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Leaf
(fresh wt/ea)
220-250 g
Ascolbic-acid

Root
(fresh wt/ea)
230-260 g
Starch(25%)
Sugar(6-8%)

Stem
(fresh wt/ea)
12-25 g
Ascolbic—acid
Alkaloid

Pollen
(dry wt/ea)
07-15 g
Sugar(17.8%)
Fat(12.8%)
Fravoloid
Betacytosterol

Parts

Yield

(wild)
Constituent

Table 1. Nutritive value of cattail plants.
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SUMMARY

Development of Technology Associated with Culture and
Utilization of Cattail through Ill-drained Paddy Field

A. Typha orientalis

T. orientalis is one of cattail species that is uncommonly distributed in all the area
of Korea peninsula. Its stem and production of rhizome are more abundant than 7.
angustata. Its leaves were narrow and small in height but mild, and their value of feed
existed but less favorite. The size of flower stalks and the diameter of underground
stem which have the smallest thickness among three of them, so it seemed that they
were not of edible utility value for salad. Especially, its size of flower spike was the
smallest among three kinds of cattails, and the production of pollen based on a male
flower spike was attained only one—firth or one—fifth of T. angustata compared with
pollen of other cattails in fields. However, the utility efficiency was higher than
T.angustata and 7. latifolia when its biomass was used as a fuel. Therefore, it was
concluded that cultivation utility value of T.orientalis as an economical new crop was
lower than other cattails (T.angustata and T. latifolia). It is able to be adopted as fuels

using its biomass and other processed products.

B. Typha angustata

T. angustata is one of the popular species growing wild in our country. In cultivation
experiments, it was shown that production of biomass was less than T.orientalis and
T. latifolia. Its leaves had thicker and stiffer quality than other two cattails, and even
it was not proper to be used as a feed, so it seemed to be desirable that it could be
used as materials for craft items or pulps. However, edible parts of young flower
stalks with the length of 15730cm per each shoot for using salads could be collected in
the first decade of June. Also, its purified pollen with the weight of 0.7-1.5 g per each
male flower spike was able to be gathered. In experiments, it was observed that about
60 flower spikes per a square meter shaped one year after transplanting. The taste of
salad picked from shoots was plain with weak smells like a cucumber. Using female

flower spikes for flower arrangement, 7. angustata shows the best shape among the
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other cattails and diverse sizes of materials can be acquired in accordance with their
picking period. Moreover, they maintained their figures until the next year without
scattering seeds attached fluff, if they are picked before the first decade of August. In
case of picking male flower spikes for harvesting pollen, however, the surface of
female flower spikes was shown to be a sporadic aspect because of irregular

pollination. The utility value of rhizome was similar to T. latifolia.

C. Typha latifolia

The autogenous places of T. latifolia is rarely found in our country but as a result of
cultivation for 3 years, its production of biomass was more abundant than other kinds
of cattails (T orientalis and T. latifolia). Leaves of T. latifolia were the most longest
and broadest among three of them. Even some plants formed flower bud at the current
year for seeding and parts for making salad were harvested more than other cattails.
Also, its perfume was thick. The shape of flower stalks had a condition that male and
female were not separated but close like a T.orientalis, and the length of male flower
spike was short compared to T.angustata. However, its diameter is the largest among
the species and amount of pollen was similar to T.angustata. As the thickness of
rhizome came up to 16-19 mm in diameter and it was revealed that the production of
rhizome was the most abundant among the three kinds of cattails, it seemed that there
was a large possibility to use T. latifolia as feed or edibility. In addition, 7. latifolia
had a possibility to be used as a plant of purifying water pollution, as it maintained
green color until the middle of November in the condition of cultivation at fields in

comparative with other cattails.

1) Seeds of cattail were shown to be better germination rate at 25°C and 30C than 2
0C and better under higher light intensity. Sodium hypochlorite treatment (4%
available chlorine) stimulated germination largely at low temperature and lower light
intensity. And also it was revealed that seeds of T.angustata showed better

germination rate than 7T.orientalis at low temperature and lower light intensity.

2) When composite fertilizer (N:P:K=11:17:17) was applied to the basis of rice field
(26kg/10a), the growth was increased until elevating the amount of fertilization 1.5
times but decreased when it was more than twice. Futhermore, when the planting
density and amount of fertilization came up to high, productions of biomass above the

ground showed a tendency to decrease. However, the older planting year, the

_14_



differences in plant growth based on the amount of fertilization was not shown.

Therefore it seemed that cultivation without fertilizer could be possible in field.

3) Cattails bloomed next year after it was transplanted. The production of pollen was
increased as more amount of fertilization at the beginning of cultivation, but when
planting density and fertilization was raised, it showed a tendency to decrease. Also,
the older planting year, it was shown that the production of pollen was not influenced

by the amount of fertilization.

4) In the growth comparison experiment according to species of cattails, 7. latifolia had
the most amount of biomass and grew most lively, followed by 7T.angustata and
T.orientalis sequentially. T.orientalis grew diminutively, but there were many
generations of shoot more than other species. Compared to total dry weight above the

ground part, 7T.orientalis was heavier than T.angustata.

5) A number of shoots of cattails tended to increase with the lower water level, and
the length of shoots was similar to each other. In the case of T. latifolia, a number of
its leaves showed a tendency to increase at 16cm of water level. The production of
shoots was similar regardless of the water level in T.orientalis, Otherwise, the
production of shoots in T.angustata was decreased as the water level was getting
lower. Also, it was decreased in the place where the water level was under 8&cm in 7.
latifolia.

6) Transplanting of seedling showed better rooting than that of tiller and early growth
of seedling was outstanding. If seedlings of cattail were preserved with eliminating
some of upper part and keeping moisture, they could be used as new seedlings next

spring.

7) T.orientalis and T.angustata turned into yellow at Sep. 20th, and they showed
withering state changing their color into yellow totally in December. On the other
hand, maintaining their color to be green continuously until the first decade of

December, cold hardiness of T. latifolia was stronger than T.orientalis and T.angustata.

8) The season of collecting pollen from male flower spikes was between June and July,

and pollen could be gathered over the longest period of time in 7. latifolia, as 11 days
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for T.orientalis, 15 days for T.angustata, and 29 days for T. latifolia respectively. The
production of pollen per the unit area was the most abundant in 7. Ilatifolia, as
30.71-53.57g/m' for T.orientalis and 34.46-107.68g/m’. When the plant culture was
continued without removal of rhizomes at same place, the production per unit area in
T. angustata after 3 years was similar to be gathered in fertilized and non-—fertilized
block. Moreover, The production of pollen after 4 years was more increased than those
of 3 years. It was more profitable to collect pollen that we should pick only the part of

male flower spikes before scattering and carefully select after drying over 50C.

9) There was a full of parts for making salad where flower stalks were grown up
after formation of flower bud . The more amount of fertilization, the more length and
height of edible part of cattails were getting increased. The period of production of
edible parts for making salad was 7 days which were comparatively short, and it was
the best period to collect them at the end of May because their amount was decreased
as they became to harden from the base when the time for collecting passed by. It
was able to keep for 2 weeks at 4C storing them without eliminating sheaths and

50% of them was available to use a food for one month at 5C.

10) When styles were gathered until the first decade of August, their fluffs didn’t be
detached from styles though they were stored more than one year. In case of T.
latifolia, the size of female flower spike was so big that it was not profitable to be
used as an ornamental plant materials. In addition, there were much female flower
spikes in T.orientalis. Leaves had maintained green for about 25 days at 5C but only
4-5 days at 25C. There was no specific change in female flower spikes themselves
even one month passed by, but there was a tendency to abate its beauty as the color
of flower stalks changed brown.. As the temperature rise gradually, flower stalks
turned into browning easily and browning was more observed in 7. latifolia. The case
that a female flower spikes were collected in the end of July and stored at 5C show
better condition than when they were collected in the end of August. Therefore, it was

expected that late harvest after August could make a period of storage shorten.

11) The availability of pulps using the biomass of cattails less yielded than woods but

it was shown that cattails had good quality for pulps and their burning calory was
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higher than rice straws. Hence, it was concluded that cattails were necessary to
recommend to be cultivated as a new crop using ill-drained paddy field because they
had many advantages for cleaning water, using food materials, and applying their

biomass as useful things for human life.

12) Contents of protein in leaves and rhizome was the highest in 7. angustata and T.
latifolia showed the highest contents of fat. Contents of cellulose were high in the part
of leaves and stem but low in rhizomes. Contents of free amino acid were shown to
be severe difference by their part and roots had the most amount of free amino acid
followed by pollen, leaves, and stem. The most contents of free amino acid in roots
were asparagine, followed by cystine, and asparatic acid and by order of glutamic acid

and glutamine sequentially in pollen part.

13) Contents of minerals were also very different by their part. Potassium was the
most content of minerals in rhizomes of T. orientalis and a content of calcium was
higher in roots than other parts of cattails. Contents of minerals for parts of T. latifolia

made up with most of potassium and there was less calcium comparatively.

14) T. orientalis and T. latifolia had much more Cr and Ni than 7. angustata in heavy
metal contents by species of cattails. Content of Cd was much lower than other heavy

metal contents and 7. orientalis had much Cd than other species.

15) It was observed that the content of free carbohydrate in pollen of 7. orientalis was
38%, which has high sweetness and especially the fructose content was high. The
composition of fatty acid in cattail pollen was linoleic, palmitic, oleic and linolenic acid,
respectively, which did not show any differences between all kind of cattails. However,
there were severe differences between species in docosadienoic, eicosaenoic and

eicosadienoic acid and the content of unsaturated fatty acid was as high as 67.2-76.0%.

16) There was a significant difference between all species of cattails in the total
content of free amino acid in pollen, which was 1923mg% (7. angustata), 907mg% (T.
orientalis), and 333mg% (7. latifolia) respectively, and the total amino acid in cattail
shoots was 277/mg% for T. orientalis and 121mg% for T. latifolia. In addition, it was
decided that cattail pollen was very useful to make a functional food as the content of

gamma-aminobutyric acid (GABA), which was known to be increasing the activity of
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immunity and depression of blood pressure accounted for 50% of total free amino acid.

17) The ingredient, texture and taste of cattail shoot at young stage was so similar to
a lettuce that it was expected to use as composite salads. The young flower stalk
which was picked from 7T. angustata just before emergence of flpwer spikes had a
characteristic of mild and plain taste. And also when storing cattails at 4C, browning
that was commonly showed in a half-processed food was observed in the part of cut

with knife and callus.

18) Most of the pollen in 7. angustata have size of 16.0-23.3ym. The predominant size
of pollen of T. orientalis was 19.7-23.3um and 27.6-32.8um of T. latifolia. Flavonoid of
cattail pollen made up the most of quercetin (169-186mg%) and the content of rutin
was 9.4-14.7mg%.

19) In the experiment that pollen extract was added to soybean oil and stored at 60C,
the value of peroxides in non-additive block changed from 2 days passed away. In
pollen extraction—additive block, it start changing from 4 days passed and its value
showed 173 (non-additive), 139 (T.orientalis), 115 (T.latifolia), and 100 (T.angustata).

20) The fibrinolytic activity of cattail pollen was higher when extracted with distilled
water than extracted with organic solvent. And the extraction at 45C where it is
generally known to not destroy enzyme showed the highest activation.

21) When using cattail pollen as materials of bread, some kind of pattern pressed
candy, and cookies, these products showed excellent color and organic function. The
starch content in cattail root showed difference between species but its content was
only about 30%, so it is hard to use as a material for manufacturing starch. Moreover,
there was some problem to produce starch because starch particles from a root were
too small and showed coloring severely during food process. Therefore, It is needed to

investigate its utility from another aspect.
22) When cattail pollen was fermented with adding medicinal liquor, fermentation speed

was somewhat slow but it was valuable to make medicinal liquor as its fibrinolytic

activity was superior. Germinated in BK medium at 25C to increase the utilization of
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cattail pollen, the outer wall of pollen was collapsed and got a increase of utility.
Moreover, It was expected to produce functional foods with good fibrinolytic activity
if we used them to make capsule products by microminiaturizing pollen using

nano-pulverizer.
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Table 2. Comparison of shoot number and fresh weight in 7. angustata as

influenced by fertilizer levels.

