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SUMMARY

I. Title
Development of yeast to store iron in organic form and iron—fortified

livestock including chicken and swine

II. Background and Objectives
Inadequate feed short of iron results in iron-deficiency anemia in
piglets, which touches off an enormous loss in livestock. Absorption of iron
in inorganic form is usually low and bioavailability is doubtful. The excreted
iron provoke soil pollution. Therefore, needs for bioavailability in organic form

of iron increase.

IM. Contents and Scope
This study aims to develop yeast to store organic iron in cell. To
achieve this goal, yeast to accumulate organic iron was screened and
improved by mutation. Futhermore, the recombinant yeasts were constructed
to express human ferritin, which is a good source to supplement iron. Iron

fortified livestock will be produced with these iron—fortified yeast.

IV. Results and Suggestions

1. Construction of yeast to express human ferritin

Yeasts to express human ferritin was constructed and these

recombinant ferritins showed to be able to bind iron. Therefore, these yeasts



can provide the iron of bioavailability and be used as an iron—fortifier.

2. Screening the yeast to store iron in cell and improvement by mutation
The yeast to grow in medium at high concentration of iron was
screeened and the capacity to accumulate organic iron was improved with
mutation. Therefore, these yeasts can provide the iron of bioavailability and

be used as an iron—fortifier.

3. Field tests

The feed of organic iron stored in yeast enhanced weight gain of Ross
broiler chicken and the content of iron in carcass. Also, it gives improvement
on performance of layers including egg weight, egg mass, eggshell thickness,
eggshell strength and develop chemical composition of eggs such as
cholesterol level. In case of swine, iron fortified yeast contributed to
improvement of weight gain and feed efficiency. The content of iron in pork
also increased. Therefore, productivity can be enhanced and iron fortified pork

can be produced by feeding yeasts storing organic iron.

4. Evaluation of YMO03™3z} YF04™ and comparison with commercial
organic iron product
Compared to commercial organic products, iron fortified yeast is more

effective in view of productivity and iron content in chicken and egg.

The iron fortified yeast gives an additional advantage to probiotics in that
they provide iron supplementation of bioavailability and help to produce iron

fortified livestock.
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1) 5, ¥1#] % plasmid

A Z3% plasmid® &= +% Escherichia coli DHb5alsupE444lacU169(#80lacZh
M15)hsdR17recAlendAlgyrA96thi-1relA11S  AH&3F3ith.  pET15bhel A4 #
ferritin #Axe] WS s E  coli BL21(DE3) [F ompThsdSe(rs mp )
galdem(DE3)] (Novagen)S AF&3F9th E coli © QA MIAZ Luria-Bertani
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agarg 15% F7bste] wrElth dao wel A Z ampicilling # =l 100
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A E 5L Promega (USA)ZNF-E 4% AS AREstslem, T4 DNA
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mixture= TaKaRa (Japan)olAl %38tk RT-PCR kit® Promegaol* T¢I
3to] AFESFA Y. VIEF Ao ALEE AlFEL F2 Sigma (USA), Merck
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3) H-ferritin ¥ L-ferritin F#xx} =%
AAE SEs7] falA 2z Q1zke] A 119

H-ferritin ¥ L-ferriin -
mRNA (Clontech, USA)S Fd 9% RT-PCRS 33t cDNA libraryE #| %

mlm

stk AR&¥ primerv <1 H-ferritin (GenBank Accession No.M97164) %
L-ferritin (GenBank Accession No.M11147) 32 L& 7122 A5
cloningS &o|stA 371 Y8 forward primeol= Ndel, reverse primerol <=
BamHI AgaAaF9E H7betoth. PCRol| o] &% xZefoln] 74 E-L Table
13 2okt

A7t HYY FHAAE g FFHs7] flste] kA A A Zefo]m gk cDNA
library S o] &3l £d a4 A#9S (polymerase chain reaction; PCR)<&
3o A FYst Tt A TNty 21 3yl (PTC-100, MJ Research,
US.A)E o]&3}9], Tag DNA polymerase 5 unit, 0.2mM dNTP, 1.5mM MgCI2,
20mM Tris-Cl, 50mM KCl9] 2402 94ToA 5&3F HAAAZl & 94T 18,

50C 1%, 73C 1%#2=2 30 cycless T34t SHFES 30 cyclesol| A 1t

oo

S AN H 1%9 Agarose geloll A A7 % sl 24 ZFEZAES 9]

7.

ol
L
32
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Table 1. Primes used for amplification of human ferritin genes.

Restriction sites are underlined.

Amplified . ,
P direction 5'-sequences—-3
genes

forward  gcgccatatgacgaccgcegtccacctcgcaggtgecgeca

H-ferritin
reverse gcgcggatccttagcetttcattatcactgtctcccagggt
forward ccggcatatgagctcccagattcgtcagaattattccac

L—ferritin

reverse gcgcggatccttagtcgtgcttgagagtgagcectttcgaa
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4) Agarose gel A7]19% 2 DNA elution

DNA £ gel-loading buffer (0.25% bromophenol blue, 40% sucrose/TE
FE=g M) 58] 3AFF] H7FEL 0.1 g/mle ethidium bromideE A7} 1.0%
9] agarose 3 gelE AF&3le] 50-100 VoA 05-2A17F A7 E3st . A7)
452 05X TAE &5 (40mM Tris-acetate, pH7.6, ImM Na2EDTA)S Al-&
3t1e ™ UV illuminator®z #3239t Agarose gel 2% DNA ©H 9] 3|4+
Bioneer DNA PrepMate Nucleic acid Purification KitS AF-&3F%th.

)

<% 9 ferritin A A+2] cloning

ZZ 5 ferritin F+3A A+ Ndel¥} BamHI #|3+& A2 283 & agarose gel®l
A 719 E AT Adaa HeE ferritin A DNAS elutionsho] 2 A
stagAs AT E pET16be]  ligationdtith.  ligation mixtureE E.  coliol

electroporationdt 2 A A3AE A3} T},

6) Competent cell #| %2} electroporation

E. coli®] A% BIO-RAD®2| Gene-Pulser IIE AF&38F3 ). a3y a) <k
3 E colis 500m¢ LB ®iA|o] 1%7} F =% FHE3}e] optical density’} 600nm
o A 0.5-0.6°] & w7} 37CAA HEujFatar vjgodES 4TolA 4,000gl 4
107 AR sttt Jdd dAE d24E 10% glycerolol A2 5 A4
Y& 23 HtESAY. vix 9 AR & HHE dAE Smle glycerold &
Elslo] competent cell® AF§3F T} Electroporation 4008, 25uf= A%
Gene-Pulse II& ©]&3dto] 1.25kV/em®] #7154 E 7hstel Faatqdth. o 7]l
SOC ®iA 1mbs #H7bste] sk & 37C gujdr]oA 200rpmo = 3] &
Z FAAES 233 1A wjHo] ==edT}. Ferritin f+AA7F AHdE A xd

pET15bE % 3et= A =23 E colig plasmidE Eeldte] Zelstoltt

T

7) 7t ferritin ¥d 9 g2l

| BL21(DE3)°ll <13}t ferritin 3

mU‘.
)
ol
-
N
2o
)
o
Q

£

17t ferritin A AA =
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A7F abd" Axs pETIohE FA A& A=F pETISh7 =44
ampicillin A&4 E. coli BL21 (DE3)E Awsldct. sty Akt E coli
BL21 (DE3)& 50 ml LB ®jAlol 1% F&3stal ODewel 057F 2 wi7hA 250
pme 2 JEujekEdel. ¢zb ferriting  @Hd =S 98 IPTG

(isopropylthio-f-D-galactoside, Promega)S &% &%= 05 mMeo] H == 73}

Aok Hd = T 4ATFH 18AIZE Tl AR5 A FH S Y. sonicators o] 83}
stz AR st cell-free extractE 4|8l T
Wd FE23 cell-free extractE 7.5% native-PAGEEZ Ea dwds 223

Atk Fe (DS ZAgste= @A ferriting FAStE A S dolry] 98 2%
K Fe(CN)s, 2% HCl €< (1:1 v/v)ol 97} iron stainingsS 33ttt ferritin

o] Wty FHE Feldtr] Yl 27t ferritin LA E o] &3] Western blot

S sty =% cell-free extract® SDS-PAGE=Z @z e Eglsla
nitrocellulose membrane®] Mini-Trans Blot Cell (BIO-RAD)E o] &3l 2%

th. nitrocellulose membranes 5% A&+ &9 (TBS-0.1% Tween 20)°14]
Ao A 1AZF blockingdlth. TBS-T &do=z ZF83] A 3 1:5000
(TBS-T)o. 2 5148 ferritin A (mouse) &Aoo 1A1ZF mFatd i A2 3A
t}. 1:10,0002.2 3]A 3 horseradish peroxidase’} A% anti-mouse IgG A
S 1A Wit MFsteh 898 Al&E ECL  detection  system

(Amersham, UK)& A}-&3lo] HAE38FA

1) Azt ferritinf+A A+-2] cloning

Abgre] Al%# 7+ mRNAS cDAN library® F3 22 3ted H-ferritin?}
L-ferritin 5-°] primerg ©|&3l T d4 a4 ¥g (PCR)S F33tath. A
719% &9 A3}, DNA marker(i-Hindlll, 1 Kb ladder marker)e} ¥v]nl3d}o]
H-ferritin2 572 bp 2 L-ferritin2 548 bp9 o4 =719 PCR £ZA&ES &

18ttt (Fig.l). Ndel®} BamHIC 2 A e]&}al elutiondt ferritin A4S 2
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ATE AR 22§ pETI5bo] ©9ste]l E coliol & A A8t th. Ampicillin A

¥8

14 E. colilA plasmidg #e|ste] AgdasxE AHeste] odd Adax
patterne Kol&= AEF vectors: AEstdth (Fig. 2). A¥d Ax3 vectors

Zkzt pETH-FE (H-ferritin), pETL-FE (L-ferritin) &2 "™ 3% th.
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Fig. 1. The amplified H-, L-Ferritin PCR products. lane 1, A-Hindlll DNA
standard marker; lane 2, H-Ferritin PCR product; 3, L-Ferritin PCR product;
4, 1kb ladder DNA standard marker. Arrows indicate H-and L-Ferritin PCR

products.
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M. Marker (»-HindIII)

1.pETH-Fe was digested with Ndel

2. pETH-Fe was digested with Ndel/BamHI
3. pETL-Fe was digested with Ndel

4. pETL-Fe was digested with Ndel/BamHI
5.6 Super coiled pETH-Fe and pETL-Fe

Fig. 2. Restriction enzyme digestion of cloned pETH-Fe and pETL-Fe. (The
human H- and L-ferritin cDNA regions were inserted into vectors that

contained unique Ndel and BamH| restriction enzyme site).
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2) 917t ferritine] wd 2 Fol

pETI15boll AFdw Q17 ferritin®] &S Y& A%xF pETIGhE 2d &5 E
coli BL2L(DE3)°l &dxd&stgiet. dddgs E coli BL21(DE3) HjFfol
IPTGE #7Fete] ferritin 2dS fr=stAdth. IPTG H7kel 8] pETH-FESt
pETL-FE°] &2 A3tE E. coli BL2I(DE3)+= 71z} 23 kDa¥} 21 kDa9] o4
S HdEsteE AS FAdsknt (Fig. 3A). AE27 ferritine] N-Zthol] 9] %] sl
histidine tage ©]&3lo] FAdAA dMAS GA359 L Western blots E3
ferritin @A )& AR (Fig. 3B).

AR @9 ferritine] & 2 + Ue FHE Adsts A9 AFE &
¢13}7] 93] native-PAGEZ <33}l iron stainingS 3383t} Ferritine

Aol otAHst7] wjFol cell-free extractE 70TColA 1087 7FE3 & A E

stol Ad" dMEs AASAY. A AE native-PAGEZ £2|3 S
coomassie brilliant blue R-250 staining®l] <& 71¢] F e R Jelykon

iron stainingdll 9J& & AT F AFS dAdsAT (Fig. 4). whabA A =3
o1 7r ferritin®e E. colidlA] E3 AFgs 4+ Jd= FEE Z2gstsE A4S & 5 9

o,

32
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(A) (B)

koo M 1 2 3 4 & 5 ﬁ‘_i_ﬁJ_ﬁ_ﬁ_
a8
L -
12 = . -
e
o
o— ®—( |¥ -—

1.!.

(&) : SDSFAGE. 3%
1B} i Western Blefting

Protein standard marker
Contral

M.

1.

2. Overexpressed L-Ferritin in cell
3. Purified L-Ferritin

4. Contral

5. Overexpressed H-Ferritin in cell
6. Purified H-Farritin

“T vl &l ¥ i &8 i i Pl TS

Fig. 3. Expression of poly—histidine fused human H- and L-Ferritin in
E.coli (The cell extracts of pre—induction and IPTG induction sample were

loaded onto a 13% SDS-PAGE gel and stained with coomassie blue).
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Fig. 4. Native-PAGE and iron staining of expressed ferritin.The recombinant
human ferritins were loaded onto a 7.5% Native-PAGE gel and stained with
coomassie blue (A). The iron staining (B) was performed after
preincubation of purified ferritins with ferrous ammonium sulfate. Each of
number 1 and 2 indicates loading of supernatant of pETH-FE and

pETL-FE, respectively.
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2. A3t ferritin ©&8 &% (P. pastoris) A%

GEER

1) w5, v1#] 2 plasmid

Pichia pastoris (Invitrogen, USA) GS115 [his4], KM71
[hisdaox]::ARGAargAlE A %% ferritin®] L& F2 A&t AAwA =
e duol fle Al YPDS WAl (X FEE, &, ¥5T, SVE)E A
€389 30Tl 200 rpme & FEujFatgith. LA MR = YPDS < A uj A of
agarg #A7}ste]l 1 slsle] AL&skTt Fad Ao Zeocin 100pg/mlo] =

2 Hrletdvh, @3 wWE = pPICZaA (Invitrogen)S AF&3tgth o ®HE =

e

selection marker® zeocin A4 FHAAE E sl 2™ alcohol oxidase 1
(AOX1) promoter—terminator cassette$} multiple cloning sitesZ 7}A| 3L it}

w3 Ecol 4AE 7} glo] E. coliolAd AxF HEE A2 5 9o}

2) H-ferritin % L-ferritin 32 &%

H-ferritin % L-ferriin A& 7oA A xE cDNA libraryE ©]-&3}%]
AJFNSS F9 FEHeUY. AEE primer= H-ferritin (GenBank
Accession No.M97164) % L-ferritin (GenBank Accession No.M11147) %2}
AEE 7122 FAIT. clonings &oldkAl 3171 13 forward primedl &
EcoR], reverse primer®| = Xbal ATEAH-AE 715t A5 Fukgol o
4% Zetoln @7 LS Table 29 2otk AATEHNE =0 7oA A
A 2okt

L
I=]

(ot
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Table 2. Primes used for amplification of human ferritin genes.

Restriction sites are underlined.

Amplified genes  Directions 5‘-sequences-3’
N forward gcgcgaattcatgacgaccgcegtccacce
Fferitin reverse gcgctctagattagctttcattatcact
teritin forward gcgcgaattcatgagctcccagattegt
reverse gcgctctagattagtcgtgettgagagt
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3) Q1% ferritin W= & WE A%
ZEZE AHFFIANS AES AT ES EcoRI o2 Auste] Aygozm wE
T odereg2 JAAA IFednt 47 DNAS oA Astash Xbal o2 At

8}, agarose gelZ % 7]

ol
o
2L
£

H-ferritin (564 bp), L-ferritin (540 bp) =
4 DNA ¥ S elutiondtth. DNA dA¥S T4 DNA ligaseE ©]&3te] AOX
(alcohol oxidase) ZZEE &} A A FHAAEZA A2 (zeocin) A& F4
A5 x3sslE aRwd WY pPICZaA2] EcoR1/Xbal €A A4stdct. A
Z23 WEEY AR B FxE Fig. 59 YeE At
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MCS

PR § Aoxi R A0XITT
SR pPICZaA
H-, L- Ferritin (3.6kb)
(PCR product)
l Ori Zeocin
H-, L-Ferritin
5 AOX1 AOXITT
pPICH-,L-FE )
on Zeocin

Fig. 5 The expression vector map of pPICZaA & pPICH-,L-FE.
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NN

) H-, L-ferritin A &&d #¥E Azt
s WE pPICZaAE ©]83 Pichia T3 Aladle] 5HL F 714 o4

o] B4 FAxE BIAANE F JdreF 77 FHdAe promoter?t terminators

33 bicistronic MHE wE F e AAlel Ak whEbA ) 7|ofell A A=
H- 8 L-Ferriting& SAEd A2 5 gl HEHE A7) el 71l A%
ot o5 e A x3} WEHE o] &3k th L-Ferritinfr A5 H-ferritin % #}+<]

d

Hell A4dA717] 918 L-Ferritin®] N-terminaloll ¢l 5’A0X1 %919} C-term
o] 3l& AOXI terminator 918 X33t= 7IHMEE A&t WA Asdai
Bgl 1, BamHIC.E ¥r&A|A Ao Z WE the goarose gelE2 A7) G %5 5]
524 DNA 43S gelsta FHERSE elutiondt vt H-ferritin® BamHI1 2.
2 A3t vector?} insertE T4 DNA ligases o] &3t A YA AT AAA 7
ligation WF&&E<S E. coli DH5a9l electroporation #H o= H2AA3sg o A
Wao g gSupE wEd AdE FHAEE 7] 98 oF 160719 colony s A
gttt Z47be plasmid DNAFES F3ste] AFEAL EcoRlS A3 tf
agarose gel A7) 5olA 4073 bp ¢ 2172 bp=7]2] DNA7Z} FAlo] Hol= A
&= sl A7 MHEe] Az 8 2= vhe Figo 63 2

oo
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#rritin L-Femritin

Fig. 6. The coexpression vector map of pPICHL-FE
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5) P. pastoris 84 d 3%t
A8 ¥y (pPICH-FE, pPICL-FE)& Aldta A2 3 3ste] 438 DNA A E
2 WEa olE FE=AAY. P. pastoris KM71% GS1152 YPD (yeast, peptone,

)

A

dextrose) iAo HF3slo] vlddle] sorbitol A2 competent cell& AT},
+=H ¥ competent celld] AFTFFTAE Hegldle] APor wE Wy WEHES &3
3Fo] electroporations &3 FAAE AlACY. 2L 2548, 2002, 75 kKV/emE
ALg3 9tk pPICHL-FEX supercoiled plasmidE A}83FG Tl  electroporation
T OAZES FEAZ F wjgd AoAE sHFEE YPDS (yeast extract
peptone dextrose sorbitol) 1A vjX|o] =L3 & 30CoNA F2Y7F A o

