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Abstracts

In this study, basic experiments were conducted to improve the quality of muffins using kamut (7riticum

turanicum Jakubz) for making products to help improve human health. Kamut powder addition decreased the pH, moisture
content, muffin height, and dough yield. Chromaticity measurement of muffins with added kamut powder showed
decreased L value, increased a value, and increased b value. Measurement of physical properties showed that the tackiness
and cohesiveness of muffins decreased with increasing amounts of added kamut powder, along with increased gumminess
and chewiness. ABTS and DPPH scavenging activities were higher in ethanol extracts than in deionized water extracts.
Therefore, when making muffins, it is judged that 10 to 15% of kamut powder is most suitable in consideration of

physicochemical analysis and antioxidant activity.
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Table 1. Formula for the muffin made with kamut powder

Aolg olgslel F7] LABWH WE SO
2ol oJaf AHEskTh
Backing loss rate (%)

_ Weight of dough — Weight of muffin
Weight of dough

100

Weight of muffin

Weight of dough 100

Dough yield (%)=

e MEEH

P o] A== AAA|(CR-400, Konica Minolta, Osaka, Japan)
£ A3l hunter scale®]] 2]¥+ LZH(H X, lightness), azh(BA %,
redness), bZE(EHI=, yellowness)g 33| WHE =43l3 e
L3%(100.0), agk(-0.67), bgk(0.22)2] W22 calibration plateS A}
£33t

HEel 24 58

e B S8 #He] YWRE Y¢S Z7]2x2x2 cm)=
2} texture analyzer (TAXTplus/50 stablemicrosystems, Godalming,
UK)E A3 2™, Z = (hardness), 21 (adhesiveness), EF&4]
(springing), -3 “d(cohesiveness), 7/d(gumminess), A T
(chewiness), 3]&-EFA] (resilience)ys =4 3ith 2+ A E&
33] ¥kEste] Z43 jlo] BT AXE JeEp AT AMS-S
71719] &4 %71 probe= YF probe, sample size 20x20x20
mm, test speed 1.0 mm/sec, pre test speed 2.0 mm/sec, post test
speed 2.0 mm/sec, distance 5.0 mm=Z S} T}

ABTS ZlC|Zt A& U DPPH 2iC|Zt A7 =X
Han 5(2019)2] A-ollA AAS el o8] A8 2082
500 mLe] & o] £<(Deionized water, DIW)2} ol EH-2(Ethanol,
EtOH)°ll 27t 7tste] $7W8717]7F B2 heating mantle (MS-
E05, Edun, Seoul, Korea)ollA] 3A17H4 23] FE3I5th F=59
A o3t F AAEZ)(6,000 rpm, 30 min, 4°C)3tL, A5HS
45°CoAl A AFEE F, 5ZAARLYPH-LOCK 12, Labeonco,
Kansas, Mo, USA)sle] £ AJEZE IStk $48 A8 A=
80% WErE 10mLoll $AAZ 201 g2 718la, 1N 225

Kamut powder content (%)

Ingredients (g)

0" 5 10 15 20 30 50 100
Wheat flour 200 190 180 170 160 140 100 0
Kamut powder 0 10 20 30 40 60 100 200
Egg 100 100 100 100 100 100 100 100
Sugar 130 130 130 130 130 130 130 130
Shortening 100 100 100 100 100 100 100 100
Milk 100 100 100 100 100 100 100 100
salt 1 1 1 1 1 1 1 1
Baking powder 4 4 4 4 4 4 4 4

D0%: flour without kamut powder, 5%: flour with 5% kamut powder, 10%: flour with 10% kamut powder, 15%: flour with 15% kamut powder,
20%: flour with 20% kamut powder, 30%: flour with 30% kamut powder, 50%: flour with kamut powder, 100%: flour with 100% kamut powder.
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Fig. 1. Muffin with various levels of supplemental kamut powder. 0%: Control (flour without kamut powder), 5%: Flour with 5% kamut
powder, 10%: Flour with 10% kamut powder, 15%: Flour with 15% kamut powder, 20%: Flour with 20% kamut powder, 30%: Flour with 30%
kamut powder, 50%: Flour with 50% kamut powder, 100%: Flour with 100% kamut powder

