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Mineral bioavailability and physicochemical properties of
muffins prepared with enzyme-treated whole wheat flour

Sin Young Lee', Kwang Yeon Lee', and Hyeon Gyu Lee"*

'Department of Food and Nutrition, Hanyang University

Abstract The effects of phytase and cellulase treatment on the bioavailability of iron, calcium, and zinc in whole wheat
flour and their food applications were evaluated in this study. Whole wheat flour was treated with phytase and cellulase
either individually or in combination and incubated at 50°C for 2 h; the concentrations used for the individual enzymes
were 2%, 10%, and 20%. The concentration of the combination enzyme was 20% with a mixing ratio of 5:5. Total dietary
fiber and phytate contents were reduced as the concentrations of phytase and cellulase increased. The bioavailability of
iron, calcium, and zinc was notably improved after in vitro digestion in 20% cellulase, combination enzyme, and 20%
phytase, respectively. Muffins made with cellulase- and phytase-treated whole wheat flour showed improved quality and
bioavailability of minerals. Phytase- and cellulase-treated whole wheat flour may be useful for development of functional

food products with improved bioavailability of minerals.

Keywords: whole wheat flour, phytase, cellulase, muffin, mineral

M

rhu

AL vlEe] Ao dHoRE ol A4S A
Ax B ¥3E A HAUA, A AFse 2

o] 2SI sk W Fddie] HE0E JF B+t
7P Stk oz g A 4E siE ] H|gto|u}

T A3l AW 5o AW fdsl el ulet
g oopFet AEEd 240 F

o] =olHt}. A7 (Whole grain)oll=
d

=]

.

74" e MY A e
2007). v} A3y djel Hlg o
SE duiEie Ay MEEe] YRS 7
H AER EAEtez A o)g8o] v wol
&g 2H4E 7dsh] o#E A<l ul(Carnonara 5, 1996), &
3], 2]o]4d -9} phytate= PIE} Aol SIHE Pt T
wige] A o85S Asfske A= A JrhLuo 5, 2010).
F79 TRl F=2 FrEo] U= phytate (myo-inositol hex-
akisphosphate, InsP6)= A3t o3t FAPFESZE I/ U 2
o] Fagk Aol wolel Ao IFARl EFolHA F
a3k F7149] A o|th(Maga, 1982). Phytate= 27+] o]
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49, 25 53 I 284 sigE FulE Zol
Jdo] Zhstd], Alse] Asl7|dolA= phytates &
& Ade a4 o] HoJA phytate} AT F718-2 9]
HA Falal A= widEER FE ofd, ZF, vilE 59
F714e] A o] &ES HAaATle AAE d#A Ak(Cheryan,
1980; Cosgrove, 1966). 2] AL WA, x| 7|52 A3},

oo b

2 3\

melglo] A2 of7]ale Ao s AelA QthHurrell, 2004). &
3, Do) APe TAEE A
o] ¥olH, ofddo] F=shA =W

173
=4,

TF7 Y AR=ETE woHA

3L

T3 A9

1987).

2ol s AE BHE F3 B AT F Je 5ES
AY AE9] duA] UEE = 8 ohg 23]E ol 24
o] MEes AIZHS Zolx S F=A st wH|9 A
S S3ATed Ego] "ok E3 AL A AEE A
T FozEH S 9 Wo] duy B A3EEe 93
< Et(enkins &, 1978). AT, Aol A A AR, e,

o

tast 22 vdE deolE shetes dAdske
of me] A o855 Holryrial UeiA K(Thebaudin
5, 1997).

wol olFold 9l WA, H57e] phytaesh 2ol %]
A IEA AR B e olgbsHe &

= A= mu|Ek Abglo|th.
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B2 koA F79] phytate A7SIE 8t 3, wE, B
), 228, Pdo} 5& WS ol&slw MEP(Fageer 5, 2004;
Hurrell 5, 2002; Lestienne 5, 2005b; Temple 5, 2002). 3FA|4E
olfd HES e YA H A 4= &N F
AL (Martinez 5, 1996), L A|7te] Az)7] wjiel] Aol o]

&3t7]ol= BlZAIFe|t olo vl EiAAeE e 23kd 2
A phytateS 7HAA1E & JOoWA e g TS FH
k0 v 2 (Greiner®} Konietzny, 2006), phytaseS ©]-&3HH =72
phytate g EFHHOZ A7 wvde] AW o] &ES

S7MNZ = Y deA Ack(Frontela 5, 2008).

