Iranian Journal of Animal Science ol ol
Vol 48, No 2, Summer 2017 (273-286) it ”"Lc
DOI: 10.22059/ijas.2017.236208.653539 (YVY-YAZ (o) WWAZ (Leals oF 8,Les FA 850

1395 9 DT Caweg P20 9 oyt eSS 9 O i g3 ko — iy oS 9500d — Ly (£ 3o 01998 B W
O 0 (SgT S>> 8395 Olw (LB Sy 9 O O39S plBd p F & 3T
&b B9y 9y Hleslawl b S g can

"G ol 9 'l e Ao ¢ (ki) s b puxe
Olpl eedy (OAS oESs ((5,5LES SuSiils ol p ke 05 5 Leils 5 (585 (s gmdils Y 5
Ol Ol e yte S 5 ol KNS (655 9LES 3UKEiNs ¢ ool pss 05,5 bkl ¥
OYAVVO 15 pdy fo b = \WAVEY 12l s o)

ol

e by gt s Do) 5 jeS > 5 (HMB) Ol 5 gy s~y (S g5t~y (B 058 090 B30 4 (2 S slaar g oy
JU fppss e V00 (ISama 8593 WA Gy 5 A 2Ll el Bs Py o oS — S b Sl eslad L ST,
o OIS Sl Jols plaS 8 (oS — SL b Sl el sy bl gl jles 4 Bl 5 sba YOA uly b ge AS4x
e 4y (g s Olo) i a5 oy B0 5 Y 0) 0 2S5 (s ) g /0 ) HMB (2 0055 0555 4085 pedaw
60310 4 g bl ls ne A 4 pmie p fuSs S D903 BN LS el polasl (Gl (A 5 YV ) S,
sadas 53 (P>1/00) Cill 5,50, 4xsm cbl 5 ls sae L5G HMB A 0355 I S Jbys (P<2/r0)
2 S sl g s Bl 5 A5 3L 05558 Olgm 5 (p533) 035, Ol sbSn Cles (2Ll MF LS Lasl
Andls b S slaa g Gl 53 Geilsls sz e Gl ) SOl (VAL Y o s sl (S, 0he (e
S HMB (o050 0555 8355 b (Si000da o 53 bl W5 2L e i oYL 4 pliws wls 0L G opl s

wlﬂcﬂ)lw‘;ﬂ; Cosla YO/VA aiiio b g el b 53 (o3 YA/0Y 5 4/08 Ol o 5 &) fnSs

‘;:‘,:..J @LA g‘,],\S U‘"u' 4"‘..»\2.5;;59') sc«lﬁ 2&_3) ui_;) g‘_;)}i)b “> g gs.\.gf ‘Slhb)"'j

Effect of in-ovo feeding of beta-hydroxy beta-methylbutyrate and dextrin and
posthatching water and feed deprivation on body glycogen resources and jejunal
morphology of broilers at 7 days of age using response surface methodology

Moein Ghanaatparast-Rashti 1, Majid Mottaghitalab®” and Hamed Ahmadi®
1, 2. Ph.D. Student and Associatet Professor, Department of Animal Science, Faculty of Agriculture Science,
University of Guilan, PO Box 41635-1314, Tehran, Iran
3. Assistant Professor, Department of Poultry Science, Faculty of Agriculture Science, Tarbiat Modares University,
PO Box 14115-336, Tehran, Iran
(Received: Jun. 28, 2017 - Accepted: Aug. 27, 2017)

ABSTRACT

This research was conducted to evaluate broiler response to in-ovo feeding of beta-hydroxy beta-methylbutyrate
(HMB) and dextrin and the timing of the first feed deprivation using Box-Behnken design and response surface
methodology. On day 18 of incubation, 1500 fertile eggs from Ross 308 strain were randomly assigned to
experimental treatments of Box-Behnken design, each with 4 replicates, as 3 levels in-ovo injection of HMB (0, 0.5
and 1 %) and dextrin (0, 20 and 40 %), and 3 levels of the first water and feed restriction time (6, 27 and 48 hours).
The in-ovo injection of dextrin led to significant lower hatchability (P<0.05), whereas in-ovo injection of HMB had
no significant effect on hatchability (P>0.05). In European efficiency factor models, the jejunal villi surface area and
glycogen contents of liver and breast muscle at 7 days of age, the linear components showed highest contribution
(0.61 to 0.79) of variation in chick responses. The results of this research showed that maximum European efficiency
factor at 7 days of age can be achieved by in-ovo administration of HMB and dextrin (0.54 and 39.03 percent,
respectively) in amnion fluid till maximum 20.79 hours feed deprivation after hatch.
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2. Response surface methodology
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Table 1. Ingredients and nutrients composition of experimental diet

