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Effect of organic and inorganic selenium sources on sperm quality and sperm lipid composition of

boar

SELENIUM YEAST/INOGANIC SELENIUM/BOAR/SPERM/BLOOD

In this study, two experiments were conducted to produce selenium enriched yeast (Se-yeast) and
to investigate sperm quality of boars fed with diets supplemented with Se-yeast, yeast, and Na,SeO,, and
of those fed with commercial feed.

In the first experiment, 14 yeast strains from fermentation process for Se-yeast production were
screened. The Saccharomyces bayanus showed the highest selenium accumulation at 6.36 pg/mL and 2.51
pg/mg dry cell weights within 48 h by optimal Na,SeO, addition at 10 mg/L. The Se-yeast was
accumulated gradually with increasing DCW (6.43 ug/mg DCW), and the highest selenium level was
achieved at 6.91 ug/mL in a 5 L fermentor for 48 h at 20 mg/L of Na,SeO,.

The second experiment was performed to evaluate the short-term effect of yeast, Na,SeO, and Se-
yeast on boar’s sperm quality. A total of 24 boars were randomly assigned to eight treatment groups. The
boars of diet 1 and diet 2, set as controls, were fed with a commercial diet and a commercial feed
supplemented with 0.60 mg yeast’kg of diet, respectively. Diets 3, 4 and 5 contained the following
supplements, 0.15, 0.45 and 0.60 mg Na,SeO,/kg of diet, respectively. Diets 6, 7 and 8 contained 0.15,
0.45 and 0.60 mg Se-yeast’kg of diet, respectively. Data on semen characteristics including sperm
abnormalities, sperm viabilities, sperm motilities, volume, concentration and total sperm were
collected and analyzed.

The result showed that the supplementation of Se-yeast and Na,SeO, in boar diets was able to
increase and maintain sperm motility and volume, which were higher than those of commercial feed
(P>0.05). Moreover, the sperm abnormalities of boar were decreased whereas sperm viabilities, sperm
concentration and total number of sperms were not significantly different (P>0.05) in all treatments.

Finally, the supplementation of Na,SeO, and Se-yeast in boar diets did not affect hematological

and biochemical values in boar’s blood.
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Table 3.1 Operating condition for total Se determination using I[CP-MS

Parameter ICP-MS conditions
Reflected power 1550 W
Sampling depth 8 mm
Carrier gas (Argon) 0.85 L/min
Makeup gas (Argon) 0.34 L/min
Nebulizer pump 0.08 1ps

Temperature 2°C
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5 A o a ¥ 7 o 5 A Ax Yy o R o A
UuFerziinisia 1 assaeddant iniudensa launihmsasquawiideasd
1. Y5u105 (volume)
2. @ (color)
Id I 1
3. anubunsaduaig (pH)
4. aginwnaou 1 1dW3aliFan (motility)
v 9 5 A .
5. ANUUUUUVDIUNUED (concentration)
6. ANNHAYNAYDIAIBYD (abnormality)
R %] A
7. G]’JL“JJHLL@WI’JWEJGUENEJQI% (live-death sperm)
Y 9
8. QM1nNVYDIU Y0 (temperature)
g; 2‘/ ] ~ o ?zl/ & ?z}./ Y A i A g
WurevesegniNvatesnuInsnileiuazlsznoulUdae 3 Ae druiiu
< . v oA 3 . VoA 3 \ .
1AT1A (gelatinous) mumﬂuuﬂm (pre-sperm fraction) LL@%E‘T’JHW?JUUWTJGQH (sperm-rich
. < 1 A a v < £ Y 9
fraction) TagaziNumMIzd MM UFVMIYUAINVoUdATIAFIDDNNINDULTNTADL TFH1U1)
I J A A A ~ Z}; o 9; dy A Yy
vnnseseenuzuduniuuaiGodzdunmnn (figassa, 2542) anduiiningen laun
9 9 [l
ANAIBNTLUONAINVUIA 500 Hadans NMN1TATIVTOUE (color) VBIUUFDHIDLUUIITEAY

[

a A1 & 0w & & ¥y A o & <
AzuuuFUeIi sy 4 szau dvsuanuiunsaluarslaasesianrnunidunsailu

a

1 @ A @ Asaa < A @ a
AN mimaau"lmmmmammu%m mmmmu,iﬂumsmaau"lmmmmaqﬂ (sperm

' < o Y H K !
motility) vzgnuiiveentdu 5 szavuveIn1TiAdoUN 911U 191A509 SpermaCue photometer
9
U3 50 minitub Yszmenensaiuiing19ian 11 uduved10g9 (sperm concentration) MINTHUIN
M38ouA10GIR07T eosin-nigrosin staining d1M5VNITATIINNNAAYNAVRIFUT19A 08T 1Ay
o o AdAaa X a a % Aa X a o . U . . I ddy
G]5:1i]i]m:1um3aqﬂmmmﬂmﬂmmzmaqwmﬂmmmmwEN eosin 13U nigrosin wWuanu

)
Uy
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J

2.10 My zvaail ludoagnsvowus

ﬁmmmzﬁ’m&imﬁaﬂqﬂiﬁ 0 uag 28 MU finmﬂa‘ﬁgﬁ}mﬁa@ﬁLﬁummfluwaaﬂﬁﬁ
EDTA iiotlosiunisuisdrveudoanas 19 HMX Hematology Analyzer (Coulter, Canada) 114013
A5 wﬁm Red blood cells (RBC), hemoglobin, hematocrit, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), white blood
cell (WBC), lymphocyte, monocyte, eosinophil 1812 basophil mﬂfliugl"l%'} Automatic clinical chemistry
analyzer (Biosystems A15, Canada) Lﬁ@%!ﬂﬁ%ﬁﬂ? cholesterol, triglyceride, high density lipoprotein
(HDL), low density lipoprotein (LDL), total protein, albumin, total bilirubin, direct bililubin, aspartate

aminotransferase (SGOT), alanine aminotransferase (SGPT), blood urea nitrogen (BUN) Hag

creatinine

2.11 MIAATILHAINNEDA

1 1 1 a r'd
ANUUANANTZHINNGUNITNAADINATIZHHIAINNUTU59U (Analysis of variances,
a 1 1 1 1 { 1 1 9 a
ANOVA) Tag21n512118190ANA1THI A NN ae TuLAazNguA21895 Duncan’s new

multiple rang test AMUFONU 95% TasT15iATH SPSS MO Y 13
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Nﬂﬂ1§‘ﬂﬂﬂi’]ﬁ!!ﬁ$§iﬂiiﬁwﬁﬂ1§‘ﬂﬂﬁi’)\1

5.1 Angditazanuralnaveseqi Iaen13doudaoginae3% eosin-nigrosin staining

Q
9 9 v
(Z [ v

] d'd = Y A o A J = 9 i é’
NOFNTUNAINY ﬂymzﬂwuaﬂmmz‘lwﬂimmmmﬂanm LLG]TJN“VINT;T?JL!Q’JU],MG]WVNH

A A

A =Y ~ a 1 3 o a 9 a a 9 1
919N NNMegINAalnAeditluduIun Taslndudraznuanuialnalssuaiosas

9 o 9; { 2 2 & 2 4 4 g
20 dwmFuinyeaannuAalnavesdaegd o1aiipailoannnauseunien B 01113130

