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ABSTRACT

This study analyzed the physicochemical properties of Psyllium husk powder and the quality characteristics for developing
of muffins containing Psyllium husk powder. The moisture, ash, and mineral contents increased as the amount of Psyllium
husk powder added increased, while the crude protein content tended to decrease. There was no significant difference in the
crude fat content. As the content of Psyllium husk powder increased, the color L value decreased; the a value increased, and
the b value decreased. The hardness tended to decrease as the amount of powder added increased. In the group with 5%
Psyllium husk powder, amino acids, such as glutamic acid, leucine, aspartic acid, serine, valine, lysine, and histidine, showed
the highest content. The 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
radical scavenging activities significantly increased as the Psyllium husk powder content increased. The overall preference for
the group with 5% Psyllium husk powder added was high. Hence, adding less than 5% Psyllium husk powder is effective
in terms of nufrition and sensory aspects when making muffins with Psyllium husk powder.
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2R (Psyllium  husk)s ThdZ Z2E2EQ xpHza}
(Plantago ovata) | ote] AA 2 A7 o] 3K Plantaginaceae)
A7 o1& (Plantago)®l] <3THKim HN 2019). AFHA= A5
@ A7ole] A4S AZA AL ejula, AAolE A%
A $717h Qe B, B, AleIA vk £a A
& 72 Aoploh L doalotelA] Asu, Holdf7t ¥
8t Ggo] ik Peld QIrkKim HN 2019). H72]
ol genipiosidic acid, aucubin, acetoside, plantagoside,
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P-sitosterol, choline, palmitic acid, stigmasterol 2 vitamin C

o Aol FrEol 4F AT, I F FFTF ol &
I7F e RAew d#A AtiHong SS 2002; Park SI &
2011). g E 2P 2ok AR Faate] AHEE AL Q)
<, A2 A4, 88, "5, 44, dAF B ISl o
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1. A8 M=
B Ao AMgE 2FARS) (Psyllium husk)s SAAZ

s

(freeze-drying) A7 &2 A|F2 ARSI oH, YitEsdat
8H(Duksan General Science, Seoul, Korea)= E3lo] ul3}
Ak

22 ] BEe] EAeA AR ZAlE 80% otk
mLoll AT FAAZ Bk ¢ sleb, 147 2&
Aelate] GBIAIA AFRolA 24X WA, AR
(8,000 rpm, 10 min, 4C)3Fed ZA] Al Z(100 mg/mL)E A=
skleH, o] 5 24413 ool ARESFITE Ab ] Ee
B0 Alg"E AlFEL 27 Folin-Ciocalteu reagent(FC
reagent), gallic acid, ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl
(DPPH), 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) diammonium salt~= Sigma-Aldrich(St. Louis, MO,
USA) #|#, sodium carbonate, sodium nitrite, aluminium
chloride, aluminium chloride, sodium hydroxide, potassium
persulfate= Riedel de Haén(Selze, Germany) A| &2 AF&-3}
Ao, 71e} A2ty Sl analytical gradeS AF&-3+STH
(Lee KW & 2017).

Pﬂﬂ'«q B A7 A Az Bagk AR Alse vt
2 5(CJ, Incheon, Korea), A BH(CJ, Incheon, Korea), £2F(ClJ,
Korea), ®l|°]7] 3}-$-T{(Sungjin Co, Gyeonggi,
Korea), @Z(Chakhan Co, Gyeonggi, Korea), HE{(Lotte Co.,
AH&-8E3I T

Incheon,
Seoul, Korea) 5=

2. HELS| M= ofgd| ¥ M=

o] ApdAbe] B 37} vee Aga) )5
3t 0%, 5%, 10%, 15% 2 20% & & X 7K =2
o] A %3k tKYoon JA & Shin KO 2024). B} & 2 2p4
29 8 g oo BE Alme T Hukeksloh A
2] 0%, 5%, 10%, 15% 2 20%S 2P0 F22 oA
sto] MAS A xskd o, A 7o wjH|= Table 13 2t}
He dukAlol 3 A% WPH(Yoon JA & Shin KO 2023)
= A&t Azt wEE, Azt 2, wolH] It
SH e Adste w1 A9, &8, 94 WEHE 21 388
o] E|=% Hand mixer(DretecHM-706, Guangdong Xinbao
Electrical Appliances Hold-ings Co., Ltd, Seoul, Korea)Z 13-
3027 k3 3 41240 mesh)3 A BES W 30327
=3Ptk A W2 wA Bl 50 g Hal ogH 2
(SPS43K, Smeg, Seoul, Korea) 2.2 170TCol|A 1583 +
T Aol Aol 1A1RF WEIgE & AR R ARESHITH
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Table 1. Muffin recipe with Psyllium husk powder
Psyllium husk powder (%)
Ingredients (g)
0 5 10 15 20
Soft flour 32 304 28.8 272 25.6
Psyllium husk powder 0 1.6 32 4.8 6.4
Egg 274 274 274 274 274
Butter 21 21 21 21 21
Sugar 19 19 19 19 19
Baking powder 0.5 0.5 0.5 0.5 0.5
Salt 0.1 0.1 0.1 0.1 0.1
Total 100
3. ke 24 10 uLE BFe] EHD F AL 5B WA
AAA T B 2 AR Bde drkgk WA o)et t}. 719l 7% sodium carbonate &< 100 pLo} FFHS 40
AukAg R X2 AOACH(AOAC 2000)] 2]ste] 2513 pLE E3Hslo] ehAoll A 9083t BFx|A17] &, Multifunction
t}h $E32ES Drying oven(BF-150C, Biofree Co., Seoul, microplate reader(MMR SPARK®, Tecan, Switzeriand)Z A}
Korea)= AH&3ke] 105CoANA AL 71 AZske] =431 g3t 3 750 nmell A EFEE 249t & Zelds

