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The Effect of Natural Mineral Complex and Chitosan Supplementation on Egg Production
and Characteristics in Laying Hens

J. S. Yoo, J. D. Kint, J. H. Cho', Y. J. Chen', H. J. Kim', B. J. Min', D. K. Kang' and 1. H. Kim"
IDepartment of Animal Resource & Science, Dankook University, ’CJ Feed Co. Ltd., Incheon, Korea

ABSTRACT This study was conducted to investigate the effects of dietary natural mineral liquid complex on egg pro-
duction and characteristics in laying hens. A total of two hundreds fifty two, 63-weeks-old, Hy-line brown commercial layers
were used for 6 weeks. Seven dietary treatments included CON (Control), C1-M0.25 (CON diet+1% chitosan+0.25% natural
mineral complex), C1-M0.5 (CON diet+1% chitosan+0.50% natural mineral complex), C2-M0.25 (CON diet+2% chitosan+
0.25% natural mineral complex), C2-M0.50 (CON diet+2% chitosan+0.50% natural mineral complex), C3-M0.25 (CON diet+
3% chitosan+0.25% natural mineral complex) and C3-M0.50 (CON diet+3% chitosan+0.50% natural mineral complex). For
overall period, egg production, egg shall breaking strength, haugh unit, K and Fe concentrations of blood and Fe concentration
of yolk were improved in additive natural mineral treatments compared to control treatment(P<0.05). K and Fe concentrations
of blood and Fe concentration of yolk were increased in added 0.5% mineral treatment compared to added 0.25% mineral
treatment(£<0.05). Additive 3% chitosan + 0.5% mineral treatments were improved on egg production and egg shall breaking
strength in laying hens(P<0.05). In conclusion, chitosan and natural mineral complex supplementation in lay hens diet im-
proved egg production, egg shall strength and mineral concentrations of blood and yolk.
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Table 1. Composition of several natural mineral

Elements Artemisia Pinus o
(ppm) princes densiflora Sieb. Biotite
Fe 4.99 427 3212.00
Mg 81.09 63.90 1337.00
K 1427.26 595.13 1016.00
P 116.69 3276 68.00
Ca 201.78 151.65 63.00
Na 33.52 28.09 48.00
Mn 2.12 9.66 37.00
Zn 112 1.27 7.18
Cr 0.12 0.08 4.36
Cu 0.16 0.13 1.05
Mo 0.01 0.004 0.08

3. A" Atz Y AR Tl

Al Alg e gl 9159 AFREA] NRC(1994)
AV BFES 7|2E dle] ME 2904kcalkg, CP 15.45%,
Lysine 0.70%, Ca 3.23% 2 P 061%E FFEES 33t
(Table 2). A8 AlE+= 71 FEl2 2AH AR EES sl o,
B2 AF F971E o83t AHfEe] HE 4 IEE
Atk F AEAEE dY 17Nk 2 23T

W7t es Bzt e A(1-63-11, Ozaki MFG. Co., Ltd,
, &2} 7| = Dial pipe gauge(1-63-11,
Ltd.,, Japan)E o] &8t 2] &by, &

3) ohEtAl ChEF Al 2 Haugh Unit
32 Yolk color fan(Roche, Switzerland)2-
G Ag ERasit. 9E A%
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Table 2. Feed formula and chemical composition(as-fed basis)

Ingredients %
Com 50.36
Soybean meal (CP 46%) 18.70
Wheat grain 10.00
Limestone 7.50
Wheat bran 5.00
Animal fat 444
Corn gluten meal 2.00
Tricalcium phosphate 1.40
Salt 0.30
DL-methionine 0.10
Mineral prernix1 0.10
Vitamin premix® 0.10

Chemical composition’

ME (kcal/kg) 2,904
Crude protein (%) 15.45
Lysine (%) 0.70
Methionine (%) 0.32
Calcium (%) 3.23
Phosphorus (%) 0.61
Available P (%) 0.35

' Provided per kg of premix: 25,000 mg Cu, 40,000 mg Fe,
60,000 mg Zn, 80,000 mg Mn, 1,500 mg I, 300 mg Co and
150 mg Se.

2 Provided per kg of premix: 12,500,000 IU vitamin A, 2,500,000
IU vitamin D3, 10,000 mg vitamin E, 2,000 mg vitamin K3, 50
mg biotin, 500 mg folic acid, 35,000 mg niacin, 10,000 mg Ca
pantothenate, 1,000 mg vitamin Be, 5,000 mg vitamin B, 1,000
mg vitamin B; and 15 mg vitamin By,.

* Calculated values.