Ingredients (g/kg, as fed basis) Starter Calculated analysis~
Corn 513.50 Metabolisable Energy, kcal/kg 2850
Wheat 50.00 Crude Protein, g/kg 219.19
Soybean Meal, 44% CP 372.71 Digestible Lysine, g/kg 12.77
Soybean Oil 17.68 Digestible Methionine, g/kg 6.02
Dicalcium Phosohate 20.41 Digestible Methionine+Cystine, g/kg 9.03
Calcium Carbonate 9.40 Digestible Threonine, g/kg 8.17
Common Salt 2.06 Calcium, g/kg 9.12
L-Lysine HCI, 78% 3.24 Available Phosphorus, g/kg 4.80
DL-Methionine, 99% 3.08 Sodium, g/kg 1.52
L-Threonine, 98% 1.03 Potassium, g/kg 9.30
Vitamin Premix 2.50 Chloride, g/kg 2.30
Mineral Premix ™ 2.50 Labarotory analysis™™"
Sodium Bicarbonate 1.89 Dry Matter, g/kg 884.2
Gross Energy, kcal/kg 4166
Total 1000 Crude protein (Nitrogen x 6.25), g/kg 216.40
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* Vitamin premix provided the following per kilogram of diet: vitamin A, 10000 IU; vitamin D3, 5000 1U; vitamin E, 45 1U; vitamin K, 3 mg; vitamin
B;, 3 mg; vitamin B,, 9 mg; vitamin Bs, 10 mg; vitamin Bs, 30 mg; vitamin Bs, 4 mg; vitamin Bo, 2 mg; vitamin B;,, 0.02 mg; vitamin H, 0.1 mg and
choline chloride, 1000 mg.
** Mineral premix provided the following per kilogram of diet: iron, 55 mg; manganese, 120 mg; zinc, 100 mg; copper, 16 mg; iodine, 1.3 mg and
selenium, 0.3 mg.
*** Calculated nutrient contents was based on ingredient composition data from NRC (1994).
**** \/alues based on analysis of triplicate samples of diet.
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Table 2. Effect of in-ovo feeding of beta-hydroxy beta-methylbutyrate and dextrin on hatchability and body weight of
hatched broiler chicks (mean + SE)

Factor Hatchability (%) BWH™ (g)
Dextrin
0% (n=16) 97.33°+1.182 44.93 +£0.283
20% (n=28) 87.87°+0.863 44.78 +£0.207
40% (n=16) 82.58°+1.182 44,71 £0.283
HMB™
0.0% (n=16) 89.41+1.182 44.82 +0.283
0.5% (n=28) 88.70 + 0.863 45.04 +£0.207
1.0% (n=16) 89.67 +1.182 44,55 +0.283
Dextrin x HMB
0% x 0.0% (n=4) 97.15+2.243 44.28 +0.538
0% x 0.5% (n=8) 96.73 +1.586 45.03 £ 0.380
0% x 1.0% (n=4) 98.11+2.243 45.47 +£0.538
20% x 0.0% (n=8) 87.37 £1.586 44.85 +0.380
20% x 0.5% (n=12) 88.16 +1.294 44.89+0.311
20% x 1.0% (n=8) 88.10 + 1.586 44.60 £ 0.380
40% x 0.0% (n=4) 83.72 +2.243 45.33+0.538
40% x 0.5% (n=8) 81.22 +1.586 45.20 +0.380
40% x 1.0% (n=4) 82.79 +2.243 43.58 +0.538
Probability
Dextrin 0.001 0.852
HMB 0.776 0.376
Dextrin x HMB 0.906 0.099

(P<+ [+ ) ...\J)lé )b‘_,’_;_v.a A QBLA‘;.A 6Lm_§)> 6‘)"3 sbd&b O ;2 ;0 a-C
Sl Hlse gl 5

odligy i sldazgx (5

Slygr Joto = Ly (o900 - 1y

a-c Means within each section of each column with different superscripts are significantly different (P < 0.05).
* Standard error of means

** Body weight of hatched chicks

*** Beta-hydroxy beta-methylbutyrate
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Table 3. Box-Behnken design points and corresponding experimental response values for growth performance of
broilers from 1 to 7 days of age (mean £ SD')
Input factors Experimental responses at day 7

No. of - o . Average Feed : Euroupean
- . Hungry Dextrin HMB Body weight - . Mortality -
Replication (hour) (%) (%) © daily Feed  conversion (%) effeciancy

intak (g) ratio (g/g) factor

Treatment no.

