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Executive Summary

The research consisted 2 parts of study. The first study aimed to surveying production
system and examining for blood biochemical of Nan indigenous (NI) cattle rearing on highland.
The sample was collected using the stratified random sampling. The stratum was the boundary of
the 4 National forest parks in Nan province which was Doi Phukha, Maecharim, Nanthaburi and
Srinan National forest parks. The result found the same pattern of rearing the NI cattle of every
area that farmer allowed NI cattle to free grazing in the forest on the mountain. Farmer always let
the cattle go of the mountain during the beginning of rainy season. Then, they were grouping and
take turning into the forest for inspection and take care for health of cattle. During inspection, they
always carried salt and banana to fed cattle. This was very important for farmer to be able
touching and restraining the cattle. Farmers mostly were carrying the cattle to field crop during
the beginning of dry season after harvested. Some cattle were sold to the market and the rests
were rearing in field crop or public area waiting to go to the mountain for the next rainy season.
Cattle were gain of body weight and fat during rainy season, but they were loose of body weight
during dry season. This corresponded to the blood biochemical of cattle. The blood urea nitrogen
and albumin values were low during dry season, but the values were high during rainy season.
However, the value of the aspartate aminotranferase was low and the platelet count was high
indicated cattle may be interfered by parasite and insect during rainy season. Cattle, moreover,
was exposed and endured to the rain at this season because of no housing for the cattle. Cattle
on highland were found to be higher hemoglobin, hematocrit, mean corpuscular hemoglobin and
mean corpuscular hemoglobin concentration than those of cattle at low plane area. These
indicated cattle on highland responsible for carrying oxygen throughout the body more efficiency.

The second study targeted to compare growth performance, blood biochemical and
production cost of cattle during fattening. Twelve healthy two-year old steers with a meantsd
weight of 183.5+11.32 kg were assigned equally into two groups. One group was allowed free

grazing on grassland improved mainly with purple guinea grass (Panicum maximum) and the

other kept in a feedlot and fed corn silage-base diet. Both groups were equally divided and
supplemented with two different protein diets (12 and 14%CP). The result found that cattle gain
rapidly during first two month of fattening and subsequence was lower. Cattle in grassland were
higher gain than cattle in feedlot significantly when supplemented 12% CP concentrate
(558.141£3.54 vs 439.67+3.5 g/d). Grassland cattle were lower concentrate intake than feedlot
cattle which were 1.15+0.15 and 1.98+0.15 kg/d, respectively. Blood biochemical of cattle before
fattening showed that cattle were insufficient of nutrition and cattle showed healthy sign at the
end of fattening as received sufficient nutrition. Fattening cattle in grassland with supplemented
12% CP was the lowest of production cost and can make benefit to farmer. Moreover, this kind of

production can be developed to produce an organic beef for the next future.
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1) anduavavngna
=1 1 1 A A dl‘y A 1 1 A 1 I 1
nnmdns wudt dlaRainmledwdashudulngddaglugdmnasgu
1 Blood urea nitrogen (BUN) LLazfN Aspartate amino transferase (AST) @‘i'm’j’]mmgmslumo
noudisndaiitasidniznitndungu Walaldiuammeuanmagniblddsasaasduh
] A A AL v A @ \ , o a A
vupunluginedy dduadizilaldiumiemaioime wazddindmagluszaulnd &9

flanuuandrimiafidanngual (P<0.05) damoazidoalua1inem 1

3N 1 wavesngmadasdilafiaineuaziiafifeavedladwilasuuiuigiesdsniaumn

Cool Early hot Early Rainy Rainy Pooled Reference
Parameters ¥ (n=30) (n=20) (n=20) (n=30) (n=100) Range ¥
LSM + SEM ISM+SEM LSM+SEM LSM+SEM MEAN + SEM
WBC, x10°/,L 12.13+£121% 1525+1.55°  8.60+183° 1219+ 111" 1209+057 40-200
RBC, x10°,L  8.61+0.19* 794+023%  690+028°  7.52+0.17° 757+0.14  5.0-10.0
HB, g/dL 13.11£027* 11.48+033% 1074+£040° 11.75+£024°  11.70+0.15 8.0-15.0
HCT, % 40.07+£0.86*  3633+1.07° 33.15+£130° 36.62+079°  36.08+0.51 24.0-46.0
MCYV, fL 46.66 £ 0.66°  46.11+0.82° 4775+£1.00% 4882+0.60°  47.90+043 40.0-60.0
MCH, pg 1541 +£024*  1449+030° 15.64+036° 1584+022°  1566+0.17 11.0-17.0
MCHC, g/dL  32.83+0.32%  31.14+0.40° 3268 +0.48°% 3237+029°  32.59+0.18 30.0—36.0
PLT,x10%,L  1.88+0.18° 200£022°  212+027°  062+0.17° 1.60£0.10 1.0-8.0
NEU, % 48.76 +3.22 41.16 + 4.08 43.10 +5.59 - - 42524192 15.0-47.0
LYM, % 4534 +3.19 50.63 £4.04 4548 £5.53 - - 48.03+£1.78 45.0-75.0
EOS, % 6.57 £ 1.61 6.81 +1.89 9.02 +£2.57 - - 231+0.14  0.0-20.0
MONO, % 242 £031 2.14 + 0.42 2.28 +0.49 - - 8.11+0.84 2.0-7.0
GLC, mg/dL  59.87 £2.22 57.84 £2.74 57.60 + 3.30 59.07 £2.04 57.92+1.07 50.0-75.0
BUN, mg/dL  11.01 £0.63° 739+0.78°  831+0.92° 1448+0.58%  10.99+043 10.0-20.0
CRT, mg/dL 1.23 +0.10 1.34 +0.12 127 £0.15 1.29 +0.09 125005 07-15
ALB, g/dL 2.79 +0.07° 320+£0.09°  2.82+0.10°  3.00+£0.06® 290+0.04 28-3.5
AST, UL 7647 +433™®  8436+533° 67.77+631° 7451+397™  7577+2.06 75.0-135.0

2b.¢ Jeast square mean (LSM) in different superscript on the same row differed significantly (P < 0.05)

1/ RBC was red blood cell; HB was hemoglobin; HCT was hematocrit; MCV was mean corpuscular volume; MCH
was mean corpuscular hemoglobin; MCHC was mean corpuscular hemoglobin concentration; WBC was white
blood cell; NEU was Neutrophil; LYM was lymphocyte; MONO was monocyte; PLT was platelet count; EOS was
eosinophil; GLC was glucose; BUN was blood urea nitrogen; CRT was creatinine; ALB was albumin and AST was

aspartate aminotransferase

2/ adapted from Kaneko et al. (1997)

¢ platelet count (PLT) °11adiﬂlqu}Nuﬁauﬁﬂdﬁﬂﬂiﬁﬁﬂd&I’]@]ij’mﬁ"ﬂﬂ LRZEININ
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Jgunwadn mmﬂmma’msﬁuﬂadﬂﬂmﬂmr}LL&JadgﬂLﬂa@ Nzt uUwININg
TILLARDNBATNIINNIRS
2) ANTWAVDINE
PNNMINATIER N7 @1 Mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC) L8 @13971%3% Lymphocyte (LYM) madIﬂLWﬂLﬁﬂﬁ@hgdﬂ’j’l
Tawwe] @aued1u9u Neutrophil (NEU) 2asladagazgenitladaide (p=0.01) duedu o 7
A A ' ) Aaa ) AR < oA \ A
wae lianunandsnunriaseninanazaslananm LLazLﬂumﬂaglumommgﬁwﬂ

ARUA AITEAZLDHA L UANTIN 2

= ] a _a d a A A& A & A o o
M1I9N 2 NG‘IIEIGL‘Wﬂ(ﬂE]ﬂ’lIﬂWﬂ’J'ﬂEJ’]LL@Z“I?’JL@&IL@E]@]?JENIQW%L%JaGU%W%ﬂgdmadﬁ]\‘m’J@m’m

MALE FEMALE

Parameters ** (n=43) (n=57) Rreafgrzn: ¢
LSMEAN +SE LSMEAN +SE £

WBC, x10%/,L 12.66 +0.98 1142 +1.03 4.0-20.0
RBC, x10%,L 7.87 +0.15 7.61 +0.16 5.0-10.0
HB, g/dL 11.58 +0.22 11.96 +0.23 8.0-15.0
HCT, % 36.07 +0.70 37.01 +£0.73 24.0 - 46.0
MCV, fL 46.00 +0.54 48.66 +0.56 40.0 - 60.0
MCH, pg 14.78 +0.19 1591 £0.20 11.0-17.0
MCHC, g/dL 32.14 £0.26 3237 +£0.27 30.0-36.0
PLT, x10%/,L 1.65 +0.14 1.67 £0.15 1.0-8.0
NEU, % 50.62 +3.08 38.05 +4.17 15.0-47.0
LYM, % 39.94 +3.04 53.03 +4.12 45.0-175.0
EOS, % 725 +1.46 768 +195 0.0 —20.0
MONO, % 237 £0.26 2.19 £0.37 2.0-7.0
GLC, mg/dL 57.87 +1.84 5932 +1.76 50.0 - 75.0
BUN, mg/dL 9.70 +0.52 10.89  +0.50 10.0 - 20.0
CRT, mg/dL 135 +0.08 121 +0.08 0.7-15
ALB, g/dL 2.98 £0.06 2.92 +0.06 2.8-3.5
AST, U/L 74.05  +£3.54 77.50 +£3.43 75.0 - 135.0

=% (different superscript at the same row differed significantly (P < 0.05)

*  adapted from Kaneko et al. (1997)

*  RBC, red blood cell; HB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; WBC, white blood cell;
NEU, Neutrophil; LYM, lymphocyte; MONO, monocyte; PLT, platelet; EOS, eosinophil; ALB, albumin
and AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRT, creatinine; GLC, glucose;

dnswavasasle
naulainuazlajulidndiwiniaiieauas (RBC) uazizanlaaia (HCT) geni
LLa:LL@ﬂ@iNﬁ'umoaﬁaﬁ'ﬂﬂa’mqmﬂ (p=<0.01) W@ MCV, MCH uaz MCHC azidwluluns
annuiwfanguladnaziidndindn  nelkflesandn RBC waz HCT iudamislunis
fuImmAn MCV, MCH waz MCHC #uiad 1 NEU uaz PLT padlaidnazlidndninlaany
& a v A A ' a A o a
an (p=0.01) wudalaangiasiinnuiFssdasnnznaifaliaiianlasuuss uaznIgudy
\Wamnnanzgalasuaasannnitlaaigann dnglagluniaan (Plasma glucose) vadla
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donuazdnanasgulesiads wudelaanygdesldiuasomanguldsdulidisane wIall
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m’mLamﬁnﬂﬂ’mn@ana*mmmaniﬂmuumaa @Gi’]ﬂlﬂ&ﬁ]ﬂ@1‘l¢k@l’]i’]x‘iﬂ 3

= ] a _a d a A A& A & A o o
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<2 yearold 2 - 3 year old > 3 year old Reference
Parameters ** (n=27) (n=32) (n=41) range *
LSMEAN + SE LSMEAN + SE range + SE

WBC, x10/,L 11.13 £1.35 11.63 +1.21 13.37 £ 1.22 4.0 -20.0
RBC, x10%,L 827 £0.21° 7.99 £0.19° 6.97 £0.19° 5.0-10.0
HB, g/dL 12.03 +0.30 11.90 +0.27 11.37 £0.27 8.0-15.0
HCT, % 3741 £0.96° 37.53 £0.86° 34.69 +0.86° 24.0 — 46.0
MCV, fL 4520 £0.73° 47.01 £0.66° 49.80 +0.66* 40.0 — 60.0
MCH, pg 14.52 £0.27° 15.07 +0.24° 16.45 £0.24° 11.0-17.0
MCHC, g/dL 3222 £035® 31.57 £032° 32.98 £0.32° 30.0 - 36.0
PLT, x10%/,L 2.01 £0.20° 143 +£0.18° 1.54 £0.18 % 1.0-8.0
NEU, % 49.10 +4.98° 35.57 £4.22° 4834 £3.96° 15.0—47.0
LYM, % 44.75 £ 4.93 53.39 £4.18 4131 £3.92 45.0-75.0
EOS, % 5.16 £2.38 9.00 +2.00 8.23 +1.82 0.0 -20.0
MONO, % 235 £0.43 2.28 +0.38 222 £0.32 20-7.0
GLC, mg/dL 64.19 £2.44° 57.99 £2.11% 53.61 £2.25° 50.0 - 75.0
BUN, mg/dL 10.17 +£0.69 ® 8.44 +0.60° 1227 +0.64*° 10.0 —20.0
CRT, mg/dL 1.08 £0.11° 128 £0.10® 1.48 £0.10° 07-1.5
ALB, g/dL 2.91 +0.08 3.01 £0.07 2.94 +0.07 28-35
AST, U/L 81.99 +4.70 ° 70.28 £4.10° 75.06 +4.36® 75.0 - 135.0

a, b

different superscript at the same row differed significantly (P < 0.05)

adapted from Kaneko et al. (1997)
** gee table 2 for an abbreviation

1 o A a A
FnwazuuuIvmelanuadundiden
' A A ' o \
snwimavadlaszinaisuudasadntanvllaungma  laslusrangeu
1 v 1 J { 1 v 1 1
lnazagluamwduazuuuinndt 3 auld uazlafagluaniwdiwazwuinfidn MCv, MCH,
Eosinophil (EOS) uaz A3@fiu (Creatinine, CRT) geni1languau ¢ udfidrdmiuidaifaauad
a A o | A A A ] A \ [ Aa ] Aa
wazFlulnadudr sud1dn 9 Awde wuldlanuuandrsnuneadaseninglandanw

TN ULANAING ﬁ'sﬁLﬁaamﬂﬁmﬁﬁjwLﬁuéhasmLﬁamluiﬂﬁi'nmmﬁumﬁ]uﬂna L

RNWASLWIHINIEAEHANULANAIINY AITIUAZLDLA IUENTIN 4



10

d' . S a a a a A g A & 4 o o
M1779N 4 Nﬂ“ﬂaﬂﬁﬂ']w5']\‘|ﬂ']UIﬂ@aﬂqIﬂﬂ@nﬂEﬂLLfﬂzﬂj?LﬂllLﬂaﬂTQOIﬂWuLQJaﬁuuwuﬂgﬁmaﬂ"ﬂﬂﬁ')ﬂuju

Fat Moderate Thin

Parameters ** (n=29) (n=34) (n=37) ngire:ie
LSMEAN =+ SE LSMEAN =+ SE LSMEAN =+ SE &
WBC, x10%/,L 10.77 +1.38 12.89 +1.32 12.46 +1.19 4.0 -20.0
RBC, x10%,L 722 +021° 8.06 +0.20° 7.95 +£0.18° 5.0-10.0
HB, g/dL 11.53 £0.30 12.11 +£0.29 11.68 +0.26 8.0-15.0
HCT, % 3530 +0.98° 37.99 +£0.93° 3632 +0.84 % 24.0 — 46.0
MCV, fL 48.76 +0.75° 4755 £0.71%® 45.69 +0.65° 40.0 — 60.0
MCH, pg 16.02 +0.27° 15.25 +£0.26° 14.77 +£0.23° 11.0-17.0
MCHC, g/dL 32.77 +0.36 31.89 +0.34 32.11 +£0.31 30.0 —36.0
PLT, x10%,L 1.85 +£0.20 1.50 +£0.19 1.62 +£0.18 1.0-8.0
NEU, % 36.81 +5.06° 4776 +4.68° 48.45 +£3.16° 15.0-47.0
LYM, % 49.89 +5.00 4534 +£4.62 4422 +£3.12 45.0 - 75.0
EOS, % 11.84 +2.33° 5.63 +£224° 493 +147° 0.0 -20.0
MONO, % 1.95 +0.44 235 +0.43 2.55 £0.28 20-7.0
GLC, mg/dL 59.08 +2.50 55.71 +2.28 60.99 +2.16 50.0 — 75.0
BUN, mg/dL 9.84 +0.71 1020 +0.65 10.84 +0.61 10.0 —20.0
CRT, mg/dL 143 +0.11° 133 £0.10%® 1.08 +£0.10° 0.7-15
ALB, g/dL 3.01 +0.08 294 +0.07 290 +0.07 2.8-35
AST, U/L 75.88 +4.85 76.56 +4.45 74.89 +£4.19 75.0 — 135.0