3YzE vttt AW FEY F Az HEE FHAV 2R AlE

Yz A" AL Awer] 93t genomic DNAZ Wizard Genomic DNA

A 2~

Purification Kit (Promega)S ©]&3lo] F&3 g AHFIuSS 353

A ZIAES 1% agarose gel A7|FdF5S E3)] &3t

6) H-, L-ferritin®] &
Az Fgav=2 JAARAZ P pastorisol A A3E dEE wEEY
A8, d7ldA AdEE Az ERE SHAES BHAYoRE s 20mY
BMGY WlA](Yeast extract, Peptone, Yeast nitrogen base, Biotin, Glycerol,
Difco)oll 4= HFstar 30 CellA stF &t &g stdet. &71eh o] &
AR xegdy FEMNES SAHoR AMEFoEA oY fxA9

i

Eal

o

oA (repression) E ¥ A (derepression)dtAth. A7) g AS HA 5o

fo

22 23 & dMeEes EdEE 20 e BMMY HiA] (veast extract,
peptone, yeast nitrogen base, biotin, methanol, Difco)ell ODgp®] 1.02.2 # %3}
i, 30C, =71A 23 stellA 59z wigete] AOX ZR2RE o3 ZAH=
A AYE FHAY] HHE Festdnh Wt ek eSS i 05% H
7hat Atk 547 g  wieFels 3]aete] Al Elshal (4000g, 104) &R
£ 3Fokddth Al Az Hgde] HdS glstr] flste] dgE aRE
¥ glass beads®} breaking buffer(PMSF, EDTA, Glycerol, sodium phosphate
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buffer)oll ol&] E2E A7 84 G AL FE33 13% SDS-PAGE %
Western blotting . & H-, L-#Hg]€l ¢ W3S ZASH T

7) P. pastoris®] A4 ® #HHE Fdx 4 &<

HAX3EH P pastorisol 4] genomic DNAZE integration® ferritin A<
copyTE e3sl7] 98l southern blottinge Fa&ATt. A7]oA F=3
H- L-ferritin®] Z}Z} integration® P. pastoris GS115, KM71 genomic DNAZ¢]
DAY 9 ferritin A2 @71 Do] EAEHA] B Xbal AFEAE A st
A} Wk o]F 0.8% agarose geloll Z} laned 15uxg2] genomic DNAE # 7]
%3lo] DNAS HeS el gel2 denaturation& o] H7F DNAS WA A
At} o]F SSCY=9H(3M NaCl, 0.3M Sodium citrate)2. 2 UEZAEZZ A
(nitrocellulose)®t &2 DNAE Ho]AlH T} o] % 95 UV crosslinker® ol &S
st Al sl 5, P} labeled® probe¢t 7 auksle] wkg-AlZTh Probei: M)

Hol 2298 dee FA4E olgdte] AFstgin, nhd UERAFR 2 o

=

2 washingd oS A2oA] ZE] 1l BASTHAIE <to A wE35Fe] BAS 2040
o] &3l ol xZE EFHFAUT. o]F aggarose gelol #Zo] HA7|FEAZ H-,
L-standard®} &7 band intensity & W3l sl gldo] 03t copyTE AlAtsh

Atk @ZE olw A= Scion imageZ IS o] &0l EAEHATH

1) €13t ferritin @5 2 FA] @& P. pastoris #E 2] A=}

of| 4} 719l 29 PCR AHeS A &4 EcoR1, Xbal 02 H&3dta &

i)

@ DNA 29¢ &R%d W pPICZaAd] Adsiar. 3 H
L-ferritin 027} 242} AOX Z2®E sHiel 71540 AAL, A2 A
$4 KOS AE B4 AR 2E 3d dHE Adegon ose

pPICH-FE ¥ pPICL-FE=} %™ s}5itt.
pPICL-FE°|  3l&= L-Ferritinfrd#& pPICH-FEol A4A7]171  <13]



L-Ferritin®] N-termd] & 5'A0X1 F ¢ C-termol & AOX1 TTHHE
Bgl 1, BamHl A@3ste] BamHICZ H33sE pPICH-FEo| A¢staict.

H-ferritin®} L-ferritine] A W3do 2 Adw dAAAAZ 27 s oF 16071

AU

o] colonyE A&ttt 2+7HS plasmid DNAS F33lo] #|3t& 4 EcoRIS #
2] 3t o} agarose gel A719G oA 4073 bp 9 2172 bp =712l DNAZ} EA] <
Hol&= AL Adetdtt o3& pPICHL-FEzF W st o H- % L-Ferritin
= FAO TET e HMEE A&

2) Pichia pastorisol A ferritin®] @5 24

AZF ferritin®] HHE §J8] 7oA Az Bdd WEHE o] gt v A
3t a8 5% P. pastorisE FAAZIAY. ALAES st YPDS (yeast
extract peptone dextrose sorbitol) LA vl A FAH FEY F 27t ferritin

HFHAA7 R genomic DNAYZ AYdE AL dd=4uLs =

At H-ferritin®] 79 GS115 FZAA3A A Aelgt 12719 Z24Y Fof 871
7, KM71 @2 AgA oA Aest 10712 =Y FolA 8717F < 560 bp2l
band’} AEHAJT (Fig.7). T3 L-Ferritindl A= GS115 & @@ 3kA oA A=
gk 12719 Z24Y Foll 10707F KM71 A A A dest 12719 F2Y F

o 1 9717} <F 540 bpel band’t HEHUAT (Fig8). TFHo] FddE RHELS
ferritin -+ A A7} P. pastoris genomic DNA2] AOXHHAZ ot A Soj3kS

o S % I~
= 9 = AU

H-ferritin®} L-ferritin 2& cassette’} P. pastoris® genomic DNAZ AF¢) ¥
Aol Bol®w FRE wsle] F44 wwAS FZ33 13% SDS-PAGE ¥
ZAe Y, AeE H- 2

L-ferritin +AA7F A49d F 379 dAASA F Hdo] FAHA AL

Western blotting©. & H-, L-¥lgjge 2dde

H-ferritin® 2%, 870¢] GS115 strain® 8702 KM71 strain®l A 5 western
blottingoll Al ¢k 21 kDa9lXolA signale &<elstdtt (Fig. 9). Lo A9, =
19719 FAAsAE st

o™ GS115 strain 107§ 107, KM71 strain 97§
= 9/7F ok 24 kDagl Aol A A

¥ BE #F7} ferritin band signalg el s}
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At (Fig. 10). wakA P. pastoris® cytoplasmell A A z3 217+ H-, L-ferritin

ol S gl

=

1_‘
[t
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 M

Fig. 7. The results of genomic PCR (H-Ferritin). A, GS115 strain (M: DNA
standard marker, #13: H-Ferritin PCR standard); B, KM71 strain (M: DNA
standard marker, #11: H-Ferritin PCR standard).
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M 1 2 3 4 5 6 7 8 9 1011 12 1F M

<
M 1 2 3 4 5 6 7 8 9 10 11 12 13 M

Fig. 8. The results of genomic PCR (L-Ferritin). A, GS115 strain (M: DNA
standard marker, #13: L—Ferritin PCR standard); B, KM71 strain (M: DNA
standard marker, #13: L-Ferritin PCR standard).
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L 2345678810
-

C) | Secsmitame (+ Diicwssanes |+

(A) SD5-PAGE (G5115 H-Ferritin transformants)
(B) SD5-PAGE (KM7T1 H-Ferritin transformants)
(C) Western blotting (G5115 transformants)
(D) Western blotting (KM7T1 transformants)

(The arrows indicate the expressed H-ferriting

Fig. 9. Expression of H-Ferritin in GS115 and KM71 transformant.
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{A) (B}

12 3 46 67T 8 61011 123 466789101112

(&) SOS-PAGE (G5115 L-Ferritin transformants
(B} SDS-PAGE (KMT1 L-Ferritin transformants)
{C) Western blotting (GS115 transformants)

{D) Western blotting (KMT1 transformants)

{Ther arrows indicade the sxpressed Lferriting

Fig. 10. Expression of L=Ferritin in GS115 and KM71 transformant
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3) P. pastoris® A4% #H2d FAA &

H-ferritin®] 4% A% GS115 strainol A ¢k 4 copy”’}, KM71 strainol] A+
oF 2copy”} integration ¥ 1SS 213t} L-ferritinol A+ GS115 strainl A
°F 3 copyd signale] E<lElom, KM71 strain® A% ¢F 2 copyd L-ferritin

742} integrationg <13t th (Fig. 11).
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(Al 123456 B} 12345
' - -
- -

: " ¥
- |- ‘ -

[A&} HFerntin GEVTE and KMT1 transformants

(B HFerntin 5118 and HET1 transformants
‘T O R VR TR

Feeritin bype Strain  Copy MNo.
Prcgsie Lt 5 GE1E 4 copias
ek KMT1 2 copies
Bichia L-Feritin G115 3 copies

KMT1 2 copies

Fig. 11. Genomic southern blot analysis for determination of copy number.
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4) Pichia pastorisolA] ferritin A 2d
A H-L-dgde] SATEdS 93] d7ldAa Azxs dd Zgav=
pPICHL-FEE o] &3te] Wete =3 ax 52 P. pastoris KM71 ¥ GS115

S FAASSA Y. Zeocing -3t YPDS (yeast extract peptone dextrose

sorbitol) LA v A] o] A H 224 F A7 ferritin FAHAIF TR
genomic DNACT &2 A9d AL AFT S-S Soto] Adsislny. Azt

]
S5 agarose gelol A &<l3k Ay GS115 A ASA A A3 6719 F=2Y
<ol 2707 KM71 @A A&A A degt 3719 22=Y FolA 2787 H-L-9)
¥ 9] band7} sAlol A&=H A (Fig. 12).

H-ferritin®} L-ferritin 2] &3 cassette”’} P. pastoris® genomic DNAZ

AdE Feol e gxRE dHste] S84 dWHEsS FEF3 13%
SDS-PAGE % Western blotting .2 H-, L-#g 8¢ 2dS& FAstEt). A

Nl

H H- 2 L-ferritin F3d27F Add & 419 JAd3A 5 ZdgALS 2719
GS115 strainol A 270, 270¢] KM71 strainol A 27 25 Western blotting©ll A

°F 21-24 kDa 91Aoll A signale g<eletAtt (Fig. 13).
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Fig. 12. The results of genomic PCR. A, GS115 strain (M: DNA standard
marker); B, KM71 strain. M indicates DNA standard marker and lane 4 and
5 in B indicate H-and L-ferritin PCR standard. Arrows indicate H- and

L-Ferritin PCR products.
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2 3 4 5 B 2 3 4 5 B

..

(A) (B)

Fig. 13. The results of SDS-PAGE (A) and western blotting (B) in
coexpression transformant. A: SDS-PAGE  M: Protein standard marker.
Lane 1 and 2: H-, L-Ferritin standard in Pichia pastoris; lane 3 and 4,
Coexpresssion cell extracts in GS115; lane 5 and 6: coexpresssion cell

extracts in KM71. Arrows indicate H- (above) and L—- (below) Ferritin.
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3. 217t ferritin Wd & X (S. cerevisiae) A%}

1) w5, v1#] 2 plasmid

Ferritin®] 2dS $18] S. cerevisiae [leu2-, ura3-, pep4:HIS3]E AF&3F3 &
W YEPD (yeast extract, peptone, dextrose) BlX], 30TColA X &ufatt},
H-ferritin®] 2&<& 9314 integrative vector, Ylplacl28%, L-ferritin<

episomal vector YEp352E Al-&3}ith.

2) TEMY Az Alx R FAHE

Ferritin &A= P. pastorisol] AFgE A4S U2 AFESE giale 5-2d
of BamHI, 3'-Ztte] Salle= tiAstdct S%d AES Agtasr Az F

ADH2-GPD hybrid promoter?} GAL7 terminator Alele] ZFZY 3t} ferritin
W cassettet™ EcoRI, HindllI2 A@3ste] S. cerevisiae T M E o] &

th AlzE LFMEE electroporation® ® &R o] A th leucine, uracil A
) o A WG a5 sl PCRY Southern blotg F3] 2w E o] g4

3 2= Fgolstygrt. HL-ferritin®] SA 2dS 98] H-ferritin®]

2

integration® A% &R L-ferritino] =Y E YEp352E FAHgsadr).

ferritin®] Wa oo} H ZAE5S iron stainings E3 elsA .

3) 3 4%
Ferritin &3 &R Z ferric citrateE 3l YEPD ®iA|o A w3l &
Tt 3l aEE A & Az 2% Ud £35d 48 gHES

atomic absorption spectrometryZ o]-&3to] A a9l th.

1}, A

A
i
=

g
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1) QIZF ferritin & S. cerevisiae 71

o1 7+ H-ferritin 4 A7} integration® A %3 &R (hFeHC)9} L-ferritin
AA7} cloning® episomal vector YEp352=2 A A ge Axg &% (hFelLC)9}
H-, L-ferritin 327} =% A d3ld A2 &% (hFeHLC)E Leu, Ura A
gy ) o A sttt ferritin 3 %e] PCR¥ Southern bloto = &1ttt
Ferritin @& E. colidl A9} Zo] deoll kA3 ferriting 33 ¥ native-PAGE
2 EZ35 ) iron staininge 2 F3 A = Jde FEHZ ferritine] 2 &3}

= A

A Al (Fig. 14).
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Fig. 14. Iron staining of isoferritins. (A) Prussian blue-stained native PAGE
after preincubation of the cell extract of S. cerevisiae with 1 mM ferrous
ammonium sulfate. (B) Coomassie blue-stained SDS-PAGE without
preincubation. Lane 1, H homopolymer; 2, H—-, L— heteropolymer; 3, L

homopolymer.
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2) 13t ferritin 'T& S. cerevisiae®] A =

17t ferritin W& S. cerevisiaes =737 98 ferric citrate® 3F

o
Jo
o

YEPDH| Aol A w3t & HFE FFS S5t e P9 ferritin 28 €

A3ttt (Table 3). HL-ferritin @& {57

-
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o
Sy
)
]
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F ferric citrateZ} ¥ vl A oA wild
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Table 3. Atomic absorption spectrometry of intracellular iron content

iron content

strains Fe-citrate (mM) cfu/ml
(mg/kg)
0 3.0%10° 7.2
Wild type 5
20 1.0%10 198
0 2.9%10° 6.7
hFeHC 5
20 1.5%10 521
0 3.1%10° 8.3
hFelL.C 5
20 1.3%10 760
0 3.2%10° 9.8
hFeHLC -
20 1.4%10 1023
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4. AZ3 ferritin ¥d &5 o

o
jas)
==
0%

AR W o

1) AM=% P. pastoris +7HuH %

H-, L-ferritin @5 wWd3 AFxF P pastorises A 2d A2 P
pastoris?t WS2¥ FEo §71H S Ffrots low yeiwrh £33 A Td
P. pastoris® AZTS el AFEH 2 copyd homologous F#& =3 F4
AHE deletionAlZ 4= 7] wiFol H- ¥ L-chain %5 &d =3 &
7hufkalo] ferritin®] WA FI TR ol =¥ Fe S FAlskd

100mle] BMGY 4®i#] (yeast nitrogen base w/o amino acids 13.4 g/l, biotin
0.4 mg/l, glycerol 10 g/DollA A wFS st A vjdd a5 = 343549
antifoam agent (1%)9} casamino acid (1%)7} #7Fg 1 L9 basal salts
medium (Table 4)°l FHZFsth wigS 30TCAA 550 rpme. 2 3ttt A
o] ol ol=%S wWHH 1g//he == glycerols F7Fstd o A Tl
30 g/7hAl wi&Fakaith. o wiel %7] wiFH el 1%7F ¥ =% casamino acidE

ArdQor F7t FFstgdet. e ferritin BT Fed &=24& 93] 1ml/1/he

>

3
=% methanol® & 33+ 3l trace elements solutions 12ml/L. methanol® &
TFotAth 10041 7HEQE bl s a8k ol 2441 vwltd sampling 814

SDS-PAGE®} Western blot= 3)3le] @3 H ferritin®] ¥S 43t} .

Apx
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Table 4. Formulation of media used for fed—batch cultivation

Basal salts medium

Components g/l or mi/l
H3PO4 (85% w/v) 26.7
CaS0O4 0.93
K2S04 18.2
MgS04-7H20 14.9

KOH 4.13
Glycerol 40

Ferric citrate 4.89
Casamino acid 10

Trace elements solution

CuCl2-2H20 4.5
Kl 0.09
MnCl2-4H20 3.5
Na2Mo04-2H20 0.2
H3BO3 0.02
CoS04:7H20 1.08
ZnS04-7H20 42.3
FeS0O4:7H20 65
biotin 0.2
H2504 5
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2) Az S. cerevisiaed] U Za)
HAedTHdAd e F8S 95t A% S. cerevisiae hFeHLCE o Zuj s}
ATh T YNBCAD wiA| &, A s &= AskS QA kg€ A 4

OLE YPD 300L7} 9= Wg=zo|

)
-
é
>
i

>~
=
op

ol
=

3) AME3 S. cerevisiae? F71u] %

7} M zE S. cerevisiaed] 718 %

AZF ferritin ¥& A Z3 S cerevisiae® 7PN ES 918 T3> YNBCAD
Wl %] (0.67% yeast nitrogen base w/o amino acids, 0.5% casamino acid, 2%
glucose) = AH&ato]l wlgFetdrt. #F7bds 913 wiA =L ofgf Table 59
2ok T 100 mls HZE w Y v 900mlel HEsHaL DO statE &l A7)
]
1

N

i

FHF3A L. wa e ferric citrate® FH3FY] F71H S SRS AAL

o,

ofr
32
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Table 5. Media compositions for fed—batch fermentations.

components media (9/1)
initial growth production
glucose 5 400
ferric citrate - - 20 mM
yeast extract 3 30
casamino acid - 5
(NH4)S0O4 3 40
sodium citrate 0.2 1.8
K2HP4 1.5 14.9
MgS04-7H20 0.5 5.7
trace solution 5 ml 10 ml
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) A& wiAE o] &g frrhul ek
v " WA 2= YNBCADE A83x, 2 uld X 84hdo=z o
A9 o2 CSLE, 718 AR o2 (urea 0.03%, KHoPO, 0.004%, MgSO,
0.02%, ZnSO4 0.02%, biotin 0.0001%)& fF3t= BIAE ARt Haxo
Aol 3@ dS 10% B, 5% CSLe g3k wiAl& A&stith. YNBCAD &
oA 2] colonyE 10 m¢ YNBCAD #i=#] & Al doA 12 AZF vl & 5
g, 2% CSL 50 m¢ iAol HE (5% v/v)dtel HAulF (30C, 170rpm)ata 1
gz HEsAoh FEwSS 10% FE2 5% CSL 1 ¢, 30TelA 50%
NH40HE A}&3te] pHSSE XAett) wHtEEe] 242 §EALE 27

)

O

=i
=

o

X

ol

7123k9] 30% oo FAGAL BUEEE 2 vwwme R FA At

S7ru kol = 10% DT 5% CSLS sl 712 WX 2 9 A7k 35

oF & 20mM ferric citrateE ¥3Fs F=ulA] (30% 2, 15% CSLS 100 m)S
FHSAT A fFMSAAE FHMAE TH FHEAT 27 Mg ¥
=1 /4, 57|55 3 vywm, A¥EEE 27 F7]¥349] 20% oA, pH 55%
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1) Az P. pastoris 718 %

W

glycerols Bado =z AL fr7MhSS B8 s WSS 93 A4XA

>

7le  EolA= 7]l methanols & H3dte] ferritin® WHE  fFESFATH

L-ferritin> methanol F7}ell 2 2H3AEF7] Algsle] wlgF Z7]9 95mg

pet

ferritin/g dry cell weight7} 2&8% 0t} (Fig. 15). H-ferritin wj < 7]l 257
mg ferritin/g dry cell weight7} 2@} (Fig. 16). 8l F5 %, ferritin?
ojaf ax el FAH HIFS SAHsAT ferritin®] 3ol o HIFFo] of
Z7H T H-ferritin A/ &3 S22 % 9.6 W, L-ferritin A& S8+ 54 v =2

o2 etttk (Table 6). ¥iAl Fol H7bd Ho Ax =4 3yt 4dd
ferritinoll 3}, 4% 07| wEel Aoz AztEn}t H-ferritin?} L-ferritin®] &

Al B8 & patch culture® F389A oy H-ferriting @ %, F7re) st 3¢ B

B HS =HsE Aoz vebyth a8y ferritin £ 329 integrationol] A
4% 2 copy® homologous H¢l= <l ferritin FdAY AEE §-wlshd]

ferritin Wd SR 2= AFESHA] Fdth
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Fig. 15. Expression of L-ferritin and growth of transformant in fed-batch

culture.
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Fig. 16. Expression of H-ferritin and growth of transformant in fed—-batch

culture.
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Table 6. Atomic absorption spectrometry analysis of iron content

Transformant Fe-citrate Iron content
concentration mM. (mg/kg)
0 175477

Control

20 314458
it 0 253+88
H-ferritin 20 —
itin® 0 235+73
H-, L-ferritin 20 e
" 0 248+68
L—ferritin 20 P

#: result from batch culture
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ol7F Hlg¥l S A9t o] W3 P pastorisE 3] 438F9] glass beadE o] &

stol whlstaa AR 84 A AdDe FHas PN 2055

mM Tris-Cl (pH7.4)E Atgste] FA35dth
Mono-QE AFg&3te] FPLCZ ®¥3&tgith dHegel #3882 SDS-PAGEZ g3t

& Western blotS 4383} th.