ot} z3E e 550CE dI99 3]3HE(KL-160, Toyo
Seisakusho Co., Ltd, Tokyo, Japan)E Al-83le] 24 3|3}
o= EAFgch 2uld ke 2o BA7)(Kjelte
TM 2300, FOSS, Hoganas, Sweden)S A}-&3lom,
KjeldahlH-& o]-&-3to] ©hila SHibA|5=91 6.255
N e SASTE 2 dEe 2AW 24
(SOX606, LABTECH, Seoul, Korea)S A}-&-3}o]

™, Soxhlet F=H & &8st 43Itk

L5

g, 7, % u}:LLﬂzr, w2k A, 2514
22 Kim HR 5(2007)°] AAE WS S-galo] E4a}
Atk 2 eyl wel Alze] dAEe ol 2 o2st
o] ZR4E 50 mL7HA] JEd T Adgdon ALesly
on ARE H/BHK R TAEE EU3 W oz A

st AAest AldgRe s YT Al(Analyst 700,
Perkin Elmer, Norwalk CT, USA)dl| F3dle] B33t}
7y F7149] 2 mg/100 g= JERIIT
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H& 72 Folin-DenisH(Folin O & Denis W 1912)
} 213519t} 96 Well plated] A& 10 uL, 57
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<= 2Adste] SAT AlRe] F EelvlE i(gallic acid

equivalent, GAE)S Al4Fslo] mg GAE/go.2 A8
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© Moreno MIN 5(2000)2] HH-2
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A H-2-A171T) o 7]9] 10% aluminium chlorlde LA 6 uLs
A7V8kaL 683t 204 ¥EEAIZ] 3 1 M sodium hydroxide
40 pLot S/ 48 uLe =, Multifunction micro-
plate reader(MMMR SPARK®, Tecan, Switzeriand)S AH&-8ho]
37 510 nmellA] FFEE SISt & SetEeolE &
2SI Y3 FEZ R catechin(Sigma, USA)E A}
L3190, & ZgtH wo|= §=f(catechin equivalent, CE)
A4Ltsted mg CE/g2 JERTH
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7. DPPH Radical 2~7 &4
AR B9 AR
DPPH(1,1-diphenyl-2-picrylhydrazyl)
Blois MS(1958)2] W& Wyste] ZH3I3Ath 96 Well
platedl] A]& 45 puL, 0.2 mM DPPH £} 45 puL, ethanol 45
pLE E3e 5 3083t Ao daelA wEgAIZH vk

42 kg v gigt
radical &A AL
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o] ¥t Zoj] Multifunction microplate reader(MMR SPARK®,
Tecan, Switzeriand)& AH&-3le] 37 517 nmollA FH=E
St A . A=l Ui tl2 TS 2= ascorbic acid(Sigma,
USA)E AME-31% 2™, DPPH radical &4 €442 A5 £
= 71 7ok A7skA| 7H Alole] FHE
atol & WEEZ JeERfITh

0o 1%
v ‘T%g

DPPH radical &4 &4 (%) = [1 — —S;B] x 100
S : Alg H7HY £ =

B : Blank®] &3 =

C : Control( A& FH7He 3%

8. ABTS Radical &~ &4

Az B g 2t A7heh vl et
ABTS(2,2"-azino-bis-3-ethylbenzothiazoline-6-sulfonic  acid)
radical &7 #/d-2 Re R 5(1999)2] WH-E Wgsie] =74
S}t 7.4 mM ABTSS} 2.6 mM potassium persulfate £-<Y
S TU3 N &R E3slo] ABTS stock solutionS #2315
o, aelA 24A7F B WHEAIA AdstE e E R
Eo] ARE3lsit). &9k ABTS stock solutions phosphate
buffer saline(PBS, pH 7.4)2.2 3]X3}le] 34 732 nmol|A]
¥ FF= Fhel 0.70£0.03°] HZ=E 3 F ABTS
working solution® & A}&-3}t}h ABTS working solution
950 uLe} AR 50 uLE E313ke] 10% Bt i g
A7l %, Multifunction microplate reader®MMR SPARK®,
Tecan, Switzeriand)E AH&-3t] 37 732 nmol|A FFE=E
73tk Al=ol gk dlZ7-2 ascorbic acid(Sigma, USA)
£ A3t oM, ABTS radical 427 448 A5 89S
A AT B e AT Alole] FHE o]

