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(1)

(2)(3) (2)

111 2 16 111 7 25

2021 6 8 90 24 26.5 kg 2 (

) ( )

( THI ) 30

THI 78.9  3.03 THI 75.9  1.7

THI 74.5  1.5 90 (2.34 vs. 2.04, P = 0.16)

90 60%  

THI ( 76 )

(temperature-

humidity index, THI)

(Harrington and Bowles, 2004) (Hahn 

et al., 2001; Mader, 2003) (lameness)

(Sanders et al., 2009; Madadzadeh et al., 2013) (culling)

(Cha et al., 2010)

(locomotion score) (locomotion quality)

(lame) (nonlame)

(Whay, 2002) 1 5 3 5

(asymmetric gait) (reluctance to bear weight) (arched back) (head bobbing)

(tracking up)(Schlageter-Tello et al. 2014)

THI (> 72)

(1) 2711
(2)
(3) E-mail: ctchang@mail.tlri.gov.tw



158

( )

( 110-11)

I. 

2021 6 8

( ) 50 m  15 m  2.5 m 9 m2

2.5 m 16 (48 1 6

32,000 m3/h) 30 cm (

20 40 ) 8 26  

0.8 14  

Shiao et al. (2011)

8 00 8 30 9 00 9 30 10 00 10 30 15 50 16 20 16 50 17 20 17

50 18 20 22 00 22 30 23 00 23 30 8 6 5 min (

1 min 4 min ) ( 25 m 4 m ( 100 m2)

) ( ) 1,224 m2

102 m2 ( 12 )

II. 

24 12 ( ) 12 (

) ( 15 45 ) (04 45)

90

1.75  0.66 26.3  7.6 kg 1.4  1.1 168  45  

627  65.6 kg 1.71  0.45 26.8  6.8 kg 1.4  1.0 173  38 638  94 kg

NRC (2001) (total mixed ration, TMR)

07 00 1/3 07 30 15 00 2/3 15 45

TMR 1

3 4

9 10 90 11

III. 

(i) 3

(HOBO MX-2301A pro RH/Temp, Onset Computer Corporation, MA, USA) 1 h

THI

THI National Oceanic and Atmospheric Administration (1976) THI = 9/5  T + 32 – 0.55 

 (1 – RH)  (9/5  T – 26) T ( ) RH (%)

(ii) 

1. Flower and Weary (2006) 5 1

2

3 4 ( )

5 ( ) ( ) ( )

30 60 90 2

2. 4 30 15 45

30

(MilkoScanTM FT+, Denmark)  
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3. 30 10 

mL 4 3,000  g 15 min Roche

(Cobas C-702, Germany) (blood urea nitrogen, BUN)

(glutamic oxaloacetic transaminase, GOT) (glutamic pyruvic transaminase, GPT)

(alkaline phosphatase, AP) (creatine phosphate kinase, CPK)

1. ( %)

Table 1. Diet formula and nutrient compositions fed to Holstein lactating cows in exercise ground trial (Dry matter, %)

Item % 

Ingredients

Corn silage 23.65

Pangolagrass hay 3.66

Alfalfa hay 9.25

Brewer's grain, wet 9.91

Soybean hull, pellet 16.38

Wheat bran 4.65

Corn, ground 18.54

Soybean meal, 43% CP 9.40

Fish meal, 60% CP 1.04

Molasses 0.68

Salt 0.37

Limestone 0.74

Dicalcium phosphate 0.15

Potassium carbonate 0.37

Sodium bicarbonate 0.55

Urea 0.37

Premix1 0.29

Total 100.00

Compositions, % of DM

Crude protein, % 17.2

42.1

25.7

Calcium, % 0.8

Phosphorus, % 0.4

1 Each kilogram of premix contains: Vit. A, 10,000,000 IU; Vit. E, 70,000 IU; Vit. D3, 1,600,000 IU; Cu, 10 g; Zn, 40 g; I, 

0.5 g; Se, 0.1 g; and Co, 0.1 g.

IV. 

THI SAS (2002)

P < 0.05

1 ( 90 ) (24 hrs) (16 00 04 30) THI

THI 75.9  1.7 16:00 4:30 THI ( 74.5  1.5 )

75.7  1.5 1.2 THI

THI

THI 2021 6 8 (THI 74 84)

(THI 72 78)  
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(Shiao et al., 2011)
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Fig. 1. Diurnal temperature-humidity index changes of air, tunnel-ventilated barn and exercise ground during the trial from 
June to August 2021 in the exercise ground trial for Holstein lactating cows (means  SD of 90 days).

2 (THI  75)  

60

30 1.79 vs. 1.76 (P > 0.05) 2.03 vs. 1.89 (P > 0.05) 90

60 2.03 vs. 1.89 2.34 vs. 2.04 (P = 0.16)

30 0.14

0.29

Chapinal et al. (2010) 50 ( )

20 00 06 30 ( 12 ) (overnight 

pasture) (hoof net growth rate)

(Bergsten et al., 2015) Hernandez-Mendo et al. 
(2007)

(friction level)

THI

(Huber, 1996)

3

Chapinal et al. (2010)

( 2 ) 90 60% ( 5 2 )  

70 2  

2

60 90

30 60 90 9.9 13.6 25.5% Goldberg et al. 
(1992) Washburn et al. (2002)  
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Days
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2. (2021 6 8 THI 75 means  SD n = 

24)

August 2021, THI 75, means  SD, n = 24).

Days

M
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ie
ld

, 
k

g
/d

ay

Cows in tunnel 
ventilation barn

Cows in barn and 
exercise ground 
ground

36

34

32

30

28

26

24

22

20
300 60 90

26.80
25.60

25.10

25.10

24.90

26.30

3. (2021 6 8 THI 75 means  SD n = 24)

August 2021, THI 75, means  SD, n = 24).

3

GOT GPT AP BUN total cholesterol CPK Chase (2006)

25 THI 72

THI 72 74 77

(Kaneko and Ho mann, 1997) Kauppinen (1984) GOT

GPT (hepatocellular injury) ( 90 ) GOT

GPT 44.91  6.93 IU/L 20.08  3.74 IU/L et al., 2005) 6 8 (

) GOT (60 70) GPT(23 27) GPT GOT  

GOT GPT 30 60

90 GOT GPT
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2. (2021 6 8 THI 75)

to August 2021, THI 75)

Cows raised in

Items Tunnel- venti-lated barn (24 h) Barn + night ex-ercise ground SEM P

No. cows 12 12

------------------------------------------------- 30 days -------------------------------------------------

Fat, % 3.94 3.82 0.12 0.53

Protein, % 3.53 3.51 0.03 0.75

Lactose, % 4.72 4.60 0.24 0.44

Solid-not-fat, % 8.95 8.70 0.02 0.64

Somatic cells count, 10,000/mL 15.2 13.7 3.21 0.20

Mastitis, % 8.3 (1/12) 0 (0/12)

------------------------------------------------- 60 days -------------------------------------------------

Fat, % 3.85 3.86 0.11 0.48

Protein, % 3.37 3.33 0.03 0.87

Lactose, % 4.75 4.82 0.23 0.43

Solid-not-fat, % 8.73 8.82 0.03 0.62

Somatic cells count, 10,000/mL 26.3 22.7 5.76 0.58

Mastitis, % 25 (3/12) 0 (0/12)

------------------------------------------------- 90 days -------------------------------------------------

Fat, % 3.92 3.84 0.14 0.38

Protein, % 3.46 3.40 0.02 0.48

Lactose, % 4.71 4.69 0.25 0.62

Solid-not-fat, % 8.81 8.80 0.03 0.79

Somatic cells count, 10,000/mL 31.4 23.4 6.24 0.64

Mastitis, % 42 (5/12) 17 (2/12)

3. (2021 6 8 THI 75)

to August 2021, THI 75)

Cows raised in

Items Tunnel- venti-lated barn (24 h) Barn + night ex-ercise ground SEM P

No. cows 12 12

------------------------------------------- 30 days -------------------------------------------

Glutamic-oxaloacetic transaminase (IU/L) 66.7 64.2 7.51 0.31

Glutamate-pyruvate transaminase (IU/L) 27.2 23.5 2.75 0.16

Alkaline phosphatase (IU/L) 54.5 51.0 5.39 0.66

Blood urea nitrogen (mg/dL) 13.7 13.0 2.06 0.65

Cholesterol (IU/L) 135 154 16.5 0.23

Creatine phosphate kinase (IU/L) 229 184 45.4 0.54

------------------------------------------- 60 days -------------------------------------------

Glutamic-oxaloacetic transaminase (IU/L) 70.2 68.4 8.53 0.65

Glutamate-pyruvate transaminase (IU/L) 26.8 23.8 2.76 0.21

Alkaline phosphatase (IU/L) 32.3 35.0 4.99 0.68

Blood urea nitrogen (mg/dL) 11.8 12.5 2.17 0.85

Cholesterol (IU/L) 160.5 164.8 20.6 0.82

Creatine phosphate kinase (IU/L) 230 235 43.8 0.84

------------------------------------------- 90 days -------------------------------------------

Glutamic-oxaloacetic transaminase (IU/L) 64.2 60.3 7.86 0.55

Glutamate-pyruvate transaminase (IU/L) 26.2 24.1 2.94 0.25

Alkaline phosphatase (IU/L) 28.4 32.1 4.83 0.42

Blood urea nitrogen (mg/dL) 11.8 10.9 1.83 0.65

Cholesterol (IU/L) 120.4 128.5 20.4 0.55

Creatine phosphate kinase (IU/L) 112.4 115.1 54.3 0.76
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(6 8 THI 74 77) 26.5 kg (

THI 1.4 )
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E ect of providing outdoor exercise ground at night on the 

health and milking performance of Holstein cows raised in 

tunnel-ventilated barn in hot summer (1)

Chun-Ta Chang (2) (3) and Geng-Jen Fan (2)

Received: Feb. 16, 2022; Accepted: Jul. 25, 2022

Abstract

The purpose of this study aimed to find the strategy for relieving heat stress from Holstein lactating cows. Cows 

raised in a tunnel-ventilated barn were offered the exercise ground at night to evaluate its health improvement potential 

and milking performance. Experiment was carried out for 90 days from June to August in 2021. A total of 24 heads of mid-

lactating cows with average milk yield of 26.5 kg a day were divided into two groups. Cows in control group were raised 

in a tunnel-ventilated barn with fan, mist, and sprinkler all day, and cows in treatment group were provided exercise ground 

at night (between pm-milking and am-milking the next day). Environment condition, temperature and relative humidity for 

temperature-humidity index (THI) calculation, and milk production were recorded daily. The locomotion score (1 to 5 points, 

showed diurnal averaged THI for ambient air, barn inside, and exercise ground during night time were 78.9  3.3, 75.9  1.7, 

and 74.5 

However, providing exercise ground 90 days for cows implied the trend in keeping foot health, with locomotion scores 

occurrence by 60%, from 5/12 to 2/12. The results suggested that providing exercise ground at night in hot summer days for 

heat stress for lactating cows.

Key words: Heat stress, Outdoor exercise ground, Holstein cows, Temperature-humidity index, Tunnel-ventilated barn.

