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WefFH - 110456 H 2 H : #2HIH - 1104£9 H 24 H

W =R

CFAARE S (Bacillus) B R RIS TEE - BAE LGRS NE R EP plfl T HE ARIRARRS - HEOR 241N IR
N E  EaERESERAINY) - At B ey hsE SR FE R R IR - BB E B - ik - MAEe -
HE P skl T2 BEsE2F Ui (Bacillus coagulans) » ff1F @& GBIV - 35Uk o7 5l 58 E R B IR
H AT S 10 BRI BEE IR - SMURFE SR T 81 90°C R 2k 30 43 88 SE R TR F 7 B ik > BEALL S B ik
168 rDNA #ZH B PP IHIAIUE - HRBEH 6 BRAT{DUY BEAS o fF B (5 B8 B ok B 2 B i B 8 S e e R T i ) I
% (MALDI-TOF MS) #E17 B A - FFME pH 2 B 2% fE8l 2 it 2 1% - 455REUR 5 Pk (4w R6 ~ R8 ~ R9 ~ S7 £
S10) FyfB2F fURE (Bacillus cereus) - 27 EYRE BRER ST R3 @I AL UG - HI pH 2 B 2% JEEE Z =214
R 0% o BEASEFAARES R3 R FREVAEF &S 1 mL A 1 x 10° cfu DLE « 45 L - &8 B R SR 2 Beks
SFIURRE R3 Al - MAESEP Rk TSR - BAFR S REEEMN 28T -

FRifE - BT FEIRE ~ EIR - IPRUETRE

R - BT FEIRE ~ EIR ~ IPRUETRE

&

S ERG E A Y EAR R A e s Iy EIEE E R At - FIEGRGE N Y A 2 e i S YA e (A0
AGlz ~ ALERPIER I ) » [R(KR5E pH B A EEVEE - BARESEGHER S - IHESMEYHEE
(Hillman et al., 1994; Blottiere et al., 2003; Biagiet et al., 2006) - FLEEE mEE 2 HEHRE M ~ 68} ~ {bitdih ~ 45%% 1T
SEHLFH R BUE B A AV o it SRR LS 2 T ALk (poly lactic acid, PLA) - BN HAT LRI e AL BE AT - REZF
FH S Y S &80 A Wl 75 4E (Hofvendahl and Hahn-Hagerdal, 2000; John et al., 2007) » {H 278 FH B A 7 2 AL
Eon o MERARR S > FEFt g EEEES SRR EEYIRE - KL TERCE A RS S%ER
4Y)VE & (lignocellulose biomass) 1F fy4= FEFLEEHYFRE - REBGEZEVE SHBAELER 35 — 50%) ~ LR
(20 — 40%) BLAREZ (10 — 30%) (Saha, 2003) - —fFHAEYIEEE: NE MR EVE B4 E AN, - ME AR
Zorfg o HF R R EY A A RER R TUREEAIARKE (xylose) (Mussatto and Teixeira, 2010) o & i 4= 441 I L
Bl (phosphoketolase) U RS (S S5 B /KFEANE » EEAFE B2 BEM I e AL - HEERRE KL 60% (Patel et al.,
2006) = SZRAFEHT » BE4E S FAAR R AT 4 FHBERE THE (pentose phosphate) {UEHEEAE » JRF /i L 7 b I /K g 28 A 7 lig .
fis Bt T ELRCRAIEEIT 100% (Patel et al., 2006; Abdel- Banat et al., 2010 ; Lidan et al., 2013) * 534ME Don et al. (1986)
B 5F (2020) He5HEH - BEE T AR B S B I M v IR IFS B I bt E & RS A AR EDA E R > i
B R A B AR EE AE RIDUR AR AR RMAR SRR - RIIL - RS HHEREE SR AE SRR R R S E R IR
(RET BB - PR R B 4 T RIEHS -

il

) TTBIREET B g & ERBRPT s #s 2 2679 55 -
Q) TTEITREZ AT EERRATE T -
(3) #EEN/F2E > E-mail: fcliu@mail tlri.gov.tw °
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M A

AFBNTHEEZ A EERATE RS R E SRS T SBREYZEH - EEE R

NS E R TR Y EE NELIERE) T 104-26 SEHEEROEES -

L.

II.

1.

BEAE F S R B R 0

PRI 10 BHAGEE4Y 80 kg BEHMITELALIE od S AAE (LD) H(E (S) DU 2 B B &4 (R) EEIR - I
2% Don et al. (1986) 81 Ye et al. (2013) J7/AE T EEAE SF AR R BRI 0B - s8R0 E WEAE R 3L 10 4HER B 2
FER S PR A PR IR S 4R AL 1 g FEEER | mL RS IRANA 9 mL 2 0.85% i < A H A K - B
BB TR 5 A HU 1 mL B 9 mL RAERSEIR (BCJ74HE > & 10 g glucose + 5 g peptone + 3 g maltose extract
+ 3 g yeast extract > JIZERE/KZE 1,000 mL » 3% pH = 6.8 ) » FCEF 37 CEFEFE 24 /N\IF » BY 100 uL ZRERFAERE
BEEAL (FE 54K » & 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 - fII AZEEE/KZE 1,000 mL » 3% pH = 7.0) » JLER 37 CHIERE 24 /NG R ZEFESIMI
L 10 R (RFP4maE R R1 — R10 81 S1 — S10 ) BAHEOERE 2 Eik (AR RE RS EA R EE
o WIE 1 RTR ) 0 (E R R BRSO AR B (R R

(A) (B)

Cow rumen fluid Swine feces
1. B4 S RS S 2 B AR A R AR o

Fig. 1. The candidate strains from cow rumen fluid and swine feces.

HIP AR 2 Beds o e B i 2R R iR 228

R EERE 2% 10 (BB AR B MUK REESBR - BN 37°C REEHE 24 /NEF - BRI 457 C REEREAK 48 /NG HE
B HEREMIPEAET > L 90°C 30 73 #ENNESE BRI AV BIRR - MR R IR SR E RE R E A R A
A 3TCHIEFRLL 24 /NIf % - ZERH E W CIRTG R - (FREBPIEFRE IRV ER L -
CLFSeat o AR B (7 B8 B ik . 16S IDNA R H R 7% I FH DS

R EEAR 2 H R I mL I A9 mL R B > IMBENRITCHEERK S /NFEER  5RH
FastPure Bacteria DNA Isolation Mini Kit (DC102-01, Vazyme Biotech Comp., China) #& H{ %% B £k DNA » i 5%
5t PCR 5| T %t > Hii & 5| T (forward primer: 5~ AGAGTTTGATCCTGGCTCAG-3) Hil 7 & 5| T (reverse primer:
5’-GGTTACCTTGTTACGACTT-3") #:17 PCR |7 FE% i DNA 5 E¥ - PCR 7 FE (& {4 5% M4 (denaturation) 2 95°C
FZHE 30 #) ~ FE-&BL ¥ (annealing) 17+ 42°C [ FE 30 F) J2 AE £ (extension) 7 72°C SZ & 90 ) » H3ETT 30 RIGIR -
S EPREALY 1.5 kb 16S rDNA HIEEY) (Ye et al., 2013) « HEEHETT 16S tDNA RZHELF51 04T » 53 A5k &
Fk 16S rDNA Hé1iE ZE Y%L B> pGEM” - T Easy Vector Systems II (A1380, Promega Corp., USA) &% » FELL 42°C
BEAEIEN - REREEES Y 254 (IM109 Competent Cells, Promega Corp., USA ) tft » & 37°C B Al &
16 /N2 » EEEVYN 2RI E S 2 HRR o BEfERY LB 55851 (244620, Thermo Fisher Scientific Comp., Canada)
oo PR E BRI (R By 37°C 0 BFEIR 140 rpmy/min FE% > METREEE % F ] Plasmid DNA ZEEYZE4H PureLink™
HiPure Plasmid Miniprep Kit (K210002 Thermo Fisher Scientific Inc., Canada) fiiEU&E & DNA - i (HELFE K el 229
BHEAE CGErdbms - 278) Bh#Ef TR Btk 16S 1DNA fZHBEFFFIHVET @ FHRIE F1& & BRI B ey &R
FIFHZEE] NCBI 4G4 (it 2 AL &t » I TEER BIlR 16s iDNA B HEE Py 1T DUV EEE 34T » 8 & FiREIAH
A SRS -

IV, BEGH S PO i 0 BE R 2 T T e i W B A i 258

£ Cebeci and Gurakan (2003) Eil De Angeli et al. (2006) TR 72 » #E( TR BE B AR B A se - HRfE X%
BHEENS pH 2 81 2% R~ 5287 » FIRFSIEERIER 37T CRFERL 90 /78#1% » BIANEEER L > I
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BN 3TCHEFEM TRIE 48 /N - ST RSB R B S B S IRV S -
DR e B B G DA D st e 17 B i =X/ 5285 (MALDI-TOF MS, matrix assisted laser desorption/ionization-time of
flight mass spectrometer) 1T JE4S 2 PRI B {5 82 BT IR Bl A o

[ 7 5 E B FE A 16S rDNA % 1 % > 71 #H DU 73 #7141 » 55 — T3 J7 7% W] $% F§ MALDI-TOF MS (MALDI
Biotyper” CA System, Bruker Corp., USA) #1T » MALDI-TOF MS 4% o] 73 Wil AE V)4 & B E 19y T & > £
2,000 — 20,000 Da [t > FLIERAVE OB DZEEEE D KT - ZERE QTN EEER 52 2 MERE R
2 NERGENSE R H s EAE ML AR M - mIE R SR ] 2 fc#% (Dieckmann et al., 2008) -

B E RS ( ZHVEVA N B LSBT ) » BAFREL 1 pM STk B RN
AT BLURF E AR AEE B2 MHEE R - B oEEESH e R biiEk - 128 (71T ) 2 TOF (=]
& BRLESRELZ ERE - MIEERHYE  kEEEX/NIEREEIR - SHEA HHEEYE RS —235
&UE L (fingerprint) YRR - R YVIBE A BIEE B ORI B FE EE 3 - PR SE A Y) 5 77 8 7E (Dieckmann et al.,
2008; Wieser et al., 2012) °

e

BEHHPRAFRE ] 2 4SRRI i 2R R

s (LR B b i BIEHL 10 MRE A= (IR Z Pk (R1 — R10 B S1 — S10) - 4E5h 884 18l
PR A SER R A AR AT B - 45 IREUR  REARE REE S EBE XA S REPETAIEE ST ik
R3~R5-~R6~R8~RYEZLS]~S6-~S7~S8~S10% - {f¢#& Don et al. (1986) CEAFEH » 5e4E TR E FE R IEN
ERERF R » BB 30 — 55°C » WS BT - MEAEORET O ERNERERE - Wit HEFRE
IREGEEHERR S HREESF R ER R - AR T5E
B TAR (BE B . 16S IDNA (B FE AR U S b7

AT B 5% 82 3 {0 BLAR SRS S BRI - 0 A PCR 141 1.5 kb 2 16S rDNA PCR EYJEE 2 [P (41
o HHEUE RS DNA 9347 &7k 16S tDNA #Z E e 51 > i LA E] NCBI 4k 1T & iz e 7 IR U PR -
SR EURR H A8 S B S TR 2 BRSSP AR R BE LR PR > 4R 5% 5 R3 - R6 ~ R8 ~ R9 ~ S7 Bl S10 3 6 #% » H B
s G SR AR B 2 AL 47 Il 72 98.84% ~ 97.74% ~ 98.64% ~ 97.88% ~ 99.10% Hi 98.45% ( £= 1) - [ ¥ Bacillus
badius ~ Bacillus shackletonii £ Bacillus camelliae Z£ Eifd 2 AHLLEE /T 84 — 91% - {{#8 Carlos et al. (2010) SZEk
fEL > DL 16S rDNA RZERE 5 T A YIE - PL T & (genus) | WYL - = HBEFPS 7 B 200 bps 7054k
WEREZEF] 81.7% » BE 7 BERJEE] 400 bps HIFETT 2 90% » HALKEAERE Gt i 6 - BRI - RiuliisEsy 6 PRIZEER
PRIERENESE] A5 % (Bacillus)
SR LT S e S T B

HEFITALIT B 4T 'S 4 PRELUE B FE S 3 2 MR B EPE - Bl B &S pH 2 B 2% BRI REER - &
BE 9N R BRI R - stERE BB EEE > SRR 2 For - IREFEHEE 2 S7 8 S10 - Hillk
REIEE » fFUERE S Y 80% » MR B B R B R3 - R6 ~ R8 B RO fifEEAE ) 55 » f7IER T 56.7 — 74.0% >
Horr R3 Bl R %5 2 HRIE/ER G 70% DAL - MHAEEEEL 7y - JH B 485 /2 R3 Bl R8 FikEFEEE(E 2 S10
&R E R 80% - Liong and Shah (2005) SIS H - F8ZEY) (AIFLEEARE ) 7Y pH 2 858 90 7 $#1& (R E R4y
60% ; A& 0.3% MEEIRERETE 7 — 8/NEHE » (HERA 57% « NI » BERAE IR R 2 (B - JHRE5E
CHEZERS pH 2 B 2% MEMRTEIRAUTE 9 /IR - B EREEh 80% MR S10 Btk - MFE A4S
T pH 2 B 2% HERE 7 fEIER SN 70% FYMEA R3 Bk o KL -t 2 Bk (S10 B R3) J&5 7 1 B S B (1
RS EF U R (R BE AR
LA MALDI-TOF MS 73 M7 B84 S FU AR B fig 128 B Ry B Fe A )

JRE SR 4 PR (R3 ~ R6 ~ R8 B R9) BLFHEEFL{H 2 #k (S7 B S10) - 4% NCBI #Z ik BLAST Lh¥ B AR
J& - #2451 MALDI-TOF MS #E—25 3 MR - 45 RIES R3 B AEAE SF IR (£ 3 ) M R6 ~ R8 -
R9 ~ S7 Bl S10 FE K HIEEESFIRE (Bacillus cereus) » HHTNAYIE BIE s EWIREE - N EAE BE SRR
{5 F (Stenfors-Arnesen et al., 2008) » {{¢#& van Veen et al. (2010) #152+5H, » MALDI-TOF & #8456 FH 7> 5 12 b R
AW ECE AR - FCERERTTES] 95.1 — 96.4% » R3 BEFRIE RERAS S U TR - HA 5 MR PRAIEY
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FolARESF AR o (RIBRTI AT 7A 2 4558 BUREHS S URRE R3 R FRESTA 1 x 10° cfw/mL L |
AT B S BRI 2SN R ERIR IR PV & B MERETRURIIYIE AR ST -

% 1. DL Basic Local Alignment Search Tool EE¥)5 H 5% 32 (H EA4-J R R PR 16S tDNA #Z e 5 IAH IS
Table 1. Similarity analysis among 16S rDNA nucleotide sequences of bacteria strains from swine manure and rumen fluid
using Basic Local Alignment Search Tool

Sample no. Scientific name of similar strains’ Max score Total score Query cover Expect value Percent  Accession
identity 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 "significant" the match is.) and percent identity.

* 2. BN RS I 2 BEE TR fUAR B B R R M B R R S R E
Table 2. Analysis of survival rate in acid and bile salt tolerance of bacillus coagulans candidate strains from cattle rumen
fluid and swine feces

pH 2.0 2% Bile salt

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

Total bacterial count cfu/mL

R3 x 10° cfu/mL 264.2£20.5 192.5 + 6.4 (72.9%)" 142.5+10.6 123.5+4.9 (86.7%)
R6 x 10° cfu/mL 156.0+8.5 88.5112.0 (56.7%) 400.5 £ 68.4 252.5+35.2 (63.0%)
R8 x 10° cfu/mL 484.0 £ 60.8 313.5£16.3 (64.8%) 368.0118.4 298.5+21.6 (81.1%)
R9 x 10° cfu/mL 132.5+12.6 98.0 £22.5 (74.0%) 49.5+12.3 32.5£6.9 (65.7%)
S7 x 10° cfu/mL 573.0%£22.9 461.0 £ 52.3 (80.4%) 341.5+£47.8 268.0 £ 29.6 (78.5%)
S10 x 10° cfu/ml 92.0% 145 77.5£17.9 (84.2%) 303.0+£45.7 251.5+26.2 (83.0%)
*Mean * SD.

