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Quality Characteristics and Antioxidant Activity of Rice Cookies
Prepared with the Addition of
Milk Thistle (Silybum marianum (L.) Gaertn.) Powder
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Associate Professor, Dept. of culinary Arts & Baking, Mokpo National University,
Jeonnam-Gwangju, Korea

ABSTRACT

This study investigated the quality characteristics and antioxidant activities of rice
cookies prepared with different amounts (0%, 1%, 3%, 5%, and 7%) of milk thistle (Silybum
marianum (L.) Gaertn.) powder (MP). The pH and color values of the MP were 6.24,
62.65(L), 4.68(a), and 22.57(b), respectively. The total polyphenol and total flavonoid
contents were 263 mg GAE/g and 177.76 mg QE/g, respectively. At 1,000 xg/mL, the
2,2-diphenyl-1-picryl hydrazyl (DPPH) and 2,2 -azino-bis(3-ethylbenzothiazoline- 6-
sulfonic acid) (ABTS) radical-scavenging activities were 65.42% and 92.80%, respectively,
with the latter being like that of ascorbic acid. The ferric reducing antioxidant power
(FRAP) value increased significantly with increasing MP concentration. Rice cookies were
prepared by adding 0%, 1%, 3%, 5%, and 7% MP. The pH and density of the dough
were not significantly affected by the amount added. As the amount of MP increased,
the moisture content, spread factor, and expansion ratio tended to increase, whereas
the cookie diameter, lightness, and yellowness decreased. The hardness of the MP rice
cookies was lower than that of the control, while sweetness showed no marked difference
among the samples. Adding MP increased the total polyphenol and flavonoid contents
of the rice cookies in a concentration-dependent manner. A similar trend was observed
for DPPH and ABTS radical-scavenging activities and FRAP values. Thus, MP may serve
as a useful functional ingredient for producing rice cookies with improved antioxidant
capacity and functional characteristics.
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I. A2

Al ARBlof| A A9 At} i Q1o
S71E Qs A7 S31 9 wgAS ool =&
= £ & e HAE /9 Y28 EER Vs
d AEol gt AH|RFe] o] A&H e w F7t
SFA JH(Ju et al. 2006). IFNAE HIARE
(Silybum marianum (L.) Gaertn.)< 4 % o}
Alo} A4 stz Folate] &5k AR,
IR & A FadEQl Ae]ut(silymarin)
< AFRIGilybin)e BIEG SHEEEIE
(flavonolignan) B&AZ, AW AALE v
Jo] R ZHE HAgsto] Ay 45Ha] AEF
AE Aok AEe dA AR g2 gttt
(Abenavoli et al. 2010). T5F, 7FA|ZO] Azt
HIEE ST =4 EEY S T o
2] e FXI5t0] 7t 715 A L TNl A

Aol AHAQ =2 Foal E¥A 2 (Cho

|1 9tHAbenavoli et al. 2010; Surai 2015).
oj2|gt L3t R 7|50l EetaL, WA
Ne2 T2 A77154E9 F+58 FH= 4
FE B dgHoz AHEE Uy AFoly Ho]
A 7o FAEE &85 7FAE AT oFF

F7l= diea U E4 = s Al
I FEolY, TR R ZFH(gluten)
Ao g Rl 4%t EFoy g ETE FEE
T AUth= @xlo] At 22 259 2 (gluten-
free) A&l tiet 871 G5l wet WtRE
A7VEE YARE oA 2] AlF 7ido] 23] o
F0jX] 1 JAHJung & Yoon 2016). &L UHTH

484go] 31 Wholuliite] Fao] Fob G

Ao g 9p5h, A =7] fE 7RsAdol Wot
A7 AFARL F719] 712 A2 A6tHKim
et al. 2002).

A aHlRko] A&HH 0" A wEt o]#gh
EAIE didst| Aol B o83t 7RSS Y
5t7] 913t A7 A&H 0= o]FojR|AL glow
TRt & 7HgEol iE L 1, FAH R &
718 A&l izt BAlo] EobA A& Ho|A YA
of Ackst Mot 43 AtkKim & Yu 2021).
S AAFAR B4, gl REgR, W2 714
olgl= AHL 7FAtHwang 2025). &2 i
A B4, 28RHs, GABA, Ao]4S, 4t Hlgr
7 Bt ¥ E 5 st AEid Aol gloH
o] A2 o, WL Fu ek FEA, &4
2AHE Aot 59 A= &9l 7154 AEoEHA
TFSHA AR E AL QUTHKim & Yu 2021). 7]&
9] AF7] AtollA= HAED (o et al. 2029),
v 27} (Lee & Yoon 2024), E7EHOh et al.
2022), k=FZ ol A(Park et al. 2021), HF
ZE(Lee & Park 2020), ¥ZA=(Ryu & Chung
2018), HIEd(Byeon et al. 2017), F-oMKKim
& Choi 2013) & Het 715748 &2 H7Ist
of 0|3ty EAut A4S 442 B7IRE vt Q)
ou}, AEgt bleS Ad Wans £Es A
F710] A83t A= FopE7] ofFrh

