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ABSTRACT

This study examined the effects of incorporating Solidago virgaurea subsp. gigantea (SVG) powder into noodles at various
concentrations (0%, 3%, 6%, 9%, or 12%) on the quality characteristics and antioxidative properties. Increasing the SVG
concentration led to a decrease in moisture content and pH and an increase in salinity and turbidity. The water absorption
and volumetric expansion ratios peaked at 6% SVG and declined at higher concentrations. Color analysis revealed a decrease
in lightness (L-value) and redness (a-value) as the SVG levels increased. The textural properties, including hardness, adhesive-
ness, springiness, and chewiness, decreased as the SVG content increased. Among the samples, noodles containing 6% SVG
achieved the highest overall acceptance based on appearance, flavor, taste, and texture. In addition, the incorporation of SVG
significantly enhanced the antioxidative properties, as evidenced by the increases in the total phenolic content, total flavonoid
content, DPPH radical scavenging activity, and reducing power as the SVG levels increased. These findings suggest that 6%
SVG is the optimal blending ratio, balancing enhanced quality, palatability, and antioxidative potential in noodles.
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B A7 FAEY SevddE 2021d 1€ kgt
Az 25244 AF Fofste] AHgsiith 25w
#H= 4171(MP1015, Housoen Electric Manufacture Co.,
Ltd, Jiangmen, China)Z F7| Zol Ty ETWA(60 mesh
testing sieve, Chunggye Sanggongsa, Seoul, Korea)ol] |4 —
70C2] Y53 (NF-400SF, Nihon Freezer Co., Ltd, Tokyo,
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Table 1. Formula for the preparing of noodles supple-
mented with Solidago virgaurea subsp. gigantea powders

SVG powder addition ratio (%)

Ingredient (g)
3 6 9 12

Wheat flour 250 242.5 235 227.5 220

SsvVG" 0 7.5 15 225 30
Salt 3 3 3 3 3
Water 115 115 115 115 115
Total 368 368 368 368 368

Y SVG: Solidago virgaurea subsp. gigantea.
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49| x| E4oA 8 F5&(water absorption ratio)
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A7 5 218 O3 Ao T3] 2243 S w4
© 2 TPA(texture profile analysis)E A E3F T3 5.00 mm
21739] 93 probe plungers A&kl Z27HE 541901,
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99% olle-& 90 mLo} &5 B¢ H7F T 10 g2 ¥
3 FEEE QT FEE-2 254 Ultrasonic homo-
genizer(KUS-650, Ningbo Scientz Biotechnology Co., Ltd,
Ningbo, China)E A}8-3ld 25 kHz$F 300 W] 222 20
7 FE3h0] Axzetsth 4zke] %52 Whatman No. 2
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=9 % ¥& 3K (total phenolic content)> Folin-
CiocalteutH2 313k Yu L 5(2002)2] WHo 2 =331
t} 2 N Folin-Ciocalteu phenol reagent 400 pL9} F5{F<F
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T=3A%E gallic acid(Sigma Chemical Co., St. Louis, Mo,
USA)E Adiste] sz Adde 2Mde & §3=5
33] WHE3le] mg garlic acid equivalents(mg GAE/ 100 g
extract) & AFE3IATH

o9 F ZeHEwo]= FaKtotal flavonoid content)<
Davist < -3-83F Um HJ & Kim GH(2007)2] WHeow =
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hydroxide 0.2 mLol| Z}7zte] A& FZH | mLE Yol 73
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e EFEZZ quercetin(Sigma Chemical Co., St, Louis,
Mo, USA)E AEste] sl s AE3dS A4 £ 5%
TE 33 ¥HE =743l mg quercetin equivalents(mg QE/
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=<2 DPPH &tz 44 &4 (DPPH radical scavenging
activity)< Blois MS(1958) “'HS &85l =43t
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Table 2. Moisture content, pH, and salinity of noodles supplemented with Solidago virgaurea subsp. gigantea powders

SVG" powder addition ratio (%) Moisture contents (%) pH Salinity (%)
0 61.29+1.57% 6.66+0.11° 0.01+0.01°
3 59.57+0.38% 6.37+0.04° 0.02+0.01°
6 58.78+0.42" 6.3120.03° 0.02+0.01°
9 57.17+0.95° 6.17+0.02° 0.03+0.01°
12 54.03+2.00° 6.12+0.02° 0.03+0.01°
F (p) 14.716 (<0.001)™ 45.864 (<0.001)™ 5.700 (0.012)"

Y SVG: Solidago virgaurea subsp. gigantea.

? Each value represents meantS.D. (n=3). Values with different letters (*%) within the group differ significantly (p<0.05) based on

one-way ANOVA followed by Duncan’s multiple range test.

