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Development of New Fruit Paper Bag for

Increasing Calcium Content in Pear fruits
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SUMMARY

Development of New Fruit Paper Bag for Increasing Calcium Content

in Pear fruits

The paper bags for pear used in commocial orchards were 170~190
mmx205~220 mm in size, and they were fungus—proof and insect-proof
treated. They were double-layered, triple-layered, or single-layered, and
of those three kinds of bags, double-layer bag was the most common.
Inner bag was yellow, white, red, green, dark blue, and blue, and of
those colors, yellow bag was the most common. Outer bag was gray
(including newspaper with some prints on it), yellow, white, and black,
and the most common color was gray. Non-processed paper for inner
bag was mostly made in Korea, and the inner bag weighed 27.7~36.9 g
m“. The orchards that planted 'Niitaka', a major cultivar in Korea, used
yellow double-layer bag (yellow roll paper for both outer and inner bags)
and newspaper double-layer bag (newspaper bag for outer bag and
yellow roll paper for inner bag).

We chose yellow double-layer bag and newspaper double-layer bag as
the appropriate bag for coating calcium, and the yellow roll paper bag
weighed 27 gm 2

There were some brownish irregular stains on the skin of the fruit
when we used bag that were made without adjuvant. So it was necessary
to use adjuvant that prevents making contaminated fruits. However, there
was no particular problem other than contamination of the fruit skin. We
investigated the calcium content and quality of the fruits, and the calcium
content of OS-Ca or CaCly coated (6 and 12%) fruits was higher than
that of other treatment or non-treatment. The 0OS-Ca 12, 6, 3%, CaCl,
12, 6% coated fruits had higher firmness and almost the same soluble
solid content compared to those of non-treated fruits. However, CaCly
has high pH and CaCls-coated bag had higher hygroscopic ability, which
can injure the fruit chemically; so we selected Os-Ca for bag-coating

agent.
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To select an appropriate coating agent for inner bag, we went through
some tests. It was observed that the solution with WE and Ag added had
bigger amount of fruit calcium content than calcium non-treated. So we
selected WE and Ag as adjuvant. Based on the results of the test, we
made four kinds of coating agent - OS-Ca. The pH of these was
4.56-5.20, and calcium content of these was 2.8-5.6%. We coated paper
with these and made yellow double-layer bag and newspaper
double-layer bag. We bagged the fruits with them and looked at the
effects. The fruits bagged with OS-Ca 6%+ WE+ Ag bag for 60 days till
harvest had the biggest calcium contend both in yellow double-layer bag
and newspaper double-layer bag. 0OS-Ca 6%+ WE+Ag- or O0OS-CA
6%+ WE-coated bag and 0S-Ca 3%+ WE+ Ag or 0S-Ca
6%+ WE+ Ag-coated bag had the highest calcium content of flesh adjacent
to the skin of the fruits. Adding Ag colloid to the coating agent is
effective, but considering the price, we selected 0OS-Ca 6%+ WE as
coating agent.

Selected OS-Ca+ WE was diluted by methyl alcohol and it had 6% of
calcium content. It was manufactured in a factory and was used for a
test. The fruits bagged with calcium-coated bags had more calcium
content than those bagged with normal bags in the fruits' skin and flesh.
and it still had more calcium content during storage. There was no big
difference in the fruit's firmness, soluble solids, and acidity, and
respiration rate and ethylene evolution during storage.

We compared the physical characteristics of calcium-coated bag to that
of common bag. Calcium-coated bag had higher <IE7%E, lower air
permeability and light permeability, and almost the same density and
bursting strength compared to common bag. We investigated the amount
of calcium remaining in the bag, and it was observed that it decreased
sharply for 75 days after bagging. It decreased in a lower rate after that.
There was no difference in humidity and temperature in the bag between
the two kinds of bag. There wasn't any difference in fruit lenticel and
condition of fruit skin of the fruits bagged with calcium-coated bag and

common bag.

For mass production of calcium-coated bag, the roller temperature had

_12_



to be 1407, coating agent temperature 24C, and rotating speed 55.3
round per min. Generally common bags are coated with bean oil and
petroleum or paraffin, and to coat the bag with calcium, the condition
written above was needed. The process of making calcium-coated bag
was: roll paper (27 gm®) for inner bag — coat the inner part of inner
bag (coating agent temperature: 24C) — immediate drying using the
roller (temperature: 140C) — rewinding — bag-making device — cutting
— gluing — calcium-coated bag.

For a test in commercial orchard, we made calcium-coated bags that
had different amount of calcium in them and examined them in the second
year. There were no contaminated fruits and they had increased calcium.
In the third year, we tested finally selected calcium-coated bags in three
orchards. There was no contaminated fruit, and the fruits had increased
calcium content.

The primary price of yellow double-layer bag and newspaper double
layer bag was increased from common bag by 3 won per 10 sheets of
bag.

_13_
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1-1. e #5284 yAe) 24,

7=
Wire(sec) Felt(sec)
JAF A 3120 0.70 22.37 0.46 16.98 16.27
B 29.25 0.60 18.25 0.34 13.25 11.71
C 3062 0.67 24.50 0.21 24.34 23.51
NAF A 27.70  0.60 23.16 0.33 17.02 16.65
B 2875 0.57 25.35 0.33 18.89 14.46
C 3219 0.6 24.58 0.40 25.70 21.52
SAF A 31.32 0.66 35.54 0.30 18.44 16.58
B 2325 0.58 10.70 0.02 3.21 2.62
HAF A 27.86  0.68 22.08 0.75 11.37 10.29
B 2975 0.72 43.53 0.35 17.25 16.27
C 3699 0.92 35.00 - - -
D 36.61 0.93 35.01 0.53 55.58 42.37
E 2828 0.68 35.19 0.33 13.32 13.05
2. Age BA HAA
As 2 Y
v B2 A RAA A AR 67] AL ARE B2 Be sl o4&
Ao Aare] dgte FAE Ao ZEsdES A¥IS W Wy
A%, A2 A% 5 Ko BAstel A
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A2A AYE ZeAd BxA s
1. ZEAS B2A AL AT 14 43 A

7b A#e Zed A4

2ZEo o] et ZEde wou uAMZE 7bedt ZEds dde=
AESG g oz ol gxe ZaHde dsizds, Aibzds, A dsE, wal
Zhey 283 =3 AEES 952 3 A4AF(0S-Ca) 5dH 1 FAAE E
3= 7] A9 WAV . ARl gAY W He d3ZEn = 4
S Y8R 3 ANLHI]TE(0S-Ca)s 14 Adsle] 28 Hxe g35 HE
stz skSl .

