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Figure 2.2 Protein metabolism in dairy cows (Wattiaux, no date)
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Figure 2.4 Flow diagram to represent the broad relationships linking dietary (crude)

protein intake to metabolizable protein yield and its partition between various

animal functions {Oldham, 1994)
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HaNEATAL (Rland) Tusfluiniy (%) Source
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31.5 31.5 3.0 31 Robinson and Kennelly {1988)

LUP = low undegradable protein, HUP = high undegradable protein
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Table 2.2 Soybean meal used by livestock in LISA.

Poultry 52% Pet Foods 2%
Swine 29% Food & Industrial Use 2%
Beef 7% Other 2%
Dairy 6% Total 100%

Source : Smith. (1998)
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Table 2.3 Comparative composition (%) of various oilseed meai.”

Oilseed Meal' Crude protein Ether extract Crude fiber
Soybean meal 44.0 0.5 7.0
Soybean meal ° 48.5 1.0 3.0
Canola meal 38.0 3.8 11.1
Cottonseed meal 41.0 0.8 12.7
Linseed meal 33.0 0.5 9.5
Peanut meal 48.0 1.5 6.8
Rapeseed meal 36.0 2.6 13.2
Safflower meal 420 1.3 15.1
Sesame meal 42.0 7.0 6.5
Sunflower meal 42.0 2.3 21.0
® As- fed basis, * Dehulled, 'NRG Ref. No.
Source : Smith. {1998)
Table 2.4 Comparative amino acid composition of oilseed meal.”
Amino acid Soybean Dehulled Cotton Peanut Rapeseed Sunflower
soybean  Seed
Arginine 3.4 3.8 4.6 4.6 2.0 3.5
Lysine 2.9 3.2 1.7 1.8 1.7 1.7
Methionine 0.65 0.75 0.52 0.42 1.5 1.5
Cystine 0.67 0.74 0.64 0.73 0.7 0.7
Tryptophan 0.6 0.7 0.5 0.5 0.5 0.5
Histidine 1.1 1.3 1.1 1.0 1.0 1.0
Leucine 3.4 3.8 2.4 3.7 2.6 2.6
tsoleucine 2.5 2.6 1.3 1.8 2.1 2.1
Phenylalanine 2.2 2.7 2.2 2.0 2.2 2.2
Threoning 1.7 2.0 1.3 1.2 1.5 1.5

® As- fed basis

Source : Smith. (1698)
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Table 2.5 Nutrient composition and variability of some feedstuffs commonly fed to dairy

cattle (all values on a dry basis)

Feed CP RUP Lys Met
% —_—— Y%CP
Fish meal, Menhaden, mech 68.5 59.2-65.8 7.85 2.81

Soybean meal

Expellers,45%CP 46.3 58-89 6.27 1.45
Solvent,44%CP 49.9 24.3-34.6 6.28 1.45
Solvent,48%CP 53.8 30.8-42.6 6.29 1.44

Source : NRC. (2001)
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Figure 2.5 Effect of heat treatment of soya-protein on the release of ammonia during

incubation with rumen fluid in vitro. {Kaufmann and Luepping, 1982)
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Figure 2.6 Effect of autoclaving soya protein at 130°C on its digestion in the intestines

after infusion into abomasum (Kaufmann and Luepping, 1982)
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Figure 2.7 Effect of autoclaving various protein concentrates at 130°C for 30 min on
ammonia release during incubation with rumen fluid (in vitro) . open,

untreated; hatched, autoclaved (Kaufmann and Luepping, 1982)
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Tens@nmnlsna ldroufeuaianuniuaen  (defatted) annIndamaedfiaomns
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L4
=5

250, 250, 215 uaz 180°C \fluiaan 30, 20, 20 usz 25 Wil wuddle dgunnfigaluas

e TuUsAumuiwaenylugs nylon Wndu uansirfinnsdeaaanavaallsiulunssinigy

JINUAARY AR 2.6

Table 2.6 Proportions of dry matter and crude protein remaining in polyester bags after

12 hours of rumen incubation.

Feed' % Remaining in bag

Dry matter Crude protein
USBM 30.8 43.0
WSBM 41.5 52.7
XSBM 35.8 51.0
YSBM 30.8 35.5
ZSBM 10.0 7.7

Untreated soybean meal (USBM) and defatted soy flakes (WSBM, XSBM, YSBM and ZSBM)
heated at 250°C for 30 min, 250°C for 20 min, 215°C for 20 min, or 180°C for 25 min, respectively.
Source : Crooker et al. (1986)
snmsAns e §iRinns (n viro method) WodMseY (roasting) SainRadRs
wiafigamgil 143 °C uaz 146 °C sl eBhitligneesannalunsamzsunnlszann
50-60% uaziewlnl fipase ewildanns wiillegniugiigeds 163°C aziAansingiuns
nnfawaesinliTUsauges Fanasuazieulo] lipase MEIANITNNIUAIAIG 2.7 AT
dnsidenmniilidiv 146°C ﬁﬂﬁ'ﬁmﬁnﬁwm@n‘iﬂuuLﬁ'uﬁumm@mwgﬁ@ﬂwﬁﬁ’aﬁﬂﬁm&aﬁ’q
A1T19 2.8 (Reddy et al.,1993) NaMANADAARBIRY Hillman (1999) AlAnu¥ouutiaud
mnﬁmuﬁmﬁqwuqﬁ 120-140 °C Waufunisld formaldehyde (M54 2.9) wudanas s
AuFauuninInamResin L fuamusieni sdesaana Rl uadsy wazgandanan

