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The objective of this research was to develop the functional material of water and 60% ethanol ex-
tracts from nine kinds of mulberry fruits (Morus alba L.) that influence the inhibitory activity on angio-
tensin-converting enzyme, xanthine oxidase, a-amylase, and a-glucosidase. The total phenolic contents
in the water extracts were over 2 mg/g in two species (Cheongilppong and Kangwon 1I) and five spe-
cies (Daeyoupchosaeng, Cheongilppong, Kangwon 1ll, Hihak and Cataned of 60% ethanol extracts. The in-
hibitory activity against the angiotensin-converting enzyme was determined with them. Baekwoon Il
was 90.9+45% in the water extracts, and Fihak was 81.8+4.5% in the 60% ethanol extracts. The in-
hibitory activity of Kuksang 20 against xanthin oxidase was about 10% in the water extracts, and
Cataneo was 21.4+2.3% in the 60% ethanol extracts. Six of the species (Daeyoupchosaeng Suwonppong
Cheongilppong, Kangwon 1, Hihak and Kuksang 20) in the water extracts showed inhibitory activities
against a-amylase, as 100%, respectively. The inhibitory activity of a-glucosidase was determined for
these nine species. Four species (Backwoon 1, Daeyoupchosaeng, Cheongilppong, Kangwon 1ll, Hihak and
Kuksang 20) in the water extracts and three species (Daechoukmyeun, Kangwon Ill, and Kuksang 20) in
the 60% ethanol extracts showed inhibition of over 20%. The results revealed strong biological activity
in spite of little total phenolic contents. These water and 60% ethanol extracts with high-quality bio-
logical activity from various mulberry fruits (Morus alba L.) are expected to represent good candidates
for the development of antihypertentive and antidiabetes sources.

Key words : Mulberry fruits (Morus alba L.), angiotensin converting enzyme, xanthine oxidase,

a-amylase, a-glucosidase
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Table 1. Mulberry fruits (Morus alba L.) used for experiment

Scientific name of sample
Baekwoon 11
Daeyoupchosaeng
Suwonppong
Cheongilppong
Daechoukmyeun

Kangwon 1

Hihak

Cataneo

Kuksang 20

Source

Morus alba L.
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o7& Aol AAA F 147 ool 725 nmell X FRES
248} gallic acidE o83 FFEFHoE ¢ FFsITh

Angiotensin converting enzyme (ACE) AN =X

TSt FEEAQ ACE 8494 542 Cushman¥
Ondetti®] = [5]91 we} 0.3 M NaClS 3= 0.1 M po-
tassium phosphate buffer (pH 8.3)¢ll 2.5 mM Hippuryl-his-
tidyl-leucines %¢1 712 0.15 mlel ACE (0.125 unit/ml)
01 mIst AlE 9 01 mlE 7Ftal 2 Fole AlEd il &
745 0.1 mE #H7kske] 37 A 3087 ¥H&A17]3 1N
HCI 035 mlE 7}t Whg-& T2 A7 5 ethyl acetate 3
mlE 7}3al ethyl acetated¥Hs F3t9] evaporatingd ¥,
3 A SR 2 miE Tkske] Ead] o3 )d 2R Y F

5o] %3 hippuric acidZ %9 280 nmoq FREE =74

dto] 78 § EEFAAA F FAsto] offef 2o s
A& (%) ALtstArt
AsE (%)=(- WHS-9] hippuric acidX A3 & 100

2T hippuric acid A4 %

Xanthine Oxidase (XOase) &AM £H
HEA FEEAS XOase S AA 5782 Stirpe} Corte
of W32l wet S48 A T & ¥ 0.1 M potassium
phosphate buffer (pH 7.5)l xanthine 2 mM-< =<1 7]d
1 ml9l| xanthine oxidase (0.25 unit/ml) 0.1 ml9} A& 9 0.1
mls 7}k 2ol Algd gl 7S 01 ml H7te
o 37ColA 5&7F ¥H&A1713L 20% trichloroacetic acid 1 ml
7}0}04 &S FRAZ)IL 3500 rpmell A 1587 A4 £
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93k pancreatin a-amylase 43 9] ]
A2 agar diffusion method[3]5 °]&3te] SA43 4. F,
plate™ 5 g2 agar9} 5 g2| soluble starchE 500 ml 3451
o] FQ &, 121TE 1583 Bkl 15 mlA petridisho]
B3 48 H 200 pg/ml $E9] A2 08 sk T4 02
ul (1,000 unit/ ml)E 4] plate -?401] =% disc paper 9ol
A SFHFE Yol 37T
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I A4S
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a-Glucosidase &M g1t £

