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Quality characteristics of muffins according to the amount of safflower
(Carthamus tinctorius L.) seed powder added
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Abstract

This study has investigated the physicochemical and sensory characteristics of muffins supplemented with 0%, 5%, 10%, 15%, and
20% roasted safflower seed powder (SSP) in order to assess its applicability as a functional ingredient in baked goods. As the
SSP content increased, the pH of both the batter and the muffins significantly decreased, whereas the height, volume, and specific
volume of the muffins increased. Moisture content and baking loss rate were not significantly affected. Color analysis revealed that
the L* and b* values decreased, whereas the a* values and total color difference (4E) significantly increased with higher SSP levels.
Texture profile analysis showed that the hardness, gumminess, chewiness, and resilience decreased as SSP increased, whereas
springiness improved. In the sensory evaluation, the overall preference was highest for the control (7.30), followed by the SSP 15
group (5.77), thus indicating that excessive SSP addition negatively affected consumer acceptance due to a darker color and rougher
texture. However, the SSP 15 formulation achieved a favorable balance between health functionality and sensory quality. These
results suggest that up to 15% SSP can be effectively incorporated into muffins in order to improve their functional value without
compromising product quality or consumer satisfaction.
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ofzej7} X[qoflA F= EJT} AokS F857| FIet HH o= A

Z5HKsafflower, Carthamus tinctorius L)y= Q1% = ‘B3 5 wi=]o] Yth(Park et al., 2004; Asgarpanah & Kazemivash, 2013).
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& Lee, 2003), 20-100710] TSP} 0o] 2] RS o2 £ 2 AIBElo] YeZhang et al, 2016, 53], 84 Al
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2013; Wang et al., 2023). 3} A9k 2F 29%9] AHFS X3lola!
9low, o] = F=FAN(linoleic acid)}2 F 70%, 22X Holeic acid)
9F 10%E AFR|SHcH(Park, 2003; Zhang et al., 2016). 2l=SAkS 2
S oAl A Wl 2w T 34, FEAEE iAol Hoisto] 59
7519 o} & A)20] ETEo]TI(No & Park, 1992; Asgarpansh &
Kazemivash, 2013), 3] $552] 47 FoiE &9 &5 S84
BlE $XE a8 os 24As 4 QIthMoon et al., 2001).
ESH 53} ZR}ol= N-(p-coumaroyl) serotonin, N-feruloyl sero-
tonin 5 serotonin F=A)7} = 0] 210] a-glucosidase E/dS <
Aoz g i A 2 715 A% A4 28 /st
™ (Hiramatsu et al., 2009; Zhang et al., 2016), flavonoid, lignan 5-]
EojlssigEol Tl ol sk 2 gk ge A8,
TEY, U5, 59738 Aw, o7 2AZA, FHLHE A
oF Z-g, HWakd FA JA| 5(Suleimanov, 2004; Koyama et al.,
2006; Jin et al., 2008) TRt A 7152 7IA1L Uk 0]<e]
T Ca, Mg, K 5 g9 77185 HRolal Qlo] w737 04*3-4
ZTREZ A= 24491 aE YeRATHBae et al., 2002). 3
SIS A8l 7kt AtEE A¥HKim et al,, 2000b), = %
E]9(Kim et al., 2000a), B2$-U(Shim et al., 2025), ZX](Park et
al., 2002), EFH(Shim et al., 2005), 7] (Kwak et al., 2002), 54
E8(Park et al, 2013) A o] 9108, FHAZ 7R AT
el Q79 4% 71 4H0] ot A 2 TS 9
o2 wolk F5 2382 0|87 REAZ o] LI B
A 54 9 FAlet 4(Lim & Hong, 2021), IZ4 LAt
7} 351 W ofalaia Ajute] ol 9 %ol vlAl Feiang e
al,, 2021), E4-FH]410] 23 QI7F Ik AL APEOfA 2t AL
A &5 F7HKim, 2022) A7 5 3K, Y, 9= 59 AF °]
Q]9] FopolA &3} W AFe A&EFC® o|FojA|AL Qi
Q) AloIAE Tiebrle] Wals Ag % PO B
eejo] S7FL, Aol Avlehe vlg OlA] S7FhAl Al
o] AF-oF= ATH(Kim et al., 2022). 7L A3} A AT} 4H|7}
37kt AT-AE A E3t A2o= AE| I QltkYoon et
al., 2023). %3] Yang et al. (2022)2 COVID-19 0|5 7F3] AH]
HEt SRS Baskolrh ey o]9h 22 Alto] Msh=
GoF A1719] 2719} cho] Aol AR LA (SchaRr of al,
20195 2SI, ol= TS, B, HEHA 23 5 4
ol8o] HE Z7lol Tdat Talo] Yrkeon et al, 2022). olo]
wfe} 7ol folRt 715 YR B RS T A5 et
AR} 457} Z27F6k3 QthKim et al., 2022).
SIS Wi, U 99 5 sl e thgy 720 o
AEZ(Ahn & Yuh, 2004), 71t A4} ThE EX 7H4]08 Ye
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AH|E] 3] QTHPark et al.,, 2021). HHE2 AR oA ST T=F
of g 4 Wapt BlwA A7) gigo] L7RR e S0l 7
S/go] A AstE|A] ot TRt FAR] 77t -&olstHTung
et al.,, 2008). 0|23 B0 & QI U2 AHR H57}F 22 A
o Holw, g9} A% 7lsAe LR ATt 7IsA 2AE
285 1113 o] k5] o]Fof2| 1 QlthJang et al, 2012). A2
= EH g4 B (Hong, 2019), 7142} E2HKim et al., 2020), AH
& oo, 2021, OpolHTE] 529 T Lhe BPark .
2021)2 A1k ool Thet A7-50] ek, ol chaat 1A
2 243 715y TAES] Akt At 2718k lom(Park
& Yoon, 2023), 21342 715 77 B0 RS A2 A
E 7o) Q%31 Uti(Yang et al., 2022; Yoon et al., 2023).
olol £ QT oY T ARAL At AR FTHE
A=A $8 9 7FRAES] ARl el sk 91 7]
2 ARE, ¥ FHH BUSSHE A vjHle] B SHS
B3t