As 2 BN

244E 482 3 IFLFFE(0S-Ca)t F3zae] v8 G &
AN A ZA o Z=xeA T 0S-Ca 12%, OS-Ca 6%, OS-Ca 3%, CaCly 12%,
CaClz 6%, CaCly 3% OS-Ca 2.4%+Ag 45 M ZA|o Z=xsto] Ax3 th
ojAE AR st fA = AEAS G AR o]FTEAR TEAH. Age
colloid 4El¢] A& 15mg L' o v== H7tsldrh Axd 245 N’ 734
of 6¢ 25¢ st o A= Gy 3WHEMEET 1) o w wjA st 5
otk A F AAHom A FE dEete] A FAdo YEhve=
48&S AT

HdE Ax7)el Feete] 19k T 579 A FH4E AT A=
+ probeZt S5mm<l ¥4 7 = A ((Fruit Hardness Tester, Japan)& AR&3te] 22

4z

ANF-9 23telA HIE AAT F HF ArE FAHIL, 7MY 1PELS
H}&ol £& FAGEA(Atago Co., Japan)E =43ttt Ao UeEvE 9

_31_



H
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Mz

o

)

H B8 ARE ternary 902 719 ®3s) 3= A (AA-680,

Shimadzu) & =4 sttt

A

23}

¥a
K
b

o 5 30958 el mel e ol A7) Azt Fad wjrhA X
ALE A Hae AR Al-stole flojA A kil dol glo] AFa=
Hd 4 Itk 2-1). m"EAE 9 M Ak F 2-13 Zol
0S-Ca 63 12%, CaCly 63 12%+= w9 Algh Al 0S-Ca 3%¢+ CaCly
3% T BENOo™ 0S-Ca 2.4%+Age Av|atditt. webs 3] A
dAE 7HE s Z-AY] AxUE WA ARSI Sl

7]

rlo

~

CaCl, 3® & Hof 4 0S-Ca " &4 A 4
23 3% st 12% 973t 6% 23 3%, st 6%, T4 24%+Ag,
-3t OS-Ca 12%

a9 21 BHS =Y ¥A A A e 29

_32_



4|
[\]
o
i
=Y
Ky
o
ot
it
He,
2
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o
ofy
ofL
N
&
=
o
-
)
>
1
i1t
lo
o
i)

AW egmwy AE 3 RN s
oA g 5 38.22 ¢’ 12.0 b
0S-Ca 12% < 54.88 a 11.6 ¢
0S-Ca 6% < 52.92 a 12.0 b
0S-Ca 3% > 45.08 b 11.9 bc
CaClz 12% A 54.88 a 12.0 b
CaClz 6% A 46.06 b 11.6 ¢
CaClz 3% = 37.24 ¢ 124 a
0S-Ca 2.4%+ Ag 73 40.18 ¢ 12.2 ab

"Mean separation within columns by Duncan’s multiple range test, 5% level

Attt sk FA el vlste] 0S-Ca 12, 6, 3%, CaCly 12, 6%
FHE BA7F AE7t =90}, CaCl, 6% 2 0S-Ca 24%+Agts vlZahadr).
Mg 1P ELS FAE ol H]5ke] CaCly 3% 8= F7FHE Aoy, 0S-Ca 12%
2 CaCl; 6% A7+ 23]8] Hasglon, & A 7-¢= 2 2ozt Ao

S-Ca % CaCl; 5% 7+ ztol= A4 = it

E 22% 84 BAE AW F £ Aok A F 30, 6020] Ho)e} B
o Zr e AN Aotk muel Zg g 0S-Ca 63 12%9] AT

oA 7 77kl AA g Beka Beo CaCl, 63 1297 Be Aoz U
weh 7 g o® CaCly, 12%, CaCl, 6% AHel o)A 74 shefol @obch
0S-Ca 3%, CaCl, 3% A FANE FAZRTY BE Ca T3S Hol W ThE
4 Aol vldl AdTk FHoA= 0S-Ca 12%, 0S-Ca 6%, CaCly 12%,
CaCl, 6%l FAT UL 24 ol Wol Agle a7} Ae Ao 24
Aoy 0S-Ca 3%, CaCly 3%, OS-Ca 24%+Ag A#F+= FA= Hls] <3t
Be gue woAY Wiy Frow AHAY. o 2w B o ZRA

2
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HEA.

ZdEdol 6% oldelofor & Aol
SR

Eaaty g
A= AA T 3%0] WA= 6%k 2ol AH

%22 BERY 4 ol BA A F 3 A A% F A9s e
i g
¥ AFAD)
A
0 30 60

73] Ca(mg - kg ')
22 346 €” 336 e 321 f
05-Ca 12% 949 a 968 a 948 a
05-Ca 6% 91 a 948 a 943 a
0S-Ca 3% 445 d 482 d 485 d
CaCly 12% 643 b 694 b 636 b
CaClz 6% 621 b 636 c 638 c
CaClz 3% 449 ¢ 482 d 430 e
0S-Ca 24%+Ag 343 e 345 e 342 £

#4 Calmg - kg ')
A 145 d 145 ¢ 143 ¢
0S-Ca 12% 227 a 239 ab 224 ab
0S-Ca 6% 186 bc 220 ab 213 ab
0S-Ca 3% 163 cd 167 ¢ 159 ¢
CaCly 12% 233 a 236 b 238 a
CaClz 6% 192 b 216 a 205 b
CaClz 3% 158 d 157 ¢ 159 ¢
0S-Ca 2.4%+Ag 145 d 145 ¢ 147 ¢

“Mean separation within columns by Duncan’s multiple range test, 5% level
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dstZdE 0S-Caol IV B4 A=z JJrNoﬂ A2 a7} WASEE o
=]