3
a4

Awaslidanufaunaiesit lnanisldadinfauninindawaes 140°C vinlilusiiu
e‘ [l 1 ar 2r & o t u =
flignderaasinfAasiunslivesiaalas uazgandaatudniidon
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Table 2.7 Results of laboratory analyses of roasted soybeans.

ftem Roasting temperature (°C)

99 127 132 143 146 163

Undegradabie intake
protein (UIP), % 43 48 53 58 60 69
Lipase activity High  High Medium Trace Trace None

Source : Reddy et al. (1993).

Table 2.8 Average daily gain (ADG) and least squares means of BW gain.

Triat Diets ADG (kg) BW gain (kg)

Trial 1 99°C 55" 30.0°

(6 to 10 wk) 127°C 61° 33.8%
143°C 69° 39.2°

Trial 2 132°C 49° 23.3°

(6 to 8 wk) 146°C 60° 27.7°
163°C 40° 20.1°

Source : Reddy et af. (1923).

e 2.9 dadauihigndansanelunszmnsgunaechlsfuunetiin uaznenidanldly

NFAANNTEHANARTL

1laingau Fngourasisiumuithigndenanis (%)
ﬂﬂﬁﬂu 60
nandamaes lltuausau 14
nAdAesE AL S AUl

- 120°C 58

- 130°C 71

- '1-’-10"(3l 82
nndanassiiiunnstiasiu

nseiaadantAve formaldehyde : 80

#f37 : Hillman. (1999) $1alne yoydan (2545).
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mnma‘ﬁnmmsﬂﬂaaﬂﬁﬂmmmnLsﬂ%mﬁﬁmmm%‘@uéu (heat-moisture ; HM)
Hafldwmiadanisé (Opexe) 2 aneiugiBo uidfieusuninisdfand Wugh 1 Ae Rom1
il RSM2 (HM) meﬁ’uﬁ'ﬁ 2 A8 RSM3 Uaz RSM4 (HM) wudnnisldanmdensuiinarnly
Ansazantliiufiaedsiiv (A), dmmnireesaaiaracilsiiuiiliazany () uasAn
Usz@vEnmasanistassatevasisiu (EPDY HAvanasadeilisddty wialddiung
Wshuildazaaurgnusondndesld  (B) Lﬁuﬁu@ﬂﬁqﬁﬁﬂﬁﬁﬁmﬁqmﬂiwa 210 wail
asmpdastunisidacuFounks (oven) Lm'mntﬁ"qmﬁmLLﬂzmmﬁ*ﬂ%%mmﬁ 133, 143
uaz 153°C 1haann 3 dalusluung wudim sldaamgfifgauinlidn A uey ¢ anas
ataiifudndy widn B SAfsdu fedmudwnlde lulnnauilsiazaneiunse (ADIN)

WAz phytate phosphorus anassivlunindamwaasuazninilde (Konishi et af., 1999)

Table 2.10 Rumen degradation characteristics (g kg'1) of feed protein.

Feed Statistical
RSM1  RSM2 (HM) RSM3 RSM4 (HM)  significance of HM
A 249 140 317 177 *xx
B 654 756 602 724 Xow
0.180 0.105 0.157 0.118 *oxx

EPD 700 570 712 605 Yo

*¥¥ P<0.001

Source : Vanhatalo et a/.(1995).

MnnsvaaeiEdiey canola Handa (WCS), n1n canola (CM), extruded CM
(ECM), extruded WCS (EWCS), Jet-Sploded WCS (JWCS) Feldmansdenutls=ansy 121°C,"
Protec® (WCS Uay CM ﬁshumsﬂmﬁ’um?ﬂ@ﬂaﬂwﬁqawﬁﬁﬂﬁiﬂﬁ), nndaed
(SBM) way extruded SBM (ESBM) wufj'\mﬂ%’mm%’ﬂuﬁNaﬁ'ﬂﬁﬂ?ﬁugn%mmﬂu
NSUINIEIINU (RDP) snesuasiinistiesaans uanldiinifindy Tng JWCS waz Protec®
fF1 RDP mnfiqausifin D-UDP gailgafann 28 warannnismaaestnszuaunis
Jet-Sploding iU canola %qmﬁmﬁlqmugﬁswd'm 116-177°C wusnliniseasaansras

AQuiamAaIan 80.5 1 35.9 uasnisdesaansaeilsiiusuanadann 83.5 iy 43.2 #

dmensiaiuaInnszinzging .08 h' (Deacon et al., 1988)
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Percant

