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(1)

(2)(3) (2) 

110 6 2 110 9 24

(Bacillus)

(Bacillus coagulans)

10 90 30

16S rDNA 6

(MALDI-TOF MS) pH 2 2% 5 ( R6 R8 R9 S7

S10) (Bacillus cereus) R3 pH 2 2%

70% R3 1 mL 1  108 cfu

R3

(

) pH

(Hillman et al., 1994; Blottiere et al., 2003; Biagiet et al., 2006)

(poly lactic acid, PLA)

(Hofvendahl and Hahn-Hagerdal, 2000; John et al., 2007)

(lignocellulose biomass) (35 50%)  

(20 40%) (10 30%) (Saha, 2003)

(xylose) (Mussatto and Teixeira, 2010)

(phosphoketolase) 60% (Patel et al., 

2006) (pentose phosphate)

100% (Patel et al., 2006; Abdel- Banat et al., 2010 Lidan et al., 2013) Don et al. (1986) 

(2020)

(1) 2679
(2)
(3) E-mail: fcliu@mail.tlri.gov.tw
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104-26

I. 

10 80 kg (LD) (S) 2 (R)

Don et al. (1986) Ye et al. (2013) 10 2

5  1 g 1 mL 9 mL 0.85%

1 mL 9 mL ( 10 g glucose + 5 g peptone + 3 g maltose extract 

+ 3 g yeast extract 1,000 mL pH = 6.8 ) 37 24 100 uL

 ( 1 g glucose + 3 g yeast extract + 0.04 g bromocresol purple + 0.2 g L-cystein + 5 g peptone + 15 

g agar + 1 mL Tween80 1,000 mL pH = 7.0) 37 24

10 ( R1 R10 S1 S10 ) (  

1 )

Cow rumen uid

(A) (B)

Swine feces

1. 

II. 

10 37 24 45 48  

90 30

37 24

III. 16S rDNA

1 mL 9 mL 37 48

FastPure Bacteria DNA Isolation Mini Kit (DC102-01, Vazyme Biotech Comp., China) DNA

PCR (forward primer: 5’-AGAGTTTGATCCTGGCTCAG-3’) (reverse primer: 

5’-GGTTACCTTGTTACGACTT-3’) PCR DNA PCR (denaturation) 95

30  (annealing) 42 30 (extension) 72 90 30

1.5 kb 16S rDNA (Ye et al., 2013) 16S rDNA

16S rDNA pGEM® - T Easy Vector Systems  (A1380, Promega Corp., USA) 42

(JM109 Competent Cells, Promega Corp., USA ) 37

16 LB (244620, Thermo Fisher Scienti c Comp., Canada)

37 140 rpm/min Plasmid DNA PureLinkTM 

HiPure Plasmid Miniprep Kit (K210002 Thermo Fisher Scienti c Inc., Canada) DNA

( ) 16S rDNA

NCBI 16s rDNA

IV. 

Cebeci and Gurakan (2003) De Angeli et al. (2006)

pH 2 2% 37 90
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37 48

V. (MALDI-TOF MS, matrix assisted laser desorption/ionization-time of 

ight mass spectrometer)

16S rDNA MALDI-TOF MS (MALDI 

Biotyper® CA System, Bruker Corp., USA) MALDI-TOF MS  

2,000 20,000 Da 

(Dieckmann et al., 2008)

( ) 1 

( ) TOF  

( ngerprint) (Dieckmann et al., 

2008; Wieser et al., 2012)

I. 

10 (R1 R10 S1 S10)

5

R3 R5 R6 R8 R9 S1 S6 S7 S8 S10 Don et al. (1986)

30 55

5

II. 16S rDNA

5 PCR 1.5 kb 16S rDNA PCR  

DNA 16S rDNA NCBI

R3 R6 R8 R9 S7 S10 6

98.84% 97.74% 98.64% 97.88% 99.10% 98.45% ( 1 ) Bacillus 

badius Bacillus shackletonii Bacillus camelliae 84 91% Carlos et al. (2010)

16S rDNA (genus) 200 bps

81.7% 400 bps 90% 6

(Bacillus)

III. 

4 2 pH 2 2%

9 2 S7 S10

80% R3 R6 R8 R9 56.7 74.0%

R3 R9 2 70% R3 R8 S10

80% Liong and Shah (2005) ( ) pH 2 90

60% 0.3% 7 8 57%

pH 2 2% 9 80% S10

pH 2 2% 70% R3 2 (S10 R3)

IV. MALDI-TOF MS

4 (R3 R6 R8 R9) 2 (S7 S10) NCBI BLAST  

MALDI-TOF MS R3 ( 3 ) R6 R8

R9 S7 S10  (Bacillus cereus)

(Stenfors-Arnesen et al., 2008) van Veen et al. (2010) MALDI-TOF

95.1 96.4% R3 5
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R3 1  108 cfu/mL

1. Basic Local Alignment Search Tool 16S rDNA

Table 1. Similarity analysis among 16S rDNA nucleotide sequences of bacteria strains from swine manure and rumen uid 

using Basic Local Alignment Search Tool

Sample no. * Max score Total score Query cover Expect value Percent
identity

Accession
length

R3 Bacillus coagulans 2,767 2,767 91% 0 98.84% 1,549

Bacillus badius 2,440 2,440 84% 0 97.22% 1,435

Bacillus shackletonii 2,416 2,416 88% 0 95.56% 1,503

R6 Bacillus coagulans 2,704 2,704 91% 0 97.74% 1,549

Bacillus badius 2,379 2,379 84% 0 96.04% 1,435

Bacillus shackletonii 2,361 2,361 88% 0 94.50% 1,503

R8 Bacillus coagulans 2,758 2,758 90% 0 98.64% 1,549

Bacillus badius 2,433 2,433 84% 0 97.01% 1,435

Bacillus shackletonii 2,420 2,420 88% 0 95.50% 1,503

R9 Bacillus coagulans 2,693 2,693 91% 0 97.88% 1,549

Bacillus badius 2,394 2,394 84% 0 96.55% 1,435

Bacillus shackletonii 2,385 2,385 91% 0 94.38% 1,549

S7 Bacillus coagulans 2,785 2,785 91% 0 99.10% 1,549

Bacillus badius 2,459 2,459 85% 0 97.50% 1,435

Bacillus shackletonii 2,435 2,435 89% 0 95.83% 1,503

S10 Bacillus coagulans 2,756 2,756 91% 0 98.45% 1,549

Bacillus badius 2,425 2,425 84% 0 96.73% 1,435

Bacillus shackletonii 2,372 2,372 88% 0 94.77% 1,503

* The three similar strains depended on meeting the highest levels of query cover, expect value (The lower the E-value, or the 
closer it is to zero, the more "signi cant" the match is.) and percent identity.

2. 

Table 2. Analysis of survival rate in acid and bile salt tolerance of bacillus coagulans candidate strains from cattle rumen 

pH 2.0 2% Bile salt

Bacterial strain no. 0 min 90 min 0 min 90 min

Total bacterial count cfu/mL

R3  103 cfu/mL 264.2  20.5* 192.5  6.4 (72.9%)A 142.5  10.6 123.5  4.9 (86.7%)

R6  103 cfu/mL 156.0  8.5 88.5  12.0 (56.7%) 400.5  68.4 252.5  35.2 (63.0%)

R8  103 cfu/mL 484.0  60.8 313.5  16.3 (64.8%) 368.0  18.4 298.5  21.6 (81.1%)

R9  103 cfu/mL 132.5  12.6 98.0  22.5 (74.0%) 49.5  12.3 32.5  6.9 (65.7%)

S7  103 cfu/mL 573.0  22.9 461.0  52.3 (80.4%) 341.5  47.8 268.0  29.6 (78.5%)

S10  103 cfu/ml 92.0  14.5 77.5  17.9 (84.2%) 303.0  45.7 251.5  26.2 (83.0%)

* Mean  SD.
A Survival rate, %.



152

3. MALDI-TOF MS

Bacillus coagulans candidate strains from 

Analyte ID Organism
(best match)

Score* Value Organism
(second best match)

Score Value

R3 Bacillus coagulans 1.830 Bacillus coagulans 1.726

R6 Bacillus cereus 2.142 Bacillus cereus 2.141

R8 Bacillus cereus 1.844 Bacillus weihen-stephanensis 1.763

R9 Bacillus cereus 2.038 Bacillus cereus 1.973

S7 Bacillus cereus 2.029 Bacillus cereus 1.935

S10 Bacillus cereus 2.080 Bacillus cereus 1.995

* Meaning of Score Values is more than or equal (  ) to 2.3 highly probable species identi cation, is less than ( < ) 2.3 and is 

more than or equal (  ) to 2.0 secure genus identi cation, probable species identi cation, is less than ( < ) 2.0 and is more 

than or equal (  ) to 1.7 probable genus identi cation, and is less than ( < ) 1.7 not reliable identi cation.

16S rDNA

pH 2 2% MALDI-TOF MS R3

R3

2020

 53 91-98

Abdel-Banat, B. M. A., H. Hoshida, A. Ano, S. Nonklang, and R. Akada. 2010. High temperature fermentation: how can 

processes for ethanol production at high temperatures become superior to the traditional process using mesophilic yeast. 

Appl. Microbiol. Biotechnol. 85: 861-867.

on intestinal cell proliferation. Proc. Nutr. Soc. 62: 101-106.

Carlos, W. N., W. E. Oberdorf, L. Yang, J. A. Aas, B. J. Paster, T. Z. DeSantis, E. L. Brodie, D. Malamud, M. A. Poles, and P. 

Zhiheng. 2010. Design of 16S rRNA gene primers for 454 pyrosequencing of the human foregut microbiome. World J. 

Gastro. 16: 4135-4144.

Cebeci, A. and C. Gurakan. 2003. Properties of potential probiotic Lactobacillus plantarum strains. Food Micro. 20: 511-518.

De Angelis, M., S. Siragusa, M. Berloco, L. Caputo, L Settanni, G. Alfonsi, M. Amerio, A. Grandi, A. Ragni, and M. 

Gobbetti. 2006. Selection of potential probiotic lactobacilli from pig feces to be used as additives in pelleted feeding. 

Res. Microbiol. 157: 792-801.
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Appl. Environ. Microbiol. 74: 7767-7778.

Don, J., B. Mauvin, and P. Bryant. 1986. Bergey’s Manual of Systematic Bacteriology. Volume 3 the Firmicutes in Georgia 

Athens, USA. pp. 1105-1135.

Hillman, K., T. A. Murdoch, R. J. Spencer, and C. S. Stewart. 1994. Inhibition of enterotoxigenic Escherichia coli by the 

Hofvendahl, K. and B. Hahn-Hagerdal. 2000. Factors affecting the fermentative lactic acid production from renewable 

resources. Enzyme Microb. Technol. 26: 87-107.

John, R. P., K. M. Nampoothiri, and A. Pandey. 2007. Fermentative production of lactic acid from biomass: an overview on 

process developments and future perspectives. Appl. Microbiol. Biotechnol. 74: 524-534.

Liong, M. T. and N. P. Shah. 2005. Acid and bile tolerance and cholesterol removal ability of Lactobacilli strains. J. Dairy 

Sci. 88: 55-66.

Mussatto, S. I. and J. A. Teixeira. 2010. Lignocellulose as raw material in fermentation processes. In: Mendez-Vilas, A.(Ed.), 

current research, technology and education, Topics in applied microbiology and microbial biotechnology, Volumn 2 the 

Formatex Research Center, Badajoz. pp. 897-907.