A Survival rate, %.
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3. L MALDI-TOF MS #5351 /-0 e 6 3 8 > s S e [ e ke R
Table 3. Identification of selected strains by MLDI-TOF mass spectrometry of Bacillus coagulans candidate strains from
cattle rumen fluid and swine feces

Analyte ID Organism Score” Value Organism Score Value
(best match) (second best match)
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 identification, is less than ( <) 2.3 and is
more than or equal ( >) to 2.0 secure genus identification, probable species identification, is less than ( <) 2.0 and is more

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

s am

EisE E AR SR (F P B IR R R B R - o AR AR ~ JURAE T - Btk 16S tDNA #Z 5B 751
MUEEEET ~ Mt B2RE pH 2 B AEEE 2% B2 MALDI-TOF MS EiE e FE0iTk - BURIHE FREERZ R3 Btk Rbt
GECFEARE R3 > HEAME. « IWEMEIP R e - BRE D ERRESERRIIER 2T -

Ao

B ] R B E S BR pr E R A R Rt R e R B S 20 M > B BRENY) Z IERELER R 3 - SREUBRIEA]
SERK ©

ZENRK

ESHH - MRYE ~ BREDS - BOTES - 2020 - EE FORIISE IR R BB AL S A RIERE - MURAEALE R R ERE
YIS 2E - BRAEWTFE 53 £ 91-98 -
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coagulans from pig excrement and cattle rumen fluid

Fang-Chueh Liu ®* and Yu-Chun Lin @

Received: Jun. 2, 2021; Accepted: Sep. 24, 2021

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
sporulation ability from pig feces and cattle rumen fluid. The 10 candidate strains of Bacillus coagulans were selected by
screen culture agar and medium from pig feces and cattle rumen fluid, respectively. The strains were heated to 45°C for 24
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
coagulan were selected. Then treatment with pH 2 and 2% bile salt culture medium for confirming the acid and bile salt-
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 x 10° cfu/mL. In conclusion, the B. coagulans R3 isolated and identified
from cattle rumen fluid possessed the characteristics of acid and bile salt-resistant and sporulation ability, which had the

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

Key words: Bacillus cagulans, Rumen fluid, Sporulation ability.
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FHgtan G ErFRARr AN
FU A E guR s w2 g O

EEGR @Y EEEw Y ORAE Y BT MR

WelFH - 11056 H 9 H : B2 HIH - 1104£9 H 24 H

W =R

AW 5 RS R E R R I RIEOL AL EALE - Oy RALIRI R 2 28 - (ERI A PREE AL &
B H R RERIR BT B b S R G & s BB AT T AL B RE X Bt 2 (Dairy herd improvement, DHI)
BERHE > ERHE R 2020 £ 1 AZ 12 5 > 4k 156 (A48 - ARSI THE S EAMRENR - AEEAE
R F L REAINE - A [FEZRETE DHI AL ARSERIF A S RET - EHEABLUEFTRS 2644 kg/d) » HEES
FAHAZRE (P < 0.05) + FLAEHRLIAFiE (4.07%) - HEZ SR MR (P <0.05) ) AHEHERIUES (3.24%)
KA FRE (3.24%) > BERALAFAHEAERBESNEFTRKE (P <0.05) < FrAlapk - JREH K FHE AR
LA S B BUME 2 RS - HEE SR HATRE (P < 0.05) - AFEFGKE DHI A4S (8 542U S Aés
REUR > EHEAELES 3 K& 4 BBk (26.82 J 26.85 kg/d) & RN HAMAGZ (P < 0.05) - 55 1~ 2 J& 3 AR FLHE
Wi m HBE S HARAR I (P < 0.05) » AEEEERLE 2 laREE (3.23%) » Ml pl or &R S 4 s
Wik e DU 1 Ba i (23.03 Kz 32.09%) » HERE KRN HEAAR I (P < 0.05) © FARLAIAEHGNE S 4R AR & 8 DU
1 fa iR (39.31%) » HEEE @ EAAA K (P < 0.05) - &% LAl - FErEHEABLUERES « ARRUATER
= AREHERUEFRATRE Wil el ARG 5 SRR & B DGR i IR SRR S 480
Witk e B ER R E RS o FEHARNRREAEESE RIS 2 laREE - il el RoR S RIREHIEE S 8RR B
SRS 1 e RER - imESARRAGEE S SHEEE & B PR 4 BT RIS 5 Ia (R - FEEER7E R R AR I
AFEAR KA 28 DR E 2 A MRS ARl (R -

FedtEan © TR - 260~ BaK - FLHERNEE -

&

A SLeb B IRV 4 R AT BT BRI — (Bailey et al., 2005) + LAY B R MR FA- L -
SR DAE RaHd A S IR MR - 2By 2 RERS - AIEIMERZENZERE - 8B IBAMRERE - N
TERZ AN (Soyeurt et al., 2011) ~ FETFLFLIEEL (Stoop et al., 2009) 55 « HF MUK TEERELFL A ERARE D] - 3L
B E BT R EE T EC BMEE RN » AL BE ALY MEEEEE (fourier-transform infrared spectroscopy, FTIR)
TR AT - WA - AEEE - AMRREAEFRWAIL R HESE RAHHEE SN - B EREEZ
HIMEES S ~ B e E B Bl F R B B FL AR 2 BRI - P FTIR S ArioiionyEsy - A2 chact e BIRGITTIE
RO Z By A T AC N S A i P ER] » BFERER - P RIS ECALEE D 2 8% (Gengler et al,
2016) = A% FRFEREONA- (Bos taurus) » 5IHEEZER HAEERRA - FHEZFEREORNE - B KA

s IR B AR R S SR - EIREDAEH 10CHRE S £ 40.5 CR AL 2R - ALAERTRATR 107C
2 325 CEERrEE - E AR s R 2L 8 AR TR LSRN EF (R > 2006 ) - ZREEB UG M o B 7
2~ Ay Rl EE s R G AL R ~ IRy MR Z 52 & (Yang et al., 2013) - JRURETEHUZ M 80.1
F 2 63.2 1 » 4% FRIEFLE IR 28.7 kg/d 271 % 33.3 kg/d » HEERBEFEEL LT - 0 4% BEHGRCIEFLERIBEZ T
W - A RURRES(EHABR PR XFA (11 12 k1 A) KEFA (23 K4 H) Z 4% BIREAEBRE ST

il

(D) T R EZ B e BT e i 556 2680 5% -
() TTEbT R EZ B g w BT T T -
(3) #ENMEE » E-mail: shwang@mail.tlri.gov.tw °
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BFA(5-6 &7TH) BAERRRIAEOEREMEEEZE (4 2008 ) - BHFEERIARES S DG BRI Y
A7 > (HNRBES o e HNAL & T BAHRR TR EFLAERR 2B DA A HIEK 0.2 — 0.3% > fASETR
Y2 B/ VEEBILE 0.4 — 0.6% [ (5K > 2006 )  FLRR G R FLAEHG = 25 BORERR 73 - FLAR b 24l MR B e
I3 R o BB SRR FTEE AR 21 > & B R P SR AT R (C4 — 14 R R oy Cl6) 5 sifl| HESTEIR P HIAE AL iE S A&
HAEHIE (> C18) » IEF RN T 28 MRS & il FE IR EL B4 £ By 50% > (HE A EREIRIE  BE SRR
EEEEREE - IS LR 2 BE R & R E R &) (Bauman and Lock) » FLA4 27 A FLFE BB AE & PR
B 22| BB AH b 688 b R S B G (O SRR 1R > L B[R 2% (Stoop et al., 2009) o K| FTIR ;A5 0T ALASHARE - 4ERSHHIG >
GEREL GC A MM REIRZ R/ » HI WAl E AR - MRS T R FREIAIASHNG ~ BE A R R HXEZ
Cl16 £l C18 FU{ERRVZE ZATEL o DL FTIR JES3Hr ZLAERAGEE > ARSI &R eI S o &R a T K TR ARG
1% 2 BB K (Woolpert et al., 2016) = Van et al. (2020) s{Eg45 S35 - WS4 FLF C18 © 0 A5HEE (14.57%) K
C18 : 1 figfil% (28.12%) S 44RERNTE & B8 S S ERE AL C18 1 0 Fafilk (12.67%) K C18 : 1 5% (26.27%)
i 4ERERNIE =& (P <0.05) » PIEAMHINKESNS @ HERFREAE R FOBATE R - BIREERNTFE KRS - i
% GRa ARG - AP BRI RS Ll TR B AL E AL & - Aoy K ILRERLIRER 2 22 > ]
FEILIR AL N BRRAE R AE A EI R e BB AL 7 Ja s B B B 2 (5 -

MRS
L SERERAIE
TR H AL E - B H R A RE R T SR B G w i SR AT 7120 Fr DHI BRLEAR (L - &
RHEARET s 2020 2 1 H & 12 H - 3156 (EIBFLAEF - T HE—AR9E 2 DHI AT BN A8 - e e
FAfE A DHI AR IS 174,917 £F -
L AL il 7%

() TSRS © (EFFF2E FOSS /A4 5] MilkoScan™ FT+ K Fossomatic™ FC #E77 42 2L 57 K RS AT ARE oy
o SEBEE AR - AREQER - AR - BREEPYER - AURES - BEEAE - B R
IFEERER L FRIE - N0224% Fatty Acid Origin BHIEE /AT RRAHHET T ZLARRIE 3 T -

(i) Fatty Acid Origin 5 fifj i 7 A 55 4H JR W 8 07 05 0% © 2 0% 5l #L RS 7 B o7 B B2 40 (8 B RO JE A 0% (gas
chromatography, GC) 731 = FL.H5 75 I 808 F i 17 A B s > LR i B4 B 93 #7757 =0 2L ISO15885 | IDF
184 : 2002 Foffc4 o A= F AR an R HIRNAR R EBEON - B DAEABYE R FA 5T » FFEaAmEREEs
FHEE L ARE - A MilkoScan™ 7 RM, MilkoScan™ FT+ K MilkoScan FT 6000 — & ety G 7T ALAS G 45
HT o BT &R (de novo) ~ SR A (mixed) J TR (preformed) it FEDMIRLAH YL TL 5 43 FIIE AT 169 4748
FUEE LAz 388 4R A4 FL ik (Schwarz, 2018, Schwarz et al., 2018) »

(i) Fatty Acid Origin Hg 7y B& 77 ffr 155 4H [ g B 6 U7 0% © AR SRR fm oK B R Bl ~ B B ~ B RSSO - HL LA
AL RN A R > DU & AL E R B8 = LR G2l o (] MilkoScan™ 7 RM, MilkoScan™ FT+ J
MilkoScan FT 6000 =i AY [E|RFHET T ZLASHL B 04 - ¥ Ry ~ JREH R FERE RS B ORI AH AT &1L B o7 7l
{7 219 4H4E S By 84 4H{E A4 HL B (Schwarz, 2018, Schwarz et al., 2018) -

(iv) Fatty Acid Origin Hg5H7j B 73 A i 4H B0« LA G B AT (E A [E BEAL R R - DAL R ELHE © g specific Fatty
Acids/100 g Milk 3¢ DL 4 Rg AN R ELqE @ g specific Fatty Acids/100 g Total Fatty Acids - AERGEEIRE4H{E FH 2 B
DAA- L R ELRlE - R Ry HLA AR S R BRI BRIV 4= FL58 2 08 © GC /AT FLABAGEE AT » T A AT A IS

R B AERT S FH S (fatty acid methyl ester) (ISO 14156 | IDF 172:2001)  HEHEE AT R4H SR AR A A0

T

g de novo Fatty Acid/100 g Total Fatty Acids = (g de novo Fatty Acid/100 g Milk) / total Fat% x 0.95 x 100 -
Rtz 0.95 K5 MilkoScan™ I F YRS R TR H > SRS S R B RG> (8 -

PR © EFLBESE 43 CoORMIPTREGY 10 598 » BT DA - LRI AR BSEIRE
BB ST R P R A ) -

() Fatty Acid Origin FL B8 B [ 43 7 15 6L JF L GE 76 © 9T £ 600 250 B B i 35 68 5 C4 2 0 C6: 0~ C8 2 0 -
C10:0-CI2:0-Cl4:0 & Cl4: |+ R AMSHIBRRETEE 5 C16 1 0 2 C16 ¢ | 5 FEisH B AT
EfCl5:0-Cl17:0-C18:0~C18:1~C18:2-Cl18:3~C20:0~C20:2-C22:0kC24:0-
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i) BT AL e i B e 2 BRI o TR AR IERR e ¢ 12 SHAH EIRRE AR FLER G - [RIIF LA GC &8 FTIR JA
TTH SR BUE T - GC IE M FLASHIREZ R fa e A B TiOH] - RERBRBUEREE D PREHBE
RIETTR » B GC iE A ZE I RS AL BUE MR T S Y ~ SR &AL K TR RS I E 75 < P 7 T i 5 i ]
HEITINAERE - Hoor o THEURIASRS B AR w & DL N RS 0 C18:4-C20:1-C20:3~C20:4~C20: 5~
C22:1-C22:2-C22:3-C22:4>C22:5-~C22:6 % C24: 1+

1. GABE &R 5
AERERHRIEREE IR ET (2 3 R4H)EF (56 TH) HKER 9K I0H) kZF (1112
K1 A5 AIBRGRE RS TRER ~ 238 2 ek~ 535 3 Bk ~ 565 4 Ba R RINER S K -
IV. &t ot
BTG EEE R - FEHSET TGS (SAS - 2002) 1 ANOVA R2FP#ET T8 57347 - FHLL Scheffé Test faiE
WEITZ R - DLP<0.05 HrREAHEEER -

R

I i DHI {545 H P8 R ALy ERHEIT 038 > DL T A [ 22671 DHI A58 47L& R LB
oy Z R BERNE 1 For - BREDES ~ BEF - UERELE - IPEREUR - EHEARBUETRS (2644
kg/d) - IMPKF (K (24.75 kg/d) » HEFEHEABBZE SN HAFE (P <0.05) - AAERPRULFRS (4.07%) © (i
HFRK (3.95%) - XFAMNTREE RN HMEFL (P < 0.05) - AHELHRLUEFES (3.24%) KAFiRE (3.24%)
HEREK (3.15%) » BERAFAHEAEREESNEE LS (P <0.05) o H LGSR TS5 - DHI (&R Rk
HABLIKETRAR > M E A AU PR R B B A ERAD U E (R o FLan N TR B s 22 U E AL
W sHEERE RS IREE 2 HEZFE3 A - BHA4-5- 100 11 5> EREEHEI A > HTEFHE
F6 HE 9 HZAEAWHERERS @ (SN R ma ENRHEGAR 20 A e > A SR EF Y
SR EE - RIBEEE (2008) BFT45RIGH > 2007 FE 2SR EREUR - 3 A8 9 A EERE I HTW
(=i > 73580k 11.0% B2 10.4% o Hf > 3 B i i EEREFSHE R 6.6% > 9 A&l R R
8.0% o AmERst SR DHI {lE714-REE H 7L 8 LIk T i - WTAE B B A s e (i 2 UTER T EL 3 F 40 o0 - B DA EE A
FoEARE - TR 2020 F 11 EALRAEFHUAERS P SRR B REUR - 1| A2 12 AZEH PRy
F5189~19.4-~21.9~27.2~29.6~30.1 ~29.1 ~282~257~239 & 198C » HZF (2 H 3 A4 A) =ZHF 98
J& R mm e oA By 21.2 2 30.6C 2 EZ (5~ 6 K7 H ) =& AP0 R o3 5l Ry 29.0C k2 35.2°C 5 k=
(8~9 K 10 H) ={8 A P& Rig @i oy il 27.7 & 33.3°C » £F (11~ 12 R 1 ) =(HHFHERE &
SRS By 20.8 K 28.9°C © At BREERE Ak an FHIHEAR R P HER BRI M E TR (K - SRIERSDLE S
A BRI EAR /N -

