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Title: Development of feeding program for horsemeat production and the production

of horsemeat with feed additives for health benefit

Summary

The purpose of the studies was to use Jeju horses for horse meat production, to

develop feeding program for fattening horses and to produce functional nutnent

~fortified horse meat.

Results are summarized as follows:

© Development of feeding program: In general, the amount of concentrate
feeds fed should be properly controlled to avoid digestive dysfunction in fattening
horses while roughages (hay) and water are supplied on an ad [ib. basis. An
optimum level of concentrates was found to be 19 body weight (0-4 wk), 1.3
(5-8), 1.5 (9-12), 1.7 (13-16) and 1.7% (17-20) over 20 weeks. The successful
feeding was achieved by starting with a small amount (less than 1% of body
weight) in an early fattening period and by finishing with 1.5% to 1.7 % of body
welight 1n the late fattening period of 20 weeks. The average daily gain during the
entire fattening period was 0.62 kg, without differences between sexes (p>0.05).
The average daily feed intake for concentrates and roughages was 4.1 and 5,2 kg,

and feed conversion ratio ('feed/gain) was 7.24 and 8.99, respectively. Horses at 3 to

4 years of age with about 300 kg body weight were considered to best fit for
fattening 1n our studies.

© Vitamin E-fortified horse meat production: 1) In a 20 week feeding trial,

horses were fed either a control concentrates or concentrates containing additional

_3.._.



200 mg/kg vitamin E, no differences (p>0.05) were found in body weight gain, feed
consumption and feed/gain ratio between the two diets. Vitamin E content in
loin—eye muscle and abdomunal fat from horses fed additional vitamin E was 2.3
and 1.7 times higher than the control (p<0.01), clearly demonstrating that vitamin E
content in horse meat products can be increased with supplemental vitamin E. 2) In

an attempt to increase n-3 fatty acid in horse meat, horses were fed either a

control concentrates feed containing 5% tallow or feed containing 5% canola oil for
a 20 week period. No differences (p>0.05) in the average daily gain, concentrates
feed/gain ratio was found between the two diets. Fatty acid profile in the loin eve
muscle fat showed that n—-3 fatty acid (a-linolenic acid) content in horses fed
canola o1l was approximately two times (p<0.01) that in horses fed tallow. The
increased (p<0.01) n-3 fatty acid content in horses fed canola o0il decreased the
ratio of n—-6 to n-3 fatty acids compared to the control, indicating a significant
mprovement 1n horse meat fatty écid profile for health benefit. Our study
demonstrated that feeding diet containing 52 canola oil may help produce horse
meat with more health benefit, increasing their a-linolenic acid content without
deleterious effects on growth. 3) In a trial to increase antioxidant nutrients, vitamin
A, vitamin E and selenium simultaneously in meat products, h{}rses were fed either
a control concentrates feed or concentrate feed containing additional 200 mg/Kg
vitamin E, 20,000 IU/kg vitamin A and 0.5 mg/kg selenium in cultured yeast. The
average dailly gains and feed efficiency in horses fed additional antioxidant nutrients
were improved (p<0.01). The contents of vitamin E, vitamin A and selenium in the
loin eye muscle from horse fed the additional nutrients were 1.5 times, 2 times and
3 times higher than the control, respectively (p<0.01).

© Dressing percentage and the grade of meat quality of Jeju fattening horses:
1) Carcass traits of 13 Jeju fattening horses at 40 months of an average age (mean
live weight 3405 kg) were determined. The dressing percentage (carcass
weight/live body weight), retail yield (saleable cuts/carcass weight), and cutability
(saleable cuts/live body weight) were 61.0%6, 70.4%26, and 43.0%, respectively. The
correlation coefficients between live body weight and carcass weight, and between
cutability value (26) and shoulder loin weight (kg) were 0.98 (p<0.01), and 0.71

(p<0.01), indicating that either carcass weight or shoulder loin weight 1s a



reasonable indicator of economic trait of horse meat production. 2) On the base of

cattle meat grading system, 9 carcasses of slaughtered Jeju horses were subjected
to quality grading. Grades A and B for meat quantity were 56% (5 horses) and 44
(4), respectively, and that grades A, B and C for meat quality appeared 33% (3
horses), 44 (4) and 22 (2), respectively, indicating that Jeju horses could be
properly fattened under a controlled systematic fattening program for production of
good quality meat.

© Evaluation of horse meat as a health food source: Studies were carried out
to determine the effect of very low carbohydrate (low-carb) diets and restricted
feeding (70% ad lib intake) on weight gain, feed efficiency and serum levels of
cholesterol, triacylglyvcerol (TG), glucose, ketone bodies and insulin. Forty (mean
initial weight+SE, 251£094g) and 30 rats (238+1.07g) were used for exp. 1 and 2,
respectively, dividing them into groups of 10 rats each. In exp. 1 two groups were
assigned to a conventional diet (AIN-93G) or low-carb diet containing 109 starch
and o3% lyophilized ground horsemeat, and one of the two groups had free access
to diet (ad lib intake) and the other pair-fed 70% of the ad lib intake(restricted
feeding). In exp. 2 each of the three groups was assigned to a control (AIN-93G)
or low;carb diets containing 10% starch and 53% beef or horsemeat. Average daily
body weight gain was not different between the two diet groups in exp. 1, whereas
was lower ih rats fed the AIN-93G than in those fed low-carb diets in exp. 2.
Rats under restricted feeding gained about 30% of those allowed ad lib intake in
eithef diet (exp. 1). Feed intake Was higher in rats fed AIN-93G than those fed
low—-carb diet (p<0.01) in both exp. whereas energy intake was not different
between the two dietary groups in exp. 1. Energy intake was higher in rats fed
low—-carb diets than in those fed AIN-93G diet in exp. 2. Feeding low-carb diet
reduced (p<0.01) serum TG compared with AIN-93G diet and restricted feeding
further reduced serum TG, and also glucose and insulin levels with an interaction
between diet and intake level (p<0.05) (exp. 1). Serum total cholesterol level was
reduced by the 1_ow-carb diet and LDL cholesterol level was increased by restricted
feeding (exp. 1) or by low-carbdiets (exp. 2). Bodvy composition was not affected
by diets, but protein content was increased with a concomitant decrease in fat

content by restricted feeding. Serum ketone body level was higher in rats fed



low—carb diets than in those fed AIN-93G. No differences in all the parameters
determined were found between the horsemeat—- and beef-based diets (exp. 2).
Results 1ndicate that feeding low-carb diets 1S beneficial for alleviating
cardiovascular disease risk markers such as serum TG level and restricted feeding
is more effective 1in réducing serum TG levelthan reducing carbohydrate in diets.
Combination of both restricted feeding and low—-carb diets has an additive effect on
reducing serum TG.

© Proximate analysis and amino acid contents in horse meat, fatty aci_d profile
of horse fat, and the mineral contents in horse meat and bone in Jeju fattening
horses: Contents of moisture, crude fat, crude protein and ash in loin eye muscle
were 64.0, 154, 184 and 0.96%6, respectively. Fat content was markedly increased
by fattening, indicating that marbling scores (intramuscular fat) can be increased
using our feeding program. The mineral contents of selenium in the loin eye and
bone of shank were 169.4 ppb, 69.7 ppb, showing that horse meat contains more

selenium than bone.
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3.16 mg/100 g, H7FTE 2256 mg/100 g & vlElY E7F AFE ol ¥lE HIZ7FEHAUF
o 39l FATH(E 2). Al Fo rlREL FUT upAloA] AE R 2 5 U= v

Mo Rzpel @ wjA Eo] 2057 W &AHel FaE Ao

O
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el
N
o
gl

% 2. uB E 38 ohgAAg 1@ wiga)

A B o &+ = 2] - Hl L
=9 (Corn) 71.5%6 71.396
] 7 2HSoybean meal) 18.1 18.1 (A5 FEEA]
2-Z] (Tallow) 5.0 5.0 el E &
o+ (Molasses) 3.0 3.0 (mg/100 g)
Ol AFZF 4 (Calcium phosphate) 1.2 1.2
A1 3] A (Limestone) 0.6 0.6 th=+  3.16
2 H(Salt) 0.45 0.45 el 2256
Premix (vit & min) 0.15 0.15
Vit. E (100 g/kg) 0 0.2

(3) At
55 RS AFL JlEow stod, ANAFT 1%0-45)F AFLE 47092

=
Z AF 29 1.3%(5-87F), 1.5%(9-12), 1.7%(13-165), 1.7%(17-205)8 F43%

L
————
1°,

Z(mean+SE)< 244+5 kgo| Lt

(2) AT A e

Lu7h-3 A A &Fol =2 v

AL 93 AldollA HEle 2FFE 2T
594 -] (tallow)”7F Z7FE 8L WA= AEFE 5% F A A(canola oi)7F FH 7k

=
A2 2 ALY AgEntE g5 Ay ASEE 16719 Fubebee ubds

0%




m /pen)°ll 272 vl x| ¥ LT} Eﬂi:ﬁﬂ' AT A4 AEd 870 v (R 25x4%

o Fg HAEL=E ‘”"Eﬂl?’ﬂ e w|7}-3 A HAakgd
1

% {
92 5% W7ETe] 09%RTH EI] B R % F ATHE 4).

o oul A7 (M g7hel AlgH /’\H}iilﬂﬁl det FEAE AAAS

oz o FAHUY. 205 v EL FEARY F-
1.3(5-85), 15(9-127), 1.7(13-165), 1.7%(17-20-) o
oF B WA AFFVIELF AHEA AR

T 3. 073 E AFRAE WMIALE ZAR

B S o &= ST e = e
=4 (Corn) ' (1.0%6 11.0%%
o] F42H(Soybean meal) 18.1 18.1
$ A1 (Tallow) 5.0 —~
 #} 7 (Canola oil) - 5.0
=3 (Molasses) 3.0 3.0
Ak g (Calcium phOSphate) 1.2 1.2
21 3] A (Limestone) 0.6 0.6
21 4 (Salt) 0.45 0.45
Premix (vit & min) | 0.15 0.15
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E 4 ulEAEY A

24 (%% A )

O L

2]\ A} o] = A A
Myristic acid 1.24 0.10
Palmitic acid 20.86 0.14
Palmitoleic acid 1.87 0.34
Stearic acid 1168 201
Oleic acid 3:3.34 28.51
Linoleic acid 23.38 3778
a—Linolenic acid 0.90 .44
Eicosenoic acid 0.86 210
Eicosadienoic acid 0.32 1.37
Eicosatrnienoic acid 0.08 056
Arachidonic acid (.14 0.7
Eicosapentaenoic acid(EPA) 0.12 0.65
Docosatetraenoic acid 0.15 0.12
Docosapentaenoic acid 0.00 0.43
Docosahexaenoic acid (DHA) (.00 1.07
Saturated fatty acid 33.73 11.84
Unsaturated fatty acid 66.22 33.16
Mono unsaturated fatty acid -41.12 36.95
Poly unsaturated fatty acid 2510 51.21
- Cantrpi [dCanola oil
4 5 o o Lt A S e 8 APt e e Pt e A oAt o A A P A A < e S bt 1t e e e Y n vt oo oo+ e
40 —
& a5 : N _
o N
~ 30 %
= 5 N:
& 20 NE N
N NA
2 15 N N
© 40 | E N
& N N N R
5 1 :‘ § :-‘ g :
E} i B ’* Y N5 :iz 1 : - - =« TN - - W — N - - W UL S, +-v- W
d O O O O O D O . |
S 0 & > (3&@ 27 P oF @C’@ @@b @@é fz»"‘}b Q‘E:\ @C’“‘b &© Q\%
R A I A S S N R MR T A R\ LRI SRR AR\
& & e? O & O O € O O F YO OO
@“5: Q%’ (Q"\- o) 00 \}“:“ F ’Q“G _ Q\Q G_)QJ &‘Zﬁ @QJ ‘{5} oy ’D’Q) & o
PN A0 N ’,\} .('_F" 03 > O oAb & {\x@' N
< Y F & FF w?ﬁfa’ N & O
Q;Q £ C;O *(}Q’
Fatty acid > o
& <P

Fig. 2. Composition of fatty acids in concentrates
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& 3}F 9 HAl(gvernight fasting) % =AE &=
Al &-(longissimus dorsi) Al1B5E IAFEZZAYEZ 20Tl R BSHHA

profile) #&A1of] o] &3} T,

N

1

‘o
0
1
c-f.
e
Qo
2
(oL

slebel E, Se ®7 vhg A471E LA
as) AFolAd vElY Eo waaZel JUgdR nvks A A
of 4EFATG. FFHE ARHI] whet wgo] FAE wk ojwdle Ao WER

A, E 2 Serl 27d vt5& Aiste Aol AAFHUY,

r
—r_l
i,
oL
4
%
ofN
L,
N
q
N
-
~
il
1o

1

e
A
)

AN,
-[ ,
10,
2
=)

1
-..T.-J
2
yi=

ek

o
-

N
.-.T-J

b
«m‘n«\l‘
O
Rl
Nt
=2
s
00

e =W 248 8 S8 WEAEES gx2TFR stn, FrkrE o Atmdl vlE
9l Al AFE kg@ 20,000 TUZ #7bstdon], HetEl Ex A2 kg® 200 mgs 7}
5t 1. SedES yeast Sed o]€3to] 05 mg/kg F7HEHATHE 5. A FAIEE A
s = ulelvl A E ¥ Seo] t§ gL BAG 27 zAE ARA AT dF
Do ul)A YSEA B g HEo EollddEe Aoz FAHUD HEIW AE

retinyl acetate, BlEl9l EX tocopheryl acetate, Set yeast selenium RFEE °] &3

_22_



% 5. #EFY A, HlEIY E, Se E7F A

3 2 B
LT (Cormn) 71.596
t] =2 (Soybean meal) 18.1
2 %] (Tallow) 5.0
1 (Molasses) 3.0
o] Atz 45 (Calcium phosphate) 1.2
A1 3] A (Limestone) 0.6
2l o (Salt) 0.45
Premix (vit & min)* 0.15
Vitamin E (100 g/kg) 0O
Vitamin A (1,000,000 IU/kg) 0
Selenium (1000 mg/kg yeast) 0

_23....

A 2

1

69.25 |
181 | AFE &4
5.0 o &
3.0 Vit E 3.83 mg/100 g
1.2 Vit A 0.01 ug/100 g
0.6 Se 0.62 ppm
0.45 2] 2] T
0.15 Vit E 26.07 mg/100 g
0.2 Vit A 146 ug/100 g
2.0 Se 1.37 ppm
0.05
= 2 Qa#g T It =
AP ot A7 THE G ZALE(T
FAFFEL 1xhd =] AEHE HSIE
MAIAZF2] 1%, 5-8F7F 1.3%, 9-12
CALE FALR)o] =AHEHY o o
ALokAl g ol FaH T 12417 A
ANFEAS 3t & FZAslo] HESHHA
7 v -0 2 2% 3 2 52 FH
&% 2 SZAHINE AZHSA HIAT



7bodlFeke] =R TAE EA RN

(1) A5 =

CHRA = w2 AAS 98 v ST Ao olste] 2027 v]2H updoA o
9|2 1358 HAs o] &HUth o] Jyue) HFEE MFLS 2760-3980 kg W=
Hat 340.5+8.7 kg ol 3, vol= 2-5(HT 3.3)A4) 9 t”’ﬁui} H|-§v}E 52 34%- =
7} Fo" T 24 AATA 15-17A7F A FEg o T2 AFEZAES

3
gatglm, =4 2o A 2 =T A SAS AFE FeAFE 1R

Hl5rke) =4 ZAPFelA EA(carcass), Yl F(guts), A3 ¥ (heart, lungs),
7H(liver), ¥1& 3 A & (spleen, kidneys), ™ 2] (head), AF&37} 718 (feet, tail), ¥ 7] 2
Ar=(others)®] 87 & Fcocx FFHo FTH(kg)ol FAIHNY. =A== dAa] AF3E
o = T4l(loin), <F4(tender loin), {7154 (shoulder loin), #|®|52(chuck crest), =
tha) (rear legs), +3(skirt), ZH)(ribs), 2} (fore legs), %Al (brisket navel end), Ak
Bi(shin), 7€l F=(other meat), *| ¥ (trimmed fat), ¥ M (bone)= =3l kg &4
2 S =AU ' | |

T&L Eﬁﬂ%(dreésing percentage), =A% thH] AF&(retail yvield) E BAF

thH] A58 (cutability) & t&3 o] AALE ).

Dressing percentage = (carcass weight / live body weight) x 100
Retail yield (%) = (saleable cuts / carcass weight) x 100
Cutability(26) = (saleable cuts / live body weight) x 100

=& TJAAFHY AihTs
correlatione ©|&3t] FAEFo  AIHA
(simple correlation coefficient)®} RA|Fe] <FaFHo|l mzEE  BAATA S (partial

correlation coefficient) 2 A1 5 9] ¢}

¥ ASFAE SASe MEANSSF
= WHIAE Alojol wATA

1T—

| o
Ao §HF |fHde SFgHIE S22 a8 2t 2053 H S @ vl S}
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Ao A Ao (random)E 9FE FE35t] o] &3ttt TEH 7ol ol &8 nlSvie A
E)

A= I 353.9+85 kg(mean+SE) o] ¢ o).

2] = #4423}
ot Hrgt eSS SANFA, AT dHE, TASHE SEHAT, %5 e, WA
e, S, AU AL Aax SATHES TTHE BISAT
4. HES] AlGAHOoE A4 FOo T 71X H7t

A G aPo g ubsd did JAHE HAES AlAAFH S o] e AE 1 2 A
& 28 2FFo AX HsEApAT. AlY 1A= vksE 7|EoZE ZFZAWH HEFIZE(a
very low carbohydrate diet)2] o]} AIN93G Let53lE 22 & /‘*P.u-c’ﬂ o} 3k ALUA Y
of M=, A 24 M vh5, 5, AIN93G AtE 9] 33l o AgAFo=

ZARY = =A<} ;,,}oqf“fo} %41_1;.4 Az, AR 85, @ AHe cholesterol, trié;f:ylglycerol,

glucose, ketone bodies, insulin &l v X A3 H7EEA

7F FAEE |

Ald 10%1*1'5—.40%?4 AEES AINGG HET 0F(FAF Fol 105, 70% AFF
o] 10%) 2 ATFHE noWd ARCEISE JJEew A ARl 205 (FA
Fo 105, 70% AeFF 109)5 vjAsGAT AP 2004 dA 059 gES o
3to] df =T (AINI3G) 107, "F§& 7[E o2 ZAF AEXadT 1057, $5& 712
= A Ak AT 1075 v A s o

L AT A R ARETE

A 13 2004 ZA ol &H AoxtEY HAEES Z 63 ZY. AZe dxTFd
AINO3GAI=E9F v} 58 7|EBEo 2 2olAlg 7 H Ak AINI3G AP BAlE= o
st 8tE & o] Al E (conventional high carbohydrate diet)E B F 5= AlgolH, E44
2" AT AR vts 53%e] AE4sE 4 o]Al=E(low carbohydrate diet

containing dried ground horse meat)?} 8 53%<¢] AE+FE  2lolALE (low

_25_



carbohydrate diet containing dried ground beef)7} H At FAIFE FE= 7HZHY
S71E AR, F7do] EE HolA wiba AoAE o] &3 AMYAIH O —}F“-%@
ob. $7o] SAl® Wl LEE 23T, 12417 FE(07:00-19:000% 124 7

(19:00-07:00)8] FF7]Z o] &AL Al LA TvH 3FL AR FAISE &

0% 579 25T =2 4F 0 AMSAE S AT

y 2 Hz7  ceAHET $54eT

Casein(vit—free) 20.00 20.00 20.00
[.-Cystine 0.30 0.30 0.30
Corn starch 39.75 = —
Dextrin 13.20 - —
Sucrose 10.00 10.00 10.00
Fiber 5.00 5.00 5.00
Soybean oil 7.00 7.00 7.00
Horse meat — 52.95 —
Beef - — 52.95
Vitamin mix 1.00 | 1.00 1.00
Mineral mix 3.50 3.50 3.50
Choline bitartrate 0.25 0.25 0.25
T-Butylhyvdroguinone 0.0014 0.0014 0.0014
Total(%) 100 100 100

Anavzed values for control and very low carbohydrate
(low—carb) diets: crude protein 183 and 42.9, ether extract
10.3 and 30.2. ash 2.3 and 3.8, NFE 58 and 6.6, crude fiber

0.3 and 10.9 and moisture 10.9 and 5.6, respectively.

