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SUMMARY

The formation of egg shell is developed at the uterus(shell-gland portion),
and shell calcification is very active at the night time. During this night time,
the laying hens are normally not receiving sufficient calcium from the
feed.

Therefore, it was hypothesized that the encapsulated limestone with enteric
slow-released coating polymer would dissolve slowly in the gut of the hen
throughout the night, and thus maintaining and promoting a more constant
and sufficient entry of calcium into the circulatory system during the night
when most of the shell is formed. In here the results for cgg shell strengthening
are summarized as follows.

1. At the coating of limestone granule by air suspension encapsulation method,
the amount of 45%~6.0% of film material was sufficient for complete
encapsulation of limestone granule. And the increased portion of limestone
weight was 4% ~4.7% after encapsulation.

2. When the encapsulated limestione granule or powder was ’stored at the
condition of relative humidity 85% and temperature 25C, the outer surface
shape was safe by Scanning Electron Microscopy.

3. At the encapsulation experiment of film forming materials with ethylcellulose,
cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate, shellac
and shellac and ethylcellulose mixture, the promoting effect on egg shc;ll
quality was good at hydroxypropyl methylcellulose phthalate and cellulose

acetate phthalate.



. Addition of lactose as calcium absorption enhancer promoted egg shell
quality more highly than that of sofbitol, and this quality tended to be
highly increased with hydroxypropyl methylcellulose phthalate(HPMCP)
among the used film forming materials.

. When the limestone was encapsulated with HPMCP, the addition of lactose,
regardless of coating and uncoating of lactose itself, showed outstanding
results. ‘

. Of the encapsulated materials, HPMCP was the most active coating material
to improve the shell quality and the 3.75% amount of HPMCP to the
limestone weight was the best.

. The egg shell quality was much more improved‘ by the addition of zine

and histidine as a supplements.
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layer= A|# shell ¥4 27]o] FHEEE membrane structural integrity?}

eFatAl E AR, Cu ££ 4] Palisade layerol Al 2 ¥W317} ik, Cu: Shell memb-



rane® keratin ¥4 F2HEE v Cu FF A& lysyl oxidase activity7}
W) ol membrane®] cross-link format10n°] EFec nE FELAF
CuflolM Mne shell® organic matrix®] polysaccharide T34 %22 &A4d
#H e, Mn §FA] shello]l 8Fe}A ™ matrix®] hexosamine® hexuronic acid
@Fo] Zasterl, hexuronic acid BF ZAAE shell 49 2719A}
B et (Leach$t Gross, 1983).

As5d TR e ATEE

FARL UoIA BAse) BrE IPAoz AMNYR AR=HH, 2@
gzte] AG ANIEH e BBEE 7MY FF AL Ao dLolo

Qutdoz sg 2 BA HE R dgom oAL Hae] AAH
FAEAY £49% 1Y AWFoz 4Pe AT vy Ae BL 9
9P e, 447 29, 23, BALE, AT, B9, I8 9L So] AR
aA 4¥e #E 8Bl

dZEe ¢4 23 Az dRHoZ AZY & Jou TUY AY BE
BIAE oA A% Relw, FuelA A WA (BhIL F)E Al
AT 2y vZd AP ge 4ol Lo 4BBA Y7 B2
s2ALNN wde Adsr] 98 AEREdE @47 9tk g7y v
24 Mo1F 0% olgel FEF adnthe G 29, & 9 AWlE

R #, EY 5o 9%e woenz FUNE 9% L AdrE So B
AT7l o g Aot & A7) uHE Ca TIA 2 L 2F Cadh
Vitamin D, 9%, P 9 Mg & Mn ™A Adhe 2 dzdd st

AdTEIL Fol v I 31%%733]-01] Je 64FHY A AsdE



FAA dz2T7e dZ4e 0375m, AETFE 037ImEA M2 ¥WRIAS. A7
A tiRES B shell calcification ¥ ols} #HE thALEE, WERHA
zwdNe d7ETE Qo BEA 2o §32A, AgRAqAY 28
Gz NS Astel AAE APIM BEE & JE A¥E 9m AY B
DAL E qAXL glon ARIAGAE FE IR GEI}L e
AFelth, a2y HZoe FUHA A-947) TEZEANRNR AHRE !
F¢3s A )7 (Na+K—Cl 8288mEg/kg : NaHCO; 40% +KCl 35% + Na,
SO: 25% 9] composition) & W&3te 05~0.75% H7FA d2do] AdETAL
3T

FA4A dZFE 031m, HITE 034mEB FAHJZ 205% A@A A=
036mmell A 038m=z Vel =3 ZEITFAY HE, 434, B4y v
NGl By dzho] 0359, 0346, 03392 HEo] it 449 A, TH
FTEFEE(1.75~3.75)9] A}eA Ca &#Fo] 3.25% 9 0.353mm, 3.75% 9 0.358
mZ ZFol7t fAT, HET A JAEE A UL W T FFU0FR)
< 0361mZ Xol7t figlew, ol &FF AYL 316% 2 ZAEUGL. £
Tricalcium phosphate, dicalcium phosphate, bone ash, oyster shell FA] @&
113~1.01% 22X FAE & 215 P oIt o]ex AdFo 2 ZAlE AHE
B 245 77148 A} 7, 88dlE dZo] 0327m, BF FEHE A @A
ZAHE AT HA2 036m E SHE7E 033m7hA] RAME HIE Qi) o]
TR AddE AL3n &5 FFEL 35~45% L AAF HF #@
AR JFEL 8BEMN F3E T



Aled =9 7 A3t

19929 % A A BE vFo] 70097 (51 1 96047/ EH HAHozx
o] A4t glon FHIFEAE 85097 ALte V=g WA aF
AF}7} 7P FRE Jgke vSogn B & o

AT TFE LWERYE &Y &FH M FHE Ca AFHVTNNA 4
Add FAE HAstde 238D oFd Ca HFAVF Fo3dd, AaA
T/ Ca F 54 % o884 F& v9dF WX od AFFAA 4
TS FA &3 GAEFAE AT F dve 2RE . 28n 83
7] respiratory alkalosis?} Wztde] u]x]E & #3 AFE T
71 24dE Y Bae YAEE HEAe 12~232 dASYS
d2de 2FAFoR AP £ AN, FE ¢ FFH £ A FFo) uHE
E, 31L& B3t Vitamin C F4A] &3, 3 27 o] P X e aFHME
Ca %L HAFLE 3T Nat+K~Cl ¥58 Z/IAIE G4 5AE AXT
T ot H 2= shell calcificationA] ©12 348 Ca, %711 P, 1,25— (OH).D:(1,

o mo X
2 o

O
b
lo
&2 L

25-dehydroxy cholecalciferol) 5%} ovulation®2] 439, calcium-binding
protein{calbindin-9K) ¢] duodenal cello] g FX&, o}&& 1719 CPP(caseino-
phosphopeptides) 7} Ca A ¢]-8-& 7o) vlX = 98 Vitamin D metabolities,

parathyroid hormone ¥ gonadalhormone®] laying cycled]l ®X& &3 F&

A7HI 3o



A7&2 AYAAASY Theoretical Rationale

1. Intestinal sustained-released Ca 34| 7FZupale] st

o 7128 AdA 2Fe] Ca AHT BAY, & AR Ca BF] FA
wado] gt
o ¥®e o B o] EFAT

T 2 | FFE | 9uEye Hqy P S - A
Zol(cm) 7.0 336 8.0 8.3 7.9 6.18
AT 15~208 3A1ZE 1A1ZF 158120~24A17F  —  [24~25A]7F

* Egg shell AZHFoA R 7|7hEde] FHHY AFHR dgHL
YA FHT LFELS £ TEE ‘?J‘-?r‘ﬂ TH Y-S L, o] Eu] o)A
CaCO7F WEHIL 4% oM ZA sl FFste Fzto] FA
O Egg shell 342 oF 21A17F 28 5™, WA 5417 FEE Ca deposition
Sx71 =83 YA 1642 T F2 Yojubal o] M7} night timeo] T}
A intestinell 2 G %A 9] flow’t Y8 shell FA Eoto] o s
Ca®l Z71€l intestinel] T ¥ F5o] sl =8 5 gioh

O Egg shell® 90~95%7F CaCO;°l™ shelldl FFEE Cadl 60~75%7}
AR FFEC

| 2 Z9dME Byt 44 =X
MAE BIF FSHEE 12 AEE HE3R
e} C 38 4 it

&2
3

intestine A

8.
e

night time©ll

o

]
offe
it
off




2. Carbonic anhydrase®] -8 Z33 e Zn9 7F 2 night time F <ol

HAZL 9 synchronization ¥HH Mg

0 FFH0] bloodZ B Cat UH¥ protein® A3 o1, ¢]R o
AFgHEANN fFEE F, COs- °o]2# A3 CaCO:E Hol 2o
AZg} ol AFH M carbonic anhydraée Zg o2 HCO,- °]29°]
g54dtd CO--2 HEEZ, o] B4 84 AA d&$ Agdn

O Carbonic anhydrase 2 erythrocytessl 129 Zn el wHe) 583

| afﬁriity7]j Wae enzymeé] o}, et Zn BEA] o] ehzyme-"f] catabolisme

Ae) gejuA] geth

Carbonic anhydrase
Zn*" g54i 3
* CO,+H.O0 =—= H.CO; === H"+HCO;-—> CO;--—> CaCO;

)

Ca**(blood)

3. webA S92 AEEAE o83 wWF2E 3o E dFdAE

1) A3]49] Encapsulation ¥d ¥ EREF

2) Encapsulation® ¥ 8% d4 Jo A3 #F

3) Calcium &¥+%37A 9 AL&E7H

4) Encapsulated limestone §9A 944 w3l

5) HPMCPY I E%3d d4d APas

6) ZnT Histidine H7HA B2 APdadd #F 478 FHSA



| 2 & Air Suspension Coatingol
o|gt A2|M2| Encapsulation

A1E A E

(D HE7EL 1A, dAFSE EF 9= EFE FHEE IR 5
FzANAN z4E Yol HEHEE F 7&°lth Encapsulation 71&€2 =
& ']'5 BE-S Coatingdt22M wHg4o] ¥L ComponentsE HEdtd T
FEaste] F3AELS WANAY, 97t S4MA R AFA FHIA,
234 FE I FL & masking® F Atk B ¥L, FEFT S £2F A
F49A ey 93t 483 7% A3 71 Aok dEbA AR o9
S&e goz gus vgdA &g AT HH, ¥EHUFS Encapsula-
tion®l & AFZREFA] Activity BE, o] FAIENA 84 I¢4 ARY &
AR AFAE stomach® pHOlA Protection EHF ThEFe F&7lso] 7
T g,

Encapsulation ¥H¢] #1421 Air suspension coating Fluidized bed proces-
sing®] HIE 3 coating EZZE cellulose FEA, dextrin F%4, lipid, pro-
tein FEA 2 starch FEH §& AH§# v} Air suspension coating® 2+ 50~
5000um 719} core particle®] &% F Ut} Fluid bed technology®] ¥¥H2<l
FEAL O Rapid & uniform mixing @ Homogeneous granulation & Protec-
tive coating ¥ @ Sustained release 5& 53 2.2 33 31t} Fluid bed agglome-
rator/dryer 19753 U39 pharmaceutical industryo]A] X AF23t3, o
g & ¢4 2 383497 Yol A, binder solution &< liquids F-2 coating

solutiong & 7tA] g etelA fluidizing particles] $8% & A HUoh



o8] Y ol& particled] flow ¥ fluidizing air®l ©}A counter-current(down

~ spray), concurrent(wurster process), tangential(rotary fluidized process) E°]

ATt

@ Conventional fluid bed agglomerator/dryer. YW S 2 three product

contact sectionSZ T4

— conically shaped product container

— cylindrical expansion chamber

0]

0o

O

single vessel processor®lX powder® &g, IFPAZR, AZXE o
T g

granulation 4o %30} particle size 8 £XE =

53

g+ Uk
tablet coating®l 2 3}c},

— batch & batch continuous fluid bed agglomerate/dryers= 1500kg7} %]

L3

AYrte

Prowdered milk, beverages, soup mixes, protein mixes 5o o]

°o|-&

®@ Down spray coater

*

agglomerationg #HA38l7] W&o powders fluidized state® ZA
33, particle®] 71&8 & & + Ao
air stream®] uniform decelerationg €< & Uth

drying®l particle®] HFAIZHE ZAE & U

T2 controlled release coating, hot melts taste-masking film, fat
coated food ingredients, enteric coated analgesic ¥ coated nutritio-

‘nal products A4kel] o] &

® Rotor granulator/coater : product container ¢+l rotating discE &3, air



velocity$} air volumeS S8 H 22 23 7b5, M4 granule2 more sphe-

rical 2@ densed}th.

— bulk density® 10~20%7A F7}7b s

— granule friabilityE 5¥} Z&AIZich

— YA particle size distribution 7}

— @A granuled] colour® YAEFA & 4 Uth

— magnesium stearate®] distributions Y & Ul

* agglomeration§l®] powder, granule ¥ pellet& coating® F Uth

% o}H substrate Y drug9 layering®] 7}&3tth &, several layer® |
TEE coating® ¥ + Ut

Wurster process-fluid bed bottom spray coating processor

— sustained release

— enteric release

— temperature controlled release

— protection of hydrophilic substances

— taste masking

— colourants application 5 ¢]&

383 Wurster process®l A& uniform film coating®] 7}es3hch,



A22 AEAE g Dd

1. A7 71

Encapsulation® 59 GlattAt] Uni-
Glatt Fluid Bed coaterZ ©]-€3 %1,
nozzle 8, 10, 12mE A 23 YL sp-
rayt Binary system ¥ Bottom spray
processing{Wurster HS processing) ol
9] 5t (2 @ F =) Limestoned coating
3t

2 A5EF £8%9] AL 2 434 =

At A% AAT SAEL total GIT FHAILLE 24~48he(H T 36hn) ol T
stomach®]A] MFE 2 A2 2hr BT olt) olH sur-release® 913+ stomach
conditions] A 2hr 014 AT Hake] YRAL R 20~40um(FE 30um) 2 coa-
ting 3t9ok 39, normal¥ FAEA filmE F7] #dde H2 A surface
area® 3~4mg/enie] HE-FFo] Fasdith AdA A MY pHEZ AMEH
st 73 F AR F94] 3~4hrF 702 F =7 NAEED Thr F
AL 95% olAo] vid=EY Atg HHF MAAAE 4~12hre] HHoloh dEbA
stomachel A W F2& A7HE 0.5~1.5hr 2 total GIT THAIZHL 8hrZ 7}
Ada, A@A e BSE 4ng/erfe) -2 Encapsulationdte A LZ AALSIH

AM8-¥ Limestone ¥EE sieveZ I I £93F & FolA o7]d] ag I



BEEAe ¥g AIHA
ANA(FEHY, pellet, HHY F$)

Hega .é_&%(%)—%e

714 A=n- &(mm?), d=diameter, ™, A=surface area(mm?), W=weight,

mg/each grit, £=coatingd}&l& % (mg/cn) o]},

3. AH£3 Film materials ¥ FTHAE

A4z} AFLoz Al Y HEEZAL Ethyl Cellulose(EC) Cellulose Acetate
Phthalate(CAP), Shellac, Hydroxypropyl Methylccllulose Phthalate(HPMCP),
% Shellac+EC(20 : 80, ww) R, ©lx d¥& 2= HPMCP R CAPE At
&3t
7 2¥e] AL E coating © HEHE SEMe] it THHF P A
85% (Resorcinol®] E389), £ 25CA 308 AAF) BUE o}gd @
Z3h. A& ¥ SEM2 Hitachi Model FE-SEM S-4200°1 %13, A|&¥ double-

il

sided adhesive tape® AF&3}% mounting¥ gold layer filme vacuum coating

8t FZEA acceleration voltage® S5.0KVHT.