A [E 226 DHI A58 B A FUB T & B AR I S RE L & & DIKFR RS (22.31%) © THRFREFRK
(22.04 F 22.08%) - BkZHr & ARG AT BL 5 SRR R IR & B RS S R HALFRET (P < 0.05) - SRS RIHSHIEE 5 SAS TR
GEDEFRIFRE G118 K 31.16%) » HRHLFR(K (30.28 J 30.35%) - FHELRIHENINE & SR RGHLEE & & DARK
Fieim (38.37%) HERE SR HMERE (P < 0.05) - LA Z BB Z RN 2B - B8 MRl ER
& - FLAEAI RGN - E4-E2E R —HE - LA T sAERTEE < 80% 8 Ry hiig - B C14 DUT Z G s AE A ik B
22.6% [ 5y 4.8% - TMHEEE 35.9% HEANKy 52.8% o —fObFL FOLAWIHREEIEE - (EReERD 2 28D EEA S
Fl3 TP SRR R i < BUEARE - SUE 8 e i 2L 4G A AR AERD DA PLRERG (R » 2006) - Gk ik /Kb &)l
FARGRIZBVIMERE - e VFZEAE T RIS AE LB N AR T - A Sty R BeE i e S B FLARR

Palmquist et al. (1993) FRAIH GC /AR MALASRIBORIE - WE—UHT e R BRI 81 2 AL (L - &5
REER2 A - C4 —C14(C4:0-C6:0-C8:0-C10:0-CI2:0~Cl4:0 K Cl4:1)~Cl6(C16:0 F2 Cl6: 1)
J2 CI18 (C18: 0~ C18 : 1 J C18 : 2) H4EREHME & BT By 27.83 ~ 33.21 }2 38.96% : 5 Al 2 & &KFF Ky 26.96 ~
31.76 K 41.29% ; 8 AW 2 & BRI By 25.7 ~ 32.17 J 42.14% : 11 A 2 & BT B 27.77 ~ 34.15 F7 38.09% - H
tio C4 — Cl4 LA = B 2L 2 AR S (27.83%) » 1 8 HERFR(E (25.7%) © Cl6 LA = B 11 Al
5 (34.15%) - T 5 AEFER (K (31.76%) : C18 SEAENIIE & L. 8 HRff i (42.14%) > 1M 11 AR (K (38.09%) - 3%
SR PN A i 5 P EE SRR > IRIBE R PR IR B 2 P AR B N EHRIN R - BRI S - BRFHFAL T Cl6
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L ARAER R & EEE - 1 C18 HRAENINL & ERm - AT REBIRE R B e ER S AE A EC T AR - ifn 5 ARFAL T
C18:2 H¥fsHiM e B RS > MINFHREICEF R R 2 P ERE SR AR E S FHATE - 8 AFEER > &
FEERMNEEG RN > CEEEEHRaRE T > IR (Palmquist et al., 1993) - _EAlta{E
DL GCIEHENT AR IR sy AR ] Z 77 F] > (BT A Z 22 R sa T rlai B R A A R REiZ C4 1 0
C6:0-C8:0~C10:0~C12:0~C14:0 ke Cl4: 1 GAI CRr xR ZUAGRARE ) ~ C16 2 0 ke C16 = 1 481 CRGRIHEHGI )
o SRR & B BN SRR A EEREE R - (R FTIR fE50 A ALAGHIRRRY AR o - MBS NEBUIERG EAE (E 1550 7y
RERnL e A R - EECHAR L GC AT C ERMAEE - AR © E2FEINERHE Rt E N ZLAE I
Z R A AT o M FTIR J77ABETEIAN A AA R R ERE B B E R B oA - BTEERr &k ~ R G R
THEURIAE A 5 FUAE G < FTIR Sy SR IE % EEEE - Lk analnt ~ JEBR(CRAERIRE - RN S m] i (R fE R 2B )
IR DS 2 A SRR B i 1R 2fm#E (Bjerre-Harpeth et al., 2012) -

* 1. FEEHERFREHEHELR - PEARBE - PEAREQER KA ZZE
Table 1. Effects of seasonal' change on daily milk yield and the monthly mean of test-day milk samples® milk fat, true
protein and fatty acid composition

Item Spring (n’ = 43,643)  Summer (n = 45,115) Fall (n = 44,888) Winter (n =41,039) P-value
Milk yield, kg/d 26.44 + 8.82" 25.40 £ 8.41° 24.75 +8.32° 25.78 £ 8.57° <0.05
Fat, % 4.02%0.85° 3.95+0.87" 4.05%0.89° 4.07 £ 0.88" <0.05
True protein, % 3.24+0.43" 3.15+0.41° 3.16 1 0.44° 3.24 1 0.46" <0.05
Fatty acids* (g/100g of total FA)
de novo FA 22.04£3.72° 22.17+3.72° 22.31 £3.80° 22.08 +3.77° <0.05
mixed FA 30.28 +3.61° 31.18+3.51° 31.16 + 3.60° 30.35+3.74° <0.05
preformed FA 35.1216.31° 37.61£6.07° 38371627 35.79 £ 6.32° <0.05

"4 Means within a row with different superscripts differ significantly (P < 0.05).

" Mean * standard deviation.

" Spring (February, March and April), summer (May, June and July), fall (August, September and October), winter (November,
December and January).

* Data were collected from DHI database January to December 2020.

* n = milk samples size.

* 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).

FRIEREZR 0 H A FL B R ) BERLE (75708 - DT R IR 7Bt DHI S-S5 ERI R ) 2 B A
2B - ERESRE LB - B2 53 B 5 4 BTORKINE S B - BT 68 MT » BB A g
NS F AR R bt 8% - 5 FERL B LIS 3 HATHIE 4 BATK (26.82 R 26.85 ke/d) Js - T8 1 BRI
(24.49 kg/d) (P < 0.05) « FLEERHALS 1+ 2 0 3 BT (4.03 ~ 4.04 1% 4.02%) - KIS 5 R FLBS IR S I
BB (P < 0.05) - FLER EHETHRLAS 2 BATORES (3.23%) » KNG 5 BRI (3.00%) « 55 2 ok 7L R (B H A
FERHILAARZ (P < 0.05) - Yang et al. (2013) FIF 9,727 4 DHI (T KERFRISITLAs Y TIFRHEH - 55 1 BoRE
B 4RI REZ S HETLRIKIT R 25.94 - 28.45 - 28,81 5 29.05 kg/d 5 | FaT/F B 93U RIS (R HATAE X (P
<0.05) : FUBRBRIAE | IR KRS 4 B CIRFF £ 3.88 3,93+ 3.92 B 391% » 55 | B R ALBR IR IECE R BB
R (P<0.05) - (ELHEA KR BSIRAREE A 7 VAT B ERAAE | Ja KBS BRI 553,00 13,11 3.00
B 3.07% » % 1 B RES 3 Bk TA9HE L ERRNL RIS 2 5 - 5 4 Fo RT3 LERILE | AR 3 B
KRR AR - (05 4 B ICTHITUE CVEPRIEE IR 2 BAk (P < 0.05) - —RRTT 55 | B BR AR
BILUALAK - 0 H AR R AR R @I T - Lee and Kim (2006) D4Rt - SHARALE (305 K —
2 RPBH, —HER > 305-2X-ME #L& ) {iKFe 5y 8,431 ~ 9,774 ~ 10,191 ~ 10,812 Fz 10,611 kg » 2 H = FE G2 hnif &
WL (P < 0.01) - A (ERN - 53 1% 5 4 BIORKIRE S 5 TCBEBBAERT 51458 (body conditions
score, BCS) TREIRFEEFERIGE | B7CHRE (P < 0.01) » HEE 4 BAZORAKING 5 B HRER 1 = (7 H I 2 BCS 1%
ML BIREE SR | A7 - 58 2 BA UK 3 BEZ/RRE (P < 0.01) » AT S BRZFBER )4k S 18 A W EAE
Ko - EEFLBBEENR A0 - FOLFLRIIOIT SIS BE PO - FRUCOEAE 3 IR AINES 5 o TR
BCS TRARE - Atk I LINTIZCS 0L - el KR R B T 52 - TSR
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FIZ R [FIRGZ DHI (| 5 A4-B AU 2 b an B = SARE - SN (A 2 DHI (8 B4 2Lk 3kt 174,917 4 » Hfr
HE 1B RERRGE S BBREREBURF Ky 78,623 ~ 49,944 ~ 26,385 ~ 12,467 k2 7,498 fiil » 55 1 B & RIS Lh iy
Ko MERFYEE S BaRGEER/) » 28 4 B KBRS S Fa AR E A EH /D2 F &S a2 i B E Ry L3R (et -
& ARG TR IR ARG « FLE R RS R &S 02 sl & g e el A — 2% (Yang et al., 2013) -
AEREE 2 e RABEALBEII R R AL HE A ERERHARG K > ATREBLEE 2 B R AR ERE & PRI L G T R
AR -

x2. BaXEHEREREHEHELR - PEARBER - PEAREQER AR ZZE
Table 2. Effects of cow’s parity on daily milk yield and the monthly mean of test-day milk samples' milk fat, true protein
and fatty acid composition

Parity

Item 1 2 3 4 >5

(n® =78,623) (n =49,944) (n=126,385) (n=12,467) (n = 7,498)
Milk yield, kg/d 24.49  6.88" 26.3519.32° 26.8219.86 26.85+9.98° 25.66 £ 9.93¢
Fat, % 4.03 +0.85" 4.04 +0.89° 4.02 £0.90° 3.98+0.88" 3.92 +0.88°
True protein, % 3.20%0.43" 3.23 £ 0.45° 3.18 £ 0.44° 3.14+0.43¢ 3.09 +0.42°

Fatty acids’ (g/100g of total FA)

de novo FA 23.03+3.97° 23.57+3.85" 23.48 1 4.04" 23.61 +3.98" 23.52%3.86"
mixed FA 32.09 £ 3.79¢ 32.58+3.79" 32.48 £3.98° 32.66 +3.84° 32.90 + 3.80°
preformed FA 39.31 £6.67° 38.15 £ 6.60° 38.32+6.91° 37.94 + 6.74° 37.65 + 6.69°

b4 Means within a row with different superscripts differ significantly (P < 0.05).

" Mean * standard deviation.

' Data were collected from DHI database January to December 2020.

* n = milk samples size.

* 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).
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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
significantly higher than other seasons (P < 0.05); the winter milk samples had the highest milk fat (MF) (4.07%) and was
significantly higher than other seasons (P < 0.05); the spring and winter milk samples had the highest milk protein (MP)
(3.24%) and was significantly higher than that in summer and autumn (P < 0.05). The autumn milk samples had the highest
de novo, mixed, and preformed fatty acids, and were significantly higher than other seasons (P < 0.05). On the other hand,
the 3rd and 4th parity cows had the highest DMY (26.82 kg/d and 26.85 kg/d) and were significantly higher than the others
(P < 0.05). The 1st, 2nd, and 3rd parity cows had the highest MF, and were significantly higher than the others (P < 0.05).
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)
and mixed FA (32.09 g/100g of total FA), and were significantly lower than others (P < 0.05); the 1st parity had the highest
preformed FA (39.31 g/100g of total FA), and significantly higher than other parities (P < 0.05). In summary, spring milk had
significantly highest DMY, winter milk had significantly highest MF, and spring and winter milk had significantly highest
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 st 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
of total fat. The study explores the effects of seasonal change and cow’s parity on milk yield, milk component of lactating

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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x1. PIEFRRNR AT e st 2 GRS B BT (% o 5255 )

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

Addition ratio of copra meal in diets (%)

Items
0 10 20 30
Diet formulations, %
Corn silage 333 332 32.8 325
Pangolagrass hay 7.2 5.7 4.2 2.8
WBG-+corn (10:1) silage' 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 43 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 others” 3.1 3.1 3.1 3.0
Diet compositions, % --- calculated from ingredients’ analyzed values, except the TDN
Dry matter 51.4 52.0 53.1
F:B:G 40:22:38 39:32:30 37:41:22 35:51:14
Total digestible nutrient (TDN)* 71.1 71.0 70.8 70.8
Crude protein 16.1 16.0 16.7 16.7
Neutral detergent fiber 39.5 433 44.8 47.8
Acid detergent fiber 223 243 24.9 26.8
Ether extract 3.74 4.83 5.38 6.59
Non-structural carbohydrate 333 28.3 254 20.8
Ca 1.00 1.01 0.92 0.93
P 0.44 0.47 0.47 0.49

" Silage of wet brewer’s grains and corn meal mixed at 10 to 1 fresh weight ratio.

* 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 D;, 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%.

*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.

* TDN values were adopted from the Nutrient Requirements of Small Ruminants (NRC, 2007) and the Tables of Feed

Compositions, Taiwan (2011).
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AARIFZE Z { Goering and Van Soest
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(2007) [ETE 7RIS ERZPEHIE (in vitro dry matter digestibility, IVDMD) - S5 745 RIS
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Table 2. Compositions and dry matter digestibilities of feed ingredients in copra meal feeding experiment fed to castrated
Alpine goats (%, DM basis)'

Ingredients DM’ 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

' Each ingredient was collected 12 times during eight weeks and pooled into one for analyses.

* 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.

> DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid detergent fiber, EE: ether extract, NSC: non-
structural carbohydrate (= 100 — CP — NDF — EE — Ash), Ca: calcium, P: phosphorus, and IVDMD: in vitro dry matter
digestibility.
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Table 3. Effects of dietary addition of copra meal on growth performance of castrated Alpine goats

Addition ratio of copra meal in diets (%)

Items SEM’
0 10 20 30
Number of animal 5 5 5 5 —
Initial body weight, kg 43.8 43.6 433 433 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 137118 177 £ 65 148 £ 59 156 25 21
Feed conversion ratio' 9.6 8.0 8.4 7.8 —

" Feed conversion ratio was calculated as DMI/ADG.
* Average daily gain was not affected by the copra meal addition (P > 0.05).

R B SRR 2 A A R8P —RR 5 EHYIAZ - Ehrlich et al. (1990) BZER &5 MIARTE{E
B FEREAL 2 BTG BESE R RAFHYER & -McCandlish and Weaver (1922) 88 7L SRR ~ R
TR ~ FCEM AR TS S HEE O B e ER - ARz Re SRR - TR AT RE B AR R
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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.
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Fig. 2. Daily climate changes during the copra meal feeding trial for castrated Alpine goats. X axis: days in trial; left Y axis:
average temperature, °C; right Y axis: average relative humidity, %, and temperature and humidity index (THI).
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Table 4. Economic evaluation for castrated Alpine goats fed copra meal diet

Addition ratio of copra meal in diets (%)

Items

0 10 20 30
Feed cost, NT$/kg DM' 9.4 9.3 9.2 9.2
Daily feed cost, NT$/goat 12.4 13.1 11.5 11.1
Daily income from BW gain, NT$/ goat® 21.1 273 22.8 24.0
IOFC, NT$/goat/day’ (10%3/0) (116‘;"1&) (1161§<?/<,) (11623;)

" 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.

* Body weight (BW) price in Changhua auction market was NT$ 154 per kg in 2009.

* IOFC: Income over feed cost.

L TR RS R (L
A0 — 24% FE-F-RoRyEE KR B HZ LR B OB b s BTN 3 KR S - [l 3 BRIl R AL
S 00— 12 (R BB ITHETAEL ( DU SRR (T E L R RATES » 0L 24
UNEDESZNE

% 5. i Fineale s A e s e

Table 5. Effects of dietary addition of copra meal on rumen fluid characteristics of dairy dry goats"?

Addition ratio of copra meal in diets (%)

Items 5 2 > ” SEM*

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 <60, hrs 8.5 8.5 8.5 7.0 —
pH < 6.0, % of day 35 35 35 29 —

NH;-N, mg/dL 18.3 14.9 14.2 13.2 2.8
Highest NH;-N 25.8 26.3 23.8 19.3 —
Lowest NH;-N 153 10.4 7.7 10.3 —

H-L 10.4 15.9 16.2 9.0 —
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Table 5. Effects of dietary addition of copra meal on rumen fluid characteristics of dairy dry goats"*(continued)

Addition ratio of copra meal in diets (%)

Items SEM*
0 8 16 24

Volatile fatty acids, molar %
C, 66.7 66.1 65.4 67.6 0.6
(0N 18.2 18.7 18.9 16.9 0.4
C, 12.5 12.6 13.1 13.4 0.3
C,/Cs 3.7 3.5 3.5 4.0 —

Total VFA, mM’ 113.5 115.8 109.3 109.8 7.0

" Four rumen-cannulated Alpine dry goats in a 4 x 4 Latin square design with 14 days a period.
* Data were expressed as the 24-hr weighed results.