A ate] BBIAA AdollA 24A7F WA T, 9417-2](8,000 rpm,
10 min, 4°C)3te] ZA| A|FE(100 mg/mL)S AZ300H, o)1= 24
AlZF olUlell A3} T} 2,2'-Azino-bis(3-ethylbenzothiazoline-6-
sulfonate)(ABTS) 2tz &2AE-2 Re 5(1999)7 Lee 5(2017)
WS ARR-sle] =439 th. ABTS (Sigma-Aldrich, St. Louis,
MO, USA) &9 7mM9} potassium persulfate (K,S,0,)(Samchun
Pure Chemical Co., Ltd., Seoul, Korea) 140 mM= &3}3to] 12-
16A]17F 4ol A HH-S-A1Z1 T2, phosphate buffered saline (PBS,
pH 745 AM83td 734 nm oA 4= g 0.7 0.02)0] =
2 3| 5}o] A8}tk Radical inhibition (%)°] 20-80%7} =
2 3148t 24 A2 10 ¥ 1 mL ABTS £48 &3l 15
ZF REEAIZL -, 734 nm PPN FHEE 43St ABTS
Z aABALE Tl AAIE F2edl eJate] AlLtetien,
EAE TroloxE ©|-83l] et XFFAOZHE] AR
k31285 Trolox equivalent antioxidant capacity (TEAC) pmol/

weight2 YERAAT}. 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
Oz £7%<S Thaipong 5(2006)2 Lee 5(2017)°] A&
WHoll wel =439t DPPH stock solution DPPH (Sigma-
Aldrich) 24 mgS methanol 100 mLell 83JA1Z1 & -20°ColA B
#3PHA AMEEI o™, DPPH §9-2 515nm oA F3=
Z 11 0.02)°] H=E wekEZ 8Xsle] AME-3ISI ) Radical
inhibition (%)°] 20-80%7} E=& &Ae A AlFE 50 uLt
DPPH €9 2mLE &§sle] A9 daer 307 w71
Z HEES blank®E &lo] 515nmellA] AR IE FHLEES 2
739tk DPPH U1 AAEA LS AAE T2l 23}
stgom, EFEH2 TroloxS ©]&3te] 23 FFFA
sk 5 A8 3HElE(TEACYS umol/g dry weight® UFERY
ATk
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Table 2. pH and moisture of muffin with kamut powder

o

183l AEE dE=
< Fgste] #ESIATHFIg 1).

SA X2

Ao Aol EAAEl= SAS Package (Statistic Analysis
System, version 8.1, SAS Institute Inc.)E ©]-&3l] Hagtd &
FTHAE et dETs A 79 799 (p<0.05) HES
ttesto} BAFEA(ANOVA) HHlo] wel AAslgon, gz

© 2 Duncan’s multiple range testS A3}

oy o
oEe| pH ¥ 2 &

o] pHe} R SRS Table 294 7t} WH=9] pHE 7H-
E BS U] e A9 7412002, THRE ES 50% 3
7k 79 7.0020.04, 7FFE ETS 100% F718 749 6.81+0.02
2 Ueigon, 7IFE EEg A/ESE pHe Adhe 3o
2 ZAE AT Ep<0.05). T3t $9E #AS pHE 7HFE 23S
H7VeHA] e AL 7224002, FHRE B 15% H71ek 9
7.16£0.03, 7HFE TS 100% A7FsE 79 6.99+0.032 FAM
AtH(p<0.05). &9E HA] & T2 JHFE BLEg HUtst
A e 7Ag 21.04+033, JHFE ELS 15% HUHS A
18.99+0.16, 7FF+-E ET2 100% H7Fe A4 16.75£0.052 FA}L
HAoH, JHFE B8 H7F o] FUERE FE ol #9
A A THEp<0.05). 0-20%2] - B4 H713k Mee] 4=
e RAsS Hrbge] $7HEE Ao (Kimt
Lee, 2012), WA FEE5 7K WA= Iy H7H
o] FTIAFE i FEo] Hadiiitie B (Kong 5, 2019)¢}
2 A7ATs 2 S Btk 3 By B FEES
71 MEe] pHE 0%l 767, F7HEES 7.58-7.152 B
HA & FE2E9 Tk 9FFOCE pHE gasidled, ol &