34 A3 8 3%

1. 4342 Encapsulation

Fluid bed coaterl ©¥F EncapsulationAl= core material®] particle size7}t

T3t o core?] fludizing®] ZH 3L, processingZd ol cake’} LA EA getoh



AY I AM = 43]4-& Sieving¥F 1.4m particle size ¥ powderdl| T} 3] B3} 5 0.1
AYUIAE HF4 10%(mesh), 2088 FUF FFU= 7053002 $4
EFAT. FA sievinge 10, 12, 14, 18, 25, 45, 100 E 200 mesh® =F T
sieved} Al FF 12~14 mesh(14M), 18~25 mesh(25M), 45~100 mesh(100M)
2 200 mesh ©]49 £2E Z4Z coatingdt ATt

18]I particle 349 Zw A2-Y "ol 9A HEEZE AL A,
powderd ZSt HEEAE cored 27% HT o2 AT AHEE JtAaAE
n-Butyl Phthalate, softner2% stearic acid& film#F2] 10% & A&+ H(Table
2). AFEHCE A4¥19 S coret®] HEEFAFL 17%, 4B UAAE 14
Mol 45%, 25Me] 50%, 100Mel 60% ¢ filmZo] AH&Egict. ojspz-e Aol
Azt A3 A¥914 Z#37 EFEYE AR Yo A& ALz A
EHAT £ coating HEF A¥ 1Y B$ EC AHEA “‘?—711%7}-5—% 16.77% +
1.05, shellac+ECE 14.66% + 2.07, EC(powdeér coating) = 14.98+ 0.93, HPMCP
16.72% + 1.60, shellac 14.93% + 1.90, CAP 16.88% + 0.887} F7t= ot =g 4
I 79 Table 39] 23tH |



Table 2. Ingredient composition of one batch Encapsulation processing in

Experiment I and II

unit - g

Limestone granule

Limestone powder

Item
ExpI Expll(25M) —Lactose +Lactose
Limestone

— Particle 1600 1600 - -

— Powder - - 600 390
Lactose - - - 390
Vitamine D; - - 28 18
Vitamine C - - 142 92
CuCO; * Cu(OH): * H,O - - 2.6 1.7
Mg SO, - - 142 92
Mn SO. - H,O - - 17 11
ZnO - - 8.7 5.7
Film material 270 80 254 270
n-Butyl phthalate 27 8 254 27
Stearic acid 27 8 254 27 ¢




Table 3. Core weight increase after coating in experiment II

HPMCP CAP
Increase

% 14M  25M 100M Powder 14M  25M  100M Powder

Mean  4.01 391 4.74 12.19 397 3.59 4.25 16.14

SD 0.34 0.54 0.52 339 0.34 0.34 0.29 392

2. SEMd] ¢ 24ad g AAE 29 4%

AP AL A3 4F 14m E 355um particle size®] FFEHL Fig 29,
Fig 3, 49 Encapsulation &2 coating¥9 FEHE Vel 223
Fig 5, 691 AUl&s= 85% 14 304 AAF TAES veidided, 24 #FA
ol FA|Fol LHHA &ttt

Fig 7, 8, 9914 E AQUIME AH&T 4342 HPMCP T& CAPE coa-
ting%-¢] EHE AN A h 23 CoatingdtA ¥ sorbitol ¥ HPMCP &2
CAPZ coating® sorbitol®) EW& Fig 1041 eliAch Fig 11, 12418+
AP A AHEE powderd coating EEolth o)A 7R & ZE I A EXo]
coating® FEL T#EFY EAA glo] ¥E8/ coatingd RLE ALRE AT



Fig 2. Scanning electron micrographs of limestone

Lime : 1.4mm(X20), 45M : 355um(X30), Lime : X500






5.8 kV %588  68.8sm

Fig 3. Scanning electron micrographs of encapsulated limestone granule
CAP : X20 and X500, 2: EC(X20 and X500), 3 : Shellac(X20 and
X 500)






x20.8

Fig. 4. Scanning electron mirographs of encapsulated limestone

4. HPMCP(X20 and X500), 5: Shellac+EC(X20 and X500)






Fig. 5. Scanning electron micrographs of encapsulated limestone after 30days

storage at the condition of relative humidity 85% and 25C
2 : ShellactEC, 3: CAP, 4: EC(X20 and X2000)






S.8 kV X2.88K 15.8s8m

Fig. 6. Scanning electron micrographs of encapsulated limestone after 30days
at the condition of relative humidity 85% and 25%
5 Shellac, 8 : HPMCP(X20 and X2000)






"

S.@ kv X28.08

Fig. 7. Scanning electron micrographs of HPMCP—coated limestone gra-
nule
H—14 : limestone 14 mesh(X20, X500 and X2000)

H—25 : limestone 25 mesh(X20, X500 and X2000)






Fig. 8.

s

H-1088 5.8 kV X208.8 .1.58mm

Scanning electron micrographs of HPMCP—coated limestone

nule

H—100 : limestone 100 mesh(X20, X500 and X2000)

gra-






e e i

Xx2e.06

5.8 kv

Fig. 9. Scanning electron micrographs of CAP-—coated limestone granule
C—14 : limestone 14 mesh(X20 and X2000)
C—25 . limestone 25 mesh(X20 and X2000)

C—100 : limestone 100mesh(X20 and X2000)
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5.8 kY X448

10.

hs of sorbitol
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tol(X40 and X2000)

lectron m
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Sorb
S—HPM

S—CAP

HPMCP —coated Sorbitol(X40 and X2000)
CAP —coated Sorbitol(X40 and X2000)






KV x88.8

Fig. 11. Scanning electron micrographs of encapsulated limestone pow-
der
H—-LAC . HPMCP—coated limestone powder, mineral mixture
and lactose(X80 and X2000)
C—LAC : CAP—coated limestone powder, mineral mixture and lac-

tose( X80 and X2000)






Fig. 12. Scanning electron micrographs of encapsulated limestone powder

H—SOR : HPMCP —coated limecstone powder, mineral mixture and
sorbitol(X40 and X2000)

C—TOS: CAP—coarted limestone powder and mineral mixture( X80
and X2000)






M 3% Encapsulation Materiald £0{& 1}

AM1dE A E

AdANA AAHE A FE) A& FAAII] 98 g2 70 dou
2 FANAE F4HE ZETFA Physical forme) F83TE AL 2
AFH o8 ATAE(Taylor(1970), ScottF(1971), Millers} Sunde(1975), Karu-
najeewa(1977) %) o] F33ted o, 4FA e FuUdr 24 FFAY Reten-
tion time°] F7HAl, REL LFE o A FFNE 5 Yoz g
shelle ¥4 AE + iz Qo)

A B dYdAe FEY F5 € ¥F = dANA #AAA F7)
HAste] Bo] AHEHUE €4 Coating AL A4 JEgnzy ZH3E
AHE duA A=sHY. F, @AM Shelledl AL Eggrt AFH oA
HEEE 71E <t B4, Shelld) VAL o 21470 28 H 3, RAA
5A12t BEE Ca deposition X7} =83 U] A] 16413t S¢e] 32 Ca deposi-
tion®] dojum, ojul= ALEE HFA A FE night timeo] AFHc} waly
£ AN e g IFAV 23BUAAN MA 3 BaEo] FSHEE dnay
AFRE HFHNA T night timed] GZAY A od THe AR BF
staz st



AM2d A¥EAF8 8 3y

1. 43]4 = Encapsulation Materials

Ao A& HENe HFNIYA TAF 2052 YL sieveZ IF
particale size7} 140me] ZFA A& F2 AN, £ 43402E 60
mesh(250um) ©8te] YAE AT TYE 4349 size distribution
24m7} 1.34%, 1.40mE 36.55%, 1.0mmE 37.33%, 0.59m+= 20.91 %, 250um 2.91%,
106um ©l3He 096% 2 EXE sixn IiTh

%3 Encapsulation material2¥ Ethyl cellulose(EC), Cellulose Acetate Ph-
thalate(CAP), Shellac, Hydroxypropyl Methylcellulose Phthalate(HPMCP) %
. Shellac+EC(20 : 80)& 434 granule ¥ powderd] 831 Qt}

2. A8FE o AdEE

HYFEZE 605739 Dekalb Brown A4BAE & XHIFTF 3078 JY&
x5t on, Alg Fov 3% 33 28 06:30, £ 09:30 Z 2% 2: 009
AAst gt 48717 498 24U (60F B A F-E 49 3047 A= AW 717L, 5€
195 H 59 4Y7AAE B 43 77t 3y 39 FEeg ATL FA%Y
@d &3 35 A

3. A¥HaE 49 d¥As

Ao AHSE AlREZEE AERFA FAXARE A&}, AFFdAe
Alg FAXNES] MY ALEF 8% F 4% EF UE HFYHoE gAY F49
e, AgTFEe eFd 2o

s Al Control—Commercial Feed



. Limestone Powder 4% WA Group

: Limestone Granule 4% ™A Group

: EC—coated Limestone Powder 4.65% WA Group
. CAP—coated Limestone Granule 4.65%

. EC-coated Limestone Granule 4.65%

. . Shellac-coated Limestone Granule 4.65%

: HPMCP —coated Limestone Granule 4.65%

* 1:Shellac+EC—coated Limestone Granule 4.65%

AZE YL J1EFE FEFRAV 158% F7F FALEE, Y9 Ze
e BAEty] 913t 465% € AMSAL, F9E AR YL FFE EE
AT gAY & S8 A §Fe 15% A 345%, 2AF 35%, AL
85%, T 34% H 4 FFL 05%2 BEAHA

T Qo 1M m g QW

4. 2749

A
o

A5 e A d4d By YEO2E Egg weight, Shell weight, Shell
%, Specific gravity, Breaking strength, Shell weight per unit of surface area
(SWUSA), Specific strenght of shell ¥ calcium content of shell®] $ith.

©]% Specific Gravitys NaClZ ¥]F°] 1.060°14] 1.1007kA 0.005 unitZ solu-
tiong A &3 T Flotation method(Potts and Washburn, 1983)9] &3ty &
A3l 31, Breaking strength® Texture AnalyzerS ©]4€3t913, o]W punching
needle diameter:= 2mm, head speed 0.5mm/secSiTh. SWUSAE A4t3l7] #1314
Al 29] suface Areat 3.9782X Egg weight*™*(IzatF, 1985) 2 3}< sufacearead
A 733 (shell weightX1000)/Surface Arca® Attt a2Ea Specii\'lc
strength of shell> Breaking strength/shell thicknessZ TF3gom Y57
2733 0395m ol FE JHR AT B ¥Ex okgE ZAEIEG. ada
AANHY A9 &ME et o YN |



ABRCeRAA 39 BFe2 3 L &4)
¢ .

Candling3t9 9@ ¥ Cracked egg A%
¥

FAZ%3 2 Equatord] 4 F7]
i

¥]2(1.060~1.100, 0.005 unit : Flotation Method)

F
i .
A2F, B7] AAF Air-dry 25C(Forced draft oven)olA Z7A=% F
\
Breaking strength by Texture Analyzer
s
o] %384 albumin ¥ WEEL o Aojliln 7HZ
(with membrane)2 loss7t =& 34
\:
50C 24hr drying¥(overnight)
¥ .
Shell weight &3 (2%3 245 7))
"
Equator 529 4Z¢1A Thickness &7 (Digimatic Indicator)
{
2.2 Ashing(33tA FAAIL)A AASIH ZEFE &3

5. 2% 4 9 FAAE

dojA Y4d &3 3Ed g EANEE SAS 54 ZEIH 9 Genereal

AN



Linear Modeldl &3t ¥z H7}8$ 3L, Control Treatment®] 423 Ad
A, B, C, D § Commercial Feed, Limestone Powder 4%, Limestone Granule
4%, ¥ EC—coated Limestone Powder 4.65% ol &4 % Limestone Granule
th 2 Al Encapsulation E3 % Encapsulation Material ol &3%& R3IA} C,
E, F, G, H, I¢] 8|2 & Limestone Granule 4%, CAP—coated Granule, EC—,
Shellac—, HPMCP ¥ Shellac+EC—coated limestone granule3ts] EFH% H]
T3 R}

A3d A3} g 3%

Ada} A4F F dojA ZAFe) disled BA Commercial Feed$}, Commercial
Feedo] AH&-® §%9 M4 A/FF 4% AFshs HI4e 434 22
4%, 334 YAH(1.4m)4% L Ethyl cellulose—coated limestone powder 4.65% &
A St FoF 2olA e Table 4] 243} Loz 2HE B d43
TR A9 RE FEA 434 E¢ E Ethylcellulose—coated 4 EA ¢
FAFAA FdEE 2FE 9029, Shell weight, Shell%, SWUSA, Specific
gravity, Shell thickness B FZF77F 0395mm ©]F¢1 A HAL ¥ oA
e FEe 3%E dehidd. 834 2 F979 Ethylcellulose—
Coated 3|4 2% F4F ol M2 ¥ 43L& o §9% Aol
o™, 0395mm o]} S 7t A7 BIHEL AL 46% Z 35% EA
AN £ Fo970A FFEAeYT BAF f98e g

a3, AN QA F9794 ABAE FYTAME Az vxd 438
YEPRAL, AN 4 4% HEFoMe F4E 2RE 4A ZIHT =3
A FH o2 B Encapsulation T4 F4E ZAdE ARG, A4

-



Table 4. Effect of limestone

substitution on egg shell quality

Commercial Limestone Limestone E.C.-coated
tem feed powder 4% granule 4% limestone SEM
powder

Egg wt, g 63.23 63.21 63.55 63.53 0.91
Shell wt, g 5.72% 5.94* 5.75° 5.95° 0.14
Shell, % 9.09° 9.38* 894° 9.40° 0.24
SWUSA 71.17° 79.96° 77.50° 80.15° 1.64
Gravity 1.085° 1.087* 1.085° 1.087° 0.002
Breaking 2828 2901 2799 2.929 0.150
strength, kg
Shell 0.378" 0387 0372° 0.386 0.013
thickness, mm
Specific 7316 7474 7234 7.400 0.539
strength .
Calcium, % 34,20 34.56 34.20 3477 272
2 0.395mm
- 28.30° 4593 24.71* 35.44® 13.88

thickness, %

* A, B:P<J05 a b:P<01



T FAT & Aolvt gtk gty olEid FFS A AHEE 60FFH Y
dEA L dFL 28FF FHol oAz HHHA FFAY, old Agd
34 8% H 4%9 YAE FEINY & 4F S £ F ARS A Feo=
ALRE AT

U2 434 AAE CAP(=Cellulose Acetate Phthalate), EC(=Ehtylcellu-
lose), Shellac, HPMCP(=Hydroxyprophl Methlcelulose phthalate)® Shellac
+EC(20: 80)2.2 Encapscclation3t& ¢ ZI(Table 5)& wZsQ}.
Coating matericalitoll Al 29 )& 2 CAP, EC, HPMCP A}&A] th47t A4 H =
3FE YEPRIE G5 & CAP, EC A #93sA &4E %t 283 Shell
weight= CAP 2 EC, Shell % 9} Breaking strength®= HPMCP A2 Al &A= Q1
0395mn o} @A& 7t Ate YUHEE HPMCPTIM 40% 2§98
T7F @& e Th weka 4314 2(1.4m)E HPMCP, CAP, ECS2 2
HESFRED 0395m oo ¥AE 1A AT FAH|LAAE =R a7}
FEHJoY, T8 FEAME 7O BHEe Aolg 4L & YUk

EY 4249 AFAE g ARE 2™(Fig 1394 A 2y
AFAN H o EE AN YRRV FLF 890 AzFPoH, gk
24 AA(140m)E EZe] Encapsulation &7t X €& Aoz )
H Ao I\ Encapsulation Materials 2t A1 HPMCP, CAPolA] A==
ZHE YR AT Lol ZAE SHUE Wid3 23 H HrtES e Ethy-
lcellulose —Coated powder 4.65% WAFAFA 82ho 2 71F 5341,
21 ©&°] Limestone powder 4% ATl A 773, HPMCP—coated limestone
granule 465% A FodFANME 664L YA



Table 5. Effect of encapsulated limestone substitution on egg shell quality

Encapsulated limestone granule

: Limestone SEM
Item Shellac
granule CAP EC Shellac HPMCP +
. EC
Egg wt, g 63.55 6517 64.27° 62.67° 63.52% 63.72° 097
Shell wt, g _5.72"‘_ ] 591' _ ‘5._84“’ 5.66° "5“.78°"f 5_.76bc 0.15
Shell, % 8.94 9.09 9.10 9.09 9.15 9.06 0.21
SWUSA 71.50 78.18 71.73 77.04 78.24 77.13 1.60
. Gravity , 1.085 1.085 1.085 . 1,085 1.086 1.085 0.002

Breaking

2.799 2.789 2.781 2.791 2.845 2.788 0.135
strength, kg

Shell

. 0372 0.378 0.378 0.368 0.376 0.370 0.010
thickness, mm

Specific

7234 7.233 7120 7.309 7.401 7.394 0.420
strength

Calcium, % 3420 3437 34.65 34.67 3452 3445 275

2 0.395mm

thickness. % 24.71° 3088 3095 2298°  39.55* 2488°  13.02

* A B:!P<O0S, a b, ¢! P<Ol



10.