2) W e wle] A4S
AA ¥ human ferritin® F 3ol AELEE dolry] & #Hg€grtt 1,000
vl e Fe (ID (pH7.0)3 ¥l kste] 310nmelA §3 =5 A

[ S = T

1) Ferritin® glycosylation

H-ferritin 21, 215, 22 kDa®¢] 3 bandE= E.J o™ (Fig. 17) L-ferritin
19, 21 kDa¥9] 2 bandE& Rt} (Fig. 18). o]gl st &Xx}&F ol iz =y &
of gael Agow FAHY. o5 FAstr] fl8te] glycosylations ¢ Alsk=
tunicamycing #7Fsle] #HZ €S @& 39 Th Tunicamycine # 7kl 98] H-,
L-ferritine Z}ZF 23, 21 kDa®] 3stv9] band= Y-kth (Fig. 19, 20).

2) B3 F ferritine] 2 ZA3%%
A ¥ human ferritin®] d3e] AFELEEE dolrr] 93] AR 1,000
ol B& Fe (D) (pH7.0)3} wjeksle] 310nmel A EFF s =Asdct 27 2%

&= = H-ferritino] H$toy H-, L-heteropolymer ferritino] Ht} % H3
A £ eS¢ F AT L-ferritine 239 A% £%7F vl = A

o

o8 yetllovy Alzte]l AistH H-ferritin® W28t o s Adfste A

2 Yelst (Fig. 21).
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Fig. 17. Purification of H-Ferritin. A: SDS-PAGE, B: western blotting.
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Fig. 18. Purification of L-Ferritin. A. SDS-PAGE, B. western blotting.
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Fig. 19. Characterization of expressed H-Ferritin without (lane 1) or with
(lane 2) tunicamycin. A, SDS-PAGE; B, Western blot
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Fig. 20. Characterization of expressed L-Ferritin without (lane 1) or with

(lane 2) tunicamycin. A, SDS-PAGE; B, Western blot.
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Fig. 21. Iron uptake analysis of purified recombinant ferritin.
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WA S zZA ST ZEujR 2= YPD(Yeast extract, Peptone,
Dextrose)®t YM (Yeast extract, Malt extract, Tryptone, Dextrose)s]®| S A=
st HAwAZE YMM (Yeast nitrogen base without A.A, Amonium
sulfate, Casamino acid, Dextrose)¥]*], BMGY (Yeast nitrogen base, Biotin,
Potassium phosphate, Glycerol) WA & Z+2} Az b3 2719 37k9] F7] &

S ue sRdE FAHo R Hviste] AAuA 9 uA wAE wET A
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g Hol H7td wiRI A wjgsty] EA YPDu Aol A &4
As 28t 2 g A HEsta mjA o AMEE = H
S ferrous sulfate T ferric citrate® ©]&3Auct. TR w¥E ferrous

sulfate =+ ferric citrate® TE=2 =2 79, A7) wWjYgd avE HE8)
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4) A5 FE2A 7] (Atomic absorption spectrometer) ©]-& 2
AelE ARFFEutol A~ F B E g 7)o dAUe H FHS SAHI ] 9lS

AAS (Atomic Absorption Spectrometry) #4] WHo = AHEsGth &8 A

g ¥Aste] 33 SHF% 2% washingd th& 50Cell A 48A417bs<t Az 5 A
Z 9 1gs Atk FvE AZo] 10mle] HCIO, 2mle] HNO3E 22 F %
freol glold m7kA]l °F 10-15min 7FE3t, & 20mIg =S thA] Ho] 7FEA
21 Y= 3MM paperel o#stAt. ol Aol 32 FRFE A9 100mle] HE=F
mlS #3}e] Atomic Absorption Spectrometer®] F¢38te] ppmT$l=Z A

D AFEA o] 84 AR A Y N
AbRATHA E88 = e ans gs] fd Sz 3 dFed
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Pichia pastoris, Saccharomyces cerevisiae®] wild-type® mutant ¥5+=

Fgslth #5 22 Table 7ol Felataich

b

&
iR
e
ol
2
by
d
o
0%
M,
u)
=<
0
)
=
Ry
o w

35 AA A A EATE A A=
oA WA 2HoR FAGEY. YM ujA 9] A o] 50mM o] 7hA] ot

= 37be] BY A4S Azl gglom wA ®# & Ak YM wlAsh 37 Hal
A
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Table 7. List of yeasts used in this study.

Pichia pastoris GS115 KM71
Saccharomyces 1o 7904 KCTC 7928 KCTC 7919
cerevisiae
FET3/FTR1 YPH449 (wild
Saccha(qmy ces fet3 (mutant)
cerevisiae (mutant) type)
Saccharomyces KFRI 00122 KFRI 01015 KFRI 00147
cerevisiae KFRI 01014 KFRI 00124 KFRI 00631
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Table 8. The amount of iron in yeast

Samples ppm’ Samples ppm

fet3 2000ppm® 511.3 KCTC7924 2000ppm 4593.6
fet3 Oppm 151.9 KCTC7924 Oppm 487.7
FET3/FTR1 2000ppm 703.3 KCTC7919 2000ppm 4170.4
FET3/FTR1 Oppm 520.9 KCTC7919 Oppm 907.5
YMP449 2000ppm 999.2 KCTC7928 2000ppm 5589.2
YMP449 Oppm 452 .4 KCTC7928 Oppm 111.0
KM71 2000ppm 1544.3 GS115 2000ppm 1748.4
KM71 Oppm 418.5 GS115 Oppm 397.5

1ZMd W 2&E 281X W 2
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AeEe] #F71ES FHE ¢ de dFE NG 98 Saccharomyces
cerevisiae®] mutant W1=E =Y F 3= EMS(ethyl methanesulfonate)& ©]

8359 mutagenesisE T3t EMS(sigma) g Al @4 & 6.2«10°%ells
2 EMS 50ulE %ol 90 AZst e EMS Al og Al lethality 7} oF
70%7F == st on EMS AHE & YM A=A 10072007 dEe] 5
7 HEE n2A =2Ed F 30T oE HAE wjdstich

2) WolFo] the Faol ol Wd dF 24

Aol AMRH Saccharomyces cerevisiae®] WYz 7R Ao Z YMHUIA|
E A8t or dAuA ] LS 03%(w/v) yeast extract, 0.3%(w/v) malt
extract, 1%(w/v) glucose, 0.5%(w/v) peptone®] il LA v|A]i= YMH|A|o| agar
E 7kt YM A iAol #AE wigstd e 34 600 nmoll A FH =
047} & ] d FFHLRE ferric citrate (Sigma)s, 78 FF Y= Cupric
sulfate (Sigma)E 7t wiFz=ded w2 zb Ao st A3 g9

7V5 =% Table 9o YeR AT

Wl 24 A-19] A% wild type?t mutant type= 22 & 20 mMeo] #H7id
YMulA el 1/2000-2 HF3sko] 30A17ESE 30T 260 rpmoll A4 w8t A-II
o] 7% mutant type 3+ 7FA #A|E desferrioxamine(DFO) 100 pMe] & 7}= o]
chelating®. &= W =Fe] H&= A7 A2t d 20 mMeo] FH7bd wiA= F 744
Hj Ao HEake] wiekstlar ofst =S A-I3 o] sto] A tiafel tigh W)
£ & o A¥Edn v o ® B g 50 uMe] F7EE wiA] el wild typedt

mutant types ZH2F wlgstlom A w Y 212 A-13 ZA s
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Table 9. Condition of iron and copper and inoculation strain in each

media.
Concentration of added metals and inoculated strain
Media type Wild type strain Mutant type strain
(KCTC 7928) (S22-47)
A- | Fe 20 mM Fe 20 mM
A-1I X Fe 20 mM DFO 100 uM
B Cu 50 uM Cu 50 uM
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3) SRR/ GEY UL o] §3 o] F9

hul

Jm

3t

7h) olakd 71 g E A8 FH|

250 meAFZrEE A @ 50 mee] YMEIA| O] 1/200% 0.2 #AE &
A-T1, A-TII, B Zt vz A3 85 #H7ste] 30A12F < 30T 260 rpm
oA wjstdh AwuldE FAE 6,000 rpmoll A 1583 U4 2 EF st
of 33] ol TRTE A 2-DE Alg A& itk 289 28 5 1=
=% 10~20 mg? ¥AE 1.5 ml microtubed] Eo} 400 x02] sample buffer (100
mM Tris-Cl pH 70, 1 mM EDTA, 1 mM PMSF)®} &7 1024 6%
sonication(Ultrasonic vex400; Sonic & Material INC)S 3 tH(12, 13, 14). 7]
o 1 me lysis buffer(7 M Urea, 2 M Thiourea, 1 mM EDTA, 1 mM PMSF,
4% CHAPS, 05% IPG buffer and 1% DTT)E #7}stal 30237+ A2olA &5
shal 15000 rpm 4C= 307 94lEgste] F5HS A= 1.5 ml microtube
o &AFTHI5). 27 acetone¥ AlmEHE 419 HIEE EFete] 20Tl A
3AIZE o] A AIZI AL 15000 rpmeol Al 3023 DA st dF s AL
W& acetoneS I WEAA wlEuk J7oR(16, 17). TAl 30 w09 lysis bufferE
A7rste]l ol 15000 rpmol Al 2023 ARt FETAs M2 15 wl
microtubed] %71™ A&7} A H ) d AlEE 70T Bnadg Als

MN

7} A EH FE59 dd S A At} protein assay kit(Bio-Rad)S AF-&-

}) Isoelectric focusing (IEF)

2-dimensional electrophoresis & 3 WAl isoelectric focusing= A ZFS w1}
X sampled} rehydration solution (8 M urea, 2% CHAPS, 02% DTT 1|1
0.5% IPG buffer)S Egsle] &9 300 pgoll HE F9 350 s A4 30
& WHFA 7] 2L strip-holderdl] #3F9] IPG-strips (Immobiline Drystrip, pH4-7,
18 cm, Amersham Pharmacia Biotech)S &3 $o 20TCeAl 30 V 6 hr, 150
V 1hr, 300 V1 hr, 600 V1 hr, 5000 V 4 hr Z22]2 5000 V 10 hre] @A =Z
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= 70,000 VE 7|20 % 3ol IPG-Phor (Amersham Pharmacia Biotech)ell A

focusing 31 T}

t}) SDS-polyacrylamide gel electrophoresis(SDS-PAGE)

Isoelectric focusingS w}x|1 IPG strip2 equilibration solution(50 mM
Tris-Cl pH 8.8, 6 M urea, 30% glycerol, 2% SDS)ol| 2204 30&3F nlwka}
31 2-dimensional electrophoresis®] -+ ¥ A <1 SDS-PAGET 12% acrylamide
gelE AFgslg o AL 30% acrylamide/0.8% bisacrylamide, 1.5 M Tris—Cl
pH 88& AF&3te] 74 1 mel gel2 9HE9] IPG stripg loading st th. w2
A719%5 HX+E ProteanlIxi set(Bio-Rad, USA)E A}&31 20 mA/gel=

running 3} 1 t}.

2}) Silver stain

SDS-PAGEY] w3 spote] AAL silver staining® 3H7FA¢l Silver stain
PlusOne kite] ®¥H-S W sto] AFE-3FTh 40% methanol?t 10% acetic acid=
1A o] fixingS st AT fixingS & 4AF 3Y¥ oYW= 3 fixing
bufferg& WA S| FATE 30% S Z 2084 2 AT A S/HFFE 20
F A 339t} sensitizingo] 0.02% sodium thiosulfate (sigma)E& 1~2% = &3}
3l SRR 3024 23] M3 & silver reaction oA 0.2% silver nitrate(sigma)
9} 0.02% formaldehydeZE 33+ solutiono] 30&7F Hgstgdct. A 2HF=E
124 23] A Z3sr  developing®®  25% sodium carbonate®t 0.05%
formaldehyde& spote] YElUE AEE Aum WAz A/t SHFE 1
3] MAsta miRIH o2 stopingol 0.5% EDTAE 45% *] &3t
3] stainingS BFX| 22 4T A B A3

o|\

R4z A4

up) gl A
2-dimensional electrophoresisE &3l YERH gel AolA e ©wula spot

5 1f9 HHYNS HolBmF finger printinge] & ¥-&t} 3} FFE F )
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o & vk Ao ¥R finger printing == 722 v Z A A

FollA BHE dwAESS gpoto® Felstg on xpo]E UERE spotES A
=]

iu
i
A

3to] gelol A #Z2}lt}, gel 22 speed vacuum concentrator® 5%7F AZ
A7l 0.2 pg modified trypsin (Promega)E X33 50 mM ammonium
bicarbonate 20 woll B7F AFolA 30% & A el A S A A THA
50 mM ammonium bicarbonate 30 W& FH7Fste] 37TColA 1242k o] g X3
Atk 7o) trypsing A7 &3 C18 nanoscale (porus C18) column® & &S A
AstF T} peptidest matrix solution(70% acetonitrile, 0.1% TFA, 10 mg/ml
alpha-cyano-4-hydroxycinamic acid) 0.8 ul%Z F%3}9] stainless steel target
plateol| loading 5} %3 ¢} Loading ¥ peptides+= MALDI-TOF mass
spectrometer(Micromass)® #4]3}32 NCBI database®| 4] S. cerevisiae peptides

st Ak AL Pl o\ wuEAA W)

N
e

(i
Zstel A Az H FdEFe] 7H

D A F7132 &fo WHolF
s‘d 5
3 I (Saccharomyces cerevisiae ‘KCTC7928)E o]-&3fe] XAwtg f

Aty w1 o] Hol Hu}

(KCTC7928)& By anske] #71dS $rd o+ = #dF2 HEs7] 98
Saccharomyces cerevisiae®] mutant HIE=E =d F Ae EMS(ethyl
methanesulfonate) & ©| 83} mutagenesisES 33ttt AL H 7|&H W
Mo 2 EMS mutagenesisE T3 £ 1% F714S 37 F e #FE
Agsly] 9al EMSE AHg s &S tixdo]l AE 4 §lE ferric citrate
40mMS 3 YM AW A o replicas o] dxpAel Ad ZPS Y

(Table 10). °o]5 YM IAMAE 30TA o]EA% 7|& F 40mMe| ferric
citrateE sk YMuIA] Aol Al tjz=at3 EMS A& o 43S vlugk & o]
212 A Wl AAS (Atomic Absorption Spectrometry) 418 €3k 11719

T*FE A5t (Table 11).
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Table 10. Replica numbers of yeast treated with EMS

Survival rate KCTC7928(0.D=7.0/ survival rate 33%)

I[ron concentration control EMS Treated
(mM) OmM 40mM OmM 40mM
Replica-plate 2EA 2EA 100EA 100EA
numbers C1~2 C1~2 S1~100 S1~100
Colonies numbers 100EA 100EA 5000EA 5000EA
High growth capacity OEA *15EA
Medi growth capacity 0EA *28EA
No growth capacity *3EA
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Table 11. Selection of mutant strains by growth capacity

Sample plate

Replica EMS treated colonies numbers

number High growth Medi growth Anti— growth
S2 1
S3
sS4 26 40
S6 13
S7
S8
S9 24,44
S10 '48 (no growth)
S11 39,49 48,28,29
S12 9,1,12,25,28
S14 27
S15 *27(high) 1,32
S16
S17
S18 4.5
S19 45,6
S20 1
S21 7 '28(little)
S22 47 7,31 ’28
S23 38,42,39
S35 *39(high)
S37 49
S40 44
S53 40 35
S68 6,30
S73 42 26
S89 43
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X e ¥ Saccharomyces cerevisiae mutnat 15712 #ANe S+w 2 IFS
=A387] 98l AAS (Atomic Absorption Spectrometry) ¥4 ®Ww o2 A #sl9]
th 2% #AE TS 33 =F4E 3 washingdt & 50T A 484 7k=
¢ Ax & AEF °F 004gs Astvh =vlE AlEFe] 2mle] HCIOs 4mle]
HNOsE %2 $F At o3 #A7E EalHo] FfiEol glold wizbA o
10-15min 7F& &b, & 20mIE =5 A gol vl @ 7FDAIZIT o] Aol 34}
ST E A9 100mle] HES g F 3MM paperel o #3tdtt 5mls # 3o
Atomic Absorption Spectrometerd] Y3t ppm© = 1170e] mutant 9
o] e SAsAv (Table 12).

ool Al AE &X mutant 7F2Hl S4-26, S15-27, S35-39, S22-47 |

R4

$5% A AY FEOR A% & AYOH, ST Aol 5 4PL A
Y5t
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Table 12. The amount of iron in yeast mutant.