Phytase™= phytateE 7153l8te] oAl &3 F71914ke A4
She QAF JlRa) & 4h0]t) PhytaseS F29] ALl 718
HH 7RI TS oA F < *}4 HjA-E AT BE
AgollA 7 Tol Bol 23 e phytaes TARAIA ®
g o]&ES =Y F o AL 7AE TN F
o} Cellulases TE ALSAROA A& ARREIUT 2 & AF
of -&EA=H FFet AN F I F MEH JEE
7IEslsle] YU THEAE g AR dEA o (Bhat,
2000), 53] 2oldfrae} uiZe] AgS kA sted AW v
vige] o] &5 SIME T ATk B HITKWang &, 2008).
PhytaseS ©]-8-3}¢] phytate S AR 7Rl digh A
T= F2 AW HaIH Fol phytaseE H7Fste] HEAEFY
phytate ¥ phytase &4 =4 2 AFEAe disl] A5=o]

© ™ (Daniels®} Fisher, 1981; Haros 5, 2001; Nielsen %,
2007), MHA, A 22 dEIFo| gl AFelx] d5AA <]
phytate AA3sHE B3l vl o] &ES TXNTI2LA e AT
o HF AFe] vdlF A o] &Ed et A= AsHH ot

wEta B Ao M= phytasest cellulase* © = Eglo
2 AEg SU/Re] AEdsE BAe 9 daAast & FR7,

Zhg 9 ol AW o]g-Eel sl -‘37]'0}/»\ L ESE g4
g FUUIRS AFAGANA 758 AR ol&rtsAEEs B
A7) 8 HEE AxstY wEe FAEY At AH

o] &2 7% AER &&3tuA} AT

_l

JNn

e 2

M=

2 Ao A3 5 7FEBob's red mill, Milwaukie, OR,
USA)E AM2Al T2 WA golx 48isith. E coliz
A7l phytase (Finase® L, activity 5000 ppwg, optimum pH
4.5-6.0, AB enzymes GmbH, Darmstadt, Germany)= &)H]ZH}o]
<27 (Bision Corporation, Seongnam-si, Korea)ollA] |3 &o} A&
31992, Cellulase (Cellulclast® 1.5L, >700 endoglucanase units/
g of solution, from Trichoderma reesei, % 3% 50-60°C,
273 pH 4.5-6.0)= Novozyme Korea (Seoul, Korea)ollA] -7l 3}
A}&-3FATE Total dietary fiber assay kit (TDF-100A), Sodium
phytate (PO109YE Sigma-Aldrich (St Louis, MO, USA)°lA <
sto] ARE-SFAATE

HH Az AR A5 TE7Bob’s red mill), A8 (CJ,
Seoul, Korea), s2EJ(Ottogi, Seoul, Korea), TA]H- °(Se0ul milk,
Seoul, Korea), Wlo]% 3}9-tf(Jenico, Seoul, Korea), H3-$-T
(Poonglim foods Co., Ltd, Seoul, Korea), &F(Cl)= ’\137\] =T
o] HPARA oA Fuate] ARE-SFAATE
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E4X2 SLIIIE M=

EU7IEE 500 mesh Aol W 3 38]2] 0.1 M acetate buf-
ferg 71t F 3027F AoA & wt A7l & TR AF
o] 2%, 10% 2 20%2] phytase 9} cellulase® H 7181, cellu-
lase®} phytaseE 5:5 HI&Z F 20% F7F8F 50°CS] shaking
water bath (WB-6, Daihan Scientific Co., Seoul, Korea)*ll*] 24]
7k B9 WREAIATE HkEo] 2 AR 5,000xg, 1597 €4
£-2](Optima TL, Beckman Instruments, Fullerton, CA, USA)3}]
35 HE 40°C dry ovenoll A 24A17F 7AZE}ted mIAREA 7] (RT-02,
Mill-Tech, Taipei, Taiwan)Z "3t % 100 meshA|ol] W& 3
B 3T

