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on performance, carcass quality and histomorphology of small intestine
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ABSTRACT: This study aimed to investigate the preliminary efficacy of using algae as a substitute for soybean meal
in ration on the performance, carcass quality, and histomorphology of the small intestine in broilers during finisher
phase. Three species of algae were used: Caulerpa lentillifera, Ulva rigida, and Spirulina platensis. The nutritional
value and in vitro digestibility were analyzed before conducting the experiment with Ross 308 broiler chickens,
male, 1 day old, with a total of 40 birds. The experiment was designed using a completely randomized design with
4 experimental groups, 10 replications (Individual data collection). The experimental diets were as follows: control
group and groups using 15% of S. platensis (S15%), 15% of C. lentillifera (C15%), and a combination of 15% of S. platensis
with C. lentillifera (SC15%) as substitutes for soybean meal in the diet. The results showed that during the overall
experiment, the body weight gain of the S15% and SC15% groups were comparable to those of the control group.
Meanwhile, feed cost per gain was increased in the algae group (P<0.01), which varied with the higher feed cost
(P<0.01). In terms of carcass and meat quality, the algae groups showed no significant differences compared to the
control group (P>0.05), except for an increased liver percentage in the S15% group. The histomorphology of the small
intestine found that the algae group of S15% had significantly greater villi height and villi height to crypt depth ratio
in the jejunum and ileum than the control group (P<0.01). The results of this study suggest that using S. platensis
as a substitute for soybean meal at 15% in the diet of broilers during the finisher phase can promote the
development of histomorphology characteristics of the small intestine without adversely affecting performance,
carcass quality, and meat quality.

Keywords: algal; performance; carcass quality; intestinal histomorphology; broiler
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Table 1 Nutritional value of algae expressed in percentage of dry weight (average + SD, n = 3)

Chemical composition Caulerpa lentillifera Ulva rigida Spirulina platensis P-value SEM

Dry matter (%) 99.84 + 0.07° 90.08 + 0.37¢ 95.53 + 0.24° <0.01 0.18
Ash (%) 12.62 + 0.59° 9.51 + 0.14° 9.64 + 0.05 <0.01 0.25
Crude protein (%) 24.16 + 0.18° 34.81 + 0.96° 44.44 + 2.48° <0.01  1.09
Ether extract (%) 1.53 + 0.37° 1.00 + 0.03° 0.86 = 0.01° <0.01 015
Crude fiber (%) 15.07 + 1.89° 4.50 + 0.57° 12.24 + 0.18° <0.01 0.81
Nitrogen-free extract (%) 46.63 + 1.46° 50.18 + 0.46° 32.82 + 2.26° <0.01 112
Calcium (%) 273 + 0.42° 0.93 +0.17° 0.26 + 0.08° <0.01 0.19
Phosphorus (%) 0.24 + 0.01° 0.08 + 0.01° 0.01 £ 0.01° <0.01 0.01
Gross energy (kcal/kg) 3788.23 + 179.65" 3686.38 + 137.49" 4441.33 + 25.07° <0.01 94.77
Salt (%) 2.40 + 0.10° 0.26 + 0.01° 2.03 + 0.15" <0.01 0.07

SEM, standard error of means.

@¢ Means in the same row with different superscripts differ (P<0.05).

Table 2 Protein solubility (PS), dilute pepsin digestibility (DPD) and two-phase gastric/pancreatic digestibility (GPD)

of whole algal (average + SD, n = 5)

Chemical composition Caulerpa lentillifera Ulva rigida Spirulina platensis P-value SEM
Protein solubility (%) 23.43 + 0.15" 25.03 + 2.10° 52.35 + 4.55° <001 162
DPD (%) 37.00 + 0.91° 10.16 + 0.63° 66.80 + 0.76° <0.01 043
GPD, ... (%) 26.55 + 0.86° 17.20 + 0.41° 48.73 + 0.39° <001 033
GPD, ., (%) 96.25 + 0.13° 99.40 + 0.29° 50.94 + 0.95° <001 0.10

Digestible protein (%) 6.41 + 0.21° 540 + 0.13° 20.70 + 0.16° <001 032

Digestible energy (kcal/kg) 3649.57 + 0.53° 3651.95 + 0.42° 2261.87 + 0.23° <0.01 5526

SEM, standard error of means.

