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SUMMARY

1. Development of manufacturing process techniquer of natural

minerals

1) Development of extraction and fermentation process of minerals
When mineral was fermented, pH of mineral extrcts was increased by
active acid reaction and became stable again as time goes by. EC of biotite
and feldspar were increased somewhat at the first stage of fermentation.
But elvan was showed decreasing tendency at the first stage of
fermentation.

Analysis showed mineral and vegitability mineral elements that biotite was
much more than feldspar and elvan contents of Al, Fe, K and Mg.
Especially It contained a lot of Ge(Germanium) and V(Vanadium) relatively.

Mineral extracts used biotite, wormwood, and pine needles for mixure
manufacturing and made up for the short Ca contents from shell extracts

because of its many Ca contents for mixing process.

2) Establishment of manufacturing process natural mineral by
mixed fermentation

Content of mineral elements was analyzed after mixed fermentation. Final
mixed fermentation solution as compared with the other company products
Ca, Mg and K was detacted abundantly but Se(Selenium), Ge and so on
showed low contents somewhat.

In order of THR(threonine), PHE(phenylalaine) and LYS(ysine) was
detected most of essential amino acid. And It was similar to existing

import amino acid goods or more somewhat.

3) Establishment of manufacturing process for products(liquid, solid
and powder)
Absorption accelator was made by natural chitin frake, after acetylation,

and manufactured macromolecule(247,000), midium molecule(176,000),
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micromolecule(37,000) according to molecular size. liquid product was mixed
undilutid mineral solution 100m¢, materials 20g and oligosaccharide 20g.
Powder product was coated mixing solution on usable feed and was
manufactured fuctional feed type of solid after fermant and dry. It was
manufactured solid product from materials 100g, oligosaccharide 100g, cone
starch 200g, undilutid mineral solution 200m¢, Vermiculite, CMC bg and
distilled water by mixture. In this method produced liquid, solid, and
powder products were named Dan-minerall, Dan-mineral II and
Dan-mineral III. It was manufactured for producing functional horticultural

crops and feed-stuff with improved absorbtion rate.

4) Establshment processof pilot plant prodution system
For natural mineral product, wormwood and pine niddles was extracted for
80C/6hr and then fermented for 30°C/20days. Biotite was filtrated for 80C
/3hr and then was matured for 30C/20days. Ca element in shell powder
was extracted. Finally pilot plant was established, minerals goods was

supplied surfactant and accelerator 3% to improved absorptance rate.

2. Practical technique development for improving of quality in
horticultural crops

1) Study on proper concentration, method and period of treatment

on growth and guality improvement of horticultural crops.

(1) Effect of concentration and treatment method on growth of
Lactuca sativa L.

Growth and fresh weight were extreamly increased with spray treatment
of biotite:wormwood:pine needles=1:1.5:1.5(v/v) dilute 2000 as compared with
control and other treatment. Fresh weight and dry weight were generally
increased with spray treatment as compared to drench treatment. It was

not appeared special injury or toxic injury phenomenon
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(2) Effect of mineral concentration and treatment method on
growth and quality of Cucumis sativus L. and Pyrus communis
L.

D Effect of concentration and treatment method of mineral on
the first growth stage of Cucumis sativus L. and Pyrus
communis L.

Plant height and leaf number were increased with drench treatment by
2000 dilute. Leaf number were significantly increased by diluting 2000.
Treatment method were not showed significantly difference. As a whole,
plant was dried by high concentration and growth became better as low

concentration.

@ Effect of concentration and treatment method of mineral on
growth and quality of Pyrus communis L.

Fruit weight were showed a increasing tendency by mineral treatment and
it were signifcantly increased with drench treatment by dilute 2000. Fruit
diamiter and hardness were not showed significance but mineral treatment
was somewhat increased as compared with control treatment.

K, Mn and Zn content of leaf were increased greatly when it was treat
by sprayed dilute 2000 and 1000. Se content was increased by treatment
dilute 2000 and drench treatment dilute 2000. Fruit size was showed a
increased with mineral treatment as compared wih control, and Se content
was increased even about 100 times by diluting 500 and drench dilute 1000.
Mineral contents of Fruit wat was increased with mineral treatment as
compared with control and Se was increased about 10 times over with

dilute 500 treatment as compared with control.

(3) Effect of concentration, method and period and absorption
accelator of mineral on growth and quality of horticultural crops.

@ Effect of molecular size and concentration of absorption

accelator on growth and quality of Lactuca sativa L.

Leaf length was increased with absorption accelator 1% spray treatment.
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Leaf length, fresh weight and dry weight were increased showed with 1.5%
spray treatment as compared to control and other treatment.

Ca in plant was highly increased with drench treatment of 1.5%
micromolecule and K was increased with drench treatment of 0.5%
medium-molecule as compared to control and other treatment. V was
greatly increased with 1.5% micromolecule size even about 177 times as
compared with control. Se was highly increased with spray treatment of
1.5% macromolecule and 1% mixture than control and other treatment. Ge
was bellow 30ppb at control and mineral treatment but increased with

spray treatment of 1.5% micromolecule as 200.3ppb.

@ Effect of concentration and method of absorption accelator on
growth and quality of Cucumis sativus L.

Plant height was increased with mineral treatment as compared to control
and It was remarkably increased with absorption accelator 3%. Node
number was increased by drench treatment of 3% dilute 1500 as compared
with control.

Harvest period was showed accelated with accelator of 2% and 3%
treatment. Fruit weight was increased with spray treatment of 3% dilute
2000 and drench treatment of 2% dilute 1000 . Hardness was decreased
according to increase of dilution concentration and it was especially
increased with spray treatment of 3% dilute 500 to 3.8kg. Shape of
cucumber fruit was appeared abnormal shape.

Mineral contents in plant was increased with mineral treatment as
compared to control. Ca content was increased by spray treatment of 1%
dilute 1000 and drench of 1% dilute 1500. V was increased about 4-10
times with spray treatment and 2% and 3% treatment as compared to
30ppb, of control. Se of control treatment was decreased to 30ppb but
increased with mineral treatment with drench of 2% dilute 500 to 14325ppb.
Ge content was increased by drench treatment of 2% dilute 1500 to

67.31ppb but Ge content of control and other treatment was bellow 30ppb.
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@ Effect of concentration and treatment period of absorption
accelator on growth and quality of Cucumis sativus L.

Fruit diameter was mostly increased with mineral treatment as compared
to control and it was especially increased by drench treatment of 2% for
metaphase growth period. Fruit diameter was more increasd with mineral
treatment than control and it was especially increased with spray of 3% for
anaphase growth period as 360.0g. Hardness was increased with mineral
treatment as compared with control and it was high increased with spray
and drench treatment of 2% for early growth stage.

Ca contents in plant was increased with drecn treatment of 196 and 3%
for the whole period than control. V was especially increased by minarl
treatment as compared with control. Se content was bellow 30ppb but was
increased with mineral treatment, spray treatment with drench for early
growth period of 2% to 1680ppb and 965.4ppb.

@ Effect of concentration and method of absorption accelator on
growth and quality of Pyrus communis L.

Fruit diamiter was greatly increased by drech treatment dilute 1500 and
spray dilute 1000 of 296 to 95.56cm and 98.30cm as compared to control.
Fruit weight was increased with drench treatment of 2% dilute 500 and 3%
dilute 1000 . Hardness was increased with drench treatment of 2% dilute
500 to 1.8kg and sucrose contents was increased with drench treatment of
2% dilute 1500 and 1% dilute 1000 to 14.5% and 13.9%.
Ca contents in fluit was highly increased with mineral treatment as
compared to control and It was increased about 14 times by drench of 1%
dilute 1500. Se was bellow 30ppb in control but It was greatly increased
with mineral treatment and drench treatment of 2% dilute 500 and 1%
dilute 1500 to 259.3ppb and 256.7ppb.
Se contents in fruit coat was decreased 30ppb with control but it was
highly increased with drench of 2% dilute 500 and 1% dilute 1500 to
259.3ppb and 256.7ppb.
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® Effect of concentration and period of absorption accelator on
growth and quality of Dendrantherma grandiflorum
Flowering was somewhat accelerated by 1% treatment as compared to
control and other treatment. Plant height was increased by spray treatment
of 3% dilute 1000 relatively. Flower number, flower breath and stem
diameter were especially increased with 3% treatment as compared with
control and other treatment. Fresh weight and dry weight of root were

increased at spray treatment of 1% dilute 2000 somewhat.

(4) Effect of proper concentration on growth and quality of
horticultural crops of final produced mineral

@ Effect of treatment method on growth and quality of Lactuca
sativa L.

Spray treatment was better than drench treatment on plant height. Plant
length, plant width, fresh weight and dry weight were a while increased by
spray treatment as compared to soil drench treatment.

Mineral contents in plant was especially increased by spay treatment than

drench treatment

@ Effect of concentration and method on growth and quality of
Capsicum annuum

Growth was much better tendency with mineral treatment as compared
with control generally. Fruit length was especially increased by drench
treatment dilute 4000 and spray dilute 500. Fruit diameter was especially
increased with spray drench treatment dilute 500. Fruit was greatly
increased by mineral treatment as compared with control, 4.9g.
Se content in plant was decreased with mineral treatment as compared
with control, 82.59ppb but it was increased by drench treatment dilute
10000 and 4000 to 129.6 and 99.71ppb relatively.
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@ Effect of concentration and method on growth and quality of
Lycopersicon esculentum Mill

Harvest time was shortened by mineral treatment as compared with
control and it was shortened with drench treatment dilute 1000 and 500 to
6-7 days as compared with control. Fruit length was increased by spray
treatment than drench and it was extremly increased by spray treatment
dilute 4000. Fruit diameter was especially increased by spray treatment
dilute 4000 and fruit weight was increaed with spray treatment dilute 4000
to 10.1g. Sugar contents was increased with mineral treatment as compared
with control and especially it was increased by dilute 500 to 8.2%5.

Se contents in Fruit was greatly increased by drench treatment as
compared with control, 50.931ppb and especially it was increased by dilute
2000 and 500 to 125.84 and 123.731 ppb. Se content of spray treatment was
81.281ppb with dilute 1000 and it was highly showed as compared with

other spray treatment.

3. Development of animal feed additives and practical technic.

1) Selecting of superior natural mineral in broilers

Feeding of mineral is originated from biotite increase weight gain and feed
intake, and decrease F/G. Also, adding a biotite as mineral source improve
Ca and P digestibility.

2) Evaluation of performance as mineral concentration in broilers’
feed

For the whole period of 0-5 weeks, adding a natural mineral did not
affect to weight gain, feed intake and F/G. Also, total protein, albumin and
Fe concentration in blood was not affected by treatment. However, Hb
concentraion in serum increased in Min0.4 and Min0.6 treatments compared
with Min0.2 treatment. GOT and GPT concentration in serum decreased in
Min0.4 and Min0.6 treatments compared with CON, and Mg concentration

in serum was the highest in chicks fed 04% natural mineral. Mg
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concentration in breast muscle was higher in Min0.4 treatment than in
CON and Min0.2 treatments. Also, K concentration in leg muscle increased

in Min0.6 treatment compared to others.

3) Selecting of superior natural mineral additives in laying hens

To supplement of natural mineral and different level of chitisan as carrier
in laying hens, egg production ratio was higher in feeding 0.3% of chitosan
in 025% and 05% natural mineral than in others. Egg weight was
increased linearly as increasing of chitosan level in 0.5% natural mineral. In
whole period, egg shell breaking strength and egg shell thickness were
increased by feeding mineral. Egg volk color was dense more in mineral
treatments than in control. Haugh unit was also increased in laying hens

fed mineral compared to control.

4) Evaluation of novel egg production in laying hens fed selected

natural mineral

Adding 1.5% of selected natural mineral increased egg production ratio,
egg weight was increased by supplement 0.5% natural mineral compared to
others. For total period, egg shell breaking strength and egg shell thickness
was higher in M1.5 treatment than in CON. Egg yolk color was improved
in hens fed 0.5% mineral compared with others. Also, haugh unit of M1.5
and CON treatments through the whole period was higher than M1.5
treatment. Ca and Fe concentration in blood was higher in mineral

treatments than in control.

5) Optimal additive selection of natural mineral in pigs

In comparison to availability of chitosan and mineral, averagy daily gain,
averagy daily feed intake and feed efficiency during the whole experiments
are not affected between each treatment. GOT and GPT contents in blood
are not significant compared with CON. Consequently, There is no matter

to mix mineral and chitosan, which is used as a carrier among the natural
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mineral components. So, further research on available addition level of

mineral is needed.

6) Addition level and performance evaluation on natural mineral in

pigs.

For 28 days, ADFI increased in 1.0 and 1.5% natural mineral treatments
compared with CON. Also, final body weight is significantly increased as
addition level of natural mineral increased. DM digestion in 1.0 or 1.5%
natural mineral treatments are increased compared with none mineral
treatment and N digestion is significantly improved as addition level of
natural mineral increased. Mg content in serum in 1.0 of 1.5% natural
mineral treatments is increased compared with none mineral treatment, but
K or Mg contents in feces are decreased as addition level of natural

mineral increased.
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B AT BN U, FolA B LuM N FE5e] A=

AdmdZe & & 17 Z2O(dHAIEAR).

fd

2481 A 2 A8 3
T
W akA] AbA] 2 Fo]A 2kA g TEA AbAE
pH 0.6 0.3 0.2
HAEE ms/cm 10u) 8] 4 o 62.4 104 8] 41 o 128.2
Mg 9,098.8 14,260 7,300
Si 135.24 839.96 32.1
Ca 4,167.6 2,134.4 420.0
Mn 1,435.2 569.5 204.0
Fe 30,360 18,492 8,730
7n 147.2 427.8 30.9
Na 211.6 704.6 92.5
K 772.8 740.6 2,111
Cu 3.7 32.5 5.29
P(PO4) 94.7 53.0 857.0
S 12,604 16,744
As 0 25.1 0
La 22.9 10.0
Li 5.7 1.2 5.93
Ni 0 0 2.23
Mo 0 0 0.81
Se 10.0 10.2 0.71
Al 19,044 22,816 12,900
Ge 0 0 2.43
Cr 88.7 20.6 0
Pb 10.1 15.1 0
Cd 0 12.3 0
Co 9.7 16.1 6.5
A% 15.1
Ba 0.83
Ti 80.6.0
Rb 39.5
Hg 0
\% 8.0
Qeps AReRE 0U3E 499 e H45%0 Agel A5d A
2 e,
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A 2d =oredR

Ao A= Al AU F5E&S FAA7I7] flste] Lo Es nuv g
Mol ehmslo] ARREZAFOR AMEH I JTHFF DA, vre]onulE,
2000). =3 FHEoZ EDTAE o] &3 ZeoEg wdEs H7], 15 5
of ZHAFT AE TE AR o)gH L domn, FHtde AFe] 2T
H s A9 sAste YL, SgE B AAAE ToE dvEa
ATHELGH Z ] E, 2001). wl=tol s Fuvhdd 2 Fo FAH F2 o) g
(BRERA)S AHA-&E-d3-AA-s5te] 15t uiZ g FEF)

o st JQoH(FEY21, http//www.goodmorning?21). "=, 3, &
T AR T AYele= -8 -d FFOE AFEHA SRS JFA v
g AAZF AdEn dPFgHe= 853 9.
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3 2. ICP-MS¢} ICP-AES #+4

=zA

ICP-MS 7]A¢t #& =31 ICP-AES 7]AI9F #& =4
29/ Al ¢ Elan 6100/Perkin Elmer, USA  Jobin Yvon 138Ultra
RF u14 2 LOKW =3 Argon Plasma
(6000K)
RF H% 40MHz ~#HEH W 120 ~ 800mm
Argon 7}~ F5 & Z3 4o 1000mm
Z &2} 15L/Min =4 0.005nm in UV
Auxiliary 1.2L/Min RF W% 40.68 MHz
Nebulizer 0.86L/Min b = 2.3Kw
Sampler Cone 1.1mm, Nickel Z g 2anf 7 12 L/min
Skimmer Cone 0.9mm, Nickel Nebulizer modified Lichte
ol A= 550V =2 A cyclonic
ofjgR Iy EBE -2037.5V
Pulsed Z2E 1600V
7] A gk 0\
Resolution 0.75AMU
Sweep Time/readings 30
AMU 3 AA Az 50mS
HhE- 3
Nebulizer Concentric
. REAY H AEAR v ZY 3R TAH FHE
AT FEA 2 AEA VUEedAN FEE SEEEELS Sllv/VE
&3 % 30T Bioreactoroll A 10¥9 7+ 43 ch
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doldst o] FAFE HeE S48t FA
A& 0.2g< 0.2M acetic acid-0.1M-E <Y 50ccol] &3fAIA 04%(w/v)E&d S
Z39rtt o] &ML ool 02M acetic acid&NAE AFE3tY 125 E=E 3
Ak 7t e tlste] Ubbelohded EAIZ HEE SAst A =(FH
)& Adtsta ot Ao o8 #AES FASAT A7IA AREE A, K
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Time |Temperature ) D.D.A Viscosity
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(%)
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test 3 3 110 48 65 880
test 4 4 110 48 30 700
test 5 5 110 48 90 600
test 6 6 110 48 95 550
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test 8 8 110 48 100 390
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¥ 4. HPLC =7 (Hewlett Packard 1100 Series)