Cw (14 ) wC§ fwcs JWCS Prelec Rl ESau

Figure 2.8 Relative proportion of rumen degradation crude protein (RDP), rumen
undegradable crude protein (UDP) disappearing in the intestine (D-UDP) and
residual UDP (R-UDP} for canola meal {CM),extruded CM (ECM), whole canola
seed (WCS), extruded WCS (EWCS), Jet-Sploded WCS (UWCS), Protec®,
soybean meal (SBM), and extruded SBM samples incubated in the rumen for 8 h

(Deacon et al., 1988)

nanoaaslanld pressure toasting Au whole horse beans Rgniugi 100, 118
war 136°C Huan 3, 7, 15 war 30 Wi wudhiinnsdesaaisresTlsiiusuanag
@ﬂﬁaﬁﬁ’ﬁﬁﬂﬁmLﬂﬂi%’fqmmﬁﬁu%u TauAnrazaEanaIan 64.2% lunguasunuiiiy
31.3% lunfcjuﬁl‘ﬁ"qmmﬁ 136°C fhunan 15 Wil daudmmniselasaanesara 2 ngx
anasan 7.37% Wy 1.7% feilnarn e fifus bypass crude protein sduaan 17.3%
(47.2 nfusianlaniu) 1w 53.4% (147.8 nfusefilaniy) dwiulsc@vsnimnistasaans

IHANTURN 34.0% 1T14 69.0% H9NIN 2.9

Effect of pressures toasting time and
temperature on BCP

200

£50

BCP {2k

c 7 15 30 3 7 15 30 3 715
Toasting time (minutes) e

Figure 2.9 Effect of pressure toasting on bypass crude protein (BCP, g/kg) of whole horse
beans (Yu ef al., 1996)
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mmasadlipnuiauniwdsfinefanseni 140, 160 wax 180°C hian 1 was 2

L] a4

9
<<

dalus wudihldnsasaneldaaslulnsauasas  waeiilulnsauitidaranelunsaiisa

2
ar O =

2 ¥ 1
mun s anmgligaludmne 211 uenannilfainlinistesaanalus A nifinge

(Arieli ef al., 1989)

Table 2.11 Effect of temperatdre and duration of heat treatment on nitrogen solubility

and detergent insoluble nitrogen of whole cottonseed nitrogen.

Treatment temperature N Sol ubility ADIN
and duration %

Control 38.3° 8.3°

140°C/1 h 15.0° 9.2°

140°C/2 h 9.4° 11.6%
160°C/1 h 8.4 15,1°
160°C/2 h 7.2°¢ 26.5°
180°C/1 h 8.5 28.9°
180°C/2 h 11.3° 422°

a'b'c'd'er\/ler:xns in columns with different superscripts differ (P<.05).

Source : Arieli et af. (1989).

‘N9 #@15LAH (chemical treatment) winldsrunsatetielunisiafauldsiy

msmﬂﬁﬁ’ﬂmﬁ’umm‘mﬂmwmfﬂiﬁﬂuﬂ?:quzgmuﬁummﬁmﬁu formaldehyde,
tannin, formic, glyoxal, glutaraldehyde (Ortega-Cerrilla et al., 1999), volatile fatty acid,
aicohol, lignosulfonate (heated with sulifite liquor and xylose} NaOH (Santos et af., 1998)
cation W zinc, reducing sugar Ua¥ bentonite clay g mums‘%‘u T fdnuinday
Tsuld lAun fat {Rossi et al., 1999), blood, albumin, Ca-soap, wood molasses, egg
white T8 whey protein “a ?ﬁ'amulwnﬂﬁmﬂmﬁ‘ spray (Atwal ef al., 1995) usiansRTeI
iuunaa formaldehyde uaz tannin Inel Ferguson et al. (1967) ld1891199n15 1587 s
willunguaes aldehydes 1y acetaldehyde, glutaraldehyde, glyoxal ug¥ formaldehyde

W11 formaldehyde ﬁﬂ?:ﬁﬂ%mwlumfﬂmﬁuma‘ﬁumnmsﬂ@ﬂamﬂmgmu'lﬁ’ﬁﬁfgm
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arsindin tlasiullsiuliWignteasanalunszmizguniu azliairafuss (cross-

linkages) funseaziiluuazngualug (amide) reslilsfuisinlnirasaesedllsiunield
oo P A o o

annay pH lunszunssuiuanss wiilpsanlisantidaunduls Wussdananadsgnyingnt

fianaziunsalunssvnzwisesdad fnlihsiugnin ) Wuszlondl# (Chalupa, 1974)

veasianlas uaislznausailosiflgmevnaad fa HeHO Hanmunflufis
Lifld Sdwinluana 3003 nfurelua sanelifluinTianmaiives Wesliailadied iy
slsnazane Fundh Wefnau SvieSiaalader 37 - 50% laminmin famaailunisduds
nsETggaRRuEduazarunsoaanstasaat iUsiulunssnzgenld Inavefiiailaday
s llAunaedumniziey  methyiol  compound  Safhumsduiu
methylene cross-linkages natluaaldsasilsfiu (protein chain) M liq@und biaauasn
dnldeesfumaild winisdufussudinaefitadladiullsfuainsouenaananniy
Baneldanasidunsalunsznizud (abomasum)  sinldhenlmfansadndarunsates
Telsfuman g (Barry, 1976) %qmaaﬂﬁﬂﬂﬁﬂﬁﬂaﬁu Metcalf  (2001) Fnudniaylel
peptidase la1unsnties methvlene bridge 2Raveflanlannullsfuladanan 2,10 us
Gleslfdnsznsuiiafianmidunse (pH 2.2) dumelisnesesisiuasaaitasn

v lmaulssl protease Wndenldatraanysnd dsnin 2.11

ldehyde/Zne binds to the protein a
3y the irg? of the enzymes whieh

Figure 2.10 — Rumen protection (Metcalf, 2001)
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Figure 2.11 — After the rumen {Metcalf, 2001)

