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{' ©OARSTRACT
';. ! . )
Growth, afrestihiliry anl vofontion studles were designed to

compare dicts centainin~ rapeseed meal (RSM) aunplemented on an
fsocaloric and {sonitrorenovs hasla for asovbean meal (SBM). The
rrowth studies were conducted with weanling pipga for 7—week periad.

1
RSM samples (coded S, A and P) were fgom the Span cultlvnr of Brassfca

- .
camnestris, a low erucic actd rapeseed. RSM were suhqtituted for 50

ar 1007 of the SBM to give total RSM content in the diets of 12.5 and

..

25 percent. TIn addition, at the 100X level of substitucinn, suppie-
mental L-lysine was added to equalize the lysire content with that of
the SBM basal diet.

Normal levels of performance for pigs of this axe and welght were

recorded for diets containing SBM or S0X RS, QubrtiCutin, RSM for

1007 of the SBM in the diets did not deprass perforrmahice signi€icantly
4‘ . 0 . )
but gains were numerically lower, particularly for pips fed two (A and

P) of the three RSM samples. Pigs fed diets ccntafining 1007 RSM from

[y

A and P samples appeared to reSpond'to supplenental lysine but thege
‘fcd sample S did not. These performance results were not, directly

related to levels of lysine in the three samples of RSM, as detarmined
. £,

by amino aéid assays.
Thefé were fgw significant differences between diets for digest-~
ible energy, metabolizable ecnerpy, metabolizable energy (nitrogen-
~correctéd)‘. digestible nitrogen and nitrogen retainéd vhlu#s. These
digeétibility and retention data vere: not su‘flriently clgsely related

to gain and feed conversion data to be vety v31uah1e 1n assessing the

overall subspitution value of the three‘samples of Span RS&.

. -
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Rapeseed hds becomé one of the mbst fmportant cash crops in
h .

]
i

t

1

Western Canada. From a bepianing of 1295 hectnrcs (3200 acres) and

a production of 1038 metrir tons in 1943, lapeseed prnduccion has
’4 -
1nc1eaaed to 1, 59&{580 hectares (f{950 000 ncres) ian 1970 with a pro—

/

"ductfon of 1, 875,200 metrit tong making Canada ene of the world's

"leading producers and”erportersﬂof rapeseed, kMartIn 1970). In 1971

and 1972 there were 2,187,770 hettares (5A306 000 acres) and 1,323,340

r

\

’hectares (3, 270 000 acres) respectively seeded to rapeseed. In 1972

|

¥
, the yield was 1,351,550 metric tons which 1s an average of 1021 kg/

hectare (17.5 busheleéacté). The.ejfimated~seedcd crop for 1973 is
1,274;790 hectares (3;i56,000 acres), down 4 percent from the pre-
vious year. | '

- Rapeseed meal (RSM) is a high protein by-product of the ofl ex~ |

traction industry. Prior to a chapge from expg&]er prqtessing methods,

RSM was not used exteneively in livestock and poultry diets. The ad-

-

vent of prepress-solvent and sotvent extraction methods has been one~

factor that has changed 1its potential as a protein supplement 1in

animal feeds. o . ’ ‘1. .

B ~
- . 5
“»

The common- species of rapeseed grown in Western Canada are,

Brassica napus L. (commonly referred to as Argentine rapeseed) and

.Brassica campestris 1 (commonly referred to as Polish rapeseed)

Eighty percent of the apeseed grown in Canada, as reported \y the

Rapeseed Association of Canada (1972), {is Brassica campestris a spe-

cies low in glucosinolates ‘and therefore only slightly goitrogenic.

Oxazolidinethione and isothiocyanates which may arise from the glu-

cosinolates 1n rapeseedw~inh1b1t thyroid function and‘may result in ad-

verse effects on animal performance. Rapeseed breeding programs in-

.
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Canada are constantly developing new improved cultivars ana'this is

o« L

another factor favorably influencing use of the mgal.

-

Due tqgf the growth depressing potentfal of RSM, swine producers

-~

wvere relhctant to use, this meal as a substitute for soybean or other

-

vegetable protefin meals. EIxtensive Canadian research has demonstrated
that RSM may be used {; pig diets. The developmenf of improved meth- ‘
ods of proceséing and of varieties qf rapeseed has' led to improvements
in the quality of Capnadian RSM avaflable to the feed 1ndué€:y, How~

' ever, it 1s essential that meal from new varieties qr cultivars ;f
rapeseed be evaluated nutritionally before they aretéccépted as being
equal or superior‘to existing meais. *

| Feeding and metaholism trials?reborted in~this‘fgesis were con-

ducted with pigs duriﬁg the summer of 1972 at The University of ’

Alberta,;Eamoﬁton Research Station. The studies involved gdmparigpn :

{ a

of the Span cultivag.of Brassica campestris prepress-solvent RSM from

"

a

three different Western Canadian pfocessing plants compared with soy-

bean meal (SBM) as protein supplements,

\
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ﬁ Bell (1955) in a review article -reported that rapeseed research

dabéo back to 1872 with the fixst North American work being qarrieﬂ’// -

ouF in 1944, Tncreased 1nterest in the use of RS as a protefn sup- |

plement has prompted extensive research into many aspects of 1ts prod-
1 ' [ ¢ . ’ ) . ‘
uction and utilization A monogrnph‘reviewin? the literature on the

dée of RSM as a protein supplement was prepared in Canada in the mid—
1960 8 (ngland'et»al., 1965). More recently, in-1972, a report "Can—
adian}R?beseed Meal in Poultry and Animal Feeding" was nrepared’under
theweyéﬁices‘of the Rapeseed Association of Canada. " ."f

/ . -
A. Methods .of processing rapeseed '

/

/  1In Canada, at present there are three methods for‘processing rape-

/,

‘seed as outlined by Youngs et al. (1972); expeller}\prepress solvent,

/ and solvent-extraction, The most widely used procedure in Westepf Can-

ada ithhe preprese solvent-extraction method. Clandinin (1967) pre-
sented data thch indicated that the prepress solvent or:sdlvent meth-
od of eiliextraetieh progzced RSM,that vere nutritioneily sunerior te
the enpeller tyne}negle ehich were produced in Caneda some years ago:
Me%e heet demage maf occur in'expeiler neais than‘occurs {n sol-
o . \ . ‘ . n

venttbrﬂprepress'sbivent meals. Excessive heat, according to Clandin+
, _

in (1 6 ), results in reduced available lysine content.' In earlier

“ .