WiEE = JERf ik

Bualo
RURE= =1

1
%}\O

=

=
DPPH radical &4 &4 (%) = [1 — %] x 100
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s: MBS F

C : Control( A& F37

=4

)

V) 8
9. ME =3
2219 A7k vfof ek ME A2 A
(CR-400 Koica Minolta, Osaka, Japan)E A8l =731
th 2% Aol 7171l EWPHL=93.97, a=—0.63, b=3.85)=
AHgste] HAdekglal, e A DY cellol] ¥ L(H
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10. pH ¥ HE =3

AT B A7 ool gk pH 24 AR 10
¢ A3t 2R 90 mLol FUA 881 F pH meter(MP

220, Mettler Toledo Co., Ltd, Urdorf, Switzerland)& ©]-&-3]
o ST A= S22 x 2 x 2 em®] AV 2 Aot
A 2% texture analyser(TAXT plus/50 Stable Micro Systems,
Bucheon, Korea)E AH&-ste] S4 3ttt &4 231-& pre-
test speed 2.0 mm/s, test speed 1.0 mm/s, post test speed 2.0
mm/s°| 2121, ol e} x| 5ol 242} 50.00 mm, 12.45 mm<!
A715% 3 (probe)> AHESH 435t A=E H7let

itk

Aol thk opw| it iR 4

Tl #4 oAt Al
AHFE #3 T PICO-TagHoll 2131 phenyl isothiocyanate
(PITC) labeling= AAISFITE PITC labeling® Al 52 400
uLe]  buffer(14 mM NaHAc+0.1% Triethylamine+6%
CHiCN; pH 6.1)° =91 ¥, 1 % 10 pLE #stal RP-
HPLC(Waters 510)°]l <3l #2310t} Waters Pico-tag
column(3.9 x 300 mm, 4.0 pm)< ©]-&-to] &1 A{140 mM
sodium acetate(6% acetonitrile)} <} 8-ull B(60% acetonitrile)
£ 1 mL/min %22 A}8-3}9th Waters 2487 UV detector
(Youngseong Techpia, Incheon, Korea)E ©]-83}°] 254 nm
7ol A =228l tHYoon JA & Shin KO 2023).

Qo]

= =

L
=

S E
FH=E

gkl 11
d 5243 3
sttt AlE= AREH =(07) 2 =731
x 1 x 1 cm)2 Al FsAch 221 i) &3-S dejs)
of Azgt WA ZF 5700 gt M(color), 2 FHappearance),
HA(odor), THtaste), 2] F(texture) T HWEAHQl 7|3 %
(overall acceptability)E A Z 73 7|3% HEE o] 83

o Yrksteic

rfo

13. SAHE

PR B 9 ) A71% ool ja
FA4Q1 B Ulg A& A== SPSS(Statistical Package
for Social Science, IBM SPSS Statistics,
Chicago, IL, USA) Z2 1312 o]-&3le] 33] Rb&gt & 7}

(

B ulo.
'E?—:}E

o

E

version 23.0,
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Al 5ol t3 Mean+S.EM. 2 JERATE Al& 7ke] o] &
g ddux] B4R (one-way ANOVA) S AME-8H31 L,

AL 252 Duncan’s multiple range testE ©]-8-3t] 24

o] (p=<0.05)% A ZeAT.

Zz g o
1. AMAtm| 2o UdtdE,
=, & Z2IH20|=, DPPH % ABTS Radical 2~/

A2 o] ApAte] el Aty o
A, 1A B, & E9ds, $ Z8tE o], DPPH ¥
ABTS radical 2274 24 Z3+= Table 2 AASHATE 4
-2 7.11£0.02%, Z3]E 3.19£0.09%, 2T 14.22+0.20%
2 23 6.8540.10%°] TS EIATh 100 g & AFS
836.049.98 mg, 78] 3.06+0.7 mg, 2 7.93+0.32 mg, u}:ltﬂ
 909.92+3.48 mg, Y7t 25.85+0.89 mg, Wﬂ% 392.60+
25.09 mg 2 o} 30.48+0.54 mge] Tk o, e
AZEA Fskrh. 2Pz =7 o)) %744 7}“‘f’ 100 g
T 838 g @A 30 g AW 02 g, ﬁf 22 golRe
o, ZF 119 g, 2 1.5 g, ZF 383 g2 AAISF HRural
Development Administration 2006). P A}s] Eike] & Z2]
s S 424+1.29 mg GAE/gol™, & ZetH wol= 3
22 2.56+0.34 mg CE/g= YE}STE DPPH radical &7 &
& E18t7] 913l positive control 2=
mL)S A28 21, 95.05£0.00% = oA e s 713 e

