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SUMMARY
(F& S oFF)

{Sub- project 1) Nutrient components and their bio—activities in lotus organs and

its epidemiological studies

1. In general and nutritional composition of different part of dried white lotus (Nelumbo
nucifera), the water contents of dried powder of root, leaves, seeds and flowers
were 1.76, 4.22, 2.75, and 7.62%, respectively. Crude protein content in the seeds
was higher than those in different parts. Carbohydrate content in the root was
higher than those in different parts, but the crude lipid content was comparatively
lower. The potassium content of the minerals in the roots was much higher than
those in other parts. Additionally, the iron content of flowers was much higher than
those in different parts. The main sugar in the leaves was maltose, the main sugar
in the roots was xylose and that in the seeds was glucose. Among organic acids,
malic acid showed the highest level in the leaves, flowers and roots, while glutaric
acid was the highest in the seeds. Total dietary fiber were 21.97% for roots,
54.90% for leaves, 27.76% for seeds and 44.0% for flowers.

2. The preventive and therapeutic potency against oxidative stress and diabetic
complications of N nucifera were evaluated via the 1,1-diphenyl-2-picrylhydrazyl
(DPPH), Trolox equivalent antioxidant capacity (TEAC), and total reactive oxygen
species (ROS) assays, as well as the rat lens aldose reductase (RLAR) and
advanced glycation endproducts (AGE) assays. The leaf extract of N. nucifera
exerted potent antioxidant effects as well as marked inhibitory effects for RLAR and
AGE formation, corresponding to high values for total phenolic content (TPC) and
total flavonoid content (TFC). Among several solvent fractions, the EtOAc and
n-BuOH fractions, having prominent TPC and TFC values, showed significant
antioxidant effects in the DPPH and TEAC assays. Moreover, the EtOAc fraction
exhibited superior inhibitory effects in the total ROS, RLAR, and AGE assays, with
IC50 values of 9.4, 2.4, and 28.2 mg/mL, respectively. Also, the HPLC profiles of
the active EtOAc fraction indicated that quercetin 3-O-b-D-glucopyranoside
(Qc-3-Glc) and Qc 3-0O-b-D-glucuronopyranoside (Qc—-3-Gln) were two of its major
components, as well as Qc 3-O-b-D-galactopyranoside (Qc-3-Gal) as a minor
compound.

3. Also, we investigated the effect of N. nucifera parts on the gastric ulceration, Ig
G and liver damaging factors of rats in immobilization stress. For the induction of
stress, rats were stressed by immobilization for 2 hours in a day during 2 weeks,
and administrated daily at a dose of 400 mg/kg extracts of lotus parts. In gastric
ulceration using by tissue staining method was not changed in lotus treated groups

compare with control group. As a results of measuring Ig G levels of serum, lotus



treated groups (leaf, root, stamen) were not shown significantly differences, but
shown the increasing inclination. In special, liver damaging factors of GOT and GPT
were decreased significantly in lotus treated group compare with control group.

4. To elucidate anti—hypodlycemic and obestic effects of fiber 1solated from N
nucifera, db/db mice were allocated control group and N. nucifera fiber group. Mice
were received daily oral injections of fiber at a dose of 100 or 400 mg/kg body
weight for 8 weeks. Body weight and food efficacy show the decreasing pattern at
the 7 and 8 weeks by feeding of N. nucifera fiber. Fiber treated groups significantly
decreased blood glucose, glycosylated hemoglobin, triglyceride, and cholesterol
levels in serum. Also, insulin level in serum significantly increased by the oral
treatment of fiber in a dose dependent manner, but did not show a beneficial effect
on the abodominal and subcutaneous fats in db/db mice.

A new b-cyclogeraniol diglycoside (5), along with four known components,
cycloartenol (1), p-hydroxybenzoic acid (2), vanilloloside (3), and
5-O-methyladenosine (4), were first isolated from the n-BuOH fraction of Nelumbo
nucifera stamens. The chemical structure of b-cyclogeraniol diglycoside was
elucidated as 1-hydroxymethyl-2,6,6-trimethyl-1-cyclohexene—-9-0O-b
-D-glucopyranosyl-(1 6)-b -D-glucopyranoside (nuciferoside) on the basis of
chemical and spectroscopic evidence, including 1D, 2D NMR, and MS. The
anti-Alzheimer effects of 1-5 were evaluated vz the acetylcholinesterase (AChE),
butyrylcholinesterase (BChE), and b -site amyloid precursor protein (APP) cleaving
enzyme 1 (BACE1) inhibition assays. Compounds 1-3 and 5 showed good and
noncompetitive inhibition against AChE with IC50 values of 11.89, 20.07, 4.55, and
3.20mM and A1 values of 15.71, 25.44, 7.76, and 5.76mM, respectively. Compounds
1, 2, 3 and 5 also possessed BChE inhibitory activities with IC50 values of 13.93,
62.29, 205.78, and 83.06mM, respectively. The selectivity index (SI) values of 1, 2,
3, and 5, calculated from IC50 values of BChE and AChE, were 1.2, 3.1, 45.7, and
26.0. However, all isolated compounds lacked BACE] inhibition up to 100mM.

Alzheimer disease(AD) is a progressive neuro—degenerative disorder causing
dementia. One of the most consistent neurotransmitter altercations found in brain of
AD patient is a loss of cholinergic markers, cholineacetyltransferase(ChAT) and
acetylcholinesterase(AChE).

. We examined the antiamnestic effect of NNS in scopolamine-induced amnestic rats
with using passive avoidance test, estimating AChE activity and ChAT
immunochemistry. Latency time of passive avoidance test in NNS treated group
have significantly increased as 54% than those of scopolamine treated group.
Inhibition on AChE activity in NNS treated group have significantly increased 7.35%
than those of control group. The number of CHAT-positive neurons in NNS group

has increased as 14% than those of control group.



{Collaborative- project 1) Effectiveness of anti-obesity in adult and obese adult

eaten dietary lotus fiber

1. In order to evaluate the anti-obesity effect of lotus dietary fibers (5 g/day, 12
weeks, pill-type), we implemented clinical trial on healthy adult((M: 40, F: 23, BMI
<25) and obese adult (M: 41, F: 20, BMI >23.5). The clinical trial on healthy adult
showed that body fat(%) and serum lipid profile level of lotus dietary fiber trial
group were lower than comparison group.

2. The clinical trial on obese adult showed that TG, BP, FBS of lotus dietary fiber
trial group were lower than comparison group, but others not. And changes of
adipokines (leptin, resistin etc) were not significant. These results revealed that
anti-obesity effect on obese adult of lotus dietary fibers (5 g/day, 12 weeks,
pill-type) was evident in a few indices and supplementary studies were needed for
development of lotus dietary fiber products: composition of lotus fibers, changes of

fibers composition after fiber extraction procedures etc.

{Collaborative— project 2> Development processing product of lotus and
commercialization of these product
1. To develop the efficiency of lotus, we developed jook, tofu, pickle, noodles,dumpling
shell that contained lotus root and lotus leaf powder. The quality characteristics
and sensory evaluation of these products were analyzed.

The physical and sensory properties of Jook that added with Ilotus leaf
powder(LLP) were investigated. Since the level of lotus leaf powder(LLP) in the
samples was increased, both L-values and a-values were also decreased, and only
b-values were increased. In addition, the Jook had high viscosities and low
spreadable values as the amount of LLP increased. Sensory characteristics, such as:
color Intensity, viscosity, astringency, and nutty taste increased significantly with
the addition of LLP. And the results of the consumer acceptability test showed that
the Jook containing 2% ~ 3% LLP had the highest score. To enhance the quality of
Jook, a 2% addition of LLP would be the most beneficial. The quality of
characteristics of tofu was investigated by preparing with different concentration of
LLP. The yield rates of the tofu samples did not differ significantly according to the
level of added LLP. However, there was a significantly decrease in the pH and a
significantly increase in the acidity. The L- values and a-values of samples
decreased as the amount of LLP in the formulation increased, whereas the b value
increased. Furthermore, hardness significantly increased as the level of LLP
increased. In terms of overall acceptability, the preferred tofu samples were the
control and that containing 0.2% LLP. Quality characteristics of lotus root pickle
added with beet extract were investigated. Lotus root slices were salted with NaCl,
soaked into pickling solution, and then stored at 20C. The pH of the experimental

groups decreased slowly during the fermentation. In terms of color values, both L



and a values were decreased, but b values were increased, with increasing beet
extract content. Overall, based on sensory evaluation, lotus root pickle added 30%
beet extract was preference over the other samples. The quality characteristics of
noodles was investigated with adding LLP. The gelatinization points of the
composite LLP-wheat flours were increased and had viscosity at 95T, after 15
minutes and maximum viscosity of those were decreased, as the LLP content was
increased as measured by amylograph. As more LLP was added, both L and b value
were decreased, a value was increased in color values and weight and volume of
cooked noodle and turbidity of soup were increased. For the textural characteristics,
the LLP additive increased hardness and decreased adhesiveness, cohesiveness and
springiness. Overall, the noodles made with 5% LLP were preferred more than the
other noodles as tested by sensory evaluation. Dumpling shell samples were
prepared with wheat flour along with the addition of different amount of LLP,
followed by functional measurements and sensory evaluation. The addition of LLP
content increased hardness and decreased chewer in all samples. Overall, sensory
evaluations proved that dumpling shell with 3% added LLP was preferred over the
other samples.

. We developed various kinds of processing product using lotus, such as extract leaf
fermented, powder, juice, Sik—Hae(rice nectar), Ssam-Bap(boiled rice). The extract
contained 0.1g ash, 53.46g carbohydrate, 13.14g crude protein, 0.0lg crude fat,
2.58g NaCl, 0.002g saturated fat and 0.00g/100g cholesterol. Sensory quality in the
extract of fermented lotus leaf is much better in maturation leaves than those of
young and its tasty improved in clay bowl compared to glass bowl as fermentation
tools. The extract inhibited the expression of MMP-2 in HASMC and improved the
wound healing. Antioxidant activity increased with increasing the extract
concentration, while NO activity decreased. The extract from fermented leaf has no
fat, trans fat and cholesterol, so its extract treated to chicken, pork, beef, and
vegetables as functional food source. Sensory quality in juice i1s much improved with
added the extract of both lotus leaves tea and roots. Lotus juice developed with
addition of extract leaf fermented to the extract of lotus leaves tea and root.
Sensory quality was highest in mixture of 11.% fermented leaf extract to 72.5 leaf
tea extract and 16.5% root juice among treatments. Sensory qualities of powder in
both leaves and flower is much improved by developing proper processing
procedure during making these teas. These powder is good source of vitamin and
mineral as foods additive for health improvement. Sik—Hae product added extract of
lotus leaves has good source of minerals, such as calcium, iron, sodium compared
to rice nectar. Ssam-Bap product using lotus leaf has much bioactive compounds,
such as vitamin A, beta—-carotene, mineral compared to rice boiled. All these
processing product will improved value added of lotus and it will make money for

lotus farmer.



{Sub- project 2) Extension shelf life, development powder and minimally processed

product and flowering regulation in lotus

1. The ventilation and heat treatment before storage is not effective on the weight
loss and hardness during storage of Nelumbo nucifera rhizomes. The weight and
hardness of N. nucifera rhizome stored at 10C was greatly lowered compared to 1
5C during storage period. But, in rhizomes stored at OC, the weight and hardness
was highly maintained and occurrence rate of microorganism, as fungus and bacteria
was lowered. Therefore, for storage quality improvement of N. nucifera rhizome,
storage at 0C was more effective than storage at 10C or 15TC.

The storage quality by packing material in N. nucifera rhizomes was examined. In
packed with PE film of O.1lmm thickness, the weight and hardness of rhizome were
highly maintained, and occurrence rate of microorganism was lower at 30 days after
storage than in the other thin PE films. Also, occurrence rate of fungus and
bacteria was lowered in washed rhizomes than in non-washed rhizomes. The
vacuum packed with PE film in rhizomes showed the highest hardness among
treatments. When rhizome harvested between October and March was stored,
microorganism in rhizome harvested on October occurred at 70 days after storage,
and microorganism in rhizome harvested between November and March occurred at
40 or 50 days after storage.

Treatment of ultraviolet rays for 0, 15, 60, 240 minutes was not effective until 90
days after storage. Treatment of O, 1, 2, 5, 10% alcohol solution was not effective
in rhizome storage. But, when it was treated with 2% or 5% alcohol solution,
changes in weight and hardness of rhizome were slightly influenced relatively. Also,
soaking with chitosan solution and citric acid were not effective in rhizome
storage.

Therefore, for long—term storage of N. nucifera rhizome, it was more effective to
store at OC after vacuum packing with PE film of O.1lmm thickness following
rhizome washing.

2. Lotus leaves were harvested on June 15, July 15, Aug. 15, Sep. 15, while roots
were harvested on Nov. 15, Dec. 15, Jan. 15, Feb. 15 respectively. After
harvesting, leaves and roots were dried at 50C drying chamber. Contents of starch,
ascorbic acid, total phenolics, amino acids and inorganic elements were influenced
by harvest date in both lotus leaves and roots. The optimal date of harvest was
Aug. 15 in leaves and Jan. 15 in roots. In order to know the best drying
temperature, both leaves and roots of lotus were dried at 30, 40, 50, 60, 707,
respectively. Marketability and quality of powder product in both leaves and roots
was considerably changed by drying temperature. The optimal drying temperature
was 50T in leaves and roots, respectively. The powder product sealed with glass
bowl, plastic bottle, polyethylene and aluminium foil bag were stored at O and 20T

for 12 months. Contents of chlorophyll, starch, fiber, ascorbic acid gradually



decreased with time and those content highest in aluminium foil bag among
treatments in all temperature. Quality of powder product during storage maintained
best when these powder were stored at OCwith sealed either glass bowl or
aluminium foil. After making processing procedure, we developed powder product
value added, such as lotus leaves powder and its root powder.

. To develop fresh—-cut product using lotus roots, firstly we screened the antioxidant
agent such as 1% citric acid, 1% ascorbic acid, 0.2% N-acetylcystein, 0.5mM
hexylresorcinol, 0.1% Ca propionate. Ascorbic acid 1% combined with citric acid 1%
has good property to prevent browning in lotus during storage. In treatment
methods of anti—browning agent, flesh browning much decreased with ascorbic acid
1% plus citric acid 1%(CA) following hot water dip at 50C for 3 min. Browning of
fresh—cut roots significantly decreased with keeping solution of CA solution during
storage. To determine the shelf life of fresh-cut roots, its roots were stored at O,
5, 10, 20TC for 14 days, respectively. Shelf life of lotus roots extended with
increasing fresh quality by decreasing PPO activity and ethylene production when
roots were stored at 0.C. To screen the optimal lotus cultivar for fresh—-cut product
development, we evaluated the quality in native cultivars of 'Inchisa', 'Muan’,
'‘Garam', 'Chungyang'. There was no difference firmness, Hunter 'L' and amino acids
among cultivars, but total phenolics and antioxidant activity slightly higher in 'Muan'
than that other cultivar. In order to prevent microorganism infection, we treated
electrolyzed oxidizing water, ozone water, sodium hypochloride for fresh-cut roots
and then stored at OC for 9 days. we did not find any harmful microorganism in all
tratments, but bacteria number lowest in sodium hypochloride among treatments.
Changes in microorganism numbers in fresh—cut roots according to storage
temperature, its number increased with rising storage temperature, especially at 2
OC. There was no detect any chemical residues in fresh-cut roots. Finally, we
establish the making procedure of fresh—cut product and then developed two kind of
product, such as slice and peeled bulk roots. We compared the quality of fresh—cut
lotus between Korea's and China's product. The quality of fresh—cut lotus product is
much better in Korea's product than that China', while the marketing price is much
cheaper in China's product compared to Korea's. If we develop the fresh-cut
product produced in Korea, its will be well sale in market place because of high
freshness and quality characteristics.

To gather the basic data on bioactive compounds and its bio activity of leaf
extracts, the leaves of four species of white lotus including 'Garam', 'Choeue',
'Baekwageollyeon', and 'Seungdal' were harvested. Total phenol contents were
highest in the extracts of heated-water from the white lotus 'Choeue' by 78.3ug/mL
and in ethanol extracts from 'Baekwageollyeon' by 146.8xug/mL. DPPH radical
scavenging activity was highest at extracts of the heated-water and ethanol

extracts of white lotus 'Seungdal' by 83.9% and 94.0%, respectively. Total flavonoid



contents in the ethanol extracts of 'Seungdal'(63.6xg/ml) and 'Choeue'(92.2ug/ml)
were higher than those in the heated-water extracts of 'Choeue' (28.8xg/mL). Nitrite
scavenging activity of heated-water extracts of 'Choeue' extracted was 69.2%, and
ethanol extracts of 'Baekwageollyeon' 80.7%. No significance in tyrosinase inhibition
activity of the leaf extracts from four species of white lotus among those species
and solvents were observed. Anti-microbial activity of the ethanol extracts was
higher than that of the heated water, showing bigger inhibition diameter (8.3 to
11.2mm).

We also investigated the total phenol, antioxidant activity, flavonoid, nitrite
scavenging, tyrosinase and antimicrobial activity in the extracts of white lotus
flowers including 'Garam', 'Choeue', 'Baekwageollyeon', and 'Seungdal'. Total phenol
and flavonoid contents were highest in the extracts of heated-water from the white
lotus flower 'Garam' among cultivars. Nitrite scavenging and tyrosinase activities
were much  higher in 'Seungdal'and 'Choeue' than  that 'Choeue’
and'Baekwageollyeon' regardless of extract methods.

. To know the mechanism and physiology of flowering in lotus grown lake located in
Muan county, firstly we investigated the of flowering effect by cultivation
environment. Between cultivation condition and flowering, flowering was influence by
the temperature, rainfall and sunshine duration. It was shown that more analyses of
the inner factors such as the age of lotus roots, and the management factors such
as the management of water depth, the digging and planting times and fertilization
were needed. To estimate of days to flowering by the kinds of the white lotus, the
percent flowering and the yield of lotus leaves. Blooming period of the white lotus
c.v. 'Garam', 'Chungyang', and 'Inchuisa' were June to early in July and mid-July.
And that of c.v. 'Muan’ and 'Baekhwageonryeon' were about the middle of July and
late in August. From the emergence of flower bud to the flowering of the white
lotus had taken 19-20 days. Flower stalk length of the white lotus were generally
about 97-162cm. In mid-August, the number of the marketable lotus leaves per
3.3m”? were about 25.0-35.8, and their fresh weight were about 1.57-3.26kg. It was
consumed that the yield of lotus leaves should be considered in the selection of the
kinds of the white lotus. To examine characteristics of rhizome growth and
flowering of white lotus grown lake in Muan county. Time to flowering from the
emergence of flower stalk on the above—ground parts were required 16 days. White
flowers from the lotus were 15.3cm in height and 28.2cm in width, their longevity
was 3.3 days and the averaged flower fresh weight was 29.2g. The results
conclude that optimum number of nodes on the main rhizomes for blooming the
white lotus flowers should be over 8 nodes before the rhizome enlargement. To
gather the basic data on the effective seedling propagation, cultivation, early
flowering of the white lotus grown lake in Muan county. The maximum leaf length

and width were 18cm and 19cm. And the maximum leaf stalk length was 56cm.



Rhizome was mainly enlarged in the sub-apical regions of the main rhizome early in
August. Number of the enlarged rhizomes per one seedling were 3.7, and their
fresh weight was 78.8g. It was assumed that these above results will be helpful to
the early flowering of the native white lotus seedlings in Muan county, the marsh
landscape architecture, and the production of seed bulbs. To examine the
characteristics of flowering and fruiting in lotus grown lake in Muan county. Lotus
plants of 21.4% were not bloomed, resulting from the insufficient securing of
internodes in the main rhizome and the blind. Lotus seeds, 1.5+0.2cm in length and
1.4+0.4cm in width, were ripened at about 30 days after flowering, and their fresh
weight per seed was 1.3+0.6g. We, therefore, concluded that lotus ‘Yellow Bud' as
a ornamental plant should be grown up to 8 in the node number of main rhizome
until mid-July. To examine into effect of plant growth regulator treatment on the
lotus flowering, lotus leaves and root growth in lotus grown lake in Muan county.
Lotus 'Yellow-bud' in control was flowered on Jul. 30, however, that treated ABA
1,000ppm and ethephon 1,000ppm on Jul. 27, which flowering was promoted about 3
days. Number of lotus leaves in control were 21, however, that treated ethephon
500ppm decreased by 16, and that treated GA 100ppm increased by 28. To
examine the effect of the leaves harvesting amount on the number of flower
flowered and the enlarged rhizome vyield during the cultivation of the white lotus
grown lake in Muan county. Enlarged rhizome vyield per plant were that control
(4,210g), 25% leaves harvesting treatment (3,162g), and 50% leaves harvesting
treatment (2,588g). Number of enlarged rhizome per plant were that control (9),
25% leaves harvesting treatment (6), and 50% leaves harvesting treatment (5).
Consequently, it should be considered that the lotus leaves harvesting have led to
the decrease the number of plants flowered and the enlarged rhizome yield. We
have planted the containers with the lotus, 'Yellow—bud' on Apr. 15, 2008, and have
sprayed chitosan, salcylic acid and methyl jasmonate on the lotus leaves on Jul. 1,
7 and 14. We have also measured the flowering period, the number of lotus leaves
and the yield of lotus root. Lotus in control flowered on Jul. 30, however, that
treated chitosan 500ppm flowered on Jul. 27, which promoted the lotus blooming by
3 days. Overall number of lotus leaves were 21-22, except salcylic acid 3,000ppm
by 14, methyl jasmonate 1,000ppm by 16 and methyl jasmonate 250ppm by 18. The
yield of lotus root in control was 564g, however, that treated salcylic acid
3,000ppm and methyl jasmonate 1,000ppm decreased by 38bg and 362g.
respectively. And that treated chitosan 500ppm increased by 584g.



{Consignment—- project 1> Development of the lotus root harvester using the fluids of

high pressure

1.

Lotus roots are usually cultivated in the clay soil of paddy field in Korea.
Cultivation area of lotus roots as an alternative of a rice plant has been increased
greatly during several years due to the decrease of rice price. Lotus roots are
grown horizontally in the depth of about 30 cm inside the clay soil. Consumption of
lotus roots are increased as the health food. The harvesting of lotus roots requires

the great labor and is usually doing by manual labor as digging with hoe.

. The objective of this study was to develope the lotus root harvester with easy by

soil breaking with the injection of high pressure fluid into the soil. The constructed
lotus root harvester which uses high pressure air is composed of the main body
including nozzle, high pressure container, handle, and lever and an air compressor.
The degree of soil breaking by this harvester was analyzed with using three
different nozzles. Also, the lotus root harvester which uses high pressure water

was constructed.
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do] ok EhA 7AS AT $El= 5 F w9 dAdS A Aol aARAE K
L3k HvbsES AREste] FHnt 33E Hrtsigleon 43t a4 &F Ad EFE gt
2 theromogenesisel]l AN g3S APt AU du-oldetAl e} glaAe &4
A4 BEd 52 Bdon, C2C12 myotubesdl 9,1% UCP3 mRNA¢| 2@ =2
A= & A e A4 AL Aolol o3 R Hvks 7H FHe =
B FAAARTFA L EAA] ARRATA 9@ AT SUHE dWedn s Emotd BE
< 7R =24 250 gl UCP3 mRNA 2deAM F= dds d7Fosslon, &55
ATk 2YEE, A oUA BES AFxdstH, viEE A4 dARbE G A4 g
T JdAE S48 2 2sEES oFsA stk webA, A HRE JAE 95
238k 2Folt} (Ono et al.,, 2006).

O AFA= AY, 249, Ak AR AHEE= A8 e &4 =0t (Mukherjee et

al., 1997; Yu and Hu, 1997, Talukder and Nessa, 1998). <19] o &tg FEHELS
= 93 EAHI AR Y EA e phytohemagglutinind €8] &43H 14+ 5]
GAA L dE= AE Z2F cytokines AAHS AAAIAY (Liu et al, 2004). o]= e
23 g2l armepavineO] ICsozko]l 11.9 mMEHXA T AE =29 7#HA2S YeEhgd
t}. Alth7l, armepavinedl] = Mo AE =AL 7HA 2 JA Fktt (Wang et al,
2004). THIXZ HREg2 Z‘i/ﬂ WA (SLE) Sl M ele] F23%k JE8s vl dAEwA
FHSLE) = 92498359 AYS APste A7l Ade 28stke o 713 715l
of A=A FAGS AFHES FHEstE ArtH g A golt ?izx}i*r‘ﬂ e g
armepavine (CigHo303N; M.W. 313%) T o d A G 2dol A 4
o5& ATet] fstel A AAFRNAG I AR AW

MRL/MpJ-lpr/lpr # ol armepavine®] Z3}&E 2Ad3}7] 98] MRL/MpJ-lpr/lpr A= 6 F
B

&‘0

'l_‘
4= AL A=

&<t 28¥ armepavines 74 7Foste] A SRk G 5AS H7ESEATE armepavine
Wete AdE YUER AT o] A

o] MRL/MpJ-lpr/lpr ¢ ¥ dd3 d=ZAESE
splenocytes 5212l A A 7], interleukin-2 (IL-2), interleukin—4, interleukin-10 % ¢
Hu£- (IFN-nN%9 3z dd& JAA 7Y, 2% AlFA 9] hypercellularity ¢} H
St A ES 7FAA]7] 3, anti-double stranded DNA #7}aA| A Ak} A8 gl a8 7+
71 Adel oa TAHE A Btk Aurh o] AR = armepavinee] IZFFHE
Ao 9= IL-29 [FN-2 ZA2A71E ZA7F Ik 8% armepavine©] A1
4dF (SLE)¥ 22 Artiadste] #eE s "asia A= Reavga dos
(Liu et al., 2006).

Quercetin 3-O0-B-D-glucuronide (4)<}+ A (+)-1(R)-Coclaurine (1)
(-)-1(S)-norcoclaurine (3)= AU (ERF)o.2HH EHFHJow FF-HIV dEoz Foly
Atk THAXEFC HIA XS] A EFHAS HIV-12 FHIA7a, b8 EH NS mock=z
AdE AS AFEsF] IC50 (Mock-#HEE AlEe] 50%9 F5dd 29 F%), EC50
(50%0°l 9]ste] HIV HBAE Jd4 5 & 2 v%), A 544 TI (IC50/EC502] H])
5 Hrist A3 g3tE 19 35 AEs g-HIV &40 dSE THaAY (EC50> 2H7)
084- <0.8 mg/mLel™, A= X (TDE ZH2F >1259F >250|t}). gg& 4= 92 A

< UEA T (EC50=2 mg/mL). 7%-&4 #AA A=, A7 OEXHJ(%—X}HHOHSE—?*

Bl o]de] E2 ¥ liensinine(14), neferine(15) % isoliensinine(16)& X33st= O &

Xlri"zrllihir

Jﬂ mlm
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A3 E ATNLSH S ¥ A

A1d <A1AFZA >

A Fedgas, 4B 94 2 754

1. A5 2 =9y

oA ReE AdNAE L IR B
BT 3 0z A% wWE(ReE dmg o) HuUE Az AxEEE

W A 2= EA ST
Ao Fojd dHbgdE 42 AOACH(2002)3 234 (2005)0] =38t #4135
T 105TCAA Adrtdxidzxzyior, X33 550C 713 stZolA ¥
Soxhlet+&W, %= 2L X}%éi%%%}ﬂ% 0]-8-3F micro-kjeldahl'} &.& z}7} =43} ¢},
& S AEEAR005) N okl Aol A sE A Fste] ©@skAzl $ 550T
o

F7I3E 3 =3
t}. o] 3 ES 6N HClH S/FT-= %‘Oi AABFGPHO T A& LN
=

p

¢

iﬁ R = N

3] gtEo|A 3| 3}A
sto] AbESFRATE o] 3ES 6N HCIH S/HTE 5o ARy 2 Ad&d=

<3k 2412 AA(Atonic absorption Spectrophotometer) W o g AFEAY. AlBe]
1“4‘40 A FEE(2005)0 wel HPLCE Abgste] w53 2ol A vt 5, A8 SHgs
50ml WlAaZelaTe HEs] dol FFS4 25mlE 7P6}°4 59l & Acetonitrile® 50mi7}A] =)
£} o] 0.45me membrane filter® o3 3 & HPLCZ A3ttt =84S fructose,
glucose, sucrose *THS 772 100mlE Wl AFetsAd dof FHF S0mlE H%F
AcetonitrileZ} A 100ml 2 H A AFE3A . EA AL Table 1-13 2o & X993 peak
HA S Hlwsto] Alg59 & =S ARl skl

[e)

Table 1-1. Operating condition for analysis of free sugar composition by HPLC.

Column Superco LC-NH2, 4.6mmx25cm
Mobile phase Acetonitrile:Water(75:25)
Detector RI
Flow rate 1.040/min
Injection volumn 1040
F715E 24 EA2 AEad2005)e] wet st i, fr14ke EAE 7] 913 £ %
A& Table 1-29F 2o, Almo AAT = E‘r‘” E} dALFS AZ;MA FFT 100ml=

7hek v e i

Z ko] 50ml7} = . 14 Sep-Pak/Cig Cartridges ©]-&
clean up3t}tt. SPE vacuum manifold systemol “2#dt Sep-Pak/Cis Cartridgeol] ™ g2
SmLe} T7F5 10mLE FIA1AH &3 AlAT. o] Cartridgeoﬂ A AYE A8 ImLE F9Y
atil SR/ ImLE 33] FHAA o do] dmL7t HEF Attt A H2 Fi3s] HAolA 045



ym membrane filter® o35t HPLCo| 20 TRt E53% malic acid, citric acid,
oxalic acid ® succinic acidv= 247 Tl F9 1% &9 wtEo] Wi ®astvrt
AFg-3t7] 2 Ao 0.1g/1002 109 3] A&} tF. Fumaric acid®t maleic acide= 1% #8945
AFg 2 A 0.001g/100mL= 3] A 5} $3 T}

Table 1-2. Operating condition for analysis of organic acids composition by HPLC

Column p-Bondapak C18 3.9mmx>30cm
Mobile phase 3.6%KH2PO4-H3PO4 buffer(pH2.2)
Detector 214nm
Flow rate 1.040/min
Injection volumn 1040

F Aol dfFa AAE AFTH2005) 00 wet A5 v 85% ethanol®. & A3k 31
T AlRE 1.0+0.005gS #13Fe] MES/TRISE 40mﬂ/y‘]a Zbste] wmlauvlg wwtow
8] AR olol WL a-amylase 50ulE 7Fstal A A8l Aol &gtstal, 100TCe] 4
zo Al 1583 AE wwkek & AlESIA 95 TAA 2587 KA AT ‘?}%O] e =
protease 1000 7}8FaL 60ColA Ald wwkspH A 3087F &2 AlH T 0561N HCl fAH&< 5

e 7hetal E50o] £¢38ta 60CoA pHASE A3t o 719l amyloglucosidase 300u0Z
Y 250 42 5 9 Aoz ATk AlFE&A 60T 95% ethanol 225mé
5 7F 5 A2olA IAZE A %]73}\]7] T HE AgolEE A fEloHr]
78% ethanol 15mbE 7}ste] EAAIZ] & &1 o Feto] AgjolEZFo] 1E2A FAHES 13
th Aggds do] oyt & A= 78% ethanol, 95% ethanol ZLE| 3l ofA|Ee] o7& 7
Zh 15meA 23] ATk 1 105Ce] dxz7]ol A 24X A=A 7] "iA Aol H el A 1A &
Fom 3 & FAE o oHret AetolES] FAE Wit of37] Abe] gty HAAFES
ZA3kaL o 7)o 6252 Hdle] A HFo 7 Fda, w gE Fhtel o3y FAFE 525T
A BAIZE B3tAl & SRS Tt AlRE AT FAFES sto] F AR RS

At sk

J

|

==

U A5 E ZFEFEY Ax AEFIFEAN L AE £9

w Aol AR A A FekelA edske] Abgsksith A AdE F vk st
A= % 300 g= olEgs 375 ¥ T0ColH dgAz3k 74 (12h, 6h, 3h)e= 33] wHEa)
of @FYAFEI F oA (SFERMAL, MR A oAHT v, o FEE2 ITIdEH
712 40ColAM dgas AAT & F2E GAtzA Ad 25F5E 537g8 F53892H, ©]
< 2 g= Fgtol AR S AT A ER AHEEAT
Z2EEe = 2/ 59 L4 FUHEAA Fol HERRAE 2/ E Jhste] EET § 3744
st F7HEA 28w 2/ BH HIEREAE M8 £8E 248 42 F, ol HEREY
g 7 S8=S Azl HIERAE MEFEw 161 g #5889, olF 2g& F
ato] AAZd AMS AT A RE ARG FUHEA £ E 2749 C"HotAHlE 2/ &



7vste] E3tst § 374akd £85te] e B8 E 27 2 oHolMEHE /8 BYE 2
VE D2 T, o] dEHoAEHCIE FYES HAxste] odHolAHOE VMEFEE 37 g2 T5
sto] AlE = ARRSI oW, o]F 2g& Foto] AAGA AME AT ARER ARSI v
TS B8 T 209 FEE 275 vhete] £3s * 374AE Este] SR BEE 2
¢ 3 REE Ve FEE 248 92 5, FUMEA HEE H FES Ve £8ES A
ko] 78 FEE 9 RS VMEFEE 69g8 539 ARE AMEson, olF 2¢S
HAsto] AL HAAE 9% A EE AL

A (Nelumbo nucifera Rhizomes)?] MeOH F& % ZF & 3 34L& Fig. 1-19A]
Yeb ok Az A2 Gkg)s st &7 WA7lE 72 [171¥dd E& F 1019

= =

evaporators AF§3ste] FH3FTE e e WHoE ta It
MeOH FE=d4S A3tk 7 5 MeOH % 59 9 10 g& €4 A3F 2 43S 130
vialol Ho} desiccatoroll H#sF T U A 559.3 g2 H,O: MeOH (9/1, w/nel E3&u=
= o 28 Zur]e] Fo] T CHXLhE 2ol 7FHEFE Eof F+%x (sodium
sulfate, anhydrous)® A @3 thg =3It o9 S wHow ¢ HHE3te CH.Cl, ¥
3473 g& AATE TUT WP R EtOAcE HO B Fol 7hste 4% EtOAc 7H5&
ol EtOAc & 499 g& AU E3F p-BuOHO tisiA % 5L ] 3

mBuOH & 2058g ¥ 359 H0 i 489gS At BE £3 oF 05g2 &4 g
#13l vialell o} desiccatorel]l X 33} T},

Nelumbo nucifera Rhizomes (5kg)
| MeOH (70C reflux, 10 L3 times)
Concentrated MeOH extract (559.3 g)
| H.0:McOH:CH,CI, (9:1:10, vAv)
|

CHCl; fr. (34.73 @) H,O layer
EtOAc
EtOAc fr. (4.99 @) H,O layer
n-BuOH
n-BuOH fr. (20.58 g) H,O fr. (489 g)
Fig. 1-1 o &% 4 79



AX 20kgE methanol (MeOH)S. & 33] 3A17F 7FE FE3 3 40°ColA #dstz
T3t (MeOH extract, 543.5g). ©] F&&& &9 #E33l methylene chloride (CHCly),
ethyl acetate (EtOAc), n-butanol (nBuOH)Z &3l CH.Cl, (13.8g), EtOAc (2.2g),
n-BuOH (583 g), H:0 (469.0 g) +dEES AUtk CHLL +8E (138 g)= Si gel column
(120 mm id.)°lA benzene - EtOAc diethylamine (7 : 2 : 1, isocratic) Z%&vj=
AZutE 1895 neferine (920mg)S AUTh Neferinee 'H 7 "C NMRO spectral

data®] a3}, el EAAEX (Yang and Zhou 2004)$} H]nlale] %A &S ch

Nelumbo nucifera embryos (4,500 g)
| MeOH
extract (543.55 g / 1120.99 g)
| CH,CL:MeOH:H,O (10:1:9)

CH.Cl, fr. (13.86 g)

| n-BuOH
neferine ‘

EtOAc fr.(2.29g)

apigenin 8-C-glucopyranoside

EtOAc

n-BuOH fr.(58.31g)  H.0 fr.(469.09 g)

liensinine

2

o
=2
i

ARSI SetEwol=R/ B FEAdae] g A4S olAEIO|E FEE 37gs H
MEm2A gE22ve @ v 61 — 11 I o] Flo Al A (Kiesel gel
60, 230-400 wi+, Merck, Germany) Z¥ ZAZvntEIagyE F3sto] 6709 FHF I E
(EF01 ~EF06)2 YF3lo. &8 #8&E < EF0l (1.14g)= 90% dWE==2 RP-18gel
(LiChroprep RP-18, 40-63um, Merck, Darmstadt, Germany)= medium pressure preparative
liquid chromatography (MPLC, Yamazen Co., Osaka, Japan)E S33dle] 3}3%E 1 (25mg)<S
=8 3A ek EF033 EFM4E &3st #8385 (278g)= 75% WEHE=Z RP-18 gels ©] 8319
medium pressure preparative liquid chromatographyZ <3)ste] 3t&d% 2 (450mg)¢t 4 (66
mg)E w2t EF05 (0.89g)¢t EF06 (0.86g)S ZHZf 50% wWErE 2 RP-18gelsS 440
2 medium pressure preparative liquid chromatographysS <&3sle] 3}stE 3 (320mg) 3
(25mg)E EostAch 2149 33ES NMRS SAste 125 AAHs AL o
2o & ZgHol= AR AHLHL [ghal 5o] 118 colorimetric WS W s}
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1914 2mg/ml 59 A& ImlE €0l 4 mlE 3A3ta, 5% NaNO; 0.3 mlE ¥ il 5%
J Al 2o WA 5T 10% AlCIS 0.3 ml ¥ 683 Wx]g & 1M NaOH 2mlS 3 7}gt},
By 7h 24mle] HEE "olE Yu FZ3d 3 UV/Visible spectrophotometer
(Ultrospec 2100pro, Amersham Biosciences, USA)S ©]-83}¢] 510nmolA T3 =S =34
o}, 5 2388 (+)-catechin (Sigma, St. Louis, MO, USA)<S calibration standard® A}-&3}
gom, ZAzZel Adxes HEx FEE gd (F)-catechin®] THOoZ  EAFA [CE

((+)-catechin equivalent), mg/g of each extract or fraction].

o

Chromatography+ Dionex HPLC system (Dionex Co., Germering, Germany)2.Z on-line
vacuum degasser’} ¥ 3F¥ quatenary gradient pump (Model P680A), A& sample injector
(Model ASI-100), 4-channel multi UV-Vis detector (Model 170U)E A}-&3}9)

Ad FEE2Y BYEZHYH TR EolE A9 42 guard column (20 x 40 mm, 3u
m, Phenomenex, Torrance, CA, USA)¥} C-18 column (2.0 x 150mm, 3pm, Phenomenex,
Torrance, CA, USA)E °]&3to] HHFEAS T3ttt HPLCO A AE-% o] &57delA ol
A AE 0.1% formic acid”7} g% gol2, ol B 0.1% formic acid7} &% oA E
Uo]E" (acetonitrile) & 27 AFE3IA T o] 549l gradient 2712 0% A 10274 = 10%
B, 1041 4027k 10—-20% B, 403l A 422 7hA &= 20% B, 42+l A 45874+ 60%
B, 45594 60574 = 10% BE AFE3tH 3, 52 189 0.2 mlo|™, injection volume< 1
mle WErE AlZE 2mgS =< 89S 5nl injection T UV 34L& 340nmoll A #4] s
ATE A Y] A A QD Fe et e 8 302 5kl th
shet=o] Al & = (& SFFES peak HA/ZF A =o e EE peakell tigh FHA) x
100
A R 2FEE F dEA AR AHES Folin-Ciocalteud & o] £39921 Igbal o]

St S W3t =S435 (gbal et al, J. Food Comp. Anal, 19, pp544-551, 2006).
04°1 4 2mg/ml F%9o A& 250 ul¢t Folin-Ciocalteu WA 2k 750ulS # 7}“‘ Hkg-o s A
2ol A 52 WA & 75% NapCOs 2 mle H7bshddoh 71 § gol2f= TEM 7 ml
o] M=% 343 drt. whgol2 wkgo] dojueF [AZF Fb bl WAIgE 5 UV/Visible
spectrophotometer (Ultrospec 2100pro, Amersham Biosciences, USA)E ©] & 0}0:1 765nmol] A
SAEE APy EE AL gallic acid (Sigma, St. Louis, MO, USA)E calibration
standard® A}&3ton, 7ol AdE AX FEE g gallic acide] BHFo = FAEA

[GAE (gallic acid equivalent), mg/g of each extract or fraction].

o A2 FqikE g4 2 Il AF 84
(1) 82al &A

DPPH radical 2A4FS-& 3 95} kst 60%_5} AMH o7 E3] phenold}
aromatic amine $}3t&E 9 Akt g o] =7 |5 = WlHoltt (Blois, 1958). €% <
¢ 291 diphenylpicrylhydrazine #pAlo] 7FAal = &9 A=}k Uﬂ%oﬂ 520nmoll A 73 &
T bandE Hole 545 7FA L Atk L8y phenoldt #Zo] iy AAE AFdF= A
Fo] A oF "3l A | Fo]AZHE HAY hydrogen radicald o} phenoxy radicalS A3
AstA Eot olwl FF band®= AbERA AL QEA G Ex7F Ak S, FolE HAAke v A o

o



2 Agste], 1 g wldEste] xR el DPPHS A& H A
A HEg gkgqe] Aol metMoA mgo R Wele
radical 2AEH & & F At ZF Al=2] DPPH radicalol
RH 7 w2 Algs (1.25 7 120ug/mL)E W EEel %21 H 16 5