Fertilizer No. of shoots Shoot. Root.
level fresh weight fresh weight
(g m” (ea) (2) (&)
0 3.3 8.2 274
13 59 64.1 92.6
26 7.7 90.0 111.6
39 8.4 120.9 123.8
52 6.2 100.0 92.3

_31_



2. FAAE 2 U
7 5] qFAAS fe w2 A A e
1) =FAALS 91gk Ay
A Zue] FA oA ok ZRE(Tyhpa orientalis), o 7155 (Typha angustata
= AFAT] Ao BasEA FAE AFH s FHoll FAH e FAE FES
A A JAAAZ g5 A3 Jom Aol FHI FAE A7 Bl Jheper
TATS AFASFAT AFHG TA= S F 4T WA HASAT FAAYE
sodium hypochlorite (NaOCD& 9 (et FEALT 4%)S 2 v 4AF AHEsia
s = 12A%e)d FAE Y. FaAYE $AES Bl S8k 4T Waate] A
atHA FIAAEZ AFESATE A4 9eme] Petri-dishol %A & 2 ¢kl 20mLe]
THTE B2 F 10099 FAE EFCd T8 AVIEEF gFete] 20, 25, 30T
growth chamber (F7}/0F7r=14/10)el A 847k WrolA7|H FALstith x4 S growth
chambert]o| A 2398 Alg35}e] PAR 7941, 39.9, 24.50, 11.97, 75mol's '"m o2 %4
Z (mescotyl)©o] 1.0mm °]4 YYo= FaE oty Ao =R Ak
ZAbst7] 918l FreEl2d el A mpdo
g HEG-ES 2dE
sk 30, 1, 2, 4em2] Zol=
H Aoz Axsta 1448 7+ =

~

atith. FAkel A =
E T RES T wE HolHE
sl A7 A00mL(A 10em)e) Fehad el 5
A1 TA 0EAS FF

Shoot7} & Ew S1= sk 248 Aeti
Gy sMEo e

l(‘

£ EYS

ES
shith. Ald el v

-

2) A7) <
7} Alul = -
(1) HFns AlHFFo] o 7| FE52] Ao
N7 HE FTAE Ege] WolrlA FHIE by =4
Ao A 2003 7€zl viee] e e 6L(AE 2lem) 9 %
of BHE LIVv/VE T EYS 0% 4= A1 58 A b o259
] E(NPK=11:17:17)8 Abg3ate] Fx22 7]5(26Kg/10a) .2 1m”
of F& &3 AFo AF Fihl 23] AH|ESATE G Y 109HE S
Y g T 11ge Fad FEstAnh Aol A = WA g 4
A AAZ, ABFTE 2AE A, A e rhizomeo Zeol, A7,
s SAsAT
— 32 —

st
| s

Zkzt 1119

HEEY
=7

AN .
3 0, 13, 26, 39, 52g
2 AAse. 5714
4

2154 9] shoot,
AAZE 2 AL

PN



(2) EGA A E3u s Aln]gEo] o 7|50 S WA E FF

Plasticst-¢-2= dlol 7F= A= 15x1.5me] A@5 vhEe] ofd BE A2 sttt 2003
W 69 269 AAAYTE 20, 25, 30cm7t HEE 27 30cm A7]9] of7|FE BHE o]
ot HgE S 71 °F Im® 9 0, 13, 26, 39g o2 23] Alujgch AAHoz A
Za9 shoot, B4, %4, shoot A4 ZAEATH 18]l 12€ 1290 & RS F
gslo] AEFS ZAF 9. 28la 200430 HojH= 3Y 269l HRE T Yoz
ARl al A2 &89 5= shoote] 74E AT 69 195E 69 22U7HA] F&5-9
TS AFE oAk A7) 2 SR MRS AT

(3) H3um AR FE e o7t REFY AFe nAE 9

2004\ 79 239 npttol mfﬂ 9 50L(A 7 40cm)=7]e] EEO] =9 EYS 10L )
E(Typha latifolia)®] 20cm A&+ FHE EEO] o]2 35t

(26Kg/10a) . & 1m*@ 0, 13, 26, 39g o= 23] o4 % u}

AREkA A 170 Foll 7 AHlEgith AR o= AR fAge 9 AEA ]

F, 2785 10, 409 70 F7 wlaerlan, A AEFE 1149 28Ul 522sho]

=
ol
il
¥
H
2
N
M

m{n

A3e 0L LEC FESGEFF od , A A= 1,000~

&, 2
1150~450mg - kg V& 10L A} B9 ZolE 8 16, 24, 32cm=

Jo
fol
r:u o rfu
o
=2 N |

AA s, H2E FUaA Im*d 26gS 13 AHEda, Al od ASAHN 5Y
gt o g FHstal, Gy 4itE o2 AAIS Y

(4) B3R A SFo] FET ASd v 9 2 7F B9 Sgnju

20043 79 23Y¢ wldgo] = d+= S0L(F A 40cm) 2719l EEO =X E%S 10L

ANk EX-E(Typha orientalis), N717-E(Typha angustata), <45 (Typha latifolia)®]
20cm A FHE EEC oAt FEd 47 HsE FR2% 7]F(26Kg/10a) &=
Im* 3 0, 13, 26, 39gS &% Fo} &F F UhY Fol Avegith 2AZEomE A%
MAFe A AEA] d5, 245 10, 40, 704 =4 H]vu—o}'})\v]— X] R e s
535S 119 289 —rﬁ?‘}o% 0CAM AxAZ F FAHAT. 5 FT7E 292 A
Ao e w=A9 =o 7}E, A& 15x1.5mY plotg WE o] 2
670A 2k 1270 A & 3utRo® FAEE, of7lfE a2gil, EHES 77 olAsth H R
B SRR JFoR BEd Im® 2 0, 13, 26, 39gS 8Y 13U} 99 24| A 23] A
H] 3} 31 D} 2005Lﬂ°ﬂ ol Fallol = 3¢ 289 5¥9 1dol #A 23] Am|Ed) 7 F

As) 7t 83 shootE ANFASE] salad F99 FFHS SHs o,

o7 o] HAkeHY] Hol &S AF S 50T Ax F

3 A
T FAAY & A= dHE 8 xEol AFAste]l A ol&dda

=

)
S
S
>
rT‘
o¢]
2" 0
(o]
4
2
&
-
14
L



biomass®| & AGH7F AWF § 11del AF ko] AAddx F FAS FAHG AT

e

FAE S Ay o] s
7 3] 58x28%x3.0cm)S ©o]&3le] 1.0cme JERAE Z1 s 1
= THEE AL BA 1.0cme] FJERAE AL oS AWAFE A5
ES X3A7]1 1 9ldd NaOCI= F3 A€ 25 500, 1000, 1,500, 2,000 84S 3}
sFAth gtEe tidds FAVE ol =R REEF AR JPHA 9 Es A Fito]

23l AEHE 44T 4 UEE 2cm AR ol B BS x4sta WAz oH
BgolA 23 71¢ T 23 Ud R MAFE 2AEe] gi@FAste] stEAS 24}
&ttt

oh) RS9 R U A}

=29 =o 7FE, AR 15x1.5m9e plotg WHEo] 2004d 8¢ 5do) 3 9% 1270AX
FHE 7R E agu, ERES 72+ o]t HlEE FEA J|Fo® o RES
Im> 9 0, 13, 26, 39go.2 23] AH|atdt}t. 129 25744 #Belstda] 25 A W=
Seoto g #a nlwstyl}

3) 94 o] guer

7h) ZIE

2005~20061 30l A2 3 4dapel o 7| RS Zepad g9 oA Aujd FRE
JI) RS, ERE] FHUE At AAAVIY AL, AAT T FRANFS x
Abato]l Alu) kel Ak o] mE xpo]HS wlwmakgith.

1}) Salad o] &%¢

2004~20061 0] AH A 71 salad o] &H$9] AAES AT ZUE FAsE
salad F-91E w=Ao] Aujsr A$= 59 steo] FEt gx7t BF AA" $ AW
th AFS YA E g9z S (5,

g AARA @e FENA Behae wo] Rt
10, 15, 20, 25C)& AAstdA F4& =
= golst 42 Zsdn

) o)
2004~2006 0] A Ao} Al ko] whe gt AAdTE AT, 20059 89 5
A7 2oe ARAete] o] Bol gl Avz dsele] Lxde FAL W 4T
% ootg @ e AZWMsE ek 200619l

=& 50cm Zol2 Aost & Fehay o dEste] 2515, 10, 15, 20, 25T)= A

e

2

_34_



et 109 Aoz dEugel S A=A (Minolta CR-300)2 #Ho] 4S5
Attt 7 HES 109 Ao E AH o] %W (5, 10, 15, 20, 25C)=E A HA 109
2] S A (Minolta CR-300)2 o] £4dS& =A3ste] nlusle] w

o
frt
o2
Ny
=
o
bl
=
Ll
2

2005-2006: 0] A A B0k Al e Dalele] AulF 5o shootot A7l 8
sz R

4) Bio-filter24 ¢ &%

R ABA RE FFE FE 24

A7 40cme] 0L EEe] 13L(14.3kg)®] A% (F5EC=2.0dS/m, pH=45~55, N=1,000~
1,600 mg/kg, P=150~400mg/kg, Be=6, Cd=15, Pb=100, Cr=4, Cu=50 °|3h& A& ¥
58 20059 69 39 FFER UIAA olAsti suEow ddth X 4Hst aAd
, =71, A3

A6 T=

‘]‘lﬂ“
=)
S AFste AEA FEE FFS 2ASEL Ak =Awle A A FH €

Fe ob&d 24

HS
h’.

1>,
b
]
filo

) Bio-filter241¢ 2o d A3 =

A7 20cme] 5.0L EE°] 30L9 wA(JEER~FHolE=1DE AL T FES 20061
6% 2714 f%%i 17Hiﬂ"” o] 4] 5‘} 2t A8, A4 controlT, A, B, C, D 6717 1&
ge .

= A skel 10l 3 ™ 1LA & 53] #eEstaL, 4
T F 10%10] Ak o] A GHep AsttE A F skl A=A

whow g 3F B
Fa4 gwe 2890

_35_



Table 3. Concentration of heavy metals in each experimental group’s solution and

the solution’s pH.

Crimg-L")  Cdmg-L") Cu(mg-L") Nitmg-L') Pbmg-L") Zn(mg-L™)

Groups Cr(NOs)2 Cd(NO3)AH0 Cu(NO):H0 Ni(NO3):6H0 Ph(NOs)2 Zn(NO3)6H:0
M - - - - - - 7.17
Nec - - - - - - 7.49
A 1.0 05 10 10 20 40 7.14
B 2.0 1.0 20 20 40 80 6.38
C 4.0 2.0 40 40 80 160 6.40
D 8.0 4.0 80 80 160 320 6.19

#* M = blank, Nc group = Nitrogen control
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Table 4. Effect of NaOCl(4% available chlorine) pretreatment on seed germination

of T. orientalis and T. angustata at 20, 25, and 30TC.

Temperature NaOCl T. orientalis T.angustata
(C) (h) Germination Tso Germination Tso
(%) (day) (%) (day)
20 0 31.3 5.3 34.7 5.3
2 52.7 4.7 90.3 4.7
4 97.3 4.3 97.3 4.3
25 0 58.3 2.0 77.0 3.3
2 98.0 3.0 100.0 2.0
4 97.3 1.7 100.0 2.0
30 0 78.0 2.7 88.7 3.0
2 97.7 2.0 100.0 2.0
4 99.0 2.0 100.0 2.0
Significance
Temperature(A) ok Sk ok ok
NaOCI(B) % % o o
AxB sk NS ok NS

NS Nonsignificance and significance at 1%, respectively.
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Fig. 1. Scaning electron micrographs of Typha orientalis seed appearance.
A=Untreated seed, B=detailed appearance of untreated seed surface. C=seed treated with
NaOCl(4% available chlorine) for 4h, D=detailed appearance of seed surface treated with
NaOCl for 4h.
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Table 5. Effect of light intensity and NaOCl(4% available chlorine) pretreatment on

seed germination of 7. orientalis and T. angustata at 20C.

. Ligh.t NaOCl T. orientalis T.angustata

mterlflt}[2 (h) Germination Tso Germination Tso
(gmol-s ~-m *) (%) (day) (%) (day)
7.53 0 4.3 5.3 10.7 5.0

2 11.0 57 23.0 6.0

4 27.0 4.7 63.0 4.3

11.97 0 10.3 3.3 18.3 5.3

2 11.3 5.7 34.0 6.0

4 34.7 5.7 86.3 5.0

24.50 0 12.3 5.0 26.0 5.0

2 25.7 5.3 80.0 5.0

63.3 53 92.3 3.3

39.95 0 24.0 5.7 29.3 4.3

2 48.0 57 34.0 4.7

68.7 4.3 96.7 3.0

79.41 0 31.3 5.3 34.7 5.3

2 52.7 4.7 90.3 4.7

97.3 4.3 97.3 4.3

Significance
Light intensity(A) ok NS ok ok
NaOCI(B) sk NS ok ok
AXxB ks * kok NS
NS, *, s

Nonsignificance, significance at 5% and 1%, respectively.
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Table 6. Effect of light intensity and NaOCl(4% available chlorine) pretreatment on

seed germination of 7. orientalis and T. angustata at 25C.

. Ligh.t NaOCl T. orientalis T.angustata

mterlflt}[2 (h) Germination Tso Germination Tso
(gmol-s ~-m *) (%) (day) (%) (day)
7.53 0 13.0 3.7 22.7 3.7

2 44.3 4.0 85.3 3.0

4 84.3 3.3 90.7 2.0

11.97 0 14.7 4.7 51.7 4.7

2 69.0 3.0 92.3 3.0

4 88.7 2.3 100.0 2.7

24.50 0 31.7 4.3 62.0 2.7

2 92.7 3.0 93.7 3.0

98.7 2.0 100.0 2.0

39.95 0 62.0 3.3 66.3 4.3

2 99.0 3.0 96.0 2.3

96.7 2.0 93.0 2.0

79.41 0 78.0 1.7 77.0 3.3

2 98.0 3.0 100.0 3.0

97.3 2.7 100.0 2.0

Significance

Light intensity(A) ok ok ok ok
NaOCI(B) ok ok ok ok
AXxB ks ook kok *

" " Significance at 5% and 19, respectively.
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Table 7. Effect of light intensity and NaOCl(4% available chlorine) pretreatment on

seed germination of 7. orientalis and T. angustata at 30C.

. Ligh't NaOCl T. orientalis T.angustata

1r1ten§1tyf2 (h) Germination Tso Germination Tso
(gmol-s ~-m *) (%) (day) (%) (day)
753 0 7.3 2.3 50.7 3.0

2 74.3 2.7 99.0 2.0

4 90.7 2.0 95.7 2.0

11.97 0 7.3 3.0 64.7 2.3

2 89.3 2.0 100 2.0

4 94.0 2.0 99.7 2.0

24.50 0 58.3 2.3 66.0 3.3

2 96.7 2.0 100.0 2.0

99.0 2.0 100.0 2.0

39.95 0 62.3 2.7 80.0 2.0

2 97.7 1.7 100.0 2.0

99.7 2.0 100.0 2.0

79.41 0 58.3 2.0 88.7 3.0

2 97.7 2.0 100.0 2.0

99.0 2.0 100.0 2.0

Significance
Light intensity(A)

NaOCI(B) sk NS ox NS
AxB ok ok sk ook

NS, #x C e e .
Nonsignificance and significance at 1%, respectively.
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Table 8. Effect of soil depth and NaOCl(4% available chlorine) pretreatment on

seed germination of T. orientalis and T. angustata in green house.

