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ABSTRACT This study was conducted to investigate the effects of the type and number of enrichments on growth
performance, blood characteristics, footpad dermatitis (FPD) incidence, and litter moisture in broilers. A total of 1,140
1-day-old male Ross 308 broilers were assigned to a 3 x 2 factorial arrangement based on the type of enrichment (cabbage,
alfalfa block, and angle sawdust) and the number of enrichments (one or two per 38 broilers). The growth performance, blood
characteristics, FPD incidence, and litter moisture of the broilers were evaluated. Body weight and feed conversion rate were
significantly improved (P<0.05) in the alfalfa block and sawdust group compared to the cabbage group, but there was no
interaction effect between the type and number of enrichments. The heterophil/lymphocyte ratio, a stress index, was
significantly decreased (P<0.05) in the alfalfa block and sawdust groups compared with the cabbage group. The incidence
of FPD was significantly decreased in the order of cabbage (3.78), alfalfa block (3.06), and sawdust (1.43) groups at 5 weeks
of age. Moreover, there was a significant decrease in the incidence of FPD (P<0.05) in the one-enrichment group compared
with the two-enrichment group. Litter moisture at 5 weeks of age was significantly reduced in the sawdust group compared
to the cabbage and alfalfa groups, but there was no significant difference in the interaction between the type and number
of enrichments. It was concluded that sawdust enrichment positively influenced both growth performance and the animal
welfare of broilers. In addition, it is expected that sawdust can be used to regulate litter moisture.

(Key words: broiler, enrichment type, growth performance, FPD, litter, welfare)
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Table 1. Effect of the type and number of enrichment on growth performance in broiler

Initial weight Final weight Weight gain Feed intake .
. . . . FCR (f
(g/bird) (g/bird) (g/bird) (g/bird) CR (feed/gain)
Enrichment type
Cabbages 43.02 1,674.03° 1,631.01° 3,305.89 2.03*
Alfalfa block 43.06 1,826.01° 1,782.96* 3,348.25 1.88°
Angle sawdust 43.02 1,823.29° 1,780.27° 3,295.08 1.85°
Number
1 43.01 1,776.62 1,733.62 3,308.79 1.91
2 43.06 1,772.27 1,729.21 3,324.03 1.93
Enrichment type * Number
1 43.01 1,716.65 1,673.64 3,350.62 2.00
Cabbages
2 43.03 1,631.42 1,588.39 3,261.17 2.06
1 43.04 1,787.53 1,744.49 3,295.38 1.89
Alfalfa block
2 43.07 1,864.50 1,821.43 3,401.12 1.87
1 42.97 1,825.69 1,782.72 3,280.35 1.84
Angle sawdust
2 43.07 1,820.89 1,777.82 3,309.80 1.86
P-values
Type 0.915 <0.001 <0.001 0.722 <.0001
Number 0.506 0.879 0.878 0.790 0.498
Type * Number 0.890 0.091 0.091 0.381 0.506
n=4.

*® Means in same rows with different superscripts are significantly different (P<0.05).

Table 2. Effect of the type and number of enrichment in composition of leukocyte profile of broiler

WBC HE LY HELY MO EO BA
(K/uL) (K/uL) (K/uL) (K/uL) (K/uL) (K/uL)
Enrichment type
Cabbages 2527° 7.59° 13.67° 0.54° 2.61° 1.04° 0.36"
Alfalfa block 18.97° 521° 11.00° 0.47° 1.96° 0.62° 0.17°
Angle sawdust 17.25° 4.64° 10.11° 0.45° 1.79° 0.57° 0.15°
Number
1 20.74 5.90 11.71 0.49 2.14 0.76 0.23
2 20.25 5.72 11.48 0.48 2.10 0.73 0.22
Enrichment type * Number
1 24.89 7.47 13.46 0.55 2.59 1.02 0.35

Cabbages
2 25.64 7.71 13.88 0.54 2.64 1.05 0.36




Table 2. Continued

Kim et al. : Enrichment Type and Number on Physiological Characteristics of Broiler

203

WBC HE LY HE/LY MO EO BA
(K/uL) (K/uL) (K/uL) (K/puL) (K/uL) (K/uL)
1 19.87 5.53 1141 0.48 2.04 0.69 0.20
Alfalfa block
2 18.07 4.89 10.59 0.46 1.88 0.56 0.15
1 17.46 4.72 10.24 0.45 1.79 0.56 0.15
Angle sawdust
2 17.05 4.56 9.97 0.45 1.79 0.58 0.15
P-values
Type <.0001 <.0001 <.0001 0.001 <.0001 <.0001 <.0001
Number 0.647 0.656 0.617 0.628 0.774 0.713 0.703
Type * Number 0.616 0.694 0.520 0.893 0.731 0.647 0.695

n=15.

