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d AE A StoA eejAtm W HiAfHAI(ME) o] Ef 7ol
Zolqltt. & 240mt2|e] &8 <2 AWABA(Anas platyrhynchos)s 442+
2 hdlouiA] g § 429 F<F /\}#0}91‘:}

27 ME 2900 keal/kg, ME 3000 kcal/kg, ME 3100 keal/kg @ ME 3200 keal/kg® 83}
gt @ 214 Z=zatd2> ME 3000 HlwE of ME 2900°] =Sreu ME 31003 ME 32002 &
et (p < 0.05). EN aspartate aminotransferase (AST)®} alanine aminotransferase (ALT) 4%
ME 30007} ®]st o ME 31003 ME 32000]4] 57}6}0%} (p € 0.05). Eo A7} Doy Zz
mde ME 30003 Hlwg @ ME 3100 ME 32002 =obflou ME 29002 #4askdtt (p <
0.05). & A& 7124, chloride (CI") &= ME 3000-14- Hwed of ME 2900914 2okt (p <
0.05). @Y 7}A9F PCO,= ME 30007 Hlwar wf ME 2900914 #4stktt (p € 0.05). @ W=
AgG) $L ME 30003} 9128t ME 2900514 FoIE5T (p € 005, 2Ed2 T2, 226
F2HZS ME 30007 HwE ol ME 2900914 ‘zolour ME 31003+ ME 32002 SobHth (p <
0.05).

Aol » 28, FAEHL, giAfLR], g YAAHE, AEHA =R

Abstract : The objective of this study was to determine the influence of dietary metabolic energy
(ME) on blood parameters in duck under heat stress. A total of 240 meat ducks Cherry valley
(Anas platyrhynchos) were assigned into four treatment groups with a randomized block design for
42 days. The four treatments were: ME 2900 kcal/kg, ME 3000 kcal/kg, ME 3100 kcal/kg, and
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ME 3200 kcal/kg. Blood lipid profiles was higher in ME 2900 but lower in ME 3100 and ME
3200 than that of ME 3000 (p < 0.05). Blood aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels were higher in ME 3100 and ME 3200 compared those in ME 3000
(p € 0.05). The blood red cell and platelet profiles were increased in ME 3100 and ME 3200, but
reduced in ME 2900 compared to those in ME 3000 (p < 0.05). Among blood electrolytes,
chloride (Cl) concentration was decreased in ME 2900 compared to that in ME 3000. Blood gas
PCO; was reduced in ME 2900 compared to that in ME 3000 (p < 0.05). Blood immunoglobulin
(IgG) level was reduced in ME 2900 compared to that in ME 3000 (p < 0.05). Level of stress
hormone, corticosterone was increased in ME 2900, but decreased in ME 3100 and ME 3200

compared to that in ME 3000 (p < 0.05).

Keywords © Duck,, heat stress, metabolizable ehergy, blood biomarkers, stress hormone

1. M8

71% |32 Qe A|F 23Ert 7HEShE A
RO 54 4 AEHAE FTEEAE $Est
1 7o jARES B9 sTIASS 9ET
[1, 2]. @Y A W= E AEHA off
b F=o Y BT A%, IdH 2
A S BAASE Brlsted oA F8
St AR E(biomarkers)oltt [3, 4]. € 2Ed#|

& U2 2R Adye dav n=2nd g
PH7pA FErt Gopn 558 Fe F e
CO, &% S7ksta @ pH7F AFsotH

duAgs @ido] yehdtt [5-8]
=4 AEG A E2H FEINA HET1Y
El do7|n HAEE Eole Ao

Aok 9. =277 4 2EHAE WoH H
£ 5t potassium (KY), sodium (Na*) Hf
Aol F7ket AsidS 497 49, AEY ¥
Azal A9E fASH=E Wl oA Fasitt
[10]. ZR5ET 2 mFo "ol A9 §l=
ede= A A2E FAH] ofga 2wl A
g2 gdofglo] d AEF A FHoFsioh [11]. &
LEYAE HAARZO] WS A W BAnd
25 22 (adrenocorticotropic hormone,
ACTH)® d%F FxE #HIA7IH ol= <lsf &
nxZo] ¢S Hrof WY o] Ast E A
Egzo] AAZE i & U=s AqUAE F
Yol= AEH A S22l corticosterone®] HH]
7} Z7Fett [12, 131