wEha 2 AtoA= A7IREE 720 R 5o
FLA 7HA| %} P4kt 715401 Hold WA
25 J7isto] B7]E AlFskaL, o|gkehA]
AEAGT Ast B 4519 ol Bl
ANES T8I 715 BFI1Y A HigHE
St MEE 71548 Al AFL =AY SE-
7FsdS BASkaAt 5ol
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Foods, Gunsan, Korea), HEl(Anchor,
Zealand),
W e Samyang Corporation, Ulsan, Korea),
4+(Haepyo, Jeongeup, Korea), #|o]7Juh-tf
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(Tojongmaeul, Gyeonggido, Korea)&

New

ZZHPulmuone, Eumseong, Korea),

2. 3IME 2T FUt EFI| M= HHEH|
IANE BLY| A7t a0l wE 25719 A

2 wigle Table 19] AAISIRC Sl

Fg o] 2ads 299 HE(w/wye oHd

ol

A2 Ak A & HAHA|EE St
ue]iy‘]'}é\‘ 24 5&, ]"3} ] 0_]:_8_ @’#_7]}5 qi}_;?_
(Contro) 08 391, WIK<S BHulo] ko

Table 1. Ingredients of rice cookies prepared with different amounts of milk thistle (Siyburm marianum

(L.) Gaertn.) powder

SUS DI YN W7l BHSH L BB 413
dEate] HEA7ER v 1, 3, 5, 7%= UF
o] F7tete] Azt F715e AR oh3lth

7t 7] Mz

7Rt 719 Az S
AACC(1983)Q 7% Farste] IP¥(creaming
method)] Wzt $715 Xﬂiﬂ‘ﬂﬂr. HEHE AL
o7 RISk HrgQ AK L2 A7l 5 bt
Z7](QF-0519H, Daeyong, China)—"% 0]-8-5}o]

HES FEHA ol &, 92 23] Yol
A7feta 7heo] Holx Qs ARe N4

347 1A

8710l ga o
ol AN

ol 2t A
o] 43 E2

. Treatment”

Ingredients(g)

CON M1 M2 M3 M4
Weak rice flour 300 297 291 285 279
Milk thistle powder 0 3 9 15 21
Butter 180 180 180 180 180
Sucrose 120 120 120 120 120
Egg 60 60 60 60 60
Baking powder 3 3 3 3 3
Salt 1 1 1 1 1

PCON: Rice cookies with 0% milk thistle powder added

M1: Rice cookies with 1%
M2: Rice cookies with 3%
M3: Rice cookies with 5%
M4: Rice cookies with 7%

milk thistle powder added
milk thistle powder added
milk thistle powder added
milk thistle powder added
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Ao Amo] g5yt o] A& 170C, &
160CE 1087t 9¥3t 2E(DUU-43, Dacheung,
Seoul, Korea)ollAl 1383t it 912 &+
7= Agdo] &8 20 + 4CE 255 F4sH
A8k 1417 &<t ¥zt & OPP(Oriented
Poly Propylene)@Eo] ZASIo] 24417 & &
Aof] ARE-5HI

4. Ot FE MNEY X=X

daxE B4 d4axes & 7 B)=
ZFzF A|& 100 goll 80% oflghe 1,500 mLE 3
7ksto] Z5qirh. e ¥2ate] AZ2H heating
mantle(Mtops MS-265, Seoul, Korea)ollAl
65C z7le=® 3AHY 33] ®HE F&ESha,
Whatman No. 2 oJ3A|E ©|-§5to] oj2stint.
%% oJHL rotary vacuum evaporator(EYELA
VACUUM NVC-1100, Tokyo, Japan)g& °]&
sto] 40T S804 BME AASIL At 556t
At o]F A=9] ARlE WAsH| Pl 5
—70ToNA ¥5 Eastoith

b. +28, pH, 8= ¥ LU= £H
SHEIFS AOAC(Association of Official
Analytical Chemists 1990) o] wa}t 105T
ol A 2A1%F o) AdHARste] S5k, WA
Ae 2 9 dans & J7F 2727 w59
pHe Al® 5 gofl 575 50 mLE A7kt &
homogenizer(Bihon Seiki, Ace, Osaka, Japan)
2 7,000 rpmellA 3027t #2555kl Whatman
No. 2 o¥AZ o5t o{HS pH meter
(Mettler Delta 340, Mettler-Toledo Ltd.,
Cambridge, UK)Z &4t Br= AR &
T 1 gol 7 9 mLE 7Isto] &3kt F o
Fstal, 2EGEA(RX-5000, Atago Co., Tokyo,

