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WY R PR BEHRRE SRS

g (O > B R K= s gz (1)
el }é‘-}%l—;’?/&a’b'fﬂ'_ﬂb —L‘E»—gﬁg

gRiiE Y A BEEC FEHFY

WefHSH - 109 1 H 21 H - 2 0BT 0 10945 H 25 [

W B

FoET R RDD AL FRVENVESE > ASBRAERRE T B SRR E S5 8L (Temperature-humidity index, THI) 3255 T >
TP AR YR A TR R AL Z B D (R ~ AL E RIMURABEZ S - SRR 2019 425 H 2 8 HHYE
EGREIET - i 24 BULAL T HARRI AL IREE E ~ LR (FF1928.8 kg) ~ AR (P39 1.9 6 ) BUBAKRE (19 158 K)
BT R 2 HERE o SUBRAHIN AR EIRSN - B REHHEMTT 10 mg VIR K S g A% > HIRHAN 7S L)
H - RalBabian s % 30 KA ETEI 8 (1 £ 5 53 > locomotion score) ~ FLR RIMRAALE - sABREERER
o BRI THI 5 R 75.2 £ L1 (JEBECEAEID ) - S e A R AR S8 8 (2.09
vs. 1.64) BHEE AR E HEALE 0.6 — 09 kg ZRF > HALR Y KARNIIEE SR 2R - MR AELE -
ERE A e A V)R A B TR (ERET 1R 30 K ~ 60 Kk 90 K2 I HaAfa ik 55 L BE iz (GOT) ~ ZAR IR AR
el (GPT) K FLBREIRE @l (LDH) Z R 3s - sl RIS A - FREIPREEHRE (THI 75.2) - g g
VIZRE A SR TS T B R - L BRI R - W RO o A S IR BN IR R - IR
AW 2R B TP E T B Ry B -

Rdte © VIR ~ FIEDLILE ~ TR AR - JDFLMERE ~ JRURIEEE

4

iR EFEE (Temperature-humidity index, THI) Ry & R0 MAREIRE Z 5T HE - 7] B R a2 FoE i

|

AR EZHEIA 2R (Harrington and Bowles, 2004) - E/EE FH R SRS R 2R - NILESERAFEN
AEUH - WIRBURE THL @ 72 8 FENIFGZEAE0NTE - HERUEREZYEREE - EALE -0
LR B 5 HEFCHHEEL (Stanley et al., 1975; West, 1995) - Chase (2006) LI THI 474552 &2 F B ESAATRESE > THI < 72
Fo&TH > 72 = THI <79 JSESFEEAESE » 80 = THI < 89 SyHhfE24EA » THI > 90 Fyg s #4508 - fE3 THI Ak
FEZEINVASIOPENS > ERE R IR LA e R S R -

i Ry H R AN R A A R = KRR 2 — (B8 > 2001 ) » &80 8 — o= - TEERHARH
FEFETERBIZR - e E  LE W E R e s 4 S E B HY B 2451 2 — (Flower and Weary, 2006) -
RZEATE T BEE oy J7AE A 3 5] 5 @R EFER B R 58 (asymmetric gait) ~ “RFHAKIEE & (reluctance to
bear weight) ~ £ EiHLAL (arched back) ~ BEENEEH) (head bobbing) FIFT{Z MG HEEL (tracking up) (Schlageter-Tello et al.,
2014) - MAEMZEALEEYEZEZRNITTE - B AhA(CES (KE - 5 - MBI ) P sl w B S AT E
(Higuchi et al., 2003) - GalfgfH LAY R BUE SR BHR A TCENSER (Twardon et al., 2009) © FF R CEHEEEY R
FAYJE I R B IE P& (Zimmerly and Weiss 2001, Ferreira er al., 2007) - {RZWIFEHEL - AHAI SR BV E R B
Y e (B A AR A IRYE (Osorio et al., 2016) » Smith e al. (1999) $§H » T H$F (Zn proteinates) oV Bz EL s
AV BRI RLAR b P ARERY ERAERE ST o BRI AR A RSN S B PR AT (HEHEAEA NS
Z 35 (Cope et al., 2009) = Godara er al. (2016) f5 A AT FREZEREE - NP AR EIHER S S8R