a4 B35 Hske] A& 0.5 g0l MES/TRIS buffer (MES 0.05
Z5 119 =4 6N NaOHZ pH 82% =
NHE 4 20mLE H7KSE ¥, a-amylase 25 uLE 7}ske] 95°C2)
shaking water bathellA] 100 rpm9] EE2 1587 A &
shakingS FE3la 25%-7F FESFSTE Shaking water bathe] =
=5 60°CER S5 protease solution (protease 50 mg, S 1
mL) 50 uLE 718k 60°C2] shaking water bath (WB-6, Daihan
Scientific Co.)°ll4 100 rpme] &= 3087+ X®3lal 0.561 N
HCIZF 6N NaOHE ©]83le] pHE 4.2+0.5 Atol2 243Gt
A amyloglucosidase 150 pLE H7Fete] 60°CollA 3047 wES-
AL F, Celites Bl %3 fefolarld a4 2l A8E
gol 7etedat & thy 70°CE JEe SFRT SmLS Thete] Al
stk 84 Aol R dakE AlEel 60°C§ g 95%
eSS 4] SRR JFSIAL 78%, 95% oEE, oME &2
2 747 75mLg 7kl T ouA AH 2 o3 ok, frelel
INE AZ7160M 105°C= 24/\17L & Az F 1Az Est )
AACTER stel S FeG B8, 489 Sl
S elsie B e Aol 95% olFkg, oME 0% 717 5
mL% 7¥sted 28] MlE T 105°CE 2407+ 5 Ax F 1N
< XA o Wy sted TAbES ik 84 AolA
o} 584 2ol A= 525°C 382 (Difital Muffle Fur-
nace, F-05, Daihan Scientific Co.)°lA 5417+ &<t 3l3} & 3]&
Ze Ll ey 7k Jo g 7 ke JItth & Ao
(Total dietary ﬁber)—‘ T84 Ao g} B8 Aojdee gt
o= At

o]l 2(%)={(MN BB E A3 & F A YA &A1 <100

Phyatate &2
A &9| phytate $F#-E Haung?} Lantzsch(1983)2] S <F7h
HEPsle] B30tk AR 020 2% (viv) HCI-10% (w/v) Na,
SO, &9 s5mLE ¥, Aol wH]Z 200 rpmeE 3A7F
F¢t %39 5 Whatman No. 4 ©]3-2](20-25 um, Whatman
International Ltd Kent, UK)Z 34315t 04-7/}°“ 1 mLE falcon
tubeoﬂ -2 5 FeCly(FeCl-6H,0) 12 mLS A7kska 75587 &
LA 7HEstth. A2edlA 1A 9 %‘7—.“\121 3,500 rppm
01]*1 1587 A4 sl 42 AEHE A (11 um, No. 1,
Whatman International Ltd)2 oJz}sle] BAG2 ARSIt
EAAE 1mLell Wade Reagent [0.03% (w/v) FeCl,-6H,09}
0.3% (w/v) sulfosalicylic acidE S/ 100 mLZ £3] 0.25mL
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A7rele] 5% B WAL, Aol 1087 WAL &
UV-visible spectrophotometer (Biomate 3S, Thermo Fisher Scien-
tific Inc., Waltham, MA, USAYE &3] 500 nmolA §HE=5
ZA3t] A8y 2FEZ 2= sodium phytateE 5, 10, 20,
40 2 50 pg/ml FE=E BAste] FEHAS AAste] aaAe
Axol| WE phytate FHFS 5 33] o) wHE-AE s}

OjH| & bioavailability
ouIE &2 =M

AR 1gE 550°Ce] 3|3}Z(Difital Muffle Furnace, F-05, Dai-
han Scientific Co)ollA 5417+ &<t 3|stet & FES 05N
HNO, 5mL& 78l F35F #23} Azl & GF/C (90 mm,
Whatman International Ltd.) ®13A]2 o{%}5}3L 0.5N HNO, 12.5
mLZ 7838 T ICP (Inductively coupled plasma spectrometer,
Thermo Jarrel Ash, Franklin, MA, USA)Z Z4r, ofd, E&o| &

