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| v , |  ABSTRACT
The prtman obJecnve of this study was 10 tr¥ .10 develop procedures to obtain better
estimates of amino acid dlgCS[lbllll\ of protein sources for poultr\ For this purpose a senes of
e\pertments were eondueted with four-week - old male broiler chicks 1o determine 1lea1 and fecal
amino actd digestibilitics using procedures which vinvolved obta_ining samples of digesta from the
‘ " ileum or collection of'voided excreta. The ileal digesta-were col]ected"from the terminal 18 cm

of the ileum of sacrificed birds. The excreta material was collected in trays beneath the birds
: - . A

before they were sacrificed. Exper'iments were also conducted with laying hens to evaluate the

effects of dietary fat and calorie - protein ratio on protein utilization.

Ll

The amino acid digestibilities obtained using ileal digesta were similar to or lower than

those obtained using fecal (excreta) material. Although not directly comparable, the total
amino acid digestibilities of wheat, oats and barley were, 86.6%. 69. 1% and 78.2%, respectively e
\ . ‘ & -

for ileal digesta and, 85.7%, 83.7% and 79.1%, for those deterrnined by collection of fecal

-

m}terial. A direct comparison of ilea] and fecal amino acid digestibilities of dicts containing
wheat, and either soybean meal or canola meal gaVe total digestibilities of, 89.2% and 94.9%,
77777777777 . __respectively imsoybeanmealxontamtngdtetsandﬁL%andQOA%, respectively, fmeanola‘fw- e

meal containing diets, Stmxlar dtf ferences between total ileal and fecal ammo acid- dxgesttbthtt@%

.

were observed when soybeap meal and cano]%meal were used as the only protem source m the
\ L]
dxets f ed In an experiment (Chapter W) soybean meal had ileal and fecal ammo acid

b and 87.4%, respectlvely and canola meal ‘had dtgesubxhtxes of 76. O% and

" 85.8%. The resu¥ suggest that the protein sources of lesser digestibility, such as canpla meal,

tend to have greater differences between the ileal and f ecal amino actd 45

The differences noted bgtween the ileal and fecal amino acid digestibilities may be-

Y . . .

related to the activity of the hindgut microflora in poultry, Deamination of unabsorbed amino

. acids entering the hindgut by the microflora may lead to an increase in the apparent

#

dtgesttbtlmes of the dmino acids when fecal collections are used to determme dtgesttbthty For

o

ﬁhts reason values obtained using samplmg of The 1leal dlgesta should be more reliable .

-

iv
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. * Inan attergpt to obtain Better estimates of endogenous amino acid e.\'cretion diets

-

containing graded levels of the protein sources were fed. 1t was observed. however that when '
diets coma\med mare than 15-20% protein, the regressron belween amino aud drgested and
amino acrd intake no longer remamed lrnear because a decrease in lhe drgestrbr]u\ of the amino
| acrds occurred at higher levels of protein intake. With such a decrease in digestibility at higher | {/
protein intakes no single estimate of amino acid digesribilit,\" was possi_ble. For this reason
digestibility vallues obtained using a curvilincar equation may b¢ more accurate. ,
Arising from, these studies it oecame apparent that the major problem in accurately
de\termining amino acid digestibilities ie'the lack of knowledgc of endo’genous amino acid |
A excretions. As 3 result, the estimates of rota_l., amino a‘c‘rd digestibiiity' rna’_v be slightl} high or
low. Despite the irraccuraqf,es that may have occurred, inf ormalionqon thbe digestibilities of the
individual amino acids as well as the tolal amino acid digestibilities obtained ate of value in
formulating poultry rations. ‘
v» Two experiments were conducted With laying hens to evaluate the inf lrrences of dietary
tailo\w levels ord protein utilizau’on and to assess the influ‘ence of calorie-orotein ratio on egg
e - —Weight aﬁd egg producuon In the fi irst experrmem four levels of tallow (O 3 6, and 9%) were
added to a series of diets w1th two calorie- protem ratios ( 190:1 and 210:1 kca] ME /%crude o™

protem /kilogtam of diet) and two sources of supp]ementary protem soybean meal or canola -

meal No srgmf icant effects of level of tallow on rate of egg production or egg werght were

observed. There was, however a srgmf rcam increase in body weight - gam with higher levels of
a .

tallow in the diet. This was attrrbmed to increased energy utrlrzauon rather than increased

protein uti]_ization . There was a significant difference in calorie and »’proteig consurh.ption

between the two calorie-protein ratios. This had @W? egg production but a

L

srgmfrcant decrease in egg werght (56.8 versus 55.7) was observed w1th the wider ( 210 1)
“¢
' calorre -protein rauo The hens fed diets containing canola meal had significantly lower egg
werghts and lower rate of egg production than those fed diets containing soybean meal. Errergy

. and. protein intakes were also lower on the canola meal diets.



In the second e\perxmem wuh la)mg hens 1socalor1c diets comammg wheat and elther/
soybean meal or canola meal'were. designed to provide four calone pr’otem ratios (190:1,

200:1, 210:1 and ‘_LO:])‘ A trial-was also conducted to determine 1leal and fecal amino acid

‘ dngesubllmec of the feed ingredients. The hens cc}qjmed equwalcm levels of calories and

protein within each calorie- protein ratio on the diets containing either soybean mea] or canola
meal. As the calorie-protein ratios were widened there was a decrease in egg production with ‘ T

both protein sources; there was also a signif icant decrease in ege weight. lleal and fecal

b

. oo
corrected amino acid digestibility values determined on the feedstuffs were'74.7 and 79.2%,

respectively, for'ca_nola meal, 91.6 and 92.9% for soybean meal and, 84.7 and 96.3% for Wheal.

I

The decrease in arhino acid digestibility of canola meal explained most of the.decrease ince'gg
production (86.7 versus 84.3 % /hen /day) and egg weight (58.7 versus _5_7.6 grams) of the hens '«

on the diets containing canola meal, demonstrating that digestible amino acid content provides

a better estimation of the nutri_tibnal value of the amino acid content in diet formulation,

A

versus the use of total amino acid content.

v / v -
. N : oo

-~
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I. THESIS INTRODUCTION
In recent vears there have been marked imp;ovémems in the efficienty of pouhr_\'.
production. Onc of the many contributing factors invol;'cd in this-improved efficiency is the
grcélcr knowlcdgc of the nutrition of poultry. Efficient production of poultry requircs the use
of rations that meet -their nutrient requirements without providing excess amounts that may be
wasted. This is particularly true of the amino acid component of the diet In formulating
pbultry rations provision of adequate levels of amino acids in the diet is cssential to efficient

production of poultry rieat and eggs. This makes the knowledge of the-amino acid content and

its digestibility in feedstuffs y\ery important when formulating poultry rations that will give

“optimum productivity. - .V

4
[

In the past decade many dxffcrem methods have been used to try to aChICVC estimates
of the amino acid digestibilities of poultry feedstuffs, resulting in dxgesubxht) values whxch tend
to vary depending on the procedure used to obtain them. In par{icu_lar a proéedure involving |
forcé-feeding of a feedstuff followed by total excreta collection during the subsequent 24 to 48
hr has become popular. To correct for endogenous amino acids the gtal excreta are collected(
from birds that have been starved for the same 24 L(; 48 hr per>iodT There has been some

2
criticisms of this' method Because of the unknown effects of factors such as alteration of the
amino acids in the hindgut by microflora and the possible contamination of fecal amino acids
by urinary amino acids. It therefore seemed desfrable that studies be conducted using ileal
digesta collection for amino acid determina[ion, thus eli‘m'inating the influence of the hindgul
on amino acid digestibility . Consequently studies were undertaken to compare tlgc leve;s of

A

ammo acids in ileal digesta and excreta and thelr influence on the determmatxon of the amino
acid drgesubnlmes of feedstuffs In addition other studies were conducted with laying hens to
evaluate the effects of dletary fat and calorie—protein ratio on protein utilization. The

experiments conducted with broiler chickens are outlined in Chapters 2-7 and with laying hens

in Chapters.8 and 9.



11. The Amino Acid Digestibility of Cereals in Broiler Chicks as Determined using Total Fecal
Coliections

~

\ A. Introduction

vThe digestibility of amino acid’s (AA)in ferzdstuffs is ciosely relatedto the digestibility
of the p_rotein. Consequently numerous attempts have been made to determine the protein
digestibility in feedstuft"s (Payne et al.1968; Waring 1969; Netke and Scott 1970; Tao et al.1971;
Shz;n‘non and McNab 1973; McNab and Shanhon 1974; Sibbalci 1979a and Robel 1980). One of
the difficulties in detcrmining the true digéstibility of AA is that an‘accurate estimation of
endogenous AA e)lcretionqis required. Since no direct method for rheasuring endogenous AA has

~ been devised, estimates based on the AA excretion on N-f ree&diets ,on diets containing graded
levels of dietary AA, or by starved birds have been used (Berdanier\et al.1967; Shannon and -
McNab 1973; Sibbald 1979a). n

Cereals contribute approximately 50% of the protein source in poultry rations and

therefore more. phecis\e information on the AA digestibility of cereals should lead to int:reased

precision in formulating diets for poultry. The present study was undertaken to investigate AA

digestibility values for whedt, oats, and bérley grown in Western Canada.

|

-

B. Materials and Methods

Dﬁay”/’r))ld male broiler chicks (White Mountain o x/Hubbard +) were reared on a

corrimerciai typé ration to 4 weeks of age and then transf] rred to. growing batteries with raised
wire floors. The cages: (76cm x 76cm) were equipped tojallow for quantitative feeding and
collection of excreta. Birds were housed three 10 a cage and given 16 hr of light per day.

The composition of the experimental diets usgd is presented in Table II.1. In the
experimental diets wheat, oats, and barley were sub 1tuted for either 30, 60, or 90% autociaved

corn starch in a N-free diet. The N-free diet conta ned 90% autoclaved corn starch. The ,;,;_

autoclaved corn starch was mixed with equal quantities of water, autoclaved for 90 minutes at



(V)

N
120°C, dried \Jand ground.\ThiS Was. done to improve the texture of the starch to enhance
palatability.

Prior to the experimental period the bifds were fasted for 12 hr after which 3 replicate
pens of chicks were.placcd on each of the 10 e.\‘perimcma_l’ c%iets. The diets wcfe fed ad libjitum* ‘

in mash form for 84 hr after which the birds were again fasted for the. final 12 hr of the test

period. Excreta collection commenced a{ter the initial 12 hr fast and continued for 96 hr,

e 5,

lerminating at the end of the final 12 hr fast. The excreta were c6liected at the end of each 24
hr period and were placed in foil cbntainers and frozen, then freeze dried, pooled pe'r‘ replicate
and'weighed. Feed consumption and body weight changes were recorded at the conclusion of
the trial‘. ~ — | !

Diets and excreta 'were freeze-dried and ground in a Wiley mill with a .42 mm mesh’
screen before analysis on' dry .matler énd AA contem; Amino acid contents were determined in
duplicate using the meihod outlined by Blackburn (1968). Samplés were hydrolyzed by
refluxing with 6N HCl for 24 hr and their AA content was determined.using a Beckman lZlMB
AA analyzer. The AA content of the cereals used is contained in Appendix XII gL

- The grams of AA abs‘orbed were regrgssed on the grams AA in;ake on the diets
represented by tpe levels of 0, 30, 60, and QO% cereal s;;bstitution. The slopes 'éf the linear
regressions through the‘se, four poim‘{,}.were used to derive digestibility values for the AA. The
digestibility values for the individual AA are expressed as percentages and the total CAAD is
obtained using the weighted average of the individlial CAAD. Estimags of endogenous AA
excretion were obtained by two methoéls. In the first method the intercept of the regression

slopes at zero AA intake was used. In the other method the amount of AA excreted on the

N-free diet was used. .
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C. Results and Discussion, - | k. | _ ’

The influence of treatments on mean feed consumplion, excreta production and body
weight change during the 96 hr of lest is sumrharized in Table I1.2. Average excrela excretion
was related 1o feed consumpnon There was, however, con51derable variation in the relauonship
and this variation was respon51ble for some of the differences in the amount of total AA
excreted.

Estimates of corrected amino acid dlEGSllbl]l[\ (CAAD) are presented in Table 11.3
Wheat had the highesl total CAAD (85.7% o), followed by oats (83.7%), and barle\ (79. ]/o)

¢
These CAAD values compare favorabl» t0 the values reported by McNab and Shannon (1974)

| of 84.7, 85.0. and 83.6% for wheat, oats, and barley respectively. There was however

»

considerable variability in the digestibility of individual amino acids. Lysine and threonme

*

digesubihties were lower than total CAAD in all three grains. The lysine digesubilm values for

wheat oats, and barley were 70.5, 74, lland 68.5% respectivel) while the digestibility values

for threonine were 71.4, 71.4, and 74.2%. Digestibility values for glutamic acid, proline, and

phenylalanine were higher in comparison to total CAAD (Table 11.3). The ’digeslibili_ty of the
other AA tended to be close to the total CAAD values for that particular grain.

The digestibility values of lysine reported by McNab and Shannon (1974), were 80 8,

75.7, and 75.4% for wheat, oats, and barley and those reported by Sibbald (1979b) were 91, 86

“+and 79%. While these values differ considerably from the digesubility values that were observed

in the present’study, their lysine digestibilitv values were consistently lower than total CAAD in
all of the cereals which is consistent with our present observations. The same pattern was ‘noted
for threonme. The threonine digestibility values reported by McNab and Shannon (1974) of
72'.1, 79.9, and 76.1%1’0{ wheat, oats and barley, and Sibbald (1979b) of 91, 82, and‘78% were-
consistently lower than toltal CAAD. Proline and' glutamic acid showed similar trends except

their CAAD iavere consistently higher than total CAAD of the particular cereal. The other AA

—

tended to follow the same pattern with mdmdual AA having sxmilar variation from the total

CAAD w1thm a particular cereal. This suggests that although dif ferences in methodology may

!

-

—
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alter absolute values, the relative digestibilities of the individual AA in compa'risoh to total

N

CAAD tend 10 follow a similar pattern.

+

! Even Ll\i‘(;ﬁgh the standard error of the CAAD values obtained in the present experiment
waﬁ low (Table 11.3), the valuéé did not always agree with others that have bgen repoftcd
(McNab and S}pn;non. 1974; Sibba‘ld 1979b). \.’arious reasoqs for the aifferencc ma}" be
suggested. Thewcomposition of the ceréals'used may vary markedly amongst varieties causiné
differences in AA digestibility estimates (Sauer et al., 1981). Differen.ces iﬁ methodology may
inf luence’Lhe,:resufl.ls obtained. McNab and She;nhon (1974) used m‘a.tur_e colostorqised cockerels

~ and a linear regression was uéed to correct for ;hdogeﬁous AA, whereas Sibbald (1579b) used
intact mature cockerels and correctequr endogenous AA by using a 24 hr fast period.

. ‘ . 3 . 3 * N . . .
Variations in the magnitude of the correcguon for endogenous AA can lead to variation in the

magnitude of the CAAD. Other minor alterations in methodology may also have affected the
. . - . . : . 3

derived values. Even analysis of AA between laboratories may show considerable variation as

reported by Engster (1983); The net effect is that with the individual variations that may exist

- itis difficult to determine which values are more accurate or which methodology practices are

|
!

correct.

One of the problems in determining CAAD is correcting for endogenous AA excretion.
, 3 :

The intercept values of the linear regressions at zero AA intake may be used to obtain an

estimate of endogenous AA excretion or a measurement of the AA excreted on the N-free diet
-

may also be used to estimate endogenous AA excretion directly. In this experiment estimates of

endogenous AA excretion obtained tended to vary only a small amount with either method used

(Table I1.4). When the intercept of the linear regression was used the barley diets gave AA

-

excretion values which were similar or slightly lower than those obtained when values were
derived with the N-free diet. For diets containing wheat or oats the endogenous AA values

derived with a linear regression were similar or.s_lightly higher than those obtained with the

¢
124

N-free diet. Nevertheless differences in estimates of endogenous AA excretion with the two

-

methods indicated that d.if ferences may exist betweén CAAD values depending on which

{
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method was used. In this regard it has been sugggsted that values obtained with a"N'-free diet
may be in error because such values assume {he same level of endogenous excrétion for all diets
(Kréﬂ;ielll}‘h\and Bock 1976).- Waring (1969) and Muztar and Slinger (1981). (lcmonstrated
that bo&}"%and dr'_v matter intake could influence endogenous amino acid excretion. In
the present study the*influence of intake on AA excretion was apparent. Im.akes of 217, 318
and 257 grams N-free diet gave total amino acid excretions of 5.36, 7.35 and 5.23 grams during

the 96 hr colleclion period. Such data Corlfirm that level of-feed intake may influence the

estimate of endogenous AA when using N-frge diets. Thus ensuring constam dry matter intake
- *

for all treatments should help to avoid some of the errors caused by dlfferences in AA excretion

levels This however creates the problem of selectmg the level of intake that gives the most
accurate estimation of endogenous AA excretion. Inaccuracies can occur with all methods
presently used to cofrect for endogenous AA excretion and theref ore it is difficult to directly
oompare CAAD values derived using djfferent methods. - |
| - D. Summary k |
The results obtained indicated the wheat had the highest total CAAD (85.7%). followcd
by oats (83.7%), and barley (79.1%). The digéstibility of lysine and threonine was lower than .
t_otz_ﬂ CAAD m all three cereals, but the digestibilities of glutamic acid, proline and-
phehylalanine were all hlgher than total CA:‘\D. The estimates of endogenous AA excretion

varied depending on whether they were obtained by the regression method or by measuring

excretion on the N-free diet ' %

¥ )
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wTable I1.1  Composition of the experiiiental diets.
, Diet No. ‘
Ingredients % -1 2 3 4. 5 6 -7 8 9 0 o
Corn starch % 60 30 - 6 30 . - 60 3
Ground wheat ‘ " 30 60 90
Ground oats - - - 30 60 90
Ground barley S R
Constant ingredients’ . 10 10 10 10 1010 10 10 10 10
Analyses:
Moisture % © 90 96 116 116 94 103 108 104. 117 137
Crude protein % 0.76 476 9.11 13.56 3.55 6.19 8.03 3.63 6.75 9.53

'Supplied the following levels per kl of diets: corn oil 42g; ground limestone 8g;

Biofos (18% Ca-21% P) 33g; iodized salt 6g; vitamin - mineral premix 11g. The

vitamin-mineral premix supplied the following levels per kg of diet: vitamin A 4000 1U;

vitamin D, 600 ICU; vitamin E 10 1U; menadione 3mg; riboflavin 6mg; calcium pantothenate
10mg; niacin 15meg; folic acid 1 mg; biotin .2mg; vitamin B,, 10mcg; choline chloride 1500mg; ¢
manganese 100mg; zinc 80mg. ‘

&



TableI1.2  Influence of treatment on feed consumption, excreta production and change in

body weight of broilers. .

\ i Avg. feed’  Avg. excreta’ ' Avg, body

Diet Treatmdn} consumed g proquction g weight change g
1 N-free , 88 ‘ 20 - -108
2 Wheat30% C 174l s 68
3 Wheat 60% 226 s4 . 6
4 Wheal 90% 195 T | Rt
5 Oats 30% 147 35 66
6 CaN@% wo B 23
7 Oats 90 o 105 L3S
8 Barley 30% 180 a 52
9 Ba‘_rley 60% 279 L 82 o ' 1
10 Barley 90% 37 1R | 44

'Feed consumed/ chick/ 84 hr feeding period.

*Excreta excreted/ chick/ 96 hr collection period.
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Table I1.3  Fecal amino acid digestibility of cereal grains "oblavined using the linear regressions.