= e &A1zl DPPH &9 40uLe} 2 &gatqint. o] wh§ EF A
Els

2
Pﬂﬁ

41 &
r‘l—“ Elo{q
S o me
o= N
koL
oL
N N
B\ b
ol i
rlo
N
) lfj
r A
o o
e Wb
H X%

T AlBE AU ebA] ¥e xaty vlwsle] free radical A FAS wE
15 % (ICo+= pg/mL 2 pM=Z %d)S Axedd. S4X = 33 vk 23 350d

< ARE Jdd o= eyt
Total reactive oxygen species (ROS) AAAA &AL AW AbAhe 22 Ax F&4&
o o] FEl7l1E%} F7 wk&ete] 1 AAlo] radicale]l ¥ =H ol &
(ROS)et ghr}, AE8HA Ao Ao xiAtkstoel] o3k &4 As
A B]¥ 33 probe?]l DCFH-DAE ©] &35t AE Axe dAdNATE

S reactive oxygen species
SAet7] Slal, Al Eu) kol
o

AR50z AY 54

=5 s
T AE WHE AEsta 9tk DCFH-DAE <bgsh v 34 EA=2 Mxvdd A wx 2
iR MXW  E=A35F=  esterasecl 2] &l deacetylation = ©] v g3 A EAQ
2’7" =dichlorodihydrofluorescein (DCFH)Z g€t} DCFHE Axu &4 4ba7 EAskd
H243] AtztEo] d3A AbatEAel 2 7' -dichlorofluorescein (DCF)7}F A E 2R o] 349
Hsts SABToEN Axy &4 AT 53], -0 9 =7 AdEFS AZFE 5+ JA o
(LeBel and Bondy, 1990). 22l1} DCFH-DAtE 84 X2 4AFd diaiAs SolAdo] gl7]

Hizol L ARGl va AFHE EAE dvh AIURS tds] AW, LPS AP e 7
j

extracttt compoundE 10uLE &3%35FaL, 125mM DCFH-DAZE 50 mM phosphate buffer (pH

74)% 1008 3]s A 50uLet A 5%7F shaking 3HtF. A A Hreactive oxygen species

(ROS)+ microplate fluorescence spectrophotometer (Bio—Tek Instruments Inc., Winooski,

VT) oA excitation wavelength 485nm<} emission wavelength 530nmeol A 35% FA o=

303 SA4AY. Y A=t TR @2 AL AP il &4 AATS AASH
o

o], DCFH7} 4tstsf ] Fgtonz qqbst =2ds on| gtk

(2) aldose reductase 24

Aldose reductase &1# &3S =A37] Y3t 42U ZA+= Hayman and Kinoshita (1965)
7 AREE S st et AF 9 Aol FARAE AESta, 1 s5F w
g dA-EF ZF FAHA 170E sodium phosphate buffer (pH 6.2) 0.5 mle] phosphate buffer=
7}8ke] homogenizationdt At o] 4T A 10,000 rpme. & 2087 ¥4 E8& 1 AZHS
ool ahYgoz AE3IAL

15 ml 24 9o potassium phosphate beffer (pH 7.0) 621 pLe} &4 90 pL, &4
NADPH (1.6mM) 90 upL, DMSO° =2 SAHAE 9 uplLe vxgoezr  7]A9l
DL-glyceraldehyde (0.05 M)< 90 pul z+Zt ¥ HkS-of 900 pLE 340 nmolA] 4%+ U/V
visible spectrophotometer® =7%3te] NADPH 3% 7485 =433l Aldose reductase
AALE %= e WA R TEkith

.
E{o{t =
ol



S48 = {08 F4= - 42 385 /4 (5AAIH} *x 10,000

Il’lhlblthl’l (%) = {1_ (Acont - Asam) / Acont} x 100

- = o -
A SAEANEE BA%S "W A/

. = = o) [e) =
Acont' éxé}\]-le"—'é‘ 1:2‘%] 1%9}]\—?': qu] é%é%}:

747kl ZAAN 5 aldose reductase AAZAFE ICx value®= YERHATE o= ZFAQ
NADPHY #AZ 50% 2AAE= ¥E52 pug/ml 5 pMZ YERd 3o 2 log-dose A
curve=HF-8 ALtk

Human recombinant aldose reductasei= rat lens aldose reductase® A &4 AW}t FA}3
WMo g ghaxgA (Wako Co., Japan)® protocololl 27 &te] A&3kith. 100mM sodium
phosphate buffer (pH 6.2) 790 uL, A& b5ul, &4 5ul, &4 NADPH (0.15mM) 100uL,
npxjato 22 7]l DL-glyceraldehyde (0.1M)S 100uL ZHzb ¥o] Fwks-<) 900 plLE 340
nmellA 183+ U/V visible spectrophotometer® =43t NADPH J3% ZHA&S
=43 th Aldose reductase A1 &4 %+ rat lens aldose reductase® W23 F A

sto] A&

gt A9 gxstoln A Awj A& A HA

(1) Cholinesterase, BACEl A& A3

Cholinesterase A &4  Ellman et al (1961)9 WHS WIPsto] ZAHSITH
Acetylthiocholine ¥} butyrylthiocholine& A=, o] &3+ acetylcholinesterase <}
butyrylcholinesterase?] A &4 S =43t th 100 mM sodium phosphate buffer (pH 8.0)
140 pl, A& 20ul¢} acetylcholinesterase (0.36U) << butyrylcholinesterase (0.36U) 20 ul&
Z}zZt 96 well microplated] ¥ a Aol 15E7F w3 Fo]  10ule] DTNB
[5,5" ~dithiobis—(2-nitrobenzoic acid)]¢} 7] &<l acetylthiocholine <& butyrylthiochoine 10ul&
Yol HFHog wkgdlo] 200ule] HEE 96 well plated] ¥i=th olul, DTNBS 714l
acetylthiocholine %+ butyrylthiocholineS dojoF & AWHg-o] Al 2= a1, acetylthiocholine 3
< butyrylthiocholine®] &4 %4 7}4®do] & A4 %= thiocholine®} DTNB7} Hk-3-3lo] A
A= =4 o]5-thio-2-nitrobenzoate anion< microplate reader VERSA max (Molecular
Devices, CA, USA)Z 412 nmdlA] 153+ 543} th Cholinesterase Al %=tk WA 2
o2 38l

Inhibition (%) = {1 - (ASam - ACont) / Astd} x 100

= = W) o =
Asan: SAAEE YAS W §4=
= = = = o O S
Acont SEARANEBEE Y11 405 YA EU4S o 3=
= = o) o S
Asi: SAANEE 9A &EAS w9 FH=

Zyzkol  ZAHAHQ  cholinesterase A S ICs valueZ YERJATE o= 7]E<l



acetylthiocholine¥} butyrylthiocholine®] 7FrFEaES 50% A3t 55 pg/ml= YeERd 3k
© & log-dose A curveZH-E A4t

BACE1 A& A|ZAF (PanVera Co., USA)9] Wwol wel =A4sAth. Al 3% assay
buffer (10ul, 50mM sodium acetate, pH 4.5), BACE1 (10 ul, 1.0 U/ml), 712 (10 pl, 750nM
Rh-EVNLDAEFK-Quencher in 50 mM, ammonium bicarbonate), —L2]3 10% DMSOe°l| =2l
FE= 2 8= (10ul, fe. 00025 T 250 pg/mbel &3 WEEEHAES 60E1F 25Tl A
HES-A) 71t} WAl 33528 microplate  spectrofluorometer (Gemini EM, Molecular
devices, CA, USA.)°l|A excitation wavelength 545 nm 183l emission wavelength 585
nmell A S48 A& ol WAAoR AEsgla 7Y FAHAIEe BACEL
A &4 S ICs value® YEFHATE

Inhibition (%) = [1-{Se~So}/(Cso~Co)1] x 100

701—

OE

3l 60% incubationA A& wel 3
S WY FFAE

=
— =
Seo ¢ ZAAEBE YL 604 incubationA #H S weo| 37w

&

A = FEES THTA =U F BT ¥ SAY AolE o] §ste] =AHA
8l iH(hexane), SlEolAElo]E(EtOAc) ¥ H&-Z(butanol) §vi= &3ttt & E2
5SS E(H0) +835olgt AstAtth. 18y hexanesd ol UF HojAl EtOAcs 3 &7
EtOAcZole} Hstaitt. ols 47 #EFS Adss: ¥ 4 dxste] 2 A3 AHEskad
=3

3T3-L1 AWAFAEE American Type Culture Collection(ATCC; USA)C. 2 HE U
okt 3T3-L1 AW A4 EE 100 Units/ml penicillin, 100pg/ml streptomycin, 10% FCS7}
gHf-¥l DMEM 8l x| 9] Z7o) A 37T, 95% Ataxet 5% COE Fdshe wld7]olA b dstal
th ool gk 3T3-L1 AWHdFAEE 2dvtth Mg w2 BFetHA Al vjgate] Aol
Apgetgth 3T3-L1 AMATALES AWAER 254717 98t 6-well plated] 5x10"
cells/welle] F=2 53t A3 confluent AEf7HA] vl ¥slsict. 49 & E3f5 &2l
5ug/ml insulin, 1 pM dexamethasone, 0.5mM isobutylmethyl xanthine¥} 10% FBS”} ?}%
DMEM ®iA| 2 w3stHA] A& H7Isth 29 £ 5 pug/ml insulin®} 10% FBS7} 3
¥ DMEM #iA| 2 thA] wgkstar o] 25 2] A 10% FBS7F &% 2143 DMEM
A2 HEstA 49 F A3 o] &ttt E3rexde o A3dA A 3T3-L1 A%

oo
Ju

:lom
orﬂr

TFAZI A AWAER Assl=d A= A7to] H43 88U ARy FaEg

3T3-L1 ARATAZE T4 ®i AEAES 487 918te] 96-well platec] H¥E

4x10° cells/well®] FE & BF8 t}So] 3T3-L1 (WA LA EZE 2447 1831 A ZE 8
o Ado]l FH5HEH Ilmg/ml MTT

12 A
o -

3= sl Fotdd AlEE H7ESE wiA =2 w et
AATE FRF APk oo mAE ] AAS - ZF wellel 150p1¢] DMSOE 37}

oo o,



akal 30Fofl ELISA reader(Immuno Mini NJ-2300)& AF&-3Fo] 540 nmoﬂ AN FBEE A
gk AHAIEY AW =H A= Oil Red O @AYoz AA] OP% 21 6-well plateol
B3 ==

.

B39 3T3-L1 ANAFAEE A8 8/ 847 EIFEE #4W F PBSZ AH it
10% formalin £ oz Ao A 3027 nAAIZ Fo ZHF= 13 AFAT. 4% Oil
Red O £ 02 1A17F A sk v 60% isopropanol® 13] A% 3 dAv|F oz XWAHEE
et AL AeE Hrbe itk

A YA EZ ] 23} o % st 938hS F= PPAR-rof UCP-29 d Al F42 Ax
= PBS &0 7 13 A&3 I lysis buffer(20mM Tris, pH 7.0, 5mM EDTA, 1mM EGTA,
196 Triton X-100, 0.2mM PMSF, 1 pg/ul aprotinin, 20ug/ul leupeptin, 1mM NazVO,, 10mM
NaF, ImM pyrophosphate, 1 mM B-glycerophosphate)E ¥ il €& oA 1087+ &si27
o AIXE FASEY] 13,000 rpm, 4°Coll Al 158-7F 94 BE2ste] S dant FHele] dd s A
F3FA . Lysate= loading buffer(1IM Tris, 50% glycerol, 10% SDS, 2-mercaptoethanol, 1%
bromophenol blue)9t &3tste] 95TCAA 10+7F 7FEA 21 %, 10% SDS polyacrylamide gel®l
A 71995 ¥ $ nitrocellulose membraneo] AolA| AT 1 ¥ membrane 5% A&7
H7tE TTBS(IM Tris, 5M NaCl, tween 20) 30”01] Y3 Ao Al 147 59t blocking Al 71
O TTBS 4oz 33(77 1024) AXT § dAFA= 243 et w3A vgel o
Al TTBS €907 33](Z47z 1082) A&ttt 1 thgol peroxidase’} ESHE o] x}aa = 1
AZE Bot vk A A A 2] HEL enhanced chemiluminescence A ¢S o] &3l 7}A] 3}&}

31 densitometer= 7 %3} T}

=
=
- o
offl
id
o,
)
o o o

o
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| AeA7 AFEES AAT, scopolamine® g, AASE Fol &
scopolamineS *]#] , A 593 scopolamines A @ gk, FA N ZE (aricept) T %
scopolamines Ao ® Z}ZF 5aF o R Urlow, Zhae 12nkg 2 sheivh A i A
59 AF-2 2707300g°]
T4 AIRE FE9 %%ﬂ‘?ﬂ’ﬂ Hxzae 12 775, A3 F0E A 5E 1g/10ml
of FHojAl 14Uzt 19 134 143 <A&5F(1.0g/kg/day, p.o.)sFAT.
scopolamineS  &J & 292+ A& (acquisition trial)7HA] 302 A o] 1mg/mle] FE== HAT
= AL BE I2FA Fo 5 A vH1.0mg/kg, s.c)
(2) 4533 A 3¥(Passive avoidance test)
B Ao A= shuttle boxE ©]-83F passive avoidance testE A&t th uf 23 A
2 IAZE dell A s Es 33%%‘@’22 w7130 A A o, e AP o] AX o

rﬂ
o

(

il

(7} Day 1st(training trial)

passive avoidance box9 #H= We| & Al F 9= WAlolo] S T2 A AT E
= 5 Wl T 1023 EMHA et & 5 BAelY 5 9 A¥EsES Ue '
Attt 25 o® ofFR 5 Wo R o]gsted olwf ) 5 WAtole] & @il 147t
TS s FAEHA 3 = A sES AU cageE SATH 919 WHES wHEste] #



A

oA -5 Wow Fol7ke Algke]l 20& olstrt HA st
(1}) Day 2nd(acquisition trial)

passive avoidance box?] #F= Weo] & A
#F= whol Ea 10%7F gAY

=:
o g vkt o] kel 10&27F H
(t}) Day 3rd(retention test)
A7 A= 247 7F F-of passive avoidance box9 = We] B Az FH §-
el 3 10x3F 9 =

2 Eolrbe Aue H4%
3 = 5

Lo

(3) dlvlell Al ACHER A9 &4 A|=4H

(Inhibition of acetylcholinesterase (ACHE) activity in hippocampus)
passive avoidance test®] %ol hippocampusES A HZHE dojuo] <
+ PBS(0.1M, pH 74)° Y3 =505 4ToA 3000rpme= 153 94
AZ o] 0.1mM ethopropazine 10plE ¥ i 583t incubationX] 71t} A&
Bradford’s method® ©# A& AgaFgry. z-zbe] whild 3+aFS 2tE sample 100ulell 0.1 ml
acetylcholine iodide (12mM)$¢} 1.8 ml sodium phosphate buffer (0.1M, pH 7.4)& ¥ i1 37Tl
A 883 incubationA] Z1th. o] 7] 1ml of 3% (w/v) sodium lauryl sulphate (SDS)¢} 1ml of
0.2% (w/v) 5,5-dithiobis(2-nitrobenzoic) acid (DTNB)E& % o™ Wtg-o] TR EHHA =TS
Aol A7IA H+=dl o] AAE SpectrophotometerE ©]&3t4 412nmollA FHA=E =

o},

g % 2mle] A7}

=
e Al 2 F
ofl
ol

o
ro

DDI:IES-II .

AChE inhibition — — (1 _ —) x 100%
GDICDD':M[]

Ached) oAl ALt the BAL o] g3l R

(4) CHAT w9y

(Cholineacetyl transferase(CHAT) Immunohistochemistry)

(7}) Tissue preparation

Ad 5 ES ethyl ether® v A 7131 4%9] paraformaldehyde(PFA) in 0.1M phosphate

buffer® A Z#F AlATt ¥HE HE3o] 4% PFA 971 &4 postfixation Al Z T 30%
sucrose in 0.05M phosphate buffered saline(PBS) ©.% 5% 7%t transferAl At 3 %% S 40um
F7 52 coronal section dFil 30% ethylene glycol, 30% glycerin, 0.05M phosphate buffer=
H HEN BRI

(4}) Immunocytochemical detection

Bzl %2 A48 F ZF B2 I medial septumol] sEEtE F9o] A AHE 44N =



2} immunocytochemical detectionS 3}$1th. 0.1M phosphate buffered saline® = 5%% 33]
A SdTS 3%H0:5 7FeHSE 307F wiAI AT AlFHESE $F 04% triton X-100 in 0.1M
phosphate buffered saline® = 30+3F A 2lst F AFH 3T 10% BSAZ 1AIZF wjgst &
primary antibody(anti-Chat; AB143,Chemicon)® 4TColA]l &F5&Hks ot v FA 7Tt o< 90
7 biotinylated¥l  anti-rabbit  secondary  antibody®}  HRAIZI 3 1A 7HE
avidin-biotin—peroxidase = complex2}  WlFAI AT, ZAS 0.02% 3,3'-diaminobenzidine
tetrahydrochloride, 0.01% H:0s, 0.04% NiClL¢} 3#7+ wkg-Al 7}l v widA] 0.1IM phosphate
buffered saline®. = A|23}$ 3L, avidin—biotin—perxidase® 2] ©] %o+ 0.05M TB= A% 3}
t}. 2% S gelatin coated slide®] mountsle] &3] We]ln Fstan 7 © & medial septum?
AAE e F A9 Celle countstith. o] ol XA A E44E =A4dAE vjA A 2]
% cell& countd}Si T},
(5) ¢cDNA microarray

(7}) Total RNA isolation

Total RNAE Trizol (Invitrogen U.S.A.)S A&

HAAALE o0& AT T A2 57 FAF F 165 £ chloroforms ¥ 4 +
2y 94871 (Eppendorf, US.A)E ©]&3F] 4T, 12,000xgol A 15 &3+ LAl &2 sto 4
FTHqes FASL FZF9 isopropanols 7Fsted RNAE HAAZT. ozl RNA HAH=&
DEPC (diethyl pyrocarbonate)”} # 2] H<=ol] =t}

(1) cDNA%A 3} Hybridization

F%73%F total RNAE template® 3} oligo-dT24/T7 primer®} SuperScript II RT

(Invitrogen USA)E ©o]&3dlo] 42TolA 1AIZF &<t WH-EA1A cDNAE FAedt. F44
cDNA°] dNTP mix2} DNA ligase, DNA polymerase I, RNaseH 2UE 7}slal 16Col A
2A1 7 E<oF WS AT o]F T4 DNA polymeraseE 7}stil 16ColA 5&E7F wH8A 71 5
double stranded cDNA FZ=3}o] T7 MEGAscript kit (Ambion, USA)S A}F&3Fe] double
stranded cDNAZ%EH mRNAE ZAMAIZAT. FZ3 mRNAT Cyanine 3-dUTP (NEN Co.,
Boston, MA, USA) &< Cyanine 5-dUTP (NEN)Z 3% % cDNA chip®l hybridization
A7t Hybridization®] % & 2X SSC9 0.1% SDS, 1X SSC¢ 0.1% SDS, 0.2X SSC %
0.05X SSC= =AU = Al s},

(6) RT-PCR

(7}) Total RNA isolation

Total RNA+ Trizol (Invitrogen U.S.A.)& AF-83to] FZ3A vt A& Trizols 7138+

A HdrE o8 EHF F A2 583 WA F 16 £ chloroforms ¥ H2 F
o
S
=

o A

A

[
)

A

A

g A4 %2 7] (Eppendorf, US.A)E o]&3lo] 4T, 12,000xgol A 15 &7+ A& &}
NS FASL T isopropanols 7Fste]l RNAE FHHAIZTH dojxl RNA HAE
DEPC (diethyl pyrocarbonate)”} *&]¥ Hit<ol =t}

(4}) cDNA synthesis

cDNA= 95Tl A4l denatured® total RNA 5 ug, oligo (dT) primer, MMLV reverse

transcriptases AF&3Fe] 42Tl A 1 A7 WAl A A8 T

(t}) PCR-amplification

Qo] H}AoA AAHE dLd7lEe] ¢cDNA 5 plE F8 o2 3te] 10xPCR-buffer 2.5 ul, 25

=~ ol
2

2L

o

=
°©



mM MgCly, 1 pl, dNTPs 1 pl, Tag DNA polymerase (25U) 0.5ul, FA 22l 3153 primer
ALg38te] PCRE 33ttt PCR #3212 95ColA 52 #kgAzl & 95ColA 30 %, 5
6CAAM 12, 72CAA 1 &5 30cycle AAlstaL wpx]atef] 72TCo| A 103F ¥H--A#H T PCR
2HEE 15% agarose geloll H719 % 3Fo] &2lshitt

1 kg) - dul(AA5, 800 g)= Forwtol AA S thd

70% ogte &uj(¥e))E FE8&7]d Ei FE35H

AH}g F 45T o]ste] FEAFAA et w3t oAl FA X7 (freeze dryer system)E
1— o1

| o] g3t u.

| TN

>[I
Hl 9

Fig. 1-3. 9= F9d A5 AxH

I
=nd

(2) TH2EUE 2

==
= [e)
7% (220-250 g) 79 Sprague-Dawley(SD)A dF = T AIESEZHE Fgto} 1

T A9ES AR H At dHE sEs Adste SExoista A s AP A A
e, AUEE, 28 A 55 ASHA fFASEA Abssidoh AE 25 A4 (normal)
I 2Ef 2~ F tixzat(control) B Z2E#H A 2 MESI(NL) - MEZ(NR) - AAS(NS) F
o9 F 51F(n=6)22 YFATHTable 1-3). W& H-9] FEE9 Fol= ~E#H 2~ §% 30
e AF 1 kgd 400mg(400 mg/kg AF) FAZFS Y AFo] gow Aojof 52 vl
A AAMTE Aog FFIAY. 2EY A 582 SD dF7F 270 g AL A7)l restrainer %+
(o2 AEE F5%3, 20 cm length x 7cm diameter)o] 3FHE Wi 19 247 (L A

) sERAS A o] &3

= 752 E ¢ 2~ (immobilization stress

| Z A A 24A 3 FF AAAA ethyl ether= w3 A7)

EEE Ajste] 5 giguoa] A AFHE A (serum)= st A g o] &3}
=%

Ao AZdte] FAZ A 5 -70C deep freezero] H.¥3FS

2 o

>

A



Table 1-3. 2438 1%F

A wACal R
%7+ (normal) AAH
o) Z+*(control) AEY A FEF
WAl FoH(NL) 2E# o] WA FEE 400 mg/kg BW £ 3
BEZ Fo(NR) 2E2e WA FEFE 400 mg/kg BW Fol3 F
AR Fo T (NS) AEH A0 ARE FFE 400 mg/ke BW 5o 3
FE= F0 AEQA AIE AEYA E2

!
¢
¢

=30 min 0 min 120 min

FHAEAS § BNl BY BF O BRE AASt] mFe AFste] F7] F9
g EeAn Qe AYRAL ANE T g 9 299 BAE S3s90h

(4) Corticosterone & =
q= X2EHA T=2E
o

|
Q1 corticosterone®] &2 FE&3sl¥ Kit(Assay designs, Inc.
USA)E o] &3to] e}

ATt

2y 3o B5 glesWorRy AAFH3 FdS 3000 rpm
= 293 uF dAAstst EX471E o] &3te] total
cholesterol, triglyceride, GOT, GPT, glucose & #< #4154} ELISA kitZ IgG &2

=7t
6) M=ot AFx2 dF = HF
TEZEH 2R QI e dF =
mucosal) 2245 AF st &7 F ol 71
£ 100% acetonel. & 30%3F ALAA T A
o =z

hematoxylin¥} eosin®. = <213}

=

o

Baslsl slshel Amsh 913 vhgastric
T 2H RERS oz RFAAA At
204 methanol/3% H.O.2 1AHAIZ &
A

1=
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ZF, WH ] AHFIFEE

(1) vh¢-2= HFAERY Jx9 2

5749 BALB/c w25 FY8te] 17U +£3lA17] %, spleen cell2F-H lymphocyte
e A3 BALB /¢ w29 H[FS AEF RPMI 16400 Aol Al 2245 FHfjste] MEE
wE sttt vgFTe A¥= 083% NHCIEH o= AHste] §FA71 & 2-335] 9] AAEF
2 AA ANZALE 19kge] ule2o A v 9] lymphocyter 8x1077] AZ 2 B Egow T
cell9] v &2 oF 27%= EFRLT
HElE HgAES] AEE A4 WY HARAARAY Ve s AEstax A oA &4

g wdaty] flete] MTTH o= AEES HESAT

Aol Fo¥EE A(N. nucifera root: NR), 93 (N. nucifera leaf: NL), A& 3 (N. nucifera
seed coat: NSC), AAA5(N. nucifera seed media: NSM), 942 (N. nucifera flower: NF)< 10,
100, 500, 1000ng/mle s%2 Az ste] ICH0S AH=3F3 Tt
(2) RAW 264.74|13200 9lo] A AME F2&

AN EF RAW264.TAEE Al EF &P o2 HE UGS ol Ao AL&3t3t Al
X 1x 105 cellE 24 well plateol seeding$ 4A]17F wjFste] MEE BEHAZ & PBS(-)®
washing ¥ LPS(lipopolysaccharide)E A &lsto] t2M|xze] oz 287 sto] AxXsidS
FEEAI T 3 Ao 2R EEd dERol= 233 FEtR o= 15 g AEEA
T HESS
(3) A431, MDA-MB-231 ¢tAlae] gk W o] F 3}

okol HAXEE doli7] fste] GAEST A g Wde a3Es 38kl dY
el el el HEsE7] st A FEIYS Axzet FhAlET giE MEs
Estdtt. @4 A9 EE dotry] fste] AMEFT AA ] thit neferine® W=
e HEs7] fste] A BE FAE ol BGAEFA i AESEdS AESATH 2
Ao ALg¥ GAEFC Hep 3BE IAEF 2o rfE FFytol Ao AlE3ich
A EF hemacytometerol Al M X542 AZ3F 5x10° cells/mlE A A8 & 6 well plate
o seeding st 12A17F 10% FBS3$H- DMEMH| Aol A vl Fsto), vjf & PBSZ H{AHEXE
A7 E & starvation condition (free FBS-DMEM)| A A|3E 9] Z21S Gy stage® 4A] 7+ v
gk ohg ZH7te] AA FES w&E (0, 1, 5 10, 25pug/mbhE A ske] 24417k vl skl

2. 48294 2 1%

42 Aol 49 B

‘f'_—‘f"f]_‘ =

WAoo RO AxEe] ¥4 A3 Table 167 2om 5o AFola 43 Feob o
d AA] Foid EA AT} A AAstATE A dxEEe] A 2aid) 3E) =
Ao e S Bastdar AA FHE & AdZAARe} A A= A
2 Ays Belv ddeo] BF i el 7HE A2 FE A vla of 4% = s
o] wgton wstE uuld 238, AW o]l deol Bargk AA ek fAg 2
Wb vpskoh A FF A o] F Aol A dS AE Ay Byl d>ESHS>HE ]
ol AT

Z Aol AAE 2FFHA(Korea Food and Drug Administration. Food Standards
Codex Korean Foods Industry Association, Seoul, Korea, 2005)] whg} #A1slgict. nlg



85% ethanol© 2 A5 g T&EWe] AR 1.0:0006g< 918ke] MES/TRISE) 40n% S 7}
gto] iy agte s S8 £ AT ol ‘ﬂoé“ a-amylase 50uE 718kl A3 A
o] E3ataL, 100TC e FE& A 1687 AL wnkgt & A& A 95CAA 2583 4383
t}. wk$o] Ey & protease 100l 7}8Fal 60TColA AL wwretAA 3087 2 Al AT
0.56IN HCl @4h& 5mE 7ket &5 &£3stal 60CelA pHASZ ZAstsith o7l
amyloglucosidase 300ulE Y3 EE0] 42 T 2 A|A AlFdE&Roz Ak Al P8
60C <2 95% ethanol 225mlE 7}t & A oA 1A]3F Ho‘“]ﬂoi AAAZ 5 g Ao ]E%

A7l el 7)o 78% ethanol 15mé

g 7t
“1274] @/ﬂgci 5]_oﬂ1;} /\]gq_g_ono ]:201 Oﬂiﬂrﬁi
(el

a]_,_ o]./q]E,q o=z zt7zh 15mgw gﬂ
HAI Aol E ol A 1A 7 & ke

ZEAbell thste] A SAskal o7]el 6258
o] o 37] XM}E 25C°1

o & Aoldrel FqFe A s

=

Sto] BAAIZL & 59l oitsle] Alglo]EFo
z A= 78% ethanol, 95% ethanol L

)

.

_

105 AzI]eIA 2443 AZAT T
2@ F LAE 2o} oizprls} Aol RAZ “““EP °4J+71
o}

2 s

A BAZE BEA ¥ HREe Teka ARE AdF FALL &

Table 1-6. WAL AFF Augie] 24
Ingredients Roots Leaves Seeds Flowers
(%) Dried Raw" Dried Raw"’ Dried Raw" Dried
Moisture 1.76£0.21  78.82+0.35 4.22+x056 7725025 2.75£0.08 6.85+0.05  7.62+0.07
Carbohydrate 79.50+0.16 19.53+0.16 6856+0.69 16.01+0.13 66.94+0.09 68.29£0.25 62.41+£0.19
Crude Protein 12.02+0.01  2.19+0.01 20.26+0.43 4.88+0.02 23.59+0.01 19.53+0.11 19.47%0.01
Crude Lipid 0.40+0.02 0.12+0.01 0.83+0.06  0.21+0.01 1.88+0.01 057+0.02  3.88+0.12
Crude ash 6.32+0.08 1.34+0.02 6.13£0.12  1.68+0.02  4.48+0.01 4.68+0.04 6.62+0.17
_ Total 2197 54.90 2776 44.0
dietary fiber
D EA : FF AT
wee] Ped Az ¥4 24 A%E Table 173 2 sl Ao 79y
TS K7 g% =& &S BHATh 1 52 =E Ca, Na, Mgel 8 57 dYgdio=
veEbwth ey Sle] dxEe AS Cavt Feol €50l =itk AxEe] YA RS &

52 5 19 94 ad
2 Az Ja) 6u) A% =
mg%i 1OHH O]/bl %7]_ -5‘]_93\]—4_'

“”4
<

< AxE 229248 mg%  AA| 329.89mg%

Elutom Ca 7xE 1121.06mg% A 14.73



Table 1-7. Mo 24l AeFd F71FFEwe =4 (m g %)

Roots Leaves Seeds Flowers

Minerals Dried Raw" Dried Raw" Dried Raw" Dried

Zn 2.07£0.02 013£005 1816003  1.25%0.13 5.11+0.08 5.00%0.23 12.6+0.29

Cu 0.65+0.01 0.07£0.03 0.60+0.01 0.4520.04 24320.15 1.65+0.05 1.96+0.06
Fe 2075031 1470+012 2549+032  1.07£0.08 6.70+0.13 3.42+0.07 34.1+052

1319032  140+0.09 12024058 6564013 14924011 14374022  51.8£0.06

5

Mg 1168285 21571029 27924338 34641033 233414 9653097  386.9+2.39
Ca 11214318 1473023  3412+393  3678+036 8921576  55.07#056  3167+4.93
Na 28306029  74.02+0.73  1584+150  41.76+043  2128+541 7509083  4105+£3.12

K 2292+48 32994042  3266x026 3017572  1033.+244 7603956  1067+6.36
D EA g5 A7

et
o

W] B Hxse fed A4 A3+ Table 1-87 2t}

Table 1-8. W] F-9d fF2de =4 (%)
Sugar . Roots . Leaves . Seeds . Flowers
Dried Raw Dried Raw Dried Raw Dried
Sucrose  0.66+0.25 6.65+0.43 0.25+0.01  0.03+0.01 ND 19.26+0.03 ND
Maltose ND ND 2.55+0.11 ND ND ND ND
Glucose ND 0.85+0.05 ND 1.24+0.11  0.87+0.11  0.08+0.13  3.52+0.15
Xylose 0.97+0.09 ND ND ND 0.19+0.05 ND ND
Arabinose ND ND ND ND ND ND ND
Fructose ND 0.89+0.05  0.54+007  1.48+0.11  0.43+0.05 0.16£0.03  2.42+0.13

oo Aol mEWE F fFEde ko]l W Al A= A B o £o® ey
S AT AxEoAe ) BE) dA ot AdxEe FHEE HEE EdY
st 2 TR AT A= xylose>sucrose?] o2 Ao A = maltose>frutose>sucrose?]
Tog2 HAEHNoeH AAX = glucose>fructose>xyloses= o2 AZEo| A= glucose>frutose
To 2 7t7 HEH Y tH(Table 1-8).

71 2] A AEE el et ekl WY dxEe Fed fUAF 24
A= Table 1-99F 2k #714F F&Fl oA AxES #e] 1290mg%, 1 3170mg%, 94
3190.8mg% = FTo ATolA Hid WdE Fopd A {74 FRG)I I zpelrt



A=l e g 108 o] Aolzk AT F9el Ad#gle]l Malic acidZt 7HE @eol % %
RO, Acetic acidv= 94 B A% AxEoARE HE HA %9kl Glutaric acide= A2
T AE HAT Oxalic acide A A= HEHA FRAAT dxEdAs AF =AU o
45 AA=  citric  acid(132.2mg2%)¢ ol JPE E=gkoy AXxELS Malic
acid(580.8mg%)7F 7Hd Wol i Eol AUk =& BAolA YERd succinic acid7t A xE
ol A vEbFA] kAT Oxalic acideE AE Aok Ao A% HEE  Malic acid’}
7V wol dfEo] Qi AA A HEHA &S Oxalic acid, citric acid, Formic acid”} t©}
A Fol FFHo AT dde Aee e dxE 99 "2 Glutaric acid7b
1994.8mg% = 7Hg B2 frlAkolla A A =& U]’EO]:% 2l Malic acidi= 28] o] &
Al vrebut

ru_aﬂ

Lo

Table 1-9. W& F-o1d {74k 24 & (mg%)
Roots Leaves Seeds Flowers
Organic acid
Dried Raw" Dried Raw" Dried Raw" Dried
Oxalic acid 108.0£1.20 ND 720.9£2.00 ND 249.2+1.74 ND 331.3£1.67

Citric acid 202.5+1.92 132.2+6.1 374.7£2.98 ND 297.6+3.24 87.1£3.9 117.2+2.68
Tartaric acid ND ND ND ND ND 225%1.2 ND

Malic acid ~ B530.8+4. 75 71538 162604553 524427  430.0+883  1,086.1498  8225+3.62

Succinic acid ND 50.5£3.0 ND 7716%3.6 ND 57.7£2.8 ND
Formic acid ND ND 486.1£3.4 ND 169.2+2.15 ND ND
Acetic acid ~ 399.6+5.04 19.7£1.0 333.9+2.85 46.7+2.1 ND 689+3.2 ND
Glutaric acid ND ND ND ND 1994.8+5.37 ND 306.9+3.97
Total 12014129 27394701  3170+16.7 76.7+6.3 3190+21.3 1,321+8.3 1,576£11.9

U AR E A ¥F 2 AE &9, 72
(1) FeE o= &9 #£8 9 79l SR wol=9] e
oA HolE F&2 37 g& WHEHEA dEEa2dE @ s 61 - 1119 &%
= Abg3le] 7)o A (Kiesel gel 60, 230-400 w41, Merck, Germany) Z4¥ ZEnlE 1
I E st 6719 5 EEE (EF01~EF06)Z UF3lch st 8 E 5 EF01 (1.14g)
S 90% wWEre 2 RP-18 gel (LiChroprep RP-18, 40-63um, Merck, Darmstadt, Germany)=
medium pressure preparative liquid chromatography (MPLC, Yamazen Co., Osaka, Japan)Z
735t 33E 1 (25mg)S #Estdth EF03¥ EF04E &3te 35 (278g)S 75% W&
2% RP-18 gelS o] &3} med1um pressure preparative liquid chromatographyS =3 3} ¢]
3t3tE 2 (450mg)et 4 (66mg)E =2 3Fth. EF05 (0.89g)2t EF06 (0.86g)< 77 50% w] &k



22 RP-18 gel2 1 AACZ medium pressure preparative liquid chromatographyZS =3 3}
ol 3HghE 3 (320 mg)¥ 5 (25 mg)E Zeladth Z4e) ggE NMRE S48t 725
A4 san.