(1) Contribution No. 2711 from Livestock Research Institute, Council of Agriculture, Executive Yuan.
(2) Animal Industry Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.
(3) Corresponding author, E-mail: ctchang@mail.tlri.gov.tw.
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(1)

(2) (3) (4) (2) (2) (2)(5)

111 3 29 111 9 2

0 3 9 14 15 44

3 6

( 4 8 ) (crude protein, CP) 13.5 15.0 16.5%

(metabolizable energy, ME) 2,600 2,800 kcal/kg 3  2 3 20

6 3 5 8 21 44

6 4 8 106 112 g 3 5 8

339 352 727 759 1,119 1,160 g 21 44 CP 15.0% ME 

2,800 kcal/kg 84.3% 6 21 44 3.22

3.47 CP 15.0% ME 2,800 kcal/kg 3.22

CP 15.0% ME 

2,800 kcal/kg

( ) ( 2012 ) (Summers et al.,1967; Wilson et al.,1983; Kwakkel 

et al.,1991)

(Walter and Aitken, 1961; McDaniel, 1983; 

Kling et al., 1985) Bish et al. (1985)

(1999) 9 1.2 kg 1.0 1.2 kg  

(1995)

(1) 2712
(2)
(3)
(4)
(5) E-mail: chcheng@mail.tlri.gov.tw
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I. 

360 0 3 3

0 3 9 14 15 44  

( 1988) 16

60.1 m 15.3 m 4.7 m

0.5 cm 5  1.5 cm 50 cm 30 cm 15 cm

( 4 8 ) ( )

CP 13.5 15.0 16.5% ME 2,600 2,800 kcal/kg ( 1 ) 6  

20 360 109 11 19 110 9 22 4 8

21 44

( 110-001 )

1. ( 4 8 )

Table 1. The experimental diets composition in brown Tsaiya ducks during grower period (4-8 weeks of age)

CP, % 13.5 15.0 16.5

ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800

Ingredients

Yellow corn, ground 59.53 68.20 57.33 66.00 55.10 63.80

Soybean meal, 43% CP 13.60 16.17 18.40 21.00 23.20 25.80

Wheat bran 23.32 11.90 20.75 9.27 18.20 6.70

Pulverized limestone 1.70 1.40 1.67 1.38 1.65 1.30

Dicalcium phosphate 0.95 1.43 0.95 1.45 0.95 1.50

Iodized salt 0.30 0.30 0.30 0.30 0.30 0.30

Choline chloride,50% 0.10 0.10 0.10 0.10 0.10 0.10

Vit-premixa 0.30 0.30 0.30 0.30 0.30 0.30

Min-premixb 0.20 0.20 0.20 0.20 0.20 0.20

Total 100 100 100 100 100 100

Calculated values

CP, % 13.5 13.5 15.0 15.0 16.5 16.5

ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800

Lysine, % 0.66 0.68 0.77 0.79 0.88 0.90

Methionine + Cystine, % 0.52 0.52 0.55 0.56 0.59 0.60

a Supplied per kilogram of diet: vitamin A, 24,000 IU; vitamin D, 5,000 IU; vitamin E, 50 IU; vitamin K, 6 mg; thiamin, 6 

mg; ribo avin, 18 mg; pyridoxine, 14 mg; vitamin B12, 0.06 mg; ca-pantothenate, 30 mg; niacin, 120 mg; biotin (1.0%), 0.12 

mg; folic acid, 2 mg.
b Supplied per kilogram of diet: Mn (MnSO4), 100 mg; Zn (ZnSO4 H2O), 90 mg; Cu (CuSO4 5H2O), 8 mg; Se (Na2SeO3), 

0.2 mg; Fe (FeSO4), 100 mg; I (KIO3), 0.5 mg; Co (CoCO3), 0.1 mg.

II. 

(i) 3 5 8  

(ii) ( 5% ) 21 44
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III. 

SAS (Statistical Analysis System, 2011) (GLM procedure)  

I. 

4 8 2 6 4 8

106 112 g 6 3 8 339 352

1,119 1,160 g 6 4  8 767 811 g

2. 4 8

ducks during 4-8 weeks of age

CP, % 13.5 15.0 16.5
SEM

Signi cance

ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800 CP ME CP  ME

Weeks of age ----------------------- Feed consumption, g/duck/day ----------------------

4 5 90 93 92 94 94 89 7.1 NS NS NS

6 8 119 114 125 120 121 117 7.1 NS NS NS

4 8 108 107 112 110 110 106 5.3 NS NS NS

----------------------------- Body weight, g/duck ----------------------------

3 351 352 339 349 350 349 78 NS NS NS

5 729 727 737 735 759 743 105 NS NS NS

8 1,145 1,119 1,123 1,136 1,160 1,160 119 NS NS NS

-------------------------- Body weight gain, g/duck --------------------------

4 5 378 375 398 386 410 395 40 NS NS NS

6 8 416 393 386 400 400 416 36 NS NS NS

4 8 794 767 783 787 810 811 56 NS NS NS

NS: Not signi cant.

6 ( 2 ) 6 6 4 8  

( 3 ) 6 4 8 50.38 55.40 CP 13.5% ME 2,600 kcal/kg

50.38 CP 15.0% ME 2,800 kcal/kg 55.40

3. ( 4 8 )

Table 3. Estimated feed cost of experimental diets in brown Tsaiya ducks during grower period (4-8 weeks of age)

CP, % 13.5 15.0 16.5

ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800

Feed price, NT$/kg 13.33 14.06 13.66 14.39 13.98 14.73

Feed consumption, kg/duck 3.78 3.74 3.92 3.85 3.85 3.71

Feed cost, NT$/duck 50.38 52.58 53.54 55.40 53.82 54.64

Feed ingredients prices, NT$/kg: yellow corn (ground) 11.45; soybean meal (43% CP) 15.65; wheat bran 6.8; pulverized 

limestone 4; dicalcium phosphate 26; iodized salt 5.5; choline chloride (50%) 48; vit-premix 700; min-premix 165.
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II. 

4 6

101 105 6 37.1 40.3 g

CP ME (2007)

( 10 15 ) 6

98 104 34.4  39.7 g

4. ( 4 8 )

CP, % 13.5 15.0 16.5
SEM

Signi cance

ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800 CP ME CP  ME

---------------------------- First laying age (day) -----------------------------

103 103 105 102 103 101 4.6 NS NS NS

----------------------- Egg weight of rst laying (g) -------------------------

38.1 37.4 37.1 37.5 40.3 38.8 NS NS NS

Weeks of age ----------------------------- Body weight, g/duck ----------------------------

14 1,263 1,247 1,274 1,284 1,282 1,286 113 NS NS NS

33 1,331 1,319 1,305 1,299 1,316 1,350 126 NS NS NS

44 1,363 1,347 1,333 1,328 1,350 1,376 78 NS NS NS

NS: Not signi cant.

14 33 44 4 6 14

44 1,247 1,286 1,328 1,376 g

14 44

5 6 21 44

167 170 g

5 25 28 33 36 41 44

(P < 0.05) CP ME CP 13.5 15%

ME CP 16.5% ME

Ding et al. (2016) CP

CP 29 32 CP 15.0% ME 2,800 kcal/kg

91.1% 21 44 CP 15.0% ME 2,800 kcal/kg 84.3%  

CP 15.0% ME 2,800 kcal/kg  

(2017) 20 40 77.4

84.8% 21 44 78.2 84.3%

5 29 32 6 62.3 63.2 g ME 2,800 kcal/

kg 63.0 g ME2,600 kcal/kg 62.5 (P < 0.05)  

( 29 32 ) 21 44 6 62.4 62.6 g

(2017) 6 20 40 60.0 63.0 g

5 21 24 6 3.53 4.04 ME 

2,800 kcal/kg 3.67 ME 2,600 kcal/kg 3.96 33 36

2.82 3.13 ME 2,800 kcal/kg 2.97

ME 2,600 kcal/kg 3.14 (P < 0.05) ME 2,800 kcal/kg

6 21 44 3.22 3.47
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CP 15.0% ME 2,800 kcal/kg 3.22

5. ( 4 8 )

performance of brown Tsaiya ducks

CP, % 13.5 15.0 16.5
SEM

Signi cance

ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800 CP ME CP  ME

Weeks of age ----------------------- Feed consumption, g/duck/day ----------------------

21 24 169 161 169 167 172 166 14.2 NS NS NS

25 28 175 168 169 173 175 170 12.2 NS NS NS

29 32 152 152 152 153 156 152 21.2 NS NS NS

33 36 169 171 170 173 172 168 8.5 NS NS NS

37 40 176 175 174 178 173 175 7.0 NS NS NS

41 44 175 178 176 173 173 175 6.1 NS NS NS

21 44 169 168 168 169 170 167 14.5 NS NS NS

----------------------------- Egg production, % -------------------------------

21 24 77.5 79.6 81.6 76.9 77.9 75.0 9.2 NS NS NS

25 28 86.7ab 89.4a 85.8ab 88.3a 85.1ab 79.9b 6.2 * NS *

29 32 87.7ab 85.8ab 86.4ab 91.1a 90.5a 80.8b 6.2 NS NS *

33 36 82.5b 85.2ab 84.9ab 90.8a 89.9a 84.6ab 5.7 * NS *

37 40 75.7 79.4 78.7 82.2 81.8 75.3 18.0 NS NS NS

41 44 70.1b 75.5ab 79.1a 76.6ab 80.4a 73.7ab 6.7 * NS *

21 44 80.0ab 82.5ab 82.8a 84.3a 84.3a 78.2b 10.6 NS NS *

--------------------------------- Egg weight, g ---------------------------------

21 24 59.2 58.0 57.9 57.7 57.8 58.3 2.78 NS NS NS

25 28 61.4 61.4 61.7 61.6 61.3 61.4 0.63 NS NS NS

29 32 62.6 62.8 62.7 62.9 62.3 63.2 0.72 NS * NS

33 36 62.8 63.3 63.0 63.1 63.4 63.5 0.93 NS NS NS

37 40 64.6 64.9 64.5 64.8 64.7 64.6 0.62 NS NS NS

41 44 64.9 64.3 64.8 64.7 64.9 64.6 1.74 NS NS NS

21 44 62.6 62.4 62.4 62.5 62.4 62.6 2.68 NS NS NS

--------------------------- Feed weight/egg weight ---------------------------

21 24 3.93 3.69 4.04 3.79 3.91 3.53 0.61 NS NS NS

25 28 3.25 3.27 3.44 3.27 3.28 3.35 0.36 NS NS NS

29 32 2.79 3.01 2.82 2.73 2.96 2.95 0.51 NS NS NS

33 36 3.21a 3.10ab 3.13ab 2.82b 3.08a 2.99ab 0.32 NS * NS

37 40 3.37 3.42 3.26 3.20 3.39 3.47 0.67 NS NS NS

41 44 4.27 4.18 3.72 3.50 3.51 4.06 0.92 NS NS NS

21 44 3.47 3.45 3.40 3.22 3.35 3.39 0.70 NS NS NS

NS: Not signi cant; *: P < 0.05.
a, b Means denoted by a di erent letter indicate signi cant di erences between groups (P < 0.05).

