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S AL and R sows. ~The SA sows also did riot lose weight and éven gained backfat during lactation,
! suggesting that increasing the feed intake 30% abowe the ad libitum intake allowed the sows to be in an
anabolic condition in lactation and to partition additional nutrients to the mammary glarid to in¢rease milk
production. Sows on the other two treatments lost both backfat and liveweight dunng lactation (Table 7).
N-balance studies in weeks 2 and 3 of lactation also confirmed that the SA sows were in positive N-balance
(Clowes et al., unpublished data). Evm though the SA sows were in anabolic condition during lactation
and theoretlcally in pnme-condmon to retum to estrus and breed, the weaning-to-estrus intervals’ did not
b differ from AL sows. (4.3 vs. 44 days for AL ‘and SA, respect]vely) thus providing more ‘evidence that the
suckling stimulds is- the mairi ‘factor causing lactational anéstrus. However, R sows did ‘take longer
(P<0.02) to return to'estrus (6.1 days) than SA or AL sows (Pluske et al., 1995). In this study R’ sows lost
at least 20% of their lean body mass during lactation whereas AL sows only lost about 9% of the protein
body mass, based on estlmates from the N-balance study The body's major protein reserves are found in
skeletal muscle (Swick 'and Benevenga, 1977).  The limit to thesé labile body protein reserves appears to be
about 25% of total body protem in the lactating dalry cow (Botts et al. 1979) and tat (Pine et al., 1994).
Based on this data we can speculate that R’ sows may have been approaching the lifnit of - thelr protein
reserves by the end of lactation. Their ablhty to return‘to estrus within 7 days of weaning after losing about

. 40 kg liveweight and 9 mm backfat over a four week laotatlon is remarkable and is charactensﬁc of modem 5

t genotypes S e i T T ST 4
’ o e ; L . . RIS . ‘ |

. ) . ! 3 l

FEED]NGTHE LACTATING SOW B - ST T e o : S

e, I A S ; T

The energy : and amino acid requirements of lactatmg sows will depend on the sow’s welght mxlk yield and
S milk composition and the change in- her .body comp051tlon dunng lactation. ' Years of 'selection for rapid | 1
I growth rate and increased lean have résulted in modem pig genotypes with larger maturé body welght and 3
" reduced voluntary feed intake throughout life. If modemn genotypes are mated at the same weight or age as
‘ they were some years ago they will begin their reproductlve life at a lower proportion of their mature body
size and they will be physiologically younger. These animals will still be actively growing during
pregnancy so there w111 be competition for nutrients between lean growth and the developing fetus. Another )

P |

f, Table 8. "*Daily_ energy and feed requirements of lactating gilts and sows

NRC (1988) -~ - . . - I

- R - . - > .- - . R

I : O R Weight (kg) of lactating gilt'and sows postfarrowing . . ,[[

N 145 165 . 185 | H
l\lﬁlleeld kg T vso 0 tieast o T 95 T |
Energyrequxred(McalDE/d) S ) R - j

= . Maintehance | 45 . .. 50 . T ss |

MllkProductmn 7100 L 1257 L T L W150 - - |

| ~-Total 145 . 175 - .. .. 205 .

z;i‘ | Feed required/d,kg- -+ 44 .. 53 - .0 g




consequence of leaher, “heavier sows is'an increase in energy requrrements for mamtmance Although
modem genotypes have reduoed appetites, maximum milk yield has increased by up to 30% and the energy -
content of the sow’s milk has increased by 14%. The length of lactation has beeén’ reduced to'21 to'26- days
or less which means that there is very little opportunity for the gilt or sow to achiéve a. positive. energy--*
balance before weanmg * So, modern: sows are larger more productive and: have-smaller appetites than
sows of 10 to 15 years ago and  they are bred at a younger age. - The consequence of this is that many sows =’
do not consume sufficient energy or nutrients to meet therr lactatronal demands ‘and-therefore break down

their own body tissues to meet these requirements. ' -+ -~ - S N N S R
ORI S Vot o S a Pt )
Energy Requlrements R A foe i 2

The energy requrrement of lactatmg sows of three- dlﬁ‘erent live: werghts as suggested by~NRC (1988) 1s7 :
shown in Table 8. For a' 145 kg sow NRC dssumés 5 kg milk is” produced’ dally ‘with a total energy
requiremeit of 14.5 Mcal DE/d4y. Modem genotypes, however, produce consrderably more milk than that >’
predicted by NRC (1988).-An energy balance for a more productlve 150 kg sow(330 1b.), based oncurrént
data, is shown ih Table-9"- The sow used-in this- example is suckling:10 piglets and the average piglet
weight at 7, 14, 21 and 28 days is 2.5, 4.0, 6.0 and 8.0 kg~ Td produce this weight gain would require 6.4,
8.8, 11.2 and 11.2 kg milk per day in" weeks 1, 2, 3 and 4 of lactation, respectively. The feed intake
required for sow maintenance and milk produetjon and the expected feed intake are also presented in Table -
9. The feed intake shown for this sow throughout a four week lactatlon is typical of that reported in many
surveys (see Aheme and \Vllllams 1992; Koketsu 1994) As can be seen in Table 9~approx1mately 75% -

3

Table 9. Predlcted feed and energy requlrements for ]actatmg sows o LA L Vi
7 ) WeekofLactatlon' S v 7 .
T T  Week 1 Week2 . Week3 . Weekd . Mean
Piglet growth, g/d © - © 0 © . 160 - - 1220 - U280 . 280 - 7IT"235
Pigdet weight kg ... .25 . 40 "ff.iéo) .'1,';,8'.'0,",, o
Milk production, kg/d ; "“6.4’ e 88 2 .;__1 112 ¢ 94
| Energyrequlrendal DE/d e 219M~: 266"\;" 266 i};f;? 8o
Mk - 0 e 28 00 83 0 6T g 6T e 56
| Maintenance 13 13 13 13 13
’ Total - T 3 . o510 ,rzm;‘"- ;6'.6‘,::;:.';‘ '.:,:8.0»‘ - ‘80 » 69lvj .
Actualintake, keyd . ag 0 S5 60 st L s
Deficit,kg/d  ~. o 07 11 204“'3“47, L2 Lo :
Sowweightloss, keg/d .~ 26 a1 .74 278 - 219

Assumptions: Diet 3.32 Mcal DE/kg M=wt kg"’x110 kcal. DE 150 kg body werght 1o piglets; 4g rmlk requlred
per g piglet growth; 1 kg weight loss contributes 6.25 Mcal DE 1 ' kg milk requrres 2 Mcal DE to produce. o

s




of the energy reqmred goes to milk production and 25% for maintenance. The sow used in this example did | P

: not consume enough food to-meet her needs, therefore some of the energy and nutrients required by the sow 5 é
were derived from mobilization of body tissues during lactation. In this example the sow. lost nearly 22 kg Js
body werght durmg a four ‘week lactation. Many studies have shown that sows, especially. primiparous i

| sows, losing excessive amount of lrve welght or body condition (both protein and fat) will have extended

[ remating mtervals reduced pregnancy rates, reduoed embryo survival rates'and a lower percentage of such

P sows will retumn to estrus within .10 days of ¥ weaning (Table 4). Thus 1t iS obvious that sow feed intake

during lactation can srgmﬁcantly affect subsequent reproductive efﬁcrency

I i Campbell (1995) reported that mcreasmg the energy den51ty of the diet from 2.98 to 3.80 Mcal DE/kg did
( not affect sow average-daily feed intake and therefore resulted in an overall increase in DE intake. In spite
. of this there was no improvement in piglet growth rate.. Sow weight and backfat (P2) loss declined with
increasing energy density in the dret up to 3.34 Mcal/kg This energy level would be typical of com-

! soybean diets without added fats or OllS Weanrng-to—servrce interval and number of pigs born alive in a
subsequent litter were also not affected by eénergy density of the diet offered. This data suggests that milk |
production, and subsequent reproductxve performance are not especially sensitive to energy intake. It may '

be that proteln (ammo acids) mtake has a greater mﬂuence on sow performanoe (

. o . N I ]
i ! e ¥ ! ‘

Protem/ammo ac1d requrrements ,

g |
| ’ .
’ A protem and lysme balance for the 150 kg sow used m the energy balance 1s shown in Table 10. Fora |
, 150 kg sow weaning 10 pigs of 8.0 kg, average daily protein and lysine intakes of 1080 and 63 g/d are i
L _ ‘required. At the expected feed intakes shown, the diet should contain 19.67% protein and 1.05% lysine.
| . These protein and lysine levels are considerably higher than the values recommended by NRC (1988)
i (Table 11). However, the estimates of amino acid requirements presented in Table 11 are- similar Yo those

suggested by Pettigrew (1993)-and shown in Table 12. He has calculated the maintenance requirement for
l lysine to be 49 mg/kg wt” (kg wt”>can be estimated as 13 + 0.2 liveweight (kg)). For a 150 kg (330 1b.)
| sow lysine requiremerit for maintenance would be about 2 g/d and would be more than adequately met by
the lysine supplied by lean tissue loss. By far the largest requirement for amino acids is for milk
production. -Pettigrew suggests a requirement of 26 g/d of lysine per kg of litter gain. There is a strong
interaction between the energy and lysine level in the diet and milk production (Figure 3). As energy intake .
increased the response to increased levels of lysine increased (Tokach et al., 1992c). Thus, milk yield is 4
‘ dependent on both lysine and energy intake. The concept of an ideal protein or ideal amino acid balance is
l ‘ now widely used. It is-assumed that the ratio of amino acids to lysine should be the same in the diet as in
{

> |

T:
-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).

; There is some doubt whether the lysine levels that satisfy litter weight will optimize subsequent

reproduction. King et al. (1993) suggested that the optimal lysine requirement for litter gain is lower than )
‘that required to minimize nitrogen loss and muscle 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. 3 3 .
] In this experiment the calculated lysine requirement of the sows was only met at dietary lysine V | L
| concentrations of 1.31% and 1.51% (60.4 and 68.4 g lysine/d, respectively). For example, the lysine -3 g
‘ requirement for sows fed 1.06% lysine could be calculated as number weaned (9.4) x piglet growth (206 {8 I
g/d) x 26 g lysine/kg littef gain i.e. 9.4 x-206 x.26 = 50 g lysine/d. However lysine intake was only 44.2 i i E Di
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Table 10. ° .Predicted p rotem and lysine balanceforalSO kgli_tmjz SOW. G ':x
Week of Lactation
‘ i Week1 | Week2 Week3 . Week4  Mean

Milk production;kg/d . 6.4 88 112 112~ 94

Feed intake, kg/d . ‘ : 4.4 55 60 59. 55
Proteinreciuiredg;/d; T D A o ’ A:; —_— .

Pormik . e 640 880 1120 . 1120 - 940

formaintenance - ., i | . . 140 140 . 140 140 140

Total .. . 780 1020 1260 1260 . 1080

Lysine requiredg/d .=, . < , s o

formlk L . . @ - 5 M 7 61

for maintenance o 2 2 T2 2 <2
Total .. .. ..., .. 4 59 74 74 ° . 63.
Lysmefromwelghtloss GET w24 e 3B 69 '72» LS

Dletarylysmerequlred g/dm S #4652 611 668 * . 518

Dletcomposmon .
‘-\'Lr_.‘ g 4 i - “‘H_ . - . -~

T _ . . 1 ) L . B T T
Protein, %+« - . - e 17&’7’3 —v_ﬁ18-55' - - 21.00., 21 36 .. 1967 =

s

Lysine, % - - L7 oo 9771000 1120 T 113 105
Assumptions: .100g protem requxred/kg m11k, protem mamtenance requirement (yd) = sow weight (kg) x.

10.0525% used with an efficiency of 0.56; milk contains 5.7% protein, milk protem contains 7%

lysme dietary lysine used with an efﬁc1ency of 0 65. The contrlbutlon from 22 kg welght loss is
7g protein and 0.5: g lysine/day was 1gnored 4

Table 11. Nutnent requlrements of lactatmggalts and SOWS

- E e

S T SowWeightkg
s 165 - o 1ss
Milk yield, kg/d 50 625 1S
Energy required, Mcal DE/d - . 145 17 5 20.5
Protein required, g/d s ‘ ' 689 793 -
Lysine required, g/d = - © 264 31:8 36.6
Feed required kg/d 44 5.3 ‘ 6.1

NRC, 1988 .
Diet Composition: 3.34 Mcal DE/kg,, 13% Crude Protem 0. 6% lysme 0.75% Calcxum and 0.60% Phosphorus




Table 12. Estimated amino acid requirements- of 'sows of different’ weights, losing - dlfferent amounts of

» welgbt and groducmg dlfferent lltter weanmg we1ghts .

T T
Weight after farrdvs}'ihg, ks | . iT160 : ’; . -g_; .»'_ 215
Weightloss, kg *% .~ | - S0 e s
Litter gain, g/d | 1s00 2000 2500 1500 20000 2500
Ammo ac1d requlrement g/d 1 ' _ - . S
" Lysine i " 3224 4524 .5824| 3282 4582 5882
Cyst1ne+Methxonme T 1638 0 22380 2819 | <170 23.00 2891
" Threonine "’ ol 1941 27607 34607 19.90 2749 3508
Tryptophan 654 88 1113|671 " 900 1129
Valine a o 2856 3310 - 4264 | 2386 3340 4293
Pettigrew (1993) : i

g/d. "In this expenment the lysme level which maximized piglet growth rate also maxmnzed subsequent
litter size. Tokach (1995) reported that the increase in subsequent litter size seen from feedmg high levels
of lysine during lactation was not confirmed in a subsequmt experiment. Everts (1994) has suggested that
breeding sows have a biological need to attain a target protein body mass of at least 35 kg™ The pattem of
protein accretion leading to the attainment of this protein mass is generally made up of a series of gestation
gains and lactation losses. Currently, gilts are bred with a protein body mass of 20 to 25 kg and gain about
5 to 10 kg protein/parity. Thus, sows reach: their target of 35 kg of protein rﬁass at the end of their second
or third parity. There appears to be no such. drive for-a target ‘body fatness, and therefore degradative
changes in muscle protems ‘may be a sow’s pnmary source-of information -about it’s -metabolic state.
Clowee et al. (1994) suggested that the unproved reproductxve performance of young sows bred at their

Table 13 Eﬁ‘ects of dletarv lvsme on the performance of laotatmg gllts ( 23 day la tlon[

o Dieta’r'y»lysine',‘_;% el

062 - 084 106 -+ - 131 - = 151
‘Weightloss, kg~ -~~~ - - 366" - 262- - -250 - 237 22.0
Bacldatlosé @®)mm - e 25 - -36. - \f' 45 42 - 40
Feed/d, kg, - - : . 4.53 " a4s. a1 . a6t 7 as
Lysine/d, g~ 280 © 314 D s42 04 684
Piggrowth'gld . - 185° 2128 e 206° . 235)?:&" © 2100
Number weaned - - -+ 93 - 92 - 94 — - 9. - .94
Campbell, 1995. . - oo . . oo
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16 5 Mcal ME/d
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- = 8} i ,
i“ | 7 :
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S
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T 45, - 021 o127 o 33 ¢ 89 . 45 " . i

7 i Pl h il
" o ... Lysineintake,g/d. " . L.
‘Le x v el “3 “ LT x o 0T . v;l."A " " “ ar’_, A " o . N 'L'JJ ﬂ\'J, ‘ m-~ ’~' - ‘ﬂ~‘
€. \ Figure 3.~ Inﬂuenceiof lvsi;;e and MEmtakes on sow milk vleld (Tokach et-al:, 199"2'c);7; L
§ ) . ) ,‘ O * i T 'T\«; A LR L ﬂr}\’:‘l 1, s
— Table 14. Eﬁ"ects of dletarv lvsme durmg lactatmn on subsequent reproductxve perfoxmance‘
i i . v DietszlYSihe,% ShN I
B | 0.62 0.84 ‘ - 1.06 ‘ 1.31 1.51
". Lysine/day, g 28.0 374 442 604 - 68.4
'{ Wean-to-serviced - : . .-8.6 . 83 . 86+ v 88 bo 8.1
!‘ Total bom " 103 Y <104 0 116 "1
‘ S T , BT P :
§  Bomalive 9T $9.5- L w98 L 1090 e 10648
|| Campbell, 1995 N a S
— :
‘ 219"




Table 15. Lactation feed intake and lysine intake as influenced by panty and dietary lysine level.

Panty -
. 1 2 3 4 5 6 7
Feed, kg/d - - - 46 <. 53 - 6.2 60 64 62 . 65
Lysine intake, g/d - . ) ‘ .
0.9%lysindiet . . " ¢ 551 535 572 559 .- 585
12%lysindiee 552 622 |
Tokach, 1995 . .. . . . S e

second rather than first post-weanlng estrus is’ due'to their improved- metabolic status 26. days after
weaning. We suggested that first and second parity sows selectively partition nutnents into renewed lean
tissue growth at the expense of fat, at least until the first estrus after weaning.:~This data supports the
suggestion that the sow’s reproductive performance will_ be_ optimal when she achleves a satisfactory
proportion of her target protein mass. It will be more difficult for parity 1and2 SOWS, that are still growing
and have reduced feed intakes, to achieve their target threshold for optimal breedmg performance than for
later parity sows. “Tokach (1995) suggests that it may be necessary to formulate two lactation dlets one for
panty 1 and 2 sows and one.with’ lower lysme levels for later parity sows (Table 15).

Recent experiments have shown that the valine requirements of lactating sows are higher than previously
thought (Tokach et al.,, 1993; Richert et al., 1994 and 1995). Increasing dietary valine cgneentration
increased litter weaning welghts particularly in high yleldmg sows. This was achieved without : an increase
in sow feed intake, liveweight or backfat loss (Richert et al., 1994) It is not clear how valine promotes
increased milk production in high yielding sows. In general the amino acids_taken up by the mammary

. gland subsequently appear as milk protein, however, substantially more valine is taken up than ever

appears in the milk (Boyd et al., 1995). This may also be true for the other branched chain amino acids
(BCAA); leucine and isoleucine, 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 valine 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 limiting amino acid in diets containing 0.9% lysine or
more when synthetic lysine is used...To avoid this situation it has been recommended that synthetic lysine
not be added to sow lactation d1ets that are formulated to 0 9% lysine or greater smoe thls would result in
deficiencies in valine.

SUMMAR Yv

The nutrition of the periparturient and lactating sow is crucial in determining her reproductive efficiency.
High level feeding in the last 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 follicle recruitment.

