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ABSTRACT This study investigated the effect of diet supplementation with pine cone extracts (pine cone ethanol extract:
PCEE; pine cone ethanol-hexane extract: PCEHE) on growth performance, digestive organ characteristics and intestinal
microbiota of semi-broiler. Twenty two-weeks-old semi-broilers were divided into four dietary groups (n=5/group; control(—):
no antibiotics and pine cone extracts; control(+): 2% antibiotics [20 g/kg basal diet]; PCEE: 2% PCEE [20 g/kg basal diet];
PCEHE: 2% PCEHE [20 g/kg basal diet]). Chicks were reared and their diets were supplemented accordingly for 16 days.
Final weight, weight gain and feed intake were lowest (P<0.05) in semi-broilers whose diet was supplemented with pine cone
extracts, but both PCEE and PCEHE groups showed lower (P<0.05) feed conversion ratios compared to the control(—) group.
Gizzard and small intestinal weight were also lower (P<0.05) in both PCEE and PCEHE groups than in the control(—) group.
Intestinal length and villus height were similar for all treatments. Furthermore, cecal microbiota was not improved by PCEE
and PCEHE supplementation. These findings suggest that diet supplementation with pine cone extracts improves the feed
conversion ratio and affects the digestive organ weight of semi-broilers.
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Table 1. Formula and chemical composition of experimental diet

Items Percentage (%)

Nutrient composition

Corn 54.27
SBM (CP 45%) 25.78
Wheat bran 9.83
Animal fat 4.29
Corn gluten meal 1.97
Tricalcium phosphate 1.70
Fish meal 0.98
DL-methionine 0.36
Salt 0.20
Limestone 0.19
L-Lysine-HCI 0.18
Vitamin premix' 0.15
Mineral premix* 0.12
Total 100.00

Chemical composition

ME (kcal/kg) 3,100
Crude protein 20.00
Crude fat 7.33
Crude ash 5.01
Ca 0.80
P 0.67

' Supplied per kg of diet: vitamin A, 1,200,000 IU; vitamin D,
250,000 IU; vitamin E, 1,000 IU; vitamin B,, 1,200 mg; vitamin
Bs, 800 mg; vitamin By, 1,400 pg; niacin, 2,400 mg; folic acid,
70 mg; pantothenic acid, 900 mg; vitamin Kj;, 150 mg.

% Supplied per kg of diet: Fe, 4,000 mg; Cu, 350 mg; Zn, 5,500
mg; Mn, 5,000 mg; Co, 150 mg; I, 300 mg; Se, 65 mg.
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Table 2. Effect of diet supplementation with pine cone extracts on growth performance of semi-broiler

Treatment'
Items
Control(—) Control(+) PCEE PCEHE
Initial weight (g) 327.042.74 335.643.63 326.4+1.80 322.0+4.06
Final weight (g) 578.6+5.83° 625.4+6.44° 552.4+5.56° 544.444.14°
Weight gain (g) 251.6+4.62° 289.8+6.97° 226.0+5.61° 222.4+6.35¢
Feed intake (g) 712.6+8.39° 733.8+12.02° 585.4+10.35 563.6+7.17°
Feed conversion ratio 2.83+0.05° 2.53+0.04° 2.59+0.05° 2.53+0.03°

"¢ Meanststandard deviation (n=5/group) in the same rows with different superscripts differ significantly (P<0.05).
! Control(—), no antibiotics and pine cone extracts; Control(+), 2% antibiotics (20 g/kg basal diet); PCEE, 2% pine cone ethanol extract
(20 g PCEE/kg basal diet); PCEHE, 2% pine cone ethanol-hexane extract (20 g PCEHE/kg basal diet).
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Table 3. Effect of diet supplementation with pine cone extracts on digestive organ weight of semi-broiler

Treatment'
Items
Control(-) Control(+) PCEE PCEHE
Gizzard (g) 42.46+0.22° 32.1142.78° 30.69+0.49° 26.67+2.83°
Cecum (g) 731£1.63 9.50:£3.24 6.90£1.95 6.330.47
Small intestine (g) 59.6242.72° 46.204.17° 40.69+4.68° 29.00+1.41°

2~* Meanststandard deviation (n=5/group) in the same rows with different superscripts differ significantly (P<0.05).
! Control(—), no antibiotics and pine cone extracts; Control(+), 2% antibiotics (20 g/kg basal diet); PCEE, 2% pine cone ethanol extract
(20 g PCEE/kg basal diet); PCEHE, 2% pine cone ethanol-hexane extract (20 g PCEHE/kg basal diet).
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Table 4. Effect of diet supplementation with pine cone extracts on small intestinal length and villus height of semi-broiler

Treatment'
Items
Control(—) Control(+) PCEE PCEHE
Small intestinal length (cm) 121.00+£12.73" 120.75£15.91 119.50+3.54 95.75+16.62
Villus height (um) 129.75+18.27 178.00+32.61 138.00+4.22 143.25+19.11

* Meanststandard deviation (n=5/group).

! Control(—), no antibiotics and pine cone extracts; Control(+), 2% antibiotics (20 g/kg basal diet); PCEE, 2% pine cone ethanol extract
(20 g PCEE/kg basal diet); PCEHE, 2% pine cone ethanol-hexane extract (20 g PCEHE/kg basal diet).
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Table 5. Effect of diet supplementation with pine cone extracts on cecal microbiota of semi-broiler

Treatment'
Items
Control(—) Control(+) PCEE PCEHE
Total bacteria (log CFU/g) 8.90+0.19" 8.8620.06" 7.79+0.15° 8.77+0.18"
Lactic acid bacteria (log CFU/g) 8.11+0.28° 7.49+0.14° 7.39+0.21° 8.08+0.05"
Coliform bacteria (log CFU/g) 7.39+0.14 7.18+0.20 7.87+0.91 7.99+0.10
Salmonella spp. (log CFU/g) 2.69+0.41 3.09+0.30 3.61+0.61 2.45+1.20

*® Meanststandard deviation (n=5/group) in the same rows with different superscripts differ significantly (P<0.05).
! Control(—), no antibiotics and pine cone extracts; Control(+), 2% antibiotics (20 g/kg basal diet); PCEE, 2% pine cone ethanol extract
(20 g PCEE/kg basal diet); PCEHE, 2% pine cone ethanol-hexane extract (20 g PCEHE/kg basal diet).
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