85.7 £ 1.1

Digestibility .
Wheat- Qats - Barley
Amino acid % ,_ % -%
‘Aspartic acid 772 214 82.4‘ £15 ,.,@.gi 1.7
Threonine 704 £ 2.5 T4 % 2.0 U 72413
Serine 84.8 + 1.2 804 + 1.8 72.9 % 1.7
Glutamic acid 94.6 % 1.4 1940 £ 1.3 871+ 5
Proline 92.6 £ 1.4 82.7+ 1.4 849+ .9
Alanine’ 76.4 + 2.3 754 % 1.0 701+ 2.3
Valine- 78.0 + 4.4 T4k 27 79.7 + 1.7
‘Methionine 84.9 + 6.6 /“3}’\2184 537 75.6 + 2.0
Isoleucine MAE19 g1t 78.7 £ 1.1
Leucine 75.8 £ 1.9 ETEESE 70418
Tyrosine 812 £ 4.2 85.1 £ 3.5 748 + 162
 Phenylalanine 89.3 + 2.5 87.0 £ 1.1 80.4 + 1.2
Lysine 705 % 2.7 - 74.1 %18 6.5 £ 2.1
Histidine 86.6 + 2.2 ' 87.0 + 1.3' 794 +1.0 ‘3
Argining 864 % 10 913414 775 + 1.2
Total 83.7 £ 1.2 7901 £1.0

'Digestibility coefficient + standard error.
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T‘able 11.4  Estimates of endogenous amino acid excretion (rﬁg./bird/day) ﬁs_mg the N-free

v , “~tiet and regression intercepi"s. ‘ ' -
< v o
. < ln'teréept Values of Regression B
Amino acid N-free *Wheat Oats - Barley
S Aspartic acid 29146 560+ 43 5964 670 S5+ 7
Threonine | 23260 M6+ 44 R3IL3T . 311 %31
Serine N7+43 @4t 39 o1+ 45 00+ s0
Glutamic acid N1%71 191+ 84 8871147 647481
Proline M8Eal | 4s5E 95 @1t 48 s £56
Alanine N4t32 36k i 7’30.8 £:34 310 63
 Valine 352426 336+ 116 29.] t 79 29456 *
© Methionine 97+ 7 " 16t 52 44t 30 77423
Isoleucine 231425 258+ 42 29.1% 3.0 21526
Leucine 46.6 + 5.4 595+ 81 539+ 6.6 371+ 4]
Tyrosine 26.7 + 2.7 09+ 55 11t 4s 26.3 + 2.4
‘Ph¢nylélanine 269 £ 2.8 292+ 73 295+ 30 25.9 £ 4.2
Lysine N4+86 438+ 43 04+ 43 384450
Histidine BE+1S o 148+ 30 148+ 15 125418
Arginine 27.8 + 2.6 21 + 27 358+ 4.5 2.9 £ 3.7
' Total 5207+ 86.6 6051+ 469 5904+ 69.6 4768 + 302
. |

@

'Intercept * standard error. -

f
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11, Comi)arison of ,Apparent Amino Acid-Digestibilities in Anesthetized and Sacrificed Chickens

Using Diets Containing Soybean Meal and Canola Meal.!

A. Introduction

To achieve an estimate of amino acid digestibility of fecds USII'lf‘ chickens the levels of
amino acxds present in the mtestmal contents of sacrificed birds have been compared to the
levels provided in the feed as a basxs for the calculation (Imondi and Bird, 1965; Payne ct al.,
1968; Crompton and Nesheim, 1969; Soarcs and K]fer, 1970; Achinewhu and Hewitt, 1979
Raharjq and Farrell, 1981). In previous studies with sheep, Badawy (1964) suggested that such
an estimate might be inaccurate because when sacrificed animals were used the intestinal
contents might be contaminated with cells shedding from the lining of the intestinc. The
presence of the additional amino agids répresented by the cell shedding could thus cause the

apparem amino acid digestibility (AAAD) of the feed 10 be underestxmated Orher studies with

. pigs (Thorpe and Thomlinson, 1967) and calves (Pearson and Logan, 1978) indicated thal the

degree of cell shedding increased w:th time after death, as well as with the site within the small
intestine in which the samples were taken.

‘ Beca‘use the re:l‘iabili[y of estimates of A/iAD might be influenced by alteration of

~ endogenous amino acid levels due to cell shedding, an experlmem was undertaken to determine
-"’;_""whether the accuracy of estimation of apparent amino acid digestibility could be improved by

- using anesthetized instead of sacrificed chickens. I n addition, samples of intestinal contents

obtained from different segments of the terminal ileum and fromthe large intestine of birds fed

3

different r'atiphs were used to determine whether site of sampling or feed type would affect

“estimation of AAAD with either anesthetized or sacrificed chickens.

'A similar version of this chapter has been accepted for publication in Poultry
Science 1985. ‘ ' s

11



B. Mate’rials and Methods
Male broiler chicks (White Mountain 0 Hubbard + ) were raised in a Petersime chick
batlery and fed a commercial-tvpe dict to three weeks of age. Birds of comparable weight were
then randomly assigned to 6 groups of 7 birds each and transferrcd Lo growing cagcx (76cm x
76cm) wnh raised screen floors. Feed and water were provided ad llbuum and the birds received
16 hours of light per day.
The composition of the experimental di‘cts is given in Tables 111.1 and 1.2, The
- protein supplerﬁents cbnsisted of either soybean meal, soybean meal and canola meal, or canola
meal. Cellulo_se was included in diets 1 and 2 10 keep the level of fiber compa‘rable 10 Ihat‘in
diet 3 and all diets were formulated 10 be isonitroger'lous. Chromic oxide was added as an inerly
marker. Two groups of chicks were placed on each of the experimental diets, one group to be
used as anesthetized birds and the other group as sacrificed birds. |
Far dlgesta collecuon*{hc birds to be anestheuzed received 5% halothane for
1mmobxhzauon and 2% halothanc for maintenance of lmmoblhzauon The sacrificed birds were
killed by cervical dislocation. In both cases as soon as the birds had been immobilized the
abdomen was opened and the iléum removed. Digesta were collected from segments 0-6, 6-12,
“and 12-18 cm anterior to the ileocecal junction and from the large intestine. The contents of
each segment were gently squeezed into a plastic container. Followiné the removal of the ileum
the .anesthetized birds were killed by cervical dislocation. The time required either to anestbetize
“or sacrifice and to collect the digesta was approximately seven minutes. Collections‘were made
from 10:30 to 11:30 on days 3, 4, 5 and 6 after being placed on the expérimemal diets. Two
birds from each pen were used on days 3, 4 and § and one bird on day 6. The samples collected
from each pén throughout the experimenf were pooled o provide sufficient material for
analysis. 4 ’
The digesta were fregze-dried ,weighed and and ground in a Universal micro mill for 5
minutes. Dry matter, chromic olxide and amino acid content were determined 6n both feed and

digesta samples. Chromic oxide was determined by the method of Fenton and Fenton (1979).
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The amino acid analyses of the feed and intestinal samples were done in duplicate using the

method outlined by Blackburn (1968). The samples were hydrolyzed by refluxing with 6N HCl

~

for 24 hr and\thelr amino acid content was dctermmcd using a Bcckman 121 MB amino’ acxd
% . :

ana]yzer,ﬁ‘

Apparent amino acid digestibilities were calculated using the following equation:

AAAD = feed a.a. -(feed Cr,0y/fecal Cr,O. x fecal a.a.) 5 100

‘ feed a.a. Ty *
Data were subjected %o analysis of varlance Significance of diff. erences among sources
of variatjon; diets, method of collecnpn and site of collection were delermined by using the
three factor mteracuon as error variation. Differences among means were computed using

*
Studem -Newman-Keuls' procedure (Steel and Torrie, 1980) at the 0.05 level of probability.

C. Results and Discussion

" The effects of digesta collection on AAAD are presented in Table I11.3. No significant
differences in AAAD weré noted between anesthetized and sacrificed birds except for five
amino acidS'(alanino, aspartic acid, glutamic acid, lysine and serine) that showed differencec, at
the 5% level of probability. However, the anesthetized chickens con51stentl_‘, showed shghtl)

hxgher AAAD values than the sacrificed chickens. The overall average mcrease in digestibility

" with anesth\etlzed chickens was 1% unit (83. 9 vs 82.9). If the digesta were contaminated with

extra dnmo acids from endogenous sources it would have decreased apparem dlgestlblhn

Thus, the lower dxgesnblhty observed with the sacrificed chickens may possxbl) ha.ve been
mfluenced by cell sheddmg In this regard Thorpe and Thomlinson (1967) using pigs found
epithelial ceH shedding increased with time after death. The site of sampling in the small
intestine was also shown to influence the time at which cell shedding started. Cell shedding at

the ileum was shown to take longer to start than at the duodenum. Slmllar results for eplthehal '

cell sheddmg were noted by Pearson and Logan (1978) using exsanquinated calves in which

samples were taken from 1 to 30 minutes af ter sovering the carotid arteries. Epithelial cell
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separation was nil or minimal up to 10 minutes. Pearson and Logan (1978) also took sampies
from the proximal, middle and distal sections of the small intestine and found epithehal cell

shedding took longer to commence at the distal section of the small intestine than at the

¢ ¢

proximal section (15 vs 5 minutes). In the presciil experiment, samples were collected within
seven minutes from the ileum. If the chicken reacts in the same way as pigs and calves, cell

shedding should not have started or should have been minimal in the ileum at seven minutes
. \ .
: )

after sacrifice. » . .

.In the present éxperiment, upon death, most of the sacrificed birds showéd pcrisilaltic
contractions of the intestinal tract which might have resulted in movement of diges‘l‘a down the
digestive tract. If such c‘:ontractions moved partially digested material from the upper part of
the intestinal tract into the distal ileum where the samples were taken this would have resulted
in decreased apparent amino acid digestibility values. Tﬁe anesthetized birds did not sho@ any
peristaltic contracm’ops of the intestinal tract and therefore contamination of the terminal
region by less digested contents should not hav\coccflrred. )

Ségmems of the terminal 18 cm of-the ileum were taken to see if any differences
between AAAD values could be found in the different segments. In previous work using
sa;rificed birds (Payne et ai., 1968; Soares a'nd Kifer, 1970} half or whole segments of the

ileum were used. As shown by Raharjo and Farrell (_1981) the term‘inal 10 cm of the iléum had

«digestibility values greater than those obtained when _uSing the whole ileum. Thé 18 cm of ileum

-

used in this experiment represents ap‘_p'roximately the terminal third of the total ileum.

No signnif icant differences wére noted f or. digestibility with any of the individual amino
acids tested between the different segments of the terminal 18 cm of the ileum (Table III.3}. .
Values derived using [hé contents of the large imesﬁne although not sign}icantly different f rom
the ileal values, had slightly higher digestibility values. Digestibility values for the total amino
acids were 83.1 + 0.6, 83.4 £ 0.6, 83.1 + 0.6 and 84.1' % 0.6 for the soctions 12 - 18, 6 - 12, 0

- 6 cm anterior to the ileocecal junction and the large intestirie, respectively.
A —



The lack of 51gn1f1cant differences in AAAD between sacrificed and anesthetized

chickens would not 1usuf\ the extra time and expense of anesthetizing the chlckcns In

C—

collecting digesta from the terminal ileum, it would be desirable to collect as much dlszesm as
possible to reduce sampling variation and to ensure sufficient sample formanalytical work. _
Because no significant variation was seen i‘n samples taken from the three sections of the
terminal 18 cm of the ileum, this suggests the terminal 18 cm couid have been used to collect
larger ileal samples withoﬁl arfgcting the reliability of Lhe'digeslibility data obtained.
Signiffcam differences in AAAD due to diet were noted ;n the present study
(Table 111.4). Dief 3 which contained the highesf level of canola meal, gave significantly lower
digestibility values for many of the amino acids. This is in agreement with Muztar et al. (1980),

who reported lower AAAD values'for canola meal than soybean meal. The lack of a decrease in

the digestibility of the AA in diet 2, containing 13% canola meal, cannot be explained.

D. Summary

“Except for alanine, aspartlc acid, glutamic acid, lysing, and serine, no S1gmf1c;'mt
- differences in AAAD were found between anestheuzed and sacrificed chicks, although the
anesthetized ch1ck§ consistently showed higher values. No significam differences in AAAD
resulteg from taking digést_a samples from different segments of the terminal ileum. The diets
coniaining canola meal as the only protein éupplement had lower AAAD than either diets with
soybean me\al' or soybean meal and éanola meal as the protein sup'blement. It was concluded
that because of the small differences in AAAD between aneéthet.ized and sacrificed chickens the

~ time and expense associated with anesthetizing birds would not be justified.

G
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Table IT11.1 ~ Composition of e.\'perin'[emal diets.

1 v

Diet No.
Ingredients % , . 1 2 3 \ ’
Ground wheat SR 71.5 68.5 655
Stabilized tallow - 30 - 30 3.0 "
Alfafloc’ 2.0 1.0
Soybea‘n‘meal v | _ 18.0 | 9.0
cénol.;meal . 4 - " 130 - 213.0

LY : .

- Constant ingredients? : 5.5 5.5 5.5

'Alphafloc; Brown Company, Berlin, New Hampshire.

*Supplied the following levels per kg of diets: ground limestone 15g; Biofos (18% Ca-21% P)
12g; iodized salt 3g; chromic oxide 5g; vitamin-mineral premix 20g. The vitamin-mineral premix
supplied the following levels per kg of diet: vitamin A 4000 IU; vitamin D, 600 ICU; vitamin E
10 1U; menadione 1mg; riboflavin Smg; calcium pantothenate 10mg; niacin 20mg; folic acid
lmg; vitamin B,, 10mcg; choline chloride 1000mg; manganese 100mg; zinc 75mg.



Table 111.2 - Amino acid composition of diets. | S
Diet No.
. Amino atid | I y 3
7 g %
 Aspartic acid -_ , N W 1.57 1.35
., Threonine | 70 .72 ‘ .57
Serine o 1.05 103 %
Glutamic acid 5.45 Ysos 5.23
" Proline .72 1.74 1.78
Glycine | 9 94 97
Alanine . ‘ .18 .80 : 718
Valine ' { 9 .94 .92
Methionine . ! | 23 25 | 27
. Isoleucine : .79 Y 77
. Leucine ' - | | 1.49 : 1.45 | 1.44
Tyrosine ' . _ 44 . 41 .47
Phenylalanine ’ o ; .98 ' .92 .96
Lysine | 9 %0 86
Histidine ‘ s 45 s
Arginine ' , 1.18 > 1.4 .08

AN
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Table I11.4  Effect of diet on apparent amino acid digestibilitics. .

Diet No.

Total . 83.9a

83.8a ‘

Aminp/ﬁgij o 1 2 3
% % % S.E.
~ Aspartic acid , . 79.5a 79.2a -, 72.9b | .64
. Threonine - : 74.6a 7'5.7,(1' 71.6b 86
Setine IR 82.2a 80.56 79.9b 47
Glutamic acia 5 l. 92.7 92.4 92.0 18
Proline = %_X) 90.0a 89.0b - 86.5¢" .'36
'Glycine . )  8l4a 81.0a 77.7 73
Alanine : " 80.4 821 81.0 58
Valine - 83.2a 3.2 | 81.26 82
Methionine - 90.2a 91.0a 87.6b 86
Isoleucine 852 84.5 BT 53
" Leucine - : 85.1a 84.6a 81.76 52
Tyrosine | © 75.6a 75.8a 71.6b 81
Phenylalanine 84.9 85.2 84.0 .50
Lysine 86.0a 85.0a 85.8b 75
| Histidine ' 86.5a 86.5a 85.8b P
Arginine 86.9a 86.2a . 84.7b | .63
81.5b 51

a,b,c Means followed by different subscripts are significantly different (P < .05).



IV. Amino Acid Digestibility of Cereal Grains in Broiler Chicks as Determined.using Ileal

LY

Digesta Collections.

4
A. I‘ntroduction - - v

In the precedirrg .experiment (Chapter 3) estimalion of apparenl amino acid digestibi]irv
was made usmg digesta samples from the drfl"erem segments of the terminal third of the 1leum
~and from Lhe large intestine. Smce the site of samplmg wrthm the rermmal thrrd of the ileum
had no effect on apparent amino acid drgestrbrlu) 1t was concluded that in the procedure used
the entire third of the terminal 1leum could be used for dlge‘sta collecuon The collecuon of
* digesta from the large intestine was excluded because of studies with swine and rats suggesting
fecal amino acid digestibilities may be inaccurate due to microflora alteration of the amino acid -
(AA) profile in the hindgut (Mason and Palmer, 1973; Zebrowska, 1973; Eggum et al., 1979-
Sauer et al., 1977). Since earlrer esumates of corrected amino acid drgestrbrlrt) (CAAD) in
wheat oats and barley (Chapter 2) v:'ere made using total excreta collections it seemed desirable
that the drgcsubrlrt) of these cereals be reassessed using the ileal collection procedure.

L

~
B. Materials and Methods

Male lg;oiler chicks (White Mountain o x Hubbard + ) were raised in a Petersime chick
-battery and fed a commeréial-'type diet. At four weeks of age, birds of comparable weight were
randomly assigned to 30 groups of 3 birds each and transferred to growing cages (76cm x 76cm)
with raised screen floors The brrds were provided with 16 hours of light per day.

The experrmental diets (Table [V.1) contained levels of 0%, 30%, 60%, or 90% of
wheat, oats or barley, with sucrose constituting the remainder of the dret up to a level of 90%
 Ten percent of all diets consisted of fixed ingredients which included vitamins, minerals, corn
oil and chromic o;ride to serve asun inert marker.

Three perls of chicks were assigned to each offihe experimental diets and the experiment

was conducted over a three day period. One chickr f rom each pen was sacrificed on each day and .

20
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the three collections from a pen were then pooled to achieve one sample per pen. For digesta
«collection the chicks were starvéd for 12 hr during the day before being placed on the
experimental diets for 12 10 13 hr overnight. At the end of the 12 hr feeding period the chicks

"

were sacrificed by ccrv_ical dislocation during the fol]dwing hour, a dies at'a time at random.
The abdomen was then opened and the terminal 18 cm of Lh‘e ileum used to collcc; ileal dig‘csta,,
as described in-Chapter 3. | |

The ileal digesta wére frecze-dried, weighed and ground in a UniVersz_al micro mill for
approximately 5 minutes before ;malysis. Dry matter, chromic oxide and AA content were
determined in duplicate on both feed and digesta samples. Chromlc oxxde was determined by the
method of Femon and Fenton (1979) The AA analyses of the feed and intestinal samples were
done'using the method outlined by|Blackburn (1968) The samples were hydrolyzed by
refluxing with 6N HCI for 24 hr and their AA content was determined using a Beckman 121 MB
amino acid analyzer. The AA content of the cezea'ls'used in this éhapte% and protein sourcés
used in subsequent chapt'eré are contained in Append;x XII.1. |

The coﬁcentration of chromic oxide in the .digesta was used 10 dete;minc tﬁe
covncemrau'on of AA in the diéesta in relation to fécd intake. Based on a 100 gréms dietary
intake, regressions were determmed between the amount of AA intake and the amount of AA
absorbed To determine 1{ quadratlc regresswns mlght give a sxgmf icantly better fit then linear
regressions step-wise quadratic r;gress‘xons were also computed. The digestibility coeffi 1’ciems

were then determined by using the derivative of the regressions to obtain AA digestibility values

that were corrected for endogenous AA excretion.

C. Results and Discussion
TRe quadratic regressions did not have a significantly better fit then the linear
regressions and therefore orily CAAD derived from the linear regressions are presented

(Table IV..2). The'fntercepts of the linear regressions which were used Lo célculéte CAAD are_r >

\
|
1

contained in Appendix XI1.2. There were substantial differences in CAAD among the different -

.G
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cereals with total CAAD of 86.6%, 69.1%, ahd 78.2% 'f(_)r.wheat. oa‘is. and barley respectively.
There was however considerable variability in the di'gcstibi]it,\' of individual AA with‘in the |
different grains, The r‘angc of digcstibility of individual AA in wheat was 76.1% to 93.3%: in
. 0ats 51.8% 10 82.3%; and in bafley 71.1% 10’85.3%. UnforLunaLeliy a direct compérison to the °
daia in Chapter 2 cannot be made because of differences in the sources of ceréals used. In
addition sticrose was used instead of autoclaved corn starch as the N-f‘ree‘ carbohydrate s_burce :
" in the diet. Sucrose was substituted for a’ﬁtoclaved starch in this expc{rimem in én effort to |
standardize the detcrmination' by having a non-variable N-fr;:e carbohydrate source; howevc}, N
there was more feed spillage on the diets containing sucrése and the feces were very: wet which
would make collection of fecal r;latcrial more difficult. |
“There were some elements of agreement belWeJn the resuﬁs in Chaptér 2 and the
- present experiment which are wlorth noting éven though there were differeﬁées'in the cereal
sources and the N-free carbohydrate‘soﬁrcg:. The tot:al CAAD of the wheat and barley were
similar in both experime_nts.. Wheat and barléy had ileal digestib'i—liti‘es of 86.6% and 78.2%,
respecpiycly as compared 10 fecél CAAD observed in Ct'lapter 2 of 85.7% and 79.1%,
respectively. The total CAAD fo.r oats v&‘fas markedly different betw_eén the experiments, 69.1%
for ileal and 83.7% for fecal digestibility. Because diff erent soufces of oats were used no |
,explanatidns for the differences can be suggested.. In wheatAanvd barléy the digestibility of
individual AA was similar in both experiments. Aspartic acid, threohine and lysine had
individual CAAD beldw the total CAAD, and glutamic acid va>nd proline had digestibi}ities above
total CAAVD. The pattern of digestibilitybof ihdividualAA in oats showed much more variation
than in the case of wheat ahd barley. Achinewhu and Hewitt (1979) using ileal digesta found

similar patterns in the digeslibﬂity of individual AA in wheat and barley. Methionine, glutamic

acid, and pg o ,zed to the greatest extent while lysine, aspartic acid, threonine,

he were slightly less well digested..
ial AA, lysine and threonine, were lower in digestibility than total

‘lilar concern when formulating practical poultry rations because these
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’ ére two AA that are likely to become limiting in the diet It is therefore important that attention
be given to their digeslibility as wellas the digestibility of the total AA in diet formulations.
The digestibility of other essential AA was close (q that of lotal‘ CAAD, consequently, a
méasuremeht of total protein digestibility gives a reasonable estimate of the diges‘Libility of

“these AA. ' | .