Japan)E °©]&sto] &4l WHEel di=
Choi(2009)2] HFHo] ula} 243519t 50 mL
HAARE ] 745 40 mLE AL T 95 5 ¢
I 7R BuE S4siglon, vise] 74

N2 o] Ui (g/ml)E a9t

ol

e o
1z

6. YIME 22U HJt OEY =¥

43xE £9 A7 B9 H34E Age
AACC Method 10-52(AACC 1995)°] wie}t 3
o ARE et FAE o] AEsioith A3
o wjdsto] AA dolg &%
715 90°IHAIA FLsHA &
I, F SAReERE 7] g Bt A Al
Aoyl FA= Y3 #7) 5708 &

)
ol
-

7. 23Ms Y FU A7 B &4

LaIXE B A7HE719] 2272 Rheometer
(Compac-100, Sun Scientific Co., Tokyo,
Japan)E °l&sto] S4s15ith. Z2IHL R.D.S
(Rheology Data System) Ver 2.01& AR8-3}o
AASHHE. Rheometer®] &4 242 | st
Z(Max wt) 10 kg, H|o]& £ X(Table speed)
120 mm/min, °]%5 AZ(Distance) 50%, T+
ZARupture) 1 bite2 A5t &
probex 217 2 mm9 No. 4 needlex AMES
Aot BE7] EH 4 mm WE JAES}EE 44
T AFA PR 229 EAE S5l &

7191 SAFE7E oHE o el o 9
(maximum force)& A|2Y 33] vHE =35195 0

H, &4 Z3= AZ(hardness)® YER AT



HEI

8. ME =%

‘?z_‘i”‘]% 4 9 4axg 2 J7H 27719

ks 9 971 A5L719] A A (Spectro
Colormeter JX-777, Color Techno. System
Co., Tokyo, Japan)g &3l S4stct 5¢ &
79| A7) Wi AE7| SIS 53] HHESto]
S7s1elt). B719] M= HE(LEL, lightness),
A (agk, +redness/—greenness) H AL
(bgt, +yellowness/-blueness)s Z43}ct
S0 A BE WG] MLghS V|F0RE B
gotelon, ® WA 17k agt ¥ bk 7t
7 89.39, 0.13 ¥ -0.51°]%U-

o= e 41

= Zajns g
(Folin & Denis 1912)°] o} &% OT-OﬂE]' /\]%4
ol WaE 2T 7 B e &
Z¥z+ 1 mL9} Folin reagent 2 mL& 4o "e]%
oA 3ExE BESAIXD Fof 10% Na,COs &H 2
mlLZ A7F5HL, oF E't & 4087t dad ¢
o] HFSAJIZtE &%= UV-spectrophotometer
(Shimadzu UV-1601PC, Kyoto, Japan)g A}
835to] 760 nmollAl S5 AL gallic
acidg FFEZZ o|g3lo] HF 5%71 0, 0.2,
0.4, 0.6, 0.8, 1.0 mg/mL7t =2 25T,

Almo & EY¥E T2 o] AFTFAHCERH
T & EtE ol g2 DavistHo| HE
H(Chae et al. 2002) "ol wet =31t
YIXE 2T A7 A7) ot 58 1 ml
F diethylene glycol 2 mL 3”7} & 1IN NaOH
= 20 uL #7189t 1 & water bath 37T
Al TAIZE BESAIY] & S8 = 420 nmoflA &
Aotk EETAL querceting ©|-83k] A

-2 Folin—Denis phenol method

"“L
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AL
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FAE AAdstelor,
24 1 mL 39 pg quercetin equivalent(QE)
AlAretATt.

