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Abstract

This study was conducted to investigate the effect of mulberry leaf powder on the antioxidant activity and the quality
characteristics of maejakgwa (a Korean traditional cookie). Maejakgwa was prepared with different amounts of mulberry leaf
powder (in ratios of 0, 3, 6, 9 and 12% to the flour quantity). The antioxidant activity was estimated by DPPH free radical
scavenging activity and the total phenol content in mulberry leaf powder and maejakgwa. For analyzing the quality
characteristics, bulk density and the pH of the dough, moisture contents, color, texture profile analysis and sensory evaluations
were measured. The total phenol contents, DPPH free radical scavenging activity, bulk density of the batter and the a values
of maejakgwa significantly increased with increasing mulberry leaf powder, whereas the pH of the batter, L values and b
values of the maejakgwa significantly decreased with increasing mulberry leaf powder content. Finally, the results of the
acceptance test indicated that maejakgwa containing 6% mulberry leaf powder had the highest scores. From these results, we
suggest that mulberry leaf is a good ingredient for increasing consumer acceptability as well as the functionality of maejakgwa.
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Table 1. Composition of maejakgwa formula with diffe-
rent levels of mulberry leaf powder

Mulberry leaf maejakgwa(%)

Ingredient

Control 3 6 9 12
Flour 99 96 93 90 87
Salt 1 1 1 1 1
Mulberry leaf 0 3 6 9 12
powder
Water 46 46 46 46 46
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QF 100 rppm S 2 shaking incubator(SI-900R, Jeio Tech, Korea)
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% d= 313HE2] g3 Folin-Denis phenol method(Swain
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=73t EFEAZ gallic acid(Sigma Chemical Co.
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th s E 4|23 Al 4 mLol| DPPH SOlutlon(l 5%10™
M) 1 mLE E3ate] A-2ollA 3023 A F 517 nmell A
UV/VIS Spectrophotometer(V-530, Jasco, Japan)Z 3 =5
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B 0S5 ¢ F/S 45 mLE magnetic stirrer2 n/RF
Al# o] Z{Whatman No. 2)3F &8 pH Meter(F-51, HORI-
BA, Japan)= S7e3ith wk=e] Wwe} pHE 242} 33]4
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Moisture Analyzer, Ohaus Corporation, Zurich, Switzerland)©l|
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A3t petri dishol] E<2 F Color different
meter(Colormeter CR-200, Minolta, Co., Japan)E AF8-5}o] L
#(lightness, MM ), agk(redness, %), bik(yellowness,
FA )02 et A 5 W F(standard plate)]
L#ke 9720, agke —0.01, bt +1.8601 oM, 7 AP
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u 2k3}e] 7 =& Texture Analyser(TA-XT2, Stable Micro
System Ltd., UK)Z =% 3}o] 7 X (hardness) #-= YERNL
o AEe 2 3 A v3M s 7ITeR siler, 10
3] whEste] Sk gho] Haakd EEUAE YERQIT
Probe+= 2 mm cylinder probeE A3} th 242702 pre-
test speed 3.0 mm/sec, test speed 2.0 mmy/sec, return speed 5.0
mmy/sec, test distance 1.5 mm, trigger force 5 g 2 3} T}
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£ Ao BE Azs BAXE Z2 321 SPSS(version
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1. £ =20 ojzfotel & = stetE g2
Bl viztake] F dls shekee] e Fig. 1o A|Alt
GAE/ge. 2 =

At HxTe] F ﬁﬂ%; fﬂrfé}%ﬂ -2 48.78 mg GAE

i gk m kol Wl WA ekt
t}. Adom et al(2005)2 E7FFo g5 ferulic acid, flavo-
noid, lutein, zeaxanthin, B-cryptoxanthin 52| phytochemical
o] grkslol JekS Frtal B a5k AL, Ragaee et al(2006)

< el 50.1 mg GAE/100 g°] % Eﬂl"— 313HE2o] 3Hoy]
Arka Buste] iz e 338 2A4ES & F

ES
AU} Fedufztate] - Hs stEe] g Y e
H7FFo] 3%0lA4] 52.78 mg GAE/100 g, 6%°A 61.65 mg
GAE/100 g, 9%°ll4 79.98 mg GAE/100 g, 12%°A 92.31
mg GAE/100 go 2 Wl uro]l Xylgko] Zrlstol] wpe}l &
& 3}gEo] #2124 (p<0.001) 2.2 F7}38lth Joo & Choi
(2012a)°] AFelA F dlms TS LAE Tt H7H
= A5 BN = Eeus o]l vehdtia BEaste]
2 AT} ¥ s JERAUTH

