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Beltsville Thawing Solution (BTS) LLasLﬁuvLi’ﬁqmmﬁ 17°C Junan 3 Ju eenuuunIAaBLLUY Factorial in RCBD
TneilladuAoszAuandu (0, 10 way 100 ug/mL) LLasﬁzﬁlznaﬂa;uﬁwﬁ?aﬁ 37°C (5, 15 wag 30 W) vinisuszidiu
Qmmwﬁw’ﬁa Igud Msiedeudl anuAnUund warsaransnsedeuil nan1snaeInuBnSnasusEIsTEIUANEY
LLaz'ﬁssjsLaaﬂa;uﬁwL%yaﬁﬁiamﬂ'lil,ﬂ?{auﬁi‘usz’f'lwﬁﬂ (Progressive) uazmuinundfidveaiiaaulaums (Proximal
Droplet) (P<0.05) Tngmundusesu 100 ug/mL dnaliiuasidus Progressive Wag Proximal Droplet gedn (P<0.05)
miﬁjwfw?juatﬁuwm 15 Wi i1 Progressive, mmﬁmﬂﬂﬁﬁnmﬁnﬂawmaq% (DMR) k@ Proximal Droplet
qean (P<0.05) mmzﬁmiéjuﬁnéﬁ?ﬁuﬂunm 5 Uil 1ﬁﬁwmu¢1§auﬁ‘[maswgmm (P<0.05) fuaarmaninisindeufinuin
53&13nmﬁjuﬁmaﬁiammmmwmﬂ'ﬁm?{auﬁ (STR), ¥U1AVBINTITUNI9VRINIBET (LIN), ALATEINITUATINS (BCF)
WarAUWNIIVBINISAEDUT (WOB) (P<0.05) Tae 15 way 30 w1l lsien STR way BCF g9nd1 5 Wil dauen LIN gnqm‘ﬁ
15 Uil ay WOB qqqmﬁ' 30 Wt (P<0.05) ANIBusERU 100 pg/mL LiinAn Proximal Droplet Wag YUIATBINITHATY
Y9398 (ALH) usiszau 0 pg/mL 136 BCF gedian (P<0.05)
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Abstract