work “y Biesen et al (192’5 with SBW they reported that heat alters

,‘the pﬂot&in in such a way that it may be more readily attadked by pro-

1‘._.t_ iy b N . v,

teolytie%enzymes. Excessive heat results in further change which :
‘T"[t "

makes the meal less readily attacked by proteolytic enzymes resulting \

L in decréksed liberatton follawing acid hydrolysis of certain amino

. . ' ) e T . R l' Lo
~ . L . . ‘ , L yaL . T .
Y ST K"‘

~.E’ o g N



Ve

and, Clandinin et al., 1947). ‘Clandinin (1949) reportod that the Lib-

eration of the essential anfino acids from herring meale by enzymatic\
\

hydrolysis was greatly depreased when staﬁﬁ temperatures of 22Q°F

(104°C) were used in comparison'with 185°F (85°C). Rutkopski (1970)

- ) )

. reported that industrial toastér desolventizers caused a decrease of

-

about one-third 1in the amount of soluble protein. ThiS'decreaee varied
BN
directly with the Severity of the processingmonditions {

N In the prepress solvent- extraction process, the seed 1s cleaned
to 95% purity o@ better. , The cleaned seed s crushed 1n roller milis
to break the seed structure and allow separation of the o1l meal. .
.Crushing is followed by cooking whieh allows oil-bearing cells to he
permeable to‘oil. The cooking in;etnal\is approximately 30 minutes in
either steck or horizontal cookers. The crushed, cooked seed progress-
' es to the expeller, or dcrew press which removes a portion of the oil.
Cake from the expeglers contains 15 to 207 o1 and is rerolled and
e;tracted with hexane. The solvent is stripped from the meal in desol-
»ventizers. The solvent—free,meal contains around two percentvlipid

\a
‘with a moisture content ‘of 10 percent. .ihis is the approximate form

of RSM produced in Canada today (Youngs et al,, 1972)n T
B. Characteristic properties of rapeseeg,meal o . \{
. . . _—_—

"RSM contains epproximately 36% protein. Robblee and Clandinin
” (1968) reported that the array of amino acids in RSM tends’ to be simi-
g”lar to that of SBW and othersplant protein products. More gpecifical-'»‘-
1 Y Clandinin et al (1972) reported that SBM and RSM complement each\:
other in enimal diets since SBH contains more lysine than RSH and RSM
: _.contains more methionine than SBH. Clandinin (1967) reported that RSM'f.

produeed by preptess solvent ot aolvent—extraction are higher in lysine '

v e : K ,'.-. A : T A : TR g ? .
5 v . N ' IO o : . PO "q

Looe 1 e
Ll . . N v :



and "available -lysine" than thc expeller type meals. According to

‘CIandinin\(l967); the differences in l&sine content are nninly attrib-

utable to the redyced heat damage occuring in the solvent processing

y

methods. ysine ig normally the first 1imiting'aano acid in practi"e-A

-

cal pig diets (NAS NRC Nutrient Requirements of qwine, 1968). '

The goitrogenic property of feed prote&n has heen of interest -

« v

since the work of Cheepey\et al. (1928) * The goitrogenic property of
‘RQM was first noticed by Kennedy and Purves in 1941 Astwood et al.

(1949) isolated one of the antitbvroid compounds and named it L-5-
vinvl—thiooxdiolidone. The glucosinolates present in rapeseedy pro-

.- ]
goitrin, gluconapin, and glucobrassica napin, can be hydrolysed in the

presence of the enzyme myrosinase to 5—v1ny1 2—oxazolidinethione, 3q ‘

butenyl isothiocyanate, and’ d-pentenyl\isoghiocvanate, respectively..

.The heat applied to the,seed in the oil,extraction process should

;5 . K
studied the effects of temperature on merSinase activity ‘and the
.*‘. PN . ) "‘

level of isothiocyanate and oxazolidinethicne in RSM They found that

N i ’ . .
destroy the gzdrolysing enzyme, myrosinaee.. Bélzile and Bell (1966)

meal ptocessed at 22° C had Iess isothiocyanate -and oxazolidinethiode

and supported better growth in mice than did meals processed at Sb &
v o®
confirming the heat deactiwation of myrosinase and the deleterious ef-
" h ,
fect of excessive heat on nutritive value. . o

. .
I . '

\

N

’ S

Rutkowski (1970) observed the difficulties encountered 1n re-

trieving a satisfactory meal from the processing plant has led to a

.

{ plant hreeder selects rapeeged varieties
A o

with 1ow pgb—goitrin content. He believes this approach will ngst

. N
likely provide the best way of ohtaining future RSH of the highésti

‘ R

feed value. The current tudy is,using a meal fron Brassica campeshzis. .

cultivar Span, ﬂhich was developed by ‘a Canad:lean breediug program. ‘In‘

iy
’ .

"“:'.' T f" ’ : LT o \ A . . B N
Lo . . . . . © : AN . s : v ‘

»,

A}

e

)

)



~ . 6

!
L]

fhin cane, a need contalntng ol low {n erucic atid (C22:1) wan.the
objective, rather tghn a aced low {n glucoélnolntnn.

In considering RSM as an encrgy source in animal dietn, it s
fmportant to reatize that the metabolizable energy value of RSM for
pilga 18 conaiderably higher than the equivalent value for chicka (Bow- .
land and Bell, 1972)., FExperimenta at The University of Alberta and
The Univeraity of Sarkatchewan have shown that the average metabolfiz-
able energy value of RSM 18 2700 kcal per kg fred and the digestible

'

energy value 1a 2900 kcal per kg feed. A metaboltzable cn;rgy value
for poultry of 1760 kcal per kg of fegd was rcported b; Clandinin et
al. (1972). Fven with pigs, the levels of digestible energy or metn&-
olizable energy are alightly lower for RSM than fof most other veget-
able protecin sources, so an adjustment to make rations isocaloric 1s
needed wvhen RSM replnceg ghes; other prbrein snurées.

In general, the cslcium content of RSM {s similar to that of other
oilseed meals (Bovwland et af!, 1965). RSM contains about twice as much
phospﬁorus'pa*SBH'(Clnndinin et al., 1972), and accordiné to unpublish-
ed w0{k don;'at th; University of Guelph, the phosphorus in RSM ia 70X
inorganic compared with only 32X for SBM. RSM s a rich source of sel-
;nium. and 18 high in :inc,’mngnesiu; and manganese in relation to SBM
(Cl;ndlnin et al., 1972). Based on fhla r;vicw,,RSH is also relatively

high in two viiagin., niacin and choline.