& EEolE AF2 Al

2) DPPH 2z
As 5%

275 9 ABTS Hrid &

LINE BT J7t A7) ogE FEEC
DPPH(ZZ iphenyl-1-picryl hydrazyl) =tt]
o] W (Blois 1958)°] <ot
Stk daXs 2 J7F #7019 oe&
F£% 0.1 mL2 0.2 mM DPPH €9 1 mLE
Aol a1 Estal 30+ Bt 374wt
SAIHE T} "41—711:'1—9 A= FE5 4l ost
22 AHrlele] BAsH 2 AN A W A|AL} v
% 5% += FBLISA microplate reader(Model
680, Bio-Rad Laboratories Inc.,
CA, USA)E ©]&3t9] 517 nmollAl Z7dst3lth
g4 vuE aliA T FASHAQL butylated
hydroxy anisole(BHA), dibutyl hydroxy toluene
(BHT), ascorbic acidE FAAYRFOZE AES
Aok Bade 2 A7 A ogtE 559
ABTS(2,2 -azino-bis(S—ethylbenzothiazoline-
6-sulfonic acid)) &z £2AS
(19999 WHS 47 A5t S
ABTS &tz 84L& 7.4 mM ABTS®t 2.6 mM
potassium persulfate® 52 H|E&E St &
Aol A 2447 HFGAIA AT AxH
ABTS" 842 ofetZ= 3]4sto] 734 nmojlA
E4=7F 0.70~1.00 £ 0.027} HEE 2451
ok A& 55 0.1 mLe ABTS™ -84 0.9 mL
S E3doto] 37CAA 3083 RREAI
ELISA microplate reader(Model 680, Bio-
Rad Laboratories Inc., Hercules, CA, USA)E
o]gsto] 734 nmolA FBEE S F

Hercules,

2 Re et al.
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27t 2ol AR 4l eSS ARSI
StA AESEAIQl BHA, BHT, ascorbic acidE
Fd 2T AEIIAT

3) FRAP &7

FRAP(Ferric reducing antioxidant power)
assay= Benzie & Strain(1996)9] #'¥S AR
sto] o2t Zo] S5kt A8 working
solution AZXE #5l 40 mM HCIO| &3figt 10
mM 2,4,6-tripyridyl-s-triazine¥} 20 mM FeCl;
- 6H,0, 300 mM acetate buffer(pH 3.6)5 A
al7] FAH 7+ 1:10:10 ¥&RE 4 & 37C,
102 53 ¥RAIAA A XS0 Alm F55 5
Le} working solution 145 plg& Z%sto] 4
, T2 AR FE2ES YA g g &
F4E YT, AR 272 buffers ¥t
37C, 158 &< A4S ARl Fo] microplate
spectrophotometer(Epoch 2, Bio Tek Inc.,
Winooski, VT, USA)E AR&-5t] 593 nmojlAl
S0 E S5 Iron sulfate hexahydrate
£ X 2R Slo] REHPTAS H 85l =

£9] 1 mgioll £ iron sulfate hexahydrate

S

R

of uM PO LERRII.

10. SHXE|

A% AF}= SPSS 26.0 P/C package(Statistical
Package for Social Science, SPSS Inc., Chicago,
IL, USA)E °l&st] BA 43I 2 Alae
33 HHE SASIAL, 23t B + EELAR
AAISHRE. ARt 7+ 2po]9] fo)d LA
AR A (one-way ANOVA)Y Duncan® t&
HAAAYZ Bl Flstl o™, p0.050014 54

oz qt

o]
Moz Rof3t AoR wrelglr,
. 23 9 322
1. IS BUY pH Y MEY AU F5

< & S Aotk dINE BEY MEE= L
62.65, agk 4.68, bgk 22.572 &HHUt. U2
A& £ & E9HE T2 263 mg GAE/g,
EdtH ol RS 177.76 mg QE/gl &
J= AU HTable 3). YAXE& £T°] DPPH 2

AN opu

Table 2. pH and Hunter’s color values of milk thistle (Silybum marianum (L.) Gaertn.) powder

pH

Hunter color value

L a b

Milk thistle powder 6.24 + 0.02Y

62.65 = 0.73

468 £ 0.04 22.57 £ 0.42

YValues represent the mean + SE (n=3)

Table 3. Total polyphenol and total flavonoid contents of ethanol extracts from milk thistle powder

Milk thistle (Silybum marianum (L.) Gaertn.)

Total polyphenol (mg GAEV/g)
Total flavonoid (mg QE?/g)

263.00 + 0.377
177.76 + 0.58

VGAE, gallic acid equivalent
2QE, quercetin equivalent
9Values represent the mean + SE (n=3)
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Table 4. DPPH and ABTS" radical scavenging activity of ethanol extracts from milk thistle powder

Concentration DPPH radical 1Cso" ABTS" radical ICso
(pg/mL) scavenging activity (%) (ug/mL)  scavenging activity (%) (ug/mL)
1,000 65.42 + 0.30%*) 92.80 + 0.06"
Milk thistle 500 39.80 + 0.52" 13 92.68 + 0.06° 73
powder 250 2472 + 0.11° 81.40 £+ 1.00°
125 1531 + 0.00¢ 5325 + 0.28°
Ascorbic acid 1,000 84.46 + 0.04 3.65 92.61 = 0.02 2.52

YICso: Concentration required to reduce 50% of DPPH radical scavenging activity

2Values represent the mean + SE (n=3)