R

Al
=

oo

N 1=
£ AFo]| ARESH F2 S| BU(SSP)2 SATIAPERI F413]
Al T<50}| k2 (Yeongcheon, Korea)cﬂ]/ﬁ FAgiom WAERCT Cheil-
jedang Co. Ltd., Incheon, Korea), B}ZE{(CJ Cheiljedang Co. Ltd.,
Yangsan, Korea), W|0|7JTk-T(Jeonwonsikpum, Gimpo, Korea), 4
FHCJ Cheiljedang Co. Ltd., Busan, Korea), ¥E|(Seoul Dairy Coo-
perative, Ansan, Korea), <?~f{Seoul Dairy Cooperative, Geochang,

Korea) AMg315ick ARk 413014 dsto] Aglgict

rio

S| MO XM=

$2 F5P $UL 719 PO Kim & Kim (20190] 415941
7= Farsto] ou| Ay Mg & A xo) ‘i‘iWFlg 1). Ao wet
Hl= Table 13+ 2o} B2 F5M] BT-2 Wk F2F o] 0%,
5%, 10%, 15%, 20%= A7}l 22 Z3Ix Hul—g& e
35 mesh ¥& A (Cheonggye Industrial Mfg. Co. Seoul, Korea)o]|
A2 5 Agslgith. ¥R wE]A TA|(SP-800A, Spar Food
Machinery Mfg. Co. Ltd., Taichung, Taiwan)ol| HE}E Y11 157t
W T HRE AT A/l 380 AU, olF AV
3500] o] /a1l 2 271 Al 13 makellch, ko] By

o

=]