1. Quercetin

2. Quercetin 3-O0-B-D-glucopyranoside : R;=Glc

3. Quercetin 3- O-B-D-glucuronopyranoside : R;=GIn

4. Quercetin 3-O-B-D-galactopyranoside : R;=Gal

5. Quercetin 3-O-a-L-rhamnopyranosyl-(1—6)-3-D-glucopyranoside : R;=Rha-(1—6)-Glc

AT FoHeol= FHEES Table 1-10914 UER vkl Fo] A 2FEZolA F

SR ol= ARl 12561 + 1.14mg/g extract® 1 -9 T AYoA ZgH ol=
HRo) ol 4 He Ao tepit

S & () N ﬂzlr}ni/g e];ragt;%%%k
A 155 12561 + 1.14
A 124 50.29 + 0.78
AR5 12.0 8293+ 034
A4 35.3 1891 + 0.56
At 17.3 845+ 0.09
Fg Z47Ee] AR 300 gol M dlEE FEE] HAE

ool B Zglr o= IS Table 1-11014 YeERd npe} o] 19
o HolAHolE 7184 F3E F ZH o= ”ﬁﬂgkol 342.66 + 2.0omg/g fraction®=
A EY=E ToAA A oHolAHOE 7184 £gEo] & ZetH o= A FEol
e Aew JEhylt



F Eonwol= 4R

=HE (%) (mg/g fraction)
A fEEZEME 7Hed 29E 29.9 55.80 + 0.66
Al oEotAlH O E 7HEA E8 & 6.8 342,66 + 2.05
A ek 7HEAY e = 12.9 231.35 + 2.12
A FUHEAE 8= 50.3 52.15 + 0.40

welA] e BIW ZolH o] =9 quercetintrAlE: 5%
Fig. 1-7, Fig. 1-8 18] 1L Table 1-12¢] el wle} o] 9]
B EANA #HEME 3-FFIZAOI =) 321%, AEZAE 3-=FAZ2Yo|= 304% 2 o] &
ggtEo] FAEYS A, AZAE 3-AEEA) == 43%, AZAR L 2.3%,
AZAE 3-FE Aol =7k 03% = vl FFo] EATE gttt 18 A Fekd 7HEA
B ZoAEe A2AE 3-FFIAR o=} 388%E AHA e T4 2

< HPLCell ojal 43 2,
ol olAH ol E 7184

(a)

(b) 2

Absorbance (UV 340 nm)
)

Time (min)

Fig. 1-7. 999 ZeglHols AE HPLC %2
(a) A Heg 7184 285 (b) 9Y oHolAHolE 7184 EIE
€l 2

A=A 3-ZeEAfo] =

U
w

4: A=A Fazyol= 5 FZAY, =« unknown peak



M Qc-3-Rut
4 | B Qc-3-Gal
< El Qc-3-Glc
S: M Qc-3-GIn
< 30
.g P2 Quercetin
8
2 20 }
5
&
10 |
o E 1 4| m 1 T g ]
MeOH EtOAc n-BuOH
Fig. 1-8. 912le] #8¥ S Fehn o= HRe|
Table 1-12. A4 #8 ¢ FgR col= $hEF vl
A=A Z) =2 A el A=A = A=zAd A=A
3-FE cAfol = 3-AFEALO|E 3-FFFAl|E -FFI RO = -
HeEFEE 0.40 % 0.66 % 3.50 % 10.13 % 0.36 %
o olA g o] E
o 0.32 % 425 % 32.08 % 30.40 % 2.26 %
=
Feks 23E 142 % 1.00 % 554 % 38.83 % 0.44 %

2) A w9 2FEE F ovlmg YR Yy
_1_:’L

Table 1-13°1 A YERH vle} o] A K 2FE2E FolA F dlsid JEdHol
17771 + 1.23mg/g extract® A% ZFZFENA dlsid A8 ddo] 7ME =& o=

JERs

Table 1-13. A7+ A=l o
Al 155 17771 + 1.23
A 124 83.39 + 0.52
A5 12.0 92.65 + 0.72
A 35.3 41.00 + 0.20
e 17.3 21.61 + 0.35
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"H-NMR of neferine BC-NMR of neferine
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'H-NMR of apigenin 8-C-glucopyranose P"C-NMR of apigenin 8-C-glucopyranose

Fig. 1-9. 94 & 3t¢E< NMR data

neferine®] NMR data® 'H NMR (400 MHz, CDCls): & 6.88 (2H, d, J = 84 Hz, H 11/H 15),
681 (IH, d, J = 81 Hz, H 14"), 666 (3H, d, J] = 82 Hz, H 15" /H 12/H 14), 6.62 (1H, s,
H 5), 651 IH, m, H 117), 649 (IH, s, H 57), 635 (1H, s, H 8), 598 (1H, s, H 8"), 379
(3H, s, 6 OCHg), 376 (3H, s, 7" OCH3), 3.70 (3H, s, 13 OCHa»), 360 2H, m, H 1/H 1 ), 352
(BH, s, 6~ OCHjy), 315295 4H, m, H 3/H 3'/H 9H 9), 3.04 (1H, dd, J = 12.0, 5.0 Hz,
H 9) 298 (lH dd, J = 12.0, 5.3 Hz, H 97), 283 253 (8H m,
H 3/H 3"/H 4/H 4° /H 9H 97), 247 (BH, H 2), 243 (BH, s, H 2" ); be NMR (100
MHz, CDCly): § 157.7 (C 13), 1488 (C 6), 1471 (C 7 ), 1462 (C 6 ), 1455 (C 137), 144.7
(C 127 ), 1427 (C 7), 131.6 (C 107), 131.3 (C 10), 130.8 (C 8a), 130.3 (C 4a), 130.3 (C 11),
130.3 (C 15), 129.0 (C 4a’), 1255 (C 8a’), 1251 (C 117), 119.8 (C &), 1191 (C 157), 1156
(C 147), 1133 (C 12), 1133 (C 14), 1122 (C b), 111.0 (C 57), 1109 (C 87), 646 (C 1),
643 (C 1), 55,7 (7" OCHs), 55.6 (6"~ OCHs3), 55.3 (6 OCHS3), 55.0 (13 OCHjy), 47.0 (C 3), 465
(C 37),425(C 2),423 (C 27),405 (C 9), 397 (C 97), 26,0 (C 4), 250 (C 47).
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Liensinine R =H
Meferi R =CH
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apigenin 8-C-glucopyranoside

(4) AAFozRH A& +8 H 72 54
Fig. 1-113% o] W&o AAFoZRY a4 A 7 4A4S T Z2tR 0o
dHERolE Ais st 7= S s
Nelumbo nucifera stamens (3.4 kg)
I MeOH (reflux for 3h. 3L X 3 times )
MeOH extract ( 560 g )
| CH,Cl;:H,;0:MeOH = 10:9:1
I
CH,CI, fr. H,O layer
(3309g) | EtOAc
I I
EtOAc fr. H,O layer
cycloartenol (209g) | n-BuOH
palmitic acid I |
palmitic acid methyl ester n-BuOH fr. H,O fr.
(669g) (140g)

13 flavonoids
A new compound, nuciferoside

9-hydroxymethyl-4,4,6-trimethyl-5-cyclohexene 9-O-
[B-D-glucopyranosyl-(1—6)- B-D-glucopyranoside]

Fig. 1-11. AFo2HH a4 die

5,
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EA7 B3 AES 1339 flavonoid =82 YWEH 02 querceting EH oz JI=
AAAE o]l e 5-hydromethyl-4,4,6-trimethylcyclohexane 9-o-[b-D-glucopyranosyl-
)-b-D-glucopyranoside] Q! nuciferoside= Al SFEZ Qo] HIATH I ¢ AFE
Helom NMR, UV, IRG9 &4 tlolHE 7|x&ste] A& 725 $ASHATH

O.E il
o, N

o & = g
@))

AC)

0
4 5

cycloartenol (1), p-hydroxybenzoic acid (2), vanilloloside (3), and 5 —~O-methyladenosine (4), nuciferoside (5)
Fig. 1-12. dAx&o =2 849 flavonoid ©]¢]e] &%
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Table 1-15. 1<+¢] DPPH &tz &AA LA

ICsp (ug/ml)
Mean + SEM

MeOH 16242 + 367
CH:Cl2 11328 + 091
EtOAc 321 = 0.00
BuOH 1088 + 0.14

H20 15430 + 1.07
L-Ascorbic acid 516 + 0.03

Table 1-16. 9] total ROS A oA &4

Inhibition(%) ICs0 (ug/ml)

ng/mL average * SE average * SE

MeOH 40 4467 + 164 4415 + 134
8 13.80 + 247
1.6 -0.27 + 253

CHxCl, 40 61.77 =+ 142 2865 = 1.04
8 3332 + 1.72
16 1390 + 1.28

EtOAc 40 8097 £ 053 1106 + 166
8 59.40 = 271
16 2762 + 240

BuOH 40 6473 + 0.85 2464 + 125
8 3690 + 1.9
1.6 2330 + 2.09

HO 40 2461 + 1.93 10525 + 10.31
8 1370 £ 1.31
1.6 798 + 117

Trolox 40 7065 = 0.44 533 + 019
8 5784 + 0.88
1.6 4598 + 0.69
0.32 2526 + 1.06

Aol g s AA 255 Hrretr] fste] AW fdel] QoA Fa3%k §4%1 aldose
= 3t rat lens®t human recombinant aldose reductaseS AF-&3l3 o o
E 349 AAgH S AEgogM GRS AL ES AHESA Y. Table 1-63 Table

1-7914 EtOAc & E3 BuOH #3EoA =& rat lens aldose reductase 4% eI A
ow 4 EL quercetin B TF Zbzb 20uf, 5¥ w2 &S WEHUdId o7 A=



human recombinant aldose reductase Z¥}¢}% H|S=slA YERWT. ol ZAy=
EtOAc F3 %37 BuOH E3EoA FdugHE A9 M 7tsAlo] = thorst

PN
4 g AATh

=)
oo
Y 2

2=

= o =
Eol AeE F

Table 1-17. 9] rat lens aldose redutase ¢ #| &A

sample ug/ml %inhibition [Csolug/mb)

average + SEM

Quercetin 5 66.84 + 263 3.28 £ 0.02
1 4786 = 0.72

MeOH fr. 100 8261 = 1.09 770 £ 0.17
10 6641 = 2.33
5 40.00 £ 2.86

CHCl; fr. 100 8098 + 055 732 + 0.12

10 7031 + 0

5 4572 £ 143

EtOAc fr. 100 7989 = 1.63 0.15 = 0.01
10 8750 £ 156
5 79.29 + 2.15
1 7458 £ 0.00
0.2 6421 + 2.88
0.04 1835 + 443

BuOH fr. 100 66.00 = 6.0. 068 + 0.05
10 82.19 £ 0.00
5 73.12 £ 0.02
1 6238 * 1.62
0.2 3122 + 211

H-O fr. 100 61.34 + 1.34 7730 = 2.77
10 15.07 = 959




Table 1-18. ¢1+2¢] human recombinant aldose redutase <A A

conc inhibition % ICs0(ug/ml)
(ug/ml) Mean + SEM Mean * SEM
MeOH 50 1857 + 0.18 > 50
CH.Cls 50 -6.32 £ 0.08 > 50
EtOAc 50 8742 * 0.08 10.76 =+ 0.18
10 75.60 + 0.60
2 18.65 + 0.11
BuOH 50 62.80 + 0.30 3395 £ 0.05
10 30.90 + 0.36
H20O 50 -30.96 + 0.29 > 50
quercetin 2.5 69.44 + 278 143 + 0.07
0.5 33.33 £ 0.00
epalrestat 0.05 69.44 + 2.78 0.038 = 0.001
0.005 -2.78 £ 2.78

gt WA dx3lolm A Awj A
() 792 2 A4 28929 d&stoln A3 o 3 A F7t
Zstolm] Atk GAF Tt HT @Wol o]&FH= BACEL Ad@oA A4 A9
o] 7F¢ =4 Yetyt (Table 1-19). 19 vpFgt 79 FolA Aol gk AlE#<Q
Azsteld date] dgem FEe Adsislon, 74 e ¥ BACEIR AChE,
BChE®] Al &3& (Table 1-20)0] YebHAT. 53] CHL 38 =2 BACE1¥} BChE®]
tiste] 7HE =& AdAIEAH S UEU A EtOAc®t BuOH #d8&ELE £2 A4S
LR AT
(2) A4 e stgEe] g&stoln A o 9l
Z} 7} 9] CH:Cl,, EtOAc®} BuOH +§
8-C-glucopyranoses #stAdth . o5 &8 3= < bishenzylisoquinolined] ¢Z=Zo]l=
3}3+&E 2l neferine, liensinine> BACE1% AChE, BChE®] & A &37F FHojwkt) (Table 1-21,
Fig. 1-13, 1-14, 1-15). 94 #3d= % d4dFd 33F=9 %2 BACEIE AChE, BChE
AAEHE nFo] Ailo] =stolm A oAl B A5A JhEe rhed e HAAdE H

Azt el s oF 22 9t}

o)
=
24

O_u

(3]
-
EE52Y5E  neferine, liensinine, apigenin



Table 1-19. <1 #91¥ BACE1¥ AChE, BChE¢] oA &3

ICs0 (ng/mil)
BACE BChE AChE
mean + SEM mean = SEM mean =+ SEM
leaves 2.35 + 0.38 229.31 + 40.29 127.08 + 11.58
de-embryo seeds 51.23 + 3.19 116.31 + 27.72 152.01 =+ 18.55
embryos 747 £ 1.23 3574 + 1.85 > 300
rhizomes 5.83 + 0.37 > 300 > 300
stamens 131.05 + 9.08 96.43 + 9.58 > 300
sophoraflavanone G 1.00 £ 0.35
eserine 0.02 + 0.0004 0.0004 =+ 0.0001

Table 1-20. 94 +g&E° BACELI® AChE, BChE®] A &%

ICso (ug/ml)
BACE BChE AChE

mean = SEM mean += SEM mean + SEM
MeOH 10.71 + 0.68 9.89 £ 0.72 184.51 + 6.09
CHxCl, 0.02 £+ 0.00 3.03 £ 1.02 67.30 £ 1.72
EtOAc 0.07 £+ 0.01 2996 + 4.77 61.15 £ 3.95
BuOH 68.76 + 4.76 442 + 1.71 3325 + 2.85
H>O 4717 + 245 1145 + 048 119.65 + 4.36
sophoraflavanone G 250 = 0.01
eserine 0.0146 = 0.0008 0.0004 £ 0.00001

Table 1-21. A4 2 3tgEE59 BACE1I® AChE, BChES <A &3

ICso (UM)
BACE BChE AChE

mean + SEM mean + SEM mean + SEM
liensinine 6.37 £ 0.13 0.34 + 0.02 9.96 + 0.47
neferine 28.51 + 4.04 14.19 + 1.46 37.18 + 0.59

6.67 + 0.08
vitexin 109.94 + 3.03 > 100 138.45 + 2.21
sophoraflavanone G 2.50 = 0.01
galantamine 3.26 + 0.07 0.0280 + 0.0015
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(1) A Z 39 AAdFAZ} Az 4 Azt

ATz AESA AAEAAN S tzael] vlske] A9l H0 830l 28% H&=
frelatAl #aAz o, EtOAcet BuOH 2852 23l #9449l S/ vy

O_L:

ATAELE
Wk (Fig. 1-16A). A WA MEF2A A g o A= EtOAc, BuOH, H:O TollA EF 36,
40, 25% % ol mate] AEAESC] BAAow folahA s 2Arh(Fig. 1-16B).
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Fig. 1-16. Effect of Nelumbo nucifera leaf extract fractions on inhibition of cell population
in 3T3-L1 preadipocytes and adipocytes. Control(non—vtreated); EtOAc fr. 250 pg/ml;
n-BuOH fr. 250 pg/ml; H-O fr. 250 ng/ml. p < 0.05 vs control.

AWM E 2] AW W5 (fat droplet)S Oil Red O2 A% 23 EtOAc, BuOH, H.0%
FoAM AEE APtA & el Hlalste] A S FEleHA AT o] F ol A
Al

= H0Z ol v Tl va AWAY A axrt 7 SA ek eh(Fig. 1-17).



Well-plate

Cells

Fig. 1-17. Effectof Nelumbo nucifera leaf extract fractions on lipid accumulation in 3T3-L1
adipocytes. A, control(non-treated); B, EtOAc fr. 250 ng/ml; C, n-BuOH fr. 250 pg/ml; D,
H-O fr. 250 pg/ml.

=

H AR B A &

#d® T3 HAFQIAH(transcription factors)?l peroxisome
proliferator-activated receptor-y(PPARy) @& AE=E A3 23 BuOH¥Y} H.05 A
ARE H7betA @2 tixatel Bls] 273 ouf A= T o] FojHor Have= S
wEE = Ao, EtOAcTAAM = #o4¢ FHAadE YE v (Fig. 1-18).

PPARY .ﬁ' e, B = -
£ _--_t — ==
B-actin | ——— - —— I SS—
1.5
E
‘g 1.0 s
Eﬁ I
o 0.5
o *
0.0

Control EtOAcfr. n-BuOH fr. H,0 fr.

Fig. 1-18. Effect of Nelumbo nucifera leaf extract fractions on expression of PPARY in
3T3-L1 adipocytes. Control(non-treated); EtOAc fr. 250 ng/ml; n-BuOH fr. 250 png/ml; H-O
fr. 250 pg/ml. p < 0.05 vs control.

(4) A £33 oluAan =4 @A) 44 S4E
N

AR oUA AHE ZHEsE ©@l A<l UCP(uncoupling protein):= A WA X o] H3) ¢}
AHEE F23 AFxd FHA Aot UCP-2 Ao FAAS =3 Aylo w=w



EtOAc, BuOH, H,0% ZFelA dlzel nls] Ldado] T7h=9lom EtOAcEI A= &
o) 49 B4 FHEHNE ETHFig. 1-19).

Ucp-2

B-actin | T T T S—

2071

1.5 ¢ T
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H
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Control EtOAc fr. n-BuCH fr. H O fr.

Fig. 1-19. Effect of Nelumbo nucifera leaf extract fractions on expression of UCP-2 in
3T3-L1 adipocytes. Control(non-treated); EtOAc fr. 250 ug/ml; n-BuOH fr. 250 pg/ml; H>O
fr. 250 pg/ml. p < 0.05 vs control.

G) dd FEERYTH 2E 42 AYAY AAEH

A FHEEEZRE Ho ¥ luteolin, p-hydroxylbenzoic acid, uracil, isoquercetin, adenine
el FERAL Fig. 1-20% 2ok A9 FEE2 FHdE ATEY ARAY dAsHE
A3 Ay N85 APl & izl HEke] luteolin>adenine,

uracil>isoquercetin>p-hydroxylbenzoic acid Ad+#2] o2 XWAA A E 37 Holut Ao

= #EH AT (Fig. 1-21).
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Fig. 1-20. Structure of compounds isolated from Nelumbo nucifera leaf extract
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Fig. 1-21. Effect of compounds isolated from Nelumbo nucifera leaf extract on lipid
accumulation in 3T3-L1 adipocytes. C, control (non-treated); L, luteolin 20 mM; P,
p-hydroxybenzoic acid 20 mM,; U, uracil 20 mM,; I, isoquercetin 20 mM; A, adenine 20

mM.

webdd, ARy W Al By oA
vetdlon,  AAW oAdA &H =
H 05 E5FolA dixatol Hla &d
Y5 YeERT =3 dd oz HE
uracil>isoquercetin> p-hydroxylbenzoic acid A

§J+-t— H.O%} BuOHZOHH FolFel AA A=
5 zte UCP-2 9@wde] &4 2 EtOAc, BuOH,
o] %—7}—8}2‘;24, EtOAcZ oA 214l UCP-2 wd

Kel

o 2
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6) db/db M V1S FELLAA Aol 3
ol fol AF, Mol WA, AP, FHALUE, FAAY, FAYF] WA B 2
AgzAe] Jeetd Was Zqste A Aoldfel AFEAEINE db/db HE HhEs ®

oAl HAESAT

db/db H]FF w20 A<l Aol df 100 mg/kg BW/d Fow¢] AF52 dixatol H3) 4
BE 93y F7led oy 8Fole Ty 462g9F A AS<l 4665 UERWTH A
2ol 4+ 400mg/kg BW/d Fowol A& dixatel vlaste] 65758 #asts 43S HYo
), 8F & 18z A% Aadshe AIwkS Yetuth & AWz e &3k Ao A74xE o
Z(1.92+0.08)° H8] 100mg/kg BW/d Fol ol A 2.03+0.12 %7138t v 400mg/kg BW/d
T e Haste 43S Yebloh(Fig. 1-22).
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Fig. 1-22. Effect of Nelumbo muciera fiber (NNF) on body and adipose tissue weight in db/db mice.

Al Aol FoAAl Aol HAFHFE 24LdANA = xatel Hlgte] Ao 1o
FHEE gz Hle] ga Ee SAFsks de] wkREur 5644 (8F) 0= el
af FElobA HAastdn & AHZFS 3F 7= dxael va Srlksiorl ool R EHE
A Thske dido] whEstE 5 A% AdES Holx Fdrh(Fig. 1-23).
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Fig. 1-23. Effect of Nelumbo nucifera fiber (NNF) on diet and water intake in db/db mice.



A7 Fete] Aeolg &S A Aoldf 100mg/kg BW/d Folwr2 tizat 0.037¢ H]
3l S7hste] 0.048% vERH o el Aol f 400mg/kg BW/d Fo el A= 003322 Ha
&t th(Fig. 1-24).
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Gorlal NNF NNF T
100 mg/kg BW/d 400mg/kg BWHd 0.05
Foodefficiencyratio ooa L
(welght gainftotalfood 0.037 0.048 0.033 ! T '[
intake} E
w 003
Foodintake
(g/mouse/wesk) b 9 38.259 .02 +
Total(keabimouse/ 0.01 1
) 171.79 133.99 154.15
0.00
Control NNF 100 NNF 400
(mg'kg BW/d)

Fig. 1-24. Effect of Nelumbo nucitera fiber (NNF) on food efficiency ratio (FER) in db/db mice.

TEA e A Ao]AF 100 T 400mg/kg BW/d Fo 252233 224mg/d)F-E 6
F(389¢}F 384mg/d)7FA = thZ&r 3333 458mg/dlell Hla FolHo® Tastdth ey 85
o R 482mg/dl Hls] A 2o]Adf 100 T 400mg/kg BW/d T Al 4349F 442
mg/dlZ ZA4she A ne vebdltk(Fig. 1-25). F3talRgdzdle] dhake a9 Ao]A-F 100
= 400mg/kg BW/d FoAA] tixtel Bls sk A3dnts yEbllth(Fig. 1-24). €% <

#do Fri gz ws 9 AoldH 100 EE 400mg/kg BW/A FeiA foA o =
A Ve THFig. 1-24). webA] A9 Aol df7F db/db HIWE uh-2d A A JEd FEE
Fo d9¥ G RE2N Y FAE L5, o= A AojHdfrt ded AIAS BAdS
7] 9% Aed 2w S v)ele Aow Amech
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Fig. 1-25. Effect of Nelumbo nucitera fiber (NNF) on blood or serum glucose, HbAlc and
insulin levels in db/db mice. *P < 0.05 versus control.
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Fig. 1-26. Effect of Nelumbo nucifera fiber (NNF) on serum total cholesterol and
triglyceride levels in db/db mice.
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WA =77} Z7}o}b AL A7 WEol™ AMEY A7|7F AAEA s AaHdo]
Z71et o AMAE A7)E Folso] AW
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Fig. 1-27. Effect of Nelumbo nucifera fiber (NNF) on the size of adipose tissue in db/db
mice. *P < 0.05 versus control.
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(1) 5% 3)3) 4 & (Passive avoidance test)
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o AujE FE3
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Fig. 1-28. Effects of Nelumbinis Rhizoma and N. Semen on the response latency of wistar
rats in the passive avoidance test. Data represent the mean+S.D. *xp<0.01 compared to
D.W(Mann-Whitney U-test).

Control : Group of rats treated orally with D.W(1.0g/kg/day, n=12)

MNR : Group treated orally with 70% methanol extracts of Nelumbinis Rhizoma(1.0g/kg/day, n=12)
MNS : Group treated orally with 70% methanol extracts of Nelumbinis Semen(1.0g/kg/day, n=12)
A : Group treated orally with Aricept(2mg/kg/day, n=12)

(2) dllmtoll ] ACHEZ A9 A A=A

(Inhibition of Acetylcholinesterase (ACHE) activity in hippocampus)

ARSI Aol Aufol WA= GRS Hluetr] 9J8, scopolamines Folshe] 213 ] A|w)
S §E ¥ dutold ACHERAS FAAAAES S4shar.

ACHEZE 49 9AIAE= AT 100% .t} scopolaminel. & Xl & %3k o] 90.3% =
97%%astAth AASE Tt A$ 97.656%Z scopolamineol ol HI& 7.35% 3] -3}

th A2 T A$ 96.95% % scopolamineFo] ol HlE] 6.65% 3| &t TEE kAl
Z+2l ariceptFo e AG 97.76%E  scopolamineFo ol BlE] 7.46%3] EEle] E 21E o]
A3 A FAEN S F7HE 7 A ATH(Fig. 1-29).
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Fig. 1-29. Effects of Nelumbinis Rhizoma and N. Semen on Inhibition of
acetylcholinesterase (ACHE) activity in hippocampus. Data represent the meantS.D.
*%p<0.01 compared to D.W(Mann-W hitney U-test).

Control : Group of rats treated orally with D.W (1.0g/kg/day, n=12)

MNR : Group treated orally with 70% methanol extracts of Nelumbinis Rhizoma (1.0g/kg/day, n=12)
MNS : Group treated orally with 70% methanol extracts of Nelumbinis Semen (1.0g/kg/day, n=12)
A : Group treated orally with Aricept (2mg/kg/day, n=12)

(3) CHAT W<l
(Cholineacetyl! transferase(CHAT) Immunohistochemistry)
> o] medial septum F919] cholineacetyl transferased] ©U|X+= G3F& dolr 7] s
CHATE o] &3 W AAHS A3t & medial septum-9 o4 CHAT positivedt 3 Al 3£
o] #& FAsAth
CHATE o] &3 "y Ao ot A2y CHAT positivedt A EZS] 7= HAFa-<
7.6+0.678 (MeantS.D., n=3)° H|3} thZ"°] scopolamine F¢J-¢] 4.8t04 (MeantS.D.,
n=3)% 37% #A3Arh AAE Folite tiEael HlE 7.4+0.771(Mean+S.D., n=3)Z 2]
Pa, AZLFAF+E 512057 (Mean+S.D.,, n=3)2 6%%7}3}%)
tHFig. 1-28). @3k A EFQ  ariceptFolo el A9 7.6£1.0MeantS.D., n=3)=
scopolamine & ol B3] 58%3]&sto] 2 Aol AASA FRHNTS B T UM

th(Fig. 1-30).
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Fig. 1-30. Effects of Nelumbinis Rhizoma and N. Semen on Numbers of CHAT-positive
neurons in medial septum. Data represent the mean=S.D. *xp<0.01 compared to
D.W(Mann-Whitney U-test).

Control : Group of rats treated orally with D.W(1.0g/kg/day, n=3)

MNR : Group treated orally with 70% methanol extracts of Nelumbinis Rhizoma(1.0g/kg/day, n=3)
MNS : Group treated orally with 70% methanol extracts of Nelumbinis Semen(1.0g/kg/day, n=3)
A : Group treated orally with Aricept(2mg/kg/day, n=3)

mjo] A= @I Hlwstr] $18), scopolamines Fodke] 2

% =& 7193 AlZH(Latency time)S 7
o] 2% 2 83%HAdIATH FHE Fo
T2 A9 1362 = scopolaminefol ol HF 70% 3]&EeAt. FHY 7} AAS FoJLte A
$ 154% =2 scopolamineFo ol HlE| 73% 3| EetAth Hgk AT Aricepttol 79
7 A

BN

¥ 184% = scopolamineFof <ol B3] 78% FFote] 2 AP AASA FAHJNSTS H
bk 4= vk Ek AAS A9 132% 2 scopolaminefFolwtoll BlE] 69% ‘dEste] 1xd

% 493 FAE 2% G chFig. 1-30).
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Fig. 1-31. Effects of chongmyungtang, yeunjachongmyungtang on the response latency of
wistar rats in the passive avoidance test. Data represent the meanzS.D. *xp<0.01
compared to D.W(Mann-Whitney U-test).

Control : Group of rats treated orally with D.W(1.0g/kg/day, n=12)

CM : Group treated orally with 70% methanol extracts of chongmyungtang(1.0g/kg/day, n=12)
CM]J : Group treated orally with 70% methanol extracts of yeunjachongmyungtang(1.0g/kg/day, n=12)
NNS : Group treated orally with 70% methanol extracts of nelumbinis Semen(1.0g/kg/day, n=12)
A : Group treated orally with Aricept(2mg/kg/day, n=12

ACHEZ 429 IAlA == AAT2 100% Xt} scopolaminel. & X wl& FE3F o] 77.9%
2 21%#astan. FHY FodTe 4% 81.1%% scopolamine T ol W& 3.2% 3|35}
At FHEY AxE Tl A 854%FE scopolamine Fofwtoll HE 7.6% 3] ¥4,
AR Folo A9 105.2%% scopolamine Fo]toll HE| 27.3% 3] &SIt I FAHE
¢l ariceptFol 9] AF 107.2%E scopolamine Fol 7ol B8] 29.3%3]H3lo] EH A o] Z
AstA FlHA5s B7HE = AA0 (Fig. 1-32).
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Fig. 1-32. Effects of chongmyungtang, yeunjachongmyungtang on Inhibition of
acetylcholinesterase (ACHE) activity in hippocampus. Data represent the meantS.D.
#%p<0.01 compared to D.W(Mann-Whitney U-test).

Control : Group of rats treated orally with D.W(1.0g/kg/day, n=12)

CM : Group treated orally with 70% methanol extracts of chongmyungtang(1.0g/kg/day, n=12)
CM] : Group treated orally with 709 methanol extracts of yeunjachongmyungtang(1.0g/kg/day, n=12)
MNS : Group treated orally with 70% methanol extracts of nelumbinis Semen(1.0g/kg/day, n=12)
A : Group treated orally with Aricept(2mg/kg/day, n=12)

)

CHATE o] &3 W Ao o3 =AHZ3 CHAT positivedt HAM¥ES] == A
9 6.9+0.87 (Mean+S.D., n=3)° H]3}] o
T

Z 9] scopolamine F¢] o] 3.8+0.8 (Mean+S.D.,
n=3)% 45% A3} = FoJe iz Hs] 414097 (MeantS.D., n=3)2 7% <%
7vskelal, F e 7h ‘?ix}mr Fol e 5540470 (MeantS.D., n=3)% 44% Z 7}tk AR5

Folate 49+0.77 (MeantS.D., nZB)E 29% S7FstdTh. gk Aozl ariceptF ol 9
% 5.0£1.0(MeantS.D., n=3)% scopolamine Fo]w-ol H]|3} 32% 3]&-35to] E 23Fo] A3}
A FREA S F7HE F AJAH(Fig. 1-33).
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Fig. 1-33. Effects of chongmyungtang, yeunjachongmyungtang on Numbers of
CHAT-positive neurons in medial septum. Data represent the mean+S.D. **p<0.01
compared to D.W (Mann-Whitney U-test).

Control : Group of rats treated orally with D.W (1.0g/kg/day, n=3)

CM : Group treated orally with 70% methanol extracts of chongmyungtang (1.0g/kg/day, n=3)

CM] : Group treated orally with 70% methanol extracts of yeunjachongmyungtang(1.0g/kg/day, n=3)
MNS : Group treated orally with 70% methanol extracts of nelumbinis Semen (1.0g/kg/day, n=3)

A : Group treated orally with Aricept (2mg/kg/day, n=3)

(5) Microarray® RT-PCR 2%}

SCD3, SOCS1, DIXDC1, Nmnatl gene®] 2@ o] normalel H|3] controlo]l A & o] yvioko
m ARG FEoo A thA] Z7bge] UERWTh SCD3(syndecan-3) 7193 #H
hippocampus©l A 2177} A4 (synatic plasticity)S ZA3}= 4o SOCS1 (suppressor
of cytokine signaling 1)< STAT 1,3 pathway® &S wom & A] anti-apoptic effect
S Yehdoa g8 A 9ok ®=3 DIXDClI (DIX domain containing 1)< Wnt signaling



pathway¢] positivedt regulator® cell®] proliferation®] <3S vt} A AEFPA A 3o A

27 A 3 €]

eEE!

gl

axon? H3I=

Pojrp

Nmnat 1(nicotinamide nucleotide

adenyltransferase 1) axon H3}¢ FQ2 <QAo]H active axomsS H 33 95 sl o

AES Foil oAM= FE AA7FAA oY neurogenesis®] B gene W

ATH Table 1-22, 1-23)

Table 1-22. List of genes showing differential expression levels between

in the control group compared in the normal group

Eal

1l

KeN

=

GeneSymhbol Normalized Pathways Genhank
Plaigh 15480104 KEGG pathway: Arachidonic acid metabolism 00590 NLI_017174
Adipog 13675373 EEGG pathway: Adipocytokine signaling pathway 04920 HL_144744
Cidké 13 502856 KEGG pathway: Cell cyele 04110 HI_342638
Amotl]l_predicted 12812497 KEGG pathvwray: Tight junction 04530 H_235837
Pilr 10701559 KEGG pathway: Cytokine-cytokine receptor interaction 04060, MLI_012630
Hultlel 10260934 KEGG pathway: Cysteine metabolism 00272 MM _031732
Tfrc 0555048 KEGG pathway: Hematopoietic cell lineage 04640 H_340009
Coxgh 026224 KEGG pathway: Oxidative phosphorylation 00190 NL_012726
Pladgs 5.678342 KEGG pathrwray: Arachidonic acid metabolism 00590 HM_017174
Pdedllg? predicted TATSST EEGG pathway: Cell adhesion molecules (CAMS) 04514 HM_219777
Cel2i T.585557 KEGG pathway: Cytoldne-cytokite receptor interaction 04060 MLI_053700
Wlapikd_predicted 68011295 EEGG pathway: GnRH signaling pathwray 04912 HM_217304
Gog 6.149107 5 KEGG pathowray: Mewroactive ligand-receptor interaction 04050 MM_012707
MGCR3007 0.40041275 KEGG pathway: Purine metabolism 00230 NI _001007 697
Isgf3g 0.4985598 KEEGG pathway: Tak-3TAT signaling pathway 04630 N _001012041
Thpo 049846575 KEGG pathwray: Hematopoietic cell lineage 04640 MM _031133
Fgfrl 0.49470288 KEGG pathway: Adherens junction 04520 oas1ad
EifZakd predicted 0.49366054 HI_230462
Dixdel 0.49323493 HI_343390
Gadl 0.4927452 KEGG pathway: Alanine and aspartate metabolism 00252, NLI_017007
Commds 0. 40250672 MII_1390102
Dguok_predicted 049232513 KEGG pathway: Purine metabolism 00230 XM 216194
Hinj2 04210014 MII_021595
Nmnatl 04270824 HI_216590
Socsl 0.47 55989 EEGG pathway: Jak-3TAT signaling pathway 04630, HI_145879
Hpff 0.42304507 KEGG pathwray: Neuroactive ligand-receptor interaction 04080 MM _022386
Pilfhi 0.4143755 KEGG pathway: Fractose and mannose metabolism 00051 MNL_057135
Sdc3 021576326 EEGG pathwray: Cell adhesion molecules (CAMS) 04514 ML 053893




Table 1-23. List of genes showing differential expression levels between in the

NNS group compared in the control group

GeneSymhol Normalized Pathways Genhanlk
Pdzd?_predicted 13 46827 Hh_219940
Sde3 6.TREELS EEGG pathway: Cell adhesion molecules (CAMS) 0451 4; KEGG pathway MM _053893
Bired 5028275 KEGG pathway: Apoptosis 04210 NI _022331
Pilr 4796453 KEGG pathway: Cytokine-cytokine receptor interaction 04060 WM _012630
Socsl 4163107 Jak-3TAT signaling pathwray 04630 MM _145879
Semaif predicted 3808087 KEGG pathway: Axon guidance 04360 H 236623
Gibl 3640335 EEGG pathway: Cell Communication 01430 MM _017251
RGD1S60062_predicted 3535238 EEGG pathwray: Cell Communication 01430 ZM_228409
Cacngh 3412711 EEGG pathwray: MAFPE signaling pathway 04010 MM _020693
LOC2932200 3404848 HN_Z30589
Dixdel 3282126 HhI_343300
Agzahl 3212578 EEGG pathwray: Sphingolipid metabolism 00600 AF214647
Cddg 3188365 KEGG pathwray: Matural killer cell mediated cytotoxcity 04650 NL_139103
Fgf 3.017304 EEGG pathwray: MAPE signaling pathway 04010 WM _130817
LOC246266 2933142 EEGG pathwray: Alanine and aspartate metabolism 00252 WM _144750
Pdech 1911918 KEGG pathwray: Purine metabolism 00230 NI _05385%
FlaZgs 2904403 EEGG pathway: Arachidonic acid metabolism 00590 HMM_017174
Glbl_mapped 2837453 EEGG pathwray: Galactose metabolism 00052 ZM_2366T5
Vil2 1A52435 KEGG pathway: Leukocyte transendothelial migration 04670 ML _019357
RGD1565416_predicted 2621201 EEGG pathwray: Focal adhesion 04510 ZM_236367
Mmnatl 2568885 HN_216590
Phyhi 2.563659 MLI_053493
Meeel 2563147 EEGG pathwray: Valine, leucine and isoleucine degradation 00280 MM_001009653
Wt 2531166 EEGG pathway: Basal cell carcinoma 05217 ZM_STAE0T
Col3al 0.499183 KEGG pathwray: Cell Communication 01430 ML _032055
Ppie 049812 HM_216524
Diditd 0498216 EEGG pathway: mTOR signaling pathwray 041350 ML _020906
Q1337 0.457418 HL_001000897
Hihl 0.496 536 KEGG pathway: Caleium signaling pathway 04020 WM _017018

Microarray 2] 235 2<lsl7] 18]l RT-PCRS A&ttt Ad 4y DIDCX19 74
<% normal*ol W3] control g tol A 77% Ao wWEHo] 7HAE I, NNS A8 o=
119%% F7Fsts e Aok ®=3F SOCS19] 7 -$- normalwoll H]3} control #] 2] Al 89%
Ao o]l ZAskalal, NNS Aol = 102% % normal¥ W23k &S Yebl AT
Nmnatl-2 normal-°l H]3] control *&]w-oll A 95% A =2 W&ol 743 3, NNS A 2]l
A 104% = o] 1tk SDC39 A -$% normaloll H]3l control A& wolA 90% A=
o] #2425 YERSIAL NNS A gt 94%9] ¢fzte] 2y 48 yehllth(Fig. 1-34)
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Fig. 1-34. Effect of Nelumbinis Semen (NNS) on RT-PCR analysis of gene expression in
rat hippocampus. The level of gene expression was normalized according to the B-actin
signal. Normal is vehicle treated group. Each column represents the mean = S.D. (n = 3). #
indicates the mean is significantly different from the normal value (#: p < 0.05, ###: p <
0.001). * indicates the mean is significantly different from the control value (x: p < 0.05,
ekl p < 0.001).

g4
12k&o] CHAT positivedt HAE ] +5 F7HA]7]
19

2AE "ASHY] fste] dAASI A Hl L kel e A ket
ACHE 24874 315 9 X9 medial septum F-9lolA HAEFE S7F Al7]= 347t e
St A ESH VIS o] &% HTls "Ikl Slof, dAAs

Foldto A SCD3, SOCSI,
DIXDCI1, Nmnatl, ¢ gene®] normal % controlitol] H]&] %& 2&S vewtal, RT-PCRS
%3] microarray &< Z3} SOCSI1, DIXDC19] ¥&o] normal ¥ controlitol H|3] o] =
7bskdch. ol#d fHAE= STAT 1,3, Wnt pathwayel & ZFAHojxE= FHAE



neurogenesis¢} #do]l A& AORE AAHERE Aujsfd e #Y A5 hippocampus
9] neurogenesisE T 7F AlZ Aoz Hr}
Ab BAgF2EFH 2 &3
(1) HA 7o A5
WAF) (A £) M5 g)
(el NL) 209.65
S (W L, NR) 183.03
A (AR, NS) 78.22
HE AEE ZAST FAE SA4T 29, Wd B9d FE59 782 Wyglo] 21.0%, HA
18.3%, 1#F50] 7.8%% e}
(2) Az, vFHR 1 =4 FA
Table 1-24%= w73 10 =49 37 9 Al ®stel] #3k Aot AT 2EHE 2
231692 g)o] A4a(875 g)Rth F& 183 go] AaHdo HHdH AAS FE2E Fo
of elsl AlF o] 80.73 77.08.% FUkskGl o, MRS FEE FoAwE AEHS 8 tEao
Hlsto] EAgHA 0.5 {FootA AlFol S7tetdtt. 2Ed A 8 a9 v FA= B
0.19 gell Hlsle] 2E# A & tixdtodlA 0.17ge 2 st 43S Hou Mddde 019
g, MHTLE 018 g, AAFL 020 g2 F7lete 4ES Uedlo. (b 2249 FA+= 2EH X~
R Qlete] A o] FATE Akl HlE| 0.2g Aot WHsl FEE Folol o3
e w4 g A FAE vEWlen WAZy dxs FEES Fkske ANk
e tH(Table 1-24)
Table 1-24. A<, A3} W 22e] 57
Body weight Spleen weight Liver weight
Group
Initial (g) Final (g) Gain (g) (g/100g BW) (g/100g BW)
Normal 2695£1.8 357.0x16 87526 0.19+0.01 2.89+0.05
Control 269.0+25 3382137 69.2+25" 0.17£0.01 2.69+0.06"
& Q) (NL) 400mg/kg BW 267.8+45 3485+59  80.7+4.7" 0.19+0.01 2.89+0.05"
W T (NR) 400mg/kg BW 267.8+t19 339.6+32  71.8+3.1" 0.18+0.01 2.718+0.03
A2S(NS) 400mg/kg BW 270.0+0.8 3465+34  77.0+35" 0.20+0.01" 2.80%0.07

“p<0.05 vs. normal rats, ' p<0.06 vs. control rats.
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4) €% IgG

dF 1gG FFS AT (B5.0+1.7)00 vluste] A~E#H A FF dlER2TolA 44.0+242 T4
Hoaoma QAU Hdso] 20% AL "ol ot e o)l (56.0+8.64), WE(54546.7), AAS
(56.0£1.5) F=& Fodl s " 5ol Frtste] A4 FAS oG S Ve T (Fig.
1-38). 28} FATgHRE Fod2 HolA ekt
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Fig. 1-38. IgG ¥
(5) GOT¢} GPT st
715 Aolol #EE GOT X 2EfA 9 dlzo] 178.0+154% AAb
1325+38¢  Wlete]  FAGHoR  FolsiAl  FrRsblou wWRQI(133.048.1), WHL
(132.3£16.2), AA%5(133.0+55) FE& AFFAZ st AT 543 A2 {235+
ZAaE A HFig. 1-39). GPT X% 2EHAE Qdle] 724+1022 Z7lstg ot we el
(49.86.1), WM& 1(485+3.4), AAF(47.8+15) FEE FoATdNA FJA A TAH A (Fig
1-40).
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3 EEEQ 718 %ol oF 6
bol maA oA stz Asaar. o, 9

heA AGH Y AnzA S F
stol mpste folh asths A% welF
Table 1-25¢} Ztt.

dAle] A WEhe BASA ol JRAl W] A3 e fAsT Sl
(e}

-
e
o

1oy
o

o

=
| 2 A JFASS o3l
FENE FoE A2 671 L 7HA %

1o
B
o
2

Table 1-25. A% Aol HAA F7t (=)

B A Al AL 1Y e 279 -
= (2008. 6. 14) (2008. 7. 14) (2008. 8. 14)
= 73k BolHe _
g™ | BT R 3 = A % NER
G 2.32% 4.72% 8.03%
(12OGC, 3%) . (o) 12% . ()
3 AL 6.47%(=6.5) 6. 45%(=6.5) 6.48%(=6.5%)
(500°C, 3}\]2}) . o =0. . o\l =0. . o =0.0>0
F1. 0 50T, 6217 Ax & A4 #F A W3 gl
- AHA AFAY ARLE AA BAHOZ A
O Wue] A HolH - vy F nid F
Table 1-26. 94 AAA ol dFe 7M&5Ad 40T, HAUlFE 75%)
a4 2 F &
T+ B A 114 WAl 1714
(2008.6.14) (2008.7.14) (2008.6.14) (2008.7.14)
oFe 21 oFg @71
& 2 3 130l ] 1] 1 o] 1ol
H Nz 4.1% 4.44% 4.1% 6.12%
ol = 0.85/mo] % % = 0.85mo] % % =

A WA AAFF &7

(1) w2 HZAESE Jx259 2 3 Wde g3

Aol FoHZ AT(N. nucifera root: NR), AE(N. nucifera leaf: NL), 9E3(N. nucifera
seed coat: NSC), AA5(N. nucifera seed media: NSM), A2 (N. nucifera flower: NF)< 10,



100, 500, 1000pg/mle] F=2 A&t Ay} sk ofEHor uF fxzAo S45 A
A olHd &= A AFY M FulEA JEstHFig. 1-44). 3 w2 A el A
IC50& Ab&E3t A @k Table 1-279] YEFHIT
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Marmal
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Fig. 1-44. vl ZMEx= e & o] yed =¥
Table 1-27. W& 5918 A9 A IC50%k
Sample ICso (ng/ml) Correlation coefficient
NR >1000 0.94
NL 393 0.89
NSC 207 0.74
NSM 643 0.92
NF 488 0.94

(2) RAW 264.741 3] Qlo thAAE F2]
WA M EZF RAWZ26A T EE St A EF2P o2 HE F4S ol Ao AREstaith
AE 1x 105 cellS 24 well platel] seeding3 4A]17F wjekale] A EE RAHA 71 & PBS(-)=
washing ¥ LPS(lipopolysaccharide)& #2lato] WA A gPdoz 28 sto] ME=sAHS

A Z T

Fig. 1-455 Table 1-2891418} 2o] A%3]9 Ae] FE7t 45g0] W} ALFHEFL F=
JEAow garel LSS oAste] 1C503te] 131ug/ml FERT

o Mt
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Fig. 1-45. LPSH % RAW264.7 cellol o] wWlde] ME&5A oA g3}
Table 1-28. LPS % Aol glo] WM& o] IC 504k
LOTUS PARTS ¢ EQUATION ICso(ng/ml)
Root (NR) 0.75 y= 0.08x + 23.04 337
Flower (NF) 0.84 y= 0.09x + 25.44 272.6
Leaf (NL) 0.84 y= 0.177 + 10.04 223
Seed Media (NSM) 0.83 y= 0.115x + 28.22 189.39
Seed Coat (NSC) 0.83 y= 0.112x + 35.3 131.25

Azpal o 7 BE Eel¥H bisbenzylalkaloide! linensine¥} neferine®] A#ES A FZoA
79 A5 oA stk E3E flavonoid®| apigenin 8-C-glucopyranoset= akaloid®.th= 1L
Sl A oA 2Hg-ol e (Table 1-29,30).