The objective of this study was to investigate the effects of caffeine concentration and semen warming
duration on semen quality in boar semen. Semen was collected from four boars, with three ejaculates per boar.
The semen was diluted using Beltsville Thawing Solution (BTS) and stored at 17°C for three days. The experiment
was designed as a factorial in a randomized complete block design (RCBD), with two factors: caffeine
concentrations (0, 10, and 100 pg/mL) and semen warming durations at 37°C (5, 15, and 30 minutes). Semen
quality was evaluated based on motility, abnormality, and kinematic parameters. The results revealed a
significant interaction between caffeine concentration and warming duration on progressive motility and
proximal droplet abnormalities (P<0.05). The highest percentages of progressive motility and proximal droplet
abnormalities were observed in the group supplemented with 100 pg/mL of caffeine (P<0.05). Warming semen
for 15 minutes significantly increased values of progressive motility, DMR, and proximal droplet abnormalities
(P<0.05), whereas warming for 5 minutes yielded the highest motility (P<0.05). For kinematic parameters,
warming duration had a significant effect on Straightness (STR), Linearity (LIN), Beat Cross Frequency (BCF), and
Wobble (WOB) (P<0.05). Specifically, warming for 15 and 30 minutes resulted in higher STR and BCF values
compared to 5 minutes, while LIN was highest at 15 minutes, and WOB was highest at 30 minutes (P<0.05).
Regarding caffeine concentration alone, 100 pg/mL significantly increased proximal droplet abnormalities and
Amplitude of Lateral Head Displacement (ALH), whereas 0 pg/mL resulted in the highest BCF value (P<0.05).
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vouwadesd deullnuiseiliawddyiRetumaaiuanBuiioususmuaminge Tnsaundu (Caffeine) \uans
nszduiifiunumddlumaiamdsaulituwadosd tanisnszdunisviiuveaoulesl phosphodiesterase (PDE)
dwalviazsu cyclic adenosine monophosphate (CAMP) Liutu Ssthsnszfumsindeuiivesoguasifinauaiusa
lun1sufaus Mawmu%f{’]’ﬂwudwr}'ﬁlﬁumLWﬁuaﬂumsﬁamqﬁ;’]Ls'ﬁuaqmmmm‘dwLﬁué’m'ﬂmim?{auﬁmmaq%LLax
LﬁummwumuﬁiaamwLLmé'auﬁqmwQﬁméﬂ (Funahashi and Nagai, 2001a) mmaaﬂiw’jumilﬂﬁauﬁ%maq%
(Sperm Motility Activation) adufiunumlunisnszdunszuiuns capacitation dadunszurunisfieqduFendals
wiondmiunsufausiuls Tnewfinseiu cAMP wagnszfunisidsunlasmeaderiuwadeqd vinlsieaddnuanunse
Tunsunsniiueadsouliuazyfausldndu (Aparicio et al, 2005) Faelunsifiundanuliieadedd (Mitochondrial
Activation and Energy Production) uaﬂmﬂﬁmLWﬁuéquzhEmﬁxéjum3‘1/Twmmmluimﬂaum%ﬂumaéaq% ylndnng
n&n adenosine triphosphate (ATP) 1Nty équLﬁuLméawé’w}uwﬁﬂé’w%’vm'il,ﬂf?{auﬁsumaq%LLazﬂssmumiUﬁau%
(Borges et al., 2017) \Juansiueuyadaszuazdienisveatunnizeandiadu (Antioxidant Properties and Oxidative
Stress Reduction) fawsidnawduazlillyansinueuyadastlnenss wilins@nwimuinauisaananudenevesead
93391Mn1 oxidative stress lelngn1ssnuiaunavemdanuLaransnsInisidenanimuesegdilegniivinuly
ammmmé’auﬁﬁqquﬁsﬁ (Funahashi and Nagai, 2001b) wazdsdnasion1sinergnisiiuinwivesdiegd (sperm
longevity) Iuﬁ’lL%a?!ﬂiLL‘dLﬁu ImﬁlmnguﬂhElmaﬂwwmﬁm?{auﬁmmaqﬂwfwLs?ﬁuaLLszj'Lﬁu 1AIBAANITANAIVDITEAY
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2012)
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Avudevnesieiforiuead (Flowers, 2002) maifiusnuninideiiutifuszesnans (3-5 Yu) dndefignifuliuiutudud
nadsuuadlassaisvendeiueadunzuunuedduveead vilwhrenmadsuulasgamgdunndy n1sgustng
52529197 AR thermal shock ?Nmiéjuﬁ’ﬁaaﬁiwi’h 7 figaumnfivies (Uszanas 22-25°C) Wurian 5-10 unii Aeu
%ijiaﬁ 37°C o lfwadususa Johnson et al, 2000) wnlunsifiusnenideiutfussozen (5-7 Sundouy
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(Kuster and Althouse, 1997) 91nn15Anw1784 Pereira et al. (2019) WU IsuiuAHE A AT LTY 8.0 mM Tu
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1.5-2 U werugansiavnnd lasuemsiuas 2 afauazlgsuiedgedass gm?iyaﬂuﬂam??&mﬁmsuum 2X2 195
Wisugns augdniaransuwazinalulad umInerdoudld vungiaveugynlddninaaes (approval number)
MACUCO024A/2566
nsimindadangne malfeasdidfegnauaznmaiiiuine