=P different superscript at the same row differed significantly (P < 0.05)
adapted from Kaneko et al. (1997)
** gee table 2 for an abbreviation

=4 ~ 1 a A a A A U dqj =1 6 e
wWisufisuenlafainsuazFuadidensznilaiudosuazgnuauyian
' = P = & @ . A v A a . A P
dulipufisuidunaifudedifealunguisisanaiasrszning Salanuiias
saunanngnidsdluthuunangs sulegnrauuniingnidedduiunsuninue :anmsdnm
WUINA1 Hemoglobin (Hb), Mean corpuscular hemoglobin (MCH) W& Mean corpuscular
hemoglobin concentration (MCHC) vaslaiuiiiasdigeningnuaunusviu lavaraiinanla
Awdlasgniissuunnganiiomeaununindy  uazdwaniime hsdundunetasiums
o L% a =1 | dq‘ A A e 1 1 g: d‘y I et s d' v
iuaznslfeandian Jndungliladwilesdidndindngind netioraidunsdiudunels
Twmaoswsasheandiauinlgoineldszdniam dgdelulasiauluifea (BUN) Uizila
niseIngulaiuavamningulusdulimoanaluniiuds lasazduldaindr BUN dndaen
e adgbifaudainandilienauandeiumeaiidsznianguiuiuesla  uazla
& o a a o a \ A ) [ a
anWaNUMATugIiaNuFsIraImIldasamnsldsdulidsiwennnd dimoazidoaly
@397 5
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M139N 5 LﬂiEJ‘UL‘Yl'Uﬂ’]LﬂﬂUﬂﬁﬁLLﬂ?LLﬂtﬂﬂﬂﬂ’]@Lﬂﬂﬂu&l’]@]ig’]uﬂlﬂdﬂqia‘lﬂ@nﬂﬂﬂLLﬂt"U’JLﬂNLﬂé]@]'it‘ﬂ’)’]\‘l

d‘y A Qs 6
IﬂW%L&IadﬂUIﬂQﬂNaMUi’mN%

NNI (n =30 BHx (n=20

Parameter ** LS(M n S%EM LSI(\/[ n SFiM Pr>F Ref. Range *
WBC, x103/pL 12.04 +0.86° 15.56 +0.97° 0.02
RBC, xlO(’/HL 8.18 +£0.20 7.92 £0.23 0.45 5.0-10.0
HB, g/dL 12.91 £0.31° 11.47 +£0.35° 0.01 8.0-15.0
HCT, % 39.14 +£0.94° 36.38 +1.06° 0.09 24 — 46
MCV, fL 48.02 +0.59 46.47 +£0.67 0.13 40.0 - 60.0
MCH, pg 15.94 +0.24° 14.67 £0.27° 0.00 11.0-17.0
MCHC, g/dL 33.13 £0.44° 31.13 £0.49° 0.01 30.0 —36.0
PLT, xlOS/HL 1.76 £0.24 2.01 £0.27 0.55 1.0-8.0
NEU, % 49.54 +3.67 39.22 +4.16 0.11 15.0-47.0
LYM, % 42.64 +£3.44 51.96 £3.91 0.12 45.0-75.0
MONO, % 2.39 £0.35 2.10 £0.42 0.63 2.0-7.0
GLC, mg/dL 59.51 £3.55 54.55 £3.94 041 50-175
BUN, mg/dL 10.98 +0.84° 8.15 +£0.93° 0.05 15-30
CRT, mg/dL 1.36 +£0.14 1.39 +0.16 0.90 0.7-1.5
ALB, g/dL 2.83 +£0.08° 3.20 £0.08" 0.01 28-35
AST, U/L 78.15 £5.48 83.49 +6.09 0.57 75— 135

=% different superscript at the same row differed significantly (P < 0.05)
adapted from Kaneko et al. (1997)
** see table 2 for an abbreviation
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Neutugyiieraiiailegninmolasiawizilaiaduuaziala dnglagluifen (GLC)
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- mna%waﬁmmmuiﬂsﬁu 12%
- mna’%ummwmuiﬂsﬁu 14%

. a & P < A o o & ' & o &2

weaznINudaandmauinsvingi 3 61 wdaziltlanaaas 1 62 Inllansau
UIN 12 a9
A1519N 6 gmmmﬁuﬁl‘*ﬁm’%u Lﬁmﬂguiﬂﬁmﬁa{lmu
Ingredients Diet 1 (kg) Diet 2 (kg)
Corn 70.00 70.00
Rice bran (from local rice mill) 25.00 20.00
Soybean meal - 5.00
Urea 2.00 2.00
Di-calcium phosphate 1.90 1.90
Sodium chloride 1.00 1.00
Sulfur 0.10 0.10
Total 100.00 100.00
CP, % 12.00 14.00
TDN, %DM 86.16 85.76
ME, MJ/kg 3.34 3.27
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2-3 1 Manansmzaadlanwiia uvindsed sainnnidesdu idedutlasnulsadan
waziinday (muﬂqé’f@f) thawenTaeluuasnentanauan (Abentel, Attantic Laboratries

. ® . . =)

Corp., Ltd, Thailand L8z Ivomec F , Merial (Thailand) Ltd.) 20 lhaniwia (Catosal®, oLIC
[Thailand] Ltd., under supervision of Bayer Leverkusen, Germany) LRI INaUUUUNN LflE]LLNa’iﬂﬂ
MINBUMBAIIINNINAREY lasinmstuiinininidaisunsnasss waznn 9 1 LAan

ﬂi:ﬁ'ﬂ'ﬁuq@miﬂ@aaa 120 1%

IEmsarndiansdiduadiden

Mnsfnsdlafiaineuaziiaiiien  lasmafudmaiiadaaanlanndizag
fiam'%'wmaaaLgyayuIﬂLLazLﬁaﬁuq@ﬂwsyu ﬁwmnﬁué’qamuﬁa@hmngmmnm&"mﬁa@@h
lwaifine (Jugular vein) 2aslalugradhdeulwenmsndedseslaunadn S1uiudaaz 10 mi
funIzUaNaa Disposable syringe fntiRaalalunaaaafausns K;EDTA waz NaF atnday
2.5 ml Baasuinaeldlunsaannaznowian (Blood clot tube) frasnitianii ldinunasle
A=A Complete blood cell count (CBC) FoLa3aganluia Sysmex K-4500 (GMI, Inc.,
Minnesota, the United States) Waz@aTia3lanzwrnandiaiiiaa lawn @1 glucose (GLC),
total bilirubin (TBIL), direct bilirubin (DBIL) aspartate serum transferase (AST), alanine
transaminase (ALT), alkaline phosphatase (ALP), blood urea nitrogen (BUN), creatinine (CR),
total cholesterol (TC), triglyceride (TG), high density lipoprotein (HDL), low density lipoprotein
(LDL), albumin (ALB), free serum thyroxine (FT4) and free triiodothyronine (FT3) @T’JEJL@‘%E]&
COBAS INTEGRA 800 (Roche, Switzerland).

mim‘n?mﬁ:ﬁmmm:@mmmﬂﬂwmmiwa\uﬁ%
Iﬂyuﬂ@aadﬁaLLum.laiaaJLmzLﬁuLu.laam]jﬁLLazL'gmluﬂaﬂﬂéumﬁmmﬁﬂﬂﬁu
12 wWasidud anshwdngnszuanmMIsiniuras mnimiﬁnuﬁagnﬁmﬁm&”’mnamm:ﬁuvﬁ
IuﬁaaLﬁuqmﬁQﬁ 0-4 aseniaLTus win 10 4 easuudnhoanandaudsannuuusaslng
s9fnmNTuaeufiuuzti lagainuwn (2551) 1RULHaswENTI9L07 (izmwﬁmaﬂ'ﬁ 10 Ua

11) mﬁ’m’ﬁmaﬁLmﬁzﬁﬂqm@hmﬂmmms laun awau 1Usdusiu (AOAC method
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992.15; LECO TruSpec®, LECO Corp, USA) WRII (LECO AC500, LECO Corp, USA)
1234578 (AOAC method 960.39; LECO TFE2000, LECO Corp, USA) 181 (AOAC method
941.12) 1ialy uazanilulainsalasismadiwio

mﬁmﬁm‘(ﬂfayammﬁﬁ
ﬁagm“?jaﬂ%mmﬁﬁmimﬁmezﬁmwuﬂiﬂmu (Analysis of variance) LazA213
uUl3U3IU394 (Analysis of co-variance) lasasanlilaluiaafinanzay saaadanudaya

1§ #7837 Generalized linear model (GLM) shaldsunsudiiaguniadia SAS
HAaN1INAADY

FUTTOMIWAIUMITIANANE®
PNMIANHIWLIN Thntnaudia (BWG) aasmatasaidule (ADG) Uiunms

pwnfiiuAauiaguids (OMI) uszdammuddsuenmis (FGR) liliannuuanedneiumg
aa 1 dly A dl Qas a U a 1 = 1 n‘o
sfidszninlafwilesnyulasldiumusiuanistulsduuandrsnunalungufivhnisgu
o v o o LA = ) aA & . & %
drdutlnanin  uazngufivdesunzidauluudangy  lafidosddesunzidaluudasma
I o A ?,’ a s QI s a a 1 ai a? A vAa U L
\dunanfihmindifuuszdannmuaigdulaganilaniassgululsiFauliniuialnendn
Walimaesuemnstuldsdin 12 wWesidud  (p<0.05) a&umItasnamdwldsdu 14
wWosidud L llaflihninanfunazdasmiaiyidulauandans (p>0.05) seninans
ulundasuazyululsiton  laslafigululsaFauszlinifiuomisdudednads 0.82

¢ & 6 & o o A ' a a v @ A
(oL TuaU oIt nkng? fannnitlaguluudasaziimifiuemsiudaiuads 0.52

¢ & € & o o [ a A
wasiduduastinningl (@9neazidealuansnei 7)

l!l = = ' a dql A ] 1 dql o
A9 7 LIunauen ﬁN?iﬂﬂ’]Wﬂ'ﬁNﬂ@lIﬂW%LN IWINITHINNINIIR EJ{I‘I!%I%LLﬂ NINTDIRITRUTULLAE

=1 U U a a U a %
TulssToudrulnanan LENamIITwldI6n 2 szau

Feedlot fed corn silage-base Grassland free grazing

Item * Diet 1 Diet 2 Diet 1 Diet 2
LSM + SEM LSM + SEM LSM + SEM LSM + SEM
Initial weight, kg 180.33 + 7.44 178.50 +9.25 188.00 + 6.79 187.17 +3.68
Final weight, kg 237.57 + 4.30° 243.17 + 4.38% 252.12 +4.35° 241.48 +4.32%
Final weight, kgBW"> 60.49 + 0.80° 61.56 +0.81° 63.23 +0.81° 61.25 + 0.80"
BWG, kg 54.07 + 4.30° 59.67 + 4.38% 68.62 +4.35° 57.98 +4.32%
ADG, g/d 439.67 + 3.50° 485.14 +3.56® 558.14 +3.54° 471.39 +3.51%
ADG, g/ kgBW"°/d 7.24 +0.45° 7.89 + 0.46™ 8.78 +0.45° 770 +£0.45®
DMI concentrate, kg/d 1.98 £0.15° 1.96 £0.15° 1.15 +0.15° 142 £0.15°
DMI roughage, kg/d 3.17+0.01 3.13 £0.01 - -
Total DMI, kg/d 5.16 £0.01 5.10 £0.01 - -
Feed/gain ratio 12.05 + 0.02 10.71 £0.16 - -

*  BWG = body weight gain, ADG = average daily gain, DMI = dry matter intake
“>  Different superscript on the same row differed at p < 0.05.
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Feedlot Grassland

ftem * Dict 1 Dict 2 Dict 1 Dict 2 SEM P-values
GLC, mg/dL 56.67 59.33 51.33 46.00 7.52 0.609
TBIL, mg/dL 0.24 0.26 0.31 0.32 0.03 1.000
DBIL, mg/dL 0.04 0.02 0.06 0.04 0.03 1.000
AST, U/L 59.67 41.67 59.00 62.00 6.85 0.164
ALT, U/L 21.00 18.33 26.67 27.67 2.45 0.476
ALP, U/L 157.00 112.67 160.67 164.67 23.81 0.340
BUN, mg/dL 10.53 14.33 13.67 16.97 0.82 0.769
CR, mg/dL 1.54 1.46 1.31 1.42 0.10 0.380
TC, mg/dL 138.33 145.33 163.67 146.67 5.51 0.061
TG, mg/dL 37.67 38.67 45.00 39.67 3.65 0.411
ALB, g/dL 2.95 2.87 2.63 2.81 0.09 0.190
FT4, ng/dL 1.80 2.00 1.30 1.47 0.28 0.954
T3, ng/dL 194.67 241.33 226.67 189.67 20.97 0.081
WBC, x103/uL 13.63 12.09 10.94 11.67 1.58 0.470
RBC, xlOé/HL 8.58 9.16 8.42 8.89 0.43 0.296
HB, g/dL 12.43 12.83 11.77 13.10 0.62 0.634
HCT, % 38.67 40.00 37.00 40.67 2.36 0.899
MCV, fL 45.03 43.90 43.70 45.67 1.39 0.168
MCH, pg 14.50 14.03 13.97 14.73 0.41 0.689
MCHC, g/dL 32.33 31.97 32.00 32.23 0.72 0.470
PLT, x10°/,L 1.51 1.92 2.95 2.04 0.74 0.397
*

GLC = glucose; TBIL = total bilirubin; DBIL = direct bilirubin; AST = aspartate serum transferase;
ALT = alanine transaminase; ALP = alkaline phosphatase; BUN = blood urea nitrogen; CR = creatinine;

TC = total cholesterol; TG = triglyceride; ALB = albumin; FT4 = free serum thyroxine;

T3 = triiodothyronine; WBC = white blood cell count; HB = hemoglobin; HCT = hematocrit; RBC = red

blood cell count; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin;

MCHC = mean corpuscular hemoglobin concentration; PLT = platelet count

ﬂ"]%’;mflLﬁa@maaIﬂLﬁaﬁuq@ﬂWiwmaaa WU ReNNLANENNUNIIRD G

! a & 1 A v A a 9 i o Ay & X o
FERINNINLVUALDULALINUANLNDLINAWUNITINARD LL@]NLL%QI%NWI@TGLﬂﬂﬂﬂgul%uﬂﬂﬁﬂfy’]

wazldsuamdu 12% azfidndwimniaion (Platelet count, PLT) dninynsniuuaany

(p=0.068) G3a13197 9
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Feedlot

Grassland

ftem * Diet 1 Dict 2 Diet 1 Diet 2 SEM p-Values
GLC, mg/dL 65.67 66.00 67.00 61.67 284 0347
TBIL, mg/dL 0.37 0.17 037 033 0.07 0.288
DBIL, mg/dL 0.08 0.03 0.03 0.02 0.02 0.294
AST, U/L 50.00 51.00 61.00 68.00 5.85 0.622
ALT. U/L 19.00 22.00 26.67 26.00 1.72 0317
ALP, U/L 24633 144.00 171.33 162.00 20.14 0.149
BUN, mg/dL 14.00 15.00 15.67 14.00 0.97 0.207
CR, mg/dL 1.46 1.50 127 137 0.07 0.663
TC, mg/dL 143.00 222,67 177.67 163.67 50.25 0.379
TG, mg/dL 63.00 146.00 82.67 67.00 50.67 0.359
HDL, mg/dL 40.33 36.67 51.33 48.00 8.12 0.984
LDL, mg/dL 90.07 156.80 109.80 102.27 40.64 0.388
ALB, g/dL 3.20 3.30 3.00 3.17 0.11 0.760
FT4, ng/dL 0.97 0.83 0.90 0.87 0.06 0.412
T3, ng/dL 94.33 92.00 145.00 114.33 12.72 0.298
WBC, x10%/,L 13.03 11.66 10.59 12.15 151 0.362
RBC, x10%,L 8.52 8.18 7.11 8.91 0.85 0241
HB, g/dL 12.70 12.23 10.80 13.73 133 0.237
HCT, % 39.00 38.33 34.00 43.00 4.46 0.310
MCV, fL 45.87 46.90 47.67 47.97 159 0.823
MCH. pg 14.97 15.00 15.17 1533 0.48 0.893
MCHC, g/dL 32.63 32.03 31.80 32.00 0.56 0.494
PLT, x10%,L 1.47 2,55 2.64 230 034 0.068

*  Different superscript on the same row differed at p < 0.05.