C. Value of rapesced meal

In a report prepared by Giovannetti and Rell (1971), they noted

that important factors that influence the.porfornancc of animals fed

L

diets containing RSH vere a) the protein content and amino acid balance

-

. : 9
of the dfet, b) the level of substitution of RSM for SBM, and c) the

pnlaf.bllity and physiological factors that accompany such cubstituilon;



a. Protetn

Droultscos and Bowland (1969) reported the ponﬁihlllty that in
RSM the lipnification is so arranged and distributed that the protadm
{n the meal is trnbpn& by the fibroua material and therefore limfted
in 1ts‘nvnllnhility. Thd;ﬁfgh crude fiber content of RSM was assoc~

tated with incrcased feed intake In rats (Anderson and Sabry, 1970),

In this atudy by Anderson and Sabry, the protefn efficlency ratio

“(PFR) values confi{rmed results of Drouliscos and Bowland (1968) 1n

.which PFR of commercial RSM was similar to SBM, but in which growth of

-

rats wnérsignificnnﬁky er}essed on RSM-sypplemented dicts.
o -

As lysine {s usually. the. first limiting amino acid 1n swine dieta
(NAS-NRC Nutrient Requi}eéénts of Swine, 1968), beneficial cffects
have resulted from the use of supplcmental lysine {n the diet in num-
erous experiments. For example, Anderson and Bowland(l967) ceported
that the addition of 0.2 or 0.4X 1§sine to pig diets based on some of
the small cereal grains and contaifiing no RSM, significantly increased
the nltrohen retentio;, gain, and dally feed intake with each increas-
ing level of lysine. Less digestible energy was required per kg of
gain with each increase {n the ;ysine level. Bowland (12@2) reported
that the addition of 0.2 L-lysine to a 13X protein diet improved the
rate of gain of growing pigs to a level equal to that obtained with a
IGZ.profein diet. Bowland and Grimson (1968), by increasing theulevel
of L-lysine and methionine in a 14.3X protein starting diet to be equiv~
;lent tg a 21.5X protein diet, increased the performance of the pigs on
the low protein dfet to that of those receiving the control diet.

.

Hnnns rnd Bowland (1963b) found a beneficial effect from adding

0.22 L—lysine to.the pigs diets in which RSM completely replaced

.



8

the SEM {n the dict. They alno ropnrtod 1ncrqﬂ§?gﬁprntnin. dry martuf,
and ons}pv dipeatibtltty during prowth, ﬂostnflin and lactatfon Crom
supplementnl lysine in RSM-supplemented diots. Not all experiments
have obtained n honofiginl response from nnppfemontn] lyst{ne added to
diets coptaining high levels of RSM. Manna and Bowland (1963a) report-~
ed that the addition ofﬂ).Z percent supplemental lysine to RSM-supple-
mented dlcs; had no significant 1nﬁ(ﬁinco on rate of %®ain or feed ut-

.{11zation at n&y stage of growth 1in pigs.

b. lLevel of subsatitution

The upper level at which RSM may be substituted 1in swine diets

N
\

without influencing performance varies with the type of diet and the
quality of the meal used. Bayley et al. (1959) reported that prepress
solvent—extracted RSM could be fed'at a level of 11 percent’'in corér
SBM-RSM diets supplemented with lysine and methionine without adversely
affecting £he performance of finishing swine. Conflicting reports,
where lower levels of rapeseed meal in finiéhing’diets depressed per-
formance, were considered by Bayley et al. (1969) garuéing due to the
use of expeller meals, or the usi of diets with a 1awer energy.content

than the corn-based diet used in their experiment.

c. Palatability and physiological factors

The presence of rapeseed in the diet may affect its acceptability

and pal;tabglity , factors which, according to Schuld (1967), are im-
portant to 1ﬁsure Adéquate feed intake. Clandinin (196{) and Bowland
(1957) ybserved that the sharp bi;ter'téste of RSM, due to the sub-

stance sinapin, may result in decreased feed 1ntat; or non-acceptance

%

when altermtiwi‘e diets ‘are available., : ’

The evidence is not consistent as to vhether RSM in swine diets

depresses voluntary feed inta'ke but in general there haye been no

£



sipgnificant differences in feed intake nssoclated with RSM {n pip dlets.
For example, Manns (1962) found no adverse cffect on feed intake from

the addition of RSM.
-

)

"1f non-processed rapeseed {s fed, a depression in performance can
be expected. This {is ‘probabl;wnrtly associated with acceptability of
the diet. Bowland (1971) reported that for growing-finishing pigs fed’
5 to 10 7Z rapeseed In whentlbarley based diets, a reduction of approx-
fmately two percent in feed intake could be expected for each one per-
cent addition of rapeseed, regardless of vhether nd}hstments wezz made
in digestibl; energy and protein. A similar pattegn was established
for rate of gain.

Feeding of RSM in the diet has been demonstrajed to result in
thyroid hypertrophy (Hussar and Bowland, 1959;Drouliscos and Bowlaqd}
1968). Drouli;cdé énd Bowland (1968) confirmgd the presenre of goit-

/d-'
rogenic principles in RSM. These oitrogenic principleszin RSM have

4

been a major factor limiting its u in swine diets.

D. General recommendations for use of rapeseed meal

Bowland and Bell (1972) compiled general recommendations fot the
RN ,

.

use of RSM. To quote, "RSM of Canadian 3r1gin may be used as a portion /'
of all pig rations but when rgcommen;;d levels are exceeded, then ratg//
of gain, feed erficiency and.reproduccive performance may be reduced./
For young pigs during the starting period to 25 kg 1{veweight,
'four percent to five percent of the ratigp may be'comp:sed of RSM.
For market pigs from 25 to 90 kg liveweight, a level or five pércent
RSM throughout starting. grawing and finishing diets provides a sub-
stitution level that is satisfactory and easy to formuldte. Catcass ‘

quality will not be influénced vhen levels of-RSM,arg fed that are

recommended as being satisfactory for growth and feed conversion."
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EXPERTMENTAL PROCEDURES

A. Objectives

This cxperiment was designed to stuly the-effecté on feed {ntake,

\
\

‘rate of gain, feed conversion, digestibility of energy and nitrogen
and retention of nitropen when prepress solvent-extracted rapeseed
meal (RSM) from a common source of Span rapeseed processed at three

separate plants was substituted on a protein and energy equivalent
*
basis for soybean meal- (SBM) in diets of young pigs. Span rapeseed

\

1s a low erucic acid (LFAR) cultivar of Brassica campestris.

