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per day throughoUt·lacta,tion(AA); to .from farrowing until day 21 of lactation and th£ID restricted .. 
to 50% of the to appetite intake for the- of lactation (AR); restricted to -50% to appetite from .. ; 
farrowing to day 21_ anct then fed to_ appetite UJ1til day :28 -oflactation (RA)." Litter s_ize was to·.:..: -
6 pigs. ·During periqds·of feed· restriqiqn, eitl1er froni farrowing until 21 or from day 22 
both IGF-1 and episqdic LR at day 21 and day-28 respectively (Table 6), although,; /i 

in LH pulsatility wereQot on day·28. Botl1.AR and_ RA sows an increas¢ : .. 
weaning to estrus· and decreased ovulation. rate when coffiJ?.ared AA sows .. Embryo survival .. 
reduced in sows restrict _fed during·tpe last .(AR) :and so group had , : ·, 
among jt that -changes in during _lactation· ha':'e. 
significant detrimental upon posn,veaajng .in . .' (' 

, ,, . - '- '·' .i.!;i ___ . J .. ;, • . .. :.i:'.) ; \ l" ;t": .. 

These experiments gemonstrate that pattern of Llf secretion is a key regulatOr.of ovarian functi.on .. 
and this pattern modified by nutrition during lactation; . (lSpecially ·in, late· lac:tation .. 
Further evidence, that· nutrition-during lactation can have a 1t1ajor influence on O':'arian function was 
provided by Miller- et al·. data) .. Miller fed sows ad li_bitum their estimated. · 
nutrient and for (NRC, 1988) for. the:firS! 14 days of.lactation, at which. , 
time the gilts were killed . .- Feed restriction a_lmost inhi.bited the- development -of fo!licles >' 3 mm 
diameter whereas there was substantial follicular development in sows fed ad libitum. Thus, even in . 
prirniparous sows, follicul,a,r development during the second week of lactation may be adequate to allow a 
prompt re:tllrn to estrus after weaning, following the immediate increase in·pulsati_Ie-LH secretion-observed 
in response to weaning (Foxcroft et al., .1987). · ' ·· · · ;. 

.. LFJ"·i . _' f.':); :· . i :. - :_'i ··ci ,:·, !, •. \:;---- f", .. - • 

Table 7. . Lactational feed intake; weight and backfat (P2) change in restrict {R), .(Ar,) · ,, 
suoeralimented.(.AL) fed primiparous sows in the. first three weeks of lactation. _:.. '_ ., . , .. 

\ ' - "' ' .. , . . ,,• 
. -- . ... ·' . '?,-_,-,.· .\ .. 1.' ,J ' " 

Feed Intake, kglcf: · 

Weight Change, kg 

Backfat change (P2), mm 

Litter gain, kgld 

N balance, g/d 

' :· - '2:96" . • . ' - 5.37b' ·_·;'-

' 
-2.lb 

.-27.6"« 

-6.5" 

.1.86d " •, '1l!78d \, 

·-- ---
-31.6" , ,. -6.6b 

' ,... : ... . ; 

. -
·': 

.. SA 

7.-14°.' 

1.0· 

2.27c 

14.9° 

"r· 

' . 

O.?O 

0.32 

0.13 

8.0 
Clowes et al., unpublisheg data ....,Different superscript letters within row dflnote treatment differences (P<0,0001): >. 

. '· d,o Different superscript letters within row denote treatment differences (P<0.05) ' , · 
. l :-. ,;_. ) .... : - - , / 

There is considerable evidence that suckling induced inhibition of LH secretion during, lactation is the 
primary cause of lactational anestrus and restricted follicular development, but nutritional ·state may also 
play a significant role in reproductive function .. A better understanding of the mechanisms these 
effects during lactation was recently provided by our laboratory (Pluske et al., 1995). Thirty six gilts were 
fitted with stomach cannulas between days 65 75 of gestation. On the first day of lactation gilts were 
allocated equally to three treatments: ad libitum feeding (AL); restrict '(R) ·feedfug 50% of the AL intake; 
and superalimenting the g\lts (SA) at 130% of the AL intake via the gastric cannula. 
standardized to 8 to 10 pigs and sows-were weaned on day 26 of lactation. The presented here are 
based on the first three weeks of lactation only. Litter gains of piglets were greater for SA sows than for 
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AL and R sows. 'The 'SA sows ilso· did riot lose w~ght and' evm gained ,backfat ch.iring lactation, 
suggesting that increasirig the feed int;lke '30% a60J1e'the ad libitum intake allowed tfie sows to be in an 
anabolic' condition in lactation and to partition additional nutrients to the mammary glaritf to increase milk 
production. Sows on the Other two treatments lost both backfaf arid liveweight durfughctation (Table 7). 
N-bafance stuches in weekS 2 and 3 oflactation also confirmeci'tliat the SA _sows were in positive N-balance 
(Clowes et al., impublished data).' Even thotigh the SA sows were in ana156lic cdildition <luring lactation 
and tliooretically in 'prim€rconrution' tO, fettiin to estrus and.breed, the weailirig-to-estrus intervals· did not 
differ from AL sows.(4.3 vs: 4:4 days' for AL.; and SA, respectively) thtis pro'viding mofo eVidence'tha:t the 
suckling stimultls is· the maiil 'factor catising lactational anestrus. However, R sows did ''take longer 
(P<0.02) to return to "estrus (6.1 da}rs) thari SA or AL· sows (Pluske· et al.~ 1995): lri tllls study R sows lost 
at least 20% of their lean body mass dunng lactation whereas AL sows only lost about 9% of the protein 
body mass, b:isoo 'on estiffi3te5 from the N-tihlailce sfody. The body's tfuljo·r prOt~ reserves are foilnd in 
skeletal muscle (SWick 'ahd Benevmga, 1977). ·The lmut to thesetabile body protein res'erves appears to be 
abouf25% offotalbodyprotein iri the·I;ictating dairy cow (BC>tts et al. T979) and rat (Pine et al., 1994). 
Based on this 'data: we ·earl 'speeulate that K sows' may havti been appfoathihg the llinit of.their protein 
reser\res bY the end of lactation. Thar ability-to return t~ estrus· within 7 days of weanmg after losing about 
40 kg' liveweight ahd 9 mm backfat over ~ four week lactation is remarbbfo arid is characteristic of modern 
genotyP~. .· ' ' - · ·ci · . . ' " • :'•' · ·::. ·. - · ~ :· · .; 

._ .• ,·,. ,-' :.i ~ '~ r 1 • :> I t,r'' ) , • ~ 

FEEDJNGTHE LACTATJNG SOW· 
~ f. • 

The energy and amino acid requirements of lactating sows will depend on the sow's weight, milk yield and 
milk .compo'sitiori and the Change iii· hei. booy composition" dui-ing lactation. years oe selection for rapid 
growth rate and iricreased lean have r~ulted' ii1 mooem pig gehocyp'e$ with hirger mature body weight and 
reduced voluntary feed intake throughout life. If modem genotypes are mated at the same weight <if age as 
they were some years ago they will begiri their reproductive life at a'lpwer proporti0n of their mature body 
size and they will be physiologically younger. · These animals _Will still be actively growing d~ring 
pregnancy so there will be competition f6r nutrients between lean growth and the developing(~. Another 

Table 8. . ··Daily energy and feed requirements of lactating gilts and sows 
) ' . 

Weight (kg) oflactatinggilt'ahd sows postfarrowing 

145 
·,·-. - 5:0' Milk Yield, kg 

... • '• 'J '.. . -~ ~ - ~ ~ 

Energy required (Meal DE/d) 

, ~; . Maintenance ,; __ .. 4.5 .... 

' Milk Production: 
·- ~ - -. 

,. -Tatai 

Feed-required/d, kg. - _,,l 

NRC (1988) --· ·~ ,) ~ 

- ' 

' . 10.0 - :. 

• :.. ..i-.: ' 

14.5 

4.4 

... ~ - -
·~ 

" 

214 . 

165 ' 185 

7.5 
'ir•I 

6.25' 
' . . .c ·' -

''•, ., 
.5.0 ?.5,, ,._ 

12.5 .. 
,,;!, ,.:15.0 ' -

. ; -. 
-· 17.5 . 20.5 

5.3 6.1 ·-

-,· ,,. 
~-

~ 

' 'J 
~? 
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consequence of l~er, ·heavier' sows is 1'an increase u:i energy requi;ement:S ·for mainten~ce: Although ' 
modem genotypes have reduced appetites, maximwn milk yield has increased by u'.p·to 30% ano the"eneigy". 1 

content of the saw's milk has increased by I 4 %. The length of lactation his been' red~ced to 121 to '26 ·da'.ys 
or less whicli mearis that tllere is very little opportunity for the gilt or sow to achie~e a positive.~ergy·'·'­
balance before weaning.·'. .so: modem'. sows are larger, more productive and· have· smaller appetites than . ~ 
sows of io to f5'years ago arid they are bred at a yotmger age:. The eonse<J.u~ee oflrus· is that many sows . ' 
do not con8wne sufficient enerfilr or nutrients to meet their lactational: demands 'and-the~efore break doWn : 
theirownbodytissuestomeetthese.fequirementS·. ,.,, · '·:2.~.:;;:_:r• ···i: .1 ':..::r .:L · ~1.:) 

'°:' .· .... -.J. , "- .. :: ~ ".' - i . ~~-. ~ .) Energy Requirements 
,·i: '+.- - -·- . 

l1 , .... . 'u· ,, 

The energy reCJ.inrement Of lactating sows ·ofthiee~different live'weight:S, as sli~estoo'by.}NRC "(I988), is 
shown in Table 8. For a' I45 kg. sow NRC <ass'wnes 5 I<g,lni.Jk is· proauced' daily 'With a tOtal energy .. 
requiremerit of I 4.5 Meal· DE/day. Modem genotypes, however; produce eonsidbrably more niilk than that ·.: ' 
predicted by NRC(I988}·An energy balance for a more productive I50kg sow:(330 ib.), basa:fon current· · 
data, is shown ih Table~9~· The sow·used·in this example is-sucklmg'lO piglets arid the av~rage piglet 
weight at 7, I4, 2I and 28 days is 2:5, 4.0; 6.0 and 8.0 ~-~Toproouce this weight.gam would require 6.4-, 
8.8, 11.2 and I 1.2 kg milk per day in- weeks I, 2, 3 and 4 of lactation, respectively. The feed intake 
required for sow maintenance and milk production and the expected feed intake are al'so presented in Table . 
9. The feed intake shown for this sow throughout a four week lactation is typical of that report~ in many 
surveys (see Ahenie and Williams, I 992; Koketsu, I 994): . AS' can be 'seen' in Table 9?~pproxirtl'ately 7S%1

'.: ' 

~ ~ " " _1_ ~ • .: • ··~ ,, • :, \ '~:·· .. j~ --· ~ ... r' " ··" 

Table 9. ~i0dicted f~ ana energy rOOUirements' for'factatlrlg7_so_w~.. .:.: '.I } ) ~~,'.,;: .... ·~··-.i 

Piglet growth, g/d 

Piglet weight,~kg 

Milk production, kgld 
. ,. 

- ~ - ' ; 

Energy required,Mca!, DE/d .. 

. Feed reqwred kgld 
··.l ..... 

Milk 

Maintenance 
'11 ., 1 

Total 

Actual intake, kgtd 

Deficit, kgld 

i .( 

. ,, 

' ' 

.Weeki 

. ' ' . 

• I ' ' ~ 

I60 -

. ,2.5 
:'I' ' . ~ 

6.4 

16.9 

'Week 'of Lactation, ... 
'\.I,.. 

l' •:•:• 

Wiek.2 - Week3 _ 

. : 220 . 280·' 

··4.o. . .. 6.o 
) I .,J1'.,. , 

8.8 ' . " ;:•' ' 11.2 
._·1,;•;. ._,i 
21~~' ".:' .. : 26.6 

·, 

- -· ~ .-k .; 

"'" .-,.~.J 

1.3 
. .6.7 •· 

1.3 

'1 ---:?"t 

~eek4- ··'·Mean 

280 T ... "235 
':,-

,... ····; .8.0.,,." 

-· ' . 'il.2 _ .... ·, -·' '9.4 
~ ,.~ -:· _ t !': , 1 , ·I · , ~ _ ; _ "°' :".r ·~ _J 

. kl:i. ~6_.6, .:~·-.I· 2_?.0 

., •I .r ,.; 

-:.6.7. · · • e 

1.3 

5:6 -•' 

1.3 

.2.8 . :. 

1.3 
•. ~I "'• : ' .+ .... . ' ,, I ., 

. 5.1 :. :8.0· ' .. 7·· !.8'.0 .. ); 6.9: II., 
-., ' ~ .,, ' r ! 

-· ' • J 4.4 :S.5, . 

. 0.7 l. I ; 2.0. I 2T~. IA 
Sowweightloss,kgld.. 2.'6 ,A.I _' ·': .. 7.4: 1 1 2?.8

1 
• ,2f.9 

Assumptions: Diet 3.32 Meal DE/kg; M=wt kg7
,
5x110 keal.DE;.150 kg body weight; lO piglets;-4g-millqe_quired, 

per g piglet growth; 1 kg weight loss contributes 6.25 Meal DE; 1 kg milk requires 2 Meal DE to produce. . . . , 
' ·- " - ' - - - . - .. " - - - - ..... - ' . .. ~ -- - . . . ... : -
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of the ~ergy required goes to milk product.ion and. 25% for maintenance. The sow used in this e)_Glmple did 
not consume. enough food to· meet _her needs, therefore some of the energy ~d nutrients required py the sow 
were deriyaj f~o!Il mobili~!ion of ~ody tissues during lactation .. In this example the sow lost nearly 22 kg 
body weight durjng a four w~k lac:tatjon. , ManY studies have shown that sows, especially primiparous 
sows, !osing_~xcessive ~giqunt_ ofHve,weight 9r body condition (both prqt.ein and fat) will have extended 
remating interv~ls,_ reduced pr,egnancy r~tes, reduced embryo survival rate(ah& a lower perGmtage of such 
sows will' return to: estrus within .10 ~ys of weaning (Table 4). Thus it is obvious that sow feed intake 

- ' - - ' __ , - ./ J - .. •. - ~ --

during lactation can significantly affect subsequent reproductive efficiency. 

Campbell (1995) reported that increasing the energy density of the diet from 2.98 to 3.80 Meal DE/kg did 
not affect sow average-daily.feed intake and th~refore resulted in an overall increase in DE intake. In spite 
of this there W!l_S no i!Ilp_ro~emm,t iµ_pigla,$rowth r~te .. ~ow weight and backfat (P2) l_os~ declined with 
increas_ing energy deqsity ~.the di~ up to 3.34 Meal/kg. _ Jhis energy le~el would be typical o(com­
soybeap diets wi~out a.d~eqfa~ or oils. Weru;iil}g-to-service int,erval and nlJ!llber of pigs born alive in a 
sub~eci~~t litter_were also.not.~~¢ by enerID:' 4ens~ty of the diet offered. This data sugges~ that milk 
prodµct.ion and subsequeqt repro?uCtive perfort;!laI1~ are n.ot especially sensitive to energy intak~. It may 
be that protein. (amino acid$) intjke has _a greater intlu~ce on sow p~rformance. 

, ,- I - J ----· '. • - ·- ' .) 

~ , ~ J \ - ""'• 1 r' ; ~" . 
-V 

Protein/amino acid requiremen~ _ ·. , , _. ', . 

A pr~tem and iy~ine ba}aiice for..the _15,0 kg sow~ usec(°~\he energy b,~lance is show,n in ~able; 10. For a 
150 kg sow weaning 10 pigs of 8.0 kg, average daily protein and lysine intakes of 1080 and 63 g/d are 
required. At the expected feed intakes shqwn, the diet silould contain 19.67% protein and 1.05% lysine. 
These protein and lysine levels. are considerably higher than the values recommended by NRC (1988) 
(Table 11). However, the estimates of amino acid requirements presented in Table 11 are similar 'to those 
suggested by Pettigrew (1993) and· shown. in Table .12. He has calculated the maintenance requirement for 
lysin~ to be 49 mg/kg wt75 (kg wtn·cim be e'stimatoo as 13 + 0.2 liveWeight (kg)). For a 150 kg (330 lb.) 

- - I......_,.- ' 

sow_ly~ine requiremerit for maintenailee would be abotit 2 g/d and would be more than adequately met by 
tlie lysine supplied by lean tissue loss. By far the largest requirement for amino acids is for milk 
product.ion. cPettigrew suggests a requirement of 26 g/d of lysine per kg of litter gain. There is a strong 
interact.ion between the: energy and lysine level in the diet and milk product.ion (Figure 3). As energy intake 
increased the response to increaseq ~evels of lys~e increased (Tokach et al., 1992c). Thus, milk yield is 
dependent on both lysine and energy intake. The concept of an ideal protein or ideal amino acid balance is 
now widely used. It is ·assumed that ·the ratio of amino acids to lysine should be the same in the diet as in 

· sow's milk. For example, methionine and cystine would be supplied at 60% of the lysine level, threonine at 
72% and tryptophan at 18%. When an ideal protein based diet was fed to lactating sows their performance 
was unchanged but their weight loss was increased compared to"conventionally fed sows (Tokach, 1992a). 

, J : .. 
There is some doubt whether the lysine levels that satisfy litter weight will optimize subsequent 
reproduction. King et al. (1993) s·uggested that the optimal lysine requirement for litter gain is lower than 
that required to minimize nitrogen loss and mus~le catabolism during lactation. Campbell (1995) reported 
that gilts fed 1.31 % lysine during their first lactation had 1.2 more pigs/litter in their subsequent litter than 
gilts fed lower lysine levels (Tables 13 and 14). , Piglet growth rate was highest for sows fed 1.31 % lysine. 
In this experiment the calculated lysine requirement of the sows was only met at dietary lysine 
concentrations of l.3l% and 1.51% (60.4 and 68.4 g lysine/d, respectively). For example, the lysine 
requirement for sows'fed 1:06% lysine could be calculated as number weaned (9.4)' x piglet growth (206 
g/d) x 26 g lysine/kg litter gain i.e. 9.4 x 206 x-26 = 50 g lysine/d. However lysine intake was only 44.2 
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Table 10. · _Predicted·protein and lysine balaricefor·a 150 kg lactating· sow. 

Milk production,:.kgld 

Feed intake, kg/d 

Protein required gld 

for milk 

for maintenance 

Total 

Lysine required-:w,'d 

for milk 
-

/ 

' 'i', 

'';'cl". 

';"., 

Week of Lactation 
- . 

Week 1 . t Week2 

.. !, 

6.4; 

4.4 

640 

140 
.. 

780 

43 

8.8 

5.5 

880 

)40 

1020 

57 

Week 3 _ Week 4 
-.~~·~-

11.2 ' 

6.0 

1120 

140 

1260 

72 

11.2 

5.9 ' 

''.l 

1120 

140 

1260 

72 

I _'J 

Mean 

9.4 

5.5 

940 

140 

1080 

.ft • 

61 

for maintenance 2 

45 
" 

Total 
- .. '~ . - ... ~ 

-2.4 !"~ ' r, ·--Lysine frohfweigtlt losst · , - : '2 · 

2 2 

59 74 

3'.8- 6,9 . ' , . 

2 ,. 

74., 

7.21. 

: 

i· ' 
93. 
5.1·. .. . . ' , .. 

" -. 
. , ~ 4'.f.6. - 55.2 67.1 . ;_.1 ,, 

' .,) 

66.8 - . ' - 5;7.8 Dietary lysm~ required, iJi .. _ ': 
. - t· J ... ) • 

Diet comp~sition -·· ~. : ,· . 
~~ ,~.. ..,r • :J '· Jo, ) ~ - ! 

Protein %• l7/73 . ,., ... "1R55· 
' ; • 'l' .......... · . t_; ' . -· .1 

21.00. 21.36 
,!, .. 

Lysine,%' ,.~ ~~ L i· -~ ~- l .97 · ·P :h · l~Ob · · 1.1.2, 1:13 1.05· - ---
Assumptions: - . lOOg-protein required/kg ~ protein mruntenance requiremerit (g/d) = sow weight (kg) x. 

' 0.0525% ~sed With an efficiency of 0.56; milk contains 5.7% protein, milk prot~in contains 7% 
lysine, dietary lysine used with an effidency of 0.65. The contribution from 22 kg weight loss is 

' • • • ,... • - - ' ' • ~' - ' - • - \ - . ' J ' 

7g protein and o:5=g lysine/day was ignored. j - - (' ' • ' ' • . 

Table 11. Nutrient requirements of la~ting p;i.lts and sows 

Milk yield, kg/d 

Energy required; Meal DE/d 
Protein required, gld · · · 
Lysine required, gld · · 
Feed required kg/d 

NRC, 1988 

' 

"'·~ 

145 

5.0 

14.5 
572 
26.4 
4.4 

-sow Weight, kg 

165 185 

6.25 7.5 
, 

17.5 20.5 
I 689 793 
3h8 36.6 
5.3 6.1 

Diet Composition: 3.34 Meal DElki 13% Crude Protein, 0.6% lysine, 0.75% Calcium and 0.60% Phosphorus 
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Table 12. Estimated amino acid requirements· ·of sows of different weights, losing ·different amounts of 
weight and producing different litter wearung weights. . . . -. .. . . . . . . . 

..,.. 
;J,,.". ~ . .,··,"I 

Weight after farroWfrtg, kg -·. .'.'·' 160 ,.· 
215 ~:..;. > -

'. f 
Weight loss; kg .: : ·-20 . .j5. 

Litter gain, gld · '" 1500 2000 2500 1500 2000; ·2500 

Amino. acid requirement, gld 
",1 

" .;, ; 
Lysine 32-.24 45.'24'. . 58.24 32.82 '45.82 58.82 

CyStine +Methio~e' 16:38 
.r, r 

28.19 '17.10 22.38' 23.00 28.91 
- ., . 

· · Threorune ')!'; ,; :r·'" .. ' 19.41 21.00- 34.60" 19.90 27.49 35.08 

Tryptophan 6.54 8.84 11.13 6.71 
-... ~ - ~r.bb 11.29 

vatine 
, ..... , .. :-

33 .10 23~56 42.64 23.86 33.40 42.93 
Pettigrew (1993) 

g/d. ' in this experiment the ly~me level whith maxllmzed piglet growth rate also maximized SUbSeQUent 
littei: size. Tokach (1995) repqrted that the"increase iti. su1'-_sequent litter size seen fi:om}~g high levels 
of lysin_e during la~tion was not _eonfirmed:, U;i a subsequent experiment. Eve~ (1994) has suggested that 
breedihg sows have ·a biological ·rieed to att.3irl a target prbteiri body mass of at_ least 35 kg.~ the.;.l>attem of 
protein accretiori leading to the attainment of this protein mass is generally made up of a series of gestation 
gains and lactation losses. Currently, gilts are br~ with a protein body mass .of 20 to 25 kg and gain about 
5 to 10 kg protein/p~rity. Thils, sows reach their target of 35 kg of protein nkss 'at the end of their seci>nd 
or third parity. There appears ·tO "be no suqi. drive for·a target body fatness, and therefore dc;lgradative 
-change$_in muscie' ~~ot~_-~y b~ a sa,~',s ·Pf!ma_ry ~~llr':e:.of _in;fo~tion:abo~ _'~t~s -wetabolic state. 
Cle>wes et~- 0~9~) suggested ~t the impr:qved·reprodud:ive performance of young sow~ .bred at their 

'I ' . ,· f ' . 1 ' ·~ '" ', • ' ' 'l \' '~ ' ,
1 t' ~ 

- ' ·, · d '. · .· r i 
1 '· ~ • i-, • :. -,. " ., ' • ~ ! • .' .. 1

1 r ' '"' , I : .r ~· • • ·: • -~~ =:, ~ ... .-·, ·7 

Table 13. Effects of dietary lysine on the performance of lactating gilts (23 day lactation). 
• > p ' - • " - '· ••••• - ... - -- ••• 

~-· J·' • · Dietadr-l}rs~e; % ,. : · '1"·· ,·, ' 

L- -,. 0.62 0.84 1.06 1.31 1.51 

Weighdoss, kg- .. ----·- ...... -· 
. - 26:6 ·--·- .. 26:2-· -25·.9 23.7 22.0 

Backfat loss (P2), mm -- ·------·· 2.5 _'.3_6. :'45. 4.2· 4.0 - . , I . 
!-'., . ; 1,~ . 

Feed/d, kg, 4 .. 53 4:45. 4.17 4.61 4.53 
~J ' ,. 1_··1. " .· •' ,, 'I :,"' 

Lysine/d, g .. 2~ro 37.4 44.2 60.4. 68.4 

Pig growth, "g/d '- 1185° ,. 212b :r.:,' 206b 2321 ;_,i;, 210b 

Number wean~ . 9.3· .'9_2 
'': ·~.l 

9.4 ··9'.2·· .. ·- 9.4 
Campbell, 1995. . :-~, ~..-- ' _r• • .. - .. : .. ·j"r'~ ~ .. :_ 
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Table 14. Effects of dietafy lysine during lactation on subsequent reproductive performance.~: 
' . - . - - - . .. . . - ~~ -·-- .. ' . . ~ 

' Dieta"ry lysine, % 

0.62 0.84 . 1.06 1.31 1.51 

Lysinelday, g 37.4 68.4 

Wean-to-service,d 

28.0 

.. -8.6 

,-. 10.3 
8.3 "" 

·'9jf 

44.2 

.K§· 

:' :. ~.· '10.4 
' . 

60.4 

T: 8.8 ,,: ~ .. \ 8.1 
. , . " 

Total born i:(6 11. i 
'1.· -~~ !, ' " •"·:·. 

• -..1. ,. ·' 

,,1, 

(J~ J •·' 

-, ~ 

Born alive. . . ' 9.7_ ,,,, ·9.8 ... ! . ·10.9 ' ' ~' ,, -10.6 _; :' ' . 
Campbell, 1995 
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Table 15. Lactation feed intake and lysine intake as influenced by parity and dietary lysine level. 

Feed, kg/d 

Lysine intake, gld · 

0.9% lys in diet, 

1.2% ly~ in diet 
Tokach, 1995 . 

1 

4.6· 

.~ ..... 
55.2 

2 3 

5~3- 6:2 

55.1 

62.2 

Parity 

4 5 6 7 -
·~· 

6.0 - ·:-·6.4 6.2 6.5 

53.5 . 57.2 55.9 . 58.5 

second rather ~ first -p~~-w~g estrus is· due 'to their improved· metabolic status 26. days after 
weaning. We sllg,g~ed that first and second parity sows seleCtively partition nutrients into renewed lean 
tissue growth at the e~pense. of fat, at least until the first estrus after weaning.>· 'fhis data supports the 
suggestion' that the sow's reproductive performan~. wilt be_ optimal. ~en she aerueyes a ~atisfactory 
proportion of her target protein mass. It Will be more difficult for parity i and2 ~o~s, that. are still growing 
and have reduced f~ iritakes, ·to achieve their target threshold for optimal breeding performarice than for 
later parity sows. -Takach (1995) suggests that it may be necessary to formulate two lactation diets, one for 
parity 1 and :i sows and~orie~withtower lysine levels for later parity sows (Table 15). ' ' 

' , '. ... . . . ~ . -· . 

Recent experiments haye shpwn that the valine requirements of lactating. sows are higher than previously 
thought (Tokach et al., 1993; Richert et al., 1994 arid 1995).. Increasing dietary valine ~centration 
increased litter weaning weights, particularly in high yielding sows. This was achieved without an increase 
in sow feed intake, liveweight or _backf~t loss·(Richert et al., l994). It is not clear how valine promotes 
increased milk production in high yielding sows. In general the amino acids_ taken up by the maininary 
gland subsequently appear as milk protein, however, substantially more valine is taken up than ever 
appears in the milk (B_oyd et al., 1995). 11).is may also be true for the. 'other branched chain amino acids 
(BCAA); leucine and isoleuciile; as has been· found in'cattle (Wohlt et al., 1977). Clearly valine, and 
possibly the other BCAA, must have some additional function in the mammary gland other than as a 
component of milk protein. It may be that va!ffie provides an energy source for the lactating mammary 
tissue. The experimental data suggest that valine should be at least in a 1: 1 ratio to lysine in lactating sow 
diets. If we accept this then .Valine may- become a lim1ting amffio acid m diets contafuing 0.9% lysine or 
more wl)en synthetic lysine is used.-_ .To avoid.this situation it has been recommended that synthetic lysine 
not be added to sow lactation diets that. are~font1ulated to 0.9% lysine or greater since this would result in 
deficiencies in valine. 

SUMMARY .. 

The nutrition of the periparturient and lactating sow is crucial in determining her reproductive efficiency. 
High level feeding in the ~as~ two weeks of gestation will maintain sow body condition prior to farrowing 
without causing adverse effects on subsequent lactational or reproductive performance and therefore may 
extend sow longevity in the commercial herd. With conventional lactation lengths (3-4 weeks) metabolic 
state of the sow prior to farroWing would not appear to affect foffide- recruitment. 
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During lactation nutritiof,131 inadeqi.iacy~_ whether qualitative or quantitativ~, ~ have detrimental effects on 
subsequent reproductive petforlnance: Substantial ~vidence. indicates that th~e effect:S ·are J?edi_ated via the 
hypothalamic-hypophyseal:-ovarian axis, in particular tJ:ie pattern of LH secretion has been demonstrated to 
be a key reglllator of 

1
ovarian, function. This P.~ttem can be significantly modifiaj by nutrition during 

lactation, especially m late lactati'on. However, although metabo.lic ~te dµting facta'tion has a significant ! 

impact on.r.eproductive petformance post weaning, la~tionat ~estrus is priltiarilY. due to suckfil!.g induced 
inhibition of LH secretion. . ' .. ~ . - · ... . . ' .· . ". . 

- ~\•I ,' ,,r ' ' I' j ~ _ 'I ' ' 
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Feeding is th~ m<)st qitical compon~nt in piKproduction, as it influences both the biological 
and economic efficiency of pig meaepi:odtiction.Jt accoun~s for about 70 - ,753 of the total 
cost of prOduction in r~nci~y countries. Althou~ t~e.primai"y object;i.ve ~f feeding pigs iS~the 
efficient production of meat; other. factors need t9 _be, considered which -~ay influence. the 
strategy adopted i11 many :European countries. These. include environmental,. ~nima.l ~elfare 
and product. quality issues, either· through legislation procedures· or public concern and 
awareness~_Thus, ~he nutritional_ma1~\agem.en~ of pigs i;teed~Lto_pe c<?nsidered in its .widest 
context and must evolve to meet chClJl.ging cireumstcµtces: - · ·. . _ ~. .. ' 

' • t '" ·~ I' .,, • ' t 

--~-' - . .. · .• --' j-•-- ·•- '," ·-· ~ .... • ... ·- I 

This pap~r.rep_orts'_on recent developfuen~s in ~win~--!lt1tritiOJ:l i~ Europe·~~-~he ~tep~ th.at 
have been considered to overcome the.demands plac~d on modem pig pro.4uction. H<;>~ever, 
i~ is first necessary to knowsomething~about the1European pig industry, its size and structure 
and the levels of performancei_ achievf:!d. In thi~ ~~ntext, _ 'J?tirope~ encompasses the 12 
countries of the European Union (EU) up to December 1994. Since January 1995, a furtner 3 
countries have joined, but informa~on is not ~et available for these.·. ' . , .. " -· 

.' · I . i ~ : .. :· . .. 

1. nffi EUROREAN
1 

PIG
1

INDUSTRY -~-: ... ·, ' -.. ••. • <.. - "" ; I' ·~.- j ~ ··y. 

. . :_~ . ' . • ,., i.-~_, I ....... 