4 8 CP 13.5 16.5% ME2,600 2,800kcal/kg

21 44 CP 15.0% ME 

2,800 kcal/kg
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E ects of feeding brown Tsaiya ducks diets with di erent 

protein and energy concentrations during growth 

period on laying performance (1)
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Abstract

The this experiment was aimed to investigate the effect of feeding brown Tsaiya ducks diets with different protein 

and energy concentrations during growth period on laying performance. Ducks were fed with the same diets that nutrient 

concentration recommended in the manual of nutrient requirements of ducks during 0-3, 9-14 and 15-44 weeks of age. 

and metabolizable energy 2,600, 2,800 kcal/kg, respectively. There were three replicates per treatment group, with 20 ducks 

per replicate, for a total of 6 treatment groups. Growth performance was determined at 3, 5 and 8 weeks of age, and laying 

performance was determined from 21 to 44 weeks of age. The results showed that: the average daily feed consumption from 

between the groups. At 21 to 44 weeks of age, the laying rate of the CP 15.0%, ME 2,800 kcal/kg group was 84.3% which 

indicated a better trend than other groups. The feed conversion ratio of each group from 21 to 44 weeks of age ranged from 3.22 

kg group had a trend that better than other groups. Based on the above, if feed consumption, body weight, egg laying rate and 

Key words: Brown Tsaiya duck, Growth period, Laying performance, Crude protein, Metabolizable energy.
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(1)

(2) (3) (2)(4)(5)

110 7 23 111 9 5

48 4 (   )

3 4 4 ( A ) ( B C )

A B (1)

(2) 4 C (1) (2) 4

(3) 7 4 6

C 5 ( ) A B (P < 0.05) C

5 6 A B (P = 0.06) A B  

(P < 0.05) 7 8

C

(NET/LYM) 6 A B (P < 0.05)

( ) 0.0 7.5% A 5 7.5% B C  

(P < 0.05)

4 24 (Lewis and Berry, 2006) 48 (Brooks 

et al., 2001) 20

(Deprez et al., 1986; Smith et al., 2010a) (Smith et al., 2010a; 

Wijtten et al., 2011) (Berg, 1995)

(Smith et al., 2010b)  

( )

110-19

(1) 2713
(2)
(3)
(4)
(5) E-mail: hlli@mail.tlri.gov.tw
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(L  D) 10 (CP 21.4%) 28

48 ( A ) ( B C ) 3 4

4 ( ) 2.55 m2 (A )

( 1 ) B

(two-stage weaning) (1) ( ) (2) 4 C

(three-stage weaning) (1) ( ) (2) 4 ( ) (3)

7 A B C 7.91  0.23 7.90  0.06 7.90  0.13 

kg/pig (mean  SE) 4 8 2 ( )

6 3 mL ( )

(XT-1800i Hematology Analyzer Sysmex Corporation, Co., Japan)

1. (%)

Table 1. The composition of experimental diet – weaning piglets (%)

Ingredients %

Yellow corn meal 70.05

Soybean meal, CP 43% 20.00

Fish meal, CP 60% 6.00

Soybean oil 1.00

Salt 0.40

Dicalcium phosphate 1.50

Limestone, pulverized 0.70

Choline chloride, 50% 0.10

Vitamin premix1 0.10

Mineral premix2 0.15

Total 100.00

Calculated ME, kcal / kg 3,215

Analyzed values

Crude protein, % 16.37

Crude fat, % 3.34

Calcium, % 0.92

Total phosphorus, % 0.62

1 Vitamin premix provided per kilogram of diet: vitamin A, 9,000 IU; vitamin D3, 800 IU; vitamin E, 60 IU; vitamin K, 
3 mg; vitamin B1, 3 mg; vitamin B2, 9 mg; vitamin B6, 4.5 mg; vitamin B12, 0.045 mg; nicotinic acid, 45 mg; calcium 
pantothenate, 45 mg; folic acid, 0.9 mg and biotin, 0.3 mg.

2 Mineral premix provided per kilogram of diet: Cu, 5 mg; Mn, 6 mg; Co, 0.35 mg; Zn, 40 mg; I, 0.2 mg; Se 0.1 mg and Fe, 
80 mg.

III. 

Hart and Dobb (1988) Li et al. (2018)

4 0 1 ( ) 2 (

) 3 ( ) DrI-0 DrI-1 DrI-2 DrI-3

(Li et al., 2018)

(%)=(   )/(   )

IV. 

(completely randomized design, CRD) SAS (SAS, 

2002) (general linear model procedure)

(least squares means)
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I. 

(i) 

2 A B C 0.494 0.519

0.513 kg 4 5 ( 1 ) C

A B (P < 0.05) A  

 60 g 19.5% (60/306) B C 66 g (21.5 %)

5 6 C ( ) A B (P = 0.06) C 6

A 68 g 16.3% (68/416) B 46 g C 5 6

2. 

Treatment A B C

Weaning  One-stage Two-stage Three-stage

Feed intake (kg/piglet/day)

4-5-wk-old 0.246  0.023b* 0.240  0.009b 0.306  0.005a

5-6-wk-old 0.416  0.043 0.394  0.031 0.348  0.055

6-7-wk-old 0.559  0.057 0.582  0.040 0.560  0.059

7-8-wk-old 0.801  0.051 0.861  0.036 0.837  0.054

Whole period 0.494  0.038 0.519  0.024 0.513  0.038

Body weight gain (kg/piglet/day)

4-5-wk-old 0.077  0.014c 0.122  0.024b 0.230  0.025a

5-6-wk-old 0.255  0.058a 0.260  0.020a 0.177  0.041b

6-7-wk-old 0.251  0.042 0.277  0.054 0.247  0.074

7-8-wk-old 0.479  0.044 0.508  0.042 0.507  0.019

Whole period 0.266  0.023 0.292  0.017 0.290  0.022

Feed e ciency
(Feed intake / Body weight gain)

4-5-wk-old 3.294  0.976a 2.019  0.393b 1.342  0.146b

5-6-wk-old 1.701  0.479 1.526  0.208 2.060  0.591

6-7-wk-old 2.281  0.461 2.146  0.296 1.925  1.212

7-8-wk-old 1.678  0.145 1.705  0.192 1.655  0.120

Whole period 1.928  0.303 1.785  0.143 1.763  0.223

a, b

* Mean  SE.
Group A was one-stage weaning: pigs were moved away from sow, piglets grouping and feed change on the same day.

on the 4th day after weaning.

weaning, and (3) feed change on the 7th day after weaning.
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Dunshea et al. (2002)

Williams (2003)

(ii) 

A B C 0.266 0.292 0.290 kg 4

5 0.077 0.122 0.230 kg C A B (P < 0.05)

B A (P < 0.05) A B C 63.1 33.5% C

7 5 6 0.177 kg

A B 0.255 0.260 kg (P < 0.05) 4 5

(C ) 6

(Pluske et al., 1997) Tokach et al. (1992)

7 10  250 g 10

( A ) 4 5

0.077 kg 8 A B C 15.58  0.82 16.31  

0.52 16.28  0.58 kg (A) (P = 0.06)

(iii) (F/G)

A B C 1.928 1.785 1.780 4 5

3.294 2.019 1.342 B C A (P < 0.05) 6 8

5 C 7 B C

 A 5 8 B C  A  

5 4 5

Collins et al. (2017) 6 (

) ( ) (

) 4 5

( ) 4 5

II. 

6 3 et al. (2018)

C (neutrophil, NET) A B 

(P < 0.05) C (lymphocyte, LYM) A B (P < 0.05) C

(NET/LYM) A B (P < 0.05) Quiñonero et al. (2009)

NET/LYM ( C ) NET/LYM A B

6

III. 

( DrI-3) 0.0 7.5% ( 4 ) A 3

( 5 7 ) 4.2 7.5% 5 7.5% 2  

(P < 0.05) B C

 

(Oostindjer et al., 2010)

25 28 0.5 0.7 m/sec

( ) 30

(D'Eath, 2005; Mu et al., 2019)
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3. 6

Treatment A B C Je ek et al. (2018) 

Weaning One-stage Two-stage Three-stage Reference ranges (7-14 wk-old)

No. 16 15 16

RBC, 1012 cell/ L 6.71  0.15* 6.81  0.19 7.06  0.40 5.40 7.28

WBC, 109 cell/ L 21.42  1.94 18.94  1.40 18.61  2.53 13.70 34.12

PLT, 103/ L 502.44  35.06 496.75  53.39 463.94  42.07 273 730

NET, % 39.33  2.97a 39.31  5.89a 30.09  3.30b 30 71

LYM, % 54.78  3.82a 54.59  5.19a 62.95  3.44b 22 69

MON, % 4.76  0.90 5.11  1.03 6.06  1.17 0 7

EOS, % 0.84  0.24 0.71  0.23 0.60  0.14 0 9

BASO, % 0.29  0.02 0.28  0.07 0.30  0.05 0 2

Hgb, gm% 11.83  0.44 11.98  0.21 12.45  0.95 9.2 12.5

Hct, % 41.42  2.09 41.99  0.88 43.34  3.37 28.0 41.7

MCV, fL 61.74  2.30 61.74  0.41 61.35  1.64 47.7 63.0

MCH, pg 17.66  0.51 17.62  0.29 17.63  0.38 14.0 18.5

MCHC, g/dL 28.62  0.48 28.53  0.32 28.74  0.48 28.8 33.5

NET/LYM 0.72  0.11a 0.73  0.19a 0.48  0.08b

a, b

* Mean  SE.
RBC: red blood cells; WBC: white blood cells; PLT: platelets; NET: neutrophils; LYM: lymphocytes; MON: mononuclear 
balls; EOS: eosinophilic white blood cells; BASO: basophilic white blood cells; Hgb: hemoglobin; Hct: hematocrit; 
MCV: mean corpuscular cell volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular cell hemoglobin 
concentration.
Group A was one-stage weaning: pigs were moved away from sow, piglets grouping and feed change on the same day.

on the 4th day after weaning.

weaning, and (3) feed change on the 7th day after weaning.

4. 

Treatment The percentage of diarrhea (DrI-3)

5-wk-old 6-wk-old 7-wk-old 8-wk-old

A 7.5  2.9a 4.2  4.8 6.3  0.0 2.1  4.2

B 2.5  2.9b 4.2  4.8 3.1  6.3 0.0  0.0

C 0.0  0.0b 2.1  4.2 3.1  6.3 0.0  0.0

a, b

Group A was one-stage weaning: pigs were moved away from sow, piglets grouping and feed change on the same day.

on the 4th day after weaning.

weaning, and (3) feed change on the 7th day after weaning.
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Abstract

piglets. A total of 48 weaned piglets (Landrace  Duroc), 4-week-old, were randomly divided into 3 groups by gender and 

body weight. Group A was conducting one-stage weaning: piglets were moved away from sow, grouping and provided 

day, and (2) weaning feed was provided on the 4th day after weaning. Group C involved three-stage weaning: (1) away 

piglets among group A, B and C, throughout the whole period. On the 5-week-old, growth performance (body weight, feed 

old, feed intake of group C, tended to be lower than group A and B (P = 0.06). Moreover, the 6-week-old, daily weight gain 

weeks of age. The results showed that the two-stage or three-stage weaning procedures increased body weight gain of piglets 

indicating that three-stage weaning can reduce the stress of weaned piglets at 6-weeks of age. The rate of diarrhea (severe 

soft feces) of piglets at each group was between 0.0 and 7.5%, and the highest ratio was 7.5% at 5-week-old of group A, 

improve the poor body weight gain of piglets in the early stage of postweaning.

Key words: Weaned piglet, weaning procedure, Growth performance.
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(1)

(2) (2) (3) (3) (3) (2) 
(4) (2) (5)(6)

111 3 31 111 9 6

L7 L9 L11 L12

16 40

16 (P < 0.05)

40 40 (P < 0.001) L7 L9 L11 L12  

G4 40 99.6 90.0 99.5 89.4 G0

39.1 51.5 37.8 36.1% 16 40

40

16 40  

85%

15% ( 2005 )

( 2005 )

(Liu et al., 2010)

(Zhang et al., 2012; Qin et al., 2015) (Liu et al., 
2019) (Du et al., 2020)

(Pramanik et al., 2020)

(Magothe et al., 2012)

(Padhi, 2016)

(Faruque et al., 2017)

1985 1986

(

1995 1996a ) L7 L9 L11 L12

(1) 2714
(2)
(3)
(4)
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1997

L12   L9 L7  L11 ( 1996b )

( 1997a )

Chung et al. (2006) 12 40

0.23 (L9) P (P)

P9 ( P   L9 )

9P (L9   P ) 40

P9 9P 40 (P < 0.001) ( 2010 )

L7 L9 L11 L12

16 40

I. 