22 W3ke] o]9} AL =350} Sauter (1951)] WP
o 9Jste] o] olg Wi AA R o] ANEA

t}. Haugh unit:s (HU=100xlog(H-(1.701xW**")}+7.57))2] #k
W(Haugh, 1937)2.8 W)} FE(W)S B2 < tdst
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4CTAA ¥4 B 3 2000xgE 3087 YA E-2ete] d3
& Bejslo) BAd o8I BEY BHL 247 ISE
(ion selctive electrode(Bayer, USA)$} calcium reagents(Bayer,
USAYE o]-&3ld A Ay3}el £297)(ADVIA 120, Bayer, USA)

2 Z3slsich. E-& ZHAF Al Fe(Roche, Germany)E ©]-&-
&g =z A5E B27](Cobas Integra 800, Roche, Swiss)Z
sttt

R AE, 2, o TFHE gohy) st AR F
BAL 2 Ziil?” 2070 st 158 B¢ 42> 3
3l Yl e 3Tt o]F A AAEE 3 A B AOAC
(1990)2] ICP H"‘ﬂ_& 259.940 nmol A YA} FF F=E o]
gl Z5aisit.

5. SAH Xz
B Ao dojz 2E 2tE= SAS(SAS Institute, 1996)
2] GLM procedureZ ©]-8- Duncan’s multiple range test (Dun-
can, 1955)2 X g|ste] H 2re| frojAde FAsch
wa el 77ke] S 1) CON vs nidj2d H71rel 2)
a2 025% H7E el ulE 05% HobPE 2elst
o] P<0.05s HdA FodE A8
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&S Table 30 YERAQT) AHeh-S C3-M0.25, C3-M0.5 A
2] 79} C2-M0.5 A 2] 7t o} vlmste] frelzez &
A VRS ThP<0.05). 3 nlu]Z A4 0.25% A7 &
Ak AVl Sotel miet AEhg S feldoz ST
(P<0.05). Bl Z-& H71e AA g7 Aege =T
o} v watd §eolF oz Eho L P<0.032), A nulZ A
Al A7} FEHANZ AA) 025% H71 vs. Pl A=A 0.5
% H7FPel 9dolA] §-9]@Ql 2po]E HolA] LUTHP>0.05).

W2 C3-M05 A 77F o A 279 Hlaste] #of
Aoz 71 =A JERGTHP<0.05). T3 A o] AA|
0.5% H7ket Al 71BARe] 7L 3ol et fre) o
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Table 3. Effect of natural mineral and chitosan on hen-day egg productivity in laying hens'
, M0.25 Mo.5> : Probability*
Traits CON SE®
C1 C2 C3 Cl C2 C3 1) 2)
Egg production (%) 71565 7421° 7824  82.14° 7943  8227° 8254 1.28 0032 0655
Egg weight (g) 6552° 64197  6385"  6541°  6548°  6622°  66.86° 0.16 0.364 0.061

' Two hundred fifty two and sixty two-wk-old, Hy-line Brown layers were used in this experiment.

2 Abbreviated CON, Control; C1-M0.25, CON diet+1% chitosan+0.25% natural mineral complex; C1-M0.5, CON diet+1%
chitosan+0.50% natural mineral complex; C2-M0.25, CON diet+2% chitosan+0.25% natural mineral complex; C2-M0.50, CON
diet+2% chitosant+0.50% natural mineral complex; C3-M0.25, CON diet+3% chitosan+0.25% natural mineral complex; C3-M0.50,
CON diet+3% chitosan +0.50% natural mineral complex.

* Pooled standard error.

* Probability of contrast: 1) control diet vs control added mineral diet; 2)added mineral 0.25% diet vs added mineral 0.5% diet.

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

Table 4. Effect of natural mineral and chitosan on egg shell breaking strength and egg shell thickness in laying hens'

_ , M0.25° M0.5° \ Probability*
Traits CON SE
C1 c2 c3 Cl 2 c3 1)) 2)
Egg shell breaking strength (kg/cmz)
0 week 331 3.03 3.09 3.50 3.01 3.50 349 030 0478 0235
2 weeks 3.76 345 3.44 3.96 3.79 371 3.88 018 0534 0341
4 weeks 3.46 332 3.66 3.82 3.49 3.77 3.77 016 0061 0324
6 weeks 218° 280"  329°  254° 265 312 283" 024 0035  0.191
overall 3.18° 3155 337 346 324" 353 347 009 0042  0.127
Egg shell thickness (mm)
0 week 0335 0338 0336 033 0330 0348 0322 0010 0491 0356
2 weeks 0354 0357 0355 0360 0357 0367 0357 0.004 0451  0.398.
4 weeks 0343%  0345™ 0336  0356° 0359 0373 0344 0005 0321  0.665
6 wecks 0.268°  0297° 0302 0293 0278° 0286™ 0309° 0008  0.050 0325
overall 0325°  0333™  0332™ 0337° 0331 0344  0335° 0003 0069  0.246

' Two hundred fifty two and sixty two-wk-old, Hy-line Brown layers were used in this experiment.