11.

Fig 13. The combined figure at experiment I

. Scoring by Item Rating : 38 EE€ 59 2HE £AAZ vjdF g

37t Aee 3

Egg Weight

Shell Weight

Shell %

Shell weight per unit of Surface Area

Specific Gravity

. Breaking Strength

Shell thickness

Specific strength

Calcium content of Egg shell

Appearance rate of egg with 0.395mm shell thickness

* Commer=Commercial feed &+

Lime—P=Limstone powder 4% td 37}
Lime—G=Limestone granule 4% tha 37}
E.C.— P=Ethylcellulose-coated limestone powder 4.65%thA @7}
C.AP=CAP-coated limestone granule 4.65%tha A7}
E.C=EC-coated limestone granule 4.65%thA 7}
Sheilac=Shellac-coated limestone granule 4.65% ] &7}
HPMCP=HPMCP-coated limestone granule 4.65% A H7}

Shellac+ EC= Shellac+ EC-coated limestone granule 4.65% ti# 7}
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Shell %
%

9.98
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Shell wt. per unlt of Surface Area

(SWUSA)
82.6 -
80 7098 80.15
77.5 77.

Commer Lime-F Lime-@ E.GC.-P C.A.P. E.C. 8hellac HPMCP 8hel+EC

» mg of shell per square centimeter of
surface area
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Specific Gravity
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I Thickness
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0.965 | B
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S 0986
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0.976
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Specific Strength
(Breaking Strength/Shell Thickness)
7.85 - |

7.474

7.401 7.394

Commer Lime~P Lime-G@ E.C.-P C.A.P.
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Calcium' Content of Egg Shell
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3462
94.45
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Appeara'nce Rate of Egg wi‘th 20.395mm
Shell Thickness
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Ha4ad gy & A9 A=2rn

A1d A &

ZF FF FRAY AHSAT A e dA4EY 24 183ty JuAd
ARl 25 AFAE ol&dle AOZ 3Y I, Encapsulation EI2E
HPMCP$¢ CAPE A3t Z#9 F4 &ZAZE Lactose, Sorbital, B EFH
D; ¥ CE <8391, Lactose £ Sorbitole A&3A9 71EAGSs &4 2
Fluid Bed coater(Uni Glatt model) AH&-Al one batch®] #YFEL L3
H2F A 2 F9 FHd uE A48 duR Az, Lactose-4 B
Brommage%(1993)0] &J3tH 5~10% £& L ol4& ALgA ZH F+&EF
w37t Acn SPow, Sorbitole FW F&HA HHF 70%7 CO.2 A
3oz 554 98 COY £4& BAgA A A-¢g7] ¥ 1A% nA
St 29 dade 9FE " £ de EIVIEEN Mg, Mn, Cu, Znk
URARI A=

A27 AdAg 9 Wy

1. 434 =l Encapsulation Materials

.

Ao AE-SE A3 HF A3 A AT 105, 2089 HIHE SFFu|2
27y 701 3022 EFI g 10, 12, 14, 18, 25, 45, 100 E 200 meshE Z§3H
sieve] A # ¥ 12~14 mesh, 18~25 mesh, 45~100 mesh & 200 mesh ©]3}<]



A8 2-& &4 7 coating SFA T Siveing W& ™ 242 9] mesh® distribution ratio®
1.56, 5.16, 11.52, 23.82, 22.53, 18.54, 7.86, 3.10 ® 599(A 3% & &F =}
Mesh¥ 2 AH8-§ HEEFE HPMCP ¥ CAPE AH435d.

2. 2¥EE 9 AdEd

AYFFEZE Aduld¥E /A 825% 9 Dekalb Brown A&AE Z g%
3574 J9= MY, AR FGE 23 06130, 27 09:30 R &F 21000
AA AT A 871 dujatbgol 9¥ 269 FE 10€ 12¥97HA, 108 13U HE
119 17874A & ¥ 48y AT AMHJ|Te2 3o 39 BHezE ARE F
Astel 42l 23 FEE 2AEA. |

Ago] ALSE ARAEE AR SFAAXEE AHE3F I Table 6914 4¥
AET+E 2934



Table 6. Experimental Design

Trt.
Treatment Remarks
code
AA |[Commercial feed—control
A |Control O 105 :20%=70:30(W/W) ¥|-&
2 Mix¥ 434 8% A&
B |Control— Lactose 0 HHHE A9 BY
O Lactose 04% F7}
C | Control— Sorbitol o 4342 A% FY
O Sorbitol 04% 7t
D |Control—Lactose+ Sorbitol o AEHL A9 FY
O Lactose 0.2%, Sorbitol 02% &7}
E |HPMCP— (%718 Mixture+ 34 +Lac-|0 “A"9 HIHL 4%
tose) o R71E FH7MA, 4314 4%, Lactose
04% & Encapsulation ¥ 37}
F |HPMCP— (5718 Mixture+ A3 4)+Lac-| O “A”9 HIHL 4%
tose o F7 HAA, ¥FY 4%E
coating
O Lactose 04% = U2 A5t
G |HPMCP—(¥7]& Mixture+ 434 +Sor-
bitol)
H |[HPMCP- (%7€ Mixture+ 4 34)+ Sor-
bitol)
I |HPMCP— (%718 Mixture+4#4+Lac-|O Lactose 02%, Sorbitol 02% &
tose+ Sorbitol) coating® A
J |HPMCP-(¥71& Mixture+*3]4)+Lac-| O Lactose 0.2%, Sorbitol 02%E 1)
tose+ Sorbitol) = @7 A t
K |CAP—(F7]& Mixture+ 4] 24 +Lactose)
L |CAP—(571& Mixture+4 34)+Lactose
M |CAP—(F#71& Mixture+ 4 3] 4 + Sorbitol)
N |CAP—(#7]& Mixture+ 4] 3] 4) + Sorbitol




Table 6914 Commercial feed-control groupe A|# FAAERE Idz F
d3gen, AdA DAYAAE 108 12029 HHHL 70: 3002 TEH ¥
8% & wEIAR, EdA N7AA A Felre AHEE 8%9 HIYF 4%
YaTIM ALEE AT EYE 440l Unix| 4% & HPMCP F& CAPE
Encapsulation® AEE AHEStEoh. 283 Lactose R Sorbitol2 Encapsula-
tion® ¥ H7t € adlE HAJFE FAew, 9794 F7E Mixturer €
A FALR kg Vitamine D 1000 IU, Vitamine C; 1000mg, Cu ; 10mg, Mg ;
200mg, Mn 5 40mg9, ® Zn ; 50mgo] WHHESF St AL F F71F source= CuCO;
* Cu(OH); * Hzo, MgSO., MnSO; - H:0, ZnOXt}.

F98 Alge @A FFe BFHE 155%, FEL 85%, FAUAE 3500
cal/go 2 ENHAL FIEY #§FE Table 79 YeHHAT

PSS EIES:

AR e AT ¢33 X YEO2E Egg weight, Shell weight, Shell%,
specific gravitry, Breaking strenght, SWUSA, Specific strength of shell, Calcium
content of shell, B 0395m ¢]Fe] F#AE 713 Age AvETe dA4d
FoA e BA3A AA AL, A BHA FE S § ZARAT A8 Age
candling® oH& &<¢o2 FHF candling scoreE AEIA LT 14904
B71712e YErigith 210l FHrrIEe -4 gotry] $gty
104, 68 2 23U 9AE FAS SEMeE EAF ZHAE 115, 1690
Jehigdth & 29159iA 29 Candling score”t 23Ql soft shell %
g2 FAE ¢k, palisade ¥ mammillary layers] 4 ¢] 4438t XL 3A
25y, 2P16lHE B 108 hard shellF 2384 soft shell?] palisade la-
yerol EEH vesicles(X300009] 7} soft shell] A R B2 AL &5 Uvh
o83 YAE ATE 240X260X80mm 2719 cardboard Boxel 1071¥ ¥



Table 7. Each mineral contents of experimental feed

Minerals
Treat.
Ca, % P, % Cu, ppm Zn, ppm  Mn, ppm Mg, ppm
AA 325 0.52 233 794 674 2158
A 326 0.53 238 815 66.6 2253
B 320 0.56 224 83.1 68.3 2169
C 3.31 0.52 235 84.6 67.5 272
D 3.13 0.61 235 824 67.5 2226
E 3.42 0.58 31.7 116.0 114.8 2457
F 332 0.58 314 127.8 1148 2394
G 325 0.55 306 1147 120.1 2477
H 325 0.54 295 114.2 120.9 2448
I 3.33 0.57 29.8 1152 1174 2421
J 3.20 0.57 328 119.5 122.6 2367
K 3.16 0.54 327 116.1 1059 2439
L 3.23 0.57 332 1189 119.7 2416
M 3.12 0.54 307 114.5 121.7 2470
N 332 0.56 313 119.8 1206 2417




¥ F4 £5AY7 357t HEE 2HE shakerdl AT F 183 1203
shaking¥ 7o1z A@9} ¥ €& Breaking score of egg by collision®2 ¥
Alstgint. 29 AR FAe FI18 HELEH Cadl Mg Mn 2 P HF=
BHSEE gk 223 AMHY Ao AYEAE e To] Y
1=

AZ(FZAA 389%Fez2 £3, £4)
L

: | d
Candling¥ & ¥ Candling ¥ Egg practical
cracked egg A& Breakage % At&%
M i
Candling scoredt& Candling score
V . L AEE
FA&3 % Eguatord] A7 v
V) shaker®l 4] practical
HF &3 Breakage % 3}&

¥

&FE7] AAF 25C Forced

draft ovenollA 3% AR

\

Breaking strength

\

o] S &3t albumin® WEELS
o Ao &

i



Fig. 14. Eggshell evaluation score by candling method






palisade layer

mammillary knob layer

shell membrane

Fig. 15. Scanning electron micrography of eggshell layer
A ! Candling 10, B ! Candling score 6, C: Candling score 2
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X3.80K 1@.8sm

Fig. 16. Scanning electron mirography of vesicles of palisade layer

A ! Candling score 10, B : Candling score 6, C: Candling score






Shell(with membrane)& 50T
draft ovendlA &y HEF

\

Shell weight &%

¢ .

Eguator# 29 A& t& 4%A Thickness 57
¥

Ashing% Shell®] Ca, Mg, Mn, PR (53] 4A])

5. 2% 4 H SAAE

Aol Abbef] Y5 EARYE SAS 54 T21Y e GLMS &3tH . Cont-
rol treatments] AZE A M7 v EM AA A B, C, D A 7te] ¥ A3}
71&E AEA AR 105 2055 70 3022 EFE 434 AEEF 4 Lactose,
Sorbitol A7} 238 Hristza sgen, 2 o2& Control24 AA, A, B,
C, D AZFL HPMCPT2M E F, G, H, CAPNE724 K, L, M, N9
3MEE Hmete F71E H7F &% 2 Encapsulation £E3IMe AdE HUt
stk I th&ol¥ Lactose, Sorbitol F7FAl HPMCP £& CAPY o= ¥
BEdo] 5RHAX Yolu 1z} ST, ©hN S 2 HPMCP 2 CAP coating”]

Lactose & Sorbitol®] coating or uncoating A& H718te ZoE 4T



A3E A g 3%

1. AT kAR FoI9 Lactos £ Sorbitolel M7z}

Table 89]*& Commercial Feed, Control(A), Control—Lactose(B), Cont-
rol— Sorbitol(C) ¥ Control—Lactose+ Sorbitol(D) ol ¥zt Ao tjx]= FaL
Brtetdeh 352 A, B, C, DT E Z+E X302 F3A F/tH s A¢S
B3, Shell weight) X Control— Sorbitol +Lactose o1 4 592922 7}
=k g2t S UElE Shell 2 olME MR Be AgE el 28
SWUSA % ®Z& A7 & Aelg Holx] ¥t Breaking strength,
Shell thicknes ® specific strengtholAle AI|AIRE Fo77F F93HA4 B
23 eI o] RS Al AR 4347 2 A 3 X shell thicknesE &
- RN 5 den, 105 2089 4H4g 70:3022 EFE AL 8% A
23l F2 o8 tEo] Lactose £ sorbitolS H7IS AHETE(A, B, C,
DiAboldle Fo & Aol& Holx gttt 2Elx AR FE 9% Breaking
score ¥ 0.395mm °]Ae] dg 717 AF BALEFLS AT £ Hole
e, Lactose ¥ Sorbitol B7FF(B, C)€ Control(A) 9] ¥+ Breaking
score™ Tha F4E AFPu, 0395m o) ae] AT Fige A HUoh

olde] Az Ed B dYdMe 498 HL%(04%)9 Lactose F-2 Sorbi-
tolo] AHEHASAE EFT ¢4 L MAANE F J& A2 AEHU
Brommages(1993), Atkinsons(1957) 2 Rat® APFE2 AT AN La-
ctoseE 5, 10, 15% H7H] Calcium®] F5&2 A AdHeoz Frisgtn
BHastget.



Table 8. Effect of lactose and sorbitol addition into the control feed on egg

shell quality

thickness, %

Commerical Control  Control Control Control
Item ) —Lactose SEM
feed —Lactose — Sorbitol ]
+ Sorbitol
Egg wt, g 65.27° 64.99° 65.80™ 68.15* 68.15° 122
Shell wt, g 5738 577° 5.8248 5.81#® 5.024 0.16
Shell, % 8.79"® 8.88 8.89 8.77*® 869° 022
SWUSA 7547 76.18 7648 7571 75.64 1.81
Gravity 1.085 1.086 1.086 1.085 1.085 0.003
' Breaki . ,
feaking 2.164° 2843  2780° 2713 2.764° 0.200
strength, kg
Shell
.e 0.368° 0.377¢ 0.379* 0.379* 0.379* 0.008
thickness, mm ) '
Specific .
5.873 7.483° 7.241° 7.178° 7217° 0.450
strength
Breaki
reaking 5350 52.00 47.83 4274 5175 9.75
score, %
> .
= 0.395mm
22.35 30.36 28.32 23.15 29.68 11808

* A, B, C:P<L05 a, b, c:P<01



2. Encapsulation Material Abo]9] 33}t vl

Control3 &} 7#(AA+A+B+C+D), HPMCPA & 7*(E+F+G+H) ¥ CAP
AZF(K+L+M+N)Ze) ¥ ZEA AP Table 991 AASGET grAE
HAE4A A ControlX 8]+ Mineral mixture®] 71 A7 E 54 ggtonz
HPMCP % CAPAHI T e o] a9e] Folle FAEALY EAFEL Y
At Jot. E4E ZAE EH HPMCPHE Fo)A Shell weight, Shell %,
SWUSA, Breaking strength, Shell thickes, Specific strength, Breaking score ¥
0.395mm o] ’Fe] FZ4E 7} AZ AUEF A9 RE FEAH HPMCPA
7N felotA BA4Y 2oE ViR

3. Lactose ¥ Sorbitol H7}A] HPMCP %¥-& CAPolA¢ &3} wlm

th& & Sorbitol &2 LacotseE Encapsulation® H71 @ Ot 2 Asbe A
H) ZEA 3 Y oH(Table 10). Control, HPMCP 2 CAP A& 79 &4 8l¢] Lactose
FH7Al Sorbitol 20 A9 ZE & XA F4E AFHE Vel A3, SorbitolS
Egg weight1 X%t Lactose 2t} ¥4d ZHAE HoFa g} o3g AFe
S8 217994 2R 44 ¢ ¢ Ao

g 217404 BEo] Ade] $FA) Breaking rate, Shell thicknes, Breaking
strength, SWUSA, Shell % 2 Shell weight 4 & o &= CAP—Lactose, CAP— so-
tbitol HEFA 713 EFF Aoz HrHAD. webd HPMCP—Lactose
(E+F) HA#T7 @243 & 71 wol 44121 Rez Agd,