-

R A A WR, 43, Wol4uked 9 SsPE I A
t} 2oL ulzo] M7l & Eglslo] UkEslith SAR|E 71 o

S(55<70 mm)°l| HHE WSS 70 ¢ HAL SlE 180T, oftE
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| Weighing ingredient |
|

| Mixing butter (For 1 min at speed 2) |
|

| Mixing with sugar (For 3 min at speed 3) |
|

| Mixing with 1/3 egg (For 1 min at speed 3) x 3 |
|

Mixing with flour, SSP, salt, baking powder
(For 50 times with spatula)

|

| Mixing with milk (For 20 times with spatula) |
|

| Filling 70 g in pan |
|

| Baking in a preheat oven (For 25 min at 180/170C) |
|

| Cooling (For 60 min) |
|

| Packing and storing |

Fig. 1. Preparation procedure of muffins with roasted safflower seed
powder (SSP).

170CE 9% QE(DH02-21, Dachung Softmill Co. Ltd.,
Gwangju, Korea)ol|A 2587F At SAH W2 AL004 60
22 & Aol AR8SkYIth

vl s} ojo] pHE 279517 Slslo] SdEl vl W S g
S #3IG0r, AES PTS 9A7(WHM403SM, Bear Elcctric

Table 1. Formula of muffins with roasted safflower seed powder (SSP)

Ingredients (g) Con SSP5” SSP10 SSP 15  SSP 20
Cake flour 200 190 180 170 160
SSP - 10 20 30 40
Butter 160 160 160 160 160
Egg 160 160 160 160 160
Sugar 160 160 160 160 160
Baking powder 4 4 4 4 4
Milk 40 40 40 40 40
Salt 1 1 1 1 1
Total (g) 725 725 725 725 725

USSP n, muffins with n% SSP.

https://doi.org/10.13050/foodengprog.2025.29.2.145

Appliance Co. Ltd., Seoul, Korea)Z 3027t E43t & 5 ¢ Fo}%
o} A|RE filter bagol] Y2 | 54 45 mLE g2 & stomacher
lab blender (Bagmixer 400VW, Interscience fi., Saint Nom, France)S
0183197 speed 404 281t HHIRT & pHE SFSIFT 2 Alm
G & 33 s SAste] Bagtos eI

W] SEIFE ARE HUZ 7]l 3027 4 & Al
2 1 g& FHolo 8 =%7](MA35M-000230V1, Sartorius Co.,
Gottingen, Germany)Z ©]-85t] 105CollA SA5t9ith. 7 A=
g & 33] W SAsto] gagtos YERI:

=0[, £, 24

HEO| Eol= WU SIH FFUYS AR duet 3R] =
o](height)S #0725 A(BD514-300, Bluetec, Shanghi, China)
£ o83t S4sI3IH: Fu(volume)y= SAA|EHS F3 578
S1.on FA|(weight)= TAE A(MWII-3000N, CAS, Yangju,
Korea)& o]-&sto] S7gsiolrt. 2t 2 Al 3 33 WhE S7gs}
of WgtoZ skt

HIZ, HIHA, Z7]&4E

A|Z3F Mo H]Z(specific gravity)S AACC (AACC, 2000)
10-15.010] w2} 543t Hojo] visat Bo| FAE &73 7 v
9] FAE £ FARZ W0l o). HIA|Z (specific volume)>
W] BuE FAR e ghml/g o & AL, B7|8dE
(baking loss rate)}> offie} Zo] Altsilet. 7t =2 Alg
33] RHE E7gsto] Btako = siglth

Baking loss rate (%) =
(weight of batter — weight of muffin) / weight of batter x 100

1=

L

Azg vjpe] MEL vHlo) BEUE AR AL 5 o)
AlS- AT A|(CM-400, Konica Minolta Sensing Inc., Osaka, Japan)
£ o|galo] L* (YL, lightness), a* (ZA L, redness), b* (AL,
yellowness)S &7ttt &743t EE WM (standard white
plate)Q] FF2 L*=96.50, a*=0.10, b*=-0.34%T}. AE (total color
difference)= thR7at A 7He] A 2jo]& YR gho g o}
=2 AXPALS olgsto] ARSI Li*, ar*, bt HIETY] Ak
o[, L*, a* h*e 7 A2|2o] Mg Yetdth 7 Alg & &
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33] R S7goto] Batgho= Ui

AE= J(L*—L,*)* +(a,*—a,*)* + (b*— b,*)?

