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Effects of Xanthan Gum and Guar Gum on the Quality Characteristics of
Gluten-free Bread using Teff (Eragrostis tef) Flour

Ki Youeng Joung - Ka-Young Song - Hyeonbin O - So Yeon Shin - Young-Soon Kim'
Dept. of Food and Nutrition, Korea University, Seoul 02841, Korea

ABSTRACT

This study investigated quality characteristics and sensory properties of gluten-free bread using teff flour and various gums.
The five samples used in this study were control (wheat flour), T (teff flour), TG (teff flour, guar gum), TX (teff flour, xanthan
gum), and TGX (teff flour, guar gum, xanthan gum). Baking loss, moisture content, pH, salinity, brix, dough expansion, color
value, texture property, and sensory property were measured for each sample. As a result, pH was the highest in TX at 6.11
and the lowest in the control at 5.77. Salinity was the highest in the control at 0.80% and lowest in TG at 0.04%. Brix was
the lowest in TX at 1.10 °Bx. While moisture content was the highest in the control at 43.58%, gluten-free breads using teff
flour had no significant difference (p<0.05). Baking loss rate of bread was no significant difference among samples (p<0.05).
Dough expansion rate by fermentation was the highest in the control at 108.89% and the lowest in T at 17.84%. L-value of
crust had no significant difference (p<0.05). For L-value of crumb, the control was the highest at 64.34 and T was the lowest
at 33.84. In texture properties analysis, hardness was the highest in TGX at 16.00 N and the lowest in the control at 2.87 N.
There was no significant difference in springiness (p<0.05). Chewiness was the highest in TX and TGX. The result of sensory
properties was that while there were no significant differences in color, salty taste, flavor, and overall acceptability, there was
a significant difference in softness and sweetness (p<0.05). These results showed that use of teff flour and gums rather than using
only teff flour for bread manufacturing can improve quality characteristics in dough expansion and texture properties. It is considered
that xanthan gum or guar gum are appropriate on bread using teff for quality characteristics.
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of FElatets 4ol S7ketA gluten-free AlE A1
e e 442 Jehln CiUin & Kim, 2015).

Gluten-free 2%l #et A= | A7FEE Adn| <}
Hl 33t gluten-free & 2] F2 E/J(Choi et al., 2015),
A7FF2] AREA7) 7T gluten-free 2 AW 2| Zof v X]=
gHKang et al,, 2014), AFEZY 7} & FF 2}o]7} gluten-free
A 2ol Ao n|x]& 9 8KKang et al., 2013) & 2= &
23 AER o] 9o, HEZ B3} 22 oluten-free
25 o] &ste] WS A AF= o7 wH| g
Aol

Bl X (Eragrostis tef) e %, 5, AxotAd 277 Fa
Z5dle] gle A4S Ad 1l FE9| 3 FHolH, A4
Aoz 7159k ke Aagle] & AR, S5, £
W, Hejuoh HEsld e Aoz delx lth(Bultosa,
2016). AAFEFLS 2013~20143 7] of|t] @ 1] ofell A 3764
ol @5, nla Hidde 5 43 AXF7HA = A
vl = 3 9l Th(Bultosa, 2016). B Z2] o oF Al E-& njd 2z}
B33} A ike] FRSka, T 7Er) = o (Abebe et al.,
2007, Hager, Wolter, Jacob, Zannini, & Arendt, 2012), ferulic
acid(285.9 ng/g), protocatechuic acid(25.5 ng/g), gentisic acid
(15 pg/g), vanillic acid(54.8 ng/g), syringic acid(14.9 ng/g),
coumaric acid(36.9 ng/g) % cinnamic acid(46 pg/g) & T
ZdHE sgtaEel drEol o 71 B st &
#}7} =K (Mekonnen, Martin, & Thomas, 2014). =3}, H|Z &=
2FElo] e A] eol 2FHl L2711 A efo] 9}

A, &8} 7]3e] g AlE o] H7lo T2 F&olth El

= H

7191 42 mmeol] H|af AR, ofd &2 9~ FEES 282 %=
20.5%%1 WHTE Zom Aol PIAl e HZ HAE
o] 68.0T, ¥ H&o] 572101, HLLEE B AR
740C, 2 o] 61.9C, TAREE HIZ Aol 80.0T,
2 M Eo] 70.0Ce R B A&l ¥ ARKY} ok 10T 7}
2F 1=-2 7lo|thBultosa, Hall, & Taylor, 2002; Lopez-Ahumada
et al., 2010).

B Zo] #3l 29 AFEE Abebe 5(2007)°] EHEE H]
zo] 4 ofd, AR, Ag T AA o] & 4], Hager
S(2012)0] W Bl g3 WrbRe] g 54T 2|
A 2 Y] 1L, Mekonnen 5-(2014)°] 3£ 3} gluten-free o5
A XS 98 "z Mol x, Fx % Ax7tsA el UL
H, T ATEE Park(2014)0] E3EI A Al TS
e g o B oAz 9 L3, Joung 5(2017)°]

3T
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w3} oA EAo] 9tk wetd] B A7) gluten-free
B R ARE AR e o5 F4 % B
A 54E e Huge =z Hx 2 9 47 o8 7t
S Ay, BED AW AE A e 715
25 AAlstaat st
I. M= 2 2
1. alElil=
X

