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Quality characteristics of noodles supplemented with
rice flour and shell powder
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Abstract This study investigated the optimal amount of shell powder (0.1, 0.2, 0.3, and 0.4%) to add to rice noodles
containing 20% rice flour and compared their quality characteristics to those of wheat noodles containing a commercial
alkaline reagent (added at 0.4%). As the amount of shell powder was increased, the L and b values (Hunter’s color)
increased. The pH, turbidity, and water absorption also increased as the amount of shell powder was increased. However,
when the shell powder content exceeded 0.3%, the hardness, chewiness, springiness, and tension tended to decrease below
acceptable levels. This might be because the shell powder inhibited network formation. The textural properties and pH
value of rice noodles containing 0.2% shell powder were similar to those of the wheat noodles. This suggests that 0.2%
shell powder may be the optimal amount to add to rice noodles when used as the alkaline reagent.
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A R A= dEAY 9 T E T4 shdelth S
Q=9 n]y}_r_oﬂt— 25 =] H_]]J;do] Z—lxéo}yﬂ tﬂ—o ]o]
= g Foll o3yt A T (disulfide cross-linking)S 3 4d 51eq
Jg EFA] ,/} zz]7l—oﬂ 0:16 E q_ D:]%'_ o= BH]—E'-oﬂ U17]__|__ r,H/\
ATREE 7l AlxstaAl sk A7 AlEEo $Th(Seo 5
2011). 7= E7FRET AR o] A os 49w, &
HMZ-L2 prolaminFFo] vi-§- -2 A 21=(hypoallergenic) 427)|©]
B2 orld BEAL AN AEE Rges 238 A4S 28
o] 3 oISl Aol waold £ 5l 4 Lol 2 7]
A% 5 o, WiE o 49| A3 S5
3 7kgel ol $5w A7bRe] Sl um stel 72 94
Slal wxA H7h Bho] Y@ Awolt, Foe
ANEE %7}%P 7ol A 100% 27FE7F obd ©7HE,
AR S A Aok ol WARE W A
z]o] Eq]g}_&oi EE—cﬂ- xJEVdo] /K§7] H 3
o] Bge Rojals IAAE Hrlsle] WS WE A4S Ak
oA B3t 7 AL AT & th(Jeong, 1998) Chungs}
Kim(1991) tde] &3 %}%Wﬂ«l A7yl wet Wk
WA Bl oM ot S7t fivk Rusiglon, daEAle] &
dHlE 9 H7FEF wel 4 S0 A shear force)?t A2F
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£ FAlolth. ool o)B YAY AR A fAT ol
o AAE ThE NAEEe Beale] Ave] B4L F2147)
£ ATE o}y REg Holth, wep, B A7) Bae A
591 AZARTE FESle] WYL WRY A WFS HYs
3 AZES BH7E WA ARg AP BRe] AE, pH, &
A7, 444 5o FQ 54 vastaa sk
LS

NEmE

A=d

475 HE FTEHE(C) Cheiljedang, Incheon, Korea)e A8
39, A7Ee A2 = E AF(Daedoo Foods Co., Gunsan,
Jeonbuk, Koreaye AMS-3FTE W/ H7F ¢7l=IA(Hr] &, &4
ZE 80%, HAUEF 18%, AAMUYEF 2%)= (F)FL
(Kwangil Co., Seoul, Korea)ollA, S| (@ZEH ollo]; 2/dArdt
A4 100%)y> (F)=H2Hd (Dreamline Co., Yeosu, Korea)ol A, &
F(Hanju Co., Ulsan, Korea)> Aol +43t] A3} T