National center for biotechnology information (NCBI), U. S. national library of medicine. 8600 Rockville Pike, Bethesda 

MD, 20894 USA. https://blast.ncbi.nlm.nih.gov/Blast.cgi.

Patel, M. A., M. S. Ou, R. Harbrucker, H. C. Aldrich, M. L. Buszko, L. O. Ingram, and K. T. Shanmugam. 2006. Isolation 

acid. Appl. Environ. Microbiol. 72: 3228-3235.

Saha, B. C. 2003. Hemicellulose bioconversion. J. Ind. Microbiol. Biotechnol. 30: 279-291.

Microbiol. 48: 900-907.

Stenfors-Arnesen, L. P., A. Fagerlund, and P. E. Granum. 2008. From soil to gut: Bacillus cereus and its food poisoning 

toxins. FEMS Microbiol. Rev. 32: 579 -606. 

Wieser, A., L. Schneider, and J. Jung. 2012. MALDI-TOF MS in microbiological diagnostics- identification of 

microorganisms and beyond (mini review). Appl. Microbiol. Biotechnol. 93: 965-974.
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Bacillus 

coagulans  (1)
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Abstract

Bacillus belongs to gram-positive bacteria that can secret extracellular enzymes, form of spores to progress into 

dormancy and less likely to receive impact from the external environment, which is also suitable a feed additive for livestock 

and poultry. The objective of the study is to select and identify Bacillus coagulans with acid and bile salt-resistant and 

Bacillus coagulans were selected by 

hours to induce sporulation, and further heated up to 90°C for 30 minutes to kill non-sporulation of strains and 16S rDNA 

nucleotides BLAST, in order to identify the DNA similar to Bacillus coagulans. Subsequently, 6 candidate strains of bacillus 

tolerance ability and use of MALDI-TOF MS were applied to identify microbial species. The results showed that 5 candidate 

strains (R6, R8, R9, S7S and S10) belonged to Bacillus cereus and only R3 strain belonged to B. coagulans. In addition, the  

B. coagulans sporulation ability of R3 exceeded 1  108 cfu/mL. In conclusion, the B. coagulans

potential to be used as a feed additive in livestock ration.

Key words: Bacillus cagulans
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(1)

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

110 6 9 110 9 24

(Dairy herd improvement, DHI)

2020 1 12 156

DHI (26.44 kg/d)

(P < 0.05) (4.07%) (P < 0.05) (3.24%)

(3.24%) (P < 0.05)

(P < 0.05) DHI

3 4 (26.82 26.85 kg/d) (P < 0.05) 1 2 3

(P < 0.05) 2 (3.23%)

1 (23.03 32.09%) (P < 0.05)

1 (39.31%) (P < 0.05)

2

1 4 5

(Bailey et al., 2005)

(Soyeurt et al., 2011) (Stoop et al., 2009)

(fourier-transform infrared spectroscopy, FTIR)

FTIR

(Gengler et al., 

2016) (Bos taurus)

10 40.5 10

32.5 ( 2006 )  

(Yang et al., 2013) 80.1

63.2 4% 28.7 kg/d 33.3 kg/d 4%  

( 11 12 1 ) ( 2 3 4 ) 4%

(1) 2680
(2)
(3) E-mail: shwang@mail.tlri.gov.tw
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( 5 6 7 ) ( 2008 )

0.2 0.3%

0.4 0.6% ( 2006 )

(C4 14 C16)

(  C18)  50%

(Bauman and Lock)

(Stoop et al., 2009) FTIR

GC

C16 C18 FTIR

(Woolpert et al., 2016) Van et al. (2020) C18 0 (14.57%)

C18 1 (28.12%) C18 0 (12.67%) C18 1 (26.27%)

(P < 0.05)

I. 

DHI

2020 1 12 156 DHI

DHI 174,917

II. 

(i) FOSS  MilkoScanTM FT+ FossomaticTM FC  

Fatty Acid Origin 

(ii) Fatty Acid Origin (gas 

chromatography, GC)  ISO15885 | IDF 

184 2002

MilkoScanTM 7 RM, MilkoScanTM FT+ MilkoScan FT 6000  

(de novo) (mixed) (preformed) 169

388 (Schwarz, 2018, Schwarz et al., 2018)

(iii) Fatty Acid Origin

MilkoScanTM 7 RM, MilkoScanTM FT+

MilkoScan FT 6000

219 84 (Schwarz, 2018, Schwarz et al., 2018)

(iv) Fatty Acid Origin g speci c Fatty 

Acids/100 g Milk g speci c Fatty Acids/100 g Total Fatty Acids

GC

(fatty acid methyl ester) (ISO 14156 | IDF 172:2001)  

g de novo Fatty Acid/100 g Total Fatty Acids = (g de novo Fatty Acid/100 g Milk) / total Fat% × 0.95 × 100

0.95 MilkoScanTM

(v) 

43 10

(vi) Fatty Acid Origin C4 0 C6 0 C8 0  

C10 0 C12 0 C14 0 C14 1 C16 0 C16 1

C15 0 C17 0 C18 0 C18 1 C18 2 C18 3 C20 0 C20 2 C 22 0 C24 0
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(vii) 12 GC FTIR

GC

GC

C18 4 C20 1 C20 3 C20 4 C20 5

C22 1 C22 2 C22 3 C22 4 C22 5 C22 6 C24 1

III. 

( 2 3 4 ) ( 5 6 7 ) ( 8 9 10 ) ( 11 12

1 ) 1 2 3 4 5

IV. 

(SAS 2002) ANOVA Sche é Test

P < 0.05 

DHI DHI

1 (26.44 

kg/d) (24.75 kg/d) (P < 0.05) (4.07%)

(3.95%) (P < 0.05) (3.24%) (3.24%)

(3.15%) (P < 0.05) DHI

12 3 4 5 10 11 6 9

6 9

(2008) 2007 3  9

11.0% 10.4% 3 6.6% 9

8.0% DHI 3

2020 11 1 12

18.9 19.4 21.9 27.2 29.6 30.1 29.1 28.2 25.7 23.9 19.8 ( 2 3 4 )

21.2 30.6 ( 5 6 7 ) 29.0 35.2  

( 8 9 10 ) 27.7 33.3 ( 11 12 1 )

20.8 28.9

DHI (22.31%)

(22.04 22.08%) (P < 0.05)

(31.18 31.16%) (30.28 30.35%)

(38.37%) (P < 0.05)  

80% C14

22.6% 4.8% 35.9% 52.8%

( 2006)

Palmquist et al. (1993) GC

2 C4 C14 (C4 0 C6 0 C8 0 C10 0 C12 0 C14 0 C14 1) C16 (C16 0 C16 1)

C18 (C18 0 C18 1 C18 2) 27.83 33.21 38.96% 5 26.96

31.76 41.29% 8 25.7 32.17 42.14% 11 27.77 34.15 38.09%  

C4 C14 2 (27.83%) 8 (25.7%) C16 11

(34.15%) 5 (31.76%) C18 8 (42.14%) 11 (38.09%)

C16
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C18 5

C18:2 8

(Palmquist et al., 1993)

GC C4 0  

C6 0 C8 0 C10 0 C12 0 C14 0 C14 1 ( ) C16 0 C16 1 ( )

FTIR

GC

FTIR

FTIR

(Bjerre-Harpøth et al., 2012)

1. 

Table 1. Effects of seasonal1 change on daily milk yield and the monthly mean of test-day milk samples2 milk fat, true 
protein and fatty acid composition

Item Spring (n3 = 43,643) Summer (n = 45,115) Fall (n = 44,888) Winter (n = 41,039) P-value

Milk yield, kg/d 26.44  8.82a* 25.40  8.41c 24.75  8.32d 25.78  8.57b < 0.05

Fat, % 4.02  0.85c 3.95  0.87d 4.05  0.89b 4.07  0.88a < 0.05

True protein, % 3.24  0.43a 3.15  0.41c 3.16  0.44b 3.24  0.46a < 0.05

Fatty acids4 (g/100g of total FA)

de novo FA 22.04  3.72c 22.17  3.72b 22.31  3.80a 22.08  3.77c < 0.05

mixed FA 30.28  3.61b 31.18  3.51a 31.16  3.60a 30.35  3.74b < 0.05

preformed FA 35.12  6.31d 37.61  6.07b 38.37  6.27a 35.79  6.32c < 0.05

a, b, c, d Means within a row with di erent superscripts di er signi cantly (P < 0.05).
* Mean  standard deviation.
1 Spring (February, March and April), summer (May, June and July), fall (August, September and October), winter (November, 

December and January).
2 Data were collected from DHI database January to December 2020.
3 n = milk samples size.
4 De novo FA (C4:0, C6:0, C8:0, C10:0, C12:0, C14:0 and C14:1), mixed FA (C16 and C16:1), preformed FA (C15:0, C17:0, 

C18:0, C18:1, C18:2, C18:3, C20:0, C20:2, C 22:0 and C24:0).

DHI

2 1 2 3 4 5

3 4 (26.82 26.85 kg/d) 1

(24.49 kg/d) (P < 0.05) 1 2 3 (4.03 4.04 4.02%) 5

(P < 0.05) 2 (3.23%) 5 (3.09%) 2

(P < 0.05) Yang et al. (2013) 9,727 DHI 1

4 25.94 28.45 28.81 29.05 kg/d 1 (P 

< 0.05) 1 4 3.88 3.93 3.92 3.91% 1

(P < 0.05) 1 4 3.09 3.11 3.09

3.07% 1 3 4 1 3

4 2 (P < 0.05) 1

Lee and Kim (2006) (305

2 305-2X-ME ) 8,431 9,774 10,191 10,812 10,611 kg

(P < 0.01) 3 4 5  (body conditions 

score, BCS) 1 (P < 0.01) 4 5 BCS

1 2 3 (P < 0.01) 5 5

3 5

BCS
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DHI DHI 174,917

1 5 78,623 49,944 26,385 12,467 7,498 1  

5 4 5

(Yang et al., 2013)

2 2

2. 
1 milk fat, true protein 

and fatty acid composition

Item

Parity

1
(n2 = 78,623)

2
(n = 49,944)

3
(n = 26,385)

4
(n = 12,467)

> 5
(n = 7,498)

Milk yield, kg/d 24.49  6.88d* 26.35  9.32b 26.82  9.86a 26.85  9.98a 25.66  9.93c

Fat, % 4.03  0.85a 4.04  0.89a 4.02  0.90a 3.98  0.88b 3.92  0.88c

True protein, % 3.20  0.43b 3.23  0.45a 3.18  0.44c 3.14  0.43d 3.09  0.42e

Fatty acids3 (g/100g of total FA)

de novo FA 23.03  3.97b 23.57  3.85a 23.48  4.04a 23.61  3.98a 23.52  3.86a

mixed FA 32.09  3.79d 32.58  3.79b 32.48  3.98c 32.66  3.84b 32.90  3.80a

preformed FA 39.31  6.67a 38.15  6.60c 38.32  6.91b 37.94  6.74d 37.65  6.69d

a, b, c, d Means within a row with di erent superscripts di er signi cantly (P < 0.05).
* Mean  standard deviation.
1 Data were collected from DHI database January to December 2020.
2 n = milk samples size.
3 de novo FA (C4:0, C6:0, C8:0, C10:0, C12:0, C14:0 and C14:1), mixed FA (C16 and C16:1), preformed FA (C15:0, C17:0, 

C18:0, C18:1, C18:2, C18:3, C20:0, C20:2, C 22:0 and C24:0).