220,




g
2y

During lactation nutritional madequacy, whether quahtatwe or quantitative, can have detrimental effects on
subsequent reproduotjve perfonnance Substantlal evidence indicates that th&ce effects ‘are mediated via the
hypothalamic-hypophyseal-ovarian axis, in partlcular the patten of LH secretion has been demonstrated to
be a key regulator of ovarian functlon This pattem-can be significantly modified by nutrition during ‘
lactation, especially in late lactatmn However, although metabohc state durmg lactation has a significant
impact on reproductive performance post weamng, laotatronal anestrus is pnmanly due to sucklmg mduced

inhibition of LH secrehon ' ’
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A EUROPEAN PERSPECTIVE ON SWINE NUTRITION o
L W H Close -
L Close Consultancy : T
Wokingham - ,England R T A

Feeding is the most critical component in pig production, as it influences both the biological
and economic efﬁaency of pig meat ‘production.:It accounts for about 70 - 75% of the total
cost of production in many countries. Although the primary ob]ectlve of feeding pigs is ‘the
efficient production of meat, other. factors need to be. considered which fnay influence the
strategy adopted in many. _European countries. These include environmental, ‘animal welfare
and product quality issues, either- through leglslatlon procedures: or public concern and
awareness.. Thus, the nutritional management of pigs needs to be considered in its ‘widest
context and must evolve to meet changmg c:nrcumstances

- ‘_, - Ll . . - et e

This paper reports on recent developments in swiné nutntlon in Europe and the steps that
have been considered to overcome the demands placed on modern pig productron However,
it is first necessary to know:something about the European pig industry, its size and structure
and the levels of performancei achieved. In this context, ‘Europe’- encompasses the 12
countries of the European Union (EU) up to Decembeér 1994. Since January 1995 a further 3
countries have joined, but mformahon is not yet avarlable for these. " .-
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! The EU plg census in Apnl 1995 recorded 11 9 mnlllon breedmg sows; and this is 1. 7% less
i than the previous year’ (MLC; 1995). As expected, there are considerable differences-in the
size of the. industry within the’ different, countries (Figure 1). The biggest producers are
Germany and Spain, followed by the intermédiate industries of the'Netherlands, France,
Denmark and the United Kingdom (UK), whereas the smallest industries are found in Ireland
and Greece. These differences reflect both the size of the country and the relative 1mportance
i 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 1mporters, whereas Denmark, the Netherlands
': and Ireland are net exporters. _The quantity of pig meat consumed also varies, rangmg from
about 50 kg/ person/ year in. Germany, to 15 kg/ person/ year in Bntam :

Flgure 1. . :  The proportnon ‘of sows in the dlfferent countnes
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2. TECHNICAL EFFICIENCY
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In terms of overall performance, a companson of;the efficiency of pig production in selected

major pig-producing countries is presented in. Table
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There are differences in the methods of production and weight of pigs at slaughter which

make direct comparison between the countries dxfﬁcult Nevertheless, a_feed conversmn :
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efficiency of 3.0 or less represents a high level™of" performance‘and good*use~of feed for |

Jproductive purposes.across the whole breeding and finishing herd, The values in Table 1
represent, meanLvalues and some 1nd1catlon of (the vanatlon in, performance at | he dlfferent
-stages of:production are glven in Table 2. There is,a 15% dlfference in performance between
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3. NUTRITIONAL MANAGEMENT AND DEVELOPMENTS IN FEEDING G

7 s

The development of diets; nutntxonal management and feedmg strategles must keep pace
w1th the demands of: modem plg productlon The main issues are:,

e T - . t
" - .
! B T )

- meetlng the nutrntlonal demands of the ammal
- ensuring optimum efficiency of nutrlent utlllsatlon and minimum nutrient excretlon

- - optimizing product'quality . .4 o e 0 L ek
© T - the protectlon of ‘the env1ronment o . '2{;.,; =
- ensuring the best possible animal welfare . ., - . - o
- meeting legislative and market reqmrements and
: awareness. of new. technologles o .-»,7}. o PR ‘
All of these mfluence the: development of feedmg strategles in. dlfferent ways, - e )

31 The animal: meeting its nutritional needs .

The ggowing animal -~ - N.ow et e L

Any feedmg strategy must start with an understanding of the main factors which influence
the growth and development of the animal. It-is well recognised that there are considerable
differences between “genotypes in their rates of growth, mature body size and pattern of
~ tissue gain and that these are controlled by the factors indicated in Figure 2. Modern,
genetically-improved pigs have considerable potential for protein deposition and values
betwéen 210 and 240 g/day have been reported by several authors (Rao and McCracken,
1990a,b; Laswai, Close Sharpe and Keal, 1991; Van: Lunen and Cole, 1993). These represent
growth rates of 1.2 -,1.4 kg/ day and indicate the future performance levels of pigs under
commerdial conditions. These values of protein gain are 50 - 100 g/day hlgher ‘than earlier

nutnents needed to achleve the ammals growth potentlal will vary con51derably

l Figure 2. - —~:f~.l-,- e

The ma]or factors mﬂuencmg the effiuency of growth
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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 -




It is not Just a questlon of knowing the maximum 'rate ‘of protein deposition; it is also
important to characterize the pattern of protein gain achievable when nutrition, management
and disease constraints have ‘been ‘minimised. Ihformation on the growth and tissue
.deposition must be established for the animal between weaning and slaughter so that
nutrient requirements can be determmed and the most appropnate dlets desxgned to meet
each specnﬁc need A , -

An indication of how this can be achleved is shown in Table 3. ThlS example refers to
genetically superior pigs, whose growth rate and rate of protem and fat gam have been
established at the different stages of growth. : g R :

/
" T

By using the factorial approach, the energy and lysine requirements of the animal can be
calculated (Close, 1994). The importance of adjusting the diet to meet the changmg
requirements is ‘demonstrated by the decreasing lysme ME ratio with' increase:in body
weight. ‘ ) ' ¢

Table 3.

Estimates of the energy and lysine requirements of genetically superior genotypes

Body weight (kg)

Growth rate (kg/d) ~ "

Protein gain (g/d)

Fat gain (g/d) -

. Energy (Meal ME)

Lyaine (g'/{d). )

-8 Lysine / Mcal ME

T

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 efficient the utilisation of feed, within the appetite limitation of the animal.

The breeding animal A

There has also been a considerable improvement in the performance of the breeding pig, and

‘the modern 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 much by advances in nutrition, management and husbandry, as by
improvements in lltter 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- the animal. As a consequence, greater use is and will. be made of by-
products : and fibrous .materials in- pig -diets. This has prompted better chemical
characterization of these materials and it is now common to determine -the non-starch
polysaccharide (NSP) content of the diet, rather than the crude fibre or neutral detergent fibre
(NDF) fractions. Thelatter do not adequately describe the ability of the non-starch fraction
of the diet to provide energy. Indeed, the energy yield from NSP monomers, such as
cellulosic glucose, arab1nose and uronic acids, is high.

" Improved efficiency of nutrient utilization can result from:better definition of the energy and

amino acid contents of the ingredients and diet. In several European countries, the net energy
(NE) system is used and this will become more widespread. It allows the-energetic value of
the diet to be expressed in terms of energy available to and metabolized by the animal. It also
allows better charactensatlon of by products and fibrous materials than enther the DE or the
ME system : i

- .i -
= L o

The provision of amino acids accordmg to the “ideal protem content’ is well estabhshed and
extensively used in diet formulation (Cole, 1978, Fuller, 1991). For the calculation of

‘requirements, it has been customary to measure the apparent faecal digestibility 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 the animal. The evaluation of feeds by the apparent faecal
digestibility procedure -does- not-take this. into- account.. Furthermore, .the use of ileal
digestibility values takes bettér_account of the needs of the animal and their use can help in
reducing excess mtrogen intake and excretion. Thus, in many European countries, systems
of evaluating amino acid requirements and responses based on the ileal digestibility principle
are being mcreasmgly developed (Lenis, 1992)

In terms of the supply of protems and amino, ac1ds, attentlon has been focused on. the
development of new home-produced materials, such as rapeseed meal, peas, beans, legumes
and sunflowers, rather than- 1mported materials; such as soyabean. Considerable quantities
of these are now provided in-the diet. Several of these contain ‘anti-nutritional (ANF)
components, such. as erucncfacld glucosinolates, tannins, glycosides and lectins. These can
reduce palatability and hence appetite, as well as limit nutrient digestibility and growth. This
has restricted their use, especially in the diet of young 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 of, inclusion 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 to maintain the appetlte of the animal
and to achieve good levels of growth -and feed- effic1ency (Hulsman, 1994)

S
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Reducmg nutrlent wastag_ A STV S i o e

As dlscussed earller (T able 3), the concept of matchmg the nutrient mtake to the requlrements
of the pig has obvious biological and economic advantages, but involves different
management techniques with additional costs. The development of feeding strategies is
therefore often a compromise,. since it is not always possible, to provide-a diet for each
specific stage of growth. Table 5 provides information on the range and nutrient composition
of diets commonly provided at the different stages-of production in many EU .countries.
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The latter'is espeaally important, sifice’not only does it control the performance of. the sow, v.,
but also the subsequent growth and development of.the pigs. The feeding strategy must b
therefore take account of the body weight of the sow, the.stage of lactation, the number of !
nursing pigs and their potential ‘weight at weaning (Table 4). These values are means £
¥ throughout the lactatlon perlod they are about 30% lower in early and 30% hxgher in late '
| lactation. ’ - :

31 “'_. RS ; o
Table 4. - LK : , e - .
S ' " «The’ nutrient réquireinents of the lactating sow ... . .3
m L Body " f.© % Enegy. - i | i Lysme .+ |. v Feed* (kg/d) iy
weight - =1 [~ T, R R - ’ A
(kg) 10 pigs 12pigs | 10 pigs | 12 pigs 0pigs | 12pigs ;‘
; o 160t 189 v 4207 | e 383 | 449 59 ], 68 !
‘ IR : R Y R B . ; 5 1- . '
| ;o200 o 198 . | 26 | 394 460 |- e2. | 71
t L0 g U s S swa ) sam0 Tl es 73 1
| + > E i P L . T M . - L X : “$
g 280 ¢ 216 | 243 | 414 0 | 480 C 68 ¢ 7.6 .
320 - |- 25 | vz 1 o423 | g9 s 70 0 g9 3
* Based onadietconmi}ungs'z'Mcal ME/kg =~ -0 el g 1
i ' ’ ({ 4.

In many circumstances it is questlonable whether the modern sow is able to sustain such
hlgh levels of feeding and often during lactation there is loss of body weight. Where this loss
is excéssive and in Sows which have limited body stores, milk production is diminished, the
growth of the pigs is reduced and subsequent . reproductive .performance..is :impaired
-(Pettigrew and Tokach, 1993). The feeding strategy during lactation must therefore ensure
--that' anlmals are fed to appetlte and that those factors)hmmng appetlte are mmlmxzed

-1
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Ensurmg efﬁcxencv of nutnent utnllzatlon )
‘The ob]ectlve should be to° prov1de a diet which at any stage of the plgs development exactly 1 :

meets its nutrient needs for optimuin gtowth 'and maximum efﬁmency, 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 nutrlents as they pass through the gastro-intestinal
- tractlsassumed S TS S : .
'The choxce of dleta'ry ingredients' will determine the efficiency of nutrient utilization; that is
- whether enzymatlcally hydrolysed and absorbed in' the small .intestine; or fermented in the
- large'iritestine. It is now known that the pig is capablé of considerable fermentation in the
¥ 5 hindgut and that the products of fermentation, the.volatile fatty. acids (VFAs), can make a
' significant contribution to nutrient y1e1d For example, Longland, Low and Close (1989) have
shown that the energy yield from VFAs in the large intestine could meet the maintenance

st
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Table 5 S . .
Typncal range and nutrient composmon of diets commonly provrded

v

Creep -|. Weaner:1 Weaner 2 Grower Finisher |  Sow .Sow -
Bodyweight‘(kgv)‘t‘ ~7 71 2.2 | -5 | 50-100 | Gestatlon ,_Lactaﬁon.
ME (Mcal/kg) 375.7| | 355 L340 | 320 | 305 .: 195 | 320
Crude pmtglx{(%f - 25 30" .25, 20 |00 |° _Ilj;.o“i," 180°
eme ) | 165 | issc| 140 | 120 | 105 060 | 100,

g lysine/Mcal ME | 440 435 410 | 375 | 330 | 205 ; 310

Although the nutrient specification of the diet is reduced with increase in body'weight, there
is still considerable consumption of nutrients well above the animals needs. These must be
excreted. The de-amination of excessive protein requires energy, thereby reducing that
available for growth; hence growth rate may be reduced. Other nutrients of concern which
are not very efﬁc1ently converted and utlllzed in the body are phosphorus and potassxum

On farm, nutritional management may be used to 1mprove nutnent utlllzahon and reduce
wastage. One practical attempt may be phase feeding; in its simplest form two' diets, one of
high and one of low nutrient specification, are formulated and mixed on farm on a weekly
basis to provide the correct balance of nutrients to meet the animals’s current and changing
needs. For example, in Table>3 estimates of lysine : energy ratios were detérmined- for
genetically superior pigs over the body weight range 20 - 100 kg. Thus, in a simple multl-
phase approach, diets to meet the needs of the 20 (Diet A) and the 100 kg (Diet B) pigs’
would be provided. At the intermediate body weights :the ratios of these diets would be
change, as follows 40 kg: 75% A +25% B, 60 kg: 50% A + 50% B 80 kg: 25 % A +75% B

An alternative approach is  to prov1de the ammals with two extreme diets from which they
are free to chose ad libitum; that is 'choice feeding/. ThlS is not a new concept, but the results
of trials have been inconsistent. For example, the results of Kyriazakis et ‘al (1990) and
Bradford and Gous (1991a, 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 al (1994), on the other hand, suggest that pigs made a ch01ce, but in terms of
lysine they chose levels some 20% higher than they required.

Under commercial condmons, 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 performance 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 animals.

vy
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4.  ENVIRONMENTAL CONSTRAINTS

In many E’uropean ‘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 excessive quantities of such elements
as nitrogen and phosphorus entering the soil and the aqulfers Large quantities.of carbon
dioxide, ammonia, methane and other volatile gases are also lost to the atmosphere. In
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several countries this has led to restrictions on the level of animal waste being produtced, as
well as, regulations regarding the level of ‘gases to which stockmen and animals can be
exposed Indeed many areas w1thm Europe have been declared ’Nltrogen Sensmve Areas’.

A plg consumes 8 - 9 kg of n1trogen between 1 weamng and slaughter at'100 kg body welght
Less than 3'kg are absorbed and’ deposxted as lean tissue withinthe body, 5 - 6 kg are
excreted; ‘of which 33% is in faeces and 67% .in urine. Tammmga and Verstegen:(1992) have
calculated that in the Netherlands, some 207 x 10° tonnes of N were consumed annually by
all classes of pigs. Of this 48 x 10° were deposited in the body and15.9'x 10° tonnes excreted,
a further 20.7 x 10° tonnes were associated with ammonia in ‘storage and 25.9 x 10° tonnes
were lost.as N. during spreadmg on the soil. It would therefore benefit both the livestock
‘producer and the envrronment if: mtrogen and phosphorus excretlon from ammals could be

kepttoamlmmum o T TR e,

d i L v
A number of strategles can be used. to mlmmlze surplus mtrogen consumptxon by the animal.
Thesemclude - e
. . A SRR O cBs .
* More careful balancmg of the’ nutnents in the dlet fo meet the needs of the ammal
- A;The adoption’of phase feeding techniques. - " - S :
- The 1mprovement in the quality of dletary protem so ‘that the balance of ammo acids
exactly matches the ‘ideal protein’. L oM ~
- Reducing the level of crude protem, but maintaining the level of dlgestlble amino acids.
.-~ The use of performance enhanders to 1mprove the utlllzatlon of dietary protein and amino
. acids, and’ products to; regulate mtestmal flora- and hmlt the bacterlal degradatlon of
, 'protem ' '
- The, modlﬁcatlon of raw materlals by processmg techmques, sitch as expansnon and other
.- means, s0 that metabollc wastage is reduced mcludmg the reductlon of ANF

ARG LPRE

A

o
One of the ma]or developments 1n recent years have been the use of ¢ enzymes to improve the
dlgestlblhty of energy, protein and ‘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 breakmg down fibrous materials will indirectly lead
to 1mproved efﬁcnency of protem and amino acid utilization; A" higher proportion of the
protems and\ammo acids are released and used for growth and productlon purposes, rather

fthan be1ng voided: by the ammal The mam effects of snmple addltlon of enzymes to pig diets
1s shown in Table 6. . et

FAT T e g B N .""Al‘_;.li . } g
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,,Table 6. C T S e e
- Magnitude of the effect of addmg specnﬁc enzymes tor p1g dlets

, (Values are ratios of Treatment Control)
; bj a lf L A ?C“;mwth"r_ate' S Feed effficiency
i Lol el ay AP T T .l A I N R v F o
Potease, . small | small
Amylase C _ ‘ 1.04 0.96
Pentosanase i T R »—l.OSﬂ P .- 0.95
B—Glucanase o A , : v 1.01‘ a “ ‘ 095 .
'  Cellulase/Hemicellulase . ., . - | 10, | oo
"2+ " || Blend ¢f amylase, protéinase and &-Glucanase | ‘- -~109 © | i 093 .

(Dien’ck & Decuypere, 1994)
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In recent years there have been several reports on the effects of-microbial phytase on,
phosphorus utilization (Jongbloed Kemme and Mroz, 1993). Although phosphorus is w1dely
present in plant animal-and i Jinorganic sources, its availability is limited, especially in.plant
material, since the- phosphorus is in the form of phytate. The addition of phytase enzymes.
have not only. shown. significant 1mprovements in phosphorus dlgestlblllty, but significantly
higher growth rates- and efficiency: of- feed utilisation have also been reported (Jongbloed,:
Everts and Kemme, 1991, . Dierick and Decuypere, 1994) It is p0551ble that phytic acid"
interferes with the drgestlon of essential minerals and protems and phytate protem complexes
are formed.. These complexes (mvolvmg lysme, hlstldme and. argenine) are. msoluble and
blologxcally unavallable and are less liable to be broken down by proteolytlc enzymes

- e

.....

Enzymes may also ,,be used to ’detoxxfy’ plant matenal or reduce the level of harmful
substances- \mthm them, e.g phytase in, rapeseed a-galact051des in. soyabeans, gossypol in,
cotton seed meal, Slmllarly, as the wet, feedmg of pigs becomes. popular, enzyme treatment,
water soakmg and germinating: could become a more 1mportant treatment inthe future
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5. OP'I'IMIZfNG PRODUCT. QUA'LITéYw :
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Meat quallty has assumed a greater importance in recent years because people are more
conscious of health matters; are more demanding-and.critical of product quality and, since
pigs have become progressively. leaner, more complamts have been received that, eating
quahty of pig meat has declined. Pig producers need to be aware that quallty assessment will,

become mcreasmgly lmportant z::"'?i W B aerson a3 “i""“' LA EERROR

desirable. ﬂavour and good keeplng quahty Although breed sex, rate of growth as well as
environmental factors all influence. meat  eating quahty, the dlet fed to the animal has'a very
51gmﬁcant effect. . . . i, e e e , N 3
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The aspects of meat quallty that are of most mterest are colour and water: holdmg capac1ty
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 dietary fats affect
the flavour and composition of carcass fat (Wood and Enser, 1989). The’ ‘composition and
quality of intramuscular;fat (marbling fat).is influenced in a similar manner, Ad libitum, rather
than restricted feedmg, tended to produce.more tender, julCleI' meat (MLC, ,1989) This was
further enhanced by the feedmg of diets wnh hlgh energy and low protem content )ust prior -
to slaughter (Blanchard et al, 1995)

#

DR
BN

JeTNE ey AT T e e iy

o,
oo gt . N

AR B P S AP s ’ ’
Research has shown the importance of skatole and indole in jodou'r-a"nd flavour perception
in pig meat (Madsen et al, 1990). Skatole is produced by microbial degradation from
tryptophan in the hindgut and dietary fibre has been suggested as:a contributory factor.
However, the type of fibre may be important and the feeding of sugar beet pulp, a material
which contams high- levels;: of .soluble - fibre .or . NSP .monomers, actually reduced the
concentration of skatole, and 1ncreased the overall llkmg and, acceptablllty of pig 1 meat (Wood
et al, 1993). It.is not, clear howthis occurred ‘but the reduced breakdown of tryptophan by
bacteria, or. the reduced absorptlon of skatole from the gut may be contrnbutmg factors

Spec1ﬁc dletary 1ngred1ents and feedmg strategxes wﬂl therefore be developed .on. a 'desngner
diet principle’ to ensure optimum animal growth and feed efﬁaency and to promote the
organoleptic and eating qualities ofpig meat for.a more dlscemlng consumer. The choice of
. dletary 1ngred1ents and, their qualltvaﬂl become of mcreasmg 1mportance to assure the
consumer that ,adequate food safety( measures are in, place P




6. ANIMAL WELFARE e ‘ oot Rl

In future, the' requlrement will bé fo give miore considerationto the effects of nutrition on the
welfare of the animal. This is especxally relevant to sows which are fed restrlctedly during
pregnancy, well below their appetite potentnal Such regimes may meet production objectives,
but they may not présent good welfare, since the animal does not feel satiated and abnormal
behaviour patterns like bar chewing and polydxpsna may develop. It has been known for
some time that the occurrence of abnormal behaviour in confined systems is related to feed

