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b e Ahstract P

\

:" Sem Expenments were. ~conducted at. the Umversrty of Alberta Poultry Research Umt to

-

evaluate the nutrmve value of f ull fat Tobm canola seed (CS) in the drets of laymg hens and

l ' \ ) '

10 determme the ef fect or Jet- SplbdmgTM on the nutrmve value of CS for chtekens '
Egg productxon expressed in terms of percent hen day or percent hen housed_

1

\ production and average numbers of eggs produeed on a hen housed or hen day basrs was not -
>0.05) affected by d\letary treatment Feed tntakes and fwd effpclency were srgrﬁftcantlyi ,
/(P<0 05) lower on both EOrn and CS supplemented drets "Of the cereal gratnsk used brrds fed'.‘ “
« the corn-based diets tended to produoe thelargest eggs Net mcome (S/brrd) was htghcst
from birds fed the barley dtets (P<0. 05) Income was not (P>0 05) af fected by the addmon
‘ of CS to the dlet Based on the results obtarned in tlus study it would appear that CS can be
used at a level of 10% as a sausfactory high energy supplement in barley or, wheat- based
“ntlonsfor layioghens. | ¢ €7 R

| True metabohzable energyx (TMEn) estrmates for raw and Jet sploded full-fat CS

_‘ samples (:l: SE) were 5. 14:tO 08 and 5. 15:l:0 08 keal/gDM respectrvely Jet- splodmg resulted‘.-'
| in slightly higher ether extract va]uas in, the samples and complete el{mmltron of myrosmase- |
actrvity Thge'v{as however no (P>\0 0s) rmprovement in the 'l')ofﬁn values of jet- sploded e

*(B ﬁs compared to those mm the raw seed. In a trial wrth brorler chrckens wetght gains’ 03 |
wks of age were not mcreased by jet splodtng. although feed gam values were (P<0 05) .

improved and were equlvalent to that obtamed from the corn soybean meal controls. Based

coem these reaults lt is suggested that a temperature ot‘ 116’C in the Jet Sploder (for 22 2 sec)' :

o resulted effectrve eliminauon of myrosmase and maxrmal orl liberatron o

Sl apparent metabolrzable cnergy’ (AMEn) esﬁmates of jet sploded full-fat €S Were "

’ eonsistently greater than eatimatea of raw CS for both adults and chrcks when measured by
e either the total eollectton or i dysprosmm (Dy) ratio technhuw. € os VY26 keal/gDM)' -

d (4 39 vs 3 80 keal/gDM). and (4 95 vs 3 47 keal/gDM) and (4 51 vs 3 6‘ kcal/gDM).
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1. Introduction

Canola rapeseed is often referred fto as Ca;ac;a's 'Cindcrclla“crop. The phenomenal
" success of this relatively new crop has peén dué to“ the exceptional cooperation between the
research community and agrib;xsiness. Rape is a member of the Cruciferae fdmily. Two
species of summer rape are commonly grown in Canada: Brassica campestris L. commo:xly
called Polish or turnip rape and B, napus L commonly called Argentine rape. B. campestris
has‘a maturity requiremém similar to the mid-range of barley cultivars and is thus best sgited
to the parkland belt of the prairies, B. napus has a maturity requirement similar to the bread
wheats and i§ thus suited to the southern prairie areas. Although B. napus was initially the
major species grown, Ilhe sflofter growing period, greater drought an<'1 shatteﬂng resistance of
the po;ls during harvesting of B. campestris have made it the cultivar of choice in the
northern arlcas where the bulk of the rapeseed (RS) production is presently concentrated.

RS refers to cultivars pfoducing traditional quality seed. CanolaTM is a trademark
held bypthe Canola Council of Canada and can belused to descr;be seed, seed products—and .
~ cultivars producing seed with less than 3mg/g of normally measured glucosiholates and 5% or
‘“’le‘ss ‘érucic acid, a 22 carbén_ long chain fatty acid that doeé not occur in other edible oi‘ls such.
as soybean, sﬁnﬂower, peanut and palm oils. The reduction of erucic acid (C22:1) in canola
seed (CS) oil has resulted in a marked increase in oleic acid (C18:1) together with smaller
increases in linoleic (C18:2) and linolenic (C18:3) acids. The relatively high linolenic acid -
‘ content does, however, pose problems with the stability of extracted canola oil. Since the
dfscovery of the low glucosinolate cﬁltivar Bronowski in 1?67, there are available commercihlly
in Canada at least' 6 double zero (low glucosinolaté. low erucic acid) CS cultivars: Altex,
Andor, Candle, Regent, Tobin and Westar (Kondra 1985). |

The cpmmer'cial production of CS in Albena has increased rapidly in the last decade _
from 0.68 million hectares in 1975 to 1.17 million hectares in 1984, produhing 1.29 million .
tonnes in that year (Smﬁsﬁm Canada 1984). The availability of such large quantities of
canola has réulted in a rapidly expanging oil seed processing industry. The crpshing_of (&)

produces two valuable products; 40% oil and a meal ‘which contains 35-38% cride protein.



Canola oil currcmlyrconstitutes 55% of the edible non-animal based oil presently consumed in
Canada (Vemann 1985) The meal a by- product of the oil extraction process, is used as a.
high prolcx supplement in diets for hvestock and poultry | .
Limimtiqns to the use of CS jn poultry diets has been due to the presence of
goitrogenic substances derived from the enzymalic hydrolysis of glucosinolalcs This coupled ‘

\
A

with the low digestible energy, high flber and wnnin levels, reduced feed mlakcs due 10

unpalatablny of canola supplemented diets and lower amino acid avanlabllmcs have llmned the

inclusion of canola meal and seed in poultry dncts
_ A. FACTORS WHICH AFFECT THE NUTRITIVE VALUE OF CANOLA SE&S{)
, , y

Glucosinolates

Glucosinolates ., are prese t in all cruclifgrous seeds and 'plams (Kjaer 1960). The
structure of a gen'eralized glucosiholate, which ‘\'.vas established for sinigrin (Ettlinger and
Lupdeem 1956) is shown in Figure 1.1, Glucosinolates differ only in the nature of the side
chain '-R°’ ip_the formula. Théy are ysually coupied with the pc;tassium (K+) cgtion except

in sinalbin which is a salt of sinapine. The six major glucosinolates found in Brassica napus.

‘an‘d B. campestris are illustrated in Table\l.1.

CatabofBm of Glucosinolates
The presence of glucosinolates_ in CS has been described ﬁ the sipgle most impona»m
factor limiting its potential as a high pﬁergy protein supplement in the dicts of non-rurminanl -
 animals. Glucosinolates co-exist with an enzyme, called myrosinase and, although biologically
inactive themselves, when conditions are present i;h 'bfing about their hydrolysis, they yield .,
a variety of goitrogeﬁic and toxic compouhds Seven giucosinolate components are of
sxgmfxmnee in CS and mnola meal (CM) (Bell 1984). It is these glucosinolate breakdown -
products which are largely mmnsxhlc for the ‘deleterious effects assocmwd with feeding'

canola products to livestock (Fenwick and Curtis 1980)



o

Anti-nutritional factors related to Glucosinolates

3

Myrosinnse ‘
Myrosinases are a gxoup of enzymes which occur in all cruciferous plants and have the
systcmauc name ;hnoglucosnde glucohydrolase’ (EC 3.2.3.1.), (Gijzen and " McGregor,

unpubhshed) thn the plant tissue is crushed in thc presenoe of sufficient amounts of water

(@ 13% moisture in the md) (Youngs et al. 1981), myrosmase catalyses the hydrolysis of

™

glucosmolates to’ glucose sulphate and an unstable aglucone (Flgure 1.2). The further fate of -

l
this aglucone depends, in each case, on the character of the s\ée chain '-R' and on the
r

conditiéns prevailing during the enzymatic ‘process. Various pathways to stable end-products -

‘are known and ére frequently simultaneously involved.- These include intramolecular

non-enzymatic rearrangement to isothiocyanates, fragmentation to nitriles; rearrangement to
, 8

thiocyanates or further hydrolysis to free thiocyanate ions (Bell 1984; Gijzen and McGre‘gor,-'

unpubllshed)

uw?

Even when the mdngenous myrosinase has been properly deactivated (by heat

treatment), it is still possible for the glucosinolates in the seed to be hydrolysed -after

. consumption by the animal. Greéer (1962) showed. that glucosinoléne hydrolysis by

thioglucosidase enzymes isolated from the rat intestinal microflora occured, albeit much more )

i . 3
slowly and erratically than in the intact plant. Greer and Deeney (1959) demonstrated the

existence JT'myrosinése in certain bacteria such"as‘ Escherichia coli. Oginsky‘ét al. (1965)

|denuf ied vanous bactena includmg Paracolobactenum from the mtesnnal tract of
mammals which also possess thmglucosndase activny More specxflcally. Mlguchl et al. (1974)
and Marangos and Hill (1974) have reported the hydroysis in vivo of glucosinolatés in the hen.

o)

, However, there is o mformauon in the'literatum.as to the extent of the acuvnty of

thloglucosxdase in the gut and it does not appear to s1gmf1cantly mfluence the feedmg qualxty '

[

of prox‘aerly prooessed Cs.

———



Thiocyanate
Thiocyanate ion has been known to act as a gortrogemc compound whtch inhibtts }
the uptake of iodine and suppresses its conversion to tmodotyromne (T,) and thyroxme

(Ta). (Franklml et al. 1944), The goitrogenic effect of thtocyanate fon can be prevented’

" or inhibited by simply increasing theiodine supplem%tation in the djet (Van Etten 1969).

N > S

\

Nitriles ‘ o ‘ o e

r

Nitriles represent another group of compounds produoed by hydrolySts of
A

glucostnolates Aherne and Kennelly :(1982) in a revrew suggested that nitriles are not ‘

gortrogemc per se. Van Etten et al. (1969) demonstrated that mtrtles are in fact toxrc? to

rats causing lesions in the liver and ktdneys Srrvastava et al. (1975) demonstrated thit -

feedtng atttolysed CM, which contains high levels of mtnles. rgsulted in. depressed growth ‘

rates of both rats and chickens, . - | . " R :

Tannins - i

Tannins are. polyflavoid compounds that tend" to accumulate’ in the- seeds of the

1ape plant (Leung et al. ~l979)' Durkee (1971) indicated that‘ most of the condensed

tannins in CS are f ound in the hulls and dehulltng of the seed has been shown to improve -

\

protein and energy dtgesttbthtres of the meal for’ rats (Leslte et al 1973a) and for pigs
‘ (Sarwar et al 1981). '

" Both hydroltzable and condensed tanmns have been shown to have adverse ef fects

on the performance of poultry (Clandmtn }961 Vohra et al. 1966) Yapar and Clandmtn :

(1972) and Seth and Clandtntn (1973) have reported that: tanmns reduwd the dtetary “
metaboltzable energy (ME) for broﬂer chtckens On the other hand howevcr Mttaru et

——
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. Sinap‘iney ,

, T'Although the content of choline in CS is nearly three times that found in

soybeans, rnost of this . oecurs as 'sinapine, the ester of ‘ 4-hydroxy 3‘ -

5- dlmethoxy cinnamic ' acid (Fenwxck 1982) The presence of smaplne in RS and its
ssoctauon w1th the laying of eggs with a flshy odor by some birds: within a flock of |
brown- egg layers’ vyhen fed a' dnet contammg 10% rapeswd meal (RSM) have becn
revnewed by Pearson et al ( 1980) and by FenWIck and’ (;uﬁrtrs (1980). The trimethylamine
(TMA) found in eggs tamted with a fnshy odor was the \result of two factors the

" conversion of smapme to TMA by enteric bactena found in the ceacae of layers (Mueller

et al. 1978) and the rnabrlny of the bird to orudrse the absorbed TMA -to an odorless_ :

trimethylamine oxide (TMAO) (Pearson et al. 1979). 'I'he i.m"pairment of 'the bird's

ability to metabohse TMA ‘was due 10 an abnormally low activity of the enzyme 'I'MA B

oxrdase in the liver of the bird laying. the fishy egg.

Clanduun and Heard (1968) reported that sinapine produwd no growth.l

' .jdepressmg effects in chickens. However sinapine in CS has been suggested to be

. responsrble for some of the palaubxhty-problems assocrated with its usage, (Clandmm and :

. Heard 1968; Fenwxck and Curtxs 1980) In Canada where the main commercral layer is the

-

Smgle Co;nb Whlte Leghorn (SCWL) a whrte egg layer : frshy egg taint has not been

reponed in the 1§ teld

Goitrin results from the enzymatic hydrolysxs of progortnn (2 hydroxy -3- butenyll
glucosrnolate) The reacuon yields 2- hydroxy -3- butenyhsothxocyanate wmch is unstable

‘ and quickly cychzes to 5-v1nyl -2- oxazolidmethxone otherwise oalled goitrm due to its

' ‘strong goxtrogemc effects (Kjaer 1960) Goxtrogens produee thyroZ:ypertrophy by _

dimxmslung the supply of thyroid hormones avatlable to the/ y, this bemi‘

_'aooomphshed by erther mhibrting the uptake of {odine by the thyroxd\gla.nd or preventmg o '
| :the bmdmg of mono 1odotyrosme or duodtyrosme wrth mdme to form either s

@

RS

. tmodothyronine (T,) or thyroxine (T.) (Ochetim et al 1980) This leads to a net'.v | .

L
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reductron in circulating T, and Ty, resultmg in strmulauon oft\ln—hypophyms to produce

' thyroxd sumulaung hormone which ultrmately produces an enlargement of the thyrotd N

EEREENE DRI
. oL

gland.

'»A" . EEE T, v

Fber ot

. - LT I T
One of the major drawbacks to the use of CS:in’ poultry diets’ lS tts htgh flber‘ ‘

content Thts htgh f 1bbr content is largely due to the hlgh proportron of hull m relatron o |

it

the size of the seed. Hulls compnse about 16 19% of seed weight (Applequst and Ohlson

N

©:1972; Shtres et al. 1981) ‘RS hulls are htgh in crude ftber (44%) and in’ actd and neutral
dtr\)gent frber (67 and 80%, respecttvely orl f ree basrs) (Bell and Shtres 1982; Bell |
1198 The composmon of hulls also drffers between brown an?l yellow hulled vaneues, \
“the latter corgmmg less f iber (Strmgam et al 1974 Bell and Shtres 1982). Cellulose is |
“the dommant carbohydrate in CS hulls and most. of the remammg carbohydrates are AR
pentosans In vrew of the nature of the carbohydrate in CS hulls and the amount of hgnm
present (12 24%) it is probable that the drgestrbllhty of hull carbohydrates by chrckens'

.

wouldbelow (Bell 1984) co - L

am

B. FULLFAT CANOLA RAPESEED IN POULTRY RA'I'IONS P o

1

‘ lt has been shown that the feedmg value of GM compares qurte favourably wrth that
of soybean meal (SBM) in- contrast to the results obtatned w:th older RSM samples :
(Rapemd A\ssocratton of Canada 1977 Canola Council of Canada 1980) Based on. such e

',' studtes,\a general recommendatron for the use of up to. 10% CM has be made’ for laymg hen'.";'_'.'ff-

€] ¥ S
gand brorler drets Earlxer work wrth full fat RS suggested that thxs product mrg’h e a L

“a e

s
e e :

.POte_nnal as 2 hrgh-enerﬁy fwd xngredrent in ultry dtets (Woodly et al. 1972 Bay]ey andjv;: o
Summers. 1975 Olomu et al 1975b €). ,7 S

Intact RS is a hrgh energy matenal due to the hrgh level of orl (40%) m the md
o Together wrth a protem content of about 20 23% 1t lS a potenttally valuable fwd tngredient
| . Jones and Srbbald (1979) reported that whole RS (B napus cv. Tower) comarned 6 67 and

4 99 keal of gross (GE) and true metabohzable energy (TME) per grarn of dry matter v

P,



\ e ‘ | | o |
l respectlvely for chickens (27 9 and 209 MJ/kg) Stbbald and Price (i977) obtained TME
) valuesjgmgtng from 391 5 35 kml/gram DM for 9 varieties of B. campestrls CS and
E 4. 59 5.71 kcal/gram bM for 10 vartetres of B. napu,sCS R ]
o Woodly et al ,(1972) showed that ‘provided the seod was heat- ueatexza::r o
‘ feedmg. ground RS was a sattsfactory source of energy and protem for chicks Furth orli/
‘_(Leshe and Summers 1972) establrshed that ground unprocessed full fat B. campesm.s seed
'. could be gtven to layers at low (5%) levels wrthout reducmg egg productlon and fwd
| consumptton When 15% of the dlet was heat- treated seed, some btrds ceased Jaying
‘ altogether Increasmg the level of RS tn the dtet was also assocrated with' the laymg of smaller
eggs an observauon whtch had prevrously been made for birds fed RSM and whrch at that
time, had been attrtbuted to dretary ammo actd 1mbalance Similar depresston of egg
productron and egg size- was also found when the same seed, after heat treatment ‘was

L.

mcorporated at levels of 20% of the dret (Leshe et al. l973b)
‘ Growth depressron has somettmes followed the use of full-fat RS in broiler rations

\

o+

j (Leslte et -al. 1973a; Olomu et al 1974) In the latter'expertments it was noted that in some
© cases there was an increase in the wetght of the heart and liver, but not the spleen testes of.
- pancreas of test brrds It was suggested that thrs mtght have resulted from the htgh levels of -
erucic acrd in the seed. Thts suggestion was supported by ‘T urther experiments in which broiler
- chicks were fed drets contatmng 20% ground Span (low erucic actd) RS or 20% ground and
‘ autoclaved Span RS (Olomu et al 19753) The results obtamed conftrmed the earlxer fmdmgs
. that autoelavmg reduced the gortrgemctty and 1mproved the nutritrve value of the seed In tlusf

»

experiment nerther autoclaved nor untreated seed when compnsrng 20% of the diet, had any, '

| ',srgmfrcant effect on lrver size; although btrds reoervmg the hrgh dretary levels .of autoclaved

consistently lower careass fat levels than dxd the autoclaved RS

4

Bhargava and 0 Ned (1978) reported the results ot;,expenments in. wlnch broilers were : o




‘
depr/essmn in body wetght oocured with dtets contammg 20% RSM and htstopathologrcal

exarmnauon revealed hyperplasna (unspecxfred) in /chicks recetvmg this diet. Subsequent

expenments mvolvmg frmslnng diets containing 0, 7 14 or 21% healed Tower RS produced no - “ |

pronounced effect on thyrord size, growth or carcass quality although confhctmg eyi

was obtamed regardmg the effect of_dtet on feed effi tcnency -
' The effect of using full fat RS in layer diets was exammed by Olomu etlal. (l975b)

‘A srgntfxcant decrease in egg productron and a signifi rcant level of - hemorrhagnc hv\syndrome ‘

was-observed wrth lncreasmg (0, 5, 10, 15%) levels of RS in the diet. The sizes of the heart =

* and lrverlwere unaffected by dretary treatments although the hrgh glucosmolate level of the
seed had a clear effect in mcreasrng the size of the thyrond gland It was recommended that
- the mclusron of f ull fat Span RS in the'diet should be limited to 5% for laymg hens Slmger
(1977), however, concluded that f ull fat Tower RS tould be given to broilers and laylng hens
at the 10% levels of mclusron wrth sattsfactory results. ‘ ‘ |
| Other studies havc been reported on- the feedmg value of f ull fat CS f or laymg hens
and brorler chicks Robblee et al. (1983) suggested that (& may be ‘used effectrvely as a high-
. energy mgredrem in wheat based rauons for laymg hens to raise dretary energy contént to
desrred levels. They found that at leastlo% CS could be mcluded wrthoul affecung mortality,
rate of egg producuonf feed conversion, egg specific gravity or Haugh umt values |
| In expenments with brorlers it was observed that raw, flaked CS could be used in
‘ broxler rations at a level of 10% to provrde good growth rate and feed conversron and normal
mortalrty However when the level of CS was mcreased to 15 or 20% there was a decrease m
: growth rate “but mortahty and feed conversron were not srgmfrcantly affecred - -
- Some of the detnmental effects prevrously observed wrth the older RS vanetres may
‘ have been due to the hrgher levels of erucrc acrd found m them Clement and Renner (1977)
;demonstrated that hrgh erucrc acrd RS orls resulted m marked depressnons in: growth and
, ‘poorer utilizauon of dretary energy but the newer low erucrc acrd orls resulted in no such

8 'depressrons in brrd performanee
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Summers el al (1982) found that CS fed 1o brorlcrs at dretary levels of 17 5% or
: htgher resulted m reduced wetght gam and feed mtake However l‘eed‘ gam ratros o 7 wks of v‘
‘ age were srmtlar Nltrogen dtgesttbrltty and amino acrd\supplementatton studres appeared to“ " {
: rule out these factors ag possrble explanatrons l‘or the poorer perf ormance observed Other :
trtals reported by these authors suggested that palatabrltty could be a contrtbutmg factor lt
was also noted that apparent retenuon ol‘ d" etary fat was srgnlfrcantly lower wrth CS as‘
compared wtth corn: SOya control diets; but whether thts response was due to dietary fat levels

" per se .Or was specrf\tc to CS orl could not be determtned from these tnals ' |
In feedtng tnals conducted wrth brorler chtcks Olomu et al (1974) suggested that

'supplementatton of dtets containing raw ground whole RS wrth argmme or Aarginine and

. :methtontne tmproved growth and feed effi 1c1ency. although Summers |
| ammo acid supplementatton to dtets contammg raw ground CS drd not tmprove growth rate or

effi rcrency of feed utthzatron : L - '

C. EXPERIMENTAL PROCESSING OF CANOLA RAPESEED

Based on" data obtatned from feedtng tnals usmg whole Tower RS, Leeson et al.