OmM 10mM 20mM

samples

Iron con. lron con. lron con.

wild 333.75 4339.75 8250
S4-26 404.50 5223.50 14400
S6-13 159.50 3432.25 13750
S9-24 82.25 4837.25 14500
S11-39 80.75 4850.00 17925
S15-27 524.75 5460.00 13175
S22-47 649.00 5350.00 10025
S35-39 665.50 5300 9850
S37-49 227.50 4162.50 10075
S40-44 297.00 5555.00 14800
S53-40 30.25 442475 13975
S73-42 9.25 5724.75 13275
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Fig. 22. Growth curves of wild type and mutant type grown in YM media
containing (A) Fe 0 mM and (B) Fe 20 mM. @ : Saccharomyces cerevisiae

KCTC 7928, A : Mutant type S22-47
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@ Wild type A Mutant type

h & & S 1h 15 18 2h 2h 2h 3n
Time

Fig. 23. Growth curves of wild type and mutant type grownin YM media
containing Cu 50 uM. @ : Saccharomyces cerevisiae KCTC 7928, A
Mutant type S22-47
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Ao & 4o we widznS ERSTAE He S FA kst
A-T, A-TII$F 919 S SA&oF st B® vs 5 vk ¢4 2o F&Fs
4% A-I°] A9 control® HE& HrbekA &S YMuiA A Atomic
absorption spectrometer (AAS)E ©]&3lo] A3 do T wild typeol A
334 pg/go] I mutant typeol A 310 pg/g S 2 wild typeo] =A% E 20 mMo|
HA7FE wfRlol M= wild type®] 6,250 pg/ge] il mutant type®] 15925 pg/go =
mutant type©] ¢F 2587} =9kth.

T8 9 S =AH3 B A9+ controldl YMulA| o)A w3k wild type©]
4 pg/g, mutant type°l 21 pg/g= TelE FRtA oW T2 50 uME FH7hste]
v okt wild typeo] 198 pg/g, mutant type©] 330 pg/g E mutant’} ¢ 1.7v) =
< e BT aga A yehA = kAR -8 50 uM el Kv
Az AGES Bl 2 100 uM wjA ol A wjF e yeast®] AAS HAIE =
w72 @2 mutant type©] 792 pg/g= W wAN AMFES udd o g
50 uMellA o B2 #AE 45 F doern® o FRE AP ARESH
A-1, A-II, B #Ze] Ao s3] Fedt Cud v=& A4 ZAde ohs

Table 13, Table 14 e ST
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Table 13. Atomic absorption spectrophotometry of intracellular iron content.
a ! Saccharomyces cerevisiae KCTC 7928, b : Mutant type S22-47, ¢ : Unit
(ueg/g)

Sample

Concentration of metalin Medium .
Mutant type

Control? 310+£36°

Fe 20 mM 15,925+2,023

_88_



Tables 14. Atomic absorption spectrophotometry of intracellular iron

Samples
Copper Concentration
in Medium )
Wild type Mutant type®
Control® 49+1.5 2148
Cu 50 uM 198+11 330+17
Cu 100 uM 939+17 792425

content. a : Cu 0 uM, general YM media. b : Saccharomyces cerevisiae

KCTC 7928, ¢ : Mutant type S11-39, d : Unit (#g/g)
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t}) Two-dimensional electrophoresis ¢} Image 4]
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2-DE+ pH 3-109] 9ol A] A &akda pH 4-7904 S9 21 A93F spots
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°f Coomassie blueE Agskslont F-of 7 Hofut silver staining angelica
B ARESHAl H AT 2-DE geloll A= WAolu Ao exfo] F3FS = A
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Fig. 24. 2-DE gel of protein extract obtained from Saccharomyces
cerevisiae.(a) Silver stained 2-DE gel of proteins extracted from

mutant(S22-47),
type(KCTC7928)

(b) Silver stained 2-DE gel of proteins extracted from wild

_91_



@ MALDI-TOF #4] Z3}

2-DEE -&3to] &Qlgh wdo] depxl @A spotEe] ek 78S 93]
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A2 =g Frhgeh. 714
=9 @Al datas ¥ FAA ProFound tableZ WEeRATH A3 1)z o
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Fig. 25. Mass spectra observed after MALDI-TOF analysis. Highest

sequence coverage (59%)

10. MALDI-TOF analysis of triptic

peptides derived from spot no.

peptides derived from spot no. 5
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ProFound . Search Result Summary Varsien 4408

Wihisle Floochik el 1 LI ety E-ition

Fig. 26. Screenshots of protein data search after MALDI-TOF analysis.

NCBI search using ProFound software.
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Table 15. Results from identification of Saccharomyces cerevisiaec proteins

from 2-DE gels by MALDI-TOF mass mapping.

Identifed protein
(highest probability)
Endonuclease Scel 75

1 171463 ENST kDa subunit 5.4 /70780

Spot No. ACC NO. Gene® pl° / MW(Da)®

Enolase (2-Phospho—

2 230999 ENO1 D-Glycerate Hydrolase) 6.0 / 46670

3 1127232 PDC 1p Pyruvate decarboxylase 5.8/61710
Catalyzes third step in

4 6322509 HOM 6p common pathway for 6.9 / 38480
methionine and threonine
biosynthesis

5 443550  TPI1p Triosephosphate 5.7 / 26890
Isomerase

6 10383764 YCL026¢-bp® Hypothetical ORF 6.4 / 20980
Glyceraldehyde—3—

7 6321631 Tdh3p phosphate 6.5/ 35830
dehydrogenase
WD repeat containing

8 6324804 WTM 1p transcriptional modulator 5.2 / 48480
1

9 6320235 PST2p Protoplasts-Secreted 5.5 / 21000
protein
H48c¢ Yeast Cu(li)ZN

10 6730103 1B4ATAC SUPEROXIDE 5.5 /15840

DISMUTASE

a Data from GenBank.
b Value from the database ProFound

¢ Incubation in Fe 20 mM medium
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A3 A aaE dio] A3td Ve ASY =5 YA

7= TNk

Lo f71de] A7p7E SA19 A Azl A= 9%

AR D

Aso]l dY3 Ross broiler 243 168575 F A3t 2 Aol o] &35t}
ArGHE = 2 A B 9siA AAlstdon, B Aol A= 3u HA

cageE ©|&3t4 caged 6574 AR 83t 657 AgeATh

2) AlE AbR B AIRFAA

A A AR E VAR wiRbE I UL S Table 160 Uy
ath starter= AE A71(0~3F)o Folst o, finisher= A& F7] (3~6
F)oll wolate] ALEA ST B AF o= Table 160 AAE H &gl
Ste A @52 7] xAFE el NRC (1994) A%< Fe 80 mg/kgs #H7Ist AS
%7 @ (FE-80)2 ato], tlz7o a4l (CTC 0.05%)2 H7ts A A=
T @ (FE-80+A), Fe 160 mg/kg A&7 @ (FE-160), Saccharomyces
cerevisiae S22-47 (yeast mutant; YM)S thzT< d &= 7|F22 80 mg/kg
A7k AHEH @ (YM-80), Fe 160 mg/kg HE7+ © (YM-160),

B

Saccharomyces cerevisiae hFeHLC (ferritin containing yeast; YF)S Wz 9
4 FF 71Fe= 80 mg/kg AT ® (YF-80) 3 Fe 160 mg/kg 2+ @
(YF-160)2 ZF 7A48 4¥9tRo = wkEd 654 F 16855 o wix|sto] ALY
AlAS FaetdTt. Alde ALg® Saccharomyces cerevisiae S22-472 15F 7
o £E F #AUE A fdwel % S5 RFE QM@ Ao, Saccharo-

myces cerevisiae hFeHLCS ferritin®] T E&Z THEE AFXZY SEEZEA,
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Table 16. Formula and chemical composition of the experiment diets

Ingredient (%) Starter Finisher

Corn 53.67 59.65
Wheat bran 1.42 1.50
Soybean meal 25.80 26.31
Fish meal 5.00 0.00
Corn gluten meal 6.50 5.10
Soybean oil 5.32 5.15
L-LysineHCI 0.00 0.09
Methionine 0.14 0.07
Tricalcium phosphate 1.32 1.38
Salt 0.25 0.25
Vit-min. mix’ 0.50 0.50
Antibiotics 0.05 0.00
Anticoccidium 0.03 0.00
Chemical composition®

ME (kal/kg) 3,200 3,200
C. P (%) 23.02 20.02
Lysine (%) 1.13 1.00
Methionine (%) 0.50 0.38

" Provided following nutrients per kg of diet : vitamin A, 9,000,000 IU; vitamin Ds,
2,100,000 IU; vitamin E, 15,000 IU; vitamin K, 2,000 mg; vitamin B4, 1,500 mg; vitamin
B2, 4,000 mg; vitamin Bg, 3,000 mg; vitamin Bi2, 15 mg,; Ca—pantothenate, 8,500 mg;
niacin, 20,000 mg; biotin, 110 mg; folic acid, 600 mg; Co, 300 mg; Cu, 3,500 mg; Mn,
55,000 mg; Zn, 40,000 mg; |, 600 mg; Se, 130 mg.

Z Calculated values.
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o]
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AASEA L A F F94d HAL Duncan®] e S 5% oA AAEA

=

D A, A AAREE

2 Aol e AL, ARG L AEEES Table 1791 Yepgdch A
AR7IZE Sk e A wE] dizT (FE-80)7F @e FAE HBilowH,
YM-160 A&7k 7H¢ A debso (P<0.05). AFE AHF 9Al YM-160 A &

T7F b =A YEbew, gz (FE-80)7F 7Hd Al YERS T P< 0.05).
ArREES FAA H7H YM AE T BT 7MY =& FAE BRAoy B
A FoatE Holx ¢ttt oY Az B u sRIZYE AidE A dA
B4 52 7t59 7184, A 2 AskeS MAAIZIAL (Rose, 1987), @91 &

o] Al yeast cultureE H7I5AS W AR

(Chapple, 1981)E ¥ A= Aoz Aehe)
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Table 17. Effects of organic iron supplementation on growth performance of
broiler chicks

FE (ma/ka) YM (mg/kg) YF (mg/kg)
80 80+A 160 80 160 80 160
2,033%
b
Feed intake (g) 3,243° 3,490™ 3,408 3,538 3,685 3,465®  3,633°
Feed efficiency 0.58 0.59 0.58 0.59 0.59 0.57 0.56
ab Means with different superscripts within the same row are significantly different
(P<0.05).

FE; FeSO47H-0, YM; yeast mutant, YF; ferritin containing yeast, A, Chlortetracycline
0.05%.

Treatments

Weight gain (g) 1,888° 2,061 1,966 2,066% 2,148% 1,981%
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Table 18. Effects of antibiotics and organic iron supplementation on the
carcass composition of broiler chicks (%)

Carcass FE (mg/kg) YM (mg/kg) YF (mg/kg)
composition g0 80+A 160 80 160 80 160
Moisture 71.38 72.06 7158  71.49 71.91 7156 71.60
Crude ash 129 157 1.67 1,42 1.24 159  1.64

Crude protein  11.52° 11.12° 13.61*  13.63* 13.26®  13.59° 13.57°
Ether extract  15.06 15.22 13.06 13.16  12.88 13.23 1257

&° Means with different superscripts within the same row are significantly
different (P<0.05).

FE; FeSO47H20, YM; yeast mutant, YF, ferritin containing vyeast, A
Chlorotetracycline 0.05%.
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. &% cholesterol 2 H(Fe) 33

|12l &5 cholesterol % FestdF 4] A¥i= Table 199 e}
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Y
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o}
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E B 39S Granink (1946)2 7HE vdo el HEAG T
do] e M EAjetm, o]Zo] He Fool] #odtia gk up 9lo]
Alge Aol Feg'o]l thF H7bd YF-160 A7 th& HgFuo 5
A(Fe) g#Fo] 718 A Yy Aol $HAF (1996), Granink (1946)] X1

2]
B
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Table 19. Effects of organic iron supplementation on plasma cholesterol and
Fe in broiler chicks (mg/dl)

FE (mg/kg) YM (mg/kg) YF (ma/ka)

80  80+A 160 80 160 80 160
Cholesterol 103°  130°  118%° 127 130° 107°°  125%
Fe 1.19%° 114 138 0.96° 093  1.15* 152

¥ Means with different superscripts within the same row are significantly
different (P<0.05).

FE, FeSO47H.O, YM; vyeast mutant, YF; ferritin containing yeast, A:
Chlorotetracycline 0.05%.

ltems
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B Aol o] =4 cholesterol &% 2 AWEE B4

ot

A7E Table 200]
ettt =4 cholesterole thHET (FE-80)olA 714 =& FA2 HIPO

YMa# YE A# ol A dlzFol vlsl sl vehont, BA4 folAE wol
A gskth A EE dETUE 7 =4 JEsten YM-80 A b b o
A Gt BAH fo74E wAh (P<005). ¥ ARAAY 2 (Fe)st deima
S H7pE Aol A Tl HlE AErt e A {F71HS WUk A

7o AAR geFe]l w2 A Ve Ao

’

BTk £ % (yeast)d H
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Table 20. Effects of organic iron supplementation on meat cholesterol and TBA
in broiler chicks (mga/g)

oms FE (mga/ka) YM (mg/kg) YF (mg/ka)
80 80+A 160 80 160 80 160
Cholesterol 0.92  0.88  0.86 0.85 0.88 0.90 0.85
TBA 0.357  0.22°°  0.22 0.17°  0.28%® 0.22°°  0.34°

¥ Means with different superscripts within the same row are significantly different
(P<0.05).

FE, FeSOs7H.O, YM; vyeast mutant, YF. ferritin containing vyeast., A
Chlorotetracycline 0.05%.
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zZF A E A4 A WAk palmitic acid(C16:0), oleic acid(C18:1w9) 2
linoleic acid(C18:2u6)°] 3reFo] A LhERwth. Whitehead(1986)= o] AWl A
= palmitic acid®} oleic acid®] $F#Fo] ol Huste] 2 AFe 4
o AT A AR v &2 thxto] vlef YM 2 YF A7t =4
UEbst e, YF-80 A2+t 7HE e vleS dEHn. 2o ExsAgat
o Hl& YM-160 A TolA 7Hd =4 vHetwtth 2 Ao e H(Fe)dt H
gl A HUsk A te Wz H]E] palmitic acid (C16:0)9] ko] =4
vetstom, $AA 4% AATHP<0.05).

N
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Table 21. Effects of organic iron supplementation on fatty acid in broiler

chicks (%)
FE (ma/ka) YM (mg/kg) YF (ma/kg)
Fatty acid
80 80+A 160 80 160 80 160

Cl4:0 1.47%° 1.33% 3g*° 1.617  1.57* 097 0.89°
C16:0 17.37%* 17.88® 16.59° 20.65* 18.93° 16.56° 20.60°
C16: 107  4.70°  4.40° 4.16%®  222° 4.02®° 3.97* 319®
C18:0 577 6.01* 6.33 448 6.01* 534%° 463
C18:1w9 29.11  27.82 26.74 2389 2596 27.62 29.64
C18 : 206 34.22°° 35.12%° 36.86™ 31.97° 36.36™° 39.02* 35.43™°
C18 : 3w6  2.67 262 261 215 223 2.64  2.39
C18 : 3w3 0.04°  0.22° 0.36° 0.95* 0.31°  029° 0.25°
C20 : 109  2.66 282  3.19 2.97  3.00 230 1.95
C20 : 206 0.17*°  0.10® 0.10®  0.22° 0.20®  0.01° 0.04®
C20 : 406  0.50 0.61 0.65 0.54  0.53 050  0.38
C20 : 503 0.91°  0.51*  0.49°  0.46® 044*® 0.34° 0.30°
C22 : 406  0.09 0.00  0.00 0.00  0.00 0.06  0.00
C22 : 5p3  0.07 0.00  0.00 0.00  0.00 0.00  0.00
C22 : 6w3 0.54°  0.57° 0.54°  0.45® 045®° 0.37* 0.31°

SFA 2431 2522 2430 2674 2650 2288 26.11

USFA? 75.69 7478 7570 7326 7350  77.12 73.89
USFA/SFA  3.11 297 312 2.74 277 3.37 283

" Saturated fatty acids, Unsaturated fatty acids.
2> Means with different superscripts within the same row are significantly
different (P<0.05).
FE; FeSOs7H.O, YM; vyeast mutant,
Chlorotetracycline 0.05%.
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Table 22. Effects of organic iron supplementation on Fe and mineral in
broiler chicks

FE (mg/ka) YM (mg/kg) YF (ma/kg)

ltems
80 80+A 160 80 160 80 160

Fe (mg/kg) 15.17% 29.64° 34.73° 44.60%* 34.18° 42.35% 48.94°
Cd (mg/kg) 0.01  0.03 0.02 0.03 0.03 0.02 0.03
As (mg/kg) 0.05% 0.07°° 0.07°°  0.09®° 0.08®°  0.08® 0.10°

#°Means with different superscripts within the same row are significantly
different (P<0.05).

FE; FeSOs7H.O, YM; yeast mutant, YF; ferritin containing yeast, A;
Chlorotetracycline 0.05%.
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Table 23. Effects of organic iron supplementation on development of intestinal
organs in broiler chicks (%)

tems FE (mg/ka) YM (mg/kg) YF (ma/ka)

80 80+A 160 80 160 80 160

Crop wt./live wt. 0.52° 0.73° 0.44° 0.51° 0.37°  0.40° 0.40°
Heart wt./live wt. 0.45° 0.71* 055" 052° 045° 051° 0.48°
Liver wt./live wt. 211 217 187 222 207 174 194

Gizzard wt./live wt. 221 262 226 229 226 236 259
Pancreas wt./live wt. 0.84° 1.01° 0.85° 0.73° 0.73° 0.76° 0.85°
Cecum wt./live wt.  0.81® 1.05% 0.82® 0.89®° 0.77° 0.81* 0.77°
Kidney wt./live wt. ~ 0.13° 0.35% 0.13° 0.12° 0.12° 0.12° 0.12°
Sintestine wt./live wt. 2.12%°° 2.61%° 2.24*° 266° 2.07° 1.91° 1.96°

Lintestine wt./live wt. 0.19° 0.45% 0.24°  0.18° 0.22° 0.19° 0.16°

Abdominal fat pad
wt./live wt. 1.35 1.80 1.77 1.41 2.02 1.48 1.82

& Means with different superscripts within the same row are significantly different
(P<0.05).

FE, FeSOs7H.0, YM; vyeast mutant, YF; ferritin containing vyeast, A
Chlorotetracycline 0.05%.
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G TS Table 240 dEhy Stk AldAlR = FAAE H7bekA @fn
NRC(1994)¢] Ab&h7l da a2l sb5o] 7|2ALEE wigkstel NRC A<
22k Al 12 (FeSO4 - TH20: FE)& AH8-dte] AtgFis A4 %? Fe 45 mg/kge
Hvete] AHele 2+ O (FE-45), Fe 90 mg/kg #71s A2+ @ (FE-90),
Fe 180 mg/kg #7}3k A&+ @ (FE-180), Saccharomyces cerevisiae S22-47
(yeast mutant)s Wiz A 3F 7|ES=2 45 mg/kg FHI7FgE AHEF @
(YM-45), 90 mg/kg H7Fgt A=+ © (YM-90), 180 mg/kg H7ts A=+ ®
(YM-180), Saccharomyces cerevisiae hFeHLC(ferritin containing yeast ; YF,
A e gz 2 g% 7lFo® 45 mg/kg HUMS AT @ (YF-45), 90
mg/kg 7k A2 (YF-90) ¥ 180 mg/kg H7Fgt A=5 @ (YF-180)=
T F 9P T 4Rk, vk 6574 ejujAIste] 2 AIES AT Al

AVE ¥ Saccharomyces cerevisiae S22-478 15F 79 &% F H#FUE 2 #9

(e}
S
Zo] 71 93 JFFE AEE Ao, Saccharomyces cerevisiae hFeHLCE
ferritin®] L&

2 HHEE=E A2 2E2A, (5) RNAVF /3 755 2 2
Fof o] &3FH .
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Table 24. Formula and chemical composition of basal diet (%)

Ingredient (%) Control
Corn 65.59
Wheat bran 6.50
Soybean meal 16.00
Corn gluten meal 2.60
Salt 0.30
Vit-min mix’ 0.30
L-Lysine-HCI 0.04
Methionine 0.07
Limestone 7.73
Tricalcium phosphate 0.87
Chemical composition®
ME (kal/kg) 2,750
C. P (%) 15.01
Lysine (%) 0.69
Methionine (%) 0.30
Ca (%) 3.25
Avail. P (%) 0.25

" Provided following nutrients per kg of diet : vitamin A, 9,000,000 IU; vitamin Ds,
2,100,000 IU; vitamin E, 15,000 IU; vitamin K, 2,000 mg; vitamin By, 1,500 mg;
vitamin By, 4,000 mg; vitamin Bs, 3,000 mg; vitamin B2, 15 mg,; Ca—panto—
thenate, 8500 mg; niacin, 20,000 mg; biotin, 110 mg; folic acid, 600 mg; Co, 300
mg; Cu, 3,500 mg; Mn, 55,000 mg; Zn, 40,000 mg; I, 600 mg; Se, 130 mg.

