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Abstract

The purpose of this study was to analyze the physiological activity and antibiosis of mulberry powder by extract method.
The total phenol content of mulberry powder extracted with methanol was 82.9 mg/g, while that of powder extracted with
water was 46.9 mg/g. Extractions with methanol were therefore more effective than with water. The total flavonoid contents
of mulberry powder extracted with methanol was 13.0 mg/g, while that of powder extracted with water was 9.4 mg/g. Also,
the nitrite-scavenging ability of mulberry powder was lower than ascorbic acid and BHT. The SOD-like activity of mulberry
powder extracts, natural antioxidant, and artificial antioxidant at 5 mg/mL arranged in order of decreasing concentration were
ascorbic acid (98.3%) > BHT (88.1%) > water extract (9.8%) > methanol extract (3.0%). And, the OH radical scavenging
activities of mulberry powder extracts and natural antioxidant at 5 mg/mL in order of decreasing concentration was ascorbic
acid (97.0%) > methanol extract (46.2%) > water extract (35.8%). The antimicrobial effects of mulberry powder extracted with
methanol could be detected on Bacillus cereus (10,000 g g/disc) and Staphylococcus aureus (10,000 p g/disc).
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rus alba L.)2] €9l Qt](mulberry):= 5L FH 6¥l 4A
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ksl A 9 o I AegdEed s Ereka ol
o, Pk, FET E FuAET 5 o] AefAeol
H % THON et al 2002, Asano et al 2001).

grtsl zhg-o] o 7}‘4 =2 free radical FA| TJstE=

BAE JASAY, nEFdALES chelationA|F 0. 24 BEg-
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2 Folin-Denis®H(Folin & Denis
Folin-Denis A]€F-2 sodium
tungstate 10 g, phosphomolybdjc acid 2 g, phosphoric acid 5 mL
£ 100 mL &% St~ ¥i SRFE F8 F A
%ﬂ}-’:ﬂq] &7 2/ B]F B x2zete] ARESEiTh A
Hupo 2 A B 284 7 mL, 100 £g/mLe] EE
A Z3 A58 | mLE ¥-2 F Folin-Denis A|2F 0.5 mLE
A7Vele], A &5 35 Fof| sodium carbonate E3}-81 1 mL,
SFH4 0.5 mLE ¥ 725 nmollA SFEE S35 o]
) 54 FF4L ghd AK(tannic acid, Sigma Co., St. Louis,
USAYE Abslel Zhdslglont, BESA A4 )8 B
Yike] FEE 25,50, 75 2 100 pg/mLe] itk & ZEjuE
S AR gF9 mg tannic acidZ YERASITH

4) & E2tE-olE £

Zahu o] = dek(Kang ef al 1996) 200 pg/ml
=2 AZE A8 &9 1 mLo} diethylene glycol 10 mL—E‘
gts}ar, ©17]o] 1 N NaOH &9 1 mLE 7}sfe] 2 233l =
37T 1413t BESAIA 420 nmoll A FHES S kith
olw] EFAHFIZAL quercetin(Sigma Co., St. Louis, USA)
= AH&Ste] ZMdetslom, FFEd A o] 8¢ quer-
cetin®] FEE 50, 100, 150 B 200 pg/mLol Tk & Sepn
g g5 mg quercetin® & JERNSITEH
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5) OFEIAId A7 s &5H
oA AFA(NaNO,) &7 52 Kato et al(1987) WHo g2 =
A} =, 1 mM NaNO, €< 2 mLol| 2 mg/mL F==
ZAZ Alg89Y | mLE 7}k 0.1 N HCI(pH 1.2), 02 M
FArZHpH 3.0 L pH 6.0) 2% Z+2} pH 1.2, 3.0 2 6.0
o2 A3 S, vkg9le] ¥ E 10 mLE 3T ©] &
NG 37T A 1A]7F vkeA| 7] & 7} whg-ol S | I 28}
o] 2% ZAFEN 5 mLot Griess A2K(30% AR 1%
sulfanilic acid®} 1% naphthylamine-S 1:1 ] &2 &3}13F A)
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6) SOD(Supeoxide Dismutase) FAIE M= &H