(%

[} 4 é =1 1 Y @ =y Qd’a a ]
A ldauaaveseed luu d99z ldlinansznuaevuiumsadedloegd aroginaalnass lai

[
=

A 4 ' o o . . v ¥ v A Yoy /2 o o
mmmmaaummum‘lﬂmqu1 (progressive motility) aaiurmniuden latilessuavedn

Ada a o 9 S < 4 % A 4 1 9 9
aganAnlnage s ldnlesidudvesmogimaaeu Ivanuuwe l)dremihanas

Y v
Eeardem 1182 Fuquay (1980) 110911 131 degiaziinnuenniaiua lasmasssunal 60-
v o 3’; I U U = k)
70 Tuasou armriielszana 8-10 luaseu wentiuaztluaiume arusiilianunialszun
@ A a [ o I 1 I
4 lunsounaznun 1 Tuasou deginindvzlsznov lUdredrurimazdiunntiseoniu 3
' A A . = N = . Y A
U ADAIUNANY (midpiece) INUWDY (mainpiece) LALLBUNY (endpiece) aaaaaluninim 5.1

1 @ Y a = = U a = @
moludiiilsznou lMetiundeauazes Ins oy FazaTouAgudIUULYOILUATIAVDIAD

v
1 =

9 ] v
ogd luoz Iaslauihidesdetuiludmsudead fag 1oz 1 ludulenin iwagda vesla
1&1uszrnalfaus dmnes Ias lsuiigditedalnagniatensegamellildaeqs la
aunsnlfausla

ANV NITINNTATNS (midpiece) ILRAMUHUIMINANTIUHNUTNINDU FI92817

A A

[ A [ v
Uz 8-10 lunseu Rdruiladivazillulanowesvod luTanouaioeziihdosdavzilasn

[

v ) v [ [l
aangn Taauazarsoun Ituasnuie lddegiaunsoi 1U 1418 drumuiies (endpiece) &9

=} ! Y A ~ [
azemszuna 40-50 Tuasounazieuiis 81115z 3 luaseu vaaIumene Uy aIuN19
?zlz =\ = a P 9 ~ a @ [ o = o a
nanuaszinendeailanuuy Faneasanmuinaanuaiuiiuaudalaenavesdiegd
mamanaou lvarh lddegineludemild

@ AdAa a [] Aa a I []
MeganAalnaansautsauAadndlaiilu 3 edene

U v Aa

a [] @ 1a Aa o ra Aa o 3 a a
1. @UINAUNA (abnormal heads) U lvgiHalnd arlnaralna Wudnialng
Waurauuazi 2 %9

2. @IUNHAUNA (abnormal tails) HI9¥N ¥1990LALH 2 1119

9
=2 1 (2

Y v 9 [
3. UneaINdIUN (cytoplasmic droplets) HEAUIMNAVUDUAIUNNVYDIAIDFIIY
a g 1 9 (% a 9; cil @ A o a A (3 =
avulusenIemsadediegd veatitazgnaaaesniodlaganasuaINIegn

a T3 9; dy 9 o . . Y ' 9; dy ] o
Usnunon Ui uFod19gnomme (epididymis) S1vnimeaiiril bignaaaesn liain

U

' U ] v
@ a A = ada

o an = 9; I @ A a 9
N G]’J@Z‘;fi]‘ﬂﬂﬂﬂﬁ\‘lﬂﬂﬂllﬁ]33J’HEJ@]L!W]@]Wﬁlﬂﬂ?ﬁ%ﬁlﬂﬂﬁlﬂﬁﬂﬂﬂﬂﬂﬂmlagiﬂ

u q
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' v '
ada [} v o 2

yo j’ A o Y d o Jo A o A~
UUFDUAIDFINUHIAUIDYUINISN °lwmmawgfuwuﬁmm HBIINAIDFINY

] ] a
Y 9

Y [
vomiegndiung liawsoldlugim (pyruvate) 14 nandrldegluszuuy

o

o a 1 1 M <
duiugveunsiiorziizinog lduaszunm 4 Felusnegate (Egassn, 2542)

Q

(3

A a aa a U @ @ A g 1 a a ' a A
gﬂﬂ 5.1 9gIgns eLLOIING (a) ﬁ’)uﬂﬁ‘llﬂﬂ@]ﬁﬂq%mﬂﬂ’ﬂﬂﬂﬁ (b) UTNIUFTIUNANFUDINIY

Q

9 v
9 N1AI9Y (c) MDA UTNUAIUNUNFURIN NI THBA19Y ()

an A

a d a c (Y a
5.2 waveadarHeNl uUBLUBHUNIE (Na,0,Se) 11azdUN3Y (Se-yeast) ADNUNNAIDGD

ANuAalnAvaIiIegd

9 1

< I 4 a a % a A v AN Yo a
osiudnuralnavesdioqd naaslugl 5.2 eginldvninvenugnlasuniseSy

[

a J a A J an A a A J = a a A A
gae aUUNTY (Na203Se) LA FUUINDUNTY (Se-yeast) llﬂ’J’]iJNﬂﬂﬂﬁaﬂaﬂmﬂllﬁ'EﬂJmfﬂJﬂiJf]’ﬂi

a o 1

] o o M Yo a ~ A o a = [ a
Worugn lilasumsidiunez lugeso1nsh 7 1007 m51a5u Se-yeast N52AY 0.45 HadnTua
a ) 1 [ o a @ o o < < 4
A1anTUUBIDIMITNUIHAIIINTINMSIETUATY 7, 14, 21 uag 28 Juarua1nt 1esiduaniiy
a a %] A [] A v o w aa d' = @ < < 4 a a
HalnavesdlogianasnnegniisdinynadailonssumesununlesiFudanuialndves
A ] v o a < 1 a
pgIv0IgNINONUENoUMIIEs N 9nmInaaoanaas 1iiuIINI5165 1 Na,0,Se 1102 Se-yeast
[ v I o Y S < 4 a a [ a ] Y4
asluemsgnsweriugunari IinlesidudnnuialnavesdrogivesgnsNeufanaanan1s
9 v
NAADIN APANADINUHANITNAADIVDY Marin-Guzman (1997) NWUINMILEI UFARIONETIWITOAA

anuAalnAvesegdgnineiug 1d
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9
v @ a a 1

AOTUIETN Na,0,Se 1Y Se-yeast AM1T0AAAINAAYNAVDIDIGNTWOWUT ItipIIn

Q Q

A A < A Ao & Y o @ a A A 9
Fadlouiudansuiulunszurunsadreuaziauvesdiogd Taogamionszsamanldlu

]
ISR

?1‘./ v 3 U 4 a
TsaululuInaewssoa dnnsduiludiutsznovvesngarinlounlosoondiad (GPx) 570
Y
Yoeriunms Taushareues cell membrane 1Nz 0100900 NF1aULAZEUGIN5AA lipid peroxide

(Hansen and Deguchi, 1996)

5.3 anandansslumsnaoulnive siaegd (Sperm motility)

~ v A A A a ~ J A A a ~ J
mﬂgﬂw 53 NUMMTATUFAUIUDUUNTY (Na,O,Se) HagyatleuaUNTY (Se-yeast) Tu

