K OAS ISSN (Print) : 2466-2402
J ISSN (Online) : 2466-2410

Change of performance, serum metabolite, and carcass
characteristics on high energy diet of Hanwoo steers

Sun Sik Jang, Seung Hak Yang, Eun Mi Lee, Dong Hun Kang, Bo Hye Park, Hye Jae Kim, Eung Gi
Kwon, Ki Yong Chung*

Hanwoo Research Institute, National Institute of Animal Science, RDA, Pyeongchang 25340, Korea

*Corresponding author: cky95@korea.kr

Abstract

The aim of this experiment was to determine the effect of a high-energy diet on the level of serum
metabolites and on carcass characteristics of Hanwoo steers. High energy diets have been used
for enhancing intramuscular adipose tissue in high quality beef cattle. However, there is not much
information about the physiological reactions to this diet. We hypothesized that a high energy diet
would increase blood metabolites and the meat quality of Hanwoo steers during the early and
@ final fattening periods. A 2 x 2 factorial arrangement (High, Control, and Early, Final) in a
completely randomized design was used to feed 24 Hanwoo steers. Two steers were kept in the
CrossMark .
clck for updates same pen and 12 pens were used for the experiment. Blood was drawn from each steer on the
first week of every other month from 11 to 28 months. Overall Average Daily Gain (ADG) and feed
efficiency were not different between high energy and control diets (p > 0.05). However, Dry
&8 OPEN ACCESS Matter Intake (DMI greater with the control diet than DMI with the high energy diet during the final
fattening period (p < 0.05). Serum non-esterified fatty acid (NEFA) concentrations were greater in
Citation: Jang SS, Yang SH, Lee EM, KangDH,  the control diet group than in the high energy diet group during the final fattening period (p <
Park BH, Kim H, Kwon EG, Chung KY.' 2016. 0.05). However, serum albumin, glucose, total protein, triglyceride, and phosphorus were greater
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carcass characteristics on high energy diet of  IN the high energy group than those of the control group (p < 0.05). Carcass traits or
Hanwoo steers. Korean Joumal of Agricultural  physico-chemical characteristics were not different between high energy diet treatment and the
Science 43:810-817. control. These data indicated that a high energy diet (+ 3% TDN) increased serum triglyceride
during early fattening periods and decreased non-esterified fatty acids during final fattening
periods in Hanwoo steers.
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T A] = g 5ltH(Crouse et al., 1989). AP Ao oot FA W TR S| A2 H]8-2-2] Alm, A7, 2 &5
w2t S 9] Foh(Chung et al., 2006; Chung et al., 2007). ©] G0l A 1 o 2] AbRE Folgh H] S Qo4 2
WAl EA Uil T3t Estd®o] woA A SHARYE T3t Eobdtial B syt &4 HZJ
AR Atz 717 woARt Hl5-9-9] A% x5 Foi et Bl&-9-ofl vlsf 285 sh=tl glucose®] &
7} =7 dehdths 1 17} 1Tk Smith et al., 2009). ERF 11 o 2] Abg 7 ZU A S 01 ths 7] 2 o] 3 /ﬂb
o 2z 22 0]-83t in vitro A A HALE] =], SR £2]0] AL o[ 2] Atz o]l Bol ot glucose
£ o202 ALgol= Zlof H]5)| o stA R 222 acetate 2] S-&- & 7} =THL LFEFSTH(Smith and Crouse 1984).
Al AR T o] A et 0‘34 SF¢- At oM = ZHAE = 7HHg ARt ZRA| 22 o] A2 7173 FYF
& tiAtef] et A7 ] HA QLA EA U0 FEEE ol 85te] Bl -0 SRR H S e] A
£ H 11513 ch(Smith et al., 2009). £5] @5 HIEFTIALEDO] 79 H]-8-¢-2 %%%TZM ES AT B
2131 (Montgomery et al., 2004; Gorocica-Buenfil et al., 2007), ©]°]] g+ A 2] 2] 2H-8-7]74-2 v]etql A9t D7} Ui 2|5
S A= AAES] BS1E dAsto 2N ZHANEE HAaAlZIth= Zlo] YA QIth(Torii et al., 1996; Hida
1998). AA[RE-E 0] 8-t Aol A= AL AU A] AkmE Folet Fell M w8719 Hla217] B Cholesterol, Triglyceride,
2|31 1IGF-19] ‘57t 7 YeRdths B/} 9lal(Kwon et al., 2005), I o[U 2] Abago] A 7H7 )50 o2 el =]
= gamma glutamyltransferase (7 -GT)<} aspartate aminotransferase (AST) 9] ‘5 =7F AA-F-5-0f| whata] xte]7} dok
© A7 ASATH(Kim etal., 2012). SFARE AARE-E o] 8-t ASA Aol M= et 712to] W] 2] 2] ekgtet. Tt
Aol ofsto] A4 E5] ZUHRARY T e Waol e S5kl el /lofA AL o | A] ApeFo] E A
w0 EAG A A= G AR ATE BA &k ol Aol A= AL oA AfeFo] AAIREe-9] A1zt
T E @5 d =R, AlE, AL, ARRAL F91, 2l EA A nlA = S dotE

