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Quality Characteristics of Cookies containing Mulberry Leaf (Morus alba Linne) Powder

In-Duck Park*
Department of Foodservice Culinary, Chodang University

Abstract

This study examined the quality characteristics of cookies prepared with mulberry leaf powder (0, 1, 3, 5, and 7%)
substituted for flour. The pH of the cookie dough decreased significantly in response to the addition of all levels of mulberry
leaf powder. The spread factor of the cookies also increased significantly with increasing mulberry leaf powder content
added to the cookies recipe. In addition, the Hunter’s color L and a values decreased significantly with increasing mulberry

leaf powder content, whereas the b value increased. According to hardness measurements, the substitution of 1~7%

mulberry leaf powder resulted in increased hardness compared to the control. Moreover, the DPPH free radical scavenging

activity of the cookies was increased significantly (p<0.05) with increasing levels of mulberry leaf powder. The sensory
evaluation revealed cookies containing 3% to have the highest scores.
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B (Morus alba L= 7ol 22x] Aol st A&
1 irejel Ad 52 A5 AR dal 221k ¥
o2 ghle] HFAcke R YuS o, A8 4SS
qaA7le Aoz d#A JI(Oku et al. 2006), By
o= flavonoids, steroids, triterpenes, amino acids, vitamins
S} theke] w2 AEo] EAsh (Thabti et al. 2012), %
o] I ZrstaFel] gk #AeHAR1 YF AF7F BarE
ATHKimura et al. 1995). #S1o] Aol #gk A+E
B SAE Ashr7) AL, 4tsHA] 2EYAE AAshe
F7H(Cha et al. 1999; Kim et al. 2007), @G5S JA)
st o Fo] TR SYZEES A= 2
(Kim et al. 1998) 2 FWA 353 A EF2] 584
(Yoo et al. 2002) 5ol BEI=ct. Hgk QA WollA i
I 2% A (Pace-Asciak et al. 1995), AW Aks} A
2 free radical 227 7|5 (Fremont et al. 1999; Choi et
al. 1999; Kang et al. 2011; Kim 2005) 5 &84S 2+
= AR dA o, A AL o] &t oF, 2
232 Alo|=a, A=A, A9, 1R F veke 7154 4
ko] B43tE 3 Qe FAoth(Shin & Park 2005;
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Jang et al. 2006; Choi et al. 2007; Shin et al. 2007,
Park & Lee 2007; Kang & Hong 2009).

Az seldeke ASH9) AAGD L5 Zo)2
Aol Se] ARA A AEs} fAsHEA Az ol
HE ABNE, 7% HE, 7158 AE 52 HEs o
oAck. 7 ZOIHE Azt R AW oke] B £87} B
Z7heka A1) Z1Ert 3 % vt B S
X BAE WK AFS A7) Bus] WY=L 9
(Son et al. 2015).

AR F T A ok FREF] 5% ofsh
2 so} vlgE Wil Aol wol vls) AgHe] Eorl ot
& AlFo] AlFelA] A= Ack(Shin et al 1999). EgF
2 ol gy uhabilatele] S8 % Ahst 2 )8
ofRlole} a4, :obA) & RE AFOIN 75Tt o
kol #2407 HEsh= 250t (Cha et al. 2014). 3
= 71| 7] AFEA 71sAd E2E 7R AAIE N
ol gk o] FrekaL St teFet 2AE ol8ste
F719] 78S S7H17171 SR d7Ee 294 E2(An
2015), AT E(Son et al. 2015), =3 EZ(Park 2015),
B E(Kim 2015), HIE 30 (Park et al. 2015), %
EZ(Bang et al. 2014), S22} EF(Bang et al. 2013),
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vl u}e]l E2H(Cho & Kim 2013), EFulE] E¥Ji & Yoo
2010) 52 H7FeHAY, AR, AZER 2AE o]-&st
Aerolyp AWhe A7l AF(Park et al. 2002;
Wekwete & Navder 2008)5°] HIZE oL}, ¥l Euks
0|3t F7|= o}F Elﬂl UA| = Ao ), Hele
7ol gk H2 dtEe 8BS ArksE 23R Alo|Aa A
H(Lee & Son 2011), ¥ #-S H7ket wizlat AlZ(Jin
2013), B Ers A7 3} 78k (Seo 2015) Fo] o]F
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<Table 1> Formula for cookies prepared with mulberry leaf powder
(unit: g)

