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The Development of Manufacturing Technique on Health

Food with High Value Using YK-209 Mulberry Leaves
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SUMMARY

I. TITLE

The Development of Manufacturing Technique on Health Food with High Value
Using YK-209 Mulberry Leaves

. OBJECTIVE AND NECESSITY OF PROJECT

In a recent trend, the sericulture (silkworm raising) has been escaping from the
cocoon production, its original purpose, and transforming to the functional produce
production. Thus, the sericulture of Korea had rapidly declined from the peak in
1976 and almost reached the verge of collapse. Turning its direction from this
emergency state, we concentrated on the research of sericultures functional
produce and found a surprising result. Today, we can create a new industry while
we continue the traditional industry. After 1995, the silkworm powder was
announced to have a dropping effect of blood sugar level and soon after in 1998,
the massive production of vegetable worms using silk worms was succeeded
greatly. As the effects of mulberry leaves were discovered successively, its
production amount is increased gradually and other derivative (secondary)
industries are expected to be born continuously.

For mulberry leaves, the Korean Society of Sericultural Science had already
investigated the possibility of using mulberry leaves as a drinking tea in 1985 and
started the research in earnest from 1994. As many functions were discovered, the
mulberry leaf tea started to commercialize in the market from 1996. However,
unlike the silkworm powder or vegetable worms, the popularity of mulberry tea
has been declined recently. The mulberry leaves are the basis of sericulture,
giving the functionality to silkworm powders, but its distribution channel is not

wide and people understand the importance of mulberry leaves only superficially. If
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we look at this matter upon the diversification of income sources for sericulture
households, the mulberry leaves can be another source of income and the mulberry
leaves by themselves can be possibly a high value-added product. Also, they can
be used for improving public health with a low cost in contrast with green teas.
All these reasons suggest that we need to judge the values of mulberry leaves
again.

The ingredients in mulberry leaves are largely classified as volatile ingredients
and non-volatile ingredients. The volatile ingredients are guaiacol, eugenol, methyl
salicylate, benzaldehyde and phenylacetaldehyde. The non-volatile ingredients are
mostly flavonoids, whose concentrations are very high and existing in various
kinds. They are rutin, quercetin, isoquercetin, astragalin, quercetin-3,7-diglucoside
and quercetin—3-triglucoside.

About 50 kinds of inorganic ingredients are analyzed and especially Ca, K and
Fe contents are very high. There exist about 21 kinds of amino acids such as
methionine. Also, 59 kinds of organic ingredients such as Quanon were detected.
As many as these organic ingredients found in mulberry leaves and white
mulberry were noble compounds and their functions were not vet disclosed.

The mulberry leaves contain various nutrients so that they can be used as a
nutritionally perfect food. The nutrient ingredientss are crude protein (25~ 35%),
crude 1pid(3.5%), crude {iber(10.726), ash(7.296), soluble minerals (54.4%), and
crude carbohydrate(20.296). It is the second best protein source after beans among
plants, containing plenty of proteins. These contain plenty of fibers also. They are
mostly insoluble fibers so that they can improve the excretion of poisonous
material in our body and help the intestinal movement. The kinds of amino acids
in mulberry leaves are various, but mostly glutamic acid and aspartic acid are
contained. The lipid content in mulberry leaves is 3.5%. Especially the most fatty
acids in mulberry leaves are unsaturated fatty acids such as oleic acid, linoleic
acid and linolenic acid. Also, the content of plant sterol (steroid alcohol) such as
a-sitosterol is 0.08%. This is known to improve the excretion of cholesterol so
that it can lower the blood cholesterol content. The mulberry leaves contain

hydrophilic phospholipids such as lecithin, which can be used as a natural

- 11 -



emulsifying agent. Thus, the mulberry leaves are expected as a functional food
since they contain many nutrients as well as GABA or rutin in high contents.
More products related to mulberry leaves need to be developed.

So far, many health food products have been sold at an absurdly high price.
And our people are very sensitive to invigorant foods so that the mulberry
product might be mistaken and over trusted. This problem must be solved
beforehand. Therefore, this research project will concentrate on the development of
various health supplementary and processed foods and show the physiological
effects of them based on definite and scientific data from animal test and clinical
trials. We will deliver correct information to our customers so that they can trust
our products in their use. When other functional! foods are absurdly high priced,
the supplementary food for health using mulberry leaves will be sold at a

reasonably low price so that many people can use it easily.

. CONTENTS AND SCOPE OF THE PROJECT

Using mulberry leaves, this research will focus on development of wvarious
functional foods that are supplementary foods for health. On the other hand, our
research will examine the physiological effect of developed product in definite and
scientific manner. The purpose of the research is to make clear the excellence of
Korean mulberry leaves and to improve the usability of them. In our country,
more than 130 kinds of mulberry trees are cultivated. The most important thing is
to select the most suitable mulberry leaves for health supplementary foods among
those trees. The Korean Society of Sericulture Science in Rural Development
Administration bred a new mulberry tree that is suitable for using mulberry
leaves and not for raising silkworms. Currently, we have YK-209 mulberry tree.
The YK-209 mulberry was made by crossbreeding Yongchun mulberry (Y) and
Developed mulberry (K) in order to obtain the new species of mulberry that is
strongly cold resistant and vyielding a great number of leaves. From this new
mulberry tree, we can get wide leaves in great numbers and the contents of rutin

or GABA are higher than other muiberry species. That makes the use of these

_12_



new mulberry leaves satisfactory. We will use this new mulberry tree since they
are cultivated in many model farmms of Youngchun area currently.

Using the YK-209 mulberry tree that is the most highly expected specie for
developing functional foods of mulberry leaves, we will carry out researches on
the development of processing technology and a close examination of physiological
effects. Based on the research purposes, we will divide the project into one detail
assignment and one collaborative assignment. Thus we can develop the
manufacturing technique for high value-added processed products and examine the
effects through scientific studies such as animal test and clinical test focused on
humans to make customers believe. The object and contents of this research and

development are shown in the following table and outline.

1. Examine that the mulberry leaf product and manufactured extract product have
an improving effect in lipid metabolism and anti-oxidant effect through

conducting animal tests.

B Improvement of YK-209 mulberry leaves and drink on serum lipid
metabolism and anti-oxidatant, anti-aging
- Contents of serum triglyceride and cholesterol
- Contents of thiobarbituric acid reactive substances level
- Examine of antioxidative system

- Contents of lipofuscin and superoxide radical

B Examination of effeton Yk-209 mulberry leaves product
- Contents of serum triglyceride and cholesterol

- Contents of serum thiobarbituric acid reactive substances level
B Safety, toxicity of YK-209 mulberry leaves product

- Investigation of safety and toxicity

- Serum GOT and GPT activity

_13_



2. Verify that the pills manufactured with YK-209 mulberry leaves and drinks for
health supplementary purpose have the prevention effect on adult diseases and

verify the effect of our excellent products through clinical tests.

M Effect of prevention on products : Assay of effect on disease of adult people
for products
- Blood glucose level
- Contents of serum triglyceride and cholesterol
- Examine the antioxidative and antiaging system

- Hepatic lipid composition

B Assay of YK-209 mulberry leaves product
+ Investigation of safety
- Contents of serum thiobarbituric acid reactive substances level

+ Serum GOT and GPT activity

M Clinical test through of excellence food for health supplementary purpose

- Contents of serum triglyceride and cholesterol

3. Develop the manufacturing technique for functional extract products using

YK-209 mulberry leaves.

BB Investigate the suitability of YK-209 mulberry leaves for supplementary food
for health.

+ Analyze the ingredients for each species of YK-209 mulberry leaves.
- Establish the suitability in manufacturing YK-209 mulberry extract products

for each processing condition of YK-209 mulberry leaves.
M Development the manufacturing technique for a high quality extract product

of YK-209 mulberry leaves.

+ Development of technique to remove the odor of YK-209 mulberry leaves.

- 14 -



- Development of technique to increase its taste and flavor.

 Development of technique to increase its functionality.

B Evaluate the quality of this high-quality YK-209 mulberry product.
- Quality of the product.
- Safety of the product

+ Test of the customer preference.

4. Development the manufacturing technique for YK-209 mulberry leaves pills as a

supplement food for health and functional drinks using YK-209 mulberry

leaves.