Aol M=

Y7ol A7HE 20%S M7kt ERUHRE Ak, AA
ol gt siZHEES JHUhe vl E Alxzsted AR skt
(Table 1). W& ¥=7](KMMO020, Kenwood Ltd., Hertfordshire,
UK)E AFgste] Aox E37tEel uigtrs ¥ 1087
=3Itk HkEe] Bt & Az WES AW 7] (HSN-2, Hunwoo,
Seoul, Korea)S AM&-3te] wk= 28 704S st 7.5/5.0/4.0/3.3/
27mmeE WFo] 4AstY, £ 3mm, F/ 24mmE A=
Glitting)dte] S A3 DR AF, WRA7IELY
A Hriste Az A/ W rhRol A7hE, &9, UF
A7NSLeAE A7t A7 EEs 2R sl WEEs &
’3& vl A7 A e duddEs B8 #HY Wy
AZ7 20%Z A3+ th(date not shown).

Ho| ME =X
| AdE A 24mm TG HUE wEo] X2 dIt 5o A
=5 ATA|(Model CM-5, Minolta Co., Tokyo, Japan)S A}-8-3}

o] Hunter7t?] L, a, b 3t& Sk HY=E Ul Lt
(light), AN=E YEWE afi(redness), JEE YERf= bt
(vellowness) @ AE=IHAEyE AE=AL’+a’ + b & A4k,

Heo| pH £

Az AW 1gS FAsltd 10013 S/HTE Hriste &§
7](Genie 2, Fisher Scientific, Atlanta, GA, USA)Z &3}3l3 pH
=2 7](Thermo Orion Star A215, Tewksbury, MA, USA)E A&
sl pHE =735

Table 1. Formulas of noodles with different content of shell powder

AN EASEA A 5144 35 (2019)

Table 2. Texture analyzer operation condition for cooked
noodles with different content of shell powder

Item Condition
Test type TPA test Tensile strength test
Measurement type Two bite compression ~ Return to start
Sample size 3.0x2.5%50 mm 3.0x2.5%300 mm
Probe 35 mm dia, circle rSigaf_g,hettl/Noodle tensile
Test speed 1.0 mm/sec 2.0 mm/sec
Deformation 70% 120 mm
Trigger force S5g S5g

Z#He] 2Z7He Texture Analyzer™ (TA-XT2, StableMicro
System, Godalming, UK)E A&-sle] S350t 2058782
A|EE TPA (texture profile analysis)2== AT ZZH (cylinder
probe P/35, 35 mm dia, circle)S AFE-3te] 53] wHE =Adte] H
#oE FIskth W 100Ce] #e EolA ke |
L 4%, =T, SP 0.1%, SP 0.2%, SP 0.3%, SP 04%+<= 12
S a2 ¢ 528 g 187 Was = xeE A=
AR A2ollA 377 WAste] FEE AA & FH3ATh
Hol AR H e} o Alo] Zolx|= AIZFe R A3t
Atk ZEWLS 5om AolR 3712he WHR plate formell &
FIL ZEH FHORRE AHA| FA9 70% W] doju=
£ 23] WHE QFAks}ed, = (hardness), ©H2]/d (springiness), --/3
(cohesiveness), 7179 (gumminess) 3 434 (chewinessyS 5743131
o &4 2712 Table 20 YERATH

oo| A X

Z2|Ae] AL Texture Analyzer™ (TA-XT2, StableMicro
System, Godalming, UK)E ARg-3t] S4313th 2058/
AEE noodle tensile rig& AME-3te] 33] WHE A3t HaAgk
o2 Yeplidtt. Z2We 100°CS] #Fe BellA] Wk He 14
., thZT, SP 0.1%, SP 0.2%, SP 0.3%, SP 0.4%<= 12% <t
e T A-Yo] s2% Ygd 127 Was & xE8 A=
A7 A2A 38 WA et RS AA F FA AL
Sttt Tensile rigs F2Hst & W g 7S 99} ofHl= 7o}
ZHE 20mmz 8, ol A BoAE AN solu= A
ZYmm)E SHFATE S 272 Table 29} 2t}

ZP54E Kim 5(1996)°] s st SA%H =
o] FFe AW 258 500mLe] #Be FR5l 9, Wi

Ingredients (g)
Sample
Wheat flour Rice flour Salt Alkaline agents Shell powder Water