Samples"
Control M1 M3 M5 M7

Soft flour 300 297 291 285 279
Mulberry leaf powder 0 3 9 15 21
Sugar 150 150 150 150 150
Butter 150 150 150 150 150
Egg 50 50 50 50 50
Baking powder 8 8 8 8 8

Ingredients

DControl: no mulberry leaf powder

M1’ 1% mulberry leaf powder added
M3: 3% mulberry leaf powder added
MS5: 5% mulberry leaf powder added
M7: 7% mulberry leaf powder added

2ol BUS Wyt 7Il0l BUEH 59
gl 21L& BT age & el Fue] HrhEvt g
sto] wiStsieleh. Bel HdS HrkeE 719 v Az
S AL FRA JPE ERA SR AMgee AEW
(creaming method)S ARSI HEE £ Y3 F=9
A g5 ARE 9ol ol AE oW 9 ZaH £
st F=ge APGEE THEL, 974 wWolHIeHE
ol £ & AdS st S3E Adol ErEe)

Hol B o
wol Hukg

ol

114AD, Samsung, Korea)°ﬂ/\1 2/\]{ oF AN &, A
FS U] gl & JolE ARSSle] 0.5 cm —r7iﬂi Y3
A HA}h o]AL 712 2em MZE 5emZ 2 A FE <
FoFg wHEo] SE 220°C, BE 160°CE 257t IAH 2
+(Dae Yung Bakery, Machinery Co., Seoul, Korea)ol] 3
oA 1027 o1, $H3E F7)= A=olA A7 &<t
23] & Aujule] Hof Ao Bakslax] gl AM8-siSitt.

_=|i_ | I:I}:qo| |:|||: |:|| pH xx-l
7] vkl A= 50 mL WP EE $55 30 mLe
5 .

v% T 58 N WSS 9de W sold FYE
o] W=o] Huof tfgh A9 Hl(g/mL)E Akat3d
= W= 50 SR/ 45mLE UIeE & SR8 2 3)s]
o7} (Whatman No. 2)8+ o943 pH meter (EA 920,
Orion Research INC., Hanna, Mauritus, Indianapolis, USA)

2 23k wEe 2x, pHe 7 3314 S48

A

4. B2 FI|o| HAMK|+ Y +EEE £
F719] 174 A 4(spread factor)= AACCHH (1986)=
183ttt F719] AL 7] olE 7122 vds) L 4
o] 23 T Z}zke] FI|E 90°CE A AlA A= s)

o A& 717 602 o] Hipks AlRlekiTt

o

Average width of 6 cookies (mm)
Spread factor =

Average thickness of 6 cookies (mm)

F719 FEFFS FINE 72 F 247 st 7
o] F7HH-9E B 20 mesh)® o] F-2H9= 5S¢ FHlx
105°C9] drying oven oA 1A1ZF 3027 AXAIA FAE
=4 3IATHAOAC 1990).

5. _Eol =ig|o| AHE >_|=7C<->I

F719] M=+& AHA (Chromameter CR-200, Minolta,
Tokyo, Japan)& AF&-3ted BF7I(L, lightness), 2% (a,
redness), 20 (b, yellowness)®| 72 33] W =43l
2 B2 JeERAUTE olw] ARE-E= E59 ¥ (standard

plateyS Lk 96.95, azk 0.11, bgk —0.430]31t}.
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6. 22l 7|o| Y= =F

712 AEE Lee & Oh(2006)2] WS AHE3I o
Texture Analyzer (TA-XT Express, Stable micro systems,
Slurry England)E ©]-8-3}4 153] W2 =43} t}. Probe=
217 2mm cylinder type2 A3, pretest speed, test
speed, posttest speed= ZF7F 2, 0.5, 10 mm/sSA. 2™ strain

L 50%, A8 271+ Z 32mm, FA= 52 mmit}.

