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ABSTRACT

This study was aimed at investigating the effect of fat supplementation with divalent ions such as MgO and
CaCl, on 1) in vitro ruminal fermentation characteristics and insoluble fatty acid formation, and on 2) animal
performance in finishing Hanwoo bulls. In in vitro trial, five different types of diets based on supplementation
sources of fat and divalent ions, i.e. T=bhasal diet+4% tallow, T-Ca=T+05% CaCl,, T-Mg=TA +0.5%
MgO, T-MgCa= T +0.5% CaCl, +0.5% MgO, T-CaS=4% Ca salt tallow, were tested. Higher pH values were
observed at 6 hr incubation(P < 0.01) while higher amount of VFA were produced in diets 4 and 5 at 12 hr
incubation(P < 0.05). Nutrients(DM, OM, Crude protein and NDF) degradation tended to increase in divalent
ions or Ca-salts treated tallow treatments compared with tallow treatment after 12 h. The amount of insoluble
fatty acid increased by adding MgO or CaCl, to tallow or Ca soap tallow during incubation(P <0.05). In in
vivo trial, thirty finishing Hanwoo(average BW 460kg) were divided into three groups based on fat sources and
divalent ions, i.e. Control(EE 2.40), T-MgCa = control + tallow + CaCl, + MgO, T-CaS = control + Ca soap tallow
(EE 5.30%). After feeding each diet for 80 days, average daily weight gain showed 0.89, 1.02, 1.17kg in diets
1, 2 and 3, respectively. The highest feed efficiency was observed(0.12) in diet 2 group, followed by diet 3
(0.10) and 1 groups(0.08; P<0.05). In conclusion, the present results could be summarized that the
performance of Hanwoo bulls was improved by tallow with divalent ions without any negative effect on rumen
fermentation.

(Key words : Tallow, CaCl,, MgO, Ca-salt tallow, In vitro fermentation, Hanwoo)
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CH(Palmquist2} Jenkins, 1980; ¥, 1987). L& X]
T oRkEEe] ol AW A7k RS
el A e] 714=8-3¥ LCFAs(long chain fatty
acids)®] WH=9] w]AJE<Q] Protozoa, cellulolytic
bacteria, methanogenic bacteria &2 A A|
(Galbraith -&, 1973; Palmquist and Jenkins, 1980;
Palmquist 5 1986; Maczulak 5, 1981; Towne
A

5, 1990), AFAE EEHos FEste] nAY
& Ae e 24F A8kEe] A3} (Davison

9} Woods, 1963; El Hag<l Miller, 1972; Van
der Horning¥} Tamminga, 1986) % <Fo]-2-3}¢]
A PHo= Qe Fol F-FHA S (Chalupa
5, 1984) WhEsEo] AstAElel FAg3 stk
olelgt A WAdst] flste] oe] A=k
Sl osf Ca®l F7haol7t AlRbEHA=T, o]
AL LCFAsste] ¢ XS T7MIRe=
4ee B,

LCFAse] wWkE9Qdty Aafzhg8 432
HE3=9] mjAEo] o] 4= 9= FE W Cad}
o] o PHoz 37 Ca o]Le HEF o

gk BSadrh Aol ZRIEATHWhite &,
1958; Davison®} Woods, 1960; Jenkins<}
Palmquist, 1982; Bock 5, 1990). 12 X%} Ca2]
oh Fgol= FUg 278 ol A oy
A B G A Teg Mg STE
A & 4 Ao = Z(Erdman 5, 1982), Ca F
7] X+ Casoap tallow 7oA Mge] HZ
o] g3t RHRo=w AmELE oF&¥ Mg Ca
3} U3 27} Yol 202 LCFAs9te] & dA4
o] 7Fed Aow 7|gHe| Ca WEHoiRT
Mge] HZF& Ao o84S /WadAA e
2 o ddt

A 2 Ao A= H]SF7] oUX] HEBA|
24 A9 Hrtads WA $1sked Cadl
k3ol 2 Mg HEEE in viro 2AES &
sto] HZFstar olelst AE 7|22 dh9-o] %
Aol mA= kel et ZAlsHait