4 AEHA 717 5 A9 4deEe
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A7} AP [14, 15]. 7122 Higo] glo
o iR @Fo] i A e THIET
(cloaca)olgie A3718-E Fsto] A Hjd=
o}, o]2et olf = Jha FYEelAE F oAl
(total energy, GE)ollAl Hjglo=z wjdEl= oy
215 W 7}4st oyA] (digestible energy, DE)
MEETE vigY ego2 HjdEE ouyzAE
B tjAfof| ] x| (metabolizable energy, ME) #t<
ol 8ot Qlrt [16]. dxIeHgolA AMSShe BE=
Ao FAFE Al W A o] EE o
AaEw Uz & 71 1SS 7RG
= 23} [17, 18] 4 4tAA oA 7] FFEo]
F7tESE SAFl A=Y A7 A3t
ATH [19]. A2d5el 9&FE nAA e F4E
o] mofqz] Atmet I oA = QIgh HgkE:
0st7] 9§ A4 ME & 5 ode a7 A
YA BHE o5 4 AEH A kE2H
& @]9 P TR o] gt
ME #%9 d3die A9 4#x H# gt
[20]. & 4= € 2EH 2] EH 8§ 2
o] Atm Y 2ehlAS 18%8 14T ME 4
= A2 gE2A 2Esi9E o dH9 st

A4S SAsto] A2y P4 HFtES

2. 4

o

21, AEMA
Cherry valley (Anas platyrhynchos) S8 <
@ 24058 o2 PagoRYE Faweld 44
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(HHE o 20402 SHAQoH ] §F
ARSI e8] ARFAZI(1-219)
Ak AFQlg AWALRE FlSte] Foi5t
Q2] ARFS7|(22-429) AAALR W Zehd
S 18%2 1AStL Atz =ES
ME (kcal/kg) 2900, 3000, 3100, 32002
ZAsh AgAE Y M= o2 ME &
al=ofA AARE Qo et F¥A 87T
o] ApFEE [2110] oJs AAE =T 18%,
ME 3000 kcal/kgE HIgoz XHsiqt. Al
Atme 44, giFE 2 HiRlstg o &
JEEE Table 13 Pt} AMGAS] 2 HS
14715 E 347tR= 33CE g5t 1 ot
7177 RE 2197HA] 9 2-3TCH W A
A7 5 A& s FAIR F9
stk 9AES 10cmEolz ZAFoz AgshY
o} H71(1-219)00l= gutates FARE Foist
go 57]1(22-42Y)o= Sk S5A1ZE
(11:00-16:000% 2191221 33-40C2] & Hojet
| AEE 70%2 ZAste] o AEHAS
fEstatt. 58 AFHEA= EEC Directive of
1986; 86/609/EECelA A|AI" H}e& o] g2
Al A uston Fddisty FEAISE

fes2RE FAKW-141027-1)= Atk

e
B
2 o

rlr
o

mal _D,
AN

N

Mo b L mx S & 0

2H =7
T2 A9RE 1047 AN F A2
1

At | A7E @ ~E

Ltd, Australia) &0 2 AZHZ HHHE o]
o 7t 2F2HEH Adrh. Ed Alm ]
(4°C, 204, 3000 rpm)sto] &
-196C2] AAAANA F&
2 BA A7 20CAA s
A7) Tl 29 (gizzard), HIF,
Fabriciusburas)= 2|Fste] FAE
100 g oz gHitstact.

2.3 HAx|™, &g, H 2 os &

ZA A (triglyceride, TG), E&Zd| 28| S (total
cholesterol, TC), A*Ex Xt ZHAHEZ(ow
density lipoprotein cholesterol, LDL-C), 1H X
A FE|AHEhigh  density
cholesterol, HDL-C), Glucose ¥
a409l AST (aspartate aminotransferase),
ALT(alanine  transferase)=  Diagnostic kit
(Sigma chemical Co,, St, Louis, MO, USA)E
ol-goto] A-FEA7 2] (Hitachi 917, Japan)ell 2
s Zstct

lipoprotein
7 7% Pl

Z5E47]  (Automated
blood cell counter, Forcyte, Oxford Science,
USA), & ©]835}o RBC (total red blood cell
counts), HCT (hematocrit), Hb (hemoglobin),
MCV corpuscular MCHC
(mean corpuscular hemoglobin concentration),