FIudA S AT aglucosidase EAHA FH 2
Tibbot$} Skadsen?] WH[33]ol W} 4349 50 mM so-
dium succinate buffer (pH 4.2)9l p-nitrophenol-a-D-gluco-
pyranoside (PNPG)E &3A1A 1 mg/mle] F=2 712 &
e, 71 1 mlg E49 01 mlE 5T 2T =
54 01 ml, ‘ﬂ&g o= 200 pg/ml ¥=9 A5 0.1 mlE

o] 37T A 307 #3411 ¥ 1 N NaOH 01 mlE 7t
sto] LA A A ]tq1 A= pnitrophenol (PNP)& 400 nm
o) A spectrophotometer o] &3t FFEE A5 0H,
71 %2 pnitrophenol 258 ¢ T 02 HE 3}
o g oz A&s F3Hr
B89 p-nitrophenol A4l &
U ZT9] p-nitrophenol A/ %
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gzl 53, FA9AA4E 59 oAy A Tss 7T
11]e 237t glo] et /Y oY FE2E2 1T'—E1 total
phenolic compound®] &3S 7319 th(Table 2). A& o]
&% 9% 7hed A9 359 BE %—ir B4 29 mg/g 7}
Z9] phenolic compound’} A E %3, T3 w9 o g
&5 FELME AL HS W 60% ethanol FEE]A 3.2
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nlon, 24 3571 959 24
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Angiotensin converting enzyme (ACE) &Hoix| g1}

s #dd 7179 IR e Qs
ACEd| 93] dojut= o2 4eA 3oH, ACEE
&2l angiotensin 1 ¢l 283} angiotensin 15 A4 g2
A gk AsAle 98-S Fdshs adolth ACEA A
+ ACEY #8-& A g o2 M angiotensin 1] Ad A3,
aldosterone -+ 74, B84 ¥ < angiotensin [ ¢ CETHo]l
EAl3hE His-Leus A9a}e] angiotensin 1& A4 2
A S Fardle 9ES FPstke R AQ brady-
kinin®] 7} 59 #S il A RS FFAIA sodium
oS EXFORHA 53"&9‘ gl T 98S e A
% 2, Bothrops jararaca A+ oA W€ BPFs, non-
apeptideQl SQ20881 o] +-3 ACEAS|AZ 7§s Atk
[27]. °]% ACES 7Z&3t A3|AU Captopril, Enalapril,
Benazepril 5 %] ACE AsjA7} ZEsteo] 18¢ A=
AZA o] &5 JrH8]. AAE 9T ACE AsfA =X =
peptide, flavonoid ¥l 34| F 59 ®th F&HT ACE Adls=
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Table 2. Phenolic contents of water and ethanol extracts from various mulberry fruits (Morus alba L.)

Phenolics content (mg/g)

Samples Water extracts Ethanol extracts
e e 20% 40% 60% 80%
Morus alba cv. Baekwoon Il 1.4+0.2 1.3+0.1 1.5+0.1 1.6%0.1 1.5+0.2
Morus alba cv. Daeyoupchosaeng 1.5£0.1 1.620.1 1.940.2 2.0£0.1 19401
Morus alba cv. Suwonppong 1.8£0.1 1.7£0.2 1.8£0.1 1.9£0.1 1.9£0.1
Morus alba cv. Cheongilppong 22+0.3 1.8+0.2 22+0.1 2.3+0.1 24+0.1
Morus alba cv. Daechoukmyeun 1.1+0.1 1.1+0.1 1.2+0.1 1.5+0.2 1.4+0.1
Morus alba cv. Kangwon I 2.9+0.2 2.840.3 3.0£0.2 32401 32403
Morus alba cv. Hihak 1.9+0.1 2.1+0.1 25404 2.6+0.3 2.7+0.2
Morus alba cv. Cataneo 1.6+0.1 1.60.2 1.940.1 22401 2.3+0.2
Morus alba cv. Kuksang 20 0.840.1 1.1+0.1 1.330.2 1.540.1 1.40.1

The data were expressed as the meantSD. (n=3). Results are representatives of more than six independent experiments.
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fol to

£3%7} 909+45%9) E& ACEA & YepAa, tlg=A,
TFAE, Fh35 9 83 F5o] 47 86.4+4.5%, 54.6+4.5%,
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Xanthine Oxidase (XOase) &4 St

