QL[E o|3e LAFIIIIR 7|sd

HExXAME M=7|= &

r
0-

Development of High Quality Functional Foods Using

Mulberry(Morus spp.) Fruit
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SUMMARY

I. TITLE

Development of High Quality Functional Foods Using Mulberry(Morus spp.) Fruit

O. OBJECTIVE AND NECESSITY

As rapid industrialization progress and increased western-style foods
consumption of our country have recently realized, several degenerative diseases,
such as cancer, diabetes, atherosclerosis and cardiovascular diseases, and aging
have significantly been increased. Additionally, since synthetic food additives and
chemical drugs are currently suspected to be toxic, needs of consumer on more
safe and effective natural food additives and medicinal plants have been
increased. Among above pathological diseases, diabetes is known to be one of
major cause of mortality and morbidity in industrialized countries. Recent
scientific evidence revealed that the mortality of diabetes can be eliminated by
aggressive treatment with diet exercise, and new medicinal-pharmacological
approaches to achieve better control of blood glucose levels. Particularly, much
attention has recently been focused on dietary supplements and/or herbal
medicines capable of inhibiting the onset of diabetes.

Oxidative stress has been increasingly implicated in numerous pathological
diseases such as cancer, atherosclerosis, inflammation, microvascular complications
of diabetes, and aging. Particularly, oxidative stress has been found to be
elevated in both non-insulin dependent(NIDDM) and insulin dependent diabetes
(IDDM), even in patients without complications. Therefore, consumption of dietary
natural antioxidants from plant sources is believed possibly to control diabetes

mellitis induced by oxidative stress mediated lipid peroxidation. For these reasons,
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an extensive search for novel natural antioxidants from edible plants has been
undertaken.

Mulberries (Morus sp.) are a good source of sugars, acids and anthocyanin
pigments, which are important sources of palatable foods, such as juices,
beverages and wines. Particularly, the crude drug ”"Sangsimja”, the fructus of
Morus alba (Moraceae), has been used traditionally to cure and prevent diabetes,
anemia, hypertension and arthritis in Chinese medicine. Recently, mulberry fruits
have been reported to have several biological actions, such as antidiabetic,
antioxidant, antiinflammatory and antihyperlipidemic activities. Therefore,
consumer demand for the mulberry fruit has been recently increased because of
its dessert and functional properties.

Mulberry tree(Morus alba L.) are widely cultivated in East Asia including
Korea, Japan and China. Mulberry leaves and silkworm powder have been
reported to possess a significant hypoglycemic effect. Recently, sericulture-related
materials such as silk powder, silkworm powder, and mulberry leaves have been
developed as natural functional foods in Korea and Japan. Palatable beverages
such as jam, juice and wine using mulberry fruits, and ice-cream containing
mulberry leaf powder has been widely used in Korea. However, systematic
studies on antihyperglycemic and other biological activity of mulberry fruits and
a complex pills including mulberry fruit, leaf and silkworm powder, and on
development of high quality functional foods, such as pill, capsule and tablet, are
still very limited so far.

To date, a number of phytochemical components, such as anthocyanins,
flavonoids, 2-arylbenzofurans, GABA, and 1-DN]J, etc., have been isolated and
identified from mulberry fruits, leaves, and silkworms, as major active principles
for antihyperglycemic and other biological activities. However, few systematic
analyses of antihyperglycemic, antioxidant and antihypertensive phytochemicals in

mulberry fruits are still available.
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Meanwhile, levels of several phytochemical constituents in mulberry fruits could
be affected by maturity, cultivar and processing. Particularly, since mulberry
fruits possessed a large amounts of anthocyanin pigment which is unstable
towards several physical and chemical factors, development of a non-thermal
minimally processed mulberry juice, and of stabilization technology of
anthocyanins are greatly required.

In this study, we have prepared high quality mulberry extracts, and further
evaluated their antioxidant, antihyperglycemic, antiinflammatory, anticoagulant, and
antihyperlipidemia activities using several in vitro assays. Additionally,
antihyperglycemic activity of mulberry fruits, and complex pills composed of
mulberry leaf and silkworm powders, and their synergistic effects were evaluated
using a in vivo animal model systems, and thereby developing high quality
functional foods, such as granule tea, pills, capsule, and health drink using

mulberry powder, and sericulture-related mulberry leaf and silkworm powders.

M. CONTENTS AND SCOPE OF THE STUDY

This project consists of two subjects to fulfill effectively the research on
screening of several biological activity of mulberry fruit extracts, including
antihyperglycemic activity, and further development of high quality functional
food using mulberry fruit and sericulture-related mulberry leaf and silkworms.
One 1is the development of high quality mulberry extracts, and further the
evaluation for their antihypoglycemic, antihyperlimidemic and antioxidant activity
using in vitro assays. The other is evaluation of antihyperglycemic activity of
mulberry powder and of complex pill composed of mulberry fruit and
sericulture-realted mulberry leaf and silkworms using animal model systems.

Additionally, development of high quality functional foods using mulberry fruit,
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and mulberry leaf and silkworm powders. Major contents and scopes of this

project can be summarized as follows:

ITII-1. Effect of mulberry fruit using product on preventing adult disease

1. Effect of antidiabetic and physiology activity of extract product of mulberry
fruit

1) Inhibitory activity of glucose-6-phosphatase in hepatic

2) Inhibitory activity of o-glucosidase

3) Control of lipid peroxide in hepatic microsome

4) Activated partial thromboplastin time (APTT) & thrombin times (TT)

5) Inhibitory activity of soybean lipoxygenase (SLO)

6) DPPH radical scavenging activity

2. Effect of antidiabetic and other physiology activity of extract of mulberry fruit
and several sericultural product (in vitro)

1) Inhibitory activity of glucose-6-phosphatase in hepatic

2) Inhibitory activity of o-glucosidase

3) Control of lipid peroxide in hepatic microsome

4) Activated partial thromboplastin time (APTT) & Thrombin times (TT)

5) Inhibitory activity of soybean lipoxygenase (SLO)

6) DPPH radical scavenging activity

3. Effect of antidiabetic of extract of mulberry fruit and several sericultural
product (in vivo)

1) Effect on glucose level in blood

2) Effect on glucose level in intestinal

3) Effect on improvement of lipid composition in blood
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4) Effect on antioxidative defense system in erythrocyte

4. Effect of mulberry fruit and several sericultural extract on prevention of
several adult diseases (in vivo)
1) Effect on improvement of lipid metabolism
(1) HMG-CoA reductase
(2) Effect on triglyceride
(3) Effect on cholesterol
2) Effect on antiaging
(1) Lipofuscin
(2) Carbonyl value
(3) TBARS
3) Effect on antioxidative defense system
(1) SOD
(2) GSH-px
4) Effect on APTT&TT

III-2. Development of high quality mulberry additives

1. Preparation of mulberry extract, and analysis of chemical components of

mulberry fruits

1) Preparation of water and ethanol extracts from mulberry fruits, and of water
and ethanol extracts from mulberry juice and mulberry cake

2) Analysis of proximate compositions and biological components from mulberry

fruits

3) Evaluation of radical scavenging activity of water and methanol extracts from

mulberry juice and cake
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2. Stabilization of anthocyanin pigment of mulberry fruits

1) Stability of anthocyanin pigments of mulberry fruits against physical and
chemical factors

2) Stabilization of anthocyanin pigments of mulberry fruits by several

polysaccharide adsorbents

3. Development of high quality mulberry additives using minimal processing
technology
1) Development of mulberry juice using minimal processing technology
2) Development of high quality of mulberry additives
3) Development of processing technology for improving palatability and
functionality of mulberry additives
4) Changes in physicochemical properties of mulberry additives during storage

at 5C and 25T

ITI-3. Development of high quality functional foods using mulberry extract
and other sericultural materials(silkworm powder and mulberry leaf

powder)

1. Preparation of mulberry granule tea, and changes in physicochemical properties
during storage at 5C and 25C
1) Preparation of mulberry powder and mulberry juice extract
2) Establishment of the optimum formulation for preparation of mulberry granule
tea
2) Preparation of mulberry granule tea
3) Changes in physico-chemical properties of mulberry granule tea during

storage at 5C and 25C
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2. Preparation of mulberry pill, and changes in physicochemical properties during
storage at 5C and 25T

1) Establishment of the optimum formulation for preparation of mulberry pill

2) Preparation of mulberry pill

3) Changes in physico—chemical properties of mulberry pill during storage at 5T

and 25T

3. Preparation of mulberry capsule, and changes in physicochemical properties
during storage at 5C and 25C

1) Establishment of the optimum formulation for preparation of mulberry capsule

2) Preparation of mulberry capsule

3) Changes in physico-chemical properties of mulberry capsule during storage at

5C and 25T

4. Preparation of mulberry drink, and changes in physicochemical properties
during storage at 5C and 25T

1) Establishment of the optimum formulation for preparation of mulberry drink

2) Preparation of mulberry drink

3) Changes in physico—chemical properties of mulberry drink during storage at

5C and 25C

IV. RESULTS AND APPLICATIONS

1. Physiological activity of from mulberry fruit extracts and other

sericultural products

1) Blood glucose lowering effect of mulberry fruit extracts was determined

using in vitro and in vivo assay systems. Methanol fraction and water
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2)

3)

4)

extract of mulberry fruit showed strong inhibitory activity against hepatic
glucose—6-phosphatase. Blood glucose lowering effect of mulberry fruit cake
powder was higher than that of mulberry fruit juice. Additionally, synergistic
effect of mulberry complex extract with antihyperglycemic activity showed at
complex mulberry powder composed of mulberry fruit, mulberry leaves and

silkworm(1:1:1, w/w).

Among five aq. methanol fraction from mulberry fruits on Diaion HP-20
column chromatography, the 40% aq. methanol fraction of mulberry fruit
exhibited strong effect on control of lipid peroxide in hepatic microsome and
DPPH radical scavenging activity. Mulberry cake powders showed stronger
antiperoxidative activity and DPPH radical scavenging activity than those of
mulberry juice. Mulberry fruit powder and several sericultural product exerted
considerable effect on improvement of erythrocyte antioxidative defense

system.

Among five aq. methanol fraction from mulberry fruits on Diaion HP-20
column chromatography, the 80% aq. methanol fraction from mulberry fruit
showed strong inhibitory anticoagulant effect on antithrombus. Anticoagulant
effect of water extract from mulberry fruit was higher than that of methanol
extract. Anticoagulant effect of several sericultural product showed in

dose-dependent manner.

Among several methanol fractions from mulberry fruits, the 80% methanol
fraction showed the strongest soybean lipoxygenase(SLO) inhibitory effect.
The SLO inhibitory effect of water extract from mulberry fruit was higher

than that of mulberry leaves and silkworm.
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5)

7)

8)

Antiglycemic activity of mulberry juice and cake in streptozotocin—induced
diabetic rat was evaluated through determining glucose level of blood serum.
As a result, anti-glycemic activity of 1% and 2% mulberry juice groups
showed weak activity, while those of mulberry cake exhibited higher
antiglycemic activity. Additionally, synergic effects for anti—glycemic of
mulberry fruits were found to be at sericultural complex composed of

mulberry fruit, leaf and silkworm(1:1:1, w/w).

As compared to extract of mulberry juice group, mulberry cake group
showed stronger inhibitory effect against glucose absorption in small
intestine, and also maltase activity in a proximal part of small intestine.
Synergistic effect of sericultural product against inhibition of glucose
absorption of mulberry fruit powder exhibited in mulberry complex composed

of mulberry fruit powder, mulberry leaf and silkworm.

The lipid-lowering effect of mulberry juice and cake in blood of
streptozotocin—induced diabetic rat was evaluated through determining TG,
LDL-cholesterol and Al Both of mulberry juice and cake groups were
effective to improve lipid level, and especially mulberry cake also was very

effective for lowering TG, LDL-cholesterol and Al

Antioxidant activity of mulberry juice and cake on antioxidant defense
enzyme systems of streptozotocin—-induced diabetic rat was evaluated through
determining of activities of three enzymes, such as SOD, catalase, and
GSH-px, Mulberry cake group showed higher SOD and catalase activities
than that of mulberry juice group, whereas mulberry juice did higher
GSH-px activity than that of mulberry cake. Synergistic effect of sericultural

product against antioxidant defense system enzymes exhibited in mulberry

_26_



complex composed of mulberry fruit powder, mulberry leaf and silkworm.

9) The improving effects of mulberry complex(mulbeery fruit powder+mulberry
leaf and silkworm powder) against the lipid metabolism was evaluated
through determining HMG-CoA reductase, TG and cholesterol in liver of
streptozotocin—induced diabetic rat. The mulberry complex was effective for
improving lipid metabolsim, such as inhibition of HMG-CoA reductase,
lowering effect of TG and cholesterol. However, there is no significant

differences among mulberry complex groups (P<0.05).

10) In above animal test, the mulberry complex was effective for anti-aging
activity through lowering lipofuscin level, carbonyl value, and TBARS in liver
of streptozotocin—induced diabetic rat. However, there is no significant

differences among mulberry complex groups (P<0.05).

11) In above animal test, the mulberry complex was effective for antioxidant
activity through increasing SOD and GSH-px activity in liver of
streptozotocin-induced diabetic rat. However, there 1is no significant

differences among mulberry complex groups (P<0.05).

12) In above animal test, the mulberry complex was significantly effective for
anti—thrombotic and anti—coagulant activity through increasing APTT and TT
activities in plasma of streptozotocin—induced diabetic rat, as compared to
only mulberry group (P<0.05).

2. Preparation of high quality of mulberry additives

1) Yields of water and ethanol extracts from mulberry fruit were about 6%
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2)

3)

and 13%, respectively. Additionally, the yields of the water and methanol
extracts from the mulberry juice were 70.01 and 65.38%, respectively,
while those of water and methanol extracts from mulberry cake were

1.68 and 1.82%, respectively.

Among two water and two methanol extract from mulberry juice and
cake, the methanol extract of mulberry cake showed the most potent
radical scavenging activity against DPPH radical (IC50=167.45 pg/mL), and
superoxide (IC50=36.18 pg/mlL) and hydroxyl radicals (IC50=467.08 upg/mL).
The water extract of mulberry cake also exhibited stronger radical
scavenging activity than those of water and methanol extracts of
mulberry juice. Meanwhile, the methanol extract of mulberry juice
exerted stronger three radical scavenging activity than the water extract
of mulberry juice. Total phenolic content of the water and methanol
extracts from mulberry cake was higher than that of the water and
methanol extracts from mulberry juice. Thus, the methanol extract of
mulberry cake containing antioxidant phenolic compounds may be useful
as a promising source of natural antioxidant for functional foods and

cosmetics.

Proximate compositions of two different mulberry fruits(Sangju &
Youngcheon) used in this study were analyzed. The moisture content of
Sangju mulberry fruits(84.2%) were lower than that of
Youngcheon(86.4%), but other components levels of Sangju mulberry
were higher than those of Youngcheon mulberry. Additionally, levels of
L-ascorbic acid and phenolic of Sangju mulberry also were higher than
those of Youngcheon mulberry. Major sugars and organic acids of

mulberry fruits were glucose and fructose, and citric acid, respectively.
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4)

The levels of two components in Sangju mulberry were higher than those
of Youngcheon mulberry. Thirteen phenolic compounds, such as two
phenolic acids(procatechuic acid, caffeic acid), two
anthocyanins[cyanidin-3-O-B-D-glucopyranoside(A), cyanidin 3-0-B-D-
rutinoside(B)], six flavonoids(rutin, isoquercitrin, astragalin, quercetin,
dehydroquercetin, morin), three 2-arylbenzofyran derivatives (4-prenyl-
moracin, mulberrofuran F & mulberrofuran U) were first isolated and
identified from mulberry fruits, and their contents were further
determined by HPLC in two different mulberry fruits. Levels of
anthocyanin A and B in Sangju and Youngcheon mulberry were 332.6 &
231.8, and 82.8 & 80.6 mg%(dry base), respectively, and those of six
flavonoids, including rutin, isoquercitrin, astragalin, quercetin, morin,
dihydroquercetin, were 16.13 & 14.13, 9.66 & 7.21, 5.6 & 5.4, 10.11 &
9.92, 4.76 & 4.95, 4.98 & 4.79 mg% (dry base), respectively. Levels of
three 2—arylbenzofuran derivatives, such as 4-prenylmoracin,
mulberrofuran F and mulberrofuran U, of Sangju and Youngcheon
mulberry were 4.51 & 4.45, 3.22 & 3.01, and 3.24 & 3.12 mg%,
respectively. GABA and 1-DNJ contents of mulberry fruits from Sangju
and Youngcheon were 12.32 & 10.71, and 35.76 & 28.38 mg%(dry base),

respectively.

Anthocyanin pigments from mulberry fruits showed considerable stability
against high temperature and heating, but did very unstable against
several physical and chemical factors. Fixation of anthocyanins was
induced by heat treatment for 10~20 min, and depigmentation of
anthocyanins was inhibited by citric acid and L-ascorbic acid. Moreover,
several polysaccharide adsorbents, such as chitosan, chitin, cyclodextrin

and CMC, exhibited strong biding capacity, and especially chitosan
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exhibited potent binding capacity(above 80%) against anthocyanins in
mulberry fruits. On the base of these results, it is possible to stabilize
anthocyanin pigments in mulberry fruits through blanching for 10~20 min,

followed by treatment of anti—browning agents and chitosan, in the order.