_ intake (Appleby and Lawrence, 1987) and stereotypic behaviour-is almast totally eliminated

by high feed allowances. Recent legislation in some European countries bannmg the use of
systems of confinement has necessitated the development of group-housing systems and this
has created’ additional problems for the' feedmg of the sow. Group-feeding during pregancy
can cause considerable aggression at feeding time and may result in the unequal distribution
of feed between sows. Dominant sows consume more feed and achieve higher than expected
weight gains, whereas' subordinate sows do not eat sufficient feed to maintain 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 provxded ad libitum; then the animals’ weight gain was
s1rmlar and on target L ) '
# BRTRE TNt c/L ‘,,"H‘i R R U P
These results suggest ‘that it may be possnble to use differént types of matenals and feedmg
schedules ‘which can induce’ feelmgs ‘of satiation at- acceptable nutrient intakes. One such
material is sugar beet feed which appears to have unique propertles Whenincluded at high
levels (60%) in the diet, abnormal behaviour was considerably reducéd and aggressiveness
was minimal, but the intake of the animal 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, ‘Close and Perrott, 1994). The use of such materials and the
development of ad libitium systems of feeding sows during pregnancy will therefore,become
of increasing 1mportance in . the future. Such systems should induce satiation, remove
competltlon and 1mprove welfare of the sows, yet be 51mple and cheap to operate
i i “H
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There'is con51derable leglslatxve control of the anirnal feed industry in Europe The ob]ectlve
is’to ensure the hlghest possxble standards of quality, health, biosecurity and ‘safety. It is
outside the- scope of this paper to discliss such directives, but in 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.
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7. NEW TECHNOLOGIES o ' '
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The future competltlveness of the p1g mdustry w111 be" 1nﬂuenced by the speed of
1mplementatlon of new technologles, especially biotechnology. Thisisa  rapidly evolving field
of science and, although many applications have been ‘Speculated, many ‘difficulties have to
be overcome before it can bé' commerdially applied. Nevertheless; as-the molecular and
physiological basis of animal functions become unravelled new approaches to advance
ammal performance can be explored and developed : -

Recent’ examples mclude advances in’ recombinant DNA technology to produce products
such as porcine somatotropin (PST) and the development of B-agonists to improve growth
and carcass composxtlon, the use of fermentation procédures for the development of enzymes

234




to improve digestive efficiency and the nutrient value of feed; the development of novel’

microorganisms, such as speciﬁc strains of yeast and chemical probiotics, the advancement

of dietetic feeds to influence thé ecosystem and immune response within the gastro-intestinal:

tract; the development and use of specxﬁc materials to reduce emissions from..intensive
systems of animal 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- the' pigs aré nurtured at all stages of productlon and on the-efficiency: of .pig
production per se. It is therefore important that the pig mdustry keeps 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.
G an A N Md
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8. CONCLUSIONS -/ A * "0 " Do b weh = e e

The pig industry i in Europe has developed markedly in the dlfferent countnes durmg the past
two decades. It is an ‘efficient industry, although there is still room for improvement and for
a reduction in productlon costs. The drift towards integration is growing and.quality and
traceability of product is gaining 1mportance from both a production and feed perspectlve

In this respect, the food mdustry has a major role to play in further developing pig products:

in ways that méet’consumer requirements and safeguard the environment. The change will
continue, creating opportumtles for those who are w111mg to accept the challenge of new

technology, new-markets, new products and who recognise the importance of providing.a

better on- farm serv1ce :
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DA NUTRITION AND PHYSIOIJOGY OF RATITES
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lNTRODUCI'ION

To a poultry nutritionist, the ratite is a fascmatmg subject to study.” “The digestive
physiology is quite different from domestlc species of poultry, giving the ratite more of a
nutritional range of nutrient requlrements and potentlal ingredients to supply these, =~
requirements. The’ ablllty of the.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 of their nutrient spemﬂcanons very similar to domestic poultry with feathers that lay |
eggs. The goals of this paper are to’ teview some _principles of nutrition_and. gastromtestmal
physmlogy to nutr1t10n1sts and suppllers entermg the ratite mdustry

. aem e s el L. B PITON

. ‘} . DIGESTIVE PHYSIOLOGY

As in. other b1rds the ratite has a beak ‘mouth and pharynx;whlch are all 1mportant for
the prehensron manlpulatlon and mastication of food. Taste buds are usually of minithum
importance in.most. poultry species;-but. field reports-indicate that ratites may have developed
taste buds for certain sweets and bitters.. Addition of flavors such as Apple Aide have been>
used by several feed compames to stimulate feed consumnption by ratites and there have been
a number of field reports of feed refusal of rations with higher.than normal levels of bitter . .
tasting substances such as magnesium oxide or the presence of the mycotoxin
deoxymvalenol/vom1toxm A thorough scientific study of the ratltes taste buds has not been
reported to this author's knowledge A T ~ e e

- Ratites lack a-¢rop- anthend to* use the proventriculus and gizzard as food storage
organs. . The proventriculus'is relatively thin walledand is prone to impactions and
permeations'in the ostrich.” The proventriculus and 'the glzzard can become infected such that
during a necropsy; the inner linirig just peels’off. These tissues are’important to the passage,
mastication and begirining digestion of the bird's diet.- If they-are infected ‘with an enterovirus
or malabsorption Syndrome then-the bird will liave. a difficult time assimilating nutrients from
the start. . Food: passes from thé gizzard to the sinall intestine In the ratite just-as it would i in
other birds. The small intestine is where most of the protein, “carbohydrate, lipid; vitamin and
mineral digestion and absorptlon occurs. Pancreatic and hepatic enzymatic secretions are very
important in the small intestine for optimum-digestion. Any 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, and is the primary oigan for fiber. d1gest10n The emu
does not have-siach a long large intestine, but does have active fiber dxgestxon occur also.
Herd and Dawson, 1984 reported that the emu digests 35-45% of the neutral’ detergent fiber
(NDF) in the feed and that the 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 ostrich and found a very active production of acetate (5-35 mmol/h/100g
DM) in the large intestine, with minimal rates of propionate and butyrate production
throughout the gastrointestinal tract. = Fiber digestion and production of volatile fatty acids
(acetate) from anaerobic micro- orgamsms in the ostrich approach levels similar to those in the
forestomach of ruminants (Mackie, 1987). Swart et.al. (1993a) estimated that VFA
production contributes to as much’as 76% of the metabolizable 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. Ingesta retention times (Rt) and dry matter contents of the gastro-intestinal tract for
ostriches of drffemnt live masses (Swaxt, etal., 1993b) P T

)

Measurement 7 ' ‘ ’5-10 l}g body wt. 15-18 kg body wt. | 42-50 kg body wt.
Retentlon Time (hr) ' ’
Range | | 255-509 . ., |209435  [347.757
Mean 39.0 ' 1318 - ~ 479
Digesta Contents
(g DM)
| Proventriculus + 1215 - clwe22 0 U|B2120
Small Intestine . |192 - - © - {283 - |2s2.
Il ceciim +Large tnt. 1578 124027 l7212

Rate of passage varies wrth 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
Table, 1. -The mean rate of passage was 39,-31.8 and 47.9 hours for 5-10, 15-18 and 42-50 kg
bird welghts respectrvely At the time of sampling, the cecum+large intestine contained near
- 70% of the digesta contents (dry matter basis); with near 30% in the proventriculus+gizzard
and a minimum amount (< 3%) in the small intestine for the 42-50 kg weight group. In the
. smaller weight group, the. digesta contents were more evenly divided between the large

intestine and the proventriculus+gizzard groups. Rate of passage in adult emus is 5.5 hours

accdrding to.Herd and Dawson.(1984) and emus have much less trouble with impactions
compared to the ostrich. ;

) NUTRIENT REQUIREMENTS
Table two shows a typlcal ingredient- and nutrient list- for a starter grower/mamtenance and
breeder ostrich rations. Most feeding programs are divided 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. Typical Ostrich Ration Nutrient Level Ranges
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these nutrients to ratities includes: corn; oats, alfalfa meal, soybean meal, distiller dried
grains, soy hulls, wheat midds, meat and bone meal, fish meal, animal and vegetable fat,
dicalcium phosphate, limestone, oyster shell, yeast, amino acids, vitamin, trace minerals and
pelletmg agents. Angel, (1993) reported the fiber, protein and fat digestibility of ostriches to
increase considerably as the ostrich bird ages (Table 3). Based on, this type of data, the
ostrich should probably not have a great amount of fiber (> 8. 0%) in the starter ration because

it will not be able to derive enough energy from fiber digestion until it is over 3 months old.
' Fat digestibility is very low in the youiig ratite, so fat levels should also be minimal until the

bird i is over 3 months old. The starter ration should be a relatively moderate protein and
energy ratlon that derives its protein and energy from easily dlgested grains and cereals such
as comn, oats sorghum;,- alfalfa meal and soybean meal. As the bird enters the
grower/maintenance stage (>3 months of age) it-needs more fiber to meet the microbiological
demands of the lower gut. Birds not given adequate fiber may be more prone to-competing
harmful microbial population growth in the lower gut and physical problems such. as gut
stasis. The ostrich breeder ration (Table 2) is higher in calcium and protein than the
maintenance ration because of the reprodictive demands of egg productlon Female ostriches
‘are known to lay anywhere ‘between 30 and 100 eggs per breeding season.  Eggs can weigh
betwéen 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 adequate yolk
formation and supplemental vitamins (especially. Vitamin E and pantothenic acid, Angel,

'1993), for adequate deposition of vitamins in the egg for the developing embryo. Most
commermal ratite rations adequately supply these needs to the best of their knowledge. As
more information -is gathered, more attention will be paid to particular nutrient levels such as
amino acids (methionine and lysine), fatty acids and trace minerals. At present, most ratite

feed manufacturers use a very dlverse list of mgredlents in thelr rations whlch helps ensure an |

. adequate nutrlent proﬁle P
3

NUTRIENT METABOLISM AND INTERACTIONS

- Fiber is probably one of the most important rutrienits in ratite feed, but nutritionists

have not established a fiber requirement to date. Fiber is typically not digested and utilized in "

monogastric species because of a lack of microflora that can degrade the fiber. Ruminants

- can utilize 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 acids from the fiber carbohydrates and these volatile fatty acids (acetate,
proprionate and butyrate) prov1de dietary energy to.the animal. The ratite is more like the
ruminant than the monogastric when it comes to fiber utilization and volatile fatty acid

production. - Swart et.al. (1993b) 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% of the dietary metabolizeable

energy disappearing 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 résearched. Nonetheless, the
ratite veterinarian needs to be very cautious in their prescription of therapeutic antibiotics, to }
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prevent d gut mlcrobnal .imbalance.” If a ratite is very sick and must be administered
antibiotics, ‘the vetermarran may want to put the bird on'a lower fiber,”more easrly drgested
diet durmg treatment e UL T G T LT ey

- Protem requrrements for ‘ratites are not ‘well determmed Most feeds: contain between =
15 and. 24% protéin. The protein- cortent is highest for young birds and decreases with age.
Breedmg ostriches are fed feeds containing approximately: 15%" protem (Leeson and Summers,
1991).* Protein usually consists- of ésseéritial and non-esséntial amino.acids:. In poultry, the
first linditing essential amino. acid is méthionine, followed by lysitie: -~ Mannion and - "
coworkers ‘conducted a‘study of:the lysine requirements: of the ‘emu from ‘the.age: of 23 to 65
days of age.. ‘They ‘concluded:that the recommended level of lysine be .825 grams/MJ ME .
and that lysine be added to'low protein“diets to.optimize weight: gain and: feed efficiency in
emus. ' The protein (N) neéds of the fiber digesting microflora in the ratite“large. intestine are
also unknown at this'time . Muchgmore research needs to be- conducted 1in’ thrs area of

- e f, . “f‘ N e £ »«a N

nutrition. R R N

e Energy needs ofsthe’ ratlte are'currently baséd on: the metabohzable energy’ system
utilized by poultry. “This may be complétely’ wrong “for. the“ostrich greater than .3 months of
age.  Angel, 1993 (Table 3) shows how the meétabolizablei energy increased-as-the bird ages -
and is able t6 -utilize more-of -the fiber and how thesé values’ (Table 3). for ME.exceed the.
expected energy values for poultry . Sriith ét al.-(1995) gave a very complete teport at the °
1995 Alltech Blotechnology n. the Feéd Industry Arinual Symposium on TME! determmatrons
and amino-acid apparent and tiue digestibilites of various feedstuffs-in ostriches versus -
roosters.. Smith' r'eport:s’the excellent ability ‘of ratites'to .derive energycand nutrient val‘u‘e fr0m
high fiber sources not. utilized’ well by the chickén. Smith's réport also includes tables of
protein and ‘amino acid recommendatiéns for the maintenance and growth of ostriches. One
of the main problems in the ratite industry is that the birds get'more energy out of the feed .
than calculated and the excess energy is stored as fat. Overweight, fat birds then have a hard
time starting reproduction. Energy can. ¢ome from' excess dietary protein too. The bird has a
minimum - protein requirement, for muscle accretion and after that requirement is met, the .
excess protein is deaminated and also stored as fat. Protein-can be a-very expensive energy
source. Lipids are probably the least éxpensive eneigy’source in most poultry rations, but
ratites need. Very little supplemental ‘dietary lipid'since they'can generate VFA's from dietary.:
fiber. The main’concern regarding lipids in the ratite will be it's fatty- acid requirements for,
egg production. The 1994 Poiiltry. NRC lists fatty acid requrrements for linolei¢ acid, whrch
usually comes from diétary. corn: It is unknown whether or fiot ratites have'a similar
requirement for linoleic acid at this time.

Vitamin requirements and metabolism'aré.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 fis impaired.. These-vitamins require efficient fat.absorption in
the small intestine to be absorbed. - Fat;soluble vitamin§ actually: compéte somewhat for: -
absorption sités in the-small intestine, Such that over-supplementation of one could inhibit thé
absorption of another. The fat soluble vitamin of most concem in ratites is*Vitamin E;Rae
(1992) reported a degenerative myopathy in ratites and related these finding to Vitamin E and
selenium deficiencies. It appears that the ostrich has drfﬁculty deposmng ‘Vitamin E into the
egg (Angel, 1993). ‘Therefore, feed manufactiirers have beer supplementing Vitamin E at-
levels near 80 -100 L.U./kg. Unfortunately, some producers and veterinarians have taken ¢’
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:toxicity problem. There is no documented need for injectable
Se in ratites. . . The water:soluble vitamins (B's‘and C) cannot.be stored for long periods in
the birds tissue and must therefore be given daily in fresh feed. Vitamin C is not considered
a required vitamin. by-poultry species, but 7researchers have indicated a role for Vitamin C
during stressful times.. B vitamins of concern include pa.ntothemc acrd and blotm as they are
related to hyperkeratosis and dermatltls R - LT
-+ Mineral metabolism in birds is highly complex since there are so many requrred macro
and micro-minerals... Minerals are needed in almost every metabolic process within the birds
body.: Most" mmerals -are actively transported in the small intestine; however, some passive
transport can occur in the large intestine: = As a nutritionist, it.is important to remember that
there are many interactions in the absorption and metabolism of minerals and that over
supplementation 6f one can very quickly cause an imbalance of another:* Two examples of
important interactions would be: calcium and phosphorus; and'copper and zinc. Calcium and
phosphorus should be fed in a ration at a rate of 2 parts calcrum to 1 part phosphorus n
most growing rations.. -Calcium-should.exceed this 2:1 ratio only in layer rations when the
bird is actively producing an eggshell and has-a need for more calcium. Copper and zinc are '
also closely related in metabolism; and an excess of zinc from galvanized feeders or waterers
has been shown many times to cause copper deficiency symptoms in birds. Scheideler, et.al,
1994’ conducted a study of trace mineral accretion in ostrich liver and bone;tissue and found
that bone Mn arid liver Cu levels were very low relative to other specres of ammals receiving
similar dietary- lévels of Mn and Cu. It was speculated that the ostrich may have other
.interfering factors. inhibiting efficient absorption of these nutrients: This theory is supported
by Mellett, 1993. whom associated dietary insufficiency of Mn with: slipped tendon in young
fast: growing ostriches and suggested, supplementation of ostrich diets with at-least 200 ppm
Mn and to avoid. feedmg excess Ca and P: ST SRR IR Loyt
T A R o e s e
bl e CONCLUSIONK SIS
: o A (- .
Ratite nutrrtlon knowledge and formulatlon could be descnbed as strll bemg in its ,
mfancy relative to the state of art that poultry -and ruminant nutrition are at. Much of what is |
practiced by ratite nutritionists is based on some nutrition ‘principles that are common to all
species but is mostly based on the trials and errors of field experience. - Probably the most
important factor to-the future of ratite nutrition- 'will be the continued cooperation and
communication between ratite feed manufacturers, nutritionists and veterinarians._

g Angel CR. 1993 Res‘earch‘ Update: Age"Chang'es invDﬁi‘gestibillty‘ of Nutrients in
Ostriches and Nutrient Profiles of Ostrich and Emu Eggs as Indicators of Nutritional Status of §

the Hen and Chick. . Proceedmgs of the 1993 Association of Avian Vetermarrans Annual
Conference p '275- 281 .

Herd RM and T I Dawson 1984 Flber Drgestlon in the emu, Dromazus

novaehollandiae, a large bird with a srmple gut and hlgh rates of passage Physiol. Zool.
57:70. SRR .
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3 INTRODUCTION

_ AMINO ACID SUPPLEMENTATION OF POULTRY DIETS:
~ - APPLICATION OF IDEAL PROTEIN
| 4 Kevnn M. Halpln
- Vice President, Nutrition and Technical Servnces )
! . ADM BroProducts S e

‘Decades of research have clearly demonstrated the |mportance of methionine

and lysine as the t\go most limiting amino acids for poultry. Commercial
production of DL-methionine (via chemical synthesis) and L-lysine (via
fermentation) began in the late 1940's and 1950's respectively. Since that time,
their usage |n practlcal poultry diets has become commonplace.

More recently, greater quantmes of other essentlal amino aC|ds particularly
threonine 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 dispensable

* and mdlspensable amuno acrds will likely follow down the road

Unhke methlonlne and lysme 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 *
grounded as those for the first two I|m|t|ng amlno acids.

Moreover it has become mcreasnngly apparent that a smgle amino acrd
requirement value cannot 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., seéx and lean vs fat growth pbtential) 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 imaginea
hierarchy of processing condntlons which may Iead to progressnvely lncreasmg
requ1rements

requirement for maximum growth - :

requirement for maximum feed conversion’ efﬁclency

requirement for maximum carcass yield !

requirement for optimum carcass composition

requlrement for max1mum breast meat y|eld

Thus as the practicing poultry nutntlonlst |s alerted to "newer". supplemental
amino acids becoming more pnce competltlve he or she is faced with several
significant challenges o R R




calculated

-recently presented at several nutritional conferences (including the 1994 MN.

t :amlno acrds |n practlcal poultry rations.

« lack of requirement data’ . . ' S

» questions as to the order of amlno acnd llmltatlons in practlcal diets

» means by which to adjust the requrrements based on dietary,
envuronmental genetlc and processung condltlons

5 .

