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Effects of Gum on Quality Characteristics of Gluten-free Noodles prepared with Eragrostis tef Flour
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Abstract

As the consumption of wheat has increased recently, the number of people who have digestive problems resulting from
gluten in wheat has also increased. Teff has an attractive nutritional profile, as it not only gluten-free but also high in dietary
fiber, protein, iron, and calcium. Seven samples were prepared for this study. The quality characteristics of gluten-free
noodles were evaluated based on pH, salinity, water absorption, turbidity, color, texture properties, tensile strength, and SEM.
The pH value was the highest in TF100 with a pH of 6.66 and the lowest in the control with a pH of 6.42. Salinity showed
no significant difference among all samples, and it ranged from 0.02~0.04% (p<0.05). Water absorption was the highest
in TFX with a value of 66.11%, and the lowest in the control with a value of 44.81%. Turbidity showed no significant
difference among all samples, and it ranged from 0.14~0.21 O.D. (p<0.05). While the lightness and yellowness values
decreased with an increase in teff flour content, the redness value tended to decrease. The color difference value was the
highest in the sample group without gluten. Based on the texture profile analysis, the hardness was highest in the control
with a value of 46.74 N and lowest in TF100 with a value of 18.34 N. The springiness showed no significant difference
among all samples. The cohesiveness was highest in the control with a value of 0.92 N. The chewiness decreased with
an increase in teff flour content. Although the control with gluten had the highest tensile strength at 3.42 kg/cm?®, TFX
had considerable tensile strength at 2.30 kg/cm® This study demonstrated the processability of gluten-free noodles using
teff flour.
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Table 1. Formulas for gluten-free noodle using teff flour

ol HZ(Eragrostis tef) SFH I W F4 A4 vX= FF 1027

Ingredient (g) Control TF25 TF50 TF75 TF100 TFG TFX
Wheat flour 100 75 50 25 0 0 0
Teff flour 0 25 50 75 100 100 100
Dry egg powder 10 10 10 10 10 10 10
Salt 1 1 1 1 1 1 1
Olive oil 1 1 1 1 1 1 1
Distilled water 60 60 60 60 60 60 60
Guar gum 2
Xanthan gum 0 2

" Control: No teff flour added.

TF25: 25 g teff flour per 100 g flour.
TF50: 50 g teff flour per 100 g flour.
TE75: 75 g teff flour per 100 g flour.
TF100: 100 g teff flour per 100 g flour.
TFG: 2 g guar gum per 100 g teff flour.
TFX: 2 g xanthan gum per 100 g teff flour.

at speed #1 (40 rpm) 1 min ,
Dry egg powder

at speed #1 (40 rpm) 1 min
Distilled water
at speed #2 (79 rpm) 4 min

at4°C1lh

5 times

in boiling water 500 mL (sample 50 g) 2min
in cold water (4°C) 1 min

on the sieve (40 mesh) 2 min

Fig. 1 Manufacturing process for gluten-free noodle using
teff flour.
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Ho| © Z(Eragrostis tef) S2EZT

Table 2. Moisture content, water binding capacity, pH

and salinity of wheat flour & teff flour

Properties Wheat flour Teff flour
Moisture content (%) 12.11£0.10" 11.68+0.13
Water binding capacity (%) 10.44+0.21 12.63+0.79
pH 5.86+0.00 6.13+0.01

Salinity (%) 0.05+0.00 0.06+0.00

1) Values are meantstandard deviation.

2) 2= We

CERE SR
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w2 213l
292
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go] Wit BA ek g
Ao g AzteH, ol ¢

=%0]
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ole} e AW Midvt £ AEE BEY Cheon 5
(2016)} Park MSQ015)9] A9k AR AR =717} 22

e F4 54 WAL 9 1029
2 BIZ 2US &IE 2RHTA| po| BY SY

1) pHe} Y=

pHi= Table 49} Zro] Uehitth. Hx &9 M7 S71¢
317 pH 6.42~6.66 0.2 G217 0 2 Z7}5}9 tHp<0.05). o)<}
e A= =429 g BukpH 6.13)7F U7 (pH 5.86)
9] pH ztolof| A 7|13t o] Wr7FFE T pHY} -2 A
25 H7F3 UFERJu & Lee 2016), ML (Choi & Chung
2007), 31](Oh %5 2001) A9} FARH AE ey gict
AL H7}3st TFGF TFXE= pH 6.53~6.542 3213 Q] Z}o]