=

Materials and Methods
SAS=
B AL 2011E SR AAIRES- 247117195 NAAIS 278 £ 40 kg) S FAISHA L, A DT vl 2= AFFE (2L

oflui7), Qubate SHel o] Hix|sto] Sashalct. HePE e R LRIl A G AU A4 A

2|72 AN ZH2F A B AISHAAL ol 274 12992 o5t

*1’5.3%% T E A vpee] F5 PAIA 2 ARSSt A AR 19 Fo ™ (Table 1) 22](08:00,
16:00) 75 Histo] FE5HA] Qb= Zﬂ* st T, ZAFRE Z-oA4] Sttt B B2 g A Fe 2 gl

5 oFint A oy 2] Atme GRbARR 9} H| 5] TDNZES oF 3% S71A1A 5 o15H A Hk(Table 2) AdE A
ZAAMIRE-o] B3] o HS57]78A] sitet vl alste] 3% FAIX] TDN Wi AtES oSt Alde]
ol &t AtRE AlHEE A4S IS8 Bl AR AU A ol AabE WA S o8-Sl *l HAtE ] AN
A2 Z7o] Al 2(2.0 kgyE 53] AOAC W ol F5}o] 2415k0] Table 201 LFEFU ST

O

Table 1. Feeding management of experimental animals according to their fattening periods.

Feeding management
Early fattening (11 - 18) Final fattening (19 - 30)
Quantity of concentrate feed (BW, %) 16 - 1.8 1.9 - ad libitum
Quantity of forage feed (Rice straw) ad libitum

Feeding period (months)
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Table 2. Chemical composition of diets used in this experiment (DM basis, %).

Concentrate Energy

ltems Early fattening Late fattening Hay Rice straw
CONT HIGH CONT HIGH
DM 87.79 87.94 87.43 87.57 90.13 91.43
CP 13.00 13.39 12.38 12.75 15.87 4.39
EE 3.74 4.57 4.11 5.04 2.78 2.36
CA 9.04 8.62 7.51 7.09 7.15 13.07
NDF 27.61 26.85 25.34 26.63 76.29 70.21
ADF 10.84 10.35 10.12 8.82 40.15 38.13
TDN 71.00 73.13 74.00 76.22 53.00 44.00

CONT: Control diet, sHIGH : High energy diet, DM: Dry matter, CP: Crude protein, EE: Ether extract, CA: Crude ash, NDF:
Neutral detergent fiber, ADF: Acid detergent fiber, TDN: Total digestible nutrients.

AFx2A R AE AN LTEH T A7 g He-A74 A SAF Wl A3 -3 71(CAS Korea, Newton
HT-501A)% Vi A o=, @4 Atago] ol 46t @A F = A% S48 s Adstdd. 495
A2 ol AT 58] S8 AT AE AR 4= o] okt Al F S 2 Atm Fo] AR

HHLE &M
A5 A2 AAZRALFE A AFT=L7HA] v AL A F=of] Mol A serum vacutainer (BD Vacutainer