2713 B, & Bl
g}ég

ohj}

b

ascorbic acid(l mg/

A7

HolAlo} kB aEE
31| positive control 2 ascorbic acid(l mg/mL)§ /‘}4‘101- qe
™, 89.29+0.00% % Ao 2 71 =& FAS . 9]
ol thrlste] 22} 77.97+0.00%2] %*39— UrE‘rlH
Atk webA el AAIGE 2] o] JHEE A
Bl 2bdAE] EEe] 7154 AE ARE & Vs &

Asksih

A=} [e)
vr‘uE‘,—L_

|

ZWZM e 7‘“7}%*% gjgt v
£ Table 3] A|AI3FA T T'T‘@'%k% Z7+0] 18.11+0.30%
olm, ApAAN] B2t 5%, 10%, 15% 2 20% H7lox e 2+
7} 18.66£0.06%, 20.41+0.04%, 20.92+0.11% 2 20.95+0.08%
24 20% H7FOA M 22 s BAthp<0.05). &
IE-L tiz2TolA 0.40+0.01%, FARY] B 5% A7
0.41£0.03%, 10% 7Rt 0.51£0.01%, 15% H7H* 0.55+
0.06%, 20% ZA7F-ollA 0.60+0.00%24 Az} ke
A7Vl =4 E SUete AEE BS D}(p<0 05). Ztt
A =T, AHAE B 5%, 10%, 15% 2 20% 27}
o7 ZFE 980+0.09%, 9.22+0.10%, 8.19+0.15%, 6.74+
0.14% 2 6.55+0.03%% 7+Adhs 43S B thp<0.05). &
3] T Z74(9.85+0.08) Y] 3] XWXM B 15% H7HE(6.74+
0.14)e14 FelabAl st th(p<0.05). 248 tlzTo]
22.76+0.09%, AAAT] BT 20% 7o) 22.45+0.33% %2
ol gt Abol= YERA] stk S A9l e Y] A

o izt AdT2 AT YEo] g ek e

s
S

Fu =

)
02:4’1‘

l.«_{
M

n:
e, _l
T rle
oX,
M

GE Bt olef tiulsle] XAy BT 71.34£0.00% ok ARAEE AR 715 AE o
o] gd o & JENITE ABTS radical 227 Ed0A% §d A A7E F53 dolga Adtdnh J¥AF(Jeon SH
Table 2. General analysis, mineral content and antioxidant activity of Psyllium husk powder
Composition Psyllium husk powder
Moisture 7.11x0.01Y Crude protein 14.22+0.20
General analysis (%)
Crude ash 3.19+0.09 Crude fat 6.85+0.10
Calcium 836.0+9.98 Manganese 25.854+0.89
Mineral content Copper 3.06+0.71 Selenium 392.60+25.09
(mg/100 g) Tron 7.93+0.32 Lead ND?
Magnesium 909.92+3.48 Zinc 30.4840.54
Total phenolic Total flavonoid
4.2441.29 2.56+0.34
(mg GAE/g) (mg CE/g)
Antioxidant activity ' ' ) ]
DPPH radical cation 71.34£0.00 ABTS radical scavenging 77.9740.00

scavenging activity (%)

activity (%)

D MeantS.E.M.
2 ND: Not detected.
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Table 3. General analysis of muffin with Psyllium husk powder

Psyllium husk powder (%)

Composition
(7o) 0 5 10 15 20
Moisture 18.11£0.30"? 18.66+0.06° 20.41+0.04° 20.92+0.11° 20.95+0.08°
Crude ash 0.40£0.01° 0.410.03° 0.51+0.01° 0.55+0.06" 0.60+0.00°
Crude protein 9.80:£0.09° 9.22+0.10° 8.19+0.15° 6.74+0.14° 6.55+0.03¢
Crude fat 22.76+0.09 22.06£0.09° 21.49+0.14° 23.3340.17° 22.45+0.33°
D Mean+S.E.M.