ZasteEed 2 VM BEAE Hrrete] v} Ao AR AN g4 =4
27g - m Dol APAelA Poz m=xagch 0S-Ca Z4F 16, 12, 3, 24, 0%
o] %27t HE2 wax emulsion 36%, MY LT 20% L Ag 15mg L' 5 Hx
AS H7Ee g4S 593 Fog oy FuF LXEYUTt ZEAE BHA U
o] Aol o7k QEAZS Beety] fste] A (Minolta CR-200)%
Hunter L, a, b3tS A 3Ath

ANl o
F A" 2-2). 2y Zol Agrt AUk WA= AP w2
= UrE}kktHza 2-2). Ca 16 2 12%°l A= 7] F 5715 FF38te] =35

% 5 Hunter LB =), agt(ZA-24) 3 bgr(ZA-F4)S A A
(% 2-3) OS-Ca #=¥ 9 nzAdz & Zol& AT & giloy, ag
oAM= FAel 3 WE &5 Aglo] Hgto] OS-Ca 163} 12%, 0S-Ca 6%+WE,
0S-Ca 6%+MeOH, OS-Ca 3%+WE, 0S-Ca 3%+MeOH A 2|77} & A 35] =9k
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a9 2-2. mgAlE BA WAl =2 Fofxe] A2
® F42, @ 0S-Ca 16%, @ 0S-Ca 12%, @ 0S-Ca 6%+WE,
® 0S-Ca 6%+MeOH. ® 0S-Ca 3%+WE, @ 0S-Ca 3%+MeOH,
WE-36, @ 0S-Ca 24%+Ag.

¥ 2-3. ZYA F75E =¥3 3% A9 Hunter 7k

Hunter %k
REA T/
L a b
S e 79.5 5.93 48.75
0S-Ca 16% 72.2 7.40 50.74
0S-Ca 12% 73.7 6.94 49.78
0S-Ca 6%+ WE 73.2 8.31 51.15
OS"CfI\??OH 73.0 8.52 46.97
0S-Ca 3%+ WE 74.9 8.90 53.31
OS"CiiZ;OH 77.6 7.20 50.07
0S-Ca 2.4%+ Ag 74.5 9.06 43.46
WE 79.5 5.01 59.37

om, 53 0S-Ca 24%+Ag A2l A A2 FolA 74w ol
9 Emolm Lo 4L T Aoz AZANUT. BAe) A 2 A9

wel W) el A Aol dge] WA Aolm 4G wEAlS) Hrhs



Adel =Fe] d Aoz AZAEA

o 2EHYETN REAGY) & A5H FE
A2 23
& 2SR ek FAH BHAL 0S-CaclL, o, Wt

83 & FR2o|= o5 2L ¥ 2-37 2t}

o5& A WA YAQ@7g/m)el ko] mxste] Ad Ax F =¥ wE 5

Ca Wax emulsion Methanol Ag
ER B
(%) (%) (%) (mgL )
CA-16 16 - - -
CA-12 12 - - -
WE - 36 - -
WM1 - 28.8 20 -
WM2 - 21.6 20 -
WMS - 21.6 20 15
0S-CA®b6 6 36 20 -
0S-CA6S 6 36 20 15

=

23 2 a1

B xR AEAL Ca-16, Ca-122 FH3Z Wxo] H|Ee] WMI1, WM2.
0OS-CA6, OS-CA6S7F 9-Fatgon WES 7ttt x4 1 REAH LS E4
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2004H 50044 1000%H

ag 2-4. BA WA Wax 2 Ca 3g2S 2”3 Fo ®d.
@ ® © WE, @ © @ CA-16, ® @ @: CA-12.
«Wax ZEHLS W AA7 ZgE900, CA 12% 2 CA 16%= 29

M5 Apolel Bl B
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20044 500K 1000wH
a9 2-5. A WAl Ca 33E 6%t Al 845 93

R <
X,
@ ® ©: WML, @ (@ O: WMS, ® ©O: WM2).
xCa 3M3E 6% HEZA(WMI, WMS, WM2)E &£8& FEH3I A&

sk AR Abolel 3ol @el MR
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Az ZHAE =X F FAEU AR BA g mHES #AFI A
WMS =X7F7F A9 Adf Alo]l &ol = wko] wokth o d A o=
WMI1 %57 WM2ell Bl&te] H& =¥ %S Btk Z4o] ZHd BAZ o
FAAE 7] Qlete] AR EE fEe Zud BRERAVE 8o AEa Hx
o] Holtol 317] wWliEo] MeOH 20%7} 74 £& Ao w AztE vt

2. ZEEY BEAAV EFE ZYAY AE
7}, Z5AY HEA(wax, Ag)d EJAH HAE
A 2 By

ZHrd 0S-Ca9l ¥ 24 Wax emulsion(WE), colloidal-Ag(Ag)S & 83+ 78
AE o] &3t 0S-Ca 3%+WE, 0S-Ca 3%+WE+Ag, 0OS-Ca 6%+WE %
0S-Ca %+WE+Ag & 471 s”AE w5 34 Ao =xste] ANFE +
Paldrh olwl H7He WEE 36%°]03 Agt 15mg - L 'olglon f7]&v=
= HEE 20%°] At

Azd he] s"Ae] & pHS Cadtds 46t " st Ax3 &

S|
Ag Aol Auetde W AAHJA FAe Al

g Wsts AEeauz 47l
L= Qb fAIE vy sl Alar o] EAE st W A7]= 6
200l Astr] Ao SA ek A s FAE g8k WA #
W FY FiS SEM(Hitachi, S-3500N) 2.2 ##3tth

A WA e A Z”RAE Awsty] flete]l A7) AE AdE V2R
0S-Cags IHE ZHAo=Z 3ta1 WES CAgE REAZ 3lo] o8 =¢S5 &
A Algst A3 0S-Ca 3%+WE, OS-Ca 3%+WE+Ag, OS-Ca 6%+WE, OS-Ca
6%+WE+Ag & 4F 79 ABAE dEatdom ol FYA Y pHe 456~5.20

ol LTS 28~56%=H tAHQ] stzoleta A4S ATHE 2-5).
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ECER: pH Ca 7%
0S-Ca 3%+WE 4.95 3.1
0OS-Ca 3%+WE+Ag 5.20 2.8
0OS-Ca 6%+WE 4.56 5.5
0OS-Ca 6%+WE+Ag 4.76 5.6