() TTEbE S Z B g BB e i 555 2639 5% -
Q) THlE#Z B G EmrEA R EEM -

3) TR EZ B AR R = -

(4) #EA/EE > E-mail: ctchang@mail.tlri.gov.tw °
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J& > DIFATRERE BYIF R o Sunil Kumar er al. (2011) 5P EAGO IR M FC ALY - Q00EY)E SRy E Bld
ERE - FABREGE T EREE -

WFLA TR ENE A AR R il TC A AR SR B AR IR AU S i AR /D - DRI R &P 4R B AR AR B PR RO &
s sBRRET R e e A R AR - R AR T R ( ATTEh /38 (locomotion score) R ) ~ #Z
VERERNEAR IR -

M A

AeEppri Az BT R R T B E T E e I A N X -
L SEgEiERin
B AR £ 2019 4 5 HZ 8 H » (ALY > EABEETEIREZ B g & E A\ EEE L4

HYZKE &R A > FROALEREEE - A PRERUKIERE - SR EIEAY RIS 7 fy 24 m B 10 m > GPEA-T])E
Fh2E By 8.6 m® > SAERHARTIFE (L B3 A5 4 H BERU U Z s (36 If » 2 HP » 3 #EH > JE & 26,300 m'/hr) »
R 2.5 m/s DL E > ERBENFEREEE MR B &MY MEKERAGHRETSEREE LT (Y
EEE ) AMEFH 8:00 —8:30-9:00—9:30-10:00—10:30~15:50 —16:20~16:50 — 17 : 20~
17:50 — 18 :20~22: 00 — 22 : 30 B1 23 : 00 — 23 : 30 3t 8 ZUELT » 52X 6 1EIE » SIEES 5 4088 (EEE K
1 5758 > 4% 4 7358 ) ©

1L sAEREY) K aa s s

BEFRN L EATT R 2L 24 By WIAHETT 90 REFEHE - SR T 2 EEEET 24 EAE - bR -

FLREAEE T4 - bR aanT IR BRI RE MR R FL 2 28.87 £ 5.89 kg ~ FEX 1.7 £ 0.5 fis ~ ML REL 152 £
50 KRB EE 611 % 54.5 kg FEFHAA IS R 55 28.73 £ 4.38 kg 2.1 + 104 ~163 £ 37 K% 624 + 67 kg < hFLA-64E (B
HHE4H ) I NRC (2001) H#EE4AS TN FEZLVE A5 67 K& (Staples, 2007; Das et al., 2016) DU & THER 2 &£ HE
BV B R AR R M T 58 2R & HfR (total mixed ration, TMR) Z Fr#d - faffg4H pl A S # SR ~ BfEHAE
FORF IR ~ REFRLH ~ MUK R DL ROK — RS ESSEE G H G/ > 20t B4 7 2 00 o#d 1/3
EE T2 308 23 & > B EMESTH TR - GREROFE 1 - SUIEESG/KIE a2 F UK L EEER -
2% Twardon et al. (2009) Fl& @ R BAEIEA A A B IRAHEET 78 10 mg 229722 (ROVMIX biotin) fz S5g
EHEFE (PR IR ZE &8 ~ Zinpro-zine) FyatlniH o HrpilEadH Rl 150 g WSRDRE SR ERHG T - KRS
T REERESE -

L HIEHH
() fEREESE BFRE - BEDIHER THI - &R0 38 E /N4 E S RUESS (HOBO pro RH/

Temp, Onset Computer Corporation, MA, USA) » A&k B HAR H & 50§ 0.5 /NG HIE K Er B R E —k »

P EORHE % 22 B A R DU T R IR B 2 By BT B3 M - THI {E DA National Oceanic and Atmospheric

Administration (1976) A& » HAE

THI=9/5x T + 32— 0.55 x (1 — RH/100) x (9/5 x T - 26)