These challenges have prompted some swrne nutntromsts and to a certain extent
human nutrition experts to consider "ideal protein" or ideal amino acid ratios in
diet formulation. The logic here is tg express amino acid requirements as a ratio
of a "better understood" amino acid, such as lysine. One can then place

~emphasis on establishing lysine requlrements under a variety of circumstances,

after which the remalnlng |nd|spensable amino acrd requurements can be

Ao v - . "l" . N = - Ny

.The scope of thus paper is |deal protem in poultry from a practlcal appllcatlon

standpoint. It will focus primarily on broilers and turkeys. Some evidence to
suggesta. role for L-threonlne supplementatlon of low-proteln diets erI be

..presented T St ot

. . I
’ w “

. IDEAL AMINO ACID RATIOS S e S

T

: Dlgestlble |deal amlno acid. ratlos as developed by Baker and coworkers at the

University of lllinois are presented in Table 1 (columns 1 and 2). These ratios are
based on more'than 30 years of research, principally in broiler chicks between
hatching and 21.days posthatching.: As these data have been published and .
Nutrition Conference) the author will not provide background and support
information in this paper. However, these ratios do provide an excellent basis by
which.to'compare other amino acid pattems and to evaluate potentlally limiting

o
“’*- 3 T
gl : . Lo

AR e

It should be noted that the |deal ratlos shown for birds 21-42 days of age (column
-, 2).differ:slightly from those presented by Baker at this conference last year.
Z .+ Changes were made in SAA, arginine, valine, and isoleucine based upon more
_recent:unpublished research (Baker, personal communication) dealing with

maintenance requirements of these amino. acuds relatlve to the malntenance
requirement for lysine; .o , A

L A

With'the predominance of corn 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 know what if any changes should be made in the-digestible amino
acid pattemn, assuming a com-SBM diet formulated on total amino acids. To this
end, the 0-21d digestible ratios (column.1) were used 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 of each amino acid contributed by com and SBM (assuming the 23%

- C.P. diet), as well as the digestibility of each.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 pattemns (column 1 vs 3), only slight changes are indicated for this corn-SBM
scenario.
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For companson purposes column 4 of Table . shows a pattem of amlno acnd to-

- lysine. ratios as summarized by Austic (1994). Unlike the Baker ratios (determined
> by empirical studies), these ratios were calculated based on:a review. of recently

published amino acid requirement studies. For.example, a summary of the -
requirement studies for lysine suggested a 1.30% total lysirie requirement for
male broilers, 0-21 days-of-age. " The corresponding threonine requirement was
0.80%, yleldlng a threonine-to-lysine ratio of 62%. Similarly, requirement studies

“..for arginine, valine, tryptophan, isoleucine, and histidine_ were summarized for the
¢ 21-d male brailer, and total amino acid-to-lysine.ratios were calculated.. The ;
-requirement estimates in this review assumed .a."typical™diet; contalnlng 23%
‘?C P., 0 93% TSAA and 3200 kcal/kg of metabollzable energy ,,:.,' o

o I VISP

fSome dlfferences eXIst between the Austlc ratlos and those extrapolated (based

on total amino acids) from Baker's work.. 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 approximate lysine digestibility of
90% for a 23% C.P. corn-SBM diet, Dr. Austic's summary value of 1.30% total

lysine relates to.a dlgestlble lysine- requrrement of 1.17%.. Dr. Baker's -

corresponding digestible lysine requirement for the 0- 21d male. br0|ler |s 1.12%.

ORDER OF LIMITING AMINO ACIDS IN CORN AND SOYBEAN MEAL - - -

R A IR

I,;;Recent studles have more clearly dehneated the order of Ilmltlng amino amds for
.com(C),: soybean meal (SBM), and a, C-SBM mlxture for broiler ChICkS

(Fernandez et al:, 1$94). The bronler diets were low in C.P. and formulated ona

- digestible. ideal amino acid baSIS (Baker and Han, 1994a) to mlnlmlze excesses
‘and imbalances. . Chick growth ‘and feed conversion were assessed as.one amino

acid-at a time was deleted from a basal diet (contalnlng proteln from com SBM or
the- C SBM mlxture) supplemented W|th a balanced array of amino acids.

As expected (T able 2) methlomne (or TSAA) was the flrst Ilmltlng amino aCld in
SBM and the com-SBM mixture.  However, whereas previous studies (Schwartz

+ and Bray, 1975; Han et al., 1992) have clearly showed lysine to be second

limiting, this tnal suggested that threonlne was more limiting than lysme in the .
com-SBM diet. The authors- suggested that the high degree of Ilmltatlon observed

- for,threonine may have been due to its hlgh reqwrement for mamtenance Thus

the. use of the. low-proteln dlets coupled with the reduced growth rates |n ChICkS
unsupplemented with threonine, may have created a sutuatlon in WhICh a greater

~ proportion of the dletary threonlne was belng used for malntenance

- Similar studles have recently been conducted by Lllbum (1995) 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 mlxture of essentlal .amino acids.. In-this case proteln efﬂcnency ratios
were used to assess. the order of amino acid, llmltatlon |n turkey poults from 2 to
16 days-of—age and from-22- 34 days

I
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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, but their order flip-

" flopped depending on the age of the turkey poults. Thus, as in the broiler,work,

thé importance of threonine, as well as methionine and Iysme was demonstrated
wuth the low-protern SBM based drets

v .
. "Q> ' (.‘4;. -
- e -

AMINO ACID SUPPLEMENTATION OF BROILER DIETS

(i
i

- Before one can proper1y evaluate the potentnal role of supplemental ammo acids

beyond methionine and lysine, it is essential to critically assess the boundaries
associated with these first two most limiting amino acids. What are the minimal
C.P. levels achievable with adequate methionine and lysrne supplementation?
How much crystalline lysine can be used in a practical diet? Considerable.

- variation in the poultry industry exists today with regard to "allowed" crystalline
" lysine’inciusion rates. Formulation strategies used by industry nutntlonlsts to,
tkeep protem and/or am|no a0|d Ievels "|n check” mclude

T

‘e minimum C. P specifications. ~ %
. maxrmum specrflcatlon (cap) on crystalline Iysme e

. minimum specrflcatlons on amino acrds beyond methlonlne and Iysune (i.e.,
-threonine, arginine, etc.) - S R o

e

While numerous studies have evaluated methioriine and lysirie use in broiler

_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 tnals

focused on a different experimental growth period, i. e., trial 1 = starter (0-21d);

" trial 2 = grower (22-42d); and trial 3 = finisher (43-56d). Béfore or after the

O ’ expenmental period in each study, nutritionally-adequate common diets were fed.

The expenmental diets consisted of five graded levels of CP. (trial 1 starter 23—

'19% C.P.; trial 2 grower 21. 5—)17 5% C.P.; and trial 3 finisher 20-516% C.P.),

supplemented with sufficient levels of methlonlne and lysine. Ross x Avian
commercial broilers were used in all studies, with each d|etary treatment

: consrstmg of 640 bronlers (8 pens of 80 blrds)

Broken line: curves were used to assess weight gain, feed conversmn and carcass

_ (breast meat and fat pad) quality. A summary of results is shown in Table 3.-

Minimum crude protem levels-assessed at the end of the starter, grower and
finisher- phases were 21, 19.5 and 18.0%, respectively for most of the-parameters
measured. It is important to remember that all diets were supplemented with

“adequate methlonlne and lysine levels. Complete compensatory growth occurred

in chicks fed the lowest C.P. (19%) starter ration, when switched to nutritionally-
adequate grower and finisher diets. Likewise, compensatory growth in the
flnlsher phase of trial 2 aIIowed the birds fed the 18 5% grower dlet to catch-up.

_ These tnals along with other publlshed I|terature demonstrate the degree to
which C.P. can be reduced through supplementation with methionine and lysine.
- 'Which amino acid becomes next limiting with further reductions in dietary C.P. of
practical diets? From the above study, comparing the digestible amino -acid

TS £ e

TR e LS, e s




~ Composition of the. 21% C'P. starter diet to the ideal protein pattem devéloped by
N Baker THREONINE appears to become I|m|t|ng, folIowrng methlomne and lysine.

RE DI i T

V. "'AMINO ACID SUPPLEMENTATION OF TURKEY DIETS wo G .

D IR : : ey

The extent to which d|etary C P.can be mlnlmrzed by usmg supplemental
v < ‘methioniné and lysine for market turkeys has recently been investigated by " *
'; Waibel and coworkers (1995). In each of 3 experiments, commercial-Nicholas
] male turkeys were fed com-SBM diets, which: varied.in protein. Diets were
formulated on the basis. of the amount of the NRC (1984) Iysme reqwrement
provrded by |ntact protern sources range 80 t0-120%:- k SLoemaes

An extensrve data set was generated by the 3 studres rnvolvrng 2750 brrds W
Some of the conclusrons drawn are as foIIows

Gt HRRE TR
h oo vr b i . . S e

T Maxrmum growth rate and breast meat yreld aré’ marntamed in. turkeys fed
dlets ‘containing 85%of NRC lysine'from‘intact sourcés; if-supplemented
«wrth meéthionine (SAA -at 100% of NRC froimi:0-18 weeks) and crystalline
v lysing (100% from: 12 18 weeks) ‘Attual C.P. levels-associated with this
85% lysine diet ‘series-are shown in‘Table 4 for.éach thrée-weék growth
penod

v Cas [ . wl s e e et e e e s
: A T B i ati S ST

e The 85% Iysrne dlet series (supplemented W|th methidnine and Iysrne) ¢
! " appéared to-be adequate in all other amino acids’ “Threoniné levéls, -
however, were very close to NRC, suiggesting that thréoniné may'bé the *
next amrno acid to become ||m|t|ng wrth further reductlons |n dletary proteln 3
. Vd The above two conclusrons were supported by turkeys sub)ected to 18 19°
© - C (64- 66°F) dunng final growout ‘During a summer trial (23- 7°C: 73 81°F
during growout), birds fed the 90% series weighed less and had more -
~ abdominal fat than controls (100 to 120% series). Methionine and lysine
) ' supplementat|on 'to th|s 90% series’ appeared to benefit’ earty but not later
. growth. It may be possrble that feed mtake during the warmer weather was
§ suppressed to the point that other amlno aC|ds or nutnents were ||m|t|ng

" . NRC (1984) ammo acnd requ!rement Ievels appeared to be adequate In
" ‘each trial, higher amino acid levels above the‘1 00% senes (| e 100 to
120%) did not further enhance performance '

" Thus, the 85% Iysme senes supplemented wrth methlonlne and |ysrne supported
maximum growth and breast yield. As shown i in Table 4 dletary C.P. Ieve|s
assocrated with this 85%lysine series: were roughly 90% of NRC Ievels These
flndlngs support prevrously published research (Spencer 1984 Sell et al: 1989
Sell; 1993; and Sell et al- 1994) showing maximum performance in turkeys fed
diets containing 90-93% of NRC recommended protein levels with’ methiohine and.

' lysine supplementatron T

Ei i R AN N terdo . )tv'\ "v e .f,v .-
Lysme reqmrements expressed as % per 1 000 kcal ME/kg, ln the Walbel study
ranged from 514 to 248 for the ear1|est (0 3 wk) to |atest (15 18 wk) age penods
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The threonine levels in-the 85% diet series for the'same age-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 old turkey, respectively. It may be logical that
the "ideal" threonine-to-lysine ratio for the older turkey is higher than that for the
3-6 week broiler (Baker). Maintenance requirements as a percent of total .

| requirements would be expected to be higher for the older turkey, and threonlne

r requrrements for-maintenance are hlgh

f ‘ Addrtlonal research venfyrng the |mportance of threonrne in Iow-proteln turkey
diets will be presented by Dr. Waibel at this conference.

VI. CONCLUSIONS

Methlonrne and lysrne requrrements for poultry are relatlvely well establlshed ‘
Numerous factors affecting lysine requirements have been investigated: dietary ;
(protein-and energy level, feed-intake); environmental (heat stress, crowding,
disease challenge) and genetic (gender, potential for breast meat yield).
_Research in broilers and turkeys has documented the degree to which dietary
protein levels can be reduced with methionine and lysine. supplementatlon.,

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

_ lysrne have met with limited success. - : - , ' -

As birds have become leaner and faster growing, amino acrd requrrements (and
protein). have edged upward. These higher protein levels may be contributing, at
leastin part to some of the problems facing todays poultry industry, i.e., leg
'weakness ascntes and nrtrogen pollutron -

‘ . Untll recently, only supplemental forms of methronlne and lysine have been
. '_economlcally available to the poultry industry. Today, greater quantities of other
T essential amino acids, partrcularly 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 suggests that threonine may be third llmutrng, behind
methlonrne and lysine, in these avran rations. '

The ideal protein c,Oncept as applied to poultry requires additional research.and
verification. Amino acid requirements, and. consequently ideal amino acid ratios,
. are most frrmly established in the young broiler. The ratios in older brorler .
" chickens are, being “fine-tuned" as our understanding of requirements for

‘maintenance increases. . Less application of ideal protem concepts has probably
. occurred inturkeys. . : L , ,

Nonetheless, the concept does hold promise. Using established lysine |
requirements (under various circumstances) and ideal ratios to estimate other

amino requrrements together with enhanced analytical and digestibility data for
ingredients, one can formulate moré precise amino acid-based rations. As L-
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VII.

- threoniné bécomes more cost effective, threonine-to- lysrne ratios‘may’ prove
useful as- a startrng pornt to establrsh threonrne requrrements .
e . T P T T O T SR L S
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r ‘Table 1. ideal Amino Acid Ratios for Broilers. =~

l Amino - Baker! . Baker? Baker- ~ Austicd o

? Acid, .. . (0-21d, digest.). . (21-42d, digest.) ;extrapolated3 .. (0-21d, total)

t e oo v o | 214, total) e |

) Arginine

Threonine

l

| Baker and Han (1994a). Dlgestlble Iysme requurements from 0-21d posthatchlng are 1 12% for

'l males and 1 02% for females (Han and Baker 1993) .

) 2Baker and Han (1994b), except slight adjustments in ideal ratros"‘for SAA; '&arglnme valine, and
i isoleucine (personal communication). Digestible lysine requirements from 21-42d are 0.89% for
,!’; males and 0. 84% for females (Han and Baker 1994) . o
El 3Dlgestlble rdeal ratlos (0-21d) extrapolated to total ldeal ratlos assumlng a 23% C P. com-SBM :
i diet. Amino acid content values and digestibility coefficients utilized for com and SBM were 3
! from NRC (Poultry, 1994). ‘ ;

!l’ . - P VI T

4Aust|c (1 994) The total lysine requlrement as summanzed from fecently publlshed literature p
~ was 1.30% for male broilers, 0-21 days—of-age : R ;
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Table 2. Order of L|m|t|ng Amlno Acuds m Com and SBM for Broners and Turkeys.

T

T Br0|ler ChICk (8- 22d)1 7 .' L Turkey poult2
Order of a.a.~ Com“\“—”* SBMa. C-SBM | sem” :ﬁg | saM
limitation Ll (@ 2-16d) -~ (@ 22-34d)
st Lys ; MET MET o MET ~ MET
2nd . THR ¢ . THR - "~ THR' LYS . THR
3rd TRP' " LYS, VAL LYS -~ - |THR = - -LYS
4th _ARGJILEVAL N VAL - - . Cle e
5th MET - . HIS -~ ARG .. | =~ = & = -
6th PHE "7 - TRP ) - -

4

o
= !
W

'Fernandez et al. (1994). Order of aa. Ilmltatlon based on chlck growth and feed conversion.

2Lilburn (1995). Order of a. a I|m|tat|on based on protem eff cnency ratlos |n turkey poults

T »
g

sl

*4th limiting amino.acid not cleany delmeated elther TRP HIS, ILE, VAL or PHE

P PR

{
W
Table 3. Minimum C.P. Levels Obtainable in Broiler Diets Supplemented with ‘ ‘
Adequate Methlomne and Lysune1 :
Growth ‘ .. Minimum Assoc. level
Phase R - CP.,% _____L-LYS HCI, Ib/ton2
Starter (0-21d) =~ . 21 2.93
- w/ grow-fin compensation - - 19 : 6.84
Grower (22-42d) . . 195 ‘ 2.73
w/ finisher compensation .= - 18.5 . - 472
Finisher (43-56d) o 18 S 140
"Halpin (1994).

2Supplemental levels of L-LYS HCI associated with the minirnum C.P. levels.




1

Table 4. "Near Minimum!.C. P Levels Obtainable in Turkey Diets

Supplemented with Methionine and Lysine (Walbel 85% diet ‘ .
- series) vs. NRC Levels-of C P. (extrapoldted to 3-wk intervals) ‘ } 3
 Growth phase NRC C. P % Vot .Waibel‘_C.P.,%‘“
(wks-of-age) (extrapolated)1 (85% diet series)?
.. 03 7. 2807 24.4 - (87%)3 o ; |
S 38 , 267 . . - — 233 o (87%). -
T 6-9 y 0 247 219, (89%) .
912 - .. 220 198 - (90%) |
12-16 . 190 -, - 172 . 7 (91%) x
15-18 : 173 S

' 1NRC (Poultry, 1994) extrapolated to 3-wk mtervals

2Walbel et al (1 995) actual C P contents in 85% lysme d|et senes

Jho A Ga]

3Percent of extrapolated NRC (column 2 as % of column 1).

154 - (89%).

L “ 1
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METHIONINE AND CYSTINE REQUIREMENTS AND METABOLISM FOR .
: SRR LAYERS AND BROILERS :

[ ¥
A Zhlqlang Cao,v Hulyl Cal, and Cralg Coon L ce
' ~! Department .of Animal Sc1ence
<L Un1vers1ty of Minnesota ® : ..
. 7 ...8t.L Paul, MN 55108 'Q S
The sulfur amino ac1d requlrement of . laylng hens and
broilers has .been traditionally expressed as a methlonlne
requlrement and:TSAA requirement (NRC, 1994). The concept |
of the” requirement implies .that the demand for sulfur amino
acids can be satisfied with either methionine alone or the::
combination of methionine and cystine. ' Although cystine is,
not an-essential amino acid, the ability of cystine to spare
methionine has been known since the .early studies of Womack

and Rose (1941).° Studies with rats have suggested that the .

methionine metabollsm ‘was a.cycle with a unidirectional
outlet formed by the cystathionine B synthase " reaction.
This is supported by the fact that in mammals methionine can
be endogenously converted to cystine whereas the oppos1te is
not possible because of a:lack of enzymes (Finkelstein,
1990). .The methionine metabolic pathway as ‘determined w1th
mammals is shown in Figure. l.. Enzymatic studies: w;th,; B f
poultry to determine the regulation‘of methionine and- s
cystine metabolism have beéen limiting. The known sparing
effect of cystine on methionine.requirements has created ~
many misconceptions regarding the use of dietary cystine in
feed formulations for poultry. The confusion about: .
methionine .and TSAA requirements has been created by .the
lack of information abdut. the efficiency of methionine
conversion:to cystine, = ‘the quantitative relationship of
cystine for sparing methionine, quantity of dietary-cystine
in test-diets and the.utilization efficiency of supplemental
methionine and cystine. . The purpose of the studies (Cao, -
1995; Cai, 1995) reported-herein are-1l.) to determine organ
location of important enzymes and metabolites involved in
the metabolism of methionine and cystine in layers-and .
broilers, :2.) to.determine the effect of diet, molting,

)