serum REF 367820, USA)& ©]-§-5}to] F 10 mL & & 2 F 5t 3,000 rpmell A 15827 Y4lEe] shalck. 229 @
AL -70°Co A A A 742 W5 H k51t €4 U albumin (ALB), glucose (GLU), triglyceride (TG), total protein
(TP), & non-esterified fatty acid (NEFA)& = A 3}5} 2H5-E-4] 7] (Hitachi 7020 automatic analyzer, Japan)E ©|-&
sto] 4okt % ALB] -5+ Bromocresol green (BCG) 82H-8-0 2 A7 F ALBO| BCGS 2 go}
o] A& bt o] M 0] 3 & S75to] ALBL] FXE oFth @%F GLUY| F o] 5742 Al =0f ATP
£ Z2A17|H A& 7121 glucose hexokinase (HK)Ol 23]l glucose-6-phosphate™} ADP7} ST}, glucose-6-phosphate=
AD 530} glucose-6-phosphate dehydrogenase®l] 2]l 6-phosphogluconate©] =™, ‘54| NADS} NADH=Z 2}
U} o] NADHO| S35 5 S 5te] GLUY] F = o3It @F TGS 5 == lipoprotein lipase (LPL)2] 2H-&-
ol 2J5f| glycerol ¥} Z|54E 0 2 7h=Ra] Hrt, A H glycerolS ATPL] A 5o glycerol kinase (GK) 2] 2t-g-of| 2]
3| glycerol-3-phosphate”} FIT}F. E3F glycerol-3-phosphate oxidase (GPO)®l| 25l #HitalsAE TSt dHitska
A= peroxidase = S]] 4-amino-antipyrine} n-sulfobutyl-m-toluidine (ESBmT)& A8} Z3EA| A Z2FAH o] A 4
£ ARttt o] AAA 0] S5 5750 TGO T & 63Ut @5 TP 5= Al &0 biuretA| 2Fa 2184
7| A 5Z5o] T2 5 o] 21 29-& g /doto] HAMS el o] A 0] SFEE S ote] TPY] 5L &
519t @5 1P+ molybdate} 2 51| phosphomolybdic acid © 2 %] 1 THA] 5-4F-P-methylaminophenol ©f| ]3]
2H =] o] molybdenum blue2 T}, o] M| TF L5 S5t PO 5 E L5t E5 NEFAE = CoA%t
ATPO| 2]3]] acyl-CoA synthetase (ACS)2] 2}-8-© 2 acyl-CoA”} Ht}. acyl-CoA+= acyl-CoA oxidasel] 2] 415}z
o] TatatA 7 AT, dHAESk= A= peroxidase 2] £ S| 4-amino-antipyrinet DSBmTE AFa} 53HA] 7
A2} o] A2 AP Ag Rt o] A AP 0] S 5 S45H0] NEFAS| 5k & 53T

Z
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S| ZA}

TEAZARE AFAIR O] TR SAISS i B A S0l A EE53ES, 0°COllA] 18 - 24417 B9
AE ArAR & SFHA RN AT, SAETA, Mg 2) T -S40 @ A(ZWNAE, S4, 24, 224
T s s & EASERA7E oAt SAtEs 3 AP Bt 4 EA41S SR e A A =
+ 55 5 9t S 13 55 A0 3 - 4 g& Fste] A d Aol Btstginh SARAE R A mE
A H W T2 % A 13 5] SAFIHA| 12814 559 ST AtelollA AR RS AF sk 7RAE
2 YPIHI0 - 5°C)F FAAA AR R o2, A9 8, 22} 2 dS 74 51310 H(AOAC,
1995), S48 1-5-2 Artsto] 37| S0 30+ 7@5 -ZA|Z1 5 Chromameter (CR301, Minolta Co., Germany)2 & x(CIE
L), AM % (CIE a), &% (CIE b)E CIE (Commision Internationale de Leclairage) 4122 35HE- ZA]oto] Hatgho 2 ALt
SHZATE. Folch et al. (1957)2] B © 2 methanol:chloroform (1:2,v/v) 2.2 AJ-S $E6151 20 714=-E5ll= Morrison2t
Smith (1964)2] ®H © & FASIITh A2 A RE 2 em T2 GASHA ddsto] FAE 451 80°C
FZo A A w2271 70C 2 wi7iA] 7HE S v AWA SZIAA g FAIE WE-& (%)= ST

SA 22|
B Ao A Hof7 BE AJXE-2 SAS(Statistical Analysis System software version 9.2)5 ©]-&5}0] £H4 <] o]Hj
%] Mixed model(PROC MIXED) 24 & AF7A 2] 3214 (p < 0.05)& ASsHct

Results and Discussion

AN Al AF 2 dFSAFe] Mk Table 3of| Get et 2+ A2l HAAF-2 247} 278.
2773 kg, F& A A% A FERZ 2127} 665.9 H 647.5 kg O 2 A 2] F7H 722 2l 2fo|= Qigie}. Tk 1A

