 1.0% AR/ S EDEIZ [RWIZ] 5 [h
FI2) (0.5~1.5), EFME 2.0% BRI/ S Moo=
i TERIC] 226 THE2EEIZ] (3.0~6.0), ERmme
5.0% *LEBEMS Y OMOEE T K] 5 [Rwiz]
(6.0~12.0)2 122 EHA L7,

HE LY 12, MHMEROERIMEREICL 2RE0RE
AHE LTS, KERBRIZBWTY, afBCIZA#EEE
BIMRIZ L D IBERILE 2T 572012, RINEEE R
BOBBOBNR VI EFOEADPIEETCH o7/ EZ L
N5, Maillard? 12, 73 VBALED & BV FEZ LS
WCEBT7 I INFZVEIBIIBWTEBERITBR S
BESEL, RS dEmEMS, B pH &
BOMIE, K Il ) AROBE, HEARICEELZRIZ

15

14} i (b) f

e

e

a b L
14
13
0 1 2 3 4 5 &6 0o 1 3 4 5 & 0 1 2 3 4 5 &

Concentration of Monascus koji (%)

Concentration of Monascus koji {%}

Concentration of Monascus koji (%)

Fig. 10.  Color of breadcrumbs containing Monascus koji

(a) a value, (b) b value, (c) L value

@ . Monascus koji of grain size of 100 mesh (small particle size)

A © Monascus koji of grain size of 60 mesh (middle particle size)

B . Monascus koji of grain size of 30 mesh (large particle size)

“® Values in each column followed by same letter are not significantly different.
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80 30
(c) (d)
70
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L
60 AE
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40 . . : 0 ) '
10 20 20 0 0 10 20 30 40
day day
Fig. 11. Change in color of breadcrumbs under protection from light
(a) a value, (b) b value, (c) L value, (d) 4E value
—O— bread without Monascus koji
—M— : bread crumb containing 0.5% Monascus koji of grain size of 100 mesh
—&— ! bread crumb containing 1.0% Monascus koji of grain size of 100 mesh
—2~—  bread crumb containing 2.0% Monascus koji of grain size of 100 mesh
—@— : bread crumb containing 5.0% Monascus koji of grain size of 100 mesh
20 25
(b)
15
a b 20
10
15
5 i Y
0 & 10 N L R
10 20 30 40 0 10 20 30 40
day day
80 30
(c) (d)
70
L 20
60 4E
10
50
40 L L . L 0 - —
0 10 20 30 40 0 10 20 30 40
day day
Fig.12. Change in color of breadcrumbs with ultraviolet light irradiation

(a) a value, (b) b value, (¢) L value, (d) 4E value

—O—: bread without Monascus koji

—&— ' bread crumb containing 0.5% Monascus koji of grain size of 100 mesh
—A
ﬂ_
—o—

bread crumb containing 1.0% Monascus koji of grain size of 100 mesh

 bread crumb containing 2.0% Monascus koji of grain size of 100 mesh
. bread crumb containing 5.0% Monascus koji of grain size of 100 mesh
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(Fig. 13(e)), [# A& M] (Fig 13()) OfFF L & T
0.5% B LU 1.0% #LEIRM/ S > HEEN <$m§m
7o T&® ] (Fig 13(b)) T, \EHEM/S>, 05% B X
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VB, RTFFELEPEL, BPEAPHhTERIE T

(a)

Fig. 13.
(a) color, (b) smoothness, (c) taste, (d) flavor, (e) texture, (f) overall evaluation

bread without Monascus koji

—0O—:
+

_A_
——
—{—:

D, b, BODPBRIFELRLZEZHEL T bD, ARFFEIC
BT, HBOATAEERSCL Y EERSET 2L
ExzbNb,

ULEOER?S, 0.5% BLU1.0% fLE MM/ > Tl
CEHIRTIEBWTHE(FmEn, 5612 [k T
2.0% KLEEM BN THAHOFTIIZE D 732 DFE
TR HE S & SR S N7 AT DAL BRI > T,
WMEOTMIZBNT &1, [FD |, [HREFHE] Ol
EEDEE o728, REBROABAEN S 2BV, Ak
OFMICMA, TBE] BXU TEK] 1I2BWT LB
BEELLEMENZE, EHICHAY 3Ty P TOL
RISy OB L AMERTERAEZHRELTwEZ L
o, ABMBEROARTHENT S LD ITAEERIMNL 2 AH
Ny OESMMEISES EZE2 6517,

EOREDOHBAOERMIBNTY, MEREEZROABO
A& L 100 mesh OALFRMTIE 106 7 FTIZTHAEICH T
D, 1854 ClE 100 mesh DALE RN D A E Z I L
720 BRI D/ 2DV, BRERIIZE DOFE 213 100 mesh

-45 0 45

Sensory evaluation of breadcrumbs containing Monascus koji

: bread crumb containing 0.5% Monascus koji of grain size of 100 mesh
: bread crumb containing 1.0% Monascus koji of grain size of 100 mesh
bread crumb containing 2.0% Monascus koji of grain size of 100 mesh
bread crumb containing 5.0% Monascus koji of grain size of 100 mesh
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