4. A2l Lactose, Sorbitol®} Coating, UncoatingA] I Iujx

1) HPMCPTA Lactose®] Coating ¥ Uncoating.
HPMCPE X188t Lactose® Coating @ Uncoating ¥ #7kA1e A%

o4



Table 9. Effect of substitution of HPMCP and CAP-encapsulated limestone

on egg shell quality

Item Control HPMCP CAP SEM
Egg Wi, g 66.14 66.59 66.67 0.92
shell wt, g 58178 5874 5.76° 0.11
Shell, % 8.80° 8.84° 88.67° 012
SWUSA 75900 76.36* 7493 1.06
Gravity 1.085 1.086 1.084 0.003
Breaki

reaxing 2.653° 2,843 27294 0.180
strength, kg
Shell

© 0376° 0.381° 0373 0.006
thickness, mm
Specifi
peaiic 6.998° 7.394» 725528 0.405
strength
Breaking

49.56° 44.46° 53.85° 571
score, %
>
> 6.395mm o i . )
thickness, % 2677 38.08 28,54 6.25

* A, B, C:P<J05 a b:P<0l



BlZE Table 1191 YehARAth

LacotseS HPMCPZ Coating3t FJAlo}l& Breaking strength, specific stre-
gth 2 0395mm o]} GAFAE 713 A AAu &M & FEY,
LactoseE ItHE H7IA e Egg weight, Shell weght, Shell %, SWUSA, Shell
thicknes ® A& FEo] 9% Breaking ratedl|4 o 4= A2}, Lactosesd
Coating % Uncoating®] tolol @ AFe Fo4e il



Table 10. Effect of lactose and sorbitiol addition into ehcapsulatcd limestone

treatment on egg shell quality

lemn Contrdl  Contl HPMCP HPMCP  CAP CAP

~Lactose —Sobitll  —Lactose —Sorbitol  —Lactose  —Somvitl  SEM
Egg wt, g 6580°  66.50"® 6614 6703 6646 66.89* 125
shell wt, g 5.82 5.81 5.87 5.87 5.79 574 0.16
Shell, % 8.89° 877°  891° 877 873  860° 020
SWUSA 7648 7571 7676 7595  7542° 7443 175
Gravity 108 1085 1086 1085 1084 1084 0003
Breaking

2780 2713 2905 2782 2727 2730 0222
strength, kg
Shen ' ab hc' I ab be <
thickness, m  0377" 0376 0384 0378 0376*  0371°  0.008
Specific 7241 7178 7510 7278 7204 7307 0507
strength
Breaking 4783% 4274 4257 4635 5489  5281% 8.72
score, %
2 0.395mm
= 2832% 2315 4114 3501 3038  26.70° 9.37

thickness, %

* A, B, C:P<05 a, b, c: P01

* Control—Lactose s+ B
Control—Sorbitol ;s C
HPMCP—Lactose ;s E+F
HPMCP— Sorbitol s G+H
CAP—Lactose ; K+L
CAP—Sorbitol s M+N



Fig. 17. The combined figure for result evaluation 3 at experiment II
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Appearance rate of egg with 20.395mm shell thickness
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Con-~l.as Con-Sor HPMCP-Lac HPMGP-Sor CAP-Lac CAP-Sor



— L01 -

aking Rate of Egg Shell by Collision

66 - el
52.81
80 -
47.83
48 -
a0 -

Con-Lat Con-8or HPMOP-L.as HPMCP-8or CAP-Lec CAP-Sor
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Appearance Rate of Egg with 20. 395 mm

%/day

Con~Lac

Con~8or

Shell Thlckness

41.14

35.01

90.38

26.7

HPMCP-Lac HPMCP-8or CAP-Lac CAP-8or



Table 11. Effect of coated— and uncoated— lactose addition into HPMCP
coated limestone on egg shell quality
Lactose— HP‘MCP
Item SEM
AA A B E F
Egg wt, g 65.30° 64.99° 65.80*7 65.59% 66.70* 143
shell wt, g 5.73 5,778 5.8248 A 5.81%8 5.93* 0.19
Shell, % 8.79 8.88 8.89 8.88 3.93 0.25
SWUSA 7547 76.18 76.48 76.37 77.15 2.14
Gravity 1.085 1.086 1.086 1.087 1.086 0.003
Breaking . . . . .
2.164 2.843 2.780 2.963 2.846 0.229
strength, kg
Sheu c b ab ab a
thickness, 0.368 0.377 0.379 0.382 0.387 0.010
SpeCiﬁC b a a a a
5.873 7.483 7.241 7.648 7.373 0.500
strength
Breaking . b b b _
53.50 52.00° 47.83%¢ 44,14 41.00° 8.99
score, % ‘
2 0.395mm -
22.35° 30.36° 28.32° 7 41.76° 40.53* 12.81

thickness, %

* A, B, C:P<05 a, b, ¢c:P<01
* AA Commercial feed
A; Control
B; Control—Lactose
E; HPMCP—(#7]& mixture+ 434 + Lactose)
F: HPMCP— (#7718 mixture+ 4] 3]4) + Lactose
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2) HPMCP79 A Sorbitol®) Coating ¥ Uncoating

Table 129141 Sorbitol€ Coating ¥ Uﬁcoatingf?‘- ANAY 27 e
1t} Sorbitol€ HPMCPE Coatingdted FA18 Z23& B HPMCPY Lac-
tose coating ® Z# H|£8 A Breaking strength, Specific strengthol] 4]
ozke) A4 aFE el A 7E g8 FAXAE AR Sorbitol®] Un-
coating?] HAZE Fgey I Aol AA 4} EF Control—sorbitol 2
#ox H%dd £2& vedth 23y Control—Sorbitol H3LA] 0.395m
olde] vty AT AavgdMe FA4FACPDFYE BHE EAT.

3) HPMCPFA Lactose+ Sorbitol®] Coating& 3%

&2 Lactose®} Sorbitol2 FHFHHE 1: 12 Mix¥ Z& Coating 3 Un-
coating®] E3}E Table 13°] YERN AT Lactose$t Sorbitol Mixture®] Coating
2 Uncoating H]3A] CoatingAl & specific strengthl A3t FX44e] &
Zo]912 YAl Uncoating 7oA © 4" ZIAE veEdied, oF
AF}ES Control—Lac+Sor 29 AAET} F4HA Z3tdot. ©ebA Lac-

tose+ Sorbitol®] HPMCP X FoA A7t 71 EF3IAT

4) CAP A& F9 A Lactose & Sorbitol®] Coating ¥ Uncoating &3 H| i
Encapsulation E3E2% CAPAA Lactosed] ¥ ZI= Table 14,
Sorbitole] T3 A3} Table 1591 A AR TH 71X E Lactose F2 Sorbitol®]
CAPZ coatingdte] F94 o &48 2 Jehid=d, HPMCPS 73
Uncoating® Lactose & Sorbitoldl A o #4348 AFS 2IRAA= 4
Z2AQ AFolth 2 CAPHE TS FAE tET<] Control—Sor-
bitol(C)EF& —Lactose(B) A& 7R} o B3 ZFAE ez 53] L7
51879 CAP~ Uncoated lactoseX & Fol & A FE°] & Breaking rate”}

T
—_—

h

o
LB
3

ol
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64% 24 7vd EFE AHE UG

a2 n AU AHEL 2-180A FHF o2 Yepfilen, 4 &4
A FrtASFE AR 2Rz AAEAT AU A 7 F4E HEFEE
HPMCP~ (718 mixture+4] 34+ Lactose) # “E” 2 HPMCP— (F71&
mixture+ 4814 + Lactose ¢ “F”(Table 9, 10, 11 #=2) &= Frt= At
ES B AT dAEE Hotsy] $3d R FEES FAY Hin
Y7t HAAstg ey REE vagrts #3dcde 4435 B 21]?251'3}_7}
ATtm BAAT, BekA B 48 2AYEF AT 254 9T FEge) 53
MAe AAdz AG 42 L AN Usie 2AdZE 4Y@ 9nt
CARIE B £ A gEA FRTAAY A 3

b
e
9,
=
p
fu
N
>
o

tate o EHolgtn AtgdEd,
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Table 12. Effect of coated— and uncoated—sorbitol addition into HPMCP

coated limestone treatment on egg shell quality

Sorbitol - HPMCP
Item - : SEM
AA .. A C G H

Egg Wi, g 6530°-. 6499  6550°  67.70' 5536 125

Shell wt, g 573" 571 5.81%° 5.85% 5.89* 0.16

Shell, % 879% 888 877  8.66° 8.89° 021
SWUSA 7547 7618 7571 75.16 7674 - 1.80
Gravity 1085  1.086 1.085 1.084 1.087 0.003
Breaking 2164 2843 2713 2792  2771° 0223

strength, kg

Shell

. b a a a a
thickness, 0.368 0.377 0.376 0.377 0.379 0.009

Specific

b 2 . . X
strength 5.873 7483 7.178 7.337 7.219 0.519

Breaking

53.50* 52.00*  42.74° 47.28%° 4543 9.79
score, % b o

2 0.395mm
thickness, %

¥ A, B:P<05 a, b, c: P01
* AA ; Commercial feed
A ; Control
C ; Control— Sorbitol
G ;s HPMCP— (¥ 71% mixture+ 4] 2] 4 + Sorbitol)
H ; HPMCP— (¥71& mixture+ 4} 314]) + Sorbitol

2235 30.36* 23.15° 3297 37.06* 10.97

=112 -



Table 13. Effect of coated and uncoated lactose plus sorbitol mixture addition

into HPMCP coated limestone on egg shell quality

Lactose+ Sorbitol —HPMCP
TItem SEM
AA A D 1 J

Egg wt, g 65.30¢ 64.99¢ 68.15° 66.05% 66.23° 1.10

Shell wt, g 5.73° 577° 5.92° 5.65° 571° 0.16

Shell, % 879" 8.88 8.69% 8.55¢ 8.63" 0.20
SWUSA 7547% 7618 75.64® 7333 7443 179
Gravity 1085  1.086 1.085 1.083 1.084 0.004
Breaking 2164 2843 2764 2676  2.691°  0.168

strength, kg

Shell

‘ b. a a a ab
- thickness, mn 0.368 0.377 0.379 0.368 0.374 0.008

Specific

5873  7483%* 7217 71237 7168 0389
strength
Breaking 53.50 52.00 51.75 51.92 47.03 8.63
score, %
Z 0.395m

thickness, % 22.35 30.36 29.68 2081 24.68 11.78

¥ a b, c d: P01
* AA; Commercial feed
A 5 Control
D 5 Control — Lactose + Sorbitol
I; HPMCP— (F71€ mixture+ 4] & 4 + Lactose+ Sorbitol)
T3 HPMCP— (¥71% mixture+4]2]4)) + Lactose+ Sorbitol -

- 13-



Table 14. Effect of coated— and uncoated lactose addition into CAP coatéd_

limestone on egg shell qualify

P Lactose— CAP

“Ttem SEM
AA A B E F

Egg wt, g 65.30° 64.99° 65.80"_ 65.95* 66.97° 1.37

Shell wt, g 5.73 577 582 5.8 5.80 0.18

Shell, % 879 - 8.8 889 . 879 8.68 0.23

SWUSA 7547 76.18 76.48 75.70 75.14 2.01

Gravity 1.085 1.086 1.086 1.085 1.084 0.004

Breaking . a a a b

strength, kg 2.164 2.843 2.780 2.834 2.621 0.193

Shell

B A A A AB |
thickness, mn 0.368 0377 0.379 9.377 0.375 | 0.010

Specific 5873 7483 7241  7429°  6980° 0419
strength

Breakmg 53.50° 52.00 47.83° 45.78° 64.00° 998
score, % ,

2 0.395mm

thickness, % 2235 30.36 2832 27.90 32.86 11.72

* A B:P<05 a b:P<L01
% AA : Commercial feed
A ; Control

B : Control— Lactose
K CAP—(%7]E& mixture+ A 3] 4] + Lactose)
L CAP—(F718 mixture+ 43 4) +Lactose

- 114 —



Table 15. Effect of coated— and uncoated sorbitol addition into CAP coated

limestone treatment on egg shell quality

Sorbitol — CAP
Ttem SEM
AA A C M N

Egg wt, g 6530° 6499  6650°  68.50* 6572 149

Shell wt, g 5.73% 5.77%* 5.81* 5.88° 5.60° 017

Shell, % 8.79* 8.88° 8.77*® 8.64™ 8.57° 0.21
SWUSA 75.47° 76.18° ’ 7571 75.18° 73.68° 1.78
Gravity 1.085 1.086 1.085 1.084 1.084 0.003
Breaking . . . . .

strength, kg 2.164 ’2.843 2.713 2.699 2762 0.186
Shell

B . A . A A B
thickness, mm 0.368 0.377 0.376 0.374 0.367 0.009

Specific 5873 7483 7178 7205 7408 0410
strength
Breaking 53500 52000 4274 53614 52000 9.0
score, %
2 0.395mn

thickness, % 2235 30.36 23.15 30.39 23.00 10.84

* A, B:P<05 a, b:P<0!
* AA ; Commercial feed
A ; Control
C ; Control — Sorbitol
M ; CAP— (F71& mixture+ 23] 4 + Sorbitol)
N ; CAP—(}7]& mixture+ 4 3 4) + Sorbitol
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Fig. 18. The combined figure for result comparision in experiment II

1. A. Scoring by item rating : from “egg weight” to “candling score”

b

. B. Scoring by item rating : from “shell %” to “Breaking rate by egg coili-
sion”

Egg weight

Shell weigiht

shell %

Shell weight, per unit of surface acea(SWUSA)

Specific gravity

Shell thickness

N R N S

Breaking strength
10. Specific strength(Breaking strength/shell thickness) .
11. Appearance rate of egg with =0.395mn shell thickness
12. Breaking rate of egg shell by collision
13. Candling score
* AA ; Commercial feed—control
A 5 Control
B 5 Control—Lactose
'C 5 Control—Sorbitol
D ; Control — Lactose+ Sorbitol
E ; HPMCP— (¥ 718 Mixture+2] 3]4] + Lactose)
F ; HPMCP—(¥7]1& Mixture+43]4) +Lactose
G ;s HPMCP— (F-71& Mixture+ 4 34 + Sorbitol)
H ;i HPMCP—(¥7]E€ Mixture+ 43 4) + Sorbitol

- 116 —



I; HPMCP— (#71% Mixture+ 4] 3 4] + Lactose+ Sorbitol)
73 HPMCP— (¥71& Mixture+ 43 4) + Lactose+ Sorbitol
K CAP—(¥7]& Mixture+ 34 +Lactose)

L CAP—(¥7]& Mixture+ 43 4)+ Lactose

M ; CAP—(5-71& Mixture+ 4] 34 + Sorbitol)

N ; CAP— (5718 Mixture+ 43 4]) + Sorbitol
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Egg Weight,g
70 g

' 68.15
68 |

- 0Tl -

67.7
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6.2 -

6.8 -

5.73 E

5.4 -

Shell Weight,g

5.92 5.93
' 5.89

5.78 2.8

5.71
B 5.656
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8.4 -

8.8p8.89

8.79 &= g

N 8.77

She"! (yo

8.93

s.as 8.89

8.79
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Shell wt. per uhit of Surface Area
(SWUSA)

79

T7.6 - 77_5 '

76.74
76.48

?6'7 .
B T 75-7Y5.64

76
75.47F

5.7
i 75.1475.18

oo

74.5 - : 743 .

B B 7568

7g -LE . , . o | B ; i
AA A B € D E F @ H 1 J K L M N

* mg of shell per square centimeter of
surface area



1.088

1.086

— ¥Cl —

1.084

Specific Gravity

—




L
0.995

0.89 -
0.986

0.398

- &2 -

0.976

0.97 'ﬂ.asg .