ymsimindesefionnnegniusaziainas 3 ads ldfedraiidonmun 12 feg niafudidodnd
faududureseadgs Fefieunsgrulumsdaidoniudefefidnsninedeud >70% aruiaunfvesedd <15%
Aviuidiudutetegd >200x10° #1/mL (Nuntapaitoon et al, 2024) ¥nsiieansinidousasiogsdearsasansgns
Beltsville Thawing Solution (BTS) fivsznauludae glucose 37 g, sodium citrate 6.0 g, Sodium bicarbonate 1.25
g, EDTA 1.25 g, Potassium chloride 0.75 g, Penicillin 1.10 g, Streptomycin 1.10 ¢ Nﬁuiu‘fﬂﬂﬁ’u 1,000 mL U§uan
oH vesasazaeliiien 7.2 sennduimsienuhidesegsidaududuil 3x10° #luusines 100 mL ndwn
Ms\309198e BTS wininhideusassegrunuuddvasniogns fethsas 9 vaen salunasntndernmun 108
naoausaznasnaziitofidonudmaonay 50 mL twaemindedessluutiduiiong 17 °C lugunifu (Thai
stainless argon) tWuan 3 Ju neuthuvinismeass
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nassuauwduluthidagnavdemafuinuddefiguagd 17 °C uazssasinansguinidodidneiy

mwé’amﬂmsLﬁu%’ﬂmﬁwﬁ?@qmmu 3 5y vhmsfuamduiidanududusensetu 3 amududu © (Ngu
AIUAN), 10 pg/mL wag 100 ug/mL) atllumaenideusasfegnasiuuiiodieas 9 naen Tnglilanududuves
ANNDULARZATNTUTIUIY 3 NaDARIBENS ﬁnﬂﬁ?uﬁmaamf’]Lsﬁaﬁgwmiﬂv‘hmiéjuﬁwLsﬁa‘ﬁlqmqﬁ 37 °C \unan 5,
15 uay 30 mﬁiuéwﬂg’]a"u (water bath) v‘l’wmﬁmw@mmwmaaﬁwL%@L%qmﬁm?{auﬁ ANURAUNAYDIA0ET Lavda
AansNsAAeuTineIAse Computer assistance analysis (CASA) (Figure 1)

Concentration of sperm

° 0 mL in BTS .
3X10" celt/ 100 mL in Computer Assisted Sperm
: (3 ejaculates/boar) — Analysis (CASA)
ﬂ ! Concentration of caffeine | Time of incubated 372 C
g LT
e Control (no caffeine) ® 5mins
4 Boar > —p .
; v | e Caffeine 10 pg/mL e 15 mins
Semen collection
(12 ejaculates) « Caffeine 100 pg/mL o 30 mins * Motility -
i * Progressive
(] Y [ ] _ 7 * Kinematic
1)) Storage17¢C * Abnormal
Factor A Factor B
Day 3

Figure 1 Flow chart diagram for the present study

miﬂmﬁuqmmwﬁuﬁa

miﬂ‘imﬁuﬂmmwﬁﬁL%@ﬁ?&lLﬂ?@d Computer Assisted Sperm Analysis (CASA; ?fﬁ'a: HAMILTON THORNE;
3u: CEROS 1) (Nuntapaitoon et al., 2024) v‘hmﬁmwﬂizLﬁuammwsumugﬂL%@%’@aagmnﬂ%ﬁ%@@% (motile, %)
mzm%uﬁlﬂ%mﬁwmaq% (progressive, %) 9af1ansN1swAABLT (kinematic parameters) Moun SzozMIvRden1Y
\dumaind sufivesedd (Distance Average Path, DAP; pm), szegmaduidunssvasnisindouiivesaad (Distance
Straight Line, DSL; pm), iwwmLLUUI@’TW@Qm'ﬁm?{auﬁmaqaq% (Distance Curvilinear, DCL; um), A213L53A14LU7
T#s- mnuisiveseadnunuadunisaisitadoudl (Curvilinear Velocity, VCL; pm/sec), Anandnfudunss— anmiss
ngaiusulUSgeAugmludunss (Straight-Line Velocity, VSL, pm/sec), AuiSnadontuiuadunie mausuais
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mmé’umnﬁaq%m?{auﬁ (Average Path Velocity, VAP; um/sec), pufudunsenmsndeud - LLamﬁaazﬁmmm
waouidwdunsalduindiods (Linearity = VSLAVCL, LIN; %), A211959903n15LaA oudl — vandienisidesiuuann
[ uns3 (Straightness = VSL/VAP, STR; %), ¥U1Av83N15UN39983%1043 - 5383115d18903%10434 sdnasnons
\ndeufivasme (Amplitude of Lateral Head Displacement, ALH; pm), A21818989n151n39174 —ai’wmuﬂ%”’qﬁﬁaaq%ﬁm
sudumaadslunilsiundl (Beat Cross Frequency, BCF; Hz) way Auunieveanisindendi - eSutsnsindeuiives
Weadlun1ainudng (Wobble = VAP/VCL, WOB; %) n15Useiuanuiinunfivetedd (abnormal sperm, %) laun aad
fifivnsléeae (Bent Tail, %), aq%ﬁﬁmwmﬂmd (Coiled Tail, %), mmﬁmﬂﬂaﬂ%nmﬁqﬂmwmaq% (Distal Midpiece
Reflex, DMR; %), aq%ﬁﬁuamﬁwdquﬂmama (Distal Droplets, %) LLazaq%ﬁﬁuaﬂﬁwdaﬂﬂumq (Proximal Droplet,
%)