Hep T B50m (C) » RH BHEEHEE (%) -

(i) FEMERERI

LA TEI 8 - {kIE Flower and Weary (2006) 55 777588 A3 > 1 402 IR IRAIEREBLD RS » hir BT
BB RFKE—EAR 2 2B RaTER - IR A RF K E—EHEE T EFT R G EHRRME
HHSMER 5 3 F3 2 T EHVERR o BhOL M T ER S A 2SN ; 4 532 BB - i1z (BEORTHE ) &
TERTHGEHEMINGE © 5 o BRERR (M) - 557 BRI EEE ) RITER CGH R ) =4
& 2SI - 5 30 ReEl—R > BR 2 EHE BT -

2. EAENMAGES  BHIEAMK > 2l RER S © 00 BN 3 1 30 HEMECEHERIF SN E - 5l
B 30 RERESHENFEAE =R - RE@i4&H LT FAER  Z2TEEEZETFEA
BRI 57 AT DHI FUEERGES .0y > (PR B ALk o SRS AR E 58 (MilkoScan™ FT+, Denmark) #:{7#L
B~ AR - AEOER - fAEEIPYR - SERYR - RESKASHIEE 1T -

3. MR CE M - BRI & 30 REREM B4 EME - DA S PiseR 2 SREE K EAIREMR 10
mL > FFE%R DL 3,000 x g #EL 15 S HUSM0E > AHRFEEBEEER o %A Roche A 5|2 HENIR 4T
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f# (Cobas C-702, Germany) M E M F &M « FRES - BEEIRE - BRGNS 5 2 BRI RS (glutamic oxaloacetic
transaminase, GOT) ~ %k {7 %% 7 [ % 5 i i (glutamic pyruvic transaminase, GPT) ~ (i M4 i ik 1§ (alkaline
phosphatase, AP) ~ HJLIEWENE % (creatinine phosphate kinase, CPK) k2 A& EEH7 S li (lactate dehydrogenase,
LDH) ZJREEENE -

*® L ORAARSAY R AR  GRRAH R Y
Table 1. Diet ingredients and compositions offered to Holstein lactating cows in hot summer for biotin and organic Zn
addition experiment

Ingredients % (Dry matter basis)
Corn silage 23.47
Pangolagrass hay 4.54
Alfalfa hay 6.89
Wet brewer's grains silage 12.10
Soybean hull pellet 16.25
Wheat bran 4.65
Corn, ground 18.40
Soybean meal, 43% CP 9.33
Fish meal, 60% CP 1.03
Molasses 0.62
Salt 0.37
Limestone 0.68
Calcium phosphate, monobasic 0.16
Potassium carbonate 0.37
Sodium bicarbonate 0.52
Urea 0.37
Premix' 0.27
Total 100.00
Analyzed values (Dry matter basis)

DM, % 48.0
CP, % 17.3
NDF, % 40.6
ADF, % 24.9
Ca, % 0.74
P, % 0.42
Estimated NEL, Mcal/kg 1.59

" Each kilogram of premix contains: Vit. A, 10,000,000 IU; Vit. D,, 1,600,000 IU; Vit. E, 70,000 IU; Fe, 50 g; Cu, 10 g; Zn,
40 g; 1, 0.5 g; Se, 0.1 g; and Co, 0.1 g.

IV. geat o

SUERFF ORI SAS ZEUEHUS (SAS, 2002) 1T ANOVA 8277737 » DAL bt & RIS I 2 — PR A
TR R P<0.05 -

FEREEET

1 FowlBR IR (2019 525 A 15 HE 8 H 15 H ) 2SR ETEE - 2019 £ 5 H % 8 HRAHHEE
R —= > BRI THI EEEE 71.5 — 78.8 0 “PI(E 75.2 £ 1.1 - BRESEEEVESLIRL (Chase, 2006) > H KGR
%5 (2018, 2019) FiiFm BT 4N THL > 2017 4£ 4 557 Ay THI & 73.9 — 82.0 5 2018 4£ 4 HF] 6 ARy THI f
73.9 — 81.9 - BELAFAGR - AROBERBHRI - BB THHERAPE M FPRE - ReE - A8
K EFARCRHIFS > (HHERLIARBE I (Stanley er al., 1975) - 5R5F (2018) 5t > ZEMEEF 4 £ 7 Aty - 4&
R IS FENAE (72 = THI < 79) EREEENHE (80 = THI < 89) AYIREE - &R EBNESEEEH -
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HUDMAERRE » AR tis - B AR ] AT 42 (B i AR AR A BVEE - B0 2 RAVERIR I ERS &
Je i BABRAIRAE (Shiao ef al., 2011) - [NIE » AT 4EEESS IIRRID LA BUEE 2 B S RS BT e A B (YRR TG HY
EE PR -
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Fig. 1. Daily barn averaged temperature-humidity index from May to August in 2019.