5) High quality mulberry (Morus spp.) juice was prepared by minimal
processing technology. Clarification of mulberry juice could be improved
by the addition of several filter aids, fining agents and enzymes, followed
by filtration and centrifugation. However, several fining agents, including
chitosan, chitin, PVPP, gelatin and casein at 1% and combination of
ultrafiltration with centrifugation at 8,000 rpm were not suitable for
clarification of juice owing to strong adsorption of anthocyanin pigment.
In contrast, combination of 0.01 pm membrane filtration with
centrifugation at 8,000 rpm was effective for clarification of mulberry
juice. Meanwhile, browning of minimally processed mulberry juice was
inhibited significantly by addition of 200 ppm sodium hydrosulfite, and
0.1% L-ascorbic acid (L-AsA) and 0.1% citric acid (CA) also showed
considerable browning inhibition. Combination of L-AsA and CA was
effective moderately for browning inhibition of juice, and may be useful
as a sulfite alternative for mulberry juice. The optimum sugar (°Brix)/acid
ratio and commercial sterilization of minimally processed mulberry juice
is around 40, and 10 min at 857 90T, respectively. On the base of these
results, high quality mulberry additives can be made as following
procedure: fresh mulberry fruits(l kg) — washed with 70% aqg. EtOH and
then ionized water — homogenized with anti-browning agents(0.1% citric
acid + 0.01% L-AsA) — squeezed with cheeze-cloth and then
centrifuged at 8,000 rpm for 10 min — supernatant — adjusted to 40 of

sugar/acid ratio — sterilization(85~90C) for 40 sec — mulberry juice —
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(added lactose) — spray dry(or freeze—-dry) & evaporated in vacuo (at 55
C) — mulberry additives powder(60 g, yield: 6%) or mulberry additives
extract(200 g, 40° Brix, yield: 20%)

6) To improve palatability and functionality of mulberry additives, water
extracts from four different medicinal plants, such as Corni
Fructus(Sansuyu), Lycii Fructus(Gugiza), Schizandrae Fructus(Omiza), and
Rubi Fructus (Bokbunza), which are well-known to have antioxidant and
antihyperglycemic activity, were added with mulberry additives, and their
sensory evaluation was performed by panelists. As a result, the mulberry
additives containing 2%(w/w) of three medicinal plant extracts and 0.2%

Schizandrae Fructus extract showed the best quality mulberry additives.

7) Changes in physico-chemical properties of mulberry additives were
investigated during storage at 5C and 25C. At 5C storage, souble solid
and acidity were slightly increased during storage. However, shelf
stability studies showed no microbial growth and stable pH, absorbance
and colorimeter value during storage. Additionally, sensory analysis
evaluated the mulberry additives at 5C storage did not any changes in
color, flavour and taste. In contrast, the changes of above
physico—chemical properties during storage at 25C showed greater
somewhat when compared to storage at 5C. Souble solid and acidity
were considerably increased at early storage, and then decreased slightly
at late storage. However, pH, absorbance and colorimeter value were
slowly decreased throughout storage. Sensory test revealed that the
quality of mulberry additives slowly declined from the first week of
storage, and especially flavour and taste except color greatly declined at
late storage. Thus, shelf life of mulberry additives considered to be

about one month at 5C storage.
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3. Preparation of high quality functional foods (granule tea, pill, capsule and

drink) using mulberry fruits

1) Prior to preparation of high quality mulberry granule tea, granule powder of
mulberry extract was first prepared from mulberry extract previously made,
with dilution of water(2:1, w/w), and then highly mixed with purified
glucose(4:, w/w). Six test samples of mulberry granule tea were made by
mulberry granule powder with addition of two sugars(sucrose and
oligosaccharide) and acid(citric acid & sodium citrate), and then organoleptic
test was carried out to choose the best formulation of mulberry granule tea.
As a result, the best quality of mulberry granule tea attained when mixedly
prepared with following materials: 81 g mulberry granule powder, 2 g
mulberry powder, 3.39 g sucrose, 1.0 g oligosaccharide, 5 g lactose, 6.3 g
L-ascorbic acid, 0.2 g citric acid, 0.01 g mulberry flavor, 1 g sodiumsilico—
aluminate(SSA).

Meanwhile, changes in  physico-chemical characteristics and
organoleptic test of mulberry granule tea were determined during storage
at bC and 25C. As a result, souble solid, acidity, pH and absorbance of
mulberry granule tea did not significantly change during at 5 €.
Additionally, organoleptic test revealed that there is no significant
changes in color, flavor and taste of granule tea during at 5C storage. In
contrast, souble solid slightly increased somewhat throughout storage, but
acidity increased slowly during storage, but pH decreased. "L" wvalue
decreased slowly, but "a" wvalue increased during storage, suggesting
some browning in granule tea occurred at late of storage. Sensory test
revealed that color, flavor and taste of granule tea did not nearly change
during three months of storage at 5C, while those of granule tea

incurred the disadvantages of palatability at late storage at 25TC.
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2)

3)

At first, several test samples of mulberry pills were made according to
following ratio; mulberry fruit powder:mulberry leaf powder:silkworm
powder =1;1;1, 2:1:1, and 3:1:1(w/w), prior to preparation of high quality
mulberry pill, and then organoleptic test was perform to choose the best
formulation of mulberry pill. Additionally, the first research result indicated
that the mixture pill composed of mulberry powder, mulberry leaf powder,
and silkworm powder, with ratio of 1:1:1(w/w), showed potent
anti—hyperglycemic activity in strepto— zotocin—induced diabetic rat. From
the two above results, the best quality of mulberry pill obtained when
prepared with following materials: 100 g mulberry powder, 100 g mulberry
leaf powder, 100 g silkworm powder, with glutinuous rice paste and ionized
water or without their addition.

Meanwhile, changes in physico-chemical characteristics and
organoleptic test of mulberry pills were determined during storage at 5C
and 25C. As a result, souble solid, acidity, pH and absorbance of
mulberry pills decreased slightly during at 5 C, but a conspicuous quality
changes did not occur. Additionally, organoleptic test revealed that there
1s no significant changes in color, flavor and taste of mulberry pills
during storage at 5C. In contrast, souble solid, acidity, pH and
absorbance considerably decreased throughout storage, but a significant
quality changes did not occur during storage at 25T. Additionally,
sensory test revealed that color, flavor and taste of granule tea did not
significantly change during the second months of storage at 25T, but

some disadvantages of palatability incurred at the third storage at 25C.

Mulberry capsule was made easily using the above formulation base of

mulberry pill because of similar material composition of mulberry pill and
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4)

capsule. So, several test samples of mulberry capsule were made with
addition of crystal cellulose and mannitol to basic mixture(mulberry fruit
powder: mulberry leaf powder:silkworm powder:crystal
cellulose:mannitol=1:1:1, w/w), and then organoleptic test was perform to
choose the best formulation of mulberry capsule. As a result, the best quality
of mulberry capsule was prepared when mixed with following materials: 10 g
mulberry powder, 100g mulberry leaf powder, 10 g silkworm powder, 50 g
crystal cellulose, 20 g mannitol.

Meanwhile, changes in physico-chemical characteristics and
organoleptic test of mulberry pills were determined during storage at 5T
and 25C. A similar quality changes also occurred in mulberry capsule.
There is no significant quality changes in mulberry capsule during
storage at 5C, while a considerable quality deterioration of mulberry

capsule incurred from the third months of storage at 25T.

Mulberry drink was made using high quality mulberry extract(containing
mulberry cake) previously prepared through control of quantity and
composition of sugar and acid. there is no significant difference in color
appearance of mulberry drink according to different kinds of sugars, but
the best quality of mulberry drink attained in mulberry juice added with
sucrose powder by organoleptic test. Additionally, the mulberry juice
added with pectin was much better, as compared to control. Several test
samples of mulberry drink were made with addition of sugar(sucrose and
oligosaccharide) and acid(citric acid & sodium citrate), and then organoleptic
test was carried out to choose the best formulation of mulberry drink. As a
result, the best quality of mulberry drink attained when prepared with
following materials: 20 g mulberry extract(containing mulberry cake), 7.35

g aqueous fructose, 5.5 g sugar, 0.15g citric acid, 0.05 g sodiumcitrate,
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0.023 g pectin, 0.12 g mulberry flavor(KMC-1087), 66.807 g D-H»0].
Meanwhile, changes in physico-chemical characteristics and
organoleptic test of mulberry drinks were determined during storage at
5C and 25C. As a result, souble solid, acidity, pH and absorbance of
mulberry drinks did not nearly change during at 5 C, while souble solid
and acidity increased slightly, but pH and absorbance decreased
somewhat during storage at 25C. Additionally, organoleptic test revealed
that there is no significant changes in color, flavor and taste of mulberry
drinks during storage at 5C. In contrast, flavor and taste except color of
mulberry drinks decline slightly from the third months of storage at 257T.
Therefore, addition of natural food additives or synthetic additives in

mulberry drinks is required to keep the best quality during storage.
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Table 1. Composition of experimental diets. (g/kg diet)
DM- DM- DM- DM- DM- DM- DM-

Groups Normal” DM” ) ops 150 5p5 s 05p? 1Y op”
PRredients 698 693 693 688 678 6955 693 633 678
Casein 150 150 150 150 150 150 150 150 150
DL-methionine 2 2 2 2 2 2 2 2 2

Salt mix 40 40 40 40 40 40 40 40 40
Vitamin mix 10 10 10 10 10 10 10 10 10
Corn oil 50 50 50 50 50 50 50 50 50
Cellulose 50 50 50 50 50 50 50 50 50
Mulbe

extrac?y - - g 10 20 - - - -

Mulberry peel - - - - - 25 5 10 20

Total(g) 1000 1000 1000 1000 1000 1000 1000 1000 1000

"Normal: no supplementation mulberry fruits extrct or peel
DM: no supplementation mulberry fruits extrct or peel
YDM-05E: 0.5% supplementation mulberry fruits extract
YDM-1E: 1% supplementation mulberry fruits extract
YDM-2E: 2% supplementation mulberry fruits extract
YDM-0.25P: 0.25% supplementation mulberry fruits peel
"DM-05P: 0.5% supplementation mulberry fruits peel
YDM-1P: 1% supplementation mulberry fruits peel
YDM-2P: 2% supplementation mulberry fruits peel
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Table 2. Composition of experimental diets. (g/kg diet)
Groups

_ Normal" DM” DM-0.3F”  DM-0.6F"

Ingredients

Corn starch 698 698 695 692
Casein 150 150 150 150
DL-methionine 2 2 2 2
Salt mix 40 40 40 40
Vitamin mix 10 10 10 10
Corn oil 50 50 50 50
Cellulose 50 50 50 50
Mulberry fruits - - 3 6
Total(g) 1000 1000 1000 1000

"Normal: no supplementation mulberry fruits powder
YDM: no supplementation mulberry fruits powder
YDM-0.3F: 0.3% supplementation mulberry fruits powder
YDM-0.6F: 0.6% supplementation mulberry fruits powder

3) AAAtE ] Hbel wel £ Alxd Ed AJAAZAEY)

TEAYS AT, @ 2 WPor AAsen HAILS Table 3730

0
group), 7ol & 0.3% 5493 (S group), LY 0.15% < #Y 015%= &
et gof 3 H(FM group), LA 0.15% <k Foll 0.15%S E3ste] 39
& (FS group) ¥ o] #AEE 0.1%, ¥ 01% = Foll 01% A Zrzh E3}sto]
Fo3a F(FMS group) 5 2ZF 109g]® 702 itk 7el 248 A%(1) 2
)¢} sdstAl AAlsRA

_70_



Table 3. Composition of experimental diets.

(g/kg diet)

' Groups DMV = e g M FS®?  FMS”

Ingredients

Corn starch 698 695 692 692 692 692 692
Casein 150 150 150 150 150 150 150
DL-methionine 2 2 2 2 2 2 2
Salt mix 40 40 40 40 40 40 40
Vitamin mix 10 10 10 10 10 10 10
Corn oil 50 50 50 50 50 50 50
Cellulose 50 50 50 50 50 50 50
Mulberry fruits - 3 - - 15 15 1
Mulberry leaves - 3 - 15 - 1
Silk worm - - - 3 - 15 1
Total(g) 1000 1000 1000 1000 1000 1000 1000

"DM: no supplementation sericultural products powder
F: 0.3% supplementation mulberry fruits powder

IM: 0.3% supplementation mulberry leaves powder

13:0.3% supplementation silk worm powder

Lf)FMi 0.15% supplementation mulberry fruits powder + 0.15% mulberry leaves powder

9FS: 0.15% supplementation mulberry fruits powder + 0.15% silk worm powder

FMS: 0.1% supplementation mulberry fruits powder + 0.1% mulberry leaves powder + 0.1% silk worm

powder

=
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| wE
AR, @) 2 Q) Z& YYo=
Z(DM), 0.3% v F
T(S), 0.15% 2H + 0.15% %<
Fo T (FS), 01% 29 + 01%

0.6% ¥ + 0.6% Fol €& F
of & Fol(4FLS)
@2 = 3 54

€ (F), 0.3% %

Ho]

A 2415
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Table 4. Composition of diets in experiment groups. (g/kg diet)

, Grows pp B 0 0 p? FSY FLS? SFLSY 4FLSY

Ingredients

Corn starch 693 695 695 695 695 695 695 695 695
Casein 150 150 150 150 150 150 150 150 150
DL-methionine 2 2 20 2 2 2 2 2 20
Salt mix 40 40 40 40 40 40 40 40 40
Vitamin mix 10 10 10 10 10 10 10 10 10
Corn oil 50 50 50 50 50 50 50 50 50
Cellulose 50 50 50 50 50 50 50 50 50
Mulberry fruits - 3 - - 15 1.5 1 1.8 2.4
Mulberry leaves - - 3 - 1.5 - 1 0.6 0.3
Silkworm powder - - - 3 - 15 1 0.6 0.3
Total(g) 1000 1000 1000 1000 1000 1000 1000 1000 1000

DM : Injection of streptozotocin + no supplementation mulberry fruit or mulberry leaves or
) silkworm powder
YF : Injection of streptozotocin + 3g(3%) mulberry fruits
I, : Injection of streptozotocin + 3g(3%) mulberry leaves
'S Injection of streptozotocin + 3g(3%) silkworm powder
YFL : Injection of streptozotocin + 1.5g(1.5%) mulberry fruits + 1.5g(1.5%) mulberry leaves
SRS : Injection of streptozotocin + 1.5g(1.5%) mulberry fruits + 1.5g(1.5%) silkworm powder
PFLS : Injection of streptozotocin + 1g(1%) mulberry fruits + 1g(1%) mulberry leaves
+ 1g(1%) silkworm powder

93FLS : Injection of streptozotocin + 1.8g(1.8%) mulberry fruits + 0.6g(0.6%) mulberry leaves
+ 0.6g(0.6%) silkworm powder

Y4FLS : Injection of streptozotocin + 2.4g(2.4%) mulberry fruits + 0.3g(0.3%) mulberry leaves
+ 0.3g(0.3%) silkworm powder

. oy 9 7]

A&7 g F EBS e olEl2 vk shel A
2Wgauge FAVIE BE YEuozny Pl Adste] AeolA 3087 WA
T 1500xgel A 2087 QiR ete] 24 Beste] BHAAX BTN WE
woelt 2o AAR F 24 47158 Axad g A5 A3 F Ao}
AR FBE ARG TAE 243 F oA da

aF At

A F =2 ofakA2F(Asan Co. Korea)9l enzymatic kit AM 201KE AF-&3}4

500nmel B A A =3}l o}
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1) HMG-CoA reductase &4 =4
7FZ Ao A microsimes ®# 3% v Hulcher 5(1973)2] H
AHE-3F A Tk
2) =AAA At a3 &4
HzA W SARY 2HS FF g M 93 kit (Asan Co. Korea)E A&
3l 550nmoll A FF=E FAHSY FAAY T=E ALFsh
23 =4
Ao o] &k kit (Asan Co. Korea)ES A}

4) AW S4AY 54

AW AL SAHLS £F aavAYe o3

o] 550nmellA FHEE FAS A TAAY TEE Aitdth W S 2
= Z2AHL ZF aav A 93 kit (Asan Co. Korea)E AF&3lo] 500nmolA &
s =43t 24 FY2HE FEE AASOH

i
m)\
oxl

o] 29% dextron sulfate$} 1M MgCl, A (1 : 1)

=45 st
AN82 582 93 Kit (Asan co. Korea)S AF&3}9]

HDL-Z# ~H =
3l LDL-Z | 2~ H &2 Friedewald 2l{Total cholesterol

& 7hekel 1 AEds
THEE 4
o]t AAFSFAL, atherogenic indexi= {Total

500 nmeol A
(HDL cholesterol + TG/5)}el
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cholesterol - (HDL cholesterol)/ HDL cholesterol} 2] © & AF&3kt},

sttt

2) Carbonyl value & =3

o] Abstdl @A o] FHEEe Levin 5(1986)° Wiiel whet

O{N

7t A 9] microsome

A

3) TBARS &% 54
WAksAld 542 SatohH(1978)= o] &3ttt

SOD @42 ¢zl AHel A pyrogallol®] As4bste]  ofgh WS o] 83t
Marklund®} Marklund®] W (1974)9 uhe} =4}t

3) Catalase 84 =4

b2 2 9] catalase EAH 2 Aebi 59 WH1974) o2 ZAH3A U
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ol 231 7]x¢l Activated partial thromboplastin times & Thrombin times<]

Z4e oot kits ol et ZAae

A w3

7t Algo wdmdere FFE 07 hovine serum albuming AFESIRow, ZF &
2o @b AL Lowry W (19515 o] &3] A w3t

2} & A A 2

BE Ad A did SAAHYE 24 APEE FaAelrt lEvke ASsE]
9J3te] #AHEAI(ANOVA H5)S Fdstalon, #iHAlel Ax fro)do] e
3G 7] ok Tukey's-HSD test(1988)e <& #2313 th.
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A 34 Ay @ 1z

1. LYFEE9 AL 5% (in vitro)
7} #F 232 glucose-6-phosphatase A3 &4

1 Avf A GE o] Weks FEE9 glucose-6-phosphatase A3l &4 W

4% w QA of Wge FEBY FYn ZAE 271909
s g4e =435 Ax (Table 5.) 20mg/mls ol A Al

glucose-6-phosphatase #|

Aefol we feHel Aol Gt

Table 5. Comparative of glucose-6-phosphatase impediment activity of

mulberry fruit methanol extract.
Mulberry fruit from Yong-chun

Mulberry fruit from Sang-ju

Concentration
(mg/ml) (%, Inhibition) (%, Inhibition)
20 41.16+4.83N° 44.36+4.43
al

£ 9] glucose-6-phosphatase # 3 &4 H]
o] gy 93t glucose-6-phosphatase Asi&AS =A3 Ai:e (Table 6.)