An overall evaluation of the data derived using ileal digesta indicated that the ileal
CAAD values weré similar to the fecal values d_erix{ed in Chapter 2.vThus using the ileal

rsan‘lpling proceduré appeared to give satisfactory estimates of CAAD.

<
-

D.‘Summary ‘ .

The results obtained indicated wheat had the highest ileal CAAD (86.6%), followed by
barley (78.2%), and oats (69.1%). The digestibility of éspartic acid., thrccigine and lysine in
wheat and barley was below total CAAD, while glutamic acid aﬁd proline had digésu'bilities
abdve total CAAD..Qats had greater variation in the digestibilities of the individual AA with'
'lysine, threoniﬁé, serine, alanine and histidine héving lower _digestibi‘lities, while methibniné,

. - e
glutamic acid, and proline had'digestibilities above total CAAD.

o
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Table IV.2  Tleal amino acid digestibility of cereal grains obtained by using lincar regressions.

Digestibility

‘ Wheat Qats Barley

Amino acid % % %
Asparic acid 76.1 + 2.4 66.4 + 2.9 711 + 2.0
Threonine 9.8 + 1.6 51.8 + 3.9 B0
T;S'er‘i.ne 85.4 + 1.7 56.7 + 4.1 732+ 2.4

Glutamic acia ' 933+ 4 82.3 + 16 85.3 % 7
Proline ~ *~ 92.1 % 1.1 62.9 + 3.2 829 %11
Glycine 74+26 582+ 49 68.2 + 2.0
Alanine 783 £ 2.1 620 3.9 712436 ¢
Valine $1.1 £ 2,0 6811 + 3.3 758+ 17
Methionine 8.5 + 1.4 77.6 + 8.8 75.9 % 2.0
Isoleucine 85.7 + 1.3 7.8 + 4.5 777+ 1.4
Leucine 871 411 4.3 + 1.6 80.4 + 1.1
Tyrosine 83.0 + 1.9 59.7 + 4.7 73.8 + 2.3
Phenylalanine 87.3 + 1.1 69.5 + 4.0 7829 + 1.7
Lysine 76.7 2.3 64.6 + 3.1 <. 731+ 16
Histidine 813 + 1.6 633 % 40 74.5 + 1.8
Arginine 80.2 2.0 68.2 + 3.6 74.3 122

86.6 £ 1.2 69.1 £ 2.5

Total

782+ 1.3

B
'Digestibility coefficient + standard error,



V. Estimates of Ileal and Feeal A\mino Acid Digestibility in Broiler Chicks j

A.. Introduction’

In the past decade rescarch using pigs has} established that amino acid diéestibilities
derived using fecal material may be in error due to the influence of the hindgut microflora
popul‘ation. The microflora can alter the amino a'cid (AA) profile of the ileal digesta through
~AA sy‘hthesis or deamination (Mason and Palmer, 1973; Fggum er al 1979; Low, 1979). Since |
amino acids or pepudes in the hindgut cannot be absorbed into the blood stream the) can only
be deammated [O serve as a source of nnrogen 10 lhe pig (Deguchi et al., 1978 Rerat 1978;
Wunsehe et al., 198}2).»As a consequence the uge,of ileal AA drgesublln_\_' have been.suggested as
being a more accurate estimation of true AA diéestibilit)' rather than the digestibilities derived
by collection of fecal (excreta) material (Pavne et al. 1968.)

In poultry the question of whether rleal AA drgesubrln) values are more accurate then |
fecal AA dlg€§[1blllt\/ values has been a contestcd ssue. Poultrv are srmrlar to prgs m that the»
have no absorptron of AA from the hmdom (Salter and Coates 1971 Furuse and Yorkota
1984). The argument with poultry has been, that with the rapid passage of the digesta, the
microflora do not have enough )time to alter the AA profile and therefdre fecal AA drgesribility' '
should be as accurate as ilcal AA digesu"’bilitvy . An experi'mem,condlklcted by Parsons er al.
(1982) reported that in poultry 25% df fecal AA were of microbizal orfgin’as eom_pared 1o 50>% in
swine. Although the proportion is much .lox'yer:, the microflora still had a significant inf hrerr_ce
upon the pattern of AA excreted in the excr'eta with the greatest influence being in es‘tim'atesvof
endogenous AA excretion. - | |

Other studies have also evaluated the ef f ect of the hindgut of boultrv on AA' ‘
digestibility. Studres using cecectomxzed birds have indicated an merease in rhe level of AA
excreted on N-free diets or while fastmg as compared to mtact brrds (Kessler and Thomas

i
1981, Parsons, 1984). Neshexm and Carpenter (1967) using cecectomrzed versus normal chicks

- _ observed a 10% decrease in the AA drgesnbrllty of heat damaged cod muscle Using germ-free

\

S 2



chicks Salter and Fulford (1974) found that the gut microflora had little influence on the
diges‘libilit_\' of proteins. In a few experiments cofnparing ileal and Tecal AA digesybility
directly, the ileal digestibililies hav;f been ‘lowcr, especially with Jess digestible protein sources
(Varnish and Carpenter, 1975; Raharjo and Farrell, 1981). |

Since there was some question of the influence (.)f the hindgut on AA digeslibilit)‘; a
study was conducted 10 com\parg the levels of AA in the ileal'and fecal digesta and their cffects
on AA digestibjlity. Sc’)_vbean‘ meal énd can.ola mieal were used in the cxperirﬁem toysge if’ the
differences in AA digestibility observed I;reviouﬂ.y (Chapter 3) would have an influencc on the
level of AA found in the ileal and Iecal dlgesta In addition the influence of the length of
fasting and the length of the feeding perxod was exammed to determine their possible effects on

\

the level of AA collected.

: ‘B\. Matérials and Methods

The breed of chickens used, their management and the procedure followed m Nt‘};e
‘collection of the ileal digésta in this experirr’xeni were simila; to those described in Chapter 4.
The only diff erence was Lhe‘birds were provided with continuous lighling. The fecal samples
were collécted in .trays benéath .the cages during the final 2 hr of the feeding period before the |
chicks weré sacrificed. To test the effe‘cts of length of the fasting time the birds were starved

for 12, 24 or 36 hr before being fed for al2hr fecdmg penod To assess the effect of length of
lhe feeding perlod the birds were starved for 12 hr befare bemg fed for a 12, 24 48 or 72 hr
‘ period.,

The experimental diets (Table V.1) consisted of wheat‘and either soyﬁgan meal or
canola nieal asa protein source in the diet Each protein source was added to the diets at gréded
iévels (0, 30, 61, or 91%) réplacing autoclaved corn‘ siarch. At each levé} in the diet the
proportion of wheat to Soybean meal or wheat to cahola meal was kept c‘onstant. Nine percent

of all diets consisted of fixed ingredients which mcluded vitamins, minerals, corn oil and

chrom1c oxxde
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The laboratory and statistical analysis conducted were the same as those described in ,

Chapter 4.

C. Results and Discussion
The corrected amino acid digestibility (CAAD) delermined using the derivatives of the-

linear regressions between rhe grams AA digested VEIsus the grams feed intake are preeented in
Table V.2. The intercepts of the linear regressions arc contained in Appendix X11.3. The CAAD
values noted when ileal collections were used were lower Lhan the values derived from rhe fecal -
collecnons. The drgesnbrhty of\rhc »\\'heat—soybean meal ‘diet was higher than that of \
wheal-canolamea] diet. The differences in the digesiibilirj' values between the wheat-soybean
meal and the wheat-canola meal diets\\\vere greater When mea‘sured using ileal as compared to .
fecal collections. | |
The plotted values used Lo derive the linear regressrons appeared 1o have a curvdmear

relallonsh\rp and consequently quadratic regressions of the data were derwed The quadranc
regressions for the total AA and their der\rvatrves are presented in Table V.3. The regr_essrons
for the individual AA are contained in Anpendices XII. 4' 6 and 7. A number of the
individual and total AA quadratic regresswns were found to be have a srgmﬁcantly better fit
then the correspondmg linear regressrons. The significance of the total AA q_ua_dratrc 'regressrons_
as compared to Lh'e»,linear regressions is indicated in Table V.3. When tne fecal digesta Were
used for the calculations wheat-soybean had.a high'ly srgmf icant quadratic regression
( P = .OOOZ);however, when the ’ilealdigesta were used tne quadratic regression was higniy
non- srgmf icant (P=.929).1n contrast the wheat-canola meal diets had significant quadratic
regressions for both ileAl (P = 050) and f ecal drgesta (P= 002) but therr srgmf 1caanW3Nower
than that of the wheat- soybean meal fecal regressron | ‘ |

| With quadratic regressions the CAAD values derived are no longer mdependem of AA
intake because the derrvauves of the quadratrc regressron contain a varrable (Table V.3) which

./

is the level of AA contained in the diet. To.emphasize the inf luence that the percentage dietary
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AA has on CAAD, the derivatives of the total AA quadratic reeresstons presented in Table V.3

- were used o calculate the ileal and fecal CAAD at each level of AA in the e\pertmental diets

(Table V 4) When total CAAD were’ calculated’ l"rom the derivative equntrons 1t was again

apparent that the values were aft"ected by level of AA intake, except for the ileal dlgCSllbl]lllC\

obtamcd on the diets tontammg wheat - sovbean meal As the level of AA in the diet 1ncreased

fecal CAAD values deereased on both the wheat -soy bean meal and wheat-canola meal diets an _ﬁ

~ the ileal dtgesttbrltt\ values also decreased on the wheat - canola meal dlClS‘ Exammanon of the

' range of CAAD values obtarned for the diets contamrng wheat soybean meal or-wheat-canola
‘meal mdtcated that feedmo a diet contammg approximately lO total AA would result in
CAAD derived from the quadratic regressions srmrla’r to those from. the linear regressrons For

| that reason the dtgesttbtlttres dcrtved from the lmear regressrons appeared 10 be as su1table as

those dertved using the quadrattc regressrons for eomparmg CAAD wrthrn and between the

_ protein sources ~ :'

.. The apparent decrease in’ CAAD when the levels of AA contamed in the diets were

. 1ncreased was an unexpected observatton based on the prevrous experrments (Chapters 2 and

4). The observatron was also in contrast to the reported et" [ ects of protem mtake on CA t\l) in

swme and poultry (Carlson and Bayley, 1970 Stbbald 1979a) No explanatron f or the decrease

in CAAD upon the increase in-AA concentration in the diets was apparent f rom the present

| data. | .

| In comparing the present experrment wnh that ol" Sibbald (l979a) some drf f erences in

the methodology were evident. Stbbald used mature Leghorn cockerels which were f orce- -fed 6,

- 12,‘ 18, 24, 07 30 .grams of soybean meal and found no dift"erence in CAAD related to intake. In

the presentrexperiment the ehicks had an average initial body weight of 720 grams, which was

considerably less than the wetght of mature cockerels The average dretary intake of the diets

contammg 91% test mgredtents was lll l grams with an average protein content of 20%. Thus

the CthkS in this experrment had maxrmum protem intakes-of approximately 22 grams in a 12

hr penod whereas the cockerels had a maxrmum intake of approximatley 14 grams of soybean



meal protein in a single feeding. The question arises as 1o ;Vhal controls protcm digestion in
poultr“? Is the percentage protein or AA content in the diet the more important factor or is the
lotnl grams of protein emermg the gastrointestinal tract per unit time more important? If the
bird has a maximum capacity 10 digest and/or absorb protein per nnil of time, then the
maximum could’conc-eivabl_\' be reached when high levels of protein are fed; -
There is some indicau’on that'absorpti‘on of amino acids may be rate limiting. The
o
absorption of serine, alanine and methionine has been shown to be dependcnl on the
concentration’ oresent in the ileum of the rabbit (Paterson et al., 1979), but this and other
similar experiments (Matthews, et al., 1979) involved singlo AA in in vitro experiments. In -
more practical studies conducted 1_11_\}_\_/9 AA-are known to be a’bsorbed as peptides asywell as in
the free AA form (Kan, 1975). In addition dietar_y AA sonrces are also known to be diluted 1.5
| to 4 times by endogenous AA sources (Bird, 1969: Cromp_ton«and Nesheim, 1968). Given this
large dilution of dietary AA by endogenous AA, the a‘bSOrp[iOn of AA and peplides from the
'dlECSllOI’] of dietary proteins would un likely to be the rate hmmng step In a review (Snook,
' 1974) it"'was concludcd that "hydrolysis is usually the rate hmmng step in the release and
absorplxon of AA". This does not prov1de conclusive evidence that dlg€SllOH rather than the
absorption process is a rate 11m1tmg step, but tends o suggcsl that dxgesuon 18 the more
important factor. In the present experiment the smaller blIdS consuming roughly equivalent
amounts of protein may l}ave reached a saturation point in the czpacxty of the digeStive tract o
digest the dietary protein. |
To gain a further insight into the reasons for the differences between ileal and f ecnl

CAAD, the individual and total AA excreted from t‘he ileum and in the feces were compared‘.

r

To do this the grams AA excreted from the ileum and in the feces per 100 grams feed intake,

were regressed on each other to obtdin linear regressions (Table V.5). The results obtained

Fa

indicated that there was a slope or ratio of 1.02 between the total grams ileal AA versus total

grams fecal AA per 100 grams feed mtake for the wheat- soybean meal diets and the

correspondmg ratxo for the dxets containing wheat-canola meal was 1.64.
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ﬁ‘ . A lingar regression with a slope or ratio greater then one between the grams of ileal AA'
excreted versus fecal AA excreted would indicate that a lesser amount of AA was excreted m the
feces i in proporuon}w the amount excreted from the terminal ileum. This would suggest a net
loss of AA between the terminal ileum and the feces as the excretion of AA from the terminal
\ileum increaseei. Sauer et al. (1977)_a’nd Low (1979) have demonstrated in pigé that AA can be
lost in the hindgul through deamination. Canola meal being a less digestible protein source than
soybean meal would have a greater excretion of AA into the hmdgut and therefore potenualh
.more AA available for deamination. The net effect on CAAD is that the fecal drgesubrhtres wrll \
be greater than the correspondmg ileal digestibilities. The higher the ratio is above 1.0 the
greater the difference wr]lﬂ between 11eal and fecal CAAD. The data presented in Tables V.2
and 5 support this obeer\'atron. The ratio between the total ileal and fecal grams AA excreted on
the wheat-soybean meal diets was 1.02;¥a51e V.5) and‘the total ileal and fecal CAAD were
89.2% and 94.9%, respectively (Table V.2). In comparison on the wheat -canola meal diet the
ilea};f ecal ratio-was 1.64 for the total AA and the corresporrding CAAD were 81.4% and 90.4%
‘ respective]y_, for the ileal and fecal digesta. This indicated that there was a greater change in the
_AA profile in the hindr“gur digesta of birds fed the ‘wheat-canola meal diet than in the digesta of
| those fed the wheat-soybean meal diet | . . '

. The mfluence of dret and the effects of fasting and feeding pe:rods on dretar) mtake
are shown in Table V 6. Lower intakes occurred on the N-free diets but otherwrse dret did not
signif rcantly affect feed mtake Increasing the fastmg perrod to 24 or 36 hr had no effect on
subsequent f eed infake during the 12 hrt feedmg period. When the feedmg period aftera 12 hr
fast was extended to 24, 48 or 72 hr fee mtake mlatron 10 the time the birds were
given to feed.

The influence of length of the f astmg period and length of the feeding period on the

levels of AA excreted are presented in Table V/’/ reasing the length of starvation from 12 to

P N,
U

24 hr, signifi rcantly increased the concentration of AA ound in the ileal digesta after f eeding

the N-free diets. A furthér increase in the length of starvation from 24 to 36 hr did not cause a



further increase in the AA concentration of the ileal digesta. The concentration of AA in the
fecal digesta col‘lected were not affected by fasting length. Feeding periods.of 12,24, 48 or 72

hr had no effect on the concentration of AA found in the ilcal or fecal digesta.

" D. Summary ' S ' : S

The v\}heat-soybean‘meal and whcaf'-éanola meal dkiets» had iower individ’ual and total,
ileal CAAD than fecal CAAD. The differences for total CAAD was less for the wheat-soybean
" meal diets (89.2% Versus 94..9%) than for Ehf wheat-canola meal diets (81.4% versus 90.4%) .

~—

The regressions of digested AA on,A/’( intake showed a significant curvilinear response, which

resulted in a decrease in estjmaled CAAD as AA’i‘make increased. The length of fasting or

feeding period did not affect the concentration of AA f ound in the ileal or fecal digesta.

‘Fﬁ/



Table V.1 ~ Composition of the experimental dﬁg
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1 Diet No.
l'ngreqiems % ’ 1 2 3 4 3 6 7
Corn starch 91 61 30 61 30 -
Ground wheat | 22 45 67 11 23 4
Soybean meal §. - | 16 24
Canola meal \ 19 38 | 57
9 | 9 9 9 9 9

Constant ingredients? ; 9

'Supplied the following levels per kg of diets: corn oil 31g; ground limestone 8g; A
Biofos (18% Ca-21% P) 33g; iodized salt 6g; chromic oxide 1 g; vitamin-mineral premix 11g.
The vitamin-mineral premix supplied the following levels. per kg of diet: vitamin A 4000 1U;
vitamin D; 600 ICU; vitamin E 10 1U; menadione 3mg; riboflavin 6mg; calcium pantothenate
10mg; niacin 15mg; folic acid 1mg; biotin .2mg; vitamin B,, 10mcg; choline chloride 1500mg;

manganese 100mg; zinc 80mg.



lleal and fecal amino acid digestibi)j}y of tested protein sources obtained bv linedr

A

Table V.2
Tegression. -
Wheat - Sovbean meal Wheat - Canola meal
Amino acid Ileal * Fecal Ieal Fecal
Digestibility Digestibility Digestibility. Digestibility
% % % %
Aspartic acid 86.2+1.1' . 910+ 17 733+ 1.4 84.6 + 1.5
Threonine 873+ 1.7 9.8 + 2.6 741 + 1.7 88.6 + 1.7 -
Serine 888+ 12 9.6+ 20 779413 900+ 18
Glutamic acid BSE 6. %1+ 8 88.2 + 8 93.9+
Proline 9.2 + 16 94.6 + 2.2 9.7+ 12 86.8 + 2.5
Glycine 83.8 + 1.5 76.0 + 1.4 -
Alanine 87.0 £ 1.4 92.4 + 1.7 83.7+ 8 89.9?; 1.4
Valine 83.6 + 2.2 91.9 + 2.5 742 + 2.1 8715+ 19
Methionine 86.2 £ 2.5 90.6 ?_r'z.s 87.1 + 1.0 92.3 % 2.0
Isoleucine 876+ 1.4 94.2 + 1.5 80.6 i 1.1 90.5 + 1.3
Leucine 8.6 + 1.1 949 % 1.2 83.0 £ .9 925 + 1.0
" Tyrosine 80,5 + 4.6 105.0 + 5.2 708 £ 5.8 97.0 + 4.4
Phenylalanine  $8.9 + 13 . 94.6 + 2] 822413  97+24
Lysine 89.1 £ 1.5 95.0 + 1.7 80.9 + 1.0 89.7 + 1.1
Histidine 89.0 + 16 93.5+ 2.3 84821 912+ 24
Arginine 9.1+ 138 9.3 + 13 85510 9384 9
Total 89.2 £ 1.2 94.9 + 1.5 81.4 £ 1.1 9.4 + 1.3

'Digestibility coefficient + standard error. ,

1
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Table V.4 Comr::.20n of total amino. acid digestibilities derived from the quadratic

regressions with vigee ‘1o the linear regressions.

Digestibility

. Amino acid content | . lleal * Fecal
*Diet Trzaiment % % ' %
QUadraLic : ' ‘ Wheat-Soybean meal
I Nefre 0 89.6 111.0
2 30% W-SBM! : 2 6.3 89.3 101.0
3 61% W-SBM 12.7 | ©89.1 90.7
4 9% W-SBM 18.9 s g0
~ Linear | | 892 94.9’
Quadratic Wheat-.CanoIa meal "
o 0 | osss 102.8
5 8.1 : . 83.7 94.7
6 19 . w1 g
7 237 - 743 o9
Linear 81.4 90.4

*Wheat -Soybean

2w5ea<Canola med




Table V.5 The slopes'of the linear regressions used to cdmpare the levels of ileal and fecal

.amino acids.

, Wheat - Soybean meal Wheat - Canola meal
Amino acid ' - slope gram/g'ram ‘ slope gram/gram
Aspartic acid BRI T 1s6 £ s
Threonine , 67 % 35 ° 184t .2
Serine . L 804 37 " 1.68 = .22
 Glutamicacid | 1.09 £ .22 165 + .16
~ Proline o | 65 % 27 - 108 £.21
Alanine 114 £ .22 L - 137+ 6 |
Valine 98 x 3 Cle2t 25
Methionine T+ 25 S92t 25
Isoleucine S o8t 8 160 £ 22
Leucine 120+ 28 o mrE
Tyrosine | '.17Ii' 28 | : : 59t .56
Phenylalanine o 7+ 27 | 118 + .33
Lysime st 1.53 + .14
Hisidine 59+ 19 96 £ 25
Arginine | 15+ .40 T RN
Total | ©L2E30 . 164t 20

'Slope coefficient * standard error.



ble V.6
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Influence of dietary treatment and intervals of fasting and feeding on feed imaké.

