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Abstract

This study investigated the quality characteristics and antioxidant activities of gluten-free cookies containing teff flour.
By substituting 0% (control), 25% (TF25), 50% (TF50), 75% (TF75), and 100% (TF100) of wheat flour with teff flour, five
samples were produced. Baking loss rate was the highest in TF25 at 13.76% and the lowest in TF75 at 4.03%. Spread
factor was significantly higher in cookies made with teff flour (83.00~85.00) than in the control (81.33) (p<0.05). There
was no significant difference in density among the samples at 1.17~1.25 g/mL (p<0.05); however, pH significantly decreased
at 6.42~6.04 (p<0.05). While the L-value and b-value significantly decreased with the amount of teff flour, the a-value
significantly increased (p<0.05). The AE value was the highest in the control at 31.31 and the lowest in TF100 at 58.69.
Hardness was the highest in the control at 42.04 N than in cookies containing teff flour. The content of polyphenols was
the highest in TF100 at 3.37 pg GAE/mg and the lowest in the control at 1.32 pg GAE/mg. The content of flavonoids
was the highest in TF100 at 3.66 pg QE/mg and the lowest in controls at 0.45 pg QE/mg. The value of DPPH ICsy was
the highest in the control at 3,723.00 ug/mL and the lowest in TF 100 at 405.27 pg/mL. The value of ABTS ICsy was
the highest in the control at 1,822.32 pug/mL and the lowest in TF100 at 529.30 pg/mL. In sensory evaluation, while control,
TF75, and TF100 had a higher score in appearance at 5.52~5.60, all samples had no significant differences in flavor,
sweetness, savory taste, chewiness, and overall acceptability (p<0.05). These results showed that the gluten-free cookies
containing teff flour can improve the quality characteristics and antioxidant activities of a cookie. We concluded that
gluten-free cookies containing 100% teff flour are desirable.

Key words: antioxidant activities, cookie, gluten-free, quality characteristics, teff
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U2k, B4 obuliedbe TR glol, Tzl 3 Aol
(W 2 ¢/100 g B 3 g/100 g)7} EH5FTHAbebe S 2007;
Hager 5 2012; Gebremariam 5 2014). 1811 A
7}A ferulic(285.9 ng/g), protocatechuic(25.5 ng/g), gentisic(15
ng/g), vanillic(54.8 pg/g), syringic(14.9 ng/g), coumaric(36.9 ng/
g), and cinnamic(46 ng/g) acids 9 = =S FH
33 QJthMekonnen MG 5 2014). o= AJE|&A =1l 32}
7155 F1517] AERE S &BAEA HZ7F £2 F
=2 4 B9 ople), YR e g estal SR
o] a3l7|ol ot AlEET Aoy SEREA 9T
ez oA,

SFEL Al Ao lo] Fa% 4TS st JReR
AZ9] AT QUG el 7113 tKShewry 5 1995).
Jzy 2FHE 5o AlEE 7H AFOA AAd B5 F
o] 23 FoflE dod 5 glon, 2% gRIF SUEHE
Aot dgks sl = i Moore 5 2006). Al2|o} gt
< HLA-DQ2 FAAE HA43 AHESoA st /4
ZAgtol x|k, @ 4u| 8] F717) Ao Aot ¥y TS
Z7HNZItE AT A7) SR E 9. H(Francesco & Giuseppe
2007), S-=utete] @ AvjEgFS AZF 75~150 kg2 A
& 2Hlsta glof, dejo Ao g R kst & &
THCummins & Roberts-Thomson 2009). & 7154 9] Z719}
A FU aHAEA SFH] Y ETIE Ut
Q1 A]o] F718HE A gluten-free A2 WHE AJFAE UEHY
3 Yow, o7} gluten-free A&l tigt FA|7]E0] LA
E9thJin & Kim 2015). H|Z& &85t gluten-free HF= 2]
W(Marti 5 2017), A (Campo T 2016), B|Z2] theF3t &-§
HQHGebremariam 5 2014) 5 B Zo} B E ohefRt A7t
o]0 R,

Gluten-free F7]0] gt AT 2= SUF 2 & F7](Lee
& Jin 2015), T3} W7}2 F7)(Lee & Lim 2013), = B7}=
F7)(We 5 2011), Z1] 57](Kim 5 2006) 5 &S o]-&3 A
2 o] glo], guendice F7]0] B AT of27}
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 AEE AFstaAl B dFoAs 27l fle "HE 2
T ol g5t F71E A=t FE 54, Iaket B4 %
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1. =