( ) (IACUC

97026 98009 99017 100-07) 76 40 80

L7 49 L9 40 80 67 L11 40 100

55 L12 40 80 10

( G0 ) G0

L7 L9 L11 L12 10 36 9 33 10 42 10 38 G1

L7 L9 L11 L12 4.2 (10/239) 6.6 (9/136) 2.5 (10/393) 3.5% (10/285)

11.1 (36/325) 13.0 (33/254) 7.5 (42/558) 9.8% (38/389) ( 1 )

II. 

0 3 4 17

0 3 21% 3,100 kcal/kg 4 6

18% 2,900 kcal/kg 7 9 15% 2,850 kcal/kg

10 17 14% 2,800 kcal/kg 18

[  24 30  30 36 cm ( 36 cm 30 cm )] 18

19 17% 2,700 kcal/kg 2.0% 20 17%

2,700 kcal/kg 3.8% 18 ( 45  30   

60 cm ) 18 19 20 ( 12% 2,700 kcal/kg  

0.7% ) ( 2010 )

III. 

33 5 36 2

14 16 10

10 12

18 19

21

IV. 

(i) (https://www.

angrin.tlri.gov.tw/) G0 G4 16 40
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30

40 40 60 10

1. 

Generations Incubation batch Incubation date
(year/month/day)

Line o. o  chicks studied Parents Selection percentage

M F M F M F

G0 3 2006/11/15 L7 239 325 10 36 4.2 11.1

2006/12/06 L9 136 254 9 33 6.6 13.0

2006/12/27 L11 393 558 10 42 2.5 7.5

L12 285 389 10 38 3.5 9.8

G1 3 2008/02/27 L7 73 104 8 42 11.0 40.4

2008/03/19 L9 181 163 10 52 5.5 31.9

2008/04/09 L11 191 205 10 53 5.2 25.4

L12 111 125 10 47 9.0 37.6

G2 1 2008/12/02 L7 47 81 10 47 21.3 58.0

L9 142 146 10 48 7.0 32.9

L11 164 152 10 53 6.1 34.9

L12 74 103 10 53 13.5 51.4

G3 2 2009/09/10 L7 246 274 10 57 4.1 20.8

2009/09/24 L9 280 286 10 51 3.6 17.8

L11 378 424 10 54 2.6 12.7

L12 242 283 10 53 4.1 18.7

G4 2 2010/06/01 L7 229 215 10 47 4.4 21.9

2010/06/15 L9 166 242 10 49 6.0 20.2

L11 267 302 10 49 3.7 16.2

L12 167 163 10 48 6.0 29.4

Total 4,011 4,794 197 952 4.9 19.9

M: Male, F: Female.

(ii) 16

(iii) 16 (pullorum disease, PD)

(iv) 17

(age at rst egg, AFE) (egg weight at rst egg, EWFE)

40 (average egg weight at 40 week o  age, EW40) 40 5

40 (egg numbers up to the 40 weeks o  age, E 40) 40

( 2010 )

(v) G1 G4 30 (computer-assisted 

semen analysis, CASA) (> 70)

(> 30) 10

(vi) 18 16

40 10% 16

0.5
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V. 

SAS (SAS, 2012) (general linear model 

procedure)

I. 

4,011 4,794

1 2.5 21.3 7.5 58.0%

4.9 19.9% L7 4.1 21.3 11.1 58.0%

5.8 23.0% L9 3.6 7.0 13.0

32.9% 5.4 21.4% L11 2.5 6.1

7.5 34.9% 3.6 15.3% L12 3.5

13.5 9.8 51.4% 5.7 22.5%

II. 

16 (P < 0.001) G5  

L7 16 2,248 1,790 g

1,788 1,361 g ( 2 ) L9 16 2,356 1,705 g

1,907 1,419 g ( 3 ) L11 16 2,574 2,064 g

2,074 1,583 g ( 4 ) L12 16 2,379 1,789 g

1,904 1,439 g ( 5 ) ( G0 ) ( G5 )

16 L7 L9 L11 L12 16 6.9 (115/1,673)  

8.8 (154/1,753) 18.9 (330/1,744) 8.3% (146/1,758) 16 11.0 (135/1,226) 12.8 

(161/1,258) 23.5 (301/1,282) 10.9% (142/1,297)

2. L7 16

L7 BW16 (g) BW16 (g)

Generation Male Maximum Mean  SD Female Maximum Mean  SD

G0 239 2,144 1,673  198b 325 1,688 1,226  148c

G1 73 1,920 1,447  240d 105 1,424 1,090  154d

G2 47 1,948 1,543  212c 81 1,430 1,108  134d

G3 246 2,282 1,678  169b 274 1,755 1,231  127c

G4 233 2,170 1,711  173b 218 1,568 1,270  121b

G5 121 2,248 1,788  183a 178 1,790 1,361  143a

a, b, c, d

11 16 0.326 ( 2017 ) 1997

L7 L9 L11 L12 16 1,573 1,866 1,951 1,942 g

16 1,227 1,481 1,468 1,509 g ( 1997b ) ( G0 ) L7

L9 L11 L12 16 1,673 1,753 1,744 1,758 g 16  

1,226 1,258 1,282 1,297 g L9 L11 16

L7 16
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L12 16

L12

16

3. L9 16

L9 BW16 (g) BW16 (g)

Generation Male Maximum Mean  SD Female Maximum Mean  SD

G0 166 2,932 1,753  323c 254 2,235 1,258  189c

G1 181 2,318 1,628  222d 164 1,792 1,173  161d

G2 142 2,156 1,645  255d 146 1,560 1,149  164d

G3 281 2,775 1,846  219b 286 2,046 1,355  168b

G4 167 2,460 1,838  217b 244 1,926 1,387  172b

G5 137 2,356 1,907  214a 143 1,705 1,419  143a

a, b, c, d

4. L11 16

L11 BW16 (g) BW16 (g)

Generation Male Maximum Mean  SD Female Maximum Mean  SD

G0 393 2,448 1,744  235d 558 2,268 1,282  171d

G1 193 2,314 1,675  217e 205 1,721 1,248  137e

G2 164 2,336 1,666  239e 152 1,764 1,212  177

G3 378 2,800 2,019  216b 424 2,190 1,495  179b

G4 268 2,730 1,853  213c 303 2,025 1,394  171c

G5 232 2,574 2,074  222a 221 2,064 1,583  168a

BW16: Body weight at 16 weeks o  age.

5. L12 16

L12 BW16 (g) BW16 (g)

Generation Male Maximum Mean  SD Female Maximum Mean  SD

G0 285 2,770 1,758  253b 389 2,170 1,297  214b

G1 111 2,321 1,606  293c 125 1,643 1,193  185b

G2 74 1,980 1,489  225d 103 1,594 1,103  205c

G3 242 2,619 1,900  243a 283 1,810 1,409  163a

G4 168 2,535 1,865  227a 163 1,978 1,420  175a

G5 132 2,379 1,904  189a 136 1,789 1,439  146a

a, b, c, d
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16

1997 L7 16 215 g (1,788 – 1,573 g)

134 g (1,361 – 1,227 g) L9 16 41 g (1,907 – 1,866 g) -62 g (1,419 

– 1,481 g) L11 16 123 g (2,074 – 1,951 g) 115 g (1,583 – 1,468 g)

L12 16 -38 g (1,904 – 1,942 g) -70 g (1,439 – 1,509 g)

L7 L11 16

L12 L9 16

III. 

(Salmonella pullorum, SP)

(Barrow and Freitas eto, 2011) 2 3

( 2016 )

(Cheng et al., 2020)

(Shivaprasad, 2000) Wang et al. (2007) 2005 4,767

66 33 152 41 292

SP 26 15 30

54% 31% (2002)

L7 11.4 16.6% L9

8.2 8.5% L11 9.2 15.0% L12 2.2 11.8%

(https://view.php?theme=web_structure&subtheme=&id=581)

6 12

16

G1 G3 18.2 

(219/1,206) 2.0 (12/602) 2.9% (28/951)

G4 G5

19.2 (152/790) 5.8% (41/706) G4

19.2% G2 G3 ( 6 )

G5

IV. 

L7 ( G4 ) 148  

36.1 g ( G0 ) 160 30.5 g  

12 5.6 g G4 40 43.9 g 40 126

99.6 ( 7 ) G4 G0 L7 40 7.3% (3.0/40.9)

40 39.1% (28.0/71.6) L9 G4 143

32.2 g G0 152 29.6 g 9

2.6 g G4 40 48.6 g 40 133 90.0

( 8 ) 40 9.0% (4.0/44.6) 40 51.5% 

(30.6/59.4) L11 G4 143 31.1 g G0

155 29.8 g 12 1.3 g G4

40 49.1 g 40 132 99.5 ( 9 )

40 6.3% (2.9/46.2) 40 37.8% (27.3/72.2) L12 G4

151 34.2 g G0 171

32.8 g 20 1.4 g G4 40 47.6 g

40 114 89.4 ( 10 ) 40 9.2% 

(4.0/43.6) 40 36.1% (23.7/65.7)

40 40 L7 L9 L11 L12



186

(P < 0.001) 120 G3 G4 L9 L11

L7 L12 (P < 0.001)

G4 31.1 36.1 g L7 (36.1 g)

L11 (31.1 g) 40 (P < 

0.001) L7 40 (43.9 g) L11 (49.4 g) 40

(P < 0.001) G4 40 L7 (99.6 )

L11 (99.5 ) L9 (90.0 ) L12 (89.4 )

6. 

Generations* Lines Birds o. o  positive positive rate (%)

G1 L7 179 37 20.7
L9 364 65 17.8
L11 425 82 19.3
L12 238 35 14.7

G2 L7 103 1 1.0
L9 173 1 0.6
L11 194 1 0.5
L12 132 9 6.8

G3 L7 176 11 6.3
L9 224 3 1.3
L11 402 13 3.2
L12 149 1 0.7

G4 L7 185 41 22.2
L9 196 36 18.4
L11 230 32 13.9
L12 179 43 24.0

G5 L7 182 15 8.2
L9 148 8 5.4
L11 248 15 6.0
L12 128 3 2.3

*

solution developed by the Animal Health Research Institute.