10 72| 28 A5 25 738 E(CJ Cheiljedang Co., Ltd, Se-
oul, Korea), El| = (Chowonherb Co., Ltd, Seoul, Korea), 5<%~
7 ¥(Bread garden Co., LTD, Seoul, Korea), <%--(Seoulmilk
Co., LTD, Seoul, Korea), HE|(Lotte foods Co., Ltd, Seoul,
Korea), "d¥HCJ Cheiljedang Co., Ltd, Seoul, Korea), &5
(Chungjungone Co., Ltd, Seoul, Korea), -7-°}7(Lotus Gums
& Chemicals Co., Ltd, Jodhpur, India), #F%+7(Deosen Bioche-
mical Co., Ltd, Shandong Sheng, China), ©]2~E(Societe indu-
strielle lesaffre Co., Ltd, Marcq-en-Barceul, France)E A}-8-5}
Ak HIZE —40T o]l A 24117t A Z3 3(FD8S08,
Iishin Biobase Co., Ltd, Gyeonggi, Korea) 115 £317](RT-04,
Hung Chuan Machinery Enterprise Co., Ltd, Taipei, Taiwan)E
o|-g3dto] TE3sIeE & A A xof AHESFATH

2. AJlO| [

2lwol Z§ 7 v g ¥]&-2 Campo, del Arco, Urtasun, Oria
¢} Ferrer-Mairal(2016)2] A5 118} 2, Mekonnen
5(2014)2] A7l Wz} wheat flour 100%5+ H7Fek A2
Z=-H(Control)Z 3} wheat flour 500 g ol digt H| &=
gluten-free IF&Q] HZ Fdd 278 JEo2 288 4
A= Febd 3 Folbd & 718k teff flour 85% + comn starch
15%(T), teff flour 85% + corn starch 15% + guar gum 3%(TG),
teff flour 85% + corn starch 15% + xanthan gum 3%(TX), teff
flour 85% + com starch 15% + guar gum 1.5% + xanthan gum
1.5%(TGX)2] 571A] gluten-free] S Table 132} 22 Z/3H]
&2 A Z3IATh Az WS Fig 13 2o, AACC(1995)
£ Farste] ARt o2 Azt -, ol 2E, A
B £335ko] 28 7| (Digital fermentor, Goldbread, Gyeonggi,
Korea)°ll 211, 30T, %RH 9094 583t o] ~ES WgA|A
HEsrol] ARE-SSITE EAIZ] o] ~ESL JHE, HIZ 2, A
B AT, AFS Yol 1k=E7)(Chef classic KM400, Kenwood,
Havant, England)E ©]-8-3}°] 40 rpmol| 4] 1%, 115 rpm©i| 4]

5% W3 & HEIE 231 79 rpmellA] & WHESiTh ¢
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Table 1. Formulas for gluten-free bread with teff flour

Ingredients Contel?t Weight (¢

)" co® T TGY TXY TGXO
Wheat flour 100 500 - - - -
Teff flour 85 - 425 425 425 425
Corn starch 5 - 75 75 75 75
Milk’ 90 450 450 450 450 450
Butter 5 25 25 25 25 25
Sugar 10 50 50 50 50 50
Salt 1 5 5 5 5 5
Yeast 2 10 10 10 10 10
Guar gum 1.5 - - 15 - 7.5
Xanthan gum 1.5 - - - 15 7.5

Y All ingredient percentages were based on wheat flour (Baker’s
percent).

? Con: control.

3 T: teff flour 425 g + corn starch 75 g.

Y TG: T + guar gum 15 g

» TX: T + xanthan gum 15 g.

9 TGX: T + guar gum 7.5 g + xanthan gum 7.5 g.

Milk, yeast, sugar

v

Fermentation (at 30C, % RH 90 for 5 min)

v

Flour, starch, gum, salt

v

Mixing (40 rpm, 1 min; 115 rpm, 5 min)

v

Butter

v

Mixing (79 rpm, 5 min)

v

Fermentation (at 30C, % RH 90 for 60 min)

v

Baking (at 160C for 30 min)

v

Cooling (at 25C for 2hr)

Fig. 1. Manufacturing process for gluten-free bread with
teff flour.
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18 7](Digital fermentor, Goldbread, Gyeonggi,
Korea)oll ¥ 3L 30T, %RH 9094 60% wr& st wart

a9 WSS 2 E(Zipel DE68-04072D, Samsung, Seoul,
Korea)= AF&-3le] 160TCoA 3087 FHH = 25Tl A]

AR ste] Alg R AR5

3. pH =&

pHE AOAC(1995)H ¢l whe} uk=
g2} S/ 90 mLE 100 mL H]FA ol %
drive1000D, CAT M. Zipperer GmbH, Staufen, Germany)E
ol-&sto] 123t FE 321 Zith. Whatman No. 1 oA £ ©]
gkl A& AR B ATY FiES pH H|E|(SP-701,
Suntex Instruments Co., Ltd, Taipei, Taiwan)E ©|-8-3}o] 33]

= oMY o 5
WE =y F YTks Tersch

al;.—'_ }ﬂ.z =i /\HH]— 10

2 31 Homogenizer (Uni-

=9 FEE KimT Yoo(2016)] WS $-&3ko] &
e th 9= =7 o= Salt meter(NS-3P, Merbabu trading
Co., Ltd,Osaka, Japan)& °©]-8-3}51 1L, Y= =74 o= Digital
refractometer(PR-201a, Atago Co., Ltd, Tokyo, Japan)E ©]-&
sto] 33] WHE 54 & Fdgks Feklh