Table 1-29. AxpH o2 HE 2 ¥ alkaloiddi9] LPS % MES2 A&

& % (mg/ml) linensine neferine
0 0 0

0.5 22.4+2.1 18.2+1.2

1.0 34.3+4.1 31.1+4.1

5.0 66.3%5.2 45.4+2.8

10 89.1+2.9 79.0£29

25 95.7+3.8 88.9+2.1

off [K



Table 1-30. A o2 X E B ¥ apigenin-8-C-glucopyranose?] LPS H % AlXE2]994

B
&% (ug/mb apigenin—8—C—glucopyranose

0 0

1 5.1*1.1

10 11.1*1.3

25 30.3£2.2

100 54.1%£2.1

250 66.7+2.8

(3) A431, MDA-MB-231, Hep3B $tAl ol gk uj o)
|

= 5o % =

A S-S Eoi 500 ug/ml Z%E] o 1 p<0.055FF 22 1000 pg/mlA gl p<
IA BIE Ho FA &) 12%, 26%S YERW T

MB- 231*1]¢~r0ﬂ*1_‘£ FAE ATAE BT A FE 3

A- 1
= YERA] gstov deFEE 1000 ug/mlA oA oF 17%° ME=AZS e (2

120 120 4
m T 10 1
a a

80 - a c
5 60 5 60
g 10 z 10

20 20

° 0 1 10 100 500 1000 (ug/ml) ° 0 1 10 100 500 1000  (ug/ml)
A431 cell MDA-MB-231

Fig. 1-46. < FE&9 FPAE AEZEA

MDA-MB-231, A431 cells were seeded at a concentration of 5x10° cells/well in 100ul of DMEM
containing 0.1% of FBS in 96 well plates. After 5 hours incubation at 37C and 5% CO, the
complete media was replaced with DMEM containing 10% FBS and treated with hot water extract
of NNR (HWE) at concentrations of 0, 1, 10, 100, 500 and 1000ug/ml for 24 hours. The formazan
crystals thus formed weresolubilised in DMSO and viability of the cells was determined using a
colorimetric assay at 540 nm. Statistical significances: *p 0.05, *£0.01 and °p 0.001
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Fig. 1-47. Hep 3B Al®Z2]o] 3} neferine®] A|E =4

Hep 3B cells were seeded at a concentration of 5x10° cells/well in 100ul of DMEM containing
0.1%6 of FBS in 6 well plates. After 5 hours incubation at 37C and 5% CO,, the complete media
was replaced with DMEM containing 10% FBS and treated with neferine at concentrations of 0, 1,
5, 10 and 25ug/ml for 24 hours.
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94.7%01 e A Ao HAAEES s TEEFe 4T 23 V1€ 4 mg/kg ©
st® Ao slow AAHHIJS (Table 2-1)

Table 2-1. 223 dF4o A

AL 4 3} H] a1
(%) 0.8
3] 2(%) 15
A% (%) 2.0
Z ekl (%) 1.7
21 o] (%) 94.7
W (mg/kg) 0.7
Tas 2 g 71% © 4(mg/kg)°] 8+
A AA AGr FE2E e dFg, Ads AF AZe R AEGA o Hate] Az
P o Qxbd 93, 3xd 39, Fig. 2-1, 2-2).
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1) AAAS A A, sleEd, o] 5d, AdFA S, s Ed-dde] Edo W), &
FH(F=71, o] ¢k7] E9b), AAL 4 (Inbody ©]-8) &
2) dastd HAl dd(glucose), I+ 715 AAHLET), A% 715HAHRET), A&7 AHlipid
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o A Aol AW B AAE Table 22, Table 2-3% 2-& FE oz sl o
gme Afn A7 Bolgd Be 48L Fr 92ow daxe e we ARe A4
g @ast vk ¥ ATe 42 Aol 9B Fi AEe B 43S Joluaz shof
Hed 9 ohe A B ATIAL HS Wl B gol PESALG BEPAt 3
AAE Fow Z7te] G2o) val 1F AHH PAoE Bu AL stk 23de
SHAY el el 33d e HYPot YL vaste] A s,

S AT AL GRE ABTLL A2 G2A YA AN 4, 2], 271 8
of wsjol dlel olob] B AT ofge] Avlivl BHeths wuv} 28 olTUTh EF <
A Aol e oA BAALIS} B gk vha olzde] gt

Table 2-2. #Hd AZA Aol tigt #sH7}

B A&7} o) Ak#}
5 A4 4ol upet Ao] wety wjul Ajo] ehehy
A A A S -
= A717F ek AX A7l ol e
BE AE Ao B2 Holih 4 ws)y gt A B
o wueh vse 497 A8 8 Ase A% ol &
A2 & sl e -
13 £ 27 °f wov & &A7E obd o] Hlol W

HlE #5597 I Table 2-3% 2om AP HA Aelye] o}F ZA Aelrt b= A
o2 SRStk #ol Byel Ma 2E tha AW AYlEH Watn AvlE Al Hob
A ehele] ol S| BAY B FHtel AAE A4S 9@ 5 ol WAk @, ole)
27 % 3 mmrk g AAel Askga A5 tha Sk 18 232 A7Ed BA 9
togew wastgth An YAl ALg3 Ble] glon e A9 B2 Wi Ao
A i gAHAL WA AR Aol BAZ AU W, HFe gele] ol 5o

eAY 25 Fste] AX7] mEel A7 AdfAE Ae g 2 2HoE oot
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2 A3 A4 A4S dde= & A HAA Ay g &9
(1) o]}J—}\]fﬂ 7‘<1—7}x}g4 1_=‘1_/\é

A= F 40 o= Aol 299 Hlaldre] 119elloem dixate PAe] HlE, A,
As, e, ddolsd, &, AT, BMIZF ¢ Egoy AANES ko]l o =)
(Table 2-4).

Table 2-4. F7k#ke] duks 54 9 A AS (230d)

g A&t o =
(n=29) (n=11)

o] 2H(73) 27 1

A (T A 22.0 215
A7 (ecm) 162.5 164.5

A% (kg) 54.4 59.4
&2 % gl (cm) 75.0 79.6
ddol = (cm) 93.6 97.4
4% 7] (mmHg) 1126 1315
o] $+7] (mmHg) 63.1 785
A% (kg) 54.5 59.3
BMI(kg/M?) 20.6 21.8
A A W8 (%) 286 24.8

A7tAre] Ageele] @32 Table 2-59F om, AlgoA] Aol e AMY, %
15 19 mwkel Aol wokar thxtolA 1Y 33 o)A} 2AIgE A9 dA 25 2 F9& 3

I Q= Aol ] B tH(Table 2-5).

=
5]
. Al & oz
(n=29) (n=11)
Ao 2 AdwE(d) 9 2
19 33]o]4 A Ab 13 9
AYH £F B F5E &%
Al3ido] 1Y mjut 20 3
A 55 20 9
d 5 0 2
(2) o A ;q] /\4 o) 94 ) u] v g3 3A

=4 AR -

T, AR Wakes & %Eoﬂfﬂ B A yetstow, gunk gakel W3 #do] e A
%_ =]



Table 2-6. &71AF¢] AlA| A= 2 o]|gata AAlF ¥H3}

=

Al H| 1l o
AR AL AR AL
A5 (kg) 54.4 53.6 59.3 56.2
52 =9l (cm) 75.0 73.3 79.6 74.0
9ol = (cm) 93.6 91.8 97.4 95.3
4% 7] (mmHg) 112.6 108.6 1315 113.8
o] 2+7] (mmHg) 68.1 64.0 785 67.0
BMI 20.6 21.6 21.8 20.7
A A 5 (%) 28.6 275 24.8 28.2

gt AGTAM HDL Bd2H8S A9E ¢ 2L 2% gastdn faie

g <ol A
TGE A9 &5o] st (E 2-7).

Table 2-7. Z71A9] AR A S Ay3}e4 W3}

= W
Al T EIE

AR AR Z}-o] AR AL Z}o]

FBS 86.0 85.8 -0.3 92.2 90.8 -14

T.Chol 168.1 167.8 -0.3 174.4 169.6 -4.8

TG 66.3 57.0 -9.3 79.7 97.8 18.1

HDL~-Chol 59.8 61.9 2.0 60.6 58.4 -2.2

LDL~-Chol 93.4 89.1 -4.3 99.7 91.4 -8.3

o, BAF L g LS AR & d AA A9 Fuw 23

(1) d&A14 717}44 =73
ozl £ 61Moz Alg Tt 329 o)

selEd, @, AL E] i =Roy Fag ‘}Ol Ol 3L, BMI&= il iM WES

o] ¥ =Skt (Table 2-9).

Table 2-8. F7FAte] Aty 524 2 AA AS (33d)

g Al oz
(n=32) (n=29)
o] 2H(7g) 10 10
A= (%, A 24.4 24.9
217 (cm) 169.6 171.8
A% (kg) 82.5 76.3
5] 2] =@l (cm) 84.9 82.4
Aol Ed(cm) 104.6 102.9
4% 7] (mmHg) 128.2 128.1
°] €7] (mmHg) 77 767
A 7 A 4 (BMID (kg/M”) 271 971
A A& (%) 32.3 31.7




_—_ A Y o) =+
° (n=32) (n=29)
14 33]0] A AL (/) 13 12
TEE o &F AU 2 6
19 w7 (1)
a4 &5 22 24
d Fd 11 10

A3 Table 2-10% 2tk A7 Foll AF, 3=,
gastech AlF, s 5 nwARe wile & gt

[}
, o197l B Aol A o]b7| Bk wWol FAskSitH(Table

Sige T A (A) AFS (B) Z}e] (B-A)
A= (kg) A e 80.5 81.2 0.7
o) %< 76.3 773 1.0
2 A 785 79.4 0.8
52 & ¢l (cm) Alg 84.9 86.5 1.6
o= 82.4 83.7 1.3
Bk 83.7 85.2 15
Yol = (cm) A gt 104.6 104.6 0.0
o) % 102.9 103.2 0.2
2 A 103.8 103.9 0.1
4% 7] (mmHg) Al g 128.2 1245 -3.8
o = 128.1 129.0 0.9
2 A 128.2 126.6 -16
o] £7] (mmHg) Alg T 7.7 727 -5.0
o) 76.7 74.6 -2.0
A 77.2 73.6 -36

AN E Hrpate] dRAA A= Table 2-119F Z2th A& 7|7 Fo] 229 ~HE, LDL
Cholesterol, TGE <7}t FBSE #4stdt dx BASHE TGS FBS7F 7+
23kal YA = A9l ZFolrt §llthH(Table 2-11).
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E 2-11. tidARe] dAHALS] HS
LS T A (A) AL$-(B) 2ol (B-A)
T.Chol AT 184.0 186.3 2.3
)z 182.6 187.0 4.4
A 183.3 186.6 3.3
HDL-Chol A9 <t 52.6 52.0 -0.6
e 53.2 53.7 0.4
A 52.9 52.8 -0.1
LDL-Chol AT 112.8 116.4 3.6
)z 112.7 115.0 2.2
A A 112.8 115.7 3.0
TG A g 104.2 110.2 6.0
o) = 91.8 117.2 25.4
A A 98.3 1135 15.2
FBS At 91.5 88.3 -3.3
hzT 90.8 90.8 0.0
A 91.2 89.5 -1.7
AA e Frrake] A A A A= Table 2-129F 2tk A& 7|3F o] 4%
&, A AT, AAGE] AT, Ed BT AT dx H3tE B A s}o
d FAE ZAH(Table 2-12).
Table 2-12. WA Az A A5 vl
£ T A (A) AH(B) 2ol (B-A)
4% (kg) A g 29.4 29.9 0.4
o 2 32.4 32.6 0.2
A 30.9 31.2 0.3
A A (kg) Al gt 24.6 25.5 0.9
o 21 26.9 27.4 0.5
A 25.7 26.4 0.7
BMI (Kg/M?) A 27.1 277 0.7
o) = 27.1 275 0.3
A 27.1 276 0.5
A A & (%) Al 32.3 32.7 0.4
o) 2t 31.7 32.0 0.4
% A 32.0 32.4 0.4
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A3 <A2FFHA>

de ol&F x4, 7t¥F 7le AT R AEFS

Az FASA FF, H5)S AR o,
= O
=

A Z 34 tH(Table 3-1).

Table 3-1. Formulation for Yunnipjook added lotus leaf powder(Unit: g).

Ingredients Treatments”
& LLP 0% LLP 1% LLP 2% LLP 3%
Substitution
powdered milk 100 9 %8 el
Lotus leaf 0 1 9 3
powder
Waxy rice % 2% % %
flour
Brown rice flour 15 15 15 15
Sugar 10 10 10 10
Salt 1 1 1 1
Water’(mL) 768.2 785.0 863.5 994.3

*Treatments are 0-LL, 1-LL, 2LL and 3LL : Yunnipjook were prepared with the addition of 0% to
3% Lotus leaf of substitution powdered milk.
YWater added in gruel preparation to have 92.0% moisture.

W 9 stz mtE(SolA Auld 2007d = liat e,

ll:‘ Al LR " ©
A FHe Ay Fobdt (F)gdel A 47 ek, $auAZE CaCly - 2H0F Sigmaoi A
TF9late] ALt ATH FHE Fig. 3-19 AZTAL o] &sA] Az gt FHoA A9 H
vk 0, 0.1, 0.2, 0.3, 0.4%3t}.
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Soybean

l
Soy milk(4°]3 B, 25min)
J
Heating(75780°C, 5min)
Adding lotus leaf powder and 1% CaCl,
l

Coagulation(25mim)

!
Tofu |

l
Soaking tofu(30min)

l

De-watering(15min)

!

Sample

Fig. 3-1. Procedures of preparation for tofu added lotus leaf powder.

(3) A9 Fwe WA WHEI 54
WES] 7 AURTe () vl TS ASSHAT, WATE ARS(FYR,
(F WA R), RFEIERLT, NaCl 88%01 )3 AH(FFHE Agatsint Wiel A9

B2(0%, 1%, 2%, 3%, 4%)= H7F SE=2 g3 100ge] 75l 15% A5+ 45mLE 7}
3fo] £o0 7 5~63] ¥=3 5 Roller (Atlas 150 & Pastabike, Marcato S.P.A., Italy)S Al-&
of @A 73] FFete] F7 0.lem, 2174 8cm ¥F REFIE A xS TH

) A8 FEES HUrsE 57

A IS 2007 29 A FobdtolA gl Ao

(F)ehd ol A dstgx, L7EE AR 1595 TH
100mesh A& SHAA AIAEE AL Chs
< Ab&stth

A zol AT ARt WFulE Wk ALEe) 0%, 1%, 3%, 5% B 7%E 7 AU ¥
W jAstel BREe Azsgon, A4 BRE T 2%l AP 23S Bol W7}
sto] T5E AxsATh ATF dAAE Fo PRI BY, SRS 78, HEPh A
=, %, 20ud 52 3E 5S40 A 24, BAsgth we, S SRAgsE,
g, BEe, opdw et o@ Yw, 223, WePstE SRS
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Control
4,000
212
132
32
16
108
132
4,800
dded.

uice added.
uice added.

ice
juice a

]
]

9% Lotus root juice added.

6% Lotus root
1 12% Lotus root

: no Lotus root ju
3% Lotus root

Ingredients

L- 3% :
L-6% :
L-9% :
L-12%

Table 3-2. Recipe for Baik—-Kimchi prepared with different levels of Lotus root juice.

Raw Chinese cabbage (g)

Green onion (g)
Lotus root juice (g)

Pear (g)
Garlic (g)
Ginger (g)
Salt (g)
Sugar (g)
Water (g)
Control

zZ
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2. Figure of Lotus root pickles prepared with Kochujang, Doenjang and Jubak.
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%} storage

O -20C~-257C, bkg PE film packing

35 thawing

O 3T75TC, 20722hr thawing

A cutting

— O 8mm 10mm, 2times cutting

=

=4 steaming

O 100C %71, 20sec™30sec, 957100kg/hr

% 7] air cooling

O 25730m/min

Zf+ primary drying & roasting

O 1057135C, 25730rpm, 40min

9 rolling

O 83788% pressure, 20725rpm, 10715min

% middle drying & roasting

O 11071207C, 25730rpm, 30min

A #AZ once more drying

O 1407150°C, 27732rpm, 20min

7 Z automatically drying

O 1157125C, 40745min, water content 375%

el FZ9 Jotus extract

O 25735 min, boiling water

HEgFEd WA extract

fermented

O 12720C, 180¥ aging

Fig. 3-4. Drying procedure of lotus leaves tea in white lotus.

2 r

S 7F2 15mm, AlZ 70mm FZA o2 Auste] &7]o Wi, WAy 23kg, 7] ALY
AL(A 2 2 110g/30L)E AF&3le] AgS

T 12~20C ZE= 18049 o] s A1 tH(Fig. 3-5).
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A7 storage O -20TC™-25T, 2kg PE film pcking
3]s thawing O 3T75TC, 20722hr thawing
At cutting O 8mm~10mm, 2times cutting
=4 steaming O 100TC %71, 20sec™30sec, 957100kg/hr
% 7] air cooling O 25730m'/min
Z+ primary drying & roasting O 1057135TC, 25730rpm, 40min
@ rolling O 83788% pressure, 20725rpm, 10715min
% middle drying & roasting O 1107120C, 25730rpm, 30min
A A Z once more drying O 1407150°C, 27732rpm, 20min
A% automatically drying O 1157125, 4074bmin, water content 375%
A9 sorting O quality level sorting(a, b level)
2] pulverization O 15rpm, 10hr, 60mesh pulverization

Fig. 3-6. Making procedure of lotus leaves tea in white lotus.
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[e)
O 10071107, 40745min, water content 375%

O -20TC~-307C, 85795days aging

O -3T7-57T, 20722hr thawing

O 13mm 22mm, 2times cutting

O 11071207C, 25730rpm, 60min

O 1407150°C, 27732rpm, 120min

O 1brpm, 12hr, 70mesh pulverization

Fig. 3-7. Drying procedure of lotus flowers tea in white lotus.
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Fig. 3-8. Changes in SSC content in malt Fig. 3-9. Changes in SSC content in malt
solution according to extraction time. solution according to malt concentration.
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Fig. 3-10. Making procedure of Sikhae(rice nectar) using leaf extract in white lotus.
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Table 3-3. Sensory characteristics of Yunnipjook.

Treatments” ICY VI TT NT
LLP 0% 3.10°* 3.12° 3.12° 3.14°
LLP 1% 3.90° 4.22% 3.22" 403"
LLP 2% 411° 555" 3.55% 5.56°
LLP 3% 5.15° 5.81° 413 5.40°

“Treatment are same as in Table 3-1.

YIC: intensity of color, VI: viscosity, TT: tannic acid taste, NT: nutty taste.

*Mean of five replicates. Means within a column not sharing a superscript letter are significantly
different (p<0.05, Duncan’s multiples range test).
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o frolstAl FrtetA (A= WA, ZE Fo] THH FI= AUABTS 4% HUhek A
b =4 dEbgEd, 3% b ARt & Foz VS od Mol 4% HIMEA = b
dAstA] = Aow Alg¥T BEE 0%7F 0.02+0.002mE 7F wkeka 1) 2, 3, 4% H 7t
4% 2+z 0.37+0.044, 0.03£0.008, 0.21+0.025, 0.12£0.006nm & =7}sh= 43S B9

A I HEI)E 4 28 HIubHol UM E faste A4S BA (AR v
AAD. 0, 1, 2, 3, 4% H7te] AS HHA=(a)= 27 -247+0.16, -5.60+0.30, -7.05+0.21,
-7.13+0.21, -7.07+020% 2% H7PHA = FolHow Aot 2, 3, 4% H7F A T
o] A% F94Ad Aol7k AT FAE(b) A B 2% H/IAAE FHow FUtEN L
uh 3, 4%9] H7F Aol vhEI o] Ae fo Al 2ol sh flddt)

o9 wrEyle Ax $HA AIA, AP dAd BT HI} FFo] FUMESEE Aide

CEEAD R 747t 0% A 89.74+13.60%, -4.50+1.29gl A ZHzt 15%

T 1 g -1
15.88+12.70%, -1550+2.52g 0.2 F7}ael= 43S BATHAE HAA).

A7l A 2

A9l WSl ow 54 F M Phriel FARSE el Fbsgm, el 3
R 20 b OIFRE FUS B2UL FEF ARE 3% WAPAE K% Aolrt
Aolort 4%H7ke) AS KA FATL B S AUk G B F o HE 1% 3
F Fo% Aolsk 91901t 2 3, 4% W7k A foAsl Frsdh @Yl B4 F UAT
WA A9 BEe AhE A9 HAEA @8 0%t feldA dafitd, RS A B
wol A Fol A WTE Sfo WAE BAANN ACE ARAL ddlA Y F
S ARE 2 3 4% W7k A% Kol Sk %S etk A9 BT Arkgel
2 AAAL BRIk G Fo% Ao F oA RUTHTable 3-4)

Table 3-4. Sensory properties of Mandupr added Lotus leaf powder.

] Treatments”

Sensory properties
LLP 0% LLP 1% LLP 2% LLP 3% LLP 4%
Color 220+1.00™  5.48+1.42" 6.20£0.96°  6.68+056 = 6.84+0.47°
Appearance Smoothness — 4.28+151"  500+1.29™  4.16+1.60"  524+1.45°  5.16+1.75™
Moistness 4.04+1.27° 4.08+1.38" 420£1.35°  4.60£1.41"  524+151°
Flavor Off-Flavor 2.48+1.33" 3.36+1.75" 5.00£161°  5.08+1.89" 5.48+1.83"
Wheat odor ~ 3.72+1.97°  2.40+1.50 240+1.63"  248+1.78"  2.24+1.79"
Hardness 3.24+1.62° 3.44£1.00"  4.36+1.22°  4.04+1.21™  4.16+1.28"
Texture Chewiness 420£150"  452+1.48° 456119  4.64+163*  4.56+1.76
Moistness 3.8041.29°  4.00£1.41*  4.04+1.57°  4.60£1.29"  4.08+1.50°
Adhesiveness  3.52+1.30° 3.68+1.28° 3.84+1.25° 3.76+1.69° 4.28+1.51%
Overall preference 3.36+1.04° 4.04+1.06* 3.68+1.55° 3.76+1.33% 4.04+1.46

LLP 0% : Added 0% Lotus leaf powder

LLP 1% : Added 1% Lotus leaf powder

LLP 2% : Added 2% Lotus leaf powder

LLP 3% : Added 3% Lotus leaf powder

LLP 4% : Added 4% Lotus leaf powder

"Meanzstandard deviation.

*Values with different superscripts within raws are significantly by Duncan’s multiple range test at p<0.05.
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7FEe] FRAT Y2 18051%0]1, A e 25577% 5 UEhHol A e #E
Aol bR o Edth Az vAA). FEATTHE Aget SR} AP v
Bl = Aoz of W Agte B AlsgdAtel ofste] FEY AlE dAre] guel F%
He dow Husgrh Wrber A 2wl &=k W&He Table 3-5¢ vebd whot
#o] 50~80T AtelolA 10T tALZ FAslwdl, drheeh A 29 227t o5
PaEe Srbetglorn], Aol wEe] WiFET 2k o HfHe] Wt v F Jow
UEbS T 2rhReh Aol e Sens AuEw, "rhEe] A 70T, 2ea A9l &
T2 80T 7Hg =gkt

Table 3-5. Solubility and swelling power of /otus leaf powder and wheat flour.

Solubility (%) Swelling power(%)
Temperature

Lotus leaf Lotus leaf
(C) Wheat flour Wheat flour

powder powder
50 12.35+0.12% 8.82+0.11¢ 4.67+0.13¢ 3.88+0.12¢
60 17.66£0.21° 14.32+0.22" 7.95+0.21° 5.96+0.15°
70 2554+1.13" 16.25+0.15" 11.75+1.11° 7.18+1.11°
30 34.16+1.22° 13.53+0.15° 19.53+1.14* 9.43+1.23%

"Values with different superscripts were significantly different by Duncan’s multiple range
test(p<0.05)

ofRR Tz o HE 24 Avhs
£ A BTE deilon, 49 28 B TS EOT | G58C, 665, 6.
e

TCE UxaET 2 254 87t 9S4 & AAJnt olgjst Ave dAES S71
A7 g =)k 4 Aol AEJAE ZeMr] wito] HdEo sBfo] Lojxtte A
o} #EAo] e Aoz AZHE

HAIHEE gz 49 271 BURE YeEwgon A9 o] Wol] H7bdy5 265, 256, 248
2 245 BU.E fastes 43S BAoh FHageer 95T 1685 =k Aolo] 45 o
Z 71 BUE YEhgoy, 9 245 H7MESE 73, 78, 83 2 84 BU.E A &% 1%
A7 ol A 7hd wkrekom) Asl % 7% HIbolA ZHE A dEETh 97 H R
FHFS A= QAR AT, dEEE Fol dEA Jdor, & OHLOM A BT A
7h2 W7FE S5H gheFo] ZhAehal, ko] #olA il Evt A A Sol HESAH o
Fe M Aom AlsHnt
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Table 3-6. Characteristic value of compose flours by amylograph.

Treatments” Gelatinization Viscosity at 95C Viscosity at 95C l\gﬁfégrsﬁm
point (C) (B.U.) after 15min (B.U.) Y
(B.U.)
Control 64.4+1.13% 248+2.20° 200+0.32° 271+1.02°
LLP-1% 65.0+1.15" 235+2.21° 192+0.22° 265+1.02"
LLP-3% 65.841.21" 215+2.11¢ 178+0.21° 256+1.20°
LLP-5% 67.5+1.22° 210+2.05 165+0.124 248+1.01%
LLP-7% 68.7+1.25° 205+2.01¢ 161+0.11¢ 245+1.22¢
LLP 0% : Added 0% Lotus leaf powder

LLP 1% : Added 1% Lotus leaf powder

LLP 3% : Added 3% Lotus leaf powder
LLP 5% : Added 5% Lotus leaf powder
LLP 7% @ Added 7% Lotus leaf powder
YValues with different superscripts were significantly different by Duncan’s multiple range
test(p<0.05)

Wrlsd qlol Rur AsluS Dalste] Axg Awe ARs 24 AnAR wAA), o
Z72 HAS-ol= L, a 2 bgkel 72k 7181, -1.876 2 848% YElWITE o] vl AL = L}E‘r
We Lt ¢ 28 drbgko] wWold 4= 61.52, 51.61, 4515 % 40652 =ZA "W At ask
() A B Hrlgo] F/R5E vobAy, bFH(FAE)S AL Bwe Hrlgel F
a5 % wobAth

Al e HAAHES dEste] Az I =AY FAHXELS Table 3-79 YERA AT
AEe dETolA 627.15g/cm” o2 UEyon] ool Bu Hrleo] gl wel HA S
7Vaked 7% H Aol 765. 12g/cm HA

SHH, SR, AEAR 9 IS gixzdtdlA THY wska, A B HUbEe] SME S
AR FhsHe 3 e

A9 wuel Arkwe] FAUSEE zelwe] TA FAGow, oo we BIE s
Aom vt ol xel@ 5o PAS/ME P¥Estel Ao AnalE 2] WE
ol o},

Table 3-7. Textural properties of cooked noodle with different /otus leaf powder contents.

Treatme Hardness Adhesivenes Cohesiveness Springiness Chewiness Brittleness
nts * (g/cm®) s(g) (%) (%) (g) (g)
Control  627.15£1.12%  10.55+0.05" 84.88+1.01° 99.65+1.04"°  91.32+1.02%  834.12+1.10¢

LLP-1% 721.25+1.31° 9.55+0.03" 85.52+1.10° 96.35+1.05" 93.58+1.03° 848.31+£1.03°

LLP-3% 735.23+1.02"  855+0.04° 86.12+1.21"  95.12+1.03"  95.23+1.11° 851.91+1.05™

LLP-5% 745.58+1.12% 8.42+0.03° 87.28+1.22° 93.77+1.01°  99.75+1.12"  898.48+1.13"

LLP-7% 765.12+1.23" 7.92+0.02¢ 89.62+1.12° 92.58+1.01¢  112.61+1.21"  952.67+1.23"
F-value 82.12" 162217 113.23" 112.42""° 56.32"" 65.23""

“LLP 0% : Added 0% Lotus leaf powder

LLP 1% : Added 1% Lotus leaf powder

LLP 3% : Added 3% Lotus leaf powder

LLP 5% : Added 5% Lotus leaf powder

LLP 7% : Added 7% Lotus leaf powder

YValues yy*ith different superscripts were significantly different by
(p<0.05) ™" p<0.001).
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9 BT AP Bl ARF F5 HHHAARE WA, FHe) G, A, %,
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A7 2 AA A 42 ZolE YEeERNATHp <0.05). &S A =
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of el HE ¥ FEEFFES Uetd A @AV e Ao AlsEd. 2AgE o
A 5% HAbmEst 43Hew Jbg =A debdth A VEEE 99 w2 5% A
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z3 A9 5% Are A9 BuS HubeeE Aol o, A u %

TES Hrkstel =& Al
s
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o pHE 345 ~ 357 =], A% 35del= 343~ 3602 HAaHAoH, ARitd= 2 Ao)7t
AR PAA])., dubd o s TR AFe] A T ARASE pH 43 o] delA U
U pH 410914 = mAEel o3k pold el gldtha & A} vl R 4TAM = 7]
Aol 7hed Ao g HAL SRS A% 15974 dasivr 209 o) F 44 E
7b S7beti A ot Srbshs e BT
20Tl A A 929 pH WS (F5 v AADNA, AEAF9] pHE 345 ~ 3579+
o, A% 3Bdel= 325 341% A FAFHJG dErR HE FEE Ubeko] wopds
= pH7F S7betleh dnbA o ® A& Ha AEe) A F A7 A4S pH 43 o] el e
1 pH 4.10¢1 1—5— A A sl o3k Fajd el flalvka g A} vals| R 20TAM = A7
Aol 7bed Ao w AbmHTh FAES] W= AgTIzto]l Aatstel] wteh £4A4 = T
ZhstiA Ak Srkehe A Bolth

o

ACAA A A FFeo HAxe Wl Fig. 3-11014 Hi= niep o] diAdoz A4
Z71d A HAF 0%, 10, 20, 30 2 40%7} Z+ZF 368 kg/cm, 3.45kg/cm, 3.46kg/cm,
3.52kg/cm, 3.68kg/cmell A A 7717ko]l Aagte]l wel 2gH Frkete]l AFET|o= A ¥
= 0%, 10, 20, 30 ¥ 40%7} 27+ 4.07 kg/cm, 6.07kg/cm, 7.61kg/cm, 4.21kg/cm, 6.09kg/cm .
2 F7ksksith

20CAA, AFx7] AL IF 0%, 10, 20, 30 2 40%7} Z+7+ 3.68 kg/cm, 3.45kg/cm,
3.46kg/cm, 3.52kg/cm, 3.68kg/cmolA Ag7|7to] g met =g FTksto] A7)
= A IF 0%, 10, 20, 30 Z 40%7F Z+2F 510 kg/cm, 6.98kg/cm, 6.58kg/cm, 6.85kg/cm,
6.32kg/cme 2 Zrbeld ek w3 A 9 F 10% A 87 AE7F 7 =Rk oh(Fig. 3-11).
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Fig. 3-11. Changes in hardness of lotus root pickles during storage at both 4T (above)
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Fig. 3-12. pH of Baik—-Kimchi prepared with different levels of Lotus root juice during
fermentation at 5C for 30 days.
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Fig. 3-13. Acidity of Bark-Kimchi prepared with different levels of Lotus root juice during
fermentation at 5C for 30 days.
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Fig. 3-14. Turbidity of Baik-Kimchi prepared with different levels of Lotus root juice

during fermentation at 5C for 30 days.
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Fig. 3-15. Chromaticity of Baik—Kimchi prepared with different levels of Lotus root

juice during fermentation at 5C for 30 days.
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Fig. 3-16. Reducing sugar content of Bark-Kimchi prepared with different levels of

Lotus root juice during fermentation at 5C for 30 days.
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Fig. 3-17. Vitamin C content of Baik—Kimchi prepared with different levels of

Lotus root juice during fermentation at 5C for 30 days
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Table 3-8. Sensory evaluation of Baik—-Kimchi prepared with different levels of Lotus root

juice during fermentation at 5C for 30 days.

Sensory Treatments”
Week
characteristics Control L-3% L-6% L-9% L-12%
0 4.0+0.3% 45+0.4% 45+0.4% 4.3+0.8" 4.2+0.7°
1 4.3+0.2° 4.1+0.3" 4.2+0.5° 3.9+0.5° 3.8+0.4°
Color 2 4.2+0.5% 4.0+0.2" 3.9+0.6™ 3.2+0.4% 2.5+0.6"
3 3.7+0.6" 3.4+0.5" 3.7+0.4% 2.9+0.3° 2.6+0.5%
4 3.6+0.1 3.4+0.2° 3.9+0.5" 3.6+0.7" 3.4+05°
0 3.8+0.3" 4.0+0.4° 4.1+0.3" 3.9+05" 3.8+0.1™
1 35+0.2° 3.9+0.3° 3.8+0.5" 3.7+0.5™ 3.5+0.4°
Smell 2 3.2+0.5° 3.8+0.2° 3.7+0.6" 3.6+0.4° 3.5+0.6%
3 35+0.6° 3.4+0.5° 3.8+0.4% 3.7+0.3" 2.8+0.5
4 3.1+0.1° 3.4+0.2" 3.6+0.5" 3.1+0.7° 2.7+0.5
0 4.7+0.1% 45+0.5™ 45+0.4™ 3.9+0.1" 3.8+0.6™
1 4.3+0.5" 4.2+0.3" 41+05" 3.7+0.5° 3.6=0.4°
Clarity 2 42405 3.90.2" 3.8£0.6" 3.6£0.4° 3.5+0.6°
3 3.60.6" 3.4+0.5° 3.7+0.4" 3.5+0.3° 2.8+0.5°
4 3.0+0.1° 3.0+0.2° 2.9+0.5" 2.7+0.7° 25+0.5
0 3.8+0.5™ 3.9+0.4" 4.2+0.3" 4.0+0.2" 3.8+0.6™
1 3.5+0.1° 3.5+0.6" 3.7+0.7% 3.340.3° 3.2+0.4
Crispness 2 3.30.7° 3.4+0.4" 3.8+0.1° 3.1+0.2¢ 3.1+0.3°
3 3.3£0.6° 3.4£0.5" 3.60.4° 3.3£0.3° 2.9+0.5°
4 3.1+05° 3.2+0.4° 3.4%0.7 3.2+0.5" 2.8+0.2¢
0 3.9+0.8° 4.0+0.7° 4.2+0.2° 4.0+0.3" 3.8+0.1
Overall 1 3620.2° 3.8+0.5" 4.0£0.6" 3.7+0.7 34205
2 3.1+0.3° 3.6+0.4" 3.8+0.7° 3.6+0.5" 2.8+0.1¢
acceptability [ 3 35£0.7° 3.40.6° 3.7£0.2° 3.4£05° 3.0£0.4%
4 3.2+0.8° 3.3£0.7° 3.5+0.5" 3.1+0.4° 2.9+0.3¢

“Treatments are same as in Table 3-2.

YMeanztstandard deviation

*Values with different superscripts within columns are significantly by Duncan’s multiple range test
at p<0.05.

(3) 1F4, 93, T4 ol g3 AT For o Az
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Fig. 3-19. pH of Lotus root pickles prepared with Kochujang, Doenjang and
Jubak during fermentation at 25°C for 30 days.
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Fig. 3-20. Total acidity of Lotus root pickles prepared with Kochujang, Doenjang and
Jubak during fermentation at 25C for 30 days.
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Fig. 3-21. Salinity of Lotus root pickles prepared with Kochujang, Doenjang and
Jubak during fermentation at 25°C for 30 days.

!

1S o] §3 AT FobE BTN 0AFF AFAE e AwE
D F Aol e A A 0dA 5.86+0.43°04 A 309 A 6.56+0.64
Fotsith €9 Fobel A% A% 3094 5844022, F1

7
A41£0.12% A g7k FIhe4= ghaste]l mFd gopx o)
3

)

e A%e BAth 47 43 daA, nFF Fobdst 9F Fobne 4% Gt
Fub golAuch B AOR wol Wol Aeld Fiol WA Urtm o s Aol A
A W A EA dega, Fu Fobde] A4S olEnt @ "eld AR AR
S Qo meldth ol ohaAuE HPoEE FAF + dun

- 126 —



2} —

< 1%
cC

SAr -2
L al —A— T

RN w N O O N ©
T

O 1 1
0 10 20 30
Storage time(days)

Fig. 3-22. Hardness of Lotus root pickles prepared with Kochujang, Doenjang and
Jubak during fermentation at 25°C for 30 days.
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Table 3-9. Hunter's color values of Lotus root pickles prepared with Kochujang,

Doenjang and Jubak during fermentation at 25C for 30 days.

Storage time(days)

Samples”
0 10 20 30
KL 60.19£4.07" 54.01£0.50 40.33+2.83" 45.84+3.32°
L value DL 60.19£4.07 4359+1.04° 47.99+2.69 50.61+0.32°
JL 60.19+4.07 57.32+2.10° 50.05+1.60" 58.05+3.93"
KL 0.01+0.06 2.50+0.04 2.46+0.14" 45740.69°
a value DL 0.01+0.06 2.94+0.05" 1.99+0.24° 4.70+0.07"
JL 0.01+0.06 2.47+0.06 2.45+0.04" 3.86+0.17*
KL 10.86+0.92 18.77+0.02° 40.33+0.47¢ 17.13+1.17°
b value DL 10.86+0.92 11.14+0.53° 9.71+1.51° 26.260.23"
JL 10.86+0.92 21.32+0.80° 11.72+0.68" 26.29+0.18"

KL : Lotus root pickles prepared with Kochujang

DL : Lotus root pickles prepared with Doenjang,

JL : Lotus root pickles prepared with Jubak

"Meanztstandard deviation

XValueg Owith different superscripts within columns are significantly by Duncan’s multiple range test
at p<0.05.

WEL value)= A4 10986 158 Aold, 95 gold % Fuk AolH st AR fow
S B, 304 Aol 2+2E 45.84+3.32, 50.61+£0.32 ¥ 58.05+3.930.2 A3l t] of 79 A

2o i 2,
22 ¢ F Ytk o= AT AAANG Az nFF, BF L Fuke] Ho] o W] 1)
go Aom Arfd AT gFopAe AME(a value)t LE FolHdAd 30dAel 2z
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Table 3-10. Changes in pH of Lotus root pickles prepared with Jubak and the Curcuma
longa L. powder during storage at 25Cfor 3 months.

pH
Treatments”

0 day Imonth 2 months 3 months
Control 6.10+0.06™ 4.68+0.02° 4.45+0.03" 451+0.01°
CLP-1% 5.59+0.04" 4.81+0.04% 4.47+0.04% 4.62+0.03"
CLP-3% 557+0.03" 4.83+0.04 4.53+0.04" 4.73+0.02*
CLP-5% 5.53+0.01¢ 4.72+0.01¢ 4.45+0.02" 452+0.01°
CLP-7% 5.55+0.05" 471+0.03" 450+0.01" 454+0.02°

“ Control : no Curcuma longa L. powder
CLP-1% : 1% Curcuma longa L. powder
CLP-3% : 3% Curcuma longa L. powder
CLP-5% : 5% Curcuma longa L. powder
CLP-7% : 7% Curcuma longa L. powder
¥ Means with the same letter in raw are not significantly different by duncan’s range test(p<0.05)

A% A7 A AFuk Gobslel A7) 4ol Wshs Table 3-110] UEh kg 2
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Table 3-11. Changes in acidity of Lotus root pickles prepared with Jubak and the Curcuma
Jlonga L. powder during storage at 25C for 3 months.

Acidity (%)
Treatments”
0 day 1 months 2 months 3 months
Control 0.58+0.03™* 1.56+0.002° 1.63+0.01™ 1.66+0.01°
CLP-1% 0.56+0.05" 1.51+0.04° 1.60+0.02" 1.62+0.02%
CLP-3% 0.62+0.03" 1.42+0.03" 1.54+0.02° 1.59+0.01°
CLP-5% 0.54+0.01¢ 1.53+0.02" 1.63+0.05 1.64+0.001°
CLP-7% 0.57+0.03™ 1.52+0.05 1.65+0.04° 1.65£0.01°

“Control : no Curcuma longa L. powder

CLP-1% : 1% Curcuma longa L. powder

CLP-3% : 3% Curcuma longa L. powder

CLP-5% : 5% Curcuma longa L. powder

CLP-7% : 7% Curcuma longa L. powder
"Means with the same letter in raw are not significantly different by duncan’s range test(p<0.05).
*Meanzstandard deviation
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Table 3-12. Changes in hardness of Lotus root pickles prepared with Jubak and the

Curcuma longa L. powder during storage at 25Cfor 3 months.