KRB S A B SR IGI 1 I T B D 80k 1.36 43 > HEEAILE 1.0 — 1.8 43 » FonA-BER B R TR 15
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B 2.6 — 2.8 57 o AV REGHEF R A LBRE T EEENTTER - AREETEA > ERE A REEREEAL
AR 60 K (1.83 73 vs. 1.56 73 ) B190 KX (2.09 73 vs. 1.64 73 ) AFEATE 78 2 #8555 (8 2) - Twardon et al. (2009)
DU R AL Ryl Bl B REHHATT 10 mg V)R ERHTE 10 mg EY)ZRBL S g AW 7 [EH - S EBHT
SR 7T B P s A BB R 5 (feet ulcer) J2 H&RIR (white line injury) SERAIEFER - A DARIRHAT 78 Z S8R B R
B WAV G 2.5% Bl 4R > FIRF AR AR BEA TSR AR 5% Z B ils R - AR e
i ERHH YR 10 mg B 5 g AT - RSB AREA S TEh oy BN A S A (R e S -

3.50
3.00

230 1 209 =+=Confrol

o
-
@]
2
= 2.00 - ' f group
.S
+— —m
g 1.50 . 164 _m-Treatment
g , Tou
8 1.00 + group
3

0.50 -

0.00 T T T

5/15 6/14 7/14 8/13

Date
B 2. GElKEfH A Y R A SRR (THI S 75.2) T AL A TEh B 22 -

Fig. 2. Effect of dietary supplementation of biotin and organic Zn on locomotion scores of Holstein lactating cows in hot
season (average THI 75.2).

[l 3 Bl S AR EA RN AR T ELARZEE  SRETH AR A RIAE N INEAL &8
B HEREA% 45 — 90 R EH AR 0.62 — 0.91 kg - BLEI5RSE (2019) B Kinal er al. (2011) ABREER—2L -
TR (2019) FEEAF A A R AL F R AEE 20 21 40 mg B3R BIEEE 30 K ~ 60 K 90 RIRHHERIEN 0.6 — 0.8
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kg FEFL B 235, - Kinal er al. (2011) JR{EF LA REFIARTT 10 mg AP)ZERHHTT 10 mg AEV)ZRBLS g FH
7 (HH% > HEARSEE SRR TAEIRE > FrilEBREHEMTT 10 mg AVIRAVBEREE - AXEEREAL
poyJTE (% 2) 0 BNLILAERG - FLERE - AN - EREEIPY) - SEPY) - AT REREE AR EBEE ALY
T BRZEM AR AR ISR A T A S 1 SGE E AL B A A LR B e AR R
&R (Cope et al., 2009) > {ER7 Majee er al. (2003) HYRER - HigH R HEEMRANIIEHELE - B
AiEEAEDEREAERIER - (€ W iERTErR - A FER T A R A N EA BT > N
RE At Hie M B B B g P oy (LB R -

*2. GRS YR BB AL A AL
Table 2. Effect of dietary supplementation of biotin and organic Zn on milk compositions of Holstein cows in hot summer
(average THI 75.2)

