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Abstract

The objective of this study was to determine the effect of high temperature treated of
sunflower seed (SS) and sunflower seed meal (SSM) on ruminal degradability and the changed of
conjugated linoleic acid (CLA) before and after incubation. Three Holstein cows each fitted with
permanent rumen fistula using for nylon bags technique study. The intestinal digestibility was
measured by the three-step technique. Sunflower seed and SSM were treated with high
temperature at 100, 120 and 140'C , each group treated for 30, 60 and 90 min.

Dry matter and crude protein degradability of SS, and SSM in the rumen with treated 120

°C for 30 and 60 min were significantly higher (p<0.05) than those SS, except SS treated with 100’
C for 90 min. Intestinal and total digestibility of SS and SSM with treated 120°C for 60 min were
also significantly higher (p<0.05) than those SS.

The effect of various temperature and time treated SS on CLA content before and after
incubated in the rumen of cattle. Results shown that the level of CLA increased with increasing
temperature up to treated with 120°C for 60 min., and significantly higher (p<0.05) than the
control SS. Moreover, SS and SS treated with all temperature increased with increasing time
incubation in the rumen up to 12 to 24 hr, thereafter decreased (after 48 hr). It is concluded that
heat treatment of SS at about 120°C for 30-60 min can be improved intestinal digestibility (by-
pass protein available), and reduced undigested residues. Conjugated linoleic acid was highest in
SS treated with 140°C for 60 min, when incubated in the rumen for 12 hr. The results reveal that
high temperature treated SS could improve CLA synthesis in the rumen when incubated about 12

to 24 hr.
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a a = 1 1 7l a a a = :' 4 [
Uszansnmlumsnaa Leng (1990) ﬂm'J'mnqmﬁ%:muﬂixﬁmmwmsNammuﬁuagﬂn
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niv df 1 = . v @ o a 4’; = o a a 9/
(ABADOY WU vUAVWANRUTAUMSINLANYENs31INTaUNTE AaearudSInamsAu'ld
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Metabolic fecal
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N Urea

Ammonia |
. Liver
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Urea 2 ﬂ(ﬁdﬂe‘}'r
Endogenous - Urine
nitrogen :
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metabolic |

 Nitrogen ; Protein Matabolism in Ruminants

s 2 mwﬁﬂuﬁc"ﬁmmﬂﬂsﬁmm:"luTmmu‘lugmu (Russell et al., 1992)
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ﬂ']ﬁ'Jlﬂﬁ"]z‘H'VI'IB{Iﬂ‘lJ'i3ﬂ’E]']J‘VI'IQLFHJ‘UENLllﬁﬂlmﬁﬂ'lﬂ!ﬂﬁﬂﬂ’luﬂ&")u "lﬂl.!.ﬂ ?ﬁi}i&ﬂ\? (dry
matter, DM), i (ash), Tds@umeu (crude protein, CP) Tae35Msuae AOAC (1985), neutral
detergent fiber (NDF), acid detergent fiber (ADF) A1435015U94 (Goering and Van Soest ,1970)

ﬂ"I51’]51'1Gllil’ﬁﬂuﬁwﬂ'lﬂ"ﬂTLIG‘lu']uﬂ?ﬂﬂfuHﬂmmvnﬁ']ﬂuﬂﬂﬂ'l\iﬂu ul.ﬂ!.l,ﬂ

R.

< [ ' o
naun 1 Lﬂﬂﬂﬂquﬂxju‘lﬂﬂqﬂ']'iﬂﬂ (control)

Q
T o o v oo F a [o) < =
naun 2 !.11'flﬂﬂ1uﬁ¥3u%ﬂ1ﬂ1iﬂﬁﬂﬁﬂqmﬁQM 100 °C L“IJ‘M!'J?I'I 30 U

o [y =

vaamuaz Iuniimseudisgamgi 100 °C iWunan 60 und

=]
s}
b
=h.
W

VoAl A o 9 a (e} d =
NAUN 4 LUAANTUAS IUNA “Iﬂ’lif)‘i_]ﬂ'.lﬂqmﬂ{]ﬂ 100 °C Lﬂunm 90 U

o o v o o p
ANTUASIUNNINITOUAWYUNIN 120 ~C Lﬂunm 30 UM

u

ﬂﬂ'il!ﬂ%‘)ldﬁﬁ']ﬂ'l'iﬂﬂﬂ’JUﬂEMHﬂ 120 C l.ﬂ'l—!!.'m'l 60 UIN

U

o

1o = a P =t
NQUN 7 1Y ﬂﬂ1uﬂ3?uﬂﬂ1ﬂ’]5’ﬂﬂﬂ?ﬂﬂmﬂﬂn 120 °C durian 90 UM

AMUAZIUNT 'Iﬂ'I'J"’E]‘lJﬂ’JEJElm‘r‘i 11140 °C nJunm 30 WIN

=

[ { o o] =
NN 9 waamMuaz Tuniimseudioguvail 140 °c (unan 60 Wit

Y]