SOD A4 52 Kim et al(2001)2] Wi 25te] =%
sttt =, 7zt A8 02 mLoll pH 8.5% RAF tris-HCI
buffer(50 mM tris+10 mM EDTA) 3 mL%} 7.2 mM pyro-
gallol(containing 10 mM HCI) 0.5 mLE 7}staL A 204 10
B2F RS 3 1 N HCL 1 mLE d71sle] Whe-2 A A|A17)
a1, 420 nm°ﬂ/‘1 FREE S48 old SOD A
& ofEfe] Ao mKFE FsiTh

SOD 4%5(%) = ( %)xwo

A AE BT EBE
B: AR ¥ Aol Y=

7) Hydroxyl Radical &~H&4 &4

Hydroxyl radical &~72/d2 Chung et al(1997)2] el
w2} EDTA7} £3Hd Fenton WHSA(Fe’*+ H,0, — HO - +
HO)ollAl #4819t} = 10 mM FeSO, - 7H,0 €, 10 mM
EDTA -2Na &9, 10 mM 2-deoxyribose &4 Z+z} 0.2
mL &3t Fenton ¥Hg- 320l 1,2 2 5 mgmLe] A58
ol 0.2 mL, 0.1 M phosphate buffer &H(pH 7.4) 1.2 mLZ

Qo] & & 18 mLE 274 }031:]- 37]e] 10 mM H,0,8
A 02 mLE 7l8te] EFe F 37T 1A13F vhEAIZ T

THA] 2.8% TCA(trichloroacetic acid) A1<F 1.0 mL<} 1% TBA
(thiobarbituric acid) 1.0 mLE 7}sle] e EolA 1023t 4t
SA7) 3, Ao FE T 532 nmollA] FFEE =43}
Stk o]l hydroxy radical &7 %2 olegfe] 2oz HE +

3kt
. - As - Ao
Hydroxy radical 4275(%)=1- A A x 100

A AR WSl E9E
Ac: AR T AT EBE
Ay 2 37CIA S gl Y

8) Paper Discg{ol| &
g4 -2 paper discH(Kim et al 2000)S ©]-835
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& seolAlo} fukifa ik

Aok ol AE o= HEAQ A1E fHT e E Gram

T (Bacillus cereus, Staphylococcus aureus)®} Gram +7d

2y A8
A 4 2 AldTFE g QAR of 2417 Al
ola, BEue] ZAE deke] ARuAR BEE 15%

H(Escherichia coli, Salmonella enteritidis) <

o

agar A0 20 mLA BFale] $3A7 T, 7 @ o
S 0.1 mL¥ #H7ele] Hitd f2le o2 vz flo] nE2A
HA =S EXsl] ARSISITE UFEEES A7 dE
=& Y3} paper disc(8 mm, Toyo Roshi Kaicha Ltd., Ja-

pan)S FHIA| ol FHAITIIL B 5230 pLE FUT 5
37CoNA 24A17F vl F3le] paper disc 2] inhibition clear
zone(8 mm : no inhibition, §~9 mm : very slight inhibition,
9~10 mm : slight inhibition, 10~14 mm : moderate inhibition)
o] AZ4mm)s St LuFEEl tE IS ¥l
A8

A& A= SAS package(release 8.01)5 o] -&-3Fo] o+
FEUAkR FAISIAL, Bde] FA1A frel 8 p<0.05
oA Duncan's multiple range testol] ]3] 7351
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Table 1. Approximate composition of the mulberry powder

Items Amount (%)
Moisture 18.8+0.5"
Crude protein 9.6+0.2
Crude lipid 8.0+0.2
Carbohydrate 47.340.2
Crude fiber 8.8£0.2
Crude ash 4.6+0.1

Y Values are MeantS.D., n=3.

Table 2. The extraction yields of mulberry powder me-
thanol and water extract

Classification Extraction yields (%)

Methanol extracts 74.2+0.2"

Water extracts 5.3+0.2

Y Values are Mean+S.D., n=3.