F T4 skh

ojd| 2| in vitro 28}

Zhr, ofd, R A o]&-&e gt H7l= Lonnerdal 5
(1993)¢] WHS ok MFste] At AW in viro -4
b 23rdS #8357 A pepsin FH-2 02 g pepsin (P6887,
3200-4500 U/mg protein, from porcine gastric mucosa, Sigma-
Aldrich, St Louis, MO, USA)S SmL2] 0.1 M HCl &) &3
3FS1aL, pancreatin-bile extract &2 0.1 M NaHCO, &9
I mL 3 pacreatin 1.85mg, bile extract 11 mg2 8-3l|3te] FH|3}
Ak 2g9] ARE 20mLe] FRFO FAF AT F 37°C
9] water bath (WB-6, Daihan Scientific Co.)o| 1057+ A& A
Zith 1M HCl 848 o]&3ld wit7] 94 pH 2022 =4
sk H, oA FH]8E pepsin £ 1mLS 7Rt H H 37°Ce
shaking water bath (WB-6, Daihan Scientific Co.)°14] 100 rpm<]
EEZ AT B3 wEEAIFATE Whgo] i AlFe] 0.1 M NaH-
CO, &ML o] 83lo] pH 4.09F 243t ¥ pancreatin-bile extract
|4 smLg 7K 5, oAl 0.1 M NaHCO, & #H7Fste] pH
7002 Z4-3st F 2A17F < 100rpme] shaking water bath
(WB-6, Daihan Scientific Co.)ollA] I&3}TE 28] & &

HEe| M=
A7 B &S Rupasinghe 5(2008)8] #HE o]-&3}o]
Table 13} Zrom, g4xe d SU/IEE 7+ a4EE vy
o] 8-Fo] 7P =UT 20%2] phytase, cellulase 2 cellulase/phy-
tase MES o] 83IGATh EAXE] TLU/FEe A HI&E 0, 25,
50, 75, 2 100%Z 3t HHAL AZsIGATh HEe NiE
7](Kitchen Aid, Joseph, MI, USA)Z ©]&3}o] 2.2
Edo] Aeg Al ®lo] v Hrleh 69 SEE 3
AR 9 F A rE AL 69 SEE 1R 30
1%1

o

NSk
o

u =

Moot B N

y

329 &2 30x7F T3 & AE

gl

o P AL o
g

B o
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Lo

of, H1
Rl 5L

ﬂ =
2, WolgshE % 2L Hol 19 S 30%, 4
E
=

o 50 g¥

vjgle] ¥ule mEe F& F 12 W9 A7 F, Volscan
profiler (VSP 600, Stable Micro System Ltd., Godalming, UK)
S |83l specific volumes 43It HAL] crumb M=
g FEoE 22 9HE MAA|(DP-400, Minilta Co., Ltd.,
Osaka, Japan)S ©]-&3}o] L* (lightness), a* (redness), b* (yel-
lownessyE SA3I0om™ 7t A 8T 43] wiEsie] ZA5ISTE £
T 2HZALS L* 9607, a*: 0.99, b*: 2.010] T}

ofEe| =2zt 84

HAe] 7S 15x1.5x1.5eme] Z71= ZEPA Texture ana-
lyzer (TA-XT2, Stable Micro System Ltd., Godalming, UK)E
o]&-3F>] TPA (Texture Profile Analysis)yE =7 3IAth 27 35
mm ¥F probeE ©]&3t] 8 Al 2L pre-test speed 2.0
mmy/s, test speed 1.0 mm/s, post-test speed 1.0 mm/sZ 3l A=
(hardness), ©F23d(springness), 57/ (cohesiveness), % T/ (chew-
iness)S A TS, MAS Eddgd Aoulo] Yo 4
204 34 A & ArE SAsl] =3kee] AER ARSI