1. Column Waters Symmetry C18 (4.6x250mm, 5pm)
2. Column 28 &% AR 46T
3. HPLC #= HP 1100 Series, Binary Pump
4. HPLC FA}7] HP 1100 Series, Autosampler
5. 74 3 HE7] HP 1100 Series, 254nm
A) 14mM NaHAc, 0.1% TEA, 6% CHsCN,
6. &nf pH6.1
B) 60% CHsCN
7. elution vl B ( 0-100%)2] &AM ZHAL
8 frsE 1.0ml/min
9. &5 AIZE 50min
10. equil time 10min
11, =92 e 4l
A= 504t
2) AAF(ANE, 18, 43 A=+ &
E o] = CMC(Carboxyl Methyl Cellulose), &4 24 &2 2guiyg &
9 E9(Sorbotol ), S5 AR W ExAH(Acetic acid), "UZE AA, FH A
del 28 Am, A 58 Asaslth o Ads v 29 100m]
Rl 9 f4 S04 Ae AgE GRS g & EFARS Y
AAE o] & Ao d7E FE&AFE coatingd AL 13 HaAF A
ZAA e 78 ARRE AR 55 304 98 100g% &8

rl

AE 200g¥ EFsta wulE A 200mE AATE FL
Vermiculite®} 42 ¥ CMC bgd SHFTE H7tste] 14 AAZR Z2A 5
=3

b, A F AL 93 pilot plant TR A 2" F=

= dge A g AAE e A 80T/6MRE B == F 3
0CT/1047r 407 &%, &£ =4 2t 80T/3A7E &t o343
T 30C/2094 7 A7 FaEA vdEe SEEFE 4 Es A
st FE3 Ca AES H7bste]l =3 2aAISF g AAE =483
oo vdl= AAe Fees =ol7] fd AMEAAL F A 3%E A
T A9 - FHTkske @AlE A4 pilot plant 378 Al~®S SIS
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2. 2% 4 1%

7bBEA R AEAR VR 54 4 AL

£R22EC
=29 pH
—— 15T
oo —#-20C
e 25T
205 Y
< 30C
FMEC
1.4
1.3
11? ——15C
——15C 111'1 e
—=—20T 10.9 gsjc
25T 10.8 I o0
—>— 300 10.7
10.6
10.5
10.4
1 2 3 4 5

——15CT
—8-20C

25T
—<-30C

—— 15T
—=-20C

25T
~—-30C
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7} 2H(%) N2 (ug - g ')
0.25 Fe 8.26
0.01 B 3.65
0.54 Zn 514
15.1 Mo 11.45
0.12 Al 9.13
22.47 Pb 3.04
0.02 Cd -
0.32 Cr 0.26
1.67 As -
Ag 0.07
Ca g&o] HFade=d shztFEdo A Ca 3ol
AN Ca AR Bmekshv Agstdn.
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3E 4 (ppm) 2] & (ppm)
SR A IR & &9
Al 1829 129 637 1.76 5.84
Ca 63 34 785 201.78 151.65
Fe 3212 82 2180 4.99 4.27
K 1016 29 50.7 1427.26 595.13
Mg 1337 27 333 81.09 63.90
Mn 37 5 133 2.12 9.66
Na 48 4 - 33.52 28.09
P 68 20 - 116.69 32.76
Si 6 1 - 42.24 23.32
Ti 173 2 - 0.03 0.01
Li 2.89 0.14 1.5 0.021 0.013
\% 4.03 0.10 - 0.005 0.005°] sk
Cr 4.36 0.85 114 0.117 0.078
Co 0.86 0.03 - 0.015 0.016
Ni 2.08 0.28 - 0.204 0.119
Cu 1.05 0.03 1.73 0.156 0.125
Ge 30.0 - - - -
/n 718 4.30 - 1.116 1.272
As 0.01°]3} 0.01 - 0.075 0.025
Se 0.01¢] 3} 0.04 - 0.005¢] &} 0.005¢] &}
Rb 6.35 0.13 0.98 1.043 0.895
Mo 0.08 0.06 - 0.005 0.004
Cd 0.04 0.06 - 0.002 0.005
Ba 0.05 0.02 - 0.440 0.663
A% 0.01¢] s} 0.00 - 0.008 0.006
Pb 0.01°]3} 0.03 1.06 0.054 0.047

Zole AwAow vy

X S =
= pul T L
Hael Bol Bfelel i FLRE AL, Z3 £ FEelow
Q] ol

il
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Y. BEAN R HEA MRy EF 2R Ad vvZ T4 &9

E7 5 TE 5 AMNE HA muZe] AR gF
=3 E o (ppm) Al Al # (ppm)
Al 971.00 1300.00
Ca 939.00 50.00
Fe 432.10 328.95
K 345.10 224.00
Mg 286.80 10.30
Mn 6.41 20.50
Na 50.75 24.90
P 14.01 25.40
Si 11.05 11.30
Ti 18.13 105.60
Li 0.1°]3} 3.04
\% 4.35 3.16
Co 0.15 0.99
Ni 2.55 0.39
Cu 3.60 0.55
Ge 0.80 8.96
/n 1.08 241
Se 0.1¢]3} 2.65
Rb 1.40 0.50
Mo 0.59 0.74
Ba 0.05 0.01
W 0.05 1.00

HE &F a0l E]r’\} Zﬂ%fﬂr S]] 3!
345.1ppm o2 W2 o] HEHJA, & 7
Abek FEE UEstoy Se, Ge o-/] tAa ghEFol
2 £ 4 Besjor & Zo® AR FHAL

W Ca 939, Mg 2868, K
Bl gdeinE AL
2

A 248 md= AEE
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#8 AT =% 28 T AdE A v e] opnx=at A&

AA Result MOL% (ug/ml) (nM/ml)
CYS 0.00 0.00 0.00 0.00
ASP 0.00 0.00 0.00 0.00
GLU 0.00 0.00 0.00 0.00
ASN 182.90 2.06 1.93 14.63
SER 197.20 2.22 1.66 15.78
GLN 108.26 1.22 1.27 8.66
GLY 328.49 3.70 4.08 26.28
HIS 323.94 3.65 1.95 25.92
ARG 224.90 2.54 3.13 17.99
THR 3284.42 37.04 31.30 262.75
ALA 265.25 2.99 1.89 21.22
PRO 956.30 10.79 3.81 76.50
TYR 617.63 6.97 8.95 49.41
VAL 220.57 2.49 2.07 17.65
MET 216.93 2.45 2.59 17.35
Cys2 350.06 3.95 6.73 28.00

ILE 199.68 2.25 2.10 1597
LEU 142.32 1.61 1.49 11.39
PHE 719.74 8.12 9.51 57.58
TRP 69.04 0.78 0.91 552
LYS 459.02 5.18 6.07 36.72

TOTAL 8866.66 100.00 96.43 709.33

HE &3rd dAvulg e opn bR 5 AE By A dgoln
wAbe] gloj A AA YA} F312HES F+ THR(threonine)©] 31.30ug/mlo =
M B2 dol dEHer &4 % ¥ o] &%= PHE(phenylalaine)
3 Zg# 9 CollagendA S 5+ LYSUysine)59 o2 AEHQYr. =3
g ofu|iil o]&fe] ofg 7hA] ofm|isglo] HEEHJ oW, 7]E] o= A
22 o] ofm = AbA oF GANS AL A 2o TS B
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o A A (NS, 1,98 AxTH &H

a9 4 948 AFAE Oy

(BN F 1o, 14, A

T FAAE A8 71" FHolaE opAEs AS A AV|EE af
Z}(247,000), & AH176,000), AEAH37,0000E A=At A AAE wd=
A 100mel] 98 20gS 2P ad 20gd # &g om YA AAE o] 2
3t Aol A8 E FE&AFE coatingdt AS 13 %Eﬂﬂﬁr AZAA 1
o] 7154 Als2 Azxsdrh 93 100g¥ £2l1d 100ge S5 A
200g¥} &3sta muE g 200mE PAF H Vermiculite% 23
CMC 5g# S5 H7lste] 14 AAZ Ao o2 A Ak A%
A= ©@-wulZ [ (Dan—mineral I ), LA A= ©-1v 2 I (Dan-mineral II
AAAAE G-vdlZ M (Dan-mineral ME B Eatgct o] AEEL AA
F&ol =& HulE AAZA FTd 7leA dAAEME5E ARE 0100}
7] f18l A e A

o

R

A oAz oox

~—

’

Tl
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ai}
i)
)

2 AZERAAEES 93 pilot plant T A&

A

2
il

fpx

o]
k>3

ot
Ho
td

0T 30% &k
617 80C 120rpm 3417+
s !

=E}

ey <
53 (2keg)+
< masAAGOm | —
AT 2754

2ABE 1% +
AR Y A1%

v
7154 A vl AA At

a9 5 A vdlFE An] Az

Ad vdl=E AAE A7l 98 80T/HAIE &<t +
1] A e mdlEa 80°C/3413F

TS +
AEs kst £3 2EANS g AAE ZASAT g Al 9
Tres wol7] A& AMEAASY S 34 3%E HF HUlsto] dAF
A2t pilot plant &7 Al=®S FS58ATH
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A 2Ad dodzFe F2 FE R AE3 Ve A

L. Ag 2 3H

7 29729 A5 2 FAFLE AT AA = R AZAYH, AN
71 7

1) 7R AAY 5% 87t 43(Lactuca sativa L.)8] S v|x= &3

B oAYe 20039 11€9 dodistu A 24 A Al *J%(Lactuca
sativa L) #F&F& AAnAFE o] &l FAANEREE A

& 1283 E# ol o]4S 98] HYFEE 43 x12cmx9.5cmE o] &3}
EES Il H&RE EFste] Ab&etsith Au&e oA 2% F St
Z:&90S LI, 11515, 1:22:2, 1:2525(v/v) Hl&= EFste] iz, 1008, 5000,
10009, 2000812 8|48l o Mg 671AE o] &3tk ZARNES AT AE
Fo= 34t}

>

2) "2 AA e F= © HIWHo] 2](Cucumis sativus L.)S+ vl(Pyrus
communis L) A% 2 FZ v X &5

AlEAaL @ ol9] FFe WMurhr ' =
At TAAEE 3010 A5 e 98 727 Edole o] -% ﬁoH ﬁ}f

= = 2 =
dom wje] 4= mies dAR doiel AT dAR TAAMEE =
74°i 2 Ut AZUE2 2ole A oA 25 F A vuR AAE
iz, 4, 504, 1OOHH 5004H, 1000vH, 200094 = 3]Aste] 4%, #HFE A
getlar 2AES 24, vids, SA9, 992 e AT hAE
o]ttt we] A= TR AlAE Wz, 500m, 10000 = ]2 8)
T, R Agsidn Age 10710 FxtA dvjs AdEsala A e

g, A, AAAG, A=, FTEE e el - S - wfa] e 7 A v

2+

U2k 3hekS ICP-AES W o BEAATHI 238 A9A 7).

FIO G ﬂll

_45_



3) A wF AA F SJAY = R AP, AHAITE dARES] A
5 2 F2 nAE 23

Aol A= ¥

2 AHE 2006 3¢9 st Ay SACA Akl g (Lactuca sativa
L)Y #FF2 AAEFE ol&sdoen FAAMEE HEIZE 4
x12cmx9.5cmE o] &g o AEHEZS 111 HE&R &3] A&
AU G oA 27 F FF FXA FFES 05%, 1%, 1.5% = 3til FF =

=

hl

AR BAANE DRA, FRA, AR, DRAFEAALGE o]
9%, 4%, YAF, ABFOE 33

b b :]1
Zt Ayl wd g IS [CP-AES WHow BEAGAT(] 2 g+

F EXA49 = 2 HHA7I7F 29l(Cucumis sativus L) A5 £

w AE2 2) HA vlR AAe] A = R AAdPe 2o ddEs
doke] o] &3 Ao 2004 9EFH A I AP YA APe A
etk A wx= AP Aguse S FAA FFES 1%, 2%, 3%

ste] FAHEE xR st I Hgs 1A vdlZ AAE 5000, 10008,
15001 = slA et om 5 Al HA mdE AAE 5000, 10004, 2000
2 s Attt Ayl Age] AYlES 7 WA FEE 1%, 2%,
3%9t F-AES HETE st 10002 3AF HA mdZE AAe] 2 A
NE 27, 71, $71, 271+57], T71+%7], AFAV|EOR o

-

ek 2

T AEE sy AEd URAE oSSl 2RSS A vk A9
=24, vtd, A, A5, 78, A, 344, e, ARE e 7
A wdl" g2 ICP-AES WHoR A48 iv(7] 2astx 9 4)
A, %, A== sdx 7+ A

AP A 7] Age] 2ANES 38, 3, 3F
g nulz 28 ICP-AES W o=
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o0 5 %Z‘_Xﬂ«] 3% A7t w(Pyrus communis L.)9 A& 2 32

A ol AAe AY = L
o= 2005\ 495 A = AFS AlAs AT Al
5 =3 TS 1%, 2%, 3%E o] FAEYE YExTE st #F A
A vz AAZ 5008, 10008, 150088 2 3] &kl o] I g
my 2 A A2 5008, 10008, 200081 = 3 Ash Al 10742 Bt X
s dAWstglon 2AUES #A4, AHA, BdF, AE, TEE A
¥l - 9j7 o] 7 Agld vulZ &FS ICP-AES W oz #4347 23
Al dAT).

o

—

a
oy
a-

52~ =

o oo 2

_>‘L|
o 2o 2 ool o

¢

2h

E]Olr

149 v 2 AYA 77} =F3HDendranthema grandiflorum)d =
= 9%

0 r>4

i
2

Ul

&

10 ruz

de 2004 89 Wit fElAoA A FE AP HAY]
A APt FAEZEEL ‘YA (Reggae) & AL FAARE oA
DW120-8(120mmx>105mmx79mm) ¢} el & FEE ol &3t 44 v= 2
Jol APNgL FF =244 FHS 1%, 2%, 3% = o] FAYES YE2TE
gt wF Age HA mdE AAS 5008, 10008, 150081 2 3] 4519 0.
5 oAdE s A mdlZ AAE 5008, 10000, 2000812 A8k A 2] A|
| Ao HPUELS FF FAA FHFS 1%, 2%, 3% FAHYE 272
sk 100012 8] A g A mulR AAY AP AlVIE 271, 271, $71, B
71k 2 st Ao B A E stk 1XET 3AY SukR o R 514
A

A
2 EAISE ARLLYS 2, 4T H4, ﬂi E1493, 9%, 9%, 1
A

AN

’
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4) 3F AAE Mg HA Tt AF 1F EvfEY A% 2 A4 HX|
' 5%

A vl AAlS] 5 FUAVE AP AR 47 s ke wala) )
o 7}z 5

A A, 7 =k Azjstel A% 9 LS AT
7h Aol 43 (Lactuca sativa 1L.)9 A% L FR0) vX& 9

2 2006 1€ d=rdigta Ag oA Algslt). A3 (Lactuca sativa
Lol FF& AAuAFE ol&dii  FAAERE HMEEE 44
x12emx9.5cmE ol &t o HFEMEZS Il HE&RE E3Fste] A&kt
A2 FALE 7= skal lOOOHHi 3]43k Selenium¥ Germanium 242}
lecs HE A vl Hrlsle]l & 1000cc®E ZA3 A Seot Ge £331] 2cc
= 7kt & 1000ccE RHESloH *}TQ]' TR A 69HE AEskaith AR
|2 24, 2EZUEANR), 95, AT, AEFOZ 9 7 HEE ndg AR
o

ICP-AES W oz A8t 234 A7),

W} = 2 AHYPYel uF(Capsicum annuum)® WHELEUE
(Lycopersicon esculentum Mill)e] A& 2L F 4o vX+= 9%

B Age 20069 19 BEshn et Agsgor 4Bare 37w o
A 2 SEANA selnsh PeErkER Peste] oldsgn AARE 3
i 105.(1321(268)xH240) 5 o] &3t al HFERES 111 H&2 E3sto] AHE

vk AgWlE2 3% F5 A9 A Hlﬂl%‘ FAEE dET= ske] 500H,

1000%H, 20008, 4000915 843150 ¥ = Aty £4 S A
A 15T, B 20T} Tl’;q 4 T == 7l~%€ ShAa A2l euEo R Az|sisit
2Ahge welnge 49 9, B47, HEoR SAm AA U Sert Ge FEE

ol

ICP-AES WHeo= E/“ }M#D%(ﬂ*ﬂrtﬂx] AdATY) WEEEE 431y 3}
, AR, A, BEE 2ARIAA AA W Sedt Ge S ICP-AES WH o=
l"‘ir 1At 23S A A A7),
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2. 4% 4 n&F

7h A& AS 2 ERF
71 73

o
o
f
B

AR =5 2 FPUd, A

1 milg AAe s= 2 AdEe]l AF(Lactuca sativa L.) S 7|X|
= &%
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m

9. A=A v
o] Aol mA = Fg

mE
o?L
r-1u:
12
OPF
H‘T
»E
_YE
oE
n:E
O

| A3 (Lactuca sativa L.)