. ,. ·. " . .. . . 
' ; ~.,I: •! • "\ t' - -. ~f ! • • ' ' · - ~I • i , ,. , • • • , 

The EU pig census iilApril 1995 re_cor~ed 11.9 ~illion breeding sows; <µid this is 1.7%; less 
than th~ previqtis year (MLC~-1995). As expected/Jhere are·considerable differences-in .the 
size_ of the. industry within. the:· dlffer_ent, ~ountrie5 (Figure 1)'. ·The biggest producers are 
Germany and Sphln, followed by' the in.termediate indu.stries of tJ:le·Netherlands, Frarice, 
Denmark and the United Kingdom (UK), whereas the smallest Industries are found in lrela~d 
and Greece. These differences reflect both the size of the country and the relative importance.~, 
of pig meat in the national _diet. _Although the EU,is self-sufficient in the_ supply of pig meat, 
countries such as Germany and the.UK are net importers/ whereas Denmark, the Netherlands 
and Ireland are net exporter~.-The quantity of pig meat CQnsµmgd also_yari~s, ranging fyom 
about 50 kg/person/year in Germany, to 15 kg/person/year in Britain. 

1 • • • 

Figure i. __ _ 
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In terms of overall performance, a coVfWi:iJ"'<?rhp,~t}J.~'.~~f!iciency of pig production in selected 
major pig-producing countries is BJ.!1~ct;~~~~ Jry_-~i:~~J,~1h_,v; . 

·-
Killing out % ~::·')f17]~3'11ll:.Ci :'.) Jr,71}:1tHb :j,o•iil ,76.2N1m; i .!,OJ.um 78:9~ ~;·:·_/r,. 

~. 1-1rAverage cai'cass-.weiuht.(lm)· r•• ,.,, .. 1·.i· i'J"n 75.Q .•. 1., . 1· .,,,..83.61., 1 .... ~[ , 65.5 . 75.0 . 
.; ..,. ·• J--- _, --"'~"' NJLJ.J :01•:J --~- , 1--A ·,., . .J ;i J '41t ':;1J;,t,• ,. <", i. <.,-J,1,-,~.u1 ~~-~,_,, '~J.I.) )f~~ ,·--,,,y~ f'Hl :..:rir.:tt·~"'i '"l't(F"'f-it ,',' 

,:i i' Pi~~1l{/[cf~1WJ/~) gig ~::"bo:n n:J t1s1sl_r1 ;J n.r. •n1~7gH,q' ::• n:-:.:.·:·1249n;.1 fi:.;s E:;:;~~:~:c1607.;:.ri _, c·.: 
c,. .,.~, ... ,---\;-. -· _.. ..... , ....... ·-~'. __ ,_J)_ -·. -- - - • • ' ~ • ,, ~ 

"" _. 1 ..., ~.J ,.._, _, 4,.,. 4 .._.._. "-' '--" J ...._ ' - --1 - ' '(.--'CJ ,N ;,.._- :i Iii!_ \'."'I~'. ( J ! --'-"' '\ ~t,.I ,i;.Jl.j,_.A :.._. J. J ~' . l•...i'LJ! !,iJ 'iJ j_ • j J J ~ 2J • •' ,'r' ; r'J ( 'I 'I! _/j /t ) ', -.j I . ~' ~•'4., • J':'- •fr • • -1 "\ 
(' Feed conversion efficlenc.,•1,,(kg/L-,.') -1·· -.1: ,,.( '.3.20;rfj 1 { i,c3.29;f!'·:n .... ,:.:.'iss.'1~ -~· ~ '- •·- ,;:"·3~01' i, ' ' 
I..: ~ ..................... ~~ ........ a~ .. ~··-r~.--• ~1..J"- - -~ ,~; -· Jll 1..; '""::.\ J1 .. .lJ.JV::JI ~-r .. 1 .: ....... !.I'!' l•Jl~~11;· -_,1 ';,i'r )~l •{.~\t:.:i'( r-_;f:L'i :r •:' 
~ ·1:;nr:i.n L ;u:~! v·1:....Jr:r.;~ :/.lJ!fG .J,:.~~i 13~fn0J~U o; n.« 1,u·:-1) '"O•i,..,U· ·.r J"'·:·,···rv.,,,~1· .-,,i., "''J .,c,, ·· ·· .,.. .. - 'l ~ .. J lll .,;1 11 .......... ~.Jv .!',;,J._'.., ~'.JJ .;. ··~.- '· •1•11: . 0 

.. All feed, including breed.~gi~t:.rc!·)l 0kI;;lisva t:::.x ;on ci n:o.Llcmm)ni :1.vd ,b=o:1~a[ ::>vnd ~f1rfo.~?,94> 

There are differences in the methods of production and weight of pigs at slaughter which 
mak~ direct comparison be~een the ~ountriesdW~~lJ;,:1~~;~f9j1\~,~,~~:~~-:·f~1Ji~prversion 
effiaency of 3.0 or less represents a high leveI-of-perlormance-and-gooa-u·se-of-feed for 
J~;9~~~iyEJ ;BHrnB~~~c~~ms~.rthY..;~hq~~Jlrn~~~l}g 1~Pe~,95~~~~~R& h1f14t Irr~1XW~1e~.Jr, T-~~~~ 1 

,£~Pr,~s.e~k1'!1,~~±Y.aj1A~~-j'ffi~·1C?l~~~ .. ~114J.W,tt.?P.Bf(W; Y.W1~!1pp, 1_n,;g~~~?l2n'f~~~~?!:J~ht~g~~~r~nt 
,~s,t~g,~,:.qJn?rn~'1~:?f 6ll'~:J~1v.~p m~~R1f ~2~ ;J.i~i~~S]s: j~c;\?~i t~1ffr'ffeN~fi J1.~ ~0~~~,WW11·1I1l ~~~e~n 
;·!l)~~9P JQ;,~c,CWJhP-~t~~,rnj39fo;gf,,f?.m~HfESfJS~JW~i}I~1Nl~Jhr\t~eJ;}~;.~~JJ ~Rri~~gefi~W~{rig~~~hal 
.for;.tmRro,vement.m,many.countries.,.. c· ff.,.. • l . (''" .,) 1- ""' ~- • U , ..._ ., . 
->-·~ ,.1~..,"H :111~ ~~i.rdV'l J .. o c:.-_;.J~J:; ~~ •. nd .;~_..;~!dH.t~ ~ru cffJ-:)"j:)f ~-JJ \ 1-1.lJ fi).()&J'[:fil/:i u:,:'.f!fl ~f'.iJ JJfl~;Jj(~;_~, • 

S'J:r1r.hoqmf::>viJ!!:>!:i1 ~rH bn::; i(11m.to:J 9sH ~o ss.i<~ 9fij 1Hcc! 1:;.~fl':l'I e;sJ1n·.1::i~Hb sJJ!H' .S>J9J1~;. f·: _ · 
,;'!)~~,l,e§fq :Jo '{!qqu::'! -::JrlJ fli jn~lbi"l1u~·!h=: ei UH .-.rJ·l rl~r;ndHA ;h;b br:e>TJ ~~ •1d~ '-'; ~'-'Y'" ,.:. · ,. 
~'bnfif;~WP .. ~ffl~RlrR8!t'?~J~~~l~'Jlfil~;\\\\~i ~ £~~)J'J0~4H~Jt~~:r:~~.s;ttr.1¥i!'Er, 1;~fi5>: · 
1rrrv~1 .. -Jrr;.,.)"'·1r.'--:-t '"}!'•~.,~·11 n'."\rr• f-,,-,P"j-r1~·1,.-r ... i .1,...nr1!""r y·1~r-r :\,,.-.. ~n ,;4,. .......... ,... ,,,,.f.,., .. , .. , " 0•,-.H.' -. ---~ .~. r.-..., ,_ ,....,_ -- . . .. 

. nbfr!H ni !i!o~N\r:o~r-roa~ceisf;. 
' - . 

ojAyerage·z::,:-J nrBotto~. 30.%1) 1\:T6p;ro%:. ' 

29h. r:t.•_P,ig~ W:!?!!I}~'/];£\\'.:/;y_~a.r • .,; c ?f(::d l~l;~O,l~''J·G': 01f3[ :~~~5 21·By; "~· 

Litters/sow /year ~ : 1 ,_n.:;:;'<~24 2.07 2.42 _ ..... _. 
Breeding herd ~~~ ::~~"\~~-~~ ~ 1.33 1.29 1.35 Sow feed/.year .. (tQril:te)~.;:,· ~:~ c .~, ~·--·-· -r>. .... ~. .~'"' ·.,.,,._ '·'·"'· 

. - I \ v,:~:..::~;:.:: .. ':-;;/0(;.~ 0¥~:)...._ 

Feed/1pig reared (kg),:~~~~ ~· ,.h ,.,6? 75 60 . ' .. \.,\;_,,•\,-..;,.. /':----.._'--.. \ w ~/ 
l ., 

405 l>.O ' l<Gro:\vth rate-(g_!d~y) /, 452\ l: <::7' c :r.:ri=l 487 
Rearing herd ·~ ·----. I 
(6 - 33 kg) Fee\f_~ffiCi~n;y:;(g(g) -~-:-t.~ 2.03 1.62 

~' 
··~ ~·J \. ./ .,./flf "~~ ~1!¥':~t~~·' t.;\;, 

·.:n~ 

Feed'/-p~~rfYA~~fF ~~) '\ •• )...' ... j - - .•• 
50.0 46.0 

\1\11111/V t'',:. •;1 ~ "-.. >," 
574 588 Growth·rat~ (g~Clay).";:.:,. ·· ':}~, V'~~ r;_-,,,,r;:ig '·"I, .. ! . ' ..... 

Finishing herd a.s- c:~;: ~~ <.;:;:1.:l't: ... 1 o;::;d ''~!i /!.' :; .. ;./ 
(20 - 80 kg) Feed efficiency (g1g)',~1.:..'.--- 2.57 2.85 2.41 

.. -... -
Feed/pig produced (kg) 163 165 141 

I I 
Feed/pig produced (kg) 250 272 217 

r::::-1 ~J d-111 
Overall 

Feed efficiency (kg/kg) 3.03 3.30 2.85 
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3 ... NUTRITIONAL MANAGEMENT AND DEVELOPMENTS IN FEEDING 
. .. ~ 

. ·,: • ~ ... -'J-,~.·~< • •• .'J ·:~ :_... -•' • • • - I ' •···.: 

The-development. of diets;-nutritional_·m·anagement ·anq, .feeding strci.tegies. m_ust keep pace 
with tl).e de~ands oftmo,dem pig pr9<iu,ction. The ~~in !.ssues are~, ,, 

1·. ,1 

' . . 
- meeting the nutritional demands of the animal . _ . 
- ensuring optimµm efficiency of nutrient utilisation and minimum nutrient excretion 

· · ·- opt}mizing proquct'. quality, , .. ·t . -"' . . ·, , . _ , , , , ~ 
· - the protection of-the environ~ent . ,. " . . ,, . -:, ~:. : ::::· _, 
~ ensuring the best possible animal welfare . . . , ,. c ... '/ , 

- meeting legislative and market requirements and 
'- awareness.ofnew t..~clmologies · :,.,, "'· . 

• f"l ,~ I ·'. . • • r ~. ,, , •' '_: • " ' J I''. • ' ·,:";- ~ 

All of these-inflU:~~~e. the,dev·e.t9pme.nt ~f feeding ~trat~gies i~:diff~re,nt w,ays:., .. , . 

3.1 The animal: meeting its nutritional needs 
.>' 

The growing animal · · 
' I 

Any feeding strategy must start With an understahdi'itg 6fthe rnairt factors which influence 
the groWth and development of the animal. It-is well recognised that there. are considerable 
differences between"'"g'enotypes iri' their-'rates'of growth, mature body- size ·and p·attem of 
tissue gain and that these are· controlled by the 'factorS indicated in Figure 2. ·Modem:, 
genetically-improved' pigs 'have considerable potential for protein deposition and values 
between 210 and 24Q g/~ay hav~ been !eported by several authors (Rao and McCracken, 
1990a,b; Laswai, Cl,Qse, Sharpe ard Keal, 1991; Van Lunen and ·core~-1993). These represent 
growth rates of 1.2 ~ J.4 kg/ <;l~y _af\d .. inqicate the fu_ture performance levels of_ pigs ·u~der 
commercial conditioi:ts. These values of protein gain are 50 - 100 g/ day higher than earlier 
estimates (ARC,.1981; NRC, 1988): In addition, these higher rates ,Of lean or muscle deposition .. 
will be associated with lower levels of fat deposition, so that both, the level and balance of · · 
nutrients ne~ded to achieve the anima:ls' growth -p9tential, will .vary considerably. . . 

. l . ·, • . . ~ ' 

Figure 2. • 
The_ major factors influencing the efficiency of growth 
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It is not-jtist a question of knoWirig -the.maXimum!rateof protein depqsition;jf is also 
important, to characterize the pattern of protein gain achievable when nutrition, management 
and · disease constraints have ·been 'minimised. <Iilformatfoil on the growth , and tissue 
.deposition must be established for the animal between weaning and slaughter so that 
nutrient requirements can be determined and the most appropriate diets designed to meet 
each specific need. · ' · · : · .. , , 
:; ~} . ' I' 

An indication of how this can be achieyed is shown iJ!. Table 3. This· example. refers to 
genetically superior pigs, whose growth rate arid rate of .protein and fat gain have been 
established at the different stages of growth. 'c 

"· 
By using the factorial approach, the energy and lysine requirements of the· animal can be 
calculated (Gose, 1994). The importance of adjusting the diet to meet the changing 
requirements is· ·demonstrated byr the decreasing lysine : ME ratio witn increase~ in body 
weight. 

Table 3. 

Estimates of the energy and lysine requirements of genetically superi.o! genotypes 

I I· I 
'°'-· ; 

I 
- l I: I Body weight (kg) ., 20 :~ 40 I 60 80 100 ·' 

-...___ . 

Growth rate (kg/ dj " 0.80 ' 1.00 1.10 1.15 .• •. 1.20 
: .. , 

Protein ·gain (g Id) 137 17,1 188 197 205 ,,. 
"~. '1 

Fat gain (g/d) -· ' 141,,. 178 1% ' 203 215 
·' ' ~ 

' ' .. .. ) ' ' J 7.40 
I 

Energy (Meal ME) 4.75 6.35 8.15 8.90 
I : ' ' ~ 

Lysine (g~d) '19.0 24.4" i'l.3 29.0 30.8 
~-· .. 

g ~ysine I Meal ME 4.00 3.84 3.68 3.55 3.45 

In practice, it is often difficult to provide. so many diets and the solution if often a 
compromise. However, the more exactly the diet'· matches the changing requirements of the 
animal, the more ef!icient _th~ utilis~tion of feed, within the appelite limitation of the animal. 

,, ... ~ 

The breeding animal 

There has also been a: considerable improvement in the performan~~ of the breeding pig, and 
the modem hyper-prolific sow is capable of rearing 25 - ·27 pigs per year. Indeed, the 
mythical 30 pigs per sow per year is now achievable. The improvement in sow productivity 
has been achieved as m:uch by advances in nutrition, management and husbandry, as by 
improvements in litter size per se: · --

Despite these improvements, there is concern about the longevity of sows and their ability 
to achieve a reasonable number of parities. Many sows are prematurely culled, especially in 
the first two parities, and this represents a considerable waste and loss of potential. The 
management and feeding of the replacement gilts and the feeding of the sow during lactation 
are now seen as fundamental to achieving good reproductive performance. 
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energy needs. of th~-. animal. As a ~o[l.sequei:i_ce, greater use is and will be made of :by-
products•· and fibrous _,materials in:_ pig. diets. This has I'rompted .bette.r _ ~e!fl~CC!ll 
characterization of these materials and it is now common to determine the non-starch 
polysaccharide (NSP) content of th~.diet,·r~th~r t}l.an the ~ude fibre or neutra.l ,deterge~t fibre. -
(NDF) fractions._ The latter do not_ adequately describe the ability of ~he non-starch fra!=li<;>ri 
of the diet to provide energy. Indeed, the energy yield from 'NSP monomers, such as 
cellulosic glucose, arabinose and uronic acids, is high. 

) 

Improved efficiency of nutrient utilization can ·result from; better a·efinition of the energy a'nd 
amino acid contents of the ingredients and diet. In several European countries, the net energy 
(NE) system is used and this will become more Widesptead. It allows the-energetic value of 
the diet to be expressed in terms of energy available to and metabolized by the anj.mal. It also 
allows better characterisation of by"-products·and fibrous materials tha:n either the DE or the 
ME syste_m. · ' 1 

· _ , 
.( ::. 

' • . )_ . , I• I ~ 

The provisio~ of amino acids accorc:Iing t_o the 'ideali protein content' is well es~ablished and 
extensively used in diet formulation (Cole, 1978, Fuller, 1991). For the calculation of 
requirements, it has been customary to measure .the appar~nt faecal ·digest_ibility of amino 
acids. However, there is increasing evidence that ileal digestibility is a better descriptor-of 
amino acid utilization and needs. Proteins and amino acids digested post ileum cannot be 
used for protein synthesis by !!:le animal. The evaluation of fe~s by the apparent faecal 
digestibility procedure -does· not-- take this- ~into~ ~fcount.. Furthermore, . the -- use of ileal 
digestibility .values. takes better_·account of the needs of tl~e animal and. their use can pelp in 
reducing excess nitrogen intake_ and excretion. Thus, in many European countries, systems 
of evaluating amino acid requirements and responses ba~ed on the ileal digestibility principle 
are being increasingly developed (Lenis, 1992). - -

. ~ . r,: • 

In terms of the s1:1pply.of prqteins and.-amin9,atj.ds,-.attention.has been .focused gnjhe 
development of new home-produced materials, such as rapeseed meal, peas, beans, legumes 
and sunflowers, rather than-imported materials; such as soyabean. Considerable quanHti~~ 
of these ate now provided i~. the diet. Several of these contain ·an_ti-nutritiona} (ANF) 
components, such. as erucic·~cid, glucosinolates, tannins, glycosides and lectins. These can 
reduce palatability and hence appetite, as well as limit nutrient digestibility and growth. This 
has restpcted their use, especially in the diet of you~g pigs and sows. However, the nutritive 
value of these ingredients may be improved by a reduction of their anti-nutritional activity 
by various old and recently-developed techniques. These include thermal, chemical and 
mechanical treatment, extrusion and fracturation technology, as well as enzyme treatment. 
In addition, the judicious selection of raw materials and their level o( indusion in, the diet, 
as well as the use of synthetic amino acids, can help. All of these approaches result in an 
improvement in the quality of protein in the diet, help tp maintajn:thE;? app~ti_te. of.the animal 
and t<? achieve good .levels of growth-~nd feed efficiency (Huisman;-199~}.__,;~ - , ., , 

, "·. 1, ,; ,j ~r "0 , ~ ,I' I• ... 
,, 

r I~ i .,., 
Reducing nutrient wastage . - . 

' ' ,.• 1 • ~I ... 

~ ~ · ,~ ·~ .. :t · , ·"·,,_;·' -~:-, ·r,·; 

As discussed earlier (Table 3), the concept of matching the nutrient intake to the requiren __ lE~nts 
of the pig has obvious biological and economic advantages, but involves different 
management techniques with ad.diti.onal cost~. J'he. <;l.ev:elopment of feeding !?tr'.i'itegies · is 
therefore often a compromise,. since it is not always possible, tO provide: a qiet for_ ea~h 
specific stage of growth. Table5 provides informatioi;t on· tl)e range and nutrient composi~ion 
of diets commonly provided at the different stages -of producti~n in many EU ,countries. 

·,,.; 

I],';,. _; .... ' ., ..'t) 
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The iatfer'is especially important, sihce1not only d6e5·it control the perfotm'ance of.the sow, 
but also the ·subseque1\'t growth and developlnent of.the pigs. The feeding strategy must 
therefore take account of the body weight of the sow, the stage of lactation, the number of 
nursing pigs arid their' potential ·weight at weaning ~(Tabie 4). ·These values are means 
throughout the lactation period; tl,ley are:-about 30% lowe.r in early; and 30% higher in late 
lactation. ' ' 1' · ., " '. .. 

. ,. , ,I 

Table 4. 
-· '··The:nutrienf 'reqwreinents of the'lactating"sow - _,.,,~ 
·J' ' 

. Body., ·:. Energy Lysine i::~.ed· (kg/d) 
weigl}t "·. 1r--.. , .--------r----:------t.,.-,, ,.,.-. ----r-----,.......,.+------.-----~1 

(kg) •· ... 
lQ pigs 12 pigs 

I ·· 4 ?-1.7 
. . , . .l - / 

200 .• 
~ ' - - 19;8 · ... ,1. 22.6 

280 21.6' ·.' 24.3 .. 
I ' f > ..._ ~ 

·320 ' . . 22.5 . 25:21 • 

•Based on a diet containing 3.2.'Mcal ME/kg"-' 
' . 

. lQ pigs 

",,, 38}• .. 

') 

. . 39.4 
. Ii , 

40.4~ 

41.4 

42.3 

. '~ - '·J 

12 pigs 10 pigs 12 pigs 

, . ,., 5.9 I 
.__.~ f1 •! 6.8 . '· 44.9 

46.0 . 6.2 7.1 

) 47.0 . 6.5 ·- 7.3 

48.0 6.8 7.6 

7.0 ' 1 ' '·7.9 
-· .. 

,.I' • • .'·:" J - Ji-·-

In many circumstances it is questionable whether the modem sow is able to sustain such 
high levels of feedin'g and ·often during lactation there is loss of body weight. Where this loss 
is excessive and in sows which have limited bOdy stores, milk production is di'minished, the 
growth of the pigs is reduced and subsequent. reproductive , perfoimance:Js jmpaired 

. (Pettigrew and Tokach; 1993). The feeding strategy'duririg lactation must therefore ensure 
- that" ~imcils are fed to app,etite and 'that those factorsilimiting appetite· are minimized. 

~-, .- f . ' ,t I • )_ • <> ( ' \ ~' , -, ; 

,,r;, . ' ~. . . ..: ,, •• t 

.. ·' r; 

. ~ .;· ' 

.' l~-~j •t . ... !··-:.: 

Ensuring efficiency· of nutrient utilization • 
, ,) • • ~:~ f -· 

'The objective should be'to=provide:a diet whim at any stage of the pigs development exactly 
meets its nutrient needs·foroptimtiin growth'aild maximum efficiency, without wastage. This 
pre-supposes knowledge of the growth and nutritional needs of the pig, its appetite potential 
and digestive efficiency, as well as characteristics of the individual raw ingredients that 
constitute the. diet. It is. outside the scope of this paper to review digestion in the pig, but 
some knowledge of the role and fate of nutrients as they pass _through the gastro-intestinal 

. 'tract is assumed. : ; r 
1 

"' .. . j . ! r-~ ~ •. ~ _;~ ~_l ._: -: .• f' . f ' 

:The-choice of dietary ingredients will determine the· efficienc:}' of nutrient utilization; that is 
· ·whether enzymatically hydrolysed and absorbed in; the small.intestine;'or fermented in the 
'· large'iritestine.;It i::; ·~ow knowri that the pig is capable of considerable fermef1tation in, the 

hindgut and thaf tne products of fer:mentatibn, the· volatile fatty acids (VFAs), can make a 
significant contribution to nutrient yield. For example, Longland, Low and Close (1989) have 
shown that the energy yield from VFAs in the large intestine could meet the maintenance 
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Table 5~ ,., .. . '. ' 
.· Typical range and nutrient composition of diets commoruy provided 

Creep.~ WeanerJ Weaner 2 Grower F4Usher Sow Sow 
) 

Body ~eight (kg) -+ 7 .'- 7 - 12 '. 12 - 2.0. 2.0- 50 .SQ - 100 Gestation . Lactation 

-3.75, ME (Mcal/kS) 3.55 3.40 

.. ~ .. ! 

Crude protein (%) 23.5 ··23.0. 

Lysine(%) 1.65 1.55 
.. 

g lysine/Meal ME 4.40 4.35 4.10 

3.20. 3.05 

22.0 20.0 

1.20 
: ·j 

1.05' 

3.75 3.30 

J 
14.0, 
'' f 

0.60 ' 

2.05 

3.20 

18.0 -· 

1.00 

3.10 

Although the nutrient specification of the diet is reduc;ed with increase in body\veight, there 
is still considerabll;! consumption of nutrients well above .the animals needs. These must be 
excreted. The de-amination of excessive protein requires energy, therE!by reducing that 
availaqle for growth; hence growth rate may be reduced. Other ,nutrients ,?f concern which 
are not very efficiently conve~ and utilized in the b'?dy ar'e pho~p~orusand po~assil.~m. 

On farm, nutritional managemedt may be used to improy'~ nutrient. uti.lizaHon ~nd ·~educe 
wastage. One practical attempt may be phase feeding:' in its simplest form two" diets,. OJ.le of 
high and one of low nutrfent specification, are formulated and mixed· on farin ori a weekly 
basis to p~ovide the correct balance of nutrients to me~t the animals's current and c~anging 
needs. For example, in Table" 3 estimates· of lysine : energy ratios were determined· for 
genetically 'superior pigs over the body ·weight range 20 - 100 kg. Thus, in a simpl~ ml!lti-
phase approach, diets to meet the needs of the 20 (Diet A) and the 100 kg (Diet B) pig: 
would be provided. At the intermediate body weights ;the rati9s 'of .,these diets would be , 
change, as follows: 40 kg: 75%,.A +·25% B, 60 kg: 50% A.+ .50% B,, 80 kg: 2~ % A-+; 75% ~· 

• • .. • ' • i• .. " : ' • 

'• ' ·.- •, 1 '" - 'I ,/ 

An alternative approach is to provide the aniin~s with two extreme diets from· which they 
are free to chose ad libitum; that is 'choice feedini'. This Is not a new concept, but the results 
of trials have· beeri inconsistent. For example, the results o( Kyriazakis et /al (1990) and 
Bradford and Gous (199la, b) have shown that pigs do choose between feeds.and that they 
changed the composition of their 'personal' diet by selecting different' proportions of the 
feeds offered in accordance with their changing nutritional needs. The results of Henry (1985) 
and Owen et Ill (1991), on the other hand, suggest that pigs mad~ a ch<?ice, but in terms of 
lysine they chose levels some 20,% ~igher than they r~quir~~· . · · · 

Under commercial conditions~ Close (1994) reported trials with growing pigs, 30- 90 kg body 
weight, offered a choice of either 2 diets or a single control diet. Although there. was no 
difference in the perlormance between the choice-fed and-the control.::fed animals, the lysine 
requirements of the pigs offered choice was 10% less than that of the control a,riimals. 

'i 

4. ENVIRONMENTAL CONSTRAINTS 

In many European countries~ there is concern about the effects of livestock production on 
water, soil and air quality. This has arisen from the. concentration and intensification of 
animal production in particular areas and the danger of excess.~ve quantities of such elements 
as nitrogen and phosphorus entering the soil and the aquifers. Large quantities of carbon 
dioxide, ammonia, methane and other volatile gases are also lost to the atmosphere. In 

231 



several countries this has led to restrictibns on the level of animal waste being produced; as 
well as, regufatiorts regarding- the level of ·gases to which stockrne~ and ah!mals can be 
exposed. Indeed, many ~ea~-~ithin_pl1~ope have been declared 'Nitrogen Sensitive Areas'. 

-
A pig consume~ 8 :. 9 kg of nitrogen between weaning and slaughter at·100 kg body w~ight. 
Less tha11 3·"'I<g are absorbed ... and .. deposi~ed as lean tissue within -the· body/ s - 6 kg are 
excreted/of wh~ch-.3_3% !sin fae<:~~_and 67% in uri'ne. Tarriiniriga and Verstegen~(1992) have 
cal<;:Ulated that ill the Netherlands, some 20'Z.x 1D3 tonnes of N were consumed annually by 
.all 9_asses df pig5~_ Of ~his 48 ~J.9:1, were ·deposited inthe body and~ls.9·x 10'3 tonnes excreted, 
'a further 'llJ.7 x 10'3 tonnes were associated. With ~arrimpnia in· storage anq 25.'9.x 1D3 tonnes 
~ere lost.as N. during spreaaing on. th~ soil._ H ~~)Uld. the(efor~ ber(efit b_oth t_he _livestock 
produ'7er a11d the environment if.jnitJ:"ogen <µld phosphorus.~~cretion fi;om animal,s _could be 
'k t t ... . I. . ' I I ... . . . . . '. ep o a mm1mum. .-· . ., ... · · - . --r -- ...... ,,. · -~ ... -~ · -- . ,._ 

! I lf 
' fl• • • ; '• ,( ' • • I -• - •A I • 

-A number of strategies can be used.to minimize s_urplusnitrogen co11sumptjon byJhe animal. 
.These include: -.. 

- . . ' .. .. '. ·, . ·i•! 
, J .: ,·r 1 • : .. _·r~r: ·1 · ••. , ••. r .·1· ,··.-{-· 1 - .~- '-· . "' ••. , , •••. .11_;r. . '-

:-. ,More. carefulbaj.ancing of the 'n,utrients in the diet'to meet the. needs of 'the animal. 
- The adoption'"of phase feeding t'echni'ques.' · ·· . · - ·· . · ~:.. ·-· " · ) · 1 ' • · 

- · 1the improvertterit in the quality of dietary prptein,1 so that the balance. 9f arhino acids 
exactly matChe5 the !fdeal protein'.· ·z......,; ,, )\, · -. ·· · · 

- Reducing the leyel of crude protein, but maintaining ~e level of digestible amino acids. 
~- · The use 9fperforlnan~e enhancers to improve·th~ utilization of dietary protefo and amino 
· ;. acids> ·-~d" prodl;lcts to_:tegulate)ntestinal flora. iajd,·: !ilnif the' baclerJal. ~egradation of 
: protein,.·' .. . ':··.·,,., ., ... . .... . '.'.,_· '.· ...... ·' ... '. ._ 

~ .. ~e.modific~tjon.of_ raw m~f~rials ?Y proce~~ing te~¥iq~es, S(l'(;li as ~)(p~sion and other 
,. means, so that metabolic \;Vastage is reduced, including 'the reduction of ANF . 

. ··" .. <r"-." .1 ... '.'· .. ". ··._., :·_,··,, ••.• ,-' '": •• . · ·.'_"'."', ''_'_" I:·· ,., ·, ,/'. - -e 
One of t11.e major developments in recent years have been the use of enzymes to improve the 
digestibliity of energy, protein ahd 'phosphorus in the feed. Enzymes can ·be-targeted at the 
non-starch polysaccharide and protein fractions of the diet.' Indeed, enzymes such as xylase, 
.arabinase, cellulase which are aimed at breaking down fibrous materials will indirectly lead 
to :i:mproved. efficiency .of proteiri ~and .amino add ·utilization:. A· higher proportion ·of the 
'proteins'and'amin_b ~clds are~feleased anci used for groWth and production:purposes, rather 
.t .. • ' I ' r , • \ ~ ' • ,I ! ' ' ' J ' • '' - ' ' ' ·than being voided:. by the ,a1'imal. Th~ .m~in ~ffects of simple addition C!f enzymes to pig diets 
isshowninTable'6. ·'·'.··' '··· · '. ..i:.· ., ' ). · :i:,;; 

.._'- r;.- -L 1 _;.oif"!·.,. _ _,.·,j• ~, "'1 ~--· .'l..i ~_\.- '1f"_ -:t.:: ... · 
. ~T~ble 6. .if 1 "~ .. ! . .. , ' r '.. 1 · - · , •• • :::. , · ,,:·"'·· 

.,J ,'_,. __ , 

r :· , 

l ' Magllitude of th~ effect of adding spe~ific .eilzyines to\ pig diets 
(Vah.ies are ratios of Treatment : Confrol) . . . . . 