™ p<0.01, ™" p<0.001.
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Table 3. Cooking properties of noodles supplemented with Solidago virgaurea subsp. gigantea powders

SVG" powder addition ratio (%)  Water absorption ratio (%)

Volume expansion ratio (%) Turbidity (O.D)

0 65.00+0.00°? 105.56:0.80° 0.42+0.02°
3 78.75+0.00° 106.35+0.00™ 0.56+0.00°
6 86.75+0.00¢ 106.98+0.96° 0.63+0.03°
9 68.75+0.00° 103.13+0.00° 0.760.03°
12 53.750.00° 103.49+0.32° 0.82+0.00°
F (p) 39.873 (<0.001)™ 26.855 (<0.001)™ 157.587 (<0.001)™

Y SVG: Solidago virgaurea subsp. gigantea.

? Each value represents meantS.D. (n=3). Values with different letters (*°) within the same group differ significantly (p<0.05) based

on one-way ANOVA followed by Duncan’s multiple range test.
" p<0.001.
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Table 32} 2t} & S<&(water absorption ratio)< =
melF B 6% d7kre] 86.75%2 7HE E9kn 28]
Z B 12% F7kto] 53.75%%E 7HY S tH(p<0.001).
3] 3 %-E(volume expansion ratio)s =319 F £ 6%
7hEo] 106.98%% 71 =9ta £2n|d3 22 9%9} 12%
7_@7]—?‘01 Y7} 106.13%9}F 103.49% 2 71 B3 TH(p<0.001).
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7FA1Z1THCho YH % 2014; Kim MH 2022). o]u} =<2 &
B F7F AYAA %}o}ﬂﬂd A GAF o] Aol ofks)
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2014; Kim MH 2022). Park BH 5(2017)& #A™ 3} o] =
T AA Y] Fi Gl AeisE FF S8 o TR
gt FE FEE A =S o dEe sl TR &
LolA w3t dvta Hauslith 293 B AUl =
Fo| FE e 2SI H7HEF STkl whEt 59.57%0
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227 Atz oo™ 4= 9l t(Singleton VL & 1965; Nam
YH 5 2010). 22} & Ao 5093 B2S 6%
A ZA7Ve 7S 223k tigk 7| sxrt 7P =Sk ot
2hA £5193 B8 6%/ A Ie] S5
&3 5§39 5] ket Ao Sdlol] B s
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Z1zko] Adelo] F4 el =gel 2 3o R JgEnh

3) Al
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o] Z71&4E 4] AMAto] A o] TYAHA 3% A
71ro) 52.38, 6% A7kl 44.16, 9% H7kro] 38,
A7}to] 3429 o7 Wyl 7HAaET Azl a3ke
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Table 4. Color values of noodles supplemented with Solidago virgaurea subsp. gigantea powder

SVGY powder addition ratio (%) L a b
0 78.75+1.40% —=3.02+0.12° 20.48+5.18
3 52.3843.69° —3.71£0.04* 18.03+1.63
6 44.16+2.78° —3.73+0.28" 17.30+1.88
9 38.78+4.13% —3.76+0.24° 16.76+1.56
12 34.2942.17° —3.68+0.03° 16.59+0.40
F (p) 103.062 (<0.001)™" 9.980 (0.002)" 1.056 (0.427)

Y SVG: Solidago virgaurea subsp. gigantea.

? Each value represents meanS.D. (n=3). Values with different letters (*"%) within the same group differ significantly (p<0.05) based

on one-way ANOVA followed by Duncan’s multiple range test.

* p<0.05, " p<0.001.
n|oF o] ISR FAEE A4S Ao R e
ot AT Fhl oA Q1 Apol= (AT

B AT Al FngF EEY Hrle] SUHEs
2 Lt} aghke 7AsId o bak2 AT 11l A3 Aol
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T 25193 S0lUe Eetixol=e) HETIER 5
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=

} =4(Park BH &
2014c)oll M= BEAIEA S H7bdo] sodTE LaT bk
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< Sk o]¢} o] FAlgs 7 tel| mpE AMe 37 A
7 g A 7] v 54 7R A7 A
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93 BT MUk 349 V1A
3l A3l Table 59 2t} 7 X(hardness) & <= L
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o] 7yl SRR I Axrt aste] Frele
Z227+s 7R E Aoz YEldt}h 32X (adhesiveness) <
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ARZ A 227 B ME dubdor 348 &
Ao §F5e $o probeZt A REFE Hold wf o
gl o 7 A oldtiFoegeding EA & Drake MA 2007). 3 ¥
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(Lee SY & Kim YN 2017). o] #gol|A] o] WaFo =
H 1=90] WAo] B2 YER ™ (Zheng Y