QE] AFFIIZHES 29 Ao AZW ABRMAFE SHIYT 479 A
A

2]3ted cholesterol, triacylglycerol, glucose, ketone
bodies, insulin levelS ¥A3A 0. Serum® total cholesterol, triacyglycerol, glucose
o] =T concentrations assay kit (SIDIAL kits, Shin-Yang Chemical, Seoul,
Korea)® autoanalyzer (TBA200FR, Toshiba, Tokyo, Japan)< o|&3to FHAEHAY.

Total ketone body: acetoacetate®} B-hydroxybutyrateS= 4 AL assay kit
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(Kainos, Tokyo, Japan)®t autoanalyzer(JCA - BMI1250, Jeol, Tokyo, Japan)& ©| &3

At} Insulin %+ radicimmunoassay Kkit(Diagnostic Products Corp., Los Angeles,

CA)SF yv-counter(COBRA. II, Packard, Meridan, MD)& ©] &3t 1
CHZEHE JTA FAEQ 2uwa ZAHE 4R, £IEE FASHETTH =
sl = GI tract, skin, hairs Z &3t & A &d2A 80TAlA 2441 k<L C}
=AL A (model #352-28, Sunbeam, Inc., Boca Raton,

Ao ol&stgt. Al e =A X E 2] Crude protein,
A2
R ;

29 BRe ARz S
Florida, USA)E ZolA XA T =
crude fat, crude fiber, ash A+ +«

Foss Tecator, Hoganas, Sweden), Soxtec (#2030), Fibertec (#1017) systems

2 AOACS basis® Kijeldahl (model # 1030,

electric muffle furnace (HY8000, Dae-Han, Inc., Seoul, Korea)& ©|-& 31T
O

Aol 7 Data® ANOVARA# Duncan’s multiple range test® 2|3t SAA

o] xH(p<0.05)E A A3t

-1 O
(1) 545
(7h) ARk E(E &5 31
- R XA E o 35

— Asp, Thr, Ser, Glu, Pro, Gly, Ala, Val,
[le, Leu, Try, Phe, His, Lys, Arg, Cys, Met
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(tF) F71= 3=

AT
A

- Ca, P, K Fe, Mg, Na, Cu, Mn, Zn, Se +

e

(7h) F71&=T

- Ca, P, K, Fe, Mg, Na, Cu, Mn, Zn, Se &4

e
=0

(3) vk A
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=

o ] A}

g whdold v §EHog dae] FxARe] FFH

7]

ol ZAh

L, o BlAFFZ ol A 5 2

o Bl AFF 7]

A of
=] .1

H71
) 35} =

[=)

A& o

<
e

P &

[}

1d 232 y-7o =9

— =
SE =

A}

*?'ﬁl-

o)

0.6%(15 kg/5)9

S

s Ax o

AZS 59

=
e

ste] 7

i

= ol

Aol BwAEAT ubeka] b

] AFgrIZrel A= H i b

1] 5 7] 2ol

Fact

)

QU

AT = o] F o] & o

H]

2ol o mehA

o] nl5
(2003) 9|

A
=

474 Fol

=

3
'T_A

71 #lskeod 5

_Qq

X
o

Z:]

ok gle

o3
T

Al 2k

]
—_—
=

Ele

°F 3% E, HE5 L 20-25%9

Ao s AT

£

<l
=

ol
=
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o EZ2AEH(2003) Az JItA 24=tE AFY 05-10%, Fvbe AF
075-15%7H4 Fel7k AAS T ATt HFA RS Ik Folv BV, colic)s] @
olo] = o] A3tH Al olZ A Fte HAH &4 Eeer] wWEe vlsvk HE

glolAl AR FF FFAIE FAFH £2EL AFHA vsZEOH] VIRV 29

A7t s ALz BAHUY FFAEE dY FAFS 287,
Fstged FFALES Folwl dg UHTHE AR
2 ergtont, AF 17%E Folsts AMFEHE

o] . Z7bete] BaE7| AT Bl

sEabgol] o) v gAY BF B

Bag =] erorch ohgk Aok (A=) 1.7% Fol)ol 157t HAlet slEs) B
7 9ol BEgom g Aol Usgtouy F2e Host AeE @RHAG. 23Tt
s =g ZAS A7l A Z=4o] AHEF OH,

,..30,....



L ]

% 6. H&7] TFAIE FAAVIEAAS AR 220

2 2 7] v] &- 7] 7H(205)
(2-3F) 10-4%F 5-8F 9-12F 13-165F 17-205F
2004 32 05-0.7%| 1.0% 1.3% 15% 1.7% L17%

20060 16 05-0.7% ] 1.09% 13% 1b5>% 1.7% 1.72%6
| _ o 2 o L3 oz A -
2006 16 05-07%| 10% 13% 15% 17% 17% |*7178 "IHUIEAA:
CERERES Hrol tamar
20044 = 0-4F ol A, g 35 | TS e
4 g7 el a3k o4 g
Kbkl zro 2| TbEle AE B4 BE e
487 |5 F AL A B ceTArE
A, FAE AT 17% FolA, A% T .
FA, LEAH ARzdAM HARYF BEE = 2AUEE, ¥
A 5 A
A x20043 "2 7] 15 HAH
(o7, AU ET)

Ry
4>
o)
’
R
do
2
o
=2
2
o
o2,
i

g ackstd thgat &
Bl S A Al Aol v S8 vido] Hato]l= 3R/IEE(3.24)) ot v w77 &

E 2474 kgolFom, 20577+
o2 bt Bl & 1E 4509 SH S

g
T
amaaadiN &
Jo
o~k
R
24
o)
‘lo

0-4F 15.1 kg, 5-85F 19.8 kg, 9-12F 20.7 kg, 13-165 17.1 kg, 17-205 14.1 kg2 =
Bl & E7]de FEsA A dARE ¢ ¢ JWGE 7, 2™ 3). o= vrEY A
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G = nw  EEXA  WOAT
(SE) (C.V, &% _
Lol (d) 3.2 0.14 34
Al = (kg)
OF(CH AL 247 .4 4.78 15
4 262 .5 4.4, 13
3T | 282.3 4.65 13
12 303.0 451 11
165 320.1 4.35 11
207 (F &) 334.2 4.41 10
Z A HF(kg) 86.79 2.93 27
A = A F(kg) - 0.67 0.02 27
At A3 H Hkg)
& ALR 573.3 9.00 12
43 728.0 18.9 21
AL 8. 2 & (feed/gain)
TOALE 7.24 0.35 38
A=z 3.99 0.39 35
A A=A FH = kg)
FEALE 4.10 0.06 12
71 *x 5.20 - 0.13 21
Bl S} 63F (Y 48, o 15 i3k A3
Body weight and gain =——Mean body weight  Kg
Kg = = =Body weight gain
22
4 20
18
16
1 14
12

At start 4 8 12 16 20
Weeks of feeding time

7% 3w eele) AFuEse BoE AP
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5 FALR

Fel HE A,

20043
31

244.7+5.4
263.015.3
201.4x5.7
300.9+£6.3
314.3+6.1
327.7+6.3

33.0£3.9
0.59+0.03

563.1x12.0
796.9+32.1

7.23+0.37
10.1+0.53

4.02+0.09
5.69+0.23

A% L ARLTE

2000
16

226.0+12.4
2439+11.8
265 9x11.7
289.4+10.7
310.1+£9.5
326.1£94
100.1+6.2
0.71+£0.04

049.1+22.0
692.9£13.6

6.38+1.03
7.73+0.97

3.92%0.16
455+0.10
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20063
16

274.1£5.3
280.1£5.1
308.3x4.5
320.8+5.5
341.4+£5.9
3094.9+59

R0.9+5.1
0.58+0.04

617.3x85
629.5+16.2

8.11+0.52
8.16x0.42

4.41+0.07

450+x0.12




¥ 9. ¥Swte Yold HAT AlF FAHFEF H AR T =
g = (2h) 24 34 4 A4 5A] o] AF
FEF(F) 21 18 13 il
Al w5 (kg)
07N AD) 214.6+x7.3 251.6+x4.8 281.1+79 263.3+9.3
4= 232.9+6.9 265.4+5.8 20906+4.8 281.1+9.3
8T 2483.8+6.0 2904+6.4 311460 298.6+106
12 271558 308762 331.7x5.1 320.2%x11.4
165+ 291.7£5.4 3264+6.1 350.2t6.0 328.5%115
20 (F5) 306.3t5.7 339.1+65 364.3+6.6 343.9+10.8
= = A HF(kg) 91.7+4.9 87.4+4.4 33.2+8.0 20.6+76
A F = A =ZF(kg) 0.65+0.03 0.62£0.03 059+0.00 0.58+£0.00
A5 H HF(kg)
FFALE 510.2t11.6 5854+12.2 634.1x11.0 602.2+21.9
A ZE 718.4+145 657.9+17.3 737.1+56.9 &850.4+63.9
Al 5 8 & (feed/gain)
T FALE 601044 699+039 &31+x1.14 &.13x0.77
HE 3.43+0.61 777+0.32 0O.74+1.12 11.16x1.07
A dALE A FH F(kg)
FIEALE 3.64+0.08 4.18+0.09 453+0.08 4.30%0.16
A F 5.13+0.10 4.70£0.12 5.26+0.41 6.07£0.46
Body weight

_-————ﬁ_———d————dﬂ—_——‘l-——-_ﬂ——————-ﬂ-—————_u—————-

1% 4. v &wpe] ol ®

__‘*____-—___-.,.-____.H.—.—.__-———--IJ.‘—————***————*

1
Week of feeding time

2

....34_
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== = =

2 years old

[ 3 years old

4 years old

1 QOver S5years



Average daily body weight gain

2 years old

T 3 years old

[£14 vears olid

C1Over 5 years

Eélz
AT e ol v &2 v SE7] whel [fARE CEE EFS 2 v, 205979 1
2717k & ZA e gk 242 vl"o] 917, 34 874, 44 832, 5HolA4 806 kg E o}
Ebv}, gk 24 o] 7 B2 FAFS el oy, oA ol vlswmlrt THE WA HE
A

STHE 9). ol& oddd vl Zo] vk 2-3419] FA47] vtE2 AT T BT

glo] ¥ & & A T vEtr] diEeln o9 Bae ARS8 TE(EF

gl A= 2-3419] vlSebdelA w9 A YEtde AdE dAsts Al Aotk
Aol wg vl gule] BFAF, FAY, AARESS F 109 AAHZ s

oo AwkAl Aol A Aol oW (<, 1996), Tl el oA AR

Aol =

gl
4
|
N
>
ol

3 \ReE 2
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& = “~(Male) o} Female)
X ET(F 15 46
H & (kg)
O (7R A1) 244.1t4 .4 248.416.1
4 258.4+5.2 263.8+5.6
8T 270.1x54 280.1+H.8
125 , 294 .3+55 305.8+5.6
16 309.0+54 323.5+H.4
207 (F5) 323.3+5.7 337.6+5.4
% S Al ZHFkg) 79.1£3.7 39.2+3.6
A F S A Fkg) _ 0.57+0.03 0.64+0.03
A8 A H Hkg) |
& FTALE 552.0£105 530.0+x11.2
Az 713.0£23.0 732.7+23.8
A& 2 7 & (feed/gain) |
T FAS 7.10£0.32 (1.2610.45
Hzx 9.23£0.45 8.82+0.50
d AL 5 FH Fkg)
AR 3.94+0.07 4.14+0.08
HZ 5.09x0.16 5.9234+0.17

A= MANAF, F AL dF5AL, A2 A Fd JdodME i FoAH
o1 2ol8 BYF(p<0.05). T ZEAF, TFEASHAL D A2 FR(EFAE,
' =

q 2ol oA 2000 @ =+ 20043 = 2f

20063 =0l Hl&] felHdoem FE olfE 20054 % &8 vide Yol7h HdiFH o
2 olg] 24 HEUA weh gol AP} Ao e AFaFs vehd Ao
2 AQztEgith B &nt Yol Haxts Aol 98, 1 kg A oW AR
g v 24 62, 34 69, 441 87, 5M014 812 #oH<Ql AolE HolL U
(p<0.05), FA 3 FI2 Py ZAE(RAZR) 8780 E

shd vl S8 e AgAdele dwste] 4% F

gof st B U 2oz MZECHE 12). ol= F(2002)7 F S(1996)9] AT}

\
>
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A BaE Te] AHTHEAE BRI Bdo] e A= =
H AFuls 44 AFo A Aol 5 HE AOE EAlHo oo dAFEd HSEHE
A= A7 A AF ol v FF T A= g vtS Aibel F2.5H

cbal A2 E T

L

#F 1L AlF, FAE L A8 T7EC dg d5d HAaAs HT(£SE)

3 = 20043 200543 200643

IE:%T(T‘) 31 16 16
R Al A = (kg) 251.1+5.5° 240.6+7.6° 266.0+8.4°
Z g A4 = (kg) 334.0+5.6 330.3+7.7 346.5+85
20552 Z= A F(kg) 82.8+4.5° 93.8+6.2" 80.5+6.8°
] %—i—-i} Z(kg) 0.59+0.03? 0.71+0.04° 0.58+0.05°
A AAL =4 3 F(kg)

& IALR 4.12+0.08 4.14+0.11 4.28+0.12

ZALE 5.72+0.18°  5.17+0.25%° 453+0.28"
AlF QT &

FEALE | 747052  7.01+0.72 7.92+0.79

ZALE 10.15+0.57  8.34+0.79 8.32+0.86

Means with different superscript are significantly different at 5% level{p<0.05).

T = (RE) 248 34 44 54 o] 4
TEF(F 21 18 13 , 11
WA A 5 (kg) 220.6+7.0°  248.0+6.8°  276.9+80° 264.7+10.2
- ZF 5 A% (ke) 309.9+7.1*  337.6%6.9°  362.3+81° 349.9+10.3"
2077 =A (ko) 89.4+5.7 89.6+55 85.346.5 R5.9+8 3
A F = A 2Fkg) 0.64+0.04 0.64+0.04 0.61+0.05 0.61+0.06
A UAdALE HFH HFkg)
FIALR 3.70+0.10° 4.16+0.09° 450+0.11°  4.36+0.14%°
ZAL R 4.79+0.23 484+023  5.45+0.26 5.49+0.33
A5 8 7 & (feed/gain)
FEALE 6.20£0.66*°  6.86+0.64* 867+0.75¢  8.13+0.95>
FTALE 7.99+0.72 7.88+0.70  9.93+0.83 9.94+1.05

Within a row, means not sharing the same superscript are different at 5% level (p<0.05).
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o] 8B]&wle] BIEIHIES AlE 2 HEF H9 “5'}01 Ad<A tocopherol =3&eo| 7rstd vlsAY
A e AS XYsta, v S8 AHEZRAE Yo FE ol BIUMXE =o LM TEA
SEAS I E 4 YA 1 BleEl Eo] HIIALE o T4 S0 v

wElYl E 27els A4S 98t AFul 1658 o gsted WET 8%, HEW E
AT 8%H wjA gtk B ETe HSALRE MFATA A" uSul AR
A1ET ES AHE keY 200 mgg B7bskel ASgoH, RAt vSARE HETE

3] 20 7F AEAIE L FFATHE 2).

+), 1.7%(13-16) =X 1.7 (17 2072 v H AT

AFEAE T o] MAIAFTS H 2260+124 kgeldorn, FEAFTS 3261194 kg
2 205779 vSAE A3 FHd 1001 kg SAZE HAG(GE 13). T2 widAS
of el E7F 200 mg/kgel H7FE AT SAFEF AFRLHE ", AFREE S AAA
= olFd FAA foRE AU 4 ;A7 H(p>0.05).

RElY Eo] 235 g9 & a3ds TAFol AoA HlEkel Eo] &< =T
0.19 mg/100 g, HZ+F+ 044 mg/100 g = AHF7F 23y =4 =4=HUH
(p<0.01). BZA A= iz 0.95 mg/100 g, A&+ 1.61 mg/100 go & A2 F7}
17M 2 =4 SHHA LSS A9 (p<0.01). =% vlgdl TFS FAsoA By
3—%-‘?*21 A o =4 SAHEIL e A= e X849 HEY ExE
o F2 FZeo] dojutry] wiiEolth TAFH EFA W] HET E

ABAAGE 0752 A YEFSTHp<0.01).




u
T.'J
9.
N
~
o
!
i
"
s
Ho
0%
2
2
\
M
ol
Ol
I
|
>,

Aspg oz ol AR A ¢shel v
g 9zd Aoty =H FHUYIA viHE GAfme BEAE AAAA wHEA
2 mungd BdE WG 23Sl F3E v AAe nRIMA FFaA=

ggo] 7hEsteleta dudEn,

E 13 AMFA A7 SAE, AARAAT R AlRLTE

3} & o =+ H et ET A
NALA = 296.3 +185 2958 +17.8 2260 +12.4
=g A = (20F) 3974 +125 3248 +148 3261 9.4

A& 7178 2 A 2 ke) 1011 £106 99.0 £7.1 100.1 +6.2
o] o} =] Z(kg/day) 0.72 £0.08 0.71 £0.05  0.71 +0.04

A AAL & A8] B(kg)

I ALE 3.92 +0.23 3.93 +0.23 3.92 +0.16

A x 5.01 +0.14 4.89 =0.14 495 +0.10
A2 8 7 & (feed/gain)

2BALE 6.79 +1.92 596 +0.88  6.38 *+1.03

A= 828 +191  7.17 053  7.73 +0.97

No significant difference between treatment means(p>0.05)
Values are mean*SE

g = | 2 = 2] T D
Vit. E ¥ =(mg/100g)

R =] 0.19 £0.02 044 +0.02 <0.0001

L L 0.5 £0.05 1.61 *=0.08 <0.0001

Values are mean+SE of & horses.
p values are based on the student t—test.

=]

1% g £89 @ste me A, 2 2HE, AAdd BE B o
ZZH3 Q= Zlo] Aotk wetA] wlge] A o2
Atw AgAfos auAeA o srte] U AEE
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>~ o] =

T AR

canola, soybean, linseed 5 &F%3% n-3 fatty acid 359 988 & 5 9. <2
2 A35ste dFFY A¥AEE n-39 2L £33 (uAe v Fed= 848
A& Aolot urebA] v]lS&wl AFE A n-3 A WA linolenic acidE® ek d8-5t1 ¢
= TATE 595t n-3 X Hate] ot FHE nSES AASUE AL vlLLS AF
o ol2EF HASAHUstE EE w89 LA AldE AYEd JoddE T Ao &
o7 o4y

AZlH. olgp TS wiSo o B H4EH £87] A FFo] A= A
[ W 7F-3 A|AH(n-3 fatty acid, a-linolenic acid) 3 & 935t o9 7}-3 X =HA

O
O ¥ A (canola olD)E FFALEd FH7lstE AFPo] o]|Fojxxw, vhLsd

207 AAFANBTET FAYE, AARHAY 2 AABERTEES BH(E 15), B SUAE
K HETF2 w37 A= 2 86.9 kg 2 789 kgo] FAE RAA] AdFZ3| o)
0.62+0.04 kg 0.56+0.04 kgl 2 WZF7} v HL dGFAE Rgoy 43 &
o 2= AABEHA FUAH(DP>0.05). E=3 5% FAFE H7HS A TG dlz=F Alold
TFAEHAAE, ABREE(FFAIE, AR oAM= FAFY FoxtE gdd
(p>0.05). Z2|Y dd AFRHFHFA JoAA AZRE AFAAAT ZAsE HAFHAZFS #
A A F7F 611 kg2 dlE2F 9] 531 kgt ta: B & HHAF Ao 2 FAH
A Hp<0.05).

