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Abstract

The quality and cooking characteristics of eggs are affected by factors such as the hen’s diet supplementation, strain, age, and
environment. This study aimed to investigate the effects of a high-mineral diet, including iron, magnesium, and zinc, for hen on the
quality and cooking characteristics of the eggs. The eggs used in this study were laid by hens that were supplied with a standard diet (S
group) or high-mineral diet (M group). The boiled egg of the M group had higher fracture properties than S group. Regarding foaming
properties, M group had higher stability and smaller foams than those by the S group. However, when eggs from both the groups were
used to make sponge cakes, no significant difference was seen in the volume and texture. In summary, these results suggested that the
eggs laid by hens on a high-mineral diet had better heat coagulation and foaming properties than those by hens on a standard diet.
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Table 1 #55- L7z kD sy
HA (RS T SN S o ¥ (:GiF

K5y (%] 11.6
HL7Z A <E [%] 18.1
HLIENG [%] 7.1
FHARAE [%] 2.6
HLKSY [%] 12.6
AR (%) 48.0
T hU DA (%] 0.204
HIN Y L ([%] 4.19
U (%] 0.508

#k [mg/kg] 96 131

~ 7% ¥ 7 A[mgkg] 1980 2420

dEn [mg/kg] 52.3 54.9
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EANEE, IFAEOLEMER L ORENEIE L 2.
PgE L L 7ZIRA 3 ARG L CTHEHL, N RIxy
— (DL-0201 : HFI (]%)) (2L L~y 1 (600rpm) T 30
B, L~uLs (1100 rpm) T 143 OAF 14 30 R THE
< VAL T,

2.1.3 JnEgN

BEEREME 2 A T 2 INEIR A R B U 72 B o LT,
B 21 em #5127k 3000 mL 2 AV TINEL L, Wbl 2 fesd t4,
FAREEEEOIN 6 Al (S 3kl :61.53+0.43 g, M &k} : 60.98
+0.56 g) A LL—FICAR, 155 LED. 2o
#% 25 Ak T L, INEWEEE L L.

214 AR Tlr—=F

R ERAT AR Oy —%2#{l L= F—%0
MRS L OWA TS, IR 200 g (JREEEIA 30 %) ISR L
T, Wb (BRE - RO NSt 120g IR (R
&7 — XS 120g 2V, 3 CHE TR L D).
IR N R X —D LU 1 (600rpm) T 1 43R
U721, BbBEAZINZ TL~UL 5 (1100rpm) T 5 4y [k
L, NEMEZINAZ, TLXRT TSR L. Ay R
(E& 17cem, TH8cem, W& 6cem) IC/8y ¥ —% 140 g it
LA, TAA—T v (R T AR SHE, e A b
UVEN hA v ar B Rr—4 — :SN-860LA-S) T 160°C 30
OB AT 7. B, | FEfG L, RA8HT v
TT NS (BT Ty TR AR — AT a2y
KEth) &0, 77 AF—[F&TITRAF oIy 7 (¥
v 70y 7 ®: LR — A7 0 H 7 YRS ) ITAR,
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FRMEAZRMT 2D AZ—=RTF 4 o ZEFHR L7,
YR 300g (JRFEI 210g, JFEE90g) (2L T, 3f%& (900
g) OFH (BB LWL kNSt G, 2FKES
D 15% (180g) OHbHE (HAVHE . H Pkt &M
WCHHRL L7229 . 20T 2 [@, BB 1 A b L—F
(16 Avva) ICEVEILL, FAXY+—F—NRZT
S0CICIRDTIRE L. AV I ADTTF 4T hy T
(& ¢ 4.5cm, L ¢6.5cm, S 4.5cm)iZ 60g T 2501
L, 8- 10 7 v TR, AF—Lbar_yva vt —7
> (MIC-5TB3 : RV H AR 4) OAF—LE—RT
90°C10 Sy FEIINER L 7=, MEt%, 30 R L, BT T v
TITA4NN (T T TR LA — AT e X 7k
X&t) 20 SCTRF LT,
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FRIBD RSy 53T, BRI EERR A SRR L7, 9P A
B L OUIEO— A OBIEITIE, i EHZ W T 10 35
MPEEATZINE A LE, &5 10 fERRL, IREL-Zb0 % H
WL BIEITIENE, KR DSBS, T A B
PRBEEE, NEEDSERMRE, K DSEERAGIE, RIS H
1100- (KG+7= X BHREHK ) ) OFE, I ¥
LANFEF R ETE, #k - ~ 7 R w7 A - #liEAN ICP %t
SHTETH - 7=,