DHI 1

(23.03  32.09%) (P < 0.05) 1

(39.31%) (P < 0.05) Van et al. (2020) C4 C14 (21.64%) C16 0 

(33.47%) C4 C14 (19.7%) C16 0 (31.78%)

(P < 0.05) C18 0 (14.57%) C18 1 (28.12%)

C18 0 (12.67%) C18 1 (26.27%) (P < 0.05)

5

3 4 1 2 3 4

5 2 2

5

5 FTIR
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-

2006

2008

2008 DHI 16

Bailey, K. W., C. M. Jones, and A. J. Heinrichs. 2005. Economic returns to Holstein and Jersey farms under multiple 

component pricing. J. Dairy Sci. 88: 2269-2280.
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Abstract

The purpose of this study is to investigate the effect of seasonal change and cow's parity on milk yield and milk 

composition as detected by routine Fourier-transform infrared analysis including fat, true protein, and fatty acid of milk 

in Dairy Herd Improvement (DHI) milk samples. Data collected between January and December 2020 included cow 

information such as the average daily milk yield, test-day, and cow's parity from 156 Holstein herds in Taiwan. The 

result showed the following: that the spring milk samples had the highest daily milk yield (DMY) (26.44 kg/d) and was 

The 2nd parity cows had the highest MP (3.23%). The 1st parity cows had the lowest de novo FA (23.03 g/100g of total FA) 

MP. Autumn milk had the highest de novo and preformed FA content of total fat, and summer and autumn milk had the 

highest mixed FA content of total fat. The 2nd parity cows showed better MF and MP than others. The 1st parity cows had 

the lowest de novo and mixed FA content of total fat, while the 4th and over 5th parity had the lowest preformed FA content 

cows to provide a more comprehensive data of dairy cow health evaluation.

Key words: Holstein milking cows, Season, Parity, Milk fatty acid.
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(1)

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

110 7 13 110 10 8

20 43.5 kg

4 5 56 NRC (2007) 0

10 20 30% ( )  

20 30%

2 3 0 30% 4 1.32 1.41 1.25 1.21 

kg 137 177 148 156 g ( / ) 9.6 8.0 8.4 7.8

17% 16% 4

4  4 14 2 1.5 3  

0 8 16 24% 8 24%

4 pH 6.09 15.2 mg/dL 112 mM

10 – 30%

(dry matter intake, DMI) (neutral detergent ber, 

NDF) (Grant, 1997)

(Woodford and Murphy, 1988) (Zhu et al., 1997)

(Firkins, 1997) Zhu et al. (1997) Grant (1997)  

 

(Lanza et al., 1996; Sanz Sampelayo et al., 1998)

 

(crude protein, CP) 18

30% (ether extract, EE) 1 12% 7 18% (Aregheore, 2006)

60% (Sriskandarajah and Komolong, 1987) 22.4% (Mondal et al., 2008)
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90% (Mondal et al., 2008; 

Heuzé et al., 2015) (Galgal et al., 1994)

(Aregheore, 2006)

(Galgal et al., 1994) (Hennessy et al., 1989; Gulbransen et al., 1990)

 1.8 kg 70% (McIntyre, 1973)

(medium chain triglycerides, MCT, C6:0 C12:0 C6:0 C14:0)

(lauric acid, C12:0) (Virgin Coconut Oil Book, 2003)

Ehrlich et al. (1990) 3 kg 8%

24%

(C10:0)

( 24% ) ( 2016 )

98035

I. 

(completely randomized design, CRD) 35 kg

20 4 0 ( ) 10 20 30%

( ) 4  4 4

0 ( ) 8 16 24%

NRC (2007) 40 kg

150 g 40% 22% 38% –

( 1 ) + (10 1  

) 2016 60 kg

3 kg 52 g 42% 14% 45%

( 2016 )

 (total digestible nutrient, TDN)

II. 

(i) 

20

43.5  5.6 kg 233  12

4 5 56 2

2 8 00

40% 3:00 60%

5 – 10% 4  ( 1

)

(ii) 

4 4  4 4 3

4 65 kg 1  

14 12  48 pH (ammonia 

nitrogen, NH3-N) (volatile fatty acid, VFA)
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1. ( % )

Table 1. Diet formulations and compositions in copra meal feeding experiment fed to castrated Alpine goats (%, DM basis)

Items
Addition ratio of copra meal in diets (%)

0 10 20 30

Diet formulations, %

Corn silage 33.3 33.2 32.8 32.5

Pangolagrass hay 7.2 5.7 4.2 2.8

WBG+corn (10:1) silage1 5.7 5.6 5.6 5.5

Grain mixture: 53.8 55.5 57.4 59.2

Corn, ground 23.0 18.6 14.2 9.8

Soybean meal 11.6 7.9 4.3 0.7

Soybean hull, pellet 8.8 8.7 8.7 8.6

Wheat bran 7.3 7.3 7.2 7.1

Copra meal 0 10.0 20.0 30.0

The others2 3.1 3.1 3.1 3.0

Diet compositions, % --- calculated from ingredients’ analyzed values, except the TDN

Dry matter 51.4 52.0 52.3 53.1 

F : B : G3 40:22:38 39:32:30 37:41:22 35:51:14

Total digestible nutrient (TDN)4 71.1 71.0 70.8 70.8

Crude protein 16.1 16.0 16.7 16.7 

39.5 43.3 44.8 47.8 

22.3 24.3 24.9 26.8 

Ether extract 3.74 4.83 5.38 6.59 

Non-structural carbohydrate 33.3 28.3 25.4 20.8 

Ca 1.00 1.01 0.92 0.93 

P 0.44 0.47 0.47 0.49 

1 Silage of wet brewer’s grains and corn meal mixed at 10 to 1 fresh weight ratio.
2 The other ingredients in the grain mixture included salt 0.52%, limestone 1.05%, vitamin premix (each gram contained 

10,000 IU of vitamin A, 2,000 IU of vitamin D3, and 55 IU of vitamin E) 0.72%, and mineral premix (each kilogram 
contained 10 gm of Cu, 10 gm of Mn, 0.2 gm of Co, 40 gm of Zn, 1 gm of I, and 0.3 gm of Se) 0.78%.

3 F : B : G indicated the ratio among the long forage, by-product and concentrate in diet dry matter. Copra meal, WBG+corn 
silage, soybean hull pellet, and wheat bran in diet were categorized as by-product.

4 TDN values were adopted from the Nutrient Requirements of Small Ruminants (NRC, 2007) and the Tables of Feed 
Compositions, Taiwan (2011).

III. 

(i) 

1. 2 8 30

3

2. 4 1 4

3 2 4 6 8 3 –20

55 48 2 4 6 8 12

1 mm Wiley mill AOAC 

(2000) CP EE (crude ash, Ash) Goering and Van Soest 

(1970) NDF (acid detergent ber, ADF) Tilley and Terry (1963)

(2007) (in vitro dry matter digestibility, IVDMD)

(non-structural carbohydrate, NSC) NSC = 100 – CP – NDF 

– EE – Ash
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3. 2 4 6

8 3

2 4

4. 

(income over feed cost, IOFC)

(ii) 

1. 13 15 24 h

8 00 ( 0 h ) 9 30 (1.5 h) 11 00 (3 h) 1 00 (5 h) 3 00 ( 7 h )  

4 30 (8.5 h) 6 00 (10 h) 7 30 (11.5 h) 9 30 (13.5 h) 00 00 (16 h) 2 30 (18.5 h)  

5 30 (21.5 h) 12

2. 50 mL pH 15 mL

0.3 mL 50% 25 mL (50 1 v/v) –20

(31,000 x g 15 5 )

NH3-N (Chaney and Marbach, 1962) GC/FID (CP-3800, Varian) VFA 30 m  0.25 

mm  0.2 m  (fused silica capillary column) (#24107, Supelco) 200

220 90 3 10 170 20

31 60 1 0.5 L Supelco 46975U VFA

(C2 C7) VFA (total volatile fatty acid, TVFA)

IV. 

SAS (2005) (general linear model, GLM)

 (least squares means) P < 0.05

I. 

(2016) DM 92.5%

CP 23.6% NDF 55.1% ADF 28.3% EE 9.1% NSC 5.4% IVDMD 74.2% ( )

4 2

2. ( % )1

Table 2. Compositions and dry matter digestibilities of feed ingredients in copra meal feeding experiment fed to castrated 
Alpine goats (%, DM basis)1

Ingredients2 DM3 CP NDF ADF EE Ash NSC Ca P IVDMD

Corn silage 25.0 10.4 53.1 30.4 3.23 6.9 26.4 0.35 0.28 65.8 

PG hay 88.3 4.1 69.1 43.4 1.55 6.2 19.0 0.55 0.22 43.1 

WBG+corn (10:1) silage 30.1 25.5 42.1 18.8 9.99 2.9 19.6 0.18 0.41 50.9 

Grain-0% 91.0 20.3 26.8 14.9 3.69 8.3 40.9 1.54 0.57 85.1 

Grain-10% 92.1 19.5 34.9 19.3 5.59 8.8 31.2 1.54 0.61 81.3 

Grain-20% 92.2 20.3 38.5 21.0 6.44 8.8 25.9 1.35 0.60 78.9 

Grain-30% 93.0 19.9 44.4 24.7 8.36 9.3 18.0 1.34 0.62 69.1 

1 Each ingredient was collected 12 times during eight weeks and pooled into one for analyses.
2 PG: pangolagrass; WBG+corn: wet brewer’s grains mixed with corn meal at 10:1 fresh weight ratio; Grain-0%, 10%, 20%, 

and 30% indicated the four corn-soybean meal grain mixtures with 0, 10%, 20%, or 30% of copra meal.
3

structural carbohydrate (= 100 – CP – NDF – EE – Ash), Ca: calcium, P: phosphorus, and IVDMD: in vitro dry matter 
digestibility.
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0 10 20 30%

( 1 ) +

( 0% ) 30%

13% (40 vs. 35%) 2.3 (22 vs. 51%) 63%

(38 vs. 14%) 4 CP 16.4% (16.0 16.7%)

4 TDN 70.9% (70.8 71.1%)

NDF 39.5% 47.8% 21% EE 3.74% 6.59%

76% (NSC) 33.3% 20.8% 38% ( 1 )

( 2016 ) 0 24%

NDF ADF

EE NSC

II.  

3 1

10% (1.41 vs. 1.32 kg/d/

head) 20% 30% 2 3

( 1 ) 20% 5% (1.25 vs. 1.32 

kg/d) 30% 8% (1.21 vs. 1.32 kg/d)

B2N89  (

2021 ) 98 2 3 19 21 4

26 27 (temperature and humidity index, THI) 75

 ( 2 )

10 30% 3

10% (218 g/d) 20% 30% (164 173 g/d)

( 28 56 ) 140 g 109 g 28%

17% (160 vs. 137 g)

( 3 ) ( / )

(7.8 8.4 vs. 9.6) 8.1 8.1 kg

1 kg 9.6 kg 16%

( 3 )

3. 

Items
Addition ratio of copra meal in diets (%)

SEM2

0 10 20 30

Number of animal 5 5 5 5

Initial body weight, kg 43.8 43.6 43.3 43.3 2.5

Trial period, days 56 56 56 56

Dry matter intake, kg/day 1.32 1.41 1.25 1.21

Average daily gain, g 137  18 177  65 148  59 156  25 21

Feed conversion ratio1 9.6 8.0 8.4 7.8

1 Feed conversion ratio was calculated as DMI/ADG. 
2 Average daily gain was not a ected by the copra meal addition (P > 0.05).

