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Quality Characteristics and Antioxidant Activity of Muffins Prepared
with the Addition of Tetragonia tetragonoides Powder
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Professor, Dept. of Food and Nutrition, Gangseo University, Seoul 07661, Republic of Korea

ABSTRACT

This study sought to investigate the quality characteristics and antioxidant activity of muffins prepared with the addition of
0, 1, 3, 5, and 7% of Tetragonia tetragonioides (Tt) powder. The weight, height, and moisture content of the muffins were
higher in the control group and the 1% addition group, and lowest in the 7% addition group. There was no significant difference
in volume between the control group and the 1% and 3% addition groups. The baking loss rate was the lowest in the control
group and increased with the increase in the amount of Tt powder added. Conversely, the dough yield was the highest in the
control group and decreased with an increase in the amount of Tt powder added. The lightness and redness on the outside
and cross-section of the muffin grew darker, and the red color grew lighter with the increase in Tt added. The yellowness
showed an opposite trend, and the yellow color grew darker as the amount of Tt powder added increased. The texture, hardness,
chewiness, and gumminess decreased with an increase in the amount of powder added. However, there was no significant
difference in adhesiveness, cohesiveness, resilience, and springiness. Total polyphenol, total tannin, total flavonoid content, and
2,2"-azino-bis-3-ethylbenzo-thiszoline-6-dulfonic acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activities were the lowest in the control group and increased with the increase in the addition of Tt powder. Based on these
results, it is believed that it is appropriate to prepare muffins containing Tt powder, which has functional properties such as

its antioxidant activity.
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A F-Z 3N Aizoaceae)ll &= W& Z(Tetragonia tetrago-
noides)= FWAMNE A X, vite] A5gta Bee thday
QA A E 7 Hol| Zo] ¥ 40~50 cm H = Algtw, o]
7] A AFHst] Yoz 283y 7ol F2a}o]
© & AFg3TKChoi HI 5 2015). W 2= 23t 2
7143 vElRl A, HlERR Bwo] F
diterpene, flavone, cerebrosides, oxilic acid, sterylglucoside,
polysaccharide”} &H-F&o] 2lol(Lee MA 5 2008), 3l = =
€, 44, I T 5t vka By %ﬂ(cmn H 5
2015). HE3F Az thd5EE0] streptozotocin &2 FE3F 1
P 2 vkl P B9k veRl o (Choi GY
2017), M= T ¥ Z42Q0 a-amylase,

F-3lal  tetragonin,
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aldose reductase, a-glucosidaseol] 3t A3 &= HS
(Choi HJ 5 2008). Choi HJ 5(2015)2] AqellxE Hal % 3
FEo] Jd5 2 T4 IAskE &t 3, Jo B §
(2016)2] AollAE HAZZHE] FZ3F phenolic compounds
7} tyrosinase A& o] 1o wMgIE FlsiiTt A3
ATl M= Mg ze] gatst 2482 IRlstla(Park YK &
Nam UH 2002), Kong JH 5(2020)2] A7l = W=
o] gtsl gl gl S B IlsATh HPEE o] &
AZ Ao ez BS Hy1el AFR|Ao]AL] =
akstol] thek AH(Yoon JA 2020)7} 9lot, ob4 &
7} = O]X] %ol 5 ekt A7 sttt
hel] ke W] rof Al27}
A7t dsta Al 2o
lo] Tt Al F o= vl
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¥ (Yoon JA & Shin KO 2024), it &4 Ba-S )t
w3 (Yoon JA 2022), D7} ti4l thekgt 2713 M (Song
DH 5 2017), ¥¢ 22 AH7}13F w3 (Yoon JA & Shin KO
2023), 7FRE 22HS H71eE v F(Yoon JA 5 2021), &9
kS 3718k A (Choi HY 5 2024), 92 3 7} of
HAPark LY 2015), 3471% olzyo} B A7} o H(Lee
JA 2024), WE7FHEE 71 v](Bae JH & Jung IC 2013),
27k o B3-S 718 W (Jung KI 2016), U7]1e B
< 713 WHA(Hwang YK & 2024), HolelF B3-S 37}
gt M FA(Lee PW 2024), A 5470= B2 371 #3(An
SH & Jeung JS 2025), =Y F=& EE-S H718E HH(Lee
JH 5 2024) & opek3t A571 R8s a Qlch
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1. =

M 2= Gl viekrto A 4288l food drier (MEF-
K306S, Magic Chef Co, Gyeonggi-do, Korea)Z 40TCel|A] 8
AIZE Azske] A3 A hood mixer(SHMF-3450S, Hanil
Electric Co., Seoul, Korea) 2 10&-37F B33+ 71FE2 A5 2
A8kt AL 7124 AFE = 92 F(Gompyo, Daehan
Flour Co, Seoul, Korea), ©Z{(Gomgom Co., Gyeonggi-do,
Korea), -(Seoul milk, Seoul, Korea), W E](Prime butter,
LOTTE Co., Seoul, Korea), AE(BEKSUL Co., Seoul,