Germination
Soil depth NaOCl (%)
(cm) (h) T. orientalis T.angustata
0 0 40.0 54.0
2 100 100
4 100 100
1 0 0.7 0
2 0 0
4 0 0.7
2 0 0 0
2 0 0
4 0 0
4 0 0
2 0 0
4 0 0
Significance
Depth(A) ok o
NaOCI(B) o -
AX B sk sksk

* Significance at 1%.
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Fig. 2. Process of seed germination in 7. orientalis.

A=Seed, B=emergence of mesocotyl, C=emergence of a primary root, D=emergence of

lateral roots.
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Table 9. Effect of fertilizer levels and planting densities on shoots number of T.

angustata.
Number of shoots
ye -2
Felrét\lllger Planting density (ea. m )
(g -m? (ea/2.25 m’) Months after planting planting after
1 2 6 1 year
0 25 15.1 316 65.8 121.8
36 17.8 37.3 778 125.8
49 25.3 73.6 73.8 130.7
13 25 21.8 43.6 4.7 113.8
36 18.7 40.0 76.9 119.6
49 39.1 60.4 99.1 1489
26 25 24.4 41.3 729 1249
36 18.7 35.1 86.7 135.6
49 32.0 54.7 99.1 173.3
39 25 12.0 26.7 104.4 126.7
36 18.2 37.3 105.3 152.0
49 249 35.6 94.2 150.7
A 6ME & F8ste] 233 A4, shootd YW} AEFTE TASE A3} AlH]¢5E9]
ESTE BE AV A YEEeY A3 F Aole gl ol ke wE A
kel Agulues H4e] YA AL ALSFEH 2337 shoote] FHo] F Ao=R UERY:



Biomass®] A& 30cme] HA o FmAM] VEFe] 15W7F feld o ey
(Table 10). %7FF9] AAFS AuFo]l B35 o) AF, 42 dojst 47
2 AEE 215 dr B2 oz YEeyt vy ]
THAOR e} o)A AI o] RILE

1. #=2 A4 1d

o]
H shootF=9] Aute] & wx&= Ao =2 YET

Table 10. Effect of fertilizer level and planting densities on shoot growth of T.

angustata.
Fertilizer Planting Shoot No. of Shoot Dry weight of
level density height leaves width shoot
(g-m?) (ea/2.25 m’) (cm) per shoot (mm) (g-m?
0 25 143.90 11.88 29.26 396.8
36 153.25 11.25 26.14 381.1
49 137.00 9.63 22.36 329.1
13 25 160.50 11.38 25.24 515.2
36 174.88 12.63 32.90 851.9
49 163.13 10.88 24.54 779.0
26 25 182.25 14.00 37.17 940.3
36 170.08 12.75 33.21 1159.6
49 155.63 12.75 27.64 878.2
39 25 184.13 13.13 33.48 1540.0
36 164.38 12.75 26.30 1106.0
49 142.00 10.38 23.31 1295.6
Significance
Fertilizer
ksk ksk sksk sksk
level(A)
Planting
sksk sksk kk ksk
density (B)
AxB ook ook ksk sk

* Significance at 1%.
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Table 11. Effect of fertilizer levels and planting densities on male flower spikes

(MFS) and pollen weight of 7. angustata.

Fegger Plantig density  No. of MFS LenMgég of Diaﬁeggr of Tfflpgfgfht
g-m?H (2B m) (e (cm) (mm) @ m?
0 %5 30.7 21.27 9.12 20.1
36 196 20.10 8.44 10.4
49 9.3 23.15 9.20 144
13 2% 9.9 20.65 9.45 389
36 409 19.73 862 347
49 8.4 20.21 11.01 34.0
% 2% 65.8 22.24 10.27 3.8
36 6.9 23.68 10.38 44.0
49 53.8 27.02 16.17 465
39 % 63.1 2763 1119 61.2
36 56.4 27.25 11.66 52.3
49 6.9 95.47 9.65 56.7
Significance
Fertilizer o s
level(A)
ity ) ' NS
A<B NS NS
NS, * and,

* Nonsignificance or significance at 5% and 1%, respectively.
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Fig. 3. Changes in number of shoots per plant as influenced by fertilizer levels in three

species of cattails.
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Fig. 4. Comparison of shoot height between three species of cattails as influenced by

fertilizer levels.
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Fig. 5. Comparison of number of leaves per shoot between three species of cattails as

influenced by fertilizer levels.
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Fig. 6. Comparison of dry weight of total shoots between three species of cattails

as influenced by fertilizer levels.
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Table 12. Effect of fertilizer level on biomass production of three species of

cattails cultivated for 4 months.

Dry wt/plant

. Fertilizer Diameter (@)
Species level of rhizome

(g/m”) (mm) Rhizome Root

T. orientalis 0 5.8 279 9.3
13 6.3 69.5 30.9

26 7.0 77.2 22.8

39 6.8 91.9 27.6

T. angustata 0 139 42.3 12.7
13 12.8 63.1 18.3

26 129 76.9 25.6

39 14.6 141.6 38.5

T. latiforia 0 119 50.0 155
13 13.0 127.0 27.1

26 16.0 162.7 25.4

39 18.1 195.9 379

* Plants were cultured in plastic pot filled with field soil.
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Fig. 8. Comparison of shoot height between three species of cattails as influenced

by water depth.
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Fig. 9. Comparison of number of leaves per shoot between three species of

cattails as influenced by water depth.
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Fig. 10. Comparison of dry weight of total shoots between three species of cattails

as influenced by water depth.
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Fig. 11. Comparison of number of leaves per shoot between three species of

cattails as influenced by fertilizer levels.
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Fig. 12. Comparison of dry weight of total shoots between three species of

cattails as influenced by fertilizer levels.
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Harvest time and number of stamens as influenced by planting densities

and fertilizer levels in 7. orientalis at field(A: 6 plant/225 m, B: 12
plant/2.25m’). (Fertilizer level: 0, 13, 26 and 39g - m %)
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Fig. 14. Harvest time and number of stamens as influenced by planting densities
and fertilizer levels in T. angustata at field(A: 6 plant/2.25 m’, B: 12 plant/2.25
m'). (Fertilizer level: 0, 13, 26 and 39g - m %)
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(Fertilizer level: 0, 13, 26 and 39g - m ?)
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Table 13. Total male flower spikes(MFS) as influenced by planting densities and

fertilizer levels in three species of cattails at field.

No. of total MFS/2.25 m'

Fertilizer
level A B
(g m?
orientalis angustata latifolia orientalis  angustata latifolia
0 181.33 12.44 61.78 258.22 64.89 83.11
13 164.44 29.78 77.33 244.89 61.78 87.11
26 170.67 35.11 85.78 254.22 44.00 100.44
39 98.22 24.44 105.78 245.78 53.78 103.11

* Al 6 plant/2.25 m’, B: 12 plant/2.25 m’
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Table 14. Effect of fertilizer levels on length and diameter of female flower spikes

in three species of cattails.

Fertilizer A B
Species 1eve172 Length Diameter Length Diameter
(g-m?) (cm) (mm) (cm) (mm)
T. orientalis 0 12.02 20.01 12.95 20.00
13 11.88 18.44 12.38 19.02
26 11.85 20.38 12.54 18.06
39 13.06 20.07 12.17 18.83
T. angustata 0 12.50 18.80 10.31 20.59
13 12.93 20.98 11.53 19.74
26 13.06 17.27 12.76 18.41
39 13.74 19.89 12.82 17.17
T. latifolia 0 11.28 26.80 11.49 26.81
13 11.94 28.97 14.74 29.00
26 13.29 28.08 17.41 31.01
39 11.94 28.90 14.96 26.92

* Al 6 plant/2.25 m’, B: 12 plant/2.25 m’
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Fig. 17. Number of increased lateral shoots per plant as influenced by planting

method in three species of cattails at plastic house.

Fig. 18. Comparison of seedlings grown as influenced by amount of seeding
number in three species of cattails at seedbed.

(From left to right: T, orientalis, T. anguatata, T. latifolia)
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Fig. 19. Comparison of leaf discoloration between three species of cattails in late
fall (Photographs were taken on 13 November 2004. From left to right : T

orientalis, T. angustata and T. latifolia.).

_70_



o Fow o] gupol
) EIFE(EH)
S ERE
shro] A= 2005de] FREO A 69 8UA 79 407k TUZ, GRS
o 4% 69 16%0l4 69 28A7bx 13917, 2RSS 69 4ol 69 30U7HA 2727
AA ATk 2006del = ERE0] H9 69 28Ael A 79 120744 1527, of ] 5

T 69 12904 69 28U7HA] 1743, SFE2 69 129004 79 129744 314

(S|

o
:N:L
A on

A (Table 15). #5 F7FiF ol = shEdol B2 2559 < A7 73ke] /M

Ada, FREdAE 74 AxER P Fdoh 3 20009 = AFH 7RG 2006 A S

71Zko]l 74 H5 FREE U 2o A& Hop AFTFe] Hojdem e HFHVNE
]

Table 15. Harvesting time of male flower spikes (MFS) in three species of cattails at
field.

Harvesting time of stamen

(days)
2005 2006
Species Starting Ending Starting Ending
time . time Period time . time Period
(month (month (days) (month (month (days)
/day) /day) /day) /day)

T. orientalis 6/28 4 7/4 7 6/29 7/12 15

T. angustata 6/16 6/28 13 6/12 6/28 17

T. latifolia 6/4 6/30 27 6/12 7/12 31
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Fig. 20. Comparison of stamens between cattail species.

(From left to right: T, orientalis, T. anguatata, T. latifolia).
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Table 16. Effect of fertilizer levels on length and diameter of male flower spikes

three species of cattails.

Fertilizer A B
Species levelﬁz Length Diameter Length Diameter
(g-m?) (cm) (mm) (cm) (mm)
T. orientalis 0 571 13.25 6.48 14.18
13 6.60 12.93 5.38 10.22
26 6.37 13.90 5.62 12.50
39 6.96 13.22 5.66 12.03
T. angustata 0 20.36 8.98 18.69 8.81
13 18.34 9.31 19.84 8.59
26 17.87 9.20 2213 8.68
39 17.10 8.82 23.68 9.18
T. latifolia 0 12.92 11.64 10.73 11.65
13 10.67 10.35 13.24 12.29
26 13.29 11.40 14.13 11.67
39 12.86 10.94 13.29 11.54

* Al 6 plant/2.25 m’, B: 12 plant/2.25 m’
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Table 17. Effect of fertilizer levels on total weight of pollen and number of

male flower spikes in three species of cattails at field.

Fertilizer A . B .
I B A
g-m°) g (g-m”)
T. orientalis 0 102.10 381 45.58 89.60 495 40.00
13 87.20 347 38.93 106.80 574 47.68
26 120.00 337 53.57 88.70 557 39.60
39 68.80 210 30.71 84.30 479 37.63
T. angustata 0 14.20 28 6.34 13.80 9 6.16
13 36.30 67 16.21 119.50 139 53.35
26 19.90 34 3.88 95.20 104 42.50
39 13.40 56 5.98 129.48 116 57.80
T. latifolia 0 77.20 133 34.46 120.38 144 53.74
13 128.50 188 57.37 174.04 174 77.70
26 201.00 204 89.73 241.20 206 107.68

39 198.60 225 88.66 - - -

* Al 6 plant/2.25 m’, B: 12 plant/2.25 m’
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Table 18. Effect of fertilizer levels on weight of pollen in 7. angustata harvested at

the plot cultured for 3 and 4 years without removal of rhizomes after planting.

2005(3 yr) 2006(4 yr)
Fertilizer . .

Species levelﬂ Weight No. \Zelfi; Weight No. Zelfri;
(g -m") (g) (ea) b ) (g) (ea) b 2
(g+m?) (g -m?)

T.angustata 0 172.10 152.33 76.49 172.50 162.66 76.67
13 187.48 164.83 83.33 174.42 193.37 77.96

26 188.83 158.50 83.93 177.04 190.07 78.67

39 112.25 151.00 49.89 175.48 169.33 88.99

* area = 2.20 m’

Table 19% Eeh2g sh92olq Aue 2 F59 A4 333 8% Aot 27w
S

the EAbsEe] me] o4 o] s gitze] o B

Table 19. Comparison of number of male flower spikes and weight of pollen

between propagation methods in 7. latifolia.

Seedling Tillering

Weight Weight Weight Weight
per No. per area per No. per area
(g/ea) (g-m?) (g/ea) (g-m?)

Species  Weight  No.
(g) (ea)

Weight No.
(g) (ea)

T. latifolia  174.02 179.00 0.98 77.34 15594 146.33 1.09 69.31

* 12 plant / 225 m'

o}
RS FFAF —fF dry ovenol Al 50C o]Ao & AZAIZ e Aol 20~40ums!
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Fig. 22. Color defferences of Yogurt mixed with cattail pollen.
(Percentage of pollen, A: control, B: 0.5%, C: 1.0%, D: 2.0%, E: 4.0%, F: 5.0%)
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Table 20. Gender and Number of applicant subjects for sensory test.

Gender N(%)

Male 19(52.78)
Female 17(47.22)
(n=36) 36(100)

A FELERF Ao FHAd sStAEL AUt 199 (52.778%), oI A7Y 179 (47.22%)
o2 F 36pYS UdeR 2ASAY. 47 AR} FHA Y HAEAE UFoFo] Ale
T HrhE WY & JdEE ST

R FIEEIRFY FRE HFE E FHHd v 6FFE EFIY BE &
522 0.0%, 05%, 1.0%, 2.0%, 3.0%, 4.0%9 o™ &k wet Hafes 474 &
AS H Q).

