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Abstract

This study investigated the quality characteristics and optimal conditions of noodles produced by adding Baromi 2
Garu floury rice to wheat flour. The lightness of samples with floury rice increased, while the lightness (L*), red-
ness (a*), and yellowness (b*) decreased after cooking compared to before cooking. The weight, volume, and mois-
ture absorption rate of cooked noodles decreased compared to wheat, but turbidity increased as the amount of rice
flour increased. In addition, compared to the control with 20% rice flour, GR-20 (flour replacement by 20% Garu
floury rice) with floury rice had lower turbidity, showing less cooking loss. The hardness, gumminess, and chewi-
ness of noodles with floury rice decreased as the floury rice content increased, while springiness, cohesiveness, and
adhesiveness increased. The elongation force and distance decreased as the amount of floury rice increased. There-
fore, the optimal amount of floury rice to replace wheat flour would be 20%. Adding excessive amounts of floury
rice to processed foods requires additional processes, such as adding food additives or changing the processing

method to control physical properties.
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& Yoo, 2013). A Fel|A o] F2412> wo 2 i L7FF7F
ALgE o] ZF2ES 432 JAtH(Nam et al., 2015). ZF
el ko] 7hy A A et 23S SRt

o|H-& 7HAA| ¥k, A 2714 Aot (celiac disease)S -

ety B 759 tHJoung et al., 2017). Celiac disease
ARl g Ao w HAb BR F5, 55 A9, FE F
opeksl A4S @A ZITH(Nam et al, 2015). 22y &2
=54 ZE] AEF F] FE W AR 2 &
A2 B 1= A HJeong et al., 2019).
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A o]a].‘— EMdNS

= E4dg
‘E]-(Park & Eun, 2021). =3 Bol= A7} 7153
o]xg—g— 712 %2 (Vit B, Vit E, P, G4 )t ofyg),
gatsl g, A a3, 85 ZE2HE Ast &9 F
thefsk A4S 7R 2 I EK(Choi, 2012). ool uje} &

Vg olgd 2TH Te HFOR WTES A A
7}% H7F F7)(Lee & Lim, 2013), "H(Choi, 2010), ¥
(Lee et al., 2019) 5 T3t 7132 &l 288 A47F A
%7 thKang et al, 2014; Jung & Yoon, 2016;

Yildiz & Gocmen, 2021). ©]% HF(EFF)= oFAloF XY
oM FHe= an7t 7P wen, seuete] el o
g s oh w2 2022'd A Y] 123%% Skt
%ATHSong et al, 2017; KOSIS, 2023). 3HA1%F 38 27t
e A5 2 ATt Eok 7heE 2AE ARSI oY
o HEER 2 A7 akdel 9] P A el e 248
N ATHE Arks 98 s2AEH A el A
YT} Zrh el oA ESIYER AP E Tl =9
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b, ole] Ak WE Bk AEsp e S
Ty 2B 22 PRo= W)

Q5452 B d
ated 7= ATHHa et al., 2022; Park et al., 2023). ©]Z]

s wlEn 2= A4 AR AL 7 (floury rice)E 7N
HE FEOE, F24 AR AvEEe} Blaste] vl&At, g
7 BE, 7 Al @ SN B o]HS Fral B
IE ATHPark et al,, 2023). WA, B AF= D7FF|
TR (R R2) S g o Fe] HA Alxx
A& ggsta, Axd S F2 54S Ak 8t
AT},
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A M=

2 Aol AFEE EIHREE Aol diEE FEE
(CJ Cheiljedang, Incheon, Korea)S AFE-3}3ith. H7td &
7HEE AlRE oA A AES vtEe 24,
Garu floury rice) 2 H7FFE H] 0% (wheat), 10%
(GR-10), 20% (GR-20), 30% (GR-30), 40% (GR-40) %%
o7 Hrhete] e A ZsA Tt thEF(control)E of|H] 2
A4S Fate] HAHNFAG T A 20%=, Alsl
A == A2 AR Z7F(Saerom Food Co., Inchon,
Korea) 20%E 37}t =4& tZ&+(control)Z A| 23} T}
F7HH o2 4o AF(Hanju Co., Ulsan, Korea)Z XA