WA oF BAETREAERS

A7 (Sea  salt,
gyeongbuk-do, Korea), baking powder(Galim Food Co.,
Incheon, Korea)= AlZollA] FU3te] ARE-31siTh

Korea), Taegeukin ~ Agricultural  Co.,

2. HEe| M=

AL Yoon JA(2020)9] A2 Farste] Mgz THS
0, 1, 3, 5, 7% Bl &=2 A7l 71et A 5o v &
Table 12} o] A%ttt AHY S o] &3 HAL] Ax=
kneader(BS-201, Busung, Seoul, Korea)ol] HE]S ¥ 1ol
Al wRkeIHA HEIE 591 & v H7bEE 3555t Al
Hol| U0} Hrlslant. @4% 3583t Al el v
71 71 124 1 min wWkslaL, 2%kl A 2 min Wy
F upx|Eto 2 3ctol| A 387t wRksle] Af-E THEQIt 7}
FASEYE T, = E, &g, wolA o) #(35
mesh)ol] A F7leldth dd w52 HAEo 70 g¥
H2 S5 180T, ©}eE 170°C oven(Horno Panadero, BS023,
Busung, Korea)ollA] 25 min 79 H3AS THE F 4204

30 min A3 F Aol ARSI

=

3. ofEle] 23|, 21, £0| W pH 5

Az B2 47} v o BoA Tm ¢s] 4
W 7hA] A Lol A HhE(30 min)3t F FA|, o], F3] & pH
E Hew B a9 ARE IS S sle] g Ed
Az GERe. wae sled ©9Re 29 H3 kols
78 2] (vernier caliper, 150 x 0.05 mm, Eagle Vernier Caliper
Co., Beijing, China)2 =33t9 1, 3= TAXSHS o]

g3fo] ®E =339 tHYoon JA & Shin KO 2023). M3 ¢]

Table 1. Formula for the muffin made with Tetragonia tetragonoides powder

Tetragonia tetragonoides powder content (%)

Ingredients (g)

0" 1 3 5 7
Wheat flour 200 198 194 190 186
Tetragonia tetragonoides powder 0 2 6 10 14
Butter 100 100 100 100 100
Sugar 130 130 130 130 130
Milk 100 100 100 100 100
Egg 100 100 100 100 100

Baking powder 4 4 4 4 4

Salt 1 1 1 1 1

D 0: flour without Tetragonia tetragonoides powder, 1%: flour with 1% Tetragonia tetragonoides powder, 3%: flour with 3%
Tetragonia tetragonoides powder, 5%: flour with 5% Tetragonia tetragonoides powder, 7%: flour with 7% Tetragonia tetragonoides

powder.
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pHE W 5 g& AR 242 3 Z/HF S50 mLE ¥
dgdS wE 5 o] IX](Whatman, 1002 150, Incheon,
Korea)Z ©3}3t & pH =%7](pH7110, InoLab, Mexico
City, Mexico)E ©]-&35th

4. 57| &4, v= 8 Y ofEe s2gE 53
Baking loss rate(%)<} dough yield(%)& ™
F& o3t ALtstsith

vl==o] =2k — I =gk

=] 5 e 5

w7 ELE%) = S I = % 100
T KRG
o] F&F

W F8(%) = = = x 100

T T2/

o wEe 59

FEFTHAOAC 1990)2 105C dry oven(KC0-150, Kuk
Je Eng, Gyeonggi-do, Korea)s Al8-3le] o] T Z=F A
T 733y ks SActe] PR UaE el

5. MTZEE ol chol B

A=A (CR-400, Konica Minolta, Osaka, Japan)E A}-8-3}
of mye] Mg Alg 9 33 B S5, WEs W
Bl W= Lak(lightness), 212 = aZk(redness), B %= bk
(vellowness) S i gEETHAZ TR, W9
calibration plateE AH&-ste] ¢ FFFHOZ Lk 875, a
2 031, bak2 032930t

w3 ZAT thHo| 812 Galaxy z flip 4(Samsung
Electronics Co., Ltd, Seoul, Korea)Z Al&-3le] ALZ-& Ao

6.