B I[nvestigate the suitability of YK-209 mulberry leaves in manufacturing

supplementary foods for health.

+ Suitability of YK-209 mulberry leaves as a raw material in manufacturing

pill products.

Suitability of YK-209 mulberry leaves as a raw materal in manufacturing

drink products.

B Development of manufacturing technique for high quality pills of YK-209

mulberry leaves.

- Development of manufacturing technique to remove the odor of YK-209

mulberry leaves.

- Developmentp of manufacturing technique to increase its taste and flavor.

B Development of manufacturing technique for high quality drinks of YK-209

mulberry leaves.

+ Development of manufacturing technique to remove the odor of YK-209

mulberry leaves.

- Manufacture a drink to increase its taste and functionality.

_15_



8 Evaluate the quality of pill and drink YK-209 mulbery leaves products
- Analysis on the quality of YK-209 mulberry leaves product
- Safety on the YK-209 mulberry leaves product

- Test of the customer preference on the YK-209 mulberry leaves product
IV. RESULTS AND APPLICATIONS
1. The result of this study

1) Develope the munufacturing technique for functional extract product using

YK-209 mulberry leaves

O Among four YK-209 mulberry cultivars, YK-209 YK-209 mulberry leaf
had the highest GABA and flavonoid level. Additionally, levels of GABA
and flavonoids were higher in YK-209 mulberry leaves harvested in the
eariler growing season (MAY) than in the late growing seasons {(June and
August)

@ The extract with YK-209 mulberry leaves was removed the smell of
mulberry leaves and increased the functionality by additived the pine
needle and mugwort extract

@ Confirmed the non-toxicity of high quality YK-209 mulberry leaves product

throughout therest of quality safety and customer preference

2) Develop the manusfacturing technique for YK-209 mulberry leaf pills as
supplement food for health and functional drinks using YK-209 mulberry

leaves

@ Develop the manusfacturing technique to remove the ordor of YK-209
mulberry leaves and manufacture pills and drink to increase its taste and

functionality
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3) Examine the YK-209 mulberry leaf product and manufactured extract product

have an improving effect in lipid metabolism and antioxidant effect through

conducting animal test

@ YK-209 mulberry leaves has improving effect of the lipid and cholesterol
metabolism in the serum and liver in fed high cholesterol diet

@ YK-209 mulberry leaves fed group had more significant reduction the
activity of GOT and GPT than the high cholesterol diet group

4) Verify that the pills manufactured with YK-209 mulberry leaves and drinks
for health supplementary purpose have the prevention effect on disease of

adult people and verify the effect of our excellent products through clinical

test

@ YK-209 mulberry leaves, the pills and drinks manusfactured with YK-209
mulberry leaves have the effect of anti-oxidant, anti-aging, reduction of
blood glucose and improvement of lipid metabolism

@ Through the clinical test, the pills manufactured with YK-209 mulberry

leaves improved the blood glucose level and serum lipid composition

[ Suggestions for utilization ]

We will establish the most suitable technology system for high value—added
processed products using YK-209 mulberry leaves and then we will transfer them
to farming households, sericulture related food processing companies, drug
manufacturing and other related industries. We will select some excellent products
in the taste aspect and in the functionality aspect among various developed
products. Then, we will have a massive production and distribution system at the
Youngchun sericulture cooperative association, which is our collaborative research

institute. Like this, after this project is successfully finished, we have plans to

lead the industrialization of supplementary foods using YK-209 mulberry leaves.
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Table 2-1. Contents of four different kinds of flavonoid of mulberry leaves

with different varieties and cultivation region (mg% dry base)
Cultivars Rutin Isoquercitrin Kaempterol-3- Astragalin Total .
O-rutinoside Flavonoid
Youngchon-YK~-209 230.3 127.0 82.6 19.0 458.9
Youngchon—checngil 117.6 147.3 18.8 37.7 321.5
Sangju-YK-209 46.1 102.9 7.6 28.3 184.9
Sangju-Kaeryang 49.9 97.9 10.9 21.5 180.2
Sangju-yongchon 69.7 08.6 7.4 16.3 182.0
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TR 5 T3 GABAL} flavonoid H2] 7|54d A8 ko] Fola]l ¢S ol &3t= AlE

Mo 71 S FFdel wEEHIen, E 53 & d43A odd A
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3 BEFgol Bl Auiatrct 7ha w@r) diio] 2y <]

1. Al=2213

2 dFAl= YK-209 Egle] ATl o] & H¥

ok
flo
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ABEE AR K209 B JlHd 3E W AR ZAMS dAstdch 2

& £ 3tAolN dFsor sh MEEQ K-200 BUL FALHEAREZ WA A

Histal Sl ZE ARstATh AT B2 FAT F 50| ulel o]gstalon

—
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2. B4 T1ed HE B

7}. 7 -aminobutyric acid (GABA) ¥ek : #H &3l whizl 2o
L} Flavonoid A& £ : H£L3F 8h3 o
Ch Bale] oAb HdE &4

1) =8 #3F ¢ =EZ3A7] (HG53 Moisture Analyzers)E AlR3to] A5t
=3

2) ==hd F¥ ¢ Kedahl Holl 2]3}o] analyzerd o] &3lo] Z A3yt
3) ZAY B : Soxhlet & o) 2islo ez F2st4ct

4) BHG B3 : Somogyi-Nelson B]|MHof o]sto] Harslgct.

5) & F3F . A0.A.C ol 2] Hakstadct

6) F12 ¥ A FHEFAE o] 83t Ca, Fe, Na W KS ZH35}1Y

377 B AZ Mol YU gl mth  F AL sl uiT Q% A=
712 A2ANE Y, AYS 327 WY F AdxAE Py 203 AxAD B

3. A3} Balel V%A HE gws
b Bl A3 7 PEay
2 A7E K-209 Bl Ar)a Az YL 2 dsl AL REIYS

Z3holl A et YK-209 BeE vlw B dystach

1) 71578 8&

7}) 7 -aminobutyric acid (GABA) ¥} : odxojd zwE] ¢l= YK-209

ERE 5 T, 68 Fo U 8Y F5 5 AUPEE A2ste] 6aBAS] ¥ W
A3} 59 Faol AT K209 BN TF wS BFL BYon oF obghe]

Hg Uehin A2 T2 242 2ashs 2ol ArHFig 2-2).



GABA (mg% wet base

s

Fig. 2-2. Harvest period variations in contents of y -aminobutyric acid

(GABA) in YK-209 mulberry leaves

1}) Flavonoid ¥3F : #gle] zll3x]7of u}E rutin &S Table 2-22} Zo]
5¢ Fwoll 233 YK-209 ¥o] FURQHCE w2 ZHolAdxqt 6d, YAt =
A Aol ek EI K-209 Fe]  ARA7E flavoncid HYE F,
isoquercitrin, kaempferol-3-O-rutinoside W astragalin®] -2 58 Foof 243

T Felol 64, sHART 52 LS R

Table 2-2. Harvest period variations in contents of four different kinds of

flavonoid in YK-209 mulberry leaves (mg% dry base)
Harvest Kaempeferol-3 Total
. Rutin Isoquercitrin Astragalin )
period —0-rutinoside Flavonoid
YK May 230.3 127.0 82.6 19.0 458.9
YK June 124 5 171.0 24.6 25.1 345 2
YK August 117.8 195.5 18.2 47.8 379.3
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A
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2) 4t ©Fed A Al7lol o YK-209 B8] URMIE
¢leitH(Table 2-3).

Table 2-3. Harvest period variations in proximate composition of material

contents in YK-209 mulberry leaves (D.¥)

Harvest Moisture Protein Ash Reducing Lipid L-ASA

' sugar
period (%) (%) (%) (%) (x) (mg/g D.W.)
YK May 5.95 21.1 9 40 3.5 1.3
YK June 3.51 19.2 9 3.2 3.8 0.9
YK August 8.39 22.3 8 4.8 4.0 1.0

U a2 el gews

71} 7 -aminobutyric acid (GABA) 33aF : Bqlo] xjz] Heojwo) ulE GABA &
TS oHEY Azhes Fig 2-33F b GABA TS YK-209 BdollA Heigel B¢

w39el F, sAgRTh e worch

middie

Fig. 2-3. Quantification of 7 -aminobutyric acid {(GABA) in YK-209 mulberry

leaves on the different parts of steam
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L}) Flavonoid 3&F : YK-209 #Qleo] zjz] BojHo] whE rutine] ke
Table 2-42} o] AtgldollA ATt #lold 71 &2 ¢S Bgon ruting
flavonoid ¥3+E &, isoquercitrin, kaempferol-3-0O-rutinoside @ astragalin]

gare Aol & - stelddol vsl Tha woith

AA

Table 2-4. Contents of four different flavonoid in YK-209 mulberry leaves on

the different parts of steams (mg# dry base)

. . Kaempeferol-3 . Total

Parts of steam Rutin Isoquercitrin Astragalin .