B. Methods and procedures

1. General
The growfh and metabolism phases of the experiment were conducted
. <
from June 9, 1972 to July 28, 1972 at The University of Alberta Re- 'y

ssFrch Station, FEdmonton,- Alberta. Chemical and analytical studies
were conducted durdng and followihg the growth and metabolism studies.

'

Feed consumption, daily gain and‘efficiency of feed utilization
were measured during the experimentalgpériod. Metabolism trials to
determine energy and nitrogen digestibility and nitrogen re;ention
were carried out after the pigsvhad adjusted to the diets.

2. Expe}imental design and dietary treatments

The experiment, started mn P{\m‘e 9, 1972, consisted of ten dietary
treatmeﬁts with four r;plicates per t:éatment. Pigs were fed the ten
diefs'(Table 1) for a seven-week test period. The basal diet consisted
of qhea; and barley-with‘ﬁ.bz tallow as the energy sources with solvent- -

extracted SBM as the source of supplemental protein. ‘Three samples of

RSM from Brassica campestris, Span cqltivar, verg obtained for comparison

with the SBH.‘ Sﬁan rapgseed is a low erucic acid (LEAR) variety of

b‘rapeseed uﬁich has been grown extenmsively in Western Canada since
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Table L. Formulation and cnlculated compositicn (on an atr- dry basis)
of the soybaan meal (SHM) and rapeseed meal (RSM) oupplumxntcd
diets.

Diet? ' Sp . RSM-SDM 'RSM

Diet numbers - 2,3, 5,6,7,

i 8{9+10+

S

Ingredients 7

Wheat (ground) 50.0 59.0 56.2
Barley (ground) 25.3 12.2 10.7
Tallow, stabilized 2.4 > 2.6! 3.3
SBM (48.5%) 18.0 9.4 0.0.
RSYH 0.0 12.6 26.0
Salt (fodized) 0.4 0.4 0.4
Ca and P supplement 1.6 1.5 1.1
Ground limestone ‘1.0 0.8 . r 0.8
Mjneral and vitamin 1.5 1.5 ‘ “ 1.5
Ccmposition (calculnted)"
Protein X% 18.2 18.2 13.1
Lysine % .0.91 0.83 Q.78
“ethionine and cystine X - 0.55 0.54 0.54
Dipgestible enery Kcal/kg 3430.0 3430.0 3410.0
Calcium X ’ 0.74 0.73 0.73
Phosphorus % 0.69 0.70 0.70
T

N ) [

.

Diets 2,5 and 8 contained 'meal processed at "S" plant, diets 3,6 and
9 contained meal processed at "A" plnnt, and diets 4, 7 and 10 contained
meal processed at "P" plant.

- .

1

2Isocaloric - isonitrogenocus substitution of RSM for SBM.

1857 ca 2052 - '

6This mideral and vitaoin btemix'provided the following trace minerala:

88 ppm zinc, 76 ppm manganese, 294 ppm iron, 25 ppm copper and 2‘8 ppm
cobalt. It also provided/100 kg of diet: 440,000 I.U. vitamin A, 55,000
I.U.vitamin D, 1100 I.U. vitamin E, 1100 mg riboflavin, 2.2. ¢ calcium .
pantothenate, 4.8 g niacin, 5.5. g choline choloride, 165 mg folic acid and
1980 micrograms vitamin 312 ; A :

4 L.

_ftélygina added to equalize calculated 'lysine levels in diet mumber 1.
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were processed at three western Canadian plantd idéntified henceforth

-

» by code as S, A, and P. Substitution of RSM wete made on an isonitro-
v
genous, isocaloric basis for 50 of the SBM (tre;;ments 2,3 and 4),

100% of the SBM (treatments 5, 6 and 7) or'IODZ of the SBM with L- %(?

lysine (treatment 8,9 and 10) added to equalize 1Jsine levels in the BN

RSM diets with that'in the SBM diet. All diets contained supplemental N

minerals and vitamins. Diets were formulated té”mnai;sgagérements as,

defined in the National Academy of Science ~ National Research Council
\ .
Nutrient Requirements of Swine (1968). The experimental diets were

mixed aE The University of Alberta Research Station, Fdmonton, Alber;a.

S

Sufficient feed was mixed at the beginning for the entire test period.

[
. 1

'Pigs were,weaned at three weeks of age' and were kept on a stand-

ard diet until allotment. Prior to weaning, pigs were“treated in the

a

manner described by Grimson (1969). The pigs were of mixed brqfding

-

(Laﬁdrage x Lacombe-Yorkshire, Landrace x Hampshire-Yorkshire, Land- °

[ f

récé x Yorkshire, Hampshire x ampshire—Yoikshire or Hampshire x La~ N

combe~-Yorkshire). Each replicate consisted of two gilts and two bar-

-
N

rows allotted at an average age of 42 days and average 1n1t1g1 weigpt

9 kg. After allotment, the pigs were self fed with two of the

e sex in each of twenty 'pens measuring 0.62 m by 1.23 m, Pigs were

N . , ‘f»
> _fed in pairs throughout except when individual pigs were allotted for

B . A S . R N
the dige&lbility studies. Feed consumption amM 1iveweight (Jet’e*ﬂet: oW
erhined on a_Qbekly'baéis%,'ﬁéight gain and efficiency of feed utiliz-' '

: » . e o ‘ T, » — iﬁ'
.ation were ‘calculated from these data. Feed intake dd{id; the digest-' -
' ~ ‘ . , ' , . : 2 . ‘;E
_1bility studies waq'included in the overall total for the growth ex-
-periment. The barn temperature was maintained at apynbximatgiy 21°c '
. . . » " . . - bﬂ“‘ Lo . ) . *
. - -

-
"N
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throughout the experiment;

3. Dipestibility and retention studies

Digestibility and retention studies were conducted ‘to' determine

the effects of different dietary treatments on energy utilization, ni-
trogen digestibility and retention.