Ehrlich et al. (1990)

2 McCandlish and Weaver (1922)
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NSC

30% NDF 47.8% NSC 20.8% NDF

Aregheore (2006)

Aregheore and Susumu (2003)  

(2016)

C12 C14

(Haenlein, 2004)  

NSC

1. 0 30% X Y (

) kg/ /

Fig. 1. Weekly intake changes of castrated Alpine goats fed diets added with 0 – 30% copra meal. X axis: days in trial; Y 
axis: intake (as-fed basis), kg/d/head.

2. X Y Y

%

Fig. 2. Daily climate changes during the copra meal feeding trial for castrated Alpine goats. X axis: days in trial; left Y axis: 
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( 4 )

( 4 ) 9.2 9.4

11.1 13.1

154 21.1 27.3

8.7 14.1 10 30%

47% 10% 63%

30% 48% 8.7

10 30%

10% 20 30% 2 3

4. 

Table 4. Economic evaluation for castrated Alpine goats fed copra meal diet

Items
Addition ratio of copra meal in diets (%)

0 10 20 30

Feed cost, NT$/kg DM1 9.4 9.3 9.2 9.2

Daily feed cost, NT$/goat 12.4 13.1 11.5 11.1

Daily income from BW gain, NT$/ goat2 21.1 27.3 22.8 24.0

IOFC, NT$/goat/day3 8.7
(100%)

14.1
(163%)

11.3
(163%)

12.9
(163%)

1 The 2009 unit price (NT$/kg) of diet ingredients (as fed basis) was 1.95 for corn silage, 4.80 for pangolagrass hay, 2.55 
for wet brewer’s grains+corn silage, 5.5 for soybean hull pellet, 8.55 for corn, 14.27 for soybean meal, 8.7 for copra meal, 
11.43 for grain mixture of control group, 10.97 for 10% group, 10.55 for 20% group, and 10.15 for 30% group, respectively.

2 Body weight (BW) price in Changhua auction market was NT$ 154 per kg in 2009. 
3 IOFC: Income over feed cost.

III. 

0 24% 3 5 3

pH VFA 5 pH VFA VFA

12  ( 24

) 

5. 1, 2

1, 2

Items
Addition ratio of copra meal in diets (%)

SEM4

0 8 16 24

pH 6.06 6.05 6.13 6.10 0.06

Highest pH 6.34 6.40 6.41 6.35 

Lowest pH 5.83 5.76 5.86 5.89 

H - L 0.51 0.64 0.55 0.46 

pH < 6 0, hrs 8.5 8.5 8.5 7.0

pH < 6.0, % of day 35 35 35 29 

NH3-N, mg/dL 18.3 14.9 14.2 13.2 2.8

Highest NH3-N 25.8 26.3 23.8 19.3 

Lowest NH3-N 15.3 10.4 7.7 10.3 

H - L 10.4 15.9 16.2 9.0 
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5. 1, 2( )
1, 2(continued)

Items
Addition ratio of copra meal in diets (%)

SEM4

0 8 16 24

Volatile fatty acids, molar %

C2 66.7 66.1 65.4 67.6 0.6

C3 18.2 18.7 18.9 16.9 0.4

C4 12.5 12.6 13.1 13.4 0.3

C2/C3 3.7 3.5 3.5 4.0

Total VFA, mM3 113.5 115.8 109.3 109.8 7.0

1 Four rumen-cannulated Alpine dry goats in a 4  4 Latin square design with 14 days a period.
2 Data were expressed as the 24-hr weighed results.
3 Total VFA: the sum of C2, C3, iso-C4, C4, iso-C5, C5, C6, and C7.
4

3. pH 4  4

0, 8, 16 24% X 8 00 (0 hr) Y pH 

 (A) NH3-N, mg/dL (B) Total VFA, mM (C)

3-N, and total VFA change of dairy dry goats. Copra meal was 
added in diet 0, 8, 16 or 24% (DM basis) in a 4  4 Latin square design. X: hrs after 8-am feeding; Y: ruminal pH (A), 
NH3-N, mg/dL (B), and Total VFA, mM (C). Arrows indicate the twice feeding.
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pH 3 5 9 ( 8 0 ) pH 6

2 30 8 6.0 McCarthy et al. (1989)
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1.5 18.3 13.2 mg/dL

( 3 (B) )

 

VFA VFA

(Virgin Coconut Oil Book, 2003)
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8 24%
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Abstract

Copra meal is one of the rich by-product for feed ingredients in Southeast Asia. To increase the diverse feed resources, 

imported copra meal was added into goat diets at different levels. The study explores into the growth performance and 

for growing Alpine goats. A total of 20 head of castrated Alpine goats with averaged body weight of 43.5 kg were randomly 

assigned into four treatments and group-fed for 56 days. Four iso-nitrogen and energy diets were formulated according to 

NRC (2007) recommendation to include copra meal at 0, 10, 20, or 30% (dry matter basis). Diets were constituted by corn 

silage, pangolagrass hay, wet brewer’s grains and grain mixture. Copra meal substituted partially the pangolagrass hay, corn 

and soybean meal. Results from growing trial indicated castrated goats needed two to three weeks to adapt diets containing 

20 – 30% copra meal. Four goat groups fed diets with 0 – 30% copra meal had daily dry matter intake per head of 1.32, 1.41, 

1.25, and 1.21 kg, daily body weight gain of 137, 177, 148, and 156 g, and feed conversion ratio (DMI/ADG) of 9.6, 8.0, 

8.4, and 7.8, respectively. The addition of copra meal showed strong tendency in improving the goat’s daily gain by 17% 

 4 Latin 

square design with 14 days a period. At the last 48 h of each period, rumen content were sampled every 1.5 to 3 hours. Dry 

goats consumed diets containing copra meal at 0, 8, 16, or 24% sequentially. Results from rumen digestion showed diets 

3-N and total volatile 

fatty acids of rumen content of four groups were averaged 6.09, 15.2 mg/dL and 112 mM, respectively. In summary, copra 

requires adaptation when formulated at medium to high level in diets. Under our feeding condition, copra meal could be 

Key words: Copra meal, Alpine goat, Growth, Rumen digestion.
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(1)

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

110 6 7 110 10 8

192

(control) 55 ppm (bacitracin) 2.5 ppm (nosiheptide) 55 ppm

(oxytetracycline, OTC) 4 12 3 6

3 6

 (P < 0.05) 6 (P < 0.05)

3 (P < 0.1) 6  

(P < 0.05) 3 6

(P < 0.05) 3

2010 1,300

(Spellberg et al., 2013)

2006

(EC, 2003; 

FDA, 2012)

 

(Rescigno, 2011) (Connell 

et al., 2013; Chelakkot et al., 2018) (Miles et al., 2006; Awad et al., 2015)

(virginiamycin) 3 (Henry et al., 1987)

(oxytetracycline) (Fethiere and Miles, 1987) Miles et al. (2006)

Siddons (1972)

(sucrose-isomaltase)

 (erythromycin)
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(L-threonine) (D-galactose) L- D-

(Na+-dependent transport) L- D-  

(Navarro et al., 1992; Navarro et al., 1993)

(Diarra and Malouin, 2014)

I. 

1

192 4 (55 ppm)

(2.5 ppm) (55 ppm) 4 12 6

1 3 6 8

21 42 ( 4 6 cm )

( 6 8 cm ) ( 6

8 cm ( 4 6 cm )

1. 

Table 1. The composition of basal diets in broiler

Ingredients 0 3 wk 4 6 wk 

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

Yellow corn, grain 48.80 57.30

Soybean meal, 44% 34.78 29.64

Fish meal, 65% 5.00 2.80

Soybean oil 7.65 6.40

Dicalcium phosphate 1.10 1.38

Calcium carbonate 1.30 1.31

DL-methionine 0.30 0.32

Choline-chloride, 50% 0.07 0.05

Vitamin premixa 0.30 0.30

Mineral premixb 0.20 0.20

Salt 0.50 0.30

Total 100 100

Calculated value

Crude protein, % 23.00 20.10

ME, kcal/kg 3,344 3,325

Calcium, % 1.03 1.00

Available phosphorus, % 0.46 0.45

a Vitamin premix supplied per kilogram of diet: vitamin A, 12,000 IU; vitamin D3, 3,125 ICU; vitamin E, 37.5 IU; vitamin 
K3, 6.25 mg; vitamin B1, 3.75 mg; vitamin B2, 12.5 mg; vitamin B6, 10.0 mg; Ca-pantothenate, 18.8 mg; niacin, 50 mg; 
biotin, 0.06 mg; folic acid, 1.25 mg; and vitamin B12, 0.05 mg.

b Mineral premix supplied per kilogram of diet: Cu, 6 mg; Fe, 50 mg; Mn, 40 mg; Zn, 60 mg; Se, 0.075 mg.
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II. 

(i) 3 6 0 3 4 6

2

2. 

Week Control OTC Bacitracin Nosiheptide 

-------------------------------- Body weight, g/bird --------------------------------

0 40.5  1.83 40.6  2.16 40.9  2.43 40.8  2.38

3 848  118c 863  83.3c 924  67.9b 960  83.1a

6 1,993  255c 2,124  271b 2,368  276a 2,285  187a

Feed intake, g/bird

0 3 1,032  77.6b 1,095  71.3ab 1,107  45.3ab 1,176  65.9a

4 6 2,756  93.2 2,901  305 3,063  285 2,773  191

0 6 3,788  150 3,997  331 4,170  308 3,949  200

Feed/gain, g/g

0 3 1.28  0.05 1.34  0.15 1.25  0.04 1.28  0.09

4 6 2.45  0.31 2.33  0.30 2.12  0.09 2.10  0.08

0 6 1.96  0.18 1.93  0.20 1.79  0.08 1.76  0.04

Means  standard error.
a, b, c Means in the same row with di erent superscripts are signi cantly di erent (P < 0.05).
Control: basal diets without antibiotic addition, OTC: oxytetracycline.

(ii) pH 7.2 0.1 M (PBS) 10%

24 1 cm2 6 

μm (hematoxylin and eosin staining, H E stain) Yu and Chiou 

(1997) Image-Pro Express Version 6.0 (Media Cybernetics, USA) (villus 

height) (the depth of crypt) (villus area) (muscularis mucosa thickness)

20

(iii) Hung et al. (2020)

10 2.5 mM EDTA 3 10

4 14,000 rpm 5 100 L

0.28 mM (maltose) 100 L 0.29 mM (sucrose) 100 L 37 30

100 2 TGO 3 mL (0.1 M tris bu er, 0.3% 50 KU glucose 

oxidase type 5, 0.5% 50 KU peroxidase, 1% triton X-100, 0.032 mM o-dianisidine) (Sigma, USA) 1

405 nm  Bradford (Bio-Rad, Hercules, CA, USA)

(U) 1 mol

(speci c activity) 1 mg unit (U/mg protein)

(iv) SAS (SAS Institute, 2003) (General Linear 

Model Procedure, GLM) (Duncan's new multiple 

range test)

P < 0.05
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(Diarra and Malouin, 2014) 3 6

 (P < 0.05) 6 (P < 0.05)

6 (P < 0.05) ( 2 )

4 6 0 6 (P > 0.05)

5 6% 3 4% (Zimmerman, 1986; 

CEAS, 1991; Butaye et al., 2003) Weldon (1997) 

Oliver et al. (2014) 

(Hughes and Heritage, 2002)

6  

(P < 0.05) 3 6

(P < 0.05) 3  

(P < 0.05) ( 3 4 )

3. 