—0-rutinoside Flavonoid
YK upper 419.4 201.4 163.7 36.0 820.5
YK middle 229.5 146.0 69.5 16.4 461 4
YK lower 41.9 33.6 14.5 4.5 94.5
2) Ad¥P G 0 YK-209 E¢l A3 Feldo] e YutdEF(Table 2-5) A9

dollM Zxbid ol ulepnl cytgfo] Tha &glor} rfE dubdEoMe & xjol7}

Ve @datr

Table 2-5. Proximate ingredients of material contents in YK-209 mulberry leaves on

the different parts of steams (D.¥)
Parts of stean MOISture Protein  Ash  REQWSINS  pipiq L-ASA
(x) (x%) (%) (%) (%) (mg/g D.W.)
YK upper 6.59 24.5 8 4.0 2.9 1.3
YK miuddle 5.56 21.8 9 3.2 4.6 0.9
YK lower 13.0 20.6 10 4.8 4.4 1.0

th ool Ax Ha whiol wE 4w
wolel WAl AAF AT Aol o] WE Fy AL UNE zAsi #lsto]
3714w Az Az !

712 dzA7le d, BUE 327 g
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7}) 7 -aminobutyric acid (GABA) 2 : QI A=z Ag|ubHo] wlE GABA ¢aF
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Fig, 2-4. Contents of 7 -aminobutyric acid (GABA) in YK-208 mulberry leaves by

dry treatment conditions

YK-1 : mulberry leaves — dry —cut — roast
YK~2 : mulberry leaves — blanching — dry —cut — roast

YK-3 : mulberry leaves — dry — blanching — dry —»cut — roast

1}) Flavonoid 3 :  YK-209 #¢l A z] whHo] m}bE rutin®] ITEF2(Table
2-6) BYE vlE AF ARV AXE Zo] PR RO rutin®] flavonoid 33t
& <55, isoquercitrin, kaempferol-3-O-rutinoside % astragalin?] &&F x| iz

Azxg ZeolA 7b3 gt
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Table 2-6. Contents of four different flavonoid in YK-209 mulberry leaves by

dry treatment conditions (mg% dry base)
Mulberry X L Kaempeferol-3 . Total
Rutin Isoquercitrin Astragalin .

leaves —-0~-rutinoside Flavonoid
YK-1" 210.5 128.6 57.2 12.3 408.6
YK-2%/ 7.7 4.7 3.8 1.1 17.3
YK-3¥ 10.6 5.9 3.9 1.0 21.4

DYK-1 : mulberry leaves — dry —cut — roast
Y YK-2 mulberry leaves — blanching — dry -—cut — roast

¥ yk-3 - mulberry leaves — dry — blanching — dry —cut — roast

2) AR BE 0 YK-209 o] Az Meyhye] wlE ARy I wAY A

2H(Table 2-7) ¥+ & xol glloth wehwl ¢ Yate ulz DET Zlo] ot}

Table 2-7. Proximate ingredients of material contents in YK-209 mulberry leaves by

dry treatment conditions (D.F)
Mulberry Moisture Protein Ash Res‘i‘g:airng Lipid L-ASA
leaves (%) (x) (%) (%) (x)  (ng/g D.W.)
¥YK-1" 4.09 23.7 10.0 1.07 4.0 0.85
YK-2* 3.14 25.0 8.9 0.74 3.3 0.19
YK-3% 3.31 22.7 10.3 1.02 3.7 0.16

YoyK-1 mulberry leaves — dry -——cut - roast
2 yK-2 mulberry leaves — blanching — dry —cut — roast

¥ YK-3 : mulberry leaves — dry — blanching — dry —cut — roast

2 3t =
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Table 3-1. Sensory evaluation of YK-209 mulberry leaves extract with mugwort

Mulberry Sweet Astringent Delicate Overall Overall
leaves Flavor Color taste tast taste taste alit
extract" asie as qu y
EM1 4.0 4.0 4.0 4.0 4.0 4.0 4.0
EMZ 3.8 3.6 3.4 3.2 3.6 3.6 4.0
EM3 5.4 4.2 3.8 4.4 3.8 5.0 50
EM4 3.2 3.4 3.2 3.4 4.2 4.8 4.6
Y"'1~4 : Content of additive in mulberry leaves extract

1: 0% additive 2: 1% additive 3: 3% additive 4: 5% additive

Table 3-2. Sensory evaluation of YK-209 mulberry leaves extract with pine

needles
Mulberry Sweet Astringent Delicate Overall Overall
leaves Flavor Color .
1) taste taste taste taste quality
extract
EP1 4.0 4.0 4.0 4.0 4.0 4.0 4.0
EP2 3.8 3.6 3.4 3.2 3.6 3.6 4.0
EP3 4.2 4.0 3.2 3.0 3.8 3.0 3.8
EP4 5.4 4.2 3.8 4.4 3.8 5.0 5.0
Y'1~4 : Content of additive in mulberry leaves extract

1: 0% additive 2: 3% additive 3: 5% additive 4: 7% additive

3. 7158 s AzTeY
AEE YK-209 Fofl V5 FAEHLS FARRE HIslH Jlsd HEol 5
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daol EREe] 2don %e Y¥YEE HIUISt drjio]: cineol, caryophllen,

coumarin, comphor, cubebene, bornecl W linalool $2] g 715 HdEo0] 73w
Zlo] Z4 =gt

4. Mz - UL [E] EAEI A7

7t AEY B4 A EBAEY EAHEIE 25l sl AAleld Alz3H

bAlEatloll A el &so] 7ty £2% ofuzl HeEH|A

EojA tlo] Fon AAZQ 7357} 2 =22 A3tk F, 1HE 60%¢)
9.3%(1Q¥ 2 6%) FT-FAIA &Fo] 100 mlel AAFL A =z3stadct A

HELE AZE AdrzolE 7154 BeEj¥Y EAFT GABA(Table 3-3)8} 4F9)

flavonoid &2 % rutin, isoquercitrin, kampferol-3-0O-rutinoside 4l astragalin

o

I 2ol B7IEitHTable 3-4). Zela £a& HIHY EPoldE &9 7ls8E

?l terpene, glucokin W rutin Ho] §¢-FHo] gon 28 AT EMoA = 22] 7]
58+ cineol, coumarin @ cubebene o] ¢ T&E|o] Qeitl w3t J|EF =
Fo2= EAEIIY AREQU MAte] L4247 P AY, A7), T FUA, B
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Table 3-3. Contents of y-aminobutyric acid (GABA) of YK-209 mulberry leaves

extract with pine needles and mugwort

GABA

Mulberry leaves extract (mg% wet base)

EY 4873.2
EP*/ 7440.0
EM* 7216.8

UE ¢ Extract of YK-209 mulberry leaves

2 gp ¢ Extract of YK-209 mulberry leaves with 7% pine needles

3 M ¢ Extract of YK-209 mulberry leaves with 3% mugwort

Table 3-4. Contents of four different flavonoid of YK-209 mulberry leaves

extract with pine needles and mugwort (mg% dry base)
Mulberry leaves Kaempeferol-3 . Total
Rutin Isoquercitrin . Astragalin .
extract —O-rutinoside Flavonoid
EY 117.18 1372.68 8.77 62.775 1562. 41
EP* 114.39 1237.37 8.37 51.615 1411.75
EMY 107.42 1307.12 11.16 40. 455 1466. 16
U g ¢ Extract of YK-209 mulberry leaves
Y EP  : Extract of YK-209 mulberry leaves with 7% pine needles
3 M ¢ Extract of YK-209 mulberry leaves with 3% mugwort
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Nla& YKk-200 22l J|sd &H