Kamut powder content

Fropetty 0 5 10 15 20 30 50 100
pH (Dough) 741£0.02°  7.29+0.03*  7.28+0.02*°  7.19£0.03*  7.17£0.01*  7.10+£0.05*  7.00£0.04*  6.81+0.02°
pH (Baking) 7.2240.02°  7.32£0.03°  7.25£0.05°  7.16£0.03*  7.11£0.02*  7.10+0.01*  7.07+0.03*  6.99+0.03"
Moisture (Baking) (%) 21.04£0.33* 22.09+£1.28" 20.68+0.77" 18.99+0.16> 19.48+0.96° 19.99£0.38° 19.02+0.39" 16.75+0.05¢

All values are means+SD (n=3).

Different superscripts*® in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.
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Table 3. Baking properties of muffin with kamut powder
Kamut powder content ( %)
property
0 5 10 15 20 30 50 100
Height (cm) 5.80+0.17 6.00+0.00 5.90+0.14 5.70+£0.07 5.70+0.07 5.80+0.14 5.80+0.07 5.50+0.00
Weight (g) 65.10£0.60*  65.30£1.10° 65.90+1.10° 64.90+0.90° 64.10£1.30° 66.90+£0.90° 64.30+0.50° 63.90+0.90°
Loss rate (%) 7.00 6.71 5.86 7.29 8.43 8.43 8.14 8.71
Dough yield (%) 93.00 93.29 94.14 92.71 91.57 95.57 91.86 91.29
All values are means+SD (n=3).
Different superscripts™ in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.
Table 4. Color values of muffin prepared with different level of kamut powder
Kamut powder content (%o)
Property
0 5 10 15 20 30 50 100
L (lightness) 80.20£0.64°  75.91+0.53°  7537£0.64°  76.24+1.01"  76.52+0.52°  74.61+0.7™ 68.78+£1.58°  66.09+0.39°
a (redness) -4.71£0.08°  -4.40+0.12" -4.05+0.11° -3.66+0.06° -3.33+0.04°  -2.97+0.08  -1.29+0.52¢ 0.29+0.43¢
b (yellowness)  17.27+0.52¢  18.03+0.38° 18.3£0.54° 18.56£0.29°  19.02+0.18°  19.53+0.41°  20.58+0.85*  21.51+0.38°

All values are means+SD (n=3).
Different superscripts™

IHA B FZE(pH 6.00)2] pH7} L7FE(pH 6.03)2T} Y9k
RO = —& Hh= B3 (Kong 5, 2019)2t= LAk 3t
wylo] A EuhLee2t Chung, 2013), A-2HSHA E2H(Noh
5, 2014), olrlollg] EZ(Kim¥} Yoo, 2016), oFF EH(Leedt
Lee, 2014) 2 =& 7KJung, 2016) £22 H71eF HHe pH o
Al FBAEe] #rbeo] FUkstel ulgl fojAog AT

Bysid.