* Total VFA: the sum of C,, Cs, iso-C,, C,, is0-Cs, Cs, C,, and C,.

* All the rumen fluid parameters were not affected by the copra meal addition (P > 0.05).
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Fig. 3. Effect of copra meal diet on the diurnal ruminal pH, NH;-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 x 4 Latin square design. X: hrs after 8-am feeding; Y: ruminal pH (A),
NH;-N, mg/dL (B), and Total VFA, mM (C). Arrows indicate the twice feeding.
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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
economic benefit and evaluates rumen digestion. The study aims to recommend the proper utilization of copra meal in diets
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%
and efficiency by 16%. Ruminal digestion trial was conducted by four rumen-cannulated Alpine dry goats in a 4 x 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
with 8 — 24% copra meal would not affect any rumen digestion parameter. Diurnal and weighed pH, NH;-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
meal could become a good alternative feed source for dairy goats to produce meat. It will not affect the rumen digestion but
requires adaptation when formulated at medium to high level in diets. Under our feeding condition, copra meal could be
added into diet 10 — 30% for castrated growing Alpine goats. The body weight gain, feed conversion efficiency, and economic

benefits all achieve numerically better performance.
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HEFRF RS RENVIRAKEEY) » WK LEYEH LR ENER > A et/ INEBUUL - Siddons (1972) f5H »
BREAR KA LB BEBEEKE - /NS 2R S R A MR 23 = A RS — SRR 5P HERR (sucrose-isomaltase) Jz FLIEES -
FONEIFNENS ARG R & 2 oK LA E (A — EMNE RN - ItAh  TEESE R PAINAL#EZR (erythromycin) »

il

() TR s B O E s BT e i 555 2682 5% -
Q) TEbtREZ BT B e Ewi -

(3) BT EE R EEYIRIEER £ -

(4) #EIEE » E-mail: yflin@mail.tlri.gov.tw °
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G NERWCES T Hel (L-threonine) K2~ S (D-galactose) » #EMIAL MR (F HIFL i L- T Helik fe D- P ZLIERY
SR fcRE MR B 23 I (Na'-dependent transport) » 24 53[5 7 e - B8 7 46 11 #1740 25 A5 3 L- R T Rl e D- - FLME YT UL
(Navarro et al., 1992; Navarro et al., 1993) -

MEERER ~ ANIVEE RRVUREE B AN EINHIEERS - 57— 570 5 I 5 A i E A R R R R A
o B REEMDIAR - BRI RNEAMEREEARH - EMEE AR eFE - BEME M R R e
AR HREEENEEEAEZEN (Diarra and Malouin, 2014) » FERFEEZ « ANIKEER K URMAENPUER
FRECE A HiE R E EMTE RS EIIEERVRF EF A « Bb4h - IV HMBERE MR A R ZHUER -
It - AT BEFEsHb I =i AE R S W E A EMERE N2 2 » AR BRI ek 2 SR ETPRE ~ JHbEEER
BiLAE RAiE e 7 R

MFE T A

L sBaEhyslenaE

FrA EREhIe KB 2 RS TRV E B A Z R g e - BRI A | HEE S
RS 192 & - P A 440 0 3Rl B IIPTAERAVE IR « AEEEZORIN4E (55 ppm) ~ AEKEEEAIN
H (2.5 ppm) R FEVUEREHIZIARAOE (S5 ppm) » AEERE - Fad 4 HE - FEE 12€ > HELHI 6 1 - 55
SR ERK B G} (AT - B RRAH RN 1 - BABRIHET 3 Bl 3 MBS K 6 Ml SSRGS oRIRs - A MRYE 8 &5 - R
R EHEIT T > AR5 21 RAISE 42 K > WUEEE SRR ITIRZERG RS (+ 15 ZER 3 mik 4 — 6 cm iz ) J
EIER (G R4S ERS AT 6 — 8 cm ) FIFYEERERGMIIE - LA > HUTImZERs (+ 155 22ie 55U m & 1 6 —
8 cm i ) MIEmERS (G5 — SEERE SRRl 4 — 6 cm ) HETHEEIHT -

® 1. WEEERE IR R Z RO 7R

Table 1. The composition of basal diets in broiler

Ingredients 0 — 3wk 4 — 6wk
%
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 premix” 0.30 0.30
Mineral premix® 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
Auvailable phosphorus, % 0.46 0.45

* Vitamin premix supplied per kilogram of diet: vitamin A, 12,000 IU; vitamin Ds, 3,125 ICU; vitamin E, 37.5 IU; vitamin
K, 6.25 mg; vitamin B,, 3.75 mg; vitamin B,, 12.5 mg; vitamin B, 10.0 mg; Ca-pantothenate, 18.8 mg; niacin, 50 mg;
biotin, 0.06 mg; folic acid, 1.25 mg; and vitamin B,,, 0.05 mg.

® 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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() AEMER: #HENBIHERE6 i@{/”3'JWEjﬁ%ﬂf%%’fﬁéZﬁ?ﬂﬁﬂ“ﬁr?%@% PRI 0 — 3 R4 — 6 HEESE -
BB KEREERAIFER 2 - DR E RIS A R
2. EREFURIITUAE R B A R IERE
Table 2. Effect of antibiotic addition in the diet on the performance of broilers
Week Control OTC Bacitracin Nosiheptide
Body weight, g/bird
0 40.511.83 40.6£2.16 40.912.43 40.8 £2.38
848 £ 118° 863 £ 83.3° 924 £ 67.9° 960 * 83.1°
6 1,993 £ 255° 2,124 £271° 2,368 + 276" 2,285 £ 187"
Feed intake, g/bird
0—3 1,032£77.6° 1,095 +71.3% 1,107 £ 45.3* 1,176 £ 65.9°
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 2.4510.31 2.3310.30 2.12£0.09 2.101£0.08
0—6 1.96 £0.18 1.93£0.20 1.79£0.08 1.76 £0.04

Means * standard error.
“"¢ Means in the same row with different superscripts are significantly different (P < 0.05).
Control: basal diets without antibiotic addition, OTC: oxytetracycline.

(i)

(iif)

(v)

MEREZE -

Ho AR REER S 1 - AT I 2 B R I A S FH pHL 7.2 /Y 0.1 M Wi R EE 4% @S /K (PBS) Sk - ZR1&F 10%
b FHEEEE o 24 /8RR > EELE R U 0 PIRR 1 om® A BERAE R - DI > V)R RS 6
pum o FFHERARL & 4] (hematoxylin and eosin staining, H & E stain) 5 E T H F4E1% » iK% Yu and Chiou
(1997) 7374 » ¥l FA &% K Image-Pro Express Version 6.0 (Media Cybernetics, USA) &g HI & 48T =5 (villus
height) ~ BRI (the depth of crypt) ~ 4% HFE (villus area) KALREHLE/E R (muscularis mucosa thickness) »
G EH B E R B E S T ELE - H?ﬁéﬁﬁﬁﬁ%ﬁﬁ%mVU\ R 5E BE A4 B R LA JE A i T Ry — (1 BEir
sHE . mRNE e E ARG E R a2 T RN RS R 2 AR iERE o P — B E
V)7 BRI E 20 X

/N EEERR G AT ¢ R E R R S 2 R B 2 REREASFEEE TS > 275 Hung et al. (2020) J775#E(T 5347 -
HOA 10 fEEEmESTE S 2.5 mM EDTA BEEEIG ENRMRE R - $98 3 0 B 107D » F{E RS i AT T
WA - 218 5% 4°C DL 14,000 rpm @0y 5 7388 - HU EOBR Ry MBE 200 - HU 100 pL FOE RS (S8R - /5
SR 0.28 mM ZEEFHE (maltose) 100 uL Kz 0.29 mM EEF#E (sucrose) 100 pL @ §A 37 CEZIEM 30 478%1% -
B A 100 CEUK 2 3% » 88 IFEEZE(ER - 8 I01A TGO E&7] 3 mL (0.1 M tris buffer, 0.3% 50 KU glucose
oxidase type 5, 0.5% 50 KU peroxidase, 1% triton X-100, 0.032 mM o-dianisidine) (Sigma, USA) » Z2Z/EH 1 /)
B 772 405 nm O ROHIE HIOEE - HEFZRIEE A Bradford il & (Bio-Rad, Hercules, CA, USA) M &4
HERE - —EEA (U) BYEEREEES 4 e 28 R TEAR A ME RO T B/ NI 1 pmol #j%)E - SEREERLAEL)E
14 (specific activity) Fer~EF 1 mg BYE H'E & 2%/) unit AYEERERERE 2251 (U/mg protein) -

Hatoth + ERPTES Z BRI SAS &iat oS (SAS Institute, 2003) » DL —fe& 141552 (General Linear
Model Procedure, GLM) #1758 54347 » 4 }%%%?EETEU\ 30 EC T 22 81800 72 7% (Duncan's new multiple
range test) » #ETTFIEELE - MOHIdHRTZ R 2 B - ERIELDOEPE R RER T AlgE R
KA B P <0.05 -

e e B

INIRIBER S VIR R B F DT RS - AT G pn B L R R R & R S A
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£} (Diarra and Malouin, 2014) - ZXHFJERET » AUBEEANE PR NIRE SR 2R RIS 3 8% 6 B B o 2 g
B TG (P < 0.05) » TFRDIESIUMZEAR 7Y 6 M ELH o Y B BT S BB A (P < 0.05) »
BB 2RI A A 2 (A B 1 AR 6 It S BrUB S B (P < 0.05) (%22) » SRIIEECEZAIN
MRMEBA R T 4 — 6 R 0 — 6 METRIIRE - SR hiaeR - [HAEARRITE K (P> 0.05) -

TR b TR I R 2 1 PRI 2 BT IR T S — 6% > $R 3 BTRHEEE 3 — 4% (Zimmerman, 1986;
CEAS, 1991; Butaye et al., 2003) » i i A B 21 2 7 50 M S50 IO BT R LS BT - Weldon (1997)
feHik R R RS AR » AIERE LR - SRR A ZORI S HER D - Oliver et al. (2014)
Wi BT A 2T ISR IR I (1 B & Bl D T SRR B0 - (B E B A S B AT >
EE AN - RS S R/ (Hughes and Heritage, 2002) - & i AERE TR DIETAR R ML/ 2R BV 25 1F F
TR B AT -

B T 8 T ST B S B M R B R OB o SRIIRG BE 27 6 M » AEIC S A B B N 0 5
E - 2285 RO B RTBIR  LLB (P < 0.05) 5 FRAATKBER 3 i s AL SR S & 6 B 22Ans
VRN DR E B R SR 2 L] (P < 0.05) 5 R MEC DB B 42 5 3 MBI 22 B B A V1 R B L L
(P<0.05) (%3 F#£4) -

*3. RPN AR AR EEA TSR 2 E

Table 3. Effect of antibiotics addition in the diet on villus histology of jejunum in broilers

Week/Item Control OTC Bacitracin Nosiheptide
3-wk-age
Villus height, um 866 £ 217 1,016 £132 972 £ 150 9261139
Villus area, um” 169,175+ 84,854 208,253 £67,386 183,274 143,909 184,230 43,820
Muscularis mucosae thickness, pm 36.8+£3.7° 422%6.0° 356£3.4° 346£2.9°
Depth of crypt, pm 123 £20° 15116 149 £20° 120+ 17°
Ratio of villus/crypts cell 7.11%1.63 6.81+1.29 6.6211.34 7.71£0.97
6-wk-age
Villus height, um 1,022 + 198 1,083 £ 202 1,185+ 108 1,058 £ 2079
Villus area, um” 218,102+£53,965 234,076 £45326 236,941 £29,830 200,566 * 62,283
Muscularis mucosae thickness, pm 48254 46.6 152 46.7+5.7 462131
Depth of crypt, um 221 £ 16° 215 £23° 208 £ 16™ 189 £ 20
Ratio of villus/crypts cell 4.67%1.04° 5.01%0.52" 5.73£0.75" 5.66 1 1.28"

Means * standard error.
“® Means in the same row with different superscripts are significantly different (P < 0.05).
Control: basal diets without antibiotic addition, OTC: oxytetracycline (n = 20).

R bR R R B R R R E B AR » B R AV D BURES L R YA A (turnover) ZUE[E(K - &
R U AT (Willing and Kessel, 2007; Long et al., 2016) = B7ef5H: - FIARSIFE K88 FErste - ALz
YRR AR TE RN > TRt Rt A ZR AT AT T (colistin RIZAEE 576 & 522 (Zhang et al., 2016) - fi7EHiER
AR T AT LURC DR KGR A BR R T M A A5 T 5 RS Y4 S € (Torrallardona et al., 2003; Zhang et
al., 2016) - Hung et al. (2020) 548N AT RIS TRIZEMER (tylosin) MY AIFKB IR (R T ZE R HR BRI - HEMUARN
PR Al {ERS L AR A FOE I E B B\ - AN #EERIeEFEN - AURBUNMEEE R 58 115
BRI E R A B R LR - TR AR 6 i M S iERE RE - BB RN e
FAUSIRBEER TRV B b R ARy P B 2R R s AR R s - M (e e R -

R ARG A S R L2 BV E YA ~ S8 - GRE RASIARILE S A B (Niewold, 2007) - fE55 ERYNTFEREUR > B¢
SRS R T RERIHRE - N as B R INE5E SRt EOMAEAVERCE K (Pond et al., 1988) » NAKMIZ /15 E
TR - 15 AT RE A AR E B WORIBC D RE BOMAE © MY - FEVUBRMR I NIRG RS S R 2= iR B R T - B
TV TR SR R - IS Rl e HE A R AV RSUR B AL 2 Tl f7142 2K » Percy and Christensen (1985) W72 UK i MR
(clindamycin) ~ Z N5 # 3 (ampicillin) FPA A EER (lincomycin) 52 E R REREAILIE USRI RIS > AHETHYABIFE -
ANIREERAR IR R EA R IE T w] SEEARG AL AR A RE - RSk - BT ABTZERR - RER/5-REKRE (nicarbazin)
HIDAER (salinomycein) HYREHYEREGE A EEERCD - & B R RS DAY RIRETSIE (Silva et al., 2009) © 75
INEEZ M Z (tilmicosin) J8i/0 R 18 B E I 38 B AHAE A 5 (cytokines) » [l 2 $714% X fE ] (anti-inflammatory) (Cao et
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al., 2006) - HEHLAIAE A BRI RIS TRIZR M R IR T BRa PR P AR R AR S 2 (4N
B, B T DIURRES 54 A 5049 B F (Torrallardona et al., 2003; Cornick, 2010) » B2 B 5 A 1B 36 i MERE A AR o 5
L 36 S AR ARA K BB BT A7AE A B (Larsson et al., 2006) « RIS TRIZRAE AT ML 36 S ARARDR 400 2 EAIOR,
HERHE (Cao et al., 2006; Matzneller et al., 2017) » TS A ERHTZEEL VUMM FEAL >~ SUUHAZ (Chlortetracycline,
CTC) A ANV % ANREIHETE (Tong et al., 2002) » B R [EHTA B BRI G R E » TR
T 35 REAAIA 7 A B e AL -

x4 RTINS RN NS E SRR R
Table 4. Effect of addition in the diet on villus histology in the ileum of broilers

Week/Item Control OTC Bacitracin Nosiheptide
3-wk-age
Villus height, um 555+54.6 5871129 572+ 105 487+ 445
Villus area, pm’ 82,643 £14,100° 88,593 114,317  92,394119,446" 74,764 113,164
Muscularis mucosae thickness, pm 457+3.3" 4551t6.2° 48.8t6.1° 375+£2.6°
Depth of crypt, um 133 £33° 135+31° 165 +24° 108 £9°
Ratio of villus/crypts cell 4361 1.00° 4.43t1.03° 3.511£0.75° 4.5410.26
6-wk-age
Villus height, pm 612 £62.5° 613 £ 88.6 733 £102° 577 £ 60.1°
Villus area, pm” 120,756 £ 16,845 121,003 +20,949 136,308 22,616 116,182 26,080
Muscularis mucosae thickness, pm 529%52 523146 53.0£7.1 50.8%+4.7
Depth of crypt, um 16133 180 %32 162 £30 179 £ 17
Ratio of villus/crypts cell 3.98+1.12° 3.4610.47° 470 +1.23° 3.26 £0.53"

Means * standard error.
“® Means in the same row with different superscripts are significantly different (P < 0.05).
Control: basal diets without antibiotic addition, OTC: oxytetracycline (n = 20).