n3alATzsidaya (Statistics Analysis)

MUNUNITNIAGBILUU 3 x 3 factorial in Randomized Complete Block Design Hasdefifnuszsuanandud
199AUNBU 3 AU VLm”t.t.rinaJuﬁiﬁ%’umM%uﬁ 0, 10 uag 100 pg/mL LLazsLuﬁqﬂﬂisﬁ’mzﬁwmiﬁjwfﬁL%aﬁlmﬂﬁhdﬁ’u 3
seau (Uden) lawn szazlaaﬂuﬂﬁa:uﬂf%%aﬁ 5,15 wag 30 Wl I(ﬂEJ‘IE’]L%@ﬁﬂiﬁ%ﬂlﬁm]‘agﬂ%ﬂadLLﬁfaz(ﬁq\J’Jﬁ]zQﬂLLﬂd
pandu 9 MaaﬂLﬁav‘f’]mi?jwaamﬁ%ggaiﬁlﬁ%uLwiazwgmﬁuﬁﬂamﬁm%u (treatment combination) 91nN53ALLEe
Wanue 12 ad ihteyaiiliainnsduiinluiinszsinianuudsusiu (Analysis of Variance, ANOVA) luusiazngy
maaw‘hﬂ'm.ﬂ%uLﬁsmﬁhLaﬁlasw’jwﬂa;uwmaadﬁw%% Least significant difference (LSD) fisvuauidosiunisada
95 1Uasidus (Gomez and Gomez, 1984) lagldlusunsudusagudmsvimsizidoyanisad SPSS 29 (Statistics
Package for Social Sciences) (IBM, 2022)