A‘vé. feed

- Fasting and . intake/chick
Diet Treatment- ' feeding interval n a pen
1 N-free | | 12hr fast; 12hr feed . 752+ 1.4
2 30% wheat-so&beanrmeal o - 1104+ 90
3 61% wheat-soyXean meal S VX 97
4 91% wheat -soybean meal “o 1158 + 4.8
5 30% wheat -canola meal o - 109.8 £ 141
6 61% wheat-canola meal - _ - 1120 £ 170
7 - '91% wheat-canola meal “o 106.4 £ 8.3
4 " 91% wheal;éoybean meal 12hr fast; 24hr feed 1728 £ 3.0
4 91% wheat-soybean meal 12hr fast; 48hr feed 309.3 £ 20.9
4v 91%‘wheat-soybean meal ' 12hr fast; 72hrfeed  362.5 + 14
1. Nefree - 12hr fast; 24hr feed ~ 88.4% 1.6
1 N-frec . ) 12h1 fast; 48hr feed - 169.8 = 2.6
1 N-free. : - 24hr fast; 12hr feed 999+ 2.7
1

N-fre . " 36hrfast 12hrfeed 971+ 3.1
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Tab%’ V.7 The influence of fasting period and time of collection afterfeeding on the total

grams amino acid excreted per 100 grams feed intake.

Fasting Period

Diet Treatment 12hr 24hr 36hr

A Tleal N-free 59+ 10a 117 + 266 1.6 + 526

1 Fecal N-free 197+ 20 201 + .34 2.14 + 54

Time of feeding

12hr 24hr 48hr

72hr
1 lleal N-freg—\// 39 + .10 66 + .14 72+ .10 58 + .15
4 leal91% W-SBM' 247+ .17 231+ .09 234+ 03 246+ 0]
\\ 4 TFecal 91% W-SBM 293 + 19 302+ .05 345+ 37 287+ .20
7 lleal 91% W-CM*  4.66 + .35 456 + .15
7 Fecal 91% W-CM  4.33 + 30 -

4.28% .04

a,b Means of dietary treatments followed by different subscri’pts are significantly different

P <.05. - .
' 'Wheat -Soybean meal

. *Wheat-Canola meal
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VI. lleal and Fecal Amino Acid Digestibility Estimates of ‘Soybean Meal and Canola Meal using

s Broi]er Chicks.

".‘“e;\A. Introduction B
+In conjuncnon vhth the e\perrment in Chapter San expertment was conducted to
"estimate the corrected amino acrd drgestrbrlltv {CAAD) of soybean meal an(J\E:ano]a meal If
'passrng through the hindgut of poultr\ has no mfluence on the profile of the ammo acid (AA)
in the drgesta then the estrmates of CAAD derrved usmg the ileal drgesta should not. be
srgnrfrcanll) drfferent from the estrmates derrved usmg the fecal (e\creta) materral Soy bean
- meal and canola meal provrde protern sources with two dnﬁ erent drgestrbrhtres (Muztar et al
'1980). In plgs and chrcks less drgestrble protem sources, have been shown to undergo greater
alteratron of therr AA prot"rle when passing through the hmdgut (Holmes etal., 1974 Varnish
and Carpenter 1975)
~In the present stud) the change in AA composrnon whrle passmg through the hmdgut

of poultry and its effect on CAAD was evaluated agam using protem sources of two drfferent

drgestrbtlrtres.

~ B. Materials and-Methods -
| The breed of chrekens used therr management and the procedure f ollowed in the-
collectiofjgof the ileal drgesta m this experrment were srmrlar o) those described m Chapter 4,
The only difference was the chrcks recerved continuous hghtmg and were housed four chrcks per
cage and during the three days of drgesta collectrons a pen of f our chrcks per dret were
sacrrf iced on three consecutive days The digesta from the four chicks per pen sacrificed eaeh
+ day were pooled for analysrs. o . | | .
Three pens of chicks were assigned to each of the seven experimental diets
(Table VI.1). The efperimental diets contained graded levels of soybean meal or'canola meal.

and a diet without added protein containing 86% autoclaved corn starch served as a N-free diet.

40
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Cellulose was added at a 5% level to all of the diets in"order to increase the amount of digesta
available for collection from the ileum. Chromic oxide was added at 0.1% 1o all dicts 1o serve as
an inert marker.

The laboratory and statrstlcal analysis conducted werc slmrlar 1o those described i in
Chapter 4. The only difference in this experiment was that the AA analvses of the drgesta
samples were not done in duplicate because of the small amount of varation in previous
e\perlments in which variation between duplicates was not sremfrcant as compared to the

variation between replicates. s

C. Results and Diseussion

The CAAD derived using the derrvatrves of the linear regressrons of grams ‘AA drgested
VETSUS grams AA mtake are presented in Table Vl 2 The mtercepts of these linear regressions
are contamed in Appendrx )tll 8. The quadratrc regressrons for the total AA and thelr

derrvatrves are presented in Table \Y 3 The quadratic regressrons of individual AA are contamed

_ in Appendrces XI11.9, 10,11, and 12, Sovbean meal had only a few AA whrch did not have a

srgntf tcantly better fit wrth the quadratrc regressrons than with the linear regressrons for both
“the 1leal and fecal digesta. Canola meal however was different in that the 1lea1 digesta had’

significant quadratrc regressions for all of the AA but the fecal digesta had non- srgnrfrcant

. "quadratic regressions lor_all of the AA.

As indicated in Chapter S, with a quadratic regression the lpercentage AA in the diet

" inf luences the drgestrbrlrty value estrmated and therefore no single value for CAAD can be

obtarned The grams AA mtake per 100 grams dretary 1ntake and the resultmg grams AA
excreted in the drgesta are presented in Table VI 4. In Table VI .Sthe AA mtakes represented by
the experrmental diets were substltuted into the derivatives of the total AA quadratic
regressrons (Table V1.3) to obtam total CAAD From the range of the total CAAD f or
soybean meal and canola meal it can be seen that an approximate intake of 13% total AA or

protein 1ntake would give drgestrbrlrtres similar 1o the linear derrved drgestrblhtles Again, for
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this reason the digestibilities derived using the linear derivatives were used to compare CAAD
within and between protem sources The ileal digestibiht\ values (Tab e V1.2) were lower for \
canola meal (76.0%) than for soy bean meal (83.0% whereas\ the fecal digestibilities were
sxmilar 85.8% and 87.4% for cano\la meal and soybean meal respectively. The quadratic constant
(b:) in the ilcal regressions were laiger than the quadratic constant.in the fecal regressions. As a
consequence the ilealz CAAD were more sensitive 10 the percentage dietary AAviryitake than the |
- fecal CAAD. | \
The CAAD derived from linear regressions were compared to other values repotteti lin _ o
the literature (Tao et ai. >1971' Nwokolo et al., 1976 Achmewhu and Hewitt, 1979: Sibbald
1979a; Muztar et al., 1980; and Parsons et al 1981 and Engster 1983). The AA digestibility
values of soybean meal are contained in Table VI .6 and those of canola meal are contained in -
Table V1.7, Since the only extended list of AA digestibility values’ were derived using fecal
digesta only the fecal AA dlgCS[lblll[} were used for comparison. In the present experiment the
total CAAD was calculated for each of the-protein sources, ‘however, in the hterature total
CAAD was not calculated in all cases, therefore average AA digestibility was used as a 1
reference for comparingE the tiata. |

- For bdth soybean meal and eai;ela rrieal the abselute values of the average AA
digestibihtv varied considerably which is probably a ref lection of the dif ferent methods used to
obtain them. The range of the mdiViduaI AA digestibility from the average AA digestibihty
showed some similarities between the experiments. In so.ybean meal the digestibility ot"

1

threonine and alanine were lower than average AA digestibihty while the digestibilities of

~

glutamic acid and phenyalanine were higher than average. Canola meal also had particular AA
with digestibilities higher or lower than average AA digestibility. Threonine, serine and proline j
had digestibilities that were lower average AA digestibility and glutainic acid, phenyalanine and
arginine had higher than average digestibilities. If particular AA eontinually' have higher or
lower than average AA digestibility, then the u;e of a nitrogen or protein'digestibility could be

- more useful in predicting the digestibility of individual AA in feedstuffs.



Researchers evaluating the effect of hin(\igut microflora and urine arm'no“acid

comammauon on fecal AA have used different: chlc}\ens for their comparlsons and. ha\,e’also

only assessed the effect of cither the microflora or urine AA contammallon (Bragg eral., ]969

Salter and Pulford 1974 Varmsh and Qarpemer 1975) In the present experiment the same
'~ pen of chickens were used to compare the excretion of ileal and fecal grams 1AA per 100 grams
~

feed intake, thus removmg animal varxatxon To achieve a cornpanson between ileal and fecal
AA profiles, the ileal grams AA excretion per 100 grams feed mlake was regressed on the fecal
grams AA excretion per 100 grams feed intake (Table V1.7). The resultmg slope or ratio " \
between the 1lea1 and fecal AA excretion provided a basis on which o establish whether AA
‘were gamed‘oﬂbst in the hmdgut The quadratic regressions did not lee a 51gb1fxcant1\' beuer

fit than the linear regression and therefore only the linear regressions are presented. If there
o W .

were no alteration of AA in the hindgut the ratio between the increasc in ileal and fecal gréms‘

AA excreted per 100 grams feed intake should be one. As shown in Table V1.7 the ratio was 1.28

for soybean meal and 1.45 for canola meal. A ratio greater than one indicates that there was a
loss of AA as the digesta passed through the hindgut. Consequently calculated ileal

digestibilities were lower than the fecal digestibilities.

The results demonstrate that the derived CAAD depend on whether ileal or fecal digesta’

were used for the calculations (Tables VI.2,3and 4). The difference between ileal and fecal
~ derived CAAD mcreased as the ratio between 1lea1 and fecal AA became larger. Canola meal
had a larger ratio between the ileal and f ecal total AA than soybean meal, and the dif feremce
~ between the ileal and fecal total CAAD was also larger (Table VI.2). The same pattern of
results was observed in Chapter 4. The diets contammg canola meal had a larger ratio (1. 6)

between ileal and f ecal total AA as compared 10 a ratio of 1.0 for the dlets containing.soybean

meal The resultmg estimates of ileal and fecal CAAD were 81.4% and 90.4%, respectively, for

diets containing canola meal and 89.2% and 94.9%, respectively, for diets containing soybean

meal.

e
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A possvi.ble reason for the loss of AA in the hindgut mav be the déamina‘tion‘ of the AA
by micfoflora. Work w.i‘th pigs and chicks has shown AA entering the hindgut can be
deaminated by fhe microflora, especiall\f when an energy source for thc microflora is limiting

(Neshelm and Carpemcr 1969; Holmes et al., 1974; Sauer et al. 1977: Jusl etal., 1981) Canola
meal being a less digestible protein source than soybean meal had more residual AA entering the
hindgut and therefore a greater potential source’of AA for microbial deamination. This may
have been resmns:blc for the greater decrease in the level of AA while passing thr‘ough the
hmdgut. ‘ . |

There wés considerable variability in the'digesu:bility Qf ts'rosine and methionine in the
present study and in the others cited. This may have been caused B) oxidation of these AA
during hvdrolvsis Tyrosine is suscepuble to oxidation by traces of residual O\ygen present
during hydrolvsns and therefore its recovery can be variable (Kohler and Palter 1967).
Methionine may also be oxidised in varymg amounts to methlonme sulphone d_epending the
a\moum of ‘tarbohydrate present durmg hydrolysis in 6 N HCI. For this reason in order to
measure methionine quantitativély, performic acid should be used before hydrolysis 1o convertl
* all methionine to methionine sulphone and then analysis should be conducted for the
.methionine sulphone (Lewis, 1966). Because performic acid was not used, the methionine
digestibilities in the present studies may not Be entirely reliable. .

The intercept values of the quadratic Tegressions are estimates of endogenous AA
excretions at zéro protein intake. The estimates of tﬁe total érams AA excreted from the iléum ‘
per 100 grams intake of a N-free diet were .63 - .65 (Table VI.3). The corresponding estimates
for f ecal dlgesta were 1.23 - 1. 24 grams. These values point out the contribution of AA f rom
urine, hmdgu,; cell slough and microflora is approximately twice that found at the terminal
ileum. To a large degree it is this difference between the excretion of AA from the ileum and

.

the hindgut which causes the difference between the ileal and fecal CAAD.
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. D. Summary
’ The CAAD of soybean meal and canola meal was affected by the hindgut of popliry,
the effect being greatest with canola meal. Bosh the ileal and fecal digestibility estimates had a
-curvmnear response wnh a decrease in CAAD as AA mtake increased. This effect was
 significant f or the total CAAD for the 1leal and fecal dngesta collections of soybean meal, and
only significant for the 1leal dlgesta collecuons for canola meal. In comparlson to other

reported AA dxgesublht» values the absolute values varied, however, the pattern of digestibility -

I 4

of md1v1dua1 AAin companson to average AA dlgesnblht) was relauvely unif orm
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Table VI.1  Composition of experimental diets. -

46:0 :

Diet No. ™.

. Ingredients % 1 2 3 4 -5 ; 6 7
Corn starch 86 - 64 42 20 58 29 -
vSoybeaﬂn meél . 22 44 66
Canola meal 28 57 86»
Constant ingrgdiems’ 14 14 - 14 \ 4 14 14 - 14

0

v

\

'Supplied the f ollowing levels per kg of diets: cellulose 50g5, corn oil 31g; ground limestone 8g;
Biofos (18% Ca-21% P) 33g; iodized salt 6g; chromic oxide 1 g; vitamin - mineral premix 1lg.

The vitamin-mineral premix supplied the following levels per kg of diet: vitamin A 4000 IU;
vitamin D; 600 ICU: vitamin E 10 I'U; menadione 3mg; riboflayin 6mg; calcium pantothenate
10mg; niacin 15mg; folic acid 1mg; biotin -2mg; vitamin B,, 10mcg; choline chloride 1500mg;

manganese 100mg; zinc 80mg.

*Alphafloc; Brown Company, Berlin, New Hampshire.

/

;
/



‘Table VI.2 Heal and fecal amino acid digestibility of soybean meal and canola meal obtained by~

using the linear regressions.

830 £ 1.8

_ Soybean meal Canoia meal
Ileal Fecal Ileal Fecal
Digestibility Digestibility Digestibility Digestibility

Amino acid % % - % %
Aspartic acid 79.2 + 2.2 853 + 1.4 67.7 + 2.4 80.3 + 23

* Threonine 793 + 2.3 864+ 21 67.0 + 2.1 80.3 + 2.3
Serine 81.6 + 1.8 87.8% 1.4 68.7+26 .  8l1+21

~ Glutamic acid 85.7 + 1.7 88.7 % 1.2 '83.8 i 1.6 90.0 £ 13

~ Proline 726 % 3.1 835+ 29 66.7%23 5 80.6%28
Glycine 78.5 + 2.4 . 66.7 + 3\.0
Alanine 84.7 £ 1.9 87.6 £ 1.3 78.9 + 2.1 87.5 +.1.9
Valine 793430 80422 02432 841 %27
Methionine 773 + 4.4 8.6 + 31 813425 91.8 + 2.1
Isoleucine 81.7 + 2.1 86.4 + 1.6 728 24 86.6 + 2.3
Leucine 828 + 1.8 87515 77.9 + 2.2. §.9+17
Tyrosine 80.8 £ 2.3 §73+19 67.0 + 3.2 834429

- Phenylalanine 83.9 20 87.9 £ 1.7, 78.0 £ 2.6 89.1 £ 2.2
Lysine 88.6 % 1.0 89311  79+19  835+16
“Histidine 86.9 + 2.0 9.0 + 1.6 82.5 + 1.5 88.6 4 1.2
Arginine 86.8 +1.7 89.3 + 1.22 85.7 + 1.2 90.0'+ 1.0
Total 874+ 14 76.0 + 2.0 858+ 18

‘Digesiibility coefficient + standard error.-
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: _ »
Table V1.4 Total aminoacid content in the ileal and fecal digesta of chicks fed diets

containing soybean meal or canola meal.

Amino acid content

Diet ; Treatment Dietary Ileal Fecal
| g e e
1 N-free o sl 0 e 31
2 2% SBM! - 879 1207 176+ 26
3 g SBM s aeEn 2ms st
4 eemSBM 2636 517+ .68 461 08
s " 28% CM? 933 169 .14 226 .77
6 S1%CM 1833 38 £ .28 354+ .70
7 | 86% CM ' 27.66 729+ 43 516 * .89

'Soybean meal

*Canola meal

N



Table V1.5 Comparison of total amino acid digestibilities derived from the quadratic

regressions with values from the linear regressions.

{

76.0

: | Digestibility
: . ) Amino acid content Ileal Fecal
Diet Tre@ent % | % %
Quadratic . Sovb¢an meal
1 N-free 0 J |
2 e S g 8.3 90.8
s ugseM . 17.6 | 77.7 83.9
4 C emSBM - 264 67.1 77.0
Linear ' . - 83.0 . 874
Quadratic Canola'Meal |
1 Nefree EREEE )
'5  o 28% CM: /J 9.3 82.4 874
6 CsmeM 18.3 69.6 842 .
7 . smom Y 862 80.9-
' Linear | o . 85.8

"Sbecan meal
*Canola meal

T
!1



Table VI.6 A comparison of fecal émino acid digestibility

the literature,
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values of soybean meal reported in

Achinewhu' -Sibbald®  Muztar®  Parsons Engster’

- Amino acid Present
_ Studies
% % %t % % %
Aspartic acid\ 9 92.0 - 93 92.] 9.0 85.8:‘
Threonine 9] 90.5 9 §7.3 88.2 Ry
Serine Q\ -9 '92.6 88 91.0 90.0° 878
“Glutamic acid - \' 94 94 §4.z 93.6 8.7
Proline 91 94.3 90 913 91 8.5 )
Alanine 9 9.2 90 8.6 8.6 87.6
Valine % 923 o 90.9 9.3 83.0
Methionine - 95 83 942 B2 86
Isoleticine 94 917 94 91.6 91.9 86.4'
Leucine % 919 9 93 97§75
Tyrosine % a4 84 ‘94.8 944 873
Phenylalanine o 940 9 95 96 819
Lysige 9 w0 8.6 91T 893
Histidine 1 9 85 91.4 '90.4 90.0 }
) = | ’
Arginine 9 920 9B 91 92.0 893 oY
Average 93.4 92.7 90.3 912 915 86.9 _\‘\w/ i

'Achinewhu and Hewitt, 1979,

*Sibbald, 1979." -

‘Muztar et al., 1980.

‘Parsons et al., 1981.

Engster et al., 1983.
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Table VI.7 A comparison of fecal amino acid digestibility values of éanqla meal reported in

the literaturc_.

“Amino Ac’id © - Tao' Nwokolo? " Mu'ztar;_ Muztar} Present
' : _ Tower Candle Studies )
% % % % - %
% v » -
 Aspartic acid @8 o1 s w g3
" Thiconine 65 08 Mg 80.3
Serine N 70.1 91.4 78 e sl
Glutamic acid 88 949w 8% %00
_Pro'.linci T ; 02 .5 68 - 806 |
CAlmine 658 942 8 . 77 875
Valie ©s98 0 w9 g o 1
Methionine 748 784 g - 79 91.8
Isoleciné 648 916 8 4 866
Leuine n6 %40 - v 879
Tyrosine' ' 636 928 89 197 34
Phenylalanine 693 943 87 R 891
Lysine 7.8 94.4 80 3835
Histidine B L6 942 83 80 88.6
_' A_rginiﬁe o 757 958 88 8 190.0
.A;érage | 69.8 92,0 81.7 '76;4 ' 85.6 ’

'Tao, et al., 1971.
*Nwokolo-et al., 1976.

*Muztar et al., 1980. \



s 53

Table V1.8 The slopes of the linear regressions of ileal versus fecal grams amino acid found

in the.digeslzi per 100 grams feed intakc.v

, . Soybean meal : o Canola meal
Amino acid : Slope grams/gram ~ Slope grams/gram
Asparticacid . . 'i.39 + 10" 1.47 £ 18
Threonine sz 1.52 + .16
Serine’ ) Ldg .12 o 156 + 17
- Glutamic acid , 1.23 + .10 1.50 + .15
Proline 1.30 + 27 | 139 # 05
Alanine ‘ 1.16 + .14 142 + 22
Valine o 1.17 £ .16 151 + 25
Methionine - 96 + .28 » 1.33 + .39 -
1soleucine | 122 £ 17 157 + .24
Leucine ‘ 132 £ 11 167 £ 19
Tymsine | , 133+ 18 | 1.51 + .32
. Phenylalanine ' C 118+ 16 1.47 + 3
Lysie . 1.0 £ .10 o 1sEas
Histidine R R FAR I ,, 147 + 12
Arginix;e ERY, + .20 140 1 12
Total T 128+ 01 145+ 8]

C“Sl()pé * standard error.