Nitchman et al. (1943 #nalae Brskov,1992) WBEuAn A mstieaiulilvlysiiy
desaralunssmnysanidandrefTailas Tuiamnlafianiuatiunivans

Kaufmann and Luepping (1982) naseddviefiaRladiunindamaslusziu 1,
2,3, 4 uar 5 nfusenlenfdnguie wudiszAufwanzane 2 niuseflanfudaguis
s WALl N sess e ldvie B nues Tilaaasssnnnd i uiassinldnag
doe il Iddnanas Fuaadlunm 2,12, 2.13 Wes 2.14 ud WhaBnnsndntasin

Witilsivannanslifearlddnanas aslunin 2,15
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Figure 2.12 Effect of formaldehyde on the solubility of soya protein in phasphate buffer

(Kaufmann and Luepping, 1982)
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Figure 2.13 Effect of formaldehyde treatment of soya protein on the release of ammonia

during incubation with rumen fluid in vitro (Kaufmann and Luepping, 1982)
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Figure 2.14 Eifect of formaldehyde treatment of soya protein on its digestion in the

intestines after infusion into the abomasum (Kaufmann and Luepping, 1982)
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Figure 2.15 Effect of formaldehyde treatment of soya protein on the percentage of soya

protein passing to the intestines (Kaufmann and Luepping, 1982)

nsAinmnnldvefiailadisd 1.1% 2e9nndamesuasnInmuEanunsdy
wudﬂzﬁ’uﬂszawﬁm?ﬂﬂa‘lﬁ”am@a‘[ﬂﬁ‘ﬁuLL@:Lﬁmgfa@'LumnﬁQLuﬁﬂQﬂmﬂaaﬂqqﬁﬁﬂﬁﬂﬁm A
A9 2.12 Aaunng 1 lused 0, 0.5, 1.0, 2.0, 3.0 UAZ 4.0 % FUNINEIMRET LANN LSS
nunziulaeldinailn i viro rumen microbial and enzymatic degradation studies Wi
f.hLfi@?:ﬁuﬂﬂ%ﬁ@Eﬂaﬁgﬁ‘?uﬁqlﬁmm:mﬂié’mmiﬂsﬁw,l,@:nwﬂﬂmﬂﬁ@m@@uimﬁﬂﬂmm

Awnw 2.16 uaz 2.17 unalilasavlufiaansasasedeiieddny Tnensviznnings

L 'y < 1 as
LW&‘H\WZiﬁN@ﬂﬂ'}W NINMIURZIY

Table 212 Apparent digestion coefficients from weathers receiving untreated and

formaldehyde treated sunflower meal and soybean meal supplemented diets,

Protein treatment

Component Untreated Formaldehyde- Unireated Formaldehyde-
SBM treated SBM SFiM treated SFM

Crude protein  56.9° 37.8° 59.2° 58.8°

Cellulose 35.3° 31.9° 44.2° 39.2°

Dry matter 66.2 59.9 66.2 64.8

““*Means on same line with different superscripts are significantly different (P<.05).

Source : Amos et af. (1974)
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420+ mg Soluble protein (N*6.25/100 mg CP) 120 24 hr Ammonia release/% Untreated
100 -i\
——sp sRH
- 5F " SF
0 T T T | E—] 0 T T T T 1
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Igorma?dehyge Level (%?) Formaldehyde Level {%)

Figure 2.16 Changes in enzyme soluble crude  Figure 2.17 Changes in microbial NH,
protein with increasing levels of release with increasing level

formaldehyde treatment (Amos et al,, 1974) of formaldehyde treatment.

Tun3nunisld formaldehyde @ 0, 0.3, 0.6 uaz 0.9% FRsmTnnnEamie
wm"]Lﬁfaﬁwasfﬂ'@?ﬂam’?:ﬁu@q:ﬁu@zﬁﬂﬁ’m‘iﬂ?ﬁummﬁmﬁ@@f,uiluqe nylon \fisuudnesn
finsdavaarsveslisiulunssimizsiuuanaadnnme 213 ualinaenndasiunigld
formaldehyde ﬁ’umnff@mﬁmuﬂ:mm?ﬂ%m:ﬁu 0.6% aedlilshusan (Jian-Xin et af,
1994) uanmnﬁé’qwudﬂﬂﬁﬁ‘lﬂi’fﬂﬂ%ﬁaﬁ‘laﬁﬁszﬁu 5 uar 10 nfurailaniu (air dry) Suavin
e A ﬁ'amuﬁa:mﬂiﬁﬁuﬁﬁﬁhammfaﬂ'wﬁﬂ’ﬁfﬁqﬁm (P<.05) uazvinlinnselaefunqlnem