NanIsANEILAZIRNTAl

PINNANITNAADIVDITTAUAUTUTUANND U (0, 10 ey 100 pg/mL) iauﬁ’msaxnmm%jwfﬁﬁya (5,15
waz 30 W) Namwmamwudwﬁﬁm%waiamadﬁgﬁumwLﬁsz’J’usuadmLWSuLLazizstnaﬂumsaﬁ'uﬁ%%asiamﬂﬁ
wdouiiludnanth (Progressive) LLazﬁmmﬁm"dﬂﬁmaqaq%ﬁﬁmmﬁﬂmﬂﬂww (Proximal Droplet) agneidadAynia
@i ( P<0.05) (Table 1) Bsnsiafunnduiissdiu 100 pg/mL lumsguindefiszerina 5, 15 uay 30 wiildsnalyi
Wosiusivosmaindouiiluiremtiuas Proximal Droplet fidnganinngudu (P<0.05) uenatninuiszeziaailums
EjuﬂgwﬁaﬁLLmﬂﬁhdﬁ’uﬁqwaﬁiammimﬁlauﬁlﬂ%ﬁmﬁw, DMR wag Proximal droplet Lﬁaﬁjuﬁwﬁaﬁqmmﬁﬁ 37 °C \Ju
Sgeriian 15 w1l ﬁwav‘fﬂﬁﬁﬁménqﬁmﬁaLﬁ&JUﬁmz&JzLamﬁu (P<0.05) LLas‘W‘UiﬁwzL’Jaﬂumiéjuﬁuﬁaﬁndwa
soFmandoufilassau (motility) Fudleguinidofisserinat 5 uift fenvedidudvesninadouiilnesiuminninde
Wisufuszuzadu (79.83, 7167, 70.32; P<0.05) (Table 4) nsiafuannduluinidenadlioraiinaingnd ves
AMHBUT Nz un TN N Iuvetead Tnatunisiauvedeulesl cyclic AMP (cAMP) §sffunuimaenis
\ndoulinuetedd (Funahashi and Nagai, 2001b) AtWdustansumsvnuveseululluwadiistestumsdos
dangnglaanaznInLAARN Faanunsadanasionisuannsauaninlutndels miﬂwﬁumsv‘mmmawvaéﬁﬁma@iami
wﬁmﬂimaﬂaﬂmmhaLﬁumimﬁlaublmuasﬁwmﬂﬁsuaaaqﬁiuﬂszﬁﬁaqﬂw%mm%mmLwﬁuﬁmmsau WHIINLETH
mLWﬁuGLuU%mmﬁ'mﬂLﬁu"l,ﬂmaﬁﬂﬁl,ﬁmmmm%‘mmnaaﬂ%m%“ué?fqﬁmaLﬁaﬁiaqmmwﬁwﬁéﬂﬁ (Hernandez et al.,
2012) AmsLiiaduvesdn Proximal Droplet LLamdﬁqmmﬁmﬂﬂmumiL%%@Lﬁuimaqaq%w%aq%ﬁLﬁ]?zglﬁuimﬁuﬁ
NaUn® awLﬁmmﬂmié’uﬁaﬁ’vmLWﬁuiuigé’UﬁqdLLagﬁz&JznmmuLﬁulﬂ LLamﬂﬁLﬁu’jwmmﬂmﬂﬂammaq%dauﬁLfl‘u
wamﬁwﬁamgﬂﬂé’ﬁaaq%LﬁuﬁumwuizﬁsLaaﬂumiQuﬁﬂL%@%ﬁawasﬁauﬁqmmLﬂ%&mmaqmaéaq% (Borges et al,,
2017) Imaﬁmu"?%ﬁ'LLamiﬁLﬁudwmﬂ%’mLWSquﬂawuL%MSiTUQQM%aL‘ﬁuﬁzasL’Jmmuawa'waLﬁeﬁiaqmﬂwwmadaq%
W i usTIN1TNeYeseqIuaranANALYTAIUeY DNA (Mocé et al, 2010) nstaTuainduenaiinanonisiin
Proximal Droplet F3p1aiiadostunisiasunlasedasaiisogiilloldsunmdu snldaumdulunudutugs
wazilunaiuy fuuiliufisvdsadedenuauysoivedlasiaiiedd iwunsifiuduves Proximal Droplets 39
Fuusfusmsnisufausiianas (Schulze et al, 2021) 1nmsifusnuuind eidunaiuiuuansliiiuiinig
LU?BuLLﬂadmf-\]"l,ailﬁl,ﬁmnﬂmmL%'uﬁi’fusummL‘V\Iﬁmﬁma&hqLﬁmLLGiS?TuagJ'ﬁusxasLaaWﬂﬁéjuﬁ;'lL%aﬁaa LﬁaL%aéaq%
Fuiatuadulussezianiuu ?fwmammd’]mL'V\Iﬁuawﬁwmﬂumﬁﬂ'33ﬁumwmﬁauﬁmaaaqﬁmwzL’Jm
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NAUNAUB9 (Aitken and Clarkson, 1987)

Table 1

concentration levels and warming boar semen at 37°C to 5, 15 and 30 minutes on storage for 3 days

Percentage of total motility, progressive motility, and abnormal sperm of different caffeine

