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Effect of feeding method with different levels of protein on growth performance

of Kabinburi beef cattle

Sumon Phojun ! Jeerasak Chobtang v

Abstract

A study aimed to compare growth performance of Kabinburi bulls with 8-9 months
of age and 275 kg of initial body weight. The cattle were fed on Total Mixed Rations (TMR)
contained 11.0 % crude protein (CP) throughout the fattening period (Group 1) and fed
TMR contained 14.0 % CP tilled approximate 100 kg of body gain and then reduce to 9.0
% CP for the remaining fattening period (Group II). All data of dry matter was conducted.
Dry matter ,CP intake and body weight changes were recorded. Group comparison t-test
was used for statistical analysis with 5 replications. The experiment was lasted for 227
days.

The results show that final body weight (484.88 and 492.66 kg), body weight gain
(207.08 and 221.16 kg), average daily gain (912.23 and 974.25 gm/d), dry matter intake
(7.92 and 8.07 kg/d), crude protein intake (0.74 and 0.75 kg/d), feed conversion ratio (8.81
and 8.29) and feed efficiency (0.118 and 0.123) characteristics of Group | and Group |
cattle were not significantly different (p>0.05). To sum up, two choices of feeding regimen

are not negatively affected Kabinburi beef cattle growth performance.

Keywords: feeding method, growth performance, Kabinburi beef cattle

Research Project No.: 44(1) — 0514 - 011
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Study on production cost of female Thai native cattle under two types of forage

pasture management

Sumphun Masosot Y Suphachai Utchachon Y

Abstract

The experiment was aimed to study the effect of rotational grazing of native
cattle on Ruzi pasture compared with Ruzi and Thapra stylo pasture. Twenty female isan
native cows (6 month of age) were arranged in Least Square Analysis in CRD. Group 1.
Ten native cows were allocated in rotational grazing system on 9 rai of Ruzi grass pasture
which was divided into 4 paddocks (ten grazing days/30 resting days). Group 2. Ten
native cows were allocated on rotational grazing 3 rai of Ruzi pasture which as divided into
4 paddocks and 6 rai of Thapra stylo pasture which as divided into 8 paddocks. Each
paddock was grazed for ten day. The trial period was 9 month at Nakhonratchasima
Animal Nutrition Research and Development Center.

The results showed that dry matter yield of Thapra stylo in 6 months was 2,064
kg./rai sufficient for 10 native cows for 6 months. Dry matter yield of Ruzi grass was
between 3,080 and 3,109 kg./rai. sufficient for 10 native cows for 9 months. During 183 days
of the trial, Average daily gain of group 2. The cows grazed on Ruzi grass and Thapra stylo
legume was 362.39 gram/head/day which was higher than (P<0.05) Group 1. The cows
grazed only Ruzi grass was 303.82 gram/head/day. Throughout the experiment Average
daily gain of Group 2 . The cows grazed on Ruzi grass and Thapra stylo legume was
337.73 gram/head/day which was higher than (P<0.05) Group 1. (300.7 gram/head/day).
Average net income of Group 2. was 270.7 baht/head/rai/9 months which was higher
than of Group 1. (194.9 baht/head/rai/9 months)

The cows grazed on ruzi grass and thapra stylo legume had higher average

net income and the efficient production than the cows grazed on ruzi grass.

Keywords : native cattle, ruzi grass, Thapra stylo legume, grazing

Research Project No. 47(1)(47:10)—0514—031

” Nachonratchasima Animal Nutrition Research and Development Center
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Effect of feeding silage on growth performance of male dairy cattle

Seaksan Suankool " Jarae Klinklom? Apichat Boonruangkao v

Abstract

The objective of this experiment was to study the effect of concentrate
supplementation levels on productivity of male dairy cattle fed with silage based diet.
Twelve, 75% crossbred Holstein Friesian dairy with average initial weight of 237 kg were
allocated in a randomized complete block design with 4 replications. Treatments were
different levels of concentrate (13% crude protein) supplementation (0.5, 1.0 and 1.5 % of
body weight). The animals were kept in individual create of 2X4 m. The feeding trial
lasted 120 days.

The result showed that feed intake, crude protein intake and growth performance of
male dairy cattle received concentrate at 1.5% BW were higher (p<0.05) than those of male
dairy cattle received concentrate at 1.0 and 0.5% BW (7.53,6.60 and 5.29 kg/d; 0.69,0.54 and
0.37 kg/d and 0.71, 0.43 and 0.25 kg/d, respectively). However, there were no significant
difference in feed cost per 1 kg live weight gain and feed conversion ratio among groups of
animals. Even though total feed cost of animals received 1.5% BW supplementation was
highest (p<0.05), the return rate of production were also highest (p<0.05) comparing to animal

received 1.0 and 0.5% BW.

Keywords : silage, male dairy cattle

Research Project No. 47(1)(47:3) - 0514 - 024
 Suratthani Animal Nutrition Research and Development Center.

# Suratthani Livestock Research and Breeding Center.
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Effects of dietary protein levels on growth performance

of Thai indigenous goats during 3 months to one year old

Seaksan Suankool " Apichat Boonrounkao ¥ Jeerasak Chobtang Z

Abstract

The experiment aimed to evaluate the response of growth performance of Thai
indigenous goats on crude protein (CP) concentration levels(10 14 and 18%DM as group
1 2 and 3 respectively) in total mixed rations (TMR) was conducted at Suratthani Animal
Nutrition Research and Development Center, Thachang District, Suratthani Province,
during October 2006 — July 2008. Nine, weaned, male indigenous goats with initial weight
of 10 kgs were arranged in dietary treatments using randomized complete block design
(RCBD) with 3 blocks.Goats were kept in individual cage of 1x1.5 m. The experiment
lasted 240 days.

The results showed that the response of average daily gain (ADG) on crude
protein levels of goat in group 3 and group 2 (71 and 50 gram/head/day, respectively)
were not significant difference (P>0.05). However, average daily gain of goat in group 3
was higher than that of group 1 (34 gram/head/day). Dry matter intake (2.37, 2.38 and
2.35% of body weight) and feed conversion ratio (9.83, 7.01 and 5.79, respectively) were
not significant difference (P>0.05) among groups. The crude protein intake of goats in
group 3 (75 gram/head/day) was higher than that of group 2 and 1 (49 and 38
gram/head/day,respectively). Crude protein digestibility was increased in accordance to
increasing levels of crude protein content in total mixed rations, ranking from 77.8 to 69.8

and to 57.1% for total mixed rations contain 10,14 and 18%CP, respectively.

Keywords : crude protein, total mixed ration, growth performance, Thai indigenous goat

Research Project No. (50)(1) (50 : 01) -0214-004
v Suratthani Animal Nutrition Research and Development Center, Thachang District, Suratthani Province.

# Nutrition Research group, Division Nutrition, Department of Livestock Development, Bangkok.
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Effect of quality hay on growth performance of dairy cattle

Prachya Prachyalak ¥ Sumon Pojun ? Somsak Paotong v

Abtract

The experiment was conducted to determine the effect of quality hay on growth
rate of dairy calves. Fifteen female weaning dairy calves (2 months old) were divided into
3 groups in Randomized Complete Block Design with 5 replications. Group 1-3, the
calves were fed with Pangola hay, Ruzi hay and Purple guinea hay ad libitum,
respectively. All calves were fed 18% crude protein concentrate at the rate of 1% BW. per
day. The feeding trial was lasted for 56 days.

The result showed that the average daily gain of calves which fed Pangola, Ruzi
and Purple guinea hay were 490, 420 and 450 grams/head/day, feed efficiency were 3.62,
3.60 and 3.71, cost per gain were 19.41, 20.57and 20.29 Bath/kilogram, respectively
which no significant differences (P>.05) . The calves fed Pangola, Ruzi and Purple guinea
were 1,156, 898 and 1,046 grams/head/day, respectively, there were significant

differences between group 1 and group 2 (P<.05)

Keywords : dairy calves,  quality hay, growth rate
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Effect of fresh milk and milk replace feeding on growth of male dairy calves for

veal production

Sumphan Martosot Y Suwit Intarit?
Abstract

The objective of this study was to compare the performance of veal calves
produced with three different feeds and eighteen Holstein Friesian crossbred calves with
an initial weight of 36.38+7.34 kilogram were alloted to 3 groups under Randomized
Complete Block Design. Group 1 fresh milk, Group 2 fresh milk+milk replacer, Group 3
milk replacer, body weights were recorded until 130 kilogram. carcass characteristic and
quality were studied.

The results showed that the higher (P<0.05) Growth rate (844.34 gram/head/day)
was from fresh milk fed calves. Growth rate of fresh milk+milk replacer feeding and milk
replacer feeding were not significantly different (658.3 and 572.7 gram/head/day,
respectively). Feed cost per 1 kilogram gain of group 2 was 142.8 baht and it was lower
than (P<0.05) group 1 which was 173.9 baht/kilogram. Cost production per 1 kilogram
gain of group 2 was 159.47 baht and it was lower than (P<0.05) group 1 which was 187.95
baht/kilogram. Cost production per 1 kilogram of group 2 was not significantly different
from group 1 and group 3. Duration of feeding to reach final weight for group 1 was 113
days and it was shorter than (P<0.05) group 3 which took 171 days. Feeding period for
group 2 was not significantly different from group 1 and group 3. Feed efficiency for group
3 was 3.2, it was lower than (P<0.05) group 1 and group 2 (1.89 and 2.12, respectively).
Regarding to carcass characteristic, group 1 had Newton shear force value of 54.49
Which was lower than (P<0.05) group 3 (72.5). Cooking characteristic and sensory panel
attribute such as flavor and odor of loin from group 1 was 3.29 Which was better than

(P<0.05) group 2 and group 3 (2.75 and 2.46, respectively)

Keywords : fresh milk, milk replacer, male dairy calf, veal

Research Project No. 47(1)(47:5) — 0514 - 037
YNakhonratchasima Animal Nutrition Research and Development Center

2/Lumpang Animal Nutrition Research and Development Center
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fugauniin (Rib) 8.63 8.27 8.07 3.9
fuen (Short Plate) 6.27 6.48 6.84 18.34
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Evaluation of protein fractions in ruminant feeds

Pimpaporn Pholsen Y Rumphrai Namselee " Taweesak Cheunprecha z

Abstract

The aim of this experiment was to evaluate the fraction of protein (CP) content in
some ruminant feed in Thailand. The feed included 19 kinds of concentrate and
agricultural and industrial byproducts, 9 kinds of legume forage, 7 kinds of grass and a
sample of cassava leaves. The fractions were divided into 2 portions; available rumen
degradable protein (RDP) which determined by using nylon bag technique and digestible
undegradable protein (DUP) which determined by 100-RDP-ADIP (acid detergent
insoluble protein).

The fraction of RDP and DUP of the feed were widely varied. In concentrate and
byproducts group, the samples that contained high RDP fraction, more than 70% CP, were
found in rice bran (RB), wheat brand (WB) and soybean bran (SBB), 61 to 70% in soy
bean meal (SBM), dried brewery’ s grain (DBG), kapok seed meal (KSM) palm oil sludge
(POS) and fish meal (FM), 51 to 60% in cotton seed meal (CSM), tomato pomace (TM) and
peanut seed pod (PP), and less than 50% in cotton seed (CS), ground corn (GC), job’s
tears bran (JTB), coconut meal (CM), palm kernel meal (PKM) and palm meal (PM). While
DUP fraction, the samples that contained more than 50% of DUP were PM, PKM (solvent
extract), CM, GC and JTB, 30 to 50% were CS, PM, CSM, FM, PKM (expeller), and SBM,
and less than 30% were SBB, TM, DBG, KSM, RB, WB, PP and POS.

In forage samples, when divided into legume and grass, the fraction of RDP in
legume was higher than those in grass. The value was raging from 37 to 65% with the
average of 52.8% where as in grass the value was ranging from 27 to 59% with the
average of 38.1%. The higher RDP in legume was due to the higher rumen degradation
rate. This leads to lower DUP fraction in legume than those in grass (average 34.0%
compared to 53.8%). For cassava leaves sample, the fraction values were similar to the

legume with 53.8% and 34.0% for RDP and DUP, respectively.

Keywords : protein fraction, rumen degradation, ruminant feed

Research project No. 44(1) — 0514 - 019
" Khon Kaen Animal Nutrition Research and Development Center

? Mahasarakam Animal Nutrition and Development Station
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ﬂ@uﬁumnﬂ?mmm?ﬁudfmﬁmﬁwﬁ\imnmiﬂ'@ﬂmmﬂlum:mﬂxgmu (100 —
RDP) 158 by-pass protein vinasandiuaesdlsiunidndliaunsnsesld s ADIP (Acid
detergent insoluble protein) 88n mmzwm?‘ﬁl 3
% DUP =100 - %RDP - % ADIP . . ... ... (3)
Tnefi5anniae9 ADIP ?5'\1Lﬂuﬂ?‘mmiﬂ@ﬁu‘ﬁlmuﬁq@gjslummmLﬁlﬂiﬂ ADF dsziiiu
Tnedananiiludiesdjimnng naaaees Licitra et al. (1996) uaz ttlsiu (CP, N x 6.25) lng

3% Kjeldanhl
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1. NENIRALDINTARTUASRANADL LAAINNITINHATUNZAARIUNTTH

1.1 Paunoulilsmu
NaN13ATITIBNNUTLIRAY  1a9fnati19a11NrdRdanuan 19 aRANYEINNAZeL
(119799 1) wugn AldsAunenuAaudraunnsnsiuin Tnasaatsndllsfugegnna Uanilu

62.2 wlafidus) daflullspuaindnd seasasuiilullsfunlsanudnnandanisannungy

—~

1
o o

8 NNSAwaad (50.1 wafifus) ninwantlne (48.8 Wafidus) Sdawmand (42.6 wasidus)

o))

WAz NINWARYY (36.9 wlafidus) mndaanguanagng nandas nanuznd1e nanuzaewme
FanTisfuludng 20 — 25 Wefdud TdsRussaulnunats (14 — 19 wlefidus) loun wan
He suhes nndleludian 39919478 39919 war TUsAueAeudemn (8 — 10 wafidus)
2 1Y A nI/ a s
Toun dtneus wasntindadas waz nnUiausau

douBunalilsfuludounfines ludiuaeatials ADF visa ADIP Hsdadniudoud
dnsldannsnninld sz lamils (19199 1) wuqn daetinilanily azliBunasiasunniines
0.29 wWafidus aa9inguis vise 0.47 wWafidus aa9 CP  WasaniuunasilsAununann
o & , o LA ! = P LA o > )
dn3  dowsnadnandusuaellsmuannignudniAiAeudnaannuane Faws 0.26 — 5.95

& s o £% A & @ & o 1 dl A A
Wafiduduesinguiianse 1.2 - 42 nlafifius 909 CP Tnasnetinahnudnil ADIP gagaAanin
Y o e 4w, dns v . . X . ~
Pduthan  dafudauildannnisnsesinedulssna Ao e TudI UuILIAANNAZIA L ATBINZAN
9 d” 6 dl goJ o 1 a 1 o 1 dld
Wiwle waziileegeat N auiuaouaey UnuLNgdIl wasAmEeAY  dausetnaiidl ADIP lu
o ¥ 1 & a dl A A qI/ a [~ 1 1

3vAU savasNnlAun nanthduatingw) ninuzi@ewme waendnda@as nnmanyu  dou
o 1 dld 0I Y 1 -8 o A [~1 alz A o al/ A o v
Faaeinai i ADIP A1 (Hasndn 1 wefidus) Ae nnwaning nndawaed S8qwmaes 51919
$1419478 waz 41lnaun

1.2 dnd9ua89 RDP

annsusazaiinalansniznistiasaanaresTisiulunssinsgiuunsnemy s

dounslesaasliiui vsadounazansld (a)  daunanunsndesaanalalunszinizgiau (o)

o 1 4‘ ! Y o ! = dl ' Y a A
LATRRATINTURLANE (C) SIN@\‘IN'ZQ&L‘M{Nﬂ@Quﬁlﬂﬂiﬂ?muﬂﬂﬂﬂ@@Wﬂiﬁ@ﬁ\ﬂuﬂ?quzgmu 178

1
a

RDP susiadnunicnulieias1iumniaimuannsdouans viaa UDP SeAfuansneiy
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RDP ua2 DUP 2899RALBNUITERT
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Bunullsiu (CP) Tdsiuislasluls (ADIP) dnmauznistiasgans dnadiuaag

CP ADIP ADIP miﬂfammﬂuﬂixmﬂzgmu RDP DUP
wadnnALe1MNIERT (%of  (%of (% of a b c (% of (% of

DM) DM) CP) (% of (% of (% /h) CP) CP)

CP) CP)

tanilu 62.2 0.29 0.47 46.0 44.6 0.031 63.1 36.4
INNENEI (ﬁmﬁqﬂu) 21.1 1.83 8.69 8.2 91.8 0.025 38.6 52.7
NNNENEI (aﬁmﬁqﬁu) 22.7 2.34 10.3 6.7 93.3 0.019 32.4 57.3
NINWAALY 369  3.76 10.2 17.3 68.8 0.110 64.5 25.3
ANNARHE N 488  0.91 1.85 41.8 58.2 0.023 59.8 38.3
nndawaes 50.1 0.90 1.79 5.2 94.1 0.091 65.8 32.4
naNT 8.5 217 25.5 -6.9 485 0.026 9.8 64.7
Al (aﬁm{iqﬁu) 17.1 2.64 15.4 2.6 97.4 0.024 33.9 50.7
el (fa”mfmﬁu) 15.6 4.02 25.8 17.3 82.7 0.017 38.2 35.9
Antng 14.1 5.95 42.2 29.5 54.8 0.079 63.1 5.3
nnidefusie 24.6 1.96 7.98 31.6 58.4 0.070 65.7 26.4
nNNZEamA 21.0  4.18 19.9 18.4 61.0 0.078 55.6 24.5
S 426 053 1.24 27.0 73.0 0.077 71.2 27.5
$141941a 158  0.32 2.04 32.2 59.4 0.237 81.3 16.7
#1119 145 059 4.06 36.4 493 0.137 72.6 23.4
fpag 18.6 1.34 7.26 20.2 64.9 0.021 39.5 53.3
wldeniindaa 9.3 2.75 29.6 35.5 28.4 0.139 56.4 14.0
AR 18.8 1.53 8.15 25.3 73.1 0.023 48.2 43.6
d1alwaun 9.2 0.26 2.80 21.2 78.8 0.017 413 55.9

CP - TulsAuneny,

a- unalisfiudaunavangldvietiansasldiui (%), b - Bunlilsiundesaaalunszmizgiem (%)

c - dmsnstieaaaslunssinnzgiim (%/h)

ADIP — Acid detergent insoluble protein,

RDP - 1Bunaunstiasaanavaslisfiulunssinizgiuu

DM = dry matter

Auulag RDP = a + be/(c+k) 1ael k iluemenisivacinuee9aning 0.05%/h

DUP — 15snaulismunlsitaaaaelunszimnzginuiazean I6 lumiefuemsdauana (100 — RDP - ADIP)
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dndauaeslilsfundenaaaliing (a) wudn nguid

[ %

AEIULRY a g9 (N1NIN

30%) i danlu nanwéaihe $1dnq $1dqana wWaendaaas uazninidefuia  nqguies

a

v 1
Tuszautunane (15 — 30 wWefidus) teun nntTudidn Sdqmaes wasing 41aTne

UA NINNZABNA NINNAAYY nndielundu (fé”mfnﬁu) z@"suﬂquﬁﬁmﬁﬁ (Waendn 10
wlafidus) Ten nnNEwE9 nndawdes nniielundy (mﬁmﬁﬁﬁu) waznInlangau

z%m%”uz‘q”mmuﬁmmmﬂ'ﬂmmﬂimuﬂmmzgmu (b)  WUILEUREIANK
wisdgauAandnannn (28 — 97 wasidus) LLﬁiﬁ’Jﬂﬁi’NLﬁﬂunﬂ‘ﬁﬁmﬁﬁ/ﬂﬂﬂﬁwluﬂﬂ?ﬂ’ﬂﬂ@@’m
lunsemnzgiau (a + b) ﬁlﬁfau%qqq (70 — 100 wafidus) aniu wlAeniindiAgs uaz nn
Uhdusan Fadluawnefiftilsfiulusziusn LL@&LEI;?JSLF;IQ\?

AquspInIstedany  (c) ﬂ@juﬁfmﬂwﬁﬁ IMIINTTLREAANEGS  (NINNGN
0.1%/h) ldun $1d1nana $19na waeniindaaas uas nnwanl amsniseiaslaluseay
1140874 (0.07 — 0.09 %/ h) lduA Pnuzidama nndawaes ML dn $damaes
wasnnnesue  uaslusydum (0.02 — 0.03%/h) leun Uantly mndielutdy nnudu
990 NINNZNFN WRale SAee wazd1alnaum

Hetsvfuiugngiuniseasgans i Tapaag lunseinnzgiu (RDP) TneAndng

| o

ﬂ’?ﬂ‘lﬁ@&l’ﬂﬁ?ﬂﬂﬁ‘“ﬂ‘i"l?”ﬂﬂ“‘l’] 0.05%/h WUQ’Wﬂ@N[ﬁ]’J@EW\‘mN RDP ZNN’mﬂQ"} 70 \afidus

Q

8

v

1&uA 59419613 37919 uaz SdawAes e nivsdndnaes a uazdnsnnstesdans (o)
fgalatiamzluindnaand  daunguiiiin ROP lutaq 60-70 wefifus léud nandawdes
nandefuis nanwaal nnindfuihd uaz danlu Tutes 50-60 wefidus ldur nan
wanine nnuzdewme wazildendaaas lutdas 30-50 wlesidusd Tdur wanineg dnlnaun
SuFe NNUENEn way Mniieluthdy  daunin@usauwadniAn RDP rfim;mﬁm 9.8
wlafidus

A RDP dsuifinlannmimesedt ienRauiieusunimeaesaed Batajoo
and Shaver (1998) WL41A1 RDP weanindamiaed uae d1alnaun fenilndidsiu (Fe

8

65.8 lafidusd WReumauty 629 wefdusd lunindowmaes uar 41.3 wafidus

1
a

wWreuausy 40.0 wWefdusd Tud1alnaum) wilAn RDP wa9n nidafuiian Aaudnamnem
(65.7 wafiuiiFauiisudu 48.9 wafifus) m‘ﬁ'merﬁmﬁuﬁm@Lﬁmuﬁmqﬁumﬂum?
NAR WATNIYLAUNINAReNAUANFNeTY Tnelannzatiniannnaianlunssnunisnantasd
navn dndounisdeaaaraaasllsfulunszimnzgiuuanas (Broderick and Craig, 1980)
dquAn RDP 28451911412 lna1Aeeriunnmaaedaed Kandylis and Fegeros (1986) Ag 81.3

wafidus Wiauauiu 82.0 wasidus
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1.3 dndauaeae DUP

!
1 AaA o

WU NANNRARdua99 DUP 11nndn 50 wafidus laun naniadusas nan

Waluldy nnuend1n 4ntne Supes lugae 30-50 wasidus loun wandne nnuan

8

fhe Uantlu nnilaluihds (@auidu) waz nandawaes waznguilidaandn 30 wlafifus

1419818 ey aanda

¥

14 1 ° ol/ A A = o Y <3 1 o
1mm TINWUNABY NINNSHBNA NINLULTLUIN NINNAALY §71219

3
o ! 1 o dgl
i

a \ I - | A Y a PRI pry ¥ o -
AR AunNINUNERUANNUINNAAdIw DUP V]uﬂﬂﬂqﬂu?@1ﬂﬂ MNREBIANNNINUNHUL AN

Hdndauas ADIP Ngannie 42 wefidus aaslismiu
atwlafimuiadssiliudedouans DUP  ilwilafifusaasdmguis  wud

A

Foaean i DUP genanndn 10 waefidusd 1dun dantu nnmésthe nandawaes nan

v
& o

Nzwi1q war Stawaes  InelanludiBunn DUP ingegans 22.7 wefidus Mstliiiasann

o <

Uanluiillsfiugans 62.2 iefigus

SeuBauiienr DUP ldannnmeaediiuAY Ruminal undegradability of
CP 1’71|LL@mslumiwzﬁ'quﬂi:ﬂﬂmmmmﬂm NRC (National Research Council, 1996) w131
fnaneAniinddsaiune nnwanie (38 wefidud WRsuidlauty 43 wefidus) nanda
winee (32 wefidusd Wreuieuny 34 Wefidus) $1dnmana (17 wefidus wraudiauiy
20 wasidus) $1dn (23 wefduduFaudiauiu 25 wefidud)  wazd1ntweus (56
wlesiFus Whaufeudy 55 wefidus) drusiatraiiAfAeud1aunnsnetiannldud Uan
1l (36 Wefdusd Wrauieudy 60 wafidus) amdasusie (28 wWasidus whauiauiu
50 ulefius) uay waning (44 Wesifud whauieaniy 27 Wesifud) Feealiiasan
ANHUANANNIZUAUNITHAS 913D mﬁmﬁuﬁﬁmmﬁmqﬁu muﬁw@ﬁmqamﬁmﬁluj g

Lara lm1919799 NRC

2. NERIVSERT (AN3199 2)

2.1 3u1eullsfv (CP)

o | Ao | S A [y > o e ] o !