0 HE L

=~

oZ in vitro 2g ¥

Insoluble Fatty Acid Soap &%/o] m/x/= ¥

(1) Rumen Inoculum 4]

Rumen inoculume EZFZoA 4o k39
Y-EES AFsk] 279 cheese cloth® &
T 39CE A8t FA| AFHE 95 84
9] cheese cloth® oJ3}ste] 20 liter&- pyrexH ol
39CE Hugh A& v 302 w59 &
& of3}elS CO,= bubbling®t rumen buffer &
M(Weller, 1974)3} 1:12 E3s}e] ©] & rumen
inoculum & A}Mg3}Sith

(2) NZEZH|, AEEA 3 Hj A

8o ALgE A FRE wiley millZ 223 7
1~0.177mm Alolo] FH3FEF sievingdlod A}
gotlom Alme] AubdEe Table 10 e}
o nkel ot 2% AR iR CP(Crude protein)
10.5%, NDF(Neutral detergent fiber) 22.7% 18]l
61.5%<] TDN(Total digestible nutrient) ¥=o =
H|S37] 924 NRC(1988) AMF ol whe} wjjgt
So] o] Z Hjop/| AR ALgStom 7 e TR
Hgh-8-& Table 10 YERSIL

Tallow(EE: 96% <3<=3}38}, Korea) 3 Ca-salt
tallow(EE: 88% <<~3}3}, Korea)e] 7Hra
T A= 4ol 271 Yolow ARgH
MgO2} CaCle] M7l ZH2F 7&9] 05% 4=
= |tk Tallows= &alA|A 271 ool &3t
d 7zAbEe 2 4lo] v dE ARSIt

AFAAE= 4% tallow(T), 4% tallow+0.5% MgO
(T-Mg), 4% tallow + 0.5% CaCl,(T-Ca), 4%
tallow + 0.5% MgO +0.5% CaCly(T-MgCa) %!
4% Ca-salt tallow(T-CaS)<] 5711 Ag7= ¢k
o] wj=lsd T

Hjok-S Tilley$} Terry(1963)2] HPHS 7HaFsh
Wos(1986)e] el wel AAsiglon, 1
litter-8- narrow-mouthed bottle(Nalge Co., USA)<}
40ml polyallomer centrifuge tube(BBR CO., USA)
AEE 717} 10g ¥ 04gS €2 & FH|E
rumen inoculumsS 500ml 2 20mi® zHzF <
slo] 39C=E A% & wHb7](Samwoo Co.,
Korea)oll~4] 0, 6, 12 2 24 hr &<F 100 rpm>
= RkehAA ety
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Table 1. Formulation(% DM) and chemical composition(% DM) of diets” in in vitro experiment.

T T-Mg T-Ca T-MgCa T-CaS
Formulation
Beet pulp 2.98 2.98 2.98 2.98 2.98
Brewers grain, dry 34.00 34.00 34.00 34.00 34.00
Alfalfa cube 1.94 1.94 1.94 1.94 1.94
Corn gluten feed 4.80 4.80 4.80 4.80 4.80
Cracked corn 25.10 25.10 25.10 25.10 25.10
Wheat bran 14.79 14.79 14.79 14.79 14.79
Lupinseed 2.00 2.00 2.00 2.00 2.00
Oat 8.38 8.38 8.38 8.38 8.38
Rice straw 2.01 2.01 2.01 2.01 2.01
Tallow 4.00 4.00 4.00 4.00 -
Ca-salt Tallow - - - - 4.00
CaCl; - - 0.50 0.50 -
MgO - 0.50 - 0.50 -
Total 100 100.5 100.5 101 100
Chemical composition

DM 94.89 94.80 94.87 94.85 94.32
Ash 511 5.20 5.13 5.15 5.68
CcpP 10.50 10.56 10.52 10.49 10.53
NDF 22.92 22.70 22.84 22.77 22.81
EE 6.30 6.28 6.32 6.28 5.80
Calcium 0.40 0.40 0.70 0.70 0.74
Magnesium 0.25 0.51 0.25 0.51 0.25
Phosphorus 0.50 0.50 0.50 0.50 0.50

YT Tallow, T-Mg: Tallow + MgO, T-Ca: Tallow + CaCl,, T-MgCa: Tallow +MgO+ CaCl,, and T-CaS: Tallow +

Ca-salt tallow; These abbreviations are same in Table 3-6.

