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ABSTRACT

An experiment was conducted on 240 one-day old Ross 308 broiler chicks using a completely randomized design in a
2x3 factorial arrangement with two levels of nano-adjuvant (with and without) and three levels of dietary protein
(low, medium and high) during a 42 d experimental period. The main effect of protein density on feed intake was
significant during the starter and grower periods (P<0.05). With regard to body weight gain, the main effect of
protein density was significant in the starter, grower and whole experimental periods (P<0.01). Among the main and
interaction effects, only the main effect of protein density on feed conversion ratio in the starter period was
significant (P<0.01). The effect of protein density was also significant on the relative weights of carcass, legs,
abdominal fat pad and bursa of Fabricius (P<0.05). The main effects of the protein density and nano-adjuvant for
total anti-SRBC and IgG titers were significant at day 28 (P<0.05). Cell immunity in response to PHA-P injection
was not affected by the factors. As an overall conclusion, diets with high protein density showed a better ability in
improving the performance and immune response of broiler chicks compared to the diets with medium and low
protein density. Also, the results showed some advantages for nano-adjuvant in humoral immune response
stimulation.
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Table 1. Ingredients and chemical composition of the experimental diets

Ingredients (%) Starter Grower Finisher

*CP=24 CP=22 CP=20 CP=23 CP=21 CP=19 CP=21 CP=19 CP=17
Corn Grain 43.26 50.27 58.53 48.20 54.91 61.58 54.07 60.76 67.44
Soybean Meal 45.82 39.95 33.23 42.26 36.37 30.54 36.70 30.80 24.99
Soybean Oil 5.98 481 344 5.99 5.04 4.07 5.83 4.88 3.92
Limestone 1.26 1.27 1.27 1.59 1.53 1.47 1.50 144 1.38
DCP 1.95 2.01 2.08 0.73 0.91 1.08 0.74 0.92 1.09
Salt 0.27 0.27 0.27 0.27 0.27 0.26 0.27 0.27 0.26
Vitamin Supplement 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral Supplement 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Sodium Bicarbonate 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
DL- Methionine 0.42 0.38 0.15 0.15 0.13 0.11 0.29 0.25 0.20
L- Lysine Hcl 0.28 0.29 0.33 0.11 0.15 0.18 0.09 0.13 0.16
Threonine 0.11 0.11 0.11 0.03 0.05 0.05 0.02 0.03 0.04
Chemical Composition
ME (kcal/kg) 3200 3200 3200 3150 3150 3150 3025 3025 3025
Calcium (%) 0.85 0.85 0.85 0.90 0.90 0.90 1.05 1.05 1.05
Available Phosphorus % 0.42 0.42 0.42 0.45 0.45 0.45 0.50 0.50 0.50
Sodium % 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Chloride % 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Methionine % 0.36 0.41 0.45 0.40 0.45 0.49 0.46 0.51 0.55
Methionine + Cysteine % 0.76 0.86 0.95 0.85 0.95 1.04 0.97 1.07 1.16
Lysine % 0.97 0.86 1.20 1.12 124 1.35 1.30 143 1.56

*CP= Crud protein
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Table 2. Effect of different levels of nano adjuvant and dietary protein on performance of broiler chicks

Body weight gain (g) Feed intake (g) Feed conversion ratio
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Main effects* = = =
Nano adjuvant (NA)
Without NA 17.89 59.19 73.08 5530 2460 9559 14496 99.47 1.378 1.66 1.99 1.82
With NA 17.92 57.29 71.73 54.11 24.42 95.20 14161 98.80 1.370 1.62 1.98 1.79
P value 0.961 0.258 0512 0.175 0.801 0580 0374 0514 0.673 0.391 0960 0.225
SEM 0461 1130 1432 0.608 0.501 1.240 2.006 0.736 0.015 0.028 0.09  0.015
Dietary protein levels*
Low (21, 19 and 17%) 16.28° 55.46° 71.01 52.80° 23.09° 92.92° 14133 98.06 1.42° 1.68 2.02 1.84
Medium (22, 21 and 19%) 17.66° 57.08° 71.62 53.93" 24.39" 0403 142.99 98.75 1.38° 1.65 2.00 1.81
High (24, 23 and 21%) 19.79*  62.18 7456 57.39° 26.05° 99.24* 14353 100.65 1.31% 1.60 1.93 1.78
P value 0.008 0.003 0331 0.010 0.011 0.031 0.322 0.068 0.005 0.265 0210 0.153
SEM 0570 1382 1753 0.740 0.612 1521 2453  0.906 0.019 0.035 0110 0.019
Interaction effects NS® NS NS NS NS NS NS NS NS NS NS NS
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1. The numbers in the parentheses indicate dietary protein levels in the starter, grower and finisher periods, respectively.
2. Means with different letters in each column are significantly different (P<0.05).
3. Non significant
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Table 3. Effect of nano adjuvant, dietary protein and sex on carcass characteristic of broiler chicks

Carcass components (% of live weight)

H 1
Main effects Carcass Breast Leg Wing Spleen Tymus Bursafabricius Liver Abdominal fat

Nano adjuvant (NA)