Foatiaiumagey AdaelilsAuniAeudnandne ielunguiauasnguunin  Tnangu
o o & 0 o = = | | @ & =
f0euednd (Auau 13 faetng) Allshuegludos 10-25 wlefifud (ehw 17.0 + 4.6
waesidus) T dalunsetiu uazdadailarin NldsAugean waznguunn (31uaw 8 Faeing)
Alishiualudog 8 — 20 wafidus (1vde 10.9 + 4.3 wafidus) TasugiAutaNwd TRy
qegn  dufudnedeannulaainisldilelulnsauge  dowlududrdzudsiszdulilaniu

AaUNNgY (17.6 wlafifius) Inauvinfudetinangudn
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dautFunnulisiudauiicesald  (ADIP) ﬁq@fjﬂﬂumjmﬁ%ﬁﬂ?mm ADIP
Aaudnagandnnguuelt Aeetlugas 0.8 - 4.4 Wefidus e wde 1.9 + 09 wefidus e
Fratharesda e NiFunnugeqn Iumm:*ﬁ'ﬂzjuﬁfmﬂ'wmgﬂ%ﬁﬂ?mm ADIP ag/lugas
0.57 - 1.75 wlafifus vide 1wde 1.0 + 0.4 Wefdus veeinquis widersuefifusies cp
wdamudvianguidauaznguvaniitinnn ADIP RlndAasiudeildieds 113 uaz 10.4
wesifud 909 CP lunguiauaznguueinausnd

Bunaes ADIP  luiltesnsdndazuansneidldauaiin ey enguesivis
Taewinluda ﬁmﬁﬁmamn%m:ﬁﬂ?mm ADIP 31 &4 Martens (1979) 3718911491 5 — 12
wafidus wedlulnsiauluitazasludouaes ADIP ugnaNHUsHm ADIP Tuieenunsdng

v TV

FaRmANILlFaINANNFaLANATL WAL LMW IR LDLAN AT MNTERTsNe 6N

o

ARAIUTD

v 1
c o o =

ADIP \ilafniilu wefifustes CP frrgeite 15 vie wnndy uaasiniriuenainiafuifes
LL@:Lﬁuéﬁ”ﬂwﬂum’]wﬁﬁm’m%uzgq Auin IR AR AR LAY (Undersander Waz
AtUE 2007)

2.2 &ndounistiesannaneslismiulunszinizgiuu (RDP)

andeyauanimaaeuielsziiudadounisteaaaralaauiisuenausoatinangs
fouaznguunuaziFeLNaLAMNLANFANTALTT group comparison Wi
Tunquin  dAaredullsfuludoundenaaaliing  (a) uazdndouitesaanslu

'
1%

NIUNIEINY (b) ANdnguaasugiandeaus liuansdeiun9ais (p>0.05) Aangua

v A

ANLRALYEY a LAY b WL 18.7 + 9.3 uaz 64.1 + 13.0 iwefidus lwanuzingumainie 21.

» it}

o

+ 10.9 wlefifus war 66.6 = 13.6 Lwafidius mua1dy wasAnan wlunsteaaaielu
NIZNNZIWNU (a+b) ﬁ@;ﬂmmmﬁmﬁu Fawade 82.9 + 9.7 wefidus Iuﬂzﬁuﬁ“fs uaz 90.9 +
11.9 wladidus lunguuai Lwi‘luﬂzjut%q%ﬁﬁmmm?ﬂ@mmﬂﬁL?qm'ﬂ (p<0.05) wszannd 3
wih Awinlsiunns ROP Tnsiadsresndguiaiiingandn (p<0.05) nquuei1 Aelunguda fle
atlutng 37 - 65 wWefidus (ade 527 + 7.6 Wefidusd)  luanisiingunderlugas 27 -

59 wafidus (1eas 38.1 + 10.1 wafifus) aznelsAinulusaadrangiiuiddaand

b

o ]

ﬂ?uﬂmiﬂiﬁuﬁqqmn (20 Lasidus) %'qLﬁmu’mnﬂ’]ﬂzﬁﬂﬂiuimmu NUINHARZIU RDP 9
ﬂ'@uﬁw23\1m'ﬁﬁq@mﬁqmjﬁﬁuﬁﬁmqﬁﬁiﬂﬁﬁuﬁlﬁ (59.6 wlafidud wWIauPeudy 305
wefdus) eililesanmsldielulnnauiivnlisunnilsfuneueeiagatuwi tsi
daulnnjazagfluglaed non protein nittogen NNNT1 true protein (Cuomo LWazATLE 1996)

A lidndauaas a gaun (4.7 wWafidus) Seasnalidn dounes RDP g9 Sharkar was
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[ - %
Az (2004)  srenudnnisladdalutanauniinaulungraniiasinlidn - RDP - geau

- ae . . X o o
daannannNensniseiasdans (c) 15911 lnefAres a+b ldilasuulas
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A19199 2 15unaulilsfv (CP) LL@zﬁmdqum@qTﬂiﬁuLLﬂﬂmumﬁ‘ﬂ'@ﬂmwlum:mﬂzgmu

YRINTRNMNTERT
CP ADIP ADIP miﬂ@ﬂmmﬂumuwwgmu RDP DUP
aliaNtasdn (% of  (%of (% of a b c (% of (% of
DM)  DM) CP)  (%ofCP) (%ofCP) (%/h) CP) CP)
ey (]
FaEnmnin
faetinad 19.4 0.5 2.7 13.3 76.3 0.089 62.1 36.2
Faetnad 2 12.5 2.0 16.1 6.7 69.3 0.093 51.8 32.1
Fatnad 3 16.3 1.6 9.7 23.2 66.6 0.068 61.6 26.7

favinnezalala

Fantned 1 104  1.61 15.4 18.3 64.4 0.066 54.9 29.6

faetinad 2 11.8  1.67 141 19.3 48.5 0.054 445 41.3

faetiad 3 16.3 158 134 17.7 715 0.046 52.0 34.7

Faetined 4 20.0  1.19 5.9 10.5 65.1 0.063 46.9 47.2
Sovimsvalalavsn 125 1.7 13.6 40.1 33.3 0.043 55.5 30.9
fadsann

Faeenad 1 18.8 265 141 17.0 68.1 0.044 49.0 36.9

Faetined 2 217  1.68 7.7 20.2 68.4 0.084 63.1 29.1

Faetined 3 155  1.14 7.4 26.4 52.2 0.043 50.5 422
dapnanaian 154  2.61 16.9 31.7 37.3 0.042 46.7 34.4
fadgain 13.1 165 126 6.4 79.4 0.044 43.7 43.7
Sasailanin 246 075 3.0 214 741 0.058 61.3 35.6
§aluesn 185 436 236 6.7 80.4 0.047 45.8 30.7
lunszdiu

Faetnad 1 249  3.33 13.4 9.4 57.2 0.045 36.6 50.0

Faetined 2 27.0  1.63 6.0 30.9 66.2 0.053 65.1 28.9
lunasuans 267 172 6.4 24.4 70.8 0.036 54.0 39.5
Tusfudnilenas 176 215 122 12.5 69.1 0.074 53.8 34.0

WG 1 ARBUNENHItRITULAELANI9N 1
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M990 2 Funulilsiiv (CP) uazdndauaacllsfunanaiuniseaasanslunazmnzgiuu

A [ 6 1
PAINTANUTARN (F1R)
CP ADIP ADIP ﬂﬂa‘fjfﬂﬂmmﬂuna‘zl,wwgt,uu RDP DUP
alaNte1sdnT (% of (%of (% of a b c (% of (% of

DM) DM) CP) (% of CP) (% of CP) (% /h) CP) CP)

TR TR LY R EY (0]
weraunniia 124 08 65 9.5 77.2 0026 369 576

PIRGIDEITGE
[?:I/Q'E]ﬂl']\‘iﬁ 1 10.2 1.75 171 19.5 80.5 0.008 30.5 52.5
ﬁ‘)'ﬂﬂ’]\‘l‘ﬁl 2 20.5 0.59 2.9 447 51.4 0.020 59.6 37.6
weumslngn 121 083 69 28.3 71.7 0013 427 505
Vfl;qug% 7.5 1.12 14.9 20.5 45.3 0.028 36.6 48.4
mﬁwu 8.3 1.39 16.6 201 70.4 0.006 27.5 55.8
Mﬂsﬁ%ﬂLLu@Léﬂﬁl 7.8 0.57 7.3 16.6 83.4 0.011 31.4 61.3
Wﬂjﬁ@&i[ﬂﬁ"]ﬁﬂ 8.3 0.9 10.8 13.5 69.2 0.032 40.6 48.6

WNNBIWR - ANRBUNEANEItaIuATTUAN9IN 1

' '
[ % %

Tungusaetadavianszalala  wudisatsiiflutaviansealalaudn Jdndaun

e =

dotaaelidng (a) Ngandsnedrelinindszunnuviosn aadumezlunszuaunimdn

%

~ | , N = o o, oa v, A )
Iﬂ?muu%‘lmu@:gﬂﬂ@ﬂ@mﬂLﬂuLL@NTNLuﬂ "Q\‘W]']slmﬂ?mumqumﬂ@ﬂ@@qﬂiﬁ\?’]ﬂﬂﬂ@@qu:ﬂ’]ﬂ

Ay Fafulylunnueamantiu sunaaaned Aufrere et al (2002) Aea1udn T sRudqunsias)

%

annelfdneluda red clover miinazgeninludnan dausatinglusiudrdendenuanidndou

nstiagaany luaneuziheaiung lunguen

2.3 dadouraslilshunligndesaaralunszimizgiunuastasluniahuaimis

a

A9Ua (DUP)

Tusnatinanguiaazilen DUP @ae 36.2 + 6.5 Lafidus Teh1ndn (p<0.05) ngw

'
o [

v dAedn 515 + 7.2 wefidud wslliflasandafidndoiusecllsmfuidessanalu

%

A ' | = ~ | e o o A ' Y v = ,
ﬂ?:L‘WﬂszNuVI@\‘iﬂfJ’] @ﬂ’]\‘il’l’?ﬂm’]NW"ﬁsLuﬂ@INQQNIﬂ?muWQQﬂ"J’]MQ_}’]LLN@:N@@@QH?@Q DUP

| I 1
a A

AanausileAnduBunllsfulgn UBunns UDP aasiauasunjiazlanens i liuansi

flunnnidn fuAaay 6.6 wefidus ludq war 5.4 wlefidus lunai
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Taunnunistesaasaasilsfuluntensdadaznlasuwladlinmuaiinig  a1gnis
dile sauviafFunauunutiuluivg (Julier wazaniz 2003) witaavialiludolisAuannigaivig
dndazdesaansliuninaq@unadlunsemnzging Mlidndounes DUP ey eludniv

Winanange) Anusiasiinisiainsae by-pass protein ivelidndlazuidsmunesne
d51nan1snaaag

mﬂma‘ﬂ@zLﬁuéq“mmummiﬂaﬁumﬁmqﬁummm*mr (19 T9A) wariNa1uIdng

1
o

(f7 9 i el 7 2ln wazew 1 9lie)  Ineldinefingaluseunivdndouzesiysmuiy 2

1
! =

41 Aa RDP (mqu‘mﬂ'@mmfﬂmﬂfﬂauw‘?ﬁﬂumquzgmu) waz DUP (8quitinuannnnssias)

asglunszmnzgmuhidealfluniamuamsdauans) wudn

[ % a v

1. Iuﬂ@'mmmummmmLLama‘wm@ﬂiﬁmﬂmﬁmwmmmmmumm ﬁﬂ?‘mm

q ]

o

Tilshiu dndounes RDP uay DUP NAaudwuanuans Tnadnatnanidndouaas RDP 49

o

(11nN91 70 wafidus) 1oun 31919813 31919 way sdawand 2a9adNn Aalutae 61 — 70
wafidus laun nandawmaes nandasusis nnwanyu nnindulnguy uaz tantlu Tudos
51 — 60 wefidus oun nnwante nnuzdewd waziaandndiags  wazAIngn 50

wafidus 1oun waning 41qlnaun saas nnNzwin nndaluldd waz nndlansIN

dauiffunne DUP daeinaiddndauaed DUP gennndn 50 wlefidusl ldun nanthduson

1
al 1

nniidaluthau (@inundi) nanuenig dnlneun uar $mes ngunaglugee 30 — 50

u

wlafidus lawn wantde nnwdnig Uandlu nndlalulnds (@Rtne) way nndaand
waznguilitdanndi 30 wWefidud laun sdawaes nnuz@ama nandasuis NNWARLY

1 v
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Nutritive values evaluation of Stylosanthes guianensis CIAT 184 dry leaves

Pimpaporn Pholsen Y Rumphrai Namsilee Y Sarayut Thaikua Y

Abstract

The study was carried out at Khon Kaen Animal Nutrition Research and
Development Center during July to August 2008. The leaves of Stylo (Stylosanthes
guianensis CIAT 184) were harvested by cutting the plant at 60 day intervals, dried in sun
and beating to separate leaves. The nutrient digestibility and metabolizable energy (ME)
content of Stylo dry leaves were determined in Brahman cattle by total collection and
respiratory trial using indirect ventilated head hood, respectively. The digestibility of Stylo
dry leaves were estimated from the change of nutrient digestibility of cattle fed Mulato
(Brachiaria hybrid cv Mulato Il) grass hay as basal diet to Mulato grass hay with Stylo dry
leaves at the ratio of 1:1. The results revealed that the chemical compositions of Stylo
leaves were 20.4, 9.3, 43.7, 31.1 and 5.35% of dry matter for crude protein, ash, NDF, ADF
and ADL, respectively. The digestibility of dry matter, organic matter, crude protein, NDF
and ADF of Stylo dry leaves were 63.1 66.4 67.4 61.8 and 51.4%, respectively. The total
digestible nutrient content in Stylo dry leaves was 59.9% and the metabolizable energy
content was 8.31 MJ/kg. Stylo dry leaves could be used as a good source of protein since

it contained high protein content with high digestibility.

Keywords : Stylosanthes guianensis CAIT 184 dry leaves, nutritive values, metabolizable

energy, total digestible nutrient

Research Project No. 51(1) — 0214 — 028

Y Khon Kaen Animal Nutrition Research and Development Center, Thapra, Khon Kaen 40260
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dwuifunn TON  uaz ME zadludaimszalalanudnilen 50.9 wefifus uas
8.31 Mlkg dulndiAesiumenaanld Aeiitesanustuludavinnszalalaasiiviunnllsiu
fidetlfgendn  uiihBunoudelefides @indmdyants vldiledssfiududn TON

WAL ME LAAIHAN InALAeaf
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A19199 2 dEnnue iy Wsunnlngusndeald (%) WasnasIu 189874113 T1 — nan

yald T2 —unyanld  wanludavinnszalals (dadou 1:1) waszludarin

wrzalmlanlgannisaiuans lulausdiu

ANNRITNAABDL sL‘LIﬁI/'JVi’WW?Z
T1 T2 alnla
978N"9 wedan e | vednyanls nan | SE A7NN"3
Tdavinszalnla AU
UFNIUNI9NURINT (DMI)
kgDM/day 4.79 4.80
% of BW 1.32 1.31
An"seiael® (Digestibility, %)
TPRuiis (DM) 62.9 63.0 0.72 63.1
Buvzadng (OM) 65.7 66.1 0.76 66.4
T1lsfu (CP) 53.7 63.7 * 0.98 67.4
a3y (EE) -90.4 -32.6* 2.65 37.3
alel (CF) 68.2 62.7 1.00 55.8
lulnsiaunaidnunsn (NFE) 69.8 70.9 1.09 72.1
Fialel NDF 71.4 67.8 0.76 61.8
flale ADF 67.2 59.8 * 0.93 51.4
ﬂ@m‘ﬂmmﬁlﬂﬂﬂ%’ (TDN, %) 60.2 60.1 0.66 59.9
wasides 4 (DE, 11.1 10.9 0.15 10.8
MJ/kgDM)
Wi g Tl 8.74 8.52 0.16 8.31

(ME, MJ/kgDM)

* UAMNBANFANNNNADH (p< 0.05)

SE — Standard error of least square mean

Waulsauiauainistenldaasinguisaesludaalala (Stylosanthes guianensis) @4

naaaulaLaF In vitro $1euIndAaglutos 68.4 — 73.2 nlefidus (Higgins uaz ARy €19

Tnel Norton uaz Poppi, 1995) aNgenaneAdilsainnimaseel (63.1 wafidus) uaziile

WhreueuiuamuAninguzaesdaionszalalauie N9eanulng e wazae (2547)

oA

473 A1 TDN 40.6 wesidus uazlAn ME iies 5.5 MJ/kg Bepndnluludavinnszalnlan s

@Wﬂﬂﬂﬁ‘%ﬂ@ﬂﬂﬁﬂqﬂ
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anuan1maaadaziiiuladnludavianszalnladluwraseunsldsiunn  JFuno
TusRungans 20 wlefidusl uazlishudadnisdenldn (67.4 wafidus) Wenluumeaunisly
TaAuludavinnszalnlasauiunajiyantdludndon 1 ;1 dunasldfungyanlfinesaing
a 1 dla oI/ 1 | % E% U Yo = [~3 [ %
wign wud  TenAuludavinnsealalasaniuuaiyanTdaliiululnsau  wazinisfuin
ulpsiauunau (meen 3)  sawnieinisdvlulnsiaueanluyaninau  luaneniBunu
TulnsiaunduaannieiiaannzlANgauLe luanFANAUNNATEA (119799 3) T91AUAATN
Tsmudaulugluludn  drazgndetluniihuamsdauaaunnnitnasgneeslngqauyissd
Tunszmnzgu Sennstiaslunszmnzgmullsfudiulugiazgneaasaraliifuwanluie G
v a ~ =y & P = ~ o o
fduniiu  wenludoasgnaadudinszuaiden  wasuwliilugFaludy  uazdusannis

tlaanazisazi e lulnsauluilaanyga

=i ! o aa o Y v o v
M199N 3 ﬂqﬂqqﬂﬁﬂﬂﬂm@\ﬂuim?mu ASWNANTU ﬂ@ﬂiﬂmﬂuuﬁyqﬂﬂﬂqtmuﬁ\‘] LL@%MQJWH@’]TW

souiuludanszalalaludndan 1:1

Feed SE
Mulato hay Mulato + Stylo leaf

Nitrogen intake (g/kgBW" */d) 0.7132 1.2976 * 0.0043
Nitrogen excrete into

Feces (g/kgBW*"°/d) 0.3300 0.4711 * 0.0083

Urine (g/kgBW*"°/d) 0.3765 0.4526 0.0161
Nitrogen retained (g/kgBW""/d) 0.0067 0.3739 * 0.0087
Energy intake (KJ/BW*"/d) 1031.4 1026.5 2.09
Energy loss into

Feces (KJ/ BW""/d) 395.9 397.7 7.94

Urine (KJ/ BW""/d) 37.4 47.6 2.62

Methane (KJ/ BW""/d) 95.6 91.7* 0.44

Heat production **(KJ/ BW*"*/d) 521.8 527.8 2.12
Energy retained (KJ/ BW"'*/d) -19.4 -38.3 9.77
* YAWANFANNTUNINEDRA (P < 0.05) SE - Standard error of least square mean

**HP(kJ/) = 16.18 x O2(L/day) + 5.02 x CO2(L/day) — 2.17 x CH4(L/day) — 5.99 x UrinaryN(g/day)
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! % o ! &I a oI/ ! ! o L7 v o v

doulusrunasnunudn Walilaiuludavinnszalaladauiuvgiygan s Auannli &

a [ v < dl £ 1 va 3 v A 1 a dl
nsgayiaenasiuluguiaiimunitesasndinislitungiyanlFinesetnamas (119199 3)

a g

oraflunazludaionszalalaidouaes NDF Geilsznauson waglas wiimaglaa was

A

a -dl9/ 1 dl 1 -13/ ] a = 9 o o v
ek Aideandt Teansmaitilednistesaanainaqdunadlunsuinizgmundainaginlix
= aa o/ 1} dl aa d” [~] 1 dl o v a dl dl v o/
nanseaasnludndoungs waznanazdanil avfluuvasnvinliinialalasian Anaadasiu
s nauRalmu (Orskov waz Ryle, 1990) wuananilainuludavinnsealnlasaniu

3y Yo o 8w, o N aa X o= ! o
m&mﬂm‘immmiﬂmmwm@@mmwmmuummmmumﬂmu "I]\‘]LLZQ@\?')’WI‘]J‘C]’W]'\W?Z@iMI@

P o Al v ¥ ° o = | A Y @
N‘LEN']MW@\N"IHVLNLWH\‘]W@ ﬁ\?uuﬂq?u"IGLUﬂ(JVﬂW?zﬁvLmI@@\?VLNLVNWz@N‘VWzQL‘MLﬂu@']V']?

dl L o dl & o 1 % dl L4 = a o dl
WAen AT ITANALAN M IN IINAI9U FIUNTUN walianmsiitsmn LAZHANIUNANAR

d5lnan1snaaag

udarimezalala Wuitensdnsipmuamalnausgs Sdoulsznaumand
TWsiy & ifele NDF ADF uaz Anfiu winfu 204 93 437 31.1 ua 5.35 wefifud
vaeTmqui muddy frnnstlesfvasiaguit Suvdedng Tsiu iely NDF uaz ADF
WinfL 63.1 664 67.4 61.8 ua 51.4 wWefifus ausnau tneflaenlnausiites|d (TON)
509 wefifud  uariliBunnmdsnufildlssTonild 831 Mikg  Tudavimszalalada

Anflua e uiduuasllsaunaiiasaniilsiugs uazlsiuaunndesldn

napnssNUsznA

1
o % o

AMZEIE1029UAN AMARIEYN ALY Datiuaywsiudarinszalala Tunisvinly

'
o V% a o o -8 (=1

TALIN TRURLANS ADUEIINT 8ADIA  ANWANE W AndeyTneN anda LazAmMY R

q o

'
o [

a dl 4 1 A o o° o & & Y Y
aanda Niprndatmaalunisdnaniludouwds uasuairyanlsune dmiuldlusunnaes
PRVALAY ADITIWN 819N N sdaemae ludaenisdautauaziiudeya sousiadnuinng
pandns lown Anuandus Arudie Aduan AU AnaNAT Teed uay AU WITIDY

alAndaemaelunsguadnimasesluacinan
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6
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1 ¥
Tudavinnszalalaluaiuislnnuiied. s1e91unan199981l9a1Tl 2543, nasa1ung

o/ -3

&nd naNdAdnd nezmatanemsuarannanl ui 229 - 240.

< =

UFreyn Usaeyanmnl wingds Astlac@ng Toyoyn A3ed waz Alead aund@nsdedmnl. 2547,

[

Al ludavinnszalnlaluauisdlamagnawuivinnge. seuNanisiaslszand

Q

2543, negesdnd naNUAdnd nsznsaanemswazannnl urin 312 - 324,

AOAC. 1996. Official Methods of Analysis. Association of Official Analytical Chemists,
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ﬂqﬁﬂiqﬂﬂuﬂqiﬂquqﬂﬂqWﬂﬂﬂ'\ualﬁﬂ?gTﬂ?udlﬂ‘ﬂﬂﬂﬂqLL‘VN
995040 8nanae 9190l walldwa ¥ geuun deagiia”

UNARNEa

[
A o 1

NNINPRBNUNTANUsYaes  NaANEANAMNANRUSIE U9 uLlsTna LN AR TLAN

wasuldilszlemild  (Metabolizable energy, ME) uwazpnauvizeingntdesls (Organic
matter digestibility, OMD) Ndszifiuldaindsdniuimsuia (Gas production technique)
antnunadluannisdusuniuig A1 ME Lay OMD anndaulsznaun giadaaddn

219119859 TnaaHuNNIMAaasNAuIAs LA s MU M IARTIaUUNY 3319 RAAN 2548

a

=K

B9 Sunnan 2550 fednafithanAine Wudaemnedad duau 13 1A 8 3 81E Aa 45
75 WA 120 51 393N 130 Freting Wethandiamzidoulszneuynanil wudndhBuno
T4l37i14 (Crude Protein, CP) 'lusfii (Ether extraction, EE) &1 (Ash) iaielefiliazanslunse
(Acid detergent fiber, ADF) Eeleiiliszaneluansazansfidlunang (Neutral detergent fiber,
NDF) uazaniiu (Acid detergent lignin, ADL) agflutiag 12.6-29.7 1.1-3.4 6.6-12.9 22.4-
485 29.9-60.2 4.8-12.7 \wafifusd muAGL uariA1 ME uaz OMD aglutag 5.9-9.4
MJ/kg ez 45.4-70.0 LUafidus AaNa1sL

NS NANANINNEAN  ME T FenadenAtAuduRudiEadunsassiing
doutlszneumiaaliiudn ME uay OMD W&9tht NHNT0a3SENNNITNUNEA dal ME
(MJ/kg) = 5.533+(0.145%CP)+(0.103%ADF)—(0.458%ADL), (R2=O.74) way OMD(%) =
41.674+(1.095%CP)+(0.693%ADF)—(3.080%ADL), (R = 0.80) Slenageuauuansng

sxuIaA IFaINneuAa  WauduAI N uelaeldaunis WU luRAMNLANANTUNY

a0A (p > 0.05)

AdIATY - anneiiwe dauis AmdsuldlssTamild AdnnsdesliaesBunsadng

wanziisids 49(1)(49:2, 2.2) - 0514 — 059
v AUARELAT WU 1NIERIIRULAY AL.INTE 21089 2. 1DUWLNL

2/ A s o & A o & a A =
T NQHAIATIZURIUNTARVILATWTRINITARY FA.UNNTA BN @.ﬂnmmu
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Metabolizable energy prediction equation of legume hay

Wanna Angthong Y Varunee Panichpol 2! Suranant Noiuthai ?