. ·-
Jj~' !~ .... ~_i_ '1-- ! ' _/:-t; l.' 

, ~: J .• ; ~ . ._! - :i ; 

Pi:i>tease, .. . "•' 

Amylase 

Pentosanase 

B-Glucanase 
,.; •' I ' I ·' 

1 Cellulase/Hemi~llul!i.se 

Blend 6f. ainylase, protemase and B-Glutanase 
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·,t 

.Growtlp:ale 
I" I I,( 

··· smaJl 
"') 

1.04 

1.05 

1.01 
· .. ' ' J . 
_1.0~ i. ' 

--~j I 

;, 

. . _, 1.09 ' .. 

' ~ '} ··:;: 

I · . Feed efficiency 

:.--·1' 

1j .... r 

small ,, : 

0.96 

.. 0.95 
-·I '1 

0.98 

' " ''0.93 ... 

(Dierick &. Decuypere, 1994) 



In. recent years ~here: have been several reports on the effects of ;microbial· p~yt~e .. on:, 
phosphorus utilization Oongbloed, Kemme anc:l Mroz, 1993). Although pnosphofus is Widely 
present i~ plant,. ai;tiffiii1:~(irid, inoi:g~nic spurces, ,its .avail.ability is_ limite~, .. especi~ly Jn. plant . 
materi,~, s_ince. tfte· phosphor.us is in ,the fo~ of phytate .. The addition. of phytase enzymes .. 
hav~ not only show~\8iignij]cant iPlprov.ements in ph~sphorus Ei.igestibilJo/, _buf..~ignifieantly 
higher g;rowth r~~es and effii:_ie~cy <Jf-feed.utjlis~tion have .. als? b~en .. reported. Oon~bloe~,, 
Everts and; K~~e,, 1991,: D1enck an~ J?ecuyp~re;, 199~). I~. is pos~1we that:phytic ac:i~ 
interferes witlithe.diges~on of essential ~.inerals and proteins and phytate prpt~in complexes 
are forrn'ed .. ,The_se ,complex.e~. (involving lysipe, ·histi~ir,~ and: ~rg~ni~e). ~re insolu_ple and 
biologically-~n~yaiJable.and" are ~eSS l~a,blfto be brok,en ~O\yn byprofeolytic enz~e,s. I 

_,. . . . . - - - . ·-- -.· - . 
~.::. ,, r ;"~-~-.:· -~f:,•, .. :.l :"I'"(' . . -<'•.·-·t("'t"",·.-·' --.'~ .. -,.•,1'.~ ···?··-_ _-·_,"·f'. ), ~~- .. .;······r'fl~,· _.' 

Enzy~~~: m.i:\Y .. hl,s<?, 1,qe ·Y.se4 ;t.<?. 'd~~oxify' ~.plant mat~i:ialr .. or .. r~d\lc~ t~e _le~el. of ~~~l 
sub~t~~c;¢s; ~thin.'th,~:rn; ~:g;tPhrtas~}n~p~peseed,, a,-g~acto~idesin.,soy~be~s, gossypol .in, 
cottoi:i- seed meal.,,Sim~larly, .as_ t~Ef :Wet;fe~d~ng,.o~ pi~ -~~ome~J?Opu~1ar, e~:y~e treatmen·t,· 
wate_r, ~oakir.g and g~rrnin"~ti~g:~o~ld. I;?ecome; ~ ~?~¥ imp~~~~ tr_eC1tq\ei;i.t ir the futu_re .. ' . 

. _ .... ·; " .. ·.' .. ;,. 

' ' ,) ':. ', .. ·; ·. ' . . ' ' . ; :., .if :> " 
5. OPTIMIZING PRODUCT. QUALITY·· I,· 

'·' 

Meat quality has assum~d a greater importance. in recent ye~s· because p~ople are more' 
conscious of health matters; are more demanding·and.cri~cal .of product quality and, since 
pigs h(l~e ~ecome pr,ogres~ively: leaner; more com,.pl~nts ~ave been rece~yed that:,eating 
quality of pig me~t ha~ dec:lin.~d .. Pig producers need to be aware that-quality assessment will;. 
become inq-easinglyjmp,o,rt~n(.:·.~'. ~<, ~.i .. :,~.. i· ;.-; .. ·,,·; ., '::,.·! .· -.: .· ;::· i ·-~r·:, ·., .. ··; ,;, ; : "'··~ 

1"'l -·< .':'1 1 -~ ~· _.-·~ ... ''.~ ·:.'_' ·_·· - ·_ L~" -~>~~_r::.·_'L~-.-~; .. · .. ~ ~-·:t:,1''.'r ' ~· .r··'...- ... ~,:_:. ,.,'.··1 ''-:-... "·.·.~::, -., ".:1' 

Th~.objective rpu~Uher~fore pe. ~o produ~e p_ig IJ;lea.t of consis~~n.tly gooq eating quality, w.ith, 
desirable .flavou~ iar\-~ g~pd keepi~g. qµafity;::·:.~~l-~q~~h. br_e~A: S~?<~_; rat~ of growth, as .~e(~,J1,S, 
envi,i:,o.runental .fa~9rs all .influe~ce .. rnea~ eatmg quality, th~ du~~ fedto the animal. h(ls a very • 'fi'. ff •- -,.- ~ I••.~: • . ,._ ·~- - • '\.. . J_ •. • -- ::_J<~-·J 

s1gn1 ,pil\t .e ect.. : '" .. i '!' :..... ."r "'· .:•.',' .. ·' .:> :_,_, ·' .: .. ', · .• ~ .... ·. ,·,•·.·.: • •• • '. ·.-•. ~ .· . r.:' .• (. ' ' ' '• , • • J • • . ,,. , • .~ •• I ~ , r .ii • ..I _ .. I ~. _, ~· • • • • .1l .• '_ • .' , ' 

,_,.:·.~J.'· .... , ;r~,., .• Jt,-r..-.1!t-~f;·- ·: _(:_,j< -·:1 .. .;:·:1\;·-.:..~·-..) -_:_~, .. ,r;.1·.,y·1 l_ ~>- : j,~~ •,,_:·;·· :: .• 

The aspects of meat quality that are of most interest are colour and water-holding capacity-:-:.. 
of the muscle, fat firmness and eating quality, all of which can be manipulated by nutrition. 
For example, several studies have shown that the fatty acid component of qiet~ry fats affect 
the flavour and composition of carcass fat (Wood and Enser, 1989). The''com:i:fosition and 
quality ~f.ingoainu.SC1:1la.r;f~t (m~bling ~at) is influ~~p~d.!~ a. s,imilarrpapne~::.1.~J~itum, rather 
than ~.~stricteH feeding,-Jer~ed .!£> .prod,uce.~ore !fr,,d~r, jµip~~ Il}~at. (ML,q,~19~9). This \Vas 
further. enJl~c~d l?Y the fee~ing.p(qi_~~ .~th ,h,:igh ~~e.rgy a~d)?~ prpteii:i ~9r.~e~t just pri_()r 
to slaugp,t~r-(Bl.~£11~.d et,~l,1 1~9?)'. .. ·-~"" ·).) .. >•i "o ... ~ . , r~: :,:,: · . " .. · .. , >-:: } · .. .. .• , 

.... ·_,;_;:.J .. '.:,.,;1~·-.. ~:.,, .. , .... ,.:r, ... 
Research has shown the importance of skatole and indole in odour and flavour perception 
in pig meat (Madsen et al, 1990). Skatole is produced by microbial degradation from 
tryptophan in the hindgut and dietary fibr47 has been suggested a~: a cori_tpbut,ory fac;tor. 
However, the type of fibre may be important and the feeding of sugar beet pulp~ a material 
which ~on~~ins- higl;t·.l~y,els,:of";soluble. ~bre or :~;SJ> .m?I}Omers, jictueilly_ .r~_quc~d Jhe 
concen~ation o(~l_<at9l~.-"nc;l_ ~ncr:ea..s,~~ t!t:~·.9~er~l liking a~d,.,a~ceptabiB~· of pig .n:i.eat (»7 o8d 
et al, 1993). 1t.i,~.n9t,fle~r .ho~ .. thi~ qc~J!~d,, but th~. r~dus~d.?re~~-~wn qf tryptopp_.cp:i by 
bacteria, or. the r~<;I4c~~ a_bs_orpy~m ·~f...s15:atole, tr9m_-~h~ -~t~~CiY. !;>_~· c_qntribu~in$ ~act?rs. .1 

•• ~ ~ I;· •• -.:~,~~·· • ..:-·.::.'. _:' -· D ··~.ii-:~· .. · ···:ti.~ : -· \·-. ~ · . .:.:1~:3 _:-_. -~ . -< .: .. ;· __ ._ :" - ·. . : 
Specific dietary ingredients and feedinKstrategie~ ~~l, ther:~fore b~.q.evelope~ .• on.a:. ~c;tesigrt~r 
diet principle' to ensure optimum animal growth and feed effiaency and to promote the 
organoleptic and. eating_ qu"lit~,es <;>f:pig m,~a,t .f~~· ~.:n;t<?r~ Ai .. ~c.~~jng .co~~µr1"er. Jhe ,£hpic~ of 

. dietary ingredit;ri!~ , and. ,their qu~ity.,~ll b~~o1Ile ·.p,fc_in9'e~sing)~portance t() ass,u~~. _t~~ 
consumer ~hat. 1adeH!Hlte,,food ~_afetx:me·es~~~~:~e ht.pl~c;~. ··' , j • . ··.. . .• . • .J . • 
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6. A~tf~iAi WELFARE ',. l 

" • ,1 • 
I,,,.,.' 

In future, the 'requirement will b~ fo· give··more consideration-to the effects of nutrition on the 
welfare· of the ariimal. This is e5petjally relevant fo' sows· whim are fed restrictedly during 
pregnancy, well below their appetite potentiaL Such· regimes may meet production objectives, 
but they may not present good welfafo, since the ~rrial dries n9t feel satiated and abnormal 
behaviour patterns like bar chewing' and polydipsia may develop.' It has been known for 
some time that the occurrence bf abnormal behaviour in confined systems is related to feed 
intake (.Appleby and Lawrence, 1987) and stereofypic behaviourjs alri:igs~ totaliy eliminated 
by high feed allowances. Recent legislation in some European countries banning the use of 
systems of confinement has necessitated_ the dev.elopment of group-housing systems and this 
has' createcl1 additional problems for 'the1 feeding of the sow. Group-feeding during pregancy 
can cause 'considerable' aggression at f¢eding tiine and ~ay result .iri the unequal distribution 
of feed between sows. Dominant sows consume more".feed 'and achieve higher than expected 
weight gi:tins, . whereas: subordinate sows do' riot eat suffiaenf feed t6 maintafn body 
condition. Edwards et al (1993) demonstrated that low-ranking animals achieved only 56 % 
of the gain of high-ranking animals when floor-fed in a group-housing situation. However, 
when a low density, bulky diet was provided ad lib'ituin~ then the animals' \\ieight gain was 
similar and on target. " 

. ._., ',, 
1

1.w';• '",'f ,~_,-t: ,·..i~: 0 .. ·-~t ,·~ .. ~~~~, .''> '~•'.' '.•'_. • ', • ~ ','' ''. ~i'• I\ • 

These results 'suggest "that"it rhay be'possibl'e to use different types of matenal~ a:_nd' feeding 
~chedules ·whicli can induce feelings 'of satiation. at· acceptable nutrient iritakes'. One such 
material' is sugar beet'feed which appears to have unique properties. When included at high 
levels (60%) in the diet, abn·ormal behaviour was considerably reduced and aggressiveness 
was minimal, but the intake of the an_imal was sufficient to meet its daily nutrient needs 
(Edwards, 1993)'. The intake of the animal "increased as pregnancy advanced and its' metabolic 
requirements increased (Sadler,'"Ciose and Perrott; 1994). The use of such materials and the 
development' of ad libitum· systems of feeding sows 'during pregnancy will thereforei;.becorne 
of increasing importance in . the future. Such systems should induce satiation, remove 
competition and improve welfare of the sows, yet be simple and cheap to operate. 

'' ~ - ' ' J, J ,; _,. . • • •. 4 " • ·~' • ' : ,; • ' ; ft°~ I ' • • ' ', lf j ' -~ ', 

6. LEGISLATION'::· ., . · 
. '' .~.. ... ~ " .. 

Th~re·is consider~?le legislati've control of the anilhal feed industry frt Europ·e: The objective 
is' to ensure the highest· pdssible standards of qualiti, h~alth, _bioseeurity and 'safety. It is 
outside the:scope "ofthis. paper to discuss such directives,· bu't iri future legislation is likely 
to increase on issues such as feed medication, ingredient and nutrient declaration,: pathogenic 
organism and zoonoses and human and animal health. 

! , IC ~ , i ,. t •• f, ~ -',r ·, , •;' , - . -~ 
; ; ,·. .. - •r ~ " ~ r 1 

,""(..! -.. .. _,,. ' .:> ' ' 
7~- '. . " 7. NEW TECHNOLOGIES 

; " '-., , ~ . 

Tli.~ future 'competitiveness #of the· pig industry will be ·influenced by the· speed of 
implementation of new technologies~ especially bioteChhology. This is-a rapidly evolving field 
of s'cierice' and, although many applications hJve been 'speculated, many 'difficulties have to 
be overcoine before it can· he' commercially applied. Nevertheless; as" the molecular and 
physiological basis of anim~l functio!ls become unravelled, new approaches to advance 
animal performance cart be explored and: develbped. · · : · ~ 

- I. - -
~ ., ·' . 

Recent' examples include: ad~an~es iii recombfnant DNA te·Chnofogy':to produce products 
such as porcine somatotropin (PS.t) arid the development of fS-agonists to_ improve growth 
and carcass composition; the use offermentation procedures for the development of enzymes 

234 



to improve digestive efficiency and the nutrient value of feed; the· developlJlenfof :n2vel~ 
microorganisms, such as specific strains of ye.ast and chemical probiotics; the advancement 
of dietetic feeds to infhie.riceJhe ecosystem and immune response within thegastr~intestimµ. 
tract; the development and use of specific materials to reduce emissions frorp.. intensive 
systems of anlinal production; the mapping of the genome of the pig and the identification 
of specific quantitative trait loci (QTL); BLUP. and the development of molecular probes to· 
allow early identification of superior animals. All of these will have an enormous impact on 
the-' way- lhe-' pigs ate ·riurttired at all stages< of ·proouction 'and on the efficiency; oLpig 
production per se, It is therefore important that the pig industry keep.s abreast of these new 
developments arid applies them at the earliest opportunity: By responding to the· challenge. 
in this positive way it ·can compete successfully with the other meat industries. 

Ci( ... ~_·-·._· .<~r: '- ~ ~ .. ,.·l i. J:-_iJ:~ .. . , ; - , ... -·~- .. _ ,\,"' i~ .. · 

. ' 
::.i. 

,r . 

The pig ihdustry in Europe has developed markedly in the differenf countries during the past 
two decad'e5. It is an efficient industry, although there is still room for improvement and for 
a reduction in production costs. The drift towards integration is growing and quality and 
traceability of product is gaining importance, from both a production and feed perspective. 
In this respect, ·tile· foQd: industry has a major role to play fo further developing pig products'. 
in ways.that meer'consumer requirements and safeguard the environment. The change Will 
continue, creating .opportunities for those who are willing to accept the challenge of new 
technology, new-markets, new products and who recognise the importance of prqviding~.a 
better on-farm serviee.. .· 
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INTRODUCTION 
. -. "\' . 1.' • '-.i..;' .' 

; ~ ''. : ~. '•; 

To a poultry nutritionist, the ratite is a·fa5cinating subject to studf':·l:he digestive 
physiology is quite different from dC?mestic species of poultry, giving the ratite more of a 
nutritional r~g~'>of 'fiutrie~t requirements. and potentjal ingredie~ts to supply these . . 
requirements'. _The.ability of tlie.ratite to efficiently~utilize. fiber-makes it-distinct-from .... -
domestic poultry. Yet, the fact that ratites are still birds with feathers that lay eggs makes 
some ~f the~r nutrient specifications very similar to domestic poultry; With feathers that lay 
egg~ .. J:he g.Q~ls of Jhi_s paper are_ to1 tey!e~ some.principles :<:>f n_utriti.on_and_gastrointestinal 
physiology to nutritiqnists aqd suppliers, entering the ratite ind~s~!Y:'· · 

J., ... 

DIGESTIVE PHYSIOLOGY 
I . '~ 

- • •• ••• • • ,.~ -- - .:..... - - q• .. -· .: ,., .,, •. _. • - - • • -~- - - • • -

As in. other .bi.'rds, the ratite has_ a beak, mouth and pha.rYnx, which are all important for 
the prehension,·manipulat~o·n and mastication of food. Taste buds ar'.e usually of mini~u~ ·, 
importance inAmost .p}mltry species, -but field reports- indicate that ratites may have ·developed 
taste buds for c.ertain ·sweets and bitters .. Addition of flavors such aS Apple-Aide have be'en:> 
used-by·several f~ed .companie~· to stimulate 

1

fee·d consumption by. rapies and, theie have been 
a number of field repiorts ~f _feed refusal of ratio11s with higher .. than normal 'levels of bitter 
tasting substances such as magnesium oxide or the presence of the mycotoxin 
deoxynivhlenol/volnitoxin; A thorough scientifiq sfildy'·of the ratite~ taste buds 'has not b~en 
reported to this author's knowledge. · ·. • " · · ·' 1 

· • 

- Ratites. lack a-crojf and,tend to"use ·tl}e prdveritriculus and gizzard as food storage·, 
organs.·.Theproven:triculusiis relatively thin walled'an'd is prone to impactions and . 
permeation·s·· in ·the ostrich.·. The proventriculus ~d'the gizza.fcf can become infected· such. that 
during a .necropsy; the inn'er linirig just peers: off These 'tissues ar·e'' important to the passage, 
mastica,tion and hegirtning digestion of the:bird's diet."· If they .. are infected· with ·an enterovirus 
or malabsorptioh ·gyndrome; then-the bird will have. a difficult tiine assimilating nutrients from 
the start: . Food passes froin the giziard ·to the small intestine in the ratite just· as it would in 
other birds. The small intestine is where most of the protein,-carbohydrate, lipid; vitamin' arid 
mineral digestion and absorption occurs. Pancreatic and hepatic enzymatic secretions are very 
important in the small intestin:·e for optirimm ·digestion. Ariy disease of the intestine, liver or 

~ pancreas will deter digestion in this region. The large intestine of the ostrich is about three 
~- time the length 'of"the small intestine, arid is the primary organ for fiber.' digestfon .. the emu 

does not have.such a long' large intestine, but: does have.' active fiber digestion occur also. 
. . • ' ' . ,J Herd and Dawson, 1984' reported that the emu digests· 35-45% of the neutral detergent ·fiber 

(NDF) in the feed and that th~ main· site of fermentation in the emu is the distal ileum. 
Swart et.al. (1993a) measured VFA production in the gizzard, small intestine, cecum, and 
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large intestine of the ostr!ch anq found a very a.ctive production of acetate (5-35 mmol/h/lOOg 
DM} in the large intestine, with minimal rates of propionate and butyrate production 
throughout the gastrointestinal tra~t. , . Fib~r digestion and production of volatile fatty acids 
(acetate) from anaerobic micro-organisms· in t~e ostrich approach levels similar to those in the 
forestomach of ruminants (Mackie, l 98J}. Swart et.. a~. (1993a) es~imated_ that VF A 
production contributes to as much_:'. as 76% of the 111etabolizable energy intake of the growing 
ostrich chick. The ceca are also more active in the ostrich and emu compared to other 
poultry species for hindgut fermentation. Emu ceca are similar in size to it's large intestine. 

Table 1. lngesta retention times (Rt) and dry matter contents of the gastro-intestinal tract for 
osttj~hes ~f dif{ere~t live masses (Swart, et.al.,.1993b). ~ .. . · ~1- · 

Measurement 
. .\ 

5-10 kg body_ wt. 15-18 kg body ~- 42-50 kg body wt. 

Retention Time (hr) '• 

25.5-50.9 
. 

R~ge ' _, 20.9-43.5 34.7-75J 
'" '. 

Mean 39.0 3i-.8 .. '. 47.9 .. ~ 

Digesta Contents 
(gDM) 

' 162~2 
:.J' 

Proventriculus + · · 121.5 • .. 321.2 ,.':': 
Gizzard i ' 

. - .. 

Slllall. Intestine _·19.2. 28·.l 25:2 
'' -· ' ; 

. Cecum +Large Int. 157.8 240.2 721.2 ' J ~. •, 

Rate of passage varies with the age and size-of ostrich. Swart et.al:'. (1993b) reported 
rate of passage.varying from 21 to 76 hours. Results of Swart's (1993b) work.are shown in 
Table7 l. The mean _rate of passage was 39,-31.8 and, 47.9 hom:s for 5-10, '15-1&. and 42-50 kg 
bird weig~ts, resp~ctively. At the time .of sampling, the cecum+large intestine contained near 

· 70% of the digesta contents (dry matter basis); with ne(lf 30% in the proventriculus+gizzard 
and a minimum amount (< 3%) in the small intestine for the 42-50 kg weight group. In the 

. s'malle~ weight group, the. digesta contents .were more evenJy divided b~twee9 the large 
intestine and .the proven!ficulus+:gizzard groups. Rate. of passage in adult emus is 5.5 hours 
according to Herd; and Dawson (1984) and emus have n:mch le~s trouble with impactions 
compa.!"~d to the o~trich. 

NU'IRIENT REQUIREMEN~·. 
J 

Table two shows a typical ingredient and nutrient list for a starter, grower/maintenance and 
breeder ostrich ration~. Most feedi~g programs are qivided into these age· groups based on 
the digestive_ ability and reproductive status of the ostrich_. The list of ingredients to supply 
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Table·2. · Typ.icanostrich Ration NutrienLii'vel ·Ranges 
I . ' ~ v . - ' - •'"" . _ ... 

• ... "; ./ 

Nutrients - r"· '' Starter · 
·:-: •• I>. 

Protein,% 
~ : . . .. 

.. 18-24% :.· 
• ~--· · "L' .· ; 

1 
tr · • ' ... > 

Fiber, o/cr; 

Fat,%-·: 

Metab. Energy' 
(po~ltry) . - .. . 
kcal/kg · ' · : 

• . · • •• -1\. 

:·· .. , 
3-8% 

\1·r 

• "JI - /" - J '-

Gr,ower/Maint 

.3-6% 

.,1 
·~· 

·.'.) 

.,_ '.';' . 

Breeder . ··" ... 
. . ..; '' ";" ., -.;.., ~· '14-20°/ ... -. · .. ' .., - . /0 ' 

9-l2% 
-·!. ) . -· 

. -3-5% f", . '. 

- 2000-2300 
'Ir'•. ~- ' 

.. 90-Li0% 1; .i·'.' 
.. ' .. ;._:;.__ .. l JI,, . ' 

.35-.6q% .54-,70% - •_. Methion~1fe,.% 

1:4-2;0% 2.0-3.5% 
·1 ·-.,•\,,I • r· 

Total Phos,. % . ,_· :, .85.:..Y.2%~.: .. : ·..._ . p'·\ : l.0-L2% - _. 
" . -· . , ·• ~ II • , 

A vruL Phos, %·~ 
\ r .' 

. - ' ' ' 
. '· ·.·:· '.60:.:90% 

•• 1.1 

·." ~io-.36% - ., . -···. -.20-.3'0% ... .( .. 
. . ,.,._ ·- ...... . 

; · ' J )OO.::J;OOO ; 1,29.0-3,000. ·~' -1 ,200;.3 ;ooo ·· ( 
·' ;_: ··:::,. . ··,, ·; •• '"1.c' -,,' .• r-~ ~ . ~ 

Vitamin A,.· 
I. U./kg ·: :: . ·.: '. 

11--~~~~~~~~-+~~~~~~~~~-+-~~~~~~~~~+-.,...-~....,-~~~~~--l'' 

Vitamin E, 
I.U.(kg 

30-100 30-100 30:.iso 

Table ~:-· ~etab~liz~le ·~rrergy, neutral·,;detergentJiber, :~nc:I fat.digestibilities ·~n··ostriches 
(Angel~· 1~93) · . · .. -·::~ _ _ ~" · · .·; · ,,. ~, _1 r~ -

- • ~ ~ ','"".1 c _ • .,,. 

' ' ' . ···,,·~ . 
Age, (wee.ks) , . 

- . ' ,··· .. 
M~tah ... :~~ergy -~. ·_ ,Neutral;De~~rg, .

1
. ~ ,·- .Fat '·,.:.~ .:;, 

(kcal/k;g) · .. -.. , " , ... fib~~'. I;>igestib · ~) .. , . ,, Dtge!)tihi.lity~ . ·. 
'• > ,.f. '----•~ _,, ~~..__)• o --~ ~'•J, ~I •. ,,,,!(_ .,_::_, '·· . ---< ....,._,.. \- •f."" 

(%) . ·' -. /-,. (%) : : .. .t~· 
. / 

., ··'·'1 • 

I l: ··. ;~·44_ 1. •:t,.., 
' ")p • 3 

_J ' •"' ,. J. r -~ ,.J \ ·• •' ..... '} 

6 ...... .· ;'2,7:9' ~· .'.'.'' 
1 .-

"' ' :&5) .. ,' 10 2684 
" 

'. ... r:.. 7 -

120 ;_ 61.6: ·92.9. 
.-·· . . . -~ u: ' 

,. .. " _·; ··_, 

.. 

i 
r, 
(! 
'I 
h 
i' 
11 

:, 

,. 
j:' 
.1 
,, 
•i ,. 

i' 

'1 
:; 
i 
I 

:f 
II I, 
1, 
:1 

11 
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these nutrients to ratities includes: com; oats, alfalfa ,rrieal; soybean meal, di.stiller dried 
grains', soy hulls, wheat midds, meat and bone meal, fish meal, animal and vegetable fat, 
dicalciimi-phosphate, limestone, oyster shell, yeast, amino· acids, vitamin, trace minerals and 
pelleting agents. Angel, (1993) reported the fiber, protein and fat digestibility of ostriches to 
increa5e considerably as the ostrich bird ages. (Table 3). Based QI}, this type of dafa, the 
ostrich should probably not have a great amount of fiber {> 8.0%}'in the-'starter ration because 
.it will pot be able to derive enough en~r~ fro'm fiber digestion until it is over 3 months old. 
Fat digestibility is very low in ·me· young tatite, so fat levels should ~so be minimal until the 
bird is over 3 months old. The .~tarter ration should be a relatively moder8:_te protein and 
energy ration that derives its protein and energy from easily digested 'grains and .cereals such 
as com, oats, sorghum,· alfalfa meal and ·soybean meal. .As the bird enters the · 
grower/maintenance stage {>3 months of age) it~ne~ds more fiber to meet the microbiological 
demands of the lower gut. Birds not given adequate fiber may be more prone to-competing 
harmful micrpbial population growth in the lower gut and ·physical problems such. as gut 
stasis. The ostrich breeder ration (Table 2) is.higher in calcium arid protein than the 
'mainten~ce ration because _of the rep~odiictive demands of _egg p~oduc_tion. Female ostriches 
'are .known to lay anywhere between 30 and 100 eggs per breeding season. Eggs can weigh 
between 1 and 2 kg and the percent shell between--7-12%. Thus,· the female ostrich has a 
,need for extra calcium for shell production, a small amount of'linoleic acid for adequ~te yolk 
formation and supplemental· vitamins ·(especially'. Vitamin E and panfothenic acid, Angel, 
· 1993}, for adequate deposjtion of_ vitamjns i[l the ~gg for ~e developi11g embryo. Most 
commercial ratite rations adequately supply th'ese needs to the best of their knowledge. As 
more information -is gathered, more· attention ~II be paid to particular nutrient levels suc:;h as 
amino acids (methionine and lysine); fatty acids and trace. mine·rals .. At present, most r~tite 
feed manufacturers use a very diverse list of ingredients in their rations which helps ensure an 

. adequate nutrient profile. 
• J 

NU1RIENT METABOLISM AND INTERACTIONS 

· Fiber is probably one of the most importantn~triertts in ratite feed, hut nutritionists 
have not established a fiber requirement to date. Fiqer is typically not digested and utilized in 
monogastric species because of a lack of microflora that can degrade the fiber. Ruminants 

. can utllize fiber because of the microflora population in the rumen that contain enzymes for 
the breakdown of cell walls, hemicellulose and cellulose. The rumen microflora produce 
volatile fatty acid_s from the fiber carbohydrates and these volatile fatty acids (acetate, 
proprionate and butyrate) provide dietary energy to the animal. The ratite is more like the 
ruminant than the IJlOnogastric when it comes to fiber utilization and volatile fatty acid 
production. · Swart et.al. {l 993b) reported digestibility coefficients of 47%, 66%, and 38% for 
cell walls (NDF), hemicellulose and cellulose, respectively in the ostrich. Most of the fiber 
digestion occurred in the ostrich large intestine, with 12% cif the dietary metabolizeable 
energy disappe¥irig in the hindgut. A .healthy microbial .environment is thus very important 
for adequate fiber digestion in the ratite. Uncontrolled antibiotic use could destroy natural 
microbial populations and disturb the normal function of the large intestine. There are often 
populations of clostridium perfringens in' sick ratite intestines. Whether the clostridium is the , 
cause of death or a secondary factor in the case remains to be researched. Nonetheless, the 
ratite veterinarian needs to be very cautious in their prescription of therapeutic antibiotics, to : 
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preveilt' ·a: 'gut 'rrticr6b
1

i"fil':iinbalance·. If a ratite is very sick and muse be administered· j 
antibiotics/the veteri"nariari rriay warit to put the bird' on· a.rower fiber,'.more'ea5ily.digested, 
d.iet during'treatmerit.''- · :·,:' : .. · ' ··· •.' ·• "· .. 1 • ~ ... , •. · _., • ··~ ,,. ·,: 

~..l 'Proteiff iequir,em:enfs fol°'ratites 1ke nof well detemhned:· Most feeds· contain b·etweeh c: 

15 arid 24 % protelri. The prbfoin· content is highest for young birc,ls. atJd decreases· with age. 
Breeding ostriches are fed feeds containing approximate!)" rJ5o/c/ pr~tein (Le--eson an.d Summers, 
1991'). •; Pro'foin usually coifsisfs-of eiifseritial.and non-essentiill .amfoo acids:'- In poultry, the 
first lirritting. essential· amino. acid is methionine, followed by lysine, ·, Maniiion and - . 
coworkers 'coriducted a ·study c)f..:the :1:y-sine:requirements of :the ·emu from ·the, age· of 23' to,(55 
days' of ige .. ·They ·conclud~d~that the·recommended level of lysine be .8i5 grams/MJ ME .. 
and that·lysine" be added to'lo\¥ protein"diets to.optim:i:te 'weight gain and: feed efficiency in . 
emus .. ·1 'The ptdtein' (N) needs of the' fiber digesting mictoflora .in the ratite«large. intestine are 
also unkno\vn at this-time,l.~·Much..:mhre research '.nt;fods to be conducted; in this atea of. 
nutrition.·-. · ·•. ,i · '" '' .' .· ], • ·.. •· ~-i ... 

