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Abstract

The purpose of this study was to evaluate cookies prepared with five different quantities (0, 5, 10, 15, and 20%) of
watermelon powder (WP). This study analyzed quality characteristics, consumer liking, and CATA (check-all-that-apply) of
the samples. The density and pH of the cookie dough and the L-value of the cookies tended to decrease as the amount of
watermelon powder increased (p<0.05), whereas the spread factor, a-value, and hardness of the cookies tended to increase
as the amount of watermelon powder increased (p<0.001). The b-value tended to increase up to WP10, but it tended to
decrease from WP15 (p<0.001). The results of the evaluation of consumer liking showed that overall liking was the highest
for WP5 and lowest for WP20 (p<0.05). In the analysis of the CATA survey, the main reasons for liking for all the samples
were ‘Appearance’, ‘Color’, ‘Sweet taste’, ‘Nutty odor/flavor’, ‘Crispiness’, and ‘Familiarity’. WP5 showed the most diverse
reasons for being liked. The common reason for disliking samples with the addition of watermelon powder was ‘Residual
feel in the mouth’. In the correspondence analysis, attributes of ‘Stale taste’, ‘Clean taste’, ‘Softness’, ‘Familiarity’,
‘Moistness’, ‘Color’, ‘Blandness’ were detected in the WP0O and WP5. The results indicate that WP5 with a 5%
supplementation of watermelon powder is appropriate for improving the quality and consumer acceptability of the cookies.
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al. 2017). SPAIRE RS =Eghake] E7] w2l Aol
ol ARAYZ YA % 207} olE @ A
o] 1o (Hwang et al. 2004), ¥ o =
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Hot 27 EATHLee et al. 2002).
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lycopene 2! B-carotene?} 732 Aol &A1) A HslE

015l A o] MHQuek et al. 2007)2 HA8}3) FupLue
o] g3ste] ntat AAdAdo] et RE ARFlA 7s=
7t = 7] AFES NLstat &ithPark & Chang
2008).
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1. ’\E@XHE

£ Aol ARS-E FHHEZ-2 SFC bio Co. (Seoul, Korea)
oA mlo]AZ o] B A2 FAxg RIS Al gio}
o] gt AR, Ut FukS AlFS H Q9 E AlAS L
dAgk A712 ddst & 36-38°C] A4 41]7F &3
ulo]IZ o] H. FF7AZ(MVP, Farmindor Co., Korea)st 5
23t 30 mesh A= g B¢ Jeh= W= AL AR}
Ak 1 9 F719 A8+ 9ER(C Cheilledang Co.,
Seoul, Korea), ¥]d8(CJ Cheilledang Co., Seoul, Korea),
W E{(Fonterra Limited Co., Auckland, New Zealand), " ©]7]
39-64(Sunin Co., Gyeonggi-do, Korea), 22F(CJ Cheilledang
Co., Seoul, Korea), Bl'd&} 2 < (Bread Garden Co., Seoul,
Korea), @7ZF(Pulmuone Co., Seoul, Korea)2 Aol T+

ato] ARg-skltt.

2. F7|19 M=

F7)& <Ju]d&3} Kim et al. (2018), Choi & Sim
(2021)9] WHE FHarste] wigHE At FI1E Axst
Rom FEktds H7hgk 719 wigH|= <Table 1>3 2
o} SrupREe W7k 260 g (100%) 715 0, 5, 10, 15,
20%°] H&= thiA|ste] Hrlsih Al WS HEE Bk
Z7](K5SS, KitchenAid, St. Joseph, MI, USA)Z Z¥3]
ZolFE H, A"t AFS 9 387 283} s v

<Table 1> Formulation of cookies with different ratio of watermelon

powder
Samples"
Ingredients (g)
WPO  WP5 WPI10 WP15 WP20
Soft flour 260 247 234 221 208
Watermelon powder 0 13 26 39 52
Eggs 48 48 48 48 48
Sugar 144 144 144 144 144
Butter 144 144 144 144 144
Salt 12 12 1.2 12 1.2
Vanilla oil 0.8 0.8 0.8 0.8 0.8
Baking powder 2 2 2 2 2