7. L7

L7
Generation

AFE1 EWFE, g EW40, g E 40

G0
160  14a

(284)
30.5  6.6b

(284)
40.9  3.3b

(239)
71.6  20.7d

(284)

G1
158  10a

(65)
30.5  4.8b

(65)
39.6  3.7c

(63)
82.8  20.0c

(65)

G2
161  11a

(75)
30.4  5.7b

(75)
41.3  3.2b

(66)
81.9  15.7c

(75)

G3
143  9c

(82)
31.9  6.7b

(82)
41.4  2.9b

(74)
88.8  23.2b

(82)

G4
148  8b

(121)
36.1  8.6a

(121)
43.9  3.0a

(114)
99.6  11.4a

(121)

Mean  standard deviation. 
The number in a parenthesis represents the birds tested.
1

a, b, c, d
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8. L9

L9
Generation

AFE1 EWFE, g EW40, g E 40

G0
152  13b

(222)
29.6  5.9cd

(222)
44.6  4.1b

(156)
59.4  23.5c

(222)

G1
147  9c

(115)
28.4  3.6d

(115)
44.6  3.4b

(104)
84.6  20.2a

(115)

G2
156  12a

(128)
30.0  5.0bc

(128)
44.4  3.1b

(110)
83.4  20.4a

(128)

G3
135  7e

(161)
31.4  7.2ab

(161)
44.5  4.1b

(116)
76.3  26.5b

(161)

G4
143  9d

(154)
32.2  6.8a

(154)
48.6  3.0a

(138)
90.0  17.5a

(154)

Mean  standard deviation. 
The number in a parenthesis represents the birds tested.
1

a, b, c, d, e

9. L11

L11
Generation

AFE1 EWFE, g EW40, g E 40

G0
155  20a

(487)
29.8  5.7a

(222)
46.2  3.7bc

(423)
72.2  25.5c

(487)

G1
142  11b

(96)
28.0  5.0b

(115)
45.5  3.7c

(90)
92.1  24.0b

(96)

G2
155  12a

(140)
30.6  5.4a

(128)
46.7  3.7b

(129)
88.0  20.1b

(140)

G3
136  8c

(291)
30.5  7.3a

(161)
46.8  3.4b

(263)
91.2  25.5b

(291)

G4
143  8b

(178)
31.1  6.3a

(154)
49.1  3.0a

(172)
99.5  14.5a

(178)

Mean  standard deviation. 
The number in a parenthesis represents the birds tested.
1

a, b, c 

40 G4 40

L7 49.5% 40 100 110 18.2% G0

100 110 6.7% 0.4% ( 1 ) L9 G4 27.9%

40 100 110 11.0% G0 100 110

5.4% 1.8% ( 2 ) L11 G4 53.9% 40

100 110 23.5% G0 100 110

12.5 3.7% ( 3 ) L12 G4 17.7% 40 100
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110 4.2% G0 100 110 2.8 0.9%

( 4 ) wagu et al. (2007) (Rhode Island)

40 40 40 40

40 (2021)

VCE 6.0.2 L7

(AFE) (BWFE) (EWFE) 40 (BW40) 40 (EW40)

40 (E 40) 0.46 0.54 0.20 0.49 0.61 0.42 E 40 AFE

(rg = -0.58) EW40 BWFE (rg = 0.79) EW40 BW40 (rg = 0.63) BWFE

BW40 (rg = 0.76)

10. L12

L12
Generation

AFE1 EWFE, g EW40, g E 40

G0
171  14b

(323)
32.8  7.2abc

(323)
43.6  3.6c

(274)
65.7  20.3b

(323)

G1
162  10b

(84)
30.9  4.3c

(84)
44.9  2.7b

(81)
75.4  20.8a

(84)

G2
172  13a

(79)
33.5  5.4ab

(79)
46.3  4.6a

(59)
59.4  20.1c

(79)

G3
144  9c

(85)
32.1  7.3bc

(85)
44.2  3.7bc

(76)
75.4  24.3a

(85)

G4
151  8c

(96)
34.2  7.2a

(96)
47.6  3.3a

(86)
89.4  12.0a

(96)

Mean  standard deviation.
The number in a parenthesis represents the birds tested.
1

a, b, c 
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40

40 40 40

40

Faruque et al.(2017)

L7 L9 L11 L12 16 6.9 8.8 18.9  

8.3% 16 11.0 12.8 23.5 10.9% L7 L9 L11 L12 40

39.1 51.5 37.8 36.1% 40 7.3 9.0 6.3 9.2%

16 40 40

(100 -2.1.3- -L1(9))

2005

 2. 34 257-272

2016  50 57-66

2021 LRI-L7

50 ( ) 229

2010

42 319-326

2021 (https://view.php?theme=web_structure&subtheme 

=&id=581)

2017 11

50 86-95

2005

 3. 34 273-290

2010 39 229-

237

1995 I.  

24 421-433

1996a II.  

25 287-295

1996b III.

25 451-465

1997a IV.

26 187-196

1997b (https://www.angrin.

tlri.gov.tw/atlas_all.htm)
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(1)

(2)(3)(4) (3)

111 5 27 111 9 12

(Glycine max)

(Au TN3) (KTS1) (TN4)

R3 ( ) R5 ( ) R7 ( )

R7

 

(Au) 6.16 5.51 mt/ha Au

(17.8%) (1.06 mt/ha) (32.7 38.6%)

(KTS1) 6.23 mt/ha

 

(Chang et al., 2012)

(Hintz et al., 1992; Shea er et al., 2001)

(Seiter et al., 2004; Asekova et al., 2014)

(Darmosarkoro et al., 2001) (Chang 

et al., 2012)

(Darmosarkoro et al., 2001; Rao et al., 2005)

( )

(Shea er et al., 2001; Rogers et al., 2017)

(Bakal et al., 2017)

(Chang et 
al., 2012)

(1) 2715
(2)
(3)
(4) E-mail: mmchu@mail.tlri.gov.tw
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Munoz et al. (1983) Hintz 

et al. (1992) R6 ( Fehr et al., 1971 ) R7 ( )

(Hintz et al., 1992)

(Chang et al., 2012)

I. 

(Glycine max cv. Leichhardt Au)

1 ( KTS1) 3 ( TN3) 4

( TN4)

II. 

2020 2 12 ( ) 9 14 ( )

(completely randomized design, CRD) 2.4 m  3 m 60 

cm 4 43 (N P2O5 K2O MgO = 15

15 15 3) 400 kg 40% 60% 20 40

III. 

R3 ( ) R5 ( ) R7 ( )

2 2 m

10 60

(mt/ha)

IV. 

60 ( HD-MI )

( 1 mm ) (crude protein, CP) (acid detergent ber, ADF)

(neutral detergent ber, NDF) CP AOAC (2019) CP

(crude protein yield, CPY) ADF NDF Vogel et al. 
(1999) ANKOM200 (ANKOM200 Fiber Analyzer, ANKOM Technology, Macedon, NY, USA)

V. 

SAS 9.4 (Statistical Analysis System, SAS 9.4, SAS Institute, Cary, NC, USA)

(analysis of variance, ANOVA) (least signi cance 

di erence, LSD)

I. 

( 1 ) ( 2 ) KTS1  

(93.8 cm) Au TN3 TN4 (50.0 50.2 53.9 cm) Au KTS1

(6.16 6.38 6.23 mt/ha) TN3 TN4 (4.65 4.83 mt/ha) KTS1
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1. 

yield and forage chemical components of soybean

SOV PH DMY CP ADF NDF CPY

---------------------------------------------------------- P > F ----------------------------------------------------------

Cultivar (C) <0.001 <0.001 <0.001 <0.001 <0.001 0.005

Crop season (CS) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Growth stage (GS) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

C  CS <0.001 0.036 0.322 0.666 0.037 0.139

C  GS 0.052 0.666 0.967 0.039 0.008 0.557

CS  GS 0.534 0.980 0.787 0.962 0.984 0.983

C  CS  GS 0.760 0.926 0.952 0.965 0.899 0.852

 PH, plant height; DMY, dry matter yield; CP, crude protein; ADF, acid detergent ber; NDF, neutral detergent ber; CPY, 

crude protein yield.

2. 

Cultivar PH  (cm) DMY (mt/ha)

Spring Fall Spring Fall

Au 59.2bcA 50.0bB 6.16aA 5.51bB

TN3 55.6cA 50.2bB 5.56bA 4.65cB

TN4 64.8bA 53.9bB 5.73bA 4.83bcB

KTS1 93.8aA 61.7aB 6.38aA 6.23aA

 PH, plant height; DMY, dry matter yield.

 Means within each column (in lowercase letter) and within each row (in uppercase letter) with di erent superscripts di er 

signi cantly (P < 0.05).

( 3 ) KTS1

77.8 cm 6.31 mt/ha TN3 52.9 cm 5.19 mt/ha

R3

R7

3. 

PH  (cm) DMY (mt/ha)

Cultivar

Au 54.6c 6.03a

TN3 52.9c 5.19b

TN4 59.4b 5.21b

KTS1 77.8a 6.31a

Crop season
Spring 68.4a 6.09a

Fall 53.9b 5.33b

Growth stage

R3 51.5c 4.35c

R5 62.5b 5.57b

R7 69.5a 7.21a

 PH, plant height; DMY, dry matter yield.

 Means in the same column with di erent superscripts di er signi cantly (P < 0.05).
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II. 

( 1 ) NDF ADF NDF

CP ADF NDF

CPY NDF ( 4 ) Au TN3 NDF

TN4 KTS1 NDF TN3 TN4 KTS1

NDF 40.1% Au TN3 NDF 38.0 38.5%

4. 

Cultivar NDF  (%)

Spring Fall

Au 39.1bA 38.0bB

TN3 40.2abA 38.5abB

TN4 40.3abA 40.1aA

KTS1 41.0aA 40.2aA

 NDF, neutral detergent ber.

 Means within each column (in lowercase letter) and within each row (in uppercase letter) with di erent superscripts di er 

signi cantly (P < 0.05).

ADF NDF ( 5 ) ADF TN4 KTS1 R7 ADF

36.2 36.9% R3 ADF ADF 31.3 32.2%

NDF KTS1 R7 NDF (43.1%) R3 NDF NDF

37.4 38.1% ADF NDF R7 R3

5. 

Cultivar ADF  (%) NDF (%)

R3 R5 R7 R3 R5 R7

Au 31.3aC 32.7bB 34.2bA 37.4aC 38.4bB 39.9dA

TN3 31.6aC 33.4bB 35.1bA 37.8aC 39.3abB 40.9cA

TN4 31.4aC 33.8bB 36.2aA 38.1aC 40.4aB 42.1bA

KTS1 32.2aC 35.2aB 36.9aA 38.1aC 40.6aB 43.1aA

 ADF, acid detergent ber; NDF neutral detergent ber; R3, R5 and R7, soybean growth stage.

 Means within each column (in lowercase letter) and within each row (in uppercase letter) with di erent superscripts di er 

signi cantly (P < 0.05).

(CPY) ( 6 ) Au

CP (17.8%) ADF NDF 32.7 38.6% TN4 KTS1 CP

17.1% ADF NDF 33.8 34.8 (ADF) 40.3 40.6% (NDF) 4

KTS1 CP Au CPY

1.10 1.06 mt/ha CPY TN3 TN4 0.92 0.90 mt/ha

CP ADF NDF

CPY R7 CP CPY

ADF NDF R3 CP CPY

ADF NDF
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6. 

and growth stages

CP  (%) ADF (%) NDF (%) CPY (mt/ha)

Cultivar

Au 17.8a 32.7c 38.6c 1.06a

TN3 17.6a 33.4b 39.4b 0.92b

TN4 17.1b 33.8b 40.3a 0.90b

KTS1 17.1b 34.8a 40.6a 1.10a

Crop season
Spring 16.8b 34.3a 40.1a 1.04a

Fall 17.9a 33.1b 39.2b 0.97b

Growth stage

R3 16.2c 31.6c 37.9c 0.70c

R5 17.5b 33.8b 39.7b 0.97b

R7 18.5a 35.6a 41.5a 1.33a

 CP, crude protein; ADF, acid detergent ber; NDF neutral detergent ber; CPY, crude protein yield.

 Means in the same column with di erent superscripts di er signi cantly (P < 0.05).