Abstract

This study was conducted to determine the relation between chemical composition
of legume with metabolizable energy (ME) and organic matter digestibility (OMD) value
obtained by gas production technique in order to develop for ME and OMD prediction.
The experiment was carried out at Khon Kaen Animal Nutrition Research and
Development Center from October 2005 to December 2007. One hundred and thirty
samples of 11 species of legume harvested from various locations at cutting intervals 45,
75 and 120 days were studied. The chemical compositions of these samples i.e. protein
(CP), ether extract (EE), ash, acid detergent fiber (ADF), neutral detergent fiber (NDF) and
acid detergent lignin (ADL) were 12.6-29.7 1.1-3.4 6.6-12.9 22.4-48.5 29.9-60.2 and
4.8-12.7%, respectively. The ME and OMD contents evaluated by gas production
technique ranged from 5.9 to 9.4 MJ/kg and from 45.4 to 70.0%, respectively.

The result indicated that both ME and OMD values showed linear relationship
with the chemical compositions. The ME prediction equation which showed the highest
coefficient of determinaton was ME (MJ/kg) = 5.533+(0.145%CP)+(0.103%ADF)-
(0.458%ADL), (R2=O.74) and equation for prediction of OMD(%) = 41.674 +
(1.095%CP)+(0.693%ADF)—(3.080%ADL), (R2 = 0.80). The ME and OMD value of the
validation set estimated by prediction equation and gas production technique were not

significantly difference(p > 0.05).

Keywords : prediction equation, legume hay, metabolisable energy, organic matter digestibility

Research Project No. 49(1)(49:2, 2.2) - 0514 — 059
¥ Khon Kaen Animal Nutrition Research and Development Center.

? Feed and Forage Analysis Section, Animal Nutrition Division.
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needin  uad uddese  wianddeulvnjasiinaenuiieawadaudsznauniaaiivintiy
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doudayasulnausiean |y (Nutrients digestibility) ANAL U U 9 Tl la

'
| v o A 1

(Metabolisable energy, ME) dsaniilusianisldilsznaugasanmsdnsdalaeiuagiaauin

v
o

WATHANAALNENUNSTRAWINT

¥

BNl ME  Adpannsindndlaanssiuudaziiluangnsiesiga  udnigldan

o 1 ?:/ 1% ¥ ' ¥ dl dl ¥ ¥ dl A o rdld
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ANTHATNNZUATHINAIUNG e AN liAY ME 1eeiRnaueinsdndiliainnismaanss
andadnslaamsaasauatdeanin aenglsfinuen ME arunsnisuidiulinedening
T wesfiEne  du dssiuainAutannastuasanniisietneensnm Uiy
WDINRINNTELNICTLNUY (Gas Production technique) ANNATNN7U8Y Menke LAY Steingass
v @ adl a 1 d‘ o I ad o o o &

(1988) wianifuagnssviiiudn ME Nazanuaziseudnnal ndndainlnenssansiadng
wridedusesinaaesdndine linainnszimnz gl Asiiu vnaunsovinuiesn ME
Tneldinenasdlsznaumaailunisaisaunisinung  dandauazanLazsassor
dsznavgasansdndifluacdnatie anvisluilaqiuiiasnuwivannislugduuusine) faunsm
Tlszilulanerndanugnsinenislitinun soamail ludesnanidays ME 9998201119
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dauian i lunmeaestl  Neowew 13 Tda  Usvneudiae  nsvdu  (Leucaena
leucocephala) WATIN (Sesbania grandiflora) faAALAA (Centrosema pascuorum cv.

'
o

Cavalcade) AomlnaTan (Centrosema pubescence cv. Common) dadis1ng (Macroptilium
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atropurpureum) dvinnsvalnla (Stylosanthes guianensis CIAT184) faau B (Centrosema
pascuorum cv. Bundy) faAgaNTLNEn (Arachis glabrata) dAsannen3ala (Arachis
pintoi cv. Amarilo) ﬁI/fJLL@ﬂ—LL@ﬂ (Lablab purpureus) 5@&'134'1[%"1 (Stylosanthes hamata cv.
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wuvaesay 30 Naaaas laeniAeenanvaenliunn Tuinlsuasuladudn (v,) i

dl ] % ] 1 Y o IZ’/ ay ya
vaenildansazanaguudslldluteseaunumam (otato) fegnelugid m@qmuﬂm

u

'
Y

1 1 v
39 B9ANEAEHE TNNITLNAIREWL 24 Falie uEIAMEUL BRI AT U T 24

WA ufaniiatu nAnNEINMIRa4NE (gas production, GP) A3l
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GP (ml/200 mgDM) = V,,-V,-GP,x (Fh + Fc)/2

Weight in mg DM

a

Bk GP  Aa 1BFNIATLAEANEN 24 FaTug

Q
1 1
o

v 1 1
Aa 3unsuRaNnaluNdTuei 24

2
A 24 al v
V, AR UINIMIUNALTHAY
GP, Aa Fumsuian 24 dalusnas blank NlFlaaeuan
Fh A2 A1 factor 289592 NEIMNTENLNIATTIU NIRTUIWATN

e ad e e ada X4
AuAagnsnseyld / Autagnanininuun 24 4alug
Fc A2 A1 factor 2895928198119 UNIATFIU NAIWIUAIN

Aruiagnsnszyly / Aufagnsniiaaun 24 dalua

a ¢ I
nsatAs1zRdUlszNaLNILAN

PnfnetnaiannaNidAIzfdauLlsznaun1aall Teuwn Proximate (AOAC, 1990) uay
Detergent fiber (Goering Was Van Soest, 1970)

AurnAmaanulfilsslamils uazAauvsaingnsdasls
ddufagqsfl 24 dalue wazArdaudsznaumiaadl  snAuammA e

Uselemiils (metabolizable energy, ME) uazAnistiaslfaesduvsadng (organic Matter
Digestibility, OMD) puANNsRIFd iU wnsdndiiaualag Menke and Steingass
(1988) isid

ME (MJ/kg) = 2.20 + 0.1357GP + 0.0057XP + 0.0002859XL°

OMD (%) = 15.38 + 0.8453GP + 0.0595 XP + 0.0675 XA

oGP = ﬂ‘%mmuﬁ”mw%ﬁ 24 ol (MI200mgDM) dau XP, XL uaz XA
Ae Tlsfn ladie way 10 (g/kg DM) AMNANsL
N53ATISRTANAN D A

[ 1 oI/ o ¢ Al o a o = dl a 1
1. LLNAQIBEINDIRIUNTARNI VIiﬁVI’]ﬂ’]ﬁ"’JLﬁﬁ"]ZMZ\i"Juﬂizﬂ@UWWQLﬂM uazNUazituan

b

ME uay OMD uda aaniilu 2 ngu Al ngui 1 dwduldidudayalunisa¥wannisinunasn

q

'
=

ME uaz OMD (equation set) Faetinaiangad 2 Mlunismageuaunsiily (validation set) e
nagaumNN 1 lfanaannig

2. et ﬂ@juﬁ 117A7 ME 48z OMD 1magauA1ANguiiig (correlation)
wazADANBLNYANIEUAZ (Multiple linear regression) U dautlsznauniawadl laun Tlshv
(crude protein, CP) TsTes (ether extract, EE) 181 (Ash) Lﬁlﬂﬁlﬂmu (neutral detergent fiber,

NDF) dialanluazanelungs (acid detergent fiber, ADF) &nilu (acid detergent lignin, ADL)
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v o o

INAZ5NANNNTNNUNLAT ME uiza OMD Iaglddoutlsenaumiaiainaamnuduiusiuan Y
- -
nnige Taadgluuuaesaunig
AB Y=a+bX + bX,+bX,+.....+b X

n
'

Taeifl Y = A1 ME %78 OMD, a Uag b,-b_ = A1AST Uag X,-X_ = dutlsenaun1aalni

AMNANNUSALA Y

3. ﬁa@f;hﬁ'm@jmﬁ 2 ielneaauauFldresaunis (validation) %'w‘hmizg'u
dszanns 20 wefifufesiethaiamalaingaulsnauniand wunuaAnluauntsila
1N (2.) Wevinue A1 ME uaz OMD anntiurihAnldannnisvinunalaegunis (predicted
value) WRELIAELALAY ME uas OMD ildanazsaufa (actual value) ANTNAgaLAN

Y o 1

ANHANANTZUINNA TR LS FU AInaunels Taeld Paired T-test Tunnameaa

Namswmmuaﬁmscﬁ

'
[ 3 b4

faausdaduie wWudaatanmusnliann gudidauarvmuniaunsdaddauy

o o/

ueRdeY aseuio AUTISEY wAsTANT ARTIAEY TauunY ARTIdEY A1 uazARIAY

e

sy Hanuan 13 9iin InefiseaziganresainiietnuasamuA N Ingussine Tauans

1
a o

dluAade falumnsai 1

'
= ] o

A19199 1 AN inTuzediae v sdndusazaianengsnaii

3

Legume N Age DM CP EE Ash ADF NDF ADL ME OMD

(days) % % on dry basis

45 202 283 1.8 87 293 399 79 7.7 56.7
75 281 240 22 76 325 43.0 96 7.3 558
120 286 246 22 93 319 436 112 73 569
45 174 297 25 96 237 316 85 85 654
75 222 287 28 84 224 299 92 84 64.2
120 207 289 27 95 235 326 101 87 665
45 2568 177 24 82 36.8 487 84 84 628
75 288 164 20 79 381 527 88 83 618
120308 136 19 75 419 582 104 80 595
45 243 219 18 96 398 573 113 7.2 557
75 278 200 16 90 415 595 121 68 529

cv. Common) 120 307 188 19 85 403 580 124 71 544

N3201 (@a91299k)
(Leucaena leucocephala)
WAt (dauanaly)

(Sesbania grandiflora)

A9A9ALAR
(Centrosema  pascuorum
_cv. Cavalcade)

Aaaulmnsgun

(Centrosema pubescence

NG NG NN LS ) B ) I SO BN N A N NG N
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A1519% 1 (59)

Legume N Age DM CP EE Ash ADF NDF ADL ME OMD
(days) % % on dry basis
ﬁlyﬁﬁ"ﬂ:m‘ 1 45 124 210 19 103 349 513 75 7.3 56.4
(Macroptilium 1 75 206 192 23 100 351 480 74 79 605
_atopupureum) 1120 313 147 16 104 424 572 92 67 522
ﬁLfWhW?z’e‘ivLmT@ 45 213 183 13 89 397 511 80 82 619

5
(Styrosanthes guianensis 5 75 2r.0 155 14 80 424 551 84 8.1 60.5
5

CIATI84) 5 120 267 149 16 73 485 602 111 76 569
ﬁ'kum 1 45 311 174 18 129 327 468 81 81 626
(Centrosema pascuorum 1 75 300 227 26 97 306 461 7.0 85 643

CvBundy) 1 120 853 145 15 7.7 G874 565 93 81 601
f]lvfﬁmn'i’n_m[;f’] 45 241 180 1.8 107 329 485 6.8 86 650

6
(Arachis glabrata) 5 75 299 158 14 112 325 446 69 8.4 63.8
4

finassnnaniIala 6 45 214 180 11 109 319 425 71 86 650
(Arachis pintoi 5 75 213 160 12 104 323 437 74 86 651
ev.Amailo) 4120 251 146 15 107 366 488 95 79 605
ﬁLfJLL@‘]J—LLmJ 1 45 275 238 33 117 248 336 48 92 700
(Lablab purpureus) 1 75 246 195 33 95 313 403 6.1 9.4  69.8
1120 270 238 33 117 374 478 T4 91 694
f]lvfazi’m’n;ﬁ 45 249 174 13 87 385 496 75 85 640

6
(Stylosanthes hamata 5 75 253 153 15 87 387 482 74 85 636
5

cv.Veano) 5 120 323 126 16 78 435 549 102 79 589
EARANE: 1 3 45 260 297 25 96 237 316 85 85 654
(Cajanus cajan) 2 75 29.0 191 34 66 416 497 122 69 525

2120 2S5 165 29 74 897 %40 127 71 538
Tuaisn 45 276 189 22 88 325 428 96 6.7 519

(Desmanthus virgatus)

(€21 )}
\I
ol
w
N
»
—_
»
N
—_\
o)
N«
\'
w
&)
—_\
~
»
»
©
o)
@)
~
N
[e9)
fe)

120 344 135 18 72 433 553 126 59 454

N (number, a1191A28EN9), DM (dry matter), CP (crude protein), EE (ether extract), ADF( acid
detergent fiber), NDF(neutral detergent fiber), ADL(acid detergent lignin), ME(metabolisable

energy), OMD(organic matter digestibility)
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1 o

danutlsznaumaniaasialnadaulvaiAnlndAeesiumanuees 299000 uazAY
(2548) WAZINENILIBIATULN LA ANINIATTIUBIU AR T LAELRaIreILsvimnalne (2551)
d9
douAnasldilszlenils (metabolisable energy, ME) uazmnnstiaslfunsguaedng
(organic matter digestibility, OMD) Wu3guluaiiAINAAENAUIENNUIRY 999040 LAY
g g y >

ADME (2548) wardinutta Wy F31lns ANNmAaeeAiall JA1 ME war OMD 4909

o Ay

atelafimNiiasaInnisAneIuiAn ME way OMD aastnanmsdndlulssmalnedailidaya
X . 4 L. o o 4, o A
wandsesuedernin - Selunimeassilasldsusnsaatanunainiuiseiy - 8nis

Wwaiule luaningiainiAuazgliuunisdanisnanalauuaneneiy - e lildanaes

i
=

dovtlsznaunaieiuazaniAnesinguendndasnsnin Wlddselemililudoatiosine) 7

anmn iudeyandusounuluiuinsie  edszmalnadesizld s lanildasawasd

a
|

14
AYTNNABINNENTL

Wathedoulsznauniuaizesnguanesnen lddmiuaiieannis NIMAFDL
% o 6o 1 Ay ! = o 1 ISP !
ANNANAUSALAT ME uay OMD wudiideyadautlszneumianiiaesunsiaaenalAnsng

aananngu (outlier) Aflunazfessndayavasungdaetinaiueanliinaldldaunismioung
A1 ME 1az OMD NHAMNLNUENNINTY AINNITNALELANANNANRUTIZNING ME LAy

¥ 1
OMD daurugnuilsznaunianiluiiiessu saldnaanlunngsen 2

ANSI9N 2 LAPNANANNANAUS T2 ME uaz OMD AUAULIsZna1maAN 189898793851

CP EE Ash ADF NDF ADL

< % DM >
ME (MJ/kgDM) 0.213* -0.019 0.185 -0.374* -0.441*  -0.596*
OMD (%) 0.326* -0.001 0.317* -0.455*  -0.522* -0.606*

* ugpaneflAnAuduR s liadAyn1eala (p < 0.05)

ANNINARALANANNANNUSIRY ME waz OMD Audauilszneuniaailuidiaediu

o o

WU ME RANNANAUFITIUINAU CP uariAnudunusidaauiu ADF - NDF waz ADL 401

o o g

CP ME at9NildnAtyn9ania (p<0.05) @91 OMD HANANAUSITIuInAL CP Uaz Ash
uazdipnuduiusideauiu ADF NDF waz ADL  edwildtddrymneada dletrdeya
FammundnairafuaunisviiungAn ME uaz OMD laedadnidenuuyduney (stepwise)
iednAenAdauLsznaumaniiivanzan inldlunnsaieannisanneadmiunisiung

o dl
ALAAIAITINN 3
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A5 3 ANNINUILAT ME 1aZ OMD 29989819198 A9A1191 88 Aaeing

2

N R Sig.
ME = 9.510 + (0.0312CP) — (0.229ADL) 88 0.396 0.000
OMD = 69.101 + (0.345CP) — (1.637ADL) 88 0.465 0.000

ME (MJ/kgDM), ADL (Acid detergent lignin, %DM), CP (crude protein, %DM), OMD (%)

AMNAITNN 3 ANNITNBFMETUNIUIEAT ME Ay OMD HAduilsz@nanisniune

Y v
&

wxugn (R Anda 50 wlasfifius watlinaziinaaindeyavassateinldlunisa¥eaunisd
L 4 Yo ¥ N 4 Ay

ANGNS ] Aingzane AeriuAsindeyarisunaniansdangulvsiiietiiAn intusaae liu
aFafluanunislud wudngusdaeengluainuiieniud CP sauws 8.0 — 36.3 wlafifus lingu

FRENIINAU 26 At HAnedtresnmuAmnieinmueAslumsnem 4

al 1 dl 1 aI/ o rdla/ I a
AN 4 mLfa@ﬂ@mmmﬂmummmmmmmmmnqmmﬂ?mmiﬂmu

nquFletlud CP EE Ash  ADF  NDF  ADL ME  OMD
(88 Finaeig) < % DM > (MJ/kg) (%)
ALRAE 18.66 192 887 3576 4785 893 805  60.91

SD 552 080 181 743 887 222 089  6.07

ANRNGA 8.05 084 526 1529 2379 477 517  40.04

AR 36.25 419 1401 5413 6653 1458 991 7218

WAt ANTNAANGNATNAT CP 1145 19annIsiIwgAl ME Uay OMD #NNsnaing
ANNNIINNEANIH R gegavini 74 uay 80 wlafifius muasu Inedgiluuuaesannisds

1um13199 5

A9 5 ANNIINUNLAT ME LAz OMD 2848907111 dadndanngumuFunlilssiu

2

N R Sig.
ME = 5.533 + (0.145CP) + (0.103ADF) — (0.458ADL) 22 0.740  0.000
OMD = 41.674 + (1.095CP) + (0.693ADF) — (3.080ADL) 22 0.795  0.000

ME (MJ/kg), ADL (Acid detergent lignin, %DM), CP (crude protein, %DM), OMD (%)
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AUNIN TN UNAYT ME way OMD  Hsaullsivilaudu Aa CP uay ADF HAN

o o

ANMNANAUSITIUIN 49U ADL ArANANRAUSIFaauiy ME way OMD watliiluinguiu

[ % a =

wdndndauaaallsiuduuaslulnsiauuannqaunsdlunszinizgmusiudiasin i l4lunns

v
A ¢ o

a a dl al [J dl = v a [J a 1 dl 1
L”“Q?El.}lLﬁlUIﬁlLWﬂLWN@’]u"Juﬂﬁftﬂj’m? GIN’WZZSJN@I‘ViLﬂ@@’]uquﬂﬁ‘ﬂi"ﬂ’m?“ﬂ@u%?ﬂﬂ Iuﬂqwa@

[n]

'
oA

uile Tusmiu ot uazngundenitialy Tnaanizngundeaitialy (cellulolytic bacteria) Bl

q

¥ [ 1
a

AuAnAtyEssadndiAgaResida lunuaneulsdRaun e aananisransdauny

'
=

aflulawmse lidaualuiananianas avinlidnsarnnsalasmdundsnuseldls uay

d9APRa9TL  ADF A A NANRufludauan aganlugounas  ADF  1iludqud

a a

1sznausng cellulose M ANTU T9doULad cellulose UAMUNRAWYIFTANNTDE ALIAANE]

el il unasemluinan ol uddouass Anilu vise ADL iludauiivqduyid
wazdndlianunsndesaansld wazynininlueivisasinaldannisteauasldilsz temlls
mmmifmmiﬁqﬁuj 16 A ANNANAUSTUAY ME ez OMD lui@eay (McDonald hayAniy,
1995; Ishler LAz, 1996)

athalsfimuidialdaunisfivunzaud vl ME uay OMD udaaslégnanag

naaauAulflfaaannis  (validation) Taeninngusdaetinandulidmiulddungunasau

q

(validation set) a71191 26 F2aeNg LAz FaULUA1IANNLANFAIN9A1 ME Lay OMD #9n
va ad o & o al'vLs/ ° s 2 | gy
ARNAENT9IIALAA (actual value) AUAINLARINNIINIUIBAINANNIINHRAT R™ Ineingunld

dungunagauanldldresannisianamisinrusgaaailuaieas delunanem 6

=i ! A ! o o & 1 oy [
M990 6 ﬂ’]Lr?l@ﬂQMW']V]’]\‘]Iﬂmuzsﬂﬂﬂﬂ’Jﬂ’]ﬂq?mmQﬂ@‘NVIIﬂJ‘V]@@ﬂUﬂqqmlm@ﬂ‘ﬂ\‘]@@\mq?

nqNFRetaAdey  CP EE  Ash  ADF NDF  ADL ME  OMD

(26 AaLiNg) < % DM > (MJ/kg) (%)
ALaRe 19.64 1.82 887 3655 4914 9.78 768 5857
SD 552 053 1.78 9.01 1222 2.85 080 572
ANFEA 844 096 531 1472 2040 525 591 4576
GRINGT 3228 283 1369 5509 7054 1480 899  69.05

A nN1InedaL AN D lFaasann1lneLFaLgUA1IANLANANNIRYARAY  ME
waz OMD #ldann1sdauia (actual value) karANlAaINANN13911Ne (predicted value)

18133 Paired-T— test N7eAUANMNITATU 95 1lafidus liuasanise9i 7
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ANSIN9N 7 NAN1INAAaLAN 1T e uasaNn13N 19n11ne A1 ME ey OMD

Actual Predicted
Biased SEP Sig.
value value

Arnasuldlselanild (ME,MJ/kg) 7.68 7.67 0.013  0.444  0.941
Annsdenlives@unzadng (OMD,%) 5857 5839 0175 2940 0.882

SEP = Standard error of prediction

NANTNN 7 Weanngeumn i lsresainis? lEniuigAn ME waz OMD Wu31AN

Fanan N ANNWANFNITUN9EDR (p>0.05) AZANANNLANFANIBIEEIT (biased) WLNAN

] dl v o [ Qdd‘ v ) a 1 o

ANHLANANNTBY ME WA OMD #lsannnadpauia Lazaan liannann1sinuig JAwvinfy
1 dl

0.013 uar 0.175 AAIIUAINAN  LNUANDNANNIIAINAIIINAINNTD N 1UNE ATNAI9NU T

sz lermils uazAngeias 1o luseiniie

d5lnanisnaaag

annstietnaiaemnedad Sauau 13 Tila ﬁﬁ@mﬂ’wﬁm 45 75 uay 120 U
sasflu 130 Fretine WetunAessddaulszneumiaedl wosndtEunalisi T 1
ADF  NDF uazaniiu ag/lutag 12.6-29.7 1.1-34 6.6-12.9 22.4-485 29.9-60.2 4.8-
12.7 wlafifus mua1Au uazilAn ME uaz OMD agfludag 5.9-9.4 MJ/kg waz 45.4-70.0
wafidus muanfu

iHletnumagenanuduiussendneAresdautlsznauniaail fuA nasswld
Uselemildl (ME)  uazAnnstianliaasdurisadng (OMD) atinua$aaunI I une AN ME
LAY OMD @nansagieaunisld gl Me (MJ/kg) = 5.533+(0.145% CP) + (0.103% ADF)—
(0.458% ADL), (RZZO.74) way OMD(%) = 41.674+(1.095% CP)+(0.693% ADF)—(3.080%

2

ADL), (R° = 0.80) iHANAZaUAIAINBLANAINIZUINANIBANNNITALAE WaufLATT

e lngldannns wudnldiAnuuananaiunieadia (p > 0.05)
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LANAITAINDY

ﬂmzﬁ%‘nuéfmﬁﬁmmﬂmmm?ﬁmﬂﬁm \RevreslszmAlng. 2551, ANAeIN1TINTUZT8

Tatialullsemeng. TPANWARILIUIANE, ABULAW. 193 UL,

999040 BNes $1INe WINAR uar gnne Nwsduna. 2548 nasdsziiuAinisdenld uay
nasuldlsslamiilsuaannnnsdmg 1nedd Hohenhiem Gas Test (1) Woa1M194mS.
Ty eeunasddulszantl. nesamsdns  nauladed  nezvaainemsuas

AUNTad. Utin 145 — 159.
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NSNAFALNALLIAENLUNIZAN LUNITHA AT1IN NN NANNT LN BHATNSI Lt as
= ° ' & Ao 'Y o
LNBNTITANUUT LUNUNIINIARTLILN
% %4 sa a1/ [ = 2/ [ [ a1/
WzONE AUNSEUR ARUIITTU ATANNG AU TARTNRIY
UNARNEa
annnagauinalulatlunisuandia i sungusuinemnssetas TN unaInd s
aszufinfnedsnisuinlugeananasnan andiunistnldneaeuduinenanslunguinemansg
ALNARSTNWAAY 7.ARDINIA B.AABINIA A.ATZUNY AU 1 918 UATAINNANINEATNT

6

wesdndtiunandion aWnvion a.efnytsma a.dszuio Auau 3 918 Inalddannariug
fainwas Ugnaeas 113 dainminianglszann 60 - 65 Fu Tneiulddauin 1 -2 69 udo
[edn Iiuuulugenanasin Huntingeay 30 Alaniu
HANIINARDLNUINUNHATNIANNITR 9 eudn fedssnaas 150 99 Tinanan
umiinanrasdiodngeae 4,507.5  Alanfusdals Tudnusesguninassdindiaminass
dl o a 3 1 o‘?/ a IS% a 3 I o
nsmInInndnlugenataminaeg lunasidununng Inaisunulunisuandiaiieudnly
NWANARNAT 2WIALT9R 30 Alanin wudilsuBRALIaY 27.60 UM viseAmT ULy Use
AlanFuminfiu 0.92 UM ULAZANNIINARALNLI T ALARLAZNNTUANFUTBUNHATNINTIN
Taganns wudrdaiadunanmunzdmiunisgninudn dgnlddneldgennn nasvinmin
¥ a A %'/ o ' [N ] ¥ L4 o [ !
gougananafniduneulunisindre ldgean wazsaslinaudrAnylunszusunisla
27N1A28ANAINYN uazinrmsnsnalanuanun naasinaiadniinemensu@s iidudnanig
winfAnnng ludrunisnaianisaunadeilanusasnisagunustlymipanisandio
Aandnuzanciiudnines e liiudaedlideaazites Tuduniseauiunudd
nerINsidndanTansanIseIul 3 918 ANieuNA 4 918 HAonuAesnisiiazatiunissie

luauan

SRR : 10demdn  InemRIngIetiat

wanzidauise 47(1)(47:16) - 0514 - 059
Y audidsuayimunaimsdndaszuia 6.aaedliieu 8.A009M1A 24370

? annihimunennsdniiesian 6.43n 0.49990U0 2. Feadn
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Verification of technology on commercial silage making of sorghum

by small farmers in Sakaew province

Kharuthai Juntipbadee " Wattanawan Srisomporn #  Watana Kodpat Y

Abstract

The project was aimed to study on verification of technology on commercial silage
making of Sorghum by small farmers in Sakaew province. Four volunteer farmers planted
Sorghum (Sorghum bicolor) at 1 rai/farmer. One farmer was selected from Ban Kho-Din,
amphur Klonghad, Sakaew province and three farmers were selected from Ban Fak-Huy,
amphur Aranyapratad, Sakaew province. The technologies for silage making to be used
with farmers are: Sorghum was harvested at age of 60-65 day, cut, chopped at length of
1-2 inches, packed in plastic bag at approximately 30 kilograms in closed condition.

