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Development of both plant-scale production and

animal application technologies of Cr—methionine

chelate as feed supplement to enhance animal
productivity and products quality.
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SUMMARY

I .Title

Development of both plant-scale production and animal application technologies
of Cr-methionine chelate as feed supplement to enhance animal productivity and

products quality

II. Objective and Importance of Research

The objective of research was to develop novel technologies for plant-scale
production and animal application of Cr-methionine chelate as feed supplement to
enhance animal productivity and products quality. Chromium is an essential trace
mineral in animal and human nutrition. Commercial inorganic minerals have been
problematic since they have relatively lower bioavailability compared to the organic
chromium. So far, several types of organic mineral have been developed and
introduced in the market. Chromium methionine chelate is a newly developed
organic mineral which is proposed to be highly available upon feeding to animal.
But the correct assay method to evaluate its bioavailability in the livestock
animals is not developed yet. Hence, this study is focused to investigate optimal
reaction condition to maximize plant-scale production of Cr-methionine and to
develop its application technology to animals.

Since the fat related-quality of animal products draws more attention consumes,
fat deposition mechanism and its modulation technologies appeared as an important
decisive factor for modern animal production. In this cantext, this research for

chromium and its supplying form deserves a serious attention.
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M. Contents and Scope of this Study

First year

@)

Development of pilot plant scale production technology of
Cr-methionine chelate products.

Evaluation of the product for swine growing performance.
Immune response assay in weaning pigs.

Effect on pork qualityes.

Second year

O O O O0O|0 O O

Evaluation of Cr-met on fat metabolism.

Synergistic and antagonistic effect with other mineral chelate.
Supplementation Cr—methionine chelate on broiler performance.
Cr-methionine chelate on laying bird performance and

egg quality.

Third year

O O

Dietary Cr—methionine supplementation on dairy cattle
performance.

Effect of Cr-met on milk composition and quality.

Effect of Cr-met on body weight control and feeding regulation.

Final
Evaluation

Establishment of phase scale production technologies for feed
Cr-met products.

Development of Cr-met application technologies to industrial
animals production technology development of value added

animal products.

IV. Results of the Study and Suggestions for Practical

Application.

1. Establishment of the new for Chromium—-Methionine products.

This study was carried out to develop and establish the industry level

technology to process high purity Cr-methionine product. Cr-methionine was

manufactured by chelating chromium(Ill) with L-methionine ligand in aqueous
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solution. Based on the elemental analysis and spectral studies, the resulting
product is a complex containing 1:3 ratio of chromium to L-methionine. In the
developed process in this study, pH was successfully controlled by 50% NaOH to
reduce production cost. This technology also found the optimum pH(pH 778) for
the maximum output.

Since Cr-methionine contained about 10% of Cr concentration in raw products,
appropriate dilution ratio with carrier material is practically important for field
animal application.

Accordingly, Cr-methione products were on the market as Cramin 1 (100ppm of
Cr/kg), Cramin 400(400ppm of Cr/kg) and Cramin 500(500ppm of Cr/kg) for

various application.

2. Effects of different sources of chromium on the serum traits

, iImmune response and fat cell morphology in weaned pig.

This study was carried out to evaluate the effects of organic and inorganic
sources of chromium on the serum traits and immune response in weaned pig. A
total of 30 weaned pigs at about 22d of age, average weight 5.3+1.2kg were
employed and designated by sources of dietary chromium as follows: no
supplemental Cr, 200ppb CrCl3, 200ppb Cr-picolinate, 200ppb Cr-methionine and
100ppb Cr-methionine supplementation into basal diet. Cr supplementation was not
effective on regulation of serum cholesterol, creatin, triglyderide, Ca, and BUN.
However, total protein, glucose and ALP was increased(P<0.05) in pigs fed 200ppb
Cr-methionine. Proportion of porcine leukocytes in peripheral blood was not
affected in weaned pigs supplemented with Cr. In vitro immnune response as
measured by a chemiluminescense in peripheral blood was increased(P<0.05) in

pigs fed supplemental Cr from Cr-picolinate or Cr-methionine.
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3. Effects of chromium sources on nutrients digestibility, serum

traits and carcass quality in growing-finishing pigs.

This study was carried out to evaluate the effects of chromium sources on
nutrients digestibility, serum traits and carcass quality in growing-finishing pigs.
A total of 30 growing pigs, average weight 19kg were designated by sources of
dietary chromium as follows: no supplemental Cr or 200ppb of supplemental Cr
from either CrCl3, Cr-picolinate or Cr-methionine or 100ppb of supplemental Cr
from Cr-methionine supplementation into basal diet. The addition of Cr had no
effect on nutrients digestibility in 20750kg pig, but a supplementation of 200ppb
CrCl3 has increased(P<0.05) the digestibility in 50790kg and 90kg~105kg pigs.
Blood triglyceride level was the lowest in 20750kg pigs fed 200ppb Cr—picolinate.

However, cholesterol was increased(P<0.05) in 50790kg pigs fed 100ppb
Cr-methionine compared to pigs fed 200ppb Cr-methionine and 200ppb
Cr-picolinate. Lean percentage and backfat thickness of pork of pigs fed
Cr-methione supplemented diets was significantly(P<0.05) lower than that of
no-chromium control group. There were no significant differences in loin eye area

and carcass percentage.

4. Effects of different sources of dietary chromium and copper on
growth performances, nutrients digestibility, fecal mineral

excretion of growing pig

This study was carried out to evaluate the effects of organic and inorganic
sources of both chromium and copper on growth performances, nutrients
digestibility, fecal mineral excretion of growing pig. A total of 36 growing pigs
(Landrace x Yorkshire) x Duroc, average weight 61.2kg were allotted to 4 treatments
with 3 replicates and 3 pigs per a replicate. 4 treatments were designated by

sources of both dietary chromium and copper as follows: D200ppb chromium
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methionine and 200ppm copper methionine, @200ppb chromium methionine and
200ppm copper sulfate, @200ppb chromium chloride and 200ppm copper methionine,
@200ppb chromium chloride and 200ppm copper sulfate supplementation into basal
diet. Sources of chromium and copper did not affect growth performances of pig.
Nutrients digestibility was the lowest in chromium methionine and copper
sulfatesupplemented diet, but the highest in chromium chloride and copper sulfate
supplemented diet. Interestingly, fecal Zn excretion was the highest (p<0.05) by
chromium chloride and copper sulfate supplementation but the lowest (p<0.05) by
dietary chromium chloride and copper methionine supplementation. This study
showed an interesting interaction among copper and chromium vs Zn according to

the sources of copper and chromium.

5. Effects of different sources of dietary chromium on growth
performances, nutrients utilizability, serum  traits and

Immune response in broiler.

This study was carried out to evaluate the effect of different sources of chromium
on growth performances, nutrients utilizability, serum traits and immune response
in broiler chicken. Control and treatments were designated by dietary chromium
levels as follows: Control treatment has no supplemental chromium into basal diet,
whereas 4 treatments were designated by one of the following 200ppb chromium
chloride (CC200), 200ppb chromium picolinate (CP200), 200ppb (CM200) and 400pph
chromium methionine (CM400) supplementation into basal diet. A feed efficiency
was improved (p<0.05) by 400ppb chromium methionine supplementation. Both
crude ash and dry matter utilizabilities were improved (p<0.05) by both 200 and
400 ppb chromium methionine supplementation. Anti-LPS antibody titer were
increased (p<0.05) by 200ppb chromium chloride, 200 and 400 ppb chromium
methionine supplementation. There was a big difference in serum triglyceride level
between LPS injected and not injected broilers. Based on the result of this

experiment, it can be concluded that dietary chromium methionine supplementation
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was effective to improve growth performance, ash and DM utilizabilities and

Immune response in broiler.

6. Effect of different sources of dietary chromium on egg

production, egg quality and feed conversion in laying hen

This study was carried out to evaluate the effects of different sources of
chromium on laying hen performances and egg quality. Control and 5 treatments
were designated by dietary chromium levels as follows: Control treatment has no
supplemental chromium into basal diet, whereas 5 treatments were designated by
one of the following: 200ppb chromium chloride (CC200), 200ppb chromium
picolinate (CP200), 200ppb (CM200), 400ppb (CM400) and 800ppb (CMS800)
chromium methionine supplementation into basal diet. Egg production was
improved (p<0.05) by CC200, CM200 and CM400 supplementation compared to
control treatment. Although there is a difference (p<0.05) in feed intake during
2-6weeks but those were not different upon considering whole 8wks. Feed/egg
was different (p<0.05) by 800ppb chromium methionine supplementation only at
2-4weeks, but there is no such a difference upon considering whole experimental
period. There was no characteristic difference in egg quality among difference in

treatments. This study indicated that chromium methionine is effective for

improving egg production in laying hen.

7. Effect of Cr-Met chelate on the growth performance, adipose
tissue weight, serum lipid contents and leptin mRNA expression

on the high carbohydrate diet fed rat.

Although there was no difference on the growth performances among

treatments, both feed intake and feed/gain in rat fed high carbohydrate diets was
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higher than those fed normal diets. Among high carbohydrate diet treatments, total
calorie intake/gain and carbohydrate calorie intake/gain was lowest in Cr-Met
chelate 300ppb supplemented group and highest in CrCl3 supplemented group.
There was no difference on the adipose tissue weight among all treatments. The
serum leptin was highest in Cr-Met chelate 150ppb supplemented group with no
diffferences in insulin content. Leptin mRNA expression in the adipose tissue was

tended to be increased by Cr-Met chelate supplementation.

8. Effect of Cr-Met chelate on the growth performance, obesity
indices, adipose tissue weight and leptin mRNA expression in

obesity induced rat by high fat diet.

To investigate the effect of Cr-Met chelate on the growth performance, obesity
indices, adipose tissue weight and leptin mRNA expression in high fat diet fed
obese rat, Obesity was induced by feeding Cr-free high fat diet for 8 wks. Both
ADFI and ADG in Cr-Met chelate 300ppb supplemented group was lower than
those in other group(p<0.05). Several obesity indices including Lee index, TM
index and body fat were decreased by Cr-Met chelate supplementation with
exception on rohler index. Adipose tissue weight showed variable results among
treatment. Cr-Met chelate 300ppb supplementation increased HDL-cholesterol
content in serum and HDL-cholesterol to total cholesterol ratio in this group was
higher than those in other group. Although there was no difference on serum
leptin content among treatments, Leptin content in the high fat diet fed group was
higher than those in normal fat diet fed group. Cr supplementation did not affect

leptin mRNA expression in adipose tissue.
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9. Effect of Cr-Met chelate supplementation on milk yield, milk

component, and serum IgG and lipid contents in lactating cow.

Milk yield in the CrCl3 400ppb supplemented group was higher than those in
control group(no additional Cr supplementation). Although there was no difference
on milk fat content(%) among treatments, daily milk fat production(kg/d) was
highest in CrCl3 400ppb supplemented group. Solid-not-fat(%) was decreased by
Cr-Met chelate 200ppb  supplementation(p<0.05). FCM in CrCl3 400ppb
supplemented group was higher than those in other groups(p<0.05). Cr-Met
chelate supplementation did not affect milk fat, milk protein contents and FCM.
HDL-choletsterol contents in serum was decreased by Cr-Met chelate and CrCl3
supplementation. Monthly milk component data showed that milk protein was
slightly decreased by CrCl3 supplementation but increased by Cr-Met -chelate
200ppb supplementation.

10. Effect of Cr-Met chelate supplementation on the growth
performance, adipose tissue weight and lipid contents in rats

fed trans fat containing diet.

This study was carried out to investigate the effect of Cr-Met chelate on
growth performances, adipose tissue weight and lipid contents in serum at rats fed
two types of dietary fat according to by 2x2((Cr met, CrCl3) x (regular fat, trans
fat)) factorial design. There was no difference on feed intake, weight gain and
feed/gain among treatments. Also, Different Cr source did not affect adipose tissue
weight. In the corn oil diet fed rat, both total cholesterol and HDL-cholesterol was
decreased(p<0.05) by Cr-Met chelate supplementation. Cholesterol contents in
Cr-Met chelate supplemented group among trans fatty acid diet fed rat was lower

than those in CrCI3 supplemented group. The main effector for the significant
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difference in total cholesterol and HDL-cholesterol contents was the type of

dietary fat(p=0.006).
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Fig. 1-1. Schematic flow diagram of Cr-methionine chelate production
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Fig. 1-3. Cr-methionine chealte measured by powder X-ray differactometer
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Fig. 1-7. Z2kRl A3}k AR

 Cr Methionine Cr-Picolinate
Fig. 1-8. Comparison of morphology of commercial Cr-methionine chelate(Cramin)

and commercial Cr-picolinate(PIFz-Cr2) as an organic chromium source
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Fig. 1-9. Morphological photograph of raw Cr-methionine chelate(left)

and carrier-mixed Cr-methionine chelate(right)
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Table 2-1. Formula and chemical composition of weaned pig basal diet

Ingredients -Phase 1 Phase 2
Corn 54.00
Soybean meal 27.00
Wheat flour 4.00
Lupin hull 2.00
Wheat bran 2.00
Processing grain 32.00
Suprex corn 5.60
Whey powder 20.10
Milk replacer 13.00 7.00
Glucose 7.00
Yeast 2.00
Animal plasma 3.00
Fat powder 3.50
Zinc oxide 0.40
Calcium phosphate 1.00 1.40
Salt 0.50
Lysine HCI(50%) 0.20 0.40
Methionine 0.20
Vit. mix. 0.50% 0.42"
Min. mix. 0.50° 0.50°
Others 11.20 0.58
Total 100.00 100.00
Chemical comporsition”
Crude protein(%6) 22.26 19.56
Crude fat(%) 761 4.19
Crude fiber(%) 2.00 3.52
Ash(%) 5.27 4.01
Ca(%) 0.58 0.70
P(%) 0.68 0.66
DE(Kcal/Kg) 3,789 3,448
Lys(%) 1.60 1.09
Met(%) 0.46 0.42
Met+Cys(%) 0.71 0.80

* Calculated value

a The vitamin premix contains the following per kg of phase 1 diet : Vit. A. 22500IU; vit.
D3, 2,000IU; vita.E, 60mg; vit. B1, bmg; vit. B2, bmg; vit. B6, bmg; vit. B12, 50mg, vit. K,
5mg

b The vitamin premix contains the following per kg of phase 2 diet : Vit. A. 10,000IU; vit.
D3, 2,000IU; vita.E, 40mg; vit. B1, 1.2mg; vit. B2, 9mg; vit. B12, 40mg

¢ The mineral premix contains the following per kg of phase 1 diet : Mn, 40mg; Zn,
2,500mg,; Fe, 150mg; Cu, 130mg; I, 0.6mg; Se, 0.15mg; Co, 0.5mg

d The mineral premix contains the following per kg of phase 2 diet : Mn, 51.6mg; Zn,
70mg,; Fe, 150mg; Cu, 145mg; I, 1mg; Se, 0.3mg
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Table 2-2. Formula and chemical composition of growing pig basal diet

Ingredients Growing

Corn 54.11
Soybean meal 32.65
Molasses 3.00
el 1.34
DCP 1.54
npo] W 2~ 0.05
NaCl 0.25
animal fat 5.40
Phytase 0.20
Choline chloride 0.16
Tocomix 0.05
DL-methionine 0.03
L-lysine 0.30
Biotin 0.05
Vit. ADs 0.03
Vit. Mix.? 0.25
Min. Mix." 0.15
Others 0.44
Chemical composition”

Crude protein(%) 19.50
Crude fat(%) 7.76
Ash(%) 5.48
DE(Kcal/Kg) 3590
Ca(%) 1.00
P(%) 0.60
Lys(%) 1.27
Met+Cys(%) 0.65

* Calculated value
a The vitamin premix contains the following per kg of diet :
Vit. A. 16,000IU; vit. D3, 2,450IU; vita.E, 87.5mg; vit. B1, 1.88mg;
vit. B2, 6.25mg; vit. B6, 2.5mg
b The mineral premix contains the following per kg of diet : Mn, 60mg;

7n, 10omg,; Fe, 150mg; Cu, 105mg; I, 0.75mg; Se, 0.3mg

_42_



3. AES W3

o] AF = <] chromium?éﬂ welell ot WeAnts-S Frhety] flete] Al W

=
k)
>
[\]
)
B
ol
=
o
@]
w0
z
D
=
=)
(@)
(@}
el
@]
1SS
ol
o
32
d
é

Zi} A

2
g
Sk

A 0k-§(blastogenesis) e FAMSH7] 9138k Al
T rE AFEo AA9W(ugular vein) ©Z5-E obml AHS s}
] dNEe &S uAZA sodium heparin®] EUE FEE HAoH AE
A 71 %14 ﬂoJ—Xﬂﬂ e FEE AT F&aA7E 599
Al e AP RE 73 2F 6% dextring Y
blood)e] H] &R 7z} EHo| H7}sle] 37ColA 1A 7S AR A
FH ¥ 55T e TS ol &3kdl
= ZTAqe FHsgdt. WA histopaque 1119(1119-1, Sigma
Co)E FHEol H7ket ¥ | Al histopaque 1077(1077-1, Sigma Co.)& <4<
histopaque 11198 0= o] A~ A B3Pt 1A 7S] Aol 2y ddo

= 3E zyagA A3ee vz FuE wEdel 91 Fro #rur ow 7

S 1:5(dextriniwhole
A HAEFE HAA
o Ad2HEH Hd

=

=

lymphocytes = 10% FBS(fetal bovine
serum)E A 7F3k FAe] RPMIIG40(R8755, Sigma Co )Ml A S A 7}sle] A|EE A3
33 trypan blue dye exclusion®H o2 AILFS =43 te] Axe F=7F 10%/m7}
H =2 2439} lymphocyte: PBSE AF&3to] A &35 neutophﬂﬂr FTdsk W

HF ol yl AJF o] ke 1129 M &S FAST FF Aol A FEELS 800g9]
dager 30wt A2olA dAEYsdn. dAdEes Ed¥  neutrophil S 3t
2

[o
>
frt
i)
i
4
I
0 38

rlo

neutrophil

_43_



5. AGA XSG A7|ZA}

KeX
=

AN =5 3well

b e,

o] g3t %43

9 th 27] = micrometer=

S

Zwelld 3F+S ZAF

g

6. ZALGE

oy

4
N

0

Bo

A7

AtB9] chromium<

= A3

Al A

ashe WA A

el

Jvmo
N
oy
{
s
N

9] ¥-marker?] Cr:039] A}

L.
.

g

N

4
ik et 9

e

markert| 4l W4 marker?! acid insoluble ash(AIA)E

=]
5

&5 WAl

23AE Al WE markerd &

L
o

T3 celited 7} A F AL

ATt

7}3

0.5%%
Abgol FeOy

tol celiteXd 71 A

S

22}

Fol celiteZ

171 915

3l &

% gol

A
&

/;ﬂ
17

S

59

sl

1% % 7}

=
=

3]
jm

=
tol celiteSh Al

S

A% AP ARL

=
7ol sl

=
3=

B8 AsatAl skl

)

] 3]

3
=)

Abgol WEk A

3]
=

=
g %

FAl gkt

S

o celite®} FeOsE H7}

McCarthy et al.(1974)°] ®Rjel] wet AN-HCIZ A&3tA1Z] 5 o

R s

S

A](whatman No. 41)2 o 2}

ol X
or| e
G
2004

TO| 50

[0)

jpace]

/
oo AIATZ % AET 9

_44_



T FE24d 45 98 60C Adx7]olA 7241 dx & 4" EY ANRE
Zh At whEd e 1g¥ A eFste] Fald FEG0m) O ¥tk AAH65%,v/v) 10
met BAEGB~47M)E H7sle] 60CR dd5o] & dry heating blockell 4 ¢F 30
B gt e Alm7F dibg o] moldles gl $ 110TolA 1AIFE<t
7Fd gk v vhAl 150Cel A 30l A 1A% o 7Hd sttt FEE A2olA ¥zl
U