‘.‘(1978) suggested that whole RS could be effecttvley used at levels of 10- 20% in brorler diets
“ and at levels: of no. more than 10% in the drets of laymg hens They f urther concluded. that RS.

{tncluded m brorler drets should be heated before dietary inclusion; preferably by wtoclavmg.,

no advantage accrued when thus treated for laymg hens Shires et al. (1981) concluded that -

| CS should be heated before foedmg 1o brorler ehtckens They suggested that autoclaved or
extracted dehulled CS may be mcluded in brotler drets at levels of 10% wrth no reductron in -
" growthrate. ‘ A Do |
. Heat treatment has also been reported to trnprove the nutnttonal value of 10w
N .glucostnolate Rs for mree (Josefsson and Munck 1972) Shtres et al (1981) suggested that the ‘ B
benef‘cral effect of autoclavxng dehulled CS may be related in part to the drsruptron of - cellular o

_structure (which would make the orl more aooessrble to dtgestrve enzymes) m part to the -

"-destructton of glucosmolates and in part to the macttvatron of myrosmas?




T

Hill and Renner ( 1963) exammed the effects of graded levels of heat trcatment on l
ground soybeans and extracted dehulled soybean flakes and concluded that ME values of
unheated samples were stgmfrcantly lower than those of the opumally heated samples
Prolonged heating however led to a decrease in energy values They suggested that the
absorbabtltty of dtetary fat was lower for 'unheated, unextracted flakes than when they were
heated S "‘

Snvastava and Htll (1976) exammed the effects of mrld heat treatment on B napus
cv. 940 (Tower) and cv. 1788 and obtamed uhproved and depressed werght gams wtth heated : :
‘ and unheated samples respectrvely when the RS was used as the only protein source for rats
They attnbuted the effect to the presence ‘of unspecif 1ed palatabthty and appeute depressmg -
- factors-in the unheated meals; a view also shared by Summers et al. (1982)

Y , Josefsson (1975) suggested that some form of heat treatment of the seed or meal was .
neceSSary (] produce a product wrth xmproved nutnuonal value even when the glucosmolate
~ content was low. Appelqust and Josefsson (1967) concluded that myrosmase acuvrty. was
effectively destroyed by héat treatment when t'he.seed's. molsture cont'ent was 8% or more.
While these and other studtes demonstrate the effectiveness of heat treatment in 1mprovmg
the nutrmonal quality of both RS and CS many of the methods utrhzed are experrmental and

~ did not lend themselves to practrcal cost effectrve use. . ‘. E ‘ o -.‘.
! | Several studies have been conducted to examme the effects of usmg steam pelletmg
‘ and gnndmg to’ 1mprove the numtive value of CS for. poultry (Bayley et al 1968 Slmger et ‘
al 1978, Shen et al 1983) and for. plgs (Narendran et alt’ 1979) Sllnger et.al. (1978)
8 concluded that tmprovements m growth Tates wrth pelleted versus ;nash diets contaimng
. whole raw md could be attnbuted to the heat treatnient mvolved with the pelletmg proeess |
In other studres Shen et al (1983) proposed. that CS could be. used at up to 20% mclusxon in
| steam pelleted drets based on com and SBM wrthout altermg broller performaneed 'I‘hey _
agreed wrth Josefsson s (1975) suggestton that some form of heat treatment was neeessary to

elrcrt maxrmal response from whole CS B

o . K B i [
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Narendran ‘et al (1979) usmg steam-pelleted llS diets fed to pigs. ‘observedl "lmpro?\;(ed
rates of gain and irnproved foed"gain ratlosg vﬁtho‘ut inereased feed intakes 'compared to diets
contatmng untreated meal They suggested that thrs effect may be due in part to tmproved
palatabrltty or 1mproved drgestrbthty of crude ftber .‘ ' .‘ T
| . N The methods descrtbed thus far generally utilize some form of moist. heat The ‘
. | purpose of thts study is however to exarmne the ef fects of dry heat on the nutrtem avatlabrltty
of whole CS The method used for heaung the seed is thqf‘of Jet splodmg usmg the‘
.Cahfomta Pellet Mrll Jet SploderTM The Jet- Sploder (Frgure 1. 3) processes grams by..
‘subjectrng them to super heated arr for a relattvely short time period, followed by passage‘
' :through a roller rmll (Morrill “1984) The fwdstuff is fed by gravity into a heat’ exchanger Air
'heated to about 316C is pumped through jets into the unit. After the desired time in the heat
v, exchanget the seeds are rolled. The temperature of the seed as well as the pressure developed
by the supe;,peated morsture within the swd and the rollers are responsxble for the changes
that occur wrhttn the soed Control of the all‘-.ﬂOW system and the vanable spwd feeder ahead
of the rollers result in. the desired resrdency time for the seed to be ln the heat exchanger and .
thus the desrred mtemal temperature of the md |

Mornll ( 1984) attributes several adyantages to this system Smee morsture is not |
‘ added in the prooess it is not neeessary to provrde facrlttres for addmg morsture nor to dry
the processed product. The system is sard to be very energy effrcrent since most of the air is.

. recyeled In additron the short resrdency ttme means that hrgh productron rates are possrble

Prelimmary evrdenoe suggests that trypsin mhtbrtc)r and urease can readtly be |

"-,'destroyed m raw soybeans by the applmtron of dry heat usmg the Jet Sploder (Whelan

»unpubllshed) He found that heat treatment of ful fat soybeans m the Jet Sploder yrelded:' -

;‘ _hrgher ME values than the more expensrve ttme consumtng steam pelletmg process (3 9'I‘ o
kcal/g DM vs. 3t7 keal/g DM respectrvely) ‘ ‘ T | |
Wrth tlme preltmmary fmdmgs m mmd ‘f‘was dectded to adapt the jet splodtng_ E

”"proeess to the heat treatment of full fat CS mtended for brorler drets lt is hoped that thts S

‘: ,treatment would efl‘ecttvely inactivate myrosmase thus eltmtnatmg the detrrmental effects of ,j s

[



~ ‘ ‘ :
\. tor "‘\ '
glucosmolate breakdpwn products whtle at the same ttme rupturmg the starch cells m the

endosperm of the seed, makmg the orl moreé accessrble to the (‘ltgesttve enzymes of the btrd

'D. MEASUREMENT OF BIOAVAILABLE ENERGY IN CHICKEN FEEDS

;de- is the largest Single cost in anirnal production and ror“‘ years accounted for .

!
~70-75% of poultry productton costs (John 1976) A detailed analysrs showed feed to be. 67% of

the cost of egg productron when pullet reanng cosls were mcluded (Hrll and Hunt 1980)

Currently, feed probably accounts for 55 60% of poultry productron costs, the reductron bemg :

assocrated wrth hrgher interest rates and rncreased f uel costs
: B 9
The broavatlable energy (BE) component of feed_rs about 70% of the cost;
t consequently BE accounts for approxrmately 40% of the ‘farm gate costs of poultry products

Reductton of BE mput costs, through the use of more accurate BE values to estrmate

‘requrrements and to formulate drets offers the greatest potential for mcreasmg productton Lo
‘ .eff 1c1ency 'I'hus when one contemplates the analysis. of a high energy feed mgredtent such as. c

full fat CS for prospectrve use in chicken drets the accurate measurement of BE becomes of S

the utmost unportance , ‘d"

CoN

Several stattsncs have been used as estrmates of the BE contamed in poultry f eeds'

‘ (81%1982) ME has become the generally aoeepted method of expressmg feed values and ‘
‘energy. reqturements in poultry nutnttona The’ practxcal apphcatron of modem concepts of ' _' ‘

| poultry feeding and. diet formulatron requires the\ accurate assessment of the M values of

‘drets and mdrvrdual feedstuffs ln least cost formulauon it is assumed that n rs

¢

' :assrgn a ME value to, an’ xngredrent mdependent of the nature of the. dret in whrch ll is

Vo
B

supphed andothat the values are. addie

.

‘ . Apparenb metabohzable energy" (AME) is the drfference between gross energy (GE) in‘ o

T the food consumed and the GE rn the feees and unne (Natronal Research Councrl 1981)
AME=GEmfood "-‘GwEf:in.e)vrcreta_‘ o

e

e o
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A‘,}ﬁe GE of the excreta for FmE and UeE losses:

.
[:$ ;"‘ ) . ]

C;}w

'TME=GE in food - [GE in excreta -~ (FmE + UeE)] S L

Both the AME and LTMEA values may be correctéd to zero nitrogen retention on. the

) assumpuon that ther;;xdatlon of tissue protein will yield uric acid only. which has a GE/g of
"N of 8 22 kcal Snbbald and Slmger ( 1962) used the Factor of 8,73 kcal/g N as being more
represemanve ol‘ the combusuble energy of the urinary nitrogen excrctory products. The

effect on the. results from usmg these different factors! is however small, These muogen

co%recuon .values are mtended to reduce variauons in the AME and TME,values due to

variation m retamed nitrogen. It is generally assumed that AMEn and TMEn estimates are

mdependem of retained mtrogen ‘The corrections of ME values for nitrogen gamed or lost

from the body durmg me assay also eliminates any vanauon in nitrogen associated with the

ag‘e'{rﬁ"',‘fhe assay bird and the level of dietary protein. ol

E. OBJECTIVES . ;

The -objectives of these studies were .
1. To determiﬁe the economic impact of the inclusion of full-fat CS as a high energy

feedstuff in the diets of laying hens where barley, wheat or corn form the sole, cereal

component, o \, .
2. To estabhsh an Opumal Jet-sploding temperature for improving the numuve value of ——
full- fat CS mtended for use in broxler diets. .
- 3. To examme the effects if any, of Jet-splodmg on the feedmg value of full-fat CS for

broﬂex eh‘tcks :

&*“‘“ -
si .
Fe o ce . . -
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4. To estimate ME vyalues Fpr raw and optimally sploded full-fat CS for future use in least

cost formulation of chicken rations,
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F. EXPERIMENTS AT THE UNIVERSITY OF ALBERTA POULTRY‘ RESEARCH

" FACILITY

o .

Experiments were conducted to evaluate the nutritive value of full-fat CS in the diets

of laying hens and to determine the effect of Jet-SplodingTM on the nutritive' value of?

full-fat CS. The results are reported in the followiﬁg chapters: . )

Cflapter I,
Response of Laying. Hens to Full-Fat Canola Seed Supplememed‘ Diets Based on Barley,

Wheat or Comn,

Chapter III.

Effect of Jet-Sploding at Different Temperatures on the True Metabolizable Energy and

the Nutritive Value of Full-Fat Canola Seed for-Adult and Broiler Chickens.

.Chapter IV,

W

Evaluation of Jet-Sploding on the Apparent and True Metabolizable Energy Values -of-

Full-Fat Canola Seed for Chickens.

:



/Sf-C6H||Oé

“R-C

\\ ’ Co .
N—0SO3

- . Figure 1.1 General formula for glucosinolates.
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: (adapted from &brrill 198&)




G._REFERENCES

[ 4

‘Aheme FX. and Kennelly. 1.3, 1982, Otlswd _meals for ltvestock l‘eedtng in Recent

Advances in Animal Nutntton Studles in the Agncultural and Food Sciences. W

‘ Haresrgn, Butterworths London

Appelqvist, L.A., ‘and Josefsson E. 1967 Method for quantttauve deterrmnauon of

rsothtocyanates and oxazolldmethrones in dlgests of seed meals of rape and tumtp rape ).

ﬂsa F{. Agric. 18: 510- 519

' Utlllzatton Elsevier Publ Co., Amsterdam

~ Bayley, H S and Summers, J.D. 1975 Nutritional evaluauon of extruded full- fat soybeans ‘

and rapeseeds usmg pigs and chickens. Can. J. Amm Sct 55: 441 450
. Bayley, HS., Summers. J.D:, and.Slinger, S J. 1968. The m(luence of steam pelletmg on the

nutrmonal value of chick diéts. Poult Sci. 47: 931- 939

Bell IM. 1982 F)onrﬁpmwd to Canola: A briel hrstory of research for superior meal and

edible oil. Poult Sci. 61: 613 622

Bell 1. M 1984 Nutnents and toxrcants in rapeseed meal a review. J. Anlm.‘ Sci: 58:

 996-1010. L

Bell, .l M and Shnes. A 1982. Cqmposrtton and drgestxbrltty by ptgs ol' hull fractions f rom .

rapemd cultxvars w1th yello_w or brown seed coats. Can. J. Anim. S_cr. 62: 557-565.

Bhargava K. K and O'Neil, J.B. 1978, Evaluation of full-fat Tower rapeseed as a protein'-

supplement for male brorler chrcks Poult Scr 57 119- 125

_Canola Councrl of Canada. 1980 Research on Canola Seed Orl Meal and Meal Fracuons .

Publ No 57 Canola Councrl of Canada Wmmpeg. Man

lqyist, L AL, and Ohlson R. 1972 Rapeseed Cultivation, Composmon Processmg and -

\ _'Clandmm D. R 1961 Effect of s1mpme the brttcr substanee in rapeseed orl meal on the S

growth of chrckens Poult Sct 40 484 487

, l:Clandmm D R ~and Heard I 1968 Tanmns m prepress solyent and solvent processed

rapeseedmeo.l Poult Scx 47 688 S s



) §

Clement H., and Renner R 1977 Studtes on the uttlrzatton of hrgh and low erucic acnd

N rapeseed olls by the chick. J. Nt 107 251- 260

i

Durkee A.B. 1971 The nature ol‘ tannin in rapeseed (Brasslca campestrls) Phytochemrstry

»

10: 1583-1585. e
' Ettlmger M G and Lundeen ‘AJ. 1956 The structure of sinigrin and smalbm an enzymattc
L rearrangement J. Amer Chem Soc 78 41724173 |
Fenwick, G.R. 1982. The assessment of a new protein souroe rapeseed. Proc Nutr Soc 41
s, T R a ' |
| l-‘enwick, G.R.; and Curtis, l(.F-. 1980. Rapeseed meal and its:rse in poultry diets. A review.
Anim. Fd. Sci. Tech. 5 255-289. ‘ L
Frankltn AL., Chatkoff IL and Lemer S.R. 1944 Influence of gortrogemc substances on |
conversion tn vrtro of organic- iodide to thyroxrne and dnodotyrosme by‘ thyroid . tissue |
with radtoacttve rodrne as rndrcator . Brol Chem. 153: 151- 156 | o
~ Greer, M. A 1962 The natural occurrence of gortrogen agents. Rec. Prog Horm Res 18:
187-195. //"\\, , o
Greer M A and Deeney, JA. 1959 Anu thyrord acttvtty eltctted by the mgestton of pure
progoxtrm a naturally occunng throglucosrde of the turnip famtly J. Clrn Invest 38:
1465-1474. '

' Htll A. T and Hunt J.R. 1980. Pullet and layer flock management Pp- 54- 63 in J.E.

Lancaster ed. A Revrew of Research into Egg Productron and Markettng Publ 5126.
Agrtculture Canada Ottawa Ont o SRR ‘
..Hrll F W, and Renner R 1963 Effects ol' heat treatment on the metabohzable energy value "
- of soybeans and extracted soybean ﬂakes for the hen J Nutrt 80 375 380 ' | |
""‘John M 1. 1976 Alternatrve approachas to adoptatron of ammal technology pp 581 592 tn .
| Proc World Food Conf Towa State Umv Press Ames Towa. AR A
"' Jones. J D and Stbbald lR 1979 The true metabolrzable energy values of poultry for

fracttons of raposwd (Brasslca napus cv. Tower) Poult Scr 58 385 391



N . . . , - ) . . .
. oL . ) e N . . s ~ ) -
A\ . . , . v o o LA ' 22
' o toere v o . A P

* . Josefsson, B 1975 Effects of varlatron of heat treatment condmons on ‘the nutrmve value of .

l".‘

low- glucosmolate rapeseed meal ). 3m Fd Agrrc 26 157 164

Josefsson E and Munck, L. 1972 lnﬂuenee of glucosmolates afd a; tentatrve' hrgh molecular

demmental factor oh ‘the nutnuonal value of rancseed meal J. Sc1 Fd. Agnct 23 o

861869 o . S S S e

PR Y ~

Kjaer A 1960. Naturally denved rsothnocyanqtes (mustard otls) and their parent glucosrdes

PP- 122 126 in W. Herz et al eds Pro gress in_the Chemlstry of Orgamc Natural
Product 18. Spnnger Verlag, New York 'N. Y. - |

' Kondra Z, P 1985 Canola Productron and Cultivar deveIOpement in Canada Agnc and For..

Bull Fac Agrrc For Umv of\Alta Press Vol 8 No. 3: 3-6.