B A LR E AR B BB L P I EE BN A o BEER PR FORB Y & o S RS
PR - BRI Ryt A DARIIR MY BE 0t & 8 2 S0 (Scott et al., 2004) - fid: 2R B SRETH (LR S
HIRES] > SUAMEEA/NIRBERATHICRR TS BRI RAERESL - BN T R R B A S ERE AT ME G HIRS 1S L (Al
Batshan et al., 1992; Lee et al., 2011) © i 7e o] M T o] LUESRZE 85 H & P RERE R RERERBA S 1L - PR SER5ERS
BHE TR (Wan et al., 2016) - FARSIEE K88 BURHVHERURIG FEIIRE K - ot - 2& Al R HSHGBGH YIS
PETREEAE. » i eT AR T Pl 5 e A A R0 8 (Zhang et al., 2016) - ATERGE B - G RTG53 K AR
RAEBD 3 Bl A ERE RS B (P<0.1) ([ 1 & 2) @ EiizEEEEEsst -

3-wk-age 6-wk-age
400 -
250 4
: l _
3 =
E 300 A % 201
= o T
:?E' ‘{ E 150 o T o
> 200 - T o
z z
2 I %
8 :
@ @
E 100 a
= = 50
£ £
0 0
CON oTC Bacitracin NHT CON oTC Bacitracin NHT

1 GNP R 3 & 6 Ml WEEZE LA R PR S s -

Fig. 1. Maltase activites in jejunum of 3-wk and 6-wk-age broilers fed different antibiotics. One unit of maltase activity was
defined as 1 umol glucose released per hour under standard assay conditions.
CON:control, OTC: oxytetracycline, NHT: nosiheptide.
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3-wk-age 6 wk-age
50 -
35 -

£
@ E 30
B k]
- : ]
o 2 251 . T
T 30 =
2 S 201
£ 2
L 20 4 T S 15
° B g
s T ©
] @ 10
m
5 10 e
- S 5]
0 2 s

0 0

CON oTC Bacitracin NHT CON oTC Bacitracin NHT

2. ERRTIRIITUERSE 3 & 6 Bk 2 AHZEIGAFEREEE S IE 2 -

Fig. 2. Sucrase activities in jejunum of 3-wk and 6-wk-age old broilers fed different antibiotics. One unit of sucrase activity
was defined as 1 umol glucose released per hour under standard assay conditions.
CON:control, OTC: oxytetracycline, NHT: nosiheptide.
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Abstract

The study emphasizes on the potential effects of antibiotics on intestinal digestion and integrity in broilers with respect
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 nosiheptide had a marginal effect on disaccharidase activity in the jejunum and ileum at 3 wk of age (P < 0.1). The
addition of bacitracin significantly increased the villus area length of ileum, and the ratio of villus to crypt cell of jejunum
and ileum at 6 wk of age when compared with the control group (P < 0.05). The addition of nosiheptide reduced the thickness
of the ileum mucosae at 3 wk of age and decreased the depth of crypt in the jejunum at 6 wk of age (P < 0.05). On contrary,
CTC thickened the muscularis mucosae and the depth of crypt in the jejunum at 3 wk of age (P < 0.05). In sum, bacitracin
and nosiheptide exhibit a beneficial effect on intestinal integrity by improving gut morphology.

Key words: Broilers, Antibiotics, Disaccharidase activities, Intestinal morphology.
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Fig. 1. Research process of the livestock products industry aggregation and innovative governance.
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Table 1. Analysis on the connection mode of the cluster development of the livestock products industry
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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
and innovative governance from the interview transcripts. Findings show that innovative governance and effective network
management through the value-sharing ecosystem provides an efficient planning concept and method, takes consideration
of the interdependence between industries and establishes an unwritten institutional framework for the establishment of
industries. The alliance can be established under the synergy to promote common interests, effectively improve economic
benefits and co-create values. With regards to future policy, it is suggested that the government technical counseling should
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.
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RNEHEFOREMEIE BEREEES > (BFEZEFLME A2 B TRRE ~ BIEREE P RS / TORMITTHE
ELEARE - g8 SRR EENLE - EM 2 REE NS E (Erdal et al., 2016; Batista et al., 2019) -
AN KREBRIEEE - HEHEEEANE R RET I IRg LABGAER (maturity group) HYFBRE B 3 SIS »
PHARY 22 B E i Rl AR A B AR (E] » BECKE B ORI E Y E BB E I E AT 2 (Martin et al., 1998; Zeng et
al., 2020) - HNEEIFREFIHEN KRS » EERAHE AR T A E FORMIE - (EREEA e A B A
S A e A EIERN EIRETE - —ORUrE - TR E BB E R EATE T (Metwally et al., 2018) ©

il

() T B BT 7 i & 5 2684 55 -
Q) TTEbt R EZ BT EAT G AT -

3) BT R R R E A E A -

(4) #ERFE > E-mail: mmchu@mail.tlri.gov.tw °
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KREALZEHFIE AR B AR R B IR E ) FOREE - E 2R A% 8 #S 4% 8 JJ (buffering
capacity) SR 2 » FREINAINERE S S F KA T E R F A (Chang et al., 2012) « By [ $2HEZE oK E VS
BEESAE AT AZERIAE S EOK3R T 1 5% (Zea mays cv. Kenting No.1 » DUNfffg KT1) ~ il sVigy R
HZFF 3 5% (Glycine max cv. Tainan No.3 » DU NESFH TN3) K 20ARIAY BN EGRL A (Glycine max cv. Leichhardt
DUNFSTE Au) » FERKIE 53 BB B KB TR - & F E FORFL FLAEER (milk line) ZEEORL 1/3 BAVERF—FfUYL
PN EUEA T » PRSI BB BT AR - AR SEE AT FORME SIS E - (FARKEHE
SR IR EN S -

M

I HEREE B

DAFEEIEORZRT 1 5% (KT1) ~ 225 3 58K (TN3) ~ B 5 ERHE K (Au) 78 Ry sl Bgas it - 45 2018
F9 A 11 HiEE R & ERBr i E Al HE o sliakoe 2E%EET (completely randomized design, CRD) »
DI A SRS~ FFEITR B ~ R A 50 B FS BT KR ( 2 T ACTHL 2 (T RIS A )
TE RyelBe a2 R B PUE R - B/ N& TS Sy 6 m x 3 m > 1780 60 cm » F & TR #REE 20 cm » K G FkEE
6 cm > DUERE 7 =UEME - B/N&E 1017 -

DI AU BRI | SRE SR (N 2 P,Os ¢ K,0 =20 0 5 ¢ 10) fERFEAL - & ENEH 300 kg » #7578 45 K
L Z A BEE R IERT 1 98 G AR 200 ke/ha (F Ry ZBHE » DAH#HE T HETTRESDIER « &5 E TR AR
FERLNL 1/3 AVERY - T A BIRE W & - AR/ NG R 4 17 - ERIFTAE Mg 2 BFE DG RS
HES  HLALMRETEI S - BE/NGSEEIEE R - KEE 10 £ > 8 60CHitiz BN ER T HIZYE
DI E A miEEZ Y E R -

1. TEAG SR BB AH B BT

ERE BT I B IR R FE R 60 RigEITHUE » B 2 FITE BL A A L 48 60°C iz B B R AT Rz -
HEZ AR VR L EE R (ERGEFLIE | mm ) > S3ARTE B B & HE&E HE (crude protein, CP) ~ & 7E4E4E (acid detergent
fiber, ADF) K th5e4fi4f: (neutral detergent fiber, NDF) & & ° 4747 774240  « CP E&= 208 AOAC (2019) 2 J574 »
ADF J NDF HJ3IE 2% Vogel et al. (1999) LL ANKOM™ 48453 Frgs (T -

11 HyatEs K oot

BRIEADE T RIBGERMATIE 2 — 5 om » MEPE S S » RIEHNEBE 2SS - GRHE | kg %
HT  IWERZR TITE BRI 0247~ 14 & 60 RAKFFHFAEHUE » SEFHE I EREIHUE 4 85T
LA -

HUFAE% 20 g @5 BrrhinzE 817K 180 ml » FTHFAE a1 DAL g S 5T N E BR gl - FLBE - 288 - WBE R T
B 2 DL BB T BEK Jones and Kay (1976) FSAHITE - MSRTHLFFF AU E APSEE T-EPEE » YEHITERL 0.05 N
tetrabutyl ammonium hydroxide (TBAH) J&E £ pH = 8 » 70°C NEEZ &I AE EFELARE > {8 TBAH R EZ A
## 5 benzyl bromide FAIH S MRS S € » BB 58 IR T LURAHE AT 8 (Shimadzu, GC-2014) & & « &
A7 on'E DA Flieg [REFT R » Flieg [REE/MRFRTF P AL ~ ZF8L T BR <7l 5 ArllE 20 ~ INig ~ T B FLig
BHE 2 EEH LTI - PAAE BA i anE (Woolford, 1984) » 5177 40 LUNFRF TR ~ 40 — 60
T3 Ry RS2 ~ 60 — 80 73 Ry dF A HT ~ 80 oy LA F B3 BEE RAVE T - NI FE F TR BB H 2 8770 &
PRI HE SR - DL (GERPRTHZYIER — BITREZYIZ ) F TR ZRE ek -

IV. SB4ET i

S EREUE DA T B SAS 9.4 (Statistical Analysis System, SAS 9.4, SAS Institute, Cary, NC, USA) #{T
8 77 43 M1 (analysis of variance, ANOVA) » #1738 E 7= 5 » JB R I E FH D /NEEE 7= 5 (least significance
difference, LSD) #{THRE » LhEL SRR SEI(E 2 MR A R -

m R

L SV EBEN AT EEAH
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CLERfEta B BiAE 2 2P & » KT1 HZPE Sk » P39 m] 2 14.83 mt/ha 3 Au-KT1 k& TN3-KT1 #2477 82K
2 5yHilEs 12.46 J 11.38 mt/ha » B Au-KT1 §297)8 B#s - Au B TN3 §29788 B » 53515 6.38 J% 5.76 mt/ha
(1) ° IS > Au-KT1 Jz TN3-KT1 Hz29)E 8 K EELE TR R 25.3 J 24.6% ©

RSN Z B R AR R BRI 2 FITATEZYIR L TNS 215 (33.6%) > Au-KT1 K KT1
B (29.6 Kz 28.4%) - ELEHHZE (48 & & » KT1 §1K (7.6%) » Au-KT1 8 TN3-KT1 %7 (9.7 K 10.3%) » Au &
TN3 ZHIEAE 2R (17.9 K 18.8%) - fEREILAEMESE T » DA Au & TN3 #2151 (38.0 £ 36.3%) > KT1 fzf&
(29.4%) - SAIHEAFITATZ HobEE S BT 48.0 — 53.8% » PR KT1 fijbdist & B > HATRIE B RY
ARG -

# 1. REBEFHEKEME KEE i ER

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 £0.44°

TN3-KT1 2.8010.04 8.58+0.15 11.38+0.14°

Au 6.38+1.11 - 6.38+1.11°

TN3 5.76 £ 0.62 — 5.76 £0.62°

KT1 — 14.831£0.95 14.83 £0.95°

" Au-KT1I, 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 different superscripts differ significantly (P < 0.05).

* 2. REHEEFOKEME KBTI 82V R R LB R

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 £ 0.2 9.7+0.3° 31.0£0.6° 50.8 £ 1.3
TN3-KT1 30.810.2° 10310.1° 31.910.5° 51.510.3°
Au 31.610.1° 17.90.5° 36.3+0.2° 52.1+1.0°
TN3 33.610.3° 18.810.4° 38.0%0.9° 53.810.2°
KTI1 28.410.8° 7.610.3° 29.4%0.5° 48.01 0.9

DM, dry matter; CP, crude protein; ADF, acid detergent fiber; NDF neutral detergent fiber.

* 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 different superscripts differ significantly (P < 0.05).

II.

HIT e BB EY S B 0L E EE)

HREE I SR EY) S BEENE 1 AMSEJ7H (B 1A) - Au & TN3 FiFfydka s > B
TR AL R M A TG A0 5 KT1 ~ Au-KT1 J¢ TN3-KT1 FHFH AR & &0 hITesslE 7 - 14 RNBER N - FER
HEFFIRUE © Au R TN3 FFHY LBk & B B AE RIMAEZRS, - KT1 ~ Au-KT1 K TN3-KT1 FiFHy LBz
ESEENAREEHT - K3 14 RIREUITHIREE (B 1B) - Au o TN3 FRINEEREL T i & 8 e s 7
RILFZIENN > KT ~ Au-KT1 Jz TN3-KT1 FHFAY AR EL T e & AR - 8 58 I i 2k = 1T HH R S ) (
IC }2 1D ) - ZFFEHT B A2 > KT1 » Au-KT1 k& TN3-KT1 Fi7Z pH 3 HI7ERT 7 ~ 14 KRR B 8
T - BEfR pH H9EERTN 4 Z1BE(E - Au J TN3 Fi7 2 pH {ERT 14 REFEBRE D NEEE - 5 60 K
pH 5 AR R SSLAT (@ 2) -
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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.

6.5 1 —8— AuKTl —-O- TN3KT1 ---A- Au
-g- TN3 —&— KTI
gy N, T e
VP
55 - e -4
H, 5.0
45
______________________ =
4.0
=
3.5 1 1 1 1 1 1
024 7 14 60

Days after ensiling

2. REEFEFOREEKEHESTEREZ pH 84t -

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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H R AEE MR 2 s BB AE 3 - KT1 FHTES R 7 KA Flieg (Ki¥57 80.0 LLEAVE RALE » Au-
KT1 & TN3-KT1 ST AIESEESS 14 KA 2 80.0 73 DL ERYF I ARE © Au f TN3 FRFESERE 14 KA G0 HE RS
shg) o (HIFEHT 40 73 DU N ZRHOENT - BEE SRR IE R 2 60 K 0 Au ¢ TN3 FiTHg MRk EZY 20.0 73 -

120.0 4 —8— AuKTl —O- TN3-KTl --A- Au
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3. REHEFEIOKEENEEFIEE 2 MEEIE -

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.

L Er a8 EERTr & 2 E BN
& 60 Kglrtk - SHEHEAZF I #MEY 28 MBI 3 - Au-KT1 B TN3-KT1 [ pH k ZFE 5 £
EEh KT Ah - fEBIORBREE T 2 ALBE - Wk T Bea B0 R - REEIOREE 2 F i
Y085 80.0 3Ll R REL > SRR Z BirahE N FAERE R « 2R > Au 8L TN3 72 pH ~ 28 ~ ik
HTRHEEHHEESNEMEHE - fE 2 ARS BB ERNEEEOREER > FIreror 9@ 21.0 5380
THIRRER -

* 3. REHSFEFORBHEKEEET 60 Rt Z#EY) 2 88MnE
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%0.1"% 1.18£0.11° 0.02 £0.00° 0.14+£0.02¢ 5.6610.17 88.210.9"

TN3-KT1 4.110.0° 1.10 £ 0.09° 0.01 £0.01° 0.09 £ 0.02° 5.76 £0.28" 87.3 £ 1.3

Au 56102 2.85%0.13" 0.43 £ 0.06" 2.14%0.13° 0.94£0.03° 19.7£0.9°

TN3 5.6%0.1° 2.3710.45 0.25£0.02° 1.71£0.23° 1.08 £ 0.04° 21.010.6°

KTI1 3.810.0° 0.92 £0.02° 0.03 £ 0.00° 0.13£0.01° 5.27+0.09" 89.7 £ 0.4°

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 different superscripts differ significantly (P < 0.05).
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HRAEEA TN 60 REWEL ZHZVIRITL 24.3 — 27.9% » FATHZYHRL AL KT (K (5.6%) » Au-KTI
B TN3-KT1 2 (10.1 2 9.7%) > Au k2 TN3 ZZ¥IRRF e (22.9 K 22.2%) » LEEHE I & SR ROE A%
BHEERAHRL > MHER'E - Btk M S 2900 Au & TN 5 > Au-KT1 B TN3-KT1 X H LR e
A KT R (£ 4) -

* 4 REHEFEIOREEKEEF 60 XK1&ZFZVIR - §2VHRRER R B EER 4R
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-KTI1 26.7%0.2% 10.1£0.6° 12.610.6° 29.910.6° 48310.8
TN3-KT1 27.910.1° 97104 128104 30.010.5° 50.910.5°
Au 24310.2° 22910.4° 19.8 0.4 38.7%0.7° 52.3%0.6°
TN3 26.1%0.1° 222405 20.9+£0.5° 40.6 £0.4" 53.9%0.9°
KTI1 26.810.7" 5.6%0.3° 75%0.3° 27.7%0.3° 46.2%0.2°

" DM, dry matter; CP, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber; 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.l) monocrop.