Wheat 1000 - 10.0 4.10 - 340
Control 800 200 10.0 4.10 - 380
SP 0.1% 800 200 10.0 - 1.00 380
SP 0.2% 800 200 10.0 - 2.00 380
SP 0.3% 800 200 10.0 - 3.00 380
SP 0.4% 800 200 10.0 - 4.00 380
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£ U4EZD @2 F A-Ye] 32 Wl 187 Wtk & 2
28 AZ AHUo] A2o)A 3587 A5l & W T TF
S =2AsAnk T, SP 0.1%, SP 02%, SP 0.3%, SP 0.4%
=128 &2 T AXYe 2= Wil 18 WA & =
28 A2 7A-qHo] 387 WAt TS AA & FHE S
Aot 2] 2542 28 AFY FHE S5
Foe FHE 4% 2YUS 150 mLe] S/HTE AL 250
mL& HWEAAG g2 & 37 FIE Ao, 28
He] . F582 the Ao 9sl Fsidh

g AW 25 500mL4 #e TR ¥,
Zgated HE & FE STHRTE RFS)

it 14%71}
SAAL T, SP 0.1%, SP 02%, SP 03%, SP 04%3i= 1227k
a2 F Ao %Et a}& F 2ol SHFE BIe] 500

Z=A(UV-1080, Shimadzu Co., Kyoto,
Japan)E AFE-3l] 675 moﬂ/ﬂ ErE =245l SFEEE ¥4

E’:E— AEE SR oR 33jo1d vk AAJsle] AFAdE o
w3 FFAAE JERAT o4 AES SPSS 180 (SPSS
Inc., Chicago, IL, USA)E °]B~’3}°4 ANOVA #4 ¥ Duncan®]
YA S AT ZF AR Alele] FolAQl Aol
P<0.05 oA AZ3H

et
wo| ME 5%
sizheel H7h gS geislel BE AR zelwe) Ak

24 A= Table 39 Yt #7122
=S vehle Lk dizhed 7kl oe
ot WrhE Mol vjsf ArheE

H7he Awie] 3
#9174 Hol= ¢l

A1 wol Bt o w9

Z1
=

ok Ao AN ks Uehle aghe ZH7he] AlEete] f91%
ztolE YA THp>0.05). AHolA TS Jehle bk 27t
FH(103)7 27N 247}134(109)4 o] o7t AL}, =
2B 02% oS HUKsE He S 73)\-(12 4)0] Z7ksk= A
o] UEdt) MAZ] AERRS A7MRE A7k He 743-749
2 o)A Aels L}EMV] e%?k%lﬂ*(p>0.05), WHFHE 7132
AZVRE FH7KeE W vls)] 2 3g Jepiith AR E A
7¥3k uqsq ol FAE gro] WrLRE HlE] &S S vehd
olfi= A7HFo A7 JIF rﬂl—E’c% Zow Holw, 7L L]
%ﬁﬂ%ﬁﬂl o AE Wshs fTHp>0.05). 2 HE A |
3 Lt bak, AERLe] Zradhe el LPE}”E} W] Lgk
< Sz ol 57}6%& Eole AT BAvhr=0.977,
p<0.05). @7HF W 5660% A7MEE 247}6P HEY et
STH(57.8). R Aol 7 B bake SNk 73
go] LR THr=0.952, p<0.05). Kim 5(1996) 27}we] &
Ams dZAd ot FrRithe AR 23S BAs
P, Kim 5(1973)0] wER tiAl2e] F7t vlge] w25
£59 ‘:‘01 W77b golxval Bsily, ERde FEES
A7Vt S5 (Parka}t Cho, 2004), £ Eo3 dr]x Hup =4
(Jeon &, 2005), P17} 2lold/E H7IS =4(Kim 5, 1997)5
o] HE7F Hrbgel SUHEE At B ST aghe