(phytate) lunszimnzginuanasdon Wlunndavdeswasninisy@a (Park ef ol 1999)

Table 2.13 Proportions of dry matter and crude protein remaining in polyester bags after

12 hours of rumen incubation,

Soybean meal %Remaining in bag
Dry matter Crude protein
oF" 34.8 51.8
0.3F" 65.2 92.7
0.6F" 68.0 90.6
0.9F" 70.3 94.2

“g formaldehyde/100 g SBM Source : Crooker et al. (1986)
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Folman et al. (wlay Harris, 1992) d#nwinanisldnindamdesiviangas
Wofillanladlugmeamsduiidlusdiu 16% wee 20.3% Tnudadauamsvenudaenmnsy
ivindy 2278 wudmsldnefiailadinldiillsfulatiugiu deal¥uandninu

‘QI g L e T <3 o 1 o
Waduuazinlisr@ninwnisfuiugiduimnsme 2.14

Table 2.14 The effect of formaldehyde treatment and two levels of protein on certain

reproductive parameters.

Measurement Ration crude protein (%)
16.0-F 16.0 20.3
Days Open 84 98 102
Days to first standing estrus 37 40 38
Service/conception 1.45 1.79 2.25
Conception rate (%) £9.0 56.0 44.0
Milk production (Ib) 89.0 85.6 84.5

Source : Harris. (1983)

lum‘ﬂim’mﬁm“nﬁméu i lupines, peas, rapeseed meal WAL field beans WU9IA5
livafdadlassedu 30 war 40 niuseflaniuaesiisiiu wrldnstas|daasllsuly
NITINIZNURARIBEWNIN  wazinl¥nistiasldraeTusfulud & s nifint uid uiy
(Antoniewicz et af., 1992) &wfunisidWafiiad lafiun1nTamsa nnSaRas N1nen Las
nMniamAesTisEay 0, 0.5, 1.0 uaz 1.5 nfure 100 nfumaslusiumuilatuiuasazans
Ynaediey (artificial saliva) wudvilinisazarsreslulnnauidnanaily 57, 68, 35
WA 42% FANNEAL (Gupta, 1985) HaNANRERWLAANT IR casein uAENINELFES Tl
ﬁnsma:mu‘lﬂﬁqﬁﬂé&ﬁnmnﬁmmzﬁ?:ﬁunsmfa::‘iiuluwmamqﬁu danalsiimiing
geaunzifinIudan (Faichney, 1974)

Tewatia et al (1995) e dinsldvefiasladiu faba beans fsyiy 0.43 uax
0.54 n¥usia 100 Alanfuasslusfiusu °ﬁfmLﬁ'um‘mﬁmﬁﬁummuw:umﬁwﬁﬁﬂéﬂﬁ’nar

daunislinafunan 175 fadanssia 50 Alaniues cotton seed cake wudRn AR
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1askanlinily uaznsdessanazesinguiaus sTusfiusanlugiunanas (Kimambo et al,
No date) nsld formaldehyde Audnouniael Fiszdu 10, 20 uaz 30 niudedlaniugas
Tsfiuson wudninlfnsdessanavasinguis ullualulmsaulunssmizsuanasmiy
szaun ALY (Ortega ~ Cerrilla ef al., 1999) AMNIEBURTILIMINNAz LA
o a”ar =l r:i 2 ] :" g 1 o ?-’r 1=’l’ dll
swiuvlefladiladnldidualuntsmaassing o W Sdwansraiu sWelanaaziiasnann
Hadevangilsznag wu F8nsld anueilddreglupuiaderasmas Burnddsiuuay
¥
milulamsaluanms suiavasduetmis Wi i lussdugaivly enafanscuunis
overprotection Aallsiullawnsnazaelfias lidludoulwmasmiadiuainng saldamns
Wil sz Tamd a6
< as =l b‘/ = = 2 3 k74 dl ar o '
ausunslrasninduwaesiuunliudinisld formaldenyde fszdusnng 0.3%
raalilsiiusan lifinasieBunnninuuen B alusiulu daunsld 0.3-1.2% s
dhiliumasuan (positive) Tnansldfiszdy 0.4% restsiiurnlunindaniedlduaifign
L T ] 1
st lunndr 1.2% aglfualuniasy (negative) Mlanaliinsnandesiaslasdnys
=4 & o o = ar =f o
waeannisaFeiuseiullshiy m@”lﬂmmunﬁ‘xmummunmmLLuﬂma‘ﬂlun?szngmu
waziimUiseniiFundn over-protection Aaldnanannuda (Kaufmann, 1979)
annsnasedldvadiion ladvidnlusiuaindnd 19U casein vsa whey protein f
wudnlduanituiu Tngewizededsluwinisa¥en (Chalupa, 1974) Tmefidnsiniraig
PUGINTINGNAILAN 62% (Reis and Tunks, 1969)
wanannsiivlefTanlafidniagivewnsiunds  definsldvesianladiufavsn
beiawrzunfussda AllARlGieaday (ittle or no wiling) Hasanfiselen] 2 trznis
A 1. fudanszusunistiaslulsiu (proteolysis) lussudrenasudn uay 2. faarulilsiu
sasiavinanmstiasaaieluga (Siddon et al, 1979; Tamminga, 1979) msdwesiailas
% 4 <a ar
fufwinileraldfoniunsanein weslqrsdeaduiu (Siddon et al., 1979) un1san
=) r ar s 2’1 . = 14
pH @swTuln fagAIuANanIwAsUn uazfuSInsz1Iunig autolysis aasitlsiiugne
atelsfifilinannwefianlasinomduiis Wogaaudnlesinlfszanaiiewmn,
Inseayn uazdee luaudlsfudahilussiugeasinldfiaeinsle walagunn u
wihan uazwaaraudniay wifhldFulnansiuasinlfiRnnstansauuaseniau a9
iBiuavng Wiatnaunaludeshn vaene s waznssmizanms gauntslinesTadlas