(2

Vo oA B A 2 @ o s A A A &
@'l'Vf'litjﬂiW@W‘l!‘ljiJlLu']Iuiﬂl@ﬂﬂ’lilW 3J6U‘Lllla%ﬂ'lifiﬂ‘l&l'ﬁgﬂﬂlﬂ@ﬂ“}fnﬂ'ﬁlﬂa@u‘]/]GUEJ\W]'J’E—JZ‘IQ BN

1 o

APANADINY Marin-Guzman et al. (2000b) 13518911 1391151655 (Na,0,8e) luomisgnsvonu

Q

2. oHAq

A A A @ ay Yy o oA A A = o Y A A @ a
mmim‘wnmimaaummmaqﬂﬂ WE]W‘L!‘I;TIGUWICHQL‘HEJiJi]giJNaT]ﬂWﬂﬁlﬂﬁ@ﬂ%ﬂl@\i@]’)@’(,ji]]l

¢ A o @ aa a dy A A v o Y A J ]
E‘Tlllluim !,‘L!EJ\WTﬂﬂ'liWGJJHHIEJ\‘IWNG]’JE]Qﬁ]Nﬂﬂﬂ@] u@ﬂiﬂﬂuﬂﬁﬂﬂﬂ“]ﬂamﬂﬂﬂiﬂ11’ﬂ€)’dﬂll§ﬂi'lxﬂll

Q

LS 9 Aa a A a A a a o 1 :) Z}z dy d' A A o
anysaidawaldlszansnmlunmsindouiined Jausnulud netiiieswnnaddiionsz i

{ g s < 7 o a : o
winiluesalsznovveudu lai ngarlnleunleseondiadg (GPx) alinmintlesiuns

a aaa a o . . U @ a A Aaaa J J < J
alizeeendiaduly mid piece VoOIdIUNIWOIAIDET MaraTudFATouzdana T D1 T

' ' 9
= S A =

s a A 2 o A .
ﬂgm"lﬂamﬂaiaaﬂcﬁma (GPx) WWUFIVUMIUTEAVVDIFALUIN NN UUY (Marin-Guzman and

] v
a v

o Y 9y . J o A A 1a @ A 1
Mahan, 1989a) ttazii ¥ a1 1A598319 mid piece ﬂlmmaqmwn"lwullm UAIT1YY1INVS B

Y o a ' N ! o ] o ~ d P '
Idnvesdregiianudangulumsnaouniilinisvesdrogindaunssluiiosnn GPx

Q

a aann a O A @ a2 Y g o Y o a
AnsnaamsnalnseeenFedundiunisvesatogiala uwaiildaregiamisaly
a a o 1 9 g o Y o a o 1 49{ .
Ufausnulaldnniuwhldoasinsnaudanaz $1uiugnaonson gl (Marin-Guzman et al.,

1997; Brown and Burk (1973)

5.4 YSnnsvearine
~ v A A A a ~ J A A a ~ J

mﬂgﬂw 54 WUNMIATUFAUIUDUUNTY (Na,O,Se) HagyalleuaUNT Y (Se-yeast) Tu

] v A 9 A 49{ o o a 9; dsl ] o & =R
EJTH15?1ﬂiWE]WU‘§3JLLH’JTH3JﬂJENﬂﬁ!,WMﬂJuLmZiﬂB1i$ﬂ‘lJﬂi3J1mu1l"lf’f]6ll’é)\1Qﬂ§W€)Wu‘lj 9
A0AAADINVIUITBVDI Marin-Guzman et al. (2009) NT18UNMTIATUFARToNAWTN VAN
[Wuvuvestaiionlu postate gland, seminal vesicle 48& bulbourethral gland (Marin-Guzman et al.,

A . LA ygAd o a ¥ Az
1997, segerson et al., 1981) 91NN1TN seminal vesicle wummmﬂumiwa@mmaw;;ﬂimmwmﬂu

P1M13VDIAIDED d2U postate gland N lun1swAAE1T91M130U) 1Az bulbourethral gland %1

YA oa g A A 4 o mqy A dyyg X o 9 A
Winnnaauesglumsindouivesddegd ldindeun lazun Juneasedudw 310 5.5

Q

AAAa 4 a

a i v J (% o [ a 4
LAAINISUTINVDIAIDFIVOIgNIWOWUT nasaniinsasuld 21 Tu ddlevetiunid

AAA (%

A A a A J T ' J 3 J a ' a A I
(Na,0,Se) FaIUgNOUNTY (Se-yeast) "lamNamLﬂaimuﬁmmmmmmaqﬂ UANTLATUITAN

A o v

52A1 0.60 Haaniuasn lansueisnauling laamslizinuesdiegiasediivedaynedna

5]
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T I 9y 9 @ a A o o a ?1‘1 A
(P<0.05) atm"liﬂss]mmmmumummmaqi}uaﬂﬂug1I‘v1 5.6 wazduIUAegINIruauaaly

Q

]
=

Y
[} 1 1 [} ana I~} ] a
1 5.7 naulifinnuuanaeiuluneada andeyaiinaadliiviuiinisasy Na,0,Se naz Se-
[ 1 o a o Y a i ] @ P @
yeast Lifinanas anuuduveiogitaziuIuA 108N LAY IgNIHOWUEFIdDANRDIN D

HAN1INADDIVDY Marin-Guzman et al. (1997)

A ¢ a Sq o
319N 5.1 oaadszneumuniluemisgnsnldluniinaase (%)

r'd ~
29A15zNBUNIUAL 91¥135

1 2 3 4 5 6 7 8

G]Ql,!,ﬁjﬂ 92.43 |1 92.49 | 92.65 | 92.94 | 92.47 | 92.70 | 92.44 | 92.60

+0.19 | £0.19 | £0.03 | £0.26 | £0.11 | £0.35 | £0.19 | +£0.15

Tals@u 1741 | 17.04 | 16.85 | 17.70 | 17.52 | 17.45 | 17.53 | 17.50

+0.10 | £0.53 | £0.51 | £0.09 | £0.10 | £0.46 | £0.08 | +£0.06

Taiu 438+ | 4.40+ | 4.45+ | 4.60+ | 439+ | 4.41+ | 4.55+ | 4.60+
0.16 | 020 | 0.16 | 0.03 | 0.16 | 020 | 0.07 | 0.02

Twes 5.88+ | 6.34+ | 6.42+ | 6.16+ | 5.86+ | 6.74+ | 6.29+ | 6.55+
037 | 0.68 | 0.16 | 0.15 | 0.30 | 0.15 | 0.12 | 0.04

1 0.07+ | 0.07+ | 0.08+ | 0.08+ | 0.07+ | 0.07+ | 0.08+ | 0.07+
0.00 | 0.01 | 0.00 | 0.01 | 0.00 | 0.01 | 0.01 | 0.00
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Abnormal sperm
=

Abnormal sperm (%)