D ATHp<0.05). SFe=a] Wl TF100(pH 6.66), TFG(pH
6.54)2} TFX(pH 6.54)2 v m3hd, A H7FLolA pH7F 2
ESAE AL, o] o]+ &%z;}(pH 5.83)3 FolA(pH 5.89)
o] @2 pH £ 02 FHETh FE= Table 49 ZHo] Lhe}
Wk t2Te F7FE BE 0.02~0.04%2 §92 1 2ol S
YERHA] &ATHp<0.05).

2) FEET21 =259 B=
FEZFEL Table 59 Zo] Yepytth £EFFELS A

=29 FEe A= L}EPH“ A| 2] (Cheon 5 2016),

ABE SET Nam 5Q015)9] AFolH FASHA ekttt Aold el Bol 2248 AR A A7 4e5E >
Table 3. Solubility and swelling power with different temperature of wheat flour & teff flour
Properties Temperature (C) Wheat flour Teff flour
50 0.17+0.03" 0.14+0.08™
60 0.21+0.07 0.12+0.10
Solubility (%)
70 0.24+0.04 0.12+0.07
80 0.26+0.07 0.17+0.09
50 5.50%1.14? 3.910.07
) 60 4,390,044 6.92+0.41°
Swelling power (%) b b
70 7.20+0.09 8.65+0.11
80 9.34+0.09" 10.59+0.14°

Y Values are meantstandard deviation.

2 Alphabets with different superscripts in the same column indicate significant difference by Duncan’s multiple range test (p<0.05).

NS Not significant.

Table 4. pH and salinity of gluten-free noodle using teff flour

Properties Control TF25 TF50 TF75 TF100 TFG TFX
pH 6.4240.02"2  6.44+0.01° 6.48+0.02¢ 6.49+0.01% 6.66+0.01° 6.54+0.01° 6.53+0.04%
Salinity (%) 0.03+0.00™ 0.04-0.00 0.0420.00 0.03£0.00 0.02+0.00 0.04+0.00 0.030.00

Y Values are meantstandard deviation.

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

™ Not significant.
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Table 5. Water absorption of gluten-free noodle and turbidity of cooking water using teff flour
Properties Control TF25 TF50 TF75 TF100 TFG TFX
Water absorption (%) 448144987 4825+333%  54.77+7.41%  56.98+9.43%° 58.12+4.40™° 61.44+4.96° 66.1143.48°

Turbidity of cooking water (0.D.)”  0.21£0.03"  0.170.09 0.13+0.00 0.18+0.00 0.18+0.02 0.20+0.01 0.14+0.01

D Values are meantstandard deviation.

2 Alphabets with different superscripts in the same row indicate significant difference by Duncan’s multiple range test (p<0.05).
9 0.D.: optical density at 675 nm.

NS Not significant.

B8] oAk A0® deiA UrkNiu 5 2014, Nam (0112 @] mhEw Fob Bk Tkl 47k 4
2015). HIZ % £ ARra7F 100 gF oF 3 g F== & ot AFl A8t 1 AES AxT 5 e,
17} 2 5} 9O of(Gebremariam 5 2014), |3 HE 2] =} Katzbauer B(1997)= Zetg o] AH-3-+8 E 53l 5ol 4
372060 ym)= L H3H(6.5~19.5 yim)E T} ATh(Sebecic & - Foll A FAO g0l B 4 kil HiStG:

Sebecic 1995, Bultosa G 5 2002). =3}, ©|Z Egto] Wrl2 Z2|9] B Table 59 Zo] Yelgt). B 28 5

te ofi Mz

Hoh SEATS Y] BT, BLYNNE HolS Byl nPLY £ FES trehdithleong 5 2008). B Hiol
o], B AxY A9o] FEFS] hRTEY ot ARG §a4o] WA Ueht FEst 2 RO oy
A Aoletm aAbstath $EFSE 34 ATE AN SHIAT dETRT A7lA SEAL B dehtt 4
ARY MB1-58.12% B B Ariee] met folHomw TS HEAW FHA Zolt erkp<005). o)t A7

o] Z7}e4% st Roll AFS Uehdl ol Fe

A7kek Bw(Cheon 5 2016)7 FF B Avket w4 A Fwof Buke B8 F4(Seol & Sim 2017)9} vhs H
(Park MS 2015), JA=27|7} 22 AE-S HA7ist SFH2e A 718t A (Jeong S 2008)2] ATLZATIOL ThE A Urebyt
2 kA ElJung & Yoon 2017), 2]o]d-9] ghaFo] =11, U=} t}. Seol & Sim(2017)1} Jeong 5(2008)2 = F7}9o] €0l

Z7RIATHp<009). ol HoldRe] FFol £ A B
X
=

1= ol

fljo

S77b e dashy TEUAEDS MG BRdxe  dEo] $E3| AYSA £e A AV HEE] 82
B(Nam 5 2015)7} GARE ATFS Uepfgich TFI009) &2 of 7]Qlshe A0R dess Frhn Busiarh ole gL
SEFFEL HT Buro] Agae] T Jolo} MEe] ¢ ABE nTolE U, €T UL AkY WS o2 ARE

ol o
=2
2437] Zpo] W8Sl Ao s wWrrEth ZF2d =] He TFI00 g3 dEr £do] £2 Aoz AZtHEh
(58.12%), TFG(61.44%)2} TFX(66.11%)S v shd, A A7}

TFAA FEEFE0] FoFoR2 EA FE U thp<0.05). 3) Mz
ol A FHTFY £EEFFE0] 61.3%2 AT v A] 2t M= 24 A= Table 63t 2t} L gk t271 74462
g4 0] HrlgFo] 1~T%E WoldLE BT 20] 634~ 2 7P A YEbg e, 7 49.78~34.872 X £

704%2 2713 AetAe HA7pe 22z & WG S A7Fgol| et ooz A THp<0.05). R+ a
2016)¢] A Autel AT 0]9 e An= Mudgil Fe - L08R 3.59~4.96% H7lFRET folFoz WA
S(2011)T} Katzbauer B(1997)2] d7oA RuE #AE E B, b G 21112 5.82~8.939] H7ltRTh $olFoz
9ol o 28 wod fr Aoz AR Mudgl = =7 YERGTHp<0.05). AE ZrS TF25(13.98), TF50(17.29),

Table 6. Color values of gluten-free noodle using teff flour

Properties Control TF25 TF50 TF75 TF100 TFG TFX
L 74.4620.55%  49.78+1.90° 43.08+2.44° 39.0620.89" 36.12+0.80° 35.19+1.81° 34.87+0.48°
a - 1.08+0.15¢ 3.59+0.34° 3.7520.26° 4.33£0.13 4.4240.08° 4.5320.18° 4.9620.12°
b 21.11+0.15" 8.93+1.13 7.510.94° 7.47+0.04° 5.82+0.21° 6.58+0.40% 6.58+0.27
AE 0.00+0.00° 13.98+0.63¢ 17.29+0.93° 19.32+0.35° 20.69+0.37° 21.26+0.81° 21.16+0.23"
NBS units 0.00=0.00° 12.8620.58" 15.90+0.85° 17.7820.32° 19.030.34° 19.56:£0.74° 19.4620.22°

D Values are meantstandard deviation.
2 Alphabets with different superscripts in the same row indicate significant difference by Duncan’s multiple range test (p<0.05).
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Fig. 2 Photograph of gluten-free noodle using teff flour.
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olo] w2 o= Azt ok olFe AL AW P
Fls=ok(Seol & Sim 2017)2} WY EHKim 5 1999)S F-§3
Wel AR FARE ABE tehhgich

4) ==t} olRAE

27t ATt Table 73+ 2o}l ATE giR2E7} 4674 N
oz 7 =4 vEhg e, J7kte TF2S 45.77 N, TFS0
34.68 N, TF75 18.96 N, TF100 18.34 N2 & TF500] A &€ &
A AE7} A8 THp<0.05). B2AL 0.95~1.01 mm
2 AE 7F 7932 2ol7k Y AAThp<0.05). S-S tix
o] 0.922 7} E9k1, TF1000] 0.822 7F wokrhp<
0.05). W3PS ) 2H42.34 N), TF25(36.86 N), TF50(29.73
N), TF75(17.49 N), TF100(15.87 N) &0 2 €= 22 ¥l
o] I7FEFE FH R A UEHTHp<0.05). o]= =Y,
55, EEP HES &89 27z & gAE(ung &
Yoon 2017)¢} G433t YEHUAEH S Hrigh SR
2] H(Nam 3 2015)¢] AF Ao}t FARE AFS el
o} dAsHd T8 gAEZNam S 2015), U, LEWY, 2
= A% T A & Aoldfa(eltema F 1983), D A4
(Ranhortra & Celroth 1988) 52] 40| QA4S H7I5E o7
Aol MY, =5 &7 HE(Jung & Yoon 2017), & AL
(Cai 5 2016) 5 SFHo] gl BT o-&3 A oA

»

1031

TF100

F100, TFG®} TFX 9] 2A7F E42 H|wstd, dS
A=, 348 2 FEAEel
9|4 0 & =7 UERFtHp<0.05). A% TF1000] 18.34 N
2 BE ARIA 7HE @A S HAAT, HS H7RR
2 TFGo| A 33.96 N, TEXO||A] 39.42 NO.& ok 2uj A& 7
L7t F7Fsk T TFG(0.88)9F TFX(0.89)9] S48 258
o] U&= TF25(0.89)¢}F 9122l Zol7} gl THp<0.05). A3
A& A= v 2 TFI00E o oF 28 A= S7}st3ich
FES tjAls] S FAE Foistr] /g A A7t El
SFdlze] WO 227 £ MRS ¢ 5 Ut
19F 22 Aats I FobHE UK S FH=e &
H(Sanguinetti F 2015)2}F e I} FLobES A7 S5
AL 53 & wAEKLopez-Ahumada 5 2010)2] 2Z7H B4
I FARE A YERR ST
YT 4 A= Table 71 2ok I =E WO &
ojF o] A5 Hrisle A EZ AREETHHormdok & Noom-
horm 2007, Jung 5 2015). JIAHR =L hRZ(3.42 kg/em?),
TF25(2.45kg/cn?®), TE50(1.43kg/cm?), TF75(1.25kg/em?), TF100
(L1lkglem’) 0.2 HZ 2 Frlgo] Z71842 §9/7
S 2 UA YEtHp<0.05). 0|9} 22 A= T2 F
doll Tofste SFHY AFo] FolEaL, Hol F7HEA &
7] fiZolet AZE HE A7t Ay, A= S
3he AFS BTk TFGE 113 kefem’2 37} o] 2,

[H

o

Table 7. Texture properties and tensile strength of gluten-free noodle using teff flour

Properties Control TF25 TF50 TF75 TF100 TFG TFX
Hardness (N) 46.74+4.39  457743.05°  34.68+1.72°  18.96+1.53¢ 18344045  33.96+0.46°  39.42+0.89°
Springiness (mm) 1.01£0.02%  0.98+0.03 0.97+0.05 1.00+0.00 0.97+0.08 0.99:£0.02 0.95+0.02
Cohesiveness 0.92+0.0° 0.89+0.03° 0.850.01° 0.83+0.01° 0.82+0.02° 0.88+0.01° 0.89+0.02°
Chewiness (N) 42344453 36.8642.06°  29.7342.49°  17.49+121¢  15.87+1.89  27.71£0.95°  31.59+0.95°
Tensile strength (kg/cm?®) — 3.42+0.14° 2.45+0.22° 1.43+0.32° 1.25+0.07° 1.1120.12° 1.1320.13° 2.30+0.17°

Y Values are meantstandard deviation.

2 Alphabets with different superscripts in the same row indicate significant difference by Duncan’s multiple range test (p<0.05).

™ Not significant.
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