1 4 6 0 0.5 169.5+6.85 21.1+0.80 1.19+0.032 0.00+0.00 203.6 +13.21
2 4 6 40 0.5 173.4+914 223+130 1.22+0.021 0.00+0.00 202.8 +13.97
3 4 48 0 0.5 1276+1.70 1510+1.05 1.27+0.052 7.14+0.00 133.2+4.17
4 4 48 40 0.5 164.4+454 204+041 1.19%0.023 1.79+3.57 193.7+9.86
5 4 27 0 0 149.9+930 179+1.65 1.18+0.041 3.57+4.12 175.0+17.59
6 4 27 0 1 140.9+14.21 156+207 1.15+0.024 536 +3.57 166.3+17.53
7 4 27 40 0 165.0+3.52 19.3+0.26 1.13+0.031 1.79+3.57 205.4+4.20
8 4 27 40 1 158.7+15.95 183+214 1.12+0.035 1.79+3.57 199.8+23.6
9 4 6 20 0 166.0+7.53 21.0+0.83 1.21+0.043 0.00+0.00 195.9 +15.13
10 4 48 20 0 130.3+11.63 152+225 1.25+0.027 1.79+3.57 146.8+17.21
11 4 6 20 1 177.2+£517 222+0.37 117+0.041 1.79+357 212.3+10.77
12 4 48 20 1 129.7+6.06 14.7+0.93 1.21+0.047 3.57+4.12 1481471
13 12 27 20 0.5 161.8+6.99 195+1.29 1.17+0.039 1.79+3.23 194.5+14.35

* Standard deviation She Bl ol
**Beta-hydroxy beta-methylbutyrate Slyigr Juie = Ly STy o — Ly s
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Table 4. Box-Behnken design points and corresponding experimental response values for glycogen contents of liver
and breast muscle and jejunal villi morphological parameters of broilers at 7 days of age (mean + SD”)

Input factors Experimental responses at day 7
No. of . - . Breast muscle Villus Villus Villus
Treatment no. Replication '?#gl?rr)y D((e;;;m H?O/IAS L'\zemr g/i)éfggen glycogen length width surface area

o (mgota)  (um)  (um) (um?)
1 4 6 0 05 36.66+3.160 71.05+7.124 1148+81.6 167+29.2 606013+ 128070.0
2 4 6 40 05 4258+4199 8124+10.190 1286+89.6 197+18.1 794148 +71535.6
3 4 43 0 05 20.87+3.097 18.79+6.471 827+101.8 94+17.0 242639+ 395015
4 4 43 40 05 28124501 4128+8882 1055+889 159+212 524950 +78417.4
5 4 27 0 0 31.73+1.155 4873+6.250 985+96.7 138+23.6 424080 +63196.4
6 4 27 0 1 33.05+4.162 48.68+5.774 1061+88.0 154+245 516154 + 117504.2
7 4 27 40 0 3530+2287 60.61+9.019 1044+625 177+211 578581 *69662.1
8 4 27 40 1 3780+5.359 65.62+5363 1173+94.0 182+239 671822 +126233.9
9 4 6 20 0 39.16£4.034 61.99+7.339 1169+100.5 174+12.7 640880 * 76666.2
10 4 48 20 0 23.69+3.679 31.77+6.459 926+936 129+17.2 378646 +76977.8
11 4 6 20 1 4162+2269 71.66+5472 1280+109.7 189+26.0 763699 + 145309.1
12 4 48 20 1 2334+1.078 31.63+4.89%6 974+90.3 133+235 406337 +77143.6
13 12 27 20 0.5 35.33+£3.487 60.97+6.008 1087+76.1 170+28.9 606013 +120613.7
* Standard deviation Slse Gl il 5
**Beta-hydroxy beta-methylbutyrate Slyigr Jaio = Lo (oS gy — Ly e
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Table 5. Statistics and information on response surface models for Euroupean effeciancy factor, jejunal villi surface
area, glycogen contents of liver and breast muscle of broilers at 7 days of age