A vl wet Aa} A2 7 82 742E0.843 U 0.840.0.2 2ol 7} 19l 2t A P 2 W82 7] 9ob H] %57 o]
SAZFE AL E sl A}E‘LT}O% A oAl Aol UrE}UrZ] oteh AEAHTEL A7 7,782

0] 12t S W W4T ] 7171 0,84 210,21 2 VIR E Fofat Al @R B 227} veh) T
A28 DAA 41702 5 ekt SAG A ek esieh,olalat ol 79
AR FeAR AT ABTAE SIS WSk AT G312 B AR ARaT e

Hhte] HlelA] =21 02 Fhashs A o] At ATl oot AlgHFolet A-f-Fol & v et 39 ghe-o
dFFAZo] HlSx7]oll= AfFolE T AAT-IA =A Yef A ek vl 537 ofl = AlgHg o] AXghe7t =4
ettt B 1 E]o] §ltk(Kwon et al., 2005). & A 9] 79l Bl§77] o] dF5A=Fo] A Yetstal, vl-&-%7
2 7FAA rasteled ol AP Aot fAR AiE UERh wheta] AAER-2] Bl &7 7t 4270l
dFSAFo] =1 G972 445 g SAFo] fashe E4S detyon] 2 AtoAE I oyA] Ateg
ofof w2 o] oAl Afol= Y bA] ghgtet. EAFH &2 74 S 70l 2L ol | 2] AtmgoftellA] <]
A0 2 4okt ol = A Ate] Autet 22 73S LR QT Kwon etal. (2005)0] 2J5HH AA|gH-2] 749
H|§2 717} Aol A9(20 - 24709 9) 9] 2450l Aol el A WA vrehdar Alghgol ol A=A v
Efged] o) HISS 7] B9 QYA T HE0H] Yot A o2 Fof=Fo] S7kote vhgo| Atk Alm Hct.

AN A e S d A 9] 2] HEH= Table 401 YFERA T, 2} A 2] 28 U 4|9 HSHE B A 7fA| 2]
A, AL, AR, 912 2717 = UHS’J ATt v wste] F7HE st o A E R Afol= LERER] oFok

— =

o}, o] 3% TDNZHE 31 3 oA Foldh Al 77t AT vl87] ok 450} A9 stel = =7 3
g2 w2 7) OF 2 o 4 Qi
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Table 3. Growth performance and feed intake of Hanwoo steers depending on month of feeding.

) Diets

Carcass traits CONT HIGH p-value
Initial BW (kg) 27820 + 42.7 277.30 + 23.7 0.3613
Final BW (kg) 663.42 + 10.6 640.80 + 21.9 0.3373
ADG

Early 1.01 + 0.03 1.05 £ 0.04 0.9934

Late 0.73 + 0.03 0.62 + 0.05 0.7190
DMI

Early 7.78 £ 0.07 7.78 + 0.07 0.8930

Late 9.84 + 0.08a 9.21 £ 0.12b 0.0102
FIG

Early 7.79 £ 0.22 754 £ 0.29 0.8934

Late 13.81 + 0.61 15.70 + 1.22 0.6043

CONT: control diet, HIGH: high energy diet, BW: body weight, ADG: average daily gain, DMI: dry matter intake,
F/G: feed to gain of body weight.
Different letters within the same row are significantly different (p < 0.05).

Table 4. Body size of Hanwoo steers depending on the high energy or control diet.

i Body size
ems Body length Wither height Height at hip cross Heart girth
CONT 12 mo 135.6 + 3.8° 116.3 = 4.7 119.1 £ 43 1558 + 9.3
24 mo 160.2 + 4.8 1348 + 41 137.3 + 34 2223 £ 42
HIGH 12 mo 128.2 + 6.0 1150 + 34 1184 + 3.1 1549 + 55
24 mo 1576 £ 8.7 1366 £ 5.1 1371 £ 43 218.0 £ 11.8

CONT: control diet, HIGH: high energy diet.
*Means + standard deviation.