ANTFRANIANE AN AT
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&3 tannin thu W tannin gaaznunusianstisaaats lunsrinazglam
WSIE tannin 8 phenolic-hydroxy groups Fesunsonn liRavusy {cross-linkages)
sevdnalsiuiutnanaiu q TauffSendandnnil 2 wu e hydrolysis eanansaidin
daunduliluanmidunsazednssimnzuyl uay condensation §QLﬂuﬂ§ﬁ?ﬂﬂﬁ1ﬂﬂquﬂin
fiaundula athelsfifnisld tannin flesduniseosaaalunszmnygammwudnldnatianmnn
(Drskov, 1992) Hsweudn nInuE3uANT ionophores 14 Bovatec (lasalocid) WA
Rumensin (monensin) finamldnistiesaaelilsivlunsamizgauanas uasfialilsiu

Tuasnuléita 25% (Ensminger et al., 1990)

mstlasnunsaesiluliligndessaelugiau

uananazweeavAsdeiuldlisfugndenaae luginduaiudniiu e
Winslfusylapiiivldatnafuss@nsnwgegands  lusralszmadaiéfinamasnasdiy
nspariluatluauissg ﬁqﬁmmﬂuiﬂﬁlﬁmam‘ﬁm@qmn I fu Anadaenistusiudiunn
*?T'Q'Luu\iiﬁmmuax@mmw asgamlfeansaazfily Wu methionine, lysine, histidine,
phenylalanine uaz branch-chain amino acids 14 ustasldnsaesilumanidtuadly
awnsmulng fenmazifanissaneilltunssmnzgen Dhunlilismnen s Tanils
ﬁqﬁuﬁaﬁmﬁqmsﬂmﬁﬂﬂﬁﬁuﬂmaﬁqluﬂ?zmﬂ:zﬁqwﬂmﬁﬂﬁﬂu (Uoydaw,  2527)
Feenarinidlng

1. ¥1938Na (mechanical process) lAeINIslARELNEN LA I U Eanss
lasuduasdilszneu uazranaifin carbonates, kaolin, lecithin, glucose “a% adll@aeflE

2. lnemnaiadl (chemical process) #wwinlilana¥arasnsmesiilunsenlhEntes
BN hydroxy methyl group 1 (eeminUffidensu formaldenyde) vialnanas
esterification {l&x polymerization g

Methionine uaz lysine hunsmasRlufanTiinasntufitenmsdns tae methionine
Hunsnesfiluidndiasaissinuansarnismnailusuduusn (first-limiting amino acid)
waziflusialil CH, (methyl group) TWufjiisen transmethylation 1aennsdaasnzflasum
d49U  lysine WunsnasiilufidndiAsiaesinuanmnmsalusuduiias (second-
limiting amino acid) unsdafaadeetunssuauntedaaseus il e methionine
?-NLﬂunsﬂ@zﬁiuﬁﬁauﬁqmchun‘r:mun'1sﬁmﬁ’umssj'aﬂﬁmﬂimﬂﬂauw?sﬂugmu

(ruminally protected methionine) Seluilaqiiuiinasudneanuiatmireluntennsduds
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n1snaaaslauld methionine fign protected falpeAantemaniiuasmAEnaly
urlausr 46 9 uazlagnn 40 M fagludas 3-4 Weuwsnaesnisliun Trelilaldsy DL-
methionine 13-15 nfusadu wudlnazldhuani sdusvanns 8% wsinlefiFuTlsfiluu
Lindeudaaiiedieutunguausuiiame 2.15 uaznm 2.18 dawlunsdizasiaguwy
41151 protected methionine azialfansanis@dyduinwasnsindiuluinaaulilu
aneiu danansmasetesininemanfrans 1 vinufisausan3lae Kaufmann and

Lupping (1982) AYATN 2.16
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Figure 2.18 Effect of protected methionine (Loprotin) on the milk vield of cows—,
{control diet} ;------ , (protected methionine);f‘, commencement of feeding

protected methionine (Kaufmann and Lipping, 1982)