Week/Item Control OTC Bacitracin Nosiheptide 

3-wk-age 
866  217 1,016  132 972  150 926  139

2 169,175  84,854 208,253  67,386 183,274  43,909 184,230  43,820
36.8  3.7b 42.2  6.0a 35.6  3.4b 34.6  2.9b

123  20b 151  16a 149  20a 120  17b

Ratio of villus/crypts cell 7.11  1.63 6.81  1.29 6.62  1.34 7.71  0.97
6-wk-age

1,022  198 1,083  202 1,185  108 1,058  2079
2 218,102  53,965 234,076  45,326 236,941  29,830 200,566  62,283

48.2  5.4 46.6  5.2 46.7  5.7 46.2  3.1
221  16a 215  23a 208  16ab 189  20b

Ratio of villus/crypts cell 4.67  1.04b 5.01  0.52ab 5.73  0.75a 5.66  1.28a

Means  standard error.
a, b Means in the same row with di erent superscripts are signi cantly di erent (P < 0.05).
Control: basal diets without antibiotic addition, OTC: oxytetracycline (n = 20).

(turnover)

(Willing and Kessel, 2007; Long et al., 2016) K88

(colistin) (Zhang et al., 2016)

(Torrallardona et al., 2003; Zhang et 

al., 2016) Hung et al. (2020) (tylosin) 

6

(Niewold, 2007)

 (Pond et al., 1988)

2 Percy and Christensen (1985)  

(clindamycin) (ampicillin) (lincomycin)

(nicarbazin)

(salinomycin) (Silva et al., 2009)

(tilmicosin) (cytokines) (anti-in ammatory) (Cao et 
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al., 2006)

(Torrallardona et al., 2003; Cornick, 2010)

(Larsson et al., 2006)

(Cao et al., 2006; Matzneller et al., 2017) (Chlortetracycline, 

CTC) (Tong et al., 2002)

4. 

Week/Item Control OTC Bacitracin Nosiheptide 

3-wk-age 
555  54.6 587  129 572  105 487  44.5

2 82,643  14,100ab 88,593  14,317ab 92,394  19,446a 74,764  13,164b

45.7  3.3a 45.5  6.2a 48.8  6.1a 37.5  2.6b

133  33b 135  31b 165  24a 108  9b

Ratio of villus/crypts cell 4.36  1.00a 4.43  1.03a 3.51  0.75b 4.54  0.26a

6-wk-age
612  62.5b 613  88.6b 733  102a 577  60.1b

2 120,756  16,845 121,003  20,949 136,308  22,616 116,182  26,080
52.9  5.2 52.3  4.6 53.0  7.1 50.8  4.7
161  33 180  32 162  30 179  17

Ratio of villus/crypts cell 3.98  1.12b 3.46  0.47b 4.70  1.23a 3.26  0.53b

Means  standard error.
a, b Means in the same row with di erent superscripts are signi cantly di erent (P < 0.05).
Control: basal diets without antibiotic addition, OTC: oxytetracycline (n = 20).

(Scott et al., 2004)

(Al-

Batshan et al., 1992; Lee et al., 2011)

(Wan et al., 2016) K88

(Zhang et al., 2016)

3  (P < 0.1) ( 1 2 )

1. 3 6

 CON:control, OTC: oxytetracycline, NHT: nosiheptide. 
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2. 3 6

 CON:control, OTC: oxytetracycline, NHT: nosiheptide. 
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Abstract

to histological morphology and disaccharidase activity. A total of 192 one-day-old Arbor Acres birds were randomly allocated 

to one of the following four treatments for 42 days including control, bacitracin (55 mg/kg), nosiheptide (2.5 mg/kg), and 

oxytetracycline (OTC, 55 mg/kg) groups. The addition of bacitracin and nosiheptide caused an increase in body weight gain 

at 3 wk and 6 wk of age and OTC addition only promoted weight gain at 3 wk of age (P < 0.05). The addition of bacitracin 

and ileum at 6 wk of age when compared with the control group (P < 0.05). The addition of nosiheptide reduced the thickness 
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(governance)
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2008 ) (stakeholders)

(network governance)  
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Porter and Kramer (2011)

I. 

II. 

III. 

(descriptive multiple-cases 

study) ( primary data )  (

) (literal 

replication) Yin (2003)

I. 

1

1. 

Fig. 1. Research process of the livestock products industry aggregation and innovative governance.

II. 

4 4

(i) 
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1. A 2015

2. B

(ii) 

1. C

1 480 4.8% 14 2014

2016

2. D

3. E

(iii) 

1. F

2. G (Caprine 

arthritis-encephalomyelitis, CAE) (Caprine mucopolysaccharidosis-IIID)

3. H 30 500

600

8

( 1 )

C E

1. 

Table 1. Analysis on the connection mode of the cluster development of the livestock products industry

Case Value creation Service- dominant logic Network management

Brand Cooperation

A

B

C

D

E

F

G

H

Do it Can't do

I. 

(co-creation) (interaction)
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(Lepak et al., 2007; Priem, 2007; 

Pitelis, 2009) (Hammervoll, 

2005; Hammervoll and Tofen, 2010)

(Wang and Wei, 2007)

1

2

( )

 

( 2013 )

3

4

II. 

(service-dominant logic) Varog and Lusch 2004

(good-dominant logic)

 

 ( )

( )

(Vargo et al., 2008)

5  

6

7

Vargo and Lusch (2008) 

 (premise)  (proposition)

 (service-dominant value creation, SVC)

 (Matthies et al., 2016)

III. 

(

2001 )

Aken and Weggeman (2000)

 

( 2007 )

2

( ) 
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2. 

Fig. 2. Livestock product industry of value sharing ecosystem.
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Abstract

This research mainly explores the reasons for industrial aggregation based on the case of young farmer, to analyze 

the three aspects of value creation, service-led logic and network management, and codes the mode of industrial aggregation 

of the interdependence between industries and establishes an unwritten institutional framework for the establishment of 

focus on regional farmland clusters or cultivate through agricultural industry groups intensely, thereby to evenly equally 

distribute values through innovative network management and meet the ultimate goal of equal wealth in agriculture.

Key words: Industry cluster, Service-dominant logic, Network management.

(1) Contribution No. 2683 from Livestock Research Institute, Council of Agriculture, Executive Yuan.
(2) Technical Service Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.
(3) Department of Information Management, National Taiwan University of Science and Technology, Taipei 106335, Taiwan, R. O. C.
(4) Corresponding author, E-mail: laiyui@mail.tlri.gov.tw.



54(3) 189-197, 2021
DOI 10.6991/JTLR.202109_54(3).0006

189

(1)

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

pH (Au-KT1 TN3-KT1) pH  

pH

pH

14 7 Au-KT1

TN3-KT1 (25.3 24.6%)

pH  

(Zea mays)

(Wilkinson and Toivonen, 2003; Ferraretto et al., 2018)

(Ferraretto et al., 2018)

(Horwith, 1985)

(Anil et al., 2000)

(Iqbal et al., 2019; Anil et al., 2000)

(Batista et al., 2019; Zeng et al., 2020)

( ) (Iqbal 

et al., 2019)
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(Martin et al., 1998; Zeng et 

al., 2020)
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(bu ering 

capacity) (Chang et al., 2012)

1 (Zea mays cv. Kenting No.1 KT1)

3 (Glycine max cv. Tainan No.3 TN3) (Glycine max cv. Leichhardt

Au) (milk line) 1/3

I. 

1 (KT1) 3 (TN3) (Au) 2018

9 11 (completely randomized design, CRD)

( 2 2 )

6 m  3 m 60 cm 20 cm  

6 cm 10

1 (N P2O5 K2O = 20 5 10) 300 kg 45

1 200 kg/ha

1/3 4

10 60

II. 

60 60

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

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

ADF NDF Vogel et al. (1999) ANKOM200

III. 

2 5 cm 1 kg

0 2 4 7 14 60 4

20 g 180 ml

 Jones and Kay (1976) 0.05 N 

tetrabutyl ammonium hydroxide (TBAH) pH = 8 70 TBAH

benzyl bromide (Shimadzu, GC-2014)

Flieg Flieg

(Woolford, 1984) 40 40 60

60 80 80

( )/

IV. 

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. 
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KT1 14.83 mt/ha  Au-KT1 TN3-KT1  

12.46 11.38 mt/ha Au-KT1 Au TN3 6.38 5.76 mt/ha 

( 1 ) Au-KT1 TN3-KT1 25.3 24.6%

2 TN3 (33.6%) Au-KT1 KT1

(29.6 28.4%) KT1 (7.6%) Au-KT1 TN3-KT1 (9.7 10.3%) Au

TN3 (17.9 18.8%) Au TN3 (38.0 36.3%) KT1  

(29.4%) 48.0 – 53.8% KT1

1. 

Table 1. Dry matter yield of soybean and forage corn sown as monocropping and intercropping

Type Soybean Corn Total

---------------------------------------------------- mt/ha ----------------------------------------------------

Au-KT1† 3.15  0.33‡ 9.31  0.12 12.46  0.44b

TN3-KT1 2.80  0.04 8.58  0.15 11.38  0.14c

Au 6.38  1.11 6.38  1.11d

TN3 5.76  0.62 5.76  0.62d

KT1 14.83  0.95 14.83  0.95a

 Au-KT1, 2 rows of soybean (Au) intercropped with 2 rows of forage corn (KT1); TN3-KT1, 2 rows of soybean (TN3) 
intercropped with 2 rows of forage corn (KT1); Au, soybean (G. max cv. Leichhardt) monocrop; TN3, soybean (G. max cv. 
Tainan No.3) monocrop; KT1, forage corn (Z. mays cv. Kenting No.1) monocrop.

 Values are means  standard error. Values in the same column with di erent superscripts di er signi cantly (P < 0.05). 

2. 

Table 2. Dry matter and forage chemical composition of soybean and forage corn sown as monocropping and intercropping 
before ensiling

Type DM† CP ADF NDF

-------------------------------------------------- % of dry matter --------------------------------------------------

Au-KT1‡ 29.6  0.2bc§ 9.7  0.3b 31.0  0.6b 50.8  1.3a

TN3-KT1 30.8  0.2b 10.3  0.1b 31.9  0.5b 51.5  0.3a

Au 31.6  0.1b 17.9  0.5a 36.3  0.2a 52.1  1.0a

TN3 33.6  0.3a 18.8  0.4a 38.0  0.9a 53.8  0.2a

KT1 28.4  0.8c 7.6  0.3c 29.4  0.5c 48.0  0.9b

 DM, dry matter; CP, crude protein; ADF, acid detergent ber; NDF neutral detergent ber.
 Au-KT1, 2 rows of soybean (Au) intercropped with 2 rows of forage corn (KT1); TN3-KT1, 2 rows of soybean (TN3) 
intercropped with 2 rows of forage corn (KT1); Au, soybean (G. max cv. Leichhardt) monocrop; TN3, soybean (G. max cv. 
Tainan No.3) monocrop; KT1, forage corn (Z. mays cv. Kenting No.1) monocrop.

 Values are means  standard error. Values in the same column with di erent superscripts di er signi cantly (P < 0.05).

II. 

1 ( 1A ) Au TN3

KT1 Au-KT1 TN3-KT1 7 14

Au TN3 KT1 Au-KT1 TN3-KT1

14 ( 1B ) Au TN3 7

KT1 Au-KT1 TN3-KT1 (

1C 1D ) KT1 Au-KT1 TN3-KT1 pH 7 14

pH 4 Au TN3 pH 14 60

pH 5.5 ( 2 )
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1. 

Fig. 1. Changes in (A) lactic acids, (B) acetic acid, (C) propionic acid, and (D) butyric acid content (% of DM) during 
ensiling of soybean and forage corn sown as monocropping and intercropping. Au-KT1, 2 rows of soybean (Au) 
intercropped with 2 rows of forage corn (KT1); TN3-KT1, 2 rows of soybean (TN3) intercropped with 2 rows 
of forage corn (KT1); Au, soybean (G. max cv. Leichhardt) monocrop; TN3, soybean (G. max cv. Tainan No.3) 
monocrop; KT1, forage corn (Z. mays cv. Kenting No.1) monocrop.