The result showed that each farmer had produced silage average 150 bags by
average fresh yield of Sorghum 4,507.5 kilograms /rai. The quality of silage was good. The
cost of silage was 27.60 baht per bag or 0.92 baht per kilogram. The investigation of
attitude of the farmers, they accepted on the technology of Sorghum silage due to the
process was easy and the quality was good. The farmers thought that silage could be sale
if it was produced in large quantity and can supply all year round. For next year, three of

four farmers will make silage for feeding their own cattle and for sale.

Keywords : sorghum silage, small farmer

Research Project No. 47(1)(47:16) — 0514 — 059
v Sakaew Animal Nutrition Research and Development Center, Sakaew Province

2 Roi-et Animal Nutrition Development Station, Roi-et Province
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nsinaudnidunisiiuouenganmsdadatinanil TeingilszasAnanlunisnuan
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FUATININA LAZUINNANTUINANNITINALAT pH  LAZNANITUILHUANHIUENINILAIN

1aun nau iwWanauedn Auavd1anrensdn ga1usadsziiudnniandnaadinennsnugnluy

penanainlunimeasuaistieglunuEidunmuning

A5197 5 waninsdsziuannndainminanlEinainssaunTENag NNy 1 ineu

INHATNT TANTA % VBITAQUIAS % YDINIATIINA ALY %u@mmw
UILNGA  NIALANAA 2.41 45.99 10 1unag
nInadRA 2.83 54.00 0
nandafan 0.00 0.00 50
wegnal  NIALANEA 4.30 60.73 18 wa'ld
NIADLAFA 2.11 29.80 10
nandafiam 0.67 9.46 9
UNAZAD  NIALANGA 6.30 74.03 28 unang
NIADLAFA 1.72 20.21 16
nsndansa 0.49 5.76 15
WNIET  NIALANARA 2.70 83.85 30 A
NINDLTAA 0.40 12.42 20
nandafam 0.12 3.73 20

waeme) : UssiliugnuninieudnantFununsa@uyise muninsgiuteanesansdnd (nsudeadnd, 25471)

AZWWUIINATUNN 81-100 ANN, 61-80 B, 41-60 U1unans, 21-40 wa'ld uaz 0-20

4. AUNUNITHAR

ANNITNARDUNLIN ﬁunuiuﬂﬁ@ﬂ@uﬂ%ﬁqummLm:rmﬂﬂuﬁuﬁ 118 winriu 1,425
v lnandntimingaieds 4,507.5 Alaniu Asdidunulunisudadiainasinu 0.32 v
siaftansu (9197 6) dawlunsuandrarihasinlugenanaindzesnsmens azigunuly
NMINAR 27.60 UMsRRe Ve fuulunINgn 0.92 L msanlaniy (fmmwi 7) By 1l
mmamm%@ﬁ’jﬁﬁﬂﬂ&’ﬁmﬁunuslumimarﬂm;hLLWqTﬂdﬂuﬁﬂiquwaﬂmﬁﬂc-ﬁwmmwmmm
elotludaninaszys seanudnlFiuulunIIngs 0.86 — 1.04 L maAlANTH (WNTINTTOL WAL

ALY, 2551)

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nswndddnd nszvsrwnuensuazaunsal



129

AN5199 6 LanssuuNITAR TuNsdpnIsudasdinannglunui 1 15

Nanssu auau (un/ls)
WFTRINAY 600.0
Ugnlneudnunaniug 150.0
e 15-15-15 6,91 25 nn./ls (12 uwinn.) 300.0
flaan 91 300 nn./ls (1 uwnn.) 300.0
Awanug 3 nn./l3 (25 van/nn.) 75.0
TR 1,425.0
LaNARTasdanaiaas (nn.) 4,507.5
AUNUNITHARTI9%S (Wm/nn.) 0.32

A5199 7 wanssiunulunisuaadnadeuinasansnnsnianlasanig
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Effect of various types of silage containers on quality and cost of ensilage

Jeerasak Chobtang Y Sompon Waipanya ?" Varunee Panichapol ¥

Abstract

A study on effects of various types of ensiling container on quality and production
cost of Ruzi grass (Brachiaria ruziziensis) ensilage was conducted at Suratthani Animal
Nutrition Research and Development Center, Suratthani province, from March 2007 to
December 2007. Treatments were five types of containers, 1) plastic tanks (PT), 2) black
plastic bags (BPB), 3) transparence plastic bags (TPB), 4) fertilizer gunny bags (FGB) and
5) gunny bag tightly covered by 2 thin layers of plastic sheet (FGBC). After 21 days of
ensiling, the containers were opened to examine and assess the quality of ensilage.

The results show that after 21 days of ensiling, even though DM content of
ensilage from various containers significantly differed (p<0.05), they narrowly ranged from
21.90 to 23.18 per cent. Crude protein content of ensilage ranked from 8.65 to 9.47 per
cent. The PT container provided silage with the significantly lowest (p<0.05) pH (4.79).
Weight losses of ensilage from gunny bag containers (FGB and FGBC) were higher than
those from other containers. The ensilage quality assessment from acid quantity of various
containers indicated that they were of low quality. However, when quality of ensilage from
different containers was assessed by physical characteristics, the result was opposite.
The result indicated that they were of good quality. The production cost per kg of dry
matter of ensilage was ranged from 0.43 to 2.16 Baht. The cost was lowest for FGB and

highest in FGBC container because of the additional cost of 2 thin layers of plastic sheet.

Keywords : silage, quality, container, ruzi grass
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N1sANENDeANINILAZFUUNsARTesN TN U 1Tusussqaiiasne e b lainaTulat

NNTUARNTNTNARANINHIZAN ALAINLATINEAANITNARNTNTNINANIFA1 UL AR

ineAIngsialil
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alnsaluaziEn1sNaans

AOUNANUUNITNARDY

o o/

ANTUNNINARBIN AU UATWIN UM 94RTq 91 fa13 Anualnage 81ine

N2 AMIRgINH) TN FeUdIuRauRIAN 2550 - FUINAN 2550

LHUNITNARDILAERINARDY

o

NIINAABILNDANHIAINNLANF N8N 1T UL U339 Tun siunj13andn Al uase

a

AANINLAZAUNBIUNITUAANDI1UNTN 21UHUNITNAABILLLFNAADA (completely
randomized design, CRD) RMARET An AUz A LN udN 5 Biin N 4 4
Txun

1) denwanainataditlaatindidunnuguinans 15 i 44 31 i (PT)

2) DINANARNAAT 1WA 35 X 50 1 uaziAnau 0.2 faAwns (BPB)

3) genanaRnTHAlUfuas 2um 24 x 41 19 uaz flAaamun 0.4 Hadwms (TPB)

=

4) nezasunaaRNaUNAgINAIaRnLNyaddngly 1 duaunn 21 x 40 Ua (FGB)

q u
v v
]

5) NITARUNANAANANUNUBNATAALNAIARNTHALNNE 2 TUIKA 21 x 36 1

D

(FGBC)
nsapnIsuilasuaingauaznisvinnauln

wag39 M lunamaassaisitldarnuilasaing® nlduscTaminiuds 10 davgiuine
dsuanwliinissanTudetasnane udsandauginlatesize (46-0-0) 6791 20 Alaniy
P Y = ¥ = v o R o ° o o o v A o oA g ua
sinls uazilannrdana i 49 Ju Aeinuazinnimen TasdunaidaeaTesiung idawa
ANENIlsTne 12 19 AgniAan bl AuLaziN U A lun 1 TurTinF19) ANES
naaasininua anduin lhiulilunse e lunsudnuiw 21 du faudannauziiie

pIvAaeuANINLATENIiLFIet19d iU ldlunsTirsidautlsznauniaadl

MaNUdaya NMIAMUINILAZNTALATIZANILAR

1. nMsgaiumIasig

1.1 duiiiusaatwuginannauussqldniruslauguedas (sub-sampling) 1914
Uszanns 1 ilandu e ddmstAinssidautsynaumnani

1.2 Lﬁl'ﬂﬂiuﬁ’muﬁ'ﬂ’]&!ﬂ’]‘iﬁﬁﬂ 21 §u \Tanngus i ensa e LANHLNINILNTN
wagueduadn 1éun nau ieduiafiandn & LmzzijmLﬁuﬁq@ﬂ'wmﬁmﬁﬂmn%uuu NAY LAY

anvaaantur saniulildlszaunn 1 Alandu (AuAuuzinaes nsnlAdng (2547)) e

Azidoutlsznaunianiuazinaiaruiuna-nne (pH) Inandsanngusoatngliay
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v
o

U9qsat A ugInanasna iy fauiu 2 du TaeinireantaztlaUingananamn i

= U o 1 a o

antutilduglunaesinndsdliiiudeussqegiiui udaindeiesdJiiAnasinguiinezi

U q

2 uNIARsuar Va1 u13dns nese1nednd dszidunnininsesiausdiniae lddnsniznng

3

ANEANNAINITN9LU LR ULBY neNdAdnd (2547) (A19190UINT 1) ﬂﬁ‘zl,ﬁu@mmwnmﬁm

niinlagldUsuntunsaLanfa (lactic acid) N9Aaz@mAn (acetic acid) waznsadanan (butyric

o &

acid) ANNATN3U IR UUD ﬂiuﬂ@mm (2547) (mmwmﬂﬁ 2 LAy 3)

2. NNSANWIY

a o 4 v

2.1 AN sgayLasdnguiszeaefmdinlugduna (gaseous loss) Tneiasnng

o q

v
a o

% n1egayids = dandnuaiinauvsin — daudnuajaudendn x 100

@

¥
Wuinunneaunsin

2.2 AMUATIAUNUNISRARTEINTUNN TaaTuN19ATUIDIARALR NI ZAUNUAINTUL6 S

nsuAauaigEudn 1 Alaniudmguis

3. MSIATIZUMALAN

Amszidoutlsznaunisiaiasssiatiamninauuazudandn ldun dnguiauay
TsRumN3TUee AOAC (1980) 'QJLﬂ?ﬂtﬁ‘jﬁiﬁﬂﬂm’]ﬂuiaLﬂi[ﬁl‘ﬁlﬂtaﬂﬂﬁﬁiﬁﬂjﬂﬂﬁﬂjﬁﬁﬂuﬁﬁﬂ
ANNATURY Dubios WATANUY (1956) AuANviFNuNIALAARA NTARZTRA LaznsATaN3A

Tneldirses HPLC wazdnAn pH lagldiATas pH meter

N53LATISUTAYANAD A

indiayai liundaszineadialaedainszinanuulsilsu (analysis of variance)
WAz T LB LAMNLANANITBIALRALA28RE Duncan’s New Multiple Range Test (DMRT)
1 U dl 1 L 6 1 v QOJ o v 1 [ % o
doudayain iliRasziaanuulslson wu dagauminugiineuuasudinismin Azuuung

nsdsziiunnenianinuaziadl LasFuuNsHan uanuAaas

Namswmamuaﬁmfa‘zﬁ

drullsznauniaalaaananganaunIsuln

1 '
= o o a

doutlsznaunivaiaesiaingiengnisdna 49 Su Aldlunimaaasuanalunisem 1

a

[
& 1 o A

Tnamngndmnuiia 23.46 wefidus aglussaunminitsziunmunzandmiunisionn

u
1

1N Van Soest (1994) 91291191 dnguiisilianzanlunisinigmsinadsianagilszann 35
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wWeidud ednelsfinm eRansounsziuanslulamsafiazaieninld wudn Srneluszaud
WNNZAN (8.46% DM) 41915UN19M11EN Skerman Wag Riveros (1990) $121911491 S2AL WSC
fmnzanpasiianlifesndn 6 Wefifumesinguie aendlsfau Suresaanuszydnsssu
WSC gasianmsnzduiusiniansnlinisinngn 10 wWaesldusaaednguie (Bernardes Uay
ARLY, 2005) A1UFuszAY WSC m@auaﬁﬁﬁiummmmﬁ WU WA INALALNALI891 1D
ARANT  WATADLY (2547) F9918197U97 uajﬁﬁmﬂmiﬁm 45 §1 azilAn WSC  1aRe 7.92
W sifus

al [ = L2 L v A o a ]
AN 1 @Qﬂﬂ?&ﬂ‘ﬂ‘]_m’]\umﬁﬂ@\iﬁquﬂﬁLL@%W@WMNﬂWMNﬂIuﬂ’VﬁHZ’ﬂuﬁ[5]’1\‘1"]

6 = & & o
NIUS pH 29AUIENAUNIIAN afifusings

1999’ (DM basis &Nk DM) (DM basis)

DM (%) CP WSC lactic acetic butyric

lanelaly - 5.18 2346 950 8.46 - - -
weudn PT 4.79° 2310 915 - 031" 277° 2617
BPB 5.13° 2243 911 - 3.26° 4.44° 1.91°
TPB 4.98° 23.18° 918 - 3.27° 381" 1.60°
FGB 4.88" 256°° 896 - 135" 286" 3.45°
FGBC 4.94° 2190° 865 - 342° 381° 3.26°
Significant * * ns - > * >
level
SEM 0.04 022 029 - 0.37 027 0.36
CV (%) 1.42 194 626 - 2349 1640 22.31
wanewe o PT wnnele Sananasnafiadldntaating BPB unnele gawanafnd@nn; TPB unneds

gewaamniisauas; FGB uunade nszasunanainauinenatainuieyagdnalu 1 4u

WAY FGBC MN8N NITARUNANERANA1UUBRATAGNAGRANTRALNLE 2 F1; - UN18ID

1=l

> 28 o oy, 5 o | = aa abc o a aa
NNTBHR; uqﬂuﬂLL‘M\ﬂﬂJ?’]Nuqﬁuﬂﬂ’]eﬂuzuﬂz‘lﬁNﬂ"]?LLﬁ‘ElULV]El‘].W]']\?@ﬂ["]; ATLRNLNH

—

o o ° o '

aaneenaAuuansesiuluknasaaaa iy (ldsanAiannuoiian) uanA9iun eans

(p<0.05); * = p<0.05; ** = p<0.01; ns = MUANANNNADH
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drutlsznaunaiaiaaiuangauin
asAlsznaunsaleuding ldainnimuesne uansliunaei 1 uan1maaes

wanaliiiiugn uldnAndnguisaaannigininaslaonuuanseiue 19NTRd Anyneans
(p<0.05) usfidAINIzateuAL°) InadAnaglugag 21.90 - 23.18 wWasidus AndrATngu

Q

&

POIANHOLUEIMENNG (30 — 35 Wafidus) Neeeulag nandadnd (2547) uajrudnann
nauesinee Hulafidusllsnuliunnsieiu (p>0.05) InafiAnagflutog 8.65 - 9.15 wlafidus

apsnInTUsmuanunran (9.50 ilafidus) Wasanias daudn pH U udazwuanlaag

WANFNAUNNATE (p<0.05) wardiANagszuing 4.79 - 5.13 ldinnjrg@minainagusussy

a
|

ToaaNNAIAINGN 4.40 @aiiuse AU Van  Soest (1994) $18M1U91 AZF8AANANTINIA

= o

qaunzgnn gl mdnuinge Tnaanizqadunisdlungy Clostridium  way Pseudomonas

= o e

R8T LINENNUTES NINUAART (2547) 318971431 M NAN LA AYsH pH ol

A I

Tudng 3.5 - 4.2 ag1elefimin A1 pH - 209913 TMINAINNNINARBIRRAIANT9189114T8Y

' 1
= | = o

AFTULINLAZAUNNIUWA (2540) Tanudn nagldganatamnadunigusnaana1gaudn doan

a
1 v

wiinum 30 Ju lHnningTudnial pH g9ds 5.35 uariinsauaniiatines 0.72 iefidus wintiu

\Ha AT TN INIARNG] 2R9UEUTN WLFY ANLANFNNTRINTTWE N I AT

Tougidilefidusnsaunnsneiu (p<0.05)  n1sudnUINgIFatINaIaRNLATNITADL
=

] ' (%

a o 1

wanaanaunigenanannyinalu Wugfruinidnsauaninniniinisldgenananniia 2
WU LAZNIZARLNANGRNA T URURAENA2FNUNNA LHaNANINLTNUNIARLTRAALALNIA
PP ! o ! oy o Y o o =

997A HANTTNAAAY WU WHINANNLANANTRIN LN I ardnani THun 1 minings
AXIRALANANNAIUNINADR (p<0.05)  wsldlnmuzaiinlaaanldunudnnTdFuunse

aa a aa ] rdld a a = o

azdRauaznIndanzaeglunurimilazuuuilsviiununinsgauniaaiizesvaudn  (0.50-
0.80 wafiduduaziaandd 0.1 wafidusd auansy) vesnsudadnd (2547) auusnaziin

o

AMNNIINUEIIMENE pH gandnseauntaadudsianssuaeadaunad lungu Clostridium way

1 !
Y a a

Pseudomonas FluqauvzenuannsnacifaLaydofsa (Van Soest, 1994) Rsnnliqauyiss]

q

NANAINANENAIAIHUNANTTHDE

ﬁmﬁnunj‘mﬁ’mmzmigmL%‘ﬂﬂé’qmwﬁ’n

ﬂ?‘mmmﬁﬁ'ﬁ'@mﬁmuiiﬂmumwzmm uAazTiln 5wﬁﬂmﬁmﬁmmuﬂﬂﬁ%uﬁ
negeydevdenisminuansumnaed 2 nannamaaesuansiiiuin Maurusqusacaile
anunsnussquai i lduansinai %@ﬁ%umﬁmmmm@%mmmsﬁuzﬁuj Tnaidananasn
anunsausscinanldiaie 68.20 Alanu lusasfinszaaunanafinaiuaiuisaussaue
anlfodeites 21.52 Alansy winiy Lﬁlﬂﬁm?mﬁmiqmLﬁwfawzﬁwﬁﬂ WU NA9RINNNT

\Waniaugminlinudninisgodeluglaesaasinan (effluence) 1ae wil Van Soest (1994)
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: a o @ a X P A Ao o A ;A
FTNETUIN ﬂﬂi@ﬂ;)mﬁl’]ﬁlmmﬂugﬂ?}@dLﬂ@fm::mmm1muqﬂﬂﬂﬂwfﬂwuﬁmﬁﬁmﬂmﬂﬁ‘uﬁm

L4

mm%uqaﬂdﬁ 30 Lﬂfaﬂe‘ﬁuﬁIummzﬁumﬁﬁmﬂummm@@\‘]ﬁﬁmﬂu%mg’qq (1@t 76.54
wWefidus) wildiinnsgoydelugiaesreavaniay feanaazifinannisiinismaaesiinin
mﬁ%ﬂmmmmguj e 21§ i ﬁu%umafzgn;tﬁﬂ%wmﬁLﬁ@%ﬂiéﬂﬁ?%@@@ﬁ%q
naanNsldansaus lunnininalanie WSC m@qaauvﬁiﬁwhﬁu HANIINARDY WUFT N1
ﬁqwmaﬁﬂLmzqumaﬁﬂrﬁhﬁﬂ’]@@;mlﬁﬂﬁ@ﬂ%m (p<0.05) luanizfinialdnszaauwanafin
e 2 wu Snsgeyesnniign (p<0.05) edndlsfinn nsgeydeRiAaannsusynaii
Hegazndng 1.71 - 3.19 Lﬂfaﬂeﬁuﬁﬁmgimzﬁuﬁﬁﬁ Ashbell LazAnde (2001) 31291U31 NS
gryidaneninlugilufia naanszazniafiuinmliacniu 3 wWasidus (ﬁmﬁﬂm) LazilaAn

o

\unnsgoydauuguimindnguiaasiiAinisgaideetssndng 3.19 - 14.57 wlefidus fin

a o

N4919189114984 Pedroso  WATARLE (2005) AWLAN e 15 S ﬁuﬁ@wﬁﬂﬁmiqmmmmn

0!