Concentration Time of incubated 37 °C (mins) SEM P-value
of caffeine 5 15 30 Treatment Time Interaction
Progressive (%)
Control 50.40+4.47°°  46.93+3.59°  49.23+523°*  0.77 0.055 0.031 0.011
10 pg/mL 50.32+7.80% 54.03+4.78%* 46.74+4.36™  1.06
100 pg/mL 50.8245.83**  54.48+2.13*  49.97+525%  0.93
Motile (%)
Control 75.83+16.31°  69.97+20.99" 759241357  2.83 0.873 0.035 0.497
10 pg/mL 79.92+11.02° 71.84+18.61Y 67.08+19.25  2.85
100 pg/mL 83.78+6.45°  73.21+18.79" 67.98+18.83  2.79
Bent Tail (%)
Control 10.31+4.20 7.75+3.19 7.93+3.92 0.65 0.966 0.545 0.381
10 pg/mL 8.12+4.23 8.47+1.87 8.79+3.95 0.57
100 pg/mL 8.63+3.86 9.27+2.24 7.56+3.84 0.56
Coiled Tail (%)
Control 1.26+0.82 0.98+0.78 1.09+1.21 0.16 0.439 0.553 0.617
10 pg/mL 1.07+0.85 1.46+1.06 1.32+1.34 0.18
100 pg/mL 1.03+0.70 1.69+1.11 1.58+1.42 0.19
DMR (%)
Control 0.32+0.23 0.49+0.26" 0.41+0.29" 0.05 0.353 0.012 0.869
10 pg/mL 0.36+0.24” 0.75+0.71" 0.47+0.45" 0.09
100 pg/mL 0.35+.026" 0.70+0.66" 0.57+0.42" 0.08
Distal Droplet (%)
Control 5.56+3.52 5.51+3.36 5.04+3.49 0.56 0.385 0.675 0.917
10 pg/mL 6.22+4.08 6.81+3.90 6.04+3.76 0.64
100 pg/mL 5.47+3.21 7.00+3.10 6.60+2.70 0.5
Proximal Droplet (%)
Control 4.65+1.77°°  4.18+1.29%  4.11+1.12°*  0.23 0.002 0.019 0.019
10 pg/mL 4.18+1.15®Y  525+1.48°*  513x1.32%*  0.23
100 pg/mL 4.26+0.92%  633+1.81*  582+1.14%  0.26

DMR: Distal Midpiece Reflex.
SEM: standard error of the mean.
** Means within a column with superscripts indicate significant differences (p < 0.05).

*# Means within a row with superscripts indicate significant differences (p < 0.05).