oEe| Hi=zol =0|, A, 7|
FHFE o] H7ME wH 5o
S =88 Table 39 AASFATE HHA
o] H7F=EA] ¢k 749 5.80+0.17 cm, %r#
3 7% 5.70+0.07 cm, FHFFE B 100%2] A% 5.50£0.00 cmE
AME RO, FMFE EEe] Hylgo] USRS mHe] Fo)
Aasint wHle] FAE JHRE o]l HUEHA| & A
65.10£0.60 g, 7FF-E #‘?j}g 15% #7713t 739 64.90+0.90 g,
FHEE BT 100%2] 73§ 63.90£0.90 g2 ZA}H"iE‘r(;KO 05). &
+4L2 10089 ?}—?Eé A7VelA e AS- 7.00%, JHF-E
=S 15% H7FE HAdE 729%E Yo, JHRE
0% ©1’d A7Fst wHAd s H7] £4E0] 8.14-8.71%=
2o 1 ANt o é F&2] 75 JHFE B HUL Hlgol
£ Hshs 73S Bt Al A7) wE mee]
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, B84 8 F7] E 5% 10% A g
735 T AR Eﬂ~ YeRl Aok y_;_s}aiu}(mm
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in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.

79 68.78-66.0924] FHFE Hure] Hrlrt ZrfErE
FrolatA ZastAthp<0.05). agke JHEES 716
710,084 FHEEE 100% H718F wHEe| 3¢
2|7} E7FFth(p<0.05). b3k FFFEES HUtst
2 49 17274052, 7FFEE 5% A7 HHAoME=
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Lee, 2012)3}312- Z S B2 (Yoon 5, 2011) &
o] BukSeo 5, 2012)2 HA7FsE M) M= Bag o]
7kl whet Lk, agt 2 obdk B FAadtial BHAsiliEd,
ol 7kl FAES] FRU FARE AA Axd o3 4

i AR Eg WdrtRE 7K w3 Ae WErkE
Hrlgpo| 2718 agke Z7bela, ik bk Z:‘ioh’iﬂ{—
X (Bae®}t Jung, 2013)¢} M wf, E A= FASE A5
Ve ATt

747@ Wyl B4E Table 50 AAISFATH

FHFE B4 10% H7Hst MAolA A= 823.00+4942 g, B
2 1012001 mm, S84 0.87£0.08 g5, AA 715.79£107.20 gs,

R 72042+111.64 g, 3| EEEHA

FFRE Eo] 30% A7k A%

023+£0.02 g= LFEPIT), w3
ZAE7} 832.80+117.07 g&2 71

E=OH (p<0.05), FTHF-E BTl 100% H7F 75 A 71634+
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Table 5. Texture characteristics of muffin prepared with kamut powder

Kamut Powder content (%)

Text characteristics

0 5 10 15 20 30 50 100
Hardness () 71 3.75b 556.70d 823‘003 677.43C 760.25b 832.80a 481 .55c 764.25 .
+67.19 +147.08 +49.42 +48.36 +133.57 +117.07 +52.65 +105.92
Adhesiveness (gs) -0.18£0.24  -0.17£0.09  -0.21+£0.03  -0.11+0.06  -0.31+0.08  -0.18+0.02  -0.10+£0.10  -0.07+0.08
Springiness (mm) 1.00+0.00 1.00+0.00 1.01+0.01 1.00+0.00 1.00+0.00 1.01+0.01 1.01+0.00 1.00+0.00
Cohesiveness (g/s) 0.91+0.14° 0.75+0.03°  0.87+0.08"  0.78+0.07° 0.89+0.07°  0.82+0.05* 0.77+0.13°  0.93+0.11°
ey R M Tem o mm o wo gen e 7o
Chewiness@ — Z9Th 3oy iler  Gs6S IS4 S8R9 ier  1sear
Resilence (g) 0.27+0.05°  0.21£0.01°  0.23£0.02°  0.22+0.03°  0.24+0.01°  0.20+£0.01°  0.21£0.04°  0.25+0.03"
All values are means+SD (n=3).
Different superscripts™ in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.
Table 6. ABTS radical cation scavenging activity and DPPH radical scavenging activity of muffin with kamut powder
ABTS radical cation scavenging activity DPPH radical scavenging activity
Muffin with (l;amut powder TEAC (umol/g dry weight) TEAC (umol/g dry weight)
oo DIW" EtOH" DIW EtOH
0 6.58+0.45 6.09+2.47 2.39+1.17° 27.67+0.78"
8.30+0.23 7.58+0.78 7.81£0.29" 25.93+0.24°
10 9.39+0.07 18.13+0.09" 13.09+0.51° 23.99+0.65"
15 10.06+0.46° 18.66+0.34* 10.75+1.29° 24.54+0.64°
20 8.65+0.05" 19.88+0.17" 11.41£0.52° 25.19+0.26"
30 8.99+1.22° 18.87+0.70* 10.36+0.49° 25.42+2.18°
50 10.93+0.07 24.53+0.18° 11.75+1.48" 22.09+1.01°
100 8.95+1.14° 31.73+0.61* 10.07+0.16° 32.62+0.59*