Dietary treatments

Milk compositions Control Treatment P-value
No. 12 12

after 30 days’ feeding
Fat, % 3.42 3.45 0.26
Protein, % 3.24 3.29 0.34
Lactose, % 491 495 0.81
Solids-not-fat, % 8.68 8.78 0.52
Total solid, % 12.3 12.4 0.75
Urea nitrogen, mg/dL 17.8 18.0 0.89
Somatic cell counts, x 10*/mL 19.7 20.4 0.93

after 60 days’ feeding
Fat, % 3.95 3.86 0.58
Protein, % 3.33 3.32 0.97
Lactose, % 4.70 4.87 0.15
Solids-not-fat, % 8.73 8.89 0.39
Total solid, % 12.7 12.8 0.68
Urea nitrogen, mg/dL 12.3 13.4 0.33
Somatic cell counts, x 10*/mL 15.3 13.5 0.68

after 90 days’ feeding
Fat, % 3.98 3.87 0.63
Protein, % 3.49 3.42 0.75
Lactose, % 4.63 4.68 0.59
Solids-not-fat, % 8.83 8.79 0.89
Total solid, % 12.8 12.7 0.66
Urea nitrogen, mg/dL 14.2 14.8 0.65
Somatic cell counts, X 10*/mL 24.7 37.2 0.57

%3 BRI A R EA S 00 RNEAFR MDA IR E(LEZHE - SRR BEERHAEY
Z 10 mg BUEHEFYE 5 g > REERETR 30 K ~ 60 K 90 R I-H&Ej&EME - PRESE - FEREIEE - GOT ~ GPT -~ AP ~ CPK
J¢ LDH %5z AL I 2 2 - GOT %1 GPT [ 4l A48 (5 (hepatocellular injury) i = 22 Wi JH #5 15 (Kauppinen, 1984) -
GOT B GPT 2Bl /S (A2 P R 0V - E4-ERFBREGS - ey GOT B GPT JEMhE & - MEEY
TEH S (anaerobic metabolism) T AFEHL EAREE R » T A MFLE RS (anaerobic pathway) HUfSFTFRAESR >
AR S RS ALY A AR BLETE » [FIFF g {f LDH JEMEIS A (Lai ef al., 2009) - ARGEG 2 AR AR A TS
TEE PR PR AR ET 1% 30 ~ 60 K2 90 Kl GOT ~ GPT Kz LDH 7 #8%% » Stojevié ef al. (2005) 15 H {EEENAL - (Il
FLEA 90 RZINFLEAGE R ) Z i+ GPT B GOT #{E 7771l Fy 44.91 + 6.93 B 20.08 + 3.74 - Al 2 4~ E A ZREHA
fa] > EifmH GPT B GOT BUE 57 7l £ 59.9 B 17.9 « BURTE S VRS TR BUREE T el bR (R (F M R i s A B B S
208 BB AR THI SR 2anvaE R —2 -
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Fig. 3. Effect of dietary supplementation of biotin and organic Zn on milk production of Holstein cows in hot season (average

THI 75.2).
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Table 3. Effect of dietary supplementation of biotin and organic Zn on blood biochemical profiles of Holstein lactating cows

in hot summer (average THI 75.2)