A

Thirty pigs (20 barrbwe and 19/311(3) werd selected on the basis
of treatment and weight on the day of weighing prior to eaeh week when
‘a digestibility(trial was to be run. Selection a;d alletﬁent ef pigs
were such that the males from the heaviegt to the 1ighéesc‘were used
first and the heaviest females from each of the 10 treatments used in
the last trials. ~Eight 3vailab1e'metaﬁolism Eages.were qsed in the
_trials conducted. The cages measured 0.38 m by 1.23 m. The room tem-

perature was approximately 21°°C.  The trials were conducted on the

following dates with pigs' averaging the weights shown:

June 23 - June 29 h49.8 kg
June 30 - July 6 8.5 kg
July 7 - July 13 A5 kg
Suly 14 - July 20 169 kg

During the trials, the selected pigs were placed in tHe metabo-

lism cages for a three-day period so they could beesmebaccuseomed_co

the cages before fecal and urinary collections werd’atarted On the

)

morning of the fourth day, - thtspiys were removed'from ghe cages'awg 4
i .

weighed. The cages were thoroug y cleaned with water ehd-the pigs re~

-

Eurned. Total urinary and fecal collections were. made for the ‘next

s

three days. aftet which the pigs vere removed from the cages veighed a
< R 4 f

-

and :etutned to theit respective pens. o @ B -

During the digestibility and tetention studies, records and col—

p 3 .
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lection procedures werc as follows:

1. Feed

-
Pigs were fed’the respective diets in three equal quaotlties at

7:30 am., 12:00 noon and 5:30 pm. during the adjustment and collection
periods. 1In these trials the pigs were fed at a level of 90% of

average daily feed consumed by each plg‘ln rhe week preceeding the me-
tabolism‘trlals. All feed offered was comsumed exeept where otherwise

noted. OGross energy and nitrogen analyses were conducted on the feed
. .
(see Methods of chemical analyses).

1i. Feces v

Feces were collected each mornin; during each trail, Each day's
collection was placed in a labelled’ plastic bag and stored at 3°Cc. At
the end of each trial, the: ‘total feces collection from each pig was
thoroughly mixed weighed and one sample of approximately 600 2 Was
taken. Following preparation, gross energy and gross nitrogen deter-
minarions were done on these saoples (see Methods of chemical analysis).

111. Urtine

Urine collecedons for nitrogen determination were made at the same
time as the feces were collected. Volume of urfﬁe was measured and ali-

_ quots were placed in jars, sealed and stored at 3°C so that a total

volume ofyapprqximately 1000 ml was collected over che three day collec~

tion period. _ '
4, Hethods of chemical analyses
l. Gross energy and nitroged o B Jf
Groes»energy of feed and feces was determined Lsing a Parr en

Bomb Calorimeeerl. Cross energy analyses were on duplicate 1, 0 g sam- ,

lparr Instrument Co., Molime, I11., U.S.A.

-



°
ples of air-dry feed or feces. Fcces samples were first placed in an

aluminum tray for air-dry matter determinatfon by placing them 1n a
\ .

forced air‘ovenl at 60°C for 72 hours, removed and allowed to equili-
brate to an air-dry basis for 24 hours. These samples were then‘ground
through a size 8 C and N laboratory mill2 wi£h a 2 mm mesh screen,
placed in 1abé11ed plastic Séés and sealed.

Gross nitrogen values for feed, feces and uringﬁ.ere'determinéd by
the Kjeldahl Method (AQAC). Approximately Z.OAg sampies of feed and

feces were analyzed for gross nitrogen. Urine nitrogen content was de-

¢

termined on duplicate 5 ml samples of non—dried‘urine. A commércial
»Kel—Pak? was used a catalyst in the digestion. Ammonia was collected

in 50 ml of boric acid‘and titrated directly with standard sulfuric
- * . ) -
acid. Where protein vllues were determined, they were-calculated

o
™ .

as protein = nitrogen .x 6.25. -

-

i1. Amino acid analysisx .

«a"

)'ﬁﬂlowing acid hydrolyqis, determinatft: %f ‘amino acid content of
LY

the RSM was on the JEOL JLC-SAH Amino Acidqpnalgger.' Four samples of

each of the threq RSM were analyzed to deterﬂin.‘g mean value for each
%
amino acid. Trytophan content was not detemfhe(f";ue to the necessity

of dlkaline hydrolysis for assay of this aming acdd.

-~

lDespatch Oven Co., Minneapolis, Minn., U.S.A.

| ,ZChriste and Norris Ltd., CheLmsford England
39Upplies HgO, quoa, and CuSO Hatheson gcientific“East Rﬁtherfb;d,

»
N.JQ,'U.S.A. 4
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L)

5. Methods of statistical analysis

All data were analysed using a APL prbgram for analysls of var-

iance developed by the Department of Computing Science (Smillde, 1969) .

Significant differences between three or more peans :fre tested by
f‘

application of Duncan's Multiple Rahge Test (Steel and Torrie, 1960). ¥

2



v ) .
Lt g | Ny

RESULTS AND DISCUSSION

‘L,Amino acid composition of rapeseed meals

" Results of amino acid'analyses of the three RSM samples are re-

‘;'3*;r£gd {n Table 2. A highly significant difference (P<0.01) wvas re-
,/ﬂwcorded between the lysine contents of the three meals used in the |
N

‘ij diets. Rapeseed meal "p" had the highest value ‘and rapeseed meal A"
;ﬁf had the\lowest value: Other amino acids which varied between S, A

‘. and P samples of RSM were arginine: threonine and NH3. The results

of the amino acid analyses for lysine and methionine and cystine ‘
\

~ contents of the diets (Table 3) were higher than the values used to

‘calculate the diet compositions, therefore the diets contained more

‘lysine and methionine and cystine than shown in Table l. The. essen=
Y '

‘i tial amino acid levels in the diets are above the minimum require-

o

kg‘ ~ménts for starting and growing swine (NAS—NRC Nutrient Requirement
iﬁ,j,of Swine, 1968) . e '
«C‘A . - . : : ’
W, " B, Growth studies : .,
N L ,” ,
\ . 1, Feed consumption dailyAgain and efficiency of feed utilization
5‘ \ L @he means for each lot for average initial and final weights, av¥-.

\3\! o,

'. \erage daily feed, average daily gain and efficiency of feed utilization, )

.

h
}are listed on Table &4, The statistical analyses of these data and

Y

-

overall means for each factor are also given.

x}\ ' ) . o
%”T S a) Averagl daily feed e " BRI ‘

No significant differences in feed consumption were observed be-‘”l

ftiveen treatments. Hanns (1962) and Hussar (1958) observed a debressione

(.

nffeed intake of groupufed pigs geceiving RSM. . However. Bayley et al. .

,t~$ﬁ?1959) observed no significant differences in any of the performsnce o
) [ . ‘7\5_.

b rametets studied which included daily feed consumption. hy the add-

i K l
&0 N
P !