A13197 10 Wisuisualafadneuasdiaiidonsvalan il ot uszninalalTua UM INaaaILas

Lﬁa%‘ruq@ms‘ﬂmm
Ttem * Pooled, for beginning of trial Pooled, for end of trial or > [t Reference
mean = SEM range mean + SEM range range

GLC, mg/dL 53.33 £3.56° 29-72 65.08 + 1.36 55-71 0.002  50.0-75.0
TBIL, mg/dL 0.28 £0.02 0.22-0.39 0.31 £0.04 0.01-0.5 0.453 -
DBIL, mg/dL 0.04 £0.01 0.01-0.1 0.04 £0.01 0.01-0.12  0.885 -
AST, U/L 55.58 +3.81 39-81 57.50 +£3.35 43-81 0.622  75.0-135.0
ALT, U/L 2342 +1.57 17-33 2342 +1.19 17-29 1.000  11.0-40.0
ALP, U/L 148.75 £ 11.97 87-228 180.92 £ 17.11 100-327 0.034 0-488
BUN, mg/dL 13.88 £ 0.77 9.6-18.9 14.67 +0.47 12-17 0.421  10.0-20.0
CR, mg/dL 1.43 £0.05 1.27-1.92 1.40 £0.04 1.2-1.67 0.556 0.7-1.5
TC, mg/dL 146.00 + 4.68 112-167 176.75 £ 23.17 115-419 0.299 -
TG, mg/dL 40.25 + 1.78a 28-53 89.67 £23.83°  38-347 0.073 -
ALB, g/dL 2.82 +0.05° 2.35-3.01 3.17 +£0.06° 2.8-3.5 <0001  2.8-3.5
FT4, ng/dL 1.64 +0.14° 1-2.4 0.89 +0.03" 0.7-1.0 <.0001 -
T3, ng/dL 213.08 £ 11.07° 151-287 111.42 +8.39° 79-182 <.0001 -
WBC, x10%/,L 12.08 +0.73 8.8-18.7 11.86 +0.70 7.6-16.7 0.653  4.0-20.0
RBC, x10%,L 8.76 £0.20 7.71-9.81 8.18 £0.41 6.2-11.3 0.176  5.0-10.0
HB, g/dL 12.53 £0.30 10.9-14.3 12.37 £ 0.65 9.3-17.8 0.780  8.0-15.0
HCT, % 39.08 £ 1.09 33-45 38.58 £2.13 28-56 0.789  24.0-46.0
MCV, fL 44.58 +0.64° 40.4-48.5 47.10£0.72°  41.4-50.1 <0001 40.0-60.0
MCH, pg 14.31 £ 0.20° 12.8-15.3 15.12+0.21° 13.7-16.1 <.0001 11.0-17.0
MCHC, g/dL 32.13 £0.31 30-34.1 32.12+0.26 30.3-33.3 0925  30.0-36.0
PLT, x10°/,L 2.11 £0.35 1.24-5.61 2.24 + .20 1.4-3.7 0.547 1.0-8.0
* Different superscript indicates significantly different

1) adapted from Jane (1996); Kaneko et al. (1997)
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A ~ ~ ' A a A A A ' . o A X
L&Jamszmmﬂumia%mwmuazmmuLaa@maﬂﬂsw’mﬂauﬂuLuaauq@m‘smaao
WUI1 @1 glucose, alkaline phosphatase, albumin, mean corpuscular volume W8y mean
corpuscular hemoglobin IHaFugaMINAsaslidigIniulialzunasadaialneimayneaia
(p<0.05) ®IWA" triglyceride Lﬁa?mq@mimamﬁﬁLLmMudw:ﬁmgdﬂdﬁLﬁaﬁwmimaaa
(p=0.073) lunmsasenudnuen free serum thyroxine LLag triiodothyronine Lﬁ@ﬁ%ﬁgﬂm‘i“n@aad
aefidndnindalauauwateinednuneaie dwdrduaiifendn 9 wazalafiaingwuin

"LajﬁmmLL@m@mﬁummﬁaszwmLﬁaL%mTuLLazﬁuq@msmaaa AIA1319N 10
o dqz =i

u@umiyukwumaa 2 Wuy

o g A A ' g A A o \

@unuﬂ’mamyﬂﬂwumm wmwmsmﬂayuIQIuTiaLsamzu@mnummms

' ' A A & A o ' & g A o A

‘Viﬂ’]ﬁJLLﬂZﬂWL‘E’IISGLiauﬂsﬁdﬂ’limUGIﬂluLLﬂﬂGVLN&J@mVJua’Juu waznsasdluaanlssSandsd
ﬁunuﬁwmmﬁugqnh ﬁhumﬂﬁmllsiammmﬂaw:ﬁﬁunumﬂﬂ ANTINGW  ATLTIN
QuaLlaImE AEy d1via GRYAY AEginszuuhgendt udillafadudununuudiningn
& A v [ &< A A g A a o @ o a . o oA
IWRNULLUAUNUND 9 N natasnlaiassluulasinsiusinninaianinyinlwi
Namammugaﬂiw LL@iNamammuﬁmwalaﬁaﬂ’mﬁmﬂl‘guiﬂﬁlwmms'mﬁ'un’ma’%ummﬁuu@i

12 wadidudldsfiu uszdaidudaniladadunu (B/C ratio) vy 1.18 Ga19197 11
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A \ A o & A A o o @ \ =
A1319N 11 ALaA ﬁ@unuﬂﬁqﬂﬂwul,u aslulssFaudsdnlnananuazsasunzianln

uwamghUsudysqunwiaiudoannstulsduuanedneiu 2 szau

UMY (LIN/A7)

I p
WosgululsaFan

Wosunluulas

1136 12%

1196 14%

1136 12%

196 14%

Autle 5,770.67 5,712.00 6,128.00 6,208.00
ATt 1,87151 " 1,849.88 " 1,045.45 " 1,289.56 "
At Inanin 2,404.73 2,367.46 - -
W99 287.50 287.50 670.90 670.90
AnTnfian - - 500.00 500.00
AL 1595a% 150.00 150.00 - -
Ailaaan - - 480.00 480.00
fnileiadl - - 660.00 660.00

A iag 50.00 50.00 200.00 200.00
bt 10.00 " 10.00 " 80.00 " 80.00 "
fntin 10.00 " 10.00 " 120.00 " 120.00
AuLazInDu 80.00 80.00 80.00 80.00
ﬁWLéauiidL%Q%LLNZQﬂﬂifﬁ 50.00 50.00 50.00 50.00
dnaanidy 44.52 44.03 41.73 43.08
dndalamaiuamu 22259 " 220.14 " 808.63 " 815.38
Fununsau 10,951.33  10,831.00 10,864.67  11,197.00
PRTaRt e 11,683.33  11,850.00 12,883.33 12,300.00
i'ls 73200  1,019.00 " 2,018.67 1,103.00 "
oS TuaNanauuNy 6.62 " 9.40 ™" 18.47 " 10.05 "
dandunusarily 1.06 " 1.09 " 118" 110"
"

a”nym:ngﬂyu

ANBI IULDIUO WA LINUNFAINULANAINUNIIFDA (p<0.05)

! ¢ & & @ & A & .
AINNINAFDY WUINLUDILTUATINTDN LLazGﬁ’]ﬂLﬁu"UadIﬂﬂLaUﬁquLLUUﬂaaﬂLL'ﬂz

wwadaszlundanaziassluaandiatineninidunan e Nuuanea19nunIgna  sinlai

a : Cd ' 6 & [ o C A e o @
ﬂ']iiﬂfymﬂuﬁ%uﬂﬁnﬂﬂ’ﬁﬂ&l 4.8 uar 4.2 1Walldua ausIau BUATMNORDUANIBLRIATY

MIFDAVRINAUNFIUNTLANZWE IUANTY  LaNNTN §IURL  LRZLARTUEIWALARE (A13199)

12) Hanuuandranwndane wdilasuiduidafifuduasihminaiuan idanuuandns

AWNIRDA LBWLALINUINLEURARIVNIANTLY 10 1% LLa:gﬂé’@LL@iamu%%msﬁ@LL@iaLLquwu

pAT ULRAIIALIZNaUTBIHERIUAN 9 a9A13197 13 udaininuasBuaiuas 9 Jaana
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' o A I P 2‘ o A ' ' [ ' a & [ 6
LANGIINY ‘ﬁ\‘]Lﬂ%NaL%E]Gﬁ]’]ﬂ%’]ﬂ%ﬂmﬂ‘ll’ﬂlaﬂﬂLL@]ﬂ(ﬂ’Nﬂ% wannineutwidasisuavad

HRINTINLET WU L TaNnuLana 1IN wN19Ena

P 6 & A 1 A & A v v a '
MN1319N 12 ﬂdﬂﬂi:ﬁﬂaﬂsﬁ’miﬂwumE'JGS&‘WJ’N‘YILﬂElG“llq%I%IidLiau@’lH%WQIW@‘M&]T\LLG$UG§JU

unziauluudasmaiaiuowstullsdn 12 iwesidud

FEEDLOT GRASSLAND

ITEMS Mean SD Mean SD Pr>1o
Live weight, kg 237.33 11.02 272.33 20.53 0.060
Hot carcass weight, kg 11533 6.25 135.83 13.33 0.073
Hot carcass percentage, % 48.57 0.40 49.83 1.21 0.161
Right carcass weight, kg 58.00 3.97 67.50 7.26 0.118
Left carcass weight, kg 57.33 2.75 68.33 6.71 0.059
Chilled carcass weight, kg 110.50 6.56 129.33 11.86 0.074
Chilled carcass percentage, % 46.53 0.64 47.47 0.74 0.174
Drip loss, % 4.20 0.75 4.73 1.17 0.544
Liver, kg 3.00 0.20 3.27 0.46 0.411
Heart, kg 1.00 0.00 0.93 0.12 0.374
Lung, kg 1.60 0.00 1.87 0.46 0.374
Abomasum, kg 1.13 0.12 1.47 0.12 0.024
Reticulum, kg 1.07 0.12 0.87 0.31 0.349
Omasum, kg 2.20 0.20 1.67 0.12 0.016
Rumen, kg 4.53 0.12 5.13 0.92 0.327
Skin, kg 24.40 1.22 22.33 3.21 0.357
Head, kg 10.13 0.12 13.07 1.36 0.021
Toe, kg 6.00 0.20 6.07 0.90 0.907

Residual, kg 66.93 4.56 79.83 4.14 0.022
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= & & & A > o & v 9 o
M139N 13 “ﬁuﬁﬁuLuaIﬂW%LNa\‘]"ﬂ']ﬂﬂ’]?@]@’ll.l,@]\‘iLL‘IJ'UI‘W%U'NW]LE]UG“IJ%@’JU‘IJ"I’JIW@%NT]LLQ$

Uassunziauluutlasmgiasuoimnsdulls@n 12 wodidud

FEEDLOT GRASSLAND
ITEMS Left carcass Right carcass Left carcass  Right carcass SEM
FORE QUARTER
Fore quarter weight, kg 27.83 27.67 32.33 32.17 2.10
Brisket, kg 1.57 2.10 1.83 2.40 0.24
Short ribs, kg 1.73 2.17 3.40 2.63 0.21
Rib set, kg 1.20 2.00 1.37 1.53 0.49
Chuck, kg 2.13 2.10 2.67 1.80 0.47
G meat, kg 2.23 2.13 1.77 2.67 0.24
Paleron, kg 0.97 0.97 1.17 1.33 0.16
Jumeau, kg 0.63 0.67 0.80 0.77 0.07
Macreuse, kg 1.77 1.83 2.17 2.07 0.18
Fore shank, kg 3.40 3.00 4.60 4.20 0.65
Silver shank, kg 0.30 0.30 0.40 0.33 0.03
Hump, kg 0.77 1.53 0.22
Fore quarter residual, kg 3.53 3.77 3.90 4.23 0.40
Fore quarter bone, kg 7.83 7.30 7.83 7.13 1.27
HIND QUARTER

Hind quarter weight, kg 27.17 27.83 33.00 31.83 1.40
T-bone, kg 1.57 1.33 1.20 1.10 0.21
Stiploin, kg 1.47 1.53 1.10 1.70 0.37
Filet, kg 0.80 0.77 0.97 1.17 0.20
Sirloin, kg 1.07 0.87 0.93 1.10 0.12
Tritip, kg 2.76 2.67 3.4 32 0.24
Top round, kg 2.50 2.70 2.77 2.73 0.21
Knuckle, kg 2.33 2.27 2.60 2.63 0.10
Bottom round, kg 1.73 1.87 2.57 2.20 0.31
Bavette, kg 247 2.23 3.10 2.57 0.36
Hind shank, kg 2.27 2.37 2.20 247 0.27
Pillow/Eye round, kg 0.97 0.97 1.23 1.17 0.08
Hind quarter residual 3.63 3.57 4.03 4.37 0.42
Hind quarter bone, kg 3.60 4.70 6.90 543 0.99

A lnrwiniveniale
a & | | = A v A & & A A

Myt wudh dldsdunafumbividelanwdasuluudasazdegs

1 dl v v a [ e 1 1 =
nilanyuluaandradnlnandnidunan (p=0.06) sumaislulammlugdvadlulasiaun’
& € A = ] o & A o A& A
dndunin Sadudrnmadwan wuduielaguluudaslddiniuielayuluaanatied
WORATNEDE §auA1an 9 loun luduian 1t WasunInue anunanananuizning

dﬂl dl dQ/ 1 L Qo dl
L%ﬂIﬂﬂLﬁUGLL@]ﬂ@]"IGﬂ% AN 14
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A ¢ & & A
M1319N 14 a\‘lﬂﬂizﬂ@UWﬂx‘]Tﬂ"U%?ﬂBGL%BIQW%LNQGAl%itUUﬂ’]?“I‘!u 2 LUy

FEEDLOT GRASSLAND SEM Pr>F
Moisture, % 75.13 74.34 0.39 0.19
Crude protein, % 21.50 22.04 0.27 0.06
Crud fat, % 1.61 2.00 0.30 0.38
Ash, % 1.07 1.10 0.02 0.50
Nitrogen free extract, % 0.70 0.52 0.11 0.02
Gross energy, Kcal/kg 1,357.22 1,409.91 22.07 0.13

ﬁ?ll Ll,a:f;mmfwamsﬂﬂaaa

FNTIONINNTINAR

dlaaflummesaslugromdiugs S'fidLf‘ﬂqu]maﬁmmwmummﬁiumamm
wARw (Kawashima, 2002; Kuha et al, 2009) vhlwlefisadnaunesasdsianiainiiiy
INBATNITRENMNINMEAREN wianan ldilagnidansfiuanmsiawiininaaas waziila
FLAwMINanad Imlxvl,ﬁ%'ummmumﬁuﬁLLamuyinI vldmsimiminueslagaousn
Raduatnimaensy LfiaﬁmimﬁgﬂLLS]”’Jmﬁ]LfJumiLﬁf%fgLagimﬁvlsjﬂﬂa LATIRT I WA TD
a%my"l,@i”iﬁl,ﬂuwamaamsm%muLau‘[mmummﬁ?uma (compensatory growth) &aaaAREINU
Horton and Holwes (1978) °7ia%mﬂﬁamiw“v'm{mﬁfﬂmaﬂﬂﬁgm‘hﬁ'@msﬁﬂﬁﬁaumﬂﬁﬁu
ownsuunad lassfimafissiwinlugasusnasnedlugag 8 dlansiusn uddeumaiia
iwineesdenUnd LLazmsLa’%tyLauimmmuf:ﬁ]zl,ﬁﬂ%umﬂﬁaU@’mmmgmlﬁwaaﬁ']ﬁ'ﬂms
Auldunninga9nsanne (Drouillard et al., 1991).