() @ho] 55 T o] Avkar A E = UrKLee SY
& Kim YN 2017; Stable Micro Systems 2024).
Bk 0%9} 3% H7ktol —105.16 13 —99.34 J
7P =k, 5u93 B 6% ol MR 12% A
TR S —41.06 JEE] —11.70 J2 FLaHA] 71 wo}
593 g Aol EoldaE FEde HA
2315 tH(p<0.001). €2 J(springiness)> =193
0%<} 3% F7}to]l TLsH 0.83 mmoO =z 7P E=ga
SH9H 2 9% 12% H7Hre] 0.67 mmet 0.66 mm

HU m.lo
offt oft
e
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oL
X

E":l—
o
=
o
Z 7P Wk th(p<0.05). A8 (chewiness)< 51|93 &
o 0%2} 3% A7ito] 2,617.60 T3 2,271.072 7F8 =941
50|93 B 12% H7kol 497.88 12 71 SolA] &
Sy BEE US40 JEdo] skt
(p<0.001). 2HY -3-3’d(cohesiveness)S 0% F7+HFH
6% A7 E LA 052 7P B=0a SEn| 9

B 9% HrkEREE HA gashe Ao yepdou A
= 7kl Aol glgleh

 dTeliE 5T H wael Ak soldss
A&, FA, @, QA Sol BT ghadhe Aoy
e, S8V o] AT solEFE 5] F
B E5eT 2 gAge] B kel 3] 221k
A GFE FU7) WREe® Atrdr)h vt £ A
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Table 5. Texture properties of noodles supplemented with Solidago virgaurea subsp. gigantea powders

a d?:i?;((i f;;(tdi;;) Hardness (N) Adhesiveness (J) Springiness (mm) Chewiness (J) Cohesiveness
0 6,290.24+121.10% —105.16+13.28" 0.83+0.06" 2,617.60+212.43¢ 0.500.03
3 5,387.26+364.22° —99.34+52.26" 0.83+0.05° 2,271.07+348.32 0.50+0.03
6 4,215.80+288.40° —41.06+4.01° 0.79+0.14° 1,636.89+272.40° 0.50:£0.04
9 2,636.76+822.77° —24.80+£10.22° 0.67+0.07° 921.26+400.49° 0.49+0.02
12 1,404.76£174.50° —~11.70+4.61° 0.66+0.16" 497.884+99.93" 0.47+0.04
F (p) 109.059 (<0.001)™  15.276 (<0.001)™ 3.112 (0.038)" 48.080 (<0.001)™ 0.591 (0.673)

Y SVG: Solidago virgaurea subsp. gigantea.
? Each value represents mean+S.D. (n=3). Values with different letters (*"°) within the same group differ significantly (p<0.05) based
on one-way ANOVA followed by Duncan’s multiple range test.

skok

* p<0.05, 7" p<0.001.
slo] AWbA o7 A FA] G FFS LS Aoz U A EUTHp<0.001). LAY ETHAHE 6% 1 7t Al
eyttt 2ev AF UF 2% s Uehlle S8 AT VIseE AHa A4stER 50939 g S0
S5 EH B b Sk dgS WA ge Aoz JIFE A vAA R 6%~9% HAE H7ske Ao
TETHKim MH 2022). # 7lsmd 3AA JFS FE Aoz BorE:
3F 713 %(flavor acceptance)= 231|A3 2 0% H7)
2. 220|945 2ot Hy| 249 ST} o] 307402 Jg dgko} £8u|d B Hrlar]
SEngz Ba Hrp 250 VaeE ok Azke Sl wEh 6% kel 673 R TP ESkthp<
Table 67} 2t} £81|93] B 6% H7kwo] o 7|ax  0.001). FSVHF o] AR Fo] 7|akd] 2G4
(6.937), 3 715 %(6.737), Bt 71 5 %(6.80%), A 715 IS FE Aoz Asdnh 28y E5R9HE 6% ©l
T(6.537), AurAQ 715 E(7.00%)A 7P =Tk A7 Al VsEe FA gAsiEE g5rd3 e
2]¥ 7]& % (appearance acceptance)= =357|9F 6%~9% °1’d F7keHA &= AL F2 Ao dddnh
0% H7hro] 3538 02 714 wgkon) £2n9 Ea A gt 7] S 5 (taste acceptance)= &5 7<GH £ 0%} 12%
7}ko] Zr1etol| Wil 2718l 6% Arhto] 6.93F ez 7 H7kro] A7 3.008 % 3.67H 02 71 Skl 6% H b