YDIW: water extract. EtOH: ethanol extract.
All values are means+SD (n=3).

Different superscripts*® in the row of each method indicate significant differences at p<0.05 by t-test.

ABTS 2iCc|Z &Y % DPPH 2iC|g A&

FHRE B3-S A8 w9 ABTS &71843 DPPH 27
e Table 6ol ANEIATE THFE E2S 271 w#e] ABTS
2AEA3} DPPH 2AEAELS & ol FEHUE e 3
ZollA FA7F %o, AFe FE A T oEHom F

Loy
o] 10% °’ A7} AlFE 18.13£0.09 umol/g ©1’d22 F7181%
o, JHFE S 100% FA7FsE W3] 739 31.73+0.61 umol/g
o] A5 YR ATHp<0.05). IehE F=2| 4% DPPH 27
P2 FE BES HURA] 92 tiERatollA] 27.67+0.78 umolg,
FFEE S 10% 71 MFoA = 23.99+0.65 pmol/g, 7H-
E B34S 100% H7FE W)= 32.62+0.59 pmol/gZ AT
ATHP<0.05). ABTS e|Zt 27484 2 DPPH |z 2724
< ksl BAS Fsted, 7P ol 7HsH AHgEte W
Hog s B U ks g AF2A FdHe] &
FALFE Lol EUL BAEITKang 5, 1995). 3374
Ae A7FE wEe] Ae A5 2yWA & FEE 2mgmlL
F=odAe] DPPH o]z &AEdLS 9041-87.67%E FEHE
ztol7b e ASRE HASIROH, FVHA & FEE Smg/mL
SLoA 9] DPPH 2tz &AL 9228%= =4 YERTH

I B3R tHKong 5, 2019). AR ke wWHe] g
ABTS #t|Z 27€&A3 DPPH ozt &AEAdS 247 234-
333 mg AE/gSt 1.03-121 mg AE/g® UERto™, Alzhalr 7}
o] wje} WHe] ABTS o]zt 2784 @ DPPH &tz &4
e BT Itk S UErTh Bl e |
u) Beg ke wHe] A A B2 AUt sErt SU4E
= DPPH |z 274843 SOD fAFEAo] 78t B
st Jungs} Cho, 2011). & A79] 7HFE 29 A7t wHe]
ABTS 57t 2784 2 DPPH )z 2AEAS BIHAS
A7¥eE wHo) vl Wko), Al ke w3 vsiAE
=4 SAEHAHKim 5, 2019).

of

V& A7e THES E8st] mae] F2E AL, A
o] SRl =go] HaA AFE vEe] 7xdds Ay
THFE 2EE 7SS pH, 2 &%, H¥] =] ¥ =
FE2 ZaE JHFE BES AHUHe mEe] e S5gA

E Lghe d2shon, agst behe Fksnh B4 S9A,
HARE Grige] FAA5E viwe] WART SPHo] a3



ARE REe Y

3, A= JAdol 7Y ABTS &84} DPPH &7
L & o|2F FEHUE ek FEAA FX7F =8kon,
e & Ao & gEHo 8 Zrlelqith. wEh B AF
=2 =3 & u, /MY 75 uet HES 9E o, JHEE
o] Mol gEbd & ot olglsty B4, il 84 52
I o, HFE 2o A7EERE 10-15%7F 7P A3 AL
Z ddEh
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