2 EAlel de] FEsH, 22 AHES TFe 25
it} 53] #=57d sighEel A WA thget A2
< JehiE Aoz AWM (Sato et al 1996, Fitzpatrick
et al 1993), 2| EA|A] Fl=4 BAS Flstels A7) &
8 ¥ thLim JH 2009, Choi & Kang 2009).

B AN s oUEY FEE F Tsd F 2
Hol= ks Ssi=d, Fig. 13 2] 1%—‘%3 e
g otle] F Zejvls FFE 82.9%, B FEES 46.9%%

100

80 A
60
40 A
20 A
0

Methanol extracts Water extracts

I Total phenol
[ Total flavonoid

Total phenol and flavonoid(mg/g)

Fig. 1. Total phenol and flavonoid contents of mulberry
extracts.
** Means with the different letters in the same column are signifi-
cantly different by Duncan's multiple test (p<0.05).
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E FF A 0.17%, " F&% %% Al 1.29%;&?1 ls Oﬂ%(Lim
JH 2009)°A % 7 & BF 2hte WeER F23<
o o ol = st & Aot 22 A3E yehd

Atk =3 Hwang SJ(2007)2] =4 Edl] thgk & 2 oA
T HsdEel = FEEY A5 216

43io] Bol FHE AELS B AHH =¥ methe-

% 24E Yoz & glor], ol

o [

nitroso3} ¥H&-2 97 Wo] ¥ A 27 A A dojt
A WEAQ] nitrosamines AYAd J—E](Bansh et al 1988,
Kyun et al 2007). ©]2]g} nitroso W& <JA
nitrosamine A4 7121 amine2] P2 JA|SHA L 2F<]
oFARk S 2Adok B, Ta obENY 47 50] $5E
2FEg oA oftlo] EAE e AAF 2 7
E3 A HFH S 24 nitrosamine®l] 23+ oF LA 5 F30
EARE AN &

B AFollA ere] opd it 2SS 373 23, Fig.
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Fig. 2. Nitrite-scavenging abilities of mulberry extracts.
274 Means with the different letters in the same column are signi-
ficantly different by Duncan's multiple test (p<0.05).
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49 2 27%E pH7} 7185 obdAt 2ol s

A3t aglal 8 FE9L pH 1.2, 3.0 & 6.0914 2z
7.0, 4.1 2 2.0%2 HE-E FEE 9} o] pHZ} F7HES
= 7%0}91 on, WghE FEEA Hrp @ opdsed &
A%< JeERAQITE Roh SI2011)S ] & FZE(pH 1.2)
o] o}A A 42752 500, 1,000 2 2,000 ppmol| A 6.3, 14.4
2 30.3%A 2L, HehS FEE(pH 1.2)2 273, 54.7 2 68.5%

[e]
B 32 v 5255, B FEREde e 75

Alel] o} At 27 %o] T Atta sto] B e} fAbeka
th Ha et al(2001)% 2 A7) o}bAAe] hrso] & F3
EIME 594%°]|aL, Ee FEEL 61.0%= ¢ =t
g ub glek 22]aL Lee er al(2000)2] Aol & EnlE, o
A, AT 9 EEF] ot AA%go] pH 129 |
58.0~100%, pH 4.2°114 29.0~100%, pH 6.0914] 18.0~82.9%
2 whg-golo] pHrF A G o] The R, AR A7
o] B&FE ¥ Jehgrh
a2y Ju et al(2009) 2
ol A AAL EAlo] 7tk

g ke A Heltha g 3
2 B Aot o ofehE FEERT B FEEA 24
o] ¥ ¥rix dte] E A7} g dns ﬂ*l 319 L, Park
et al(2002)2] AFAME & & FE5 1,0 ppmoﬂ%H
%€ pH 12014 37%°] 1L, &S FE2EL 27%E & F
FEEG St Haste] ofdaky £AwE Al £
= I, &l 5ol weE ohd Aol & vl 3o R A}
¥