20 mg/mlEs oA WEe 20% FE=Eo] thi %

Table 6. Comparative of glucose-6-phosphatase impediment activity of

mulberry fruit methanol fraction.

Corgff{@tr;?)ﬁon 10% MeOH fr.  20% MeOH fr. 40% MeOH fr. 80% MeOH fr.

20 31.56+3.55™ 38.87£3.09 33.07+2.69 32.30+4.41
10). Values within a column with different superscripts are significantly

2 FFES Diaion HP-20 C.C.ol 9f&l &5 47H4

All values are mean=SE (n
different each group at P<0.05 by Tukey's test. ‘2.t

8 =(10%, 20%, 40%, & 80% MeOH fr.).
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1}, a-Glucosidase inhibition

1) e g o] wee F&E 9 a-glucosidase inhibition W] X

gdxd 2D AFor Wee FEE9 a-glucosidase inhibitiong 1,5,10,20 mg/mle] &
SO A Has AT Table 7.7 o] ¥ %7t Z7 842 =2 AP S VEIUY

Lol mlste] eyl QojM e A=t wokort Fo Al Aol

Table 7. Comparative of a-glucosidase inhibition of several sericultural

product.
Concentration Inhibition(%6)

(me/mD) Mulberry fruit Mulberry fruit

mesm from Youngchun from Sangju
1 14.86+0.68 ! 12.92+2.04!
5 21.02+1.94 P! 17.24+1.51"!
10 21.18+1.80 P! 16.51+1.46>*
20 28.04+0.76 ! 27.65+0.61*!

All values are mean * SE(n=10). values within a column with(a,b,c,d) and a row with(1,2,34)
different superscripts are significantly different at P<0.05 by Tukey's test.

2) ot e E3E9 n-glucosidase A& &3} Bl

ey wee F8E(10%, 20%, 40% 2 80%)= 1, 5 10 mg/m= =& & st
n-glucosidase inhivitione H|x3 A3} Fig. 1.7} o] 10%, 20% % 40%°l A= &
E=7h 7 g5 AsiEol =A vUEsen, 80%+= frelAel Aol glleu wt
A AEE e of Wes E9E 7He] HlaeA e 10% wEE £ E
o] 20%, 40% % 80% wWEE =0 Hlgte] FYHORE L& A &S HEY

I
At

it
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= =& = 10% MeOH fr.
—{F—20% MeOH fr.
- ~& - 40% MeOH fr.
—@®— 80% MeOH fr.

o~ -
(/JBQ4O b1 a1
e
T C - _-—;
58630 | I R
2 9= -
s 33 & -
2520 ;_.-" az
[
= ) , b2 == A
b, c, - -
10 .23 b? o m m ow bs'
O NS.3 | 2 |
10 20 30 40

concentration(mg/ml)

Fig. 1. Comparative of a-glucosidase inhivition of mulberry fruit methanol

fraction
All values are mean * SE(n=10). values within a column with(a,b,c,d) and a row with(1,2,3,4)
different superscripts are significantly different at P<0.05 by Tukey's test. NS @ Not significant.

o} # FE4 microsome A& #AksE oA 2HE-

D Au AdE of e FE5E9 Adatst 94 a3 v

A D AT oy HEEFEE9 4kt 95 dolrVYeE FH I rlelaRE
A3} (Table 8.) 10mg/ml &%=oA 7}

=2 kst a5 Yeldidlow JHobe) AFey 11 Aol AL gl

Table 8. Control of lipid peroxidase of mulberry fruit methanol extract in
hepatic microsome from cultured area.

. Mulberry fruit Mylberry fruit
Concentration ¢ v 0 ¢ S ]
rom oung-—cnun rom oang-ju
(mg/ml) . g. . .g. :
(%, Inhibition) (%, Inhibition)
1 309.35+9.48"" 18.74+5.75"
5 69.10+3.09*" 65.80+1.25"!
10 74.13+4.88"! 71.51+3.90
20 72.03+1.47* 65.24+2.39*

All values are meantSE (n=10). Values within a column(ab,c,d) and a row(1,2,3,4) with different

superscripts are significantly different at P<0.05 by Tukey's-HSD test.NS : Not significant.
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2E oY 3 10mg/mlsEelA # ZF microsome A &A= =
H, %A 53] 40% HES EFEA 10%, 20% % 80% HES EFEHT}
ol

A EHF felAew wolA Fs Bo] 40% WEE EHo| wo| EAs:

= == =10% MeOH fr.
] e 20 % MeOH .
100 1 = =A= =40% MeOH fr.
el 30 % MeOH fr.
80 r
€ 60
c
S
S 40
=
<
20 r
0
1 5 10 20
Concentration (mg/ml)

Fig. 2. Comparative of control of lipid peroxide of mulberry fruit methanol
fraction in hepatic microsome.

All values are mean *+ SE(n=10). Bars(ab,c,d) and row(1,2,34) with different letters are significantly different at

p<0.05 by Tukey's test. NS : Not significant. "] W& F&E9 diaion HP-20 cc.oll 3% 4714 £3&

(10%, 20%, 40%, 80% MeOH fr.).

2}, Activated partial thromboplastin time(APTT) & Thrombin times
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630
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420
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280
210

Time (sec)

140 —m— Young—chun
n0or - =& Sang-ju

0.1 0.5 1 (mg/ml)

Fig. 3. Comparative of Activated partial thromboplastin time(APTT) of

mulberry fruit methanol extract from cultured area.
All values are mean *+ SE(n=10). Bars(ab,c,d) and row(1,2,34) with different letters are significantly different at
p<0.05 by Tukey's test. NS : Not significant. "] W& F&E9 diaion HP-20 cc.oll 3% 474 £3&
(10%, 20%, 40%, 80% MeOH fr.).

Table 9. APTT of methanol fraction of mulberry fruit.

Concentration 10% MeOH fr. 20% MeOH fr. 40% MeOH fr. 80% MeOH fr.

(mg/ml) (sec)
0.1 372.95+21.57**  500.75+15.06™  433.20+23.20""  727.80+26.40™"
1.0 412.07+47.23**  292.03+28.69"°  350.30+37.01°**  927.50+25.70""
10 395.00+26.03**  289.25+9.40™  626.30+31.60™'  499.20+29.00°"
20 201.60+4.20°%  255.03+15.04°  405.80+39.80""*  395.70+27.70**

All values are mean+SE (n = 10). All values are meantSE (n = 10). Values within a column(a,b,c,d)
and a row(1,2,3,4) with different superscripts are significantly different at P<0.05 by Tukey's-HSD
test.NS : Not significant.

7} ATH(Table 10.). 93 2t]<} 4

Lol A 7 e RESAIES YERSl e, A d=
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FF A @Y7 Img/ml 5204 10% oA o® Eekor 1 e H]
&t At
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Table 10. TT of methanol extract of mulberry fruit from cultured area.

Concentration  Mulberry fruit from Young—-chun  Mulberry fruit from Sang-ju

(mg/ml) (sec)

0.1 67.97+4.07™" 73.33+£3.91™1
1 72.47+3.82"1 79.60+0.82°
10 81.50+2.48%! 79.70+6.90"
20 67.50+3.57"! 69.50+5.96"

All values are mean+SE (n = 10). All values are meantSE (n = 10). Values within a column(a,b,c,d)
and a row(1,2,3,4) with different superscripts are significantly different at P<0.05 by Tukey's-HSD

test.NS : Not significant.

4) ot Wgs #2=9 TT Hli
oy w8 TT AFZA%= 10% +9= 0.5mg/mls=ol A 2w (629%) Kot
SAIZE YEF AT 209, 40%, 80% w8 =%

\")
e}
X
N
S
i)
,i
N
)
o3l
K
rlo
rUﬂ

90 r al
60 |
[0}
w
©
E
— 30 +
- -10% —{1—20%
- -k - 40% —@—80%
O J

0.1 0.5 1 (mg/mi)

Fig. 4. Comparative of Thrombin times of mulberry fruit methanol

fraction.
All values are mean + SE(n=10). Bars(a,b,c,d) and row(1,2,34) with different letters are significantly different at

p<0.05 by Tukey's test. NS : Not significant. “©.t] WME-S F3E59] diaion HP-20 c.c.ol £ 4714
38 5(10%, 20%, 40%, 80% MeOH fr.).

v}, Soybean lipoxygenase(SLO) A8 &3}

) A Al oy MEgs 222 SLO AsidA Ml
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erlFEE Y

vitro assay A|2~ElS o] &3] o] Auix|dgd SLO AHfBAES =H

ofN

A8 Yol H 312}k soybean lipoxygenase (SLO)E AF&3F in
A=
Table 11.7 2tk @H e FFeH 25 Img/mls=olA 247} 59.76% = 52%
o] SLO A& YE AT

%

Table 11. Impediment activity of SLO of methanol extract of mulberry

fruit from cultured area.

Concentration( Mulberry fruit from Young-chun Mulberry fruit from Sang-ju
mg/ml) (%, Inhibition) (%, Inhibition)
0.1 34.33+3.00*" 41.00£2.65™"
1 59.76+3.60"" 52.00+3.49""
10 28.66+3.60*! 19.33+3.08°

All values are mean+SE (n = 10). All values are mean+SE (n = 10). Values within a column(a,b,c,d)
and a row(1,2,3,4) with different superscripts are significantly different at P<0.05 by Tukey's-HSD
test.NS : Not significant.

Aol At 53] 40% Wete FFEo] 10 mg/mls =l 55%<] SLO A& 24 &
o}

oA FES BEES 0% EE E80 Bo] EAdte Aow Bk

75

® 50 1

C

S

=

S

ey

c 25 —
—e— 10% MeOH fr
- -20% MeOH fr
—a—40% MeOH fr
—eo—80% MeOH fr

(m g/m)

Fig. 5. Comparative of Soybean lipoxygenase(SLO) Impediment activity

of mulberry fruit methanol fraction.
values are mean * SE(n=10). Bars(a,b,c,d) and rows(1,2,3,4) with different letters are significantly
different at p<0.05 by Tukey'’s test. NS : Not significant.

All
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v}, DPPH radical scavenging activity

Table 12. DPPH radical scavenging activity of methanol extract of
mulberry fruit from cultured area.

Inhibition (%)

Concentration(

Mulberry fruit from Mulberry fruit from
mg/mé) Young-chun Sang-ju

1830 + 3.02% 1864 + 567

5 55.77 + 1.06 68.78 + 1.03*!

10 7049 + 1.86™ 7214 + 2.14*

20 61.90 + 1.06™ 57.83 + 0.87"

30 5864 + 155" 5241 + 1.57%

40 54.03 + 1.23% 51.39 + 2.61°!

All values are meanzSE (n = 10). All values are meanzSE (n = 10). Values within a column(a,b,c,d)
and a row(1,2,3,4) with different superscripts are significantly different at P<0.05 by Tukey's-HSD
test.NS : Not significant.

P oY Wge FIEZHE Ao 471 EFE9 T Aolo] o3 DPPH
radical £&&S =243 A3 (Fig. 6) 10mg/ml =X 40% 3 &9 EZFo
7288% % 7+ =2 @4S JYEUdth mEbA radical &7 H 2 40% HIEHE
g2 M Bol EAstE As & F dow ol g F It molamF Y A
Axpakel oA a37) 40%mere B EA g gt e A A se] Al

3 Bo] 40% WEe BB £ oS AAET
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100 = m mi0% MeOH fr
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<:: 80 a1 ™ M ma0% MeOH Ir
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Fig. 6. Comparative of DPPH radical scavenging activity of mulberry fruit
methanol fraction.

All values are mean * SE(n=10). Bars(a,b,c,d) and rows(1,2,3,4) with different letters are significantly
different at p<0.05 by Tukey's test. NS : Not significant.

2. 04 H e FE=0 WYL 5w

5E

dId% &% (in vitro)

7} # 7tx7) glucose-6-phosphatase A& 24

) AEEAR T OFEE OFA O dEy FEE, Y EFFEE)9
glucose-6-phosphatase A& 24 W]u
2 2 AAEA FEHEO glucose-6-phosphatase As]EA S Wuwd Az

Table 133 Zth 20 mg/ml sElA 37HA &5 T o & FE5=3 7o

FEE Asj&ol Hien ol dF FEE2 i EUH

B>

Table 13. Comparative of glucose-6-phosphatase of several sericultural

products.
Inhibition (%)
Concentration
(mg/ml) . ]
Mulberry fruit ectract Silkworm extract Mulberry leaves extract
20 41.16 + 2.83° 39.28 + 255 29.80 + 2.64"

All values are mean+SE (n = 10). All values are mean*SE (n = 10). Values within a column(a,b,c,d)
and a row(1,2,3,4) with different superscripts are significantly different at P<0.05 by Tukey's-HSD
test. NS : Not significant.

Y. a-Glucosidase &4
1) A=A a-glucosidase Asl&A B

oY & FE2E, 7ol d FEE R BY I FE2E2 1,5 10, 20 mg/mlE F
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Table 14. Comparative of f-glucosidase inhivition of several sericultural

products.
Concentration Inhibition(96)
Mulberry fruit Silkworm Mulberry leaves
(mg/ml)

water extract water extract water extract
1 14.86+0.68°" 31.06+0.37 27.34+0.44*
5 21.02+1.94° 32.80+0.25"" 29.05+0.64™
10 21.18+1.80™° 33.22+0.38"! 29.62+1.76™
20 28.04+0.76* 34.23+0.58*! 30.55+1.54%

All values are mean * SE(n=10). values within a column with(ab,c,d) and a row with(1,2,34)
different superscripts are significantly different at P<0.05 by Tukey's test. NS : Not significant.

oY = FEEF ol d FEEo £dv S wE Hlu= Table 159432t

e & FEEY 7o € FEE £FES 1,5 10, g/mE FEE 9t o
—glucosidase inhivitionS B3t 23 w27} Z7F 42 Asfso] =4 eyttt
g Eoll ot v E 2 E FEEd 7o € FEEY £F vEs T
7V AAFE AdEo]l & Ao Uewoen 53 oY & FEE1 ol dF
FE23 9 EF v &AM AsEo] 7H =2 AR YEH oY F9AQ Aol
;AT
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Table 15. Comparative of a-glucosidase inhivition with different mixing
ratio of silkworm water extract.

Concent Inhibition (%)
ration

29I:F0  2f3Feoll  fliFoll  LuliFd3 2f0iFell
(mg/ml)

1 14.86+0.68""  26.03+0.26™  29.67+0.20"*  31.61+0.81"'  31.06+0.37™
5 21.0241.94%%  2451+1.01°*  33.21+0.79*"  34.06+0.79%!  32.80+0.25!

10 21.18+1.80™  29.82+0.04*°  32.81+1.51* 35.01+2.08™1  33.22+0.38"*

All values are mean * SE(n=10). values within a column with(ab,c,d) and a row with(1,2,3,4)
different superscripts are significantly different at P<0.05 by Tukey's test. NS : Not significant.

3) Wl A FEE £ v &9 93 a-glucosidase AHEA H]w
Y & FEEY AAEE ¥ A4 FEE EH| &0 wE H]alE Table 16

% ogn v & F3EW U 95 FEEY E

ot

=S 1,5 10, ig/m= §E&

Table 16. Comparative of a-glucosidase inhivition with different mixing
ratio of mulberry leave water extract.

Concent- Inhibition(%)

rarion Mulberry fruit 1 @  Mulberry fruit 3 : Mulberry fruit 1 : Mulberry fruit 1 :  Mulberry fruit 0 :
(mg/ml) Mulberry leaves 0  Mulberry leaves 1 Mulberry leaves 1  Mulberry leaves 3  Mulberry leaves 1

1 14.86+0.68>"  23.49+0.15™°  26.10+0.34>%  27.09+0.32"!  27.34+0.44>
5 21.02+1.94*  2971+0.85™  32.80+0.74*"  32.92+0.42*'  29.05+0.64"°
10 21.18+1.80*°  24.12+1.79"°  30.59+1.13%*  33.90+1.34*'  29.62+1.76™*

All values are mean * SE(n=10). values within a column with(a,b,c,d) and a row with(1,2,3,4)
different superscripts are significantly different at P<0.05 by Tukey's test. NS : Not significant.

o} # 7+%A microsome A A FHALE A A Z-g
1) FAEAQY EFEE, Fo 95 FE2E, 2o d5F25)9 FH 1t vlolazE

_86_



EMulberry fruit water extract
B Silkworm water extract
OMulberry leaves water extract
100 r v

Inhibition(%)

E—

20
Concentration(mg/ml)

Fig. 7. Comparative of Control of lipid peroxide of several sericultural
product.