Eq]/@li’m’]iLﬁ]%EyL(?IUI@I‘IJE]\‘lIﬂ‘ﬁuLﬁE]\‘l‘ﬁlﬂ@]aadﬂ%dﬁﬁﬁﬁgdﬂ’hﬁﬁmﬁ%([@ﬂ
Sritrakulpecth et al., (1990) Uszanms 25% ﬁ'swmm’jﬂﬂﬁmﬁaaﬁmsm‘%@LauimmﬁU’S'ua:
0.30+0.21 nA. LLazﬁmsLa‘%tyLaﬂm‘ﬁninﬂNauﬁmﬁaomﬁﬁu (0.60 kg/d; Wanapat et al.,
1995) UATANWANUTIWAL (0.89£0.10 kg/d; Tumwasorn, 2007) atdlsiany a3
wsadulavsinsdnmassilindidosruindsulnewaoam:  (Keawpila et al, 2010;
Bunseelarp et al., 2010; Harnsamere et al., 2010) Adnwnlulaiuiiasuin wiisuuums
TWanmsuazgaremnraziianuuandrinu Fadafisusanmudduivle USunme s
A wazszaulnmusildsufaeansasiuanaspumuuzilnsusdmsulanwiasiidarilay
WTSR (2007) ﬂ53:wiﬂﬁﬁm‘na‘%umm‘mTuIﬂﬁmmﬂ@mﬁuﬁmuﬁtyLauim"l,ail,mn@mﬁ'mﬁa
faanmolumadsadoriu de ludasunadamahuazluaenlvinilnendnidunsn
RNEANNINAIIIMTEI N ITBlUSARLA 12 WefiFudnifisine LﬁaLﬂuﬂﬁsa@ﬁunu

& v et tﬂl o v
TIRDAARNDINUN Wanapat et. al. (1995) LLaz Wanapat et. al. (1997) wnzii 1
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1 a A = = .:sa'/
A ladaineuasguaidlugsa
' A A A = o A A ' = =
N laRaINLLAz TN DTNV LA aITUNNINARS LA RSNINLN UG LT AW
LANAINUNIIFD G LL@iLﬁaLﬁUuﬁum5ﬂa§awwmsgwuLL§aﬁ1€1’aﬂd’rJagﬂummsﬁﬁfmdﬂ
A =< va ~ A ' A \ o ~ A ' a
TaganzfNLRa DI T U lATuzaInanIatd  wIiana1ladnladanuiaesdaniia
T390 813819 IRaRINNINARD Lﬁaﬁuq@ﬂ’]iﬂ@aE]G@i’]Iﬂﬁ@ﬁ‘YlEl’]LLa:%’JLﬂﬁl%%%ﬂ?lﬂﬂﬂ
1 J: t:‘la‘ a L% s 1 Qs a o = a a
m*’ﬁ’ngﬂLmun'mamyuuazmsm‘swmmwﬂﬂwmmnmoﬂu Auarilwladedlaiaine
a a ad ' ' o v A P o & A A & o a
wazuadludsulduandronn  anduisandadwniniaifaavaslaniaasluidasnonaed
aautsdninlaniasslunen  (p=0.06) a1aduldldilefRsluutasenaiilsanens
melusunin winawnmeaaadaz larinnstlasnu Nudfan alafadngiuazdiad lud vy
maaIﬂLﬁaauq@ﬂWSﬂ@aaaa:lﬂu@hﬁLLa@a'jﬂﬂagj'sluamwﬁamq_llmiﬂiwﬁauﬁ’mﬁmaaaazi’m
TALA
dwanannglasvatlalaiunanatlasiadoazaglutisanagin  udfagluau
dgaVeIT uazlilaFuganmmesadaaInaIzgInIIlalTunassdatelineday e b
AWl ANAUNINARILFLIAANT M TUNAIINU LN EINDAaANNFBINTT ﬁwm@;mﬁlqu
LAY TR UL BN WAUAZIIALARY (Kawashima, 2002) LLazmsLﬁmymmmiﬂﬂ"lﬁ%fu
% 1 %] >3 a né a Qs v { o ‘V 1
WNRIULNLIND L%%L?}mnﬂﬂsﬁuaagmwﬁwa@mﬂ@uLLa:ﬁﬁmﬁUﬂmwmmy%mﬁamﬂu
31N ﬁnnmﬁmezﬁuam’j’maummﬂﬂﬁmmLﬁaa@iamﬂ’mmimmi ®WIDLRDIAANS
Uﬂwiaaﬁmms@@%mﬁmms Lﬁa?mq@mmu@hé'aﬂmﬁaﬂﬂa‘lmhaéﬁdﬁwaa Kaneko et
al. (1997)
A 2 a o 4 a & A " A
IﬂLuaauq@mi‘yuuLm’ﬂm’nﬂ’lvl,mﬂaLsﬁa"l,smzlawugamwnaumsyu (p=0.07) &4
Ardaumasuyuazlndidusnunuianuauuauliauuda (Japanese black crossbred; Kita, et
] a a 6 dl' : ] 1 ] [
al., 2003) memmLmnzﬁ'lmﬂmeﬁa"lﬁ@maauq@mimaawzqom’] P1INDWLRZRRINTT
NARDI "‘s%n’ﬁmnﬁmyﬂﬂﬁ'sUgﬂLLmJLLamﬁ@mmsﬁLmn@mﬁ'umaaﬂ’ﬁmaaaﬂ%'o WU
NAGOAIARALARLADTOATIN LILANANNWNENEA LI AIARBLAFLADTORIT N RRRNNBILULLINN
ganudnlaanfimalsdiany (r=0.99) 1 AST, ALT, and ALP ilafuganis udlifiany
WANANINAUITZTAINININLIUG LLa::@hﬁaagiuﬁaaﬂﬂammgmmaa Kaneko et al. (1997) W&ia
ALP LiaRugANINAAadzaniiasumMImanadateliuimAY (p<0.05) f1 AST and
ALT Sanduwufgenudn T3 (0.74 and 0.69) udfannmidnmasiidauinadiniinaeau
Tulanuidasniaoeluisanmanarsaadtsznelng (Boonprong et al., 2007a)
fgaslunlnteadudaszlunin (FT4) wazlnslelalalnlsfiv (T3) 289nmsnaass

2]
a A

uma%uﬁg@msmaaaam‘hﬂiwLﬁaﬁumsmaaa uraddnlaimsszaylvaulagnIzasInsne

. ¥ ¥ 4 . - ¥ -
wasnunazlusauliluiitationndu 9 Hersom et al. (2004) S18WINMTLANTULES T3
N edwana9: i I AaNIIRA18aUaI LUTARUINNIINITRIY WazNIN FT4 aaadtiaw

LLamﬁamwﬁaamswé’ommﬁaﬂwﬁ;mﬁmﬁﬁammza@ad (Murphy and Loerch, 1994) Lazaq
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[~ Q 1 % é
msaaelysamdunatin (Buttery, 1983; Ellenberger et al., 1989) #Ianaidntunitefa
a o ¥ { ) o @ ' @ o v
LAANTRERN MU hatE oI NTWIbeLY  VTHSLALINWAIAINE1IVBI LATILRAIALRWIN A
o A A o A & A v A & [ A =
ymmaaadlaazimanfandnoianldsduazsnlwiaitoaanui iU aowdungsnn  Gadln

=< v = A 4 A A ' = A
MIUFAIDINT LATURN T U A LN e awathutad LuawmsmmgJJLiU"LuI@lsLﬁm’LuLaa@
(BUN) wm']"l,sjﬁmmLmﬂ@mﬁmzijﬁauuaz'ﬁuq@m‘smaaau,@imhﬂ@ T RP GRS R
sunusnuns besulYsawn i lusame (Hall et al., 1995)

#1 Mean corpuscular volume (MCV) Lz Mean corpuscular hemoglobin (MCH)

a ¢ & A o A 'Y ¢ A A .
mﬂmsm’sﬁnm'ﬁmmmummmmswmmluiﬂﬁﬂNauwuﬂaaavlmummu (Aengwanich,
2002) LLazgﬂwawmﬁﬁﬁu (Aengwanich et al., 2009) lag@NAINE1I LAINNMTAIUIDL LAZANT
{ . o P 1o = 2 d o [ \
neduaasIndwInilealioauas (RBC) azlun  @9d1 RBC  LA8T89NUNNITURES
2anTLan 'ﬁfuﬁamsﬁﬁuﬁmaa%’mi’aLﬂm;]megﬁdmaﬁﬁ‘hmuaaﬂ%mulummmmmmaﬂd']

&g A & a o o a = a . v @ ' =

uazlad il adnazinlsua Lmzwmﬂmmuwﬂumuhmﬁummgumumao agnglsn
ANF1T MCV, MCH uaz RBC ﬁag’lu‘*ﬁwmmmgméﬂaﬁa (Kaneko et al., 1997) &ua
wunIaiaa  (PLT) °11aﬂﬂﬁL'?SimluuﬂmmﬁwﬁLLu’JIﬁwdwzgaﬂdﬂﬂﬁLﬁmlumﬂ%u
o @ g £ A a4 & o A \ a A
T lwensin  (p=0.068) mmﬂﬂwummwLamﬂquslml,ﬂaomy']LammamigryLamaamta:
Watbiagnyinany ﬁu"]uwamnmsgﬂqﬂmﬂ@mmamazwm%
”urqmmmﬁ@)

dy dly A v :{I s % Y % (=) [

msmmyﬂﬂwumaaluuﬂaomymﬂsuﬂgaqmmw LLﬂﬂWQﬂW%g@ ALTILAA
U J v U v 4 J dl o YV o 1 dQ/
FUNUNILREIU NI LTI TT A b Lﬂumnamwmlﬂ@m"lsgaq@ Lmn'mawquslu
wURINUTBINNANNBATNIAAIUNUNNORNAIT BRZUTZUURNTIY AMTULAARDINNNTINEAT
au 9 wududnlna arsvhmnueslasmndnianliidssulald mnmsfinmaisiiuiazd
”uv;umma@gmiwmﬂﬁmLLuuﬂdamm:LﬁmLﬂmmﬁ'} wAl D UnIIAUANIVLUAN UG IUNG D
FaauwI WA RN LL@iWﬂW@T%ﬁﬂIW@MI@ﬂvlﬂﬁﬁunuﬁa:ﬁﬂﬁa@ﬁﬂfﬁhﬂaa Tuns

U A A o J = g: a & & = 1 a Al = 1
ATITNABN I NN aﬂmmimﬂﬂLﬂumﬁmamwmmmwmuqmmwm‘lﬂﬂﬂuamd

FUIRNLRND

a”nym:mmm:@mmmoﬂmﬁmms
¢ & o & A , g A o o v & [
Lﬂasmummaumaﬂﬂwumaamumam‘*qu Tulsssandrat17 I naniniiunan
LLﬂ:Lﬁild"lJuFLuLLﬂa\‘iﬁﬁ’]m’lﬁ“]J 4857 uay 49.83 Wasidud eusau dniantasuad
wWasigudoinSouladuilasdan (50.3%; aUNTUATAME, 2550) Lazdnindesidudanniou
¥ v a Qs Qr 1 3 I3 1
Yaslanwilasmald (51.43%; looiTTmuazindddng, 2551) awitasidudonidu Nen
WINNU 4653 WAy 47.47 1asiaud enudIau NadeTIzRnaiaivaiasunan wudn 8
AT 1U3auTn Tausan 107 TulasauwnIiinunIng LasNawWNInae YAy 75.13%,
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21.50%, 1.61%, 1.07%, 0.70% uaz 1,357.22 kealkg dwibihalaidnsyuluaandisdnilua
WAIN WAKIYINAL  74.34%, 22.04%, 2.00%, 1.10, 0.52% uaz 1,409.91 dwiuialaiaosyuly
wasng eusau Aenedn ldsdwny uazladuin Indifssnunenuses loeisio

waztodsana (2551) lulanudasnald suddesiiudiinazdininenuasnan (1.28%)

>3 v
LN

VDLAWBDUE
ad A a ° v o A A ' = o
PINTNWNLNEINE LLuzmlﬁmmsyuIﬂwumaﬂ@mmiﬂaammxmaﬂmmammﬂ
nimydSudjegmnn LIRSNGENMITTWIUTEN 12 1asiFud s2au 0.5-1.0 asiduduad
imnnaiisswe lagansieantiasilinasudasnghéawmsiiunldin onwistu uas
g 1 = o L 1 al YV & o a A o a o
wndaw  Anaihdauaztownesiiduszozazililefigunwé  wananvililaddasnis
Snauled UdununIniadmIaNanaULNgINT) LL&ZQmﬁ’]ﬂ’]GIﬂ“ﬁu’m’]ﬂJadLﬁavl,aj@i’]d
nnmuassrulunandiudalnanain n’mﬁm:gulugﬂLmuﬁﬂ'oam'ﬁnﬁ'@umLﬂummamLmu

ﬂqé’mf’ﬁuﬂ%ﬁﬁmﬂua%ngaml,ﬁuvlﬁ



28

LONE1ID19D9

= = =) Qs n€ Q a =
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ABSTRACT

This study determined blood biochemistry values and performance of Thai
indigenous steers (Bos indicus) during fattening for 120 days. Twelve healthy two-year old
steers with a mean+sd weight of 183.5+11.32 kg were assigned equally into two groups. One
group was allowed free grazing on grassland improved mainly with purple guinea grass
(Panicum maximum) and the other kept in a feedlot and fed a corn silage-base diet. Both
groups were then randomly, equally divided and supplemented with two different protein
diets (12 and 14%CP) of about 1% of body weight (BW). The steers in the grassland had a
significantly higher total weight and average daily gain than those in the feedlot. However,
there was no significant difference of these values between steers supplemented with either of
the two protein diets. Blood biochemical values at the end of the trial were not significantly
different for the steers fed the different dietary treatments. Glucose, alkaline phosphatase,
albumin, mean corpuscular volume and mean corpuscular hemoglobin at the end of the trial
had increased, but free serum thyroxine and triiodothyronine had decreased, and differed
significantly from the their values at the beginning of trial. Other blood biochemical values,
triglyceride, total cholesterol, total bilirubin, direct bilirubin, aspartate serum transferase,
alanine transaminase, blood urea nitrogen, creatinine, hemoglobin, and white and red blood
cell hematocrit platelet counts were not significantly different between the start and end of
the experiment. Differences in dietary protein supplementation caused no differences in the
blood biochemical and hematological values of the steers. These results imply that the Thai
indigenous steer should fatten on grassland with a 1%BW dietary supplemental concentrate of
12%CP.