HAL 7FE x AR x =0] 2 x 2 x 2 em’e] IV|R A=
3 A7 7.5 em2] YLFF probes AHE-GH Hl A ofdEle] A
(TAXTplus/50 stablemicrosystems, Godalming, UK)& 2=2]7¢
< &%ty 2F 72 hardness("d =), adhesiveness(F-2
4), chewiness(®¥13l4J), cohesiveness(-5-37d), gumminess(7
A), resilience(8) 2 springiness(BHEN)E AlRE R 33
W Sste] et sdlAE 27 24 A7 O
BRI a, =% A| post test speedE 2.0 mm/sec®] 1L, pre test
speed= 2.0 mm/sec®]™, test speed= 1.0 mm/sec®|].2H,
distance 5.0 mm=Z 3} T}

7. Total Polyphenol, Total Tannin & Total Flavonoids
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flavonoids 3= Z78317] 913 Al =] AT 95% e
20 mLof] W3 % B2 10 g= 492 5 2 min 10,000 rpm©i|A]
w2 3Hhomogenizer, VM96-A, Lab Companion, Daejeon,
Korea)3}aL, 15 min 3,000 rpmollA] AAE2]sle] AH5d-S
Al g2 A3 T Total polyphenol g2 Folin O & Denis
W(1912)'H-2 5-8-31] sample 25 pLel| distilled water 500
pLe} 2 N Folin-Ciocalteu phenol reagent(Sigma-Aldrich Co.,
St. Louis, MO. USA) 50 yLE &35taL 2204 3 min W3-
AlZ1 & 20% Na,CO; 500 pLE A 7}8ta o] 5 oA 1 hr
ol vhgAl7l F FFE=(725 nm)E =S Total
polyphenol &% A EFEZ 2 gallic acid(Sigma-Aldrich Co.)
E AR89 AL, 12,5, 25, 50, 75, 125, 250, 500, 1000 pg/mL
EE9 gallic acid ETEY S A5t TLT o= A
slo] A (3=0.0014x+0.0362, R’=0.9966)2 L& AX3IA
o 1 g@ mg gallic acid equivalent(GAE)Z X333t}

Total tannin Z7%-> Duval B & Shetty K(2001) %H-Z &
£-3lo] sample 200 pLol| distilled water 200 pL2} 95% ol &t
< 200 iLE 412 F 5% NapCOy(BAHIES) 200 ploll 1 N
Folin-Ciocalteu *]2K(Sigma-Aldrich Co., St. Louis, MO.
USA) 100 pLE FH7Fskar, o7& 3ol 1 hr &1F ¥H&-A|
71 & F35(725 nm)E =431t} Total tannin< tannic
acid(Sigma-Aldrich Co.) S ZFEZA 2 AH231911L, 15, 30, 60,
125, 250 pg/mL 5 %9] tannic acid FF=&N-S A 7o} L3
o Aglste] A (=0.0197+0.4205, R’=0.9999)%
a3 A4l e 1 g9 mg tannic acid equivalent(TAE)Z
EEEE LS

total flavonoids -2 Jia Z 5(1999)2] WS 5-8-35}¢]
AR 100 pLoll 574 400 uLe} 5% NaNOy(AAF UER) 30
ILE 4S % 5 min ¥+2A17]3, 10% aluminum chloride
hexahydrate(AICl; - 6H,0) 30 pLS £3sto] 6 min ¥H-3-A1 7]
3L, 1 M NaOH 200 L} 575 240 ILE £33 5 F4%
(510 nm)E =% 3191, total flavonoids FHEFS catechin
(Sigma-Aldrich Co.)& AHg-3te] EFEH R ARSI 0.7,
1.5, 3.7, 7.5, 15, 31, 62, 125, 250, 500 pg/mL F%=2] catechin
EFEYS AR TLE WHoR AHste] HBA
(=0.0014+0.0417, R*=0.9994)& 2] Alxlstion | g2
mg catechin equivalent(CE)Z X33} th

8. DPPH %! ABTS Radical &~ &M &3H

ksl G4 S-S 913 A8 Al sample 10 goll
95% ethylalcohol 20 mLE 4713 10,000 rppm®| A 2 min&<t
FA3}e o, 3,000 rpmelA] 15 min YA EL s G5
NS N} A B R AR5} 3, DPPH radical &7 418 A

JA<1 Blois MS(1958) *'H -5 -§-8-3to] 2/ sample 100
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uLe}t 0.2 mM DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma-
Aldrich Co.) solution 100 ILE &33lo] o] %2 oA 30
min E9F ¥-SA17) 1, FH=(517 nm) S =4 3131t} DPPH
radical 2271 &4 24 [1-(A189 FB =z &
F5)] x 1003} 2}

ABTS radical 27 €32 A3PA7<1 Re R 5(1999) HHS
$-83l] 245 mM KpS,Opotassium persulfate)2} 7.0 mM
ABTS(2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), Sigma-
Aldrich Co.)& &§ste] o7& ellA 13 hr ¥HEAIAA A
23 ABTS &2 734 nmol|A] §3%7} 0.70+0.027} ¥ =5
phosphate-buffered-saline(pH 7.4)2.2 3]Xsle] &35t c)
A AlZ 200 pLe} ABTS solution 800 ILE 412 & o] 5%
HoA 5 min WREAIZ)AL, FBE(734 nm)E ST
ABTS radical 227 84 222 [1-(A15] S8%/d 2T
o] F4%)] x 1003} 2t}