All values are mean * SE(n=10). Bars(ab,c,d) and rows(1,2,3,4) with different letters are significantly

different at p<0.05 by Tukey's test. NS : Not significant.
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A=Fruit 100 : Silkworm 0
B=Fruit 75 : Silkworm 25
C=Fruit 50 : Silkworm 50
D=Fruit 25 : Silkworm 75
E=Fruit 0 : Silkworm 100

100
a
80 a ab
c m- - - _ _ ab
2 60 - ""i~--- b
Q - - -
= -~ -1
£ 40
20
0
A B C D E

Fig. 8. Comparative of Control of lipid peroxide with different mixing ratio

of silkworm water extract.
All values are mean * SE(n=10). Bars(ab,c,d) with different letters are significantly different at

p<0.05 by Tukey's test : Not significant.
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= T433% % oAl Abol= gl

Table 17. Comparative of Control of lipid peroxide with different mixing
ratio of mulberry leave water extract.

Mulberry fruit(%) : Mulberry leaves(%) Inhibition (%)
Mulberry fruit 100 : Mulberry leaves 0 74.13+4.88™
Mulberry fruit 75 : Mulberry leaves 25 72.09£7.89
Mulberry fruit 50 : Mulberry leaves 50 69.54£9.70
Mulberry fruit 25 : Mulberry leaves 75 62.75+9.71
Mulberry fruit 0 @ Mulberry leaves 100 74.33+1.07

All values are meantSE(n=10). Values within a column(ab,c,d) with different superscripts are
significantly different at P<0.05 by Tukey’'s-HSD test. NS : Not significant.

2}, Activated partial thromboplastin time(APTT) & Thrombin times(TT)

D Ad=ded = 28, 7o €5 FE=, T4 4 FE2)9 APTT & TT



420 1 ad O Mulberry fruit water extract
' Silkworm water extract
350 a1 a,1 b2 OMulberry leaves water extract
80 ¢ -
(&)
&
< 210 r
£
= 140 -
c,3
70 c:3
O I
0.1 0.5 Concentrdtion (mg/m)

Fig. 9. Comparative of Activated partial thromboplastin time(APTT) of

several sericultural product.
All values are mean * SE(n=10). Bars(a,b,c,d) and rows(1,2,3,4) with different letters are significantly
different at p<0.05 by Tukey's test. NS : Not significant.
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A control #kel dial doidoe=z wlwd A3 Fig. 103 ol Y & FEE
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300 A =Fruit 100 : Silkworm 0
B = Fruit 75 : Silkworm 25 a
250 © C=Fruit 50 : Silkworm 50 i
D = Fruit 25 : Silkworm 75
o= 200 [ E-Fuit 0 :Sikworm 100 .
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Fig. 10. Comparative of APTT with different mixing ratio of mulberry

fruit water extract and silkworm water extract.
All values are mean +* SE(n=10). Bars(a,b,c,d) and rows(1,2,3,4) with different letters are significantly
different at p<0.05 by Tukey'’s test. NS : Not significant.

3) B A FEE &3 vE&d 93t APTT H|u

ol AdAR er]el WoloA 71 APTTEAo] =& »u 2 H| & o7 2 o]A
control Zkell i3]l AdlFez wws Az} Fig 11.3 Zo] ot & FEE

(0.lmg/ml) 100%(A) Bt} # A5 F=E9 HIbEo] S7hEa5 247 78%(B),

526%(c) B 945%(D)# wWk-g-A| o] fFeo]H o Frhe AT

350 [ A =Frit 100 : Leaves 0 a
300 r B = Fruit 75 :Leaves 25
C = Fruit 50 :Leaves 50
250 r D = Fruit 25 :Leaves 75
©x® 200 - E=Fruit 0 :leaves 100
=
o L
2E 150
100
50 r
O |
A B C D E (%)

Fig. 11. Comparative of APTT with different mixing ratio of mulberry fruit

water extract and mulberry leave water extract.
All values are mean * SE(n=10). Bars(a,b,c,d) and row(1,2,3,4) with different letters are significantly
different at p<0.05 by Tukey's test.
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Fig. 12. TT of several sericultural products.
All values are mean * SE(n=10). Bars(a,b,c,d) and rows(1,2,34) with different letters are significantly
different at p<0.05 by Tukey's test. NS : Not significant.
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A = Fruit 100 : Silkworm 0
B = Fruit 75 : Silkworm 25
200 1 C = Fruit 50 : Silkworm 50
O~ a D = Fruit 25 : Silkworm 75
S® 150 H--. E =Fruit 0 : Silkwggm 100
SGE) -..ﬁ...___*i___ C.______.
®) = 100 r
050 r
000
A B C D E (%)

Fig. 13. Comparative of TT with different mixing ratio of mulberry fruit

water extract and silkworm water extract.
All values are mean * SE(n=10). Bars(ab,c,d) and rows(1,2,3,4) with different letters are significantly
different at p<0.05 by Tukey's test. NS : Not significant.

6) B A FE=o EF vl 7 TT v

A APAT ek BelA g TTRAC] ¥ HES HEHoZ oA

1.60 r
a
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2% O— v
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52 080 r B = Fruit 75 : Leaves 25
o E C = Fruit 50 : Leaves 50

0.40 D =Fruit 25 :Leaves 75

E = Fruit 0 :Leaves 100
0.00 :
A B C D E (%)

Fig. 14. Comparative of TT with different mixing ratio of mulberry fruit

water extract and mulberry leave water extract.
All values are mean * SE(n=10). Bars(a,b,c,d) and rows(1,2,34) with different letters are significantly
different at p<0.05 by Tukey'’s test. NS : Not significant.
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v}, Soybean lipoxygenase(SLO) A3l &3}

D Ad=ded = 28, 7o €5 3=, $4d d57E8)9 SLO A3 24

ey = F=E, 7
SLO A& &S vagt 2= Fig. 16.9F 2vh FEE2 SLO AsfjAlz & &
g2 9= NDGA (nordihydroguareatic acid)(100% A &f: =84 A <)Eh SLO A
& o] Bk AIN 1 mg/ml sEoA 2t B FEFES 50.76%, B8 dFFEES

54.40%, 183 7o 45 FEES 19.92%4 747 Adgs & & Al

OMulberry fruit water extract
80 al B Silkworm water extract
o | a,’ OMulberry leaves water extract
X
= b,1
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g 07
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Fig. 15. Soybean lipoxygenase(SLO) Impediment activity of several

sericultural products.
All values are mean + SE(n=10). Bars(a,b,c,d) and row(1,2,3,4) with different letters are significantly
different at p<0.05 by Tukey's test.
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A = Fruit 100 : Silkworm 0
B = Fruit 75 : Silkworm 25
C = Fruit 50 : Silkworm 50
D = Fruit 25 : Silkworm 75
E = Fruit 0 : Silkworm 100

inhibition(%)
S
o
)
]
1]
]
1
]

Fig. 16. Comparative of Soybean lipoxygenase(SLO) Impediment
activity with different mixing ratio of mulberry fruit water extract
and silkworm water extract.

All values are mean + SE(n=10). Bars(a,b,c,d) and row(1,2,3,4) with different letters are significantly
different at p<0.05 by Tukey's test.

A3} Table 18.3 o] 2t] 100% du Aaf A& 59.76%, 22 100% Y W=
544% = A<l zkol= AT

Table 18. Comparative of Soybean lipoxygenase(SLO) Impediment activity
with different mixing ratio of mulberry fruit water extract and
mulberry leave water extract.

Mulberry fruit (%) : Mulberry leaves (%) Inhibition (%)
Mulberry fruit 100 : Mulberry leaves 0 59.76 + 3.48"
Mulberry fruit 75 : Mulberry leaves 25 4263 + 3.69°
Mulberry fruit 50 : Mulberry leaves 50 2573 + 1.97°
Mulberry fruit 25 : Mulberry leaves 75 1595 + 2.23¢
Mulberry fruit 0 : Mulberry leaves 100 5440 + 4.18°

All values are mean+SE (n = 10). All values are meantSE (n = 10). Values within a column(a,b,c,d)
and a row(1,2,3,4) with different superscripts are significantly different at P<0.05 by Tukey's-HSD
test.NS : Not significant.

v}, DPPH radical scavenging activity.

D FAEARY & FE25 7 94 F525, B 94 F55)9 DPPH A& &
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o @ ZFAAEFEZE DPPH radical 24 L =A% Z3 (Table 19) &
X0
[e}

o

M

M b math G4Ed 12 Mage W 29 g

rn

o] 10mg/ml

&5 AHel&o] 76.19% % 7HE =gt

Table 19. DPPH radical scavenging activity of several sericultural

products.
Concentrai Acavenging activity (%)
on (mg/m¢) Mulberry extract Silkworm extract Mulberry leaves extract
1 1830 + 3.02% 14.85 + 7.19% 19.45 + 3.03%
5 55.77 + 1.06%° 5747 + 0.90"* 72.05 + 0.99"
10 7049 + 1.86*° 68.14 + 3.85*° 76.19 + 0.50*
20 61.90 + 1.06" 53.45 + 3.25b*,S 7170 + 357!
30 5864 + 1.55™” 4062 * 1.91° 66.28 + 2.35"
40 54.03 + 1.237 4475 + 1.91%° 58.72 + 1.68%

All values are mean+SE (n = 10). All values are meantSE (n = 10). Values within a column(a,b,c,d)
and a row(1,2,3,4) with different superscripts are significantly different at P<0.05 by Tukey's-HSD
test.NS : Not significant.

2) ol @ FEE9 &% vl&ol ¢¢ DPPH x2&4d v
oY B FEEY IHEA(T dF FEE 2 ¥ 5 FEE)S V&R
DPPH radical =284 & =43 23 (Table 2

0) 10mg/m¢ FEolA ot & FEE
5% Foll A4 FEE 25%2] TR & Asj&o] 7T382% = 7 29Ut =

o,

f

Table 20. Comparative of DPPH radical scavenging activity with different
mixing ratio of mulberry fruit water extract and silkworm water

extract.

Mulberry fruit (%) : Silkworm (%) Scavenging activity (%)
Mulberry fruit 100 : Silkworm 0 70.49 + 1.86°
Mulberry fruit 75 : Silkworm 25 73.82 = 0.64%
Mulberry fruit 50 : Silkworm 50 71.46 + 0.227°
Mulberry fruit 25 : Silkworm 75 69.38 + 1.83
Mulberry fruit 0 : Silkworm 100 68.14 + 3.85

All values are mean+SE (n = 10). All values are mean=SE (n = 10). Values within a
column(a,b,c,d) and a row(1,2,34) with different superscripts are significantly different at P<0.05 by
Tukey's—HSD test. NS : Not significant.

3) Bl d FE=9 9 vlEol wE DPPH A3 &4 vl
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4o,

or] B #%gy W 95 F229 £F vgdl weh DPPH £3842 34
@ A% (Table 21) 10 mg/mt BEOA 26 % 23T 25%9 29 A5 38
759 Eqlge] A ARl 7501% ol ATk wekA 2.tle] DPPH radical 2
ARRL Eoly] AaAt A FEE WA aAAAL B 5 A9

Table 21. Comparative of DPPH radical scavenging activity with different
mixing ratio of mulberry fruit water extract and mulberry leave
water extract.

Mulberry fruit (%) : Mulberry leaves (%) Scavenging activity (%)
Mulberry fruit 100 : Silkworm 0 70.49 + 1.86°
Mulberry fruit 75 : Silkworm 25 7156 + 0.41°
Mulberry fruit 50 : Silkworm 50 73.38 + 407
Mulberry fruit 25 : Silkworm 75 75.01 + 1.14%
Mulberry fruit 0 : Silkworm 100 76.19 + 0.71°

All values are mean+SE (n = 10). All values are meantSE (n = 10). Values within a column(a,b,c,d)
and a row(1,2,3,4) with different superscripts are significantly different at P<0.05 by Tukey's-HSD
test.NS : Not significant.
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Table 22. Body weight gain, food intake and food efficiency ratio (FER) of
rats during 3 weeks before and 9 days after streptozotocin

injection
Group Body weight gains (g) Food intake (g) FER
During 4 weeks before STZ injection
Normal 70.50+0.71™° 172.00+0.01™° 0.41£0.01™
DM 76.78+6.90 168.00+6.26 0.45+0.04
DM-05E 100.13+17.96 166.33+6.25 0.63+0.15
DM-1E 113.13+25.20 171.17+7.08 0.660.15
DM-2E 118.00+27.99 179.83+5.87 0.67+0.18
DM-0.25P 78.00+12.03 178.83+9.96 0.54+0.08
DM-0.5P 93.67+13.61 183.83+7.50 0.51+0.09
DM-1P 87.13+14.11 175.75+7.22 0.48+0.10
DM-2P 94.67+14.50 181.00+8.06 0.53+0.11
During 9 days after STZ injection
Normal 1550+6.36" 103.00+0.01" 0.15+0.06
DM -58.10+8.68" 116.75+0.29% -0.50+0.08"
DM-0.5E -29.33+2.89° 103.50+17.90"¢ -0.31+0.08"™
DM-1E -24.33+15.04° 107.00+14.48>4 -0.25+0.03°
DM-2E -32.33+8.08° 110.67+19.23> -0.29+0.03°
DM-0.25P ~42.00+24.12°> 125.83+2.62¢ -0.28+0.14"
DM-0.5P -39.40+13.54™™ 121.50+1.34¢ -0.32+0.11™
DM-1P -35.00+30.64™ 121.67+1.69¢ -0.29+0.23"
DM-2P ~37.40+14.66™ 124.00+2.89¢ -0.24+0.13"

All values are meantSE (n=10). Values within a column with different superscripts are significantly
different at p<0.05 by Tukey'’s test. Experimental conditions are same as Table 1.
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Fig. 17. Effects of mulberry extract and peel 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-HSD test. Experimental conditions are same as Table 1.
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Fig. 18. Effects of mulberry extract on intestinal mucosa maltase (A),
sucrase (B) and lactase (C) 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. Experimental conditions are same as Table 1.
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oAl At DM ol Al o<l o]zt gllon, eout IuaelA a4%
Aol oA ow volds #EY = Ak Middle 3 distalol = A 1hell
ol Al o]zt gl th(Fig. 19-C).

7 BE 7 a48Ae A7]E maltase®] 7§ G4 2 DM proximal > middle >

)
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BN

3L L
o H

distal o], eo¥ ol = middle > distal > proximal 0% SHobxl
Sucrase® 7-$-oll+=
middle > proximal =22 Yol r) Qtjul FF oA & distal > middle > proximal
To R vropxth

Lactase® A4+ % DM & proximal > middle > distal s=°]%la, @ tjq}

Fol A= distal middle > proximal =2 & Yol walr FxFH o oA

o

At proximal > distal > middle o)L, Y-S distal >

ol

>
eydrel FHL A% proximal H39 disaccharidaseq! maltase, sucrase %
lactase®] A& Adlste] 545 IS JANITG= AS #FST + AATh
ojepto] Wxmtjzel HE ervls THw <l DM-05E, DM-01E % DM-2E7}
35%, 34% 9 33%H AaHgow oru &<l DM-0.25%, DM-0.5P, DM-1P
o} DM-2P&= 747} 28%, 31%, 39% 9 39%% ki uo] Qujute] otjFol nls) &
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Fig. 19. Effects of mulberry peel on intestinal mucosa maltase (A), sucrase

(B) and lactase (C) 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. Experimental conditions are same as Table 1.
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A 71% FT7rERen YEF FHwd DM-05Ew 7 DM-1Ew+
DM-2E+-ol| A== DMatoll Bl3] Z}7} 29%, 26% 9 27% FHAaE vt 2t

9l DM-0.25P<*, DM-0.5P, DM-1P % DM-2P*ell A= DMtol nls) ztzh 2
21%, 23% 2 23% #AaHol eUFI euute] FAAW A EHrt BlEdt

T ZUzHE FEFe B HlEl DMy 65% F7hESlew, euFadl

DM-05Ew# DM-1E«w % DM-2Ewel A= DMrel Hlsf 2h2t 13%, 15% 2 20%
Ao 298t FFa DM-0.25P, DM-0.5P, DM-1P 2 DM-2Pol| A &= DM+
of wlal zt7} 13%, 16%, 17% 2 19%% ZaHo] evFy evute] FZu2dHE
Aeta @t vl zetnr. WhEe HDL-ZeEl 28 &2 ARt dx gza"¢ DM
Tl A 33% FAaFHAAR, 2vF 2 oudt ¥H Yuadd BT AT FEold
t}. LDL-Zd2H %2 DM-05Ew 3 DM-1Ew+ % DM-2Ew-olA = DMwtel ]3|
747y 36%, 44% R 40%H4 FAEHATE evEbs T
DM-1P« % DM-2Pell A= DMarell Hlall 2h2z} 37%, 39%, 38% 9 40%% 74
= et

THste]l ARl F A5 (atherogenic index)=(Fig. 20) 7wl
1.25¢1d Hls) DMito] 28324 126%7+A F7tEd o etFS &F3 DM-05E
T3 DM-1E7 2 DM-2Ewol A= DMtoll Blal zhzh 41%, 46% 2 51%% #H4=
Ak edgus FHF3 DM-0.25P+, DM-0.5P, DM-1P+ % DM-2Pi*ol A= DM
of wlal Z}zt 40%, 38%, 49% R 48%H FAE Atk oletEo]l dF TG, cholesterol
F 9 Al AAANA &7 eutEg o] avt tha F2Ho it
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Table 23. Effects of mulberry extract and peel on serum levels of triglyceride

(TG), total cholesterol, HDL-cholesterol, LDL-cholesterol in
streptozotocin—induced diabetic rats
. . HDL- LDL-
Triglyceride Total cholesterol
Group cholesterol Cholesterol
(mg/mi)
Normal 71.89+2.29" 67.53+3.25" 39.45+2.71° 21.61+2.41"
DM 123.15+8.39° 111.50+10.52° 26.48+2.48" 57.48+552%
DM-0.5E 100.16+9.33° 97.02+5.42% 38.68+4.13" 37.07+3.43°
DM-1E 92.11+£5.77° 95.55+0.35™ 36.69+1.26" 32.50£3.57°
DM-2E 90.43+7.03° 89.88+1.35° 37.18+5.68" 34.70+2.45°
DM-0.25P 99.68+7.52° 97.11+11.89% 35.89+6.02° 36.27+3.81°
DM-0.5P 97.40+8.70° 94.67+7.23%* 34.15+1.60" 35.24+1.89°
DM-1P 95.83+4.23° 92.84+5.67% 37.44+567° 36.20£2.36°
DM-2P 95.23+5.06° 90.31+3.76% 37.31+4.45% 35.00+2.31°¢

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. Experimental conditions are same as Table 1.