Leeson S., Slinger, S.J., and’ Summers I.D. 1978. Utrlu.atron of whole Tower rapeseed by

laying hens and brorler chrckens Can J Anim. Scr 58 55-61.
Leslle Ald., and Summers J .D. 1972 Fwdmg value of" rapeseed for laymg hens Can. J.
"+ Anim. Sci. 52: 563-566. | |

Leslie, A.J., Summers 'J.D., and Jones, J. D. 1973a Nutrmve value of arr classrl"led rapeseedf

fractrons Can J. Amm Scr 53: 153 156

‘ Leslre A.J., Hurnik, J F *and Summers J1.D. 1973b Effect of color on consumpuon of
brorler diets contarmng rapeseed meal and rapeseed. .Can. J Anim. Sci 53 365 369. a
Leung. 1., Fenton T W Mueller M M and Clandrmn D R. 1979 Condensed tanmns of

.

' rapeseed meal. JJ’oodScr a4: 1313- 1316

’Marangos A and ‘Hill, R 1974. The hydrolysrs and absorbtion of throglucosrdes of rapeseed :

' meal Proc Nutr Soc 33 90A (Abstr)

Mrguchr S Kojlma T and Fukuzawa M 1974 Gortrogemc substance m rapeseed V The
‘ myrosmase hke acnvrty of mtesnnal bactena of chlckens T, Food Sc1 Tech (Tokyo) 21 i

.

sl .: S

| Mltaru BN Blau' R Bell JM and Rerchert R 1983 Effect of canola hulls on growth )

feed effrcrency and protern and energy uuhzanon m brorler chnckens Can J Amm Scr
63 655 662 | EEN |



C . ) . . : . AR RR N
v \ ' \ N : . L L
/

‘ Mornll JM 1984 Processmg soybeans with the Jet Sploder Fwd Intemattonal Feb 1984
; Narendran R Bowman G H and Shnge’r S.J. 1979 Effects of steam pelletmg diets
contatnmg two varietres of rapeswd meal on pig performance Can I Anim Sci. 59
577-583. | e | | |
| Ocheum S Bell, J.M., Dtoge GEE.. and Youngs CG: 1980 The feeding value of Tower
rapeseed for early weaned pigs. L. Effects ‘of methods-ef . processmg and. dietary levéls. |
" Can. J. Anim, Sci: 60: 407 an. ' | | -
‘4 Ogtnsky. E. L Stetn A E and Greer, M A 1965 Myrosmase actmty in bacteria asi 3
demonstrated by the conversion of progortrm to goitrin. Pr0c Soc Exp Biol. Med 119: |
360 364. ) | |
Olomu M., Robblee A R ‘and Clandinm D.R, 1974 Effects of' processmg and amtno]
- adid supplernentatron on the nutrrtrve value of rapeswd for brotlers Poult Scr 53: |

175 84, I

Olomu, J. M Robblee A. R "and Clandrmn D R. 1975a. Effects of Span rapeseed on "

performanee ‘organ wetghts and composmon of the carcass, heart anu liver of brorler
cl'ncks P0ult Sci. 54“7~22 726.

g Olomu J M Robblee AR, Clandinin, D. R, and Hardln. R.T. 1975b. Evaluatron of .
full fat Span rapeseed as an energy and protem source for. laytng hens. Can J. Amm |
Scr 35: 219- 222 | | . |

Olomu 'IM.. Robblee, AR Clandtmn DR., and Hardin, R T. 1975c. Uunzanon%f"

i full fat rapeswd and_rapeseed meals in ratrons for brorler chtcks Can ). Amm Sci: 55 S ‘

461469 ’- e |
Pearson A W., Butler E .I Cums R F Fenwrck G R Hobson Frohook— A and Land .
D G 1979 Effect of rapeswd on the hepatrc tnmethylamme oxrdase actrvxty in domeetrc |
‘ fowl m relatron to egg tamt J Scr Food Agric '30: 291 298 |
Pearson. A W.. Butlet EJ and Fenwrek G R 1980 Rapeswd meal and egg taint. ‘The role_v.*"‘ }.
of srnapme.] Sci. Food Agnc 3L 898 904 | o




Rapeseed Assocrauon of Capada. 1977 Research on Rapeseed 011 Meal and Meal Fractlons

\ Pu No. 50 Rapeswd Assoc of Canada; Wrnmpeg. Man

Robblee A R., Rebolledo M Slures A, and. Clandmm D.R. 1983 The. use ol‘ full- fat

canola seed in. poultry rauons Canola Counctl of Canada Publ No 61: 153 158

Seth P cC., “and Clandrmn D R. 1973 Metaboltzable energy value and composmon of

' rapeseed meal and of fractrons derived by air classification. Br. Poult. Scr 14 499- 505
‘Shen H Summers J. D .and Leeson, S 1983. The mﬂuence of steam. pelletmg and gnndmg

~on the nutrmve value of ‘canola rapeseed for poultry Anim: Feed. Sci. Tech 8 303 31

 Shires, A., Bell J.M:, Blair, R., Blake J. A Fedec P., and McGregor D.1. 1981. Nutrmve

value of unextracted and extracted del;ulled canola rapeseed for brorler chrckens Can 1

A

Amm. Sct 61 989 998.

' Sibbald, IR 1982 Measurement of broavarlable energy in poultry feedmgstuffs Can J

' Amm Sc1 62 983 1048

Snbbald IR and ‘Price, K. 1977 The' true metabohzable energy values of the seeds of \

Brasstca campestrzs B. blrta and B napus Poult Sci.. 56: 1329 1331.

Sibbald IR and Shnger S J 1962 The relatronslup between classrcal and cqr:rectcd

metabohzable energy value. Poult Scr 41: 1007- 1009

Shnger S.J. 1977 Rapeswd rapeseed oil and. refrning by products in feeds Rapeseed Assoc ‘

of Canada Publ No 45: 93-112.

A

- Slinger, S.J., Leeson S., Summers J. D., and Sadrq. M. 1978. lnﬂuence of steam pelletmg on .

the fwdrng value of Tower and Candle rapeswd products for broiler chrckens Amm .

3 Feed Sci. Tech. 3: 251-259. ..t

‘ invastava V K and Hrll D C 1976 Effect of mrld heat treatment on the nutrrtive value of ¢ ot

low glucosmolate : low erucrc acrd raposwd meals, J. Scr Fd, Agnc 27 953 958
‘Statrstm Canada 1984 Olls and Fats. Informatron Canada Cat. No 32 006 ‘
-' ‘.Stnngam GR., McGregor DLL. and Paslowski, SH. 7. Chemrcal and. morphologrcal

eharactenstrcs assocrated wrth mdcoat color in rapeswd Proc 4 Internauonaler ;

Rapskongress Gressen West Germany pp 99 108 o

—

o e



Lo : 0 N [ N v \ ' ) . .. " y ! 3‘.
.

Strivastava. V.A., Philbrick, ‘D.J\‘.«,-and Hill, DC 1975 Re'sponse of rats and. chicks to

rapemd meal subjected to different enzymatic treatments. Can. J. Anim. Sci. 55:

331-335." . S e

Summers, }.D. 1983 Canola meal in layer and brorler drets where energy has not been kept

. equal. Canola Council of Canada Publ No 61: 7- 11
Summers '1.D., Shen, H., and Lecson S 1982 The value of canola seed in poultry dxets

l

Can I Amm Sci. 62: 861- 868.

' Van Etten, C.H. 1969, Gortrogens. pp. 103-142. 'u/l‘oxic Constituents of Plant Feedstuffs, .

| Food Sci. Tech. A series, of ‘monographs Academic ‘Pr.ess,.
Van Etten, C H., Gayne w. E Robbrns D. J Booth, A N., Davenbrchler M E.. and
‘Wolfe, 1.A. 1969 Blologrcal evaluatron of Crambe seed meals and derrved products by rat

feed Cer Chem "46: 145-155.

-

' Veeman, M:M. 1985. Canola in the Canadian Economy Agnc and For Bull Fac. Agric.

 For., Umv of Alta; Press. Vol. 8 No. 3: 7- 0.
‘Woodly, A, Summers ‘1.D., and Brlanskr W K 1972. Effect of heat treatment on the

‘ nutrmve value of whole rapeseed for poultry Can. J. Anim. Scr 52 189-194.

Yapar Z and Clandmm D R. 1972. Effect of tanmns m rapeseed meal on its nutritive

—

.- value for chicks. Poult. Sci. 51: 222:228. T L

Youngs C.G., Wetter LR., Boulter, G. s., and HOpkms DS. 1981 Processmg of canola,

e}

seed fOLqualrty meal pp 4-7 in Canola l‘or Lrvestock and Poult_ry Canola Councrl of .

CanadaPublN059‘ - I Qé«,

-

fo



|
Il Response of Laytng Hens to Full-Fat ’Canola Seed Supplemented Diets Based on Barley,.

Wheat or Com
[T}
A INTRODU(.T ION o
" The commercnal productton of canola seed (CS) in Alberta has mcreased raptdly m lhe‘
. last decdde from 0. 68 million hectares in 1975 to 1 17 mtllion hectares in 1984, producmg 1. 29

I TM

million tonnes in that year (Stattstlcs Canada 1984) .The term- Canola appltes to the seed

meal oil and other by- products of Canadian culttvars of RS whtch are low m glucosmolates

f and " erucic ac1d The crushmg of CS produees two valuable products 40% onl and a meal .

0

'.-whtch contains close to 40% crude protetn Canola oil currently constttutes 55% of the ednble

\

non- -animal based onl consumed m Canada Occasnonally in Canada htgh grades of CS may

become avatlable to the poultry producer due’ t0 ﬂuctuauons in the economlcs of CS:

KN [ o

processmg Due to adverse climatic: condtttons in canola growmg areas, 5 30% of the crop, P

.may be frost- damaged in any one year. Such frost-damaged CS is oftén avatlable for ammal

fwdmg Frost damaged CS has a lower economtc value because of reduced’ bushel wexght
. )

\ lower oil content and lower oil quality due to an increased chlorophyll content this 1mparts a

‘ ‘green color to the g'l making it undesuable for human consumptten resultmg in a lower‘
pnced product which may be uwd in antmal rattons Cons:derable mterest has been shown in
this product by the Saskatoon research commumty‘ (Bell et al 1985 Bell and“ Ketth‘ l%o) as "
a feed. ingredtent for ptgs.lbut not much emphaSts has been placed on its use as a feed :
‘mgredtentforpoultry R .' T T

A number of studxes have been reported Whlch show thatucanola meal (CM) can be -
~used m laytng dtets to replaoe a substanual quanttty of soybean meal (SBM) protem thhout ‘

B any change m laymg performance (Hulan and Proudfoot 1980 Clandtmn et al 1983 Summers.

- 1983 and Snmmers et al. 1985) Based on such studtes a general recommendatxon fqr the use" '

of up: to 10% CM has been made for laymg hen dlets Whllé?CM is. now being used more“",‘;' ] S

! extensively m laytng hen dxets there sull remams some controversy thh regards to lts'

ot nutnnve value ’I'here 1§ son?xe evrdenee to suggest that 1t may play a role m preetpttating a

B
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fatty liver ami/or hemorrhagic liver condition with layers (Pearson and Butler 1978; Papas et .
al, 1979; Ibrahim et al. 1980; Hulan and Proudfoo.t 1981). However, lhe;sc are probably an
equal nymber of studies that indicate that no such liver‘probl?ms were.:;xssociated with the
: fécding of C“M(Ma’r'ch et al. 1975; Thomas 1978 and Proﬁdfdot él :‘al.,1983). o
Fewer studies havé been conducted to dct,crminé the nutritive value of CS for lavying
hens. With the high glucosinolate varieties of rapeseed (RS), adlvérse effects on performance
cﬁa{acteristiés have been reported (Leslie and Summers 1972; Leslie et al. 1973; Olomu et al.
., 1975 and Leecson et al. 197?3). These effects were attributed 13 glucosinolate breakdown

(S

products Heat treatment of RS to inactivate myrosinase enzyme was decmcd éssential by
Woodly et al. (1972)\. il satisfactory perfor;nance was to be objained when RS was fcd to
poultry.. H;)wever. with the low, gluéosinolat_e, low gruéic acid canola varieties, such
heat-treatmem of the seed may be unnecessary before incc;rporating CS into chicken dieis ’
The need for grmdmg whole CS is also questioned, especnally ‘m diets containing gm since the
small- sned seed should be easily ingeSted and macerated by the bird. Both Leeson et ai
(1978), working with RS, and Robblee et al. (1983), workmg with CS, have suggqsted t"hat at

Al

~least a 10% level of CS may "bé used as a sausfactory source of energy and protem m rations
" for laying hens. |
~ Wheat, comn and to a lesser extent, barley, have been the cereal grg!nsﬁﬁssed most
commonly as the major source of energy for laymg hens in North America. Several’ studxes
have been conducted to evaluate the producuve performance of hens fed dxet; of dlfferem
| ceieai base over complete laying éyc‘lé' (Bro'wn and Hale 1965; Sell 19'71- Dunstan 1973;
Campbell 1974; Sell and Johnson 1974). In these experiments, no sxgmflcant differences were
‘ noted among diets with tegard to total egg production. These data indicate that laying hens
are capable of mamtammg a high rate of production when fed barlengor wheat-based diets.
However. due to their low energy densities it is nemsaw to add fat to such diets to raise their
-.energy content to desxred levels. Since CS contains approx.tmatzly 42‘ ether extract and’

20-23% p.’°‘°m". it would appear to be a potentially excellent source of high quality protein
and enexg'y . - qs‘pqcially in barley and Wheai-based diets.
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The objectives of this study were therefore to determine the effects of supplementing
diets containing ground corn, wheat or barley as the sole ceregnngrediem with 0 and 10%‘
whole CS on the biological and economical performance of laying hens.

| | } .
B. MATERIAL AND METHODS .

This experiment was cc?nducled at tge University of Alberta Poultry Unit for a period
of 44 wks between November 1984 and September 1985. In the expcfimem, 768 Single Comb
White Legho(rn (SCWL) pullets (Shaver Starcross 288) were i)rooded and reared in floor pens,
At 29 wks of age they were placed at random in doublevdg, stair-stepped laying cages (42cm
X 32§m) with 2 birds per cage, thus providing ai ﬂoor:’:;rea of 672 cm?/bird, Ali bitds were
~weighed at 20 wks of age. Daylength at the start of Lhe\ experiment was 10.5 hrs and was
increased weekly ur;lil a maximum of 16 hrs was achieved at 31 wks of age ahd was
' maimaiqed at that Jevel for the duration of the experiment. The blirds' were fed a growing
ration (15% CP) until 22 wks of age at which time they were assigned to the experimental
diets (Table I1.1), . *

The diets were formulaied to provide a fixed calorie-protein ratio and were neither -
isoené'rgetic.nor isonitrogenous. The diets were based on either ba'rley, wheat or corn as the
sole cereal grain and were supplemented with either 0% or 10% Canada Grade 1 full-fat CS
( Brassica campesm‘s cv. Tobin). All diets were supplemented with 5 kg ~f granite grit
(hen -sized, #3) per 100 kg of- diet. -

Ea'ch dlet was fed ad hbnum to four rephcates of 32 hens for a period of 308 days
Data was cqllected on daily mortality, daily egg production, monthly feed consumption
(monthly replicate average), .ar;d egg v;reights (the average weight of eggs laid by each‘
replicate and collected on 2 consecutive days of each week). Eggs from each replicate were -
also graded by v@eight in accordance with the grades and standards for C::nada 'Grade A eggs
as outlined in the Canada Agricﬁltural Products Standards Act (1974).

“All derived mcomes were based on the producer paying prices issued weekly by the

Alberta Egg Marketing Board Calgary Alberta. The relauvc costs of .the diets were esnmated
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with the following prices of ingredients in Can$/tonne: canola seed, 250~ soybean rneal 310;
barley, 101; com 180; and wheat, 129. Total income for each dtetary treatment was based on
the egg incomes received from eggs sold over the 44 wk trial period and from that obtained

- from the sale of spent birds at the end of the trial. Feed costs (Table II.—G)” were based on the
overall feed consumptron of the four replicates/treatment (in tonnes) and the cost/tonne of |
each of the 6 diets. Any birds that died during the trial were sent to a veterinary laboratory

"(Alberta Agriculture, Animal Health Division, O.S. Longman-Bldg., Edmonton, Alberta) for

1A

autopsy.

Statistical Analysis , _ A .
| All data was subjected to 2-way analysis of variance (anova) with three cereal
factors- barley, wheat and ground com, and two canola factors - 0% and 10%‘ levels of
inclusion. Where appropriate, treatment rneans were tested for significance (P<0.05) using
the Student-Newman-Keuls (SNK) multiple range test when preceded by a significant F-test,
(Steel and Torrie 1980)., All statistical calculations were performed using the Statistical

Package for the Social Sciences X, (SPSSX).

C. RESULTS

A summary of the results f rom the six dietary treatments is presented inl Table II.2.
‘The effects of cereal base and canola inclusion are presented in Tables I1.3 - IL6. Although
differences in the'level of mortahty of birds fed the various diets dld not reach statistical
signifi icance, the cumulative mortality was hrghest for the corn-based drets (7. 8%) and lawest '
for the wheat-based diets (4. 3%) The largest cause of mortahty was due to lymphoid leukoms
- virus, (46% of reported cases) followed by eanmbahsm (15%) and hemorrhagic hver
syndrome (9%). The remaining deaths (30%) were auributed to miscellaneous causes. There
were only four eases of hemorrhagrc liver syndrome , two from birds which were t‘ed diet 6.
- and one from each of the groups fed drets 1 and 5. There was a trend for mortahty to* be 4
greater }for'btrds fed dxetseontarmng 10 compared taq those fed 0% CS (5.2 vs. 7.0% ;
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\
mortalﬁy). but the dif’ ference was nonsignificant (P>0.05).

%88 production expfessed in terms bof % hen-day, % hcn-hoixsed.. eggs/hen-housed or
eggs/l.xcn—“day was.not significantly af fef:ted by dietary treatments. Feed intake expressed in
- terms of \grams of feed/hen-day wa’s significantly’ lower for birds fed the' corn-lased
(P<0.05) z;‘§ compared to.barley andwheal:ba@d‘diels. A signff icant decrease in feed intake
© was aiso nou\ég with diets comainihg 10% C5 as opposed to canola-free diets, (P<0.05),

' Feed \cffiéiency expressed m terms of eggs produced and live weight gain wérc
significantly gse\ater. for birds fed lr‘le‘ com-based diets (P<0.05) than for. those fed either

X‘based diets. Similarly hens fed diets containing 10% CS had IoWer feed:gain

barley or wheat

ratios than‘ those, "fed diets containing 0% CS (P<O0. 05) There was a sngmﬁcam trend
(P<0 05) towards mcreqsed live weight gains for birds fed corn and wheal based diets, wuhv
barley -based diets producmg the lowest average live welght gam‘ (404.5g for the 44-wk trial
pelriod‘). There wés ;\i slight but nonsignificant increase in average live weigﬁt gains of birds
- fed diets containing 0% CS as compared to those fed diets supplemen;ed with 10% CS. Initial
live weights recorded ;t\ 20 wks of age were\not significantly different between treatment
groups indimu'ngi that the observed difl;erences'in body weight gain could be attributed to
dietary effects - v"\‘ - ' |

' Thcre was a sngmf u;am (P=0. 025) 2-way interaction between the level of CS used and
body weight gain. The .barle\y dxet containing '10% CS resulied in a slnght mcregse in weight

gain as con‘ipared to the barl\a< diet without CS (389. 3g vs. 419.8g, respectively) However,

.

for birds fed the wheat and 'corn-based d‘xtcomammg 10% (Sf—there\ were slgmf icant

 (P<0.05) decreases in average body weight pain as compared to blrds fed sxmllar dxcts

without CS. 571.8g vs. 495.58 d 573.8g vs. 557. Sg for the wheat and corn-based diets. '

respectively. Th‘esé results suggest at th}: effects of addmon of 10% CS may be influenced by -
" the grain source used in the diet.