9_"/] —7}‘4%%4 3H4) gtakalA] butylated hydroxytoluene(BHT)
2 A gakshd HIER] ascorbic acid9be] oAt AAE
H]_ﬁl’é‘ LA pH 1.2, 3.0, 6.0°4 BHTS| o}d At AAFE
81.2, 57.6 2 10.2%°]|1 1, ascorbic acid:= 91.6, 60.5 2 15.9%
o|dtt. olellA ofbEAr aFwe] 7HE & &4 ascorbic
acidolﬂi, _9_1;]9] 0}7\1/\]— /\74:_@_ %1—/\4 -61—/\}_5};1]0] BHTL]-
A 3FAEEA Q1 ascorbic acid BT oA &= AL <4 5 9l
1o, Koh et al(2005)% ascorbic acid & BHT2] o}d4td
27%e 747t 93.8 E 722%E AFHAHT T =i sl
2 AT 2 23E VeIt

5. SOD(Superoxide Dismutase) FAIZA=

Superoxide dismutase(SOD)= A WellA] superoxide radi-
cals AHAR ARSI AF = HA &3k (Hong et al 2007)
=, SODE A X i &332 5 sistrir AgA)7]E vt
$9o] Znj| g0l SOD & AAAE ST cata-
lase == peroxide©l] 213l EEA}e} AAEAIR HEE = S
23 84 39 shuolti20, +2H" — H,0,+0,).

o]# gt SOD 9} T2 &= A9 superoxide anion®] 24
= A= BE =, SOD FAH S0l Al @

HOMATO futkiFa Ak
2] ]%E]:r_ AeH], & AFAAME o] & o] &3l LtFEE
<= S43I3th Fig. 33 #0] 1,24 5
mg/mLoﬂH HEe FEE59] SOD S5 2171 12,24 ¢
3.0%°19 1, & FEE2 SOD X5 47t 45, 54 2
9.8%= & FEEIA 9 w2 o2 et vaadl
BHTS] SOD Z4%S 1, 2 2 5 mg/mLol|A] Z}2} 403, 73.8
2 88.1%°]%1 1L, ascorbic acid®] SOD 452 77.7, 964 X
98.3%% 2r]e] SOD &/d%°] ¥ wekon, 2tdl= super-
oxide anion®] 45 JAAZ 4 = SOD A= Y
e A E2o] drEo des ¢ 7 Uk Ju
et al2009) %= 2] & FEEo] deks FEFKH} SOD &
o] g lt\:}_]_ stk T3 Lim JH(2009) = v & 3
Z9] SOD &5l ,000, 5,000 2 10,000 ppmoi| 4] 17.98,
23.16 & 2411%01M% 1 S 3212 6.13, 14.71 2 23.02%
2 & FFEA SOD &4¢] ¥ Etha siglen, Hluat
Q] ascorbic acid®] SOD &4 52 33.79, 88.15 & 91.46% =
nj e vls] SOD &4 5ol © EUThaL ato] &2 At 2
& Azs Haskgch

6. Hydroxyl Radical 2~7{=hA

7P ZdE et @d4kAaR 4# X hydroxyl radical®] A/d 2
& Wk kst ALEC] 93] deoxyribose”} T3] F o] alde-
hyde7} /3 =™, DNA &7l g Erie], & o] TAY
= LH3 AAVE A} webA hydroxyl radical & A7 8h
= B A EA 1 9ort Ankar @ 4 Stk Fen-
ton RH-&-ol ] ol&f A A hydroxyl radical £2AZAHE =%

10

gt A3} Fig. 491 2ol 1,2 ¥ 5 mgmL HE-E FEE04
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100 { HEEE Smg/mL b a a
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Fig. 3. SOD-like activities of mulberry extracts.
a~4 Means with the different letters in the same column are signi-
ficantly different (»p<0.05) by Duncan's multiple test.
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Fig. 4. OH radical scavenging activities of mulberry ex-
tracts.
#7¢ Means with the different letters in the same column are signi-
ficantly different (p<0.05) by Duncan's multiple test.