25 1

atherogenic index

Nomml

DM DMHWSE DMHIE DMRE DVH.2SP DVHO.SP DVEIP  DVR2P

a
b be be be be be
15 ; c
1L
0.5 I l
0

Fig. 20. Effects of mulberry extract and peel on serum levels of atherogenic

index in streptozotocin—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. Experimental conditions are same as Table 1.

5) Adel gasl @

7})  Superoxide dismutase(SOD), glutathione peroxidase (GSH-px) % catalase

(CAT) &AJWs}
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AAW darst wol7| 5 2424 Wol A9 sty E M superoxide radicalE
FAAA H0:2 SFAA7EEN Ao mRE HAE Hod= SOD &
42 Table 8% 2t A7 (Normal)ell W&l DM+, DM-0.5E, DM-1E+*
2 DM-2E#ollME 247 17%, 10%, 10%% 3% #H42%t. DM-0.25P,
DM-05P, DM-1P+ 2 DM-2P#oll A= Aakatel] Hlsl 7tz 5%, 14%, 10% 2
10% 7= At Seleniume $she 4kst &4 HEN E9F 94 HAbstE S
AAGGo M AT £48 wolstis GSH-pxe &4 -&(Table 24.) A4kl H|
dl DM+ 61% #Z4a%A o, DM-05Ew, DM-1E¥+ 2 DM-2Ew°l 4= DM
ol wlaEl Zzb 79%, 93% % 95%4 7= %Atk DM-0.25P 2 DMitel  H] S
92% Z7FE A A", DM-05P, DM-1P, DM-2P9} DM 3ol 9291 2po]7b )
Atk kst 9 {7 S ES AAANGREZR HatstA EAS BAEE
catalase X =(Table 24.)c FuthET(DM)ANA FAHTE 36% 4 (p<0.01)E
At 28y DM-05E, DM-1E, DM-2E, ¥ DM-0.25P+& 3tz (DM-C)9l
vl Zbzb 26%, 28%, 6%, B 8% S 7hHE AT DM-0.5P, DM-1P 9 DM-2P< &

g ol

Table 24. Effects of mulberry extract and peel on erythrocyte SOD,
GSH-px and CAT activities in streptozotocin-induced diabetic

rats.
Group . SQD GSH_DX. CA.T
(unit/min/g Hb) (wmol NADPH/min/g Hb) (nmol/min/g Hb)
Normal 122.65+2.56 19.39+0.93" 41.26+2.47°
DM 101.95+3.39° 7.59+0.42" 26.53+2.25"
DM-0.5E 110.97+1.27° 13.65+1.23° 30.82+1.67°
DM-1E 110.97+2.13" 14.71+1.35° 30.02+1.96™
DM-2E 119.61+3.43% 14.78+1.24° 39.13+1.88%
DM-0.25P 116.83+1.51" 14.63+1.958° 38.15+1.15°
DM-0.5P 106.36+0.06" 8.28+0.25" 36.56+1.46
DM-1P 111.53+4.93™ 7.59+0.65" 35.42+1.49°
DM-2P 111.35+3.9" 8.10+0.21° 32.05+1.61°

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 1.
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) Agte] wakslA A (TBARS) 33
Ao sbeld &4 w7t HE AFPRSE F46 nxe s 4
vkl F3kE Table 259 2tk DM AAwol Hl& 122% F7FEou
DM-05E, DM-1E 9 DM-2E+ DM*ol Hl&) Z+2; 15%, 20% % 27% 43

to
a

’

t}. DM-0.25P, DM-05P 2 DM-1P 2 DM-2PiS DMt vl3] zHz: 25%, 20%,
20% 2 20% #AAEFAC wEkA A FA3arst A g E oY 2%y w5 (DM-2E)
7 vt 0.25%FFH(DM-0.25P)¢] 7}% =9k}

Table 25. Effects of mulberry extract and peel on erythrocyte
thiobarbituric reactive substances (TBARS) values in
streptozotocin—induced diabetic rats.

Group . TBARS
(Unit nmol/min/g Hb)
Normal 76.46+5.76°
DM 169.92+11.19
DM-0.5E 145.00+3.72°
DM-1E 136.73+3.29¢
DM-2E 125.00+5.10"
DM-0.25P 128.34+4.53
DM-0.5P 137.46+2.36°
DM-1P 137.56+5.46°%
DM-2P 136.33+4.92%
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

AR9d FE%e] Yy EFS BT A3 FYgase oruel orlF
HE $4Ee o 4 AT 2% AAxANNED 2 AT Fas 7
= onFol erwry i Saadr
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ANFT7tFe STZE T Fole SufPdrse @AM FasHden A9
wzhe] fref Al Aol BEEA vk Aol AHAFE STZ FoF FiaolA
ERIAL AolEEL STZ Fo Fole A nls] e Yol AAGA 4
Rov Fraitel= ol )l Aol7t glltH(Table 26).

Table 26. Body weight gain, food intake and food efficiency ratio (FER) of
rats during 3 weeks before and 9 days after streptozotocin

injection
Group Body weight gains (g) Food intake (g) FER
During 4 weeks before STZ injection
Normal 70.5020.71"° 300.97+0.00™° 0.23+0.00™°
DM 76.00+7.41 294.00+6.26 0.26+0.03
DM-0.3F 77.70+33.01 327.22+18.48 0.24+0.10
DM-0.6F 73.50+11.63 324.50+5.87 0.23+0.04
During 9 days after STZ injection
Normal 15.10+6.36 154.51+0.00 0.10+0.04°
DM -58.10+22.77" 175.13£0.29" -0.37+0.14°
DM-0.3F ~46.50+16.97 172.51+19.41° -0.27+0.10°
DM-0.6F ~42.34+2.35" 174.76+12.12° -0.24+0.03"

All values are meantSE (n=10). Values within a column with different superscripts are significantly
different at p<0.05 by Tukey'’s test. Experimental conditions are same as Table 2.

&

orjgarme gggs ndE A 9ot dWF TxY
AiH(Fig. 21) A7&wtel vls]l DMa2 187% <71 s 3loen, 26 03% % 0.6%E
Fols DM-0.3F % DM-0.6Fw2 325.64 mg/dl, 314.41 mg/dlZ DMl H]3] 2zt

7} 36% B 38%H4 HAAaHAT ey A ETe] d3As av= YF Hue i

dt

&

o
A
o
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Fig. 21. Effects of mulberry fruit 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-HSD test. Experimental conditions are same as Table 2.

3) nelA T FF A&

Maltase®] 7% proximal H-#olA AATY oudyABE v FF2 DM 7ol
e Zol7b gldley, eudAdEd I DM-03FT % DM-06FTolA &=
DM <ol Hlate] 2z} 47% 9 32%% oA o2 A E vk Middledt distal -1
e DM w3 eoRAEd FaaolA FoHd Aol7t flth(Fig. 22-A).
Sucrase®] 7-$ proximal F-¥-ollA AAFto] w]sle] DM oA &h Aol #9¢
Hog ZF7istdon, eudAdid FHFe DMl v& ooz Za=Ath
Middle¥} distal®] - Aol vlste] TmatollA Fo4or =gkotk(Fig. 22.
B). Lactase®] 7%l proximal FitolA Adat3 DM TolA F24<Q =o]7})

o

o

2tk Middle 2 distalol A= A& 7ol fol A<l zko)7b Atk (Fig. 22. C).

7}

b BB 7 24849 AV|E maltased] A$ AATS proximal > middle >

Mo
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distal <=°1%l32, DM distal > proximal > middle o]leH, ooy y
A

o] A= distal > middle > proximal =2 2 Yol th. Sucrase? o= A+
© proximal > distal> middle o1, B2 distal > middle > proximal <
o2 vrolhr}

Lactase®] A-$¢-ole= AT 2 DM & proximal > middle > distal <01,
so#AREY FFFNAE middle > distal > proximal £o 2 ol Attt whala

FaF o dojA oy AdEZDo FFEL A& proximal HE9 disacchridase?l

maltase, sucrase % lactase2] A S A3ste] 43 dFAFS JAA = A
S #ETE = Uy
ole} o]l FAWAZEI U AA BUS o] Ay euHvwk o] &3 AR}
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Fig. 5-6. Effects of mulberry fruit on intestinal mucosa maltase (A),
sucrase (B) and lactase (C) 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. Experimental conditions are same as Table 2.
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Table 27. Effects of mulberry fruit on serum levels of triglyceride (TQG),
total cholesterol, HDL -cholesterol, LDL-cholesterol in
streptozotocin—-induced diabetic rats.

] ) Total HDL- LDL-
Triglyceride
Group cholesterol cholesterol Cholesterol
(mg/mi)
Normal 71.89+2.29" 67.53+3.25° 39.45+2.71° 21.61+6.41°
DM 123.15+8.39° 111.50+10.52* 26.48+2.48" 57.48+752°
DM-0.3F 95.95+5.73° 105.40+4.99° 36.76+2.87% 44.23+3.77%*
DM-0.6F 90.46+5.18° 100.02+3.04% 37.80+2.87% 35.85+3.58°

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. Experimental conditions are same as Table 2.

=3

atherogenic index

Normal DM DM -0.3F DM -0.6F

Fig. 23. Effects of mulberry fruit on serum levels of atherogenic index in

streptozotocin—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. Experimental conditions are same as Table 2.
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5 AT kst wx
7}) SOD, GSH-px, CAT &4 W3}

A48 +S0D &4 & (Table 28) Aol ws DMw¥ DM-03Fs %
DM-0.6F<2 7b7} 17%, 14% 31 16%4 #a=9lom, Tt ko= 24
Q1 2ol 7b Ltk GSH-pxe @4 (Table 28) Ymthza2 Aol &) 61%
(p<0.05) 2.2 ZaFAoy, et ddgFatel DM-0.3F % DM-06F< 2
iz 2o 72k 33% R 69% S 7hE At Catalase €/ =(Table 28)% 3t
Zoll A TR 36% A (p<0.0DE AT ey erabd R 03%EH 2l
(DM-0.3F) 2 22% #AaEdow euaiditd 06% ¥d @A (DM-0.6F)T &

gt ol

Table 28. Effects of mulberry fruit on erythrocyte SOD, GSH-px and CAT
activities in streptozotocin-induced diabetic rats.

Grouns SOD GSH-px CAT
PS  (unit/min/g Hb) (imol NADPH/min/g Hb) (nmol/min/g Hb)
Normal 122.65+2.56° 19.39+0.93" 41.26+2.47°
DM 101.95+3.39" 7.59+0.42° 26.53+2.25"
DM-0.3F 105.77+1.02 10.15+0.79° 32.54+2 55
DM-0.6F 103.99+4.21° 12.83+1.70° 39.95+3.78°
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
2.

) AE o ks« A (TBARS) &
A A SR 2 vxE ey AREYd Fi=(Fig 24) TxdZz+DOM)S A
A (Normal)oll H] &l 122% S7tE o, eqidid 335 o

DM-0.6F+ Stz (DMl Bls 242F 17% 2 28% ¥ At
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All values are mean + SE (n = 10) Bars within different letters are significantly different at p<0.05

by Tukey’s test. The experimental conditions are the same as Table 2.
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$2A gih Aol AAFN Ho] HEE BE APER] FelAA Aol gl

At Table 29).

Table 29. Body weight gain, food intake and food efficiency ratio (FER) of
rats during 3 weeks before and 9 days after streptozotocin

injection
Group Body W((e;zg)ht gains Food( glr)ltake FER
During 4 weeks before STZ injection
DM 76.78+6.90"° 168.00+6.26"" 0.46+0.04™°
F 77.70+£33.01 187.00£18.48 0.43+0.17
M 83.40£14.76 173.17+£35.23 0.46+0.07
S 74.08+£22.39 189.67+£10.86 0.39+0.10
FM 101.70+22.51 181.67+10.05 0.57+0.11
FS 76.17£20.20 166.25+£10.17 0.51+0.14
FMS 95.25+27.02 184.17+£21.95 0.52+0.17
During 9 days after STZ injection
DM -58.10£22.77"° 116.75+0.29™° -0.50+0.20™
F -54.33+20.01 115.00£19.41 -0.41+0.14
M -29.75+4.72 120.00£5.20 -0.25+0.04
S -30.75+8.66 113.00£18.99 -0.27+0.07
FM -37.75+23.51 110.25+6.64 -0.34+0.21
FS -31.00+10.79 114.00£17.60 -0.29+0.11
FMS -35.33+3.21 112.50+22.48 -0.37+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. Experimental conditions are same as Table 3.
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Fig. 5-10. Effects of several sericultural products on intestinal mucosa
maltase (A), sucrase (B) and lactase (C) activities in

STZ-induced rats.

All values are mean*SE (n=10). Bars with different letters are significantly different at p<0.05 by
Tukey's test. Experimental conditions are same as Table 3.
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2 &3sto] 0.3% &33 FMSwS DMt Hl8) Zhz} 28%, 24% % 28%% 7+

F ZH2HE dHe gz DMyl Bls F, M 9 S+ 72+ 6%, 20%
2 17%% ZAE AT FM, FS 2 FMSw& DMl B8] 22} 13%, 11% 2 19%
2F AT BiHe] HDL-FH2HE2 Jx dx2aQ DMt vla] A datE
TH Guat BFA fFoHo® AEQTY LDL-Zd~HE e dhuxd
2l DM+l Bls F, M 2 S+ 7h7} 23%, 35% 2 31%4% A=A FM, FS 4
FMS& DMl vlsh Zh2b 37%, 36% 2 44%% 7F2= i),
FUAse] WA EQ FHWAHSR S (atherogenic index)= Tl
of ¥ls} F, M, S, FM, FS 2 FMSw& 7Hz; 24%, 45%, 43%, 36%, 34% 2 42%4)

Haso] At ES FdHlER 53 FMSeol 7 &34 o] vk (Fig. 27).

o

DM+

Table 30. Effects of several sericultural products on serum levels of
triglyceride (TG), total cholesterol, HDL-cholesterol, LDL-
cholesterol in streptozotocin-induced diabetic rats

Trialveerid Total HDL- LDL-

I1 ceriae

Groups s cholesterol cholesterol Cholesterol

(mg/ml)

DM 123.15+8.39° 111.50+£10.52° 26.48+2.48° 57.48+7 52
F 95.95+5.73™ 105.40+4.99° 36.76+5.87" 44.23+3.77%
M 88.53+2.10 89.53+9.50° 35.08+5.09" 37.38+2.62™
S 90.60+3.36™ 93.04+6.08" 34.32+3.69" 39.51+1.63™
FM 88.63+9.83™ 97.21+9.36 34.84+3.51° 35.98+2,72¢
FS 94.01+1.67 99.56+8.04% 35.45+1.81" 36.63+1.03
FMS 89.07+6.25™ 90.74+3.68° 38.70+7.76° 32.19+3.12¢

All values are mean+SE (n=10). Bars with different letters are significantly different at p<0.05 by
Tukey's test. Experimental conditions are same as Table 3.

- 118 -



w

N
=

c
bec
c . c

DM F M S FM FS oo s

P

\

NN

7

genic
-

7

N

=}
& h = N

D

__

Fig. 27. Effects of several sericultural products on serum levels of

atherogenic index in streptozotocin-induced diabetic rats
All values are mean+SE (n=10). Bars with different letters are significantly different at p<0.05 by
Tukey's. Experimental conditions are same as Table 3.

5 A&+ kst a9
7}) SOD, GSH-px, CAT &4 w3}

Ad 5 SOD &4 2(Table 31) DM« F, M ¥ S+ F9 %< Zo]7t
@At FM, FS % FMS«2& DMwrol Hla] 72 fFox oz F7he gt
GSH-px 9 &A4&(Table 31) DM H|3] F, M % S 727 33%, 68%
9 46%% S7FE Y. FM, FS % FMS¥2 DMl Hsteo 272 56%,
47% 2 160% ZF7Fs ol eoapdid, B 2 Fo s 4 35T 45 74
AESE OG5 52 T £33t 3Rt GSH-px &4 dASHA
Z 715 A}, Catalase &4 =(Table 31)= DMl H|&] F, M, SitolA 2z 229%,
42% 2 40%% ZF7HEJek FM, FS 9 FMS2> DMeoll vl 8] z}z} 49%, 37% 2
42%% S 7+= AT
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Table 31. Effects of several sericultural products on erythrocyte SOD,
GSH-px and CAT activities in streptozotocin-induced diabetic

rats.
Groups (., SOD GSH-px CAT
unit/min/g Hb) (umol NADPH/min/g Hb) (nmol/min/g Hb)
DM 101.95+3.39% 7.59+0.42° 26.53+2.25"
F 105.77+1.02% 10.15+0.79" 32.54+1.55°
M 101.69+2.59¢ 12.82+1.57" 37.89+0.72%
S 106.10+0.86° 11.09+1.02° 37.36+0.39
FM 112.50+12.39™ 11.88+2.02" 39.71+0.36°
FS 114.25+2.22¢ 11.17+1.51° 36.43+1.29%
FMS 114.08+3.531 19.80+1.61¢ 37.82+1.27°

All values are mean+SE (n=10). Bars with different letters are significantly different at p<0.05 by
Tukey's test. Experimental conditions are same as Table 3.