. ¢ '
Birds" fed me' com-based die

4

prodube'd larger (P<0.05) eges than those fed the
A“wheat based dlets (60.3g vs. 59.3g). The blrds fed the barley -based dxets laid eggs of .
‘ mtcrmedxate average egg welghts (59 g) Egg wclght was, not sxgniﬁmtly affected byk :
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supplementary @ in‘the diet.

‘ " There were srgmfrcant dif! l‘erences in feed costs between treatment groups which were
a direct reflection of the feed consumption and ‘the cost of individual dietary ingredients.
Barley-baSed diets cost signif] icantly less than either wheat or corn-based diets (P<0.05)-with
corn-based die:s being the most expensi\ie. Consequently. net income was highest for birds fed
the barley - based drets desprte the poorer performance observed with these grams Income was

not srgmf tcantly affected by the addition of CS to the diet. . '*‘

D. DISCUSSION

T

'l'here are numerous studies in the literature indicating that wheat‘and barley may be
used in diets f or layutg hens with satisfactory results (Arscott‘and Rose 1960 Anderson and
Wagstaff 1960; Brown and Hale 1965 Lrllte ar’ld Denton 1968 Sell 1971; Dunstan 1973 and
Campbell 1984) These grams will normally support egg production equal to that obtamed'
wrth(com based drets There are, however a number of considerations wlirch must be taken
‘ into account when usmg barley and wheat in laymg hen diets. Frrstly, barley and-wheat have ‘
‘dtl‘ferent nutrlent contents to com. ln comparison to comn, barley is considerably. lower and
wheat slightly. lower in metabolrzable energy Furthermore, there is a greater variability in the
nutrrent content of barley and wheat as compared to com ' |

Barley. however contarns more total. protein (11 -15% CP, DM basrs) and higher
nlevels ‘of lysine, tryptophan methionine and cystine than does corn (NAS -NRC 1984) but
the hrgher frber content tends to limit its use in poultry rations. Hulless varietres of barley are
roughly equtvalent in energy to wheat and com and seem to be more suitable for poultry
feedmg Classen et al (1985) reported that zhe true metabohzable energy ?i‘ME) value of
v thulless barley was srgmfrcantly higher tlran for hulled barley and was. srmrlar to that of wheat
for adult Toosters - (15.2310. 13. KJ/g vs 14. 53:l:0 21 KJIS) (3 64 keal/g vs 3.47 kcallg,
respectively) 'l'hey concluded however that desprte a hrgh ’I'ME hulless barley was not a
suitable eereal souree for chicks because of fat malabsorbnon and madequate vrtamm Dy

_ absorbuon.

S
BN
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With regard to'the protein content of com 73% of the tbtal protein is found in—the
endosperm and 24% m the embryo The latter is of . htgher qualtty and is composed of a
. mtxture of gluteltn globulms albumens and other protems (Church 1984). The prmctple
protem in the endosperm is zein, a relatively msoluble protem whtch comprtses about half of

\

' the total kemel protem Thts protem is low in several o( the essenttal ammo acids, partrcularly N

lysine and tryptophan as a result corn- based drets for onogastrrc animals of ten requtre‘ S

supplementauon to produoe adequate performance In addifion, the low tryptophan contem '
‘ (whrch is a precursor of macm) plus the low niacin conteny, will lead, eventually to a niacin
deficiency and pellegra in monogastrrc a_mmals dependent on corn. as a major dtetary"

A

constituent. _ R ‘ \(

The amino acid*‘(‘A‘A) distribution of wheat is more favourable than that o“corn
especrally for lysme tryptophan methtomne cystine and hrsttdme (Church 1984; NAS- NRC
1984). Soft wheats are. generally lower in’ the essenttal AAs (as %DM) than com buy are a’
: much better source of AAs than corn, with the exceptron of tryptophan As an energy source,
wheat does not produce - as rapid a growth rate with poultry as does corn, but it very
frequently produces more efficient growth than does corn (Church 1984). Il” fed in large
amounts however finely ground wheat tends to f orm a pasty mass on the beaks of btrds

ln this study there were no srgmftcant dtfferences (P>0 05) in egg production'
between layers fed etther barley, wheat or ‘corn- -based dtets Arscott and- Rose (1960) observed,,"
Tno drfferences in egg productron wrth etther White Leghom or New Hampshrre layers fed |
barley or corn based dtets Hens fed the barley and wheat based drets m the. present study' .
requtred srgnrfrmntly more feed (P<0 05) to produce a dozen eggs than did. birds fed

corn- based diets, an observatton wluch was also reported by Anderson and Wagstaf f (1960) ,

- 'I'hrs was to be expeeted however beeause laymg hens will adjust fwd tntake 10 compensate ‘

for iower dretary energy levels As a result most ¢nals have shown that when barley is used as o

}_ ,the sole oereal gram, there is greater fwd tntake and consequently more fwd requrred per

dozen egss as opposed to comprable wheat based dtets (Anderson and Wagstaff 1960 Arscott» L

b

dRose 1960)



Lockhart and Bryant’ (1965) reported that laymg hen dtets contarmng barley as the-

only oereal gratn supported €88 produt:tton equally as’ well ‘as corn- based dtets but were lessf

' (efftclent In diets contarnmg 16% CP “comn- based diets resulted in 75 3% egg productron and

barley- based diets 8. 0% These authors reported feed efftctencres of 3 90 and 4. 14.1b of . |

feed/doz eggs (1. 76 and 1.86 kg feed/doz eggs) for the co and barley based dtetsv
respectrvely At 14% CP egg productton was 78. 0% for com and 77. 6% for barley based diets.
Feed efftcrencres were 3. 93 and 4.24. lb fwd/doz eggs (1.77 and 191 kg feed/doz eggs) -

respecttvely Brown and Hale ( 1965) reported srmrlar results Their results are in close/ L

.agreement "with the esumates -obtained in the present study, (1.77 and 1.86. kg feed/doz eges)
fi or corn and barley based drets respecttvely Barley-based hen-housed and hen-day
‘ _' productlon (15% CP) averaged 76.37 and 76.35%, respecuvely whereas corn- based hen-housed
| ‘and hen- day productton (18%-CP) averaged 75.65 and 79.35%, ‘Tespectively.

Sell and Hodgson (1966) obtamed 72.2% egg production for a 308 day expenment with

a wheat- soybean meal ratton contatmng 13.5% CP, whereas hens fed a rauon contarmng
16. 5% CP produced at a rate of 78. 2% In companson the wheat based drets used in ‘this study
contamed 17.3% CP: and resulted in hen housed and hen- day production rates of\ 76 93 and

— -~

' 78. 41% respecuvely Lillié and Denton (1968) reported srmxlar egg producuon esumates for- .- o

f 12.5 and'15% CP dtets based on corn, wheat and barley

Campbell (1984) summanzed data obtamed m several expenments companng barley. ’

wheat and com -based dtets Egg productton fwd consumptton and representatrve egg werght

) data were used to calculate feed efftcrency values for each of the treatment compansons It .

‘was concluded that corn based dxets were supertor to wheat based drets which in turn were
‘.superior to barley-based drets m terms of the amounts of fwd requtred to produoe a given egg j A' |
" .wetght Tn- thts expenment corn-based drets resulted in stgmfrcantly greater (P-0 014)‘ e
‘ average egg wetghts than wheat based drets (60 33 vs 59. 25 g) Barley based dtets however -
) produwd eggs of mtermedt_ate egg wetght (59 583) whrch is contrary to Campbell s (1984)} . _}

‘ results « ‘_

“\_" : r," 33" L

o
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N The oereal based dret yreldmg the best feed eff rcrency. however need’ not necessanly ‘
be the most judtctous choree f Tom an economic standpomt A companson of the effi rctency of :

| "feed utrlrzatron for egg productron may be compllcated by a dif’ ferentlal response in egg size.

. The, proportron of eggs alloted by wetght to the Canada Grade A categones is of tmportance a
since the dtfferentral in pnoes ‘among the mtegones could have a marked influence on-the
Joverall economrc analysrs of a partrcular cereal based diet. It is of mterest to note that ) rom.
June 4, 1985 until the completron of the experrment on September 3, 1985 there was no pnce
‘drfferentral between Canada Grade A extra large and_ large eggs as set by the Alberta Egg
Marketing Board Both categories fetched a price of $1.02 per dozen eggs In addmon large
‘ egg size may have a detrtmental mfluence on shell quality. |

Although the data m the literature regarding the rnfluence of various cereal based - -
drets on egg werght is inconclusive, the results of the trial reported herem mdrcate a trend
towards a greater number of extra- large eggs lard by hens recervmg ‘the hrghest level ofﬂtnoletc | '
‘acid’ (com -based drets) and conversely a trend towards fewer medium eggs in thrs treatment
group as’ compared to the drets wrth lower levels of linoleic: acid. There was: a srgmf icant

| (P<0 05) trend for. btrds fed the wheat- based diets to produce a greater percentage of Canada : |

- V.Grade A medrum eggs as opposed to those fed barley and corn-based diets (32 85 vs 30. 57 :

.'and - 26. 35g respectrvely) Balnave (1971) demonstrated that hnolerc acrd was the ma]or. 3

._._._.f“‘““"
. constnuent responsrble for the benefrcral effect on egg wetght when laytng hen vdtets were’

' “supplemented wtth corn orl More recently. Whrtehead (1981) reported that laymg hens do not‘j"

‘ respond in terms of i rncreases in egg werght to levels of hnolerc acrd above 0,9% of the diet but. L

: ,do respond to an mcrease in the dretary amount of readrly absorbable fatty acrds The reason‘ :

¢

. for the observed trend of larger eggs from wheat based dtets is not clear but may be related 1o

-dretary energy densrty

There is more phosphorous (l’) m barley and wheat than in corn and therc s s ¢ i

jrndrcatron that the P is more avarlable 'Ihrs is’ substanttated xn work by Hayes et al (1979)
B wrth chrcks ’I‘hey reported the brologml avarlabthty of P m com hard wheat soft wheat aad
'barley at. 12 4, 58 and 50% respecuvely Accordrng to therr data the available P content of

,-‘,.



| com‘is 0.03% as'com\pared t0.0.22, 0.16 and 0. 17% iyn‘ barley, hard winter wheat and soft
‘ wmter wheat respectively This greater P avarlabthty in barley and wheat is not due to: the
' ‘fact that these grains contam less phytrn P but rather t.hat barley and wheat contam hrgher
levels of natural phytase Although the effect of age on the abtlity of poultry to utthze ‘
‘ phytate P has not been clearly defmed there are data tndrt:atmg that the uuhzatton of phytm
P mcreases with age to matunty (Nelson 1967) ’ “{- o '
lmttal body weight of the pullets (140 days of age) averaged 1. 45 kg Campbell (1984)
noted srmnlar tmtial _weights usrng SCWL Shaver 288A hens werghed at 150 days of age. Hens
fed corn and wheat based diets gamed srgmfrcantly mor: wergltt (565 5 and 533 6 vs 404. Sg)
‘than hens fed barley-based dtets dunng the course of the expenment but tlns had no effect
. on the income received from spent_ btrds ' . ' | |
Egg productton was not adversely affected (P>0 05) by the 1nclusron of 10% Tobm‘ ‘
Cs, when used as a hrgh energy and hrgh protem source in barley, wheat and comn-based h
: drets Leshe and Summers ( 1972) usmg B campestris cv Echo RS mcorporated into 1socalonc "
: »rsomtrogenous dtets at levels of 0.5, 10 and 15% and fed to Starcross SCWL hen: observed
decreased producuon wrth dtets contammg 15% unprocessed RS No treatment effect' -
(P>0. 05) was noted wrth respect to any of the parameters of egg quahty, thh the exeepuon |
‘}of eggxawetght whtch decreased wrth mcreased levels of RS rn the ratton Thrs dtfferenee m‘ B
‘.response in the experrments may be due to the low levels of total glucosmolates and lerucrc -
'acxd found in B, campestns o Tobm as opposed to the htgher levels of these compounds o
_fpresentmEchoRS S \ - ' o
. Robblee et al (1983) usmg tsocalortc. rsomtrogenous drets conammg 0 5 10 and 15%‘ 1
fwhole CS observed that the treatments had no effect on brrd mortahty. rate of egg
'f“productlon. fwd conversron egg specrftc gravrty or Haugh umt values Mortahty was not':;-:,
I;affectedby the level ofdtetary mclusronof@ FE «_f "‘v,‘ e ’4 |
; Some authors have suggested that btrds fed hrgh glueosmolate whole RS produwd‘

_1-‘smaller eggs (Summers et al 1969 Leslre and Summers 1972 March et al 1975 Leeson et al =

" ‘1978 Summers et al 1985) However. Olomu et al (1975) found that incluston rates up to‘




] N / ' B o o

15% whole RS had no effect on egg wetght ln the présent trial, the mclusron of 10% CS in
layer dtets had no effect on average g8 wetght as compared to' diets wrthout CS (59. 60 vs
h ) ) 4 B

5975g.respectrvely) o TR R
Summers et al (1985) have suggested that 10% CM can be substltuted for a srmllar '

«»

‘quanttty of soybean meal (SBM) protem in layer ‘diets, . wrth httle or no alteratron m ‘

.' 'performance It would appear that one of' the main factors leadmg to reduced performance

when CM substltutes for SBM protem is a lowenng of the energy’ densrty in the diet. Whrle

. one would expect that wrth a lower level of dtetary energy the ‘hen would consume more feed

I

. to mamtatn a stmrlar intake of energy, often this does not occur Reduced feed mtake with -

\ /
CM and/or RSM- contarmng rations has been reported for poultry (Slmger et al 1978 .

Summers et al 1978) as well as for young prgs (McKmnon and Bowland 1977). Reduced f eed :

intake with cM and/or RSM has been shown to be assocrated wrth glucosrnolate levels in the

" meal (Lee et al. 1984), Whlle & glucosmolate levels in canola have been substanttally

‘ reduced there strll is a small percentage in the meal (Bell et al. 1981) and seed and hence thts

h may account for the slrghtly lower feed mtake noted with some drets contammg CM and Cs.

The srgmftcantly (P<0 05) reduced feed intakes observed for CS contatntng diets

.(116 3 \t 121 2g/hen day respectrvely) may be due to the effect of glucosmolates or thetr

breakdown products However, srnce a srmtlar effect was observed wrth com based drets as

1

contfrasted wrth barley and wheat based dlets (114 82 ‘vs 121 15 and 120 24 g/hen day B

: respectrvely) the reduced feed intake lS probably due to the mcreased energy densrty m dtets

v fcontatmng com or supplementary CS Btrds fed htgher energy dtets tend to reduce feed o

E SUMMARY B ” :

: -(energy, lugh protem source to uﬁprove low energy densrty drets based on wheat and barley,l‘...‘

m‘iwrthout affectmg profttabrhty - l,] o L

'4 ‘.consumpuon

The results obtamed in thrs trtal mdmte that 10% CS can, be effecnvely used asa hlghl e
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unproved nutnttonal value even when the glueosmolate content lS low

I1. Effect of Jet-Sploding at leferent Temperatures on the True Metabollzable Energy and

the Nutritive Value of FulI-Fnt Canola Seed for 'Adult and Broiler Chtcltens

A. INTRODUCTION

Full fat canola seed (CS) is penodtcally avatlable as a potenttal feed ingredient for

poultry rattons Such samples may be either frost- damaged off - grade seeds unsuttable for orl ‘

extractton or htgher grade samples avatlable due to fluctuanons in the economtcs of oxlseed
processing. CS contains approxxmately 40% oil and 20-23% protein. |
thh dtetary mclusxons of htgh glucosmolate variéties of rapeseed (RS) adverse

effects on performance charactensttcs of both laytng hens (Leslie and Summers 1972; Leslie et

.al. 1973 Olomu et al. 1975) and broxler chtckens (Leslte et al. 1973 Olomu et al. 1975a) are

well documented Summers ‘et al. (1982) suggested that feeding levels in excess of 17 5% Cs ‘
(low glucoslnolate RS) to broiler chrckens depressed growth rates and feed tntakes up to 7 '

- weeks of age dtetary fat uultzatton was also depressed. Some of the confhctmg Teports - |
o concerning the value of full fat RS for poultry-may be due to the fact that the level of erucic
N acrd in the seed vaned dependtng on the cultivar. Clement and Rennér (1977) demonstrated '

‘that high erucic acrd RS oils resulted in marked depressrons m growth and poorer uttltzatton
: of dtetary energy whtle the newer low eruc1c ac1d cano]a oxl resulted m no "ch depressron in .

. btrd perf ormance.