7. 282! F7|°| DPPH 22L& s &8
gk 7] 1g°ﬂ 70%2] HIERE 30 mLE 71 3
AlZE FF WIS 1,220 gollA] 1587 H4liE2] (Supra

28K, Hanil Industrial Co., Korea)dlo] 35S Ao
o] HAE 33] WHEale] A EE ARSI MEE-S A
sto] A5 FE7F 200 pg/mLe] HEE 3453t o] 3
2AE 34mLe] 100 uM DPPH 14mLE ¥& % Wgke
02mLE F= Fy7} 5mL7} E]CE A3k AS 2o
SharollA] 30%7F WkS- ARl § F5353= A (UV-1601, Shim
Kyoto, Japan)Z 517 nmoﬂ/\ﬂ 545—3— 43k F
DPPH ]z &A% tZ2 (0% 715) B A7E
Zhol] ZJthA Q] HwE 0}930‘31 olg 202 ATt

E‘

718

_4

DPPH Radical scavenging activity (%)
_ Blank absorbance—Sample absorbance
Blank absorbance

F(2.0x5.0x0.5 cm)= Al
sk & AAsIeH, g 7] AlEE H7F § dieEA] A
FE YorS I TE AEES HUleEE stk ot

=2 Al(color), F(flavor), BH(taste), 2|7 (texture), FA|
ol 7] &% (overall acceptability)el] thall 58 71& 2 =H(1
A wlg- v}, 57 ol SThE ARE-Ste] 7T

9. A Me|
A8 A= SPSS (Statistics Package for the Social

Science, Ver. 12.0 for Window) packageE ©|&35te] H
) ._LZJ:]Z]——‘ T3k, BAHRA (ANOVA)Z Duncand] o
H(Duncan’s multiple range test)>-2 FA1% 2]

2 A7kt Axg F7] o] He
243 A= <Table 2>} 7t} 7)) @3z
UEE 8% AR W] A A s el

), Bk "Evt o 7|9 ARE ST, E9E
7} oW ARl FES Fo] FI7F HobA] AEAdel A
32 4= 3tH(An 2015; Son et al 2015). & A A W=
o]l I tjx0] 1.19 gmLE 7P S8ka, Hyktollx=
120~1.22 gmLE 37} 557}t 712 234 F7tsto]
7% 7kl 122 gmlZ 7P¢ =74 Ve Al gﬂg
Fo3k 2ol YA THP<0.05). LH - ZH(An 2015)
2 (Park 2015), B]3H] #2H(Cho & Kim 2013), A% #
ZHKim & Park 2008), Y9 (Song & Lee 2014), 21} 7+
BukLee & Jin 2015)S #A7let )M = tzes)t 27
7k FelFel o7t gl AR et 2 As}
S AE BT

7] Hk=9] pHe tiZto] 6.200]10 B B H7
o] 5.81~6.07= UER} tRatEeh Boron, Wl 2k 3
7he]l &S W] pHe 7V\O}°§«E‘r(p<0.05). NEZ
pH e zfol= Bof] dfEo] U= citric acid, malic
acid, succinic acid 52| A F714F AR 7]Qds= Ao
2 AME¥TH(Lee et al. 2003). ¥H52] pHE $H3€ 719
o FH AEo)] FIS F= AR pHt EE5E A4
3} A YepATL gEA JTHCho et al. 2006). 5]
Bk 27} wjZ3(Jin 2013)2] ¥F pHE EA|F9] A7l

o] F7I5k) met foFoR FHaste] & Aol FUg 4
F= BT U@H BE2(An 2015), 53 EZ(Park 2015),

H| 29l E2H(Cho & Kim 2013), B1E(Song & Lee 2014),
S o B (Lee & Jin 2015) 7} FF)oM % B g2
A7vgo] S7VErEE wkEe] pH7t 24 o2 Yehd 2

ot XX Ko H

(NN

%

<Table 2> Density and pH of cookie dough prepared with mulberry leaf powder

Samples"
Control M1 M3 M5 M7
Density (g/mL) 1.19+0.01 1.20£0.00 1.21£0.01 1.21£0.02 1.22+0.03™
pH 6.204+0.022 6.07£0.01° 6.02+0.02° 5.9340.00° 5.85+0.01¢

DSamples are same as in Table 1.