1A o [

AguN 10 waamuaz Iuniimseudvgamgil 140 °c duiaan 90 wrf

3.3 dninaanq

anyaznelannms anvawisalumsdes1dlugmu mmmﬁmmzmﬂmuﬂﬁu
19 TAw1zAs2mIZUUUO1N5 (permanent rumen fistulae) $117U 3 69 mmwuﬂﬂmwﬂmﬂaum
aumaaes @sslunenduien ﬂsumw1mwwufpumw'n"nfnnmawmmmmwmmmmsw

Wuna 2 dlaw wazdannuaunsalumsdesldvesingivemisfisznaaeu
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t4 v d
3.4 aiMstazMs e Imsdninanes
Tanndalasuemis luszAumon15@1595w (maintenance) Tavl¥ormmsneny 1dud vhs
s s o v Y w ad
912 70 losidud uazemsdu 30% lasldeisfuas 2 a1 (8.00 uaz 16.00 w.) fhazea
y o o @ 1 w o {J o
Tidumaeana Ysudaidwemsdadaudedounlding 14 fu doumstigs nylon waz

mobile bag G

I=Y

3.5 AU nylon bag

=

91 umsnaneerinen polyester cloth lasiizuing 45 Tuasou wazdiving 6 x 12
o : @ ar [ 1 @ 1 ! 1 @ d ar LY
em Fuihmiinermisiedalage  aztlszinm 5 n¥u Fana1as 2 drdedad 1 # dathngeld
] 1 o ] @ o d s T 1
wiu aggngelaon Wanivlunszmizsuuwieus fu wagsimsiivesn naamsuuina
2,4, 8, 12, 24, 48 uaz 72 %2 1w onciugeiinm o hidestulugum udmsdamiloudungu
A o o o 9 [ A @ 9 A o y s a
au gemheen NANTTIEITIIMIARAIBRsesdnmnauE Tumsilulusedudnmdy
s n’: 1 a o M i a a 4 =1
a1 15 Wi Aeniiueuiiguvgil 60 °C et 48 $1lue odnneresndsznoumand
. o o o 3/
g MUIUMUANM5Ye Drskov and McDonald (1979) taziinngiuia Iaold Tlsunsy

duSv31/ (Chen, 1996);

P=A+B(l<™)
e, P = degradation rate an time t (%),
A = the intercept of the degradation curve at time zero (%),
B = the fraction of DM and CP which will be degraded when given sufficient
time for digestion in the rumen (%),
¢ = a rate constant of disappearance of fraction B (h ), and
t = time of incubation (h).
dsganFnmlunisdosld (the effective degradability, E) Y89 DM, OM @z CP #1179

¥
1@ naunsdnedis aeil
E=A+(B)(c)/(c+k)

119 k = the solid outflow rate from the rumen obtained from the previous experiment



15

3.6 INAHA mobile bag

Q10 polyester cloth Taufiguuta 45 luasau Taefiuinn 3.5 x 5 cm Thdoghefsy
msdoulu nszmizgm wnmsuaﬂ"lﬂmqﬂ cmmnm‘3‘nﬂaaaiuﬂsauaaizw'ﬂwﬂmw 12 f4
24 ‘D'Iﬂﬂ'li‘i’lﬂﬂEN $aldhs 2 namanan Tasdrednndindrihmsuaruazunsaing 2
mm Fa1imiin Uszunar 0.5 050 wazhaninlud 1#dn denniusedy mobile bag fiTUes

]

a o d = 1~ v oW '
aanmﬂuya VI'Iﬂ'I‘Sﬂ“NLLﬂﬁE]‘]J Lﬁamsaaﬂﬂwmﬂﬂsznaumamu URSINUAIDY1NDINT

nnguueTMsINIUMsdeu Uz (residues) YnnnuderiteansdesdluddidnTay e

matiamsdos1aludenl§iifns Gn vitro) mu3Snisveg Calsamiglia and Stern (1995)