(Darmosarkoro et al., 2001; Rao et al., 2005)  

/

CP (Darmosarkoro et al., 2001; Rogers et al., 
2017) R6

(Rogers et al., 2017) (KTS1)

( 3 ) (Au) KTS1

( 6 )

(Bakal et al., 2017)

CP ADF NDF ( 2016 )

CP

ADF NDF ( 2020) CPY ADF NDF

CP ( 3 6 )

CP

ADF NDF

Hintz et al. (1992) Açikgöz et al. (2013) (R1

R7) R1 R5 CP ADF NDF

R5 R7 CP ADF NDF

Chang et al. (2012) TN4 TN7

CP ADF NDF

TN4 TN7

( 2 4 ) Au

NDF Au ADF NDF ( 5 )

( 3 6 ) Au CP CPY ADF NDF Rogers et al. (2017)

KTS1 Au

CPY ( 2 )
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Abstract

Soybean (Glycine max) has a high nutritional value and is widely cultivated in Taiwan, making it  suitable for production 

as forage. To compare plant height (PH), dry matter yield (DMY) and forage chemical composition, four cultivars of grain 

(Au and TN3), forage (KTS1) and manure (TN4) soybean were planted in the crop season of spring and fall, which were 

harvested at R3 (beginning bloom), R5 (beginning seed) and R7 (beginning maturity) growth stage, respectively. The results 

(NDF) of spring were all higher than those of fall, but crude protein (CP) content of fall was higher than that of spring. When 

highest among other stages. Compared with tested cultivars, DMY in spring and fall of late-maturing oilseed soybean (Au) 

were 6.16 and 5.51 mt/ha, respectively, which were both higher than other cultivars. Furthermore, CP (17.8%) and CPY (1.06 

mt/ha) of Au were the highest, and its ADF and NDF (32.7% and 38.6%) were both the lowest among other cultivars. Among 

the tested cultivars, Au was most suitable as forage. According to the result, it showed that late-maturing grain-type soybean 

for forage use could retain both higher quantity and quality. In addition, forage soybean (KTS1) was characterized in late 

maturing and high yield, whose DMY could reach 6.23 mt/ha  and was also an appropriate forage in fall when soybean DMY 

were generally low.

Key words: Crop season, Cultivar, Forage, Growth stage, Soybean.
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(1)

(2)(4) (2) (2) (3) (5) (4) (2)(6)

110 11 30 111 9 4

1

240 5

(control) AA 2% (Artemisia argyi) PA

2% (Plectranthus amboinicus) AA + PA 1% + 1% Tylosin 50 ppm

0 16 PA (P < 0.05)

Tylosin AA 16 (ND)

(IBD) (IB) IgA  IgG IL-l  IL-6  

(GSH) (CAT) (SOD)

(TG) Tylosin (P < 0.05) AA AA + PA Tylosin

(P < 0.05) PA AA + PA (P < 0.05)

Tylosin (P < 0.05) AA PA

Tylosin (P < 0.05) AA + PA PA Tylosin (P < 0.05)

AA

( )

2006

109

6.7% ( 2021 )

( 1996 2011 2017 )

(1) 2716
(2)
(3)
(4)
(5)
(6) E-mail: cmhung@mail.tlri.gov.tw
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( 2020 Languido et al., 2020 )

Plectranthus amboinicus ( PA ) Coleus amboinicus

76 30 

( 2018 )

(  

2018 ) (Languido et al., 
2020) (Silitonga and Syaputri, 2018)  Eimeria 
tenella (Abdul-Wasae et al., 2017)

Artemisia argyi ( AA ) (Asteraceae) (Artemisia)

( 2018 )

( 2018 ) (  

2015 ) ( 2019 2020 )

(Zhao et al., 2016; Zhang et al., 2020a)

(lipopolysaccharide)

(Zhang et al., 2020b) 42

(P < 0.05) (Gholamrezaie Sani et al., 2013)

 

( )

108-37

I. 

( )

( 4 18 5 15 6 12 )

3 5 50 24 2 mm  

II. 

1 240 5

(control) AA 2% 

PA 2% AA + PA 1% 1% Tylosin 50 ppm  

1 2 4 12

20 ( 12 /3.3 m2) 16

III. 

(i) 4 8 12  16

(average daily gain/bird, ADG) (average daily feed intake/bird, ADFI)

(feed/gain, F/G)

(ii) ( blood cell count) 16 3 mL

2 1 Exigo Vet (white blood cell, 

WBC) (heterophils, H) (lymphocytes, L) (neutrophils) (monocytes)

(eosinophils) (basophils) (red blood cell, RBC) (thrombocyte)

(total protein, TP) ( brinogen, Fib) (hemoglobin, Hb) (packed 

cell volume, PCV) [mean corpuscular volume, 

MCV = PCV (%)  10 / RBC (1012/L)] (mean corpuscular hemoglobin concentration, 
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MCHC = Hb  100/PCV) [mean corpuscular hemoglobin, MCH = Hb  10 / RBC (1012 /L)

1 4 3,000 rpm 10

(immunoglobulin, Ig) (interleukin, IL)

1.  

Table 1. The composition of the experimental basal diets

Ingredients (%)
weeks of age

0 4 wk 5 8 wk 9 16 wk

Corn, yellow 46.15 50.45 54.45

Soybean meal, CP 44% 40 34 28

Wheat bran 4 6 8

Soybean oil 6.8 6.5 6.5

Limestone, pulverized 1.2 1.3 1.3

Dicalcium phosphate 1.0 0.9 0.9

Vitamin premixa 0.1 0.1 0.1

Mineral premixb 0.2 0.2 0.2

DL-Methionine 0.15 0.15 0.15

Choline chloride, 50% 0.1 0.1 0.1

Iodized salt 0.3 0.3 0.3

Total 100.0 100.0 100.0

Feed cost/kg, NT$ 13.0 12.5 12.2

Calculated values

Crude protein, % 21.3 19.4 17.4

ME, kcal/kg 3,075 3,084 3,109

a Supplied per kg of diet: vitamin A, 10,000 IU; vitamin D3, 1,000 IU; vitamin E, 25 IU; vitamin K, 3 mg; thiamin, 3 mg; 

ribo avin, 5 mg; pyridoxine, 3 mg; vitamin B12, 0.03 mg; Ca-pantothenate, 10 mg; niacin, 50 mg; biotin, 0.1 mg; and folic 

acid, 3 mg.
b Supplied per kg of diet: Mn, 60 mg (MnSO4 H2O); Zn, 60 mg (ZnO); Cu, 5 mg (Cu2SO4 5H2O); Fe, 70 mg 

(FeSO4 7H2O); Se, 0.1 mg (Na2SeO3); and I, 0.45 mg.

(iii) (HITACHI 008AS) (kit)

(Glutamate oxaloacetate transferase, GOT) (Glutamate 

pyruvate transaminase, GPT) (blood urea nitrogen, BUN) (creatinine, CRE)  

(triglyceride, TG) (total cholesterol, T-CHOL) (total protein, TP) (albumin, ALB)

(globin, GLO) / (A/G)

(iv) 12 16 8  

(Newcastle disease, ND) (infectious bursal disease, IBD) (infectious 

bronchitis, IB) ND 

(hemagglutination inhibition test, HIT IBD IB (enzyme-linked 

immunosorbent assay, ELISA)

(v) G (immunoglobulin G, IgG) A (immunoglobulin A, IgA) 16

IgG IgA Bethyl IgG IgA

(chicken ELISA IgG IgA Kit) ELISA (Bio-Rad Laboratories Inc., Irvine, 

CA) 450 nm

(vi) (pro-in ammatory cytokine) 16  

450 nm IL-1ß (interleukin 1 beta)  IL-6 (interleukin 

6)

(vii) 16 (superoxide dismutase, SOD) (catalase, 
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CAT) (glutathione, GSH) (Catalog No. 706002, 707002, 703002; 

Cayman Chemical Co., USA)

(viii) 16 2 8 40

( )   

1. 

2. ( / )  100

3. ( / )  100

4. =  +  + = [(  +  + ) / ] 

 100

IV. 

SAS (statistical analysis system, 2008)

(general linear model procedure, GLM) (least squares means, LSM)

2. 

Table 2. Vaccination program of black velvet silky chicken

Age Vaccine types Note

Hatched MD Subcutaneous 

ND  IB Drinking

2 wk old ND  IB Drinking

POX Wing web

4 wk old ND  IB  IBD Intramuscular

6 wk old ND  IC Intramuscular

ILT Eyes, nose

8 wk old ND  IB Drinking

12 wk old ND  IC Intramuscular

MD = Marek’s disease; ND = Newcastle disease; IB = infectious bronchitis; POX = fowl pox; IBD = infectious bursal 

disease; IC = infectious coryza; ILT = infectious laryngotracheitis.

I. 

3  

0 16 PA (P < 0.05)

13 16 AA + PA Tylosin

(P < 0.05) Kim et al. (2012)

1 35 1% 2%

Khalaji et al. (2011) 1 42 1%

(P < 0.05)

Silitonga and Syaputri (2018) 5 10 15 20% 35

(P < 0.05) Languido et al. (2020) 3 6 9% 1 35  

(P < 0.05) (P < 0.05) 3%

6% 7 (P < 0.01) 2% PA

9%

4  8 AA + PA Tylosin (P < 0.05)
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(2015) 2 3 5% 42 102  

(P < 0.05) 112 2%

3 0 16 AA PA AA + PA Tylosin

90 100 84 100 98% AA AA + PA 100%

3. 0 16

Artemisia argyi and Plectranthus amboinicus on growth performance and survivability 
of male black velvet silky chicken during 0-16 weeks of age

Items/age Control AA* PA$ AA + PA mix# 50 ppm Tylosin SEM

Feed intake, g/bird

0 4 weeks 423 440 443 420 412 13

5 8 weeks 1,065 1,132 974 1,130 1,100 80

9 12 weeks 1,594 1,542 1,583 1,545 1,546 37

13 16 weeks 1,667 1,614 1,972 1,659 1,693 109

0 16 weeks 4,749b 4,728b 4,972a 4,754b 4,751b 59

Weight gain, g/bird

0 4 weeks 195 197 193 185 190 6

5 8 weeks 358 316 312 300 317 32

9 12 weeks 473 491 506 513 485 29

13 16 weeks 327 311 369 300 362 24

0 16 weeks 1,353 1,313 1,378 1,298 1,354 35

Feed conversion ratio, feed/gain

0 4 weeks 2.18 2.24 2.30 2.27 2.17 0.05

5 8 weeks 3.08 3.67 3.11 3.98 3.58 0.43

9 12 weeks 3.37 3.18 3.16 3.04 3.25 0.18

13 16 weeks 5.15ab 5.26ab 5.33ab 5.67a 4.68b 0.29

0 16 weeks 3.53 3.60 3.61 3.67 3.51 0.07

Survivability, %

0 4 weeks 100 100 100 100 100 0

0 8 weeks 92 100 84 100 100 7

0 12 weeks 92 100 84 100 98 7

0 16 weeks 90 100 84 100 98 8

N = 4.
a, b Means in the same row with di erent superscripts di er signi cantly (P < 0.05).
* AA = 2% Artemisia argyi.
$ PA = 2% Plectranthus amboinicus.
# AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

108 0 4 5 8 9 20

13.0 12.5 12.2 /kg 2,400 /kg

300 1,580 /kg AA PA AA + PA Tylosin

0 16 5 1 16 400

AA PA AA + PA Tylosin 301.4 313.3 117.6 252.0 332.8 

Tylosin AA 11.9 Languido et al. (2020)

3 6 9% 1 35

60 /kg (10 /kg) ( 16

30 /kg ) 80 /kg 150 kg 10 kg 1,580 /kg (

)
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4. 4 8 12 16 (g)

Artemisia argyi and Plectranthus amboinicus of Chinese herbs on body weight (g) of 
male black velvet silky chicken at 4, 8, 12 and 16 weeks of age