Al 9] HlSul TAS A8 ek AHHA R A (fatty acid profile)S 243 23}
(£ 16, 17), A=A oA FaF 27HE A9 AgzAddA oleic acid®} elaidic
acid®] &=Fo] HAH I (p<0.01), o ojELF W 7}-3 A dAH a-Linolenic acid) gk
= S7HE AT (p<0.0D). Lu7}-3 APEARAA A= 39120.35%, WHETE
1.88+0.27% <% A= g7 o 287 & Rog FAHEHJY. 9 7-3 4RI
n—-3 fatty acid(a-linolenic acid)& =< 5% FTAFE &3 A F7F X 5%E A&
¢ vl =& AMR(HHZH) ¥ of 28yt BE 9SS UEZ S &F, 5% FAlF
HA7F=E dstd A2 9 vS52 n-6 : n- &

3
A7 783 SHRAEY 242 ALAHIAEES 45T Aol
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T 15, AAUAIE 7| A F, SAH, AARAFEYE 2 ARRTE
Bl tH =1 A7 A 2 7 P
HEF(F 15 16
WA A 5 ( 241.4+x8.4 248.2+6.6 0.9999
= 3 A= (kg) 328.319 5 327186 0.9276
203 A =HF(kg) 20.9+54 78.9+5.6 0.3133
dF=A = kg) 0.62+0.04 0.56+0.04 0.3133
A AAL R A F Fke)
T FARE 3.97+0.13 4.07+0.11 0.1965
FALE 5.31+0.25 6.11x0.37 0.0110
At e 8 78 (feed/gain)
FEALE 6.76+0.48 7.74+0.57 0.5648
FTALE 3.80+0.41 11.4+0.90 0.0813
p values are based on the student t—test.
Z 16. 8] S v} 5 A1S(longissimus muscle)®] X ¥rarzAg!
=) ¥} A} o &= % 2] 7(Canola)  p°
Ci4:0 4.18+0.09 - 4.15+0.18 0.8884
Ci6:0 31.18+0.43 31.13+0.39 (0.9298
Cis 7.39+£0.29 7.0110.28 (0.361H
C18:0 4.44+0.16 4.65+0.18 (0.3828
Cis 38.56+0.43 36.13+0.51 (3.0010
C18:2 12.31+£0.60 12.84+0.65 (0.551&
Cis:3 1.94+0.28 4.09+0.37 <0.0001

'WValues are mean+SE of 16 horses.

‘?’p values are based on the student t-test.
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o X S

1513

Q

A} Z A (Means=SE)

= 27 wAFAET p
Capric acid Cioo 0.05+0.00 0.06+0.01 ns
Lauric acid Cizo 0.30+0.03  0.35%0.10 ns
Myristic acid Cigo 4.03+0.08 3.97+0.17 ns
Myristoleic acid Cian 0.32+0.02 0.31x0.02 ns
Pentadecanolc acid Ciso 0.31£0.01 0.30+0.01 ns
cis—Pentadecenoic acid Cis1 0.089£0.01 0.08+x0.01 ns
Palmitic acid Ciso 30.06+0.40 29.79+0.36 ns
Palmitoleic acid Cisi 7.12+028 6.71x0.27 ns
Mararic acid Ci7o 0.40+0.01 0.40+0.01 ns
Magaroleic acid Ci7a 0.53+0.02 0.52+0.02 ns
Stearic acid Cisgo 4.28+0.15 4.45+0.17 ns
Oleic acid Cis1nge 37.18+0.43 34.57x0.50 p<0.01
Linoleic Ci2o2nge 11.87£0.58 12.29+0.63 ns
a—Linolenic Cig3n9.12,15¢c 1.88+0.27 3.91£0.35 p<0.01
Arachidic acid Ci2o 0.06x0.00 0.07+0.00 p<0.05
Eicosenoic acid Cop 0.65+0.07 1.05%0.11 p<0.01
Eicosadienoic acid Cop:2 0.28+0.01  0.32+0.02 ns
cis—Eicosatrienoic acid Czs  0.07x0.00 0.07+0.01 ns
Heneicosanoic acid Coaio 0.21+0.02 0.24+0.04 ns
Arachidonic acid Cap4 0.06£0.01 0.11£0.01 p<0.01
Erucic Co21 0.07+0.02 0.26+x0.04 p<(0.01
cis—Docosadienoic acid Cx2  0.03£0.00 0.03+0.00 ns
Tricosanoic acid Cazzo 0.05+0.00 0.03+0.01 p<0.05
Lignoceric acid Csz40 0.06+0.01 0.09x0.01 p<0.05

Total 100.0 100.0
ns, p>0.05

p values are based on the student t-test.
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Fig 6. A3 FYxHp<0.05)7F QA H= A4kt ¢58(%)

ZA " LBuFAIB oA +E= Linolenic acid®] ZAIWI&o] FAH-(canolar oil) 5%7}
A7bE AR RHIAFE(SA 5%, Bl5-8& vigAlzE)] Bia] °F 94uie] =& H|EE
Shrel AR Yepovr ARIAE A3 Al S5 SAHE sadse A 2AAM

H7FT7F FR7b7e) vla] of 2vi7t 2 AR YER

277 A7 AR E o] 83 H|S2 FFEII vlE] uhSol n-3 A HARE
ZVehAl Hl= 37 327 (p<0.01), ©J= n-6:n-3 AFAE ¥E&EE HAAAQG vs 6) A
Bol oz thg MRS AbeA ST AF ol AHA olF AW wge 41
(Wood and Enser, 1997) == 2:1-1:1 (Cowing and Saker, 2001; Simopoulos, 2001)=
dHX| 2 At 22y vle] AAE A= 1611 (Simopoulos, 2001)E FAE o] 2] QS
FEjoll @2 =] Hi At} n-3 AWt HBHeE E€F FYAEY P35 g[S o
), M triaclglycerol 4% A, BAW o Soz A4EPAE HYLL Ta

7l=dl E=weo] He AoE LA AT (Hu and Willett, 2002). we}A] B
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= o835t wlSof| QoA a-linolenic acid BF& F7HAA &v|AtY @dFe] Bt o
o] 7F5E Aoz FJEHUTH

th. BlEY A, HEY E, Se BA BATS Aire e
AT A BER E B v 7F-3 APadxdd gk d98 8 230 A
=& WESUT. o]Z2X o 7R olEF Aol Al H3dE nsE A
NE 7l NEdo dis d e €aAdo C’Uﬂﬂfﬂ Hi3ALE H7HE 5)E Tt 4
71 A E B Se &A BEA vt 4 AIEE S UL
AMFAE S AEdRe JiddE vSEZE I8 wal 2057 FAHJH(E 6). E
Aol o]l&H AFwl 167 AA MAAF(MeantSE)2 By 274.1+53 kg °| 1,
205 ¥SFEA AT 3549159 kgl B H|F7|Et dFSAFE HTF 0.58+0.04
kg, AR LTSN EARZF/ZAD)S Ax 8164042, BFAIE 8114052 kg2 FA}H
ATt
HET& A0 €4 AASHFHAZF EFAIE E dR)d e BAY 9
A7 Ao (E 18), ¥IEIYl A, E 9 Se Ao d3FAZF(069+0.04) E AR S
T& (AR 6.983£047;, FFALE 6.77x053)2 Wi 8vldtd =ZA 744 = A Hp<0.01).
TAZRE AL ANEBEE AFHSIA HEIYD A E, 4 Se AE S E43 A3 ¥
19¢}

N

£ 18 A7) AF, AGFAF L AELTE

o = ' o == 2] 1 D

MR A% (kg) 2740+78  2741+76 09910
= 8 Al 5 (kg) 339.3+7.7 370.6x5.1 0.0032
U F = 2 (kg) 0.47+0.03 0.69+0.04 0.0003
Y < /‘}E”“ H F(kg)

AR 4.29+0.08 4 53+0.09 0.0752

FALS 4.2910.16 4,70+0.14 0.0747
AR 8 T8 (feed/gain)

AR 0.44+0.62 6.77+0.53 (0.0018

ZALE 9.34+£0.39 6.98+0.47 0.0054

Values are means *SE of 8 horses
p values are based on the student t—test.
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£ 19 AET S459 v A vEY E L Se 3%

& I = 2] 7" D
Vitamin A, ug/100g 7.21+0.82 14.81+2.33 0.0082
Vitamin E, mg/100g  0.136=0.007 0.191+0.014 0.0038

Se, ppm 0.270+0.015 0.820+0.062 0.0001

Values are means =SE of 8 horses.
p values are based on the student t—test.

A Fe SASIE vlelYl A TEF(14.8 ug/100g)°e] dZT(7.2 ug/100g)8] 28l =
<7F HALH(p<0.01), A&7 HEY E T2(0.191 mg/100g)& Hx7(0.136
mg/100g)e] 1.58](p<0.01), A9 Se T=H0.82 ppm)< WHEF(027 ppm)8 38i=
< 7FH= A TH(p<0.01).

ZEXHNOE AMEFHNE dIGF5AZFH AlEE5Eo AL E8 HElY A, 8lEH
E, Seg]l &€&o] Al F7td 7] w5 Aol 7Hed Aoz AdHAUG

AEge A z . =%, o], 4,
ArEEE e Fe, 24 A A ol g g3 £ gloy, =Xe A8 59 1
e A5 A 29 253 BEd 925 xw Aotk AZRFA

EASAH 240 o]&d AFA v Svle] He = A F(carcass weight)2 208.2 kg
o2 AAF(3405 kg) H < 61.1+£04%%0 Ao E2 ZALEJATG(E 20). o= ©]
5 (2005)e] 7t 2418 AlFrlE-E o] &3] 380U H]|SAI oA B3 558-56.4%X T

= o5, WA, W, g, i FUE AAS
Aol A =AF el me] Bvj&2 12.8%°]f o H,

o] &3t} AHHAow vluwsrle ZasA g =

e
— of\
o
Nt
b
-jol

A v (trimmed fat)e] B &8 16.

Fol 350-499 kgl HH$oAE LS 695-733% AT, @] nHLLe




13.2-16.5%, A|Hre] vH]l&& 11.7-122%= Hid v Qoem(Mukar 5, 2004), 352
G HAad ZAE&S 588 61.6%% Aoz IdHFAL AR FEF T, 2002).

T Al (carcass) e A A&t ZAlF div] vl A3V &S ¥ AHEH, F
2] (rear legs) 19.9%6, Z¥](ribs) 10.8, A X|(fore legs) 9.2, 54 (oin) 8.9, % X|(brisket
navel end) 6.8, o170l 54 (shoulder loin) 5.3, AFE(shin) 4.9, ¢4 (tender loin) 2.1, 7] EF
o] S (residual meat) 1.4%9 <olAdtHz™ 6, 28 7). EANX RS F&(retail

vield) 2 =4 F thv] 704%9 o223, AAS tiv] AL F&(cutability) 2 43.0% °1

£

AHFAAA AAFH EAFY goddATE 0980 (p<0.01), AAAE
¥ = A S5 & (cutability, retail yield)3@ 7Hg 2EI A#IAESE BHol:=
= Al(shoulder loin)C & A& AF7F 071 &2 BAHA I (p<001). L3 A
T FA(r=0.93, p<0.01)e} FA(r=0.94, p<O0D)F =2 H Y 7
= ¥ o r Al =ASH #AVE a4 =AAEE T
AMSTATH 2HST #AE BRIFow, AT TLde Bfoe s &A
712 =£x] 2 otAl¥ ZIWSE ABAAES Zr=v3 s, HA (tender loin) 3

(rear legs)8 @A ATE 0.60p<00D)olRer Td HAFTLEZE HASIAS

(HA T partial correlation) HA S AZRF4 3 0.83(p<0.05), F-A2} 0.91(p<0.05), A
Az Y] AESFET 0.M40E<00)E =2 A AIFAFAAE EIHFE 21, &£ 22). o}
Feol AHAAAR vFo EUd vk Aot oA Asaeel =2 A IES

°

WA F, EAlF, A7 d, 79 ¥ls dH ¢o2 A4S FojoF € AHolnn

o) A

0,

A]

E o o, Mo F-Y-J
g

T
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I 20 8]Svle] =AFAA AR Hd 2 RFHA

g & FESF HIISE HFAagd A2 CV

A A 5 (kg) 13 3405+8.7 3980 276.0 9.21
= A S (kg) 13 2082+6.2 2520  169.0 10.51
& Al 13 185+0.7 21.9 12.8 13.13
2rA 13 43+0.1 54 3.4 11.79

o 7| 5 4 13 11.1+0.7 165 73 2371

A 8] == 2 10 1.2+03 29 02  70.38

T A 13 41.4+13 507 34.5 11.34
ey 13 1.6:0.1 3.0 1.1 29.96
4] 13 22.4+0.8 265 16.6 12.36

A A] 13 19.1+19 283 73 3583
FA] 13 14.1+1.5 223 6.3  38.04

AL ER 13 10.1+0.3 127 7.8 11.38
=g 13 29+05 5.8 1.0 5651

A v 13 34.9+2.5 534 220 2541

] 13 26.6+0.6 31.2 23.1 8.57
3 (kg) 12 23.6+0.6 285 20.3 8.98
A& #H (kg 12 6.4+05 9.1 4.5 25.29
7+ (kg) 12 4.4+0.2 56 3.1 16.08
v} Akt A A (kg) 3 2.9£0.3 4.2 1.8 25.33
™ 2] (kg) 12 13.0+0.3 15.3 10.9 7.75
A& 112) (kg) 12 6.1+0.2 79 5.2 12.37
71 e} R 4HE-(kg) 12 76.8+2.2 84.4 60.1 9.72
T A= 13 61.1+0.4 63.6 59.1 2.21
TAlF dv F5&(%) 13 70.4+0.8 73.8 64.8 4.01
A A= o] d58(%) 13 43.0x0.5 45.3 40.4 3.99
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Item LBW CW Lom TL SL FL RL DP RY
CW 098"

Loin 0.24 0.30

TL 065  0.64 0.03

SL -024 -0.21 034 0.27

FL 0.48 044 -021 025 -0.49

RL 0.45 0.52 0.04 060 0.11 0.03

DP 0.54 0697 045 036 -003 0.08 0.60

RY -051 -051 0.18 -0.11 0717 -055 0.11 -0.32

Cut =023 -0.15 044  0.08 0717 -052 045 023 085"

LLBW, live body weight; CW, carcass weight; TL, tender loin; SL, shoulder
loin; FL, fore legs; RL, rear legs; DP, dressing percentage:. RY, retail yield
(%6); Cut, cutability(2s).

% p<0.05;, *x p<0.01

¥ 22 AAZo] nAw mAEAd dst BABAS
Item CW  Loin TL SL FL RL DP RY
[.oin 0.67
TL 040 064
SL 025 081 083
FL.  -007 -039 -079 -0.64
RL 060 053 091" 056 -069
DP 100" 067 038 023 -006 058
RY -003 045 087 078 083 069 -0.04
Cut 061 077  094™ 076 -076 093 060 077

CW, carcass weight; TL, tender loin;, SL, shoulder loin; FL, fore legs;

RL, rear legs; DP, dressing percentage; RY, retail vield(%6); Cut, cutability
(9%8).

x p<0.05; ** p<0.01
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| 2 Q
=3 55(56%), B 59 45 (44%)2 ZAIEH AT ol 2 A ol o]
O

A
ME AAZXQ HSZ2 a9 ot A& AYe=M agSss AUE 7 As A

g BRI EA ST WAL o, A 29 45 54 59
A = mA =g Ak MNo)SFE A g £ 5 5
1 O O7 242  67.3 2(3) 2 5 2 2(1) 3 2 B
3 3 74 239  70.2 1(1) 3 5 3 2(2) 4 3 A
4 o 63 218 660.1 2(1) 2 4 3 2(1) 3 2 B
5 4 7S 189 714 5(1) 1 4 3 1(3) 6 1 A
6 10 47 215 62.9 2(2) % 5 2 2(1) 6 2 B
7 10 64 214 65.1 4(2) 1 4 2 1(3) 5 1 B
O 4 84 212 715 53 1 5 313 4 1 A
10 3 62 208 694 1(3) 3 5 2 2(1) 4 3 A
12 4 67 226 63.9 2(2) 2 5 3 2(1) 5 2 A
T 5.8 67.4 218.1 68.1 2.7 19 47 26 1.7 44 19 -
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4 QES AR E 3 BEAFo o vl 5e shA P}

HEANEFOEZA w59 ?}i]% FH7rel7] Hdld HEE ol &3sle] 1, 2xF8] ALGA]
He ¥ A3 ® 24, 25 26 2 273 2T}

HA vts B3UE 7B E ZA(E 6)% Ae<r3E(very low carbohydrate diet)
ALE 2} AIN93GSl 11#t<=3}E A} S (high carbohydrate diet)®E 457re] AFYA S 3l
23 dZFAZo = obFH FYx7F A (p>0.05). 23Ut FAS G A=
ol 70%E B8 A FATE YdZFEA o] TAGd FAFo vse AvFsE A
2|79 nBEEE HelE BE AAsA Dol Arhp<0.01). AETFY HolAge FF
(A &3E, 1938 )Y gAdTS(FASIA, 70%A Fa) Aloled o483

= RIUTHFE 24).

XA E oAM= AEFIEAIE FHFS LETFFEAE Fo9 79 vk
dH 9 triacylglycerol 5ol EASIAl FA AL (p<0.01), 70% Atz AFF G A
FAg Fo ol H]3le] triacylglycerol, glucose, insulin o] oz o, 31et3)
= AYTFANA 70% AT AFFA] 53 Wol BAZHSES FIJFAFTHIE 25). Y
LDL cholesterol =& QoA 70% AdF g F7F FAF gAT7EH =4 U2 A
= 7]‘?4152} X3 AoE HTUT XA FEVF Qg AoFE YLOEUT.

719 A37|E Z37F Ve E 19¥WE HegsdE AIREE AX(R 6)3H H
ail *]ﬁ"f?_’f Z3H(E 26, F 27) 4B FAH, AISAHZF ol EAH o7 zjo]=
LA = A P>0.05). BT iAol g FSHolAtsw Fo- Alole] E AU total
cholesterol, LDL cholesterol, triacylglycerol, glucose, insulin, ketone body2 & X<l
TAH FYRE THE F JqAG(p>0.05). A3 ALFAF(E 2504 #FHIYE AL
©§3E AR (AINO3Q)H AT EAE(FIF)S EFdA mts B 55 752
2 3 AGFIFEAE A FMNA tracylglycerol 552 oA &= AEE HIATL F
g AAHA EHHp>0.05).

AEZXHOZ 53% visgol HrE AGTIEAIE S 70%8 Agaool &g ©7|A}
F= AETHEALRE B FAT Fo79 v AEHEEHA ﬂ“?’éﬁ}ﬁ} HEE A
o= dHA AN triacylglycerol 52 AEAAH A7 93
= AR EYNEHIAY. 23U AsFIE Aol7F A Al =& B@%% o
7

Foll @)= B} F7zke] 2A WEHQ Aol FAFHjoF T Ao ATEHSR

l=0
P>~ J
%N
fllo
2
u\l
Rl
N
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2 YA ZL WX IF"
Ttem AINS3G(high carb) ] Low ‘Carbohydrate N | ;3‘ 3
Ad Iib 7T0% Ad lib= Ad b 70% Ad b~ Diet Diet X In

Initial body weight, g 239+2.3 239+2.2 238+2.2 237+2.1
Final body weight, g 41059 308+3.9 409+9.9 312+5.2
Daily gain, g 6.1+0.2° 2.5+0.1° 6.1+0.3° 2.7+0.1° <0001 06778
Daily feed intake, g 228+0.4*  14.9+0.2° 17.3+0.5°  12.0+0.3° <.0001
Daily energyv intake, kcal 84.7x1.5° 55.3+0.9° 83.7+2.6° 57.8+1.4° <. 0001
Gain/Feed, g/g 027+0.0°  0.17+0.0° 0.35+0.0°  0.2220.0° <.0001 0.0900

Gain/energy intake, g/kcal 0.07£001°  0.05+0.00" 0.07+0.00* 0.05£0.00° <.0001

‘Values are means =SE of 10 rats. )
‘Rats were pair—fed 70% intake (calculated on the basis of metabolic body size, g&?a) of their
counterparts fed ad [b.