3.7 Three-step in vitro procedure (Calsamiglia and Stern, 1995)
nsiadl:
l. 0.1 NHCI containing : 1g/l of pepsin (Sigma p-7012, Sigma)
2. 1 NNaOH
3. pancreatin solution containing:

= 0.5MKH,PO, buffer standardized at pH 7.8

= 50 ppm Thymol

= 3 @/l pancreatin (Sigma p-7545, Sigma)
4. 100 % (wt/vol) trichloroacetic acid

ads =
NN THNTITAZAY:

UAAIBEUTU IUIURIDEN 4 a1
1. 0.INHCI 1 g/l of pepsin (Sigma p-7012, Sigma) pH 1.9 151195 40 m]
] L4
Usuanld 10 ml/sample ldiavun 40 ml

10 NIVI = N2Vv2

N1 = 12N HCI
V1 = Volume 12 N HCI
N2 = 0.1 NHCI
V2 = 40 ml of 0.1 N HCI

Unum
12x V1 = 0.1x40
= (0.1 x 40)/12
= 0.33 ml



i v '
(W51zRTY 19 12 NHCl= 0.4ml Wnau = 39.6 ml
(ifoannd] 1 g/l pepsin 1Huvafilsznou

nl

Wufle e1sazany 1000 ml 1"I pepsin 1 g
{ Favu ®1508810 40 ml U pepsin = (1 x 40)/1000 g
| — 0.04g
2. 1 N NaOH 51as 2 ml
nSuauyadues NaOH = 40 g
I N NaOH 14 NaOH 40 g shndu 1 803

£ L '
asiu 1% NaOH 0.08 g luthndy 2 ml

3. pancreatin solution (0.5 M KH,PO, buffer standardized at pH 7.8 + 50 ppm thymol + 3 g/l of
. pancreatin) (Sigma p-7545, Sigma)

shminozaey K=39 H- 1 P=310=16
walu@na Y09 KILPO, = 1(39) + 2(1) + 1(31) + 4(16)
= 136
fufie 1 MKH,PO, 19 xmpo, - 136 g Tuindu 1000 ml
0.5 M KH,PO, 19 KH,PO, = 136 x 0.5
=68 g luhndu 1000 ml
wsrzazihy 19 0.5 M KH,PO, U313 54 ml 19 KH,PO, = (68 x 54)/1000

= 3.7 g luensaza1w 54 ml
wazlsznouAI 50 ppm thymol

M3uN stock 0.1 g/ 10 ml

ﬂ .
38U stock solutions:

1g1umf1ﬂf?u 10 ml (0.1%)
WU 50 ppm:
M5aza0 1x 10°ml fifioms 50 ¢
Msaza1y s4ml Sitoms - (50 x 54)/1 x 10°
=27x10° (5x10°%)
210 NIVI = N2V2

HAUAT
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(10%) V1 = (5x 10°%) (54)
V1 = (5x10°%)(54)
10
= 270x 10"
=27x10" = 0.027 ml

Pancreatin 3 g/l:
1000 ml ¥@3a130ga1Y ﬁpancreatin Jg
54 ml Y99A15ALA1Y pancreatin = (3 x 54)/1000
=0.162 g

r

ar q‘; i @ a0 ‘: F=1
MUY pancreatin solution HauUszpeUMIil o

KH,PO,= 3.7g

Thymol (solution) = 0.027 ml
Pancreatin = 0162 g
yhndu = 53.973ml

4. 100% (Wt/Vol) trichloroacetic (TCA) solution USu105 12 ml

thymol 12 g Tuthnay 12 mi

:l =Y <
dunaulumsinizi:

Three step WAIWIDINMINUN lunsznieniin msdesveanlidu uasmsdeslud1d

o o o’J’ [ dy

1an 3J1‘]J'i$§ﬂﬂﬂ:ju 3 YUABUAIU
step 1 ruminal incubation
step 2 pepsin - HCI

step 3 intestinal digestion by pancreatin

aaa (7 r:l'él
HITNTIONUAD

¥391113 1.5 A5 U (n‘sa&ﬁhumunswum 2 4y

W lalu 6 4. X 10 @y, Dacron polyester bag

,',
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W liiinszmnenda 12 - 16 42 Tua

\

3 v v ¥
Wensuna dihgundrelasdalith ivadusunssinile

i ldeuudad 55 ¢ Wunan 48 $9Tua(14 force-air oven)