) Ag8Ae] kst A (TBARS) 3
Aol At ko] A #qvh HE ARZAAEE FA40] nE dAEe] &
= Table 329F 2tk F, M, S¥2 DMl Hl&l 17%, 23% 2 15%4 745l
wQl FM, FS ¥ FMS< ol A= DM+ol| vl&l] 77k 25%, 26%

olshito] RPAEF rolst BYL orlRAR Tl WAL W FANEE 7
7 amon FFAUS Mut Paql 4P AQups darel o AXsA 2
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Table 32. Effects of several sericultural products on erythrocyte
thiobarbituric reactive substances (TBARS) values in
streptozotocin-induced diabetic rats.

TBARS

Groups (Unit nmol/min/g Hb)
DM 169.92+11.19"
F 142.29+5.68"
M 132.33+6.82™
S 144.78+4.75
FM 127.65+5.23°
FS 126.41+2.91°
FMS 127.03+0.87¢
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
3.
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Fig. 28. Effect of several serlcultural products on HMG—COA reductase activities

in streptozotocin—induced diabetic rats.
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.

HMG-CoA
(nmol/mg protein/min

RxA FAAY TS DMatel Hlgte] Far, Mar 2 S 2H7F 55%, 41%
% 51% S7HpP<0.05) ¥ o1 o5 Atole] {eJH <l Aol
< DMl Bl 72+2h 82% 2 55% TUhE e FAAES wEow FFI ol
Hlel frel 2l ol ¢tk 2y FMS, 3FMSw 2 4FMS+#2 DMitoll @)
Z}7} 87%, 93% B 87% F7HHENe™ FES dEow e oo HlE fe
A (p<0.05) 2.2 Z7+% A tH(Table 33).
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Table 33. Effect of several sericultural products on hepatic
triglyceride(TG) in streptozotocin-induced diabetic rats.

Triglyceride
Group
(mg/g)

DM 8.12+1.13°
F 12.55+1.03"

L 11.47+1.37°

S 12.30+1.08"
FL 14.80+2.66™
FS 12.61£1.71%
FLS 15.18+1.08"
3FLS 15.64+1.10°
4FLS 15.20+1.05"

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.

tzxAe) el ~HE FFS 4T 23 DMwel vate]l Fit, Mwt % S 7}
7t 10%, 9% % 6% #A(p<0.05)F Atk FME % FSw& DMl sl 77k 6%
2 7% FahEden FAAES oz Fadt oo vl fo)AQl Aol wldl
th. ey FMS®, 3FMS@ % 4FMSw& DMiel w8l zk2h 36%, 41% % 45%

daEgdon dtes dnor yEd ol Hlal {93 (p<0.05) oz FHAEUY

O o

th(Table 34).
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Table 34. Effect of several sericultural products on hepatic cholesterol in
streptozotocin—induced diabetic rats.

Group Cholesterol
(mg/g)

DM 2.64+0.05°
F 2.38+0.13"

L 2.41+0.10°

S 2.47+0.08"
FL 2.48+0.07°
FS 2.46+0.06"
FLS 1.70+0.02°
3FLS 1.55+0.04°
4FLS 1.46+0.03°

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.

. #xst a9 574

1) 7+%2 lipofuscin &%

AA =35 283 TR AFLEET 9 lipofuscin® 7FxA Ao FL 1&
I Zoh(Fig 29). DMl vl Fo, M % Sv2 Z4ZF 13%, 25% 2 24% 7+
250 o]5 atole] feolHal ol itk FMa ¥ FSwe DMl 1|3
Zy7y 33% 2 29% A (p<0.05)H Ao FAdAHE
o]l Aol glAth FMS+, 3FMS+, 4FMS+*2> DMl ®lal zFzh 40%, 39%,

41% 72 (p<0.05)%] At}
12

<.

2 wmon W o Wl

a

10 | abc
abc

bc

abc
bc b
I I I bc c
F L FL FS FLS 3

S FLS 4FLS

Lipofuscin
(ug/mg protein))

DM

Fig . 29. Effect of several sericultural products on hepatic lipofuscin

contents in streptozotocin-induced diabetic rats.
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.
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2) 7tZ4 carbonyl value 33
Aok ae ol ARG ofyg @A ek HA AbstE =d Absteka e

A A F Q] carbonyl value? S 7+ ZZ 9] mitochondriaol Al £33 A3 DM
ol H|gte] F, M, ST Z+Zb 28%, 24%, 28% HAam o ol Alo]eo -9
el Aol itk FM+* 2 FSw2 DMwol s 7h7} 29% 2 28% Ao
W eSS dnor gad ol vl fFojHl Aol gl FMSw, 3FMS
T 5L AFMS DMarell ®lal 2b2h 319, 33% 9 32% 74 (p<0.05)% A}
Carbonyl valued] %S 7+ 229 microsomel A =43 A3 DM o] H s}

Fa, Mot 2 ST Z47F 13%, 14% 2 22% 7 (p<0.05)E ew ol& Alole]
o F el ol gl FM< % FSw&& DMl uHls) 27 21% 2 23% 74
(p<0.05) = A om ks

FMS<*, 3FMS+, 4FMS+2 DMoll wlasl zhzh 29%, 29%, 28%% 72 (p<0.05)%
At}

& wsor ¥R wol wal feldel Aol Nk

Table 35. Effect of several sericultural products on hepatic carbonyl value
in streptozotocin—induced diabetic rats.

Group Mitochondria Microsome
(nmol/mg protein)
DM 139.99+4.18" 128.51+4.38"
F 101.24+0.78" 112.08+7.30"
L 105.90+7.51™ 109.99+6.40°
S 100.33+5.51™ 100.22+4.41"4
FL 99.76+7.32™ 101.20+4.93™
FS 100.45+4.00™ 98.72+6.35"
FLS 95.90+2.99™ 91.73+4.89%
3FLS 93.67+3.48™ 90.69+3.23°
AFLS 94.77+4.53> 92.43+4.55™
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.
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of Hlate] Fot, M 2 S ZhzF 8%, 12% % 6%% #4%E o FMa 2 FS
& DMrel M8 Z4zF 15% R 14%% Ak FMS<, 3FMS<, 4FMS+&
DMell Hl&l] 7b7F 12%, 18% % 20% #Aawdou @ Agdarghe] o4l A
ol fIATh

Table 36. Effect of several sericultural products on hepatic TBARS
values in streptozotocin-induced diabetic rats.

Group TBARS
(MDA nmol/mg protein)
DM 11.59+0.75"°
F 10.71+2.93
L 10.25+2.30
S 10.86+1.30
FL 9.82+0.89
FS 9.93+4.45
FLS 10.17+2.38
3FLS 9.53+0.94
4FLS 9.26+1.20
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.
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2tk DMol ®]3te] Ft, Mt 2 S ZHzf 5%, 2% 2 7% A ¥ At FM
2 FSaS DMtol Hls] Zbz; 13% 2 17% A EAen FMS+, 3FMSw #
AFMS+-& DMtell Hl8f z+z; 18%, 17% 2 17% #AH Ao I A F7he] #

o1Hel Aol glgltt.
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Table 37. Effect of several sericultural products on hepatic

superoxide dismutase (SOD) activities in
streptozotocin—-induced diabetic rats
Group SOD
(unit/mg protein/min)
DM 6.85+1.59""
F 6.53+0.71
L 6.74+1.22
S 6.37+0.48
FL 5.98+1.16
FS 5.66£1.02
FLS 5.61+£0.54
3FLS 5.68+0.29
4FLS 5.70+0.70
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.

2) GSH-px &4
Selenium< 3l &4ts @42 e E9F oA A ES AATOEZHN
Ao £4 Wolshs GSH-pxe #4& DMitel wlshe] P, M ¥ S#e
27y 2%, 11% 2 13% F7FE e FMT 2 FST-2 DMrol wvls] Zhz; 14% 2
22% Z7Hp<0.05)F Atk FMS+, 3FMS+, 4FMS+2 DM*o| Hls] Z+z} 38%,
L abed
L

37%, 39% S 7F= Sl o).
abede ab a
d ab a
d | I I I I
DM F FL FS FLS 3FLS 4FLS

250
Fig. 30. Effect of several sericultural products on hepatic glutathione
peroxidase (GSH-px) activities in streptozotocin—-induced diabetic

rats.
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.
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3) Catalase &4
Catalasex= 22 AXE o] EAste] tAMIES H0.2 &M o=
H 08 02 Ealgdozyi AAE pAamoz2iy Basitt 2 A3 A3} Table 37
o, wol B e EFAolg Fold wolA Fmoxwdl va] felA
o2 =/ veytor 53 FMS+, 3FMS+, 4FMSS DMl vl &l Z+zh 59%4)
S7hE Ak

Table 38. Effect of several sericultural products on hepatic catalase
activities in streptozotocin-induced diabetic rats

Group catalase
(nmol/min/mg protein)
DM 4.09£0.48°
F 4.96+0.78>
L 5.42+0.77"
S 5.29+0.55"
FL 6.08+0.83"
FS 6.07+0.49"
FLS 6.92+0.28"
3FLS 6.90+0.24%
AFLS 7.00£0.37%
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.

Activated partial thromboplastin times & Thrombin time 74

2},
gl S 7 T U AdAAE R oY fFE et AR E= APTT
3 D

Ag A3 DMae| Hlgte] Fat, Mt 9 S ZH2F 5%, 9% 9 5% F7hE e
B oolE YT F49 Aol grh FMT 2 FSEe DMl vl 22

15% 9 19% T7Hp<0.05)Eqon FtEs d5oz Ik o] vs {94
(p<0.05) .2 7= Atk FMS, 3FMS 2 4FMS+& DMl H|&) z+zh 21%,
22% 2 21% T7Hp<0.05)E A on FdEs doR Fdt o] Hs {9l
(p<0.05) 0.2 =715t}

TT 24 A3 DMol Hlsle] Fit, M, St ZH7) 6%, 6%, 7% <7 12
W oolE AP Fo]Al Aeol= glAth FMt % FSit& DMarol| H|3] z+7}
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18% % 19% 7Hp<005)Hor FANEL GEow FFE 2ol wel fo42
Aol glolnh. et FMS<, 3FMST 2 4FMSwe DMitel s 2H7 26%,
27% 2 28% F7Hp<0.05)Elom FANARS vEom FEF o wE foA

(p<0.05) 0.2 =71t}

Table 39. Effect of several sericultural products on plasma clotting
factors in streptozotocin—induced diabetic rats.

APTT TT
Group
(sec)
DM 22.2441.32° 20.54+1.24°
F 23.3440.18" 21.67+1.04
L 24.14+1.14° 21.85+1.1%
S 23.31+0.5" 2241.2"
FL 25.55+0.78% 24.14+1.14%
FS 26.5+0.87° 24.44+1.56%
FLS 26.941.71° 25.84+1.8°
3FLS 27.242.12° 26+1.2°
4FLS 2742.1° 26.240.2°

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.

ZojEAor oy AYSY(Fdk, T3 B s =

A adE HEtlY] ditel FEAR7IEAE gdety] ol ¥ 2tk (data A Ef).
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Freeze—dried mulberry fruit (50 g)

Homogenized twice with 500 mL of 0.5% trifluoroacetic acid(TFA) in distilled water

Filtered with cheeze—-cloth

Residues
washed with the above solvent

Filtrate

Centrifuged at 5,000 rpm for 20 min
Supernatant Residue (mulberry cake)

Extracted with 0.5% TFA in d-H20
(or 0.5% TFA in 80% aq. MeOH)
filtered

evaporated in vacuo
Filtrate(mulberry juice)

Evaporated in vacuo

Solubilized in 0.5% TFA in distilled water
(or 05% TFA in 80% agq. MeOH)

Filtered Water(WMC) and MeOH(EMC)

extracts of mulberry cake

Evaporated in vacuo

Water(WMJ) and MeOH(EM]) extracts of mulberry juice

Fig. 1. Schematic procedure for preparation of the water and methanol
extracts of mulberry juice and cake prepared from mulberry fruits.
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MeOH fr.& A93 2+ &S 2T silica gel(70-230 mesh, Merck, Darmstadt,
Germany), Sephadex LH-20 (Pharmacia Biotech, Uppsala, Sweden) column
chromatography 223 Prep~-TLC(0.5 mm, Merck, Darmstadt, Germany) %
Prep-HPLC(Waters Delta Prep 4000, Milford, MA., USA)S Z}z} A A3t 20%
MeOH &3 o g3 271A] 3 &4 procatechuic acid, 12.2 mg % caffeic acid, 18.2
mg), 60% MeOH +®#3&o=XH¥E 37l4 flavonoid 33E (rutin, 79.1 mg;
isoquercitrin, 21.3 mg 2 astragalin, 145 mg)¥ 80% MeOH #3 o gXH¥ 371X
flavonoid 33tE  (quercetin 60.1 mg, dehydroquercetin, 214 mg % morin, 11.6
mg)S, FFAYe R 100% MeOH E3o2RE 37}A] 2-arybenzofuran =3
(4-prenylmoracin, 14.4 mg; mulberrofuran F, 9.5 mg; mulberrofuran U, 8.9 mg)&

27 ¢4 B B UV, NMR 9% MSE o §elo] 2 dusigusl sheras

kA 40% MeOH fr.2 WE 23 FHTE 2434171 Polyamide C-200 (75~150
pum, Wako Pure Chem, Ind. Ltd., Japan) column (3 x 20 cm)o] S2AZ *
d-H.0, 20% MeOH, 40% MeOH, 60% MeOH, 80% MeOH % 100% MeOH -& <4
o8 gHstel A HEVIE E FERAREC HEH 40% B 60% =S
t}A] Sephadex LH-20 column (25 x 80 cm)oll ABZE FZA1Z1 & 05% TFA7Z}
e 80% WEgEFEAS o]FFor dto] FE SEAC MAE FEsth
Z} StEAlolYd MAaE QE=FHSFS CHCNe g2 A3 A) 71 Sep-Pak Cig cartridges©l]
TAAN G AFFFE AHT F 50% CHCN F&do= Fad Mg &5
AlA FHEHOZE preparative-HPLC)E AFE3le] 271%] FH QFEAol A
(cyanidin 3-O-f-D-glucoside, 189.1 mg % cyanidin 3-O-f-D-rutinoside, 47.2 mg)
& &7 83 3 NMR % MSE o] &3ato] AAio stetqxE A3 o
A4S g2tk column; YMC-Pack Pro Cig(5 pm, 46 mm id. X
250 mm, YMC Inc., USA), linear gradient elution from 1.5% HsPO,; to 1.5%

an
ae
&=
@)
M
ﬁ
\i

H3PO,; in CH3CN-HOAc-H2O for 50 min; UV detection; UVsss nm, flow rate; 5
m/min.

U, eHddel e ols dAsstdee] AFEASd WA dsldt, SR
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FrieAdle] AHe vadde] AAsd. &, A% ot
5 g)& 80% HWErEFgH oz ARo|A ultrasonic cleaner® 23] HbHE F%3 &
gy - FEHS oS FH 59 BH(2004, 2005)°0 wet HPLCE o]&3te] $9] 11714
H=3tgd=S AFEAedh. old flolA Z2l9 11 7HA #=sEs ol &8st
HAomRY ZH A8 #HEIHFEY FFS SASAT oW
HPLC %A% tt&3 Zt}; column: YMC Pro Cis(46 x 250 mm), mobile phase:
gradient elution(solvent A; 0.5% HsPO, in 10% CHsCN — 90% CHsCN); detector;

=o]l= % 2-arylbenzofuran

rot
N

14
o,
hat?
FH
©
)v

=z
89

UV, 310, 350nm, flow rate; 1.0 mL/min.

=, 209 F 7HA FEAold MAE AT WA FAAE ot A=
(05 @)= 05% TFA 3% 50% MeOH=Z ultrasonic cleaner® 23] W& F&3 &

o 2 FEH3 S Sep-Pak Cis cartridgeE S A1 F # T2 WH(2004)00 wh
2 HPLCE o]&ste] StEAJold AMAgE AwFatdnt. ojuf folA £ F+ 7HA
UEAol AMAE o]gsto] AEH ZFEAFHOZRY 7 A5 AdEA ol A
& FHE FAsH o, ol HPLC #A4x712 o532tk column: YMC Pro
Cig(4.6 x 250 mm), mobile phase: isocratic elution(1.0% H3PO, in CH3CN-H-O-
HOAc (75:85577, v/v), detector; UVsooum, flow rate; 1.0 mL/min.

2) GABA 3! 1-DNJ¥]

o,

ZEA
ogo FfEo] gdE GABA(W-aminobutyric acid) % 1-deoxynojirinmycin

(1-DNJ) &= SA42 759 U199, 2002)e whet AAekat.
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Freeze—dried mulberry fruits(100 g)
extracted twice with 0.5% TFA in 80% aq. EtOH at room Temp.
filtered
and then evaporated to a small volume in vacuo

EtOH extract(50.4 g)

Taken EtOH ext.(12.6 g)
solubilized in 20% agq. MeOH
Diaion HP-20 column chromatography
I eluted successively with 209, 40%, 60%, 80%, 100% MeOH

20% MeOH fr. 40% MeOH fr. 60% MeOH fr. 80% MeOH fr. 100% MeOH fr.