* Values are means 7 standard error. Values in the same column with different superscripts differ significantly (P < 0.05).

¥ &

R4 FNEE S ERTHTORME SR EEMNSENERRZE » ANFEIFREFSHENAKT - DI
RIR S EAFE|FOREIME &5 & FoR U AR K 5 BB 28 H B3GR - mI B TE R Skl E 2 R E
(Martin et al., 1998; Metwally et al., 2018) o £y T {H K 815 & TR ERIE N E EEA S B T e - AT
T A FIARIRHTR G aiE - 28 0 BEEANTARES - SIEWHE HIRS E KGR AR E BRI - EREkE R
EALHESR R (Matsuo et al., 2016) - (RlIbE KT1 ZEULHEREEH - Au & TN3 535l By =i R6 (18 70 8 B
HA > Fehr et al., 1971) — R7 J R7 ( G388 » EAFRAUY ) A 8MEE > HIFRKE KBRS 2T KT
(F2) B EEITEIRINEEMEERMAR (£ 4) -

REEER-E & KB ERKLEEER - NFIR AR EZEE AR - B pH T RS (5T S8 I i
£ > B5HRE (enterobacteria) K&K (clostridia) Z Al fy K ZH ITESARTE - BELMRE T e 2B R AR
ERT 0 HARE SR HIEII4E (Ni et al, 2017) - ;K27 HEEREEENEEKEER K LG ESES - AR
BRIRE TR I I A LR > pH TR IR B TR M EF TR E (Mustafa et al., 2005) -« KEEEE FOREGH
I ERE ~ RFITFNR B RSET P ARENLLERS  FFEEE NS KAER K EEEER
& » H pH ~ ZFEBINEE & 2 G2 K S ELEMNMNMEE S (Parra et al., 2019) - AHZEHEEFTER pH K LGS ES
REREN - Al - Al - THRSEREIFWESEIOREITREEZR (£ 3) > #HHEE R Au & TN3 43572
i Au-KT1 Jz TN3-KT1 8z &1 25.3 F 24.6% - & K GHEE FOREGF I R ZALLEE 30% LUT  JREHE
IO RE(E pH ~ ZSiNR 2SN TORENT - HEpEEEY S & LB FORE IR BB 72 2 (Carpici et al.,
2016; Kizilsimsek et al., 2017; Parra et al., 2019) - [t%h > REE SR A EWLLEAR S » FirsiafErEik s - pH
S/ B S BN B FORF AT (B 1~ 2 & 3) - 2480 @ TR F I AL & SRR R BERT 7 K8
wahn - (5 REE A AL AR s R s FoR I8 > K pl e A P AV 4R ERE J42 7T > (3 pH TREEEA WX
KREN » BEREEE 14 RigEITA ERERRE - JREIRE ST B S 2R e R MR oRE R

DAL R 8 K 47 BB A B TR Bl - KRS 2= Ra b ik il Sl E Y & & M ETERN
FEE MR [E (Zeng et al., 2020) © ZA1f > Au-KT1 Jz TN3-KT1 55 {7 508 B85 B 1) & & R DRUK 5 e A [ 1 28 AR 22
5 TJEE R E Y Au Jz TN3 43 BRI RZY) 7 A ELEEAHAT (25.3% 2 24.6%) > X Au-KT1 Jz TN3-KT1 FHFATHVEZ
VR EVE B IR EEE 2 5 (£ 2) » (IEE Au-KT1 K TN3-KT1 Fir#EEEY) & 8 51 pH 18/ LiZA
([ 1~2 8 3) %8% 60 Rz EIE I E i EY S 8/ REE SR (£3) -
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FNTRZYHER ) S AR A Y TS AR o & AR AR R B Ry B HET TR B 9% % (homofermentation) -
BEMRZVHBRE DV | EMIRE Rym TS AV BB EE - SRS T4y 51.1% H29)#85% (McDonald et al., 1991) © Parra
etal. (2019) 51 - BEEA T FH FOREAF IR R EAEERS - Fir P A BE S EbR it R E S EEsg i -
BREMRYHRIRIES © 1) EFITRFRIVARE | IREES  SRERMIRE RS IS B B EE
(Kung et al., 2018) = Au k2 TN3 &y 100% KEFHHT > SCEEERAVNIRE | BEaES (£ 3 ) EEMIRER AT
B BB EIM S EZYHRERR RS - BTSRRI R > mTRE2KE FEfE A A RS
= AR RS R EE A YRR SR IORE T -

b RS TR/ FORHYREE TR E I > R S FEYEBAVLEERR & - FirHY pH & T &8
i AlgEERTEGSE TE - & AE/ IOREEI TR EEE 50% - BEFE I mE R A Z LB AR
THIf Flieg FCaF/T[#ZE 40 LUT (Erdal et al., 2016) - [NEEFUIERF R B RS / TORRYEETTEELE R T S EERZY)
FEEHILEEE © HHFY Au-KT1 k2 TN3-KT1 §2¥)E BT R EHIELEA & - MEEEF BB ORF IR E 25
H2E Flieg (RRF/THEAT 90 BB RER (R 3) > MHEEES AV bSHE R EE YRR RIIA BE2R (R4) > H
By VRS ERVREIE B I EE - MR Au R8s B FORMEE AR mE (R 1) -

R

AR H I EN LR T B B IOREEER ~ REFITRIORBIRE 2 2% - SREREDT - HEETE
SR TP A B A AV TOR B MG - KT ERRERE & - EREE ST pH ~ BEFEY &8 BLn HER
TEIRREFT ARV AR ORI R HEYHBRAR RN IORE TS - b - N2HAYREA G e FEZY EE 2 thE
AT > FhT ATV B LR AH R R B NEEWE R B AT pH ~ #EEY &8 kB9 REE 2R
SRR RIS HE o BRI PERF BE F IOREE - sHE IORErfHER S S B E S EERS H
o' (B R Z BT

W%

=Rk

Anil, L., J. Park, and R. H. Phipps. 2000. The potential of forage-maize intercrops in ruminant nutrition. Anim. Feed Sci.
Technol. 86: 157-164.

A. O. A. C. 2019. Official Methods of Analysis. 21st ed. Assoc. Offic. Anal. Chem., Arlingmt, VA.

Batista, V. V., P. F. Adami, P. V. D. Moraes, K. F. Oligini, C. L. Giacomel, and L. Link. 2019. Row arrangements of maize
and soybean intercrop on silage quality and grain yield. J. Agric. Sci. 11: 286-300.

Carpici, E. B., 2016. Nutritive values of soybean silages ensiled with maize at different rates. Legume Res. 39: 810-813.

Chang, S. R., C. H. Lu, H. S. Lur, and F. H. Hsu. 2012. Forage yield, chemical contents and silage quality of manure
soybean. Agron. J. 104: 130-136.

Erdal, S., M. Pamukcu, M. Curek, M. Kocaturk, and O. Y. Dogu. 2016. Silage yield and quality of row intercropped maize
and soybean in a crop rotation following winter wheat. Arch. Agron. Soil Sci. 62: 1487-1495.

Fehr, W. R., C. E. Caviness, D. T. Burmood, and J. S. Penningmt. 1971. Stage of development descriptions for soybean,
Glycine max (L.) Merrill. Crop Sci. 11: 929-931.

Ferraretto, L. F., R. D. Shaver, and B. D. Luck. 2018. Silage review: Recent advances and future technologies for whole-
plant and fractionated corn silage harvesting. J. Dairy Sci. 101: 3937-3951.

Horwith, B. 1985. A role for intercropping in modern agriculture. BioScience 35: 286-291.

Igbal, N., S. Hussain, Z. Ahmed, F. Yang, X. Wang, W. Liu, T. Yong, J. Du, K Shu, W. Yang, and J. Liu. 2019. Comparative
analysis of maize-soybean strip intercropping systems: a review. Plant Prod. Sci. 22: 1-12.

Jones, D. W. and J. J. Kay. 1976. Determination of volatile fatty acid C1-C6 and lactic acid in silage juice. J. Sci. Food Agric.
27:1005-1014.

Kizilsimsek, M., C. Ozturk, K. Yanar, I. Ertekin, C. O. Ozkan, and A. Kamalak. 2017. Associative effects of ensiling soybean
and corn plant as mixtures on the nutritive value, fermentation and methane emission. Fresen. Environ. Bull. 26: 5754-
5760.



196 NE BB TR 2 B B A R Mg

Kung, L., R. D. Shaver, R. J. Grant, and R. J. Schmidt. 2018. Silage review: Interpretation of chemical, microbial, and
organoleptic components of silages. J. Dairy Sci. 101: 4020-4033.

Martin, R. C., T. Astatkie, and J. M. Cooper. 1998. The effect of soybean variety on corn-soybean intercrop biomass and
protein yields. Can. J. Plant Sci. 78: 289-294.

Matsuo, N., K. Fukami, and S. Tsuchiya. 2016. Effects of early planting and cultivars on the yield and agronomic traits of
soybeans grown in southwestern Japan. Plant Prod. Sci. 19: 370-380.

McDonald, P., A. R. Henderson, and S. J. E. Heron. 1991. The Biochemistry of Silage. 2nd ed. Chalcombe Publications,
Bucks, UK.

Metwally, A. A., S. A. Safina, T. I. Abdel-Wahab, Sh. I. Abdel-Wahab, and Y. A. A. Hefny. 2018. Productivity of soybean
varieties under intercropping culture with corn in Egypt. Soybean Res. 16: 63-77.

Mustafa, A. F., P. Seguin, O. Marois-Mainguy, and D. R. Ouellet. 2005. Ensiling characteristics, nutrient composition, and in
situ ruminal and whole tract degradability of brown midrib and leafy corn silage. Arch. Anim. Nutr. 59: 353-363.

Ni, K. K., F. F. Wang, B. G. Zhu, J. X. Yang, G. A. Zhou, Y. Pan, Y. Tao, and J. Zhong. 2017. Effects of lactic acid bacteria
and molasses additives on the microbial community and fermentation quality of soybean silage. Bioresour. Technol.
238: 706-715.

Para, C. S., D. C. Bolson, F. A. Jacovaci, L. G. Nussio, C. C. Jobim, and J. L. P. Daniel. 2019. Influence of soybean-crop
proportion on the conservation of maize-soybean bi-crop silage. Anim. Feed Sci. Technol. 257: 114295.

Vogel, K. P, J. F. Pedersen, S. D. Masterson, and J. J. Toy. 1999. Evaluation of a filter bag system for NDF, ADF, and
IVDMD forage analysis. Crop Sci. 39: 276-279.

Wilkinson, J. M., and M. L. Toivonen. 2003. World Silage: a Survey of Forage Conservation around the World. Chalcombe
Publications, Southampton, UK.

Woolford, M. K. 1984. Factors affecting silage in and out of the silo. p. 133-155. In M. K. (ed.) The silage fermentation.
Marcel Dekker, Inc. New. York.

Zeng, T., X. Li, H. Guan, W. Yang, W. Liu, J. Liu, Z. Du, X. Li, Q. Xiao, X. Wang, X. Zhang, L. Huang, Q. Xiang, Q. Peng,
and Y. Yan. 2020. Dynamic microbial diversity and fermentation quality of the mixed silage of corn and soybean grown

in strip intercropping system. Bioresour. Technol. 313: 123655.



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

Comparison of silage characteristics among monocropping

and intercropping of soybean and forage corn "

Ming-Hung Chu ®®®  Chia-Sheng Chen ®’ and Wen-Shin Lin

Received: Jun. 21, 2021; Accepted: Oct. 27, 2021

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
butyric acid of interpcropping (Au-KT1 and TN3-KT1) silage were not significantly different from those of corn silageThe
fluctuating trend of pH, fermentation products and quality during fermentation of intercropping silage were similar to corn
silage; however, subject to the high buffering capacity of soybean in intercropping silage, its pH, fermentation products and
quality took about 14 days to become steady state, which was longer than that of corn silage (7 days), and the dry matter
loss rate was also significantly higher than corn silage. Since Au-KT1 and TN3-KT1 had similar proportion of soybean in
dry matter yield (25.3% and 24.6%), and those dry matter content and forage chemical components showed no significant
difference between each other before ensiling, there was no effect on tested intercropping silage pH, content of fermentation
products and quality by soybean cultivars. According to the results, late maturing soybean intercropped with forage corn

could significantly increase crude protein content of corn silage and obtain silage of higher yield and quality.

Key words: Soybean, Forage corn, Intercropping, Monocropping, Silage.
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Table 1. Agronomic traits and the chemical contents of sweet sorghum Taishu No.1 at different locations in summer, 2016'

Location

Trait Changhua Tainan Taitung Mean SEM
PH’ (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) 31.6 342 31.7 32.5 0.9

' Harvested 90 days after planting.
* 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 fiber, and ADF: acid detergent fiber.
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2016 4 11 HAEEALR: ~ 2R REFRRET/NE (ZHEE 2 98 ) ~ #2F (swan ¢ saia) % 3 ([ in gAY E HiY
fii > PATEE R 90 H ULEIG 8 & H R B R R RIS » 28 swan fy&T MR B M R A 7 s > RS ~ 5K
FRROIH HLe o 5 ERIARSEE A - FEERERIER (5 0 1977 ) » #2F saia [ F#umid » VIV ETL ~ 7
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FREAEY) » Rt 5RT 3 RESRIEY) » E L EREPRHEA « Gunsaulis et al. (2008) #5H1 - /NEEF L EAVE
BEE  ENEEIEEGFIEY) SRR - Coblentz et al. (2000) 5% AR/ N ~ SRS (Rye, Secale cereale
L)) S EORRENREYIN AR A E 247 - FIHE SRS EY N4 RN ekl E 2 UE R H 4GSR
HIHLFERA -

1E 3 {E I AP E PR 5 DR swan J¢ saia FYEHZHL S (P < 0.05) » 7375 130.0 cm Jz 125.3 cm » [fii/NEEH
AR 88.2 cm 5 EHGEETE DR saia K7 swan BEEENE 0 43R 91,570 kg/ha Ky 78,520 kg/ha o i/ NEREE
(KM% 30,410 kg/ha : {ESEHEZEEIRSY o DIFEZE saia F S5 22,980 kg/ha » HEZE swan 207 5y 18,210 kg/ha » ffi/[N2E
A% 8,880 kg/ha » BURHMFAE EVERE A/ INE (£ 2) 5 ERERRMEE Y - 2 3 (B 5 s
FRIAE - el > TEEEBAFWNE A EDEE AR A -
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Table 2. Agronomic traits and chemical contents of wheat and oats at different locations in winter, 2016'

Location Crop PH’ FWY DMY DM CP NDF ADF
cm kg/ha % - % DM —--mmmmmmmmeeeeee
Wheat 83.4 32,800 8,400 25.6 8.0 56.9 35.8
Changhua Oat swan 133.4 78,800 18,000 22.8 113 44.3 29.9
Oat saia 112.2 96,000 23,200 24.1 11.1 57.9 33.0
Wheat 83.8 17,430 8,000 45.9 8.9 68.8 39.9
Tainan Oat swan 126.5 80,180 20,180 252 11.6 54.9 32.4
Oat saia 136.2 82,120 23,060 28.1 9.3 59.1 35.0
Wheat 97.5 41,000 10,250 25.0 8.2 55.2 36.6
Taitung 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
Wheat 88.2° 30,410 8,880° 29.2 8.4 60.3 37.4
Mean Oat swan 130.0° 78,520° 18,210 23.2 10.5 52.5 32.8
Oat saia 125.3 91,570° 22,980° 25.2 11.0 59.1 34.5

' Harvested 90 days after planting.

* PH: plant height; FWY: fresh weight yield; DMY: dry matter yield; DM: dry matter percent; CP: crude protein; NDF:
neutral detergent fiber, and ADF: acid detergent fiber.