=
, A A2 10meE Artela FEZEE A9 77 Vg o 712 1507C e A
=

Al 0.45um syringe membrane fiter® o] ¥}slo] A 2§
50md FEA Hev FEH ENE 2% Zg=vl 233 4(inductively coupled
plasma spectrometer, ICP; PS-950, Leman lab.)Z o]&3}o] EA st FE532 24
& F 7/} BEA(Fe, Cu, Zn, Cr, Na, Mg, Ca)& =A4sAqtt A=A ZAd Ha3

¥ F 354 (HIGH-PURITY STANDARDS Co., USA) ICPE4] 85 o] &3t}

ol f-AE=o] Hool A BAMS ¢35te] Cr-methioninr®} Cr-picolinate %+
o] WstE xAbsth AssE A4S 9lsk
dalo] oA oF 2417 WA st g
S AL F 4T 3000 rpmell A 15%7F A& T @H S EElste]l E4 U7
T -30CoA ®BAstt. 455 ALP(alkaline phosphatase), Ca(calcium),
Chol(cholesterol), TP(total protein), TG(triglycerides), Glu(glucose), BUN(blood urea
nitrogen), Crea(creatinine)< 3 HA-FEA7]E o] &slo] At 18l #HAE
A kit(Linco Co., USA)S o] &3t} o] W
WL radioimmuno assay(RIA)E o] §3l= wWH oz o kit AZ A7 [Pz
labeling ¥ @] 1 th. ©] radioisotope?] WF7H7]7F 604L = 4 FulF 309 oW #4135}
o oF gt

W insulin, growth hormone< A]3 &

)
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=
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©] 2] (chemiluminescence)Z 7
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neutrophil? monocyted] 23+ &2 2t-8-A] YE = ‘respiratory burst’l &}gt
% (chemiluminescence) S luminometer(Lmax, Molecular Device Co., USA)E o] &3}
o] Z2As gtk XSS 100/m=z 24 wlFd 200405 luminometer 4§ plated]
Wil 37TCeolA 1583F kA3t AZTh vhd 2o wello] &A1 A-EA] A k=
reactive oxygen intermediate% O: (superoxide anion)®t H:O:(hydrogen peroxide)Z
=337 98 47 FZ A (amplifier) 24  1ImM lucigenin® 1ImM luminolS 5004
A7vste] 53 wigAIZ o
A7rsle] A4S SAH3A T 4 A %= maximum RLU(relative luminescence unit)
#oz Yehggleh 4" dae dgEs ol&ste FAEA7] Wil flow
cytometerE o] &3lo] A3 A FEW monocyte$t granulocyte?] P& H Al =

Aol gaAEe] mee FAsA sHech

& A=A (stimulator) & zymosan(2.5mg/ml)S 2040

vl Lysozyme® &4 =3

) 2] A & (macrophage)d] @49 XEEZA AW lysozymed FAHE =A%)
Lysozymes Z23S3ATEE ST AEH2 peptidoglycan®]  FAAE]
N-acetylmuramic acid®} N-acetylglucosamineA}©] 2] beta-1,4 glycosidic bondE &
Aste EAhEA ATHFESENAE FE macrophageel o3 BAET webd &
AUl lysozymed] S FATOEA H[Eo]H WM EQ macrophagee] &S
=4% 4 Aot AL molecular probesAHUSA)Q] lysozyme assay kitS ©] &3t}
o] W& A REX Micrococcus lysodeikticus® A EHS O]%fﬂﬁ}. Azt 712 &

Egske] 37ColA 3023 MiF B o739 494nmst W E 9 518nmoll M E

v}, Specific egg albumin antibody ¢} total antibody(IgM3} IgG)el &4
Anti-egg albumin specific IgG activity® ZA3}7] 93} microplate?] Z7+
welloll  15002]  anti-porcine IgG(3.75ug/ml)2} egg albumin(20pg/mé)o] <)
coating buffer(0.05M carbonate—bicarbonate buffer, pH 9.6)& 37ColA 2417+ vl %k
ot v gS PBS-tween20(pH 7.4)5 ©]&3to] 33] 747be] plates AMAH g tha, Al
& 150 H kst 37CelA 1AIZE 3059t ik oy oAl 33] Al A G

O ()

Gl
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anti-porcine IgG conjugated with horseradish peroxidase(1:2000)5 15002 Z}z}e]
wellell #7Fste] thA]  37°CellA 1A13F 30259 W dd th PBS-tween208 4o =
33 A, VA gNo 2= ABTS(2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid))ZE o] &3}l 0.05M phosphate citrate buffer(pH 5.0)e] ABTSE =< th,
100pbE Zt7+o] wellel H7bek th 3027 A2l A wigF 405nme] el A &3

total antibody(IgGe} IgM)e] A& Bethyl Co.(UK.)S =H & kitS o] &3hr}. o]

W8 radial immunodiffusion(RID)E o] &3+ Hh ot}

P x BxrIAY WIHFEe] FAEES FITC(fluorescein isothiocyanate)® =
RPE(R. phycoerythrin)®} #<& FBMAE o] &3le] i A EEZ F2ITFT flow
cytometry(FACScan, BD Science Co. USA)E o] &3} 2000702 A¥XS FHASHS]
FAAES Bl Axws FASAT. SA4" A5+ Cell Quest 3.1 program(BD
Science Co. USA)S ©]&3te] HX&S A8 ojw A5 &
3 2ok FFEMAl flow cytometryi= & S A 5 97
el ZF FHO Mamus fFMAa7E A IRtS 3 7bek it th(direct
staining). & A g A&¥d @FEIA T EF southern biotechnology associate
Inc.(US.A)ZHE T8kl

Table 2-3. A panel of porcine monoclonal antibodies used in this experiment to

detect porcine lyphocytes

MAD Isotype of MADb Molecules Cell type
74-12-4 IgG2b PoCD4 T h/i cells
76-2-11 IeG2a PoCDS T c/s cells
BB6-11C9.6 IgGl PoCD21 B cells
74-22-15 IeGl PoMo/Gr Monocyte/Granulocyte

PoCD4 : Porcine CD4 + T lymphocyte
PoCD8 : Porcine CD8 + T lymphocyte
PoCD21 : Porcine CD21 + B lymphocyte
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PoMo/Gr : Porcine Monocyte/Granulocyte

o}. mitogen®] 23+ HEZF2]F

ol fr Aol 457 AFAIRE FAT §F e HARZNTEH S22 HEZAEE
wEgh o 106/ml7E HEE At AxSAs Ad
FBS7F AH7Fe RPMIG40E Ab&stied Axsds #2387 flste Aed
mitogen<  TAHE] tf) &} o concanavalin ~ A(ConA), BA|Xo] o] =
lipopolysaccharide(LPS) & AF-&3Fth Aol HEAld+= oHAddS St 244
g2 (Con A, 2.5mg/mé; LPS, Img/ml)S ZFzre] wellol 4ul, 6408 HE3FH. HEF
microplateE 37C, COz 5%°] Z7stollA &7k vl F7]o| A 48AIF vl 4F = At
MEZ2 Hrte AT F25EA Ak AlamarBlue(Serotec Co., UK)E o] -&3}¢]

Fdoll ZF well® 713 o2 vl¥FEF fluorescence microplate readeroll

l—N

A FEEE 2AAT. AFEEFA A E(stimulation index)E A ZAA A A A FE F-A
of ol&te] AAE At
7. BAAY

5% FwolA FAAdS AT oH, APt HliE Duncan® i

(Snedecor and Cochran, 1980)& o] &3} 91t}
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1. $iA¢] 43 2AE Cr-methionine®] d7AZA e &3}
2 AFL JiEE Cr-methionine Al%2] Aol &848& H7st7] 935t
AEZXE A ZFsle] FBIA|7HA] life cycles¢l Foldthe AAGAERE SAAAA
&S stk F71E B f71H Cre] #H77E ol fAbEddl Al d g A
© Y(table 2-4)S AHEW 2oz 43542 CrMetl00H 7Holl A 7}
F=tout CrMet200 7H2 27y F718) Crad7koo vsdk 43teS BHoF
Atk =AY 23pEA = CrMetl00 7H7F 71 & 23S dediles 718
Cr3 7F(CrPic200, CrMet200, CrMetl100)e] Z3t&o] F7]1E] Cr3l 7F+(CrCls200) Ko
2 A%4E YEhddY s astEol A= A ol Aol b gldth
Cr-Methionine chelate?® 7} 21 CrMet2003} CrMet100o] 41 ¢] o4 A] 23 &S F7)
Bl Crd7Fel CrCl200E. ) =kt} T3k & B 3lE9 4A3&% F7|8 Cry7H+
Ho =toy {718 Cri 74l CrPicZOO%ﬂ?L@r% 2ol 7h ATk o A=A
oA FFAh A& JNHS e A BEAA W frelsie
zlo] 7kgk Cr-methionine®| ©o]fr2b=9] Ast&o Ao E3= A A2
f718] Cr-picolinate®} vl sle] B Zobdld zAnk 23bgols 2 Ao
7F ey A et FetrstEe] Astg> TUte Atk SR NA askEdd
|
|

L
Ho

0.

A= 9 (table 2-5)2 3 &S A9t obFd Aoyt UAvk SAV] A3FEo]
ol A= wlaste] A3k zZol7k AW AL o] Aly|o] Adpr|e] A o] ¢
2EA7] W& Aoz FHaEy

ek 71 e Crel 45 F718 Crat Hlaske] ofd A=A7]dd= 489 A

SR AWk g 2shgo] MAHY HATE A5etel] whel I Aol vEhA #
T Ao® dawr
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Table 2-4. Nutrients digestibility in weaned pigs fed either inorganic or organic

chromium supplemented diet

Treatments

Items SEM

Control CrCls200 CrPic200 CrMet200 CrMet100
Crude protein 72.33" 72.12° 7550 72.72° 78.85 247
Crude fat 7235 69.40° 7566  77.34"  79.31° 3.28
Ash 45.08 38.54 41.88 42.14 49,52 6.71
Energy 76.94>  7531° 7967  80.08" 81.43" 1.91
Total CHO 80,73 7935 8285 8459 84.82° 151

ab,c

Means with the different superscripts within the same row differ(p<0.05)

Table 2-5. Nutrients digestibility in growing pigs fed either inorganic or organic

chromium supplemented diet

Treatments

Items SEM

Control CrCl3200 CrPic200 CrMet200 CrMet100
Crude protein 80.07 81.12 79.17 77.01 7771 3.20
Crude fat 83.62 83.27 81.01 78.05 7745 3.73
Ash 57.76" 5149 5340 4772 4208 3.99
Energy 80.62 80.76 80.87 78.62 79.42 2.96
Total CHO 84.85 84.73 85.43 83.80 84.65 2.44

abe Neans with the different superscripts within the same row differ(p<0.05)
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Table 2-6. Effects of chromium sources on fecal mineral excretion in weaned

pigs
Treatments
Items - SEM
Control CrCI3200  CrPic200 CrMet200 CrMetl100

Cr 9.1%" 9.1*" 7.7 85% 8.8" 0.5
Cu 395.3% 456.3" 358.7¢ 395.0™ 423.0" 20.4
Fe 20545.0"  20594.0°  14261.3° 16717.3"  20232.0° 21166
Zn 879.0° 948.3° 496.3 ]76.7° 675.7" 9.96
Na 1015.0 924.0 1075.0 981.0 771.0 209.9
Mg 5923.7 6208.0 6267.0 6202.3 6429.3 291.9
Ca 42433 4184.7 4020.3 4240.7 4270.0 134.9

abe Neans with the different superscripts within the same row differ(p<0.05)

& N X A2 Cholestrol, Creatin, Triglyceride, Ca @ BUN 52 A 2] 1737+ olFd =}

i)
[}

o]Z YEel R etor} Total protein, Glucose, ALP %<& Cr-methionine(CrMET)

200ppbE woIg T 7F tizTtoll Mls frejHew F7hekl

Anderson(1995)2 &S H7lstdsd 5 FZd2HE, LDL cholesterol,

i

triglyceridet:= #4390 #1 % HDL cholesterol> 5 7}g-t}har ¥ 31849t}

Table 2-7. Effect of chromium sources on the serum traits in weaned pigs

Treatments
Items - SEM
Control CrCl13200  CrPic200 CrMet200 CrMet100
ALP 612.80" 629.40" 813.25" 71500 661.20° 101.67
BUN 10.01 9.93 9.18 9.65 10.68 1.72
Ca 12.65 12.70 13.13 13.08 13.17 0.73
Cholesterol 101.00 108.80 109.00 103.00 104.83 9.96
Creatin 0.78 0.78 0.75 0.79 0.83 0.07
Glucose 12433 116.40°  12267" 13250  126.50™ 11.29
Total protein  6.52 6.74 6.55" 707 6.90™ 0.33
Triglyceride ~ 54.33 61.25 47.67 61.00 53.33 10.78

b Means with the different superscripts within the same row differ(p<0.05)
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A 5(1999)& H]$=o] Chromium nicotinateZ 400ppbet S00pphE H
dF Zdas o] v Aol YElgoy {fode fldva Hastsh vk
2 A 5(1995)2 chromium picolinateE X713 AR E Fos 23 5 FHU2HE

of g2 238y Ttete A B Aol fojde gldvha sl

o
Kol
=1

A5 st EEeol Mg ] wEel 54 BEAol Eel W

FS vl = Aok upEkA o]y mEGEAES fUH dHZE F95taA} e B
& "ol g9llom o]F thEHel W o]l mineral-amino acid chelateo]t}h. whalA
B A3 mEgEASE Cre methionine?} chelatingdte] 7181 dele Crg

Mkl om o] F o]fA=o] Folste] WRkge w A= @GS FUIH Cr vix
A f7l8 Crel Cr-picilonate$t HlastAth, A A 2] ZEH]E(table 6)& ¥ K
% helper T cell 21 CD4, CDACDS, B cell 1813l Mo/Gre A 2]3ke] o] & HolA|
FRou Ax 54 AEJ CD8 F7IH AF AT CrChelA 7Hd =2

&5 B, F7/8] ZE Cr-methionine 100ppb # & #7F dx 1w} =7}
Y EFSTHP<0.05). wWEkA Cr-methionine chelate® 7F=%oll whe} EE &0 &
ASS Flstdnk FAFAH HEA B cells FH37] st T cell
granulocye$} monocytedl Al &= T A 2= CD21 markerEs o]&3te] 43
B Agztel Aol gldley CD89 &o] =AW CrMet1003 7kl A
AR Bop wre A3gS B

rﬂ
i
N
ot ™0 A
o 4 b

o

Sh
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Table 2-8. Proportion of porcine leukocytes in peripheral blood of weaned pig fed

either inorganic or organic chromium supplemented diet

Treatments
MADb SEM
Control CrCl3200  CrPic200 CrMet200 CrMet100

CD4 1872 17.81 16.99 19.22 1758 261
CDS8 1587 22,58 19.72% 15.82° 18.60™ 2.95
CD4CD8 3.60 3.23 3.17 3.05 2.43 0.88
CD21 11.05 10.13 11.02 12.29 873 1.80
Mo/Gr 23.76 23.87 23.33 23.18 25.65 4.02

b Means with the different superscripts within the same row differ(p<0.05)

718 Croll ¢Jgt nj 5ol HWANLSS FAstaA xd Ay &2 280 o)
= monocyte®} neutrophilel]l 2|3t 3}shdie

fig. 13} 2t}

Maximun RLU
0.3
ab
2 025 r
o
2 ab
£ 02
£ b
B
2 0.5 b
=1
=z
e 01
E b
2
o 4%
0

Control CrCI1200 CrPic200 CrMet200 CrMet100
Treatment

Lucigenin(02-) O Luminol(H202) \

Fig. 2-1. Chemiluminescense in peripheral blood of weaned pigs fed diets
supplemented with either inorganic or organic chromium(chromium picolinate,

chromium methionine)
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AAA oz F718 Cri7bel &3] &2 Al Lo 94{?} spehhgo] xR 2
5 YEH AT lucigenin(Og )oll o] gt stehdbg2 F7] 8] Cry7bol A 1o
E2ko ™ Juminol(H:0)ell &gk shshdkg2 CrMet200% 7F-oll A BF Mg TRtk =%

T neutrophil®] &4 {718 A2 TE0]
718 Cr Aglrrn S7hek Ao 2 e th(P<0.05).

Fig. 2-201A+= Axvizid Wnkg Fristazt =2 o] dxdHox A s
(lymphocyte) & 8 3to] A EF2 AFHS AAEAT. B cell mitogenol| 2]3F 529
= zel7F flleyt T cell mitogenol gt S22 CrMetl00 7Fol A 7Hd =4
el AEREEZHENA T celld! CD8Q EX&2 238 thah wigtdd Axje} n
wate] B CrMete] H7bs &R REgste] gkt 2Hgo] a7t = A
o2 Fuyy I g3 CrMete] skl weba 2ebd = d&S AAFsk T

d

VR EA HA H|Eo|Hoz Z L5

m

=

14

12

10

Stimulation inde

0 ]

Con A LPS
Treatments

|0 Control @ 00200 B QPc200 B GiVe1200 M OO0 |

Fig. 2-2. Effect of dietary chromium sources on the peripheral blood lymphocyte

proliferative responses to two polyclonal mitogens
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Control CrCl3200 CrPic200

CrMet200 CrMet100

Fig. 2-3. Representative histogram of positive CD4 monoclonal antibody
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Fig. 2-4. Representative histogram of positive CD8 monoclonal antibody
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Control Cr-Pich0
Cr—-Met50 Cr—-Met100

Cr-Met200

Fig. 2-5. Morphology of adipocyte differentiated in culture media containing Cr
sources
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A3E 259 FLE F47F SS9 ZAGAE

23tg, YT EAFE vA=

o

&

1. A 8

Chromium(Cr) A9} 7F&FoA B4l ddFido] A5 Mertz, 1993)% o]
B WAS HAA v 94 37ES 671 FUHA F 7 dRbAl FEjolt
67} Cr& 37Fel nlsl F5A o] o Zatw, 37} Cr& AAR HAo] wi¢ vt}

Cr& glucose tolerance factor(GTF)e] FAARE SR FQa3dlH, GITE AXURE

glucosed Y& A3+ insuling g &89S dalFe= vx 32823 e 9
S e EAE insulindl WE EFHE Qsle] ARHow BFEE dwAd 81

Ake] giatel Fask Ad3s dtA Frh(Anderson, 1987, Mertz, 1993). Steele &
(19772 =ZEo] 3% synthetic glucose tolerance factor’} ® Aol A insulin
activity S A5 A1 thal Rkl A RE Steele 5(1982)2 H A oA ZES +

Al hepatic insulin binding®ll &= 9 &o] §IAT AR a&¥ dAFEC F7FsIATa K

s A, Aeld 2Bz Agetel A 7hssol Sl AW glucoseth Aol 273
stm FrEYE ARS T 8w oflel k5o Y Jhdel e gttt Chang
Mowat(1992)= <% = X5&o=2 IFA8A Aes stA &S oA dA Cre
woA SA o] MAFNI, Burton 5(1993)2> FHAoA WAFE o] gt
SRS o=

Evans(1989)¢} Kaats 5(1991)& Chromium picolinateE Abgol Al BEFoeaAS
uj lean body mass7} S 7Fstal A A Wo] 7HAagtba s ow, Aol &
XA 7171 ek F718 B3 chelate 233 Cr-methionines ratoll 3 7FA] A X w2k

B FAgA Sof AHA(F 5, 2003)0] HAvtir B E ¢t Lindemann 5 (1995)0]

_58_



Cr-picolinate®] FE|E Cr 200ppbE AIEW H7lslel FostdSu] A =A4 7 o]
=AUt E$ Caparwenk(1995)¢] X1l 9st¥ chromium nicotinate™ H]5=2 A
dEI ZAG A et FEFeol UEs EHoFA e, Kormegay 5(1997) F4
H] &= o] A chromium picolinate® Cr 200pphS TFWE H X &= wjd = @A o] o
Wi, #AAEFFEY DM AskEx HAHEJT F3dth Page  5(1993)
chromium picolinateg® Holst §4 vl SEA 5 ZHU2HE o] FAHJAT
aL skl