BF GLUS sl HIS-57] 2071 B 2870 D AL oA 2] Foltoll A w7l Hebt s, @5 CHO2 2071 2%
HF Aol of] vl A7 o 2] Ak ool A W2 2] 7F e THp < 0.05). 8% NEFAS] Fk+ H]
o] olA4E F7ote Aol Uehstal 267H €= olli= 2r ol U A7t = A reR I THp < 0.05), 8734
TG, GLU, CHO ¥ NEFA 9] -5 k= A 2] tof whet §lo| 7} =7 Uetgeh. 122 95 A2 o] A
oA AtmgFro] o] Zfo] 7t H-2 vl 7] 9} vl 53 7] 9] 7|7 A1 v W oF S th(Table 5). & i 2] A
A2 HS7IE ALR AU A7) whE oA Q1 ZFo|7F LA, €5 ALB, TG, TP, CHOS ol A=
1203k Absof|u] 2] o] A o A I 2] g o] LrERETh AAH-2] DB v w et A} 31 o] 2] Fo] Al
o| 4] GLU, CHO, GPT, @ GOT] &7} =4 Yt 1(p < 0.05), IP= -2 7 3Fo] ey th(p > 0.05). HHA H]-S
Zroll kA= TG, IP, GOTE] 57} S A 7] of| A =] Yebstal, NEFAS GPTE] 5= HlS- 7o =4 U
HTHp <0.05). TSI AR HEF AR A A FERE 49410 Zfo] 7 UpehtA] gk Al o = Hot dF A
FEAE0] AR oY A)7tel F o QIZtebA| JFS = A0 = UET ol @5t g8 =4
| A= b -2 S A Q) Faks ol A vk A2 o 4= AT A Aol ot FAIgE Fol & o AAS-
18- 7] o] 2 eAte]] Tofshe o HARE A Q] CHO ¥ TG w27t =7 Uehd 1, H]8-57| 2 242 Z}o]
LFERLER] QFFTHKwon et al., 2005). 2 Aol A TGO] 57 B8 7 7] oA 7 vehtl B] 8572 Zh4
5 ol A 0 & e A Aot -FARE AaHE 7R gkt SEARE CHO Q| 73-9- HIS-A] 7] of| A= 2ol 7} gLt
2oy 2] Foftoll A =] e AR Kol 7|13 Rt AR o] BikE Ho| =t AS 4 4 3%

ek

Job 2
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3 At AR ATANME e AlReldA] AHFo] solda5 @5 CHOL I7IRital Hilsts]
(Arave etal., 1975). T iatel A A gl G MRl = B TP ALBO| 734 5 US| BS54
A o 2] ol A Aastal vl 7 oflE Rt 2 1 o | 7] ol A F71E SHA| H=w] ol 44871 2
dAE 712 g5 S7etthe At A aTollA daE Q7oA A olu 2] Ata g7t 2
ARtk Aot fAbet Axkaka 3 4= 9Jth(Kwon et al., 2005). E% BUNC] 49 Ab= g 7tof|+
UHA] RokAeE B85 7 of A =7 LrERLH= A aFo] 991EHp > 0.05). Huntington et al.(1996)2 BiHAL = &

Folda5 €% BUNS olittal Hustglong 2 Avtet fARE AvkE Uehlintal & £ oot 8%
9 Tk U572 7HHA =7t AR S71sks s SR Aol oJshd ARk elE 2
NEFAS] &7t S716HA] ¢b= Rhde] dubQl Jol8 & 7% NEFAS] &7t S7RRital Hil s
(Ellenberger etal., 1989). 0] A-to] ©]51H 430 kgoll Al 510 kg7hA] €] 717bollg 242 5holi=t] o) ¢h-¢-0] Hj&-3
7ol sgshe 7I3te 2 S7hE0] A2 eotet. 2 Aol SJshH 5 NEFAQ| S71&0] A LEh o] o=
9 31%717P°1] Hlsto] Q=307 9B o2 A7 dehtE 2 o7l w52 XS4 QI NEFAS] S7H8 7FA 2Tl &
7 ek B9 7]o A TG F =7t A4sHH A NEFAS] 7t S715he A2 HI§57| 2 a5 7F 220 A1y
waa-go] ol dofutal ek Z4& HEAL Q1AL ol U] AgEolA AgatE Saste] 2uieh 23t
A 2] Adol gdrs] o] Fof 2= Aol 4 4= 3l

£

NEFA
T

E

Table 5. Serum compositions of Hanwoo steers depending on the high energy or control diet.
Fattening time