EER
s e 0 gaum AAF (@) AEF(g)
Uy
Control 36.2 2.0
a5 100x 23.8 2.1
500x 214 15
1000x 35.4 2.4
I 2000% 50.1 3.9
= 100x 44.3 3.2
500x 49.6 3.2
1000x 61.2 3.1
2000% 44.0 2.4
a5 100x 53.1 3.9
500x 57.0 3.0

1000x 52.9 35

I 2000% 415 2.1

= 100x 34.4 2.3

500x 45.4 2.5

1000x 76.6 4.3

2000x 89.0 4.1

5 100x 49.3 3.6

500x 514 35

1000x 59.1 4.0

m 2000% 34.2 1.6

= 100x 61.4 35

500x 57.7 34

1000x 38.1 35

2000x 70.2 5.0

5 100x 26.3 2.0

500x 31.2 1.7

1000x 34.1 25

v 2000% 24.6 1.9

= 100x 39.2 3.8

500x 37.7 3.3

1000x 38.7 3.6

2000x 23.5 0.8

LSD 3.2 0.2

A2 U B) stk ok

3 F=(C) ok ok

LS REE =1L/, D-S & d==1:11.5115(v/v), MI-&&5:%:&0=1:2:12(v/v),

V-5&:8&d==1:2525(v/v), S:QWAE D: EXaF
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w2 AA T A il A A 22

il AA e B A Ul AA e BEAE

vl g AA e BT A mu e A A e B

Ml A Ve BE A Wl AA Vel R

a8 6. 5% AY7F AF(Lactuca sativa L.)¢ Ao mxE= g3k

x
(Foll A -1 =7+, 100, 500, 1000, 20001H)
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e Al B A sl AA e BT

a8 7. Ayi ol AF(Lactuca sativa L) Ao v X &= g8k
(Foll A 01, I, m, V)

2 JAA vulg AA 10009 A7 76.6g02 F7HEJATHER9). A
nd g AAY FRE A avs TAT7 g2 9 g A el blE)
Aoz Ago] S77F HATHIHE6-7). T3 Avtgor B 7t 7
T AgTEt AAFH AEF] o FrrERew, 5 Ay 54 T3
e JERA] R ATH(R9, T1H6-7).
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2) HZ AAe = 2 AP o] 20)(Cucumis sativus L.)$ ¥l(Pyrus
communis L.)¢ A5 2 FZd A+ &3

7H 7= 2 AgwHol Qo](Cucumis sativus L.)S AH

2 FQe v

Ae 9%
310, % % Aol S ol(Cucumis sativus L.)°] Z7]1 A&l w]A]
'750]:
. - 2% A%
;jz 3|4 E = (cm) (ea) (ea) (ea)
=+ 34.0 8.1 2.9 14.7
i 50x 42.6 8.2 1.1 10.2
100x 46.2 10.3 0.3 11.3
500x 46.8 8.1 0.2 94
1000x 48.3 9.3 0.8 14.3
2000x 52.0 10.3 0.2 13.1
b 50x 31.8 7.2 0.9 13.1
100x 32.2 8.3 0.2 8.0
500x 455 9.3 0.3 10.2
1000x 47.0 9.4 0.7 14.3
2000x 46.2 94 0.3 10.5
LSD 3.2 05 0.04 04
29 (A) sk stk NS *
3= (B) Heokeok *k sk $ok
AxB Hkok Kok * *

AL mug A3t TRy A
Z7 E ATk B

Al 52.0cm=E 7FE

of &l Zrheka whe ol
= oRE W BT 10000 A2t A% FASATHEL). Aol A
Agel BEA e wre

AHo=z E o

_‘::1:7]_ /\1

SelAE e

=2AE AARAZ o,

olx = AF}E HATHIHI-10).
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Z7bE e 20008 W5
A e Al 100081 5 2} 7} 47.0cm® th2
RONE 233} A4S AsE nglon

2 ATHIEL0, 1¥8-10).

ABER 455 Afo] £

2]
2]
4%
#F

A

S



a8 8 #AF A7 Lol(Cucumis sativus L) AHo wx= 43
(Fl A @ T, 9 50, 100, 500, 1000, 20004))

Suin it

a9 9. BEAE7F 2ol(Cucumis sativus L.)2] Aol nlx d &
(Foll A 9§ gz, 99, 50, 100, 500, 1000, ZOOOHH)

oA

28 10, A el 2 ol(Cucumis sativus L) ASd wx+= &3
(F(1,000x)°1 4 $-(2,000x) 22} gz, &5, &5AE)
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W) 3= 2 Aol v (Pyrus communis L)Y A% 2 FQ X
T‘Z— R
¥ 11, 5% 2 Aol ml(Pyrus communis L) A& nx&= 43
A g H4(cm)  HFAA(ecm)  FF(g) 74 = (kg) (%)
o =+ 99.2 109.7 730.7 1.2 11.6
# 500x 101.4 111.2 752.7 1.2 12.3
1000x 101.0 112.9 799.8 1.3 12.2
=5 500x 102.3 113.3 742.9 15 125
1000x 101.6 113.7 770.3 15 12.4

a¥ 11, 55 2 8ol wl(Pyrus communis L) 2o nxj= o

Rt

(el A obell @ x4, 500S, 1000S, 500D, 1000D)

38
of

HFe gzl vlE mulg Aol FrteteE AFdE Bolen, 1
100081 & #5= Ao A 799.8go 2 7 F7he AL & 5 drh HA T
Ao loiM= el JAABHA ko mulR A FelA dizTtel
3 A SUFe AEge Bvh AA AL B e BF Aol Fuske A
F& Bow, A3 A B BF ATl g Stee AgS B

mlo
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ATHELL 291, Gae ZE vdE A FolA i S7tsteE ¢S 1

ATHEILLD).

A
ol
o
o
=
3
5
<
1))
(@)
@)
3
3
<
S
=
.
o
-z
Ho
i3
=)
=
s
ot
ot
=

Ea

ue)
N

1000x 500% 1000x 500% 1000x

ue)

=
3

T -

= BFE - RE BF BT

Mo
i
N
M
11
ue)
)

Il
e
o

Ba

Pb

155.0
14340
103.8
16310
2291
357.6
58.07
1189
6.169
187.8
150.6
404.7
3217
1973
8716
36379

s|171.3

137.1

16083
59.04
66.03
67678
1629

188.0
14158
116.7
21160
2291
543.9
54.69
1159
10.37
112.0
167.3
560.4
3828
2121
8644
35880
193.6
267.6
16211
67.67
105.9
121527
2063

12320
1164
16950
2423
675.3
44.56
1118
6.902
83.32
103.3
313.6
4003
2268
8617
41831
1485
285.2
20690
56.17
1242
158867
1655

158.2
12100
88.16
13540
2428
601.9
30.49
1044
17.06
129.1
1129
289.8
5582
2297
8911
63975
1459
226.6
12846
61.05
102.9
52960
1439

132715066 77.13 7551 1115 8854 |54.01

[op}
w
o)
=
-
i
i)
[ep}
—
—
o~
(o2}
N
w
(=)
=

10980 | 1016  886.8 1041 900.1 843.8 | 701.9 9488 760.2 6894 814.3
9879 | 2355 2279 2487 2558 2472|1815 2551 3020 61.60 24.79
2123022540 12440 29520 21760 24550 (10520 12370 12220 10830 11610
2314 19819 9909 1356 889.0 1068 | 1447 1507 1625 1484 1459
566.7 {1037 996 12.06 9.207 9.888|25.96 33.62 3574 30.58 30.44
39.28 | 140.7 1965 1804 270.1 2223 |116.7 5043 1449 1509 71.56
1101 | 1453 1090 1743 1139 1164 | 563 5459 476.1 458.0 581.4
5547 | <0.7 0755 1.043 2324 1.049|1.200 2.101 1.944 4.184 2227
1218|7930  69.93 3951 1488 5293 |42.95 4297 31.15 51.11 36.86
1236|2234 69.25 41.67 8839 46.71 |42.73 1245 51.56 58.25 44.36
430.2 1105.2 2566 <12 8476 1130 | 2416 36.02 1121 1298 158.9
6098 | 980.7 1035 1192 1232 9124 |910.7 1001 9943 1124 764.6
1996 | 603.7 7358 12737 7431 1035|5064 383.0 600 497.0 340.7
8714 | 9604 8171 23672 9270 7241 | 7041 5993 6718 5933 5512
27254 | 5600 8151 11141 11954 5783 | 7457 9455 7999 7906 6696
1486 | 1548 2258 17.63 2639 9.883 1527 21.54 1981 19.92 11.68
9160 | 356 3020 204 2559 5364|1890 6770 2334 59.72 1514
19023 | 37760 37569 54498 31990 33994 (17089 19045 22712 14700 17949
717212035 2074 13.02 41.42 3826 |7.877 2933 2398 21.55 20.84
9443|2576 4119 6195 4938 49.88 |30.14 4501 57.10 42.54 44.23
61138 | 2330 2721.50 3341 1437 2192 | 1670 3351 4161 1360 2469
1609 | 201.5 1374 2204 103.8 7940|4426 1756 2258 2654 320.7

HO,
8 o

4= 5008 &5 A, 10008 5k 5 Aol K, Mn, Zn 73

ZToll vlE] A F7Fst e Sed tix-7F 137ppbldEl Bls] 500N
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BEow w3 ek 10008 B Aol A zhzE 2852, 267.6, 226.6ppbE &
Zdetath B AgolE dixzTel vs A SN AA Frtete AEFE
Bt Sed dixT7F 356909 vs] 5008] #HF T ORF A olA 302.0,
204ppb, 1000w #F A 2lol| A 2559ppbE YERUIS] 2F 1008744 27138} T
W] A= gzl HEl ATl vuE el kel FUkske A
Fe Bt Seo g 500ule] #Fe BH A 247 677.0ppbet
2334ppb= 108] o] ZA 713 AS B 4+ AU

X

3) AA "R AA FF FAAY s= E A, AAT7 LAFES] A
A= &

7H FF £3A9 BAZ7 € Fx7F AF(Lactuca sativa L.)9 A%
3L
=3

Aol mA& 9T
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¥ 13. & 349 BA=] 2 FZ7F dFLactuca sativa L)e] A Sl
vz gk
A g
T A2 T a4 qE WA % AEE
Z= A A - 214 9] (cm) (cm) (g) (g)
e °T BRxay)
0.5% o al 15.2 11.6 40.2 6.3
= 16.6 11.6 60.8 94
A 154 11.7 38.4 6.6
&3t 149 11.7 50.5 6.4
=5 al 16.3 11.6 449 6.3
= 16.4 12.2 53.6 10.3
] 15.8 11.7 458 6.7
=3 15.6 12.4 35.4 6.3
1% = al 17.0 13.6 51.3 6.8
3 16.5 12.4 50.3 105
A 16.4 12.8 60.0 11.3
=3 16.0 13.4 62.1 6.7
=5 al 18.0 139 57.3 10.1
= 16.4 125 59.0 9.9
A 16.5 12.6 47.0 6.7
&3t 16.4 124 416 6.5
1.5% #*5 al 15.9 12.2 53.1 6.6
= 154 12.7 39.8 6.5
A 15.8 12.4 38.0 6.2
=3 155 12.8 40.2 6.1
=5 al 177 14.1 73.1 10.8
3 16.6 13.0 415 6.6
A 16.7 13.9 63.0 10.9
=3 16.0 13.1 45.7 6.4

AN A debgn nRAASE B A

R < ey

1% ¥ BFE oA 180cm=Z 7 =4 Jeldla 15% iz 2
e = A
1

e
)
rlo
—_
X

2 B ZAYelA 2z 17.7cm, 17.0cmE e 4% A x
5% B5 AgoA v Aol nl& wA UEelwth g9
$- 15% aEAkel ARA BH AL, 1% 282 EF 2 #AF A olA
14.1cm, 139cm, 13.6ecm= 7Hd =A Uepgom AAFS 1.5% LAkt A
A B3 Aol 73.1g3 63.0g, 1% &3 #F AgolA 621go 2 tHE A
ol va A E=A deyth AESY A 1% AR #dF AgelA
11.3ge 2 74 =A Yehsa 15% niEa 2 AEA 25 2o A% 10.8g,
109go 2 HlwA =7 ey

o ?{N o £
AL 2
=
oy X
o

_{
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X 14 FF F1A9 #4 Aa7] 2 F=7F dF(Lactuca sativa 1.)°] AU
g ko] MR = g

A F24 EER Apd + FoA - 283

o2 B v 27 e B e B e
05% 1% 15% |05% 1% 15% [05% 1% 15% [05% 1% 15% [05% 1% 15% [05% 1% 15% |05% 1% 15% [05% 1% 15%
Al [1577 [1165 1690 908 |1717 3021 1883 [2179 2542 939 [1793 1175 1557 [2749 809 1240 [739 815 1507 [883 1014 1316 1099 2349 2420
Ca [9668 10623 10113 1391|1019 11113 10096( 11339 11356 9171 |10612 13256 10441 |10114 9420 10148 [9300 9007 10704|11550 10080 7621 [8934 8507 8037
Fe [1016 [939 1045 885 |1142 1385 1367|1487 1515 816 [1342 1124 1255 [1127 826 807 [862 870 1218|821 869 &4 |91 1199 1049

Mg [3147 [2094 3105 3518 [3106 3538 3494 3143 3641 3211 3066 271 2676 2566 (2810 2951
Mn [6082 (5352 5507 7201 |6267 6741 5917 6220 6425 6079 [7462 5021 6745 (5432 4988 5389 [5603 5276 6281|6862 5712 4404 [4859 446 5241
P 670 [5709 7385 7137 6734 70 8682 6350 5704|7578 78R 6314 6153 6484|7094 6877 TAI9 6304 6222 G717 |5706 5687 6528

Ti |PYr(64 57 51 |76 88 82 64 207 60 |14 62 73 o o e Gppmel Zppm | Sppm 66
K [56230 45820 60200 51650 |50430 56080 61660| 78500 51080 48130 [52770 65010 46330 60380 [60220 66800 62480 (56440 46310 4STT0 |45790 52800 52860
Na [19590 [19680 18450 20350 |20860 19140 19780[21940 17350 188802 23320 20620 |18480 19500 23030 [19870 19540 21150(24200 21500 21150 17910 18960 19880

Li [4982 [4782 3410 5400 |4794 4363 5878 4995 534 3032 5283 4683 4070 [4124 3723 4877|3835 3592 3600 4649 3906 4338 [3021 3037
V|20 |63 78 4776 |80 108 47586|1906 721 541 (3644 8920 3089 2937 3391 |45 3173 1309 1781 (1923 2036 1477
Cr 1178 [958 746 1330 [1287 1351 8898 3427 2416 665 |1985 1330 2141 |1614 2095 1153 (763 770 1471 |757 1013 581 |1085 1633 1267

Co [3180 2180 2493 2602 249.4 2 2694 3067 2611 2886 300.7
Ni [1028 [904 856 1055 [916 1050 1420 [1564 1270 659 [932 1217 1712 [1402 1112 926  [1039 830 1165 |1166 1339 607 [929 1302 1138
Cu [4030 2851 3615 3244 [3550 3826 4109 3898 3138 4306 3611|4082 3225 [4647 3928 4208 (3894 38% 3173 3611 3840 4338
Zn 34416 33800 | 45056 30706 31065| 41455 38433 39915 | 42481 50464 43196 40007|34942 39712 30447 |49719 49463 47988
As [1763 [833 825 1145|815 934 22550(937 734 966 [1253 176 1139 [705 761 732|878 1143 917 [1039 793 913 |80 9% 12
Se 1079 |62 737 765 |73 616 751 [659 454 506 [1040 611 1078 [700 502 421 [1350 1037 1106 (520 600 1145 [698 1284 1085
Rb [37371 30469 39752 34127 40693 40901 | 5345 3185838751 44563 35083 |40027 38359 37718 [41862 41684 43220(36955 34586 34421 |35017 38213 36517
Mo |1452 [1115 907 1263 [1016 1195 1409 [1194 934 925 |1436 1368 1000 |180.1 1066 1077 1032 1102|1106 1017 1613 [1168 2214 929
Cd [2289 [1875 1998 2222 2413 2422 2339 2126 1779 2402 2188 2118|2090 2151 2372 [2263 2057 2370 [2370 2532 2211 1950 2268 2242
Ba [17801 [15363 17334 17337 |17205 18442 13811|20562 17217 13404|12025 20165 14262 (21499 16718 18486 |16100 16647 18883(22487 22196 11722 [14756 16951 14387
Wo[1318 {180 223 160 |32 922 353 [<30 798 168 |190469 247 321 |1522 239 531 [182764 701 198 |14806 5916 628 |748 498 758
Pb (572 (338 366 440|381 741 478 [451 255 280|308 464 580 339 3% [573 43 518 (389 2495 213 (399 719 667
Ge [<30 [<30 <30 <30 |<30 <30 2003 [<30 <30 <30 [<30 <30 <30 [<30 <30 <30 [<30 <30 <30 (<30 <30 <30 [<30 <30 <0
AAW wdZE g2 Caol 15% AwA #F HgoA =4 JdeEbdi Ke
dz74Y g2 AT H8] 05% T2 &5 A odA 78500ppmo. & =4
debddth Vel A9t dlzTol 260ppblEl e 15% AR g @ R
A& Al 4776ppbet 47586ppb = °F 177w 7kA] 43 & F7HE HAATh Sed

05% aL&x B A9 1% &3
ale =70

?_

=1
=~

e

A 2]+l
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30ppboldtE wvERW o} 1.5% AEAF B3 Aol A 200.3pphE ZA F7}s)
Atk

W) EFF 249 55 2 HFHA 77 201(Cucumis sativus L) AS 2
ZA M= 9T

® 15. 3% 2 XA 7|7} 20l(Cucumis sativus L.)e] Z7] AJol| nx+=
¢
A H
55 2 2% nj] 4= A4 A
x4 L, ddEE (cm) &) (1) oM
@‘EO]: [el=]
) = 38.1 8.3 135 2.5
1% o 500x 39.4 85 11.2 15
1000x 40.1 8.8 10.5 16
1500x 38.3 8.2 11.0 1.3
=5 500x 40.2 9.2 10.1 14
1000x 41.3 94 10.5 1.3
2000x 39.5 8.9 11.2 14
2% o 500x 40.2 9.0 10.6 1.1
1000x 405 8.9 11.6 1.3
1500x 42.3 95 124 1.1
= 500x 39.9 8.8 11.8 1.1
1000x 40.5 9.1 10.9 1.2
2000x 415 9.3 11.3 1.0
3% o 500x 42.2 10.5 12.8 1.0
1000x 455 10.3 13.6 0.8
1500x 441 10.7 14.2 0.7
= 500x 42.8 9.8 109 0.6
1000x 43.2 9.6 11.1 0.9
2000x 43.0 8.9 13.2 1.0

2L vl A7 izl vs) S7kskelen,

< =
pdE AA AgA dAs] Fx1ES 4 AT v gl o= 3%

150009 #F AP 1070% G2 836 Ha FAeARL, 3% BF
AT B AYTR Sk S G5 FA4S iAo
stov], A5 txisk 2502 g AelTol ws) A e,
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¥ 16. 5 % Aol 2 ol(Cucumis sativus L.)2] A-Sd wXx+= 3

L ax 742 A® AAd e P

A e we @) (em) (cm) (@) (ke)
e

= 7/9 28.6 14.3 328.9 3.4

1% I 500x% /7 29.2 125 296.4 35

1,000x 7/11 26.8 13.2 269.3 35

1,500x 7/10 27.6 12.9 272.2 3.2

=5 500x% 7/13 26.8 13.2 275.0 34

1,000x 7/11 25.8 13.2 260.0 3.3

2,000% 7/12 26.1 12.3 242.0 3.0

2% o 500x 7/10 27.2 13.2 276.0 3.4

1,000x /7 29.5 14.1 345.3 3.0

1,500% /7 279 13.9 314.1 3.0

L 500x% 7/12 31.0 13.3 332.0 35

1,000x 7/4 25.8 13.0 255.0 35

2,000x /7 27.4 12.7 257.8 3.4

3% a5 500x% /7 24.8 11.8 250.8 2.4

1,000x 7/6 279 13.0 284.2 3.4

1,500x 7/2 26.7 12.2 244.4 3.4

=5 500x% 7/13 285 13.9 320.0 3.8

1,000x 7/8 27.3 135 292.0 3.3

2,000% 7/8 30.1 14.1 348.0 34

el e &4 =14 s 3% 15008] BF Ao A Ao 7E2A 7R

SR, 5008 oA 0sle Felo] kpelA Aoz ey
Xo]— 7

o gy A4 At FoAE e A kol F2 3% 20008 E
oA ek 2% 10008 ¥ A E]7b zbzd 3480g¥ 3453gow A UERu
BEE ATl Zold4E Yol FES B 3% 500u] w5 xm
A 38kgo & 71F E=A UrEMEHLw T SHWA 9 ghaFo] 500uie] AL
TEYFE Q09 BYo] Fu Aol ;= EI FEHE HE ol dAg
Uelykom 100012 FxRoAs dwe A7)9f e Y uE A dHgE y
BRI AT (2™ 12)
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1% @5 A+

2% T A€

2% 5 g

3% #5 A+

3% T4 A+

¥ 12. 5% A 7F 20| (Cucumis sativus L.)e] AHol n|x&= gk
(T AY 0 FHollA $ =Z=, 500, 1000, 15008
==
T

Azt FolAq S TlET, 500, 1000, 20008))
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=]

17.