The poor performance charactensttcs observed wrth RS have been attnbuted t0

glucosmolate breakdown products brought about by actwe myrosmase in the seed (Fenwrck ;

“and Curtis 1980; Bell 1984) It has been shown,” however, that high zempeth?re heat
N o treatment qulckly destroys the myrosmase enzyme. thus ehmmatmg or reducmg the growth s
- Lmhibtting properttes of R RS (Belzile et al 1963; Woodly et al. 1972). Jossefson (1975)_* o

B lsuggested that some form of heat treatment was neeessary to produce a product wrth ‘_

¥

Oommerclally. steam pellettng "'dsubsequent grmdmg (Bayley et al 1968 Shnger ét -

.gal 1978 Shen et al 1983) havebeen sed to tmprove the nutnttonal quahty of CS mtended
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for use in brorler dtets This method of processmg however requrres the apphcatton of both
moisture and heat Alternatively, the Cahforma Pellet Mrll has developed the Jet Sploder
- process which negates, the nwd and expense of added morsture (Mornll 1984) Jct-Splodmg'
is a process which utiltzes high temperature for a short period of ttme The feedstuff is fed by o |
gravrty rnto a heat exchanger Air heated to about 316°C and pumped through Jets mto the
) chamber of the heat exchanger raptdly heats the md and transports it through the unit. As‘
’ the seed contarnmg superheatedmorsture at high pressure leaves the umt it passesthrough a ;
roller which pops or explodes the seed The length of trme the seed lS allowed to remain in B
the heat exchanger controls the intemal temperature of the seed Temperaturc probes in the .
"path of the crrculaung seeds within the -heat exchanger are used 'to determine the f inal
temperature of the seeds. Morrill (1984) ‘attnbuted several advantages to this system. Smce

. moisture is iiot added in the process it is not necessary to provide the facilities for adding -

TM"‘

morsture nor to dry the processed product The system lS sard to be very energy effi ic1ent smce o

e

most of the air is recycled. In addition, the short resrdency time means that high production |

rates are possrble

Prehmmary evrdence with soybeans suggested that trypsin mhibitor and uréase enzyme“
. can bé readtly destroyed by the application of dry heat usmg the Jet Sploder However o .
date no mVesttgatron has been conducted on the effectrveness of the process on reducmg or

.eltrmnattng myrosmase activity in full-fat CS or on the effect of splodmg on the nutritive o

o _value of CS for broxler chrckens

‘. The determrnatton of metabolizable energy (MF.) provrdes a means for determmmg

. the overall uuhzanon of a diet or dietary component (De Groote 1974) It measures the’- . ]

metabolic sum of the processes of dtgestton absorptron and utiltzation of a dret in energy,‘

'umts In the chrclten. ME ts the drfference between the gross energy (GB) i the food

consumed and the GE in the feces and unne The measurement of true metabolizable energy j R o

‘ (TME) mvolves the correctton of the GB of the excreta f or the metabohc fecal energy (FmE)‘v f

'and the endogenous unnary energy (UeE) losses The TME assay has been found to be a»-f' g

"""hrghly prectse measure of the avaxlable dtetary energy for the chrcken and a useful tool for,,; SR

. ETT
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o o | o
quantitattve studxes of energetic relatronshrps in growth. "
Part of the ME is reta.med in the bod)Las protem whrch may be degraded’and excreted, B

ln the form of uric acid. The correctton of ME values (TMEn) for mtrogen garned or lost A o

‘ .from the body dunng the assay ehmmates the vanatron m mtrogen retentton assocrated the

age of the assay bxrd and the level of dtetary protetn The correctton £ or‘gttrogen retentron is.

o made on the assumpnon that the oxrdauon of ttssue protem wrll yreld uric actd only, whreh

' has a GE/g N of 8.22 kcal (Miller 1974). \ |

| ) lt was decrded to apply the TMEn me&)d to the quantxtatrve evaluatton of the effects .
, of heat treatment on full fat CS as an indication. of overall energy utilization: The ob]ectrves
‘ of this study were therfore |

1. ‘To estabhsh a representattve TMEn value for full fat (3 ‘

=‘2. " To evaluate the effect of the Jet Splodrng process on the TMEn of full fat Cs. ,

. 3 To estabhsh an optxmal temperature for Jet splodmg full fat CS usmg both the TME
btoassay and by mcorporaung both raw and heat tnfeated CS rn brorler rauons |

4

' B. MATERIALS AND METHODS

Test Ingredlents , | | o \
A Samples ol‘ raw Canada Grade 1 Tobm CS (B campesms) were sent to the Cahforma Q )
. "'Pellet Mrll Crawfordsvrlle. Indiana for processmg in the Jet Sploder Based on prevrous L

- e results obtamed thh whole soybeans a temperature ranse of 240- 360? (116 182‘C) was used o

AR to proeess ten batches of (3 In $0 domg. it was hoped based on. the results obtamed from |

L xthe TMEn trial to be able to select an optunal temperature for jet-splodmg CS After S
L jﬁisuffrctent heatmg m the heat exchanger of the Jet Sploder the CS samples were passed | :_' L

N ?’ -,through rollers wrth an aperature of @lmm Raw (S was used as a control



Assay for TMEn :

' ; Thrrty six adult male egg type (Shaver Starcross 288) chtckens were used to. measure |

‘ the TMEn valnes_nf_.the_test ufgredtents by the method of Slbbald (1976 1983) “The btrds"

were housed smgly in alternate cages (provndmg a floor area of 1151cm’)/btrd to mmtmrse

the cross contammauon of excreta Water was provrded ad hbttum via water cups. Fecal ‘
samples for individual brrds were collected in trays placed under the wire screen floors of the, .
' cages Artiflcral hghtmg of the room was controlled automattcally to. provxde 14 hrs of light.

and 10 hrs of darkness Room temperature was maintained at 18‘C The blrds were mamtamed

"~ on a diet (15% ‘CP) based on ‘corn, wheat and soybean meal (SBM) supphed -ad llbttum

between assays

Pnor to the a\ssay, the bll'dS were: starved to ensure gut clearance. Af ter l‘astmg f or 24

hrs 33 brrds were force fed wrth 30g of one ‘of the ten Jet sploded c samples oI 1aw CS

(Table III 1), and three birds were. starved for 48 “hrs longcr The 11 test mgredlents were

fmely ground and stored at -30°C to prevent. fatty acid oxrdauon pnor to fi eedmg The eXCreta '

vorded by each btrd were collected 24 and 48 hrs later after removal of feathers and scales

The excreta energy vorded by the btrds that were force fed the canola samples (test btrds) was
corrected for metabohc fecal and endogenous urlnary energy losses by subtractton of . the

‘ excreta energy losses of the bll'dS that were fasted f or 72 hrs (f asted controls) The: correctron" '
mvolved the random patrmg of the test brrds wnth the fasted controls The assay wds repeated‘ R '
14 days later with btrds from the same populauon to provnde srx repltcates of the TMEn, .

' values for each of the ten jet~sploded and raw CS samples The allocatton of treatments tof '

d It Bird was made at random w1th1n assays

TMEn values were calculated usmg the followmg equatton

TMEn (kcal/gDM) GEt . [GEex +8, 22(NBfec]l))h]d l+ jGEm +8. zz( NBfag)l

where GEr gross energy of fwd

T e e e ST S e e e PR

r



T ‘:vAlberta) for autopsy

- GEex = ‘ gross energy cxcreted by. test birds
. NBfed = mtrogen balarnice of test btrds )
GEm gross energy cxcreted by f asted (control) btrds
-NBfast = mtrogen balance of fasted btrds

— Vo

“DMt-drymattermtake A o 4

Growth Assay
‘_ ' Raw Canada Grade 1 full fat CS and ten samples of jet- sploded seed ‘were ‘each
mcorporated into tsot:alonc (3 124 kcal/g) and 1somtrogenous (3 .55% N) com SBM dtets ata

level of 15% (Table III. 3) All eanola samples were ground to pass through a- lmm screen . .

pnor to dtetary mclusron In order to, grmd the full fat CS effectrvt',ly, it was first mxxed ‘

50 50 by wetght wrth ground corn then put through a hammer mtll Thrs produced a product" o

" that could be handled wrthout dtfftculty All s samples used -in thts tnal were ground ina

) x
* V. ) , N

o srmrlar manfier., . . , | . |
» Four replreate groups of ten day old broiler chrcks (Hubbard) were allocated to each |
of 12 dretary treatments The btrds were housed in electncally heated therrnostattcally o
controlled battery brooders wrth wrre screen floors Arttfrcral hghtmg was continuous. Water |

and the test dtets were supphed ad llbl[llm All dtets wer)e supplemented wrth 5 kg of gramte

" grit (chtck srze #1) per 100 kg of dtet Feed consumpuon and wetght gatns per eage were-'

) recorded on a weekly basrs Any b1rd that died durrng the study was sent to a vetennary s

L ”laboratory (Alberta Agrtculture Ammal Health Drvrsron OS Longman Bldg “ dh ‘onton.‘. ‘

B /‘ o

At 21 days of age three btrds from each cage were selected at random anc krlled by : mo

| “','v:cemcal dtslocatxon Lrve body Wetghts grzzard wetghts and the wetght of gnt retained wrthm

the gtzmrd were recorded The gtzzard was excrsed Aby”cutgng through the rsthmus antenor to .

it and the pylorus rmmedmtely postenor to lt Adherent fatty ttssue and the’ grzzard contents.;

: :,were removed prtorto wetghmg The grzzard contents were washed mto a SOml beaker and the‘; o
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mrxture aggtated under runmng water 10 ensure total separatron of grrt from dlgesta e
N - Recovered gnt was air- dned pnor to, werghmg ST o . ' . A 3
Analytical Methods BN F A SR

et " Ce K
Lo

e Samples of the raw CS ‘were analysed for proxrmate consutuents (Assomauon of

Y

‘ Analy’ucal Chemrsts (AOAC) 1980) and acrd detergent fiber (Goermg and Van Soest 1970) .»; ,

. 'The mdrvrdual glucosrnolates m ‘the orl extracted air-dried ﬂour of the ten Jet sploded and | K

-'ﬂ

the raw, CS samples were measured as therr trrmethylsrlyl (TMS) derrvatres by gas
‘&

. chromatography usmg benzyl glucosmolate as the mternal standard (Duan and McGrcgor
1981) Orl was extracted from the seed usmg the Swedrsh Tube method (.Troeng 1955),, )
Myrosmase actrvrty was determmed by gas chrorﬁatography of allyl mtnle and allyl

rsothrocyanate in the ‘0il- extracted arr dned ﬂour wrth ethyl 1sothrocyanate "as the mtemal .

'.e’ ' ' a
\ .

- standard (Grjzen and McGregor unpublxshed) - o SRR R R

The excreta were frozen freeze drred allowed to come 10 equtltbrrum wnth
e, ‘

atmosphenc moisture werghed, mrxed and ground to pass through a lmm screen: Samples of
'the excreta and the test drpts zwere assayed Tor GE in an adtabatrc bomb calonmetere (Model
‘ 1241 Parr Instrument Aﬁo Molme n.) and for mtrogen and morsture by the methods
: ‘descrbed by the AOAC (1980) A value of 8 22 kcal/g N was used to correct the GE of the ‘ ",-‘ : o

. .. Yl

excreta to zero mtrogen balance (Hrll and Anderson 1958 Frsher 1982)

[T a. < ' Lo
o . . i ¢ ' . R . N

' . . R . . o, g ‘ N ' :
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' /O\ " .,r‘_‘.. . ' . . v

Data was analysed statrstrcally usrng the Stattsucal Package for the Socral Scrences X

(SPS$X) The treatment means (n 6) for tlie TMEn values of the’ raw (control) and ten i
X ,‘ . ﬂl?* N ' i —-— ',“..
u i f,a,(gj.eﬁ-sploded canola samples were-’ analysed by smgle factor analysfs ot‘ varranee Where S
}_ appropnate the treatment means were tested (P<0 05) usmg the Student-Newman Keuls [

(SNK) mtrltrple range test when precwded by a srgmf mnt E test (§teel a\nd Tome 1980) ‘
o o

The treatment means (n-12) for body werght gam fwd consumpuon feed efftcrency 51 |

(gam f&d) grzzard welght and grzzard gravel aecumulatron (by werght) to three weeks were



e; " ‘» ! E ; ” ) 53 "

- oomputed a‘hd ana“lysed mdrvrdually by srngle factor analysrs of vanance Where appropnate

tlte treatment mwns were tested (P<0 05) usmg the Student Newman Keuls (SNK) muluple .

N

range test wl'feﬁ prmeded by a slgmf icant F test (Steel and Torne 1980)

',«, P e ""j ‘ ) ‘ o e
o o e . - e ‘ .
) B . o : . , o .
L. Rr:sur:rs TN A L
'

The results of the chemrcal analysesvperf ormed on the raw cs and the ten jet sploded
‘GS samples are presented in Table mLl. Jet- splodmg had no: effect on the GE value of CS
. "fhere was a:r increase m ether extract (EE) values of the heafed sampLee compared to the
untreated control (43 1 vs40 7%) . " ‘ e ;‘.;‘“ ' Lo N .
Heat treatment had lrttle« effect on. “the glucosmgl'ate content of CS (butenyl |

pentenyl hyaro;ty 3- bgtenyl and hydroxy 4 pentenyl) (Table II1. 2) Only at the hrghest o

' temperature (182'C) was there an apparent declrne in. glucosmolates All'CS samples were ' s
'below the requrred limit of 30 umoles glucosmolates/g (Certrfrcatron Mark 'Canola : | ‘.
Regtstratrort No? ‘243 138, Ottawa 1980) There was however a srgmfrcant and dramatrc .
decrease m myrosmase act;vrty m all of tne heat greated °(3 samples Takmg the naturally ,

‘ _‘occunng myrosmase actrvrty rn the raw CS to be 100% the apphcatron of heat resulted in no -

: 'more than 0 45%. acuvrty in any of the ten” Jet sploded samples It would thus appear that |

heat treatfnent in: the Jet Sploder for 22 2 sec at 116‘C is, su‘fﬁcrent to completely mactwate
. ‘* o - l . ‘ "

 native myrosmase enzyme m whole CS ;! "f-‘-. R o ‘. g ‘
: : The TMEn values denved from thrs tnal are presented rn Table m4, From these ‘ :

" results rt appears that heat treatment in the Jet Sploder has no srgmfrcant (P<0 05) effect on

the TMEn of CS desprte the apparent merease m hptd_avarlabrhty The TMEn value for raw :
CS (5 14 keal/g DM) 1s well wrthm the range of TMEn values obtamed by other authors and
mdreates that the btrds experienwﬂ no drfficulty m assrmrlatmgethe ground seed samples g e o

e 'I'he inclhsron of etther 15% faw or jet sploded cs had tio srgmfreant effect (P<0 05) |

' on the feed rntake of hroiler cluelts to three weeks of age (Table lll‘ 5) However there was a . l»"

sllght trend» towards somewhat, greater ,fwd rntakes for chreks" fed the basal diet (0% CSS}

Averase body werght gam:dunng the three 'jeek tnal was srgr?tf‘eantly (P<0 05) greater for 3[
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clncks fed the control dret than for those fed the .C’S contatmng dtets There - was no
srgmfrcant dtfferenoe (P>0 05) in body wetght gatn between btrds consuming raw CS and

“ those « consummg the jet- sploded product
;t.‘
D/DISCUSSION |, ', , |
The TMEn values ’obtained for tn‘é raw Brassica campestrl.s" cv T obin s compares
. quite favorably wrth the TMEn values reported elsewhere in the ltterature Sibbald and Pnce
| "(1977) reported a range in TMEn for 9 varieties of B, campestris of 3 91-5. 35 kcal/g DM ln5
’the present study a TMEn of 5.14, kcal/g DM was obtained for the raw CS well within the
'range obtatned by Stbbald and Price. However, closer exammauon ol‘ thetr data revealed that
the TMEn esumate observed in the present study was much htgher than those reported for the -
double -Ze10 culuvars CZY3 1813 CZY3 1821 and CZX4 941 (3 91 4.77.and 4. 46 kcal/g
DM, reSpecttvely) Stmrlarly for Tobtn Cs, GE was htgher (6 82 vs @ 6 60 kcal/g DM) |
%CP lower (20 1 v 24.8%), ether extract lower (40 7 vs 37 0%) and crude f tber htgher (14.9
Vs @ 11 7%) respectiyely. Muztar et al (1978) 'l%ported TMEnivalues of 4 57i 0 34 and
. 4.65+0.29 kcal/g ‘DM for whole Candle and Tower’v .RS, respecttvely., The' much lower TMEn
values reported in this casern'ay‘ have been due to the inability of ‘th'e"teyst“ birds‘- to. adequately ‘
) masticate the whole, unground RS used In the present study, the whole CS was ftnely ground
‘ '.‘prror to force fwdtng 0 prevent such effects However ‘some degree of cautton must ‘be

oY

exercised when makrng these comparisons smce the culttvars used are frorn dif’ ferent genettc
backgrounds and were grown under dtfl'erent envmonmental condrttons o |

The relauvely htgh erude ftber and ADF values obtamed ref’lect the htgh proportton of ’
hull in relatron 10 embryomc tissue present in CS Appelqust and Ohlson (1972) reported that'

hulls compnse about 16% of ‘'seed wetght Bell and Shtres ( 1982) observed that RS hulls

contamed about 44% crude frber and 67% ADF and Vose (1974) suggested that the ftber» R

content of whole RS was vrrtually all contatned tn the hull lt has been reported that low ftber '» !

fractrons seperated from rapeswd meals (RSM) by arr classd'mtron contatned 35% (Seth and“f‘ L
Clandtmn 1973) to 43% (Bayley and Htll 1975) more ME than the ongmal meals suggesttng L

.

-
0
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a

\'that ME values rnay be tmpaired by‘ high dietary f iber contents. Stringam et al. (1974) and\-‘. _
Bell and Shires ( 1982) reported that seeds with brown seed ‘coats contain appreciably more
fiber than seeds with yellow seed coats. The Tobin cultivar used in this study produces seeds
with brown swd coats. Bell (1984) suggested that in view of the nature of the carbohydrate

S | ound in CS hulls and the amount of lignin present, it is probable that the drgcstnbtlity of hull

. carbohydrates by chlckcns is low. This high fiber content may impair optimal energy and
protein utilization in chickens and may be a contributing factor 1:1 the somewhat lower than
average T‘;En results” previously obtained in this laboratory using sinrilar canola cultivars
(Shires, pers. comm.). - ° |

A

Heat treatment has been regorted to improve the nutritional value of low glucosinolate

RS for mice (Josefsson and Munck 9 1 ?) but not for laying hens (Leeson et al, 1978). Shires

et al. (1981) suggested that some form of heat treatment was necessary for CS prior to
incorporation into the diets of broiler chickens. ’I:he_ autl:ors in this later study vused
' autoclaving as the method for heat treating CS. They suggested that the beneficial effect of
autoclavmg on the\ utilization of dchulled CS may be related:in part to the drsruptan of
cellular structure which would make the oil in the seed more accessible to avran digestive
enzymes, in part:to the destructtbn of glucosinolates, and in part to the destruction of
myrosinase. Glucoéinolates npon hydrolysis by the enzyme myrosinase, yield toxic
_ lsothxocyanates oxazohdmcthrones nitriles and inorganic thiocyanate ion. It has been
dcmonstrated that the tfpe and proportrons of the hydrolytxnc products of glucosmolates in low
- glucosinolate RSM' vary, with' heat_ing temperature ‘{Josefsson 1975: -Josefsson and ‘UppStIOm
1976). The autolysis of unheated RSM yielded nitriles whéreas the Hydrolysis of glucosinolates
\\m heated RSM produc\ed isothiocyanates and’ oxazohdrnethlones which are less toxic to mice
than are nitrilds (Josefsson 1975). S ’
Appelqvist and Josefsson (1967) concluded that myrosmase could be effecnvely :
destroyed by heat treatment when the seed's moisture content was about 8%. With the °
Jetgplodmg pmm. apy morsture required to precipitate enzyme inactivation must be present

T

- in the seed orior to heat treatment, since the process uses only dry air heated to 316°C. The
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whole CS prior to heat treatment had a’moisture come_m of #7%, (93% DM), and this level,
based on the observations of Appelqvi#t and Josefsson, sl.uould be suf ficicfn to allow .complelc
inactivation of myrosinase. This was in fact the case as is illustrated in Table 111.2,
Myrosinase activity was ¢ompletely destfoyed in all heat-treated samples heated from 116°C to
182°C. Heat treatment using the Jcl-Splode:_ however, ‘had little effect on the total measurcd
glucosinolates (umolcs/g DM), in all but the highest temperature lreatmem_. (17.503 umoles/g
'oil free 15M at 182°C). Shires et al. (1981) reported a loss in 3-butenyl and 4-pentenyl
glucosinolates, and a reduction in 2-hydroxy-3-butenyl and total glucosinolates with
auloélmng. ;esults somewhat contrary to .those obtained. in -the prescm.‘study using
jet-sploding. )

Heat treatment had no significant (P<0.05) ef fec?-on the TMEn values of CS heated
at different lempe‘ra{ures. In addition, the TMEn values of heat-treated CS did not differ
significantly from th#t obtained \;vith raw CS (Tablé I11.4), despite the theoretical advantages
proposed due to the destruciioh of myrosinasé by heat and the concomitant release of oil
from the cellular structure of the endosperm. It would thus Appear.*lhat these beneficial
effects are being limileg by other fa.ctorS preventing the birds from ‘e{ing maximal
respo'nse. On the Basis‘of results reported previously using full-fat RS and CS it is pfobable
that m:ximal utilization of energy and protein is being imgaired by the préséhcg of a high
fgbcr content in the ground seed meal;“ Since the doxﬁiﬁam carbohydrates in CS hulls are
cellulose and p;mosans it is probable that the digestibility of hull carbohydrates would be
low, espcctally in view of the amount of lignin (12- 24%) usually presem (Bell 1984) |

There was no reduction in feed intake ,over the three week' growth trial with the
incorporation of 15% jet-sploded CS compared to either the control (0% CS) diet or diets
containing 15% untreated Cs. Mean feed mtake for birds fed the comrol diet (729%), .was
| slightly hlghet than that of birds fed any of the dlets containing either raw or heat-treated
CS. For the diet m,.whxch raw, untreated CS was mcorporated. mean feed intake was
644g/bird. Average weight gain to three weeks was sigaificantly (P<0.05) greater for the

corn-SBM controls (0% CS) than for any of the CS-fed birds. Feed conversion however, was-
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highest vf or birds fed the diet containing raw, untreated CS. There was however, no difference
in feed convcfsion values between birds fed the corn-soybean meal.control diets and those fed
jet-sploded CS.