2 27¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

& Kim MR 2020)°l] m2W, A0 222 ok 2 2 5%, 10%, 15% 2 20% H7kedlA 100 g & 2
I Aol A AN Hrlee] S7FEFE SRSl 5 144.3540.51, 157.48+0.32, 169.6144.62 2 195.93+0.85 mg=
7Htte Aol 2 A7 Aot fARE AEFE JEIL FoH o g Z718FtHp<0.05). WRHe thE(0.95+0.17
t}. Beikzadeh S 5(2016)2] Aol E ~AA] AolZo] 2 mg/100 g)ol| Hla] AFHx}u] B2 20% 7kl A 100 g
Azl A B &S U952 J Ry ARd g3l A 6.98+1.09 mgE 7 =2 S-S YeEReIth Al 100
ol F7Veta, eild e Frkeitka B asksich g & thxTo] 7.70£1.91 mgel™, XpAAT B2 15% A7}
Tl EE 1325+0.77 mgE FoF R FUlskeE AE¢S

3. AXXtm| 222 HItst oEe 27|& a2k HATHp<0.05). oFd- 2] Ede] Hrhako] St
AR B W73 mde] B dek A Aale uhe do] A SUtelke AR Elod, Felsh de
Table 4° A|AISIATE. AA A 714 F Zge] kol RE wolA AEHA Fsheh 7714 Aol Aeeh 24

Vg Eskow, Aaly Bk Hrhde] kgl wel B &S Fol, Al W Do) pHE 73~ 754 AR FEL
AR B2 20% F7kEolA 100 g B 472181830 mg = A AATE A8, ﬂW o] B4 kg 31 gl 243}
2 7P e IS Btk 2 100 g T viRTellA 59 kst Al 71eS 7 AL AthPark SI & 2024).
417.704263.01 mg® 7} E=okom, pdxin) Bare] Myl B AFel xpxxly] Bute] HrlES g DM,] =P
Fo] F71erE Hadhe AdE BAth nhdlES 100 g F2 AAAR] F71d & g e 7P =3k A
T 2Tl A 124.57£1.80 mgz 7FF Sk, by & 31 7H(Cho IS 5 2016)1 A= A A o] B2k 100 g & T4

O

o 7

(

Table 4. Mineral content of muffin with Psyllium husk powder

Psyllium husk powder (%)

Composition

(mg/100 g) 0 5 10 15 20
Calcium 277.54+3.420 339.38+6.37° 370.166.65 424.98+1 40° 472.18+18.30°
Copper ND?

Iron 417.70+£263.01° 171.63+205.90° 154.63+48.12° 77.29+6.66° 50.08+17.96°
Magnesium 124.57+1.80° 144.35£0.51¢ 157.48+0.32¢ 169.61+4.62° 195.930.85°
Manganese 0.95+0.17° 1.2240.05¢ 2.80+1.20° 4.69+0.66° 6.98+1.09°

Selenium 7.70£1.91° 7.89+0.75° 8.41+0.64° 13.25+0.77° 13.500.40°

Lead ND

Zinc 10.99+0.25¢ 11.16+0.82° 11.79+0.74° 12.60+1.01° 13.62+0.34*

D MeantS.E.M.

2 ND: Not detected.
9 2~¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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i S 57.3~149.6 mg GAE/100 gl 2 Z7}sl3l o,
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52 B2} el phenolic hydroxyl”] S 712 &= 3
2 Fgd 3L Hold Ao Huskg]

5. DPPH 2! ABTS Radical &7 &4

27 2} 718k WA 2] DPPH radical &4 &4
A3 Fig. 19 AASHATE. Positive control 2 ascorbic
acid(l mg/mL)E AHE-3FS12M, 95.05+0.00%= o] o=
7V e 2E Bk old vlg iz AHAby B
5%, 10%, 15% 2 20%E A7 Tl A e 22} 20.88+
0.00%, 23.18+0.00%, 27.02+0.00%, 30.41£0.00% 2 32.60+
0.00% o2 UePgtow, Axxtg] o] Myl 7t
<% DPPH radical 227 &/d¢] 57}k th(p<0.05). DPPH
radical &A AL radicals 2t B3 So|A = vl wEd <t
23 e = gitsl &d E-o] DPPH radicals 474
A BeEpdoa] g oz Wetth= S o] &3 HlwA 7tk
sHAl &aksl & ol tigk S o] 7FssltHKim HN 2019).
A2 A7H(Kim HN 2019)2] Aol w2w, 2pdxts] E2-s