AW ol

W

4

3

3%

x1500

*2000

*500

*1500

x500

%2000

*500

x1500

53
“’

*1000

%2000

Al
Ca

Fe

Mg

Mn

As
Se
Rb
Mo
Cd
Ba

w

20.67
4856
39.57
30332
3466

1329

Sppm

BE
1765.7
<30
979.65
121.91

589.62

17809
2298
41.31
11816
<30

510.20

<30

7.63
4593
4127
35740
2999
12.92
1904
10172
Sppm
Rk
979.99
<30
907.53
81.74
670.59
7661.6
35216
289.20
<30
14592
1970
85.29
7218
297.13
1064

<30

70.05
35176
3819
1854
1275
11640
Sppm
olat
794.08
<30
956.91
95.19
704.66
10212
44430
310.53
<30
13569
3446
45.18
7619
206.63
342.91

<30

281.7
7148
67.72
34200
3986
19.14
1686
11223

5ppm
ol &t

845.81

<30

181.97
673.44
8696.4
41578
219.72
84
13863
2558
38.83
11234
24857
336.58

<30

3851
29374
2792
12.84
1623
10168
Sppm
olat
997.28
294.08
1710.1
89.84
93359
6459.9
33595
411.71
570.84
14277
2432
<30
11232
42097
87.18
<30

20.40
1521
13134
Sppm
ol s
898.95
13158
862.79

126.52

611.17

14523
<30

17741

<30

4706
45.24
33551

3329

1671
10808

5ppm
ola

997.15
150.19
1029.2
85.09
653.89
6410.1
35573
461.03
1080
15631
2534
<30
8042
80.36
323.82

<30

26.58

51.96
30913
3071
1571
916
11612

Sppm

o] 3]
752.32
<30
869.45
146.49
539.86
88923
36410
184.89
14325
<30
2905
<30
10338
<30
313.58

<30

9060

37004

1194

<30

16244

3649

91.86

9914

1489

634.01

<30

34.01

62.31
35300
3431

13.85

10465

5ppm
ol 5}

1113
67.73
673.65
123.38
607.13
9041.4
40191
448.20
98.94
16320
3833
40
13852
35600
1495
67.31

13.02

5892
56.44
34062
3648
1881
1753
11238
Sppm
olat
1142
<30
631.23
106.91
339.78
8015.6
37609
198.83
<30
18465
4170
65.84
10704
472.34
441.37

<30

14.37
1384
10285

5ppm
ol &t

1104
169.16
682.01
97.27
606.87
6867.5
35485
849.97
500.58
14107

2387

<30
12041

2131

1900

<30

869
5339
44.66
33694
3243

12.29

10684

Sppm

BE
1393
217.28
520.87
108.46
481.62
7054.1
38518
458.24
767.83
17988
3007
<30
10945
1207
193.31
<30

34.88
5290
54.89
36214
3557
19.44
1212
12216
Sppm
ol g}
1277
<30
289.02
117.32
295.60
9318.2
38006
347.34
50.89
19811
3039
36.96
12117
323.61
161.52

<30

7715

32376

4014

18.59

1386

12441

5.273

760.46
201.20
2216.8

129.29

815.05

9057.1

40939

535.32

636.06

17044

2485

38.55

13076

7984

1362

<30

21.82

4872
34299
3477
19.13
2169
10668

Sppm

BE
1759
<30

1109.1

100.84

29111

67233

40332

31831
<30

19277
2812

61.42

12280

750.78

446.82

<30

13.24
1933
9935

Sppm

o]3)

<30
1572.1
117.03
494.72
7030.6
31698
459.15

<30
17676

2407
34.22
12047
15131

177.87

<30

10.90

5448

49.34

33145

3308

17.86

543.97

7215.7

39207

275.16

298.77

18804

3098

40.23

10994

735.58

465.56

<30

18.04
5829

54.97
30525
3247

17.20

1170
10323

5ppm
ol 5

501.86
133.90
537.85
146.84
686.97
9397.5
39049
294.71
170.55
134541
2383
39.16
12183
90.21
518.12

<30

W AEel 2HE na Ses] hETi

32k
=

XA 1% 10008

& izl Hla) mv

=

T

A 2] ol A

= o
3T

%3

9 15008 FH= A 2 el A
= Yekd izl dle 1% 5% 28 @ 2%, 3%°lA 4-10
30ppbol et ott wv & A 2] ol A

1N e

&

KeX
=
=

b
=7l2 Belw

we Z7bES woln 20 500M) ¥ Aol 1432%5ppbE 7HE A F7et
Qi 1% 5 Aol 1080ppbE HERHATE Gedl AfolE dizT 2
Ag] - 25¥F7F 30ppboldkel Aol mls] 2% 15008 #5 A oA 67.31ppbe]
xo 522 Byt
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¥ 18 & % HgA 7|7t Lol(Cucumis sativus L.)¢] Ao wx= 3

5 2= Z2~3} 9] T} =} AR = AT
?;:X;l;‘“ ;_q E] ;‘q ﬂ ‘I“J—v 12 } <] ]"‘l (¢} “/}‘ K3 S
=l o] /o

e 185 A7) (€/4) (cm) (cm) (g) (kg)

=T 7/9 25.5 12.2 2289 3.4

1% = 7] 7/11 28.0 11.3 302.9 3.7

4 7/8 26.5 12.3 240.0 3.6

7] 7/14 25.3 12.7 246.7 3.8

717k 7/5 25.7 13.0 233.3 3.2

5 %7 7/10 27.0 12.3 250.0 3.1
4 7/10 26.3 13.8 275.0 3.7

7 7/12 25.9 13.3 268.6 3.2

713k 7/9 2.7 13.3 260.0 3.5

2% S 7] 7/12 26.9 13.2 284.0 3.8
4 7/15 34.0 12.7 256.0 3.5

7] 7/13 26.1 12.4 236.0 3.8

A7)7k 7/6 25.2 13.8 280.0 3.3

5 7] 7/12 26.7 12.6 283.3 4.0
4 7/11 25.8 11.8 223.3 3.4

7 7/17 25.8 12.7 266.7 3.8

713k 7/9 24.0 11.5 180.0 3.1

3% S 7] 7/12 26.0 12.5 228.0 3.9
4 7/10 25.3 12.9 237.1 3.8

7] 7/13 27.3 12.9 270.0 3.4

A71zk 7/13 26.9 13.1 282.9 3.7

5 7] 7/11 254 12.6 230.0 3.7
4 7/11 26.0 12.3 233.3 3.8

7 7/14 29.0 14.5 360.0 3.7

713k 7/15 23.1 12.2 277.1 3.7

N

Mode 2 o HT oo oy %2

2z Ao a3s 2 F QAL 1% @AV &
7F 79 5943 79 6¥E 27U 79 9¥9eld M) E)

\]
X
B
N
)
)
X
_NI_I;
N =
Do

o

FAh g R wa) R ATl R Frhehe
R 2% F7] #HF AgelA 340cm=E 7P E=A GERS I 3% $7

o =

[}

T2 1% 27 #F AgolAl 242 290, 28.0cm o2 YEG o 3-F
A frejatE YER A %9}34 3% F7] B Aol 145cmE um
2 FAE Ut A2 dixzTel vl vulg Ay TeA =
B 3% T B x%‘ﬂow 360.0g0.2 713 =4 YEykon 1% v7]

.
Oﬂ"

T, 2% 27 BF H B AY ol Are AeE dixTel vE] m]
=2 AP TN Frtele AgS RYen 2% 7] &% A7 40kg, 3%
Z7] #F Ag7t 39%kgo 2 E=A dEhykt
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o] (Cucumis sativus L.)e] AW wjuv

[
=

K

2%

3%

7]

71 A

o
-3

A

[

- 5y A7
71 %71

7] 2

Al

Ti

Li

Zn

As|

Se

Rb

M

Cd

W

Pb

20.67

4856
39.57
30332

3466
1329

1530

Sppm
ol

1765.7
<30
979.65

121.91

i[589.62

4823.6

32927

395.35

<30

17809

2298

41.31

11816

<30

510.20

<30

5749

52.07

3156

3229
13.16
2069
11289
5pp
mo]
E
2406
<30
745.68
94.69
44311
6038.2
30624
396.26
<30
20210
2094.8
33.17
18439

516.17

372.69

<30

109.4 8.28310.74

6178 6350 7871
64.23 41.9346.22
279643106629368
3325 3624 4148
17.54 16.0525.64
825.1 612.2341.1

109178400 9809
Spp
me]
e

1522 1560 1055

349.3 <30 <30

1046 326.4944.6
123.0 112.4152.9
6175 347.9783.3
8217 6625 7704

382163286034448
392.2 262.7288.9
324.1 63424354
228422293421953|
3668 3238 2992

<30 <30 40.52
210582407024189
338.9 5894 978.0

302.7 81.02485.4

<30 <30 <30

mo]
3t
5162 4802 5540 4632

1208 12827
o3

49.10 36.24 42.9441.04
34071 28782 3262027838
3741 3019 3227 2834
16.28 1561 11.037.915
652.9 2957 554.0531.8
116129878 8756 7333
5pp
me]
e

892.4 942.5644.2

Spp
me]
el

1237
<30 264.8 84.98 <30

710.0 959 965.5809.3
108.4 114.7 136.8 119.7
398.6 598.9 580.5247.4
8003 7442 6392 5421
37609355522621725575
233.4 456.1 357.5125.7
<30 658.8 94.25<30
17744230301867212282
3418 2088 2721 2198
31.57 <30 5543 <30
1173713463153038526
58241324.7 2525 510.6

32.55 175.8 470.5 <30

<30 <30 <30 <30

1955 14.84 1565 p}‘:
5844 7099 5899 5458
40.26 51.22 36.71 3391
27881309842633524712
3222 3897 3410 3096
2684 2037 15.3716.65
947.1 513.7 961.1357.9

10803103899863 7517

5pp
o

3t
713.1 1474 1883

5pp
me]
E
1566

Sppm5ppm
o]t o] 3t

272.8 149.8 200.6 <30

632.5 648.4 750 947.0

1423 1385 138.5114.4
684.7 825.6 588.2650.0
7246 7577 5958 6187
36915382773458728195
600.7 383.8 457.9311.5
630.8 425.4 965.486.53
20225211051728122532
1559 2303 1490 2738
<30 <30 33.84<30
2042919184 1491926740
<30 <30 4687 <30
1259 694.9 289.7187.7

<30 <30 <30 <30

7071

90.83

30864

3936

26.21

1057

11683

10.42

1608

236.8

2421

190.9

1303

7248

40658

2144

1680

20912

1863

35.11

20644

4726

2123

<30

21.64

5865

44.75

31640

3480

11.99

643.4

10563

353.5

445.1

18109

2435

59.63

15243

3442

1052

<30

1403 PP
o3

6915 5463
4031 35.16
30590 26761
3757 3193
1523 10.38
343.0
3 7401
Sppm
ole
941.8
<30 1118

7976 498.9

160.7 1255

3834 269.2

7583 5676

31040 27885

742.0 390.5

<30 <30

16095 19916

3437 2378

36.43 31.36

20660 19884

1499 262.8

1188 117.0

<30 <30

14.81 15.69 7.5709.276

5071 7120 6028 7295
30.48 47.95 43.6738.84
32860317842882427700
3509 3858 3560 3683
20.22 18.35 18.3416.81
1108 500.0 568.6441.8

8866 100388718 9500

5pp
mo]
-

2044 1184

D Sppm
me]

o8
1402 1397
275.1 <30 <30 <30
968.7 9525 952.3480.6
128.2 1589 150.0151.2
533.7 745.0 266.1 6223
6179 6937 6374 6561

3188533603 2627428154
525.5 372.6 411.9196.2
<30 8383 <30 <30

2452325551 2102020413
1965 1922 2087 2416
49.42 3342 <30 <30

16231179141516421312

1849 1210 82.10365.2

203.6 475.9 121.981.17

<30 <30 <30 <30

8.602 19.77 8.019293.3

5373 6381 5792 5850
38.44 44.11 33.8663.19
31636274792610626619
3709 3780 3458 3488
23.39 13.94 10.1010.48
864.8 581.5 333.2367.5

100448585 7733 7678

5ppm 5ppm Sppm5ppm
o3t olat elat olst
1839 1157 676.5969.1

759.6 417.2 <30 <30
900.8 509.7 995.21097

145.0 140.8 94.87147.3
315.6 449.7 526.9795.3
5315

6316 6488 6442

32512311672514127719
702.9 429.6 98.313255
<30 <30 <30 70.81
20564 223582408738939
2599 1848 1713 1466
50.94 34.10 31.4846.16
1486219364 1195. 14938
1562 297.1 790.6 1207

332 113.5 144.6 1906.

<30 <30 <30 <30

2% 71
658.8ppb =

ol5te] vre

o iy

a7 S7vsk3d

-

/\"E

A2l ek 3%

713k

- 65

#F AgelA Ca
VE tlZ77} 30ppbelshel A
%7}% LER AL
e?] thz77} 30ppbolstEs YEFW oY 2%
2 27 #F A, 1% T7] 5 Aol Zz; 1680, 965.4, 630.8,
on Ge2 Wz 2 U™ A3+ R A 30ppb
LER L et

sheFo]l dizto H]3|

a8 my
3% Z7] &7 Al 759.6ppb= THE =
=i A2t

=7]

A 2]l



7 327 W5 9=

T (cm) (cm) (g) (%)

= 91.75 104.85 16.0 11.8

500x 93.30 110.34 17.9 13.9

1000x 95.57 107.25 18.8 12.9

1500x 91.70 107.05 12.6 13.7

500x 95.53 107.30 16.7 12.2

1000x 97.94 111.44 15.7 134

2000% 97.04 111.93 15.2 12.9

= 500x 98.26 114.29 16.6 12.7
1000x 96.50 111.89 13.7 12.9

1500x 98.56 108.33 155 14.5

= 500x 94.59 110.13 16.6 13.5
1000x 98.30 112.18 17.6 12.9

2000% 94.36 107.75 175 12.9

= 500x 96.10 108.16 18.7 13.5
1000x 97.14 112.42 13.8 13.2

1500x 97.32 107.18 19.3 12.9

= 500x 93.94 109.51 17.9 13.2
1000x 96.89 111.59 16.7 13.0

2000% 96.32 108.32 16.8 13.4
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a9 13, 3% 2 Aol wi(Pyrus communis L.)¢] #Sureho] w2 =
S

(ZFell A - 1 500D, 1000D, 1500D, 500S, 1000S, 2000S
QoA ok 1 1%, 2%, 3%)

WA= tizgol Hle] PR Aol 2 FAE YEEt 342 o
27 91.75cmell WIS 2% 150081 #5 Aok 1000M) EHF A olA 7z
98.56cm, 98.30cm®= 7Hd EA WEwal A2 E LS 2% 5008 #F A 2ol A
114.29cm, 3% 10008] 5 A oA 112.42cm= tx 7 104.85cmel| H 3 =
AVEFRETHE20, 1913). AT tixT7F 16.0g9l Aol vl 3% 15000 7F
19.3cm, 1% 1000¥] ¥ A 2]7} 18.8g, 3% 500w} #F 27} 187cm=E =7
et o FEE 11kge] iz Blsl] 2% 5008 #F A golA] 1.8kglo =
Vg =A vEbsth Fie] A= R 11.8%<1d vl 2% 150008 ¥
T A 27k 14.5%, 1% 10008 @5 A 2]7F 13.9%= =4 e TR 20).