92-dValues with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test p<0.05
DPPH: 2,2—-diphenyl-1-picryl hydrazyl

ABTS: 2,2" —azino-bis(3—ethylbenzothiazoline—6—sulfonic acid)

Table 5. Ferric reducing antioxidant power of ethanol extracts from milk thistle powder

Concentration (mg/mL)

FRAP value (mM)

1
0.8
Milk thistle powder 0.6
0.4
0.2

881.16 £ 18.56°

gz £27%2 Ascorbic acid®} 5Lt =59l
1000ug/mL ©lIA 65.42 ug/mL & YEI,
Ascorbic acid® 84.46 ug/mL S UEeRGTH
(Table 4). ABTS HZ& AASS
acide} st A= IOOOug/mL oA 92.80
ug/mLE YEPHA, Ascorbic acide 92.61 g
/mLo g YEEorn 9aXE 2] ABTS 2t
L 2752 Ascorbic acid?} FAKRE 23L& Y
EPATH(Table 4). o2t Ax2 UIAKES P4t
3t a3t Wi =2 ZoE AlREY d3ads
=89 FRAP 332 &% 0.2(227.83 +
27.54e)°1A4 &= 1(881.16 + 18.56)7A] =
et AT daXNE £99 5Tt SVHRSE S
7¥oke ZAo=® yEht daxsso] kstanrt

W5e &+ AHTable 5).

Ascorbic

ru

697.83 + 25.00°
504.50 + 31.14°
376.16 + 13.02¢
227.83 + 27.54°
2. Y3INE BY FUt 4F7| 9=e pH & E
e
YaAKE Bgo] Hrhe A7) W] pH 4

¢

Ur A= Table 63 Zth ¥E=9] pHE
Y, 7, 3 4 4 #2Y
S &l $ttK(Yang et al.
2010). pH &% Z3}o] et A= g 24dsh7] 9
A 22 FAA 52 ke
71% $tHSong & Lee 2014; Jung & Kang
2011). 9aMe o= H7FsHA] &2 &57] §t
9] pHE 7.96 + 0.01°]%, BaX& B 1%
H7kEe] pHE 7.84 + 0.0022 YERTH 7%
H7REolAE 7.71 £ 0.0302 E2 H715F0] o}
£ FoUgt o= Holx] gigtth. WaMs &
9] pH7} 6.24% °FAIS UERHAL Q1AL v
A7 pHe 6.5°014 8.0 W7t AAsitar st

N

r
o
Ju g
N
10

éﬂ-lh

Ol

b

o op
i

o]

:(3_1«,4
>~
o
oo
N
z
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Table 6. Density and pH of cookie dough containing various amounts of milk thistle powder

Milk thistle powder content (%)"

F-value
CON Ml M3 M4
Density 136 + 033" 094 + 0.67 125 + 000° 125 + 000° 125 + 0.00°  3.800™
(g/mL)
pH 7.96 + 0.01° 784 + 0.0 ° 778 + 0.02 7.82 + 0.02° 771 £ 0.03 20.056"""

YMilk thistle powder (1, 3, 5, and 7%) was added based on the total weight of rice flour

DValues represent the mean *+ SE (n=3)

92Values with different superscripts in the row are significantly different among groups by Duncan’s multiple

range test (p<0.05)
9"p<0.05, ""p<0.001

(Yang et al. 2010) BaNE& 2% A7 AF7=
AR EA] M7 D85 92 Ao E iy
Aot axg B A7 AT wEe Ui
i 43.67 + 0.33 g/mL, IAXE &
A7IRE FollM= 45.33 + 0.67, 3%~7% A7t
2 44.00 £ 0.00 g/mLOZ ZYUSH =& HS
oh B0 de= B A= E T 4= QlojA
F719] 83 4 B/t AEE AREEH(Cho
et al. 2000) #719] W&r} FSH4E FAo] &
oA 7|5 o] Hobd 4 QU 9Tt B2 s
A FAAE 0] UEY Al AEdol A
sHE 4 ohal SFATHKIm et al. 2002; Jung
2013). A7) AtolA RIEAES £ (Yang
et al. 2017), SUFY ELee & Jin 2015),
el o7} AE(Lee et al. 2013), JTZA|E 7}
(Ryu & Chung 2018)9] AFATNAE 2
I M7l oAl Zpo|7h YERA] 2ttt
I Hysiio, o]2et Aits 2 ALt FARSEH
ot daNE 2T HJA7bs A7) deo) & 9F
= FA g ZeE Hok I8y HAET 3
7F F71(Kim et al. 2009) 939}, &A7]
(Choi 2009) A+23 £ H7tgo] 7Kl
uhe} ¥H50] P} Fobslal ofd = A S wp
£ 2771497 Kwon et al. 2011) S=57F 7t
gt A7](Choi 2012), =e17HF 7Kt 71