DMeans in a row with different letters are significantly different (p<0.05) by Duncan’s multiple range test.
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719l AEE 4 ‘ﬂ}?r?'v‘bl *éf%‘f‘& U‘r% Rfow T

7] W] FAVE S5 v FAR R AL )l

(Kwon et al. 2011). F71¢] HAHL 8 2SS A

ol o B U o] AR EAY A= 314
kel =]

)
o] vro} HA A7}t i, AFrE AT 79 =]
AL g 719 = glo] HRA Age ozt
A A UrhLee & Jeong 2009). An(2015)¢] AFrollA 2
A Bul Hyteko] Z7VEHRE A A7 27
]t UEWQ— X} ;<47]:,Lo] a‘]-al:o] lr—o]_ H]‘é.} ;GT:E_ =
TR 22X HRAo] ettt Barsldt). Park(2015)
F T J7F 7N F3H B kel S1Esr
A57t F7HERAE ol F3H B 37 ¢
=55l s goEla B o, Cho & Kim(2013)
siol TS Hrhek 719 A9 vTdl o] vis o
A= S7WIA 9] f5do] /iAo ZH BRIl &
ZFE AT Bagk bh Qloh B Ao el Rulo] i
=9 AEE F7MA A IS T FoE Alsdn
el B H7F 719 RS <Table 3>3 o] thx
wol 425%% 7P W, el BHs s s
g2 Frlste] Wl B 59 7% ko] =A vERT
(p<0.05). E8A] 2o|dKE I3 FAlgEE 2 EF S5
HE 58S g 1'/\]7]%:— Ao R RHIE(Kim & Choi
2008), Bl F7)9] 73% wolo] {3 B84 Aol dF=
I3l Egaol %7}% Ao = AlF T

_4
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3. 77l0) ME

JJ** <Table 4>9]r Fay=n —?L?]t HE 2= 314 2 =0 2
woA] wAak=s}l A} vkeo] Aol HEd ol
& NES F719] Aol 03'%% 121 th(Lee et al. 2007).
B BT 719 LER)RE thxte] 755111452 7P

BA
7 Uehston], Wl wu Ariae] F7104% fejHe

2 A5t (p<0.05), B 2L 7% H7REAIA 51.23+2.02
o2 71 WA yeleTh ol H38! 2 AlE(Cho &
Kim 2013), &% % A8 (Park 2015), S o 22 A
S(Lee & Jin 2015) 59 A= HZsI) B F7
9] a(FAE )RS t2TolA 2.15+0312 7P =9kom, W
B Vo] SRS 2 HAS wlom (- 183~
-1.44), Fo)8 o2 Yol AL YeEpIQL =, B &
2 A7t T SRS aBNE )R WA YERsET,
olgigt Aye= F=ZHHBang et al. 2013), 3 (Park
2015), B]3}2)(Cho & Kim 2013) 59| #2S H713k 7]
o] Aol Xt B F719] b E LS tho]
16.10£1.052 7P SraL, el 22 H7hge] S7hEas
25.12~40.112 o} FAT7} S/ A Bed), 01
= 8ol $HrE AL wje SRR o JFPOE AL
S¥ o} Cho & Kim(2013) H]=}3lS 37lsle] A|ze T
719] 735 izl vlal v|uiel A7kt 719 STt =
ot B ste] E A Ao} U5t

4. 7712l E=

wol Bt Hutepel] mE F7]9] HEE texture analyzer
2 343 A= <Table 5>9F 2t ‘%" 1 Zde] H7heol
S7HE 719 Aee FoHoE ST S (p<0.05),