222 JPE & pH

FRON O FEE, PEUNIE4ICHVNT, RPN E &, JR TR,
ANz b BIEREIZOWT, JVEIE RS (DET6000
RSt~ 0) IR VRE L. Z2BIRFEEAONE L
PVEHIEIEE ORI E T YCCE— RE M L. N7 -
=y MRS E OREE R ST EEER S <, IR AR
HOME 1~15 TIHT 4EETH L. IR LOINE D
pH 1%, FIIAKZFBICHEE LY HICT VXL pH A—4
(B-712 : HORIBA Scientific) TilllZE L 7=

223 IPEAORENS L O )

YA o %2 291, 2.1.2 TR L7290 AT A 30g T
28—k (¢7.5cm) ICREVELY, =E (25C) KEicE
TR Uz (B E) 20078 Uiz, WE R eke I,
JiE 3~60 53 & Liz. WO REM[%IE, FreoftEAXlv
Kbz,
WoREM={(JIEEREZ KRR LioigER) ~IPEHER)
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PN ORI X, INAT OB E MRS IS EmL &)
Wrcx2, ZoZlhd, BEXZRENELTHELE.
LI E T 7 Ay v —1 (430 mm) (C AN CHE
ZREL, FrORERIZLVBEELRDE
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SINEAIR DOREWAF L, T FEROMR LY, BN EZ &
NRLBEO—IEAH ZHE LT, RE L. MBIIOIIE D
WERRRFELE, RS A E S 2om 123712 h—LAH
THIWF L, Ul E FIC L CREFRICEWVT, b EWES
oy % LA F— (RE2-3305B-1 : N 4E L) 1 X 0 ks
FERE (v— RE/L 20N, HEKRTZ 2% —¢3 mm,
TEEHE 50 %, WEHRE 1 m/s) 2177,

IMEIRDIITE X, INAEI D BRE, W EEORETIL
B AT X0 BEERERE (2 — B/ 20N, < EW
W7V —, WEEFS0%, WEHE 1 m/s) 217-
7o, BIEIIAT LAYy — L (40 mm) I ANHEET S
Zllky, BESE.
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F—{RFEEE (AR-O1 : RSt A - 72 R) @ 2CCD i
FEREIC LY, WE L. RENER, AR —%0
FRE NS 2, BES2emXlE2emXEmS2em 237 1
F—2HTYOHL, AT — (RE2-3305B-1 : A& 4110
| ACKY, T/ AFr—lE (72— KE/A20N, MR
TT V% —gll m, PIEEE 0%, BIEHE 1 m/s) &
1To7-.
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5C T 24 BRI LBl o7 7 2 F v —1%, LA F—
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%X, 2—FE/NL20N, AT T Vv —¢l6 mm, HEER
50 %, HEEE 1 m/s & L7,
227 MEGH, AR Pr—%BLOIAZ—RKTT v
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FREL L 7ZINBUROINE - BRI, ARV —FBLON
AH— RFF 4 o TIZONT, T BRPERESIEIC L DEAfR
ERERTAL &2 20 L 7=, /SRIE, KA REA 16 44T,
WREOBEZBA L, RBEZICEL N0, 2B EE
FEAEIE, AFRFRRMEER S OKR (H30-17) 2457
BB OARAESEIL 25°C L U, $EREBHE, INEAIR AN
UNZHEC AT A P —THl o= 12 4y, AR —=Fn
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30 g & L7z, HikiE, SEEIEHENE (0) & LT MEE%
FHm L, HHERIE, -3 RELFE TRV, 2: & ThRY, -
1RO ETRY, 0: EL5THARN, 1: 004X, 2:
I, 3 KREGFE L Uiz, FHBEEE X, MEIRICBWT,
B, &, B, ADifh, REFHMIT, ARV
—FIZBWNT, @, JIDIZBW, MhEE, i, Lok b
&, HHOHL, REFM, IAX—R7T 2 7B
T, B, D&, ROLNE, B, AOfd, WA
L.