flo J|

HEQ| phytateBHa

FE 10000xg, 4°C EA 3087 A4 FS F @}%oﬂz WAL P9 Aeold 147 Wy AR F, $2 Azsle] o
4°C DEIVNA 4807 AXAA 24, o, W) FAES B L ARE phytate FHEA AU, FaAe FUsRe)
Hajgnh el 0§ EANY FURE MUPe] B phytae FF BN 2 PPS o) gatel SYsklnt
St In viro 234 5 S&F)o] b vlijRe] M@ %2 ¥
ST},
Table 1. Formulation of muffin substituted with different replacement levels of enzyme treated whole wheat flour
. Level of replacement
Ingredients
0% 25% 50% 75% 100%
Whole wheat flour (g) 102.15 76.61 51.08 25.53 -
Enzyme treated whole wheat flour (g) - 25.53 51.08 76.61 102.15
Water (g) 96.39 96.39 96.39 96.39 96.39
Sugar (g) 46.50 46.50 46.50 46.50 46.50
Vegetable oil (g) 41.64 41.64 41.64 41.64 41.64
Skim milk powder (g) 7.71 7.71 7.71 7.71 7.71
Baking powder (g) 3.87 3.87 3.87 3.87 3.87
Egg powder (g) 1.35 1.35 1.35 1.35 1.35
Salt (g) 0.39 0.39 0.39 0.39 0.39
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oEe| O|Z bioavailability

FAAZE] AL A gE UM gaxE SUIFE MIEL
bioavailabilityS Z7d3t WHS o]gsle] =4 wHlA] HE,
&, @ ofd9) o]lgES =H3IT)

5

SAHEN

RE Adg= SPSS 17.0 (Statistical Package for the Social
Science)yS ©]-8-3t] U Aul X E42HE4A (one-way ANOVA)C.Z H]
o BNl on 7h 24 Haw 7+ foAe p<0.05 FEO
2 Duncan’s multiple range testS AM8-3k] HAS3sIATH &

A= 33] AAjste] dofxl Hagia wEAxE 1%5}141‘31‘:}.
1} ol &

Eax2| SRS & AoldF H phyate ?:.F‘é!’
é}o]/\%o/\‘—— HE 24 o

T =,

= H;di g]bﬂal-o] T:‘:":E P‘H }.}f 3}

L

AtsH
o°§°J‘LX} 5 SR &
24 UtkGillooly 5, 1984). &4 d] Hwol WE F 2Jo]dH
e Zae] FRol ARle] skl wt sk AdE B
ATH(Table 2). CellulaseZ= ﬂﬂé}‘}’i% o, &Ao] o] F7stel
w2l F Aoldfre 25-30% Ao, a4 R wE &
oAl ol fIATH(p>0.05). ol Bol| cellulaseE Aot
o E4EEd WE F Aol & Aol7t fIE Weinberg
5(1995)8] A7} Ak Z3Felnt. Phytase AT M T F
2ol o] ol 25-27% #AEJEH], o= faba bean flourd
phytaseE XZ|3tAS o, & 2oldfe] ol i A T2
FAFFA =8 (Luogt Xie, 2012), H€l, gum mucilages, hemicellu-
loses & polyshaccharide 53} 22 84 FE9 A=z Qs
Z Aol dfart Hasguty AWt Cellulase/Phytase®-5
AR S W oF 38% oA E 7HAEte (p<0.05), T AF
2 2 22%S 5o cellulase$t phytase 222 <1
3k A5 aat yelton, ol 547FF W fiber-phytate com-
plexeset #HHo] Y= Ao Z ALFAHLuo 5, 2010).
aaxget U7 phytate -2 Table 204 X vhe}
2] phytase A7) A 40 BEIE SHIEF phye L
el o s 0 (p<0.05), £ TR mE Apol= 2
7 skt AAAEE o B FL/HRS phytate THEFS 63.95

pg/g o™, 20% phytase *2] Al 46.88 pg/gO = °F 28% 7Hasf
Atk 3 cellulase 2] Ao)% phytate®] ko] G4 E7}
Z713hol| weh A e, 53] 20% cellulase X2 A] 49.52
pg/gS 2 7P 7+43K1 0™, Slominski 5(1999)% canola meal]]
cellulaseS *2] 319& Wl phytate’} 7HA4ES Ho] B A3}
9} FAIBIATE. Cellulase/ Phytase®3F 22|l M = phytates 47.67
pg/gS = °F 26% s o, BA T o dsade vl
H|3HA Tt

S4x2] LIRS n|dIE bioavailability

Phytase®} cellulases @ = 53 A2]gr SE7FFe vy
2] AW ©]&ES Table 201 UERAITE TR Hiel A
W o] &5S 2451%00H T4 FE(2-20%)] wek 41.6790
A 81.59%2 F7Fst=tl, ©]= faba bean floure] phytase<}
cellulase 2] A] R &d=5 =d F Ave= AT+E 3 (Lwo
%, 2010; Lestienne 5, 20052)$} +ASFITE 53] 20%9] cellu-
laseZ 5“’7}—?—01] Agetls W AR AW o]l&&ES Hst

A kS wiHot oF 33ulZ 7Y FA SR, EEA T
o3t FeEIE YeERR] ol 2ol df{rt E“‘7P—r°ﬂ"1 HE
k9] chelationol] F23t 9 sl IS & F UthLuwo T,

2010).