Z0o] itz F3E HASHF] 218tod superoxide dismutase(SOD) %! glutathione

~s-transferase(GST) ®4& Tasiglom stz Hg PPy 9ot e EFa

(lipofuscin) &4 ! {3PAtA(superoxide radical) B & st
AH2d 25 W 3y

1. 8 A=
2 dFE YK-209 g MU ZAAEHE A3 A AEstnA stdct AR
TE A5 100 g WH2)2] Sprague-Dawley § RE& B FH-&A717] ¢ls) L5
¥ I (randomized complete block design)oll o3 AAE3t 1%
FHAHES FAY TZY2EHE HdEF T el 1s I FHHAHES FAT
A2 ThA] YK-209 ¥l 715 FHIMgstol uie} Table 4-12} o] zbzh 10mjei®] 8
TLE LR 47 AR ¥ HAPAIZch 8US K209 BUS AxAIA BUR

RISo] o] g5ty
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Table 4-1. Classification of experimental groups according to different levels

of mulberry leaves with fed high cholesterol rats

groups

Normal®

High cholesterol diet

compositi HC 0.1 MLP 0.2 MLP 0.5 MLP 1.0 MLP 2.0 MLP 4.0 MLP
Starch 65 63.8 63.7 63.6 63.3 62.8 61.8 59.8
Casein 15 15 15 15 15 15 15 15
Salt mixture 4 4 4 4 4 4 q 4
Vitamin mixture 1 1 1 1 1 1 1 1
Corn o0il 5 5 5 5 5 5 5 5
Sucrose 5 5 5 5 5 5 5 5
Cellulose 5 5 5 5 5 5 5 S
Sodium Cholate - 0.2 0.2 0.2 0.2 0.2 0.2 0.2
ChOIesterOl o R 1 .............. 1 ................... 1 1 ,,,,,,,,,,,,,,,,,,,, 1 ,,,,,,,,,,,,,,, l ,,,,,,,,,,,,,,,,,, 1 .......
mulberry leave - - 0.1 0.2 0.5 1.0 2.0 4.0
Total(x) 100 100 100 100 100 100 100 100

% Normal : basal diet

HC : basal diet + 1% cholesterol

1% cholesterol
1% cholesterol
1% cholesterol
1% cholesterol
1% cholesterol

1% cholesterol

% dolug

0.1% YK-209 mulberry leaves
0. 2% YK-209 mulberry leaves
0. 5% YK-209 mulberry leaves
1.0% YK-209 mulberry leaves
2.0% YK-209 mulberry leaves
4. 0% YK-209 mulberry leaves

+ o+ o+ o+t

AFS AP/ T 3ol A

< A AYE/NET WY AR FAS AT AFRA

0.1 MLP : basal diet +
0.2 MLP : basal diet +
0.5 MLP : basal diet +
1.0 MLP : basal diet +
2.0 MLP : basal diet +
4.0 MLP : basal diet +
2. MFF7H, Aolda
otz Alolaal
2] 2xE= 2
Ratio, FER)2- A =]
=24 Axrsladcl

2+3TAR FEE= 50*10%gt}t. Alo]&E& (Food Efficiency

12-5¢ke] Aol 4 LT o] FO
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glutathione S-transferase(GST) & &A : Sop A Marklund2}
Marklund®] "hHoll uwizl ZR3lgdon 6ST VS ZH-2 Habige] whdol o}
e} &g stant.
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38 A} : YK-209 o] x[AchA} M W AEpA 2
e

1. HF3713, Aoldzler 4 Mol&x g

AGII 5 BF Y AMEFItek(Table 4-2)2 AAbLof wvjs #ol v T34
2B ET(HC) ol A 7213 (p<0.05) 2.2 ZE715] P o} Ba I Fos AAL ==
oladrt. Aol 33} AolH LS AP LTI FolAel xjo)r} gt

Table 4-2. Body weight gains, food intake and food efficiency ratio (FER) of

experimental rats

Body weight gain Food intake

Groups FER
(g) (g/body wt)

Normal 216.5+12 5° 22.95+0.11™ 0.33+0.03%
HC 223.5+£7.77° 23.11%0.84 0.34£0.17
0.1 MLP 188.0%8.52° 22.24+0.60 0.28+0.01
0.2 MLP 203.6%6.72° 25.41+0.40 0.30+0.02
0.5 MLP 197.5*5.33° 23.8810, 41 0.30+0.02
1.0 MLP 204.6+5 56° 23.69%0.12 0.32+0.01
2.0 MLP 203.2+7.92° 25.3710.20 0.30+0.02
4.0 MLP 199.2+5. 95° 24.77+0.06 0.30+0.08

All values are mean=*SE (n=10)

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey's test. The experimental conditions are the same
as Table 4-1.
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el ST 7HA, AR W el BA 3 Az AR A|(Table 4-3)= HAS
of vla] TEFHAEES T AT EFolA 523 (pd0.05)0F F7IE g on, HCI-o
vlsl F]lFFtol thh HAIE FFE B /FH xol= ¢l AR o

£ FAle ATl Ko xjolrt ot

Table 4-3. Liver, kidney and intestine weight of experimental rats

(g/100g body wt)

Groups Liver Kidney Intestine
Normal 4.03+0.01° 0.926+0.045" 4.422+0.225"
HC 4.32+0.07° 1.042+0.024 4.524+0.310
0.1 MLP 4.29+0.15° 0.982+0.098 4.537+0.255
0.2 MLP 4.17+0.19° 1.010+0.007 4.745+0. 159
0.5 MLP 4.28+0.07° 1.042+0.024 4.524+0.310
1.0 MLP 4.23+0.20° 1.082+0.088 4.537+0.255
2.0 MLP 4.31%0.25° 1.010+0.007 4.745+0.159
4.0 MLP 4.35+0.06° 1.053+0.020 4.846+0.161

All values are mean*SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test. The experimental conditions are the same
as Table 4-1.

3. ¥ 33X Q@ ZHLHE gt

83 F8AYY 5= Table 4-42igho] FAtFoll ulsl HCol AASIA Rotont
HColl Hl3] &¢l FFTolA LA=EAh A F ZH2HE st FAATZ v
3l LZFHHE FFEA HCZolA [F2H(p<0.05) 22 F7IE|gl o} HeToll Hs)

9 I BTN fejHes st ¥ sEol wel vl 2ys of |
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Table 4-4. Effect of mulberry leaves on serum lipid composition of in rat fed high

cholesterol diet {mg/dl)
Groups Triglyceride Cholesterol
Normal 74, 4+2 32° 85.5+8. 0°
HC 131.0%+19.0° 284.8136.5°
0.1 MLP 78.6+11. 4% 169.4+21.1°
0.2 MLP 93.0%t11.0% 168.5+16.9°
0.5 MLP 92.0%*13.5% 183.5+12.9°
1.0 MLP 96.0+13.0% 199.0+28.2°
2.0 MLP 81.0%7.0 204.6+28 1°
4.0 MLP 88.0t15 0% 192.8+18.3°

All values are mean+SE {(n=10)

Values within a

as Table 4-1.

column with different
different at p<0.05 by Tukey’'s test.

superscripts are significantly

The experimental conditions are the same

4. kxR 2 F2] A 2}A2tEE (thiobarbituric acid reactive substances, TBARS ) &+aF

EX

_&2
L

At &de] A®;st HE
Y& 2(Table ¢4-5) ¥l v ZZ

zAZ

Zaslgch oldg Azks By Arit zxe
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Table 4-5. Effect of mulberry leaves on hepatic thiobarbituric acid reactive

substances (TBARS) level in rat fed high cholesterol diet

Groups TBARS

(MDA nmol/mg protein)

Normal 1.62=%0.23°
HC 3.37%0.33°
0.1MLP 2.19%0.27°
0.2MLP 2.09%0.27°
0.5MLP 2.28+0,24°
1.0MLP 2.41+0,25°
2.0MLP 2.52+0.24°
4.0MLP 2.63+0.11°

All values are meantSE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test, The experimental conditions are the same
as Table 4-1.