9. A4 Mz

EA X2 SPSS 22.0(IBM SPSS Statistics, Chicago, IL,
USA) Z2I3 o]gslo] EEA(ANOVAHC 2 HZ
3t 3, 4T p<0.05°14] Duncan®] Duncan’s multiple
range test= 753l

R

|
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T

1. oEe] 24, 5, 0| KL p

=
=)
-

WisE 2w ) ejne] S0, 93, o] B pH SHghe
Table 25} 23, M) AL W2 BRE WHsA ke

2ol A 65.0740.74 g & 7P FAYIL 7% F 7oA
64.10£0.49 g 2 7P 7iH¢] Mz 8 Hrleko] S71e
FE ooz /A= 5AS BATHp<0.05). o= &
AARA T RS e v A= T Hrbe] 3,6, 9%

5% vl WAL ashe S BYn(Lee JE
204), FHPE BRE H7RE vIRIAE TE Hrhe] F

WA oF BAETREAERS

Aol FA=
2024). o]2 &t
AT AR AR HA ]

29 $2 HA dEol
ol= Pk I%E AT

Ho gigx B8 HUlehA] g2 tlzTollA] 55.38+1.60
mm=z 7P =33, 7% A7l A 51.38+ 1.06 mmE 7HY

Skt (p<0.05). WAL By FA 2 =o|el AR Agk
S 2ol thTrollA 132.56+4.33 mLE 73 3L, 7% A7)
TollA] 126444321 mLE 71 SSETHp<0.05).
wie] FA, Eo] B FIoA dxwd HPx 2 1%
A7RrellA Bzt wHo] FEo] SRtet oA W
25 1% FodlA FH7hg Hubee] wso] 94 uf
= WA FEo Hrteko] op AW Ao wekeln, W
A7vge] S7VEFE HWIHE bl EolERA H
FEo] 2% ko JFFs vzl Zo® dAdHrh
& Jung 1C(2013)2] Aol oot 28 E-g AMHEE
FHd(glutenin) @} 2] ol(gliadin) 52 gl
ol g & u) REo] Q=& FHxr) Gy 1
Tes v A% 2FH(gluten) Ol FEFS
I, Oh SW & Chung KH(2014)2] dAFex=
T AN EZSbe] S5 dide] £ A4S st
9] FE A7 AN T A Arge] SMEeE F
7} 3hashe e Bt B8 Kim Y 5(2024)9] &5
B 7 W] AFtelM s Ao B3] dAavt AR 4
Wysheol FaFs A7) wEelgta Bastith o
o} AR Axte AU 2E 4718 v (Yoon JA 2021), 7}
E Ba-g 715 vH(Yoon JA 5 2021), 2 2| 2
< F7}ste] BHE W3(Oh SW & Chung KH 2014)¢] &1l
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WAL pHE HaZ BT 0%, 1%, 3%, 5%, 7%= H71et

ATl 7.17~7.352 Fol4 2ol E Holx] gk, 9l
=
=

A7} WA (Yoon JA 2022)3} FHFE EE-S

Table 2. Baking properties of muffin with Tetragonia tetragonoides powder

Tetragonia tetragonoides powder content (%)

Property
0 1 3 5 7
Weight (g) 65.07+0.742) 64.70+0.60% 64.20+0.37" 64.24+0.34% 64.10£0.49°
Height (mm) 55.38+1.60° 54.88+0.83" 53.13+1.13° 53.00£0.53° 51.38+1.06°
Volume (mL) 132.56+4.33" 132.00+4.09° 127.91+4.91%° 128.00+3.43° 126.44+3.21°
pH 7.17+0.15" 7.24+0.14* 7.35+0.10° 7.3540.09" 7.34+0.19*

D" All values are meantstandard deviation (S.D.).

? Values with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.
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7Kg M (Yoon JA 5 2021)9 M= FAFSE 78-S B
A Z(Yoon JA 2021), 9(Kim YJ 5 2024), 7+& 73]
(Oh SW & Chung KH 2014)2 7} mlgle] Aol A
= 7ol 7K pHE sl e 2 A2
(Lee JE 2024)5 713t WH L] AForEs AR H7Fgo]
Z71er2 pHE Z7lelEd), o8 e Aake HE AR
o] pHell J&g B7] wjRroz etec)

=7 £4E,

2.
MAE B Ao}

7% A7Vl A 8.43+0.70% % 7 =9k3, thETo] 7.04+
1.06%= 717 wekom, mAe] w7] 2olA vise] 3
Fxd et g e 52 7% A7 91.57+0.70%
2 7P @km, tERTolA 92.96+1.06%% 7HE =gt
(»<0.05). 7] £ EF} F& it 32 zte A
Hol=t, 7MFE A7l WANME 7HFE Hrleo] S7te
FE 7] EAES TN 8L adhe B ATl )
528 43S YERAtKYoon JA % 2021). A2 Ao|A&
gheFo] o vo] x| oA 7)) FHrt 3t

