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Wb H s 112497 H 10 0 #2200 - 11343 5 19H

W B

AT S ELLEA [FIFREOR R TH L (temperature-humidity index, THI) & PHRI A REENFIERE 2 28 - DAEUS
RERTIOAVIEE - BREN EECRATALINE RS THL VIEAE 11 A2 4 ARURF R 203 £25 5 HE 10 H#
& THIPH{E F 27.6 £ 3.6 » ST BURE THI ARY 27.8 B » RE 37.6% IFELIE N BAEIEIRAR » AR FHEAL
BEEE R 1,001.3 £80.5 g BHESNENEEAREE > 777.4 £ 109.0 g (P < 0.05) » H AR HZER 2 BERlT BIEE By
100.0 £ 0.0% » BIEEHENZFZ 85.7 £ 7.6% (P < 0.05)  ftiln = R BT Rt P A RAFRMEIR S RBURHAE R
R ELRG TRE  SUSER MATES B EFERR 2R B TSEIERFR R 69.3 £ 10.5%  BREENHAFZ
46.5 £ 13.6%(P < 0.05) ; EEEISE AV R SERBUR - BISEFRES R EAF A RAENREM - S8 LRIl - BRINFE
En G REA R ZMERE ~ SEAAFERERE 58 Rt REREF AR IE R ZFA -

B - ALPHRETE R - EERTERE ~ JRURETEEL -

i

ENEUATRR R 2B ER R AV - AT EAIRREE Y — » HINBEE REENERIEIHEL - #2i%E
WRRENBFERSEIEE  WREEE - S0%98 W URETZEREL - REThREHIR1E EEEE - R EEE
FENERE TFEMISE T RIS (Liang ef al., 2022) - RFIEHE R G ENEAE » N5 T2 AR EATRR - BE
BREER SR S A P 25 8RAG 2L (body heat) (Marai ef al., 2002) » {EGEEVET4ERTELZR /N OR (rabbit bucks) #5& am/E
MEEREE - FhlEARagEREEE 6 MHANENLT » FHINZIHM R BHEAE - ARFEBNEFHEHA
T B THI #8%# 27.8 > & =L AS PN S i E - BEUVE S ST (Marai er al., 2001; EI-Desoky et al.,
2017) » (RN B REFRVER G E SN A B ER 2N ES N EMEE - FESHRE A REERESHYIERWE
SR ZRFAK - Marai et al. (2008) PEERAZRELE RLOGEHZLEOH N RECHER 2 (PR A FN - f5HEEE RIREE T
INETEMERE » WIFFHESZAGZE (conception rate) Jz HA: BT (litter size) 7 Fr KN ZE 22 - HIRBEEURTIM MR m—
ST 5 — B F R EhE 4 (hypothalamic-pituitary-adrenal axis activity) [fij 1 BE 22 J& 145 Z2 4% (sympathetic system) Ifj
gE ~ WINPT E ARG & 245 (antioxidant-defense system) F7 5 {1 (free radial) 1Y & H 2 £ Z 45 2 7 (Agarwal ef al.,
2008; Ahmad ez al., 2012) - H A RRREUE /)] (motility) St T-4HRAE5EEEME (integrity) = EHHRER - HEER
NS IEH LL ] K DNA HEIBRE LM i R 42 (Potts et al., 2000) - AT §EHE N RFTHEFIERME 2 2%
DUFRRE A AT EAEABRIR v RE R T A R N R MR D BT T N PR SR -
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IR RS > A RERE S BlREETL > HEBRIIFIRE > AR 3 Akl EFlnREBEE - Atz st
FEEH B EBRATET > S ZEH - FREAERANE BT RN EESBIERIYIRE S E - WM/
HEEFRET (PYERFFREFRESEY  107-1) -

* 1. R

Table 1. The composition of experimental diets

Ingredients Percentage
Yellow Corn 18.05
Soybean meal, cp 44% 17.0
Wheat bran 12.0
Alfalfa meal 46.0
Soybean oil 2.0
Molasses 3.0
Dicalcium phosphate 1.0
Salt 0.5
DL- Methionine 0.15
Vitamin premix’ 0.2
Mineral premix’ 0.1
Total 100.00
Analyzed value

Moisture,% 11.7
GE, kcal/kg 3,965.00
ADF,% 14.8
NDF,% 23.8
Crude protein,% 18.9
Crude fiber,% 11.6
Ether extract,% 4.2
Calcium,% 1.2

' Mineral premix composition (g/kg): Fe, 80; Cu, 15; Mn, 80; Zn, 50; I, 0.85; Co, 0.25.