Abnormal sperm (%)
o0

SN BN
1

-7 1 7 14 21 28

Day

517 5.2 HAYDINTIATY Se-yeast, Na,0,Se 118 yeast a3 1U01MIINIINMIAIADANUHALUNAVDIA?
= ] v 4 4
DYIVOIYNINONUT a) yeast 18 commercial, b) inorganic Se, ¢) Se-yeast ﬁj@]i@WWﬁ“ﬁ 1(®)
Iom1smansn, gasemsn 2 () e 1m1snansanasudae yeast (0.60 mg/kg Vo9
Y < Y A a g
PIMITNNNITA), §ATDINIT 3,4, 5 Lﬂuqmmmimqmiﬂmmiumﬂ Na,0,Se 0.15 (A),
0.45 (), 0.60 (O) mg/kg YBIDIMITNNMIAININEIAL qmmmiﬁ 6,710 8 Usznev'li

femsasuy Se-yeast 0.15 (A), 0.45 (W), 0.60 (®) mg/kg YDIDIMITNNMTMNUEIAL
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50 ~
40 -
30 A
20 -
10 -

Motility of Sperm (%)

O

=

1
\]
—
\]

14 21 28

100 A

0
[
1

[\ - [oN)
o [ (=]
1 1 1

Motility of Sperm (%)

100 A

[\ - [oN) [ele]
o [ (=] [
1 1 1 1

Motility of Sperm (%)

[
|

— T I T YW W WY 1|\ L

-7 1 7 Day 14 21 28

319 5.3 waveIN151a3 N Se-yeast, Na,0,Se Ha yeast 8911011130195 Maomsnaeui laves
ﬁaaq%maaqmﬁaﬁuﬁ a) yeast Ib0¥ commercial, b) inorganic Se, ¢) Se-yeast ﬁj@]i@WWﬁ“ﬁ 1

) Y A Y Yy a9
(®) °lwmmivmmim, gaio111In 2 (&) ¥omIsn1eamsnnasuaieg yeast (0.60 mg/kg

I { a
ﬂlmmmimqmiﬁ'ﬂ, gAIDINIT 3,4, 5 nJuqmmmimqmiﬁ'ﬁﬁmﬁuﬁ’aﬂ Na,0,Se 0.15
(A), 045 (O), 0.60 (O) mg/kg YOIDIMITNNTMANINAIAY gmmmi‘ﬁ 6, 7 a8
5¢ND 1180131831 Se-yeast 0. , 0.45 (m), 0. m, YDIDIMITNIINITA
UsenevlUA18n151a5 0 Se-yeast 0.15 (A), 0.45 (W), 0.60 (®) mg/kg 157

AWAINL
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80

60

b)

Volume of Sperm (mL)

260

210

160

110

Volume of Sperm (mL)

Volume of Sperm (mL)
&
(e}

P 5 —h
-7 1 7 14 21 28

¥y £ £ 1 1 1 1 1 1 1 X -

1 7 14 21 28
Day
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319 5.4 waveIn131a5 Y Se-yeast, Na,0,Se 48z yeast a31u01m1sn1ansmiaolsuinvesdiogd

] 4 . . . A F
VDIYNINONWUT a) yeast LiAa¥ commercial, b) inorganic Se, ¢) Se-yeast §ATDINITN 1 (®) %

61%15‘VlNﬂﬁ?9])1, qmmmiﬁ 2 () o msnansauasuaie yeast (0.60 mg/kg U

Y < Y A a 9
PIMITNNNITA), §ATDINIT 3,4, 5 Lﬂuqmmmimqmiﬂmmiumﬂ Na,0,Se 0.15 (A),

0.45 (), 0.60 (O) mg/kg YBIDIMITNNMIAININEIAL qmmmiﬁ 6,710 8 Usznev 'l

femsasuy Se-yeast 0.15 (A), 0.45 (W), 0.60 (®) mg/kg YDIDIMITNINMTMNVEIAL
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90 ~
85 A
80 -
75 A
70 -
65

Viability of sperm (%)

95 1
90 ~
85 A
80 -
75 A
70 A

Viability of sperm (%)

65 - -

95 1
90 -
85 A
80 -
75 A
70 A

Viability of sperm (%)

65 L —_ —

14 21 28

H a 9 a (% a
317 5.5 WaVeIN31ETY Se-yeast, Na,0,Se 1A yeast 4 1101113NNNIMADMIUBINVDIAIDGD

] 4 . . . A F
VDIYNINONWUT a) yeast LA¥ commercial, b) inorganic Se, ¢) Se-yeast §ATDINITN 1 (®) %
61%15‘1/]Nﬂﬁ?9])1, qmmmiﬁ 2 () o niansauasuaie yeast (0.60 mg/kg VD

Y < Y A a g
DIMITNNNITA), §ATDINIT 3,4, 5 Lﬂuqmmmimqmiﬂmmiumﬂ Na,0,Se 0.15 (A),
0.45 (), 0.60 (O) mg/kg YBIDIMITNNMIAININEIAL qmmmi‘ﬁ 6,710 8 Usznev 'l

femsasuy Se-yeast 0.15 (A), 0.45 (W), 0.60 (®) mg/kg YDIDIMITNINMTMNVEIAL
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700 -

600 -
500 7 ”\.

400 - ~*<
300 - M

200
100

Conc. of sperm

b) -7 1 7 14 21 28
700 |
600 -
500 -
400 -
300 -

200 -
100

Conc. of sperm

c) -7 1 7 14 21 28

700 -
600 -
500
400
300
200 -
100

Conc. of sperm

Day 14 21 28

{ a Y Yy 9 (J
iﬂﬁ 5.6 HOUDINITLETY Se-yeast, N3203Se LIae yeast aﬂiu@TWWi‘ﬂNﬂ'liﬂW]E)ﬂ’J'liJHJiJGUHGU’ENG]’J

= ] v L4 4
DYIVOIYNINONUT a) yeast 1 commercial, b) inorganic Se, ¢) Se-yeast ﬁ;TG]iEﬂWﬁ“ﬁ 1(®)
Iom1smanan, gasemsn 2 () ermisnansanaiudae yeast (0.60 mg/kg Vo9

Y < Y A a g
PIMITNNNITA), §ATDINIT 3,4, 5 Lﬂuqmmmimqmiﬂmmiumﬂ Na,0,Se 0.15 (A),

0.45 (), 0.60 (O) mg/kg YBIDIMITNNMIAININEIA L qmmmi‘ﬁ 6,710 8 Usznev'li

femsasu Se-yeast 0.15 (A), 0.45 (W), 0.60 (®) mg/kg YDIDIMITNNMTMNUEIAL
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a)

90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

Total sperm

90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000 +——— T

Total sperm

90,000 -
80,000 -
70,000 -
60,000 -
50,000 -
40,000 -
30,000 -
20,000 -
10,000 ~——— A iy V7 Med)

-7 1 7 14 21 28

Total sperm

Day

{ a Y 1 =Y Z}J
iﬂﬁ 5.7 WOUDINITLETY Se-yeast, Na203Se LIae yeast C‘NTM@TW15‘V]NﬂWiﬂW]f]“]Jiiﬂm‘VNﬁiJﬂsUfN

U

ﬁaaq%maaqmﬁaﬁ’uf a) yeast Ib0¥ commercial, b) inorganic Se, ¢) Se-yeast E;TG]‘JEJWWW?I 1
) Y A Y Yy a9
(®) GI,WEJTHW‘VINT‘H??H, gaTe111IN 2 (O) ¥omIsn1eamsanasuaeg yeast (0.60 mg/kg
ﬂlaqmmimqmiﬁ'w), gAIDINIT 3,4, 5 ﬁJuqmmmimqmaﬁ'ﬁnm’%uﬁ’aﬂ Na,0,Se 0.15
(A), 045 (O), 0.60 (O) mg/kg YOIDIMITNNTMANINAIAY gmmmiﬁ 6, 7 a8
Usznevlidr18n151a31 Se-yeast 0.15 (A), 0.45 (W), 0.60 (®) mg/kg VBIBDINITNIINITM
y g/Kg