Sg B Az

=2 M=

F3E 7FEAS 10, 20, 30, 40%= H71Ee] £ 7L
S Az, AFS 7K wiEsE Azt A
th(Table 1). W& ¥HE7](KMMO020, Kenwood, UK)Z
AHEate] AoflA] SRR wiSE YA 3ug R
sttt wkEo] ' dought® AW 7](HSN-2, Hunwoo,
Seoul, Korea)g AH&-3t] &2 7H2(7.5/5.0/4.0/3.3/2.7 mm)
o7 5AtASIE, & 3mm, T4 24 mmZE ZZE(slitting)
ste] AHS AT AlFolA] A E= 100% 27H
=4 wheat®} H¥F 712 A7HE 20%E H 7 control S
272 ste] dEE 7FEES A7Hs AW 54E M
ETAc Do l=

Table 1. Formulas of noodles with different content of Garu
floury rice

Ingredients (g)

Sample Goru R Water

Wheat aru Houty '€ galt (®

rice flour

Wheat 100 - - 3.0 37.3
Control" 80 - 20 3.0 373
GR-10? 90 10 - 3.0 373
GR-20 80 20 - 3.0 373
GR-30 70 30 - 3.0 373
GR-40 60 40 - 3.0 373

" Control: flour replacement by 20% different varieties rice flour
? GR: flour replacement by different content of Garu floury rice

0| e ola =5

zg Az F F5o) M HElitting)d 2.4 mm F
7o) HdlE FAste] M =A(Model CM-5, Minolta Co.,
Tokyo, Japan)E ©]-&-3le] YER St A== Hunter 3t
WO = (L*; lightness), 22Xk (a*; redness), 3% (b*;
yellowness)Zts ¥& wAdo g BAYS T =Ast)
AEIHAE)E AE = JL* +a*” + b** 2 ALtslon, A
Z¥ A F A HA stainless plateol] AHE =
3 st 2Hzhe] S sk doj2 Udste] 9
Fo g FHEE xtolE AU

}..

r

. _
SEOESSEIES S

=49 Texture  Analyzer™ (TA-XT2,
StableMicro System, Godalming, Surrey, UK)S A}-& 3}
SAstdth. SAHRFIS AEE TPA (texture profile
analysis) . =2 A& ZZH (cylinder probe P/35, 35 mm
diameter, circle)g AMEsle] 53] WHE A3t Hagho
2 wrlskith 2YWE 100°Ce] #E EolA wheat 7
£ control 6%, 7% HrF HE sE Fok 42 & =
=Ygl 18 W7, AL 3E WXt R AA & =
Aottt We] AT W e} o) Mo ol =
Ao 2 A3th W Sem HAo|E o719S HER
plate formell €8 E3 Z2|He THOZHE A FA 9
70% | o] Lojup== 23] Wk QFEfslo], 7 &= (hardness),
€F2 4 (springiness), -3-71/d (cohesiveness), 73/J (gumminess)

[
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Table 2. Texture analyzer operating condition for cooked noodles with different content of Garu floury rice

Item Condition
Test type TPA test Tensile strength test
Measurement type Two bite compression Return to start
Sample size 3.0 x 2.5 x 50 mm 3.0 x 2.5 x 300 mm
Probe 35 mm diameter, circle Spaghetti/Noodle tensile rig
Test speed 5.0 mm/sec 2.0 mm/sec
Deformation 70% 120 mm
Trigger force 0.049N 0.049 N
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2 34 (chewiness), F21d (adhesiveness)S &7 3151 ).
2FA 74 27 Table 201 e AT

x| I HEY FH

2|9 Texture Analyzer™ (TA-XT2,
StableMicro System, Godalming, Surrey, UK)E A}-8-3}<]
=430t =4S AJEE noodle tensile rigs AHE
sted 53] W SA St WHEEpoE JERiY WS
100°Ce] B BolA a2 § 525 Wl 1% Wz, A
< 3% WAE i AA F 43 Y. Tensile rigs
A 71710 | g e 919 oldlE ol 1A S
20 mmz s, FoldA FolAl= M)A sojvt= A
mm)E S35 FAS S =4S Table 2] YE}