WIN9IN (total dry matter losses) AaLilu 25.2 wWafidus dau Titterton WazAU  (2000)
9189190 nsudnugudesluganaafndeainnsoussauninlé 8 Alaniu (anawan) &

6 , o

NN3QoUAETRRUINgIN 19.79 wlafidus (Fmgui)

A15199 2 dndnguiieuaznisgiydereanaiivan lunnTusiasinge

ATUL ﬁmﬁﬂfj“mquﬁq (nn.)’ nsgeyide
U339 (ﬂ'ﬁL@&Jﬂimwﬁmmummgm) Tugdufia
AauUngn PRINEN (%{iwﬁﬂzﬁm)
LLTgVE PT 16.00£0.80 15.4310.58 1.84°
BPB 10.2740.25 9.6510.31 1.71°
TPB 6.420.36 6.17+0.24 2547
FGB 5.00%0.33 4.6610.30 3.04°
FGBC 5.14+0.38 4.64+0.28 3.19°
Significant level - - *
SEM - - 0.28
CV (%) - - 22.00
wanewe) © | PT uNngde denanainaiialinleatin; BPB wwnale gananafindnn; TPB nunada

gewanamAnidauas; FGB munada nszasunanainauiganataanuieyagdialy 1 4u

WAY FGBC M8 NIZADUNANERANA1UURRATAGINAIARANTRALNLE 2 F1d; - UN18ID

1 1
a A

K% 2 7 o o 1 H o i a aa abc =
HNLDHA LL'TWLmLL‘Vi\iiNﬁ‘rJN‘LA’]WLmﬂWTHL’LL@?&LLNNH’]?LTJ?EIUL‘V]EI‘].IVI’N'&GB"]; ATLRNENHN

—

o o o

aneannfunansfeiulunnuaaaiu (ldsauAranuniran) uansraiunieada

(p<0.05); * = p<0.05
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nsusziiuanimuingldansaenianigniniazdsanunsasie g 1asnguln
FN319% 3 LAY 4 UAAIANLRALIAZUWWANHIUENINNENIWIAZNNFU ssHUAIN WU
o 173 1 dJ ¥ a = o
ndnlagldUsunninsasnee @eldinasilunisdssiluagininnaninnianienInaes neu
UAdnd (2547) (M13MEWINT 1 LAY 2 ANAFL) WAZULNTUAMAINAT M NATNANT NN

7 3 NANTINARDY WLAN N'Z\]ﬂ$LLuuﬂ’1':T']Jﬁ‘$Lﬁuﬂq‘LfLAﬂ’]‘WVl’NﬂWHﬂWWﬂI@QMﬂjﬁgaﬁﬁﬂluﬂ’]‘ﬂut

D

nnatmetflunuein Retiliesnaninainniaussing Hanemuenantan wlndnesiuean

o

dounadrazuuunanistsziining i Tunnsas1e wudn varganinildaananauenn

%

a A a 1 o‘el ZJ/ agll dll dl L4 dl v all 1 =R
aiafAzuunlszifiuegluinaEinn - Aetillesannnishivemsini lailEuaunsaitlafe
Uszaad 1Hun nenesdmmuaznandafisn gendiinousiunnsgiusin

]
= %

A5 3 Haazuuunslsviiugunnisgldansenanen e 13 amin

a

QL TEATEEC N iedua a pH AZUUUTIN NANNTLTEINY
PT 8 4 3 2 17 A
BPB 8 4 3 2 17 A
TPB 8 4 3 2 17 A
FGB 8 4 3 2 17 A
FGBC 8 4 3 2 17 R

winawe) ;- uBsuifsuauuanstameada; | PT unnefs dananaingiinilindaaing BPB vanaia
genanain  &an; TPB wwnade ganananilsauas; FGB unnade nszaaunanafnaIul
genarginuayeddiely 19U uaz FGBC nunalle  nsvdaunaainauielntinsag

NAARNTHUALN LA 2 T

= o

=i a Y | o
M990 4 N@ﬂ$LLuuﬂq?ﬂﬁzLNuﬂMﬂqWIﬁﬂlmlE‘N']Mﬂ?ﬂ[ﬂ'N“'I AANUEUNTTNNN

a

AUy NIALAAGA NIARLTRA naadafize NATIN Fu
1939 %DM %Total  AZULU %DM %Total  AZLUU %DM  %Total  AZLUY AT ADUNN
PT 0.31 5.48 0 277 4868 0 261 4585 -10 -10 B
BPB 3.26 34.27 6 4.44 45.49 0 1.91 20.23 0 6 [;iﬁ
TPB 327 3452 6 3.81 4759 0 160  17.89 4 10 M
FGB 1.35  16.86 0 2.86  37.61 4 345 4554 -10 6 M
FGBC 3.42 35.43 6 3.81 30.72 10 3.26 33.85 -5 1M [;iﬁ

wnnewe) - uBruguANLaNFNmeals; | PT uinede dananasnaiiadidlnating BPB nungds
QNWANARNARN; TPB e gananasniidauas; FGB nuneDe navaaunandannauil
penwaaRnuayagdnely 1 duiar FGBC nunaila nszaaunaafnauiaindasg

U

Na@ANTRALNG LA 2 F4
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ANSIN 5 FUNUANNTUENINARNTNTNIN (AN NTRRUia)

mauy sl eadszdiudiuouaied FUNWAN FUNUANNTUABNTNAR
STEEE (NN, TARUIN) gl Lé (ﬂ%\‘i) MU (U wednudn 1 nn. (mw/ﬂﬂ./ﬂ;”\a)
ﬂ%\‘i)2

PT 15.43 30 13.34 0.86

BPB 9.65 1 13.29 1.38

TPB 6.17 1 8.01 1.30

FGB 4.66 1 2.00 0.43
FGBC 4.64 1 10.00 2.16

winewin - liBsuifisuaauansnamieadia; | PT unnefs dananaingiialinDaain; BPB vanai
QEWAARNAAY;  TPB uanale guwanamnidsauas; FGB mungde nsvdaunanafinauil
anataRnUeyadnelu 1 Fuunz FGBC ey nszaeunandfnauiediadadag
wanaAnadiaunala 2 4u; 2 drssumaufianansnldldvanents AuanilneAnAdenman

FAATINITUAB

AUNUNITRAAUDINTUIIN

%

FUUNNINAAUEI3TMITNUAALWANTIT 5 HANNINAREY UG FIUYUNIHARTNT

wdnsiaflanfudnguiasanivassnisnanuanstsiveanblinedAsaus 0.43 - 2.16 U
L

' a JRPY a o W v ¥
V’VNNLLG]TW]’NLﬂ@“’Q’\ﬂﬁ"]ﬂ?ﬂqﬂjuzwelﬂ]LLZ\]$ﬂ’1?‘]J?ﬁLﬁJu@’]uQuﬂﬁ‘ﬂV}@WNW?OIﬁi@ Iﬁﬂﬂqfﬂfﬁ

nezaaUNAIAaRNauNNganataanuIeyetdnaly 1 du Bsunusige uaznisldnszaay

a

v
o k%4

waaRnawiaaTAmanNaainTiaLela 2 TURFUUgIgANa 2.16 UM YHiledaINNIg

)}

e

=

¥ [ 1 = | Y Y a i// dl =KX o V3% Ql g
hmfﬁum\mmqumﬁ‘mvjumemfmnm\ﬂ@ 2 1 @ﬂm\muw\mﬂumunmwmu

=1

d5lnan1snaaag

'
v & = o

namaaediieAnAnnInLasFunulunsuaauainganinlng ldn1aurussqaiin

q ¥ a

4

4 ! a

51197 M dananainaiiadsDaaindiduiiugugnans 15 19 44 31 i (PT) Qenanang
AN WUIA 35 X 50 i uaziAnLTU 0.2 HaaLNA? (BPB) Qanananntinllsauas aum 24 x
41 42 uaz flAnnamn 0.4 Sadiuas (TPB) ﬂ@m@uwmzﬁﬁﬂmuﬁ'ﬁqummﬁﬂmm@g%’qﬂu
1 #2110 21 x 40 T (FGB) LaENITABLNATARNATIRe AT R nangAnTTinLnsla 2 $1d
2U1A 21 X 36 i (FGBC) nasanuuniluign 21 41 N@mﬁwmmmqﬂié’dﬁ et Teaist

Tunrsvinungirudniuansrsiuardnainlilaunirganinniauiiunsa-ne daguis

< o a ] o ] & o dl vl a Y o
Lﬂ@?LGﬁumﬂiﬁLLﬂtﬂ%‘Zﬂﬂ;’IL@ﬂ LLANAINNL LLWV@WMNﬂVIiﬂNN@ﬂ’]?ﬂ?EﬁLNuTﬂﬂﬁl‘ﬁ@ﬂ‘]ﬂmtVI’N
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\ o ~ a o ) | -0 = o
ﬂ’]ﬂﬂqW@%luLﬂm"m@ LL@ﬁNN@ﬂ’]?ﬂ?ZLNuI@ﬂlﬂjﬂ?quﬂ?ﬁmq\?j ﬂﬂuluLﬂmmquﬂN@uﬂu

%

3 IS4 a 1 1 a o o 24 3 o 1 1
eI RFUUNINARAINTULEe 1 Alaniudnguisreniudn aglutae 0.43 - 2.16
u lnenisldnszaaunatainanungenatafnuisyagdnaly 1 44 Jfunuangs uas
= o XA
X

v v ¥
AUYUGIgATHasaNAes T

De

a v

v
NILAAUNANAFNANUNDNATAAVEINANARNTRALNG b 2 D14

welunanaRnunglaiuan 2 g

LANAITANADY
nsnUAdRd. 2547, NRIFILNTEMTAR MN8N 1WNERT. NevaundRg. nanAdnd.

NITNIWINBATUAZAWNTOL. 25 Wil

AUNNUE BT, 2545, NFrUaUNININNTaI I sdRSUAZNIIUIIUsN. 219819 NEB19N9

1%

&S TN 7 18w 1: 11-19.
gl WatTNa. 2544, nsldanadinlunisinigansdnsudnluanian. dnantamnsdnd.
17 6. 1@u7 3: 5-10.

N30 WATTHA. 2548, INATANNININEIMNIARSUNN. naNdtAszianmnsdaduasNaanuis

o/ &

&nd. navamnednd. nandadng. 37 wil,

A9zna yuRiad neand @eaned uaz nuAn WIANGL. 2541, szezinainiafiuineid
answarapgunInaasngwdasndnlugananasin. sneeunauidailszand

2541, negesdnd nandAdnd neenseunemsuazaunsal. wi 272 - 282,

AFDUEN INUNUNINEUEN WAT AUNNTUE BI0UTIUA. 2540. Arun waasiErinluganaafn
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Effect of rate and application period of nitrogen fertilizer on yield

and chemical composition of Panicum maximum TD58 in Hub-Kapong soil series

Somsak Poathong Y Viroj Ridruechai # " Wiruch Suksaran ” Parinya Chararachta 4

Abstract

This experiment was conducted to study the effect of nitrogen fertilizer rates and
fertilizer application time on vyield and chemical compositions of Purple guinea grass
(Panicum maximum TD58) on Hub-Kapong Soil Series in Petchaburi province, during
March 2005 - September 2007. The treatments were arranged in 4x3 Factorial in
Randomized complete block design with 4 replications. Factor A consisted of 4 nitrogen
fertilizer rates viz 0, 40, 80 and 120 Kg N/rai/year and factor B was 3 fertilizer application
periods (divided into 3 time/year, 1 time/cutting interval and two times/cutting interval) The
result of this experiment indicated that there was an interaction between nitrogen fertilizer
rates and fertilizer application periods on average dry matter yield and protein yield of
purple guinea grass. The application of nitrogen fertilizer two times/cutting interval at the
highest rates of 120 Kg N/rai/lyear gave the highest average dry matter yield (2,830
Kg/raifyear) and gave the highest average protein yield 353 Kg/rai

For the forage chemical compositions (average 2 years) , the results showed that
there was an interaction between nitrogen fertilizer rates and fertilizer application periods
on percentage of protein. The application of nitrogen fertilizer two times / cutting interval at
the highest rate of 120 Kg N/rai/year gave the highest percentage of protein(12.50 %).
The percentage of phosphorus was decreased and there was no changes in ADF, NDF

and calcium percentags.

Keywords : Panicum maximum TD 58,  nitrogen fertilizer

Research Project No. 47(1)(47:12) - 0514 — 074

" Petchaburi Animal Nutrition Research and Development Center Petchaburi Province
# Sakol Nakorn Animal Nutrition Station, Sakol Nakorn Province

. Forage Crop Research Section, Animal Nutrition Division, DLD. Bangkok.

Y Nong- kai Animal Nutrition Station, Nong-kai Province
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- NS yanede R ANAnFAiuesNelTg AN gD AN ILs U P > 0.05
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nsldilelulnsiaudns 120 Alandu N saldsell Tinanaauminuislully 2 gegn 2,336

nlanfusalisetl sasasnnpanisldlalulnsaudng 80 Alaniu N sialssell 40 Alaniu N

paldsiell  warlildilalulasiau Taelduan@ntiviinuiaeas 2,102 1,846 uaz 1.165

Alansu falssell mua1diy TeuAnmeiuedneldadAnealiAP < 0.05) daunainniudl
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+

Annanlddelulnsiau 3 assiall uazldlululnsian 1 afssasaunissin ayliuan@ntinmin

Q
1

wialuili 2 Indipasiu uwazand g niuiddasildileulngau 2 Afssasaunissn

AseN 4 pandmimtinuiemnnuidlaleldieluinsaudnasiie deassazioan

msldiled wansinariu (nn./ls)

AmNAAn HAHARTIN whsresnnniuiddae(nn./19)
7 1 7 2 de 2 T
amsiila N (nn N/15)
0 1,681 1,165 1,424
40 2,344 1,846 2,095
80 2,534 2,102° 2,318
120 2,724 2,336° 2,530
s3EEI0A N5 LEie N
14 3 A%l 2,217 1,693° 1,955
uield 1 ay/seunnssa 2,406 1,764° 2,085
uLivld 2 ASy/seLnsia 2,340 2,130° 2,235
angnila N x szazianld * NS "
CV (%) 13 13.9 9
neme - fo1ae7iE ”ﬂmﬁmﬁuﬁﬂﬁmgluum%\a uapIANLANAAUa WA AN

#0Rlae DMRT N1356U P < 0.05

'
a

- NS e Tdfanuuansinaiuedalis d1Anun1eadAangziu P > 0.05

- yunele wanANeiued NRTE A ATUN1eaDANIZAL P < 0.05
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0 1,340° 1,524° 1,408° 1,424
40 2,190° 1,911° 2,185° 2,095
80 2,178° 2,258" 2,518" 2,318
120 2,112° 2,649° 2,830° 2,530
A (szazaanldle N) 1,955 2,085 2,235 2,092
NUNELUR - faiaafidl ”ﬂmﬁmﬁuﬁwﬁu'ﬂgluLLm%\i WARNANLANFNIRTUe NN A ATyn9aiiAlag

DMRT 713241 P < 0.05

- uhruifguauwanseszndioaeluwuaueu Ing LSD |, = 269.82
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=
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3
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(NTRANALATADLE, 2545 : TALAYADLY, 2539 : AFTUATATLY, 2541 : ansinsiuazpny, 2542)
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e nutaNadm dilaldnnausnmgeaa 120 Alaniu N salssall faedgutiald 2 afwsiasas

q a
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= 1A

n3in arlitandminninuiaenegyn 2830 Alanfusalisel] Tegandiasnisuisld 1 afsie
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$UN9AA wargInanianieldile lulbman 3 Aiwsiel] (P < 0.05) AARABITLINENULAMIVIAABNTE
anfnniuazAni(2542) Meusmeg T wking meuawestierlaulnsauluenng e R Teanns
aeinsel s wieneldi]alulbsau iauni sy Azt e unand sre e A wwina 1lrgwusan anms
%’/ dgl dl 1o { 1 ) H ! ?/ é’ s ] a QOJ o
naaespdsililimndansamsreee g e bmaubitesrs iy el luansvus anana minvnin
wiaeRememrniilassdn 4l uhimmadludmmnr Ae 0 ilaniu N delssiell wiarlinasiudn
uinlddelubnaudnnge Aedawsi 80 Alaniu N seldsied auld Wesantelulngau

waefinelRulide tndaenagnavdnisegovnelilug e emoumamnddwni Whiteman,
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v

drulsznaunisipiaasua nudaNg

nslddeuinsiaugnssine Farszaznanslddefiuansnety  asfinase
doudszneumaniitemghiuiiddaueds naen 2 3 fwandldlunimed 6 wudnsldde
Tulnsiaudman 80 Alanin N seld waAul@sasilefidudinguiegeqn 27 wedfidus
Inddeafunsldidehilanaugnn 40 Alansu N siels Seilefifuiinguie 26.67

wefidud  uavgandinslddelulnsiaudne 120 Alandn N sl  Teiilefidudinguis

'
< & ] v a -

26.08 wlafiius dounnildlaldilaulnaauariidesidusiinguiterngn 25.18 wlafifius

@

o o

wazwANFANIet N TIA Atuneatia (P < 0.05) suanay amdunislddelulnsiaudngm

o

I [ = 1 o s 1 o 6o 4 Y a Aa
797 ﬂu"lmxﬂ:nmwLLMﬂﬁmmﬂmm@rﬁmLﬂmmummqumuﬁyﬁﬂumma

a Aa

A19199 6 uansdaulsznaunivAaean Autaneg wae 2 U weldlelulnsaudng,

pinee) Tudasszazinanisldilenunnsiiein

_ doutlaznaumiaadl (Wesfifusiinguii)
ANNAADY
DM CP NDF ADF Ca P
lalulnsiau (nn N/s)
0 25.18° 7.47 67.6 458 0.44 0.172°
40 26.67%° | 8.43 69.2 45.2 0.44 0.151°
80 27.00° 9.87 70.7 441 0.49 0.155°
120 26.08" 11.31 71.2 455 0.48 0.156"
srazAINIg Ml N
1d 3 A/ 26.13 8.90 70.9 46.9 0.46 0.154°
uield 1 p¥ysauniadi 26.39 9.10 70.2 44.6 0.47 0.173°
uield 2 p¥ysaunadn 26.19 9.80 69.4 43.9 0.46 0.148"°
ansile N x szaziaanld NS * NS NS NS NS
CV (%) 3.6 5.1 4.7 3.2 12 8.5
e - Fowaanidnuesneiuindueg uuuss uansauuanswiueteiliidAnynig

#0mlae DMRT N132611 P < 0.05
3 1al 1 o 1 al o o o Qnanﬂl o
- NS $u18InN 1NN®QWNLL[ﬁlﬂﬁ]’]\‘Iﬂu‘ﬂﬂNNuﬂ@’] O_IW“VHQ’&UEWI??J@‘LI P> 0.05

- e wanfeiuednalladnArunneadAnseaL P < 0.05
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A159N 7 LL@@\‘]@V]ﬁW@?QN?J@Q‘ﬂG]ﬁ"’IﬂEILL@5‘3‘5\‘1:Lfm’]ﬂ”lﬂ@ﬂﬂiuimﬁ‘mu‘vmlﬂ@Lﬂ‘ﬂﬁ‘Lsﬁu[”]

Tsmueas luvairnuilduag (%)

telulnsiau y y y 1@t
’ d3miy 141 mfvsauniesin 14 2 Afy/9aun96R
(nn N/13/al) ({elulngian)
0 7.58° 7.70° 7.14° 7.47
40 8.17° 8.19° 8.93° 8.43
80 9.14° 9.81° 10.66" 9.87
120 10.73° 10.71° 12.50° 11.31
ade (szazioanldiy N) 8.90 9.10 9.80 9.27
NNELYR - faiaafid] ”ﬂmﬁmﬁuﬁwﬁu'ﬂgluLLm%\i WARNANLANFNATLR NSRBI A ATYNIY

#0mlae DMRT A32AU P < 0.05

- ulsuifsuauuanseszndnssiaaa luuuoueu Tae LSD |, = 0.677

+

i Auldden lddeluinaiauludns 40 — 120 Alandu N sald Spoududues

3

WaanaialungrIndiAasiupe 0.151 — 0.155 wasidus Gesnnauaiildlaldialulasau

(0.172 wWafidus) wazuansaiuetnaltiidAunans(P<0.05) daudsnisladelulngian

al

Tuszazinamuansneiu dulsngdndenisladelulngau 1 afsesaunisdn vejinuil@sdog

v
o

Aaanaiawindu 0.173 wWafidus ganda (P<0.05) 3ansldllelulnsauuuuuiivld 3 afssie
- T, .
T uwazuuuuiiald 2 afasasaunisdn

nslddalulnsauusdazdniuazszazinainislaianunnsrsiulddnansznusa

a 1 6

wAaEeN NDF uaz ADF lunginiulidanos lnediA1iadeatszudng 0.44 - 0.49  wlafifus

67.6 — 71.2 wafidus uay 44.1 — 46.9 1UafFUA AMNAFL WANBNTNATINAUILIINERI

a 1

Jelulnsianuazasnisladelulnsiause CP lung Autddes nannfe nsldlelulnaanly
gnaTige 120 AlansuNAgls daeRsnasldtlelulnnan 2 akreseuniaia aziinaiin 1y
luneiviidsinefirngaign deldnaduieatuiungiudefunss fnnituidmsamesy
@nuazaniz, 2546) uaznsldllelulasiauiluasinlilisfiu lunafau 1 daduniudfy
(Burton uWax Jackson, 1962; Chhead U@y Akinola, 1971; French, 1957; Olsen, 1975;
Whiteney uaz Green, 1969; Andrade wazmmiz, 1997) IaelulsfinlunerAuidsaedildls

6

Tulnsian 2 afsdeseunissnasiingaauann 7.14 nlafidus (ldlaldilaTulngian) il 8.93
10.66 waz 12.50 twafidus muatau(m13nen 7) wananniddenudvariuiidtadinaesld
Uelulnsiau 2 Afssaseunissin aziulasidudllsnugandinisldilalulnsaunuuuiiale 3

pFariall uar wikld 1 afsdasauniedin lunndnaialulnsiauinld (P < 0.05)
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1+

(119799 5) uazdulasiduslismugean (13199 7) drldlelulnsiaudne 120 Alansu N sia

|
leralllneRsuiialdile 2 afssiasauniesin
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1 A

=l a = Y a Ao | H o ' ¥ s ! H
A15197N 8 uamsuanARllsiues iuidNaalieldda ulnsiaudnssine faedanisldie

Auensen (nn./19)

= a = Y o s
ANNAAD N@N@miﬂﬁ‘mum@ﬂﬂmy’]ﬂuu@ﬂqq

2 1oas 2 T

md )
=) |

angile N (nn N/l9)

0 124 88 106
40 197 155 176
80 255 203 227
120 330 246 288
szazLaINIg baila N
14 3 Ak 204 148 176
utild 1 ASysaunnasin 220 169 194
wtisld 2 ASuseunnsiin 256 202 227
ansiila N x szezioanld * * *
CV (%) 12.3 16.2 10.1
NNELYR - faiaafid] ”ﬂmﬁiwﬁuﬁwﬁuagluLLm%\i WARNANANFNATUR NSRBI AATYNIY

a0mlae DMRT N192611 P < 0.05

o o o

- NS wnafe TdfmanuuananaiuadelidadAynsaianszsu P > 0.05

o

- * yunadle uanssiuateldadAnynisaliAanazau P < 0.05
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(nn N/Lg/al) (Welulngian)
0 102° 117° 100° 106
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80 199 221° 261° 227
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nNeme - ﬁTfJLM‘ﬁ'd”ﬂmﬁmﬁuﬁﬁumﬁmm%ﬂ WAAIANLANFNaR LTI AN ATy

#0mlae DMRT 9132611 P < 0.05
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TsulungrAutddoaisaunuansu Inadangega 12.50 wlafidus Waldialulngay

v
(N o 1

8531 120 Nlaniu N sialssall daedgnnsldila 2 afsdesaunissin uwsinsldilalulnaauiing
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N1eNUAANAU acid ninhydrin A1uew 1 Hadams  edisenlaenissiun 100 @m0
waiiea wnan 30 winl Ufisenazifinanysnl dlddnAinisganauiiacnenandu 515
wluums neuanduduiunsmunnsgiu Aldainnisia calibration curve 1838198va"8
N9 ulUT9 0.1 - 10.0 mg/ (R® = 0.9929) Alefidusinisnduaulfaastnsduludog
0.5-5.0mg/100 g HARALAEIUIN 98.23 - 98.34 Llafifius  AFNgRI8IanTNaINI9D
pavanuldl An 0.58 mg/100 g  WAYANANAATIDIANINANIATIAMNLENILE Aa 1.00

mg/100 g @0 ldiludgnisdeszimniBunnianswsauluaigganls

o s ada = A v &
ANRNATY © ELATITUINTAU WIRTNUNTARNI

o

Nz deuNau 52 (2) — 0214 - 032
Y ngadnaziennsdniuasitensdng nesansdns nandadnd n.fuwl Auneh e.lles

a.1yusnil 12000

FIBNUNANUIAENDIDIMTART Uszanil w.A. 2552 nsNAdRd neznsannuAsuazaunsal



168

Technique of proline determination in the forage

Nuttanart Khotprom Y Jariya Booncharatcha " Sasiporn Cholumyaiﬂ

Abstract

The technique of proline determination in ruzi grass by using colorimetry was
studied. For the quantitative determination of proline, numerous methods are available.
The reagent, herein, was acid ninhydrin and the other parameters that were suitable for
the quantitative determination of proline such as maximum absorbance, linearity, amount
of reagent and optimum boiling time were showed.

The results showed that the optimal condition for determination technique of
proline in ruzi grass were using sample solution 5 ml, applied acid ninhydrin reagent 1 ml
and boil at 100 °C for 30 minutes to complete the reaction. The proline concentration
was determinated by UV-VIS Spectrophotometer at 515 nm and compared with
standard calibration curve of proline in the range of 0.1 — 10.0 mg/I (R2 = 0.9929).
The mean recovery of proline in ruzi grass in the range of 0.5 — 5.0 mg/100g was 98.23 -
98.34 %. The Limit of Detection and Limit of Quantitation were 0.58 and 1.00 mg/100g. The
results indicated that this technique were suitable for determination of proline in ruzi

grass fresh.