‘Summers et al. (1982) reported that CS fed to broilers at dietary levels of 17.5% or
higher fesulldd in reduced wcigin gains and feed intake,in domparison to birds fed a control
(0%CS) diet, but feed:gain ratios to 7 .wks were similar. They observed a marked
‘improvement in feed:gain from 4107 wké with increased CS inclusion in the diet. The
corn- SBM controls had feed:gain values of 1.62 whereas the CS fed birds had feed : gain
' rquos of 1.61. These results are in’ disagreement with results observed in the present study.
Summers et al. (1983) however, did not grind the whole CS before steam—pel!eting and this
may have resulted in the higher fecd intakes due to an inability of the chicks to adcquately
digest whole CS. With grmdmg and heat treatment, (by the method of Woodly et al. (1972)),
at 250°C for 2 min, average weight gain and feed:gain were improved. Summers et al. (1982)
suggested that the poor growth rate of the chicks fed diets containing CS may have been due
. to depressed feed intake or to an apparently low fat retention.

Robblee et al. (1983) conducted a growth mal in wmch raw flaked CS was
incorporated into isocalonc. isonitrogenous diets and f ed at mcr_easmg (0,10 15, 20%) levels to
broilers during the stariing and finishing periods. In a second trial, raw flaked CS was
- included in the rations at either 0 or 10% and fed as mash or crumbles. From the first tial,
they concluded that CS could be included in broiler diets at up to 10% to provide good growth‘
. Iate, feed conversnon and 'normal’ mortahty However, when the level of CS was increased to
15 or 20% there was a successive decrease in growth rate, but mortalnty and feed conversion
were not affected. - _ ‘ . .

Léesdn et ‘al (1978) usidg diets cdntaining 10 or 20% Tower RS fed either as raw
~ whole seed dry-heated whole seed or autoclaved whole seed found that body weight gam to
" four weeks of age was not significantly mfluenced by dletary treatment, although birds catmg
20% dry-heated RS had a slgmfu;antly (P<0 05) inferior feed intake: b}>dy welght gain m
companson ‘to that- calculated for the oom-soya control bu-ds (1.76 vs 1.66 respectively).
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Body weight éain to three vveeksl.in the present study was depressed ,hy the addition of either
15% untreated: CS or 15% jet-sploded (O to the basal diet. compared to the corn-SBM control .
diet. The reason for this response is not clear z{lthoﬁ'gh it may be rélated to the rela'tively high
crude fiber arid ADF levels observed in. the ‘browrr-coated Tobin Cs. Mitaru et al. (198’5&).
. however found that the inclusion of up to 20% Tower CS hulls in the diets of broilers to threc |
weeks of age had no effect on growth rate, feed efficiency, protein digestibi_lity or ME values, -
a result somewhat contrary to that of Leslie et al. (1973) who reported that the removal of
hulls from RS improved protein and energy digestibilities of the meal for rats. A ¢
Bayley and Hill (1975) evaluating the nulrmonal quality of low and high fiber
fractions of RSM for broiler chickens suggested that the poor response exhibited by chicks fed
diets containing RSM may have been due m part to the physical texture of the feed._From
observation of the birds in that study, it appeared that they needed the first week to become
accustomed to the dry powdery diets, but dietary consumption‘ and growth rate improved
dramaiu‘cally by the second week. In the present study the raw u‘nQeated CS and the rolled,
jet-sploded CS samples were fi 1rst mixed 50:50 with ground corn ﬁr'nd then ground to pass »
through a lmm screen prior to dietary’ mcorporatton This additional process resulted in a
somewhat dry, powdery diet which may have contributed to the lower growth rates observed.
'I'he com-SBhd_ contro} diet was not passed through the hammer mill -as, this treatment was
only deemed necessary for diets containing CS. This problem may ‘have been evoided if t’he‘_ '
diets were pelleted and fed as crumbles after mixing. |
Despite_the beneficial effect of . eliminating myrosinase ehzyme. jet-sploding had no
apparent effect on improving the nutritional value of full-fat CS for broiler chieks in the
starting period. It did yield an improvement in EE values over that forl untreated ‘C'S. but this
did not manifest itself in an improved average body weight gain. Feed conversions were
significantly improved (P<0.05) compared to the esumates for diets containing untreated CS
and vvere'not signifieantly different from» the fwdgam ratios of birds fed the corn'-SBM
control drets Woodly et al.. (1972) reported that the nutritrve value of full fat RS, when
subjected to heatmg temperatures rangmg from 232 t0 4ZTC was markedly improved They .
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_suggested that while RS diets were not initially palatable to chicks, when fed over'a four week
‘penod the birds overcame the slow start and were as heavy as those fed a SBM cantrol diet at
the conclusnon of the expenment Poor mlual acceptanoe may have been due to the presence
. of sinapine or high levels of erucic (C22:1) acid in the seed.v Clement and Renner (1977).
demonstrated that high erucic acid RS oils resulted in marked depressions in growth and
poorer Autilimu’on of dietary energy while tlie newer low erucic acid varieties resulted in no’ |
such depressrons Thts observation would therefore eli;mnate erucic acid as a contnbutmg
factor to poorer performance observed wrth Tobin CS, a double zero cultivar containing less
than 5% erucic acid in the oil. Snvastava and Hill (1976). reported that heat treatment
(dipping seeds in boiling water) of two double ZET0 cultivars of Brassica napus, (1788 and
940), resulted in improved weight gams and lower thyroid weights in rats which received these
meals as their only source of protein. The reasons for these improvements were not clearly
+elucidated; but did not appear to be related to the low levels of glucosinolates present. m the
. meals. to the destruction of trypsin inhibitors in the meals or to an increase in the digestibility
‘ol‘their protein: - . - | . Co

In an attempt to explam the poorer performanee and lower fat dtgestibthty often
encountered when CS diets are fed to btrds Shen et al (1983) formulated corn- SBM diets
containing 20% CS or an equlvalent amount of added fat (8%) from corn oil; tallow or an
animal-vegetable blend fat. They noted no detrimental"e'ffects attributable to the inclusion of
Cs. l-lowever they" did note a marked improvement in‘performanee especially in, the‘.‘

dtgesubthty ol‘ the fat from CS dtets tn response to steam pelletmg When these diets were‘

- fed as mash or steam crumbles, marked tmprovements were noted in the performance of btrds ‘

~ fed the crumbled VErsus mash diets. In the present study. refmed corn orl was mcluded not

only to boost the energy content of the diets, but also to reduce dustmess Shen et al (1983)

. concluded that much of the vanabrhty m results observed when CS-supplemented diets were .

' fed to birds eould be related to'fmeness of grlnd of the matenal The steam pelletmg process,

in additton to reducing myrosinase because of the apphcatton of moist heat results in

'suffictent pulverimtion or bl‘Laklng up of the md to allow for optimum performance wrthj



drets contammg up to 20% s (Shen et al 1983):

At the end of the trial 144 birds were sacrificed to sec whether grit mgesuon was |
ml'luenced by dtetary treatment. There appeared to be no correlatton between mgested gm and
dtetary treatment As the body welght of the chick mcreased gmard grit accumulauon'
deereased. It would appear that grit ingestion (and grzz‘.ard. accumulation), in a well-ground
diet is very much an individual bird pre’ferénce and has no significant effect on :overall body
.,weight “gain or‘ f.eed:gainv ratios. This trial cortfirmed the ltypothesis that'mixiug Cs ‘witl‘t
| ground corn in a 50:50 ratio prior to grindidg in a harumer r‘nill is an‘,adequate treatruem f dr

CS prior to incorporationinto diets intended for broiler chickens.

E. SUMMARY

0

Jet splodmg resulted in shghtly higher ether extract values in U{lt\t CS samples and
myro'smasev activity was effecttvely eliminated. There was however no improvement in the'
TMEn values of jet- sploded CS as compared to the TaW seed Wetght gams for broiler chicks
to 3 weeks of age were not increased by heat trcatment although feed: gain. values were:
significantly (P<0.05) mproved by jet-splodmg and were equlvalent to that obtamed from
the com- so'ybean meal control diet. Based on these results a temperature of 'll6'C in the

Jet- Sploder resulted in effective: ehmmauon of mvrosmase and maximal oil llberauon due to

the dlsruptron of cellular structure
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Table IIl.l.‘Chcmiéalv analysis' of ‘te‘si ingredients expresscd on a dry matter basis. o

S

Jet-Sploding - Gross . Crude ' Ether . Crude ‘ ‘
Temperature Energy Protein . Extract "~ . Fiber . ADF Ash
Y (C) Keal/g  --eeennoo .. RERETEES et (D) emaeanenn. RREEESTEPER REET
Raw CS 6.82 201 \l 40.7 14.9 20.5 4.2
116 6.86 188 . 43 A ot
-121 6.90 19.5 46.3 - _— -
127 6.87 19.6 " 45.5 - M
132 6.85 19.4 4.5 T
138 © 685 . 19.5 46.3 . B -
. 149 6.86 198 4459 . -
160 6.89 19.9 43.1 - < -
171 1 6.89 " 19.8 443 = :
182 6.89 '19.8 “9 -, -

ADF, Acid detergent fiber.
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Table II. 4 lnﬂuence of Jet- splodmg lemperalurc on lhc true melabohuable energy (TMEn)
value of ¢anola seed -

Jet Splodmg L Retention

Temperature ¢ . Time S o TMEn'
'.(C) o ) ‘ “ (sec) * - SR . (Kcal/g DM)
RawCS - - A S.14a

e 7Y | | 5242
om0 oo 2620 . : . 5.25a
127 - , 284 A 5.27a
. 132 A 30.0. - ‘ j ~5]2a
138 : o - 351 ‘ , 5.25a
149 361 L 5]la
154 . 389 o © 509 ,
160 - 419 - o . 5.05
17 S 497 S ' ‘ © 4.98a
182 o + 51.0 o : . . 512a

SEM . 0.08

'N-correction factor 8.22.

’SEM standard error of a treatrent mean of six replicates. ‘

a. Column values with the same’ letter are not sngmﬂcantl\ dxf ferem as determined bv the
Student- Newman Keuls 1est (P<O 05).



Tablc IIL.5. lnﬂuence of Jet splodmg canola secd on fecd mtake wexght gain and f eed
‘conversnon of 3 wezk old bronler chncks )

Jet-Splbdin'g . Dietarylevel ~ .| . Feed o Av.weight ~ ~  Feed
* Temperature ~ of canola seed Intake " Gain | Conversion
O T (N \ S ® . (@ (gfecd/ggain) |
Control diet - 0 L. 9. s1la - 143
RawCS = 15 \ 644a - 4lTb 1.55b
ne 151 69%4a . 466b 1.49a
121 15 o 653 . . 40b - 148
270 15 T T04a U476 1.49a
1322+ 15T - 662a . 448b .- 148
138 . 15 691a . 470b 147
Y T . 6Ma . 426 ' 1.49
154 . 15 6Ma 462b . l.46a
160 15 ., ‘66da . | a48b | 1.48a
im0 15 o 658 . 4Td T 1.484
182 1S 68la - 463b gl
SEM! e L 2 T X 3

ISEM, Standard error of a treatment mean of four rephcates ‘ :
a,b Column yalues with the same letter or no letters are not significantly different as.

determmed by the Student - Ncwman Keuls test (P<0, 05)
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" Table I11.6. Ef fcct of dlelary lrealmem on body weight, gizzard weight and 'giuard gravel
_ content of sacrifi xced 3 week old broiler chicks. ST

A

~

 Jet-Sploding - . Body . Gizzard' - @zzard Gravel

Temperature - Weight o \yelght -~ Content
(C) N € - (8) . o A(e)
+ Control diet - ‘ 592a ‘ 1232 . . 0.98a
Raw CS 505a . 12.0a :  1.49a
116 b1 56% o - 129a ;179
121 . 535 o 12.2a © 1.00a .
127 S, 539a - . 133 - . D W7 S
132 L sam - Msa- o 192
138 - 533a,«;\ o 12;6a . 1.37a
149 CoosafY - 4a . 1.41a
154 o . - 522a P 12.2a - ‘ . 2.28a
160 L5302 - 12.8a © 084
171 ' © 510a S 11.0a . : " 1.32a
- 182 1 568a ' e 120a ‘ 1.58a
. SEM! ‘ 23 05 . 035
A

SEM standard error of : treatmem mean of twelve replicates. .
a . Column values with the same letter are not significaritly dnf ferem as delermmcd by the .
Student-Newman - Keuls test (P<0 05).
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. )V. Etaluation of Jet-Sploding on the Apparent and True Metabolizable Energy Values of
* Full-Fat Canola Seed for Chickens.

A. INTRODUCTION

L} . .

Jt is generally accepted that metabolizable energy (ME) values providev a reliable
estimate of the available energy content of feedstut_‘fs, (De Groote 1974, Miller 1974).
Apparent ‘metabolizable enefgy (AME) is the (lifference between the gross energy (GE) in the

" food consumed and the GE in the feces anﬁrine\(Natiorial Research Council 1981):

: Alv_iE = GE in food - GE in excreta

The term apparent is used because the excreta of an animal contains’ energy which is

’

not derived from the food, namely the metabohc fecal energy (FmE) and the endogendus
urinary energy (UeE). The measurement of true metabollzable energy (TME) involves the

correctxon of thc GE of the excreta for FmE and UeE losses:

‘s
a N [N %
. b ¥ i

- TME = GE in fgod £TGE in e;gt;reta - (FmE + UeE)] - “ . )

i “y
1 -

3

T

‘ Part of the ME. 1s retamed in the .body as prptem whxch may‘be degl‘aded and excreted,
in the form of unc acxd 'l‘he correctnon of ME values (AMEn and TMEn) fo: mtrogen ‘
gained or- lost from-'the body durmg the assay eliminates the vanatmn in mtrogen Tetention )
.assoc:ated thh the age of the assay'bxrd and the level of dletary ptotem The correction for
.nitrogen retention is made on the assumptmn that the:ondauon of nssue protem w111 yneId' -
uric acid only:Gybict} bas a GE/g of N of 8.22 kel (Mxller e -
}ﬁe‘.dgterfxﬂnation of ME by the oonvenuonal total oollecuon techmque is labonous

expensive and

' ds to be mpxactleal fqr the Toutine assay.of mdmdual sample_s of feeds{uffs ‘
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-and diets. petermination of‘ AMEn by this method'involves the measurement of total food

intake and the total excreta output for a period of 3-5 days. The total collectton techmque

"+ involves an assumptton that excreta vorded during a penod of time corresponds to feed

mgested dunng the same penod One of the major objections to the total collection technique

is that feed consumptlon and excreta output are difficult to 'measure accurately (Sibbald

1982).

Pl

The use of indicators obviates the need to measure either feed intake or excreta output
and avoids some of the problems related to fluctuating moisture levels in the f eed. The most .

common indicator used in AME studies is chromic oxide (Cr,0,). Other indicators used in

bioavailable energy (BE) .assays with poultry include crude fiber (Almquist and Halloran

' 1971), polyethylene (Roudybush et al. 1974) and acid insoluable ash (Vogtmann et al. 1975)

Indicators are attracuve because they permit the derlvatron of acceptable BE values even when
f wd is spilled and some excreta are not recovered.

The rare earth elements are becommg mcreasmgly popular as markers ,m-rumtnant :
(Gray and Vogt 1974) and monogastrnc studies (Kennelly et al. 1980) Among the elements
that have been studied are cenum (Ce) (Huston and Elhs 1968) and dysprosrum (Dy) ‘

(Young et al 19]5 Kennelly et al, 1980) These elements are not absorbed from the’

- gastromtestinal tract and possess ma&of the propertres of ideal nutritional ‘markers (Elhs

1968) Radtoacuve Jsotopes of these elements have been used but result in ammal

'contammatton and’ problems assqcxatcd with the dxsposal of radioactive waste. The use of

instrumental neutron act:vatron analysns (INAA) cnrcumvents both of these dlf ftcultles
The btoassay for TMEn was developed by bebald ( 1976) and 1s simpler f aster and

cheaper to conduct than the conventional total collecnon techmque for AMEn It mvolves the .

, ;

) force feeding of adult roosters wrth 30g of theét,eit tngredrent and the total collection of
© excreta for 24 hrs Recent modrfxcatxons of the method (Sibbald 1983) 1nclude the extension:

of the penod .of excreta collecuon from 24 to 48 hrs and the correction of the values to zero .
mtrogen bala‘ (TMBn) These changes in methodology have improved the prectsron ol' the
assay but render the values obtained by:the original method obsolete o

_‘., X : . . ‘ . .
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Muztar et al (1980) reported TMEn values for whole Candle and Tower canola seed
(CS) of 4.25- 4. 57 and 4.65-5. 43 kcal/g respectively. They also reported AMEn values of 4 43
and 4.31 kcal/g for ground full-fat Tower and Candle Cs. Stbbald and Prtce (1977) | obtatned :
TME ranges of 3.91-5.35 kcal/gDM for nihe varieties of Brassica campestris and 4.59-5. 7 '

" kcal/gDM f or ten vaneues of B. napus

The objectives of thrs study were this:
3

1. To calculate esttmates of the TMEn and AMEn of full-fat CS (B. campestris cv. Tobin)
fo or chickens 'in order to establish representatrve ME values which can then be applred to

dtetary formulatron

.2.. To evaluate the effect of heat treatment on the ME content of CS uslng the ._let

SploderTM'process and

_To compare ME values obtained‘ using the total collection technique with the dysproslum |

S

chloride indicator techniq’ue and thus evaluate the reliability of these methods of assay by
' ranking them against values obtained using the TMEn assay. ‘ ' "

. . -
A, - Y

'B. MATERIALS AND METHODS ~ * - . ]
AssayforTMEn R ' s

Y - -
Etghteen adult male egg type (Shaver Starcross 2&}8) chrckens were used 1o measure.