(mean volume),

sttt @ 3 mLE plain tubes (Greine, Co RDW (red cell distribution width), PLT
Table 1. Chemical analysis of experimental diets
Nutrients Starter, Finisher, 22 to 42 d
1 to 21d ME 2900 ME 3000 ME 3100 ME 3200
Moisture, % 10.60 11.10 11.10 11.10 11.10
Crude protein, % 23.00 18.00 18.00 18.00 18.00
Crude fat, % 6.13 8.06 8.26 8.39 8.53
Crude fiber, % 2.56 2.40 2.40 2.40 2.40
Crude ash, % 5.06 4.80 4.80 4.80 4.80
Calcium, % 0.87 0.83 0.83 0.83 0.83
Available P, % 0.5 0.46 0.46 0.46 0.46
Methionine, % 0.65 0.58 0.58 0.58 0.58
Lysine, % 1.41 1.12 1.12 1.12 1.12
ME?, keal/kg 3000 2900 3000 3100 3200

Y Metabolizable energy.
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(platelet count), PCT (plateletcrit), MPV (mean
platelet volume)E Z4oty, FA oA
(VetScan i-STAT 1 handheld analyzer, Abaxis,
USA)I d 7}ARAPIDChem 744/754 blood
gas analyzers, Simens, USA)S =734

2.5. @M |gG U Corticosterone

HAEZ (Immunoglobulin G, 1gG) s:EE
Chicken ELISA kit (Bethyl Laboratories,
Montgomery, TX, USA), 2E#HA JZT=2EQ]
Coricosterone &+ HS FIA kit (Enzyme
immunoassay kit, IDS, Boldon, UK)E ©]-&35}o]
Zdstet. ZF AxALe] ZR2EZ weEtA Alm
of oigk Askstd AHolE AARF F precision
microplate reader (Molecular Devices Inc, New
York, USA)ef| oJsiA 450 nmolA SHEE =
Asto] st [22].

2.6. SHZEA

LLE data¥ IBM SPSS statistics 22 [23]5 ©]
goto] Bt g ZEAE AEStA e e
T Atole] A FoA HEe flste] 49 7
APEARS AAStet. Turkey’s multiple range
testE ©]-85to] 95% AlEGEolA A=mo] A
Al fFoAE AAsAT (P<0.05).

d AEg A k&2 &8 QoA 2o
S 18%% TASIY A2 2 ME 229 Atz

B LR

g FAg o]F xAME WHAr|H FANSE
Table 2, Fig. 13 ok 2+ FA= A& 19
ot vertA] ootk 291 FAE ME
30007} Hlwe W ME 29002 0.31 g @obA
11.40% Z4st92o (p<0.05) ME 3100, 3200
Atoli= ztol7t gloint v A= ME 30007}
Hwg of ME 29002 #ol7b figlewt ME
3100, 32002 B 0.02 g =oF4 33.33% %7}
Sttt (p<0.05). F¢ A= ME 300037} vl w gt
i ME 29002 ztol7b glglem ME 3100,
32002 2% 0.02 g =obd 25.00% Z7Fshch
(p<0.05). @ 2EFH 2] kEH 28 Alm U
ME £Z9] Z7P7} b HZEe] AHAHCl we-s
FAGEL FA 29 @ WA E A2l ‘*O

EZXANAL. E 2EHA 7 B SA A

KB

=

2 W ME 520 $7hs $89 47, Uk
"ag SRF oA I3

%

o=Zde &9 ¢ B
Xl‘%} BAZ ol Hog AdHAT [24, 25].
2E# A0 =EH &8 odoA =%

%’Qﬂ A4 Zzad, dd 9 7t 7|5 J&Ed i
AST, ALT 432 Table 33 Zt} ZFAAM
ME 3000 H|wg o] ME 29002 11.12% %
Z¥stg eyt ME 3100, 32002 zHz+ 31.78,
4581% ZA3IAETH (p<0.05). & ZH2HEL
ME 30003} #wg =] ME 2900% 5.03% =7}
stgett ME 3100, 32002 Zhzb 17.87,
13.26% A5ttt (p<0.05). LDL-C& ME
3000%L v ws g ME 29002 33.62%7} Z7}st
o1} ME 31002 8.99% #43+Art (p<0.05).
HDL C:x ME 3000% H|wg wf ME 29002
Zpol7} giglett ME 3100, 32002 ZHzF 13.29,