? Vitamin premix provided per kilogram of diet as follows: Vitamin A, 12,000 IU; Vitamin D,, 3,125 IU; Vitamin E, 37.5 IU;
Vitamin K;, 1.5 g; Vitamin B,, 1 g; Vitamin B,, 4.8 g; Vitamin B, 3 g; Vitamin B,,, 0.01 g; Niacin, 25 g; Pantothenic acid,
10 g; Folic acid, 0.5 g; Biotin, 0.2 g.

1. BEDE RSTS84 H
EENmE A ERREALEEES (Microlog EC650, Fourtec, USA) DUSERY/NFF— RV AHZHE & & PURURE
HMESREERB 11 24 A~ B8F R 5210 B > HI5 2 BiE P Marai ef al. (2001) A& R THI - FHYERGE
SRS DR R SR 2 BVBYATEE o THI 5HE/AZ & © THI=db°C - [(0.31 — 0.31 RH) (db°C — 14.4)] -
A db FoREZERERCRE - RH FRAHBNEE 5% - Marai e al. (2001) #5i4 THI J\E’\\ 27.8 FoRIEEIH
AREE > 27.8 — 28.9 FIRICHIZENENIA > 28.9 — 30.0 FREEEVEIARES - K 30.0 FoRIEH B EEEVEAIRRE -
1L AEREREE
fEEBAHE LRI ERIBE T > Ay BI(E 107 — 108 A6 A HE - FRIERIE &R
FEE (I AEA4R)RBEFE (S HE 10 A ) W4 - BEFEE 1 — 2R - B0EH - #E 9 & 7 [EHER LA LMK
AT A AR > 6 ARl LANE K@H@E’J%@%Elﬁa FIFH BB B 2 e > 6E L 1.7 mL
HEOE DGR (B 1) > (ERRTLTERZE 50C » FEARERSRIEEE AR :@é it Jrﬁ/{ﬁztléz% PREN TR
KRR - EEEBHGEKREE %%Eé%)?/&/ﬁ* RAFFEA MRS > TSR E N ETREST -
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LSRR I - I 1.7 mL G 0 -

Fig. 1. Artificial vagina for rabbit semen collection. One end connects 1.7 mL microcentrifuge tube.

IV. B e E

REFH ALK A TGN B4R S E RS 550  37 BERIFFE - N A AR AL LB R B E N kLA
HAR -
V. BT R
ANRAHCAT By XU i 7€ (mounting behavior) » K &R FEIHVITR - —ERFEMESREFELIS—ER
T PMBIRIE TRV R S EOESEES » PR A JTENE (pelvic thrusting motion) » 7£ 10 4388 P /2 TR (o] [E
PERRRAITT By - B R fie B8 3 - FREVBIF AR B IRAT RIS R HEBIR (L - AEREf 1 (100%) > 2
Ei5t Ry 0(0%) -
VL iE MR i
TG T MEAR 774715275 Rosato and laffaldano (2013) 7 20 BRAELT » 65 i e Bfig B 1% 1Y Sl i (o FH EE S e By
5 T 47 BT (Computer Assisted Sperm Analyzer, CASA, Microptic S. L., Spain) 7 5 14358 %3 #T 28 (Sperm Class
Analyzer”, SCA evolution, Microptic S. L., Spain) f 5 Hs TS 8 KT - JREIERRSR R L. TCG LR
(250 mM TRIS-hydroxymethylaminomethane, 88 mM citric acid, 47 mM glucose, pH 6.9) #5fERE 106 sperm/mL > F
A 37 CHEGE(E 7 min 1881 3 uL J# A 1785 (standard count 4 chamber slide, Leja, 301115, Netherland) - jA8E{#
#% (ECLIPSE Ci, Nikon, Japan) F¥}££1% » £ CASA Z4% tH3EE mot ( HIEE) /7 ) JHITE » 3 CASA 24 [FIRG e
HkE RN S A E BN T S AT © ST E0HE A2 E T LA 1 pg/mL 2 Hoechst 33342 (Sigma-Aldrich,
B2261, USA) ( BE{B%5 5% EX/EM = 355/465 nm) £z 0.2 mM -7 propidium iodide (Life, L7011, USA) ( 4L fa3%5¢ EX/
EM = 488/615 nm ) {F 37°C NH4 5 min ; K2R E AE » BELEAIRET » Liiklg RIS s
TNFIA g Green filter/ Bandpass filter (UV-2A, EX 330-338, DM:400, BA:420) DL CASA #1T45047 @ sTEHFE R
Horth e
VL SZAEHET] R 7347
ERE (2 H) KEZE (8 A) I KU AR —FE/NEIRE 2 B A RS 4 EFHRM - LT SEAKRME - 1B
Tl i i 45 ey 4= B &0 B8 /K (phosphate buffered saline) U262 » DIEFRFFA IR » FIY 4% paraformaldehyde H1[E
E EER  ZEREREAEETAREE - TR ~ &R RFALRE - ERSEREME T HREsRE=A
S SERE G T A BGIRML -