7} vie] &

2 8l atst &4 351

Adta W) Frksle] A9 2712 sk s, o
E ol dR7t S Eidhe T80] Eol Adgrt 31
] 02 Kim YJ 5(2024)2] Aol 813l u} it

AFAU S A 24

< 2]

Al S7Ve 7FAE whEe] FES o] otk AekEh

SRS 2 70] 20.64+0.38% = 7MY =%, 1% H
7 20.3840.09%, 3% MM 18.49+0.16%, 5% M7
18.12£0.22%, 7% 7k 17.01£0.16% A& Wz 37}
o] S7ErE Yol = Ade oy dx2wd 1% 3
7, 3% 7R 5% A7kl = 92 Q1 Aol & Kol
2] koktt. Mo RS Alge] FE 8 =, AUt
3 ARe] BE F5dle THd weEl gEkx=dl(Hwang
YK & 2020), AWz F% 7} v{F(Yoon JA 2021), &+
Euk H7F W¥(Kim YJ 5 2024), vl &3] B HoF o
A(Yoon JA 2022) 52 A% A5 HrleFe] 7t

Z= =83 [e) =] =L O
TE FEdES dadhe 4% 23

3. ofEle] M 9 ciod B
Wlaz BEe 4715 vae) 979} veie] A Table 4

Table 3. Baking loss rate, dough yield and moisture of muffin prepared with different level with Tetragonia tetragonoides

powder

Tetragonia tetragonoides powder content (%)

Property
0 1 3 5 7
Baking loss rate (%) 7.04+1.06° 7.57+0.86™ 8.29:0.53 8.23+0.49 8.43+0.70°
Dough yield (%) 92.96+1.06 92.43+0.86% 91.710.53" 91.77+0.49 91.57+0.70°
Moisture (%) 20.64+0.38* 20.38+0.09* 18.49+0.16° 18.12+0.22° 17.01£0.16°

D" All values are meantstandard deviation (S.D.).

? Values with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.

Table 4. Color values of muffin prepared with different level with Tetragonia tetragonoides powder

Tetragonia tetragonoides powder content (%)

Property
0 3 5 7
L (lightness) 37.52+0.939) 36.63+0.23% 35.97+0.76" 35.83+0.93% 34.95+0.77°
Outside a (redness) 10.38+0.54® 10.28+0.11° 9.60+0.35 8.67+0.27° 7.93+0.15¢
b (yellowness) 13.68+0.36" 13.30+1.21° 14.15+0.56° 14.37£0.35° 14.67£0.17°
L (lightness) 85.82+2.04° 78.66+1.11° 77.56:£0.20° 62.85+0.77° 57.000.60°
Inside a (redness) —4.75+0.14* —9.94+0.02° —11.46+0.23¢ —11.57+0.10° —12.00+0.20¢
b (yellowness) 19.74+0.31¢ 23.72+0.14° 25.76+0.03° 25.61+0.37% 26.17+0.18°

DAl values are meantstandard deviation (S.D.).

DValues with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.



of vehd ulel 2ot v o] M=l Lak(lightness)< Bt
715 oJulehe gho g thRTollA] 37.5240.93 0% 7F &3k,
7% 744 34.95+0.77% 71 Wol Ha R B b
o] Z7IEFE Yoy, ARl agl(redness)E U] Zrol|
A 10.38+0.542 7 =9ka1, 7% H7krolA 7.93+0.15% 7}
Z yigkor A0l bik(yellowness)< tHZwollA] 13.68+
03622 718 ka1, 7% A7 oA 14.67£0.172 718 =
UTHP<0.05). HAe] T Lt diZ=wrollA] 85.82+2.04%
7P =9k, 7% A7kl A 57.00+0.600. % 71 vk ow,
afte t2wollA —4.75+0.145 7V =431, 7% 7kl
Al —12.00+0.2020.2 7P wgkomr, W R bk thxatol
] 19.74+031% 718 ko, 7% H7FEel A 26.17£0.18=
7HE E=3THp<0.05). 5, #HAe] R0 Y F BT ez
Aol S71ErE W10l e o FH9Ha, F24
aglon, gl ZriEl=t ol FAIQl 1
oAl 7]1g Aoz Btk o]9} fAleE e 7
TS AR HAdAE 1T 4 UAANI(Yoon JA
2021), WolelF Es FHUIgk wAdX = Als Mo
Z7VEEE Lk At ast bake Stk Edl(Lee
PW 2024), o]2]gt Mze] Wsl= H7kgk AlRe] a2
o3k Ao = Alsdrh

wH o] AR S ¢ TS 2t Fig. 1o e upet
2ol M x Hrieko] St E wHe] iy dvie] A

Tu
m
ot ML ox rlo

—

352 ot HORAl o} AR

4. =X £

W 2 EhS HUlet WHle] 22 7HS Table 5o ERA
ule} 2t} Hardness( =)E WP 27|12 wual gwo]
d, e 2480, 1, 3, 5 2 7% F7F A 22 41647+