)
Y

‘and daily diurnal lighting.and feed intake patterns .on

methionine and cystine.enzymes. and metabolites in layers,. -
3.) to determine the digestible methioniné.and cystine :
requirements. for maximum égg mass production for commercial:
White Leghorn hens, 4.) to determine the efficiency of
utilization of synthetic methionine and c¢cystine to provide.,
for the layers: cystine*requirement and 5.) to determine- the
effect of feeding syntheti¢ amino acid: dlets with dlfferent
levels of methionine -and cystlne on sulfur amino ac1d
metabolism in broilers. -
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Experiment 1, “Activities of:-five key. enzymes and: -
concentrations of six metabolites 1nvolved in the methlonlne
metabolism were determined in liver, magnum, pancreas,
kidney, heart, lung,” breast muscle; leg muscle and spleen of
laying hens. The enzyme and metabolite: -concentrations were
determined in hens fed  a” diet. ccontaining:. 12,899 kcal ME/kg
and 19.5 % CP with .81 % .TSAA. (0.:5 % methionine and 0.31 %
cystine) .- The. methionine 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 “(specific activity * totdl weight of:organ)
in tHe breast muscle :(163..fold Higher than other tissue) and
leg musc&e (300 fold‘hlgher than*other»tlssue) The breast

synthes1s of. ‘the S adenosylmethlonlne(SAM).wThe methyl group
ot methionine 1s actlvated for methyl transfer by S~ -
adenosylatlon Another common “carrier of methyl groups used
by’ animals isi‘coenzyme By3y ¢ ;In broilers; Cao and .Coon’
(1994)'reportedtthe total- act1v1ty of .the MAT ‘erizyme in’
breast Tiscle .and leg muscle -was ‘also sigrnificantly larger
than in"other tissue. " The high concentration of the MAT -
erizyme' in“théwbreaSt%andﬁlegamusclé in:poultry is-different
tharn 'found i ‘other “species. ‘Mudd et al.. (1965); reported
that the“skébétalﬁmuSCLe'of rats cdontdined negligible. -
amounts+of. the :MAT- ‘enzyme. . Bendeny(1975) suggested the -
highest- concentratlon ‘of ‘MAT. in mammals-was in- the llver
with the-’ pancreas and krdney ‘containing moderate amourits.of
the: enzyme ~.The~ remalnlng*tlssue -0of mammals only contaln
1/10 thes act1v1ty found in the mammablan liver. - ... el

e dENn v, o R et At L G
ngher act1v1t1es of betalne homocystelne methyltransferase
(EC 2.1.1.5; BHMT). and N°= methyltetrahydrofolate-
homocystelne methyltransferase (EC 2ulwl:,13; MFMT),i: whlch
are methionine- conserv1ng»enzymes, .and . hlgher activities of
cystathionine: B-syrithase .(EC 4.2.1.22; CS) and cystathionase
(EC44 451 1; C-ase).,-which are.methionine-catabolizing-
enzymes, were: observed in. Yayer~ 11ver't1ssues.m The llver
in:: layers is-an 1mportant organ for "both: methlonlne
synthes1s and degradatlon T H et

21 .‘L_w S . B LT g Tt '

The hlgher total 'BHMT and- MFMT act1v1t1es,'lower cs .
activities; lack:of:C-ase ractivities. and "the:non-detectable
cystathionine andicysteineconcentrations.'in- breastrand leg
muscles..of 'layetrs indicates theﬁmuscles are the major tissue
for. methionine ‘conservation.: The::lack.of.muscle C-ase may
have also "caused: an 1nab111ty to measure free cysteine as
nmoles/g: muscle tissue. .. The lack of-muscle free cysteine
may indicate” a sllght pressure point:for > maximum protein
synthesis in thHe ' miascle for-both layers. and. _broilers. Cao
and Coon (1994) .reported the broiler: also.has rno.C- ase and
free cysteine in muscle tissue. . R TR SO I
The higher CS and C-ase activities, lower total BHMT and
MFMT activities, higher levels of cysthathionine and
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cysteine concentrations determined in the magnum, pancreass -
and kidney indicated that these organs are  important for
methlonlne degradatlon ;

Ex pgrimgn; 3. The dlurnal changes of flve key enzymes and
six: metabolltes involved in.-methionine metabelism were
determined in laying hen livers. . The enzymes and
metabolites showed- rhythmlcal changes related to the feed
intake patterns associated with the light period. Layers
during  the .light period of ‘the day compared to those during.
the .dark period of the day showed elevated activities of"
methionine S-= adenosyltransferase (EC 2.5.1.6; MAT), §
cystathionine P -synthase (EC 4.2.1.22; CS), and I
cystathionase (EC 4.4.1.1; C-ase); and depressed )
activities of betaine- homocystelne methyltransferase (EC .
2.1.1.5; BHMT) and N§fmethyltetrahydrofolate -homocysteine
methyltransferase - (EC 2.1.1.13; MFMT). The hens during the.
light period of-the day had a decreased methionine to
cysteine ratio, an increased methylation ratio (s--
adenosylmethionine to s-adenosylhomocysteine ratio) and an
increased concentrationof cystathionine in the liver. The -
diurnal changes that occurred with the enzyme and metabollte
levels 'in'the liver indicate the layer tends to catabollze
methionine to cysteine during the day and favors conserv;ng
methionine during the dark period. The diurnal changes in:
enzymes and metabolites - of - the liver tissue-of the layer may
not reflect the daily synthesis of protein for egg albumen .
or yolk. Smlth and researchers (1957) have previously

showed;that the magnum portion of the oviduct is primarily: f%ﬂz

respon51ble for the formatlon of the egg albumen protein. .
Smith et al. (1959) also suggested that approx1mately 45% of
the egg albumen is made whlle the ovum passes through the
magnum. - - Hiramoto and workers (1990) have also showed- that
protein- synthesis in the oviduct was the highest when the
ovum was located in the magnum. The magnum of the hen as’
shown in Experiment 1l has a complete.group of methionine
enzymes .available for remethylation of homocysteine to
methionine and to produce cystathionine and cysteine-with .
transulfuration enzymes: The" data in Experiment 1 1nd1cates
the total activity of cystathonase in- the magnum is second.
only to the liver and provides the tissue with a. large
' capacity to prbduce cysteine. The synthesis of egg yolk
protein occurs in the liver; however, liver: proteln
synthesis has been shown with 1sotopes to remain constant
without affect of ovum pos1t10n in the ov1duct ( Hiramoto
et. al. 1990) o s . :

E;pg;lggg;_;L— The dlgestlble methlonlne requlrement of
layers was determlned by feeding a high cystine basal. (.42
$ digestible: cystine) and also determined with a low cystlne
basal (.15 % digestible- cystlne) . The basal diet consisted .
of a 8% CP corn soy diet with added synthetic amino
ac1ds(essent1al and non- essentlal) to provide a 15 % protein
equivalent diet rcontaining 2850 kcal ME/kg, (Table 1). The
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basal diet was supplemented :with 085 % -choline chloride
(50%) to minimize theée need.‘of Using methionine to provide
methyl groups for choline replacement. The two basal diets
are used to separate the methlonlne requirement and cystine
requirement of. layers The requlrement of digestible’!_.
methionine "for égg mass production was detérmined- with the
high cystlne basal to be 352 mg /hen/day to generate a'daily
54 g egg mass ' (Table 2; Flg 2) ‘The reéquitrement for =
digestible cystine ifor: ‘egg mass productlon was determined to
be 184 ‘mg/hén/day by subtractlng the-amount :of digestible
methionine neeéded for optimum performance between b1rds fed
the high &and low cystine basal. Layers needed 376 ing
digestible methionine when. fed the .15 % cystine basal. ' The
layers consumed 165 mg: dlgestlble cystlne with the low
cystlne basal. '~ The 24 mg of additioenal digestible
methionine- needed for optimum’ performance will be converted
to 19 mg of cysteine (80 % by weight; methionine mélecular

. weight-149.2 and cysteineé molecular weight-121.2). The

problem with this’cystine-requirement is the layers were
losing .92'g /hen/day. The " layers’™ consumlng 352 mg ‘of
dlgestlble methlonlne 'with' the high c¢ystine basal produced
54 g of daily egg mass and also gained®.35 g/hen /day ‘but
the 1mportant questlon from. this work is how much'of the..
dietary cystine from the high cystine basal was needed to
provide“the égg mass, hen maintendnce and body weight gain.
An 1nterest1ng observatlon from thls experlment was the hens

added methlonlne( approx1mately a'600 mg 1ntake of
dlgestlble methionine and 168 ‘mg" dlgestlble cystine) to -

reacha body weight : equilibrium of ndé gain' or loss(Table 2;

Fig. 3). .Thé hens.required an additional 248 mg of '
dlgestlble methionine to attain welght equlllbrlum above the
352" mg requlrement for egg mass.” If the conversion of
methionine to cystine is 80 % by weight and 100. $ molar
equivaleht, the digestible’ cystlne requirement from this
group” of hens would.be 366 mg /hen/day. If the regression
equation for body. weight equilibrium in Figure 3 is utilized
to détermine the methionine intake requirement, the hens
required’ 533 mg methionine intake which ‘could be partitioned
into 352 mg “digestible methionine-and 313 mg. dlgestlble
cystine.. Hens fed thé high cystine basal were gaining weight
with the 352 mg intake of methionine, however the hens were
consumlng extremely hlgh levels of cystlne (462 mg/hen/day)
Hens were sacrlflced at 1500 hours on the last day of the
experiment in order to study the effect of diet on enzymes
and metabolites. The hepatic Met/Cys concentration ratio
was relatively lower in hens -fed the .143 % digestible
methionine. level wrth either the’ hlgh or low Cystine

basal (Table 3). ' Hens" consumlng approx1mately 256 mg of
digestible methlonlne from the ‘low cystine-‘basal or the high
cystine basal-had the hlghest ‘hepatic Met/Cys ratioi The
hlghest liver ‘free. Met/Cys ratio of' 1.2 was from hens
consuming 256 mg of digestible methionine and 158 mg- of

+260



o W - 5

digestible cystine. All layers that had daily intakes of
digestible: methlonlne above 256 mg had a lower< hepatlc .
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” S
act1v1t1es(Table 4). The CS'activities of hepatlc 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- methionine’ -
level or higher levels of digestible methionine. Layers fed
the high digestible cystine diets -did not have lower. levels
of CS compared to -hens fed the low cystlne basal diets. .The
layers with the lowest CS activities that were fed the
second and third-level of methionine in both' the low and
high cystine basal diets also had non-.detectable 1liver
homocyteine levels. - The low level 'of .the substrate )
homocysteiné in liver tissue may have caused the drop in the
CS activities becausé the lower activity" also occurred with
layers fed high cystine basal diets. - In rats, the CS liver
enzyme has been reported to be depressed between 34 to 47 %
when rats wére fed .3 % methionine plus .51%-cystine. o
compared to  rats fed .6 % methionine'and no cystine - -
(Stipanuk and Benévenga, 1977). .  The researchers suggested -
the decrease in CS with dletary cystihe was not rate . &
llm1t1ng for methionine oxidation and not the reason for the
sparing effect of dietary cystine on methlonlne " The:lowet
hepatic Met/Cys ratio of hens consumlng more than 256 mg  *

digestible methionine indicates: that the: “hepatic methlonlne .

levels accelerated methlonlne degradatlon ‘to cystelne

The hens fed the lowest levels of methlonlne w1th both
cystine basal diets had a large daily loss of body weight.
The protein mobilization from these hens may have also
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 optimum methionine intake
for maximum SAM/SAH ratio was also the same methionine
needed for maximum egg mass productlon The reduced ‘liver -
SAM/SAH concentration ratio of hens fed lower intakes of
digestible methionine may be due to less available hepatlc
methionine. Thé reduced liver SAM/SAH concentration ratio'of
hens fed excessive intakes of methioriine may be related to
relatively lower MAT activities in the liver. Hepatic
homocysteine was non-detectable in layers -féd the two
optimum levels’ of methionine intake needed with the low
cystine basal (256 .ing digestible methionine needed for:
maximum hepatic Met/Cys ratio and 376 mg digestible
methionine for maximum hepatlc SAM/SAH Yratio) and the two
levels of methionine intake’ needed with the high cystine =
basal (256 mg digestible methionine - needed for maximum’
hepatic Met/Cys ratio and 352 mg digeéstible methionine for
maximum hepatic- SAM/SAH ratio). - The-cause of the decrease
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in liver ‘homocysteine may bé related, to the enhanced :
methionine;utilization for egg -protein synthesis with the

- optimum intakes of digestible méthionine. The lowest levels
of -hepatic: homocystelnetand SAH that occurred in the diurnal
~studies of Experiment . 2.were at 1300 hours which may reflect
the-time the majority of ovum would be located in the magnum

for. proteln synthes1s - .
In; a second connectlng experlment, four equlmolar 1ncreases
fofhmethlonlne (.05,-.10, .15, and: .20 %)or cysteine ( 04,
08;7.12,. and’ 16 %)were added to the low cystine- adequate
methlonlne basal diet:to determlne the- eff1c1ency of . -
utlllzat;on,ofAmeth;onlne Or * cystlne‘to meet the,cyst1ne{
requirement of :layers. The same .148 % digestible cystine
(low ' cystine) ‘basal. dlet used in the flrst part of-
Experiment 3 was used,: however the basal diet contalned
319 . % dlgestlble methlonlne to -supply the. methionine’
requirement. Body.weight: gain was the only_performance
parameter. that .showed a significantiresponseLtoﬁadded ‘
methionine or cyste1ne~ --Supplemental methionlne and cystlne
were equal on -an’ equimolar basis for increasing weight gain
for the cystine deficient hens( Fig. 4 )... The hens- fed the
low cystine -adequatexmethionineﬁbasal»lost 3.24 g body
weight day while consuming 315 mg of digestible methionine
and 146 mg digestible cystine. The, addition'of either .05%
‘methlonlne or,.04% cystine significantly reduced the weight
loss., The: hens fed .05%-added methionine to the basal =
consumed 382 .mg- dlgestlble methionine and 153 mg digestible
cystine. and produced 53 g-egg mass/day. The hens fed the
basal plus .04 % cystlne consumed 347 mg digestible
methionine and 205 mg digestible cystine and produced
approx1mately 53, g daily egg mass also.. -If the digestlble
methlonlne requirement for hens produc1ng 54 g egg mass is
352 mg/day,  then 30 mg of methionine of the 382 mg' intake
could be converted to .24 mg of cysteine. The hens fed the
basal- plus .05 % methlonlne would have access to 352 mg
digestible methlonlne and 177 mg digestible.cystine. Hens
fed the diet containing .10 % added methionine to the basal
consumed 456 mg digestible methlonlne and 161 mg digestible
" cystine and gained .54 g/hen/day Assuming -the digestible -
meth;onlne‘requ;rement is 352 mg with adequate cystine for
both' egg mass and weight .gain and a. 80 % conversion rate for
extra: methlonlne is used for the cystine requirement, the
dlgestlble cystlne requlrement is 244 mg. The 244.mg
requirement for digestible cystine is. also conflrmed with
the .08% added cystine treatment. The hens fed the adequate
methionine“basalfwith ;08;%‘addedéto'the.148 % digestible
cystine basal provided the optimum cystine level, because the
hens were approximately at equilibrium for ‘body weight. The
hens fed the basal diets with .08% added cystine were
consuming 339‘mg'dlgest1ble meth;on;ne”and‘242 mg
digestible cystine. ,The hens fed .12, % added cystine to the
low cystine basal, galned 1 g hen/day Wthh was a
s1gn1f1cantly larger dally weight gain than hens. fed .05 %
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additional?méthionfne\With’tHéJlow,cystine‘basalt “The hens
fed thelow: Cystine basal -with,l2:% ‘added cystine were. ’
consumirig-'345 mg- dlgestlble methionine 'and. 290 mg dlgestlblef
cystine. Heéns' consumlng the"low cystine-adequate methionine "
diet tended to.consurne léss. feed and produce less' edg- welght
and-e€gg mass altliough the response was not 51gn1f1cant ST
compared to hens fed e1ther the addltlonal methlonlne orzt"im
cystlne dlets RS SO S -;‘,-:J ' ?A“ . ST ?_’
ﬁ”_ T PR R SR . Do

.

E

The lack of C-ase’ act1v1ty along with non measurable levels -
of free homocysteire,: ‘cystathionine, “and cysteine in layer:
muscle tissue indicates' a potential- limitation for prov1d1ng
adequatle - cystelne for mainterance of ‘muscle tissue. '~ Sincé
C-ase activity is non-measurable in muscle tissue, thHe .- o
cysteine needed for muscle will need to be transported from
other organs or..from the -diét.~ Research from Experiment 2:-_,
indicates methionine concentration "is approximately 70 §
nmoles/g wet weight of breast: 'muscle and 100: nmoles/g wet
weight of leg .muscle, ..The pressure of supplying daily . i °
amounts-of cysteine for 'muscle maintenance.for . layers with.«.
low cystine diets may be greater than supplylng ‘cysteine forl
egg protein. because .0of "‘the limitation of converting’ ¢<3
methionine to cysteine in muscle tissue:.”The liver and
magnum.tissue needed for yolk and albumen synthesis ', .. S
respectively,' for layers have . high specific activitiesiof CS:
and C-ase plus the concentration of cysteine is high in_ both
tissue. . The 'lack ‘of C-ase activity 'in spleen tissue whlle Wi
maintaining the highest ‘concentration of tissue cyste€ine .im i\
Experiment- 2 1nd1cates cystelne can be readlly moved by the‘?ﬂa
vascular system T u:g; ” . s

PR e I C e
xperimgn; 4} Prev1ously 'Coon and Cao (1991) reported that‘

laying hens force- molted showed 4a'f response to:- dietary oo
cystine durlng ‘the early stages of’ recovery ‘during the- post—ﬁ
molt - perlod The “layers fed diets with' .61 % .TSAA with:- a . .
Met/Cys ratio of .45:1:54.9 had the qulckest feather growth
during this ‘period-but "layers fedra’.50:50 ratio . had the
overall highest egg:'mass production ?'during the 16 wéek !
study. The layers fed lower levels of'"cystine-because of
methionine’replacementforfinadequateqlevels:of methionine
with too much cystine “(Met/Cy's ratio” of 40.2:59.8) dld'not ’
produce “the "egg mass’ compared to -the two groups ‘of ‘hens -
consuming ‘optimum “levels of. meéthionine ‘and . cystine. The
research 'indicates after the fastlng period during the mélt
the Hen is not capable of- produc1ng adequate cystine to .
produce feather»protelns ‘unless a spec1f1c part of the TSAA -
requirement.-is dietary cystine. "An" experlment was:- recently
completed with laying hens-to determlne the ‘effects "6f. force

. molting on methionine: and cystlne enzymes and . metabolltes

The results show the "ernizymes MAT, BHMT, and C-<ase are‘g AR
reduced on"day 21 of the 56 day study.' ‘The MAT ‘and. C-ase ~ ~

hepatic 'enzymes of:the force molted layers remain lower R
through day 56 compared to pre-molt enzyme activity. The
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lower MAT enzyme during the molting-recovery period also
produced a lower plasma  SAM level that did'not reach pre-
molt levels until "day 49. The low C-ase enzyme in the liver
tissue ‘'of the layer during the recovery period after force
molting helped. produce 2-2.5 fold increases in plasma
cystathlonlne The C-ase enzyme converts cystathionine to
cysteine. - The reduction in the MAT enzyme:would decrease
the amount of SAM produced which has been shown in rat .
tissue to activate the activity of CS. The layer is show1ng
a reduction in the ability to produce cysteine during the
recovery period. . The enzyme data correlates with the layer
feather growth and performance . information and ‘indicates a
specific need for dietary cystelne durlng the post -molt -
perlod for layers.

Egpg;imgn; 5; - The concentratlon of sulfur amino a01d .
enzymes and metabolites were determined in different organs
of male broilers to.compare to .layer sulfur amino. acid
metabolism. ‘Activities of five key. enzymes and. :
concentration of -six .sulfur amino acid- metabolltes 1nvolved
in the metabolic pathway were ‘determined in the liver, .-
pancreas, kidney, heart, lung, breasti -muscle, leg muscle,
and spleen of five week o0ld broilers. Broilers contained
the important enzyme methionine adenosyltransferase (MAT) in
all tissues with the highest total activity in the breast
and leg muscle(Tables 5,+6). .The total activity of MAT was
2x greater in the breast muscle.of the broiler compared to ®©
the leg muscle.- The total-activity of MAT was 2X greater in
the leg muscle compared to ‘the breast muscle in layers. . The
liver is one of the major organs containing the highest
activity of ‘betaine-homocysteine methyltransferase (BHMT),
N5~methyltetrahydrofolate—homocysteine(MFMT), cystathionine
-synthase(CS) and cystathionase(C-ase). The breast muscle
contains approximately 1/2 the BHMT activity per g of
tissue as in liver but contains. 5 fold the total ac¢tivity
compared to the liver(Tables 5, 6). .The kidney activity of
C-ase per g tissue is 4 times dgreater per g tissue than in

. the liver but the total activity 1is approximately the same.
The sulfur amino acid metabolite concentration  in each of
the organs was different , however methionine was primarily
located equally in ‘the liver, kidney, and spleen on a per g
basis(Table 7). The concentration of cysteine is located in
the kidney, spleen, pancreas, -and liver. - The concentration
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 -and leg muscle tissue of
broilers do not contain detectable levels -of free cysteine
and is probably“related to the “extremely ‘high levels of
cystelne found in kidney.. - The high levels of cysteine found
in the kidney and the lack of the amino acid in muscle

- tissue in broilers was also found in layers. The amino acid
cysteine .is synthesized in the liver, kidney, and pancreas




and must ‘be sent. .to the- muscle tlssue for growth along w1th "
the dletary cystelne : . , .