<]
o)
=

0 v

J}m_n_\

kR Ho] —02602 7P =k, dzhE Hulge] wie 7
&she Aol Jeldth ZeHe Like 7R 7§50
FFE e AL ¥ F DT, A zH| o] Aol
AFE B T ANTh ol £ BES 7K S (Kim, 1998)
o] agt 7;&—5}911 b%,\—% %ﬂ’é}ﬁﬂ% JJr&}~ = Eag =

|:|10| pH =X

HzpE o] 747}31 < 228l vhe AW pH A3& Fig
1o Jehi et 4284 04%)S F713 DrReae] pH— 9.20,
LA A (04%)SF B7HE20%)E H7HeE Me 93008 97
ztol= $ATHp>0.05). E7HEHS &71F Aride] sdg pH
£ Ho] A7FRE QI3 pH ®Bisle gle AR Helvh sjzH
4 H7ket SP 0.1%, SP 0.2%, SP 0.3%, SP 0.4%<] 73% pH

Table 3. Hunter’s color values of cooked noodles with different content of shell powder

Hunter's color value

Sample "
L a b AE

Wheat 70.6+0.52° -0.91+0.06° 10.6+0.12° 71.3+0.52°
Control 73.5+0.20° -1.13+0.01° 10.9+0.10° 74.3+0.19°
Uncooked SP 0.1% 73.5+0.42° -0.82+0.01¢ 9.81+0.01° 74.2+0.41°
noodle SP 0.2% 73.240.13 -0.94+0.01° 12.4+0.32¢ 74.2+0.16°
SP 0.3% 73.9+0.09 -1.18+0.01° 12.0+0.09° 74.9+0.09°
SP 0.4% 73.6+£0.20° -1.13+0.02° 12.6£0.12° 74.7+£0.17°
Wheat 56.6+0.59" -0.26+0.05°¢ 3.76+0.10° 56.7+0.59"
Control 57.8+0.11° -0.52+0.01¢ 4.40+0.01° 85.0+0.11°
Cooked SP 0.1% 61.2+0.10° -1.03+£0.01° 5.05+£0.01° 61.4+0.10°
noodle SP 0.2% 62.440.14¢ -1.08+0.06° 6.18+0.07¢ 62.8+0.13¢
SP 0.3% 64.1+0.14¢ -1.4840.02" 6.99:£0.04¢ 64.5+0.14°
SP 0.4% 64.5+0.15° -1.59+0.01° 7.1240.04" 64.9+0.15¢

The values with different superscripts within a column are significantly different (»<0.05) by Duncan’s multiple range test.
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Fig. 1. Effect of shell powder on the pH value of noodles.

= 74zh 871, 9.99, 10.8, 11.12 FzlEwe] Hrlako] Z7}3te]
w2l pH7} oAl 43S YERAATH=0.961, p<0.05). §HHo
T A B H7KeE ™ (Lim 5, 2003)8] A$- A FF 2
9] pHE WiHETe® Axd thxto Hlsle] 7|2 &
A7vol kst wEl pH/b AAF W AsdE B 2 4
Aol zpolE Btk GAEAE HZHEEE diAlske B9
7tk dZEA ] ANkt Arlslelws gzl e vlsgt

E Jep Ao siziEde] A9 dhe|A| HrrEel| iv)sted pH
7t B& olfe T Al B2 A2%(1,20000)90 Al ske] 7
AR Az Aol 7|QUg Aoz =

=

u
=
=

()