4
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E 21. 3% 2 Aol wl(Pyrus communis L.)9 5 mdlZ ko
R
1% 29% 3%
= a5 B W B wE B
500%  1000x 1500 | 500x  1000x 2000x | 500x  1000x 1500% | 500x 1000 2000x | 500x  1000x 1500 | 500%  1000x 2000
Al| 53 334 316 258| 93 194 556 | 69 55‘;’“ 393 52,’]‘)6'}“ 103 92 | 217 199 591 | 226 384 468
Ca | 2187 |18738 2307.1 3048.7|2098.0 23063 1877.5| 14788 8669 13949 | 20389 28107 26392 | 18891 1399.2 22169| 1680.1 20715 18868
Fe | 190 | 3001 180 352 | 163 250 245 | 173 171 407 | 138 215 245 | 196 253 466 | 196 181 535
K [5518.7(6539.3 51235 1834.0|53654 ¢ 47880] 6207.3 39023 58080 | 6080.7 17142 41345 | 5230.7 33268 4518.8| 55309 62338 46964
Mg | 7571 | 5036 5955 7772|5164 5571 6889 | 680.0 5447 4840 | 5213 5619 4939 | 6287 7236 7093 | 6520 4910 6351
Mn| 143 | 106 136 137 | 146 128 192 | 144 95 79 | 156 127 140 | 146 137 162 | 155 172 143
Na | 860 [ 1376 1817 2218|1278 1853 1946| 8L0 1808 1511 | 1078 2167 1602 | 1549 1070 1483 | 1202 1436 1482
P |14584[11582 10058 1601.6|12853 13780 1662.8| 12228 13799 11365 | 9572 16436 12205 | 12668 14191 12120| 10571 10167 12236
Ti | PP Spm Spm g | Fppm Spom g | Spom o Sppm - Sppm | Sppm Spom. Spom |7 Spom. Sppm | Spom - Sppm - Sppm
olet | olak  olet BEEED olat  olak ol | ola ola olat o)k olet | olak olak  olat
Li | 853 | <30 474 685|587 1063 730 | 579 841 <30 | 709 497 <30 | <30 <30 <30 | 1095 893 <30
V| <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30
Cr | 7270|7373 3179 7429|8146 6650 7184 | 3577 6812 64234 | 6479 0430 2047 | 3678 3814 9497 | 4207 4444 2882
Co | 407.7 | 3557 4414 4168 5547 | 9163 4126 3176 | 7414 6800 3435 | 630.8 4895 2019| 8986 5953 2737
Ni | 7381(5004 3200 6622|4132 6388 50515006 4153 27283 | 4623 6773 3521 | 627.9 10692 4835| 4706 4351  387.0
Cu |32003(6726.8 73183 4599.7|6888.7 87885 5964.3| 6720.8 79794 45009 | 5807.8 81079 54450 | 74801 60406 4676.9| 79458 47686 4289.3
Zn |8456.5(5823.9 45247 6443467326 60680 6006.0| 75410 6177.2 52714 | 58498 61834 56025 | 69160 67405 59157| 61627 50141 60556
As | <30 | <30 <30 32244( 1657 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30
Se | <30 | <30 1193 2567| <30 <30 888 | 2593 338  49.1 | 2282 <30 1250 | 559 421 <30 | <30 <30 <30
Rb | 8788 | 5656 10767 3420 | 23674 12425 6240 | 16253 17060 12218 | 16874 12028 9962 | 27044 16527 33082 | 10839 11285 20014
Mo | 635 | 514 <30 743.1| <30 362 1550| <30 <30 1618 | <30 L1 505 | 553 382 365 | <30 Ol4 342
Cd| <30 | <30 <30 12545) <30 <30 <30 | 1435 <30 <30 [ <30 <30 <30 | <30 <30 25| <30 <30 <30
Ba | 6282 | 1373 10274 1233 | 3807 8762 4772 | 2805 4110 501 | 3431 3946 3069 | 9131 4311 3647 | 1557 2994 3011
W| 3085|2260 1055 6853 [ 6041 1608 1520 | 1313 3831 1228 | 1007 127 <30 | 18346 3347 <30 | <30 12741 <30
Pb | <30 |417.1 3521 7188|1029 777 120.1| 428 305 <30 | 9434 3188 1456 | 1183 313 686 | 2491 1433 3455
Ge| <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30
Fgo] wdlFE Aol 3% 2000 25 215008 ¥ A2 el Fe, 1%
10004, 20008) ¥ 2 57 Azle] FaFo] izTol wls) 2u ol F7heh4

t}. Cad ZT7F 218 7ppm¢el A Hlaf mul =

o] 1% 15001
) =7} 30ppbol 3F= L ERGE

e

=i}
=

#F AP oA 3048 7ppmo. 2 148 HAEZ F7HeFS

Aol ZA 7S
1% 15008 ¥ A 2]l A 259.3ppb} 256.7ppb7kAl &7
W Ged Wz 2 wd=

A RE w =

A2l 7ol A 30ppbelste] v FA& e
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F 22. 3% 2 Aol wl(Pyrus communis L.)¢ I3 mldlZ ko
mA s 3P
1% 2% 3%
e wF 5 3 e w3 ey
500%  1000% 1500%| 500%  1000% 2000 | 500%  1000x 1500 | 500%  1000x 2000x | 500x 1000x 1500x [ 500  1000x 2000x
Al | 159 | 408 53]”3‘“ 161 | 543 228 169 | 299 175 53]‘;‘;‘ 454 298 165 | 272 304 623 | 369 522 375
Ca |1266.0| 803.1 8340 16839|1361.6 11430 10942| 23957 807.6 600.7 | 1181.3 17549 15093| 11483 14281 1416.4| 1884.4 959.7 7429
Fe | 205 22 221 | 166 255 132 | 198 176 367 | 227 189 171 | 179 333 189 | 252 449
K [5609.4| 5985.0 6322.1 6529.2| 53689 61405 5922.7| 5662.9 61975 5071.6| 66466 6027.6 5962.7| 5349.2 61033 5479.0| 6471.3 65663 6621.4
Mg | 760.0 | 7207 6330 80LO | 10039 7037 696.7 | 10049 6160 697.6 | 7877 7587 725410671 9567 819.3| 8032 5808 849.0
Mn| 153 | 148 159 173 | 244 216 218 | 258 140 124 | 221 198 168 | 310 172 247 | 211 205 196
Na | 80 | 465 657 960 | 1205 850 1019 1189 492 841 | 627 1547 887 | 804 883 1024 | 1283 1429 396
P |1139.8) 8439 7230 10833| 9169 1117.2 7904 | 12207 10114 9210 | 8665 11545 6674 | 909.3 1380.2 817.6 | 924.2 10140 8416
Ti 5ppm | Sppm - Sppm - Sppm | Sppm - 5ppm. - Sppm | 5ppm - 5ppm - 5ppm | Sppm - 5ppm - 5ppm | Sppm. - 5ppm. Sppm | Sppm 53 Sppm
olat | olat  olak ola | ola  olat ola | olak  ola ols | olg  olat olat | ola ola olat | o3 ol st
Li | 839 | <30 <30 <30 | 440 523 <30 | <30 416 375 | 479 306 646 | <30 <30 <30 | 455 707 <30
V| <30 | <30 <30 <30 | 05 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30
Cr | 5530| 2164 277.8 7440 | 4299 8188 7119 3997 7091 5443 | 4286 3678 691.8| 1754 5248 6386 | 4205 2093 52535
Co | 4024 | 3582 3940 645.1| 4761 4246 4250 | 7836 3743 280.8| 6430 5828 4703 | 6989 5038 1659 | 7567 7247 3075
Ni 3474 2579 6302 | 2484 3683 2789 | 5859 3951 4543 | 4996 3286 586.1| 5550 13688 227.9 | 4404 3718 37095
Cu [2936.6| 6141.8 5912.8 4404.1| 65350 8369.9 5061.3| 60330 77812 4214.2| 5066.2 68999 72995| 6319.3 57784 3726.8| 77231 5329.0 43935
Zn |7653.8| 5509.0 4217.3 53410 5481.8 63401 57609| 74450 56454 5614.3| 4750.7 5082.4 7688.6| 6656.8 7076.7 4617.2| 6154.4 59348 5714.7
As | <30 | <30 <30 <30 | 2098 <30 607 | <30 <30 <30 | 3217 <30 <30 | <30 <30 <30 | <30 <30 <30
Se | 161.1] <30 825 841 | <30 705 <30 | <30 <30 <30 | <30 1154 <30 | <30 <30 <30 | <30 <30 <30
Rb | 8933 | 5384 9265 2906 | 18496 10761 4768 | 16212 13564 12096| 14729 9756 14707| 20160 17489 28457| 9912 11548 19196
Mo | 739 | 628 418 1717|1093 420 444 | 793 477 <30 | <30 891 448 | 424 <30 612 | <30 480 1401
Cd | <30 | <30 <30 <30 | 4969 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30
Ba |5074.2| 13936 7679.2 682.6 | 1830.1 64771 13946| 21003 1981.6 11835| 2537.0 29461 9646.8| 5017.7 3354.7 1894.4| 1549.1 1841.2 1959.7
W | <30 | <30 1346 <30 | 4296 7238 2649 | <30 714664 7381 | <30 2849 4624 | 18368 2849 5560 | 1072 9147 4862
Pb | 1149| 1002 5727 <30 | 3588 986 7566| 1194 349 623 | 1677 1004 6368| <30 339 1323 357.8 1992 2058
Ge | <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30 | <30 <30 <30
oyl o] wulZ e Cacl 2% 500 &5 Aol A 2395.7ppmoZ 7+

A vEtste Mg 3% 5008 #FolA 1067.1ppm o= 7HE =4 UERS
th Se Wiz ellA 30ppbolste] v FAE dEbH ey 2% 5000 w5

5008 &5 A 2lek 1% 1500 ¥ A 2ol A 259.3, 2282, 256.7ppb=
woloew Vib Ge e B vulE A5+ oA 30ppbel &

=

=

TAE HERHA T
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&) FF EAA9 s 2 AN 7|7 ZF3HDendranthema grandiflorum)e] A
§ 9 24 " XE 9

¥ 23 % 2 Ay o] F3H(Dendranthema 'Reggae’)el A5 2 7)3}d)

3 %
z 2| A H 2] &

s . e EETRE
T g B W #ESE T 9% 9% /A HE A AE

Z 2] 7 A e 295 : ; A% . . . .
A4 L, T (o) (cm) O O (cm) (em) (ecm) (cm) & = = =
g 7 - o @ @ @ @
Zz7 74.8 25.2 12.0 4.8 4.6 2.9 5.8 29 19.1 2.1 3.4 1.8

1% #F 500x 71.2 26.2 10.0 6.5 5.8 3.8 59 27 289 48 34 2.0
1000x 72.2 25.2 10.8 6.7 5.6 34 6.1 3.1 240 58 3.2 1.9

1500% 74.2 24.4 11.3 58 5.8 34 6.1 29 248 44 35 2.1

= 500x 71.2 255 10.3 58 59 3.1 5.2 26 228 41 34 2.0

1000x 718 265 102 58
2000« 752 219 9.7 3.0

2% #5500 718 262 102 58

1000x 723 272 9.7 6.7
1500x 742 277 107 65

73 273 115 58

1000x 733 263 105 57
2000« 735 277 102 63

737 257 127 5.7

1000x 737 265 103 57
1500x 740 274 112 6.2

w7 255 112 6.2

1000x 738 278 107 58
2000« 747 268 108 58

e
n
(o1
o
(=)
X

3%

%
o
o
j=d
o
X

a

n

o

(e}

(=]

X

NN N oo O oo Oy oo © oo Ul

— Pl
o
(o)}
oo
o
oo
N
—_
o
(o]
.
w
oo
oo

SIS SR B R S RS I R B3

LS —é? A4 FF 1%9) Azl ok ge Ay v o
w, 5008 #Feb 5 ﬂﬂ?oﬂﬁ 71292 7}g =25
—8- 1%, 2%9] w2 HgFora ZFAHE AFS HIYo
10008 Y 5 A Fell A b S EHE 234E et 914-15). g
= AA FYBE Bolx @k, e, F F714 T AubA gl
JdojdE BE vuZ Aol txzTel nsl Frteke S
% 3% AT s Fobehe vk wovh aeu, §4 E14
192 20008 EF Aol A4 P
6}% Yet o, Alstio] AT A
ATH3E23).

Y
o
rulo
;8,
10
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1% 5 A 1% &5 A

2% B A€ 2% 5 g

3% #5 A€ 3% &5 A

a9 14 v= L Aol =3 Dendranthema 'Reggae’)e]l A5 2 73}
= 9

of M= o
(FF A - ol - dE=T, 500, 1000, 15009
BE Ay 0 FolA $ xR, 500, 1000, 20008H)
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w5 A9
(FeA 9 gz, 3% 500, 1000, 1500, 2% 500, 1000, 1500, 1% 500, 1000, 15004))

=5 A

(Foll A - : dZET, 3% 500, 1000, 2000, 2% 500, 1000, 2000, 1% 500, 1000, 2000+H)
19 15,

ot off

w7} =3 Dendranthema 'Reggae’)®] A5

)

R skl M A=
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(

¥ 24 A 2 AYA 77y 23 (Dendranthema 'Reggae’)2l A5 2 7Y

A g 8 2] 5 A| 3} -
5o - =7
L ae me SRR A 2% A% S 9% RE ga am oA Az
= F 7 =
o 44 (em) 1) O (em) (cm) (ecm) = = =
A W A7) (cm)

() g (@ (@ (2

o= w0 186 60 40 58 28 50 26 159 16 31 1.7

1% #F z=7] 743 239 65 40 56 32 59 26 201 21 4.0 1.8
7] 703 216 60 43 56 29 55 25 193 19 37 1.8

$7] 738 219 73 43 58 32 52 26 195 17 36 19

712k 755 229 70 43 55 34 57 26 203 21 40 20

224 64 43 57 30 55 27 199 17 38 1.7
7] 735 218 65 42 59 27 52 26 205 19 41 19
7] 728 220 74 43 60 29 50 28 198 18 38 1.9
A71F 758 214 70 43 63 28 54 29 235 22 43 20
%x7] 733 243 60 43 54 35 59 26 198 18 39 1.9
%71 765 256 63 45 59 34 58 28 235 23 44 21
%71 718 245 65 45 61 33 54 31 219 20 37 1.9
A7k 760 247 63 43 65 35 58 28 236 22 41 2.2
z=7] 720 237 70 43 63 28 55 28 223 21 4.2 1.9
7] 733 236 68 43 61 30 56 30 228 21 40 20
$7] 738 241 70 44 61 29 54 32 232 22 43 21
71z 770 235 68 40 63 34 55 30 256 24 47 23

M
4o
B
N
3
N
w

2%

ac)
N

Mo
n

3% ¥+ %7l 748 237 58 43 59 30 56 24 235 23 4.6 2.3

7] 758 236 65 43 67 28 59 29 239 21 4.8 24

%71 750 212 65 40 57 31 55 29 212 22 4.3 2.2

A7z 766 258 65 40 71 29 58 28 246 24 49 25

BE zx7] 745 240 70 45 68 32 58 28 235 21 4.3 2.2

=7 75 222 68 43 66 30 58 31 231 23 4.4 24

7] 748 231 70 45 59 31 54 29 229 22 4.1 2.1

A7 7168 239 68 45 63 31 56 27 243 23 45 25

Aste ol vskel F4 A FF 1% vl Az FAA oa

AE = A3gs BIoy, A7 AAl £5¢ #F A FodA= oa Ad

HE A% Bt 24 2% A7 #F Aol 2B8mzE 7Y F7t

sgom, mE v Aol A dzel vl Feke AESs usivh 4

e T8 Q70 A TNtz v Frksgon, B AeTur

BE AYTAN Fhs 4%e ndth 2, 21474, 99, 9EAAE

Fo)ds YetiA skt st 3% A7IzF #F A FA 7lem=2 7
Z7hsiet
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4) FZF AAE HuZ AA AR B2t AF 1F EnfEY A& 2 E A4
nX&= &3

7h Agwio) A3 (Lactuca sativa L.)2] B 2 F4 nXEs g

¥ 25. A 8B o) A3(Lactuca sativa 1.)¢] W50 nx&= &k

2 2 =% %% (cm) A5 A A = ez
1] (cm) (VIEZXAZ) (&) (g) (g)
o = 22.1 27.7x23.9 115 52.94 22.59
o 26.8 27.8x21.0 13.2 103.39 22.64
=5 25.3 31.3x31.7 15.7 99.64 23.18

T AgEogs 5 Aol o F2 AS5S BATHED, 19 34). 2%
2 &8 #F AHEolA 268cm, BF HEloA 253cmE WE2TF 2 tE A
Fo vl =4 YEY 2ZL 2T 27.7cm23.9cmel B & EF A
oA 31.3cm3l.7cm= 7F¢ =A dEbE T 9 =T 7F 115700 Bel H
3 & BF At B5AE M =A SR AT gzl vls)
Aol e F7HE BHAom &8 #IF Aol 103.39g, 7 A ellA
964go.2 7+ =A YElYth AETS A7t foE JEhA kARt
& BF A M E=A debyth

138 34, Aol AFE(Lactuca sativa L.)8 Ao mlxE 3k

(Fel A - =7, #F, +5)
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¥ 26. Aol A3 (Lactuca sativa 1.)2] vjvlZ ko] wx]= &k
e e e
Al 5139 936.8 3131
Ca 11330 11460 9873
Fe 250.9 471.0 1131
Mg 6217 5615 5872
Mn 305.8 248.7 273.6
P 10658 9778 8905
Ti 26.12 50.03 101.7
K 83250 94610 87250
Na 11752 9648 9986
Li 2284.25 1771.86 1801.34
\% 2506.51 51374.47 20929.60
Cr 1651.35 10122.76 9101.11
Co 369.08 471.50 904.66
Ni 1559.93 2065.51 4411.22
Cu 3771.55 4444.07 7111.91
Zn 71538.63 68928.39 77848.61
As <30 22849.35 4743.25
Se 85.22 <30 61.37
Rb 73601.63 79752.14 78736.78
Mo 108.22 308.95 310.09
Cd 408.12 460.50 413.26
Ba 11779.69 2227797 38849.30
W <30 <30 <30
Pb <30 1266.81 578.08
Ge 250.06 406.08 399.62