53.75, 297.69+37.15, 289.28+15.68, 272.96+14.18, 249.09+
9.54 go 2 WP T 7St wFo] tjz vHol Hls) 73
T e S HATHp<0.05). AR Aae Hole)F
< H7Fe v (Lee PW 2024), 2RI ES H7le v
HA(Lee YK & Lee IS 2024)0l- %= &eld 4= gt

Adhesiveness(F-2d)= 2o ZW Tol FAsle 59
o2 2w AP ko] o4 Ql WSS HolA] e
o], fARSE A8ke Sl A H Bl 7L (Lee YK & Lee IS 2024),
FHEE B2 (Yoon JA 5 2021), 7 3] EHOh SW &
Chung KH 2014) 37} H#FA % geld 4 9dch

Chewiness(Y1 1)=& 1A 21&& A = e F=7A
Hed o3t ez Halx 22950, 1, 3,5 2 7% #A7}
Al 7Yz} 307.14+11.92, 255.07£9.01, 229.76+14.10, 212.38+
12.57, 199.23+8.55 g© & 7o} H| =3 Agke] A¥E HH
Edl(p<0.05), Hole]F(Lee PW 2024)3 @A HeI7}Z
(Lee YK & Lee IS 2024)2 713t wjio] AP w Alg
o] Fheko] ST E S Atk

0% 1%

3% 5% 7%

Fig. 1. Muffin with various levels of supplemental Tetragonia tetragonoides powder.
0%: Control (flour without Tetragonia tetragonoides powder, 1%: Flour with 1% Tetragonia tetragonoides powder, 3%: Flour with
3% Tetragonia tetragonoides powder, 5%: Flour with 5% Tetragonia tetragonoides powder, 7%: Flour with 7% Tetragonia

tetragonoides powder.
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Table 5. Texture characteristics of muffin prepared with Tetragonia tetragonoides powder

Tetragonia tetragonoides content (%)

Text characteristics

0 1 3 5 7
Hardness (g) 416.47+53.75"9 297.69+37.15° 289.28+15.68° 272.96+14.18° 249.09+9.54°
Adhesiveness (gs) —0.46+0.19" —0.42+0.20° —0.47+0.10° —0.55+0.14° —0.64+0.15"
Chewiness (g) 307.14+11.92° 255.07+9.01° 229.76+14.10> 212.38+12.57 199.23+8.55°
Cohesiveness (%) 0.79+0.02° 0.81+0.04° 0.80+0.02* 0.82+0.04" 0.83+0.05*
Gumminess (g/s) 303.48+26.33° 248.32+10.90° 229.36+13.58" 212.64429.60* 199.16+8.65°
Resilience (g) 0.14+0.01° 0.15+0.01° 0.14+0.00 0.15+0.01° 0.14+0.01°
Springiness (%) 1.000.00° 1.000.00° 1.00+0.00° 1.00£0.00° 1.00+0.00°

D" All values are meantstandard deviation (S.D.).

? Values with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.

Cohesiveness(-5- )= w45 A2 dEHEE 459l
o7 tETo] 0.79+0.02%2 7P @gka, 7% Frlkto
0.83£0.05%= 7} =9kout Fo4<1 2eol= gllem
o} FARGE Ak AR EHBIIFE IR HAEdM =
o1 4= 9ITHLee YK & Lee IS 2024).

Gumminess(7/9)= H2Mdo| e 213F<] 2422 hardness
2 chewinesse} FAFSE 738FS Hof T Zo] 303.48+£26.3320. %
7 =9k, 7% H7krol 199.16£8.65 gis®E 7P BkET
(p<0.05), ol&|gt g Wole] S H7iek M= ol
4 AUATHLee PW 2024).

Resilience(E-914) e BA47} AAez Solbs Hdm
adhesiveness 2 cohesiveness®} FFAFSF 733FS Hof 2T
I AP TANA oA zfo]E HolA] ekdTh

Springiness(&18/d)= o] e BFo R Eolrl=
AR 2o AT Aboo] oA HolA] &gk, &
Wz B 471 mFA(Yoon JA 2021), 7HFHE B2 7t WA
(Yoon JA & 2021), A9} F5&& 7} #¥(Kim BG &

o o ¥

J

2016) % 7R B e 22ld v¥Kim WM S
20259 = AL A ES Belth 2S H71E vae
735 Hrbol S/ e E v wobxlal(Hwang YK &
An HL 2020), *Fh= SlutdE4d 2% 37} w3i(Yoon JA
2022)0l41E 7ol S7FESE @] Fobith whet
A S AlRe] Bl daFs ol ©@Eido] mobd
= A vobd i SlE o s AlrEY WY 2E e