"O"%,

ojo| =X|Zt =X

ztge] A7F vES dEjste] v AR 23 54 4
= Table 49} 72t} W7FFHE] Z = (hardness)= 42.7 No.&2 2
7HE H7FH 345 Nel| vl A Jeptth sizhade JHrhkst
HE Hrtge] Boldes Amrt Skske Ao=Z Jehydth
(r=0.951, p<0.05). E71F W] HAEE 427 N2 HZ-EZD 02%
A7kek Al5e] 439 N} fARSE A3E YepQLt. ol Wb
FiS LT WSl U2 Hrte A W] ARE =
the A7k FARE AES HERHITK(Shin 5, 1998). Hong &
2004)& Folw& H7hgel wheh sk tlzTel Hla) =90t
3 BAsiley @, sAAxvRsE(Jeong 5, 2008), Y=e]
7HE S (Jeong 5, 2007), §-HEL(KimZ Yoo, 2001)= H7Fst =
FollMe Arrt Faste AoR veht HrHEe] FRl uet
=5 AR & 9IS FE ZoE eyt wHe @A
(springinessy2 H7 1 (0.0119 Nype| 7P =9kom wjzHEe 02%

Table 5. Tension profiles of cooked noodles with different content
of shell powder

Tension
Sample
Force (N) Distance (mm)

Wheat 0.382+0.022¢ 37.0+1.92°
Control 0.201+0.021* 25.6+2.20°
SP 0.1% 0.256+0.016" 30.9+3.90°
SP 0.2% 0.386+0.010¢ 42.0+£3.07¢
SP 0.3% 0.376+0.034¢ 41.9+£2.42¢
SP 0.4% 0.319+0.023°¢ 29.1£1.55®

The values with different superscripts within a column are
significantly different (»<0.05) by Duncan’s multiple range test.

A7k W0.0114 N F24 z2ole §lithp>0.05). 2715
A7k We AvH oz Urke giv] @¥Xie] HojXe TS
Bk w22 we ek We SP 02%7F 7P =93 (0.0114
N), sHzbEere] sheko] SP 0.3% (0.0101 N), SP 0.4% (0.0090
N) 739 W] geXo] Holx|= 7S Hol AR T ol
2 Hristd ggo] Holxle AeE HYTh ANkl 2AE
B Uy JErb B%on, o|9f fARE AT Hols
AL SP 02%7} E7HEA (04%)S H7Fe WrkEEs) v 2
A7 YeRi AT

Ir

Bio] MIY &

[

shzbee] A7} NlgS delste] mE zelwe] A4 24
Ak Table 59 VEhiRc Zelde] 4L wo] Zojd

N

7EA19] Uk Force (N) Distance (mm)E %71381392H, F+ Ft

mmell Hl3} @A vEebstth sizbdS ks Wel 735 Sp
0.1%= 0256 N2 L7HE |ETE 274d0] Wgtom, SP 0.2%=
0386 N2 271E (0382 N) 413 A4S ®wook o)
Z}3kko] SP 0.3%, SP 04%E 0376 N9t 0319 NE SP 02%
oA AgAo] 7 EXT7E SP 03% o A rshE AlgAde]
ol = Ago] Yehgtth o] Ade UrhE WHel gZe #Hst
A e o)3slrtwAd $h(disulfide cross-linking)S 571417
37t S7ksh, WiHlel v o] YRS et Thwdd
2 FHEe Aot gadite A7zt A3t (Rombouts
S, 2014). b DUFRERS fARE 2AZRS Foah] Q184
A3 dzETe] Hrige] Had Aoz HoHth Kim &
2007y 4t I FEEY] 272 B9 2% Ui 2
o] A% dizzEn AFEe ST 4% HIH felde

o

O

)

Table 4. Textural profiles of cooked noodles with different content of shell powder

TPA (N)
Sample
Hardness Springiness Chewiness Gumminess Cohesiveness

Wheat 42.7+1.94° 0.011940.0003* 44242.01° 36.6+1.87™ 0.00850.0002°
Control 34.5+1.23% 0.0103+0.0003" 28.3+0.11* 27.2+0.91° 0.0078+0.0000
SP 0.1% 39.3+2.62° 0.0110+0.0004" 32.7£3.00° 29.5+1.69" 0.0074+0.0003*
SP 0.2% 43.9£1.27% 0.0114+0.0017 45.4+2.53¢ 39.620.40 0.008940.0002™
SP 0.3% 45.2+1.14 0.0101+0.0002" 43.6+1.87° 42.6£2.41¢ 0.0093+0.0003¢
SP 0.4% 46.7£1.52¢ 0.0090+0.0018" 32.1x1.31° 35.6+3.28" 0.0075+0.0005"