747} 287, 392 & 36.2%°101L, & FEEIANAE 44
5,259 B 358% % Mgks FEEA B =2 AL

Wt vl w79 ascorbic acide] hydroxyl radical &7
21,2 2 5 mg/mLelA] ZH7} 68.2, 86.2 H 97.0%= 2T
ZE Rt} ascorbic acidolA o =it

g

4o T o

7. Paper Disc®#Hol| 2|&t &M &H
AFI BEA Uil AJEZRE 2 F HEAE MY
sle] = ATFH(Choi ef al 1997, Lee & Lim 1998)7} =& =21
on, 1 dgto g E AFdMe oo S dotEsk
o} 1 23, Table 32} Zo] WghE FZ49] 10,000 1 g/disc
=o\A Bacillus cereus$t Staphylococcus aureus®l T3] A
e gaido]l AEHUS ¥ 1,000~10,000 1 g/disce] T
i TR Hehs FEE & FEEY S 54
rokth o]9b GAFEE AR Koh er al(2005)S Al FA

o)
=)
715 FEE2 A$ Micrococus luteus, Salmonella enteritidis

o ook

F=252| 7% Bacillus cereus, Escherichia coliol| 4]
FAE By, dEE 259 45 ZE ool sk
2 Holx]| gttty Buste] 3% Wiy wel 2}
o7} = Hasiglct & ulo} oghE FEES] FdA
(Choi & Kang 2009)514= 20,000 zg/disc S=oNA Staphy-
lococcus aureus, Salmonella enteritidis®l| T8l TF 2F7te] 7}
TS EAS ¥ T B FE WY BT gt
& @ 4= ATk 3k 1, Hong er al(2007)S 327
Yol 7% Escherichia colil| WA Tt <3l gAd-S
9 o
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Table 3. Antimicrobial effects of mulberry extracts

i ; . Methanol Water
Microorganisms ~ Concentration
tested (1 g/disc) extract extract
(mm) (mm)
1,000 - _
Bacillus cereus 2,000 - _
KCCM 40935 5,000 N ~
10,000 + _
1,000 - _
Staphylococcus 2.000 _ ~
aureus
KCCM 11335 5,000 + _
10,000 + _
1,000 - _
Escherichia coli 2,000 - _
KCCM 11234 5,000 _ ~
10,000 - _
1,000 - _
Salmonella 2,000 B ~
enteritidis
KCCM 12021 5,000 - -
10,000 - _

— No inhibition (8 mm).

+ Very slight inhibition (§~9 mm).
+ Slight inhibition (9~10 mm).

++ Moderate inhibition (10~14 mm).

)

ok a8y 72 A59] dat 28 A(Yeo et al 1995)01-E
WA= Gram 5T HTE FAtell thgt 4ol 71 A
Q1 Enterobacter aerogenes$t a5 Vibrio parahae-
molyticus TFN= & FridM= E3rt Fdvka 3f
Atk Kim et al(1998)2 WS ol tste] gtz g
BAE #5912, 4F $ole ogdd WAele s #5
o dielel FRAE AN A3, 1 Po] Saraln
31912, Sung KC(2003)< % 473 E= 1,000 ppm ©]7d 3
7Vt = 7% Staphylococcus aureus T3} Fungi o] 54
T 7o addH R gAYl £ FEE0 AW v
Skt olok o] A2jgA Bl dfirEe] vk dEl
ThARE A5l gk et Aol AAAE, BeldA] F vt
Hlal tid Bel ERlHA e Aer Alsdnt
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oTRRY MGE FE SR HUWCIAUT, B FE 58

S3%E HGE %5 F&o] B F3o wa) o 159 A% o

welth Mghe R 33 orlel & FelslE FHE 82.9%,
o

tl, pH7} S5
O & FEE0AM itk B3 o
Hlnl A3deA= 4 g4akshA|Ql BHTY A< aHiks)
Al ascorblc amdiﬂ- - gre Ao 2 et ot o
951, 2 2 5 mgmLolA 242+
12,24 31 3.0%°190 1L, = FE2=2 4745, 54 3 98%E
E FEEIA o =3tk vluwel BHTS SOD E4%
Z}z} 403, 73.8 2 88.1%°]%) L ascorbic acide] SOD %}HL‘
£ 777, 96.4 2 983%= 2t]e] SOD E4w°] 7 w3k
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