<Table 3> Spread ratio and moisture content of cookies prepared with mulberry leaf powder

i Samples”
Properties
Control M1 M3 M5 M7
Spread factor 7.32+0.08° 7.36+0.10° 7.38+0.12™ 7.45+0.13 7.81£0.16™2
Moisture content (%) 4.25+0.10 4.81+0.06° 5.25+0.05° 6.21£0.10° 6.32+0.12*
DSamples are same as in Table 1.
DMeans in a row with different letters are significantly different (p<0.05) by Duncan’s multiple range test.
<Table 4> Color values of cookies prepared with mulberry leaf powder
Samples"
Color value
Control M1 M3 M5 M7
L 75.51+1.45%) 68.20+0.91° 62.55+1.01° 56.23+1.25¢ 51.2342.02¢
a 2.15+0.31° -1.4441.02° -1.60+0.94° -1.69+0.21° -1.83+1.12¢
b 16.10£1.05¢ 25.12+1.12° 31.40£1.21° 35.3241.10° 40.11+£1.15°

DSamples are same as in Table 1.

DMeans in a row with different letters are significantly different (p<0.05) by Duncan’s multiple range test.
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<Table 5> Hardness of cookies prepared with mulberry leaf powder (unit: N)
Samples"
Control Ml M3 M5 M7
Hardness (N) 42114612 4,8124+331°¢ 5,108+401° 5,344412° 5,702+500%
DSamples are same as in Table 1.
PMeans in a row with different letters are significantly different (p<0.05) by Duncan’s multiple range test.
<Table 6> DPPH radical scavenging activities of cookies prepared with mulberry leaf powder (unit: %)
Samples"
Control M1 M3 M5 M7
DPPH free radical scavenging activity 7.210.54¢ 20.35+0.65° 27.534+0.90 28.2340.95" 31.11£1.01%2

DSamples are same as in Table 1.

DMeans in a row with different letters are significantly different (p<0.05) by Duncan’s multiple range test.

3, 5% H7FE Ateloll A zpol7t W] k). 719 73
L A7k AR WY, A", AlRe] vieiu] gl ¢
8l FEs e AR UPA Uth(Song & Lee 2014).
AoA Hxe] ¥sk= Bl B Yo Aolidfia Tl o
3l Bl FHe] Hrio] FUIETE F719] Rl &
old Ax7t Z71E Ao AlgHTh BAEE Hrlsle]
719 AE7b wolxl ATES HH, #F 2 (Park 2015),
v}l B (Cho & Kim 2013), T1E(Song & Lee 2014)
52 Ariet F719] A vz JrkeelM A=Ert
oF oz Ethal Huste] B Aol XL 3, F
Zd 2 (Bang et al. 2013), S & (Lee & Jin 2015),
H|E (Park et al. 2015) &S A7IgE F7]94 = H7RE]
EFET FErF folH oz voltiy HaE vl 9lo] 3
7tee FAES] FF wet 719 A=7F vE=2A et
= Zoz Al

5. %0l 27|o| DPPH Z2iC|Z AHs &5

DPPH (o-a-Diphenyl-B-picrylhydrazylye & A0S =
= v F <Yt free radical2A] cysteine, glutathione}
L-ascorbic acid @ BHA %ol 93] 3tx]o] ez g ¢}
Gt AAXAZHE s ELS sk Bol o] 8H
3 ATh(Lee et al. 2004). ¥ F7]9] DPPH #t]Zd &4
S <Table 6> 2t} B2 DPPH &tz 27%S
721%30H, el o A7RES 20.35~31.11%= tiE=E
o =2 gz 2ASE HeEi o, A5 H7kekel] v
glate] o] Frkehe e HoAFUth(p<0.05). Cho &
Kim(2013)2 v]oel 22 7ol S71gel uiet 7kl
Al F719] )z ATl EoRhE, ol Hludle] it
shag-o 2 R H fEsIdti Bast vk ok Kim(2015)9]
ATINE HEle wd F7PEo] EoldsE folHom
A7Ree] Bz L7150 7MLl BAsglon, Liu
et al.(2013) ApMrp Bk Hriegke] Frhstel weEl
o)F o7 Zrlslgirtar Barslslth. Choi(2013)= £E2t