2
—_
(=]

o] A7 A7HKim et al. 2012) 2T H7lgo] F
7V wet 5] U= ASkntal B st
of B et 0 2iE Bt

3. HIMS 2E 7t AF7I9 pH, & &,
C]

IaNg 2T A7 B 282 VA
%2 Hix BF719] pH, FE4F, 3= 7

o] S44> Table 73 2ot B57]9] pH &
A= diE2d2 9.04 £ 0.7, 1% F7H-Z
9.58 £ 0.01, 3% 7R 9.52 £ 0.03% iz
o 2k 1% 9 3% H752 pH gkl =343 5%
A7HREE g2 7944”1 Aol Ao 7%

7d
A7 BT R
0.48= 7M Wokar, W3y
2 71 S0l wet RS wo e
Holok Smeld d7F #71(Ju & Choi
2012), ord=2A o] mE AF7](Kwon et
al. 2011) A+ 2% FA= 71 S7h w2t
FEHE 7RIt ARt fARI G
% 2.50 + 0.01°Brix, 1%°1A4 7%714] 2.50
+ 0.06°Brix°lA] 2.57 + 0.03°Brix& &30
A7VF Z710) uet grols IS FA U=

Zo2 HAh AL+ "iFRFol 1,150.00 +

oM My rlo

;%
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Table 7. pH, moisture contents, sweetness, and hardness of cookies containing various amounts
of milk thistle powder

Milk thistle powder content (%)”

F-value
CON M1 M2 M3 M4
pH 9.04 + 0.077% 9.58 £ 0.01* 952 £ 003 901 = 0.02° 841 = 007 95467
i\gzzzr;% 458 + 0.48° 501 + 036" 525 + 011" 687 £ 0.53° 6.85 £ 0.13 24.012""
0,

?fvge:;‘;“ 250 + 0019 250 + 006 250 + 002 250 £ 001 257 + 003  1.000
Hard i
(gj;nﬁj“ 1,150.00 + 42.3° 350.00 + 0.00° 420.00 + 20.82° 725.00 + 79.84° 1,037.50 + 73.19* 34.916

UMilk thistle powder (1, 3, 5, and 7%) was added based on the total weight of rice flour

PValues represent the mean + SE (n=3)

92-Values with different superscripts in the row are significantly different among groups by Duncan's multiple
range test (p<0.05)

“NS: not significantly different among groups

9""p<0.001

42.3°Brix°& 7} =9tom 1% A7kto] 350.00 AInE& B Hr7t AF719 ol Rt
+ 0.00°Brix2o.2 714 wotom H7leko] &7} 0.94 cmol Y8 YIANE& B M7 Z710 o

Y42 FrlAoU WK tae] wste] 2 0.88~0.83 cm WEIR 7% W7ol M &
At e Foz By o Ave WA ok %S Relgrkp.0D). BHHL
29| 2 go] YRS SEPFHT Fob  Fol 7FF ULI(100.00 + 0.00), BAAE E
SERe) o] vhelo] Augel 448l 2 @ WY S et wPHe Fksad

o= Algdrh 7 (o et al. 2024), ot (p<0.01). F719] I ¥=9] 5497 2%
vl 29 (Kim et al. 2017), B2} AE(Lee et A&l FHF EAS vt 79 EF A Ho|
al. 2013)9] AtollME H71F S71ol whet A o} AgApoAE A7FE U 7710 7t 5
7} A4Sk Aol TEEOH, o B A Fof et F7]9] HIAo] dERE AeR B

23S AR gi = JcHChoi 2012). d12F2] HAAL 5.52 +
0.110]1¢22 WAXE ¥ A7k S7tol wet 5

4. YENs Y F7t EF719 2, FH, o AL 27kl AL Hol 7% HrMtoAd=
dd, £a8 % 38d 6.10 + 0.17% thz2ol s S7tstgict. ol
FANE B 7 A7 £ES 7 3t Af= A7} 3leko] Woldsg 7o) WA
&2 2t 719 A4, FA 2 [, &4 A A2 ol ATA| =1 AUeE Aty] o
E 9 W/ AE Table 89 YeRH AT & T(Ryu & Chung 2018)27}e} QAR 272 1}
719] A7 tj2+ 5.18 cmol| H[S| IAXE & et Kim & Chung(2017)& Al Bt
T H71E0] 5.18~5.06 cm 9] MR WAME o wy| HiEo| Al A9 ArbE Haro) o
Y A7FE St weEh RolHoR AT gleky Exo] F]o] WA dgke wE &
©<0.000). Ak musigict £ Aol A WANE B
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Table 8. Spread factor, loss rate, and leavening rate of cookies containing various amounts of milk
thistle powder