Key words: Performance, Blood biochemical, Grassland, Feedlot, Thai indigenous steer

INTRODUCTION

Thai indigenous (TI) cattle are a kind of Bos indicus. They tolerate tropical ecto- and
endoparasites well, use low quality roughage efficiently, and are highly fertile, but have a
small frame size and low growth rate (Intaratham, 2002; Kawashima, 2002; Boonprong et al.,
2007b; Chantiratikul et al., 2009). Increasingly there is an interest in fattening indigenous
cattle as a possible solution to a more efficient livestock production (Boonprong et al.,
2007a;), and now TI cattle is developing a niche as a natural beef in the market (Sethakul, et
al. 2007). Moreover, its meat has a lower fat content than Brahman crossbred and Charolais
(Opatpatanakit, et al. 2007; Sethakul, et al. 2007). Therefore, TI cattle plays an important role
in the livestock-cropping production system of a small holder farm because it is a savings
account and can be changed into cash when necessary (Tumwasorn et al., 1998).

In northern Thailand there are many residues from sweet corn producing farms. After
the harvest, the stem and leaf are always sold to farmers who use them for raising beef and
dairy cattle. However, depending on the season, the volumes of corn crop residue fluctuate.
Therefore, for the farmer, reserving a corn crop for corn silage can help during periods where
roughage for cattle is unavailable. Making corn silage could be a good choice for a farmer to
improve feed quality. During cattle fattening, moreover, farmers have to pay attention to the
health, quality and welfare of their steers. For this reason blood biological and hematological
values are performed in order to assess health status, evaluate body response to nutrition, and
indicate adaptability to adverse environmental conditions and the associated stress and
welfare (Hall et al., 1995; Jane, 1996; Kaneko et al., 1997; Stanger et al., 2005; Boonprong et
al., 2007a; Aengwanich et al., 2009; Kuha et al., 2009). Given these conditions in northern
Thailand, farmers have two options available to them, to rear cattle on a feedlot or to allow
them to graze freely. A study of which of these options is best suited for fattening TI cattle
has not been performed, and diet recommendations have been based largely on analogies to
other breeds. The aim of this research was to determine the blood biochemical values and
performance and of Thai indigenous steers during fattening by allowing free grazing on
improved grassland and compare these parameters with steers kept in a feedlot and fed diets
of corn silage. The kind of roughage and feeding regime makes a difference in the steer’s



nutritional intake, in particular the protein intake. Therefore, the question of protein
supplementation was also addressed and compared for both feed modalities by supplying the
steers diets with a protein concentrate at 2 levels.

MATERIALS AND METHODS

Experimental Design and Procedure

Twelve two-year old healthy Thai indigenous steers, with a mean+sd weight of
183.5+11.32 kg, were assigned equally to four groups, following a 2x2 factorial completely
randomized design. Six steers were allowed free grazing for about 9 hr per day (8:00am —
5:00pm) on grassland, mainly improved with purple guinea grass (Panicum maximum). The
other six steers were reared in a feedlot on a corn-silage base diet. Both groups were randomly
and equally divided into two subgroups and each was supplemented with a protein
concentrate at 1% body weight per day during the evening with an individual feeder. The
supplementation diet had two levels of protein content as showed in table 1. Steers were
allowed free access to a water basin all the time. The steers were castrated, and full recovery
was awaited before the experiment was started. After that, the steers were treated and
controlled for internal and external parasites (Abentel, Attantic Laboratries Corp., Ltd,
Thailand and Ivomec F®, Merial (Thailand) Ltd.), and all were injected with a vitamin
complex (Catosal®, OLIC [Thailand] Ltd., under supervision of Bayer Leverkusen, Germany).
The body weights of the steers were measured at inception of the trial and then every 30 days
during the trial until it concluded after 120 days.

Preparation Grassland and Corn Silage

Before the experiment grassland, mainly consisting of purple guinea grass, was
improved by adding cattle manure (250 kg/acre) and urea fertilizer (25 kg/acre). Water was
supplied for 2 months, twice a week, using a sprinkler. About 75 days after harvest, corn
silage was made from the whole stem of sweet corn and cut into 2-3 cm lengths with a
chopper machine. It was tightly packed together with chopped corn, of a weight of about 100
kg, into a plastic bag and tied with a rope after removing the air using a blower. It was then
stored in a closed room at ambient temperature for 3 weeks before it was fed to the steers.

Blood Biochemical and Hematological Analysis

At the start and finish of the 120-day trial, blood samples were taken from the jugular
vein during fasting (7:00-8:00am) using 10 ml disposable syringes. The specimens were put
into KzEDTA and NaF tubes of 2.5 ml each and the remainder allowed clotting in a blood clot
tube. Serum was obtained following centrifugation at 600xg for 10 minutes, stored at 4-6 °C
and carried to the laboratory for analysis. Serum blood biochemicals were determined
automatically using a COBAS INTEGRA® 800 (Roche, Switzerland), and they were glucose
(GLC), total bilirubin (TBIL), direct bilirubin (DBIL) aspartate serum transferase (AST),
alanine transaminase (ALT), alkaline phosphatase (ALP), blood urea nitrogen (BUN),
creatinine (CR), total cholesterol (TC), triglyceride (TG), high density lipoprotein (HDL), low
density lipoprotein (LDL), albumin (ALB), free serum thyroxine (FT4) and free
triitodothyronine (FT3). Complete blood cell counts (CBC) due to white blood cell (WBC),
hemoglobin (HB), hematocrit (HCT), red blood cell (RBC), platelet (PLT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
concentration (MCHC) were analyzed using an electrical impedance technique by Sysmex
K4500 (GMI, Inc., Minnesota, the United States).

Statistical Analysis

Data were analyzed using a statistical experimental design model with the generalized
linear model (GLM) procedure (SAS, 1999). The productive traits were analyzed for co-
variance (ANCOVA) by running an initial body weight as a covariate. The least square mean
and standard error of the mean were calculated and compared using the PDIFF (SAS, 1999)
for a significant F-test (p<0.05). Blood biochemical and hematological values were compared
between the periods of the experiment using the paired T-test.



RESULTS

Productive Performance

There were no significant differences of body weight gain (BWG), average daily gain
(ADQG), daily dry matter feed intake (DMI), and feed per gain ratio (FGR) between the two
levels of dietary protein supplementation for the two groups of cattle, improved grassland and
feedlot fed corn silage-base. For steers supplemented with diet 1, those in the feedlot had
lower BWG and ADG than those feeding on grassland, however, DMI concentrate
consumption showed that steers in the feedlot consumed more concentrate than steers in the
grassland (table 2). Steers that were allowed free grazing on grassland tended to have a
higher cumulative BWG than those in the feedlot and fed corn silage-base at 60, 90, and 120
days of the experiment (p=0.08). Furthermore, steers feeding on improved grassland had the
highest ADG during 30-60 days of the experiment and this value differed significantly
(p<0.05) from the steers in the feedlot (figure 1).

Blood Biochemical and Hematological Values

The blood biochemical and hematological values did not differ significantly between
steers randomly assigned to the different treatments at the beginning of the trial, and are
shown in table 3. The end results also found no significant difference of blood values between
steers given the different dietary treatments in both the feedlot or within the grassland.
However, the PLT of steers fed on grassland and supplemented with diet 1 tended to be lower
than that of the other groups (p=0.068).

Blood biochemical and hematological values were compared between the initiation
and conclusion of the trial. GLC, ALP, ALB, MCV, MCH at the end of the trial increased and
were significantly different (p<0.05) from those of at beginning of the trial. The final TG of
the steers by average tended to be higher than that at the beginning (p=0.073). In contrast, the
values of FT4 and T3 decreased significantly at the end of the trial. The blood biochemical
values TBIL, DBIL, ALT, BUN, and CR did not change significantly before and after
fattening the steers. The hematological values WBC, HB, HCT, RBC, MCHC, and PLT were
not significantly different for the two dietary treatments when compared at the conclusion
(table 3) and between the initiation and conclusion of the trial (table 4).

DISCUSSION

Productive Performance

Our study started in March, the beginning of summer. During this season, cattle
mostly loose body weight because of the scarcity of the roughage supply (Kawashima, 2002;
Kuha et al., 2009). Therefore, steers were restricted in their feed intake before starting the
experiment. This could influence BWG and ADG during the early stages of fattening, as
compensatory growth affected the steers and they could take in more feed than they needed
during this period. This especially applied to those allowed free grazing on improved
grassland. Horton and Holwes (1978) found that cattle with restricted feed intake gained
weight more rapidly during subsequent full feeding in the first 8 weeks. They claimed the
compensatory gain paralleled the increased intake with no change in ration digestibility.
Compensatory growth was influenced more by differences in severity of restriction than by
duration of the restriction period (Drouillard et al., 1991).

The ADG of this study was higher by about 25% than that reported by Sritrakulpecth
et al., (1990) on the same breed (0.30+0.21 kg/d). This was a lower ADG than observed in TI
x Brahman crossbreds by about 19.2% (0.60 kg/d; Wanapat et al., 1995), and by about 40%
of Brahman crossbred (0.89+0.10 kg/d; Tumwasorn, 2007). The ADG and DMI of this study,
however, were nearly the same as those reported for TI by many researches (Keawpila et al.,
2010; Bunseelarp et al., 2010; Harnsamere et al., 2010). ADG is related to the dietary proteins
(Chantiratikul et al., 2009) accepted as a recommendation of standard nutrient requirements
for TI cattle in Thailand (WTSR, 2007). For steers fed roughage (feed lot) ADG was not
significantly affected by the level of dietary crude protein supplementation. This result means



that concentrate (12% CP) can effectively supplement fattening in TI, and it agrees with the
recommendations of Wanapat et. al. (1995) and Wanapat et. al. (1997).

Blood Biochemical and Hematological Values

The blood biochemical and hematological values of steers were not significantly
different between the two dietary treatments when they were compared at the beginning and
end of the trial. Steers allowed free grazing on grassland tended to have a higher PLT count
than animals in the feedlot (p=0.06) throughout the 120 days of the experiment. This may
indicate that a steer in the grassland produced more PLT against blood parasites that may
embed more in tropical regions.

Plasma GLC concentration increased dramatically during the experiment for the
steers supplied with dietary protein treatment. Although GLC concentration at initiation
(53.33 +£ 3.56 mg/dL) was in the normal range (Kaneko et al., 1997), yet it was closer to the
lower limit of normal values (50.0 mg/dL). This means that before the trial steers lacked
energy supply because they were restricted of roughage (Kawashima, 2002; Kuha et al.,
2009). At the conclusion of the trial, plasma GLC of steers on the average was high, at
65.08+1.36 mg/dL, indicating an adequate energy supply as result of the dietary treatment.

Serum ALB at the end, 3.17+0.06 g/dL, differed significantly from that at the onset of
the trial (2.8240.05 g/dL; p<0.001). As ALB is produced in the liver and plays many
important functions, these values indicated that before starting the steers were at risk of
malnutrition and feed malabsorption. However, for both sets of steers ALB was in the range
given by Kaneko et al. (1997).

At the end of the 120 days, steers tended to have higher plasma triglyceride (TG) than
at the beginning (p=0.07). The TG before starting the trial was nearly the same as for
Japanese black crossbred fed rice straw and receiving enough TDN (Kita, et al., 2003). The
values of total cholesterol (TC) were not significantly different between steers fed different
dietary treatments, and between onset and conclusion of the trial. The TC values of our study
were higher than those for Japanese black crossbred cattle (129.3343.15 mg/dL; Kita, et al.,
2003), and buffalo calves (129.4+4.96 mg/dL; Kumar and Dass, 2006). TC, TG, and LDL
values at the end of the trial correlated positively with each other (TG vs. TC =0.99, TG vs.
LDL =0.97, TC vs. LDL = 0.98), but correlated negatively with TBIL (-0.63, -0.65, and -
0.68, respectively).

AST, ALT, and ALP levels were not significantly different between the dietary
treatments for the duration of the trial and were within the reference range of Kaneko et al.
(1997). However, ALP of steers at the end, was significantly different than that at the
beginning of the trial (p<<0.05). At the end, AST and ALT had a strong correlation with T3
(0.74 and 0.69). This study also found lower AST and ALT values than reported in TI cattle
by Boonprong et al. (2007a).

Serum FT4 and T3 decreased significantly at the end of the trial (table 5). Hersom et
al. (2004) stated that increased availability of T3 induces more extensive protein degradation
than synthesis. In addition, decreased concentrations of thyroid hormone have been shown to
decrease the requirements to maintain energy (Murphy and Loerch, 1994) and decrease
protein degradation (Buttery, 1983; Ellenberger et al., 1989). This result either indicates that
proteins mobilized from muscle for maintenance before the trial, or it was evidence of a low
protein intake. Then, during fattening, steers consumed enough protein and that could
decrease secretion of T3 and FT4 and this may be responsible for the increased energy being
used for growth. Herson et al., (2004) claimed that lower concentrations of T3, and T4 in
steers, when they entered the feedlot, did not inhibit their growth as a response to the previous
restriction. BUN, however, was not significantly different between the periods of the study
although BUN relates closely to protein intake in beef cattle (Hall et al., 1995).

Although, MCV and MCH differences were not significant between dietary
treatments within the study period, pooled values at the end were significantly higher than
those at the beginning. Both these values for TI steers were lower than for Holstein Friesian
crossbreed (Aengwanich, 2002) and crossbred beef cattle (Aengwanich et al., 2009). Both
values, however, were within the reference range of Kaneko et al., (1997). This indicated that
RBCs of TI steers were higher than those of other breeds.



TBIL, DBIL, and CRT were not different between dietary treatments when compared
between feed modalities and for the onset and conclusion of the trial, and were in the normal
range (Kaneko et al., 1997; Jane, 1996). Steers on grassland tended to have a higher PLT
count than steers in the feedlot (p=0.068). Low PLT counts could increase bleeding risks.
However, the values were in the range of Kaneko et al. (1997).

WBC, HB, HCT, RBC, and MCHC were not significantly different for steers fed with
different dietary treatments. These values for the beginning of the trial were not different and
indicated that steers were correctly assigned to the experiment.

We have studied how TI cattle respond to a fattening regiment in two environments.
In the first, cattle was allowed to freely graze on grassland, in the other it was fed roughage in
a feed lot. In both cases the diets were supplemented with a protein concentrate. Even though
both fattened, given the evidence, we recommend that the most effective way to fatten cattle
in Thailand is to allow it to graze on grassland and be given a 1%BW protein dietary
supplemental concentrate of 12%CP.
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Table 1 Ingredients and composition of the experimental diets

Ingredients Diet 1 (kg) Diet 2 (kg)
Corn 70.00 70.00
Rice bran (from local rice mill) 25.00 20.00
Soybean meal - 5.00
Urea 2.00 2.00
Di-calcium phosphate 1.90 1.90
Sodium chloride 1.00 1.00
Sulfur 0.10 0.10
Total 100.00 100.00
CP, % 12.00 14.00
TDN, %DM 86.16 85.76
ME, MJ/kg 3.34 3.27




Table 2 Productive performance of the Thai indigenous steers during fattening: Feedlot fed
corn silage-base, and grassland free grazing

Feedlot fed corn silage-base

Grassland free grazing

Item * Diet 1 Diet 2 Diet 1 Diet 2
LSM+SEM  LSM +SEM LSM+SEM  LSM+SEM

Initial weight, kg 180.33+7.44  178.50+9.25 188.00+6.79  187.17 £3.68
Final weight, kg 237.57£4.30° 243.17 438"  252.12+4.35" 24148 +£4.32%
Final weight, kgBW">  60.49+0.80°  61.56+0.81°  63.23+0.81"  61.25+0.80®
BWG, kg 5407 +4.30°  59.67+4.38"  68.62+4.35°  57.98+4.32%
ADG, g/d 439.67 £3.50° 485.14+3.56™  558.14+3.54"° 471.39+3.51®
ADG, g/ keBW"°/d 7.24 +0.45° 7.89+0.46® 878 +045°  7.70 +0.45®
DMI concentrate, kg/d ~ 1.98 +0.15° 1.96 £0.15 1.15 +£0.15* 142 £0.15°
DMI roughage, kg/d 3.17+£0.01 3.13£0.01 - -

Total DMI, kg/d 5.16+0.01 5.10 +0.01 - -
Feed/gain ratio 12.05 +0.02 10.71 £0.16 - -

*  BWG = body weight gain, ADG = average daily gain, DMI = dry matter intake

a,b

Different superscript on the same row differed at p < 0.05.