2lwgo] =785k Moisture analyzer(MB45, OHAUS, Zu-

rich, Switzerland)& ©]-§-3t] St th AIEHZ crumb
10 g2 F3te] 105CoAA Alme] FAZF WahA] o= o)
744 33] B S £ Bdiks ekl

o
N
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Baking loss(%) =
(Weight of fermented dough — Weight of bread) /
Weight of fermented dough x 100

ulzzo] ulg w3 He®} Hoseney(1992)2] *+-&

2o

= H=2
g3l 43Itk v 20 ¢= F 3k 250 mL w2~ A
tlo] Y1 108 P20 2 60F E9F vh=o] Lt 17
o] EolE SHsto] ofef| T2 whel Akt gke] P

tlo Mr [ olo
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Fermentation ratio(%) =
(Height of fermented dough — Height of dough) /
Height of dough x 100

8. ML

2jud-o] Al == A 2}A|(CR-400, Konica Minolta, Tokyo, Ja-
pan)S ©]-&-std B F), AN =@ 7)), FN=0b HE
33 WHE S F O Haghs ekl e, F AARHER)

& Knispel(1991)2] W= o]-8-so] o) g2l wa} ALk
stel Fit #& Tl

AE = VAL*+Ad®+ Ab?

Al 7] F ARZHAETH O] Aol HERTE 7|Eo =
v = %%E—i—(Nlmeroff 1996)2] M x}5HFol wat JEzS
6TA = o], & A atgke] 0~0.5% v]v]3K(Trace), 0.5~
1.5 Ei?ﬂ(Shght) 1.5~3.02 @A gH(Noticeable), 3.0~6.0
£ 233K Appreciable), 6.0~12.0°]™ %Z-2(Much), 12|12
12.0 °o]/go]d wl-$- Be(Very much) .2 FE59Ith

9. XEXIZt

BN

2)ugko] 227+ Bourne(1978)2] W ol w2} Rheometer
(Compac-10011, Sun Scientific, Tokyo, Japan)E ©]-&-3}] 73
T=(Hardness), -2 *J(Springiness), 571 (Cohesiveness),
3144 (Chewiness) % 7/d(Gumminess)S 33| ¥H5- =73 &
ek Tk 219 crumbE 20 x 20 x 20 mm 7] &
Zke} No. 1 probe (920 mm), 4=, 1Y 72l 10 mm, Ho]&
£% 120 mm/min, ] &2 10 kg, A=t oE] 72
5.00 mme] Z71o 4] two bite compression testZ 33| W=

m%

23 ¥ AR P
AHIKE JISE ZFAH
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WS ez Algsld oM, A(Color), Fok(Salty taste), 3F
U] (Flavor), f-Z2]-2(Softness), & 3H(Sweetness), A& 7]
3 %= (Overall acceptability) & 67F4] &5 97 =¥ (94:
=53] F5, 53 BE, 13 59 A5 = Hrletiith 74
WAl RE 25TllA 2413 W F, Z42F 20 x 20 x 20 mm=
zhet Al Ape] G E B7)5t F70] e WA Y
Al ol AlFatslom, Al5e] 2 9 & glel7]

A8l B2 JhE A & 247 A58 HUhsHA Stk
11. EAlXE!
EAA e BEAHEA(ANOVA)Z p<0.05 oA o=

H 9] 7% (Duncan's multiple range test)= SPSS(IBM SPSS
Statistics 23, International Business Machines Corporation, New

York, USA)= Al&sto] Alg 7h o] Ql 2ke] & 4S5k

TH(Table 2).
m Z2u 3 N
1. pH, & 2 &€
whZ= ubg Wk @ Ajwo] pHE Table 33 2t} 2o

AHEE o] 2E = M SHel A & S]] wiitel] W
o] AA-3 HFZ &l pH 5.07F 2 Aslctal Shin?} Jung
(1998)& B ualgieh ¥ Ado|a Hkae] pHE th2745.22)
< TX(5.45) < T(5.68) < TGX(5.73) < TG(5.75) <= 2.7 Table
20] YRt 2eb7(5.83) < A E(5.86) < S5 d‘d(s 89)
< HZ 51246.13) < Tl (6.67)2] pHS} f-AFEH
Ehfil e, tixe} M7k =5 pHYF o]~
g A% Welol e= JeRAth 2 2

= ek AHA| Y] pHYY 5.830.8 A EHT) YA ut %

89 HZ 229 pH7} 6.130.8 E7] wjio] thxFHt}h
pH7} =4 vehd Aoz saE) vEEo] pH (5.22~5.75)
g 3 5.15~5.502 279} H7 25 pHYF 4
73S YERAQITE o]& Yeom 5(2016)2] AATol|A] K
H onpe} o] WF Fo AAE= oM ELL A4 T
Ao| 2] pHE A2 Ao AYZEch 2wl pH

rxl ““ e

e R rlr rlr

Table 2. Moisture content and pH of wheat flour, teff flour, corn starch, guar gum, and xanthan gum

Properties Wheat flour Teff flour Corn starch Guar gum Xanthan gum
Moisture content (%) 12.11£0.02" 11.68+0.02 10.85+0.06 10.75+0.01 9.94+0.03
pH 5.86+0.05 6.13+0.01 5.89+0.02 6.67+0.03 5.83+0.01

D Values are meantstandard deviation.