TPA (texture profile analysis)

BlElo] 27 242 Slo) HHe 29 FRE 2302 m A
2 t}2 texture analyzer (TAXT Express Enhanced, Stable Micro-
systems Ltd., Godalming, UK)E AR&3to] ZF Al& o 33] WHE =
A T HAgko g sty &4 ZAL probe SMS P/50, pre-test
speed 5.0 mnvs, test speed 1.0 mmys, post-test speed 5.0 mm/s,
trigger force 5 g, distance 3.0 mmo|itt. &4 &L AHAZ
(hardness), -3 4J(cohesiveness), EF24](springiness), 7/J(gummi-

ness), %J3A)(chewiness)°]3itt.

A7E7e Atk ghAREst sy 508 tdde =
A, 2710 ARESE M 7|5k g7t A Al%sle]
20 A 1AZE AR & wao] o] nfEX] QIeE Eeod
Eil 2t Hypslal 715 H7F 1IAIRE A A2
(23C)0ll ARt & ALESIGIT. AR R 45-55t0] DA ARZE A
off Al AF] FEE o]-&sto] R A +AE TR
Hot Algsiitt. B7F 5 vl =35 @ Faslshr] flste] o
Al2E H7IsE 3o AJ4(Jeju Samdasoo, Kwangdong Pharmaceu-
tical Co. Ltd., Seoul, Korea)Z Yo+S A1 LE= 31T} H7 k= 7|
ST WS APk 7| 5E B P2 L ofHappearance),
(color), SK(flavor), AZ(texture), Ftaste), A Z Q] 7] 3 T (overall
preference)o]ch. 7} HE S 04 ARG ol 83Iol(1: U &)
o, 0% U1 Fh BN 2 ATE AR e
2 9J3]9] 491 Hlo} AA|5ITHIRB No.: jjIRB-2022-0604).

BE AP 33] o % 2ole] AFAHAH, PSS (ver
29.0 IBM Crop., Armonk, NY, USA)E ©]-&5}o] EARELA(ANOVA)
2 AgEIIOH Bt BE BAE THAT, Duncan T

p
Azet w0 et pH 57 ZI= Table 29 At =2

TFE txto] 22.34+021%E 7P =& 2 e oH A
T2 20.72-20.85%= SSP H7gol| whe} EgFo] WolAl= 7
T Hlou At 7H §-o4 1 ol UehtA] ekttt o
ZAo] Hlsf A2jte] pERlEgo] W o] f= uiERe] fRel
2 11.11%O] X9t SSPO] =252 8.73%= BF£of H|g|| Hof
SSPE 3713t Mu o] $EoIRE AR o0& ke A
79| H7Fgol| W2 vy ofgt e EW oS EE(Kim &
Lee, 2012), A1 0F B9 Ko & Seo, 2010), 3|H|AAA Bt
(Kim & Kim, 2019) 52| 7oA Bz 7ol wet o=
o] HAE AWE Hol E Aol 22 e Hrt Wy
Hi=3} A 2E My pHE thRTo] 242} 7.02+0.02, 7.88+0.012
71 A =90, SSP H7IFe] 71l wet pHYL -9
A0 g itk A% HACH(p<0.05), SSP H7Fgo] 7MY =
2 SSP 209] ¥ ¥y} 1T 9] pH7} 7+ 6.83+0.01, 7.07 £0.01
2 7P @A 7= MH Aol AR SSPY] pHi= 5.789]
A4 thRFO] pHE HEES 7.02+0.02, W2 7.88+0.01.0.2 Atf
A0 g pH7} W2 SSP #'8o] 7kgo] SIS Rkt Hue]
pH7} RolR= AS Btk pHe A%, £EY, HoH ey
5 ARt Az oJal] YIS whom, HiEo] pHol me} A&
5o, 2271, 2] gkl =T, ol= pH7F AV £O= 717t
HAH wARE 718, oFRt 7F, B Ut okt 3 A 3 AR2 R
£ YEMILL RiE SR 7RI AR 71, XgE 2
A A, AR i antgo] dtial B 11E it Ash & Colmey,
1973; Yoon et al., 2023).