“b¢ Means in the same column with different superscrips differ (P < 0.05).
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MATZE (% 3) ° RSF (2018) 5 HAEE saia 0 FEHREYG - EHEE B RIMEGHZY)R RE B G HGE - 2R3k
" 1B USRS S TR = Liu and Mahmood (2015) 45 H & AR WRERF IV pRFVE S - BB & Bl il
& > T SRHEE P > (K - HE28 swan {F 120 H RERTaZ B BE e By 44,750 kg/ha > i#E2E saia HITESS 90 &
105 HU T B B R E = Al B 29,060 kg/ha Bz 31,430 kg/ha - ZR1TFHEZR saia 1Y CP &&= &g UL FEHANY 4
RIMBE N FFHIEAE 105 H YR > [FRiE R AU > 1 11.5% 2 6.7% - T#fEE 2 41.7% - Coblentz et
al. (2013 ~ 2014) #5H » NEHZ SR LEE 540 CP ~ WSC i &8 » (R FEUREHA R BRI 2= RR
B o
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#3. 2016 SEATAEER TR FURETEA A B R S S

Table 3. Effect of harvesting stages on forage yield and quality of two oat cultivars grown in Tainan in winter, 2016

Variety Growth day FWY' DMY DM CP NDF ADF
kg/ha % % DM
60 81,690 11,810 14.5¢ 17.8° 48.7° 29.1°
75 82,130° 17,880% 21.8% 12.9° 52.6% 31.4%
swan 90 117,690° 27,440 23.3% 11.5 55.0° 31.6™
105 137,750° 36,380% 26.4% 9.2 61.6" 34.6°
120 128,130 44,750 34.9° 6.7 57.9* 32.6%
60 80,940 11,500° 14.2° 17.4° 47.8° 28.7°
75 87,880% 18,000 20.5¢ 14.3 55.2° 34.0"
saia 90 116,060° 29,060 25.0" 11.5¢ 56.3° 33.0°
105 98,690 31,440° 31.9° 6.7 65.3° 36.7%
120 64,690 25,560% 39.5° 5.9 67.7° 39.2°

' FWY: fresh weight yield; DMY: dry matter yield; DM: dry matter percent; CP: crude protein; NDF: neutral detergent fiber,
and ADF: acid detergent fiber
“*¢4 Means in the same variety in the same column with different superscrips differ (P < 0.05).

Gier LALEESR - HeEE saia ££ 105 R A s A & - (BRI St sl BEURIE 1% - ELIAH SR
AERIAEZER - ERRUTEANE - #OHE saia R EUITFERIEFL Ry 90 — 105 H e il E - HEZATHES swan HYdn
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B o K swan ZEREUREIHERS & 120 H -

IV. ZHEHEY)E A (FR 2

A R S A R R {F A A (AR 4 B © 15520 A~ B J C Bt B R &t 20
VIS RHEY TR ERGY - KSR ER A EHESE - B ISR R RAEEE - DUEIRRR AR
AEZERR > WIEINFSRER  FHa( D AIAEREE LR A E R Y - ZEN E R BRI EY i (A -
FEARW B E AR WA BRI L EZ T > 0K - RHERIFEK - SinfF > DR RA RS E S - iR
KRN -

x4 BEMEYAEE SR {EE

Table 4. The different modes of crop rotation for forage production in different locations

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

i {F I T2 B 2 T R AR ) LR PR W5 H KR (F - SR IR TR R (R B pF I LR AR M
% B RETREEEE - aHEERMATE Y] > W R ERERE (SR > 1995 ¢ @k 0 2000 ) o HATE R E
KM ~ ZHRARREEE AN e B R B AR R (AL E T U A A - EEAHERZEY) - ArERshE B— K
i~ EErE R K R (E A B TR ~ REEFHEER By TR /KRS - R RepREYEER A G a8 R e ftrE -
BEAFE AR B SRV dm (F IR - it e HoAh(F Y B E S EY e IR - SERE 3 (& H e B TR R E S
1 > S v B I i B TR AE IR A AR DA IR - EEUAFGE K i 2= R B /Kt & R R —
SHPEBOKIM S B AR A+ REEF IS th N —IIMEE KR 2 AR R K ESHIEY) -

SR EY (AL AR EEER T Sl Y Bl AR B SN - TR SR (R REAE I - SR A R 48
EEHBWAEE - D@8 iEET - P14 Eei ey E2(EY) —BIER /KR - R R 2
AIEZE3 A MRS 6 AIRE 7 A i H 8%y 120 H - IS 2 N% 8280 S ReE R % - &
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AR RS | B EEGRHEY) B OISR 8 B9 - TR EIE 11 A% 8 HREIE 9
H - R FEFEs  REERHEBFEIEY2 A SO SN TR saia B EBHEHEY) - M
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o FEAE RO 120 ] - B3R — SIS [+ AT (e B MG K saia 5 EBEGRHEY) -
FERE 0498 12 H) > TUCRE FLBIE R 2 A p » A3 TR R 75 1 - 2500 IOHEaARAn A o 2000 4 SEREME
FIf » RESPHIERGR C HU%LE & H% 275 H -

PR B 240 155K D INE SRR DUR B A Sk By B VIR - FE(FPISE I o AN R 5 I A st L Y £ 2
TEVIRERE ST - SOn] DA (B3R A A A TAR & - #55 D AVl (F AR AU B — IR iR =/ 4 9%
TR R R R 1 9E 0 AT IERI DS swan Ry E o (RS swan Rlp#VEL > BUEB HERE 120 H >
FrLA D By A4S H BTG R 290 H - 4 HIBRMEY R (LR NRVRE S HBUTh 275 HZE 290 HZfH >
S Z 15 25 — 30 HHYAEFRFE - Fra— R RAEEEN -

R

AWFE 2 HESERET > SR EESRERFE IO » HAEMR SRS - JEEESGERBIRIA K EZIE
TR o HEERENBREEAN N LEREES - RIEEELRYEAE LSRR/ EHE - AFATES#DN
FEHEY R E AR IR S HIEAY L E(EY) - (ERE S 5 SR A A RS - B RIS R EEE
LUR VD H SRS HR T ORR - AR 2 dn(E AR i R -

ZENRA

NEGE ~ HERR - 2240 ~ BISREE < 1990 « LRERMEYIRE: 2 iH5T - ZEHCEATTITET & 58 p.159-166 -

HRHATE ~ FAPRE ~ R ~ BRFESA. - 2018 BRI [EUWRERA 2 Tkt E R - /8 K E I FHEATT - |ENE 51 ¢
16-23 -

TTEPIREZET - 2019 - REEGEHEH 108 4 - (TR REZ BT -

CAHAEE ~ HKHE © 2004 o FRIEEACERFHHAVESE A - ZrREEEE 50 @ 8-12 -

FESE - 1988 o HEA[EFHAIAEE FEBHITEL - BREFEEH 17 1 115-124 -

MBI~ ZREER © 2020 o EVEACERINIE S A28 A A BRI FH 2 5T - BEEWTSE 53 ¢ 244-252 -

BRZHE - FFMERE - FERTE - 2017 - B SR ER IR B - BEIT 50 © 37-44 -

HAECEL A5 - 2019 - https://portal.sw.nat.gov.tw ©

FIHASE ~ GEA - 1984 - #EERE—SFEF R - JEMIT 17 1 1123 -

MERRL ~ BT 0 2017 o FEALORHHE > B SR 7 A SE S R SRS 2 5T - FEEWTSE 50 ¢ 70-77 o

SREED - EREE - 2015 - R SR A EB IR EE - BEEE 48 ¢ 170-177 -

TRERED - BIREE - 2019 - BRI SRR T —9R 2 B - BEMST 52 1 153-164 -

w55 o 1977 o HEFEFI R AFZE ZFIH - BIEEZE 25 1 114-115 -

EER ~ H58 o 1995 o RN EER{ERIEERIEKFEE I ZHE - [CERREEI RS 111 1-10 ¢

RERE - 1989 - ZHRI A= SR Bt E I 5T - BENTIE 22 ¢ 59-68 -

REE - EEM - FHRE  EEUE - BRUE - B - IR - B B - iRIEE - H=EE - 1997 - BRMERS
EBE 1 SEZ B o BEEME 30 1 337-350 -

ARG R ~ FHEA - 2000 o FR{EHIERVELIR « B - BEEVIHIE o BB 44 ¢ 1-3 -



204 Eepsent s EU RV B Sl WA= i (B S Wt

Bean, B. W.,, R. L. Baumbhardt, F. T. McCollum III, and K. C. McCuistion. 2013. Comparison of sorghum classes for grain
and forage yield and forage nutritive value. Field Crops Res. 142: 20-26.

Bremner, J. M. and C. S. Mulvaney. 1982. Nitrogen-Total. pp. 610-613. In: Method of Soil Analysis. Part 2. 2nd edition.
Page, A. L. (ed.) Am. Soc. Agron., Madison, Wisconsin, USA

Coblentz, W. K., K. P. Coffey, J. E. Turner, D. A. Scarbrough, J. S. Weyers, K. F. Harrison, Z. B. Johnson, L. B. Daniels, C. F.
Rosenkrans, Jr., D. W. Kellogg, and D. S. Hubbell. 2000. Effect of maturity on degradation kinetics of sod-seeded cereal
grain forage grown in northern Arkansas. J. Dairy Sci. 83: 2499-2511.

Coblentz, W. K., S. E. Nellis, P. C. Hoffman, M. B. Hall, P. J. Weimer, N. M. Esser, and M.G. Bertram. 2013. Unique
interrelationships between fiber composition, water-soluble carbohydrates, and in vitro gas production for fall-grown oat
forages. J. Dairy Sci. 96: 7195-7209.

Coblentz, W. K., G. E. Brink, P. C. Hoffman, N. M. Esser, and M. G. Bertram. 2014. Fall-grown oat to extend the fall grazing
season for replacement dairy heifers. J. Dairy Sci. 97: 1645-1660.

Coblentz, W. K., M. S. Akins, K. F. Kalscheur, G. E. Brink, and J. S. Cavadini. 2018a. Effects of growth stage and growing
degree day accumulations on triticale forages: 1. Dry matter yield, nutritive value, and in vitro dry matter disappearance.
J. Dairy Sci. 101: 8965-8985.

Coblentz, W. K., M. S. Akins, K. F. Kalscheur, G. E. Brink, and J. S. Cavadini. 2018b. Effects of growth stage and growing
degree day accumulations on triticale forages: 2. In vitro disappearance of neutral detergent fiber. J. Dairy Sci. 101:
8986-9003.

Der Bedrosian, M. C., K. E. Nestor, and L. Kung. 2012. The effects of hybrid, maturity, and length of storage on the
composition and nutritive value of corn silage. J. Dairy Sci. 95: 5115-5126.

Huang, C. W., W. H. Liang, K. E. Klos, C. S. Chen, and Y. F. Huang. 2020. Evaluation of agronomic performance and
exploratory genome-wide association study of a diverse oat panel for forage use in Taiwan. Grassl. Sci. ?: 249-260.
Jahanzad, E., M. Jorat, H. Moghadam, A. Sadeghpour, M. R. Chaichi, and M. Dashtaki. 2013. Response of new and a
commonly grown forage sorghum cultivar to limited irrigation and planting density. Agri. Water Man. 117: 62-69.

Liu, K. and K. Mahmood. 2015. Nutrient composition and protein extractability of oat forage harvested at different maturity
stages as compared to grain. J. AGR. SCI. 7: 50-58.

Paleg, L. G. 1959. Citric acid interference in the estimation of reducing sugars with alkaline copper reagents. Anal. Chem.
31:902.

SAS Institute. 2014. SAS User’s Guide: Statistics, Version 13.2 Edition. SAS Inst. Inc., Cary, NC. USA.



Taiwan Livestock Res. 54(3) : 198-205, 2021 205
DOI : 10.6991/JTLR.202109_54(3).0007

Profitable forage production of forage crops -
sweet sorghum and oat

I. Suggestion of crop rotation for forage production modes ‘"
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Abstract

The insufficient supply of domestic forage drives to the demand for establishing efficient short-term forage production
modes in Taiwan. This study aims to evaluate short-term forage crops with a proposal of profitable forage production of crop
rotation modes in different regions. The averaged dry matter yield of sweet sorghum (Sorghum bicolor) reached 8,766 kg/
ha. The forage quality of sweet sorghum was excellent with an average crude protein content of 10.9% and water-soluble
carbohydrate of 7.1%. In particular, neutral detergent fiber and acid detergent fiber were 59.2% and 32.5%, respectively.
Sweet sorghum was tolerant to flooding and drought, and was suitable for forage production in summer. The average dry
matter yield in the three regions for oat “saia” (Avena strigosa Schreb.) was significantly the highest (P < 0.05) with 22,980
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
dry matter yields of oat “saia” harvested 90 and 105 DAP were significantly the highest, with 29,060 kg/ha and 31,430 kg/ha,
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’
and sweet sorghum variety ‘Taishu No.1’ were suggested as beneficial for the forage production system in different regions.
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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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

Acceptable price fluctuations 0— 5% 15 14.0
6 — 10% 27 252
11 — 20% 13 12.2
21 — 30% 19 17.8
Over 31% 7 6.5
Missing value 26 243

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 55 514
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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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
No effect 6 5.6
Missing value 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 2.8
Increasing investment when reach profit Over 51 % 9 8.4
41 — 50 % 13 12.1
31 —40% 8 7.5
21 —30% 26 243
Less than 20 % 34 31.8
Missing value 17 15.9
Expected return No concept 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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® 2. FEEFRERERAR SRR ESARSU R

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

Sources of funds Own funds P.eagant Agricultural treasury Total I"earson S
association loan  loan and others Chi-square test
Items Count %  Count % Count % Count P-value
1. Production risk
Conventional farming 22 629 9 25.7 4 11.4 35
Farming type Natural farming 16 320 24 48.0 10 20.0 50 0.045°
Env1r9nmentglly-fr1endly or 11 504 5 238 5 238 1
organic farming
No concept 10 323 15 48.4 6 19.4 31
Business model Single species 12 545 9 40.9 1 4.5 22 0.082
Over two species, complex or M 500 12 250 12 250 48

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

Sources of funds Own funds P'eagant Agricultural treasury Total Pearson S
association loan  loan and others Chi-square test
Items Count %  Count % Count % Count P-value
. Less than 6 month 15 429 11 31.4 9 25.7 35
Supportable time "R 0 14 452 12 387 5 161 31 0.491
when accident
Over 12 months 13 619 4 19.0 4 19.0 21
2. Marketing risk
. Less than 10 % 18 429 17 40.5 7 16.7 42
Acceptable price 77 % - 5 385 6 462 2 154 13 0.389
fluctuations
Over 21 % 15 57.7 5 19.2 6 23.1 26
Self-sale 20 54.1 9 243 8 21.6 37
Marketing Joint marketing 16 400 17 42.5 7 17.5 40 0.303
channels ’
Wholesaler, ecommerce 3 333 12 50.0 4 16.7 24
channel or export sales
Cash 27 49.1 15 273 13 23.6 55
Payment method 0.056
By month or season 17 370 23 50.0 6 13.0 46
3. Financial risk
Less than 20% 12 38.7 13 41.9 6 19.4 31
Acceptable 20 — 29 % 6 286 8 381 7 333 21 0.035"
investment loss
Over 30 % 23 65.7 9 25.7 3 8.6 35
Unbearable or severe 16 41.0 16 41.0 7 17.9 39
o,
Impact of 30% e 20 476 15 357 7 167 42 0.255
investment loss
Light or no effect 12 66.7 2 11.1 4 222 18
, Cease business or depends on 5, ) 5 59 3534 15 200 75
Stop loss disposal the situation 0.501
Continue to invest 16 552 9 31.0 4 13.8 29
Increasing Over 31 % 16 533 12 40.0 2 6.7 30
investment when 21 — 30 % 14 538 6 23.1 6 23.1 26 0.248
reach profit Less than 20 % 13 382 14 412 7 206 34
Basic expected return, as long
as no economic losses or no 16 47.1 8 235 10 29.4 34
Expected return ~ COnCept 0.171
Moderate expected return 25 490 21 41.2 5 9.8 51
8 421 7 36.8 4 21.1 19
4. Institutional risk
Number of None 10  66.7 1 6.7 4 26.7 15
organizations 1 28 475 23 39.0 8 13.6 59 0.085
joined 2 or above 11 344 14 438 7 219 32
- None 22 53.7 11 26.8 8 19.5 41
Number of joiningy 20 571 9 257 6 171 35 0.030"
reasons
2 or above 7 269 16 61.5 3 11.5 26
Number of 1 24 61.5 9 23.1 6 154 39
information 2—3 13 4438 9 31.0 7 24.1 29 0.023"
shared 4 —6 10 303 19 57.6 4 12.1 33