SPIAEANA AEste e 2AS A3 75 S 05%(33.33%)8 -3 L TFEEE 7}
T daste Aoz vEya AR Ha e s o]l Eoldel wel s A

Table 21. Effect of pollen percentage in yogurt on color preference.

Pollen percentage Preference N(%)
0.0 5(13.89)
0.5 12(33.33)
1.0 7(19.44)
2.0 3(8.33)
3.0 7(19.44)
4.0 2(5.56)
(n=36) 36(100)
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Table 22. Effect of pollen percentage in yogurt on taste preference.

Preference M(SD)

3.33(1.55)

3.36(1.17)

2.33(1.37)

4.00(1.35)

4.03(1.23)

2.94(1.60)

Pollen percentage

0.0

0.5

1.0

2.0

3.0

4.0
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Table 23. Fresh weight and length of edible part harvested from 7. angustata

shoot at early June.

Fertilizer level

Edible part (g'm?)
per plant
0 13 % 39
Weight 8.3 125 163 2.8
(g)
Length 19.9 985 95.7 359
(cm)
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Table 24. Effect of fertilizer levels on length, weight, and diameter of flowering

stalk for using salad in three species of cattails at field.

Date of harvest

Fertilizer

Species level 5/25 5/29
(g - m?) Length Weight Diameter Length  Weight Diameter

(cm) (g) (mm) (cm) (g) (mm)

T. orientalis 0 22.02 5.64 7.80 12.53 5.08 7.30
13 26.90 7.38 8.80 18.87 4.87 6.30

26 24.68 8.09 9.40 19.08 5.10 6.70

39 23.24 8.24 8.70 19.45 5.55 7.00

T. angustata 0 17.22 6.02 9.00 14.53 4.63 6.70
13 17.85 7.10 9.00 13.78 6.58 8.80

26 27.04 11.58 10.40 14.90 7.06 8.60

39 24.98 14.54 10.80 20.68 9.73 8.30

T. latifolia 0 25.62 14.14 12.20 21.90 11.07 13.20
13 31.08 22.40 12.80 30.62 16.63 9.70

26 32.03 32.50 16.80 24.70 13.20 10.00

39 23.62 23.54 16.00 19.38 15.62 12.40
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Fig. 23. Shoot appearance stored for 2 weeks at 4C(Left; bottom, middle: upper,

right; removal of leaf sheath).

Fig. 24. Shoot appearance stored for 2 weeks at 10C and 25T (Flowering

stalk and leaf sheath were turned brown, respectively).
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Fig. 25. Change in freshness of shoot as influenced by storage temperatures in

three species of cattails examined 1 month after storage. Index(l: brown, 5:

white)
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Fig. 26. The cattail shoots processed as Kimchi and pickle.
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Fig. 27. Various appearances of female flower spikes used as materials of flower
arrangement in three species of cattails(From left to right: T, orientalis, T.

anguatata, T. latifolia).
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Fig. 28. Appearance of female flower spikes and leaves of cattails stored for 10 days at
various temperatures(From left to right: 5, 15, 20 and 25C). (From upper to

below: T, orientalis, T. anguatata, T. latifolia)
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Fig. 29. Appearance of flowering stalk stored for 10 days at 25C (From left to
right; T, orientalis, T. anguatata, T. latifolia).
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Table 25. Quality of female flower stalks stored for 5 months at 4C in three

species of cattails.

T. orientalis

T. angustata

T. latifolia

Level No. Rate No. Rate No. Rate
(ea) (%) (ea) (%) (ea) (%)

1 18 33.3 15 19.7 12 75.0

2 11 20.4 10 13.2 4 25.0

3 11 20.4 3 10.5 0 0.0

4 8 14.8 19 25.0 0 0.0

5 6 11.1 24 31.6 0 0.0

Index(1: brown, 5: green)
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Table 26. Quality of flowering stalk as influenced by storage temperatures in

three species of cattails examined 4 weeks after storage.

Rate (%)
Species Level

5T 15T 20T 25T

T. orientalis 1 0.00 0.00 0.00 4.76
2 0.00 0.00 0.00 4.76

3 0.00 0.00 0.00 0.00

4 0.00 0.00 0.00 0.00

5 100.00 100.00 100.00 90.48

T. angustata 1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 13.33

3 7.69 0.00 0.00 6.67

4 0.00 0.00 0.00 6.67

5 92.31 100.00 100.00 73.33

T. latifolia 1 0.00 4.35 16.67 6.25
2 0.00 0.00 11.10 31.25

3 5.00 8.70 21.78 43.75

4 15.00 30.43 5.56 0.00

5 80.00 56.52 38.89 18.75

Index( 1: 4-5 cm turned black, 2: 3-4 cm turned black, 3: 1-2 cm turned
black, 4: yellow, 5: green)
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Table 27, 28> 200611 79H-E 10¥ tAo =2 AHT 7|55 5 10, 15, 20, 25T ¢

A=A F5o dede ZHE AMEAZ vug diolv A 2=7F Eoldas
=diel Zo] Wy, gEvle] &stEu WA dojykrh 5T Aol 74 20974 A

A= =
e B57F 89 209474 AFHYE AFET el FHUE £ Ao® Hol 8Y o
o

Table 27. Quality of female flower spikes and flowering stalk as influenced by

storage temperatures and harvesting time in 7. angustata examined 20 days after

storage.
Harvesting Storage Hunter valuer
time temp. Pistil Flowering culm
(month/day) () L 4 b L 4 b

7/21 25 64.92 30.21 33.27 ' 34.82 -1.35 30.02
20 72.46 32.85 40.64 80.49 -1.84 22.53
15 75.16 34.28 47.46 74.18 -4.22 14.30
10 70.39 34.60 41.38 69.11 2.50 7.44
5 71.50 28.08 42.49 78.96 -10.43 23.40

8/1 25 38.69 42.10 2794 42.90 13.33 15.75
20 66.54 35.22 36.93 92.63 -1.88 34.01
15 69.41 32.59 39.45 89.20 -6.96 31.93
10 65.30 34.29 36.28 86.31 6.39 31.39
5 74.79 28.30 44.77 80.22 -9.90 24.52

8/11 25 67.29 32.46 34.62 77.43 -4.84 19.21
20 67.82 37.06 37.56 79.27 4.70 21.32
15 67.22 31.58 36.25 76.49 -2.56 18.35
10 67.85 34.96 36.99 76.79 1.83 16.23
5 67.31 31.59 37.67 80.20 -7.21 22.30

8/21 25 69.73 34.00 36.22 83.74 -4.03 2794
20 - - - - - -
15 69.83 35.75 38.05 77.74 1.28 19.32
10 68.87 34.91 36.50 77.04 544 7.11
5 68.99 32.87 38.26 75.66 -5.55 16.79
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Table 28. Quality of female flower spikes

and flowering

stalks as

influenced

by storage temperatures and harvesting time in 7. angustata examined 30 days

after storage.

Hunter valuer

Harvesting Storage
time temp. Female flower spike Flowering stalk
(month/day) (C) L 4 b L 4 b
7/21 25 - - - - - -
20 - - - - - -
15 - - - - - -
10 69.12 36.60 39.01 79.18 9.42 12.12
5 73.64 30.65 46.49 82.64 =750 27.09
8/1 25 58.98 26.04 19.73 7591 5.20 17.87
20 67.25 36.48 35.39 81.21 8.70 21.50
15 68.71 35.14 38.51 90.25 1.54 33.27
10 68.78 34.78 35.06 76.58 10.92 14.77
5 72.50 30.30 41.33 81.30 -7.90 24.52
8/11 25 61.22 2712 21.79 71.54 574 11.60
20 - - - - - -
15 65.38 35.38 35.61 71.49 3.80 11.10
10 81.30 30.90 26.46 84.87 11.36 10.12
5 66.42 34.77 38.44 80.80 -3.12 23.41
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Fig. 302 °l715%&& 5ColA A%ste] 242k 10, 20, 30, 404 =
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10 days

30 days 40 days
Fig. 30. Quality of female flower spikes and flowering stalk in 7. angustata examined
10, 20, 30, 40 days after storage at 5C (Harvesting time: 2006. 8. 1).
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Fig. 31. Flower arrangements with cattails.
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Table 29. Effect of fertilizer levels on dry weight of shoot in three species of
cattails at field.

Dry weight of shoot

Fertilizer kg/2.25 m'
level A B
(g m? p o Ny o
T orientalis T angustata T. latifolia T orientalis T. angustata T. latifolia
0 4.45 3.37 3.99 2.43 2.61 3.09
13 4.51 4.03 5.43 3.17 3.74 4.34
26 547 3.73 5.20 3.73 3.07 4.83
39 6.80 4.23 5.22 3.18 3.52 6.08

* Al 6 plant/2.25 m’, B: 12 plant/2.25 m’
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Fig. 32. Total number of shoots as influenced by fertilizer levels and planting

density in three species of cattails at field(A: 6 plant/2.25 m’, B: 12 plant/2.25 m’).
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FERE ol & 3dxf 7S 8% AdE biomasse] EFS Table 30 2%
o FHEF QU FES 2256mE 67MAE AL A 1270AE A2 A AlojolE 23H
A

67/NAE ALe HollA X 4H biomass@o] B2 Aoz YelYY. 671A AL XA HE

(Fig. 33).

Table 30. Effect of fertilizer levels on dry weight of shoot in three species of

cattails harvested at 3 years after planting at field.

Dry weight of shoot

(kg/2.25m%)
Fertilizer
level A B
(g-m?)
T orientalis T, angustata T. latifolia T orientalis 1. angustata T. latifolia
0 3.312 3.023 3.252 2.980 3.215 1.938
13 4.303 4977 3.335 4.383 5512 2.575
26 4.195 4.373 1.917 3.518 4.875 1.948
39 4.050 5.097 2.355 3.618 4812 3.020

* Al 6 plant/2.25 m’, B: 12 plant/2.25 m'
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Fig. 33. Total number of shoots as influenced by fertilizer levels and planting
density in three species of cattails harvested at 3 years after planting at

field (A: 6 plant/2.25 m’, B: 12 plant/2.25 m’).
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Table 31. Effect of fertilizer levels on dry weight of shoot in three species of

cattails harvested at 1 year after planting at field.

Dry weight of shoot

Fertilizer (kg/2.25m’)
level A B
(g-m?
T orientalis T angustata T. latifolia T orientalis T angustata T. latifolia
0 0.077 0.037 0.088 0.230 0.043 0.253
13 0.227 0.113 0.408 0.502 0.195 0.373
26 0.293 0.262 0.473 0.472 0.475 0.830
39 0.790 0.962 0.960 0.930 0.993 1.375

* Al 6 plant/2.25 m’, B: 12 plant/2.25 m’
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Fig. 34. Total number of shoots as influenced by fertilizer levels and planting
density in three species of cattails harvested at 1 year after planting at field

(A: 6 plant/2.25 m’, B: 12 plant/2.25 m').
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2}, Bio-filter2A41 9] 5% S
D RE AEA R R4 B 24

Table 32:= &Rt =Aujll A A=A e T55 TS ek Aotk Ph, Cd, Hg

FgFs A Aotk dut =R ng T4
2 FAH ger HE U] P2 TEAWAAM Bt =& Ao e
itk ef71HE 3dAk A FA] EFAA = Crol AEHA ko A& A %4

ANAEsord ALgto 2 ®ItHTable 34).

Table 32. Accumulation of heavy metals in three species of cattails at field.

heavy metal (mg - kg

Species
Cr Cu Ni 7n Pb Cd Hg
T. orientalis Leaf 0.78 6.94 2.85 30.59 ND ND ND
Shoot 0.64 7.27 2.72 25.76 ND ND ND
Root 2.67 12.95 5.85 32.22 ND ND ND
Soil ND 2.51 0.67 4.21 ND ND ND

T. angustata Leaf 0.85 10.17 2.79 36.35 ND ND ND
Shoot 1.20 10.87 3.54 34.88 ND ND ND
Root 1.60 6.95 9.42 46.37 ND ND ND

Soil ND 441 0.65 3.77 ND ND ND

T. latifolia Leaf 1.20 5.61 2.94 22.66 ND ND ND
Shoot 0.71 7.16 2.4 24.05 ND ND ND

Root 2.81 10.95 9.98 68.80 ND ND ND

Soil 0.21 3.11 1.00 4.35 ND ND ND

* field: 12 plant/2.25 m’
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Table 33. Accumulation of heavy metals in three species of cattails cultured at

plastic pot.

Heavy metal (mg - kg

Species

Cr Cu Ni 7n Pb Cd Hg

T. orientalis Leaf 1.24 9.34 3.64 44.04 ND ND ND
Shoot 0.82 18.99 5.36 29.04 ND ND ND

Root 2.30 25.59 723 55.30 ND ND ND

Soil 2.95 2.98 4.63 5.89 ND ND ND

T. angustata Leaf 1.07 8.30 5.53 40.77 ND ND ND
Shoot 0.75 16.74 3.58 38.68 ND ND ND

Root 2.85 23.16 7.36 24.47 ND ND ND

Soil 2.60 3.36 3.74 551 ND ND ND

T. latifolia Leaf 1.80 13.68 5.64 55.35 ND ND ND
Shoot 1.15 13.25 4.89 35.43 ND ND ND

Root 3.57 30.50 8.74 45.87 ND ND ND

Soil 2.64 3.75 3.77 6.85 ND ND ND

Control Soil 3.79 247 4.81 7.96 ND ND ND
Bed soil Soil 3.67 2.02 4381 5.65 ND ND ND

* Control: non—-planted and watered commercial soil.