98] B(CJ Cheiljedang Co., Ltd, Seoul, Korea), H]X(Cho-
wonherb Co., Ltd, Seoul, Korea), HE|, &7 A& A|Zo)A
Folste] AH83HGITh HIZE 100 mesh Ao #A A%}l
197 204 Ad Axd & FZAX7](FD8508, Iishin
Biobase Co., Ltd, Gyeonggi, Korea)S ©]-835}o] -80C ©]5}o]
N 247 SAAZ Stk SANRE HTE T4 2]
(RT-04, Hung Chuan Machinery Enterprise Co., Ltd. Taipei,
Taiwan) 2 28} g %, 40 mesh S FIpAIA 7] 20

AFg3Hsie.

2. F7|12| M=

F719] A= i v O 5(2016) 9] YHE 58314
O, Table 13} Zrch A=W AACCH(2000)9] w&t =
JHE o] L35t A Z3IFT; HEE7](Chef classic KM400,
Kenwood, Havant, England)& ©]-&3}¢ HEE 3doA 28
7 2% A2 whSo] ARhe W 3ekelA 283 Bt
th A SR BE ] 2] EEA @A 29 Yol
Yol 4xtol A 302 E3SHATE 7] A= S7hE Zhzte] 8]
of Wi 1dhofl A 3027t E&ste vhsg SAdstAT. &4
H 7] 9ES AE 40 mm, T4 5 nm=z AP F, o B
(Zipel DE68-04072D, Samsung, Seoul, Korea)2 ©o]8-3}4] 170
CollA 2023t 9] 2ol A TAIZE Y7t &, A|R=2 AR
skt

Table 1. Formulas for cookies with different amount of teff flour

Ingredient (g) Control" TE25 TF50 TF75 TF100
Wheat flour 150 1125 75 375 0
Teff flour 0 37.5 75 1125 150
Butter 75 75 75 75 75
Sugar 60 60 60 60 60
Egg 30 30 30 30 30

Y Control: No teff flour added, TF25: 25 g teff flour per 100 g flour, TF50: 50 g teff flour per 100 g flour, TF75: 75 g teff flour per

100 g flour, TF100: No wheat flour added.
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Baking loss rate (%) = [weight of cookie dough (g) - weight
of cookie (g)] / weight of cookie
doughx100

Spread factor = [diameter of cookie (mm) / thickness of

cookie (mm)]x10

=]
=

4 Uz
7] Hhze] Wl 50 mL WA DG 6] £R4 30 mL
93 WE 5 g8 do] F71a k0l B 733 vk 2AY

A= |

of) Bl ket A gre) B Tk

Density (g/mL) = weight of cookie (g) / volume of cookie
(mL)

5. pH

2719] pHE Z72 90 mLol WRT 771 10 ¢ 9 7
2 7](Unidrive1000D, CAT M. Zipperer GmbH, Staufen, Germany)
2187 A SHES 308 FAste] 2 A5 §
S pH ©]E(SP-701, Suntex Instruments Co., Ltd. Taipei,
Taiwan)E ©]-§5}o] 33] ¥Hg S & Fotghe 5HATh

6. M

F71¢9] Mz MZA(CR-400, Konica Minolta, Tokyo,
Japan)E ©]8-5Fo] LB =), afh(HME), bgh(FHAE)S 39
N Z29e F O PERS FORon], AEHE AL
ofe Aol uheh A4k grel BES Tk olnf) B2
WAool Al HRE [=94.35, ¢=0.34, b=2.47°]31}.

_ _ P _ P _ 3
AE= \/ (Lgampies = Lstandara)” + (@gampies = Cstandara)” + (Dsampies = Ostandard)