Aa e g Bxek HskA e BA e xHE #FGI RS
2-6, 2-7, 2-8, 2-9°|t}. IR A7} =xH B WA (1™
(29 2-1009] vkl AdfFx=23 24 Atele] F3hg F”-AZE WeF A
™, 0S-Ca 3%+WE % 0S-Ca 6%+WE Zg#] ¥& ) A3 53 Ao
o x4 AHEs FE Lo 2 Ao]Z BHshA X3}
wE&do = 0S-Ca 3%+WE 2 0S-Ca 6%+WEel w]ste] 53 A
A g Aol gkt (Y 2-7, 9). T3 $F A9 Bx mHES A AR
el o] EAbEo] yEE (Y 2-6, 7, 8, 9). A H FIA
of #Fol7l vhehdt olfi= IEAIZF E=EE Fol HA Aldoe] At
B, o]E Sl o8 &7t Ho vEtd AxE AAEA 1y

= ©
b oe 2o A7k QW o st wA S g,

2,
£
b
ot
1
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HfAtolsl g5 M ta 9.

2-10)°l ¥ste] OS-Ca 3%+WE A& Zgel 2" Eo Af¢
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g 2-7. 34 ZA 0S-Ca 3%+WE+Ags
A3k 53 W Wz B4 A W g,
9 A BA 2497 B @ 2008, ® 5008, © 10000,
ol ARzl =8 Al D 5008 @ 10008, 320004.
R (27 21009 Wsel 0S-Ca 3%+ WE+AgHel zo] mwo]

Aok AfAbele B2 WL Qg
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& Al @© 5000, @ 10009, @ 2000,
ol ARzl BA #9-7] @ 2008, ® 5000, © 1000#.
#F2 2 (2g 2-10)e] vsteq OS-Ca 6%+WEAH# &= ZHo] Ty =

AfArelel B3 M9 9,
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Z2]9] 0S-Ca 6%+WE+AgES =
71 A WA B AHE.

9 AR B2 H97] A @ 2008, ® 5008, © 10004,

ol ALR: =3 A] D 50018], @ 1000, @ 2000%H.

A2y 2-1009] vt OS-Ca 6%+WE+AgAz+= Zwol ZEFY

Mot A RAtelsl #5E v 98
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g3k @S 34 BA BA A4$7] A% 53

@ 20041, ® 5001, (©1000%.
001 @ 100081, 3 20004H.

SR Ao A Aol FFe] we,
4. Zedd ExA(wax, Ag)7t 28 H A9 A &3

del NFE-ThelA E44E HERAD 439 aAE 25
9l o Fadel VehtE 9FS zAETR S
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>
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1) B9 BEGF
AR 2 P

E AHe gAFIA e glE vl Au] Hrl A AAsgon EFES AaE
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of g HAS AW HEAR AUk agAE F4 54 Agsr. A
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904, 1209l 1.5-2m < oﬂ A= ﬂ717} Al A 107H>9— leo}
0.3%¢el 7jFLo]l Mg 5 FHyjet, wy] Aot Fxow FE6HAH
w3 Aa 2" BAE dHdT 5 Zgo] A9E F dFow JAFoe= A
L5 dolr 7] flste] #y AA F 39 AsHH 0-5 5-10, 10-15mme] I
o FEste]l AFst HAx7] 60TColA Fw3] Az 5 7= E43 Al
E 500mgS ternary €9 10mLS Y1l AGFdoA Sd Bz & AAFLE

333 % A (AA-680, Shimadzu, Japan)® #23}%it).

4
2
)
b
B
o
B~
?'

slglon} 58 Ale] e 0S-Ca 6%+Ag A2l T
gAgel watel ZagRel 77k AQHAT. £ 609 AolE Aze] w3
b e ST A B4 RE 0S-Ca 6%+Ag AE7h ol wetm ol
Zobe 58 A ol

2 ) BANA Bz 3

)
dela & FRoluE A7y
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A9
T2 604 A T2 304 A T Al
F 25 EA
i = 378.0 b* 322.0 d 343.5 d
05-Ca 3% 368.5 b 336.9 cd 385.9 bc
0S-Ca 3%+Ag 365.5 b 356.9 ¢ 4171 b
05-Ca 6% 403.4 ab 395.3 b 360.0 cd
05-Ca 6%+Ag. 4449 a 4319 a 502.0 a
RN+ 25 5A
A4 339.1 b 320.0 b 355.5 d
05-Ca 3% 374.3 ab 338.0 b 381.7 d
05-Ca 3%+Ag 381.6 ab 4677 a 461.2 b
0S-Ca 6% 3745 ab 364.8 b 429.1 ¢
05-Ca 6%+Ag. 403.7 a 4579 a 4944 a

"Mean separation within columns by Duncan’s multiple range test, 5% level.

¥ 279 H92 WAYS #9 Aet o 2mm F90l 8

. 93 det Bgolw Hs} 2

A5k AT o]F 2A9 0S-Ca 6%+Ag Aot A9 erataps v wskel
_/l‘_ o

g 609 F-€] 1204 7}A] =Fol7) YA aL

f
. 2
i)
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F 27 Zw A AW 5 A7 gy Ae) A shEge] 2 gk

39 A B4e] 24 (mg - kg )

A 3 602 2 % 309 2 53 A
$4 25 B
¥ oA g 1326 ¢’ 1494 b 1349 ¢
0S-Ca 3% 144.9 bc 151.3 b 1385 bc
0S-Ca 3%+Ag 159.3 a 1586 b 141.5 bc
0OS-Ca 6% 150.9 ab 161.9 ab 1452 b
0OS-Ca 6%+Ag. 1615 a 173.0 a 1565 a
AE 25 B
A 132.3 ¢ 1475 a 135.7 b
0OS-Ca 3% 1343 ¢ 1116 b 136.7 b
0OS-Ca 3%+Ag 146.3 b 1372 a 1782 a
0S-Ca 6% 146.5 b 1475 ab 1431 b
0OS-Ca 6%+Ag. 154.7 a 161.3 a 166.2 a