Bed soil: Commercial soil (54 E)
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Table 34. Accumulation of heavy metals in T.angustata cultured for 3 years at

plastic house.

heavy metal (mg - kg

Species
Cr Cu Ni Zn Pb Cd Hg

T. angustata Leaf 1.31 9.03 3.40 55.47 ND ND ND
Shoot 1.97 33.58 2.36 67.25 ND ND ND

Root 1.62 42.63 3.23 41.22 ND ND ND

Soil ND 3.16 0.61 3.55 ND ND ND

2) Bio-filter241¢] #4224 Asts 54
S E(FER A~ Hulo|E=]:
A Adtolt} Cux i AolA

TEFe = W H7IFECAM 7P Bt (Table 35).

Table 35. Mean Cu concentration(mg - kg ') in shoots and rhizomes of the three

species  of  cattails cultured at solution added various heavy  metal

concentrations.
Mean Cu concentration
Species (mg * kgil)
M Nc A B C D
T. orientalis Leaf 5.31 456 6.17 12.56 12.76 16.71
Root 13.20 17.18 13.19 21.75 26.32 57.93
T. angustata Leaf 13.80 11.02 9.27 8.04 12.55 17.46
Root 13.40 12.30 27.08 26.95 30.78 73.20
T. latifolia Leaf 19.66 474 46.07 2712 24.68 13.49
Root 9.01 21.01 14.22 6.45 9.43 50.90

x M = blank, Nc = Nitrogen control, * A~D=See the Table 3
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Ni it ol Foe gru e Wi ol v wokil, F5d FFS & "e
ZHEANAM M BtH(Table 36). Zne oif2 dolA Fd Fuo Hed i ol
T+

Table 36. Mean Ni concentration(mg - kg ') in the leaves and rhizomes of the three

species of cattails cultured at solution added various heavy metal concentrations.

Mean Ni concentration

Species (mg - kg
M Nc A B C D
T. orientalis Leaf 2.40 1.41 8.71 12.15 16.16 24.48
Root 1.48 5.06 6.55 11.26 14.57 30.82
T. angustata Leaf 6.79 7.27 9.35 11.12 16.80 27.53
Root 7.29 6.40 20.15 19.54 20.11 47.32
T. latifolia Leaf 10.95 5.87 26.83 10.97 8.74 26.20
Root 11.29 11.02 21.25 472 9.62 43.26

x M = blank, Nc = Nitrogen control. * A~D=See the Table 3

Table 37. Mean Zn concentration(mg - kg ) in the leaves and root of the three species

of cattails cultured at solution added various heavy metal concentrations.

Mean Zn concentration

Species (mg - kg'")
M Nc A B C D
T. orientalis Leaf 24.33 20.86 4450 104.11 124.80 21941

Root 21.65 31.39 70.92 221.70 237.99 373.74

T. angustata Leaf 34.87 41.73 o741 123.20 66.12 134.03
Root 26.20 3097 17196  200.30 2817.52 512.08

T. latifolia Leaf 162.55 30.39  283.90 69.85 159.78 179.71
Root 84.23 36.53 106.51 40.72 73.50 373.67

* M = blank, Nc = Nitrogen control. * A~D=See the Table 3

- 101 -



2. #Ee herle e
7k sl B2k
dz by Al #Ee) ddEe 29 F gasdnh ARG 22 29§ diFgel w2
=

Aoz ZAHAQOH EArth Fgo] vr2 $(24.3%)° &3 tH(Table 38).

Table 38. Harvested rate of pulp from cattail biomass.

Before pulping After pulping

Cattails pulping dry weight dry weight Result(%) Average(%)
(g) (g)
I 400 81.2 20.03
I 400 112.12 28.03 24.03

* Active alkali 12% sulfidity 20%

BE9 3| &S Hy Ao =4 vskom(Table 39), A9 g5 FE5F HF
FS Husg s e Aor ZAETHTable 40). o] AL FEo] dvt ZaHth A F
oy AfrEo] ol 544 AxEA ] &§o] 7tesithe S HoFt(Fig. 35). 3
et Folo} RES T3 Fo] A vHluE Fig. 369 YEMIH
Table 39. Ash measurement.

Ash content(%) Average(%)
5.06
Before Cattails pulping 6.30
4.69 535
1.47
After Cattails pulping 160
1.67 158
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Table 40. Comparison of fiber length among cattail, soft wood and hard wood.

Fiber length  Coarsness Fines contents Fines contents

(mm) (mg/m) shive (% in area) (% in length)
Softwood 1.914 0.1848 113.8 2.3 18.478
Hardwood 0.657 0.1289 100.7 9.862 29.868
Cattail 0.591 0.0492 163.1 9.2 39.59

Cattails Hard wood  Cattails

Fig. 35. Comparison of fiber length between cattail and hard wood.

Fig. 36. Comparison of pulp quality between basic pulp and cattail pulp.
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. 59 dRels
1) Biomassolle] A& o] &

Table 41. Potential as a biomass fuel in three species of cattails and rice straw.

Calories of dry mass

Part (kcal/kg)
T. orientalis T. angustata T. latifolia Rice straw
Flower stalk 4,610 4,380 4,474
Stem 4,232 4,021 4,095
Leaf 4,202 4,029 4,047
Average 4,348 4,143 4,205 3,905
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A= F2lo WE F52 AFE & JtS7]s Y

o
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l
fr

23w AL59y 23 Ad Al 2004.4-2007.59 Awjste] £33 RE

&to] ethanolell &4FAIA &= 4] 7](Seishin LMS-30)2 4= #X =

%
SAste]l dA A4 wE HE= FASAT

o} shEel dxk dwvA AR
Hd AxI FES F  coatingdte] SEM(Hitachi S-2350), Resolution 4.0nm,
accelerating voltage 25kV, ¥i& 1000 = &< 3},

2t 7FEE 9] texture w4

Az ], F719] texture EA 2 texture analyzer(TA XT-2, Stable Micro System
Ltd, England)Z A}-&3le] TPA(texture profile analysis) test® &ttt A z2aA&
Table 429} 2t}
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Table 42. Operation condition of texture measurement in pressed candy added
with Cattail pollen.

Item Condition
Setting mode Measure Force in compression
Option Distance format strain
Strain 40%
Pretest speed 3 mm/sec
Test speed 1 mm/sec
Post test speed 5 mm/sec
Probe type 2omm diameter cylinder(P/45)
ol bEEe AR 24
3H2S Ring grinder® #ate] W7LFo] HE 3%, 6%, 9%, 12% F=o2 H7lso]

W, ESp7ER BESE 4%, 8%, 16%, 24%, 32% FEoR d7bste] vy, Wrbge]
S3HE 4%, 8%, 16%, 24%, 32% Fw=o2 H7lete] 715 A%xF F Hunter value L, a,

b(Minolta) #t& =438t}

vh, ARk A E A

N7 HE, FFE, THFES 60CdAA dxste] 2w A2 Kjeldahl¥, =A% Soxhlet
W, Afas duwEa, 22w AR, s 550C 38, 7 FALE(ESS
B)e THAA I ARES Ast 18 T %2 AU

Ab frElobr Ak 24
ANg5E 22 vpste] 85TolA 2413 3/ F
PITC labeling 3}¢] 254nmelA HPLCZ 4319

System : Waters 1500 HPLC Pump

Waters 717 Automatic sampler

Waters 2487 Dual A Absorbance detector
Column : Waters Pico-tag column (3.9 x 300 mm, 4um)
Detector : Waters 996 photodiode array detector(PDA), 254 nm

Data analysis : Millenium 32 chromatography manager
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Time Flow %A %B

Initial 1.0 100 0
9.0 1.0 36 14
9.2 1.0 80 20
175 1.0 54 46
177 1.0 0 100
182 1.0 0 100
20.0 1.0 0 100
20.7 1.0 0 100
21.0 1.0 100 0
24.0 1.0 100 0
25.0 1.0 100 0

Solvent: *%A : 140 mM sodium acetate (6% acetonitrile)
%B : 60% acetonitrile

>

q
5

4

o} el
A&

HPLC 2 &4

2 uysle] 85TolA 2417 8F FE3to] 045um syringe® o3 3 T
Fom 24 2L e gl

Lo

=
[*

ll

O

System : Bio-LC DX-600(Dionex, USA)

Detection : ED50 with integrated amperometry

Column : Carbopac PA1(4.5x250mm, Dionex,Sunnyvale, CA, USA)
with Carbopac PAlcartridge(4.5x50mm

Time(min) 0.5M NaOH Water 0.2M Na.OAc
0 20 80 0
3 20 80 0
13 20 0 30
19 20 80 0
30 20 80 0

Solvent: Flow rate: 1ml/min
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A ¢kd 3lststel HNOs 2 &3fsto] ICP/MS(Agilent 7500A) & &

RF Frequency: 27MHZ
Plasma ags flow: 15 L/min
Nebulizer type: Babington Nebulizer(BN)
Cone condition:
-Sampling cone(Ni) : 1 mm
-Skimmer cone(Ni) : 0.4 mm
Spray chamber : water cooled
Peak pattern : Semi Quant

Integration time : 0.1 sec

2}, Flavonoid A

FE 38 25g°] methanol: water(50:50, V/V) 25ml % 7}ste] 1A%t sonicatedtil 30+
=] & 3500rpm, 15%7F AR vk AR & AA RS %3}0% 0.45pm PVDF
filter® FE ¥ 3sFo] HPLCeOl 10l +¢ stlon %A o

I ZE 2O

532 Rutin, Quercetin, Quercitrin, Kaempferol, isorhamnetin®ll ﬂﬁ methanol :
water(50 @ 50, V/V) €4S H7tsle] 0.05%= 23 ARE-8FA T

Table 43. Operating conditions for analysis of bitter principles by HPLC.

Apparatus Youngrin M930
Column Reversed phase : C18, 250x4.60mm, 45C

mobile phase A : acetonitrile, mobile phase B : 0.3% formic acid

Mobile phase ]
changed after 15minutes form 15:85 to 25:75

Flow rate 0.4ml/min

Detector UV detector, 350nm

3l
e}
NN PE HEE FHEG ethanol 2A TN BF FEse] $5F F ARz
=gl

OH —v« &;@ ]_
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1) gitsistyg
g7 10g, &F T 9g, Tween 80 1g 7Fste]  10,000rpmoll Al 523t 723 3+ 3 3
FEES 200 , 500ppme] FE7F HEE HIEst 60TCAA AFstHA BAHo=R ik

sHE7F Ab7E TBAgES S35kt

2) IAtstE 7t

HAkst =71 F4L 7SR AEAAEHY LTUPACY Wl wet S43At = #
A 1g< chloroform 7ml¢} acetic acid 10mlE 7}3te] 1837F A" g8t ¥3 KIE
ImlE H7bstar 53 obA Zxdstol A whg A2l & 50mle] FHTE 7Feto] AiES A

AleFo 2 0.0IN NagS:0:2 A A3t POVE Al4kgho,

10x(V 1=V

5
Vo : blank test®] NaS:03 AH|
Vi B A9 NapS,03 AW =
S AEH (g)

POV (meq/kg) =

3) Acid value
A& 1g& benzene—ethanol £3-& 9 30mlol] &3&}3la phenolphtaleing A A ko2 3}
o] 0.IN- KOH ethanol %%‘0 AAste] F4 1lgs Fseted 223 KOH mgr=

EAS .

4) TBA value
A& 0.1gg n-butanol 25mlol] &3|sFr o] & 5mle} TBA AleF 5mlE &3%3te] 9
5CollA 221 7FE s ¥ 530nmell A F3d55 SA

) SOD¢] &4 = 54

ST 30mlell AlE 2g5 @] 24413 st ARoA WAste] FEHS At o] F
Bl 3mloll Tris-HCI buffer 3mlE %] % 6mlS THE 3 pyrogallol 9 1.67mlS %
shubE vbE 25Tl A 1A17F Basla o2 shuE 1M HCL lmlE #H7hste] 747te]

FE=E Mo} Blank=®Z A& Al S/FF0l Tris-HCI buffer 3mlE Y1 pyrogallol &<

67ml ¥o] 25Tl 1AZF Baste] FHEE S8 A s 42 Al A =

= e ol&3dte] SODO &4 s %® EAISHA

i H L

od
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7F- de 2 E48 Z47e AR 10ge flaskel ®oF  ethanol®} methanol 100mlS 7}
5 25T9 dAE 27 FA% = shaking water bathS o] &3Fo] 244 7+&<k
Atk FEE2 glass filter(G3)E A Fsle] FEEY WA= EEsta &g
ethanol?} methanol& ©]-&3to] 22 HAL wEIFo =R FZH oAt HFH
Adojx F=EL cooling asp1rator7} A2E vacuum evaporator® 37CoA 7 =
of &= 943 A3 F 100mg/ml¥ 150mg/mle] =& 32 ate] EA o] AFLEFA

) r

2B g
HHN'
ol

S
S
>
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u o|\

oft

=

W=
o

N
N
NP 7
o dz ao
Q2 W™ 4
w
o Shid o
o 2
oo w i
ol
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£ N
, =
0_‘_4 ﬁ
o,
of gy >
1= utl
[o
—
ne ol
4 filo
—E‘ —h
)
g %
> o
S
o=
R
o
—_
o
(]
S
o
ol\
il
oL ¥
N,
N
)
roh
\11 —10(:

O
ol
£
Mo e
2 rlo
=

>~
Rl
ofo

o
ol
32
o

1) Fibrin plate A%

10mM phosphate buffer (pH 7.8 0.15M NaCDoll 0.15%(W/W) Fibrinogen(sigma
US.A)E =9 &9 5mlo 40ul thrombin(sigma U.S.A 20nih/ml, 100unit/ml) &S %
T3 ¥ 1% Agarose &NS 5ml H7Fste] Petri dishell &3¢k 9 30iE7F W] 38to]
Fibrin plateE A %3Fsith. Plateo]l 100pg/ml¥t 150pg/ml 529 HAE gaS 727k 10u0
E A7tste] 37CAA 24135 WA A7l & A% Fibrin lysed zone®| 2745 H]3ls}h
o] fibrino lytic activityS =43} t}.