Si0. Polyamide Si02 Si0. Si02

Sephadex LH-20 column chromatography

Prep-TLC Prep—-HPLC Prep-TLC Prep-TLC Prep-TLC

PA(12.2 mg)
CA(18.2 mg)
Anthocyanins
(Cy-glu, 189.1 mg)
(Cy-rut, 47.2 mg)

RT(79.1 mg)
IQT(21.3 mg)
AG(45 mg
DQT(21.4 mg)
QT(60.1 mg)
MR(11.6 mg)
4-PM(14.4 mg)
MF-F(9.5 mg)
MF-U(8.9mg)

Fig. 2. Schematic procedure for isolation and purification of phenolic
compounds from mulberry fruits.
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Sh
AC)
ol
ol
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ne
rlo

o or] BEL AQoH, Yoprh o AL 8000 rpmel A 104
? FEaST T, euFs B ARl Axo 2E 88

rolr 7zl 98 o] F2AS 01% HCl &Aooz 5w 3AMg o5 UV-vis

ojf
2
tjo
to
a
N
[
fru

)

spectrophotometer(Jasco, Japan)& AM&3te] 37 300~800 nm HYANA F42=9
E &S scanningdte] 2t anthocyanin M4 9 HWEF34< 510 nmolA FF=

(0D)E FAst

3) AR e v #E] HA &

AR LY (5 gl FF4 (50 mDE 78l homogenizer= 2%3F &t & FH
TE 7Fste] 100 mlzZ2 F &3t o] AS HEAREF 7tel¥ (Whatman No. 4
filter paperZ ©]-&3}o]), YAET (8000 rpm, 10%3H) =L AAET F 3oy}

%] (Sunkyung, Korea)E ©]-&3}e] 2oz} (0.01 pm membrane filtration, 30,000 2

~

10,000 dalton MWCO ultrafiltration) & Z+zt AAJg & Aoz o] HaFxo A
% (Hunter scaledl 2]3F L, q, b %t olu 7|Fol¥E EFdHeo MEE 1=9847,
a=0.57, b=-0.63 o] thH+= AAA (Color JC 801, Color Techno System Co. Ltd.,

Japan)®2 12|31 3 9ok sdEA SA 53

4) AR A, A B Zh Ao wE oy HFe A &

AA 2ot 5 gl =75 (B0 mDZE 7F3te] homogenizer® 287+ vkafgk & 100
mlE Z&3g dof o] oA L HAAA 42 1.0
2 2o A 1AZF &<9F nuksk = 8000 rpmoll Al 103 YA E

S 7}8lo] magnetic stirrer

sho] Qe 4%

0Q

2

i)

o

S 108 3AIE e AMxbA W UV-vis spectrophotometer® Ab§-3to] My o

)

FEE 747 A8 T12]3 homogenizer®2 ek U FF A S WALE A5
T oof7lel 47bA &4 [n-amylase (HA2X= 70~80C, 97F 30,000 RAU/g),
glucoamylase(H A% 60~70C, <7} 350 GAU/g), cellulase(H A% 60~70T,
71 700 EGU/g) % pectinase (& 2% 45~55C, 97} 5000 FDU), Genencor
International, Inc (USA) % Novozyme (Denmark)] 0.1 mlE 7} ¥ shaking

water bath (100 rpm, 50C)ol A 2A17F F<oF wHkek & thA] 8000 rpmol A 10 &3+
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o] L(70.2), a(13.8), b(20.2)o] o™ o
Absorbance

6.0
13.0

5% 0.1(1000) 3] A])
Yield(%)

s
and ethanol extracts from mulberry

1 &

0]

EtOH

All data were average of triplicate experiments. Standard deviations were omitted for simplicity.

1

Water

>
Mulberry ext.

Table 1. Yield, maximum absorbance, and colorimeter values of the water

Determined after diluted 100 time of sample.

L(684), a(174), b(21.3) o] oH =
L: Lightness, a: redness, b: yellowness.
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Table 2. Yield and phenolic content of acidified water and methanol
extracts from mulberry juice and cake

. . . Phenolics
Mulberry Extraction solvent Yield (%) ) .
(g/100g, dried extract)
Mulberry 0.5% TFA in distilled water 70.01 + 1.30" 161 + 0.14°
juice  05% TFA in 80% aq. MeOH 65.38 = 1.07 217 + 027"
Mulberry 0.5% TFA in distilled water 1.68 + 0.21° 2.30 + 0.31°
cake 0.5% TFA in 80% aq. MeOH 1.82 + 0.19° 448 + 047"

‘Dry base of mulberry fruit
Values are mean * S.D. of triplicate analyses.
Values with the different superscript letter are significantly different at P<0.05.

th eUE 2 ouut 2229 god AAZA v
eHrRY Azxd eds 9 edure = 9 MEasSFEES kA oA
(DPPH, superoxide % hydroxyl) &~ &3S 543 2= Table 39t #Zt} 4714

FEE = orv YEE3FE5E9 DPPH, superoxide ¥ hydroxyl #dZ A7 84

AFE R VA FEA Az ol ed dAE o] &= Ao] npeEA s, kI 9
gFzo] AxFgAelA FAER vor ofuts Idxsg 754 I3E AR
A e Aew VdEn
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Table 3. DPPH, superoxide and hydroxyl radical scavenging activity (ICsp)
of the water and methanol extracts from mulberry juice and cake

ICs0 (ug/mL)"
DPPH Superoxide Hydroxyl

Mulberry Extraction solvent

05% TFA in

Mulberry  distilled water
juice 0.5% TFA in
80% aq. MeOH

0.5% TFA in

Mulberry  distilled water
cake 0.5% TFA in
80% aq. MeOH

“ICs represents the concentration of a sample required for 50% inhibition of the hydroxyl radical.
Values are mean * S.D. of triplicate analyses.
Values with the different superscript letter are significantly different at P<0.05.

+
+

40752 + 2351" 183.28 + 1881" 987.60 + 36.12°

+

317.16 + 21.48" 16549 + 1591* 920.20 + 31.23"

I+

278.02 + 16.83" 10221 + 13.42° 714.86 + 21.42°

3.65° 467.08 + 17.62°

H+

16745 + 13.74°  36.18

Table 4. Proximate composition of mulberry fruits from two cultivation

areas
Proximate composition(%)
Mulberry - - -
Moisture Protein Lipid Sugar Ash
Sangju 84.2 2.1 1.1 11.7 0.9
Youngcheon 86.4 1.6 05 10.8 0.7

“The data was average of triplicate experiments. Standard deviations were omitted for simplicity.

3L

™

gk oo olgety F4d 54 (7. ¥E, pH, A%, HE
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7 C 2 FeA HE)S v 43 Ay Table 59F 2uh AF o] o]l o
A ooy Bty BA, A%, 9 % dHE ko] dubdor Eokoyy ook An
7} =3 pHE $oktt

Table 5. Contents of physico-chemical properties of mulberry fruits from
two cultivation areas

Chemical component

Muberry  Weight  SouPle o Acidiy  LoAsa o Doluble
(g/mulberry) oty P (%) (mg% DW)  $' P,
Sangju 14 13.2 4.7 0.52 26 1.22
Youngcheon 1.3 13.0 3.9 0.71 23 0.94

“The data was average of triplicate experiments. Standard deviations were omitted for simplicity.

AT 9 dHelA w8 ot Fo JAdES AN A= Table 694 2t
glucose®} fructoseZ Al =1 stgke AFor)rt Z+z 26% 2 25% oloew, 18
AHoTE 21% E 2.0% ZA AFor]7F 97k =tk 18 1 sucrose % maltose
52 A9 vFez EATA

A, oo F8 F7]2F citric acid, malic acid ¥ oxalic acid®2A, x4 g+

93 9 gAert 4F o uh okt w9k

Table 6. Levels of free sugars and organic acids of mulberry fruits from
two cultivation areas

Free sugar(%. DW) Organic acid(%, DW)
Mulberry — ; - B . 3
Glucose Fructose Citric acid Malic acid Oxalic acid
Sangju 2.6 2.5 0.31 0.03 0.02
Youngcheon 2.1 2.0 0.41 0.05 0.01

“The data was average of triplicate experiments. Standard deviations were omitted for simplicity.

g}, StEAJold AMA ZElH ol= % O-arylbenzofuran F=A| 3k

ske] Aol me eHzRE " 2 7HA kEAehd A (cyanidin
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3-O-f-D-glucoside @ cyanidin 3-O-f-D-rutinoside) % 67}# Zeg}r =o]= 3}t
5 9 37}A] 2-arylbenzofuran® &S 43k Z¥l= Table 73 o}l WA 2t
BE Egw 27FA anthocyanin 249 UV-vis EF2FE-d 3 HPLCY 2FE
Fig. 3 2 Fig. 401 18]a 159 FABMS spectrai= Fig. 59 Zv}. 281
ouRRy 29 #Hm, ZgrRwol= 9@ 2-arybenzofuran %49 HPLC

i

o
rlo

spectra & A4S NMR %2 MS spectras= & 5°] oln H (2004, 20053 A3} 2+
om o 7| X AEFeAiTh
WA FEAbd il FgFE BW ¢ 7bA A4 F cyanidin 3-O-fi-
D-glucoside”} #42¢] 80% old& AAsta om, A5+ ov #FFo] d4xd of
=

B} ¢F 30% 7} cyanidin 3-O-f-D-glucoside &#o]

O}

=2 YA cyanidin 3-O-f
-D-rutinoside ¥ FAFSFS T

o] Agntyo we otzHyY EHH 6714 flavonoid 3FHE  (rutin,

D
et

ot
o)

isoquercitrin, astragalin, quercetin, morin % dihydroquercetin)S #2] 2 %43
S u(H%E 2004, 2005), 1 FFE FAHF Ao Table 8% 2k F 7HA FFO =
gtErol= e rutin(14-16 mg%) > quercetin(9-10 mg%) > isoquercitrin(7-9

mg%) > astragalin(b mg%) > dehydroquercetin(5 mg%) > morin(5 mg%) <2<

2 ostekon, gtEAJobd M bo] A5 evrt g3 o By 7} flavonoid 3F
F=9o ol A= =T
o, By te g uARor A AR 371X 2-arylbenzofuran FE=A o] Sk

S =A3 Ay Table 994 HE  HebEZo] 37FA A E(4-prenylmoracin,
mulberrofuran F & mulberrofuran U) 2+ 1 %] A 3-4 mg%= A B3
At o, AR A5 eve] ko] g eyET w2 AFIATh

g, Fure Fudy g

acid) 2 1-DNJ(1-deoxynojirimycin)®] 3=

A

o7 z d#x GABA(¥-aminobutyric
=A%t A3 Table 10914 HE= uvpe}

37 orlel el 4F ovn

r-{m

o
N
2
o

2ol F 7HA] A shEFe] 10~40 mg% HE =

2
2
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Table 7. Levels of two anthocyanins in mulberry fruits from two different
cultivation areas

Anthocyanin(mg%, DW)
Cyanidin 3-O-fi-D-glucose Cyanidin 3-O-fi-D-rutinose
Sangju 332.6 £ 29.3 82.8 £ 194
Youngcheon 231.8 £ 25.3 80.6 £ 10.1

"Values are mean+S.D. of duplicate analyses.

Mulberry fruit

Table 8. Levels of six different flavonoids in mulberry fruits from two
different cultivation areas

Flavonoid(mg%, DW)
Mulberry
fruit Rutin Is(c:)i(%;liir* Astragalin  Quercetin Morin El)gggcdert(l)r;
Sangju  16.13+4.22 9664243  56+1.76 10.11+1.63 4.76+0.27 4.98+1.34
‘C{gggf 14134254 7214202  54+098  9.92+1.83 4.95+1.02  4.79+1.62

*Values are meantS.D. of duplicate analyses.

Table 9. Levels of three 2-arylbenzofuran derivatives in mulberry fruits
from two different cultivation areas

) 2-Arylbenzofuran derivatives (mg%, DW)
Mulberry fruit

4-Prenylmoracin Mulberrofuran F Mulberrofuran U
Sangju 451 £ 0.32 3.22 £ 0.42 3.24 £ 0.29
Youngcheon 445 = 0.24 3.01 £ 0.24 3.12 £ 052

"Values are mean+S.D. of duplicate analyses.

Table 10. Levels of GABA and DN]J in mulberry fruits from two different
cultivation areas

Content (mg%, DW
Mulberry fruit ontent (mg% )

GABA DNJ
Sangju 10.71 £ 1.72 28.38 + 2.12
Youngcheon 12.32 £ 2.54 35.76 £ 3.15

*Values are mean=S.D. of duplicate analyses.
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Fig. 3. UV-Vis absorption spectra of two anthocyanins isolated from

mulberry fruits.
A: cyanidin 3-O-['-D-glucoside, B: cyanidin 3-O-F~D-rutinoside
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Fig. 4. HPLC chromatograms of two anthocyanin standards (A) and mulberry

extract (B).
1. cyanidin 3-O-P-D-glucoside(tg: 15.72), 2: cyanidin 3-O-[}~D-rutinoside (tg: 17.80).
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Fig. 5. FABMS spectra of two anthocyanins isolated from mulberry fruits.
A: cyanidin 3-O-[-D-glucoside, B: cyanidin 3-O-F-D-rutinoside.

151 -



w
fo
A
2
bl
>

[0}
)
T
1=
B>
lo
257
o
oty
N
)
=
i3

Table 11. Solubility and stability of mulberry extract against several
physico-chemical factors

Solubility Stability
Mulberry ext. - . .
H-O EtOH Oil Temp Metal pH Heating Enzyme
Water ext. O O X O x  Red~black green O X
EtOH ext. O © X O x  Red~black green O x

©: Very good, O: moderate, A: poor, X : very poor

“Pectinase & cellulase.
ool B Reld or] hEAchd Mg FF
et <QtEAJold AAo] 471A] thii FA|[(chitosan, chitin, cyclodextrin, 2

carboxymethylcellulose(CMC)]oll gt &= & A|gs A= Table 129} 2t} 4

olf

A g A 5 AAAEe] F4E chitosan®] FE o] ¢F 80% ol o2 A
=
h

chitosan®} WA ste] FAAIFOZA o =4
7155 AEely sE 5o Al

ek 2o AAR A7 28 E
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Table 12. Adsorption capacity of mulberry anthocyanin extract against
several polycarbohydrates

Mulberry Chitosan Chitin Cyclodextrin CMC
ext

-Jl-max 2 ..‘l-max -.Jl-max -Jl-max
(nm) 0.D. AC (nm) 0.D. AC (nm) O0.D. AC (nm) 0.D. AC

Water' 517 014 816 516 024 684 516 085 -11.8 518 085 -11.8

EO 517 013 829 516 021 724 516 084 -105 518 083 -9.2

]Partially purified anthocyanin pigments in water and ethanol extracts were obtained from by Diaion
HP-20 column chromatography. An original concentration of the water and EtOH extracts was 0.5
mg/ml, and Uv-vis maximum (&na) absorbance at 516 nm was 0.76.

*Adsorption capacity(AC) of anthocyanin pigment = O.D. of original anthocyanin - O.DD. of
anthocyanin after adsorption/O.D. of original anthocyanin x 100

4., #2713 7)< (minimal processing technology)< o] &3 11&29 9ot

ANzx7le
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Table 13. Inhibition of microbial growth in mulberry fruits by NaOCl and
70% ethanol treatment

Treatment E. coli number Microbial growth
Control (d-H20) N.D. ottt
NaOCl (2 ppm) N.D. ++
70% EtOH N.D. -

“All data were average of triplicate experiments.
ND; not detected.
Microbial growth : +++++: severe, ++ ! intermediate, — : not detected
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Table 14. Extracting efficiency of anthocyanin pigments from mulberry
fruits in relation to addition of distilled water prior to
manufacturing of mulberry juice

Mulberry (g) Distilled water addition (ml) Absorbance (at 510 nm)"
10 0.78°
20 0.80°
5.0 30 0.89°
40 1.14°
50 1.06"

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
! Absorbance of mulberry juice was determined as described in Materials and Methods.
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Table 15. Effect of filtration and centrifugation on browning in mulberry

juice
Treatment A(gf(())r?l?r?ﬁe Cciorime;er Valiue
Filtered through cheeze cloth 0.62* 4571 1797 1397
Filtered through Whatman No. 4 paper2 0.48" 70.12 16.26 14.39
Centrifuged at 8,000 rpm for 10 min 0.45° 80.23 15.04 11.01
Filtered through 0.01 pm membrane’ 0.33° 92.40 567 4.20

Filtered through 30,000 MWCO dalton membrane® 0.25¢ 9445 371 264

Filtered through 10,000 MWCO dalton membrane’ 0.04° 98.88 0.18 -0.58

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
!Absorbance at 510 nm was determined by five time dilution with 0.1% HCI

*Filtered through Whatman No. 4 paper with suction.

3Precentrifuged at 8,000 rpm for 10 min before membrane filtration.

Table 16. Effect of centrifugation speed on browning in mulberry juice

Speed Absorbance Colorimeter value

(rpm)’ (510nm)° L a b
2,000 0.54" 72.42° 14.72 15.44
4,000 0.52° 76.28" 14.16 15.24
6,000 0.49™ 79.51° 15.04 13.32
8,000 0.45" 80.48° 13.56 11.79
10,000 0.44° 80.16" 13.95 11.05

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
1Juices centrifuged for 10 min at room temperature.

2Absorbance at 510 nm was determined by five time dilution with 0.1% HCIL.
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Table 17. Control of browning in mulberry juice by filter aids' addition
and centrifugation?

Colorimeter value

Treatment
L a b

Control a

(centrifuged at 8000 rpm) 79.66 15.02 11.76
Centrifuged with Celite 545 852 4328 8D
Centrifuged with talc &5 A0 A0
Centrifuged with silicagel (TLC) L' N
Centrifuged with bentonite (78%58%3) (g:é%% &(1)2%)

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
'Concentration of filter aids used was 1%.

“Juices centrifuged at 8,000 rpm for 10 min at room temperature.