Milk thistle powder content (%)”
CON M1 M2 M3 M4

F-value

Width(cm) 518 + 0.022¢ 518  0.01° 514 £ 002 508 £ 001 506 = 0.02* 10.855""
Thickness(cm) 0.94 + 0.04* 088 = 0.03® 086 + 004" 088 + 005 083 £ 0.05° 4676
Spread factor 552 + 0.11* 592 + 009" 601 + 0.16" 584 + 0.14% 610 + 0.17° 2661
Loss rate(%) 10.03 £ 0.85" 1039 + 1.29°  11.67 + 0.15° 11.95 + 028" 1428 + 0.65 4.864°

Leavening rate(%) 100.00 + 0.00° 111.43 + 13.09° 120.00 + 0.00® 122.86 + 2.86° 14857 + 7.56° 6.845"

YMilk thistle powder (1, 3, 5, and 7%) was added based on the total weight of rice flour
2Values represent the mean *+ SE (n=3)

I+
I+

92 bValues with different superscripts in the row are significantly different among groups by Duncan’s multiple
range test (p<0.05)
9°p<0.05, “p<0.01,

Hkk

p<0.001

A7RRE BF719] B S7he HaNe £
7¥E VIR Qls) W= Wl 7 &5, BEA
T8 o] tixto] H|ste] EoloEM 7

9] AL 9 540 I vH dIAXNE 5. dF7lo] M

Hul 47} &7]0] WA o] ZrlEle Ao A} daMe &9 7S gesto] Azt A
2HT 5 QroAE daNE B drlego| 7] Bt} @ Eoj|A 5% A7] Zx(crust)] A
o2 Qg A gk o 2 9 AkHel 7|z EE 33T e Table 9o AT wE
5ol digt FsAAE Aot AnRte] 84 9 Hre= WANE 49 A7k S0l wet
< TPHo=E Frit 9art glow, olglely & ooz FAstArH(p0.001). B9l A=

gjZto] 7P =0 H(6.72 + 0.10), BIHA

AR AE Aol A M4 Whle 44

a7} 9e Fo wekH

e

o

o)

Table 9. Color characteristics of rice cookies containing different levels of milk thistle powder

Milk thistle powder content (%)”

Items F-value
CON Ml M2 M3 M4

L 7434 + 023 6890 + 0.19° 6275 + 0.57° 57.69 + 0.74° 53.04 + 0.59° 277.581""

Dough a 672 + 0.10° 563 + 020° 517 £ 0.02° 546 + 032° 515 = 029°  8.708"

Hunter b 3479 + 029" 29.14 + 0.27° 27.24 + 0.18 2490 + 0.91° 22.52 + 057° 81493
color* L 7625 + 043 7575 + 0.71' 68.66 = 0.61° 6543 £ 0.97° 60.55 + 0.52°  99.966 "
Cookie a 672 + 040" 249 + 0.08° 334 + 032° 395+ 0.12° 666 + 042> 41.393

b 3511 + 0.50° 28.16 + 0.34° 2825 + 0.74° 27.05 + 0.62° 28.69 + 0.40°  35448"""

PMilk thistle powder (1, 3, 5, and 7%) was added based on the total weight of rice flour

2Values represent the mean + SE (n=3)

J2=Values with different superscripts in a row are significantly different among groups by Duncan’s multiple range
test (p<0.05)

97p<0.01, ""p<0.001

*L: lightness, a: redness, b: yellowness
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(p<0.01). WF=9] M= tizo] 7
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0.40, 7% H7H0] 6.66 + 0.42= FYu|eHA
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6. U BY Wi W\l & B2

L ARk wE 27719 & &2
H= ek & Sl volt JeF 24 Au=
Table 107} 2t} & S99 2 tixwo]
114.64 + 1.36 mg GAE/go 2 7P Wotar, 1
IRE 71l weR120.28 + 0.49 mg GAE/g~
166.10 £+ 1.99 mg GAE/g) & Z¥H& e
FojFom FS7ISHRATHp<0.001). & &2 0]
o] gk gixFo] 1.25 + 0.08 mg QF/g2
2 7P R9ka, 7ol S7Istel wEk 2.62 +
0.00 mg QF/g~15.52 + 0.31 mg QE/g9] ¥
—‘HE Z ZglRyol=9] ke Sojxog =7}

FtHp<0.001). & Eejuls T2 st &
A3t FHHY] AHIAE 7HHITHL BaE T Qo
(Ryu & Chung 2018). ¥ax& B& d71sF &
7tol| mt & Eduls 9 § STt eolt
S7kote A AF719 7158AE SHolA

woleti Apmrt.