"Mean separation within columns by Duncan’s multiple range test, 5% level.
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% 2-87 2-9% A o]F FAeF AEA o)F BA Jﬂﬂm g A
T Al HRAE AHstA HIE AAT F A A F AL
2 Zolw 24 %L 2AE Aotk E 2-894E 0-5mm HolellHE
7kA OS-Ca 3%+Ag, OS-Ca 6%, 0S-Ca 6%+Age] A& ol 24
A Bl =gth 5-10mme] ol A= 8 Aol FAele =Y
g e Fo4de] o 8 A 30deE 2 Aol7t gle Aoz e
AN gol A 3 Ao 0S-Ca 6%+Ag 817} ZH38hEo]
Zolr Zrg FHAZE 0S-Ca 6%+Agel &2~ oEAL A3 Aol 7 £

o 4y K e
& jo i
>,
mlm
L ot
5 4
o —h

o

o
)

?

o

3

3

1o,
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A gk OS-Ca 3%+Age FYA A= Ko ZAHFSHF F7F a3/ & Fo] &
o] s} At}
% 2-8 ZwES IYS A olF BA Ao T £33 309 A FE A A
5o Hoj Zhgphar
& 29 2% (mg - kg Y
A g
3 309 A T3 A
Jy] 252 FE 0~5mm P9
¥ oA g 143.0 b” 133.2 ¢
0S-Ca 3% 1459 b 134.1 bc
0OS-Ca 3%+Ag 1676 a 1465 a
0S-Ca 6% 161.7 a 1464 a
0OS-Ca 6%+Ag. 165.7 a 140.3 ab

T+ A g
05-Ca 3%
05-Ca 3%+Ag
0S-Ca 6%
05-Ca 6%+Ag.

A
05-Ca 3%
05-Ca 3%+Ag
05-Ca 6%
05-Ca 6%+Ag.

5] M52 Y E 5~10mm 23]

1589 b 1251 b
1583 b 1532 a
169.2 ab 161.1 a
1581 b 1594 a
1731 a 1541 a

3 AslZEE [0~]15mm F9]

1619 a 150.5 b
167.7 a 156.0 ab
1654 a 160.4 ab
168.8 a 159.6 ab
168.5 a 1784 a

"Mean separation within columns by Duncan’s multiple range test, 5% level.
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WA A F 48 302 A 58 A ¢

Al

ps

;ﬂ.’

& 29 2% (mg - kg Y

A9

s 309 A Y

2y HSp2PE] )~bmm F9

i = 1474 v° 1280 b
0S-Ca 3% 1439 b 1314 ab
0OS-Ca 3%+Ag 165.8 a 1373 a
0S-Ca 6% 155.4 ab 1389 a
0S-Ca 6%+Ag. 166.4 a 1387 a

T+ A g
05-Ca 3%
05-Ca 3%+Ag
0S-Ca 6%
05-Ca 6%+Ag.

7 A
05-Ca 3%
05-Ca 3%+Ag
05-Ca 6%
05-Ca 6%+Ag.

7] Az RE 5~10mm 9

152.2 b 1234 d
1558 b 139.2 ¢
161.5 ab 1654 a
159.5 ab 1475 be
1684 a 1540 b

3 ZslZ R E 10 ~15mm

1636 b 1476 ¢
1437 c 165.3 b
1733 a 1831 a
1726 a 1675 b
167.1 b 174.0 ab

Mean separation within columns by Duncan’s multiple range test, 5% level.

_52_



2) A4 F2

s Ry

0S-Ca 3%, OS-Ca 3%+Ag, OS-Ca 6%, OS-Ca 6%+AgE FHI EAE 3
tate] A7l et B FHE AT FAWHe A AlFY 2k
th A, At 7HEA AP ES FEYd 2AeIA L, A9 8 309 A
¥ F3de xAbElYT. AEE probe’t Smmel ~EI=E A LA (Wagner
Instruments, USA)E AF&3to] S4S & Nagto=z RAsHTh 7H84d 1352
OAE G E=A(KEM Kyoto Elec., Japan)& ©|&3te] ZA&dt}. abstgde 35
o 02%°] #EZaddl §ds 2~3%E "ol § 0.IN NaOH &5 4
Aol EZMow Welte= S AHow o AAst o] ;e AtHitow 4

ste 71tk A - BA AEo]l A9 mEH e HAE JEgS 17
9kl AM}A(JS555, SUN SCIENTIFIC CO., Japan)E o] &3lo] #pa Z=ot3o
A 23& =43lo] Hunter L, a, bgto & e

23 3 13

ik

E 2-102> 0OS-Ca 3%¢ 6% % 0S-Ca 3%%t 6%°l Ags #H7hgk ¥ A
AGF FA o]F A A% olF FAE AN ¥ AHo FHS
ojty. B} A= &4 o]FT FA A= FA} 2 et
S-Ca 6% A&7} =3tk 7184 ngdE2 A 3t
=

%
Aol7h glolth A e FA) o]F FAINE A Hlshel

Aol &
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o

-113 2-12%= &4 ol EAISE AE ol A9 AMgom dulo] A
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A = I\ 7H84 313 E(°Bx) b (%)
4] o] A
R 20.6 a” 12.0 a 0.25 ab
0S-Ca 3% 19.9 a 12.3 a 0.27 a
0S-Ca 3%+ Ag 20.3 a 12.7 a 0.26 ab
0S-Ca 6% 22.9 a 11.7 a 0.25 ab
0S-Ca 6%+ Ag 21.2 a 12.6 a 0.24 b

i oJF B

Sl B 21.2 be 12.4 a 0.24 a
0S-Ca 3% 21.6 abc 12.6 a 0.22 ab
0S-Ca 3%+ Ag 20.9 ¢ 12.0 a 0.20 b
0S-Ca 6% 23.8 a 12.4 a 0.22 ab
0OS-Ca 6%+ Ag 23.5 ab 11.6 a 0.22 ab

"Mean separation within columns by Duncan’s multiple range test, 5% level.
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F 2-11. Zgeo] z¥E &4 2% A Al F £ 30d A FF A A