PR B Do LT . o ,
A . P e . $ ' . ) - . L PR .
i ' i S ‘
oy . . el i oL 1,
i TN P o v D S S e e . Y
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Table 2. Amino acid analyses of RSM and analyses of variance for
‘ differences bétween meals in levels of amino acids (expressed
as percentagls of protein). ‘

R S M Samples

-3

\

’ ’ ‘ “A . i

* Tryptophan noc-knalyied’dhe

3

Amino Acid .o AT "p"
‘Alanine - 4,42 4,47 4.50
Arginine 5.79. 5.56 5.76
Aspartic Acid . 7.02 6199 7.17
Cystine . . 2.07 1.98 1.59‘
Glutamic Acid 17.21 17.08 17.32
Glycine 5.04 04  5.02
Histidine . 2.79 2.74 2.77
Isoleucine 411 4.10 4.09
- Leuciné y 6.88 ;6.92 . 6.96
Lysine | 6.10 5.64 6.30
Methionine ) 2.16 2.04 1,97
Phenylalanine véa?9s' 3.93 4.04
Proline - ' 6.69 6.68 6.66
Serine S 829, 430 4.4
‘Threonine © 4,45 4.53 4.66
Tyrosine 2.3 2,39 2.35

. Valtne - 5.05 5.0 5.06
| .~ Total X '92.72 . 91.79 93.04

&
F-value Prodb.
2.% 0.15
13.08 0.00%*
3.48 +0.08
1.41 0.29
1.27 . 0.3
0.17 0.85
©oo2.61 0.13
0.20 0.83
1.87 .0.21
78.42 . " 0.00A%*
6.5 - 0.02%
0.36 0.71
0.21 0.82
6.69 0112
6.23 0,02+
0.28 0.76
0.10 ¢ - 0.91
0.00%%

14.76

to necessity of alkéline hydrolysis.

E



19

T0°T
$6°0
00°T
880
28°0
(870

£6°0

v 060Y

-

© O ogéc . supskr % (v) sw
09Ty supsky 3 ($) wsu
osee (@ wsy’
0v6¢€ : (V) xmm‘,

dgor - T(S) msw

0€0Y 05-05 (d) WS¥-nES

086¢ 0S-0§ (V) WSU-RES

0Tty 05-05 (S) WS¥-RES

;088 . s

uaﬁmhﬁawv e O

- e A E

.

oL
K
L ,O“ .;

e
- A.Qﬂ.. : .. .

© g @urasd)
R YIdK

ugejoaq

wd/Teoy 8301
£3asug ssoan . -

Te3luswatddng

*8323p 30 (pezATPue) uoFIFsodwOy g, ITQEL_




20

87°0 6L°0 0€°0 UOT3IOEIIIUT JUIWINIIL
09°0 80°0 00°0 . woF3IdRIIIUT XI5 LIFTIQ ®Q0ad
9972 o€y S0° 1 9 (T - 9°9 UEIK puRi)
05°2 08¢ %6°0 8°€? S¢S W .
€'z 08Y ST 1 €°1¢ 8L | , SUBIR [(®I3A0
(271 €1y 20° 1 TANA T 8LE 98°0 JAL 74 T°9 K -
: 992 (Y 61°1 0°6Z 0L d ouls4T ¢ (4) WsH ot
0T LTy 96°0 9¢° T 8LE 88°0 192 9°S K s
. 90°¢ SLY §6°0 € 1€ 0°8 4 auysdy 9 (V) Ks¥ 6
€672 AL 90°1 192 <96¢ g8 '\ 1722 9°y K
85°2 ) 899 12°1 9°1¢€ 9°8 a usi1 3.(S) WsH
99°2 Z4¢ 15°0 90T g9z €00 S 8T S°¢ K )
A4 61Y §0°1 9°87 18 4 : () zmu
%0°€ e]3 90" 1 66°€ A% 4 06°0 6°(T 9°¢g K
. 0S¢ 80Y 20°1 6°L2 6°L d
4 A4 90°1 69" 6% 30°T (AR T4 Aunc.n K
e . 052 . ST1Y %0°1 8 LT R A 4
T . S0S BER € ol ¢ e 02 . 0% $6°0 L°87 79 K
3 T €ETT T 6%S 82T AR 1 z°L - {
Sk 08y €1°1 82°Z° X Uy 80°1 0°62 6°S - K
4 S AN 687 81°T  6°0€ "L TR B
02 68Y . 71°1 ser SSY L0°1 9.2 €' R
R IAS AU AAY Lt 9°¢€ 0's  3E A [4
0%°? 66Y . 02°1 . BEZC LO% L6°0 ¥4 Sy TR
4 4% 06§ AR 6°LE 0°6 - & RAS I
23 g 25 Lo By 8 3y 3y 8%
CYes 24 v Gies 9%  ° ujes pe24 IeUF4  1EBT3IFUl ujaloxd
1ad paag ~ ure? L11eq pe93 Llred 1ad paa4 A1rep a8easay 83y31aa a3e1aay xa¢ 1v3uvagatddng 3934 .
FUBSE JUITIBIAL - )
T <7 *poradd TeludnTIadxa NI9m-U2438 Y3 10J UVOTIEZTTIIN P 30 .
- £ouaydt133e pue ‘ujed L(yep o3efeae ‘peaj ATyep 23eioae ‘siydtem 38eilAm [TUT PuUB I[EMITUL  ‘H IIQEL

é

I3



“’3*‘ " ‘ 21

N
{tion of RSM at a level of 117 in glg diets,
A signiftcant differenco in daily feed consumption was .observed
“betwcen aexes probably mainly due to the higher starting weights of
tha>fqmnleﬂ. Female average starting weighfs were 7.8 kg while male
average starting weights were 5.5 kg. Male pigs fed RSM consistent-
ly congumed slightly less feed during the test period. Anderson nqd

\
Bowland (1967) reported daily feced intake was not influenced by the

\
1

sexfof the pig.

b) Average daily gafn

No significant differences were observed between treatment or
sex in average dafly gain. Manns n;d Bowland (1963b) reported, 1in
studies whe;e RSM replaced }OOZ of the SBM, thft rate of gain was
reduced approximately 20 percent. At the SOZ‘level of substitution,
they gbserved variable, but inferior results for pigs recciving RSM.
In general, dally gain 18 not depressed 1f 5T or less RSM 1s fed 1q
the total diet (Bowland and Bell, 1972). 1In the current study, there
was approximately /127 RSM in diets when 50X oé‘the SBM was replaced
by RSM. At this level of substitution there‘was no suggestion of a

L .
deleterious efféct on dailz:éiin&\ Although not significantly dif-
ferent, the d1eti§23nfaldiné\)003\§SH in substitution for SBM (252
RSM 4n té; total et).result;d in gains which were numerically be-
lo§ tho?e of the pigs receiving only SBM., The results suggest that

‘'meal from Span rapeseed may be fed at lev%}a much above the current

teEJmmendatibn of 5% of the total diet with no depressive effects on

performance. \

[ s

¢) Efficienty of feed uttl{zation *

Efficiency of feed utilization, measured as kg of feed per kg of

»
»

-
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JJBowlnnd,et al. (1965), any growth depression

M Qll

1515 fod*ihkhéually closely related tdé reduced feed

;tﬁhcy of feed utilization 1s not adversely influenced

A

K'Y . .
by aubstftution of RS™M for SBM 1n the ration. This observation assumes

~

thn?,isncdlorlc diets ave fed.