5. RAFe] A3 A 4 A : superoxide dismutase(SOD) W glutathione
S-transferase(GST) A

A s Wolzl F 'R YoiAL SR A superoxide radical (0

E BUAA H0Z BHAAFIEZHN A4 FEoz Ve MAE BIsHE= S0D P2

Table 4-62} Zo] IDEHAEHETZ(HCE)o vls] BY ZTIFAANE 322(p<0.05)

o2 F7tEgnh Hold AP EA, wWdEW, SAZEAL drapbE, 23 Udy =

425 FolAd HFAxlE BEA-So] #HUE glutathione(GSH)S XF¥A]A glutathione

thioester(R-S-G)& F/dst= W& FHuish:s GSTEAE L 1 ZHAEHEZ(HCE) ol H]
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Table 4-6. Effect of mulberry leaves on hepatic superoxide dismutse (SOD),
glutathione S-transferase (GST) activities in rat fed high

cholesterol diet

Groups SOD GST
(unit/mg protein/min) (nmol DNCB/mg protein/min)

Normal 3.83%0.01° 134.5+2.2°
HC 2.52+0.01"° 107.31+5.2°
0.1 MLP 3.5810.47° 122 . 7*4 . 4°
0.2 MLP 3.45%0.13° 127.7+1.6°
0.5 MLP 3.58+0.38° 125.5+2.5°
1.0 MLP 3.53=+0.19° 121 . 7+3.5°
2.0 MLP 4.33+0.26° 118.7+6.9°
4.0 MLP 3.35+0.20° 123.5+2.7°

All values are mean=*SE (n=10)

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey’s test. The experimental conditions are the same
as Table 4-1.

6. LIxHF 2] 2|ZF(lipofuscin) YaF W /34t (superoxide radical) A ok
A o] oY AEE AMEEHI E 2 X Z ] P2 (Table 4-7) LF )
SE|EF(HCE) ol uls) B FFFolx 2 Faro] ExstA ZAE At w3h} A

U] (AJEZFE] 3hUQl superoxide radical (0;7) AL DI A]SF(HCTE)

)‘:

h)

of B3] ¥A FFTLolME FedAoz ey oA 4= 9ldrt
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Table 4-7. Effect of mulberry leaves extracts on lipofusin and superoxide

radical contents of liver in rat fed high cholesterol diet

Groups Lipofuscin Superoxide radical

( £9/mg protein) {nmol/mg protein/min)
Normal 1.69+0. 05° 8.52+0.23°
HC 2.32%0.21° 9.83%0.23°
0.1MLP 1.93+0.04° 8.93%0.51°
0.2MLP 1.94+0.07° 8.82+0.89°
0.5MLP 1.91+0.07° 8.96+0. 86°
1.0MLP 1.94+0.07° 8.82+0.89°
2. OMLP 1.90+0.07° 8.9610.86°
4.0MLP 1.94+0.11° 8.92+0. 81°

All values are mean*SE (n=10)

Values within a column with different superscripts are significantly

different at p<0.05 by Tukey’s test. The experimental conditions are the same
as Table 4-1.

K-209 Bode] AWrhah AU ER R Pk sSseS BEY P34 K209 %

YT W L Aol WRAo] ANAHICE £ e AHETo] K-209
1
(5]

¢

5tal& wf 22 2] SOD, GSHpx W GST ¥S ZF7HA713 X0 B2
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2 A7 Aol Az K-209 9 I AE o]t ZHAHE of

b A ESE FEshedl 2 Bao] gtk uleld YK-209 2918 o] &3lo] b=

& WHsF] 9sted R o)Al carbonyl value ¥EF3} thiobarbituric acid
reactive substances{ TBARS) grak A =0 glutamic oxaloacetic

transaminase(GOT )&} glutamic pyruvic transaminase(GPT) ¥4J-8 THaslaic).

H2d 27 L Y

1. BEAHS

L AdFolME K-209 FULE o] 8T A=Y B <Arjaxe] AT} AN By
& E3A sttt AR 1% 2FAHES FAY NI UE F 1w
T LHES FA AEFES v Y 74 FFo wlel Table 5-13F go] z}+z}
10m2}s) 5308 1hre] 4331 A}S3loict & A7) FFWH2 A o)
A A2 80 665U A=Y B AVAE A}gsIACE APEFEo] Bz

M4 K-209 U7 s AYPA Ayt b £ 0.2%0] #Q) Hulars
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AT Loz kst Bl VA 2RBE WHSo] Aol M2 A

Table 5-1. Composition of experimental diet

groups i
o Normal" High cholesterol diet
composition
Starch 65 63.8
Casein 15 15
Salt mixture 4 4
Vitamin mixture 1 1
Corn oil 5 5
Cellulose 5 5
» SucroseA 5 5
'wréﬁsiééiéfoi .......................................................... i R
Sodium cholate - 0.2
Total(x) 100 100

Table 5-2. Classification of experimental groups according to additive of

mulberry leaves extract water with fed high cholesterol

Cholesterol

Groups®’ . Drink water
(1x of diet)
Normal — D-H0
HC + D-H:0
EB + Extract of 0.2 x YK-209
Ep -+ Extract of 0.2 x YK-209 + 7% pine needles extract
EM + Extract of 0.2 x YK-209 + 3% mugwort extract

1) Normal : basal diet group fed the drinking water

HC = 1% cholesterol diet group fed the drinking water

EB : 1% cholesterol diet group fed the drinking extract which prepared with
0.2% YK-209 mulberry leaves only

EP : 1% cholesterol diet group fed the drinking extract which prepared with
0.2% YK-209 mulberry leave contained 7% pine needles extract

EM ® 1% cholesterol diet group fed the drinking extract which prepared with
0.2% YK-209 mulberry leave contained 3% mugwort extract
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Table 5-3. Body weight gains, food intake and food efficiency ratio (FER) of

experimental rats

Body weight gain Food intake

Groups FER
(g) (g/body wt)

Normal 168.0+7.0° 24.50+0.61"% 0.29+0.03%
HC 185.2+5.3° 25.93%0.28 0.29+0.02
EB 171.0+8.1° 26.70+0.37 0.29+0.01
EP 173.2+5.2° 27.29+0.73 0.30+0.02
EM 170.0+6.1° 25.80+0.27 0.29+0.01

All values are mean*SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey’s test. The experimental conditions are the same
as Table 5-1 & 5-2.

el MEY 2, U L agel TA DA (Table 5-4) PRFAL AP
3 D2 AEEF AU BFolM FoE(p0.05) 0% SrlEglon, Bl ol
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Table 5-4. Liver, kidney and intestine weight of experimental rats

(g/100g body wt)

Groups Liver Kidney Intestine

Normal 4.03+0, 01° 0.926+0. 045" 4.422+0, 225"
HC 4.28+0 07" 1.04210.024 4.524+0.310
EB 4.20%0.15° 0.982+0.088 4.537+0.255
EP 4.16+0.19° 1.010£0.007 4.745+0.159
EM 4.15+0.21° 1.032+0.078 4.657+0.205

All values are mean*SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey’'s test. The experimental conditions are the same
as Table 5-1 & 5-2,
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Fig 5-1. Effect of mulberry leaves extract on serum lipid composition in rat
fed high cholesterol diet

All values are meantSE (n=10). Bars with different letters are
significantly different at p<0.05 by Tukey’'s test. The experimental

conditions are the same as Table 5-1 & 5-2.

4. AxY A7)0 o] g tAg AP 2 =HAAL
7. xR ZFo] 2 2}xr3}E(thiobarbituric acid reactive substances,
TBARS) #3F W carbonyl value ¥k
duide] st =& o 4 9l carbonyl ¥F2(Table 5-5) koA Z e
BlE(HCE)ol vl3ll EB, EP @ EMT T %9 dr]a ZIFoA] 2tz §2Ao

Ead
= gaEo] B9l 7| Lo] o3| carbonyl value ¥afe] AA3IA 7H2EL & F

leith  zAe) sty 4o Aol G 123 o AWIFARE FF A
de Fgelalrh. DU 1K-200 Bl frls0] ¥R BIb FRo| mE Kol
el Apol = glgich
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Table 5-5. Effects of YK-209 mulberry leaves extract on hepatic carbonyl value
and thiobarbituric acid reactive substances (TBARS) levle in rats

fed high cholesterol diets.