(3) =M= I Y

Al5.2] DM(Dry matter), OM(Organic matter),
CP, EE(Ether extract) 3 Ash(Crude ash) 3=
AOAC(1985) ™Hell wghom, NDFe] 4]
Van Soest 5(1991)°] EATRel wheh EAIst
Ak 72 At E wjke] TRE F SA
liter BiFH2] B]YE2S  polyester fiber bag
(1015cm, pore size: 502um)ol] &7 ol x}E A&
pH meter(HM-10P, TOA Electonics Ltd)E ©]&
&to] pHE ZA3F3 AL ammonia-N #4418 9]3}
o] 1,500 x g2 20min &9+ Y4l § g5l
= Y Basto] BAA 23l 520 %

25,000 x g2 20 FoF ¥4 FEEs & A9

A}8-5AtHChaney and Marbach, 1962). 3|4H4d
AAHVFA) A 98kl 1 ml
supernatantoll 25% metaphosphoric acid 5%E %
71t & 308 B9t WX & formic acid 1 %E
7}k ok 3,000 rpm 203 Hob PAlEE] &
5 NS gas chromatograph(Hewlatpackard 5890
A, Hewlatpackard, Co., Avondale, PA)ol|l =13}
o] B2 tHErwin 5, 1961). Polyester fiber
bag(10 x 15cm, pore size: 50+ 2um)ol] Zar
e e 4% fHow & AL $ 60T
2 4% 1x7] 83 st & dxs &
DM, CP, NDF % OM #3l&& 7FelSit) vl
ol =¥ 40ml centrifuge tube: 35,000 x g=

H o
iy
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(4) A=A

BAIEAl2 F A SAS(Statistical Analysis Sys-
tem, Version 6.04 USA, 1989)E o]-&3slo] Z
2]kl kS Duncan’s multiple range
test= W], 73743} th(Steel and Torry, 1980).

2. A 2

o] Fielol e W& 59 §F
g0l mH= G

(1) SAE, NEAR 2 AEMY

AE 2% in vitro AL £3
EdZ JHo] £ T-MgCa-29}
F57] 99 JGgE VA=
A 80T Mk At
Al AT ARl AR A 2 HS
AlZ1el & 200vHe] - HIAAS- & 307}
(BHATo] 460kg)E Adtate] Agol] A3}
Atk 80Y B AAMEES 1Y) flEte AT
g 1054 3A TR Ao wjxskth A
ApES] CP, P, Ca B Mge] 2 WHF7]
500kg 2:°] NRC(1988) A}SFIEZ(CP; 11%,
TDN; 65.5%, Ca; 0.49%)°] Q7o =344 Hj
gslolon, o]5e] w82 Table 20 e}
Wit

Ao ALgE FAIEFS YL Ak
SAAZ = W ALFErGl o M)Al )0l =
TMRE Alghao] atalom, AFNA7A] dF
ZA|Fo] AdAFH0.8~1.0g/d) S st
AFNA LA FE A AMEE HSS
7] TMRS AgAZR o, Asmoes md <
7 1100719 EAIAFS] 2%E )54 TMR
mixer(TMR-800 Haechung Co., Korea)E ©]-&-3}

Table 2. Formulation(% DM) and chemical com-
position(% DM) of diets” in in vivo

growth trial.
Control T-MgCa T-CaS
Formulation
Beet pulp 4.00 4.00 4.00
Brewers grain, dry 1240 1240 1240
Alfalfa cube 2.60 2.60 2.60
Corn gluten feed 6.70 6.70 6.70
Cracked corn 3560 3560 35.60
Wheat bran 20.00 20.00 20.00
Lupinseed 2.70 2.70 2.70
QOat 1330 1330 13.30
Rice straw 2.70 2.70 2.70
Premix” 100 100 100
Tallow - 3.00 -
Ca-salt Tallow - - 3.50
CaCl, - 0.40 -
MgO - 0.40 0.50
Total 100 103.8  103.5
Chemical composition

TDN 68.50 7320 72.60
Ash 5.70 6.40 5.90
CP 11.00 1097 115
NDF 26.60 2655 26.63
EE 3.40 6.42 594
Calcium 0.53 0.76 0.81
Magnesium 0.22 0.43 0.22
Phosphorus 0.6 0.6 0.6

Y T-MgCa: Tallow +MgO+ CaCl,, and T-CaS: Tallow
+ Ca-salt tallow; these abbreviations are same in
Table 7 and 8.