Hunter %t
] 2]
L a b

T 30¥ ¥
oA 61.78 a* 1.75 ¢ 40.19 a
05-Ca 3% 60.75 b 2.88 b 39.96 a
OS-Ca 3%+ Ag 60.98 b 3.05 b 40.06 a
05-Ca 6% 61.29 ab 3.03 b 40.23 a
0S-Ca 6%+ Ag 60.81 b 4.31 a 40.10 a

73 A

L - 62.00 a 5.52 a 40.11 a
05-Ca 3% 62.63 a 6.53 a 40.45 a
0S-Ca 3%+ Ag 62.32 a 6.31 a 38.55 a
05-Ca 6% 62.54 a 6.77 a 39.41 a
0S-Ca 6%+ Ag 61.83 a 5.85 a 39.04 a

Ay F 509
oA g 62.64 a“ 7.26 a 40.22 a
0S-Ca 3% 62.97 a 7.58 a 39.26 a
0S-Ca 3%+ Ag 62.03 a 751 a 38.85 a
0S-Ca 6% 62.36 a 7.20 a 39.29 a
05-Ca 6%+ Ag 61.86 a 7.33 a 38.75 a

A 7 60Y
oA 61.89 a 8.32 ab 40.08 a
05-Ca 3% 61.82 a 9.13 a 39.79 a
0S-Ca 3%+ Ag 61.90 a 8.68 ab 39.66 a
05-Ca 6% 62.36 a 8.10 b 39.78 a
0S-Ca 6%+ Ag 62.78 a 8.60 ab 40.43 a

“Mean separation within columns by Duncan’s multiple range test, 5% level.

_55_



. . Hunter %k
L a b

308 =
oA g 61.78 a’ 1.75 b 40.19 a
0S-Ca 3% 61.17 a 3.59 a 39.94 a
0S-Ca 3%+ Ag 59.67 b 3.87 a 37.32 a
0S-Ca 6% 60.10 b 3.95 a 39.03 a
0S-Ca 6%+ Ag 59.73 b 4.60 a 38.93 a

g A

oA g 62.00 a 5.52 a 40.11 a
0S-Ca 3% 62.12 a 6.06 a 41.09 a
0S-Ca 3%+ Ag 60.75 a 6.44 a 38.53 b
0S-Ca 6% 62.68 a 6.56 a 40.08 ab
0S-Ca 6%+ Ag 60.87 a 6 50 a 39.84 ab

77 007
oA g 62.64 a” 7.26 a 40.22 a
0S-Ca 3% 63.00 a 6.18 a 40.97 a
0S-Ca 3%+ Ag 63.37 a 6.72 a 40.24 a
0S-Ca 6% 62.94 a 6.81 a 40.38 a
0S-Ca 6%+ Ag 63.04 a 7. 83 a 40.15 a

<] =] 60¢]
L - 61.89 a 8.32 a 40.08 a
0S-Ca 3% 63.13 a 7.02 b 41.62 a
0S-Ca 3%+ Ag 62.11 a 7.76 b 39.92 a
0S-Ca 6% 62.63 a 8.06 ab 40.31 a
0S-Ca 6%+ Ag 62.05 a 8.19 ab 40.71 a

“Mean separation within columns by Duncan’s multiple range test, 5% level

¥ 2-128 A% olF BAZ Aue 7 o Lghs 2AG Aow 3
30 Aelli= FA4e 2 0S-Ca 3% 75 A A Ag] 25 FHu]do] of
Aol Zol7k Atk £ 309 A B3] 9] aghe FA gl Hls}

_56_



d

% owmale] w@alth aeu 23 Al 2 Aol glslth bgre &
C

S 309 Holli= A 3 Aol oy FE Ao FAE

o Hl3le] OS-Ca
3%+Ag A7t dA38] "ot A Fo e W= A olF A9
AlgAddel e AdS By ugts ZHdH BXE Fd M= & W)

As 2 BN

| = 1 AE sTrelA AE AldFR sklow
Hogt A= 0S-Ca(z A4S duE 3 A44) 6% &2 odde= +
d A"HAE G o]F FA WAl s”ste] A xg A4S 69 104
SEATH Al A= G R 4ubR o AAs T e 2 EAS sk
223k IS AA =370 AH5t] AA 7|7
0.3%Hell 7)3ro] AH g & v} 73
2t F5(2y n2 Lo #5E 2mm FAZ AFHIoZ St AF A
otk oA S ROEE AEdEs B8] st & AAS 35S
I 2HE 0-5 5-10, 10-15mme] #&o = fejativh wel e #&3) H9s 3
Z7loA 60C = F&s] dxA F #3712 &4 A5 500mgs ternary &
o 10mLe Wi ALwelA ¢d #3)F F ICP(GBC SDS-270, Australia)=
SAAT. A7 E 2 AR 3 HkE 2 1070 ek
e F4 44 ¥ E, AT
7M1 D I
A
A
o}
C-14B, Shimadzu, Japan)® =43}
& FY ethylene FAHF S4S 93 GCo 2712 v 28t}

ruB

2

ool
off

3 A ethylene HAFe] S H57lo] w33 LS F2oA
A F EAEE AL 8710 S WA 2443 F]k 23T 271 el

F 870 9 $RelA ImLe] 7hx% EAehe] ZtAaEvbEIYEGC,

) ru

—

oiff
&

G
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o

Column: Shin carbon T
Detecter: TCD

Colume: initial temperature: 50C
Injecter temperature: 150C

TCD temperature: 160°C

Injecter volume: 1mL

Ethylene 248 =%
Column: Porapac Q
Detecter: FDI
Colume: initial temperature: 50C
Injecter temperature: 80T
FDI temperature: 100C

Injecter volume: 1mL

43 % 1

ki

w2138 2% 29 4 olF BAE Ao W H2e) Ao} Wy A5

2 AR Fol 2AH Aotk wuleh 3% BE A}
of fo1Hel Aolzk ol LAY TAN FAe] A

Ag % 5 oglvh mYAYE LAY waste] Bulsh 0% 24 Fae] A%
o} Z

60L4FH A% 180L7bA] Apol7h A% B2 Hz FAEAY. Zduddol 3

S 13- O
ol we
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%3}

213, Z#ad B4 olF BA A HAe AF F Hus 3y
o B
A4 713E ()
A
0 60 120 180
27 Calmgkeg ")
oA g 294.6 b* 248.9 b 294.0 b 2919 b
0S-Ca 6% 358.0 a 327.1 a 343.0 a 340.2 a
29 Calmgkeg ")
A4 g 85.5 b 68.1 b 72.6 b 72.8 b

0S-Ca 6% 104.0 a 85.9 a 83.7 a 82.7 a

"Mean separation within columns by Duncan’s multiple range test, 5% level.