Sed Ge % A9 Se AHAA 3 A= FT7stF e Ge2 Wz
250.06ppbell W3] Ge T AT} &8 AHlolA 418.82ppbet 406.08, 399.62
ppbE F 7} ATt
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W) 5% 2 AWy o] nF(Capsicum annuum)e AS 2 FA4 mXE
&

¥ 27. v% 2 Aol aE(Capsicum annuum)®] Aol mx = o

Az A e BRG e

(mm) (mm) (g)

= 78.4 134 49

w5 500x 76.7 16.3 74
1000x 36.9 14.7 8.2

2000x 36.1 14.5 7.1

4000% 87.8 14.9 7.8

S 500x 87.7 14.5 74
1000x 33.2 15.9 0.7

2000x 63.2 11.2 3.5

4000% 36.7 15.7 9.0

20008 E¥ AelE A9)F ﬂﬂ?ﬂﬁ Wzol vl Zee A
S Bvh #FE 40000 #F H 5008 F Aol A 87.8mm, 87.7mmE
7HE A dEbg . #2742 5008 X%EMW 16.3mm= 714 =4 L]—]ﬂ-
wom 10008, 40008] % A 7F 159mm, 15.7mmE YJER L 3ZFL o
27 49g1dl Hlskel mulZ A el A ZA FrEske] 40008 EF- zq;q
ol A 9.0ge = 7b4 =A UEhga 5008 B Aol A= 82g0 2 vrEbyiTh

£ 28 % % Aol a3 (Capsicum annuum)el AW Se wuv|= st
of W= A
= B

CESE
500x 1000x  2000x  4000% 500x 1000% 2000x 4000x

82.59 60.79 129.6 51.2 99.71 61.54 66.75 74.31 69.29

dufo] muE dF FT Germaniume HAWHH o2 5ppholdte] W& sl
YEFN 2L Selenium &2tz 82.59ppbol Hl&| A2 o] 7has)
= AFE 2o 10000 % AeellA 1296ppbE wlad = vERSL
40008 #5= A A= 99.71ppbe YEFSTE
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o) = % XHEWHol WS EvE(Lycopersicon esculentum Mill)¢]

A% 2 Qo AAE 9%

g o] WS EnE (Lycopersicon esculentum Mill)2] A5
o1
(]

of mX&= g
1 3] A F&d 7+ L RARE I F=
FIg=] 5= (4/4) (mm) (mm) (g) (%)
o) = 6/1 21.2 24.5 85 7.0
o 500x 5/26 20.6 24.1 8.2 7.8
1000x% 5/25 20.9 23.8 7.9 7.7
2000x 5/28 21.6 24.3 8.7 7.2
4000x% 5/31 224 25.2 95 7.4
=5 500x 6/1 22.1 25.2 94 8.2
1000x 5/31 21.3 245 8.2 7.8
2000x 5/28 21.2 24.3 8.2 75
4000x 5/29 22.6 26.1 10.1 7.9

Fed2 gzl HvE mug AT dEEHE AEFS Zoem 1000
Hj el 5008 #F Aol A 525U 526U tiFRol wlE 6-7Y @&
o e BF Hus B AgelA S7ke L 40000 2 A gel A 7HE
A dEb o AL AEike] o)A vEbUA gk ot 40008 5
Aol A 26 1mm= 7HF A dERETh #Fe] BSE 40008 5 A2 7F
101ge= 71¢ =4 Yt #5F A 95g5 UEwon dhe gz
of wlal RE wulF Az folA F7FeE A &S YERNo] 50089 A 82%=
7V =A YERs

¥ 30. 3% % AHgwyo] W EnE (Lycopersicon esculentum Mill)2] |4
g b v A= J¢
= ==

500 1000x  2000x  4000x 500x 1000x 2000x 4000
50.93 12373 6644 12584 109.67 43.82 31.28 52.94 34.85

drfjo] wuZ &&F T Germanium-> HWHH o2 5Sppbolsle] e S
Vet 1 a2 Selenium %2 thET 50.931ppbell vld] #F AgdA =2A &
7Vahie Aoz el 200080 2F 5008 ol A ZH2E 125.84, 123.731pphb2o.2 7}
2 = A YRS 4000800l A = 109.671pphbE YEFRETE 5 A g ol A= 1000
Hjo| Al 81.281pphE UERo] T2 EF ARt =& AdE BHAth
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A 3 A 71548 71EF AR HUMA 2 2835 Je
7N

FgANA $5E ARG AA Y A3

2 A2 293 Arbor Acre Broiler Wolg] 486F(MMAIAl AlF Hir
400£1.0)8 w0, AFFAFLE F 57 AAET A ASAE
FALRA 7FE, A2 ImxIm37] ] Ae]A 24702 FAHAoH, Zzhe] Aol
Aol = 2774 o] oty 7k WA H AT 2% B A A o AHE s 2
theke] Abs whe] Aol whet ot o] ARl AgtetA el w9l

ANPFAA s SFEF-dFEeF Alg ol AAvvlZ S HrtskA &2 dix
T(CON; control), fiz=7- Aol 2tz &4 2 S5 Fao] ddvvzs
HA7FgE Ao 3 A TE Fol AT 68HE wbEG 27544 ek 9l o
Hlj %] sk At

WAL FaAlel ATz AT 2 A
AFS Axtstd o, AraTa2 ARHAATE

2

Cad} P2 43&S #4317 st Ald T8 15749 do Ats W 4ts=a
25 02% =7} goqo}gi_o_lﬂ%, AOAC(1994) e HAlE EAYHSE /‘}ﬁo}oi

Uv-1201, Japan)° 3 =
EE Am+ SAS1996)¢ GLM procedureE ©]€3t% Duncan’s multiple
range test(Duncan, 1955)% A 2ldlo] 3t fFold& A AT

o SA G glol HAudd AAY HIleEd wE BN B

A" e 2989 Arbor Acre Broiler Hol#]l 6485(NA Al A= Ht
40.0t1.0g)S FAIEFR oM, ALRAIEA S A7) 3F, Z7] 2F 2 o] & 557t

AN AE AFSAL HALRA TR A E ImxIlmA 7] e Aol 2474 =
TAElen, Zhzbe] AolA o= 27 o] Wete]7h WA H ATk 2= 3 A
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5 AR el Aguels B ooste] A% w9 Aol weh olele] Aol

/\]75“4 A SFr-g7a9dFo Ax il ddrdlzs HrtskA] &S o
T-(CON; control), W& Abgel] ZH7} 0.2%, 0.4% ©F 0.6%< A=
A7bek A e -(MO0.2, M0.4, M0.6)] 47 A5 Fol HHFT 68-E
T 2774 o] wiA sk o

J%E o N

NAIAL 9 35 5 aelar FE A ﬂﬂ?tﬂi As 2 HAAZFES S48
SAFE AEAAGFS AxEd o, AR TS AARAFA TS SAFLR
o] Albat ok

AFEAE FB8A ZE AEYTE 1058 do Awste oy
Hb(hemoglobin), total protein, albumin, GOT, GPT, Fe, Mg< +4]3s}3it}.
Yoo 1—’?‘?{ 4m1"“ oA st A FA 4TANA FF Bd 5,
2000xg= 3047 dAEE st @S &, o] &stdth Hbe As @9 &

21 71(ADVIA 120, Bayer, USA)E o]&3lo] EA3% o™, total protein,
albumin, GOT, GPT = A5 A3s 47](ADVIA 1650, Bayer, Japan), Fe,

g & A% A3kt B247](Cobas Integra 800, Roche, Swiss)E o] &3} &
289 o}

AgAE FRA Z ADTY AAF F4A ) grel T 10598 9
o Awste] &% el Kl vlug G AFAS SR st =
gstarh AAF AR FA P, ofF ¥4 A7AA -20CAA BF B

Fato] FAof o] &3}t
EE x8E SAS1996)¢ GLM procedureE ©] €3+ Duncan’s multiple
range test(Duncan, 1955)& A @]ale] 7] Fo)Ade AAG AT
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3 31. Diet composition(as—fed basis)

Ingredients, % Starter Finisher

Corn 55.67 63.16
Soybean meal(CP 48%) 28.25 24.66

Corn gluten meal(CP 60%) 6.50 3.50
Soybean oil 5.50 4.89
Tricalcium phosphate 2.46 2.29
Limestone 0.89 0.75

Salt 0.20 0.20
Vitamine premix’ 0.20 0.20
Mineral premix” 0.20 0.20
DL-methionine 0.07 0.07
L-lysine-HCI 0.06 0.08
Chemical composition”’

ME/kg, kcal 3,100 3,050

CP, % 22.00 19.00
Lysine, % 1.10 1.00

Ca, % 1.00 0.90

P, % 0.80 0.75
1provided per kg of diet: 15000 IU of vitamin A, 3750 IU of vitamin Ds,
37.5mg of vitamin E, 255 mg of vitamin Kj; 3mg of vitamin Bl, 7.5
mg of vitamin By, 45 mg of vitamin Bg, 24 g of vitamin Biz, 51 mg of
niacin, 1.5 mg of folic acid, 126g of biotion and 13.5 mg of pantothenic
acid.

2provided per kg of diet: 37.5 mg of Zn, 37.5 mg of Mn, 37.5 mg of Fe,
3.75 mg of Cu, 0.83 mg of Se and 62.5 mg of S.

*Caculated values.

LE 16 FA AFEA A

a9 17, A AFALR Fo g
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o @A o] Fd AAvdEAAYg AA

B A¥ e 6353 Hy-line Brown 252945 3183, 65737 AFSA
EREaas g

Atsd 71EAM dAvdR AAle] HIbegel weEl 1) Control (CON), 2)
Control + 1% Z1EAF + 0.25% AA vjvlZAA (M1 0.25), 3) Control + 1%
F1ELE + 050% AAwulZ AA (M1 05), 4 Control + 2% 71EAF + 0.25%
A wdlZAA (M2 0.25), 5) Control + 2% Z1E4F + 050% A W vl & A
A (M2 0.5), 6) Control + 3% 71E4F + 0.25% HAAw v A (M3 0.25), 7)
Control + 3% 71E4F + 050% AAn =& AA M3 052 771 HE&E 33
o A 68k RHET 654 o] HjX| skt

AAA RS SFEF-UFE 979 AR EA NRC(1994) AHYEES 7|22

o
=

o

=4
FHES Starh AGARE ATIHE Adsdt AT nese] 4B

2 £

p
1}1.‘1 [
R
oz
32 Mr

L

(MO
N
N
N
N

W7t B =A(1-63-11, Ozaki MFG. Co., Ltd., Japan)E ©]&3}
w2zt F74= Dial pipe gauge(1-63-11, Ozaki MFG. Co.,
Ltd., Japan)& ©]&3to dzte] dui S 2 FaiE SA AT

W3S Yolk color fan(Roche, Switzerland)& ©] &3} W3}o] A
Attt FEATE Ozakirbe] AgH 2w Weho] Emolof AAS FAs
Sauter 5(1951)¢] Wol] oste] W&ol EolE W&o AHPoE ol
at9lth. Haugh unit® (HU = 100 x log(H — (1.701 x W) + 7.57))¢] %
(Haugh, 1937)o.2 Wi (H)oF d5(W)S &2 didste] T3ttt

o A= AT 1054 doJ=2 Adste] Al FEA G/ 949 F9
oA 149 4ml¥ AHAsATH AP FA] 4TeA ¥ B3 5, 2000 x g=
303 dAEgste @S st £ ol &ttt e a7zt
ISE(ion selctive electrode(Bayer, USA)®} Calcium reagents(Bayer, USA)E
o]&3lo] ztE Aztet E47](ADVIA 120, Bayer, USA)Z ZA43ch A2
Fe7 AFA] ©F(Roche, Germany)E o] -&3te] A% A3}t 4 7](Cobas Integra

lo rr

i

38t

i

o 2
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800, Roche, Swiss)® 274 3} % T}

G ZE, Za, Ao FEFS dotry] 9ot Al FEA A4 AYTd
207 H skt 158 st 42 F &y duls FElste] dAAEE g
A2 AOAC(1990)2] ICP W o2 259.940nmol A 94 &34 =2
R as g

Algo A Ao BE AEE SAS (SAS Institute, 1996)9] GLM
procedureE ©]% Duncan’s multiple range test (Duncan, 1955)% =] &]3}<]
Hore] F9AdE AASAT. e HE 339 HES orthogonal contrast

o] €3}o] 1) Con vs Min® 2) Min 0.25 vs Min 052 ®g3le] AA3sF}.

g AAE AAVAZAAY H77 AdA Y 758 & A F7)

B AR g4 AFE

ot
P

do 2

gt Al 19 Ao wepA 71EANS 3% $Ht
A" AAY T A Al mAlE S dotrR 7
ato] A AT

E A& 72F% Hy-line Brown 24052 3A13F9 AL, 673 AFSAI S S
A A&kt A8+ 1) Control (CON), 2) Control + 3% 7]|EAF + 050%
Anjylz AA (M 05), 3) Control + 3% ZI1EAF + 0.10% A0 v A A
(M1.0), 4) Control + 3% 71EA4F + 0.15% HAAv|ulZ AA (M1LS0O)ZE F 4 A
g & o] A 109E 5T 6574 Qo] wjx sttt

AldAL R STTF-g78 9159 A=A NRC19M) AMSEES
3t 2904kcal ME/kg, 15.45% CP, 0.70% Lysine, 3.23% Ca, 0.61% PE& 3
SIEE St A EE R PHE e AlFs adste] dAES +
on, 52 AEHET7E o8&t AFEo HE F ULF AT F
ASAEE Y 17TAte 2 =H33

HEee AGAY 17 F vl AAse] AeTER B AVTE ARS
(]

7] = 94 A=A(1-63-11, Ozaki MFG. Co., Ltd., Japan)& ©]|-&3}
gom Wzt F74= Dial pipe gauge(1-63-11, Ozaki MFG. Co., Ltd., Japan)
£ ol&3at] W7o oduR FYF W EdRE A

W38 Yolk color fan(Roche, Switzerland) & o] &3fo] wW3o] M2 =
Aotk FAFE Ozakirkel Aefs AR Wil wgoloh A4 &

Sauter 5(1951)9] ol oate] Ttae] molE e AAH SR o] ALl
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3t91th. Haugh unit: (HU = 100 x log(H — (1.701 x W*) + 7.57))¢]
(Haugh, 1937)2.2 W a(H)$ G5 (W)S &2 tidste] Tttt

g A= AYd 1074 A= Adste] AF TuA G g F9
ANA 179 dml¥ AHSAT AL FA| 4TAA ¥ B3 F, 2000 x g=
307t dAEEste] @S FEste] 24l ol &3t AEH ZHe 47t
ISE(ion selctive electrode(Bayer, USA)9} calcium reagents(Bayer, USA)Z
o]-&3to] 2% A3FE FA7](ADVIA 120, Bayer, USA)Z =A&rh. H&
FeAdAFA 2F(Roche, Germany)E ©]-&3to] A& A3}st 4 7](Cobas Integra
800, Roche, Swiss)® =43} ).

v 2, 2, 29 FHS dolry] fEte AlY F34A 72 A e
2070 et dth 167 &<t &2 F JdEy dis FEsigon, dAgE

O

g AEE AOAC(1990)¢] ICP MW o= 259.940nmol A AAF33=E o &

o

Ao A dojz RE 7= SAS (SAS Institute, 1996)9] GLM
procedureZ ©]8€3}o] Duncan’s multiple range test (Duncan, 1955)% =] 2|3}

of Wzrel fel9e AAFAL
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¥ 32. Diet composition(as—fed basis)

Ingredient %
Corn 50.36
Soybean meal(CP 46%) 18.70
Wheat grain 10.00
Limestone 7.50
Wheat bran 5.00
Animal fat 4.44
Corn gluten meal 2.00
Tricalcium phosphate 1.40
Salt 0.30
DL-methionine 0.10
Mineral premix’ 0.10
Vitamin premix” 0.10
Chemical composition®

ME, kcal/kg 2,904

Crude protein, % 15.45
Lysine, % 0.70
Methionine, % 0.32
Calcium, % 3.23
Phosphorus, % 0.61
Available P, % 0.35

"Provided per kg of premix:
Zn, 80,000 mg Mn, 1,500 mg I, 300 mg Co and 150 mg Se.

“Provided per kg of premix: 12,500,000 IU vitamin A, 2,500,000 TU
vitamin Ds, 10,000 mg, vitamin E, 2,000 mg vitamin Ks 50 mg biotin,
500 mg folic acid, 35,000 mg niacin, 10,000 mg Ca pantothenate, 1,000
mg vitamin Bg, 5000 mg vitamin B, 1,000 mg vitamin, B; and 15 mg

vitamin Bio.

3Calculated values.