9 Premix contained 20% Ca, 16% P, 1% Mg, 25,0001U

Vit. A and 10,000 IU Vit. D.

of wolapsleom Az F SA] 3.0% tallow +
0.4% MgO +0.4% CaCl,2} 3.5% Ca-soap tallow
5 Z7te] ATl & &3}t

(2 2MANES ZH| & AU

A& 52l DM, Crude protein, Ether extract,
% NDFE 4¥1e) BAwEa Sdstsich A
T2 20Y 7HHoR 05 3Al9 A3 o

i

— 616 —



Lee et al. ; Supplementation of Fat Sources, Ca and Mg to Hanwoo Bulls

Al =
H

A

e 209 AR 5 Ft -

e

45t

32 A

=
o
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xIgre] FF e wZ in vitro %g ¥
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(1) 2HEe wayy

In vitro wjFel]l & Ae]3ke] pH W3sh=
Table 3o Yehd wie} Zrh Aoz wj
Azro]l F7hgtel wel pHE st AES
Hth 0 hri} 24 hrol| A 2] pHE A&7k
FAA frelAtel7b (ATt whAe] 6 hrell A=
T-MgCa ¢} T-CaS o412l pH #to] of&
AT #ETE A ZAFEJATHP < 0.05).
Rogers 5(1982)¥} Ruyet (1992 MgOs$}
CaCl,o] W &aj4d3) #& dFeyo= uf

o2
B

7] pH A5S 7HH go] IS E
Y= Frkethal BaEginh B Ao
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LA BAZE ds AoRE AlmEth AR
Table 42 Az}ol| A 1247+ & VFA A
=T 7 % T-Mg 77F t& Aol vlate]
W FAE Btk ole} o] uolx F
VFA AA=Fo]l 343 pHe #AE S3tAH
S Aoz HgAT Ammonia-N9 FE+= Hj
F 6 hroll Al Tl Hlste] ok ATt 9
A F7hE ARE Ve ATKTable 3). o] 3
A% $H-E LCFAsS] WH=9] wa Aa2hg
S Ca 2 Mge ®ZF3} Casoaps £kl 7hA
Ao 2 7|ZAES CP Raj7l gitelA A
P Axjel AlRET 2AZ Table 52] 6 hr
o] CP Ash&o] T o Hlate] th& A+
ol A Yehd AxE Bolal lth

% VFA A/ H(Table 4)& 6 hrollA= g
TEF FAA FoRtel7E AT 12 hret
24 hrol A= T Aol vlske] tallowel 27}
ool & H7} mE Casalt®: &3 H7ksk g
TEANA =A ZAFESATHP <0.05).  Acetate,
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Table 3. Effects of different type of fat sources on in vitro pH and ammonia N concentration.

Incubation time, hr T T-Mg T-Ca T-MgCa T-CaS
................................................... pH
0 6.9 +0.01 6.9+ 0.01 7.0+ 0.04 7.0+0.03 6.9 +0.01
6 6.5+0.01° 6.9 +0.01° 6.5+0.01° 6.6+ 0.01° 6.6 +0.01°
12 6.3 +0.01° 6.2 +0.03 6.0+0.01° 6.1+0.02° 6.1+0.02°
24 5.8 +0.02 5.8+0.01 5.7 +0.01 5.7 +0.01 5.7 +0.01
....................................... Ammonia N (mg/dl)
6.1+0.1 58+0.2 6.1+0.2 6.1+0.1 6.3+0.1
6 6.5+0.8" 71+01* 73+01® 8.4+02° 8.8+0.2°
12 10.3+0.2 9.0+03 10.4+0.6 9.3+0.7 94+04
24 15.7+0.1 17.4+0.4 16.1+0.3 18.0+0.9 18.1+ 0.4

b Means in the same row with different superscripts differ significantly(P < 0.05).
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Table 4. Effects of different type of fat sources on in vitro VFA concentration(mM/dl).