Keywords : proline determination, forage

Technical Document No. 52 (2) — 0214 — 032
" Feed and Forage Analysis Section, Animal Nutrition Division, Department of Livestock Development ,

Tiwanon Rd., Bangkadee, Pathumtani Province 12000
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UNU

Twsdu (proline) unsaazilulungu aromatic ring  uansdszneululnsiaui
azaneinle (soluble nitrogen compound) nleannisdamaneif glutamate W@z arginine
Twsduargnin 14 lunsdsmsoililsiuiasiudauninaauinadngvaaasauisaed
W Tnsaudaduansdaluianangu protective metabolites Plantnun I lumaiannsiudsa

q q P ]

AugnauLas Tneandaanuduiussendwnalaauulamneassaneniunisdanneiansn
Tananielumadis  iesanieymusanuuiudazinistdy osmotic nelumad il
. 42 y e mm o awm g .
Aas  ietinsrAnsnannisgeatnunldlunsanssdin - Mnliinnsaieuazazanaing
protective metabolites Nal5uATadns (water potential) 284t lUTaR (AR LaTADLY,
2549) FaNtusazatiadanuansalunisliusuasnusenisgodatinniunnsineiu

ac a ' a dla Y o 1 v A a

AN zsndTunmuansinsaunienldiuedeandneane e walianneailn
Tnsalell (spectroscopy) viTamAllAARLAETMYT (colorimetry)  “aNNTT Aa %1 l#&N9
FeIN1T3AzAineg Tnanisvindjiseniuaieaus (reagents) WAIAAINIIAANALLAITES
a13NNATRe 1 reagents Ausunisasziingau nlasld Ae acid ninhydrin -~ Schweet
(1953) dvinnisiimazidiBunniwsauluilaanzuazidenaesdion Taaniainlilnsaui
Ufiseniy  ninhydrin Twanmasiilunsauazisal fisenlnenislinonuien  wansdinet

Ry o lama , = LA o , =

(product) A nnsinisenazetluglanslsznev@uns  wsiliasandnetneniedn
Tuanaiinsnerilulgugiow] Nanisiiananissunay (interfere) 14 W omithine,
lysine, hydroxylysine WAL cysteine Fel@uilalaeniann nitrozation Wren and Wiggall

1 v

(1964) wudn FEMINAMAINNIIASANTIILINAWAINNIRer WL gunRug it AglAiis

QNN
drumennng cleaning Feeine Taelld cation-exchange resin uazg@nna15a (pigment) fiinTy
Tnaldingau (toluene) fufunTmnsin A uieiy Bates uazAns (1973) 'l
MATANNTIATZTNLEE ievnBunns Tneduluits nansafndae sulfosalicylic acid
uazliLIFRSe0 acid ninhydrin Fsanagildlunsinu§iselufsusiazaiiaazuansng
sl Aueg Bt auineg luftdu

3 4

dl o oA a o o = o dJ A dld
Luﬂd’mﬂﬂﬂﬂ'ﬂﬂﬁﬂﬁ‘@WJ?\P];ﬂiﬂﬁ‘\?ﬂ’ﬁTQ@EI‘]J?U‘]J@QWT@"]‘VI’]?ZQG]'W]LLLLZN BINWTNANTN

v 1
4 o

Aautingd Tneldi3unninisaranvasinsauiuilssiiu wsasaddnatianilalunig

dsziiiuarnainsnunismuudsresiawiiesdJiAnisngudnssviannsdnduasing
o/ 6 o/ & o 1aa a Ly = = o | % =

211985 navennadng deluiiignmamatinasinliunnuaisinedu aseudesdne

a ad a o a A o ¥ o
WmAtALAZIEN1INNTATIAG AT INENT  Tnsaulunga1sdndlnalduannisuay
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a . a o o ~ WM vaa a o o
mAtANNY. colorimetry NARLLAY wazlFutlys ivalilddsnisuazmalinfiiunzandiniunis
AprviFuuinsdauluntevnsdndngnsiesniunannis a1unen B lddudsnnsgu

AmiuriesdimAnsansviisely
o as
AUNTAUALITNITNARDY

\nFasiiauazailnsal
1. Lﬂ?ﬁlm UV-VIS Spectrophotometer, Model Cintral 101 Perkin ElImer
. 89AYLIANYUNNN (water bath)
g (ice bath)
. Lﬁ’ﬁ;m Vortex mixer
el (analytical balance) TlaNANLN 4 AL

. Volumetric pipette 1% m 0.5, 1, 2, 3, 4, 5 ml

~N oo o0 ~AwWwDN

. Micropipette 2141/ 20 - 2000 pl

f15LAN

1. Tws@u (L - proline, C,H,NO,) Tiin AR grade

2. nanlalnsAassn (hydrochloric acid, HCI) 4%ia AR grade

3. nsaneanasn (ortho - phosphoric acid, H,PO,) 1A AR grade

4. Bulassu (ninhydrin, CH,O,) 1A AR grade

5. nandalnanaladn (5 - sutfosalicylic acid dinydrate, CH,0,S . 2 H,0) tin AR grade

6. Mgdu (toluene, C,;H.CH,) 1A AR grade

28N15NAARY
] [ 'ﬂl [ =2 dl d‘ o o
w2 N1MAARY N1INARAIN 1 LHRANTANHINAAIENIIZNUNITANEINTLNT

a

a c dl ac dl =] o 2 a dl v
AAszivndsuaulngau w1 dAnEazliuananansansas e liianumnnsay

|
o o G =

uian gunind uwavirsesianivinaimaniniegresieljifinie  nmeaesn 2 1y

N13NARAUAINN I LAU893TILATI N b6 InediasnzinBunnsinsaulunganunsdnd

o =3 1 U U dl v % . !

MinnnsAnEtwANdNdunvins insguiudunse (inear range) vARRLIANUNY
anl a ' a 1 @ & o A Y

(accuracy) UBNIBNITILATIEU InelszifinannAdefidusinisnauauls (% recovery)

AN®IAN Limit of Detection (LOD) WwazAN Limit of Quantitation (LOQ) U843801334AINEY
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NSNARBIR 1 NIAnENEN ML AMINTaNdMILINSI AN BN TN AY
1.1 NTIATY reagents

1.1.1 3% sulfosalicylic acid (w/v) Tmﬂﬁl’\‘] 5 - sulfosalicylic acid dihydrate 3
g araneuazlinBunasdaeninndulsii Buamsidhy 100 mi

1.1.2 6 M phosphoric acid LN phosphoric acid 85% U3uNmT 344 ml
U5t BunasdnerindulsiiBunmaduy 1L

1.1.3 acid ninhydrin Imm{i ninhydrin 1.25 g LAY glacial acetic acid
U317m3 30 ml uar 6 M phosphoric acid Usu1ms 20 ml guliiazaneifag water bath
Uans iy ﬁ”nmmzmﬂﬁliﬁlﬂLLfﬁLﬁuﬁlgmuqﬁ sz 4 asAnmaiioa (A13azanaAag
Lﬂ?ﬂmiﬁﬂnﬂﬂ%\i)

1.1.4 stock standard proline 1000 mg/I 153183 100 ml Tmﬂﬁl/\‘l L- proline
0.1g azarswazdiuiuimadae 0.1 N HCl liiFumade 100 ml

1.1.5 working standard proline ImeIN191a8ANa stock standard proline 1000
mg/l U3u1m5 10 ml U5t BunasdaarindulithBunandy 100 m ald standard proline
AN 100 mg/l  gAdTAzaTY standard proline AAKLdNAW 100 mg/l Usums 0.1
05 10 20 50 uaz 100 m  U5uiBumsgessnnaulitBuandy 100 m agld

standard proline AMNENDW 0.1 0.5 1 2 5uaz 10 mg/l ATNAIAL

1.2 38n13ANEA

= | dl = U 1 A
121 AnwAnAneapau AliAnnsganauLagegn (A

max)

Imen13ld standard proline 5 mg/l UT11M3 5 ml WLAN glacial acetic

acid 5 ml uaz acid ninhydrin 5 ml tilUsnLW water bath gauugidszuins 100 93A7

a

waiea Wiudseanns 1 9alus veadfnseviuiilaanisudlu ice bath AN toluene 10 m

i
=

v ¥ v
panlidnAn A lFluendu udageansazanadduimaes (colored product) Usiaauiie

el®_

wilaiarad toluene lldRAINNIRANALLAINAINENIAALAAUSE  400-600 nm  Taeld
toluene 114 blank
= a L .
122 AN®IFNIUNI9AN acid ninhydrin AWdNzas
ARA13ATANe standard proline 5 mg/l U3N1ms 5 ml NIN1INAAD
MuenAaiude 1.2.1 wininsdiudasuFuansnisiin acid ninhydrin 111 0.5 1.0 2.0

2.0 4.0 Az 5.0 ml AIWANGL TAAINITAANAUUAINAINENIARLLAIGIGAT IHAands 1.2.1
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=2 o ann dl
1.2.3 ﬂﬂ‘]ﬂ'q?$ﬂ$L’J@’]ﬂq?V]qﬂ{]ﬂ?ﬂ’]VILV]N']Z@N
ARA3ATANE standard proline 5 mg/l  1UsNIM? 5 ml AN acid
. . = Py =2 ¥ o o BN o
ninhydrin mqllﬂ?‘lﬂ[ﬂﬁ‘mLﬂﬂqxﬁﬂmim@’]ﬂﬂq?ﬁﬂﬂq%«ﬁl@ 1.2.2 NMNITNAXDINIUANLALIINL

a

da 1.2.1 wivinnsdiuasussazioanniasinuu water bath Ngoungiiseanns 100 890

wamea w15 30 45 60 waz 90 W MNANAL AAINIIAANALLAINAIINENIARY

wasggan ldanda 1.2.1

i Aacia . = = o &
NSNARRIN 2  NIINARELATILATIZHUNLENN L INgAU LN TR 194

2.1. NIFTUNARa8Ng

1
o o

o v v ¥ dl o/ V| g [-3 v v a v 1 ]
Wsundmainggan wdnliiduduan udsualiazidanseinds desnting
umnazidan 0.5 nFu lalunaeannans annmae 3% sulfosalicylic acid AWK 10 Raaans tng

LU 30 U NIRNARENTZANENID What man Luaf 41

22. Anmn linearity {mEN1991 calibration curve
ARANIATATE standard proline ANANGW 0.1 0.5 1 2 5uaz 10 mg/ w1
pg9az 5 ml MnNImeaesiueaaaaiude 1.2.1  TeeAn acid ninhydrin Bumafi
wanzaNTildannde 1.2.2 1Hanlunnsialy water bath Avsnzaudldannde 1.2.3 uazti

= o & a py ey v
m'mtmf;mblﬁl,ﬂ'lﬂﬂ’m’]’i@mﬂ@uLmeﬂ']’]&l?.l’]']ﬂ@uLLmdadqmwiﬂﬂﬂﬂm@ 1.2.1

2.3. AnANLEY (accuracy) TaanisnAdesidusinisnauauls (% recovery)
thansaranafatndildainda 21 1Buwmr 5 ml un spike @1982a"¢

standard proline Asdnd 0.5 1.0 2.0 uaz 5.0 mg/l NNITAAIINUedALiLde
121 Taeudis acid ninhydrin 1Bxnmsfimanzaniiidainds 122 aarlunisdaly water
path fmsnzaniildannde 12,3 uazthansazaneildlilsarnisganauuasiipueanau

wasgeganliainda 1.2.1 M11n193LAINZIanNNA 10 41

2.4. AnmA1 Limit of Detection (LOD) wazA1 Limit of Quantitation (LOQ) 189017
AT

A2N191 blank reagent NN3AATYLYIU 211U 10 51 mﬁmﬁmmummﬂm

(SD) ATUIRMAN LOD ANNANLRAETE4 blank reagent + 3 SD LaA1WITUAN LOQ AnALaae

28N blank reagent + 10 SD
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Namswmmuaﬁmezﬁ

=2 dl o [ 2 . =
1. NIANENANIIENNNNIZANANTUNTAATIEAIINTNN TN AL

= | dl dl 20 A
11 wansAnEnAtANeanaay WiAnsganauuasgegn (A, )
WLI1 @17 colored product ﬁmmﬂm?ﬁ’\ﬂﬁﬁ?m?xﬂdw standard proline

pNdNdW 5 mg/l U acid ninhydrin reagent agliaulnmasinisnanau (absorption

spectra) uazlifAn A, finnuenaadu 515 nm (319 1)

Absorbance
LX)
-

I

0.20
400 410 420 430 440 450 460 470 4BD 480 SO0 10 830 830 540 550 S0 BTO 5RO MO BO00

Warvelangth jrm)

gﬂ‘l‘?‘i 1 Absorption spectra of proline colored product

1.2 HANMTANEILENIRINNIAN acid ninhydrin Awinnsas
WUIN UTNIRINI9FEN acid ninhydrin adluasazane standard proline AYA
diudiu 5 mg/l aziinasioAInN1IgANAL FINNTEN acid ninhydrin 151ms 1 ml AnldANag

AANAULAGIR (3U7 2) Yiatifiasan Taesiall ninhydrin anunsavindiseniunsnasiiin

Uguni (primary amine) ﬁflm;jﬂzmu@mz (free amino group; -NH,") 1Han9&aiaq (g‘]ﬁ 3)

o = = = = . ana = X '
anidunsiaesingay  wazeyiusaadingay @iy secondary amine Uffsenaziintuly

q

anysnd Aliansdduivaeuianly LarAaINIENIUBRY Troll and Lindsley (1954) @nsiAaLIAN

amsn1anaLfizen (rate - cotrolling step) A® ninhydrin’s reagent
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0.3000 -
0.2500 -
0.2000 -
0.1500 -
0.1000 -
0.0500 -

0.0000 ‘ \ \ \ \ \
0 1 2 3 4 5 6

absorbance

acid ninhydrin (ml)

51 2 ua28951A9 ninhydrin's reagent AiaAN199ANALLRY colored product of praline

0 . o 0 0=
=
OH RYCDQ 2 HpO 07 o,
@ e | —_— N:‘\‘
OH MHz =] R
0 0 0
ninhydrin Ho0
- RCHO

O@
purple colored n|nh\,fdr|r‘| G‘ MHz
product - HgO
@]

gﬂﬁ 3 N3ifin colored product A1NNNINLGAFN3TUIN primary amino acid

1 ninhydrin’s reagent (Edward et al, 1966)

1.3 wan1sAnwszEzinaIN Ui imunzas
A1NNN3UA190TATe standard proline AN 5 mg/l ¥nUf)seniu acid

a

ninhydrin Léqﬂﬁﬁ?mimﬁﬁuﬁ@mmu 100 asAnaaiFus Wi fiaan 30 wn Ufnizenazing
anyInd %quﬁamﬂLﬁmﬂﬁﬁ?m@umﬁué’q paseaLisaiuniaanisudlu ice bath &N
Uifsendesnfusiellansiiléazren wWasuandduwdesiiduiune sinlfenisgeniu
ARA (gﬂﬁ' 4) 7ol flesanndn mafe colored product 2e4lnwsau auiAnludunew

intermediate step
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0.2500 -
0.2000 -
()
3 0/‘\0\‘\‘
& 0.1500 -
=
S 0.1000 -
-]
©
0.0500
0.0000 : : : : .
0 20 40 60 80 100

time of reaction (min)

517 4 naR9szETAININLTEEN9¥9Na standard proline iU acid ninhydrin 71 100 °C

2. msnegeLAniameinlEunminsaulunganunsdnd

2.1 mmaﬁﬂmﬁqwmmmLiuﬁu‘ﬁliﬁm‘wdmmgmt,ﬂwﬁumq (linear range)
A1NN13TAAINITANAWKAY colored product 284ANTNIATFIUINTAU AINENTL 0.1 0.5 1
2 5 uar 10 mg/l ‘ﬁlmmmam?{u 515 nm al@ calibration curve ﬁﬁﬂ'ﬁ correlation (Rz)

WinAiU 0.9929 A1 slope WML 0.035 UAZAN intercept WinrL - 0.0007 (317 5)

0.4000 -
0.3500 4
0.3000 4
0.2500 -
0.2000 -
0.1500 -
0.1000 -
0.0500 4
0.0000

y = 0.035x - 0.0007
R? = 0.9929

absorbance

concentration (ppm)

gﬂﬁ 5 Calibration curve of standard proline

2.2, HAAINNIUINARANNTUATIZUN IHAINNIMAREIN 1 NINAGELALATIZIMN

'
=

anauinsdu Tusetwansazaneviongd @9 spike ansazataumsgIunszAuaNidudy

39419 0.5 - 5.0 mg/l wudn Anlefidusinisnaumulduedingdu deeanetszndng 98.23 -

98.34 lafifus (m19197 1)
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M1919% 1 A1 mean recovery 1a41nsauN spike asliludantinaaingd

amount added found mean
RSD (%)
(mg/100 g) (mg/100 g) recovery (%)
0.5 0.491 98.28 0.657
1.0 0.983 98.34 0.448
2.0 1.985 98.25 0.431
5.0 4912 98.23 0.596

1 1
1 o =

2.3 AAgATesaNINaNnsnnseanu sl (Limit of detection, LOD) WAANANEGATEN
a13ndnNNaRTIarIUTNaele (Limit of Quantitation, LOQ) 284n1334As1 i dsunadinsan

Tuigavnsdms winfu 0.58 mg/100 g waz 1.00 mg/100 g (15199 2)

A15797 2 A1 LOD uaz LOQ 289n1saassitaunauinsaulusnetinameingd

AlAaINNNIIATIZY blank reagent 10 41 (mg/100 g) Mean SD LOD LOQ

037 039 037 038 041 057 039 038 037 041 040 0.06 058 1.00

d9Unan1snnang

a a 6 = v dl A o aaa o .
wmAtANTWIIzILE U nsaulun minzan Ae  nasinlfisendu acid
ninhydrin 47191 1 mi deUffsenlaanissiud 100 esmugadea  wean 30 Wi Uinsen
azinanysl  dnlddeAinisganaunanenanay 515 wiluues Weuaddnduiy
nemuImesgIu NlAann1vin calibration curve veva1saraIENInggIUULIe 0.1 — 10.0
mg/l (R* = 0.9929) 1#A1 % mean recovery aadinsauliiag 0.5 - 5.0 mg/100 g NALade
gl9zndN9 98.23 — 98.34 Wafidus Asngraesansiaunsonsanuld Aa 0.58 mg/100 g
LAZANANGATBIANINANNNT0RTIAUTHALLE AB 1.00 mg/100 g
aa dl 2 =K a o o a A = =)
FEnisnldannisAneiiaausizang miun1saa e UTaninsaulung
a9dns 1udsninlasansouacgnsiasniunannis  arunsnnliilseynsldiuig
nnsgudmiudesdiRntslunisinszivndiunuansinsauluiisennsdng e ldly

nnsatiuayulasansUiuleiugienuuds aldisununisazanaasinsauiiugol sz

¥
o Ao

A v A ]
‘M?‘ﬂ[ﬂ'ﬁ]"ﬂ'}@ﬂ’l’m@WN’]?NI‘Mﬂ’]?VIHLL@\?“ﬂ@\?W%ﬁl‘ﬂiﬂ
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naenssNUsznA

= o

1RUDLATIUNAIINIG WIRINA  HiTenTnyfnudnsziesdnd AliAuuziin

6

wazuAlasnenueliul  uazaeaauAMUAMTITINgNTIAETa NIRRT LA NTa s RSN

q

' dl Y 1 A £ dwo @ | ¥ =
NI VIVLWTJ’JF;ILM@@IW\‘]’]‘HVI@@@\?M@’]L?@@ﬂ’)\ﬂﬂﬂ’)&lﬂ

VANAITAINDY

= = o

AR NIAY WNA DL UAT ATAN 49T UavATEN FuEIdmL 2549, d39NaNURIN.

ANUNWHANMNINGNRENHATAVART. NTUNN. 261 U
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Schweet, R.S. 1953. The quantitive determination of proline and pipecolic acid with
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nsaAsIzIlsuNLAaLdansazuNn R nnuantdasulalufulng
AUA ICP — OES

AAws daale ” /9918 NNz UUN 7
UNAAED

ﬂ’]'a‘ﬁm:’rﬁaﬁ‘aLﬂ’i’wﬁw’]ﬂ?ﬁ\l’]muﬂ@L%ENﬁLL@ﬂLﬂalﬂuvLﬁ(Exchangeable calcium) LAY
wnEesiuanilaeuld (Exchangeable magnesium) luanlnamaila ICP-OES frifiuneh
naNdAMziesdnsuariaensdnd nesamnsdnd srudnusaunanAN 2550 DuRau
fuenau 2551 Tnemnnisanasiaatnanusasgsazatsueninflanasinn pH 7.00 wasin
Bunnuaai@euuasuuniideslngeies Inductively Couple Plasma — Optical Emission
Spectrophotometer (ICP - OES) wuduAaLdesliA linear range 22ansmunmsgwlugas
0 — 350 pg/ml unnfidenaglugaq 0 — 60 pg/ml - A1 Limit of Detection uaz Limit of
Quantitation 1BWARLTHNYINAL 2.20 WAZ 4.00 pg/g  WAZIRUNNITaNWNGL 0.45 uaz 0.57
no/g  AndefidudnisnauAuldresuaadanludae 54 — 1,000 pglg Winfu 99.83 — 101.42
uazaeuNniTanlugae 20 — 200 pg/g Wiy 97.45 — 99.28 lefidus  n1sldanrazans
werluiflenes@nnd pH 7.00 MWABunnuaadusuazuni@asfivanaeuldgegn was
gnmnsaldioanlunsiaelEdaud 15 — 25 w7 ARATsiaunIn A sTietin s
Tl BunniAa@en 4.00 — 1,000 ug/g Waz ¥R iRuRTuuN TRy 0.57 — 200 pg/g MElnel

A

% 1 o mddﬁl [~ = v a oA a a v
AIMNYNABILNUEN mmmhfmmﬂmﬁmmgmiuumﬂgummmmmwmﬂm

AmdA  uaadeufuanildsuld  uuntifeunuanilasuld  1ICP-OES

WANzIdauNadns 52 (2) — 0214 — 031

Y ngadmansiennadasuasivrenednd nesenaded nandAdng m.unengh . ife A.lyuant 12000
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Determination of exchangeable calcium and exchange magnesium in soil

by ICP — OES technique

Sasiporn Cholumyai Y Sungwan Wakamanon "'

Abstract

The method for determination of exchangeable calcium and exchangeable
magnesium in soil by ICP — OES technique was presented. The experiments were
conduced at Feed and Forage Analysis Section, Animal Nutrition Division during October
2007 to September 2008. The samples were extracted with ammonium acetate solution
pH 7.00 and detected calcium and magnesium by Inductively Couple Plasma — Optical
Emission Spectrophotometer (ICP — OES). The results showed that the linearity of calcium
is in the range from 0 — 350 and magnesium is in the range from 0 — 60 pg/ml . The limit
of detection and limit of quantitation of calcium were 2.20 and 4.00 and magnesium were
0.45 and 0.57 pg/ml. Calcium showed the recovery at 99.83 — 10142 % at the
concentration range from 54 — 1,000 ug/g and magnesium showed at 97.45 —-99.28 % at
20 - 200 pg/g. The exchangeable calcium and exchangeable magnesium in soil could be
maximum extracted with ammonium acetate solution at pH 7.00, extracted time 15 — 25
minutes could be used. The results showed that this method could be used for
determining calcium in soil with accuracy and precision from 4.00 — 1,000 ug/g and
magnesium in soil from 0.57 — 200 pg/g. This method was appropriated to be the

standard method for soil analysis in laboratory.