23(3), 147-157 (2017) Teff (Eragrostis tef) B3} AFZ 718 Gluten-free 2)We] F2 EA 151

Table 3. pH, salinity, brix of dough, fermented dough, and 212 AI3to] o|n| &} o] HE HolEt), AMo] %= 0.50
gluten-free bread with various teff flour ~2.30%7} 2 3schal Shin? Jung(1998)2] A= Eaf &

Samples pH Salinity (%) Brix (Bx)  S14 $hom, & AellM Awke] e R 0.80%L
Con  5224001™ 0.80£0.00° 1.33£0.12° = 7V 3 e, A7 T010%) > TX, TGX(0.09

%) > TG(0.04%) =2 2 YEFFTHp<0.05). ¥F=-2} 2F vk
= 9 Aol 9= TX7} 1.10 °Bx&E 7H8 B Ut e

T 5.68+0.00°  0.09+0.00°  1.63+0.15°
TG 5.75+0.04°  0.09+0.01°  1.37+0.06°

Dough o, T2 Al89] 7% 1.27~1.40 °Bx= 9221 z}o]7} 91
c b C
TX  545:0.01°  0.09£0.01° 1.10+0.10 ATHp<0.05).
TGX  573£001°  0.08£0.00°  1.20:0.00™
Fvalue  377.69™  22,850.00°  12.23™ . TEEE 2| A
Con  5.15£0.07°  0.83+0.06° 1.36+0.21 2ol =8-8HaF2 Table 494 2T} Shind} Jung(1998)-<
T 558:000° 0.09:000° 1.36£031 Tl ARE T TN AL, LS H o] 2B
o Algste] wat A7 dlFrha Hauslioh w3 Y
o

TG 5.59+0.01*  0.10+0.01°  1.23+0.06

Ferment ] )

cmertod b b b g} Al 2F6E GAen], S
oug TX  540£001°  0.10£0.01°  1.10£0.10 ) ) o

b b Aue) ezl gol Befgrin wusdleh SR o

TGX  5412000°  0.09:001° 1238006 P ] ura}ykowﬂ AT 4152~

F-value 28.31 479.65 1.22 D.07%%2 A& 7] §-2o]A 0l o]z} W\N\‘:}‘(p<0 05). Table

Con  577£002'  080£0.00° 127£015° 20 VFER gluten-fiee 44‘“2}4 TR 77te] SRBFEES

T 5.98£0.01°  0.10£0.01°  1.33+0.06" 9.94%°I1 M 11.68%= 2.0% v|wke] 2k ok&f 2fo]7} et

TG 602:000° 0.04£0.00° 130£000" b Al AR HIbFe] A ot gluten-free 2] £

Bread Fgoli= 2 9P 0)AX) %@ Aoz Yt ola

TX  6.110.01"  0.09+0.00° 1.10:0.00°
Aibe dujdEstobal el A2 S H7Ee A=

WaTe) el /4 EA tebtthy Hud Yeom

5(2016)Z} Jeon & Kim(2010)2] AF+A e} 22 S

Abbreviations: Con, T, TG, TX and TGX are same as Table 1. BRIt} 3 Ahn¥ Song(1999)-2 & whol| A =H-gh&F
A

Y Values are mean + standard deviation. o2 Hege A7k Uehy dtkn Rt

1, Kim(1994)2 =3} A Aol = Fg 41 J&S n|A]7|

TGX 6.01£0.01°  0.09£0.00°  1.40+0.10°

*

F-value  460.94™  23,54925™ 5.14

~ . . . N . . A
-4 Different superscripts in same column indicate significant di-

fferences by Duncan’s multiple range test.
* p<0.05, 7 p<0.001.

rﬂloi—i

Table 4. Moisture content and baking loss rate of gluten-

B 2767 A7REG.98~6.1)HT} felH oz v free bread with teff flour

YEITHp<0.05). °o]= VF2 &2 H7F 21%Ju & Lee, Samples Moisture content (%)  Baking loss rate (%)
2016), tFFet =7 A7}t 2 WH(Lee & Park, 2015), ™| F& Con 43.58+0.89"" 6.64+0.00
37} 2" (Choi & Chung, 2007)2} frAFRE A2HE HYERHS] T 41.82+021° 7.27+0.01
[©) 3 d) 2 Z] A wl
o.v, srldEetobAl 37k 4% (Yeom, Bing, Kim, & Chun, 6 41.8340.13° 5.5960.00
2016), S1] B A7} 21¥HOh, Kim, & Kim, 2001)°14 =
), 571 SR 87k #/%(Oh, Kim, & Kim, 2001)°]1 X 41.48+0.10° 6.2240.01
putel A2 UehQoh gZ Bk A 7b Al 2ol A i
- “ TGX 42.07+0.43 6.38+1.93
el Blamste] 7o) pHYF A YERd o] & A -
7}eFo] We 7o BpH 5.86)7 B H2pH 6.13)2] pH 2 Frvalue 964 152
o] W&l Aow Az} Abbreviations: Con, T, TG, TX and TGX are same as Table 1.
uhz ubg wkE @ Aluko] o= Table 37 2T} 2w :NdVal}les are meanisFande}rd deviation. o o ‘
Different superscripts in same column indicate significant di-
e 27|

fferences by Duncan’s multiple range test.
p<0.01.