Response surface model

Item Euroupean effeciancy factor ~ Jejunal villus surface area  Liver glycogen  Breast muscle glycogen
R? 0.76 0.68 0.78 0.85
Root Mean Square Error 13.14 96110.73 334 6.83
Bias -0.0396 -80.1322 0.0568 0.0193
Type of basis model Full quadratic (constant, linear, interaction, and squared terms)

Optimization algorithm Standard least square

S39ycid o U abgyl udgi o5 asli = 129/1-0) — (+/FFOF X _Kiw$) — ((IYYOV X o xuSY) +
(FUAFY+ x HMB) — (+/- Y0+ X Siw,§ X Kiw,S) + (+[+TFO X oy S X Ko )§) — (+/+++F X oy 2055 %
eSS = (/¥ X HMB X K 5) + (+/+ YAF X HMB X -y 2.53) — (¥+/AVSY x HMB x HMB)

(y0 Fo9yS) (S39)0dd (o 30 099y ole o3y Coluwo = OYOVD: — (FAO0 X (i 5) + (OO X
OipeSd) + (Y-YAQY x HMB) — (7 x w8 X Ko 5) + (0F X o onSs X Jw)8) — (B0 X o puSos X
2SS = (YY$O X HMB x  Kiw )5) + (YA X HMB Xy, 2.5'3) = (BAYY¥ x HMB x HMB)

(WS S 50 o5 b)) (S39,0@d o 33 oS 595lS (ylime = YETOOO — (+/++AY X _Kiw 5) + (VST x
peeSS) + (FIFYVY X HMB) — (+/++8% X S § X S S) + (oot A X o 2uS3 X K §) = (+[++ )+ X
S X oy S8 = (] FFAX HMB X Ko 5) + (+/+ YAF X HMB X 3 2u8'3) — (V/AYAS x HMB x HMB)

(oo J5 40 P;‘;Lw) ‘sf,,)mw)owgbw o‘”sz/0A~7—(~/\~V?X s ,S) + (VALY x
OppS ) + (YONNAYA X HMB) — (+/+ VPO X S )% (Kow)8) + (/oYY X S % (Jw)S) — (/- V0 x
OtpanS O X o 2 S8) = ((IYYYE X HMB % S5 )8) + (<N YFY X HMB % -y, S0) = (VY/IYAYD x HMB x HMB)
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Table 6. Estimated parameters of second-order response surface models for Euroupean effeciancy factor and jejunal
villi surface area of broilers at 7 days of age

Euroupean effeciancy factor model

Jejunal villus surface area model

Quadratic Estimated Estimated Estimated Estimated
model Term parameter SE" t-value P-value parameter parameter SE  t-value P-value parameter
from raw from coded from raw from coded
data data data data
Intercept 199.1051 10.46 19.04 <0.0001 194.52 575750 51554 11.17 <0.0001 582298
Hungry -0.3454 053 -0.65 0.5198 -24.10 -4955 2627 -1.89 0.0419  -156521
Dextrin -0.2357 049 -048 0.6343 15.45 5355 2428 221 0.0295 97577
HMB™ 39.9420 19.70 2.03  0.0480 0.43 202897 97109 2.09  0.0390 41978
Hungry x Hungry -0.0250 0.01 -2.95 0.0049 -11.04 -46 42 -1.10 0.2738 -20315
Dextrin x Hungry 0.0365 001 4.26 <0.0001 15.24 56 42 133 0.1873 23544
Dextrin x Dextrin -0.0004 0.01 -0.05 0.9631 -0.17 -50 46 -1.09  0.2801 -20046
HMB x Hungry -0.3620 0.34 -1.06 0.2960 -3.80 -2265 1690 -1.34 0.1830 -23782
HMB x Dextrin 0.0786 036 0.22 0.8281 0.79 29 1775 0.02  0.9869 293
HMB x HMIB -30.8767 14.99 -2.06 0.0446 -7.72 -58374 73881 -0.79 0.4312 -14593

* Standard error of means

** Beta-hydroxy beta-methylbutyrate
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Table 7. Estimated parameters of second-order response surface models for glycogen contents of liver and breast
muscle of broilers at 7 days of age