Table 6. Sensory acceptance score of noodles supplement with Solidago virgaurea subsp. gigantea powder

a di?;fz f;::)deg;]) ‘/:ff:;zf: Flavor acceptance Taste acceptance Texture acceptance  Overall acceptance
0 3.53£1.50™ 3.07+1.58° 3.00+1.60 4.07+1.28% 3.93+1.49®
3 4.53+0.99° 4.93+1.22 4.80+1.32° 4.93+1.10™ 4.73+1.03°
6 6.93+0.96° 6.730.96° 6.80£1.01° 6.53+0.92¢ 7.00+0.93¢
9 5.67+1.23° 5.53+1.36° 5.53+1.64° 547+1.41° 5.801.70°
12 4.13+£1.36™ 4.13+1.55 3.67+1.50° 3.20£1.37° 3.20+1.32°
F (p) 18.155 (0.001)™ 15.779 (<0.00)™  16.520 (<0.001)™" 16277 (<0.001)™  19.402 (<0.001)™

Y SVG: Solidago virgaurea subsp. gigantea.
? Each value represents mean+SD (n=15). Sensory acceptance score were evaluated using a 9-point hedonic scale (1=disliked extremely;
9=liked extremely) to assess the following sensory attributes. Values with different letters (*~) within the same group differ significantly
<0. ased on one-wa ollowe uncan’s multiple range test.
0.05) based y ANOVA followed by D ’ Itipl g

sokok

p<0.001.
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o] 6.80F 22 7 EJTHp<0.001). =E1|FFHE 9% o|4
A7} Al ?f%j: 7l AL o 2 QI8) Bt 7|57} Ak B

2 2SHAHE 9% o AUk 2w Aol £& 3R
Atz ETh
Z2 7} 7] 5 Z(texture acceptance)= =51 AH B 6%
H7hro] 6.534 02 71 Eda £5ngA £ 12%
7heo] 32058 02 71 SSktHp<0.001). £51IHHAE 12%
ol A7t Al 2AZ 715 =Tt AA S AstEBR 49
222 71E 55 Eo)7] i E 289 F HEE 6% #
7behe Aol 7P & Zlow dddr.
AubA 9] 7] Z % (overall acceptance)s= =51 F BT

6% H7kre] 7.008 2 7 =k 50|93 B8 9%
H7ko] 5.80%, 3% A7l 4737, 0% A 7kEo] 3.93%4,
12% H7kto] 3204 o2 YA Yebgth(p<0.001). ]2

g 715w Hrt AFE TS W £50HF 22 6%

H7hto] BE SN 7H) £ 715 eE 7 Ao
el E5795 2E 6% 7<47}o}— Aol 7|5 %8} =

4g BF ¥Y + 9t AAo) g A,

=
oM gH BT HUF I gakst 24 54 Hdae
Table 79 YERA. & dls e 25093 22 12%
7ol 9.49 mg GAE/100 g© & 7F4 =9k 0% 3 7hto]
1.99 mg GAE/100 g© & 7} @tth(p<0.001). & ZapH
ole e eZn|dF B 12% Hrhte] 1.88 mg QE/
100 g© & 7P =3k 0% H7}e] 0.62 mg QE/100 g =
7HE RStk p<0.001). &51|9H ¥ H7t 59| DPPH
2}tz 42484 (DPPH radical scavenging activity)< <21

m|\

N

HolA| o} Akt
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Table 7. Total phenolic content, total flavonoid content and antioxidative activities of noodles supplemented Solidago

virgaurea subsp. gigantea powder

SVG" powder Total phenolic content  Total flavonoid content DPPH radical scavenging Reducing power
addition ratio (%) (mg GAE/ 100 g) (mg QE/100 g) activity (%) (0.D)
0 1.99+0.01*? 0.62+0.02° 55.151.97° 0.07+0.00°
3 3.730.04° 0.9120.04° 63.50+1.09° 0.20+0.00"
6 5.36+0.02° 1.24+0.05° 72.29+0.81° 0.55+0.04°
9 7.5420.00° 1.56+0.06" 79.08+0.99° 0.76£0.04°
12 9.49:+0.10° 1.88+0.00° 84.29+0.47° 1.08+0.07°
F (p) 10,995.888 (<0.001)™ 455.868 (<0.001)™ 297.408 (<0.001)™ 335.299 (<0.001)™

Y SVG: Solidago virgaurea subsp. gigantea.

? Each value represents meantS.D. (n=3). Values with different letters (*"°) within the same group differ significantly (p<0.05) based

on one-way ANOVA followed by Duncan’s multiple range test.

sokok

p<0.001.
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