2.3 HREHEEMN
J7E T — 4 1% IBM SPSS Statistics Version 24.0 Z i\ T
Tukey D HILES CHME L. AHEAKMEIL S%E Lz
BRI T — 21, BETMICEE L ERIZ DWW T
ATy T T A KB XD BRI AT o 72, EBREEIT
AT, NI AEIIE TR ERERE M OEE & LT

3. MRBLUEER

31 ERRoRE
301 — ek Sy

RE 3 L OFRED 100 g X720 O—f%E4r %, Table 2 12
AT AT, MBS SEEHC B LT, AL E
N07g, TR TLANTmg, ~7F> 7 LN 03mg &<,
KGrD3 0.4 g, AN 0.3 g Ko7z,

PIFE 100 g 7= 0 Ti%, Malks SEEHZER L T, Ko
N 1.0g, RAKNEHD05g, FRUTAN23mg, 7%
AN 0.6mgH<, TAESENO0lg, IBREMN 1.3g,
kA% 0.54 mg, HERN7DY 0.14 mg Ko 7.

Table2 JPE - JIEE 0D 100g 472V —fkpy & I 1 7L &

iifna GRS R
HH (WA —
#_E S M S M
K43 (g) 88.2 878 486  49.6
7= AELE (g) 102 109 169 168
& (2 - - 3.7 304
K57 (g) 0.7 0.7 1.8 1.7
R (2) 0.9 0.6 1.0 1.5
FRU T A (mg) 177 184 527 55
#k (mg) - - 562  5.08
~ 7%y A (mg) 108 111 122 128
High (mg) - - 4.03  3.89
AT, IxTNVELTE, v 7 xvvh, dHighs

L TWD., ZOREL LT, IHABLOINETIE~ Y

2T AREL (IRE 2.7 %, UNEE 4.7 %), INEECIE
£k (10.6% ) B LU (3.6% W) MBMEh-o7z. IxT
VIRALEREE~ D8k, ~ 7 % 27 A, BER OFINEIC KT LT

ZOHINTOEALRIT D72 NEHITTE L. 2D LD,
fAlHIsi b Lz L 1 VR T, INASCIIE T Oy & L
TRMEENZRNZ ERP SN E R o7, &SNk
L7 i3z N e - JIFE~OBATENME 9 5 At b
Rz i< DO INEE OUCEIZIR Y T ERIzIE, b
N T ARV TR T LEMD E LIz I 31T VR % Ak
AT D FENRE SN TND 202, KR~ 7R A
1%, 0.23 %Ll EOfEEI~OUIMZ LY, IPEO~ TRy
LAREZEMSEEARH D Z EBHE SN TN D ),
ZDZEMND, RFETEEA~EBIL LTI R TVEHD S
FRCw 73y WX, I~BAT L2 Lk y, oiE -
PR P ~DOBATREMNME D > T2 L HEZR S Nz, B, BIA®D
Bk L OHERIE, AARMIEERSRIZL D L 0 mg/100 g
BLOT/I00g TH D . D7, AWFFETIIMmHRR
iR ChotzBEZ N, ULz b, Bmofik
W28k, ~ 7 %> UL, fiRERIL LSS, TOBBEAL
TEIRE, RBETRILINE L TOREBRRRPHHFTE 20
EHWrEIND.