Incubation time, hr T T-Mg T-Ca T-MgCa T-CaS
............................................. Tota| VFA
6 259+0.3 37.1+54 320+09 459+0.6 336+3.4
12 588 +1.2° 59.3 +2.0° 62.7 +0.2% 64.2 + 0.6 67.8+0.1°
24 949 +1.9% 99.8+1.7° 86.8 +3.4° 100.7+0.1°  103.1+1.3
............................................. Acetate (A)
6 114+0.1 19.0+4.0 17.8+09 252+0.7 176+2.8
12 350+15 36.0+13 372+04 39.4+0.4 422+05
24 521+05 50.4 +0.7 47.7+25 56.3+0.1 55.6+1.5
.......................................... Propionate (P)
6 7.1+0.1° 104+1.1° 8.4+0.1" 13.0+0.3° 9.1+0.2%
12 13.9+02° 13.7+0.4° 142 +0.1° 145+05° 15.3+0.5°
24 206+11 348+13 252+12 30.1+0.7 33.0+26
................................................ Butyrate
6 44+0.1 44+05 3.1+0.1 45+0.2 34+04
12 6.0+0.2 6.2+0.5 6.9+0.1 6.5+0.2 5.8+0.3
24 83+04 9.2+0.1 9.0+0.1 9.3+0.3 9.1+0.1
................................................ Va|erate
6 0.8+0.1° 1.0+0.1° 1.1+01° 0.9+0.1° 15+0.1°
12 1.3+0.2 1.1+0.1 1.6+0.3 1.1+0.1 0.9+0.1
24 1.7+0.1 1.8+0.1 1.6+0.1 1.5+0.0 1.7+0.0
6 1.6+0.0 1.8+0.1 2.1+01 1.9+00 1.9+03
12 25+0.1 26+0.1 2.6+0.0 27+01 2.8+0.1
24 1.8+0.1 15+0.1 1.9+0.0 1.9+0.0 1.7+0.2

ab,c

6 hroll Al propionate A3/d%=2 T-Ca % T-CaS
AYTE TEY =S 4SS B3 MgO
T-MgCa 7ol 943 &= S7H BEATHP <
0.05). 12 hrollAl= A5 F T-CaSellAl <]
propionate A3/d o] 7HE = UATHP <0.05). Val-
erate A TS 12 hre} 24 hroll A= A&7

Means in the same row with different superscripts differ significantly(P < 0.05).

BAA oAk SAAAIRE 6 hroll A T-CaS -l
Al ARl AYTE T 7P E=JTHP<
0.05). oF22 & VFA Aol gloid ek
12 2 24 hr 2594 T-MgCa ¥ T-CaS -l
Aok AT B FEE S7HE TP <
0.05). ol¢} &2 A= APFHTIA 27F ol
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b 2 s bt dda 23
AANA FdARAE AgFe] Z7)]
Atk= oy AFAEES] A (White 5 1958;
Davison and woods, 1960; Jenkins®} Palmquist
1982)5 thr] S gRIHSit) obge] A
7HA] Ca ©HEREUF= Mgel HFo] W9 VFA
B Skl BH adddde] dsEd
Ao w wEEEd lojA Aol Hrbe
Al 19l WellA 7S LCFAse] whE9
vz AlZEEH AHgsto] A FFEA I
Axzute] HEY 28-S °JAAIA protozoa,
cellulolytic bacteria, methanogenic bacteria 52
FAS A3HA)7|H(Galbraith 5, 1973; Henderson,

o rfo
o Lo

1973; Palmquist and Jenkins, 1980; Maczulak -,
1981; Towne 5, 1990), AFAS EE¥o=
sl v IS W 2§ 25He)
A sHDavison} Woods, 1963; El Hag<l Miller,
1972; Van der Horning3} Tamminga, 1986)<} <
oleste ¢ Fgoz Qd WY U Fole
F=d4 S(Chalupa 5, 1984), HEE5&<] wt
29 kel RAHQ P wlth wlehy
B 2o A Yeld in vitro WEAbEo] ARE
e # 0 94w A woks 27h Yol
2 WA & 4 & CaCl, ¥ Mgo H7h=
LCFAse] wh5=9jtg As 28-S =i, Alw
A WY 27} Folee] dyHoR oA

Table 5. Effects of different type of fat sources on in vitro nutrients disappearance(%).