2 Abbreviated CON, Control; C1-M0.25, CON diet+1% chitosan+0.25% natural mineral complex; C1-M0.5, CON diet+1% chitosan
+0.50% natural mineral complex; C2-M0.25, CON diet+2% chitosant0.25% natural mineral complex; C2-M0.50, CON diet+2%
chitosan +0.50% natural mineral complex; C3-M0.25, CON diet+3% chitosant0.25% natural mineral complex; C3-M0.50, CON
diet+3% chitosan +0.50% natural mineral complex.

? Pooled standard error.

* Probability of contrast: 1) control diet vs control added mineral diet; 2)added mineral 0.25% diet vs added mineral 0.5% diet.

*"“Means in the same row with difference superscripts differ(P<0.05).
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Table 5. Effect of natural mineral and chitosan on egg yolk color unit and haugh unit in laying hens'

M0.25° Mo.5> Probability*
Traits CON? SE®
Cl 2 c3 Cl 2 C3 1) 2)
Egg yolk color unit
0 week 7.70 7.95 8.15 8.20 7.85 7.80 8.00 0.30 0.348 0.468
2 weeks 831° 8.24% 8.19° 8.21% 8.23% 8.43° 8.12° 0.18 0.665 0.345
4 weeks 8.40° 827" 8.55% 8.79° 8.30° 8.54% 8.52% 0.16 0.136 0.365
6 weeks 8.13 8.06 8.16 8.24 8.30 8.30 3.01 0.24 0.136 0.032
overall 8.14° 8.13° 8.26® 836 8.17° 827" 8.16° 0.09 0.098 0.254
Haugh unit
0 weeks 82.12°  8446® 8622 8421 87.56°  81.20°  85.74™ 0.01 0.241 0354
2 weeks 8348°  9027°  9336°  89.37° 9097 91.28°  92.53° 0.04 0.395 0.622
4 weeks 9212  88.01° 9097  9291*  90.07° 9277  03.42° 0.05 0.035 0.354
6 weeks 86.94°  89.18™  88.14°  94.05® 86.14°  92.06®  92.08" 0.08 0.042 0.365
overall 87.67°  87.98°  89.74™ 9093  88.75®  89.33®  90.94° 0.03 0.038 0.491

" Two hundred fifty two and sixty two-wk-old, Hy-line Brown layers were used in this experiment.

> Abbreviated CON, Control;

chitosan+0.50% natural mineral complex; C2-M0.25, CON diet+2% chitosan+0.25% natural mineral

C1-M0.25, CON diet+1% chitosant+0.25% natural mineral complex; C1-M0.5, CON diet+1%

complex; C2-M0.50, CON

diet+2% chitosant0.50% natural mineral complex; C3-M0.25, CON diet+3% chitosan+0.25% natural mineral complex; C3-MO0.50,

CON diet+3% chitosan +0.50% natural mineral complex.

* Probability of contrast: 1) control diet vs control added mineral diet; 2)added mineral 0.25% diet vs added mineral 0.5% diet.

*® Means in the same row with difference superscripts differ(P<0.05).
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YEFFTHP<0.05). Haugh unite mju| 2 H7}tel 71 E4re] # 2| EUTHP>0.05). Gkl dE Fe -2 C3-MO.5 A2
7t 2 me} Skshe A ek, nivlg Jot 5 TF7F freld ez 7 A e (P<0.05), RulEE A
THEZ AA 0.25% H74 vs. wlulZ AlA] 0.5% H7t 7V Al FE 7o Hluste folAes A vEbt

el FoFQ Aol S Kol FJTHP>0.05). thP<0.021). =3 mju|2HE 0.5% 715 AT 025% H
7k A 7RY Gy Fe S foF ez ST

4. goHm st Uf K, Ca ¥ Fe B2t (P<0.051).
oul g A7} S50 AT d3 Ul K, Ca 2 Fe ek B A geAA 71 EAN v Z S HUReE Aot A
"2 FE2 Table 60 eI 8 W] K e 7 o] AT AT FHE MNANAL, 71EA 2%E 73t

UZS Hrkek Xe 7o dlzT7e) wmsie] fejdoz = AT 37 Aot b7t FA S e Ao} vlasted
Al VR (P<0.03), ulfjZe] A7t FEIHPME AA NAAT = AHE AT oM, 7| B 3% AEE, ¢
0.25% A7FF vs. U2 A A 0.5% H7FHo] H W K & %, haugh unit 2 A7} A3y Fe FaFs A AT A
ZF fojH oz Z718IATHP<0.048). Ao U Ca ¥k olE 0.5% ATt AaE, ¢F 9 9% J¢3 W Fe
e 7zl §-2A 2l 2tol7} SIAURTHP>0.05), HA WUl Z S MAAZTE 22, 71 EA nldl=e] Aot &
025% H7} M2l 7= M oyl 0.5% A7t Ha) 7ok vlm watae] s tig e A7 22E Rolet Al "t
gto] fojAHog ZAsTHP<0.045). ¥ W} Fe e