3.1.2 JPE & pH
JVE DGR A, Table3 1277, S alkEHE L OYM &#EHEIZ
X, BRINEE, IR, U o=y b, IIEAICHEE
RTINS T
pH 1L, JREAS S kT 8.85+0.40, M ik} T
8.80+£0.46, JNTHAY S FAELT 6.10£0.12, M AT 6.20+0.23
Tholz. IIABIOIIE L LI, 2 EHHOFEEITZR
Mol

Table 3 &FEIOINE

Ectlcin s

7 N

(4)

Akt s
gl [kgf] +=v b
S 60.01+3.65 3.74%0.57 95.14£4.10  12.08*0.44
M 58.62+2.96 351%+0.50 97.31%£3.80 12.08+0.43
1) n=10 2)n.s.
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A PUBEO IR R EFI G OFE R A, Figure 1 12”7 MR
BHI S BBHC R LT, IS L OUNAEEHIA N A RIS
Ko7z,

B L 7R — B~ 7 %27 A Rl 6 B (Mg
036~12 %) &f 5 LIcHa, w7 %20 A 0.15 %k
LT, I EERIA MR N5 2 ERME I TN 30,
KIFFED I 2T AALERHIC BT, v 732 T ARINE
120242%TH VY, ZOMEIZ EWEIRINTIER 7203,
RO ERESMET Lz, B~~~ 27 %37 A%l
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RSS2 Z L 1X, HBORIFRBEALVE AEEEZKT S
B, FORE, MPIL T ARELIKRTIES. FEINE
DIMF AN T N, EDIFEE A EDRIFFIRICFIH S
B, MEEFCIE, PEIN L 7= I 2 7 vigfbiikl 2465 L
o kicky, AT T ARENMED ST T, Ik
BEIGMET Lz s RN, £z, fAt~D~<7x
U LB L DL, TOBOEROKYERE
BEINSEsZ Licbd b . BIAIEED 90 %N /KyTH
H5ZLnb, MEEBOIIAREERHENMEN-7T22 &b,
B~D~ TR T AIRMP B LI EEZBND.

Stk 60.142 27.32°
MR 59.74 0 28.142
0

20 40 60 80 100
m Rk = PR m PR 1%]
Figure 1 3B ORI E & HI S [ %]
Dn=20  2)ab : HHMRKFSHITHNH Y (p<0.1)

3.2 BIROFEEHE
3.2.1 SREAVEORENES L OEE

YN 7R O BEK B OfE S %, Figure 2 (2. U0 ETEOEEK
HiE, MakER S sEHZ b LT, TR CoOMERFIZE
WTC, DIRWERTH o7z (p<0.1). FRIZHIERER 15 55 LA
BTk, Makkhay s sk L CaEICD 2 <, A
DOLEEMENE D> T (p<0.05).

6

--0--sitkl  —m— MR O
5 . Q’/ a
ol
4 ,O’ a
a

BEKE [mL)

FF & [min]
Figure 2 HEMIFRIEIC & 2 80 H 10 0 Bk S[mL]
Dn=6  2)ab: B EMICHEZED Y (p<0.05)
3) xy « BEFEHIZE R H D (p<0.1)

PRAR ORI INE, BEICLDAIE L. IIAROBE
1%, SEEI 0.1510.02, M #RED 0.20+£0.02 TH-7=.
M BEHE SEEHI IR LT, BENAEICKRENoTz.

ZOZ e, MAREIOIIATEIE S BEHZ i LT, B
KWV EELTEY, BEMXRENZ L6, 2 3B
YN TN U3, W U ORA K B85 £ T
I M BREFCEEI N 5. D70 M aEFCIE, D
WL WRE DO THDE Z Enbns. AR
FRREME, A E TN KD EMEL, HAELE
mEAELS, BEINAERLZRTAY - 2=y NOMEAEmWE
HFICRWESH, pHICHREIND . RBIETHE, &
RO ABEEREN TE o208, Mtk S #EHz bt
LT, RO KRGEMES, HAESEERN G,
N ez METIEABRZT Do 708, MRERET
BWEZRL, pHIZIXZER R -T2, ZOZE0DH, Mk
BHIKG®E, HAESER, ~Y - 2=y MEPEAMIZ
BB - Lk, BEKkObRL, X OMMAWVIIEAN
BohltEzzohb.

PlbEoz & X MREHT, DI A4 Fl A L= iFEic
WL TWbEEZLNE.