271 Table 2 laiwudnEwasmvosssdumuduiuresanBusasssozalunisguindededaamaninig
\wAoudt (P>0.05) LwiWU’i’riwznaﬂuﬂﬁEjuﬁwL?juaaiwaﬁiam STR, LIN, BCF uag WOB (P<0.05) szegiianlunisgu
Yudfodt 15 uay 30 uni flen STR way BCF qmdwwsnaﬂumsaﬁ'uﬁwLG’?}U@V{ 5 W1l m‘iﬁju‘f%%aﬁ 15 W9l dananonl
LIN qnﬂ’i%ﬁal,ﬁﬁmﬁmwmmé“'u LLazmiéjuﬁ;u%aﬁ 30 wiidenasiod1 WOB wnnidlewSeuifisuiussesinandu
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(P<0.05; Table 3) 5zAUAIUTNTUVDIANND UAINARBDAT Proximal droplet, ALH Wag BCF (P<0.05) 21nn15Ld34
A uAsEAUANILTNTY 100 pg/mL fiA1 Proximal droplet wag ALH ganinngudu wagnisiasuanindudiszsu o
ug/mL fAn BCF gandnguiliinisiaiunmdudl 10 waz 100 pg/ml (P<0.05; Table 4) Fsapnndosiunuifoves
Henning et al. (2020) ﬁmsnwasuaaﬂ’ﬁm%mml,w%uaﬂumiazmsnfwL%uaqﬂwé’qmﬁLLsu'LLsﬁqwudmma‘%umLW%W’QEJL'W;J
A1 ALH maqaqﬁué’amiazmsﬁqLLﬂmﬁmnnm%ﬂmﬁgqLLazﬁﬂisﬁm%mwmrﬁz’Tu FamunFuiinuandilunisnsedu
msiuveseulwinealWlaieanelsa (PDE) dwnaliseAu cAMP msflumaéaq&ﬁwﬁu LAENTEAUNITYINUYEY
TUsAuletua A (PKA) 6’2’}&L?{aﬁmﬁ’vmiﬂﬁséjumiLﬂﬁauﬁmadaq% (Henkel and Schill, 2003) A1 BCF ﬁLLamﬂuﬂfjmad
nsladuaiduanasoraidunamnanmsnsefuinniiuluanamdy ufihnlduesdionszdunsedeulmustedd
AT NSERY CAMP uiinsiasulusedugaiuluenasuniuaugavesnalnnismuqunisiadeudl silAnnns
wasulmiiliuszaudu waze1ainnig Oxidative Stress G'ﬁdmna’%umnguiusxﬁuqama}ﬂisﬁumilﬁm reactive
oxygen species (ROS) %dﬁﬂﬁlﬁmmwmﬁﬂmmaL?JaﬁmLsuaéLLasIﬂida%ﬁnmsﬂu dawasoUsyansnmuasnisiadeuln
93943 TIufan"5anaswear1 BCF (Aitken and Clarkson, 1987) Tagan BCF singnldsaudumisifitaesdu 1wy ALH
(Amplitude of Lateral Head Displacement) Lﬁa%mﬁwzﬁmwawwmmaqﬁiumim?{auﬁLLazﬂ{jau% (Funahashi
and Nagai 2001b)

Table 2 The kinematic parameters sperm of different caffeine concentration levels and warming boar semen
at 37°C to 5, 15 and 30 minutes on storage for 3 days

Concentration Time of incubated 37 °C (mins) SEM P-value
of caffeine 5 15 30 Treatment Time Interaction

DAP (um)
Control 32.05+4.08 32.86+5.48 35.30+5.19 0.82 0.552 0.586 0.346
10 pg/mL 34.20+3.09 31.24+5.89 31.29+3.42 0.74
100 pg/mL 34.26+5.98 32.79+7.66 33.17+4.75 1.02
DSL (um)
Control 23.83+2.617 23.63+4.58” 25.48+2.60" 0.42 0.146 0.046 0.312
10 pg/mL 24.30+1.89" 23.69+2.43 24.11+2.23" 0.36
100 pg/mL 24.31+3.35” 25.02+2.48” 27.00+1.99% 0.60
DCL (um)
Control 62.89+9.28 62.89+11.00 68.14+10.28 1.71 0.669 0.26 0.492
10 pg/mL 68.31+6.92 60.16+12.89 61.70+9.55 1.74
100 pg/mL 62.13+15.12 58.95+18.50 65.14+11.23 2.50
VAP (um/sec)
Control 72.38+13.03 70.59+12.84 70.01+14.80 2.21 0.489 0.827 0.935
10 pg/mL 72.15+14.57 77.30+14.17 75.23+17.39 2.53
100 pg/mL 72.41+13.65 75.37+15.77 74.44+13.89 2.35
VSL (um/sec)
Control 55.75+7.20 55.18+6.13 57.18+9.95 1.29 0.685 0.139 0.637
10 pg/mL 53.64+10.15 60.82+8.11 58.81+£8.91 1.56
100 pg/mL 54.54+7.84 58.30+9.97 58.30+6.46 1.36
VCL (um/sec)
Control 138.46+29.82 132.89+28.55 134.35+29.98 4.78 0.448 0.904 0.964
10 pg/mL 140.97+£28.79 145.07+33.60 147.81+43.31 5.81
100 pg/mL 138.01+£31.25 143.27+32.08 145.48+3294 522