Values in parenthesis represent when concentration of filter aids used was 29.
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Table 18. Control of browning in mulberry juice by fining agents1 addition
and centrifugation®

Colorimeter value

Treatment
L a b
?C(()errllttrr(i)%uged at 8,000 rpm) 80.98" 13.95 11.45
Centrifuged with starch (88%6121) (ﬁ%) &%%g)
Centrifuged with CMC B 4550 atin
Centrifuged with [—cyclodextrin (8619..7454(1) (%%%2) (Hg%
Centrifuged with agar (%%%1;) dg%(l)) d%gg)
Centrifuged with arabic gum (%%%8;) &%gg) (H%)
Centrifuged with casein (%%14%8) (g:gg) (gzgg)
Centrifuged with gelatin (89%11323 ( 1800149) (8:519(25)
Centrifuged with chitin (%%%f) (g:%) (nggé)
Centrifuged with chitosan (%2547%)) (?:gi) (421:{(25)
PVPP 5 %) %

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
!Concentration of fining agents used was 1%.

*Juices centrifugedat 8,000 rpm for 10 min at room temperature.

3Polyvinylpolypyrrolidone.

Values in parenthesis represent when concentration of filter aids used was 2.
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Table 19. Clarification of mulberry juice by enzyme addition and

centrifugation’
Colorimeter value
Treatment
L a b

Control a

(centrifuged at 8000 rpm) 81.22 12.52 1510
Centrifuged with a-amylase (%%%%) &(2)1518) &gi%)
Centrifuged with glucoamylase (?891815) (ﬁg(l)) (%451?52)
Centrifuged with cellulase (78%%%) &8%) &gg)
Centrifuged with pectinase (%%6714) (151 5380) éigg)

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
uices centrifuged at 8,000 rpm for 10 min at room temperature after enzymes (0.1 ml) addition.
Values in parenthesis represent when concentration of enzymes used was 1.0 ml.
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Table 20. Effect of anti-browning agents on browning in minimally
processed mulberry juice

Colorimeter value

Anti-browning agent1

L a b

80.84° 13.74 10.83

Control (68.92) (21.02) (25.99)
L-Ascorbic acid 83.74° 17.16 5.76
(L-AsA) (73.15) (26.35) (12.94)
. 82.45" 22.45 6.64
Citric acid (CA) (77.85) (28.64) (10.15)
80.99° 13.93 10.57

NaCl (65.83) (30.67) (23.62)
86.65" 12.73 6.75

NazS204 (81.63) (13.21) (9.23)

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
Concentration of anti-browning agents used was 0.1% with exception of 200 ppm NazS20..

Values in parenthesis represent when colorimetry values of mulberry juice were determined after one
day stand at room temperature.
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Table 21. Effect of combination of anti-browning agents on

minimally processed mulberry juice

browning in

Colorimeter value

Anti-browning agent'

L a b
Control ne &1t 259
o T
CA + NaCl (%14.?21312 (3070 REXEL
NaCl + L-AsA i Gia) 14

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.

!Concentration of each anti-browning agent used was 0.1%.
Values in parenthesis represent when colorimetry values of mulberry juice were determined after one

day stand at room temperature.
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Table 22. Table 22. Sensory evaluation of minimally processed mulberry juice
prepared by control of sugar/acid ratio

Sugar (°Brix)/acid Sensory test
ratio Flavor Taste Color
20 35" 3.1° 45"
30 36" 35° 4.3
40 4.0° 4.7 4.0°
50 40" 45" 4.0°
60 4.0° 4.1° 4.0°

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
5. very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant.
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Table 23. Changes of colorimetry and absorbance of mulberry juice in
relation to different heating time'

Heating time Colorimeter value Absorbance
(sec) L a b (at 510 nm)
Control 80.71° 14.28 11.20 0.77°
30 78.94 14.91 11.37 1.15°
40 7755 15.03 12.20 1.29°
50 73.38° 18.08 18.32 1.23
60 69.75° 19.87 21.25 1.26*

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
lMulberry juice was prepared by centrifugation at 8,000 rpm for 10 min after heating treatment.

ool ARERE Qorl ovle HaFrlE 2AL EvZ sl obdl Fig. 6
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Fresh mulberry fruits (100 kg)

!

Selection

l

Washing

l

Heat treatment(steaming, 10~20%)
!

Cooling

J added water with anti-browning agents(0.1%6 CA, 0.019%6 L-AsA)
Homogenization(2~5 )

l

Squeezing (cheeze—cloth)

!

Centrifugation(8,000 rpm, 10%)

| adjusted sugar/acid ratio to 40(fructose/CA & SC)
Commercial sterilization (85~907C, 10%)

l

Cooling

!
Mulberry juice(90 kg)

Fig. 6. Schematic procedure for preparation of mulberry juice (or mulberry
powder or mulberry extract) by minimal processing technology.
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Table 24. Effects of four different medicinal herb extracts on improving
functionality and palatability of mulberry additives

Herbal extract Functionality Palatability8
1 -
sample MA CF’ LF® SF' RF® A;lélg;{f;nt Hypé?glt;fce%mc Color Flavor Taste
activity

Control 100 0 0 0 O 35.45 56.45 4.0 4.0 4.0
1 %9 1 1 01 1 36.48 64.75 4.1 4.2 4.3
2 938 2 2 02 2 46.76 75.34 4.2 4.3 45
3 91.7 3 3 03 3 74.59 74.65 4.3 3.8 3.8
4 876 4 4 04 4 78.65 54.54 4.5 3.0 2.6
5 845 5 5 05 5 89.67 34.75 4.6 2.3 2.1

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
'MA: Mulberry additives(60 °Brix), Corni Fructus(Sansuyu), *Lycii Fructus(Gugiza)
Schizandrae Fructus(Omiza), "Rubi Fructus(Bokbunza)

’DPPH radical scavenging activity(%) at 1.0 mg/ml

"Inhibition(%) of glucose-6-phosphatase at 10.0 mg/ml

8Sensory analysis: 5 very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant.
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Table 25. Changes of physicochemical properties and sensory test of
mulberry additives during storage at 5C and 25T

Quality Storage(day, 5C) Storage(day, 25C)
index 0 3 7 13 21 31 0 3 t 13 21 31

501@%;;;’”(1 300 302 305 308 31.0 313 300 303 324 349 353 322

A%};ji)ty 150 152 154 155 157 159 150 155 163 172 178 156
ISt 365 361 360 359 356 355 305 350 333 324 302 267

1
Absorbance 34 034 035 034 036 033 034 036 038 030 029 0.20

(515 nm)
) 80.12 81.80 78.45 77.53 77.13 77.01 80.12 74.72 65.63 62.91 60.76 59.83
Colorimeter” 25.34 23.34 21.63 21.54 20.45 20.04 25.34 23.91 20.65 17.92 13.32 14.81
15.43 16.53 17.52 17.20 18.12 18.83 15.43 16.82 24.53 32.54 33.46 34.24

Sensor 5.0 49 45 43 43 43 50 41 40 J 32 30
anal Sg:% 50 48 46 43 41 40 50 42 37 2 25 20
Y 50 49 45 43 40 40 50 40 33 30 23 18

w w

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
"Determined absorbance at 515 nm after a sample was diluted ten time with 0.1N HCL

°L: Lightness, a: Redness, b: Yellowness

3Color, flavor, taste; 5: very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant.
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Table 1. Formulations of mulberry granule tea

Granule Material(%)

tea MP'  MG* Suc Oligosa Lac L-AsA CA  MF® SSA’

1 2 81 4.49 0 5 6.3 0.2 0.01 1
2 2 81 3.39 1 5 6.3 0.2 0.01 1
3 2 81 2.29 2 5 6.3 0.2 0.01 1
4 2 81 1.19 3 5 6.3 0.2 0.01 1
5 2 81 0.19 4 5 6.3 0.2 0.01 1
6 2 81 0 4.49 5 6.3 0.2 0.01 1

1Mulberry fruit powder
2Mulberry fruit granule
Mulberry flavor
'Sodiumsilicoaluminate(SSA)
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Table 2. Formulations of mulberry pill

Mulberry Material (Kg)
pill MP' SW* ML? GRG' Ionized water
1 0.2 1.0 1.0 0.1 0.15
2 0.4 1.0 1.0 0.1 0.15
3 0.6 1.0 1.0 0.1 0.15
4 0.8 1.0 1.0 0.1 0.15
5 1.0 1.0 1.0 0.1 0.15

1Mulberry fruit powder
%Silk worm powder
3Mulberry leaf powder
*Glutinuos rice paste
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Fig. 1. Schematic procedure for preparation of mulberry capsule.

Table 3. Formulations of mulberry capsule

Material(w/w)
Sample  Npulperry  MUWPETY - Giikworm  Crystal

powder pc}\?x?ger powder  Cellulose ~ Mannitol — Total
1 10 10 10 60 10 100
2 10 10 10 55 15 100
3 10 10 10 50 20 100
4 10 10 10 45 25 100
5) 10 10 10 40 30 100

2) &4 Ao AF T olshaty Fd W3}
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Fig. 2. Schematic procedure for preparation of mulberry drink.
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Table 4. Formulations of mulberry drink

Concentration(w/w)
Sample M(upél%%;ry f%&g‘tgge Sugar %lgélc S(o:(i)&iautren Pectin (1;‘1{1(;2[]%{ Water Total
1 20 9.35 3.5 015 0.05 0023 012 66.807 100
2 20 8.35 4.5 015 0.05 0.023 012 66.807 100
3 20 7.35 5.5 015 0.05 0023 012 66.807 100
4 20 7.35 5.4 023 007 0023 012 66.807 100
5 20 7.35 5.3 030 010 0.023 012 66.807 100
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Table 5. Quality characteristics of mulberry granule tea

Mulb Soubl Sol i 1 c ig?
ulberry ou. e Acidity .9 u Colorimeter Yield Absorp Sensory analysis
granule  solid bility )
. (%) L b (%) tion Col Fl T T 1
tea (°Brix) (sec) a olor avor Taste Tota

1 84 043 5 769524981807 90 mediate 43 35 43 4.03
2 84 042 5 766028161812 90 low 43 36 48 423
3 82 042 5 7656825741847 90 low 43 34 36 377
4 82 043 5 765126141848 90 low 42 35 34 370
5) 82 042 5 766825471792 90 low 42 35 25 340

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
'L: Lightness, a: Redness, b: Yellowness
%5 very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant.
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Table 6. Changes of physico—chemical properties of mulberry granule tea
during storage at 5C and 25T

Quality Storage(day, 5TC) Storage(day, 25TC)
Index 0O 30 60 90 0 30 60 90
Soluble
4 8 2 8 4 8 . 4
B 8 83 8 83 8 86 89 8
Acidity(%) 043 041 041 040 043 045 048 051
pH 954 254 252 252 254 251 243 231
76.60 75.80 74.82 74.02 76.60 74.52 71.52 69.91
Colorimeter! 96.16 2551 24.41 24.01 26.16 27.94 28.14 28.82
1812 17.21 17.82 17.91 1812 23.70 24.83 22.01
Absorb -
sorbance 060 0.60 057 055 060 053 051 047
(520 nm)
50 47 47 45 50 45 40 35
sensory. 50 46 45 44 50 45 41 32
analysis 50 47 45 43 50 41 36 30

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
'L: Lightness, a: Redness, b: Yellowness
“Absorbance at UVsisam

SColor, flavor, taste(5: very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant).
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Table 7. Quality characteristics of mulberry pill

| Soul.ale Acidity Colorimeter Sensory analysis”
Pill solid

O, pH
o (%) L a b Color Flavor Taste Total
(°Brix)

1 0.76 053 6512 11.23 66.01 667 3.3 3.0 3.2 3.17

2 0.78 059 6254 1264 6594 660 3.5 3.3 34 3.40

3 0.82 0.63 5834 14.86 6573 654 3.7 3.5 3.6 3.60

4 0.86 0.67 5475 1634 6547 648 39 3.8 3.8 3.83

5) 0.93 0.69 52.82 1830 6527 640 4.0 4.0 4.0 4.00

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
'L: Lightness, a: Redness, b: Yellowness
%5 very good, 4: good, 3: moderate, 2. bad, 1: very unpleasant.
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Table 8. Comparison of quality characteristics of the conventional and new
developed mulberry pills

Quality Conventional mulberrypill New developed mulberry pill
index (SWP:MLP=1:1, w/w) (MFP:SWP:-MLP=1:1:1, w/w)
Acidity 0.51 0.69

pH 6.62 6.40

Souble

solid(°Brix) 0.73 0.93
Colorimeter’ 68.06, 10.40, 66.26 52.82, 18.30, 65.27
Hardness” 262 175

Sensory'

analysis’ Taste(3), Color(3), Flavor(3) Taste(4), Color(4), Flavor(4)

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
'L: Lightness, a: Redness, b: Yellowness

*Dyne/cm?(x 10°)

351 very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant.

g ddo] Bloy F3e £ WSk UEuA et 28 B
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Table 9. Changes in physico—chemical properties of mulberry pill during

storage at 5C and 25T

Quality Storage(day, 5C) Storage(day, 25TC)

Index 0 30 60 90 0 30 60 90
Soluble solid
(°Brix)
Acidity(%) 077 065 0.61 0.60 077 0.67 0.60 0.58

2.8 2.6 2.4 2.4 2.8 2.4 2.3 2.2

pH 6.52 6.38 6.43 640 652 638 640 6.36

Absorb
(532((); ni;‘)cle 095 082 079 075 095 075 070 0.61
Hardness® 175 177 180 178 175 173 169 160

S 50 48 45 45 50 46 40 38
ensory 50 47 46 43 50 45 37 35

analysis 50 47 43 40 50 43 35 33

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
!Absorbance at 520 nm after sample was diluted ten time with 0.1N HCI.

?Dyne/cmz(>< 10%)
3Color, flavor, taste(5: very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant).

oA Eo 2 kel Azl wet A% Azd of HYA % o) AR Fig.

33} 2},
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Fig. 3. Photograph of mulberry granule tea and pill.
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Taste
3.0
3.0
3.5
3.8
4.0

Color
3.5
3.5
3.6
34
3.4
5 very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant.

Sample

Table 10. Sensory analysis of five different mulberry capsules
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Table 11. Changes in physico—chemical properties of mulberry capsule during
storage at 5C and 25T

Quality Storage(day, 5C) Storage(day, 25TC)
Index 0 30 60 90 0 30 60 90
Tubl
Solble: o )9y 18 18 20 19 17 15
solid(°Brix)
Acidity
@ 0.38 032 032 030 038 034 036 040
0
pH 652 639 635 633 652 629 620 6.12
A
bsorbance  \o 44 043 040 049 046 047 042
(520 nm)
S 5.0 5.0 18 15 5.0 44 1.0 3.4
ensery 50 4.9 45 45 5.0 45 3.8 2.7
analysis 5.0 4.8 45 4.3 5.0 4.4 3.7 2.5

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.

'Absorbance at 520 nm after sample was diluted ten time with 0.1N HCL.
2Color, flavor, taste; 5: very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant).

4. o4 =99 Azx % AY T olstet FE Wi 4

7]_ 01;] EFJEL ;(1]2":—’_'46]- ‘,qzi = =1 HHﬁl—H] A—];g

ohA 22bdE AR HA 19 AFARA W FHEw G5 $FF oS
g eHHF Ay~ olgste] HA or =ya AR EFWE AA3IH )
Table 4¢9t3re] ev] a5 (5 23h)ell T 4ke] EFu &S Dejste] Az 54+
ot =839 gt A% g ol gis] #5ALE AAG A= Table 1294 2ot

o] =gae] Mre gl Hubel #AIgle]l Akl HTbel wel Frhate] v %
et g mglon, vhe o] Hrbe wmet Frhstthrh Fhacte A b ATh
R, or] =83 e BE oA Z AelE HeolA &gtk ol AR FH
ShA 5744 eH=E"A AFT T AR 37 A w3 o] MY F5d FFHHA

oS e webd AR 378 E9ulE] welt eyE=E"HAS Az

- 189 -



Table 12. Sensory analysis of five different mulberry drinks

Soluble Sensory analysis®

. - Acidity Absorbance
Drink  solid (%) (520 nm)" H

(°Brix) Color Flavor Taste Total
1 10.54 0.30 0.06 3.78 3.8 3.8 3.5 3.70
2 11.04 0.30 0.07 3.78 3.8 3.8 3.7 3.77
3 12.01 0.31 0.07 3.79 3.8 3.8 4.2 3.93
4 12.03 0.34 0.09 3.80 4.0 3.8 3.7 3.83
5 12.05 0.37 0.12 3.80 4.2 3.8 3.6 3.87

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
"Determined absorbance of sample solution added 0.1N HCI at 520 nm
%5: very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant.
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Table 13. Changes in physico—chemical properties of mulberry drink during

storage at 5C and 25T

Quality Storage(day, 5TC) Storage(day, 25TC)
Index 0 30 60 90 0 30 60 90
Solubl
oluble 1010 1210 1209 12.08 1210 1227 12.33 12.35
solid(°Brix)
Acidity
) 030 030 032 032 030 033 040 045
(0}
pH 3.83 3.80 379 377 383 373 363 351
Absorbance
! 015 014 013 011 0.5 016 013 0.14
(520 nm)
S 50 48 47 45 50 47 43 40
eSOV B0 47 45 44 50 46 44 37
analysis’ 50 46 45 45 50 48 46 37

The data was average of triplicate experiments. Standard deviations and statistical analysis were

omitted for simplicity.
!Absorbance of sample solution added with 0.1N HCI at 520 nm.
ZColor, flavor, taste(5: very good, 4: good, 3: moderate, 2: bad, 1: very unpleasant).

sAutow ool Azubwel W AF Axd or A4 2L ov =PAE Fig. 4
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Fig. 4. Photograph of mulberry capsule and drink.
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