? Calculated values.
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PLAME)Z Z43tlth #5742l (1992)9] el olalx 2 shglom,
T AR

AAEEA AlFos F& Ed 2087 & S ol &3t

o, 1elA 53 7bA o] (1 vl v, 20 yiin 30 Bogolt, 40 FH b

mj ¢ Erhel 58 Z=W(Stone et al, 1974) 0% <3, M7 tHA, dx, Fi}
49 BrkE AAkss
o) SA A

B Ago A dojzl zg el TAAE = SAS Statical Package Program(SAS,
Institute, 1995) <Jste] EAHEA S AAJstg e, A2 HT3ty fFoAd HA
<2 Duncan® YA o] &ste] 5% oA AAEAT

ARAAY R AreTe
Table 251 YeERHAT AFghe-e YF-180 A2l 17F 7H4 =4 dvelgon, dx
T FE-457F 7b vb& AbeEs 2ol Aeihe] foaE Bt P< 0.05). 4t

& tx7 FE-458th YM® YF Ag+7t =4 vt §324 5(1990),
Gerendia et al.(1992) 2 Lim(1992)¢] 2t&Ae] dia] & ax H7t= Atehge

ftlo

Mol ot Aepaet FA3 AvE Ak 7 A PdEe YF-180 A
2l 77k 7H¢ Eekow, FE-90 Ae77F 7bd we dess B A3t {9
AHg BATHP<0.05). AF&HEe YF-180 A2l 77t 7FE & Aags nalow
FE-45& 714 v Abasks Rol A3k ok AATHP<0.05). A=Al 4
F= YF-180 A 2j+7F FE-45 Aelg-nv =A yeuton, FE-90 A&+
FE-45 A g 7Rtt A vehd 7b @2 AdFA%s wol A #zte foxs
FEHP< 0.05). YMS YF AHel+% FE-459 FE-90 ARt w2 A3
S H o o] Peppler(1982), Cantor et al.(1983) 2 Hughes(1987)%= & &4l
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FRe Ame AR W, 1EY FAAZA 4§ sl Am HASE F7



A Zths Batel AT AFE 88 YM-90 A7k 78 =4 vERS:
ow, YF-45 A2 77k /g 3 A 27 &02 wol A Te foAE u
HFTHP<0.05). At5 2782 YMS YF A7} FE-459 FE-90 A&7 ®.ut}

AAEE A9E HAEE, ol FHERE Aol #7HE FEM E5(1990),

Lim(1992) R .19} X33t
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Table 25. Effect of organic iron supplementation on egg production, egg weight, egg
mass, feed intake and feed conversion ratio of layers

FE (mg/kg) YM (mg/kg) YF (mg/kg)

[tem
45 90 180 45 90 180 45 90 180

%dmion 82.81° 87.30° 87.08%° 87.40°° 86.23 88.86%° 91.75* 93.73°  93.96°
welg g . . . . . . ol . .
ight (@) 59.81° 59.70° 60.57™ 62.29®° 60.56> 62.30%° 61.51% 61.92®  62.97°
mass (g . . . . . . 7. . .
(@)  49.53° 52.01% 52.77%9 5451 52.23% 55 3g%° 57.78 58.16%  59.47°
. d cd
(Fg/%ﬁ intake 120.917 447 53¢ 106 30°% 132.31% 135.14% 129,612 121.637 131 48%c 138 g6®

FCR 2.44% 206 239 232% 0537 234 2.11¢ 227 0 33

#° Means with different superscripts in the same row are significantly different (P<0.05).
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Table 26. Effect of organic iron supplementation on eggshell
eggshell strength of layers

thickness and

! FE (mg/ka) YM (mg/ka) YF (mg/ka)
em

45 <) 180 45 90 180 45 9 180
Eggshell 336°°  329°  342°°  340° 349 352® 3597 3497 3647

thickness (um)

Eggshell strength

> 2,720° 2,972% 2,977°°  2,508° 3,294° 3,396  4,506°
(ka/cm®)

3,352 3,570°

¥°Means with different superscripts in the same row are significantly different (P<0.05).
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HATHP<005). A== YF-90 Ae77F 7HE =4 dvEbwon, YF-180 A ¢
T7F 7 GHAL vEbgeh ey AT §oF zbels RolA gkgtrh 34
Lol s YM-90 A7 7Hd wekem, YM-45 Aol 7Hg wre S
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Table 27. Effect of organic iron supplementation on egg-yolk color changes in
layer fed with ferritin supplementation

Egg-yolk FE (mg/ka) YM (mg/kg) YF (mg/kg)
color 45 90 180 45 90 180 45 90 180

L 47.18%°  48.28%° 48.46™ 47.33%° 48.60° 47.09%° 4717 46.97°  47.49%°
a -1.66  -1.24 162  -1.52  -1.61  -1.41 -155  -1.21 -1.79

b 50.52%  52.49* 5224 50.06° 52.58 50.93"° 50.64%* 50.84*  50.49%

& Means with different superscripts in the same row are significantly different
(P<0.05).
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2 Ao AT 19 FYUE (Haugh unit), ¥ o], wzba sak 9 &
&2 Table 289 Yetidch. k¢ FUES YM-180 A&7}
o YF-180 A&7k 7bd wrA yvetutov, A a-ke] fo Al
ol gldth | =oli= YM-180 A 7F 7HE = YERg e, YF-90,
YF-180 A gfellA 7Hd WA yestou, A3k folaks ®olA ekt
ZFAE YM-180 A& 7-7F 7b =kon, YM-90 A& ellA 7k Al el
U HE e foAE RArhHP<0.05). ¥Rk FE-180 A +7F 7Hd E=9ke
M, FE-45, YM-90 =&, YM-180 A&+, YF-90 A&+ % YF-180 A&+
M= duke]l el kARt Akl f o Aols: YEIAT
(P<0.05). #H¥F YF-180 A&7} 7F¢ =k o, FE-450A 7Hd ve A&
Hol A FAAE BITHP<0.05). 7 A 3 Fo~HE I
FE-45 A2+7F 7bg =4 deow, YF-45 A2 +7F 7 WA YeEg A2
T3k Fol A AolE H Atk (P<0.05).
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Table 28. Effect of organic iron supplementation on Haugh unit, albumen index,
eggshell color, blood spot, meat spot and yolk cholesterol of eggs

ltemn FE (mg/kg) YM (mg/kg) YF (mg/kg)
45 90 180 45 90 180 45 90 180
Haugh unit 56.30 54.583 64.01 59.13 56.78 74.89 64.11 52.94 52.36

Albumen index 3.91 3.96 446 427  4.05 5.41 4.70 3.81 3.81
Eggshell color 35.13%  30.63° 34.55™° 30.80°° 30.08™° 39.10° 31.11% 33.60%° 34.70°°

Blood spot 0.00° 0.13® 0.8 0.07® 0.00° 0.00° 0.06®  0.00° 0.00°
Meat spot 020 031 027 033 038 040 039 050 057
C*(‘%'g?;?ro' 13.82° 12.84% 12.05® 1339% 12.65%° 13.20% 1257° 1279 12.60%

‘E’C Mean)s with different superscripts in the same row are significantly different
P<0.05).
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oleic acidi= YM-45 A& 77} 7F4 =%, YM-90 A&7 713 @A YEry:
o folA zolE HolA= @skrh AAEAY g, AW A4

=z
wol waa AxAel AW dge Be 9L Fr Qom ded o

K

e

(Guenter et al, 1971, Sim et al, 1973; Huang et al, 1990). 53] Sim et
al.(1973)2 At=d w9 AWaA F2 e linoleic acid(C18:2 w6, LA)FT°] S7F
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Table 29. Effect of organic iron supplementation on egg yolk fatty acid
composition of the egg—yolk in the experiment (%)

Fatty acid FE (ma/ka) YM (mg/kg) YF (mg/kg)

45 9 180 45 90 180 45 90 180
14:0 0.41°  0.39° 238" 042° 297* 0.71* 0.39° 0.34° 1.18®
16:0 27.68 27.42 2469 29.27 21.08 27.24 27.99 2752 2242
1611 (07) 372 303 294 230 613 268 328 246 950
18:0 793 850 557 838 660 7.93 781 827 6.40
181 (w9) 41.28 41.31 36.52 4419 30.07 39.87 43.98 41.71 33.29
18:1 (w7) 246 263 946 0.00 1048 387 172 197 747
18:2 (w6) 13.14 1462 1193 9.83 17.93 1428 1268 1535 11.56
18:3 (w6)  0.00 0.00 046 000 0.00 000 000 004  0.00
18:3 (w3) 026 025 085 074 027 033 026 024 068
20:1 (w9)  0.00 0.00 000 0.00 000 015 000 0.00 0.40
2055 (w3) 2.09 1.85 483 161 447 293 159 159 521
22:4 (w6)  0.00 0.00 000 311 000 0.00 000 0.00 0.00

)

1.03 0.00 0.30 0.16  0.00 0.00 0.3t 0.47 1.88

SFA! 36.02 36.31 32.65 38.06 36.13 3587 36.19 30.65 30.00
USFA? 63.98 63.69 67.35 31.94 63.87 64.13 63.81 69.35 70.00
USFA/SFA 178 1.75 2.06 1.63 1.77 1.79 1.76  2.26 2.33

2 \Means with different superscripts in the same row are significantly different (P<0.05).
" Saturated fatty acids, 2Unsaturated fatty acids.
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Table 30. Effect of organic iron supplementation on egg—yolk mineral composition (mg/kg)

FE (mg/ka) YM (mg/kg) YF (mg/kg)
[tems
45 90 180 45 90 180 45 90 180
Ca 688.38 867.11 921.73 732.14 926.41 912.38 781.52 709.52 654.74

P 2,232.87 2,489.54 2,611.74 2,401.47 3,206.09 3,408.91 2,663.60 2,663.17 2,278.22
K 796.24  866.34 1,132.24 963.86 124227 1528.23 1147.80 605.43 907.17
Na 1,625.14 1,672.34 1,762.21 1,739.34 1,705.43 1,744.75 1,623.40 1,632.72 1,776.92

Mg 157.70 170.00 171.54  163.48  162.40 175.46 149.65 154.63 145.80

Fe 55.17 55.41 62.72 64.75 67.36 70.34 60.76 65.65 69.17
Mn 0.93 0.88 1.02 0.88 0.87 1.08 1.00 1.02 0.64
Zn 12.39 14.76 18.13 13.55 17.85 19.70 14.85 9.86 11.27
Cu 2.27 1.72 2.68 4.75 2.71 2.42 2.39 1.29 1.38
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2 Ao #eAbel did A= Table 310 YelSt B5HAF A3 9
@ YF-45 Ael ¢ YF-180 A +7F =koem, YM-45 A 7F b v
AnEs Hol ATk §994 AolE HATHP<0.05). M YM-45 A&7}
=A vEbgon, YM-90 Hel el Al 7hg vhAl vER Al ke o4 Aol
g HAThP<0.05). 54 YF-45 A7t 7 Eotow, FE-45 A7t
7b wgkoy, Ao oA Aol molA agkth WAl (F)S FE-180 A
g7 7HE m=oko, FE-45 Al 7F 7 v A5 Bdoy o2 sl

Atk TFAA VEEE YF-45 A7 7B $Eden, YM-90 X e 7t
74 skekek (P<0.05).
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Table 31. Effect of organic iron supplementation on sensory evaluation of egg

tems FE (mg/ka) YM (mg/kg) YF (ma/kg)
45 90 180 45 90 180 45 90 180
Appearance 3.03° 3.67%° 3.23® 353% 287° 3.10%°

3.37%¢  3.33%¢ 3.37%°

Color 3.23% 313" 3.33*® 363 297° 3.00° 3.068° 3.30° 3.20°

Juceciness 296 3.03 3.06 323 3.03 3.17 3.50 3.07 3.47

Texture  3.40°%° 3.53%° 2.97%¢ 303%¢ 2 g7 297° 3.46° 3.06%°¢ 3.23%°

Flavor 2.83 343 403 3.30 3.00 2.96 3.00 3.20 3.30
Overall

abc abc a ab C c bc bc abc
acceptability 3.46™" 3.30 3.73° 3.63 2.93" 3.26 3.76 3.36 3.36

#° Means with different superscripts in the same row are significantly different
(P<0.05).
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stom, AlmulgEel %A §FS Table 326 UeRY Stk A2 F-&, yeast
mutant 78] HE (YM), ferritin type 718 HE (YF), organic Fe (o}7]:=
b ZsheE) AR stk & fUlH HES HIE AR W #Hiio] 32
mg/kg 2 32 mg/kgel FHEEE ZHzF 0.02% 2 0.2%ZS #7713 yeast mutant
AT (YM) ¢ ferritin type A&+ (YF)E A gdaqth. 712 (organic Fe)
dg ARl weEh "ol 32 mg/kg¥ 32 mg/kgel FUHEHES HlE=T AR
Z+7 0.002% 2 0.02%E H 7l

r
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Table 32. Formula and chemical composition of the experiment diets

Ingredient %

Corn grain 70.86
Wheat bran 2.00
Soybean meal-45 21.50
Molassescane 2.00
Animal fat 1.77
Salt 0.30
Vitamin premixes" 0.15
Mineral premixes" 0.15
Antibiotic premixes 0.10

Limestone 0.50

Tricalcium Phosphate 0.67
Total 100.00
Chemical composition?

DE (kcal/kg) 3,332
CP (%) 16.50
Lysine (%) 0.77
Ca (%) 0.50
Crude fat 4.65
Methionine (%) 0.26
Avail. P (%) 0.22

" The vitamin and mineral premix contained the following per kg of diet : vitamin A,
8,000 IU; vitamin D, 880 IU; vitamin &, 24 |U; vitamin K 1.5 |U; riboflavin 3.2 mg,
pantothenic acid 10 mg; niacin 20 mg: Bi2, 15 mg; Zn, 40 mg; Fe 65 mg; Mn 35
mg; Cu 50 mg; | 0.3 mg; Se 0.2 mg; Co 0.3 mg

Provided per kg of diet: 3.471 IU; vitamin A, 514 |U vitamin D, 19.3 IU vitamin E,
1.06 mg vitamin K, 0.64 mg thiamin, 0.26 mg riboflavin, 1.09 mg pyridoxine, 0.01
mg vitamin B, 8.36 mg pantothenic acid, 16.71 mg niacin, 0.04 mg biotin, and
0.32 mg folic acid.

- 134 -



= O
28

A, ARAAT 2 A

=
<

7h)

Ao AFL =7

=
T

= 4

el

ﬂaﬂ
s

—
o

ve]
,Zﬂﬁ
el

FSA Tt

3

Agow hrold T

o
H

el

A

A

) Az

& w4

WA Fll 77}

3

Dz

2 AF 7 ATl

Hlo

2 wEg 4ube s o8vle)

v
o

et

S|

AO.AC. (199) el weh 24

%O
B

Mo
Ho

) =

ol

O

K
B

o
)
rvze)

K
B

i
Pl

o)

K
B

G

Aol

=
p

Aol w

e

ToR

ap
el

Nfo

By

WA 10 MB=E AHE

4

7512

7k A Fol A HA e B 2o

3,000 rpmell A 20

&
T

% BA ol

3

il
el

Nfo
By

—_
o

N
oj

il
=

il

<
T

Far dakell A 600TCelA 2413 3] 3}

3

AA AFA Bl FH

No.6 © ¥}

ANlgE 2~5 ¢

st 50 ml W A~Za)

A RECE

ol

e

5
9 ¥

7}

, AL At &9 (D 1 mlE

al

155}
<)

£d 10 mlE

i)

%

5

al

—_
o

2

2~ =9

0, 2, 4, 6, 8 10 mg/kge]

ek
=

%oﬂ

HFe)E=

o]

- 135 -



HE% 50 ml WaFetaae] A v olsld @E £ 10 mE 474 Wa

THITE B4R AL oS vlE 3083F dde dAFEEE=A 9 2483

XA Aol BAS Als 250 ml®t forch solvent 150 mlg Y i
Homgenizer (2500 rpm)2 3%3F wladk & centrifuge tubeo] oS Z 2t}
o] A4S 2ol 3 H WHES &gk & o] HS 3000 rpmoll A 10E7F YA E
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Ae 1~2 uE Fshel GCol Fskel A Lelahel
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Table 33. Effects of dietary iron on growth performance of pigs (kg)

YM YF Organic iron
(%) (%) (%)

0.02° 0.2 0.02 0.2 0.002 0.02
Intial weight 45.33 45.20 45.33 45.83 45.50 4550 43.17
Final Weight 105.83 112.40 111.50 109.83 108.17 111.00 108.00
17 6weeks
Weight gain  37.50 33.33 37.50 37.50 36.11 40.28 38.89
Feed intake 12.28 13.20 12.67 13.22 10.83 13.56 13.33
Gain/Feed  0.33 0.40 0.34 0.35 0.30 0.34 0.34
6~ 10weeks
Weight gain  42.71 43.96 44.63 48.54  45.21 43.96 48.13
Feed intake 11.83 13.80 14.08 12.17 15.08  13.33 14.08
Gain/Feed 0.28  0.31 0.32 0.25 0.33 0.30 0.29

Total

Weight gain  80.21 77.29 82.13 86.04 81.32 84.24 87.01
Feed intake 24.11 27.00 26.75 25.39 25.92 26.89 27.42

Gain/Feed 0.30 0.35 0.33 0.30 0.32 0.32 0.32
¢, When YM (yeast mutant) and YF (yeast ferritn type) were added at

Treatments Control

rates of 0.02% and 0.2%, the final concentrations of iron were at 3.2
ma/kg and 32 mg/kg. For these concentrations, Organic iron was added at

rates of 0.002% and 0.02%.
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Table 34. Effect of dietary iron on the carcass composition of porks (%)

YM YF Organic iron
(%) (%) (%)

Treatments  Control
0.02° 0.2 0.02 0.2 0.002 0.02

Moisture 71.24°  72.37% 73.20%  71.78® 71.95®  71.42%®  71.18°
Crude ash 1.32° 1.32° 1.28° 1.25° 1.978 1.26° 1.18°
Crude fat  15.18%  9.55% 6.72° 9.77%  9.53® 15267 15.19°

Crude protein 23.42%  20.98° 23.36° 23.21% 22.70®  21.90° 22.45%

abed Nean with different superscripts within the same row are significantly

different (P<0.05)
® When YM (yeast mutant) and YF (yeast ferritn type) were added at
rates of 0.02% and 0.2%, the final concentrations of iron were at 3.2
mg/kg and 32 mg/kg. For these concentrations, Organic iron was

added at rates of 0.002% and 0.02%.