Table 3 Blood biochemical values of Thai indigenous steers at the conclusion of the trial

(120 days)
Feedlot Grassland
ftem * Dict1  Dict2  Dietl  Diet2 SEM  p-Values
GLC, mg/dL 65.67 66.00 67.00 61.67 2.84 0.347
TBIL, mg/dL 0.37 0.17 0.37 0.33 0.07 0.288
DBIL, mg/dL 0.08 0.03 0.03 0.02 0.02 0.294
AST, U/L 50.00 51.00 61.00 68.00 5.85 0.622
ALT, U/L 19.00 22.00 26.67 26.00 1.72 0.317
ALP, U/L 246.33 144.00 171.33 162.00 29.14 0.149
BUN, mg/dL 14.00 15.00 15.67 14.00 0.97 0.207
CR, mg/dL 1.46 1.50 1.27 1.37 0.07 0.663
TC, mg/dL 143.00 222.67 177.67 163.67 50.25 0.379
TG, mg/dL 63.00 146.00 82.67 67.00 50.67 0.359
HDL, mg/dL 40.33 36.67 51.33 48.00 8.12 0.984
LDL, mg/dL 90.07 156.80 109.80 102.27 40.64 0.388
ALB, g/dL 3.20 3.30 3.00 3.17 0.11 0.760
FT4, ng/dL 0.97 0.83 0.90 0.87 0.06 0.412
T3, ng/dL 94.33 92.00 145.00 114.33 12.72 0.298
WBC, x103/uL 13.03 11.66 10.59 12.15 1.51 0.362
RBC, x106/HL 8.52 8.18 7.11 8.91 0.85 0.241
HB, g/dL 12.70 12.23 10.80 13.73 1.33 0.237
HCT, % 39.00 38.33 34.00 43.00 4.46 0.310
MCV, fL 45.87 46.90 47.67 47.97 1.59 0.823
MCH, pg 14.97 15.00 15.17 15.33 0.48 0.893
MCHC, g/dL 32.63 32.03 31.80 32.00 0.56 0.494
PLT, xlOS/uL 1.47 2.55 2.64 2.30 0.34 0.068

*  Different superscript on the same row differed at p < 0.05.



Table 4 Comparison of blood biochemical values of Thai indigenous steers at the initiation
and conclusion of the trial

Ttem * Pooled, for beginning of trial ~ Pooled, for end of trial or > | Reference
mean £ SEM range mean £ SEM  range range T

GLC, mg/dL 53.33 £ 3.56" 29-72 65.08 £ 1.36°  55-71 0.002 50.0-75.0
TBIL, mg/dL 0.28 £0.02 0.22-0.39 0.31+0.04 0.01-0.5 0.453 -
DBIL, mg/dL 0.04 £0.01 0.01-0.1 0.04+0.01 0.01-0.12 0.885 -
AST, U/L 55.58 £3.81 39-81 57.50 +3.35 43-81 0.622 75.0-135.0
ALT, U/L 23.42 +£1.57 17-33 2342+ 1.19 17-29 1.000 11.0-40.0
ALP, U/L 148.75 +11.97 87-228  180.92+17.11 100-327 0.034  0-488
BUN, mg/dL 13.88 £0.77 9.6-18.9 14.67 +0.47 12-17  0.421 10.0-20.0
CR, mg/dL 1.43 £0.05 1.27-1.92 140+0.04 1.2-1.67 0.556 0.7-1.5
TC, mg/dL 146.00 + 4.68 112-167 176.75+23.17 115-419 0.299 -
TG, mg/dL 40.25 +1.78a 28-53 89.67 £23.83° 38-347  0.073 -
ALB, g/dL 2.82+£0.05 2.35-3.01 3.17+0.06° 2.8-3.5 <.0001 2.8-3.5
FT4, ng/dL 1.64 +0.14° 1-2.4 0.89+£0.03* 0.7-1.0 <.0001 -
T3, ng/dL 213.08+11.07° 151287 111.42+839* 79-182 <.0001 -
WBC, x10*/,L  12.08 £0.73 8.8-18.7 11.86£0.70 7.6-16.7 0.653 4.0-20.0
RBC, x10%,L 8.76 £0.20 7.71-9.81 8.18+041 6.2-11.3 0.176 5.0-10.0
HB, g/dL 12.53 £0.30 10.9-143 1237+0.65 9.3-17.8 0.780 8.0-15.0
HCT, % 39.08 £1.09 33-45 38.58 £2.13 28-56  0.789 24.0-46.0
MCV, fL 4458 +0.64°  40.4-48.5 47.10+0.72° 41.4-50.1 <.0001 40.0-60.0
MCH, pg 1431+020*° 12.8-153 15.12+0.21° 13.7-16.1 <.0001 11.0-17.0
MCHC, g/dL 32.13+0.31 30-34.1 32.12+0.26  30.3-33.3 0.925 30.0-36.0
PLT, x10°/,L 2.11+0.35 1.24-5.61 2.24 +.20 14-3.7 0547 1.0-8.0

*

Different superscript indicates significantly different

+ adapted from Jane (1996); Kaneko et al. (1997)
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Figure 1 Cumulative body weight gain (a) and average daily gain (b) of Thai indigenous
steers during fattening during 120 days with supplemented diets
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ABSTRACT

Thirty Nan Indigenous (NNI) and twenty Brahman crossbred (BHx) cattle were collected for
blood sampling to measure its biochemical during dry season. Serum was analyzed for complete blood
count (CBC) and biochemical hematology. The CBC consisted RBC, HB, HCT, MCV, MCH, MCHC,
WBC, NEU, LYM, MONO and PLT. The biochemical hematology was ALB, AST, BUN, CRT and
GLC. The least square means+SEM of those parameters in NNI breed were 8.18+0.20 x10'*/L,
12.9120.31 g/dL, 39.14+0.94%, 48.02+0.59 fL, 15.94+0.24 pg, 33.13+0.44 g/dL, 12.04+0.86 x10°/L,
49.54+3.67%, 42.64%3.44%, 2.39+0.35%, 1.76+0.24 x10'*/L, 2.83+0.08 g/dL, 78.15+5.48 U/L,
10.98+0.84 mg/dL, 1.36+0.14 mg/dL and 59.5143.55 mg/dL, respectively. Those parameters in BHx
cattle were 7.9240.23 x10'%/L, 11.47+0.35 g/dL, 36.38+1.06%, 46.47+0.67 fL, 14.67+0.27 pg,
31.1340.49 g/dL, 15.56+0.97 x10°/L, 39.2244.16%, 51.96+3.91%, 2.10+0.42%, 2.01+0.27 x10'%/L,
3.2040.08 g/dL, 83.494+6.09 U/L, 8.15+£0.93 mg/dL, 1.39+0.16 mg/dL and 54.55+3.94 mg/dL,
respectively. Parameters measured indicated that both cattle received low nutritional intake during dry
season especially protein and energy supplying. The HB, HCT, MCH and MCHC indicated that NNI
breed can be responsible for carrying oxygen and carbon dioxide throughout the body more efficiency
than the BHx cattle. Those were the reason that NNI was the breed of choice for rearing on highland
area of Nan province.

Keywords: Blood biochemical, Nan indigenous cattle, Nan province
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INTRODUCTION

Nan province locates on the East of Northern of Thailand. The area was steep slope mountain
more than 30 degree about 85 percent of the total. People mostly are farmer and grow plant as a major
career by rearing some livestock like chicken, pig and cattle for supplementation. The cattle production
can be divided into two types according to area of grazing, which are the highland and the low plain
production systems. People on highland area are always rearing Nan indigenous (NNI) cattle. Because
of The advantages of NNI breed are tolerance to tropical ecto- and endoparasites, very well usage low
quality roughage, high fertility and low investment (Intaratham, 2002; Kuha et al, 2006; Dongpalee et
al., 2007). The disadvantages of NNI breed are small frame, low growth rate and low quality of meat in
term of marbling. The farmer on highland always allowed NNI cattle to free grazing on the mountain in
the forest park during rainy until the end of winter (Kuha, et al., 2006). Cattle, after that, were carried
to village and sold to market. Some were kept in the field crops and orchard during summer. At this
time, the cattle become to lose in body weight as a plentiful feed decrease in dry season. The farmers at
the low plain area mostly are rearing Brahman crossbred (BHx) cattle, which is a cross breed between
the NNI and the Brahman (Bh). The BHx has an advantage in term of large frame size, more growth
rate than the NNI and parasite tolerance moderately. The disadvantages of BHx are low fertility, need
intensive feeding and can not climbing the mountain that are the most area of Nan province. So, the
BHx production is restricted by grazing area. Farmer at low plain area are always taking the BHx to



graze in public area and sometime in the rice field after harvested and carrying grass by cutting from
the road side for feeding. Farmer is usually reserve rice straw hay for cattle during dry season (Kuha et
al., 2006). However, both production systems play the role an important for people of Nan and nearby.
Cattle can be a saving account of small farmer and can be change to cash as necessary and meat quality
are more suitable for local food of local people (Kuha et al., 2006; Boonprong et al., 2007b). The
interest in indigenous cattle is increasing as a possible solution to increased efficiency of production
(Otto et al., 2000; Boonprong et al., 2007a; Dongpalee et al., 2007). Indigenous cattle can be stand for
a niche market as its meat has low cholesterol. If one known more about them one can improve it the
production efficiency. The objective of this research needed to investigate blood biochemical values of
apparently healthy NNI and BHx cattle during the beginning of dry season which roughage feed initiate
to scarcity.

MATERIALS AND METHODS

Blood collection and biochemical examination

Fifty cattle consisted of 30 and 20 healthy according to Nan indigenous (NNI) and Brahman
crossbred (BHXx) cattle were used to study blood biochemical profile during the beginning of summer
(dry season). Blood specimen was taken from the jugular vein during fasting (07.00-11.00 am) for 10
ml, and put into K3sEDTA and NaF tubes for 2.5 ml each, and the remain allowed to clot in blood clot
tube. Serum was obtained following a centrifugation at 600 xg for 10 minutes, stored at 4-6 °C and
transport to the laboratory for analysis. Complete blood cell count (CBC) was analyzed by an electrical
impedance technique using the Sysmex K-4500 (GMI, Inc., Minnesota, the United States) Enzymes,
protein and metabolites were determined using the COBAS INTEGRA 800 (Roche, Switzerland).

Statistical analysis
To compare parameters, the analysis of variance was used for analyses using the statistical
model as below,

Yigjg = 4 + by + 55+ a + ¢+ bs;+ bay + bey + ey

where, Yjjq was the observation, x was an overall mean, b; was fixed effect due to breed of
cattlei (i = NNI and BHx), s; was fixed effect due to cattle sex j ( j = female and male), a, was

fixed effect due to age group of cattle k (k = <2 year, 2-4 year and >4 year), ¢, was fixed effect due to

body condition of cattle | (1= thin and moderate), bs;; , bay and bc;; were interaction effect due to

breed by cattle sex, breed by age group of cattle and breed by body condition of cattle, and e, was

random residual effect, which e, ~ NID (0, o).

To compare those effects, least square means and standard error of mean were calculated and
paired comparing was tested using the t-test. The effect of pregnancy of cow was tested against the t-
test between pregnant and non-pregnant cow. All analysis had been done using many procedure of the
Statistical Analysis System software (SAS, 1998).



RESULTS

The least square means of blood biochemical of Nan indigenous (NNI) and Brahman
crossbred (BHx) was showed in table 1. The results found that white blood cell count (WBC) and
albumin (ALB) of BHx were higher and differed significantly than those of NNI cattle. Hemoglobin
(HB), hematocrit (HCT), Mean corpuscular hemoglobin (MCH), Mean corpuscular hemoglobin
concentration (MCHC) and blood urea nitrogen (BUN) of NNI was higher than those of Bhx cattle
significantly (p<0.05). This indicated that the NNI was more healthy or tolerance than the BHx during
dry season. For blood urea nitrogen (BUN), the BHx was lower value than those of NNI cattle
significantly (p<0.05). However, others blood biochemical values due to red blood cell count (RBC),
Mean corpuscular volume (MCV), platelet count (PLT), Neutrophil (NEU), lymphocyte (LYM),
monocyte (MONO), glucose (GLC), Creatinine (CRT) and aspatate serum transaminase (AST) were
differed not significantly different (p>0.05).

The values of blood biochemical analyses classified according to breed by sex are shown in
table 2. There were significant differences between female and male of NNI and BHx with albumin
level, which the male of NNI cattle was higher and lower in BHx cattle than those of the female. HB,
MCH, MCHC, MCV and WBC were nearly the same between the female and the male in NNI cattle.
However, MCH and MCV of BHx cattle were higher, but WBC was lower in the female group. No
significant different had been found in the rest of measured blood biochemical analyses.

The less than 2 year old cattle found to be higher RBC, HB, and HCT than those of the older
cattle. In contrast, MCH and MCV of the young one were lower than those of the older one. WBC of
both breed was not significant different between age group of cattle, but the NNI cattle was lower
WBC than the BHx cattle. There were higher ALB, BUN and CRT of more than 4 year old NNI cattle
than the young one (less than 2 year old) cattle. Those parameters were nearly the same between age
group of BHx cattle. GLC of the less than 2 year old BHx cattle was the highest, but was not significant
different with the 2-4 year group. The less than 2 year old, however, was highly significant different
with the oldest group (> 4 year old) for GLC level in BHx cattle. The rest of blood biochemical
measured were not significant different between age group of cattle within and between breed as
showed blood biochemical analyses classified according to breed by age group of cattle in table 3.

The body condition of cattle due to thin (BCS<2) and moderate (BCS>3) were not effecting to
blood biochemical of NNI breed. These were the same as in the BHx cattle, except for MCV and CRT
of moderate cattle were higher than those of thin cattle. WBC of BHx was higher than NNI breed
significantly different. The BUN of moderate cattle duet o NNI trended to higher than BHx at the same
condition. The blood biochemical obtained is shown in table 4.

The pregnancy cow was found RBC and HCT lower than those of the non-pregnancy, but the
MCV, MCH, MCHC and CRT of the pregnancy was higher than those of the non-pregnancy
significantly different. No significant different had been found in the rest measured blood biochemical
analyses as showed details in table 5.

DISCUSSION

A CBC can be an important extension of the physical examination in ruminants and may be
used to suggest certain disease processes when exam findings are vague and is useful for establishing a
prognosis in many cases. Since the cattle used in this study showed no clinical signs or pathological
symptoms, they were considered in healthy and the data obtained can serve as reference values for
future study in veterinary medicine and animal production. The data in this study can serve as reference
values for NNI cattle on highland area and BHx at low plain condition in Nan province. CBC of both
breeds was in range of Kaneko et al. (1997) and found the HB, HCT, MCH and MCHC of NNI higher
than those of BHx cattle. This indicated that NNI breed can be responsible for carrying oxygen and
carbon dioxide throughout the body more efficiency than the BHx breed or indicated the healthier of
NNI cattle than the BHx. This could support that NNI breed can be survive in highland condition. HCT
of NNI breed of this study was a bit higher than Thai native breed reported by Koatdoke et al (2006)
who measured in term of packed cell volume (PCV). The high values of HCT in NNI breed may
possible that cattle dissipated body temperature more using sweating response than respiration (Shell et
al., 1995; Hammond et al., 1996; Hammond et al., 1998; Stull and Rodiek, 2000).