VIL &t 73t

AR AS R LL SAS (2009) EHEHUAG (SAS 9.3) HETTHE AT > (M — &R MEE U2 7 (general linear model
procedure, GLM) #EfTE 55347 - FLAR/ VY5474 (least square means, LSM) FEEZFME - LA P < 0.05 Fy 5
BEER -

RRRER

L RBAFEENE - AR - SRR TR (THI) S {LElak 7 Ae & PR SRR LI
BRI IRE - BRI K THL 2 PHENR 2 HE 2 PRER 212267 C (13.3 — 29.0C ) » &
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FE By 74.3 £ 4.9% (46.2 — 94.0%) » S5 THI 5 20.3 +2.5 (13.6 — 28.2) ; Z\ZE 7 PHBERE B 29.5 + 5.3°C (20.5 —
36.2°C ) > JEFE R 81.9+7.2% (42.2 — 100.0%) » S+ THI 5 27.6 + 3.6 (20.5 — 33.6) °

T2 FEEREFRENLE  AHERE K THL ZP9E (CPEE R RE )

Table 2. Average temperature, relative humidity and THI in rabbit house during cool season and hot season (mean * SD)

Items Cool season (Nov.-Apr.) Hot season (May-Oct.)
Average temperature (°C) 21.216.7 29.5%£53
Average relative humidity (%) 743149 819172
Average THI' 20.3+2.5° 27.613.6°

" THI = db°C — [(0.31 — 0.31 RH) (db°C — 14.4)], db°C = dry bulb temperature in Celsius and RH = relative humidity
percentage/100.
" Means within the same row without the same superscripts differ significantly (P < 0.05).

BRI TSR R AE 2 PR « ARER K THI ZE(EE 2 Frn > Aimn RS mS /ey
P bfF 8 BhEMT S - HEVE 14 Bi/e R0 - MAREREESSEDR ML - REYRY 12 — 14 BEE R, -
VB 6 BhRF AR = 0 AT THI ${E MR ErFmig 0 - e EDRERF - SRS B (RAY THI > Bl
P EORR I R AR -

(A) —&—Temperature ('C) = 4= Relative humidity (%) <ol THI
28 100
26 90
24 o
g0 2
=4
— 22 <
v o
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= =
& re0  F
g 18 ;<3
E Lso £
2 16 -
14 40
12 T T T T T T T T 30
8 10 12 14 16 18 20 22 24 2 4 6
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34 - L 90
32
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v 30 - =
2 L 70§
©
g 28 - 2
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Time