Items/age Control AA* PA$ AA + PA mix# 50 ppm Tylosin

0 weeks 30.6  0.3 30.4  0.3 31.1  0.3 30.3  0.3 30.8  0.3

(N = 48) (N = 48) (N = 48) (N = 48) (N = 48)

4 weeks 225  5 227  5 224  5 215  5 221  5

(N = 48) (N = 48) (N = 48) (N = 48) (N = 48)

8 weeks 576  13a 542  13ab 544  14ab 515  13b 537  13b

(N = 44) (N = 48) (N = 40) (N = 48) (N = 48)

12 weeks 1,048  20 1,033  20 1,050  21 1,028  20 1,022  20

(N = 44) (N = 48) (N = 40) (N = 48) (N = 47)

16 weeks 1,367  29 1,343  28 1,405  30 1,328  28 1,375  28

(N = 43) (N = 48) (N = 40) (N = 48) (N = 47)

Mean  standard error; N = 4.
a, b Means in the same row with di erent superscripts di er signi cantly (P < 0.05).
* AA = 2% Artemisia argyi.
$ PA = 2% Plectranthus amboinicus.
# AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

5. 0 16

Table 5. Economic analysis of diets added with Artemisia argyi and Plectranthus amboinicus on male black velvet silky 
chicken during 0-16 weeks of age

Items Control AA* PA$ AA + PA mix# 50 ppm Tylosin

Feed cost/bird (NT $)1 58.6 58.4 61.3 58.7 58.6

Additives cost/bird (NT $)2 0 28.4 157.1 89.4 0.6

Chicken price/bird (NT $)3 360 400 336 400 392

IOFC/bird (NT $)4 301.4 313.3 117.6 252.0 332.8

1 Feed cost / bird (NT $) = [0 – 4 weeks feed intake / bird (g)  1,000  13.0 NT $ / kg] + [5 – 8 weeks feed intake / bird (g) 

 1,000  12.5 NT $ / kg] + [9 – 16 weeks feed intake / bird (g)  1,000  12.2 NT $ / kg].
2 Additives cost/bird (NT $):

(1) 2% Artemisia argyi cost/bird (NT $) = [0 – 16 weeks feed intake / bird (g)  1,000  0.02  300 NT $ / kg].
(2) 2% Plectranthus amboinicus cost / bird (NT $) = [0 – 16 weeks feed intake / bird (g)  1,000  0.02  1,800 NT $ / kg].
(3) 1% Artemisia argyi + 1% Plectranthus amboinicus mix cost / bird (NT $) = [0 – 16 weeks feed intake / bird (g)  1,000  

0.01  300 NT $ / kg] + [0 – 16 weeks feed intake / bird (g)  1,000  0.01  1,800 NT $ / kg].
(4) 50 ppm Tylosin cost/ bird (NT $) = [0 – 16 weeks feed intake / bird (g)  1,000  0.00005  2,400 NT $ / kg].

3 Chicken price / bird (NT $) = 400 NT $ / chicken  0 – 16 weeks livability (%).
4 IOFC/bird (NT$) = Chicken price / bird (NT $) – Feed cost / bird (NT $) – Additives cost / bird (NT$).
* AA = 2% Artemisia argyi.
$ PA = 2% Plectranthus amboinicus.
# AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

IOFC = Income over feed cost.

II. 

AA PA AA + PA Tylosin 6

12 AA AA + PA ND PA (P < 0.05) AA 

+ PA IBD Tylosin (P < 0.05) PA IB Tylosin  

(P < 0.05) 16 ND IBD IB Kaab et al. (2022) 
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1% (Artemisia) 35 (P < 0.05) AA

(Peleg et al., 1976)

(2003)

ND IB IBD 16 1,024 3,000 10,000 3,000 10,000

12 16 ND 1,024

IB 3,000 12 IBD 3,000 10,000

16 AA + PA 3,000  

( ) 

( 2003 )

( 1996 )

6. 12 16 (ND) (IBD)

(IB)

Artemisia argyi and Plectranthus amboinicus on ND, IBD and IB antibody titer of male 
black velvet silky chicken at 12 and 16 weeks of age

Items wks Control AA* PA$ AA + PA mix# 50 ppm Tylosin SEM

ND1 (log2)

12

10.0a 10.6a 8.9b 10.9a 10.1a 0.4

IBD2 (  103) 4.1ab 4.2ab 4.6ab 5.5a 4.0b 0.5

IB2 (  103) 1.3b 1.6ab 2.2a 1.7ab 1.1b 0.3

ND1 (log2)

16

10.7 10.8 10.7 11.3 10.7 0.3

IBD2 (  103) 2.5 2.7 2.9 3.5 2.6 0.4

IB2 (  103) 0.9 1.0 1.2 1.1 0.9 0.2

N = 16.
a, b Means in the same row with di erent superscripts di er signi cantly (P < 0.05).

ND = Newcastle disease; IB = infectious bronchitis; IBD = infectious bursal disease.
1 Serum hemagglutination inhibition assay.
2 Enzyme-linked immunosorbent assay.
* AA = 2% Artemisia argyi.
$ PA = 2% Plectranthus amboinicus.
# AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

III. 

AA PA AA + PA Tylosin 7

16 IgA IgG (2015) 21 42

IgA IgG 0 0.25 0.50 1.00 2.00% 

IV. (pro-in ammatory cytokine)

AA PA AA + PA Tylosin 7

16 IL-l IL-6

IL-1 IL-6 TNF-

B T (Nathan, 

1987 2004) (lipopolysaccharide, LPS)
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(IL-1 IL-6) (IgA IgG) (Zhang et al., 2017)

LPS (IL-1 IL-6) (IgA

IgG)

7. 16 A (IgA) G (IgG) 1  

(IL-1 ) 6 (IL-6)

Artemisia argyi and Plectranthus amboinicus on immunoglobulin A (IgA), G (IgG), 

Items Control AA* PA$ AA + PA mix# 50 ppm Tylosin SEM

Immunoglobulin

IgA (ng/mL) 173 213 208 236 173 25

IgG (pg/mL) 693 661 572 680 536 63

Interleukin

97 32 141 73 85 66

IL-6 (pg/mL) 438 376 277 325 273 53

Antioxidant capacity

GSH (U/mg) 41.3 29.3 31.8 24.3 47.5 9.1

CAT (mU/mL) 6.0 5.9 6.2 6.2 6.1 0.2

SOD (inhibition rate, %) 38.1 41.7 42.3 39.7 36.9 5.5

N = 8.

GSH = glutathione; CAT = catalase; SOD = superoxide dismutase.
* AA= 2% Artemisia argyi.
$ PA= 2% Plectranthus amboinicus.
# AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

V. 

AA PA AA + PA Tylosin 7  

16 GSH CAT SOD (2015)

21 42 SOD  CAT 0 0.25 0.50 1.00 2.00%

GSH

(Zhao et al., 2016) CAT

(H2O2) H2O2 H2O2

CAT  ( 2020)

VI. 

AA PA AA + PA Tylosin 8

GOT GPT BUN CRE T-CHOL TP ALB (A) GLO (G) A/G

TG Tylosin (P < 0.05) TG (2020)

40 56 3% GOT GPT T-CHOL TP TG ALB GLO

 

VII. 

AA PA AA + PA Tylosin 9

PCV RBC Hb MCV MCH MCHC lymphocytes eosinophils basophils thrombocyte TP

Fib WBC AA AA + PA Tylosin (P < 0.05)

heterophils PA AA + PA (P < 0.05) monocytes Tylosin

(P < 0.05) (2006) PCV (32.88 40.68%) RBC (2.76 3.49  106/

L) Hb (10.47 14.58 g/dL) MCV (115.75 119.05 fL) MCH (37.88 41.85 pg) MCHC (31.90 35.88 g/

dL) WBC (9,830 22,750 / L) heterophils (1,524 7,091 / L) lymphocytes (6,600 11,905 / L) monocytes 
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(721 1,401 / L) eosinophils (189 256 / L) basophils (639 2,161 / L) H/L (0.24 0.60)  

Khalaji et al. (2011) 42 monocytes

(P < 0.05) RBC WBC Hb basophils lymphocytes eosinophils

AA + PA Tylosin Maxwell (1993) H/L

H/L PA AA + PA Tylosin

(P < 0.05) PA

8. 16

Artemisia argyi and Plectranthus amboinicus on blood biochemical value of male black 
velvet silky chicken at 16 weeks of age

Items Control AA* PA$ AA + PA mix# 50 ppm Tylosin SEM

GOT (U/L) 235.5 244.1 235.6 237.5 260.6 14.4

GPT (U/L) 2.1 2.4 2.5 2.0 2.3 0.2

TP (g/dL) 4.5 4.2 4.2 3.9 4.7 0.3

ALB (g/dL) 2.0 2.0 2.1 1.9 2.4 0.2

GLO (g/dL) 2.4 2.2 2.2 1.9 2.3 0.2

A/G 0.88 0.96 0.98 1.00 1.22 0.17

BUN (mg/dL) 1.01 1.15 1.15 1.00 1.15 0.10

CRE (mg/dL) 0.10 0.17 0.18 0.14 0.20 0.02

T-CHOL (mg/dL) 146 145 127 141 134 13

TG (mg/dL) 68a 48ab 48ab 47ab 41b 9

N = 8.

GOT = glutamate oxaloacetate transferase; GPT = glutamate pyruvate transaminase; BUN = blood urea nitrogen; CRE = 

creatinine; TG = triglyceride; T-CHOL = total cholesterol; TP = total protein; ALB = albumin; GLO = globin; A/G = ALB/

GLO.
a, b Means in the same row with di erent superscripts di er signi cantly (P < 0.05)
* AA= 2% Artemisia argyi.
$ PA = 2% Plectranthus amboinicus.
# AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

9. 16

Table 9. Effects of diets added with Artemisia argyi and Plectranthus amboinicus on hematology values of male black 
velvet silky chicken at 16 weeks of age

Items Control AA* PA$ AA + PA mix# 50 ppm Tylosin SEM

PCV (%) 32.36 34.44 34.13 33.88 31.38 1.25

RBC(  106 2.53 2.65 2.65 2.59 2.42 0.11

Hb (g/dL) 12.44 12.74 13.00 12.45 11.95 0.48

MCV (fL) 128.65 130.91 122.08 132.18 130.05 4.71

MCH (pg) 49.56 48.30 46.32 48.44 49.53 1.56

MCHC (g/dL) 38.44 37.06 38.19 36.83 38.20 0.68

15,893ab 18,550a 16,960ab 14,513b 14,613b 983

2,484c 4,705ab 5,241a 2,902bc 3,807abc 754

9,239 10,091 7,838 8,727 9,145 983

Heterophil/Lymphocyte ratio 0.27b 0.47ab 0.67a 0.33b 0.42b 0.08

3,264a 2,928ab 3,024ab 2,322ab 1,756b 505

311 323 159 239 154 70
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9. 16 ( )

Table 9. Effects of diets added with Artemisia argyi and Plectranthus amboinicus on hematology values of male black 
velvet silky chicken at 16 weeks of age (continued)

Items Control AA* PA$ AA + PA mix# 50 ppm Tylosin SEM

607 503 404 322 672 164

Thrombocytes (  103/uL) 17.21 15.38 27.07 18.12 15.56 6.77

TP (g/dL) 5.17 5.25 5.27 5.00 4.74 0.20

Fib (g/dL) 0.45 0.44 0.41 0.37 0.33 0.07

N = 16.
a, b, c Means in the same row with di erent superscripts di er signi cantly (P < 0.05).
* AA= 2% Artemisia argyi.
$ PA= 2% Plectranthus amboinicus.
# AA + PA= 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

VIII. 