VIL. Estimates of Ileal and Fecal Amino Acid Digestibilit_y of Soybean Meal and Dried Egg

‘ (Albumen in Broiler Chicks.

A. lntroductién o

In previous experiments (Chapters 5 & 6) it became evident that the methéd used Lo
estimate corrected a'r(lnino acid digeélibility (CAAD) often results in a curvilinear relationship
between aminb .acid (AA) intake and CAAD. As AA intake increases the estimated CAAD
decreases_. Thié findi‘ng is in conflict with other repo‘rts on the effects of increased AA intake on
AA digeslibilitry (Carlson and Bayle_\';' 1970; Sibbald; 1979a), whicﬁ indicated that there w;'is a
linear relationship between AA intake and i‘ts Qigestibility.

* The curvilinear response in CAAD results in different estimates of digestibility as AA
intake éhanges. This causes probléms in utilizing CAAD values in the formulation of practical .
p'ouitry diets. Most of the other methods hsed‘in estimating CAAD uséd total fecal collections
whereas in the present studies 'collecu'éns' of samples of digesia containing a m‘arker have been
used.to estimate CAAD. It therefore seemed desirable that a further study be condﬁcted lo
determine whether the résponSé in CAAD would be affected by collection method. A trial was
designed to determine if the method of digest.;x collection would affect the curvilinear response
in CAAD. A second trial wasy conducted to see if a highly digestible protein source, such as egg
albumen, would also show the same curvilinear responsc in CAAD as found witlother protein

sources.

B. Material and Methods

The breed of chickens used and their management to four weéks of age were the same
as outlined in Chapter 4, except the chicks Wére ﬁrovided with contihuous lighu’ng. In the first
trial the diets (Table VII.1) consisted of four levels of soybean meal plus a N-free diet
containing mainly autoclaved corn starch. Soybean meal waé added to the diets at levels of 0,

22, 44, 66, or 88% replacing autoclaved corn st_arch‘. Cellulose was added at decreasing levels

54
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with increasing levels of soybean meal in order to keep crude fiber levels comparable. In the
second trial dried egg albumen was added 10 LhC diets at levels of 0, 10, 20, 30, or 40% rcplacmg
autoclaved corn starch. Cellulose was added at a level of 5 to all diets as a source of fiber.

In each trial four chicks were housed per .cage and lhrec groups of chicks were placed
on each of tﬁc five éx}mrimemal diets. In the first trial, for total fecal collections, the chicks
were fasted for 12 hr, fed the experimental diets for 48 hr, and then fasted again for the final 12
hr. The total excreta produced were collected 24, 48 and 60 hr after the diets were introduced
and were immediately frozen. To obtain the samples of fecal (excreta) material and ileal dlgesta
the final 12 hr fast perlod following the total fecal collections served as the intial 12 hr fast
period for sample collections. After the 12 hr fast the CthkS were refed the experlmemal dicts
for 1210 13 hr with the final 2 hr of the feeding perxod bemg used to collect the sample fecal
material. At the end of the 1\2 hr feeding period the chicks were sacrificed during the following
hour, a pen at a time, and the ileal digesta collected. In the second trial the chicks were fasted
for 12 hr before being fed the experimental diets for 12 to 13 hr. At the end of the 12 hr feedmg
period the chicks were sacrificed over an one hour period and the ileal digesta collecled as
outlined in Chapter 4. All chicks were sacrificed on the same day. The digesta from the
_indivic_lual chicks within a pen were pooled for laborator#analysis as outlined in Chapter 4.

For the data analysis 6f the two trials, the grams AA excreted weré regressed on grams
AA intake. This was different from the previous analysis in which AA digested was regressed
on AA intake. The li_near, quadratic a'r;d logarithmic regressions were computed for each
collection method. The regresswns wefe used to obtain the amount of AA excreted glven the
' . AA intake. Using the f ollowmg equation CAAD could then be predicted from the regressions at
the chosen AA intakes. ‘ /

Digestibility = (Intake-Excretion)/Intake

Al a given AA intake the CA;AD can be determined either for that Iasi increment ol\

added AA or for the combined di-ges{ibility' of the different levels of AA from zero to whatever-

intake is chosen. The derivative of the regression at a given level of AA intake and the integral



~~
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of the regression arc used to obtain the combined CAAD up to a given levei\ of ima‘ke. The
integral of the regression may then be used 1o obtain the area under the curve representing the
excreted AA. The excretéd AA contains AA of boLix dietary and endogenous sburccs, therefore ,
before the CAAD can be derived the portion represented by endogenous AA has to be
subtracted from the total of the excreted AA. An assumption was made that the correction for
endogenous AA excretions was equal to the area underneath the line created by the i;ltercep[-at
zero AA intake (Figure VIT.1). ,

+ - The coefTicient of variation (Steel and Torrie, 1980) was used to determine whether the
levels of AA excreted were more of dietary origin or endogenous origin. If the levels of AA
excreted were more of dietary origin then it was postulated the pattern would resemble the AA
pattern of the protein source, conversely if the patterh of AA excreted were more of
¢ndogenous origin then it was assumed the pattern would resemble the AA pattern excreted on
the N-free diet The AA levels of the dietary protein source and of the endogenous AA were
divided by the AA levels excreted when the birds were fed the protein source to obtain £wo sets
of ratios. The coefficient of variation was used to determine which set of ratios deriv;d had the
least variation from the mean and therefore the greatest similarity to the AA levels excreted

when the protein source was fed.

C. Results and Discussion N

In the fi/rst trial the linear, quadratic and Iogarithmi'c\r\egressi’ons of . tota] excreted AA
versus total feed AA intake for the three collection methods for soybean meal were derived
(Table VII .2)‘,.‘_The linear, quadrapic and logarithmic regressions for the individual AA are
presented in Appendices XI1.13, 14, 15, 16 and 17. With each method of sample collection all
of the quadratic regressions had significantly better fits than the corresponding linear

regressions. In contrast when the total fecal collections were used only four of the AA, aspartic

acid, glutamic acid, leucine and arginine displayed a significantly better fit with the quadratic

'regressions. The total AA for the logarithmic regressions had correlations for the ileal and fecal
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samples collections similar Lo those of the quadratic regressions. The total fecal collectigns had
better correlations with the quadratic regressions than wrth the logarithmic regresmons The
logarrthmrc regressions had e\poncmral slopes for ilcal and fecal- samples collections which' were
similar for most of the AA, demonstrating that soybc‘an mgrl had only small differenices
between ileal and fecal estimates of CAAD. | ‘

In Chapters 5 and 6 only the derivatives of the quadratic regressions were used 1o
obtain the C/\AD at different levels of AA intake. The CAAD obtained using the derivatives of
the regressions do not take in 10 account the combined digestibility of the AA over the range
from zero AA intake 10 the chosen level ol‘ AA intake. Mothemat\ically the combined CAAD
can be obtained using the integral of lhe regression. In Table Vll..3 estimates of CAAD derived
using the derivatives and integrals of theduadratic and logarithmic regressions are presented.
The range of AA inrakeﬂ chosen to use in deriving the regressions were the AA intakes
represented by [he experimental diets at 100 grams dietary intake.

The quadratic and logarithmic regressions gave similar est-imates of CAADf or' the ileal
sample collecuons The sample fecal and total fecal collections resulted in drffcrcm estimates of
CAAD between the two regression methods, The sample fecal collections had higher estimates
of total endogenous AA excretion at zero protein intake using the quadratic regression than
with the logarithmic regression, 1.4 versus 1.1 grams. As a result the derived CAAD was also
higher for the quadratic regression (Table VII .3). The dlf f erénce arose because of the

assumption that the intercept at zero AA intake equals the endogenous AA output. There is no

way of knowing which estimate of endogenous AA excretion is more accurate and therefore no

s

way of explicitly stating which was the better estimate of CAAD. Errors iii the curvilinear
regressions thay result if estimates of endogenous AA excretion are greater than the measured
excretion at zero protein intake or if the Quadratic regressions have mrtlal slopes that are

negative, such as was observed with in the sample fecal collection. A negatrve slope ina

quadratic regressron results in gstimates of CAAD greater than 100% at low levels of AA

intakes.
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Logarithmic and quadratic fegressions based on total fecal collections also showed
/
differences between the estimates of CAAD. The quadratic regréssion was not significantly
different from the linear regression. The'ltgarilhmic regression would fit the best cxponemiél
curve to the linear datba resulting in an over-estimate of CAAD at lower levels of AA intake.
Since most of the quadrati\c regressions applied 1o total fecal collections were not significantly

\

different from the linear regressions. the best estimates of CAAD were. provided by the linear
regressions. Coy ‘ ’

" The resulfs of.tfxis experiment and those reported in Chaptérs 5 and 6 demonstrate that
curvilinear response resulting in a decrease in CAAD upon increased AA intake was not due to
random experimental error. The reason f or the curvilinear response was either due to an actual
decrease in CAAD orioa p0531ble systematic error in the methodology used to obtain the
estimates. To gain a further understanding into why the CAAD of the sample ileal and fecal
collections showed a curvilinear response to increased AA intake whereas the total fecal
collections did not, the raw data values were compared. The estimateﬁ dry matter digestibilities
of the sample collections were compared to the actualadry matter digestibilities of the total fecal
collections (Table VII.4). When the dfy' matter digestibilities of the sample collections were
obtained using the concentrations of the chromic oxide in- the feeds divided by the
concentrations in thé digesta, there were no major differences in dry matter digestibilities
 whether estimated by the ileal and fecal sample collections or by total fecal collections. It
therefore appears that the use of an inert marker to estimate dry matter digestibility did not
cause sampling errors.

The percent total AA contained in the digesta of birds fed the soybean meal diets were
comp'ared on a dry matter basis to see if sampling errors as a result of digesta collection could
have occurred (Table VII 3). As the pércent soybean meal in the diets increased from 0% to
88%, the correspbhdi_ng increase in the‘c0ncentration of digesta AA increased from 3.5% to

14.1% in‘ the ileal saméles, 6.5% 10 17.5% in the fecal samples, and from 8.2% to 12.5% in the

total fecal collections. The increase in héfcent AA excretion as the protein content of the diet
v
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increased was much less when total fecal collections were used than when ileal or fecal sample
collectionis were used. It was this difference in percent AA éxcrcted which was largely
_Tesponsible for quadratic regressions based on loi;l fecal collections not being significantly
diff erent‘ from the linear regressions whereas those based on sample collections were
significantly different. The increased lé\'els of AA in the samples of ileal and fecal digesw
correlated more closely with the increases in dietary AA than when toral feces collecliéns were
. used, suggesting that values based on ileal or fecal samplés may have gréater validity.

There was no indication that time of sampling had any influence on the curvilinear
response observed with ileal and fecal san*ple collections. In preliminary experlmcma] mals the
concentration of ChIOITllC oxide was found to equilibrate by nirie hours after feeding. In
addition, in Chapter 5 sampling the digesta at 12, 24, 48 and 72 hr after initial feeding shbwed
- no significant influence on the conéentration of AA found in the digesta. For these reasons the
| chromic pxide or AA concentration in the digesta should not have changed signiﬁcainly 12hr
after feeding the experimental diets. | |

Differences between the CAAD values obtained with sample and total fecal collection
methods may be influenced to somé extent by several factors. Periodic sampling may not detect:
_ periodic differences in the fecal malerial;lf eed particles mall be released at different times from
the gizzard depending on the texture ol the diet ( Hill, 1971); and the perlodic emptying of the
cecal material may lalso be missed by sample collectionsi (Duke, 1977). With lotzll fecal
Collections, tl:e feces stay on the» trays for up to 24 hr before being frozen, whereas in the
collectl‘on of f e?al«samples-_ the feces are kept on the trays for a maximum of 2 hr béfore
freezing. This during total fecal collection the possibility exists that the mxcrof lora may
signifi 1cant1y alter the AA prof 1le of the feces on the trays

Another source of ¢rror that may lead to differences in estimates of CAAD is the
possibility of an interaction between the levels of AA intake and the resulting AA excreted. In
general, in the experiments conducted there were lower feed intakeé on the N-f rée diet§ than on

those containing protein. The cereal diets tended to have an increase in feed intake with

K}
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increasi'ng levels of dietary protein, whereas when the diets with soybean meal were fed there
was an increase m dietary intake to a certain level and then int~ak¢ terided to level off. Thel
canola meal diets were unusual in&hat there was a deércasc in dietary intake as the-
concentration of canola meal in Ihe icts 'incréased. These variaiions in dietar_\" intakes
(Chapters 2 and S, z;nd Append'.' XII1.18) derﬁonstrate that although the gradeﬂd levels of the -
added prdtein source may inf luénce dietary intakes the changes were not s,\"stcmatic and
therefore would not be respdnsible for the curvilinear response in AA excretion observed upon
increased AA intake. Other studies have indicated thal‘carbohyd_réte sourcé, eSpecialiy 'f iber,
/m‘ay influence CAAD (Brown, et ai., 1979:; Okuﬁura, et al., 1982). For this re‘ason’an attempl
was made to keep the crude fiber levels of »the diets constant. |
In the secondtrial with th_e different levels of egg ngumen in the diets, using only ilqz;l "

coHections, regressions' between A.A excretion and feed AA intake were derived. In this trial the
quadratic regressioné g?ve a significantly better f i; than the linear re-‘gressions‘ for all of the
i.ndi'vidual AA and Lotﬁl AA. For this reason the linear regressions are nog presehtéd. In Table

- VIL.6 -;he total AA quadratic and logarithmic régreSSions are presented. The (w_adratié and

: logarithmic regres_siohs for the individual AA of egg albumen are contained in Appendices
XI1.19 and 20. The CAAD of ‘egg albumen was calculated in‘t.he same manner as that used with
sdybean meal. The results (Table_VII .7) indicated that an efror in the estimates of CAADE
occurred with the quadratic regressions becausé of an over-comrection for endogenous AA
excretior;. The quadratic regressions for total A‘A'had. a negative slope up t0.6.0% total AA
intake (Figure VII .1), thus causing the over-correétion for endogenous AA excretion and an
estimates of CAAD greater then 100% (Table V’I‘I .7). The logar'ithmic regressions had a closer
fit to the data at the lower AA intakes (Figure VI1.2) and therefore gave better estimates of |
CAAD. | |

A possible error in the?estimates of CAAD is the assimption that there is no increase in

the amou\;n of AA excreted on diets coﬁtaining‘ greater lévels of protein, There has\been work

that suggests a large amount of the increased AA excretion is of endogenous origin (Crompton
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and Nesheim, .1969; Low, 1982). If'there Were an increase in tii\c?excret-ion of endogenous AA

~.
..

~_

upon increased proteinintake the actual CAAD would be greater than the pr?scm\e\Stimates.
. . . T~

S

There is however no contse evidence on whether-enzymc secretion into the gaslroimestinai\\\
" tract, which makes up a large part of endogenous secretion, has one consistent respones 1o AA
or dietar» intake (Snook, 1974; Bird and Moreau, 1978 Corring, 1981; Partridge et al. 1982).
In the case of the birds fed dried egg albumen there was a 18-fold increase in theieveiﬁgi_‘_éA
excreted from the ileum (Tzible VI1.7) as the level of protein intake incfeased from 0 to 40&\

In an attempt to determine whether the AA excreted were derived I"rom endogenous SA\
or were more closely reiated to the dictary AA, the AA levels in egg albumen and the AA levels
in the ileal digesta excreted on the N-frec diet were dmded by the AA levels in the ileal digesta
of birds fed the diet containing 40% egg albumen, to obtain two sets of ratios (Table VII.8).
- Coefficients of varidtion were than determined to sec which set of ratios had the least variation.
The results mdicated that the pattern of AA excreted on the diet containing 40 70 €8¢ albumen
more closely resembled that of eg\g albumen than that of the endogenous AA excretion (Table -
- VIL.3). This does not establish thet there vi'as no increase in theamountfof endogenous AA

* excretion on higher protein diets but does indicate that most of the incrédégd AA excreted when

higher levels of protein were fed was of dietary origin. . B : Y

D. Sommary

- The results olf‘ ihe experiments indicated that when ileal and fecal sampliné-were used to
estimate CAAD of soybean mea] there was a decrease in AA digesubility as AA mtake
mcreased In contrast when total fecal collections were used there was little mfluence of mtake
on CAAD. The ileal sample collections of egg albumen also had a sxgnificam decrease in CAAD
" as AA intake increased. Samplmg error did not appear to be the cause of the curvilinear
response, of decreased AA digestibility as AA intake increased, in the sample collections. The -
dse of logarithmic regressions did not eliminate all of the errors encountered when using they

- g" .
_quadratic regressions. A comparison of the AA levels in egg albumen and those found in the

\
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excreta would suggest a 48+ -ortion of the excreted AA was of feed origin. The problems

T

encountered while interpreting the data demonstrate the lack of an accurate measyrement of

endogenous AA excretion is a basic error in all estimates of AA digestibility.

<

62



G

Table VII.1  Composition of experimental diets.

Diet No.
 Triall _ Trial2
Ingredients % L2 3 4 s 6§ 75 9 1
Corn starch . 8766 45 24 3 86 76 66 56 46
Dried Egg Albumen’ S - - o0 w30 4 |
‘Soybean'meal ' -2 44 66 88 . -
Cellulose® o 4 3 -2 1 - A s | 5 5 -5 5 .

Constantingfediients’ . 9 9 9 9 ¢ g g o o g
| \ | \

|

'Highland Produce Ltd., Two.Hills, Alberta.

. *Alphafloc; Brdwn Company, Berlin, New Hampshire.

. » : _ _ :
"Supplied the following levels per kg of diets: corn oil 31g; ground limestone 8g; Biofos (18%
Ca-21% P) 33g; iodized salt 6g; chromic oxide 1 g; vitamin-mineral premix 1lg, The <

vitamin-mineral premix supplied the following levels per kg of diet: vitamin A 4000 1U:

vitamin D; 600 ICU; vitamin E 10 IU: menadione 3mg; riboflavin 6mg; calcium pantothenate
10mg; niacin 15mg; f olic acid 1mg; biotin .2mg; vitamin B, 10mcg; choline chloride 1500mg;
manganese 100mg; zinc 80mg. , ’ : :

.
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t different levels of amino acld intakes.

¢

Table VI1.3  The amino acid digestibilities derived using the integrals and derivatives of .the

65

regressions of sovbean meal a
N .
Digestibilites
, Quadratic ‘ ~ Logarithmic
"~ Intake Excretion Derivative : Area Derivative - Area
- g/100g g/100g % % % . %o
Samplelleal ‘ \
o 7 '
100 16 88.1 939 89.8 9.9
169 32 820 . 919 85.0 9.8
8.6 - 45 718 88.5 7.0 89.3
35.4 8.0 658 865 51.5 81.3
Sample Fecal
0 - 14
110.0 18 9.5 98.6 89.3 96
169 3.0 B2.' .96 gl 914
28.6 5.2 68.0 1 91.0 - 68.9 - 89.3
35.4 83 59.7 883 . 540 86.6
Total Fecal | \ —
0 1.8 ;
10,0 23 89.6 s ',;//92'3 93.1
169 29 87.2 9.1 . 905 9.0
28.6 4.1 833 89.7 864 89.8
35.4 5.8 81.0 890 832 88.3
~ o, ’
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~ a,b Means of di
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Table VII.4 A comparison of dry matter digestibiliticé of diets containing different levels of

soybean meal using different collections methods.

% Soybcén Meal

<

%
0
)
o
6
88

Sample 1leal

%

73.7 % 3.2
749 £ 2
674+ 1.5b
553 4 1.72
398+ 4.0p

a2

- Sample Fecal

"%

6.4 + 4

76.1 £ 2q

72.0.% 1.1q

652 + 0.4_a

56.9 + 1.0q

P<.05.

Total Fecal ~
% >

ST1.0+ 6

759+ 23ap &

70.8 + .9a
57.7°+ 395 -

50.8 % 800

etary treatments followed by different subscripts are signficantly different

-~
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Table VII.5  Infjuenee of collection method on the excretion of amino acids on a dry matter

e

basis from diets cjnlaihing different levels of soybean meal.

% Soybdan Mcal/’]‘ Sample Tleal gamplc Fecal Total Fecal
% ) % % %
0 / T s+ o 6.5 + 2.8 §.2 & 1.3a
2y s 9% 73 £ 1.3 106+ 9a
/,,,.’44 9.9 + 1.1p 123+ 8 . 107+ 9ab
T ERCEESC 136+ .9 112+ 1]
88 14.1 + 1.5ab " @175 1.8 125+ 6b

a,b Means of dielar)" treatments followéd By differents subscripts are signficanily different
P<.05. .



Table VII1.6 Quadratic and logarithmic regressions between total amino acid excreted and
total amino acid intake per 100 grams feed intake for jleal digesta sample collections of dried

egg altbumen,

Analysis b, byx ba- r!
Quadratic L1S3£.666'  -.264+ 104 021 + 003 95
Logarithmic - -.5134.018 0994+ .0065 95

'Regression coefficients + standard error.
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Table VII.7  The amino acid digestibilities derived using the integrals and derivatives of the

regressions of dried egg albumen at different levels amino acid intakes.