%0[, 20, FA

A|zRE W] gol, 7, 7A| 74 2= Fig. 29} Table 20]
eI M3 2] o= SSP 10] 6.50:0.26 cmZ 7F Wko.
™, SSP 200] 7.20+0.53 cmZ 7V w2 ZIE Ko tixLTt
A2 2] frolks Ik

Hye] Fu= SSP Aol SR oA 37 A
(p<0.05)5 HHL}. 27} SSP 209] Ful= Z12) 284.6744.62 mL,
294.67+231 mL-Z 2Tk Yun et al. (2015)2] ATLoA] Hi=o]] 2]o]
ARe] gol woAd wue] a7t S7IRIThAL HAlstgler], &
ARolME 7Rt Sopol e AoldR(Yu et al, 2013)2 <
8l SSP H7Ige] S71d<rs viae] Furt S71et Ao = ke
Aolf ARl e o5 BLE VIR M (Bae, 2002)3 AP
AAEEE 7R HE(Ko & Seo, 2010)2] AHoME FARE A
e Bt

Alzd mae] FAC ot Fofdt Aolg Holx| gttt
ol w9 wighlo] ot 7Rt FoH Lo It vHIsto]
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Control SSP 5

SSP 10

SSP 15 SSP 20

Control SSP 5 SSP 10 SSP 15 SSP 20
Fig. 2. Photographs of muffins with roasted safflower seed powder (SSP).
Table 2. Physico-chemical properties of muffins with roasted safflower seed powder (SSP)
Con SSP 5 SSP 10 SSP 15 SSP 20
Moisture content (%) 22.34+0.21"" 20.85+0.18° 20.80+0.19° 20.88+0.17° 20.72+0.17°
pH-batter 7.02+0.02° 6.92+0.01° 6.89+0.00° 6.87+0.00° 6.83+0.01°
pH-muffin 7.88+0.01° 7.54+0.02¢ 7.33+0.02° 7.23+0.01° 7.07+0.01°
Height (cm) 6.63+0.38" 6.83+0.25 6.50+0.26 7.17+0.21 7.20+0.53
Volume (mL) 284.67+4.62% 282.33%£2.89° 293.67£5.51° 293.00+6.56™ 294.67+2.31°
Weight (g) 65.30+0.20M 65.87+0.40 65.27+0.68 65.67+0.15 65.67+0.15
Specific gravity 0.90+0.01° 0.90+0.00° 0.89+0.00° 0.89+0.00° 0.89+0.00°
Specific volume (mL/g) 4.36+0.07 4.29+0.04° 4.50+0.09° 4.46+0.10% 4.52+0.11°
Baking loss rate (%) 93.29+0.29" 94.09+0.58 93.24+0.97 93.81+0.22 93.81+0.22

"Mean£SD.

“*Means are significantly different within the same row at ©X0.05 by Duncan’s multiple range test.

NS, not significant.

7S] k& 71 wizol FAE FA Qlotds F944 2t
o]Z Holz] % Ao 7 wWekstt) Jung & Cho (2011)9] AF 2
T A= HulBTS 20%, 40%, 60% H7Fst HHo] ek Tz
T FAACE oA 2lolE HolR] YTt Harsto] 2 dt
oF AR S Bk

HIZ, HIHH

Az3t Mol vjE, v|AA, 27]EAS 24 ATE Table 20
LR QI A2t we] HIE2 SSP 4710 S7100 et 74
i AFE BYlon, gi2aT} SSP 571 0.900=2 2 e B