@< Means in the same row with different superscripts differ (P<0.05).
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Table 3 Compositions and nutrient profiles of basal and experimental diets (as-fed basis)

Pre-experimental period Experimental period

Item (Days 1-28) (Days 29-42)
Basal diet Control S15% C15% SC15%
Ingredients (kg)
Corn 47.80 60.25 60.25 58.35 59.70
Soybean meal (CP 45%) 28.55 18.00 15.30 15.30 15.30
Spirulina platensis (CP 44%) - 0.00 2.70 0.00 1.35
Caulerpa lentillifera (CP 24%) - 0.00 0.00 2.70 1.35
Rice bran oil 2.00 2.10 2.10 2.20 1.93
Full-fat soybean (CP 36%) 17.05 15.00 15.00 17.00 1592
Choline chloride 0.10 0.10 0.10 0.10 0.10
Limestone 1.60 1.60 1.70 1.50 1.50
Dicalcium phosphate (P 21%) 1.80 1.80 1.80 1.80 1.80
Premix® 0.25 0.30 0.30 0.30 0.30
Salt 0.40 0.40 0.30 0.30 0.30
DL-methionine 0.30 0.30 0.30 0.30 0.30
L-lysine 0.15 0.15 0.15 0.15 0.15
Total 100.00 100.00 100.00 100.00 100.00
Feed cost (baht/kg) 20.69 19.32 30.78 43.35 37.05
Calculated nutrient values (%)
Metabolizable energy (kcal/kg)® 3001.00 3100.00 3108.00 3109.00 3100.00
Crude protein 22.51 18.01 18.00 18.00 18.00
Available phosphorus 0.74 0.70 0.68 0.70 0.69
Calcium 1.24 1.20 1.23 1.23 1.19
Analyzed nutrient value (%)
Gross energy (kcal/kg) 4144.07 4012.91 4045.93 4003.36 4052.59
Crude protein 22.27 18.97 18.64 18.36 18.50
Total phosphorus 0.82 0.77 0.67 0.75 0.65
Calcium 1.07 1.15 1.04 1.26 1.23

@ Provided per kilogram of diet: 4.80 MIU of vitamin A, 2.00 MIU of vitamin D3, 30,000 IU of vitamin E, 1.20 g of vitamin K3, 1.20 g of

vitamin B1, 3.20 ¢ of vitamin B2, 2.00 ¢ of vitamin B6, 0.0064 g of vitamin B12, 24.00 g of niacin, 0.80 g of folic acid, 0.08 g of biotin, and

6.00 g of pantothenic acid. 40.00 g of Zn, 48.00 g of Mn, 16.00 g of Fe, 6.40 g of Cu, 0.50 g of |, 0.04 g of Co, and 0.12 g of Se. 0.20 g of

antioxidant, 0.88 ¢ of anticaking, and 1.00 kg of carrier.

® Total metabolizable energy in ration was calculated from the metabolizable energy of each feed ingredient (kcal/kg), based on the nutrient

requirement of the broiler that followed NRC (1994).
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Table 4 Effect of algae replacement of soybean meal in diet on performance of broilers

Performance’ Control S15% C15% SC15% P-value SEM
Starter weight (g/b) 1286.71 1288.14 1307.29 1324.43 0.67 910.80
Days 29-35

BW (g/b) 1932.14 1898.86 1830.14 1917.57 0.19 37.27
BWG (g/b) 645.43° 610.71° 522.86° 593.14° <0.01 21.93
FI (g/b) 684.6° 661.7° 673.1° 667.5° <0.01 0.02
FCR 1.07° 1.09° 1.30° 1.13° <0.01 0.05
SR (%) 100.00 100.00 100.00 100.00 N/A N/A
PI 175.02° 162.07° 117.41° 151.24° <0.01 10.88
FCG (baht/kg) 20.64° 33.58° 56.45° 41.88° <0.01 1.64
SBR (baht/kg) 86.95 85.45 82.36 86.29 0.19 1.68
Days 36-42
BW (g/b) 2657.57 2530.57 2452.14 2589.29 0.09 60.24
BWG (g/b) 725.43 631.71 622.00 671.71 0.29 44.15
FI (g/b) 860.7° 795.8° 788.9° 772.0° <0.01 0.01
FCR 1.21 1.27 1.27 1.22 0.91 0.08
SR (%) 100.00 100.00 100.00 100.00 N/A N/A
PI 148.28 120.67 122.06 141.36 0.56 17.79
FCG (baht/kg) 23.33° 39.20° 54.97° 45.36° <0.01 2.94
SBR (baht/kg) 119.59 113.88 110.35 116.52 0.88 2.71
Days 29-42 (Overall)
Final weight (g/b) 2657.57 2530.57 2452.14 2589.29 0.09 60.24
BWG (g/b) 1370.86°  1242.43™  1144.86" 1264.86% 0.03 52.45
Fi (g/b) 1545° 1458° 1456° 1445° <0.01 0.03
FCR 1.14 1.18 1.28 1.16 0.18 0.05
SR (%) 100.00 100.00 100.00 100.00 N/A N/A
PI 291.86 253.93 218.56 264.00 0.10 21.54
FCG (baht/kg) 21.95° 36.38° 55.35° 43.06" <0.01 1.77
SBR (baht/kg) 119.59 113.88 110.35 116.52 0.09 2.71
Feed cost (baht/kg) 19.32¢ 30.78° 43.35° 37.05° <0.01 0.02

1 BW = Body weight; BWG = Body weight gain; FI = Feed intake; FCR = Feed conversion ratio; SR = Survival rate; Pl = Productive index;
FCG = Feed cost per gain; SBR = Salable bird return.