ZFEsAb R H7bE = FUIH GEAY] AF ThSol JolAl 10%mRke] v Fas
2 o] gAo] % yrt} Anderson(1987)] 9t F4E F71E CrEge 0

A e Bastdth webs {1 Fede] el dddol dEHa v
ofd, 72, Witee] FEd A v F7IE AFol Y B AaHI glon
T8 259 TF= @A e AdHelt f71H FEEA e Cre] Bee HlS=
AM FHE MAdsts 237t Qo] SARHdEARAM AAY FAw Aee

Ao mPFFEARA T8 ZE(CrCl6H0)3 A #vj=Ea s 718
AE]! Chromium-picolinate®} 2 AF7o] 723 Chromium-methionine2] 3 7}7}F
AulSE 4shs, gAY, a8 ZAEFHEA vA = &S Hrbstazk A As

o
=
[ex]
A

nt
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];_l
AR Attt FEEG(FEADANA AAlEdon, Al o) i
Cr-methionine®] §AH] =9 AGAAE Asts 2 EAFA A= dFs 1Y)
Y3te] FATERE 39 wFEF(LandracexDurocxYorkshire) 22 WA A F 19kg 2]
F4=s AYd 6572 5483 30FE TASt] &stAd B RAFE ARl o] &

&t At

2. A AR E AFAA

AFAAE S 7FFEHS A EE dixz27=2 s§te, o7l CrCls6H0%k
Cr-picolinate, Cr-methionines #7ts A5 FAoh A FAE ] wjdv]= Table
3-20 A 9} 23, Ao wgk F718 CreZ+ CrCls6H05 200pph(CrCls200) 3 713}
dow #7168 Cra7trol+ AdE 1 9= Cr-picolinateE 200ppb(CrPic200)E & 7}
3 k. Cr-methionine® 7Frol &= 22 200ppb(CrMet200) F+ 100ppb(CrMet100)<
HA7rstel A9 RS Brtetdnh 4 A" 674 U =wolA A
om AFAIR S =2 FAT w2 AFel AMEE Al SR FEe

NRC AP}l 250l Mgd BysRE o §ahsith

_60_



Table 3-1. Formula and chemical composition of growing pig basal diet

Ingredients Growing
Corn 54.11
Soybean meal 32.65
Molasses 3.00
R 1.34
DCP 1.54
wpo] w2~ 0.05
NaCl 0.25
animal fat 5.40
Phytase 0.20
Choline chloride 0.16
Tocomix 0.05
DL-methionine 0.03
L-lysine 0.30
Biotin 0.05
Vit. ADs 0.03
Vit. Mix.” 0.25
Min. Mix.” 0.15
Others 0.44
Chemical composition”

Crude protein(%) 19.50
Crude fat(%) 7.76
Ash(%) 5.48
DE(Kcal/Kg) 3590
Ca(%) 1.00
P(%) 0.60
Lys(%) 1.27
Met+Cys(%) 0.65

* Calculated value

a The vitamin premix contains the following per kg of diet :
Vit. A. 16,000IU; vit. D3, 2,450IU; vita.E, 87.5mg; vit. B1, 1.88mg;
vit. B2, 6.25mg; vit. B6, 2.5mg

b The mineral premix contains the following per kg of diet : Mn, 60mg;
Zn, 10bmg,; Fe, 150mg; Cu, 105mg; I, 0.75mg; Se, 0.3mg
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of # Y IHAZE FFYHAA /\}*O“E] 9] F-marker$!
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ash(AIA)E ©o]&3dto] #Ast1om olfA 7ok A 7dd= AspAd Abgol] Wi
marker®] #41& &olstA 317] 93te] celites 7V 05%% FH7FskAth EgE celite
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of o Az WstE Foto] celitedf A AR gt A& AEES 7HssH
stttk AN AV v ST)ol= BAA FES 4o 284 LS FRT
T A7 "ol celite®} FeOsE #H7FshA] ATt

ATA9] #22 McCarthy et al.(1974)9] ®W® o wat 4N-HCIZ A3A7 & o
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23HE 2 v Aol weh AlgAR e o] A IREE AU

Ul FEE A4S s 60T Azxz7|AdA 72AF Az EE 2o ARE
7F Aol wba R 1gX A Pste] BalE FHGE0m) Ptk @ak65%,v/v) 10
met BFAEB~4)E H7bste 60C=E odso] & dry heating blockell A ¢F 30

Ak & 110TCol A 1A17HE<F
7 e vhg thAl 150TC el A 30l A 1AIRE o 7k et FEE AeddA] Wziazl
g, Al Zak 10mE Arbely FHEZHEE A e
A7 o EsiAzith #37F ¢93d FHEHE AAA WAl v, Hydrogen

peroxide 4mlE FHO Y Z Z3te s 110CAA 1A A= EsA] 7t &3
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Y 5 Rl 33 FF
Som¢ vz E ek ze] gtk
50m¢ FEo Tt}

A 7}ske] filter paper(Whatmam No. 42)% o ¥} A] A
Al 0.45um syringe membrane fiter® o] 3}slo] A 2§

o

FEH B FEEE =
ICP; PS-950, Leman lab.)& °]&3to] #A48tdth F&E2d 242 F 7 FEA(Fe,
Cu, Zn, Cr, Na, Mg, Ca)<s ZFAHsAo. AFHd 2o des zedEZ

(HIGH-PURITY STANDARDS Co., USA) ICP#4] 8 & 0|83t}

d deofo] gsiet £4S5 9léte] Cr-methioninr}
Cr-picolinate 3= CrClz¢] F7bell ub& o) Ashsh ¢3¢ Mats zAskdt A

stel E4 S 98kl AbdA & slo] Aol A oF 24]

@
of\
i
_1

)
it
1o
o,
ol
=
=2
>
N

7F Wxste] RS A7l F 4T 3000 rpmoll A 1587 LA 2
st B4 A7HA] T3 -30CodA  B#sAY. EAAEST  ALP(alkaline

phosphatase), Ca(calcium), Chol(cholesterol), TP(total protein), TG(triglycerides),

E T 2=

Glu(glucose), BUN(blood urea nitrogen), Crea(creatinine)> 8 W A5 7] 5 o] &3}
of EAstdct. 2 A E AW insulin, growth hormoned A& £21 kit(Linco
Co., USA)E o] &3t} o] W< radioimmuno assay(RIA)E o] g3dl:= ®WHHo=w
o] kit #Z% A7t I'% labeling® o1 At} o] radioisotope ¥H7H717F 604 &
S TS 30 oWl EAlske{oF gt

gf. =AEE Ht

=A &4 ¢ 37l NPPClnational pork producers council)e] A 2ol whg} 2 A sk
o A 10UA S 11 A ZujAte] S SAH kAL, S99 SANTFAE

A%t} standardized fat free lean®] &S =AA FA43 2%A4 FAC

NPPCol A A g & 2ol o3 A 4Fgkth
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RE BN Ao EAEAHL SAS program(2004)¢] GLM procedureE ©
Fo4S AFagen, AgHF HaLE Duncanel THEA

(Snedecor and Cochran, 1980)< o] &3}
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A3E. 23 2 uF

AFAAE JFAn astEdd dg A= 1 29 Zrh 20750kgel A= %3
st&el A Chromium methionines woIg A oA t& A rwno @2 AaFs
KHola lovy el A, oy, FestE AstEoA s ATt Aol &
o]#] gk} 50790kg I 907105kgol = CrCls 200ppbE F 3t A g Fol A whujad
AA Astgol F7hetA th(p<0.05).

™
B~

e

_E

Table 3-2. Effects of chromium sources on nutrients digestibility in

growing—finishing pigs

. Treatments
Weight Items -
Control CrCI3200 CrPic200 CrMet200 CrMet100
CP 80.07 81.12 79.17 77.01 7771 3.20
EE 83.62 83.27 81.01 78.05 77.45 3.73
20"50kg Ash 5776 5149 5340  47.72™  42.08°  3.99

Energy 80.62 80.76 80.87 78.62 79.42 2.96
Tatal CHO  84.85 84.73 85.43 83.80 84.65 2.44

CP 7638 8207 7787 6293 7837 3.6
EE 74.33° 36.18" 83.70° 76.08" 83.22° 2.29
50790kg Ash 50.48° 57.75° 56.06° 44.80° 4949 296

Energy 81.05¢ 8597  85.00™  79.89% 8320 124
Tatal CHO  87.18 89.23 89.63 87.49 38.62 1.55

CP 78.40° 86.29° 81.84° 80.34" 80.83" 2.11
EE 80.39° 90.79°  87.11" 813%™  86.11%™ 321
90~110kg Ash 47.21¢ 62.34* 5354  5648"  5204™  3.85

Energy 83.06" 88.69° 85.17" 84.63" 84.41° 151
Tatal CHO  88.06" 91.54° 89.21° 89.24" 88.70° 1.08

abed Neans with different superscripts within the same row differ(P<0.05)
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el FJo7h BU 3

Chromium =
Cr-Metl00+<} CrCls 39+

20750kg il = ox &% Cr

CrCly =+ Cr-Picolinate ®.t} =t}

FoaE HEhE ¢ A

e}
= AS HEHez &+
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Table 3-3. Effects of chromium sources on fecal mineral excretion

finishing pigs

in growing-—

Treatments
Weight Items SEM
Control  CrCl3200 CrPic200 CrMet200 CrMet100
Cr 12.2° 84" 75 12.2° 8.0 0.5
Cu 4017 4240° 3157 3753 400.0°" 47.1
Fe 97487 107630 76173 94887  9899.3 17138
20750kg Zn 1003.3 8827 15600  825.3 922.7 499.4
Na 915.3 625.0 645.7 647.3 683.3 200.3
Mg 6350.7"  6413.3" 5289.7° 5850.3"  6198.3" 4493
Ca 41837 41627 4311.7* 41687  3937.0° 1471
Cr 16.1 174 185 18.3 184 15
Cu 330.7°  405.0°  375.0° 3600  374.3" 20.0
Fe 12991.2 133960 133230 145937 148210 24583
5090kg Zn 381.0°  466.3"  450.7" 4747 454.0° 27.9
Na 81.05¢ 897"  85.00" 79897  83.20™ 12
Mg 5701.0°  6341.3"  6589.0°  6054.7° 63633  1905.0
Ca 43130 41727 42980 42903 42907 1490
Cr 20.8" 23.6° 22.4° 15.5° 17.1% 25
Cu 4053 431.0°  4665° 3758 4583° 219
Fe  16012.3" 14419.7° 18300.3" 14777.0° 18331.3" 15883
90~110kg  Zn 484.0° 4920 5537 500.7°  597.3° 23.1
Na 18070 15230 17160 14440 22870 4687
Mg 6103.7° 64293  6799.7° 5766.7° 657407 1778
Ca 42293 4369.7 43387 44987 44367 1823

abed Neans with different superscripts within the same row differ(P<0.05)
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Table 3-4. Effects of chromium sources on serum traits in growing-finishing

pigs
. Treatments
Weight Items SEM
Control CrClI3200 CrPic200 CrMet200 CrMet100
ALP 373 426 417 448 430 71
BUN 18.8° 13.4° 14.4° 12.4° 14.3° 25
Ca 12.3 12.3 12.1 12.6 12.0 0.5
_ Chol 108.6 97 98.4 105.8 104.4 11.8
20750kg
Creat 0.9 0.9 0.9 0.9 0.9 0.1
Glu 106.6 98.7 97.2 110.2 103.2 9.6
TP 77 7.8 7.7 8.3 79 0.5
Trig 46.6™ 61.3° 39.8 51.6% 55.6% 13.3
ALP 297 311 326 288 340 71
BUN 175® 13.3" 135" 12.6° 21.7° 6.6
Ca 11.9 12.1 11.9 11.6 10.7 15
B Chol 107.8"  106.7% 98.8" 96.0" 127.2° 17.1
50~90kg
Creat 1.1 1.2 1.1 1.2 1.3 0.1
Glu 98.8 88.7 88.8 97.2 101.7 16.0
TP 75 7.8 75 75 8.6 1.1
Trig 44.0 50.3 36.3 37.2 49.3 7.1
ALP 247¢ 346 382° 268 272> 71
BUN 155 165 17.1 14.2 17.3 42
Ca 12.0 135 14.1 11.9 12.2 2.0
_ Chol 107.3>  1205®  1344%  111.0"  1254™ 17.2
90™110kg
Creat 1.3 14 1.7 14 1.4 0.3
Glu 75.8% 92.2° 102.0° 80.5% 63.5" 19.1
TP 79 89 95 8.1 85 14
Trig 472 413 486 56.0 46.8 10.9

a,b,c Means with different superscripts within the same row differ(P<0.05)
+ ALP,U/L; BUN, mg/dL; Ca, mg/dL; Chol, mg/dL; Creat, mg/dL; Glu, mg/dL;
TP, g/dL; Trig, mg/dL

Jal o sk A= ¥ 3-49F £}l 20750kgol A triglyceride® X7} CrPic
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200ppb ATl Al 7Hg Wk ok (p<0.05) WH A A F3E kol gl 50790kg
ol A CrMet 100ppb #H7}72] cholesterol & #o] CrPic 200pph ¢+ CrMet 200ppb #
bl vlske] FrkelEA S B At (p<0.05). 907105kgol A= CrPic 200ppb 3 7k
9] cholesterol &F&ko] 2R =71 oy g2 a2 Aok 2ol 9l

Cro] zZH-g7]2ell &3k AF7F H 5o @ol o] FojFomA AMAA qw 71xa
o] W2 A A& Cre glucose WA} insulin, o}v| =4t F4=9F tiA},

2 3 RNA el d&FS nAH dF ZdxHE G 7uli°ﬂ+ FEFS U]i‘i‘
Ao A °]E]F(Pag€ 5, 1993). A 5(1995)2 chromium picolinateE 3 7}sk A}

m

55 w9¢ A3 dF ZuHzdHE TS 23 Frbenal e loy Page &
(1993) chromium picolinate® |53 SA4 - v SE=A 5 Sd="HE o] 7
AFATE Baekes g Z3E BHoFa vk A 5(1999)2 chromium nicotinate
AAE v &= Atz A7t sd 5 FFa2dHE o] dxT7F 97.0mg/deo]
o 400ppb 79 800ppb Bl TFANA 27k 936 F 9B5.1lmg/dUE FF e HEgS
UER ot A ztel frede gl

Table 3-5. Effects of chromium sorces on carcass characteristics in

growing—finishing pigs

Treatments
Items SEM
Control CrCls200 CrPic200 CrMet200 CrMet100
Carcass weight(kg) 80 81 33 75 81 5.6
Backfat thickness(cm) — 2.8° 2.4™ 2.4™ 1.9° 2.3® 0.3
Loin muscle area(cm?) 51 48 52 52 52 49
Lean perchantage (%) 58 59 607" 63° 60™" 2.6

ab Means with different superscripts within the same row differ(P<0.05)

sy
a

2

AFEAE A3t ob e Aol zh gllvh. ARk 4hs7] ko]l CrMet % 7kl
A dzTEY e AEgE dedde SARFARE CrMet H7Foll A tha 3
st 2SS e AT # 5(1993)2 Chromium nicotinateE ¢ 8 ol A 5#|
AZF FrelH oz astdrta Wasta 9

B>
o
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1

s
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Alskgth 9 Armstrong et al. (2004)2 A=W copper $HEo] WEFE wjAdE =
copper®] FHFE WolA vt F7]E} copperg AH&3sHH 7] copperol Hlste] A A

AT Batoed {7 FEH Ao nEFREde ESH 42 9

7V gl el Chromium®] A&e4 A& AWjAL, g5stE A, dw
Aol #oJstH, glucose tolerance factor(GTF)e] TFAAESZ 28319 insuling

s
oX,
o
B
N,
>~

AA71E Aog dEx dvh(Schwatz and Mertz, 1959). T3k oy
cholesterol®] 344 %, HDL-cholesterol®] %7}, glucose$t oFm]=4ke] A ZE W &
T &£ 2 "9l sAAdE Tas 98-S 3 sri(Anderson, 1987, Mertz, 1969).

Page et al. (1992b)& =} Aol A chromium< 200ppb HFA Ldd=A 3 A4 F
2ol Z7Fgvtka B a1k whH) Lien et al. (1993)& A A oS
= A= Bt AS7bA chromium 7t o8 §4 2 /i a
9l JtEnrhs ~E#~ dee] 7}EdA telta 9tk Burton (1995)2
chromium® H9Z glucose T57F S7FE 0] A, AL 24, 374 2 A3 ~E
g2 A TS Had dUAE 5 BS 5 Q7] "o 2EH 2T il
(= Rk A A=

&, = Aol A= copper-zine W& H7IE Qlsto] FA| o] 74l = o m (Hoefer et
al, 1960), Cu-lysine complex®] 200ppm H Al chromium® FF&S #A2AZY
B % A Apgar and Kornegay, 1996). Ohh and Lee(2005)=
F71e FEA AfolodlA wm EE AFgAEe] JeAdS A
Chromium¥ copper®] w5 % ZA3zkgol] tigh A7k w9 d5gk Aefoltt

7

Wehd B Age SAEA MF 48 Alole] wE % AFHES 3

d

1A4A] &+

o
i
)

L
AR

o
a2

= =
sto] 718 %= F718 chromium¥} copper®] ¥ W&wo7F A= §44
23ts 9 BU FEE wA R vAs S Hrbstuar a4y

(2X2)& Fdko] AFEAH
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Al Al = FAAE H7telA] &S 7T e e A|FALE(Table 4-1.)5 o] 83}
Hom, FEA RFAEE AT AEE UA #Fe ths table 4-201 42k Zo]
718 = F718 chromium copper % W& F=4d& on] #jg$ Atgol] H7tst
of Attt chromium¥ copperg A€ FEHLE % FI7HEZ Fo519 2
W 718 chromium¥ copper: methionine® chelation® HEZ o] &3ttt F7]
B} chromium® coppers Z+Zb chromium chloride$} copper sulfateZ o] §3tgith A}
o Fe BEF AfEe] AASESE st A3 40 A2 432 3%k
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BoE g 3-4%A o) M s,
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Table 4-1. Fomula and chemical compositions of experimental diet

Ingredient %
Corn 45.32
Wheat 17.00
Lupin kernel 4.00
Rice bran 2.00
Soybean meal 11.60
Wheat bran 2.96
Rapseed meal 2.50
Parm meal 3.00
Animal fat 2.50
Molasses 3.00
L-lysine 0.50
Choline chloride 0.06
Limestone 1.26
Tricalcium phosphate 2.02
Salt 0.28
Vitamin" / Mineral premix” 2.00
Total 100
Chemical compositionS)

ME(kcal/kg) 3222
CP(%) 18
EE(%) 59
Ash(%.) 7.4

Y Vitamin premix contains the following per Kg of diet : Vit.A, 10,000IU/Kg; Vit.D3,
2,000IU/Kg; Vit.E, 40ppm; Vit.K3, 2ppm; Vit.B1, 10ppm; Vit.B2, 4ppm; Vit.B6, 4ppm;
Vit.B12, 40ppb; Niacin, 20ppm; Pantothenic acid, 15ppb; Folic acid, 3ppm; Biotin, 0.3ppm;
Ethoxyquin 0.5ppm
? Mineral premix contains the following per Kg of diet : Fe, 80mg; Cu, 200mg; Zn,

50mg; Mn, 50mg; Co, bmg; I, 45mg; Se, 2mg; Cr, 200ug

¥ Calculated value

_73_



Table 4-2. Experimental design.