o]

:Lx—] ;H o]
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l_.“|

Table 10. Total polyphenol and total flavonoid contents of rice cookies prepared with different

amounts of milk thistle powder

Milk thistle powder content (%)

F-value
CON Ml M2 M3 M4
Toral polyphenol ) ) 4 4 13699 12028 + 049° 13375 + 161° 15221 + 145" 16610 + 199 2171210
(mg GAE?/g )
Total flavonoid i b , ne
125 £ 008 262 + 0.00° 561+ 017 945 + 022" 1552 + 031° 914423

(mg QE%/g )

YMilk thistle powder (1, 3, 5, and 7%) was added based on the total weight of rice flour

YGAE, gallic acid equivalent
3)QE, quercetin equivalent

MValues represent the mean + SE (n=3)

Y2Values with different superscripts in the row are significantly different among groups by

range test(p<0.05)
9" p<0.001

Duncan’s multiple
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Table 11. DPPH and ABTS radical scavenging activities, and FRAP value of rice cookies prepared
with different amounts of milk thistle powder

Milk thistle powder content (%)"
CON M1 M2 M3 M4

F-value

DPPH radical 267 + 06979 208 + 054 757 + 1.10° 10.59 + 0.60° 18.16 + 0.92° 68.039""""
scavenging activity(%)

ABTS radical scavenging
activity(%)

FRAP(mM) 2.34 + 0.00¢ 401 + 0.02¢ 16.00 + 2.22° 4600 + 2.22" 8822 + 8.01° 80.348"""
YMilk thistle powder (1, 3, 5, and 7%) was added based on the total weight of rice flour

Values represent the mean + SE (n=3)

1.80 £ 0.90°  20.67 + 2.28 42.92 + 1.96° 5820 + 3.50° 71.23 + 1.47° 161.610""

Y2 Values with different superscripts in the row are significantly different among groups by Duncan’s multiple
range test (p<0.05)

9""p<0.001

DPPH: 2,2-diphenyl-1-picryl hydrazyl

ABTS: 2,2" —azino-bis(3—ethylbenzothiazoline-6—sulfonic acid)

FRAP: ferric reducing antioxidant power

7. WIS S &I WTI|O| BASH B V. 89 9 A=

W=4& Eito] H7hEl BF719) DPPH 2]
7 9 ABTS SHiz 2A4%, FRAPRS 573 A SNSRI VIS HE 28 TS SIS BA
L Table 113+ 2tk DPPH 2z 24% =3 A& BLZ 71 BF715 ARsta 27719
AT gZH2.67 + 0.69%)0] 7FY worw, = asd H skS ZAskIt HANS
1% A7H2-e 2.08 + 0542 tha Gopgxgr T APl FASHE 24 A% WANe 2wl

3%~7% A7V Z7lo] whe 7.57 + 1.10~18.16  PHT 6.24% oMMgs Uedlon, Mms it
1 0.2 M9l SoldoE 2AGYHp@.001). 0265 adk 4.68, bt 22.57= vehgtt & &
ABTS g 4752 tzzo] 1.80 + 0.90%  “I"h= ¥ 263 mg GAB/g, & SeE=ol=
o2 VY werm, Al Zolo) w2067 +  Bow 177.76 mg QB/g °|Ral, DPPH =Hzt
2.28~71.23 + 1.47 W92 Ueh} 9ozoz  £762 1,000 pg/mLojAl 65.42%% 0™, ABTS
Z718tAtHp(0.001). olat AT Wane B HHE &75E 92.80%F HERT FRAP #h2
o "l Zlo) wet f7)9) Eaws g 2 wE /b SUIREE SUkel] daME 2
HiolE Fo] Zrlem, olo] wep pppH w1 A TEECl vk AEH R FHFE Aow
ABTS }t]zF A74%0] ske Axta kgt EPgth daxE B drt A7) 959 pHE
(Kim & Chung 2017; Yang et al. 2017). W2 7.96°04 7% H7HE 7718 tha 7HAst

W3NS BT7]0] FRAPFES ti22e 234 + ot A7Iel B2 Hsh £2 34 gt 1
0.0008 7P Worm, driepo] wet 2tz 401 =) BE ER iR AR 401011 25t
+ 0.02, 16.00 + 2.22, 46.00 + 2.22, 88.22  fol7F HEHA oSttt e ATV 2Rt
+ 8.012 A7lSko] Z7ako] whet gizgef wsh  © 2AAE 2T AHE SVl wet 57}6%—
o] golHoR ZAlsHe AoR UeiIthp.00). B 3% HERITh B taels M sk
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