3.2.2 ANEIR O W

INENTR DREWTAREIE  (REWT o7 B, e =R, fkkr— L
F—) OfEFR %A, Tabled (Z/r7. JIEIZEBWNT, Malehx
S FBHIHIR LT, R E, ke, Mo x1r¥—
T, AEICE»o . IAOHES THDLART VT
Uk, BESEOTFIEIC LV IINAEMEICB T, BEHE O
EMBESND Z ENHE SN TS 3. M B Cld—i
BATIZEBNT, TR TR TRV U AOEGHBEPMED
WEDS T2 ENZOWEE—H LT, &b, AKX
EFRVNIAY s 2=y MERZDENSTZZ L, EE
ISR L2 b Ex 5. MEIROIIEE T, 2 FUBHHA Tk
WP B WD S e o T2

Table 4  JINZEAIN R W14

o MR BNER R s —
WAL ok
[N] [%] X 10 [J/m®] X 107
S 0.69+0.08°  247+027°  127.98+23.93°
US|
M 1.0810.06°  3.60+022"  284.43+29.07°
S 2904088  2.95+0.80 6.42+3.20
i
M 3.030.09 3.09%0.54 6.68=1.51

)n=20 2)ab: WEEHHMORGEHICHEZED Y (p<0.05)

323 ARV —FO NNy X —LHE, KEBLOT 7 A
Fv—

MR CTAM LI AR P —F DNy X —FEE[X 103
kg/m3iE, Sk 0.3620.09, M #REF0.36+0.01 THEZEIX
o,

AR D — X OERFE[em?] T, S B 539.85+8.95,
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M BN 5384312541 Tho7-. M ikBHE S #BHT ik BN, AN RE AL ELRDOEERTEEZLD. M
T, BEEFEORIWERTH 72, 2 B O ZEIT 2 WD Ry X — 2 oW TR, INATE O R EMEN < Xy &

Mo —FR I ARS8, T X DRI D Eh D,

AR —=XDT I AT v —DfER %, Table 5 IZ7RT. D EODVANR X ALK IIV I VWEEZ NS, 2D
AR D =X DT 7 AF ¥ —I%, SHEHS LM RKEFT, L5, ST OREMERIES T 2 EHIRIC 0 b -
AR T2, T, AR O =X Oy 4~ E, EREBLOT 2 2

F ¥ —TIEED 2o Tz,
Table5 AR —F%DT I AF ¥ —

F Y AF o — 324 WAL —=RTT 4T DT I AF ¥ —
Rk AL —=RTF 4 TDT I A — D Tabl
J7= S[X 10%Pa] e ? 74 ]_ ‘74’/7 7‘7 Vakd fE A7, ibe6
R, 2B O &, BEM:, (SN, FEE
S 4.43+0.66 0.6240.14 17 7o 7
M 4.44+0.96 0.6340.04
1) n=8 2) n.s. Table 6 HAX—RT T4 LT DT I AF v—
| PREED A
A U — X ORALERICIE, JRERNE AL R R payx1 RSN S 107
DOEEE E A O L SR ORKIEDOE K ENFET D
S 225+0.65  0.52-+0.04 1.07+0.38

.ORBIE T, INATA DL ENED AR > P — FBERK AT
DS o — 2 FRT BBV OENIC S 2L, g0 M 2.09+0.47 0.53%0.03 1.22£0.31
1) n=14 2) n.s.
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0
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MR A nE A 1 . N &
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Beverencasd
* *
& IS @ VS
Figure 3-1 NZIRIR B OORE 4 REFAM Figure 3-2  INENININ 5 OVE LT AL REFTAM
(& eeOee SEEL 3§D ceOee SHLEH
—— A} 2 —— A}
A FTA groics
B e ] Nz &
4
Hk PRV 0.
K2 7ot B s
%
Lo & & ) %*
Figure 3-3 ARV U7 —F OREHAERERTAM Figure 3-4 AKX — RTTF 4 7 OVELFRE REREAM

Figure 3 & 3Bt ORE I E REREAD
D n=16 2) * 1 SHEEBIOMBEEHZBWTHEX D U (9<0.05)
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X TV R 2 AR G LTI OPE A TZER O

NAL— RS T 4 T DT 7 AF v —C 2 B 20
o BlE LT, AIRLTWAEZ EBLIORIiE v
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