- 141 -
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A 7bel WE =Ale) S A= Table 3590 #ol YENH. =AF
& tiE77F 78002 WAl Ukl YM 0.2%
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Table 35. Effect of dietary iron on carcass characteristics of pigs

YM YF Organic iron
(%) (%) (%)

0.02° 0.2 0.02 0.2 0.002 0.02

Treatments Control

Slaughter wt (kg)  78.00° 81.00° 87.83% 79.20° 79.43° 83.17° 81.50°
Back fat (mm) 22.00 21.40 25.00 22.60 2357 2417 22.50

Carcass grade 2.50 2.80 2.17 2.40 2.71 2.33 2.50

a4 Mean with different superscripts within the same row are significantly
different (P<0.05) (Carcass grade: A-3, B-2, C-1)
¢ When YM (yeast mutant) and YF (yeast ferritn type) were added at

rates of 0.02% and 0.2%, the final concentrations of iron were at 3.2
mg/kg and 32 mg/kg. For these concentrations, Organic iron was added at

rates of 0.002% and 0.02%.
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Table 36. Effects of dietary iron on plasma Fe of pigs (mg/kg)

YM YF Organic iron

Treatments  Control (%) (%) (%)
0.022 0.2 0.02 0.2 0.002 0.02
Fe 5.51 4.82 8.00 7.84 8.20 2.85 3.04

a When YM (yeast mutant) and YF (yeast ferritn type) were added at rates
of 0.02% and 0.2%, the final concentrations of iron were at 3.2 mg/kg and
32 mg/kg. For these concentrations, Organic iron was added at rates of

0.002% and 0.02%.
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Table 37. Effects of dietary iron on meat Fe of pigs (mg/kg)

YM YF Organic Fe

Treatments Control (%) (%) (%)
0.02° 0.2 0.02 0.2 0.002 0.02
Fe 16.01°%  14.18% 22.77° 25.87% 31.35% 15.61% 21.35°

abcd Mean with different superscripts within the same row are significantly
different (P<0.05)

When YM (yeast mutant) and YF (yeast ferritn type) were added at rates

of 0.02% and 0.2%, the final concentrations of iron were at 3.2 mg/kg

and 32 mg/kg. For these concentrations, Organic iron was added at rates

of 0.002% and 0.02%.
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Table 38. Effects of iron on meat fatty acid of pig

YM YF Organic Fe
Treatments Control (%) (%) (%)
0.02° 0.2 0.02 0.2 0.002 0.02
C14:0 1.46% 1217 1.02° 0.96°  1.04" 1.40%®°  1.17%°
C16:0 25.26°  25.31*  26.03° 24.34*  18.62° 25.847  24.42°
C16:1n7 5.97 4.35 1.72 2.17 3.39 4.47 5.38°
C18:0 11.68°  9.27® 8.54° 9.81°°  9.56% 10.48°  8.98™
C18:1n9 43.91  47.00 42.07 43.79  46.48 40.46 45.42
C18:2n6 9.71 10.11 15.37 1423  15.72 13.64 11.30
C18:3n6 0.01 0.00 0.00 0.00 0.00 0.00 0.04
C18:3n3 0.28°  0.20° 0.25° 0.25°  0.43° 0.20° 0.19°
C20:1n9 0.73 0.37 0.54 0.55 0.56 0.51 0.66
C20:2n6 0.25®  0.13° 0.35% 0.35%  0.48° 0.23%°  0.23®
C20:3n6 0.83 0.17 0.42 0.34 0.36 0.26 0.15
C20:4n6 0.46°  1.43® 2.70° 2.35°  2.37° 1.94% 1.60%
C20:5n3 0.03 0.00 0.00 0.00 0.00 0.08 0.04
C22:4n6 0.15 0.21 0.36 0.29 0.35 0.15 0.17
C22:5n3 0.16°  0.21°9  0.47° 0.41%°¢  0.44% 0.34%¢¢  0.18%
C22:6n3 0.07*°  0.03*  0.18% 0.17%°  0.22° 0.00 0.07%°
Total 100.00  100.00  100.00 100.00 100.00 100.00  100.00
SFA 38.39  35.80 35.58 35.11  29.22 37.72 34.57
USFA 61.61  64.20 64.42 64.89  70.78 62.28 65.43
mono 49.66  51.72 44.33 46.50  50.43 45.44 51.46
poly 11.95  12.49 20.09 18.39  20.35 16.84 13.97
n3 0.54 0.44 0.90 0.83 1.08 0.62 0.48
né 11.41 12.04 19.20 1756  19.27 16.23 13.48
n6/n3 20.91  27.90 21.81 2219  17.81 25.93 36.23
MUFA/SFA 1.32 1.46 1.25 1.35 1.73 1.22 1.50
PUFA/SFA 0.31 0.35 0.57 0.53 0.70 0.44 0.40

abed Mean with different superscripts within the same row are significantly
different (P<0.05) ° When YM (yeast mutant) and YF (yeast ferritn type)
were added at rates of 0.02% and 0.2%, the final concentrations of iron
were at 3.2 mg/kg and 32 mg/kg. For these concentrations, Organic iron
was added at rates of 0.002% and 0.02%.
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Table 39. Effect of dietary iron on meat color of pigs

YM YF Organic Fe
o) o) o)
Treatments Control (%) (%) (%)
0.02° 0.2 0.02 0.2 ¢ 0.002 0.02
LY 49.77%  55.20% 53.20% 58.79°  56.12%8  54.18% 54.14%
a' 8.65 10.15 8.91 9.65 8.98 9.56  8.52
b" 6.09° 7.61° 7.06° 8.06° 7.14? 8.13%  7.178

Y L: lightness, a: redness, b: yellowness

2b Mean with different superscripts within the same row are significantly
different (P<0.05)

When YM (yeast mutant) and YF (yeast ferritn type) were added at rates

of 0.02% and 0.2%, the final concentrations of iron were at 3.2 mg/kg

and 32 mg/kg. For these concentrations, Organic iron was added at rates

of 0.002% and 0.02%.
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Table 40. Effect of dietary iron on plasma cholesterol of pigs (mg/dl)

YM YF Organic iron
Treatments Control (%) (%) (%)
0.02¢° 0.2 0.02 0.2 0.002 0.02

Cholesterol 513.59% 234.60° 136.43° 125.56° 220.99° 360.69° 193.18°

2P Mean with different superscripts within the same row are significantly
different (P<0.05)

When YM (yeast mutant) and YF (yeast ferritn type) were added at rates

of 0.02% and 0.2%, the final concentrations of iron were at 3.2 mg/kg

and 32 mg/kg. For these concentrations, Organic iron was added at rates

of 0.002% and 0.02%.
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Table 41. Effect of dietary iron on meat cholesterol of pigs (mg/g)

YM YF Organic iron

Treatments Control (%) (%) (%)
0.022 0.2 0.02 0.2 0.002 0.02
Cholesterol 0.83 0.79 1.19 0.65 1.05 0.39 0.44

® When YM (yeast mutant) and YF (yeast ferritn type) were added at rates
of 0.02% and 0.2%, the final concentrations of iron were at 3.2 mg/kg

and 32 mg/kg. For these concentrations, Organic iron was added at
rates of 0.002% and 0.02%.
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Table 42. Effect of dietary iron on meat TBA of pigs (mmol/100g)

YM YF Organic iron

Treatments (A) (A)) (A))
0.02¢ 0.2 0.02 0.2 0.002  0.02
Fresh 2.73% 2778 2.31% 3,122 3.02% 1.71°
7 days 4.15% 3.35°° 353" 508 3.88%° 372
14 days 6.37%°¢  7.118° 5.52° 8.35° 5.38° 7.41%°
21 days 10.54* 8.17* 9.76  9.53% 5.70° 9.19°

2P Mean with different superscripts within the same row are significantly

different (P<0.05)

When YM (yeast mutant) and YF (yeast ferritn type) were added at rates

of 0.02% and 0.2%, the final concentrations of iron were at 3.2 mg/kg

and 32 mg/kg. For these concentrations, Organic iron was added at

rates of 0.002% and 0.02%.
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11) ¢Eyop 7px A=k

HE H7be] wE H@ 1 el g NHsE 543 A3 Table 439 o) 7¢
Zoll= YM 0.02% 3 7F77F 2633 ppme® 7FE =
iron 0.02% ZH7F7#7} 500 ppmo& 7FF A yesith 1493 E YM
0.02% H 7} 7} 46.000. % 74 =9ka, Organic iron 0.02% % 7F7} 8.33 ppme

TAE HENI Organic

fo

2 7bE 3 FAE Ben dAFeE ZER % Organic iron H 79 AR
A7 FFol TVt E5F BF dRYol shze] AL Iahde AFS HAo
U 214 Aol A= Organic iron 0.002% A 7F7F 60.33 ppme & 71 =& 43
& X% 31, Organic iron 0.002% H7}+7F 17.67 ppmeZ 7} W2 =X & e}
sk T1elan 289 kel = Organic iron 0.002% H7F7F 993302 ¢tmjo} 7}
S o] YEF oW Organic iron 0.02% #H7F7F 2667 ppme= 7}
S FAE Hol FAAYA FoAE EAT (P<0.05).

O
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Table 43. Effect of dietary iron on feces NHs of pigs (ppm)

YM YF Organic iron

Treatments Control (%) (%) (%)
0.02¢ 0.2 0.02 0.2 0.002 0.02
7 days 11.00 26.33  21.67 17.00 8.33 8.00 5.00

14 days  29.33 46.00 42.67 24.33  17.67 21.33  8.33
21 days  50.67 58.33  51.33 29.00 37.67 60.33 17.67
28 days  72.00°  70.00%° 60.00™° 32.00°° 56.00*° 99.33% 26.67°

abc Mean with different superscripts within the same row are significantly
different (P<0.05)

When YM (yeast mutant) and YF (yeast ferritn type) were added at rates

of 0.02% and 0.2%, the final concentrations of iron were at 3.2 mg/kg

and 32 mg/kg. For these concentrations, Organic iron was added at

rates of 0.002% and 0.02%.
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12) ¥ 3AL

A& A7t e =59 #sdrtel dig A= Table 443 2ot #5344
A3 98- = Organic iron 0.02% H7F7F 2662 Sk YM 0.02% &7+
7F 3522 7V =4 dEhd EAA] FoAE Badd (P<0.05). =59 Mg
YF 0.02% #7F+7F 28102 7b wrekal YM 0.02% H7b7F 3.3b= 7HY =
A vebs oy A FoAE Bolx Ekth (P>0.05). B4 YF 0.02%
H7b7F 3142 74 =9k, Organic iron 0.02% H7F7F 2092 wA YebG
EA2¢ §9x2 Byt (P<0.05). ZA7E Organic iron 0.002% H7F-7}
3.0902 7} =A JYeva, S Organic iron 0.002% H7++7F 3.06% 7}
=7 vebdth F34e 7lEEe s YM 02%¢F YF 0.02% 77t 3142
2 74 =4 Yely, Organic iron 0.02% H7F17F 27002 744 2HA e
wown, BAA fFolA= BolA kgt (P>0.05).
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Table 44. Effect of dietary iron on meat sensuous evaluation of porks

YM YF Organic iron
Treatments Control (%) (%) (%)
0.02° 0.2 0.02 0.2 0.002 0.02

Appearance  3.302 3.52° 3.04% 2.71° 3.05% 3.23° 2.65°
Color 3.00 3.35 3.09 2.81 3.05 3.23 3.04

Juiceness 2.43% 3.09° 2.74% 3.142 2.95% 3.00° 2.09°

Texture 252 278 2.91 2.95 277 3.09 243
Flavor 2.91 287 3.04 3.05 259 3.14 3.00
Overall 2.91 3.00 2.96 3.14 3.14 3.09 2.70

acceptability

abc Mean with different superscripts within the same row are significantly
different (P<0.05)

¢ When YM (yeast mutant) and YF (yeast ferritn type) were added at rates

of 0.02% and 0.2%, the final concentrations of iron were at 3.2 mg/kg

and 32 mg/kg. For these concentrations, Organic iron was added at

rates of 0.002% and 0.02%.
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 mnA A% YM03™3 YF04™e &%
5

FAEELS Ross broiler TollA A Fo] A3 A 2
Gt AT E = 2455 3 A2 o] eNtE o R biEY 644 483}
™

o]
ARG BE AR HAES Atk AR B F 4 AT wrEd

cagedl A AHSEROP SAARS G % BH HYe B B JPAE 4

Aol A A A8t

2) A7 H A

3) AE Abm B AEA)
B Aol AR APArR ] WEeEs d%2 FFL Table 4500 veh
9tk 7|2AEE Fed AN T &7 d7lsh 57 A5g wgstadch $AH
7l ARz A A7) (0~3F)e H
F7) (3~6F) Folate] AFAAL 83l

R AE YM03™ME AF57t
10" cfu/kgela HE S 200 mg/kg©l =

YM04™ & At}
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10" cfu/kgelar & < 500 mg/kgoltt. Al# Organic Fe2 A& 3afo]

5% AFolth. & AlgelAE 7zAtse] b Al 13 (FeSO, - TH,0; FE)=

A
_?L'
ot

NRC (1994) Atz o] A% Fe 80 mg/kgs #H7F3 Bl &+ (control), 71 %
A2l Saccharomyces cerevisiae (mutant type)E o] €3 &% AE (YM03™)
0.1% A+ (10" cfwkg, Fe 02 mg/kg), 1.0% A&+ (10° cfu/kg, Fe 2
mg/kg), Saccharomyces cerevisiae hFeHLC (ferritin containing yeast)E ©|-&
g &% AF (YFO4™) 0.19% A+ (10" cfu/kg, Fe 05 mg/kg), 1.0% ]+
(10° cfu/kg, Fe 5 mg/kg), A% organic Fe 0.01% 2T+ (Fe 5 mg/kg),
Organic Fe 0.1% (50 mg/kg) A& T2 & 748 69rE o=z Wi o §G4-A 2

20458 Qo] WA shel AL A Gt
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Table 45. Formula and chemical composition of the experiment at diets

Ingredient (%) Starter Finisher
Corn grain 53.55 41.54
Wheat brain - 22.00
Soybean meal 29.55 20.85
fish meal 3.00 1.00
Corn gluten meal 2.00 3.67
Soybean oil 1.50 3.00
L-Lysine-HCI 0.62 0.65
Methionine 0.50 0.47
Animal fat 4.70 3.38
Limstone 0.50 0.60
Tricalcium Phosphate 1.83 1.80
Salt 0.20 0.20
Vit-min. Mix" 0.26 0.26
Antibiotics 0.50 0.13
Anti-coxidum 0.73 0.51
Chemical composition?

ME (kal/kg) 4,000 4,000
C. Protein (%) 21.41 19.75
Lysine (%) 1.25 10.57
Methionine (%) 0.61 5.57

Vit-min. mix. provided following nutrients per kg of diet : Vitamin A,
9,000,000 IU; Vitamin D3, 2,100,000 (Starter), 2,200,000 (Finisher) IU;
Vitamin €, 15,000 (Starter), 30,000 (Finisher) IU; Vitamin K, 2,000 mg;
Vitamin B1, 1,500 (Starter), 2,000 (Finisher) mg ;Vitamin B2, 4,000
(Starter), 5,200 (Finisher) mg; Vitamin B6, 3,000 mg; Vitamin B12, 15
(Starter), 20 (Finisher) mg,; Pan—-Acid—Ca, 8500 (Starter), 10,000 (Finisher)
mg; Niacin, 20,000 (Starter), 30,000 (Finisher) mg; Biotin, 110 (Starter),
120 (Finisher) mg: Folic—Acid, 600 (Starter), 1,000 (Finisher) mg: Co, 300
(Starter), 350 (Finisher) mg; Cu, 3,500 (Starter), 4,500 (Finisher) mg; Mn,
55,000 (Starter), 65,000 (Finisher) mg: Zn, 50,000 (Starter), 60,000
(Finisher) mg; |, 600 (Starter), 800 (Finisher) mg: Se, 130 mg

YCalculated values
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HEE 50 ml MaBetaae] A the ovld] @E &9 10 mE 27 ¥a
FREE BAAA Ae Te e 3080 d9d 9AFFEEA (AAS

HITACHI, Z6000)& o]&3ato] 374 2483 nmelA dAFFF=Hom FA3

Folch& 49 (chloroform : 2 : 1, v/v) 100 ml
E EFsto] w2 mpa & dA S ekl ARolA 3071
RbeE oh 3 Bucher ol #7]= oj @ttt o el s Z ol &7 FHF 70
mlE 7hek & A A8 &3 v, W 50)ddA 270 Fo] EEE w7bA
, oSS FHA BT EST] (3BT FFAA. 55

k=
&7 AA7M22 AFAF v 5% sulfuric acid-methanol 3 mlE 7}3s}

O

NS Al

3] 2ol
3 A olH2 3 mZ 33 FEFste] AAavtAE AXAZ oS, AF ether 100
pg= o3 GC2 A5tk

AD B0 A R A7 FA SA

Deaton (1974)¢] el oste] A1 659 MAEE AAFS WA 54
stgiom, 7+ g7 FAet BEAW] FA= FAF AAUES duste] A

o
iy
ik
=
1o,
rl

2o shgon, gR A & F LS AASE BA e
2% Feol e AW AEse] BP AW

(abdominal fat pad)e] FAE FA3A. 2, A4, 1, =49, A%, 34, 2

o

o}) F A4

EE dHeolHe FER FHEANN, AT FEge EEAte] AES
SAS statical package program (SAS, Institute, 1995)& o] &3l EALEAS
AAeAar A3t 494 HA 2 Duncan®l UHsAES 5% F

o},
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Table 46. Effects of dietary Fe on growth performance of broiler (g)

YMO3 YFO04 Organic iron
Treatments Control (%) (%) (%)
0.1° 1.0 0.1 1.0 0.01 0.1
0~ 3 weeks
Intial weight 43 43 43 43 43 43 43
Final Weight 802 778 816 803 811 818 794
Weight gain 759 735 773 760 768 776 751
Feed intake 1,081 1,044 1,083 1,033 1,044 1,075 1,078
Feed/Gain 1.43 1.42 1.41 1.36 1.36 1.39 1.44
476 weeks
Intial weight 802 778 816 803 811 819 794
Final Weight 2,130 2,146 2,137 2,132 2,146 2,164 2,143
Weight gain 1,328 1,369 1,321 1,329 1,335 1,335 1,349
Feed intake 2,716 2,716 2,745 2,703 2,695 2,716 2,700
Feed/Gain 2.05 1.99 2.09 2.04 2.02 2.03 2.01
0~ 6 weeks
Intial weight 43 43 43 43 43 43 43
Final Weight 2,130 2,146 2,137 2,132 2,146 2,164 2,143
Weight gain 2,087 2,108 2,094 2,089 2,103 2,121 2,100
Feed intake 3,797 3,759 3,827 3,736 3,739 3,791 3,778
Feed/Gain 1.82 1.79 1.83 1.79 1.78 1.79 1.80

* When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at
rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and
10% cfu/kg, respectively. Addition of YM03 and YF04 at 1% supplies Fe 2
mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.