3. 7tEol g AE N
T+

591 rhizome, stamen, S-S 4lste] EEslstal o] & o] &alo] THEFAES

(Table 44).
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Table 44. Mixture ratio for bread making adding cattail pollen.

Mixture rate

Sample
Control (g) 3% (g) 6% (g) 9% (g) 12% (g)

Strong flour 1000 970 940 910 880
Cattail pollen 0 30 60 90 120
Water 620 620 620 620 620
Yeast 50 50 50 50 50
Salt 15 15 15 15 15
Sugar 70 70 70 70 70
Shortening 60 60 60 60 60
Powdered milk 30 30 30 30 30
s R E

NNRE B $3, B QR o] wEsle] WE 2ol B F AL Azl
i gl = o 2R(Table 45).
Table 45. Mixture ratio for the manufacture of Cattail pollen pressed candy.
Sample (%) Cattail pollen (g) Pine pollen (g) Honey (g)
Control 0 100 190
Cattail pollen 4 4 96 190
Cattail pollen 8 8 92 190
Cattail pollen 16 16 34 190
Cattail pollen 24 24 76 190
Cattail pollen 32 32 68 190
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REHE W )
WbROl WE, AY, A, REHEe s dose] Wity wEE ¥ g

180-200C el A ol A F-E3kd F712 shlem wighH]= vh53 ZtH(Table 46).

Table 46. Mixture ratio for the manufacture of cookies adding cattail pollen.

Cattail Wheat

Sample (%) sollen () flour (g) Butter (g) Sugar(g) Egg(g) Salt(g)
Control 0 100 65 70 54 1
Cattail pollen 4 4 96 65 70 54 1
Cattail pollen 8 8 92 65 70 54 1
Cattail pollen 16 16 84 65 70 54 1
Cattail pollen 24 24 76 65 70 54 1
Cattail pollen 32 32 68 65 70 54 1

| N4
el
N

F4 & 200gS 107 |k & o] BE ES 2%, 5%, 10%7F H =5 stz
Hetol A 1A SAstn Yzhe & 5 300ml, 2a4A 4g, EF 14gS Rl Y
25CAA LA ZIHA AAA R dIEESF, 4%, pH, M EE FH3H3

dIEETFE FE BlS 100mls FHst 57 ZAE ol&sA 100ml7b HES SFet
of dFE HFAR dIAE EFE FAGAL AEE EUS AR st ods
10ml F3lo] dEFgas AA ez sto] 0.IN NaOH &Ho= HAsS 1 pHE pH
meter, M %=+ MAAZ Hunter L, a, bS =33te] EAA

Py, Aelel ¥ S HE shoots: A7) 95kl
el

[}
BA3teh o] W B E shootE o] &

RSO
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B BE shoot 100g, F4F 100g, Aele] 100g, 3% 50gS 7]A =

o
=
e AFs] T3t dressings RHso] ©]8-3ATh

w7l et AU A7 (GeEl Y= AA)E o] &5t
60-300nm= 2 & A oto] ofgk AEB S &A1) 7] fate] S-S ol A E A

o wolul A= sucrose 10%, boric acid 0.01%, magnesium sulphate 0.02%, potassium
nitrate 0.01%, agar IOVE |3ste] pH 6.02.2 A 3te] At3lal petri dish o #53}

of Mgl $AAZ F RS WA G| ;A HEshe] wolx Atk

of W L 18T nHe AT} W] AEa] 1~247F Hell 30TA WA
& Agee) el MAIRA BAAeR Wolad wodAE ArFen paALe
w ol SRS gETE she] wol 5o 4TS ST

7 4R oRA A AR ARE 15eme] 272 Avkele] 15714
Foolga Mol W A0S Wehael WASWA §4 0 AL AHE FA 5 Wi
Aele Aol
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1. 59 %4 7|s: 9 AEH
7h FEo] R An AL

o] 71 - E(T. angustata), =55 (T. orientalis), 5 5(T. latifolia)d] FH 2n HAA}
5 109 A adollA AArjste] dojzl A= Table 477 2 Utk SHE9 &7
= od U E AFRSHA FaL £719 ot E AER ARSI

Table 47. Sensory evaluation of three species of cattails.

. . Stem Rhizome
Cattail species Pollen
(fresh) (powder)
T. orientalis 8.4 7.8 6.5
T. angustata 8.4 8.3 6.7
T. latifolia 8.2 9.1 6.6
Qe ol Agol® A8 AT A AREA ool st 27E HEE} A
oA &2 Ao A saladd AmE =3 AR Zdi7F w2 A A o] & F 9
E Resh ot e FR mteh gakgel 27 olsh Qo) BRE} 7] EeA
Felstga FRE A3 HBAY 277} gob YarFol Ak 53 ByE A%
= oge FRel el LWl MxE F2 AN gl NEEt § T AoR Uehd
e 2h0 U A7 agzE 4§37 ojddont Bd ng AR wEIS
A frelgel ol Bob e vl ol Hfavt B AL dAd F thol
JE AF omel ofol JFed Ao mAd HEL BE g0 sraied v
doli= ol 7lpERe] FE@ Fol AR AT + AW AR AFFL Aoy
A 22 FAEe st 7t AFS HEW AESE vt Aom AdE
.

BEEF 2 2od dur RS BA3% Al Table 48, 49, 503 29k}
71 REo] A =k Ao e &

S QoA Bk AsAelA ol eETh FR
) 3 2

1= 2 A7I7F B2 43S A= A

o
o
£

o
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A A1719 AAANE S B o7t BE AR d4td

Table 48. General composition of 7. orientalis (% d.b).

Composition Leaf Stem Rhizome
Crude protein 2.8 135 6.2
Crude fat 15 4.0 35
Crude fiber 30.3 27.6 13.9
Ash 114 3.6 23.3
Carbohydrate 53.8 51.2 53.0
Table 49. General composition of 7. angustata (% d.b).
Composition Leaf Stem Pollen Rhizome
Crude protein 89 3.3 195 9.1
Crude fat 2.0 09 2.2 09
Crude fiber 385 41.9 0.8 15.8
Ash 8.2 10.7 35 59
Carbohydrate
42.2 43.0 73.9 68.2
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Table 50. General composition of 7. latifolia (% d.b).

Composition Leaf Stem Rhizome
Crude protein 3.7 8.1 5.3
Crude fat 9.0 5.0 8.0
Crude fiber 27.8 33.6 12.2
Ash 59 55 7.1
Carbohydrate 53.4 47.6 57.3

frejopr At ke Fedm A% ZolE yerddar e 7hE =skew g
o E7] oY o7 HEE2 B ol A& asparagine, cystine, aspartic acid $=°] %1l

Fo| A= glutamic acid, glutamine? ol A3 Z7]o JdoJ= 3HE7 7<] &7 ol H]
sto] ghefo] wlg uoknt EHEF FH59 Faotu At TS Hrejol A rhizomeo]
Z7]o n]&te] sh#ko] ol By|o A asparagine ©] 7F¥ E=1L threonined] <o oH

opm] Ak Firoll wheh gk} Apolrh Ashsivh
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Table 51. Contents of free amino acid of T. orientalis.

Amino acid Stem Root Rhizome
Cys 8.2 651.0 0.2
Asp 4.4 1202.9 25.4
Glu 217 229.1 16.3
Asn 121 358.1 100.1
Ser - 82.5 52.6
GIn 17.0 203.9 29.4
Gly 11.7 795 171
His 1.1 101.1 7.6
Arg 1.3 591.1 152
Thr 52 1300.2 40.8
Ala 7.2 198.3 494
Pro 19.3 403.6 89.0
Tyr 2.7 64.8 45
Val 5.1 63.9 125
Met 0.6 37.6 1.0

Cys2 0.03 10.8 0.2
Ile 3.5 24.7 6.6
Leu 4.1 37.6 4.1
Phe 2.3 20.8 3.2
Trp 1.0 87.1 50.8
Lys 0.4 30.1 6.0

* (pmol/ 100g d.b).
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Table 52. Contents of free amino acid of T. angustatae.

Amino acid Pollen Leaf Stem Rhizome
Cys 274.8 94.1 79.7 741.8
Asp 334.4 1195 72.8 468.2
Glu 576.3 162.0 1054 265.7
Asn 219.6 30.2 59.2 1369.5
Ser 183.8 31.8 27.6 795.1
Gln 3717 40.0 8.8 15784
Gly 75.2 7.9 1.0 84.2
His 91.4 0.5 0.2 35.8
Arg 23.0 167.0 26.4 1014
Thr 46.6 142.4 24.8 194
Ala 226.0 86.3 254 243.1
Pro 89.6 16.8 9.6 82.3
Tyr 211.2 26.9 15.3 35.0
Val 315.4 31.2 155 120.2
Met 90.0 21.6 9.6 174

Cys?2 5.2 0.4 3.9 1.0

lle 94.3 295 9.5 479
Leu 49.2 225 6.2 49.2
Phe 49.0 21.2 5.4 41.7
Trp 100.2 34.0 24.1 33.2
Lys 71.0 16.8 5.4 18.2

# (umol/100g d.b).

- 122 -



Table 53. Contents of free amino acid of 7T. latifolia.

Amino acid Stem Root Rhizome
Cys 12.6 56.4 9.9
Asp 1.6 226.0 24.8
Glu 5.4 69.4 21.6
Asn 2.6 1437.2 109.7
Ser 2.5 109.9 31.5
Gln 10.1 568.9 1157
Gly 1.7 79.6 9.2
His 3.6 74.1 22.6
Arg 2.0 391.3 16.6
Thr 0.9 1158.2 8.2
Ala 3.5 237.1 62.4
Pro 4.2 751.5 141.6
Tyr 5.0 87.7 9.1
Val 4.1 110.1 21.1
Met 3.8 24.4 3.2

Cys2 0.1 1.3 0.1

lle 19 75.0 121
Leu 2.8 82.2 6.9
Phe 14 34.0 6.4
Trp 0.9 79.6 8.4
Lys 0.4 70.9 2.6

* (umd/ 100g d.b).
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Table 54. Mineral contents of 7. angustata.

Table 54, 55, 563} Z T}

Mineral Pollen Leaf Stem Rhizome
Na 14.7 1524 332.4 142.4
Mg 73.3 53.3 53.3 76.7
Al 1.1 6.3 5.0 5.3

Si 0 6.6 6.2 109

K 399.7 669.7 800.0 666.4
Ca 46.3 236.3 833.0 236.3
Mn 3.3 1.7 5.7 1.7
Fe 2.9 16.8 6.4 6.8
Cu 0.6 0.5 0.1 0.5
Zn 1.8 0.1 0.5 1.0
Sr 0.6 3.2 10.3 3.2

* (mg/ 100g d.b)
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Table 55 Mineral contents of 7. latifolia.

Mineral Stem Root Rhizome
Na 139.6 259.6 41.6
Mg 94.0 65.0 55.0
Al 83.0 82.9 8.3
Si 159.1 219.1 16.1

K 838.7 1198.7 538.7
Ca 1187 178.7 62.7
Mn 15.0 10.0 9.1
Fe 70.4 58.4 114
Cu 2.2 3.8 0.5
Zn 2.8 2.4 1.1
Sr 3.2 4.2 1.1

* (mg/ 100g d.b).

- 125 -



Table 56. Mineral contents of 7. orientalis

Stem Root Rhizome

Mineral

59.6

40.0

59.6

139.6

Na

40.0

44.0

Mg

5.5
13.1

2.0

14.1

55

Al

24.1

Si

658.7

368.7

928.7

41.7

398.7

538.7

Ca

7.1

17.0

23.0

Mn

52

2.9

5.7

0.3

Fe

0.5
0.8

0.2

Cu

0.9
49

1.2

6.1

/n

50.8

Sr

# (mg/ 100g d.b).
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Table 57. Heavy metal contents of 7. orientalis

Heavy metal Stem Root Rhizome
Cr 0.83 0.64 0.28
Ni 0.64 0.44 0.12
Cd 0.023 0.19 0.21
Hg 0.0009 0.0006 0.0009
Pb 0.26 0.28 0.052
* (mg/ 100g d.b).
Table 58. Heavy metal contents of 7. anguatata.
Heavy metal Pollen Leaf Stem Rhizome
Cr 0.01 0.059 0.046 0.041
Ni 0.15 0.045 0.052 0.039
Cd 0.01 0.0035 0.0041 0.002
Hg 0.0006 0.00083 0.00083 0.0014
Pb 0.14 0.19 0.11 0.26
* (mg/ 100g d.b)
Table 59. Heavy metal contents of T. latifolia.
Heavy metal Stem Root Rhizome
Cr 0.25 0.22 0.85
Ni 0.20 0.16 0.096
Cd 0.0065 0.0024 0.0047
Hg 0.001 0.0009 0.001
Pb 0.064 0.025 0.064

* (mg/ 100g d.b).
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Table 61. General composition of cattail shoots.

Composition Species
T. orientalis T. augustata T. latifolia

Moisture 94.2 90.7 94.6
Crude protein 2.8 8.4 144
Crude fat 2.5 1.0 2.1
Free sugar 144 154 13.8
Crude fiber 12.3 18.4 11.2
Ash 14.8 4.3 17.9
Nitrogen free extract 53.2 52.5 40.6

* (9% dry basic except moisture)

Table 62. General composition of source of salads.