AA PA AA + PA Tylosin 10

 AA PA Tylosin (P < 0.05)  AA+ PA PA

Tylosin (P < 0.05) (1998)

16 80.6 5.2% Languido et al. (2020)

3 6 9% 1 35 Silitonga and Syaputri 
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Artemisia argyi and Plectranthus amboinicus on carcass characteristics of male black 
velvet silky chicken at 16 weeks of age

Items Control AA* PA$ AA + PA mix# 50 ppm Tylosin SEM

Carcass, % 79.2a 76.3bc 75.1c 77.6ab 75.2c 0.9

Abdominal fat, % 0.60 0.24 0.35 0.01 0.02 0.25
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a, b, c Means in the same row with di erent superscripts di er signi cantly (P < 0.05).

Edible organs (%) = [(heart + gizzard + liver) / carcass weight]  100
* AA = 2% Artemisia argyi.
$ PA = 2% Plectranthus amboinicus.
# AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

AA 0 16

AA  
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E ect of dietary supplementation of Artemisia argyi and 

Plectranthus amboinicus on the growth performance, 

hematology values and carcass characteristics 

of male black velvet silky chicken (1)
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Abstract

The purpose of this experiment was to investigate dietary supplementation of Artemisia argyi (AA) and Plectranthus 
amboinicus
of male black silky chickens for non-antibiotic feeding mode for the reference of farmers. Two hundred and forty days old 

(basal diet without any antibiotics or drugs), and dietary supplementation of 2% AA, 2% PA, 1% AA + 1% PA and 50 ppm 

for feeding without antibiotics. In consideration of growth performance, body weight, survivability, serum antibody titer, 

feeds added with 2% AA can replace antibiotics to preclude drug residue of silky chicken.

Key words: Artemisia argyi, Plectranthus amboinicus
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PAG (radioimmunoassay, RIA)

(enzyme-linked immunosorbent assay ELISA)

2 Singh et al. (2019a) ELISA  

PAG 2 (93.3% vs. 94.4%)

(Alpine) 70% ( 2008 )

ELISA PAG

PAG

I. 

( 3 5 ) 2 348 

(ALOKA Prosound 2, Japan) Karadaev 

(2015) 45 50

II. 

10 94

1 mL 3

III. 

PAG ( 10

43 ) ( 49 78 ) ( 85 94 ) PAG

PAG ELISA (Milk Pregnancy Test Kit, IDEXX Laboratories, Inc., Westbrook, Maine, USA) 96

2 (SpectraMax® 

Absorbance Reader CMax Plus, USA) 450 630 nm PAG

(optical density, OD) PAG (sample-negative)

0.25 0.25

IV. 

SAS (SAS 2014) ( )

Bonferroni

PAG P < 0.05

P < 0.001

PAG (Pearson correlation)

(multivariate linear regression analysis)

PAG

I. PAG

348 ( 10 94 ) PAG

(transabdominal ultrasound)

PAG 1 ( 10 43 ) 348 PAG
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0.280  0.331 2.376 -0.016 ( 49 78 ) 348 PAG

1.029  0.824 3.868 0.178 2 346

PAG 1.010  0.675 3.435 0.421

1. 

Table 1. The concentration of milk pregnancy-associated glycoprotein (PAG) concentrations in the gestation stages of 
Alpine goat

Pregnancy period Number of animals PAG concentration (S-N value)*

Mean  Std.deviation Minimum Maximum

Early pregnancy 170 0.280  0.331 -0.016 2.376

Middle pregnancy 170 1.029  0.824 0.178 3.868

Late pregnancy 168 1.010  0.675 0.421 3.435

*S-N value: Sample - negative value.

II. PAG

PAG 1

PAG 33 49

71 78 ( 10 43 ) PAG

(P < 0.05) (P < 0.05) PAG  

(0.319  0.100 vs. 0. 319  0.035 vs. 0.132  0.065) PAG  

(P > 0.05)

1. 

PAG (*P < 0.05)

10 43 49 78 85 94

in single fetus, dual fetuses, and triple fetuses bearing Alpine goat does during early, middle, and late pregnancy. 
Early pregnancy represents gestation stage from 10 to 43 days of gestation; middle pregnancy is the 49 to 78 days of 
gestation; late pregnancy is the 85 to 94 days of gestation. Type of pregnancy indicates single, dual, or triple fetuses. 
*

( 49 78 ) PAG 78

(P < 0.001) (P < 0.05) PAG

(3.085  0.109 vs. 0.824  0.039 vs. 0.853  0.071, P < 0.05) PAG

(P < 0.001) ( 85 94 ) PAG

(P < 0.001) PAG (2.934  0.104 vs. 
0.835  0.037; 0.784  0.068, P < 0.05) PAG (P < 0.001)
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PAG 2

PAG (r = 0.404 vs. 0.445, P < 0.001)

2. 

during pregnancy in Alpine goats

Pregnancy stage Variable Correlation coe -cient P value

Early pregnancy Fetal number 0.195 0.050

Gestation length 0.421 < 0.001

Middle pregnancy Fetal number 0.500 < 0.001

Gestation length 0.266 < 0.001

Late pregnancy Fetal number 0.610 < 0.001

Gestation length -0.140 0.254

Whole period Fetal number 0.404 < 0.001

Gestation length 0.445 < 0.001

* Early pregnancy = 10 to 43 days of gestation; Middle pregnancy = 49 to 78 days of gestation; Late pregnancy = 85 to 94 

days of gestation.

III. PAG

PAG ( 3 )

PAG (unstandardized coe cient) (standardized  coe cient)

PAG  

PAG

3. 

Table 3. Multiple linear regression analyses results for the relationship of milk pregnancy-associated glycoprotein (PAG) 
with fetal number during pregnancy and gestation length in Alpine goats

Pregnancy stage Dependent variable P-value Adjusted R2

Early pregnancy Fetal num-ber 0.121 0.195 0.031 0.215

Gestation length 0.010 0.421 < 0.001

Middle pregnancy Fetal num-ber 0.776 0.500 < 0.001 0.321

Gestation length 0.021 0.266 < 0.001

Late pregnancy Fetal num-ber 0.772 0.610 < 0.001 0.392

Gestation length -0.021 -0.140 0.152

* Early pregnancy = 10 to 43 days of gestation; Middle pregnancy = 49 to 78 days of gestation; Late pregnancy = 85 to 94 

days of gestation.

Jones et al. (2016)

45

100 87 31% PAG

(Karen et al., 2003; González et al., 2004; Byrem et al., 2012; Chaves et al., 2017)

PAG

I. PAG

(ELISA) PAG 33 94
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PAG 0.297 3.868 0.25

ELISA (whole milk) (skim milk) PAG (

28 53 ) 1.16  0.13 1.23  0.13 0.25 (Singh et al., 2019a)

33  

Singh et al. (2020) 37

II. PAG

PAG 33

49 71 78 Singh et al. (2019b)

PAG 28 51

PAG 48.6  5.0 12 (González et al., 2000)

PAG 28 62 (Rovani et al., 2016)

PAG 3.868 Singh et al. (2019a) 2.83

PAG 20%

(Schlafer et al., 2000)

PAG 18 19 23 (Wango et al., 1990)

PAG 26 33

III. PAG

PAG PAG

44 94 (Batalha 

et al., 2001) (Szelényi et al., 2015) (Ledezma-Torres et al., 2006) PAG

PAG

(Sousa et al., 1999; Szelényi et al., 2015) PAG 4

(Robert et al., 2017) Singh et al. (2019b) PAG

28 93 ( 26 51 ) ( 58

114 ) PAG (P < 0.001) (P = 0.012) (Singh et al., 2019b)

PAG (Ranilla et al., 1997) PAG

(Echternkamp et al., 2006)

PAG

Sarda Lacaune PAG Sarda Lacaune

PAG  (Carolis et al., 2020)

PAG (epitope) (Barbato et al., 2013) PAG

PAG

( 10 94 ) PAG

(P < 0.05) ( 10 43 ) ( 49 78 ) (P < 0.05)

PAG PAG  

PAG

110 -2.1.2- -L1(5)
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The relationship between fetal number and pregnancy-

associated glycoprotein in milk of Alpine goat (1)
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Abstract

Grouping management is a common practice of applying pregnancy test to separate the pregnant goats from not 

pregnant ones after breeding. The nutritional need is significantly different among goats with single, twin, and multiple 

toxemia, thereby to reduce the mortality of weak lambs. We analyzed the pregnancy-associated glycoprotein (PAG) 

concentration in goat milk with different fetal number, pregnancy days, and pregnancy stages. The result showed that 

< 0.05). Milk PAG concentration was positively correlated with fetal number. Multiple linear regression suggested that fetal 

number was a more precise predictor than gestation length for milk PAG concentration, while predicting fetal number using 

milk PAG concentration in middle and late pregnancy could be plaudible. This non-invasive and stress free method could be 

used for care preparations for both pregnant goats and lambs, and also used for goat milk production and herd size estimation 

Key words: Alpine goat, Pregnancy-associated glycoprotein, Raw milk.
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Fig. 4. The daily maximum, minimum air temperature and dew point (upper), daily mean and minimum relative humidity 
and precipitation (lower) during the survey period.
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Fig. 5. Changes in relative humidity of modified container, original container and concrete barn during the bale survey 
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2. 

Table 2. Reduction in moisture content of pangolagrass bales during the survey period

layer 11/18 11/21 11/25 11/28 12/1 12/5 12/12 12/16 12/20

------------------------------------------------------ % -------------------------------------------------------

Modi ed container 
Upper 1.97a 2.91a 2.74a 2.36a 2.83a 3.88a 4.38a 5.06a 5.57a

Lower 1.64a 2.28a 2.40a 2.10ab 2.50a 3.25a 3.77b 4.42b 5.08a

Original container
Upper 0.98b 1.65b 2.24ab 1.94ab 2.45a 3.16ab 3.40b 3.95c 4.37b

lower 0.74b 1.43b 1.55b 1.69b 1.94b 2.38b 2.87c 3.36c 3.97c

Concrete barn 1.08b 1.50b 1.92ab 1.99ab 1.78b 2.36b 3.12b 3.70c 4.30b

a, b, c

3. 

Table 3. Reduction in moisture content of Bermuda bales during the survey period

11/18 11/21 11/25 11/28 12/1 12/5 12/12 12/16 12/20

---------------------------------------------------------- % -----------------------------------------------------------

Modi ed container 0.74a 0.80a 0.64a 0.61a 0.75a 1.05a 1.28a 1.50a 1.78a

Original container 0.20b 0.20b 0.14b 0.32b 0.29b 0.27b 0.34b 0.39b 0.41b

Concrete barn 0.25b 0.35b 0.51a 1.01a 0.60a 0.58a 1.43a 1.61a 1.82a

a, b
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Abstract

Intake of small herbivores is low, and hay is prone to long-term storage deterioration. In this study, a modification 

with container for small scale hay storage was carried out, and its micro-meteorological changes and dehumidification 

378 m3

moisture. According to the continuous micro-meteorological records, the RH changes of the upper layer of the modified 

and original containers were similar, which could be reduced to 30-35% during the day, and the RH of the modified set 

container and also higher than that of outdoors in the evening. The hay bales of Pangolagrass and Bermuda grass were placed 

Although the test in modified container was disturbed by the entry of rainwater entrained by strong winds, the moisture 

Pangolagrass hay bales.
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