’ Hardness(g/cm?)
Treatments”

0 day 1 months 2 months 3 months
Control 6.31+0.06™ 6.35+0.01° 4.10+0.001° 3.85+0.001"
CLP-1% 6.41+0.05° 6.49+0.02" 4.31+0.004° 4.55+0.002"
CLP-3% 6.51+0.04% 6.78+0.01° 4.62+0.005 4.72+0.003°
CLP-5% 6.41+0.04% 6.58+0.03" 4.35+0.001¢ 4.68+0.001°
CLP-7% 6.41+0.01 6.55+0.03" 4.30+0.001¢ 4.41+0.001°

* Control : no Curcuma longa L. powder

CLP-1% : 1% Curcuma longa L. powder

CLP-3% : 3% Curcuma longa L. powder

LLP-5% : 5% Curcuma longa L. powder

LLP-7% : 7% Curcuma longa L. powder
¥ Means with the same letter in raw are not significantly different by duncan’s range test(p<0.05).
Mean+standard deviation
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Table 3-13. Changes in color values of Lofus root pickles prepared with Jubak and the

Curcuma longa L. powder during storage at 25Cfor 3 months.

Treatmen Color

Storage period(months)

ts” value 0 1 2 3
L 28.2+0.01%* 27.2+0.02° 28.3+0.12° 21.1+0.14°
Control a 7.81+0.03 7.75+0.03° 8.13+0.12° 4.10+0.11¢
b 24.22+0.03° 32.45+0.02° 34.36+0.02" 17.20+0.03¢
L 35.6+0.02 34.9+0.20° 35.5+0.23" 32.7+0.22°
CLP-1% a 8.01+0.01° 9.21+0.02° 10.95+0.01° 1.85+0.02¢
b 29.52+0.02° 33.82+0.22° 36.66+0.22° 292.88+0.23°
L 37.4+0.14% 36.8+0.23 37.4+0.11°% 25.8+0.12°
CLP-3% a 8.91+0.20 11.05+0.10 12.89+0.11° 3.88+0.13°
b 32.58+0.12° 45.78+0.12° 47 68+0.12° 25.58+0.13"
L 37.6+0.11 35.5+0.13 36.5£0.22° 24.3+0.10°
CLP-5% a 9.82+0.11" 11.05+0.13" 1278+0.21° 3.75+0.21°
b 33.13+0.21° 43.55+0.31° 46.56+0.20° 25.42+0.11"
L 37.8+0.10 27.8+0.21" 29.2+0.11° 19.6+0.12°
CLP-7% a 11.74+0.10° 12.83+0.23 14.80+0.13 3.85+0.21°
b 33.25+0.11¢ 40.67+0.10° 42.35+0.12° 24.25+0.21¢

“Control : no Curcuma longa L. powder

CLP-1% : 1% Curcuma longa L. powder
CLP-3% : 3% Curcuma longa L. powder
CLP-5% : 5% Curcuma longa L. powder
CLP-7% : 7% Curcuma longa L. powder

YValues are mean+S.D.(n=3)

*Means in a column followed by different superscripts are significantly at the with (p<0.05 level
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Table 3-14. Sensory characteristics of Lotus root pickles prepared with Jubak and the

Curcuma longa L. powder during storage at 25Cfor 3 months.

Sensory Treatments”
properties Control CLP-1% CLP-3% CLP-5% CLP-7%
Color 2,65 3.59° 4.27° 563" 6.51°
Flavor 2.75° 3.58° 4.25 6.12° 5.21%
Taste 341° 4.35° 4.89° 5.76" 5.42°
Texture 351° 3.85" 5.25 568" 5.28"
aci;:gﬂity 451° 4.88° 5.20" 6.11° 552

“Control : no Curcuma longa L. powder
CLP-1% : 1% Curcuma longa L. powder
CLP-3% : 3% Curcuma longa L. powder
CLP-5% : 5% Curcuma longa L. powder
CLP-7% : 7% Curcuma longa L. powder
YMeans in a column followed by different superscripts are significantly at the with (p<0.05 level)

o949 BE 3 L o)F 8% F2 AR
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Table 3-15. Sensory evaluation of fermented leaves extract in white lotus.

Sensory evaluation”
Leaf type” Dilution Mean
Color Flavor Tasty
status
Maturation leaf 9.4 9.0 8.8 8.8 9.0 a*
Frozen maturation leaf 9.0 9.0 8.8 8.8 89 a
Young leaf 9.2 6.8 6.8 6.4 73 b

“1= severely bad, 5= moderate, 10=excellent.
YMaturation leaf= over 45 days after bud opening, young leaf= 30~45 days after bud opening.
*Means in a column followed by different superscripts are significantly at the with (p<0.05 level).
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Table 3-13. Sensory evaluation of fermented leaves extract in white lotus by different

fermentation6bowl.
Sensory evaluation *
Treatment Mean
Color Flavor Tasty Dilution status
Clay bowl 94 9.0 8.8 8.8 9.0 a'
Glass bowl 2.5 1.0 1.0 1.2 14 b

1= Severely bad, 5= moderate, 10=excellent.
"Means in a column followed by different superscripts are significantly at the with (p<0.05 leve)l.

After 90 days After 180 days

After 30 days
Fig. 3-24. Changes of visual color in fermented leaves extract during fermentation

duration in white lotus.
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Fig. 3-25. Effect of fermented Lotus leaves on proliferation of HASMC.

Different concentration of fermented lotus leaves were prepared by diluting it indistilled water.
HASMC was treated with different concentration of fermented lotus leaves for 24 hours. Effect of
them on proliferation of HASMC was done by MTT assay. Fermented lotus leaves dose
dependently inhibited the proliferation of HASMC. *p<0.05 and bp<0.01 Vs Control.

MMP-2

C 500 250 100 75 50 25 10 2

Fig. 3-26. Effect of fermented Lotus leaves on expressionof MMP-2 in HASMC.

Different concentration of fermented lotus leaves were prepared by diluting it indistilled water.
HASMC was treated with different concentration of fermented lotus leaves for 24 hours. Then, the
condition media was subjected to SDS-PAGE complexed with gelatin. Gelatinolytic activity of
MMP-2 was visualizedas white band over the blue background. Fermented lotus leaves dose
dependently inhibited the enzymatic action of MMP-2 in HASMC.
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Fig. 3-27. Effect of fermented lotus leaves on wound healing assay.
Monolayer of HASMC was scratched with yellow tip then fermented lotus leaves were
treated. The distance of two edges of monolayer was measured in 12 and 24 hours.
Fermented lotus leaves dose dependently inhibited migration of HASMC in the scratched
surface.
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Standard Curve for NaNOo
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Different concentration of fermented lotus leaves were prepared by diluting it indistilled
water. NO scavenging activity of fermented lotus leaves was carried out using griess
reagent. Effect on NO production was calculated by comparing with the standard curve

Fig. 3-28. Effect of fermented lotus leaves on NO scavenging activity.

Concentration of NaNO, (nM)

obtained by serial dilution of NaNQO.. *p<0.05 and bp<0.01 Vs Control

Different concentration of fermented lotus leaves were prepared by diluting it indistilled
water. DPPH scavenging activity was calculated by incubating different concentration of
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Fig. 3-29. Effect of fermented lotus leaves on DPPH scavenging activity

fermented lotus leaves with DPPH for 30 minutes in dark.
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Fig. 3-30. Effect of fermented lotus leaves on serum oxidation

Different concentration of fermented lotus leaves were prepared by diluting it in distilled
water. Effect on TBARS formation was determined by using CuSOs as oxidizing agent for
serum. “p<0.05 and "p<0.01 Vs Control

PMA (nM) 0 10 50 100 250 500
PMA {100 nM) - + + + + + + + +
FLL (d.f) = = 500 250 100 50 25 10 2

Fig. 3-31. Effect of fermented Lotus leaves on expression of MMP-9 in

PMA stimulated ECV304 cells
Different concentration of fermented lotus leaves were prepared by diluting it in distilled
water. ECV304 cells were pre-treated with different concentration of fermented lotus leaves
for 1 hour followed by stimulation with 100 nM of PMA for 24 hours. Then, the condition
media was subjected to SDS-PAGE co-polymerized with gelatin. Gelatinolytic activity of
MMP-9 was visualized as white band over the blue background. Fermented lotus leaves
dose dependently inhibited the enzymatic action of MMP-9 in PMA stimulated ECV304
cells.
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Table 3-17. Nutrient values in fermented leaves extract in white lotus.

h T ~f hol
Energy | Water Ash Carbo Crud.e Crude Na rans Sugar Sat .at Cholest
Items ydrate | protein fat fat ty acid erol
(kcal) (g) (g) (g) (g)
() (g) (g) (g) () (mg)
100g 266 33.29 0.10 53.46 13.14 0.01 2.587 0.000 39.1 0.002 -2

“Not detected.
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Table 3-18. Comparison of calory, carbohydrate, protein and fat in different meal and

vegetables.

Fermented leaves
Meal and vegetables
extract
Braised chiken Grilled spareribs Pork roasted Pork cutlet
Calories(265kcal) Sxg g =) %] ZtH] o] A S He =723
(250kcal) (225kcal) (225kcal) (225kcal)
Bake potato Grilled Deodeok Pork ribs Bulgogi
Carbohydrate(53g) RaEapd s [ER=EE) o 2] 1] Ea17]
(50g) (50g) (50g) (50g)
Bean sprouts Chives vegetable | Shepherd’s purse Sesame leaf
Protein(13g) FUHEFH FEUE Wolu= AAYE
(25g) (25g) (25g) (25g)
Kimch Radish kimch Radish diced Dongchimi
fat(0g) Hj 3= 7] A] a5 A 7y 7] &A1
(0g) (0g) (0g) (0g)
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Table 3-19. Recipe of Juice with the fermented leaves extract of white lotus.

Juice recipe Sensory evaluation *
(fermented leaves extract:leaves Throat Mean
Color Flavor Tasty )
tea extract+root juice) feeling

6.526+78%+16.5% 94 84 8.8 8.0 8.6 ab’
11%+72.5%+16.5%) 94 9.0 9.2 8.8 91 a
16.5%+67%+16.5% 9.2 8.0 8.0 8.0 83 Db
11%6+72.5% (water)+16.5% 9.2 75 7.0 5.0 7.2 be

“1= severely bad, 5= moderate, 10=excellent.
"Means in a column followed by different superscripts are significantly at the with (p<0.05 level).

gtoll A 7+ %TO}HI B7tE A F2a(AY FE A 1% dd FaFgdFhn A2 A
(Table 3-20), @& Bdte, FEITF]l i1 ER2AY, I, S 2HE] =
w4 ol F- \’4%17‘4?_ REA I TheAS EolFa v o dYHES TAHLE
LA HA HAE & A= AL T2 FYAL =" F5S Foke] A, 71e4

o] 73ty &8 AEsrF 71g 7 dETh

Table 3-20. Nutrient values of juice added fermented leaf extract in white lotus.

) Carbo | Crude Satura
Calori . | Crude Trans | Sugar Choles
Item Water | Ash | hydrat | protei Na ted
es fat fat S terol
S (g) (g) e n (g) fat
(kcal) (g) (g) (g) (mg)
(g) (g) (g)
100g 55 86.06 0.20 13.27 0.47 0.01 9.197 -7 9.039 | 0.005 -

“Not detected.

dd 2 A
dFAX(FAH OF Ad dA dd A& Axd vs F=e4 ds37F it

¥s dddel F7134, 2389 fdAd, TR, AdHE, Aedztde AN A (EH
A), 574 B, Coll wlal dAdA= A, 3F st - A ste] A3 FA dEbsitH(Table
3-21)
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Table 3-21. Evaluation of sensory taste in lotus leaves tea by different processing

methods.
Sensory evaluation”

Processing type’ Mean

Color Flavour Tasty Leaf

shape
Processing A 85 8.3 8.4 8.7 85 a*
Processing B 8.0 7.9 7.8 7.8 79 b
Processing C 7.6 74 75 7.2 74 b

“1=severly bad, 5= moderate, 10=excellent

YA: Leaf thawing — cutting — steaming — cold ventilation — primary drying and roasting —
rolling — middle drying and roasting — 2 nd rolling — 2nd drying — automatic drying — sorting
B: Leaf thawing — cutting — steaming — natural ventilation — primary drying and roasting —
rolling — middle drying and roasting — steam drying

C: Leaf thawing— cutting — roasting — natural ventilation — rolling — roasting — rolling —
roasting (traditional method)

*Means in a column followed by different superscripts are significantly at the with (p<0.05
level).

Yo Al Fal Ak AQF A= A, A, g st SR 3(Table 3-22)°1M, F+ A
2zt gtel & ApolE YERNA Gtk wEbA, delo]l tiRAAbE = €] Agds ATt
sl 7hed ddake] Ak gk FEAEA 2 Aolrt gtk WE dde o8
AUAED) Axs FF FE9 Ades W ATz Y 2do] aA VA9 Ao
2 Ahed
AR ADAET) L AFEAAM A= A7E A AHAL 71% l ojAste] AgAAdE W
gkow, 4L auFo AMEy FrjE JHA A ol HVE flad, BE B Ahs HdEHA 4k,
H(mg/kg) 5 e AEAAdS Edrh

0.0]3F =15 wH=
Hodsowg sfukdt ool x(white lotus leaf tea, sample 500g)E V= FDA FH<l=
(FDA#2030513, 7/9/2007) 7]¥(Microbac Laboratories, Inc)9] EXANES 7|Fo 2 QAFS F
St on, FA A= thg 3 Z2tH(Table 3-23).

ﬂl\

Table 3-22. Evaluation of sensory taste in lotus leaves tea by different leaves conditions.

Sensory evaluation”
Type Powder Mean
Color Flavor Tasty
shape
Frozen leaf 85 8.3 84 8.7 85
Fresh leaf 8.6 8.3 8.4 8.8 85

“l=severly bad, 5= moderate, 10=excellent.
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Table 3-23. Analysis of nutrient values in white lotus powder.

Analysis items Results Units Methods
Calories 4 cal/100g Calculation
Calories from fat 0 cal/100g Calculation
Fat 0.1 g/100g AOAC17
Saturated Fatty Acid <0.1 g/100g of fat AOAC996.06 MOD
Cholesterol 0.1 mg/100g AOACI76.26
Carbohydrates 0.92 g/100g Calculation
Total dietary fiber <0.10 g/100g AOACY991.43
Total sugars <0.20 g/100g AOAC982.14 MOD
Moisture 98.7 g/100g AOACI17
Ash, total 0.42 g/100g AOAC17
Protein 05 g/100g AOAC17
Vitamin A 20 1U/100g JAOAC67:1
Vitamin C <0.25 mg/100g AOACY67.22
Sodium 9.5 mg/100g AOAC9990.08C
Calcium 1370 mg/100g AOAC9990.08C
Iron 34 mg/100g AOAC9990.08C

% Microbac Laboratories, Inc. FDA #2030513, 7/9/2007

|
i

B AglA 98 UE 992 ol§F AN AZPES YF AFY AUS AFFO
20 AF Ade] Pitol bsEi, A F AUS AWsA Yol Aol TR = )
B C % obrlit el SaEiE AL PAT & gom, 2%e] AN FUVAS B A
9 EIY FHe AAFORA Fdol $EY AUAL AFEIS AF ANT F glom,
A9 TR A, AW, HE ARZ FHol sbsstel tlganst st

(2) Y5 AELL o] §F LW Az

AL AAF e B AxA ARTAES i DA 22 Az

A%ZA AT AxFH BolA Axd ABTwe A g 9 PRGN FHAA, A
=}, A% AxARL AL T4 AN G54 & A}E vhebi(Table 3-24).

Table 3-24. Evaluation of sensory taste in lotus flower powder by different leaves

conditions.
Sensory evaluation”
Processing type” Color Flavor Tasty Powder Mean
shape
Processing A 8.8 8.8 8.8 8.7 88 a*
Processing B 7.6 74 7.2 7.0 73 b

“1=severly bad, 5= moderate, 10=excellent.

YA: flower sorting — thawing — cutting — roasting — drying — automatic drying — milling
B: flower sorting — thawing — cutting — natural wind drying — milling

*Means in a column followed by different superscripts are significantly at the with(p<0.05 level).
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Table 3-25. Evaluation of sensory taste in lotus flower powder by different storage

duration.
Storage Sensory evaluation”
Mean
duration(days) Color Flavor Tasty Powder shape

3 75 7.1 7.2 7.4 73 b
30 8.0 8.1 8.2 8.1 8.1 ab
60 84 8.4 8.2 8.6 84 a
90 8.8 3.8 3.8 8.7 88 a

“1=severly bad, 5= moderate, 10=excellent.
"Means in a column followed by different superscripts are significantly at the with (p<0.05 level).

o Age ol§d AEE AL

2e8e MEY s 55 MEeA deHME 2 8P‘;’iﬁ‘r(Table 3-26). Al
S e AFEI b Hlael A, PRk Ael= 7S] AR A, g st

]
wol A tha S5 A9E wYth AELmAA WESAS AW AU Hslo 4F
[e] =
= T

i) >ﬂ ofX

Table 3-26. Evaluation of sensory taste in lotus Sik-Hae.

Sensory evaluation ”

Product type Mean
Color Flavor Tasty Mild
General Sik—-Hae
8.4 8.0 8.4 8.0 8.2
(H company)
Lotus Sik-Hae 8.7 8.8 8.8 89 8.8

“1=severly bad, 5= moderate, 10=excellent.

AR AXds AFTdAA A TIEed A Fo IFEES 24N, 1 2
e EUE HuEsdals addyriadoe 2y ektk(Table 3-27).
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Table 3-27. Analysis nutrients values in lotus Sik-Hae.

Analysis items Units ’Referer.lce
(%, daily nutrient value)

Crude protein(g) 0 0%

Crude fat 0.6g 1.2%

Carbohydrate 9.0g 3.0%
Sugar 5.5g/100g =7

Na 20mg/100g 1.0%
Calories 40 Kcal -
Trans fat 0 -
Saturated fat 0 0%
Cholesterol 0 0%

*Not calculated.

HEet A2 (rice nectar (Sik-Hae) of lotus): "= FDA ¥ 2 1= (FDA#2023045,
3/9/2009)2 7] #(Michelson Laboratories, Inc)®] HAZAINE 7|Fo 2 A5S FHE53I o,
A= g5y 2ok

M

Table 3-28. Analysis of nutrients value in lotus Sik—Hae.

Analysis items Results Units Methods
Calories 39 100g Calculation
Calories from fat 1 100g Calculation
Fat 0.09 % AOACY976.26
Saturated Fat 0.00 % of fat AOACA41.1.28A
Cholesterol 0.00 mg/100g AOACI976.26GC
Carbohydrates, total 9.13 % Calculation
Total dietary fiber 0.00 % AACC 32 07
Total sugars 9.86 % Calculation
Moisture 90.3 % AOAC950.46,92
Ash 0.00 % AOAC923.03
Protein(% nitrogenx6.25) 0.46 % AOAC992.15
Vitamin A, total 0.00 IU/100g AOACY974.29
Vitamin C 0.00 mg/100g AOAC967.21
Calcium 3.53 mg/100g AOACY84.27 MOD
Iron 0.29 mg/100g AOAC984.27 MOD
Sodium 5.93 mg/100g AOAC984.27 MOD

% Michelson Laboratories, Inc. FDA #2023045, 3/6/2009

AU FETL AR ANsle] AZWHE #F 1) Sm el AzA wEh,
12 g oA, Asafel wa WEA At
e ust do] Mol S92 2w vk BFAte] bsd AEWUS 2}

of AlellM del sl i, =5 el FE& F3 2 A% (Fig. 3-32).

o o 1



2) dd g A=
B AR WA AQS Agehel AxT A AL A, G %, =4 5L vaste] Prbehe
WHoR AedrtE T8t 2 A st " Aol AAsds Abgste] Axd A
AT A, g w0 AR A5F A0E BT gl AYAWL o8 B X
FAGom Fgo] Asdtths AL welFa vt
Table 3-29. Sensory evaluation of lotus leaf Ssam-Bap.
Sensory evaluation ”
Leaf type Mean”
Color Flavor Tasty Chew
Raw leaf 8.7 7.0 6.4 6.0 70 b
Blanching leaf 8.7 8.8 9.0 9.2 89 a

“1=severly bad, 5= moderate, 10=excellent.
YMeans in a column followed by different

superscripts are significantly at the with (p<0.05 level).

g3 A ol g Axd AU FHZNEFWYSA 71D FT HFH dEAE)e
AEe ZASG T ol 9 e Ao e Gl FAFTE=FT, A

= Od:'__]j
g Adu e e, TS

(Table 3-30).

Table 3-30. Analysis of harmful microorganism in lotus leaf Ssam-Bap.

Analysis items

Results Reference
Total fungi 230 100,000/g below
Staphylococcus aureus Negative 1g/100 below
Salmonella Negative negative
Vibrio Parahaemolycius Negative negative
Colon bacillus Negative 1g/10 below
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Table 3-31. Analysis of mineral and vitamin in lotus leaf Saam-Bap.

Analysis items Results Units Methods
Vitamin A 395 [U/100g AOAC974.29
Vitamin A, As beta carotene 390 [U/100g AOAC974.29
Vitamin C 0.05 mg/100g AOAC967.21
Calcium 195 mg/100g AOAC984.27 MOD
Iron 33.3 mg/100g AOAC984.27 MOD
Sodium 136.40 mg/100g AOAC984.27 MOD

AN vE T F7)ESH(Table 3-31)FAlA, vlEfwl A9l WgAI =€l 7+7F 395,
390IU/100ge. = =2 whd, HEFY C+= 0.05mgo =2 Ao 4 )
Ca, Fe, K= Z+7Z} 195, 33.3, 136.4mg/100go. 2 W% =2 & HAt uba, 7|23l
e HIERRD Al FU)E o] FHSHAl e E o] AdUTH

ksl AAYHILOTUS LEAF  SSAMBAP)= "l FDA #2203 (FDA#2023045,
7/20/2009)2 7] #(Michelson Laboratories, Inc)2] w435 7|Fo2 JAFS FHE539 o,
243+ Table 3-329F #t}.

Table 3-32. Analysis of nutrient values in lotus leaf Ssam-Bap.

Analysis items Results Units Methods
Calories 171 /100g Calculation
Calories from fat 0 /100g Calculation
Fat 0.00 % AOAC9I76.26
Saturated Fat 0.00 % of fat AOACA41.1.28A
Cholesterol 0.00 mg/100g AOAC976.26GC
Carbohydrates, total 38.9 % Calculation
Total dietary fiber 3.01 % AACC 32 07
Total sugars 0.00 % Calculation
Moisture 56.6 % AOAC950.46,92
Ash 0.63 % AOAC923.03
Protein(% nitrogenx6.25) 3.90 % AOAC992.15
Vitamin A, total 395 IU/100g AOAC9I74.29
Vitamin C 0.00 mg/100g AOAC967.21
Calcium 19.5 mg/100g AOACI984.27 MOD
Iron 33.3 mg/100g AOACI984.27 MOD
Sodium 136 mg/100g AOACI984.27 MOD

% Michelson Laboratories, Inc. FDA #2023045, 20/7/2009
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Table 3-33. TPC test report for shelf-life of first order reaction.

Duration(days) TPC score at each storage temp (C)
-18 -10 5
0 1.6767 1.8346 1.1071
5 1.9616 2.0924 2.2477
7 2.0756 2.1956 3.7039
12 2.3605 2.4534 3.8445
17 2.6454 2.7112 4.9851
21 2.8733 29175 5.8975
Slope (K) 0.0570 0.0516 0.2281
Intercept (AO) 1.6767 1.8346 1.1071
Correction 1.0000 1.0000 1.0000
Shelf life 41 42 13

*TPC Shelf Life index : 1.0 x 10°4 CFU/g. (As dornors request).

Table 3-34. Arrhenius equation for shelf-life of first order reaction.

Temp('K) 1/T K Ink
255 0.003922 0.056981 -2.865036
263 0.003802 0.051569 -2.964833
278 0.003597 0.228114 -1.477908

Table 3-35. Arrhenius equation for shelf-life of first order reaction.

Slope -4599.43
Intercept 14.92
Correction -0.91
Ea -9134.48
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Table 3-36. Arrhenius equation at each temp. of first order reaction.

Temp('K) 1/T ImK K
283 0.003533569 -1.282421207 0.277364929
288 0.0034772222 -0.955957672 0.384443797
293 0.003412969 -0.629494136 0.532861288
298 0.003355705 -0.303030601 0.738576495
303 0.00330033 0.023432935 1.023709643
308 0.003246753 0.34989647 1.418920641

Table 3-37. Assumption shelf-life at different storage temperature.

Temp Storage Period K K at whole Period
-18 2 0.029950803 0.059901605
-15 7 0.038822582 0.271758077
-13 3 0.045999929 0.367999432
-11 4 0.054363214 0.217452858
-9 3 0.064084630 0.192253890
=7 2 0.075357801 0.150715603
-5 1 0.088399985 0.088399985
Sum 27 1.348481451

Table 3-38. Final shelf-life calculation of first order reaction.

Slope 1.348481451
Intercept (AO0) 1.6767
TPC Threshold (Ae) 4
AO0-Ae -2.323267929
Shelf-life 46.51768404
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Table 3-39. Shelf life of lotus leaf Ssam-Bap under frozen market.

Analysis items Allowed number Shelf life(days) Expe'ctation shelf
life(days)

Appearance -7 30 -
General fungi 1.0x104 30 46
Coliform group Negative 30 -
Colon bacillus Negative 30 -
Staphylococcus aureus Negative 30 -
Salmonella Negative 30 -
Vibrio Parahaemolycius Negative 30 -
Bacillus cereus Negative 30 -

‘Not detected.
A el 47 AE dds dwkAd s Ve eR ¥
A .
H7F 7he @ A ik (Fig. 3-33)<, 2010 F1 4713l e] =<
H

He@ W ok gAY F R 2

B
=
32 93t Take-out WIEAZ o7 sute] 7lssltta 3 4 Q).

Fig. 3-33. Representation of commercial lotus leaf Ssam-Bap.
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Algz ARES Wd2 A okt A He] o
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E# A2+ Chitosan, Salcylic acid @ Methyl jasmonateZ ©]-&3Fth Ala A
4o ﬂ?/] &%+ Chitosan® 74 50, BOOppm Saleylic acid:= 1,000, 3,000ppm &%
Methyl jasmonate: 250 % 1,000ppm¢] = AE A AT AGEZA] A7 = 74
A 7Y 2 1492 339 A dHA %‘40}“‘7} o] %égl AHAEE o] dHox 4t
X5 SIAARE g o] Hol ISP e #AE 9 stysiydE 08 AAA
pNe) o

4

e o 9 sldo]l E s v s
A= RS d, Y B A2 FEFoRE st AAs AT, st EHEol
ks Mste S Vo R Sk 9o & 20084 89 15¥€e xAMSIA =, o] & A
2 Edow EooA HHH AT de HAdow PRI NFE ZAEAL A9 F
ghEF2 20099 39 7ol ZFHE] A2 miy g A2 AATE A=, A2 A
Ase 73 T A8/t F99 daws 28 5 Aol & Znt=2 A3
A S ZARE AR 3, WMo stet ¢ 54, 28, FAIERE AN 46
A,
2. 438 2%
b A2 ARY 3
1) 3 oA O AFH
Ao MAH AR} 0TCAA S FF Ao WmE A T Axe] wstoA, Axg A
AFeHA e Ao AEe Aol gl A2 ZAHAR AR v AA). B3 $F Az o
=

il
S Al BAglel A 50d Fol= A% Ao 962—99.7%94 TFToE
A= v AA]. Aol AlH olF-eF 0Tl $3 Aol wa A%
PES UEE L #e AR $3A s ’L’ gl 2 &= vAA
AlF ool weEka] Ao Mo ZtolE Hls=dl, A% 509 Foll AlFHEA e A2 L
#kel 32.8-51.0014 StA v REA AF 3 A 636-65.5= A WERETE whebA Al FH S
Aol AR Fol= Ao Wtk AA vEbds & 5 AATH(Fig. 4-1).
Ao Al o Rk 0ColAM e FF Al & Vé} < Ao 3ol TAskE MAAE

R

LSS A A3, AHE AR AH s ol A mA= Sl Eoke=H, A%
509 F A AollA 100%°] HAE BAS Bk AHS AZAs wA A HE] v AAE
WA Eo] A% 50 F-ol 50.0-83.3% = ST, Jﬁi‘)r SEA Y A5 FAAN AF 50
d F 50.0%= 7P SHA vEhy SF A 2l gls Aor ddEgl
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Fig. 4-1. Changes in rhizome color by rhizome washing and wind treatment in rhizome
storage of Nelumbo nucifera. No washing rhizome(upper) and washing rhizome(lower).
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Table 4-1. Changes in hardness by rhizome condition and heating treatment according to

days after storage in rhizome storage of Nelumbo nucifera.

Rhizome condition Heating Days after storage

treatment

Washing Cut Temp. Time 0 day 10 days 20 days 30 days 40 days

No washing No cutted Control 100.0° 93.33 80.83 80.00 79.17
25C 12 hr 100.0 82.50 80.83 80.00 67.50
295C 24 hr 100.0 86.67 84.17 75.00 78.33
50C 1 hr 100.0 83.33 80.83 80.00 86.00
50C 2 hr 100.0 83.33 79.17 74.17 72.50
50C 3 hr 100.0 85.00 75.83 71.67 66.67

No washing Cutted Control 100.0 90.83 84.17 67.50 65.83
295C 12 hr 100.0 85.83 77.50 76.67 77.50
95C 24 hr 100.0 85.00 81.67 80.00 77.50
50C 1 hr 100.0 87.50 80.83 77.50 84.33
50C 2 hr 100.0 84.17 80.00 77.50 74.17
50C 3 hr 100.0 84.17 80.83 83.33 82.50

Washing No cutted Control 100.0 94.17 86.67 83.33 82.50
295C 12 hr 100.0 87.50 85.00 34.17 85.00
295C 24 hr 100.0 94.17 90.83 90.00 89.17
50C 1 hr 100.0 85.83 85.00 83.33 89.33
50C 2 hr 100.0 90.83 89.17 90.83 91.67
50C 3 hr 100.0 84.17 81.67 79.17 80.83

Washing Cutted Control 100.0 94.17 80.83 83.33 81.67
25C 12 hr 100.0 95.83 88.33 87.50 88.33
95C 24 hr 100.0 87.50 85.83 82.50 79.17
50C 1 hr 100.0 90.00 87.50 89.17 89.33
50C 2 hr 100.0 86.67 84.17 79.17 79.17
50C 3 hr 100.0 90.00 82.50 69.17 81.67

“rhizome hardness after storage/rhizome hardness before storage x 100.
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Table 4-2. Changes in occurrence rate of microorganism by rhizome condition and heating

treatment according to days after storage in rhizome storage of Nelumbo nucifera.

Rhizome condition Heating Days after storage
treatment

Washing Cut Temp. Time 10 days 20 days 30 days 40 days

No washing ~ No cutted Control 0.00 0.00 44.44 100.00
25C 12 hr 0.00 0.00 83.33 100.00
25C 24 hr 0.00 0.00 11.11 94.44
50°C 1 hr 0.00 0.00 22.22 88.89
50°C 2 hr 0.00 0.00 2778 83.33
50C 3 hr 0.00 0.00 50.00 88.89

No washing ~ Cutted Control 0.00 0.00 55.56 94.44
25C 12 hr 0.00 0.00 83.33 100.00
25C 24 hr 0.00 0.00 55.56 100.00
50C 1 hr 0.00 0.00 44.44 83.39
50C 2 hr 0.00 0.00 11.11 100.00
50C 3 hr 0.00 0.00 44.44 100.00

Washing No cutted Control 0.00 0.00 29.41 100.00
25C 12 hr 0.00 0.00 17.65 82.35
25C 24 hr 0.00 0.00 11.76 82.35
50°C 1 hr 0.00 0.00 11.76 94.12
50C 2 hr 0.00 0.00 29.41 100.00
50C 3 hr 0.00 0.00 52.94 100.00

Washing Cutted Control 0.00 0.00 47.06 83.24
25C 12 hr 0.00 0.00 58.82 100.00
25C 24 hr 0.00 0.00 2353 94.12
50C 1 hr 0.00 0.00 11.76 100.00
50C 2 hr 0.00 0.00 35.29 94.12
50C 3 hr 0.00 0.00 58.82 88.24
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Fig. 4-2. Changes in rhizome weight by rhizome condition and storage temperature

according to days after storage in rhizome storage of Nelumbo nucifera.
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Fig. 4-3. Changes in hardness by rhizome condition and storage temperature according to
days after storage in rhizome storage of Nelumbo nucifera.
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7101 651-69.8= th& Al W) b A ueskal, A% 30¢ Fell®= 599-69.1= A%

0L Fo] A9 & AolE UEhA &kt AlH 9 °4Toﬂ e L e Aol AA= &
9%3% Aibaom vAF e nle] AlH3E AtellA L' o]l EA yEbstth 3 ddhE A
Hups Ads A o2 Ao L gtol =A FAEJAT(RR PAA],

3 d7E 0lmm PE Z5o2 ¥4 §F A e Alxa dd 8 A= uhE
Az Wsk & HEE Uehdle L'gs 34T 23 dAntdor AFLwTt moldaE A%
d7h S7hsell whel L gho]l #Asto]l WErh wrolbd e & 5 Al tH(Table 4-3).

— 156 —



Table 4-3. Changes in 'L’ value by rhizome condition and storage temperature according

to days after storage in rhizome storage of Nelumbo nucifera.

Days after storage
10 20 30 40 50 60 70 80 90
days days days days days days days days days
W NC 62.48 60.67 61.04 59.50 62.02 69.60 67.71 66.59 64.12
W C 62.93 58.22 59.64 66.63 43.32 64.65 70.24 60.76 62.63

Storage Rhizome
temperature condition

0c¢ NW NC 64.71 65.76 65.76 68.08 61.05 66.54 68.11 57.02 57.19
NW C 62.74 59.20 57.07 61.88 55.97 66.72 65.12 66.46 65.20
W NC 64.11 64.76 65.22 67.71 68.04 69.08 64.04 61.15 62.11
5 W C 61.76 62.55 58.8 66.49 67.20 64.38 62.03 55.23 57.37
NW NC  69.03 64.46 61.76 65.97 66.65 69.23 66.72 60.34 60.54
NW C 59.10 57.38 60.05 66.18 49.16 61.34 59.73 57.32 54.13
W NC  66.45 65.4 66.87 66.02 62.78 69.05 66.52 65.92 66.64
10°C W C 56.05 66.61 68.23 54.39 58.14 68.74 64.52 57.35 57.56
NW NC  63.59 68.12 65.21 64.01 60.54 64.64 61.57 61.96 65.92
NW C 59.68 56.13 63.17 53.75 55.98 58.07 63.54 43.66 43.29
W NC 62.38 64.15 65.92 63.80 66.14 69.66 66.67 55.82 55.01
15C W C 64.29 49.17 64.41 55.78 58.90 61.92 56.79 60.32 62.70

NW NC 62.27 63.95 62.32 61.42 63.45 67.25 52.17 43.14 43.81
NW C 58.52 55.43 44.66 58.30 57.91 63.61 51.44 55.17 48.08

NW; no washing, C; cutted, W; washing, NC; no cutted.

Wl Az Ao glelA 002mm PE BEoR T4 AR v 2 AFgere wet A
Fom MR WAL BAAAG AFLE} BLFF YR BYRo] @A
AN R 0TS AQE Ao A 308 Tl 100%) MAR TS
Ae A e Aol sl MR 27l WA, ot B2
A gRE YRS Bol o8] Aite] WAl et @4ow Bewth
Ay v AR ge Ans MR B Aol GATHAR HAA).
o of Agemel W MR WS AwHow 0T 509
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& 0L F AlHske] Ak A G2 oA mAdE

H 4Ho
N
319

B 2 ool ot

0
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T3 10~208 Ax =A EASETE 15TodA A vAAES F(ITS-58S rDNA

sequencing) ¥} A7 (16S rDNA partial sequencing)< 4 3d}
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Table 4-4. Changes in occurance rate of microorganism by rhizome condition and storage

temperature according to days after storage in Nelumbo necifera rhizome.

Storage Rhi zome Days after storage
condition 30 40 50 60 70 80 90
temperature days days days days days days days
W NC 0.00+0.00 0.00+0.00 0.78+2.47 0.78+2.47 0.78+2.47 0.78+2.47 0.78+2.47
o W C 0.00+0.00 0.00+0.00 2.02+6.40 5.39£17.05 10.00+£31.62 10.00£31.62 10.00+31.62
0C NW NC 0.00+0.00 0.00+0.00 1.91+455 1.91+455 1.91£455 1.91£455 1.91+4.55
NW C 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.60+1.89 2.06+4.79 2.06+4.79
W NC 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 4.32+8.50 5.21£8.97 5.81+£9.75
o W C 0.00+0.00 0.00+0.00 2.00+6.32 5.74+14.40 752+14.71 8.56+14.49 8.56+14.49
o NW NC 0.00+0.00 0.00+0.00 2.65+5.66 3.62+8.24 464+11.24 5.67+14.35 6.33+16.38
NW C 0.00£0.00 0.00£0.00 2.02+4.55 2.74+4.76 3.78+5.20 3.78%5.20 3.78+5.20
W NC 0.00+0.00 484+1530  17.45%20.73  20.02+26.07 21.27£29.71 21.27+29.71 21.27+29.71
o W C 0.00+0.00 24.72+2750 38763259 46.19+38.74 49.21+38.75 49.21+38.75 49.21+38.75
10¢ NW NC 0.00+0.00 0.00+0.00 3.02+4.21 3.02+4.21 3.02+4.21 3.02+4.21 3.02+4.21
NW C 0.00+0.00 3.26+£10.32 6.34£16.65  11.79+22.40 20.27+23.63 21.30+25.69 24.24+32.70
W NC 0.00+0.00 7.16£15.15 14542869 19.30£36.19 24.34+40.23 24.34+40.23  24.34%40.23
154 W C 2.99+9.44 6.60+20.86  11.94+31.23 15.73+30.71 27.81£27.11 28.40+26.88 29.28+26.79
o€ NW NC 0.00+0.00 6.76£15.11  11.60+22.43 19.00+28.99 25.65+£36.16 28.23+37.62 29.19+37.59
NW C 0.00+0.00 0.00+0.00 2.07+4.38 6.79£10.33  14.05+15.73 16.49£22.02 18.16%26.78

NW; no washing, C; cutted, W; washing, NC; no cutted.

e
B PP

Fig. 4-4. Changes in rhizome color by storage temperature treatment at 90 days after
storage in rhizome storage of Nelumbo nucifera. NW, no washing, C; cutted, W,
washing, NC; no cutted.

Storage of 15°C
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Pythium spinosum

White fungi -

Green fungi : Penicillium polonicum

Fig. 4-5. Fungi occurred during rhizome storage of Nelumbo nucifera.

Erwinia persicinus Pseudomonas veronii

Fig. 4-6. Bacteria occurred during rhizome storage of Nelumbo nucifera.
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Table 4-5. Changes in rhizome weight by PE film and rhizome condition according to days

after storage in Nelumbo nucifera rhizome.
PE Film Rhizome Days after storage
thickness condition® 0 day 10 days 20 days 30 days 40 days 50 days 60 days 70 days 80 days 90 days
NwW C 100.0 99.85+0.01 99.81+0.01 99.71+0.04 99.60+0.07 99.50+0.06 99.23+0.07 99.09+0.09 98.94+0.12 98.83+0.15
002 mm NW NC 100.0 99.96+0.04 99.96+3.94 99.68+0.11 99.59+0.11 99.55+0.20 99.21+0.22 99.07+0.26 98.97+0.29 98.88+0.30
W C 100.0  99.87+0.03 99.84+0.03 99.78+0.04 99.73+0.07 99.79+0.07 99.54+0.09 99.43+0.11 99.32+0.14 99.19+0.18
W NC 100.0  99.98+0.06 99.82+0.02 99.76+0.03 99.74+0.03 99.74+0.06 99.51+0.15 99.40+0.18 99.30+0.21 99.21+0.22
NW C 100.0  99.91+0.03 99.87+0.02 99.82+0.04 99.76+0.07 99.70+0.21 99.41+0.21 99.33+0.15 99.04+0.19 98.97+0.23
NW NC 100.0 99.94+0.04 99.85+0.06 99.81+0.07 99.77+0.07 99.61+0.71 99.35+0.33 99.47+0.07 99.41+0.07 99.35+0.08
0.05 mm W C 100.0  99.93+0.02 99.87+0.03 99.82+0.04 99.72+0.21 99.83+0.08 99.48+0.32 99.43+0.40 99.48+0.13 99.41+0.14
W NC 100.0 99.85+0.03 99.85+0.02 99.82+0.02 98.81+0.03 99.78+0.18 99.27+0.92 99.62+0.05 99.55+0.06 99.49+0.06
NW C 100.0  99.93+0.07 99.91+0.09 99.88+0.09 99.86+0.10 99.93+0.12 99.78+0.15 99.75+0.25 99.71+0.27 99.66+0.28
NW NC 100.0 99.91+0.06 99.88+0.09 99.87+0.08 99.86+0.10 99.89+0.10 98.90+0.14 99.41+1.08 99.36+1.07 99.29+1.08
01 mm W C 100.0  99.95£0.07 99.93+0.04 99.88+0.10 99.87+0.10 99.95+0.10 99.80+0.13 99.80+0.14 99.74+0.14 99.65+0.16
W NC 100.0 99.94+0.04 99.93+0.03 99.92+0.04 99.91+0.05 99.93+0.06 99.85+0.06 99.86+0.06 99.77+0.11 99.65+0.14
NW C 100.0  99.89+0.04 99.87+0.03 99.82+0.04 99.73+0.19 99.77+0.07 99.26+0.75 99.41+0.21 99.33+0.21 99.22+0.20
(();:itr'ir?og NW NC 100.0 99.86+0.02 99.83+0.03 99.79+0.04 99.73+0.06 99.35+0.62 98.50+1.00 98.86+0.85 98.82+0.84 98.74+0.85
film) C 100.0  99.91+0.03 99.89+0.01 99.86+0.02 99.81+0.12 99.93+0.09 99.55+0.53 99.72+0.13 99.68+0.12 99.58+0.13
W NC 100.0 99.91+0.03 99.88+0.02 99.87+0.02 99.86+0.02 99.20+2.36 99.58+0.31 99.69+0.08 99.62+0.08 99.52+0.09

NW; no washing, C; cutted, W; washing, NC; no cutted

Yrhizome weight after storage/rhizome weight before storage x 100

Ade AHI VA, Aot vjddow FRete] 234 TREE 24T 5 A 10
d Ao s Aty o] WAAHEE £AS A= Table 4-601 vEb v dRbxeow
A7 3097 = mAE o] WAEEA] edokal, 409 ol F-HH WAstE Aow dEHY. Ad
W orEe A Gel= s AR Aolzb giley, vAlF e vl Al H T Aol A
A7 T 404 WAE HAo] AYrE g PE 2E 0.1lmm A0 EFAE AREE Ao
A 7HE mAdE B A2 Aow vEyh
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Table 4-6. Changes in occurrence rate of microorganism by PE film and rhizome condition

according to days after storage in Nelumbo necifera rhizome.