Treatments
Sources Cr-Met
Cu-Met CuSOy Cu-Met
Cr-Met 200ppb 200ppm
CrCl3 200ppb
Cu—Met 200ppm 200ppm
CuSOy 200ppm
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W FEE EA4E 98 60T dxTlelA T2A7F X F EHE 29 ARE
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peroxide 4mlE FHO ¥ ZF 3 o 110TolA 1A A% A 7T &3]
7b B9 F HBHo 3x =74 H71sto] filter paper(Whatmam No. 42)& o] 3 A] 7
50m¢ WlA~ZekaFo gk thA] 045um syringe membrane fiter= o] #43fe] A 2-&
50m FH | "=t

[e] o) 3 A=)
JEY BHES FrEAT Sohxe 23
=

BE HedA WA

ICP; PS-950, Leman lab.)& AdatAct FEF B F 77 %%7”(Fe
Cu, Zn, Cr, Na, Mg, Ca)s A3t AHFA o o xHFFEAL
(HIGH-PURITY STANDARDS Co., USA) ICPEA &% o] &34t

4. FAA
RE BN Ayo EAEAHL SAS program(2004)e] GLM procedure 183}
5% FxolM FAAHE AFIFIow, X%E]ﬂ;ﬁﬂ H il Duncan®] U4 WH
(Snedecor and Cochran, 1980)& ©]&3}%t}. TRt FHel e adEA S

contrastE ©]&3}o] 5% FTAA FIAdE H]ﬂé}oit‘r
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3. 43 ¢ u %

Chromium % copperd ¢4 #WE&F7F S n A= 943 table 4-37
Zoh dGSA ZH(ADG), dIFAEAFH
2o) 7F LSl T,

ol
>
=)
&
>
f
fo
4
o
3
o
rlo
N
Ak
-
<
4
a)

Table 4-3. Effect of different sources of chromium and copper on the growth

performances in growing pig.

Cr-Met CrCls D
Item SEM
Cu-Met  CuSO4 Cu-Met CuS0Oy

ADG ( g/day/pig ) 812 350 914 810 69

ADFI (g/day/pig) 2334 2532 2601 2464 218

F/G (feed/gain) 2.90 2.98 2.84 271 0.25
Contrast ADG ADFI F/C
Chromium vs. Copper NS? NS NS
Organic vs. Inorganic NS NS NS
Mineral x Source NS NS NS

V" Standard error of mean (p<0.05)

2 . .
' Non significant

Mooney and Cromwell (1997)2 SA4|S =  F7]8  chromium & 2 A]
Cr-picolinateE 200ppb X 71A] d @S A Ho] /MAEAoY AR F &&= ofFH o
ko] gl whA  Lindemann(1995 ab)+= Cr-picolinate 200ppbS A =] FolA
SAF = obfyl Aolrh gl AlR Q&2 AAFEATL Bausgh oY
718 chromium® #7I2 F3d MAdgds 47 &
te s ugt vl 5 2 Aol A AFE¥ Cr-methionine chelate$}+= t& I E
o F718l chromium$ AHES ZAFoA A4 Blur]= oHq - 2 A ALEH

HAE2 5 AANAA 2EUA=7F g7 wiel S840l o Aol glAdd
7 =

Copper?] AlEW #H7F= A ZA 7]&3k vlet o] NRC #-dFow B ot
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wolAl A VA EE Aew HuEa glon od AdeE FUlH e 7
718 copperE FHoAldl = H]$=3 AFRES Holal Qi (Stansbury et al, 1990). 3}
o A A 7Y AT AN Hud S84 MAageE w2 dE
o E3 AF7A A ANERI Ruy =EECA HIME £FEd b
= I NAEIE HolA 22 AL FREAHOZ chromium3 &

oz FudEy, 3 ofdH A A copperd zince HEF
Fa AtsAdFHFel S AT AL zine W o

TROE A drtE A7+ A3} (Smith et al, 1997)& #])Fo] chromium¥} copperd]

MEFel $458 9FT & 9 AoE BT

Table 4-4. Effect of different sources of chromium and copper on nutrients

digestibility in growing pig

Cr-Met CrCls

Item SEM"
Cu-Met CuS0Oq Cu-Met CuSOq

CP 72.97° 63.06 76.00° 77.63" 3.79

EE 78.07" 71.44° 81.07" 84.39 5.92

Ash 42.63° 26.19° 35.80" 43.83° 725

Energy 77.12° 67.11° 76.88° 79.16° 3.32

Total CHO 83.14° 76.39" 82.36" 84.18" 2.44

Contrast CpP EE Ash Energy Total CHO

Chromium vs. Copper NS? NS NS NS NS
Organic vs. Inorganic w3k * NS * *
Mineral x Source * NS * * *

a b * *x Means with different superscripts within the same row differ (P<0.05, 0.01)

V" Standard error of mean (P<0.05)

Y Non significant

Chromium % copper®] =¥ H&Ho7F UL 23k MA= 2 table
4-4¢F 2t} Cr-methionine®l Cu-methionine®} CuSO,& W& H7/MA 23&2
CuSOs& wogh oA FoAoz Yo ZAAE BAH(pP<0.05). ¥ CrClel
Cu-methionine¥} CuSOs& W& H7FA &3&8 FoAQl AfolE HolA| Foth &

gk CuS048] 7% Cr-methionine®.th CrClzot -8 H7A A Ast&o] F7kske A



chromium® =< e wzt 43}t

718 chromium¥}

L

o

CuS0O4

R

A

1
.

O]
pad

2 UEFETHP<0.05). ©] 2

o

7o)

718} copper

p=
T

}

T3k

TC

W
B

o

)

F(chromium vs. copper)®t & B (organic vs. inorganic)A}o] 2]

=
<]

84

)

F(chromium vs.

=

[€)

(p<0.05)°l
copper)

el

A F718] chromium¥ 718 copper % 7F

b Atol7t gl
— ’79 —

L

R

A of A

o §44
o A Meldt &2l chromium¥® copper’}t th

FolA e AR TE B Ael Pt

AN
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Table 4-5. Effect of different sources of chromium and copper on fecal mineral

excretion of growing pig

_ Cr-Met CrCls H
Minerals(ppm) SEM
Cu-Met CuSOy Cu-Met CuSOy

Fe 226 231 218 231 25.06
Cu 31.43 28.63 29.47 32.53 2.90
Zn 11.93" 11.00™ 1051° 1273 0.94
Cr 0.38 0.37 0.34 0.34 0.04
Na 33.40 4713 48.73 55.87 18.92
Mg 169.00 171.00 151.33 151.67 14.10
Ca 97.10 97.27 98.97 98.10 1.97

Contrast Fe Cu /n Cr Na Mg Ca

Chromium vs. Copper NS? NS NS NS NS NS NS
Organic vs. Inorganic NS NS NS NS NS NS NS
Mineral x Source NS NS * NS NS NS NS

a,b.

" * Means with different superscripts within the same row differ (P<0.05)
V" Standard error of mean (P<0.05)

2 . .
" Non significant

Chromium % copper® w4 W&Fo7l W F=4 wid=kel nA= 4
Table 4-5¢} 2t} #U FEZ T zinc %2 CrCls¥? Cu-methionine = ¢ -1t}
CrClz¢t CuSOs wolelA w2 Axs yetdilon ojefst dae= F=d T7F
HEl7} zine WA R G Aom FEH AT (p<0.05). v tE FEEES
Foobdl ApolE Holx| eFgkth gk copperd] RS wol FE Abolo
Aot chromium®] 7% 718 Hol ol A wid o] i S/ Ao = yEkyk

Ward et al.(1991)2 AF&EW copper’t & EfFsol dod FuelA FF 4L
2 A3 zince FF7F Wt Btk sHARE & Algol| A= coppere] FH 7t
Fxo] 7l F718 EFolA NRC d4FFRth =i, 53 F7]8 copper’t
718 copper®th FF&°] HHol®E B et vt AdE YeERAA T zine
Aol thE F=d Abolo] Ao Aol o #Aad 5 Avke Tbe S AAlEE
Hahn and Evans(1975)¢] ¢]3t¥ zincel ZA{ ¥ F oA chromium® F5 % &

dako] ZAEI, o9} 2e Z7M: zinco] Fow AHATL Frh EF

o &

rlo

2
°
N
-
£

Z
ft

=
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chromium& T3 A1 zincd T %
chromium¥} zinc< Aol A FE4<

Lo

=

_81_

Aol zincd kol
QA 25 7Fd o Haskdh 2 A3 o A
wE zinco wjAd o] d3H 4

a7 el

2k7] o -4 zine

H] = chromiumrhk copperel] <]
AoZ Yoy EYGed F
k= AT}



A5 AE9 FLd At A9 HFEH,
Oﬂ 2 X

Aol A e ¢ gloms vex] (Aow Ry g
A A A et v Eo] SARRIH whelA A
AHA Aol g2 A d tiate] BolE dt= I ddaelth

Chromium< V] g33Ed2A A% tiAh, dd A eestE thAabg o] vhof st
W glucose tolerance factor(GTF)Y FAA R SR 8319 insuling EHE Z7HA
21t (Schwatz and Mertz, 1959). =3t cholesterol®] 344 %], HDL-cholesterol 2]
<7k, glucose®t ofwl=4te] AZW F45x B Wr|eS WA ZITAL Bkl
9 tH(Anderson, 1987, Mertz, 1993).

¢ Chromium<2 A¥F 7F5AbgR ] &7 s o] i iit-ite]l F71e e FH
2 ZASH  FF ol&&o] wlg W] wiiEe] A AeAH A} 28] s 79
gt 4= glS(Anderson, 1987) ¥yt ofuel AHolA T4 o] &H XA &L chromiumeo]
Aoz wjde] Holx EdH 4 T dFedder A8& oA A

AF7A 7FEANAl F98  chromium FHEEZ+=  F7]8  chromium¥ 7] H
chromium®] ¥ E|Ql metal amino acid complex@A] W AgEo] o]Fojx st}
1% chromium picolinate® =4 H|S= AR FoJ3AS Wl SAH FA7}
14716% A, P dH3d FZrle &% cholestrols #AA# oW (page et

=
al, 1993), §4 H]S&= Al#9] chromium picolinateE 200ppb Tl w] wj g
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9HA FUket A F7EY dE Asge a¥UF Jdvkar B askd)th(kornegay et
al,, 1997). ¥ 1Y Mooney et al.(1997)2 chromium picolinateE 4 B &= Fof
SRS W =AW deE s A o] obpd FEFS FA FUuvs dvd 2
HauxEa vk ol o] #AAZFA chromiumel] thgh oo A

71 4FE- g A (Metal Amino acid complex)ell gt Aojlow 1 H7l a3 JA A3
Al Tt E Al eF kT

wt2kA] Chromiume] Ad] o] &
E4<Q ofu| x4t chelate 2% 3
Ak AR JEels T8 aEAoR
&2} peptide &Z ol chelations A|7]™ wul& o chromiumeo] sAXA =W,
wepA A §RER A @i &o 5AZ chromiums FF8ks AE7F
AdA ZeHom o] & 5 UA drH(41,1993).

7 5(2003) chromium methionines ratell H7F Al AAHF2} IFF  total
cholestrol &#Fo] A AW ¥ HDL cholesterol®] 3H&2 F7F S Qdtial R ils
At} Holstein Z%° 5ppm? chelated chromiumg 3¢ 333 W
Aol gk WolE & F e 5ol Wontgs 4 AR HgxdEdR
Al 7Hsd & AAISEA tHBurton et al., 1993). 184 chromium methionine®] 2+<d 3}
g FHo AP SFEEoly wEISel ARt A o] i 3 oA e
of Aol A= A3k Aol
W}E}/ﬂ 2 OARE hEe A A A9xdEdEA TheAe] A"
chromium< 7|19 chromium ¢ 3 E]9} methionines chelationdt =& ¢
A7 SAe ey, ddaolg&E, dAdY 9 Hoguhgo mAE S v

B7hsbaia A E e

oo
&
_C;L
)
R
Sl
o
=
=
o
=
jam
3
if
o
=
b
2
i

0
__)&l
=
2
>
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e wdm %@q e AA 47 pelmA 4 APT AdAE

o] Al &= 120%110x80cmol A1 ¥ AFs} At}

[S—
=
(@)

X
—
[N}
(@)

X
0
o
(@)

3
(e

192
i1k

o
—U

2. AlgA s 2 A3
gz A A (antibiotics) & H7F8HA] &2 &4 wlFA=(Table 5-1.)9&

ostgoew A F(Table 5-2)& 27+ CrCl;  200ppb, Cr-Picolinate 200ppb,
Cr-Methionine 200ppb, Cr—-Methionine 400ppbS H7}3F 4 81& FAL FA3 AR
= AMEIH Alsolth. ARAVIFEd Al EE A7 FU1E dro] Alxst
Row, B3 A AfRe] AHsteE ottt §A4 AP 29 49 A
TE 5A Y 4itE WhE 15654 F 300575 Y] wiA sdon, Wdde A
A 8574 F 4055 Y9 HH*WPMU}.

3. A=

S Al F(weight gain)> H7} 7MAI Dol FAL} AT FHLe FA Aol &

HHE U FA] 7 22 Yo AAslda, AFE A3 HF(feed intake)2> AR
FoA TN AF SADe| FFS A 3 T uEE FASFSFE UFo] A4y
ArEAHAES Ao AT Als = A $8 & 358 5F Ak 44
AANEATE AR (F/G; feed/gain) At AFEFS SAFLE Y
Axta it
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L. ELISAE o] &% A3 w3 4
A9 WSS Hrlslr] fste] WY g¥e =4 LPS(Lipopolysaccharide :
thymus dependant antigen)& 7ol FAFste]l &4l @4 =& H7bskdd. 14
HEL 17€H LPSE 0.1% NaClel £33t H 0.45um micro filter2 o #3Fo] 100
W JEFFAe 22 HFL 12 JF 54 Foll s o JFedrh. Ad
TEA Mo A 3m s AE F dHS EEsidar 9 @S E4 A7
> 5

A-20Ce] meakgch wA
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Coat 1000 of LPS(ovalbumin)
20ug of OVA/m of coating buffer'(0.05M carbonate—bicarbonete buffer, PH 9.6)

!
Incubate at 4C for overnight
!
Washing with 3500 of PBS—Tween20” (3times)
!
Add 200u¢ of PBS with 1% BSA
!
Incubate at 37T for 60min
!
Washing with 35040 of PBS—Tween20" (3times)
!
Add 100ul of diluted serum(Start dilution from 50 X)
!
Incubate at 37C for 60min
!
Washing with 3500 of PBS—Tween20” (3times)
!
Add 1000 of Anti—Chicken 1gG with HRP (Horse Reddish Peroxidase)
!
Incubate at 37C for 60min
!
Washing with 35040 of PBS—Tween20" (3times)
!
Add 100t of enzyme substrate (TMB™)
!
Incubate at 37C for 30min
!
Add 50uf of 2M H»SO,
!

Read the absorbance at 450nm
* 150102] anti-chicken IgG(3.75ug/ml) 2} BSA(20pg/ml)7F Z+7+2] wellol 39 Micro-plate
* pH 7.4
#%x3' 3’ 5’ 5'-Tetramethylbenzidine(TMB) 1tablet2 Dimethyl sulfoxide 1mle] ¢! t}g 0.05M phosphate

—citrate buffer(pH5.0) IS H7}3lo] 3 3 wello] E5F317] Z Aol enzyme substrate 10meel] 2u02]
30% hydrogen peroxideZE %7}

Fig. 5-1. ELISA procedures for measurement of anti—-LPS antibody

titer concentrations.
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Table 5-1. Fomula and chemical composition of experimental diet

Ingredient (%) Starter Finisher
Corn 55.73 48.65
Wheat 15.00 15.00
Rice Bran 1.52 2.00
Soybean meal 21.52 20.36
Rapeseed meal 152 2.52
Sesame meal 1.00 -
Meat meal 3.00 2.52
Feather meal 1.00 1.00
Limestone 0.68 0.67
DCP 1.34 1.32
Salt 0.25 0.25
Animal fat 4.04 4.76
Choline 0.13 0.13
DL-Methionine 0.27 0.20
L-Lysine 0.36 0.24
Vit. Premix” 0.15 0.15
Min. Premix” 0.13 0.13
Enramycin 0.05 0.05
Tukocs 0.05 -
MAQUIBIYC s e O e
Total 1002 1002
Chemical composition
Me(kcal/kg) 3067.28 3112.12
CP(%) 20.00 19.01
Lysine 1.20 1.08
Methionine 0.56 0.48
Methionine + Cystine(%) 0.90 0.82
Choline(%) 0.17 0.17

? The vitamin premix contains the followings per kg of diet vit. A 21000IU vit D3 4500IU
vit E 60mg/kg vit K3 3.6mg/kg vit Bl 1.8mg/kg vit B2 7.5mg/kg vit B6 6mg/kg vit B12
0.03mg/kg Panthothenic acid 15mg/kg Folic acid 0.75mg/kg Biotin 0.105ppm

b The mineral premix contains the followings per kg of diet Mn 93.6mg/kg Zn 78mg/kg Fe
62.4mg/kg Cu 6.5mg/kg 1 1.3mg/kg

_8’7_



Table 5-2.

Experimental design.

CrCl»
CrPic
CrMet
CrMet

Control! Treatments®
CC 200 CP 200 CM 200 CM 400
- 200ppb - - -
- - 200ppb - -
— - - 200ppb -
— - - - 400ppb

! Control : Experiment diet
2 Treatments : CC200 : CrCly

CP200 : Cr Picolinate 200ppb
CM200 : Cr Methionine 200ppb
CM400 : Cr Methionine 400ppb
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(B
I
o3t
~
i
&

A9 Fme BA6 W AY 7o BE A8 24T F FA(thymus), vE
e 123t AgEAe AAR he 0.9%

S
2]
dlol SRS A T WA ] A=

gt AR A A, AR E
wol AlR T dARS AFste] B4l § 48AIRF T GEINA WA F 135T A
Z71AA 272 Ax & FAE A3t AEDOry matter, DM) =S Tt
A.OA.C.(1990) ol osle] Z3]H(Crude ash), ¥ (Crude protein, CP), Z A4}
(Ether extract, EE), &4 A (Gross Energy)% A S T

ALY W 2k VR ATE woli BAFE AAsed 48 4 244
A4 AAor 3UF 1000g% Fol F NAFS AASHAT 1000g0) A AP

sAste] AFHFS Atk en -rﬂffi T WA= 60C dx7]odA 7212 A
‘?_

)

o
o

BN

SAT Alme Edste]l T AEiol 48413 WAl § 135T Ax7]elA 2413 Ax

5 FAE 543 A=Dry matter, DM) & e om 4 Wy B AR
L
iz

FAAA B Hadt EHLS antigen(LPS)E HE3 A HFe4x && Ao
2 FES 39927 BUN(blood urea nitrogen), ALP(Alkaline Phosphatase), TP(total
protein), Calcium, Creatinine, Cholesterol, Glucose, Triglycerides <
Auto-analyzer(Vetex, Schiapparelli Biosystem Inc, Netherlands)E& A}-&3te] 243}
ATt
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4). A =

Thiobarbituric acid reactive substances(TBARS)¥ Sinnhuber$} Yu(1977)¢] =
HE oft FAste] v o] AAgdnh Al e AEsS 04g st A
34 & M(propylene glycol+warmtween+BHT+BHA) 2739, TBA £ 3ml,
TCA-HCL 17ml& %3l vertexol Al 273%3F &dFatdvh Alg el wils 23 10
0C o] &e] EollA 3023 7H43s 5 WZstdth nhlE do] tmle Whg-o& A Al
o 7] 7] chloroform 2mlE ¥ v 3,000rpmol A 15837F A& 2 A
A e NE 532nmel A S48 TE HAitstE 7HPeroxide value; POV)+= Shantha®}
Decker(1994)¢] ®Wiell Fsto] AAletATh ol Ha7|e] AS Zjdddll 47

of &7 £4ste] A5 o] &3kl

TBA=(As-Ab)x46/(gxb)
* TBA = mg MA/Kg sample
* As = Absorbance of the sample

* Ab = Absorbance of the blank

Peroxide value = ((As—Ab)*xmxV2)/(55.84xm0*2xV1)

* As = Absorbance of the sample

* Ab = Absorbance of the blank

* m = slope of the calibration curve;(About half of value in the reference 2
because of half volume)

* m0 = grams of the sample

* 55.84 = atomic weight of iron

* V1 = Volume used in measurement (3ml in this test)