. 2ol F2nt ojztnte| DPPH 2iC|Z &7 s

o TS AUk viFtEte] DPPH 2tz &A 5ol ]

3 A2 Fig. 20 AASI ) Bl o] 2 o &
A% 100 ug/mL FFol| A 86.43% % LEFET. wWiel ufz}
3] DPPH )2 27%S 1,000 ug/mL 3ol A el &
ok 3%, 6%, 9%, 12%2] FH7lgko] we} 38.35%, 53.99%,
75.1%, 85.73%= 279 23.13%°) Hl&] < g 47
T UEon, AlRe] Tkl HlEste] 2/do] St
3le A3E Hol 39 th(p<0.001).
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Fig. 1. Content of total polyphenol in maejakgwa with a
various additions of mulberry leaf powder.
Values are means + S.D. (n=3), Different superscripts(a~e) indi-
cate significant differences at p<0.05 by Duncan's multiple range
test.
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Fig. 2. DPPH radical scavenging activity of maejakgwa
with various additions of mulberry leaf powder.
Values are means£S.D. (n=3), Different superscripts(a~d) indi-
cate significant differences at p<0.05 by Duncan's multiple range
test.

FABEAS Lol A}, 2| oo}
flavonoid®] wogonin®} linarin, pectoli-
O m(Jeon & Kim 2011), ©]
5 o] o vhgate] FAEES %9 A0R ARH
olg}gt Ayt FELS H73 v Z 2K Choi er al 2012),
%5 71 MiZATHKim er al 2011)2] AFe} ¥ 5% A
o|9ith & Aol A WelBwe] & AR P
7} DPPH 2t Z &A% B B9 29 H7hakd waet
Z7}elgith ol= w=al3tE o] dteko] wiztabe] gFAlsl o)
A e 9SS & S g Avaln A2E o] S AaT
AS B8 Ay}, A= o] AHBA(r=0.972, p<0.001, Fig.
3)E Uehich oleidt Asks Fu] v 2 79
Zelv = ditsle S 5793 Joo & Choi(2012b)e] A<}
v 528 A7E JERfISI

4 HE 33 2
Hh=o] dee ﬂu?ol 1.26 g/mL
, wol BulS. 718} ko] 749 1.40~1.50

gl HOoFA o} RATHEETE

100
80 1

&0 o

20 +

DPPH radical scavenging activity (%)

o T T T T 1
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Total phenol content (mg GAE/100g)

Fig. 3. Correlation between total phenol content(mg
GAE/100 g) and DPPH radical scavenging activity (%) of
maejakgwa with various additions of mulberry leaf powder.
Values are means+S.D. (n=3), ’=0.972 (Pearson correlation :
p<0.001).

gmLE 89l Fo] Hrlgke] SrHEFE Y
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(Cho et al 2006). ) -
she A& Aol dfrart
o] 2ol ol ola W=
fraxol T o] A akgol
7FA& 4 vk (Choi HY 2009)
A A= Wl Hulo|] ¥ Ao]Mgiz 0l ¥
AErh 57k Jlow Azidh

Hk==o] pHE 94 E9] 3y} M wd] g4gkS
Z(Kang & Lee 2007) ¥F=2] pH7} SolA|™ A|F<] Alo] <
efA| oL 7)ol Atobx| FreA|H, pH7}F EopA|H o]

FAA 3 At g gho] WrlMceWilliams M 2001). # <1
ol A vk WEe] pHE FH Y Ak $ARD Aok
(5.76~5.35)°] thZ2=7(5.96)°] vldll FHo = A Yeps:
THp<0.001). o2 gt A= H7hek B9 F22 pH7} 6.31
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Table 2. Density and pH values of maejakgwa batter using mulberry leaf powder

Mulberry leaf maejakgwa(%)

Item F-value
Control 3 6 9 12
Bulk density(g/mL) 1.26£0.127?  1.40+0.00° 1.45+0.00° 1.48+0.15° 1.50+0.00° 55.60""
pH 5.92+0.16° 5.76+0.61° 5.56:0.00° 5.41+0.02° 5.35+0.26° 67.32""
D Mean+ S.D.(n=3), ™ p<0.001.