2. pH

Fig. 2. Changes in pH during ensiling of soybean and forage corn sown as monocropping and intercropping. Au-KT1, 2 rows 
of soybean (Au) intercropped with 2 rows of forage corn (KT1); TN3-KT1, 2 rows of soybean (TN3) intercropped 
with 2 rows of forage corn (KT1); Au, soybean (G. max cv. Leichhardt) monocrop; TN3, soybean (G. max cv. Tainan 
No.3) monocrop; KT1, forage corn (Z. mays cv. Kenting No.1) monocrop.
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3 KT1 7 Flieg 80.0 Au-

KT1 TN3-KT1 14 80.0 Au TN3 14

40 60 Au TN3 20.0

3. 

Fig. 3. Changes in silage quality (Flieg’s score) during ensiling of soybean and forage corn sown as monocropping and 
intercropping. Au-KT1, 2 rows of soybean (Au) intercropped with 2 rows of forage corn (KT1); TN3-KT1, 2 rows of 
soybean (TN3) intercropped with 2 rows of forage corn (KT1); Au, soybean (G. max cv. Leichhardt) monocrop; TN3, 
soybean (G. max cv. Tainan No.3) monocrop; KT1, forage corn (Z. mays cv. Kenting No.1) monocrop.

III. 

60 3 Au-KT1 TN3-KT1 pH

KT1

80.0 Au TN3 pH

21.0

3. 60

Table 3. Silage fermentation products and quality of soybean and forage corn sown as monocropping and intercropping 
after 60 days of ensiling

Type pH A† P B L Score

-------------------------------- % of dry matter --------------------------------

Au-KT1‡ 4.1  0.1b§ 1.18  0.11b 0.02  0.00c 0.14  0.02c 5.66  0.17a 88.2  0.9a

TN3-KT1 4.1  0.0b 1.10  0.09b 0.01  0.01c 0.09  0.02c 5.76  0.28a 87.3  1.3a

Au 5.6  0.2a 2.85  0.13a 0.43  0.06a 2.14  0.13a 0.94  0.03b 19.7  0.9b

TN3 5.6  0.1a 2.37  0.45a 0.25  0.02b 1.71  0.23b 1.08  0.04b 21.0  0.6b

KT1 3.8  0.0c 0.92  0.02c 0.03  0.00c 0.13  0.01c 5.27  0.09a 89.7  0.4a

 A, acetic acid; P, propionic acid; B, butyric acid; L, lactic acid; Score, silage quality of Flieg s score.
 Au-KT1, 2 rows of soybean (Au) intercropped with 2 rows of forage corn (KT1); TN3-KT1, 2 rows of soybean (TN3) 
intercropped with 2 rows of forage corn (KT1); Au, soybean (G. max cv. Leichhardt) monocrop; TN3, soybean (G. max cv. 
Tainan No.3) monocrop; KT1, forage corn (Z. mays cv. Kenting No.1) monocrop.

 Values are means  standard error. Values in the same column with di erent superscripts di er signi cantly (P < 0.05).
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60 24.3 27.9% KT1 (5.6%) Au-KT1

TN3-KT1 (10.1 9.7%) Au TN3 (22.9 22.2%)

Au TN3 Au-KT1 TN3-KT1

KT1 ( 4 )

4. 60

Table 4. Dry matter, dry matter loss rate and forage chemical composition of soybean and forage corn sown as 
monocropping and intercropping after 60 days of ensiling

Type DM† DM loss CP ADF NDF

% % --------------------------- % of dry matter ---------------------------

Au-KT1 26.7  0.2b‡ 10.1  0.6b 12.6  0.6b 29.9  0.6b 48.3  0.8b

TN3-KT1 27.9  0.1a 9.7  0.4b 12.8  0.4b 30.0  0.5b 50.9  0.5b

Au 24.3  0.2c 22.9  0.4a 19.8  0.4a 38.7  0.7a 52.3  0.6a

TN3 26.1  0.1b 22.2  0.5a 20.9  0.5a 40.6  0.4a 53.9  0.9a

KT1 26.8  0.7ab 5.6  0.3c 7.5  0.3c 27.7  0.3c 46.2  0.2c

 DM, dry matter; CP, crude protein; ADF, acid detergent ber; NDF, neutral detergent ber; Au-KT1, 2 rows of soybean (Au) 
intercropped with 2 rows of forage corn (KT1); TN3-KT1, 2 rows of soybean (TN3) intercropped with 2 rows of forage 
corn (KT1); Au, soybean (G. max cv. Leichhardt) monocrop; TN3, soybean (G. max cv. Tainan No.3) monocrop; KT1, 
forage corn (Z. mays cv. Kenting No.1) monocrop.

 Values are means  standard error. Values in the same column with di erent superscripts di er signi cantly (P < 0.05).

(Martin et al., 1998; Metwally et al., 2018)

(Matsuo et al., 2016) KT1 Au TN3 R6 (  

Fehr et al., 1971) R7 R7 ( ) KT1 

( 2 ) ( 4 )

pH  

(enterobacteria) (clostridia)

(Ni et al., 2017)

pH (Mustafa et al., 2005)

 

pH (Parra et al., 2019) pH

( 3 ) Au TN3

Au-KT1 TN3-KT1 25.3 24.6% 30%

pH (Carpici et al., 

2016; Kizilsimsek et al., 2017; Parra et al., 2019) pH

( 1 2 3 ) 7

pH

14

(Zeng et al., 2020) Au-KT1 TN3-KT1

Au TN3 (25.3% 24.6%) Au-KT1 TN3-KT1

( 2 ) Au-KT1 TN3-KT1 pH  

( 1 2 3 ) 60 ( 3 )
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(homofermentation)

51.1% (McDonald et al., 1991) Parra 

et al. (2019)

(Kung et al., 2018) Au TN3 100% ( 3 )

/ pH

/ 50%

Flieg 40 (Erdal et al., 2016) /

Au-KT1 TN3-KT1

Flieg 90 ( 3 ) ( 4 )

Au ( 1 )

pH

pH
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Abstract

Due to the insufficient crude protein content of forage corn that could not meet the demand for ruminants, soybean 

intercropped with forage corn thus becomes an ideal mean to improve the nutrient quality of corn silage. To determine 

the difference of silage fermentation between monocropping and intercropping, and the effect of soybean cultivars on 

silage fermentation of corn-soybean intercropping, this study was conducted with forage corn (cv. Kenting No.1, KT1), 

intermediate-late maturing soybean (cv. Tainan No. 3, TN3) and late maturing soybean (cv. Leichhardt, Au) sown as 

monocropping and intercropping in fall crop season, respectively. The results showed that soybean silage was the lowest 

content of lactic acid and the highest content of acetic-, propionic- and butyric acid, which caused the highests pH and dry 

matter loss rate of soybean silage and the lowest quality among other silages. Except for the pH and acetic acid content 

higher than those of corn silage, the silage quality and content of fermentation products such as lactic-, propionic-, and 

quality took about 14 days to become steady state, which was longer than that of corn silage (7 days), and the dry matter 

products and quality by soybean cultivars. According to the results, late maturing soybean intercropped with forage corn 

Key words: Soybean, Forage corn, Intercropping, Monocropping, Silage.
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I. (1)

(2) (2)(3)

109 5 22 110 10 8

3

(Sorghum bicolor) 1

8,766 kg/ha (Crude protein) ( ) 10.9% (Water soluble 

carbohydrate) 7.1% (Neutral detergent ber) (Acid detergent ber)

59.2% 32.5% 3

saia (Avena strigosa Schreb.) (P < 0.05) 22,980 kg/ha swan (A. sativa L.)

18,210 kg/ha (Triticum aestivum L.) 8,880 kg/ha

swan 120 44,750 kg/ha saia 90

105 29,060 31,430 kg/ha CP 11.5% 6.7%

saia 90 105 saia swan 1

4

A. (Oryza sativa L.) B. (Glycine max L.)  

(Zea mays L.) C. D. B D

( ) 40 50%  

27 ( 2019 )

(Pangolagrass, Digitaria decumbens Stent) (Napiergrass, Pennisetum 

purpureum Schum.)

(Forage corn, Zea mays L.) 7,800 375,273

( 2019 )

(Wheat, Triticum aestivum L.) (Oat, Avena sativa L.) (Barley, Hordeum vulgare)  

(Coblentz et al., 2018a; 2018b)

(Bermudagrass, Cynodon dactylon 

L. Pers.) (Coblentz et al., 2013)

(1) 2685
(2)
(3) E-mail: srchang@mail.tlri.gov.tw
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(Huang et al., 2020) (1984)

(1988) (1990)

(2020) swan

(Sorghum spp.)

(Bean et al., 2013; Jahanzad et al., 2013) 1989 

(Forage sorghum, Sorghum bicolor) ( 1989 ) 1995 1 (Sudangrass, 

Sorghum sudanense P. Stapf.) ( 1997 ) 2009 1 (Sweet 

sorghum, Sorghum bicolor)

( 2017 ) 2019 ( 2019 )

 

(2017)

(2004)

I. 

( 2016 7 )

1 75 cm 10 cm

100 m2

N 120 kg/ha P2O5 30 kg/ha K2O 60 kg/ha

8 1 3.75 m2 90

II. 

( 2016 11 )

swan (A. sativa L.) saia (A. strigosa Schreb.) 2

120 kg/ha 100 kg/ha

3 100 m2

N 120 kg/ha P2O5 30 kg/ha K2O 60 kg/ha

8 1 1 m2 90

III. 

(2016 12 )

swan saia 2 120 kg/ha

(Randomized complete block design, RCBD) 20 m2 4

N 120 kg/ha P2O5 30 kg/ha K2O 60 kg/ha
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60 75 90 105 120 5 1 m2

IV. (Crude protein, CP) (Acid detergent ber, ADF)

(Neutral detergent ber, NDF) (Water soluble carbohydrate, WSC)  

 Kjeldahl (Total N) (Bremner and Mulvaney, 1982) Total N  6.25

 van Soest et al. (1991)

 Paleg (1959) 80%

V. (Standard error of the mean, SEM)

(Analysis of variance) (Least 

signi cant di erence test) P < 0.05

SAS EG 7.1 (SAS, 2014)

I. 

2016 7 1 3

90 3 235 cm 50,055 kg/ha

( 2019) CP ( ) 10.9% WSC 

7.1% NDF ADF 59.2% 32.5% 3

247 cm 240 cm 219 cm

61,100 kg/ha 45,175 kg/ha 43,890 kg/ha

11.4% 10.7% 10.5% WSC

7.7% 7.4% 6.3% ( 1 )

43,890 kg/ha

1. 2016 1 1

1

Location

Trait Changhua Tainan Taitung Mean SEM

PH2 (cm) 247 219 240 235 8

SD (cm) 2.58 1.66 2.13 2.12 0.27

FWY (kg/ha) 61,100 43,890 45,175 50,055 5,535

DMY (kg/ha) 10,570 5,925 9,802 8,766 1,438

DM (%) 17.3 13.5 21.7 17.5 2.4

CP (% DM) 10.5 10.7 11.4 10.9 0.3

WSC (% DM) 7.4 7.7 6.3 7.1 0.4

NDF (% DM) 57.7 60.9 59.1 59.2 0.9

ADF (% DM) 31.6 34.2 31.7 32.5 0.9

1 Harvested 90 days after planting.
2 PH: plant height; SD: stem diameter; FWY: fresh weight yield; DMY: dry matter yield; DM: dry matter percent; CP: crude 

protein; WSC: water soluble carbohydrate; NDF: neutral detergent ber, and ADF: acid detergent ber.