SEM, standard error of means.

N/A, Not applicable.

#d Means in the same row with different superscripts differ (P<0.05).
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Table 5 Effect of algae replacement of soybean meal in diet on carcass quality of broilers

Carcass quality Control S15% C15% SC15% P-value SEM

Dressing percentage (%) 74.27 74.32 73.38 74.42 0.86 1.10
External organ (%)

Breast inner fillet 5.51 5.29 5.48 5.63 0.57 0.20
Breast fillet 28.59 28.14 26.87 28.53 0.61 1.16
Wing 10.23 10.06 10.47 10.41 0.57 0.25
Thigh 18.45 18.50 19.01 17.88 0.52 0.60
Drumstick 13.98 14.00 14.35 13.67 0.70 0.46
Internal organ (%)
Liver 1.70° 2.23° 1.72° 1.84° 0.02 0.13
Heart 0.40 0.41 0.41 0.41 0.94 0.02
Spleen 0.28 0.21 0.18 0.30 0.57 0.08
Gizzard 1.11 1.10 1.05 1.07 0.90 0.07
Abdominal fat 1.35 1.08 1.14 1.11 0.27 0.12

SEM, standard error of means.

#b Means in the same row with different superscripts differ (P<0.05).

Table 6 Effect of algae replacement of soybean meal in diet on meat quality of broilers

Meat quality Control S15% C15% SC15% P-value SEM

Color of meat

L*- value 39.88 42.58 42.37 38.43 0.49 2.63
a* - value -1.50 -1.79 -1.55 -1.25 0.08 0.15
b* - value 0.69 -0.02 0.13 2.89 0.33 1.42

Texture profile analysis

Drip loss (%) 2.62 2.31 2.87 2.41 0.75 0.47
Cooking loss (%) 13.01 11.46 11.69 11.17 0.43 0.98
Shear force (N) 33.78 34.15 30.95 33.36 0.92 4.34
Hardness (N) 9.93 10.33 10.09 10.54 0.98 1.29
Springiness 0.58 0.58 0.57 0.58 0.89 0.01
Cohesiveness 0.60 0.62 0.61 0.61 0.60 0.01
Chewiness (N) 3.47 3.66 3.55 391 0.82 0.43

SEM, standard error of means.
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Duodenum
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lleum
Control S15% C15% SC15%

Figure 1 Representative photomicrograph of small intestine sections of broiler at 40x magnification.
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Table 7 Effect of algae replacement of soybean meal in diet on histomorphology in small intestine of broilers

Histomorphology Control S15% C15% SC15% P-value SEM
Duodenum
Villi height (um) 144576  1305.46 1327.79 1398.07 0.71 109.52
Crypt depth (um) 186.23° 196.54° 177.07° 268.85° 0.02 21.42
Villi width (um) 99.62 132.97 129.10 116.09 0.06 9.47
Villi height/Crypt depth ratio 7.74° 6.88%° 7.28° 5.30° 0.05 0.64
Villi surface area (mm?) 452.79 535.02 533.84 508.71 0.30 37.96
Jejunum
Villi height (um) 1029.75°  1291.86° 875.53° 976.22° <0.01 35.85
Crypt depth (um) 126.50° 197.66° 174.25° 97.64° <0.01 11.08
Villi width (um) 82.04° 114.99% 136.01° 86.44° 0.01 12.14
Villi height/Crypt depth ratio ~ 8.27° 6.65° 5.12¢ 9.90° <0.01 0.49
Villi surface area (mm?) 265.86° 465.26° 370.13° 264.73¢ <0.01 33.06
Ileum
Villi height (um) 658.16°  859.38" 828.01° 869.84° 0.01 47.51
Crypt depth (um) 119.10 124.34 134.49 130.33 0.84 14.76
Villi width (um) 84.98 87.73 94.60 85.70 0.13 3.35
Villi height/Crypt depth ratio  5.54 7.05 6.50 7.32 0.36 0.83
Villi surface area (mm?) 175.27°  236.68° 246.70° 232.35° 0.01 13.83

SEM, standard error of means.

=d Means in the same row with different superscripts differ (P<0.05).
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