7. &

Gluten-free F7]19] 7=+ Rheometer(Compac-1001I, Sun
Scientific, Tokyo, Japan)& ©]8-3}o] =43} th No. 5 probe
(@5 mm)yE ©]-83FH L, 22 Mode 4 I HE BE, ¢
5, TAIA] 10 g, HlolE 4= 120 mmvmin, o -§-2 20 kg©
A3} th One bite compression test2 33] HWHE =743t
B@ake Fehach
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2 g& @31 24X 7F &3] 25CofA] 3,000 rppm o2 1027
YHE] &, Whatman No. 1 AR 2 A3tste] gitst A9
A2 2 A3t 80ul) 3435 A& 800 pLef 0.9 N Folin-
Ciocalteu reagent(Junsei Chemistry, Tokyo, Japan) 50 uL2} 20%
Sodium carbonate solution(Merck kGaA, Darmstadt, Germany)
150 pLg E3FstaL, ehdof Yoi A2ollA 2417 BESAI &,
ELISA &332t 7](Apollo11LB913, Berthhold thechnologies
Co., Ltd, Bad Wildbad, Germany)E ©|-&35}o] 700 nm &4 =
o| A A3} th Garlic acidMerck kGaA, Darmstadt, Germany)
2 R2EAE o] FAE AL Folglon], 7 Alze
% EY¥s IdFE galic acid GHGAE) L2 SHlsto] &
AT,

9. & EClE0|= &EF

F719] & ETtH o] FFFL Lee & Hong(2016)2] 1Y
Z 383519 EASATE A& | mLoj| 5% sodium nitrite
(Junsei Chemistry, Tokyo, Japan) 150 pLE &3sto] A9
A 687F BH-SA]A 10% aluminium chloride(Junsei Chemistry,
Tokyo, Japan) 300 uLE F7}skaL, F-2oA 523t vh-A171
Th2, 1 N NaOH(Deajung chemicals & metals Co., Ltd. Gyeonggi,
Korea) 1 mL2} £33t & ELISA &332 5 7|(Apollo1 1LBI13,
Berthhold thechnologies Co., Ltd. Bad Wildbad, Germany)Z- ©]
8310 520 nm EZ =0l A 2431t} Quercetin(Sigma-aldrich
Co., Ltd, MO, USA)S BEZ2EA = slo] TUE AFHS 7
slgom, 7t ARe| % om0 FS quercetin T
QB2 Barste] EASHT.

10. DPPH 2IC|Z2 AsS

DPPH #t|Z 4752 Molyneux P(2004)¢] WS 58
3l EASHATE ZF AR 5= 0, 25, 50, 75 2 100 mg/mL
% S7HA = FAste] ARSI B4 % Al& 0.1 mLoj 200
uM DPPH reagent(Sigma Aldrich Co., Ltd, MO, USA) 0.1 mL
£ A7stal, Ao do] A2olA 3087 HheAI
LISA &32]H7](Apollo11LB913, Berthhold thechnologies Co.,
Ltd, Bad Wildbad, Germany)E- ©]-85}4] 520 nm FF=oA &
ot o] WHE DPPH 2jzh 4788 7813, 24
M 2o 2RE ICoghpgnl) S EE5to] WIS TRtk

11. ABTS EIC|Z AN
ABTS @]z 2752 Choi 5(2006)2] B2 -85}
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BXASHYETE ZF A2 = 0, 25, 50, 75 9 100 mg/mL &
57X &= gAsto] ARGt 3143 Al& 10 Lo ABTS
reagent 200 pL—E— A7lsla, oFAlo] Yol Areo| A 60E7F
ule A7) 3, LISA 32 5 7](Apollol 1LBI13, Berthhold tech-
logies Co., Ltd, Bad Wildbad, Germany)E ©]-&3}%] 405 nm
FE=oA S5 2o ©E ABTS 2oz A&
Total, FAA A o=RE ICofk(ugml)S =&5t] Ht
e ok

12. 2H|X} 7|SE ZA}

aHl% F15E 2 AEIFET dErad 2092
QAo AXehgem, 2 appearance), Ful(flavor), THE
(sweetness), 12~3H(savory taste), 4 3] AJ(chewiness), X2 2l
7] EE(overall acceptability) & 6714 &2 78 A=W (734:
8] $, 43 BE 12 39 4922 Bt Al 2
o U4E2 AR WMEE E7jsl] 989l €9 B Hot
Agstar, Az 2k 2 dulE o7 s B2 At
A = Ao ARE BIFSHA Sttt

13. SHAzZ

EA A E]= SPSS(IBM SPSS Statistics 23, International
Business Machines Corporation, New York, USA)S ©]-8-3}¢]
BARRA(ANOVA) I} p<0.05 42304 thEH 9] 7 %(Duncan's
AAsk AR ZF F9HQ ZolE AF

multiple range test)S

ahc.
2 ()
1. 27| 2AE U TEN
Hl3 RUg Wrje 779 B7] £ABL Table 29} 2
7] SABL NES 7L 1) WSS 2EE0 o
WA, es Fotn %_*3474 olthAn 5 2010). 7]
Al