AWAINL
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1 A A \ = A LK dd' Yo a
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81137 3,4, 6,7 1Az 8 A1 creatinine TUIADAGIDYIUAINIATFIU AIUUNITIATY yeast, Na,0,Se
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1Az Se-yeast 1UDMITEANIT0AA creatinine TiHoAVDIGNTHOWUT IA
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9UUNTE (Wikipedia, www. 2012) HAZDINNITNADOIATIUNUIINTLEATY yeast, Na,0,Se 11ag Se-
yeast TuoMIgnsHowLE luldunTonegnins1zA1ve9AIN19 1atindne (Hematology values)
= . ' = = A 1 v Jd o Yo a
AUNALADAVII (Leukocytic values) uazﬂmNGmmu“lumaﬂmmqﬂswawuwm%m”l@mmsmm

v Y U
aglusnasguvesgnindesna laeia i

J a a 1 o da o a .
Table 5.2 A4 lafiaInen (Hematology values) ﬂl@ﬂﬁjﬂiW@Wu‘ﬁ“ﬁllﬁjiUﬂﬁmﬁJ yeast, inorganic

Q

Se 11DY Se-yeast Tue1113 (mean + SD, n=3)

RBC Hemoglobin Hematocrit MCV MCH MCHC
Day 28 (10°uL) (g/dL) (%) (fL) (pg/cell) (g/dL)

1 7264022  14.00+1.00 40.0042.00  55.0342.20  19.23+1.07  34.90+0.52
2 6.7140.76  14.00+0.00 39.0040.00  57.85+6.86  20.6042.26  35.60+0.28
3 6.6141.31  13.33+1.53 37.6745.69  57.53+3.61  2037+1.40  35.37+0.47
4 6.3240.60  13.33+1.53 36.6743.79  57.57+1.67  20.70+0.52  36.00+0.26
5 5514132 11.5042.12 37.00£0.00  57.25+0.64  20.75+0.49  36.20+0.00
6 6.76+0.18  13.50+0.71 38.0040.00  55.95+0.92  20.25+0.35  36.20+0.42
7 6.5240.32  13.00+0.00 35.5040.71  54.85+1.63  19.80+1.13  36.15+0.35
8 6.14+0.78  13.33+1.53 37.3342.53  61.0743.76  21.90+121  35.80+1.06

AN Tafa eI §IUY099N 3 RBC (5.0-8.0), Hemoglobin (10.0-16.9), Hematocrit (35.6-2.10),

MCYV (54.0-73.0), MCH (18.8-25.5), MCHC (32.2-36.5)
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Table 5.3 AdA@BAYN (Leukocytic values) maaqﬂiwawuﬁﬁ"lﬁ%umimﬁu yeast inorganic Se

1A Se-yeast Tue1113 (mean + SD, n=3)

WBC Lymphocyte =~ Monocyte Eosinophil Basophil
Day 28 (103/uL) (%) (%) (%) (%)
1 14.95+0.07 52.33+16.65 5.00+3.00 7.67+5.86 1.67+2.89
2 15.354¢0.21 55.00+4.24 3.50+0.71 7.50+4.95 0.00+0.00
3 16.00+1.25 56.33+£10.41 5.00+2.65 6.67+2.52 0.67+0.58
4 14.13+0.67 57.00£9.17 5.00+1.00 4.67+£2.52 0.33+0.58
5 15.80+0.00 69.00+26.87 5.00+5.66 6.00+4.24 0.50+0.71
6 15.75+4.88 59.50+7.78 4.00+0.00 6.50+0.71 1.50+0.71
7 10.25+4.31 57.00+9.90 3.00+1.41 3.50+0.71 1.00+1.41
8 13.7543.45 57.6746.66 4.33+3.60 1.3340.58 0.67+0.58

Audiadonv1INGNNATFINUBIGNT; WBC (4.7-18.6), Lymphocyte (19.2-72.0), Monocyte (0.0-

8.0), Eosinophil (1.0-11.0), Basophil (0.0-2.0)
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1 ] o P 19 a
Table 5.4 AT uATl ludeavoIgnTNOWUEN 1A UMSIAT U yeast inorganic Se 11ag Se-yeast lu

91¥19 (mean £ SD, n=3).

Cholesterol Triglyceride HDL LDL
Day 28 (mg/dl) (mg/dl) (mg/dl) (mg/dl)
1 69.33+£16.56  38.33+17.04 27.00+7.02 35.00+7.55
2 63.00+24.04  34.504+21.92 41.00+0.00 23.50+10.61
3 67.00£13.23  21.3349.50 44.00+7.00 29.00+0.00
4 59.50+£10.79  18.3345.00 44.67+2.00 22.00+5.86
5 70.00£11.31  30.00+13.01 53.00+0.00 22.50+0.71
6 59.00+26.21  30.33+12.50 41.67£13.20  24.334£5.51
7 71.00£25.46  34.00+2.83 49.00+6.36 23.50+4.95
8 55.00+1.15 39.004+21.93 45.00+7.07 20.00+4.36

AT uadi Tudon11ns§1UY0IGNT Cholesterol (50.0-140.0), Triglyceride (14.0-70), HDL (39-

45), LDL (17-25).
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1 ] o oA [ a
Table 5.5 AN 19T uAll ludeaveIgnINoWUEN 1ATUMSIAT U yeast inorganic Se 11ag Se-yeast 1u

91¥19 (mean £ SD, n=3).

Total Total Direct
protein Albumin bililubin bililubin SGOT SGPT
Day 28 (g/dL) (g/dL) (mg/dl) (mg/dl) (U/L) (U/L)
1 8.53+0.68 3.23+0.57 1.03+0.32 0.37+0.12 33.00+1.41 50.50+16.26
2 7.55+0.64 3.50+0.14 0.70+0.99 0.10+0.14 51.00+32.53  71.50+31.82
3 8.37+0.38 3.37+0.64 0.57+0.31 0.10+0.00 32.00+£3.61 34.00+7.00
4 7.73+0.72 3.27+0.60 0.50+0.44 0.07+0.12 27.50+2.12 26.50+4.95
5 8.40+0.14 3.45+0.07 1.05+0.78 0.45+0.35 38.50+13.44 32.50+7.78
6 7.70+0.20 3.27+0.50 0.87+0.40 0.13+0.15 47.00£7.07 43.00+5.66
7 7.55+1.20 3.60+0.71 1.15+0.35 0.20+0.00 31.50+12.02  31.50+13.44
8 8.23+0.93 3.50+0.46 0.80+0.61 0.20+0.10 27.50+7.78 55.50+0.71

A unii ludenuiasguuesgns Total protein (6.7-13.8), Albumin (2.7-3.9), Total

bililubin (0.4-1.7), Direct bililubin (0.0-0.5), SGOT (15.0-135.0), SGPT (13-145)

U 1 o d.
Table 5.6 AN 9T UL TLIROAVOIGNT WO

®1¥19 (mean £ SD, n=3).