,, Energy needs ·of<the'ratite are,.,,currerttly based on the metaboliZable energy· system .. 
utilized: by· po-ultiy. This· m'ay 'be· completely' wrong' fot. the"·o:strich gteater ·than J months of 
age.' Angel., .·1993 (Tabfe·'3)"sno.Ws ho~ th'e m'etabohiable;energy·increased'a.5-:the bird: ages 
and is able to ·utilize mdreJo.fthe,fiber .arid how thes¢·values~ETable 3)'. [or·M1.E. ·exceed the 
expected-energy values for poultry: .. Smith et aL-(1995)"gave a: vecy·complete 'rep9rt at the • 
199 5 Alltech Biotechrtofogy in. the F eeci Itidustcy ·Annual ~yrtiposium- on: tME t deforminationS' 
and amino 'acid-apparent and'tfue oig'estibilites of Various feedsruffs· in ostriches·'Versus .,.:_,: ' 
roosters. . Smith report:s. the excellent abilitY" of'ratites '.to -derive energy Dana mltrient .val'ue from 
high fiber sources not utilized:"weli by the ·chicken. Smith's;teport also includes tables.i.9f" ;· -· 
protein 3na arriiho acid recommendations for the ·maintenance .and growth.of ostriches .. · One 
of the main problems in the ratite industry is that the birds" get:more energy 0-ut' of. the. foe'd __ 
than calculated and the excess .energy is stored as fat. Overweight, fat birds then have a ha~-d 
time starting reproduction. Energy can corrie fro'rri· excess dietary protein too. The bird has a 
minimum protein requiremerit. for muscle accretion and after that requirement is met, the . 
excess protein is deamiriated arid also stored a5 fat- Protein: .. c·an be a:.\rerf expensive energy 
source. Lipids are probably tlle least expensive-.ertergy·;:source ·in most poultry- rations, but 
ratites need v·ery little ·supplemental 'dietary lipid.'"since'.they' can generate .VF A's from dietary.• 
fiber. The.'maiif'cohcern re·garding lipids in the: ratite will be it's fatty· acid· requirements fot! 
egg production: The ·1994 Potiltry .. NRC lists fatty acid requirements·for linoleic acid, which· 
usually comes from dietary. com:: It 'is linknown whether· or riot tatites have' a similat .:.: :,: -~ . 
requirement for linoleic acid at this time. 

Vitamin requirements and metaholi'sin1 ire.divided into fat soluble and water soluble 
vitamins. Fat soluble vitamins (Vitamins A, D, E, and K) can pose problems in young or sick 
birds when their fat digestion ris impairell,, Thes·e-vitamins require effident fat.absorption in 
the small intestine:to ·be· absorl:>ed. · Fat; soluble. Vit'amihs actually: compete somewhat for J. ' •• 

absorption' sites. in the- small intestine; such that :Over-supplementation of ~me· couid inhibit the 
absorption of another. The fat soluble vitamin of most concern in ratites is\Vitamin K :Rae 
(1992) reported a degenerative myopathy in ratites and related these finding to Vitamin E and 
selenium deficiencies. It appears that the ostrich has difficulty'-dep6siting Vitamin E into the 
egg (Angel, 1993). '.Therefore, feed rhanufactlirers have been supplementfog Vitamin Eat' 
levels near 80 -100 I.U./kg. Unfortunately, some producers and veterinarians have taketi',td" 
supplementing or injecting large doses of a Vitamin ·E/Se which may solve the vitamin E 
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problem but create-a selenium:·toxi~ity probl~!Il· __ There is no docu~ented ~eed for injectable 
Se in ratites. _ .The water;spJuble vi_tamjf!.s .(B's 'ang C:) cannot be stored for long periods in 
the birds tissue and must therefore be given daily in fresh feed. Vitamin C i~ _not considered 
a required vitamin. by- poultry species, Jmt researchers have indicated a role fo.r Vitamin C 
during stressful times. _B vitamins Qf co_ndem inclU:de pantothenLc~ ~ci.c(and b{~tin as t~ey are 
relate_d to hyperkeratosis ·and dermati~s. _, --:_ - .,. · _ - _ 

· · ~ineral metabolism in bird~ is highly COIJlplex- since~ there are so ~any required macro 
and micro'-min~rals. _ Minerals are .neededjn almost every m~t'!J>~lic; process_v.rjthi~ the birds 
body.:· Most Ill~nerals·are actively tran~ported in th.e smatl intes.tine; hO\vev_~r,, som~ passive 
transport _can occur in the large _intestine: . .As a nutritjonist,: it )s import_al1t to remember that 
there are many interactions in th~ absorption and rnetaboJjs_m o~ J!lirie~als ap.d that over 
supplementati_on Of one 9an V.ery quickly cause an_ imbalan£e_9f _another:·: Two .~xamples of 
important inteJactions wo1,1ld be: -Galciutn and phosppO(l,1§;_ an_9>-,copper _ ail.q zinc. _ C~lcium and 
phosphorus should be fed in a ration at a rate of 2 parts calcium to 1. part phosphorus in 
most growing_ ration_s. Calciurp-should., e}{ceed this. 2: 1 _ratio qnly in layer rations when the 
bird is actively producing an eggsh_ell and has a neeq for more calcium. Copper and zinc are 
also closely related in metabolism; arid all excess of Zif).C from galy~ized feeders Or waterers 
has been .shown:_ many times to cause «opp_er,deficiency ~mptoms in. l?irds. Scheideler, et.al., 
1994' conducted a study of trace mineral accretjon i.n ostrich. liver an!i bone1tissue: and found .. . ., . . . ....-

that. ,bone Mrt aiid. liver Cu levels were very low relative_ to other speci~s qf .animals receiving 
similar dietary levels -of Mn and Cu. ,It was·· speculat~d that the ostnch may have other 

_ in_terfering fact_ors_ inhibiting efficient· absorp#on .of the~e i;iµtrieQ.ts: This theory is supported 
by Mellett, 1993_ whom asspci~ted diet_ary in~4fficie~cy-of Mrt with sl!pped tendor:i in xoung 
fast growing ostriGhes and suggested, supplemeqtation of o~trich qiets with at-least 200-ppm 
Mn anq to ~voi_d. fe_~ding excess C~ and P: 1 .. J; \ 1:· 

.... i;"_; 

.... .,.. ..... 1_ \ CONCLUSIQN, _ ., 
~ ,,t ,f• ' - ( -_ \ 

_ R~tite nutrition knowledge an.d formulation coµld be described a§_:still being in its 
infap.cy relative. tp _the state of art that poultry· a:nq_ruminant nutrition ~re at. Much of what is 
praGticed. by ratite nutritionists is based on some ·nutrition •principles that are common to all 
spe_ties but is ll)ostly based on. the tri_als and errors of field_ experience .. -Probably the most 
imp<;>rtlll1_t factqr to the future of ratite · nµtritiort- will be _th·e continued cooperation and 
communicaticm between rntite feed manufacturers, nu~itionists and veterin~_ians._ 
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AMINO ACID SUPPLEMENTATION OF POUL TRY DIETS: 
, APPLICATION OF IDEAL PROTEIN 

. Kevin M. Halpin 
Vice President, Nutrition and Technical Servic~s 
· ADM BioProduct~. --"· 

I: INTRODUCTION . 

. Decades of research have Clearly demonstrated the importance:of methionine 
and lysine.as the tWo most limiting amino acids for poultry. Commercial 
production of DL-rllethionine (via chemical synthesis) and L-lysine (via 
fermentation) began in the late 1940's and 1950's respectively. Since that time, 
their usage in praCtical poultry diets has become commonplace. 

~ - ! 

More 'recently •. greater q·uantities of other essential amino acids, particularly 
tnreonine and tryptophan, have become available to the animal and feed industry. 
Advances in fermentation technology have led to greater efficiencies of . 
production and, consequently, lower threonine and tryptophan prices in the 
marketplace. Commercial production of other feed-grade forms of dispen~able 
and indispensable-amino acids will likely follow down the road. 

Unlike methionine arid lysine, usage of supplemental forms of threonine, 
tryptophan and other amino acids in practical poultry diets has not been well 
examined. Their requirements in broilers, turkeys and layers are not as firmly ~ 
gro1;mded as those for the first two limiting amino acids. 

Moreover, it has become increasingly apparent that a single amino acid 
requirement value car'\not apply to all birds under all circumstances. A multitude 
of dietary factors (e.g., protein level, energy level and feed intake), environmental 
factors (e.g.', disease, crowding, feeder space, and heat stress), and genetic 
factors (e.g., sex and lean vs fat growth potential) affect amino acid requirements 
(Baker and Han, 1994a). In addition; amino acid requirement standards may be 
adjusted to reflect the end goals of production,. i.e., processing and marketing of 
the birds. As suggested recently by Fisher (1994), it is possible to imagine a 
hierarchy of processing conditions which may lead to progressively. increasing 
requirements: 

I -

• requirement for maximum growth -
• requirement for maximum feed conversion efficiency 
• requirement for maximum carcass yield 
• requirementfor optimum carcass composition 
• requirement for maximum breast meat yield 

Thus, as the practicing poultry nutritionist is alerted to "newer''· supplemental 
amino acids becoming more price competitive, he or she is faced with several 
significant challenges: 
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• lack ofrequirement·data· . 1 _ . , 

• questions as to the ·order of .amino acid limitations in practical diets 
• means by which to adjust the requirements based on dietary, 

environmental, genetic and processing conditions. 
;· ;,. :~. ,. 

These challenges have prompted-some swin·e·nutritionists arid to a certain extent 
human nutrition experts to consider "ideal protein" or ideal amino acid ratios in 
diet formulation. The logic here is to express amino acid requirements as a ratio 
of a "better understood" amino acia? such as lysine. One can then place · -

.·emphasis on establishing lysine requirements under a variety of circumstances, 
after which the remaining: indispensable ~mjno aci~ requir~ments qan be_., · 
calculated: 1 • ,: , • -~ • • _ , -

:• .. _;,~,~~·! ;'-' ~,·,"'".•"'• e 'l' f~ ',,!I./ ,1. J .. 

The scope of .this paper is ideal protein in poultry from a-practical 13PPIJc;ation 
standpoint. It will focus primarily on broilers and turkeys. Some evidence to 
suggest'a. rol!3 for L-threonine supplementation.of low:-protein di~ts will be 

.. presented. : . .. . • · · · ' .,_._,-:-~ 

II. IDEAL 'AMINO ACID RATIOS 
I, ' .. 

:o_,' 

'' . l•,I 

'' iJ ·. r 

,l'• 

' - "--~ _. ' 

' • ' .J 

Digestible idealamino acid .ratios as·.developed by_ B~ke.r and coworkers at the 
University of Illinois are presented in Table 1 (columns 1 and 2). These ratios are 
based on more' than .30 years of research; pri.ncipally in broiler chicks b~tween 
hatching and 21.days posthatching.· As these data have been published and 

-recently presented ~t several-nutritional conferences (including the -1994- MN. -0 

Nutrition Conference) .the author will not pro.vide background and support 
information in this paper. However, these ratios do provide an excellent basis by 
which;to·compare other amino acid patterns andJQ evalu.a~e pqtenti~lly limiting 
amino acids in practical. poultry rations. _ · , , :; » • . • 

'·• i _I " < . ,1 ., -~ ,_. '', " 

It-should be noted that the ideal ratios shown for birds 21-42 _days of age (column 
. 2). differislightly from those presented by-Baker at this conf!3rence l~st.ye~r._ 

:, : .Changes were made in SAA, arginine, valine, ,and isoleucine base~ upon more 
_recent-unpublished research (Baker,. pe~sonal communication) d!3aling with 
maint!3nance requirements of these. amino. acids relative to the main_tenance 
requirement for lysine: ' : : : ; . ·-- - - . ; . : ; ,; . -

With the predominance of com and soybean meal in the U.S., poultry nutritionists 
may or may not be formulating on a digestible amino, acid basis. Thus, it may be 
of interest to knowwhat if any changes should be made in the· dige~tible am: no 
acid pattern, assuming a com-SBM diet formulated on total amino acids. To this 
end, the 0-21d digestible ratios (column.1) were.use_d to'calculate an amino acid 
pattern based on total amino.acids, assuming,a 23% C.P.:com-SBM.diet. This 
"extrapolated" pattern of amino acids (column 3 of Table 1) takes into account the 
quantity ot.each amino acid contributed by com and SBM (assuming the 23% 
C. P .. diet), as well as the digestibility of eacb .amino. acid from .these·two ingredient 
sources. The total amino acid content and percent digestibility values were taken 
from NRC (Poultry, 1994). Comparing the digestible and extrapolated-total amino 
acid patterns (column 1 vs 3), only slight changes are indicated for this com-SBM 
scenario. 
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For comparison"p·urposes, column 4 of Table ·1 .. shows a pattern .OJ aminq .acid-to­
lysine.;ratios as summarized Dy A.ustic (1994). Unlike the Bake.r ratio~ .(de.ter:mined 

' ) 'by empirical studies), these ratios were calculated based on: a review of rec;~ntly 
published amino acid requirement studies. For: exam·p1e, .aJ.s.ummary·of the.·:· 
requirement studies for lysine suggested a 1.30% total lysirje requirement for 
male broilers, 0-21 d~y·s-pf-ag~. · Th_e correspq.nding threonine requirement was 
0.80%, yielding a threonine-to-lysine ratio of 62%. Similarly, requirement studies 

: ;, .for arginine; Valine, tryptophan; isoleucine; and histidine .. wer~ summari~e~ for the 
[ 21-'d male broiler, and ~otal amino acid-:.to-lysine.ratios were.calculated ... The.; 
·requirement estimates in thi·s review.assumed .a. ''.typical"; diet~ cootaioJog· 2~% 
~"C.P., 0.93% TSAA, and ·32oo·kcali'Kg;of metabolizable energy. : . . : , , .~ '"·' ' . . 

\ . l ..... 
• ,,,. - ••• - ; , • -11 - l ·',_ v .,,..... . ~ j ' 

··some:diffe'rences· exist between the Austic ratios and those extrapplated. (ba·sed 
ori total amin·o acids) frorri Baker's worlc These:.differences may be.attributed, at 
least in part, to the different.means by which they were obtained .. But possibly 
more importantly, the lysine level,· upon which the amino acid ratios were 
calculated, differed slightly. If one assumes an apprQxirnate Jysir:ie digesti_~ility of 
90% for a 23% C.P. com::SBM di.et, Dr. Austif's S!Jrnmary_value 9f 1.30% total 

~ )y.sine relates tQ,.a cjige_stible~!ysine..reqyir,~ment ~f 1,. 17%.:.· Dr. Baker's . . _. 
corresponding digestible lyslne requirement for me 0-:2.1 d,mal~ bro.iler is 1.12%. 

111. ORDER OF LIMITING AMINO ACIDS IN CORN AND SOYBEAN MEAL 
I ..: ,- • - ' j' [;.:t • : • • .._. • 'J · . .., J . • .r , '.; •f . l "" ' •• • ·'. ! , '~ • - , - . ~ 

. ··-'Recent studies~h~v.e more clearly·~eliriea~ed ~he ord~r of lirpit[ng amino acids for 
, com ·(C),::soybean m((!~.1. (SBM). apd .~J>.Sl3M .mixture for, broiler chic.k~. . . 
(Fernandez et al;, 1994) .. Th~,brc;>iler·diets wer~ low i~ C.P. anµ formulated o.n a 

·>· digestibleJdeal_amino ~cid b~s.is (Baker ~nd Han, 1~94a) t~ f!linimiz~ excesses 
.. ·anc;I Jmbalances .. ; Chick growth and feed conversion were assessed as .one amino 

aci.d;at a time ~as. deleted f.rom ~ ,bas~I diet,(~nt~ining protein from cam, SBM or 
the C-pBfv:l mixtur~), suppl.~men~ed wjt~.a b~l~nced .. array qf ami.no acids. · 

:; J ,.,: ,·' • I. •' , . ~ , ' •.. ,. _. ~ ; ' 
1

. ·, t 

As expected (Table 2), methionine (or: TSAA) was the firstlimitin,g amino acid in 
SBM and the com-SBM mixture. - However, whereas previous studies (Schwartz 
a.nd B~ayiJ975;Jia_n et al., 19~2) h~ye.clear.IY s.ho~ed lysine;t(), b~ s~con~ 
lim!~ing, this trial suggested th.at threonine was more limiting than lysine in the 
com-SBM diet.. .·The auth.orssuggested that.the high. degree of. limitation observed 

.. for threonine may have been due to its high.re'quirement for maintenance .. · Thus, 
the. us:e. o.t ~hejow~protei~; die~s •. co~pled ~ith the re,duce~ groWtti r~t~s i~ ~hicks 
unsuP,plemented with threonine, may have created a situ.ation in. which. a greater 
proportion of the dietary threonine was.being used for maintenanee .. , . ',' 

.. • • - • • -- ,. • • • • • - • • ' • ' ' I·~ • .. ' J • , ' 

, r r • . · .' ! · -. ~ 

. .S\milar studies.hav:e r!3cently been ·conducted by Lilburn (1.995) .. in turkey poults to 
evaluate limiting amino acids in SBM. As in the above broiler work, individual 
amino acids were deleted from a low-protein SBM"'.diet, supplemented with a 
balanced mixture of essential .amin·o acids. In. this case, protein efficiency. ratios 
were used to ~ssess,the order'6t a.mine acid limitation in turkey poults from 2 to 
16 days~of~age and fro~-22-3~ d.ays ...... ':.·. ': <:·.~,:,: ,., . . . 
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Methionine was clearly shown to be first limiting for turkeys at both ages (Table 2). 
Lysine and threonine were second or third limiting in SBM, b_yt their order flip-

. flopped depending on the age of the turkey poults. Thus, as in the Qroil~r.work, 
the importance· of threonine, as well as methio·nine and lysine, was d~mor:istrated 
with the low.:.protein, SBM-based diets. .-.,'.j;... • . --0 

IV.··. AMINO ACID SUPPLEMENTATION OF BROILER DIETS 
. ·.•'' 

'... ' ,,. ~. \ ~ . 

Befonfone can properly evaluate the potentialrole of supplemental amino a.cids 
beyond methionine and lysine, it is essential to critically assess the bQundaries 
associated with these first tWo most limiting amino acids~· What are the minimal 
C.P. levels achievable with adequate mettiionine and lysine supplementation;? 
How much crystalline lysine can be used in a practical diet? Considerable. 

, variation in the poultry industry exists today with regard t9 "allowed" crysta11i1}e 
lysine·i'nclusion rates. Formulation strategies.used by industry nutrition.ists to; 

,keep protein and/or.amino acid levels "in check".include: 
' t 

·• minimum: C:P. specifications: - , ·· . -C >. 

• maximum ·s.pecification (cap) on crystalline lysin·e .; Y '· 
• minimum sp'ecifications on amino acids beyond.methionine· an'd· lysine (i.e., 
. threonine, arginine, etc.) :-. . :). 

While.numerous "studies have' evaluated methionine and lysi"r·\'e'Lise in broil~r 
. diets, the author will only briefly highlight a series of 3 commercial trials, · "' 
:·conducted at the PARC Institute (Halpin, 1994). Each of.the 3 independent trials 
focused on a different experimental growth period, i.e., trial 1 = starter (0-21 d}; 

' trial 2 = grower (22-42d}; and .trial 3 = finisher (43-56d}. Before or after the 
' experimental period in each study, nutritionally-adequate common diets were fed. 

, . . The experimental diets consisted of five graded levels of C':P. -(trial 1 starter 23~ 
· 19% C.P.; triai 2 grower 21.5~1'7.5% C.P.; and trial 3 finisher 20~16% C.P.}, 
suppfemented with sufficient levels of methionine and lysine. Ross x Avian 
cpmmerc_ial broilers. were used in all studies, with each dietary treatment 
c6nsisti~g of 640 broilers (8 pens of 80 bJrds). · · , -

Broken-line curves were used to.assess weight gain, feed' conversion and carcass 
(breast meat and fat pad) quality. A summary of results is sho~n in. Table 3. 

·:- · . Minimum crude protein levels assessed at the end of the starter, grower and 
finisher phases we~e 21, 19.5 and 18.0o/o, respectively for most of the-parameters 
measure.ct It is important to remember that all diets were supplemented with 
adequate methionine ·and lysine levels. Complete compensatory growth occurred 
in chicks fed' the '1owest C.P. (19%) starter ration, when switched to nutritionally­
adequate grower and finisher diets. Likewise, compensatory growth _in the 
finisher phase of trial 2 allowed the birds fed the .18.5% grower diet to catch-up . . / . ' . . 

These trials, along with other published literature, "demonstrate the degree to 
which C~P. can be reduced through supplementation witli methionineand lysine. 
Which amino acid becomes next limiting with fl:Jrther reductions in dietary C.P. of 
practical diets?_ From the above st~dy, comparing the digestible amino acid 
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\ ' . - . 
·: ccmip'ositiori' of the-21 % c:p. starter diet~ to the ideal protein pattern developed by 

B-aker;·THREONINE appears ·tcfbecortie limiting, following methionine and lysine . 
.. ~,,. ' ~ ·_:; :' . ·~:---·'1. _; ~;,·1 ··.j -~ ~ ~·~. ;- .. ~;._? __ ,. ___ .) _._-:.,' ... ~- .. ,..,-'1; ,)l 

v .. ·AMINO Ac11'.rsu·PPLEMENTAT10N-oF:ruRKEY.D1ETS •J ~1 c·, _ , .; 
~;f,, .... ,,: ::· .. ··; .. --.:D.. ·- _. --~~·; ·." .. ' ~ ··t -- ~ . -, ·-. .:.-,.~ ·~ .-~>· ,_ -

The'extent t6 which dieta..YC:P.-cahbe minimized by.usinfsupplemental 
, - 'methionine ana··1ysirie 'for ma·rkefturkeys has· recently been investigated by · '1 

Waibel and coworkers (1995). ·In eactH:>f3 experiments, comrriercial-Nicholas 
male turkeys were fed com:-SBM diets, which·varied.in protein. Diets were 
formulated on the basis_ of the ·amount of the NRC (1.984) lysine require·ment 
provided by intact protein sources, range 80 to-120%0 7._.. \ - '·,·. ~ .• , "';' 

An extensive data set was generated'by the 3 studies, involving 275·0_-bfr:ds. ~ 
Some of the conclusions drawn are as follows: 

.~: ·. •, ',~I ':.·...-' , t. ·.• , - - - ,.,.. •.' ~- I • ,,..,._ ·' ';'~ii-

: -. • :M~ximum g~owth rat~- ~rid breast meat yield are··mairit~ined in turi<ij;s fed 
•.:· - '"diets ·containing 85% -of NRC lysirie 1 from-intact-sources;~if-supple'rrlented 

\\vith methiO'nin·e (SAA-at 100% of NRC·frd"iii 0-18 weeks)·arfd cr}'stallirie 
1r·· : lysiri:e (100% trom-.12-18weeks).·' Actual C.P .. levels-associatedWith this 

· :ss% lysine. diet ·series are·shown -in-Tab1e-~4·for.each three~week gr6¥h 
period . 

• ... -jl I - .,J-. .. G' ~ ·~ . . ~ r.: ' ~-) .- -:-" - . .,.. . ., ' - ,•--·" ,. I' f•~r" . ,-, 
11/i .. _,J ,'-'·' ,, ·• 

' ..• -' • ·~thef 85°/o' fYsine dief sen es (supplemented .with methioni'n·e and lysine)· 
·.: ap:pearedto be_ adequate in· all other arriiho · aCids.7 Threonine· levels, - ., 

however, were very close to NRC, suggesting that threonine ·may'be th:e • 
next amino acid to become limiting with ,further reductions in dietary protein. ~ 

:_ •. l.: ,- (-. ..,, . .... ... ;,;._,_,....)_.-·-~ ·-·· !'• ' .... ,.:.:1-~ ~lo.; "-,.,~7,. 
- • - 1 

·' '-~:·The-above two· c6nclu.sl6ns-were sup-iforted bffurkeys subjec'ted'to '18:19° 
- ' -c (64-66°F) during final growout :puring a slimmer tnal (23-27°C; 73-81°F 

during growout), birds fed the 90% series weighecHess and had more 
abdominal fat than controls (100 to 120%-series). Me~hionine and lysine 

-·'' - supplementation 'to' this 90% series" appeared' to benefit"early-~ut hot later 
., _,. ~. . -g~<>.\Vt~. :_ 1t"may-Be po~sible that t,~ed· i'i~~~~ during the warmerYleattier was 

1 
- suppressed to the point that other amirio acids or nutrients were limiting . 

. ' . . :l .. . • :....... .. ---~.-·.~-fl~i . ',:;· ... ' -· ~~f .~ 

_• ~NRC'(1S84) aminb: acid _requirement l~v.els ap1p~a'redrto:·b1fadequate." )n 
" .. : each trial, higher'amin6'acid levels aoove th'eh00% series (i.e., 1'00 to 

120%) did not further enhance perfonliance. · :,, · -: ": :: ' · 1 .. • ; .. _ : ·. ,::. ·' 

,- - Thus, the _8S0/o lysine serie~-. ~uppl,emente'd with methionine' and iysim{ ~Gp.ported 
maximum groWth and breast yield. As shown inTable ·(dietarY C'.P .. leve'ls,., 
associated with this 85%iysin~ series· were roJghly-90% of NRC lev~ls.: '.Th~'se 
findings ~uppo~ prevJ~u~IY, published research (Spencer, .19~4; 'sen et a1:~· ·1_~89; 
Sell, 1993; and Sell et a1·., 1994)'showing maximum performance,in,turkeY.(~~d : ' 
diets containing 90-93% of NRC recommended protein levels' with methidnine and. 
lysine supplementation. . . 

. ··~\'-' '.:? .~·,r .-·~ , ,.., .1 :1 ,1!,. ... ,. • ~··, ··~T _.-,, i..... .:~. i- ... ~' 

Lyslr~e :requireni~nts' • .-e~pres~ed- ~~ -~{ µ,er.-i',o9d ~tal-~.E/~9:·.i~)h~--W_ai~~I· s_t~dy 
rangedJro~ :514 t~· .24~.f,c;i[ t~ecearli~.s~ (O:~ yvk)_ to·l~t'est.(15~,18 wk). age p~~~ods. 

~ ' , • ..., ""~ ,\,. >--• ! ,_,. ~. ~ ~ (' ' • "'-• .' • ~ ' J .• I' '·' , I • ' I ' <° J 
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, The threonine ·1evels in·th·e 85% diet s~ries for the ·same ag~·periods were . 335 
,_.,, and .192. As indicated previously, these threonine levels were close to NRC 

requirements: ·Calculating a ·threonine-to_-lysine ratio from these data yields a 65% 
and 77% ratio for the youhg and oldJurkey; respectively. It may be logical that 

-· - ~, . - - --
the "ideal" threonine-to-lysine ratio for the older turkey is h,igh~r than that for the 
3-6 week broiler (Baker)., Maintenance requirements as a percent of tqtal .. 
requirements would be expected to be highe_r for.tti~ _older t1:Jrkey, and t.hreonine 
requirements·for.-maint~nan~e~ .are high. . , 

Additional research verifying the Importance of threonine in low-protein turkey 
diets will be presented bY Dr. Waibel at this conference. 

VI. CONCLUSIONS 

Methionine. and lysine requirements for poultry are relatively well established . 
.. ·Numerous f_actprs'affecting lysine requirements have be~n investigatec;t:~dietary 

(proteir:r-an_d enesgy level, f.eed-Jntake); environmental .(heat stress, crowding, 
disease challenge); and genetic (gender, potential for breast meat yield). 

--R~search in broilers and turkeys h_as documented the degree to ~l:lii;h dietary 
p~<;>tein levels can be. ~educed with methionine and lysine supplementation:, 

In contract, much less is known about the other essential amino acids (beyond 
methionine and lysine). Requ,irement data are sparse, especially for older birds. 
Attempts to reduce protein levels, beyond that possible with methionine and 

. lysine, havE:! met with limited success. · · · · · · 

L • . 

As birds have become leaner and faster growing, amino acid requirements (and 
protein)- have edged upward. These higher protein levels may be contributing, at 
least in part, to some ofthe problems facing today's poultry industry, i.e., leg 
weakness, ascites; and nitrogen pollution. . . 

... -'•· ' J " -

.· Until recently, only supplemental forms of methionine and lysine have been 
· :economically available to the poultry industry. Today, greater quantities of other 

· e~sential amino acids, particularly threonine and tyrptophan, are available in feed 
grade form at lower prices in the marketplace .. Moreover,_ recent research 
indicates a possible role for threonine supplementation of low-protein broiler and 
turkey diets. Evidence ~uggests that threonine may be third limiting, behind 
methionine·and lysine, "in these avian rations. .. 

. . ... ',. "- . ' 

-. -, r 

The ideal protein concept as applied to poultry requires additional research and 
verification. Amino acid requirements, and consequently ideal amino acid ratios, 
a~e most firmly established in the young broiler. The ratios in older broil~r 

· chickens are:being "fine-tuned" as o·ur understanding'of requirements for 
maintenance increases .. Less application of ideal protein concepts h~s probably 

.. : ."occurred· in turkeys. · · · · · 
• .I• ·- ~ ',_, - • . I 

Nonetheless, the concept does hold promise. Using established lysine 
requirements (under various circumstances) and ideal ratios to estimate other 
amino requirements, together with enhanced analytical and dig~stibility data for 
ingredients,1 one' can formulate more precise amino acid-based rations. As L-

252 



( 

i 
\ 
i. 
l:i 

. threonine becomes more cost effectiv·e.~threonihe-to-lysine ratioS:may'prove 
., · useful as-a starting-'pointJo establish :threonine requirements; ... 

- ~.-~ I '-. '-.', - _,...J -.: .~ .;~'r .i~ J' ' J!: 
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·Table 1~ ideal Amfrio Acid Ratios for Broilers. 
; -) 

Amino Baker Baker 
Acid~ (0-2.1d, digest.) . ., (21-42d, digest.), 

J:._ , ) • • -- I , '. .. ' · , , - ~ , , 
-_,.-'1• 

L sine - · ' 100 1 oo 

Baker­
extrapolated~ 
· o-21d, total · 

·- ·· Austic 
_ . (0-21 d, total) 
' ~ '!I ' 

100 

lsoleucine ·57 69 . 66 65 
: a1$tknne ]: 1 ]::: ::::J::l:::,a.2 :: :Htttt::t1,: ',,az:}:::rr :::: 

'' . :1 ·• ,. ,. .. ' . - ' 
1 Baker and Han (1994a). Digestible lysine"requireme-nts from 0-21 d poSthatching are 1.12% for 
i'nal~s and 1.02% for ferriales (Han and Baker, 1993). 

2Baker and Han (1994b), except slight adjuStments in ideal ·ratios for SAA,- arginine, valine, and 
isoleucine (personal communication). Digestible lysine requirements from 21-42d are 0.89% for 
males and 0.84o/ci for females (Han and Baker, 1994). .. 

)•, .=.f I , -• • -- , · . ,r ,, - •:. t • \... •,_ II , .' 

3Digestible ideal ratios (0-21d) extrapolated to total ideal ratios, assuming a 23% C.P. com-SBM 
diet. Amino acid content values and digestibility coefficients utilized for com and SBM were 
from NRC (Poultry, 1994). 

I 

4Austic (1994). The total lysine require~ent as sumiliarized frorri·reeently published literature 
was 1.30% for male broilers, 0-21 days-of-age . 
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· .. ·. i ·· B_r9iler chick (8~22d)1_~ :-; . · -. .. 

Order of a.a.·­
limitation 

LYS' ~ · 
THR "'t 
TRP .•. , .. 

. ARG,ILE;,VAL 
MET-~-·-

MET' 
THR · 
LYS,VAL 
N 
His·· -

I . •. . V. •°;'~- •' 
C.;.SBM - . -- SBM .. 

MET 
THR' -:· 
LYS '. ~· 
VAL 
ARG 

2-16d 
MET 
LYS 
THR 

--· . 

~~: SBM . 
22-34d 

f ••• _ 

- MET 
THR 

·· LYS 
• 

1st 
2nd 
3rd 
4th 
5th 
6th . 'PHE. ~:. 