? Different superscripts(a~d) in a row indicate significant differences at p<0.05 by Duncan's multiple range test.
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B H71e A8 AZ(Park & Lee 2007)94 %= B3 7}
go] F7IEFE pHIF FolH o m Yolx= s Bl
o, olelgk Azl W pHE| Apo]= Bl FHiEol U=
malic acid, citric acid, succinic acid 2] HA F7]AF A Ed|
71918k s thLee er al 2003). =52 H7bah vzt

Wl M &5 B8 H7bge] S7HES W= pHYE B
ofx] Aol sHdel 7RItk AT A (Choi er al 2012)
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PARDE P DY $RIFS 2D AoE
Table 37} 2t} w2tz Fighake ¥l B8 H7HA(3.51
~5.70)°] thZw(2.62)° Hlal =A YEFSTHp<0.001). 7}
Eo] Z3E E8A 2o fe AFo 7 HE 5HE I
A7 Ao R Hu%oj(Kim & Choi 2008, Kim & Lee
2009), ¥l wiAteke] 7 welel]l 23HE B84 Aol
Z 9lF) /\Hz‘#a}:o] .&7]-6]— oz /\}EEJE}. o] aﬁs} 2o
Hold el Hirde A 71 F FEg AP A4
AozH mjatate] wsks AAAIZITHL Sl tHPark & Park
2011). H]FE2-S 713k v 22K (Cho & Kim 2012)2] 4%,

oIk % A/hgel BEs SRl wske, olh g
shol HeEo] Qi B84 Aol A7t AFe S8 BA B

S gFA1717] wiEol gt 3t Cho & Kim 2012). Kim &
Choi(2008)= 3H FE&EZ Mriste] mizx2E Az &
FE FFS ST A, SE FE22] WU ol =2
TFE T L fFodom TtE Y Rusiiit &
3k gl B3-S 7S =2 (Park et al 2008)°4 Il
7hEFol SV S gt Aot wiztake] i EEe 7oA
o2 A Yehdtin Budk vf glo], ¥ Az} Hl=gt 7

i)

TE VIR vz 4 54 8 @itsl 24 601

5. oA
wel Bl ke

2ol mvte] M S 2
= Table 37} T} vf2bake] " E(lightness) S YEIW = L

e wio) Hulo] A ylako] —7_‘_7}.6]-_/,:__' GojA o7 7+Aihsh

BA [ A

£ 78S YEPAt(p<0.001). Bl F2e] LS 59.79= wf
ko] Wxo 3k 713 & 891 WYl FEQl Aoz A}
55, ol HrIete AE ARAQ] Alrof 9|3t ko] AE
9] #o]= YERATHE Kim & Park(2008) 2 Park & Cho

(2010)9} Z2 A5 JeRATE M E(redness)E LFEFY

afhe tixwol —146= 7HE WA vehgen, ¥l &
o] Hrteko] AAFE FUiste AEFS EATHp<0.001).
B & (yellowness) & YERH = bat-S 2 Eo] X7k wf
Z7b zwint o W veRgen, 8ol B3] bk
21,6602 Bl H7lelA| e tRTET) A0 2l &
To] A7kl wold s hashs A gE Halth(p<0.001).
ol wiolo] F2AS Yehlle =47t vz E J7)e
oA dojupe ZhAnkg-o g olg) ujztule] Mo JIFS
Ul Ao AR 4371 2t 2HKim er al 2011)°]4]
T & Hrbe] S SRS

= 5 BEE YeE Lae &
ojF oz FHaslglon, AMER] aghe HiD MUt F
Ve ke on, 3 ES JEhE bk SR A
7heo] S7HETE FolAor faste] & Ao A}
A 3HGiTh B BH(Kim YA 2002)S A7k w5k ¥l
TS A1 1| (Kang & Hong 2009) Aol A% H| 5=

gejsto] Alzgt vhzate] Aes

Table 3. Quality characteristics of maejakgwa prepared with different addition of mulberry leaf powder

Mulberry leaf maejakgwa(%)

Item F-value
Control 3 6 9 12
Moisture contents(%)  2.62+0.38"? 3.51+0.32° 4.57+0.45° 5.15+0.83" 5.70+0.21° 4591
L value 73.49+0.50° 52.08+0.48" 42.83+0.67° 38.71£0.11¢ 38.33+0.48° 2,755.17"
Color  a value —1.46£0.61° —0.31£0.55¢ —0.15+0.10° 0.3240.55° 0.460.10° 272.76™
b value 17.44+0.31° 15.95+0.30° 13.58+0.36° 10.54+0.29° 10.32+0.03¢ 621.84™
Hardness 917.56+247.54°  1,353.47£363.83° 1,530.62+355.70™ 1,598.06+308.84" 1,703.00+186.52° 10.95™

Y Mean £ S.D.(n=3, but n=10 for hardness), - p<0.001.