II. 
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2016 11 ( 2 ) (swan saia) 3

90 swan

( 1977 ) saia

( 2018 )

3 Gunsaulis et al. (2008)

Coblentz et al. (2000) (Rye, Secale cereale 

L.)

3 swan saia (P < 0.05) 130.0 cm 125.3 cm

88.2 cm saia swan 91,570 kg/ha 78,520 kg/ha

30,410 kg/ha saia 22,980 kg/ha swan 18,210 kg/ha

8,880 kg/ha ( 2 ) 3

2. 2016 1
1

Location Crop PH2 FWY DMY DM CP NDF ADF

cm ------------ kg/ha ------------ % -------------------- % DM --------------------

Changhua

Wheat 83.4 32,800 8,400 25.6 8.0 56.9 35.8

Oat swan 133.4 78,800 18,000 22.8 11.3 44.3 29.9

Oat saia 112.2 96,000 23,200 24.1 11.1 57.9 33.0

Tainan

Wheat 83.8 17,430 8,000 45.9 8.9 68.8 39.9

Oat swan 126.5 80,180 20,180 25.2 11.6 54.9 32.4

Oat saia 136.2 82,120 23,060 28.1 9.3 59.1 35.0

Taitung

Wheat 97.5 41,000 10,250 25.0 8.2 55.2 36.6

Oat swan 130.1 76,600 16,460 21.5 8.6 58.4 36.0

Oat saia 127.6 96,600 22,700 23.5 12.6 60.3 35.6

Mean

Wheat 88.2b 30,410b 8,880c 29.2 8.4 60.3 37.4

Oat swan 130.0a 78,520a 18,210b 23.2 10.5 52.5 32.8

Oat saia 125.3a 91,570a 22,980a 25.2 11.0 59.1 34.5

1 Harvested 90 days after planting.
2 PH: plant height; FWY: fresh weight yield; DMY: dry matter yield; DM: dry matter percent; CP: crude protein; NDF: 

neutral detergent ber, and ADF: acid detergent ber.
a, b, c Means in the same column with di erent superscrips di er (P < 0.05).

III. 

2016 12 swan saia

2

( 3 ) (2018) saia

Liu and Mahmood (2015)

swan 120 44,750 kg/ha saia 90

105 29,060 kg/ha 31,430 kg/ha saia CP

105 11.5% 6.7% 41.7% Coblentz et 

al. (2013 2014) CP WSC  
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3. 2016

Variety Growth day FWY1 DMY DM CP NDF ADF

-------------- kg/ha -------------- % ----------------------- % DM -----------------------

swan

60 81,690d 11,810d 14.5d 17.8a 48.7c 29.1c

75 82,130d 17,880cd 21.8cd 12.9b 52.6bc 31.4bc

90 117,690c 27,440bc 23.3bc 11.5bc 55.0b 31.6abc

105 137,750a 36,380ab 26.4ab 9.2cd 61.6a 34.6a

120 128,130b 44,750a 34.9a 6.7d 57.9ab 32.6ab

saia

60 80,940ab 11,500c 14.2c 17.4a 47.8c 28.7d

75 87,880ab 18,000bc 20.5cd 14.3b 55.2b 34.0bc

90 116,060a 29,060a 25.0bc 11.5c 56.3b 33.0c

105 98,690ab 31,440a 31.9b 6.7d 65.3a 36.7ab

120 64,690b 25,560ab 39.5a 5.9d 67.7a 39.2a

1 FWY: fresh weight yield; DMY: dry matter yield; DM: dry matter percent; CP: crude protein; NDF: neutral detergent ber, 
and ADF: acid detergent ber

a, b, c, d Means in the same variety in the same column with di erent superscrips di er (P < 0.05).

saia 105

saia 90 105 swan

swan 120

IV. 

4 A B C

D

4. 

Location Crop rotation mode Growth duration (day)

Changhua A. Rice - Sweet sorghum - Oat saia 285

Tainan B. Sweet sorghum - Soybean - Forage corn 290

Taitung C. Soybean - Rice - Oat saia 275

All locations D. Soybean - Sweet sorghum - Oat swan 290

 

( 1995 2000 )

3

2

3 6 7 120
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1 8 11 90

saia

11 2 75 A 285

9 10

1 2 120 3

1 6

4 80 B 290

6 7 10 11  

120 saia

12 2 75 4

C 275

B D

D 4

1 swan swan 120

D 290 4 275 290

25 30

1990 p.159-166

2018 51

16-23

2019 108

2004 50 8-12

1988 17 115-124

2020 53 244-252

2017 50 37-44  

2019 https://portal.sw.nat.gov.tw

1984 17 11-23

2017 50 70-77

2015 48 170-177

2019 52 153-164

1977 25 114-115

1995 11 1-10

1989 22 59-68

1997

1 30 337-350

2000 44 1-3
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Abstract

Sorghum bicolor) reached 8,766 kg/

matter yield in the three regions for oat “saia” (Avena strigosa

kg/ha, followed by oat “swan” (A. sativa L.) with 18,210 kg/ha, and the lowest for wheat with 8,880 kg/ha, respectively. The 

forage yields of oats were greater than that of wheat (Triticum aestivum L.), so the oats could be more suitable for production 

in the winter in Taiwan. The dry matter yield of oat “swan” was 44,750 kg/ha, harvested 120 days after planting (DAP). The 

respectively. However, the CP contents of oat “saia” were 6.7% and 11.5%, respectively. Hence, the optimum harvest period 

for oat “saia” was 90 - 105 DAP. For the reason, the early-maturing oat variety ‘saia’, the late-maturing oat variety ‘swan’ 

Four new modes of crop rotation for forage production were proposed as follows: A. Rice (Oryza sativa L.) - Sweet sorghum 

- Oat; B. Sweet sorghum - Manure soybean (Glycine max L.) - Forage corn (Zea mays L.); C. Manure soybean - Rice - Oat 

and D. Manure soybean - Sweet sorghum - Oat. Mode B and D were entirely forage crop rotation systems.

Key words: Forage, Sweet sorghum, Oat, Crop rotation mode.
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(3) Corresponding author, E-mail: srchang@mail.tlri.gov.tw



54(3) 206-218, 2021
DOI 10.6991/JTLR.202109_54(3).0008

206

(1)

(2)(3)

110 5 24 110 10 29

 

40%

1 2

30%

2002 (World Trade of Organization, WTO)

( 2007 )

WTO ( 2013 )

( 2010 )

(Production) (Marketing) (Financial)

(Institutional) (Human)  

 

 

(Kahan, 2008)

22

(Meuwissen, 

2001) Kahan (2008)

(1) 2686
(2)
(3) E-mail: ihchang@tlri.gov.tw
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(Kahan, 2008)

I. 

2019

II. 

Google

173

30% 107 9

18 27

(i) 

(ii) 

1. (Years of farming) (______ )

2. (Agricultural experience) (

)

3. (Reasons for engaging in agriculture) (

)

4. (Farming type) ( )

5. (Business model) (

)

6. (  

)

7. (Supportable time when 

accident) (___ )

8. (Acceptable price uctuations) ( ___%)

9. (Marketing channels) ( )

10. (Payment method) ( )

11. (Acceptable investment loss) (___% )

12. 30% (Impact of 30% investment 

loss) ( )

13. (Stop loss disposal) (  

)

14. (Increasing investment when reach pro t) (___%)

15. (Expected return) (

)
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16. ( ) (Organization join) (

)

17. ( ) (Joining reason) (

)

18. ( ) (Information sharing) (  

)

III. 

SPSS 25.0

(Pearson’s Chi-square test) (Analysis of variance, ANOVA)

I. 

( )

107 (Kahan, 2008)

1 3 4 7 8 10 11 15

16 18

( 2020)

1

32.7% 66.3% 46.7%

109 6,346 (

) 1 4,008 5,394

1,991 4,358 ( 2021)

63.9% 500 ( 2020)

32.7% 20.5%

61.8% 12 32.8%  

19.6%

55.2% 6 30%

5% 30% 14.0 6.5% 34.6% 37.4%

72.0% 17.8% 5%

51.4%

17.8 25.2%

40%  

62.6% 17.8% 50% 30%

39.2% 36.5%

64.5% 30% 56.1% 30% 28.0%

47.7% 29.9% 17.7%

55.2% 29.9% 14.0%

32.7% 24.3%
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38.3% 1 2 55.1% 39.3%

1. 

Table 1. Attributes of risk sources of respondent poultry farmers

Items Options Count Valid percent (%)

1. Production Risk

Farming type Conventional farming 35 32.7

Natural farming 11 10.3

Environmentally-friendly farming 50 46.7

Organic farming 10 9.3

Missing value 1 1.0

Business model No concept 31 29.0

Single species 22 20.5

Over two species 8 7.5

Complex farming 35 32.7

Leisure farm 5 4.7

Missing value 6 5.6

Supportable time when accident Less than 1 month 3 2.8

1 2 months 16 15.0

3 5 months 16 15.0

6 11 months 31 29.0

Over 12 months 21 19.6

Missing value 20 18.7

2. Marketing Risk

0 5% 15 14.0

6 10% 27 25.2

11 20% 13 12.2

21 30% 19 17.8

Over 31% 7 6.5

Missing value 26 24.3

Marketing channels Self-sale 37 34.6

Joint marketing 19 17.8

Wholesaler 40 37.4

Ecommerce channel 4 3.7

Export sales 1 0.9

Missing value 6 5.6

Payment method Cash 55 51.4

By month 19 17.8

By season 27 25.2

Missing value 6 5.6

3. Financial Risk

Acceptable investment loss Less than 20% 31 29.0

20 29% 21 19.6

30 39% 15 14.0

40 49% 1 0.9

Over 50% 19 17.8

Missing value 20 18.7
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1. ( )

Table 1. Attributes of risk sources of respondent poultry farmers (continued)

Items Options Count Valid percent (%)

Impact of 30% investment loss Unbearable 14 13.1

Severe 25 23.4

Moderate 42 39.2

Light 12 11.2

6 5.6

Missing value 8 7.5

Stop loss disposal Cease business 6 5.6

Depends on the situation 69 64.5

Continue to invest 29 27.1

Missing value 3 2.8

Over 51 % 9 8.4

41 50 % 13 12.1

31 40 % 8 7.5

21 30 % 26 24.3

Less than 20 % 34 31.8

Missing value 17 15.9

Expected return No concept 2 1.9

As long as no economic losses 4 3.7

Basic expected return 28 26.2

Moderate expected return 51 47.7

Exceeding expected return 19 17.7

Missing value 3 2.8

4. Institutional Risk

Number of organizations joined None 15 14.0

1 59 55.2

2 3 29 27.1

4 5 2 1.9

6 7 1 0.9

Missing value 1 0.9

Number of joining reasons None 41 38.3

1 35 32.7

2 14 13.1

3 5 4.7

4 7 6.5

Missing value 5 4.7

Number of information shared 1 39 36.4

2 20 18.7

3 9 8.4

4 17 15.9

5 6 16 15.0

Missing value 6 5.6
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II. 

( 2020 )

(P = 0.015)

60.3% 80%

( 2020 )

2 (P = 0.045)

62.9% 48.0% 52.4%

(P = 0.035) 30% 65.7% 30%

30%

66.7%

(P = 0.030) (P = 0.023)

61.5%

53.7 57.1%

57.6% 4

61.5% 1

66.7% (P = 0.085)

2. 