\

hemshimaennmsvuunsiudulas1iiligind 60 mg of residual N/o13

19111311 15 1n. Td1u 50 wa. Centrifugation tube

\

a £
A3 10 WA, ¥9I91502a78 pH 1.9 494 0.1 N HCI H91l5znaude 1 g/L of pepsin (Sigma p-

7012,Sigma)

\

[WE1A728 vortex

\

incubate 11 38°C 1 $2119 1u shaker waterbath

\

A1 0.5 ml Y94 1 N NaOH solution a2 13.5 mj Y89 pancreatin solution(1/5znOUAIY 0.5M
=§ =) o = = =y
KH2PO4 buffer stardized at pH 7.8 9% 50 ppm U904 thymol (ﬂmﬂumimm‘umgaumﬁ) uag 3

g/L U914 pancreatin(Sigma p-7545,Sigma))
L
U819 vortex

incubate #1 38 °C 11301 24 91119 Tt shaker waterbath gt 11 wed20 vortex NN 8 %2 Tug

\

(@3 3 ml Y99 100% (wt./vol) U4 trichloroacetic acid (TCA) solution {NOMYANTHNUVDA

o 1 = A’i 1 (]
wu lmitazuenaduvesdusaui lianday

WA xrtex

¥ v
a

fanald 15 uId

\
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centrifuge 7 10,000 15171%

111 supernatant 113A5191 10875 Kjeldahl method (AOAC,1980)
] 1 9 = ' o’:
msfumstes lavesTusauTae pepsin-pancreatin 910 TCA soluble - N/N $1anuAY04

daedanld (dacron bag residue)

a d d =
3.8 MaunsIzHiesndszaeumanil

MpdeIsAouMIlL  tazdednemsirumsdeslunszmesmunazlud g
=1 a ' o T a =
wn AnnzvesAdsznoumanil 1dun Saquis (dry matter, DM), 181 (ash) uaz TisAu

(Kjeldahl-N) @1135115999 AOAC (1985)

ao a d v
3.9 MRS ITHdeya
= 9/ o’: o = P=3 1 an 1 o 3
HanMsnaaesn lanamuammslSsueuanuuanaeneanvesaunae laale

Duncan’s New Multiple Range Test
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UNN 4

a d vV a d
Nami'umwmjaymmwmmsm

wamInaasdnazIoisal

a v o 1 { 1 = o o & o
waamuaz IunlFlummaass nquitli1aning Uszneudastnguit 92.6 % Fad
1 A A dan ' 1 s a o w v < U
ANNQUNNING UA153N19 95-96 % dauTUsAu BunSetag uazidrveuudamuny Tufilan

o Jd oA 2 Ja =] J o aa o ~
na HIBNITNANYUHHULAZIINIA c]Ullmﬂ'J'Ill!mﬂﬂ']\iﬂu‘ﬂ']ﬁﬁﬂﬂﬂ\u!ﬁﬂ\ﬂu ATNN 1

L]

- ¢ a d o g
M54 1 mﬂﬂssnaumqmwm;nmmuwmuﬂﬂummwaaa

51UM3 NQUAIVAY 100 °C 120 °C 140 °C
30m 60m 90m 30m 60m 90m 30m 60m 90m
Tanuie, % 92.6 953 955 958 950 959 960 959 958 955
% INQUI
TsAuney 23.0 223 213 223 239 226 234 233 224 233
UNIEIng 96.4 963 958 959 962 963 960 963 961 962
(o 3.6 37 42 41 38 37 40 37 39 38

U d d [y 1= 1 4 A ar
TINHANITNAADIWUN msw‘%'ﬂmuaﬂmuﬁmu hlnuﬂﬂﬂﬂﬂdﬂﬂ‘izﬂﬂﬂﬂ'lﬁlﬂnﬁﬁﬂ |

- = a = 1 o 3 - ' 3/ = & LY
feldsAu uagduniving ednlshinn anufeustvvsiinane TnssatwvosTulsiu ndeoluiiy