Incubation time, hr T T-Mg T-Ca T-MgCa T-CaS
............................................. Dry matter
18.7+0.9 202+1.4 17.2+3.0 21.0+05 19.3+0.2
37.0+0.2 39.2+0.8 345+0.2 35.0+1.3 38.6+0.9
12 459+1.2° 49.3+0.9% 52.9 +0.6° 54.1+2.1° 54.0+0.5°
24 60.9+0.8 61.6+1.9 62.8+0.9 64.4 +0.2 66.0 £ 0.4
.......................................... Organic MALLEE «eeeererreremrenrniiniiiiiiiii..
241+15 249+13 22.4+30 26.0+0.4 23.9+0.2
40.1+0.2 423+0.7 38.0+0.1 38.4+1.1 412+0.7
12 491+11° 51.8 +0.8% 55.8 + 0.5° 57.0 +1.9° 56.7 + 0.4°
24 63.7+0.6 64.7+16 65.8+0.9 67.3+0.3 68.3+0.8
.......................................... Crude protein
18.6+0.1° 21.8+1.1° 16.6 +0.1° 18.9+0.1° 16.7+0.8°
32.0+0.4° 418+03° 34.4+0.3° 435+0.3° 345+0.1°
12 35.4 +0.3° 48.3+05° 54.1+0.6" 60.8 +0.7° 535+ 15"
24 62.3+0.6 71.1+04 70.3+6.0 755+18 716+12
13.0+0.1 12.4+0.2 12.0+0.1 13.0 £02 126+0.2
255 +0.2° 26.3+0.3 23.0+0.1° 225+05 26.0 +0.4°
12 30.6 +0.2° 33.4+0.1° 35.1+0.2° 37.4+0.4° 38.1+0.1°
24 38.4+0.2° 43.2+0.3" 423+0.9° 450+0.2% 46.3+0.1°

b Means in the same row with different superscripts differ significantly(P < 0.05).
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W9 mAdEo] o] &% & Qe 27 Fol

S HFskled e AbEEti(White
5, 1958; Davison®} Woods, 1960; Jenkins<}
Palmquist, 1982; Bock ‘&, 1990). o}&2] A3
TAFEC] ols) By Casalt Ao Z$- wk
9 Haol £ AITEIH Yol T g
golg| 2 tkFerlay 5, 1993).

of 12 hroll A tallow w5 A 2] FH(TH)oll A
o] gkol vk AHE-5¥ vlaste] WA e
W tHTable 5; P<0.05). ZdWz Ea&e 0
hrell A= T-Mg 7oAl 718 =41 24 A
(P<0.05). 6 hr¥} 12 hrol A= T-MgCa =] 2]+
oA 7HE e 2w EE&S BN T
o= 7 WktHP <0.05). WHAo] 24 hroll
M= AETFER FAA FeAkel7E fliith
NDF #&]&& wjek 0 hrol e #2531l
FrAFsk HoJov 6 hr o] FHE:=
T-CaS A|elA 7Hd =2 Wall&o] A
H e tallow T Ao A= 7P uE
QTHP <0.05). L o] Uol2ol} Ca-salt
Fejo] ojulgt Ho AT glo] tallowe]
7He Wb YolA 2AFYAE I E5AA
WA o)gh Al e ASHY]

A

7] wj&o]tiChalupa 5, 1986; Sutton¥} Morant,
1989). webA 2 AFAN}E= tallow T
o] -t 27} Folout Ca-salt A 2]7F ¥
A ol REES MNANIIE AR ZAESE
dl, o]e} frAtelAl o8] A=A 9s|A] OM
oy} NDF Z:3h&o] S 22 A=4d75
O Folqt B Casalts: &3 AT tek Al
oA Mgl Baig uh It} (Drackley
= 1085 Ferlay =, 1993). W3t AbRZ 9o
=3 A AE HTbshH AlRrA el =
e 7S = AR AgsiAY ol
H A E] 27 Fol o] FHOE AshEol
FEATE AdetE fFAFSHEH(White