*ok

224 9ks F1 28 E BA4 e 89
[e]
= = 3

Htel

23 lo
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tha Bastgivh T Eot Frhte] sadhde] B
Bl o] fri 2 A 2ol AMEE FEE(12.11%), HZ B
(11.68%), S+ HE(10.85%)°] FARRZ A&+ o] zkz}
o] FEZF Alo] WjEo 2 Azttt

| £-2 Table 42} 2t} Shin(2015)S 7]
= A Dol el 2] o] #3et
ol whALE A drta B

EH o] Tk =Y w37} 2 E

I, crust Ajo] FolAH, & Eo| HashA =W Aol
= imZ} Yoo(2016)E R alth E 2 ofA]
7] EAEL 559~727%E T7F 7V =4 vehten, A
5 2 fFoAQ0 Aole YERAA] 2k Th(p<0.05).

_ﬂ‘
o
kv
K
5

3. £ TaH

Hk=o] g 9422 Table 594 2th &) g8

glotd 3 SFEd 2 vk Wt & Sk, A=
o] ¥

}:q.
I
o,
=2
>
=

3
)
3
o

ol
o
X
it}
:L f
PR S
w

hin¥} Jung(1998)2 =
D3I 2Eu B AeAe] BE H71E(17.84~54.11%)
=58l ko] 0% B2 gl Z27(108.89%)H.tf e o
F S YA olele At AW v
S Hrtsto] g AE S S, £ 29 QTR

J

rlo

o G S E o B AFAet frAkeE A JYERiSd
tHlu & Lee, 2016). 7k BE s Fe o] v Yepdt
AL Shin?} Jung(1998)°] K113k nule} o] FFele] COz
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Zht ) EE e S v we] B T7F 17.84%2 71 B
A S = A 2eH, TG, TX, TGX7} 28.89~54.11%% HFE
=] 7}5]. gluten free 2 uu}_/] g Jgﬂeﬂ o] 57}01_ _% =
4 SIsk olel @ AskE Aol A A Gl 1o
}\1 uuL H]—-:,f _4 iﬂ o}—, uw\}_—rl.zg -aﬂ/\q 3}04 g
T CO9 4= X]?i A 771 W&o 2k= Lee, Yoo} Yoon
(2013)2] AFA e} 22 ARlole} Y7tk o= AT
o Zer S T8-3 Lee 5(2013)2] A<} vl 7150l 2t
g7 ol S &-4-3 Chung?} Kim(1998)2] -4 7}e}
AT TG TGX A2l 742 7%, TE 3023 20+
73 TH-E] 28.89%2F 51.52% ©]/F LE WHHo] H o} &
7VsA] ekttt ol gt AT W AZte] A HsHEA F
ol el A% §dEo] "o 11(Chenlo, Moreira, & Silva,
2010), A A A71E Qe ARA o2 Ay} 71—5\_@]\7] ] 2
o2} A ZEtH(Carlson, & Ziegenfuss, 1965).

4, MT

Gluten-free 2]#H2] ""‘:% Table 62} 2T} Crust®] L 3
31.97~42.132.2 AR 7F Fol ARl Ao 7} §l31 2™ (p<0.05),
thzT2 a &(8.61)4 b #4(10.78)> 7Tt =4 YE}
Wl Crumbe] L ¥ bghe E77) 64.34 2 10642 717
=gton T7) 33.84 2 5672 7H4 Wsith a g XV}
5712 718 =7 Vehgon, tix7r) —1.84% 7P WA
VeIt AEFEE crust 2T} crumbol| A ARkl ghol 200]73
Yepd o] gizol] Bldl vll$- B2 Z}o](Very much)E LE}
WAt o]t Azte HZ B43 FARSE o] T3 A9 Al

HEZLgo] ol e AslH 7] Eez AztEd 1 55 283 Z3m] B M7} 2% (Lee, Kim, & Kim, 2007),
Table 5. Dough expansion by fermentation of gluten-free bread with teff flour
Fermentation ratio (%)
Samples

10 min 20 min 30 min 40 min 50 min 60 min

Con 40.00+11.55™ 68.89+7.70° 85.5619.53° 95.56+7.70° 103.3310.00° 108.89+3.85"

T 3.98+4.85° 11.48+8.03¢ 13.47+8.10¢ 14.3248.13¢ 17.84+8.05° 17.8448.05¢

TG 13.33+3.33% 27.78+5.09° 28.89+3.85% 28.89+3.85° 28.89+3.85° 28.89+3.85°

X 14.2242.97* 32.6042.33° 41.85£1.67™ 49.02£1.70° 52.14+4.67° 54.11+1.86°

TGX 18.18+0.00° 51.5245.25° 51.5245.25" 51.5245.25" 51.52+5.25° 51.5245.25°
F-value 15217 40.50™ 22.46™ 82.94™ 70.88"" 147.73"

Abbreviations: Con, T, TG, TX and TGX are same as Table 1.
D Values are meantstandard deviation.

2~ Different superscripts in same column indicate significant differences by Duncan’s multiple range test.