¢ oarn RNy 2 ‘
g;pg_;mgg;_ﬁL The d1etary requlrement of methlonlne and .
cystine of .-broilers was evaluated with two sepdrate studles;v
In the first ‘study, the dletary requirement of methionine .
was determlned for broilers by feeding a pur1f1ed diet Lo
containihg an extess of cystine(.50%) (Table 8).  .One day-old:
male 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 seven’ equal groups contalnlng 140" chicks 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 also one
group®of chicks was fed the corn-soy starter diet.as a
positive coritrol. The chicks were fed the experimental
diets-for:the féeding period fromg8#21 days. : The. chicks

were kept in ‘environmental’ rooms with the temperature
maintained.at 35 C for day one and then 32.2 C for the
remainder .of thé first 7.day pre- experimental perlod The -
experiméntal broilers were kept at 29.4 C from day 8- 14;andu
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 replicaté(8 chicks per:treatment) were sacrificed for - -
liver ‘enzyme and metabolite determination. The weight gain
data indicated the percent methionine needed for maximum . #
gain was .28 % when fed with .50 % cystlne(Table 9). The"”
chicks fed .58 methionine were able:to gain 1.4 g add1t10nal°m
weight pér day with the best feed efficiency of 1.7 compared.
to 1.86 with .28% methionine‘although the gain and feed
efficiency were not significantly different. The enzyme . -
activity for the MATfand”BHMT,enzymesrwere.significantly
decreased. in the ™ liver tissue. of the.broiler chicks. fed .28
% methionine- compared to chicks fed .08% and- .18%
methlonlne(TabLe 10) .The.C-ase activity was the lowest for
chicks fed .18% and .28% methionine compared to CthkS fed
both lower and:higher: methionine levels. The liver' o
concentrationtof sulfuir amino acid metabolites indicates the-
concentration of SAM andcystathionine are the lowest when
dietary ‘methionine was fed-at .28% and is increased when
chicks are fed either more”or'leSSHmethionine(Table.11);’
Cystathionine. levels are the highest in liver tissue from::
broilers fed .58% methionine indicating the synthesis of : 4
cystlne is 1mportant with the excess methionine. The CthkS
fed increasing levels of. methionine did not show an 1ncrease
in liver methlonlne or cystlne concentratlon R -

' .

The second part of the br01ler feedlng trlal was- conducted
to determine the cystine requirement. The .experimental
design was identical t6 the first portion with regard.to
experimental design and: pre-experimental and experimental
poultry husbandry condltlons. The experiment. con31sted of

s
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feeding broilers from.8-21 days a purified diet similar to
the diet in Table 8, however the basal diet did not ¢ontain
.50 % cystine. The basal diet contained .28 % methionine
and chicks weére fed six different .levels of cystinhe. Three
groups of chicks were also .fed.three levels of additional
methionine in addition to the .28% in the ‘basal _diet with no
added cystine. _The.cystine additions utilized w1th»;he .28%
methionine. diets was added to determine the .cystine needed
by broilers. The methionine added diets with the . .28% '
purified methionine basal were used to-compare the
performance :of chicks fed .28% methionine and test levels of
cystine compared to only- feedlng methionine. _The three-
levels of .added methionine should be equal to. dletary .
cystine if the conversion -of methionine to cystine is equal
to 80% by weight. -"The chicks were weighed on-day 21 and two
chicks per replicate were sacrificed to study the sulfur
amino acid liver K enzyme and metabolite levels. The weight
gain of - broiler chicks indicates the cystine requlrement is
between .24% and .34% when fed with a .28% methionine

diet (Table 12) . The,best feed efficiency occurred for.
chicks fed .49 cystine, however. the difference is not
statistically different than .24 %. cystlne The enzyme MAT
significantly decreased with the:highest level of dietary
cystine but the BHMT enzyme was significantly increased with
the high.concentration of cystlne(Table 13). The ‘BHMT enzyme
is a methionine conserving enzyme and the system is trying
to produce more methionine because of the excess cystine”and
the MAT enzyme' is decreased because there is less methionine
available to concert to .SAM. The CS enzyme is greatly
increased with the increasing levels: of methionine with no
dietary cystine indicating a need to-synthesize cystine.

The increasing levels of dietary cystine greatly increase
the liver methionine and cystine. concentration(Table 14).
The significant increase:in the liver methionine and cystine
levels occurtred when chicks were fed .24% dietary cystine
with the .28% methionine basal. . The:ability to_ ‘increase the
hepatic methionine with the .24% cystine diet indicates a
sparing effect of cystine on methionine.. The large increase
in hepatic cystine in chicks fed .24% cystine indicates the
system. is saturated:with cystine. The conversion of .
methionine to cystine is approximately 80% on a weight basis
for chicks. fed only methionine compared to" CthkS fed a base
level of methionine with equimolar cystine . increases.
Actually, the only increment of methionine that was not 80%
or equimolar to cystine:for producing weight gain was the
.175 % level.: The weight gain produced with- .28% methionine
and .14% cystine should be equal to feeding the .28%
methionine basal with .175% additional methionine. The
chicks fed the .175% additional methionine did not gain
equal to; CthkS fed .14% cystine whereas higher levels of
methlonlne were’ equlmolar to hlgher levels of. cystine. _
Possibly the lowest increase in methionine is providing for
a slightly higher need for methionine than obtained with
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.28% methlonlne and less of the methlonlne is converted to L
cystlne - . R o

{ S - . e - . . R .
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1.) -THe- b1010g1ca1 conversion of methlonlne to*SAM AT T

primarily occurs in muscle tissue of ‘poultry .whereas "in "~ -
"mammals the lrver, kldney, and pancreasi contain the majority'.
of the MAT’act1v1ty ‘The MAT énzyme content in the liver of .
layers is cldsely’ correlated to’ feed 1ntake and methlonlne

.~ o

consumption. : R Y

2.) The degradatlon of - methlonlne to cysteine prlmarlly
occurs in -the liver, magnum, pancreas;' and kidney: produc1ng
high levels of cysteiné in thesé organs. -'The muscle tissue-
of layers were found to- ‘confain non- detectable levels of. C—
ase with non- detectable levels of free cystelne ¥ \
: R A T
3.) Methlonlne degradatlon to SAM and cystelne prlmarlly
occurs during ‘thé light ‘Périod and the hens tend to conserve
methlonlne durlng the dark perlod ‘ Tl ‘
oL T g
4.) A TSAA requlrement has no meanlng 1f poultry SR e
formuldations have adeqgquate dletary cystine. > K TSAA '
requiremént dctually has ‘no medfiing at any t1me because a.
nutritionist needs to know how much" cystlne 18- avallable to
provide for theé. cystlne requlrement -If the dietary S
digestible cystine is léss ‘than needed by the hen then
additional methionine above theé 'methionine requirement w1ll”iv
have to be prov1ded for the cystifie requirement. If extra
dietary cystine .is available' 'to the layer above the cystine
needed for thé synthesis of protein(including both tissue
and feathers), taurine; "glutathione, and:chondroitin . '~
sulfate the additiohal-cystine will have leéss nutritional .’
value andeshoﬁld‘not'be“usedlln'formulating feed for a itotal
sulfur amino acid réquiremént: Cystine can nét be ggnxg;;gg
Lo methionine and help with the gbecific methiorine ‘
requirementsg, The only time cystine sSpares methiornine’ is.
when adequate cystine is fed. If adequate cystine ig fed
mwmmmmmmmu
cystine requirément and the methionine can be more -
mmmmmmmxr
the lgxg;L The research reported herein with the layer as
well as ‘previous research w1th rats indicates the
transsulfuration process in the layer will continue . - = .
producing cysteine or cystine from methionine irréegardless
of the dietary cystine level being fed. "In practical layer: .
diets with a"minimum-of 16 % intact corn-soy protein an .:
average value for ¢ystine would be approx1mately .250" %+
with .84 % digestibility” prov1d1ng .21 % digestible- cystlne
If the dally consumption’ of 245 mg ofdigestible.cystine’is -
needed for maintaining welght '6n hens weighing 1. 5 kg and
producing 54 g of 'daily egg mass then hens consumlng S
approximately 100/g of a! corn-"soy 16 % CP diet will need

N
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to useisome dletary methionine to supply the cystine.
requirement.: If a nutritionist is feeding hens that are
produc1ng less egg mass or selects to feed for smaller egg
size with lower levels of protein, cystine, and methionine
then the 350 mg digestible.methionine and 245 mg digestible
cystine suggested in -tlii's report: would need:to-be altered.
Layers -were-capable of; producing 54 .g-of egg mass, with less
than 245 mg. of- dlgestlble cystine but the observed 1-3.5-g
loss ofr ‘body: :weight/day for these hens. was supplylng a - -
porticn of the cysteine that icould: be, used to. maintain the
egg mass output through proteln moblllzatlon PEEEEEE

5. ) Cystlne may need to be,cons1dered as a seml essentlal
amino. acid- similar to. the method of descrlblng glyc1ne and
serineé ror proline: for -chicks. Cyst;ne_may ‘be produced from
methionine but -there- maygbe dlstinct;advantages,in'having
dietary cystine especially for body weight gain. - The lack
of frée .cystine or .transsulfuration enzymes:in muscle tissue
may create .a pressure. point for maintaining-or daining body
protein. .The lower cystine requlrement for egg mass ;-
compared to the amount -needed to supply body: weight .

‘equilibrium or gain may be a -reflection of the .

transsulfuratlon enzymes avallable in. the- magnum of the
reproductive tract and no transsulfuratlon ‘enzymes..in, muscle
tissue:. .The. methlonlne cystelne ratio in the proteln of
layer carcasses, whole . .eggs; -and ground feathers is - *®
approximately 1.6,:1. 3, -and .05; Although there is a higher
methlonlneﬁcystelne ratlo 1n layer carcass protein compared
to eggs,-the quantity-of cystelne that-would need to be
available for carcass protein. maintenance-or gain ‘for a- 1.5-
1.7 kg hen would be. substantlal.; The :larger amount of
cysteine, compared. to ‘methionine ‘per protein unit in the
whole +egg .can -also be supplled by dietary.cystine and -
methlonlne, however methlonlne -can_also be converted to
cysteine -at the- llver(yolk protelns) ~Qr magnum(albumln
protelns)tlssue._ Therewls a-readily" avallable supply of.
cysteine: and; enzymes' found 1n these tlssue durlng dlurnal
studles.;giw‘; T : iy : :

6.) Methlonlne was converted to cystelne in- 1ayers to
prov1de adequate cystlne with-an’ eff1c1ency “of .80 -3 on a
weight ; or ‘concentration basis- which is similar to prev1ous
reports. The-determination of the cystine- requlrement by
feeding the h1gh and low. .cystine-basal diets in the first
part .of. Experlment 3 indicates the requirement of cystine is
between 313-366 mg- day(predlcted vs actual) The=* -
determlnatlon is based:on a 80*% conversion basis: by weight
of using all" methlonlne needed- above 352 mg for maximum egg
weight -and approximate body' weight equ111br1um . The actual
cystine- requlrement needed in the second part~ of Experiment
3 for:maximum:egg mass(also approximately 54 g. day) - and body
weight equ111br1um was determined to_ be only 245 mg day.

The difference between the, experlments is thejcystine
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incréments-were ‘added £o a’'basal with adequate methionine o
and cystine for egg mass and the response 'is primarily 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 efficiency of utilization for
methionine and cystine -for the egg mass and welght gain
response. ; S
7.) . Force molted layers “have been shown .to respond to. . Jx;
| d1etary cystine over dietary methionine as long as minimum.’
methionine levels aré éonsumed during the recovery period by
i increasing the rate of feather protein synthesis’. 'Feather
protein contalns approx1mately 20 times more cysteine than
methionine. "Layers that "have been force molted have.a >
decrease in the MAT -enzyme that is required for SAM™ :
production and also haveia drop in C-ase activity that .
converts cystathionine to cysteine The MAT enzyme at 56
days after the beginning- -of: the fastlng perlod 1s Stlll
lower than pre molt enzyme act1v1ty Ce o

ey ;,_ T

i 8.) The dlstrlbutlon of sulfur amino ac1d enzymes in br01lers
is 51m11arJto the erizyme location in layers The total’ MAT™
enzyme activity-in-the bréast muséle: is approx1mately 2x the‘
total activity in the 'leg musclé and is opposite that found
in layers mainly because of percentage of body part
difference betweentthé'birds. -The concéntration of cysteine: .
is 6 fold in the kidney compared to the liver primarily 2
because th1s is the tissue that contains the highest C-ase
activity: The breast and leg muscle tissue of ‘broilers do -
not coéntain- detectable levels of free cystelne whlch is the
same for layers.: + ¢ .. 7. : i ¢

9.)The-Conversion-of methionine: té cystine ih broilers-was
approx1mately 80% which was the -samé for layers. The feeding
of diets‘with increéasing levels of niethidnine with excess '
cystine did not show an increase in hepatlc meéthionine or -
cystlne. The feeding of diets with increasing levels of
| cystine. with- adequate dletary methionine: did -Show a: S e
significant-increasein: hepatlc methionine and- cystlne "'The
chicks fed the purified amino acid diets did not gain equal
to the CthkS fed the Mlnnesota ¢chick: starter (methionine, -
.5257%; cystine, .315%)pftherefore, the use of -the weight
gain data from chicks fed the synthetlc diets to determine
the requ1rement of these amino acids is limited. The use of
the purified diets allows’ the specific effects-‘of dletary
cystine and:methioninée“on metabolism-to be evaluated: The
data clearly indicates a-trend toward a higher-requirement -
of both amino acids when evaluatlng feed efficiency. The
initial suggested requirements of .28 % methlonlne and ;24%
cystine reported in“this’'manuscript 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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S MAT
G Methionine  emm=me——p  S-Adenosylmethionine .
R A (Met) - (SAM)

o A"]'»'éfré:hydvrofolate | - Dimethyl-

qr e : glycine . - 1. Acceptor .
SRV MFMT BHMT C}hbline CMethylated\

i+ _hydrofolate Betaine .
IR Ay Homocysteine €3 S-Adenosylhomocysteine

P . (Hey) (SAH)

Sl Cystathioni‘ne, C-ase _ Cysieine =
THLg | (Cysta) == > (Cys) —>=» SO4

| Flgure 1. Methionine metabolic pathway (Finkelstein, 1990).
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Table 1” Layer dlet comp051t10n.
Ingredlents and ana1y31s Control diet Basal diet -
A T N )

Corn,, ground . 49.342 s 66.438
Soybean: meal (47%) = . ¢ '32.320 - .4 5.701
Shell and Bone Builder T -4.955. 5.000
Unical F (Calcium) ' 4.955 4.506,
Dicalcium phosphate- (18.5%) 1.720 1.729
Sodium - blcarbonate P 272540 196
salt .. ' = TR - .189. = o ©-.200
Vitamin premlxa L e - .050 o« - . 050
Mineral premixP . , : .065 ©.065
Choline chloride (50%) ' .085 .085
Animal fat - 5.842 3.000-
Solk-a-floc€ . --- 3.983
Builder. sand’ e L R 1:992.
Ethoxyquin - SR ~ L0172 o0 - 017
DL-Methionine N 4188 ' S
L-Lysine HCL(78.4%) L -—= .559
Tryptophan (98.5%) --= : .115 .
Threonine (98%) . -—- . .374 .
Leucine, - _ ? - .476
Isoleucine i er ez T A - .478
Valine®' . - P TeEe LR ©.420 7
Phenylalanlne v T 2B - .415 =
Histidine < ' Sl BT B A L
Arginine: HC1 , -—- .608 s
Glycine' S -—- .074
Glutamic acid ‘ . --- 1.348
Aspartic acid . , - 2 mm= e 1.220
Alanine © : ECRC Losle L - .81¢6
Total - 4 = RN 100 » - & 100 )
Nutrient analysis :
ME, kcal/kg 2,899.3 2,850.0
CP 19.500 15.000
Calc1ums- o - 4.205 4.000 ’
Available P’ o L 451 . .400 =
Sodium™ - . EEERAEES . 180 5 4 - .160 -
Methionine = - K 500 .165
Cystine . ' .310 .176
Dig. Methionine .143.
Dig. Cystine .148

aThe 'vitamin premlx prov1ded the follow1ng per kllogram of diet:
vitamin A, 3,300 IU; Vitamin D3, 3,307 IU; vitamin E, 40.6 IU; vitamin
K, 1.46 ng; pantothenlc acid, 23.06 mg; and vitamin Bl12, 0.017 mg.