AAI=
T2/ |EHE

https://doi.org/10.13050/foodengprog.2025.29.2.145

YA A2]2 0.89+0.000 2 2R Z1S HYrhp<0.05). HIES
A7veke Am, =3 B, DA AR §5F 5ol 9 on
(Jeon et al., 2022), MHE] H|Fo] A1 7]50] ZHUA Ful7}
Z01E51L, Hl5o| AoH &5 A 371 9ol H3f| FAA7] &
W57t 49 4 okl B s 1 Qtk(Kang et al., 2020). ]2t
OlfZ & AFollAx W] Fx=E B SSPo| H7}ego] 57@
TF Fachs B Ho Bl Bt A4 WA =
Ak

H] AL SSP 200] 4.52+0.11 mL/g& 7} =9kom, SSP 57}
4.29+0.04 mL/gE 7P 2ot BlEo] SVl Fu7t 4as) H]
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A o] ZHAadk=d|(Jeon et al., 2022), SSPE KA EE H71gto g
A Bo7} S7Fel HIAAE SV Ao ® wetE.
HIEAES 2} A2t 719 /o491 AJoli= HolA] o
o} X471 SSPO] ol Pk HHA| gh= A0 & HRlth wo] R
N2E 71t e Ao = AR 3RS =t HaIHAL
7F EHI(KIm & Joo, 20127 F27AZ S7AA E(Yoon et
al,, 2011), ¥EZAE 713t Wy (Hwang & Lee, 2018)29] Ao
A B71EAES §94 ZolE HolA| Y= ZoE HuEQ.

ME

Alzxgt wye] Mz 27 AIH= Table 32} 2} £ AFol| ALE-
Sk SSPY] Mw L*ZRS 46.60+0.16, a*Zh 3.81+0.03, b*gh
13.00£0.060] 1. A|=3t @ o] L*gh2 SSP 71go] S7Itel| w
2 FolH 0= ap<0.05)3tt=H], ol SSPE| L*gte] B
L*gk (91.20:0.03)Hrt $7] whzo] A3t wie] grert Wobd 2
o= wETh Yoon et al. (2011)Q] AFoAE D729] LrgkEch
7R FAlmS] Lglo] e 39 viue] Liglo] Hashe A3s
HI55IH. ¥HH a*glk SSP 7kdo] S7Igtol wet fojxow

Table 3. Color values of muffins with roasted safflower seed powder (SSP)

Color

L* a* b*

AE

Control  71.69+2.82" -1.68+0.29° 22.23+0.60°
SSP 5 64.33+1.23" 1.38+0.11¢ 19.35+0.34° 6.85+0.62

SSP 10  58.23+3.23° 2.69+0.78° 18.156+0.70° 12.99+1.52

SSP 15 53.88+1.21Y 370+023° 17.07+0.14° 17.82+1.47

SSP 20  49.58+2.01° 4.24+0.15° 13.82+6.16° 23.58+4.93
"Mean+SD.

**Means are significantly different within the same column at £{0.05 by Duncan’s
multiple range test.

Z7Hp<0.05)313=T], o= SSP2] a*gto] BIE 9] a*7}(0.22+0.01)
B £7] wiiRolzt woEh F2 S5 £ 7R A9
H(Kim et al., 2000b)olA] %= SSP 71o]] T a*gke] foAQl F
7HE gRIE 4= QAle b*gre] A tiEtol Hish SSP 7} A9
TFEONA G9A 07 HA(p<0.05) S} AR W T
9] b3k W] PR 7P 3A Hom(Kim & Joo, 2012), A
0l 7kske A= brgto] wiet S A4S ERlTal Hal(Kim
& Kim, 2019)5]9].21, Kim et al. (2000b)-2 22 Z5117} A|Z9]
Eq9] HEE Z2HAE 4 Qlrkal BVstYict 2 A7) ARSH
SSPO] 73%- b¥gko] HIEo] b*gl(7.53+0.02)0f BIsf W gk %
9P| WhZo= Ao b*gle] W& gk Uehdl 210 Helrk
AE 352 SSP 715g0] 3715 & k& Hof SSP 59 - AE
#Hol 6.85+0.62% TR} A2t F A= 7ol F5] @IS A9
AJolE Helom, SSP 10 ool ATt x| AE 4o 12
£ o] F AIRE AMZ gE Moz wist vk Mo Zjo]7} 9]
SIthSong & Park, 1994).