& o a T
18 saldmimsih luAnumadadnlumsnaassds 11



4 1 :’ ] o ar ] s
15199 2 anuensa lumsdes ldvenhminudwssudamunzsulunistunsin
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lunszmiz g
nalu AQUNADDY
Mty Aduqu 100 °C 120 °C 140 °C SEM
@ Tw9) 30m 60m 90m 30m 60m  90m  30m  60m  90m
0 8.2 89 92 62 86 9.6 8.1 7.9 8.3 9.7 057
2 17.0 172 177 160 175 151 14.8 15.4 12.0 126  0.19
4 18.2 194 175 178 162 155 193 16.6 17.8 172 025
8 394° 336" 392° 304" 283 272°  302°  260° 211 280 3.02
12 509" 40.0° 436" 328" 383%  37.8b°  37.6° 3555  348°  333° 3.49
24 584° 5760 504° 4268 488" 458 444 474 44.8° 400" 211
48 70" 642" 603" 613" 578  527°  513° 4949 510 460" 155
72 825" 768" 756" 588 506" 54208  53.4% L0556 . 535% 496" a1
ﬂ'mqﬁmmmsﬂaﬂ'lﬁmm‘Tﬂquﬁ’a
a 9.0 8.5 7.8 48 9.2 7.8 6.4 9.0 3.3 1.0
b 720 678 613 634 570 586 579 499 546 551
c 0.039  0.043 0.144 0.056 0.036 0037 0.050 0056 0071 0.00]
a+b 810 713 69.1 682 662 664 633 589 579 561
Uszannmmsdesdvesinquitaiisasins Inariu (flow rate) Huanseiy
0.02 497 498 759 440 458 458 445 458 446 233
005 358 348 708 329 331 326 305 354 328 10.2

a,b,cd,

onysiuanaeiuluussiadertudinnuuandeiunieass (p<0.05)

P v o a = o
nnmaeh 2 anuansalunsdesldlugmuvosnianiuag u Aninddavgamad

=

QU

(100, 120, 140 °C) uaziaan (30, 60 , 90 W) A199 A MINARBINYTINNE 0, 2 taz 4 92134

¥ (K 1
vasmsuylugu lifianuuandrsdunieada UWANAINNTUNUINTI TR 8 udanIsuy

maﬂmuﬂw:}uw"l:u"l.ﬂ‘w'im:Jmﬂ’Jmmmsﬂ°lumiuaa‘lﬂ°l,usmutm'wfrﬂ HATFIND (p<0.05)

ﬂﬁuﬂ‘ﬂ‘i‘l’lﬂﬂﬁﬂﬂmﬁﬂﬂ 120 C uag 140 C ﬂ?]ﬂnﬁ'l‘llﬂ\‘lﬂ'liﬂi‘i’lﬂ ﬂ'?lTJJﬁ"]i.l‘liﬂcluﬂ’lﬁﬁlE]U"lﬂﬂ

a1 24 s lualumsy wuammﬂwmﬁ,f;u'ﬂ“ln1ﬂﬂ5‘nmumﬂmumminiumwﬂa"!rnius

Li.l‘uﬁQ‘Vl’ﬁﬂ LWIulllllﬁ]ﬂﬂ'l\‘lﬂ‘l—!T]'l\‘lﬁﬂﬂﬂllluﬁﬂﬂﬂiﬂﬂﬂﬂmﬁﬂﬂ 100 C mam 30 B 60 UIN e
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=

qand (p=0.05) ngunInATigamail 100°C finan 90 Wi waznquitvinaniganail 120 uas

140 °c figpna lumsning mudiwy
anvmsa lumsteslalugmuvesTaguieveanguatuguililéning gl
T A o da o o A s 1T Ao o w aa
(p<0.05) nQuANINANgUNYH 120 wag 140°C A lumsnind eduiifsddyniada

oA Sl 1= = o i
waz Tasmmzadadanmsnindnguvgiigede 140 °c uazldinannuie 90 il ¥ildmsdes

g ' 1 1 < = ) Y 1 v & a wadg '

1ddnimangu e lsfn gamgiigainaviliormsuedanlnd Falumal§iiasata
v 3

manzaunzinlshesdas

1 = ' v oA oA W 1 Y, A d
ﬂ.iﬂQﬂcluﬂ’ﬁﬂﬂﬂllﬂ ADa+b L"]fuLﬂ&l’JﬂiJﬂ"Iﬂ'J"Iim’”lll’liﬂ‘luﬂ‘l‘ifjﬂuulﬂclugmu ADINARA
add

v AN Y A A & Aq Y o o &
1’I1uﬂ$’mﬂqmﬂllu|lﬂﬂi‘v‘lﬂ uﬂ1qqqﬂllﬂgaﬂa\‘lﬂ’]uqm“ﬂ1]Vlqq‘uuuaznﬁ1ﬂ1%ﬂ5ﬂﬂu1uﬂ]u

u

o g d - o A ' Y
1’]3uuﬁﬂqIWLWU']-lﬂ'ﬁﬂﬁﬂﬂﬁ'lu'ﬁﬂ lwnﬂ‘]'ivlﬁﬁﬂ']u‘UENIﬂ‘ﬂugiuglllu HOANADINUI YU