Total 600 g

YWP0: Control (Cookie with 0% watermelon powder), WP5:
Cookie with 5% watermelon powder, WP10: Cookie with 10%
watermelon powder, WP15: Cookie with 15% watermelon powder,
WP20: Cookie with 20% watermelon powder.
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4. 9k=o| 2T 3l pH

7] Hi=e] e} pHe A2 7] vk 5l SR/
£ 45mL ¥ojA RE A7 & 84S pH meter (Orion
star A222, Thermo scientific, Waltham, MA, USA)E &
3 =48t 7719 9EE 50 mL £32] AU
THRFE 30mL ¥ 7] W S¢S WS o SR ¢
S8 %8l FAS) v(EmLE Fapsich, Ul U o
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of A8k

FHbE L Ayl w2 F7)o] RIS <Table 2>9

. o Wbt B oAl

Zke)7t gtk F719] s gl 10% P s A

Ado] $3ltial BarE o] (Lee et al. 2006; Jung & Lee
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<Table 2> Moisture of cookies with different ratio of watermelon powder

Samples"

F-value

Properties
WPO WP5

WP15 WP20

Moisture (%) 3.00+0.85? 2.42+0.48

2.74+0.29

2.88+0.32 294023 1204859

DWPO: Control (Cookie with 0% watermelon powder), WP5: Cookie with 5% watermelon powder, WP10: Cookie with 10% watermelon
powder, WP15: Cookie with 15% watermelon powder, WP20: Cookie with 20% watermelon powder.

2Values are meantstandard deviation.
INS: not significant

<Table 3> pH, density of cookie dough with different ratio of watermelon powder

Samples"
Properties F-value
WPO WP5 WP15 WP20
Density (g/mL) 34.8+0.55%29 34.6+0.45 34.4+0.55 34.2+0.45% 33.6+0.55" 40779
pH 6.78+0.01° 6.69+0.01¢ 6.59+0.06° 6.52+0.01° 6.45+0.01° 112.485%**

DWPO: Control (Cookie with 0% watermelon powder), WP5: Cookie with 5% watermelon powder, WP10: Cookie with 10% watermelon
powder, WP15: Cookie with 15% watermelon powder, WP20: Cookie with 20% watermelon powder.

DValues are meantstandard deviation.

IDifferent letters (a-¢) within a column are significantly different at p<0.05.

“NS: not significant, *p<0.05, ***p<0.001

S5 AL AATo=ZH W= "Wyt Yozl Flog
AP ETHLim 2008). BF=9] pHE Y9} v A2 gz
o] 6.78% 7Y =2 ke UERioH, FukEd Ak
o] Z/IEREE WMo pHE FoF oz A thp<
0.001). o]&lgt A= of= o} E(Lee & Choi 2016),
3|H]27 2 B2 (Lee & Chung 2018)S 7k 7] Ao
Me SARE 432 JeRllon, o]E 531-5.51 Alo]& B
¥ eake] Yo pH (Turhan et al. 2012)2 Ql&f SFubE
o Hrhge] Sl wet 7] W] pH Ahael 93
Hzl Ao AlgEth

THREY H7Hel wE F719] AR <Table 4>} 3t
o F71¢] HFAEe TS wE Alx A F719] A
7ol S71staL, o) B AVt Aadke s AT A
© 2 (Choi et al. 2020), ¥=9] A&, w9, AF HE
o] g ol IS W=ThLee et al. 2017). F7]9] HZF
& tiEol 428 em= 7P GAAL, U H7bgel
TS A A7 FelHoR SFsIATHp<0.001).
olF e A= W9l £EE IR F71¢] A7(Choi &
Sim 2021 M5 FAlRe] Hrhge] S7igel met 719
AR Ag7E S7ITRE fARE A3 Uit ot
A ERE e bl el weh Fe] Fgol S7tet
of F7d YL dAlsl F71E FEHA W=l (Lim
2008) ¥R o] S7Is Ao g Alg