T the ’I'MEn valués of‘ the test. mgredrents by the method of Sibbald (1976 1983) ‘The birds
were housed smgly m,alternate cages, provrdmg a floor area of 1151 cm’/bird to mmufg the

_ Cross. contaminatlon of excreta. Water was provrded ad hbrtum vra water cups Fecal samples

for rndrvrdual blrds were collected m trays plawd under the cages Arttficial lrghtlng of the -

room was controlled automatically to provrde 14 hrs of light and 10 hrs of darkness Room | S

temperature was marntamed at 18 C The btrds were fed a corn wheat and soybean meal dret .

. Y
. .

supplledadllbitumbetween assays SRR f R N

Pnor to the assay, the birds were starved for % hrs to ensure gut clearance After ".‘ i

. fastins.

16 birds were force fed wrth 30g ot‘ exther raw or Jet-sploded Canada grade 1 CS and



%

2 birds were starved for 48 hrs 'longer. All f eed ‘samples were f inely ground and stored’at 30
.C‘\prior to feeding to prevent ‘fa‘ti’y‘ acid oxidatlon. The excreta voided by ea\ch bird were
collected quantitatively 24 and 48 hrs later‘after renw\ihl of featlrers and scales. The excreta‘\' a
energy voided by the birds lhat were fed the canola samples (test. blrds) was corrected for

FmE and UeE losses by subtracuon of the excreta energy losses ol‘ the birds that’ were f asted

for 72 hrs (fasted controls) The correction involved the random pairing of the. test brrds wnh & l

the control buds The assay provrded 8 replicates of the TMEn value ol‘ the raw .and
v .
jet-sploded CS samples The alloeanon ‘of treatments to adult clnckens was made at random S

L) B 1
“

within assays. . S CL R L e

True metabolizable energies were calculated nsmg the f ollowmg equationt ¥ 7. =

GEi - [GEex + 8 22(NBred)] GEm 4 §.22(-NBfast)]

TMEn .‘(kcal/gDM)

DM:
Voo il A . n .
o ‘.-,7 & ,'.;"' ’ )
'. Ak - <’> . - . ) ’ ¢ " v R “»“VI‘ o
-where: GEi = gross energy of fwd o R R T P S
. s VLT T S
GEcx = gross energy\excreted by test brrds ST AR AR e ‘
Q‘t . o ?‘Ao NG ‘,. A 'r.' (i i
. NBf' ed = mtrogen balance of test buds RSP U e
! ., ‘a‘l o ' ' .‘-,“ ‘r.ly;"\.v" St - " ':‘" A yorit,
GEm gross energy excreted by fasted controls T ‘
NBfast = mtrogen balance of fasted bu'ds ; SO

-

o DMJ dry matter mtake e <

-

. . . . W L -m.‘,, . N ' Coanr . ' vt :
N "“ ) [ . g - . .
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v

supplements constituted an- eqw poruon of the basal and test dtets and were assumed to

not contnbute to the. AMBn (Srbbald and Slinger 1963) A correctton was’ made in the

v
'

calculatlon of dretary AMEn values' 0’ adjust for the mclusron of these supplements

. Adult Assay , . R , o
- ‘-‘—"—. “36 ﬁgﬂult—male-eggﬂyp&(Shaver«Starerossm& chrckens_,were_housed_smgly_m____
Wt alternate agages go mrnunize cross»comamrnatron of excreta Water was provrded ad ‘
o lIbrtum vid water cups Fecal samples from mdmdual birds were collected in trays placed .
under the wrre screen floors of th‘ cages Amfrctal hghtrng of the room was controlled |
< ':automatrcally to provrde 14 hrs of light and 10 hrs of darkness Room temperature was |
"matntamed at 18 C The erght test dtets (two test mgredtents X four levels of mclusron)_

- .,and the basal dret were assrgned at random to 32 and four cages reepecuvely ' T

P

. Brrds were fed th,e expenmental dtets for 10 days pnor to the measurement of

total feed mtake and total excreta ‘voided for a penod of our days At 0800 hours on day .

- 10 the fwd was rgﬂ‘oved and the brrds starved to f‘acthtate gut’ clearance After starving
for 2 hrs the bxrds were returned to therr enpenmental drets Feeal samples were‘ '_/

;,:’7'- . collected quanman‘llely at 24 hr 1hterVals after separatron of Spllled feed, feathers and

".

scales The wetght of sptlled feed was recorded darly The btrds were fed f rom plastrc one

gallon rce cream contarners wrth a 15cm drameter hole cut mto the lrds to mrmmrze fwd "

!“\ i
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supplied ad libitum. On day 14 the birds were-wlng-banded and weighed ‘lnd‘ividually The

l "hghtest and the heaviest brrds were dnscarded and the remammg birds were assxgned to 36 ‘ ,'
L}

metabolrsm cages each contammg three brrds provndlng 384 cm? of floor space per brrd '
o The allomuon of brrds to cages was made on the basis of body wexght to equalrze both l

" mean body werght and bodv werght drstnbuted among the cages The erght test diets (two

ve | mmm—

ATt S

test mgedrents x fi our levels of mclusron) and the basal dret were assigned at random TN
andfourcagesrespecuvély N S R
| Brrds were fed the: expenmental drets for IO days prror to the measuremem of .
total feed intake and total excreta voxded for a period of 4 days: At 1600 hrs on day 25
| ‘the feed was removed and the brrds were starved to empty their drgestlve tracts After’
' fastmg for 16 hrs .the buds were retumed to their expenmental dlets and excreta trays.
placed under the wire screen floors of the cages Excreta was collected quantrtauvely as ln‘ : '
'the r)revrous assay. Fwdmg troughs were covered by & hood to mrmmrze sprllage At 1600
‘whrs on day 29 the feed was removed and the brrds starved to empty th‘ﬁlr dngestive tracts.

fAfter fastmg for 16 hrs the trays were removed at 0800 hs on day 30 as descrbed

»
Ce

prevxously

"_.Q\

AMEn values were calculated usmg the followmg equatlon

DR
-

AMEn (kcal/gDM) (GE' : GE@X - 8. 22(NBfed)) x 1 0347

DMI S :
| .": .
. wheres™ GE1 = gross energyo feed S R
. R ? X . EN PN r . a'

;‘GEex = gross energy excreted by test brrds

' ""Ij‘.NBfed = mtrogen balance of- test brrds

r-"/f"ffDMr -'drymatte,rmtake‘,_: S



IAssay for AMEn Dysproslmn chloride indicator Method

l

Dysprosrum chlonde (DyCl, 6H,0) was - mcorporated into the above dlets at a

concentratlon of ISppm elemental Dy lt was 1mt1ally added to lkg of the vrtamm premrxv'
- ground to ‘a. simrlar ftneness The vxtamm dysproslum chlonde premrx Was then added
: gradually to the test and basal dlets at a level of 0.20% untxl complete mmng was achieved e B

Two 3.08 samples from each of the 9 dlets and one 2 Og fecal sample from each pen o

.

"were accurately werghed into- actd cleaned 15 cm’ polyethylene vxals and trradlated in the;
SLOWPOKE reactor followmg the standard INAA scheme outhned in Kennelly et al (1980)

AMEn values from thlS method were calcula,ted usmg ‘the followmg equauon

4

T Dy/ feed . Dy/g feed
,AMldn_(l‘t_cal/.‘gDM) GE1 GE.exx-ﬁy!Zg&r—.-szzNBx_gﬁ_f_Dyg s

.t

| _y/here; GEi = gross energy offeed ‘ | o | .’ "‘/
| "GEex gross energy excreted by test btrds o
’ "NB mtrogen balance ‘ ‘
o ‘The amount of Dy presentJn the samﬁle in terms of counts/g (C ) was corrected for
the deadvtxme (DT) when the electromes are acuvely proeessmg events not mcluded in. the
preset 60s hve nme (LT) The corrected oounts/g of sample is gwen as: L i _"‘“,_ » " R
| i

| ‘f’;*e{("cbjtfn’x_tsz‘g“;gémplé)’;'fic'[f‘+ (%DTx0.0028)] 4~ .. V\' T
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A
1

, - Two gram samples ol' erther l‘ inely ground feed or feces were placed in 50ml screw cap H
| culture tubes with teflon- lmed caps apd refluxed in 6ml IN alcohohc KOH for 30 min. Sml of
- water and 20ml of petroleum ether were then added and the mixture agitated for 1 min. The .
1mrmsc1ble orgamc phase was then dlscarded aftex complete separatton ‘to remove the'
. non- saponafrable hpids A 15ml quantrty of pe:.roleum ether was added and the mtxture\

‘ agrtated for 30 sec pnor o’ centnfugauon at 3-4'C, (Beckman model J- B/P Beckman Inst. .‘
-' D lrvme Ca) for 90 sec wrth a relatwe eentnfugal force (R ) of 750 X 8. The-
petroleum ether phase was agam drscarded
| The mrxture was then acrdtfred by addmg Sml 25%. HCl and 20ml petroleum ether |
" shaken fpr l min, and allowed to separate well (15 -20 mm) pnor to removal ol‘ the orgamc
‘phase into pre werghed 20ml scmtrllation vrals The extractton was repeated with a second

20mi ahquot of petrdleum ether and centnfuged for 3- 4 min, (RCF 750 X g) Thts second' -
‘extractxon was then added o the ftrst extractron in the pre werghed vral and the petroleum :

ether evapourated off ona hot plate at 70°C. The fatty acid resrdues were then wetghed and .

- expressed as a percentage ALD was calculated m the usual manne '

.. Analytrcal Methods ' f el o

The excreta were frozen freeze dned allowed 0! corne T equthbnum wrth"'

N

‘_atmosphenc morsture wexghed mrxed and ground to pass through a lmm screen Samples of *

the excreta and test samples were assayed for gross energy 1n an’ adrabauc bomb calonmeter' )

:"5 S .(Model 1241 Parr lnstrument Co Mohne Ill) and for mtrogen and monsture by the‘f‘ff_':
" jmethods descrrbed by the’ AOAC (1980) A value ol‘ 8 22 kcal/g N was used to correct the-f’»‘,'

‘gross energy of the e creta to Zero mtrogen balance (l-Irll and Anderson 1958 Frsher 1982)
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2 tarled t- test (Steel and Tome 1980) The AMEn values of the raw CS and the optrmally "
| ]cl sploded CS corrected to 210 mtrogen balanee ‘were esumated by standard regressron :
. analysrs The values were separated accordmg to dxetary treatment (raw Vvs. Jet sploded) and |
‘ age (chlck vs adult) of test bu'ds ’I'he treatment means (n 4) for the llpld drgesubrhty .
values were analysed usmg a standard 2 Way anova with age and dretary ‘treatment as the’ -
" main effects (Steel and Torrie 1980). | ;
: -

c RESULTS \F," .o ‘T\‘ KR PR oL
' ‘ | 'I’he values obtarned f or the TMEn of the raw CS and canola seed Jet sploded at 116‘C
were not sxgmflcantly thfferent (t-|-0 09 wrth 14df and a 2 tatled probabrhty of P 0.929).
Btrds fed the raw CS yrelded a TMEn of 5 04 kcal/g DM whereas those fed the Jet sploded
product yrelded a TMEn of 5 05 kcal/g DM It would thus appear that the TMEn used as an
estxmate bf ‘the BE ts not mflueriwd by thrs form of heat treatment desprte a somewhat.'
| rmproved‘ ether extract value obtamed under the same condrtldns in the prevrous trral (40 7
vs. 44 8% for the raw untreated CS and 116’C jet- Sploded CS‘ respecuvely) : : e
l‘ The estrmate of AMEn obtamed usmg the usual teehn;que ol‘ total collectton are
presented m Table . 2 In. both cases (mw CS vs. Jet sploded CS) the adult buds ytelded ‘

somewhat hrgher values compared to those obtamed usmg chlcks (4 26 vs 3 80 kcal/g DM) N

and (S 06 vs. 4 39 keal/g DM) respectrvel}' @ P ‘ :
The AMEn esttmates obtamed usmg the dysprosrum chlonde rauo analysrs ('I‘able .f
h ""}"' i _ yleld results that were more Vanable than those obtamed wrth _the‘f* totaf
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S B
e S e e
the 16 hour post eollectton fast was suff icent to recover 94 3% of the admrmstered Dy Adult .
£}

btrds produwd more vanable results (i3 6%) and a lower average pereent recovery (86 5%) '

Ve u.

" suggestmg m thts case that the 24 hour post collectxon fast was msufl‘rcrent ume in whtgh to

[

By . facthtate quantrtative Dy recovery For the chrck trial, the recovenes were not srgntfrcantly‘m"
[ A

S drfferent (P<0 05) from those achteved for the control diet. Results were somewhat lower ,
.t

g wrth de
Y
. adul

)

/
contarmng raw CS, but no consrstent 'trends were apparent Dy recovenes in the

drd not dtffer srgmfrcantly (P<0 05) between dretary treatments and mdrvrdual -

recovenes vaned\ qutte substanually between rndrvrdual brrds 1rrespectrve of dret (55‘9

100 0%). suggesttng that there may have been vanable amounts of crop f tll m mdrvrdual brrds'

pnor to\the post collecuon fast Thrs observauon coupled ‘with an msuf fi rcrent fast period may
s.‘have been contrtbutlng f: actors towards mcomplete gut clearance prror to fi mal fecal collectton
\wrth a concorrntant dccrease in pparent Dy recovery S ! L

ot

o There was 10 nottceabl change in the ALD estuﬂates with mcreased levels of

L | mclusron of elther 15% raw CS or 15% jet- sploded CS for erther adults or chrcks Adult brrds
: Sl .
4have a 13 2% rmprovement in ALD (795 vs, 69 1%) over chrcks (P<0 001) ln addrtron

i ‘~ btrds rn both age groups had' rmproved hptd drgesttbthtres on drets contarmng jet sploded CS

\

cOmpared to those contammg raw CS (77 1 vs 71 5% respectrvely) (P<0 001) It would thus ;
a appear that whrle there rs not a trend for' the ALD to erther mcrease or decrease wlth

' ' mcreasmg levels of CS m the dlet drgestrbthty does 1mprove wrth age and wrth' heat

‘ ‘..f'treatment



" keaI/gDM) Although thts value is- lower than that reported m the prétnous trial usrng the
| same batch of raw CS it rs sttll somewhat hrgher than those reported by Sibbald and Price
. (1977) for the 3 double zero cultrvars CZY3 1813 CZY3 1821 and CZY4 941, (3 91, 4 77'
‘and 4, 46 kml/gDM respectlvely) The value obtamed for raw full fat Tobm CS is more in
-; keeping with that deternimed by Muztar et al. (1980) They obtamed values of 5.36+0.12 and
5. 09:l:0 11 kml/gDM for full fat Candle and Tower CS respecuvelyA -
‘ There ts a growmg body of evrdenoe to suggest that datg for the TME system are of ;
‘ hrgh quahty masmuch as they are reprodrT—Ie among .laboratorres '(Kessler and Thomas 1978
Mollah et al 1983) and repeatable within laboratortes (Dale and Fuller 1981) are addmve ,‘
: (Dale and Fuller 1980; Srbbaldql977) and tend to be dependent of the assay .bird (Dale and

Fuller 1980 Ostrowskn Melssner 1984 Srbbald 1976) The reason for\ the apparent dtscrepancy B

observed in the present study is- thus all: the more gerplexmg Muztar et al (1981) suggested ”_ y

+ - that a possrble factor contnbutmg to the observed dtfferenoes in the TMEn values between the o

4

' two t{rals is the manner in wlpch the correctron for FmE + UeE losses are derived. In tlns

and the, prevrous tnal the author used the means of groups of 8 and 6 brrds randomly selected

;o
'

“',from the populatron upon whxch to base the FmE + UeE correctlon value Muztar and :
., Slmger (1980a) have reasoned that 'with’ the adoption of such a procedure one might choose a | K
,.'group of ~b1rds the majonty of whrch fall mto the hlghest or lowest FmE 4+ UeE excreuon

range of a gtven populatton ’I'hxs could easxly mtroduce a srgmfxcant drfference in the TMEn-'

value m assays conduyd at drfferent ttmes thferenual rates -of. ‘Rassage of dlgesta between S

o populatrons has als{ beeni suggested t0 affect TMEn values. (Mmm?nd Stinger 1980b) Shn'es.

V

AN

g ‘,ypresent studxes th' "'.same mamtenanoe dret was fed to the populatlon between assays 5

" etval. (1979) suggested that _body welght_ and the protem content of prekus &1 (the,

,-l‘mm““ f‘-'dllet fod betw nr'assays) can mﬂuence me + UeE losses However, i me-l_‘*:;‘



T
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‘ The assay of Slbbald (1976a b; 1983) for 'lIlen ass,umes that the ext:reta voi ed by

 the'fasted gontrols provrdes a Valld esnmate of the FmE and UeE lpsges of the tesg 1rds ’l’hxs ‘

‘ £
assumpuon may be erroneous because of the: (bll‘d s) noed to uuhze body fat and P tem for

mamtenanoe of vital. body functrons dunng the bt ast The catabohsm body prote',“ Yxelds

amino’ nrtrogcn« wh:ch is excreted via. flle unne pnmanly in the form of unc : a product

i wrth a hrgh GE content (8 22 kcal/gDM) lt is possnble tbat the forcc feedmg of control bnrds |

wrth x mrxture of com starch, glucose and corn oil may spare the cataboltsm of body protem .
for gluconeogenws and rmmmlle the excretlon of mtrogen m the urrne (A Shnres pers
comm) McNab and Fxsher (1981) reported that the force feedmg of roosters wuh 25g
glllcose reduced the endogenous energy losses by 48% ln a subsequem expenmem the f orce:g?

feedmg of glucose at levels ranging from 0- -40g had no consrstent effect on. the endoge ous -

losses of energy or mtrogen (Fxsﬁr 1982) Smce the admlmstrauon of glucose falled to .
- : Loy v '

B provfcle a more preclse or accurale estrmate of the end'ogenons losses of energy ot mtrogen ’ltS "

proxvsnon can be Judged on. the ethlcs of fasting "birds for up to 96 hrs and not by statistics.
The esumanon of endogenous energy losses by force fwdmg a test fwd at vanable levels

greater than zero and then extrapolatmg to zero mtake the line relaung energy excretion to
\

Energy mtake may be- consxdered more humane because rt ehmrnates the nwd for fasted

controls (Slnres unpubhshed) IR i e
: b . 2 C o

Th\at AMEn vaIues often vary wnth voluntary fwd mtake whereas
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when fed at high levels (20% CS inclusion) or from the disruption of cellular structure in the

jetl-sploded seed which -would make the oil more accessible to digestive enzymes, thus
increasing the apparent lipid digestibility and hence the rcsulmﬁl increase in AMEn. The
presence of glﬁcosinola(cs and active myrosinase in the untreated qs may also contribute ‘to
decreased V(ﬁumary intake leading to a lower AMEn value. . ' | |

The AMEn values obtamed from lhe chick bioassay tended to be much lower than

that obtained from the adult mal for both the heated and umrea(cd CS (13.3 and 10.8% lower

respectivély), Woodly et al, (1972) had indicated that while diets containing rapcseed were not -

o
initially palatable to chieks, when fed over a 4 week pen'od‘ birds overcame the slow start-and

were as heavy as those fed a soybean control diet. In the present trial, chicks were reared to
Y .