* V2 = Total volumn of extract (7.2ml in this test)
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= }—
55 7 AgTtet vrEEE 1g¥ Aot FalE FEGOmDO Eeth ZAM965%,
v/v) 10mle} #YZ(E40)S H7Este] 60CE L5 9+ dry heating blockel A
oF 301t Falstth EE AlE7F AARg o] moldeS FRId - 110ToA 1A17H
et 7tEE o thA] 150TCel A 30l A 1A13F B 7HE st FEE A2 A W

A7 Tk, GAl Ak 10mlE F7bsta FRERE A0 a7t e wzbA 15
0CelA 1A7F o #aiAth ZA7F ¢899 FEE A4 W47 s,

Hydrogen peroxide 4mlE& FHo| Y1 & &3 2 110Co A 1A A% E3A|
itk &7 B9 & TR 33 S/FFT H71ele] filter paper(Whatmam No. 42)2
o] Al A 50ml Wl AZepA

Tl -

Fof| @=t} thA] 045um syringe membrane fiter® o ¥} s}
ok 7hEA ) ggal Az AQl 1k g sAnx

o] MZE 50ml FHo| H
T Al 2 R FEE 24 22 o s A e, 35 FAL %
ZAgt Zgt=nl #37 (inductively coupled plasma spectrometer, ICP; PS-950, Leman

lab.)E o] &3l EAst. FE2 48 F 7/ BFEZ(Fe, Cu, Zn, Cr, Na, Mg,
A ZAo He3 EF=3EZHIGH-PURITY STANDARDS
Co., USA) ICPEA£& o] &3t

ol. BAA
BEE BX Aylel B4 BAE SAS program(1989)¢] GLM procedureZ ©]-&3}
o] 5% T oA FAAES AFsF e, e HZ vHawE Duncan® Ysd AW

¥ (Snedecor and cochran,1980)& ©] &3} th.
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R
e

3. 2% #

Chromium®] w99 7} 99971 §4 s v A= 9F2 table 5-37 2t
21 sF Atm AHA S CM400 A FolA FojHor e Aow ‘/‘rE}k}itﬁ
(P<0.05), SAZFNAM= BE A3 F942 AeolE YehliA] Fskth. v Als
[789 45 CP200 Agarte] vhE RE A e vla] FoHom =4 vey
tHP<0.05). 71E9] ®ate] 2w SA4 AW CrpicE 598 H7HA% SAE, A
Fag ol dgo] YEhux gt Rael A H(Kim et al, 1996b). W
gha] 2 A oAl AR chromium methionine?] 3 7Fgko] 31 F of gl ®olz]o
AbraTg e &avt sl Ao sadEnh 2193 359 Febe] AbmAH
SAFS BE APl FoAQl zolE HolA gttt 18y Al 27 &S o

ZTol mle) RE Agarb e S B

A MALFE FEAAL AR AHFE FoAQ AeolE HolA ko,
A FE CM200 A= 77F fFolA o= 7hd #=dthP<0.05). A5 8782 CP200 A
g7 g2 A v feoldez =A YeERgthP<0.05), W chromium
methionine A 2] 7+5°] fFolHoz Atga&o] vt olf2s AARAFEFS v=H
X FAFe] S7tet 7] Wit 22, chromium chelationdt ¥ 7b7F ot & AF 9 #
7F Ry SA o] 3 Aom dAdHTh

=

0&#

Table 5-3. Effect of different sources of chromium on nutrients utilizability.

********** Treatment ————————-
Item SEM
C CC200 CP200  CM200  CM400

DM 73.27" 74717 72.97° 75.20° 76.55" 2.05
CP 47.20 51.58 49.99 55.50 57.30 773
EE 83.63 89.36 83.55 86.92 90.54 3.14
Ash 28.87° 32.63™ 26.01° 4447 4328 7.40
Energy 77.92 78.87 78.16 79.86 80.84 1.95
Total CHO 86.05 85.42 84.64 85.08 85.26 1.31

& P ¢ yalues with different superscripts within the same row differ (p<0.05)
SEM : Standard error of mean (p<0.05)

_93_



Chromium®] =9 H7} Fojo e gL o8& ZIT table 5-49 2t}
CP, EE, Energy, Total CHO®] ©o]& &2 tx7¢ RE A FolA Fo421 Ao)=
Holx eFgtort CM200¥ CM400 A&l ollA Zauld o] g&o] tha X o ]
af =& AF%S EAvh E=IDMI Ashe] o]&&% CM2003 CM400 A 2ol A
B ATHP<0.05). ol F&4FEH S ofnaty} A &4} peptide

3 e
G2 chelate A171W Fsts Fel7t 4m LEHoR o &% & Yrke 19

9 RugxE dxgtd, 23y Kim et al.(1996)2 47 2 Cr-pic 200ppb F oA ZFA]
Wil 2339 o] 880 FoHoR T sRue Hiasts Adutd 23E YEeRd
=

o] 4te] A3 n|Fo] Ho} methionineS chelationdt chromium *]2]F7} A%uol
| S718ke] oy o] &Eo| Skttt dkE T

Table 5-4. Effect of different source of chromium on the growth performance in

broiler.

Age  Items C CC200  CP200 CM200 CM400  SEM

a1 Fl(g) 83663  834.10° 851.85"  841.00°  792.45° 2378

WG(g) 59236  599.33 57742 60458  578.49 18.90

Doy oo 1 139" 1.48° 1.39° 1.37° 0.04
21~37 ....... T Tt

WG(g) 106760 115165 111963 114275 112895  59.08

Yo RG 197 1.90 1.89 1.88 1.90 0.09
Overa 1 1 ...... i ééééfi'é" ....... i 555555 ...... S

(137 WG(g) 1665.75° 175078 1697.05™ 1882.33" 1707.43™  40.99

F/G 1.74% 1.71% 1.80° 1.71% 1.69° 0.06

& b ¢ yalues with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

chromium® =9 FH7b7F §4 o)E4 Y (thymus-dependant antigen)<!
LPS(Lipopoly Sacchride)& &3 S92 W79 ¥ (spleen), &4 (thymus), F
J(bursa of fabricius)®] Aol W= G2 table 59k b HIALA S AETE
AAsHE 7153 W #olats HA-S CC200 A F7F ol Ha] fFozow
A HEFEEHP<0.05). WA {71 E dEe] A e s obFdl AbolE HolA]
2 3tth. Roura et al.(1992)c] LPSHZEF 54 #otele] nlgo] F3FS vtk w

rlo

—_ =
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L skgem, ek v AL Aldie WAR
A HOpera et al, 2000). TAHXZE A 1
macrophage?] 71%5 & A=+slH o]|F A FEo| HfE F= FA(thymus)S ZE F7
Gl 9] chromium A& TFE°] FIHoR ERom(P<
gitel= ol Aozt gl 53] ZFelnt A8

Fd(brusa of fabricius) Ag&3e] o2l zol= gl ququLoﬂ H] 3
chromium A 2] 4-& ! i
et al.(2000)¢] |

FAZE AZEE AP Baleks wkdiE = Aol O]" & 54
z2zkel LPSE H=3 o2 A corticosteroids®] AAko] Z=7}st 7] wliolgt H s}
g E=dl(Riddell, 1987), ¥ A3 o)A 7} chromium®| corticostreroids® A4FS 7

2AA Fde Z7)d WesE & Aoz sukdrc,
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Table 5-5. Effect of different sources of chromium on relative immune organ weight

in broiler.
********** Treatment —————————-
Item SEM
C CC200  CP200  CM200  CMA400
% of body weight

Spleen 0.17° 0.22° 0.21% 0.19° 0.17% 0.05
Thymus 0.24° 0.26” 0.34% 0.39° 0.31% 0.10

Bursa of fabricius  0.125 0.16 0.16 0.15 0.13 0.06

* P Values with different superscripts within the same row differ (p<0.05)
SEM : Standard error of mean (p<0.05)

Chromium®] =¥ 717} 5ol
A3+ table 5-67F 2t A A W2 B-lymphocyte’t HES
So] 2 gf(antigen)S Yo EA3}= A (antibody) 7t Eo] 4 o
= Ao EA W @Al IgG, IgM, IgA, IgEs°] Atk & HAFdA= oF
3¢l LPS(Lipopolysaccharide)E AF-&3te] 3¢ 3kx wkg-
Ay anti-LPS IgG titer< F7]8] A ¢t EE  chromium methionine # 2]+
(CM200, CM400)o A frejA ez EA veb e (P<0.05) v& A&7t 79
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32

th. ©]+= Chang et al.(1992)¢] H]&%7] chromium yeastE 0.2ppm
cortisol®] ZA9t EF W IgM9 total immunoglobulin®] Z7}3F)
el x5y, EE3F Chelated chromium® Fol7F 9o AAA WA
st AE A G A AAdFol= dFS Fed whe) gMel & o
R 3 (Burton et al, 1993)Z "] 5] chromium® Fod e 3
Eol Ao &Adstel e wkget= A eyt tEA vErd 5
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ro
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el §2
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Fig 5-2.. Effect of different source of chromium on Anti-LPS antibody titer of serum in

broiler.
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Table 5-7. Effects of different sources of chromium on the serum and non serum

traits of broilers.

Items SEM
Control CC200 CP200 CM200 CMA400
ALP 2477.00 2544.13 327214 315250 2695.17 872.66
BUN 2.11 1.95 2.13 2.33 150 1.103
CA 12.90 13.84° 12.54™ 11.90° 12,63 0.80
CHOL 140.38 164.63 153.14 138.33 160.50 25.34
CREAT 0.45 0.42 0.40 0.43 0.45 0.052
GLU 299.13 264.75 272.43 287.83 279.33 29.78
TP 3.11° 3.64° 313" 3.02" 3.40°° 0.36
TRI 37.25 37.00 3357 30.67 33.67 13.34

——————————— Treatment (Non LPS) ——————————-
ALP 2967.00° 320950 428350  3665.33"  6450.50° 1652.12

BUN 3.10 1.10 175 1.20 143 1.48
CA 12.00 12.05 11.95 11.95 10.38 1.38
CHOL 15225 158.00"  15850™ 172.75 134.25 21.76
CREAT 0.460° 0.445% 0.420° 0.393" 0.360" 0.048
GLU 284.25 301.00 277.25 271.75 256.75 37.73
TP 3.80° 3.45® 4.05° 3.90° 2.78" 0.46
TRI 79.75 80.50 67.50 82.75 69.50 20.77

& P ¢ yalues with different superscripts within the same row differ (p<0.05)
SEM : Standard error of mean (p<0.05)

Table 5-72 LPSE HES WY Ao AFshA &S &4 AT A9
Afoltt. LPSE HEd WY AdF9 45 CAY TPollA fFoldd Aols Hth
(P<0.05). ALP, GLU® TRICNA 2% Q1 Afo]& Holx| oot Fasts AdS
wylom o] chromium® H9®¥ H7FE As) A Aoz ddHr, LPSE F

FotA @S 4 Ad5+= ALP, CHOL, CREAT

1o,
-
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)
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= (P<0.05), CM400A4 g] 7ol A F3ig WstE B3tk BUN2

A= gdoy chromiume H¢9E H7M=2

WAy AEe A CM400 A2l el A B 94 i ARes R 7 AR
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Table 5-8. Effect of different sources of chromium on thiobarbituric acid reactive

substance of chicken meat. mg MA/kg
********* Treatment —-———————-
Items SEM
Control CC200 CP200 CM200 CM400
Oday 0.23a 0.21a 0.15b 0.19a 0.15b 0.03
1wk 0.33c 0.84a 0.37c 0.46bc 0.59b 0.16
Breast
2wk 1.31bc 2.80a 1.20c 2.30ab 2.24ab 0.76
3wk 1.63c 3.04a 1.56¢ 2.89ab 2.08bc 0.69
Oday 0.26a 2.28a 0.14b 0.24a 0.10b 0.05
1wk 0.35b 0.95a 0.44b 0.52b 0.99a 0.19
Thigh
2wk 1.80ab 2.29a 1.38b 2.25a 1.96a 0.42
3wk 1.27¢ 3.45a 2.47b 3.28ab 3.21ab 0.65

& P ¢ yalues with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Chromium® H99¥ 717} AS<9 TBARSW 3= Table 5-83 2t} #747]7to)
Aol whel A A el A Fkskd Tk A3kl TBARS7Ee] Wels B F4
9191 CP200A 2l +7F 0, 15, 25, 35 & AA&7|gto] Aol weh & A1

Ge Ae GeRIRer(p<005) CC2004E T v ATt Be 4%e
YER A THp<0.05). HEFH % FAFAe wzrkel 2 CP200A ] 578 #1471 7ko]
gl welk v AT Bop e A%S UE e (p<0.05) CC200 A 2 -7t
& ARt 2 AFS e A THp<0.05). chromium methionine®] #7h= A

WA £ & chromium picolinate®. T WA ¥ chromium cloride Xt A4S Al 7]
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Aoz At dY. F43 dEF97E AelE UEill= Al AAH FFo] =

=7] wj&Folg} & th(Pearson et al., 1970). Park %(1995)8 &
o tEF-¢19] TBARS7} A YeElW il BHistdA 1 ol f& dE
2 Mgl &40l Aolo 7]Qlghthar sty
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Table 5-9. Effect of different sources of chromium on lipid oxidation of chicken

meat.

********* Treatment --—-——————-
Items SEM
Control ~ CC200 CP200 CM200  CM400

Oday 0.055 0.053 0.056 0.060 0.060 0.005

1wk 0.073 0.072 0.073 0.073 0.073 0.006

Breast 2wk 0.060 0.073 0.069 0.072 0.065 0.011
3wk 0.080 0.063 0.066 0.070 0.068 0.009

4wk 0.052 0.057 0.053 0.051 0.063 0.011

Oday 0.039 0.034 0.030 0.029 0.032 0.006

1wk 0.105 0.065 0.063 0.056 0.047 0.039

Thigh 2wk 0.079 0.065 0.077 0.077 0.073 0.008
3wk 0.068 0.072 0.066 0.061 0.063 0.007

4wk 0.058" 0.071? 0.055" 0.051° 0.056" 0.006

& P ¢ yalues with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Chromium®] U9 77 Al&<9] POV ¥g Table 5-99 2tk FARAE &
T AgFrelA A7F7Izke] Aol whel vehve AAEstE fo4Q) Aol & Kool
Al FUTh WEFE 3FY] AFTIZre]l A3k web oAl Apo]E HolA]
FRou 4577k A 713ke] A ghe] wet CC2004 ] 7F e AT B =&
A H2re s UEF S 2 U (p<0.05) CP200, CM200, CM4003 wWz7-7Fe] A3t M =
oAl 2ol & HolA e¥kth. o] Chromium cloride® #7F7F thE -9 e] A4k
st5 S7F A7lE Aom AbmE

o
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Table 5-10. Effect of different sources of chromium on the proximate composition

of chicken meat.

****** Treatment --————-
Items SEM
Control CC200  CP200 CMZ200 CM400
Thigh 21.59" 2098 21.34" 2275 2097°  1.42
Breast  24.72° 2390 2441 2446™ 2345°  1.04
Thigh 0.77 0.52 0.98 053 0.99 0.38

Breast  1.07° 0.59 095" 072 082 027

Crude Protean

Crude Lipid

& P ¢ yalues with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

AF0 wdE HItel wE dE TRt FAFe duE g A gFeFe Table 10
7 2ok dEEe wwd g CM200H 2 77 =2 A4S yEeldoly
chromium methionine®| 3&Fo] F7Fek CM400A 8 ol A= 7 w2 Bads
ATHP<0.05). Eg FAIFHNAE CM400 A7k 7St deh. dE 9o A%
F At F9HQ Aol E YER A kot CM400 A e T 7F b =L A

Bk FAN9e AgeEFe CC2004 2 7-7F 7HE sk ™ (p<0.05) YA A

o ko8
97 Fe e Aol g wolX g,

flo

Table 5-11. Effect of different sources of chromium on cooking loss of chicken

meat.
********* Treatment -———————-
Items SEM
Control CC200 CP200 CM200 CM400
Breast 23.77° 26.21" 26.01" 24.85 27.81° 1.38
Thigh 30.29 28.61 28.63 28.21 29.33 2.16

& P ¢ yalues with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

AFel S kel mE diEFeleh FARe1e JhAgh e Table 5-113% 2.
FA9I= CMA00A ] 7+7F 7HE =3k o.m (p<0.05) e F-9l= Ba A3t fo

=
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0] z}o]E YEFNA ¢Fktl. Palanska®l Nosal(1991)S 59 pHe 7t 7%e] AAES
At pH7F EoW M Ee] Aus HaE o B Ao E pHt
BAE EF57F gl =3 tdge duide] wigdoz vehved 8o vk
Tof 7hE ARkl T8k 9lo] HW, Jtd 7 °
414 JH(Winger and Fennema, 1976). dutd oz 2% Eg <l 3 = &
), 4 52, dls T srgAle 8 wulde] SR 4 THe Az
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Table 5-12. Effect of different sources of chromium on meat color of chicken

meat.
toms Treatment --————--—- SEM
Control ~ CC200  CP200  CM200  CM400

L 58.04°  56.86™ 5594 58.37° 58.71° 1.84

Breast a 1508 1528 15.98" 1450 15.73% 1.13

b 12.14 13.04 12.65 13.75 12.91 1.93

L 52.92" 56.88" 55.96° 56.44° 58.49° 2.22

Thigh a 14.63" 13.01° 14.03"  13.98" 14.78" 1.19

b 14.10° 16.49" 15,72 16,67 15.84% 2.08

& P ¢ yalues with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Table 5-12% AF< F99 7l w2 gE2eer FAR S48 JeEhA
o FAE9Y Hxe YdEWE Lie thxT9 CM200, CM400 2] 571 CP2004 2]
TR B §AS Ygugden, AAEE YedE agke CP200A4 2 7 Mg E
gkom, CM200A 2] 771 7b4 S9hthp<0.05). B =S el bt <9 29l A
o5 Holx skth WENF-HO Lgke thxTolA 7Hg skgkom, agte CC2004 2]
Foll A M =R TH(p<0.05). bae EEAL 7 2R S tH(p<0.05). &
A 2221 myoglobin S AU AbA f5o A JFE W, SEAUe g4
T, AR, MAEY] 249%, pHE wet tEth 53] 449 Abaete] wkg
Arzel G4 FFol §4 W g T dFS vAE Aoz dHA drHLewrie,

1985).

i)
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Table 5-13. Effect of different sources of chromium on fecal mineral excretion of

broiler.
s Treatment --————--—- SEM
Control CC200 CP200 CM200 CM400

Cr 759 727 7.21° 727 7.40™ 0.198
Cu 5.12° 439 4.25° 3.52¢ 3.56° 0.525
Fe 765 9.95 6.56 12.44 721 5.445
Mn 11.85" 11.14° 11.00° 11.07° 11.13° 0.265
Na 329.67 354.88 336.29 336.50 323.17 52.032
Ca 4513 38.05 34.74 34.21" 32.41°¢ 3.262

& P ¢ yalues with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Table 5-132 W #E4d &S HetliAT. Chromium®] &S iz
7F o2 AR S A TH(p<0.05). ®=3F Cupper2} Mn
Ca¥l&d® tzx77F & AFrEt & wWEF YHeflAtHp<0.05). ©]+=
chromium®] F7} 5= Q8 & F=d=349] 435 dAE Uede A2

2 Al

i
rlo
e
ot
o
2
2
N

e
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Table 5-14. Effect of different sources of chromium on meat mineral excretion of

chicken meat.