- oF@Y - FYF - A - AP

=4 EFIYEIA

A

07 20 J7IgE 7] A Aok **Hhﬂ_ of‘z; ek
Ui ithJang 5 2010; Jung & Chung 2013). S M (2015)9]
Aol = FFHo| gl £US z47}6l~— %‘% z29]
BApo] A o] i Fo] FAsHA Ha g7] EAHEC
Hagitia °*E:17¢1 e, olof mzt FFHo] Y= HZ
T A7 A% 7] SAEY A7 EAE Hes wd
ok HZ 22 7 719 H3/d2 Table 29 it =
AL = A HE=ol D7 Ao FrtstaL, FA7L
dastes A4S gulsty, ol 28 TR &8, A7
29 TF 7N, A=Y vigu|ef vhEARE 5ol F¥F=
dton Wz Ao] E42 iyl ¢ A UthKoh & Noh
1997). B2 thZo] 81.3302 83.00~85.0021 H 7L}
Hlaste] fo)F oz A SAEHATHp<0.05). ol= A, 2
g £33 B2Kim 5 2014), E4X 7 &7FE(Kim S 2013),
Zo] )7} -E—”"(Joo & Choi 2012)& H7ket 79| A9 A3}
o AR A Uetliglen, e B E8(Bang 5 2013),
Ha] A EehKim & Lee 2004), 7]54 & EhKim 5 2002)
= 7K F7) A A= *0‘151214. Cho & Kim
(2013)9] Ad Ao =, HPYS F7] Hh5o] 229
dofl osf 7FE = 7] AlRSHHA S @01 A3l o 3
ok, vk i) Tl el R0 fEjdol2 ALA A
7b Ho] ¥kE9] {50 e wzkx] dojuh=d|(Cho &
Kim 2013), 255l gl= HZ &% J7P7t vhs9] 2%
g WF3 f5A400 9FE Fol 7kl txol vl
Hdel #4 S4E Ae= wdhErh

Mo fo

N
lm 1o

L=

%‘Qﬁ 71k 7] vi=5e] "’E= Table 33} gt
==, ARE E3 Y Sl 9= Ter, Hd
g EE #il—t— 33~1.38 g/mL2 U ROoW g Fof o
on A FAEE 4 ok dEA 3l
ThKoh & Noh 1997). gl 2ehs H1e T ]9} ke
Bog hE tj2F 7] Alo|o] Wl 1.17~1.25 gmLE &
JHQ 2tolE YEUA] 3k tHp<0.05). °ol= A=, B &
?;;L F2(Kim 5 2014), £4%2] & B2 Kim 5 2013), LE
] Bak(Bang 5 2013), U7 E%(Jang 5 2010)2 43 F
1ol FASEATE Wk, & 22 (Lee & Lim 2013)2}

=}

\y
ru>r

|

Table 2. Baking loss rate and spread factor of cookies with different amount of teff flour

Properties Control TF25 TF50 TF75 TF100
Baking loss rate (%) 12.92+0.01"% 13.76x0.01° 12.64+0.01° 4.03£0.03° 10.91+0.01¢
Spread factor 81.33+1.03° 83.00+0.89° 85.00+1.10° 85.00+1.26" 83.83+0.98%

Y Values are meantstandard deviation.

? Numbers with different superscripts in same row indicate significant differences by Duncan’s multiple range test (p<0.05).
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Table 3. Density of dough, pH and hardness of cookies with different amount of teff flour

Properties Control TF25 TF50 TF75 TF100
Density (g/mL) 1.25+0.00"8 1.25+0.00 1.25+0.00 1.17+0.14 1.17+0.14
pH 6.42+0.02 6.35+0.00° 6.32+0.01° 6.14+0.05° 6.04+0.04°
Hardness (N) 42.04+0.79° 32.36+1.09° 33.75+8.73° 27.8240.45 20.10+2.82¢

Y Values are meantstandard deviation.

? Numbers with different superscripts in same row indicate significant differences by Duncan’s multiple range test (p<0.05).