™ p<0.001.
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Table 6. Hunter’s values of gluten-free bread with teff flour

Samples L a b AE
Con 42.13+4.57" 8.61+0.46" 10.78+0.18* -
T 31.97+0.45 6.22+0.22% 6.01+0.53¢ 11.7143.42*
TG 35.97+2.03 5.92:0.45™ 5.62:£0.80™ 9.1743.42°
st TX 37.36+2.39 6.7120.40° 7.51+0.67 6.34+1.08°
TGX 39.90+6.05 5.79+0.60° 6.60£0.62° 8.00+3.51°
F-value 3.34 20.16™" 36.20™" 1.55
Con 64.34+1.68 —1.84+0.12° 10.64+0.85 -
T 33.84+1.68° 432+021¢ 5.67+0.34° 31.5142.89°
TG 38.78+2.31° 4.90+0.12° 7.3120.40° 26.65+2.18°
Crumb
X 39.19+1.86° 5.71£0.20° 7.92+0.39° 26.41+1.24°
TGX 37.38+0.88" 5.25+0.11° 7.63+0.30° 28.05+2.30%
F-value 148.54"™ 1,190.91° 38.76™ 3.33

Abbreviations: Con, T, TG, TX and TGX are same as Table 1.
" Values are meantstandard deviation.
*¢ Different superscripts in same column indicate significant differences by Duncan’s multiple range test.

stk

* p<0.01, ™" p<0.001.
Zu) 2 27} AW (Oh et al, 2001)9] A== Aot A Lee9} Lee(2016) 2 Lee 5(2013)¢] A Aope} 2o A8
Aetglon, FAEY A& HZ &2 179 Mol b & Yehidoh g8  ${A8S xR P =A
2 Zo 2 e Eiston, T A gj7te] 4ol 71 @Al vehd 212 %
BTE B0 ddte S FE, AF 59 dEEC] AUt
5. =& w2 @5k7] wjZelet AZET
Gluten-free 2] Z217+-& Table 73 2t} A =4 4 w3k AFE H7F TG(0.24), TX(0.51), TGX(0.40)2] <

3}, TGX(16.00 N) > TX(13.22 N) > TG, T(6.89~8.13 N) >  FAL tixFHT} B =4 HQon, o]z AiE )
N27(2.87 N) =22 Uelyth o9} & At tofst = BEuo) 3hfd thake] AdAtel Afart F5ske] o
HFE H7her & 2] FAert 275 Ethe Kim,  A72 342 dAst] vz dio S35 Wald Ao

O

Table 7. Texture properties of gluten-free bread with teff flour

Samples Hardness (N) Springiness (mm) Cohesiveness Chewiness (N - mm) Gumminess (N)
Con 2.87+0.53 0.84+0.00 0.7120.05° 1.73+0.43° 2.06+0.51°
T 8.13+0.70° 0.79+0.26 0.15+0.06° 0.91+0.23° 1.27+0.62°
TG 6.89+0.07¢ 0.81+0.10 0.24+0.09¢ 1.37+0.62° 1.65+0.59°
TX 13.22+1.28° 0.74+0.02 0.510.03° 4.96+0.65" 6.70+0.72°
TGX 16.00+0.53" 0.71+0.05 0.40£0.08" 4.58+1.04° 6.37+1.09°
F-value 152.41™ 0.52 35017 2573 40.10™

Abbreviations: Con, T, TG, TX and TGX are same as Table 1.
Y Values are meantstandard deviation.
2~ Different superscripts in same column indicate significant differences by Duncan’s multiple range test (p<0.05).

E

p<0.001.
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A1 Apol= VA 3 THp<0.05). ©]2]g A Z= Ko,
Lee, Lee9} Kim(2009)°] E. 1138 upe} o] o] 4] E
Aol wpat Wi o] S22 9Fstal, SUI S o] Fal
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Culinary Science & Hospitality Research
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Table 8. Sensory properties of gluten-free bread with teff flour

Samples Color Salty taste Flavor Softness Sweetness Overall preference
Con 6.00+1.27" 5.82+0.95 6.35+1.37 7.06+1.43° 6.24+1.20° 6.65£1.00
T 6.41%1.77 5.4120.80 4.76£1.68 4.47+1.87 4.94+0.75 5.35+1.66
TG 6.41%1.62 5.76£1.09 5.53+1.87 5.71x1.57° 5.29+0.92° 5.71+1.65
X 6.29+1.40 5.76+0.90 5.53+1.55 5.59+1.42" 5.20+1.21° 5.82+1.38
TGX 6.35£1.54 5.35£1.06 4.82+1.38 5.41+1.54™ 4.88+1.32° 5.35+1.27
F-value 0.21 0.90 5.88™ 412" 2.39

Abbreviations: Con, T, TG, TX and TGX are same as Table 1.
D Values are meantstandard deviation.

¢ Different superscripts in same column indicate significant differences by Duncan’s multiple range test (p<0.05).

* p<0.05, ™ p<0.01.