LI

Az o] 22700] thgt 574 2= Table 40 YERASIT
% (hardness)= T|ZR0] 213.13+3.85 g & Zlo] 7Fd &=9kom
SSP 200] 121.41+0.71 gO& 7F& ke kS Uehfqic}h. A=
SSP Z7Fgol 7Rl et ZAasilet, ol WAl et 24
H SSPO| H7lefo] EOIAH H|FO| AASIHA 3719 SOl
ol 47 BARE A Hol Aog wiEy, k3t Wil
o tiH] SSP A7Fgo] SIS W/ Rl 2559
Y T2 Aste ol Ax7t vERt 2o wEt(Jung &
Cho, 2011). o=+ Y 28 A (Lee et al,, 2024)9} opaftA Q)
2% A7F HH(Choi, 2016), °F o VL 7} HW(Lee et al,
2013) SolME FAET} 7Fgo] Wt At achks 20E B
of & AT}t FARE AE Ve AT ©2/d(springness) SSP

Table 4. Texture characteristics of muffins with roasted safflower seed powder (SSP)

Con SSP 5 SSP 10 SSP 15 SSP 20
Hardness (g) 213.13+3.85™ 218.74+1.23° 200.33+3.01° 161.35+1.32° 121.41+0.712
Springiness 1.75+0.03° 1.66+0.05° 1.86+.01° 1.91+0.10° 1.97+0.00°
Cohesiveness 0.78+0.01% 0.81+0.01° 0.79+0.00° 0.78+0.00° 0.78+0.01°
Gumminess (g) 166.74+2.07° 184.58+4.83 162.62+0.24° 148.33+13.11° 121.06+0.59°
Chewiness (g) 222.20+3.62° 237.06+3.19° 204.72+3.45° 184.02+5.48° 157.36+1.87°
Resilience 0.51+0.00° 0.51+0.00" 0.48+0.01° 0.46+0.01° 0.44+0.01°
"Mean+SD.

“*Means are significantly different within the same row at ©{0.05 by Duncan’s multiple range test.
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57} 1.66+0.050 2 7} o ZES- LFERA 0w SSP 200] 1.97+0.00
07 7P =2 kS YERNITE Joung et al. (2017)°] w2 7|3
o] 2717} A Rul7F AXAA ©e/do] skl 7152] 2717t
ZJolA[H Fuj7} Foj5o] gEAo] AL st & A+
oA SSP 7Fgo] S7IsHHA Fu7t S7tste] ©/do] SRRt
Ao wohEh B3 g2 AlapRolA SR AR A
EH— oA 5ol whet Yk A Hedl, SRl w2 8BS
ST HE0| PAFEE ASPAA AEo] EAAYA HERE &

2ol Wolleh 172 n(Kim et al, 2012)7F =t FakH £
2 WIS o] U0l o wehel A e sloz w

o] el AR Yell= 84 5 SR 154
| 1 ch(Baixauli et al.,, 2008). ThbA]
SSP 202 714 2& BES Ueho] St B40] vjHoz 3
=Tt -3 Ad(cohesivenessyS TR} A2 7H9] Aol FA
Ak om, SSP 571 0.81+0.01 0% 7H &2 g2 WERIIE A4
(gumminess) S SSP 57} 184.58+4.83 g© & 714 =9kom SSP 200]
121.0640.59 £02 74 RS AHS BAE A4S Lehfe] 2
A7} AEL H)23h 43RS Hol ZHKim et al,, 2018)O.& SSP
Jlegol 37kes AR} 2ol Aol WOk A2 & % Slck
K814 (chewiness)> T|F-0] 222.2043.62 g0 & 7} =Qkom,

r
rlﬁr

MO

A
rE

L

J

Q:

SSP A71o] Z71ekeg Helelolc WHAS Aot 8U4e
3t ko g Ao} Hlsst -2 AR Hol Ao 7 mtEh EY
(resilience)2 tZ1} SSP 57} 0.5140.000 2 =& ZH& e