0.965

0.96 -

0.9585 -

a.
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Breaking Strength, kg

8.05 ko
2,963
2917 o843 B 2.046 2.894
B 2.78 2764588 B 2.79% 771 ~ 2.762
2.75 L 2.13 e —— B A > 67?6918 2.699
| ‘ " | B 2.621 I
2.6 - i ’

2.45

2.3 -

2.16

AA A B € D E F @ H I J K L M N



pecific Strength
(Breaking Strength/Shell Thickness)
7.85
7.648
7.483 o

T28% 1o 217

— LTl —




— 821 ~

AppearanCe Rate Of Egg with 20.395mm
Shell Thickness

%/ day
50
45 -
41.76
e 40.63
40 - | BB
97.06
36 EEXYd
90.36 | B R
29.68
80 - 28.92 e W B
285 -
bo gl N 23.15
20 - I

AAA A B ¢ D E F G H I J K L M N
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Breaking Rate of Egg Shell by Collision
%

70

60

50

53.56
, 51.75

e 47.83

42.74

40 -

AA A B ¢C



7.4 -

7.2 -

—0¢1 —

6.4

6.2 -

Candling Score

6.93 .9 6.93

| 6.65 |

6.3

' 6.77




M| 5% Encapsulated Limestone &0{A|
g ato| H3)

A13- A g

ZE FTF E3AY ALET AYME AL A2FE nEsle gudd
AAA g2 o] ABAE o433 Re= 3YI, Encapsulation EZ2E
HPMCPSt CAPE MR8 AY. 259 &4 XA ZE Lactose, Sorbital, ¥ EHY
D; 2 CE |83 %1, Lactose ¥ Sorbitole A-&3A19 7123 £3)

Fluid Bed coater(Uni Glatt model) AH8A] one batch®] FHF5S 183}
HEa® AME 2 39 FHo] ute 398 dux A2 9ch Lactosed] A$
Brommage5(1993)¢] <3 5~10% ZL 1 o)AL AILA B F423
EH7F Zopal P Lom, Sorbitole FUl EIA AHF 70%7 COE A
B2 3F 4% CO9 £4& HAS Y A A-gr) FEL BAGR
stk 19 B4 de] d¥E vA £ Qe FIEEN Mg Mn, Cu, ZnE
LRAL 4= 8

#e,

£

AM2A2 A¥Az 9 uy

1. 4314 9 Encapsulation Materials

f

2o ARSE 4L AF NN TAF 108, 2089 434 Fw]
=

ZH2F 70 13028 EHF o 10, 12, 14, 18, 25, 45, 100 © 200 meshE =z 33
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sieved] Al & F 12~14 mesh, 18~25 mesh, 45~100 mesh = 200 mesh ©]3}9)
A8 X-& Z+Z} coating 3HA T Siveing ﬂ%‘fﬂ 2}7} 9] mesh® distribution ratio®
1.56, 5.16, 11.52, 23.82, 22.53, 18.54, 7.86, 3.10 ¥ 599(¥3) %= =Y},
Meshd 2 AFE% I H5EZE HPMCP ¥ CAPE AR&3dt%th

2. A9EFE o A%y

AYTEEE dudd AA 82F% 9 Dekalb Brown NHAE 7 AT
35574 %’Jali_ﬁﬁi]%}%lil, AtEEE 23 06130, 21 09:30 € 2F 2009
AT AF71ZEE du]ALFo] 99 269 HE 108 12U71A), 108 138 H-E
114 1797HA] AMGF =43t dd.g AF3H

FTAE AEA Y] HF AEANHE 23 I~ 122 AT F 24 11N OheZ
gt] 73 5% (common carotid aorta) HWdte] HIAF 554 dIPe AF
AT 2% 24 ALRFAF 08 EN A FE ZE ABE AASY
I%F 6hr AREAN 2F 54, 12hr AEE ¥ 114, 170hr AEEE 23 54
2hr B 2= 24 9Ale] B4 AHA3L F 375578 AAHT. FEaARE
¥ mF 20 unit®] Heparin® AF&3l53th

AHE g4 AHE(SS—34 Rotor—7000rpm X 152) 3t} plasmasS £
- 34t d5-E Molecular Weight Cut off 10,0009 filterE )83t filtrate:™
ionized form® ZF, WtavlEE 437 fsle w2 YEEH G, Total
plasma®] 4= Total calcium, magnesium, inorganic phosphorus® ALP ¢ 7HAl-
kaline Phosphatase, EC 3.13.1)8 #3814 JEE & AT ALP activity®
Sigma diagnostic Kit& ©]£39 Micorplate readerlAd FFE=E =33
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3. A¥xeE 9 4¥As

Ao AlEE HdFARE A4Te AFAIEHLW, Table 1694 A8
A +E 8.3

Table 16. Experimental design

It Treatment Remarks
code
A | Control O 105 :208=70:30(W/W) Hl&
Z Mixd X34 3% Ag
B |Control—Lactose o AIAMe A9l B
O Lactose 04% 37}
C | Control—Sorbitol o ML A9 FY
O Sorbitol 04% A7t
D |Control—Lactose+ Sorbitol O ML A Bd
O Lactose 0.2%, Sorbitol 02% 37}
E |HPMCP—(F718 Mixture+484+Lac-10 “A"9 HHH L 4%
tose) o FI71E HAA, 434 4%, Lactose
04%E Encapsulation ¥ 37}
F |HPMCP— (¥71& Mixture+4 2 4)+Lac-| 0 “A”9] AFyNe 4%
tose o B7E HUMA, H34 4%
coating
O Lactose 04% = W= 7}
G |HPMCP—- (%712 Mixture+ 434 +Sor-
bitol)
H |HPMCP- (%7€ Mixture+ 4] 34)+ Sor-
bitol)
I |HPMCP-(¥71E€ Mixture+*3]4+Lac-|O Lactose 02%, Sorbitol 02% &
tose + Sorbitol) coating3H A
J  |HPMCP— (#7188 Mixture+4]3]4)+Lac-| O Lactose 02%, Sorbitol 02% & —10)
tose+ Sorbitol) 2 HUE A
K |CAP—(F7]& Mixture+ 34 + Lactose)
L |CAP—(F7]8 Mixture+43]4])+Lactose '
M |CAP—(¥7]8 Mixture+ 434 + Sorbitol)
N |CAP—(¥718 Mixture+ 43 4) +Sorbitol

* A7 AM F71E Mixturets SAMPALE kgF Vitamine Ds, 1,000IU ; Vita-
mine C 3 1000mg, Cu ; 10mg, Mg ; 200mg, Mn ; 40mg 2 Zrn ; 50mgo] u &=
E2E 3t¥th AFR3¥ FIIE sources CuCO; - Cu(OH); - H,0, MgSO,,
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MnSO, * Hzo, ZnO?i‘:}
* % EoA] N7FA] A Fore AMEE 8%9 AI¥E: 4%E Wz2TAA
ARERE A L Ao, UM R 4% = HPMCP 22 CAPE Encap-
~sulation® AFE& AH&-E A

Table 16914 Commercial feed-control groupe Al¥ ¥AAIRE vz F
od&Hew, AdA DAEZAE 108 12089 AL 703022 EES ¥
8% & WiF3HAL, ENA N7AR A FolAde AHEdE 8%9 HIyNF 4%:=
HzFoA AL AT 48 HEHelH, UnA 4% HPMCP 32 CAPE
Encapsulation®t AFE& AHB-3 ot 18]l Lactose 2 Sorbitol2 Encapsula-
tion§t ¥ 7 € adE MR FHLeH, 9rldA FIE Mixtures ¢
AWM FALE kg% Vitamine D;: 1000 IU, Vitamine C 3 1000mg, Cu 5 10mg, Mg ;
200mg, Mn ; 40mg, 3 Zn ; 50mge] v FEE 3} AL F 718 sources CuCO;s
- Cu(OH): * H,O, MgSO;, MnSO, * H:0, ZnOSith. §98 Alge @wd &
Fe WTE 155%, B 85% 9o, FIEY FFE 4T Table 79
YeERf ATt

4. A% 4 ® FAAH

dolz Ao st FAREAHL SAS FA 2P GLMe 93tk Cont-
rol treatment®] AZ& Ad AT ¥|ZEN A, B, C, D HIZA 7&
A ALz 105 208E 70:302.2 E¥E ¥4 AEEF L Lactose,
Sorbitol #7} AIE Hristnzl stPew, 1 &2 Control24 A6 B, C,
D A& +¥E HPMCPTEMX E, F, G, H, CAPHEF2M K, L, M, N¢ 348 &
vmale] 2718 A7} % ¥ Encapsulation A7) EoE sk 2
t}e-¢]& Lactose, Sorbitol H7FA] HPMCP & CAPY o= HEEHo] &
HAQQA Lol 3P, vfAHOoE HPMCP ¥ CAP coating?l Lactose

£ 2 Sorbitoly] coating or uncoating EF{E Fridtes Aoz I}

— 134 —



A3d A3 g9 3%

1. ¢7he] #3224

dzte] g4d F718 FFL Table 17914 JdERAAL. ZAEANE &,
Zr¢r, 91, v, W3R FRAME AT F Aovt GUTh dE
B8 F 2Ee 4 35% wtaE 295~3.5m9/9 2 12 Limg/gH = FHHIL
22}, Britton(1977)¢l 23tH shell®] 3B 57%, LHFL 45%, vl2vlF
04~044% 22X B 43 ZAFge thazty o7t gidom, olHd B
FATEY F3 ¥ AGRATY g thazte] Koyt AT HoR
o},

3% Klingensmith®t Hester(1985)°] 213} hard shell®] Z&2 33%, v}
O E-e 3.5mg/9, 91 1.0mg/gol AL soft shelll X 2zt 30%, 2.8mg/g H 0.76
mg/gL. 2 ztol7t UYL Ash TFE 527% T 495%F MEL] Ao|rt &
AFA vt FEstd £ 4389 2748 29 F A TFAA sl
3.53mg/g 8™ shell thicknesst 0387mm%3 3, whavlgo] 295mg/991 H R T A
T thickness?t 0.375mm FEZ A Zole UATH

Mo

=
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Table 17. Mineral content of egg shell

Minerals
Treat

Ash, % Ca, % P, mg/g Mg, n9/g  Mn, mg/kg
A 5560+ 059 3557+0.66  124+0.16 314+ 052  10.89+3.69
B 5517+ 0.66  35.74% 0.52 I.ISi 0.16 0.03+0.72 9.56+1.71
C 5527+£0.75 36.03£080 1.12+0.09 344+ 066  19.23+3.80
D 5503+ 080 3575088  1.09+0.17 331+049  21.33+3.87
E 5495+ 059 3592£070 1.03+0.12 325+ 052 21321207
F 5474+ 070 3674+ 1.11 126024 353+ 1.16 2244+ 250
G 5427+0.66 3579£089  1.08+0.12 328+076 1828+ 1.90
H 5440+ 050 3600+ 175 121+013 294+065  14.09+ 297
I 5440+ 0.67 3594+172 122+0.19 325+£099  13.50+2.63
J 5445+ 082 3559+122 120+0.12 296+ 058 1447216
K 5494+ 1.07 3569+096 1.17+0.11 3.15+£083  1511%£213
L 5446+ 033 3514+128  1.12+0.20 334+ 125 17461227
M 5445+101 36.00+170 1.15+0.15 3.19+1.00 1993+1.26
N 5433+ 066 3567173  1.10+0.15 3.13£ 091  1641+£2.20
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2. By 2718 e ¥y

A Total calcium® A7+ W3lE Table 18, ionized calciumS Table
19¢] YERHAI Total calcium % ionized calcium® FEZ¥ssle 2L
AYEE 2FF Fig 19, 20, 21, 22, 23, 24 2 25°] YRR ATh Table 189419
AF4F AEEse F¥T TF §FE IA A MY UFA BY, &
HzT(HE A~D), HPMCPT(E~H) % CAPT(K~N)lA9 Z2 2039,
1828 % 186.5ppmeZX Hul#FE Encapsulation 7FFE 3A &2 434
HATAAM 718 A YetR At 28] 2 ionized calcium ¥ FS 2 F(A~D)
o] 512, HAMCPZ(E~H) 524 ¥ CAPZ(K~N)2 47.7ppmlEX WR2TH
HPMCPT Atoldle Mz ¥&d Z%e 2.

Zg qF AZPE E3E 2T Atoldl A ¥ (Fig 19) 43 Husae
HAF AAAo 2 Zadte BFE AL FFdFFNME Lactose 2 Sor-
bitol 7H(B, C) F7Hstd Zg e F48 Z3dte Aoz A=A, 18x
ionized calcium ¥#F& dZF(A)NA 71F 2L FFES EJh

283l Fig. 209141 Control group, HPMCP group ¥ CAP group?te] #3&
FEAISRA = A7 Wdel A Total calciume Encapsulation 413)4 FoF
dqre &T3A FAL UARSY Control groupt F23) ZaHa AU
WEA 434S Encapsulationdtd] 3d F4EZE dAA H=EA
29U ZEFEE Ad=Fz 2EY F# & AT £F jonized T
FH¥FE HPMCP groupdlA 718 & F£3F 2 A7k wgddgyz 4933
FTEE AL YN, Total calcium®] A28 Washe W2 Fokyo
ionized calcium ##Fo] F7tHe AFE B | :
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Fig. 2114 Lactose, Sorbitolg #H7FA] HPMCP F& CAP A& T o)A
Arel& YERR AT Fig 21914 B% 0] HPMCP-Lactose(E+F) groups A Total
calcium®] o] 7} w3t M3 E BYo jonized calcium FFL AgrE
12hro] & 433 F718te 2% BA% BF FFE SSppm O 2 7HF =T
3 Table 169) A& F E R F X &7 A shell thickness, Breaking strength S 9]
shell quality’l A= 7178 538t ch, 28] 1 LactoseE encapsulation = unenca-
psulationdte] FAI(Fig. 22)l& A& o7t 1902 ionized calcium
FFE WA A FurRd A Frletm i

Table 199141& Total calcium FHY] ionized calcium e ¥ &g U
BF 2T}, Tonized Calcium #%¢] ¥€ & Lactose® #7+8h HPMCP group(E,
FAZDAA 30% B=2 /b3 Eol(Fig. 26) 29, ionized calcium ¥]€°] 20
%2R 7hd B2 HgPFA IZ (HPMCP— Lactose+ Sorbitol) Al A& Wz o]
7HE B E.
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Table 18. Mean values of total calcium content in the plasma after oviposition

time
unit - ppm
Sampling time after oviposition, hr
Treat. Mean
0 6 12 17 21
A 262.0 2345 184.5 162.5 127.5 1942
B 2415 2285 189.5 194.0 162.0 203.1
C 288.0 262.5 2340 201.0 194.5 236.0
D 198.0 172.5 192.0 195.0 153.7 1822
E 204.0 184.5 172.5 173.5 165.5 180.0
F 192.0 185.5 183.5 175.0 158.5 1789
G 187.5 1995 1705 155.0 137.5 170.0
H 2315 2240 186.5 196.0 174.5 202.5
I 2335 230.0 216.0 207.0 175.0 2123
J 216.5 1775 158.5 161.0 181.5 179.0
K 2200 2270 219.0 219.5 184.0 2239
L 198.0 164.0 180.5 152.0 161.0 1711
M 2435 197.0 152.0 1410 141.0 1749
N 179.0 182.5 1825 155.5 181.5 176.2
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0 6 12 17 21
Time after oviposition, hr
' |
~-©— Control —ll— Control-Lactose —#— Control-Sorbitol —)(—Control—Lac+sor;
lonized calcium
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‘e_\\e

(o} 6 12 17 21
Time after oviposition, hr

i
—6— Control —l— Control-Lactose —&— Control-Sorbitol —>— Control-Lac+sor;
|

Fig 19. Changing pattern of plasma calcium level among control group after oviposition time

* Control=A, Control-Lactose=B, Control-Soibitol=C, Controi-Lactose+Sorbitol=D
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0 5} 12 17 21
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—&e— Control —8— HPMCP —a&—CAP

Fig 20. Changing pattern of plasma calcium level among coating treatm'ent
after oviposition time

* Control=A+B+C+D, HPMCP=E+F+G+H, CAP=K+L+M+N
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—¥— HPMCP-Sorbito] —A— CAP-Lactose —— CAP-Sorbitol }

Fig 21. Changing pattern of plasma calcium level among encapsulation material and
absorption enhancer after oviposition time

* Control-Lactose=B, Controi-Sorbitol=C, HPMCP-Lactose=E+F, HPMCP-Sorbitol=G+H,
CAP-Laciose=K+L, CAP-Sorbitol=M+N 142 —
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Fig 22. Changing pattern of plasma calcium level among HPMCP group with Eact@se‘

after ovipositicn time

* Control=A, Control-l.actose=B, HPMCP-{Lactose)=E, HPMCP-Lactose=F
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Fig 23. Changing pattern of plasma calcium level among HPMCP group with sorbitol
after oviposition time