™ No significant

RS4 Fee] 844 BikBae 5 2013)& A7He 771 A7}
Fol YEPET 27 AR Yo, 7154 & B
(Kim 5 2002)& H7H A 2T 123 gmLel A 7]%5A
B 30% H7HE 116 gmL gAshs Az B Ay due)

2 PAS etk e, Bel, eEW, n 5 493
o] W AmolA HZel $AHE Zalrh et Aol 9
glon], Wil AR £7 9 ulo) Zfol7t T S,
7154 B SO e Bxe} the duteRe 228 B
W, 7] WhEo] Yt Agdnchs AR g ulgo
§ 2 e v Ao wuEt

3. pH

€% 29g W7He 77]9] pHis Table 33 Ptk pHi 7
719) gt T MEo] JTFL F ASE LA ArHCho
& Kim 2013). 37]¢] pHE 6426042 8= Bt H7} 22
o we stk vxe] 6% 7H B 2R
TFI000] 6,042 74 S Ltekskeh(p<0.05). olg} 2 Az}
= A9, 2 &3 EE(Kim 5 2014), RS4 FEjo]
T(Bae 5 2013), E0] u]7} E&(Joo & Choi 2012) #7}
P 7] ARl $iATelAl Liebte whe, $5 Bidi(ong

2013), GABA #1] H2(Jung & Chung 2013)& A7}3h =
S AR} W7} Sesol we pHot Zastel AR 4
ol A& Uehi ittt A%, M & pHel 9 74
Fovt ol2le] AR Eo| pHol JFL FE Aoz wug
v} 9lch(Kang & Lee 2007). 2 A@ o)A pH7F FojH o2
A3k olf UG HE EB(6.00)9) pH Folo]

off o Hz ¢

w}

ru
pou)

o2 FoEnh

N
1=

=

Bl 22 MUK 719 M= Table 494 2k YR
o2 7|9 Ml Ayt =X F 9 MEot Maillard BH
9 7hebdst Fof| Y2 W=thPark 5 2005). %= (72.87~
36.00)2F A =(25.21~6.95)= EH|Z B H7igo] St
5 gt vh A (- 1.02~4.81)= STtk AEFE A
ok & M gk A4 A3}, TF1000] 58.692 7HE &8kor,
tzto] 31312 7P RYTHp<0.05). o= 243} vkg-9
24 pHe 6.1~8.20]1, 4Hd 7oA 2443} wh-3o] & &
dojdrh= A+ 277} ckMartins 5 2001). ©HehA 2 A
T FAES HZY pH7L 7 olsto|BE, = TPA &
AMEIA 7 o= AAHE AR doEh E3 dEE gF
7F ZA8E W HZ EUE g uet 7Y e

k3

F7boha, ot PAEL Fasks 23S e Ros
of A71ek.
5. A%

TF75 1 1 F100

Fig. 1. Photograph of cookies with different amount of
teff flour.

Table 4. Color values of cookies with different amount of teff flour
Color values Control TF25 TF50 TF75 TF100
L 72.87+0.78"2) 48.69+0.86° 41.43+0.84° 37.89+0.39° 36.00+0.45°
a - 1.02+0.44° 4.57+0.21° 4.73+0.07° 4.97+0.03* 4.8140.05"
b 25.21+0.02° 12.6340.48° 9.14+0.07° 8.17+0.06" 6.95+0.10°
AE 31.3140.51° 46.96+0.72° 53.5240.83¢ 56.93+0.38" 58.69+0.45°

Y Values are meantstandard deviation.

? Numbers with different superscripts in same row indicate significant differences by Duncan’s multiple range test (p<0.05).
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BT 2UE H7IS 7719 AEe Table 33 Aok A= F E¥E T 3% 2% AR S YERAT: o
27H42.04 N), TF25(32.36 N), TF50(33.75 N), TF75(27.82 ¢} 22 Avb= HZ(175.65 g)7F U(13.04 R} 100 g &
N), TF10020.10 N)2.2 g3 Bito] Hrleo] 271842  Zgvs $heFo| &.ou(Hager 5 2012), Mekonnen 5 (2014)