Digestibilites
, ‘ Quadratic Logarithmic
Intake Excretion Derivative - Area Derivative Area
.~ 2/100g g/100g % % % %
0 7
{v
7.6 1.4 110.1 115.6 87.3 92.2
15.1 2.0 94.] 1049 . 733 89.5
01 - 52 78 94.0 43.] 853

30.2 13.2 61.7 83.3 -19.8 78.7




Table VII.8  CoeéfTicient of variation of the ratios between dietary and endogenous amino

acids and amino acid excretion on the diets containing 40% egg albumen.

L3

Amino acid Feed/Fecal Endogenous/Fecal
Aspartic acid | 1.98 0042
Threonine ‘ | 1.99 {0795
Serine 2.10 } 0473
Glutamic acid 224 o 0424
Proline » 1.88 : / 0776
Glycine 197 0654
Alanine 235 ..0464
Valine ' 2.26 0359
Methionine o 2.63 | 0181
Isoleucine 2.12 | 0439
Leucine ‘ 2.56 0487
Tyrosine | 2.42 | ; 0619
Phénylalanine 226 | 0622
Lysin¢ 2.60 ' | 0387
Histidine 2.73 0444
Arginine 2.25 B | 0490
Total 2.27 | 0504
S : 2.60 : 0157

C.V.ﬁ(sxlOO)/mean 11.5 31.1
| \ ' ‘

| ]
i
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Figure VII.1  The quadratic regression of total amino acid excretion versus total amino acid
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injeke of egg albumen. The areas underneath the regressions were used to calculate total amino

acid digestibility. Digestibility = Intake - (Excretion-Endogenous).

BN
v e



2.,
144 S B " .
=x (Intake) :
@
S .
T 10+ ’
=2
<
S
0 w
G
i :
© | 8_“ ) 7
o
< :
o :
-> -E 1 | Iny=-.513+.099x
< . (Excretion)
2- ) \ , ;
¢ / ‘ q -\ \Iny=-0.513 (Endogenous)
o N RN RN USISNS Y
0 5 - 10 15 20 25 - 30
. Amino Acid Intake (grams)

Figure VII.2  The logarithmic regression of total amino acid excretion versus total amino acid -

intake of egg albumen. The areas underneath the regressions were used to calculate total amino.

acid digesu’biiityl Digestibility = Intake (Excretion-Endogenous). \}'ﬁj; }Af'_;

A



VIII. Influence of Dictary Fat Supplementation of Laying Hen Diets on Protein Utilization.

A. 'Intrvoductiohn

Numerous studies have shown the inclusion of fat in diets of lh)'ing h.ens has an "extra
caloric" effect (Jensen etal., 1970; Sell et al.,’1976;_ Mateos and Sell, 1980a). Thi‘s "e\m
caloric” effect has been reported to be due to an increase in the avaxlable metabohzable energy .
from the non- -fat portion of the diel perhaps resultmg from a decrease in the rate of passage of.
the diet (Mateos and Sell, l980p. Mateos and Sell, 1981) If Tat has such an effect on th;
avanlable metabohzhble energy in a diet, it might be postulaled that the addition of dietary fat
may also enhance the available protein of the diet. Tao et al. (1971) In diets containing
rapeseed mea] showed an apparent increase in the axaxlabnlm ~of dietary prolcm when fat was
added to the diet

The inclusion of fat in the diet has also been shown in some instances to inﬂuehce egg
weight. Most of the increase in egg wexght upon the addition of fal toa diet has been aur:buted '
10 an increase in dletan linoleic acid rather than an increase in energy content of the dnet ( Reid
and Weber, 1975; Whitehead, 1981). Most of this increase in egg weight has been noted at total
linoleic acid levels up to 1% of the diet The addmon of animal tallow to laying diets has had
variable results on egg weight (Jackson‘ et al., 1969; Reid and Weber, 1975: Jones et al. 1976)
The é(ddmon of tallow has nol had as greal an effect on egg weight as vegetable oil, but

addmons up to 3.5% have resulted in some egg weight increase over diets containing no tallow

k]

addition., At adequate protein intakes, the effect of energy "per se" has been reported to have

little or no effect on egg weight o'r rate of egg pro’duction (Balnave:; 1‘972' Jones et al., 1976;

Carew et al., 1980; Reld and Malormo 1980). N‘ﬁmerous studles have shown however that

when protein intake is inadequate a decrease in egg weight and (or) rate of producnon may
occur (Gabriel and Fetuga, 1976: Gleaves etal., 1977; Reid and Mairorino, 1980; Roland,

v

1980).

&)
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Tne present study was designed to investigate the eff ects of dietary fat ‘]evels on prdtein
utilization in diets of laving hens forfnulated cither Ib just meet recommended caldrie4protei11
(C/P) ratios or to have slightly wider C/p rau‘oé. It was postulated .lha.t the wider C/P ratio
would result in a reduction of protein intake and therefore an\ 1mpr0vemem In protein
avallabllm resulting from the addition of fat should result in an increased egg welght and (or)

rate of egg production..

B. Materials and Methods .

Four hundred and eighty Shaver Starcrosg pulle‘ts were selected from pullets reared
‘durmg lhe growmg penod in floor pens and glven a commcrcml type grower dle[S A120 weeks
of age the pullets were randomly divided into 32 grqups of 15 birds each and the birds were
housed in individual ca‘ges (30cm x 46cm). TWE; groups of birds were placed on each of the 16
experimental diets at 23 weeks"of age for a 16-week experimerital pefiod. Feed and water were

supplied ad libitum and the birds were'given'14 hours of light per day.

~ Records were kept on daily ege production and moftalily'. Egg weights were takgn once
a week using the'ayerage cge weight of one ddy‘s produciion for each gfoup of birdé Fee‘d
consumption was recorded for each four week period. Initial and final body wenghtc were
recorded .

The diets (Table VIII.1) were formulaxed 10 maintain comparable C/P ratios With
mcreasmg levels of added tallow The diets were based on enher wheat and canola meal or
wheat and soybean meal. The mgredlents used were analyzed for protein content and the
metabolizable energy values used were those used at the University of Alberta (Robblee, -
unpubhshed) thm each ingredient base a series of diets with four levels of added tallow :
(0,3,6 and 9%) were formulated to contw C/P ratios of either 190:1 or 210'1 (kcal,

M.E. /%crude protein /kxlogram of diet). The C/P ratios were kept constant by adjusting the
levels of the wheat soybean meal or canola meal, tallow and sucrose. Corn oil was added to all

diets at a level of 1% to ensure that linoleic acid was not a factor influencing egg weight.



“The data were analyzed by analysis of variance and means were compared using the

Studem-Newman-Keuls"test as outlined in Steel and Torrie (1980).

C. Results and Discussion

. The effect of tallow levels and C/P ratios on caloric and protein intakes, egg ‘weight,

) egg production and body weight are summarized in Table VIII .2‘. The levels of tallow used did

not significantly affect caloric or protein intake, whereas differenees in the C/P ratios had 3

- significant effect Blrds fed the diets with the w1der C/P ratio, (210:1), had greater calorxc

mtakes but even with the increased caloric mlakes protem mwkes remained significantly lower
than that of the bIIdS fed diets with the narrower C/P ratio, (190 1) The increased caloric
intake may have occurred beeause of sub-marginal protein intakes on the diets with the wider
Crp rauo Reld (1976) and Cherr\ et al.(1984) have shown that laymg hens will increase their
calorlc intake in order to try to meet their protein requirement .

The dxets with the narrower C/P ratios, (190 1), were based on recommended C/P
ratios of 1:170-190 (Scott et al., 1976; NRC.,1977), and should have been adequate in protein,
whereas the diets with the wider C/P ratios, (210:1), should have been sub-marginal in protein
content. In this experiment, however, average caloric intakes of 337 and 342 chal M.E./hen/day
on Lhc diets with the C/P ratios of 190:1 and 210:1 respectively, were higher than the expected
caloric intake of approxxmiate]y 325 kcal M.E, /hen/da) (Scott et al 1976). As a consequence |
the average protein intakes of 17.7 and 16.3 grams/hen/day for the 190:1 and the 210:1 diets
were also higher then expected. Desplte this there was a significant decrease in egg weight of the
hens fed diets wnh the 210:1 ratios as compared to those fed the dlets with 190:1 ratios. No )
mgmf icant differences in rate of egg production was observed, between the groups fed the diets
with the nafrower (190:1) and wider (210:1) C/P raties. |

Egg weight and rate of production were not mfluenced by the dietary tallow levels used
(Table VIII1.2). It therefore appears that the addmon of tallow had no eff ect on protein

&
availability, If the addition of tallow increased prolem avallablhty some increase in egg weight
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or production rate might have b@en expected on the diets with the wider. C/p ratio but no such
mcre“;gg was noted. |

"The only significant effect of-tallow- %ﬁimon was on weight gain, whxch increased with
each level of tallow addition up to 6% of the drcl Cunmngham and@orrxson (1977) have |
shown that most .of the body weight gain that occurs during the laying vear is@due 10 excess
energy which is deposited as fat. In the present experiment the body weight éain was similarv
with both C/P ratios, suggesring that weight gain wgs due to the "extra ca]oric " effect of fat.
rather than an increase in ;Jrotein availability. ” “

Sovbean mcar and canola rneal were used as protein sources to.see if the difference |
protein availabilities as reported by Muzrar et al. (1980) would be affected by dietary tallow
' leve] and rhe‘refore be reflected ih’egg werghr or egg produclion differences. The only effecl
noted with higher levels of 1a1iow was a slighl increase in egg weight on the canola meal diets,“
(Table VII1.3). There was however no further increase in egg weight with dielar\' levels of'
tallow above 3%. It is theref ore unhkely that the increase in egg weight Lhat occurred was a
© result of increased protem availability.

The hens fed diets containir‘rgv canola meal had significantly lower egg weights and lower
rate of egg production t’h‘arl .those fed diets containing soybéan meal. They also had signif ieantl)‘
lower average caloric intakes, 3'32 versus 346 kcal M.E./hen/day than hens fed the soybean
meal diets. The decreased caloric mlakes of birds on the canola meal diets were consistent

L

across all tallow 1evels and C/P ratios. Previous work has shown that the ca]oric intakes on

97

canola meal diets were lower than on soybean meal diets (March, 1981).
: o _

The decreased feed intake that occurred on the canola meal diets resulted in decreased
protem mtake as compared to the hens fed the diets containing soybean meal. When protein’
effi rcrency was evaluatcd by dividing total egg mass (egg weight x egg producuon) by grams of
protem intake there was, however, no significant difference between the canola meal and t.he

soybean meal diets. An interesting speculation is that if the canola meal diets hz’id equal protein
‘ #7 e

intakes would there be any decrease in egg weight and production? This question can be

¢
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answered in part by the results noted wit.h the eiif ferent C/P ratios. An increase in protein - -
intake ofl.4g/hen/dgy on the diets with a C/P ratio of 190:1 résulted i;1 only a 0.7g ‘increase in
egg weight and a‘ non—signiﬁeam increase of 0.7% in egg produetion.as compared to the
performance of hens fed the diets with a C/P ratio of 210:1. Hens fed the soybean meal di’et‘s

| had an average increased protein intake of onlyho.?g/hen/da_\' resulting in a 1.6g iri;cr‘ease n egg
i weiéht and a 1.2% increase in eég production This suggests the increase.d protcin imake of the
sovbean meal diets was not the onl\ cause for the increase in egg welghl and producuon noted.
‘Protem dlgesublln) quahtv or other f actors, such as goitrogens in the canola meal may have -

: also been factors influencing egg wenght and productxon

D. Summary

The addilion_ of i_ncreési-ng levels ef tallow (0, 3,6, and 9‘/’ e)'te’)niaving diets with
different C/P ratios and comammg either soybean meal or canola meal as protem sources had
no significant effects on rate-of egg producuon or egg weight, There was, however a
\ signifi icant increase in body weight gain with hl/gher levels _of tallow in the dlel Wthh wasi
attributed to increased energy utilization ralher’ than improved pfotcin utilization, The hens fed
the wider (210:1)>C/P reeio had lower caloric and proteiq‘imakes whieh resulted in a d_ecrease
in egg weight. The hens fed the canola‘mea‘l diets had lower ealoric and protein i.makes re'sulting'
in a decrease in egg weight and egg production.

g
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IX. Effect of Feeding Diets Containing Soybean and Canola Meal at Various Calorie-Protein
. N i 4“ *
< Ratios on the Performance of Laving Hens.

A. Introduction

———

S
~,

In_'the study on Lhé use of f‘a'g io diet‘s of laying hens (Chapter &) the'perfo?mancc of

~ the birds was reduced by usin'g diet;comaining canola meal. How ;nucih of the decline in ken
-pefformance could be attributed to the lower\amino a'cid digestibility of canola meal coulo not
be dctefmined. it was observed, however, that the use of wider calone -protein (C/P) rauos in

rations containing enher sovbean meal or canola meal resulted in décreased amino acid (AA)

-~

intakes. To further evaluate the effect of substituting canola meéal for soybean meal as an AA

source in laying diets an experiment was conducted in which canpla and soybean meal were

3

included in diets with different C/P ratios. In the diets equivalem amounts of protein were

conmbuted by wheat and either canola meal or soybean meal within each C/P rauo A second

\

N

experiment was conducted to determme the correctcd amino acnd dlgCSlIblllt) (CAAD) of

canola mead and soybean meal for laying hens. Using the mformann on digestible AA the

A

~ performance of the hqns fed diets containing canola meal OT S0y bean meal was compared.
3 . - /
* B. Materials and Methods .
In the firs‘t.:experiment 480 Shaver Statcross pullets were housed in .individual cages.
(30cm x 46cm) at 20‘[\\yeeks of age and fed a laying ration. At 30 weéks of age the pullets were
ranidomly divided into 16 groups bof 30 birds each. Two groups of birds were placed on each of
the 8 experimental diets. The experiment lasted for 12 weeks. ' .
While on experlment the birds were given feed and water ad llbltum and provided with
‘ foortoe;i hours of llght dally Records were képt on daily egg production and mortalny Egg
© weights werq taken once a week‘usmg;the average egg weight of one day's production for each
group of birds. Feed oonsumptfon was recorded for each:four week period I nitial and final

@

body weights were taken. o S A R
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The diets fed (Table 1X. 1) were is’ocal;)ric and wer¢ formuléted llsing either whcal and
canola meal, or wheat and sovbean meal as thc protein source. thm cach protein source diets
were deslgned 10 prov1de C/P ratios of 190:1, 200:1, 210- l or ’70 l (lcal M.E.7% crude -
protcm /kilogram of dlCI) The AA profiles for each prolcm source were kept constant by
having the same amount of protein provided by wheat and the same amount provided by either
canola meal 0T soybean meal w1thm each C/P ratio. It was therefore postulated that dxfferences
in hen performance within each C/P ratio should be due 1o either the canola meal or the
soybean meal component of the diets fed. One percent corn oil was added 1o all diets as a
» source of linoleic acid. N

*"In the second trial 36 hens of 43-wecks of age and comparablc weight were rl'andoml\
dmded into 12 groups of 3 hens each and placed in cages (76c§ x 76cm) equxpped 1o collect
fecal material. Three cages of three birds were placed on each of the § diets. The composition
of the experimental diets is given in Table 1X.2. The four dlels contained 11.6% fixed
‘mgredlenls with the remainder consisting of autoclaved corn starch wheat, sovbean meal or

“canola mcal The N-free diet containing 86% auloclaved Corn starch was required to estimate
endogenous AA excreuon Chromic oxide was added as an‘ 1;1er1 marker. The hens werc starved \
for 12 hr before bemg placed on the experlmental diets for 12 to 13 hr. For the last two hours

of the feeding period trays were placed under the blrds Lo collect fegal r_na[erxal. After the 12 hr
feeding period the birds were sacrificed by cervxcgl dislocation and the contents from the |
terminal 18cm of tlle ileum was removed during the following hour for analysis following the
same procedure used f(}r broiler chicks in Chapter 4.

L Fecal and ileal samples f rom: eacll group were freeze_-drled and weigll\ed and ground 1‘,7a
| Universal micro mill for minutes, Dry matter, chromic oxide and AA content were - /

determmed on both feed and digestassdmples. Chromlc oxide was determmed by the method of

g

.. Fenton and Femon (1979). The amino ac:d analyses of the feed and mtestmal samples were

done using the method outlined by Blackburn (1968). The samples were hydrolyzed by

ref luxing with 6N HCI for 24 hr and their amino acid content was determined using a



o

4

~

Beckman 121 MB amino acid analyzer.

s

To correct for endogenous amino acids the following equation was used 10 determine

corrected amino acid digestibilities.

-t

CAAD = feed a.a. -((A/B x fecal a.a.)-(C/D \ N-!'ree fecala.a.)) x 100
y | feed a.a. " )

A:fe_ed Cr,0, \

B=fecal Cr,0. 1

C=N-free Cr,Oy

D=N-free fecal CraOr

The data were subjecled to analvms of variance and means were compared using the

Student-Newman-Keuls' text as outlined in Steel and Torrie (1980)

C. Results and Discussion

The influence of C/P ratio and protem source on hen performance is shown i in '
Table IX.3. Although the drets were rsocalorrc there was an 1ncrease in daily féed intake on borh
the canola meal and the soybean’ mgal dretx with the w1der C/P raL:os (210 1 and 220 1) than
with the narrower C/P ratios (190:1 and 200 1). As the C/P ratios widened there was a
srgnrfrcant decrease in daily protein intake, except for the 200: 1 and 210:1 C/P rauos in which
the increase in feed intake of the 210:1 diets offset the effect of the Lower protein content in
the diets. Protein source did not influence daily protein intake. At eacr}‘t/P ratio, intakes were
similar on diets containing canola meal and soybean meal. |

Hens fed the diets | containing canola meal showed a decrease in egg werght between the

|
190:1 and 200:1 C/P ratio diets and a>decrease in egg productron when the C/P ratio was

widened from 210:1 to 220:1. This agrees with other observati,ons {Balloun and Speers, 1969)-
that when dretary protein becomes limiting a decrease in egg weight occurs before a decrease in

egg productron The canola meal diets therefore appeared to supp]y -adequate intakes of

digestible AA on the 190:1 dlet and then as protem intake decreased one or more of the AA
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became limiting and hen produétive pherforrﬁance declined. ..

The hens fed the soybean mea] diets dxd not show any decrease in egg vumght as the C/P
ratios were widened. There was, however, a dccrcase in cgg producuon by birds fed the diet
with a C/P ratio of 200:1 as compared 10 Lhos; with a C/P ratio of 190:1. Since there was no
furlhe_r dccreaseyin egg produ\clion or egg weight, as tﬁe C/P ratio'was widened the higher egg |
production on the 190:1 C/P vdic'at cannot b‘e explained.

In the sécond experimem the ileal and fecal CAAD Qalues for canola meal, .sovl')can
meal and wheat are presented {Table I).\4) In the three feedstuffs Lhe total ileal CAAD values
were lower then the fecal values. The ileal and fecal CAAD values for canola meal were 74.2
" and 79.2%, for soybean meal 91.6 and 92.9%, and for wheat 84.7 and 96.3%,£espcctively.
Raharjo and Farrell (1981) had found similar differences between derived ileal and fecal
apparent AA digestibilities. |

The feca] CAAD values for canola meal ranged from 69.8% for aspartic acid to 87.3%

for methionine. This range is in reasonable agreement with the range of fecal CAAD found by
Tao et al..(1971) of 59.8 t0 81.9% and also with one set of \alues reported by Muztar et al.
(1980) of 67'to 83%. In other reports, fecal CAAD values for canpla meal were much higher
ranging from 85 to 95%, (Nwokola et al., 1976; Muztar et al., 1980).‘The\re was , however, no
consistency in the individual CAAD values which varied between the reported vah.l.e\s.

The rang¢ of digestibility bf individual AA for soybean meal were simiiar to other
reported val"ues (Achinewhu and Hewitt, 1979; Sibbald, 1979b; Muztar et al., 1980), with
average CAAD .values of 92-93%, and little or no differences between individua.l CAAD. The
- differences between tﬁe ileal and fggai CAAD values were also very small in comparison to
canola meal.