*® Means in same rows with different superscripts are significantly different (P<0.05).
WBC, white blood cells; HE, heterophils; LY, lymphocytes; HE/LY, heterophil/lymphocytes; MO, monocytes; EO, eosinophils; BA,

basophils.

Table 3. Effect of the type and number of enrichment in composition of erythrocyte and platelets profile of broilers

Erythrocyte
Platelets
RBC Hb HCT MCV MCH MCHC (K/uL)
(K/uL) (g/dL) (%) (fL) (g/dL) (g/dL)
Enrichment type
Cabbages 2.54° 9.15 25.92° 102.17° 36.09 35.38 21.50
Alfalfa block 227° 8.08° 22.68" 100.21° 35.74 35.63 18.95
Angle sawdust 221° 7.81° 22.20° 100.34° 35.30 35.20 18.00
Number
1 2.34 8.34 23.62 100.70 35.64 35.43 19.87
2 2.33 8.34 23.58 101.10 35.77 35.38 19.10
Enrichment type * Number
1 2.51 8.99 25.79 102.63 35.86 35.02 23.30
Cabbages
2 2.56 9.30 26.04 101.7 36.32 35.74 19.70
1 2.30 8.16 22.84 99.46 35.59 35.76 18.80
Alfalfa block
2 2.23 7.99 22.52 100.96 35.88 35.50 19.10
1 2.22 7.88 2222 100.02 35.48 35.50 17.50
Angle sawdust
2 2.20 7.73 22.17 100.65 35.11 34.90 18.50
P-values
Type <.0001 <.0001 <.0001 0.135 0.328 0.716 0.281
Number 0.818 0.984 0.940 0.650 0.770 0.914 0.677
Type * Number 0.601 0.420 0.907 0.522 0.710 0.434 0.547

n=15.

*® Means in same rows with different superscripts are significantly different (P<0.05).
RBC, red blood cells; Hb, hemoglobulin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobulin;
MCHC, mean corpuscular hemoglobulin concentration.
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Table 4. Effect of the type and number of enrichment in serum biochemical profiles of broilers

TC TG GLU TP ALB LDH
(mg/dL) (mg/dL) (mg/dL) (g/dL) (g/dL) (U/L)
Enrichment type
Cabbages 149.89° 77.42° 74.39¢ 4.52° 1.46° 4,071*
Alfalfa block 135.97° 56.96 125.36° 3.71° 1.31° 3,039°
Angle sawdust 123.57° 39.08° 178.37° 3.20° 1.71* 2,527°
Number
1 139.29 56.75 121.38 3.79 1.49 3,098
2 133.67 58.89 130.70 3.82 1.49 3,326
Enrichment type * Number
1 152.41 76.33 69.18 439 1.67 4,065
Cabbages
2 147.37 78.51 79.61 4.65 1.74 4,076
1 139.28 54.39 125.55 3.78 1.49 2,696
Alfalfa block
2 132.66 59.53 125.17 3.64 1.43 3,381
1 126.17 39.54 169.41 3.22 1.32 2,533
Angle sawdust
2 120.98 38.63 187.33 3.18 1.29 2,519
P-values
Type <.0001 <.0001 <.0001 <.0001 <0.001 <.0001
Number 0.647 0.124 0.621 0.391 0.332 0.419
Type * Number 0.616 0.981 0.849 0.786 0.499 0.516
n=15.
*¢ Means in same rows with different superscripts are significantly different (P<0.05).
TC, total cholesterol; TG, triglyceride; GLU, glucose; TP, total protein; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; ALB, albumin; LDH, lactate dehydrogenase.
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Table 5. Effect of the type and number of enrichment on litter moisture content (%) at 1, 3, and 5 weeks of ages

Weeks
1 3 5
Enrichment type
Cabbages 26.42 50.62 71.20°
Alfalfa block 24.61 52.86 69.50°
Angle sawdust 29.97 46.56 61.55"
Number
1 25.98 48.16 65.75
2 28.01 51.86 69.08
Enrichment type * Number
1 24.39 53.58 69.01
Cabbages
2 28.44 47.65 73.38
1 24.35 49.50 67.08
Alfalfa block
2 24.87 56.21 71.91
1 29.20 41.39 61.16
Angle sawdust
2 30.73 51.72 61.94
P-values
Type 0.288 0.047 0.000
Number 0.426 0.203 0.056
Type * Number 0.885 0.183 0.807
n=12.