'~

N1g5umsiasy yeast inorganic Se Ili¥ Se-yeast Tu

BUN Creatinine
Day 28 (mg/dl) (mg/dl)

1 8.80+1.39 3.00+0.25
2 10.55+2.47 2.77+0.00
3 10.60+2.26 2.47+0.34
4 9.03+1.72 2.59+0.33
5 10.85+0.35 2.79+0.00
6 11.10£1.23 2.65+0.09
7 9.40+0.28 2.51+0.00
8 10.07+1.23 2.56+0.09

AmeduniilufonnsgIuvesgns BUN (8.0-24.0), creatinine (1.0-2.7)
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Suranaree University of Technology, Nakhonratchasima 30000, Thailand.
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Scientific Experients:
Plant and microbial molecular genetics
Fermentation Techniques

Biopolymers

Symposium:

Krongjai, T. and Wanapu, C. (2004) The transformation of chitinase gene into grape plants. The 4"
National Symposium on Graduate Research. 94.

Usansa, U., Wanapu, C. and Boonkerd. N. (2004) Effect of alcoholic fermentation temperature on red
wine flavor. The 4" National Symposium on Graduate Research. 124.

Wongkalasin, K., Wanapu, C. and Rodtong, S. (2004) Selection of maolactic bacteria for wine
fermentation. The 4" National Symposium on Graduate Research. 128.

Kuapunyakoon, T., Wanapu, C., Boonkerd, N. and Chervin,C. (2004) What is the gene which
expression depends ethylene receptor inhibition in berry of Carbernet Sauvignon at veraison. The
4" National Symposium on Graduate Research. 93.

Cheunkum, O. and Wanapu, C. (2002) Production of Lactic acid from cassava solid waste.The 3"
National Symposium on Graduate Research.633-634.

Sripunya, P. and Wanapu, C. (2005) Selection of Yeast Strains Containing B-glucosidase for
improving Aroma in Grape Wine. 31st Congress on Science and Technology of Thailand at
Suranaree University of Technology, 18 — 20 October 2005, B0100.

Tasing, K., Wanapu, C., Boonkerd, N., Wongkaew, S. (2005) Transformation of grape calli variety
shiraz with Leucaena chitinase cDNA. 31st Congress on Science and Technology of Thailand at
Suranaree University of Technology, 18 — 20 October 2005, B0109.

Wongkalasin, K., Wanapu, C. and Rodtong, S. (2005) Selection of malolactic bacteria for wine
fermentation. 31st Congress on Science and Technology of Thailand at Suranaree University of
Technology, 18 — 20 October 2005, BO116.

Lertpinyochaithaworn, N., Sripiromrak, A. and Wanapu, C. (2005) Ma-Maow wine production. 31st
Congress on Science and Technology of Thailand at Suranaree University of Technology, 18 — 20
October 2005, B0139.

Usansa, U., Wanapu, C. and Boonkerd, N. (2005) Effect of alcoholic fermentation temperature on red
wine flavor. 31st Congress on Science and Technology of Thailand at Suranaree University of

Technology, 18 — 20 October 2005, F0028.
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Wanapu, C., Rattana, P., Teaumroong, N. and Boonkerd, N. (2005) Success stories of stainable factory
Management for the Thai traditional alcoholic beverage enterprises. In International Symposium on
“Corporate sustainablility management — approaches and applications” 24-25 November 2005,
Bangkok. Session 2B-3: 1-8.

Boonkerd N., Teaumroong, N., Wanapu C. and Chankhun Y. (2005) Application of Bio and
Bioorganic fertilizers in organic farming systems for sustainable agriculture. In International
Symposium on “Corporate sustainablility management — approaches and applications” 24-25
November 2005, Bangkok. Session 2B-4: 1-7.

Muaenjang, T. and Wanapu, C. (2006) The study of ethanol production of thermotolerant yeast S1
strain. The 11" Biological Science Graduate Congress, 15-17 December 2006, Bangkok.

Sripiromrak, A. and Wanapu, C. (2006) Isolation and classification of thermotolerant yeast for ethanol
production. The 1" Biological Science Graduate Congress, 15-17 December 2006, Bangkok.

Wasuwan, R., Boonkerd, N. and Wanapu, C. (2006) Classification and nitrogen fixation efficiency
analysis of Azolla species in rice fields of Thailand. The 1" Biological Science Graduate
Congress, 15-17 December 2006, Bangkok.

Usansa, U., Wanapu, C. and N. Boonkerd (2005) Effect of alcoholic fermentation temperature on red
wine flavor. 31" Congress on Science and Technology of Thailand, Chaing Mai, 2005.

Usansa U., Burberg, F. Geiger, E., Back W., Tea-umroong, N., Wanapu, C. Arendt, E. K., Kreisz, S.
and Zarnkow, M. (2008) The use of response surface methodology to optimize malting conditions
of two black rice varieties (Oryza sativa L. indica) as a raw material for gluten- free foods. First
International Symposium on Gluten-Free Products and Beverages, Cork, Ireland, September 2008.

Usansa, U., Burberg, F. Geiger, E., Back W., Tea-umroong, N., Wanapu, C. Arendt, E. K., Kreisz, S.
and Zarnkow, M. (2009) The optimization of malting condition for Thai rice. 10" RGJ- Congress.
Pattaya, April 2009.

Usansa, U, Geiger, E., Wanapu, C. and Teaumroong, N. (2009) Improvement of nitrogenous content
in wort produced from rice malt. ASBC Annual Meeting. Arizona, USA June 6-10, 2009.

Kongkaew, A., Wanapu, C. and Usansa, U. (2010). Response surface optimization of wort production
for brewing from rice malt using commercial enzymes and malt barley. The 16" Asian Agricultural
Symposium on Agricultural Technology: Sufficiency Agriculture, August 25 — 27, 2010, Faculty
of Agricultural Technology, KMITL, Bangkok, Thailand.

Satsum, A, and Wanapu, C. (2010). FT-IR study for hydroxyapatite/alginate nanocomposite beads.
The 3 SUT Graduate Conference 2010, November 21 — 23, 2010, Suranaree University of

Technology, Nakhonratchasima, Thailand.
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Li, L., Wanapu, C., Huang, X., Huang Q., and Huang, T. (2010). Genetic variation of Brassica napus
cultivars using SSR markers. The 3" SUT Graduate Conference 2010, November 21 — 23, 2010,
Suranaree University of Technology, Nakhonratchasima, Thailand.

Kongkaew, A., Wanapu, C., and Usansa, U. (2010). Beer production from rice malt based in pilot
scale brewing : chemical and sensorial properties approach. The 3" SUT Graduate Conference
2010, November 21 — 23, 2010, Suranaree University of Technology, Nakhonratchasima,
Thailand.

Pinpeangchan, S, And Wanapu, C. (2012). Controlled releasing of urea fertilizer by biodegradable
polymer with convertional encapsulation. Burapha University International Conference 2012, July
9-11, 2012, Burapha University, Chonburi Thailand.

Ditsayabut, P., Kupittayanant P., and Wanapu, C. (2012). High selenium-Enriched Yeast Production.
Burapha University International Conference 2012, July 9-11, 2012, Burapha University, Chonburi
Thailand.

Ditsayabut, P., Kupittayanant P., and Wanapu, C. (2012). High selenium-Enriched Yeast Production.
School of Biotech, IAT, SUT 1" International Colloquium, July 16-20, 2012, Suranaree University
of Technology, Nakhonratchasima, Thailand.