The 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. ;

CNonqutritive filler (cellulose), Brown Co., Berlin, NH.
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Table 2. Effects of dietary digestible\ methionine and cystine levels on laying performance.
. : 2 ' )

Feed intake

Treatment HDP - _ Egg weight: *  ‘Egg mass Feed efficiency . Body weight gain
' (%) - (g) (g/hen/day)  (g/hen/day) .  (gfeed/gegg)  (g/hen/day)
Control 93.452 59.79abc 55.88a - 112.382 2.02¢ -28a..
Dig. Met levels (%)
_with.148 % Dig.Cys. ) _ S
C 43 .. 4531¢ 51.14¢ 23.44d 75.96b 3.882 -5.60¢ -
240 ~'84.46b 56.33d 47.57¢ 106.752 2.25¢ -3.24b"
11337 - 90.33ab ~60.03abc 54.258b 111.652 2.06C -9 "
434 90.108b 57.66¢d - 52.02abc 107.482 2.08¢ -.508
531 ‘94,058 58.85bc 55372 113.212 2.05¢ .002 _
-Dig Met levels (%) -
with.416 %°Dig.Cys. - X ' i - Vo,
“143 . . 4580 .. . 4948¢ 22914 68.64b 3320 -7.45¢ -
231 " "8947ab~ . 5600d 50.18b¢ 110898 - " 2:22¢: -1.763b . -
1317 91.70ab 58.92abc 54.07ab 110.972 2.06° ‘358
407 93.642 60.352b '56.462 ~112.612 ©2.00¢ ..508
1495 91.96ab. 61313 56.564 114.132 2.06¢ 142 L
ANOVA analysis, . , ' RPN N
Pooled SEM - ., 27897 . .5982 1.8922 24254 .. .1082 $ 4363 . .
af >0 10 0 . 10 L 100 T, 10 100 10
P-value . ~.%".-"..0000 -7 -.0000 - .. (0000 " .. = 0000 - ° .0000 ° .0000 - -.
8-€Means within a column with no common superscript differ significantly (p<.05, protected LSD method).
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- - Egg Mass or Body Weight Gain (g/hen/day)

80

Em=-11.0825+.43216%x- 9 335*10A 4*x"2+6 74
60 | 4*10r-7*x3 ~1=.9982 *

40|

. e ne E - .
. < L P
R ERRNCE

0 ° 100 200%.300 400 500 600
Dlgestlble Met Intake (mg/hen/day)
Flgure 2, The dlgestlble methlonlne reqwrement of Iay|ng hens

as determined by egg mass and body weight gain. Sufficient
digestible cystine (0.416%) was provided in the diets.
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Egg Mass or Body Weight Gain (g/hen/day)
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Hi "< 5 ‘]r"._,_,‘ H = 0 - u -, N " D

O

' . W v .
i ] v
[ *
[
s N
h : \
= .
20 s

 BW=-6.417+.00101%x+6.733*107-5"2-8.533*101-8"x"3
. r=.9987

~ 0 7100 200300 400 500 600
| - Digestible Methionine Intake (mg/hen/day)-

Fiégre 3. The diéestiblé fnetlﬁonine reciuifemeht 6f laying hens as deférmihed by egg mass and
body weight gain. Deficient digestible cystine (0.148%) was provided in the diets.

| EM=16.7126+.4757X'247.983 10N 73 =996 =
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Table 3. Laying hen liver metabolite concentratlons as affected by dletary dlgestlble methionine
- "and cystine levels.’ ‘ :

b

A nmoles/g wet liver)

Treatment - Met SAM "~ SAH Hcy Cys
Dig Met levels (%) P " o
with-148% Dig. Cys. : : :
143, 142.32¢ 205.96¢ o 29 61420 86.1942 220.20¢f
240 ' 215.62bcd 298.29ab - 28.6472b " ND - 177.86f
337 - 239.112abc ' 353.422 29 008ab ND - 272.71d
434 260.11ab '242.08bc 30.6302 51.114bc :342.29abc
531 282152 © 272.74bc - 32/5202 36.412d ' 374.053b
¥ S . o
D1g Met levels (%) '
with'416% Dig. Cys.- -
143 206.41¢d. 211.51¢ 22.832¢ 75.9743b 391.508
231 170.96de 248.38bc -725.445bc © ND- * 263.20de
317 . 193.83¢cd “'317.742b . 728!1573b " ND “" 306.21¢d
407 215.47bcd -300.312b 'h9.5208b 22.942d ' 391382
¢ 495 S . 205.19¢d ©.300.77ab : 28.889ab "36.6154 - .335:28bc
Tt S { ¢
ANOVA analy51s N " - _ -
Pooled SEM e N T62820 . . 101190 - . 5996 . 5.9234. . 10.4940
df 9 . 9 el - T 9
P-value 10001 .0088 0211 .0007 .0000
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a-fMeans within a column with no common superscnpt dlﬁ‘er 51gmﬁcant1y (p< 05, protected LSD method)
ND:: Not detectable E R S , ‘
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Table 4: Laymg hen liver enzyme actlvmes as affected by dletary dlgestlble methlomne and cystine
- levels. . R Y PN S L |
] _(nmoles/mm[g wet llv_er) _

ford 700 R JyY N RN 0
‘Treatment MAT BHMT MFMT CS -
ng Met levels (%) w1th0€148% e SRR SRR
‘Dig. Cysz‘ ‘ .
143 0607 42.998ab .5092¢ 62.206abC
: 240 s .0325° 13.3764 7" 34164y 44.7174"
V337 0586 28.112¢ . .5400b¢ "+ 57.319bed
| 434 e 0328 - 33.149bc " 71122 66.4743b -
531 e 0157 77, . 137.6374be; .6889ab - 68.4158b "~
K D1g Met levels (%) with 0. 416%
D1g Cys. . . : '
143 0647 49.0172 70512 75.3592
331 T 0495 49.1898 - .6343abC 51.132¢d
317 ; 0433 32.665b¢ .6570abc 60.915b¢" .
sa0407 0 T 0151 -7 39.6158bc .64973be 61.4578bC .
Too4es 0396 ° 32.216b¢ " 6919ab 65.273abc
AN OVA analy51s _ :
" _Pooled SEM __ . __ . 0059 . 19802 0231 t 1.8631.
o df AL B 9 I S _ 9. 9 -
P-value 5142 0002 .0004 .0062
a-dMeans within & column with'no common superscript differ significantly (p<.05, protected LSD method).




Body Weight Gain (g/hen/day)

Pite DRI

S0 ewr 005 chce 001 4015 w0a02 . 025
SRR - - .-= Cystine equivalent (%) -~ .~ -

Figure. 4. Utilization efficiency-of 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.

SnL, o e oy focs (mmoles/min/g wet tissue) oo D IR
Tissue MAT. BHMT . ... MEMI.. . CS C-ase
Liver 7, 1308 o7 38.8942 < .0629b 71.87600. - 34.740¢
Pancreas 1+, «~ ~-d92}— -t~ NP - - = - - -ND- -~ --161.06002~ - - ~66.305b
Kidney 20961 ND 14552 45.3310bC 115.5902
Heart L0624 ND ND 1.0638d ND
Lung s 1821 ND 0192bc 11.8160¢d ND
Breast muscle 1373 19.061b ND 0654d ND
Leg Muscle 0820 4.827¢ 0118¢ 18484 ND
Spleen 1408 - ... ND. e ND ... 32407¢d ND
» ANOVA analy31s %, - T
Pooled SEM 0174 - 3.7696 0096 97218 9.0990
dof & 7 2 3 7 -2
P-value 4651 - .0000 .0001 0000 .0000
\.1\ ﬂ

a'dMeans w1th1n a column with no common superscnpt differ 51gmﬁcant1y (p< 05 protCCted LSD method)

ND: not detectable Nl -




5
Table 6. Total activities of methionine-metabolizing enzymes in broiler tissues.

AR SR

(nmoles/min/organ)

Tisswee . MAT ______ BHMT ___ MFMT ___ ~ CS °  Cease

Liver 5.66¢ . 1694.1b ‘ 3132802 150422
Pancreas . .91 e e 745.89b 305.2b
Kidney .. ..  T.26C - .7 187 .+ 58848b 149582
Heart - * 73¢ - 12.42¢
Lung . 22 . - 24 148.64¢ P—
Breast muscle 44022 ' 608482 - . 7 2143¢ -
LegMuscle . 2626 S15721b 404 Y 62170 —
Si),ffe.en | | 420 - V:;: o 9.58.% '7::%.\,“ :

- 281
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- ANOVA analysis A A - S } _
" Pooled SEM , 2.9872 57178 0 6665 . 150.53 - 179:15"
df-. 7.0 2.3 700 2
P-value .0000 * 0000 2849 - 7 0000 - ~.0008

a-CMeans within a colﬁmﬂl with no cdir_mion—-superscrip:thvciilifer;signiﬁcaﬂtly (p< .05, protected LSD methiod). - -




Table 7. Biological concentrations of metabolites of methionine metabolism in broilers.

T - '(ni'n.‘oles/g-wet tiSsue)
Rl AR L X BTl A LT U SRR LT+ 11 ' A, 7"5?'-"’_;"7;‘ SR S cdd T LIRS A% SRR o
“Tissue 0 Met ~SAM SAH = . Hcy Cysta “Cys
Ther . 207588 15334b . a3 63a Cwagh o adssa 337994
Pancreas ,.,}W 79.75d 140170 7 11444 ND .27.08b 603.30C
Kidney .- - ; 226, 46b’ 69.97¢"" ~7 18.00b "7 12,01b 725 .57b¢ 2265102
Heart 92.32¢d 148.09b 9.51f ND 13.85¢d 119.92¢
Lung 100.47¢d 145.42b 1203d  ND 28 41b 331.92d
Breastmuscle  29.37€ 25654 ., 11.04de  ND -9.59d _ND &
‘LegMuscle,  105.41¢ 38724 9g9ef ¥ ND - 3791d ND S
‘Spleen 266. 432 299.88a’ 1475¢ , 77.002 | g”_4.51,.;_6661 1196.70b
LANOVA analysis . T e .
Pooled.SEM 11,76, 1072 1.77 " 11.88 " 290 | _11;_32;‘89 |
df.. 7. 7 S L2 A 5"
'P-value 0000 0000 " 0000 0083 " " 0000 ~.0000
-a'fMeans within a column withno-common superscrlpt dlffer 51gmﬁcantly (p< 05 protected LSD metilod) .
ND: not detectable. e T
R I R R A SRS PR A RaEl thl 52




4 R Bl

o Tébb 3 on_'{nma o_f %Ba»sal D_i,et for éhic'ks1

* Ingredient -~ | > !:
Con Oil(g/Ke) o 50.0
Cellulose(g/Kg) . ... . 300 /
Sucrose(g/Kg) oo - 1540 LoD \
Amino acid mix(g/Kg)@  :* ' 1978 S
, Vitamin rmx(g/Kg%)/K S T 254 e
i Mineral mix(g/Kg)C 53.0
Ethoxyqin (mg/Kg) 125.0
Corn Starch(g/Kg). N ) .-
- . i T s -

3L -arginine. HCL, 11.5g; L-histidine HCLH20, 4. 5g; L-lysine HCL, 11.4g, L-tjrosine 4.5g L-
tryptophan, 1.5g; -phenylalamne 5.0g; L-threonine, 6.5g; L-leucine, 10. Og,L isoleucine, 6.0g; L-
valine, 6.9g, Glycme '6.0g; L-proline ,4.0g; L-glutamic acnd, 120.0g ’ ‘

. bCholine chlond(lOO%) 2g; Thiamin HCIl,.20mg; Riboflavin, 10mg; Calcxum Pantothenate, 30mg;
Niacin, 50mg; Pyridoxine HCL 6mg; Folacin, 4mg; Biotin, 0.6mg; Inositol, 100mg; Para- >
aminobenzoic‘acid, 2 mg;, -Ascorbic acid, 250mg; VltaImnAPalmltate 5200IU Vitamin D3 600IU; -
Vitamin E Adetate, 201U, Menadlon Sodium Blsulfate 6.08mg; .

°NaCl 88g, CaCO3 3g;, Ca3(POy)y 28g, MgS0O4.H50, 3.5g; KH2PO4 9g, ZnSO4 H,O
,100mg; Ferric citrate, 500mg; CuSOy4. SHZO 20mg; NaySeO3 02mg, KI, 40mg, CoS04.7H,0,
lmg, H3BO3 9mg, N32M004 2H20 9mg

1 Standard Reference Dlet for Chicks, NRC, 1994 . PP81
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Table 9. Effects of dletary meth10nme and cystme levels on bronler performance
in Exp 1 ,;; : s

SE
e
o

?,.f :

Treatment :;,? e ,gFeed mtake . Feed » “Body weight gain
S . ~ efficiency . O S
Met levels(%) with (g/bird/day) : (g feed/ g egg) (g/bird/day) L
v | | ay):
08 T 11.723d 21874 ,-o 2321a L
.18 23.483¢ 2, 7186b 876964b -
= 28« 31.962b 1:86620 . 17,163¢ =L
38 31.248b 1.8274b " .. 17170 -
48 31.513b 1.8464b 0 7171326 ¢
.58 31.073b 170778 Ly 185056
Control . 641958, 146970 7 437974 - -
Total 321 171 - 41234 0 ;17 462
One-way AOV analysis coe y
Group Std DEV 1.6131 8.1584. .-* ‘1._19‘640
Within df 21 20 o210
-v“alue 0.0000 0.0454 = 0. ooo ot

a- dMea,ns within a column with no common superscnpt dlffer s1gmﬁcantly(p< 05 protected LSD

method).

-
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Table 10. Broiler liver enzyme act1v1t1es as affected by dietary
- methionine and cystme levelsin Exp. 1. . .- .

(nmoles/min/g wet liver)
Treatment 'MAT BHMT MFMT CS . _Case
Met levels(%) with .50% ' ,
cys: . - tie e I
08 . ~03505a - 142.19% 2.9831a . 27.333a " 57.445ab
187y Y 022746 -7 . 19874 - 2.6581b° . 14.475b © 3.632a
28 0.0728¢ ~55195¢ 274492 . 17.850ab 57.400ab
.38 ~0.0935¢ 56.467¢ 2.5376b 24.994a 50.671ab
48 C0.0874c Tv 5317697 - 2.5241b " 245622 " 51.546ab
. .58 : ©0.1076c " 45.899C 2.6747b - 20.324ab 7 33678b
Control ’ 101352 -0 50.930€ - 2.6403b 7 27.121a 1 66.687a e
" Total | 01528 ¢ 7 83.485¢ 7 <f 2.6694 - - 22.474 © 755300 |
One-way AOV analysis : R B R e ‘
Group Std DEV L0.0771 S 427374 0.2537 92648 © 28.011
Within df ©4s SR 4 i 46 ¢ . 46 Tio44
~__ P-value . 0.0000 0.0000 0.0377 0.0730 0.1776
/s -~ ~8-OMedns within a column with no common superscript differ significantly (p<.05, protected LSD method). ._ . . .. .
o H




Table 11. Broiler liver ‘metabolite concentrations as affected by
dietary methionine and cystine levels in Exp. 1.

>

P

( nmoles/g wet liver)

4

Treatment - Met SAM SAH Hcy Cysta Cys
Met levelvs(%)‘;with .50% N R R T o B
cys e . . e ) . -~
08 28439 60.395abc " 3.7572¢ "ND 21.747b 376.64
C1g T 289.94 70.2208b . .5.5882¢ “ ND- 35.904b 336.04" -
Vg e 313.00 48.899¢ 3.37003b 2.38172 18.419P 304.01
38 251.60 53.315bc 5.4718bC ND 65.548b 344.33 ©
48 444.77 59.0693bc- -~ * 3 65652 " 7.0356b 70.5920 337.47 &
.58 310.01 " #: 76.0932 5.95308C “ND* 120.328F 353.43. . ;.;
Control 34428 7 759998 7746412 -ND 70.6518b" " 296.0-1 ¢
Total 311.03 ~* °* 63450 - - 51377 e 60.926 * - 331.42
One-way AOV analysis < o
Group Std DEV 182.99 - 19.689 " '2.9602 s 12121 46.657 87.297
Within df - 24 - 43 Yoo4s g ™ 36 26
P-value ~0.9368 0.0617 10980 0.0001 10.0074 0.8747

a-dMeans within a column with no common superscript differ 51gn1ﬁcantly (p< 05; protected LSD method).
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Table 12. . Effects of dietary methionine and cystme {evels on broiler performance

_in Exp 2. o .
Treatmeént Final body weight - Feed Intake Feed efficiency Body weight gain
Cys 1eve]s(%) wuh 28% (g/bird) © (g/daymird) = (gfeed/g - (g/bird/day)
Met: . e ST - weight) T -
000 o 206.53¢€ 22,5372 510318 - 4.4522
014 T 375.97¢d 34.659b¢ 2.1178bc 16.466b¢
0.24 403.75bc . 37.679¢ 2.0287b¢ 18.634¢d
034" 4222405 T:37458¢ - 1.9912b¢ 19.7614
0.49 418.75b 36.696¢ 1.8907¢ 19.448d
064 394.58bc: -t 34:239bc7 v 1.9206C - 17.826¢d- -
Metlevels(%)wnh 28% v e e | C
Met, > ;' - . L Tl . ._- - '
0175 - 346.254 32,589 2.2784b 14.439b
0300  39500bC 34.375b¢ 1. 9393bc 17.827¢d
0.425 427, o4b , o I3s, 357bc S 8080° © 203154
D ST St . s T
Control’ 783 7sa - - 66 607d 1 4626d - 45.5399'
One-way AOV analys1s o L . F U o
‘Group Std DEV 22.838 ° 27711 7Y 023520 - 1.6004
Within df + - , 28 . 30 30 28
Pvalie ‘< . 0.0000. .. 00000 ,  0000... .  0.0000

e .
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a-dMeans within a column with no common superscript differ sigrﬁﬁcaﬁtly(p<.0"5,;;rotected LSD method).
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and cystine levels in Exp. 2. A
Lo o Pt (nmoles/min/g wet liver)

3

Table 13. Broiler enzyme activities as affected by dietary me wionine T

Treatment. "MAT __ BHMT MFMT Cs C-ase
b Cys levels(%) with 7+~ -
28% Met: ’
0,003 0.14893b  64.0153b 1.4677 2. 3O4§gd gi';;g:b
0147 7 023712 620598  2.1664 30091 1 1sgab
0.24 0.16718b  78382abc 20968 24;6516(1 53 387abc
0.34 0.14118b  9138053b¢* * 19735 $ 27146 736308
0.49 018512 91.8742bc. " 21004 23492 43880800
0.64 006600 10378 ~ 1g0ss 220437 -
Met levels(%) with R E ) ;
T 28% Met: S . b
0.175 0.1051b  97.60bc 2.3445 . 29. 645;‘:c 33-3232 )
| 0.300 - 0.11508b  g0.8353bc 8368 43, 663ab 41.986b¢
2 ‘ ©0.425 "0 1450ab 85.513abc - 19272 47.687 .
: o e © 59 73bC
* ‘Control 0. 1766ab 85.292b¢. " 21015 | 48.819% 67
One-way AOV » ; B
analysis T . o
'Y Group Std DEV 0.1264 29478~ 0.7148 17.280 22 Rl
" Within df 80 54 60 82 s
_ P-value. . .. 05093 02245 . 06526 00133

?}‘dMeans_ Within a column with no common superscript diﬁ”erisi‘gniﬁcanﬂY (p<05; protected LS

D method).
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Table 14. Broiler liver metabolite concentrations as affected by

dietary methionine and cystine levels in Exp. 2.

N

(nmoles/g wet liver)

Treatment  Met SAM SAH Cys
Cys levels(%) with .28%
Met: ! ‘
©0.00 137.072 112.872 6.2339bcd 68.85d
0.14 169.634 87.288bc 5.5526¢d 86.513d
0.24 454.46€ - 83.986bC 5.9335bcd 218.57bcd
0.34 236.69ab 64.253d 5.6072bcd 368.712bcd
0.49 375.12b¢ 59.249d 5.2879d 177.52¢d
. 064 327.03abc 68.663¢d 6.1846bcd 336.092bc
Met levels(%) with .28%
Met: ‘-
0.175 395.95b¢ 84.296b¢ 7.4090abcd 415.69ab
0.300 394.40bc 93.177ab 8.66722 341.33abc
0425 279.8abc 97.0662b 924908 417.092
‘Control 246.87ab " 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 MINNESOTA TURKEY NUTRITION.RESEARCH ...
i EMPHASIZING AMINO ACIDS AND PHYTASE -

[

P E Walbel C W, Carlson, 'J. A, Brannon, . oy
C LS. L. Noll E..A. Atia, F. J. Jlrjlss,;
' Department of Animal Science, ..; ... .
University of Minnesota iR e
[ 5 8 ool St/‘a Paﬁul,’ MN 55108 A S Fvoeopn i
..';;f 1’ < e J LT “ ‘!‘ . . ; s TN RN ) )
ThlS paper w1ll summarlze studles in, proteln and phosphorus
nutrltlon of grow1ng turkeys . Selected other efforts are also
1ncluded S e e e N S

P IS L e . % Lot R A -

, - - - . - .
. . \ ' BN . . PO s L
- PR . Lo i [ NN S . - EPEY I B ot P -

PROTEIN AND . AMINO _ACIDS FOR GROWING TURKEYS LT,

-
As turkeys have a “hlgh“ proteln requlrement varlous workers
have, attempted to replace’ prote1n>by amino, ac1d supplementatlon
Walbel et .al. (1995) recently reviewed these efforts and reported
the extent to which diet proteln can be minimized by using just .
methionine (Met) and-lysine (Lys) supplements. In one. series,
protein. from corn-soybean meal. diets could. be reduced to.90% of.
control proteln if methionine was:. supplemented throughout and
lys1ne was supplemented<after 12 weeks of age,, each to 100% of
their NRC requlrementsi, It was assumed that the other amino-
acids were present in adequate quantltles These relatlonshrps
would change dependlng of amblent temperature, growth rate,: and
feed 1ngred1ents used. . . D aan e e ;_J'Q i

. - . -
- N e . 3

Important am1no ac1d requlrement work performed w1th turkey ~
poults at®Virginia Polytechnic Instltute was reported at this
Conference by Dr. Larry Potter .in 1989 .. It was indicated that
next llmltlng amlno ac1ds after(Met and. Lys were threonlne (Thr),,
vallne (Val), and 1soleuc1ne (Ile)

w )
The . studles by Potter s group were w1th young turkeys As the
bulk of feed protein is used w1th older birds, we were: des1rous

"to explore use of additional amino acids with larger turkeys. We

observed unprom1s1ng results w1th .threonine and isoleucine; -
(Carlson et al. (|1990) ’ Cost of -amino, ac1ds becomes -a problem
in such studies. Last year, with support from the Minnesota .
turkey 1ndustry and Archer Danlels Mldland Co. we were able to
begin the effort. : .

i

P

The turkeys, Brltlsh Unlted . Turkeys large-strain birds,: were
housed irn floor pens at the Turkey Research Un1t Agrlcultural
Experlment Statlon, Rosemount . The experlment (TG-944) was a _

.randomlzed complete block des1gn, with;12- nutrltlonal treatments -

and 8 repllcate blocks ‘ The diet. treatments were: begun at 6 -
weeks of age. At.. the end of the study - (20 weeks of age), -the - .
entire flock,was processed w1th cut up- at Jennle O Foods,:Inc.,
Willmar, MN.