Groups Carbonyl value TBARS
{(nmol/mg protein) (MDA nmol/mg protein)

Normal 75.45+5 91° 1.311%+0. 378°%

HC 100.72£2. 80" 3.972+0. 440"

EB 87.90+£2 53° 2.1801+ 0. 250°

EP 88.40+1.59° 2.191 %0, 140°

EM 89.89+1, 09° 2.309+0.160°
All values are meantSE (n=10). Bars within different letters are
significantly different at p<0.05 by Turkey’'s test. The experimental

conditions are the same as Table 5-1 & 5-2.

1t ¥ glutamic oxaloacetic transaminase(GOT)2} glutamic pyruvic
transaminase(GPT) 2] &4
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2 EQ A7l dF 540 ¢l ¥ ozt 238 13

zzAe) 4 AEADS o + AATh

P

HE gaE 2l

o

_77_



O GOT
GPT a
150 a a T
€
£ 10
=2 b
a a
50 a a
: B
Normal HC EB EP EM

Fig. 5-2. Effects of YK-209 mulberry leaves extract on serum glutamic
oxaloacetic transaminase (GOT) and glutamic pyruvi transaminase

(GPT) activities in rats fed high cholesterol diets.
All values are mean®SE (n=10). Bars with different letters are

significantly different at p<0.05 by Tukey’s test. The experimental

conditions are the same as Table 5-1 & 5-2.
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BAzol 2712t B B8 FIAE AASHU =242 WY AR FdAs
B2ED JsHE the £ Zog Uehyth caaxel grle o

2] wH3lol] gt B A AH(Table 6-1) 2 Ego S INE =

N
&
rr
L
r i
3

Ho TS 0.808 HAY Zolq AAMHOET wA vehych

Table 6-1. Sensory evaluation of YK-209 mulberry leaves drink with

trichosanthes kirilowil Max,

Mulberry Sweet Astringent Delicate Overall Overall
leaves Flavor Color tast taste taste taste alit
] extract® e a u Y
EP1 4.0 4.0 4.0 4.0 4.0 4.0 4.0
EP2 4.8 3.2 2.9 3.5 3.6 3.6 4.3
EP3 4.3 4.6 3.7 3.1 3.9 4.9 4.9
EP4 4.3 3.4 3.2 4.3 3.9 4.3 3.8
Y 1~4 : Content of additive in mulberry leaves extract
1: 0% additive 2: 0.4% additive 3: 0.8% additive 4: 1.2% additive
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0.6%) THAIA o] 100 wld AAEZTL A zstdct 7|4 Exg Ayst Azl
d
rutin, isoquercetin, kampferol-3-0O-rutinoside & astragaline] Q-&<] =7}

2
(Table 6-3). T 7158 S4ost ZA%se] AL Mare] 9443 opal
&

4, 37, A 2Ld, UERelst Foleleg naAvlE Rew

Table 6-2. Contents of y-aminobutyric acid (GABA) of YK-209 mulberry leaves

drink
) GABA
Cultivar (mgx wet base)
vk 524

D YK+ YK-209 mulberry leaves extract drink
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Table 6-3. Contents of four different kinds of flavonoid of YK-209 mulberry

leaves drink (mg% dry base)
. . Kaempeferol-3 . Total
Cultivar Rutin Isoquercetin . Astragalin .
-0-rutinose Flavonoid
yKtt 12.6 147.6 1.051 6.75 168.0

VYK - YK-209 mulberry leaves extract drink
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FEAS
2xpdZoll= YK-209 ¥elo® gietztalolAd A=3 AT AF HU¥ A48 &
e #3837l fiste] SEANES ANk HAESES AF 100 g vje)e]
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td

7t loutEl 5Z O bl 473 Abgsldith EBEL At 9wl STZ

55mg/kg B.W. & 41413t 0.1M sodium citrate buffer(pH 4.3)o} HSojx] a3} Buo
S5tod Falsto] Sutalzon STZ 341 9dsjo] T} 300mg/dl o4 55

T Aol ARgstgTt. U] AWAst el XA Al M BAE BT 9
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Table 7-1. Classification of experimental

group according

to different

varieties of mulberry leaves with fed high cholesterol rats

groups . Streptozotocin injection™
composition Normal™ DM ML GT MGT
Starch 70 69.8 68.8 68.8 68.8
Casein 15 15 15 15 15
Salt mixture 4 4 4 4 4
Vitamin mixture 1 1 1 1 1
Corn oil 5 5 5 5 5
Sucrose 5 5 5 5
DL-methionine - 0.2 0.2 0.2 0.2
Mulberry leaves powder - - 10 - 0.5
Greent tea powder - - - 1.0 0.5
Total(x) 100 100 100 100 100
* Normal : basal diet 7
DM © injection of streptozotocin + YK-209 mulberry leaves free diet

=2

ML : injection of streptozotocin + 1.0% YK-209 mulberry leaves diet
GT @ injection of streptozotocin + 1.0% Green tea diet
MGT

injection of streptozotocin =+ 0.5% YK-209 mulberry leaves diet -+
0.5% Green tea diet

Intravenous injection of streptozotocin (55mg/kg of body weight) in 0.1 M

sodium citrate buffer (pH 4.3) via tail vein,

ASS71E, Aloldwgr 9 Alojag « A& WY S

ey al 2723 et i 59

9 S5A : ohdAeF Kit{enzymatic kit AM 201K, 3+L)E 2}&3}d 500nmol
ul A g kstadct
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6. Tt Fe] 2| ZFA(lipofuscin) TaF 9 {3fArA(superoxide radical) 2B 23

7. xAFol A FA T | : Superoxide dismutase (SOD)EHAILS
Marklund®} Marklundel ®hHoll wzl ZA 3} o] glutathione peroxidase
(GSHpx) #*J2 Lawerence U Burke] o] uwiz} &33}it}). Glutathione

S-transferase (GST) A2 Habige] WwHol uwle} =A3}H o Xanthine

oxidase (XOD) /82 Stipe2} Della Corte?] 332 ol&23}oict.

8. zAFe F4A% U TS YF 3 BEH] WL Folchse] o
ol o3l F&oled A Y2t SALHE BB YHolNt e Wyow
24 3tg)

9. Az YW olg AW PP B SHAA

7Y, ZvZx R F o] 2| ars}E(thiobarbituric acid reactive substances,

TBARS) 3% W carbonyl value 8} ZA: A& Wiz =9

£
Lt 3 glutamic oxaloacetic transaminase(GOT)2} glutamic pyruvic
transaminase(GPT)2] & &3 : AL vz} 2
10, I Y AL w5

SAAE - Ay Wz Bd

AH3d Azt AzE TAT] "B 3
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Table 7-2. Body weight gains, food intake and food efficiency ratio (FER) of

experimental rats

Body weight gains Food intake FER
Group
(s) (g)
During 4 weeks before STZ injection
Normal 105%14.930% 577+19,.62% 0.19+0,08%
DM 112+ 2.62 564+ 9.18 0.20%0,01
ML 107+ 1.08 544+16.6 0.21£0.01
GT 101 4.75 522+ 8.44 0.19+0.01
MGT 104+t 2 06 524+ 6.42 0.20%0.01
During 9 days after STZ injection

Normal 24.6+13.0° 114+ 3.29° 0.33+_ 24°
DM -67.2%5.85" 165+15.34° -0.71%+0.13°
ML -62.114.87° 134+ 9.30° -0.46+0.09°
GT -60.21+4.72° 139+10.33° -0.49%0.14°
MGT -62.2%£7.78° 139+10.6° -0.64+0.07°

All values are mean*SE (n=10)

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey's test. The experimental conditions are the same
as Table 7-1.

2. A= BIRA
=+ A" 2, AR 9 %ol FAE(Table 7-3) A@aztol] R2]Fl Alo] st
gigich
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Table 7-3. Liver, kidney and intestine weight of experimental rats

(g/100g body wt)

Groups Liver Kidney Intestine

Normal 4.26+0.01™ 0.926+0.045™ 4.422+0, 225"
DM 4.28+0.07 1.0421+0.024 4.524+0.310
ML 4.20%0.15 0.982+0.088 4.537+0.255
GT 4.06+0.19 1.010%£0.007 4.7451+0.159
MGT 4.07%0.06 1.053%0. 020 4.846+0.161

All values are mean=®=SE (n=10)

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey’'s test. The experimental conditions are the same
as Table 7-1.

b
BPTEE BHSI7] 25t 6A1 BAAI F HAst] EES PP A Fis.
W SFoA 8o A(pd0.05)0 8 ZriE|ojon RE
H7bge]l uEF Dol vl FH(p<0.05) 2% At 53] x4

YK-209 & HIMY F(MGTE) o] BA3tA asAdch
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Fig. 7-1. Effect of mulberry leaves pill on blood glucose levels in STZ-induced
diabetic rats

All wvalues are mean®*SE (n=10). Bars with different letters are
significantly different at p<0.05 by Tukey’'s test. The experimental

conditions are the same as Table 7-1.