. -........ -
TRP 

1 Fernandez et al. (1994). Order of a.a~· limitation bas~d on chick g~o~h ·~~d feed conversion .. 
.; .. -· .. .. . . . ~ . ~ . ·' '.'~ . ·- ., ', ...... ~ ~. . .. -

2u1bum (1995). Order of a.a. limitation based on protein efficiency ratios.in turkey poults., 
1 ~"., ~· . '; .. ~.f· /1 ... ;;·,·. . -·~ _,, 

*4th limiting amino acid not clearly delineated, either TRP, HIS, ILE, VAL or PHE. 
< : 

Table 3. Minimum C.P. Levels Obtainable in Broiler Diets Supplemented with 
Adequate Methionine and Lysine 1 

Growth Minimum Assoc. level 
Phase C.P.,% L-L YS HCI, lb/ton2 

(., 

Starter (0-21 d) 21 2.93 
w/ grow-fin compensation 19 6.84 

Grower (22-42d) 19.5 2.73 
w/ finisher compensation 18.5 4.72 

Finisher (43-56d) 18 1.40 

1Halpin (1994). 

2Supplemental levels of L-L YS HCI a~sociated with the minimum C.P. levels. 
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Table 4. "Near Minimum~~C.P. Levels Obtainable in Turkey Diets 
Supplement~~ with. Methionine and Lysine (Waibel 85% diet 

·series) Vs;· NRC Levels-of 0·.P. (extrapcifatecftd 3-wk intervals) 

· 'Growth phase NRCC.P.,%' Waiberc. P., o/o .. 

(wks-of-age) (extrapolated) 1 (85% diet series)2 
0-3 28.0 ' 24.4'- (87%)3 ,. 

l 
'.' 3-6 ·•: .. 

26.7 ~ 23:3-· ······(87%),.. ~ "~• -- ...... -, I 
6-9 )' 24.7 .-.: 21.9 ·,' (89%) 'e ' 

9-12 
' • ~, I. 22:0 19.8 (90%). 

12-15 19.0 ~: ' 1 17.2 (91%)' 
15-18 17.3 l :· 15.4 ·. (89%) .. 

1NRC (Poultry, 1994), extrapolated to 3-wk inte~als . 
. '_, ~~-.~ ' ~ .. -, -,; ,.,. -~ ·""' • -·.· .. 1,."'' \ 

2VVaibel et al. c199;), actu~I C.P. conte~ts in as'% lysine diet series. 
:', ' ., ' ,. • ';-_,·,- ' ~. LI j "• 

3Pe~~ent of extrapolated NRC (coiumn 2. as% of column 1). 
•.:'~.1, f f) '"J•'. ' ,_l,j l I <' ' \,. _)_, 

'•. 

,. 
'' 
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The: sulfur arnim:i acid, ·requirement of. laying. hens and . 
broirers ha's been traditio~ally eXpressed as a methionine 
requirement and:-TSAA requirement {NRC, _ 1994). 'l'he concept .. 

!. : of the' requirement: implies .. that _the demand for. _$Ulfur amino 
acids c'an be satisfied with either methionine alone or the·" 
combination of methionin'e and cyStine. __ Although cystine is) 
not an· ess~ntial amino ,acid,: the ability qf cyst;.ine. to spare 
methionine has been known since the .early_StlJdie$ of Womack 
and Rose (1941); · Studies w~th rats have ~uggested that tl'!e· 
methionine 'metabolism was a_ cycle with a. unidire.ctional , 
outlet:' formed by .the' cystathionine 13-synt_hase- _- reaction. -. __ 
This is ·supported by the fact that, in mammals metl].iontne. c:_an-
be endogenously-converted to c:ystine whereas' the_ opposite is 
not possible because of _a-1 lack of_- enzyrne_s -{Finkelstej,n, 
1990) .. The methionine metabolic pathway as ·determined_witl]. 
mammals is shown in Figure 1. _ Enzymatic:_ st'\1-dies w:i,:th . _ -
poultry :.to. ·determine t-he regulation of methionine anq- ii 

cystine metabolism have been limiting. The known spc;i.ri_ng 
ef feet of cystine on methionine .. requirements has_ cr.eated · ~-;.._. 
many misconceptions regarding the use of dietary cystine in -~ 
feed formulati_ons for poultry. The confusion about· 
methionine -and TSAA requirements has been cre_ated by __ the 
lack 6f information about the ·efficiency of ·methionine 
conversion:·~ to cyst;i.ne, - ~the <D-lant_itative relation$hip of : 
cystine· for. sparing metllion:ine, quantity· of dietary c:_ystine 
in test-diets and the"ut±J:ization efficiency of suppl.ement_al 
methionine- and cystine ... The purpose of the studie$ (Cao, __ -
1995; Cai, 1995) repo'rted»here:Ln are 1. )l to determine organ 
location of important enzymes and metabolites ~nvolved in 
the metabolism of methionine and cystine in layers-and 
broilers, J'2.) · to. determine_ the-- effect of diet, _molting, 

-and daily diurnal lighting_ and feed intake patterns .on .-
methionine and cystine ·,_enzymes, and metabolites in layers,. 
3.) to determine the digestible methionine.and cystine _ 
requirements __ for maximum egg mass production for commercial_; 
White Leghorn' hens; 4.} to determine the efficiency_ of _. 
utilization of synthetic methionine a_11d cys-tine , to provic1e'., 
for the layers: cystine: requirement - and 5.-. ) - to de_termine - the 
effect of feeding -synthetf:ic amino acid_: diets with di:fte:i;-ent 
levels of methionine -and cystine_ on sultur amino acid · 
metabolism in broilers. .. 

_, -

.!' 
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Experl.ment .1,'1 .: Acti V'.ities'~ ofi-fi ve key_ enzymes and.; ., _ 
concentrations of six meta:bc:l'lit.es involved in the methionine 
metabolism were determineq in liver I magnum,· pancreas I 
kidney, heart, lung·,·, breast ·muscle·; leg musc1e _and· spleen of 
laying hens. The'°·enzyme. and metabolite :concentrations were 
determined in hens fed:ard~et-cont.ainin1g,'.,.<2r8Q9 kcal ME/kg 
and 19.5 % CP with .81· % .TSAA1 '(0:5..'.% .methionine and 0.31 % 
cystine) . · The. methion1ne s--adenosyltransferase enzyme (EC 
2.5.1.6; MAT) was found in all tissues·studied with a 30 
fold higher specific activity in the spleen and the largest 
total activity ·_;(.sp:eci:t::i'.c a·ctivi,ty ~ total weight of.:or_g_an) 
in the ·:oreast · muscle· >('163>1·-f.old .higher- than other tissu~L and 
leg'.musc•le. (300· f.old' ·higher_ thaff:other,· tiss~ue). .... The _breast 
arid ·Teg:Jmusc·1e·:inrlayers ~ar·e playing .. a· key:·,role 'in t_he . 
synthesis of;.,:the· S'.;.adenosylmethionine (SAM) • .i 1The methyl, group 
o-£: rfi:ethi:ohin"e .i·s =activat"ed ·for methyl< t.rans·fer ·by s~-: . 
a<iefr'iosyl'at-1·o'ri-'. '~;Ari-other r.corrimdn>ca·r::rier ·of methyl _groups used 
bl an:ima.1s· is; J:C:-oehzyme· Bt;i·( c ~:i;n .broile·:r;s; Cao and .Coon 
( I994 )' 1-r'epofted ~;the: tota'l ·activity· of. ,the MAT ·ertzyme in 
breast- ·rnusc;l·e -ap'd l'E~_g mus·c1e . wa,s also· sigriifi·cantly larger 
than -in'. 6ther· ti~ss:Ue}~ ."Th'e high '.c'oncentration· of _the -MAT· 
e·nzyme· in the ... breast' 1~·and 'le·g: .rriusole in:.:·poul try is .. · di f f.erent 
than :found ~iri' · other·csp·eci:e-s. ·_Mudd: et a·l ... (·19-65 )1··reported 
that the.skelei'taI-'1musc1e ·of .rat's· contained.neglig-iblec 
arriounts''...'of.- :the' :MAT-· ·enzyme····'" Berider, 'J ( 1.975) sug·gested;1 the ·· 
highest-'.·c6nceritrati'on ·of ·MAT in mamma•ls.'·was in· the liver 
with th@.-pan·cieas" artd Jd~dn·ey containing. moderate :amou?tts" of 
the ·~niyme ~·.·:-The "remaining .tissue::of mammals. only, :conta~n 
1/10 :enec--::activity:fouhd~in .the .ritamrna'l1ian ··liv.:er ... '. t· '.· 

: •. .°''.', cr . ...; .. J:-J'--':""1 ~:~·,.r·. ';~--- ,":-~. ··J:.r ! : -~,_-~·~,·~ .. c:· ~-,~ 2.f·"".- ·~1- ··,J.'!··· 

Higher activfeies· ;of :betain·e-homocyst;e·ine .methy:lt:tansferase 
(EC 2 ~,r. L,.5; -aHMT)· and NS-". :methyltetrahydrofolate- . _ .. J. 

homocysteine" rriethY,ltr:ansf erase (EC 2 :i1'.;1;.13; .MFMT) ,i ;_which 
are methl:oni:ne.:...cons·erving .. enzym~s ;;·.and .. higher activities of 
cystathionine·~~-=·syrtthase (EC 4 .2· .. 1~. 2:2;1 cs)· .and cystathionase 
(Ea··4s,A·J 1\ l; C-ase) ,;.:wh:itch are. methionine-cataboli·zing:--
enzyriles; were: observed in~. l'.ayer-·li'ver Jtissu_es ... The ··liver 
in •!layers: is -ah important "organ f6r: both :methionine .. ~ : 
syrithes'is and degradation:. [·· ' ' - "' . ' ' -· -. ,;! .. 

'~·. . ··,'. 'i :·:1.~--- --~ ;:; '•") :: ,' ! i ~··, -·~ ,·_.,·: 4 •'. 

The higher; •total ;,BHMT ~· and:.'MFMT. activities, ' lower::cs 
acti vitj)es.~' :•l:ack :.of .::c-4ase :iacti 'viti~s- and "the.·non::-detectable 
cystathionine andicysteine:·concentrations.lin· breastr·and leg 
muscles~. of' layers indicates the :.muscl:es a:r;e the ·major tissue 
for. m:ethiohihe :conservation.:.. Th~i:lack~"oLmuscle C:-ase may 
have also ··caused: an inability '.to· measure free "cysteine as 
nmoles/g·~ muscie. tissue. -- The lack of~.mtiscle free cysteine 
may indicate'.' a slight pressure ·point. for ::maximum protein 
synthesis· in· the·~muscle · 'for~··both layers: and:_ broi·lers. Cao 
and Coon (1994.). ,repo.rted .the br6iler7:also.,has rio:;. c-ase and 
free cysteine in muscle tissue. -::r::.: "..,. ;c.r- .: · ·' ,.~ .:. 

The higher cs and C-ase activities, lower total BHMT and 
MFMT activities, higher levels of cysthathionine and 
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cysteine · co.ncentrations determined in the magnupl, pancrea.s·, · 
and kidney_ indicated _that these organs are · impor_tant ·tor 
methionin_§! c;leg_raoat ion·. . . , 

11'" • "" /o..J. 

Experiment· 2: .. -~ Tb.e (jiurna-1 ·changes of ·five key ~z:izymes and -
sixmetabolites involved in.methionine metab0lism were 
determined in laying ~en.livers.· .. 'I'he enzyme~- and . ' 
metabolites showed· rhythµ\:i,cal, changes relate(j to tpe ·fe~d 
intake patterns associ'ated· with the light· perioc}. Layers 
during the.light .periotj._of :t;.rie day compared to those during 
the .tj.ark per;i.od of the day showedc. elevated activitie_s ot ·· 
methionine s~adenosyltransferase . (EC 2.5.1.6; MAT), 
cystathiopine~~ -synthase-·:(EC 4 .. -2.l.22; C;i)·, and, ·'· 
cystathionase (EC .4:. 4!L1; C-"aseh and ·depi;-ess.ed. · . 
activities of betaine-:-l19mocysteine methylt~ansfer?t§e (EC , . 
2 .1.1. 5; BJiM;T) and N.5.-meJ:hyJ.t~tr~hydrofolate-homocysteine 
methy:J_transfera$e '(EC 2. L 1!13; MFMT) ~ The hen;; during. the 
light p~riod of'the day had.a decreased methionine to 

! 1 cysteine ratio,· an increased methylation ratio (s-· 
adenosylmethionine t.o s:-9denosylhomocysteine ratio) and an 
increased concentration ,of ·cystathionine in the fiver. The ·· 
diurnal <;liang,e_s -_that. occurred with t:h~ enzyme and_ meta-~olite 
levels'in·the liver indicate the layer tends_ to c;::atabolize. 
methionine to cysteine during .the day _and favors conseryj,.ng 
methionine during the da.rk period. The diurnal changes ;i.n · 
enzymes. and metabolites· of• the. liv~I:'. tissue: of· the .layer may 
not reflect, the daily syn,thesi_s of protei~ ·for egg albw;ne~ .. ' 
or yolk. Smith and researchers (1957) haye prev.iously . 
showed ;_that the magnum port Jon ·of the oviduct is primari:.l,.y ,, ~ ... 
responsil;>le for the format ton. o.f the egg all;:>um$n pro.tein .. :. · ·· 
Smith et al~ ( 1959) als9 suggested tha_t approximately 45% of 
the egg .albumen is made while tl:le ovum ·passes-through the 
magnum;~- H_i;ra~otoand workers (1990} haye als.o showed· that. 
protein synthe?iS in the ov:i,.duct·was the highest-when_ the 
ovum was locate_d in the magnµm. The magnum of the hen as· 
shown _ip Exper~ment ·· 1 has a c:omplete. group ot methionipe· ·. 
enzymes ,available for_ remethylation of homocysteine to 
methionine and to produce -_cystathionine and cysteipe·with . 
transulfuration enzymes. The·data in Experiment 1 indicates 
the total ~ctivity of cystathionas~ in t.he magnum is :second· 
only to-the liver and provid~s the tissue with a.large 
capacity to p~oduce cysteine. The. _syntpes_is of egg yolk · · 
protein_ occurs in the l:i,. ver; h_owever, liver protein 
synthesis has beep shown with isotopes to remain constant 
without affect of ovum p9si~ion. in the ovi_duc~. ( Hiramoto 
et. aL, 1990}. _, 

' ....l - ~ -

Experiment 3 ,· -, The digestible· methionine req!Jirement of. 
layers was detepnined py feeding a high cystine basal. (.42 
% digestible·· cystine) _and also determined with a low cystine 
basal ( ~_15 ~ qig~stible cystine) • The bas_°'l diet consisted . 
of a 8% CP cm;n soy diet. with added synthetic amino 
acids(essenti~l~and non-es~ential) ~o provide a 15 % protein 
equivalent di_~t 'C()!ltain_ing 2850 .kcal :t-fE/_kg_, (Table 1). The ., 
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basa-1 diet· was supplemented::witn-·-~·085 % choline chloride 
(50%) te inihirhize the ne'ed'._~of ·u-sing methionine t·o provide 
methyl groups·for choline replacement. The two basal diets 
are used to separate the methionine requirement and cystine 
requirement o·f. layers~· The r·equ:l:tement of digestibl'E~· 1 -· 

methionih'e :'for. egg ·mass production was det~i:mined~: with the 
high cystine basal to .be-.352 mg /hen/day to generate· a, daily 
54 g egg mass· (Tabl~ 2;. Fig 2) . ·the '.t"equi:teinent for .- : 
digestible cystine ffo:ri'.:·egg mass p·roductiort was determined to 
be·::1g4 'mg/hen/day by subtracting· the·.·ainount of digestible· 
methionine needed for . optimum pel'.-fo·rmance· between birds fed 
the high arid 'lbw cystine basal. Layers needed 3 7 6 i:hg . 
digestible methionine when. fed the •.15 · % cystine ·basal. The 
layers cons'umed 165 mg :tligestible. cystine with the· 1ow ·: 
cystirie basal.··:· The 24 ·mg of additiohai digestible · 
methionine heeded for optiinurtf" performance will be. converted 
to 19 mg. of cysteirie . ( 80 > % by weight i- methionine molecular 
weight-149.2 and·cysteine molecular weight.,.121.2). The 
problem with th±s""'cystirie -·requirement is the layers wer~ 
losing ."92 i g /hen/day~ The ·1ayers'·consuming 352 ing 'of· 
di~festible methionine ·with' the high .. cystirie ·basal produced 
54 •g Q"f"daily-egg"'rilass and als'o g'airied"; .35 g/hen /day~but 
the itnportaht question from, this work is how much· of the- . 
dietary· cystine · from the high cysti·ne basal was needed' to 
providec·:the egg inass, heri maintenance and body' weight gain. 
Ari:· interesting obs'ervation ff-om this experiment was the hens 
·fed the low cystl.ne basal requited· the highest . level of ~ 
added methionin.e( approximately. a 'BOO mg intake of 
digestible methionine rand 1"68 ·mg·· digestible" cystine)-'. to" 
reach·:a body \<ieight- ·equilibrium. of no ga'in'"or loss (Table 2; 
Fig . ., 3) . ·".The· hens .:reqliired an additional 248 ~g o~ 
digest'ibl:e methionine to attain wei'ght equilibriu.m· above the 
352' mg requirement· for egg mass.- If:· the -conve'rsion of 
methionine to ·cystine· is 80 % by weight and 100 % molar 
equivalent; the.· digestibl'E~' cystine ·requirement from this 
group· of. hens ·would .be 366 mg /hen/day~ If 'the regression 
equation for.body.weight equill.bri\Jm in.Figure 3 is utilized 
to det·errnine the methionine intake requirement, the ·hens 
reqliired. 533 mg' methionine intake which could be·· partitioned 
into -3.52 ·mg . digestible methionine:· and> 313 mg. digestible 
cystine·:. Hens~· fed the· high cystine basal were gaining weight 
with the 3 52 mg intake bf methionine·; however' the hens were 
consuming·"·extremely-.. high·. levels· of cystine (462 mg/he~/day) . 

. I "' ;- : .. 

Hens wer·e sacrificed at. 1500·· hours; oil. the. last day of the 
experiment in order to study the effect of·dieton enzymes 
and metabolites. The hepatic Met/Cys concentration ratio 
was relatively: lower in hens .fed the .143 %'digestible 
methionihe leve'l wi'.'th either the high or·· 1ow. cystine 
basal (Table' 3) . '. Herfs" cbtisllinfng.· approximately 2-56 mg of 
digestible methionine. f.roril the low cysd.ne; basal or the high 
cystine basal -had the highest:: hepatic Met/fys ratio-~· The 
highest~liver 'free Met/CY's r'atio of'."1.'.2 was from hens 
consuming 256 mg of ciigestiblef· :rnethionine and· 158· mg- of 
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digestible cysti°ne: .Ail layers that had daily inta.kes of ;_ 
digestible ·methionine above 256 mg had a lower!: hepatic 
Met/Cys ratio. ·-The changes that occurred with the 'hepatic 
Met/Cys ratio were primarily caused by a change in hepatic 
cysteine concentration due to changes in hepatic cs· · 
activities(Table 4) ~ The cs 'activities of hepatic'tissue of 
hens consuming 256 mg of· digestible methionine'with either: 
the low or high cystine basal were sharply decreased 
compared to hens fed the lowest ~ 143 digestible:·methionihec -
level or higher levels of digestible methionine. Layers fed 
the high digestible ·cystine diets :aid not have lower-levels 
of cs compared to hens fed the low cystine· basal diets. -The 
layers with the lowest cs activities that were fed the 
second and third· level of methionine in bofh' the low and 
high cystine basal diets also had· non·,.. .:detectable· liver 
homocyteine·levels. The low level:of ."the substrate 
homocysteine in liver tissue may have· caused the drop in the 
cs activities.because the lo~er acti~i~y als~ occtlrred with 
layers fed· high cystine basal diets. 1 In rats, the CS liver 
enzyme has been reported to be depressed between 34 to 47 %' 
when rats were fed . 3 % methionine plus· · . .51% -cystine-
compared t·o· rats fed . 6 % ·methionine· and no cystine · ~ 
(Stipanuk ·and Benevenga, 1977) ... The -researchers. suggested·_· 
the decrease in cs with dietary' cystihe was not rate -: . ·' 
limiting for methionine oxidation and' not· the .r-eason for the 
sparing ef feet of dietary cystine on methiohine. ·. The, lower 
hepatic Met/Cys·ratio of ·hens consuming-more ·thah 256 mg· • 
digestible methionine indicates that the :hepatic methionine· 
levels accelerated methi'onine degrada.tion ·to cy-steine. 

' .. . . I . ·. . .- .-' - - l f I 

The hens· fed the "lowest levels bf inethfo-riine with both· 
cystine basal diets had a·large daily- loss of body weight. 
The protein mobilization from these hens may have a1s·o 
stimulated the methionine degradation .by transsulfuration to 
cysteine. The ·highest ratio· of SAM/ SAH in liver tissue 
occurred for hens consuming 352 mg digestible methionine.-· 
with the high cystine basal and 376 mg digestible methionine 
with the low cystine basal~ The optimuin methionine intake 
for maximum SAM/SAH ratio· was also the same methionine 
needed for maximum egg mass production. The reduced '-liver 
SAM/SAH concentration ratio of hens fed ·1owe'r intakes of 
digestible methionine may be due to less· ava·ilable hepat:lc 
methionine·. The reduced liver SAM/SAH concentration- ratio '-of 
hens fed excessive intakes o·f methio'riine may -be related to 
relatively lower MAT activities in· rthe liver. Hepatic 
homocysteine was non-detectable in layers-fed the two 
optimum levels7 of methionine i·ntake needed with the low 
cystine basal (256 :tng digestible methionine- needed for· 
maximum hepatic Met/cys ratio and 376 mg digestible · 
methionine· for maximum hepa-tic SAM(SAH ratio) and the: two 
.levels of methionine intake' needed with the high· cystirie - . 
basal (256 mg digestible methionine· needed fbr maximum' 
hepatic Met/Cys ratio arid 3'52 mg digestible methionine for 
maximum hepaticSAM/SAH ratio).· The-cause of' the decrease 
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in :liver 'hOJ:Tl.9cy$teine~_f!lay· _be ·:i;elated, to the enha_r:iced 
methionine. util;i.z.ation for egg ·proteil) synthesis with the 

· optimum_ intake$ _o_f _digestible me,thionine. . The lowest levels 
of hepat~;i.c.1}1omocysteine.1 and SAH that occurred in the diurnal 

_ studi.es of Exp~~irnent _ 2 .were at 13 00 hours. which may. reflect 
_t:be ·, ti:rne the maj,or_:j. ty pf' ovum. would be located -in. the magnum 
· fo:c-prptein.: synth.es;is ~-- ·' .... · · · · 

. f . . . . ~ . ) 

In.: ct second· c.otin~_cting_~ experim~nt~, ·four· equimol_ci.r inpreases 
of.,met_hioz:iine _(.0~~· .. lQ, :.15, _an_d .20 %)9r cysteine (_.04, 
08 ;•:i,. ~4-,. and_ .J6 .% )~eJ;"e·, added to t!ie 19w cystine-;-adequate 
Illethion:j.net.basal. d:ie.t: to dete~ine the- ef~ic;:iency of_.:, -
utilization.9f .Jrne.th:j.oz:iin~:.9~ ·cystine. tQ meet: the cystine 
requir:-~m.ep_t pf: l_a.ye~s_ •. The. same _.148 % _digestible cystine 
(low :cystine)_·bg.sal_ <::liet :used· ip the fir.st part of~ 
Experiment 3 wa_$_· u_se_d, · however ·_!:he bascfl .<::liet. cont_a_ined 
-.-319. ~ d;igestrj.ble_ -meJ~}1i_pni_11e to supply t_h~· methio_nine· 
r:equ_ir_eijlE;mt. ~: . B99Y.: we;ight: gain wa._s t:he only_ performance 
para.1T1eter_ thaJ:.: $liowe.c:i a significant_ resp9ns~ to added . 
rnethio_pJn!= or__ cys_teii:ie-. --Supplerne.ntal :rnet;:hionine and cystine 
were equa_l_ c:>n an~ equimolar_ .{?asi_s for .increa_sing weight gain 
for the '-cyst;ine defj.<;::ie_pt .. he_ns (_Fig. 4: ) ... The hens-_ fed the 
low _cy$tine -a.dequ_c:tt~· .. me_thj.onine:·.l;>asal .lost 3. 24 g body 
weight day y.rh:j.l~ .~ons.l)Il\_i.:gg 315 ,.mg of di_gestibJ_e -methion~ne 
an.d 1_46 mg. dige~t:ible cystiz:ie. The, addition ·of either .. 05% 
meth_ion.i:z:ie or·_. .• 04.~ cys~ine signif icant·,ly red'l,lced t:he weight 
loss.,_ T:tie: .l:ief.1$ f eci .. 0 !)~.- agd_e.d Jl\et:l:iionine. to _the ba,.~al .c, 
coi:isumed. 3e2_.mg, di_ge_:?tible methio11_ine and +53 mg digestible 
cystine;~an<::l prodµ§e~:l. _53. g ·egg mass/day. Th.e hel)s ted the 
basal plus .04 % cystine consumed 347 mg digestible 
methionine a:r;i_d 20?_ mg·_ c;l;i._gestibl~ cystine and pr:-oduced 
appr.oxi:rnat~Jy_ ~3. g daily egg ma_ss aJ._so. : If the digestible 
methionine·· r~quiremept for hens producing 5~ g egg mass is 
3'.)2 .:rng/<;iay, t:hen 30 mg of methionine _o_f the_382 mg:intake 
could .J;>.e ·converte.d to :~4 111g of cysteine. . .. The .hens fed_ the 
basal- pl'l,1$_ · _. 05 %_ me_t}J.io_n_ine- would have acces_s to 352 mg 
digest:j.ble met_hion,i_ne ~.nd 1}7":;mg digestible. cystine. Hens 
ted ·th~ d;i_et .. contai11i11g .10 .%_ added me.thiopine to the basal 
consumec;l_ 456 mg digest_iple_rnethionine and161 mg digestible 
cyst-,i_ne ·§lqq ga;i.n~d . 54c g/h~n/day. A$suming-,the digestible · 
methi,onine, requ:i,rerq_ent is .. _-352 mg ~j..th adeguate cystine for 
boJ:.p: egg mas_s and wej.._g_ht g?in and a, 80 % copver~ion rate for 
·extr?. .. me~l1iopine ii:;_Jlsed_ fp~. the cystine reql.lirememt, the 
diges_t;iQle cy9tine. reql,!irement ~s 24.4 mg. ·The 244~ mg 
requirement tor_ g_igestibl~ cystine is. also co_nfirmed with 
the . 08% added cyst_ine t:~eatment. Th~ hens . f;ed the adequate 
methionin~ bqsal."·w:i,th . 08 __ ,_%. added, to the .14J3 %_ Q.igestible 
cystine .bci.i:;al proviqed. the qptiIT\um cystipe level. because the 
hens were ?1,ppr9~imat~ly at equilibrium for 0 body weight. The 
hens f_e9 tJ1e bci.pal_ ctiet,s with . 0~%_. added _cystine· were 
consuming 3~9-:mg_ gig~stibJe rnetbj.,op~ne._and . .242 mg . 
diges~il;>le cyst}:ne. ,Th~ heps ~ed; . l4, ~- added _cystine to the 
low cy~tir>:e bas_al;_gai!led :1. g ·hen/day whi~h. was a . 
signifi_capt~y ~arger: .. daj,.J,.y weig_ht gai11 J:l}~n hens. fed . 05 % 
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additioria:1·'.'metli:i~on1ne \.Jit}1· th:e-'low .cystine ·basa:L ·-The hens· 
fed the-·low- cyst~i·n·e -ba·sar.:witli-;)]2 '.:%,-:added cystine were,.···, 
consurnirtg.·:345 mg· digest·ibl'e methionine· ·and· 290 mg digescible.·· 
cystine'< Hens· ··c6rt's\ilning - the'''lol// ·cystine-adequate :methion:i:rte -
diet tended to_ consume ·1ess: h~ed and produce· less·· egg weight ; 
and•:e'gg'ma.':::fs: a·l.tliough the ·response was· not s'±)gnifi_9a,rtt ': · · ~ '"· 
compared ·t6 hens: fed ·e.ither the ·:a'dditi.onal·' methioiiine ·or :· .. ,. .. 
cystine di-ets. ·. · _- ,, ·: ~- , ... · · · -~ , · ' · -· 

. · ,· :·~·-~---· '-..E '.-;,:·.·,. .... .. --' ~;_·~ ~]'·.· ··· .""'.r ··; --. 1:.; 1 ~, 

The lack. 'of~c-a·~:re C!CtiVity ·:·a1·on~·. with non-measurable ·levels 
of fr¢e homocy·ste~rte,." 'cystathi'onine, ,art'Q. ·cysteine _in. laye-r:·· ·. 
muscle' t:issue indica:te·s; a:·· potential,: limitation for ·pt:'.ovidihg· 
adequ9-t'e "'cysEeine:. for I!la.iintertance of ·muscle·· tissue~ Since· 
c-ase. activity is non-"measurable in muscle tissue, the . . ;;c; 
cysteine needed for ·muscle will need to be transported from 
other organs or:~ from· tne · die-t .. ,._, Research from Experiment _2: · _ , 
indica.t;es methi'onine· c.cmcent,ration ·:is app:roxima'tely 70 , .. 
nmoles/g :w.et ·wei·ght o'f, breast: muscl·e and· 1001 nmo'les/g wet· 
weight of leg muscle·.- The .Pressure of $Upplyirig daily · _ ) ; 
amounts ·of cysteine' for 'muscle 1T1<;1.intenan:ce .. for ,:layers w'ith: •c. · 
low cystine· di.ets may ·be greater than supp"lying, :cy::;;teine for'.» 
egg prqtein.-Qe·cause :qf ·the limitation of convert·in:g' -;; -,.J . 
methionine: ·to: cy$t'eine in muscle -tis' sue;.:·· Th.e li ve:r ·an:d ·,- ' .. ·,-
magnum .·tissue needed for yo.l,k and ·albl.llnen ·synthe::;'is ·,,:i:· ·. ·:·;!:' 
respectively,· for. layers' ·have' -high speC'i f ic· -ac't i vi t ies;:·o,f· cs · 
and ·c-as·e p'lus .the ·concentration of cysteine is _high in.both 
tissue:_ .The--lack ':o·f C:-~se: actiV:ity in spleen tis:sl.,le- wlii'le· •-: 
maintaining· the highest corn;::entratio'n of tissue cyste·in:e in·, : 
Experiment:~· ·indicat:es. cysteine can be read_ily: moved by 'the',-; :' -~-:. 
vascular system~·. -- . '. · ' -:_: ~ .. 1 _,. •· • ' : . :. ~: • ·· • · 

' ,. .: . -~ ·- _-.. : - ; ' :. - - -- " 1: ~ ,,. , ,. , :---: .-. 'r1-, 

Experiment1 -4·,· Pre'V:ibusly, "Coon·.,a:n:d Cao ~(-i'99'f'J _ repbrt'ea'.. that 
laying. ·hens fo:tce ·molted-showed'-'(f.1 respbnse ~t6 die.taty ·· .. -' ·· · 
cystine d:uring the' ·early: sf.'ages of~ recovery during: the 'pbs't.;,.'' 
molt pe:i:riod. The "layers fed diets' with" .·61 % -TSAA with a . '.. 
Met/Cy13' ratio o_f· _4'5-~· 1: 54 .. 9 had ,t,he ·quickest feather 'growth 
during this ·p·eriod -but -.layer·s. fed~:--a1,50 :'so- ratio .. had the: · · ~· 
overa1·1 highest» :egg:'rrtass_· productib_rt.Y.dur-ing· the' 1'6 week . J 
study. . The' layers fed lower levels' o'f'"'cystine.rbecause· Of 
methionine replacement: ·or in-ade'qliate. levels of me.thioriirie 
with ·too much cystine ··(Met/Cys ratio .. of --40 .. 2 ::59'. 8) did no't ' 
produc·e' ·the ·egg :mass~ compared· to :the two groups 'of ·hens- .. -~ ·. 
consumi.rtg' :optimum levels of. rnethion;Lne; ahd cy--s-tin·e .. -~ The ·• -·. 
research 'indicates after.the ·tasting period during -thE!iinolt 
the hen is. n·ot :capable- of. :prdducing adequat'e cyst'irie ·to · .. 
produce ·feather, ·protefr1s··unless a: spe.cific pa'tt of the TSAA .· ;'. 
reqtiiremen_t,-is dietary· ·cystirie::: :.·An"~ exp'eriment :was'-.receritly: · 
completed.:wibh lay:ing · hens.~to determine the ··e·fH~ct:-s':·of. f·orce 
molting on ·met]lionine and cys·tin:e ·enzymes and.metab:olites. -:··. 
The resuTt·s .. show the -ertz:Ymes MAT/ BHMT;,· artd'·C·-::ase .ar'e : .,, :( -
reduced on:".day 21 of the s-6 day study." :_-The MAT· ''and. C~ase 
hepatic ~enzymes· of .. the· fo:tte molted layers" :·remain: lower-: ·. 
through day 5.6 compared· to pr'e-m6lt enzyme ac_tivity. · The 
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lower MAT enzyme ·.during the _molting '_recovery period also 
produced a lower plasma· SAM· 1evel that_ did,"not reach pre-
molt levels until ·day 49. The· low C-as.E! enzyme in the liver 
tissue~of the layer during·the_recov:ery period affer fo.rce 
molting· helped. produce 2-2. 5 fqlq i_i1crea$eS· in plasma 
cystathionirie. The c-as·e enzyme cqnverts cys_t.:a.thionine to 
cysteine. The reduction in the-MAT enzyme:w:ould decrease 
the amount of SAM produced which has been shown il1' rat-_ 
tissue to activate the activ;ity of CS. The layer is s.howing 
a reduction in the a_bility to produce cysteine during_ the 
recovecy p~riod. , The _enzyme· data· .correlates with the layer 
feat.her growth and performance. information and'- ·indic.ates a 
specifi_c need for, dietary cysteine d~ring the, post-molt · 
p~riod for layers. 