" There were no sipnificant differences (P<0.05) between treatments
in feed intake, rate of gain of efficiency of feed conversion 1n the
current experimeqcr ‘However, treatments 6 and 7, on a numerical basis,
,gained more slowly and treatment 7 had a poorer feced conversion than
)

any other treatment. Although these differences were not significant
at the usually accepted level of probability, they suggest that lysine '
was limiping'in the two meals (A and P) compared with S,‘as‘the add-
ition of lysine in treatments 9 and 10 (A and P meals) rniéed perform-
ance‘to a level equivalent to that of treatment 8 (S meal with lysine).
Amino acid assaya indicated that A had a significantly lower level of
lysine thanaS but that P was higher than S. Therefore, am1n§ aciﬁ
assays do not indicate that lysine levels were necessarily assoclated a
with gain, buF do not rule out differengial availability of lysine.

The reason for lack of statistical significance without very large num—
erical differences 1s probably related to rather large differqnces be~
"een the sexes in performance, thus introducing a large ﬁfthin treat-

ment error which could not be entirely removed.

2. Dipestibility and retention studies

a) Digestible enerpy .

1

Nigestible energy (DE) 4in the diets measured as DE in feed express-

ed as a percentage of gross energy in the feed (Table '5), gave coeffic-

’
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Table 5. Dipestible cnerpy (DF) coafftcgcnts in)diecs (DE in feed/
gross cnerpy in feced, expressed'as a percentage).

Diet Supplemental Mean = Mean

Protein ’ Female Male
1 s 87.6 89.9 85.4 Prob: T 0.96
2 SBM-RSM(S) 50-50 86.7 89.2 84.1 , S Q.S3
3 SBM-RSM(A) 50-50 88.0 88.5 87.5 ..
4 SBM-RSM(P) 50-50 88.3 89.0 87.6
5 RSM(S) 85.2 86.5 84.0 o
6 RSM(A) 86.5 84.7 88.3 !
7 RSM(P) 86.2 81.5  91.0 {
8 RSM(S) & lysine 89.5 88.0 91.0 o
9 RSM(A) & lysine 89.0 92.5 85.5
10 RSM(P) & lysine 86.3 88.6 83.9

Overall Mean 87.3 87.8  86.8
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fents which were not significantly different betwcen treatments or
between sexes. Bowland (1971) reported sex differences in several cri-
teria, one of them being t%at the barrows had higher coefficients for
DE then‘gilts. Skitsko and Bowln?d‘(l970) observed nb influence of
sex.on DE. Saben et al. (1971) qbtnined no differences in DE fer diets
fed to pigs weighing 16, 33 or 65 kg liveweight. FEnergy digestibilit-
{es (Table 5) agree with results of Anderson and Bowland (1967), where‘
lysine levels had no effect on the apparent digestibility of energy.
They also found that the narrowest caloéie:lysine ratio in their study
egave the ;;ximum gains, indicefing'therratio ehodld be at least 3500
kcal DE per kg per unit percentage lysine. The diets 1in the current
study had rattos of 3500 to 4160 kcal DE per,kg per unit percentage
lysine. The narrowest ratio did not give the maximum gains in this
study. Anderson and Bowland (1967) also reported feed consumption was
1ncfeesed at the highest levels of lysine. Results of feed eonsump—~
tion for the current study are not in accordance with that research.

DE values, measured kcal DE pér kg of'feed (fable 6),‘were not
significantly different between treateents or between sexes, although
there vere some apparent differences. Average DE values for all treat-
ments were 5500 kcal per kg feed. Probabilities and results of Duncan's
Multiple Range Test are also shown on Table 6. When ﬂE values were con-
sidered for ‘the malealonly, there were significant differences between
treatments (P( 05). Diet number 8 containing RSM S replacing 100X of
the SBM and supplemented with L-lysine had a DE value which was sig-

| nificantly diffetent from and superior to all other diets (P<0. Ol)
' Diet number 8 had . the highest gross feed energy (kcal/g) (Table 3) of

all of -the rations and'this undoubte tfiyas partially responsible for
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Table 6. Digestible energy (DE) (kéal/kg feed) content of diets.

Diet

9

10

Supplemental
" Protein

"SBM

A}

SBM-RSM (S) 50:50
SBM-RSM (A) 50:50

SBM-RSM (P) 50:50
RSM (S)

RSM (A)
RSM ()
RSM (s) & lysine‘
RSM (A} & lysine

RSM (P) & lysine

Overall Mean

n

,Mean

3352
3565
3508

3560
3436

3411
3329
3836
3496
3528

3502

E
. Mean %

Female ©Male
3438 3265°
3669 3460°
3528 3487°
3588 3531
3488  3383°
3381 3481°
3146 3512
3773 3899°
3635  3357€
3626 3433€
3523 3481

* Male treatment interaction tested separately.

Prob: T 0.15

Mald

S 0.52

0.04



" the high DE values for this diet as DE coefficients did not vary signif-

f .
1c)ntly between diets (Table 5). Manns and Bowland (1963a) found ‘there

wds a beneflicial effect from adding 0.2% supplemental L—1§nine to pig
rations containing a‘;i ) leveilof RSM. At the 51 level of significance
the diets using RSM Tf:z:f\ upplemental 1ysine'(treatments 4 and 7)-
had bE values whichM:ZTExhigggi)thnn’othcr diets except treatment 8.