Both species were found BUN lower than the reference range reported by Kaneko et al.
(1997), although BUN of the NNI was higher significantly different than the BHx. As urea is the major
end product of protein nitrogen metabolism. This indicate that the two breed cattle was insufficient
protein intake during dry season and need to be supplemented to maintain its metabolism to normal
range and the Bhx needed to be more supplement than the NNI. During this period, farmers always
supply only rice straw to their cattle. So, they need to learn quickly how to improve quality of rice



straw by treating it with urea for their own cattle. ALB of NNI breed was lower than BHx breed
(p<0.05), but was in range reported by Kaneko et al. (1997); Boonprong et al. (2007a). However, this
may indicate the NNI sometime may influence by parasite such as hookworm and insect which was
plentiful in the forest park in highland condition. Although, NNI breed was tolerance to tropical insect
and parasite, but the farmer have to be take carefully treating anti-parasite medicine as necessary. The
AST, CRT and GLC measured of the NNI and the BHx in this study were within reference range of
Kaneko et al. (1997). GLC, however, reported for both breed was slightly lower than Al-Shami (2003)
who reported GLC in Hassawi cattle in Saudi Arabia and Boonprong et al. (2007a) who reported the
values of Thai indigenous cattle and crossbreed cattle between Simmental and Brahman in central part
of Thailand. This may indicate a risk of an inadequate energy supply for cattle during dry season.

No significant different found between male and female in NNI breed except for ALB of the
female was lower than the male (p<0.05). In contrast, many parameters of BHx found to be highly
significant between the male and the female (see table 2). Differences were seen between age group of
cattle in both breed, which trended to the report in Angoni cattle in Mozambique by Otto at al. (2000).
The young cattle (< 2 year) in NNI breed had lower ALB, CRT and GLC than those of the mature one.
These may indicate the risk of malnutrition of young NNI cattle during dry season. No significant
different of blood biochemical found between different body condition of NNI breed, the thin body
condition had lower CRT than the moderate (p<0.05) and references range in BHx breed. As CRT is a
by-product of muscle metabolism and is excreted by the kidneys. Low level of CRT and BUN indicated
low protein intake in BHx cattle and needed quickly supplementation especially during dry season.

CONCLUSION

Blood biochemical values of this study can be serving as references parameter for NNI, BHx
and Thai indigenous cattle in other part of Thailand. Many parameters indicated that cattle received low
nutritional intake during dry season especially protein and energy supplying. The HB, HCT, MCH and
MCHC indicated that NNI breed can be responsible for carrying oxygen and carbon dioxide throughout
the body more efficiency than the BHx breed and were the reason that NNI breed was more suitable for
highland condition of Nan province.
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TABLE 1 Least square means and standard error of blood biochemical of Nan Indigenous (NNI)

and Brahman Crossbred (BHx) cattle

NNI (n=30 BHx (n =20

Parameter LS(M : S‘)EM LSI(\/[ T SE)M ProF Ref. Range *
RBC (x10'%/L) 8.18 £0.20 7.92 +0.23 0.45
HB (g/dL) 12.91 +0.31* 11.47 £0.35° 0.01 8.0-15.0
HCT (%) 39.14 +0.94° 36.38 +1.06° 0.09 24— 46
MCV (fL) 48.02 £0.59 46.47 £0.67 0.13
MCH (pg) 15.94 +0.24* 14.67 £0.27° 0.00
MCHC (g/dL) 33.13 £0.44° 31.13 £0.49° 0.01
WBC (x10°/L) 12.04 +0.86° 15.56 +£0.97* 0.02
NEU (%) 49.54 £3.67 39.22 +4.16 0.11
LYM (%) 42.64 £3.44 51.96 £3.91 0.12
MONO (%) 2.39 £0.35 2.10 £0.42 0.63
PLT (x10'%/L) 1.76 £0.24 2.01 £0.27 0.55
ALB (g/dL) 2.83 £0.08 3.20 +0.08" 0.01 2.8-35
AST (U/L) 78.15 £5.48 83.49 £6.09 0.57 75-135
BUN (mg/dL) 10.98 +0.84" 8.15 £0.93° 0.05 15-30
CRT (mg/dL) 1.36 £0.14 1.39 £0.16 0.90 0.7-1.5
GLC (mg/dL) 59.51 £3.55 54.55 £3.94 0.41 50-75

&% different superscript at the same row differed significantly (P < 0.05); = adapted from Kaneko et al. (1997)
RBC, red blood cell; HB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; WBC, white blood cell; NEU,
Neutrophil; LYM, lymphocyte; MONO, monocyte; PLT, platelet; EOS, eosinophil; ALB, albumin and AST,

aspartate aminotransferase; BUN, blood urea nitrogen; CRT, creatinine; GLC, glucose;

TABLE 2 Least square means and standard error of blood biochemical due to breed by sex of cattle

Nan Indigenous Breed (NNI)

Brahman Crossbred (BHx)

Female (n=9) Male (n=21) Female (n=16) Male (n=4)
Parameter * LSM +SEM LSM + SEM LSM + SEM LSM + SEM
RBC (x10"/L) 7.75 £0.33 7.99 +0.39 7.62 £0.27 7.56 +0.56
HB (g/dL) 12.80 +0.49° 12.39 +0.58® 11.58 +0.40® 10.73 +0.83°
HCT (%) 37.43 +1.58 37.54 +1.85 36.57 +1.27 33.79 +2.66
MCH (pg) 16.72 +0.36 15.53 +0.42° 1536 +0.29° 1436 +0.61°
MCHC (g/dL) 34.56 +0.66° 33.07 +0.77% 31.03 +0.53" 31.96 +1.11°
MCV (fL) 48.52 +0.91° 47.05 +1.07" 48.49 +0.73" 4479 +1.53°
PLT (x10'%/L) 20.67 £3.73 15.18 +4.38 17.08 +3.00 19.99 +6.28
WBC (x10°/L) 11.30 +1.30° 1332 +1.53° 13.28 +1.42° 20.61 +2.65°
MONO (%) 1.77 £0.61 3.02 £0.51 1.80 +0.67 2.80 +1.38
NEU (%) 39.03 +6.45 44.00 +7.59 33.01 +5.20 49.29 +10.88
LYM (%) 51.13 +5.54 45.13 +6.51 59.91 +4.46 36.69 +9.34
NEU:LYM ratio 0.81 +0.41 1.20 +£0.49 0.59 +0.33 1.46 +0.70
EOS 8.85 +3.04 777 +£3.57 6.02 +2.49 11.09 +5.11
ALB (g/dL) 258 £0.11° 3.08 +0.13 3.22 +0.07* 3.05 £0.17°
AST (U/L) 70.33 +8.37 68.55 +9.84 87.68 +5.78 71.16 +13.15
BUN (mg/dL) 10.84 +1.24 10.60 +1.46 8.27 +0.86 8.43 +1.95
CRT (mg/dL) 1.19 +0.20 1.67 +0.24 1.44 +£0.14 0.94 +0.32
GLC (mg/dL) 65.79 +£5.17 56.47 +6.07 5420 +3.57 60.20 +8.12

a, b, c

* see table 1 for an abbreviation

different superscript at the same row indicated significantly different (p < 0.05)



TABLE 3 Least square means and standard error of blood biochemical due to breed by age group of

cattle
Nan Indigenous Breed (NNI) Brahman Crossbred (BHx)
<2 Year 2-4 Year >4 Year <2 Year 2-4 Year >4 Year
(n=16) (n=7) (n=7) (n=8) (n=6) (n=6)

Parameter * LSM+SEM LSM+SEM LSM+SE LSM+SEM LSM+SEM LSM+ SEM
RBC (x10"/L) 8.97+027° 7.97+0.40° 6.67+0.50° 9.04+0.38" 7.07+0.40* 6.66+0.49°
HB (g/dL) 13.20+ 0.40° 12.61+0.59° 11.98+0.74® 12.57+0.57" 10.39+0.59" 10.49+0.73°
HCT (%) 39.81+ 1.28" 37.69+ 1.89% 34.97+2.37™ 40.42+ 1.80* 33.01+1.89" 32.11+2.32°
MCH (pg) 14.78+0.29% 15.79+0.43° 17.81+0.54* 13.96+0.41¢ 14.72+0.43™ 15.90+ 0.53"
MCHC (g/dL) 33.37+0.54™ 33.47+0.79% 34.61+0.99° 30.11+0.75° 31.55+0.79* 32.82+0.97°
MCV (fL) 4435+ 0.74° 4733+£1.09° 51.68+1.36" 44.68+ 1.04° 46.40+ 1.09™ 48.84+ 1.33"
PLT (x10'/L) 21.41+£3.03 15.59+4.46 16.77+5.60 15.67+4.26 1598+4.46 23.96+5.48
WBC (x10°/L) 11.66+1.06° 11.78+1.56° 13.49+1.96" 15.96+0.15* 1535+ 1.75® 19.53+2.27°
MONO (%) 2.14+043 224+0.56 2.82+082 290+0.76 1.50+£0.60 2.50+1.20
NEU (%) 49.09+525 41.46+7.73 34.01+9.69 41.30+7.38 41.00+7.72 41.14+9.49
LYM (%) 4546+4.51 4497+6.64 53.97+832 51.96+6.34 46.55+6.63 46.39+8.15
NEU.LYM ratio 1.44+0.34  0.79+049 0.78+0.62 0.82+0.47 1.03£049 1.23+0.61
EOS 501+£2.55 10.63+£3.69 9.29+4.60 4.78+3.60 10.51+£3.63 10.37+4.46
ALB (g/dL) 2.60+0.09° 2.79+0.13* 3.09+0.16" 3.18+0.12* 3.15+£0.12* 3.08+0.15"
AST (U/L) 69.82+6.81 66.96+10.02 71.54+12.56 86.64+9.21 65.87+9.63 85.74+11.56
BUN (mg/dL)  8.77+1.01° 8.71+1.49" 14.68+1.87" 727+1.37° 9.20+1.43" 858+1.72°
CRT (mg/dL)  1.02+0.16° 1.46+0.24™ 1.80+0.30° 1.22+0.22* 1.08+0.23" 1.27+0.28"
GLC (mg/dL)  63.33£4.21" 61.71+6.19" 5834+ 7.76™ 65.32+5.69" 56.77+5.95" 49.50+7.14°

ab.eandd different superscript at the same row indicated significantly different (p < 0.05)
* see table 1 for an abbreviation

TABLE 4 Least square means and standard error of blood biochemical due to breed by body condition
of cattle

Nan Indigenous Breed (NNI)

Brahman Crossbred (BHx)

Moderate (n=26) Thin (n=4) Moderate (n=9) Thin (n=11)
Parameter * LSM + SEM LSM + SEM LSM + SEM LSM + SEM
RBC (x10"/L) 7.96 +0.19 7.78 +0.50% 7.64 +0.31° 7.55 +0.45°
HB (g/dL) 12.57 +0.28" 12.62 +0.74% 11.54 +0.46™ 10.77 +0.67°
HCT (%) 38.04 +0.89 36.93 +2.36 35.96 +1.48 3441 £2.13
MCH (pg) 16.08 +0.20° 16.17 +0.54° 15.33 +0.34% 14.39 +0.49°
MCHC (g/dL) 33.36 +£0.37° 34.27 +0.99° 31.68 +0.62° 31.30 +0.89°
MCV (fL) 48.14 +0.51° 47.44 +136% 48.01 + (.85 4526 +1.22°
PLT (x10'%/L) 20.68 +2.11 15.17 £5.58 18.35 £3.51 18.71 £5.03
WBC (x10°/L) 11.60 +0.74° 13.02 +1.95% 14.62 +1.31° 19.28 +2.01°
MONO (%) 2.08 +0.37 272 £0.71 230 +0.67 230 +1.08
NEU (%) 40.86 +3.65 42.18 +9.66 37.43 £6.07 44.86 +8.71
LYM (%) 47.59 +£3.13 48.67 +8.29 5426 £521 42.34 +7.48
NEU:LYM ratio 1.13 £0.23 0.88 +0.62 0.75 +0.39 1.30 +£0.56
EOS 11.06 +1.76 5.55 £4.62 7.19 +2.86 9.92 +£4.11
ALB (g/dL) 2.73 £0.06° 2.93 £0.16™ 3.16 +0.10° 3.1 +£0.14%
AST (U/L) 7426 +4.73 64.62 +12.52 87.37 +7.70 71.47 +£10.74
BUN (mg/dL) 10.24 +0.70 11.20 +1.86 7.80 +1.15 8.90 + 1.60
CRT (mg/dL) 1.30 £0.11° 1.56 +0.30° 1.65 +0.19° 0.73 +0.26
GLC (mg/dL) 58.46 +2.92 63.80 +7.73 53.79 +4.76 60.61 +6.63

a, b

* see table 1 for an abbreviation

different superscript at the same row indicated significantly different (p < 0.05)



TABLE 5 Least square means and standard error of blood biochemical due to pregnancy condition of
cattle

Non-pregnancy cows (n=16) Pregnancy cows (n=7)

Parameter * LSM + SEM LSM + SEM Pr>|t|
RBC (x10'%/L) 8.01+0.32° 6.52+0.29° 0.003
HB (g/dL) 12.22£0.37 11.41£0.42 0.171
HCT (%) 38.09 £ 1.09* 33.71£1.23 0.018
MCV (fL) 47.87 +1.00° 51.44 £ 1.06" 0.026
MCH (pg) 15.44+0.49° 17.57+0.27° 0.001
MCHC (g/dL) 31.61+£0.77° 34.23 £ 0.60" 0.014
WBC (x10°/L) 1433+ 1.01 11.85+1.90 0.282
NEU (%) 36.00 £ 4.11 32.43+3.05 0.493
LYM (%) 8.20+ 1.99 7.57+1.49 0.803
MONO (%) 54.63 +3.44 60.00 + 2.55 0.224
PLT (x10'%/L) 1.90 +0.24 2.06+0.36 0.720
ALB (g/dL) 1.12+0.06 1.71+0.43 0.218
AST (U/L) 3.09+0.08 2.80+0.15 0.122
BUN (mg/dL) 58.83 +3.56 57.86+9.00 0.922
CRT (mg/dL) 8.89 +0.85° 12.14 £ 1.10° 0.035
GLC (mg/dL) 2.1140.26 1.50 +0.50 0.415

a,b

different superscript at the same row indicated significantly different (p < 0.05)
* see table 1 for an abbreviation



Factors effecting to hematological and serum biochemical values of
indigenous cattle on highland in Nan province, Thailand

Kecha Kuha ', Sornthep Tumwasorn %, and Prasittichai Wongsrisom '

ABSTRACT: Blood samples of one hundred healthy indigenous cattle, raising on highland in Nan
province, were collected all year round to examine hematological and some serum biochemical values.
The generalized linear model was used to determine effects of sex, age group of cattle, body condition and
season. Hematological and biochemical values were examined for WBC (12.09+0.57 x103/pL), RBC
(7.57+0.14 x10%,L), HB (11.70£0.15 g/dL), HCT (36.08+0.51%), MCV (47.90+0.43 fL), MCH
(15.66+0.17 pg), MCHC (32.59+0.18 g/dL), PLT (15.99+1.01 x10°/,L), NEU (42.52+1.92%), LYM
(48.03+1.78%), MONO (2.31+0.14%), EOS (8.11+0.84%), GLC (57.92+1.07 mg/dL), BUN
(10.99+0.43 mg/dL), CRT (1.25+0.05 mg/dL), ALB (2.90+0.04 g/dL) and AST (75.77+£2.06 U/L).
MCV, MCH and LYM of female were higher than those of the male (p<0.01). MCV, MCH, MCHC and
GLC were increasing, but RBC, HCT and BUN were decreasing as age group of cattle was increased.
RBC, HCT and NEU of fat cattle (BCS>4) were lower than those of thin and moderate cattle (BCS<3), in
contrary MCV, MCH, EOS and CRT of fat cattle were higher than those of thin and moderate cattle.
WBC, RBC, HB, HCT and PLT found to be high during dry season and differed with wet season
(p<0.01). BUN was lower than reference values during hot and early rainy season, indicating of
insufficient protein intake of cattle on highland. Low levels of AST during early rainy and rainy
indicate risk of body tissue damaged or diseased. However, high levels of RBC, HB, and MCH
indicated cattle on highland responsible for carrying oxygen and carbon dioxide throughout the body
more efficiency. (Key words: hematological values, serum biochemical, indigenous cattle, highland,
Nan province)
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INTRODUCTION

Nan province locates in Northern part of Thailand, in the remote valley of the Nan River
surrounding by high mountains and covering with forests. The area about 85 percent is steep slope
mountain more than 30 degree. Peoples mostly are growing plant as a major agriculture and raising
livestock like chicken, pig and cattle supporting their production system. A kind of cattle production
mostly is Nan indigenous breed (NNI) for about 84 percent of the total (DLD, 2009). NNI cattle play
an important role for people in Nan province and nearby. It can be a saving account of farmers and can
be changed to cash as necessary. Its meat quality is more suitable for local food of local people
(Boonprong et al., 2007b; Kuha et al., 2009). Advantages of NNI cattle are tolerance to tropical ecto-
and endoparasites, very well usage low quality roughage, high fertility (Intaratham, 2002), low
investment and can climbing high mountain (Kuha et al, 2009). Farmer always allowed NNI cattle to
free grazing on the mountain in the forest park during rainy until the end of cool season (Kuha, et al.,
2009). Cattle, after that, were carried to rice field and sold to market. Some were kept in field crops or
orchard during summer (Kuha et al., 2009). Cattle become to loose in body weight gain during dry
season as plentiful feed was decreasing. Therefore, body condition and weight gain can be changed by
different seasons depended on plentiful of roughage and can affect to blood biological and
hematological values of cattle. As blood biological and hematological values are performed for
assessing healthy status, for evaluating body response to nutrition, for indicating adaptability to adverse
environment condition and for indicating stress or welfare (Jane, 1996; Kaneko et al., 1997; Stanger et
al., 2005; Boonprong et al., 2007a; Aengwanich et al., 2009). So that, the objectives of this research
aimed to determine reference range of hematological and some serum biochemical values, and to
investigate factor effecting to those values of apparently healthy indigenous cattle on highland in Nan
province.