23(3), 147-157 (2017)

o] FETHS 7] 43.58%= 7W A YEbs AL, =
7] EAEL 559~727%E A B 7§94 xlo) 7} Y
WA e th(p<0.05). H & %%}%‘4 735, =771 108.89
%= Wa o] 7Pt Fokvh e BE WA S vl
3 Ay, Aebd S H7E TXS TGX7F 51.52~54.11%% 7}
 =kon, AFE AUIeHA Ee TE 17.84%= 7 &
& ity B3-S YeRA Y Cruste] 2AEZS H A7)
6.34~11.712 B-2(Much) 2}°], crumbe] AEZk-E H7}7}
26.41~31.512 w9~ H-&(Very much) i}ou A 2} ij‘L:_g}

A4 A Hrbeol A&, &% =
Tobd 7S = vEhskem, ’\H]Z} 7]:525 ZARE B
=2 &3 @bl A 277 =7 yEs e, ?_%Zﬂ, A
Al ), AWl VSR AR It fro) A
7} UHERRA] @ 3kThp<0.05). whebA] Red & 7}-5}04 Bl
I gluten-free 2] A Z3lo] = 7]Eo] Awha} FAFSE F
AL Jehd Ao s|gEojA ), Aekd H} A] kg 9
ol tixTre] BRHEG WA S H] ol T
oF H2g 243 A7) olHE BAHE
Fof| Fopdnt ZIek o] opd BE AR
=2 gluten-free H|Z 2w 7]xdko]] o gk A7} X8 ofof
& Aow Azt

= ‘“l‘
2 949 ud

REFERENCES

AACC Method 10-50D. (1995). Approved method of the AACC.
Minnesota, USA: American Association of Cereal Chemi-
sts Publishing.

Abebe, Y., Bogale, A., Hambidge, M., Stoecker, B. J., Bailey,
K., & Gibson, R. S. (2007). Phytate, zinc, iron and calcium
content of selected raw and prepared foods consumed in
rural sidama, southern ethiopia, and implications for bio-
availability. Journal of Food Composition and Analysis, 20
(3-4), 161-168.

Ahn, J. M., Song, Y. S. (1999). Physico - chemical and sen-
sory characteristics of cakes added sea mustard and sea
tangle powder. Journal of the Korean Society of Food Sci-
ence and Nutrition, 23(3), 534-541.

AOAC. (1995). Official method of analysis of AOAC intl.
Arlinton, USA: Association of Official Analytical Chemi-
sts Publishing.

Korean Bakers Association. (1994). A special bread that emer-

Teff (Eragrostis tef) T22} AFE 713 Gluten-free 212 4 54 155

ges as a new theme. Monthly bakery, 11(1994), 45-63.

Bourne, M. C. (1978). Texture profile analysis. Food Tech-
nology, 32(7), 62-72.

Bultosa, G., Hall, A. N., & Taylor, J. (2002). Physico-chemical
characterization of grain tef [Eragrostis tef (Zucc.) Trotter]
starch. Starch-Stdrke, 54(10), 461-468.

Bultosa, G. (2016). Encyclopedia of food grains (second edi-
tion). Amsterdam, Nederland: Elsevier Publishing.

Campo, E., del Arco, L., Urtasun, L., Oria, R., & Ferrer-Mairal,
A. (2016). Impact of sourdough on sensory properties and
consumers' preference of gluten-free breads enriched with
teff flour. Journal of Cereal Science, 67(2016), 75-82.

Carlson, W. A., & Ziegenfuss, E. M. (1965). The effect of
sugar on guar gum as a thinkening agent. Food Techno-
logy, 19(6), 64-68.

Chenlo, F., Moreira, R., & Silva, C. (2010). Rheological be-
haviour of aqueous systems of tragacanth and guar gums
with storage time. Journal of Food Engineering, 96(1), 107-
113.

Choi, O. J., Jung, H. N., Shin, S. H., Kim, Y. D., Shim, J. H,,
& Shim, K. H. (2015). Quality characteristics of gluten-
free rice bread formulated with soft-type rice flour mixed
with black-rice flour. The Korean Journal of Community
Living Science, 26(3), 447-456.

Choi, S. N., & Chung, N. Y. (2007). The quality characte-
ristics of bread with added buckwheat powder. Korean
Journal of Food and Cookery Science, 23(5), 664-670.

Chung, J. Y., & Kim, C. S. (1998). Development of buckwheat
bread: 2. Effects of vital wheat gluten and water-soluble
gums on baking and sensory properties. Journal of the
Korean Society of Food Science and Nutrition, 14(2), 10-
16.

Cummins, A. G., & Roberts-Thomson, 1. C. (2009). Preva-
lence of celiac disease in the asia-pacific region. Journal
of Gastroenterology and Hepatology, 24(8), 1347-1357.

Hager, A., Wolter, A., Jacob, F., Zannini, E., & Arendt, E.
K. (2012). Nutritional properties and ultra-structure of co-
mmercial gluten free flours from different botanical sources
compared to wheat flours. Journal of Cereal Science, 56
(2), 239-247.

He, H., & Hoseney, R. C. (1992). Effect of quantity of wheat
flour protein on bread loaf volume. Cereal Chemistry
Journal, 69(1), 17-19.



156 3719 - $719

Jeon, Y. S., & Kim, M. W. (2010). Quality characteristics of
white pan bread added with sunsik powder. Journal of the
East Asian Society of Dietary Life, 20(2), 299-306.

Joung, K. Y., Song, K. Y., O, H. B,, Zhang, Y. Y., Shin,
S. Y., & Kim, Y. S. (2017). Study on the quality cha-
racteristics and retarding retrogradation of pound cakes
containing teff (Eragrostis tef) flour. Journal of the East
Asian Society of Dietary Life, 27(1), 41-49.

Jin, H. J.,, & Kim, C. S. (2015). Analysis for factors on
buying decision making by female college and graduate
students toward gluten-free food. Korean Journal of Food
Marketing Economics, 32(1), 1-29.

Ju, H W., & Lee, K. S. (2016). Quality characteristics of
white pan bread with haenaru rice flour. Culinary Science
& Hospitality, 22(2), 44-56.