Lertpinyochaithaworn N, and Wanapu, C. (2012). Effect of ethanolic on black-kernal rice flavonoids
character. School of Biotech, IAT, SUT 1" International Colloquium, July 16-20, 2012, Suranaree
University of Technology, Nakhonratchasima, Thailand.

Muaenjang, T., Ponchana P., and Wanapu, C. (2012). Improved Enzymatic Hydrolysis of Cassava
Residue by Polyethylene Glycol Addition. School of Biotech, IAT, SUT 1" International
Colloquium, July 16-20, 2012, Suranaree University of Technology, Nakhonratchasima, Thailand.

Pinpeangchan, S, And Wanapu, C. (2012). Controlled releasing of urea fertilizer by biodegradable
polymer with convertional encapsulation. School of Biotech, IAT, SUT 1" International
Colloquium, July 16-20, 2012, Suranaree University of Technology, Nakhonratchasima, Thailand.

Pliansrithong P., Usansa U., and Wanapu, C. (2012).Protein Properties in Broken Rice for optimizing
of Rice Ratio in Beer Production. School of Biotech, IAT, SUT 1" International Colloquium, July
16-20, 2012, Suranaree University of Technology, Nakhonratchasima, Thailand.

Satsum, A, and Wanapu, C. (2012). FT-IR study for Aiginate/Hydroxyapatite/latex Nanocomposite
Beads. School of Biotech, IAT, SUT 1" International Colloquium, July 16-20, 2012, Suranaree

University of Technology, Nakhonratchasima, Thailand.
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Scientific Publication:

Intapruk, C., Tirawanchai, N., Wilairat, P. and Panyim, S. (1984). Application of cloned
malaria parasite  DNA in strain identification. Mahidol University Annual Research
Abstracts 11, 297.

Intapruk, C. (1984). in Manual for international laboratory workshop "Genetic engineering techniques
in tropical diseases research" to be published by WHO special programme for research and training
in tropical diseases, 195-204.

Wilairat, P., Tirawanchai, N., Intapruk, C., Tungpradubkul, S. and Panyim, S. (1984). Strain
characterization of human malaria parasite, Plasmodium falciparum, by the use of a cloned parasite
DNA probe. Microbial utilization of renewable resources. 4, 210-213.

Tirawanchai, N., Intapruk, C., Wilairat, P., Yuthavong, Y. and Panyim, S. (1985). Cloning of
repetitive DNA from Plasmodium falciparum and its use in strain and species identification.
Mahidol University Annual Research Abstracts, 12, 250.

Intapruk, C. (1985). in Manual for national laboratory workshop "DNA cloning techniques" (in Thai)
to be published by the National Center for Genetic Engineering and Biotechnology, the Ministry of
Science and Technology, 172-188.

Wilairat, P., Tirawanchai, N., Intapruk, C., Tungpradabkul, S., Sertsrivanich, R., Panyim, S.,
Yuthavong, Y. (1985). Recombinant DNA techniques as potential diagnostic means. Ann. Ist.
Super. Sanita. 21, 299-305.

Sriroongrueng, W. and Intapruk, C. (1989) The prenatal diagnosis of thalassemias (in Thai). Songkla
Med J. 6, 428-435.

Intapruk, C., Higashimura, N., Yamamoto, K., Okada, N., Shinmyo, A. and Takano M (1991).
Nucleotide sequences of two genomic DNAs encoding peroxidase of Arabidopsis thaliana. Gene
98: 237-241.

Intapruk, C., Yamamoto, K., Fujiyama, K., Shinmyo, A. and Takano, M. (1993). Cloning of cDNAs
encoding two peroxidases of Arabidopsis thaliana. J Ferment Bioeng 75: 166-172.

Shinmyo, A., Fujiyama, K., Kawaoka, A. and Intapruk, C. (1993). Structure and expression
of peroxidase isozyme genes in horseradish and Arabidopsis. In: KG Welinder, SK Rasmussen, C
Penel and H Greppin, eds, Plant Peroxidases Biochemistry and Physiology. Univ Geneva,
Switzerland, pp 222-228.

Intapruk, C., Yamamoto, K., Sekine, M., Shinmyo, A. and Takano, M. (1994). Regulatory sequences
involved in the peroxidase gene expression in Arabidopsis thaliana. Plant Cell Reports 13: 123-

129.
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Intapruk, C., Takano, M. and Shinmyo, A. (1994). Nucleotide sequence of a new c¢cDNA for
peroxidase from Arabidopsis thaliana. Plant Physiol. 104: 285-286.

Wanapu, C. and Shinmyo, A. (1996). cis-Regulatory of the peroxidase gene in Arabidopsis thaliana
involved in root specific expression and responsiveness to high-salt stress. Ann New York Acad
Sci. 782 (12): 107-114.

Rodtong, S.; Wanapu, C. and Ishizaki, A. (2000). Starch-utilizing bacteria for L-lactic acid production.
The 12" Annual Meeting of the Thai Society for Biotechnology. 52.

Kanchanatawee, S., Wanapu, C. and Ketudat-Cairns, M. (2000). Biotechnology postgraduate program
in Thailand. Thai J. Biotechnol. 2, 55-62.

Sripo, T., Phongdara, A., Wanapu, C. and Caplan, A.B. (2002). Screening and characterization of
aldehyde dehydrogenase gene from Halomonas salina strain AS11. J. Biotech. 95, 171-179.

Kuapunyakoon, T. and Wanapu, C. (2003). Effects of diammonium phosphate (DAP)
supplementation on growth rate and ethanol production of Saccharomyces cereviseae K1-V1116 in
tamarind wine. Suranaree J. Sci. Technol. 10: 147-151.

Sripunya, P., Wanapu, C. and Boonkerd, N. (2005). Effect of B-glucosidase enzyme in
Saccharomyces cerevisiae on aroma production during mango (Chok-anan) wine fermentation.
Thai J. Biotechnol. 6: 50-56.

Usansa, U., Sompong, N., Wanapu, C., Boonkerd, N. and Teaumroong, N. (2009). The influences of
steeping duration and temperature on the Ol- and B- amylase activities of six Thai rice malt
cultivars (Oryza sativa L. indica). J. Inst. Brew. 105 (2) 140-147.

Teaumroong, N., Wanapu, C., Chankum, Y., Arjharn, W., Sang-Arthit, S., Teaimthaisong, K. and
Boonkerd, N. (2010). Production and application of bioorganic fertilizers for organic farming
systems in Thailand: A case study. In: Insam, H. , Franke-Whittle, I. and Goberna, M. (eds).
Microbs at work: from wastes to resources. Springer-Verlag, Berlin, Heidelberg. 294-296.

Usansa, U., Burberg, F., Geiger, E., Back, W., Wanapu, C., Arendt, E.K., Kreisz, S., Boonkerd, N.,
Teaumroong, N. and Zarnkow, M. (2011). Optimization of malting for two black rice varieties,
black non-waxy rice and black waxy rice (Oryza sativa L. Indica). J. Inst. Brew. 117(1), 39-46.