Keywords : exchangeable calcium, exchangeable magnesium, ICP - OES

Technical Document No. 52 (2) — 0214 — 031
" Feed and Forage Analysis Section, Animal Nutrition Division, Department of Livestock Development,

Bangkadee subdistrict Amphur Muang Prathumthanee province. 12000.
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UNU

lunsdgnive s1ge wsudningsiasnishalulasiau Weavaia uaslilunaman

3|

dld % A = = dJ £ | 1@ o o e
LAZENRARIUNTTANNNTARINTITADLARLTEN LWNNULTEN SINLLQJ’Q‘ZLﬂuﬁ’]@ﬁ"ﬂQLLﬁlﬂ’Q’]LﬂuZ\i’]Mﬁ‘U

W wsneiaaziasyiiuinlfasfesiinnsudaaaandausanviandatasin dr1ndan

=

wAalTaNdiuaaanazsnaasngasliieigy  douuuniidauiueasdlsznaunnasang

naalsfas luituwasiiunsAlsznaudiAyaasinalalulaundrAnlun1sdanse s

P ~ A o g v ax ~ = -
Wan g aunniidenazin linseuaunig AT ATNIIRTYNNITNLNIZINON (ADNAI9E
ATl gianen, 2541)

waadanluAulaguaagldoaiu udgdnngiinldlddscTaadlaviunaagda

D

wanilaauls (exchangeable Ca) wazgiazanetinlél (soluble Ca) druuuntianlumud
Mg 3 gtluny Aegleyyai ldanunsouaniaauls aziilasea¥aluananlunuazdudau

Founnidenlugiaridusloniefoid  juuusfiaesdesleuyafiuanaeuld

wazgLluuufianuAeguuuidueuyagngefialinaceunaiu Taguuuiiaeuazaniliu

u a

=

LuniBauifgaztinun s lemil g
n13aATzmUiunuAadannansauanilasuls (exchangeable Ca)  ua

uunid@ennannsawanilasuls (exchangeable Mg) luAnidunismnlFuiniuaadesuas

a dld o 173 Y o A dl as a c a dl A o
LLNﬂuLGﬁF;IﬁJSLugﬂLL‘].I‘LW]‘W“T]uquﬂSLeﬁﬂ?iiﬂ‘ﬁiﬁﬂwu‘ﬂ GIVTNNTIATIESULANNNANAUATIEVRIUNT

q

= [ -3

dnduaziaennsdnd  nesermnsdndldiduitnansgiu unisadnuaaidanuas

A A a A [y ~ a ~
LLNﬂuLGﬁﬂNVI@WNq?ﬂLL@ﬂLﬂ@ﬂuim@r‘Jﬂ@q?@gﬁ@qﬂLL@NINLHHN@‘Z%LW@ IQEQHH@LL@NIN LB

(NH,") azdn i unufieusaunai@ien (Ca™) uazeuyaunniiden (Mg®) fignaadulifiaanes

soil colloid uarinnismmadadatieieciinaznendnuantefudusuninsuinafidainias

AAS (NIuWRTIAL, 2547)
flathursesieinmsiusanindssansnmgeldgnihanldlunisinnsiusanglu

auiﬁLLﬁLmﬁﬂd Inductively Couple Plasma — Optical Emission Spectrophotometer (ICP —

OEs)  mufluArasdenarnnsniiasiuisnnldnfaasuanasismdantu  (simultaneous

multielement analysis) WARA ICP-OES 1unnsmsadani1sanelaa1edasnany iy
o % dl a ai Yo [ Qi [ [ o
Wmmumqmﬂugﬁwm@mmn‘wmmm @zmmimmwmmmuﬂ@ﬁmmuwmmiﬂﬂm
% [ dl o ] d’l | o o v a
amuzmmmmmwﬂ LL@VLN@ﬂ@U@@ﬂ’]u”‘W‘u@”ﬂ@@ﬂW@N’]u@‘ﬂﬂN’Wﬁ:%’fWLﬂﬁI‘V\IWﬂu

a

Baninfnesneuiinafiatu sanmadialdifuanuduuas (Intensity)  nALUA AAS LAY ICP

~ OES sefifhuneiliifiauiiies aaallage Afildflaugniecutiugn  win1stnsed

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nsndddnd nszvsrwnueasuazaunsal



181

. = = % N = = =
miFunneadannauiouanidasuls  wazuunRidaunganunsananilasulalunuine
INATA AAS HAUABUNNTFATUNANRLN9AAUNITTAGLLATEY AAS UANsdURat N1 lEALLILASY
NAMATANTANNINAIN  daumATlA ICP — OES I nasannnisanasinatinglifasddunas
NN9FTENATAZALAN 10170t LS AsqeeTaY ICP — OES latag Aauiflunanaznangqniia

1 dl o/ Yo dl = = ' 1 :J/ Qs 6
N Wesainnesanmnsdndliiuasesile ICP-OES wn13ld3Asziussneislueusdeg
uazlumy LAYNNIAATILINT N AR TN NA NI aNLAuls  wazuunTldEaui
annsouanilasuldlunulaemaila ICP - OES fidsliagnfmasin ilunimnsgiu Ag
1HNINIANHUNNBNUHNZEN  BWAZNINITATIAEUETUATIAIILAAANIANNLNY AN

o 1

Wi AN Limit of Detection A1 Limit of Quantitation  W3eILLAsIIN139ATIAFIBENIAL

|
=

AEATIA AAS U ICP-OES waZAN®" Robustness Waz Ruggedness 18435 e lidula

aca

1 rdqj 4 a c 1 rdl [ %
1 ﬁqmewusl‘wwmLqumghmmmm@muim
4 aa
’Qﬂﬂ‘imLLﬂz’Jﬁﬂ’]iV]ﬂﬂ’ﬂﬂ

\nsasilauazailngnl

1.1 eiesfalndin Anuaziden 0.001 n3u

1.2 Lﬁﬁlmmﬂ"] Rotary Motions Shakers, Platforms

1.3 Autopipet 211A 1,000 uaz 5,000 lulasans

1.4 Lvﬁlm Inductively Couple Plasma Optical Emission Spectrophotometer

(ICP - OES) ﬁlﬁﬂ Perkin Elmer §1 2100 DV

1.5 Lﬂ"‘i‘lfm Atomic Absorption Spectrophotometer (AAS) éﬁ@ Perkin Elmer 'a;'u 2100

AEALUUMS

a s

1. FReHNAY "Lﬁ@'m@Tf;@ﬂwﬁuﬁmL%ﬂmmqq'f?mexﬁﬁﬂqmmewmmﬁmf
WATNTRNVNTART NB98UNIERT AU 60 FaBEing
2. NIANARQALNY
YNF0d19AUAIMIL 58 FRRENg TIHIUNNTUALAZIAUAILAYILNIIUUA 2
fadamsuda undarinwein 2,500 + 0.010 nfu laluanneesiauieasauin 125 Naaang
FuansazansuenluianesEinn pH 7.0 Wadu 1 uefuen 25 T0AART LAIENEeLAIR
8N 11U 15 1T AAniSaseLitlszinns 1,700 M WATNIANAITATANLUNIUNTZANHNTAY
Whatman wef 42 Taavinnisnses 2 ase  ansazaneildAnldiieldiinmsiiaaidesuay

a A
bNNUbTEIN
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3. MsmraNAaeeng spiked sample
et smuRlEvanessiunBunnuea BaunazundiFeafiuan i asuld
WAIBEIMATIA ICP-OES AN19% 1 FRBENaBAZ LI HLARLTRNWINTL 76.88 uazluunilid@ey
Winid 19.20 pg/g Phandaiwen 2500 + 0.010 3y dluaneesiausieeiang 125
T0AAA7 911U 3 190 el sTeu spiked  sample Tl BunniuAaE e LN TIT e
LANGNITY 3 LAY ANt Iul,wi@mmm"wmﬂ,ﬁummmwmmgmu,mL%mﬂ'ﬁ'Lﬁu%’u
1,000 ug/ml a7192% 135 1250 2500 lulAsams LL@:Lﬁummmwmmgmumﬁﬁﬂuﬁ
wind 1,000 pg/ml a1 50 500 1000 lulAsdang FaaviniuluuAazaauTinnAY
wpalanadld 54 500 1000 pg/g wasiinnmnunnid@enadld 20 100 200 pglg
AINAIAL  BARuNfetsRnlulsazan lddinn1NRanslude 2
4. nMsANEA linearity
WwRHNANTATAIENIATFINLAATENdNdW 50 100 150 200 250 300 350
ug/ml wazatsazaBnmsg uuNnddendndu 8 16 24 32 40 48 60 pgiml T
anrazarauanTuiflanesdinn  HnnnsAsidaaiATesiie ICP-OES Taamsadnuaaideni
ANNENIARY 317.933 wiluuAs uazATAdALLNTIFTiANeIAAY 285213 unTumns

=

Fdsiaududuar 3 A% Taevindiedy LL&’Q@?NMWWLﬁumammgﬁmﬂfam
ANNANTUSITNINANNTNIUTDIATAZAUNINTTIU ALAAMNTNLAS (intensity) Asnla
5. NNIANHIANNLNULEAT (Accuracy)  snansvAefiduinisnavAnls (%
recovery)
NINIAFENFAIBENG spiked sample 72AUAT 10 51 thapmadndnseiedls

ICP-OES #mstiaszdl 3 afe Tnewindnedu innusfoessuenlefifudmenauiuls e
Tuaing 80 — 108 Lasifus (AOAC, 2550)
6. NIANEIANNITIENT093F (Precision)

6.1 1A repeatability lnainNswsaNsaaeing spiked sample s2AUAz 10 %1
thannmadadaaiarasile ICP-OES innnsinsineluiufenty  nousaeniufa A
HORRAT, #A1laiifits 2 (NUNWT wazAne, 2546)

6.2 11A1 Within — laboratory Reproducibility 1agMinn1stsirensaesng spiked
sample 7zAUaL 10 1 Ynunnsadadaneiedile ICP-OES 1Nl 3 Afa e

ANNAUAY 990 30 10 InnuiuaniUAe A1 HORRAT, A ldAW 2 (NUNWT WazAnle, 2546)
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7. nN3ANE Limit of Detection (LOD)

NN159LAIIEH blank reagent fefReansazanauenluianez@imn 4u0u 25
JaFART 47U 10 91 A1WIRMAN LOD TFanneniedsaesBuinansisinmeily
(Mean) 994U 3 wiwmﬁ%ﬁmmummgm (AOAC, 2550)

8. naAN® Limit of Quantitation (LOQ)

8.1  MNN9ILAINEH blank reagent (ANLD 7) AU 10 1 udadaniAn LOQ
1FannAederanBunnEnITiRAeflE (Mean) oy 10 wiwmﬁ%ﬁmmummgm
(AOAC, 2550)

8.2 W38N blank reagent Fulmisnan 10 91 UNANANIATAENIATFIY

= = A v Y v I o I dl o 4
LANLTEIN LL@Z@’]?@Z@’]EIM'Wﬁlig'\uLLNﬂuLéﬁﬁlﬁﬂﬂﬂJﬂ’ﬂML‘LI%J‘IIHLV]’]T’]U@W LOQ AAruanlamnu

'
1 aa

48 8.1 U ldApziuazAuiuANafsNAAIle  duneRaAT LT laTasnd1AN
LOQ mude 8.1 AedasTen blank reagent  2ulusanafeldiianududuiinauwaziinly
a o‘%/ 1 1 R 1 1 U U dld dl =l :l/
Arsziinaudnninauan s teandnAranudnduni i blank reagent Nimsani

a

9. NNIANHINNTIAIZIFRRIN9seATA ICP-OES WisiunauiumaARA AAS

1
a a o ¥

dinegsnuninunisanaudaliude 1 A 1uan 58 Faeene  HINIAATIEiANe
\Arasile ICP-OES Inannsdadnnsadafieiesldlaanse uavainmeidaamsadila AAS g
vhansazanefianaldun 2 T0aans uansazareauniueenlafdudy 5 wefifud 5
TaAans udsuBnmsWisindy 25 TaAARIEETndY  WReLIuNan1sI AT T
AN 2 A3AREADH Pair —t test (NINANLANRRFLENNT, 2548)
10.  N13ANEN Robustness WAL Ruggedness 28995
Robustness Wa¥ Ruggedness Lﬂu@mmuﬁﬁﬁmedﬁﬁwmmuﬁuﬁmmwu
sanindasuulasludunaunisiinsziacngls (NUANT LATADLY, 2546) Felunns
UfiRnuLlszaniu aradnisindananeaniiimn S lugiieninmeillinadneduU foaals
fila fatu n1sUfy pH Tesdnsazane @mmiﬁlmu@u s
lunmeaesiildfedinsmuiiuiy 1 fete hansinnnsadalngldansazans
wonTuifiey asdinnd pH fnafiu 3 3efuAe 6.8 7.0 WAy 7.2 WNN19EnA pH AT 6 A
uazusiay pH Wt 15 uaz 25 Wil Aeezieyaiilddesii Analysis of

Variance (ANOVA)
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Namswmmuaﬁma‘zﬁ

AMNNITNARBINNIAMNMNIZANTBII BNTIATIZIMNLBUMLAAT BN LAz UN N TiTe N
fuan wWanuldlufudaaimedn ICP-OES Tnaidnuniladesine fifluasianuusiudreda
N19LAINEN AU 7 TTadE WUdn

1. n19AN®" Linearity

= . . & = , Y 4'
NI1TAN Linearity Lﬂuﬂ’]ﬁ‘ﬂﬂtﬂﬂj'}\?ﬂqqﬂmemuﬂl@qaqﬁﬂzﬂqﬂﬂ’]m?ﬁ’]um 1

A
pNidnuasingaadnlisoaiesas ICP-OES wianfudjnalaanssmumanuidudunina

mnmiﬁm:mmmzﬁ“uﬁuiﬁwdwmmLiuiummmmmwmmgmlmm%wﬁmmLﬁuiu

v o G

0-350 pg/ml AuANdinugs wusnldAandnius (correlation, 1) Winfu 0.9990 ua

1
= ¥

NanduiusresansaratNInsg LN REENAA N NdY 0 - 60 pg/ml Winfi 0.9993

[ 6

R

v
o/ o 6 o 1

A
dl 1 ISR v o { 1 ¥ Qi o ¥
TIANAVANNUSTIARIANHATINAARNAL 1 NINLAASIN ﬂ’W’W’J’]ﬂJLﬂNLL@QVIW?Q@Q@iW‘H@Q

wAalB LAz UNN TN TANNLFNN AN
) N A e R
AN linear range IILAATENTLYINGL 0 — 350 pg/ml wazaasiuniiduunmniy
dl ° ¥ o dl U 6 o/ ] a 1 Y o, dsj
0-60 pg/ml Waauindeunduie lE3nszietsfunuInazausald linear range
lun193iAszifaat 1A un BN LAAITINgIDNUIzNN 3,500 pg/lg  wasHiENAN

1 3
uNNITINgIResTe 600 pg/lg W Wesannlunisanadaetinaildansazanaain 25

v
v o KX A

NARAMT AILUAH dilution factor 289N1FANWINALLTIRANNT W AR NN tY 25

[ %

] dy [~ e 1 A al d‘ o 1 1 o A
Wi MalszdumAsiulsclumisangresasuaaiianidndnag lusyaugene 2,001 -
4,000 7¥FUU"UNANNAR 1,000 — 2,000 F¥AUANAD 400 — 1,000 LAZILAUAININADLALINT

400 pglg warszAumNulsclomisaNgrassnunidanndnd ey lussAugean 366 -

'
o

975 srAULNUNANNAR 121 — 365 TYALANAR 36 — 120 WATIEALANNINABLEENIN 36 ug/g

(NINABNUNN R, 2547)

~ o
AIMINATFIMUBILAALTE nsmluasgIuueauniii@ou
5070007000 14,000,000
- y=214431x P

40,000,000 _ 2

> e N o

230,000,000 ~ 2> R =0.9993 /

2 R =0.999 / @ oo /

=

20,000,000 E 6000000

4,000,000 4
10,000,000 -

2,000,000
0 0
o 50 100 150 200 250 300 350 400 0 10 20 30 40 50 60 70

TuTasnsu/danans luTnsnsusiaaans

g7 1 nvlumsgIuIRILAA e 519 2 neumIgIUIeIUNN e
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2. NMSANHIANNUNUYREIE (Accuracy)

A3ANEIAMNLNKIBIITAATZY NN ingnisAnEnAdefiduinsnauAnls (%
recovery) m@qmimmgﬁuﬁLﬁmﬂuﬁa@ﬂw waztinetndliinunisatn  lunismaaeds
IMmsan spiked sample lagAnuAa@aN 54 500 1000 pg/g  eAlefidusinng
n&UALIE AL 99.83 10142 uar 10141 Wesifud  uaziFuuunil@an 20 100
200 uglg lEAulefifusnanduAuldleanwingu 99.208 9745 waz 98.03 wlefidus
ANNANGLU @9 AOAC (2550) i’mmud’]mLﬂ@'ﬂgﬁuﬁm?ﬂfoi"uﬁuié’ﬂgiummeﬁﬁmu?ﬂé’ Af
80 — 108 wlofifusf FarfunnaiisziAudatmaila ICP-OES HRAuusAenwa g MLl

AALUFRae9Aul (1n9197 1)

al ! c @ o o A Y = o
MI1T9N 1 ﬂ’]L‘]J‘ﬂ?ﬁiéﬂﬂ’]’a‘ﬂ@‘].lﬂ‘lﬂﬂﬂl’ﬂ\‘iLLﬂ@LGﬁHNLLNZLLNﬂuLSﬁHN

me%ﬂu‘ﬁl 51&171' % recovery % recovery W eI "'J/u‘ﬁl % recovery % recovery
LA lu FAzd eAuse 1 A0 wATEe 35U mAnly  AlAse  wAwse 19U lwanse 3
foaeing Aaaeing
147 1 99.18 ST 1 102.54
54 uglg Fufi 2 98.77 99.83 20 palg U7 2 100.11 99.28
T 3 101.55 7 3 95.20
147 1 100.26 T 1 98.38
500 pg/g ST 2 104.66 101.42 100 ug/g Fufi 2 100.64 97.45
ST 3 99.36 57 3 93.33
T 1 97.82 Sufi 1 97.84
1,000 pg/g Sufi 2 104.14 101.41 200 ug/g 7 2 100.07 98.03
Fuf 3 102.28 547 3 96.18

UNEILNAR *n=10

**n=30

3. MIANHIANNLTENIRIIT (Precision)

AN3ANEN AU BTN T AN A NLAIUE T8I TATIEE BNN9IATE]
ANALEUENLNN ANALLLTLTLTN9T ATl 9NN iNgn (random error) aziag
AN repeatability LﬂuﬁhﬁmﬂmmLL@JuﬁwmmﬁLﬂm:ﬁ‘luﬁqmmz%uj flan1azniemanes
i Auaaunntn WALANTAATMZTS 1L 10 G0l 1 51 douen Within — laboratory

Reproducibility  JuANNLNRE1189011991AINZINAN192NN9 ATz ANANeiuNNn Tunil
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Fennsiasziineduiu 3 ak ddlddedlesiu uarlunisiiaszd 3 ak fianis
WA 2 AU Lﬂmeﬁﬂ%ﬁﬂ‘ﬂﬂ\lﬁldﬁﬂmmLﬁﬂﬁ“ﬂ@ﬂﬂ’]ﬁ‘amﬁ"]:ﬁﬁﬁuj dﬂ@g’lummsﬁﬁmﬁﬂé’
wisell azfiansouianndn HORRAT A A1 HORRAT #ilaslaiiiu 2

ANNNANIINAABY A1 Repeatability WAy Within — laboratory Reproducibility 84
spiked sample MANLARIEEN 54 500 1,000 pglg SN HORRAT atilutdng 0.10 - 0.84
WAZIANUNNTIEIN 20 100 200 uglg A1 HORRAT agflutas 0.17 — 0.48 Haviagastasd]
ANTIRENGT 2 UARITIEAIATZWER AT vieflAanuAnansaInnn g g N

eaN5ule (MN9197 2 uaE 3)

AN919% 2 AN Repeatability 284n133tATIHMARTRNLAZLNNTITEN

19 Uinuanafiin pedeuna Audeawn Experimented  Predicted Horwitz
hushetns (ug/g) fienlld (ug/g)* wmegIu (SD)  RSD, (%) RSD, (%) HORRAT,
wAALTe 54 53.77 2.64 4.91 5.80 0.84
500 500.76 5.97 1.19 4.14 0.29
1000 976.52 3.81 0.39 3.75 0.10
TG LR 20 20.47 0.55 2.67 6.70 0.39
100 98.21 0.90 0.92 5.29 0.17
200 195.28 1.42 0.73 4.77 0.15

UNNEWR *n =10

AN9199 3 A Within — laboratory Reproducibility 284n193LAT ARG U NN TN

1] Py pedeunadl Adewun Experimented  Predicted Horwitz
lusede (bo/g) euld (ug/g)*  wmsgIU (SD)  RSD, (%) RSD,, (%) HORRAT,
WA eI 54 53.84 2.26 4.20 8.78 0.48
500 506.39 12.95 2.56 6.27 0.41
1000 1004.68 30.28 2.98 5.64 0.53
wnniEeN 20 19.96 0.98 4.92 10.19 0.48
100 97.30 3.25 3.34 8.03 0.42
200 195.71 4.57 2.34 7.23 0.32

VN']‘FJL‘VW‘! *n=230
Experiment RSD, Waz Experiment RSD,, L¥infiu (SD/ALaAs) x 100

- 0.1505)

Predicted Horwitz RSD, Wit 0.66 x2 C
Predicted Horwitz RSD, winiu 2 ¢ ©°"*%
C WU concentration ratio (1 pg/g = 1/ 1,000,000)

HORRAT Winfil experimented RSD/ predicted Horwitz RSD
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4. n19AN®A Limit of Detection (LOD)

Limit of Detection (LOD) unefeArANdinduaesasifeinsmnziniaaign

ArdN1N7aLaNIAILANANNANA blank #73130AMIUlAANARALIL T NNA1INAT I leAn

b

N

n

1 ¥
blank reagent $9:iU 3 WihgedANdeNiLUNIATFIM (LOD = Mean + 3 SD) TunsAnsinudIAn

LOD 284N153LARHMARITINIINAL 2.20 Uazaaduunii@esyingu 0.45 ug/g (A3197 4)

A1519N 4 A1 LOD 1Ay LOQ N1FaNNnN12AUI0s UaAaLEe N AN NTLTe

13unuansianseflaann blank reagent 10 1 (ug/g) Mean SD LOD LOQ

Mg 039 042 039 040 040 040 042 042 042 042 0.41 0.01 045 055
Ca 202 199 194 190 202 202 209 208 191 202 2.00 0.06 220 265

5. N19AN® Limit of Quantitation (LOQ)
Limit of Quantitation (LOQ) ¥HNaD ANANIENTUAIgATIAITNGRINTS
a o‘d‘ 9t = 1 dl o ai o %
AT EIN70 e U b AR ALK s AN s s LR e s SU A 411170
AuauldaInATedglIn1udansniiAsziliann blank reagent $aNAU 10 1N UBIAN
\JeuuNInggIu ( LOQ = Mean + 10 SD)  TunisAnmniinudiAiuanidn LOQ 289019

Anmziuaad@enliingy 2.65 wazreauunid@enlfivingy 0.55 pglg

1
L4 a K o

f1L0Q #ilEannnisAnuaiiumng ARNNNY Y AWINITNARBLAN LOQ &
Tnein1911 blank reagent HANANIAzANIATFIUITHLIEN LA THNWINAL 2.65 g/g
LA BN BNt 055 ug/g  thansazanediléliiins e wudnaanse
Anmeiuunid@snlfwingu 0.57 ug/g Fafunsissiluniidudae Az iian LoQ
WiNFU 0.57 uglg @ruAalTanannsdeseilEWngy 2.45 Gemndn 2.65 uglg Ml
LoQ Aifunddniunge]  Awianaee blank reagent anafaliunnunaides
Lﬁu%uélui:ﬁwmj fiunnndn 2.65 ug/g LAZRNNNIAIINTAARELAIRS ICP — OES Au
aunsnguAuAadaalEiniuegandnUunnuaa Besilsiuslu blank  reagent @
wudndlewien blank reagent I BunnuAaTeNwNAD 4.00 uglg uazthansazanefild

1U3msnesifaeLATes ICP — OES @x1snaAssiuaadenlivingy 4.00 g/ Adtiunng

AATLAATRNARRERNAY LOQ WNfL 4.00 ug/g  Ba@ANATLARITEN LA LN NI aNT
wanilasuliluAunsnnganiATas ICP — OES aunsniwmsnziliuasiaauusugindy

4.00 WAz 0.57 ug/g (A1319% 5)
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a ! ~ Na Ay A A o Y v o A
M1519N 5 mLLﬂ@LsﬁﬂNLL@ZLLNﬂHL"‘ﬁﬂNﬂﬁLN@LM?HNIMNﬂQWNLmNﬂJuLWWﬂU LOQ RINRANTINN 4

Reagent blank Bunuansiinmzdld (ug/g) Mean

Fin Mg 116 055 uglg 062 056 056 057 055 055 055 055 056 061 057
Fin CaWilé 2.65 uglg 229 258 253 262 248 243 245 244 247 212 245
Win Ca WAl& 4.00 uglg 421 4.00 399 391 399 4.09 4.00 4.02 410 374 400

6. NSANBINISILASIERAIAENAELNALA ICP-OES wisauiiguninivaiin AAS

= = 1 = a A dl o e o I a
ﬂﬁﬁ‘mﬁ]@'ﬂ\uﬂiﬁmLVI‘EI‘UF]’]LLWZ\]LsﬁﬁllLLZ\]ZLLNT’]%LSHEINVIE‘I'z")@ﬁlﬂiﬂiuﬁ]')@ﬁﬂﬂﬂutﬂﬂ

6 o 1 a AaA

WALA ICP - OES LAYMATIA AAS AeIADR Pair — t test 1944 NANTFAATITARIBENIAUN

|
= [ 1

wAATeNluTae 51.31 — 1163.50 pg/g  WaAIUAIUAN t AnNnTaaed (t. ) awiniu 1.7

exp

©

[e¢]

]
| a

HENTN t NNGRY (1) AL 2560 Nip < 0.01 UAZAINHANITILATITWFNENIAUT

bt}

unnidenlugag 7.90 - 145.70 pg/g  WeAIMIUAY t annimaaeslawintu 2.22 Hey

|
1 o

Nd1 t NangEd MWy 2.560 Aip < 0.01  DedIATIBRIIEHIAAIN 2 Aaunnsneiueeng

[ %

TdfidadnAty (p > 0.01) (nIuANENAIARTLTNNS, 2548)
Wal T Udunaunismzisendnanaila ICP — OES AU AAS 11 Tunng

praadnlaenAla ICP-OES @ n1saldansazatusaetananals dadimsadn (aspirate)

v
o 1

dingesas ICP — OES ldlnumss uaziile aspirate MNANAINNIDEUATLARLTLNLAY
al A % % o
wNREeN lanEauiu
WLANTALATIEAALNATIA AAS ﬁ*ﬁumumimqﬁmﬁﬂqmnﬂdﬁ \Ha4aNnazFag
Mnsinasazatauauntineen laiasluaisazanasaed1snanaieilu releasing agents
Pdnatlasiuiaulaaauuienia 11w argiu1  TANM MdudasunauniadtATIey
. 1 QJQI a I'g 1 dw o o = a a 2
(interference) T lW@ssUNIUNNTT AT wMaTtsansaiUs R uAs TN LAz uNNTEes 15Ty
a131s2nauAIFaNEYNdN refractory compound  @a1ani lEnsuanfaluernenaasz e
srpuAREaNLAz NN HEaNR Az itaaaenduiuase (ulu uaz ang, 2535)  Asnli
N13IATITHAREINATIA AAS AULLIABIIAILAZENTARNINNTN  WAZNNT aspirate 417aZANE

Winmzaadatiuannnansadnlinazuileans (single element analysis) 81#@3In159LAINZY

q

| ]
a K

= = v o : o G v 2 a o =
LAALTENLACHNNUITENACADIATINIATIANUUINDY  LHBLATIUAIILTHATINIATIRNADI

sall nnlisasldnaruiuaiuilugaawin
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7. NM19AN® Robustness WAE Ruggedness WA
Robustness Uay Ruggedness \luananiifnuanidnisnaaausiuilinanunise

4 Y - . ~ Y e
nadasuuladludunaunisitasededials lunisAneafelasAneinateanis
wazuulas pH 18987razanalen iuianesmaf pH 6.80 7.00 LAz 7.20 Lazand iy
n3LaEin 15 waz 25 Wi iesanniezedaenildlunimaseet Innssaaniuuwuuumy
o v dl Z// a aAn v 1 a I's =
mldnlananaziananin 15 wnld  annimaasanudnlunisaaszfuaadanuas
wuniidantiy e ldlunsdinann 15 1w 25 uh ldlnasarnainmeils waen
pH asansazasaininasalSunuLAaantae pH winiy 7.00 axliAndiAszigega
Tuanuef pH 6.80 waz 7.20 Minan1samazdliunnsneiuy  uazlnaseuwnnilidauneh
pH 7.00 THANgI4A 7898901AB pH 6.80 WAY 7.20 AINAIAL  AMNKANIINAAENTE 110 1H

77147 1NNTAAN YA A R9TE TINNTFATENANTATAAN A LN pH WinAL 7.00 Winte  dqu

AN M NN e @ N I A RauE 15 — 25 WA (119197 7)

AN919N 7 Fnaeadanuasuiniidenile M mna il lunnsasn wazlfasazataaia pH

FiNariu
Fmaand waEeafuanlasvld (ug/o)  wuni@enfiuanilasuld (ug/g)
pH
6.80 127.94° 1213.47°
7.01 129.91° 1274.86°
7.20 127.57° 1196.47°

na1n N1 (W)

15 129.75 1228.47

25 129.19 1228.16
pH x a1 lunsisin NS NS
CV (%) 0.72 1.45

o o

WNNBLWR - FalaanniiusaadnesneiaiululuIAuftiy waasduanssiuetna & Anynng

aniplae DMRT 7g26u P < 0.05 , NS vunede lduanaeiueeeliladAnyneaianseau
P <0.05
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b
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©
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o v X 4 e e
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LANAITAINDY

nunng eBqe Jundld 41ae Aingseny Hellae. 2546. lwnansUsTnaunTaLININLGIRNg
WANGAIN1INTIAEUEUITNAGAL (Method Validation) . §13NAIa8LIAMANINEWAN

Uadns, Uyusnil. 43 wil,

q

1 %
a o a

NINABMUNNAYN. AITNINEIAIARFINANSWINUITNAW, 2547, ARDNNTIATIZIFRRLNNAYE 1N
o fr anUiutlanuuazn1sinansfinensaiuseannsgIuandi. AnWam 2.