- 168 -



2) Az

Al

>~
-
|

]

2l AR dwlde] Hyt FFo] §A9 ARAC wAE 9FS 79
a7 98kl Zhsata thElate] AJREAS AAIeh A3 Table 47¥% #Zo] yE}
Wtk Rl AT 75.26%%2 YMO3 0.1% HEF7F b =%k o2 A es
Frolaks Holx| okttt (P>0.05). Z3|oll A= YF04 0.1% A& 77 1.08% 2=
Mg g FAE BRI YF4 1.0% HET7F 145%9F fexE Bt
(P<0.05). ZAWlME YMO3 01% HgT7F 579%e2 7Hg =& FA=
YF04 1.0% A& 77F 3.70% 2.2 7Hg @& A2 FoAE Bt (P<0.05). 1
2la 2ddol = YF04 1.0% A2l 7-7F 21.18% 7Hd =2 s HU o
ZT 20.12%¢F FoAE 2Rtk (P<0.05).
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Table 47. Effects of Fe on the carcass composition of broiler (%)

YMO3 YF04 Organic iron

Treatments  Control (%) (%) (%)
0.1° 1.0 0.1 1.0 0.01 0.1
Moisture 74.87° 75.26% 73.60°  75.11% 74.46% 74.51%° 74.77%°
+0.31 +0.40 +0.56 +0.29 +0.57 +0.40 +0.47
1.67°9 1.20°¢ 1 43 1.08% 1.45* {.32%c 1 pgated
Crude ash +0.07 +0.08 4003 +0.12 +0.04 +0.04 +0.05
a a b b c c c
Crude Fat 5.78% 5.79 4.54 4.62° 3.70 3.71° 3.58

+0.23 £0.20 +0.18 +0.26 +0.41 +0.41 +0.17

20.12° 20.88%* 20.96% 21.18% 20.38°° 19.29°

. ab
Crude Protein - 35,13 +0.45 =0.21 2} Y%, =016 ~x0.16 +0.14

abcd Mean with different superscripts within the same raw are significantly
different (P<0.05)

¢ When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at

rates of 0.1% and 1.0%, the final numbers of yeasts were 10" cfu/kg and

10° cfu/kg, respectively. Addition of YMO03 and YF04 at 1% supplies Fe 2

ma/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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3) =)A= (TBA) =3
Ag &A1Y =AM E (TBA) 32 A7 98] 7lsde 243 A=
Table 487} #Zgkth. 3FAFo| A= YFO4 0.1% A8 F+7F 55902 714 e Al

Ly
a

i

HYT YMO3 0.1% A F+& 96902 718 2 AdeE How EA
A o)Azt et (P<0.05). 657 Aol A= YF04 1.0% A& 77 10.52 Akl =
7b 7F skgkem) YMO3 1.0% A @+ 15252 foxE Btk (P<0.05). 97
2l A= YF04 0.1% 21.34% 7F &2 Aoe X5 Bion fFoxs= gl
o} (P>0.05). Waldo & (1993)2 2 Fs%& ferritin % H chain®l| Iron-tyrosinate
complex’} £A43lY L chainoll & &A31A o ol Ho wE 4k3tel #¢
o] Jttil BustHyt E AFAFdAE dAHeR HEe MUt FF e F

ol mE 2 Aol= gle Aow vEEn (P>0.05).
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Table 48. Effects of dietary Fe on meat TBA in broiler (%)

YMO3 YF04 Organic iron

Treatments  Control (%) (%) (%)
0.1¢ 1.0 0.1 1.0 0.01 0.1
3 Week 9.17%  9.69° 9.29°° 559° 7.03* 6.76° 6.48°

+1.18 +1.89 £ 0.77 £ 0.41 =0.03 +0.35 %0.36

14.58%  15.19% 15.25% 12.57® 10.52° 11.71% 14.92°

6 Week 1538 152+ 0.92 +1.31 +1.03  +0.73 +1.16

24.29 2498 24.83 21.34 21.58 22.53 27.55

9 Week 1472 +1.76 +352 117 058  +2.19 +1.29

2b¢ Mean with different superscripts within the same raw are significantly
different (P<0.05)

‘When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and

10°® cfu/kg, respectively. Addition of YMO3 and YFO4 at 1% supplies Fe 2

ma/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 49. Effects of dietary ferritin on Serum Fe in broiler (mg/dl)

YMO3 YF04 Organic iron
Treatments Control (%) (%) (%)
0.1% 1.0 0.1 1.0 0.01 0.1

Serum . 1.22  1.35 1.38 1.19 1.32 1.41
+0.08 +£0.09 +0.08 +0.10 =£0.01 +0.10 +0.11

* When YMO3 (yeast mutant) and YFO4 (yeast ferritn type) were added at
rates of 0.1% and 1.0%, the final numbers of yeasts were 10" cfu/kg and
10° cfu/kg, respectively. Addition of YM03 and YFO4 at 1% supplies Fe 2
mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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5) T4 Fe 3%

Fe %S 243 Z3+= Table 5001 el ot =4 HiE 32 YFO4
0192 1.0% =277} 41.58 mg/dl¢t 40.31 mg/dle & thx7¢] 3051 mg/dlx

= FHE BAoy Ao foxE YERYA ekttt (P>0.05). Granink

(1946)2 2H&a vgelM e d A dgs 7 d@d=z d¥A 9l ferritin

o] 2ol ME EASt dow, o] ferritine] A2 Fo] #HAgrta K gk wf
pom B Ay Ay r FA3 FES Aoyt EAL Fo94S gl
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Table 50. Effects of dietary ferritin on Meat Fe in broiler (mg/dl)

YMO3 YF04 Organic iron
Treatments Control (%) (%) (%)
0.1% 1.0 0.1 1.0 0.01 0.1
Meat 30.51 32.75 32.42 4158 40.31 37.66 37.03
+2.32 +2.10 +2.86 +1.69 +3.24 +3.38 +5.47

¥ When YMO3 (yeast mutant) and YFO04 (yeast ferritn type) were added at

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and

108 cfu/kg, respectively. Addition of YM0O3 and YF04 at 1% supplies Fe 2

ma/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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&) H ARSES AW AZAE A
o] =712 7t evta 3t} (Balnave, 1970). & A &9 Az =
palmitic acid (C16:0), oleic acid (C18:1) % linoleic acid

(C182)¢] greFo] W F&2 A3t Whitehead (1986)= e AW A4k
2 = palmitic acid (C16:0)9} oleic acid (C18: 1)1 H 2 A= o] Has}
AN 23S Bl Z23AAEY] Bl &S YF04 1.0% A2 -7 34.33% % 7}

d E=A UEtwew, SxsAitke] BlE2 YF04 0.1% 297 32.78% = 7}
F o= detwth diel Astd aRE VMR Agge dixTtel HlEA

-

palmitic acid (C16:0)2 57FgS 2 A A RF linoleic acid (C18:2)7F F7F8FA] €2
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Table 51. Effects of dietary Fe on plasma fatty acid in broiler (%)

YMO3 YF04 Organic iron
Treatments  Control (%) (%) %
017 1.0 0.1 1.0 0.01 0.1
C14: 0 0.24° 0.25%  (.00% 0.29°  0.20% 0.23%  (0.19°
' +0.02  +0.01 +0.05 +0.05  +0.01 +0.03  +0.02
C16 ¢ 0 20.45° 22.58% 2239%  21.00%* 24.28° 19.70° 22.86%
: +0.73  +0.55 +1.41 +1.67 +2.56 +1.69 +0.96
. 6.89° bed 4.33° 6.62%  6.19%° bed 5.00%
ci18:0 5.42 5.39
+0.95 V04 +0.43 +0.49 +0.91 043 1023
18.07°  19.78% ab 21,578  20.72° 19.67% 20.76°
Cc18 - 057 =x072 2008 058 143 x145  x1.09
‘ 11.28%  8.63° ab 9.91%¢  9.08 9.30%  8.45°
cig 2 +0.45  +0.48 10.99 +1.00 +1.26 +0.55 +0.63
+0.58
c18 ¢ 3 0.05 0.06 0.07 0.06 0.04 0.07 0.07
' +0.01 +0.02  +0.01 +0.01  +0.01 +0.01  +0.01
000 : 1 0.19¢ 0.23%¢ 0.23°  0.27%¢ 0.34° 0.31%° (.26%°
' +0.03  +0.03 +0.03 +0.04 +0.06 +0.07 +0.03
Co0 ¢ 2 0.19¢ 0.23%  0.412 0.21°  0.22° 0.28° .23
: +0.01 +0.02  +0.02 +0.03 +0.03 +0.01  +0.03
Coo 1 0 3.16° 3212 2.16° 2.80%* 251 2.16°  2.11°
: +0.72  +0.35 +0.43 +0.28 +0.36 +0.50 +0.07
Coo 1 0.04° 0.06°  1.012 0.76°  0.51°¢ 0.43% (.31
: +0.02  +0.02 +0.10 +0.05 +0.13 +0.02  +0.01
cod 0 1.24° 1.26° 1.29° 0.98°  1.13° 1.77¢ 1.79°
' +0.16  +0.15 +0.15 +0.06 +0.07 +0.23  +0.29
SFA" 31.98 31.67 30.36 31.36  34.33 29.205  32.17
USFA? 31.02 28.99  32.34 32.78  30.91 30.06  30.08
USFA/SFA 1.03 1.09 1.07 1.05 0.90 1.02 0.93
" Saturated fatty acids, 2 Unsaturated fatty acids. *°°%¢ Mean with

different superscripts within the same raw are significantly different (P<0.05)
¢ When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at
rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and
10% cfu/kg, respectively. Addition of YM03 and YF04 at 1% supplies Fe 2
mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 52. Effects of dietary ferritin on meat fatty acid in broiler (%)

YMO3 YF04 Organic iron
Treatments Control (%) (%) (%)
0.17 1.0 0.1 1.0 0.01 0.1
Ci4: 0 1.08%¢ 1.15%  1.48%® 1.33°  1.16° 1.50% 1.63°
: +0.14 +0.03  +0.11 +0.02  +0.03 +0.03  +0.28
C16: 0 22.25%  2295%  23.04°  21.28% 19.73* 18.37¢ 22.01%
: +1.18 +1.16 +0.67 +0.90 +0.55 +0.89 +2.42
c18 : 0 6.69 6.53 8.44 7.51 7.74 8.08 8.01
: +0.45 +0.72  +0.45 +0.71  +0.83 +0.67 +0.99
c1s ¢ 1 41.23 40.80  42.21 40.53  39.80 38.30  41.33
: +0.50 +0.87 +0.72 +1.46  +0.90 +1.14 +4.80
ci8 o 15.68" 15.67° 16.68%° 13.77° 16.99% 18.37%  17.46%
: +0.61 +0.51  +0.39 +0.53  +0.97 +0.07 +2.35
c18 3 0.82° 1.27°¢  1.01% 1.12¢¢ 1512 1.397  0.83°
: +0.07 +0.03  +0.10 +0.03  +0.11 +0.11  +0.07
C20 : 1 0.54° 0.83%  0.79% 0.78%®  0.55° 0.73*  0.85°
: +0.02 +0.06 +0.04 +0.11  +0.07 +0.11  +0.14
C20 : 2 0.19° 0.22%  0.27%® 0.27%  0.20% 0.19°  0.30°
: +0.01 +0.01  +0.02 +0.02  +0.03 +0.02 +0.06
Co9 1 0 0.53° 0.63°  0.62° 0.55°  0.72% 0.84*  0.57°
: +0.03 +0.03  +0.02 +0.07  +0.05 +0.10  +0.04
Co2 ¢ 1 0.04 0.06 0.05 0.07 0.04 0.07 0.06
: +0.01 +0.02  +0.01 +0.01  +0.01 +0.01  +0.02
coa ;0 0.05 0.07 0.05 0.08 0.07 0.09 0.10
: +0.01 +0.01  +0.01 +0.04 +0.04 +0.01  +0.02
SFA" 30.80 31.33  33.63 30.75  29.42 28.88  32.32
USFA? 58.50 58.85  61.01 56.54  56.54 59.05  60.83
USFA/SFA 1.90 1.88 1.81 1.84 1.92 2.04 1.88

2) ab,c,de

R Mean with

Saturated fatty acids, Unsaturated fatty acids.
different superscripts within the same raw are significantly different
(P<0.05). ' When YMO3 (yeast mutant) and YFO4 (yeast ferritn type) were
added at rates of 0.1% and 1.0%, the final numbers of yeasts were 10’
cfu/kg and 10% cfu/kg, respectively. Addition of YMO03 and YF04 at 1%
supplies Fe 2 mg/kg and 5mag/kg, and organic iron at 0.01% supply Fe at

5 mg/kg.
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Table 53. Effects of ferritin on development of intestinal organs in broiler

(a)

YMO3 YF04 Organic iron
Treatments Control (%) (%) (%)

01° 1.0 01 1.0 0.01 0.1
. 5.30% 2.65° 3.62° 5.82% 5972 5.76% 6.95°

Crop wt./Live wt. +0.80 4027 +0.71 +0.64 +053 +062 +0.65
. 1171 1181 1165 1585 11.62  11.64 12.83
Heart wt./Live wt. +0.84 +0.89 +0.79 +3.22 +1.18 +0.88 +1.45
. . 37.00 35.28 37.45 37.06 39.41 3548 42.67
Liver wt./Live wt. 154 +134 +1.63 +2.19 +3.00 +3.06 +4.43
. . 4354 3809 3831 3858 3822 4026 39.36
Gizzardwt./Live wt. {596 Y290 1092 4255 +1.83 +1.56 +1.87
. 3.84 441 4.08 483 407 867 451

Pancreas wt./Live wt. 733 1521 402 +0.32 +0.30 +4.71 +0.43
. 11.40 1274 13.91 1336 11.63 1594 12.67

Cecum wt./Live wt. 597 4721 +155 +0.77 +1.86 +2.14 +1.77
. . 088 405 3.67 3.37 303 343 364
Kidney wt./Live wt. 534 1069 +0.65 +027 +0.32 4034 +0.41

. . 3058 4051 40.36  43.22 45.09 3858 42.63
Sintestine wt./Live wt.  Y5°6% {066 +1.48 4589 +2.13 +2.30 +2.01

. . 9.09° 9.62° 7.95°  6.57%° 546°  4.85° 531°
Lintestine wi./Live Wt 144 +044 4068 +£7.94 +0.88 +0.71 +1.12

ab
Abdominal fat pad wt. 18.49%¢ 6.79° 11.21% 16.00% 23.17° 16.93%°c 14.42
ILive wt. +389 +0.88 +3.60 +3.12 +3.54 +4.04

+2.29
Proventriculus/Live 8.10 7.71 7.76 9.11 8.61 7.59 8.77
wi. +0.34 =£0.56 +0.20 +0.82 +0.54 +0.34 =+0.54

abe Mean with different superscripts within the same raw are significantly
different (P<0.05).

¢ When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at
rates of 0.1% and 1.0%, the final numbers of yeasts were 10" cfu/kg
and 10° cfu/kg, respectively. Addition of YM03 and YF04 at 1%
supplies Fe 2 mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe
at 5 mg/kg.
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Table 54. Formula and chemical composition of experimental diet (%)

Ingredients Control
Corn grain 62.17
Soybean meal 19.35
Corn gluten meal 3.50
Fish meal 1.25
Animal fat 1.85
Salt 0.20
Tricolcium phosphate 1.58
Limestone 8.35
Shellmax 0.30
DL-Methionine 0.21
L-Lysine 0.06
Cholin chloride 0.10
Vit-min mix’ 0.24
Natuphos 0.083
Avizyuphos 0.02
Bio—5050 0.10
Fermenzyme 0.10
Citrax 0.01
Biotite 0.30
Ferm—Kito 0.10
Digestarom—Pol 0.01
N-Fac 1000 0.12
Shell Fos 0.05
Chemical composition®
ME (kcal/kg) 2782.86
C. Protein (%) 16.36
Lysine (%) 0.79
Methionine (%) 0.39
Ca (%) 3.89
Avail. P (%) 0.38

" Vit-min mix. provided following nutrients per kg of diet Vitamin

A,9,000,000 IU; Vitamin D3, 2,100,000 IU; Vitamin E, 15,000 IU; Vitamin K,
2,000mg; VitaminB1, 1,500mg; Vitamin B2, 4,000mg; Vitamin B6, 3,000mg:

Vitamin B12, 15mg,;

110mg; Folic-Acid, 600mg;
55,000mg: Zn, 40,000mg; I, 600mg; Se, 130mg

2 Calculated values

Pan—-Acid-Ca,
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gto] ®¥WE Chroma meter (Minolta, CR-210, Japan)E A}-&3le] wiAle
(lightness)E YEM+= Lit, HAAME  (redness)E UENHE azgtd 3=
(vellowness)E& YWENNE baks SA3Ath o we] 242 Lol 97.10, adt

ol -0.17 = bgkeol 1.99%1 WA FEd-S ARSI
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HAe=th 30 E?F 3000rpmell Al AR E AlF T dAlEEE &4 ot F &

o 1 ml¥ amplue(#21)el &7 Arvtam Ax AFT o 8

N

benzene 3W-&S HolmHUF 5% sulfuric acid (in MeOH) 1 milell ThA] &3)A]
At
Water batholl Al 45859t 950Co|A] 7 alt}, S 233 tybed] 24 1

ml Soduim CarbonateE % 7}3g+t}. Petroleum ether 3 mlE 3 7}sle] 3304 &+

=

=3 ArTl2dtol A AFAI AT 05 ml Petroleum etherdl] mo]l CGR #4386}
At

) o 22 g
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ATy HE stz 24 7]7]= ICP (inductively coupled plasma, =23
g=rhE ZFA4ST AR ZAE AR 50 g AEE AAAFA B Hsta
100CoA A3 § 600CA g Wao]l & wj7hx] g5 st Aqk (1t
20 mE 7hsto] =R WA &3AIZl F No. 6 AHAAE o] AL 33 F7F
T8 ofste] 50 mE AR dom Sk AlFAHIL e EFEA (1,000
mg/kg)S EAste] Ca, P, K, Na ¥ Mg+ 0, 2, 4, 8, 16 ¥ 32 mg/kg® 2 Fe,
Mn, Zn 2 Cux= 0, 05, 1, 2, 4 ¥ 8 mg/kgl & SF =S =4 Aoz 3

a e Azd As de Ao, S = mg/kgl 2 st

) AL
HEAARE 2 (19929 el sl AAsgov, Beaste ARE 7

of Ao £ =ol 2023 ok, deAAde e cHWtn s=xf

El) 2t = (TBA)