A7t WolAle AaE Y UTHp<0.05). ol= A& 3
7hgol F7VEE A=t Aaske =4 d EE(Kim Y 5
2013), GABA &n] EZ(Jung & Chung 2013), Zn] 0|7} B2+
(Joo & Choi 2012), H'd EH(Lee S 2010), To] ET(Lee &
Oh 2006)= A7kt 719 A Ao}t fASHA Yerstth
e FFE F= 7139 w2 274 AL A4y
A TAE Aok 22| glow 759 W] & o]F
(A A] A EaL, 22| 9] WA o] A Ho| pEE HF51
717} =F A =w(Shin GM 2015), A4 7F 224 A4
of Bt R Ao 2N FFH FAAS WSt A
Zo Hedy wErtn A YohKim & Lee 2015) AT
A9 AL H o FFHlo] gl EAT Wit H=
W3t Gebremariam 5{(2014)2] @A-Fol Al B gt uket 7.=f°l |

o= 2 g/100 g, ElZof= 3 g/100 g= HZO HF4 ool

o], YR Hia o] 2 HIZ &9 J7F 50l 5
7t dE ol =3 FFE P40l = waf ot gluten-
free $7]21 TF100 E}L} obJg}, TF25, TF50, TF75 719 4
Sl JFS & ZoE Pordrh

__4

6. & EClH= ¥ SR 0|= &t

HZ Bs kst #5719 F E9uls =2 Table 59+
2t} Egvse AAE 851, F4tst vhsof 4 AHo
2 71osts B4R s, AL EgEeolE, B, 2
d 5 oFet e Zejgiso] d#A thKim 5 2005).
Z Zods I 34 A, "= 2 Jv $F20] Sk
of wet F | o] St AR Yo,

TF1000] 337 pg GAE/mgO. 2 7P Wk, tjz2o] 1.32 ug
GAE/mge 2 7H A7 Uethp<0.05). tjxE ot M7}
oA F EHE ol A SAE Sv| v)7t £8oo
& Choi 2012), &u] HakLee & Oh 2006) H7}3t F7]9]

Table 5. The content of antioxidant compounds and free

o Higt gl Ko EART L EY¥E =
ferulic acid(285.9 ng/g), protocatechuic(25.5 pg/g), gentisic(15 pg/
g), vanillic(54.8 ng/g), syringic(14.9 ng/g), coumaric(36.9 ng/g),
% cinnamic(46 ng/g) acids®] FIFY Ao =2 T HZ
TS A7’ 719 SStE o= 2 Table 59 L.
Febro|ot PAIT B0l &L Bt ohlel YU &
TR Qb EB2wse] & FRoITHSingh 5 2017). § Ze)
Sl R R T B gl 3R &
ZHE-o|E o] 045~3.66 pg QE/mgl 2 F7}8l= HEF
2 YERY A THp<0.05). o= @u], & E2HSon & Kang 2014)
2 ol g3 Aol M ATl 2P wel Rt vl wAkgS
o], & EH(1.74%) > @n| 22H1.57%) > 2FEE(1.39%) 0.2,
2o Feteloo|E gafo] &4 yEh, 2 A7 &
AR S Urehgie.

7. DPPH % ABTS ZIC|Z AHS

2 475 242 DPPHO} ABTSE] A4 2todg &
aFoA| Y sav|eh APAA EfY B3t B PS5
o] R A2 ZAsle] A B L3S BA5E Al
HF o] tHRobin 5 1999, Kim 5 2005). ICsgko] W42 3
AR 840] w54 Ushdth HE 2Ee A7 7719
DPPH &ttt 27% A A= Table 59+ 2t} DPPH &t
Z 2759 ICsogh2 ti=20] 3,723.00 pg/mL2 7Hg &8k
1 TF50, TF75, TF1000] 405.27~518.77 pg/mLZ F2]& 2l 2}
o] glo] WA yehton, gl B H7tet @A ooz
228 tHp<0.05). ol Zw] w7 BtJoo & Choi 2012)
F71¢k @v] £ HH(ung & Cho 20113} ARG A 2
5 Yehfdch gz B H7het 719 ABTS 2z
/\7{1—« 22X A3}= Table 52‘. 71—1;]. ABTS g].q;ﬂ— /\7.]1:_04
ICsogt E3L thzFo] 1,822.36 pgmlz 7P Eqtom,

radical scavenging of cookies with different amount of teff flour

Properties Control TF25 TF50 TF75 TF100
Polyphenol 1.3240.1102 2.05:0.13¢ 2.2140.05¢ 2.730.04° 3.37+0.02°
(hg GAE/mg)
Flavonoid 0.45:0.04° 1.28+0.02¢ 1.51£0.01° 1.87+0.03° 3.66:0.04°
(ng QE/mg)
DPPH ICso(ug/mL)  3,723.00560.68" 1,100.89+150.62° 436.7330.80° 518.779.62° 40527421 25°
ABTS ICs(ug/mL)  1,822.36+110.32° 1,354.27::69.19 699.77+48 36° 592.39+18.52 529.30:11.83°

Y Values are meantstandard deviation.