" Asterisks indicate statistical significance ( * P < 0.05).
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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
Male 33 40.7 48 59.3 81
Gender 0.809
Female 6 37.5 10 62.5 16
Full time 31 38.3 50 61.7 81
Occupation 0.275
Part time 8 53.3 7 46.7 15
Yes 33 41.8 46 58.2 79
Breadwinner 0.510
No 6 33.3 12 66.7 18
Second generation of Yes 20 317 33 62.3 53 0.586
farmer No 19 432 25 568 44
: Yes 7 70.0 3 30.0 10
Agricultural 0.042"

academic background No 32 36.8 55 63.2 87
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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 I"earson S
Chi-square test
Items Count % Count %  Count P-value
Junior high school and below 5 313 11 68.8 16
Education Senior high school 17 347 32 65.3 49 0.185
College and above 17 53.1 15 46.9 32
35 and below 5 41.7 7 58.3 12
36 — 45 8 533 7 46.7 15
Age 0.736
46 — 55 10 37.0 17 63.0 27
56 and above 14 37.8 23 62.2 37
Own funds 16 39.0 25 61.0 41
Sources of funds Peasant association loan 13 35.1 24 64.9 37 0.440
Agricultural treasury loan and others 10 52.6 9 474 19
< 1 million 10 55.6 8 44 .4 18
. . 1.00 — 1.99 million 5 333 10 66.7 15
Working capital — 0.611
2.00 — 4.99 million 8 50.0 8 50.0 16
> 5.00 million 13 433 17 56.7 30
< 1 million 17 58.6 12 41.4 29
1.00 — 1.99 million 3 30.0 7 70.0 10
Emergency money . 0.109
2.00 — 4.99 million 4 25.0 12 75.0 16
>5.00 million 6 54.5 5 45.5 11
< 0.5 hectare 12 50.0 12 50.0 24
Land area > 0.5 — <I hectare 7 29.2 17 70.8 24 0.314
> 1 hectares 18 43.9 23 56.1 41
None 3 37.5 5 62.5 8
< 0.5 hectare 11 50.0 11 50.0 22
Owned land 0.468
>0.5 — <I hectare 4 25.0 14 75.0 16
> 1 hectares 13 433 17 56.7 30
None 23 40.4 34 59.6 57
Leased land <1 hectare 4 36.4 7 63.6 11 0.935
> 1 hectares 4 44 .4 5 55.6 9

" Asterisks indicate statistical significance (P < 0.05).

® 4. FEEFRERERAR SRS SR Z R FRI R

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 X
Chi-square test
Items Count % Count %  Count P-value

1. Human risk

Less than 4 years 15 65.2 8 34.8 23
Years of farming 5 — 9 years 4 26.7 11 73.3 15 0.022°
Over 10 years 20 35.1 37 64.9 57
) None 6 40.0 9 60.0 15
g(g;é;“el;‘feal 1 18 367 31 633 49 0.661

>2 15 46.9 17 53.1 32
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4. FHEFERERE R B E e R 2 PR E R S iR (48)
Table 4. Cross analysis of attributes of risk sources of respondent poultry farmers and self-assessment risk tolerance level
(continued)

Pearson’s

Self-assessment risk tolerance level High Low Total .
Chi-square test

Items Count % Count % Count P-value

Enjoy country life, health purpose or
environmental protection

Reasons for engaging = me o 9 64.3 5 357 14 0.053
in agriculture

3 20.0 12 80.0 15

Build up a business career as

professional farmer 27 40.9 39 59.1 66

2. Production risk

Conventional farming 11 355 20 64.5 31
Farming type Natt.lral farming . . 18 37.5 30 62.5 48 0333
EnVlTonmentally-frlendly or organic 10 556 ] 444 13
farming
No concept 7 22.6 24 77.4 31
Business model Single spemes. ‘ 9 47.4 10 52.6 19 0.056
Over two species, complex or leisure 71 488 2 512 43
farm
) Less than 6 month 14 41.2 20 58.8 34
Supportable time TR 8§ 276 21 724 29 0.002"
when accident
Over 12 months 15 78.9 4 21.1 19
3. Marketing risk
. Less than 10 % 15 36.6 26 63.4 41
Acceptable price T %) 4 36.4 7 636 11 0.035"
fluctuations
Over 21 % 17 68.0 8 32.0 25
Self-sale 19 54.3 16 45.7 35
Marketing channels Joint marketing 14 36.8 24 63.2 38 0.084
Wholesaler, ecommerce channel or 6 26.1 17 73.9 23
export sales
Cash 25 472 28 52.8 53
Payment method 0.147
By month or season 14 32.6 29 67.4 43
4. Financial risk
Less than 20% 12 38.7 19 61.3 31
Acceptable 20 — 29 % 9 45.0 11 550 20 0.594
investment loss
Over 30 % 16 51.6 15 48.4 31
. Unbearable or severe 8 22.2 28 77.8 36
Impact of 30% Moderate 19 500 19 500 38 0.012’
investment loss
Light or no effect 9 60.0 6 40.0 15
. C'ease' business or depends on the 24 353 44 64.7 68
Stop loss disposal ~ sltuation 0.137
Continue to invest 14 51.9 13 48.1 27
o Over 31 % 12 50.0 12 50.0 24
Increasing investment®y ;=3 o 9 346 17 654 26 0.464
when reach profit
Less than 20 % 16 48.5 17 51.5 33
Basic ex.pected return, as long as no 17 548 14 452 31
economic losses or no concept
Expected return 0.134

Moderate expected return 15 32.6 31 67.4 46
Exceeding expected return 6 353 11 64.7 17
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Table 4. Cross analysis of attributes of risk sources of respondent poultry farmers and self-assessment risk tolerance level
(continued)

Pearson’s

Self-assessment risk tolerance level High Low Total .
Chi-square test

Items Count % Count % Count P-value

Enjoy country life, health purpose or
environmental protection

Reasons for engaging 5 e 9 64.3 5 357 14 0.053
in agriculture

3 20.0 12 80.0 15

Build up a business career as

professional farmer 27 40.9 39 59.1 66

5. Institutional risk

None 6 46.2 7 538 13
Number of 18 34.0 35 660 53 0.457
organizations joined

2 or above 14 46.7 16 533 30

- None 17 472 19 528 36

Number of joining 5 9 28.1 23 719 32 0.224
reasons

2 or above 11 45.8 13 54.2 24

1 13 37.1 22 62.9 35
Number of —3 12 44.4 15 556 27 0.836
information shared

4— 6 13 41.9 18 58.1 31

" Asterisks indicate statistical significance ('P < 0.05, "P < 0.01.).
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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
relationship between farming risks, investment behaviors and self-risk perceptions in Taiwan poultry farmers. Respondent
poultry farmers mainly adopted environmentally-friendly farming, followed by conventional farming in terms of production
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
farmers had joined at least one organization and shared 1 or 2 agricultural information with others. The cross-analysis of
risk attributes and sources of funds showed that the farming type, acceptable investment loss, the reasons for joining the
organization, and agricultural information sharing had a significant relationship with the source of funds. Such sources of
risks included production, financial, and institutional attributes. The self-assessed risk tolerance level of poultry farmers was
significantly related to agricultural academic background. In terms of risk source attributes, self-assessed risk tolerance level
was related to years of farming, supportable time when accident, acceptable price fluctuations and impact of investment loss

over 30% had a significant relationship, including human, production, marketing, and financial attributes of risk sources.

Key words: Poultry industry, Risk sources, Attributes of risk sources.

(1) Contribution No. 2686 from Livestock Research Institute, Council of Agriculture, Executive Yuan.
(2) Technical Service Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.
(3) Corresponding author, E-mail: ihchang@tlri.gov.tw.



(RED 944 3 FAfEaT)
(REJ 108 4 12 A {ZET )

3"

AT RERMETIY) - VEAR s ERE RN St ~ RERE M mE

. RFIREF - GE3 A 6 A~ 9 AR 12 AREH -
. STRZHEIIER R L - s PPRIE CRITIESERAETING ) - G5 - 5T (RSB S B

Bi) ~ hm (ATHE ) ~ GEE (AT ) K222 SR o DA OCEEES o A SRS EE (Abstract) - DITE SRR - R

HPOCHE R o POESCRMEDIAN BB T E T RIFER] - AV RISOHEE Y 3 2 6 {EREEE

ViEEERKE 0 FFE2 Journal of Animal Science :

() SCheEs A Word 15 A4 QRGRAE S0 > AISCRL 12 SR RIGEST » ThoC R ARG - S£508% Times New Roman »
RENALZ % - (TEERAETRHE - e PEHFER (LT 254 em > 7245 1.91 cm) » A 4RHHHETT
5T

(i) R SRR R L > ()~ 1o~ (1)~ A~ (a) = BEFRDUE 1~ RV EIEFRR o fodha i 2 B AR
sitag TPEIEA - EIFRAN S EE SRS R o SRS E - Bl 2 S E SRS -

(i) AU S R A BRI - B ESSKED R nELE s » 55 DAEERG gL - DIFIHERR -

(v) BEAL R HE%S -

LB fER AT B R FFR AR 55 RS - 5 B4 n R -
2. DU 2 455 n] BB A TR A H S5 R E SR

1) £EE km-m-~cm- >mm - pm -

(2 =& kg~g-mg - pg -

@#afE:L-mL oyl

(4) Ff cwk ~d~h>min~s-

(5) HAtf, - °C ~ pH ~ cal ~ rpm -

(v) St BEEL " PR AR T TR -

Vi) 308K
L IEXH/RE NS E R R B

(1) PSR (BB — A - E— AZ4E40 (Johnson, 1991) & fE#& = A5& » H A Z4E40 (Johnson and
Hobbs, 1991) ; fE& B = AEDL F3& » FHE— A2 1% E et al. 41 (Johnson et al., 1991) -
() PO AEBE—NE  F— N2 (8 - 1990) 5 fEE R A » & NIRRT (k8
1990) 5 fEE R= AL ERF > AR — AR RIS FEII—S%540 (8% > 1990) -
2. 2 R IR AR S IE RIR - BRVIRFF RIEE ~ iy - H - #RTVEHE - B8 AREFIRKE

=R
(1) BRI
T g - KRB - 1991 - LHFINEE - BES - UL - BEEESEGRG 2RSS - FEMTIE 24 ¢ 133-
140 -

GHE ~ FIEE ~ BREAIE ~ B E/K < 1991 - AL AR R R i RIS 2 B R B MERE Z tE
By o BEEWIST 24 ¢ 141-148 -

Ayub, M. and M. Shoaib. 2009. Studies on fodder yield and quality of sorghum alone and in mixture with
guara under different planting techniques. Pak. J. Agri. Sci. 46: 25-29.

Hsu, F. H., C. J. Nelson, and A. G. Matches. 1985. Temperature effects on germination of perennial warm-
season forage grasses. Crop Sci. 25: 215-220.



V1.

VI

Ml

() EAH
SRl - 2001 » KSR/ VR TR H BN 2 701 BEE S DR M AT - B PIURE AR & o i dEs
3 =l o
FHIT - 1979 - IS - BEEESEIEE > Bt - 5300322 1 -
American Oil Chemists Society (AOCS). 1980. Official and Tentative Methods of the American Oil chemists
Society. 3rd ed. Am. Oil Chem. Soc., Champaign, IL, USA.

Association of Official Agricultural Chemists (AOAC). 1990. Official Methods of Analysis. 15th ed. Assoc.
Off. Anal. Chem., Arlington, VA, USA.

Tai C. 1985. Duck breeding and artificial insemination in Taiwan. Duck Production Science and World
Practice, pp. 193-203. University of New England, Armidale, Australia.

Wang, Y. C. 1985. Regrowth ability of Napier grass (Pennisetum purpureum Schamach) in the dry, cold
season in Taiwan. Proceedings of the XV International Grassland Congress, pp. 1239-1241. Kyoto,
Japan.

(3) HAthH
TEPEEEZE S - 2018 - BRI =F3 - https://agrstat.coa.gov.tw/sdweb/public/book/Book.aspx -
THREEZE T 2017 BEEZ T E % E K 4 51 & 3 - http://agrstat.coa.gov.tw/sdweb/public/
maintenance/Announce.aspx °
SAS. 2015. SAS/STAT® 14.1. SAS Institute Inc., Cary, NC. USA.
SPSS. 2008. SPSS Statistics for Windows, Version 17.0. SPSS Inc., Chicago, IL. USA.
3. HIOUR LS —F B R EHZ /D B > T —FE TR ZHE & dry] - Wit~ B30
X Z R

4. PO EEE 4SS - R FES AR

and documentation) 45%5 -

5. S E RGN 4RI -
ATRIEZ B G IrA BB R R - ftFSATREZ% - (FEETHRIRER - MHHEE ERASE
E
AT T2 455 (short communication) B (rapid report) - EE AT ER AL HE > EEGHER - %= - 18
FEARSE 4 {EEDRIE -

AT Z B GEGEERER - FHZEGRBEERFEE R BB - BEFZTE - SURESUER ]
HL - AR At -

WEEATIREZ1Z - ZiRlEZ 28 EE ) - MR EM T > DA IR EM TR AT - AT EE
JBRE - TS REER TR SFESEINE » JREAERFEE - AMoEEEESMER R - WA LilESs

MHEERREHIFE & - ATIAEEREHIRE AR -

Kiesaar 71246 ZrF i EEEES 112 5% » T 7B R EZ B S AR BRI GHEEHEREZE S

W - WkékEERE © 06-5911211 - fEaE Ll Ad ARFIEN - WERSUL IR » 5B AISC B 15 -

H B 93 SRR E it L5t » Hawm KA KA B ETRIZEAGES - Fm Rt EZEmE
B E e NMEE R ] 2 S

[
[

B 5 B2 E2 fE| = AR 45 ERHE (NLM Catalog) 22 10S (Information



JOURNAL OF TAIWAN LIVESTOCK RESEARCH

Vol. 54 No. 3 September 2021

CONTENTS

Page

Selection and identification and characterization of Bacillus coagulans from pig
excrement and cattle rumen fluid

Fang-Chueh Livu and Yu-Chum Lin................cccoooviveeiniiiiiiiieeiie e 148

Effects of seasonal change and cow’s parity on milk yield, milk component and
milk fatty acid composition of Holstein milking cows in Taiwan
Szu-Han Wang, Hsiao-Han Liao, Po-An Tu, Ming-Kuew Yang and Tsung-Yi Lin... 155

Effect of dietary addition of copra meal on growth performance and rumen
digestion of Alpine goats
Geng-Jen Fan, Tzong-Faa Shiao and Churng-Faung Lee .................cccccccuveennn.n... 162

Effects of antibiotics addition on intestinal morphology and disaccharidase

activity in broilers

Ching-Chi Hung, Bao-Ji Chen, Ching-Yi Chen, Ying-An Chu, I-Nung Huang and
YIR-F WU LR 173

Aggregation and Innovative Governance of Livestock Products Industry: A Case
Study of Young Farmer
Yu-1 Lai and Bin-Yong Wamng...............cccccccuuiiiiiiiiiiiii et 182

Comparison of silage characteristics among monocropping and intercropping of
soybean and forage corn
Ming-Hung Chu, Chia-Sheng Chen and Wen-Shin Lin ..............ccc.cccooeeevevenieannnnne. 189

Profitable forage production of forage crops - sweet sorghum and oat
I. Suggestion of crop rotation for forage production modes
Po-Yu Chen and Shyh-Rong CRANG ........ccoouvveivemiveesvssmessissssssssssmssssssssssssssssssssns 198

Research on farming risks and related factors in Taiwan poultry industry farmers
T-HENG CRANG. ...ttt 206

ISSN 0253-9209

DOI: 10.6991/JTLR

7702531920004
GPN:2005200015
EE - #ME®E=-0OR