#HEE T 53 (gout) % TS XOase® xanthines 7]
A2 3t uric acidE A3 FA A superoxide radical
S A48} (free radical generation)Eaxo|Th. AU f2] 7]
A 9] 83l XOase™ purine, pyrimidine, pteridine, al-
dehydef ¥ heterocyclic compound &< tjAbel] #edsie=
Hl5o]2 a4z AWM= F2 purined] o] tiAME
QI hypoxanthine xanthine© 2, xanthines THA] AHSIAIA
uric acidE A43te ¥H8-9 HujE A-L-ITH34]. TFS uric
acid®] 27} #7] wfZol oyt uric acid7} 2AAE ©]
gehEo] dsol A7H, A A Aoy A
FHEE FEst7|= doi6]. wekA XOaseA s Al =
AZAN, 435S 4075 2448 F (hyperuricemia)
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Table 49149} Zo] & FEEo|ME 42050l M3t 10% W
o]9] vre XOase A3l &4E JEMAL, A &g FEE A
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Table 3. Inhibitory activity of water and ethanol extracts from various mulberry fruits (Morus alba L.) against angiotensin converting

enzyme
Inhibitory activity (%)
Samples Water extracts 60% Ethanol extracts
HA"(ug/ml) 1A” (%) HA (ug/ml) 1A (%)
Control 22402 - 22402 -
Morus alba cv. Baekwoon 1l 0.240.1 90.9+4.5 24102 0
Morus alba cv. Daeyoupchosaeng 0.3£0.1 86.4+4.5 0.5£0.1 77.3+4.5
Morus alba cv. Suwonppong 1.0£0.1 54.6+4.5 0.60.1 72.7+4.5
Morus alba cv. Cheongilppong 1.6+0.1 27.3+4.5 22+0.3 0
Morus alba cv. Daechoukmyeun 1.5+0.1 31.844.5 0.6+0.1 72.744.5
Morus alba cv. Kangwon Il 1.240.2 45.5%9.1 1.940.1 13.6£4.5
Morus alba cv. Hihak 1.040.1 54.64.5 0.410.1 81.8+4.5
Morus alba cv. Cataneo 3.5+0.2 0 0.7+0.1 68.2+4.5
Morus alba cv. Kuksang 20 1.4+0.1 36.4+4.5 1.5+0.2 31.849.1
Positive control (Captopril) 0.9£0.1 59.1+4.5 0.9£0.1 59.1+4.5

YHippuric acid, 2)Inhibitory activity.
The data were expressed as the meantSD. (n=3).
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loyl7]& &3t flavonoid 8}3t&°] $H13tA %2

5} ot& ol
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XOase®] A mechanismdl| 2+-&-3t= 574 phenolic profile
o] etde tEo g EA3tA| 7] LLHT'_‘OH phenol 5}3H& <]
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s A

a-Amylase Xai&at

eratE oAl 2Hgo] B4H Q) E42 a-amylaseo] o}
o ThrE 39 QUIRE B FFZ(00 pg/ml)TH 60%
ethanol FZ%(200 pg/ml)°] a-amylase 2+-&-& FvivrE o
At B BHEHE 2= F ASAE 28 £ 23, Table

M

5 A8 Zo] giEH FF& A BE A RY EFEE
A 80% ©]/de] mi =& a-amylased] tgh A3 o] &

Hlon, 53 ‘3]1013—;1‘—"3, A, Y, B3z, 53

7420 T FE& A H3HAl a-amylase S A5}
o7 A, Eg Oﬂ‘:&% FEEAME HY¥
149453%9] W& A E JJr% I%E}LH%% ¥ urA BE F
FolM BT 80% 7M7hE E2 AA AT S1E A Cho
S[4le 2nA FEE] a—amylase AAaFd7t E3 60%
ethanol %%01]/‘1 BT 100%<9 Asl&S st B
13, Lee 5[23]2 FEAIOM, proantocyanidins 52 2
< phenold EZ ] g-amylase A3 &4 &7} vk &S
o, & AFAE c-amylased] tid HuF FL )87
g Ued 2HFEY FEE% 9 phenolic compoundel] ¢
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Table 4. Inhibitory activity of water and ethanol extracts from various mulberry fruits (Morus alba L.) against xanthine oxidase

Inhibitory activity (%)