Fresh vegetables

Composition
head lettuce celery carrot onion sweet pepper

Moisture 95.8 4.8 89.5 90.1 94.0
Crude protein 0.9 0.7 1.1 1.0 0.7
Crude fat 0.1 0.1 0.1 0.1 0.2
Carbohydrate 2.3 2.7 7.8 8.0 3.7
Cellulose 0.5 0.9 0.8 0.4 1.0
Ash 0.4 0.8 0.7 0.4 0.4

* (g of fresh vegetables 100 g)

H-E shoot?] K & 181-310 mg%°l %l Ca &2 58.8-75.6 mg%, Naol 13.7-36.4
mg%°] Tt FE shoote] YW T dHAL FTHEo] 7HE =don FHE0] vlo}
A EF 2 ZolE YEhAtH(Table 63). freldS 13.8-154 mg%aA &

2ol 7b YAl FAFE 11.2-184 mg% =EA EFFE ZAtol7F o Zi
= Eol 7HE wokth of7lRtEe] @A, R4 ko] mof *"311: A=A

7§53t (Table 64).
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Table 63. Mineral contents in cattail shoot.

Shoot
Element
T. orientalis T. augustata T. latifolia

Ca 75.6 58.8 61.0
K 238.0 181.0 310.0
Mg 199 10.8 20.6
Mn 4.3 0.9 7.5
Na 13.7 36.4 189
Zn 0.3 0.4 0.3

* (mg/100g of fresh sample)
Table 64. Free sugar contents of cattail shoot.

Species Glucose Fructose Sucrose Maltose Total sugar
T. orientalis 0.1 0.3 t t 0.4
T. augustata 0.3 0.3 0.2 t 0.8
T. latifolia t 0.2 t t 0.2

* (% of fresh sample)

5 shoote] F freEloprlmate FH50] 277Tmg%, oH71F-5°] 12lmg%ollom W
45 EolFa YAt @A) mvh 4zl GABAFF] 50% oS Asta 9lof
w83 7lsA AE AAE sdEti(Table 65).
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Table 65. Free amino acid contents of cattail shoot.

Amino acid Species
T. orientalis T. augustata T. latifolia

Alanine 29.1 7.6 8.7
Glycine 77 4.3 -
Valine 11.3 6.9 5.1
Leucine 7.6 3.7 8.6
Isoleucine 6.4 3.4 6.9
Threonine 13.1 8.7 -
GABA 148.1 47.8 82.4
Proline 10.4 3.7 0.7
Aspartic acid 19.5 18.0 -
Methionine - 51 -
Glutamic acid 6.3 - 6.8
Phenylalanine 6.5 1.8 29
Histidine - - -
Tyrosine 11.0 9.3 -
Total amino acid 2771 121.0 129.0

* (mg/100g of fresh sample)

AT e Aol wet QAaE, A el wet F2 A2 A Aduyr A0 He
simple salad$} % #2] saladel EgAejez B{FE 5 vt Ayges 39 f4& 53
2L hase$} dressingl® TAFECLH HE B Z7] A& HAfFA9 shEko] ol %3
o] AR Ay=y 31X, 3F T o]&37|7F oy Aoz AAFHJY. 1YY F
£ shoot® A, =47, AW o] ¢+ T3 Hste] EFAY =R o] §stH 5 A

o= Azba,

avtel A, v Fe] Azl doix FE shootE TEAZIWH FAH o] YF dAste] %7
Astgo] W= gIHER A o]t HFeirtal AYzHEi
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oh #5343
T FE S ARt R, I, AU 24, 7T, aEo=Ats A Aae
Table 66, 67, 68, 69, 702} Zt}.
Table 66. General composition of cattail pollens
Composition Species
T. orientalis T. augustata T. latifolia
Moisture 12.7 13.2 12.8
Crude protein 15.7 17.8 15.7
Crude fat 1.3 1.3 1.3
Free sugar 7.6 7.7 75
Crude fiber 18.6 18.6 14.7
Ash 3.4 4.9 49
Nitrogen free extract 53.4 49.7 55.9
* (% d. b.)
Table 67. Mineral contents in cattail pollens.
Element Pollen
T. orientalis T. augustata T. latifolia
Ca 48.6 47.4 45.0
K 354.0 478.0 492.0
Mg 51.6 54.6 54.4
Mn 14.4 0.2 9.9
Na 10.1 20.4 114
Zn 0.1 0.4 0.3

* (mg/100g of fresh sample)
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Table 68. Fatty acid compositions in cattail pollens.

Pollen
Fatty acid
T. orientalis T. augustata T. latifolia
Plamitic acid (C16:0) 22.41 30.97 28.22
Stearic acid (C18:0) 1.58 1.86 1.57
Oleic acid (C18:1) 6.42 547 2.42
Linoleic acid (C18:2 n6) 36.92 47.83 48.47
Linolenic acid (C18:3 n3) 3.75 3.09 4.26
Arachidic acid (C20:0) 0.94 0.58 0.58
Eicosenoic acid (C20:1) 1.94 0.44 0.32
Eicosadienoic acid (C20:2) 14.76 4.82 9.14
Docosadienoic acid (C22:2) 3.09 0.92 1.97
DPA (C22:5 n3) 2.32 1.21 1.36
* (% of crude lipid)
Table 69. Free sugar contents of cattail pollens.
Species Glucose Fructose Sucrose Maltose Total sugar
T. orientalis 1.3 1.8 t t 35
T. augustata 0.1 34 t 0.6 41
T. latifolia 0.2 1.0 6.5 t 77

% (% of fresh sample)
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Table 70. Free amino acid contents of cattail pollens.

Amino acid Species
T. orientalis T. augustata T. latifolia

Alanine 181.3 363.9 61.7
Glycine 22.9 60.8 18.7
Valine - 44.2 4.5
Leucine - 199 -
Isoleucine - 6.5 -
Threonine - 102.7 -
GABA 323.8 542.8 106.6
Proline 71.2 204.5 39.8
Aspartic acid 75.1 46.4 23.4
Methionine - 15.2 -
Glutamic acid 135.1 316.1 66.0
Phenylalanine 5.2 454 -
Histidine 47.3 85.7 -
Tyrosine 44.6 68.7 12.0
Total amino acid 906.6 1923.0 332.6

* (mg/100g of fresh sample)
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& frelobm =it & 7IFE EEel 1923me%, FFEc°l 907mg%, FH=cl
333mg%=A  FEIl 2 AelE WEHAL FrEopreite] AL RE FF0

GABA, alanine, glutamic acid, proline®] <=°]3it}.

N

o of7|RE Y YEEEE 16.0-233me Aol 60% o]l
e S

19.7-233um °] Aol 714 @oka ITHSL 276-32.8mel Zo| 7HE wk =
& Fig. 37, 38, 39014 ¢k ko]l FFgkel Aol A=A wdokon Fotdud Fow
dFolgloy A ggens AN Ax Hg T Axd ¥ FEFLE F5

ANAY &5 vk it

Table 71. Fraction of particle diameter in Cattail pollens.

Species

Size(ym) T. orientalis T. augustata T. latifolia

(%) (%) (%)
11.8 3.2 4.9 0.0
14.0 8.0 13.0 0.0
16.0 125 199 15
19.7 15.2 22.3 9.9
23.3 155 19.4 186
276 138 131 23.5
32.8 11.3 6.3 22.2
38.9 8.7 1.3 156
46.1 6.3 0.0 75
54.6 3.8 0.0 1.2
64.8 15 0.0 0.0
Average size 27 4um 21.7¢m 32.2/m
* (%)
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Fig. 37 Electron microscope Fig. 38. Electron microscope

photograph of T. orientalis. photograph of T. augustata.

Fig. 39. Electron microscope

photograph of T. latifolia.

E}. F-E53 9] flavonoid 4 &

5 o e AegAd
A dgd e AdAE, o dololAl Ak 2
FAe] Fgo]l AdE AHoeR A dew quercitrin, isorhamnetin, rutin® 2
flavonoid7} ol¢} 22 84S & oz WA o FEFEHS v s
flavonoide HPLCE #4138l A3yl Fig. 40, 413 Table 729} 2t}
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Fig. 41. High performance liquid chromatogram of flavonoid in extract of cattail pollen

powder.

Table 72. Flavonoid content of cattail pollen extract.

Cattail pollen Rutin Quercetin
Pulverized cattail pollen extract 14.7 185.7
Cattail pollen extract 94 169.3

* (mg/ 100g cattail pollen)
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44, 45, 463} 2t}

60 - —* Soybean oil(control)
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50 r 400ppm T.orientalis ethanol extract
400ppm T .latifolia ethanol extract

o 40 [ —%— 2000pm tocophenol
=)
E
530 T
g
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: %
0.0 :
(0=1] 2 4 62 8 10
Days

Fig. 42. Changes of acid value during the storage of soybean oil containing cattail

pollen extracts at 60C.
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Fig. 43. Changes of peroxide value during the storage of soybean oil containing

cattail pollen extracts at 60C.
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Fig. 44. Changes of peroxide value during the storage of soybean oil containing

cattail pollen extracts at 140°C.
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Fig. 45. Changes of TBA value during the storage of soybean oil containing

cattail pollen extracts at 60C.
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Fig. 46. Changes of TBA value during the storage of soybean oil containing
cattail pollen extracts at 140°C.
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Table 73. Superoxide dismutase activity of water and ethanol extracts of cattail (7.

augustata ).

Cattail  extracts SOD activity

Pollen  water extracts 86
ethanol extracts 28

Leaf water extracts 34
ethanol extracts 19

Stem water extracts 25
ethanol extracts 5
Rhizome water extracts 62
ethanol extracts 22

* (%)
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Fig 47. Fibrinolytic activity of Cattail Pollen, Chungkookjang and Gingko Extract which
at various Solvent (Concentration at 100mg/ml)

*Petri dish A: D.W(Room temp Cattail Pollen Aj;, Chungkookjang B;, Gingko Extract
C1), D.W45T (Cattail Pollen As, ChungkookjangB., Gingko Extract Cs)

*Petri dish B: Ethyl alcohol(Room temp Cattail Pollen As, Chungkookjang Bs, Gingko
Extract C3), Methyl alcohol(Room temp Cattail Pollen A4, Chungkookjang Bs, Gingko
Extract C4
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Table 74. Fibrinolytic activity of Cattail Pollen, Chungkookjang and Gingko extracts.
* (diameter of fibrin lysed zone : mm)

Cattail Pollen Chungkookjang  Gingko leaf

Concentration Solvent
extract extract extract
D.W(Room temp) 17 14 7
D.W(45C) 25 15 7
Ethyl alcohol 13 7 7
(100mg/me) Methyl alcohol 7 7 7
FEE S AxdFEE] dd &2 SHTE 753 Aol 718z F&E3 A
noh FEeAA B4 GEsn dwnses mavt sEA g W9l HTelA FE
g FEEo] Aol M =4 deEY
FEshi s Wolrzl A v 3 3ol gk &3 ethanol F+5E9 4 &%

Table 75. Fibrin lysed zone  of various cattail pollen treated with  germination

and grinding.

Extract D.W#45TC) Ethyl alcohol
Diameter Area Diameter Area
Area rate Area rate
(mm) (mmt) (mm) ()
Cattail Pollen 21 336.3 100 8 50.24 100
Germination 19 283.4 84.3 8 50.24 100
Nano grinder 8 50.24 149 8 50.24 100

% (100mg/ml)
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Fig. 48. Fibrinolytic activity of cattail pollen, germination and nano grinder at various
solvent (concentration 100mg/mé).

A: Germination(D.W45°C), B: Cattail Pollen(D.W45C), C: Nano grinder(D.W45C)
D: Germination(Ethyl alcohol), E: Cattail Pollen(Ethyl alcohol), F: Nano grinder(Ethyl alcchol)

Ot pet ox
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.
ARERRe 94F AAAse] Awe Axdn 243 ARE 4% 29

FE3ES Hrrek el A

7 @S wols xRk

Hunter L(light)= 3HEH7bsZ7F Sold 45 Yolxl= A4S YERNAIL alredness) &
kel

#Hasl oy b(yellowness)© S 7Fsk 4 &t (Table 76).

Table 76. Hunter value of cattail pollen bread.

Hunter value
Sample (%)

L a b
Cattail pollen 0 76.41 -2.06 +10.37
Cattail pollen 3 75.97 -4.34 +11.54
Cattail pollen 6 73.31 -6.56 +20.25
Cattail pollen 9 75.61 -7.30 +26.80
Cattail pollen 12 71.23 -7.31 +32.97
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A =
3l 7t5E olg3ste TS A X3 Hunter value L, a, b3ts =43t
A= Fig. 503 Table 773 7t}

Fig. 50. Texture and color of cattail pressed candy.

Table 77. Hunter value of cattail pressed candy.

Hunter value

Sample (%)

L a b
Cattail pollen O 76.98 -1.17 +34.13
Cattail pollen 4 77.88 -1.20 +35.69
Cattail pollen 8 78.74 -1.24 +35.69
Cattail pollen 16 78.02 -1.12 +36.89
Cattail pollen 24 77.38 -1.23 +38.02
Cattail pollen 32 76.43 -1.17 +39.48
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F3l7 o] BEFE H7F ¥]&E oW hardness, fracturability, gummness, chewness
%3l cohesiveness, springnessi= o X}°]7} <14 F A
s AeolA 69 FoF At 249 WstE A% A FHI
wg} gummness, chewnessi 7F23}% 3l hardness, springnessi= o W3}
sk H7Fel A fracturability= AdA7E okl wel Frhekiar o
< izt vls=e A4S eIt (Table 78).
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U
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Table 78. Texture of cattail pollen pressed candy during the storage at 20T.