1958; Davison®} Woods, 1960; Jenkins$}
Palmquist, 1984). 53] T ¢ #H]3}o] T-Ca
ToF T-Mg oA &3&o] Jidasrt 9l
A A o5 AT {Fo94 A7t
AAE AE Hol tallow H7FA] Mg H7ta
= Caoll HAA vk S77F Hrh

(M

ol oo

Q) 284 ¥ M ZF(Insoluble Fatty
Acid Soap)

284 o §4 Ax Table 60 e B}

B O S I el o S B 3 2 e o

x| T-CaS T-ollA 7P waton}, &84k

A FAo] 7P EdTHP <0.05). wEkA A

ko] Casalty= WHE9 ulellA] &al&=7F W

IS

Table 6. Effects of different type of fat sources on formation of soluble fatty acid and insoluble

fatty acid soap(%).

Incubation time, hr T T-Mg T-Ca T-MgCa T-CaS

6 54.6 +0.1° 56.9 +1.0° 58.1 +0.5% 59.9 +0.2° 14.1+0.5"

12 406 +0.7° 36.1+0.5 414+1.0° 38.4+04% 10.8+0.1°

24 23.8+1.6% 19.4+0.2° 215+2.9° 21.1+0.6° 6.2+0.5°
.................................... |nso|ub|e fatty acid Soap

6 17.7+0.1° 196 +0.1° 217+1.2° 21.0+2.3 80.6 +0.4°

12 32.7+0.3° 425+20° 39.0 + 2.6™ 50.6 +0.1° 80.4 +0.5°

24 37.1+0.4° 453+2.6° 44.1 +3.0% 53.3+0.8" 755+ 1.4°

b Means in the same row with different superscripts differ significantly(P < 0.05).
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& ZA}8E Chalupa 5(1986)9] A2 2E
Al g st AY Olt} 2 *‘EW‘JJr = 24
hre 2] T-Ca o] B84 o] 44% 3
AL tallowe} CaCl,E 48hr B9F Hl&s)
uj  24hroll  50%°] E&AgAIWe]  F
Palmquist 5-(1982)2] Ax}e} FAlsich 2 A3
o] AxoA T-Mg TolH%= wl%F 2447
E84 o FARETE dixT e vt o
UA =9k, T-Ca 7} fASHA vrebd Ay
= MgO S HH5=9] LCFA%LS] & A &
i]—7} CaC|234- -,-l—/\}-b‘]- ol ﬁ/ﬂ-‘:ﬁﬂo] 01—0——0— }\]/\}-
gt} oF2# CaCl9t MgO &§5+9d74(T-MgCa)
oA T-Cas 7-& #l9lgk th& ol Hlste]
NUAl FTHANSS Hol A HA Ca
s HEEolEt= Ca% Mg E9aol7 vF
FA A EAEe] B8 o P Ex

0

o?L 32 oX

o_>L 401- o i mlo it I

Table 7. Effect of different type of fat sources on the performance of Hanwoo steers™.

; Supplementation of Fat Sources, Ca and Mg to Hanwoo Bulls

e FiFlel mpE 899§ )
A= 9

& % AR olg&dfo] YT
o]ztol 7} 1A TH(Table 7). ¥

d ol FHH 509 kol AEgERte
AHFS Apol7E /AT dGSAF

AgF] 0L AR,
=71
o,

BA A
o] 8FEHLS  T-MgCa> T-CaS > Control
FTHP <0.05). A= 509 ©]$FH 80 a‘
Fore] AlEgAFHTFS T-MgCaolt} T-CaS -1
t} Control ol Al &= ATHP < 0.05). 4T TAHF

1)