2. FFE (A) BEEE (B) REHVRSE ~ FHENRE K THI 8L -

Fig. 2. The changes of temperature, relative humidity and THI in the rabbit house during cool season (A) and hot season (B).
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7 3 i Marai et al. (2001) Erdly THI E{E S R 2 BABIHE R > AT AEUSR T LB E & & THL #1757
T > RIS EREIOETY - BUREZTIFA 0.4% RFE R SRR ESRIENESIE - 1M 99.6% RfEeH R &2 A FEHRY
IR BN 15.6% eEe 2 RERRTIFH BEE AR ~ 10.8% ke 2 REREHYBEE RS ~ 11.2% KB Z R
CRR S MEVEIAIRE o [T 62.4% KRB REIQAEION S > BREEEE K > AIEFRA 37.6% RFEZ %
L AN VELEE

* 3. EEREG R THI AR E SO0 E R i E]
Table 3. THI distribution and definition range of heat stress in rabbit house during cool and hot season

THI distribution
Definition range of heat stress
Cool season (Nov.-Apr.) Hot season (May-Oct.)
Very severe heat stress (THI™ > 30.0) 0% 15.6%
Severe heat stress (28.9 < THI < 30.0) 0% 10.8%
Moderate heat stress (27.8 < THI < 28.9) 0.4% 11.2%
Absence of heat stress (THI < 27.8) 99.6% 62.4%

" THI = db°C — [(0.31 — 0.31 RH) (db°C — 14.4)], db°C = dry bulb temperature in Celsius and RH = relative humidity
percentage/100.

EEESZRET T A RERGEEA RS B N TRR 2 &R (£ 4) BURAETEEAAGE 1,001.3 £ 80.5 g B S B
FEEABEE 777.4 £ 109.0 g (P < 0.05) » 45581 McNitt and Lukefahr (1993) K Roberts and Lukefahr (1992) iff5%
R - BEURAEZREHAN N ERERAE - fEEEHA KA B ERE - MERHAE KL B ER
= (Shehata ef al., 1998) - H Chiericato et al. (1996) ¥5H » EZE SR EE R HIEE D 18% » hPHHIME
(average daily body gain) {EZ{Z=EEEZR(K (Habeeb ef al., 1993) -

T4 ERURRREFZ A REEAREREICR ((HIE £ EERE )

Table 4. Comparison of weaning weight and mounting behavior of male rabbits during cool and hot season (mean * SD)

Items Cool season (Nov.-Apr.) Hot season (May-Oct.)
No. of trials 39 77

Weaning weight (g) 1,001.3 £80.5° 777.4+109.0°
Mounting behavior (%) 100.0 £ 0.0° 85.6+7.6"

“® Means within the same row without the same superscripts differ significantly (P < 0.05).

51 > BB A REEIRIT Ry (MERKETAE ) &t > BN R R ARG A B FIT R > FEAWZES 10 77
SN IR TR B R TRENE - BTERTHER 0 - SFEt4E R - BUTORENIFEETEE 100.0 £ 0.0% FHEEREL
T HEIER 85.6 1 7.6% (P < 0.05) 413 4 FiTs ©

SCEMEH 0 AN SR T R RE S A I A=A S (El-Gaafary, 1994; Daader et al., 1997; Zeidan et al., 1997) »
RNAREIESAE 7T A 9 AERMRERE(ETTE) (Nalbandov, 1970) -

AT AT AR IMERR (sexual desire) B (i 17724 - HEFRILEIARE 2 ARG E T KATIEIIEER] » DIP B
ArEtE R FERF R » W22 4e e (B IR BRI FTF i 4K (El-Gaafary, 1994; Daader and Seleem, 1999) -
Tharwat et al. (1994) S REETRRRIT 40 FEAITHENEE 60 — 65% Ay %R » MERIGEE T 119 — 185 » &%
JEAE 40 773 o

1L R EGEREIR IR EL L

9 ENREAFHDRER TR TR - FREEMRA D EOREGE Rt E R ERE R RS -
B RETEBNS) B TEEE B TATEEAR S - SRET > BRTHTEBOINRE 693 £ 105% - BER
PABE 465 £ 13.6% b (P < 0.05) » HLERIBR < B TR « NIRRT AR REE - OB T
FEE Ry B o s o7 B e i [ 45 71 By 150 — 500 x 10° sperm/mL K7 0.3 — 0.6 mL #Y°F9%i[& (Adams and Singh, 1981;
Lebas et al., 1997) > 22N TUEHE ~ PR ~ i ~ PR TERGRA » ST ST IES R EL Marai ef al.
(1996) 2 Daader et al. (1997) &5 FAIRF » HERREE - 5 T5EE) /£ 7164 P 1A% ) (ransportation)
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J 5 71 (penetration) ZE[FHE % (Holt and Van Look, 2004) » i i | AR AR REK Z JFIA -

%S, LEEORF RAEERGE (CPEE A RE)

Table 5. Compared the semen quality of male rabbits during cool and hot season (mean * SD).