RINNIINARANETH ruminally protected fysine and methionine (RPLM) 50 nfusiadu
Tugil capsule (Protected L-Lys*HCI 19 nfusaduuay DL-Met 6.5 nfusiady) wudifius
Faloitusaslunm Tasiuun ndsulutinug uas body condition score 1nslARAALaL
ﬁﬂﬁﬂﬁfyLﬂﬂLﬁﬂULﬁﬂUﬁUﬂ@:NﬂQUQN (Robinson et al, 1995) feaeandesiunisiady
ruminally protected methionine (RPM) 20 nfusiadny i liuanaainusaz B mnsini
PuRKT st 3.5% Lﬁu:}ﬁu@ﬂwﬁﬂﬂﬁﬂﬁm (Overton et al., 1997) widaufaAunsddu
ruminally protected lysine (RPL) 21 niusasu uaz RPLM il lysine 22 niumAdduLaY
methionine 6 nfusiadu Fawudminlinisfiu NDF finau uinisiullsiusuanaeua =il
HARENATHEATUN (Robinson et af., 1998) wanaini Bateman ef al. (1999) €lawud1nng

1 13
4 protected DL-met waz lys-HCI itzéi 10 uaz 25 nfuseduluinafanisndninum it uiiy
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Tabie 2.15 Effect of protected methionine on the milk yield and the milk composition.

No. of Milk yield  Milk protein Protein
animals (kg/day) {(g/day) content {%)
Cows
Trial 1 — Control 9 25.4 780 3.13
- HMM-Ca 17 27.3 870 3.23
Trial II - Control 10 26.5 880 3.35
- Loprotin 10 28.5 937 3.30
Heifers
Trial1 - Control 13 18.1 590 3.30
- HMM-Ca 7 19.9 630 3.20
Trial [l - Control 10 22.4 735 3.30
- Loprotin 10 23.8 765 3.25

I: 37-14" lactation week. II: 3°- 16" iactation week.

HMM-Ca: Hydroxymethylmethionine calcium;Degussa, Hanau, West Germany.

Loprotin: Physically protected methionine:Lohmann, Cuxhaven, Wast Germany.

Source : Kaufrann and Lipping. {1982).

Table 2.16 Results of feeding trials using protected methionine for the growth of cattle.

No. of Daily gains (g) N retention Weight
animals Control  Protected Control  Protected Range (kg)
24 bulls 1182 1333 316 40.5 150-400
100 heifers 740 200 250

6 steers 27.3 30.0 200

8 steers 30.0 321 180

10 steers 1084 1180 300-400

Source : Kaufmann and Lipping. (1982).
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N3N methionine Tugy capsule (encapsulated) IFununsiisy sy 2, 4 uax B
nfusied nudisEAL 2 uar 6 niudetunnllulnsauRineuly (N retained) wa
methionine luwatax1gIndInguAtLANatineilitaid Ay dauannimmasesld methionine
fisz#U 0.1, 0.2, 0.4, 0.8 UAY 1.2% T89MTNBIMNS WUATs=dL 0.8 unz 1.2% W4T
methionine luwaaN1gandnguAILRNBenaii e 44Ty (Chalupa, 1974)

nsld protected methionine and lysine naunulusfulugnranmsvinliinasiu
Lulmsiauanas 35% waz inliuinnanluyauazianiazanas 48% (Kohn, 1999) vadivld
TuBunntesndndiefieuiunisidunssues methionine ANTRgALEY 1y drdeensg
bypass methionine 10 nfusala 1 5 axld@nAtusl protected amino acid 14 n¥u
lurnefgadld com gluten meal v 1.13 Blandu (RPAAs, 2001) Bnvanudinasld
methionine hydroxy analog inldinesfuilatilnmmn 3.7% 40% Tmel

Usnnouladuunifinaan 1.16 AlanFudlu 1.36 Alanu (Rode and Koenig, No date)

fdszfiuAnsdasaatgludldidin

o i 1 |73 as =S rngll o&/ L= ' b1 24 ] af
namsuswndinistietllivasingivemedndiAsates fednfhudayadAnly
o m =4 =Y [T = 4ﬂl [l = Qe =]
masinduladentiinsesingdiu ivedszneugarenmis nsdnsnnmsteslélusmniasldia
nylon bag (in situ ; in sacco) technique 43311 Mehrez and Brskov (1977, &nalmel
Drskov, 1992) Cone et al. (2002) ”Iﬁﬁnmm:‘ai@a@mwmr‘i’mqﬁumms‘ﬁﬂﬂunquzgmu
835 nylon bag uaznistaadauiaulml protease (S. griseas) 7 24 Falnsweenin
famResnviindnanaiianlas wudienaasiisfuiihigndessanslunszmizguu (rumen
undegradable protein) 81% UaT 82.1% MINATGU FANTIENNT nylon bag LHWmILA
paudasunldisuifiunisdealiudififneeslaunlag Antoniewicz et al. (1992) Fundn
mobile nylon bag (MNG) 158 combined bag (Vanhatalo et af., 1995 : Sauer et af., 1989:
de Bore et al., 1987) ffedlunifiarnnsadlsafiuingfuduounnn - uidadefedecilng
g idndousuuasld  T-type proximal duodenal cannula NsSANITERLARIE TS