Item Control T-CaS T-MgCa SEM?
........................ Feeding period | (O 30 d)
Feed intake (kg/d) 11.80 10.48 10.33 0.38
Daily liveweight gain (kg/d) 1.22 1.02 1.13 0.05
Feed efficiency (gain/intake) 0.10 0.10 0.11 0.004
Feed intake (kg/d) 10.45 9.01 9.91 0.34
Daily liveweight gain (kg/d) 0.82" 1.06% 1.30° 0.11
Feed efficiency (gain/intake) 0.08° 0.12° 0.13° 0.01
Feed intake (kg/d) 10.85° 9.85" 10.02° 0.25
Daily liveweight gain (kg/d) 0.65" 0.92° 1.00% 0.09
Feed efficiency (gain/intake) 0.06" 0.09° 0.10° 0.01
.................. Whole feed|ng period (0 80 d)
Feed intake (kg/d) 11.03 9.78" 10.09 0.07
Daily liveweight gain (kg/d) 0.89" 1.02° 117 0.31
Feed efficiency (gain/intake) 0.08° 0.10° 0.12° 0.01

¢ Means in the same row with different superscripts differ significantly(P < 0.05).

Y Number of animals per treatment = 10.
2 SEM : standard error of means.
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3 AR ol g ES

< Control 7+ Xt} T-MgCa
L} T-CaS TolA =2
O

ITHP < 0.05). &H & A}

Hol71k 80 Rt FAE AdE HH
Ah%ﬁﬁ FE 29} T-MgCa -9} B]aLd}o]
T-CaS oA WA ZAIE (P <0.05), U
ZAF AR o] &&EL T-MgCa>T-CaS>
Control =02 =9ITHP <0.05). 2 A A7)}
FAFHAl Bock 5(1990)2 HIEE7] AR U]
AgAsel Caol H7brEel wet d-SAZ
o] Z7FEAtE. Huffman 5(1992)% Y &=
220 4% tallowS HA7FA] AwdrZz ko] =713

RaL, AR o] SRERE MAE AE Bl F)
oh kA B ARAY= ARE U] AW 27t
ol 29 A7z W] tirte] eHgEtE Qls)
o] 3h9-o AFFTAFY AR o] gEES /A
ANE 2t e Aew aokst & gtk
g As TH B W vEsE

H)AAEES 1] SEh

2719 AAddde Mgzt FAHJA Ay
& d& = Uik
NV 2 oF
BoAge Auke] FFgeo] upE WkE9)
Wagda, 494 olgas 2 SASE 3
3171 9138Fe] in vitro A¥ T} in vivo ALY A
S FP3FAT) In vitrodl A= AL LEEA

tallow(T), 223 tallowell 27} ¥o]&2 MgO
(T-Mg), CaCly(T-Ca), MgO$%} CaCle] =%
(T-MgCa) % Ca-salt #]2] tallow(T-CaS)2] &
5719l A5 FACh In vitro ¥jF AZFS
0, 6, 12, @ 24 hrd= St} In vivo AFYE
AL in vitro AYES Tl I AHE
B2 AZHo] £ T-MgCa 19 T-CaS T

; Supplementation of Fat Sources, Ca and Mg to Hanwoo Bulls

g Adgle] AW FATE dETR sl
HS3 7] 8ke-o] AAE U Ao nz=
= FFsA A2 E 1074 3 AR
bd el wiAste] g0zt AAEgith A
Ao Avu ARk 6 hr o] e AT
=1+ WskE B3A= 6 hrollA= T-MgCa -2+

T-CaS T-ollA¢] pH #tol o+& Ag+E9] %
B} =7 ZAFH QP <0.05), 12 hroll A= T}
T-Mg Tol4¢] pH %te] MgO2} CaCl, 71+ B
o =7 ZAFEATHP <0.05). Ammonia-N2| &
LE 6 hrZ A9slas AFEt A4
frolxtol= f1dth. 6 hrollA2] ammonia-N 5
Ee tallow @5 Aol s=7F HE
xm? SHTE SSITHP <0.05). & VFA AA
& 6 hroll A= Ae-51F A4 fFo=kel
7} ‘aiM 2%k 12 hre} 24 hroll A= T A 2]t
H| 3o tallowol] 27} o] H7}F T Ca-salt
5 &% HAre AgTEolA =4 2AEA
tHP < 0.05). 42 (DM, OM, CP £ NDF)&
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(P<0.05). Ab=EF9] 30 7}A](feeding period 1)
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