.. The individual CAAD values fof.wheat showed a large difference betweeﬁ the il¢al and
fecal values. Because of }the range in CAAD reported in the literature some of the repbrled
CAAD vélues agree more with ileal CAAD values alnd others agree more with fecal CAAD

. _ N
- values (Sibbald, 1979a; McNab and Shannon, 1974: Achinewhu and Hewitt, 1979).
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“Based on NRC (1977) rcqmremem le\eln the most limiting AA in the canola méal drcrs
were leucmc lysine and argmmc while in soybean meal the limiting AA were leucmc and
methronme. In Table IX.5 the calculated drgcstrblc AA 1intakes based on lhc ileal CAM) of the
diets are presented. Accordmg 1o the calculated \alucs of digestible AA intake, lhe oanola mcal
diets with C/P ratios of 200:1 and 710 i should have performed as well as the sovbcan meal
| . diet with the C/P ratio of 220:1. Thus the total diges’tible AA may not have been the only
factor causmg the decreasc in hen performance on the canola mcal diets. Itis possrblc that one
ora combrnauon of the limiting AA in the canola meal diets ma\ have caused the decrease i in
hen performancc. : | _ -

The intakes of digestible leucine, I_vsinc.‘and arginine‘on the canoler meal dficts were

below those of the lowest digestible AA intake on rhe soybean meal diets. The possibility exists

Lhat other factors may havc caused the the decreased performance on the canola meal diets in

” LY
comparrson to the sovbean meal drets Although many of the adverse effects of rapeseed meal

in poultry diets have been eliminal'ed or reduced by the new canola varieties, higher levels of

#

phytic acrd erucic acid, glucosinolates and 1ber may havc been responsﬁble for the decrease in .

.lavmg hen performance when canola meal was added to rhe drets Neverthcless rhe drf ferences

in intake of.digestible AA may account f or most of diff. erences found in the perf ormance of
‘laying hen§ when fed diets with differing C/P ratios and containing canola or soybcfn meal as
protein supplemenrs. Conseducntly‘ calculation of the fntake of digestible AA may prov'vevto be
Very nseful in formulating efficient laying ration§. | 4

N

<

- D. Summary
The diets containing canola meal had a decrease in egg weight and egg prodnction as the

C/P ratio widened. The diets containing soybean meal did not have an apparent decrease in egg

- weight or egg producuon The 1leal CAAD of canola meal, soybean meal and wheat were fourd

to be lower than the fecal CAAD. The total CAAD for the ileal and f ecaf digesta was.74.7 and

79.2% for canola meal, 91.6 and '92.9%'for soybean meal, and 84.7 and 96.3% for wheat-
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respectively. The difference in mtake of the [O[a} dxgesuble AA could account for most of the

dnfferences in hen performance between diets centaining canola nieal and sovbean meal, and in

those with the different C/p ratios.
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Table IX.2 Composition of expirimcmal diets for digestibility uiqls. /

. {

Diet No.
Ingredients % 1 : 2\ ‘ 3 4.
N .

Corn starch X , ¥ - - - ' 20
Wheat : . 86
Canola meal - - 86 4
Soybean meal - - - 66 |
Cellulose! s s 5 ) 5
Cbn;t\a:t ingredients? 9. 9 b9 9
'Alphafloc; Brown Compahy, Berlin, New Hampshire. : o

4

*Supplied the following levels per kg of diets: corn oil 31g; ground limestone 8g; Riofos (18%
Ca-21% P) 33g; iodized salt 6g; chromic oxide 1 g; vitamin-mineral premix lig. The
vitamin-mineral premix supplied the following levels per kg of diet: vitamin A 4000 1U;
.vitamin D, 600 ICU; vitamin E 10 [U; menadione 3mg; riboflavin 6mg; calcium pantothenate
10mg; niacin 15mg; folic acid lmg; biotin .2mg; vitamin B,, 10mcg; choline chloride 1500mg;
mangapese 100mg; zinc 80myg. ‘ :

¥
+
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-Table IX.4  Ileal and fecél amino acid digestibilities of the dietary feedstuffs.

. ‘ \ :
Amino acid Canola meal ~ " Sovbean meal o Wheat' -
Ileal Fecal Ileal Fecal Heal Fecal

;i‘? | } *
Aspartic acid C68.2 £ 30 69.8 £32 907+ 2 8922 1.0 w766 = .5 918

I+

i+

Threonine 7.6+ 8 77.6%20 89.0+ 6 932+ 6 939+20 985+

I+
o

Serine O S5 T64+ 14930+ 9 927 894 £ 1.7 941 % 1.8

Glutamicacid 814 + 1.2 845+ 9 941+ 2 926+ -9 910+ 34 979 +

Proline 7.6+ 86 769212 9.7+ 8 929 +°8 914 +1.] 96.4 % 1.1
Glycine 679 £ 27 - - 8902 9. - BT£ 4

Alanine 80.9/i 2."0 847 £ 1.1 939+ 3 94.1 + 3 1727 '92.7¢ 1.0.
Valine N8t .'2 718 +1.2 915+ .5 89.4 % 1.0 kéo.s + 2:6 95.8 + 1.2 _/'
— ,

Methioning 826+ 9 '87.3% 12 886+ 7 $93+12 74z § 944+ &

- Isoleucine 753213 766+ 17 931+ .5 917+ 7 823

, +3.5 96.0 %
Leucine , 79.0+1.0° 80.8+.16 933% 3 926+ 3 842435 970 + 4
Tyrosine 6.2E41 T5+20 93.9% 4 936 E10 719 %20 9692

Phenylalanine  84.4 = .7 807422, 943+ 3 941+ 6 784 +2.7 99.0 &

Lysine . 668+ 8 78823 8.9+ 4-942+ 5 T37+41 915+ 1.2
Arginine 79.8% .5 857+20 86.5+1.8 939+ 8 89.5+41 933 &

: | | i
Total - 474 .2 192+ 16 916+ 3 929+ 7 +

84.7 £2.6  96.3

'Digestibility + standard error. r . | : ' C RN
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Table IX.5 " Grams of ilealdigestible amino acid intake per day of selected amino acids and

total amino acid based on ilcal digestibilities. N .
. | _ . ;
“Argininc  Methionine  _Leucine Lysine . Total’
Sovbean meal
190:1 95 2. 0L 65! 13.56 (
200; 1 L .90 22 1057 61 12.82
' ‘ N ,
210:1 B 89 ) 103 60 12.64
2001 3 82 97 CST 1189
s N R » A ’ . / -’" T Y
Canola meal
©190:1 R B N 55 12.62
v [ i S ,
200:1 79 C27 9% T 52 11.91
o . R T :
210:1 79 27+ 97 52 12.01
. : ) - >>“L 1+ ’ ‘
220:1 - 76 26 9 S50 1142
NRC' 88 27 112 .60 16.00

- 'Total measured amino acids, does not included cysteine and histidine.
%, R
’NRC requiréments are based on grams of amino acid intake, not on digestible amino acid
intake.

a o
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) X General Discussion
The use of ileal digesta in the determmauon of correcled amino amd dlgesubllmes
(CAAD) of feedstuffs in thls stud\ established that dxffercnces can exists bemccn ileal and

fecal est;males. Dcpendmg on the protein source, the CAAD derived using ileal digcsla were the

L4

~  same or fower than the fecal estimates. Sovbean meal Wthh has been established as a h]gh]\ !
4 .

digestible protein source, showed little dlfference in CAAD values betwee: 1leal anc fecal w
- . k)

est1mate§. In contrast, canola meal, a less digestible protein had much lower CAAL values

5

when derived from ileal digest’z’a than thosc'estimated using fecal collections. Although not
) 7 B

directly comparable similar differences were found between the ileal’and fgcaf CAAD of the S

cereals used. Wheat, a more digestible protein source, had little difference in CAAD values

y . . .

between ileal and fecal estimates. whereas oats had much larger tiifferences between ileal and
fecal CAAD estimates. Raharjo and Farrell, (1981) found similar differences between ileal anoj

fecal amino acid digestibilities in plant protein of- varying protein digestibilities.

v . »
r~———

Based on the level of amino acids (AA) found in the ileal dig‘esta and in the fecal
material, there appeared 1o be a net loss of AA in the hmdgut when poultry were fed dlets

containing canola meal In plgs it has been)establxshed that AA can be deammaled by the
{
microflora and therefore cause a net loss of AA in the hindgut (Zebrowska, 1973: Henry,

-

1983). It has also beefl established in pigs that A‘A entering the hindgut cannot be absorbed into

¢

the b.ood stream and therefore cannot serve as a souyce of AA to the pig (Zebrowska, 1973: |
‘; Sauer, 1976; Deguchi et al., 1978; Wunsche et al.. 1982). In poultry, microﬂora»hz? been

show:. io deaminate AA-in the hindgut, but to a lesser extent (Salter and Coates, 1971; Parsons

( . -

et al., 1982). Poultry have also been shown to have no absorpuon of AA from the hmdgut

QSalter and Coates, 1971 Furuse and Yorkota, 1984) The greater loss of AA on the canola
al dxets therefore might be related to the larger amount of undigested AA entermg the

hirdgut (oﬁ Lhe.diets containing car. ;)laA meal (w;hich ‘would then be av;ilable for deamination.

he greater the loss of AA in the hindgut through mlcro\Jla] deammauon the greater the

dif ference will be between the ileal and fecal CAAD Because of the microbial alteration.of the

¥
i
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AA entering fhe hi,ndg'ut the ileal AA digestibilities will provide a more accurate estimation of -
L T - .

the availability of the AA 10 poultr\

pae)

or parucuiar interest when looking dt the differences between the ileal and fecal

excretion of AA was the differenees in the levels of AA excreted on the N- free diets. The. fecal
excretion of AA per 100 grams feed inthke was approxxmateh ‘twice the level found in the ileal

digeSta Thus there’ would appedr tobea Iarge contrxbution of AA from the hmdgut
- \J

CecCtomizcd birds fed a N-fteg diet have been shown to have greater losses‘ipf /’IA than intact

birds (Darcy and Rerat 1983) The additional AA excreted in the feces of intagt birds,

-

compared to the AA excreted from the ileum, wopld therefore not appear to have been from

the ceca, which is the maJor site of microf‘lora in the poultry hindgut (Fuller 1984) The only

other likely ma JOT source of AA is from the urine (Sykes 1971). The ef fect of these addiuonal

v

. excretions of AA from the hindgut of poultry could result in the fecal estimates of CAAD

being higher than the ileal estimates. Even though the fecal excretion of AA on the N-free was
. - ‘ " .. 1

greater than the Ievels in the ileal digesta this.difference decreased as protein intake ificreased.

Asa consequence the correction for endogenous AA excretion wz;s greater and theref ore -
estimates of CAAD were higher with the fecal material.

The eurfv1hnear relationship found between AA digeste‘d and AA intake differed from
the_lineér relationship reported by Carlson and Ba&ley (1971) Sibbald (i979a) and Taver-ner ey
al. (.1981) As the concentration of AA in the diets 1ncreased the proporuon of AA f ound in the
digesta mcreased at a greater rate. This then led to the cumlmear relationship between AA
digested and AA mtake The regressrons of AA digested on AA mtake were srgmficantly :
curvrhnear only at mtakes greater than 15% to 20% crude protem Because of the curvrlmear
response in CAAD at the higher protem intakes, the use of linear regressrons to estimate’

CAAD would lead to.variation in the esumates dependmg on the levels of AA used in the

expenmental diets. For this reason curv1hnear equations were fi itted to the data pomts to tr)

@and obtain better estimates of CAAD. There were, however, also errors in fi 1ttmg the

curvilinear _equations . The lack of,sufficient data points led to problems in determining which

o

s
Fd
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‘ |
curve was the most representative: of the true digestibility curve. In particular a lack of

knowledge of the actual endogenous AA excretions resulted in errors in fitting digestibility

curves. The result is that the total or average CAAD may be slightlyv higher or lower than the

13

true CAAD, but the varrauon of the individual AM rom these totals are sull of value when
14

comparing CAAD wrthm a protem source. The 1mporlance of being able 10 establish whether a |

L
partrcular AA commuallv has higher or lower digestibilities than average CAAD should not be

overlooked In diet formglamon the limiting essential AA are of mo‘st importance. As a

consequence if an-estimate of Lherr digestibility can be estabhshed through determination of the

* crude protern drgesubrm_\ then the need for routmel_v determining each of the individual CAAD
e

can be eliminated.

Based on the e\perlmems in this srud\ n did not ap}g'ar that the sampling of the ileal

- and fecal material was the cause of the curvilinear response in CAAD as AA intakes increased.

The marker-used (Cr,0,) seemed to proyide a reasonable estimate of dry matter digesu’bilil,\' .

" and factors such as time of sampling or length of starvation did not alter Lhe concentration. of

v

AA found in the drgesta A difference in AA concghtration in the digesta dia exist, however

dependmg on whether samplc ileal and fecal Collecnons were used. or lotal fecal collections were

‘used. When total collections were employed there was a lrnear relatronshrp between AA digested

and AA intake and therefore AA intake’did not affect the estimates of CAAD. There was no
evidence however, to support the conrenlion that one collection method gave more accurate
estimates of CAAD thannthe other. |

Although it did not"appear that the curvilinear response in CAAD was due o sampling
there are factors that mrghl lead to varrabrlrty Dif ferences in dietary intakes may affect the

amount of excreted material and this in turn may influence the estimates of drgestrbrlrty The

use of graded levels of test materral in the experimental diets may ﬁave some effect upon the

AA&gestrbrlity values obtained. In the case of total fecal collections the length of time that the

fecal rnateria] remains on the collection trays before being frozen may affect CAAD esq"mates.

Microbial breakdown of AA during this time wouli result in increased estimates of CAAD.

AN

-
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The major problem in all methods used to determine CAAD in poultry is accurately
m'casuring tche level of endogenous excretion of AA. The correction for endogenous AA is an
estimate at best. Because of the-inaccuAracics surrounding the estimation of endogenous
secretion of AA| some have suggested (Sauer, i976: Darcy and Rerat, 1983) that a correction
for endogenous AA may not be needed. This, however‘»rcsults in large differences in estimates
of AA dlgCSUbl]lt\ especially for the highly dlgesublc protem sources. In addition if values are
not corrccted for endogenous AA excretion the intake of AA becomes very important, when
comparing different reported values. The use of a standard method for correcting for
éndogenous AA excretion allows for corhparison between different reported values but does not
necessarxlv g1ve true digestibility values The use of graded AA intakes in our experiments did
not solve the problem of accurately measuring endogenous AA excretions, but did confxrm that
no matter how CAAD was measureq, estimates of endogenous AA are very important. Without
accurate mcas‘ureme;ts of endogenous AA excretions all reported CAAD maybe higher or
lower than true AA digestibility and therefore caution should be used when trying to compare
repor[cd values w1thm or among protein sources. %

A possible method for more accurately determining‘endogenous AA excretion may
mvolved the use AA labeled with. radloactlve 1sotopes Work conducted with N labled AA
(Kraw1ell_tzk1, etal., 1977; Gebhard; et al., 1982) havc shown that the digestibility of AA
measured by **N labeled AA is higher than apparent AA dlgesublhty At the present time the
cost of using *N labeled AA has prevented its W1despread use in AA digestibility studies.

Tpe supplementation of laying diets with tallow improved carbohydrate utilizétion but
Ty did ‘nAOL increase the ‘i)rotein utilization of the \dietsf This suggests that improved digestion of
dietary carbohydrate sfburce does not necessarily imply better digestion of dietary protein. The
observation that lowering the percentage protein in the éiets of laying hens caused them to
incfease their c:aloric intake presumably in an effort to meet iheir daily protein requirement

-agrees with other work that has been reported (Reid, 1976; Cherry et al., 1984). Eventually,

however, a continued decline in dietary protein resulted in a decline in productive performance.

t
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The decrease in productivity by the hens fed canola meal as a protein-supplement as compared

to those fed a diet containing soybean meal was mostly due to the lower digestibility of the

A
2

protein in canola meal. '\\

T\
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Table XI1.1  Amino acid composition of the protein sources used in the experimental diets.

106

Total 1494 988 10.83

9.

'Amino acid content used for fecal digestibilities in Chapter 1.

Amino acid content used for ileal digestibilities in the remaining chapters.

‘ Fecal® . Tical? Soybean Canola Ege
Amino acid Wheat QOats Barley Wheat Qats Barley Mecal  Mecal Albumen .
Aspartic acid _ 8590 74 78 6 78 5000 298 822
Threoninc A4 3 4 & 37 33 176 167 3.56
/ /gcrine | 80 54 52 70 44 47 236 1.2 544
‘/\) Glutamic acid SO1 225 284 '4.31 242 179 173 615 10.32
" Proline 1569 12 116 8 4 2000 251 291
" Glysine | 6 st 48 61 40 41 179 18 278
CAlmine o s St 490 49 39 43 230 200 4.62
Valine S8 5% .59 59 47T 45 165 1.8 4.9
Methonine 19 17 17 20 14 13 48 8 30l
Isoleucine .. .52 40 .42 0 3% 34 18 152 382
Leucine 105 81 .84 98 .73 69 350 277 6.38
Tyrosine 406027 34 240 4 128 105 2.90
Phenylalanine SIS ST SR SRS 171 4.56
Lysine o 4 8 4 3% 43 34 229 5.73
Histidine S37 23 25 34 22 21 123 1.0
Argin TS 65 s6 75 53 65 3.08 219 447
1332 911 831 4173 34.04 7362
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Table XI1.2 Estimatés of endogenous amino acid excretion from the ileum of chickens,

obtained usmg the intercepts at zero amino acid mtake of the linear regressions of amino ac1d

e\creled per 100 grams feed intake. , © :
oS - . >
Whegt | Qats - ' Barley
Amino acid - . : g . ' 8
. C ’ - | .
-~ Aspartic acid 031 £ 011 037 £ 013 044 + 007
- Threonine 029 + 003 | .027 £ 008 | 039 £ 005
Serine 030 £ 007 037 £ 012 035 + 006
Gluamic acid L.026 % 018 0707 040 + 010
Proline 023 # 009 024 £ 008 026 + 005
Glycine 019 009 031 £ 013 025 % 008
Alanine o 019 + 006017 010 T o3 0w
Valine . 00+ 007 018 £ 009 . 026 £ 005
Methionine - 003 £.002 012 % .007 006 £ .002
Isoleucine 01+ 004 07 E 009 018+ 003
Leucine { 018+ 007 014 + 007 - 028 £ .005
Tyrosine . 017 £ .004 01 E 007 024 % 003
Phenylalanine o. 028 + 005 028 + 011 038 £ 008
CLysine L 02006 . 014+ 008 017 £ 004
. Histidine. 005 + .003 003 + 005 009 % .002
Arginine ' | ot 08 o4 + 014 a R + 007
Total .S 306£.093 34040123 420 £ 071

e \
( \
/

'Excreted amino acid * standard error. -
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Table XI1.3  Estimated grams amino acid excreted per 100 grams intake of a N-free dict
obtained using the intercepts of the linear regressions for wheat -sovbean meal and

wheat-canola meal.

_ Wheat - Sovbean meal _ . _Wheat - Canola mea]
Amino acid Ileal F¢cztl Ileal ‘Fecal
Asparlic acid 080 + 012 178 019 53+ 017 182 £ 018
Threonine 059 + 008 118+ 012 040 + 011 121+ 012
Serine | 050 + 008 125 £ 013 035 % 009 127 + 013
élutamic acid 082 + 018 220+ 025 040 + 024 22 + 025
£ Dproline 052 £ 013 123+ 018 040 + 014 121 £ .029
Glycine . 033 £ .008 - : 018 + 011
S Alanine 031 £ .008 086+ .009  .026 + .006 09 + 011
#4527 Valine 035 £ .01 098 £.012 021 % .016 099 + 014
2 Methionine 012 % 004 030 £ .004 009 +..003 029 £ 006 |
38 4;;1’sc;‘1eucme | 09+ 007 075+ 008 020 + .007 078 £ .009
, 044 £ 011 20 09t o 133 £ 012
?gigﬁrosine 033 + 016 105+ 018 014 £ .025 104 £ 020
;‘ii-.gh,gnylalanine 059 %009 JI3 4014 048+ 020 115+ 018
tysme 09+ 010 | 097+ o1 ot 00 104 £ 010
Hisidine 08005 018+ 008 003+ 001 015 £ 010
Arginine 018 + 014 081+ 010 016+ .00 084 + 009

Total 678 + 139 1_.740 + 184 421 + 160 1.762 + .200

‘Intercept * standard error. .



109

Table XI1.4  Quadratic regressions of: ileal grams digested amino acid versus amino acid intake

per 100 grams feed intake for diets containing wheat-soybean meal .

Amino acid - b, obyx ' b,x?
Aspartic acid 079 + 014 852+ 042 006 + 023
Threonine -.063 £ .009 933 + .063 084 + 086
Serine -.053 + .009 918 + 044 2030 + 041
Glutamic acid -.082 £ .021 o35 s 023 -.001 £ .001
Proline 051 £ 015 891 + 062 009 + 047
Glycine : -.038 + .009 903 £ .05 | -.077 £ .063
Alanine -.033 £ 009 893 + .052 027 £ 057
Valine o 013 $18 + 085 023 + 104
Methionine -.010 + 005 798 + 097 256+ 3T
Isoleucine O?j9 * .008 | .886 i 054 -.013 £ .066
Leucine -.04n+ 012 903 + .043 -.012 £ .028
Tyrosine -.031 + .018 759 £ 177 087 + 317
Phenylalanine “ -.061 £ .011 © 905 £+ .052 -.015 = .047
Lysine -.032 + 011 1920 £ .056 -.028 £ 051
Histidine -.006 + .006 860 £ .063 056 £ 115
Arginine -.035 £ .017 880 .07 034+ 054

*Quadratic regressions significantly different from linear regressions P < .‘05,

'Regression coefficient”+ standard error.