Items Cool season (Nov.-Apr.) Hot season (May-Oct.)
No. of trials 39 77

Semen volume (mL) 1.1£0.2 0.8%£0.2
Semen conc. (10° sperm / mL) 882.3+3424 914.0 + 144.1
Motility (%) 69.31£10.5° 46.5+13.6°
Vitality (%) 6741111 62.618.0
Progressive motility (%) 334194 2441115

a, b Means within the same row without the same superscripts differ significantly (P < 0.05).

L JEEFEN AT R b
HEAE N RFNABY) R TSRS 3 - SEREUR - HER AR Z ERFUE TR IR - 5%
B HUR RIS T (18 3A) > BURERIFAIER - AR Z A RABIE PRTAF LA - HURaE
THERRIM 2R 2SR (8 3B ) © S5—J5H - HEARMZSeimis T (8 3C) - HEHEDIERIIRE > K
ZRFNRPIET AT EAE T (8 3D ) - SURFIEU) /B P reiahh T Z EFP R E REVETE - &l
Bt B Marai ef al. (2002) 45 HEVEH EIE R R LIRS TR0 — 2L > R BRI A A B A 22 R
.

Cool season Hot se

FOH N R RIPEB ™

ason

BT
7 “4573‘\{{ 2

Testis

Epididymis

3. HFHEGF T ik Z AR FENERAE R EY) R HE BRI R &R -
A RERHARERNE P A SEAFE S S ERAESAE  RAREE T B AFARABHERE T
(RS TRAIRE ~ WS ARREEDNS T BOBR0R > iR 2L s C - RV AR BN T D © BRI ZH D
RS TRV ECEIEL - (Bar = 50 uM)

Fig. 3. Immunohistochemistry staining of 1 year-aged rabbit testis and epididymis in cool and hot season. There are different
developing stage of spermatocytes, spermatids and spermatozoa within the lumina of seminiferous tubules of cool
season male testis (A), but are decrease in the seminiferous tubules of hot season male testis (B). Epididymis of cool

season buck showing presence of large numbers of sperm (C) which constracts with lack of sperm in epididymis of
hot season buck (D). (Bar = 50 uM).
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Abstract

The purpose of this study was to compare the effects of temperature-humidity index (THI) on the semen production of
New Zealand rabbits, as an indicator heat stress in rabbits. The average THI of rabbit houses in Taiwan Livestock Research
Institute during the cool season from November to April was 20.3 £ 2.5, and the average THI in the hot season from May to
October was 27.6  3.6. Analysis shows that when THI was higher than 27.8, rabbits suffered heat stress during 37.6% of the
time. The weaning weight of male rabbits in cool season was 1,001.3 = 80.5 g, which was significantly higher than that of
777.4£109.0 g in hot season (P < 0.05). Moreover, the frequency of mating behavior in male rabits in cool season was 100.0
* 0.0%, which was significantly higher than the 85.7 £ 7.6% in the hot season (P < 0.05). The examination results of the
semen traits of New Zealand male rabbits in the cool season and hot season showed that there was no significant difference
in the parameters of semen volume, sperm concentration, vitality/mortality rate, and progressive motility, but the sperm
motility during the cool season was 69.3 £ 10.5%, which was significantly better than that in the hot season (46.5 = 13.6%)
(P < 0.05). The comparison of testicular tissue sections showed that continuous high temperature in the environment affected
spermatogenesis in male rabbits. In summary, continuous high temperature decreases sexual desire, testis spermatogenesis

and sperm motility in male rabbits, which could also be the reason for the decrease in male rabbit fertility in the summer.

Key words: New Zealand White rabbit, Semen production, Temperature-Humidity Index (THI).
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