Day Sample Hardness Fracturability Adhesiveness Springiness Cohesiveness Gumminess Chewiness  Resilience

0% 694.73 7.13 -168.90 0.86 0.13 91.77 78.99 0.019
4% 566.75 4.45 -164.24 0.82 0.16 96.69 73.44 0.026
0 8% 531.15 3.38 -157.54 0.80 0.17 97.41 72.92 0.026
16% 47476 3.83 -133.14 0.74 0.17 80.77 59.48 0.025
24% 463.01 4.32 -129.30 0.72 0.14 67.04 47.88 0.026
32% 427.34 3.97 -124.93 0.75 0.15 66.25 50.04 0.024
0% 809.12 6.83 -82.52 0.94 0.06 52.12 48.81 0.011
4% 680.63 9.54 -109.18 0.98 0.08 73.49 71.59 0.011
9 8% 662.22 10.56 -131.69 0.94 0.10 64.48 66.63 0.013
16% 691.05 4.47 -224.15 0.94 0.16 110.04 103.63 0.016
24% 635.40 4.90 -203.68 0.86 0.17 107.11 91.70 0.015
32% 629.98 4.65 -219.13 0.85 0.18 111.86 94.81 0.016
0% 737.68 5.18 -126.33 0.75 0.07 51.20 51.27 0.015
4% 589.93 6.32 -86.82 0.83 0.09 54.53 45.02 0.021
4 8% 544.31 6.65 -82.07 0.82 0.10 55.96 4542 0.021
16% 518.97 4.62 -88.28 0.70 0.14 70.43 49.42 0.026
24% 474.49 4.05 -95.59 0.70 0.13 60.79 42.28 0.026
32% 44441 3.72 -93.60 0.69 0.12 54.74 37.64 0.025
0% 740.95 5.16 -98.81 0.74 0.07 60.57 55.21 0.016
4% 591.24 6.54 -89.62 0.76 0.08 55.16 49.59 0.017
5 8% 559.82 6.49 -91.74 0.76 0.11 61.56 46.27 0.019
16% 516.86 5.16 -87.23 0.71 0.13 65.38 46.53 0.023
24% 48417 4.74 -92.51 0.68 0.13 58.61 43.78 0.024
32% 452.39 4.27 -90.10 0.66 0.12 54.53 40.18 0.026
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Table 79. Hunter value of cattail pollen cookie.

Hunter value

Sample (%)
L a b

Cattail pollen 0 72.69 +2.83 +40.69
Cattail pollen 4 66.02 +8.28 +4351
Cattail pollen 8 68.79 +5.72 +47.48
Cattail pollen 16 64.53 +8.61 +48.38
Cattail pollen 24 59.24 +11.77 +45.97
Cattail pollen 32 54.16 +14.07 +42.75

Lo $E5E A7 o] wobdol weh Pastelm aghe Asbulgo] ol wel
q

Ao w Fsgo bk AAT A tehulA ekt

T3 Az FE3HE FIE ARodA AGEAAN 2AEH4E SAH Ads v
Fdg=

RE3E A7} v)&o] ol wal hardness, cohesiviness, gumminess, chewiness %
el 250 Skt A d el wekbA = hardnesse 5 7FakSl g =7
A & Wt oy ol it 3EFo] 10% oluf olgbA x# W3t X’ﬂ] "é‘ﬂ‘r_}
Ao g AztEti(Table 80, Fig. 51).

- 148 -



Table 80. Texture of cattail pollen cookie during the storage at 20C.

Day Sample Fracturability Adhesiveness Springiness Cohesiveness Gumminess Chewiness Esilience
ness

0% 13116.67 9783.73 -6.13 0.47 0.064 844.32 396.30 0.044
4% 15835.72 13013.78 -9.58 0.64 0.078 1260.53 790.77 0.069
8% 17427.99 16188.28 -10.99 0.64 0.083 1464.45 894.48 0.071
1
16% 20237.51 15169.367 763 0.21 0.136 2749.15 560.46 0.094
24% 24074.58 18059.65 -7.85 0.21 0.187 4575.82 949.52 0.132
32% 19570.14 11743.00 -6.10 091 0.154 3015.42 2211.87 0.120
0% 12816.85 10797.07 -9.69 0.85 0.05 668.29 544.12 0.044
4% 14792.07 10608.86 772 0.55 0.07 1110.85 623.71 0.058
8% 16958.69 12981.13 -8.68 0.32 0.09 1456.15 460.23 0.076
2
16% 21437.08 16753.18 -9.09 0.93 0.14 2902.76 2730.78 0.099
24% 20258.04 16812.84 -6.75 0.84 0.15 3080.78 3238.85 0.102
32% 18124.43 11748.38 4.19 0.83 0.16 2876.19 3373.34 0.109
0% 15231.46 13473.48 -9.50 0.62 0.06 961.12 567.05 0.057
4% 15817.20 1442412 -6.81 0.47 0.09 1437.48 710.89 0.064
8% 17640.92 12715.56 -6.76 0.60 0.10 1832.80 1103.11 0.076
3
16% 19652.27 15746.73 8277 0.61 0.11 2288.07 1327.04 0.095
24% 20160.72 13053.04 -6.78 0.94 0.16 3307.69 3325.62 0.118
32% 18480.32 14739.24 -4.99 1.16 0.16 2968.90 3469.02 0.111
0% 13162.05 10251.79 -6.89 0.47 0.062 825.75 384.22 0.047
4% 17213.07 16758.46 9.21 0.28 0.076 1304.36 376.99 0.064
8% 20470.27 15402.43 -10.59 0.47 0.096 1989.99 919.47 0.089
4
16% 20714.77 14299.87 -8.83 0.92 0.129 2683.26 2581.47 0.096
24% 21416.93 13426.73 -10.06 0.44 0.118 2557.30 1115.35 0.106
32% 15043.88 1243711 5.36 111 0.124 2060.99 2310.09 0.086
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Fig. bl. Texture and color of Cattail pollen cookies.

oF& ol o] &3t7] f3te] FARU Ao HF i}%ﬂ—% 2-10% #

7b &to] 30CelA EEAZIHA HEAY T FHIMTE 2T 2 dto] pH, e, dae
o, AeE S4eta(Fig. 52, 53), & 96AIZF A3 Fol &#8lE ot oé Azt
of Sl &alstel 94 &S AT A= Fig. 549 2
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Fig. 52. Changes of pH in rice wine fermentation added 7. latifolia pollen
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Fig 53. Changes of ethyl acohol contents in rice wine fermentation added T.

latifolia pollen

Fig 54. Fibrinolytic activity of 100mg/ml concentration control, 5% T. latifolia pollen
and 10% T. latifolia pollen.

(Ar: 48 h fermentation control B;:48 h fermentation 5% C;:48 h fermentation 10% Ay
96 h fermentation control Bx:96 h fermentation 5% C2:96 h fermentation 10%)

BE 38S ksl oF&FE AlxdA 12470} acidity, pH, €228 L, a, b
S S A AMrA o R controld FESES M A Aol= AA YERVA &
Tt ©hRF Hunter b value® X7} 5 39 H7l v%=& WA ol o =4 o
EFt). aciditys 2E A 53 M523 acidityZF WEFS AL, 24hell Al 72h

Atolofl A o] okzko] F=x]eo] WFo] QUAARE 96holl A= B S2dE acidity 7} WFERSECE g A
HE 96h7F A $ol dizx=7-9F BlszshAl Jebwth G835 96he] Ha Fo 2%
o] dmgeao] s v FAF ygkal I g ® R, 10%, 5%l ®2 A7)
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e 5%¢F 10%9] 3= 0.2%2ko]l2 & Aol YA 2 ATt Hunter b value® 7%
o= ExFHUY BE o] H7Ie ZA 9o Hunter b value?t =74 UEWI, B 38
o =7} A4 4= Hunter b value’} = A YElstH(Table 81, 82, 83).

Table 81. Changes of hunter L value in rice wine fermentation added 7. Ilatifolia

pollen.
0 12 24 48 72 96
control 64.87 61.41 67.16 70.01 64.46 7177
2% T. latifolia pollen 63.06 68.12 70.82 66.96 67.39 69.37
5% T. latifolia pollen 72.87 71.93 71.40 70.84 67.39 67.00

10% T. latifolia pollen 72.06 71.49 70.42 69.82 64.46 62.86

Table 82. Changes of hunter a value in rice wine fermentation added 7. Iatifolia

pollen.
0 12 24 48 72 96
control -1.10 2.09 -1.59 -1.96 -1.61 -2.19
2% T. latifolia pollen -4.39 0.90 -3.36 -3.15 -3.30 -3.80
5% T. latifolia pollen -3.39 -3.14 -3.35 =2.77 -2.50 -2.08
10% T. latifolia pollen  -2.09 -1.98 -2.32 -2.90 -2.23 -1.83

Table 83. Changes of hunter b value in rice wine fermentation added 7. Iatifolia

pollen.
control 0 12 24 48 2 96
4.85 2.03 478 534 4.3 5.95
2% T. latifolia pollen 15.2 8.22 13.64 94 10.63 13.16
5% T. latifolia pollen 24.55 24.22 21.08 23.67 23.35 23.15
10% T. latifolia pollen 32.33 31.3 30.36 28.71 25.63 23.92
A &3lso AFole 4821k 96A1F TE A7l 5%, 10%<] F&FE5 T4 AxA
AX AEE 100mg/me] ¥ %= fibrin plateol] fibrinolytic activityS =74 3 23 d4d &
3 AT 48hHE A7l HFHUE 96h T E A7 2859 fibrin lysed zone®] F=&
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AA Y, H5 S 5%E H7rste] Alxd FEFHOE 10% H7Ee oF8F9
fibrin lysed zoneo| FX=21A| Al YElykth Table 8404 HiE= nlel o] 96h WE A 7
10% #7bst oFg9o] &350l 71 A e

Table 84. Average of the area of fibrin lysed zone(100mg/md).

48 h fermentation 96 h fermentation

Diameter(mm)  Area(mm?)  Diameter(mm) Area(mm?)

control 7 38.5 7 38.5

5% T. latifolia pollen 15 176.7 19 283.5
10% T. latifolia pollen 17 227.0 21 346.4

=2 VEAFORA Y 7HA] F2 VoS 7HA L YARE A AT YA ol
Lol A obglulzt sk w obskA Mz sk T FA% Dol #d AMD ojBL A
AAZE 37 gesto, st & HEo] A3 A4S ARsaL, AWE & BA Ko,
|HA 55 Shsts T ok, &4, D 28-S B Afrst=dH o] &H U,
A0l Qe HE FEL oA /T FFE ALY 1E FR 0§71
2 ¥d 5 don YzE
b REREE o83 dme BE

e ' e de FoE ARtste] diel 30-39%, A 12-15%, &
6-22%2A Aol A CdgtEol =ob dE&AZY &8, 42 &5 L2A=E ol &s7]
ol EAMel Arkn ARECL e Releld f84 Rl WaAW HE2A A el
Vs AAESteloF & Zlojth. 3k Ajufdgre] wheh Hejuie] Ak E e WErr A
22 4s AE7F & EH

¢F SE Az 5 B EE olgdtey % T FRol Py AR A
kel WEATW HsAol 9e Ao BYst] PA A3} BE TS 31, 419 HE

=
A, BERAE NS
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Table 85. Ethanol contents of cattail rhizome during the fermentation of rice and

cattail wine at 30C. (%)

Rice: Cattail ratio 0 12 h 24 h 48 h 72 h 120 h 176 h
Control(rice) 0 1.2 3.7 8.4 12.0 145 152
31 0 0.7 2.8 6.5 9.1 12.0 12.7
4: 1 0 0.4 2.6 6.0 8.4 11.2 12.3

Table 86. Acidity of cattail rhizome during the fermentation of rice and cattail wine at

30°C.

Rice: Cattail ratio 0 12 h 24 h 48 h 72 h 120 h 176 h
Control(rice) 0.3 0.3 1.0 1.8 2.6 3.8 4.5
31 0.2 0.2 0.7 2.0 2.9 4.3 6.0

4: 1 0.2 0.2 0.6 2.1 3.2 5.8 6.2
D5 Wel wEde WHAAR A3 PE RIS 92 FAAE ge] ®Wm P17t

Yzl wate] 4 Fadornw 4 gr AdzA A4ax Zadd

5 R 2AF o83 ABL ARSE AL ARS PAF 4w 58U 7

ARHAA of2l e AoT BUHE HFALT o] §F ThololE 2t AFAZA WS
0% o] §F F Ue Aolth W bulke] Fol Wyl Mol BHAXAZA FET Aol

FE7hE BElE o]&3k W gl EY pan cake, 3% IS AlxsW v 2o

(Fig. 55).
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Rhizome Powder of rhizome

Stamen and pollen Patterned cakes mixed with pollen

Rice cakes mixed with pollen Rice cakes mixed with pollen

Fig. 55. Rhizome, pollen and several kind of cakes mixed with pollen of cattails.
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o] A Fitd AR e 540l At WA 15Y ol AFEHARE
FET FAEH vk vls] o] XEg 5AES AYa glo] Zo] st & Wit
& 2dstA gkon FEAe] A AR YERT
4. 53t 3 B o}

sHte dytxom Aug wow Feao de A=A HE S de EAE
polleninelgtar  H&v. 3s+S 7ty Aoz AEsn de EAS
sporopollenin®] 2t # 2+ w1 &2 &2 2 A cellulose?t hemicellulose® Z3tA 2

Golo] s AlxH S o] FaL
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gol oz I HIEH‘
kA 2 A e

VA 1 A E Az

Aoz & AUt
o] e AdT/E 2F7F BTt o

e 23
§ ZEHoR B o84 ¥ ask AT,
1k h

Fig. 56. Microscopic shape of Typha latifolia pollen
A: Typha latifolia pollen, B: Typha latifolia pollen after germination, C: Typha latifolia

pollen pulverized by roller mill, D: Typha latifolia pollen pulverized by nano mill.

SHES BKUI Aol A] 25Co A 24A12F v A 7| ShE Al E¥o] do] AA sHE
|0 g/ FEHERE o84S =4 F Aok =F RS AWE A mille] ] o
EAEA =W do] wol wAse LR EHdo] AT £ glo] Zu AR
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718 ol gstel HalsA JPYES) A o} T HELS ol§T 5
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Fig. 57. Capsules of cattail pollen processed commodities.
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