TS A B

vjge Alge] Ashee] Bl el Wrke
Aoz Hlth

Yoon JA Q0212 AT ARE Al Fles
= ™3] cohesiveness$} resilience= 7443kal, gumminess
9} chewinesst= 5718+91.2™, Yoon JA(2021)2] AWz w3

38
H

AqME T H7bEe] S/ resiliences #H4)
hardness, gumminess 2 chewiness= 5715131 =H ©]#
A3ke A7keke Age] 54 S ol FE Bt

71gel 2719 Al olal AL Wi Ao AR

A8 ol
%N

i,

o

5. & Z2ld|z, Eid, E2tE ol &2t
Wiz B 37 W39 total polyphenol, total tannin 2
S Table 6 YERH wpel Tk
Polyphenol compoundi= benzene 2]l hydroxyl”](-OH)Z
7FA 3L )= aromatic hydrocarbono 2 A& FEafst=
phytochemical 918, radicale A|A%= 7%, &tsl 71 %
it 53 5ol Aol UtkKim YJ & 2024). W=
™3] total polyphenol &F2 0, 1, 3, 5 2 7% A7} Al 2
Z} 283.51+5.88, 287.71+4.38, 294.62+3.67, 326.05+3.52,
374.14+4.69 mg GAE/go 2 Wa X H7}efo] Wold45
ojF o7 Z71EA tHp<0.05). &3 715 713 ol A
= &3 71§ @71l F71E4E total polyphenol &3]
Z7Fk 2(Choi HY 5 2024), A3¥-2 718 W& (Kim
BG 5 2016)7 271 7} w¥AHwang YK 5 2024)°l4
T AR 498 BQnh

TanninS %29k 98-S = polyphenol 2 dH1Ha} 7]
o] 3lat, A A=l FH-stod(Woo KS F 2015), A4 2=
¢ MY 2E o] &g MAdAE FHe TS e o, 1,
3,5 2 7% A7} Al 242} 48.50+42.23, 59.33+2.14, 67.23+3.51,
77.62+3.96, 80.65+3.61 mg TAE/gC 2 H3Px H7lgfo] B
oM E fFojH oz F7IFAtHp<0.05). Yoon JA 5(2025)
o] Aol <oJshH e x9] total tannin> 180.01 mg TAE/g
o7 & IS UEith

Flavonoids= Z&] &0l 4351, free radical= <H3 3}3}

total flavonoids
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Table 6. Total polyphenol, total tannin and total flavonoids contents of muffin prepared with Tetragonia tetragonoides

powder

Tetragonia tetragonoides content (%)

Property
0 1 3 5 7
Total polyphenol (mg GAEY/g)  283.51+5.88"% 287.71+4.38% 294.62+3.67° 326.0543.52° 374.14+4.69°
Total tannin (mg TAEY/g) 48.50+2.23¢ 59.33+2.14° 67.23+3.51° 77.62+3.96" 80.65+3.61°

Total flavonoids (ug CEY/g) 336.88+14.87°

475.21+3.57¢

494.50+3.71° 527.1249.51° 586.40+3.30°

D All values are meansstandard deviation (S.D.).

? Values with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.

» GAE: gallic acid equivalent.
¥ TAE: tannic acid equivalent.
? CE: catechin equivalent.

=

o ikst 235 Yell= S8HE=(Yoon JA T 2025)
catechin equivalents(CE)= Al4ke A3 M2 E 0, 1, 3, 5
2 7% 7t Al 336.88+£14.87, 475.21+3.57, 494.5043.71,
527.1249.51, 586.40+3.30 pg CE/gC 2 WHax H7}go] &
ol 5 F7IBIATHp<0.05). ARG A8 o458 Aol
WA (Kim YJ 5 2024)7 &3] 75 3 718F W#(Choi HY
T 2024)9l M= Flgd = U

T HEe a5 Tt 52 SA00A S
total polyphenol & total flavonoids®} 22 gitslt 54 -&
Aebe Ao w del A (Yoon JA 5 2025), olld A4
& WHPxE H713F MF ] total polyphenol, total tannin

f
2 o o

S 50
>

2 40
()

o

o))

£ 30
(o]

c

Q

& 20
Q

(7]

S 10
©

o

E 0
< 0% 1%

2 total flavonoids TEHE W3 = H 7}kl v dste] =7}t
Aoz AlsHr)

6. ABTS 2 DPPH 2iC|Zh &4 &4
PZ B4-9 H7lel vje] ABTS ¥ DPPH radical &

a
a
b
C C I

3% 5% 7%

Fig. 2. ABTS scavenging activities in muffins added with different level of Tetragonia tetragonoides powder. All values
are meantstandard deviation (S.D.). Values with different letters were significantly different at p<0.05 according to Duncan’s
multiple range test. 0%: Control (flour without Tetragonia tetragonoides powder, 1%: Flour with 1% Tetragonia tetragonoides
powder, 3%: Flour with 3% Tetragonia tetragonoides powder, 5%: Flour with 5% Tetragonia tetragonoides powder, 7%: Flour

with 7% Tetragonia tetragonoides powder.
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Fig. 3. DPPH scavenging activities in muffins added with different level of Tetragonia tetragonoides powder. All values
are meantstandard deviation (S.D.). Values with different letters were significantly different at p<0.05 according to Duncan’s
multiple range test. 0%: Control (flour without Tetragonia tetragonoides powder, 1%: Flour with 1% Tetragonia tetragonoides
powder, 3%: Flour with 3% Tetragonia tetragonoides powder, 5%: Flour with 5% Tetragonia tetragonoides powder, 7%: Flour

with 7% Tetragonia tetragonoides powder.