-- -- :--•_ .. . 
Exueriment S; · The concentration of. sul'fur amino acid _ 
enzymes and metabolites were determined in different organs 
of male Qroilers to. compare to .layer sulfur: amino. ·acid ~,-_ . 
metabolism. ·Activities of five key enzymes and. . . 
concentration of ·six.sulfur .amino acid-metabolites involved 
in the metabolic pathway were ·determined in the liver, . _ 
pancreas, kidney,, heart, lung, breasti·muscle, ·1eg muscle,, 
and spleen·of .five week old broilers.- Broilers contained 
the impor.tant enzyme methionine atj.enosyltransferas.e (MAT) in 
all tiss.ues· wi.t.h the highest total activity· in the breast 
andleg,muscle(Tables 5, ·6)' .. The. to.tal acti:vit::y o-f MAT was 
2x greater.in the breast muscle.of the broiler'compared to -0 
the leg muscle.- - ·The total activity of MAT wa's · 2x greater in 
the l;eg· muscle compared· to ·the. breast mus.cle 'in layers; The 
liver i's one of the major organs containing the highest 
activity of ·betaine-homocysteine methyltransferase(BHMT), 
N5-methyltetrahy_drofolate-homocysteine (MFMT), cyst~t:tiionine 
-synthase (CS) and cystathionase (C-ase) . The bre.ast muscle 
con,tains apprqximate.ly 1/2 the BHMT activity per g of 
tissue cfS. in li.ver but. cQ.ntains. 5 fold the. total activity 
compared to the: liv.er (Tables 5., . 6) '. . The kidney activity of 
C-ase per g·tissue is 4 times greater per g ti~sue than ~n 
the liver b~t.· the tota-1 activity_is approximately the same. 
The sulfur amino acid metabolite concentration· in each of 
the organs W(;iS~ qif f erent , however methionine was primarily 
located ·eq:ual·ly ·in ·the l,ive_r, kidney, and spleen on a ·per g 
basis(Tabl~ 7) .. The. concentration -of cysteine is located in 
the kidfiey,. sple-en, pancreas, ·and liver. · The concentration 
of cysteine-is 6 fold in. the kidney. compared to the liver 
primari.ly l;:>ecause this: is the tissue ·that contains the 
highE;!St C:-ase activity. The breast. ·and leg muscle tissue of 
broi.ters do n.ot. contai_n detectable levels ·o.f free cysteine 
and i_s probably ·r.elated to the ·extremely· high levels .of 
cyste_ine found in kidney. ·,The high levels of cysteine found 
in the kidney and the la.ck of the amino acid in muscle 
tiss~e in' broilers was also _f_pund in layers. The ami.no acid 
cysteine is syn_th.esized in the liver·, ki<;iney, and pancreas 
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and must: 'be sent to the~muscle tissue for growth along with_ .. · 
the dietar.Y cystein:e. 

. ( j ::' ·.,., -.. · - ,,_·· _·, Jx:-_ ... 
Exoeriment 6. "The dietary· requirement of methionine and , . 
cystine of --broilers· was evaluated with two separate studies.· 
In the first ·study, the dietary requirement ·of methionine . 
was determined for broilers by feeding a.purified diet .,, 
containing ·a.n· excess of cystine( .50%). (Table 8) .. " .One day'.""old' 
ina,le broiler chicks (Ross X ·Ross) .were placed in wire .. cages .. ·. 
(76X66X41 cm) ··and -fed a corn-soy starter.diet for-the first 
7 days.~ The-chicks were weighed;:: and· randomly distributed _ · 
into severi:tequal groups contai:ning}40chicks per group with 
10 chicks ·per replicate. Each replicate of. ·chicks in.,the 
experiment contained 10 chicks:..per cage; The chicks'in the· 
first study were fed six levels of methionine and al:;;o one 
group~of "chicks was fed the .corn..:,.soy starter diet-as a 
positfve control. The chicks were. fed the experimental 
diets::.for' the· feed:i!rig period from .g..:.:~n days ... The: chicks 
were kept in 'emtironmenta1· rooms with the temperature 
maintained.at-35 c for day one and'theh 32.2 c for the . -
remainder -of the first 7 -day. ·pre·-experimental period.' The 
experimental broilers·were kept at 29.4 c from d<:ly'8-14..,and 
then kept at ·26.6 C from 15-21 days. The· chicks were weighed·. 
on daY• 21 arid ·feed consumption· determined:. _.:Two chicks from 
each replicate (8 chicks pe·r; treatment) were sacrificed for.· 
liver·enzyme and metabolite determination. The weight gain 
data indicated the p~rcent n:tethioriine needed for ·maximum •· 
gain was . 28 % ·when fed with . 50 % cystine (Table 9). The., 
chicks fed . 5'8 methionine were able': to gain 1. 4 -g additional;, , .. 
weight per day with~the· best· feed efficiency of 1. 7 compared ' 
to 1. 86 witn . 28% methionine.:although the gain and feed 
efficiency-were not- sign-i'ficantly different. The enzyme 
activity for- the MATand-BHMT.enzymes:were.significantly 
decreased ih the·'. li~er tissue bf the~broiler chicks.£ed .28. 
% methionine· .compared to chicks :fed .. 0.8% and .... 18% 
methionihe(Table 10). -The,c-ase activity was the' lowest for 
chicks fed" .18%- andi-. 28% methionine compared ·to chicks fed 
both lower and . higher methionine levels. - The 1 i ver · · 
concentratioh,~of siilftir amino acid metabolites indicates the' 
concentration ofc-sAM· and·· cystathionin·e are the lowest when 
dietary"'methiohine w'as fed at . 28%. and is increased when·" 
chicks are fed· either more· or less -methionine (Table .11) ~ · 
Cystathionine- levels are the highest in liver tissue froin~ · 
broilers fed _.58% methionine· indicating· the synthesis of T. • l 

cystine is important .. with the excess methionine. The chicks 
fed increasing levels of methionine did hot show an increase 
in liver methionine or ~Stine C.bhcentration. " ~ " 

- r • f ' 
' l' 

The second part· of the broiler feeding trial was: conduct·ed 
to determine the .cystine ·reqtliremertt .. The .experimental 
design was identical ·to the first.portion with regard to 
experimental design and:pre~experimental and experimental 
poultry husbandry.· conditions. ·The eJ{periment. consisted. of 



'; i 

! ' 

I, 

I-

feeding broilers :from_8-21 days a purified diet similar_ to 
the diet .in Table 8, however the b~sal diet did not contain 
.50 % cystine. The basal diet contained .28 % methionine 
and chicks were fed six different ,levels of cy$tine·. Three 
groups of chicks were also· ,fed. three leve~s. of addi~ionaJ 
methionine .in addition_ to the . 28% .. in the ··J::>asal.~diet with no 
added cystine .. _.The .. cyst·ine additions utilizeg with .. the . 28% 
methionine.diets was added -to·deter:m:i,ne the ,cystine neeqed 
)::>y.broilers. The methionine·added diets witq the.·.28%. _ 
purified methionine· basal were used to-compare the . 
performance :of chicks fed .. 28% methion:i,ne apd. test; _levels of 
cystine. compared to only .fe~ding methionine. _'!'he .three. _ 
levels of .added methionine should be equal .to.dietary _ 
cystine if· the conversicm·_·of methionine_ to cyst:i,IJ.e is equal 
to 80% by·we±ght. ·The-chicks were weighed.on·day 21 and two 
chicks per-replicate were sacrificed to stupy the·sulfur 
amino acid .liver. enzyme ci.nd .metabol:j..t,e level~_. The weight 
gain of· broiler chicks indica,tes thE; cyst,ip.e requirement is 
between . 24% and . 34% when feel with a ._28% .. methionine 
diet (Table 12} ·. The .best feed efficiency· occ4rred for; __ 
chicks fed··. 49 cystine, however. thE; -d;iffer~n.ce is not; 
statistically different than .. 2.4. % . cy5tine. .The ~nzy.me MAT 
significantly decreased with the.: highest level of_ dietary 
cystine buL:.the .. BHMT enzyme was significantly inc::_reased with 
the high_cbhcentration of cy.stine(Table 13). The·BHMT.enzyme 
is a methionine.conserving enzyme and the.system is t;:r:ying 
to produce mor.e methionine because of the excess cystine• and 
the MAT enzyme·is decreased because there is less methionine 
ava.ilable .. to concert to .SAM. The cs enzyme is greatly 
increased with .the_ increasj..ng levels: of .f!l.etbionine with no 
dietary __ cyst.ine: indicating a_ need to-- synthesl.ze cystine. 
The· increasing· levels of dietary cy~tine greatly increase 
the liver.methionine and cystine.- copcentration (TabJ.e 14). 
The· significant increase.:.in the liver 111ethionine and cystine 
levels occurred when chicks were fed . 24% d.ie.tary. cystine 
with the . 28% methionine_ basal .. The·'.ability to_·in<::.rease the 
hepatic· methionine with the .. 24% cystine d:j..e_t indic~tes a 
sparing effect of cystine on methionine., Th_e -large increase 
in hepatic cystine .in chicks fed . 2.4% cy_st..ine ·indicates the 
system is s.aturated :with cystine. The conversion of. 
methionine to cystine is approximately 80% on a.w:eigl1t basis 
for chi.cks_ fed' only methionine·coJllpared to--c;hicks fed. a base 
level of me_thionine with _equimolar. cystine. increases. 
Actually, the only increment of methionine that was not 80% 
or equimolar t_o cystine; for_ pr.od}.lcing. weight gain w:as the 
. 175 .% leve.l. -. The weight gain prod:uced .w_i th· . 2 8.% methionine 
and .14% cystine should be equal to feeding t.be_. . 28% 
methionine basal with .175% additional methionine. The 
chicles fed the .175% additional methionine d_id not gain 
equal to. _chicks fed .. 14%. cysti~e whereas higher levels of 
methionine were equimolar to higher: levels of.cystine. 
Possibly the lowest increas_e in· methionine is providing for 
a slightly higher need for me_thionine ·_than obtained with 
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. 28% methio'nine and les-s of the methi!onine is converted. to . J 
cystine. ·· •· -,. 

• I . ; -· 
ConclU:SiOns .· '' 

. ; \ ., . , . 

. 
-' 

_ ... ,,., ,1 

-.... .r 

1. ) -:Tfie."biological conversion of methibhine'. ~to" ~s,AM. . . :;t 
prima'rily occurs in· muscle tis'sue -of :poultcy .whereas ·in -

· mammals the liver; i. kidney., -arr9. pancreas! contain the· majorit;.y'. . 
qf the MAT· 1act.ivity. ·The. MAT ·en:zyme content in. the liver of 
laye'fs is c'l'osely '-'co':tre~ated. to ·:f e'ed irtt:ake ~and methionine . 
consumption. · - z -- ,. ·' · .... 

2.) The degradation of methionine to cysteine primarily 
occurs in ·the liver,, magrium, -pancreas;) arid kidney<prdducing :") 
high levels" .of' cysteine ·in: these. o:t-gans• .. -. 'The muscle tissue ··· 
of Tayers ·were found to :conEain non-det:ectable: .. leveJs· 'of. c- · 
ase with non-·detectable levels of free· cyste·ine. -' ·- · 

·• _\ ' ,1 "<: : '"t ; ~ ; ' ~ •"" - ·, ,. ~ ''""', I - j ~ • 

3. ) Metli1dnine degradation to SAM and cys'teine · pri~rily 
occurs during :th.e'. light ·period and the ·hens tend to conserve 
meth_ionine: during the datk p~riod. ' ·· ~ . · 

'. • a ~:j .: ( 

4.) A TSAA requirement'- nas no 'meaning if ·poultry ,. 
formulations have a:deciuat:e d1etafy" cystine.: :. A TSAA ' .· · ,. 
requirement actually has ·rid meaning at: any tim~ })ecaus·e a.· 
nutritionist needs' t'o know how much cystine is· available to 
provide for the cystine· requirement. ,'.-·If the dietary ::, ) - • .. 
digestible cystine is less :than needed by 'the hen· then· .. 
additional methionine above the ·methionine requirement. ·will""'-':-:. 
have to be provided for the cystifie requirement. If extra 
dietary cystirie. is availaole1 ·to _the l!;ty'e:t abbve the cystine 
neede~ fdr th~ syrith~sis·of ~rotein(including.tibth tissue 
and feathers), taurirte~ 1 -- glutathiorie,• and'. chondroitin - · 
sulfate the a:ddiciohal-.,cystin'.e -will have less nutritional .i 

value a:nd,,sfioUld not· be :used in formulating feed for a itotal ' 
sulfur amirib acid requirement~. CVsti:ne m ~ ~ Converted .. 
.tQ. methionine. ~- •lliW2 ~-~ specific inethiOrtine . 
requirements. The only.time cystine spares methionine· is. 
when adequate cystine is fe.d. ll adequate cystine li ~ 
.tlulll methionine ~ ~ ~ .tQ he. provided .fs21.: ~ 
cystine reauiremertt And~ methionine gn ~ ~ .r .··" 0 

ayailable .tQ supply . .t.M biological methionine needs· -Qt-'.' 
.til laye·r. The research reported: herein with'· the layer-· as 
well as ·previous· research with- rat's indicat.es the '·. 
transsulfuration process· in ·the layer will -continue . · 
producing cysteine -or cystine from methionine :i,,-r·regardless 
of the dietary ·cystine· level- being fed'. ··In practical layer:: .. 
diets with a'" minimum of 1'6 % intact corn-soy protein an ': 
average value for cystine would be app'roximately . 250· % ;_ . 
with· .84 % digestibility.,. providing .21 % digestible .. cyst'ine. · 
If· the daily tonsl1mption _of 245 mg -of-' digestible. cystine ·is 
needed for 1 maintaining weight ·on hens· weighing~ l. 5 kg' arid 
producing ·.54 g of" daily egg ma~s ·tnen 11¢ns e:·onsutnihg 
approxima,tely l00 1 g of a1 c6rn,:..-!s·oy.'i6 % cP:diet will need 
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to us;e '.0·s,9r:ne. di-.etary _metb:i,.onine t"O supply;-:_ttie cys.~ine . ., ., 
requirement.· Jf. a :q.utritionist _is feeding ·hens that a:r:e . , 
produc:j.._ng ·less egg mass or select;s. to feed 'for smaller egg 
si·ze with lower lev:.els of protein, cystine,: and methionine 
the~ ~he 350 mg digestible.. methionine and 245 mg digestible 
cystine sugge~sted _iri tliits report· w:ou.ld n,.e.eg:::_t:o --:t;>e .. al_tf2~ed. 
La.yers .-w.ere:·:capable .. o_f: produc:in_g 5.4. g ··of .. egg I!\ClSS,.~ with less · 
than· 245 i:ng.9·f ,diges.t:il?le.· cys,tin,e .. b~t_ tl:le ,p~s_eryed.~+,-3. ~ _g 
loss qf1 ·body; ~weight-/ qay for t:n.ese. h~:r:H3; .was .. supplying. a ·· 
port;i_.9n ·.ot'. the · cys_te'.irie;,'t1;1a,t. ·:cou.ld.: be, u~eq \o ... ~.;!}1.tain the 
egg mass outp.ut through prqtein mobilization." .: ~'· 

~· :· . 

• ·: .~.•i'\ .. , , ... ,)_"'~'.·.:')'}':: \ ,.~~ ·,~·· ·~'.-_,...:··~ - ·,;·-,..JI' .. f .. ' ',; ., 

5. ): ·<.Cystin,e _1nay ·n.eed, t,-o :b.~,~ eoq:;:;ide;,-e<?:. .. as a .. se!l}i-es.sez:itial 
am:i:no,:.agid similar .. to .. the _II}et1;1Q.<;j,<Qf _qesc:r:-il?i.ng ·g~:yc:i.z:ie and, 
ser,in.$ _or. proll,ne · :t,or .·chic]:cs.. __ Cy~\:;iI).e IJ\ClY:'be _produce.<;:L f:r:om 
meth.ionine but t.he~e .. may _be ois.tinct:.. ~.advant;·a.g.es in. having 
dietary cys.t:.ine especially· for body weight gain. · The lack 
of free. cyst.ine or;.t:ranssulfiiratiop:_,e.11zymes• in 11\Uscle tissue 
ma:y ·qre.ate .a pressu.re" point. for. ma:i,~t,a:j..ning ··g;r. gain,igg l:>ody 
p_rotein ... The lower cystine re@i~eme.pt fo.r egg Il)ass _ ·! 

compared to_ the amount ·.needed to s'upply body(· weight 
equilib~ium or _.gai.n may be. a ·:r:e..f!ecti9n o~ the_ 1 · . . 

transsul fur.at1on, eniymE;s_ •,.ava-:iJ,gble ·:i,:.:r·L t·he · Il1G.gnum C>t the :~. _ 
repr9_duc:tiye .ti;act and n,Q. tiCin,ssulJ.\lrC!~io~: enzymes ,:i_n, muscle 
tissue~. The-. me_tt_hi,o.n,in,e;·cyst::,-~inei rat;::i;o :i,n the prote:i,I) .Qf 
layer carcass.es1 -whqle,.eggS,; ·qnq:grounp ,featheJ:'S. is.~- - '° 
approxi~t'~ly 1:.6,:::1.~·,_;apd_.:05;_.: Altl:lough the;-e is a, higher 
metnionine:1cystein.e r·at:io. ·in ·layer c;:arcaS,s ~_protein c::ompared 
to eggs,:: tl:ie quapt·ity·_-of -cys.te:i,.ne· that~·w6ulp need tQ be 
available ~pr care.ass prC>teil) mciinten<;ln,qe- or_ gain '.f9r a .1. 5-
1. 7 kg _hen would· be, .. s-qbstc3.n.t.ial. ,· The ,la,i::g~~ amount of 
cysteine~,c::ompa,;red. ·t;o:~metl].;J.on:i,r:ie_·pe~ pr9J:~:i,n l.1-nit in t,he · 
whole"'egg _c::;a.n .-al.~o be supplied })y~gietary,(;:cystine and 
m~thioriine1: however .metll.ion:Lne.·.c::art_aJ;so 'be gonverted_ to 
cysteine ·at the· liver-(yolk· prot:,ein;:;)_"9I:' magnlli!\(albu,min 
proEe'insftissue·;~ ·~-There ;15-··a:·-readily ·available supply of. 
cystein.e: an~: enzymes'. 'to'unq ';Lz:i tties..~ tfsS.µe du:r:in'g diurnal 
stud.~.t;~·---'~- _ --~_.,_::~~ !~--~::~·-- . -··· .:>''" , ··:.,:::·_· -

--, ":~· ] ~~. ··~·. jr- . ; - ':. : ; ·. -: ! ~ ' ... .... • -·, r·, .~ ~·:: -

6. ) .. · Methl.onine·· was-~coi1verted-to :cysteirie· Tii layeis~ .. to 
provide 0adequafe cysti'.n'e-·wrth:-' a:ri' efficiency-·of «so ~% ori a 
weight.r9~ ·c::oricenfr-a,·~fc)n. ~basis.:. wti:iC:lJ.- is ~i:rilila:¢.~_to 'previous 
repo],'."ts." The·:det~r1Jlin.9t:.ion gf ·tlie ,GYS~_in~·-requ_:i,rement by 
feeding the. high and· lpw __ cy_§tine..:·bas.al di,ets in tl:le_, fJrst 
part .pf. Expe~"iroep_t_ 3 indi_c::at~s the reql;lirement .. of .. · cystine is 
betweeI} _313"-366 ~g ·day(pred.iqt"ed vs a¢t_µa,l)·. ·The .. ···; 
determination i$ ··based~,· op a 8.05''.% conver;;;ion Pc3.$is by weight 
of using a·11 methiopine .needed,· _above __ 352 mg ·for maximum egg 
weiglJ.t;.,,and_,3;_ippr:9xif!lat~ pody· wei_ght equililirium. · l The actual 
cystin_e:requirement n_eeded in :~he second pa,r_t.- 9f Experiment 
3 for•maximum·:egg ma'ss.(ali;:;orappro,~iJna.tely-.54_ g.day). and body 
weight equ;j__l·ibri um wa_S_..; detepni!led ·to_. be only. ~ 4 5 mg day. 
Th~ .. d,:lf f_~_i'~nce .. b~tween J:l:le•,_ experJments ·-·is th_e J cyst.ine 
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incremenU(were,.added ·t'o' a· basal with adequate methionirie . 
and cystine for egg mass and the response ·is pri:mcirily only' · -
for weight gain. Methionine was shown to be equal to dietary 
cystine on a equimolar basis (80% on a weight basis) for 
producing body .weight gain. The discrepancy_ in the two· 
cystine. requirements (313-366 mg compared to '."'245 mg) may be 
caused by a different eff-iciency of utilization for 
methionine arid :cystirie~for~the ·egg mass and weight gain 
response. 

,, 

7.) Force molted. '1ayers·-have ·be.en sliown. to respond to _:..: 
dietary cystine over dietary methionine as ·:long -as: minimum,· -·-~ 
methionine' levels are• consumed during the ret:'overy· period by_ 
increasing the rate of feather protein synthesid. ~Feather 
protein contains approximately 20 times more cysteine than 
methionine. ·Layers· that·-hav·e been. force molted have.,a · 
decrease· in the MAT ·enzyme that· is- required· for SAM' - · · · 
production and also have·~'.a drop. in C-as·e activity that . 
converts cystathionine to cysteine The MAT enzyme at 56 
days· after the beg-inning -of: the fasting period is' still': 
lower than-pre-molt' erizyme··a«:tivity. -· . ··. - - · · ... 

• f ~ ii -, ; ,. ~ ,. ~ . ) ~"' :. •._', .~' 'I ~ 

8.)The distribution of sulfur amino acid enzymes in broilers 
is similar·:Jto the 'eifzyme location iri layers.· The total· MA'IV·y 
enzyme acti'-vity ---iri ·-the breast muscle· is approximately. 2x. trre·' 
total activity in the ·leg -mus·c1e· an:d is opposite that found . 
in layers mainly because of percentage of body part • 
difference betweenr the'.,bircis. :The conc'entration of cysteine" ,, 
is 6 fold in the kidney compared to the liver primarily . ~ -' _, 
because this is the. tissue that contains the highest C-ase 
activity.· --~The. breast ana··:reg mU's'cle t1'ssue cff "broilers do 
not tontain~·detect'abh~ levels of free:·.cysteine ·which is the· 
same for layers.'..·:- •t , . c: :. 1 · r _· .. _ 

9.) The .. conversion:_·of· ·methionine:· td"cystine ifi broilers.:was -
approx1mateiy··a-o% -·which -was 'the -same for ·1ayers. The 'feedi'ng 
of diets(w-1th .. incr·easirig: I-evels of' methi6rtitie with excess 
cystine did not show an increase in hepatic:methionine or -
cystine. The feeding of diets with increasing levels of 
cyst:.ine. with -adeqliate 'dietary 0 methionihe; did -show a . . •, .. 
significant.·:dncrease"'.in>:hepatic methionine ancf .. cystine~ ·.The: 
chicks fed the purified amino acid diets did not gain equal 
to the chick~~fed the Minriesot~ thick· starfer(methionine,-
.525 .. Jli; cystl::rie,· .315%) ;'rieherefore, the use of ~the weight 
gain data from chicks fed the synthetic diets·to determine 
the requirement of these amino acids is limited. The use of 
the purified al.ets allows' the specific ·effects· .'of dietary'' ,, 
cystine and :ffiethionine:1c)ri metabblisfn~ to be evaluated. The · 
data clearly indicates a-trend toward a.higher-requirement· 
of both amino acids when evaluating feed efficiency. The 
initial suggested requiremehts·of .28 % meth:i,onine and .24% 
cystine, 'reported in'th±s :.manusci::-ipt are not based on a 
regression response but are from statistical comparisons of 
means from treatment groups. The methionine and cystine 
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Table .. 1:. Layer die_t composition .. 
'I • , '1 

Ingred~ients and analysis 
- , 

Corn,, ground ~ 
Soybean: meal ( 4 7%) . 
Shell and Bone Builder 
Unical F (Calcium) 

,.1 

i 

Dicalcium phosphate. ( 18. 5J;) 
Sodium ~b.i·carbonate l·,· '. ~- , .. , 
Salt .. '·· '•' .. 
Vi tami-n premixa · - .. 1 • · 

Mineral premixb 
Choline chloride (50%) 
Animal fat 
Solk-a-f locc ') 

Builder sand ' 
Ethoxyqu:i,n -
DL~Methionirie 
L~Lysirie HC1(78.4%) 
Tryptophan (98.5%) 

·'". J,,. 

Threonine ( 9 8 % ) 
Leucine. 
Isoleucine 
Valine~· 

Phenylalanine 
Histidin~ , 
Arginirie.HCl 
Glycine' 

. ~= 

. ·;.., ( ~ ' . . 

Control diet 
'~ . ( % ) , 

:~ .fg. 342 
'.32 .320 
·4,.955· 
4.955 
1. 720 

.-2 7J2 .: -~~ ~:-

. is.g !~· ~ 

. 05:0 . ' ., 

.065 

.085 
5.842 

. 017 ·=~· ' : ... 
'~ 188 •I 

.;. :.· . 

--_,-,_,,, 
.. "'t ::- f{'' 

Bas·a1 diet 
.;._ ' ( % ) 

·~ - .:,; 6 6 • 4 3 8 
5.701 
5.000 
4. 506.: 
1. 729; 

.. _196 
... 260 

. 050i 

. 065: 

. 085. 
3. ooo'. 
3.983 
l.~-9 9 2·. 

."o 1 7' 

. 559· 

.115 .· 

.374 

.476 

. 479' 

.420 

.415 

.137' 

.608 

.074 
Glutamic acid 
Aspartic·acid 
Alanim:i ': 

~ .. : ' 1.348 
1.220 

.816 
100 Total · · · 

... ,; 

Nutrient analysis 
ME, kcal/kg 
CP I, 

Calcium:·· 
Available P ; · 
Sodium· . 
Methionin:e 
Cystine ": 
Dig. Methionine 
Dig. Cystirte 

'. 

.: y..:,. "" : 
100 

--· :.. . 

2,899.3 
19.500 

4.205 

·t • .'· 

.''451 • ... 
~.180 :j ~~ ·:soo · __ , 
.310 

2,850.0 
15.000 

4;000 
. 400' 
.160 
.165 
.176 
.143·· 
.148 

\ 1' ~ 'I - -

aThe 'vitami.'n premix· ptovided the folfbwing ··per· kilog.ram o~ diet: 
vitamin A, 3,300 IU; Vitamin' D), 3,307 IU; vitamin E, 40.6 IU; vitamin 
K, 1.46 mg·; pantothenic acid, 23.06 mg; and vitamin Bl2, 0.017 mg. 

bThe mineral premix provided the following in milligram per kilogram · 
of diet: Mn, 91.88; Fe, 0.027; Zn, 82.65; Cu, 9.48; and I, 1.04. 

cNon~utritive filler (cellulose), Brown Co., Berlin, NH. 
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Table 2. Effects of dietary digestible methiomne and cystine levels on laying performance . 
.(I 

Treatment HDP " · · Egg weight: » · Egg mass· Feed intake Feed efficiency. Body weight gain 
0 

•• (%) : · · ·. . (g} (g/hen/day) (g/hen/day) . (g feed/ g egg) (g/hen/day) 

Control 93.45a 5g_79abc 55.88a · l 12.38a 2.02c· -.28a .. 

Dig. Met leyt(ls (%} ~ 

'· . with.148 %-big.Cys. '• 

'" 
. i 

:143 . 45.31C 51.14e 23.44d 75.96b 3.88a -5.6QC 
'.240 ~·84 46b 56.33d 47_57c 106.75a 2.25C -3.24b-. . 
;337. . 90_33ab r6Q_03abc 54.25ab ll l.65a 2.Q6C -.92a · 
.434 '- 90.10ab 57.66Cd · _ ·s2.02abc 107.48a 2.08c -.5oa 
'.531 ·94_05a 58.85bc · 55_37a 113.21 a ·2.05c .ooa 

.. 
·--pig.Met levels(%) ... 

with.416 %'Dig. Cys. , 
68.64b ,C , 143 

~ 45.8QC .. 49.48~ 22.9ld '.3.3ib .... -7.45C' 
'.231 . "89.47ab- 56.oqd 50.18bc 110.89a ~ . 2_;22C_; -l;76ab 

. ~317 _; 9I.7oab , 58.92abc 54'.01ab 110_97a 2.Q6C I _35a~ 

.407 93.64a 60.35ab ·56.46a · 112.61 a · 2.ooc .. 5oa _ 
'.495 91.96ab 61.3la 56.56a 114.13a 2.Q6C .14a ,. . · · 

'.• 

' 
i 

.. ,, ... , 

~OYA. analysis_ <.• . ' ,. ' . ' . 
Pooled SEM - ., 2.'7897 ·- .5982 1.8922 2-4254 .. '~ .. -. .1082 '.4363 -
df . . : IO . 10 . 