Y09 Schweb (1995)

' o v A DT o o A A g9 o o
UU1\1vliﬂﬂ‘]nﬂ\?ﬂﬂﬁTalrﬁn\'iﬂu'3‘]ﬂ1iﬂiwﬁﬂqmﬁﬂ“wﬁq H‘iﬂcl‘ifnﬂﬂum’i‘ﬂiﬂﬂum

U L]

= o A d a 1} o o 1 { 1
vl ildems Indfidsowiusuasidedatld uazorweginlidnd Inarusingun

T Birnsogminn1dusz Tenfluddn 14 Fedeaimsfnuilaeld A Three-step technique

lumsnaaeumsses ldlunszmizese uazd 180 de'la)
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d'. 1 (% = =1 o ] s
MmN 3 anvaunselunisdesldves Tsduvesndaniuay Sy lumstunialuns s

=) o a v [y
nlumsninafigumgiivaznaumamaiy

a1 lu NYUNANDI

MIty AUy 100 °C 120 °C 140 °C SEM

(#1Tua) 30m 60m 90m 30m 60m  90m  30m  60m  90m
0 17.3 175 173 168 175 181 17.8 16.4 17.0 186  1.57
2 18.2 194 175 178 162 155 17.2 16.6 178 172 L19
4 404" 376" 382" 334" 2745 272°  302° 2605 211 21 225
8 50.9° 401" 436" 32.8° 383% 37.8° 376"  355° 34.8° 333° 352
12 534" 526" 484 406° 478 438 42.4° 454" 4286 383' 379
24 61.0° 542" 503" 513" 478 427 417 394% 4129 362° 291
43 725" 668" 656" 58.8° 496" 442" 434" 4567 435 306  25s
72 755" 678" 659" 604 5065 47.6% 4560 479" 455%  399' 279

1 P 1 Y o Y
ﬂ’lﬂd‘lﬂﬂlﬂﬂﬂ'litlﬂtlllﬂ‘llﬂﬂ')@‘lﬁ]ll.ﬁﬂ

a 7.0 6.5 6.5 58 7.2 7.8 6.4 9.0 7.3 8.0
b 67.0 62.8 563 584 52.0 53.6 529 42.9 42.6 41.1
c 0.029 0.033 0.104 0.076 0.044 0.057 0.049 0.051 0.061 0.041

atb 740 693 628 641 592 614 591 519 499  49.1
Uss@nBnmmsdesldvesinguitaiisnsins lnaru (flow rate) fianeady
0.02 473 478 459 445 452 451 449 458 476 433

0.05 34.1 34.8 35.8 32.6 37.1 323 30.1 354 32.5 30.2

*het Snusuandniuluussiedriuianuand i uneada (p<0.05)

= 1 9 = a o A a2

1AM 3 anudwnsalumsdes ldvesTsaulugmuvoauianuaziu fivind

Aaugamail (100, 120, 140 °C) uazaa1 (30, 60 , 90 UIN) 4199 AU NMINARDINUITANET 0 LAy
1 v () '

2 Fluendsmsinlugam hifianuuanddumeada windmmiunuhiisalued 4 nds

]
=

' g v dAN Y o ey ' 9 '
Mty waanuaz Uil Idninadmnaumnselumstes8lugmugeiign  uazqenh

T { o a { = d
(p<0.05) nquinInAdIBEANgEl 120°C uaz 140 °C fignnavesmsning anuannsaly

mstegldfinm 24 Fluelumsiy wuhadanuasSui Bildnindimanuaunsalums

1 = 1 ] 1 [ an w g 4 o = !

voula lugmugenga Lm'lutmﬂmqﬂumqﬁnmﬂumaﬂﬁﬁs‘wﬁwqmwgu 100°C a1 30 uay
o ' ' - a o_ 4 d foA a Jd

60 WM UAQENI (p<0.05) AQUUNINANYUNYL 100 C #a 90 w1 HagnguUNNINam

a [} { o w
gaimgil 120°C uaz 140 °C Ainananlunisning awdigu
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anwanse lumsdes 1dlugumveaTusauvesnguatuguiili ldning qand

-

o_ o =

(»<0.05) AguiininATigamail 120°C waz 140°C fignrar lumsning stheiitoddamads

1]

=)