Phytase?} cellulaseE 22t @ X2lelale o &4 = u}
E g9 o852 =t S7FE wet 7.80% 14 25.99%=
Z7¥elAt). 53] cellulase/phytases 55 22| sIS o 2wl
ol &EL 39.99%F F-XE(7.80%)0l BIs] <F 5.1u) F7}18e]
Al o F5EAE HEPHATE Cellulase AE]= 20]
AR BEAZREY 4 528 =9 i%Oﬂ*H FrEs =9
w (Lucciaa} Kunkel, 2002), phytate 744> SA] Z45¢] 0|85 ¥
Ao =58 FIE A= AlgH

ofde] AA| o] 8EL TUY EFaA X Al BF F94
o7 =715 th(p<0.05). Phytase®} cellulaseS ©FU 2 2231
S, 20%2] FENA ol AYA| o]&-Eo] 77 669 40%=
7P =9kl FAESE Hoh Ha 28] ST SHATE Cellulase/
phytases-3F X2l cellulase *2]t Bt =UATE, phytase
AP Bk @A Yehd, 52715049 phytase *2E ©F
A3} phytate®] chelationol] 2J3)] o}l AU o]&-& Fxlo ¢
aHold Ao Azt

Table 2. Total dietary fiber, phytate content, and mineral bioavailability of whole wheat flour treated with phytase, cellulase, and

cellulase/phytase
Sample Enzyme Total dietary fiber Phytate Mineral bioavailability (%)
(o) (%) (ng/g) Fe Ca Zn
Raw - 21.41+1.08* 63.95+1.92* 24.51£2.95¢ 7.80+1.12° 23.54+3.19°
Phytase 2 16.08+0.52° 50.29+2.44% 41.67+3.59° 18.32+0.06° 41.36+0.51°
10 15.71£0.15° 47.97+1.17% 44.27+3.30° 19.03+0.17° 40.48+1.11°
20 15.64+1.15° 46.88+1.63° 63.77+7.76° 24.50+0.64° 66.00+1.36°
Cellulase 2 16.07+£0.94° 55.95+2.84" 65.82+8.87° 20.86+1.85¢ 35.69+0.44¢
10 15.98+0.06° 52.00+2.22° 65.54+3.60° 22.71x1.31° 37.53+0.23%
20 15.09+£0.92° 49.52+2.16%* 81.59+2.29* 25.99+0.11° 40.00+0.76°
Cellulase/phytase 20 13.39+0.41° 47.67+0.45% 73.89+1.73" 39.99+2.00° 54.0£6.28"
*Means£SD

**Values with various subscripts within the same column are significantly various among samples at 0=0.05 level by Duncan’s multiple range test.
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(a) Phytase

(b) Cellulase

(c) Cellulase
Iphytase

Raw 25%

50% 75% 100%

Fig. 1. Appearance of muffins prepared with phytase, cellulase, and cellulase/phytase treated whole wheat flour.

Table 3. Volume and crumb color of muffins prepared with phytase, cellulase, and cellulase/phytase treated whole wheat flour