‘Interaction between diets x Intake level.
‘Means in the same row not sharing the same superscript letters differ (p<0.05).

90 r —O— Control diet

_,. 8.0

. D 70 ¢ —O— 70% ad lib of control diet
S 60

- O H— [ ow carbohydrate diet
5 50

T T 40

. ° —¥— 70% ad lib of low carbohydrate
- 5 30 diet

L ®

ﬁ § 20

- <10

00

S 1st wk 2nd wk 3rd wk 4th WK

Weegk

a9 10. A25aEAEe} A FA7t QB F2b AF Aslel] vAE G
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¥ 25 vlSE 7B o2 § A3 E(very low carbohydrate) 2 o]7} BE o] A

cholesterol, triacylglycerol, glucose, insulin ¥ ketone body o ¥ X+
ol
AIN93G(high carb) Low carb D
Item Ad lib  70% Ad lib® Ad i 70% Ad lib  Diet Diljg B
Total cholesterol,” mg/100 mL 91=i5.73 -L 90+3.1° 74+3.9° 85+3,3% 00224  0.1559
HDL cholesterol,” mg/100 mL 57+3.3° 55+2.8° 4626 52+1.8% 0.0437  0.1521
LDL cholesterol,” mg/100 mL 9+0.6” 18+0.9° 12+0.7° 18+1.2° 0.0001  0.2893
Triacylglycerol,® mg/100 mL 157+21.3° 55+6.1% 755.6° 36+3.3° 0.0001  0.0093
Glucose,! mg/100 mL 123+2.6° 113+2.1° 138+2.4°  118+25™ 00001  0.0437
Insulin,* ulU/ mL 3.1+0.4° 1.4+0.1° 1.50.2° 1.3+0.1° <0001 0.0026

'WValues are means *SE of 10 rats.

‘Rats were pair—fed 70% intake (calculated on the basis of metabolic body size, ggﬁ) of their

counterparts fed ad 4b.
*Interaction betwee_n diets x Intake level.

*Means in the same row not sharing the same superscript letters differ (p<0.05).

F 26 1M (S, 5) AolAtET] HES]

=1 a1
1| x| = [

Item Control’ Beef” ~ Horsemeat” D
Initial body weight, g 2050.9+£7.0 251.0+x4.2 251.1+x4.2

Final body weight, g 350.1£21.0 367.9+14.9 376.4£16.9

Average daily gain,” g 3.80.6° 45+0.6" 4.8+0.6° 0.0026
Daily feed intake® g 19.841.4" 159493  166:0.9" <.0001
Daily energy intake,’ kcal 70.8+1.7° 76.9+1.3" 80.2+1.4% 0.0004
Gain/Feed, g/g 0.15+0.22 0.17x0.27 0.17+£0.25 0.9758
Gain/energy intake, g/kcal 0.05+0.02 0.06x0.02 0.06+£0.02 0.9669

'Values are means tSE of 10 rats.
*AIN-93G containing 63% carbohydrate.

*Low carbohvdrate containing 10% carbohydrate and 539 lyophilized ground beef.
‘fLow—carbohydrate containing 10% carbohydrate and 53% lyophilized ground horsemeat.
“Means in the same row not sharing the same superscript letters differ (p<0.05).
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¥ 27 WA (n)S $8) AolAlg sl HE A cholesterol, triacylglycerol,
o

glucose, insulin 2 ketone body F&ol " x&= 3

Item Control’ Beef” Horsemeat” D
?ﬁi&l cholesterol, mg/100 mL 104.80+5.5 118.30+3.1 118.30+6.1 0.1256
HDL cholesterol, mg/100 mlL 63.06£3.5 69.18+2.4 66.42+2.6 (0.3342
LDL cholesterol,a mg/100mL 15.80+1.0° 23.50+0.8" 26.50+2.3° 0.0001
Triacylglycerol, mg/100 mL 111.40+9.6 77.30+£8.0 79.50+£13.4 0.0615
Glucose, mg/100 mL 154.90+3.3 170.60+6.4 167.70+5.5 0.0979
Insulin, ulU/ mL 9.04+0.8 9.99+1.3 8.55+0.8 0.6075
Total ketone body,®> umol/L 141.00£275° 367.50+17.5° 340.10+£32.1°  <.0001
5-OH-Butyric Acid,” umol/mL 105.10+8.2° 301.40+5.7° 270.30+£10.4*  <.0001
Acetoacetic Acid,5 umol/mL 35.90+21.2° 67.00+12.2° 62.80+25.2° 0.0278

“alues are means *SE of 10 rats.
AIN-93G containing 63% carbohydrate.

“Low carbohvdrate containing 10%% carbohvdrate and 53% lyophilized ground beel.

4L::zw—car"aohydrate containing 10% carbohyvdrate and 53% Ilyophilized ground horsemeat.

"Means in the same row not sharing the same superscript letters differ (p<0.05).

D Sohe] vhg, oh, o QRN

7} Bl S rl SASe] A 2AAE

E AP vSE wWFAR($A 5% FARGw%)HE AsAdd Te&d
=718 EARRE FHE vbS TASo] YRS FEo] 64%, AW 154%, =
HE 184%, Z3IF 096% o= YEIo™, A YA Aole YATHE
27). F $5(1993)9] AT R I oFtH A Fvule =49
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(Th) B4

 ——
= A

A g vhEE(ED)S

gtk

o
= X

obel

T1]

E 27, 6155 5L AuEA (%)
g = $x  RARAY
T 63.7t1.2 64.2+x1.5

Z X| vk 15.5+1.7 15.3+£2.0

Sl L R 18.4+0.6 18.5+0.7
3T 0.9+0.1 1.0+0.1

Values are means +SE of 31 horses

ns, p>0.05

5
g =
ASP
Thr
Ser

- Glu
Pro
Gly
Ala
Val
Ile

Z

8. TAE ofvlmar 24
FF06) FE G FO)
1.34+0.08 Leu 1.28+0.11
0.72+£0.05 Tvyr 0.41+0.02
0.61+0.03 Phe 0.49+0.04
2.55%0.19 His 0.76+£0.09
0.65x0.03 Lys 1.42+0.09
0.79x0.04 Arg 1.01+0.07

0.93+0.07 Cvs nd
0.78+0.07 Met 0.38+0.03
0.68+0.08 Total 14.93+1.01

Values are means =SE of 5 horses

nd,

do o] U E S
H(7Zohe F71E &F

AN71elel Bjx 2k
T 290 e]stH

not detected

. K, Fe, Mg, Cu, Zn, Se

9_4

< & 293 #Zr A

115
IS
I1S

s

FEo A

il = 73

< 559 v|Hvle] HE-S A2 FE3F31 Asp, Thr, Ser,
Glu, Pro, Gly, Ala, Val, Ile, Leu, Try, Phe, His, Lvs, Arg, Cys, Mete] A E &
SFE TH(E 28).

=
GRE

—al

AW BREANFOE AFLEFIHY 755
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g = =A% q7polw  p
Ca, 2% 0.004+0.0003 7.65x0.25 <.0001
P, 2 0.17+0.02 3.75+0.11 <.0001
K, 9% 0.28+0.03 0.08+0.01 <.0001
Fe, ppm 2822+1.73 7.52+0.42  <.0001
Mg, %6 0.023+0.003 0.09+0.01 <.0001
Na, % 0.04+0.01 0.36:0.01 <.0001
Cu, ppm 2.14+0.31 1.61£0.15 0.1624
Mn, ppm — 0.06£0.02 0.0168
Zn, ppm 33.28+7.47 19.02+0.20  0.0929

Se”, ppb 169.44+21.58 69.71+3.94  0.0019

Values are means *5SE of 5 horses

Da . 2 ~
Se ¥HFL 5% 7IT4H

p values are based on the student t—test.

TAFe] FUIETA A4 B4 HidE v gle Sed dFS ¥FF VIT2E
169+21.6 ppbE A EJ o™ FH7Zolme] Se g F2 70.£3.9 ppbo] AT}

Sl AFst 2 w=3urz]jg el #AEE vleEly EE ¥ 23 (ddtocopherol HE.ZFRRR-)o] 7}
o
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AFLE o]4F TSNS AU EED dd ATE Bu LT gL

O HISAANS % AAGmz I U PSS AAAS 98 Br|H| S glolAd AR
FA7F HIi Qv FFARES HAA o ZEAL 20770 vSAIE 2N FRAE A
=L Hx AFY 1%z AFste 1.3%@2719), 1.5%G7HY), 1.7%@EMY),
1.7%GHE A2 5147 7] v So| 7Hed Aoz HIuHAT, AF4tet vl 5o 3]
Al FEAE FoFHS HSEI|E VY AL ¥AFEY 1% olshew kel
Aoz FIMAA AMF 15-1.7% 7R 7 597 7 A2 AU 205
B8 7|7HEQr HF ZAFL 868 kgolx, 43 ZAFL 062 kg2 UEhGow Ao
e FA Fol= FelArt %’;liit}(p>005) H S 7|7HE H dd AISEAHFAZFS 5%
AR 7 410 kg, RAE (A XR)7F 520 kgellew, A AlG7]e] AlsoT1sAMEeAA
F/ZAF) e FFABE 724, A ANV 2ARRR)E 892 2AE AT whd
8] JiA] HAA doles 9 3-440]3, AFS 300 kg oA @rig]So] a3FHA A
o2 BAHAG _

© vEgdl E e d7}-3 Xuak ¥Etel A 2 Se E7 vkS A4 A DylE
1l E Asivbs Ak Alge A FAE < =< wEAE vlERl E7F 200 mg/kg
o] A7ty AT A D , AR AYE, AR EEY JAAE ol TAIF weAE
go1% 4 ¢PorHp>0.05), BlEIY Eo RE Joo mE aitesE TASA oA
Helgl B9 &=L tET 0.19 mg/100g, A&+ 044 mg/l100ge= X877 2384
=4 249AG(p<0.01). EAA Pl =T 095 mg/100g, A2+ 1.61 mg/100g
o2 HYF7F 1.7ME =4 FHIUSES A Hp<0.01). Z2FH A o2 Atm 7}
o}3ld vlgdl EZF 27" viSAAle]l ZFEdua AZE Y. B FAANF AN A v
E FAUJEZE FE& AI=FHI Y AFAA, =3A € IFE0E&y Add A E
A Eo] BZE vife AL 3FEIIILA ALY E ZEo] TihestEEal Hdd
th 2) euW71-3 AHkik 27 vls S 3] FAY (A 5%) HEAF AT
5% H7Fek Aol thE AFFAIE S AT v SvhE AER]D 2Tk wAw A
T Alolol AR AFFES AW, dFFAH, TFAIEAIAE, AIERE(FFAE,
A 8)d] EAAE H9AE JAJAFH (p>0.05). 5AHB A WAEERA (fatty acid profile)<=
LALE AHISE A FoA B o2& 2u7}-3 X]¥rAk(a-linolenic acid)$r&Eol i
ZF9 vleiA o&F 2vE F7FE A T(p<0.01). ol& 5% FAF FIIE Al A2

|

9,
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-6 1 n—-3 APLALE] vl go] Rolxow, AaHo g kel wd FFAYA

| §1
2902 el 7Fs¥e vehlth 3) vleby E, wietel A 2 Se H¥ FAG v

S A Al A FEHE dEFe HETFMEY E 200 mg/kg, BIEFE A 10,000
IU/kg, veast Se 0.5 mg/kg veast F7HE ALUYA| @S stST €U AFEAHFH(F AL
g 2 dx)d dofAes Aeolzb gliled, vlER A E 2 Se AHEFY dBFAH

(0.69+0.04 kg) © AIE R F & (AU X, 6984047, FIFALE 6.77£053)2 thZFFd 85
A MAFHAF(P<0.01). HE T2 FTASdE vy E &FL2  hE+9 15w
(p<0.0D), Blgdl A &% =72 2891(p<0.01), Se TH= HE7-2] 3w (p<0.0D=E
FEEU S SRAEAT. BEAHOE AISHIIE dBFAZFH AIRREY MAHS =
£ vlEl¥l A HlElY E, Se BAIEA 7|FA vS Aol 7tEd AR #GHULH

O Alavte] =AEAAY SZ2SF vlSuke] SEAEALA LS daxt AF4E vlsvk 13
ol et =AE w4 23 USY 22 AZE AT E]%U}-ﬂ T A& (dressing
percentage), =5 WH] A5 E(retail yield), ¥ AAFS H¥] A [ L (cutability) 2}

7+ 61.1%6, 70.4%, % 43.0% 2.2 YEelgT ATEA o A ’z’gzﬂ‘"ﬁ-"} TAFe T dd
AT+ 0.98ZE(p<0.01), B =98 (cutability, retail vield)¥ o]7]1% Al (shoulder loin)&
FAAFIE 071Up<00DE EAHAT. T AAFS J1Fo=2 39S 9 (partial
correlation for fixed live body weight) A S4&2 XX (r=093, p<0.01)2+ <rAl
(r=0.94, p<0.0)3 F2 F FFFAE EHIH. vs ik doix "S55, Eo] =
A2l HES BAF, =AF, oAT4A, 79 vS JH £o22 LS F
Rozw AZFE T ]tr‘“} AN d(FFHE 9OFE HATsly S
H7M3E 23 159 37@33%), 27 4FM4%), 353 25F(22%)2 YEeElgon S
v< A 59 5F70B6%), B 55 4F(U4%)E ZAMERT o2 A 2o
A HlsZ2agel Yotd A& AdozA 1gFHE AL + 98 A
A T
O AZHFLEZAN w5 7HXHI Al JEE o]l &3 AYA A vlS2 7]
o2 ZAT HeEr3E(very low carbohvydrate diet) A}E 9} AIN93GE] 3%-"}5@}%
A= (high carbohydrate diet)2 4F7e] AIGAIE S 3 AT dFZFA|Fo= ofFH
A7 (LA (p>0.05). 23y F A FAIF A 70%E F93 A3 Fo
E dBSAZFo] FAG FAFo] vEed AvsdE AT ndsIHE AT
EF EASHA ARG (p<0.0l). ASF3EAIE FoFE T8F3EAE Fo T
B3t E A9 triacylglycerol FFo] A3 A ZHAFH AL (p<0.01), 70% A F+F A}

9
as
of ol 1t rlo o

<.
=
=
K=}
A

ot

Ol
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ok Al EA 3 FoFol H]8td triacylglycerol, glucose, insulin 59| €@ om,
IFFIFE A FNA 70% AT ALEA] 53] Bol EoiHES Ui waris
AT7E VELE ﬂ]iﬂ AMEATE AE B dBFAE, AFREAFA T UM TA
= oA Aol EAYE F YU THp>0.05). EI vFS B F AT Alele] E Y
W total cholesterol, LDL cholesterol, triacylglycerol, glucose, insulin, ketone body <
Frd FoateE AT 5 AT (E>0.05). BEHLZE 53% whSo] H7tE Ae3
EALE 9 70%9] Aggod &g DUIAYGES AEFIHEAE B FAT 5o
Bjs] AEAAYHI FHHS e #HH Aoz d#H A Y9 triacylglycerol ﬁ""-%’—‘%
AAAA A A8 FFE AGAIIE ALE EAHJATY. 28U AeEr3E

o7} AztelAE B2 RUAEE S9 A @At mT Frzd @A A m

© v, @dmwo] AHEREA: vSoA Joj FASAA drdE S 4T 2
FB 64%, =A " 154%, Z2HHE 184%, 23X 1.0% =2 vEtew, H
W o] A vEhsTh ol ¥l E W & de AAGEZE A A
714< marbling ¥ #Ese w9 I3 A2 FHIHJT FTAS E T Y
E oA Sey IS G5 J|FoZ 747y 169+21.6 ppb, B 70+39 ppblE F

Sl
=
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Study on the Development of Feeding Program for Horse Meat Production

Young-Hoon Yang®, Kyu-Il Kim, Chang-Jo Jung

College of Applied Life Sciences, Cheju National University

ABSTRACT :© The feeding trial was conducted to
get basic information on the fattening program
for horse meat production. 32 horses (16
females and 16 males), which were about
250 kg of body weights and 2 ~ 5 years old,
were alloted to 16 pens of two horses each.
The feeding regime of concentrate was
gradually increasing method which started
from 1.0 percent of body weight and stopped
increasing when there was the remainder of
daily supplies in feed tubs. The amounts of

concentrate supplied during the 5-month
feeding experiment were 1.0(first month of
experimental period), 1.3(2nd), 1.5(3rd).

1.7(4th) and 1.7 percent(5th) of body weight
in order. Average body weight gain and
daily weight gain were 83.9%3.9 kg and
0.5610.03 kg, respectively. There was no
significant difference between the body
welight gains of female and male(p)0.05).
The average daily feed consumptions of
concentrates and hay were 4.05x0.09 kg and
5.66+0.24 kg. respectively. The feed efficiency
(feed consumption / body weight gain)
during 5-month feeding period was 7.75 and
10.67 for concentrate and hay. respectively.

The sex effect on feed efficiency was not
detected (p>0.05).

Key words : horse, body weight gain, feed
efficliency

M E

Ao v 863 % 1304F A 20033 Eel=
Aot 8,103F, 7=t 3,263F= A9 43
3] S7HEHAITFE, 2004). o]o wel Akstede] I
Al EobdllAes vHEe] ol8ukA] F21L 98l £%-
Ag. ¥]SE 5 vhge o]4¢ xR AHAEsyw
U= AAol}.

ZAAY HFZAE 8Hel gt AlFLelx]e= vl
S(HER)S whee] XA Adsido= 712e] g
3L, Warle Uz 28 gAXx Algo g dlglo
o, AikTd7] 48Ul ojsld dAEE LA
F)E AN Aoz ¢8|z Ad(dxE4d. 2003).
RS ol XY A RE 4402 olgFd &S
ZES ok, H T Bo] AFEd] vk An|AjRo] &y
el o2t vhgA4tell digt AL 2 o o ¥}
X w2 AAeld) ohSAARS- whdAlg] REE AL
vkl $=2E FVHA sHEY JRAsE oy,
A ot xRy rlelle 8.8 $937] 93 gte]l % v

Corresponding author: Department of Animal Biotechnology. College of Applied Life Sciences, Cheju National
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24 23018 $908le AFg3a e AAeldh %
£ ol 02¥9%e] 177F, 03 2955, 04 €
A 32257 1= €A AFEele oH5AlEF
4 1zel whee AFShe AT Aol 167147
e Aoz ZAE T god, ATSAHL vl o
g 580 7ol met 753 F7ME Ao vk
ol AR E o]l LHAYE ko] TF A7
Foz sl aEgler} $eltehs

F2 AFE
o] A=l QA rlrt Hz gleh &9 90 ~
'g5:d Alololl AlFEe mhge] dESE FE2Y HX:
QAT A FTIFEF ¥Fo2 vk B %
2 sl Aleldl| gl

7oA eRSAIARE- uhbg.e o]l FA|Rle] o] L-H
3 glojA] SAo] FUx] EJ vhgo] AAlEI, HA
u]-47|17k RAEE S diR AR rleAiss) d
o] FAHH Y ARARE vlolx] 3w ot
AFulke] A3 WS- dukAe g 2 ~ 3 Ajel] AAo]
sk, b 5 ~ GAlollxl RAISHAl o (F, 2002:
oF 5. 1996). ZEA vhAAT Bl gl T A
of g3t /ide =i §A43719 AdAAee &
2 dlS T2 e 8¢y ot

olgo] AlSAkgel zlel3hr] fsiM= AAAL vl=
71 Apdte] AAIS] "Hestw vhg AR 2ikE
&l = kst vhsAlE S B8 SRR L
FohS-g AAR & s ¥F v]gx 2 g gt A
o] g7Edzw A, ey A ok 8)Sel #
gk Al8lA gle dF Alse) vlErlee AR AL
= v]Sute] 8l wlolr} Al3la, vHEAe] ¥
A o] AaniAERRE] ol HrkE ww gl

B AFe AFele] domg ARFAIYEE st
oA 9% A2 el sl g sl
BE d3A} A

Mz 2 2

ApRA R BAR FES AFor PaRsTIENE £
gsle] olgEllEdl, RIS T AFEZ AHFo]
250 kg wWiolal AFArel ok 1659 4% 16%7)
ZAsIgch AR @] AFS WAWF 2438

5.26(S.E) kegolslth whge] vole ErtellA] £47]
2o] Q= AHE wEEe] $AFEE PololA], v
vholell gk whe] B e} A HAlT oAbl o
3t A= .