Table 2. Cross analysis of attributes of risk sources of respondent poultry farmers and sources of funds

Sources of funds Own funds
Peasant 

association loan
Agricultural treasury 

loan and others
Total

Pearson’s
Chi-square test

Items Count % Count % Count % Count P-value

1. Production risk

Farming type

Conventional farming 22 62.9 9 25.7 4 11.4 35

0.045*Natural farming 16 32.0 24 48.0 10 20.0 50

Environmentally-friendly or
organic farming

11 52.4 5 23.8 5 23.8 21

Business model

No concept 10 32.3 15 48.4 6 19.4 31

0.082
Single species 12 54.5 9 40.9 1 4.5 22

Over two species, complex or
leisure farm

24 50.0 12 25.0 12 25.0 48
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2. ( )

Table 2. Cross analysis of attributes of risk sources of respondent poultry farmers and sources of funds (continued)

Sources of funds Own funds
Peasant 

association loan
Agricultural treasury 

loan and others
Total

Pearson’s
Chi-square test

Items Count % Count % Count % Count P-value

Supportable time
when accident

Less than 6 month 15 42.9 11 31.4 9 25.7 35

0.4916 11 months 14 45.2 12 38.7 5 16.1 31

Over 12 months 13 61.9 4 19.0 4 19.0 21

2. Marketing risk

Acceptable price 
Less than 10 % 18 42.9 17 40.5 7 16.7 42

0.38911 20 % 5 38.5 6 46.2 2 15.4 13

Over 21 % 15 57.7 5 19.2 6 23.1 26

Marketing 
channels

Self-sale 20 54.1 9 24.3 8 21.6 37

0.303
Joint marketing 16 40.0 17 42.5 7 17.5 40

Wholesaler, ecommerce
channel or export sales

8 33.3 12 50.0 4 16.7 24

Payment method
Cash 27 49.1 15 27.3 13 23.6 55

0.056
By month or season 17 37.0 23 50.0 6 13.0 46

3. Financial risk

Acceptable 
investment loss

Less than 20% 12 38.7 13 41.9 6 19.4 31

0.035*20 29 % 6 28.6 8 38.1 7 33.3 21

Over 30 % 23 65.7 9 25.7 3 8.6 35

Impact of 30% 
investment loss

Unbearable or severe 16 41.0 16 41.0 7 17.9 39

0.255Moderate 20 47.6 15 35.7 7 16.7 42

12 66.7 2 11.1 4 22.2 18

Stop loss disposal

Cease business or depends on 
the situation

32 42.7 28 37.3 15 20.0 75
0.501

Continue to invest 16 55.2 9 31.0 4 13.8 29

Increasing 
investment when 

Over 31 % 16 53.3 12 40.0 2 6.7 30

0.24821 30 % 14 53.8 6 23.1 6 23.1 26

Less than 20 % 13 38.2 14 41.2 7 20.6 34

Expected return

Basic expected return, as long 
as no economic losses or no 
concept

16 47.1 8 23.5 10 29.4 34

0.171
Moderate expected return 25 49.0 21 41.2 5 9.8 51

8 42.1 7 36.8 4 21.1 19

4. Institutional risk

Number of 
organizations 
joined

None 10 66.7 1 6.7 4 26.7 15

0.0851 28 47.5 23 39.0 8 13.6 59

2 or above 11 34.4 14 43.8 7 21.9 32

Number of joining 
reasons

None 22 53.7 11 26.8 8 19.5 41

0.030*1 20 57.1 9 25.7 6 17.1 35

2 or above 7 26.9 16 61.5 3 11.5 26

Number of 
information 
shared

1 24 61.5 9 23.1 6 15.4 39

0.023*2 3 13 44.8 9 31.0 7 24.1 29

4 6 10 30.3 19 57.6 4 12.1 33

* Asterisks indicate statistical signi cance ( * P < 0.05).
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III. 

6.3 (10 )

( 2020 ) 7 10 (High) 1 6

(Low)

3

(P = 0.042)

4 (P = 0.022) (P = 0.002)

(P = 0.035) 30% (P = 0.012)  

4 65.2% 5 9 10

73.3 64.9%

80.0%

(P = 0.053)

12

78.9% 12 6 72.4 58.8%

20% 68.0%

20 10% 63%

30%

77.8%  

3. 

Table 3. Cross analysis of background information of respondent poultry farmers and self-assessment risk tolerance level

Self-assessment risk tolerance level High Low Total
Pearson’s

Chi-square test

Items Count % Count % Count P-value

Gender
Male 33 40.7 48 59.3 81

0.809
Female 6 37.5 10 62.5 16

Occupation
Full time 31 38.3 50 61.7 81

0.275
Part time 8 53.3 7 46.7 15

Breadwinner
Yes 33 41.8 46 58.2 79

0.510
No 6 33.3 12 66.7 18

Second generation of 
farmer

Yes 20 37.7 33 62.3 53
0.586

No 19 43.2 25 56.8 44

Agricultural 
academic background

Yes 7 70.0 3 30.0 10
0.042*

No 32 36.8 55 63.2 87
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3. ( )

Table 3. Cross analysis of background information of respondent poultry farmers and self-assessment risk tolerance level 
(continued)

Self-assessment risk tolerance level High Low Total
Pearson’s

Chi-square test

Items Count % Count % Count P-value

Education

Junior high school and below 5 31.3 11 68.8 16

0.185Senior high school 17 34.7 32 65.3 49

College and above 17 53.1 15 46.9 32

Age

35 and below 5 41.7 7 58.3 12

0.736
36 45 8 53.3 7 46.7 15

46 55 10 37.0 17 63.0 27

56 and above 14 37.8 23 62.2 37

Sources of funds

Own funds 16 39.0 25 61.0 41

0.440Peasant association loan 13 35.1 24 64.9 37

Agricultural treasury loan and others 10 52.6 9 47.4 19

Working capital

< 1 million 10 55.6 8 44.4 18

0.611
1.00 1.99 million 5 33.3 10 66.7 15

2.00 4.99 million 8 50.0 8 50.0 16

13 43.3 17 56.7 30

Emergency money

< 1 million 17 58.6 12 41.4 29

0.109
1.00 1.99 million 3 30.0 7 70.0 10

2.00 4.99 million 4 25.0 12 75.0 16

6 54.5 5 45.5 11

Land area

< 0.5 hectare 12 50.0 12 50.0 24

0.314 <1 hectare 7 29.2 17 70.8 24

18 43.9 23 56.1 41

Owned land

None 3 37.5 5 62.5 8

0.468
< 0.5 hectare 11 50.0 11 50.0 22

 <1 hectare 4 25.0 14 75.0 16

13 43.3 17 56.7 30

Leased land

None 23 40.4 34 59.6 57

0.935< 1 hectare 4 36.4 7 63.6 11

4 44.4 5 55.6 9

* Asterisks indicate statistical signi cance (*P < 0.05).

4. 

Table 4. Cross analysis of attributes of risk sources of respondent poultry farmers and self-assessment risk tolerance level

Self-assessment risk tolerance level High Low Total
Pearson’s

Chi-square test

Items Count % Count % Count P-value

1. Human risk

Years of farming

Less than 4 years 15 65.2 8 34.8 23

0.022*5 9 years 4 26.7 11 73.3 15

Over 10 years 20 35.1 37 64.9 57

Agricultural 
experience

None 6 40.0 9 60.0 15

0.6611 18 36.7 31 63.3 49

15 46.9 17 53.1 32
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4. ( )

Table 4. Cross analysis of attributes of risk sources of respondent poultry farmers and self-assessment risk tolerance level 
(continued)

Self-assessment risk tolerance level High Low Total
Pearson’s

Chi-square test

Items Count % Count % Count P-value

Reasons for engaging 
in agriculture

Enjoy country life, health purpose or 
environmental protection

3 20.0 12 80.0 15

0.053Part-time farmer 9 64.3 5 35.7 14

Build up a business career as 
professional farmer

27 40.9 39 59.1 66

2. Production risk

Farming type

Conventional farming 11 35.5 20 64.5 31

0.333
Natural farming 18 37.5 30 62.5 48

Environmentally-friendly or organic 
farming

10 55.6 8 44.4 18

Business model

No concept 7 22.6 24 77.4 31

0.056
Single species 9 47.4 10 52.6 19

Over two species, complex or leisure 
farm

21 48.8 22 51.2 43

Supportable time 
when accident

Less than 6 month 14 41.2 20 58.8 34

0.002**6 11 months 8 27.6 21 72.4 29

Over 12 months 15 78.9 4 21.1 19

3. Marketing risk

Acceptable price 
Less than 10 % 15 36.6 26 63.4 41

0.035*11 20 % 4 36.4 7 63.6 11

Over 21 % 17 68.0 8 32.0 25

Marketing channels

Self-sale 19 54.3 16 45.7 35

0.084
Joint marketing 14 36.8 24 63.2 38

Wholesaler, ecommerce channel or 
export sales

6 26.1 17 73.9 23

Payment method
Cash 25 47.2 28 52.8 53

0.147
By month or season 14 32.6 29 67.4 43

4. Financial risk

Acceptable 
investment loss

Less than 20% 12 38.7 19 61.3 31

0.59420 29 % 9 45.0 11 55.0 20

Over 30 % 16 51.6 15 48.4 31

Impact of 30% 
investment loss

Unbearable or severe 8 22.2 28 77.8 36

0.012*Moderate 19 50.0 19 50.0 38

9 60.0 6 40.0 15

Stop loss disposal
Cease business or depends on the 
situation

24 35.3 44 64.7 68
0.137

Continue to invest 14 51.9 13 48.1 27

Increasing investment 
Over 31 % 12 50.0 12 50.0 24

0.46421 30 % 9 34.6 17 65.4 26

Less than 20 % 16 48.5 17 51.5 33

Expected return

Basic expected return, as long as no 
economic losses or no concept

17 54.8 14 45.2 31

0.134
Moderate expected return 15 32.6 31 67.4 46

Exceeding expected return 6 35.3 11 64.7 17
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4. ( )

Table 4. Cross analysis of attributes of risk sources of respondent poultry farmers and self-assessment risk tolerance level 
(continued)

Self-assessment risk tolerance level High Low Total
Pearson’s

Chi-square test

Items Count % Count % Count P-value

Reasons for engaging 
in agriculture

Enjoy country life, health purpose or 
environmental protection

3 20.0 12 80.0 15

0.053Part-time farmer 9 64.3 5 35.7 14

Build up a business career as 
professional farmer

27 40.9 39 59.1 66

5. Institutional risk

Number of 
organizations joined

None 6 46.2 7 53.8 13

0.4571 18 34.0 35 66.0 53

2 or above 14 46.7 16 53.3 30

Number of joining 
reasons

None 17 47.2 19 52.8 36

0.2241 9 28.1 23 71.9 32

2 or above 11 45.8 13 54.2 24

Number of 
information shared

1 13 37.1 22 62.9 35

0.8362 3 12 44.4 15 55.6 27

4 6 13 41.9 18 58.1 31

* Asterisks indicate statistical signi cance (*P < 0.05, **P < 0.01.).

30%

2021 ( ) ( 109 ) https://agrstat.coa.gov.tw/sdweb/public/
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Abstract

This study aims to investigate the possible risk sources from business activities of poultry farmers in Taiwan by 

analyzing the characteristics of farming risks of respondents through the attributes of risk sources and exploring the 
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attribute, marketing through self-selling or dealers, and cash payment on the spot. In terms of financial attribute, the 

acceptable investment loss mainly fell under 40%, with a moderate and reasonable return on investment expected. Most 
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