Hulo.
Tas

==
A7FelAl & th274(81.23%)°l Hla] xdxly] 2 8.3%
£ 713 A7 A2le] DPPH radical 27 EAdo] 82.34%=
7kt frAke ARE Beink A ald K (Park GS 2020)
E By, FulH 20S Hrlete] s BHEAS oy
2 AHrlekA] S thET9 DPPH radical &4 AL
18.25£1.52%°|™, FutE. B8-S 3718k W o] DPPH 44
AL 8281+ 481%E T o7 Z713F AL FelslyTh
o] 9o = A E2iLee YS & Chung HJ 2013), o}Ao]Hl|z]
BukKim HS 2012), #2182 B2 Lee JW 5 2015), 7L
gLz} E(Yang SW 2018), 2] £ Z(Yoon JA & Shin
KO 2024)= 7} vl A= FA 5o ko] S7tes
% DPPH radical 227 &40] S7lete] & A5 kgt 2
= Bk Azl BdS Hr1e W3] ABTS radical
27 2 A3 Fig. 200 AAIBEITE Positive control 2
ascorbic acid(l mg/mL)E AF&-3152™, 89.29+0.00%%=
oA o g 7 He @AL BTt old Hlg] txTH A}
AR Bak 5%, 10%, 15% 2 20%2S H7Fek ol Ale o4

Table 5. Total phenolic and total flavonoid contents of muffin with Psyllium husk powder

Psyllium husk powder (%)

Variables
0 5 10 15 20
Total phenolic 0,870,150 1.04+0.36° 1.1120.03° 1.1120.99° 1.19+0.53
(mg GAE/g)
Total flavonoi
otal flavonoid 0.12:£0.06° 0.32:0.06" 0.35+0.10° 0.410.10° 0.43+0.15°
(mg CE/g)
D MeantS.E.M.

2 2~d Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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Fig. 1. DPPH radical scavenging activity of muffin with Psyllium husk powder.
Each value in mean+S.D. Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test. ASE: ascorbic

acid.
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Fig. 2. ABTS radical scavenging activity of muffin with Psyllium husk powder.
Each value in mean+S.D. Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test. ASE: ascorbic

acid.

=2 9.48+0.00%, 11.68+0.00%, 20.28+0.00%, 22.82+0.00%
9 27.85£0.00%=2 ALY o] Hrlgo] ZIpESE
ABTS )z &4 &4do] F718 th(p<0.05). ABTS radical
a7 A4S ABTSE AAIZI7] 3 AFE-%+= potassium
persulfateol] HH3-3lo A ¥ ABTS free radicalo] A& U
st BEAREE FAaE Aol e Ed = wskd

of we} FEMo] A= AAS &85 ik g4 =3
W o|tH(Yoon JC % 2023). 3 2FEX] FAlo]| Ao A}y
A St B (Psyllium fiber)2] 7ol 0%~15%= 5714

£ ABTS radical &7 €732 197.2~331.5 uM TE/100 g2
S 718 e, o]& ABTS radical &7 2792 745 wlo|7]
WP I} 2} x}E] A or Buro] Al Al go] Go]a ke =
Ao 2 H 13} tHWojciechowicz-Budzisz A & 2023). 3t
g A(Yoon JC 5 2023)°l] wEWH, W] wls Tt
(0.11%)°l] B3l U}E@é‘-«l A7 ko] BS4= ABTS radical

=T

7oA 49.60%

&7 @20l wobA vhed A B 24%
= Fe malrh

Z7kete] 2 Aot fAkeE A
6. ARt 2LUS &HUIsH ofElel MAH nHE
A g Hrkete] THE wjwe] dAW
A 22 A= Fig. 37} Table 60 A48 Th uqu =
AU AT FEe] Hubge] SIS g gajo
2 WAslelgich Lake tixw, 2B A &2 5%, 10%, 15%
2 20% H7kEelA 2 75.40+0.61, 63.83+0.62, 60.81+
0.50, 57.03£0.03 = 52.80+0.12 =28 fojatA ol
(p<0.05). agt iz, AT 22 5%, 10%, 15% 2
20% A7FElA Z42E 1.90+0.06, 3.27+0.03, 4.10+£0.12, 5.43+
0.03 2 6.83£0.03 o2 Ay Erte] ghgfo] Frjeha
—7} = 23S BAthp<0.05). bake ti2E, 2 A1)

F 5%, 10%, 15% 2 20% Z7kollA] zHzt 28.40+0.71,
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Fig. 3. Overall shape of muffin according to Psyllium husk powder
Table 6. Color value of muffin with Psyllium husk powder
Psyllium husk powder (%)
Variables
0 5 10 15 20
L 75.4040.6172 63.83+0.62° 60.8120.50° 57.03+0.03¢ 52.5020.12¢
a 1.90+0.06° 3.27+0.03¢ 4.10+0.12¢ 5.43+0.03° 6.83+0.03"
b 28.40+0.71° 19.900.06 18.97+0.87° 17.3740.07¢ 13.20+0.06°
D Mean£S.EM.