714 e o] Wt Frtshe A Bk =3 v

Z& Wk A2t dzTet vwsied f249l Aol L
VR IL(P<0.037), BlU1ZHE 0.5% H713F A7 te 0.25%
A71E AR PR feld o2 FIIEATHP<0.034). Eate nRA BARA T4 YAE FRsRe 44 L 7}

3] Ko} Ca gH2 A2 77ke] 793R Aol & Hol 231 91 31(Landes and Bough, 1976; Gordon2} Williford, 1983;

Table 6. Effect of mineral and chitosan on K, Ca and Fe concentration in blood and yolk in laying hens'

M0.25° Mo.5° Probability*
Traits CON' . SE?
Cl 2 c3 C1 2 3 1) 2)

Blood

K 4.78° 5.58" 5.12% 5.50™ 522" 6.18° 5.92% 0.32 0.038 0.048

Ca 18.78 19.80 18.30 16.54 17.60 15.60 17.24 128 0.665 0.045

Fe 331.8° 269.4° 3166° 4718° 4758° 57750 585.3° 7.7 0.037 0.034
Yolk

K 0082  0.092 0.090 0.100 0.090 0.094 0.100 0.006 0.098 0.236

Ca 0.144  0.146 0.148 0.146 0.142 0.148 0.154 0.008 0.156 0.241

Fe 79.01° 98.68°  105.61®° 109.75®  111.62° 12349  126.17° 8.15 0.021 0.051

! Two hundred fifty two and sixty two-wk-old, Hy-line Brown layers were used in this experiment.

Abbreviated CON, Control; C1-M0.25, CON diet+1% chitosan+0.25% natural mineral complex; C1-M0.5, CON diet+1% chitosan
+0.50% natural mineral complex; C2-M0.25, CON diet+2% chitosan+0.25% natural mineral complex; C2-M0.50, CON diet+2% chito-
san+0.50% natural mineral complex; C3-M0.25, CON diet+3% chitosant0.25% natural mineral complex; C3-M0.50, CON diet+3%
chitosan+0.50% natural mineral complex.

* Pooled standard error.

* Probability of contrast: 1) control diet vs control added mineral diet; 2) added mineral 0.25% diet vs added mineral 0.5% diet.
%™ Means in the same row with difference superscripts differ(P<0.05).
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Seo<} Kinemura, 1998), ©]213t 532 A mjulet AAE
Rkl = kA JEE StUTh weEkA, 2 Al 7]
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19} X IATHAH S, 2004). =3, HA w]u|2 AAS
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A, Al 24 AT d3ke Fe 35S /A=
o G FA

A Yl AFEW wdlE Hte] o AT Bol
Y= 3 Qo) oA vd|Z FFH v ZEL] Aol 3}
v gL o33 Zrh Ca, P, Mg, Mn 52 71&9] 24,
Na, K, Cl 5-& A == 27|, Fe= hemoglobin H= 7}t
S FHUTHAAT, 1996). ]| FK & 2%, 9 21 5
o ol gFso] UrhWilde, 1962).

A 5200002 S-8-ZA0 o] vEH mug A
Ztel whet Atghgo] ) E ATk Bt o] 9} fAFSHA
2 Ao A mldld AAle] "7l 5] 7)) ulak
b 3 okt A vMIZ AAle] Fov v A
ot @zt SAE ANAAA D, 3 G ) Cao] S =
7R ol A w2 AlA|e] G d4S 7AS:
Ca o] Z7IE <8t 2zt TA < G2 st 2718}
$E Zlolgt AtrdETh

A@ 74417 haugh unitel] RloiA] A2)zk $21791 2ol
YR ATHP<0.05). 23t o= Al AT wixA] 4
&S uEste] 4o wiAR L, viA] F ATE A
haugh unit& £733}57] W&ol 7A|A1] haugh unitl] A &
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52006)2 2 Algol| ALEgE HA w|Ee] HoE 84
of oy Fe ol J&& v|xA| ggor), muEg
0.4% H7HA] the] U] Fe &3 /A R B asls]
o 2 Ao ddT} dgh Fe kS A AT 2
s} dx]akx] @keh. Fels Aol S22 2 cytochrome
I} A ZhAbe] Q3 7|} gkl o] FFEH=AZ,
2001). o]= Al FolA Axe] Al FEh Fe S 71
Al#HZ Folgt Alsdnh

o My oo wly

EAIEE A vl AlAe] H7Eb AbdAel] glo] A
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