Wt

A e

=72 X2|EY &Y

ZEHe 2SS 28 A F F7F Aol & ¥
3l Kim et al. (1996)¢]
ol T2 AxH A

o = =
Al e T B

M 25g7 500mLe] BE £F
& F el SFTE Baske] 500
mLE ZZ3% & 33 A (UV-1080, Shimadzu Co.,

Kyoto, Japan)E AF&3te] B%(675nm)Z =743t OD.
HoE FA
SAEA

RE AL 5YHoR 33 B 53] WHE SPgoR
mean+SDE A SFATE F-24 7152 SPSS 18.0 (SPSS
Inc., Chicago, IL, USA)E ©]&3}9] ANOVA &4 %
Duncan’s multiple range testS AAISFTh 7 Az AF
ol9] F2]Z el ol p<0.05 Fa=ol M HE3IATH

=}

Zzd7p 2 D

=21 X

K

=2 Mz gl ojat

VRS FH7REE 4] A== Table 39 UERHTH 2
g d AW 9L e MR FEol SEsE
GR-10 (71.3), GR-20 (77.8), GR-30 (80.0), GR-40 (81.8)
2 FoMRth 7R AUt SRS WEF SUte)
A=t ole ATFEIE WAL w7 o Zol FUte R
B lTh(Jung, 2020). 3+ GR-203 vt BILEE 713
control®] Wk, AL ZFAT A 207} e o=
A7VE FEC wet A7t bEA Jelhdths A3kt 5
g A7 Ao tHChoi & Jung, 2021). Jeong et al. (2019)
o MEW Fe 2Fo| B, ANE, FHETE 2
A oin] gagthe 2o ot 28 F AR oR Ax
7} ZAaE 28 & HE, MEAE wheat? GR-200]
fFrAFSHA YEbs T 7FRAS ke WMo o ARl
Fig. 19l YET) o 7% HrreFe] S71drs o
ol o} control# GR-102 wheat®t} o] 54 el
TEgl 9] wheatst Mg FAFSE A12 GR-2001%1 2.1,
7HEE HTFFO] 40%E dol A& Wdle IAHAS Y
7HE Al oA dlde] YET o= ol SFEl A
o] glof vk 9 W) A Hedo] FEahr] Wi

Table 3. Hunter’s color values of cooked noodles with different content of Garu floury rice

Hunter’s color value

Sample"
L* a* b* AE

Wheat 76.440.17° 0.2440.02° 15.1x0.12¢ 77.9+0.14°

Control 73.5£0.30° —0.43+0.02° 11.4+0.19° 74.4+0.31°

Uncooked GR-10 71 .3i0.162 0.24i0.015r 15.310.37? 73.0ﬂ:0.102
GR-20 77.8+0.05 0.30+0.06 12.6+0.03¢ 78.8+0.05

GR-30 80.0+£0.17¢ 0.09+0.02¢ 12.240.08° 80.9+0.16°
GR-40 81.840.19" 0.04+0.02° 11.7+0.19° 82.7+0.22"

Wheat 61.9£0.36° ~1.43+0.03" 7.15+0.13" 62.3+0.37¢

Control 59.1+0.07° —1.5440.02" 6.30+0.11° 59.5+0.06"

Cooked GR-10 59.840.26" —1.5340.04" 7.29+0.11° 60.2+0.27"
GR-20 61.6£0.20° ~1.3340.03¢ 8.69+0.05¢ 62.2+0.20°

GR-30 63.8+0.12¢ -1.25+0.01¢ 9.67+0.27° 64.5+0.16°

GR-40 65.2+0.14° ~1.2340.02° 10.10.11° 66.0+0.13¢

! 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. Appearance of the noodle with different content of Garu floury rice. Wheat; 100% wheat flour, Control; flour replacement
by 20% different varieties rice flour, GR-10; flour replacement by 10% Garu floury rice, GR-20; flour replacement by 20% Garu

Control

GR-10

floury rice, GR-30; flour replacement by 30% Garu floury rice, GR-40; flour replacement by 40% Garu floury rice.