2 27¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
y P p gnt

19.90+0.06, 18.97+0.87, 17.37+0.07 2 13.20+0.06 =22 2}
Az Ege] Hrlgo] Haste A HAthp<0.05).
£ Aqe] A= A4 1wk 2% (Ko SH & Seo EO 2010),
7 EH(O0h SW 2012), dl&1eks £ % (Lee JW 5 2015)
9 o} B2(Bea JY 2021)S F7Her Ao 7ol
S7VEFE Lt b3k Aasta aghes Slkeke A

Botke A7 23 fARR T 2ev A 2 (Lee YS
2013), 227 2(Sun SY 2017)2 A7 WA= Like
kil agh? bk Aadte A Btk Baskd
o} wheba] H7F FA ] Aide] o] M| ke 1
Ae Aoz AlgHrt
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7. AM™Atn| 22E HMotet oEe pH S8 H ZEx

AR g A7 o] pH 2 A= 5% 2 Table
790 AASE T AR S HUFeHA] @2t
pHE 8.56+0.010]™, 2=k B 5%, 10%, 15% 2 20%
7ol pHE 242 8.16£0.00, 7.82+0.00, 7.58+0.00 2
7.24+0.002.2 F-o|3HA| fhadhe A TS BAthp<0.05). A
PAT(Cho 1S T 2016)°] W2W A7 o] Fdg H7tsio
THE oie] pHYF TiET 6.66, A7do] B 20% H7k
6.3124] A7o] Lde] Hrteo] 55 pHYE Hopxitt
= Aol A1 AES Bt AR A dERES
95.67+2.60°] 1 AFH AL B 5%, 10%, 15% 2 20% 7}
o 747} 68.3342.19, 63.00+£5.77, 41.33+2.03 2 33.33+1.20
o2 vEhgon, xpdxte 3 A rhere] Sl whet A
T=7F A th(p<0.05). A3 F(Jeon SH & Kim MR
2020)l wr=w, 2jwke] =7} ) Zato] 68.74, AL B
o 15% H7}ro] 39.88EA] ARy Bl Hrlgo] B
F5 dolR= As BHRlths A} fAeR o, o=
22 g el Hrlbeko]l S7VESE Aol R i A
Feo] EolxA Azt met A% Al BGs frAlska
T2 e AstAlAld wet AErt gk Ao AlR

s},

8. AMAtn| Z2g H7tet M{EQ| ofo| =4t =M

Az o] H7bd wae] oAt
Table 8l A|AJSkATE 2bdka] 2 371 wde] 100
Foln] =2tk 8RS Jeucine, phenylalanine, lysine 2 valine
TOoR EFoHh 53] thaael vl adAb] £ 20% A
7hEolA 100 g@ Fg=olm| =4kl isoleucine(270.2+0.01 g)
7} arginine(278.0+0.01 g)2] o] 71 = htH(p<0.05). 2}
A B AU W9 100 g@ vl golr| gt s
glutamic acid, aspartic acid, proline % serine T2 2 =34t}
ek 2Rt 8 5% H7brelA] Farobn]| ekl valine
(335.420.01 g), leucine(555.2:0.01 g), lysine(346.0£0.01 g),
histiding(153.3+0.01 g) ¥ B]ZFoln| =4kl aspartic acid
(503.1£0.01 g), serine(439.4+0.01 g), glutamic acid(1,591.9+
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0.01 g)= T3kl E=ATHp<0.05). AA] 2
715573 AFe g dPAFJeon SH & Kim MR
Park YU & Yoon HH 2022)°l|4] = o}a| =4t 2430 gk <
T7F =53 AdAolgln Aetele] B AFolMe ofn|weit
235 BAEI T opn]ieahe vl 3hdo] v]"ol e
71% 2ol = glucose, purine & pyrimidine 5 TF3F A &
A= FAAE S AFEHo] HEE A Ul 5 dgi
% she]thKim HY 5 2009). < x=3t2 21g+ 214
Aoy et AT T ol fFE ofn|ite] Faido]
AlEl A9l o]z thFE 1 lEH|(Park SK & 2011; Yoon
JA & Shin KO 2023), 2295 283 A|F2] Yike of
vt S gt 2 onrt e Ao E Alsdr

o
e
N
)
o,

=

9. BSA ZAL

AR B rke WA tigk #ed HA A
Table 9l #A|AIEFA T} A (color)S A B2 5% 7
o] 6.00£0.400.%2 7} =o HrlE wigtow theow 3}
Az B2 10% 3 7HE(5.50+0.37), THETH(5.40£0.27), 2+
Az B 15% H7kH(5.00£0.33) 2 2Rk B 20%
A7F(4.00£0.47) o2 =S)th WAl (odor)e W2} 2}
AR BT 5%, 10%, 15% 3 20% H7kro] 242t SAt=
5.70+0.33, 5.50+0.34, 5.20+0.33, 5.20+0.33 %! 4.80+0.59<]
H7IE Wil dltaste) AP BT 5% H7kEel
5.80+0.330.2 7MY =& HAE4E ko, Aty
20% H7EE 3.5040.560.2 71} e PIE wolt) o
(appearance) ¥} 32 ZH(texture)= AHHAAT] B 5% H7HE,
2, 2z B 10% A7k, 2RAAE] 2 15% 3
7Rt W AR B 20% JAURE o2 5o HUiE
skt AdbAQl 7] E % (overall acceptability)= RFF7IA| =
5% H7bEE 7S dseEisleom, O v e R &2, 2k
A3 10% H7ke, A S 15% H7ke 2 Ak
b B 20% A7kt ooz Jebgth wabd 2] A}
ol 5% A7 7 A Aot

i

iz o

Table 7. pH and hardness of muffin added with Psyllium husk powder

Psyllium husk powder (%)