5
\_.
A
o
e

Table 2. Organ weight by metabolizable energy (ME) in meat duck under heat stress

(g/100g body weight)

ME (kcal/kg)

Items
2900 3000 3100 3200
Liver 2.76+0.09" 2.75+0.09 2.70+0.14 2.69+0.12
Gizzard 2.41+0.13 2.72+0.10° 2.70£0.09* 2.66+0.11°
Spleen 0.06+0.01° 0.06+0.01° 0.08+0.01° 0.08+0.01°
Bursa of Fabricius 0.07+0.01° 0.08+0.02° 0.10+0.01° 0.10+0.01°

Y Mean values+standard errors (n=9). *Different letters represent significant differences between

groups (p<0.05).
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Fig. 1. Changes of organ weight by metabolizable energy (ME) in meat duck under heat
stress (22-42 days). A: gizzard, B: spleen, C: bursa Fabricius. Comparison of
ME 3000 versus ME 2900, 3100 and 3200.

Table 3. Blood lipid profile, glucose, AST and ALT by metabolizable energy (ME) in meat duck
under heat stress

ME (kcal/kg)

Items?
2900 3000 3100 3200

TG (mg/dL) 267.8+9.38V 241.0+9.68 164.4+9.26° 130.6 £26.29¢
TC (mg/dL) 348.6+18.41° 331.949.11° 272.611.34¢ 287.9+18.04°
LDL-C (mg/dL) 230.5+18.68 172.5+9.78° 157.0+9.04° 172.8+9.41°
HDL-C (mg/dL) 71.49+6.07° 74.47+6.15° 84.37+6.09° 78.98+6.64%
Glucose (mg/dL) 184.3+8.70° 201.5+9.77° 190.349.50° 205.2+9.74°
AST (IU/L) 34.33+5.15 37.51+4.64° 64.84+4.87 67.67+4.34°
ALT (IU/L) 36.67£4.48" 35.334£4.34° 47524437 46.83+4.63°

UMean values+standard errors (n=9), ?TG: triglycerides, TC: total cholesterol, LDL-C: Low
density lipoprotein—cholesterol, HDL-C: High density lipoprotein—cholesterol, AST: Aspartate
ALT: Alanine abedDifferent
differences between groups (p<0.05).

aminotransferase, aminotransferase. letters  represent  significant
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6.06% Z7}stet (p<0.05). EF-2 ME 30007
Hwg o ME 2900, 31002 ZHz}b 8.54, 5.56%
Bastgont (p<0.05) ME 32002 ko7t ¢l
t}. AST: ME 30007} ®]wd of ME 2900°
zrol7t ¢l9lovr ME 3100, 32002 Z+Hzt 72.86,
80.41% =7Vttt (p<0.05). ALTE= ME 3000
I Hwdg w ME 29002 Aolzb glglou
3100, 3200& ZFZF 34.50, 32.55% Z7}stdch
(p<0.05). Bt E 2EHA stolA 23] Alm
W ME %9 Z7H= 1t 71s %*J" UetfE=
AST, ALT =& Eol& A2 Yeyrt o+
ool oz Koz gt 7hoflA JgAh o
APZE Zofj2 drgrs Aog 2 4 gtk [26]. 1L
23] wEgH SANA de, AST, ALT7L 5
Vel Aoz 11154 et [27] d¥b A
SAAME W ME £59] S7H= @424 Z=2a}
d, g2 %ﬂﬁh Aol 9lom @M AST
FEE wole Aoz HIEQ 28]

d AEd Ao LE3H &8 oo Ff st
o2 Wl Table 49 Pty HE3 ZRupdd
7}&d Hematocrit (HCT)E= ME 30007} H]w