FAE FAIEEL AEE o]F/F #AHUL, 16
N2l vhlol] 254 wix=lgdch AlgEw AFYS b
gAalgol x|, A% 2 Vit. E. 7F H/E AEE
Alek=Elgdch, widkalge] FoEe AFE TIFElE A
gEg) o] HAExE AR F222 ot visE =
AlaE R w AE ukx|Eh] S8k A2 AR
A Aol RsPAA] 257kl A egkt Al el &
B3l Foq=glc}.

FAE0 T $A% AFUEL FZ uHEX| oA R
A wrEo g SAFGgE TwEA FARY Ay vt
dlollA] AFFAIE S YAl AR Aol Hesa
Febslgde). webd B ARRAE 94 AHSU1E F
7] 93l < 3F A3-E 27 AdmjAleFE ST
dulAlekz| 7t F3Alg = AlF9 0.6%(1.5 kg/+)
o sidsle Uul aiAIEE 19 232 el 59
eii=d

B ARRFAIES Au] Alkrlzte] ¥ F SRRt o
=Egdct, A7) 7 B9t FAEE FebEs 98 A
Z2H3lE 71502 sdch AAE FFEALRS] TEF
& ANARE nEos Hx AFY 1 %o FIAE
Azto g el Fojako] iyt AlFAker #AF AT
A g Ashr] Ao AFE wstdA vl FoA=RS
ZF7HA171= uhE S "3kt

A FAele AREAZ A ARFAIEL ZIE
A2 7] 9Jsld MAEE A Tl FAE F
sled uhAel] &I W 2SS FABEEA
71} AHA (FEaE]), desd, oAxs 5o R
F53F ALFA el AW F U=EE FAFTES W
g AT E oAz Zkel sl AT vhY
& njpctell Enke ZolFa vy 1319 vb wiEe
2 FAAe gt AA wighrlse 338 #l%kH
Yxol 13] 7|8 AL A8 o] AFel w2t F
F alre] Fodze s

71&EAgke] A2 SAS(2004)9] AHA=E R 18-S
JER T 1=3
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it A 0

FA RS} FFAERS] HA Jog= PSS HeALRS
A3 vl&vt ARRFEE g8 el F8 FAAPE opd
5 ol 71 5(2003)el o3t T Bxmle 2w A}
okFe 4 gXt FFHE 0 ~ 50%=E 34 + U=
o F3Alge] dd FapgoAEEs Aol o 3%=E.
BEL 20 ~ 2.5%% HH9F AUg ¥} 9leH, &
£2A54(2003) Amol oehd 24vks AFe] 0.5
~ 1.0%, = AFEY 0.75 ~ 1.5%7H4 347}
HAAE L ok FFAREY A g Abs(iEE,
Colic)®l #gle] =o] Al3pH Apatol] ol=ZA| 3l A
A £4-2 Bejer] o vlsvul AHded qlojA A
A3 o] BFAE F9F 2ES ATEQ v8=e
E8e] 7z "o ¥ 4 Qo

B AFoA F3xpR FHEE Y] SAs Al
3 JddgodsFol i3k AE TSl ulel Fgojgke] 24
Hed, oL A HE2 1YE A 1%5E AEL
2 3l 1.3 %279). 1.5 %3AY), 1.7%4
), 1.7%(5734A) = HA} Foqdel Wizt S7F 7
5] A2 HrHEHGo ARRAIEANA] F IREARE
dd FoAsFe]] digh AFHAEFe] JAHA| ket A
2] 1.7%= 3993 AATEH= 8= ALRL
off Aol AtqgFo]l {HFE| 7| ARPelE T, =]F AL
Boll 2§ visA|gGer] FF A 5 Qe A =
= olel $ARF A3l Aele] AFE w)S 2o|(Hx
1% F9ADellgk 7" eg 3 ~ 43 FakEigjon
1 Fole TR FHREE AR AR e &
317] Abofel] gt AF= WH=A] LT ofgb ApeF
U71(1.7% Fool 1571 SAksked sy 2 23
K Bz Al 7o) vtevt B A3 A
2 gt AR FAE g, & ARFAIEARE 2
2 AlFAtel vlFol] glojA] BFALE godEE vl
7|+ 7R AL ZF(AlFY 1% olsh) o2 FHkstodo}
s, dAlF o2 ZIMAA FHo AFe] 1.5 ~ 1.7%
A7 Fo] 7FEsg AR C R wnks|w 9low] AlE
WE wl SEAel £5o] ¢l g e 1eielq
v AR o F 1A Al gk Adew

Z2 B30 t=

Akl 9 A wslell o3l 57| iy
717 el = B3| Bobe vSAr] NPTl FAF
o] u]xd =9tk (Table 1). 1504 8¥]87|¢ F3F F
F ZA2ke 83.9 kgo® dG FAFFe] 0.56 kel
3ot dey g Ale)r|at ERbe] dubeHS EH
o]zt =t 3 ~ 440l dFFAe] 0.65 kgle
712 EZofow AR QTEE X 9.2, FFAE 6.4
2 7 o], v {4 dE vk 34 ~ 4418 Pefxr}
5/047F vle &3 P & AR FAEFEUGY
(Table 2). ©]+&= <¥(2002)3} F5(1996)2] Al
B 73 o] AzbzEae WHI fHHo] Qv AR
Azy=odE=d], 150 231 AlFuh= 5 ~ 6 Aol A
o] g=e Hos =AM vl el

ARRFAE AMAAIA A FZtell BRI AlFA]
7F o4 Wojx] oido] Rt AFe] thi £ A
oz Jepdo EAF #F9xHp)0.05)= U
(Fig 1). oF £(1996)2] AlF=ute] AJRsHel 2|3t
2 3A7ER| 2] AFS G5t MR vl AR B

5. 8} Qi

Table 1. Means and standard errors of body weight
in each feeding period of month.

Item Female Male Overall
Body weight(kg) |
at start 245.2+¥9.7 242.5+4 4 243 8453
1st month 208.849.1 258.1+5.1  263.5%5.2
Z2nd month 285.3t9. 8 269.3+5.3  277.3%5.7
3rd month 308.7£11.1 94.1+5.5 301.446.2
4th month 319.5+10.6 310.2:t54 315.0+6.0
oth month 332.7+11.2 324.2¢+ 5.8 328.6t6.4
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Table 2. Means and standard errors of body welight gains, feed efficiency and feed

consumption by age.

. ol

el ——

Age(yr) n  BDWG ADG FCH FCC FEH  FEC
<2 12 77547  0.52+0.03 5.1+0.2 3.840.1 106409 7.8:0.6

3 -4 8 96.6+7.6 0.65+0.05 59+06 4.130.2 9.2+0.7 0.4+0.3
5 - 6 5 86.2t13.8  0.58+0.09 6.2:t0.9 4.3+0.2 11.2¢1.2 8.1+11
>7 6 77.8t9.1  0.52+0.06 6.0:0.5 4.4+02 12.3:18 91219
Overall 31 83.9t3.9  0.56+0.03 10.7+0-6  7.7+0.4

—

BDWG, body weight gain(kg): ADG, body weight daily gain(kg): FEH and

0.7£0.2  4.1+0.1

FEC, daily feed consumption(kg) for hay and concentrate: FEH and FEC.
feed efficiency (feed consumption/body weight gain) for hay and concentrate

Table 3. Body weight gains and average daily gains by sex.

Period of month

Hem ————

1st 2nd '

13.2¢1.9  87.56.8
14.0+1.7  80.13.7
13.6+1.3  83.9:3.9

0.4420.06 0.58=0.05

0.48+0.04 0.47x0.06 0.53+0.02

3rd 4th
Body weight gain(kg)
female 23.6+3.1 16.4+1.8 23.4+2 .7 10.8+3.2
male 15.6x3.2 11.1+2.3 24 .9:2 6 14.3+1.2
overall 19.6£2.3 13.8+1.5 24 .2+1 8 12.5+1.8
Body weight daily gain(kg)
female 0.79+0.10 0.55+0.06 0.78+0.09 0.36x0.11
male 0.52+0.11 0.37+0.08 0.83x0.09
overall 9.65x0.08 0.46+0.05 0.81x0G.06 0.42+0.06

0.45:

:0.04  0.56+0.03
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Fig 1. Average body weight in each feeding period of month.
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Table 4. Average feed daily consumption and feed etficiency per head during the 5-month

feeding period.

il " o

Ipen} 3 Mean i__._l? Ma_x. - Min. CV
Feed consumption(kg)
Concentrate: female 4.16 x0.14 4.95 3.24 13.69
male 3.94 +1.03 4.68 2.74 10.51
overall 4.05 £0.09 4.94 2.74 12.42
Hay: fermale 6.30 +0.37 9.24 4.68 23.649
male 5.02 +0.19 5.82 3.42 14.96
overall 5.66 +0.24 9.24 3.42 23.51
Feed efficiency
Concentrate: female 7.82 £0.71 13.14 5.08 36.20
male 7.68 +0.34 10.50 6.01 17.07
overall 7.75 £0.39 13.14 5.08 28.30
Hay: female 11.51 £0.96 21.08 6.97 33.31
male 9.77 +0.48 13.98 7.77 18.91
overall 10.67 +0.56 21.08 6.97 29.24

- YA

Feed efficiency

v]-87] 5447 A1) FARE 19.6 kg6
o). 13.8(7¥). 24. 2(8-‘%) 12.5(94), 13.6 kg(10
Q) o2 tha AR 7)8-E Bo|v v§ W= A
o4 SAFE Folzls T-ﬂl 71 8o] AlRF 11 EXet
71-8-2] 43l Zles AU

Az o vl Auyld] FAEIN) E3oH
gembe. ulg Fubrie] ZFAr) ¢gund AdiAes =
& Aoz Jepdel whe] W] AelHez AHEHI
WA Z17E 4938 697HAQ A ZdE] B w, ehy
o2 oiszl 8 Hlo} Ze Falelx vlSAY
o] AN &9 AN e FAIINE W4T
o} FHsla] @¢ Folgle FAHE FHARMASTE,
2002: Hafez. 1980). A’ AU Fv] =& 3l
of & Zlo B AHRFHIUTL

w)8717HEq dd Ha AREAlHEE FFAEe
4.05 kg, AEMAXR)E 5.66 kgol A3 A=
A E e AHEE FFAIELE ool 4.16 kg, T
o] 3.94 kgE Alslsl e, AR il 6.30 ke.

= Feed consumption / body weight gain

Z=mbo] 5.02 ked] AxS AAsksich. AA A9
AEES(AIRAZ /2 S8t 7.75 1K
oun] AAGFAAE ZAFE(AZR)= 10.67 oldch #F
v} Sado] Al dgo] T2 AFL B FAA
3= 2l (pr0.05).

R &

ohg- AL S18F Atk 2 aRl slespdel i’k 71X
A28 J3A} AFer As7rENE £3E SRR
A zo] 250 kg M AFAel F 1659 T 16
=2 xpoFA el AR A} ohgd A2 A3E 4%
=3 '

AR gz #HE Ao 1% 2 A%
slo]  1.3%027M%Y). 1.5%3AY). 1.7%4/HY).
1.7% (57884 & 57§42 7] wl&o] 7’ Ao

_..7'2_



CLRAAFR UEH AILITZ 3 JHEo Bt A

g7 =lgleh. AFAbel 88l QlojA] AR diT
o ulgRrle A AL FAFY 1% °lshe=
zarzly AAHeg F7HAA AFE 1.0 ~ 1.7%
AR 7L F47t 7Esd Ao A,

1509 vlS71kERt Hd SRS 83.913.9 kg x
2AbEl e, A9 2|2 0.5620.03 kg2 HERGTE
Aol] T2 ZAFlE F-J27E gsici(pr0.09)

B 87 17FEq HF 9d AlEAFHRE TFARESE
4.05+0.09 kg, ZAMR(A=)7} 5.6610.24 kgolsl2
o AA Akl ARRISAIEANDR/FARS 5
FAalg= 7.75. A ARl 2AMEFER) = 10.67=
ZA stk ozl Al E Sl BAA felAe ¥
AHpr0.05).

Ab A}

B A7E 20049 HEAER FHERIAAK A
Al “AEL(B)2 olgrkA FAE ST AT=ET
A g A ASARA3) 2l ] Z|del o3 o]
2olAl Aow FEINFAH HSAIAMI FARE
A 2-& S =3t

S AL
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Analysis of Carcass Traits of Jeju Fattening Horses for
" Meat Production

Young-Hoon Yang', Chung-Nam Kim', Hoon Kim', Seong-Chul Oh°
Yang—Nam Ko’, Chang-Jo Jungl, Kyu-1l Kim"
1Ce::»llege of Applied Life Sciences, Cheju National University; 2} eju Animal Thema Park

ABSTRACT

Use of Jeju horses for meat production has
steadily increased
number of horses raised on Jeju island has
increased since 1990 when Jeju horse race track
was opened. - In this study their meat
production trait was evaluated using data from
13 _Jeju fa&enixig horses slaughtered at 40

in recent vyears, as the

months of age on the average. Their mean hve
weight was 341 kg. The whole carcass was
divided into 13 parts:.loin, tender loin, shoulder
loin, chuck crest, rear legs, skirt, nbs, fore legs,
brisket
fat, and bones. The total weight of retail cuts,

navel end, shin, other meat, tnmmed
total weight of removed bones and tnmmed {at

recorded. The
percentage {carcass weight / live body weight),

and residue were dressing
retail vield (saleable cuts / carcass weight), and
cutability (saleable cuts / live body weight)
were 61.09%, 70.4%, and 43.0%,

The correlation coefficient between

respectively.
live body

- A —

weight and carcass weight, and between
cutability value (%6) and shoulder loin weight
(kg) were 098 (p<001), and 0.71(p<0.01),
indicating that carcass weight or
shoulder loin weight is a reasonable indicator of
economic trait of horse meat production.

either

Key words : carcass yield, cutability, Jeju
fattening horse)

o

H2d uiSo] W 2uAIEY A2 v A
Abof] didt BAe]l mxs 3 Yo AFE U
A vlg o] AL Tl AFL T AlsT
7} 233 F7iga @4 s254 Hd=HI U
cx ¥ £ UHAFE, 2005). olo] WA AT
e otARER AFALe] AL RN
= 8, g9 53 dFvigdMe AFTEA
o] 8712 FA L 93l Az FE AT

= MAoltH(Y F, 2005 Yang T, 2005 &
NEH GAFAI T4, 2000).

Corresponding author : Young-Hoon Yang, Department of Animal Biotechnology, College of Applied Life
Sciences, Cheju National University.(e-mail:yhyang@cheju.ac.Kr)
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B e ErlodAes MAFHY HSI|e
o] BaAol ¥F v & AAAH AT ARG Qe 4
e FAHoex e gAY HHes vif
g stz urh old w} FIHEL v AL
S 9% uL YUY YYo=z YR Lo
g 8] §rl4S Blw HE 4 e AEASTL
o $ vl Art vl leLFd A€ Fh
olzl e AAoltt o] THEHN HSE T A4
2go] wWiF ARE T2 HEVe NI G
vl & AlAkel] 223 AFELEL A o dUH
oz TAe] EAL A9 folhor =AFH
sAlguHAe] =3gA=Re HUEA o 3
ek o] Aoz EATAH & =EAITAES F
B3 A wtd=le] HrigE o2 H7|E oEY.
2d AAAME = TA AR MxFH & 4
;7)o H|SFH BE¥XrZE F23A AAAR UG
(Mukai -, 2004). 28 $E9 A3 AolAH &
zZ o] wade AAYSLE, v§CA, FF F €S
f8old 4L A HE RE oy T <A
At ol tH(Waldman ¥, 1971, Berg$l Butterfield,
1976; Broadbent =, 1976; Drake, 2004). 3tA %
Qul ASAgPgoz ojgHE 29 HAA H
oSS Y ulZvle] A dE¥ AT
ol 7171 oldH.

R dA3: AR zAFozA JFEIHA LW
go] Z7IH 3T UE w9 AAd7IE AES #
& 7123 A8E 97 sisa AF4A ¥Jek 3
ul&o] AA &3 WHI =M E
' R8gol di Hst o] FELE TSR U

& 7te] BAES EAMEE EXHe=R 3

SAHY T olJANE HT
H & X2 2do] 2dte ulK g A FAvt 13F71
ol EUt. o FHdtel v KFRA AFTE 2760
~308.0 kg WS T 340587 kg oUW
o]+ 2~5(FH T 3ol g alvh v Kupin o A
wb Abie7h Sy 3 oAb g Aapr 15~ 17A
o] #12yx]o] A NALT

=AY EHoE

EA = Ul A (guts), A43#% J
(heart, lungs), <J(iver), ul&3 A7 (spleen,
kidneys), ™ & (head), A&7 H(feet, tail), R
71€} BALE(others)2 FEH FZF kgl &4
sach £ A& T4 doin), eFA](tender loin),
o] 7] 5 Al (shoulder loin), ABvlFe(chuck crest),
gt}el(rear legs), ¢33 (skirt), ZHl(rbs), W
(fore legs), %FA(brisket navel end), AlEf(shin),
71€} &S (other meat), A¥(trimmed fat), R W
(bone)2 Az B3 SAHHAUD.

2= ¢ % i &(dressing percentage), =A% U
Hl RS S(retail vield) B AAF di¥] FFE(
cutability)2 th&-3 Zo] AXr=EAUG.

2] & (carcass),

Dressing percentage

= (carcass weight / live body weight)x100,
Retail yield (%) |

= (saleable cuts / carcass weight)>100,
Cutability(%6) |
-+ = (saleable cuts / live body weight)x100

Ta By =:= 483 ZJ3IdAc SASH
correlationg ©] &3t EAHJLow, FI/AST
MIHAE o] AT A5 (simple correlation
coefficient)st A Fe] d¥HE st AA
Zzoz wAol @ HMA#A S (partial correlation
coefficient) 2 2 HUGH.

2n 9

tE2e olfsie ASAYELE AAF] UM
Az RE JdojE Ko VTS A
ANz Al =98 ARE ANFTIHA 8o =AY
2ME ZF o], A, ApgEele g, =4d
s12] 9o Alejo) upel chEstA €2 7 Y2
g saer 4%s So nrlFee 459 A
AP RS A% gdyd dAy ARRE 2l B &}
Al Sl RAo] UnkAjojut AR EALoIA vt
2l SRR o SR R S|
ool A Mol A ulKviol KT HE Ta%

ATARZE sfar vt

¥ ©] LAY, %
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Table 1. Means and standard errors of body components of slaughtered horses.