? Different superscripts(a~e) in a row indicate significant differences at p<0.05 by Duncan's multiple range test.
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278 ¢ A= Table 33 Atk A=w thxwdl Bla) E &
@ A7 v o g S E o, Bel Bl Aot
o] VS Aot Al AEFE i 1 tHp<0.001). 7
o] Ea w3 wA & £E AL #¥ol e
(Park ez al 2005), 37} w2 2H(Kim er al 2011)9] 725 %

Whel 2GS Ak 2o, v e 07t
w22 Cho & Kim 2012)¢} e % 27} of22h(Park er
al 2008)2] 7% H7FEe] o] goldsE vizte] 7

B A P kel & 4 2k QA o

£ 29 B el Aol Sl ol Bl 2wl 2
o] Z/1e4E ujHTte] 3 Feo] Fold Aws) )R
Ao Az

o HAVEE
W7t A=
T BALE ARkEQl 7%
taliA] o] Folxich AWHARl 7S % é
5.40, 9% F7ke] 47022 279 3.1000 BlE) =& A
5 dehfio] wjztatel] RS Hrlkele A2 Vs
of SAQ G VA= AoZ VYT 6% 7ol
gk, ub, mpakel o] V15 ® HAbeA TPt & HeE R

gjate] Alxg mjztzte] HE e
Table 49+ 2t Hd &2 7} vzt
’ 1:/'1- H]J\ B‘}, &lJoﬂ
7 A}, 6% Z7ko]

i H-I
oL oo

oMo} fekiRa s
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(Lee & Koh 2002) w37} upataks=

% ¥
1 uwg g ol el AnE FE
HE

3
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Hed FAS A7) Sl Bl ke k= 6%7F
7V v Zlo g Alsdrh
eoF d HE

B Age gorg Aeld ko] $43 Wl Ba-g v}
(0, 3, 6, 9, 12%)8+ 25 A|Z3t] wj=7}o] gHikst 2]
= A5t 4 542 Sk ¥ 22 F Hss
S TS 54140.96 mg GAE/go|m, oS wiztalol] H7}8h
735 Alge] A7t nlEsle] Skt Alx2E v e]

DPPH radical 275 243 A7}, wel Bulo] A7}k
wal g2kl BT fojd o g Zrlsl=s AE VeI

T w2 At vine] FARVNE AR A wise) |
Ee B ARl S7MEE = UL pHE A
231tk viRTe] Mmis wel Be] Hrlge] SUbRE

L2} bato] Sl 1, agho] Holflom, 42ekaw Ans
Zotele A YR, W9Tle] 7] 5% AR
&%, @ v vk AelAE 6% 2ol Wikl A
71 74 A Jepste). oleld Azl Hoj vjdwie] 2]
e Arlehe AL AT N BRE 2071 &

= AT

F

m}r Hm k1

R T
o Wk AR R, 9% oSl RO A T ASE ARET: B2 RUE Wl AL ALY
=3 uk A =o)X 6% FrbEd H|El Ahste ATS U 7AF, 6% B B AUele o wiztke] HeA F
ERjo], 9% o]Ate] ®eollul Ayt 3 uk A =o] 7|5 % AL FAANZ  de 7P A4 2o AZE, AdE
e 7”\/\]?]%:— Aoz UERtTh N 7hsAo] M o Ao g AlsHrh

HparEhe|] tigh M S E 7ol A= 6% B9 A7t vl
ztaz}o] Ma 7k m}Jﬂ, 2TolA Aawr) 71 i) = ¢
upaksle mjztale] MEwol 7P 52 AAEE el ]

Table 4. Sensory evaluation of maejakgwa with various additions of mulberry leaf powder

Mulberry leaf maejakgwa(%)
Item F-value
Control 3 6 9 12

Overall preference 3.10+£0.85"% 3.55+0.68% 5.40+1.04° 4.70+1.21° 4.10+1.55% 13.44™

Flavor 3.00+1.02° 3.30+1.12¢ 5.70+1.03" 4.80+1.10° 420+1.19° 20.19™

Taste 3.30+1.08° 3.40+0.41° 5.50£0.82° 4.80+1.36™ 4.20+1.09° 14.00™
Crispiness 3.30+0.92° 3.80:£0.46° 5.60£1.04° 5.00£1.02 4.50+1.14° 17.18™

Color 2.85+1.13¢ 3.60:£1.04™ 5.10+£1.07° 420+1.36° 3.40:£0.94% 11.75™
) Mean + S.D.(n=20), ™ p<0.001.

? Different superscripts(a~e) in a row indicate significant differences at p<0.05 by Duncan's multiple range test.
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