Table 4. Textural profiles of noodles with different content of Garu floury rice

Sample"” TPA
Hardness (N) Springiness Cohesiveness Gumminess Chewiness Adhesiveness (N-mm)

Wheat 68.0£4.89" 0.042+0.004° 0.065+0.008" 3.67+0.40° 0.1660.015 —2.05+0.06%
Control 87.9+4.00° 0.048+0.002™ 0.054+0.004 4.43+0.30™ 0.221+0.030" ~2.13£0.16"
GR-10 88.7+1.41° 0.047+0.002° 0.057+0.003® 5.48+0.59" 0.257+0.035" ~1.81£0.12°
GR-20 86.245.86° 0.051+0.002" 0.060:£0.002® 4.90+0.03 0.242+0.018" —1.54+0.06°
GR-30 70.5+4.80° 0.051+0.003" 0.071£0.007° 4.75+0.34" 0.241+0.005° —1.45+0.06°
GR-40 52.9+3.82° 0.053+0.002° 0.073+0.006° 4.06+£0.36% 0.21440.015" —1.43+0.09°

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

2 HoltkSeo et al., 2011). wehA o] HH3 7122
A7V 20% © 8t K]l

o
Bio| TR

7HEE A7 Wel 223 24 A= Table 49 LERH
t}. 7 X (hardness)= wheat 68.0 N2 74 H71al3]
S 7% control (87.9N), GR-10 (88.7N), GR-20 (86.2N),
GR-30 (70.5N), GR-40 (529 N)E YEelsttt. 71228 7}
o] wheatl] Hlste] £ AEE YEpl o 7R Hot
ZFo| S/EFE Are FASAY. Park et al. (2020)°]
W2 A7RE Hol 237}6}% A7FE 100% A FE o oh
v A, &84, 30l F7keithe d7Ad et sdat

Al L}a"/h:]-. 7}—1"%}0] A7re Ao Ay 7R ol
Z7t4E A%, 714 (gumminess), X A (chewiness)<
723kl o ©he A (springiness), -8-3 7 (cohesiveness), -
2} (adhesiveness) 5713 th ol 72 H7FE A
= o B e Aol FUkehAA FAdo] fojAoew
z7 }a—}—t— 2O Btk Fapde AFo] wdd g
= Yo "y 22 A7l 9FS Frh EAEHAY
(Kohyama et al, 2007). ARtz o= 27 ko] 7RSS

DEEREER)
o waha A ke

w9l
Mol 2Age] 9IS Ful, A4Y AlFe wWel FY

A 71sHA wheat, control®l] g Ado] Eo}

heg Aol FL Ao

Aol

o

=
o

o] =

rr

Aoz welth

S
o}

7R J7E o] 217332 Table 59 LERA
t}. Jeong et al. (2019)°] wE2H ZZ|H] AAEE &
A= & force (N)ZF A distance (mm)Z YEPAT B
sttt oo wet ZhRA HUE xEHe] AAEE
wheat (0.342N), control (0.239N), GR-10 (0.292N), GR-
20 (0.287 N), GR-30 (0.277 N), GR-40 (0.229 N)Z U }E}%t
. 54 A3} wheato] 0342NoE 71 E3kow, 7HF
2 gheko] S Fhheke AEE vEhi ey

o
1o
=

Table S. Tension profiles of cooked noodles with different content
of Garu floury rice

Tension
Sample" -
Force (N) Distance (mm)

Wheat 0.342+0.0127¢ ~73.7+8.81°
Control 0.239+0.0103* —54.0+1.65
GR-10 0.2924+0.0006" ~71.0£1.65°
GR-20 0.287+0.0043° —66.9+1.73°
GR-30 0.277+0.0081° -52.1+1.91°
GR-40 0.229+0.0106° —49.3+1.34°