¥ SSp A7leo] Z7184E grol Taske AL & 4 ATk

[0 ox mH

ZHI}= Table 6 2 Fig. 33 2t}
chokel, ASE 3 14 Bh TR SSP 7ol e §ojFQl
AlolE Ho|A] doktt. AT} WRA0) 748 SSPE H7IokA] o
HHAL SSP 7o) 27}
}% AFS HYHp<0.05).
oli= SSP H7lgo] mE Ae] Walr} 7|3 wof FAARIl S
25 gt 25 Uk q]z:,lo] 7H ok
15% XHJLOM 7 w2 71358 B} o] SSP
E~rr«l ) ghol] oJ3t Ao & SSPE 2] g—s}yﬂ H7lee Ao
HUEo|A] BA= o] ekt FAZ0] kS = 4= QJS Ao
g gt JeAn £58, AL diito] AT 1:} =

2 7|55E HY o SSP Al 2o ulet 7|5 o] i =
£ Hith JEAT AXNAES B3N £29] Jx wE Aow
A7HE EEe JARol 7129 miy} g Q5] ok =4

ol-/\ 010

H

-hl

m[o

Table 5. Sensory evlauation scores of muffins with roasted safflower seed powder (SSP)

Con SSP 5 SSP 10 SSP 15 SSP 20
Appearance 7.72+0.262" 6.17+0.25° 5.79+0.29 5.40+0.28" 5.34+0.35°
Color-surface 7.77+0.25° 6.23+0.23° 5.85+0.23% 5.28+0.24° 5.23+0.31°
Color-internal 7.52+0.23° 5.79+0.24° 5.44+0.22° 5.56+0.24° 5.33+0.28°
Nutty incense 6.19+0.26" 6.15+0.27 5.38+0.23 5.98+0.26 5.66+0.29
Grain flavor 4.85+0.23° 5.79+0.24° 5.51+0.26" 6.77+0.27° 6.63+0.32°
Hardness 6.19+0.23" 5.98+0.25 6.08+0.24 6.35+0.26 6.19+0.28
Chewiness 6.85+0.24° 5.46+0.27° 5.09+0.31° 4.93+0.35° 4.70+0.34°
Moistness 6.98+0.26° 5.85+0.24° 5.71+0.23° 5.98+0.25" 5.38+0.31°
Toughness 6.77+0.23° 4.87+0.29° 4.87+0.26 4.87+0.32° 4.70+0.36°
Residual feeling 6.70+0.28° 453+0.27° 3.91+0.25° 4.28+0.36° 3.68+0.32°
Nutty taste 6.15+0.28" 5.98+0.21 6.13+0.22 6.66+0.25 6.57+0.26
Sweetness 7.02+0.23% 6.27+0.26 6.19+0.26 6.23+0.25 6.17+0.25
After taste 6.83+0.21° 5.79+0.21° 5.54+0.24° 5.88+0.30° 5.38+0.32°
Grain taste 5.40+0.26° 6.04+0.22% 5.96+0.24% 6.85+0.27° 6.48+0.31%
Overall preference 7.30+0.22° 5.66+0.30° 5.28+0.25 5.77+0.26° 5.21+0.32°

"Mean+SD.

“*Means are significantly different within the same row at ©{0.05 by Duncan’s multiple range test.

NS, not significant.
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Appearance
9

Overall preference Grain flavor

Residual feeling Toughness

Fig. 3. Sensory evaluation of of muffins with roasted safflower seed
powder (SSP); @: Control, l: SSP 5, O: SSP 10, [I: SSP 15, A: SSP 20.
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(springiness)> SSP F7Io] F71E= S7KIAH. 384
(cohesiveness)2 SSP 57} 7 =4 Yehditt 7|sx H7F 23}
ERNT} O, RS o) /1Y Rskon, 14T 3t
ot AL, 9] A RoAQ Aol HolA] oottt W
220, A4, Fole dazol F ater] Azl el 99
2el Zjoliz 1ol gigeh. AoRHe SSP A7t Aol & SSP 57}
7P =3 om, AAAQl 7|8k tRto] 73028 7HE =,
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