H7F 71l DPPH #tZ 2752 5.63+0.81~64.33+
222%% FLE A7Fe] SIS fejH o Ftst
Ak Barste] 2 Ao}l HlS=ailth. An(2015) U4 &
TS AN 709 A D iE s SR
o= SgtEEo] BZ 7wl Hodste] ke 2
U 275e] Z7HEATAL Rusigith & Aeae &
S e HAUVRE fYd A% SUFsE AL ok
flavonoid (wogonin, linarin, pectolinarin)’} $H-%o] o]
A(Jeon & Kim 2011) 3HAksdo] F71st 2102 Al H L.
wEha 7] AR Al B RS HrigtezA datsl &
IE 7T = A

B 2 7§71 #e9rt A= <Table 7> 3
ok F719] A oM e tizat Bl 2 HUEE(,
3, 5, %)) Q] 2olE Holx] ghgkon), ol Bt
A7t F71€°] i 52 JFE YERTh Cho & Kim
(20132 H] T} ' H7F FI)oA AR 7S %7 w2
71e] Aol gt agebdo] A ¥

ol &gt f-A F7)o| tigt Am|xfe]

Alo] Z719]7] wjiolgty BT F7)9] du]e} %32
e el R 3,5, 7% H7hReEo] xR Hls] 2
FE ol {949l 2polE HATHP<0.05). F712] g
D HA7EE(L, 3, 5, 7%)°] HETRT =

2 NI el FHak 39 Hrkre] 7MY =&
AFE YeRh AAIAR1 71550 doME tizte] 3.11
2 7P v HA5E B, wel B 3% H7RE0] 4.25
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<Table 7> Sensory properties of cookies prepared with mulberry leaf powder

Samples"
Control Ml M3 M5 M7
Color 3.1520.11NY 3.45%0.10 3.6740.11 3.7940.12 3.85+0.15
Flavor 3.10£0.00¢ 3.86%0.03" 4.22+0.05 4.2040.02° 4.18+0.01%
Taste 3.05£0.22° 3.71£0.212 3.9540.15 3.88+0.11° 3.85%0.10°
Texture 3.19£0.10¢ 3.6020.11° 3.7940.13 3.75+0.11 3.70+0.11
overall acceptability 3.11£0.11¢ 3.57+0.21° 425+0.38" 4.05+0.15® 3.37+0.05%

DSamples are same as in Table 1.

DMeans in a row with different letters are significantly different (p<0.05) by Duncan’s multiple range test.

NS, not significant.

o, &5l 71EEE S F v BussiTh &
Ao A el Y A7 e B 220 Ve
A gt W7t 542 Efste] 3% Frkske A
7P Agsittal At o) o] Axs FHEle] &
H, 7A7FAFo| B3 Au|Rpe] FAlo] ol et

= 5 AP TR e Bds &

Sl Wl Bk 0, 1, 3, 5, 7% A7Hk] FI1E A%

¢ & 2 FAEAES ekt ] W] pHe tiad

(6.20)ETF Bl Hul "7} 37](5.81~6.07)4 o=

F71e] HAAG A iR 7.32

Fow, Wl Bk Yyl 736~7.812 FoFHow Frls)
H [e)

UrEth =gk Lk s%oml Z“—HE%— L}EM%—C %k-%
freld o s gasisltt. $719] %&“CE e bake
Fxro] 7P Wokar, el B WS felHes ~7}o}

Aok F719] AEe B B @7}%01 —0—7}6"“% F

@ vElow, 3%t 5

DPPH e}tjZ 275 8ol v ?M%l 7}ﬁl*ﬂ =

ko, FAXHCE FoAT AolE B (p<0.05) ¥ T

o) Hrige] S7FERE itshgo] olE Aew

ERsttt. sw7E A3 el B 3% H7leke Zlo] ]
XE
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Az Al ), Bt 2243 AAHS 71 T 21

—
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