DThe values with different superscripts within a column are significantly
different (p<0.05) by Duncan’s multiple range test.
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Table 6. Cooking characteristics of noodles with different content of Garu floury rice

S o) Cooked noodle Cooking water
ample
P Weight (g) Volume (mL) Water absorption (%) Turbidity (675 nm)

Wheat 56.4+1.33" 201%1.15 122.6+3.03° 0.160+0.003"
Control 50.7+0.44" 191+7.86" 98.242.57* 0.179+0.007
GR-10 51.0+0.83* 194+0.29" 102.0+4.88° 0.162+0.007*
GR-20 50.0+0.48* 194+1.76" 98.2+1.95% 0.168+0.003*
GR-30 50.0+£0.63* 194+1.76° 93.7£3.17% 0.244+0.019°
GR-40 49.24+0.49° 194+1.32° 93.0+1.61% 0.335+0.015°¢

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

control-& 0239NZ WU &Ao] =3 GR-404 SAFsH
Al YERATHp<0.05). A E=2] distance= wheatoll Al —73.7
mmZ 7 =4 YER o™ GR-10 (-71.0 mm), GR-20
(=66.9 mm), control (—54.0 mm), GR-30 (-52.1 mm), GR-
40 (-493 mm) £ 2 7IFER o] ZUEE 7hAs)
= Ao L}E}uq:} o= HiE=9] AIAA A =&
Fe 2RRe) A4 Pl 1RE W gass)
To 7 Holty Wheatd} 7FE A A== GR-109}F
GR-20& FERSiTE

=2 =g =25y

MR H7F AW e 2 EA A= Table 69 LERH
o} 72 AR wheate] FA), 3, FE S
56.4¢, 201 mL, 122.6 %= 7F& A7} &+ ] =4
oy 713& A7t A8 ‘%—71](49 2-51.0 g), 3] (191-194
mL), FEF58(93.0-102.0%)2 2% 2Ho)7t LERA|
A THp<0.05). Park & Eun (2021)01] nEH 85 X
g ZgelA] nPFE] A4S Dl FO=Z, wrbidity(B
5)E A8t Ut F Utk gXE+= wheat (0.160),
control (0.157), GR-10 (0.162), GR-20 (0.168), GR-30
(0.259), GR-40 (0.335)= Utelyith dutz oz 7p24ko)
stefo] 718 4E gyt EFobx O™, wheat, control,
GR-10, GR-202 A5 7+e] f-9]% AZol7t YehtA] 289
h(p>0.05). mebA 7HES H71sE AlE GR-109F GR-20
7F 7P AAdg Ao Holw, 7R AH| HS 95|
T HA H7VERE 20%7F At o dhdE ) gyt
ARl =4 AR FA o 7TFHEEE 20% oIFeE HrbshH
79 FHAEA ] F43] AstEe AR e

2e
A

(=) ok

i =
2 AT WrkRd SRS PHER Aoheke] %49
A3 288 KA, Az S0 FASAE i

ek 2y 7FEE 20% H7REAE el A 2kel 7t
ERA] ekt Bgk 27EE 20% H7HEL controlel] BISH A
7HRE AH7HE GR209] BTt vhol 2] S4do] A2 A
o= ey} 7teERe Ak 240 Ax, A4, 43
& BTFE ol SRS FAsiiien, %a/‘o
A, FAE L S eI =3k bR Hobe] Sbe
T FFH o] il W FAo] oY A
A force (N)Z} distance (mm)e= Z&dkict webd 715
2 2 308 fsl R 2E TR 20%7F A st
o AdEnh mEb T Eel THRES o ket
71 AelX e, 24 2ds el AER7RE] Jh 7
g Wzt 5o F7Hl F4e] Zas] Bl

ru°1' olo n

3 %%*—.‘%ﬁri‘% s
FE 659 vk=En])2 7}t
o] Al 2| -& ol Y = AF Ut
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