B LR

g of ME 2900, 31002 Z+z} 12.83, 5.15% %
48t9.0u (p<0.05) ME 32002 #tol7h gigich
Red blood cell (RBC)= ME 30002 H|wg uwj
ME 29002 32.50% ZAstEoivt ME 31002
Zol7F Gl ME 32002 25.11% S7Fohsich
(p<0.05). Hemoglobin (Hb) ME 30001} H]i

& o ME 2900 Zol7t glsleu ME 3100,
32008 77 20.12, 17.73% Z7VstgtHp0.05).
Mean corpuscular volume (MCV)-2 ME 3000
7 HwE o ME 29002 #kel7h glgiout ME
3100, 32002 Z+Zr 11.34, 14.79% Z7totct
(p<0.05). Red cell volume distribution width
(RDW)+= ME 30007 Hwg of ME 2900->
25.84% 23RoLt (0. 05) ME 3100, 3200
Afol= o]z} glgith. daw mZguddl 71ed
Plateletcrit (PCT)&= ME 30007} vlwEd o ME
29002 28.57% #astAov (p<0.05) ME
3100, 3200 Atol= zpol7b glgith.  Paltelet
(PLT), Mean  corpuscular  hemoglobin
concentration (MCHC), (Mean corpuscular

volume (MCV)2 A7 Ato]e] zjo|7b gl

Table 4. Red blood cell and platelet profiles by metabolizable energy (ME) in meat duck under

heat stress

2)

ME (kcal/kg)

Items

2900 3000 3100 3200
RBC
HCT %) 43.48+5.01%Y 49.88+5.06° 47.31+4.36% 50.51+4.62
RBC (M/uL) 4.5740.90° 6.77+0.89° 6.71+0.90° 847+1.17
Hb (g/dL) 8.92+0.87° 10.04+0.94° 12.06+1.24° 11.82+1.00°
MCV (L) 140.2+9.09° 139.3+8.88" 155.149.43 159.9+9.09*
MCHC (g/dL) 37.59+2.87 40.01+2.71 39.04+2.76 40.26+3.01
RDW (%) 7.03+0.90 9.48+0.98" 9.50+1.24° 9.17+1.13
Platelets
PLT (K/uL) 44.06+4.72 44.46+4.49 47.67+4.53 49.13+4.41
PCT (%) 0.05+0.02° 0.07+0.01% 0.08+0.01° 0.08+0.01°
MPV (fL) 18.48+1.45 18.42+1.65 18.66+1.53 18.39+1.58
UMean values+standard errors (n=9), ?RBC: red blood cell, HCT: Hematocrit, Hb:

Hemoglobin, MCV: Mean corpuscular volume, MCHC: Mean corpuscular hemoglobin
concentration, RDW: Red cell volume distribution width, PLT: Platelet, PCT: Platelet crit, MPV:
Mean plasma volume. ¢ Different letters represent significant differences between groups

(p<0.05).
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Vol. 34, No. 1 (2017) tiAeldz7E @ 2Bz =EE 2o @ AAA R nA= FF 7

A 2EH Ao EH Q8 AR Y ME 4 o1 (p<0.05) ME 3100, 3200 Atolejli= o]z}

Z7PF @ Aged H4E dASH FAIAA glolth. Sodium¥} Potassium-& 27t 2pol7}
. F=°] € AEHAE Wow HIAL &4 Ao & HRT JHao] € AEH A &
9 AF =2pe 3719 i 7]dste] HCT EHd Hold Fxrt Wolrle Aoe=m dEA
7F FolA= Aeg HIEoh [29]. € 2Ed gtk [10]. € 2EHAE W2 72 23 AW
A= Al Hog yoEs FEFEE A o4 Na*, K'ujdo] F7tsh Asid Na', K'¢t
AFgH 9 Wt gloe & AFASIEEAN 9 Cl 2 4ttd7)o] «a, Alzer 9] 9 A%
SlAo] dojupl FFH O R o]F fFo] Yopd < fASH= 9l QoA Fasitt [310.