16 days of age on the basal diet (Tablé IV.1) before being transfered to the test diets (0. s,
10, 15, 20% CS) for 10 days prior io measured feed intake and fecal putput'. 'lt is probable
that, in the case of chicks, the 10 day adaptation period (to the test diets) is not long enough
when CS is‘to be analysed, and as a result, depressed feed intake may continue into the test
period, resu]ting in low AMEn values,

. 0
The malabsorption of fat caused by the feeding of raw untreated soybean protein in

-

the chick has long been appreaated (Neshexm et al. 1962). The effect can be marked, a 20%

inclusion of raw soybean meal inducing a decreasc in fat absorbtion from 95% to 40% or less

—Garlich and Nesheim 1965). The suggestion has been proposed that 'ray.' soybean possesses a

heat-labile factor. which ‘imerferes with fal‘absorbtion‘ by causing a deficiency in bile salt
production according to the evidence of " Garlich and Ngsheim (1965), who restored raw
soybean-depres;séd fat ;t;soibtion by ‘dietary supplemems. of sod;um paﬁrc;chdlate in the young
chick. The data\}re consistent /with a 'vagally-induced stimulation of the reﬂexing or

anti-peristaltic action of the duodenum togethcr with enhanwd pancieatic and biliary

secretions, provoked by a heat labﬂe factor in raw soybean. The exact mechanism by wmch

the factor mterfem with the absorbuon is not known.. It is possible that the products of
hpolysxs become bound to the undngwted protem shown to be present in the Jejenum of the

cmck’ fed raw soybean (Biclorai et al. 1973) and are thus =

‘.cred unavallable for micellev

W
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rormation in a manner not unlike that shown for free cholic acid (Serafin and Nesheim
1970) under similar dietary conditions. In the present study, ALD tended to be somewhat
lower for chicks as opposed to adults (69.1 vs 19.5%). In' addmon birds in both age groups
benefited from . heat treatment in terms of improved ALD mdicaung that there may be a
heat-labile factor in raw CS that operates in a manner ‘not unlike that proposed for raw
soybeans and this may account for the deprcssed AMEn values observed when chicks are fed

I
raw CS, | ) ) o ;

The use of dysprosrum chloride (DyCl;.6H 0) as an inert marker lS’bcglrmmg to find

wide acceptance in ruminant and porcine studies, but hule work has been done examlyng its
apphcauon in avian specres The mo;t common marker rrlr‘ p9ultry digestibility studies has been
chromic oxide (Cr,O ) Cr,O, has been found to yield more precise but not necessanly more
aecurat‘e*aim compared to the total collection technique (bebald 1982). Coates e al.

‘ I
(1977) found that the Cr,0, procedure gave lower but less variable AME values than did the

total collection procedure. The attraction of indicators lies in their ability to permit the

\

derivatibn of acceptable BE values even when feed i.ls spilled and some excreta are not

‘ ' i . f
recovered. As the marker is not absorbed by the bird its concentration in digesta will gradually

. increase as it passes through -the digestiye tract. Thus [T higher the digestioility of the feed,

the greater will be the concentration of marker in the feces. This closc relationship between

marker concentration and digestibi'lity can thus be usld to estimate BE. DyCl,.6H,0 was

selected in this study‘ because of its applicabilily '(hrih nuclear cross section for thermal

.

neutmns, 2700 barns, and short haif life wtu\ permits Irapid buildtrp of the radioisotope) to,

"ﬂre'mstmmemal neutron activation analysrs (INAA) avarlable at the University of Alberta
SLOWPOKE facility.

Kennelly et al. (1980), examrnmg the potenual of DyCl, 6H,0 as an inert marker for

pigs. used an infusion concentration of 25. 4ppm ciemental Dy, and obtained dry matter

digestibility coefficients (’%) close to that obtained fof otal collecnon grab- samples They

found that dry matter digestibilities (DMD) were similar rrrespecnve of the day of sampling. -

This absence of srgnifrcant daily - variation suggested to them that DMD could reliably be
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detesmined by 'tak‘r:ng subsamples from daily composi'te" sarrrples on any day followingui 7-day
/coemcrems were consrseemly obtamed.

l.
from morning samplmg which could: be associated wrth a longer dlgesta retenuon Lime in the.

; adaptauon penod They found that higher digestion
animal. The quanmauve:ecovery (100.001+2%) of mgested dysprosmm in fecal samples frOm'
that study is in close agreement with Ellis (1968) who concluded that Dy s essenually

hnabsorbcd Trom the mtestmal tract of ruminants.

N

In the present study, an infusion concentration of 15ppm elememal Dy was used in
view of the small body size of chickens and thé relavtrvely low feed sprllagp obtamed in
previous "ME inals The DyCl, 6H,0 was mcorporaled into diets intended for a standard
apparent metabollzable energy (AMEn) -assay usmg the total" collection technique. The
recovery rates obtained (Table IV.4) were generally quite h:gh and in this rt.[spect are similar
to those obtained by Kennelly et a]. (1980). There were consistently higher recovery rates
(with lower standard errors) for young birds as o’pposed to those from adult birds...Thisltrend

"seems to be a reflection ef the duration of .the pqst-eollecrion fast period (16 hrs for chicks vs
24'\' hrs for gdulls) and the relat.ive growth rates lof thenf ormer age group. The four-week old
chicks gr'ow and actively-assimiate ingested fwdj’ at a faster rate than would be expected with
odult birds. This phenomenon would tend to reflect ilself in faster OVei'ell rates of passage of
digesta through the gut. A 16 hr post-collection fast period woul_d' thus appear to be adequate ‘
to induce to;al' gut clearance and thus ensure almost comaete quantitative recovery of the
-inert digestive marker in chicks. ) . j‘ \ S

In the case of adult cockerels, recovery rates were somewhal lower than with chicks,
wrth much hrgher vananon (:t3 6 vs :tl .4%) than rhat found with chicks. lndrvrdual o
recovery rates ranged from 55 9% to 100 0%. This much larger variation (and lower resultant
recovery rates), may be due to two factors. Adult cocl(erels arc assumed to be growing at a .
much reduced rate compared to the growth rate of chicks because they are expected to'be at
that regron of ‘the growth curve where growth rate approaches a constant In addition, adult '
vbuds"tend to start feeding as soon as the bam lights are swrtched on (about 1 hr prior to

post collecuon feed removal) The possrbrlity would thus exrst that brrds are able to fill their .
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crops before feed yemoval. This, coupled with a post-collection fast time of 'olnly 24 hrs may
account for some of the variability in recoyery rates Assuming that the*post-collection period -

is- msufl‘lcient to induce total gut clearance in adult cockerels wrth full crops, ‘then lower
L3N
recovery. rates should be evident for diets -that are htghly palatable (com soybean mealv

controls) This was mdeed the case in one instance (55 9% recovery rate) It would agpéar

that the post -collection starvation. penod should be increased in feedmg trials in which Dy is

to be used as a digestibility marke_r foradult cockerels. Alternatively, the birds could be_-fed

: - ‘ ‘ _ l .
Dy~free diets, (of the same composition as the test diets) for an additional 24-36 hrs and - -

grab samples samples taken intermittently to determine the maximum post-collection time

required to ensure ﬁuantiltative' recovery—of Dy in adult cockerels (B. V. Turner, pers.
e f '

comm.:).

Comparison of the AMERn estimates generated using the total collection method (Table

IV.2) and the Dy-collection technique (Table IV.3) showed that the estimates for the AMén )

_of jet-sploded CS are in much closer agreement than thosé obtained for raw CS. The reason
for this discrepancy is not apparént, but n may be rilated to the presence of a heat-labile
factor present in raw C§ alluded to earlier. Oné would ertpect that the chick values obtained-

by both methods would be in closer agreement in view of theyhrgh Dy- recovery rates (Table

IV. 4) The same GE, K]gdahl N and DM values were used in both calculatrons so one -

would expect that any introduced vexpenmental error would not be manifested in the final
AMEn estrmatest However, one should be cautioned when mterpretmg these results and
_dismissing one techmque in f avor of another. Because of dretary constramts such as problems

with unpalatabrhty. CS cannot be mcorporated into chrcken diets much above 20% mclusron.

“without affectmg voluntary feed mtake Smee the regressron equation 1s generated usmg five o

AMEn estrmates (0 5 10, 15, and 20% S) any standard regressron esttmate erTor can only

be apphed to that section of the regressron lme between these five data points. Extrapolation

-of the line to 100% CS incluslon gives an esumate of the AMEn but would of necessity I

'magmfy apparent errors some fxve trmes. ,Henee these AMBn esumates are Just that and -

‘ eannot be compared directly The appropnateness of a grven set of AMZEn values must thus be '_

et
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' judged on other parameters to detergnne what analyttcal method or techmque produoes more . "

e

consistent results between trials and ulttmately between laboratorres
Nonetheless the Dy-marker techmque does hold several advantages ‘over“‘ithe total

collection _technique currently being used to determine AMEn This method would in its
.‘purest form, be less labSur mtenswe than that of the latter as it’ does not require \the
quantttattve recovery of feces during the collection - period. Grab samples\may be used to
‘esumate GE, Kjeldahl -N and DM of feed and feces. It also negates the need to accurately

‘weigh out feed and feces recovered and monitor feed DM durtng the trial, as is requlréd with )
. o
the total collection prowdurc Tlus would thus mitigate errors. due t0 unrecovered feed or.

feces. However further expenmentatton seems warranted {egardmg the n‘lertts of
- post-collection fastt‘? m a Dy :marker assay. lt is probable that ‘Dy -flux in the bll'd is
affected by the pre-collection fast as well which is an essenttal step m the total collectton
method used as a vehicle for Dy-infusion in the preseqt trtal It may well be that the use ef
Dy as a dngesttve marker- in btrds necessrtates a dtfferent expenmental design to ensure ) o
quantrtatlve recovery and prevent dtsruptton of the Dy-flux in-the body once peak Dy levels

4 . . -3

* have been reached o

N

E. SUMMARY | ‘ l

The expenments reported herem were concexved wrth two mam objecttves in mtnd 10
provrde esttmates of the TMEn and AMEn of raw full«fat Tobtn CS and opttmally Q
jet- sploded full fat CS and to. compare AMEn estimates derived from the total collection and
dysprosxum ratio techniques ustng the standard AMEn collectton procedure TMEn values for
the raw CS and opttmally Jet sploded CS were not srgmfrcantly different (S 04 vs 5 .05 " Lo
kcal/gDM respecuvely)(t- -0. 09 wrth 14 df) 'I'hus, based on these results jet- sploding does
Ah not appear to benefrt poult.ry-?eterms of tmproved TMEn. However. when voluntary feed |
mtake is taken into account and. BE is esttmated usmg the standard AMEn proeedure. both' » '
- .adults and clucks demonsn'ated tmproved ME s from the Jet sploded product (5 06 vs 4. 26'\_
. keal/gDM) and (4 39 v 3.80 keal/gDM) respectively Lipid digestibillttes in both adults ot



B
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chicks were signifneantly (P<0 001) tmproved by jet-splodmg wnth adults demonstratmg
| VStgniftcantly htgher (P<0 001) apparent lipid dlgestnbtlmes than did chicks. This fmdmg May

in part explam the lower AMEn results obtatned f rom chicks compared to those t?enved from

g

adult birds. ‘ . , . ‘ ‘ | 3 .
The high .DyCl,. 6H,0 recovenes approacht@ quanttmtxve recovery bodes well for

continued expenn{entatton on its use as an mert digestibrlity marker for awaQ spectes and
, AP

- lends credence to the AMEn estimates denv usmg this techmque HoweVer the results of

this: tnal because of thetr preliminary: nature should not be used. to categoncally dtsmxss the

\
results of one analyt;cal technique in favour of the other. .

o —~ ) ) LR "’ 4 .. l ) " ﬁ
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" Table v 1. Composmon of basal dnet and mmeral and vitamin supplcmgnts f or the basal and
tcstdlcts I o

)
\

\

‘l'hgre‘dien't A L - ‘ O (g)e

Basal diet ' S .
Ground corn S - °_60.00 I
Soybean meal (47% protem) ‘ 138. S A
"Corn oil, refined!» " RN T \ -
“DL-Methionine - ‘. . 25 . N

3

Supplement b , AV
Biophos a o 2

" Limestone flout : I N
Salt; iodized {.007% 1) | 3
Vitamin mix* =
Mineral mxx’ !

POO .
— ) b 0o,
ODWVBMWKBLO

© /‘Mazola, Canada Starch Co. 'Lud., Toronto, Ontano ! * i

" *Vitamin mix provided per kg of dxet 12,000 IU vitamin A; 1,000 ICU vnamm Dj; 10 1
vitamin E; 2 mg mehadion€; 5 mg nboﬂavm 10 mg d-calcium pantothenate 23 mg niacin;
750 mg choling | chloride; 1 mg folic acid; 10 ug v:urmm “B,;; 3 mg pyndorme hydrochlohde
200 ) ug ! d-biotin;-2 mg thiamin hydrochloride; 125 mg ethoxyquin, -
Mineral mix provided ‘per kg of diet:*60 mg manganese -(MnSO,.4H,0); 50 mg zinc (ZnO)
0.40 mg iodine- (KIO ): 9 l mg Selenium (NA,Se0,): 5 mg copper- (CuSO. SH,O) 30 mg 1rop
(FeSO. 7H,O) o , .

’ . " ; ) . g ‘;,
. . ' . f

N\

g
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- Table IV 4. Percent recovery of elemental dysprasiuh {Dy) frorh young érid adult chickené® -

et ' [

.-/' ., “' B ."'
./ e e L

" Jet-Sploding . ©  Dietary level | Chlck Dy ~ .. . AdutDy"
. Temperature .. of 'canplaseed g recovery S recovery
(%) ¢ TR ¢

'

. ('C) .

- Contrdl diet . " co0y 928 0 o _ T 19da
Untreated S =+ 5 92.7ab . 8492
. L oo 10 “ ‘88.6bc. e > 88.S5a.
e 15 873 . 7 8lda:
REE 200 0 - 95.6a o 88.9a
116 ) o 5 o 9%.0a - . : ..88.5a "
R L0100 . 95.5a . . '3888 .
I C 98.9a , : S 193.0a Yoo
20 . 983a o - - 88.7a. P

1 S U S ¥

“ISEM, standard erromof treatméxit mean of four replicates. |
a,b,c. Column values with the same letter are not. s:gmf rcantly dxfferent as determmed by ‘

‘ the Studcnt Newman Keuls test (P<0. 05)

! Ly
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V. Conclusions
Experiments were conducted to study the effects of supplemental full-fat canola seed
(CS) (Brassica campestris cv Tobin) on the performance of laying hens and broiler chickens,
The feasibility of using J(:(-SplodingTM to imprbve the nutitive value of raw CS for broilers
and of using dysprosium chloride (D&Cl,.6H,O) as an inert marker in poultry digestibility

studies were also examined,

In the first ’experimcm. ;wdies were carried out to determine the effects of
supplementing dieté containing barley, wheat and ground corn as the sole cereal ingredient .
with zero and 10% whole CS on the biglogical and economical performance of laying hens.
Egg production expressed in‘lcrms' of percent hen-day or percent hen-housed production and
average numbers of eggs produced on a hen-housed or Ihen-day basis was not significantly
(P>0.05) affected by dietary treatment. Feed intakes and feed eff iciency were significantly
lower for la);ing hené fed both corn and canola supplemented diets. Of the cereal grains used,
birds fed the corn-based diets tended tg; produce the largest eggs. Despite the poorer biological
performance, barley-based diets cost significantly (P<0.05) less than either wheat or
corn-based diets. Thus net income was largest for birds fed barley-based diels: Ih’comel was
not significantly (P>0.05) affected by the addition of CS to the diél. Thus, based on the
results obtained in this 'study, it wquld appear that CS can be used at a‘ level of 10% as -a'
satisfactory energy supplement in barley and ‘wheat-based rations for laying hens without
affecting eco.nomic returns.

In, the second experiment, studies were conducted to estimate the true metabolizable
energy (TMEn) values of raw, ground and jet-sploded. f{hole Cs, and to determine the
nutritive value ;wf these feeds for broiler chickens. The mean TMEn valucsl (+ SE) were
5.14+0.08 and §.15:t0.08’kcal/gDM for the raw and jet-splodgd samples..respectively.
Jet-éploding resulted in sli'ghtly high ether extract vaiues in ;he samples and in the complete
elimination of myroéina’se activity. There was.however, no significant (P>0.05) improvément
in the TMEn values of jet_-s;‘aléded CS as compared to those from the raw seed. In a trial with
broiler chickens weight gains to 3 weeks of age were not increased by jet-sploding, although'
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feed: gain values were significantly (P.<0.05) improved, agd were equiyalem to those obtained
from the corn-soybean meal controls. Based on these results, it is suggestgd that a
temperature of 116°C in the Jet-Sploder (for 22.2 sec) results ih effective’ elimination of
- myrosir'lase and maximal oil liberaﬁon. |

\

In the third expetiment, studies were undertaken to estimate the true (TMEn) and
apparent metabolizable energy (AMIEn) values of 'rhw_ ground-and optimalily heated (116°C)
| jel-sp]o‘(léd whole CS. An investigation was conéﬁcted cdnculnently to cxa;nine the feasibility

. of using dysprosium chloride (DyCl,.6H,O)'as an inert marker in poulu'"y digestibility studies.‘
TMEn values for the raw, and jet-sploded (116°C) CS were not significanlly different (5.04j
and 5.05 kcal/gDM)(t=-0 09 with 14 df). However, when voluntary feed intake was tz;ken
into account and bioavailable encrgy (BE) csumated usmg the standard AMEn procedure for
\both adulgs and chicks demonstrated improved ME's from the jet-sploded product (5.06 vs
4.26 kcal/gDM) and (4.39 vs 3. 80 kcal/gDM), respectlvely Llpld digestibilities in both adults

--and cmcks were significantly (P<0.001) improved by jet-sploding wnh adults demonstrating
'sngmflcamly higher (P<0.001) apparent hpnd digestibilities. This may in part explain the
lower AMEn results obtained from chicks compared to those derived from ‘adult birds. 4

Dysprosium c‘hlqride (DyCl,.6H,0) was included in the AMEn diet§ .a.n 15ppm and the
induced radioactivity in feed and fecal samples, following irradiation in the Canadian
SLOWPOKE reactor, was measured with a Ge(Ei) degc:or coupled to a 4096 multichannel
analyser. AMEn estimates using the dysprosiﬁm (Dy) ratio technique for raw CS were 3.47
and 3.36 kcal/gDM for adults and chicks respectively. AMEn estimates for the jet-sploded

a ﬁfoduct were 4.95 and 4.51 kcal/gDM for adults\and chicks, respectively. Mean Dy recovery
in chicks following a 16 hr post-conectién fast was 94.311.4%. Mean Dy recovery in ddults
foﬁowing a24 hr pdst-’co_llection fast was 86.5:1:3.6%. These relatively high recoveries indicate
ihat Dy is a very good inert marker for’digcstibility studies in aviah speciei ‘and_A lends credence

J ® the AMEn estimates derived using this technique.