? Numbers with different superscripts in same row indicate significant differences by Duncan’s multiple range test (p<0.05).
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TF1000] 529.30 pg/mLZ 7F4 Wtth(p<0.05). o] & Ha]
HuhS H713 F4x(Lee 5 2013)9] ABTS ICsogta} S-AFSH
A Yyt dutdo s 2 Zeju s Shekat Akst
B YL Fo FHBAE olF = AR dEA glon,
(Gheldof & Engeseth 2002), & Ao A= o]} S-AFSE A3
< UEhfiSich oleF 22 A= H=Z £ FiEol o
Z2) 9= FHE 3t Ao w HrtE ks B4 B
o] fjzxLET}t F7Iet o7 A

® T

8. AH|X} 7| &= XA}

G pEe AR 719 aug AEE 24 daks
Table 63} Ztt}. @]¥(appearance)-2 O] 2+4(5.60), TF75(5.52),
TF100(5.32)° A && AEZ=ES yeld ¥, TF25(4.52),
TF50(4.52)o A= A o2 W A5 =g Vet 3]
(Mot 3715Hs AL LERASIAIR, $ol8el Rol7t
ATHp<0.05). ol A=) Frch A= W F
o] 73317 W&l Ao 2 o AATh i (sweetness), LA
(savory taste), ¥ A(chewiness), ZHF2] Q] 7] & = (overall ac-
ceptability) = T2ZT} H7FE Aolo] S F el Zol7} gl
Aoz HAAHSTE So] R4Sl A 227 ZHoA o
2T(42.04 N), TF25(32.36 N), TF50(33.75 N), TF75(27.82 N),
TF100(20.10 N)2 €] 2to] H7hgo) uje Awr} 7hagh
HHA, 2HZ}F 7|5 % RALA = AR ZF 2L Aozt ¢l
£ Aoz Ui} Aolgt Aoke By &, €= Bl 3
717h Y AL o E FEY Vakds 9dFE A&

£ A= e

2o Y #=

£ dAFolAE 2Fdo] gl gyt & Euk oy,
ZedE SgED Fr1do] FRsThL &Rl HEZE &
A2\ E o] 0, 25, 50, 75, 100%S HhA|E F7]o] 4 E
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g, FAsE B4 2 28R 7|5 2ARE BASHAH 2
54 21, §7] £AEL Y273 vjaste] Frhtol 49
Aoz A SHEHoH, HYAHS 7kl 83.00~85.00
oz 9olFog =7 ZAEYTHp<0.05). YEL 1.17~1.25
gmLE A& 7t §-2]F¢] 2}o|7} ¢19thp<0.05). pH= TF100
o] 6.0422 714 WA 2% =itk MEel A FRYR ]
A Zpol7t 27] wiwell F7bgo] Sl wet H=(72.87~
36.00)¢ A E(2521~6.95)= ZHAS ¥, AN Z(-1.02~
48D += &7tk A= Y& > TF25 > TF50 > TF75 >
TF100(42.04~20.10 N) <=2 §9]7 9] 747 YElton,
57FA] A& oA TF1000] 20.10 No.2 713 HEg8 F7)
= Uitk & E9Hs &%, S8R 0|, DPPH, ABTS
9] 4712] H4ks B4 AR olA TF1000] 4t} 2 ol
7V A ves e, Akt &4 £33 7P 34 SHE A
o} &HR 7|5 A A3 S AR v, T, 2
2% AP 2 AREEQl 7|3 oA A& 7 593 Q1 Aol
7F YehR] okgkth o8 o 244(5.60), TF75(5.52), TF100
(5.32)0] & A5 Itk 7719 F4 54, e 84
9 4282} 713 24 A3 HZ 2 100% H7HA] F2
54 9 4tE G0N di2 Blaste] 3 AR
Uetfglen, 7|2 = SHA = d22g 2 Zol7t §ld
ok mabd B 54 9 kst 40| £ gluten-free T
7] Azol lol, 100% Bl = o] ojgo] vgze Aoz
Azt
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