* Control=A, Control-Sorbitol=C, HPMCP-(Sorbitel)=G, HPMCP-Sorbitol=H
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Fig 24. Changing pattern of plasma calcium level among CAP group with lactose
after oviposition time

* Controi=A, Control-Lactose=B, CAP-(Lactose)=K, CAP-Lactose=L
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Fig 25. Changing pattern of plasma caicium level among CAP group with sorbitol
after oviposition time

* Control=A, Coniroi-Sorbitol=C, CAP-(SO{EgtoIFM, CAP-Sorbitoi=N



Table 19. Mean values of ionized calcium content in the plasma after oviposi-

tion time

unit - ppm

Sampling time after oviposition, hr

Treat Mean
0 6 12 17 21

A 50.2 49.6 46.8 45.8 43.8 47.2
B 62.6 50.2 518 484 49.6 52.5
C 526 528 50.0 504 46.6 50.5
D 592 592 494 51.0 54.6 54.7
E 572 50.4 516 56.8 592 55.0
F 58.6 56.2 45.8 574 53.6 543
G 534 50.2 57.8 52.0 48.8 524
H 544 46.2 48.8 44.6 454 479
I 474 404 41.8 43.6 422 43.1
52.4 45.8 472 372 444 454

K 552 49.6 47.6 42.6 45.8 48.2
E 50.6 40.8 42.8 36.6 43.6 429
M 53.8 43.6 48.4 45.8 50.8 48.4
N 54.4 46.4 50.2 57.6 47.0 51.1
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Table 19. Mean value of the ionized calcium ratio to total calcium in the

plasma after oviposition time

unit : %
Sampling time after oviposition, hr
Treat. ‘ Mean
0 6 12 17 21

A 19.16 21.15 2537 28.18 34.35 25.64
B 2592 21.97 2734 24.95 30.62 26.16
C 1826 20.11 21.37 25.07 2396 21.75
D 29.90 34.32 25.73 26.15 35.52 30.32
E 28.04 27.32 29.91 32.74 35.77 30.7
F 30.52 30.30 24.96 32.80 33.82 3048
G 28.48 25.16 33.90 33.50 3549 31.32
H 23.50 20.63 26.17 2276 26.02 23.82
I 20.43 17.57 19.35 21.06 24.11 20.50
J 24.20 25.80 29.78 23.11 24.46 2547
K 55.09 1791 21.74 1941 24.89 21.81
L 25.56 2488 2371 24.08 27.08 25.06
M 22.09 22.13 31.84 32.38 36.03 2891
N 30.39 2542 27.51 37.04 25.90 29.25
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Percentage of ionized calcium

Fig 26. Average value of ionized calcium percentage in the total calcium of plasma
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EHF9 calciume EF plasma proteint] albumin % globulins 3 A%
nondiffusible(protein-boumd), diffusible(ionized) 2 organic complexed Ca '

ToE2 FEHAAAN AgY B A4 H HEL 46%, 475% R 6.5%
A Zolt(williams, 1993). °]EF AR /1F & IFE L=
ionized formeEX Z+F A B FAH L AFA £ A ZS52F F
ARFo 2 #AAGsA ok a8 7tFe oA FqU ZeTHe AwA
2 SA¢9 F$ & o7t 2tk &, Hurwitz(1968) 9 < 3FH plasmall total
calcium®] 4 oUFEHL 125mg/100m¢ R AJAE FT 29.0mg/100méE =
ALEI 2. jonized calciume ZtZF 875mg/100mé E 10.15mg/meE X A dHe
HEE 44 2% R 35% 22X 2 Aol7} AU 2 AFA A ionized cal-
cium®] ¥&& E¥ Boldend Jensen(f985)% oF 18% BET Combs%(1979)
& 22 9ol ek 20%~60% < FARATGT Sgch. B ionized calciums]
73 2 ¥&Fe AEA By 9 B oe A9 dox e F
It (Fuchs 5, 1976). & APNHE ionized calciume] H &2 20%~30% 9]
Helol st ! '

283 Bolden® Jensen(1985)9] <j3ld AL 79 widHE Al
FHR A plasma‘—ﬂ‘ Total calcium B nondiffusable calcium®] 3
At QlE B8 AR Y calcium BFE 35% A4 275% 2 & 2 d4F7
2 gEFEFol FEA WolAr o}&# plasma total calcium o] ¥
oA 3 FAe) nondiffusable calcium $FE AA FoHA ZAH AT diffusa-
ble calcium®] ¥ & W3/ gvtx stPen, olAL AHTH *4
HaF Ca ¥ #A37] $91¥ homesostasis 825 EAZT) Claggetts
(1977) ) )38 thin-shell lines- 2HFAE blood total calcium FE o] Ad+HH,
o] 2& FE protein-bound calciume] F4AHE ZAHIL FATHGrunders,
1978). =& CombsE(1979)°] 8t Atgauw Z&ESFE WIA F, 1% 4 347

[o]

T

M
2,

Ho

rlo
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%2 Z45E WA jonized R total calcium®] A9 F718tH 2B 2, ionized
calcium® H]&(45~50%)L A9 dAHA {FA¥oT [t 2HY & 4
FXe RE NPT AR ZETFL 325% 2 A2 T 434¢
tEEe o224 FFAEE ZAYernzE dE AFEFAY vmEIE T
#3 Q2 Control group(A+B+C+D #2])9] Total calcium®t+ HPMCP
group(E+F+G+H #2])o] 4 V1 ionized calcium FF& 51~52 ppmo 2
A2 v%dle AHFHOE jonized calcium® ¥-€-2 HPMCP groupdlA o4zt
Z7 =14t =% shell quality®S HPMCP groupdl A 73 3= ieh, whekA
o] AFAE YA YA 71F ¢ Total calcium FFS ABA KFAAA
0¥ 59T Lol F4E A28 TFHUAE shell qualitys T34
F glga Az,

EZ Nys5(1986) S} B iie] 93l hard-shelled A& A o A AW ovipositionF
10X XA R-E & ionized calcium o] |3A AAZHEH, o]RAL shell
formation 717tE<te] 423718 (gut) € WERE FEF FY calciums F
FHFA XeR7 dEolEH SR € d¥ol AHE HW(Table 18, 19
2 Fig. 19~25) Control(AX2])2} HPMCP-Lactose(E)* 2] & ®]RA] oviposio-
tion ¥(ohr) Total calcium #%3F& ZtZ} 262ppm, 204ppm o E & o)z} 8l
Aoy R2A1ZEAClE 185ppm 2 173ppm o Z H|&&F o1 21hrdlle 42 128
ppm 166ppm2 24 HPMPC XA ZFFE=E W3 FAXZE & AL,
o2tA HPMCP M F(E)9 2% 12213t FEE ionized calcium $E7}
7}ete Nys5(1986) 8] At Aitd AE-e Bed. B Aas g3y
E™ shell formation 713F el AR calcium FEE LA FAAA
0 $Y ARZA SN E B2 Ag BAANL 4+ I Aoz AREY
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3. PlasmaW] ¢, vlzdlg, 7o) w3}

Plasmadt} <1, vt2ul€, 439 #F¥ale Table 20, 21, 2291 YEIG
A9 FFWSE dE2T group(A+B+C+D), HPMCP group(E+F+G+H)
R CAP(K+L+M+N) group2 2 U9} Fig 2791 HA8tgth dojx AAE
EW Control group, HPMCP group ¥ CAP groupld 22 124, 139, 11.1
ppme E A 27| & Aol7t 193, oviposition ¥ M3E 12417 WA 1743t
Aol Al plasmat] 9] FFo] Fiete AYL BT guidgoz Aguy
A9 FFEol ¥ FH FFo] ol AT Aol ZAAst: Q9 oEexE
AgtHe Aoz €8 AH(Paul?t Snetsinger, 1969). £¥ plasmat] $19)
T2 mid-calcification $<t & oviposition¥ 16417t FE A peakdl] =E3t1
3, Fe 72FEE AR B Nyse(1986)9] 2o &8 hard—shelled
egg®l 7% 13213t A plasma Q18] #&°] H o] 2319 shell-less egg?) B-¢&
AV Q1Y #FEo] A Tadte ZFE gden ik 2AF L Algy 219
FES BT 055%2 A YBHRALY, shell thicknesse] A} vlmA A
A2 E thickness= 0377mm, 7+ F4Y F Hs 0387m 2 713 E%3igd
I A29) 0368me] Moy EE ¥R w} Table 20004 BFo} 14
qre d9 o] A& FAsH. 28y o8 G vlavtezEs &G
vlazt E7bEstAch |

agx 71k vtadlE, 33 FFMe & ot gleH, nfavEe
A% Aoe AANHA FRAT diffusible TFIUF FFE 13~18ppme WY Z
235910™ plasmal % vhIvl% $FAY diffusable formo] °F 48% 2
Stafford®} Edwards(1973)0] X .ufl 49% 2 BlEE FES FAFAL

O
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Table 20. Mean values of phosphorus content in the plasma after oviposition

time
unit - ppm
Sampling time after oviposition, hr
Treat Mean
0 6 12 17 21

A 7.08 7.26 15.08 5.46 524 8.02
B 14.06 18.64 18.54 15.94 6.94 14.93
C 15.80 11.80 13.96 9.14 7.20 11.44
D 9.54 16.96 16.72 20.38 12.06 15.13
E 17.22 1542 23.74 15.00 11.42 16.56
F 14.80 12.12 16.00 14.64 12.24 13.96
G 19.92 15.64 11.66 9.68 10.80 13.54
H 8.26 15.90 16.24 8.44 8.48 1146
I 11.14 8.12 8.70 5.26 236 7.12
J 16.94 10.76 1494 14.82 11.04 13.70
K 8.40 1540 1532 11.08 8.74 11.79
L 10.32 1444 1336 7.20 6.84 1043
M 16.66 13.66 16.38 11.08 7.88 13.13
N 8.00 6.52 10.98 0.08 9.80 8.88
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Phosphorus

21

18 +

o} 6 _ 12 17 21
Time after oviposition, hr

—— Control ——HPMCP —¥—CAP

Fig 27. Changing pattern of inorganic phosphorus level among encapsulation treatment
after oviposition time '

* Control=A+B+C+D, HPMCP=E+F+G+H, CAP=K+L+M+N
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Table 21. Mean values of total magnesium content in the plasma after oviposi-

tion time

unit . ppm

Sampling time after oivposition, hr

Treat. Mean
0 6 12 17 21

A 29.8 276 252 24.8 26.5 26.8

B 399 395 382 36.5 36.1 38.04
C 383 347 355 309 314 342
D 399 395 382 36.5 36.1 380
E 379 386 335 34.6 35.8 36.1
F 383 42.1 36.7 334 344 369
G 316 380 340 309 29.1 32.8
H 438 414 40.0 40.2 359 40.3
I 399 40.5 420 403 353 39.6
J 45.6 437 39.5 394 389 414
K 44.7 489 42.5 39.7 351 422
L 370 389 346 317 31.1 34.5
M 434 371 331 314 29.5 349
N 36.5 33.0 342 289 34.8 335

— 155 —



Table 22. Mean values of total manganase content in the plasma after oviposi-

tion time
unit - ppm
Treat. Sampling time after oviposition, hr Mean
0 6 12 17 21

A 0.235 0.183 0.153 0.181 0.171 0.185
B 0.142 0.154 0.181 0.098 0.124 0.140

C 0.144 0.097 0.092 0.096 0.105 0.107
D 0.091 0.087 0.092 0.093 0.064  0.085
E 0.062 0.098 0.095 0.083 0.088 0.087

F 0.072 0.095 0.095 0.072 0.087 0.084
G 0.104 0.130 0.108 0.118 0.085 0.109
H 0.082 0.087 0.083 0.096 0.083 0.086

I 0.072 0.100 0.085 0.080 0.063 0.080

J 0.095 0.088 0.057 0.080 0.105 0.085
K 0.079 0.143 0.104 0.073 0.081 0.096
L 0.088 0.120 - 0.109 0.084 0.094 0.099
M 0.100 0.102 0.078 0.064 0.085 0.086
N 0.075 0.073 0.115 0.072 0.085 0.084
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4. Alkaline phosphatase®] ®3t

ALPE @A 2] A$ egg-shell 4] Bste ALF9 SIUEA Fo5E
Atgel ZEFEH plasmatl ALP G71E BE dWtFHO 2+ low calcium
dietol Al & ALP 978 Hola glth ALPE &3 T ZF+ Table 23R Fig
28l WSARS ackadnh M2e AAAY 47kE B Control group
(A+B+C+D)E 805 HPMCP group(E+F+G+H) 593 ¥ CAP group(K
+L+M+N)IAE 69.6IU/LEM WZE groupdld AR EA FFHUGD.
ALPY7}E Shell CalcificationAl®] Calcium EF5d, AH2d Z58F 59
o3t s Wolg 7iE e 30~300IU/LY MHUE 7FAZ A (Snapirst
Perek, 1970). €utF o2 ALPH7I7F $718 o Shell quality’t ¥4 E = Sna-
pirst Perek(1970)9] Zzsle Aol# AL Rt ¥ dddAse HPMCP
groupol Al shell quality?t F&38HA F7H=EH AT |

a83 ALPY oviposition¥ ZA1A W3 (Fig. 28)& E¥ Control AT
AL A7) A2 Z7Hshe B9E Boln Lo} Encapsulated limestone
FATFNM = AANZ] Sl & s glo] A2 9A® ALe UE
Witk Paul® Snetsinger(1969)9] €]3FH ALP level2 Active shell calcifica-
tion & ¢l & oviposition A, FROE O £& &€ FA 3= o] 57} oviposi-
tion3- 8~9A]7t7 o8, egg calcification®E B calcification®] 4~5A1 A
g5 7o) AP n gy 283 AARAA FFHE calcium FFEO
shell calcium® 128l 20X o HA FF=HE bone calcium® HEF
Z7HA7171 918t ALP §717b F7h@d.

wEtd 2489 Az 2 AAF iAo ol FIFE ZE FHAY
zLole A 7]Q1% ATE o EEHIU

—~—t

tlo
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Table 23. Mean values of alkaline phosphatase activity in the plasma after

oviposition time

unit - TU/L
Sampling time after oviposition, hr
Treat. Mean
0 6 12 17 21
A 107.5 199.2 64.5 40.5 53.7 93.1
B 96.6 1222 42.8 452 62.0 73.8
C 81.2 154.0 48.0 473 54.3 771
D 734 67.9 101.9 61.7 84.9 78.0
E 120.0 414 65.1 74.5 74.5 75.1
F 414 585 88.3 724 45.1 61.1
G 43.1 365 41.7 504 40.3 424
H 65.3 319 549 543 87.3 58.7
I 330 364 24.1 26.8 391 319
J 99.1 48.1 54.6 25.1 73.1 60.0
K 85.0 702 66.5 81.2 425 69.1
L 64.3 120.8 65.8 62.8 68.0 76.3
M 453 548 347 222 423 399
N 109.1 88.0 1514 61.5 55.6 93.1
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* Control=A+B+C+D, HPMCP=E+F+G+H, CAP=K+L+M+N
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|

Fig 28. Changing pattern of alkaline phosphatase activity among encapsulation treatments
after oviposition time

* Confrol=A, Control-i.actose=B, Control-Sorbitoi=C, HPMCP-Lactose=E+F
HPMCP-Sorbitol=G+H, CAP-Lactose=K+L, CAP-Sorbitol=M=N
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A1&E A g

FEEZZN HPMCPSt CAPS FAH4AEAA HPMCPAE FoA e
A& o go] FAAE F USith kA £ A= HPMCPY HEgFE=2

limestoneS AZd A AlLESFFEE Yol T

A2Z2 A¥As o 4

1. 434 9 Encapsulation 2 &

AHEE MM e FFHINA B2 FYINT, 105, 2059 ¥FHL 70
30(w/w)E EFF F Mesh No. 10, 25, Qg o2 2¥3te] 434S sievingdt
% 25mesh] A& ALY, powderEE YT A dojd AL o] &3 (T
28] HPMCP % 2 coating B39 AHE-F& ol 9] Table 24¢] HeEE=R
FEAE Aok
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Table 24. Encapsulation formulation of limestione with HPMCP

Limestone 25 Mesh Limestone Powder
Items e
80 60 40 20 Powder %ﬂl‘fg‘
Limesline, 9 1600 1600 1600 1600 1600 1600
HPMCP, g 80 60 40 20 - 60
n-Butyl phthalate, g 8 6 4 2 - 6
Stearic acid, ¢ 8 6 4 2 - 6

28X Table A Jebd #F2 FAAY one batchdl AHEd FE o
BN 1S limestone 25mesh® Z$ Encapsulation® 234 1600g ¥ F
AZ7t £%FS HPMCP 802 46%+027, 60 33%+025 402 24%+0.12
2 HPMCP 202 13%+ 0412 FAHART '

2. 2¥3E ¥ A¥zd

AYFEEE 35539 Isa Brown AFAE XNPTFTF 3574 A HL,
ANgFde &5 33, 24 06:00, 24 09:30 ¥ 2% 02: 009 FH3A
a8} AgEEe A AgH(A44E) T3 AARAT. 2 dIAYEE
Control#ell& 108 2 209 A34L 70:30(wwoz EEF AL 8%
AHEE PRI T AHES AN 4% 2T Y4 FUAD
UriA 4% sgete g3e J1EE 434 &, HPMCP 80, 60, 40, 20(Ta-
ble #Z) © powder, HPMCP-powder§ AHE3tich. Ade) ofu)7Izte 64
149014 62 239712 B A¥e 68 4I¥EH ¥ gdAA AAE#A

et 34 24 2 SANYE AsgelMet LA A SAT AsFAA
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FAg AUARY BB FFE Table 259149 Zo] BAHQoH Alm
gy dFe YF (5522 e

- 162 —



Table 25.