PE Film  Rhizome Days after storage
thickness  condition” 30 days 40 days 50 days 60 days 70 days 80 days 90 days
NW C 0.0 10.34£6.84 23.62+18.30 36.76+31.74 50.23£46.23 51.66+46.87 53.98+48.79
NW NC 0.0 10.41+4.45 16.16+11.46 20.87+21.21 24.22+28779 25.36+29.74 26.50+31.08
0.0z mm W C 0.0 13.83+10.01 16.23£10.37 19.83+11.15 24.19+17.13 25.91+20.20 29.27+28.35
W NC 0.0 5.61+6.11 9.25£1256 13.71£1855 18.67£26.13 21.54+31.63 23.49+33.00
NW C 0.0 5.62+6.02 5.62+6.02 5.62+6.02 5.62+6.02 5.62+6.02 5.62+6.02
0.05 mm NW NC 0.0 9.58+6.02 12.45+6.38  13.45+7.12 14.24+8.09  14.97+£9.18 15.94£10.81
W C 0.0 5.43£5.19 14.01£14.24 24.07+26.78 34.77£10.05 37.55+41.43 40.22+43.16
W NC 0.0 6.26+4.26 6.39+4.23 6.57+4.26 6.75+4.36 7.08+4.73 7.47+5.39
NwW C 0.0 4.62+6.54 4.62+6.54 4.62+6.54 4.62+6.54 4.62+6.54 462+6.54
NW NC 0.0 1.33£2.94 1.33+2.94 1.33£2.94 3.04+4.22 3.04£4.22 3.04£4.22
0.1 mm W C 0.0 1.44+3.14 1.60+3.40 1.83+3.87 2.19£4.70 2.19£4.70 2.19+£4.70
W NC 0.0 1.62+5.12 1.62+5.12 1.62+5.12 2.64£5.75 2.64+5.75 2.64+5.75
NW C 0.0 11.14+5.44 13.81£9.94  17.69+19.28 21.32£28.85 21.88+29.12 22.43+29.49
?X?lt?nflog NW NC 0.0 11.08+7.95 14.73+13.7  1843+21.86 21.90+30.60 22.66+31.42 23.30+£32.24
film) W C 0.0 4.99+8.14 7.73+15.23  10.40+23.19 18.15+31.81 18.15+31.81 18.15+31.81

W NC 0.0 2.97+3.23 5.44+6.54 7751056  12.74+13.36 14.44+14.44 16.09+19.82

NW; no washing, C; cutted, W; washing, NC; no cutted.
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Table 4-7. Changes in hardness by rhizome and vacuum condition according to days after

storage in rhizome of large size in Nelumbo necifera.

Rhizome condition Days after storage
Vacuum

condition 0 10 20 30 40 50 60 70
days days days days days days days days

No vacuum 100.0° 99.3 981 96.1 970 924 839 849
Vacuum 1000 996 970 944 935 926 924 926
No vacuum 100.0 977 935 930 926 90.1 866 849
Vacuum 100.0 987  98.1 977 970 931 905 875
No vacuum 100.0 987 993 91.8 8.7 8.7 &84 849
Vacuum 1000 970 996 996 918 909 90.0 889
No vacuum 100.0 987 978 970 961 953 944 935
Vacuum 100.0  98.1 978 955 945 944 936 931

Washing Cut

No washing No cutted

No washing Cutted

Washing No cutted

Washing Cutted

“hardness after storage / hardness before storage x 100.

Table 4-8. Changes in hardness by rhizome and vacuum condition according to days after

storage in rhizome of middle size in Nelumbo necifera.

Rhizome condition Days after storage

Vacuum
0 10 20 30 40 50 60 70
days days days days days days days days
No vacuum 100.0° 987 978 970 952 924 909 &40
Vacuum 100.0 993 987  96.1 944 926 926 918
No vacuum 100.0 996 993 981 978 958 875 8.7
Vacuum 1000 996 985 975 958 943 838 8.8
No vacuum 100.0 970 978 961 875 866 849 &31
Vacuum 1000 970 952 970 935 947 944 935
No vacuum 100.0 978 970 96.1 96.1 952 944 935
Vacuum 100.0 987 9870 96.1 970 952 935 926

Washing Cut condition

No washing No cutted

No washing Cutted

Washing No cutted

Washing Cutted

"hardness after storage/hardness before storage x 100.

- 162 —



Table 4-9. Changes in hardness by rhizome and vacuum condition according to days after

storage 1in rhizome of small size in Nelumbo necifera.

Rhizome condition Days after storage

Vacuum
. condition 0 10 20 30 40 50 60 70
Washing Cut days days days days days days days days

No vacuum 100.0° 99.6 99.3 98.7 978 958 877 814
No washing No cutted
Vacuum 100.0 978 97.8 97.0 961 952 944 935

No vacuum 100.0 99.3 98.7 97.8 951 931 89.2 85.4
No washing Cutted
Vacuum 100.0 83.1 99.6 96.6 949 931 870 84.3

No vacuum 100.0 97.0 94.4 92.6 91.8 909 875 36.6
Washing No cutted
Vacuum 100.0  99.6 93.5 935 91.8 935 90.0 875

No vacuum 1000 996 996 987 978 958 900 877
Washing Cutted
Vacuum 1000 987 978 970 965 955 926 909

“hardness after storage / hardness before storage x 100
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Table 4-10. Changes in occurrence rate of microorganism by rhizome and vacuum

condition according to days after storage in rhizome of large size in Nelumbo necifera.

Rhizome condition Days after storage
Vacuum
) condition 10 20 30 40 50 60 70
Washing Cut days days days days days days days
No vacuum 0.0 0.0 0.0 33.3 66.7 100.0 100.0
No washing No cutted
Vacuum 0.0 0.0 0.0 56 11.1 100.0 100.0
No vacuum 0.0 0.0 0.0 72.2 100.0 100.0 100.0
No washing Cutted
Vacuum 0.0 0.0 0.0 5.6 94.4 100.0 100.0
No vacuum 0.0 0.0 0.0 5.6 22.2 88.9 100.0
Washing No cutted
Vacuum 0.0 0.0 0.0 0.0 11.1 94.4 100.0
) No vacuum 0.0 0.0 0.0 56 33.3 100.0 100.0
Washing Cutted
Vacuum 0.0 0.0 0.0 56 11.1 100.0 100.0

7 REB® wsss | 2202 BE8S BBag

JH 00 5% | DY o

Large Middle Small Large Middle Small

Large Middle Small Large Middle Small
(c) (d)

Fig. 4-7. Changes in appearance by rhizome size, rhizome condition and vacuum condition

during storage in Nelumbo necifera. (a) no vacuum treatment in no washing and
cutted rhizome at 50 days after storage. (b) vacuum treatment in washing and no
cutted rhizome at 50 days after storage. (c) no vacuum treatment in no washing
and cutted rhizome at 70 days after storage. (d) vacuum treatment in washing
and no cutted rhizome at 70 days after storage.
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Table 4-11. Changes in rhizome hardness by harvesting time and condition of rhizome

according to days after storage in Nelumbo nucifera rhizome.

Days after storage

0 10 20 30 40 50 60 70 30 90
day days days days days days days days days days
NW? C 100.0 92.40+ 92.00+  89.60+ 8880+ 89.60+ 92.80+ 94.40+ 92.00+ 89.60%
) 4.01° 6.09 5.27 1.77 7.07 3.85 1.59 1.78 3.78

93.09+  96.75+ 9593+ 9756+ 91.06+ 9187+ 9756+  96.75+ 91.87+
8.33 2.55 5.92 4.10 1.87 5.85 8.87 5.78 2.96

Harvesting  Rhizome
Time condition

NW  NC 100.0

28 Oct. W C 00 O43LF  OA31r 0431 8862+ OLST: 0431+ 8043+ 0268+  9024%
: 6.45 644 529 376 150 397 266 380 230
W NC 1000 9713t 9057¢ 8770t 8607+ 9508+ 9344+ 0098t 8852 8852
: 381 445 446 720 550 572 668 593 636
N oo OL7TAT  8926f 0421 8851t OL74r 0008t 9L74r OL74t  9008%
: 6.53 178 313 346 526 040 653 524 417
. 9508+ 9344+ 9344+ 9672+ 9672+ 9590+ 9508+ 9590+ 9508+
28 Nov NW NC 1000 “y47 672 247 442 255 146 537 309 537
: W C 000 9730t 9913+ 9739+ 8957+ 0478+ 9217+ 0130+ 8957+ 8870+
: 439 602 770 976 342 404 410 455 466
W NC 1000 9339%  9BO4: 0504+ 9907+ 9660+ 9339+ 9256+ OL74+  89.26+
: 577 407 795 668 256 364 542 319 289
W C 0o 9693+ 0198+ 8854t 9518+ 0357t 9260¢ 0026t 9216+ 9133
: 838 587 974 402 429 175 342 400 162
9927+ 9216+ 9208+ 9451+ 9454+ 9373+ 9219+ 9130+ 9052+
28 Dec Nw NC 1000 “39g 742 587 532 614 79 804 457 559
: W C 100 9855 9620+ 9545+ 9203+ L33+ 9049+ 8388+ OL8&: 9099+
: 6.32 947 928 302 593 555 641 323 157
W NC 1000 (9B44E G224+ 8662+ 9057+ 9370+ 9202+ OL3G: 9201+ OLI8:
: 1.80 981 590 35 255 298 465 397 286
N oo 9917+ 9747 9661+ 9575+ 0443t 9196 0032+ 9130+  9052=
: 1.46 320 272 324 39 172 026 457 559
9916+ 9841+ 9919+ 9836+ 0448+ 9206+ 9047+ 9183t 9099+
28 Jan Nw  NC 1000 “53g 6.31 316 189 294 184 017 323 157
: W C 000 9917+ 9833+ 9853+ 9660+ 0440+ 9276+ LISt 9201+ 9LI8:
: 167 430 419 272 293 543 29 397 286
W NC 1000 9919¢ 9844t 084+ 9846+ 9520+ 0372+  O36TE 9221+  Old3:
: 161 313 183 413 402 767 352 167 376
N G oo 9919+ OBl 0602+ 524 0362+ Ol98: 0034 8054 8056+
: 161 183 304 405 449 312 25 137 289
. 99.19+ 9841+ 9599+ 9518+ 9435+ 9274+ 9193+ 8969+ 8967+
28 Feb Nw NC 1000 "y 183 303 304 29 29 406 147 172
€b: W C 1000 9907t 9936t 9602¢ 9518+ 9438+ 0276+ OLISt 9034t 8956
: 312 182 391 304 398 382 465 248 381
W NC 1000 99226 OT6lt 9615t 9537+ 9451+ 9364+ 020Gt OLO9SE 9039+
: 156 160 548 612 467 349 38 19 030
W C 0o 9844t 9680: 9602+ 9524+ 0362t 9198+ 0034t 9031+ 8956+
: 419 263 304 4065 449 312 255 25 289
9846+ 9682+ 9599+ 9518+ 0435+ 9274+ 9193+ 9115+ 9037+
28 Mar Nw NC 1000 “443 367 303 304 29 29 406 465 563
' W C 100 9849+ 9682+ 9602+ 9518+ 9438+ 9276+ OLI15+ 9032+ 8953+
: 6.22 367 391 304 398 382 465 349 452
W NC 1000 9857 9701+ 9615+ 9537+ 0451+ 9364+ 0206+ 9128+ 901+

5.73 7.05 548 6.12 4.67 3.49 3.88 4.53 3.37

NW; no washing, C; cutted, W; washing, NC; no cutted.

“rhizome hardness after storage/rhizome hardness before storage x 100.
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Table 4-12. Changes in occurrence rate of microorganism by rhizome according to days

after storage in Nelumbo nuciféra rhizome.

Days after storage

Harvesting condition 40 50 60 70 80 90
days days days days days days
NW*  C 0.00+0.00 0.00+0.00 0.00+0.00 0.84+1.83 1.44+3.12 1.94+4.14
NW  NC 0.00+0.00 0.00+0.00 0.00+0.00 0.38+0.83 0.38+0.83 0.38+0.83
2 0t W C 0.00+0.00 0.00+0.00 0.00+0.00 0.29+0.91 0.59+1.27 0.89+1.87
W NC  0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.27+0.84 0.96+2.07
NW C 2.49+4.63 4.03£5.48 4.3245.68 4.3245.68 4.3245.68 4.32+5.68
NW  NC 2424513 3.17+6.69 3.45+7.29 508+9.95  6.86+1326  7.24+1347
28 Nov. W C 0.00+0.00 0.00+0.00 0.54+1.72 0.81+2.57 1.68+3.58 1.68+3.58
W NC  0.00£0.00 0.00+0.00 0.00+0.00 091+1.91 0.91£191 0.91+1.91
NW C 0.00+0.00 0.34+1.07 1.36+2.87 2.2444.74 3.26+6.96 3.89+8.29
NW  NC 0.00+0.00 0.54+1.70 0.7542.38 0.97+3.06 2.06+4.78 2.80+6.24
28 Dec W C 0.00+0.00 0.00+0.00 0.53+1.67 2.29+4.96 3.58+7.77 3.82+8.15
W NC  0.00£0.00 0.7442.33 1.50+4.75 2.87+7.76 4.08€9.66  4.83+10.75
NW C 0.00+0.00 1.15£1.63 2.30+3.26 4.86+1.60 5.5542.58 7.39+5.19
%8 Jan. NW  NC 0.00+0.00 0.00+0.00 1.30+1.84 3.66+0.33 3.66+0.33 3.66+0.33
W C 0.00+0.00 0.00+0.00 5.09+0.02 9524191 14.09£2.61  17.95+2.29
W NC  0.00£0.00 0.00+0.00 1.32+1.87 4.1941.55 5.87+1.42 857+2.10
NW C 0.00£0.00 0.00+0.00 0.78+2.46 1.32+4.17 2.0416.44 2.71528.71
28 Feb, NW  NC 0.70£2.20 4.15+5.57 4.5445.88 4.5445.88 5.0646.63 5.32+7.13
W C 0.00+0.00 0.75+2.37 0.83+2.80 1.97+4.40 1.97+4.40 1.97+4.40
W NC  054£1.71 0.79+2.49 0.79+2.49 1.73+3.94 1.97+4.65 2.22+5.38
NW C 5594137 133842067 16.35+2552 30.40+34.24 33.70+33.70  36.97+34.18
98 Mar. NW  NC 133042279 41.55+44.88 50.17+47.98 66.82#4310 69.97+40.41 72.15+38.93

C 107141775 3877+36.83  59.02+37.77  78.60+31.60  84.154¢27.30  90.20+22.20
W NC  0.00£0.00 0.00<0.00 0.00£0.00  21.23+15.71  28.52420.92  34.98+36.96
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Table 4-13. Changes in rhizome hardness by time of ultraviolet rays treatment and rhizome

condition according to days after storage in Nelumbo nucifera rhizome.

Time of Rhizome Days after storage
ultraviolet rays condition 0 100 20 30 40 5 60 70 8 90
treatment day days days days days days days days days days
Washing 100.0 99.1Z 98.35 97.52 95.87 95.04 95.00 94.17 94.17 93.33
Control £161° £323 £310 405 418 192 319 167 272
No washing 1000 99.19 98.37 97.56 97.56 95.93 95.08 94.26 93.44 93.44
' 554  £1.83 £300 483 661 £326 £3.03 259 +0.12
Washing 1000 99.17 98.36 98.36 97.54 96.72 96.67 95.83 95.00 94.17
15 Min 322 £186 421 310 t?.63 £704 £314 183 +1.68
No washing 1000 99.19 98.37 97.56 96.75 95.93 95.90 95.08 95.08 94.26
' £314 £18 163 263 160 719 415 432 £3.08
Washing 1000 99.19 98.37 97.56 97.56 96.75 96.72 96.72 95.90 95.08
60 Min £156 413  £300 162 442 263 466 484 +1.90
No washing 1000 99.18 99.18 98.36 99.54 96.72 96.69 96.69 95.87 95.04
' £379 £161 £189 £165 263 379 38 320 335
Washing 100.0 99.19 98.37 97.56 96.75 95.93 96.67 95.83 95.00 94.17
940 Min : £311 413 541 442 303 601 154 315 +3.02

98.41 97.63 96.82 95.99 95.24 95.80 95.78 94.97 94.91

No washing 1000y o0 (500 4367 +303 4588 $419 325 429 +432

“rhizome hardness after storage / rhizome hardness before storage x 100.
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Table 4-14. Changes in occurrence rate of microorganism by time of ultraviolet rays
treatment and rhizome condition according to days after storage in Nelumbo
nucifera rhizome.

Time of . Days after storage
ultraviolet rays Rhlggtr.ne
treatment condition 60 days 70 days 80 days 90 days
Washing 12.55+6.41 18.44+1.91 22.18+7.20 30.20£18.55
Control
No washing 9.10+5.30 9.65+5.46 11.15+3.94 13.23+6.75
Washing 4.21+5.95 4214595 8.43+0.03 8.43+0.03
15 Min
No washing 10.18£1.11 12.40+4.19 14.56£8.97 16.50+13.31
60 Washing 6.98+1.50 10.47+3.44 12.89+6.86 20.42+17.50
Min
No washing 7.66+2.08 10.62+4.29 13.54+6.61 16.14+8.50
Washing 0.00+0.00 0.00+0.00 2.90+1.13 3.52+0.26
240 Min

No washing 20.32+15.60 23.06+£20.98 271.22+29.24 28.14+31.06

BP DD | P B®

Washing No washing Washing No washing
(a) Control (b) 15 Min treatment

Washing No washing Washing No washing
(c) 60 Min treatment (d) 240 Min treatment

Fig. 4-8. Changes in rhizome color by ultraviolet rays treatment and rhizome condition at

30 days after storage in Nelumbo nucifera rhizome.

5k Ay}
29%9} 5% A7
A e

i

- 169 -



Table 4-15. Changes in rhizome weight by alcohol treatment and rhizome condition

according to days after storage in Nelumbo nucifera rhizome.

Alcohol Rhizome Days after storage
concentration condition (Oday 10 days 20 days 30 days 40 days 50 days 60 days 70 days 80 days 90 days

9996 9996 9986 9987 9985 9983 9983 9989  99.87
Nocutted 1000 yn702 X016 015 015 +015 +015 +015 +0.06  +0.06

0% Cutted oo 9998 9996 9995 9996 9994 9976 9972 9981 9979
0 5007 006 006 006 +006 +049 055 015 +0.15

9098 9993 9994 9994 9992 9983 9986 9975  99.84

| o No cutted 1000 3hpo 1013 011 011 011 012 015 009  +0.10
0 Cutted oo 9996 9998 9997 9988 9995 9983 9992 9989  99.80
utte Y1007 +0.11  +0.04 #0538 *0.05 035 +0.05 +0.05 +0.26

9099 9998 9999 99.99 9997 9995 9994 9992  99.89

5 o No cutted 1000 3577 1074 003 003 002 +003 002 002  +0.03
6 Cutted oo 10000 9999 9998 9998 9997 9995 9995 9993 9977

u 0 5005 022 002 003  +0.03 *0.02 003 003  +0.43

10000 9998 9999 9999 9997 9995 99.95 9992 9987

= o No cutted 1000 554 004 +005 +0.04 +0.04 004 +004 +0.04  +0.12
0 Cutted 000 10000 9999 9999 9997 9997 9993 9993 9995 99.92
utte Y1002 +0.07 +0.07 050  *0.12 021 +0.14 +0.05 +0.05

10000 9991 9992 9993 9991 9986 9984 9985  99.81

10 o No cutted 1000 554 013 013 013 013 +023 014 014  +0.16
0 Cutted oo 9991 9983 9984 9986 9984 9982 9982 9979  97.20

009 +013 +£014 +014 +0.14 +0.14 +0.14 +0.14  +8.08

“rhizome weight after storage/rhizome weight before storage x 100

o Awg AAse AL DT 0, 1,2, 5 10%°] goo Aed F PE Ao 3
of AT 1T Aguel Ak AF ¥ 109 AFoz de AwE zAdn
gael ws) 42 12 5% AN Awsk AF F 0UAA BA FASYL, g v
WAoo QoM AY717 Aol mhE Aol thehbx] 29TH(Table 4-16).

Table 4-16. Changes in rhizome hardness by alcohol treatment and rhizome condition

according to days after storage in Nelumbo nucifera rhizome.

Alcohol Rhizome Days after storage
concentration  condition  Oday 10 days 20 days 30 days 40 days 50 days 60 days 70 days 80 days 90 days

9836 9924 9841 9763 96.82 9292 9133 9130 89.69
+3.18" #3.04 £1.83 #158 #367 +998 +236 457 452

No cutted 100.0

[6)
0% Cutted 1000 984l 9604 9685 0440 9281 9203 9123 9047 8950
utte : +1.83 #3.05 255 #1599 +147 4163 349 +442 +3.14
9837 9675 9756 9675 9756 9675 9512 9512 9431
Lo No cutted 1000 3709 1955  +483 442 <541 +4.42 408 +413  +327
0 Cutted 1000 984l 9603 9524 9683 9762 9524 9365 9365 9286
utte : +178 +153 +391 #355 +7.01 +3.13 235 235 +456
9840 9760 9600 9600 9680 9520 9440 9360 9360
2 o, No cutted 1000 yy'g)  i9g9 1140 299 +447 +394 387 +443  +4.43
0 Cutted 1000 9919 9758 9677 9758 9516 9435 9516 9435 9355
0 1152 :201 572 710 +647 458 738 +273 231
9924 9621 9470 9394 9470 9394 9318 9242 9167
. No cutted 1000 y9gy 1369 1276 4922 447 244 438 +287  +1.33
0 Cutied 1000 9846 9615 9692 9538 9385 9462 938 9308 9231
0 5156 £159 :499 160 011 289 +244 284 520
9847 9313 9160 9237 9237 9160 9084 855 8779
10 o No cutted 1000 1399 1149 142 184 +170 157 014 +283 +4.22

(o)

9834 9692 9611 9536 9616 9541 9460 9379  93.08

Cutted 1000 %409 4248 *145 +164 +380 +538  +280 +240  *5.16

“rhizome hardness after storage/rhizome hardness before storage x 100
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Table 4-17. Changes in rhizome hardness by chitosan and citric acid treatment and
rhizome condition according to days after storage in Nelumbo nucifera rhizome.

Treatment(%) Days after storage

Rhizome

CH CA condition  § 4ay 10 days 20 days 30 days 40 days 50 days 60 days 70 days 80 days 90 days

9836 9924 9841 9763  96.82 9292 9133 9130  89.69
318" +304 +1.83 £158 +367 998 £6.36 457  £452

9841  96.04 9685 9440 9281  92.03 91.23 9047  89.59
+1.83 £3.05 £255 £159 +£147 +£1.63 +549 442 314

No cutted 100.0
Control
Cutted 100.0

99.24 9695 9618 9513  93.08 9231 9231 8931 8855
455 #6656 517 £506 +494 £7.18 +5.03 +6.02  +5.97

9760 9760 9760  96.20 9440 9280  92.00 9200  91.20
410  £455 677 £394 +443 £1.29 +384 758  +6.55

No cutted 100.0
0.01% 1%
Cutted 100.0

99.27 9947 978  97.09 9636 9389 9313 9233  91.57
467 £758 697 £7.14 £859  £550 +6.21 577  +6.68

99.27 9760 9594 9432 9188  91.04 9026 8943  83.65
400 £301 £146 £292 +292 +284 503 372 517

No cutted 100.0
0.019% 2%
Cutted 100.0

9841 9758 9766  96.80  96.02 9596 9354 92776  91.93

Nocutted 1000 Y13 1162 2469 +255 391 143 +247 382 2%

01% 1%
Cutted oo 9846 9538 9384 9382 OL50 9072 8989 8001 8911
0 5178 %3093 495 +422 510 +9.94 281 297  +2.97
9762 9762 9603 9365 9206 9168 9189 8810 8310
No cutted 1000 1547 999 209 =442 302 281 388 +374 374
01% 2%
9919 9919 9756 9512 9350 9187 9024 9024 8943
Cutted 1000 3396 1167 +162 +404 432 590 682 239 131
99.17 9835 9752 9669 9504 9339 9256 9174 9091
No cutted 1000 J7g7 3495 1492 529 669 450 +726 551  +3.79
1% 1%
Cutted oo 9762 9921 9841 9603 9365 9286 8063 8068  88.89
utte 0 5480 *161 +313 153 012 +150 +147 302 +1.84
9773 9545 9545 9318 9091 9091 9064 8788 8712
No cutted 1000 3og7 433 517 438 234 630 155 030 +1.24
1% 2%

99.22 9845 9690 9457 9535 93.02 9070 8992  89.15

Cutted 1000 Sag6 311 255 +287 309 +142 433 290 170

“rhizome hardness after storage/rhizome hardness before storage x 100
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Fig. 4-9. Changes in rhizome color by chitosan, citric acid and rhizome condition at 30

days after storage in Nelumbo nucifera rhizome.
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Fig. 4-10. Changes in rhizome color by alcohol, chitosan, citric acid, and rhizome condition

at 90 days after storage in Nelumbo nucifera rhizome.
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Table 4-18. Changes in inorganic contents of white lotus leaves according to plucking date.

Inorganic content(mg-g 'D wt)

K Ca P Na Mg

Plucking date

June 15 313.10£15.65 33.19£1.66 5.14£0.26 35.17£1.76 33.77£1.69
July 15 291.40+14.57 35.40+1.77 4.19+0.21 37.87+£1.89 31.33£1.57
Aug. 15 307.18+15.35 34.17£1.71 4.77+0.24 39.07£1.95 30.91£1.55
Sep. 15 300.77£15.03 36.70+£1.84 5.13£0.26 38.17+1.91 32.19+1.61

Oct. 15 297.18+£14.86 35.91£1.88 3.34+0.17 35.11+1.76 30.56£1.53

100
go |
= o [
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=
E
=
-E 4:} -
=
20 F

Days after drying

Fig. 4-11. Changes in weight loss in white lotus leaves according to drying temperature.
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Fig. 4-12. Changes in chlorophyll contents of white lotus leaves according

to drying temperature.
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Table 4-19. Changes in organic content of white lotus leaves as influenced by drying

temperature.
Drying temp. Inorganiccontent(mg°g71 Dwit)
(°C) K Ca P Na Mg
30 °C 307.71 37.01 4.31 34.11 30.67
40 °C 311.16 36.22 4.07 35.19 32.19
50 °C 299.19 36.61 3.79 36.72 31.21
60 °C 301.41 34.23 4.02 37.31 30.65
70 °C 300.99 34.15 3.67 35.17 31.33

gc

(2) A+ FHA7| 9 B 2
ALS FHAIER F83 o5 50T AdxA] FEFd4ae(Fig. 4-13)914, 114 15, 129
15, 1€ 15, 29 159 34 3 724282 7358~80.71% ++5 veied, 1193 129 15
A Tl A 7648~T7358% thA Sttt BE e 87 wel 492~5.04, A 17814~
182.17, vIEF C 328 1621~20.12mg-g 'D wt, A#l &3S 2518~2517mg-g 'D wtz
718 zpol 7t AR THAR WA A, F71 &S (Table 4-20)91 4, K& &o] 7Hd =ka Cae
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Fig. 4-13. Changes in weight loss of white lotus roots according to harvest date.

Table. 4-20. Changes in inorganic contents of white lotus roots according to harvest date.

Harvest date Inorganic content(mg-g 'D wt)
K Ca P Na Mg
Nov 15 302.13+15.10 32.46%1.50 5.34+0.27 33.46%1.67 30.24£1.51
Dec 15 287.41+14.37 36.47+1.82 4.67+0.23 36.48+1.82 32.16+1.61
Jan 15 301.13£15.06 34.67£1.73 5.03£0.25 37.67+1.88 33.41£1.67
Feb. 15 299.74+14.99 35.79+1.79 4.67+0.23 36.51+1.83 32.16+1.61
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Table. 4-21. Changes in amino acids content in white lotus roots according to harvest date.

amino acid® content(mgeg'Dwt)
Harvest date

Phoss Aspt Hyd Thr Ser Aspg a-Aadi Pro Gly Cit a-Abut Val
Nov 15 7.89 7.77 1.65 10.23 21.12 13.46 1.13 5.11 2.01 4.13 1.97 10.14
Dec 15 8.45 9.92 2.33 9.10 20.13 11.49 1.47 5.23 6.11 4.77 0.74 12.13
Jan 15 8.13 6.49 3.01 9.74 20.16 13.41 3.44 8.33 5.41 4.64 3.46 10.11
Feb. 15 8.47 8.47 3.70 8.46 22.46 16.51 3.79 8.16 6.03 4.47 5.44 13.16
aminoacid content(mg°g'1Dwt)
Harvest date ) .
Cys Met lie Leu Tyr Phe Gaba His 3-Met Glu Ala Arg
Nov 15 0.57 0.37 0.88 5.16 6.31 5.14 8.79 2.16 2.14 23.46 15.47 2.34
Dec 15 0.42 3.51 0.74 6.74 6.49 6.09 8.67 1.34 1.25 2217 14.67 2.67
Jan 15 5.22 3.87 0.66 6.85 9.22 6.47 8.97 1.57 3.46 20.58 13.46 3.09
Feb. 15 5.34 4.23 0.31 7.23 7.89 6.77 9.32 2.41 217 2243 14.33 2.61
*Phoss : Phosohoserine Aspt : Asparatic acid Hyd : Hydroxyproline Thr : Threonine Ser : Serine
Aspg : Asparagine a-Aadi : a-Aminoadipic acid Pro : Proline Gly : Glycine Cit : Citrulline a-Abut : a-Aminobutiric acid
Val : Valine Cys : Cystine Met : Methionine lie : Isoleucine Leu : Leucine Tyr : Tyrosine Phe : Phenylalanine
Gaba : r-AminobutiricacidHis:Histidine 3-Met : 3-Methylhistidine Glu : Glutamine acid Ala : Alanine Arg : Argine

- 179 -



wy
=]
=]

4 o =11
=] =] =]

Weight loss (%)

=]
=]

—#— T0

e

2

3

4

Days after drying

Fig. 4-14. Changes in weight loss in white lotus root as influenced by drying

temperature.

Table. 4-22. Changes in inorganic content of white lotus root as influenced by drying

temperature.

Drying temp.

Inorganic content(mg-g 'D wt)

°C) K Ca P Na Mg
20 °C 313.17£15.60  33.29+1.66 3.97+0.20 39.41+1.97 30.12+1.51
30 °C 302.01£15.10  34.15+1.71 4.02+0.20 35.15+1.76 30.67+1.53
40 °C 299.18+14.96  33.23+1.66 4.22+0.21 36.17+1.81 32.19+1.56
50 °C 300.19£15.01  35.07+1.75 4.06+.20 35.33+1.77 31.21£1.50
60 °C 311.65£1558  32.45+1.62 3.89+.19 37.28+1.86 30.65+1.53
70 °C 289.2+14.46  31.22+1.56 4.17+.21 36.14+1.81 31.33+1.57
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as influenced by packing materials during cold (A) and ambient temperature storage (B).

Fig. 4-15. Changes in chlorophyll contents in white lotus leaves powder
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Fig. 4-16. Changes in starch, reducing sugar, and total fiber in white lotus leaves powder

as influenced by packing materials during cold (A) and ambient temperature storage (B).
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Fig. 4-17. Changes in ascorbic acid in white lotus leaves powder as

influenced by packing materials during cold (A) andambient temperature storage (B).
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Fig. 4-18. Changes in total phenols in white lotus leaves powder as

influenced by packing materials during cold (A) and ambient temperature storage (B).
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Fig. 4-19. Changes in starch, reducing sugar, and total fiber contents in white lotus root
powder as influenced by packing materials during cold (A)

and ambient temperature storage (B).
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Fig. 4-20. Changes in ascorbic acid in white lotus root powder as

influenced by packing materials during cold (A) and ambient temperature storage (B).
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Table 4-23. Changes in visual score in white lotus roots by various antibrowning

treatments.
Treatments Visual score”

Control 2.2%0.20
Citric acid 1% 3.9+0.15
Ascorbic acid 1% 4.0+0.14
N-acetylcystein 0.29 2.9+0.12
Hexylresorcinol 0.omM 2.5%0.15
Ca propionate 0.195 3.6£0.20
Control 2.1£0.2
CA” vacuum infiltration for 3 min 2.4%0.24
CA vacuum infiltration for 5 min 2.8%0.16
CA vacuum infiltration for 7 min 3.0+0.22
Control 2.22£0.22
CA treatment following 50°C water for 0.5min 3.3£0.30
CA treatment following 50C water for 1.5min 4.0+0.32
CA treatment following 50C water for 3.0min 4.2+0.40

“ 1= severely bad, 2=bad, 3=moderate, 4=good, 5=excellent.

¥1% ascorbic acid plus 1% citric acid
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9] ¥ (Fig. 4-23)0l 4, A4 169 9] ¥
A AaL, FAHA A= CAEe
717ko] A ghe] whel 7HAg W

Al A]). Hunter 'L'3t2> CA £ X olA &A 3
o] & YERA FATHAIE HIA|A]).

A Egade At 2olE YeplA] ggko, PPOZA S dlx=7 Rubs A2 oAl ik
i, Aol A= CARA, @A, A1 A] w02 FRrh(Fig. 4-24). & A F A Hunter
'L 2 CA & HAAAYANA 7HE %= o= PPO &4 Astet ##o] e
AtgE Tt FrElElEAl Wsk(Fig. 4-25)04, Azt o5 e Aol gl%la, Fo #HsAkS
epicatechin® 2 eIyt dd 2 Al PPO 7|2 &4 o] #H&4t q
Abgbere]l Wshrb gl 2o Z B PPOS 7|52 vte A
Azt 2ol 7k glokal, 8 7= K& el tH(Table 4-24).
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Fig. 4-23. Changes in visual score in white lotus slices as influenced by CA treatment
methods. Samples were collected 14 days after storage.
CA= 19 ascorbic acid plus 1% citric acid.
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Fig. 4-24. Changes in total phenolics and PPO activity in white lotus slices as influenced
by CA treatment methods. Samples were collected 14 days after storage. CA= 1% ascorbic

acid plus 1% citric acid.
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Fig. 4-25. Changes in free phenolic acids in white lotus slices as influenced by CA

treatment methods. Samples were collected 14 days after storage. CA= 1% ascorbic acid
plus 19 citric acid.

Table. 4-24. Changes in inorganic contents in white lotus slices as influenced by CA

treatment methods. Samples were collected 14 days after storage. CA= 1% ascorbic acid
plus 1% citric acid.

Inorganic content (mg ® g 'Dwt)

Treatments
K Ca P Na Mg
Control 291.44+1457 35404177  4.19+0.21  37.87+1.89 31.33£1.57
CA dipping 307.18+15.36  34.17+1.71  4.77+0.24  39.07+1.95 30.91+1.55
50°C CA dipping 300.77+15.04  36.70+1.84  513+0.26  38.17+1.91 32.19+1.61
CA immersion 297.18+14.86  3591+£1.80  3.34+0.17  35.11+1.76 30.56+1.53

s

A AFAHS w7y Y& AFLE (0, 5, 10, 200) HA 5 A @3} An) A3 (Fig.
nE AG7Izke] Aol whel A aHA =

Hup= 10, 20CelM Ak FaFS vebdleh da Ad7|ie 2

=H 0T 5Tl E 27 2099 18Y, 10, 20ColM &= Zh7 10, 642 AA 3] #opA =

S Yt & dees Jhed Ao S22 A 2ol S yEh A ok

Hunter 'L'#t%= 0, 5C ®th= 10, 20ColA dAASHA ZA4sks 43S detdlod b'a2 o

& fashs %S e thFig. 4-27). ¥ AgolA 9 (Fig. 42602 2% S7hek @ %

ZskdEd o121 Hunter 'L’k Asker WA @il ATk

A< A PPOSH BPEd 3 Al =39= Wsh(Fig. 4-28) o4, PPOZAE - A d7]1te] A

N
N
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ob

3@ T

— 188 —



A=

=T BP 24

=
2

]

S

7t == 0, 5C Htk= 10, 20TClA A

ol ek Fohsged, =
AT =17 d,

£

~O

Jl
o]

!

7hsksl=

=
o

L
ok

ok

ﬂ_mo

el

o
,._‘Avo
)
)
)
E
o
o
—_
7 .
No 7
w0 T
7A
2 o
s
& ~
ll
o) Bl
R
N e
X &
= o
4 OE
o X°
O
o o
Mo A
~0 o
Ry
By
oo
1 J murﬁ
ol
My
= F
o
|
< ol
o
o "
A
oK%

2 F7t

Exyy S ie)
= 11—

Aol whe A

e L A7 7 e

=2

2

A% 571 A

[e)
e

Aow ARHT

Folshor @

F= 2ol

S

0C7k 7b 1%

MIEEEES

S

14

12

10

-1}
-]
£
B
5 -
[5-]
x i
+ o
-
)
5
o
Y0 3]
=
T T T T T
'z} L m — L2 m o
L3
-
3]
-]
1
® .m
5
© g
[=]
L-d
2]
=
T T T T T
'} L m - = m 2]
1005 |BNSIA n{eA A105Uag

Fig. 4-26. Changes of visual score and sensory quality in cuts(bulk)

(A) and slices (B) of minimally processed lotus roots by storage temperatures.
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Fig. 4-27. Changes of Hunter 'L’ and ‘b’ values in cuts (A) and slices

(B) of minimally processed lotus roots by storage temperatures.
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Fig. 4-28. Changes of PPO activity, browning potential and total phenolic

in cuts (A) and slices (B) of minimally processed lotus roots by storage temperatures.
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Fig. 4-29. Changes of respiration and ethylene contents in cuts (A) and

slices (B) of minimally processed lotus roots by storage temperatures.

3) Md Fd dH 54
Auf el Fo My EEQl QQFHAY, ‘FoV, Uher, ‘Ao EFo] e Hunter 3 W3H(Fig.

4-30)91 4, AEE 4067-41.84Now  EZX7) Hl%t‘a 7S uetith Hunter 'L/ge
65.46-72.48% ‘AHAPIA i = whH A PeA oA Wkt HEY CEEe
1625-22.32mg - g ' AEF oz Tt A tia =2 S Uelth(Fig. 4-31). dAHlEd
& 2331-287Img - g | AEFOE ‘FoFo A tha =sku, ddAsE: 686-21.84mM TE - g
AEF o 'FePo A =9kth(Fig. 4-32). PPOZA S 3.38-371, Z2¥W 58S 0.72-1.64% 7+
FZo| A tha E9TH(Fig. 4-33). F71E 3 (Table 4-25)914, K& 297.44-301.142mg - g ' A
AFor FF0 w9 FAFE 43S B, Cad 21.20-30.60mg o2 7F& oA thi =kt
P& 345-514mg o & ‘A AP Al Tha =9kil, Nae 34.08-38.63mg, Mge 24.92-30.45mg 2.

F3F 2ol 7t il ofn| Ak 21% o] &

= %3 #0993, F8 oprleabe FFEE o]
Ak BFUE R JY FEAN G EPAAIR AN

FFURE VY AF FRAA v Btk FEW RS dwe T 05 £F
2 Uepdon), At BHHEE T EFAA 4 kel
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Fig. 4-30. Changes in firmness and Hunter value in different white lotus local cultivar.
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Fig. 4-31. Changes in ascorbic acid content in different white lotus local cultivar.

- 192 -



Total phenolics
(mg-g' D wt)

=0

40

30

20

ABTS
(MM TE " F wt)

10

Inchisa Muan Garam Chungyang

Fig. 4-32. Changes in total phenolics and antioxidant activity in different white lotus local

cultivar.
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Fig. 4-33. Changes in PPO activity and BP in different white lotus local cultivar.

Table 4-25. Changes in inorganic content in different white lotus local cultivar.

Inorganic content(mg-g 'Dwt)

Cultivars

K Ca P Na Mg
Inchisa 297.44+14.87 28.53£1.43 5.14+£0.26 34.79£1.74 29.33£1.47
Muan 301.14+15.06 27.69£1.38 4.19+0.21 37.26%1.86 30.16+1.51
Garam 299.71+14.99 30.60£1.53 477+0.24 38.63£1.93 2492+1.25
Chungyang 300.51+15.03 21.20+1.06 3.34+0.17 34.08+1.70 30.45+1.52
@4 2 vz 3 AiEef A
A A A wE vAE 5 WsH(Table 4-26)0 4, dH3} F Ao A A5A A
= izl vE AwEsE AASH FARAHY. ARAFAAE LEF, dsfitste, AwSt
o ZTfolE Fo g urkth i mAEQ] TS HEHA FRaL, FAEELA A, AR
de, Ao $4e Vel AASe AABFW ohdsy e $5E Aow
b,

Az AWAN AWAom AgHT Y AFdolEastelwe] AEF e FELES 1
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8 "= F W3l (Table 4-27) A4, Aldss 257F =555 S7tekistd, 53 10T °]
Folld @AC Srbeks ¥ WEbd FeiAE] A=A, dRde, AduRY e
= AZoM et 2ol gA= I%E} Aot

AL HAaTbeAE A 224 IR ekAtel A, Aol solu =ollA Aujsa Aoy I
TFEF AR HEHA ?%Q}E‘r(x}i A AL

Table 4-26. Changes in microorganisms in both slices and cuts of white lotus roots by

various sterilizer treatments. Samples were collected 9 days after storage at 0C.