Vechklang, K., Boonanuntanasarn S. Ponchunchoovong, S., PiraratN. and Wanapu, C. (2011). The
potential for rice wine residual as an alternative protein source in a practical diet for Nile tilapia
(Oreochromis niloticus) at the juvenile stage. Aqua. Nut., 17(6), 685-694.

Li L., Wanapu, C., Huang, X., Huang, T., Li, Q., Peng, Y. and Huang, G. (2011). Comparison of

AFLP and SSR for Genetic Diversity Analysis of Brassica napus Hybrids. J Agri. Sc. 3(3), 101-
110.
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Boonterm, C., Wanapu, C., Silapapun, A. and Boonkerd, N. (2011). Effects of nitrogen, potassium

fertilized, and clusters per vine on anthocyanins content in cabernet sauvignon wine. Suranaree J.
Sci. Technol. 18(1), 41-54.

Li, L., Huang, X., Wanapu, C., Li, Q., Huang, G. and Huang, T. (2011). Genetic diversity analysis of

25 rapeseed varieties from Guizhou rapeseed regional test by SSR marker. Guizhou Agri. Sc. 11,

1-4 (in Chinese).

Wanapu, C., Sripunya, P. and Boonkerd, N. (2012). Selection of yeast strains D-glucosidase for
improving wine aroma. J. Agri. Sc. Technol. B, 2, 691-702.

Kongkaew, A., Usansa, U. and Wanapu, C. (2012). Beer production from rice mait based in pilot-
scale: volatile compounds and sensorial properties analysis. The Journal of King Mongkut’s
University of Technology. 3(1), 86-94.

Kongkaew, A., Usansa, U. and Wanapu, C. (2012). Optimisation of wort production from rice malt
using enzymes and barley malt. Af. J. Biotech. 11(42), 9941-9949.

Vechklang, K., Lim, C., Boonanuntanasarn, S., Welker, T., Ponchunchuwong, S., Klesius, P.H. and
Wanapu, C. (2012). Growth performance and resistance to Streptococcus iniae of juvenile Nile
tilapia (Oreochromis niloticus) fed diets supplemted with GroBiotic-A and Brewtech dried brewers

yeast. J App. Aqua. 24, 183-198.

Patents:5 Thai patents and 3 Trade Secrets.

Current Research Works:

1. The Bioprocess Control of Microbial Alginates for Industrial Production.

2. Composition of Biopolymer and Filmogenics.

3. Improvement of Bioethanol Production by Using Thermotolerant Yeasts and Bioconversion.

4. Thai Rice Beer Production.
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- The Effects of Pomegranate Seed Extract and B-Sitosterol on Rat Uterine
Contractions. Promprom W, Kupittayanant P, Indrapichate K, Wray S,
Kupittayanant S. Reprod Sci. 2010 Mar;17(3):288-96.

- The roles of pH in regulation of uterine contraction in the laying hens.
Kupittayanant S, Kupittayanant P. Anim Reprod Sci. 2010 Apr;118(2-4):317-
23.

- Mechanisms of uterine contractility in laying hens. Kupittayanant S,
Kupittayanant P, Suwannachat C. Anim Reprod Sci. 2009 Oct; 115(1-4): 215-
224,

- Buddhakala, N., Khat-Bhet, N., Lijuan, W., Kupittayanant, S & Kupittayanant,
P. (2008). Effects of noni fruit extract on intestinal contractility in rats._Planta
Med 9 (74): 1178.
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supplementation on improving immune response to Newecastle disease
vaccination in broiler chickens. Suranaree Journal of science and technology
Vol. 4 No.2, 173-184

- Kupittayanant P,Munglue P, Saraphat W, Danoopat T, Kupittayanant S
(2007). Effects of ethanolic extract of Mucuna pruriens on sexual behavior of
male rats. Planta Medica. 73, p1007

- Kupittayanant P, Trafford AW, Diaz ME and Eisner DA (2006). A
mechanism distinct from the L-type current or Na-Ca exchange contributes to
Ca entry in rat ventricular myocytes. Cell Calcium. 39, 417-423

- Kupittayanant P and Eisner DA (2006). The effects of extracellular adenosine
5’ triphosphate (ATP) on intracellular calcium in rat ventricular myocytes. 117
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Kupittayanant P, Chasombat J, Suksombat W, Kupittayanant S (2005).
Effects of bypass fat supplementation on the oestrous cycle duration of early
lactating cows. AHAT-BSAS International Conference.p 75

Kupittayanant P, Trafford AW, Diaz ME, O’Neill SC and Eisner DA (2002).
Effects of membrane potential on steady-state cardiac [Ca2+]i in the absence of
Na-Ca exchange. European Journal of Physiology. 433 (Suppl.), S346.
Kupittayanant P (2000). The difference in angiotensin II AT, receptor density
and/or affinity in the proximal tubule of spontaneously hypertensive and
normotensive rats. GSS University of Manchester, Manchester, UK.
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Table A. 7 Sperm temperature of boar fed experiment diet (mean + SD, n=3).

MANUIN
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Time (Day)

Diet

7 1 7 14 21 28
1 3283+ 1.62%  3027+147™  33.07+075"  3353+078""  3143+045" 3343+1.15"
2 3297+0.72™ 33.60+0.92°"  3403+085" 3387+076""  31.87+071°  3320+056"
3 3170 +2.72 % 3020+3.44™  33.50+050""  3420+098*"  3203+090"  34.63+0.67"
4 30.77+320  32.63+1.46" 33.93+1.22 32.80+0.75 % 32.57 + 1.40 33.53 +2.02
5 29.95+0.07"  3490+2.69""  3370+028"  33.15+0.07""  3235+134"" 34.15+0.64"
6 3257+021°  32.83+093™"  3470+020"  3447+074*"  3257+208°  3397+1.08""
7 30.77+235%  32.57+040™"" 3380+ 140"  33.87+040°"  3380+149"  33.63+1.56"
8 3180+ 130  31.97+1.10" 33.73 + 2.46 32.07+1.81° 32.20 + 1.64 34.03 + 1.89

“Means with different superscript in each column differed significantly from each other (P<0.05)

** Means with different superscript in each low differed significantly from each other (P<0.05)
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Table A. 8Sperm pH of boar fed experiment diet (mean + SD, n=3).

Time (Day)
Diet

-7 1 7 14 21 28

742 +0.24 738 +0.15 757+0.09°  6.86+0.04° 7.05+0.07° 7.05+0.18"
741+0.12" 7174007 7.10+0.14°C  7.19+0.11°%  729+0.10"*  737+0.11°"
7.41 +0.07 7.33 +0.07 732+0.04"  735+0.08% 7.35+0.08 % 729 +0.12°
7.53+0.22 7.34+0.28 7.34+0.34™ 742 +0.29 " 7.49+021" 7.36+0.28"
755+0.06"  737+001°  746+0.02"" 756+0.00""  7.50+0.01"" 7.51 +0.06 **°
7.37+0.14 722 +0.11 721+021" 722+0.15" 737+022° 7.42+0.23 %
7.53+0.14 7.30 + 0.06 733 +0.17 " 7.40 +0.18 7.53+0.26 " 7.51+0.13"°
726+ 0.24 723 +0.16 722+40.14%  730+020%° 732+0.18% 7.29 +0.25 "

“Means with different superscript in each column differed significantly from each other (P<0.05)

** Means with different superscript in each low differed significantly from each other (P<0.05)