BAY U] FF Yol 3 BYB FTIT BFHE FH(p0.05)0F 24T

2iCHTable 7-4). 53] &1 @ YK-203 242 =73 FZ(MCTE)elA 85 AR
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Table 7-4. Effect of mulberry ieaves pill on serum lipid composition in STZ-induced

diabetic rats (mg/dl)
Groups Triglyceride Cholesterol
7 Normal 71.21* 8.86° 69.11+4 35°
DM 146.11% 8.36° 90.16+2. 71"
ML 75.95+12.16° 79.57+3.90°
GT 76.33+15.88° 76.46+9_94°°
MGT 64.99+ 5. 52° 76.37 5. 06°°

“All values are mean+SE (n=10)
Values within a column with different superscripts are significantly
different at p<0.05 by Tukey’'s test. The experimental conditions are the same
as Table 7-1,

5. TzEAL] eXE4(lipofuscin) §ar W R3ll4t4(superoxide radical) 8%
A =3le] 203 X FE AMRE Q= g ZEZale] A2 (Table 7-5) AT
H]s] E4 vF Z ZUIElgion) T nRojA

#2]%(p<0.05) 0.8 Zrawgth. x3h} sdelwe] flE™Ee] IRl superoxide

T FTolA §213(p<0.05)2

.,
[aV]
[oN
=
&
°

ok

o

flo

o,

ox

32

2

z

%

ol

2

rit

3

ol

ol

oft
b

+

2

X

Jo

io

i

2

&

(=]

A

lo

k

- 91 -



Table 7-5. Effect of mulberry leaves pill on the contents of lipofuscin and

superoxide radical contents of liver in STZ-induced diabetic rats

Lipofuscin Superoxide radical
Group
( #g/mg protein) (nmol/mg protein/min)

Normal 1.93%+0.02° 14 141+0.60°

HC 2.26+0.02° 19.18+1. 15"

ML 1.29+0.09° 12.73+0.36°

GT 1.25+0.17° 12.98+1.01°%

MGT 1.32+0.16° 11.55+0.41%*°

All values are mean*xSE (n=10)

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey’s test. The experimental conditions are the same
as Table 7-1.

6. ZYZAZE2] xanthine EAJ

Xanthine& 7]A & 3t 24h2 AB3h= 2} ollAl superoxide radical& 845

ﬂF

H4 &, free radical BgAl RAE o3 X0D2] #/32(Table 7-6) B gzl uls 2
Q¥ v G Feol A folH(p<0.05) 02 FUtE|Q oLt BeRE ISR E A [ H

(<0.05) 0.2 Zasiolvh BUW 3 FuPoINE K 2ol gglch
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Table 7-6. Effect of mulberry leaves pill on hepatic xanthine oxidase (XO0D)

activities in STZ-induced diabetic rats

XOD
Groups
i (nmol/mg protein/min)

Normal 2.941+0.010°
DM 3.426+0.112°
ML 2.6741+0, 454°
GT 2.752=+0.349°
MGT 3.075*x0.001°

All values are mean*+SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey’s test. The experimental conditions are the same
as Table 7-1.
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THEAIA H0 2 BHUAZIEEA 2t Ko 2Ry AAE BRI 3= SOD E/d-2(Table
7-7) Aol vlE) vlE T dixdolld K FH(p0.05) 2 AR o) Bl F
FTolA fdFder FriE ot Aol BAZAtA(H0)oll A Ao HitstbH
4L WASHE GSHpxEAd-2 BATel vls] Fxdolr 523 (p<0.05) 2 AT
oLt YK-209 BARNE FIF3REA FATTEC] Hdonm =aE FIY F(6T)
2 = 9 YK-209 %S HIIRE F(MCT)ol foFow AF| Mt WHoldAZER
YAEH, 5429 crhbE, 22l gl 545 Folx 3dapd &7 Foel
3 glutathione(GSH)2 X 3tA]# glutathione thioester(R-S-G)& A sl=

%
S Zojshis GSTR AW u|FT YiTol ulsh BUW FFT ZToIN FYZFE
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Table 7-7. Effect of mulberry leaves pill on hepatic superoxide dismutase

(SOD), glutathione peroxidase (GSHpx) and glutathione S-transferase

(GST) activities in STZ-induced diabetic rats

SOD GSHpx GST
Groups (unit/mg protein/min) {(nmol NADPH/min/mg protein) (nmol DNCB/mg protein/min)
Normal 4.14+0, 06° 160.44+1 35° 136,34+ 7.8227
DM 3.13%0.13° 148 . 72+t2.11° 110.65+28.452°
ML 3.84+0.10° 160.89 +5_95° 128.63:+29.204*
GT 4.00+0 38° 163.34+4_39° 135.88+17.934%
MGT 3.83+%0.28° 160.04 £2. 94° 147.28+20.569°

All values are mean*SE (n=10)

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey’'s test. The experimental conditions are the same
as Table 7-1.
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Table 7-8. Effect of mulberry leaves pill on hepatic lipid composition in

STZ-induced diabetic rats {mg/dl)
Groups Triglyceride Cholesterol
Normal 4,04=+0, 35° 0.83%0.18"
DM 1.64%0.07° 2.16+0.25°
ML 2.4310.27 1.07+0.13°
GT 2.43+0.97° 1.34%0.42°
MGT 2.01+0.54° 0.96+0.06°

All values are mean*SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test. The experimental conditions are the same
as Table 7-1,

7t Y2 Fe] AA2}4tEHE (thiobarbituric acid reactive substances, TBARS)
HaF W carbonyl value s}

7tz 28] microsome HHE-S EE St carbonyl7]e] #er2 Hv]23F A3} (Table 7-9)

AP F ol Holrt glalth. mAel Tparstn el MEs Hi wRE AW
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Table 7-9. Effect of mulberry leaves pill on hepatic carbonyl value and

thiobarbituric acid reactive substances {TBARS} level in

STZ-induced diabetic rats

Carbonyl value TBARS
Groups

(nmol/mg protein) (MDA nmol/mg protein)
Normal 78.288 +4. 020™ 1.33+0.58°
DM 80.901 *+3. 060 3.29+0.80"
ML 80.187+5.843 1.63+0.14%
GT 79.628 +4.504 1.70+0.45°
MGT 86.582+3.106 1.49+0.38°

All values are mean=*SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test. The experimental conditions are the same
as Table 7-1.
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Fig. 7-2. Effegt_s_mdf; dif:feren}. mulberry léavésh pill on ser‘u; Ag}utémic

oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase
(GPT) activities in STZ-induced diabetic rats

All wvalues are meantSE (n=10). Bars with different letters are
significantly different at p<0,05 by Tukey's test. The experimental

conditions are the same as Table 7-1.
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Table 8-1. Composition of experimental diet

groups o
Basal diet
composition

Starch 64.8

Casein 15
Salt mixture
Vitamin mixture
Corn o0il

Cellulose

&2 ) I & | B e

Sucrose

DL-methionine 0.2

Total(x) 100

Table 8-2, Classification of experimental groups according to additive of

mulberry leaves drink in STZ-induced diabetic rats

STZ - Al
Groups = T Drink water
injection
Normal — D-H,0
DM + D-H0
E + Drinking water of 0, 02x YK-209 extract
EC + DrinkKing water of 0.02x YK-209 extract

+ 0.8% Trichosanthes Kirilowil Max. extract
Intravenous injection of streptozotocin (55mg/kg of body weight) in 0.1 M

1}

sodium citrate buffer {pH 4. 3) via tail vein.