4. Mz

Pupte Q7] W 7719) MEE <Table 4-5) R,

F71¢] W= (lightness, L*)= tize] 774392 7 =%
3, FEREE HUbe] FUHE oA os el o
(p<0.001), A= (redness, a*)y= Z2Te] 4.012 7P o}
FERET H7bEo] FUHESTE foF R FUIeAT
(p<0.001). B (yellowness, b*)= tZ0] 34.98% 48}
T Hbro] S7VEE F7ketE WP10 A 571 37.97
2 7P =& @S YERIRIGAL, WPIS AlEFEE st
WP20 A57F 34.98=2 7 W 3hg JERSIT olels
A= 227 S 7K $719] A(Lee 2019p4 % &
o 7ol SUIskel et HEs st s 7t
stAthe Ak AZ7F UElsth £ AgelA Als 71
zfol= F7) Az Al F7) WEe] pHel 3 3 dAlE
TRE = T gHFog g njojof= wkgy} Flehd
HH3(Yu & Oh 2014)°] 9|3t &z Al E )
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FHHET Hrlel] e F7)¢] ZEE <Table 4>9F 72t}
79 AEe vzl 1.94 kgF2 7P Wk, Subg
A7FFo] Z7HRE fojH o2 S7HITHp<0.001). ol
§ A= A 2ES H7k #7019 dFHKim &
Chung 20170141 2 H7heo] 71t wet 719 A=
7F S71eTE frAke At el ols HEe] de
o] kg Wk Z1o = Holn|, Fulpe] ko] Fiet
T N5 Eert foAo g oyl wet )0 Ax
7} Eolxl Ao g AlmEnt

6. M|X} 7|S = AA}
bt H7bepel] mE 719 ARl 7| A=
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<Table 4> Quality Characteristics of cookies with different ratio of watermelon powder
Samples"
Properties F-value
WP0 WP5 WP15 WP20
Spread factor (cm) 428+0.19 4.60+£0.13° 4.93+0.28° 4.94+0.21° 5.16+0.22° 13.057%**4
L* 77.43+£0.17° 67.07+0.25¢ 60.43+0.46° 53.66+0.64° 51.73£1.09° 1447.267***
a* 4.01£0.18° 11.93+0.13° 14.66+0.13° 16.76+0.23¢ 16.87+0.29¢ 3525.311%**
b* 34.98+0.45 37.63£0.33¢ 37.97+0.15¢ 36.2120.46° 32.66+0.48° 150.623%**
Hardness (kgF) 1.94+0.16° 2214+0.23° 2.70+0.18° 2.8440.13% 3.06+0.22¢ 30.463%**

DWPO0: Control (Cookie with 0% watermelon powder), WP5: Cookie with 5% watermelon powder, WP10: Cookie with 10% watermelon
powder, WP15: Cookie with 15% watermelon powder, WP20: Cookie with 20% watermelon powder.

DValues are mean+standard deviation.

IDifferent letters (a-¢) within a column are significantly different at p<0.05.

Drx%p<0.001

<Table 5> Consumer liking of cookies with different ratio of watermelon powder

Samples"
Sensory attribute F-value
WP0 WP5 WPI15 WP20

Overall liking 5.97+1.842 6.54+1.52° 6.33+1.65% 6.23+1.58% 5.90+1.94% 2.570%%
Appearance 6.63+1.84™ 6.72+1.34° 6.43+1.40™ 6.19+1.57 5.86+1.78° 5204
Color 6.55+1.93% 6.87+1.37° 6.48+1.35% 6.19+1.55% 5.99+1.76" 4.841%*
Flavor 6.25+1.66 6.68+1.26" 6.73+1.41° 6.47+1.36® 6.23+1.74° 2.692%
Taste 5.97+1.87° 6.61+1.56" 6.64+1.66" 6.17+1.70% 5.9242.03° 4.163%*

DWPO: Control (Cookie with 0% watermelon powder), WP5: Cookie with 5% watermelon powder, WP10: Cookie with 10% watermelon
powder, WP15: Cookie with 15% watermelon powder, WP20: Cookie with 20% watermelon powder.