LT AULAY 18 WFRNWER AAR.NJINNY. 270 U,

e a aa aa .i/ % a aa
ﬂmwwﬂmmmﬂgwwm. 2541. ﬂgwqmmmmmu. ﬂ’]ﬂ'ﬂﬁ?’]ﬂﬁ‘W')‘V]ﬂ’] AN T

NUNANENAE INHATANARNT, NFUNN. 547 w1,

LY ANTAND LAY ANT IWTTAN. 2535.  UANNITUAZNANANNIILATIZITILATANHD.

ANINWHATIUNNN. NN, 887 nti.

o o

AninmwnAnaniwininanransieslJiing. 2548, wwnatsdsznaunistnausundngms

ADRAMILNAAIIYNAABLUAZANE. NININBNANERTLTNT, NJINN. 81 Ui,

AOAC. 2550. Single — Laboratory Validation. Available online : http://www.aoac.org/

dietsupp6/ Dietary-Supplement-web-site/ValidProc.html. Sep 3, 2008.
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The fattening verification of crossbred Tajima steer

on high quality meat production

Witthaya Sumamal” Virote Ritruechai” Kanchana Thammarat ? Wisut Auekingpetch ¥

Abstract

The fattening verification of crossbred Tajima steer was to study on performance of
high quality meat production. Three crossbred Tajima steers with 238 kilogram average
initial weight was fed with different kind for roughage in two stages of period and different
kind of concentrate in two stages of body weight. The amount of given feed was 2.5
percentage of body weight to promote average daily gain of cattle about 750 gram per
day, Fattening period of the first, the second and the last steer were 12, 15 and 18 months
respectively.

The results of this study were shown that the average final weight of steers was
565 kilogram by fattening in average 447 days to get average daily gain about 738 gram
per day. Average feed intake was 7.91 kilogram (Dry matter) per day or 1.97 percentage
of body weight to get average feed conversion ratio about 10.85. Average production
cost was 34,022.83 baht, calculated from average feed cost about 26,732.83 baht and
average cost of steers before fattening about 10,710 baht. After slaughtered all steers, it
showed that the average percentage of carcass was 55.12 % with average marbling
grade about 4.0. The income from fattening steer was 49,274.12 baht per head. The

economic returns was 15,251.33 baht per head or 1,099.59 baht per month

Keywords : fattening, crossbred Tajima, high quality meat

Technical Document No. 52(2) - 0214 - 219
 Sakon Nakhon Animal Nutrition Development Station, Sakon Nakhon.
# Bureau of Livestock Development and Technology Transfer, Bangkok.

¥ Sakon Nakhon Provincial Livestock Office, Sakon Nakhon.
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A5 1 Lanagnsenstiudmiugula (kg, as fed basis)

AR AL BIUITUGAT 1 2IU131UgGRT 2

Wudu 64.0 74.0
PALEIGHT 21.0 18.5
nnfawiaed 18.5 11.0
g)ie 2.0 2.0
launaLdan P16 1.0 1.0
WTENR TN 1.0 1.0
INaa 1.0 1.0
ANz 0.5 0.5
1117 1.0 1.0

994 110.0 110.0

TilsAumeny (CP, %DM) 17.0 13.0
Tnauefisaeléa (TON, %DM) 75.3 75.4
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gmeamsnAuanly 13 wWefidudidniies avnsvenunlflunimeseuguiagas 1-9 inew
wsn Ae wigunelnanan angeaalszann 40 Ju dlisAuneu 11.80 wafidus 1Biala NDF

waz ADF Winriy 65.60 uaz 31.50 Lafidus auansy T9dnlua1mseuamnInann

AININUIINIRTFIUNIUARTRINT 1M1 54RT NnasausdndutenmunIniae1 s dndusis
A nANINANT T sAunenufag lugas 11.0-13.9 wlefidus (nasaunsdng, 2547)

douansnenun ldlunimeasugulnges 10-18 inaunds Aenwiedne Hldsiunanu 3.20

wlafidus iale NDF uway ADF winfu 74.10 way 53.30 wafidusd muasy danlndideesiu

]
a 1 a o @

W19t saeulagnasanisdndqn AldsAuvany 3.17 wafidud Jitalavauminniy

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nsndddnd nszvsrwnueasuazaunsal



197

|
o |

35.45 wlafidud (nasanuisdnd, 2538) ualamuAINAINIIANTatLEaLneuiy Manidool
(1985) N8I n9dNad lsBuneny 3.80 weafidus ditiele NDF way ADF winfu 70.30

way 52.90 wlafidus dniudaradroudniasulilaguludosndsiuay 2 AlanFuiiy &

v v ! v
Wntindnguiaiies 10 wefidus Andunminuianlilafuiesiuay 200 nFu Wil

=i ! = 1 ¥ o
ANTNY 2 LAAE2UYIZNaUNINANTRID1119TU AU Y wazdananandn

(% TnINIRRuE)

978IN"3 DRI e FE TR RV P N Wiedna  danedamin
ans 1 gns2  uwalnan
fxmﬁrﬁmq WD 87.08 87.06 23.20 95.00 10.00
Tsfuneny 15.45 12.55 11.80 3.20 -
iale NDF - - 65.60 74.10 -
ol ADF i i 3150  53.30 i

UuUNsaLazansINIsiasyaule

AINAN397 3 uARINALeIN1sTUTAgNNANANE 3 F Tnalafad 1 quuiy 333 U i

' v
a %

dantiniFusy 253 Alaniu dauingeaving 495 Alaniu dautiniiunaaan1Inagey 242
Alandu Anfludmanisasoiuin 727 nfusadu Tadan 2 guunu 444 Ju JrnuinGusu

233 Alaniu umingading 611 Alaniu uuiniinaunaaanimagay 378 Alaniu Aniu

ansnnsasnuiuTe 851 nfusadu d1ufulafan 3 quuiu 565 4u AuuinEusY 228

¥
=&

nlanfu dmtingaving 588 Alaniu dutiniinaunaeanimagey 360 Alaniu Aaldudns
nswastyiiule 637 niusiadu WaAnluAeata9lARs 3 6o wudn dsvavinanguiedt 447
Fu uinEnsiwads 238 Aland untngeadinaads 565 Alaniu uininiuauedsy 327

Alanfu AsdudmanisasyiAuineds 738 nfusedu delndlAaeiuLNUN1INARA LN

'
o

Auan13aan1slilalasuanmaiianisassuln 750 nfumadu (NRC, 1996) WANATA

NIIN13MAA8IRY Calles et al. (2000) NYuIANINTA (Wagyu) W1t 343 41 huiinigusuiaag
250 Alaniu Uuingainaiads 700 Alaniu dnsnisiastyiAulaia@s 1.32 + 0.03 Alaniy

o

AR

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nsndddnd nszvsrwnueasuazaunsal



ASN 3 uamsdmInsastyiAnla L3unneunei

198

a

NBLAUEINIS FUNUNNINAR UATNARBLIUNLN LHFL

A1 (AlanFutiutnuiia) Usz@nanin

181019 AT 1 TAsaTi 2 IAfa7 3 1A
IXALINAMAAAL (1) 333 444 565 447
vnavinGuEy (nn.) 253 233 228 238
ﬁmﬁﬂqmﬁw (nn.) 495 611 588 565
Ty (nn.) 242 378 360 327
fnsaniaastylauls (nFu/u) 727 851 637 738
Sunouman uwnalnaninu (NN./34) 2.20 1.77 1.52 1.83
WBsnouinednadinu (nn./5w) 0.38 0.93 1.33 0.88
Bnnianvnsduiau (nn.) 4.85 5.79 4.87 5.17
taadnandn (nFu/w) 4.02 44.93 53.01 33.99
Bunniewnsinuldsan (nn./s) 7.44 8.53 7.77 7.91
Brnaemshnuld (% ﬁl@ﬂﬁﬂﬁﬂﬂﬁ“]) 1.99 2.02 1.90 1.97
1s=AnBnmnnsilaeueimns 10.24 10.12 12.19 10.85
apvaunelngn (un) 3161.40 3,382.20 3704.50 3,416.03
uunaedag () 133.80 432.50 788.90 451.73
TUURIMNITU (L) 12,989.90 | 20,666.80 | 22,116.50 | 18,591.06
fuuanediavdn (uan) 67.00 997.50 1,497.50 854.00
TUNUANRIMNTIIN (LN 16,352.10 25,479.00 | 28,107.40 | 26,732.83
sunulanaunaga (Un) 11,385.00 | 10,485.00 | 10,260.00 | 10,710.00
ﬁunummﬁwm (u) 27,737.10 35,964.00 38,367.40 34,022.83
ﬁunummamm{iwﬁﬂﬁmﬁm (wan/nn.) 114.62 95.14 106.58 105.45
9ald (Uszil@uannanla)(win) 45,520.50 50,580.00 | 51,722.00 | 49,274.17
BJ@WBULLVI%?]IVLE%JS‘/U (L) 17,783.40 14,616.00 13,354.60 15,251.33
naRaULLT IELIAY (UARem) 1,602.11 987.57 709.09 1,099.59

UNEIIB] s mafuneinaan uazrnedng Alaniuay 1 UM

97A189 910w Nlaniuay 7 U

srAdaadiaudn Alanfuas 5 U

namimintadifintewdngu Alansuay 45 U

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nsndddnd nszvsrwnueasuazaunsal




199

e misnnunazlszananinnisidaguainng

D

%

1 v
AMNAI39N 3 Wuqn 1A 3 fq Ansnuatunglemulduansneiuninidn Tnalasian 1

o o

2 AT 3 AU U198 7.44 8.53 WAy 7.77 NlanFu(Uuinuwie)fedu ANNA1AU YIaLaas

'
I o =

1 o a o %’ o 4 o dl a 9/0| dl a
Wny 7.91 ﬂT@m‘u(muumm\i)mmu IneilAsian 1 ﬂu‘ﬂ’]ﬁ%ﬁ"ﬁ&li@m’]‘ﬂ@@ BANATNNUATUNT

q
|

penuNldtasninlaan 2 fa daulasiof 2 Auaiuisulsunias wasanniuannisdule

q

' o | @ A a a e < 5 e o ' o
1nnInlafaau @EI’NVL?ﬂ[”]’mLN@V’]G‘I‘L@N’\ELL@’Wﬁ?WﬂuLﬂuLﬂﬂ?Lsﬁumﬂﬂﬂu’]ﬂuﬂWJ Wuq TAvi

& 6

3 fia Auanus e inapeany nelafaf 1 2 waz 3 Auls 1.99 2.02 waz 1.90 wlefidufuas
WUMINFa AMNANA viTaleatiniy 1.97 wWaefidusaasinuings Tnaladan 3 AA1gn
AnsuszAnsnanniadasuatunsaaalasian 1 2 uax3d denldsnediuuingn windu 10.24

o a

10.12 waz 12.19 visaredawini 10.85 Tnaladan 3 Hilsz@nnmnisulasueinssnngn

AUNUNTHRALASNARALUWNUN AT

AINAN9NN 3 uansuIA1avnitafan 1 2 uay 3 Mludasnmeseunisu tne
AnsAAmgumeinganan  wazWiednn Alaniuar 1.00 U mAnanstunldyuaas
nlanfuar 7 um uartaedraudnilaninas 5 U HAunuAteITNIedY 26,732.83
U dousunuAiugianaudmagay Anansaladdianianiuay 45 U lnelasian 1
2 uay 3 NEuWwinau 11,385.00 10,485.00 WAz 10,260.00 LN ANNANAL QAL
10,710.00 U AnlusiuusanAIaIuIsaARUglAINAY 27,737.10  35,964.00 uay
38,367.40 U MulAsiaf 1 2 uaz 3 AMNATAL WAL 34,022.83 LN IAUAUYUNIIHER
deliAnsamAee A Al Anadneiuazau A wiuseldaannisnalagudn
dsziiuarnauninanla (wanddsAnlun9ei 4) wuda Tasan 1 2 uay 3 H9eldannnig
P1EWiL 45,520.50 50,580.00 uaz 51,722.00 UMW AMNAAL LRALIWINAL 49,274.17 U
\NeinFiuUNTHARIINEaNIAY WU NasaLwuR LA nnsgulafian 1 2 uay 3 Wiy
17,785.40 14,616.00 WAz 13,354.60 LW AINANAL LAWY 15,251.33 1w azwiuléan

v a d%/ o dl o v Y 1 QI d’f ] % a
FuBNTHARTATWALITEZ AN YUNTN AU UAI NI dousnaldainnistsuidiv
So o oA 9 oA o & 5 o £, =
psnvanladidadaninededns  insavesladuuninitle  waziuwingin  SedeNal

dl Yar % A £ ! o %4 1 < dl a
HaRaUwnui lAFuaInnsgulpazldninvizatiesunnsneiuniulidon  ethdlafinan  Wedn
AMNANRALBNTY 3 Fn WudInsgulasrazinantlszinul5s euldnanatunuadhausy
dszanny 1,000 vmsiesn SehauladmiunisgulagnuannianzivedamanaiiannnIngs
pall lasannldnaseuunulndipasiulaiuganuaziaiugniuneuay  Nlsuanauuny
AERauarLITIns 1,000 umsesa Wil uazlAnaneuunugandnisyulagnuanysg

T NkanauwRARaUazsENNY 680 LMERFY (3N15R1 LazANE, 2550)

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nsndddnd nszvsrwnueasuazaunsal



200

q' o - X o &
ANTINN 4 LAANNITANLITY ?Wﬂiﬁ@’]ﬂﬂ’]?“ﬂﬂﬂiﬂﬂuﬂﬂﬂﬁﬁﬂ?Mﬂ’]ﬁ‘Laﬂﬂﬂ@@lﬂ’l ﬂﬁ‘ﬂ. NaN

TNULINAT AR (AUNTE TWUENgAn)

918N17 A7 1 TnsiaTi 2 Tnsa7 3
Swmdngn 279 346 308
inselasfuunsniife 4.0 35 4.5
A Guduma g (un/nn) 92.00 94.00 94.00
mmmwmm”lmﬁw,lmmﬁ@ (Un/nn) 33.50 26.00 38.50
Fufinmansalafiuunsniie (u/nn) 14.00 10.00 14.00
mmwm@luﬁu (Un/nn) 139.50 130.00 146.50
1. peldEnduannnsanealagu (L) 38,920.50 44,980.00  45,122.00
2. Fuisansinselatuunsnitie (/) 2,000.00 1,000.00 2,000.00
3. ﬁuﬁmwmmmmgmnmgm (LN/6iR) 1,400.00 1,400.00 1,400.00
4. Quiirmiledaladndunas (/) 200.00 200.00 200.00
5. RuilAriTunaavnandlanei (uin/sn) 3,000.00 3,000.00 3,000.00
mmmiﬁmnmﬂmu (1+2+3+4+5) 45,520.50 50,580.00 51,722.00

PIANTNAUATNUNMINTIN

NHEILUB 1.
Yuiingnn  240-259.9 nn. $1AN
vhuiingan  260-279.9 nn. $1AN
vhuiingnn  280-299.9 nn. s1AN
vhutingnn 300 nnawll sen

2. T’]ﬂ’mﬁNLﬂ?ﬂi‘ﬂﬁuLW]i‘ﬂLﬁ@
\nNem 3.5
inem 4.0
\nNIm 4.5

3. ﬁmﬁlummmmhﬁmwmﬁ@
tnIm 3.0-3.5

iN7M 4.0-4.5

82.50 uw/nn.
92.00 uw/nn.
93.00 un/nn.

94.00 un/nn.

77AN 26.00 uw/nn.
77A" 33.50 uwn/nn.

77AN 38.50 uwn/nn.

SN 10.00 Lw/nn.

14.00 un/nn.

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nsndddnd nszvsrwnueasuazaunsal



201

AN9IN 5 LAASNANIIANHIEINIAQNHANNNANEYY

718019 TAsaT 1 Tasafi 2 Tasafi 3 1@t
SnurnilEan (nn.) 495 611 588 565
i’iwﬁﬂmnﬂu (nn.) 279 346 308 311
iwlafidusann (%) 56.36 56.63 52.38 55.12
mimi‘*ﬂﬁuummﬁ@ 4 3.5 4.5 4
%um‘qu%'uj (%) 46.63 43.37 47.62 44.88
Win (nn.) 8 11 8 9.0
9in (NN.) 18 21 21 20.0
WIN (NN.) 34 54 50 46.0
wisadli (nn.) 17 19 21 19.0
AU (NN.) 5.1 6 5.5 55
lasu (nn.) 25 45 37 35.7
L‘ﬂ@mm@ (nn.) 1 0.8 1.3 1.0
3 (NN.) 2 15 1.6 1.7
VAR (NN.) 2 4 2 2.7
A (nn.) 0.5 0.4 0.6 0.5
dawins (1) 103.4 102.3 122 109.2

nsAnETINTATURNNANINANE

% 1
° v aaa =

F1379% 5 ULAAIKANIIANEIEINTATYY AUk 3 B wudd Bmtindadmvesiagon 1 2

o

LAY 3 WANYWNAU 495 611 way 588 NlANTN AINAAL WARALWINTL 565 Alansu AnLiluy

o ISP

v !
WingINguindy 279 346 waz308 Alaniu ANa1dL HAnedawini 311 Alaniy An

Wulafidusannwingy 56.36 56.63 way 52.38 Llafidus muaAL NARAtwINTL 55.12

1 v i ! &
wafidus uaznudn aiaiadunisguuda Tadai 1 Aiguuiu 333 4u Hladuunsnidiains 4.0

q

|
al

‘Emﬁqﬁ 2 NNy 444 4 Jladuunsnitainss 3.5 uazlasion 3 Nauuiu 565 Ju Jlasuunen

q

ISP

ideinan 4.5 Trnaduwinty 4.0 WeuSeudausunsinmainlavaniazes Calles et al.
(2000)  g1euINHLesIEUAIIN 60.2+ 0.34 afid uﬁ%az_gqndﬂmiwm@uﬁ@u%wm
dl | d 1| o Dd‘d t4 a d‘ 1 dl = o

Wasanniduladgluiuguindnislinandniiegandtlagnuan wazilewsaunauiuginia

WUgAN fisreaulng qmFend uaznyniiu (2548) dndwlefidusaingu 63 wefidus uas

wlafidusannifiv 62 wWafifus mmﬁﬂmmmmwwiumiwmmuﬂ%“”\i EiiNa i

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nsndddnd nszvsrwnueasuazaunsal



202

d5lnanisnaaag

AINN1INARALYUIAGNUANNIANLIWANRDY A7UoU 3 Fin Iaelde1uisueny 2 11
Aa Wnnunsinatanludoinisgu 9 thauusn uazlinrsdaiasudatedondn Tudas 9
waunas e mnsdunaldshuveugs (17 waefidus) Tudesuaniin 200400 Alaniu 19
amstundlsAuneuan (13 wafidus) ludesinmin 400-600 Alaniu waagillassil

1 all }73 va a o a a all v

1. lanageuneuauessaa s ldauldn Inaddnsnisasyiulneanindineg
o Qi %’/ 14 1=l L dl o a a dl ¥ é’
Audvsnediasld wiluwaidundnanisasiiuinazanas Waldoanlunisguuiuay
dl a a ai oI a 4
\asannilsz@nininnisiasuanmnsfias waziEuimunisnue s lianad

2. aasnwanvesianagaua lunmueing lnadulafidusainagluszdulunans

' dgj dl v dl 1 17 A A o o “1/ dl =X

wsiilan ldinmun i Aeudegenaiszauladuunsnilieeaenengm 4.0

3. Fuyunisnansanismntnindaeg luszauiliunans Inaduunlduanaaield

d? ! dl Yo -dl ! A 1 [ v o
Lq@ﬂumwuimmmu LLMN@W@‘LILL‘V]LL‘V]VL@?‘UL'il@ﬂmﬂL@ﬂu@%luﬁﬁfﬂﬂ@ﬂiﬂ@Lﬁﬂ\‘lﬂU

1
=

HasaUunUn tiaInn1sgulaiugain atnelsfinunaseuununldfuduunliuanas e ld

wanlunsruuuaIY
¥
ABLAUBDLUS

dl 3.’/ dgjd nzll 1 = o o V3% ] dl Y o 1
Lu@ﬂ@'}ﬂﬂ’]?ﬂﬁfﬂ@u@ﬁ\‘]uﬂ\liﬂwL?IWVI@ZQ@‘LIﬂ’]?ZI}MLWEN 3 A9 WWIV?@H@W’]\‘]“‘]V&@HQiN
1 1 o o o i’/ = :// ' =K v ¥ o = a o
ARELNUETIUN MQHUIUﬂ’]‘J‘ﬂm:ﬂﬂﬁ\i[51’811_]@\1ﬂQ?MWIﬂiﬁiﬂ@’]uQuLWﬁ\TW'ﬂEéﬂllLLNuﬂWﬁ"’J’QEI

walidayai liusudnaw iunidenenesyaransasnisindaya bl 14se tomisa
L4 a
LANH1FRINDY

na9an dnd. 2538, W19d1q a1usd1usula-nezile. LANAITATLULLN. NAIAIUNTER.

nanlAdnd. nsznasinemsuazaunand. 43 wil,

o &

NesaIMNI&nd. 2547, NRIFIUNTEMNIARTUNS neveunsdnd. lenatsAtuuztin. nenydAdnd.

NIZNTWNBAIUAZANNTOL. 22 Ui,

v
A Fal LsEgna waz oatiu tennaRmuAa. 2548, Aninniiela neldszuunisndnuas

nsnaaaetlszinalng. UsEmgNisaWsuRwand aniin. 84 wii.

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nsndddnd nszvsrwnueasuazaunsal



203

a1l wsegna sniiu lanaimuna uazs1sed walus. 2550. lannanieanismainaadin
& . o Lo X -
Walne. lanansiszneunistlsygunguianiziza “ngulaiie” lunisdszgadannis

(399 “FTA: awanlaie Tagulne fauisadae?” oy Weadseaudu 2 anansulsdanum

AN94. L3N 18R /AR, 75 W,

Calles E, J.A., C.T. Gaskins, J.R. Busboom, S.K. Duckett, J.D. Cronrath, J.J. Reeves, and
R.W. Wright Jr., 2000. Differences among Wagyu sires for USDA carcass traits and
palatability attribute of cooked rib eye steaks, J. Anim. Sci. 2000. 78:1710-1715.

John W. Longworth. 1983 Beef Cattle in Japan. University of Queensland press, 1983

Manidool, C. 1985. Utilization of Tree Legumes with Crop Residues as Animal Feeds in
Thailand. Relevance of Crop Residues as Animal Feeds in developing Countries.
Proceeding of an International Workshop held in Khon Kaen, Thailand. November

29 — December 2. 1984. p. 249 - 272.

NRC. 1996. Nutrient Requirements of Beef Cattle. 7" edition. National Academy Press,
Washington DC.

FIENUNANUIAENDIDIMNTART UszanTl w.A. 2552 nsndddnd nszvsrwnueasuazaunsal



	ปก2552
	สารบัญ
	R 5201
	R 5202
	R 5203
	R 5204
	R 5205
	R 5206
	R 5207
	R 5208
	R 5209
	R 5210
	R 5211
	R 5212
	R 5213
	R 5214
	R 5215