Table XII\‘S Quadratic regressions of fecal grams digested amino acid v

intake pef 100 grams feed intake for diets cont

aining wheat-sovbean meal.

AN
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ersus amino acid

Amino acid be b,x b,x?

:3 >
Aspartic acill 203 016" 1.056 = .047 -.084 £ .026°
‘Threonine 136 + .008 1.242 + 056 -.387 + .076*
Serine 146 + .008 1.175 + 039 -.202 £ 036
Glutamic acid 256 + .019 1.041 '+ ‘0\21 | 017 + 00as
Proline 153 + 008 1.198 + 033 £.200 + 025"
Glycihe N b |
Alanine -.097 + 009 1.058 + 051 -153 £ 056
Valine - 114 £ 010 1142 + 068 283 + .083*
Methionine ~.035 £ 004 1135 £ 081 -.912 + 310*
Isoleucine -.087.£ 005 1.102 + 033 -201 + 041
Leucine 145+ 008 1.081 + 029 -.088 + 018* +
T}rosi,ne -.128 £ .015 1.505 + 144 847 + 258
Phenylalanine -.135 £ 008 1165 % 041 ~208 + .038*
Lysine 111 #+ 010 1.087 + 050 131+ oage
Histidine -.021 £ .009 997 + 089 =120 +..163
Arginine ~.092 + 010 1.053 + 041 073 £ .032%

‘Quédfétic regressions signif icémly different from linear regressiohé P <.05S.

‘Regression coefficient + standard error.
N 3
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Table'X11.6 Quadratic regressions of ileal grams digested amino acid versus amino acid intake

per 100 grams feed intake for diets containing wheat-canola meal.

Amino acid b ’ b,x b,x’
Aspartic acid -.070 + 019 814 + 047 -041 £ .03
Threonine -.058 £ .009 894+ 043 139+ 037*
Serine -.049 £ 009 881+ 03 -836 + .028%
Glutamic acid -.076 £ 021 949 + 021 -.014 £ .004%
Proline 040 £ 017 J94 % 045 -001 + 024
Glycine | =035 £ 009 885 + 036 098 £ .027*
Alanine -.029 + 007 860 £ 025 o7t 09
Valine -.029 + 019 800 £ 076 048 £ 059
Methionine -.007 +'.003 842 + 037 =057 + .070
Isoleucine | -.025 £ 008" 846 038 - -.039 £ 036
Leucine 042+ 010 . 897+ 027 035+ 0140
Tyrosine o -.023 £ 030 830 + 212 - 171 285
Phenylalanine . -.055 + 011 . .880 £ .045 048 % 036
Lysine -.029 % .006 911+ .021 - . -071 % .0l4°
Histidine ©-007 % .009 953+ 070 S 151 £ .07
Atginine 09+ 008 962 + 028~ -.057 018

*Quadratic regressions significantly different from linear regressions P < .05.

.

- 'Regression coefficient £ standard error.
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Table XI1.7  Quadratic regressions of fecal grams digested amino acid versus amino acid

intake per 100 grams feed intake for diets containing wheat-canola meal.

Amino acid

b box bax’

Aspartic acid 206 + 015! *.971 £ 041 -.064 + 020

Threonine 137 £ .009 1.043 + 042 .14 £ 037*

Serine 147 + 010 1.070 + 041 L1240 + 041°

Glutamic acid 258 + 019 “1.012 + 020 -.015 + .004*

Proline 153 + 028 1,048 + 078 -.099 + 042

Glycin';

Alaninc <098 012 962 + 048 -.049 + 036
_‘VValine -116 £ 013 1.016 £ .056 S 115 + 044
- Methionine -.034 £ 007 1.028 + 068 2210 + 132

Isoleucine 088 + 008 - 1.007 + .040 -.100 £ .038*

Leucine --.148 + 010 1.369 + 026 043 £ .013¢

Tyrosine -131 £ 016 1.097 + .113 -.564 + 154%

Phenylalanine -135 & 017 954+ 073 -141 + 050°

Lysine - 112 % 010 994 + 037 -.040 + 025

Histidine -,021 £ 012 1.017 £ .087 -.120 + 122
 Arginine -.095 % .007 1.028 + .024 -.053 £ 016*

*Quadratic regressions significantly different from linear regressions P <.05.

'Regression coefficient + standard error.




Table XII1.8 Estimam{]

r

grams amino acid excreted per 100 grams intake of a N-fre¢ diet

obtained using the inleréepls of the linear regressions for soybean meal and canola meal.
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1.077

Sovbean meal - -Canola meal
Amino acid 1leal Fecal Ileal Fecal
Aspartic acid 0145 046 099 030 013+ .03 134+ 036
TFhreonine Y009+ 017 07 + 015 019 £ 021 076 + 020
Serine 022 £ 018 071 £ .013 009 + .024 078 + 020 v
Glutamic acid 011 053 124 £ .040 002 £ .051 151 + 043
Proline 006 + 026 085 + 024 004 + 031 088°% 038
Glycine 010 %017 o3+ 030
Alanine 011 £ 018~ 055 + 013 001 + .023 064 £ .020
Valine W3t 01 083 t 015 019 + 031, 059 + 027
Methionine 001 + 001 029 + 006 .oosl_ +.010 030 £ .009
Isoleucine 008+ 016 051+ 012 032 4 020 053 + 018
Leucine 011 £ .026 066 + 021 066 + 033 075 £ .025
Tyrosine 013 £ 012 047 £ 010 001 + 018 048 + 016
Phenylalanine 022 + 021 067 + 017 o+ 04 078 + 021
Lysine 05+ 013 063+ Ol 005 + 023 072 + 020
‘Histidine 007 # 010 012 % 008 002 + 008 021 £ .007
Arginine 013 £ .021 042 £ 016 008 + 015 .051 t 012
Total 185 + 294 92+ 04 o0+ 34 316

'Intercept * standard error.
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Table XI1.9  Quadratic regressions of ileal grams djgested amino acid versus amino acid intake
. ) 4 ‘
per 100 grams feed intake for diets containing sovbean meal.

Amino acid o S ‘ ' Cobx ‘ b,le
Aspartic acid - -.083 £ 036" 982 + 051 | L 054 + 014%
Threonine -.059 + 006 1032 % 023 206+ 090
Serine 053 + .910 988 + 030 110+ 0180
Glutamic acid -.089 + 040 995 + 038 S027 + 007*
Proline. . 052+ 010 1041 £ 036 <238 + 026"
Glycine S038 : 011 998 + 045 181 = 036
Alanine 039+ 013 1009+ 041 107+ 026*
Valine -031 + 018 102 + 079 - 21+ 0700
Methionine 009 010 9w e gs s 433
Isoleucine S 0BE02 996+ 045 143 + 0340
Leucine 052 + 017 989 £ 035 070 + 014
Tyrosine _ -029 £ .010 982 % 059 -.205 £ .067*
Phenylalafine -.052 £ 016 1.007 + .048 -.104 £ .029*
" Lysine ‘ 035 £ .010 94t 03 04+ 000
Histidine oo 02 919+ 07 062 % 087
Arginine -025 + 025 923+ 059 -.027 £ 028

*Quadratic regressions signif’ icantly different from linear regressions P <.05.

'Regression coefficient * standard error.



- Table XI11.10  Quadratic regressions of fecal grams digested amino acid versus amino acid

kY

intake per 100 grams feed intake for diets containirig sovbean meal.

115

044

Amino acid be _ byx | A b,x*
Aspartic acid “lad s 03 9191 033 036 + .009*
Threonine © 00 E 014 101 £ 059 127 + 0490
Serine | " 00l 00 994 % 03 074 + 019°
Glutamic acid . -187 £ 026 .998 i 025 o -.022 + 005*
Proline — -.095 £ 028 - 901 + .163 ~.050 + 075*
Glycine

Alanine ' -.070 + .012 968 + .038 ~.060 + .024%
Valine o : 070 + 015 966 + .065 -125 % 057
Methionine 030 + 007 874 + 114 C =118 £ .34)
Isoleucine " -.059 i .@‘1‘4 924 + .055 2049 + 042
Leucine . 097 + 017 996 +.035 - 052+ 014*
Tyrosine -.054 £ 011 983+ 061 -.130 + 069
Phenylalanine -.086 £ .018 973 £ 055 -.059 + 033
Lysine o 078 + 015 959 + .035 -.032 + 016
Histidine S04 % 0071031+ 041 -161 £ .048*.
Arginine 4063 £ 015 95 E .01~ 045t

*Quadratic regressions signif icantly different from linear regressions P <.05.

'Regression coefficient + standard error.



Table XI1.11  Quadratic rtegressions of ileal grams digested amino acid versus amino acid

intake‘pér 100 grams feed intake for diets containing canola meal.

116

Amino acid b b,x b.x*
Aspartic acid A-‘.O75 + 023 .894 -+ 042 -.085 + .016
Threonine -.056 + 008 900 + 028 160 + 019
Serine -.050 + 012 933+ 039 166 £ .025
Glutamic acid 080 + 033 ..979 +%30 027 % .00
broline -.047 £ 025 846 + 055 083 + 025
Glycine -.036 £ 018 951 £ 052 -170 £ 031
Alane 038 £ .012 990 + .034 - 117 £ .019
Valine 035 + 015 1.010 + 045 -197 + 027

© Methionine 010 + .005 1,053 + 037 -.365 + 053
Isoleucine 032 + .008 970 + .029 186 + 022
Leucine 042 + .010 897 + 027 -.035 + 014
Tyrosine -.030 + .010. ‘ 963 £ .055 -.325 £ .058
Phenylalanine -.051 £ 012 1.027-+ .040 -.168 £ .026
Lysine 031 + 015 945 + 036 -.084 + 018
Histidine -.014 £ 006 950 + 033 143 % 036
Arginine S.028 + 013 955 + 034 -052 + 017

*Quadratic regressions significantly different from linear regressions P <.05.

'Regression coefficient * standard error.
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Table X11.12 Quadratlc regressions of fecal grams digested amino aud versus amino acid

1make per 100 grams feed intake for diets containing canola meal.’ .

Aming acid » b, | b,x b.x*
Aspartic acid -138 £+ 044 816 083 -.005 + 031
Threonine 09 + 023 888077 060 £ 0]
Serine -.\09'0 +.023 o884t 0 -.049 + 048
Glutamic acid 186+ 047 959 + 043 011 £ 008
Proline o o -.09 £ .046 829 + .1o§ -.010 £ .046
Gl)"ciﬁe

Alanine | ~.071 024 916+ 068 | -.024 % 038
Valine 0ME 0L 90 095 057 + 058
Methionine | 032+ 011 943+ 077 -.039 + 112
Isoleucine 062 + 022 917+ 080 -.047 + 059
Leucine U093+ oo 2949 + 105 . -.008 % .11
Tyrosine ~049 % 020 841+ 005 - -.008 + .11
Phenylalanine -.086 + 025 943 + 080 014 028
Lygne - | 078+ 024 . 864+ 057 .04 + 028
Histidine - -.026 + 008 938+ 034 ;.020 + .017
Arginine S059+ 013 938 + 034 -.020 % 017

‘Quadratic regressions significantly different from linear regressions P <.05.

'Regression coefficient + standard error,
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Table XI1.13  Amino acid

fecal collections of soybean\meal.

Al

ined by linear regression for ileal, fecal and total

Samp clllea] Sample Fecal Total Fecal b

, Digestibility Digestibility Digestibility

Amino Acid % "% %*
.

Aspartic acid 783 £.1.5" 797 £ 1.9 86.2 + .9
Threonine 79.0 £ 3.1 76.6 + 3.6 83.1 + 2.3
Serine 81.6 £ 1.4 84.9 + 1.6 89.1 = 1.1
Glutamic acid 83.4 + 1.2 84.8 + 1.6 87.3 4 1.9
Proline 82.7 + 2.0 82.3 £2.39 87.2 £ 1.7
Glycine 809 £33
Alanine 80.6 + 2.0 81.2 + 2.3 83.7 + 1.4
Valine 82.6 + 2.2 81.0 +32 8.2+ 3.2
‘Methionine 83.8 + ;.o 79.9 + 4.4 86.0 % 6.5
Isoleucine 82.0 1.6 83.1+22 87.4 + 1.1
Leucine 809+ 15 8.4+19 85:8 + .9
Tyrosine 79.0 £ 24 77.2 £ 3.7 81.4 £ 8.6
Phenylalanine 81.5 £'1.7 825+ 24 973 £ 2.4
Lysine 85.0 = -9 84.3 + 1.5 89.2 + 8.4
Histidine 85.5 % 11 85.7 + 1. 90.1 + 1.4
Arginine 8554 1.1° 81.9 + 1.9 89.0 + 12 %

Regression coefficient + standard error.



Table XI1.14 Quadratic regressions of ileal grams excreted amino acid v

intake per 100 grams feed intake for diets containing sovbean meal.’

1o

ersus amino-acid

Arginine

. Amino_acid by b;x b,x*
Asparlic acid 100 + 029! 048 & 034 039 £ 007*
Threonine 080 + ‘.024 -.032 £ 094 176 + .06/6‘
Serine 064 £ .011 051 £ .029 066 + .014*

- Glutamic acid 0+ 046 035 + .034 019 + 005*
Proline .Q7o + 017 -.068 £ .050 134 £ 026
Glycine 056 + 026 -.014 + 084 131 + 049+
Alanine 072 £ .020 030 + 067 133 + 040°
Valine 046 + 016 021 + .062 112 4 0400
Methionine 012 + 005 123 + .062 103 # 135
Isoleucine 039 + 013 053 & .047 084 + 029+
Leucine 097 + 024 on + .046 071 £ 016%
Tyrosine 033 08 130 + 037 113 % 046*
Phenylalanine 059 + 015 039 ¢ 047 084 + 026*
Lysine | 040 + 011 049 + 024 041 + 009*
Histidine 027 + 005 011 %+ .029 129 £ 027*

039 + 014 040 + .031 -.043 = 012¢

*Quadratic regressions significantly different from linear regressions P <.05.

'Regression coefficient + standard error.

!



Table XI11.15  Quadratic regr/@s/ions of fecal grams excreted amino acid versus amino acid

intake per 100 grams feed intake for diets containing soybean meal.

&

Amino acid bg o DX bax?
Aspartic acid 144 + 038’ 004 + .046 046 + .010*
Threonine 092 £ 025 -.075 = .098 228 + 069
Serine ,.098 + 015 002 £ 037 074 + 017
" Glutamic acid 197+ 054 =017 £ 040 025 £ .006*
Proline 102 +..018 -.068 % .050 134 + .026*
Glycine
Alanine 072 + 020 030 £ 066 133 + 0400
VQIine 106 £ .015 -.030 + .058 100 + 039+
Methionine 031 + .009 AT+ 1 54 & 260
Isoleucine 065 + 017 052+ 058 143 + 036
Leucine 097 + .024 -.017 £ .046 071 £ .016*
Tyrésme 049 + 010 -.012 + 072 314+ 089
Phenylalanine 086 + 019 -071 £ 060 142 0
Lysine 080 £ .020 032 £ 042 051 £ 017
Histidine 027 + 006 o1l + 029 19t o
Arginine 071 + .024 -.003 + 052 075 + .020

*

*Quadratic regressions significantly different from linear regressions P <.05.

'Regression coefficient + standard error.
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Table X11.16  Quadratic ’regrcs‘sions'between the level of amino acid in the feces and amino

v
acid intake per 100 grams feed intake for diets containing sovbean meal using total collections.

Amino acid - be b x b,x*
Aspartic acid 135 £ 017 035 £ 021 024 £ 005*
Threonine 095 £..023 17+ 087 007 + 062
Serine 105 + .015 ) 105 £ .037 002 = .017
‘Glutamic acid 107 £ .076 '10\45 + 062 024 3 009°
Proline 109 + .02 079 £ 059 027 % 031
Glycine .
Alanine 1079+ 016 118 + 053 028 + 032
Yaline 083 % 033 245 £ 117 070 + 080
Methionine 032 020 521 + 210 871 + 461
Isoleucine 069 £ 012 060 + 040 043 £ 025
Leucine 098 + .00 042 £ 020 037 + .007*
 Tyrosine 051 £ .043 609 £ 246 550 302
Phenylalanine - 095 + .01 1004 063 004 + 035
Lysine 075 014 074 % .030 014 £ 012
Histidine 016 + 009 012 £ 050 085 £ .047
Arginine 052 % 016 001 £ 037 044 + 015%

*Quadratic regressions significantly different from linear regressions P <.05.

'Regression coefficient * standard error.’



Table XI1.17  Logarithmic regressions between the level of amino acid in ileal and fecal
sample collections and total fecal collections and amino acid intake per 100 grams fecd of diets

containing soybean meal.

Sample Ileal Sample Fecal Total fecal

Amino acid b, bix b, b,x b b,x
Aspartic acid -2.00 44 .08 40 e 26l
Threonine 283 . 1.305 -2.93 1.485 -2.29 772
‘Y Sefine .29 870 -2.53 790 -2.15 462
*Glutamic Acid  -186 305 -1.87 301 1.36 168
Proline '2.‘78'%‘ 976 27 94 2 s
Glycine 2.88 1132 ’
. Alanine : -2.90 .16~ -2.97 1.214 -2.38 .743
 Valine -3.03 1.272 -3.09 1.379 :2.39 "701 -
Methionine 383 322 416 4400 328 1.729
Isoleucine 2.97 1.189 3,14 1.285 -2.55 705
Leucine . 253 733 -2.58 744 -2.03 433
Tyrosine -3.12 1.983 -3.25 2.254 -2.62 - 1.060
?henyalanine -2.74 1.018 -2.94 1.131 -2.34 611
Lysine 286 T 809 -2.59 48 2.0 333
Histidine 397 M5 376 19 308 440
Arginine 2.94 824 -2.80 869 -2;36 440
. o o
: ;
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Table XI1.18  Dietary intakes of the experimental diets used in Chapters 3. 5and 6.

Diet
No.

Chapter 4

[o NKT N SO I NS SR

w\o‘oo\l
(o]

Chapter 6

bt et bt ik ek et ek

- Chapter 7

~ O\ W B W RO

— \O o0
<

Dietary Feeding Intake
Treatment Period hr grams/chick

90% sucrose 12 54
90% wheat 12 65
60% wheat 12 89
30% wheat 12 87
90% oats 12 69
60% oats 12 68
30% oats 12, 64
90% barley 12 62
60% barley - 12 86
30% barley - 12 80
86% cornstarch 12 100
22% SBM! 12 130
44% SBM 12 105
66% SBM 12 116
28% CM™ . 12 130
57% CM 12 94
86% CM 12 69-
87% cornstarch 12 72
22% SBM 12 - 98
44% SBM 12 . - 112
66% SBM 12 105 -
88% SBM 12 9% .
87% cornstarch 12 - 107 -
*10% egg albumen 12 158
20% egg albumen 12 159
30% egg albumen 12 173
40% egg albumen 12 141

_ 'Soybean meal -

’Canola meal

N
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Table XI1.19  Quadratic regressions between the level of amino acid in ileal digesta and amino

acid intake per 100 grams feed intake for dicts containing egg albumen.

Amino acid _ b, bix . b,x?
‘ s

Aspartic acid | 139 £ 078 245+ 13 206+ 033
Threonine 08 L8 L1+ D 401 075
Serine N S 320+ 0aae
Glutamic acid 1512093 L2814 106 164 £ 025°
Proline | 076 % .031 291 + 125 625 % 102
Glycine ) 058+ 023 | 241000 607 +.088*
Alanine 067 + 043 2289 £ 109 363+ 057*
Valine | 070 £ 050 287+ 120 350 + 058°
Methionine 800 2944 136 545 & 093
Isoleucine | 07+ .09 a1 + 120 a2t 0750
Leucine R o1 -356 + 168 271 + 063
Tyrosine _ . . 030 = 045 BRI T I 454 £ 151+
 Phenylalanine S OB 08 312+ 112 . 391+ 059k
Lysine 086 % 045 250+ gop ';258 + 039+

© Arginine _‘ 058 + .042 -257 + 112 333+ .060*

L

¥

*Quadratic regressions signif icantly dif ferent from linear regressions P <.05.

L
" 'Regression.coefficient + standard error.
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- Table XI11.20  Logarithmic regressions between the level of amino acid in ileal digesta and

amino acid intake per 100 grams feed intake for diets containing egg albumen.

~ Amino acid b, ;:I‘ bx
Aspartic acid 2.55 885
Threonine 7T | 1629
Serine . | ~-3.06 | 1.338
Glutamic Aéid 2,60 | o 742
Proline A ' 2,03 b 2.030
Glycine 331 L 232
Alanine 346 1.657
Valine a e
Methionine 48 | 3373
Isoleucine -3.64 ' | A 2.071 k
Leucine | R X - 129
Tyrosine S -3.79 ; L 2.574
}Bhe;iyalz;nine -A3.25 - : 1568
CLysie - 35 o ia2
Arginine S 1-3.6__5 , o 1.727