————————— Treatment ——f———————
Ttems SEM
Control CC200 CP200 CM200 CM400
Cr 7.66 7.34> 7.26° 7.30™ 7.47° 0.14
Cu 5.26" 453" 4.37° 3.58° 3.63° 0.47
Fe 858" 11.15" 7.18" 14.23" 8.24% 5.02
Breast 7n ND ND ND ND ND

Mn 11.92° 11.18° 11.05° 11.10° 11.26" 0.22
Na 35790 36053  343.03 34644  329.92 43.75
Ca 46582  3875b 3550bc  34.7lc 33.18c 2.62

Cr 7.36 7.39% 748" 7.64° 756% 0.16

Cu 415 483" 5.09 717 5.20 0.84

Fe 11.45 22.14 20.51 14.38 17.02 7.46
Thigh Zn ND ND ND ND ND

Mn 11.16° 1121 1131 1148 11.46° 0.13
Na 52060 48320 46575  459.00  466.00 67.49
Ca 40.32 36.54 35.55 37.10 34.68 3.75

& b ¢ yalues with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Table 5-14%= Al59 FAFHe EFH9 FEd T§HS HeERAY. T4 =2
chromium %<& ®#j&3 = A <

Ao tEFolM = 7H v S YER A TH(p<0.05).
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Table 5-15% A3 7o) 54 &S etk Chromiume &S 243 3
o ] oAl AolE Holx ekUth Cupperst Fed 2146 A CM4002 CM200%
TFolA FeHoz =A e THP<0.05).

Table 5-15. Effect of different sources of chromium on kindey and liver mineral

excretion of broiler.

————————— Treatment --——————-
Items SEM
Control ~ CC200 CP200 CM200 CM400

Cr 15.48 15.45 15.42 15.06 15.09 0.37

Cu 17.22° 16.87° 21.66 19.22% 21.04 2.09

Fe 17050° 18579 184.21% 216.28 200.68% 28.93

Kidney  Zn 82.79° 82.08" 70.02° 65.38" 60.26" 8.62
Mn 35.01° 32.11¢ 3351° 32.55™ 3253 1.14

Na 2712508 23301.25° 24779.14™  24990.17°° 2450450  2325.07

Ca 13458 15048  133.97° 162.12° 14647 11.46
Cr 15.38 15.39 15.69 15.38 1563 0.33
Cu 1874 19.65 17.86 17.66 18.20 2.72
Fe 303.00 358.13 389.17 343.00 335.00 99.60
Liver 7n 54.68° 67.41° 79.01° 75.42" 78.02° 8.41
Mn 34.92° 31.65" 34.52° 34.08" 34.67° 2.02

Na 14519.13 1226213  10858.83 11280.50 11845.17 3339.70
Ca 96.00 98.81 89.86 94.32 89.05 9.98

& P ¢ yalues with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)
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Chromium-2 7}=ol QoA F v FdEdoltt. 28y Chromiume 4y 75
Atgoll A7 rEe] o diFEo] FUIHe FHE EAsty F5 o]§&o]
Sl wEel AA AelA tiAb 28] 9Es a3 & fl&(Anderson, 1987) ¥Rb
ofyel, AolA FF ol &HA &2 chromiumo] A= wjdo] Hojx By 4
d 5o sHedder AR oA "k

w2t Chromium® AW o]-& FF&S P77 918 & WEe = nicotinic
acid, glycine, glutamic acid, cysteine®} CaZ ZAFS 3= WHo] o]&xo g
th.(Mertz, 1975). o]9} Zo] &AA7IA chromiumel] W3k ol AF= Frg e
71253 A (Metal Amino acid complex)ell tigh Aol e 71 H7b g3 JA A
gatA e EA ok

H 5(1997)2 chromium picolinateE 0, 200, 400, 800w Al 400ul = 2] -l A
wHFol Sk e 200, 400 133 800ud A FAlA AEF} Gduwld 4glgo] F
Zhakdvkar B epqith ki Line 5(1996)2 555 & ¢ AF&Alel Al chromium
picolinateE 200, 400,800 18] 3 Benabdeljelil ¥} Jensen(1989)2 chromium cloride
£ 5 10, 50mg F99A] olF¢ &37F gz Busde. wEkA Chromium<

A olg FRES BRI A o gtow frlM BA obEwity
& s el YRHI vk AA 24 ofulwita A4 Fepo=

.
o2 & F438t7] witel chromium$ oFr| =4} 222} peptide &2 ol
A ol chromiume] FAAA =w, wpepa L%Eo g
2 A8 A dd Fo #AF chromiums &3 JH7F F94 28402 ol &
s 4= A ®oh(A1,1993). 13 Y chromium methionine?] 2333l defo] Ao

STEEoly Wy }% W”P dA s o B Ffilol M delEEel] W Hof
Z]
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gebd B oARe shEe A Ak

A e A3 WAxdEAZA 7hsAol AAE
chromium< 7|19 chromium #° 3 E]9} methionineS chelationdt &< ¢
A747F AbRbAl o] dfarol & &, AtetE B WdEAo mAE %S vl Fristazt
A A= At
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W7t A AESA7I(EN 59,Japan)E ol&ste] St ow, WA =

A& dial pipe guage(P-1, Ozaki Co., Japan)E ©]-&3le] Aol Edi-of dui=

GZhrs A A F AAE AT dE M-S yolk color fan(Roche, Swintzerland) & ©
&3to] 39 9] panelo] F43 g2 H o= dto] HIlsith
oo d3y F ZEsEHE S
W) ZEl~dHEe] 42 pasin et al.(1998)2] Wwlol uhgl A Ao Rew
W3S 2% NaClgd oz 300 8 4ste] w3t Azl thg 2A1 st vike & Al
ZHU 2" E WA KFF5A Yk, ) o] &3ste] A5k

b AFS AN B, dAME E
wol AlR T dARS AFste] Bl § 48AIRF FGENA WA F 135T A
Z71AA 272 Ax & FAE A3t AEDOry matter, DM) =S T3t
A.O0.A.C.(1990) = el ofsto] %3] (Crude ash), %%
(Ether extract, EE), &4 A (Gross Energy)% A3 o
QAN 2 W 2kl vl 23k AT Holv TAISS dA4ste] 43 d 244]
FAAE A oM 3YEt 1000gs wol F oA RS AFSEA T 1000go A e
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Table 6-1. Fomula and chemical composition of experimental diet

Ingredient(%) %
Corn(PRI) 0.76
Corn(6.5) 61.5108
Glutein 1.16
Soybean meal 18.12
Rapeseed meal 2
Sesame meal 2
Meat meal 2
Limestone 9.02
DCP 0.636
Salt 0.252
Animal fat 2
Choline 0.07
DL-Methionine 0.15
L-Lysine 0.0312
Vit. Premix® 0.1
Min. Premix” 0.1
E X7} 0.06
2 A 2~ E} 0.03
TOtal ..................................................... 10000 .....................

Chemical composition

Me(kcal/kg) 2776.43

CP(%) 17.00

Lysine 0.80

Methionine 0.43

Methionine + Cystine(%) 0.7

Choline(%) 1300.36

? The vitamin premix contains the followings per kg of diet vit. A 12000IU vit D3 3000IU
vit E 2lmg/kg vit K3 24mg/kg vit Bl 1.2mg/kg vit B2 4.8mg/kg B6 2.4mg/kg B12
0.02mg/kg Panthothenic acid 10mg/kg Folic acid 0.3mg/kg Biotin Oppm

> The mineral premix contains the followings per kg of diet Mn 72mg/kg Zn 60mg/kg Fe
48mg/kg Cu bmg/kg I 1mg/kg
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Table 6-2. Experimental design.

P Treatments®
Control
CC 200 CP 200 CM 200 CM 400 CM800
CrCls - 200ppb - - - -
CrPic - - 200ppb - - -
CrMet - - - 200ppb - -
CrMet - - - - 400ppb 800ppb

! Control : Experiment diet

® Treatments : CC200 : CrCl;
CP200 : Cr Picolinate 200ppb
CM200 : Cr Methionine 200ppb
CM400 : Cr Methionine 400ppb
CM400 : Cr Methionine 400ppb
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U, WAl A4 10mIE FH7bskal REEREH Ao A7)
A o @Azt A7 ¢ksd
peroxide 4mlE FH| Y # =g
7}ske] filter paper(Whatmam No. 42)% o ¥} A] A
0.45/m syringe membrane fiter® o] 3}3slo] A 2 &
S Fr43% Zg=vt &34 (inductively coupled
plasma spectrometer, ICP; PS-950, Leman lab.)E o] &3lo] EA 39t FE532 B4
% TN #=4(Fe, Cu, Zn, Cr, Na, Mg, Ca)& FA3oth AF Adel dad
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T
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A #2418 SAS program(1989)2] GLM procedureE ©]&3
o 5% % dA eSS AFssd e, Mg Fit vlal= Duncan®] thEA AW
¥ (Snedecor and cochran,1980)% ©] &3}t
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3. 43 ¢ u%F

Table 6-3. Effect of dietary chromium sources on laying hen nutrients utilizability.

***** Treatments———-—
Items Control SEM
CC200 CP200  CM200 CM400 CMS800
DM 74.99 75.12 72.64 76.40 78.43 75.76 3.30
CP 3474 3858™  2828° 4311 43.17"  46.84° 6.11
EE 91.24® 8791 8678 89.59™ 91.19" 9366 2.15
Ash 61417 5833  60.01™ 6868" 5881°  70.09° 5.03
Energy 80.17 80.05 78.11 81.39 82.68 81.80 272

Total CHO 91.43 92.89 80.22 90.90 73.17 92.39 251

a, b, ¢

Values with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Table 6-32 AF&HAe] JAdA &
o] &2 CMB00A 2l ol A 7Fd 3=kt (p<0.05). @ A} x| 9he] o
CP200A &] F-oll A 718 ki (p<0.05) 3] &0l 885 CC200 A&7} v

Table 6-4= AF&AS] Atghs dAdHHAF AR 7ES UEHAT 072F, 4765
a23l 678FFQt chromium# 7+ dix+ B S7hste A%S At 18y
CC200, CM200 123 CM400 A&7+
Bolx ekokth 274F I1¥a 475F%
(p<0.05). CM200AH & ++ 072559 CM800 Al +& 27458 A5 T8&o] =9
Ak AAA G 7 7Hs b2 o8l AolE Holx] gkt 115(1996)2 chromium<]

- =
HA7FR AAA S Abehgo] oft Frbsk Aol dvkar Bl ke Lins (1999)
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Table 6-4. Effect of dietary chromium sources on laying hen performances.

***** Treatments———--
Age Items Control SEM
CC200 CP200 CM200 CM400 CMS800
Egg production(%) 85.22"  93.02" 89.99" 91.64" 91.93" 90.78" 4.11
072wk Daily Feed intake(g) 10140 111.14 10695 109.96 104.07 104.80 7.03
Feed/Egg 176" 193" 187 195 181" 183" 0.1l
Egg production(%) 8788 9523 8943 9521 9371 9267 5ll
274wk Daily Feed intake(g) 14051 119.59° 128.03" 127.36™ 123.16™ 141.83" 13.30
Feed/Egg 241" 205" 221" 223" 210" 245" 024
Egg production(%) 83.88" 95.46" 9368 9532"  9572* 94.44™ 381
476wk Daily Feed intake(g) — 136.09° 119.94° 138.08" 128.87™ 140.06" 140.80" 7.42
Feed/Egg 226" 201" 232" 218" 232" 233" 014
Egg production(%) 87.33"  96.12" 9221 97.31°  94.86" 9429 372
68wk Daily Feed intake(g)  131.44 13752 12875 12968 12835 13251 6.79
Feed/Egg 216 228 212 2.15 209 215 012
Egg production(%) 87.33"  9496" 91.33" 9487"  94.06" 93.04" 384

Overall
08wk Daily Feed intake(g) 12736 122.05 12545 12397 12391 12998 536

W
Feed/Egg 2.15 2.07 2.13 212 2.08 2.19 0.11

& P Values with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Table 6-5. Effect of dietary chromium sources on yolk cholesterol concentration.

Items Control SEM
CC200 CP200 CM200 CM400 CMS800

mg/DL
Yolk total cholesterol 9.50 9.49 9.25 9.12 8.87 9.50 0.63

SEM : Standard error of mean (p<0.05)

Table 6-5= ¢& 9 ZulxvlES el 722 Ao]& HolA A
CM200¢F CM400°1 A Faxshs d s Bl
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Table 6. Effect of dietary chromium sources on egg quality.

fffff Treatments———-
Age Items Control SEM
CC200 CP200 CM200 CM400 CM800

Egg weight(g) 5823 5840 5799 5722 5877 5803 143

Egg shell strength(kg/cm2) 3.81 3.64 4.00 3.74 3.69 3.83 045

vk Egg shell thickness(um) 0.37 03 036 035 037 037 002

Yolk color 5.25 525 540 525 545 560 0.37

Egg weight(g) 60.34 5970 5965 59.16 6026 6047 148

Egg shell strength(kg/cm2)  3.61 3.46 3.43 3.62 3.53 3.69  0.27

owk Egg shell thickness(um) 0.36 036 036 03 036 036 001

Yolk color 45 45 4.6 45 4.4 46 032

Egg weight(g) 60.98 6043 60.79 6042 6146 61.70 1.25

Egg shell strength(kg/cm2) 478" 485" 446" 438" 443" 435" 029

Bk Egg shell thickness(um) 0.36 036 036 036 035 035 001

Yolk color 52 55 5.3 5.3 5.6 5.6 0.33

Egg weight(g) 59.32 59.02 5887 5831 5950 5940 1.32

Overall Egg shell strength(kg/cm2)  4.06 398 39 391 388 397 054
078wk  Egg shell thickness(m) 0.36 03 036 03 036 036 001
Yolk color 497 508 508 502 512 527 0.52

& P Values with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Table 6-6< W54S WEb A @2 $is 852 tizeolM 7HE w=kou
(p<0.05) AA A1F 713 S Fo Al Aol & oA okt
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Table 6-7. Effect of dietary chromium sources on yolk the proximate composition.

********* Treatment —————----

Control ~ CC200 CP200  CM200 CM400  CMB800
protein ~ 55.37ab  56.42ab  54.61b  56.4lab 56.68ab = 57.28a 1.60
lipid 31.70ab  31.88ab  32.03a 31.26b  31.95ab  31.67ab 0.46

SEM

Items

& P Values with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Table 6-7& whae] i Adghas vGepligleh, wad da2 CP200
A T7h 7Hg vk o (p<0.05), CMB00A & ol Al 7Hg 3= 9k th(p<0.05). A
S CM200A 2] 771 7H ko (p<0.05), CP200 2] ol A =2 d &S
ERH A TH(p<0.05).

Table 6-8. Effect of dietary chromium sources on yolk mineral concentration.

fffffffff Treatment --———-—-—-

Items SEM
Control  CC200  CP200  CM200 CM400  CMS00

Cr ND ND ND ND ND ND
Cu ND ND ND ND ND ND
Fe 1.68 1.75 163 1.85 1.85 1.85 0.14
Zn 0.65 0.63 0.65 0.58 0.63 0.68 0.10
Mg 3.00" 353" 363" 3.63" 3.65" 3.48" 0.21
Na 1708”1938 1963*  19.83"  19.38"  18.80™ 1.36
Ca 39.78°  4328™ 4733 4608 4323  41.90° 2.19

& b ¢ yalyes with different superscripts within the same row differ (p<0.05)

SEM : Standard error of mean (p<0.05)

Table 6-8& W&y F&=4d F=FS vebdlth. Chromium¥} Cuppers %% A
gt vhavley dEFS FF2 g4 BY chromium3 7oA S7bee 4
&g BAOH(p<0.05), el TS 7o} CMB00H el 5 493 chromiumd

bl Srbeke B Ee YERATL

- 115 -



3 A

9

—<5g:

[¢]

o]

oe] Ao o

=

]

PZS
Ak, meA

Hell m

=3

a}
=

A el

leptin mRNA

5 )
oF =2

]

=

1

A7 Cr-Met chelate®] o7} 1
%

1. A

ol
700

MW.O

H

7% sucrosel} maltose

o] =7] Wil
AR ded

©

o},

o AFH7E AYAA BEw AYoew S

o)

3]

3 Ao]=

=

o] &

o] o

&

o] Atk
Al

i3

3
[e)
Wow A A=A

BN

s

(blood-brain barrier)S =3}

o}

=

o

or

il
E
oo

ol

ofp

o)
e

[

W

Aol w8 28L& st

TO
<

-
Njo

7

A=y
=

=3

o

R

insulin® 7]

1
L

9

. °l

HH
R

- 116 -

o7 dHA AHAF



of of gt} o] G Cro] wl-¢ T3 qTS FayFrh

ek Ao A= 2 A o] JIRE Cr-met chelate?} &F3HE20lE 4
Astar A= AA WAFAA AT Wsh, vwrbeA AR AWEA ] leptin
mRNAZ G A leptin®] FHeFell WA= F3FS Hrhstax AA s

A
37 % Sprague Dawley(H A5 87g)& T3 3092l & FAIste] n&43ts 2
Ha&wo7t A4dsd, ZE8AF, viRkA
ada ALEAY leptin®] mRNAZ Ao n = &S Hr7hstax 54
532

whel s @ Aol MM Aol o] g3elrt.

I

A EE 3FE ZFARESQ AIN-T6AE 7I2AIRR gon FEF BFA
&tk 2 Algol AbgE A= e] wigiHlE= table 7-13%
2t} Cr-Met chelate?} CrClsg ov] ®jgt & Algol H7iste] Aujgtetdct. 44+
2ol e} augkEstE Aol o wiehH|l= Afol7b fith SAIRE agkstE Aol A 30%
sucrose &HS SFE F7F woste] nvFsE HHE FR8h AT EE Cr
A FHI7bE o] AA Fe AAFATICNC), Crol FH7b=ol A k2 nekrslEwol T
(HCNC), Cr-Methionine 150ppb7} #7Fd 38kR3aE w5 FHHCCMI5) 2 300ppb7]- A7te
AEr3E F o] F(HCCM30), CrCls 300ppb7t #71d mek3stE Jo (HCCC30)&
FAT AR il oA HJoddon, AF, ARHAAE I FEFe T A
gto] 7] S5tk AtR S e BT A Re] AFsteE ekt

et
rie
@
~
o
2
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=
Py
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hSARA D e dHR
A W (weight gain) B7b AN L] At AT ZAL] FA Folg W

T 2 Yo ALEHa, Ats A3 Ffeed intake)> AlE H ol ol A A
AR FE AR

lo

stew AT AR I FA = =
(F/G; feed/gain)& Alg XA HS FAFoRE Uiro] AXeAT. =3 433 30%
sucrose &N & dF HIAE VIToR dTF ©@Fses 49 AFFH gss

i ether® 7h7] whF AR F ) uo] A

28 B F N0 F 2447
Adach Ae deole QoA oF 308 WA o] 3000rmm(AT)s A 2087+ 4
e etel 94L —r;raaaim, 24 A7 70T WERel mesevh
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Réhrer index= {Body weight (g)/ Naso-anal length (cm)*}x10?
Lee index={Body weight (g)”/ Naso-anal length (cm) }x10°
TM index ={Body weight (g)/ Naso-anal length (cm)***}x10
Body fat=0.581xTM index - 22.03
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2+, A3 W lipid contents

24 total cholesterol, triglyceride 9} HDL cholesterol T%+ <54 ¢FALS]
cholesterol kit® Z743}%t}. Total cholesterol® triglycerides= &% 10u0E Trinder
A 100009k S 747 533 37C widT]el ¥& & FRFE=AE ol &5t
600nmol A EF == 4321, HDL cholesterol> WHo =z A 10E RI1A
of 7} Aol A 5 WAF R2 AloFS thA] Egtste] 5t 37C wdrldd ¥ ¥
FRBEAE ol&ste] 5bnmolA FREE SASST AEHA Ao 9= &
Aol A& %= HTRMHDL to total cholesterol ratio)# 5~
cholesterol/total cholesterol ¥l 2]a] 2F& 3} o}

rie
an)
-
.

up, A 22 A
Ad F8 F 24ANZ Feb A2AAIF) A ether® 7P A AN T AW RZA F
epididymal®} abdominal AW 2SS AE3tth. A& Z47be Xz FAE

ST vg AT ALFAG)Z Arts i

N

vl Leptin mRNAZ & & =7

A2 oA HdEH mRNAS A=A &3}
o FAA 1A A& AWz oZ FEH Trizols )83l total RNAE F&
sttt %% RNAE RQ-1 RNase-free DNase 2unit®} RNasin 20unito.2 1A]17Hs
oF 37CoA AHeE st A2d 5uge] RNATE 25mM MgCl, 10mM DTT, < 2zt
05mM dNTP 123l 05xg9 oligo(dDis 7F 9% PCR  buffer(20mM
Tris-HCl, 50mM KCI1) 20ptel 4] Superscript I revers transcriptase 200unit® = 50
w7E 42TColA A E At o] AL vl Ecolifr2l RNase 2unit® = 2027F 3
7CAA  AgstAc. A" cDNAE 7217 200nM<e]  sense®t  antisense
oligonucleotide primers(table 7-1)7} 9 %l+= PCR bufferol 4] 25unit®] Tag DNA
polymerase®. @ PCRolA ZZ % dtt. PCR 72 denaturation : 94TCoA 1#3HA
cycleo| A= 387F), annealing @ 58ColA 1%7F extension : 72ColA 2%&7H(wpx] 2t
cycleol A 1087F) 303] AA ST PCRAMELS 1% agarose gelol A #2]3dlo]

218 reverse transcription-PCRS ©]
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0

O

ethidium bromide® @G5 WE=E A3} Leptin® mRNAZX ZFoll ot control

o]
mRNAT f-acting A4 3to] leptin? thxste] THFEE v w3kt

Table 7-1. Characteristics of porcine-isolated DNA sequenses

Probe Primer Size, bp Gene bank number
sense:5’'~ACACCAAAACCCTCATCAAG-3’

Leptin 207 NMO013076
antisense:5’'~-GAAGGCAAGCTGGTGAGGA-3’
sense’5’' ~-GAAATCGTGCGTGACATTAAG-3'

[i-actin 511 NMO031144
antisense:5'-GCTAGAAGCATTTGCGGTGGA-3’

4. SAA

BE B4 Aste] 5A 24

2 SAS program(1989)2] GLM procedureE ©| &3}
stdem, e Hr ik vlilE= Duncan® thEAA
M (Snedecor and cochran,1980)% o] &3}t

[e) -
o] 5% = oA Fdde HT
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Table 7-2. Formula and chemical compositions of experimental diets.