Liver glycogen model

Breast muscle glycogen model

Quadratic Estimatted Estimatted Estimatted Estimatted
arameter -« arameter arameter arameter
model Term 2rom raw SE t-value P-value onm coded F;rom raw SE  t-value P-value fFr)om coded
data data data data
Intercept 36.3555 1.7937 20.27 <0.0001 35.3331 62.5806 3.6645 17.08 <0.0001 60.9737
Hungry -0.0087 0.0914 -0.10 0.9243 -8.0008 -0.1076 0.1867 -0.58 0.5655 -20.3074
Dextrin 0.1364 0.0845 1.62 0.1091 2.6880 0.1853 0.1726 1.07 0.2853 7.6876
HMB™ 46372 33786 137 0.1727 0.7414 25.1929 6.9025 3.65 0.0004 1.8118
Hungry x Hungry -0.0066 0.0015 -4.51 <0.0001 -2.8964 -0.0165 0.0029 -5.53 <0.0001 -7.2613
Dextrin x Hungry 0.0008 0.0015 0.54 0.5920 0.3318 0.0073 0.0030 2.44 0.0163 3.0768
Dextrin x Dextrin -0.0010 0.0016 -0.59 0.5545 -0.3810 -0.0015 0.0033 -0.47 0.6387 -0.6181
HMB x Hungry -0.0669 0.0588 -1.14 0.2581 -0.7019 -0.2336 0.1201 -1.94 0.0544 -2.4525
HMB x Dextrin 0.0294 0.0617 0.48 0.6343 0.2945 0.1262 0.1263 1.00 0.3192 1.2623
HMB x HMB -1.9386 25708 -0.75 0.4524 -0.4846 -17.7875 5.2515 -3.39 0.0010 -4.4469

* Standard error of means

** Beta-hydroxy beta-methylbutyrate
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Table 8. ANOVA of results from response surface models for Euroupean effeciancy factor and jejunal villi surface
area of broilers at 7 days of age

Euroupean effeciancy factor model

Surface area model

Source of variation df Sum of squares R>  P-value Sumofsquares R?>  P-value
Linear 3 26230 0.61 <0.0001 2.2900671E+12 0.66 <0.0001
Quadratic 3 25215 0.06 0.0118 26437730089  0.01 0.4567
Cross-product (interaction) 3 4006.8 0.09  0.0009 35839445254  0.01 0.3187
Total model (regression) 9 32759 0.76  <0.0001 2.3523442E+12 0.68 <0.0001
Lack of fit 3 1087.5 0.1535 27067095962 0.4475
Pure error 47 (107)* 9279.8 1.0814045E+12
Total error 50 (110) 10367 1.1084716E+12

oo las gy corbs Jon sl 300 5 FY i 4 (Fjgpiie o o sy o5 LIS asls Jow sl S s 5 ol sllas ol &0 3
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* The df of pure and total errors for Euroupean effeciancy factor model at 7 days of age was 47 and 50, respectively, and for jejunal villi surface area

model at 7 days of age was 107 and 110, respectively.
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Table 9. ANOVA of results from response surface models for glycogen contents of liver and breast muscle of broilers
at 7 days of age

T 1 m——
Linear 3 4594.4 0.74 <0.0001 30386.0 0.79 <0.0001
Quadratic 3 250.4 0.03  0.0003 2008.1 0.05 <0.0001
Cross-product (interaction) 3 221 0.01 0.6144 546.4 0.01 0.0163
Total model (regression) 9 4866.9 0.78 <0.0001 32940.0 0.85 <0.0001
Lack of fit 3 38.7 0.3698 518.3 0.0152
Pure error 107 1303.1 5082.1
Total error 110 1341.8 5600.5
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Table 10. The results of response surface model optimization to achieve maximum Euroupean effeciancy factor,
jejunal villi surface area and glycogen contents of liver and breast muscle of broilers at 7 days of age

ltem Input variable Predicted output variable
Hungry (hour) Dextrin (%) HMB' (%) at optimal point
Euroupean effeciancy factor 20.79 39.03 0.54 Maximum = 211.04
Villi surface area (um?) 11.23 271.78 0.65 Maximum = 748201
Liver glycogen (mg/total liver) 9.99 30.24 0.64 Maximum = 41.43
Breast muscle glycogen (mg/total liver) 9.92 30.54 0.62 Maximum = 76.08
*Beta-hydroxy beta-methylbutyrate Slyeder Juie —Lo oS g 0 - Lo 5

1. Lack of fitness
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