E 214 2ERY B4 olF B4 A F A% F B8 weld 253
A% 71ZH D 25 2 g mgke )

A
0 60 120 180
I ZPE O~5mm Z ]9 75
A g 50.9 b’ 60.8 b 66.7 b 65.1 b
0S-Ca 6% 61.5 a 66.1 a 75.2 a 74.5 a
772 RE 5~ 10mm #o]9 <5
i 63.8 a 63.7 b 68.2 a 67.5 a
0S-Ca 6% 73.0 a 77.9 a 78.6 a 75.5 a
A ZRE 10~ 15mm 40] 9] 5
i 66.8 b 76.1 b 77.7 b 77.0 b
0S-Ca 6% 79.5 a 109.2 a 98.1 a 97.4 a
“Mean separation within columns by Duncan’s multiple range test, 5% level
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HAEY A 602
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kel
o

tol A 247
7 o

©
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=

o~
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32 HEH 0-5mm

S

&

A
Za A"FEA A BA

Al el

Abgh A3H(2-14), %]

39)0] 4
1802174 7

s}

o~
T

F2EA

.

=

A=

oW

o

—

180
13.27
13.39

0.10
0.10

23.52
22.54

120
23.52
23.52
(°Bx)
13.72
14.00
0.11
0.12

g E=(N)

M =(%)

60
22.54
13.80
14.39

0.11
0.12

23.52

24.50
24.50
12.36
12.07
0.11
0.14*

7 A
0S-Ca 6%
A
0S-Ca 6%
7 A
0S-Ca 6%

x«Significant at 5% level by t-test.
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0 60 120 180
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&g B ugke -h')
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“Mean separation within columns by Duncan’s multiple range test, 5% level.
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90 & OUT
—+— NCA3
80 . -5--NCA3S
E —<—NCA6
70 b -+ NCABS
60
50
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20
10
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Al
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40 R SRR 3 —— NCA3
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0
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Al 2t
I 2-12. AEAE AR st WA= A EXC ZAgsEEE
= I~ 2~ =
Y BA &9 19 B ewsh Ay HEo W ojuje] B
A~
o= o] gl A4
OUT: %A K9 97], NCA3: Ca 3% Z®, NCA3S: Ca 3%+Ag 15mg

-L'3¥, NCA6: Ca 6% =8, NCA6S: Ca 6%+Ag 15mg - L '3 8.
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0 15 30 45 75 100 115

Zg I8 107,540 55,630 49,530 31,160 3,500 3,250 3,140
o Y ok ok ok

b
=] o o Hok o

FAE EA 69 50 70 87 42 51 49

kk kk

Z+ 3% 100,630 40,840 40,490 15,830 3,060 3,680 3,400
H ok ok ok ok ok

FA1g BA 55 58 66 73 48 72 58

EEESOES

Yxx. Significant at 1% level by t-test.
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A3 A AYE B 2o A% A7 By ws
1. ALY THLAEE o83 ZEY Fy AF XA

As R N

Bz o] PCaol AN F4 olsS FHa] Slste] WA B A2 (PCaCly
37MBg/mL, NEM, Boston, MA)& S# % “Ca 74AMBg/mL =7 34& F
I g 50uLE 15 x 15ecm =719 filter paper(No. 2)o] A Alo] HIALA] ZF ko]
463kBa/cm’e] S| A Fvlatglch. 3 309 A Ax’ 3ol AHrwe] PCag
S A4l filter paperg ZLAAIZL § 36, 48, 60 AlZF Foll A FH3FACE Zb 7 o
FHol His ALk WgFor Imm FAR Zo 7] MHoR ARE AxsS
t}. o] A|ZE Bio-imaging analyzer(Model BAS-1500, Fuji film, Tokyo)%}
computerE ©] &3] ¥Cad & v By on PAALE A5t S
of 7+3E M green — yellow — red =22 ©Ca?l v%7F Ha Waic) 7
Aol FE PCadl WAHSE SV Sldke] AES 50mgd HEFsHe] wrh
of ¥ 500C A7]ZelM & 33ek §, A5l IN HCI 3mL ¥ A& &4
8] &3 A Z . L2 3L hot plate #lolA S Y 32 SFF 2 mLE HHA
=9l ¥ ILSCHE cocktail ¢(Ready oranic, Ceckman)= 1:49] H]| &= E-83}9]
10mL LSC A& vialdl ¥dt}h. o]= LSC(Lipuid scintillation counter, Model
6500, Beckman)2 WAlsS 7439 kBg/g DWZ ¥ A3F% T}

S 3-1) Aol ANTFE Agow AF
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d% Folo g AAS AMFSA A A s AA T
%3] F&E 10mm x 10mm Z7|2 Adste] FARAAAW 4 (SEM, Hitachi,
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1. Zadf BA 571 AFA 3
A= 2 BN