. Microorganism number (no)
Slice .
Treatment . Escherichia Salmonella .
type Bacteria Staphylococcal Bibreo
coli enteritidis
Control 1,550 Not detected Negative Negative Negative
Electrolyzed oxidizing water 480 Not detected Negative Negative Negative
Slice
Ozone water 800 Not detected Negative Negative Negative
Sodium hypochlorite 400 Not detected Negative Negative Negative
Control 1,380 Not detected Negative Negative Negative
Electrolyzed oxidizing water 620 Not detected Negative Negative Negative
Cut
Ozone water 480 Not detected Negative Negative Negative
Sodium hypochlorite 320 Not detected Negative Negative Negative

Table 4-27. Changes in microorganism in white lotus slices by storage
temperature. Slices and cuts of lotus were stored at 0C for 9 days following

sodium hypochlorite (200ppm) treatment.

Slice Microorganism number (no)

type Storage temp(C) Bacteria Escherichia coli | Staphylococcal | Salmonella Bibreo
0 550 Not detected Negative Negative | Negative
5 20,300 Not detected Negative Negative | Negative

Slice 10 100,000 Not detected Negative Negative | Negative
20 520,000 Not detected Negative Negative | Negative
0 90 Not detected Negative Negative | Negative
5 27,200 Not detected Negative Negative | Negative

Cut 10 88,500 Not detected Negative Negative | Negative
20 670,000 Not detected Negative Negative | Negative
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Fig. 4-34. Making procedure of minimally processed product of white lotus roots.
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o

AL HaTbeAlE BAAE 4 g
oA A LS ZHZE 1600, 1,788, 1,698kg/10az AR A FolA Eokoyy A5e 747
2,000, 1,731, 1,162%191/10a &2 23] kAol =t ol FekAFol A%, 7k, 4+
ol & ZHA dvirtAo] B AHEu 7] wEom dEbuth & £5(716%9/10a) 3
Rl A R R Aol wet 1.6-299 =A yEh, 2 oAl Aoz Al hsAde] =

9% F7ka5 Hlil(Table 4-28)0l A, Ad, A58 31 Ad
o

e

Table 4-28. Comparison of farm income in white lotus among growing regions in Korea.

Input
Growing yield Total income Income Index
expense
province (kg/10a) | (1,000 won/10a) (1,000won/10a) (%)
(1,000won/10a)
Jellanamdo 1,600 3,600 1,600 2,000 289
Gyeongsangbukdo 1,788 2,779 1,048 1,731 240
Gyeongsangnamdo 1,698 2,647 1,485 1,162 160
Rice - - - 716 100

A HA7EEAE AS5Ha(Table 4-29), 014 A FQbx] o o

2 &) wel 3,000-7,0009 kg2 AFol7F glon, 10ad 4 U2 35007 ol ek, Hhd,
T, A, A, 2%, 2 A4S AN HateAFeR AA] 254A2 5

ot

W, HA AT AE 7HEel A8 Ee AR A 1,600 bl BlE] 2,780 Yo w =T
(Table 4-30). &7F &5olA AMHE A &3 AALSS 2420 Loz AT 1,600 Aol
H13] 60% =2 820%¥/10a &5 Sl E397F e A o= yehykth
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Table 4-29. Comparison of farm income between raw and minimally

processed product in Muan county, Korea.

Item Raw roots Minimally processed product
Total income
3,500 5,200
(1,000won/10a)
Index 100 169

Table 4-30. Comparison of input expense between raw roots and minimally processed

product.
Product type
Item Input item
Bulk product Minimally processed product
Labor cost 480 1,400
Input expense | Material cost 220 560
(1,000won/10a) | Instrument 500 820
Total 1,600 2,780
Index 100 160
6) T4t A AFY F4 v
TR T4k B S A2 AEE 420, 362, 340N 2, oAk H]E] =4l A
folebAl we Awe vuon), A, e welst gelth(Table 4-31). FujolA] Aze
ArNe AZow §EH1 Yo}, TR gFAAE Fo|] 2& JUE PE AE Aol X
FEstn Udn,
HEFY C 32 163-176mg/ =% g, dAlsdFS 424-526mg/ AES g, FAks

oLt
8o

© =

262-30.45 YEd, dHAl=dat dtstes Sl Skl vl B Akl A vhA &Sk
(Table 4-32).

freElwl Ak bl A F8 #=4k2 epigallocatechin, epicatechine] $1aL, HA| &S =it
6.12, T4k Bl=4k 2H2E 6.03, 6.39mg/ AEF 100g &= ZFo]7}F gl th(Table 4-33).
frefobv et e Glu, Ala, Val, Ser= o #oka, dA F&k2 suislel A 172.13mg o =
sk M3 FES YERd oy Blsabel] vsiA = = 9kth(Table 4-343).

FrefAlet AR A, whE ok SuliAk 4807 = T4kt Bl =RAE 62070, 82070 BIS ok
oy, frefAlder 4l wier, dRdeet, HReEe 54 9SS WERltH(Table
4-35). el=itol A wbElglol b =2 AL IUlR EFshe wob A2l Ry Wi
or FAHH=U HEA A= A7 HA =

(o
b
|
¢
offl EI]O
i

ANE ol § H2/hFAEL A%F g AFA M (Table 4-36)014, 42 FEA, F57]
2 muigte] 1242 Fabat Bi=ake) 100 s v Afled f=its R E 6
< Ae fAekstd FEUIe B AeR FAHET Ak 1,500 {5 A A=,
Fa2ha BTAe o5 FblA 77 600903 50091/200g FEOE FU hAe] 1/3 ol
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Stk aHlAt Az oA ke AR SR o=atel] wal vk = 7k Sl
kst 9=k A HaTbeAlFlA, A AR SR o] tha §-5ahA e
Hou, FRGdR, ARYE, FANAE FAEE FFE dEblh W, St Sl A
A A beEel v 7hAL Sliabe] 1/3 olth e A mus wbdoluy a4
B2 E85E AE Wetety, CIFEEE, B98) 7Hs $3AIHER ol 95t A
of el fredvtd 2 el d Aoz ATy F, FTA Ad= @47 AAH9 ¢
2 gl 2 5 At

Table 4-31. Comparison of firmness and visual score between domestic lotus minimally

processed product and China’s product.

Production country Firmness (N) Hunter L value Visual score”
Domestic 42.0 a 78 a bt
China 36.2 b 12 a ottt
Thai 340 b 70 a bt

Z
+ severely bad, ++ bad, +++ normal, ++++ good, +++++ very good

Table 4-32. Comparison of quality characteristics between domestic lotus

minimally processed product and China’s product.

Production Ascorbic acid Total phenolics ABTS
country (mg.g ' D wt) (mg.g ' D wt) (mM TE.g ' F wt)
Domestic 171 a 424 b 26.2 b
China 176 a 46.8 b 2718 b
Thai 163 a 52.6 a 304 a

Table 4-33. Comparison of free phenolic acids content between domestic

lotus minimally processed product and China’s product.

Content (mg.100g ' D wt) : Productior.l country i

Domestic China Thai
Epigallocatechin 1.74 1.80 1.84
Catechin 0.74 0.65 0.72
Epicatechin 1.80 1.82 1.90
Epigallocatechin gallate 0.82 0.75 0.84
Gallocatechin gallate 0.45 0.57 0.62
Epicatechin gallate 0.57 0.44 0.47
Total 6.12 a 6.03 a 6.39 a
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Table 4-34. Comparison of amino acids content between domestic

lotus minimally processed product and China’s product.

Production country

Content (mg.100g ' D wt) ) ] .
Domestic China Thai
Phoss 8.10 7.20 6.75
Asp 6.42 3.15 2.81
Hyd 3.10 4.21 3.80
Thr 10.20 3.62 2.68
Ser 20.10 10.58 9.53
Asn 13.40 0.64 0.55
Pro 8.31 8.15 8.22
Gly 5.40 6.96 7.10
Cit 4.61 1.70 1.52
a-Abut 3.40 11.00 12.60
Val 12.20 23.17 19.75
Cys 5.20 14.13 11.47
Met 3.80 0.60 0.72
lie 0.60 0.90 1.04
Leu 6.70 8.65 7.33
Tyr 9.10 7.25 7.10
Phe 6.41 1.89 1.73
Gaba 8.70 7.30 6.95
His 1.50 0.67 0.72
Glu 20.50 20.77 21.00
Ala 13.40 20.77 21.00
Arg 3.10 2.80 2.43
Total 17213 a 160.44 ab 150.02 b

“Phoss : Phosohoserine Aspt : Asparatic acid Hyd :
Ser : Serine Aspg @ Asparagine a-Aadi :

a—Aminoadipic acid Pro :

Cit : Citrulline a-Abut : a-Aminobutiric acid Val : Valine Cys : Cystine Met

Iie : Isoleucine Leu : Leucine Tyr : Tyrosine
His : Histidine 3-Met : 3—-Methylhistidine Glu :

Phe : Phenylalanine: Gaba :
Glutamine acid Ala :

Table 4-35. Comparison of microoranism between domestic lotus product

and China’s product.

Hydroxyproline Thr : Threonine
Proline Gly : Glycine

. Methionine
r-Aminobutiric acid

Alanine Arg @ Argine

Microorganism number (no)

Production country ) o . Salmonella .
Bacteria Escherichia coli| Staphylococcal Bibreo
enteritidis
Domestic 480 Not detected Negative Negative Negative
China 620 Not detected Negative Negative Negative
Thai 820 Not detected Not detected Negative Negative
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Table 4-36. Comparison of price and consumer acceptance between domestic

lotus product and China’s product.

Marketing Price p
Production country Consumer favorite
duration( day) (Won/200g)
Domestic 12 1,500 T+t
China 10 600 e+t
Thai 10 500 o

VA
+ very bad, ++ bad, +++ normal, ++++ good, +++++ very good

ot A9 AN A EE FFF BHEHE

= o
WY 4E Qo) F Asdds AR Ad A5 FERL WA T83u/mLE, o
o MBAU AN 1468u/mLE 1Y B dol TRy g g 3

&S 7HA M, °]AE9] phenolic

hydroxyle] ©@¥idx & At dds ato dabs), a4, 9 59 Ae7les 7HAE
Ao 4HF wF FHo] WEFE VTHELR F&3A &8 7 A} agrE F
Hizstae] FE&SHNAE et S Sz sto] ‘MEdd oy TigMH's gdowE F&
2 ZAEARE WA S AR o] ge e Fo] §WjE AMEHER

o

i
2

S
1
il

Table 4-37. Total phenol contents of leaf extracts from four white lotus cultivars.

Total phenol compound contents (ug/mL)

Extraction solvent

Garam Choeue Baekwageollyeon Seungdal
Heated water 449 b’ 8.3 a 322 ¢ 489 b
Ethanol 1339 b 979 d 1468 a 106.7 ¢

? Mean separation within rows by Duncan’s multiple range test at 5% level.

M 4FFe) o FEB| tiste] DPPH stz 2AR4S 249 23 Sav’s 95
2227 AW Be FEBA £ AXF5E WATHTable 4-38). Svlo] we
DPPH 2tz £A84 & olghe F2Zol4 Fasl 24 Vet 500ppm o] el 5 EolA
oo FRe @Al 835% o4 UEWth wwe A4 FEEe Suvd 732
2000ppmoll A 9k 83.3% o]/S YEWl o™, 1 9= 57.4% v vHS YERU AT 2hA] o] &A=
g FZEel 4% DPPH 9tz AR B4 Ve aado] A 955 ol g
s Aol A9E AFFEEOM DPPH )2 27840 ¥4 Uehd ‘Saude] £2 3
o Az,

@, A A5 2sdsd od /dd Be FRe) Awo] WAL Por o9 B
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zb= B4l gigh gAAF7E Edbe] M k. dA EE A}
BHA (butylated hydroxy hydroxy anisole)®} TBHQ(2-tert-butyl
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Table 4-38. DPPH radical scavenging activity in the leaf extracts from four white lotus cultivars.

Concentration DPPH radical scavenging activity, % of control
=olvent (ppm) Garam Choeue 'Baekwgeollyeon Seungdal
Heated 31.25 53¢ 189 b 28 ¢ 39.0 a
water 62.5 86 ¢ 213 b 56 ¢ 456 a
125 123 ¢ 348 b 71 c 494 a
250 150 ¢ 429 b 95d 66.6 a
500 149 ¢ 431 b 99 d 686 a
1,000 20.7 ¢ 4H.7 b 193 ¢ 70.2 a
2,000 279 cd 574 b 198 d 83.3 a
RCx” 4553.0a 1,383.0 ¢ 2,632.0 b 129.3 d
Ethanol 31.25 330 b 180 d 42.2 a 287 ¢
62.5 51.2 ab 303 ¢ 66.4 a 46.2 b
125 64.9 be 514 ¢ 882 a 70.7 b
250 822 b 725 ¢ 9.1 a 881 a
500 846 b 835 b 90.3 a 90.0 a
1,000 85 b 875 ab 906 a 92.0 a
2,000 864 b 884 ab 90.8 a A0 a
RCs" 60.4 b 120.0 a 41.32 ¢ 76.2 b

* Mean separation within rows by Duncan’s multiple range test at 5% level.

N

sample amounts(yg/mL) which those DPPH concentration reduce to half.

wae FF 9 FERY F Bonwols FIFL BAY A ZewAelA /b gl o
Ev A FEECAE 288ug/mL, e FEECAAAE 922u/mLE YEFATHTable 4-39).
ERcoERE BN EE wmdA wE MRHFEZA 4F T R g 4g
A MgAReE EAe, a% @ A% Aol 23-1000mg AEo]n SolF RAgol gl
= oz deld ok A7 BehmimolEi of 4000 ol ge] eld didl, Fus 2
&, w0 Askel Ay, F9F, FLA27), FiE, Gulelel s, AAAFH A4, WASF 3
&, mAEY Fohag Fol @il gk Aow deid dvh aYBE Enwolte] 33
Zuole A5 FEEOIG due 2EBA FFol wA e ZeuAe] o84l F
& Aoz vk
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Table 4-39. Total flavonoid contents in the leaf extracts from four white lotus cultivars.

Total flavonoid contents (yg/mL)

Solvent

owven Garam Choeue Baekwageollyeon Seungdal
Heated water 04 v 288 a 06 b 09b
Ethanol 9.3 a 922 a 835 b 63.7 ¢

“ Mean separation within rows by Duncan’s multiple range test at 5% level.

.
.

W 457 o FEEY opdAdAA BHE FA T A3 200ppmY W T E
3 =

AQlsta= 36.7% ol oy g2 FEI A

FET

2 ‘Z2MA’ 69.2% 5 2 EF 67.8% ol
S Yetdlon, 53] ‘Wsad’e 80.7%5 WERHATH(Table 4-40). B3 FEE2] &ud o}
A 2AE A A9 Al 22X E D B FEE 03 dHgE FEE44 a9t
=7 et Bae 5(2002)8 AT7ARE A4S wf B AFZAIAgA dEs FEEA
oA A FT I} = ] LR A2 §ufjo] wE Aolgl Ao ® dAE AT

A, AF 7t E A Fol de ol &H e ofEAF o] WA AE oforE 9zt
F5eF ol frEo 29 2 37 ofWl ¥ HbE-Sto] Ay H nitrosamineo] HAEDZA A F
L ool AASHA HW A Fof RIS ENlo] AstEo] WESRIENS Aot 4F 4
HE dodl= AoRE dHAWHEA oo digh A wWyo] XA ry adEE A
TA¥ gde] A4 FEE 2000ppmol A 69.2%2] ofAAA A7 ZIIF EA LeERG ‘R ojulel
55 A7 7Este] S&5hd oAt AA e =go] B Ao AAHE

Table 4-40. Nitrite scavenging activity in the leaf extracts from four white lotus cultivars.

Concentration Nitrite-scavenging effect (%)
Solvent
(ppm) Garam Choeue Baekwageollyeon Seungdal
500 12.0 b’ 29.7 a 95 b 14 ¢
Heated water 1,000 224 b 424 a 136 ¢ 35d
2,000 36.7 Db 69.2 a 244 ¢ 135d
500 484 ¢ 55.6 bc 7.3 a 657 b
Ethanol 1,000 675 Db 700 b 76.8 a 662 b
2,000 747 Db 744 b 80.7 a 678 ¢

“ Mean separation within rows by Duncan’s multiple range test at 5% level.

U Ao Fd APGAAY] AP HAEE tyrosineSs EHEHZ 31o] tyrosinase] &
Oﬂ ol3| A A& dopaquinone 5o FEAE A fste] ot A vho] F3)
o= *ﬂ"élﬂﬂr e g wWgpd AAe] §49] tyrosinase &4 AHAE JASHH njw g
7l = Ak 29 HollA WA 4FF[F FEEC] depd Ao Fa3 dAE FHuld
= 849 tyrosinase &4 A aHES A A WHE FHRY FEE] 2 T #AG
o] 2%W|RFS UEFHTHTable 4-41). whebA] W& 457 S FE5=0A tyrosinase €739 A 3l
E23E 7lgstrle oes Aow AzE
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Table 4-41. Tyrosinase inhibition activity in the leaf extracts from four white lotus cultivars.

Sl Concentration Mushroom tyrosinase inhibition activity (% of control)
olvent (ppm) Garam Choeue Baekwageollyeon Seungdal
Heated water 1,000 114 & 117 a 1.02 a 110 a
2,000 124 a 120 a 1.04 a 1.09 a
Ethanol 1,000 121 a 126 a 114 a 111 a
2,000 131 a 139 a 121 a 133 a

“ Mean separation within rows by Duncan’s multiple range test at 5% level.

W 457 4 FEEY T2 7o TR WE Aol= AR drHow oduE
FEwd vheEE’ B o o g4 A UERETH(Table 4-42). FE&9 & It
24 e aFEFdTY A4 BF EFFEEodls Aseke A4l 97mm ojetE Ut
Bhdl mbdo] ogts FE=cA = 10.0mm olds WErd A% 97iu Sdivh WEe] TR
Gt e adEFAde] A Makdd ) feema’e wo] Tl #AR 01 A o <]
el EF 98mmelstE YEh oy ThgwE’2 ogE FE= AdTel  Listeria

monocytogenes, Streptococcus mutans, Bacilus cereus, Salmonella enteritidis, FEscherichia
coli elA 10.0-104mm®] A& gks el ‘Zeo|wld’e] o &E& FEEAAN YL Bacilus
subtilis, Streptococcus mutans, Salmonella enteritidis, Pseudomonas aeruginosa,
Escherichia coli 1ol 4 10.1-11.2mm<e] A 3% 2 7dS e AT

oje} o] TteEWiE'I ‘Zojuid’e] o©tE FEEoA FHERIIF v = dERE A
EetR wolE o] =S4E 9 ¥UF =i Kawaguchi 5(1997)8] R E 7hets] &
w Table 4-390 4 ¢} o] Zhgtwled’sl ‘Zojuldd’e] ogts FEEoA FehH ol gk

7] deRd G4 719lE Aow aH,

_l

Table 4-42. Anti-microbial activity against the gram positive and negative bacteria in 1,000ppm

leaf extracts from four white lotus cultivars.

Inhibition diameter(mm)

Bacterial Solvent Bacteria

Garam Choeue  Backwage  Seungdal
ollyeon
Gram Heated water Bacillus subtilis 95 a* 86 b 88 b 86 b
positive bacterial Bacilus cereus 96 a 87b 85b 87Db
Streptococcus mutans 95 a 96 a 85 b 93 a
Listeria monocytogenes 98 a 84 b 83 b 87Db
Ethanol Bacillus subtilis 9.2 ab 100 a 9.2 ab 86 b
Bacilus cereus 106 a 98 a 87b 84 b
Streptococcus mutans 104 a 104 a 88 b 9.7 ab
Listeria monocytogenes 103 a 9.3 ab 88 b 9.2 ab
Gram Heated water Salmonella enteritidis 93 a 95 a 87hb 86 b
negative bacteria Pseudomonas aeruginosa 90 a 88 b 85 b 91 a
Escherichia coli 99 a 9.1 ab 85 b 97 a
Ethanol Salmonella enteritidis 101 a 102 a 87hb 86 b
Pseudomonas aeruginosa 99 b 112 a 88 b 93 b
Escherichia coli 101 a 101 a 90 b 98 a

* Mean separation within rows by Duncan’s multiple range test at 5% level.
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Table 4-43. Total phenol contents of flower extracts from four white lotus cultivars.

Mean separation within rows by Duncan’s multiple range test at 5% level.

Extraction solvent
Heated water
Ethanol
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Table 4-44. DPPH radical scavenging activity in the flower extracts from four white lotus cultivars.

Concentration DPPH radical scavenging activity, % of control
Solvent (ppm) Garam Choeue Baekwageollyeon Seungdal
Heated 31.25 40.6 13.8a" 4.2b 4.2b
water 62.5 44.5 17.2a 6.8b 6.8b
125 66.6 22.2a 10.1b 11.0b
250 71.1 28.3a 13.1b 15.3b
500 89.4 30.9a 16.2b 19.4b
1,000 90.9a 40.6b 20.7c 22.8¢c
2,000 92.1a 48.3b 25.5¢ 33.2¢
RCs” 78.0 3466.0 4255.0 3808.5
Ethanol 31.25 11.7b 9.7c 12.6b 18.4a
62.5 26.5a 15.7¢c 20.3b 29.8a
125 45.8a 31.3b 35.4b 50.7a
250 63.6a 50.7b 54.3b 72.9a
500 78.2a 59.0b 73.8a 31.8a
1,000 83.0a 67.8b 84.0a 90.8a
2,000 92.7a 89.6a 93.6a 93.6a
RCs0” 134.7 2414 219.7 122.5

“Mean separation within rows by Duncan’s multiple range test at 5% level.

YExtract concentrations (/Lg'mLfl), which show 50% activity of DPPH radical scavenging, were

determined by interpolation.

W 4557 2 FEE F ZetRwoln s A Ay vigwd A s 2A o
Bl 94 FEEAAE 34lug-mL, dee FEEqAE 339 - mL 'S YEFITHTable
4-45), FetR wolEf{+ Akt 2§, T3V A Astel o, &S, LA 27), &, It
o, A AAF g WATH A& ZALY B3 Sol U e Aoz dyA gl
o 2P g ZgHeol=9] g 2o 5 FEEO|Y AdEE FEEA ko] =
A UEhd Thguee] o] g4do] The W ol Ha) Fijdon F& Ao Aztdn

Table 4-45. Total flavonoid contents in the flower extracts from four white lotus cultivars.

Total flavonoid contents (gg - mL ™)

Solvent

Garam Choeue Baekwageollyeon Seungdal
Heated water 34.1a° 21.2b 23.0b 9.0c
Ethanol 33.9a 18.1c 0.7d 27.8b

“Mean separation within rows by Duncan’s multiple range test at 5% level.
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1% o< YEtWltH(Table 4-46). %9 TFHEE

© e 2 FEE
obALd &7 EIUE EofF 2000ppmE W D FEELS 9658%, NEE FEES 827%E U
Bt S Es ‘sEld S AQd 3FF EF 2,000ppme] FEAAME g FEElA
opEAtd 2AZNTE mdeH, dEE Eaol vEA vltes Ae 23S o v ol 9l
< A3%E B
B ATAR 2o 4 FEE 2000ppmel A 958%¢] obdAtd A7 #ES uEd The
W' ol 93.0% 5 HERd ‘MEAE 55 A2 bEsto] F&shd obEdYd A it =
=°] 2 Aoz Az4dy

Table 4-46. Nitrite scavenging activity in the flower extracts from four white lotus cultivars.

Concentration Nitrite-scavenging effect (%)
Solvent (ppm) Garam Choeue Baekwageollyeon Seungdal
500 72.9a" 42.Th 72.7a 2.6¢
Heated water 1,000 91.3a 70.7b 82.1a 7.3c
2,000 95.8a 88.1a 93.0a 34.5b
500 74.8a 61.8b 58.3¢ 58.9¢
Ethanol 1,000 80.4a 70.9b 67.1b 63.8b
2,000 84.8a 75.7h 69.9b 70.6b

“Mean separation within rows by Duncan’s multiple range test at 5% level.

T,

N 4557 S Zuwjdl= &9 tyrosinase &4 9
Aol avts AR NE FRY FEE89 2 wEo] #Aglel 1.20%7 S YERTH
(Table 4-47). Wepd Ao F¥ tyrosine% Z2arEA2 3l
tyrosinase® FAZHgol oA A H= dopaquinone T FREAE Akl ofn At U

Aty FHNSoD A
=

ox
oX,
B
o
lo,
ox
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oX,
o,
fru
o 1r

3

St 5 9l B AT AIE Table 4-47 o149} 2] tyrosinase
el Aslgol 120% wwkS ehlle] WMaE 4FF 2 FE2A tyrosinase B As w3}
g 7Idsb7= oele Ao Az

Table 4-47. Tyrosinase inhibition activity in the flower extracts from four white lotus cultivars.

Sol Concentration Mushroom tyrosinase inhibition activity (%6 of control)
olvent

(ppm) Garam Choeue Baekwageollyeon Seungdal

1,000 1.07 & 117 a 1.02 a 1.09 a
Heated water

2,000 119 a 1.20 a 1.05 a 111 a
Ethanol 1,000 1.16 a 115 a 1.03 a 1.10 a

ano 2,000 113 a 116 a 104 a 119 a

Mean separation within rows by Duncan’s multiple range test at 5% level.

- 207 -



YEFA A 9F Bacilus
oM’ FEFE,

oM E=A et

=

-

= o
T =2

=
T
;_]'i °

AARS 2 &

Ae)
N e

_—

o]
™

Table 4-48. Anti-microbial activity against the gram positive and negative bacteria in

1,000ppm flower extracts from four white lotus cultivars.

Inhibition diameter(mm)

Bacterial Solvent Bacteria Caram Choete Baei:(z)efeoll Seungdal
Gram Heated water Bacillus subtilis 115 a* -y 8.6b 8.6b
positive Bacilus cereus 10.1a - 8.5h 8.5b
bacterial Streptococcus mutans 9.5a - 8.8ab 8.4b
Listeria monocytogenes 9.2a - 8.3a 9.0a
Staphylococcus aureus 9.6a - 8.7a 8.9a
Ethanol Bacillus subtilis 9.7b 8.6c 12.4a 9.0bc
Bacilus cereus 10.8a 9.1b 9.1b 8.9b
Streptococcus mutans 9.2b 9.5b 13.3a 8.7b
Listeria monocytogenes 9.6a - - 9.1a
Staphylococcus aureus 9.8a 9.4ab 8.9b 8.4b
Gram Heated water Salmonella enteritidis 9.0a - 9.0a 9.1a
negative Pseudomonas aeruginosa 10.3a 9.6ab 8.9b 8.8b
bacteria Escherichia coli 89a 1.0b 8.8a 10.2a
Ethanol Salmonella enteritidis 10.0a 9.1ab 8.4b 9.2ab
Pseudomonas aeruginosa 9.9a - 10.1a 8.7
Escherichia coli 10.1a 9.6ab 8.8b 9.2ab
“Mean separation within rows by Duncan’s multiple range test at 5% level.
YNot detected.
v, AHE QA 2 s #H3Q
(1) ok sakmax o)A B gt 54
Ak ekt Al 20001 ol Al 20061 7FA] =g Fobil A ZA] 71 7HS Z2AMSE A3 BT 8¢
Fehe Aol o] FolArh(Table 4-49). FAMAZA7F F22 8UA o] o] Fol X Q= AL v
H o] A 719 UHE BEAPol Y Ao APt = 1997dERE wjd A st 9
EolusAE Ay PR 92§ %89 iFd AMHoR A4 WAL HAle) Ao
2 Bgstm g wF 40l 2 WA ASA RF7] A% w9l Aol Aoz 4
Zhenh, add, Axe met SA D 2oz 1o 20001 9€ 29 F-H 99 54 7FA ¢}, 2001
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Table 4-49. The periods of Muan White Lotus Festival supervised by Muan County, Jeonnam.

Year 2000 2001 2002 2003 2004 2005 2006
Period

9.2-95 825-828 8.15-8.18 814-817 8.14-822 812-818 8.11-8.15
(month, day)

ot HEA Ao R 8= IS AANEY o] AL FHAR FdT F, A
2ol A3e & 2 JstEke] HU7)E Table 4-508F 2Skth 3740 % = S AT
g2 69 108 AFded, stdEde] 7 mE sle 2002902 69 8Yoldlen, 7Y =
< &= 2006 o2 649 169 = 20020l HlE| 8ol =olKlth o] Al7]9] 54 Aol 3HA
o] B2 Fd3l= 684 MHA Y AL 50-70cm=z #E st ths WME A AR E 7ot
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Table 4-50. The flower-stalk emergence date, the first flowering date, the maximum

flowering date of the native white lotus grown in Hoesan bank, Muan, Jeonnam.

Year
2000 2001 2002 2003 2004 2005 2006

Flowering characteristics

The flower-stalk emergence date
6.15 6.11 6.8 6.12 6.14 6.10 6.16
(month, day)

The first flowering date
6.27 6.22 6.18 6.23 6.24 6.20 6.27
(month, day)

The maximum flowering date
8.24 8.23 8.21 8.25 8.24 8.18 8.27
(month, day)

FoF 3 WA o] AR AW EY A7 e = ¢, NI ¢ vs AN o
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Nsk7F 1,00071 o] dd Al71E 8€ 11Y5H 8€ 29¢7MA 2 189 A& At oyt A}
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Table 4-51. Rhizome growth of the white lotus from Muan Hoesan-lake. Rhizomes were

dug out on September 4, 2008.

Number of nodes on the Rhizome length
Propagation Rhizome growth rhizomes (cm) Percentage
method 8 Main Branched Lateral Main Branched Lateral (%)
rhizome  rhizomes rhizome rhizome rhizomes rhizome

Seedling Nombranch —and g s v g0 16 975¢ 0d  150d  %a

non- flower

Branch xhizome and 7 o' 50 o 7624 59¢  123e  10c

non-flower

. Non-branch and

Enlarged rhizome flower 15.0 a 00D 26 a 6470 a 0d 55.1 a 80 b

Non-branch and 11.0 b 00 b 17 b 43%0b 0d 385b 10 ¢
non-flower

Branch and flower 14.0 a 6.0 a 16 b 6040 a 134 a 267c 5d

Branch " 108b  58a  15b  4120b ®b  242c  10c
non-flower

"Mean separation within columns by Duncan’s multiple range test at 5% level.

i) g Ao 24 A ol wE JNSAVIE AR Ay F 2] EAEA ¥ A
g Jist | fRe] A WA 22 79 23del, wA ) 5 22 99 19 AsE AT
(Table 4-52). i <179 A5 W7k Bldste-2 Al WolA BNds st sol = =3t
b Wi e A9 69 TARE Jish Hol 7d skl AE HAVE dEdue
Bk Hlats) & oo FoF 3AkA] WMy o] Agty= 1URE o =T ol F&F 3AkA wMd
of AF ol Wl Aow AGFHAT £ o] AEr] Aol= A WA EI F oHA 29
A5 12¢doldom, 2HAl 3 Al WA £ 11, Al HA £ o HA 2L 992 HH &
obi=dl, ol stobEstell A AMEtA o] 73k ae & B W 7Y FEollA 89 2EvHA

4L stop ezt &EehA o] Foi Xl Aol o Aow AHE AT

Table 4-52. Flowering date for the white lotus grown at Muan Hoesan-lake of Jeonnam

province. Enlarged rhizomes were planted on April 20, 2008.

Rhizome growth _ . Day to flower” (Date)
Rhizome

pattern 1st flowers 2nd flowers 3rd flowers 4th flowers 5th flowers

Flower — without o izome 23 (Guly 29) & % (Aug. 5)a 47 (Aug. 1) a5 (Aug. %) a 62 (Sep. 1) a
branch rhizome

Flower with branch y o izome 32 (Aug. Db 41 (Aug. 10) b 0b 61 (Aug. 30) b 0b
rhizome

Branched rhizome 0c 0c 45 (Aug. 14) a 0c 0b

"Mean separation within columns by Duncan’s multiple range test at 5% level.

YCounted from July. 1 base.
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Tob Ak WA 273 AF fEel mE AR £T 2AG A AAeFe AT 2
% % 2ol BAHA @3 ek K9 4V, F 240 B4R Ao AdE 4L 40
N (Table 4-59). W& 1579 5 40~427M12ZH AEL2 179 3~4707F Atk Baef
i fAE A9E wadh g B 4@ 4% wugede 1f Beluks #4H 31
AANA A A, 223 Agde] 24 169mAA ADTHE A Aebe W 2o
HAE @ e g 2S4S FRE AIANL A R A8A NAL 54 ol A

3

3 42 #4ne 5 e Aow wHEn,

AANA @ AL 2F AFEA gk, 2 9E Table 4516149 99 49 S84
Z7d0] 9ubt] o]ehgliL, Table 4-5391 49t o] FH7o] AW 9= 27 guirlPE e
AolA 89 109 ool AlFe] Hagow Wad gt Huax LAy wWEA Aow
A4Hn. adee 24 4F 9o A7 AN E FEAVNE FP7)a, Beol
e ol A ARe 52 o] F 7ol 89 109 o] do] 8uir] o4 AVEE dof
Ao 4zte gt

Table 4-53. Node sites of the native white lotus emerging the flower stalk. Enlarged
rhizomes were planted at Muan Hoesan—-lake on 2008.

Number Node sites on the main rhizome emerged the flower stalk

Rhizome growth pattern Rhizome of
fl 1st flowers 2nd flowers 3rd flowers 4th flowers 5th flowers
owers
Flowering without branching *. © ' " 444  88a 116 a 128 a 134 a 142 a
rhizome
Mia bm wen 80ab 10.0 ab 0c 12,0 ab 0b
. . . rhizome
Flowering with branching Branched
) 12 ¢ 0c 0c 40" b 0c 0b
rhizome

“Mean separation within columns by Duncan’s multiple range test at 5% level.

YNumber of upper nodes which were branched.

ol Zqgol ololxl Puyel 9% el wah R FyHAon], Ayel NG I
87 Aol oo id, 4ol WA A the 7ol AFAHFig. 4-36). 9 A3}
87 Ao AxE WA guA Ei oRA vhole] Qo] F@HW 2 84 AL oS
shdl o838 e Ao Az FHE sob: U @wel A%y gio] 4L
SAA R Fig. 4-379F 2ol Solrt Ha® A pAHAh 1 Qe A el Bz

oA £ WAFE 25 9
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Fig. 4-36. Flower stalk emerging from the Fig. 4-37. The emerged and the decayed

rhizome of white lotus grown at Muan  flower bud from the white lotus grown at

Hoesan-lake. Muan Hoesan-lake.
ot Ak A e] i G S-S Yl el AdFd EdE F S 28
g HE 3

o] 3744 Zzlo] d )3t ifi%_‘" JJr‘l}'E?}—E AL o7k vk 2 wjAelA 544
=4 A3 M= st e] A
g 5 164 H°ﬂ ]Toiziotﬂ 7H§‘r/\] §]’ g

14
ﬂ, Flo o}r‘_,
By
3|
NorE BN
o

X = i ¥ 159cmZ7FA] AFgkar,
19 Ht 99cm7) AbeF Ao & YElstH(Table 4-54). 3749 Al AE= stA o] X|AHd =
&S HQ v

A G2 FH 49A5FE 8LA7FA], 2l 1294 14L A w23 4%
=43 294 = 10cm, 494 = 2lem® 1¥9 3 53cm A& &St 1822

slol7F ZdE & MSHA 2% = dF= 2ol AEF 15~20cm #oloA AAskar, 3174
o] 217 %7l 53cm HE7F At HE A wf “sAo] A xWzA] EdEEH A8
= 3~4¥9+3} o] A gHe EdH SEHE MI7A 2% E 15970 HERE 18~19¥¢ A
L aeYe Ao FAHIJG olHd A= WYl Jises o] AxHA EdT H
2} of /stE Ack(Park &, 2008b)«= Hire} thi zpo]7F =), o= AT

A5 vk Al el A &7l A7) il Ao w AdEAT
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Table 4-54. Changes in the sizes of flower stalk and flower bud for the native white lotus

grown at Muan Hoesan-lake.

Days after flower stalk emergence

Characters Size
2 4 6 8 10 12 14 16

Flower stalk Length (cm) 100 f* 230 e 510d 800c 1010 bc 1200b 1550 a 1590 a
Dia. (cm) 08 ¢ 09 c 12D 1.3 ab 14 a 15a 15a 15a

Flower bud Length (cm) 13 f 30 e 41d 5.8 cd 75 ¢ 90 b 11.7 a  Full bloom

Dia. (cm) 0.7 d 1.2 cd 20 ¢ 25 ¢ 3.1 bc 40 b 6.5 a Full bloom

Mean separation within rows by Duncan’s multiple range test at 5% level.

Fob 3)Akx] Wi o) Fo] AE 7] 2d Ao A MEE aghe] A AFEGd A -92=
A anrekel A3 AATHAE HAAD. vE F QS e a'jte 568 YEMA oY
T 59 2 S 2o WAl Yebllth(Al s v AlA]). 4252 Hunter b gko] 61.0& e
A2 FAHE7F Ao Avke Ad Ay gao] TajE o] ot

THlE Ee A7]E Eo] 1563cm, % 282cm Rom, £ 2257, FE2 26897 G TH(A =
A, Fo] FHE 31dolA=t, A8 Mt shF Foll & 6:00~T7:00A] o] 3l o]
HA=Z gl 2 12004 Aol 23]H, o]3lo] 44FE A &SHth= Hae] Hla tha g2
BEFS UERNAT. £ 1Y FAIE Al E2Ad9Es S A3 282gollo, HxE £
o] FAE= 99golA=t], o] £ o] &FHolA AT toly HaFS AbEet e ERo
g RAow AztE A
gh, ok AW AR E ] ARG =Y 54

ot AWM A FAE 2008 5€e IF st T AFAHLEE ARG A7 8Y 4Y 9

T Agtow, 99 1¥ol+= 11vby] 283 109 10
o= 13vtd At} viy %?l“" Aol X}Oﬂfﬂ 2ol kel 3WHA v 7hA = 1lem ©]8HE
Ef ot 5-6HA mir]= 12-16cmE UEFRASH, 89 493 9Y 1l =3 & 32 8WA
o] ¥ 10cm olst& HERNAT F 27 9] U}‘ﬂ dol7b olA " A wE v A
2ok Aol o3 JF Aew FAHEJAY. =, IHA viyolA SHA vy 7kA = vy
F A4 AojA= & detdl=d, o= %XMW o]l & F 2E7F mobAla Ao
071 witel™, 8HA miHFE = vty Abol 7t FolA = AEFE dEREH, o] AVl 4
of gotAl= Al7lel = Al7leluR, @del o] Frle] FiEwA Ao w7l A
Tl Ao = FA =l
e Zh mroell A 1-3vku# Apsk=dl 2AF Al7Tell whek AFol 7k 9lof 849 4
of WAt 6HA vl M= 2709 wiE b vhgkal, YA vty el = vty &
Uskth(Table 4-55). 9€ 19 =3 3 A= SI42 1-2vkH vk A5t 10
A2 9,10 B 1A vyl X 34t 7bA] Ak o] AR vl
A= @ol o] FojA= Ae® UERT
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Table 4-55. Internode length and diameter of the white lotus seedlings’ lateral rhizomes

which were sown on May, 2008, and grown in Muan, Jeonnam districts.

Node of Position of lateral Length (cm) Diameter (cm)
main rhizome on the
rhizome node Aug. 4 Sep. 1 Oct. 10 Aug. 4 Sep. 1 Oct. 10
3 1 6 c” 7b 8b 0.2 02 e 02 e
4 1 6 c 7b 6 c 0.2 02 e 02 e
5 1 11 a 11 a 12 a 0.3 0.3 de 0.4 de
2 7 bc 9 ab 8 b 0.2 0.3 de 03 e
6 1 10 a 10 a 12 a 0.3 0.3 de 03 e
2 8 b 9 ab 10 ab 0.2 0.3 de 05 d
7 1 5d 11 a 11 a 0.3 04 d 05 d
- =¥ 10 a 10 ab - 0.6 bc 06 d
8 1 4 d 8b 9b 0.2 08 b 06 d
2 - 6 bc 10 ab - 1.0 ab 06 d
9 1 - 6 bc 10 ab - 12 a 0.8 cd
2 - 4 d 5¢c - 1.0 ab 06 d
3 - - 3d - - 1.0 ¢
4 - - 3d - - 10 ¢
10 1 - 4 d 12 a - 1.0 ab 0.8 cd
2 - - 6 c - - 20 a
3 - - 4 d - - 15b
11 1 - - 6 c - - 0.8 cd
2 - - 3d - - 06 d
3 _ — — — _ _
Total 34 57 102 148 1.9 7.6 13.3

"Mean separation within columns by Duncan’s multiple range test at 5% level.

YNot observed.