Variables
0 5 10 15 20
pH 8.56+0.01"% 8.16+0.00° 7.82+0.00° 7.58+0.00° 7.24+0.00°
Hardness 95.67+2.60 68.3342.19° 63.00+5.77° 41.33+2.03° 33.33+1.20¢
D MeantS.E.M.

2 2~d Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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Table 8. Amino acid composition of muffin with Psyllium husk powder

Psyllium husk powder (%)

Variety

(g/100 g) 0 5 10 15 20
Valine 317.60+0.01") 335.40+0.01° 312.50£0.01° 311.10£0.01° 300.80+0.01°
Leucine 544.30+0.01° 555.20+0.01° 520.40+0.01° 526.00+£0.01° 529.10+0.01°
Isoleucine 264.20£0.01° 276.80+0.01° 259.40+0.01¢ 262.10£0.01° 270.20£0.01°
Threonine 268.20+0.01° 273.90+0.01° 261.60+0.01° 268.00+0.01° 255.4040.01°
Essem;: damino Phenylalanine  386.80+0.01° 381.30£0.01° 360.90+0.01° 348.30+0.01° 353.70+0.01°
Methionine 103.40+0.01° 103.40+0.01° 117.4020.01° 113.80£0.01° 105.40+0.01°
Lysine 326.30+0.01° 346.00+0.01° 331.90+0.01 345.00+0.01° 326.30£0.01°
Arginine 262.40+0.01° 277.9020.01° 269.40+0.01° 284.80:£0.01° 278.00+0.01°
Histidine 145.30+0.01° 153.30+0.01° 143.50£0.01° 144.50+0.01° 137.60+0.01°
Aspartic acid  503.100.01° 526.30+0.01° 494.90+0.01° 502.60::0.01° 480.00+0.01¢
Serine 426.70+0.01° 439.40+0.01° 409.90+0.01° 417.60+0.01° 389.50+0.01¢
Glutamic acid ~ 1,576.90+0.01° 1,591.90+0.01*  1,482.10+0.01°  1,507.10£0.01*°  1,397.40+0.01°
I\;‘;‘;:ZSZTI?] Proline 503.80+0.01° 497.900.01° 461.70+0.01° 476.50+0.01° 423.40+0.01°
Glycine 225.30+0.01° 237.30£0.01° 227.30£0.01° 233.50+0.01° 224.90+0.01°
Alanine 285.60+0.01° 299.70+0.01°* 269.40+0.01¢ 286.70+0.01° 273.4040.01°
Tyrosine 211.60£0.01° 194.60+0.01° 192.800.01° 206.30+0.01° 195.30+0.01°

D Mean+S.E.M.

2 27¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

Table 9. Sensory test of muffin with Psyllium husk powder

Psyllium husk powder (%)

Measurement
0 5 10 15 20
Color 5.40+0.27"% 6.0020.40° 5.50+0.37° 5.00+0.33° 4.00+0.47°
Odor 5.70£0.33° 5.50+0.34° 5.2040.33° 5.20+0.33° 4.80+0.59°
Taste 5.70£0.33° 5.80+0.33" 5.10+£0.31° 4.80+0.36° 3.5020.56°
Appearance 5.70+0.30° 5.80+0.29° 5.50+0.31° 4.80+0.39° 4.20£0.57°
Texture 4.80+0.25° 4.90+0.28° 4.40+0.27° 4.50+0.48° 3.20+0.44°
Overall acceptability 5.60£0.34° 5.70+0.40° 4.90£0.31° 4.7040.52° 3.50+0.50°
D MeantS.EM.

2 27 Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

ok Zed S 14.22£0.20%02H, 100 g wkadlg §
2L 909.92+3.48%1 1, DPPH 2 ABTS radical &4 42

B Aol A AR B (Psyllium husk)®] 1848 & Z}zF 71.3440.00% 2 77.97+0.00% = ZAFE QI AR w)
AE BA 23S 7 I, A BES A wdS 2aS dre o3 A9 A Ewe] Hrheko] Zr)3t
Azste] JFatAQl 545 ARt AdAte] e F2 SR 23R e FrlsIth v Az
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