2Values are meantstandard deviation.

IDifferent letters (a-¢) within a column are significantly different at p<0.05.

9xp<0.05, **#p<0.01, ***p<0.001

<Table 5>9} Z+t}. &
o fjste] o]z
(p<0.05). FFHuH=E
WP5 A&7} 654802 714 =
9} WP15 A8 T A|E 719
WP0 A 52F WP20 Al57F TR0 i+ AR 7l {214
o] zlolE= QAT TS WP5 AF7} 6.72- R 7 =
U, TR O 2 thzwd WPI0 A& 7] frolZ ¢l xjol=
No, FuHEd 37igko] Sk uel P} gAske
Z8ko] YERITHp<0.001). MAE €A} npk 2 WPS
NE7} 6.878H 0% 7P =9, E}~ iz WPI0 A&
7ke] GolF o] zpo|= ¢iQlon, Sukiat Hyleke] =713}
of wE} HA #Ashe AT l I%E}‘A%B}(p<o.01). T
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2017), Z&7} EHKim et al. 2018) 5 thEto] thiEe
HA7EE g E& 7EEE Yelid 71E AT
E3= tE2A WP20 AIEE AlQstale ot HArkis
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E7} 20% odo® yehd YRS 2] 8] (Gunaratne et
al. 2019) <Table 6>° VPRI O™ th-SAX|EA A=
<Figure 1>°] JERJSITE. CATAE ©] &3 A5e} HdE
ML B Al<Table 6> BE Ao FE5H o2 Vet
AS olfre e, AV, wub, a1 Agk ], vk
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<Table 6> The list of selected attribute by CATA analysis (%)
WPO WP5 WP10 WP15 WP20
App (earance (56.9) Appearance (48.6) Appearance (48.6) Appearance (37.6) Appearance (33.9)
Color (45.9) Color (36.7) Color (36.7) Color (33.0) Color (24.8)

Sweet taste (44.6) Sweet taste (56.0)

Sweet taste (51.4)

Sweet taste (53.2) Sweet taste (53.2)

Nutty odor/flavor (47.7) Nutty odor/flavor (48.6) Nutty odor/flavor (45.9) Nutty odor/flavor (45.9) Nutty odor/flavor (42.2)

Crispiness (35.8)
Liking  Familiarity (45.9)
Blandness (27.5)
Clean taste (30.3)

Crispiness (33.9)
Familiarity (45.9)
Moistness (24.8)
Softness (23.9)

Blandness (33.9)
Clean taste (27.5)

Crispiness (34.9)
Familiarity (32.1)
Better my mood (20.2) Watermelon odor/flavor Watermelon odor/flavor
Want to eat more (28.4) (27.5) (24.8)

Want to eat more (26.6) Satisfied (21.1)
Blandness (22.0)

Crispiness (43.1)
Familiarity (32.1)

Crispiness (42.2)
Familiarity (21.1)

Blandness (21.1) Want to eat more (22.0)

Oily odor/flavor (27.5) Residual feel in the
Stale taste (27.5) mouth (22.0)

Disliking Stale taste (27.5)

Oily odor/flavor (20.2)  Oily odor/flavor (22.9)  Oily odor/flavor (20.2)
Soupy (21.1)
Stickiness (22.0)
Residual feel in the
mouth (24.8)

Stickiness (22.0)
Residual feel in the
mouth (35.8)

Soupy (23.9)

Stickiness (25.7)

Residual feel in the
mouth (29.4)

Rough to swallow (21.1)

Symmetric plot
(axes F1 and F2: 89.09 %)

03

DL_O#ly odor/fiavor

WPO DL Residual feel in
o1 X | LCrispiness T mouh

L_Color * . DL_Rough to swalow
* DL Stale taste = = _Satisfied WP1S —houg!

L_Cean taste L_Appearance L d WP20 w
L_Familiarity » o oy OOOITVOT, \atermelon odDr/ﬂwnr
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<Figure 1> Correspondence analysis (CA) of the reasons for liking
and disliking of cookies with watermelon powder
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