Iterr_z - N MeantSE Max. Nﬁrf, -
Live body weight(kg} 13 340.5¢8.7 3980 276.0
Carcass weight(kg) 13 208.2+6.2 252.0 169.0
Loin 13 18507 219 128
Tender loin 13 43:01 | 5.4 3.4
Shoulder loin 13 11.10.7 165 73
Chuck crest | 10 1.2+0.3 75 0.2
Rear legs 13 ) 41.4+1.3 50.7 34 5_
Skirt | 13 16101 30 | 11
Ribs 13 224108 | 265 16.6
- Fore legs ] 13 19.1£19 28.3 7.
) Brisk_et navel end 13 14.111? | 22.3
Shin 13 10.1+0.3 12.7
Rfsidual meat 13 2.929?_ 53 56.51
Trimmed fat 13 345125 534 2541
Bone 13 26.6£0.6 857
" Guts(kg) 12 23.6+0.6 28.5 8.98

Heart, lungs(kg) 12
Li_ver(kg) 12
Spleen, kidneys(kg) 8 |
Head(kg)
Feet, Tail(kg) 12
Ot@em(kg) 12
Dressing percentage
Retail yield(%) 13
Cutability(26) 13

Al FA "d]Svie] HFF T A F(carcass weight)
& 2082 kg2 AAF(3405 kg) Wy =AM &&
61.1t04%2 ZHo=2 YErxt(Table 1). °ol= ©l
S(2005)0] vt 2419l A FLE ol &3 3B80YT
Hl - Al gl A B3 558~564EY ¥ A=
zArsldc. AT =4 F oIy, WA, o,
U AZIE AAGS FAR AT oA
o] e A2 HFHID U =X AM *
A F din] wio] w]l& 2 128%°lULw, AW
(trimmed fat)2] H] & & 168%°] E3U. AHUH
o wludtrly T AN LA Feol 350~499

kgl MR-l E ZA&S 605~733% WL,
o] 1 &S 132~165%, AWl n&& 117~

(200, Mg vl gl oul(Mukat &, 2004), ¥HF-

o] ¢o}4 WF T AL 588~616%U Re= &
HA32 A EFHEHT T, 2002, 1954).
2] S (carcass)S Al AlEstd =3 F did] v}

ol 37 £8& vudygA FX(rear legs)
19.9%, Z8l(ribs) 10.8, A Zl(fore legs) 9.2, %
(loin) 89, <% =*|(brisket navel end) 638, o735
(shoulder loin) 5.3, Alel(shin) 4.9, <4d(tender
loin) 2.1. 7]€} 2] & (residual meat) 1.4%2 <«
o g2 zZASEYHFig 1, Fig 2). =AM A g F
2 (retail yield) 2 =MF din] 704%1 oj2x 3
o, AAMF o} 4 & (cutability) &
43.0% 2 FA} x|Ut.

ATEAM A YA TN T AFe doddAT
= 0.980] Q0. (p<0.01), AWikabe] A3 AN

(B
A=y
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Fig. 1. Percent body composition of slaughtered
horse.

t B4 & (cutability, retail yield)? 713 23
§ ABANLS Mol FAL o715 A(shoulder
loin)e. & A#AATFZ 071 = A4 HAJAHp<0.01).
FY9F BAFAAH ASSFELE FAGC=093, p<
001)8 QA (r=094, p<00l)H & Ao Faw
AE BolT YU o= INHoT AZFELEL
cAZs A7 2oy EAME Hed oAS
A3 AH-E AAZE ¥olz oy, ATl &
A AeodE ASFEe EAYE Jted 4
U orAlF ZIdg AF#IAAE HAYZ FAY.
ot (tender loin)® F X (rear legs)el G&48A
4= 060(p<005)°lgon, Y AAFoE B
198 A$(HAT, partial correlation) A&
o] A S A2 0.83(p<0.05), TX 2 0.91(p<0.05), A

Fig. 2. Carcass cut yield.

=gy AL 094(p<ooNE =L A9

ARBAE vogFa YAHTable 2, Table 3).
o]4te] A@|BAS vlFo] BAA vl{ i
ol X ARG gl & e BVEL AT,
SHZ, AT, TFo HZAHo Loz B
Ag Fojof & Roltl o

g AL 9 vHlE&vle EA R AS FE
I EXTFTAH BP0 Add dE ZI2ARE €1
A AFA v &u 1359 =4 43S EAHEAT-
FA Y ugulel HTF AAAFTL 3405 kg oM

Table 2. Simple correlation coefficients between carcass traits.

SL FL RL

LBW CW Lom-
CW 098"
Loin | 024 0.30
T | 065 064" | 003
SL -0.24 -0.21 0.34
FL | 048 0.44 -0.21 ~0.49
RL 0.45 0.52 0.04 0.11 0.03
DP | 054 069" 0.45 -0.03 0.08 0.60
RY | 051 | -051 018 | -0a1 | o7 | -055 [ 0.
Cut : 023 -0.15 0.44 008 071" -0.52 1 o045

LBW. hve body weight. CW., carcass weight. TL, tender loin: SL, shoulder low Ii1..

ey —

fore legs: RL,

rear legs: DP, dressing percentages RY, retail yield(96): Cut, cutability(Ps).

o pO0H s+, - 001
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Table 3. Partial correlation coefficients between carcass traits for fixed live body weight

RY

Loin 067

TL 040 | 064
SL 0.25 0.81
FL. | -007 -0.39
RL 060 | 053
DP 1.007 0.67
RY ~0.03 045
Cut | 0‘;51 0.77

LBW, live body weight; CW, carcass weight; TL, tender loin: SL, shoulder loin;” FL, fore legs; RL,
rear legs; DP, dressing percentage; RY, retail yield(%s); Cut, cutability(%s).

* p<0.05; =* p<0.01

3, FF Yol 407883 ol =AT AS, W
A A #, 2, 8 A%, v, AR 2,
9 7lel ¥AMEE REHUR, AS5ES T4, ¢4,
ol ATA, AvlFe, A, W, Ay, 9, &
x|, Abel, 71eb &S, AW, R ®WZ 1374 R4
Axt B} FFkg)oel FRBHAG.

H] & vle] % A& (dressing percentage), =3 F
i8] A& S (retail yield), ¥ BAFT div] IS S
(cutability)2 Ztzt 61.1%, 704%, R 430%° =
GENN T |

AR AAFIH Z=AFY doHTAST
= 098Z(p<0.01), A& &(cutability, retail
vield)# o7 5 Al (shoulder loin)S &4 S57
0.71(p<0.0NZE FAsUY. Y AAFTE 7Ie2
2 3¥e w(partial correlation for fixed live
body weight) 35382 FX(r=093, p<001}%
orANr=0.94, p<001)3} =2 o] HHAMUAE BX
cl, TP AANNM EAF 2 ARFTAHE vk AL
AdA] Fo3 AAFAEN Hoe=z2 FHHUN.

AL AL

MoAFE 20003 FENUEH FHAEHAA1AL
A2 “AF L)L o] B FHE T A
Sy R U EAd S8 rieete] el

o R o]fpolA Ro g A-EAR]] ARl A

AsA 2e FAE =dYH

ol g & o

Berg RT. and R.M. Butterfield, 1976. New
concepts of animal growth. sydney
University Press, Stdney.

Broadbent P.].,, C. Ball, and T.L. Dodsworth,
1976. Growth and carcass characteristics of
purebred and crossbred cattle with special
reference to their carcass lean‘bone ratios.

- Animal Production 23, 341-348.

Drake D.]., 2004. Understanding and improving
beef cattle carcass quality. ANR Publication
8130, the Regents of the Unversity of
California, Division of Agnculture and
National Resources.

Lee C.E., P.N. Seong, W.Y. Oh and K.I. Kim,
2005. Effects of castration on growth and
meat quality in finishing male Jeju horses.
Journal of Animal Science and Technology
(Kor.) 47(3):391-356

Mukai, F. M. Sadahira, and Yoshimura, T,
2004. Comparison of carcass composition
among Japanese Black, Holstein and their
crosshred steers fattening on farm. Animal

Science Journal 75:383-399.

79 -



75 g% 4 §£(J. Subtropical Agri. & Biotech.), 22(1}), (2006)

Yang, Y. H, C. N. Kim, JE. Lee, M.S. Ko, C.J.
Jung, and K1 Kim, 2005. Effect of feeding
on fatty acid
profile of longissimus muscle in fattening
horses. Proceedings of the 2005 Annual
Congress, Proceedings vol. II. plZ7, Korean
Society of Animal Sciehce and Technology.
Waldman R.C., W.]. Taylor, and V.H. Brugardt,

diet containg canolar oil

1971. Changes In the carcass composition of

Holstein steers associated with ration

energy levels and growth.
Animal Science 32, 611-619.

Journal of

,_80._.

¥YR ZA7eATL, 5UTEH, 2002. A

& ZAFol
AR EaAaEy 2ANedTE, FHUT

o8], 1994. ¥¢F& AW7leE

x20ER AR TL, 2005. 257t A 5o}
A&7 A %ﬂ-fﬂ?ﬂla 3713
.2.9 ZALTEAY, 5&3FF @AF
AA T4

g & ATY, AIFZE, 2005. vk BALE A g AL
gxzaP Age] B A7 AFdFLo}
s g AP AeEdTA 21(1):35-41.

AEE, 2005, ZSAAAFAAY. AF =

TET



Nutritional Sciences H2), May, 2006, pp.92-96
(c) 2006 The Korean Nutrition Society

Effects of Dietary Canola Oil on Growth, Feed Efficiency,
and Fatty Acid Profile of Bacon in Finishing Pigs
and of Longissimus Muscle in Fattening Horses*

Eun Sook Joo, Young Hoon Yang, Seung Chul Lee, Chong Eon Lee', Chang Cho Cheoung and Kyu II Kin?
Department of Animal Biotechnology, Cheju National Universitv, Jeju 690-756, Korea
;stbrropfca{ Agricultural Research institute, RIDA, Jeju 441-706, Koreu

Studies were carmried out to determine the effect of feeding diet containing 5% canola oil on growth, feed efficiency,
and fatty acid profile of bacon in finishing pigs and of longissimus muscle in horses fattening for meat production.
In experiment 1, twenty cross-bred barrows and twenty cross-bred gilts (average weight, 80 kg) were blocked by
sex and weight, and five banows or five gilts were allotted to one of eight pens (6.25 m’/pen), respectively. Four
pens (two with bamrows and two with gilts) randomly selected were assigned to a control diet containing S% tallow
and the remaaining four pens to a diet containing 5% canela cil. The average daily weight gain, daily feed intake
and feed efficiency over a 6-wk feeding period were not different {p>0.05) between the two diets, nor was backiat
thickness. Katty acid profile in bacon fat showed that the p-3 fatty acid (a-linolenic acid) content in pigs fed diet
confaining 5% canola oil was approximately three times (P<0.61) as much as in pigs fed tallow. In experiment
Z, thirty-two Jeju horses (average weight+SE, 244+5 kg) were blocked by sex and weight, and two horses of the
same sex and similar body weight were allotted to one (15 mzfpen) of eight pens. Eight pens (four with males and
four with females) selected randomly were assigned to a control diet containing 5% taliow and the remaining eight
pens o a diet containing 5% canola oil. The average daily weight gain, daily feed intake and feed efficiency for
concentrates without roughages over a S-month feeding period were not different (P>0.05) between the two diet
groups. Fatty acid profile in the muscle fat showed that the n-3 fatty acid (a-linolenic acid) content in horwses fed
diet comtaining 5% canola oil was approximately two times (P<(.01) that in horses fed tallow. The increascd (P<0.01)
n-3 fatty acid content in pigs and horses fed canola oil decreased the ratio of n-6 to n-3 fatty acids compared
to the control, indicating a significant improvement in pork and horsemeat fatty acid profile for health benefit. Our
study demonstrated that feeding diet containing 5% canola oil may help produce pork and horsemeat with mere
health benefit, increasing their a-linolenic acid content without deleterious effects on growth of pigs and horses.

Key words: Pigs, Horses, Canola oil, Fatty acid profile, a-linolenic acid
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INTRODUCTION

Cardiovascular disease is the primary cause of death
in developed countries and also a leading cause of death
worldwide. The relationships between diet and cardiovascular
disease have been widely studied for the last century.
[n 1908, Ignatowski reported that feeding rabbits diets
contamning a high level of saturated fatty acids or cholesterol
resulted in artherosclerosis.' Tn the early 1950°s, studies
also tound that serum cholesterol level was increased by
dietary saturated fatty acids and to a less extent by dictary

" This wark was pardy supported by grants from the Rugal Development
Administration and CNU Small and Medium Business Center.

s To whom correspondence should be addressed.
(E-mail | kikim@cheju.ac k)
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cholesterol in humans.” In the meantime, epidemiological
studies showed that cardiovascular disease increases
proportionately with increasing serum cholesterol levels.

These findings led to a traditional diet-heart hypothesis,
speculating the primary role of dietary saturated fatty acids and
cholesterol in the cause of atherosclerosis and cardiovascular
disease. Understanding of nutrients and diets that improve
health has increased for the last few dccades through:
1) studies on the mechanism of atherosclerosis at a
molecular level and metabolic effects of various nutrients
and diets, 2) large-scale group studies, and 3) dietary
experiments. Among these nutricnts or dietary components,
n-3 (or w-3) fatty acids are classified as essential fatty
acids because they are not synthesized in animal’s body
and thus must be provided through diet. Canola, perilla,
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soybean and linseed are good sources of n-3 fatty acid.

Many health-conscious consumers tend to avoid red
meat because of the public perception of the adverse effects
of saturated fatty acids that arc linked to coronary heart
discase. Therefore, it is desirable to modify animal products
so that they have a higher ratio of polyunsaturated to
saturated fatty acids.” As a consequence many studies
have been done to increase n-3 fatty acids in pork.*”
Different from beef, meats of nonruminants including pork,
horsemeat and chicken high in unsaturated fatty acids
can be produced by fceding diets high in unsaturated tatty
acids such as those in vegetable oils. Canola oil contains
high levels of the n-3 fatty acid a-linolenic acid and is
ideal for human consumption compared with other vegetable
oils because the ratio of a-linolenic acid to linoleic acid
is 1:2.9

Health benefit is known to be an important factor in
the selection of food itcms by consumers,” and thus it is
important to develop diets that can effectively prevent or
atleviate diet-related diseases, such as cardiovascular disease
and cancer. Animal industry is interested in developing
products that arc supposed to be good tor consumers’
health and production of meat rich in unsaturated fatty
acids is one of its concerns.” There are several extensive
reviews of the biological effects of n-3 fatty acids and
their roles in reducing coronary hcart disease.” = The
popularity of horsemeat has recently been increasing due
to its low fat content and delicacy, especially in Jeju
where most inherent horses have been raised for mcat
as well as for deaft and nding for a long time. We studied
the effect of feeding a diet containing 5% canola oil on
growth, feed efficiency and fatty aid profile of bacon
in late finishing pigs and of longissimus muscle in fattening
Jeju horses.

MATERIALS AND METHODS

1. Animals and Diets

In experiment |, twenty cross-bred barrows and twenty
cross-bred  gilts (Yorkshire xLandracexDuroc, average
weight 80 kg) were blocked by sex and weight, and five
barrows or five gilts were allotted to one of eight pens
(experimental units, 6.25 m?'fpen covered with sawdust),
respectively. Four pens (two with five barrows each and
two with five gilts each) randomly selected were assigned
to a control diet containing 5% tallow and the remamning
four pens to a diet containing 5% canola oil. The diet
containing 5% canola oil also contained 5% canola meal
substituting for 3.7% soybean meal (on an isonitrogenous

Table 1. Composition of diets used in experiment 1
{% as-fed basis}

Ingredient - Control {anola
Corn 76.97 75.67
Sovbean meal, 44% CP 15.8 12.1
Canola meal, 38% CP - 5.0
Tallow'’ 5.0 -
Canola o1l - 5.0
I ysine 0.1 0.1
Limestone 0.6 (1.6
Dicalcium-phosphate 1.0 1.0
Premix™ 0.15 0.15
Salt 0.35 (.35
Alpha-tocopheryl acetate 0.011 0011
Barox” 0.02 0.02

L Fatty acid profile of beef tallow and canola otl as weight percentages of
total fatty acids was Cl14:0, 1.6 and 0.09; C16:0, 20.24 and 4.93; Cl16:1,
228 and 0.17; C18:0, 19.18 angd 2.84; Cl18:1, 48.09 and &(.39; CIB2, 7.84
and 23.36: and C18:3, 0.77 and 8.22; respectively.

< Provided the following per kg of diet: Fe, 120 mg;, Cu, 9 mg; M=, 30 mg; Zn,
48 mg; I, 0.3mg;, Se, 0.15 mg; vitamin A, 7,500 IU; vitamun D3, 1,500 I
vitamin E, 37.5 IU; vitamin K3, 22.5 mg; vitamin Bl, 1.5 mg; vitamin B2,
3.0 mg, vitamin B6, 1.5 myg; vitamin B12, 0.015 mg; pantothenic acid, 7.5 mg;
niacin, 30 mg; biotin, (L0775 mg; folic acid, 1.5 mg.

? BHA, 2%; BHT, 10%; ethoxyquin, 20%; lecithin, 10%; and vegetable oil,
58% (CTC Bio, Ltd, Seoul Korea).

basis) and approximately mimicked a diet containing 10%
canola seed. Additional 100 mg a-tocopheryl acetate per
kg of diet (for both control and canola oil} was provided
to increase oxidative stability of pork,”” especially in pigs
fed canola oil. Pigs were allowed to have frée access
to diets (Table 1) and water during the 6-wk feeding period
and were fasted for 12 hours before slaughter (average
weight, 116 kg). Backfat thickness was determined manually
at the last rib, and about 500 g bacon sampies were taken
from 10 pigs randomly selected from each treatment, frozen
in liquid nitrogen and stored at -20 C for later analysis.
In Experiment 2, thirty-two Jeju horses (average weight+
SE, 2445 kg) were blocked by sex and wcight, and two
horses were allotted to one of eight pens {(experimental
units, 15 m’/pen covered with sawdust). Eight pens (four
with two males each and four with two females each)
were randomly selected and assigned to a control diet
(Table 2) containing 5% tallow and the remaining eight
pens to a diet containing 5% canola oil. The amounts
of concentraies supplied during the 5-month feeding trial
were 1.0 (Ist one month of expenmental period), 1.3 (2nd),
1.5 (3rd), 1.7 (4th) and 1.7% (5th) of their average body
weight of each pen. Horses had tree access to hay (Italian
ryegrass) and water during the 5-month teeding period.
After the feeding trial, horses were slaughtered at a
commercial slaughter house after ovemnight fasting and
about 500 g longissimus muscle samples were taken from
each horse and stored at -20 U for later analysis.
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Table 2. Composition of concentrates used in experiment 2
(% as-fed basis)

Ingredient Control Canoia
= " —
Sovbean meal 8.1 8.1
Tallow"’ 50 ]
Canoia oiil - 50
Molasses 3.0 3.0
Caicium phosphate 1.2 .2
Limesione 0.6 0.6
Salt 0.45 0.45
Premix (vit & min)” 0.15 0.15

. The fany acid profiles are the same as those in Tablel.

~ Provided the foliowing per kg of diet: Fe. 120 mg; Cu, 9 mg; Mn, 30 mg: Za,
48 mg; I, O3 mg; Se, 015 mg; viamin A, 7,500 IU; vitamin D3, 1,500 I
vitarrin E, 375 IU: vitarmn K3, 22.5 mg; vilamin Bl, 1.5 mg; vitamin B2,
3.0 mg; vitarmun Bb, 1.5 mg; vitarmn BI12, 0.015 mg; pantothenic acid, 7.5 mg:
ntacin, 30 mg;, biotin, 0.075 mg: folic acid, 1.5 mg.

2. Determination of Fatty Acid Profile

In experiment 1, about 2 g of frozen bacon samples was
homogenized in a2 mixture of chloroform:methanol:water
(1:2:8) using a polytron and lipid layer was extracted
and dried under flowing nitrogen.'” Extracted lipid was
esterized using the AOCS standard procedure” and methyl
ester was exmracted mto hexane and dried. Fatty acid profile
was determined using a gas chromatography (Varian 3800,
Varian, Inc., Walnutcreek, CA) equipped with flame
ionization detector and Supelcowax 10 fused-silica capillary
column (30 m>0.32 mm, i.d.) (Supelco, Bellefonte, PA).
Temperature of oven, injection port and detector was 190 C,
240 C and 260 C, respectively, and helium flow rate was
20 ml fmun. Fatty acid profile was expressed as percentages
of individual fatty acids detected.