_ac1ds returned body welghts to controlj'f;

The ideal prote1n concept was used to dec1de wh1ch and 'how much
of each amino acid to supplementr ‘Baker (1994) published "ideal®
amino acid values for broilers at this Conference last year. The
technique is to: formulate to 'the estlmated 1ys1ne requlrement and
to use as requirements ‘of ‘the: other amlno ac1ds their "ideally"”
proportionate levels. A'fif_ S e '17 -
The treatments are described 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, and 4%‘dur1ng 6-to'9;-9'to 12, ‘12 to 16, *and 16 to 20
weeks';s respectively. Treatments “1 and’ 7'are controls with amino
acids having NRC (1994) requirements; Met is added to 100% of
TSAA; no Lys is added. Treatments 2 to 6 and 7 to 12 represent
reductions in diet proteln based on 87 and 78% of the Lys

- requirement; TSAA and Lys-are both supplemented to100%. - Thr is

added as a single supplement, to 87 and 78% low protein d1ets, in
treatments 3 -and 5, and 9 and "11. ' Arg, Val - and" Ile are ‘added to
78% diets-containing Thr-in-treatments' 6 and 12 durlng "6 to 16
weeks;.: tryptophan (Trp) was also "added - during 16 ‘to 20 weeks of
age. he T ) ! T H Y SRS ’ A e o
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Body welght responses to proteln and amino ac1d levels were
similar for turkeys fed corn= -soybean meal and canola—meat diet
series - (Table I, " Figure 1) . Galns were reduced somewhat “with the
87% treatments; addition of Thr was generally benef1c1al
returning body weight- to the level‘w1th“the 100% diets.  Bdady
welghts.were -markedly “lower with the 78% dlets, ‘here threonine
and the amino acid mixture each resulted in good responses over
the respective basal treatment. The comblnatlon of all am1no

"Y‘ P r

There-‘was an’ approx1mate 1% 1mprovement in feed eff1c1ency with
thé ‘canola-méat ' ‘séries ‘over 'the’ corn soy serles whlch is"
proportional to diet metabolizable -enérgy’ levels. * There are feed
eff1c1ency improvements with the 78% diets supplemented with
amino acids when'compared to the 100% controls, d1et energy is
greater w1th the low proteln dletl R R

There was'a low 1nc1dence of leg weaknessJ Numerlcally leg
problems were lowest in treatments” 4 and 100 (78%- natural Lys),

" which al'so resulted in reduced‘body welght thter moisture was

lower with the’'canola-meat diet series: Low proteln prov1ded a
reduction in litter moisture.

Carcass’ cut-up at 20" weeks of age 1nd1cated that there was more
breast-méat either as'a percentage of: body welght or on an
absolute basis - with the canola-meat than-with the corn-soy
series’ »Breast meat yield was greater- with the’ control 100% d1et
(trts 1 and 7),  and decreased with reduced proteln The ‘amino
acid mixture (trts-6 and 12) reversed the reductlon in.breast
meat associated with low protein, ‘more so in the' canola meat
series.
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Observing main‘effects, there was an 80 g (3.57 minus 3. 49 -kg)--
increase in breast meat with the canola -meat, over the corn-soy
diets. The respectlve dlfference .in carcass welght was 50 g
(12 68 minus 12.63. kg; not ‘shown) . ;,? o o

Conclu51on The p051t1ve and favorable responses of market

turkeys. to 11m1t1ng amino acids beyond methlonlne and lys1ne g1ve
hope that. crude, proteln levels may in the . future be: reduced o
materially, The pathway will involve determlnatlon of all -
limiting amlno ‘acids. at the opportunlty protein level and then
titration of their requirements in the selected diet. The
process w1ll aid nutrltlonal modelling if an ideal amino:.acid .
(proteln) pattern can be established for: the poult and then be s
modlfled with age according to gain- malntenance and mult1 phas1c
growth (Kwakkel and Koops,.1994) con51deratlons :

AR SRR

PHOSPHORUS AND PHYTASE STUDIES o

Nelson -and co workers reported 1n 1968 that the phytate )
phosphorus in soybean meal, when treated w1th,phytase from the N
mold Aspergillus ficuum, was utlllzed as efficiently as 1norgan1c
phosphorus (P) by CthkS

This important, flndlng was not useful practically due to. the h1gh
cost. of the enzyme, compared to supplemental P. .The recent -
importance of reduc1ng waste P in the env1ronment prov1des reason
to re- evaluate the cost and efflcacy of. phytase

s
.
3

Rav1ndran et al (1993),,1n studleg w1th turkey poults, reported |,
that phytase, supplled as. Natuphos (BASF- Corp. -Mount Olive,

NJ), resulted in improved avallablllty of phytate P in soybean.
meal. In a later study from the same laboratory, Qian et al.
(1994) observed that widening of the Ca:Pt (total) ratio (without"
phytase) depressed the weight response of poults.fed:.suboptimum

P; also, more. phytase was needed to produce its. response as the
Ca P ratlo w1dened . . . .

i

Our phosphorus work was made poss1ble due to an Egyptlan Embassy
channel research program: The student, Ms, Faten Atia, is doing
her Ph.D. research at ‘the Un1vers1ty of Mlnnesota :while.her
degree will be granted at Suez Canal Un1vers1ty The- studles
were de31gned in conjunction with her Egyptian adviser Dr. I.
Hermes. Mary Walser, Department of Veterlnary PathoBlology,,
is cooperatlng in skeletal measurements e
The the31s w1ll 1nclude (a) 1nfluence of 1 25 dlhydroxy
cholecalc1ferol vitamin D + ascorbic acid, and phytase on turkey.
poult growth and bone development (b). phosphorus dlgeStlblllty
studies with phytase and 1,25 w1th turkey . poults, - and (¢): a’
market turkey study (Experlment TG- 943) to be presented hereln,
Large straln Nlcholas male and female turkeys were fed corn-
soybean . meal type d1ets contalnlng varying:Ca; P, and phytase -
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(Natuphos®) levels. ' ThHe experimént was begun at -4 weeks of -age
and’ dlets were adjusted at intervals as in ‘NRC . (1994) . The
experiment design in Table 2 indicates’ the phytase levels used.
The diets in treatments 3 through 8 contain no supplemental: P,
and represent 30% of Pi (1norgan1c) requirement (NRC, 1994).

This is 58.2% on a Pt basis. - Phytase levels:- of’ 500 (4-16°'wk) or
400 :(4-8 wk), ‘300 (8*11 ‘wk- for hens or 8-12 wk for toms),'and 200
(11-14 wk for hens' or 12 16 ‘wk for toms) FTU- ‘of -phytase were fed
per kg diet . " Lower levels wére selected-as older animals are’
belleved to requlre reduced levels of exogenous phytase ‘

Body welghts at 8 and 16 weeks for males or 8 or 14 weeks of age
for females, ‘and - bone den51t1es at 7,13, -or 15 weeks ‘of age, are
presented in Table 2.:" With cortrol .Ca and P (110% of NRC -94
requirement) (Trts 1- and 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 density were nearly as good
as with control; ' here there was indication with both sexes that
phytase. (trts 13 and 14, both‘levels) resulted in*improved gain
and excellent bone dens1ty - With 90% Ca- and 52%Pi (Trt 9) .,
body weight and bone dens1ty were depressed ‘here’ phytase
returned  body welght but not"’ bone dens1ty,‘to_nearly that of
control. 8 S

With’ 30% Pi (phosphorus from corn and soybean meal only), '8 week
data show that birds without phytase (Trts 3 and 6) were*
underweight and had- poor bone dens1ty by 8 weeks of age.’ Due to
the poor performance, these treatments were removed from the

‘experiment . Those with phytase survived with reduced body

weights . and somewhat variable. bone'denslty “‘Clearly, in all
comparisons (treatments 3- through- 8)- performance was superlor

‘with reduced 80% Ca™ compared to 110% Ca

Regardlng phytase level "the constant 500 unit per kg level was
superior to the decreasing 400, 300, 200 lévels with the’ lowest
30% P.levels (Trts.4, 5, 7, 8)." However, when observing the 52
and 73% of requirement Pi levels, the decreasing -levels were '
about as effective as the 500:1level. The work of Qian et al.
(1994) - suggested that 600 to 900 ‘units- were better- than ‘lower
levels, but.this work was with poults to 21 days of age. Our
study suggests that ‘lower levéls may" "be satlsfactory w1th older
birds and marglnal P- levels

i

The phytase phosphorus studles 1nd1cate excellent responses from

phytase and the capacity of-‘market. turkeys-to do well- with lower
phosphorus levels when calc1um levels are controlled

Considéring’ the much hlgher levels of calc1um and phosphorus
often used in the field, there is opportunity in the future for
reduction in practical levels. ‘Phytase,: espec1ally modest

" levels, should have an important role if the expected destructlon'

during pelletlng can be av01ded

N
. ‘ . . ' SR
. d - N .o
\.‘l,l

Conclu31onu. The results of - the calc1um, phosphorus, and phytase .
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study show that,. grow1ng turkeys may do well with reduced calcium
and phosphorus reqguirement levels: 1"After confirmation of the. .
results, the flndlngs should be appllcable for fleld examlnatlon

" P D R
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STUDIES WITH COLéSTOMIZED TURKEYS T Tt

“

Studles were conducted w1th colostomlzed turkeys in the
laboratoryrof Dx..: Jim McNab while the senior author was on- 3
sabbatlcal)leave in Scotland. .. While colostomized.turkeys - -have. :
separate v01d1ngs of dlgestlve and metabolic waste, there were -
problems in having -normal birds. Ga1ns and feed 1ntakes ‘were

erratlc and after a few weeks the blrds falled

[

. R , Lo . , .
These studles have been contlnued at Mlnnesota w1th a major goal:.
to improve theuturkeys' health -and performance. Faris Jirjis, .
graduate . student in, Anlmal -Science working for his. M.S. degree, .
has been - d01ng the work An+Dr. Gary :Duke’ s laboratory in the
College of Veterlnary Med1c1ne' R Ty

Surglcal 1mprovements 1n the operatlonal technlque appear to have
beén . successful -Operated and control birds consumed food: and-. -
gained body welght 51m11arly ..Addition of. 2% Lys (HCl) to the - .
diet' did ,not affect galn or;urine., ly51ne Addition Jof: 2% DL~ Met
1mmed1ately slowed gain’ and resulted in splllover of Met and:
cystine in urine.. Addition of phenylalanine resulted in no
effect on.gain but urine phenylalanlne and tyr051ne were greater.
Further studies are, planned .

FEATHER SYNTHESISV o

4 comp051tlon of feather protein.’  This area is' important in

.
. . .“; .

This study~was establlshed to determlne the extentuof changes Aan
rate of:.feather. growth, w1th age of turkeys. . Variation‘in the. ‘
partition between meat and feather, -protein ‘synthesis would be-

expected to modlfy amino; requlrements ‘because. of the.unusual = -

nutritional. modellng to: allow: amino acid requirement: calculatlons
to include .the :timing of feather synthesis.. . This..project was -
conducted by’ S. ‘A..Latif, graduate.studerit from the Un1vers1ty of
M1n1a,'Egypt, who was: at: Mlnnesota on,a channel program. .
The diet contained 1°N-labeled maize as a d1et marker to )
determine comparative- synthesis ‘0f protein in feathers, breast,
and leg ‘of male turkeys. Birds fed a control diet. dep051ted*
10.8, 6.7, 11.5, 12.0, and;6.5% of,dlet,15N/1n_feathers during 21
to 24, 39 to 42, 67 to 70, 102 to 105,:and 123xto 126 daysiof . '
age. Compared to controls, birds fed low protein usually
exhibited reduced feather synthe51s

The results'provide preliminary estimates of feather and muscle
protein synthesis;- however; factors which affect the:partition’ -
must be more completely understood .before.nutritional modeling
will be enhanced by the information.
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METABOLISM STUDIES AT ROSLIN INSTITUTE

i : Calcium, phosphorus, trace mlnerals The importance of metabolic
studies considering urine spillover was mentioned earller These
studies were begun in ‘the program of Dr. Jim_McNab. -.It was
desired to use colostomlsed turkeys for quantltatlon of dlgestlve
and metabolic losses Emphasized were- calc1um, ‘phésphorus, "zinc,
and manganese. Unfortunately,: the uneven dally food intake and
gain with colostomized turkeys added so much varlatlon that
results were! dlfflcult to 1nterpret : -

! -} A co 0y RN
Growth rate control and metabolism in- poultrv - This i$'a study
of controlling instantaneous growth rate of turkeys.and chickens
by -limiting. food . supply with computer control. Thé bird is
housed individually 'in a calorimetry chamber. ' Applications of
such a system are to (1) observe rnutritional ‘requirements' for
varying rates .of. galn tand differing body weights - (malntenance),
P and (2) enable pair-feeding of birds in & ./continuous . -
3 (physiological) manner rather than ‘once or twice dally meal
!i feeding as done now. In addition to partition of reguirements
\
}

for gain/maintenance, heat productlon data d4nd body fat' changes
0 may be followed. . A paper is in preparation which provides
E greater detall than ‘the prellmlnary report (MacLeod and Waibel,
1994) . R , . L7 .
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TABLE 1. Amino acid supplementation of turkey growinLdiets.1 (Experiment TG-944)
Body Feed Litter Leg Breast
Trt Weight - Gain Mortalityz Moisture Problems Portion Welght
L - Description 20 wks --- 6-20 wks ---  -—--—-- 17 wks ----- --—- 20 wks -----
B - ' N \ - kg - F/G  ——--—-mm-mmmmoo - F - kg -
o Corn-Soy Series - 5 - B .- - ’
1 Conitrol 100% NRC™ - . 16.67 2,73 2.08 38.2 5.3 28.98 3.79
2. 87% Natural Lys -+ M,L to 100% NRC 16.42 ©2.70: 1.04 31.1 3.8 27.40 3.48
3. - As 2 + Threonine . 16.43 =2.72. .93 38.0 4.0 27.86 3.55
4 78% Natural Lys + M L to 100% NRC 15.38 2.7% 1.04 29.0. 1.4 26.77 3.17
'S As‘4 '+ Threonine g - 16.10 2.70 1.19 35.5 5.0 26.93 3.35
6 As 5¢ + Arg, Val Ile, (Trp 16+ wks). 16.76 2.66 1.04 31.7 5.0~ 27.59 3.60
' cOrn-80y-CAnola-xeat 80:10- LA : - - o .
7. 100% 'NRC : 7 16.55 - 2.68 - 2.08 31.% 3.8 28.79 3.72
8 7 87% Natural Lys + M,L to 100% NRC - 16.44 2.69 2.38 32.1 5.1 "28.30 3.63
9 - As 8 + Threonine . . 16.67 2.63 -2.78 32.7 3.9 28.28 3.66
10 . 78% Natural Lys + M,L to 100% NRC . 15.41 2:.71 1 2.08 - 26.7 . 1.3 27.26 3.2¢
11 As 10"+ Threonine ' . o 16.14 . 2.69 - 1.04- 28.8 6.5 27.58. 3.44
12 ,As 11 * Arg, Val Ile, (Trp»16+ wks) 16.76 2,64 3:13 32.3 5.0 28.30 ~3.70
L Summary by - Diet Regime . - — N S :
o Corn-Soy . .~ - : o = 16.30 2.70 1.22 33.9 4.1 27.59 - 3.49
. o -Corn- Soy Canola -Meat ‘ i 16.33 2.67 2.26 30.7 4.3 28.09 3.57
AR .Summary by Protoin h o ] .
A v v -100% NRC ’ 16.61 2.70 2.08 34.9 4.5 28.89 3.76
27 . : 87% Natural. Lys + M, L to 100% NRC . 16.43 2.70 21.67 31.6 4.4 27.85 3.56
3 el ASA2 4 Threonine -~ ’ 16.55 2.68 1.85 35.3 4.0 28.07 3.60
"4 - — _78% Natural Lys + M,L to 100%- NRC 15.40 2.71- +1.56 . 27.8 1.3 27.01 3.20
‘5 As 4 + Threonine 16.12 2.69 1.11 32.1. 5.8 27.26 3.39
6- ° - AS 5 + Arg, “vVal, Tle, (Trp;76+ wks) 16.76 2.65° 2.08 -32.0 5.0 27.95 3.65
statintical analysis ot ) :
Probability of 51gn1f1cance v ” : b
Treatment. T .001 <001 .958 1.001 .911 ..001 .001
Diet’ (Trt 1-6 vs “Trt--7-12) : > 649 . 002 . 158 -.005 .887 .001 007
Protein (Trt 1&7 vs trt . 2&8 vs trt 3&9, etc ) .001 ~.012 975 .003 .473 .001 .000
.+ Diet x Protein . . v { .776 .111 ...923 .151. .984 .211 7291
Least slgnlflcant dlfference LS . s ‘ )
Treatment . . w35 ‘.05 +3.57 5.4 6.3 .62 .13
Diet. . - oo L N 14 .02 ‘l1.46 2.2 2.6 .25 .05
- - Protein - 3! T .25 .04 . 02.53 3.8 4.5 .44 .09

‘1 Experlment perlod 4-20 weeks of age:
2 Mortality values presented are actua; values.

Data columns are descrlbed in the text. .,
The P values is based on transformatlon of the mortality value by arcsin.
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TABLE 2. Dietary phosphorus, calcium, and phytase and performance of grow1ng turkeys

after 4 weeks of age. (Experlment TG 943)

%
, Males . I .~ _Females _ L
L Regt, %/T1 T . - _wWeight .  Bone density - - _ Welqht Bone density
Trt Ca Pi Phytase 8wks - 16wks Twks 15wks ~ 8wks 14wks_~' Twks  13wks
No. ---'% --- FTU/kg --- kg --- -- g/cm/cm—— ---—- kg ---- ---g/cm/cm--
1 110 110° 0 - 2.84 10.72 .311  .404 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 0 2.23 ---  .169  --- 1.95  4-= . .152  -=-
.4 80 30 500 2.71 ,10.06  .205  .366 2.37 - 6.43  .203  .289
"5 80 30 var? 2.68  9.66 .227  .338 2.32  6.13 .206. .286
6 110 . 30 .0 - 2.10 . ---' . .143 © -—- 1.72  4-- 151 ---
7 110 . 30 .- 500 2.68 . 9.64  .204  .363 2.27  6.13  .193° .301
& . 110 ~ 30 . var? 2.51  9.11 .200 .316  2.19  5.63 .187.  .253
9 90 52 0 2.70°  9.41  .214  .331 2.27  6.13 207 .277
10 © 90 ¢ 52 500 2.78 © 10.56. .259  .401 2.43  6.75  ..268 .314-
11 90 . 52  var?  2.90 10.47  .261 .342 2.4¢  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
147" 100 . 73 var?. [2.92 10.98 .307 .38l 2.49  6.95  .283  .342
. 1 -

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.

furkevi-arxouwi.n a._diet:s...}.,..g(.EXQgI}imgnp_T,G;;gﬂ%,_!_ .
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