Date

6/29

7/14

Date
3. AR A R AR (THI S 75.2) A EAL B 28 -

FEER FHEI

242

8/13

—e—Control
group

-a-Treatment
group

69

Dietary treatments

Items Control Treatment P-value
after 30 days’ feeding
Glucose (mg/dL) 68.4 67.2 0.75
Serum urea nitrogen (mg/dL) 18.5 19.9 0.53
Cholesterol (mg/dL) 216 227 0.54
Glutamic oxaloacetic transaminase (IU/L) 74.0 64.2 0.49
Glutamate-pyruvic transaminase (IU/L) 29.4 27.6 0.74
Alkaline phosphatase (IU/L) 63.4 60.5 0.64
Creatine phosphate kinase (U/L) 218 208 0.85
Lactate dehydrogenase (IU/L) 1,120 1,085 0.54
after 60 days’ feeding
Glucose (mg/dL) 62.1 62.0 0.96
Serum urea nitrogen (mg/dL) 11.1 11.7 0.85
Cholesterol (mg/dL) 150 165 0.42
Glutamic oxaloacetic transaminase (IU/L) 74.8 70.8 0.65
Glutamate-pyruvic transaminase (IU/L) 24.4 21.6 0.22
Alkaline phosphatase (IU/L) 31.9 34.9 0.58
Creatine phosphate kinase (U/L) 228 368 0.44
Lactate dehydrogenase (IU/L) 1,039 976 0.57
after 90 days’ feeding
Glucose (mg/dL) 55.9 59.4 0.11
Serum urea nitrogen (mg/dL) 5.5 5.6 0.56
Cholesterol (mg/dL) 120 134 0.35
Glutamic oxaloacetic transaminase (IU/L) 65.4 59.9 0.55
Glutamate-pyruvic transaminase (IU/L) 21.4 17.9 0.21
Alkaline phosphatase (IU/L) 27.1 31.0 0.42
Creatine phosphate kinase (U/L) 110 107 0.90
Lactate dehydrogenase (IU/L) 979 872 0.23
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LR W iR ITH - ARASRATE A R m A REY 672 7T kg » DMEERHHTE 10 mg 2% » FRFRMTT
FEnn 1 g) AVRRAEIHT 2N 0.34 7T » A MEEE R an(EF ALY 360 7T kg » LIEERHHTE 5 g AYRAGIRT 2= 1.8 7T > 1
DURSSECER Z A Gt Ry 2.14 7T/ BH > A3 A0 0.6 — 0.9 kg A& - DA AEAUEE 26.7 juatH (LA ERE
IR PRI R B AT 2R ) - SRV ASEIN 14.8 — 22.8 7 - NIEEAFRA R T HTEEMER
(10 mg/ B8/ K ) RAREE (5 ¢/ B/ K ) BEAEEFERGEEH -

A

B Enn 2 BIREL | (THL 75.2) - P& 28 kg HYTRILALTEIET - SREHEMTEAYR 10 mg BAHKEES g
ERAE PR PRy EART B R - (B st T Ml (R R B I L ERCR VIS, - W EALOES S - HEHEEE
SO BRIRE - NIV R AR SR R IR - AR 2 SR T i RS A S e L B
TL2% -

ae &

ReBRRI TR 22 B e ACE BN (108 2R -2.3.1- & -L1(1)] - s\BRHAR R & s BR T A 24— B3R
Gt E TR o R -

PRMGSC - 2001 o FLAHIERE © BREAM 47 @ 33 -

SRELEE ~ Ao - TR0 - B8R - B0 - BBRTT - MEETE - 2019 - G PR AY) R B R e RO
WAAATEN Y EA B R - BB 20 1 13-27 ¢

SREGEE ~ FEoE - TR - SRR~ EE300 - BRTT - MEEIE - 2018 - BREPTEEYE - SIS SRR R IR
FEIRBILA T8 5 B AR > 4 - BETIZE 51 ¢ 201-208 -
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Abstract

To relieve the heat stress in lactating cows, this study aims to evaluate the effects of dietary supplementation of biotin
and organic zinc on hoof health and lactating performance of Holstein cows in hot summer with high temperature humidity
index (THI). The experiment was conducted from May to August 2019 for a period of 90 days. A total of 24 Holstein cows
were assigned into two groups by body weight, milk yield (averaged 28.8 kg), parity (1.9 lactation no.) and days in milk (158
d). The cows received basal diet as the control group with additional supplemented of 10 mg of biotin and 5 g of organic
zinc daily per head while the treatment group did not receive the aforementioned supplements. Cows’ locomotion score (1 to
5 points), milk and blood were measured or sampled every 30 days for hoof health evaluation, milk components and blood
biochemical profile analysis. The results showed that the averaged barn THI during the 90 days was 75.2 * 1.1, indicating
mild stress status. Dietary supplementation of biotin and organic zinc suggested tendency to help retard the locomotion score
(2.09 vs. 1.64) and increase milk production by 0.6 — 0.9 kg a day. However, there were no significant difference in milk
compositions and milk somatic cell count between the two groups. Blood profile revealed stable trends of marginal decrease
in GOT, GPT, and LDH after supplementing biotin and organic Zn for 30 days, 60 days and 90 days. From the above results,
it is concluded that diet supplemented with biotin and organic zinc could benefit the hoof health, milk production, and liver
health of lactating Holstein cows during the hot and humid summer (THI 75.2). The supplementation also yielded economic
return. It is postulated that in a more rigorous THI environment, the effect of supplementation of biotin and organic Zn would

be become more apparent.
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