In experiment 2, about 10 g of frozen longissimus muscle
samples of horses was homogenized and treated for lipid
layer extraction as described above. The procedure used for
tatty acid profile was similar to that used in experiment 1

3. Statistical Analysis

Data were analyzed by the Student’s unpaired t-test
using SAS-PC software (The SAS System for Windows
ver. 8.02). All data were presented as the mean+SE and
statistical significance was considered at p<0.05.

RESULTS AND DISCUSSION

In the pig feeding trial, the average daily weight gain,
daily feed intake and feed efficiency over the 6-wk feeding
period were not different between the two diets (Table
3). Nor was backfat thickness (control, 25.7+1.3 mm vs
canola oil, 27.9+1.1 mm, data not shown). These data

Table 3. Effects of dietary canola oil on datly weight gamn, daily

eed intake and feed efficiency in finishing pigs’

_ Item ) Control Canola PZi _

Daily weight gain (g/day)

O~3wk 0.96+ 0.05 1.0iz 006 (4.2290

3~6wk 0.75% 0.04 0.79x $.09 0.4960

O~6wk 0.85+ 0.03 0.90- 0.05 0.3301
Daily feed intake (g/day) )

O~3wk 30 = 005 31 + 005 (4860

3~-6wk 37 - 0.08 35 & (003 00685

O~6wk 33 006 3.3 * 003 0.1304
Y¥eight gainffeed intake {(g/g)

O~3wk 0.321-20.017 0.325:0.021 (.1936

I~-6wk 0.204-0.009 0.226=0.026 (.1362

O~06wk 0.259=0.009 0.273+x0.014 (0.4837

i - .
' Values arc means:SE of 4 groups of 5 pigs each
~ p-values are based on the student t-test

g

fat in pigs'’
Fatty acid Control Canola pﬁ B
 Cuo 0.99+0.02  0.96%0.02 0.2831
Ciao 19.76+0.21 18.7010.22 0.0032
Cia 2.07+0.05 1.74=0.07 0.0016
Ciso 13.12-0.3] 12.02 20.34 (0.0316
Cis: - 49.60-0.30 49.70-0.38 (.8770
Cira 13.75:0.53 15.03=0.30 0.0326
Cigs 0.65=0.03 1.82=0.05 0.000]

7 Values are meanstSE of 10 pigs and expressed as percentages of total fatry
acids determined.

-+

“ n-values are based on the student t-test.

indicate that substitution of canola oil for tallow does
not adversely influence growth or backfat thickness in
finishing pigs. Canola oil may be supplied with canola
seed more economically than with refined oil because
the canola o1l diet also containing 5% canola meal did
not adversely atfect growth or feed efficiency compared
to the control. In addition to canola oil, canola meal could
have also contributed to the n-3 fatty acid content in pork
aithough the amount might be insignificant because the
fat content in canola meal is less than 5% {(indicating fat
supplied by canola meal is less than 0.25% of the diet).

Busboom er al. reported that a diet containing 20%
canola seed did not show any deleterious effect on growth
or carcass compared with a control contamning no canola
seed in finishing pigs,m} Feeding pigs diets containing 5
or 10% canola oil increased growth rate and the concentration
of linoleic and a-linolenic acids while decreasing that
of arachidonic and docosadienoic acids in liver compared
o a diet without added fat.'” However, reduced fat firmness
has been reported in pigs fed diets containiﬁg high levels
of canola oil.™'*"”

Fatty acid profile 1n bacon (Table 4) showed that the
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n-3 fatty acid, a-linolenic acid in pigs fed dict contaming
5% cancla oil was approximately three times (P<0.01)
as much as that in pigs fed tallow. This decreased the
ratio of n-6:n-3 fatty acids in pigs fed canola oill compared
to the control (8 vs 21), indicating a significant improvement
in pork fatty acid composition for health benefit. Most
ideal ratio of these fatty acids have been known to be
4:1* or 2:1 - 11131’22}, but common American diets have
16.7 for the ratio.”” |

Dietary intake of n-3 fatty acid has been known to
help reduce the prevalence rate of cardiovascular disease
through preventing arthythmia, reducing serum tmacylglycerol
level and thrombosis, and improving epithelial tissue of
blood vessels.”” Deterioration of pork quality (flavor,
color, texture, and nutritive value) has been a concern
when pigs are fed diets containing high levels of canola
oil or unsaturated fatty acids. But supplementing diets
with high levels of vitamin E improved oxidative stability
of pork counteracting the effect of increased polyunsaturated
fatty acid contents in the pork.”™”” Our pig diet contained
100 mg vitamin E/kg in addiuon to that (37.5 mg/kg) in
the basal premix.

In the horse feeding mal, the average dailly weight gain,
daily feed intake, and feed efficiency for concentraies
excluding hay over the 5-month feeding period were not

Table §. Effect of dietary canola oil on daily weight gain and feed
efficiency during a 5-month feeding period in fattening horses”
DA

) Hem Control Canola p
Daily weight gain (kg} 059z 0.04  0.54= 0.04 0.3059
Daily feed intake (kg}

Concentrate 4.05= 0.12 4.14= 010 05647
Hay 3342 025 6.15= 037 Q0810
Weight gainflecd intake (kg/kg)

Concentrate 0.138:0.010 0.121=0.009 0O.1887
Hay 0.10720.005 0.083-0.006 00100

"' Values are meantSE of 16 horses. Initial and final body weight of control

. 3279187 g, respectively
- p-values are hased on the swudent 1-test,

Table 6. Effect of dietary canola o1l on fatty acid profile of longissimus
muscle fat in horses’’

2}

Fatty acid Control Canola p
Ciag 4.18=0.09 4.15=0.18 0.8684
Cien 21.18=0.43 31.13=0.39 .929%
Cis 7.35+0.29 7.01=0.28 0.3615
Cisg 4.44+0,16 4.65=0.18 0.3828
Cis 38.56+0.43 36.13=0.51 0.0010
Cigz 12.31+0.60 12.84=0.65 0.5518
Cigz 1.94=-03.28 4.0910.37 <(.0001

i
' Values are meanzSE of 16 horses.
&y
p-values are hased on the swdent t-tesi.

~different (P>0.05) between the two diet groups (Table 5).

Fatty acid profile in the longissimus muscle fat showed
that the n-3 fatty acid, a-linolenic acid in horses fed diet
containing 5% canola oil was approximately twice
{(P<0.01) as much as that in horses fed taliow (Table 6).
This decreased the ratio of n-6:n-3 fatty acids i horses
fed canola oil compared to the control (3 vs 6), indicating
improvement in meat fatty acitd profile for health benefit.
Interestingly, the percentage of n-3 fatty acid (a-linolenic
acid) is much higher in horse fat than in pig fat (1.94
vs .65 for the controls and 4.09 vs 1.82 for those fed
5% canola oil diets). This species difference in n-3 fatty
acid content suggests that meat from hay-fed horses is
a sigmficant source of n-3 fatty acid compared to pork
from grain-fed pigs. Grasses have been known to be a
good source of n-3 fatty acids, while seeds (e.g., cereal
grains) contain mainly the n-6 fatty acid linoleic acid.”

In conclusion, our study demonstrated that feeding diet

contamning 5% canola o1l may help produce pork or

horsemeat with more health benefit, increasing its a
-linolenic acid content without deleterious effects on
growth of amimals.

Literature Cited

1) Anitschkow NN. A history of experimentation on arterial
atherosclerosis in animals. In: Bleumenthal HT., ed. Cowdry's
Arteriosclerosis: A Survey of the Problem. 2nd ed. Charles
{. Thomas. Springfield, II., 1967

2y McGill HC. The relationship of dietary cholesterol te serum
cholesterol concentration and to atherosclerosis i man. Am
J Clin Nutr 32:2664-2702, 1979

3y Cheeke PR. Contemporary Issues in Animal Agriculture (3rd
ed.), pp.449, Pearson Prentice Hall. Upper Saddie River, NI,
USA, 2004 -

4y Hams WS. Wither -3 fany acids? J App Nuir 44:45-46,
1992

351 Myer RO, Lamkey JW, Walker WR, Brendemuhl JH, Combs
GE. Performance and carcass characteristics of swine when
fed diets containing canola oil and added copper to alter the
unsaturated:saturated ratio of pork fat. J Anim Sci 70:1417-
1423, 1992

6) Phetteplace HW, Watkins BA. Effect of various n-3 lipid
sources on fatty acid compositions in chicken tissues. J Food
Comps Anal 2:104-117, 1989

73 NRC. DesignUing Foods. Narional
Washington, DC, 1988

%) Matson FH, Grundy SM. Comparison of effects of dictary
saturated, monounsaturated and mlyunéatnrateé farty acids on

plasma lipids and lipoproteins in man. J Lipid Res 26:
194-202, 1985

Academy  Press,

IP:14.49.138.138, 2017-11-02 17:43:22



Increased n-3 Farey Aads in Nonmwmnants by feeding Canola Oi

9) Budowski P. ®w-3 Fatty acids in health and disease. World
Rev Nutr Diet 57:214-274, 1988

10) Weaver Bl, Holub Bl. Health eftects and metabolism of
dietary eicosapentaenoic acid. Progress in Food Nutr Sci
12:111-150, 1938

11) Kinsella JE, Lokesh B, Stone RA. Dietary ®-3 polyunsaturated
fatty acids and amelioration of cardiovascular disease: Possible
mechanism. Am J Clin Nutr 52:1-28, 1990

12) Nair SSD, Leitch J, Faiconer i, Garg ML.. Prevention of cardiac
arthythmia by dietary (w-3) polyunsaturated fatty acids and
their mechanism of action. J Nutr 127:383-393 19G7

13) Buckiey DJ, Morrisey PA, Gray J. Influence of dietary
vitamin E on the oxidative stability and quality of pig meat
J Anim Sci 73:3122-3130, 1965

14) Bligh EG, Dyer WIJ. A rapid method of total lipid extraction
and punificanon. Can J Biochem Phvsiol 37:911-817, 1959

15) AOCS (American Oi1l Chmeists’ Society). Official Methods
and Recommendced Practices of the American Oif Chemists’
Society, 4th edition, Champaign, IL, 1990

16) Busboom JR, Rule DC, Colin D, Heald T, Mazhar A. Growth,
carcass characteristics, and lipid composition of adipose tissue
and muscle of pigs ted canola. J Anim Sci 69:1101-1108,
1991

17) Soler-Velasquez MO, Bredemuhl JH, McDowell LR, Sheppard
KA, Johnson DD, Williams SN. Effects of supplemental vitomin
E and canola oil on tissue tocopherol and liver fatty acid profile
of finishing swine. J Anim Sci 76:110-117, 1998

18) St. John LC, Young CR, Knabe DA, Thompson LD, Schelling
GT, Grundy SM, Smith SB. Faity acid profiles and sensory
and carcass traits of tissues from steers and swine fed an
elevated monounsaturated fat diet. J Anim Sci 64:1441-1447,
1987

19) Miller MF, Shackciford SD, Hayden KD, Reagan JO.

203

21}

25}

26}

27

_85_

Determination of the alteration in fatty acid profiles, sensory
characteristics and carcass traits of swine fed elevated levels
of monounsaturated fats in the diet. J Anim Sci 68:1624-1631,
1990

Wood JD, Enser M. Factors influencing fatty acids in meat
and the rolc of antioxidants in improving pork quality. Br
J Nutr 78:549-860, 1697

Cowing BE, Saker KE. Polyunsaturated fatty acids and
epidermal growth factor receptor/mitogen-activated protein
kmase signaling in mammary cancer. J Nutr 131:1125-1128,
2001

Sitmopoulos AP. The Mediterrancan diets: What is so special
about the diet of Greece? The Scientific cvidence. J Nutr
131:306558-3073S, 2001

Hu FB, Willen WC. Optimal diets for prevention of coronary
heart disease. J Am Med Assoc 288:2569-2578, 2002
Cannon JE, Morgan JB, Schoudt GR, Delmore RJ, Sofos IN,
Smith GC, Withams SN. Vacuum-packed pre-cooked pork
from hogs fed supplemental vitamin E: Chemical, shelf life
and scnsory propertics. W Food Sci 60:1179-1182, 1995
Camnon IE, Morgan JB, Schmidt GR, Tatum JD, Sofos JN,
Smith GC, Delmore Rl, Williams SN. Growth and fresh meat
quality characteristics of pigs supplemented with vitamin E.
J Anim Sci 74:98-105, 1996

Dirinck P, Winne AD, Casyteels M, Frigg M. Studies on
vitamin E and meat quality. |. Effect of feeding high vitamin
E levels on time-rclated pork quality. J Agr Food Chem
44:65-68, 1996

Jensen €, Guidera J, Skovgaard IM, staun H, Skibsted LH,
Jensen SK, Moller AJ, Buckiey DJ, Bertelsen G. Effect of
dietary a-tocopherol deposition in porcine m. psoas major and
m. longissimus dorsi and on drip loss, color stability of
porkmeat. Meat Sci 45:491-500, 1997

IP:14.49.138.138, 2017-11-02 17:43:22



IP:14.49.138.138, 2017-11-02 17:43:22



Effects of very low carbohydrate (horsemeat- or beef-based) diets and
restricted feeding on weight gain, feed and energy efficiency, and
serum levels of cholesterol, triacylglvcerol, glucose, insulin and ketone

bodies in adult rats

Jae-Youn Kim', Young-Hoon Yang', Choong-Nam Kim', Chong-Eon Lee® and
Kyu-Il Kim'3
'Department of Animal Biotechnology, Cheju National University, and “National

Institute of Subtropical Agriculture, Jeju, Korea

Running Head: Rats fed a very low carbohydrate diet

| o B B e . BE
S A AACA = gag

éCorresponding author: Dr. K. I. Kim
Phone: 064-754-3335
Fax: 064-725-2403
Email: kikim@cheju.ac kr

....87....



Studies were carried out to determine the efféct of very low carbohydrate (low-
carb) diets and restricted feeding (70% ad lib intake) on weight gain, feed
efficiency and serum levels of cholesterol, triacylglycerol (TAG), glucose, ketone
bodies and insulin. Forty (mean initial weighttse, 251£1 g) and 30 rats (238+1 g)
were used for exp. 1 and 2, respectively, and they were divided into groups of 10
rats each. In exp. 1 two groups were assigned to a conventional diet (AIN-93G) or
low-carb diet containing 10% starch and 53% lvophilized ground horsemeat, and
one of the two groups had free access to diet (ad lib intake) and the other pair-fed
70% of the ad lib intake (restricted feeding). In exp. 2 each of the three groups
was assigned to a control (AIN-93G) or low-carb diets containing 10% starch and
33% beef or horsemeat, respectively. Rats were fed for 4 weeks or 26 days in exp.
1 and 2, with free access to water, respectively. Average daily body weight gain
was not different between the two diet groups in exp. 1, whereas was lower in rats
fed AIN-93G than in those fed low-carb diets in exp. 2. Rats under restricted
feeding gained about 30% of those allowed ad lib intake in either diet (exp. 1).
Feed intake was higher in rats fed AIN-93G than those fed low-carb diets (p<0.01)
in both exp. Energy intake was not different between the two dietary groups in
exp. 1, but was higher in rats fed low-carb diets than in those fed AIN-93G diet in
exp. 2. Feeding low-carb diet reduced (p<0.01) serum TAG compared with AIN-
93G diet and restricted feeding markedly reduced serum TAG, and also glucose
and insulin levels with an interaction (p<U.035) between diet and intake level In exp.
1. Serum total cholesterol level was reduced by low-carb diet and LDL
cholesterol level was increased by restricted feeding (exp. 1) or by low-carb diets
(exp. 2). Body composition was not affected by diets, but protein content was
increased with a concomitant decrease in fat content by restricted feeding. Serum
ketone body level was higher in rats fed low-carb diets than in those fed AIN-93G.
No ditferences m all the parameters determined were found between the
horsemeat- and beef-based diets (exp. 2). Results indicate that feeding low-carb
diets 1s beneficial for alleviating cafdiﬁvascular disease risk factors such as serum
TAG level and restricted feeding is more effective in reducing serum TAG level
than reducing carbohydrate in diets. Combination of both restricted feeding and

low-carb diets has an additive effect on reducing serum TAG.
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INTRODUCTION

Most mainstream nutrition scientists and scientific societies including American
Dietetic Association (1977) and American Heart Association (2003a,b) opposed the
Atkin’s low carbohydrate diets in “New Diet Evolution™ first published in 1992 (Atkins,
1992) and continued to recommend people to take more complex carbohydrates and less
fats because individuals who take low carbohydrate diets are at risk for compromised
vitamin and mineral intake, as well as potential cardiac, renal. bone, and liver
abnormalities overall (St. Jeor et al., 2001).

However, 1n recent years, a substantial number of papers have been published,
indicating that lowering the intake of carbohydrates with high glycemic index including
refined as well as whole grain favorably influences weight loss and cardiovascular
disease risk factors (see Brand-Miller, 2005). Brand Miller (2005) indicated that
normal concentrations of glycemia such as those encountered during a standard meal
have been shown to acutely decrease plasma antioxidant capacity, which reflects a
significant oxidative stress.

Supporters of low carbohydrate diets claim that the conventional low fat diet (with no
consideration of the nature of the starch) is not the ideal diet for most of the population
(Brand-Miller, 2005) and diets low in carbohydrate but high in protein increase
metabolic rate in adipose tissues without deleterious effects because of lack of available
glucose in the tissues, resulting in body weight loss (Atkins, 2002). Layman et al.
(20032,b) indicated that diets with a low ratio of carbohydrate to protein (a low
carbohydrate diet) had positive effects on body composition, blood lipid level, blood
glucose clearance, satiety and postprandial insulin response in women under welght
control. More recently Pelkman et al. (2004) reported that a moderaté-fat weight loss
diet improved the cardiovascular disease risk profile in overweight and obese human
subjects compared to a low-fat weight loss diet.  Most studies done on the effect of low

carbohydrate diets on risk factors of artherosclerosis were carried out with small number
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of patients and the findings are variable (Westman et al., 1999, 2002; Kennedy et al.,
2001; Hays et al., 2003).

The low carbohydrate, high prdtein, high fat diet (Atkins diet) has not been critically
examined and most human studies have not been conducted under controlled
environment but with freely moving individuals. A recent review paper indicated that
not sufficient data are available to date to accept or reject the use of low carbohydrate
diets (Bravata, 2003). We assessed the effect of horsemeat- or beef-based very low
carbohydrate diet (vs AIN-93G) or restricted feeding (vs ad lib intake) on weight gain,
body composition and serum levels of lipids, glucose, ketone bodies and insulin in adult
rats raised under controlled environments (diet, temperature, light, limited movement,

etc. ).

MATERIALS AND METHODS

1. Animals and diets
Forty (Exp. 1) or thirty (exp. 2) male Sprague Dawley rats (Dachan Biolink,
Eumsung, Korea) were individually housed in suspended wire cages in a room

maintained at 23°C with a 12-h light (0700 to 1900) and 12-h dark (1900 to 0700) cycle.

After 7-day adaptation to the experimental conditions, rats were blocked by weight and

divided into groups of 10 rats each. Mean initial weight+se was 251+1 and 238+1 g
for rats used in exp. 1 and 2, respectively. Inexp. 1 two groups were assigned to a
conventional diet (AIN-93G) or very low carbohydrate (low-carb) diet containing 10%
starch and 53% lyophilized ground horsemeat, and one of the two groups had free
access to diet (ad lib intake) and the other pair-fed 70% of the ad lib intake (restricted
feeding). In exp. 2 each of the three groups was assigned to a control (AIN-93G) or
low-carb diets containing 10% starch and 53% beef or horsemeat., and each group was
assigned to a conventional high carbohydrate diet (AIN-93G) or low-carb diets
containing 53% freeze-dried ground horsemeat or beef (Table 1) and fed diet for four
weeks (exp. 1) or 26 days (exp. 2). Animals had free access to water throughout the
experimental period. Feed consumption and body weight was recorded every two days

during feeding period. At the end of the feeding experiments, rats were killed after an
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overnight fasting and blood samples collected and centrifuged to collect sera.