'--~-' , .10:.· ·_:,·) ..• IO . . : IP ...... · 10 ... 
~ • -C ' 

P-vruue :~ . , , .. OOQO.. ": -· .. 0000 ~0000 ~ .0000 ': · .. :oooo .0000 . . .. . ~" 

a-eMeans within a column with no common superscript differ significantly (p<.05, protected LSD method). 
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'.,ii. 

./"\.,... < 

->.. 
cu 

""C ....... 
c: 
Q) 
.c: ....... 
O> -c: 
cu 

80 

_, 

60 

(!) \ 40 ..... ' ' .c: 
.~· O> 

.Q) 

s '-' 

~ 20.1 

0 I . 

·m· 
L.. 

.\ 

.: 
·,·, .. (,. 

Em=-11.0825+.43216~x-9.335*10"-4*x"2+6.74 
4*10"-7*x"3 :->·r= .. 9982 . 

> 
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Figure 2. The digestible methionine requirement of laying hens 
as determined by egg mass and body weight gain. Sufficient 
digestible cystine (0.416%) was provided in the diets. 
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Table 3. Laying hen liver metabolite concentrationfas affected by dietary digestible methionine 
· and cystine levels.· · 4 

· · · 

t:· 

Treatment··· 
Dig.Met revels(%)· . 
witli.,i48% Di-g. Cys. 

.143 I) . 

~240 1
· 

.337 
'.434 
.531 

j :~ 

Dig'. Met levels (%) 
with;416% Dig~~Cys . .' 

.143 

.231 

.317 

.407 " . I 

( .495 .J' 

' .. 

Met 

142.32e 
215.62bcd 
239.11 abc 
260.11ab 
282.15a 

206.41Cd 
170.96de 
193.83Cd 
215.47b~d 
205.19cd 

'( nmoles/g w~t li~er) 

SAM 

205.96C 
:i98.29ab 

,. ·35.3.42a 
242.08bc 

: ·212.14bc 

2ll.51C 
248.38bc 

,· 3:i1.14ab 
300.3 lab 
300.77ab 

! ' 

SAH 

29.614ab 
"2!f647ab 

'\ ·29.008ab 
30:63oa 
32-'.52oa 

22.832C 
· · ;25 . .44sbc 
· · :2~f157ab 
. · 129:529ab 

·· 28.889ab 
-\ 

;;-· 

ANOVA analysis b 

Pooled'SE:M · ··::~· i '_'.'I6282·~· . _____ 10.1120 · . . . 5996 1_ 

df'" .. ~· 9 . . _:_ 9 . ·. '.'J-. -·-· 
P-value .0001 .0088 .0211 

.{-' • ' ' • Jo; ' ~ ' -- .t, .~. 

Ji 

Hey 

86.194a 
ND 
ND' 

-51.114bC 
. 36.412d 

',f "f 

75_974ab 
; .. ND 
"ND 

i1.942d 
. 36 .. 615d 

. 5.9234 . 
5 . . .. ~-

.0007 

a-f11eans within a column with no common superscript differ significantly (p<.05, protected LSD method). 
ND: 7 Not detectable.7 · ~ :~ · ... '" i·, ;: · 

• 'J ~ • }, •• II : - ' ~ 

.. ,._ . ..,,._. 

Cys 

220.2oef 
l.77.86f 
272, . .7ld 
·-3'42.29abc 

· .3:]4.05ab 

391.5oa 
·-i6J.29de 

·~"· 3'06.21cd 
'391:38a 
.J35;28bc 

! . 

10.4940 
9. 

.0000 

... c~.,._.,..,,,..,.,....- ,··-·· 



ii. 
T~bl~4~ (,L.aying~hen liver enzyme activities as affected by dietary digestible methionine and cystine 

.... levels p · · • · · • ,,, · -· · " ·· [I ], ;/ • e ...._, o. ,.- '- - J '_.. •. !~1 ;.. J ' • - ! • • L • * 
.,,, • , • ,1 ~ 

"""' --" fr, I~ _.,, , -
" ' ~ 

'Treatment 
Dig.Met 'levels (%) with b.~148.~% 

· -·.Dig. Cys:;A.·:-.: · 
.143 
.240 

,, \ .337 
.434 
.531 

' .. 1 t". 

' 
'I 

"c ·.-, 
1 Dig:Met levels(%) witli 0.416% 
. Dig. ·cy~·: . . 

·143 
.231 
. 317 

.;: '. .407 
.495 

•.;_ 

ANOV A1nalysls· 
;, . -- Po_oled SEM 

df 
P-value 

" 
s-' -:. ~ .. ~J 

,.·,1 
J ,. 

__ .. (n_moles/minfg wet li~er) _ 
'~:1.._ 

MAT . ,, 

.0607 

. 0:325: '"·. 

.0586' 

.o3i8 

. ois1· -. : 
i 

.0647 

.0495· 
.. 

.0433' . .,.-, 

.0151 .~. 

.0396 . 
. ', .. ' 

_j)059 
9 ·- -

.5142 

BHMT 
; 

42.998ab 
13.376d,' . 
28.112c 
33. i49bc' 
37.63iabe: . 

49.017a 
49.189a 
32.665bc 
39.6i5abc. 
32.2 fobc · · · 

' I ,. 

1.9802 
9 . ' ~- -

.. 0002 

:MFMT 
.... , \ ~ ' ., 

.5092C 

.3416d" q 

.54oobc- ,; 

.1112a . 

.6889ab 
.-. 

.7051a 

.6343abc 

.651oabc· 

.6497abc 

.6919ab 

._Q23J 
9. 

.0004 

a-dMeans within a cohimri with"'no.common superscript differ significantly (p<.05, protected LSD method). 

------- - --- .. --- -- ---_-::_--:---.:.::: .. _=::-:._:-- -- -

_1c~:, 

cs 
,\ \ (\ ' 

62.206abc 
44.7i7d" 
57.319bcd 
66.474ab ·, 
68.415ab 

75.359a 
51.B2cd 
60.9tsbc . 
61.451abc , 
65.273abc 

1.8631 . 
9 
.0062 
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00 
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Figure. 4. Utilization efficiency rof supplemental methionine or cystine to meet the cystine 
requirement of laying hens for egg production. Supplements were made to a basal diet 

"which provided 0.319% digestible methionine and 0.148% digestible cystine. 
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Table 5. Activities of methionine-metabolizing enzymes in broiler tissues. 
'' r . , "" 

u• #'lo_, I' -~- •,_.. •"- -: '\.t-'., • •·~ , ~ • ... ~" :,, • -~\, ,• y, 

-
~ ~ ·- : ' '-, 
'. t,,, 

. , ~ ·, ·: · :: ·., _ .•. ' (n_woies/min/g wet tissu,e) .;'0.._1 -..-:.. •', 

;~~~~Ji~' 

Tissue MAT. BHMT. . •.. " MEM-1'" · .. :· .. ·,\ cs 
~ ; - ... , 

:-;.: , _ 

38.894a < < • .0629b.···') 71.8769~,-,,, Liver [, ! 1'· "'" 1 .1308 
Pancreas _ _, ~- ,~ .~ ~ --:--1921-

-1 • ' ' " ~ 
' ·----~ .~ ~ND ~ --=--~ --· --NB · - ·- · - ~ ..... J6-L0600a-,,. --

Kidney 
Heart ... "-, 
Lung -21· , , 

Breasflnuscle 
i 

Leg MtJscle 
Spleen. 

·-,,. 
-.:., . 

( .0961 
.0624 
.1821 
.1373 
.0820 
.1408 

\-. 
< _:! 1, 

ND 
ND 
ND 

19.061 b 
4.827C 
NP-

:l • ~ 

.1455a 45331obc 
ND l.0638d 

.0192bc l l.8160Cd 
ND .0654d 

.0118C .1848d 
-~y;.~, 1 • .'ND ~ ~ :·. .. ' .. '-~ '.' ,, 

3.2407Cd 

\~ 
ANOYA analysi~ . .7 .• 

Poole'd' SEM · .0174' -, ' 3.7696 .0096 9.72i:8 
df ;;~~ 7 ,, 2 3 7 _ .... 
P-vahfo .4651 - -~- ,_ .oooo .0001 .. ·-.oooo 

C-ase 

34.7,4QC./. 
---66.305h 
11s.s9oa 

ND 
ND 
ND 
ND 
ND 

9.0990 
2 
.0000 

(._·' \t .... ,~ .. ~ ~--- .-·. , • 

a-dMeans ~ithln a·coluniii with no co~bl)_superscript differ s1gn1tfoantly __ (P< .65-,protected LSD meiliodY. 
ND: not detectable. :: :--: _ .-. --- .. , ':· 

-~~ . ~ -- .. :..• --· --. 

l .... <f" 

' _ _,, J -

-~--:---;-__ -~ ··---- -~--:;:.::-: .. =:=::::::------ --::-:=--~--- - --- ---·---

0 
00 
'<'I 
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Table 6. Total activities of methionine-metabolizing enzymes in broiler tissues. 
~ . 

• : .~.,.t. . 
,-. 

Tissue. 
--' ..i-· .. ~ 

Liver 
Pancreas 

. . . . :1 

Kidney -.- ·: 
Heart.· 
Lung 
Breast muscle 
Leg Muscle . ,. 

1 - ·, 0 • 

s1>re~n 
ii "·I ' 

_~OVA analysis 
' Pooled SEM 

elf~, 
P-value 

MAT 
. ~ ~} 

5.66C 
.91C 

'{26c 
.73C 

.2.25c_ .. ;' ,.- . 
44.02.a · 
26.26h 

'• . ' I ~. 

- , .42C 

,..., 

) ,2.9872 
7 

.ooc>'o 

(nmoles/min/organ) 
T 

BHMT MFMT 

' , 
'1694.lh 2.72 

'. 1.87 

• ,. r • .;,.... . 
.24 

1 
· ·.6084.8a . · . ' ---

: b - 1572.1 t ... 4 04 
~ ,- .. . . 

( . l 
• I - " .~ . i 

~ t. j ... \)" .. 
• '', .1 .. - •. , 

!' . 
~: ' 

571.78 
' _,I .6665.' i .. 

2 3 
.0000 .2849 

• - I·. ~~J 

.·' L". 11 

-~·lj 

. ; 

• 1 
·.' 

' .. cs 

3132.8oa 
745.89b __ _ 
588.48b' 

12.42C 
148.64<'. 

r 

21.43C .. 
62~17.c _ "' 
9.58c " 

. . ".f .. 

~ ' 

150.53 ... . ~ ' . 7 ~·· . .' ''-.. l~J ' 

'I'-· 

.0000 -

C-ase 

1504.2a ··'· 
305.2b .. . 

1495.8a' 

, .. 

r n: -
...r·:i!,.. 

~ ~ ,· ~. " ; 
' 

i ' r) ' 
..._ 1' .... ' ~ 

i 19:'15· 
... '\of\.. • . f ~i. 
~ . . ' 

- :0008 
- , -- .. - .,, ..... --· -- - - - ~ -. - . - ~ -- -- _,...- ·- - -- ,._ -

~ -:- ,;· • "' . ..,.- i·' .~·-.,,/~I . ;" • .· :".~ .. -~ i1-,. .. ,t 

a-CMeans within a column with no comnion-·superscript differ significantly (p< .05-, protected-LSD -method). -~ - -. 
t!1. :,·~~~:\· ;:' .. ('- ~:- -.-.-~v' 

-- I! .. t; f . .,:·~J 1,? -·'-, tfJ~ ·,· -=-, ,,. 
r,· ., 

-00 
N 
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Table 7. Biological concentrations of metab~lites of m~ethionine metabolism in broilers. 
,, ' ,,. . r· ~ './ r. . . 

', 
fi' 

•:-.-·:-:;.~ - l''~i:~ \':- ,_r- • , ..... ,~·: ~ '.1r ~· ., 

··Tis-sue . '~ 

:·.~i~e/' , ·' 
J?'ancreas _;~ 
;! . ~ .' / : ~· .: f...' ;'\J 

--~t;[~/ '.h~· '· . ·~ 

.;Lung 
; Br,e~~q1:u~cle 
:LegMusde~ 
~ -;., · · • • 1· ,. ~ • :r 

:.spl~en · 

; i'-· ' '.•: 

1·~J\N.OVA analysis 
ro9led:$EM 

f;~f.::. 
P-value 

'Met 

201 .;s,sb: -
79.75d 

226.'4()h, 
92.32Cd 

100.._47Cd 
29.37e 

1osAic 
266:43a 

' )·":"" 

~ .J; tf' 
'<• ~ \_,, 

~ -~~ .J 

ll :76 
t J ~ (' 

..7 .. " 
,; ~oooo 

'(ninoles/g wet tissue) 
··'·" :~Z-!ilf11'1 ·.~ • ;;.,,1:·r ~ · ... , .:;. .. ;p ~it;·~.:'i1

1

l ~' - ·if,·,·,, ... ,, ... ,..,.,.. ·r , ~ .:L 

sAM SAif~~ -.,_ Hey ,; ~ , cysia:• 1 , ._., '~'"-<tys· 

. .,,..,, 
153.34h ,,.. U '-,II 43.63a 
140.17h ~" ' 
69 .97C .. ; ~\ ;J 

148.09h 
145.42h 
25.65.~ ... 

f • ~ . 

38.72d" ' . : ', 
299.88a', i :-) · 

10.72 
7 :... i 

i! l '\' ~ f' .0000 . 

11.44d 
18.00h 
9.51f 

12.03d 
1 i.04de 
9.89ef 

14.75C 

1.77 
7 

.0000 

. . \~}-' 
·, l _t -:-Ji,) s ~ 6.39h 

,..,:0.,, ND 
\.. .. r:- ~ J .. , '12.01 b 

ND 
ND 

'': ~ ~· ND 
ND 

}.1 77.ooa 

.... 
, ('' 

11.88 
2 

.0083 

. ~.fn--~·j"J 

46:5sa 
' b .. - .... 27.08 

- '~j 2s.57bc 
13.85cd 

.. 28.4ih 
"I.\ •• 

' "9 d f;~ '· .. ?9 
.'' .: ~3'~91 d 

, ·: _; 44.66a 
,. r c · ~ ·1 

.:.. '· 

' \. ~_,., \ 11 .. 
~ -;i '~~ 

, .. ·· ... ·2.90 
. ·: ~ :~7 :, 

. J' .•. 0000 

~. :· ~ _,-1 •->t 

33J.9'9'd 
603.30C 

• \ - ! _. ! 

2265~toa 
119.92e 
331.92d 

ND 
ND 

1196.70h 

· ·;132~89 
;: :.d :~: 5";: 
"·· · ·~oooo 

,.-; ~---- •. ·-·- - ..• ,.~ ·- ~ ~: .. ~,"":[-,- _.,....,. --""- --~ ~- ~ ........ --·~-A:-"".:--~..._,....,,~.,,,,.. -.- -~~...-~~~-,~-·~-----"-· ,"- - - ..,,,--~'-""-:;.:_';:. = -~~-- --:: - ··""·'":._. ;_: .. '7 ,.. _ _,, .. 

-a-fMeans·within a colllinll·With-no·commoii~,s~perscript-differ"sigril.ficantly{p< .05; -protected LSD metJ:iod): 
ND: not detectable. 

.~1 :.-~-;·:· .. "~:. ei< ·::.:. .. ~~\'Ji 

,!L~ (' ·,j -·, :·.:_, ~ , • ~··. iJ ~- .·; ;·1 / ;~:·'t ~ . ?\:. ..~ ::-. --~ ,~: ~·~~\;;··;.c-.. ? ,~r-:· r,~'!! CT<[:,.·_, ~ :·· ·r/;?-. 
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Table 8. Formula of.Basal Diet for Chicks I. '• ' -
"l l.. ., ._ I ;_- - : ~·: • '; •-: 

. ·i 

· Ingredient ) 

Com Oil(gtKg) ' 50.0 
Cellulose(g/Kg) '. 30.0 
Sticrose(g/Kg) I.54.9 
Amino aciq mix~g) ~ '· .. ' ) . ·'197.8 •' 

2.54 '•oo 

Vi_tamin rni~(g/Kg); ·· 
53.0 Mineral rnix(g/Kg)c 

Ethoxyqin (mg/Kg) 125.0 
Com Starch(g/Kg) ,,-, IJ<g 

~·: 
·, . ,. " 

~ ·. . . '.,. . ' ... 
aL-arginine.HCL; ll .'5g; L~histidine· HCL~H20, 4.5g; ·L-lysine HCL, l 1.4g; ~-:tyrosine ,4.5g~ L-

tryptophan, l.5g; L-phenylalanine, 5.0g; L-threonine, 6.5g; L-leucine, 10.0g;:L-isoleucine, 6.0g; L-
valine, 6. 9g; Glycine, ·().Og; L-proline ,4:0g; L-glutarnic acid, 120.0g · · ; · . · 

. hCholine chlorid( 100%), 2g; Jhiamin. HCl,. iomg; Riboflavin, I Omg; Otlcium Pantothenate, 30mg; 
Niacin, 50mg; Pyridoxine HCL; 6mg; Folacin, 4mg; Biotin, 0.6mg; Inositol, lOOmg; Para-
arninobenzoic:acid, 2 mg; Asc0rbiC.acid,. Z5Qmg; Vitamin A Palmitat~, 5200IU; Vitamin o3 600ni; •~· 
Vitamin E Aeetate; 20IU; ~e~cUon SP<ii.uin l3isulfate, 6.08mg; : ' ·• 

.;CNaCI, 8.8g; Ca~03, 3g; Ca3{P04)i 28g; MgS04.H20, 3.5g; KH2P04, 9g; ZnS04.H20 
,lOOmg; Ferric citrate, 500mg; CuS04.5H20. 20mg; Na2~3, 0.2mg; KI, 40mg; CoS04.7H20, 
ling; HJBOj; 9mg; Na2Mo04:2H20, 9mg . . 

. • ! i 
I Standard Reference Diet for Chicks, NRC, 1994 . PPS I 

283 



Table 9. Effects of dietary llle.thionine and cy~tine It!vels on broiler performance 
' . _, ·' ~ - ' ' . 

in E~~ 1~ :-:~ ":~ '~:. ( ~ -~ x~ -~~ , : :_ .. _. . . i : : ; : _ ~(· 
Treatment · ~: _._ :_~Feechntake : :Feed ·. ·'.Body ~eight-~filn .. 

· · · ·-·· · efficiency:. ·~ . . . . . -~ 

Met}evels(%) with (g/bird/~~y) 
50

01:=. ..- ., . 1o·cys: 1· . \ 

c::b8 '' ~ , 1L723d 
:18 23.483C 

~ .28 ( •, 31.962b 
38 31.248b 
.~8 ' 31.513b 
.58 ! 31.073b 

( 

Control 64.195a 
Total .. 3~. tn 1 

'_ ~ 
• _, ' ":;""'-: "-P 

~- l ( ' 

One-way AOV analysis 
Grortp Std DEV 1.6131 
Within df 21 

P-value 0.0000 

'.(g f~ed!_g_.~~g) · . {g!bll:d/day): · 
> 

21.87a ''- ::? --
2.7i861i ~i q 

i:8662Q A_ ~~. 
1 8214b ~ .·. 
1:8464!> :: : ~ 

· 1. 1011E --: ~\.) 
1 4697b :~ .;. 

... ~ _, . . .) 

4.1234:; 
·-... • 

,_ 

8.1584: ~ 
20 . ~ 
0.0454 ~ 

~ ~ : ' c 

.~or2321a 
·8:6964b 
J7.l63C 
,_ ' . '· . 
-17.1'70C 
~1"r132c 
: ·18.s.05.c 
4~.?97~ 