MATERIALS AND METHODS

One hundred healthy Nan indigenous (NNI) cattle were collected for blood sampling all year
round and used to examine hematological and some serum biochemical values. Blood specimen were
collected during December (cool, n=30), February (early hot, n=20), June (early rainy, n=20) and



August (rainy seasons, n=30) due to the hypothesis of plentiful or scarcity of roughage. Blood sample
was taken from jugular vein of cattle during fasting (07.00-11.00am) for 10 ml using disposable
syringe, and put into K3EDTA and NaF tubes for 2.5 ml each, and the remain allowed to clot in blood
clot tube. Serum was obtained following a centrifugation at 600xg for 10 minutes, stored at 4-6 °C and
transport to laboratory for analysis. Complete blood cell count (CBC) was analyzed by an electrical
impedance technique using the Sysmex K-4500 (GMI, Inc., Minnesota, the United States) biochemical
hematology were determined using the COBAS INTEGRA 800 (Roche, Switzerland). The analysis of
variance was used to determine factors effecting hematological values using statistical model; yjyq =

4+ s+ aj + ¢t mtey , where, Y, was an observation, x was an overall mean, s; was sex of
cattlei (i = male and female), a; was age group of cattle j ( j = less than 2 years old, 2-3 years old

and more than 3 years old), ¢, was body condition k (k = thin (BCS<2), moderate (BCS=3), and fat

(BCS>4)), m, was season effect | (I = cool, early hot, early rainy and rainy seasons) and €ij Was

residual effect, which ey ~ NID (0, o-e2 ). Least square means and standard error of mean were

compared using the GLM procedure of the Statistical Analysis System software (SAS, 1998).

RESULTS

Hematological and biochemical values of highland indigenous cattle were examined as showed
in Table 1. The values were found within the normal reference range reported by others. However, BUN
and AST were lower than reference range during early hot until early rainy and early rainy until rainy
seasons, respectively. MCH, MCHC and LYM of the female cattle were higher than those of the male
significantly, but NEU of the female was lower than the male (p<0.01). No significant different had
been found in the rest of measured complete blood count (CBC). For serum biochemical values, ALB,
AST, BUN, CRT and GLC were found not significant different between sex. RBC and HCT of less
than 3 years old cattle found to be higher than those of more than 3 years old significantly. In contrast,
the values of MCV, MCH and MCHC revealed opposite between those age group of cattle. NEU and
PLT of yearling cattle were lower than those of more than 2 years old cattle significantly (p<0.01).
GLC of yearling cattle was the highest and the value was decreased as age group of cattle was
increasing. BUN of more than 3 years old cattle was higher than that of others, which was significantly
different (p<0.05). For body condition of cattle, the result found MCV, MCH, EOS and CRT of fat
cattle were higher than those of thin cattle significantly. In contrast, RBC, HCT and NEU of fat cattle
were lower than those of thin and moderate cattle. PLT during rainy was lower than reference range
and differed significantly of others season. During cool season, the result found NEU was higher and
LYM was lower than that of reference range values significantly. WBC during beginning of hot season
was lower than during early rainy season but was not different to cool and rainy season. RBC, HB and
HCT were highest during cool season and those were lowest during early rainy season. MCH and
MCHC during early hot season were lowest and differed with others. BUN during rainy was highest,
and decreased following by cool, hot and early rainy seasons, respectively. However, BUN during early
hot and early rainy were lower than normal range and differed from other season. AST during early
rainy and rainy seasons was lower than reference range and differed significantly from cool and early
hot season. ALB was lowest during cool season, but it became highest during early hot season, which
were differed between those significantly (p<0.05).



TABLE 1 Effect of season on hematological and serum biochemical values of indigenous cattle on
highland

Cool Early hot Early Rainy Rainy Pooled Reference

Parameters (n=30) (n=20) (n=20) (n=30) (n=100) Range ?
LSM+SEM LSM+SEM LSM+SEM LSM+SEM MEAN + SEM

WBC, x10%,L 12.13£121% 1525+1.55* 8.60+1.83° 12.19+1.11% 12.09+0.57 4.0-20.0
RBC, x10%,L 8.61£0.19* 7.94+023° 690+028¢ 7.52+0.17°  7.57+0.14 5.0-10.0
HB, g/dL 13.11£027%  11.48+0.33% 10.74+040° 11.75+024° 11.70+0.15 8.0-15.0
HCT, % 40.07 +0.86° 3633+1.07° 33.15+1.30° 36.62+0.79° 36.08+0.51 24.0-46.0
MCV, fL 46.66 +0.66° 46.11+0.82° 47.75+1.00™ 48.82+0.60° 47.90 +0.43 40.0 — 60.0
MCH, pg 1541 +£024" 1449+030° 1564+036 1584+022° 15.66+0.17 11.0-17.0
MCHC, g/dL  32.83+0.32% 31.14+040° 32.68+048° 3237+029° 3259+0.18  30.0-36.0
PLT,x10%,L 1.88£0.18* 2.00+0.22° 2.12+027% 0.62+0.17°  1.60£0.10 1.0-8.0
NEU, % 48.76 £3.22  41.16+4.08  43.10+5.59 - - 42.52+1.92 15.0-47.0
LYM, % 4534+3.19  50.63+4.04 4548+5.53 - - 48.03+1.78  45.0-75.0
EOS, % 6.57 +1.61 681 £1.89  9.02+2.57 - - 231+0.14 0.0 -20.0
MONO, % 2.42+0.31 214+042  228+0.49 - - 8.11+0.84 20-7.0
GLC, mg/dL 59.87+222  57.84+274 57.60+330 59.07+2.04  57.92+1.07  50.0—75.0
BUN, mg/dL  11.01£0.63° 7.39+0.78° 831+0.92°¢ 1448+0.58" 10.99+0.43 10.0 —20.0
CRT, mg/dL 123 £0.10 134 £0.12 1.27 £0.15 1.29 +0.09 1.25 +0.05 0.7-1.5
ALB, g/dL 2.79+0.07° 320+0.09* 282+0.10° 3.00+0.06®  2.90+0.04 28-3.5
AST, U/L 7647 £4.33%™ 8436+533° 67.77+£631° 7451+397%® 7577+£206  75.0-135.0

-b.¢ Jeast square mean (LSM) in different superscript on the same row differed significantly (P < 0.05)

1/ RBC was red blood cell; HB was hemoglobin; HCT was hematocrit; MCV was mean corpuscular

volume; MCH was mean corpuscular hemoglobin; MCHC was mean corpuscular hemoglobin
concentration; WBC was white blood cell; NEU was Neutrophil; LYM was lymphocyte; MONO
was monocyte; PLT was platelet count; EOS was eosinophil; GLC was glucose; BUN was blood
urea nitrogen; CRT was creatinine; ALB was albumin and AST was aspartate aminotransferase
2/ adapted from Kaneko et al. (1997)

DISCUSSION

The indigenous cattle in this study showed no clinical signs or pathological symptoms, they

were considered in healthy and the data obtained can serve as reference values for future study in
veterinary medicine and animal production. Hematological values of cattle on highland were in
reference range of Kaneko et al. (1997). However, the result found RBC, HB and MCH higher than
those reported in Holstein Friesian crossbred (Aengwanich, 2002); in crossbred beef cattle in North-
eastern, Thailand (Aengwanich et al., 2009). This indicated that cattle on highland can be responsible
for carrying oxygen and carbon dioxide throughout the body more efficiency. HCT of highland
indigenous cattle of this study was slightly higher than Thai native breed (Koatdoke et al., 2006);
crossbred cattle (Aengwanich et al., 2009) who measured in term of packed cell volume (PCV). The
high values of HCT may possible that cattle dissipated body temperature more using sweating response
than respiration (Shell et al., 1995; Hammond et al., 1996; Hammond et al., 1998; Koatdoke et al.,
2006). BUN during early hot until early rainy seasons found to be lower than reference range of
Kaneko et al. (1997). This indicates that cattle may receive insufficient protein intake during hot
season. Plasma urea can useful to evaluate kidney function in conjunction with creatinine (Jane, 1996).
ALB was found lowest during cool and early rainy season this may indicate the cattle may influence by
parasite such as hookworm and insect which was plentiful in the forest park especially during rainy
season that may a residual effect of rainy and hot seasons. The cattle during early rainy and rainy found
AST lower than reference range of Kaneko et al. (1997), although other season was nearly the same
reported in Thai indigenous (Boonprong et al., 2007a). Low levels of AST are normally found when
body tissue or an organ such as the heart or liver is diseased or damaged, additional AST is released
into the bloodstream. The amount of AST in the blood is directly related to the extent of the tissue
damage (Jane, 1996; Kaneko et al., 1997). For GLC, the value reported in this study was slightly lower
than Al-Shami (2003) who reported in Hassawi cattle in Saudi Arabia; Boonprong et al. (2007a) who
reported the values in Thai indigenous cattle. This may indicate a risk of an inadequate energy supply
for cattle on highland.



CONCLUSION

Hematological and biochemical values of this study can be serving as references values for
future study in veterinary medicine and cattle production in Thailand and the other countries having
similar geographically. Low BUN can indicate risk in insufficient protein intake during hot and early
rainy seasons. Low levels of AST during early rainy and rainy may indicate risk of body tissue
damaged or diseased. However, high RBC, HB, and MCH may indicated an efficiency of cattle
responsible for carrying oxygen and carbon dioxide throughout the body more efficiency and were the
reason that indigenous breed was more suitable on highland condition in Nan province.

ACKNOWLEDGEMENT
We are grateful thanks to the Thailand Research Fund (TRF) under the collaboration with the
Office of the Higher Education Commission (OHEC) for providing financial support to this research.

LITERATURE CITED

Aengwanich, W. 2002. Effect of age on hematological values and blood profile of Holstein Friesian
crossbred in northeastern Thailand. Suranaree J. Sci. Technol. 9:289-292.

Aengwanich, W., A. Chantiratikul, and S. Pamok. 2009. Effect of seasonal variations on
hematological values and health monitor of crossbred beef cattle at slaughterhouse in
northeastern part of Thailand. American-Eurasian J. Agric. & Environ. Sci. 5(5):644-648.

AL-Shami, S.A. 2003. Studies on normal haematological and biochemical parameters of Hassawi
cattle breed in Saudi Arabia. Pak. J. Biol. Sci. 6(14):1241-1242.

Boonprong S., C. Sribhen, A. Choothesa, N. Parvizi, and C. Vajrabukka. 2007a. Blood biochemical profiles
of Thai indigenous and Simmental X Brahman crossbred cattle in the central Thailand. J. Vet. Med.,
Series A. 54:62 — 65.

Boonprong, S., A. Choothesa, C. Sribhen, N. Parvizi, and C. Vajrabukka. 2007b. Relationship
between haemoglobin types and productivity of Thai indigenous and SimmentalxBrahman
crossbred cattle. Lives. Sci., 111:213-217.

DLD. 2009. Statistic of Livestock in Thailand:2009. available:
http://www.dld.go.th/ict/stat web/yearly/yearly52/index52.html. Accessed Dec.1, 20009.

Hammond, A. C., C. C. Chase, Jr, E. J. Bowers, T. A. Olson, and R. D. Randel. 1998. Heat tolerance
in Tuli-, Senepol-, and Brahman-sired F1 Angus heifers in Florida. J. Anim. Sci. 76:1568-1577.

Hammond, A. C., T. A. Olson, C. C. Chase, Jr, E. J. Bowers, R. D. Randel, C. N. Murphy, D. W. Vogt,
and A. Tewolde. 1996. Heat tolerance in two tropically adapted Bos taurus breeds, Senepol and
Romosinuano, compared with Brahman, Angus, and Hereford cattle in Florida. J. Anim. Sci.
74:295-303.

Intaratham, W. 2002. The Thai Indigenous Cattle Breeding Improvement Project. P.124-127. In: J.
Allen, and A. Na-Chiangmai (eds.), Development Strategies for Genetic Evaluation for Beef
Production in Developing Countries, ACIAR Proc., no. 108, Wastson Ferguson & Co., Brisbane.

Jain, N. C. 1996. Schalm’s Veterinary Hematology. 5" revised eds. Lea & Febiger, Philadelphia, PA.

Kaneko, I. J., J. W. Harvey, and M. L. Bruss. 1997. Clinical Biochemistry of Domestic Animals. 5"
revised eds. Academic Press, Inc. NY.

Koatdoke, U., S. Katawatin, S. Srimaraks, M. Duangjinda, and Y. Phasuk. 2006. Comparative study of
physiological responses related with thermotolerance between Bos indicus and Bos taurus. Khon Kaen
Agri. J. 34(4):347-374. (In Thai)

Kuha, K., S. Tumwasorn, and P. Wongsrisom. 2009. Blood biochemical examination of Nan
indigenous and
Brahman crossbred cattle in Nan province. Proc. of international conference on the role of
universities in hand-on education. Aug. 23 — 29, Chaing Mai.

SAS. 1998. SAS Users Guide: Statistics. Version 8, SAS Institute, Cary, NC.

Shell, T. M., R. J. Early, J. R. Carpenter, D. L. Vincent, and B. A. Buckley. 1995. Prepartum nutrition
and solar radiation in beef cattle: I. Relationships of body fluid compartments, packed cell
volume, plasma urea nitrogen, and estrogens to prenatal development. J. Anim. Sci., 73:1289-
1302.

Stanger, K.J., N. Ketheesan, A.J. Parker, C.J. Coleman, S.M. Lazzaroni, and L.A. Fitzpatrick. 2005.
The effect of transportation on the immune status of Bos indicus steers. J. Anim. Sci., 83:2632-
2636.




	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf

