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Physicochemical Quality of Functional Gluten-Free Noodles added with
Nondigestible Maltodextrin

Seung-Woo Nam, Eun Kim and Meera Kim'

Dept. of Food Science and Nutrition, Kyungpook National University, Daegu 41566, Korea

ABSTRACT

In this study, gluten-free noodles were developed and the physicochemical quality of gluten-free noodles added with nondigestible
maltodextrin (NMD) was also investigated. The gluten-free noodles were prepared by addition of 0, 5, 7, and 9% NMD of total
ingredients except water. Inhibition activities for a-amylase and a-glucosidase according to the addition amounts of NMD were
evaluated. As a result, activities of carbohydrate-digestive enzymes decreased with an increase of the added NMD amounts. Water
binding capacity and solubility of raw noodles increased upon NMD addition. Swelling power also increased as temperature rose.
L value of raw noodles decreased with the addition of NMD, but b value increased. Texture profile analysis of cooked noodles
showed reduction of hardness, springiness, and chewiness of noodles with NMD. On the other hand, tensile strength of cooked
noodles containing up to 7% NMD was not significantly different from that of noodle without NMD. In the sensory evaluation,
elasticity of noodles with 9% NMD was lower than that of other noodles, whereas other characteristics of noodles were not
significantly different among noodles. Therefore, it was confirmed that the addition of 5~7% NMD had little effect on the sensory

quality of noodles.

Key words: Nondigestible maltodextrin, gluten-free noodle, quality evaluation
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T2 e 7R E v ER, B4, WlolE T& YRt s HEUAEUD A7 vdrbE, A E, ARE o

70 o]} o 2 Fol S F53] FSA7IH vk fEet g3t 715 27 ZEHS Al & v F4 54

7] 9% Aoz d#A dth(Brand-Miller J et al 2002). Tix EA3519 )

W SE S ddo] orn® Qlade] EH7F Wolx| 1 <l

e gk vhgo] gopd 13T ’“Eﬁﬂ FAE ek whebA Mz Y g

4SS A Seixe A AF7F AR s A

frae &3t S5 AH9AA %5—7—:} dF s 4= T A 1. & 2

a1, QEdle] F43F H4] Tt WA 4= JTtHKim EH et al A71HFE 100%2] v (@123 S o] 838k a, v

1996). 7FHEE xR, AR HENEA D) A GrtEdA T
dashyd BEYAE-(nondigestible maltodextrin, NMD) Adte] o] &3ttt FeHd(xanthan gum)2 F7FEUEF AlE

< SFF AES T Eslcte] 4 84 Aol RE 4 & AR A, WA RO AEYLS @] AES o]

T s A, 5 EAE N 59 7ol 1F EalPia=s

H 1477157 8otk Livesey G & Tagami H 2009), & 4|

Al s dashd TEGAEAL 85%2] Aol RS gt 2. M= e 3 A=Y

staL glom, g‘% 2 keal®] A& AFokaL 9ol Aol /7t o] Ao AHESE A5l Mg dudAS B8 A7

TRk, AL HE 7R AL ol 2)F AAlolthKim YA 2005). 3 6] 8-S 7akgl o], viEm| = Table 13} 2T} WAask] o

washyg ‘%‘E@wi do] dgsdA axtel A3t AT= EYAEYL HolHd{E Fatal ol E5 Sk 54

AP EH, Ohkuma K 5(1990)2 dashd H2ERlo]l BF & s ez 2ako] B8 et 749 7 Wnl} wkzo] A

astR Aol tiste] Agde Hole AL 216k, Wa- go] A Aol7t YRR wis: A] &of] Who] S|4 ¥

kabayashi S 5(1993)& A& A oA Yadd 8 HgS s)Fom B Hrlsle] HE Azeth © A2 A

g S
2Eqlo] &glof| ofste] A3 Xre] FFE AAlste] & o= 7} A BE FZato] ¥HE7](KMC550, Kenwood, UK)ell
T Aes fFoHew Ohﬂ/‘]ii‘ﬂrl Huslglon, Fyiwara K Y1 k5] S5 3¢ho 2 38 Sk wukgl & &313 g
“(1995)*0‘ BANA gy gAERS HHAAA DT R o] A, B, 27 ETFES U1 108 S u=sigin) =
ded BH7L AstE vty Busth weba] g4 <1 Zol & 42%2] #|H7|(Pasta maker, Shule, China)S A}-&-3}o]
U F5S JASAME 7] FRE A ¥ A& %/ 2 mm, YH 6 mmE BE A 23T
AE ol gdle] WS A e AL FFE WS T
A} e HRRIGA vl o8 AR Atmdrt 3. EI3lE ol Aol 2 2
S, A7kl Tt Talo] AA SrtsaA Aelgd& 7t
A A8E H7N 7168 AFEC] Bel AlxH 1 e o] 1) a-Amylase X3l 2
2g 48 Hrbe AlEe] 545 s AUk webA ABlo] AFgEE tas] BEE B qamylase A8 2
AelEd S 7hd daehe oigle] Tl 7ML A= S48 g g 500009 WEE o) 831l 2T =, FE

= =

2 QI8 Az AFe] ¥ F4 Aol Astee A= Hg 348 A8 40 uLe} F75 160 pL, 0.5% starch solution
o _

lA sleds 7kl dsrt @’7}_% Al A= < A2 ¥o]F v a-amylase enzyme solution(4 unit/mL)

4 5A4d tig d7= s dart Aok S A7Vskd 25CoAA] 387 vkeAlA T 1 & dkg-ol 200 uL

=

O 1
=
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ST o A==\ J o 2| &1 z] 7} &} e
& AxE A AR dns Aeldfr® A A7k £ A|A3ka, DNS A €K96 mM 3,5-dinitrosalicylic acid : 2
o & _ . .
h - M NaOHel] &3}8F 531 M sodium potass1um tartrate = 2.5 :

=
st HF AE9 gl xe WslE 4= 9thLee HI et al 1) 100 uLE A7Fato] 859 FZol A 1557} HEGAIZ] &
2013). FA3 SEUAEYS o] 83k 2]Fo] Zxld #3t 252900 L A7F5e] 540 nmoll A EREE =AY
A7 Ee dashd REHAAEAS AR A AF oA Al g gree Az gl 2842 Alsigon], Aase of
Z(Kim YA 2005), ‘F43pd REGAEYC] A0]2e] 54 410 a1e o] gsle] Azsigl
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Table 1. Formula for gluten-free noodles (Unit: g)
Rice Buckwheat Potato Xanthan  Nondigestible
Sample flour flour starch gum maltodextrin Ege Salt Water
NMD 0" 49 17 15 3 0 15 1 38
NMD 57 44 17 15 3 5 15 1 32
NMD 77 42 17 15 3 7 15 1 29
NMD 9 40 17 15 3 9 15 1 26
b Control, not added with NMD.
? Added with 5% NMD based on total ingredients weight except water.
' Added with 7% NMD based on total ingredients weight except water.
Y Added with 9% NMD based on total ingredients weight except water.
2) a-Glucosidase A3l &4 st Aeds wE Fste] 105TelA 12243 Azt
HAsH TEYAERS] g-glucosidase A3 A T FAE St Sz WEH e AEsHTh
Watanabe J 5(1997)2] W< o|&3ste] S43ITt =, 0.2
%2] bovine serum albumin¥} 0.02%2] NaN;E -3+ 100 2o %) AxH As5qe A X100
il o =)
mM potassium phosphate buffer(pH 7.0)& Sv|Z 3l « As AR )
-glucosidase enzyme solution(70 unit/mL) % 5 mM pNPG(p
. . - 2] 1=
-nitrophenyl-a-D-glucopyranoside) & #1323t 96 well plate BaEH(%) = e e éjiﬂ] ﬂ]l(g) L3 <100
A= off =
o A& 10 pL%} enzyme solution 50 pLE FY3}kaL, ELISA " /() * (100~ -3 =)
reader(Versamx, USA)E ©]-&3}] 405 nmol|A] SF=E = e
8 2 o7]0] pNPG 50 uLE B7lele] 25Tl SELF 1 6. Az
271 T Zo gAdd EREE Zgsldr). vke A} AT o] MT= A3}A|(Whiteness Checker RF-1, Japan)E
¢ $8 A FYue] AT ol§5] camylase Mg} Byzp 18] UFE TH TP Lllightness), a(redness), b
Fo8 Ae =g A e A2 (yellowness)#t o2 =738} o™, =4I white standard
plate)?] M=% L: 91.8, a: 3.4, b: 1.6°]Ut}
4. Mpio| S2H
5 o] 2~H_AFY o : 7. Moo OlMlTx
Az Ao 5432 (Water binding capacity, WBC) - .
- =z = o] =] o
© Medcalf DG & Gilles KA(1965)2] WS =4 3lo] 274 AR viATEE A Setel ARS 33x2 mmE
_ _ . . 2 =AAZ = Q3
ST A& 2 goll S/ 20 mLE 718} magnetic stirrer derel 5| FAA27I(PVTFD20R, lishin, Korea)E ©]83
2 1417 B9 W F 8,000 pmo 2087k Alwe)y) 1 AESIKT 1S carbon wpe Fefl Folw A EA=
AL o] & o El(E- i i
(Supra 22K, Hanil, Korea)Z o] &3ke] 9141 5-e]515th 24 ZFFe oA 1603 F<t ZR(E-1030 ITon sputter, Hitachi,

el F 35S AAR | AAse] TAS
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geis et

PAR=N:) NN ;q]ﬂ‘]. =] % % ]( )
2B AT () = SO 1= pagg = g <1
TEATE (%) qe AR ) 00
5. MOo| ZollE U WRH
Ay o] 23] =(Solubility) 2! 3352 (Swelling power)-> Ahn

HK 5(1990)2] Wi o= 43Itk &, AlE 0.5 g= 50 mL
LA EE Tl A3t S/ 30 mLE 7I8ho] shaking water
bath(SWB-10, JEIO Tech, Korea)ol|A] 50~80CelA Zl&sk
%, 8,000 pm o= 203-7F YA sHATh AAES] FAE

Japan)3}31 o™, FAPAAIE ] 7(S-4300 & EDX-350, Hitachi,
Japan) 2.2 A]8o] ©hH-S- 1,0008] wj&olA BRI
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© & TPA(texture profile analysis) S4XE =435t A
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it E s = Sto] W o] 718 elasticity), 4 3173 (che-
winess), @ H(hardness), -2Hd(adhesiveness), T112]-% %
=(smoothness), HFE Q] 7] 3 =(overall acceptance)2] 6714
Sl thate] AAZH(S5 em)S o] 835t Hrlet=s o
ATk AAE AlsE HE B Fo 621 2] st W
13 BF W2AIZ 5 Aol WA 383 WX ske] £V Al

o
Asta vlel 2ol B %59 W Ak

L

_1.?1_'4

=

10. SAIAE]

A]gt & Duncan's multiple range test= p<0.05 F<=ol|A] -2
& Atk

1. ElstE Eollga Aol
1) a-Amylase A3l &M
a-Amylases BFEHE2] o-D-(1,4)-glucan A< Bl sl
stz gz g EAlst, eskE 28l Al 7t
WA Agshe A Eholth kA o] 40 &4
Aot ghrshEe] i SR8 AAAFIo 2N AF

o
=
A% LS JAXZE F JHKim JH et al 2013). &

Table 2. The operating conditions of a texture analyzer for
texture measurement and tensile strength of noodles

Operating conditions

Parameters
Texture measurement Tensile strength
Probe 20 mm cylinder probe Tensile rig
Pre-test speed 1.0 mm/sec 1.0 mm/sec
Test speed 1.0 mm/sec 7.0 mm/sec
Post-test speed 1.0 mm/sec 1.0 mm/sec
Stain 40% -
Trigger force lg -
Option TPA . -
(texture profile analysis)
Distance - 100 mm

o o)t HOM o furk At
A ZEYAER T AR W a-amylase A3
& Fig. 19] eIt dash] 2EdAES] Frrt
7V a-amylase A3l &AJo] S8kl 2, 8,000 ppm
T A= 85.80%2] vi-$- =2 a-amylase A 35S LER
At} Ikeda K & Kusano T(1983)2] Aol %= WasiA] o
FF7} a-amylase®] A4S Aaf|gtd vt Buste] B A
oF FARSE AE BTt gh, & ATolA] Alzd ¥
Q1 NMD 5, NMD 7, NMD 99l &-f8 washyd dEgAE
g =& 27 50,000 ppm, 70,000 ppm, 90,000 ppmO.Z,
a-amylase A3l €4 @S 213 AHE-E 1,000~8,000 ppm]
GAash HEUAES FRET G4 o8 R R
A19] g-amylase A3l 42 & AFoAA JERE g-amylase
A SR FH =S oz AFREHATH

2) a-Glucosidase A3l A
a-Glucosidase= &% Auke] njA| g2 H1tol
A= g-amylaseol ofal AEAlstE G ©

o} o
2A AU L= F5E JAAA AT s Ad
A 4 ATHKim JH ef al 2013). FA3A dECUAER )
Fol| W2 o-glucosidase A3l &4 A== Fig. 29} At}
A3d DEYAER S g-glucosidase A3l B2 T= o=
Ao g Z7lsl o™, 8,000 ppmellAE 54.8%2] a-glucosidase
A &S JeR AT T3 1,000 ppm, 2,000 ppmI} 7S
2 BEYAEY FEoA % g-amylaseol] H]|3l a-glucosidase
of tiall =& Aall &5 oAtk Kwon YR 5(2014)2
oe] FEHE o] &3t HulFe FEE] a-glucosidase ]3]
24 AFolA F8A4 HoldRrE Bel &9 dFE4 =
Z=u°] 7M=L a-glucosidase A3l 24S WYERAITHL B

| b
_ d . I

1000 2000 4000 8000

==po

Inhibition {36)
=] w - L (=] - [=] el
(=] L=} (=] (=] (=] (=] (=] (=]

=
[=]

[=]

Concentration (ppm)

Fig. 1. Inhibition activity of nondigestible maltodextrin for
a-amylase.
Means with the different letters are significantly different by Dun-
can's multiple range test (»p<0.05).
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Fig. 2. Inhibition activity of nondigestible maltodextrin for
a-glucosidase.
Means with the different letters are significantly different by Dun-
can's multiple range test (p<0.05).

]_
7}

°|

om, 2o]df7} gHE WIHE Aol AEAIAA
A2 Lee HI 5(2013)°] oq;LoﬂH: sk gjal
2 10, 20, 40% TiA| Sl wa} Aol Faj= ol
glucose & 2]o] 2] Fio ,42&;4 oz 7hA
B3t B AFdaE JAsg dEYAE
TVt =555 a-glucosidase®] o] Eo] AHstd
Ae wedsEdd G450 Qe #84 HolH7t a
-glucosidase 4= A8l 5}=d] Roa A}
gHnh ol 2345 & o, dasd —J’EQL’:EQ% g

slEo] ol &49l a-amylase & a-glucosidase &/dS ZA|

ol
e

o LIx o Rl

ol

[e)
=
p
hu
al

Lﬂuﬁm

=
ol
2R

],

N,
o o

UZo 2y B4gE B2 dastn dgE A4S A
3te Aoz Yeht, dAasy dEGAEZ0] HrlE He
Az T o] FE3H AEEHE AL 2 AT = B2
2 % 4 5 Acw AgEfn:

2. Mglo| +ER

washg %EH‘Z:E%J %7]—2‘5_} quﬂ_o

S Ed s 5-0% 3710
22425%°.% JeR} Az dEd~EY
3 A7lte] SEAdEe] foHoez Zlsk Aox q_ﬂ_kl_

. FEARE S AR R WS YeRo] F
Aoz 4 2o A7 QR o8 E4E AL /qe,] %

el vy g F
5':%7_3 gledo] ozt LA D}(Lee SK
01). W23k ulErj]/\Ea]o wo oko] 4o

= w
[ R=

& Shin MS 1
% ﬂom%% P e, e

ol dfre] EAQ 5402 A 011‘4(Kye SK 1996, Lee

A34
Hol| F2E ™ (Lee YS
1

-
o] Bes

&H /\1

)

685

A
ox

Table 3. Water binding capacity of raw gluten-free noodles

Sample Water binding capacity (%)
NMD 0 192.50+4.95""
NMD 5 219.25+1.77°
NMD 7 221.25+3.89"
NMD 9 224.2540.35"

" Means with the different letters are significantly different by
Duncan's multiple range test (p<0.05).

2]
2ol {7t A Ao mX|= J3KJeon ER 1998)2 -
23k Aol A= 2lo]Adf igo] T7FEFE AT 0

T7hetAtka B astela, Aol fol “‘7H“—~ A f\l AFE
7+ Aol tell A& Lee HI & 2
1+ Aol 10~40%= ~7}?ﬂ°ﬂ e} 4
&2o] A 1.9v] S7ste] Aol
& FRUTL stef Aol f

Fhke dgol etk
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1771 T8
ol H7te 8
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e =
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=
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AR urEP*\:} Chung KM(1993)91 Aol A 2ol dH7t
FEE 28 WALE 5%, 10% A7 o] &alwrt =
7kt en, 10%2] %S 7S wele gal=rt A7be
B} ov] Sk ttar Basleic) 3 Lee HI 5(2013)2]
AT E Al A gt 2ol fr= WIS A sHA
= o iAol F7kgel wet 83Tt 5.29~6.12% 5
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Table 4. Solubility and swelling power of raw gluten-free noodles (Unit: %)
Temperature (C)
Property Sample
50 60 70 80
NMD 0 2.00+0.00""* 2.67+1.15° 2.6741.15° 333115
NMD 5 3.00+1.41™° 5.00+1.41% 4.00+0.00" 4.00+0.00°
Solubility NS . b .
NMD 7 6.00+£2.00 6.67£1.15 5.33%1.15 5.33£1.15
NMD 9 6.00£0.00™" 6.00+2.00" 6.67+2.31° 6.002.00"
NMD 0 2.69+0.16™Y 2.86+0.07" 3.09£0.17"" 3.53£0.06™
NMD 5 2.95:0.16"""° 3.0240.11° 3.20+0.07" 3.2240.07°
Swelling power e 5B " A
NMD 7 2.94£0.17 3.19+0.13 3.58+0.06 3.66+0.03
NMD 9 3.120.15"" 3.51£0.28" 3.58+0.11" 3.72£0.10™"
" Different small letters represent significant difference among samples in solubility (p<0.05).
2 NS represents not significant difference by the temperature in solubility (p<0.05).
% Different small letters represent significant difference among samples in swelling power (p<0.05).
Y Different capital letters represent significant difference by the temperature in swelling power (p<0.05).
ol 7Ax He] Bu& Sz Yehd Aybeta A diFol 23 €2 IS W das] BEUAER 0] X7t
2T, TS NMD 5% Aol 276 xe] gvie g wo] Z/1AA we] o] B B2 wx Alo] o F957]
& 2t IS A SR, daskd TR uEes AzbEch A I wElS A2 Kim YA2005)9]
ERle] 7o) 7MW NMD 9°] 7H 28 BEHS U AT E niHe] dashy BEdsE HAriee] S48
ERHISIEE Jeon ER(1998)9] ATIME ol A7k 5% viwle] YEsb gastn FAEE F/hatn Kas
sl Weeol L1k Hol W ST B o @ APt 2E 4 vs 2A4E v
18te] Aol 7t AHES Foltwl GBS F Row U
Eht B A7sh v pde HelFslch 5. Talwel XY U AFYT
TASH MEHAEAS W 2eHe 294 557
4. Mz = Table 63} ZTh Are dAsHd ZEUAE]S HUt
sy BEaEee) JPL Gelsle] ARG AW U4 fold o ghste] NMD 97k 71 sl Lhehgel.
AT E 573 A= Table 59 20 AW Lk d4as) ueba] Gty HEAXAEYE H H7bEdS o He
g wEYAEdY Fuel 2HI5E feldoR dadlyl  ARE 4aA B REUA s 2oz vehith 43
on, bike MO FABG. ol AMel MRl A% BEge dany wEesEd v ALK &
Moz Jae 74 Rgrort 0o B Aol
Table 5. Hunter color value of raw gluten-free noodles T2 dasyd BEYXEY Tk Hls] ke
Fho] A= 2

Color values

sample

L a b
NMD 0 71.67+0.32"" 72740257 14.80+0.46""
NMD 5 69.13£0.35" 7.60+0.10 16.47+0.06°
NMD 7 68.37+0.06° 7.43+0.40 17.47£0.61°
NMD 9 66.60+0.26° 7.43+0.49 18.47+0.31°

" Means with the different letters are significantly different for
each color value by Duncan's multiple range test (p<0.05).
2 NS Not significant (p<0.05).

ZoZ YEtom, NMD 5, NMD 7, NMD
9 Atolell& oA Q1 Apole YERA] itk $34 S A
s SEY2E-Y Hobd whet §oAQ1 Aol YERhA
STk o] AFellA] 2F A A AelAdRFE Hrlshe A
T 21Fe et i Ao® HuEdEt|(Jeltema MA
et al 1988; Ranhotra C & Gelroth J 1988), ¥ Ao M= &
23y SEYXE-o] HrbE AgHe] Axrt agk 2o
2 Ueht SEYXE- FiE Aolifrt Be
Jge F oz HQlth Song ES 5(2001)9] Aol %E
Alel= Az Al Aoldfiel FYrERZASY Ml &
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Table 6. Texture characteristics of cooked gluten-free noodles by instruments
Characteristics (TPA) Tensile strength
Sample
Hardness (g) Adhesiveness (gsec) Springiness Cohesiveness Chewiness (®

NMD 0 1,872.86+20.55""  —58.16£13.15" 0.56=0.10" 0.67£0.03"7  701.68£100.77°  61.36+3.41%
NMD 5  1,908.79+79.78" —86.29+ 9.99 0.53+0.01" 0.69+0.02 701.86+41.24"  62.37+4.37°
NMD 7 1,733.03+29.82° —70.19+14.31% 0.50+0.06" 0.68+0.02 586.83465.00°  60.36+1.83"
NMD 9  1,683.69+15427°  —90.56+15.53° 0.3240.21° 0.70£0.04 370.26+250.99°  57.86+1.28"

) Means with the different letters are significantly different by Duncan's multiple range test (p<0.05).

2 NS Not significant (p<0.05).
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electron micrographic images of gluten-free noodles (x1,000).
a: NMD 0, b: NMD 5, ¢: NMD 7, d: NMD 9.
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Table 7. Sensory evaluation of cooked gluten-free noodles
Sample
Characteristics
NMD 0 NMD 5 NMD 7 NMD 9

Hardness 9.05+2.95"° 7.25+2.88 7.06+3.36 7.01+4.80
Adhesiveness 6.63+3.26™° 6.07+£2.95 6.31+3.45 422+3.07
Smoothness 6.83+3.98" 7.8042.61 8.9442.35 7.0743.89
Elasticity 44242330 6.08+2.78" 5.89+4.02% 3.11£2.52"
Chewiness 7.04+3.60">" 8.12+2.85 7.63+3.70 6.32+4.86
Overall acceptance 5.56+2.94"° 6.41£3.04 6.19+£3.65 4.1543.35

) Means with the different letters are significantly different among samples by Duncan's multiple range test (p<0.05).

2 NS Not significant (p<0.05).
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