Mineral contents of experimental diests

Treatments
Items HPMCP HPMCP
Control Powder

80 60 40 20 powder
Ca, % 3.64 3.54 3.63 3.57 3.68 3.51 341
P, % 0.63 0.60 0.60 0.60 0.60 0.63 0.63
Mg, % 025 0.25 0.26 0.25 0.25 0.24 024
Cu, ppm 20.75 20.97 19.64 19.66 20.75 19.85 20.80
Zn, ppm 72.15 7190 71.23 69.38 69.44 7144 71.31
Mn, ppm 93.90 94,88 91.99 89.20 89.29 93.40 94.10
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AN3E A3} 9 3R

HPMCPS] HEF=EE dZAd e 48 adg T8 d3+= Table
26 o)A Ee uiel gow w3 FHF o7t AR ATE,
SWUSA, Breaking strength ¥ shell thickness®€ H|E37) 4% Fig 29,
30, 319 FAIEH

241 Table 26914 EX o] HPMCP 6048l 79 iF&&o] 725% 22X HETF ¢
633%2 Xt 92% v HFE(PC00D) F& AL Uil 2L HPMCP
40479 A EE 433 F& Aoz HrEHAG IF oA limestone
powder7 o] A ThAzt FFHAD o]lE AYF & AZTAME A= ¥R
9tk 23 shell weight R shell %°]XE HPMCP 60A 7oA 743
3L shell®) ciF shelld] mg FFE 2vjdle SWUSA A HPMCP
60 HTFA 7+g FAHEUG.

¥ SN ME 1.089~1.0912 MzZe} & Ao]E HolA &gttt = A9
dztotge] $2% 249 Breaking strength % shell thickness &4 HPMCP
60X BTN A ZZk 2962kg, 0.383mEA] TiEF S 2.719%kg R 0373mETH A
G At wekA] specific strength § 41 HPMCP 60X 2l 7oA S71€ 2R E
dut.

aga A@e A4 &4 € BuFY =do] AR #dd wXe I¥L
q&3t7] 9 Ad FE AHIMNE HPMCP 60 & FA 37.7% 7t SE&EH
Fa4e gey M Ae HEgS el

shell weight,
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Table 26. Effect of limestone addition encapsulated with various amount of

HPMCP on egg shell quality

Treatments

Items Control HPMCP HPMCP
‘ Powder Powder
80 60 40 20

SEM

Egg production, %
6332  69.68° 7254 7L15® 6673 63.96° 6747° 345

Egg wt, g ‘

62.14° 6304 6345 6316 63.71° 6‘5.3:1“- 63.49° 041
shell wt, g

555 574  583° 574 568 586  5.79® 0.06
shell, %

893  9.10° 9.8 908 892 901 909" 009
SWUSA

75.90¢  77.42° 7843* 7745 7621® 7735* 7767 0.3
Gravity o
1089 1091 1091 109t 1089 1090 1090  0.001
Breaking strength, kg

2719¢  2.843*  2962* 2867 2767 2823 2922* 0.063
shell thickness, mm

0.373¢ 0381% 0383 0376 0371° 0379° 0381® 0.003
Specific stength

7265 7449  7716° 7.575% 7430" 7363 7.630% 0.145
Collision score, %

4306 4093  37.67 4037 4048 4344 3889 3.34
* a, b, ¢, d=p0.001 '
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Egg production rate
74 -
7254
72 ¢ 71.15
. 69.68
63 67.47
o : 66.73
4
m I -
6396
64 | 8332
62 | | l
m 1 L 1 () I L
A B c D E F G
Treatment
Egg weight
66 -
65.31
% L
64 | 63.71
63.45 63.49
63.04 63.16
o 63
62.14
62 L
61 |
m L L 1 i 1 1
A B c- D E F G
Treatment

Fig 29. Comparision of the egg production rate and egg weight

* Control=A, HPMCP-80=B, HPMCP-60=C, HPMCP-40=D, HPMCP-20=E, Power=F,
HPMCP-Powder=G — 166 _



Shell
95 -
93 +
918
or 9.1‘ 9.08 0.00
’ 2.01
® 8.93 8.92
89 | ’
a7 | o L
8‘5 1 1 1 I 1
A B c D E F G
Treatment
SWUSA
80 -
e .
78.43
78 | 77.67
77.42 77.45
77
759
76 +
75 L
74 )
A B C D E F G
Treatment

Fig 30. Comparision of the shell percentage and SWUSA

* Controi=A, HPMCP-80=B, HPMCP-60=C, HPMCP-40=D, HPMCP-20=E, Power=F,
HPMCP-Powder=G - 167 —



Breaking strength

3.00 {

2962

290

2.70

280

Treatment

Shell thickness
040 -

039 -

038 r

mm

037

0.36

Treatment

Fig 31. Comparision of the breaking strength and shell thickness

* Control=A, HPMCP-80=B, HPMCP-60=C, HPMCP-40=D, HPMCP-20=E, Power=F,
HPMCP-Powder=G - -



H 7% Zn% Histidine H7tA| HZHE 7 & 3}

A1ZE A =

FFH9 bloodE Eol€ Cav WHE proteind ZF3E Jor, o]
AgHdA FEE F, COs-- o] & FEe CaCOE Ho] Fad] AFgr
olu] AFH- A= carbonic anhydrase FFESZ HCO, o]0 EF4dtd
CO,--2 HEE o &4 A ASA &g Aiksd,

O Carbonic anhydrase® FZ erythrocytes®] 1™ Zn 3] whet EE 3]

affinity”} ¥ 3l enzyme©l vt @etA Zn #EA] o] enzyme®] catabolism<

A9 dojurAl &er

Carbonic anhydrase _
Zn** 43}

*¥ CO,+H.0 — H.CO, = H"+HCO;,—> CO,———> CaCO;

1

Ca*"(blood)

wetr Zne] F48E& 57MAA carbonic anhydrase activityE blood, shell
gland fluid5 oA F7FA1719 shell formationr] YA EAE FFAD &+ UL
Aoz dAHAT 28 Znd Y FEE A E el o 2N HA FFE o
EFE = St} 3P histidine2 Zn9 ligandE FHES 22 7Znd FFLL
30%~45% B2 FEAIIe AL BaET gk (Sandstrom ¥, 1985). 181
HERl CE ZFe FFE Z3Astd mMBoA 2 54958 FIAA

shell qualityE® /4 (Orbon F, 1993)A171% Lactose @ Citric acid 3% Z%
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£& Zns 58 I7MIE Ao €A it weEkA & A¥dAe AR
ZEFo] 4AY o o 2AEC] FH HFE AANZE F YEAE
BrrstnA e

A2E AEAE g B

1. A3]4 9] Encapsulation ¥ A3z

434 €] Encapsulatione A6FNA AHE3 A FAEHo™ Encapsual-
tione A6 AAA =] E(Table 24)F HPMCP 604 8 9+-& AHg-3tl e} 2gla
Coating¥¢] limestione ¥ F-A F7HEHFL 3.50% + 0.28°] A3, limestone 1600
9% FEARS ¢ 45%2H FJREEL 78% 2 UEHTH

AEA e Table 2791 UEHAN2D Control A HEFA @& 4354
8% HMIFS}HL 29 H& AFdME Zne 150mg/kg E vitamine Dse
2000IU/kg of complete feedS FU3A H7ME F X2 TEE Histidine 05%,
Citric acid 1.5%, Vifarnine C 025% % Lactose® 1.5% &34t}
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Table 27. Experimental design for zinc and histidine supplementation into

laying hen feed

Limestone HPMCP Hmestone

Intems  gongot (AR N Hiddne (Y VIC Lecose Al
Hmestonie, % 3 8§ 4 4 4 4 4 4
Zn, mg/kg — 150 150 150 150 150 150 150
}’[i}j‘kgﬁne Di  — 2000 2000 2000 2000 2000 2000 2000
Histidine, % - - - 0.5 - - - 0.5
Citric acid, % — - - - 1.5 - - 1.5
Xgi}gxine G - - - - - 250 — 2500
Lactose, % - - - - - - 15 15 '

=171 —



AYUTEEE 49579 Isa Brown AEAE A2 73 3054 Mixslgn 19
ArEEEE Aset FYsA AASAT. e 09 23UREH 10Y
Lol 1% 304E ARE £ASAL BHL 0,5 10, 15 L 20422
TEA 4 XY g ZF ANT 658 =43

34743 24, $9E4 90 FARAY

dZrd e 3 Adgd AT FUA QAR EARNE TYIFYY.
Al AHE Mg AR S FI1E PFE Table 289 YERAQ L, AL g
2l FFE BE 167%2 EHIUT ALP activity®] Z3 A5 et
9] sigma diagnostic kitE |43t Carbonic anhydrase activity? &%<&
Fig. 3298 W3- & WE ¥ Wilbur®h Anderson(1948)9] Hgo] Z3shich,
F, FEIAE Y mF 20unitE ol g3 £ AEY Moz Ao AL
YHEY ETRES 2T WESHT AFY 7L A5F 598 samp-
lingdte] FF/F 25méL 7}t E@JF— 3027 AT F, OA 25009 X158
AL F ol F5AL AH83Ah. 2F 459 2nl, Buffer 4nf =L 1mee]
CO; solution® Fig. 32 XA E¥F pHE 2F34} o RE 2AL
0C~1CE RFAANRLH pH7L 6309 ol2% AHe =Hsgr)
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Table 28. Mineral contents of experimental dists

Limestone HPMCP limestone

Znt+ Int+ . Citric .
Items  Control VitD, VitD, Histidine VitC

acid Lactose All

Ca, % 366 360 362 36l 355 341 362 319
P, % 055 050 053 053 055 053 053 055
Mg % 025 025 026 026 026 026 026 027
‘Cu, ppm 3250 2768 3167 3396 3264 g w06 a1
Zn, ppm 8569 21034 22289 21875 21100 22336 24185 24927

Mn, ppm 107.36 9514 10090 1138 10584 10091 10096  108.69
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COz SOLUTION BUFFER_SOLUTION

Fig 32. Apparatus for determination of carbonic anhydrase activity
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Carbonic anhydrase standard curve

55
50 “\
o 45 A \\ _
@
o 40 \§~
E N
= 35 ™ —
\\\
30 r ] SR ol f :
25
0.1 1 10 100 1000
Carbonic anhydrase activity (W.-A. unit)

W.—A. unit Reaction, sec W.—A. unit Reaction, sec
0.5278 53.60+ 1.16 52.780 - 29.82+ 1.81
1.7593 51.58+ 2.51 158.340 28.68+1.20
5.2780 39.57+ 2.06 527.80 2870+ 1.83

15.8340 33,68+ 1.82 - —

Fig 33. Conversion curve of carbonic anhydrase activity after measuring reac-
~

tion time
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% dold ¥kgAl7t(second)L, carbonic anhydrase E4 THF Lo
wg A Zkghe] e} = (Fig 33)9 Y123 packed blood cell 9% W. A unitZ
JEI QG At 2R A Blanke FHFE AFESINA, Ho wHEAIE
7522 2834t AAE 2 FF WEAITE 252 ~552 AlolR
EEISE-Lo |

AM3A Z3 8 1%

L A%E 2 9% el mAE 4P

Zns F9¢902M Zn0 ¥ Vitamin D:& FFL 2 3718t HPMCP coa-
ting®d A34L FAHRE @) dZde] uXe EHE Table 29 R Fig 34,
35, 36, 371 “FEMARATH

o]& A& o)A ZF groupd control& 70 : 30(w/w, 105 [ 205) 2.2 Mix¥
A3 4 A7V FEUR, Zn+Vit D A2 A 43 4L control 2|9} 221 Zn+ Vita-
mine Dy © #7271 AL 2v@th Control® Zn+ Vitamin D; A& H L3}
e A43e 2 ddd 23 ¥E A EE RAYEAA ¥FE BHE
VERN G 3, E3] shell weight, shell %, SWUSA, shell thickness ® shell thick-
ness7F 0.395mm &-& 0.390mn o] 42 7R A e Y v EFAME FIT FEE
Uehiglth, 283 HPMCP A8 # groupF A Histidine® 05% 3718
groupdl A Wzt do] 71 wo] FAHJL F AALIME 67% =X HET 9
60%BTF oF 7%l FAHUAL Egg weight SA 3% F= FAHU

Shell weightol Al HPMCP 2] 7% Zn+Vit D;, Histidine 3 Vitamin C
AT 6.03~606922 7HF $FHAL, shell % SWUSA(mg of shell
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per cif of surface area)?ixl& HPMCP AH&lF< Zn+Vit D, Histidine ¥
all Ag]FAA 713 539 HPMCP AElE A @& Zn+Vitamine
Dy7olME F& AFE 29, 283 b4y 3 XA F22849] breaking
strength®t shell thickness® X ¥ HPMCP A+ 5 Hitidine IA7MA 47z
3.044kg E 0393mE ¢+ FHE YEMANLH, HA Ml Fol A citric acid
AN MF EFE Z2F4E BT
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Table 29. Effect of HPMCP eccapsulated limestone with varius addition ingre-

dients on egg shell quality

' Limestone HPMCP limestone

Ttems Control \Zr::];; %RS} Histidine (;1ctlr:lc VitC  Lactose  ALL SEM
Egg production, %

5979 6083  5979" 6667 6021% 5375 6479° 5625 299
Egg weight, ¢

63.53  6431% 6583 6538 6634® 67.014° 65.12% 6384 030
Shell weight, g

55 594% 605" 603 596" 606" 590°  591° 0.04
Shell %

905  926°  922% 923  904*  901°  903* 933 0.06
SWUSA

7718 7930°  7937* 7928 7793  7808®  77.63° 7948 053
Gfavify

1088  1.090 1089 1090 1088  1.088 1088  1.090 0001
Breaking strength, kg

2893°C 2959%°¢ 3013*  3044* 28605 2909 2901 2973 0041
Shell thickness, mm

0386 0394 0395 0393  0.38F 0391® 0390 0392® 0001
specific sfrength

7458 7493 7591 7697 7453 7375 7389 71572 0.09]
Collision score, %

4350° 4250 4050  39.50™ 3600 43000  40.00°  3250° 235
Thickness 20,395, % ,

3838%  5459°  S141* 5147 3452 4076° 4598 4438 317
Thickness 20395, % '

41.51°  6221°  60.10" 5612  4346%  4593*  52.08° 5239 318

* SWUSA=mg of shell per cm of surface area
specific strength=Breaking strength/shell thickness
*A, B, C=P{05, a, b, c, d: P00l

—178— .