Experimental diet

Ingredients Nomal High CHO
Casein 20.0 20.0
DL-Methionine 0.3 0.3
Cornstarch 60.0 60.0
Dextrin 10.0 10.0
Sucrose - -
Cellulose - -
Corn oil 5.0 5.0
Lard - -
Mineral mix” 35 35
Vitamin mix” 1.0 1.0
Choline bitartate 0.2 0.2
Total 100.0 100.0
Kcal/kg 4,100 4,100

309 sucrose

_g_oﬂ O >~ 1

1w T H
Kcal%
Protein 20.8 20.8
Carbohydrate 68.2 68.2
Fat 11.0 11.0
Total 100.0 100.0

VAIN-76A diet
Y AIN-76A mineral mix. (chromium free)

YAIN-76A vitamin mix
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& 9ote] MPFAE W sucrosedl FEFS AIN-T6A EF2 ol &

stk Al Sl SRFHA 30% sucrose§ S oSt
sucrose® &3 ©F3tE HAFAE s dIAAERHAGER ARaTEEFE/G S
AeTstE wolgt AAZE AR wodT R fFojHow Hadkith(table 7-3).
A & ooyA dE7F w2 AR AF "ol BTt v AtRRT A 9
tho o] AL ThEol A dlyA At FFAAS FASH] f3 Aew 2 AFddA
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A, dRAEAAY, AERLTFEE AT olF# oyt fiduh A u
Bock et al.(1994)& &FstE 2o]fw HutaF oA Zn, Cr 183l Ses FAT

w ol gt ﬂ‘ﬂ‘?i‘jr e
2 37 Wit S A el
A4 ATl & AY
Bt 3407370ge) 7] wiitol A A FlA LwkrstE Ao gk WzHA o]
3 (Kanarek et al., 1987)9} H]nl&}o] K T
s8] ol7t fYE Ao FuHTh
Table 32> Cro w97} igt+3}
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s FAfolel AFe Aol §lA o sucrosed NS Fog B F oA HIYEA] 2 A
Lee index7} S7Feldth= Ral (Kanarek and Marks-Kaufman,1979)¢} 4 ukdie] 2
A E AdAFE BstE oy A A3 7ol sucrosed ) wol ol =
v dA olygA AR el M= ZFol7E A7) wiel A S A= Afeolrh gl
Ao w FEth Hasten et al.(1997)% Cré] defol] wh& AAEo s A 2
I 3akdle] AYS vt AAG e AAE lsiglon ojefd Ao Al
insulin®] ¢]3t thermogesis#tal R 313tk ¥FH Anderson et al.(1991)2 A Cr4 o]
S AdFAste A4y n8G @A Cro] BE3gd= Fddng ud93 3zt
A insulin® ol Frhstvial HaEith & Aol = aESFsE HolE
Eote] nEFE FEeauA stgley Azt de] olE kA KEkar]
ol AEgk v oy ey 2 AT AFAILAIRE Crs 3983 7] vl
ACr Aeol& A7 HAHF Cre wodste] 23S A% Anderson et al.(1991)°]
e Bl AoR dAvkEn
Table 7-5= W leptin® insulin$t =2 3}o]t}. leptine A W22 FA7 AT
Aoz gl gl = E38tal Cr-Met chelate 150ppb ol FollA 7Hd =k},
leptine AW olHqA thAbe] gAdoel] et mivtxzd =20 Az oA
A w0l A13skE-o leptin receptoret Aetste] HAFS HAATIE Aow dHEA
UTH (Attele et al, 2002). & AFolME AeFsHE Foo A A
AFFN = =Fol7k 999l Cr-Met chelated o] 7ol A #A4seE 43S Yelyo=w
X Cr-Met chelate?} leptin Aol A3Fst= Aoz AAth 29 insuling I
< Cr-met chelate 300ppb w7l A 7Hd wEgkot w3k |7t Alste] A4 o
2 Y940 AolE HolA &Utt Cre FH|, golFT 18 B4 54 wet
AW WA A insulint #H s 2R FAd W= o] thEA eI
(Machalinski et al., 2006). ¥ A& = Cr-Met chelate®} CrCl3¢] insulino] tf3k
EJ"%‘—C‘ 24 vepd Zoez ddkEth T3 Ohh et al.(2003)% Cr-Met chelateE
Ha2 FolA] dFelA insulin®] Fell= obFd Gl JATL HuFForA
TE] A2 el A A et

0

- 123 -



Table 7-3. Effect of Cr-Met chelate supplementation on the growth erformances

and calorie intake in rat fed high carbohydrate diet

Treatments »
ITEM M
NCNC HCNC HCCM15 HCCM30 HCCC30
Growth Performances
ADFI (g/d/rat) 1707 1017° 9.80 10.67 11.0° 231
ADG (g/d/rat) 6.70° 5.70° 5.77% 6.47% 567" 0.51
Feed/Gain 2.56° 1.79° 1.70° 1.65° 1.91° 0.33

Caloric intake

Total Calorie (kcal) 70.00  73.70 73.17 79.23 7967 790
Carbohydrate Caloric
Intake (kcal)
Caloride/Gain 1053° 1290 1270™" 1230 14.00™  0.92
Carbohydrate

Calorie/Gain

47.77° 60.43" 60.40° 65.37* 65.33" 4.95

717 1057 1050 10.13® 1153 0.60

P Values with different superscripts within the same row differ (p<0.05)
A B Values with different superscripts within the same row among high
carbohydrate diet treatments differ (p<0.05)

Y Standard error of mean (p<0.05)

Table 7-4. Effect of Cr—Met chelate supplementation on adipose tissue weight in

rat fed high carbohydrate diet

. . Treatment n
Adipose tissue SEM
NCNC HCNC HCCM15 HCCM30 HCCC30

(% of body weight)

Abdominal Fat 2.94 2.68 248 3.11 2.85 0.45
Epididymal Fat 2.31 2.13 2.21 1.83 2.20 0.49
Total Fat 5.25 4.82 4.69 4.94 5.04 0.86

Y Standard error of mean (p<0.05)
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Table 7-5. Effect of Cr—-Met chelate supplementation on serum leptin and insulin

contents in rat fed high carbohydrate diet

Treatment b
ITEM SEM
NCNC HCNC HCCM15 HCCM30 HCCC30
Lepti
epHn 6.73" 730 970" 652" 660" 212
(ng/ml)
Insulin
1.71 2.27 1.84 1.57 2.95 1.56
(ng/ml)

& P Values with different superscripts within the same row differ (p<0.05)

A B Values with different superscripts within the same row among high

carbohydrate diet
treatments differ (p<0.05)
Y Standard error of mean (p<0.05)
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Fig. 7-1. Effect of Cr—-Met chelate supplementation on leptin mRNA expression in
adipose tissue in rat fed high carbohydrate diets
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£ op]AZ
% avlde wo
HASE ADZRE fddth med AAHAL FALEE wwe Ay =W
Z7ks) ek wEe dgs] sdskel ARHAFS A2AAAL, HAT due
anlts
o] o] Foil gt}

ol @ FEWRF Sk Crap g Aduael dFY 5 gl mARBAe
olgolth @At AAAAA Crol e G@e dedA A4 Wk A4

A4, HDL Zdl=dE e Wste

U]i o}
S T A EE S 1% 3 9t (Ohh and Lee, 2005). ©]&
3 ARES BE AFAy #EYE AR AW AREFH xdo] 715 IS

Aoz dddd. 53 & Aol JIEE Cr-Met chelate 7]E0] ARG E W 7]
2! ] &5 /Mg Cre2 A Ohh et al.(2003) 3 F ol A
T AALE Y Cr-Met chelate® 2 3 7Fsto] gofgk A3 v|wkx] <=7} 1200ppb
FrolA oA oR AR SS Bastrh B3 15(2003) SF oA LA WA
=5 £ Foste] uud A3 Cr-Met chelated o] & H| WA
F7h FrelHor Fasgivta Hugo 2 Ohh et al(2003)3} dAst= A3ts B
o FAt AN o5 A= GANAAA nA Ao)E FolA Crs H7be A
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o & AAYAL A Crol ZEgAHS detatr]e ojfth weta 2 AFME 1A
W Aoz minte]l frmE AH ] Cr& wolste] ol A8 Ao #Hx: e

grstaA AAFh

1. IAEE, A7 2 A4
359 Sprague Dawley(H T A5 S7g)F 7 40vt8] S FA3+e] Cr-Met chelate
o]

7 A A o] ik nivkA o] AR, ZRYPH, vivtxg, 43 e

’

ofr

2 AgEAU leptin®] mRNAME] v G Hrhstat 542 40, wEy

2akeld Agol o] gaheich

ANPAEE 3HE TFAIEA AIN-T6AE 7| 2AE R sidlon e HFA
25 Crs A 21 AbEstath 2 Algdel] AL&d Atz o] wiFH|= table 8-13
2t} Cr-Met chelate®} CrClys olnu] wjg 3 Abzol] ZH7bsto] Auigratdeh. aix
Waole] Az AAAolet Blaste] lards o]&dte] AWoR ITHHE I
60%= xdstAtt.  sHARE A WA el ff= HRE 9ste] 3FHREH 8FI Crol
A7rElo]l AA ke AL AHeolE Fofstdith AT EE Crel H7bEo AA @S
e HLENC), Crol #7kse] A @ nealEHoH(HFNC), Cr-Methionine
150ppb7t X7ke aeeskE FoHHFCMI5)Y 300ppb7t A 7bel agFsE Fo
(HFCM30), CrClz 300ppb7} #7bel ieh3stE F o] H(HFCC30)E F3ATh Atz vl
d 2 Fostaon, AF, ARAATF ¥ SFEFE vWF FAs V1SS

ARS $FE BE AfRe] HARES gt

o

g4 A B Bme 4A%

S A F(weight gain)< H7} MALS FA} A SAHLY FA Zol& W&
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A3 2 (feed intake)S AR FolZol A A
TR Yo vtEd AAsgAHES ALt
T =43} 7]%3}9\25}. AR 8T &

Gl

0 BA S 2 el ANsdd, A

o}Oith Az Als b F
(F/G; feed/gain)= A= AH

sucrose &4l S

i
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oxXY
=
-
o)
(o]
=
=S
o
=)
w0
g
5
ol
it

4% FEF A B AANTID etherst A PRI F %ol

=
AiEEste] @38 Bt ey, 84 A7x -70C Weao RSt
Insulin®] #4& sandwich ELISAE ©]&3%t assay kit(Linco research, USA)E o] &
3o =AUtk Lepting ¥4 ELISAE o] &3 assay kit(BioVendor, Czech

it
r>~
e
ol
2
ui

Aoto] WREA 2B

Ll
A\

A F8 Al ratse ZEE FE7IR 9 Zo]
Rohrer index= {Body weight (g)/ Naso-anal length (cm)*}x10?
Lee index={Body weight (g)”/ Naso-anal length (cm) }x10°
TM index ={Body weight (g)/ Naso-anal length (cm)**}x10?
Body fat=0.581xTM index - 22.03

2+, A3 W lipid contents
24 total cholesterol, triglyceride 9} HDL cholesterol
cholesterol kit® =43t} Total cholesterol® triglyceridex= &% 100ZE Trinder
T

FEE GEAFA

LA A 100009t EFS- Z2F 523 37C Tl ¥ & FRFLE=AE o] &5t

=]
600nmel A FF L2 BA39on HDL cholesterol& My oz 4 10E R1A

- 129 -



oF} Ao A 5F7F WAF R2 AleFS A EFste] 5&7F 37C Y] ¥ &
ETHFEAE o] &5t MbnmolA FHEE FAHSAC. AEHA A3 A= H
Ao  AFEEI ¢+ HTRMHDL to total cholesterol ratio)A9= HDL

AP FE T UL B BT cther A AN F Az F
epididymal®} abdominal =] " q4ZotAth HE3 7o AWz FAE

543 vs AT ALFAC)Z Arts i

N
X,
o 2
X,
NI
0

vl Leptin mRNAZ & & =7

A zA A ddH mRNAS A#HEEAL reverse transcription-PCRE ©] &3}
o FAA 1A A& AWz oZ FEH Trizols 839 total RNAE F&
3tk %% RNAE RQ-1 RNase-free DNase 2unit®} RNasin 20unito2 14175
oF 37TCoA AHeEsA . A2d 5uge] RNATE 25mM MgCl, 10mM DTT, < 2zt
0.5mM dNTP 123l 05xg9 oligo(dDis 7F 9% PCR  buffer(20mM
Tris-HCl, 50mM KCI1) 20ptel 4] Superscript I revers transcriptase 200unit® = 50
wZE 42TColA A E At o] &AL vl Ecolifr2l RNase 2unit® = 2027F 3
7CAA  AgstAc. A" cDNAE  ZHZ 200nM<e]  sense®t  antisense
oligonucleotide primers(table 8-1)7} £9¢%l+= PCR bufferol 4] 25unit®] Tag DNA
polymerase®. & PCRolA ZZ % dtt. PCR 72 denaturation : 94ColA 1#3HA
cycleo| A= 387F), annealing @ 58ColA 1%7F extension : 72ColA 2%&7H(wp=] =t
cycleol A4 10%37F) 303 AA AT PCRAMES 1% agarose gelol A #2]3}o]
ethidium bromide®Z @G §F W=E 2213 A v} Leptin® mRNAZF HFe] w3 control
mRNA= f-acting A3t leptind} thzste] LFHF=E v as3i

J\O"
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Table 8-1. Characteristics of porcine-isolated DNA sequenses

Probe Primer Size, bp Gene bank number

sense:d'~ACACCAAAACCCTCATCAAG-3’
Leptin 207 NMO013076
antisense:5’' ~-GAAGGCAAGCTGGTGAGGA-3’

sense’b’' ~-GAAATCGTGCGTGACATTAAG-3'
[i-actin 511 NMO031144
antisense:5'-GCTAGAAGCATTTGCGGTGGA-3’

4. A
RE BX Avlol EA A4S SAS program(1989)¢] GLM procedureE
ol &3t 5% o A TS ATsR e, Ag Wk vl aE Duncan®l

1 (Snedecor and cochran,1980)S o] &3} th.

k)
ofy
oY
ox
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Table 8-2. Formula and chemical compositions of experimental diets.

Experimental diet

Ingredients Nomal” High fat
Casein 20.0 26.0
DL-Methionine 0.3 0.3
Cornstarch 30.0 19.0
Dextrin - -
Sucrose 35.0 10.0
Cellulose 5.0 5.0
Corn oil 5.0 5.0
Lard - 30.0
Mineral mix” 35 35
Vitamin mix” 1.0 1.0
Choline bitartate 0.2 0.2
Total 100.0 100.0
Kcal/kg 3,900 5,400
Kcal%
Protein 21.8 20.2
Carbohydrate 66.6 215
Fat 116 58.3
Total 100.0 100.0

VAIN-76A diet
Y AIN-76A mineral mix. (chromium free)

YAIN-76A vitamin mix
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=G SEF AAS Fole T ATE vaw A A4 AT Aol
o o

=
oAlA 71 mokoy AGSAFE G e] g9 1AW Cr-Met chelate 300pph

o AgE et Az 78S 1A CrCl3 300ppb H o+
AN 7HE vtk A AolgoFERHY §A444 S AHEW Cr-Met chelate
300ppb & 7+ g 3 AdFSAFS M sk 84
T AR Q&S Cro] H7bEol oA &S AW Folgek el 7k il ey Cr-Met
chelate 150ppb$} CrCl13 300ppb & - .t} = 9kch,

Cr-Met chelate®] #o17F v]¥hF o] v|gkx] o] v X &= <GS AHEE X 84
2o AW FoFEd A Cr-Met chelatesd ™ 77} Crg& H7F8HA 82 AW
T2t} LEE index, TM index, body fatollA #olx oz 743 em CrCl3 300ppb
v Cre H7bskAl &2 AL Folgtek Aolzk gldvh oled Axe=
Cr-Met chelate®] Jol&4dol F7/8 Cr¢l CrCI3EY S7Fstl7] WEdl Ao
gk ol A= A S(2003)0] LAY HolE st gl #F ol Cr-Met
chelateE® H93% A3} H|WX]4 Rohrer index, Lee index, TM index Z1E]3 body
fatel A Cr& F7bstAl &2 AW Aolgol+- CrCI3E 7 Jo 75 7H4sksl
thi= Ay A8kt weba] Cr-Met chelate> A ujAbol] #ojsle] HIwkS 7HAA]
7= Aow dAdEn. ARt AWEA ko] FAA = FasAg FAet FA
W A= APz Zelvh gl Aoz yelwth B RAE AW 2o
HoTE Alolol A Cr-Met chelate 150ppba o] oA 7F4 @& 2= HoFch
718 CrE7F#+¢l CrClI3 300ppba ol 1+ Cr H7lshA e 2]
obf-d Apolzb glith webA CrCI3e] wolswrRt dAnke] ghefnto g n H7Aw
o HAhE VMM ew Ao®E Hol & AFzlo]l AMEE Cr-Met chelate®] F5 &3 ©]
&40l o 3 Adom dddr)
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ol vA= A= e & FdzdHE 3RS AW Aol goqtrt A
ol HolgRt ESkth AL o] g FEAteldE F FHHEYN FEAAAHe
3F2ke Cr-Met chelate 150ppba o 79 CrC13E o] Foll A 713 wgkd wbd HDLE 2
Z~E 29 &S CrCl3E o 7} Cr-Met chelate 150ppha o] F+H.t} =
= H7EE Cre FRel we FdzdHE diabel A s d3e] dabd ¢ Ues
A AREELE, thA] @ebH) CrCl3g o] 7+ 9F Cr-Met chelate 150ppbd o] -5 H] W 3sle] H
W HDLEZ#H 2" £ sy & S 2dHE g & AFEng =d5dx &
il HDLEdl=dH &0 g3 & FuzdE o] v&2 CrCI3w ol 77k Cr-Met
chelate 150ppbd o] TRt =tk 7 5(2003)2 Cr-Met chelateiﬂ 3997 LA H A
ol FolgollA Cr& woldahA &2 LAY Holwo+ By & ZFH=HES] 3
Hastdvtar Bastel 2 A ARe ARk AIE BAFI oA & AF ol
Cro] H7t=o] A & AW 2ol& 8F wol$F Crs H7betlr] wiwol do
S7HE U2 ES FFE Cre Fo=2 FAETY] ofeES AAFgH

Leptin®t &2 AW Hol 771 Aol w7 it Frtstsloy uAW JolT5
Abolel A= A 7-7F ofFd zfol7t gldth URbA O 2 Leptin®] S AWx2 9
shaFo]l F7hstel wmet AU #3F = lepting FHE FrFeHA "k wEkA 2 oA
Tl g Aol AL T AWEA] FAVE AT Zolvt UG Aow
o] dA = leptin®] el Zol7t IS Ao wAdkHn shA W
Ainslie et al.(2000)2 453t g F o] AW o] = A olE Holds doiy
leptin¥t &5 ST Ay uAL Hols Folgh AF 9 leptindFol oF
Ree Bt 2 olysh Ao s 2714 AdE AAEAH. vk
" Ao)7t AMAEL 0 R insulin- stimulated glucose uptakeE ZAAZH U= A3
A28l (lipolysis) 7k S 7Fat Atk A olth. lipolysis#A ol = XAz Eol&d 4=

7

4 A (peroxisome proliferator-activated receptor)e] W& o] Z7}3tE=d] o] +&4

N =

leptin®] S FaAZITE AHeolth shx¥ 2 Ao Aol e
mRNAE #A418tA] ol F&st A0S H7ket7l= o84 leptin mRNAS] L&
A% Aol7l Yl Ho R wFo] insulinE v A HES) (ipolysis)ol 2]t leptine]
a7t o] Fo HE ASE FehHr)
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Table 8-3. Effect of Cr-Met chelate supplementation on the growth performances
in high fat diet fed obese rat

Treatment

ITEM SEM"
NCNC  HCNC HCCMI15 HCCM30 HCCC30

Initial weight (g) 377 487 452 443 457 33

Final weight (g) 448 625 584 540 611 46

ADFI (g/d/rat) 2247 1948 1855"*" 1660 19.33" 158

ADG (g/d/rat) 293" 3534 350" 2.63" 4,05 0.53

Feed/Gain 7.83° 5578 533> 6.41"* 482" 0.68

4 b ¢ Values with different superscripts within the same row differ (p<0.05)
Y Standard error of mean (p<0.05)

Table 8-4. Effect of Cr-Met chelate supplementation on obesity indices in high fat
diet fed obese rat

Treatment b
ITEM SEM
NCNC HCNC  HCCMI15 HCCM30 HCCC30
Rohrer index 2 32.01 36.27 25.58 31.94 34.23 6.78

Lee index ? 317.38"  330.87**  320.90°®  317.14"® 32451™*B 559

TM index ? 56.45" 64.48 58.90°8 56.62°8  60.35"A8 3923

Body fat ?