Jung, 1. C,, Sohn, H. Y., Bae, J. H., & Kim, K. J. (2010).
Quality characteristics of white pan bread containing brown
rice fermented with Phellinus linteus. Journal of the East
Asian Society of Dietary Life, 20(3), 445-451.

Kang, T. Y., Choi, E. H,, Jo, H. Y., Yoon, M. R., Lee, J.
S., & Ko, S. H. (2013). Effects of Japonica type rice cul-
tivar on quality of gluten-free rice bread. Food Enginee-
ring Progress, 17(4), 305-310.

Kang, T. Y., Choi, E. H.,, Jo, H. Y., Yoon, M. R,, Lee, J.
S., & Ko, S. H. (2014). Effects of rice flour particle size
on quality of gluten-free rice bread. Food Engineering
Progress, 18(4), 319-324.

Kim, C. S. (1994). The role of ingredients and thermal setting
in high - ratio layer cake systems. Journal of the Korean
Society of Food Science and Nutrition, 23(3), 520-529.

Kim, D. Y., & Yoo, S. S. (2016). Quality characteristics of
bread added with gochujang. Journal of the East Asian So-
ciety of Dietary Life, 26(2), 99-108.

Kim, W. M., & Lee, Y. S. (2008). A study on the antioxi-
dant activity and quality characteristics of pan bread with
waxy black rice flour and green tea powder. Culinary Sci-
ence & Hospitality, 14(4), 1-13.

Kim, Y. H,, Lee, J. H., & Lee, S. K. (2016). Effects of hy-
drocolloids on quality characteristics of bread with rice
flour. Journal of the Korean Society of Food Science and
Nutrition, 45(9), 1324-1332.

Khnispel, G. (1991). Factors affecting the process of color mat-

ching restorative materials to natural teeth. Quintessence

-0

2~
SRR PRI ES

Culinary Science & Hospitality Research

International, 22(7), 525-531.

Ko, S. H, Lee, Y. L., Lee, K. Y., & Kim, H. Y. (2009). A
study on the purchasing pattern and consumer's selection
factor of healthy breads. Journal of the East Asian Society
of Dietary Life, 19(4), 515-524.

Lee, K. S., & Park, G. S. (2015). Quality characteristics of
bread containing sourdough using various grain flours.
Korean Journal of Food and Cookery Science, 31(3), 264-
279.

Lee, Y. J., Yoo, H. J., & Yoon, W. B. (2013). Effect of rice
flour and xanthan gum on quality characteristics of bread.
Journal of Agricultural, Life and Environmental Sciences,
25(1), 22-29.

Lee, Y. S., Kim, W. M., & Kim, T. H. (2007). A study on
the rheological and sensory properties of bread added
waxy black rice flour. Korean Journal of Food and Coo-
kery Science, 23(3), 337-345.

Lopez-Ahumada, G. A., Ramirez-Wong, B., Torres-Chavez,
P. I, Bello-Pérez, L. A., de Dios Figueroa-Cérdenas, J.,
Garzon-Tiznado, J. A., & Gomez-Aldapa, C. A. (2010).
Physicochemical characteristics of starch from bread wheat
(Triticum aestivum) with “yellow berry”. Starch-Stdrke, 62
(10), 517-523.

Mekonnen, M., Martin, Z., & Thomas, B. (2014). Teff (Era-
grostis tef) as a raw material for malting, brewing and
manufacturing of gluten-free foods an beverages a review.
Journal of Food Science and Technology, 51(11), 2881-
2895.

Moore, M. M., Heinbockel, M., Dockery, P., Ulmer, H. M.,
& Arendt, E. K. (2006). Network formation in gluten-free
bread with application of transglutaminase. Cereal Che-
mistry Journal, 83(1), 28-36.

Nimeroff, 1., (1996). Colorimetry: National bureau of stan-
dards monograph. p 104.

Oh, Y. A, Kim, M. H., & Kim, S. D. (2001). Fermentation
of dough and quality of bread with Korean pigmented rice.
Journal of the East Asian Society of Dietary Life, 11(6),
498-505.

Park, H. S. (2014). Influence of fermented teff(Eragrostis teff)
flour and its nutrification on the preparation of instantized
injera - A traditional ethiopian staple food (Doctoral di-
ssertation). Sookmyung Women’s University.

Shewry, P. R., Tatham, A. S., Barro, F., Barcelo, P., & Lazzeri,



23(3), 147-157 (2017)

P. (1995). Biotechnology of breadmaking: Unraveling and
manipulating the multi-protein gluten complex. Biotechno-
logy, 13(11), 1185-1190.

Shin, G. (2015). Quality characteristics of Lycii fructus powder
added sponge cake. Culinary Science & Hospitality, 21(6),
63-75.

Shin, G. M., & Jung, J. W. (1998). A study on the utilige
of materials of bread. Culinary Science & Hospitality, 4,
389-411.

Teff (Eragrostis tef) 22 AR/E 713 Gluten-free 2o F4 54 157

Yeom, K. H., Bing, D. J., Kim, M. Y., & Chun, S. S. (2016).
Effects of hemicellulase on white bread added with brown
rice fiber. Journal of the Korean Society of Food Science
and Nutrition, 45(3), 352-359.

[\e]
2
~J
rL
o
S
o
()
N
e
il
M
R
)
T
ox, oX