Egg production rate
68 [ 66.67
64.79
65 L
62 r 60.83 6021
R 59.79 50.79 -
59 L
56.25
56 L
53.75
53 3 1 1 1
A B (o} D E F G H
Treatment
Egg weight
& -
67.14
67 | '
6634
66 - 65.83
65.38
65.12
o 65 -
64.31
L 63.84
64 6353
62 1 1 1 i 1 I i
A B c D E F G H
Treatment

Fig 34. Comparision of the egg production rate and egg weight

* Controi=A, Zn+VitD;=B, H-Zn+VitD;=C, H-Histidine=D, H-Citrate=E, H-VitC=F,
H-Lactose=G, H-All=H - 179 —



Shell weight
63
62
6.1 603 606
60 | 594 596
59 591
=59 ¢
58
57 +
56
55 : - L ¥ —
D E F G H
Treatment
~ Shell
85 -
94 +
2933
93 - T
923 -
RN92 ¢+ :
8.1 ;
9.04
.M
| I
89 .
E F
Treatment

Fig 35. Corﬁparision of the shell weight and shell percentage

+ Control=A, Zn+VitD;=B, H-Zn+VitD,=C, H-Histidine=D, H-Citrate=E, H-VitC=F,
H-Lactose=G, H-All=H - 180 —



SWUSA
81
80
793 7937 7028 7048
79
oz 7808
78 L 77.63
77
76 '
75 1 1 i
A B c D E F G H
Treatment
L
Breaking strength
33 .
32 |
31 - 2044
3013
30 + 050 : 2973
2.909 2.001
286 I I
c D E F G H
Treatment
|

Fig 36. Comparision of the SWUSA and breaking strength

* Controi=A, Zn+VitD,=B, H-Zn+VitD,=C, H-Histidine=D, H-Citrate=E, H-VitC=F,
H-Lactose=G, H-All=H — 181 —



Shell thickness

04 ¢
040 +
£
£ 039
038
037 : ,
' A B o D E F G H
Treatment
Specific strength
78
7572
7.375 '389
F G H

Treatment

Fig 37.Comparision of the shell thickness and specific strength

* Controi=A, Zn+VitD;=B, H-Zn+VitD,=C, H-Histidine=D, H-Citrate=E, H-VitC=F,
H-Lactose=G, H-All=k — 182 —



Collision score

%

A B c D E F G H
Treatment

Thickness > 0.395mm

514 51.47

Treatment

Fig 38.Comparision of the collision score and egg production rate with >0.395mm
shell thi.kness
* Controi=A, Zn+VitD;=B, H-Zn+VitD,=C, H-Histidine=D, H-Citrate=E, H-VitC=F,
H-Lactose=G, H-All=H — 183 —



593] Zn+Vit D, &7, HPMCP A2 @ Zn+Vit D; 2 Histidine 287
Atolel Al breaking strengtht 2+2ZF 2959, 3.013 & 3.044kg o] R 3L, shell thick-
nesst 242 0394, 0395 ¥ 0393mE ZFFHYh = o) AL §=3
EE M2 ¥ %F shell thicknessI A= breaking strengtho] A& o] o] ut
AHUL B, HPMCP M &% limestoned FHE2N dzte] 48d 23
!
BHANHLEZ breaking strength?t $4E Ao 22X B, o]ys AT
HPMCP M 7% All MMz $A= A}, WA specific strength L A 2]
TELYAN F&EIMNE HPMCP AYFoM F4E ZHE BAEQu)

24

AQ] palisade$} mammillary knob layer®9) column ¥ size 2 o X1

2. Y Ao nlxE g

plasmac] #-f¥ ZE¥ZS Table 30 € Fig 399 YRR <9 sazre
Table 31, 28X wtadlg R ofde] &3 Wse 42 Table 32, 33 2 Fig
39, 409] YEHARIT ZH9 fFolAMe A M TN FTF BT Az
T4 2 Aolde Holx fkeu, Control group® Control M, Zn+ Vit
D; g 3 HPMCP ME+% Histidine & FolA <k 250mg/t2 714 Be
TE€ EAth 2FI Oviposition ¥ Z4 T WIE Fig 30014 =m
HAZ 102 HAXREE HA £28 AsQ90) 53] HPMCP A
Histidine 7oA 7}¢ 43¢ 24 A% Jdehlo o Az Tste gz
Hol At}
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Table 30. Mean values of fofal calcium level in plasma at each sampling

time after oviposition

Sampling time after ovipesition, hr

Treatment 0 S " " " ;1;1%%11
ppm

. Control 302 233 - 253 226 267 256
¢ Zn+VitD; 310 308 208 185 - 242 250
Zn+VitD, 326 214 190 182 158 210
Histidine 289 280 267 218 202 254
. Citric acid 293 277 200 146 171 217
" Vit C 241 265 205 170 229 222
Lactose 313 229 196 168 174 216
All 286 264 159 176 185 214

*C . Limestone group, H ! HPMCP limestione group
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Total calcium

Time after ovipasition, hr

—6—A —8—B —&—C —-D —B—E —@—F ——G —e—H

Zinc

3.00
275
250
225 4
g 2.00
1.75
1.50
125
1.00

Time after oviposition, hr

—o—A —8—B —A—C -%—D —8—E —0—F ——G ——H

Fig 39. Changing pattern of calcium and zinc level in the plasma after
oviposition time

* Controi=A, Zn+VitD,=B, H-Zn+VitD;=C, H-Histidine=D, H-Citric acid=E, H-VitC=F,

H-Lactose=G, H-All=H — 186 —



Table 31. Mean values of inorganic phosphorus level in plasma at each samp-

ling time after oviposition

Sampling time after oviposition, hr

Treatment 5 X " s ” ;Ir‘l%taarll
mg/d

. Control 290 2.67 2.84 2.67 1.83 2.58
¢ Zn+VitDs; 326 2.51 247 1.21 1.34 2.16
Zn+VitD; 345 232 2.25 1.64 1.66 2.26
Histidine 275 1.89 363 1.93 1.18 2.37

. Citric acid 3.26 274 249 1.62 1.98 242
H Vit C 211 2.23 227 2.00 198 224
Lactose 2.79 207 2.99 2.18 1.60 2.33

All 3.36 2.87 322 1.66 1.19 246

% C . Limestone group, H : HPMCP limestione group
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Magnesium

Time after oviposition, hr

l'—e—A —8—B —A—C ~¥—D —B—F ——F ——G —8—H

Fig 40. Changing pattern of magnesium level in the plasma after ovipo-
sition time

* Controi=A, Zn+VitD,=B, H—Zh+VitD3=c, H-Histidine=D, H-Citric acid=E, H-VitC=F,
H-Lactose=G, H-Ali=H
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Table 32. Mean values of total magnesium level in plasma at each sampling

time after oviposition

Sampling time after oviposition, hr

Treatment | " p " s ” rg%gaé
ppm

. Control 21.8 19.8 223 17.2 204 20.3
¢ Zn+VitD; 202 213 17.2 150 168 18.1
Zn+VitD;, 22.8 17.5 19.0 15.5 133 17.5
Histidine 20.7 21.7 26.3 172 154 20.5

. Citric acid 220 19.3 17.5 11.3 14.2 16.9
H Vit C 18.8 175 16.7 122 152 16.1
Lactose 203 16.7 17.0 13.5 13.0 16.1

All 19.0 20.5 152 14.0 13.0 16.3

*C [ Limestone group, H: HPMCP limestione group
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Table 33. Mean values of zinc level in plasma at each sampling time after

oviposition
Treatment Sampling time after oviposition, hr gggar}
0 5 10 15 20
ppm

, Control 218 1.90 222 1.92 243 2.13
¢ Zn+VitD, 2.13 248 1.75 1.38 2.03 1.96
Zn+VitD, 228 1.95 1.88 1.82 1.50 1.87
Histidine 2.13 2.38 2717 206 180 225

, Citric acid 2.18 243 1.87 1.07 1.73 1.86
" Vit C 2.02 218 1.80 1.33 2.02 1.87
Lactose . 218 2.00 1.68 1.83 202 1.94

All 213 257 1.77 1.73 1.95 2.03

*C . Limestone group, H: HPMCP limestione group
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223 plasmad] ¥FE U9 BEEFFS 24mg/dlER ATl v]%d
#FZFolA L Oviposition¥ 15417 REE Zaste 33 Ve, npad4
R ooldel $FE Ed, wtadlge A$ Fa¥Fe HPMCP H§ Histi-
dineT oA £ FEE& FAFAL ol AFL old FFJME U3
ATh. oviposition¥ ¥ FW sl SAIZE F 10413 04 ZHzte] HEyF HE giA =
¥ ¥ FEE L9229 £ HPMCP M $ Histidine ol A& 104 7Ho) A
vl 3 ootd FFol b Ekon Azhd wsiz EAFH|QU)

otde} Fe= 7‘4'33"—‘-}%%.7}1]%:‘- F-718 24 Scholmerichs(1987), Sandst-
roms (1985) 9l 939 o} ligand?] Histidine® Zo] FA] serumyl o} 2]
TEE 5% = SUHHLH FFES 35~45% Z7bEQoha s

Vitamine C& YWF 02 THF L ZF Y AU FAo] Erlsslnz dimi
Diet2X FF3A dch. d@ANAN Vitamine C H7HA] g B 4%, o
ZdTol AdHATE EA(Orban ¥, 19935 Bell# Marion, 1990)2 &7}
$ithe Ei(Rowland¥, 1973)8°] Utk FEIA Ascorbic acid:= collagen
B4l B2 ¥ hydroxyproline B4 Z7HA17 W ¥ 4o Bdstn Qe Ao=
A AN (Weisers, 1988 ; Dorr® Balloun, 1976). &3] Orbans(1993)9] 93w
Vitamine CE 4F& 7] ol| 2,000~3,000ppm H7}FA] plasma Z%4°] 2719 Q3 ionic
calcium FEole W7 en, dF = wiFo] FAHYPYE Anyg B
Lo, £ dFoME FRE Aolg ¢ B,

3. @4 ALP ¥ Carbonic anhydrase ®7}9] w3}

ABEE AHE AW ALP J7PHSE Table 34 2 Fig 419 YJeERfQw
carbonic Anhydrase S7+¢] ¥3}= Table 35% Fig 42914 A|7h8 drigiss
e )

ALP(alkaline phosphatase) ¥ 7He RE HaF A HFAr}r} s vl2sgort
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HPMCP A8 7% Vitamin C g7 M & 583 F715 U3 Lactose Tl A&
HE Re $3¢ EQ9 58 Y ¥@8eld B¥ Viamine C AT
3% 0A1ZEel A 361TU/LA A 10M A Sl & 11I9IU/LE F33] Z4d93, Lac-
tose ™9 AS AAFNHTF F HF ¥ FEE FASDT IUY =2 L9
shell qualitysl A= &, shell %, specific strengthsl| A = B34 T 3§ collision
scoredl M= WAZ L ZAEELE By,

2 A99 AL AAFHoz SATARE 2040ANA A dAY FES
FA%Z ARt

Carbonic anhydrase 9719} ¥W3tE BEW A4FZFQ 0A1de] 5E3] 2E
Ao w2 FE2€ 2 F 33 Fado 15AT0ME AAFES
vebf itk £ HPMCPA @ limestone$ & Citric acid® % Vitamine
CZoA Z+zk 300, 270 unit2X ooz & ZFFS Jehii
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Table 34. Mean values of alkaline phosphatase activity in plasma at each

sampling time after oviposition

unit . TU/L
Treatment Sampling time after oviposition, hr ;g%%f%
0 5 10 15 20

, Control 2913 1434 1015 94.3 114.9 149.1
¢ Zn+VitDs 1574 1920 1200 1463 97.6 142.6
Zn+VitD, 2336 1740 1472 1025 1453 160.5
Histidine 2337 1560 1037 1347 1446 154.5

, Citric acid 2578 1236 1377 1257 1188 1527
" Vit C 3608 2007 1190 147.0  103.8 186.3
Lactose 1254 1548 1150 1022 92.4 118.0

All 153.8 1583 13438 86.0 120.7 130.7

*C . Limestone group, H: HPMCP limestione group
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ALP

ALP activity

Time after oviposition, hr

|——A—5—B—&—C--0--D—%—E--®--F—+—G —o—H

Fig 41. Time interval variation of alkaline phosphatase activity in the
plasma after oviposition time

s Control=A, Zn+VitD,=B, H-Zn+VitD;=C, H-Histidine=D, H-citric acid=E, H-vitC=F,
H-Lactose=G, H-All=H
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Table 35. Mean values of carbonic anhydrase activity in blood cells at each
sampling time after oviposition

unit . Wilbur&Anderson unit/g packed blood cells

Sampling time after oviposition, hr

Treatment
0 5 10 15 30
) Control 150 17.1 122 9.3 6.9
¢ Zn+VitD; 48.0 114 27.6 8.4 42
Zn+VitD, 141.0 27.6 12.0 8.7 6.2
Histidine 153.0 243 152 8.4 - 57
, Citric acid 300.0 213 11.7 8.4 54
" Vit C 270.0 122 13.2 4.8 72
Lactose 330 153 10.2 54 7.5
All 69.0 12.3 183 30 - 78

* C | Limestone group, H : HPMCP limestione group
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‘ CA activity
350

W
o
(]

250

200

150 %

100

Wilbur & Anderson unit/g packed blood cells

Ln
[=

0 5 10 15 20

Time after oviposition, hr

——A-—83—B—4—C--0--D —%—E ----F ——G —o—H

Fig 42. Time interval variation of carbonic anhydrase activity after ovi-
position time

= Control=A, Zn+VitD;=B, H-Zn+VitD,=C, H-Histidine=D, H-citric acid=E, H-vitC=F,
H-Lactose=G, H-All=H
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ol AL B AdYvtoze F H4¥9E & MY, & FEY Acid
234 F49X(E A8l e Vitamine CE 2500ppm 2 Citrate® 1.5% A7)
AU 4. 47 M Ae] THo] carbonic anhydrase &7 FF¥FS HHES
RAezx AsdHAth 283, o) F HIATE A 9 Ags 2
Bl ste) 2H HPMCPHEE FH T Zn+VitD,Z % Histidine H7+HL A
0ROl A 141, 153 Unit24 718 Ekew =¥ o& HIATH wasd 5
ANDARAE Aoz & £5& FAFAT 283 R ANAE A=
Ad Bel 4Y AFE 29E H UAvH(Table 29).

Carbonic anhydrase(CA)¥E shell 44 CO,+H.0:H,CO; &S T3y
calcium carbonate®] TAEY CO,~ °|2& FFIJEER FLIte Hie
2 tH(Healds, 1968 ; Salevsky$} Leach, 1980 5 Muller, 1962 ; Chang¥ Stokstad,
1975). Lindskog(1960)°ll £}3l¥ bovine carbonic anhydrase enzyme< 16.1% -
N, 034% S, 021% Zn B 0049% ¢ Cu¥ T3t ov Ratd 3% CA=
mineralization 32 Z71@A oA carbonate iong FH3t9 3 I (nuclea-
tion) & FEFTT A H(Karei®t Nakahara, 1996). A&A A CA g7ts}
shell quality$te] TAE AR Chang® Stokstad(1975)F CA activity=
shell gland® .t} bloodol A B4 ¥ 5 pesticide(DDE) #7HA] CA 8717} shell
gland9l A 55~65% ZA&3AIL soft shelled eggs AN oEE CAZY shell
thickness®] $83ltkn ¥t =% Hirakata$(1977)2 771€%H Y pulletst
207023 2] hen® HI LA shell quality$} shell gland®] CAS7} B A] pullete] 4]
Fo(PLODIA Rk 3t

224, Muller(1962) € active shell formation?] CAS7Hs F7HHA 22
shell thickness$t CAY7hehe] 4B AT 026~02124 Fo40] e 44
Salevsky®} Leach(1980)% shell calcification®] Z7|@AlolA shell glandW
CAS7te} shell B4 stagedele FL#AE 2™ thick ¥ Thin egg shell
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lineZtl| = CAS] catalyzed reaction rate?t 242} 36+ 4.1%, 38+ 24X EH {93
Zol7h YAk |

we2tA, ol# Y BIES BT Heald5(1968)2 EWiH o2 CAH7IS shell
strengthZte]l F 8-S g1, o] AL CA enzyme®] potential®] shell XA CO,™~
o2& ¥ AAIA FTFM F F AV WHEclHL AT
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