25,000 mg Cu, 40,000 mg Fe, 60,000 mg
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R B B e B e BRI e i B e e g

MAIAl A= 17.84+056kge] AFd w32 (LandracexYorkshirexDuroc) 54 &=
255 AP FAet] 1493 AdAES AAERY. ARA RS
NRC(1998) &+ %S 7|22 & SFF-tFate] 7| 2A R, 7124 8 U Hd
nulg A zyA carrier® AREY ) EAF 2 oy @S ﬂﬁ LA Aot
g 3o A2 FAEAeH, Az ATl 7Rk wkEY 2npe| A S
MAL AFoll 71z3ke] & A9 At /‘}"J’\]‘%% FTAHE e 2A

]_
ST sha APEA @ g4 A shelo,

AFAG AT, ARG Fe ATV UBTENR ARAYE
% sglom, Ng FRA AFL SRl AT FAY, T AR 4

2 AR g &S AAsEATH

AFEAE FRA A4 AT TS o ddete] do o] GOT,
GPT, Fe, Mg, K& #4133 th a2 1579 oml¥ ZguWeA 2338l A
Y FA] 4TCAA W 23 T 2000xg2 30837 9AEFS Y dHS B,
ol gttt GOT, GPT += #& A3kst &4 7](ADVIA 1650, Bayer, Japan)
E A& o, K, Fe, Mg < A& A3t E47](Cobas Integra 800,
Roche, Swiss)E ©]&3lo] £431%

EE Am+ SAS1996)¢ GLM procedureE ©]€3F% Duncan’s multiple
range test(Duncan, 1955)% A glalo] Ht kel fFold& AT

HE Ao glo] AAm R i AbeE R AL F7)

MAIAl AT 26.84+0.17kge] A 2 # (Landracex YorkshirexDuroc) 5%
4875 Al FAEte] 28Uz AFSAIES AT AEAL
NRC(1998) &7 %S 7|22 3 SFa-dFd Ax i AE &S 7
05, 1.0 % 15%E H7Igk 4Ae -2 AR, 22 Ael 6
whEG 2u A S WA Aol 72k ebd 1o wiA Skl AFEAIE
A Ao A @it AFGAE s gl A AT

ALEA R 71EERE, A EANE S =2 AbE a0l EETFVIE AFAAE

Al TR AFTS SAstY] d9 SAE, 49 Al HAATF

oL

RO
£ oo o

rlo
of\

= sten, Al T = 3
2 AR EES AN
W 23ES SASY] skl AE TR 1FY Aol AR Wl s as
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02% #H7F Hdstdern, Ads5 9 A4 43582 AOAC1994)o HAI#
AUS AREStel FAsden, AFe FEF2 UV absorption
spectrophotometry(Shimadzu, UV-1201, Japan)& %@ =4 &%t}

TE 3 E SAS(1996)9] general linear procedureel] 2o]ste] A& wd| &g

A7 o] wE linear, quadratic ¥ cubic effectES #4891 o}

M

¥ 33.Basal diet composition(as—-fed basis)

Ingredients %

Ground corn 59.93

Soybean meal 23.75

Rice bran 5.00

Molasses 4.00

Animal fat 2.61

Rapeseed meal 2.00

Defl. Phosphate 1.16

Calcium carbonate 0.44
L-lysine(78%) 0.34

Salt 0.15

Mineral cornplex1 0.25

Vitamin complex2 0.10
DL-methionine(98%) 0.10

Choline chloride(60%) 0.08
L-Threonine(98%) 0.09

Chemical composition”

DE, kcal/kg 3,447

Crude protein, % 17.72

Lysine, % 1.02

Calcium, % 0.70

Phosphorus, % 0.59

1Supplied per kg diet: 220 mg Cu, 175 mg Fe, 191 mg Zn, 89 mg Mn,
0.3 mg I, 0.5 mg Co, 04 mg Se.

*Supplied per kg diet: 4000 IU vitamin A, 800 IU vitamin Ds, 171 IU
vitamin E, 2 mg vitamin K, 4 mg vitamin By, 1 mg vitamin Bs, 16 &g
vitamin Bip, 11 mg pantothenic acid, 20 mg niacin, 0,02 mg biotin.
*Calculated values.
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ThEAAA 58 A A4 JA

1490 1880.0
1485
1480 1875.0
_tars 3 1870.0
C 1470 o
%o 1465 g 1865.0
Ko 1460 Y 1860.0
1455 < '
1450 1855.0
1445 1850.0
1440 L 4 e
23 20 % 21 7]E AV EA AT AR
AF ] P A= 93
1.280 A Aol AlF 71 HdE
AA F Geme] Foln FA%
1.270
g 9 ARAATS FAAAH, A
o - L
< 1.260 EB_;L%% ‘7’%‘7!:1‘ %9’] Ag)‘\_/\é
F4e wabE AR
1aee gk, SA o] mulE A=A
1_ [$) __‘b:gmo 271 A 7] &
TH 2z s AR A AS o c—':?; /\;}}o o ifxi];i"j
-1 - R a = = ¢ .
Fgol WA FF o E e e
48.0
47.5
R 47.0
W
W 46.5
4
8 46.0
45.5
45.0
i=3 4 2= e Y EeR

a9 24 71 AvAEA AT P A4St

ol A= FF

19 23, 715l 2 A A 7 Ca

ashgel VA= &
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o SAC gl FAudd AAY HIteEd wE A B

Hetlidth d71eE $712 die 0-35, 3-55 B 0-553Fe] & AFFAIR7I
ot A, ARAFATE 2 AR 2782 vE AUk 93 TS WA
[e]

o
Fokth dwbH oz SAC Qlo] mulRe] ¥ FE2 A Ads A

=< )
B oAReIAE A% AR U nulRe Fge] §A9 fTdel FEsgon
2 A%l gelAE ATt & Aeld mold @ Aow BuHh 1Y
g, f 505 A AEFED BEHES FA6 FolgAg u, A
ol ZrhSIATh maste] ¥ AFATeH Jol AN Ut ol
Zh7ke] EAS) FFUo] A= 549l Aold] s1Qg Aol Azt

3t 34. The effect of dietary natural mineral liquid complex on growth
performance in broilers.

Item | CON' | Min0.2' | Min0.4' | Min0.6' | SE?

0-3wks

Weight gain kg 0.471 0.465 0.466 0.485 0.010

Feed intake, kg 0.726 0.711 0.721 0.726 0.014

Feed/Gain 1.541 1.529 1.547 1.497 0.020

3-5wks

Weight gainkg 0.602 0.607 0.617 0.603 0.014

Feed intake, kg 1.323 1.312 1.389 1.349 0.028

Feed/Gain 2.198 2.161 2.251 2.237 0.041

0-5wks

Weight gain kg 1.045 1.032 1.043 1.048 0.022

Feed intake, kg 2.047 2.018 2.105 2.068 0.036

Feed/Gain 1.959 1.955 2.018 1.973 0.030

'Abbreviaed CON, control; Min0.2, Con diet+0.2% natural mineral liquid

complex; Min0.4, Con diet+0.4% natural mineral liquid complex; Min0.6,

Con diet+0.6% natural mineral liquid complex.

“Pooled standard error.

ANFrrgel Fo7F SA9 3F FAC wAe 9IS ® 350 vERHATH
A& Z8A A3 71 FA 9ol E Min0.49F Min0.62 2] 7-7F Min0.24 €]
T Hlaste] FA9) oM (P<0.05), Min0.23 8] 72} CONH & F7tol| = 2] 2
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Q) Aol E molX GArhP>005). ¥ AN AEE AAvE] FaTy
H% % Mn 3 Cut BSITES 23 Mol F2 FAHBL(, 1000, ¥ 2
sl A et AdrdE A4 FAHE ARAE ol /ad Row
REEES

3% 35. The effect of dietary natural mineral liquid complex on liver

weight in broilers.
Item, g CON' | Min0.2' | Min0.4' | Min0.6' | SE®
Liver weight 24.29" 20.86" 27.71° 26.29° 1.22
'Abbreviaed CON, control; Min0.2, Con diet+0.2% natural mineral liquid

complex; Min0.4, Con diet+0.4% natural mineral liquid complex; Min0.6,

Con diet+0.6% natural mineral liquid complex.

’Pooled standard error.

®Means in the same row with different superscript differ(P<0.05).

A A muZe Folo e A9 dd EAL F 3690 LERAATH
A W total protein, albumin¥} Fe 3F&e] 9l
5 HolA @AthP>0.05). fr (2005 A A9 P
A A wHol MAHEATL Baste] 2 A e ZA3E YEydth
a8y, 8% W hemoglobing #2 Min0.4, Min0.64 g7} Min0.24 2] - <}
vl alste] F7hs A tHP<0.05). o= AAndlZe] gfH Fe ¢ Cu 9o 4x%t
&l oa &% W hemoglobin® FH&Fo] F7kgk Ao = Algdr. H &, E3F
Ul Fe o &2 A1 #o)E Holx dgtor} o= ¥ Fe 7}
hemoglobin ¥4l o] &% Hof 7]Qls Aoz AzdAy. 4 v GOT <
GPT &2 Min0.49F Min0.64 257} CONZ} ®lasle] Azt on, A4
AArulzS 04% w4 SAlo Aol 4 Wl Mg &% v A+
wske] 7hg A YERRTHP<0.05). 8 5 GOT, GPT &4357Fe 1 dd
ofyel & A3 9 54 7 Soll dE ol &= glth(elek o], 1996).
Ao ALgE uv2e] AHE F Cr, Cu Mo & TEHEZE 57359
I, g5 JFHA, AAREEAE A, A4S A5l hemoglobin &4 & ¢
Hd 55 dozith(sh 1996). 1efju, 2 Al Aol A= GOT, GPT 3ol
CON} H] a3} ﬂAo}o;\qu g% W hemoglobin 2 4 A == A%
& A3t 59 A& L‘rE‘rLHXl Fokomw ol Aol &l 9o F= &

ich
-

oy Mg T
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3t 36. The effect of dietary natural mineral liquid complex on blood

characteristics in broilers.

Item CON' | Min0.2' | Min0.4' | Min0.6" SE?®
Hb,g/dl 9.22% 874 9.52° 9.58" 0.18
Total protein, g/dl 2.84 2.90 3.05 2.80 0.11
Albumin, g/dl 1.30 1.34 1.40 1.32 0.05
GOT, U/L 253.20° | 251.25" | 224.60° | 228.00° 7.32
GPT, U/L 4.20° 3.60"" 3.00° 2.80° 0.34
Fe, uig/dl 121.80 | 138.80 120.50 115.80 8.21
Mg, mg/dl 2.30° 2.26" 2,55 2.34° 0.07

"Abbreviaed CON, control; Min0.2, Con diet+0.2% natural mineral liquid
complex; Min0.4, Con diet+0.4% natural mineral liquid complex; Min0.6,
Con diet+0.6% natural mineral liquid complex.

’Pooled standard error.

®Means in the same row with different superscript differ(P<0.05).

& 3704 B owpel o], 7hES Ul Mg 92 Min0AtEE ol A
g77F CON HE= Min02AtEE wog A9k Hlaste] =4 yeut
(P<0.05). T3 Fe shaFol dojA =, Min04A & +7F A el 43t 7Hd =A et
S oHP<0.05). TS U K &% Min0.64 27 & A2 <k v sty
S7FFATHP<0.05). 7kl ol AAE = vuge 1 TR e HA45 =
F71% = Z4o] th2th Ca, P, Mg, Mn 52 7[5 W, Na, K, Cl 52
AA = A%2 Fe ¥ hemoglobin =5 7F5o] &2 €th(3 1996). o] =,
=5, ¥, 7 Tl ®ol dfiEol om(Wilde, 1962), B8+ = 5(2001)
W Fe 7} Aol TF5H+= 4 29+ cytochromed} AEZ Ao 2
B &4 9 259 7% 3o F83 myoglobinol &t dutk E
Ho A= AArlES 06%woAg SA9 g5 il K &= dd
= 04% w3 579 7tE5 W Fe g&o] FoHor F7HEo] 9]
1 = 1

H, 71(2005)2 Fe 3 Ca °o] = ¥ AAHAE 25
S Aol o= NEFES 59 Fe T3S T7HA
T3 AR 23 E YErdS 2y, ks 25
Ul Fe 9 &2 zpo]E Holx| grol 717t & 54
HE 597 o2 oz Koy, o

S
r S
R
ol
ol
ed
inj
Ho
__>:]_1“
X
2
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-
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B}
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Rnog Belt}
AzHo g Alg U 04%2 A4 HAvud BgAAe Hrte &4 3+
Alel dol = 28 Y WA 9 @ stES A7) = AR Algd

3 37. The effect of dietary natural mineral liquid complex on mineral

concentration of broiler’'s muscle.

Ttem, mg/100g | CON' | Min0.2' | Min0.4' | Min0.6" | SE’
Breast muscle

K, mg/100g 397.77 | 38293 369.38 388.65 11.89
Mg, mg/100g 31.71° 32.01° 33.45 32.27° 0.39
Fe, mg/100g 0.60" 0.53° 0.79% 0.64° 0.03
Mn, mg/100g 0.04 0.03 0.03 0.04 0.002
Leg muscle

K, mg/100g 251.85" | 24851° | 246.78" | 29258 10.42
Mg, mg/100g 26.06 24.07 24.05 23.66 0.89
Fe, mg/100g 0.97 1.10 1.14 0.99 0.05
Mn, mg/100g 0.04 0.04 0.04 0.04 0.002

TAbbreviaed CON, control; Min0.2, Con diet+0.2% natural mineral liquid complex;
Min0.4, Con diet+0.4% natural mineral liquid complex; Min0.6, Con diet+0.6%
natural mineral liquid complex.

*Pooled standard error.

®Neans in the same row with different superscript differ(P<0.05).

AR A G flol ¢ AAnUEAAY AA
D Addes 2 EF

A AFE71Ee] AbdAle]l dig A& dFe F 38 vER ST
M3 0.25, M3 0548 7-¢F M2 054279 Atet&e & A2+ vlusto
fFrejd oz w7 vesom(P<0.05), MuRe H7gE Ao srdse o
Zob waste] frolHo s A YERth(P<0.032). £, A muE A4
05%%5 H7he Aga7F dAvdlg AA 025% H7ke A9k waLsto]
UEblow fref ARl o]z wolA ek THP>0.05).

A Ad mdZ AAE 05% H7Hre] T1EAF HbgFEe] &
How F9Hem(P<0.05), EF HA Vg AAE 05%7
0.25%% H7Fe Aok mlalsto] o] ow wA vyt

fr o o

41 do yo

_91_



(P<0.061).

3t 38. Effect of natural mineral on hen—-day egg productivity in laying
ens

0.25! 0.50! Probapility

Item CON? SE?
Ml | M2 | M3 M1 M2 M3 |2

E .
El%%uctlon(% T156° | 74.21° | 7824° | 82.14% | 79.43" | 8227* | 8254" | 1.28 0.032|0.655

DO (g | 6952°|64.19" | 6385° | 65.41° | 65.48° | 66.22° | 66.86" | 0.16 |0.364|0.061

! Abbreviaed CON, control; M1 0.25, CON diet+1% chitosan+0.25% natural mineral; M2 0.25,
CON diet+2% chitosan+0.25% natural mineral; M2 0.50, CON diet+2% chitosan+0.50%
natural mineral; M3 0.25, CON diet+3% chitosan+0.25% natural mineral; M3 0.50, CON
diet+3% chitosan+0.50% natural mineral.

*Pooled standard error.

Probabﬂ%g of contrast: 1) control diet vs control added mineral diet; 2) Min0.25 treatment
Min0.50 treatment.

@cd Neans in the same row with difference superscripts differ(P<0.05).

2) WABE L FFTA

i:&il

A AFG7IHESke] AbetA el G st HARAE E 39e] b gk
A 27} 4T G EE AT FeH Fol b A THP>0.05).
de 4FAe] dAREE MRS F@ ATt grre v F

Hlasgto] frojdew E=A YEEth(P<0.035). A Al 7] 3E ke ‘/‘r7*7o_‘£

Al mdl =S H7EE AT ek vlalste] F7bsle) om (P<0.042),
3], M2 050# 2] +7F el ez A WeEReH(P<0.05).

A 65 dAFAE RS HUHRE AT ixzaek Blacste] St
S A THP<0.05). AAAI R 7]ZHs<t, M2 054 2] 4-9 F257= v A2
Hlalsto]l fFejow =A Uty (P<0.05), vlEHS w3 A=
zef vaste] fFojHqo® A e THP<0.069).

i
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3t 39. Effect of natural mineral on egg shell breaking and egg shell
thickness in laying hens

s 0.25! 0.50! 5 | Probability®
Ttem CONMi Twmz [ M3 | M1 [ M2z [M3 > [ D) | 2
Egg shell breaking strength, kg/cm2
0 week 331 | 303 | 309 | 350 | 301 | 350 | 3.49 | 0.30 | 0478 | 0.235
2 weeks 376 | 345 | 344 | 396 | 379 | 371 | 3.83 | 0.18 | 0534 | 0.341
4 weeks 346 | 332 | 366 | 382 | 349 | 377 | 377 |0.16 | 0.061 | 0.324
6 weeks 218" | 280" | 329" | 254" | 2.65™ | 3.12° | 2.83" | 0.24 | 0.035 | 0.191
overall 318 | 3.15° |3.37%" | 346 | 324" | 353" | 347" | 0.09 | 0.042 | 0.127
Egg shell thickness, mm
0 week 0.335 | 0.338 | 0.336 | 0.336 | 0.330 | 0.348 | 0.322 {0.010| 0.491 | 0.356
2 weeks 0.354 | 0.357 | 0.355 | 0.360 | 0.357 | 0.367 | 0.357 [0.004| 0.451 | 0.398.
4 weeks 0.343"10.345™ | 0.336° | 0.356" |0.359™”| 0.373" {0.344™ [0.005| 0.321 | 0.665
6 weeks 0.268° [0.297™10.302™ | 0.293™ | 0.278" | 0.286™™ | 0.309" |0.008 | 0.050 | 0.325
overall 0.325° | 0.333" [ 0.332" | 0.337°" | 0.331"| 0.344" |0.335™[0.003 | 0.069 | 0.246

'Abbreviaed CON, control; M1 0.25, CON diet+1% chitosan+0.25% natural mineral; M2
0.25, CON diet+2% chitosan+0.25% natural mineral; M2 0.50, CON diet+2% chitosan+0.50%
natural mineral; M3 0.25, CON diet+3% chitosan+0.25% natural mineral; M3 0.50, CON
diet+3% chitosan+0.50% natural mineral.

*Pooled standard error.

‘lsProbabilgg of contrast: 1) control diet vs control added mineral diet; 2) Min0.25 treatment
vs Min0.50 treatment.

®)\eans in the same row with difference superscripts differ(P<0.05).