1.77° 1544 12.19" 1.87°8 134048 1.87
(g/100g body weight)

& P Values with different superscripts within the same row differ (p<0.05)

Y Standard error of mean (p<0.05)

? Rohrer index= {Body weight (g)/ Naso-anal length (cm)®}x10?
Lee index={Body weight (g)”*/ Naso-anal length (cm) }x10°
TM index ={Body weight (g)/ Naso-anal length (cm)**}x10°

Body fat=0.581xTM index - 22.03
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Table 8-5. Effect of Cr-Met chelate supplementation on adipose tissue weight in

high fat diet fed obese rat

Treatment b
ITEM SEM

NCNC HCNC HCCM15 HCCM30 HCCC30
(% of body weight)

Abdominal Fat 2.98" 4314 3.76™8 3.87%48 413 0.71
Epididymal Fat 2.35° 355 2.74° 3.02% 2.81° 0.62
Total Fat 5.37° 7.86° 6.51% 6.85° 6.94° 1.19

4 b Values with different superscripts within the same row differ (p<0.05)

Y Standard error of mean (p<0.05)

Table 8-6. Effect of Cr—-Met chelate supplementation on serum lipid contents in

high fat diet fed obese rat

Treatment "
ITEM SEM
NCNC HCNC HCCMI15 HCCM30 HCCC30

Total Cholesterol (mg/dn) 14262 161.91°4% 152.86™F 16898 154.64"* 854
Triglyceride mg/an)  195.31° 230.20™* 20791 25641  202.05"*  34.66

HDL Cholesterol mg/any  69.13°  67.26" 6568  87.30™* 98.28™" 1893
HDL-Cho/Total Cho 019"  0.42" 043" 052" 064" 013
Leptin (ng/mb 1.69 2.74 2.89 2.84 2.63 115

4 b ¢ Values with different superscripts within the same row differ (p<0.05)

Y Standard error of mean (p<0.05)
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Leptin mRNA (arbitrary unit)
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LFNC HFNC HFCM15 HFCM30 HFCC30

Fig. 8-1. Effect of Cr-Met chelate supplementation on leptin mRNA expression in

adipose tissue in high fat diets induced obese rat
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Wk B dAgE 7154 7189 Crel Cr-Met chelate®] 39171 A& | x&=
WMslE Pristaar AAjstd o Hd5Fos FF95 o83t F7H Crd CrCl3
of AT = Ao oA FAA FAE gl dHW AZAAEL AU

L AREA 5 AIdALE
Cr-Met chelate®] o7} 2799 FA4 FAd ol m]A]
AABEAT 2 AR VEA RS VIRAMREE s7FHE S EFAFE (total mixed
ratio) ¢} 28 MFAEE 72 739 HER st FofEdith 2 ARl A}
25 Cr-Met chelatex (F)o]wnlo]l o & HE Futol Al&ald o CrCl3E A okd

2 olgatol AHg Ao VIEAZE olgstel ARAT AgIHAt B AGANE Cr

d

rie

Jee Hrstan

of

= 74z} 4007+ 200ppb7t ¥ =% H7bskl em, CrCl3w o
Tol&= CrCI3E 400ppb A 7Fstdth Crad e wigAtady Hrtes HA A3 oJ3S
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. @AY total IgG oF FH2EHE 24
AN A FEL A ZFAte] g o R Y 8mle At EH S
BEaslo] E2o] o] g3ttt Anti-bovine IgG activityE =43}7] 98+ microplate
ol Z}Zrel  welld] 100x09] anti-bovine IgG(10uxg/ml)E  coating buffer(0.05M
carbonate-bicarbonate buffer, pH 9.6)& ©|&38}o] 37ColA 247t vjFstA Tt
< PBS-tween20(pH 74)E o]&3lo] 33 Z}Z}e] plateE A3 o, v FgAH
A& 100 7ksto] 37Tl A 1A EF wi e o thAl 33] AlH gkt 84 &
L 1:500,000°] %A tF. anti-bovine IeG conjugated with horseradish
peroxidase(1:10,000)2 100pL® Z7+e] wellol]l A7}t tpA]l  37ColA 1417 E<tk
Hlj 5t =8 PBS-tween20-8 9} & 2 33 Al A gkt 71dg Ao g =
TMB(3,3' 5,5’ ~tetramethylbenzidine) &  ©] &3} t}.  0.0cM  phosphate citrate
buffer(pH 5.0) TMBE 5<% T, 100iE 2H7+e] welloll 3 7bgk ofg 5710%7F 4
2ol A wi S 2M HoSOsE 100t H7bshe] TAk-g-& FAAZ T activity®] 4

< 450nm¢] oA FFE=E FAsSH

AT EAEAHL SAS program(1989)¢] general linear model

procedureE ©]&3le] L5%TFTAAN FAAHS AAINFeH, HE HITIF vHlus
Duncan®] ©}5 7 4 %% (Snedecor and Cochran, 1980)< o] &3}t

- 140 -



Table 9-1. Chemical composition of experimental TMR and basal diet

TMR Basal diet
Moisture 12
CP 20.5
TDN 73
CFat 35
CFiber 9
Ca 1.15
P 0.58
ADF 12
NDF 18
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AW AZFFL table 9-4 YERUATE F FH2HEL AP ob - o
S Holx ggtoyt FAAHAL CrCl3 400ppbd o -l 7}%} vhokom HDLF @ 2~ H|
£ Cry7btEo] TRy #2443 Aoz vy a3y A2 giate] 4% o
TAHIE AFEte] AH H]ﬂé}ﬂ% ol# ¢t dd FX 1 Aokl wstRE UHO%
AA A ALl Cro] Bt S o= gy

Fig. 9-179-56+= &%, A%, o, A1 F 2831 FCMe| d1wsts e
W 2otk % Cr-Met chelatew ol 79 745 47§ 7F 2bol 7} gll o™ CrCl3w
o= th S/ A9 49 Cr-Met 200ppb=E A TE A9 sk U =] A g
Tol M= A ZolE HolA ettt

Fawdn TAnYRe JER AT B AolE HelFAed o #
wabsh Afdeel Aol Tl AT A7 23] fE Aow s Cro A
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Table 9-2. Effect of Cr-Met chelate supplementation on the milk yield and milk

composition in lactating cows

Treatments
Milk composition Control  Cr-Met  Cr-Met CrClI3 SEM
400ppb 200ppb 400ppb

Milk yield (kg/d) 36.53" 41.07* 39.71% 43.33° 358
Milk fat(%) 3.59 3.24 3.45 3.66 0.30
Milk fat(kg/d) 1.30° 1.33° 1.36" 157 0.06
Milk protein(%) 3.11° 3.02% 2.96™ 2.86 0.12
Milk protein(kg/d) 1.14 1.24 1.17 1.24 0.09
Solid not fat(%) 867 8.80" 849 8.75° 0.11
Solid not fat(kg/d) 3.16 3.62% 3.37% 3.78" 0.29
FCM(kg/d) 34.25 35.76" 36.41° 40.11° 1.77
MUN(%) 15.3 12.7°¢ 17.6° 155" 1.8
Somatic cell 63 48 50 52 18

4 b ¢ yalues with different superscripts within the same row differ (p<0.05)

Y Standard error of mean (p<0.05)

Table 9-3. Effect of Cr-Met chelate supplementation on the total IgG in lactating

COWS

Treatments
Lipids Control SEM
Cr—-Met400ppb Cr—-Met200ppb CrCl13400ppb

Total IgG

1.177 1.155 1.156 1.154 0.015
(OD at 450nm)
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Table 9-4. Effect of Cr—-Met chelate supplementation on the serum lipid contents

in lactating cows

Treatments

Lipids Control Cr-Met Cr-Met CrCI3 SEM
400ppb 200ppb 400ppb

Total cholesterol

222.39 208.65 234.33 217.31 36.67
(mg/dl)
Triglyceride a a a b

60.07 60.68 60.93 56.17 277
(mg/dl)
HDL cholesterol A b b b

214.13 185.26 193.58 182.25 14.60
(mg/dl)
HTR 0.96 0.92 0.84 0.89 0.16

*HTR : HDL cholesterol/total cholesterol

50.00
45.00 |
40.00
35.00 u
30.00
25.00
20.00 u
15.00
10.00 ~

5.00 u

0.00

Milk Yield(kg/d)

1 2 3 4

Experimental period

O Control BCM400 CICM200 [CJCC400

Fig. 9-1. Changes in the milk yield in lactating cows fed Cr-Met -chelate

supplemented diet during whole periods
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4.00
3.50 —
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Milk fat (%)

1 2 3 4

Experimental period

O Control BCM400 COCM200 C0CC400

Fig. 9-2. Changes in the milk fat in lactating cows fed Cr-Met chelate

supplemented diet during whole periods

3.30
3.20
3.10
3.00
2.90
2.80
2.70
2.60
2.50
2.40

Milk protein (%)

1 2 3 4

Experimental period

O Control BHCM400 COCM200 CO0CC400

Fig. 9-3. Changes in the milk protein in lactating cows fed Cr-Met chelate

supplemented diet during whole periods
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8.90
8.80
8.70
8.60
8.50
8.40
8.30
8.20
8.10

Solid not fat (%)

1 2 3 4

Experimental period

O Control HCM400 COCM200 C1CC400

Fig. 9-4. Changes in the solid—not-fat in lactating cows fed Cr-Met chelate

supplemented diet during whole periods

45.00
40.00 - ] ] ]
35.00 -
30.00 r
25.00 ~
20.00 —
15.00
10.00

5.00

0.00

FCM(kg/d)

1 2 3 4

Experimental period

O Control BHCM400 COCM200 CO0CC400

Fig. 9-5. Changes in the FCM in lactating cows fed Cr-Met chelate supplemented

diet during whole periods
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37 % Sprague Dawley(B AT 87g)& A 24vle]lE& FAI8te] transA W5
Al Cr-Met chelate®] W-&wol7F As9, Az FA, 183 30 A Z sk

WA d@e Brhsad 4xe 6uE, wEG Inkeld Aol el Aol ol &34

2. AlgAtE 4 AgAdA

ANgAEE 3HE TFAIEYA AIN-T6AE 7| 2AE R dilon #$EZd HFA
T Crg ALYt A& AFEsth 2 Aol AFgH AR 9] wjEH] = table 10-13%
2t} Cr-Met chelateZ} CrCls2 oflv] wglh & Abgo] H7lste] Auistsidct. g2

o} transA|W2lol o wigH]= Apol7b itk AN transA M2l o] el A= trans A
W dEder nrti s 5% sk o diEs Al skl flske] A2 ol 7
corn oil& 5%F7} Algstgdth AEAAE corn oil# transA W A E T, 283 Cre
Cr-Met chelate®} CrCI32 o] 2x2 220418 wjxsdt) Alss wjd o ddd &
oAgtor, AF, ARAATF & SFFS WF FA4c 7Fsd ARk 5
5 Afro]l HHstes it

D 444 2 Zze AAF
(weight gain)& 7} /AL FAS AT F8Ae] FA Aol whE
W FA ¢4 2 UiFo] Aaslg i, AR A #H Z(feed intake) S AME Fo] Zoll A A
T SR IFFE A T F T FAFFE Uro] mhd AARAFAES At
stglow AT Ats F FA FAHE vlF FAHs 7|58 AR 89 &
(F/G; feed/gain)> A= AFA TS FAZFOE o] AXbstadt.

o[N
@
1o
=y

J[Nl
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AT ts ASHE ALFA)Z Atk

3) AN AATF
&4 total cholesterol, triglyceride ¢ HDL cholesterol &%=+ 54 2FAL<]
cholesterol kit® =43t} Total cholesterol®} triglyceridex= &% 100ZE Trinder
A 100009t E3FF ZF7F 5 37C wgr]el ¥ §F FHFEAE ol &35t
600nmol A FHF =S A9 2, HDL cholesterole W H oz &34 10uE R1A|
of7} AZoA 5 WAF R2 AloFS thA] Egtste] 5t 37C wdr]dd ¥ ¥
&3te] 5dbnmolA FFE=E SAsIAT AEAA A8 A= #
deol A8 = HTR(HDL to total cholesterol ratio)* 4+ HDL
cholesterol/total cholesterol ¥l 2]3] 2F& 319 o}

FFF=AE
3

0

4, BAAE
RE BA Axe 74 EALS SAS program(1989)2] GLM procedureE ©]-& 3}
o)

5% = oM Felde ATsR e, A Fd vi= Duncan®] B AW
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Table 10-1. Formula

and chemical compositions of experimental diets.

Experimental diet

Ingredients Nomal Trans
Casein 20.0 20.0
DL-Methionine 0.3 0.3
Cornstarch 30.0 30.0
Sucrose 30.0 30.0
Cellulose 50 5.0
Corn oil 10.0 5.0
Margarine - 5.0
Mineral mix” 35 35
Vitamin mix” 1.0 1.0
Choline bitartate 0.2 0.2
Total 100.0 100.0
Kcal/kg 4,100 4,100
Kcal%
Protein 20.8 20.8
Carbohydrate 68.2 68.2
Fat 11.0 11.0
Total 100.0 100.0

VAIN-76A diet
Y AIN-76A mineral mix
YAIN-76A vitamin mix

. (chromium free)
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Cr-Met chelate®] w7} trans#AW< &
ZAMeE A3 table 10-29F 2o A3 d3AEAAE, dI5AF 183 AR
[T ofFH Ato]E Holx skl ol Ay H
A7) WEd Aew FuErh 7Ee AFZAAE v o Cre gAY AEAH
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Crol o8 43%58e Mas AFAN ) AFAHE Aol AR Fad BAE Hol
B 9A ek Bt rans A Solol @ HgBee] WaE el ggled
AL ¥ APAA ST transA WA BAAEEl WA we] @R Ao
ForEth ANAOE trans WA % Y] Mak FrIne] HATE o] Fol

.
i
i

EfLb7] wfso] o

3 Cr-Met chelate®] w17} transA| WAk o] 239 A2 FAAME ofF
g g gko] §lAtt (table 10-3). AT transA| W4t Fol o] AWFA7F ) E2TH L}
U 52 235 Rt et 2 s A7 AAskvd AR A 9
ztolE yEtd o AdEAR Cri 7t «]f{ Fde ddsty] oy w3 B
Aol o] &3 HAF ] o]zt HluA off o= ETskal ol Apo]lE HolA
B A AWAE F4o] ks dojub= /\]7]93\7] o =
= AT dHE AAZE Q7] wEol AT W3 A
Cr-Met chelated ¢ = corn oilg o] oA AW Zel2HE &3S Fodoz 7
SAZ oW transA W Fo Tl A ol 3ol fIAth(table 10-4). AR trans
A3 Cr-Met chelate® 7F-oll A FF | 2~H &3 HDL-Zd 2H =9 ko] 7174
=9kt (p<0.05). Ohh et al.(2004)S Cr-Met chelateE 3lF o FoiA = Fy~d=
< Aoy HDL ZulzeHEe] e Sristdota Basidon, SA0SE
3} broilerol A= Cr-Met chelate®] wol7F ZFel2=elE kol ofdd Gafo] gt
i+ H31(Ohh et al, 2004) % v]Fof & A[gPelMe] F Fel&HE3 HDL Zd&H =
kel Fol ARl Sk Ao wdo] gEgty] wEdd Zigi b webA trans
17 Cr-Met chelate®] gZt#Ale] gk wop Ade A7 288 o= A7ty

N

ol
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Table 10-2. Effect of Cr—Met chelate supplementation on the growth performances in
trans fat diet fed rat

Treatment
ITEM Corn oil Trans fat SEM"
CrCI3 Cr-Met CrCI3 Cr-Met
ADFTI (g/d/rat) 25.92 26.12 26.03 26.70 1.67
ADG (g/d/rat) 8.6 8.5 8.8 9.0 0.69
Feed/Gain 3.01 3.10 2.99 2.98 0.17

V" Standard error of mean (p<0.05)

Table 10-3. Effect of Cr-Met chelate supplementation on adipose tissue weight in
trans fat diet fed rat

Treatment

Adipose tissue Corn oil Trans fat SEMY

CrCl3 Cr-Met CrCl3 Cr-Met

(% of body weight)

Abdominal Fat 1.21 1.25 1.25 1.35 0.26
Epididymal Fat 1.55 151 1.76 1.75 0.55
Total Fat 2.76 2.76 3.01 3.10 0.75

Y Standard error of mean (p<0.05)
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Table 10-4. Effect of Cr-Met chelate supplementation on serum lipid contents in

trans fat diet fed rat

Treatment

ITEM Corn oil Trans fat SEMY

CrClI3 Cr-Met CrCl3 Cr-Met

Total Cholesterol (mg/dn) 1057 86.2" 93.7%" 1055 11.2
Triglyceride (mg/dL) 115.0 121.2 1385 1375 30.1
HDL Cholesterol (mg/dL) — 66.0° 58.0 64.8" 73.6° 77
HDL-Cho/Total Cho 0.62 0.68 0.70 0.69 0.09

Contrast Total TG HDL-Cho HTR

QOil source 0.56 0.41 0.53 0.55

Cr type 0.64 0.06 0.006 0.31

Oil x Cr 0.02 0.68 0.08 0.44

a, b, ¢

Values with different superscripts within the same row differ (p<0.05)

Y Standard error of mean (p<0.05)
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