SAEHEA] HZAlo] gy = wkgo 2 WgPx50, 1,3, 5
2 7% H7EeE WAl A] ZHzt 35.08+1.85%, 36.14+1.22%,
39.97+0.93%, 43.81+1.22% 2 45.76+1.06%= S7}3 Tt
(»<0.05). 9% o= 7K vHAdA = Hrbkel Blds)
o] ABTS radical &7 4L 3% HA7tolA 16.70%, 9%
7oA 68.83%S UERHIL(Kim Y 5 2024), &3] 715
= A7 AN E 1% A7 A 26.46%, 7% 7
A 68.64%5 UERN 2 Aot fARE AFE B GITHChoi
HY & 2024).

DPPH radical &7 A& Hajilo] Atsl whg-sle] ehal

ERACZ UYPZXE0, 1,3, 5 Z 7% A7 vHoA 7}
7} 21.63+3.13%, 30.48+1.87%, 41.35+2.31%, 44.81+1.36%
2 50.2943.92% % WX Hr}eo] Zrlgt ulet 2718+l
Th(p<0.05). Yoon JA 5(2025)] AgA+ol] oshd Hazx
2] DPPH radical &7 848 75.77£7.57%% =%, 715
E oAM= 10% 74 23.9940.65 umol/g, 100% 3
7oA 32.6240.59 pmol/g & A 89| H7leko] oA
= DPPH radical &7 &4 94| F718th

ABTS ¥ DPPH radical 227 43} 22 32 4t
318 S L AAE Foshe sl A|A ik} Al Odéﬂ %
© 2 Jk83}e] free radicalol]l FALE Foiste] AkslE S oA
Sta, AYolA st S AW oS 714 %U]{Woo KS
S 2015). WAZE AFE Lee ES 5(2023)9] APAF

=2 "]’ Zﬂlﬂ AL Al ‘ITOH 3t free rad1ca10]
gatsl E-EL o33 733t free radicals Xﬂﬂ%}‘:ﬂ,
23} free radicalol|l = ABTS®} DPPH radical®] ¥3HH THRyu
JY 5 2018). Z#A o= o|elgh gibsled e M X g
% total polyphenol, total tannin % total flavonoids g °]
ABTS®} DPPH radical 27 ol 993FS n|z Ao = Alg=c)
AT

ok

B AFE= W Z(Tetragonia tetragonioides) %< 0, 1,
581 7% F7kste] Alxg WA o] FAEA I kst 24
ZARIE, vl o, ol 9 ol gxmelA 7}
=9k, APz H7hge] ”—‘0}@#% SOl THp<0.05).
AEe dzTA AV Yskor, Waz 371l
g % EoaL, &L Rtz 7 =5k
2 7ol Bold = Wbt (p<0.05). HA]
J%k% 0%} 1% A7kl 71 wshom, Maix 3
Bodas YolHirp<0.05). vl pHi= tha}
Arkere] fel2sl Aolsh QT WAl 23sl whigl
WL AUEEdE WAze) byl pEes
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ol

ol om, AT (b= Wle] ZAgks Kol Hax
A7Vge] Boldas S7FItHp<0.05). 2242 Halx
o] #71eko] F718<== hardness, chewiness, gumminess<
A3 3(p<0.05), adhesivenss, cohesiveness, resilience,
springiness= 2] 21Q1 zte|7} IATE W x 7} v =
Ads TFHoR B 7% Hdx H7t o] 7MY H=
P 53 vjye Azd Aow Y7HEn). Farkst AR
<l total polyphenol, total tannin % total flavonoids -2 T
Zaro] 7h wskom Mgz Hrhgko] st wet 9

¢z S

9] 712 K THp<0.05). ABTS 2 DPPH radical &7 &
A At AR FARE A3E Bof Halx 3vbee] w
ol A4E Z71etAthp<0.05). AF AHESS EIH B
sl g o] N8 5~7% FaollAl A Bshe Aol
Ssta, FEEAL 3~5% Sl Hrkete Aol &
Frate] MAe] FA9 754 Wl w3 AE Ar] 9
M= FF F7F A7t 2esttia AlsEth

o] =i 20259 Al | S| A <le]

ofelf ATEAFHT
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