3) B34 9 haugh unit

Advd e H7beEEo] W33 haugh unitel] A& 9GS F 400 Y
Efolth. A A7, dEAS wuEe HukeE A dEzte
Hlaske] ZakA yERs o (P<0.098), M3 0.25 A g+ tizT-9k v alsto]
FoH oz =A YebtHP<0.05). AE¥ 459 haugh unit> M3 0.25, M2
0.5¢F M3 05487 M1 0.25 A& 79 vlaste] fo]H o=z =4 vebutt
(P<0.05). AA A& 717+ ¢t haugh unitS PUlZS A7 A& +7F =+
o Hlaste] Frhste A¥dS B o™ (P<0.038), M3 025 A2l M3 05
A7 dzTeF vlaste] oA o ® A YERSTHP<0.05).
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3t 40. Effect of natural mineral on egg yolk color unt and haugh unit in
laying hens

Probability®
D |2

0.25! 0.50*

2
ML | M2 | M3 | M1 | M2 | M3 SE

Item CON!

Egg yolk color unit
0 week 770 | 795 | 815 | 820 | 785 | 7.80 | 800 | 0.30 | 0.348 | 0.468
2 week 831" | 824™ | 819" | 821" | 823" | 843" | 812" | 0.18 | 0.665 | 0.345
4 week 840" | 827" | 855" | 879" | 830" | 854™ | 852" | 0.16 | 0.136 | 0.365
6 week 813 | 806 | 816 | 824 | 830 | 830 | 801 | 024 |0.136 | 0.032
overall 814" | 813" | 826™ | 836" | 817" | 827" | 816" | 0.09 | 0.098 | 0.254

Haugh unit
0 week | 82.12™ [84.46™ | 86.22° | 84.21™" | 8756 | 81.20° | 85.74™ | 0.010 | 0.241 | 0.354
2 week | 8348 |90.27"| 93.36" | 89.37*" | 90.97" | 91.28" | 92.53* | 0.004 | 0.395 | 0.622
4 week | 92.12™ | 88.01” | 90.97" | 92.91* | 90.07" | 92.77" | 93.42" | 0.005 | 0.035 | 0.354
6 week | 86.94" [89.18"™ | 88.14% | 94.05™ | 86.14" | 92.06™ | 92.08™ | 0.008 | 0.042 | 0.365
overall 87.67" | 87.98" | 89.74™ | 90.93" | 88.75™ | 89.33" | 90.94" | 0.003 | 0.038 | 0.491

! Abbreviaed CON, control; M1 0.25, CON diet+1% chitosan+0.25% natural mineral, M2

0.25, CON diet+2% chitosan+0.25% natural mineral; M2 0.50, CON diet+2% chitosan+0.50%

natural mineral; M3 0.25, CON diet+3% chitosan+0.25% natural mineral; M3 0.50, CON

diet+3% chitosan+0.50% natural mineral.

*Pooled standard error.

®Probability of contrast: 1) control diet vs control added mineral diet; 2) Min0.25 treatment
vs Min0.50 treatment.

®Means in the same row with difference superscripts differ(P<0.05).

4) @93} 34U K, Ca, Fe &%

davidae] A7 5F0] 4w Wi U] K, Ca, Fe @l mAe 4%
A9 deaRe. 29 ) Kege ndee 248 AdT aETe

FL

Hlaske] FolAow EA yebwth(P<0.038). Caol ke A2 -3tell 79
Al Akel7b iAo (P>0.05), HA vulE 0.25% H7F A= v

0.5% 7k A2k vaste] fFojow F7kstdth(P<0.045). 2o} W Fedt
Fol lojd AAvdES WUk A= dxz9 vlaste] fooer &
7hel A o™ (P<0.037), PlvlZES 05%H7Fst A2l 7 0.25% #H7kgh A2 41
o fFojH oz F7FeS thHP<0.034).

W Wl Ko Cag@reel  delAe At fFoA4 Aole glold
(P<0.05). 1&{u} Fe &2 w9 Hluste] dAvdlds A7k A7)
oA oR =4 yeom(P<0.021), AAvlES 05% H7Fek A=
0.25% FH7Fek A etk vlatstel Frbshs 43S B ATHP<0.051).

ARAo A v A Adde] A4 AR FAL FAAR
om, JEA 3% VUG 05%F Fol@ AelTol oA Awg, dE o
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haugh unit 7149 &35 B A}

3’{141. Effect of natural mineral on K, Ca, Fe concentration in blood and
yO

L 0.25" 0.50 » | Probability®
Item |CON SE
M1 [ M2 | M3 | M1 | M2 [ M3 n | 2
Blood
K 478 | 558 | 512 | 5507 | 5227 | 618" | 592 | 0.32 | 0.038 | 0.048

Ca 1878 | 19.80 18.30 16.54 17.60 15.60 17.24 1.28 | 0.665 | 0.045
Fe |331.8"| 2694° | 3166° | 471.8° | 4758" | 5775% | 5853* | 77.7 | 0.037 | 0.034
Yolk
K 0.082 | 0.092 0.090 0.100 0.090 0.094 0.100 | 0.006 | 0.098 | 0.236
Ca 0.144 | 0.146 0.148 0.146 0.142 0.148 0.154 |0.008| 0.156 | 0.241
Fe 79.01° | 98.68™ | 105.61%" | 109.75" | 111.62™ | 123.49"| 126.17* | 8.157 | 0.021 | 0.051
'Abbreviaed CON, control; M1 0.25, CON diet+1% chitosan+0.25% natural mineral, M2 0.25,
CON diet+2% chitosan+0.25% natural mineral; M2 0.50, CON diet+2% chitosan+0.50%
natural mineral; M3 0.25, CON diet+3% chitosan+0.25% natural mineral; M3 0.50, CON
diet+3% chitosan+0.50% natural mineral.

‘Pooled standard error.

Probablhtg of contrast: 1) control diet vs control added mineral diet; 2) Min0.25 treatment
Min0.50 treatment.

®\leans in the same row with difference superscripts differ(P<0.05).

g A" a2 A A HI7F AZAY 75 3 AL Fot

) Aas 2 ds

AAALE7 ko] g dES #4240 JEhidth HAdruZs
15% Ho3h Ag -9 A#FLe g A e vuse] FojFow =4 4y
EFTHP<0.05). FFoll doide HA mu#e 05% Fo3 e+ o
Ao vasle] fF9F o2 A e EHP<0.05).

3 42. Effect of natural mineral on hen-day egg production in laying hens

Item CONt MO.5 M1.0* M1.5! SE?
Egg production(%) | 64.05” 65.48" 63.65" 69.20° 1.21
Egg weight(g) 64.29° 65.57° 64.80" 65.09% 0.24

TAbbreviaed CON, control; M0.5, CON diet + 0.5% natural mineral, M1.0,
CON diet+1.0% natural mineral; M1.5, CON diet + 1.5% natural mineral.
’Pooled standard error.

®Means in the same row with difference superscripts differ(P<0.05).
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2) @472z 2 3457

ndg H7F FEe wE dAA =} dAFAE R 439] HER AT A A
A @7ERMe] G dEAE MLS AET 7 CON - A<
Hlasle] Fo)H o = e THP<0.05).

3t 43. Effect of natural mineral on egg shell breaking strength and egg shell
thickness in laying hens
Item | coN' | Mo05' | ML0 M1.5' SE’
Egg shell breaking strength, kg/cm2
0 week 3.10 3.26 3.08 3.18 0.26
2 weeks 307 3.03" 3.89° 357 0.19
4 weeks 3.27 3.45 3.40 3.65 0.15
6 weeks 3.55 3.30 3.13 3.27 0.19
overall 3.52% 3.28" 3.54" 3.58" 0.09
Egg shell thickness, mm
0 week 0.327° 0.341" 0.366 0.362"" 0.010
2 weeks 0.320 0.343" 0.314" 0.353" 0.004
4 weeks 0.323" 0.333% 0.321" 0.347" 0.005
6 weeks 0.327 0.337 0.337 0.335 0.008
overall 0.325° 0.338" 0.336" 0.349" 0.004
'Abbreviaed CON, control; M0.5, CON diet + 0.5% natural mineral; M1.0,
CON diet+1.0% natural mineral; M1.5, CON diet + 1.5% natural mineral.
“Pooled standard error.
®Means in the same row with difference superscripts differ(P<0.05).

3) &34 % haugh unit

E 44v= Aol @32 haugh unite]l WAE TS HFa )
o AAA A7)}, G AAnU=E 05% A7 AU e A
g el mlaate]l F71edvhH(P<0.05). 3 AA A8 7]7H5 <t haugh unite
=9k M1L.OAM 2 7 M1.5A 2l 19 vl alste] A YERSTHP<0.05).

M R
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3t 44. Effect of natural mineral on egg yolk color and haugh unit in
laying hens
Item | CON' | w05 | wMi1.0' | M15 | SE?
Egg yolk color unit
0 week 8.12% 8.88" 8.18" 756" 0.27
2 weeks 8.33 8.50 8.44 8.53 0.07
4 weeks 8.29" 8.43" 8.19" 8.36™ 0.06
6 weeks 8.20" 8.75" 8.29™ 8.25" 0.16
overall 8.25" 8.65" 8.28" 8.23" 0.07
Haugh unit
0 week 36.58 31.79 36.28 33.82 2.43
2 weeks 94.37* 89.20" 87.44" 84.01° 163
4 weeks 38.87 91.90 92.15 39.44 1.32
6 weeks 71.63 71.67 72.97 69.24 2.40
overall 85.36" 83.64" 84.71° 81.63" 0.99
'Abbreviaed CON, control; M0.5, CON diet + 0.5% natural mineral; MI1.0,
CON diet+1.09% natural mineral; M1.5, CON diet + 1.5% natural mineral.
“Pooled standard error.
®\Means in the same row with difference superscripts differ(P<0.05).

4) @93} 334 K, Ca, Fe &%

AdAnvlzel H77h 49 2 d&3y K, Ca, Fe &l MA= 9&FS £
450 bt e Kol lolM= g3t frel4 el Aol gl9d

tHP>0.05). 13y Cadt Fedtgel oM A4 vivlZs H7ba A4t
thz-ob Hlaste] R A YEbgthP<0.05). G Ko kel oA =
ML5A =] 77k " 5 MLOA gl 72k nlalate] 57bsk A vh(P<0.05). T2l
Ca¥t Feddol gloiMw= BE A273ke frol A<l Aol flAthP>0.05).
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3 45. Eflfl({ect of natural mineral on K, Ca, Fe concentration in blood and

yo
Item CON! MO.5! M1.0t M1.5! SE?
Blood
K 4.32 4.02 450 4.28 0.20
Ca 17.08° 19.62 19.78% 22.04° 0.75
Fe 536.40" 59650 | 647.20° 726.00° 50.39
Yolk
K 801.20 773.60° 908.10°" 1106.50° 90.83
Ca 0.19 0.15 0.18 0.16 0.02
Fe 175.73 15152 170.60 155.64 15.49

' Abbreviaed CON, control; M0.5, CON diet + 0.5% natural mineral, M1.0,
CON diet+1.0% natural mineral; M1.5, CON diet + 1.5% natural mineral.
’Pooled standard error.

®Means in the same row with difference superscripts differ(P<0.05).

vl A A Qlo] AAWE T4 A5 WE AAE B

FHEe glo] AW A g PAUR FEAT vyToe] 747t 4
]

el A= GFES F 460 YERNSITE AA AFEAIFE 7S, A3 A
AGARHAY U ARLES AT TS WA FUTHP>006). o= %
Aol A el A3 Aael FAsHA HERsk T
3 46. Effect of natural mineral on growth performance in growing pigs
Item CON' CHI' MIN' SE’
ADG, kg 0.424 0.457 0.428 0.096
ADFI, kg 1.286 1.132 0.964 0.089
G/F 0.329 0.403 0.451 0.088

'Abbreviaed CON, control; CHI, chitosan solution; MIN, natural mineral
solution.

*Pooled standard error.

F A7 = AA vl Hol7

]_
JGe

SAEe d9 Y K, Fe, Mg, globulin,

GOT % GPT gael vA&= vehelt. 8 F GOT, GPT 457}
= 1 A3 B ooty vhE 23 9 54 2l Foll dE o] &Hal dvk(o] 9}

°f, 1996). & Al@olA Ar&®E mulZe 4 T, Cr, Cu, Mo & 5324

_98_



= BREol Am, T 4AXN, ARAAL Ba, 448 A3, hemoglobin #

guekel og WY 59 Jdotha, 1996). Tk, B AR Aske e

GOT, GPT #eo] CONT} wliale] §oldel Ao]g molx sigkon e}

N, o5 AR S7d Yol FE ARE A0AAE 2e Ao

wg, Adudze] Fa 4Rl K, Fe, M 5
H

ol Holx @Utt. o= H Al 3l
]

&4
™

A e Aoz AdHY, §A4 £ pdEA] AH A e 71EAL

Fogo gety & F gl Aot A & vdEe f85 HIMT

e A7sr Bed Aoz meln
3t 47. Effect of natural mineral on blood characteristics in growing pigs
Item CON' CHI' MIN' SE’
Initial K, mmol/L 10.25 11.03 12.30 0.87
Final K, mmol/L 10.20 8.68 9.45 0.52
difference -0.05 -2.35 -2.85 1.29
Initial Fe,tg/dL 40.00 49.00 99.25 25.09
Final Fe,ig/dL 59.00 82.50 110.25 29.98
difference 19.00 33.50 11.00 24.69
Initial Mg, mg/dL 2.35 2.65 2.85 0.25
Final Mg, mg/dL 3.05 2.63 2.90 0.13
difference 0.70 -0.03 0.05 0.31
Initial globulin, g/dl 3.50 4.00 3.73 0.26
Final globulin, g/dl 3.55 453 413 0.56
difference 0.05 0.53 0.40 0.58
Initial GOT, U/L 112.00 95.75 97.25 10.66
Final GOT, U/L 123.00 96.75 85.00 31.00
difference 11.00 1.00 -12.25 3.11
Initial GPT, U/L 89.50 68.75 73.75 12.55
Final GPT, U/L 46.00 4475 4575 10.84
difference -43.50 -24.00 -28.00 11.42
"Abbreviaed CON, control; CHI, chitosan solution; MIN, natural mineral
solution.
“Pooled standard error.
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AL Al glo] Havdgel i@ HArteE R AN 37

s Z]el] Qlo] HAwmulgo] FAol mA= FFES E 48] VEF AT A
AFFAIE 7 s QY] A AnulE ] HIbgEo] motdaE ddSA gl STt
3+ o™ (linear effect, p<0.01), ZALE 4 &
ZbE7 iz vlalste] FUhskATh Egh Al E
AME HArulge Hrbggol FUMETE

effect, p<0.02).

A= 1.0 2 1.5% #H

A AT 9

hir
N
o

3 48. Effect of natural mineral complex on growth performance in

growing pigs

o, | Level of mineral complex, % 1 p value
Ttem, %6 = 0.2 1.0 | 15 |°F [Tinear |quadratic |cubic
IBW, kg | 26838 | 2684 | 26.79 | 2674 017 0.72 0.96 0.92
FBW, kgl| 4565 | 45.12" | 47.33* | 47.29* | 0.68 | 0.02 0.59 0.10
ADG, kg| 0.670™ | 0.653" | 0.733* | 0.734* [0.024] 0.01 0.62 0.11
ADFI,

kg
G/F 0.443 | 0468 | 0476 | 0.469 |0.019| 0.27 0.46 0.93
"Pooled standard error.

1526a | 1.404" | 1.549° | 1.568" [0.039| 0.12 0.07 0.03

®Means in the same row with different superscript differ(P<0.05).

1] glo] HArndZo] DM ¥ N A3lgo nAE= 3FS F 490 et
YAtk DM a3h&ed JojAx s AAruEE 1.0 B 15% w9 A2 F+7F
i Zs FolatA ¥ Aok vluste] Frbekl o™ (p<0.05), N A3HE
o dojAE HAdndlge] HIlFTo] FUHEFE Astgo] FHoR T

¥ 1 t}(linear effect, p<.0001).
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3 49. Effect of natural mineral complex on DM and N digestibility in

growing pigs

Level of mineral complex, % p value
9 1 drati
Ttem, %1 v | 02 | 1.0 | 15 |°F | tinear | M| cubic
C
DM 78.00° | 75.92° [ 79.45° | 79.33* | 0.47 | 0.003 0.04 |0.001
N 75.36" | 74.27° | 76.11° | 81.45* | 0.63 | <0.0001 | 0.001 | 0.85

'Pooled standard error.

®Means in the same row with different superscript differ(P<0.05).

# 500E o f mulE kbl diaiA dEbldT AlE FEAC] 4%
4 ) Mgd#e AAni2e 1.0 == 15% Fold A7t vgs &
a4 ke A et vaste] F7hsg o (p<0.05), # Ul K 2 Mg %
dAnvze] HrlgFo] F7EdSFE Foyor 7HAast t(linear effect,

p<.0001).

3 50. Effect of natural mineral complex on mineral concentration in

blood and feces'
Level of mineral complex,

Ttem, % % SE! p value
0 | 02 ] 10 | 15 linear | quadratic [cubic
Blood
K, mmol/L | 11.18 | 10.33 | 11.03 | 10.73 |0.30| 0.64 0.38 0.08
Ca, mg/dL | 10.12 | 997 | 1023 | 9.87 |0.25| 0.68 0.67 0.37
Fe,ug/dL 135.83 | 147.00 | 137.33 | 128.83 |9.56| 0.48 0.32 0.61

Mg, mg/dL| 2.50 2.37 2.67 260 10.07| 0.08 0.65 0.02
Feces
K,mmol/L 1.11 1.11 0.92 0.82 10.04|<0.0001 0.20 0.11
Ca, mg/dL | 154 1.53 1.60 154 [0.14| 092 0.84 0.75
Fe, ug/dL 0.15 0.14 0.13 0.14 [0.01| 0.11 0.53 0.68
Mg, mg/dL| 0.82 0.75 0.67 0.63 |0.02 | <0.0001 0.51 0.59
"Blood and fecal samples was collected from 6pigs in each treatment.

*Pooled standard error.

®Means in the same row with different superscript differ(P<0.05).
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