Items Early (12 - 19 mo) Final (20 - 29 mo) el

CONT HIGH CONT HIGH SE Time  Diet  TxD
ALB 3.68a 3.44b 341b 3.51ab 007 01616 03344 00180
GLU 69.10 75.35 67.63 75.36 262 07732 00064 07715
TG 21.69ab 23.23b 21.17b 18.00c 121 00149 04883  0.0456
TP 7.07a 6.81b 6.75b 7.15a 014 09774 05867  0.0160
IP 8.50 8.76 7.11 7.59 020 00001 00590 05761
NEFA 175.06 162.90 329.93 329.52 131 00001 06222  0.6452
CHO 243.81a 203.72b 233.33a 227.70 822 03955 00044 0.0310
BUN 16.81 17.11 18.57 22.01 194 00762 03191  0.4028
GOT 92.13 105.15 121.13 124.46 571 00001 01395  0.3801
GPT 26.06 2357 22.82 21.46 055 00001 00004 0.2870

CONT: control diet, HIGH: high energy diet, ALB: albumin (g/dl), GLU: glucose (ug/dl), TG: triglyceride (mg/dl), TP: total protein
(g/dl), IP: phosphorous (mg/dl), NEFA: non-esterified fatty acid (uEg/L), CHO: cholestrol (mg/dl), BUN: bovine urea nitrogen
(mg/dI), GOT: glutamic oxaloacetic transaminase (U/dl), GPT: glutamyl transpeptidase (U/dl)

Different letters in the same row differ significantly (p < 0.05).

7AIRE - A= A A o o] ofeha] 24 9] Zfol = 242} Table 63} 7o WERH Sitt. 2 A= - = 4] 24
g4 3} ol oeta] EA ol M= RO A Q1 Zpol7F LHERA] ¢k TH(p > 0.05). S3-& Aot SAHTHAT AT
A I oA 2] g7 A A o w1 SAFAE W Aol e £994 Atol= /lSIEk(p > 0.05). A
e QA A 2|70 o A Q) Aol = UEA] ookt S A = 9] offeba] EH o)l Af= s of| A A2 713F Zpo] 7}
UFERA] QERX AL A1 e A2 Rt o] 2 Q1 Afol 7t uehubA] efoktt. AR A toll mb2 Algs ARl A
£ T AT A oy A] Azl ZHAR L7t A bt 8ol SL=tl(Smith et al., 2009) 2 A7l A= 2
WA & Rk opy 2t thE A/ 2 o] Abm o] o | x]7kee] 2 B sttt

ol 2
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Table 6. Carcass characteristics of Hanwoo steers depending on the high energy or control diet.

Carcass fraits Diets p-value
CONT HIGH
Back fat thickness (mm) 1458 + 1.29 12.60 + 1.36 0.3051
Rib eye area (cm?) 81.58 + 1.93 83.70 + 2.14 0.4709
Carcass weight (kg) 42083 + 5.23 438.90 + 5.36 0.4640
Dressing percentage 62.80 + 0.85 64.60 + 1.20 0.2242
Marbling score 475 + 0.54 460 + 0.81 0.8750
Meat color 475 + 013 5.00 £ 0.21 0.3087
Fat color 267 £ 0.14 2.60 £ 0.16 0.7603
Texture 125 + 0.13 140 + 0.16 0.4759
Maturity 2.00 £ 0.00 2.00 £ 0.00
CONT: control diet, HIGH: high energy diet.
Table 7. Physico-chemical characteristics of Hanwoo steers depending on the high energy or control diet.
. . Ener

Physco-chemical Analysis CONT 9y HIGH p-value
CIE L 38.72 £ 0.72 38.53 + 0.87 0.8556

a 2024 + 0.41 20.02 £ 0.71 0.7879

Meat color b 9.22 + 0.27 9.10 £ 043 0.8152
Hunter L 3243 + 0.64 3227 + 0.77 0.8694

a 15.90 + 040 15.72 £+ 0.66 0.8069

b 6.03 £ 0.19 5.95 £ 0.29 0.8216

Moisture (%) 62.14 + 1.37 62.53 £ 1.55 0.8507

Fat (%) 15.97 + 1.86 15.68 + 2.11 0.9167

Protein (%) 20.14 £ 049 20.11 £ 0.59 0.9611

Ash (%) 0.88 + 0.02 0.86 + 0.02 0.5135

CONT: control diet, HIGH: high energy diet.

Conclusions
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