STR (%)
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Concentration Time of incubated 37 °C (mins) SEM P-value
of caffeine 5 15 30 Treatment Time Interaction

Control 77.64+530  79.31+6.90°  79.49+7.78°  1.10 0.555 0.026 0.848
10 pyg/mL 74524237 79.30+5.85°  79.53+7.60°  1.00

100 pg/mL 74964450  T7.48+5.02°  79.38+7.42°  0.99

LIN (%)

Control 41974452  4378x531°  42.80+4.69"  0.80 0.692 0.031 0.845
10 pg/mL 39.40+2.78 44124561  42.58+6.54°  0.91

100 pg/mL 40.29+3.88°  42.85+4.25°  42.70+5.67°  0.78

ALH (um)

Control 7.20+1.06° 6.80+1.16° 6.66+1.27° 0.19 0.014 0.222 0.853
10 pg/mL 8.02+0.34° 7.60+1.03° 7.41+1.72° 0.20

100 pg/mL 7.37:0.67°  7.61+0.89"°  7.13x1.41°° 017

BCF (Hz)

Control 32724255 3370+2.91%  33.66+2.70°* 0.45 0.007 0.000 0.817
10 pg/mL 29.72+2.70% 32524353 32.77+£3.70°  0.58

100 pg/mL 30.67+2.04%  3334+2.69°°* 3505+2.38*  0.46

WOB (%)

Control 53.60+2.42Y  54.46+2.49°  5337+1.22"  0.35 0.797 0.019 0.892
10 pg/mL 52.43+2.00°  54.87+3.02°  52.87+3.43  0.50

100 pg/mL 53.14+2.14Y  54.55+3.63°  53.07+2.19Y  0.48

SEM, standard error of the mean. VCL: Curvilinear Velocity; VSL: Straight-Line Velocity; VAP: Average Path
Velocity; LIN: Linearity = VSL/VCL; STR: Straightness = VSL/VAP; WOB: Wobble = VAP/VCL; ALH: Amplitude of

Lateral Head Displacement; BCF: Beat Cross Frequency

¥ Means within a row with superscripts indicate significant differences (p < 0.05).

*# Means within a column with superscripts indicate significant differences (p < 0.05).

Table 3 Effect of different warming boar semen at 37°C on storage for 3 days

Time of incubated 37 °C (mins)

Items SEM P-value
5 15 30
Motile & abnormal
Progressive (%) 50.51% 51.81° 48.64° 0.92 0.031
Motile (%) 79.83° 71.67° 70.32° 2.9 0.035
DMR (%) 0.34° 0.64° 0.48% 0.08 0.012
Proximal Droplet (%) 4.36° 5.25° 5.01° 0.26 0.190
Kinematic parameter
STR (%) 75.71° 78.69° 79.46° 1.14 0.260
LIN (%) 40.55° 43.58° 42.69%° 0.89 0.310
BCF (Hz) 31.03° 33.18° 33.82° 0.84 0.000
WOB (%) 53.05° 53.10° 54.62° 0.51 0.019

SEM, standard error of the mean. STR: Straightness = VSL/VAP; WOB: Wobble = VAP/VCL; ALH: Amplitude of Lateral Head

Displacement; BCF: Beat Cross Frequency

a-c Means within a row with superscripts indicate significant differences (p < 0.05).



8 MIANTNYATNITIDUNG 2569 : 44 (1) : e0266618

Table 4 Effect of different caffeine concentration levels on storage for 3 days

Concentration caffein (ug/mL)

[tems SEM P-value
0 10 100
Abnormal sperms
. b b ) 0.33 0.002
Proximal Droplet (%) 4.31 4.85 5.46
Kinematic parameter
ALH (um) 6.88" 7.36 7.67° 0.22 0.140
BCF (H2) 33.82° 32.55% 31.66" 0.62 0.007

SEM, standard error of the mean. ALH: Amplitude of Lateral Head Displacement; BCF: Beat Cross Frequency

a-c Means within a row with superscripts indicate significant differences (p < 0.05).
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