Ut 91 € AEH R kE2H SAA & d 2E# Ao LEHE S8229 FH pH,
AsketA midses A4asts Aog B 7tA Sk Table 63 2t ol pHE A&+
oh [30]. @At 2 T2 AH ¥ EACI I RS b o S 12 A8 P 15 = S L B4 e
TRl 87 3 hgolA AE#A HEgo st PCOy= ME 30002+ H|wd of ME 2900
145 doiska] 2%, 193l dwdr)Fe] oigt 21.65% A5kl o (p<0.05) ME 3100, 3200
g A 2222A Fa% Aor HAUHH 2 zol7}b gl9lew, HCO; AnGap, TCO,&

4], FOA7T UERA] oIttt THEeflA E AEFA
d AEH Ao EqH &8 28oA Y A L goyjAs izl Aoz otgH 312‘% °
17 ST Table 59t 2t} Chloride= ME 2o A Ao RuEzA] gt [5

3000 HlwE o] ME 29002 11.47% Zr4stS g AEdH A0 25 S80ToA 245 &

Table 5. Blood electrolytes by metabolizable energy (ME) in meat duck under heat stress

ME (kcal/kg)

Items

2900 3000 3100 3200
Sodium (Na*) 147.9+8.83Y 148.0+8.83 147.948.70 147.3+9.34
Potassium (K") 4.73+1.08 4.58+0.94 4.14+0.88 4.57+0.94
Chloride (CI") 102.749.62° 116.0£9.53" 116.3£9.34* 114.0£8.96°

UMean values+standard errors (n=9). *° Different letters represent significant differences

between groups (p<0.05).

Table 6. Blood pH and gas concentration by metabolizable energy (ME) in meat duck under
heat stress

ME (kcal/kg)

[tems?

2900 3000 3100 3200
pH 7.4340.05" 7.4140.04 7.4140.05 7.41+0.04
PCO, (mmHg) 35.15+4.55 44.86+4.55 45.65+4.49" 46.19+4.55
HCO; (mmol/L) 22.16+4.36 26.33+4.43 26.04+4.42 26.20+4.38
AnGap (mmol/L) 14.05+1.75 15.43£1.91 15.61+1.96 15.00£1.74
TCO, (mmol/L) 23.78+4.33 26.04+4.38 25.58+4.36 25.30+4.36

YMean values+standard errors (n=9), ?PCO,: partial pressure of carbon dioxide, HCOs:
Bicarbonate, AnGap: Anion gap, TCO,: Total carbon dioxide " Different letters represent
significant differences between groups (p<0.05).
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Table 7. Blood IgG and corticosterone levels by metabolizable energy (ME) in meat duck under

heat stress (ng/mL)

ME (kcal/kg)

Items

2900 3100 3200
IgG? 254.6+9.33°D 280.4+8.98° 287.1+8.98° 282.0£9.55°
Corticosterone 72.97+4.89° 53.12+4.68° 41.71+4.54 41.35+4.88°

YMean values+standard errors (n=9), ?Immunoglobulin G. *"Different letters represent significant

differences between groups (p<0.05).

of HYE4 IgGe}
corticosterone &+ Table 72+ 7t} @ IgG
+ ME 30007 Hlw& @ ME 29002 9.20%
Zastgow (p<0.05 ME 3100, 3200 Apo]
zto]7h 9ith. corticosterone> ME 30003} H]
T8 W ME 29002 37.37% Z7}stglott ME
3100, 3200 2zt 21.48, 22.16% ZHAstelch
(p<0.05). AEHAE wrod 7 (poultry) S A
Ef~ S22l corticosterone FE7} HobA| L
HoE4o| Polxl= ZAog HuEY [32]. 11
gt @ 2EYA ShoflA @7 Abm W ME 4%
o] Z7lo] W2 R 79 ik

AEFHATER

4. 2 E

2 A3dT:s o4 4 AEFAY 2"
o9 37](22-429) Atz W 9HE SFS
18%= 1451 ME (kcal/kg) 432 3000 ©]
Aoz ZUblFE IF AEe] A HES
FAR Ao HAAEQ wAT Figo] whe
< A7l = AR Ueigon o Agslehy
HEE AASH] fA5HL AEHA T2EQ]
gt Corticosterone &5 UF+= ZAoZ2 yE
gt ARFog d AEHA 2% o9
A ME 58 37HIFH A2 ¥s &3
9 ol Aty WH4ol £FS AHsH] FA
dlEod YU Tkl @ AEAL TS

g 29U 4 9ge vehd

zarel 2
B a7egel old SEARES ATHT
A AN SEANFFATE BAE E
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