2. Analysis of cholesterol, triacylglycerol, glucose, ketone bodies and insulin in

SErtmni

Total cholesterol, triacylglycerol (TAG) and glucose concentrations in serum were
determined using their respective assay kits (SICDIAL kits, Shin-Yang Chemical, Seoul,
Korea) and an autoanalyzer (TBA200FR, Toshiba, Tokyo, Japan). Total ketone body

was the sum of acetoacetate and B -hydroxybutyrate, the concentrations of which were

determined using a commercial assay kit (Kainos, Tokyo, Japan) and autoanalyzer
(JCA-BM1250, Jeol, Tokyo, Japan). Insulin concentration was determined using a

radioimmunoassay kit (Diagnostic Products Corp., Los Angeles, CA) and a y-counter
(COBRA II, Packard, Meridan, MD).

3. Proximate analysis of feed and carcass samples

Carcass including emptied GI tract, skin and hair was cut into small pieces and dned
in a air-forced drying oven at 80 C for 24 hours. Drned carcass was frozen in liquid
nitrogen and ground in a blender (model # 852-28, Sunbeam, Inc., Boca Raton, Flonda,
USA). 'Representa,tive samples were taken from the ground carcass and used for
proximate analysis. Crude protein, crude fat, crude fiber and ash contents in feed and
carcass weré analyzed using Kjeldahl (model # 1030, Foss Tecator, Hoganas, Sweden),

Soxtec (#2050), Fibertec (#1017) systeins and an electric muffle furnace (HY 8000,
Dae-Han, Inc., Seoul, Korea), respectively, on the basis of AOAC""

4, Statistical analysis

Data were subjected to two-way (exp.1) or one-way (exp. 2) ANOVA, and when

the differences are significant (P<0.05), Duncan’s multiple range test was used to

compare means of treatments (SAS, 1988).

RESULTS

Experiment 1. Average daily gain was not different between the two dietary
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treatments, whereas that found in rats fed 70% (based on the metabolic body size) ot ad
lib intake was less than a half (p<0.01) that obtained in rats having ad lib intake. Feed
efficiency was lower in rats fed AIN-93G than in those fed the low-carb diet, whereas
energy efficiency was the same. Both feed and energy efficiency were much lower
(p<0.01) in rats having restricted intake than in rats having free access to diet. (Table 2).

Body protein content was increased by restricted intake (p<<0.05) with a concomitant
decrease in body fat content (p<0.01), but the dietary regime did not influence the body
protein or fat content (Table 3). Body ash content was increased by restricted diet intake
(p<0.01) but not by dietary regime. ‘

Serum TAG level was influenced (p<0.01) by diet and much more by intake level
(Table 4). Feeding low-carb diet (vs AIN-93(Q) or restricted feeding (vs ad lib teeding)
reduced the serum TAG level to less than a half that found in their counterpart. Serum
cholesterol level was reduced by feeding low-carb diet (p<0.05), whereas it was not
influenced by restricted- feeding (p>0.05). Serum glucose and insulin levels were
influenced by diet and restricted feeding (p<0.05) with an interaction (p<0.05) between

diet and 1ntake level..

Experiment 2. Average daily gain was lower in the control than in rats fed beet- or

horsemeat-based diet (p<0.01) mainly due to the lower energy intake of in the control,
resulting in no differences in feed or energy efficiency between diets. Serum
concentrations of total cholesterol, HDL-cholesterol, glucose and insulin were not
different among diets (Table 6). LDL-cholesterol concentration in serum of the control
rats was lower (p<0.01), although non-HDL/HDL-cholesterol ratio was not different
(p>0.05). Serum concentration of TAG in rats fed low-carb diets was about 30% lower
than in those fed AIN-93G, although statistical significance in the difference was at the
border (p=0.06) due to large variations among individuals. Serum concentration of
ketone bodies in the beef- or horsemeat-based diet was twice as much as that in the

control.

DISCUSSION
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The popularity of very low carbohydrate (low-carb) diets has dramatically increased
in recent years despite warnings against their use by most professional organizations
because low-carb diets contradict low-fat diets (see the review by Freedman et al.,
2001). Low-carb diets may be defined <50 g/d or <10% of total energy intake (Volek
and Westman, 2002). Most low-carb studies in humans have been carried out in a free-
living condition and thus actual diets can vary dramatically among different subjects as
well as different studies. Our study was done to compare the effect of low-carb diet
and restricted teeding of diet (or energy) on various cardiovascular risk tactors with that
of a conventional high-carb diet (AIN 93G) and ad lib intake (exp. 1), respectively, and
also compare the effect of beef-based with horsemeat-based diet on those factors using
rats as a model animal fed well-defined diets in a controlled environment. The low-
carb diets used in the present study contained approximately 50% protein (including
that from casein), 23% fat and 10% starch and the former two sources provided more
than 90% of the daily energy intake. The diets supported good growth and health over
the feeding period.

As expected, restricted feeding (70% of the ad lib intake on a metabolic body size
basis) of either the control or the low-carb diet reduced (p<0.01) fat deposition with a
ceﬁcurrent Increase in protein and ash contents in the body, compared rats fed ad lib
(Table 3). Based on the data found in exp. 1, serum TAG level was reduced by feeding
the low-carb diet (157 vs 75 mg/100 mL) and further reduced by restricted feeding (157
vs 55 1n rats fed AIN-93G and 75 vs 36 in rats fed low-carb diet) (Table 4). In addition,
body fat content (39 vs 29%) and daily weight gain (6.1 vs 2.5 g) was markedly reduced
by restricted feeding, although they were similar in the two diet groups (Tables 3 and 2,
respectively).  Considering these three factors directly related to human health,
especially cardiovascular disease, moderate restriction of diet or energy intake is
considered more efficient way than dietary regime in preventing cardiovascular disease.

A majority of studies reported that serum total cholesterol levels remained unchanged
as compared to baseline values, whereas both HDL- and L.DL-cholesterol increased. and
IAG dramatically decreased by low-carb diets (See the review by Volek et al., 2005).
Low-fat or high-carb diets showed by and large opposite effects, respectively, with total
cholesterol levels reduced. Low-carb diets have been found to be more efficient for

weight control in obese patients (Samaha et al., 2003: Foster et al.., 2003). A high
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saturated fat-no starch diet fed patients with atherosclerotic cardiovascular disease

resulted in weight loss, and reduced body fat percentage and serum levels of glucose,
insulin and TAG after 6 weeks over a baseline, and further weight loss with a lipid-

necutral effect persisted for up to 52 weeks (Hays et al., 2003).

Similar to our findings, Volek et al. (2005) concluded, from reviewing over 30
published papers, that the most consistent and predictable lipid change with
consumption of low-carb diets 1s a reduction in TAG. Ina study done with overweight
men, Sharman et al. (2004) showed that a short-term hypoenergetic low-fat diet was
more effective at lowering serum LDL-cholesterol, but a low-carb diet was more
effective at improving characteristics of the metabolic syndrome — decrease in fasting
serum TAG, the TAG/HDL-cholesterol ratio, postprandial lipemia, serum glucose, and
increase in LDL particle size and weight loss.

Interestingly, fasting serum glucose level was increased by feeding low-carb diets
(significantly only in exp. 1, p<0.01), but decreased by restricted feeding, whereas
insulin level was decreased (p<0.01) by feeding .low-carb diets or restricted feeding
(only in exp. 1), when compared to the control (Table 3). The glucose level was
measured in serum samples taken after overnight fasting and should have been much
higher at a fed state in rats fed the AIN-93G containing 53% readily digestible
~carbohydrate. Diets with a high glycemic index, such as those used in the present
study, high in refined grains or sugars produce a rapid increase in postprandial blood
glucose levels and evoke an equally intensive response of insulin that leads to a
hypoglycemic period and in turn increased hunger (Cryer, 1999; Ludwig et al., 2000;
Roberts, 2000). This hypoglycemic effect occurs about 2 hours after a meal (Roberts.,
2000). '

As expected, fasting serum ketone body levels was more than doubled (p<0.01) with
low-carb diets, compared to the control. Because serum samples were taken 12 hours
after the last feeding, the serum ketone body levels may have been lower at a fed state
(Nelson et al., 2000). The ketone body levels in rats fed low-carb diet (367 or 340
umol/L for beef or horsemeat-based diet, respectively) appeared just above the normal
(about 200 umol/L ) and ketoacidosis was known to occur at above 7,000 pmol/L

(http://www.bellaonline.com/articles/art18495.asp).  Increased blood ketone body

levels may be concerning for unintended ketosis that can be in check by monitoring
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urtnary ketone body levels (Hays et al., 2003).

Urinary ketone body excretion was markedly higher in obese human subject fed a
low-carb, high-protein, high-fat diet (Atkins diet) than those fed a high-carb diet until
12 weeks after the initiation of feeding the trial diets, but the differences became
insignificant after 12 weeks (Foster et al., 2003). Increase in blood ketone body level
suppresses not only diet intake (Atkins, 2002), but also the efficiency of dietary energy
use and thus possibly results in reduction in weight gain. In addition to the increased
ketone body production, dietary lipid itself increases satiety by slowing down gastric
emptying (Sidery et al., 1994) and increasing blood free fatty acid levels that reduce
hunger (Ludwig et al., 1999). Sharman et al. (2002) indicated that feeding a ketogenic
(low-carb) diet favorably affected biomarkers for cardiovascular disease in normal-
weilght men, showing that the ketogenic diet decreased fasting serum TAG (-33%).
isulin (-34%), while increasing f3-hydroxybutyric acid (250%) after 6-week feeding,
compared to the baseline levels.

LLayman et al. (2003a,b) found that a diet with a low ratio of carbohydrate to protein
(low-carb diet) had positive effects on body composition, blood lipid level, blood
glucose clearance, satiety and postprandial insulin response in women under weight
control. More recently, Pelkman et al.(2004) reported that a moderate-fat weight loss
dilet (fat providing 33% of energy) improved the cardiovascular disease risk profile
(serum TAG level and total and non-HDL- to HDL-cholesterol ratio), compared to a
low-fat weight loss diet (fat providing 18% of energy) over a 6-week feeding period in
overweight and obese human subjects. Unfortunately, Pelkman et al. (2004) did not
include a high-fat diet group in their study, which could have shown a more pronounced
eftect on serum lipids. (Note that fat in low-carb diet used in the present study provided
46% energy.)

By contrast to our findings and the most published data, Axen et al. (2003) suggested
that in the absence of weight loss, a high fat, low-carb diet not only may be ineffective
in decreasing risk factors for cardiovascular disease and type 2 diabetes but may
promote the development of disease in previously lower risk, non-obese individuals.
They used 33% hydrogenated oil containing 17% trans fatty acids and 25% protein for
the low carbohydrate diet and powdered Purina 5001 for a control. Although some

differences exist among studies, our rat study along with most studies done with humans
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and animals suggests that feeding low-carb diets and more importantly restricting daily
energy 1ntake alleviate blood risk factors such as blood TAG level that has been known
to be an independent risk factor for cardiovascular disease (Assman et al., 1998; Austin
et al., 1998) and thus have healtﬁ benefits. Our data shed light on a recent debate
between Westman et al. and Krauss et al. (Westman et al., 2006) regarding whether low-
carb diets or weight control (or energy intake restriction) in humans i1s more effective in
reducing blood hipid risk factors. I

In our experimental setting, energy intake restriction was more cffective in reducing
serum TAG than lowering carbohydrate in diets, and combination of energy intake
restriction and feeding low-carb diets had an additive etfect on reducing serum TAG
levels.  We consider that energy intake restriction (70% of the ad lib intake) used 1n our
study was rather mild because rats in the intake-restricted grOup gained (none lost
weight) approximately one-third of rats having frée access to diets. Low-carb diets can
be prepared by substituting the protein, fat or both for readily digestible carbohydrate.
Based on findings of our work and many others,” we suggest to avoid readily digestible
carbohydrates including sugar and starch; to include more anmimal and plant proteins,

fruits and vegetables in diets; and to reduce total energy intake to remain diet-healthy.
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Table 1. Composition of diets (exp. 1 and 2)

-_— -
Ingredient Control (AIN-93G)l Low carb
Casein (vit-freg) | 20 20
L-Cysteine 0.3 0.3
Corn starch 39.8 10.0
Dextrin 13.2 -
Sucrose 10 -
Soybean oil 7 7
Horsemeat or beef’ . 53.0
Powdered cellulose 5 5
Vitamin mix" 1.0 1.0
Mineral mix” 3.5 3.5
Choline bitartrate 0.25 0.25
t-Butylhydroquinone 0.0015 0.0015
Total | 100 100

TAIN 93 mix (AIN, 1993), Hanllive, Yeo-Joo, Korea

“Lowcarbohydrate diet.

*Horsemeat and beef were prepared with loin eye purchased from meat market, ground
and lyophylized. Analyzed composition of horsemeat and beef was 60.0 and 58.1, 31.1
and 34.6, 5.7 and 4.3, and 0.65 and 1.60% for crude protein, ether extract, ash and

moisture, respectively.
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Table 2. Effect of feeding a very low carbohydrate (horsemeat-based) diet and restricted

feeding on average daily gain, feed and energy efficiency in adult rats' — exp. 1

AIN-93G [.ow Carb P value

Item Ad lib 70% Ad ib®  Ad lib 70% Ad lib Diet  Intake’ E;t ’
Initial body wt, g 23942 3 239422 238+2.2 237+2.1

Final body wt, g 410+5.9 308+3.9 409+9.9 312+£5.2

Average daily gain,” g 6.1£0.2° 2.5+0.1° 6.1+0.3° 2.74+0.1° 0.6778 <.0001 0.6778
Average daily feed intake,* g 22.8+0.4°  14.9+0.2° 17.3+0.5°  12.0£03% <0001 <.0001 0.0018
Daily energy intake,' keal ~ 84.7+1.5*  55.340.9° 83.7+2.6°  57.8+1.4°  0.6645 <.0001 0.2976
Gain/Feed,” g/g 0.27+0.0°  0.17+0.0° 0.35+0.0°  0.22+0.0° <.0001 <.0001 0.0980
Gain/energy intake” g/kcal  0.07240.0060.045+0.002°  0.073+0.002%0.046+0.002"0.6415 <.0001 0.9175

Values are means £SE of 10 rats.

‘Rats were pair-fed at 70% lavel of intake (calculated on the basis of metabolic body

: 75
size, g”

31 evel of intake.

"Means in the same row not sharing the same superscript letters differ (P<0.05).

9 and 4 kcal/g, respectively.

) of their counterparts fed ad lib.

Interaction between diet x Intake level.
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Table 3. Ettect of feeding a very low carbohydrate (horsemeat-based) diet and restricted

feeding on body composition' — exp. 1

AIN-93G Low Carb P-value
[tem Ad lib 70% Ad lib Ad lib 70% Ad lib Diet Intake Diet x Int

Crude protein® 47.3+2.18%° 54.8+3.23 49.2+1.86°56.8+1.74%0.40740.0025 0.9966
Crude fat®  39.4+2.07®° 29.5£2.70° 38.3+1.39%29.0+1.35" 0.6985<.0001 0.8972

Crude ash®  9.8+0.52°  11.7+0.73%°9.0+0.58%° 11.320.46% 0.35090.0013 0.8645

m
Values are means +=SE of 10 rats.

“Rats were pair-fed at 70% level of intake (calculated on the basis of metabolic body

0.73

size, g ) of their counterparts fed ad lib.

’Means in the same row not sharing the same superscript letters differ (P<0.05).
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Table 4. Effect of feeding a very low carbohydrate (horsemeat-based) diet and restricted
feeding on serum levels of cholesterol, triacylglycerol. glucose, insulin and ketone

bodies in adult rats' — exp. 1

AIN-93G Low Carb P-value

[tem Adlib  70%Adlib> Adlib  70%Adlib  Diet Intake’ Diet x Int®

Total cholesterol,’ mg/100mL  91+5.7°  90+3.17  74+3.9°  85433® 0.0101  0.2548 0.1559
HDL cholesterol,'mg/100mL  57+3.3°  55+£2.8"  46+2.6° 52+41.8%® 0.0170 0.4563 0.1521
LDL cholesterol,” mg/100mL  9+0.6° 18+0.9° 1240.7°  18+1.2*  0.1656 <.0001 0.2893

Non-HDL/HDI. 0.605+0.03 0.650+0.03 0.605+0.02 0.622+£0.22 0.6711  0.1792 0.4977
Triacylglycerol,” mg/100mL  157+21.3% 55+6.1°  75£5.6°  36+3.3°  0.0001 <0001 0.0093
Glucose,® mg/100mlL 123+2.6"  113£2.1°  138+2.4% 118+2.5% 0.0002 <.0001 0.0437
Insulin, p IU/mL 3.1£0.4%  1.4£0.1°  1.5202° 1.3+0.1°> 0.0008 0.0002 0.0026

Values are means :‘:;-E of 10 rats.

“Rats were pair-fed at 70% level of intake (calculated on the basis of metabolic body

.75

size, g7} of their counterparts fed ad lib.

‘Level of intake
Interation between diets x Intake level.

>Means in the same row not sharing the same superscript letters differ (P<0.05).
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Table 5. Effect of feeding very high-protein diets (horsemeat- or beef- based) on

average daily gain, feed intake and feed and energy efficiency in adult rats’ —exp. 2

Item Control’ Beef Horsemeat” P-value
Initial body weight, g 250.9+7.0  251.0+42 251.1%4.2

Final body weight, g 350.1£21.0 367.9+14.9 376.4£16.9

Average daily gain,’ g 3.8+0.6" 4.5+0.6° 4.8+0.6° 0.0026
Daily feed intake,” g 19.8+1.4° 15.93+9.3° 16.61+0.89° <.0001
Daily energy intake,’ kcal 70.8+1.7° 76.9+1.3*  80.2+1.4°  0.0004
Gain/Feed, g/g 0.15+0.22 0.17=0.27 0.17£0.25  0.9758
Gain/energy intake, g/kcal 0.054+0.02 0.059+0.02 0.060+0.02 0.9669

———————
Values are means =8E of 10 rats.

*AIN-93G containing 63% carbohydrate.

°Low carbohydrate containing 10% carbohydrate and 53% lyophilized ground beef.
"Low-carbohydrate containing 10% carbohydrate and 53% lyophilized ground
horsemeat.

"Means in the same row not sharing the same superscript letters differ (P<0.05).
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Table 6. Effect of feeding a very low carbohydrate (horsemeat-based) diet on serum

cholesterol, triacylglycerol, glucose, insulin and ketone body levels in adult rats' — exp.

2
ltem Control” Beef’ Horsemeat” P-value
Total cholesterol,” mg/100mL 104.80+35.5 118.30+3.1 118.30+6. l 0.1256
HDL cholesterol,’mg/100ml. 63.06+3.5 69.18+2.4 66.42+2 .6 0.3342
LDL cholesterol,” mg/100mL 15.80+1.0° 23.50+0.8°  26.50+2.3° 0.0001
non-HDL/HDL 0.665+0.02 0.716+0.03  0.764+0.04 0.0832
Triacylglycerol, mg/100mL 111.4049.6*°  77.30£9.0°  79.50+13.4°  0.0615
Glucose, mg/100mL 154.90+3.3 170.60+6.4  167.70+5.5 0.0979
Insulin,” p IU/mL 9.04+0.8 9.99+1.3 8.55+0.8 0.6075
Total ketone body,” 1 mol/L 141.00+27.5°  367.50+17.5* 340.10+£32.1° <.0001

S-Hydroxy Butyric Acid® u mol/L 105.10+8.2°  301.40+£5.7*° 270.30+10.4® <.0001

Acetoacetic Acid® 1 mol/LL 35.90+21.2° 67.00x12.2° 62“80::25.?2‘EL 0.0278

Values are means +8E of 10 rats.

AIN-93G containing 63% carbohydrate.

Low carbohydrate containing 10% carbohydrate and 53% lyophilized ground beef.
| %Low—carbahydrate containing 10% carbohydrate and 53% lyophilized ground

horsemeat.

"Means in the same row not sharing the same superscript letters differ (P<0.05
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