Without NA 63.31° 36.77 31.90° 9.01 0.096 0.457 0.087 2.58 2.17
With NA 64.21° 3725 3279 9.27 0.114 0.459 0.085 2.55 2.15
P value 0.039 0.487 0.035 0.104 0.188  0.557 0.158 0.076 0.829
SEM 0.241 0.524 0.229 0.090 0.008 0.002 0.0011 0.007 0.039
Dietary protein levels*

Low (21, 19 and 17%) 62.96° 36.27 31.56 8.99 0.092 0.455 0.083° 2.58 2.39°
Medium (22, 21 and 19%) 63.53° 3778 3266 9.18 0.096 0.457 0.086% 2.56 2.11°
High (24, 23 and 21%) 64.80° 36.98 3281 926 0126 0.463 0.089° 2.55 1.98°
P value 0.042 0.232 0.046 0312 0.134 0.283 0.039 0.181 0.062
SEM 0.296 0.642 0.280 0.111 0.0103 0.0032 0.0013 0.009 0.048
Sex

Male 64.59° 3719 3556° 9.09 0106 0.460 0.087 2.55 2.15
Female 62.93° 36.83 31.13° 920 0.104 0.456 0.085 2.58 2.17
P value 0.044 0.581 0.045 0.421 0.890 0.293 0.447 0.076 0.731
SEM 0.241 0524 0.229 0.090 0.008 0.002 0.0011 0.007 0.039
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1. The numbers in the parentheses indicate dietary protein levels in the starter, grower and finisher periods, respectively.
2. Means with different letters in each column are significantly different (P<0.05).
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Table 4. Interaction effects of nano adjuvant and dietary protein on carcass characteristics of broiler chicks

Carcass components (% of live weight)®

Interaction effects®

Carcass  Breast Leg Wing Spleen Tymus Bursa fabricius  Liver Abdominal fat
-NA x L-Pr 62.52°  37.49 31.05 8.99 0.087 0.459 0.088 2.58 2.09
-NA x M-Pr 63.40° 3578 31.36 8.90 0.088 0.453 0.081 2.60 2.39
-NA x H-Pr 64.01°  37.04 32.28 9.16 0.112 0.459 0.085 2.56 2.02
+NA x L-Pr 64.53°  38.07 33.27 9.36 0.105 0.454 0.084 2.54 2.14
+NA x M- Pr 62.52°  36.76 31.76 9.09 0.097 0.457 0.085 2.57 2.39
+NA x H-Pr 65.58*  36.92 33.35 9.36 0.140 0.466 0.093 2.55 1.93
P value 0.036 0.780 0581  0.822 0.810 0.456 0.057 0.591 0.619
SEM 0.418 0.908 0.396  0.156 0.014 0.004 0.0019 0.013 0.068
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1. NA+ = with nano adjuvant, -NA= without nano adjuvant. L-Pr, M-Pr and H-Pr are Low [17 (S), 19 (G), 21 (F)], Medium [19 (S), 21 (G), 22 (F)]
and High [21 (S), 23 (G), 24 (F)] dietary protein (%) levels in the different rearing periods. S, G and F stand for starter, grower and finisher periods.

2. Means with different letters in each column are significantly different (P<0.05).
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Table 5. Effect of nano adjuvant and dietary protein levels on Total Anti-SRBC, IgG and IgM titers (log,)

Total Anti-SRBC® IgV?® 1gG®
Main effects 21day 28day 35day 42day 21day 28day 35day 42day 21day 28day 35day 42day
Nano adjuvant (NA)
Without NA 340 426° 453 391 139 205" 217 175 201 221° 239 218
With NA 316 550° 510 4.08 135 273 249 183 190 299° 251 235
P value 0.091 0.035 0.152 0.068 0.412 0.021 0.238 0.830 0.384 0.057 0.152 0.431
SEM 0.142 0.234 0.117 0.151 0.152 0.173 0.206 0.197 0.152 0.168 0.187 0.155
Dietary protein levels®
Low (21, 19 and 17%) 310 454° 450 427 128 223 187 151 183 232° 243 192
Medium (22,21 and 19%) 3.42 531° 462 4.25 142 224° 224 178 214 319 259 236
High (24, 23 and 21%) 362 6.10° 510 437 248 301* 237 201 2,02 307" 239 248
P value 0.172 0.04 0.121 0.146 0518 0.024 0.103 0.741 0.381 0.071 0.123 0.346
SEM 0.171 0.284 0.147 0.180 0.187 0.212 0.252 0.242 0.187 0.206 0.229 0.190
Interaction effects NS? NS NS NS NS NS NS NS NS NS NS NS

iy sl JBl slael (usig sl 5SS 5 sl (ae)s VY 5 YT YF) Yl g (ae)n 12 5 VYY) Lawgie f(ae )0 VY 510 YY) b
e GbL g ad) (el Jolie 4 by e oz (1s (slyiome
Mg e ¥
P [+ 0) Sl I gime SgliS 3579 iy (g 8 5 Dslite By b slagneSile Y
1. The numbers in the parentheses indicate dietary protein levels in the starter, grower and finisher periods, respectively.

2. Non significant
3. Means with different letters in each column are significantly different (P<0.05).

1. Immunoglolulin
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