Ao Ao AR A= (TBA)E W&S o] 8319 test tubeo] ¥
3l thio-basbitusic acid (TBA) €94 Yo centrifuge tubeo] Eo} 2,500 rpmel
A 1R dAREEE sta,  aFdd ASdE cuvettedl &7,

UV-Spectrophotometer (KONTROM 942, Italy)E ©]83}o] 530 mmolA &3 %

1) FAA
2 AgolA doj A= FAAR = SAS statical Package Program
(SAS, Institute, 1995)0] 9]&}e] B AFEA S AAsgon, g Fdzte] §9o4

474¢ Duncan®] G304 S ol §akel A st
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Table 55. Effect of dietary ferritin on egg production in the layer (%)

Treat Control YMO3 YMO3 YF04 YF04 Organic  Organic
Week 0.1%° 1.0% 0.1% 1.0% 0.01% 0.1%
1 87.12° 97.76° 91.79®  095.83*  93.89° 95.92° 96.74°
2 93.67 97.59 96.51 97.62  100.83 97.47 95.61
3 90.94 92.33 95.92 94.01 94.54 95.73 95.27
4 92.65 95.60 96.94 98.73 95.80 97.94 96.55
5 91.57° 98.78° 97.70° 96.59%°  97.64% 96.89%°  94.95%
6 89.59° 95.58%  95.94%  91.27°° 99.32° 97.76° 97.112
7 92.21° 97.01% 9532  9571%® 91.17° 98.18"  96.26%
8 88.99° 95.24° 93.78%  94.29%  96.74° 95.48° 95.36°
9 89.24° 97.37 95.80*  95.95°  95.87° 94.12%  94.92%
Mean 90.66° 96.36° 95.52° 95.56° 97.09° 96.61° 95.86°

a.b.c

different (P<0.05)
4 When YMO03 (yeast mutant) and YF04 (yeast ferritn type) were added at

Mean with different superscripts

in the same

rows are significant

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and

108 cfu/kg, respectively. Addition of YM03 and YF04 at 1% supplies Fe 2

mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 56. Effect of dietary ferritin on egg weight in the layer (g)

w Control YMO3 YMO3 YFO4 YFO04 Organic  Organic
WeekK 0.1%° 1.0% 0.1% 1.0%  0.01% 0.1%
1 56.20°  60.82%  58.30°° 58.48%*  57.83*  58.85®  58.81%
2 58.50 59.83 58.14 59.87 59.56 58.80 59.04
3 59.07 59.88 58.99 60.01 60.28 58.58 58.92
4 60.29%°  60.29" 59.61*® 59.68%°  58.66b 61.10° 60.08%
5 59.85 59.15 58.43 58.45 57.04 58.22 57.99
6 59.50%°  61.40°  58.80° 59.88%* = 59.49%* = 60.12® = 59.01%°
7 58.27 59.60 58.41 58.58 58.55 58.82 58.01
8 59.50 60.27 59.05 59.80 57.81 59.95 59.50
9 59.77%°  59.77*  59.70°  58.67*  58.82® 5863  56.87°
Mean 59.18*  59.77*  59.69°  58.67*  58.81* = 58.63*  56.87°

a,b

Mean with different superscripts

different (P<0.05)
¢ When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at

in the same

rows are significant

rates of 0.1% and 1.0%, the final numbers of yeasts were 107 cfu/kg and

108 cfu/kg, respectively. Addition of YMO3 and YF04 at 1% supplies Fe 2

mg/kg and 5mga/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 57. Effect of dietary ferritin on egg mass in the layer (g)

reat. Control YMO03 YMO3 YF04 YF04 Organic  Organic
Week 0.1%° 1.0% 0.1% 1.0%  0.01% 0.1%

1 48.22° 59.47°  53.75° 56.06% 54.30° 56.50% 56.91%

2 52.63*® 58.38a° 56.13a° 58.17% 59.58%  57.29% 56.41%

3 53.00 55.37 56.57 56.41 56.90 56.02 56.17

4 54.05° 57.56%® 57.76% 58.84% 56.15%  59.85° 57.99%

5 52.93° 58.44 57.08 56.33 55.41 56.41 55.06

6 53.03° 58.68°  56.41% 55.15% 58.82%  58.79° 57.322

7 52.45°  57.76°  55.65% 56.05% 58.03°  57.77° 55.86%

8 51.56° 57.40°  55.38% 56.36° 55.92%  57.00° 56.65°

9 51.18° 57.89°  56.90° 56.00% 56.39%  55.19% 53.97%
Mean 52.11®*  57.882  56.18° 56.60° 56.83%  57.23° 56.26°

a.b.c

different (P<0.05)
4 When YMO03 (yeast mutant) and YF04 (yeast ferritn type) were added at

Mean with different superscripts

in the same

rows are significant

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and

108 cfu/kg, respectively. Addition of YM03 and YF04 at 1% supplies Fe 2

mg/kg and 5mga/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 58. Effect of dietary ferritin on feed intake in the layers (g)

W Control YMO3 YMO3 YF04 YFO4 Organic  Organic
Week 0.1%° 1.0% 0.1% 1.0%  0.01% 0.1%
1 129.58 129.80  144.40  131.20  135.60  127.80  136.20
2 127.75 133.00  137.20  127.20  132.80  128.80  134.80
3 99.75 98.40  108.60  104.60  112.20 95.60 96.20
4 121.80 128.60  131.00  125.40  134.40  120.80  128.80
5 117.75 118.00  127.40  129.40  120.20  125.40  131.20
6 115.75° 121.00"° 137.40° 122.80*° 127.60*° 118.00* 125.20%
7 126.00 124.80  124.60 13540  133.80  131.40  129.00
8 123.25 138.80  138.80  127.60  131.80  130.00  132.20
9 109.75%® 119.80%° 123.60%  133.40° 126.40%° 121.20®® 126.40%
Mean  119.40° 121.83® 130.00° 125.83® 127.67* 121.83* 126.33%
a5 Mean with different superscripts in the same rows are significant

different (P<0.05)
°© When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and

108 cfu/kg, respectively. Addition of YM0O3 and YF04 at 1% supplies Fe 2

mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 59. Effect of dietary ferritin on feed conversion in the layer

Jreat. Control YMO3 YMO3 YFO4 YF04 Organic  Organic
Week 0.1%° 1.0% 0.1% 1.0%  0.01% 0.1%
1 2.30% 2.14° 2.48° 2.25% 2.35% 2.17° 2.32%
2 2.20 2.23 2.36 2.13 2.22 2.19 2.28
3 1.74 1.66 1.84 1.73 1.83 1.63 1.63
4 2.12% 2.11% 2.20% 2.09% 2.28° 1.97° 2.14%
5 2.09 2.01 2.18 2.21 2.10 2.15 2.26
6 2.04% 1.97° 2.30° 2.05% 2.13% 1.96° 2.10%
7 2.26 2.10 2.15 2.30 2.27 2.23 2.22
8 2.11 2.07 2.34 2.12 2.28 217 2.22
9 1.98 2.01 2.06 2.25 2.12 2.06 2.22
Mean 2.09 2.03 2.21 2.13 2.18 2.06 2.16

ab Mean with different superscripts in the same rows are significant

different (P<0.05)
¢ When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and
108 cfu/kg, respectively. Addition of YM03 and YF04 at 1% supplies Fe 2
mg/kg and 5mga/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 60. Effect of dietary ferritin on egg shell thickness in the eggs (um)

reat. Control YMO3 YMO3 YF04 YFO4 Organic  Organic
Wee 0.1%° 1.0% 0.1% 1.0% 0.01% 0.1%
1 355.4° 346.9° 346.0° 347.8° 361.3° 349.0° 365.6°
2 337.3° 350.7%  347.9%®  353.5° 341.9°  348.8®°  352.5°
3 343.8°° 338.7° 356.22 349.9%  339.2° 351.6%  345.3"
4 346.6 350.7 345.2 344.4 349.9 343.1 347.7
5  360.3° 355.1%  352.9%° 3551%*  352.8%° 338.9° 340.8"°
6 363.6° 359.0°° 363.5®  366.3° 349.7° 352.1° 358.7%
7 3551 349.4° 368.0° 356.8%  356.2%  3455° 346.7°
8  354.0 354.9 346.2 346.7 344.0 350.7 348.0
9 340.8%°  343.2®® 3420 337.0° 343.0®®  353.9° 352.72
Mean 348.5 349.7 352.0 351.1 348.7 348.2 350.6
a,b,c

different (P<0.05)
4 When YMO03 (yeast mutant) and YF04 (yeast ferritn type) were added at

Mean with different superscripts

in the same

rows are significant

rates of 0.1% and 1.0%, the final numbers of yeasts were 107 cfu/kg and

10° cfu/kg, respectively. Addition of YMO3 and YF04 at 1% supplies Fe 2

mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.

- 199 -



e
H
i
aV)
=
i)
et
N
L
K-
=
il
no
oot
1%
b
rr
—
Q
o
o
(@)}
—
-
)
o
T
x2,
=
1z
b
I\
2

= 35, 55, 75 3WlElel ZA AFHT Agem A= (L), A% (a), A=
b)S F43 FdAE ekl Aoty MAE== YMO03 0.1% A 27 50630 %

MY E HYPA T A3

22 885% 7H4 ¥:¢kal Organic 0.01% A @+7F 7642 714
S AAEE Wom Ao fo4 Aols HATt (P<0.05).

FAEE YM 0.1% A8 F7F 629202 74 =9ka, tix+S 59220 2 7ba
U FAEE HYon oF A itilE §94 AolE HTH (P<0.05).

- 200 -



Table 61. Effect of dietary ferritin on egg yolk color changs

Treat Control YMO3 YMO3 YFO04 YF04 Organic  Organic
0.1%¢ 1.0% 0.1% 1.0% 0.01% 0.1%

L 49.98 50.63 50.36 50.60 50.59 50.39 50.57
+1.44 +0.72 +0.59 +0.78 +0.90 +0.80 +1.24

g 8.85° 8.36% 8.40% 8.62%°  8.32° 7.64° 7.70°
+0.41 +0.36 +0.27 +0.42 +0.38 +0.31 +0.26

5 59.22°  2.92° 62.14° 61.91° 6150 61.00°  62.63°
+2.34 +1.59 +1.59 +2.29 +1.67 +1.89 +1.57

abc Mean with different superscripts in the same rows are significant

different (P<0.05)

4 When YMO03 (yeast mutant) and YF04 (yeast ferritn type) were added at

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and

108 cfu/kg, respectively. Addition of YM03 and YF04 at 1% supplies Fe 2

mg/kg and 5mga/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 62. Effect of ferritin on internal quality in the eggs (Haugh unit)

lreat Control YMO03 YMO3 YF04 YF04 Organic  Organic
Week 0.1%  1.0% 0.1% 1.0%  0.01% 0.1%
5 85.25°  85.40° 92.00®  87.00®® 89.40% 86.20°  87.00%
+1.24 +1.12  +2.51 +255  +0.68 +1.20 +1.05
4 83.75 83.80 87.60 84.20 86.20 85.40 87.40
+1.75 +1.24  +1.91 +0.66  +1.16 +0.93 +1.21
6 87.25 88.60 87.20 87.40 87.60 89.00 88.20
+1.00 +1.17  +1.16 +1.21 +0.87 +0.71 +0.86

8 86.50°  89.20® 89.00®®  90.00° 89.40*  89.20*  89.00%
+1.12 +0.86  +0.84 +0.71 +0.93 +1.16 +1.22

Mean 78.94°  86.25% 88.95%  87.15%  87.90% 87.45%  87.90°
+1.28 +1.10  +1.60 +1.28  +0.91 +1.02 +1.09

abc Mean with different superscripts in the same rows are significant

different (P<0.05)
4 When YMO03 (yeast mutant) and YF04 (yeast ferritn type) were added at

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and

108 cfu/kg, respectively. Addition of YM03 and YF04 at 1% supplies Fe 2

mg/kg and 5ma/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 63. Effects of ferritin on shape index, albumen index, yolk index

Treat Control YMO3 YMO3 YF04 YF04 Organic Organic
) 0.1%° 1.0% 0.1% 1.0% 0.01% 0.1%
shape 77.77 75.05 75.62 74.06 76.24 76.21 74.03
index +1.01 +0.98 +1.09 +0.35 +0.91 +0.79 +0.67
albumen 0.47 0.46 0.47 0.47 0.49 0.48 0.48
index +0.005 +0.003 £0.005 +0.005 +0.003 +0.002 £0.003
yolk 0.10 0.10 0.10 0.1 0.11 0.10 0.10
index +0.008 +0.007 £0.006 +£0.007 +0.007 +0.008 0.008
® When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and
108 cfu/kg, respectively. Addition of YM0O3 and YF04 at 1% supplies Fe 2
mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 64. Effect of ferritin on egg yolk fatty acid composition of the 7th
week in the experiment

Treat. Control YMO3 YMO3 YF04 YFO4 Organic  Organic
Week 0.1%° 1.0% 0.1% 1.0% 0.01% 0.1%

14:0 0.37%  0.33® 0.36° 0.22° 0.22° 0.27°  0.28%®°
+0.07  +0.01 +0.06 +0.05  +0.02 +0.02 +0.04
16:0 20.77°  19.60°  20.13*  16.33°  20.40° 19.712  20.54°
+0.70  +1.10 +1.44  +1.01 +0.02 +0.31 +2.06
18:0 8.64° 3.33° 1.32¢ 0.75° 0.20° 0.22¢ 1.73%
+1.92  +1.51 +0.52 +0.15  +0.02 +0.01 +0.20
18:1 39.10°  41.84%  41.29%®  40.39®  41.88° 39.54%  41.16%
+0.52  +1.37 +0.78 +0.59  +0.50 +0.30 +1.75

18:2 5.78° 6.65° 8.49% 80.2° 7.12° 5.71° 11.95°
+0.32  +1.16 +1.44 +1.64  +0.74 +0.38 +3.04
18:3 1.83° 0.36° 0.18° 0.23° 0.21° 0.23° 0.27°

+0.67  +0.16 +0.03 +0.05  +0.01 +0.01 +0.10
20:1 0.20°¢  0.28% 0.35° 0.12¢ 0.22% 0.19° 0.17%
+0.01  +0.05 +0.07 +0.01 +0.06 +0.01 +0.02

5019 027 023 0.30 0.21 0.21 0.25 0.23
+0.03  +0.01  +0.07  +0.02  +0.02  +0.01  +0.03

25:0 0.41°  014° 005  0.02°  0.03° 0.02°  0.03°
+0.07 +0.08  +0.01  +0.01  +0.01  +0.01  +0.01

_ 0.05° 0.03° 0.13° 0.02° 0.02° 0.02° 0.02°
221 +0.01 4001  +0.02  +0.01  +001  +0.01  +0.01
178 067° 033  022°  0.22° 017°  0.26°

24:0 +0.54 4022  £0.05  +0.09  +0.01 +0.09  +0.03
Mean with different superscripts in the same rows are significant
different (P<0.05)

C14:0 (myristic acid), C16:0 (palmitic acid), C18:0 (stearic acid), C18:1
(oleic acid), C18:2 (linoleic acid), C18:3 (linolenic acid), C20:1 (eicosenoic
acid), C20:2 (eicosadienoic acid), C22:0 (benanexic acid),C22:1 (erutic
acid), C24:0 (lignouric acid)

¢ When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at
rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and
10% cfu/kg, respectively. Addition of YM03 and YF04 at 1% supplies Fe 2
mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.

ab,c
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Table 65. Effect of ferritin on egg yolk Fe in the experiment (mg/kg)

YMO3 YMO3 YF04 YF04 Organic Organic

freat.Control yoe 0%  04%  1.0% 0.01%  0.1%

13.39°  13.33° 17.57°  13.11°  17.85%  12.72°  19.10°

Fe +0.44 +1.93 +0.78 +0.41 +0.68 +2.30 +0.76

&% Mean with different superscripts in the same rows are significant

different (P<0.05)
© When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at
rates of 0.1% and 1.0%, the final numbers of yeasts were 10" cfu/kg and
10° cfu/kg, respectively. Addition of YM03 and YFO4 at 1% supplies Fe 2

mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 66. Effect of dietary ferritin on sensuous evaluation of the egg

Treat. Control YMOCZ YMO3 YFO4 YF04 Organic Organic
0.1% 1.0% 0.1% 1.0%  0.01% 0.1%

Appearance 3.31 3.00 3.07 3.29 3.64 3.29 3.36
+0.17 +0.28  +0.17 +0.24  +0.27  +0.24  +0.23

Color 3.46%°  3.14°  3.57%¢ 293¢ 4.00° 3.43%°¢  3.57%°
+0.23 +0.25  +0.21  +0.27  +0.21 +0.25  +0.24

Juceciness 33 3.07 3.07 3.43 3.50 3.14 33.14
+0.16 +0.20 +0.18 +0.29  +0.27  +0.31 +0.29

Texture 3.23 3.21 3.29 3.57 3.43 3.36 3.29
+0.11 +0.19  +0.21  +0.20  +0.25  +0.25  +0.27

Flavor 3.23% 2.85° 3.00* 3.21% 3.36% 3.57% 3.64°
+0.17 +0.25 +0.25 +0.30  +0.23  +0.23  +0.23

Overall 3.00° 2.86" 3.29%  3.50% 4.00° 3.21% 3.50%
Acceptability +0.30 +0.23  +0.30 +0.17  +0.26  +0.28  +0.23

ab.c

Mean with different superscripts

different (P<0.05)

in the same

rows are significant

4 When YMO03 (yeast mutant) and YF04 (yeast ferritn type) were added at

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and

108 cfu/kg, respectively. Addition of YM03 and YF04 at 1% supplies Fe 2

ma/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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Table 67. Effect of dietary ferritin on TBA of the egg

reat. Control YMO3 YMO3 YF04 YFO04 Organic Organic
Wee 0.1%° 1.0% 0.1% 1.0%  0.01% 0.1%
1 1.802 1.942 2.01° 1.77° 1.64° 2.07° 1.86°
+0.97 +0.08  +0.20 +0.15 +0.11 +0.15 +0.08
2 2.17° 2.68° 3.80° 3.62° 2.71° 3.99° 2.81°
+0.21 +0.18 +0.32 +0.34 +0.25 +0.24 +0.23

3 4.57° 4.73% 6.132 5.69% 5.48% 5.30° 5.14°
+0.37 +0.26 +0.29 +0.25 +0.22 +0.16 +0.14

Mean  2.85° 3.11¢ 3.98° 3.69% 3.28° 3.78° 3.27°
+0.51 +0.17  +0.27 +0.25 +0.19 +0.18 +0.15

a,b,c,d

different (P<0.05)
® When YMO3 (yeast mutant) and YF04 (yeast ferritn type) were added at

Mean with different superscripts

in the same rows are significant

rates of 0.1% and 1.0%, the final numbers of yeasts were 10’ cfu/kg and

108 cfu/kg, respectively. Addition of YM0O3 and YF04 at 1% supplies Fe 2

mg/kg and 5mg/kg, and organic iron at 0.01% supply Fe at 5 mg/kg.
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