*® Means in same rows with different superscripts are significantly different (P<0.05).
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Table 6. Effect of the type and number of enrichment on incidence of footpad dermatitis (FPD) at 1, 3, and 5 weeks of ages

Weeks
1 3 5
Enrichment type
Cabbages 0.00 1.26° 3.78°
Alfalfa block 0.00 1.24* 3.06°
Angle sawdust 0.00 0.38" 1.43°
Number
1 0.00 1.00 2.67°
2 0.00 0.92 2.84%
Enrichment type * Number
1 0.00 1.40° 3.72
Cabbages
2 0.00 1.12* 3.85
1 0.00 1.10° 2.95
Alfalfa block
2 0.00 1.38" 3.17
1 0.00 0.50° 1.33
Angle sawdust
2 0.00 0.27° 1.52
P-values
Type 1.000 <.0001 <.0001
Number 1.000 0.311 0.027
Type * Number 1.000 0.004 0913

n=60.

*¢ Means in same rows with different superscripts are significantly different (P<0.05).
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Table 7. Effect of the type and number of enrichment on pH, color, water holding capacity (WHC) and shear force of breast meat
in broiler (day 35)

Color
pH WOHC Shear force (N)
L* a* b (%)
Enrichment type
Cabbages 5.67 53.94° 3.58° 7.48° 57.06 27.89
Alfalfa block 5.66 57.17° 2.77° 9.78* 57.81 24.03
Angle sawdust 5.63 58.43° 2.83° 9.76° 58.42 26.06
Number
1 5.67 56.29 3.02 8.99 57.39 2435
2 5.65 56.75 3.11 9.02 58.14 27.64
Enrichment type * Number
1 5.71 53.38 3.53 6.73¢ 56.88 26.84%
Cabbages
2 5.64 54.50 3.64 8.23% 57.23 28.93%®
1 5.64 57.69 2.77 10.21% 57.03 25.89%
Alfalfa block
2 5.69 56.66 2.77 9.35%® 58.59 22.18°
1 5.65 57.79 2.75 10.03* 58.26 20.32°
Angle sawdust
2 5.62 59.08 291 9.48® 58.59 31.79°
P-values
Type 0.490 <.0001 0.002 <.0001 0.122 0.252
Number 0.533 0.475 0.666 0.943 0.169 0.085
Type * Number 0.138 0.266 0.946 0.032 0.566 0.006
n=10.

*¢ Means in same rows with different superscripts are significantly different (P<0.05).
WHC, water holding capacity.

EAolth 2l 5e] nj e 2Rl ke S 73k T8 He 1719 d=E S ok A< o)tk Kim et
a]loln, FF, §91, 9%, A% S wgt v2A Jehd al.(2020)& SA19] &Eo] F7Fel wet Alse] AdAdE o]
th g nje 2yl 9 | RIF2Y Ao o2 Ao A 7kt o Bastgdnt sHARE, Eo] 4S5 AREd thE
29| 2+3lo)| uwhel delxlthMancini and Hunt, 2005). Wk gzo] =yl Aotz o] Mlo] kS FxA| Fe How
A a2 M?‘% 4 71502 st S/ nleaFEnl Tkl A ], BE HElato] 45N w|Rke] 2|5 YERi o]

Ee dB22=2n AskE Ad Al7l= ?5“@} E7(Singh et ZHAPE g oz s Aoz Algy o] )
al., 2006)C.% 71{12;&5} Atz =0} 21th(Zhao et a., 2019).

HEEe AN b F2d 54 % shjol), wap H 2

ge w7t 2R S TS W FES BR 2 5 9 B A7 87 enrichment(E0]24) 25 2 7o o
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ZTHMir et al., 2017). AR, Eo] Bdo] G WA & O = nel 9 7 ) 4R
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