? Normal : basal diet group fed the drinking water
DM : basal diet group fed the drinking water + injection of streptozotocin
E ! basal diet group fed the drinking water which prepared of 1% YK-209
mulberry leaves only + injection of streptozotocin
EC : basal diet group fed the drinking water which prepared of 1% YK-209
mulberry leaves contained 0.8% trichosanthes kirilowil Max. extract -+

injection of streptozotocin
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Table 8-3. Body weight gains, food intake and food efficiency ratio (FER) of

experimental rats

Body weight gains Food intake FER
(g) (g)
During 4 weeks before STZ injection
Normal 105+14.90™ 577+19.62" 0.19+0.08™
DM 112+ 2.62 564+ 9.18 0.20=+0.01
E 107+ 1.08 544+16.6 0.21+0.01
EC 104+ 2.06 524+ 6,42 0.20%0.01

During 9 days after STZ injection

Normal 24.6+13.0° 114+ 3.29° 0.33+.24°
DM -67.2+5,85° 165+15.34° -0.71+0.13°
E -62.1+4.87° 134+ 9.30° -0.46+0.09°
EC -62.2+7.78" 139+10.6° -0.64*0.07°

All values are mean*SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey’'s test. The experimental conditions are the same
as Table 8-1 & 8-2.

2. AESEY BUFA

el AFT B, A%

p2)

2%e] A L(Table 8-4) ART o] Hel=l o]}
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Table 8-4. Liver,

kidney and small intestine weight of experimental rats

(g/100g body wt)

Groups Liver Kidney Intestine
Normal 4.26+0.017 0.926+0.045" 4.422+0.2257
DM 4.28%+0.07 1.0420.024 4.5241+0 310
E 4.20x0.15 0.982=%0.088 4.537+0.255
EC 4,06+0.19 1.010£0.007 4.745*0.159
All values are mean=*SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey’'s test. The experimental conditions are the same
as Table 8-1 & 8-2.
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my/di

Normat DM EC

Fig. 8-1. Effect of mulberry leaves drink on blood glucose levels in

STZ-induced diabetic rats

All values are mean®SE (n=10). Bars with different letters are
significantly different at p<0.05 by Tukey's test. The

experimental conditions are the same as Table 8-1 & 8-2.
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Table 8-5. Effect of mulberry leaves drink on serum lipid composition in

STZ-induced diabetic rats (mg/dl)
Groups Triglyceride Cholesterol
; Normal 71.21% 8.86° 69.11+ 8.53° _
DM 168.11+31.36" 98.54+ 5.04°
E 70.54+14.37° 75.54+10.91°
EC 87.75+15 64° 78.45+ 7.27°

All values are mean*SE (n=10)

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey's test, The experimental conditions are the same
as Table 8-1 & 8-2.

5. =& 2] g|EFAl (lipofuscin) ¥aF m ZIzzo] L3|ARA {superoxide
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Table 8-6. Effect of mulberry leaves drink on the lipofusin and superoxide

radical contents of liver in STZ-induced diabetic rats

Groups Lipofuscin superoxide radical
( #£g/ng protein) {mmol/mg protein/min)
Normal 1.93+0.02° 14.14+0.60°
DM - 2.26+0,02° 19.18+1 15"
E 1.491+0.06° 15.09+0. 24°
EC 1.43%0,08° 14.32+0.62°

All values are mean=tSE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test. The experimental conditions are the same
as Table 8-1 & 8-2.

6. 7tZA=220] xanthine &Ad

Xanthine& 7| A E 3l 2A4HS ABAStE 2} oA superoxide radical S
H4 &, free radical F8A H4E U3l X0DS] H/JS(Table 8-7) F2fwtoll H]
3 DixaolA 7213 (p<0.05) 2 FrIE oL Bel =93 ujFF Fietol v

Bol malg maFo| §oJAog ZIAFE Y]
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Table 8-7. Effect of mulberry leaves drink on hepatic xanthine oxidase (XOD)

activities in STZ-induced diabetic rats

XOD
Groups }
(nmol/mg protein min)
Normal 2.941+0.010°
DM 3.426+0.112°
E 3.194*+0.018°
EC 3.198+0.047°

All values are mean=SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey’'s test. The experimental conditions are the same
as Table 8-1 & 8-2.

$ =R vEE FrxTolAd F2AF(p.05) 02 HaF el
B2 FelFHog ZriElAdrt Azt FAE N Aol
Td A4 (H02) 0l 217 2= o] patEla &4 S WSl GSHpxE A 2(Table 8-8) &
al
[s)

gtoll Hls FreFolld [ F(p<0.05) 28 TAEAOL} YK-209 B =UAES

(=]

N

BIRZA FATrTol st Ho|d G EA, UGEA, SHELY jakkE,
gl e S45 FolA AEAE E-So] BUY glutathione(GSH) S A H
glutathione thiocester(R-S-G)& VA 3t= ¥HE-S Hulsts 6STEE S A Az}
Boddkol visl Fiedo] foHog HAF oL WixFolMi: FojAel ot ¢l

h
sdch
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Table 8-8. Effect of mulberry leaves drink on hepatic superoxide dismutase
{SOD), glutathione peroxidas (GSHpx) and glutathione-S-transferase

(GST) activities in STZ-induced diabetic rats

. SOD GSHpx GST
roups
e (unit/mg proteinsmin) (nmol NADPH/min/mg protein) (nmol DNCB/mg protein/min)
Normal 4.14+0. 06 160.44+1_ 35° 136.34+ 7.822°
DM 3.13%0.13° 148.72+2.11° 110.65*+28.450°
E 3.41+0.11° 168,24 +5, 04° 109.90+18. 209"
EC 3.64+0.12° 162.05+3.61°% 108. 66 +26. 459"

All values are mean=®SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test. The experimental conditions are the same
as Table 8-1 & 8-2.
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Table 8-9. Effect of wmulberry leaves drink on hepatic lipid composition in

STZ-induced diabetic rats {mg/dl )
i Groups Triglyceride Cholesterol
: Normal 4.04+0.35° 0.83+0.07°
DM 1.64+0.07° 2.16%0. 15"
E 2.25+0, 05° 0.66%0, 02°
EC 2.51+0.04° 0.82+t0.07°

All values are mean*SE (n=10)
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test. The experimental conditions are the same
as Table 8-1 & 8-2.

9. Az 2T o] R A A W =4 #Ha}
7} Z2rz 2 220] A A 2pAEHE (thiobarbituric  acid  reactive
substances, TBARS) ¥r&F ! carbonyl value ¥k

PR A2l microsome HEE 2B Sle] carbonyl”Z]e] kS H @z A3} (Table

8-10) Ayl Aolzt vt 22l nabsld 4] A7l HE 3F X
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Table 8-10. Effect of mulberry leaves drink on hepatic carbonyl value and

thiobarbituric

acid reactive

STZ-induced diabetic rats

substances (TBARS) level in

Carbonyl value TBARS
Groups
(nmol/mg protein) (MDA nmol/mg protein)
Normal 78.288+4. 02" 1.53+0.06°
HC 80.901+3.06 3.74+0.13°
E 83.563*F4. 371 2.12+0.25°
EC 82.871+3.927 2.38+0.07°

All values are mean*SE (n=10)

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey's test. The experimental conditions are the same
as Table 8-1 & 8-2.

Ll. ¥* glutamic oxaloacetic transaminase (GOT)%} glutamic pyruvic
transaminase (GPT)2] A

PzAe] DAL weishs 00T TALS BTl sl Dol fedoz

oy, B S FFNEEA AT 4£F0l Had 2z 8

=
chstel el AElE MASHe GPT WA oA FUY FYE RATHFIg

- 110 -



300
'"i:TG’O‘T'"]
; 2 G PT
200 b
g a
=
b
100 - C C
a
0
Normal DM E EC

Fig. 8-2. Effects of different mulberry leaves drink on serum glutamic
oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase
(GPT) activities in STZ-induced diabetic rats

All values are mean®*SE (n=10). Bars with different letters are
significantly different at p<0.05 by Tukey’'s test. The experimental

conditions are the same as Table 8-1 & 8-2.
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Table 9-1. Effect of wmulberry leaves pill on serum lipid composition in

clinical experiment (mg/dl)
Triglyceride Cholesterol
Group
before after before after
Normal 135.84 130.34 178.0 155.88
Diabetic patient 179,29 168,54 241.72 169.04
A2HoT Had B PuTAH AT AR olA VeEL AMzE TR
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