= =

' a =1 u’ai (o] g9/ 2 ~ o 3 ]
LmzTﬂamwwamaaamsmmﬂqmﬁquqaﬂa 140 ~C wazldauuae 90 i lemsdes
M 1 ' [l o ° [ 2 a wa ] {
ladndmangy  edlsfian  ildemnneding Selumalfoasalimungauiios

o SJ; w o
i lmagadad
T = 1 9 A 1 = ar 1 ] y = I~
mnsnlunsdes’ld Ao a + b wuReINUMmANYaInsalumsesslaluswu fewdn
ar oA Y A o = ad &v ‘n:: Y A o q’l’
muazungqui lulansnd uMgegatazanaInuguningsiutazna i I nduuiu
n,/’ ‘,y 9 o ] = 4 a r 9 o
NHtaa AU NMINI N g5 e mnms'lwammmﬂmruz'lugmu AOANADINUIT Y
UD3 Schweb (1995)

[ 1 = ¥ Y o e ad A q 9 a o
’E]UNll‘iﬂﬁl'Illﬂﬂ‘Iflﬂm'm‘lﬂJ‘Nmu’a‘lﬂ'li‘lfliﬂﬁmqmﬂmmﬂs‘l H581ﬂf&3ﬁ11uﬂ1iﬂiﬂﬂu1u

L U

= Q é s 1 as o 1 l:’.' )
duld Mldomsndaseneilusunsiodedasiy wazenazihidui Inamunagm
ko

T Tiennsagminnldlse Tomiludrda 714 Sedeavimsinulanld A Three-step technique
% P q

Tumsnaaeumsdesldlunszimnzase uazd1dEn do'ly)

| 1 o o ac =1 o q
M3 4 uaaimsden 18 TdsAulud 1880 1ae33 Three-step vouudamunz Suilorms

oulussAvgumglif uandeiy

NQUNAADY dafigndesaare
iU NIINIZD3Y 53
uazdldidn

nqunAaDs 1=wdanuns Suuls 60.0° 18.6° 78.6°
ngunARBafi2= witamuazfufiiooec 30 wi 60.7° 20,3 g1
nguNARRafi3= witamuazfuii00°c 60 il 60.4° 23.6’ 84.0"
nfuMARBaTia= witamuazuiiio0°c 90 i 63.7° 238" 87.7"
ngumAReafis= wiamuazSufiizoec 30w 67.6' 24.5" 92.1°
nquMARBafic= witamuazfufii20°c 60 il 68.4° virkod 96.1°
nquNARBYTi7= damuazSuiiizooc 90w 37.1° 22.1% 59.2"
nquNAReafis= witamuasSufiidoec 30w 38.6° 19.8" 58.4'
nquNAReTio= wiamuazSuiil4occ 60 i 34.9% 19.3% 542"
nqunAABaii10= witamuns Suii140°C 90 i 31.4° 18.3 49.7*

s { T ar o o Qs J ar aa
»hedets Sausiuanaaiuluneduimotudinnuuandetuneass (p<0.05)
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{ 1 o d a d a i .
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Rumen degradation model

Rumen degradation was determined using the nylon bag (mesh size 45 pm; bag size 6x12
cm) technique. The contents of organic mater (OM) and CP disappearing from nylon bags were
expressed as the proportion of the original sample incubated are the results fitted to the &Jrskov and
McDonald (1979) exponential model :

P=A+B(l-e ),
where P is the nutrient disappearance at time t; A the solubility in water; B the degradability of water
soluble, but slowly degradable fraction; and k, the rate of degradability of fraction B per hour.

The effective degradability (g/kg DM) was calculated as (@rskov and McDonald, 1979):

ED=A+{B (k) (ka+k,)},
where k, is the outflow rate of digesta from rumen. An outflow rate of 0.05 /h was assumed for
grains or oil seeds. The amount (g/kg DM) of degradable OM and Ci) in the rumen were calculated
as:

ACP = {(A /1000)} x CP, AOM = {(A/1000)} x OM, BCP = {(B/1000)}x CP,

BOM = {(B/1000)} x OM.
The amounts (g/kg DM) of fermentable CP and OM were calculated as:

UCP = [{U x (CP/1000)}] x CP, UOM = [{U x (OM/1000)}] x OM.
The amount (g/kg DM) of fermentable CP and OM were calculated as:

FCP = [{ED x (CP/1000)}] x CP, FOM = [{ED x (OM/1000)}] x OM.
The amount of fermentable carbohydrate (CHO) was calculated as:

FCHO = FOM — FCP.