= s g g o aal 4‘ P o & & = . . . .
lsmlunszimnzuinasan lE@nandsuilainndsfianiuunde in viro enzymatic technique

(three-step procedure) 199 pancreatin method TeWmwlng Calsamiglia and Stern
g

ar o - ] 1 1 ‘J L 0"
(1995) anmsAnmudngRvemIsdndsing  wudnsdesldRidlddnsasnindamda

f) 1

1A 90% luunuzh Kopecny et a/. (1998) THAnfigandnie 96.74% FaluARiReniuil Huyler
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and Kincaid (1999) AnwnlusAulugnsatwns uazlu by product protein 1w meat and
bone meal, hydrolyzed feather meal, ring dried blood meal Way batch dried blood meal
(Howie et al., 1996) Mustafa et al. (1999) &N sAnEnINTaRNSAT E LA L 8y WA
fidnistiatiduaslusiuia 1 d&n 51.81% lujumzﬁ'mm‘i’@m?’mﬁﬁ‘?mmﬁﬁhﬁqndmﬁm
7.57% Win¥i Chiou ef al (1999) Tlszifiudnastiosdaasldsiulunindamass, Uanly
waznnwanig 1neds in vitro enzymatic technique wasanmisutlunszmizgussey

AR ] BRI 2.17

Table 2.17 The in vitro digestibility of undegradable protein from soybean, fish and

cottonseed incubated in the rurmen for different intervals.

incubation interval Soybean meal (%) Fish meal (%) Cottonseed meal (%)
Oh 66.18 77.72 96.34
8h 82.65 74.03 64.87
12h 95.22 83.77 46.79
24 h 97.83 92.15 45.82

Source : Chiou et al. (1999)

Antoniewicz et al. (1992) luFauiRuiAivinistesldlua | &and2e52 mobile

ar =

bag fUAT in vitro pepsin pancreatin Inafinismeaeiudngiuvataaiia ﬁ"qg'ﬂu
(lupines) Sr&nnas (pea) mMnusLldn waz field bean AAFINERE e NS TR R lafsay
10, 20, 30 uny 40 glkg CP wudﬁ%nw%mmﬁﬂuﬁ’uﬁuéﬁuﬂéwﬁﬁﬂﬁﬂﬁtyﬁlq (p<0.001)
Tnefirndusz@nipoudedu (A = 0.90 uazasnsavnuweAnstedld (y, %) Taie
nylon bag AMNAINISRLAIETANTT in vitro enzyme (X, %) TEAedaNNNg y = 1.01 (£0.08)X-
0.66(+2.69), df=18 uamdnddlfiaulalanunsatsnfiudinisdesidlug & &n oINS me
A% mobile bag laeARlfieulnEdedndr luwiRlidedlilaiansdaidisn Usenss

A ldnsuazusseny uazanansaifusaetiheenunsldfazunn 1
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Table 2.18 Degradation rates in the rumen for dry matter and crude protein from

untreated, acetic acid, and formaldehyde treated soybean meals.

Untreated  Acetic acid  Formaldehyde SE

Dry matter (%/h) 6.5° 47° - 1.7° 0.2
Crude protein (%/h) 8.7° 4.0° 0.7° 0.6

b‘c'dl\/haans within a given column with different superscripts differ (P<.01)

Source : Vicini ef al. (1983)

Table 2.19 Nitrogen content and nitrogen fractions in untreated, acetic acid, and

formaldehyde treated soybean meals.

Parameter Untreated Acetic acid Formaldehyde
Nitrogen® 7.8 8.5 8.0
Soluble nitrogen” 13.1 7.9 2.9
Acid detergent insolubie nitrogenb 4.6 2.4 3.0
Available insoluble nitrogen™ 82.3 89.7 94.1

*Percent of dry matter, “Percent of total nitrogen.
“Available insotuble hitrogen = total N — soluble N - ADIN

Source : Vicini et al. (1983)

Vicini et al . (1983) iﬁﬁ"wma‘ﬁnmé’mmnwtiﬂﬂﬂmwmﬁ’mquﬁqLmziﬂﬁ‘ﬁulu

i o gy

neziwIzgLeeInIndamaesiiviinsnvaflaslad 0.3% vianse acetic 8% WudANIYIR
:‘/ = o u'l [ 1 C: ] 1 Gl 1 -
poa@slAllva 2 Tiin vinlinndawaasdidn snisdasaanelugmuusndinguilaivin
Taevlafladlafldnafindinsees@iin (A9 2.18) Wesnndamaesiiwdeainnisy
winlugutieinafnenaulesd pepsin and pancreatin NUNGUAYIRMeansAll 5
ulnsiaunazanelduazlulnssuiinuienistesaaadaaansazany acid detergent tag
ndNguT linTe Lwiﬁ‘l,uimmuﬁ‘ln.iazmamiLﬂuﬂsziﬂ‘miﬁiaﬁmffgqnd'\ (B1319 2.19) s
e oa oo o 2 & DA Ay e T oy q
ndufivzainevefianlaflinadndinguiiviiadnansaesdain uansdnnsnezdinaiunsnld
2

uanrilunsliesfunisdeasanelfsziunile widhnamtaand nefionlas sold
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