B AEE 2adEd s A% b FRAETH, MEBETH, FP(CEID,
ol RIHDE7bel HAAF v Agedt A== F7] = ﬁéE—'.*(E%ﬂ) HA
of FAEF, Ge7bol AAA T wf el AAE A= A
Atk A olF FA(AA e WA A EA)e} AE o
WA A EX)E ol gstidt. ZYE Zw gdE =
#3H=(3, 6, 9, 12%)°l H2=A7F H7bd A
ato] 742y Alfd Zadh AR dAS AdEdeh o] W F bl A 01%3}%
TAE HEzTE olgddet Aw
ol &Al, GE7h= A I olF TAE Ux TAR O}Oi Ei7}" EHZ?L
s A @ = ] e BAE A9A g2 FAYE Fi 2dE AR
itk MUA 7= 69 2024004 649 25 Atolith Al EiA = 1S 1RbE
o sto] Wiy 3utEow it Hde] ZEddF £4S A8 Asrld 3
A& AFsE] 03% WAkl Aol AHF & dylsp gy Hsp F 9 AES
st Ax7] 60TelA 7Y T AxId F BMAEE AxsAh A=
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E 51 A7E 4 FEALY AsllA 2T ¥A A o I
A el BT R RAEA,
SR A Z(mg - kg ) PARY i
°of Ztg B} F A= °° Agek
BA FH — age  UF
(%) -
3 589 a* 314.7a 1154 b 274 a 125a 0.15 a
i} 6 612 a 263.7 bc 1098 b 255 a 12.7a 0.12 a
14 o]
5
9 531 a 332.3 a 1204 ab 304 a 11.7a 0.12 a
12 561 a 347.6 a 130.8.a 255a 121 a 0.12 a
3 549 a 294.3 b 1334 a 304 a 120a 0.15 a
AR o] = 6 593 a 304.6 ab 1234 ab 294 a 12.1 a 0.11 a
B
9 597 a 2974 b 131.1 a 274 a 12.1 a 0.12 a
12 578 a 283.8 b 123.6 ab 265 a 121 a 0.11 a
T3 Hx
e - 577a 247.9 ¢ 111.9 b 304 a 123 a 0.11 a

&4 23)

"Mean separation within columns by Duncan’s multiple range test, 5% level.
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A A sae] BEgY L FAEA.

AR 7HeA
B 2 Ed gty I F 3o e 4= i;s
oo T (2) (mg - kg ") (N) (ogj
(%)
3 686 a“ 541.1 b 11.8 a 11.2 a
_ 6 711 a 498.2 bc 11.3 a 11.7 a
A o)
H =
& 9 633 a 583.5 b 116 a 11.7 a
12 652 a 701.7 a 12.7 a 11.3 a
3 663 a 413.3 ¢ 12.5 a 11.2 a
AE o] = 6 667 a 426.8 ¢ 10.9 a 11.5 a
B
9 651 a 400.6 ¢ 11.6 a 11.7 a
12 688 a 436.7 ¢ 114 a 11.8 a
el 5 A B
(N o] 2) 610 a 481.6 bc 11.9 a 11.2 a

"Mean separation within columns by Duncan’s multiple range test, 5% level.
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F 5-3. A71% ol mIMA e CurtellA ZaEdta BA ool wE 9
A A e B L HAE
S8 A <l 7}8-4]
A Eanty I} = ] o] Zheg 7 = oo
=5 BE (2) (mg - kg ) N ey
(“Bx)
(%)
3 470 7415 a 11.8 109 a
| 6 526 475.2 b 11.6 11.0 a
! 9 494 372.1 ¢ 10.3 109 a
12 535 383.3 be 116 11.1 a
3 505 359.1 cd 119 120 a
Lo 6 487 383.8 be 117 12.9 a
i olF
A
9 503 378.0 ¢ 115 12.9 a
12 167 350.0 d 10.9 13.2 a
i - 547 351.0d  105a 135 a
y - 428 a 418.0 b 1022 112a
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54 47= A FAHAGE DEvtlA Zudi A Adel wE
N A e 2R Y HAER
S8 A <l 7}8-4]
2% B F w2 A w 57
%A 27 A0 3, 0y
5= (2) (mg - kg ) (N) °Bx)
(%)
3 653 a” 3305 100a 123 a
A o2 6 605 a 319.3 11.9a 124 a
A
9 598 a 318.5 96a 129 a
12 556 a 380.9 105a 124 a
3 621 a 378.5 11a 129a
AEAES 6 652 a 387.5 1022 1264
A
9 555 a 301.8 92a 130 a
12 655a 304.9 1062 132 a
s B
e N - 568 a 318.7 ¢ 1042 128a

2) 3AE =
X 556 AU7IE HeAHe EwvtelA ZEddH A #Adgd wE g
Al ‘Al Ao 4
o e 3 % = Jbed ngE
FE A 2] 5 () (EN) © (gBX)
0S-Ca 6 Al o] FB-%] 873 a* 16.3 a 13.8 a
0S-Ca 6 Aol F 5 A 905 a 135 b 13.4 a
A AEol T 5 Al 870 a 13.9 b 13.3 a

“Mean separation within columns by Duncan’s multiple range test, 5% level.
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L BAEFH 3 £S5 498

(°Bx)

0S-Ca 6 o] A 722 a 14.4 a 14.7 a
0S-Cab A0 F 54 692 a 14.6 a 13.6 a
2 3] A o] T84 627 a 13.3 b 134 a

"Mean separation within columns by Duncan’s multiple range test, 5% level.

2. ZEdH A9 A7 B4

A= 2
Daeh B4 Az b FE g0 A FolE mYete AR
SAbel TR} A BAE dEoR Axeh JAbe ARG wol s

E 58 @A A" SMbeh AlzAbe] AVREA WS V2R 8
f+ BA9] Az A7tE AEF Aoz BYFA vt A7} A &
ol BATL 21%, AR o]F BAVF 41%= 1 Eo] AA] @kt G o]F %
Aol Za& AP 104 7HA2 390 A5d 146990 o= =YA A7t
wAzF A vlste] 391o] vIAy] wmol ek B AW olF FAA L sH
Aol 74 Abolnkg AAtd|Zh wol &k 2y o] ko] 7HA Qe 3

of vehdt gatE ek Aol v Frhal AzhE A
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% 58 Z# AW A Ax 47t A=

B0 =3 A 1%1];(] ig?fﬂ ]E 7} 42
T T @0 @nom @0 T
A o] F ﬁgi% 125 6 15 146 102.1
&7 walEA 125 3 15 143 100.0
AR o) F ﬁgi% 55 6 15 76 104.1
&7 o3l EA 95 3 15 73 100.0

EE LA BAANEZLTE = AATE + FA] Az,

=
AP E2 FEA: 15009 /ke, 243G ZE A 30009 /kg.

WA e ZRECIA ZBA): 2g/10%,
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