Samples Water extracts 60% Ethanol extracts
UA" (ug/ml) 1A” (%) UA (ug/ml) 1A (%)
Control 17.3+0.3 - 17.3+0.3 -
Morus alba cv. Baekwoon Il 20.8+0.5 0 16.8£1.1 29+6.4
Morus alba cv. Daeyoupchosaeng 20.3£0.2 0 17.4+0.6
Morus alba cv. Suwonppong 20.1£0.3 0 19.2£1.3 0
Morus alba cv. Cheongilppong 17.2+0.3 0.6£1.7 17.2+0.4 0.6£2.3
Morus alba cv. Daechoukmyeun 23.2£1.2 0 20.0+0.3 0
Morus alba cv. Kangwon 1l 23.5£0.8 0 20.2+0.8 0
Morus alba cv. Hihak 19.9£0.7 0 21.2£0.6 0
Morus alba cv. Cataneo 16.1£0.3 6.9+1.7 13.6+0.4 214423
Morus alba cv. Kuksang 20 15.6+0.5 9.8+2.9 17.2+0.3 0.6+1.7
Positive control (Allopurinol) 5.540.2 68.2+1.2 5.5+0.2 68.2+1.2

YUric acid, Inhibitory activity.
The data were expressed as the meantSD. (n=3).

Table 5. Inhibitory activity of water and ethanol extracts from various mulberry fruits (Morus alba L.) against a-amylase

Inhibitory activity (%)

Water extracts

60% Ethanol extracts

Samples Clear zone a-Amylase Inhibitory =~ Clear zone  a-Amylase Inhibitory
(em®) (Unit/ml)  activity (%) (em®) (Unit/ml)  activity (%)

Control 9.4+0.2 200.0+4.3 - 9.410.2 200.0+4.3 -
Morus alba cv. Baekwoon 1l 1.7+0.2 36.24.3 81.9+2.1 2.010.4 42,6185 78743
Morus alba cv. Daeyoupchosaeng 0 0 100.0 2.0+0.2 42.6+4.3 78.742.1
Morus alba cv. Suwonppong 0 0 100.0 2.0£0.2 42.6+4.3 78.7+2.1
Morus alba cv. Cheongilppong 0 0 100.0 8.0£0.5 170.210.6 149453
Morus alba cv. Daechoukmyeun 7.3£0.6 155.3£12.8 223+6.4 2.0£0.1 42.6+1.1 78.71.1
Morus alba cv. Kangwon 11 0 0 100.0 2.1+0.2 447+43 77.742.1
Morus alba cv. Hihak 0 0 100.0 2.0£0.3 42,6464 78.7+32
Morus alba cv. Cataneo 1.8+0.3 38.3£6.4 81.1£3.2 2.0+0.2 42.6+4.3 78.7%2.1
Morus alba cv. Kuksang 20 0 0 100.0 21+0.1 447411 77.7£¢11
Positive control (Camellia sinensis) 0 0 100.0 0 0 100.0

The data were expressed as the meantSD. (n=3).
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Table 6. Inhibitory activity of water and ethanol extracts from various mulberry fruits (Morus alba L.) against a-glucosidase

Inhibitory activity (%)

Samples Water extracts 60% Ethanol extracts
) (ug/ml) 7 (%) PN (ug/mi) IA (%)
Control 6.2+0.5 - 6.2+0.5 -
Morus alba cv. Baekwoon 1l 4.3%0.3 30.7+4.8 6.4£1.1 0
Morus alba cv. Daeyoupchosaeng 5.0+0.3 19.4+4.8 6.2+0.3 0
Morus alba cv. Suwonppong 5.710.2 8.13.2 6.2+0.5 0
Morus alba cv. Cheongilppong 4.8+0.2 22.6%3.2 5.9+0.2 4.8+3.2
Morus alba cv. Daechoukmyeun 5.1+0.3 17.7+4.8 4.7+0.2 242432
Morus alba cv. Kangwon Il 6.310.7 0 49104 21.0£6.5
Morus alba cv. Hihak 41+0.2 33.9+3.2 5.8+0.3 6.5+4.8
Morus alba cv. Cataneo 5.9+0.2 4.8+3.2 5.3+0.1 14.5+1.6
Morus alba cv. Kuksang 20 72411 0 5.0£0.2 19.4£3.2
Positive control (Acarbose) 3703 40.3+4.8 3.7£03 40.3+4.8
Yp-Nitrophenol(PN), “Inhibitory activity.
The data were expressed as the meantSD. (n=3).
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