The values with different superscripts within a column are significantly different (»<0.05) by Duncan’s multiple range test.
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Table 6. Cooking characteristics of noodles with different content of shell powder
Cooked noodle Cooked water
Sample
Weight (g) Volume (mL) Water absorption (%) Turbidity (675 nm)
Wheat 48.2+0.35° 45.7+0.64" 90.9+1.41* 0.36140.021°
Control 49.9+0.34° 48.9+0.95™ 98.2+0.88" 0.618+0.092¢
SP 0.1% 54.6+0.71° 54.4+0.92° 117.44£3.17° 0.739+ 0.057¢
SP 0.2% 52.5+0.65¢ 52.0+1.80¢ 109.3£3.17¢ 0.504+0.084°
SP 0.3% 51.1+0.78° 50.8+1.44 102.3+2.38° 0.342+0.074"
SP 0.4% 49.0+£0.44 47.0£1.71™ 95.5+1.45° 0.059+0.031°

The values with different superscripts within a column are significantly different (»<0.05) by Duncan’s multiple range test.

2 7Asl dAH e dFS AES Kol vl R
Hch weEbA, "tk A7hEe] SR el mEr =] A
Ao & S FE AR HAAY o] AFME s
= 02% H7keh A7HREHE GZEA 04% FAU7ESE Wl
H| Sk 2174442 eIt

HMo| x2|ISM &F

Hzhgke] Hrh v&-S gelste] e Awe] 254 A3
£ Table 6o YERNTE ZejHe] FA 9 Hy|, FREFES
U712 vls] &7k Arpael A UEldth(p<0.05). °l&
A7pRe] MEAo] Wyl ARBY FE F8E T Bol 3
E Aoz BAY Kim 5(199%6)°] %23 =2 ¥A Z7h=
B3y Z71e} Jo] AAAAS By By Azl dx|si,
FZd e} (Park3} Cho, 2004)S} S ZH(Kim 5, 2008) 7o)
ST E T Furt SUtE d7rAde 9 sk
o} SIAIRE, 1A (Lim 5, 2003), <=Hle AU (Lee 5,
1999), 7FF=2kPark 5, 2003) H7Hgo] S7HErE S F
97t ZAasidths Bagks g A3, i we st
He HriEe] S7F 45 ZHY FA(=-0.988, p<0.05)%}
3 (r=-0.979, p<0.05), TEFTTE@=-0.999, p<0.01)°] Ro}A]
ZAgro] VESITE. Jeong(1998)S A7t AS ARREF 2pHe] B
Z77F WA et o= EZEAE Hrete] Axd w
Aol ¢S Xdsly| wEolga Byt g H
7teFo] Z7F Toll wE) He] 2AE ¢S XU Ho] FA9
5y, FEEFFE0] gasle Ao® B xeHy Fo ¥
o] §EHL HEY HEE o|gsle] SAsIh AT A
0.618)0] L7FEA0.361)0 Hla) B=7 =74 VebgEd, Park
3} Cho004)= Z2] 5 We] I Aol AXH gt =
oItk B it o] AFelM= A7ERE HrhHe] HiEdo]
z2] Foll Bl §F Ho] HErt ot X AR Bty ¥t
FHE xg Fo iR ZFEe] YEYIAE o|Fo] HEd
o] &&& A ARl A= Azt HzEd HrpEe szt
T el FUN dE ghe YWorle A¥S Bt
(r=-0.995, p<0.01). ©] Ax= ZELS Hrige] Z7t gl
2} Hel AR 2Z o] U XUsH o] HE gFo] it
= 3oE Azt
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