Sample Level of Total volume Specific volume Crumb color
replacement (%) (mL) (mL/g) L* 2% b
Raw - 67.90+1.50° 1.62+0.03¢ 52.08+0.69° 4.4340.23¢ 12.68+0.34*
25 69.05+0.07% 1.64+0.00 49.27+0.88" 4.65+0.14" 12.52+0.26™
Phytase 50 69.90+0.40% 1.64+0.01% 48.19+0.93¢ 4.70+0.12" 12.3440.22%¢
75 70.75£0.21° 1.69+0.00°* 46.82+0.80% 4.96+0.10* 12.30+0.19"
100 71.83+£0.07* 1.72+0.01* 44.62+0.96" 4.99+0.09° 11.60+0.29¢
25 69.45+0.38% 1.62+0.00* 49.71+0.70 4.89+0.14° 12.35£0.14*
Ceiinioss 50 70.25+0.07 1.63+0.00¢ 47.50£0.95% 5.09+0.17% 12.45+0.20°
75 71.00+0.14% 1.69+0.00% 46.55+0.72° 5.14+0.14° 12.35+0.14%¢
100 73.10£0.00* 1.70£0.00° 43.86+0.61° 537+0.27 12.00+0.24¢
25 69.10+0.70% 1.62+0.01¢ 49.06+0.75° 5.04+0.20% 12.65+0.62%
Cellulase 50 70.53+0.78° 1.660.04" 46.45+0.59° 5.360.17° 12.54+0.57"
/phytase 75 70.60+0.05° 1.68+0.00° 44.77+0.86" 5.43+0.18" 12.50+£0.29®
100 72.13£0.83* 1.70£0.00" 42.88+0.86" 5.68+0.21* 12.38+0.46"
*Means£SD

*Values with various subscripts within the same column are significantly various among samples at 0=0.05 level by Duncan’s multiple range test

SaXE| SR 7t HEe E21¥ |54
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Table 4. The textural properties and hardness increase of muffins prepared with phytase, cellulase, and cellulase/phytase treated whole

wheat flour
Sample reIl;g\;zln(l):m Hardness (N) Springiness Cohesiveness . Hardness
(%) 0 day 3 day 0 day 3 day 0 day 3 day increase (N)
Raw 3.44+0.20" 8.774£0.61* 0.64+0.02° 0.62+0.03¢ 0.40+0.00° 0.29+0.01° 3.46+0.64*
25 2.32+0.13" 5.70£0.57° 0.64+0.02¢ 0.63+0.03% 0.410.04 0.30+0.01" 3.35+0.42*
Phytase 50 2.2240.06"¢  5.35+0.37% 0.66+0.05¢ 0.64+£0.00°  0.42+0.01° 0.32+0.01%  3.13+0.35®
75 2.08+0.18%  4.70+0.13% 0.68+0.03  0.64+0.01°*  0.43+0.00"¢  0.33£0.03™  2.61+0.05™
100 1.84+0.13° 4.10+0.40° 0.71£0.05*¢  0.66£0.02°¢  0.43+0.00*¢  0.33+0.01% 2.38+0.38°
25 2.35+0.19" 5.79+0.20° 0.66+0.03¢ 0.63+0.02% 0.40+0.02 0.30+0.00™ 3.43+0.37*
50 2.17+0.08™  5.72+0.34° 0.66£0.11°¢  0.65+0.02°°  0.42+0.04 0.31+0.01% 3.49+0.34*
Cellulase
75 2.29+0.17% 5.35+£0.51" 0.69+0.03™¢  0.67+0.01™ 0.43£0.00™  0.3240.02" 3.10£0.18®
100 1.85+0.11° 4.66+0.24 0.75+0.01° 0.71+0.01* 0.44+0.03" 0.32+0.03™  2.81+0.28"*
25 2.34£0.07"™ 5.80+0.31° 0.64+0.02° 0.61+0.01¢ 0.43+0.00% 0.31+0.01% 3.37+0.39*
Cellulase 50 2.19£0.23"¢  559+0.33" 0.66+0.02* 0.62+0.00° 0.43+0.00™  0.31+0.03"™ 3.384+0.19
/phytase 75 2.03+0.09% 4.75+0.43% 0.71£0.03%* 0.68+0.00° 0.47+0.01% 0.33+0.00® 2.64+0.47%
100 1.90+0.11° 4.32+0.27" 0.73+0.01* 0.71£0.02* 0.48+0.01* 0.36+0.01* 2.3940.17°
*Means£SD

**Values with various subscripts within the same column are significantly various among samples at a=0.05 level by Duncan’s multiple range test
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Fig. 2. Phytate content of muffins prepared with phytase, cellulase, and cellulase/phytase treated whole wheat flour. “Means with
different letters are significantly different at p<0.05.
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Fig. 3. Mineral bioavailability of muffins prepared with phytase, cellulase, and cellulase/phytase treated whole wheat flour. “‘Means
with different letters are significantly different at p<0.05.
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