17} Aglont ¢ds AAR e Fo o]t

Me A= A , BelM = 4

2 U 7 24 =9 8 dEol val 22 AV vidE 2= 1A ek 234 vy
oM 2dE ds2 A Fol FajEAen, 444 vty o] o] F AN = © A
=2 A7 W™ di7bx] dde] Thssdiet, AlmAdelet F R 12cm oldew & B
e 109 109 =34 2L 5 2404 23889 A 7AA 23 e F 12w, ol F
Aol Auig A8 o = 29wk Bael wad o 1/25F vvhe s 2ok w4
ABE ol &3 a9 3 2AA AR 153 2494 55 Adteed T8 A=rt 2

= 47 5 ’
H S5 5 o8 addd & zkol7t S + oy & AFolA et o] Hd 56cm= e
Aibs AABRE o] &3 WA W AN A7 79 28 T 83 ARE &8E F
ANe FHo=z Azter. .

A, A e A 9(upright leaf)# ¥ U(floating) 2.2 FHE =4 AXF AojoA EZ3}
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9% WA HW 2Bem AR AolZAA L £ <olg @ w A% = AN A AxT 9
09 100 485 919 9MA wlrelA A A 2ElT 109 1026 23 @ Al 1004 v
telA A Ae = Aoet & 5 g, A FEAeE BE 1 2vbrelA 29 #

& 9t ,

= e wagol glojd Aol Hgdoel gl Fodel AwielA A £ Qe 1
| =
&

oft

A7y ok dvki= Aol 109 10 =S o 10UA virjol A =Abd = 4L w7

of B3 9 9T ob: EAOR BT 5 UL Ao AzHT

Table 4-56. Leaf stalk length and width of the white lotus seedlings which were sown on

May, 2008, and grown in Muan, Jeonnam districts.

Position of Position of lateral Leaf stalk length (cm) Leaf stalk diameter (cm)
rhizome onrhizome on the
the node node Aug. 4 Sep. 1 Oct. 10 Aug. 4 Sep. 1 Oct. 10
1 0 _y — _ _ — —
2 0 - - - - - -
3 0 22 cd” 22 d 31 cd 0.3 ab 0.3 ab 03 b
1 18 d 20 d 19 e 02 b 02 b 02 c
4 0 28 ¢ 39 bc 45 b 0.3 ab 0.3 ab 03 b
1 - 26 d 25 d - 02 b 02 ¢
5 0 43 a 43 b 53 a 04 a 04 a 0.4 ab
1 24 cd 25 d 27 d 02 b 0.3 ab 02 c
6 0 42 a 55 a 55 a 04 a 05 a 05 a
1 21 d 24 d 25 d 0.3 ab 0.3 ab 03 b
7 0 36 b 53 a 56 a 04 a 05 a 05 a
8 0 22 cd 53 a 54 a 02 b 05 a 05 a
9 0 - 24 d 44 b - 0.3 ab 04 ab
10 0 - - 24 d - - 03 b
11 0 - - - - -
12 0 - - - - -
13 0 - - - - -
Total

Mean separation within columns by Duncan’s multiple range test at 5% level.
YNot observed.

ok AYNA FAE 20089 580l Aol A F AVEE wRSH S 2 A
89 4l 2ol @A wkor], 99 49 FHAoE WY ge] BANYTHAR
AA). MR 9k RAE 98 49 FANE 1349 vig2del F4se] 10352 et
Bovl, 109 109 3749 vjzde] F4so] 88g% hHATAR A, o
M A3 Aol o] dEe] 4 gSue At 2 ousk 9otk T, WAl A
Jel7k ged, FTE vdede gaed 4l gon, 2ohd ol gl AHgHTE =
WOl ok 44 MY AN 159 374 4] FTE £33 5 U= A0 e

(4) @ ‘Az Ee] Astel 44 54

d AW E'E 49 159 &7]d AAst H7bE Aus Ao A AR Ze 79 19-25
A Atelel H*‘ ALl 77.3%0 17 MAAA Astsidlon, & WA x& 89 1-7d Apold]

o 1-
A27RA ]l 80.0% <1 1670 Al A 7H8t7E o] Fo] A th(Table 4-57). 31 WAl =3 F WA 39
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M AR 3L WA v 7oA 3 o
A7 A71B2 1564 AF7h He AoR F45
of Az defa, o 12474

i o = E _
P 28 A5 A WA RE YYAD A A RS BV 100 A R
o o
=

Mepe AARE 2870F 2270 ¢ 7HXﬂ AX JHEE ste]l 786%9 MstES HAHTable
). Ask7E | A 22704 5 2070(90.9%)= 2709 EHhF FiE e, 270(9.1%)= 171 9]
Zdsto] ol AT o]HF A Hol ‘A E’E HHdor &) AAst]

Hael kel A A A A 0% A= A F 2 S AT 7 s A

Table 4-57. Number of flowering plants in first and second flowers bloomed during

flowering period in Nelumbo nucifera ‘Yellow Bud' planted April 18, 2008.

Number of flowering plants (%)

Flower Total
19-25, July 26-31, July 1-7, August 8-14, August

Ist 17(77.3) a” 4(182) b 1(45) ¢ 000.0) d 22(100)

2nd 000.0) d 1(5.0) ¢ 16(80.0) a 3(15.0) b 20(100)

"Mean separation within a row by Duncan’s multiple range test at 5% level.

Table 4-58. Number of plants bloomed from Nelumbo nucifera ‘Yellow Bud’ planted April
18, 2008.

No. of flowers / plant
Characters 0 1 5 Total

No. of plant 6(21.4) b* 2(71) ¢ 20(715) a 28(100)

Mean separation within a row by Duncan’s multiple range test at 5% level.
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Fig. 4-38. The elongation of rhizome and the position of flower stalk formation for the
Nelumbo nucifera ‘Yellow Bud’, which were dug out on August 1, 2008.

Leaf stalk

Rhi
Flower stalk 1zome

Fig. 4-39. The positions of leaves and flower stalk formation in the internode of rhizome
for the Nelumbo nucitera ‘Yellow Bud'.

sh4¢ A7 10em AR, Aol AXWOLRE 112em A=A Agkon, szt
s70] AxHol 28T 7 158 740] o] o] Hrh(Table 4-50). 3749 A% 5740 A Ero|
=dd G2HE 7dA7IA = 3F 8-10cm HAE Astow, SUAFH 11LA7A = 2135

7b ta E3tEo] 5-6cm AERE Agurt JHE 2-39Aol= FE58HA A FEe] &Fol
9-20cm7HA] Ateke o ® yEtEt stEle Aol AR 2dE F AAE zeurt A
st 4dAREE Hol9t AF BF F4% A%ES JEd & 34 2S5 I 9lvh(Fig. 4-38). 3}
ol7 EdH F AMIA 2QFHE I 0] AF 15-20em ZoldlA A, sHAF
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A =d A8 FE 29+ o] AxHel =3
A ABAE LQHE AoE FAHIAY. olHd A= 314
olo ZNstste= AA M 4F 7o 5 vlus)] =

st o] &2 Fig. 4-399 A ¢f o] 7 9]
UAF Q7] F Fo| A Sloprt P E o] FriyE = =
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Table 4-59. Change in morphological characteristics of Nelumbo nucitera ‘Yellow Bud'.

N Days after flower stalk emergence (days)

Characters 1 3 5 7 9 1 13 5

Flower stalk Length (cm) 20 ¢’ 210 f 420 e 580 d 69.0 cd 790 c 1080 ab 1120 a
Dia. (cm) 04 d 06 ¢ 0.7 be 08 b 1.0 a 10 a 10 a 10 a

Flower bud Length (cm) 14 d 1.7 cd 21 ¢ 25 ¢ 3.2 be 48 b 70 a Flowering
Dia. (cm) 05d 0.7d 12 ¢ 14 ¢ 20 Db 26 Db 41 a Flowering

Leaf stalk Length (cm) 580 d 680 cd 740 c 830 Db 920 a 920 a 92.0 a 92.0 a
Dia. (cm) 06 ¢ 0.7 bc 08 b 09 ab 10 a 10 a 10 a 10 a

Leaf Length (cm) 270 b 290ab  290ab 290ab 300 a 300 a 300 a 300 a
Width (cm) 220 ¢ 260 b 300ab 310ab 320 a 320 a 320 a 320 a

"Mean separation within a row by Duncan’s multiple range test at 5% level.

AR’ Fo] W HAYS W A7]= Fol 12205cm, F 13+0.8cmSl o H, A3 of A
= b3k

A A = Bl &= b3te 2354375 UEFWATH Table 4-79). 29 4+ 19+1.8% %
bl 1.8709) #Ax7F Addek 29 #AA 759 358059 oldE=d, A8 A9 IS 4
AAE AEHHT= el FAE 43S ety 29 dxFe ZAwS uA FEF

7 HEE Axs A3 29g o=, ole 9 o|&SFHolA BoHFE AES=

Table 4-60. Characteristics of flower of the Nelumbo nucitera ‘Yellow Bud'.

Longevity

Flower size (cm)  Flower color (Hunter value) No. of Petal dry

. - - of flowers .
Height ~ Width L a’ b petals (days) ~ Veight (g/ea)
12+0.5 13+0.8 81.3+56 27+1.2 235+37 19+1.8 3.5+0.5 2.9+0.6
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Flower bud at 4 days before Flower bud at 1 day before

Flowers bloomed

flowering flowering

Fig. 4-40. Flower buds of Nelumbo nucitera ‘Yellow Bud’ and their shapes (flower height

and width were 12+0.5cm and 13+0.8cm, respectively).

A= A= oA EAZE He A T stu= S 7 dlel wel #Hg-E= A
2705 RAZE EA s AE, A o] Fel tieid s ATTE A9 ol FofAA @ AA
ojtt. ol g wiAgol A =S dA& FEstaa AHEIE HA F2 6709 NAE =FH skl A
FAQ AL o] o AFig. 4-40)3 vk Ay B £3tol ofs) Fiel] dad 7
ntt] o) vste R =45 = A 37, T‘;'_‘—a} =2 51 Aol 17K, gEA el o) —irEHOH 23
T4 vy o mgR e FA4EE Aol 2 H‘Ei‘?‘r(x} wAAD. Foel Zed 24 vy

of MR FAH= A M= =3 F Al B 11wy virkeldl vis) 7H§}7} 4 As

= 14-16vtH A== Astt ol A2 Fi7h ol Fojxl 8¥Al vy E VlEew & w= 6-8v
4, 1084 v & 7leez & d= 4-6vtHrE ¥ @ok=d, ols vy 7 i3 o] 5ol At
& Aew 48 = w /st HA F2 AAELS FHATIC FAHE AT viY FE gR

atAl SRaL, Aol Qe r Hof Jhstr} Qxl R &Oi FA8 = 4 AAdTH

H9thFig. 4-41). tHEAe] oa Folol "Bad F —:—ﬁ el ol ulw_i e A
A % s F 2] 3uA nhel A 2lE debd A @& Ze gnhth Ao, e
zo gopd sk At AAFozE 17rhd ot ASE © Aol Fuisk B9 vl 27 v
e 2N e BA7 BE suhr) ol th(Fig. 4-42). B S F 270 3%
A gEel A AgRE st Fhont gubt) ol Hud Fagel gtk

St o] Aest o] FolAA %L ‘oﬂifuaz Ao Ay JHT BB A3} 22 9
g vho] 49 vgne Hiel Behols @ o] tehgth mebd vhol 5 Beplsi B

2 g

wol & Ao Az4HM, tow Ol ] A A7 e Aow A7
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Leaf stalk

Dead flower stalk

Rhizome

Fig. 4-41. Dead flower stalk of Nelumbo nucifera ‘Yellow Bud’ in the underground parts.

Fig. 4-42. The rhizome of Nelumbo nucifera ‘Yellow Bud’ that those main rhizome was

branched into two rhizomes and didn’t come into bloom. Lotus plants were harvested on
Aug. 20, 2008.

ek 259 Akl Fol= T ol WE Aolrk glley A2 T 1-671d o
2.7cm, 11-207d "= 29cmE YERHATAIR mAAD. Ak JHst 5 254 A 74A] A
sto] ol FA7E 1071 PrY W= 44em, 16-2070 9 W= 42cmE A BESE
A2 Ads dEed A4 FA7F 1-57090 A2 35emSlEl vls) 16-20791 A
9lecm= FTAF7F es & 4FS e
TAel a2 Aol A7) WEh Qe st 25§91 304 A Fol o] Fojoen, A
TA = 1070 o] 8kql el 1070, 16-20701%1 Aol 770t e, 11-1571¢1 Aol 17 = 7+

(g vAA). AR &S T6-100%2) Ao 529%= JA ol dAHow Adgo] %

=

2
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FAGLE A4% WAL AWF FAI 157 o5 W 50.0% ol el 76-100%¢] A&
& geEed A 167 OB e 8701 7% olael AAEE Uenel AT E
A5k A2 Wk gejs o Aagel ¥ vhebweh

ALY A7lE s A A9 7FE 1.4#04em, AIE 1.5+0.2cm 7] 1.3+0.6g° = Fig.
4-435} o] Aol e BAPoIA o} vEFAE AR FF AAF FAL 2 Fol7}
ot k2= 09cm mIRtel A= 05g o]stE WERRHIH

Fig. 4-43. Six poor seeds (the left of half line) and six full ripened seeds (the right of half

line) of Nelumbo nucifera ‘Yellow Bud'.

(B5) B AA A7 A9 Ash, A R Aol wA = FIF

A AESHEE 49 159 &7l AAlste] GA, ABA % Ethephona 747 500 %
1,000ppm=, Daminozide= 300 % 1,000ppm= 7€ 1¥¢, 7¢ 2 144 =2 33]o] 23 9 ¥
g dat A WA 22 727delM 78 31 Abelel HEHE tH(Table 4-61). A&=d A 54
o= 79 30¥0 7NEskd Hv]sf ABA ¥ Ethephon 1,000ppm A 2]+ ZH2F 79 279 74
st7b o] FolA 398 E NS HXEE AFdS JEhdATh T HA 2 8¢ 11904 8¢
169 Atolol 7R3 =d, T2 87 89 14¥] 7i3te e] vlal, Ethephon 1,000ppm = 2] -
= 89 11del 7isteEo] 348 = Ast 3 ZH7F UM o9k o] ABA % Ethephon
1,000ppm A 2] F-ell A= M7t 39 A ZXEHJAT A A9 4§ 1—r°] 01”01 ]5\—3
i, AFEEA AP ¥Ed 2o wE FAL g
2 u7t gl Aoz A} o] ¥
M= Hoh Zlo] v A7t Has AT
FAA & o AFzdA ol &2 ngA A &

WA 71748 QA 159 ATt HE A
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Table 4-61. Flowering of Nelumbo nucifera ‘Yellow Bud’ planted on April 18, 2008.

Plant growth regulator ) Flowering date(month, day)
treatment Concentration(ppm) First flower Second flower
Control 0 7.30 8.14
GA 500 7.31 8.14
1,000 7.30 8.16
ABA 500 7.31 8.15
1,000 7.27 8.12
Ethephon 500 7.28 8.12
1,000 7.27 811
Daminozide 300 7.30 8.14
1,000 7.31 8.13

o ‘AdRHE'E 49 15629 £7]d A Aiste] GA, ABA % Ethephon< Z}7} 500 2
1,000ppm=, Daminozidex= 300 % 1,000ppm= 79 1<, 7¢ 2 14¥U9] 33)o] Ax g 4
g 5 89 15%° olo] F& ARG A¥ £=dL 4-87], AUE 12-1871 A tH(Table 4-62).

B

AN FoA = A 7 vyl 1719 <lo] yeb AehH, ol s EAGRE)Y
B2 Aue Adrgos FREed, €l Ag FAFE 8/0<0d Hlsl Ethephon

500ppm A & ol A 478, GA 500ppm % Ethephon 1,000ppm # @+ Z+zF 5702 ] 2] -9
vl & 3-47] A=7F Ak A2 13-2071 9 =, FA4 279 GA 500ppm A 2= 1371918l
vl & GA 1,000ppm 2]+ 207, Daminozide 300ppm # & 7= 187 & thZE 7o vl &l 5-871
AE WAtk o]} Zo] AFzA Ao mE o F T A9 AS Aoy o T ERE

= S
e VhedoR o] g8 Uﬂfoﬂ FEF SHAA oot & g oy JEF A At
ojgh= WM 2 nrt gl A A= out gHiEow ofgd Agol= B
3 5o FAE&S A s, A4, C/N%, dY71H vy 52 =8 WA 9Fe vE F
A oz AT

Table 4-62. Effect of plant growth regulator treatment on the leaf emergence of Ilotus,
"Yellow bud’.

Number leaves

Plant growth Concentration -
Leaves floating on Standing 1 %) Total
regulator treatment (ppm) the water(%6) anding: leavest-o
Control 0 8 (100) a” 13 (100) e 21 (100) e
GA 500 5 (625) cd 13 (100) e 18 (85.7) f
1,000 8 (100) a 20 (153.8) a 28 (133.3) a
ABA 500 8 (100) a 16 (123.1) ¢ 24 (114.3) bc
1,000 8 (100) a 15 (1154) cd 23 (109.5) cd
Ethephon 500 4 (50.0) d 12 (92.3) ef 16 (76.2) g
1,000 5 (62.5) cd 13 (100) e 18 (85.7)
Daminozide 300 7 (875 b 18 (1385) b 25 (119.0) b
1,000 7 (875 b 15 (1154) cd 22 (104.8) de

“We have planted the containers with the white lotus on Apr. 20, 2008, and have also measured the
number of lotus leaves on Aug. 15, 2008.

YMean separation within columns by Duncan’s multiple range test at 5% level.

%96 compared with the control.
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A AR SWE'E 20089 49 1590] §719] 4 Aol GA, ABA % Ethephon® 27} 50
2 1,000ppm=, Daminozide:= 300 % 1,000ppm= 79 1Y, 79 % 149¢] 33]o] A g 2
X3 2009 3Y 7Hel =FH S 17T A FEEF v AE g 2AG A A F
= 7170, 332 278-634gS YEFHATHTable 4-63). A9 & F A2+ 4% 157
oldl w3l ABA ¥ Ethephon 1,000ppm Az 7% 22 7719 8712 Ao, GA 1,000ppm
AT 1702 2ok
A FgEFe F AT A 564gQldl HlE) A7 A" ABA 3B Ethephon
1,000ppm A 2]+ Z2H7; 278 2 364g=2 Ao, A7 1712 BWekd GA 1,000ppm # ]
T 328go® Arh olye Ay Az AAE] YERA AT ABA U
Ethephon 1,000ppm A& 7& Ao &3} 5 o] Z7]o] w37} © Aol #AZH A} GA
1,000ppm A 27 Slo] 4% A3 o] YUY Ao R dAdEATH

T~ O

Table 4-63. Effect of plant growth regulator treatment on the number of internodes and
vield of lotus, 'Yellow bud’.

Plant growth Concentration
Number of lotus root Yield(g/plant)
regulator treatment (ppm)
Control 0 15 (100) ab” 564 (100) c
GA 500 13 (86.7) ¢ 612 (108.5) ab
1,000 17 (113.3) a 328 (58.2) f
ABA 500 14 (93.3) ¢ 564 (100) ¢
1,000 7 (46.7) d 278 (49.3) g
Ethephon 500 13 (86.7) ¢ 420 (745) d
1,000 8 (53.3) d 364 (64.5) e
Daminozide 300 16 (106.7) a 634 (112.4) a
1,000 15 (100) ab 622 (110.3) a

“We have planted the containers with the white lotus on Apr. 20, 2008, and also harvested the lotus
rhizomes on Mar. 7, 2009.

YMean separation within columns by Duncan’s multiple range test at 5% level.

*06 compared with the control.

6) A9 dHe7t WA sfster A FEEF v X= JF

Aol g FEIF FF 3)AEA AR st el m A e FEgS ZAeaLAl 89 2o
AFS 27 0, 25 H 50%H AFS F T AuiE A3 0% Mol e 4470, 25% AT
NA = 3770, 50% ATl e 3.07M%e] MEE st THTable 4-64). QS A S A
g el Hla] 25% AFA = Fuvh HAou 2ol I e Aol 0.7/, 50% A AT
AAE Fd & £E& F9A Kk Aol 1.0/ MGl wesiA sk Ao ATk Tt

Aol e 2ol Lol AFHA, e Behelsst sgivh

oSt o] APl BLFE I W ATAM AE AL A AFAA T
2 FHFoRA QoA WER BRI Relo FrH DAk A ) BR o
o]l AAH W AHE X Tad 990 9t Aow FAHUL X L A
de gAYt 79 1586, AGe PR il FAR 4179 89 296l AP Pou
2 ®ygol YAHOR YPsn ASE sd BLF I b BERY] G Ao A
et 2eER AEE S SueAs 98 fEed gt glol £2 Ao AzZEyY 2



age g7l HAsel o]Folq Aely] W wolA AT F¢ B APAnets i
b AsE ded £ 9e Ao 4gEn

Table 4-64. Number of white lotus flowered which were planted the containers with the
white lotus on Apr. 20, 2008, and harvested the lotus leaves on Aug. 2, 2008.

The percentage of leaves harvested Root pruning
Characters
0% 25% 50% treatment
Number of flowers 43 @ 3.7 ab 3.0 Db 1.3 ¢
Number of blind plants 0.0 c 0.7 ab 10 a 10 a
Total 44 a 44 a 40 b 27 ¢

"Mean separation within rows by Duncan’s multiple range test at 5% level.

ol AG AEAE Fob A AW 17 AT Fage] vMAE JFS A A3
Qe FoelA wm AN AL 10FF 4210g0] FAY Wa AL 5% FhB AL
31628, D& 50% T AL 2588g0] F3HE o] Qo] FEHFo| BLET Ao gL 7
A5 THTable 4-65). o] F8o] W2 A2 ANAe As ARE D¢ FHaA g v
o] At g vla 82 25% T A 2491%, A4S 50% T3 AL 385%ATE 1
dEz A4S FHAL AT Q4T ARE F5HudE A9S FAsE o] HEHAA
Aowe St glo] AEAAAE R AE @ 0 AAE o] FL Ao 47
.

S e A9 AT FERUe 158gE A& FAYT Aol ws 127 FFoI%ow,
0& 50% Aw AAR el o] 2588g vwE WE 1,000g JE AA A=A,

Table 4-65. The lotus enlarged rhizome yield of the native white lotus per one plant which
were grown in the Muan, Jeonnam districts.

The percentage of leaves harvested” Root pruning
Characters
0% 25% 50% treatment
Total yield (g/plant) 4,210 (100) a* 3,162 (75.1%) b 2,588 (61.5) ¢ 1,584 (37.6) d
Number of the enlarged 9.0 (100) a 6.0 (66.7) be 50 (55.6) ¢ 3.3 (44.4) d

rhizomes

Total number of the

internodes for the 22 (100) a 18 (81.8) ab 14 (63.6) b 13 (59.0) b
enlarged rhizomes

“We have planted the containers with the white lotus on Apr. 20, 2008, harvested the lotus leaves
on Aug. 2, 2008, and also harvested the lotus rhizomes on Dec. 20, 2008.

YMean separation within rows by Duncan’s multiple range test at 5% level.

*96 compared with the control.

del A ARE Dydto] Aug 5 FEe A2 Hopd BEXEE A A3 A vy
7} 20cm o]sk)l Aol 0% AP A= 585%, 26% M A= 86.7%, 50% AMA AT
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8%ATHTable 4-66). 0% 713 A2 7+ Table 4-65o1 48k o] ele] b whr)47}
Lo, v el BEoAE o A7 20em ol Ae] Hlge] e wle] 241%9 79
Hgo] H4 A uhehd duks Alg A= A fe) wholut ohel whe el
= 5 AT

it Ao mE Ao ZHol= 10em ©]skql Aol 515%E AA o™, 11-15emsl A o]
231%% AFA& 15em o]kl Aol 74.6%E AHA|5FS T,

HH %‘i ©
2

Table 4-66. Number of the enlarged rhizomes classified by the internode length of the
native white lotus rhizome per one plant which were grown in the Muan, Jeonnam
districts.

Internode length The percentage of leaves harvested” Root pruning

(cm) 0% 25% 50% treatment
< 11 5.7 (25.9) ab” 5.3 (294) b 4.0 (286) b 6.7 (515) a
11-15 6.3 (28.6) a 7.3 (40.6) a 6.0 (42.9) a 3.0 (231D b
16-20 47 (214) b 3.0 (16.7) ¢ 2.7 (19.3) ¢ 2.3 (17.7) be
21-25 3.0 (136) ¢ 07 (39 e 0.3 (2.1) de 0.0 (00) d
26-30 1.3 (59) d 07 (39 e 10 (71) d 1.0 (7.7 ¢
30 < 1.0 ( 46) d 1.0 ( 55) de 0.0 ( 0.0) f 0.0 ( 00) d
Total 22.0 (100) 18.0 (100) 14.0 (100) 13.0 (100)

“We have planted the containers with the white lotus on Apr. 20, 2008, harvested the lotus leaves
on Aug. 2, 2008, and also harvested the lotus rhizomes on Dec. 20, 2008.
YMean separation within columns by Duncan’s multiple range test at 5% level.

g9 A ARE dElste] Aud T e Ao AAE RIS xAE A3 A 47
o] 50cm ©]3}¢l Aol 0% A AT+ 66.8%, 25% AA AT+ 705%, 50% AF AT
= 615%tHTable 4-67). AA+2] A7 o] 51cm ©]4e A HEo] & AL 50% MG A
g, 0% NG AT, 26% NG AT co; ol dg3t A&gFS YR A o} AY v&
o] A HAe AVE EXoE It JFYE WAA FE Aoz AztE

o AT Ao FA o] 50cm o]kl zi o] 92.3%Z AA &l 5.lem ©]4+¢l Aol 33.2%
ol FAlg o= & AolE YERATH

0

O

Table 4-67. Number of the enlarged rhizomes classified by the native white lotus rhizome

diameter per one plant which were grown in the Muan, Jeonnam districts.

Node diameter The percentage of leaves harvested” Root pruning

(cm) 0% 25% 50% treatment
<21 20 (9D ¢ 1.0 ( 55) d 1.3 (93) b 3.3 (254) a
2.1-3.0 2.7 (12.2) bc 2.0 (11.D ¢ 1.3(93) b 2.4 (185) b
3.1-4.0 53 (24.1) a 4.0 (22.2) ab 2.7 (19.3) ab 36 (27.7) a
4.1-5.0 47 (21.4) ab 5.7 (31.7) a 3.3 (236) a 2.7 (207) b
5.1-6.0 53 (24.1) a 33 (184) b 3.7 (264) a 1.0 (7.7 ¢
6.0 < 20 (9D ¢ 2.0 (11.1) ¢ 1.7 (12.1) b 0.0 (00 d
Total 22.0 (100) 18.0 (100) 14.0 (100) 13.0 (100)

“We have planted the containers with the white lotus on Apr. 20, 2008, harvested the lotus leaves
on Aug. 2, 2008, and also harvested the lotus rhizomes on Dec. 2, 2008.
YMean separation within columns by Duncan’s multiple range test at 5% level.
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Table 4-68. Number of the enlarged rhizomes classified by the fresh weight of the native

white lotus rhizome per one plant which were grown in the Muan, Jeonnam districts.

. The percentage of leaves harvested” Root pruning
Fresh weight (g) 0% 9504 50% rentment
< 50 6.0 (27.3) a” 40 (222) b 1.3 (9.3) cd 3.7 (285) b
51-100 5.7 (259) a 3.0 (16.7) bc 3.7 (264) b 23 (177) ¢
101-200 4.0 (181) b 6.7 (373) a 5.7 (40.8) a 47 (36.1) a
201-300 2.3 (10.5) ¢ 20 (11.1) ¢ 1.3 (9.3) cd 1.3 (10.0) d
301-400 2.3 (10.5) ¢ 1.0 ( 55) d 03 (21 e 1.0 (777) d
401 < 1.7 (77) d 13 (72)d 1.7 (12.1) ¢ 0.0 (00) e
Total 22.0 (100) 18.0 (100) 14.0 (100) 13.0 (100)

“We have planted the containers with the white lotus on Apr. 20, 2008, harvested the lotus leaves
on Aug. 2, 2008, and also harvested the lotus rhizomes on Dec. 2, 2008.
YMean separation within columns by Duncan’s multiple range test at 5% level.
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Table 4-69. Flowering date of Nelumbo nucitera ‘Yellow Bud’ planted April 18, 2008.

Signal delivery Concentration Flowering date(month, day)
substance treatment (ppm) First flower Second flower
Control 0 7.30 a” 814 b
Chitosan 50 729 a 814 b
500 727 a 812 b
Salcylic acid 1,000 7.28 a 313 b
3,000 7.30 a 813 b
Methyl jasmonate 250 731 a 814 b
1,000 729 a 813 b

“Mean separation within a row by Duncan’s multiple range test at 5% level.

A A2 =E"E 2008 49 1590 &7 A Aste] Chitosan, Salcylic acid 2 Methyl
jasmonates 79 1¢, 79 % 149 7tz G A¥ s & 2008 8¢ 15¥9 Ao FE FA}
s Ax £=ele 4-87], A4dE 9-1471E YERW I tHTable 4-70). £S81> 727, Chitosan
50ppm *] 2], Salcylic acid 1,000ppm # 2] ol A= 87§l d] H]3| Methyl jasmonate 250ppm
8]+ 470, Saleylic acid 3,000ppm A 2]+ 57/0%2 A ATt A2 Saleylic acid 3,000ppm
28] 72 97], Methyl jasmonate 1,000ppm A& 7+¢ 107/1E A3t 25 13-1471E e
yalok o AAZ<¢l 4= Saleylic acid 3,000ppm  # @ +¢] 1470, Methyl jasmonate
1,000ppm A 2] 2] 167§, Methyl jasmonate 250ppm A2 7+2] 187HE #|€3tales 25 21-22
A et

Table 4-70. Effect of the signal delivery substance treatment on the leaf emergence of
lotus, 'Yellow—bud'.

Signal delivery ~ Concentration i Number of leaves
Leaves floating on )
substance treatment (ppm) the water Standing leaves Total
Control 0 8(100) a” 13(100) ab 21(100) ab
Chitosan 50 8(100) a 14(107.7) a 22(104.8) a
500 7(875) b 14(107.7) a 21(100) ab
Salcylic acid 1,000 8(100) a 14(107.7) a 22(104.8) a
3,000 5(62.5) d 9(69.2) d 14(66.7) e
Methyl jasmonate 250 4(50.0) e 13(100) ab 18(85.7) ¢
1,000 6(75.0) ¢ 10(76.9) ¢ 16(76.2) d

“We have planted the containers with the white lotus on Apr. 20, 2008, and have also measured the
number of leaves on Aug. 15, 2008.

"Mean separation within columns by Duncan’s multiple range test at 5% level.

*06 compared with the control.
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A AR eHE'E 20080 49 1599 &7]o A Aste] Chitosan, Salcylic acid ¥ Methyl
jasmonates 79 1¢, 794 9 140 742 4w Axd ¢ 20094 3€ 7o =HE] 179
AL FEFS A A AT 5 11-1670, 82 362-584gS YEFW A (Table 4-71).
Aol FE FAHETY A 157009 HlE] Saleylic acid 3,000ppm % Methyl jasmonate
1,000ppm A&7+ Z+zF 1178 H 1o w, Chitosan 500ppm # 2 7= 1571 & Etc).

Aol FEEe FEAg o A$ 564geldl w®lE] Saleylic acid 3,000ppm %2 Methyl
jasmonate 1,000ppm &+ Z+zF 385 ¥ 362g0 & ZAQow Chitosan 500ppm *| & -+
S84go ® thi F7hd AEE YERATh

Table 4-71. Effect of the signal delivery substance treatment on the number of internodes
and the yield of lotus root for the lotus, 'Yellow—bud’.

Signal delivery Concentration Number of lotus root .

substance treatment (ppm) internodes Yield(g/plant)

Control 0 15 (100) a“ 564 (100) ab

Chitosan 50 14 (93.3) ab 526 (93.3) ¢
500 15 (100) a 584 (103.5) a

Salcylic acid 1,000 12 (80.0) ¢ 489 (86.7) d
3,000 11 (73.3) d 385 (68.3) ef

Methyl jasmonate 250 12 (80.0) ¢ 480 (85.1) d
1,000 11 (73.3) d 362 (64.2) f

“We have planted the containers with the white lotus on Apr. 20, 2008, and also harvested the lotus
rhizomes on Mar. 7, 2009.

YMean separation within columns by Duncan’s multiple range test at 5% level.
*96 compared with the control.
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Fig. 5-6. Hardness measurement of soil for rice paddy field with soil hardness tester.
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8. Design for an ejection apparatus of high pressure air.
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gulol Jlom, £a £He] 7tedtes BEER uAsA.

Fig. 5-10. Detail design of main body (pressure chamber) for an ejection apparatus

of high pressure air.
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Fig. 5-12. Detail design of soil breaking nozzle.
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Fig. 5-13. Soil breaking nozzle.
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Fig. 5-17. Design of modified lotus root harvester.
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Fig. 5-22. Design of nozzle for an ejection of high pressure water.
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Soil hardness tester
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Fig. 5-24. Points for soil hardness measurement and air ejection.

ol Anj =i

—_
o

o

)

ox

& Plot
17H10%)

A2

g

o] %

5

BZ 72 Im, AlZ 1me Z7]& £& o] &

Fodch AFEe A7]e W 370

1)

o)
=

G A Al =2

]
&

|

o
3X=

J

2

)A
%

—

o
o
™
T

!

o)

A

N
N
o

]
]

EDE SRR

2o AEA(STS-100KG-C2, Eijkelkamp, Netherlands)

o]

=
=

AL
o0

g
N
A

%

il

Abdel 20 em7HA]

v EY Y =&

A -0l A

sade] B

sheich.

B

P
T

el

pariy
fite)

o

g 53 o%

(PD-GO50MA, WILO, Korea)

oz v
™ -

o
=

Z}
A}

FENA nGAA

=
=

Fol el e

AlE Plot9] 4 EA e}

ST
It

Ab ®tH(Fig. 5-25). Fig. 5-25¢l

| =gl &

9|

)A
i)

—
file)

rA
i)

el

23!

il

il
1

0

x
o
=

i

o BX
()

— 246 —



Soil hardness tester
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Water ejection point
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Fig. 25. Field experiment with lotus root harvester with an ejection apparatus of
high pressure water.
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Fig. 5-26. Diagram for the lotus field experiment of lotus root harvester with an
ejection apparatus of high pressure air.
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Fig. 5-27. Picture for the lotus field experiment of lotus root harvester with an

ejection apparatus of high pressure air.
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Fig. 5-29. Hardness profile according to soil depth of rice paddy field.
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Table. 5-2 Bulk density and moisture content of soil for lotus field according to

soil depth (Siheung)

Plot Soil depth (cm) Bulk density (g/cm®) Moisture content of soil (%)
0-10 1.35 19.7
Plot 1 10 -20 1.42 19.2
20— 40 1.58 187
0-10 1.40 20.9
Plot 2 10 - 20 1.56 18.8
20 - 40 1.69 16.1
0-10 1.38 24.3
Plot 3 10 - 20 1.60 22.9
20 - 40 1.77 15.6
0-10 1.38 22.8
Plot 4 10 - 20 1.42 22.3
20 - 40 1.56 18.9
0-10 1.34 28.9
Plot 5 10 - 20 1.43 20.6
20 - 40 1.67 16.4
0-10 1.42 30.1
Plot 6 10 - 20 1.53 19.2
20 - 40 1.67 15.6
0-10 1.34 31.2
Plot 7 10 - 20 1.41 27.3
20 - 40 1.50 21.2
0-10 1.38 25.9
Plot 8 10 - 20 1.46 23.4
20 - 40 1.62 19.1

— 251 —



(wo/B) Aususp ing o) Us1uos ainer
g ) d (%) 1US1UCD 8IN1SION




04 0
plot 1 plot 2
20 4 20 4
40 4 40 o
§ 60 g 60
=l k=1
5 5
a &5
3 s 3 a0
100 . . . . . 100 T T T T T
0.0 0.5 1.0 15 2.0 25 3.0 0.0 05 1.0 15 20 25 3.0
Hardness (Mpa) Hardness (Mpa)
0 0
plot 3 plot 4
20 4 20
40 40 -
g 601 & 60|
p-] k=1
5 5
° )
3 &0 2 804
100 T T T T T 100 T T T T T
0.0 05 1.0 15 20 25 3.0 0.0 0.5 1.0 15 20 25 3.0
Hardness (Mpa) Hardness (Mpa)
04 04 plot 6
plot 5
20 - 20 1
40 - 40 -
& 60| g 60 -
= =2
5 E
G} &)
3 80 3 804
100 T T T T 100 T T T
0 1 2 3 4 5 0 1 2 3 4
Hardness (Mpa) Hardness (Mpa)
0 0
plot 7 plot 8
20 4 20 -
40 40 -
& o0 | g 60 -
B! k-1
5 5
) &)
3 g0 2 80+
100 : 100 T T T T
0 1 2 3 4 5 0 1 2 3
Hardness (Mpa) Hardness (Mpa)
0 0
plot 9 plot 10
20 4 20 -
40 40 -
g 601 S 604
B k=1
5 5
) 5
3 &0 2 804
100 : : T T 100 T T T T
0 1 2 3 4 5 0 1 2 3 4

Hardness (Mpa)

=
w©

5-31. Hardness profile according

— 253

Hardness (Mpa)

to soil depth of lotus field (Siheung).




@
2L
o
L
!
-
2
Ml
rO
2
=
*
ft
o
lo
d
i)
2

[m
o,

A ®
of AAR = 8AA A FAHHHATE. Table 5-3 R Fig. 5-32¢9F o] Ak ¥ Au] =EF7}
FAFSH @ Al =R HolW §AUEER A7t A5 ANE 4TS HEAt §

AU wE g2 Zold wat 0 ~ 10 emolA 1.37 g/em’, 10 ~ 20 cmoll A 1.49 g/em®, 20
~ 40 cmolA 160 g/em’S YEMHQ T, AAFow dut mEY Hl e fAULEES
et AT okt A AuiA g el =ES s A B An =ES uA 2 Zlol vt
G55 E e s Yediglen, Zojo] wet 0 ~ 10 cmolA 3867%, 10 ~ 20 cmelA
29.10%, 20 ~ 40 cmoll A 25.63%94 SR HS JEPH ATHFig. 5-32). weka]l A u Ay

£S5 YERSITE Tk A AuA] =Ege] ol
735%*—1 7§F+<Fig. 5—33)?% 2ol 37FA del2 uyEykth = Plot 1, Plot 2 2 Plot 3+ Ayt

o A&7t zolol wet obF AT Frieb BErE A o, Fuke] et FElEkA
22 FHE Hola drh(eolits, 2007). 3 Plot 4, Plot 5, Plot 6 ¢ A9 AW FA7}F
20 cmo] ¥ o= ’&1%1?—-4 BE7F AEHH o R AAW AurFo] FAdstA] &2 FHo. HW A
L+ Plot 19 49 80 cm Z o] A 1.7 MPa, Plot 29 7% 65 cmdlA 1.2 MPa, Plot 3¢ %

o

70 cm°ﬂ/\1 1.2 MPa, Plot 4¢] 7% 60 cmelA 22 MPa, Plot 59 7% 60 cmelA 1.3
MPa, Plot 6°] 7 50 cmollA 1.7 MPa2 YeEAT. =37 Plot 7 3 Plot 82 ZW3o] v
aAPeE st dom HNAE 7 242 2 MPa B 3 MPa o3¢l 2oz vepgrh wepa o
A =R ik ¥ AE) =Rl nls] ZloEE tAR v As YERATE A A
wEG] ol AmLad ot fAZAPE Al o8] 20 ~ 40 cme] EdE AHstr] 9
g gudh B 4§ 07 ~ 1.5 MPa W97F L oahn, dofE g

L A FAEAE A A AA A
24

=
°of EF HHE AT FAEA 4HS 05~ 1 MPaz 4

J&r

>
i
i
£
=

5

— 254 —



Table. 5-3 Bulk density and moisture content of soil for lotus field according to

soil depth (Muann)

Plot  |Soil depth (cm) Bulk density (g/cm®) Moisture content of soil (%)
0 - 10 1.32 43.0
Plot 1 10 - 0 1.40 32.7
20 - 40 1.57 27.7
0-10 1.37 35.6
Plot 2 10 - 20 1.48 31.0
20 - 40 1.58 27.3
0-10 1.41 374
Plot 3 10 - 20 1.58 23.6
20 - 40 1.65 21.9
0-10 1.36 38.1
Plot 4 10 - 20 1.40 39.7
20 - 40 1.57 34.3
0-10 1.35 53.1
Plot 5 10 - 20 1.41 38.6
20 - 40 1.52 34.8
0-10 1.38 44.4
Plot 6 10 - 20 1.43 41.6
20 - 40 1.54 32.2
0-10 1.40 23.8
Plot 7 10 - 20 1.52 23.0
20 - 40 1.54 219
0-10 1.49 22.9
Plot 8 10 - 20 1.50 22.0
20 - 40 1.56 21.7
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Fig. 5-33. Hardness profile according to soil depth of lotus field (Muan).
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Fig. 5-34. Hardness profile according to soil depth
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Table 5-4 Hardness according to soil depth before and after soil breaking by lotus

root hrvester using high pressure air

Soil Before soil Small nozzle, Plot | Middle nozzle, Plot | Large nozzle, Plot
depth | breaking, Plot 1-1 1-2 1-3 1-4

(cm) (MPa) (MPa) (MPa) (MPa)

30 0.66 0.44 0.49 0.47

40 0.96 0.7 0.27 0.33

50 0.74 0.47 0.64 0.63
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Fig. 5-35. Hardness profile according to
root harvester using high pressure water.
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Table 5-5 Hardness according to soil depth before and after soil breaking by lotus
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