Estimation of rumen microbial protein yield

It was assumed that 150 g of RMP are synthesized per kg of fermentable OM and that a kg
of fermentable CP will yield only half that amount (75 g RMP) (ARC, 1984; NRC, 1988; Tamminga
et al., 1994). Total yield (g/kg DM) of RMP was estimated as:

RMP = {(FOM/1000)} x 150.
The yield (g/kg DM) of RMP from fermentable CP was estimated as:

RMPCP = {(FCP/1000)} x 75.
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The yield (g/kg DM) of RMP from FCHO was estimated as:
RMPCHOQO = RMP — RMPCP.

Estimation of intestinal protein digestion
The yield (g/kg DM) of RMP digested in the intestines was estimated as:
RMPI = RMP x 0.85, assuming that RMP is digested in the intestines with an efficiency of
85% (Tamminga et al., 1994).
The amount (g/kg DM) of rumen non-degradable protein was estimated as:
RUP =CP - FCP.
The amount (g/kg DM) of RUP digested in the intestines was estimated as:
RUPDI = RUP - UCP.
The amount (g/kg DM) of total protein digestion in the intestines was estimated as:

PDI = RMPI + RUPDL.
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figamgiiaeg fiu
Sunflower seeds Full-fat soybean SEM
100°c | 120°C | 140°C 100°C | 120°C | 140°C
Organic matter fractions (g/kg OM)
A 228 157 113 195 224 114 17.21
B 474" 506" 350° 505 | 491 | 447" 1676
c 0.86° | 0.68° | 0.70" 075" | 079° | 057 | 0.03
A+B 702 662° 462° 705’ 715° 511° | 28.68
ED 528" 447" 317° 497" 525" 353 | 26.46
Crude protein fractions (g/kg CP)
A 119° 89° 44° 202" 153° 109° | 14.97
B 532 538" 374° 532" 542° 390° | 21.98
c 0.69" 0.75" 0.88" 0.88° 0.97" 0.97" 0.04
A+B 651° 626" 417" 734 695" 500° | 33.43
ED 426° 411° 283" 539° 510° 330° | 27.32
Yields of rumen microbial protein (RMP) (g/kg DM)
From FCHO 48.8" 47.2° 31.9° 533" | 508" | 315" | 267
From FCP 9.1° 8.8° 6.5° 21.9° 20.6° 14.5" 1.81
Total RMP 57.9° 56.0° 384" 75.2° 714" | 46.1° 3.91
RUP 156.4° 1578 165.9° 203.3° | 204.5° | 223.1° | 7.99
Protein digested in the intestines (g/kg DM)
From RMP 49.2° 47.6" 32.6' 639" | 60.7° | 392° | 3.32
From RUP 574" 50.5° 41.1° 59.5° | 40.1° 32.0° 2.98
Total PDI 1063° | 98.1° BT 123.4" | 1008° | 71.2° 5.52
ab,c,de

Values on the same row under each main effect with differ superscripts different significantly (P<0.05),

ED =effective degradability, FCHO = fermentable carbohydrate, FCP = fermentable crude protein, RUP = rumen

undegradable protein, PDI = protein digestion in the intestines, SEM = standard error of means.
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i d o o A a 1 @ 1 [ .
15199 7 waﬁJENﬂ1‘5ﬂ?mmaﬂmummﬁqmﬂgnuaznmmaq AUADILAY conjugated linoleic

acid (CLA, mg/ 100 g sample)

QUHQN | a1 | Aoy nanlumsvylugu (o)

wing | wine 2 4 8 12 24 48 72

o) (W)

Control | 0 44" | 48 750 81" 92 1050 71° 66
30 61° | 72° 82" 91" 105 74  69° 6.5

100 60 85" | 101" 127 155 208 2127 153" 130

d

90 5" | 133 ot asd 352°  37.3° 288 202°

cd d

30 10.3° 15.7 s 30.1° 33.5° 38.8° 29.1° i

(3

120 60 11.9 20.7° 30.2° 404° 62.4° 65.3° 52.3° 32.7°

b b

90 332° | 4838 5270 55.0°  87.8" 894"  60.8° 408

i - ° 4 * dgf s

30 30.2° | 388 44.7° 4838 60.6°  66.5

a

140 60 58.4° 593" 706"  89.2°  979° 89.4" 703" 65.1
90 352" | 444" 467" 471" 463"  479° 333 347

b,c.d e, [ ; ; 4 . . -
* &% 8 yalues on the same column under each main effect with differ superscripts different significantly

(P<0.05),
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