,, 17.462 

~~~ ·,_; 

'• 

1 .. 9640 
21 .. 

.0.000 
~' ,-. 

'·-' 

···-
·-~ -: .... 

--
'.• 

" 

., . ,, -

~"" ..,_ .... 

< 

· .. ~~ 

a-CfMearts-Within a column with no common superscript.differ significantly(p<6s, protected LSD 
method). . · ; _:_·· .. .-.~·. ~8 

-i 

·' 

e--. • > _... 

" 

.--( 
•v 

' " ~ .... ' 

~ 
00 
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Treatment 
Met levels(%) with .50% 

cys: 
.08 ~-· 

~~ !'. . jg if.'; 

Table 10. Broiler liver enzyme actiVities as affected by dietary 
· methionine and cy1tine levels in Exp. 1. . . 

.. '.\ 
'·•"' 

MAT 

(nmotes/min/g wet.liver) 

BHMT :MFMT cs 
,:·) . . ',\ 1 .• 

142.19a· 2.9831a 
198.74b 2.65.Slb · 

-, .. _ 

0.3505a 
0.2274b 
0.0728c 
0.0935c 
0.0874c 

55.195C 

27.333a 
l'4.475b 
17.850ab 
24.994a 

.28 
.. 38 
-_48 
;.58 

Control 
.·::Total 

One-way AOV analysis 
.. 

· 0.1076c 
O. l352c 
0.1528 

56.467C 
"·":' .. t. 53.176C i-

45.899C 
50.930C · 'i 

83.485) ;-. J ;-

-... ; 

2.7449a 
2.5376b 
2.5241b 
2.6747b 
2.6403b 
2.6694" 

. .. 
' 

) 

· .:·24.562a 
20.324ab 

.. , 27:.121a 
. 22.474 

..:-

Group Std DEV ·o.0771 ' · .. ' 27.374 ·. ' · 0.253'7 9.2648 
Within df '45 c r. ~ 46 ·-' :. · 46 ·: · · 46\ 

P-value ~ 0.0000 0.0000 0.0377 0.0730 

.. , 

.Case 

57.445ab 
·1.J.632a 
57.400ab 
50.671ab 
51.546ab 

... 33.678 b 
· '66.687a 

. -'.55.300 
---( 

'28.011 
'44 
0.1776 

''' ·, · ~ · ,,,_a::.dMeans within a column with no common superscript .differ significantly (p<.05, protec;ted LSD method). . _ 
" .~· ··t" ' . _., - :.\;, 
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Treatment , ·' 
Met leve~s(% ).with . 50% 

cys: ' 
/,.o~( , 

~ (--' I 8 T, ,I 11 ~~'/ 
) .) .. 

.l· ~28 

.38 

.48 
. 58 

Control 
Total 

:[: 

i 

--1 

One-way AOV analysis 
Group Std DEV 
Within df 

P-value 

.(I 

Table 11. Broiler liver metabolite concentrations as affected by 
dietary metflionine an~ cystine levels in Exp. 1. 

( nmoles/g wet liver) 

, Met SAM SAH Hey . Cysta Cys 

··A 

284.39:· 
289.94 
313.00 
251.60 
444.77 '" 
310.0f .. ~:. 
344.28' '') . -.,~ 
311.03 .:. ~-. 

182.99 ,. 
24 
0.9368 

,,l, 4i' 

~.7S72c 
" · 5.5882C 

3.37ooab 
5.4718bc · 

· '3.6565a 
5.95308C 

' T4641a 

60.395abc ·1 

10.22oab 
48c899c 
53.315bc 
59.069abc-
76.093a 
75_999ab 
63.450 ~ ' 5.1377 

19.689 
43 
0.0617 

'.I 

.,. ~ '\ 

.. ·. -"•2-.9602 
!· : 45 

.0980 

. 
c • 

hi:_ - : " ', ~ . ~ (~ '~ 

~F - J 

"ND 
\_ND· 

2.3817a 
Nn 

-:· :7.0356b 
~-ND,; 

. ND . 
<. 

; , '. 

F'.2121 
8 ::.' 

0.0001 

',, 

' A 

_, 

21.747b 
35.904h 
18..419b 
65.548b 
70.592b 
120.32a ,S 

70.65-1 ab: · ·· 
60.926 ;.;. 

46.657 . •' 
36 
0.0074 

/'. ~ I J 1 1 • 

•"\ 

376.64 
336.04' .. 
304.01 
344.33 
337.47 
353.43 . 
296.0· -~ •: • 
331.42 

87.297 ,. 
26 
0.8747 

a-dMeans within a column with no common sup~rscript differ significantly (p<;;:. 05,- protected LSD method). 
,, " ,, . . .... _ 

" •: I~ , ., !~ J' ~I .,-, :!':~ :1~t, ·:f"·:· 

-··-'--~·~'-- ---~----·J-- ----- .--:-_--..•.p.~-- --~· .... -,..- • .-.---- --- :.·- ___ ,. ---·------.. ~-...-_--,-- .... ~~_..,.._. ____ --·- ---_·"' •.. ,__._.:_._·:...._ 
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Tap~e 12 .. .Effects of dietary methionine and cys~ne.fevels o·n broiler-performance ·: 
in E_xp. 2.-- . - . . - . . . - '.). 

Treatment .. · Fiiial body_weight ··• F~ed Intake Feed efficiency Body weight gain 
Cys levels(%} With .28% 
Met.',,-· F: :Y. 

·o.oo 
' ,;l6. i'4 .' . ·17, ·. 

0.24 
0.34 ; .. ·'': 
0.49 
0.64 

·, 

Met levels(%}with .28% 
Met: ' . 

0: 175 
0.300 
0.425 

.Control'. · ~ 

One-way AOV analysis 
·Group Std ·:DEV 
Within df ' 
i>-vaili~ .; 

(g/bird) 

206.53e 
375_97cd 
403_75bc 
422.24b1;· 
418.75b 
3941_5gbc 

'' 

346.25d 
395.oobc 

, 42i.o4b; 
c ,. 

18J.isa 
,''. !'. -

f1, 

22.838 ; 
28 
o.nooo,. 

1, _r:r. 

1 -:--, ' 

(g/dayfbird) . 

22_537a 
34.659bc 

. 37.679C 
. . ' .-· 37.458C ·· · 
36.696C 

' 34:239b'c 1 · ' 

32.589b 
34_375bc 

.'; 353.57bc~- . 
. . '. 

-,,'66.607d ·!' 

2.7711 
30 
0.0000 

: 

(g fee~ g 
weight) 
5.103la 
2.l l78bc 
2.0281bc 
L9912bci· 
l.8907C 
l.9206C '.. · 

.. ' 

2.2784b 
i.9393bc 

r '\.'I 

l.8080C " .. 
_,,• ~. •.; . ~ 

l.4626d ... :. 

. '• 

, .. 
0.2352, 
30 
0.000 ... 

(g(bird/day) 

4.452a 
16.466bc 
18.634Cd 
19.761 d 
19.448d 
l 7.826cd. · 

14.439b 
17.827Cd 
20.315d· 

1•._!:\ 

45_539e ·· · 

' 

1.6004 
28 
0.0000 

a-dMeans within a column with no common superscript differ signiflcahtly (p<.o·s,Jrotected LSD method). ,, ' 
C; . ' (.·,. . ':. :'.f -~ l~t 1,' ~I ' 

j . ;! 
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Table 13. Broiler enzyme activities as affected by diet(lry methionine 
and cystine levels in Exp. 2. 

Treatment 
:. ; · Cys levels(%) with 

I-, .,_ f 

, .. 28%Met: 
o.oo.;f. 

1.. . ,. ··, . 0.14 .. .. .. 
0.24 
0.34 
0.49 
0.64 

Met levels(%) with 
~.28% Met: 

0.175 
o.:foo 
0.425 

·· Control 

Orie-way AOV 
analysis 

1 :· Group Std DEV 
. Within df 

P-value 

(nmoles/min/g wet liver) 

MAT 
n '"•l 

0.1489ab 
0.2371 a 
0.1671 ab 
o.;1411ab 
0.'1851ab 
·o.o66ob 

' 

0.1051b 
o.1150ab 

·o.145oab 

BHMT 

64.015ab 
62.059a· 
78.382abc 
9i.'805abc~ 
91.874abc_ 
103.78c 

97.6obc 
80.835abc 
85.513abc . 

MFMT 

1.4677 
2.1664 
2.0968 
"1.9735 
.2.1004 
1.8088 

2.3445 . 
1.8368 
1.9272 

·"l . f 

0.1766ab 85 .292bc · · :2.1O15 

0.1264 29.478 0.7148 
58 .. _. 54. -~ ·, .. 60 . 

·Jf5o93 .__ · -o~.2245 ~ . o.6526 

cs 

25.304cd 
30.191 bed 
24.65lcd 

· 27]46cd 
23.492d 

:-;22:043d 

29.645cd 
43.663abc 
47.'687ab 

48:819a 

, ~ r:~• 

17.280 
. ' . .6z1' . ~ 

0.0133 

C-ase 

65.74oab 
74.379a 
71.158ab 
53.382abc 
73.63oa 

· 43.889ahc 

52.995abc 
27.939C 
41:986bc 

59.673bc 

28.5~8 
~53~ .. 

: 0:1525 

00 
00 
·N 

~-dMeans ~ithin a c;lumn with no common superscript differ.-significantly (p<:05; protected LSD method). 

...geo.....,;.~,.~-...,- . :~·~ .#- ____. -~-~*'~~·~ a 
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' Table 14. Broiler liver metabolite concentrations as affected by 
dietary methionine and cystine levels in Exp. 2. 

{nmoles/g wet liver} 
Treatment . Met SAM SAH Cys 
Cys levels(%).with .28% 

Met: ~ 
I 

0.00 137.o7a l 12.87a 6.2339bcd 68.85d 
0.14 169.63a 87.288bc 5.5526Cd 86.513d 
0.24 454.46C · 83.986bc 5.9335bcd 218.s1bcd 
0.34 236.69ab 64.253d 5.6072bcd 368.11abcd 
0.49 375.12bc 59.249d 5.2879d l 77.52cd 
0.64 327.03abc 68.663Cd 6.1846bcd 336.09abc °'· M~t levels(%) with .28% 

00·1 

~; 
Met: 

0.175 395.95bc 84.296bc 7.409oabcd 415.69ab 
0.300 394.4obc 93.177ab 8.6672a 34i.33abc 
0.425 279.8abc 97.066ab 9.2490a 417.o9a 

~ J 
~ 

246.87ab 
-

·control ,., 76.136bcd 7.6210ab 390:60ab 
.) ' 

:? One-way AOV analysis 
Group Std DEV 153.67 22.517 1.9959 140.57 
Within df 43 65 67 35 

P-value .0684 0.0005 0.0008 0.0064 

a-dMeans within a column with no common superscript differ significantly (p<.05, protected LSD method). 
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UPDATE-· ON MI~ESOTA -TURKEY NUTRIT::j:ON,RESEAR,CH 
'- ... ~ ,' -'.;~PHA,~I~~N<3- '.~iNO '~CIJ?.S ~ ,;Pi:iXT~~E ~, : ;: _· 

' _I • ,:- j - - I ~ '•. J • ~ I . - - -I • ..L ' - - ' ~ , • -_- .- ~ - ' 

_ -P .. E. Waibel,; C. W. ·Carlson, J. k.; .. Brannon, .. 
- :,.. '.'. .: - - "'l.. l_ - _) ... ,• - • •; ' ~ - - • ', - '- -. • , • 

. ' .., s. L .... Noll, .. F .. ~A. At:ia, F.. J, .. J;irJiS 't . 

- riep~rtment ·of A!lima.1' scienc-~ _ : .: . · 
University of Minnesota .,.. - -

-.1 . __ 1 St' .. Pc3:ul, _MN: 55,108 _ _, "" 

t . . :• 

".:1 j 

1 1. 

.~:~; J .. _! • - J 
: '? 

• 'r • ' · . - . . · L.; ; ~ ' • ·,; · i .._:, ; ~ ' · ~ , ,. . ·' - • · . ' · 

Thi~_._pape~, will summariz~: studie~".if1:, pr,ot~in .. a,-ld ·pl'!osphorus 
nutrition :of growing t.urkey:s. Selected o'ther efforts are also, included. ; ·· ,. ,, __ , =· <· "-~· .. · - · · - · _. -._,. · · · ' 

• '1 ,.,; _.' • _, . - -~ _;, • ~.-1 - • • ~ _f. - ' 

. ' 

' - .. ·, --: . _';I_. 

PROTEIN. AND. AMINO ACIDS . FOR' \GROWING fuRKEYS, \ -~ .. , V-·-

' . " .' 1 ~~::" ' • ' " : '· • ' ·, )_•: \.' • ., " -~ • • ... ., ' '._. • ... ~- ' • -.· ·-· ') f ' 
As turkeys have .a·- "high", :protein requi:r:ement, various workers·. 
have,· attempt:ed ·:·.t°-· r~pl~ace .'Pro~e.in, by, amino, acid' ·s'llpp:lement:~~ior1:. 
Waibel_.-et .. al. ·(1.·995) recehtly-~r.E::!yie~e.<:i thi=se efforts and reporteQ. 
the extent1 to· which diet pro-tein can be minimized by using just . _ , 
methionine (Met) and·lysine (Lys) supplements. In one.series, 
protein. ~r:om CO,rn-$Oybea~: .~ea~ diets _ cpuld- pe .t;°~d_l.,lced to ·~_:9_0% of. · · 
contro,I' 'prote_iri· i~f methionine _wa,_~L supplemented througho~t and -
lysine 'wa's 'suppieinented ~after i2 weeks of cige,.' each to 100% of 
their N'Rc ·:r·e.qu_irements~_I.' .rt'.was ·a.s·sllined .fha~_:the other ·arnin9-
acids. were _pre:3_f;ht :·~r:. C3:def!UP.tt qua~.t:iti,es. T~~f3e relq.t.io~shi,P.$: 
would .change depending of -ambient temperature,, growth rat:e,, and 
feed 1.~~~-~d.\:;·t=ef:~ ~~e~·>"-·_~:~~ _. -._; 1 

.·'_··r:;·:~ .. · ·. :_ '. : .. · .:~.- ·: ._ ,_ ::J· ~--~~-
Important amino acid requirement work. performed. with_ turkey ,,.~. 
poults at-. Virginia Polytechnic ·rnstitute~'was reported 'at this 
Conference .by Dr. Larry Potter .in 19.89 ... It. was indicated that 

' · • '' ) I '~ , L · , • ) •' I._,.._•• : ·~' , _ --. r ~ ' • ' - •' ' 

next limiting ·amino ,acids after. ,Met· and. Lys were threonine (Thr), 
valine. (.Val) I arid 1s'c)'leuci'ne, (Il~e'). . . -. ' ·- - - .. : - -- , 

• ' " ' i ~...( - • ' - • • • • - •• _ • 

--- t-- \ l/~ .... . ·_ .. , : ' ... ~ -~:- ~~ -: (·_·.,, •. . : __ ,._ '··' ._ ,_ .,# ) 

The. stl1di.~~. by_. Potter/~." Q:50'1P .:_w~re, with Y.9\mg· tl,lFkeys_. ,As_;_ the,:: 
bulk of feed protein is used with older. bi+ds ~ .we were· ~e.si_rou_s;· 

·to explore use of additional amino a·c:lds ~ .. ii th larger turkeys. We 
observed. unpro~ising results with :threonirie and, isoleucin,e-;'. __ 
(Carlson et. al~ ~ 1 , 1990) .... ~ost of_ .amino, aci.ds -bec,9mes ·a prol;>_l·e:rn. 
in such .studies. Last y.ear, ,with support from :tl:le Minnes9ta : . 
turkey iridustry· and Archer Danie'is Midland Co. I . w~, were _able _tq 
begin the ef fo'rt. ' ·· · - · - ,,., 

The turkeys, ~ritish.,Un,ited.Ttirkeys large7strain l;>irds,:.~ere .. 
hou-sed in f loot-pens. at "trie: Turkey R,esearch unit, Agricultural- ,-_. · 

0 ' • .• • , • • I ,, ••. • · c .!. ·' • ~ t •' · • · - · • - ._ • 

Experi~e,nt. St?-i..t109.:, Ros~mount.= .. The. expei;-J.ment )'f9:--944J .wa,9 p.· _, . 
randomized c_omplete block. design, with .-12-.nutrit-ional treatments -
and 8 replic'ate blocks: .The diet treatment-s'.were.-begµn.at 6 · · .. · 
weeks b~ ·age~. Af:-- the. end ~of- ~t~e ~tudy ~( 2 0. _weeks_ 9f age) , -t;:he , 

• - 1 • ~ - ' • \ - + -. • • ,. - -- • - • • 

ei:tire _f lockr \ia:s; P_t.;9.ce,ss~9~ with., C)-lt-up. at ,.:;re_n:n_ie,9 fpoc:ls ;·; ,:;r:hc.,. 
Willmar, MN •. , -
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The ideal protelnt-'cor'icept was \J.·sed -to·· decidel.whith artd 'how much 
of each amino acid' to" s{ipplement·~ Baker ·(1994) published n ideal• 
amino acid values for broilers at· this Conference last year. The 
technique is to .~forml!late, to 'the estimated· 1yslne requirement and 
to use as requirements ·of ·the ·other amfno acids' 'their n ideally" 
proportionate levels·. · · 1 , .·: ·•· · • . • ~ · ., :>1<·: :.. .:_.::~· - _ 

,_ ~ 

The treatments are describe'd' in Table -1: ·_ The diets in treatments 
1 thru 6 and 7 thru 12 are identical except that the latter 
include canola meal at 12, 10, 8, and 6% and meat and bone meal 
at 7 6' · 5 •· ahd '4%-';l"duririg -6, tc1 ;9 ·: -9 't'6. 12 · 'i2 Tto 16 · ~and"16 to 20 

I_ I I • ,. •• ,,.,, :· ., .~..,· .-,,.I ~--- _1
1 

.,,.. • 

weeks';'· respectively·. Treatments: ·1 and 7' are contro'ls with amino 
acids having NRC (1994) requ1remerits; Met is added to 100% of 
TSAA; no Lys is added. Treatments ·2 to 6 and 7 to 12 represent 
reductions in diet prot;~in. based op. 8.7 .and .78% of _the Lys 
requirement; TSAA and Lys'c.are· poth' supp:lemented· to-100%: ·Thr is 
added as a single supplement, to 87 and 78% low protein diets, in 
treatments. 3 arid 5·,· and ·9 ··an:d:·-11L. : Arg I Val.,. and 'Ile are "added to 
7 8% diets-·-containitlg Thr"}n•-·treatrnehts' 6 "and 12. _during'·-6" to 16 
weeks·; _:·tryptophan · FT.rp)- was also ·added during 16 ·:to 20· weeks of 
age. ·, . , .. . I: - . ' •, ,.. , . .. : -

" ' ,. .i I 
r,, 

.· 
Body weiglft response.s to protein: ~and ·amlnb ac±d.levels were 
similar for turkeys 'feci corn:.:..soybean meal· and 'ca.'noia-meat' diet 
series· .. (Table 1!;,.: Figure l) .. Gains· 'were' 'ieduceci' s·bm.ewhat:·with the 
87% treatments;: addftiori' of Thr was·;gen~rall:~r'·bene'fici-a1, . 
ret'tirhing body weight to the level~ with 1~the f0.0% diets. ' Bddy 
wei'ghts. -were markedly ~lower' with t'he· ·ta% diets;· here threonine 
and the amino acid mixture each resulted in good responses over 
the respective basal treatmen)::. The combination of all amino 
acids returned· -body weights to contro.1). '. · · 

' ·~ •1 :· .._ ,: )_ ·t • '. ' : -' ! I ' ·:·1 

There.:was an -approximate: 1% -lmprovemeht' in ··n~ed' efficii::mcy with 
the '·cahola-meaf"'serie's :ovei''the: co,rri:...soy serl.es.'·whl._cli 'i's."" 
proportional to diet metabolizable :energy'levels: ;·t There are feed 
efficiency improvements with the 78% diets supplemented with 
amino acids when 1·compared to _the ·100%· controls; .icHet energy is 
great-er; with' :the low :protein .:a'iet'l:·· . . ' . ' .-- . . . ' . " 

' - ; ·_ " • .ii. -

There was· a 'low incidence of l~g &eaknes's-'."--· Numeric ... ally."-ieg 
problems were lowes:t in- treatment$> 4·; and 10· (78%· natural Lys), 
which arso -resulted iri redu'ced1·body· weight·: id:-tter': moisture was 
lower with -the 'canola·.::.me·af diet series"~ · Lo* prote1ii provided a 
reduction in litter moisture. " ' · 

Carcass' cut-up at 20·' weeks of age' indicated 'that there was more 
breast<meat ~ither" aS·1 a' percentage of'· body Weight: Or' On an 
absolute· basis with the canola-meat than-.'wii:.}:1 the c9rri.'..soy 
seri·es·. ··.,Breast meat' yield' was greater wft·h the' coritroi 100% diet 
(trts 1 and 7) I" and decrea.sed' with'-reduced protel:n. .The 'amino 
acid 'mixture ( trts-··6 and. lr.2 )' reversed. the. reduction in. breast 
meat associated 'With low prot·ein I ; more' so" in 'theq c'anola-:-meat 
series. 

292 



c 
Observing main 'effects,. there was an ~O g (3 .57 minus 3 .. ~49 ·kg.h. 
increase· .in qre,as~ me~t 1wit:ti the cariola-meat, .over the cprn.-soy 
diets .. The respective difference iri carcass weight was 50 g 
(12·:·6J~.mim~s-~.2.E?3~kg;'not.s)1.own(: ... · ~ · ·,. '··.· .. 

' 1-.I ' I ·I -• • ( • ' 

Conclusion·. The_·po_sitive and favorable r~~po_ri:ses of IllCirket~. . , . 
turkeys (q· J,.imiting ~ino ?ici_ds bey<;>nd methion_i.ne. ~nd lysine giv_e 
hope that. crude protein levels may· 1n the ·future -be· reduced 1 

materially. · Th)e pathw.ay .will involve .determfiiation of ai1. ; .·. · 
limiting amino'~acids. at the' opportunity. protein level ancf'then 
titration of their requirements in the selected diet. The 
process will. aid mitrit~onal _modelling -;i.f an .ideal amino· acid , , . 
(protein)· pattern can be establis~ed for: .the po_µlt and then be ···'· 
modif'i~P. ~ith age, according to gaiq-:-~intenan,qe and ml1lti-phas;i.c..:.·.1 
growth '(Kw~kkel .and .~oops, .1994). ·copside_rat::ions. . . ,_ · 

PHOSPHORUS .AND· P'HYTASE STUDIES\ : ... 
r· - . ·-. ~ . _,, .-.· 1. - , • , , - • • • • • ~ • • ; ) 

Nelson· and co-wor~ers: reported in 1968 that, 1tf!e phytate: · .. 
phosphorus in s'oybean ~eal, when treated. with .phytase from. !:he 
mold Aspergillus. ficuum, was utilized as efficiently as . ino:r:ganic 
phosphorus ( p) by chicks. · · · · ~ 

This .importaqt, finding wa,s .not useful pra9tically due to t:he 'high 
cost 'of the enzyme ··compared. to supplemental P .. The recent , . 
import~nce··9,f .. q~<;i~cing was·t'e J' 1n ~he enyir.onment provides -~eason 
to re-·~valua.i:e 'the cos't and et;-ficacy. of' phyt::ase. . .. ,· ... '·: 

, • . • ,, ·J I •. ,, , '{"_ I, - . • •' . .- • , '. 

•,····~:.,.:-Ir·.·' .. '"~-. 'I~,,,.~'', ) .. ; ',"' f • • •• ~:.· 

Ravindrp.r;i et al .. _(1993),. in studie~ with turkey _poult.~ 1 •. reporte9. 
that phytase, .supplied as Natuphos _ (BASF Co:r:p., · Moupt Olive, · . 
NJ) I resulted 'in. improved availability -Of phytate p in soype_an. ' 
meal. In a later study from the same laboratory I Qian et .al. 
(1994) oo::;eEved that ~idening qf the- Ca:Pt . .(total) ratio (without 
phytase) depresse9 · t~e weight response of. poults. fed, suboptimum ·; 
P; als9; ~ore.:phyta_s~ ,was !l~ed~d t~ propuc~ it.s_; respon:;>e· a.? the,_ 
Ca:P ratio widened~ . 

, _ :· _. , .. r .• . . r, •· .. ,. ,_,. 

Our phosphorus.work was made possible due to anEgyptian-Elpbassy 
channel res~arch pro~ram. · · 'fhe stU:<;lent, Ms~ F~tex1 At,j.c;t, . i$ doipg 
her Ph.Q. research at the Un~ver_sity.of_ Minl)esot.si:;~hil~:.he:r 
degree will be granted at Suez CanalUn~vers_ity. The $tuc:ii~s­
were designed in conj1 .. mction with her Egyptian adviser Dr. I. 
Hermes. Dr .. Mary Wals~r, , Depart:ment of, Veterinary Path_oBiolo.gy·, 
is cooperating in skeletal measurements· . .- . 1 •• _ . , 

.r. 

The thesis will.include (a) infl~ence.of 1,25-dihydroxy 
cholecalci:f ~rc?~, vi. tamin., D i" a;scorbic acic;l~ . a~d phyt_ase on turkey .. 
poult growth and bone development,· (b) .,phosphorus Q.ig_e§tibility 
studies with phytase and 1,25,with'turkey poults,.'.and ·(<:::):.a . 
market turkey. study, (E~periment .. CTG-943) to be presented-herein. . . . . - .. . ~ -· - . , '. ~ . . . . - .. - - . . . 

~,, ~-) I ,' 

Large strain Nicholas male and female turkeys were fed corn-
soybean meal type d,iets. cont~inir:ig. varyil)g rCa:; P, and phy!::_as_e _ 
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(Nat'uphos®)" levels. : The.- experiment was begun af 4 we~ks of age 
and· die·ts· were adjusted. at int¢rvals as .iri NRC (1994). The 
experiment design in Table· 2 indic·ates the phytas·e ·1eve1s used. 
The diets in treatments 3 through 81 contain no supplemental P, 
and represent 30% of.Pi (inorganic) requirement (NRC, 1994). 
This is 58 ~-:2% ori a Pb bas·is. ·- Phytase· 1evels=-of' 5.oo· (4.""'16· wk) or 
400 '(4-ff wk), ·300 (8c1fi·wk' for· hens or 9 ..... 12 .wk for' -toms)"', and 200 
(11-14 wk for· hens' or 1'2-16 ·wk for· t·oms) FTU'.of ·phytas·e were fed 
per kg di1et ." · Lower' ievel·s· were selected -as· older animals· are 
believed to require' reduced leve'ls of exogenous phytase.· .. 

.,._ • . ', .... ..J ··- - . .,.· ·.' - 1 

Body weight~· ~t- ·~ ah~ ~6 ~eeks'.·f.or ·mal~~ o:r 8 or· 1~ week·s· of age 
for ·females,· and bone dehsit'ie·s at· 7~. 13, :Or 15' weeks· of age, are 
presEfated 'in Table ·2 >.:With control 'Ca and P. ( 110% of NRC-.94 
requirement) (Trts r:·"S:nd 2) ~ addition -of ·phytase· did not 
influence either body weight or bone density. With 100% Ca and 
73% Pi (Trt 12), body weight :and bone den.;sity. were nearly as good 
as with control; .·here there was indic'ation with both sexes that 
phytase. (trts 13 and 14, both :levels)' resulted in" improved gain 
and excellent bone. density.. With 90% Ca and 52;t 'P.i (.Trt. 9) ,· 
body weight and bone density were depressed; ' here" phytase ' 
returned· body weight,· but ·not' bone density·,' to.nearly tbat of 
control. · · · · 

' 1 ' . . 

With 30 % ·Pi (phosphorus\· from corri and soybean meal only) , · 8 week 
data shovi that birds without phytase (Tits 3: and 6) were .,. 
under-Weight and had· poor· bone '_d~nsity ·b¥'. :a weeks of age. 1. True to 
the poor performance, ·these treatments were removed from the 
experiment.· Those with phytase survived. wi):h,.reduced body 
weights ~·and somewhat ·variable. bone. densi'ty. ·'Clearly; in all 
comparisons (treatments 3 through· 8): performance was sup~.rior 

·with reduced 80% ca- compared to 110% Ca. · 
"' - _,' , 

. ' ' 
Regarding phytase level, the constant 500.tinit per kg level was 
superior to the decr~~~in~ 400, 300~ 200 l~vels .wi~h the: lowest 
30% ;p_.levels· '(Trts .4, 5, 7, 8) .' However; when obsenr:i..ng the 52 
and 73% of requirement Pi levels,· the decreasing ·l·evel·s were 
about as effective as the 500 level. The work of Qian et al. 

i , : . · . ' ' -- ··I . · " (1994)<suggested'that 600 to 900 un1ts·were better· than lower 
levels, but, this· work was with poults' to 21 days of· age~· Our·. 
study suggests.that ·lower levels tnay'be satisfactory with'older 
birds and marginal .P ·levels;;·· · · · 

· .• r .0 ... 
The phytase·-pho·sphorus studi.es ·indicate exce1leiit responses from 
phytase and the capacity of'.' market turkeys· to do well"with lower 
phosphorus levels when calcium levels are controlled. 

·~ . ~, ' . ' , ' . -. . ,, ,; 

Considering the· much higher leveis of calcium a~d phos.phorus 
often used in: the field,'there': is opportunity in'the future for 
reduction,. 'in practical levels. ~Phyta:'se I • esp'ecially' modest 
levels, should have ari important role if· the expected destruction·, 
during pelleting can be ayoided. · .. 

Jf . 4:. . . 

Conclusion. The result.s':of ·the calcium, phosphorus, and phytase ~ 



study show that. growing turkeys may do well with reduced calcium 
and phosphorus requirement levels.' 1·A.fter ~~n~.ipn~tigf!~.Qf .~};le - __ 
results, the findings snould be.applicable for field examination. 

• 1_,_·. ;,C':.;. :: ....., .. '" STUDIES WITH COLOSTOMTZED TURKEYS . ... -c.: 
. ( . -'. f~;. ~- :... ,~ ( • \ ; ,·- :. t 

st~a,i:e·s. ·~e;e <c"o~d{l·c~_ed w'i.th. co1~st.oroized Lturkeys· i·rt the ·· 
laborat.ory~}-_of .Q:i;-.~ Jill} J1cNab: wl:iil,e the .senior aut.hor .was on 
sabbatl.ccjlli leay,E?,, in. Scot.1-a:r:id. ,_ While colostomiz.e.d. turkeys ·have:. " 
separate voidings. of digestive and, .metabolic waste,· there· were 
problems in having ·norm.al birds. GainE; and fe·ed intakes were 
erratic. and a.f.t:e.r a .f~w_:wE:~}cs ~th_e birdi:;. fa.~led/ ·.'.. :·:.:. , · · 

,_ -,~~·x~·~ rt . ·- .•• :.:-·, •· .... _·.1 ,l.. )._ • ! .. ·- .~ . l~' 

...... .,; 

._·_. 

These s.~ud:ie.~ hay_e Q~~I1. ·continued at Minnesota with a major goal';,. 
to imprgv~ tpe •_t;\u;'J<.eys._'· hea·lth ·and1 perfformance. Far.is· Ji.rj is, · ~ 
gradl!~t.e. ~,t;:ud~_nt',)I!, An_imal -Sci.emce working .for his, M. s. degree, . 
has be~n -doing· the wo:i;-k •. in..;_or. Gary _Duke's labora,t:3ory in the 
Colle,ge: of ve~e:r;:i_~sicy."M~dici_ne.:;:. . ! .. _ · > 1 · •. ·• • • 

' ' - - ,' ~). ·}~) • ~ 1 • ; (. ••-. .': ) , f : ' - - ) I - ; ~I 

surgicai-· ill}:i;:p:.·o:v.eil!ents. in the· op.erational technique. appear to·.have 
been -success-ful; · -Operated and· control birds consumed food and·.· ~ 
gained body w~igJit. simi:l_ci:rly. · .Addition of. 2.% Lys (H.Cl) •to th.e · 
diet·. qi~Lpot afJ~ct _gain. .o.r, -u.rine, lysine., Addit.ion :of• -2% Dh..,.Met . 
immediately slowed gain' and resulted in spillover of Met and c, ". ; .. · . 

cystine in urine .. Addition of phenylalanine resulted in no 
effect on-gain.but urine phenylalanine and tyrosine were greater. 
Further studies are planhed. ·" ·'· ·· .- · .,.. · · 

, •• ....;;;. .. '." ~ - i : -
' .. 

.! , 
.... 

FEATHER SYNTHESIS:·1 
) . - -· ,, 

I •·, /, r -.•: t _~--.; I :' '• • ..-~ i .,. ' ~ '~~ ~ J • 

This· stljdy" was ~stab~;i.E;[led .tP determine. the extent· .:.6f changes .in 
rate of:-.f~athe~: g.i;-owt):i. ~,ith ag.e of: .turkeys. ~.Variation ·in the, 
partition betweeI! ~~eat, an~d.; feather. -.protein ·synthesis would be· 
expected to mod.iJy am,ino ... r~quir,ements 'because .. of the. unusual 
composi,t:-ipii. o~ ·:f~ather_ P:t"Q,teim-.. ' . This: area. is· important· in 
nutritional ~modeling to~ .a-11.ow amino· acid requirement' ca1c·u1ations· 
to incluqe. ,the :t:_iming of .. feather synthesis.-~.· This ... pro'j ect was · 
conduc.ted by' S ~·~~ .. _Latif.,· gra.duate'. student from the University .o'f 
Minia, Egypt.1 - who was·.:<:it; !-1ipne.s.ota on. a. channel ~program.. . ' 

- - ~ .... . . . . ' ~-

- ·:. -J ' .... 

The diet contained lSN-labeled maize as a diet marker to 
determine comparati_ve - synthesis ·of_ protein in f.eatrrers ~- breas:t; . ·: 
and leg 9f, male ·turkeys. ,"Birds ~ed· a control diet. deposit·ea.1 ·-~· ·~. 
10. 8, 6 .. 7, 1,1. 5, 12~. O, · .anq~ 6,. 5.% of diet 1sw in. feathers during 21:. 
to 24, 3·9 to 42·, 67 to 70, 102 to 105,-. and l2.3Jtto :126 days,:of'. '· 
age. Compared to controls, birds fed low protein usually 
exhibited reduced feather synthesis. 

The results provide preliminary estimates of feather and muscle 
protei,n synthesis;:· how.eve:r·;· factors which affect the; partition' 
must be more· complet_ely unc;ier,stopd .b.efore).nutritiona1 · model·ing 
will be enhanced by the information. 
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METABOLISM STUDIES AT ROSLIN INSTITUTE 

Calcium, phosphorus, trace minerals. The importance of metabolic 
studies considering urine-spillover was mentioned earlier. These 
studies were begun in.the program o'f Dr .. Jim._Mc:Nab. _:.It was 
desired to use colostomised turkeys for quantitat"ion of digestive 
and metaboli1c l·oss·es. - Emphasized were· calcium,- phosphorus, ·zinc, 
and manganese. Un'fortunately·,:_ t:he uneven daily, :flood intake and 
gain with co.lostomized turkeys_ added so much variation that 
results w·ere'.· difficult to interpret. · ·· .·: · · 

·I t' '1, 

Growth rate control and metabolism in -poult-fy. . This- is"' a ·study 
of controlling instantaneous growth rate of turkeys. and chickens 
by ·-limiting_, food supply with computer control.. The bi.rd' is 
housed individua'lly in a calorimetry 'chamber.'. · Applications ·of 
such a system are to ( 1) observe· nutritional ,.requirements· for 
varying .rat.es ~of:·gain ''.and differing body. weights .. (maintenance), 
_and (2) enable pair-feeding of birds ·in: a·:coritihuous ' 
(physiological) manner rather than once or twice daily meal 
feeding as done now. In addition:. ·t-o' partition of·"requirerrients 
for gain/maintenance·, heat .. productio'q data and body fat;; changes 
may be follow.ed .. A pap.er is in preparation which· provides 
greater detail than ·the preliminary ·r;eport' (MacLeod and Waibel, 
1994).: . ·. ~ 

. ~ ' 
... , i 
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TABLE 1. Amino acid supplementation of turkey qrowing_diets_. 1 (Experiment TG-944) 

Trt 
',11 

l 
2. 
3. 
4 

·S 
6 

L 
8 
9 
10 
11 
12 

.. 
_1· 

2-
j 

•·• 4 

Description 
-' 

Corn-Soy Serie• 
control 100% NRC 
87% Natural Lys :+ M,L to 100% NRC 
As ~2 + ·Threonine 
78% Natural Lys ·+ M,L to l00% NRC 
As'4 + Threonine · 

-

As S :+ Arg, V~l. Il~, (Trp 16+ wks) 
' 

Corn~Soy-Canola-Keat Serie• 
.100% "NRC 
87% Natural Lys '+ M,L to 100% NRC 
As · 8 · + Threon~_ne , .: . 
78% Natural Lys +, M,L "to 100% NRC 
As· 10~ + Threonine· : : . . 

"'-

As 11 + Arg, Val, Ile, (Trp-'16+ wks) 

Blimmari by Df~t'Regime 
· Corn~Soy ,, ', < 
-Corn-Soy~Canola-Meat 

' . : . .-, . ' 

r' 

. sUmmary by PJ?otein · 
-"(· ._100% NRG . 

87~ Natural_Lys + M,L to-100% NRC 
As-··2 +, Threonine · ) ·· 

's ; 
6. , 

~ . 78%_ Natural Lys + M, L to 100% NRC 
As 4 + Threonine 
.As S + Arg,.'Val, Ile, (Trp 16+ wks) 

·statistical analyaia 
Probability of significance 

Tre_a tmen t;. . 
Diet' (Trt 1-6 vs,Trt-7-.12) 
Prete.in (Trt 1&7 vs trt ._2&8 vs trt 3&9, etc:) 

, Diet x Protein • ' " 

L~ast significant -difference 
Treatment · 
Diet . , . 

'.Protein ·. 

i-· 

t:: 

le_ ~7 

Body Feed Litter Leg Breast 
Weigh~- Gain Mortality2 Moisture Problems Portion Weight 
20 wks --- 6-20 wks --- ----- 17 wks ----- ---- 20 wks -----
- kg - F/G ----------------- % ------------------ - kg -

16 .'67 
16.42 
16.43 
lS.38 
16.10 
16. 76 

16.,SS 
16.44 
16.67 
lS.41 
16.1"4 
16.,76 

16.30 
16.33 

1:6. 61 
lb.i43 
16.SS 
lS.40 
16.12 
16. 76 

.001 
.. 649 
.. 001 
• 776 

~: 3S 
.14 
·.2s 

.~ 2. 7-3 .' 
2 :76; 

-2. 72 
2.71 
2. 70-
2. 66 

2 .. 68 
2. 69 
2.63 
2.71 
2.69 

' 2. 64 

2.70 
2~67 

2 .-70 
2.70 
2:68 
2 .'71-
2 ,-69 
2:6s 

. ·. 601 
.002 
.012 
.ill 

'.OS 
.02 

' . 04 

2.08 
1.04 

.93 
i'.04 
1. l9 
l.04 

,,-:· 

2:08·~ 

2.38 
2.78 

. : 2. 08 
. 1. 04 
3;13 

1.22 
2.26 

2. 08. 
1. 67 
1.8S 

--: 1. S6 
1.11 
2:08 

... 
.9S8 
.1S8 
.97S 
.923 

3.S7 
'1.46' 
.2. S3 

38.2 
31. l' 

. 38. 0 
29·. o~ 
3S.S 

. ·31. 7 

31. s· 
32.1 
32;7 
26.7 
28.8 
32.3 

33;9 
30.7 

34.9 
31. 6 
35.3 
27.8 
32 .1. 
·32. 0 

'.001 
·.OOS 
.003 
.151 

5.4 
2.2 

. 3. 8 

S.3 
3.8 
4.0 
1.4 s.o 
s. 0 -

3.8 
S.1 
3.9 
1.3 
6.S 
s.o 

4.1 
4.3 

4.S 
4.4 
4.0 
1.3 
S.8 
s.o 

.911 

.887 

.473 

.984 

6.3 
2.6 
4.S 

28.98 
27.40 
27.86 
26. 77 
26.93 
27.S9 

28.79 
28.30 
28.28 
27.26 
27.S8 
28.30 

27.S9 
28.09 

28.89 
27.8S 
28.07 
27.01 
27 .26 
27.9S 

.001 

.001 

.001 

.211 

. 62 

.2S 

.44 

3.79 
3.48 
3.SS 
3.17 
3.3S 
3. 60 

3. 72 
3. 63 
3.66 
3.24 
3.44 

. 3. 70 

3.49 
3.57 

3.76 
3.S6 
3.60 
3.20 
3.39 
3.6S 

.001 

.007 

.000 
;"291 

.13 
~OS 
.09 

1. Experiment.period 4-20 weeks of age: Data columns are described in the text ... 
2 Mor~a].ity values presented are actual values. The P values is <based on transformation of'. the mortality value by arcs in. 

00 

°' <'I 

- . - .;-
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TABLE 2. bietary phosphorus, calcium, and phyta~,e and. performance .,of growing turkeys 
after 4 wee]cs of age. {Ex12eriment TG-94.3} · 

.J 
Males Females 

Regt, %£'.Tl Weight ". Bone density Weight Bone density 

Trt Ca Pi Phytase 8wks 16wks 7wks 15wks 8wks · 14wks 7wks· 13wks 

No. --- % --- ~TU/kg --- kg --- -- g/cm/cm-- ---- kg ---- --.g/cm/cm--

1 llb .110 0 2.84 10.72 .311 . 40.4 2.45 6.79 .266 .357 
2 110'' 110 : 500 2.87 10.87 .304 .436 " 2.54 6.70 .289 .347 

3 80 30 6 2.23 --- .169 --- 1. 95 --- .152 
4 80 30 500 2.71 ,10.06 .205 .366 2.37 ' 6. 43 .203 .289 
5 80 30 var2· 2.68 9.66 .227 .338 2.32 6 .. 1:3 .206, .286 

6 110 30 .0 t 2.10 --- .143 --- 1. 72 --- .151 
7 110 30 '' .soo 2. 6'8 9.64 .204 .363 2.27 6 ~ 13; .193' .301 

var2 .316 5~63 8. 110 30 2.51 9.11 .200 2.19 .187, .253 
-· , 

9 90 52 0 2.70' 9.4i .214 .331 2.27 6.13 ~207 .277 

10 90 : 52 500 2.78 10.56, ~259 .401 2.43 6.75 t •• 268 .314· 
11- 90 52 · var2 2.90 10.4? .261 .342 2.44 6.86 .273 .331 

12 100 73 0 2 ~-85" 10.73 .253 .384 2.45 6.63 .266 .342 
13 100 73. 500 2 .,96 , 11.11 '. 302 .408 2.55 6.92 .281 .358 
14'· '- 100 73 ' ·var2 . · 

1 
2 ~ 9'2 10.98 .307 .381 2.49 6.95 .283 .342 

' _,,.., 

1 

2 

Requirements are % of NRC levels; calculated on a percent per therm of metabolizable 
energy basis·. , .. 

400, 300, and 200 FTU/kg during 4-8, ·8-12, and 12-16 weeks for males and 4-8, 8-11, and 
11-14 weeks for females. 

~ ............ 
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Kilograms 

I\) CX> 

100°/~ NRC 

I\) 87o/o Natural Jys. +M,L)to 100% NRC, · · ~ 
' ' ' 

As 2 + Thr 

01: 

0>.' As 4 · + Thr, Arg, Val, lie, Trp' 
,,.. , • ; ' ~ "' J ..... 

. ' . 

-...J 100% NRC 

(X). 

<O As 8 + Thr 

... 
0 

As 1 O + Thr, Arg, Val, lie, Trp. 
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