In this tase, lysine was of no benefit 10 there 18 no clean plcture
emerging fromcDE data.-" |

b) Metabolizable energy

'Metabolizable energy (ME) coefficients of the diets measured as ME
in the feed expxessed as a percentageﬁgf grose encrgy in the feed are
presented ‘on Tab Z;,/ME—nitrogen corrected K;;;) coefficients express-
ed as a percentage are presented on Table 8. These coefficients followf
ed a'pattern similar to DE‘coefficients'end did not differ significantly
between treatments or between sexes. Bowland;(197l) reported sex nif-
ferences where barrows had nigher ME and HEn coefficients than.gilts.
However, Saben et al. (1971) obtained no sex nifferencee in ME of MEn
for diets containing RSM fed to pigs weighing 16, 33 or 65 kgoliee—
weight. _ | |

ME‘values measured as kcal ME per kg feed (Teble 9) were not sig-
nificantly different (P<O. 05) between treatments or between sexes. Wher
ME values we:e considered for bartows only,,there were significant dif—
ferences between ttéatments (P<Q 10). Probabilities and tesults of Dun—
vcag's Multiple Range Test are shawn on Table 6. The nesulta at the 101

level of significance for ME are equivalent tc those at the 52 level for

"DE. tBowlan (1971) reported a cortelation dY DE with QE of r-O 980 for

piga‘fed RSM diets.,
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Table 7. Metabolizable energy (ME) coefficlients in diets (ME in feed/

gross energy in feed, cxpressed as a percentage).

Diet Supplemental
Protein

- SBM
SBM-RSM (S) 50:50
SBM-RSM (A) - 50:50
SBM-RSM (P) 50: 50
. RSM (S)
RSM (A)
RSM (P)
RSM (S) & lysine
RSM (A) & lysine
RSM (P) & lysine

DWVEWN

/

=0 00w
=)

‘FQBerall Mean

Table 8. Metabolizable energy (nitrogen corrected) (ME ) as a
_percentage of the diets.

Qietqw Supplemental
. Protein

" SBM

SBM-RSM (A) 50:50
SBM-RSM (P) 50:50
RSM (S)

. RSM_(A)"
RSM (P)
RSM (S) & lysine
RSM (A) & lysine
RSM (P) & lysine

-

HO PNV EWN

o

Overall Mean

M E

Mean ‘*

. chJT%?n
85.7 87.9
85.1  88.0
86.4 - 87.0
87.0 82.6._
83.7 :f’§£?7
85.1 83.0 '
84.4 79.5
88.1 86.0
87.6 91.6
85.0 87.1
85.8 86.2

Male

83.6

82.2
85,8
86.4
82.7
87.2

- 89.4

90.2
83.6
82.9

85.4

SBM-RSM. (S) 50:50

84.7

ME

Mean . Mg

Femafean Male
83.9 86.0 81.8
83.6 86.8  80.4
84.8 85.4 84.2
85.8 86.3 85.2"
82.2 82.9 81.4
83.8 81.4 86.2
B82.7 77.5 87.9
86.8 84.1 89.4
86.2 90.7 81.7
83.8 85.7 81.9
84.3 . 84.00

..

Praob:

Prob:

T

- 0.97

0.63
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The overall results far DE, ME and HRn coefficieﬁts and for‘thoée
measures expressed asﬁkcal per kp diet suggest no consistent ndvdntage
from L—lysfne supplementation of diets containing high levelg of?ﬂ%ﬁ

c) Digestigle nitrogen

Digescdble nitrogen (NDN) coefffcilents for the ten diece are given
in Table 10. There were no significant differencee exhibited between
treatments or &e;ween sexes. By observation, RSM § ﬁad‘thelloweét
values at the 50 and 1007 levels %f substitution (dicts Zland-S) with~
out supplemental lysine. This apparent’difference is mdre evident n
the barrows than the gilts (P<0.25) wiFh the bafrows having a lower
oveeall mean value, , Accofdidg to Bbw;and (1971, barrows had hiéher
coefficients for DN than gilts, but,Saben et al. -(1971) and Skitsko and
Bowland (1970) observed no influence of sex on DN. DN values of the
cufrent study agree with.Bowland (1971), who observed that as the level
of protein increases in the diet, it normally results in en increase

[
A

‘in apparent DN because of the décreased-influeqce of the metabolic

fecal nitrogen component.
N

In the current study, the mean DN coefficients for the gilts were
slightly higher (P<0.25) than for the barrows. Bowland (1971) report-
ed higbet values for barrows;than gilts, but these differences were
associaeed with higher feed intake and hedce ﬁighe} pfotein intake per
unit of‘liveweight of the barrows ¢ompared with the gilts. Since the
barrows wefe lighfér.and youngef in the eurrent etudf, the sex differe
-ences are confounded with liveweight during the digestion trials. ’
DN values measured as g N per kg feed (Table 11) indicated that a

diffqrence between treatments (P(D 10) existed on an overall b33185

DN valnes on: thia basia did not dif er-aignificantly between sexes.\
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Table 9. Metabolizable energy (ME) (kcal/kg feed) contcnt of diets.

N

Diet’  Supplemental - ° Mean Mean
Protein ‘ Female Male "
1 SBM _ 3279 3363@ 3195%  Prop: T 0.19
2 SBM-RSM (S) 50:50 3502 . 3619 ¥. 3383c S 0.63 ,
3 SBM-RSM (A) SO:SQ 3442 3465 3420b Male* 0.07
4  SBM-RSM (P) 50:50 3508 3532 3483
5 RSM (S) . 3373 3614 33327
6 RSM (A) , 3356 3274 3438,
7 RSM (P) 3261 3069 3453
8 RSM (S) & lysine 3777 3688 3866
9 RSM (A) & 1lysine 3440 3598 3283c
10 RSM (P) & lysine 3477 . 3564 3390
Overall Mean 3442 1459 3424
% Male treatment interaction tested separately.
| ¥
Table‘lo. Digestible nitrogen (DN) in diets expressed as a
percentage of nitrogen intake.
« -
Diet Supplemental - D N
Protein Mean Mean
Female  Male
ssM . . 87.2  90.4 86.1  Prob: T 0.68
SBM-RSM (S) 50:50 - 83.9 87.0° 80.8 S 022
SBM-RSM (A) 50:50 86.6 87.2 85.9
SBM-RSM (P) 50:50 88.4 89.9 86.8
RSM (S) 83.7 . 85.2 82.2 —
RSM (A) .+ 88.8 88.4 - 89.2° -
‘. RSM (P) . 88.9 ., 86.9 - 91.0
+ RSM (S) & lysine 89.2 '85.7 , 92.7
. RSM (A) & lysine €. 88.9 93.6  84.2
0 RSM (P) & lysine i 85.8 87.4 84,2

P WONAWVE WN

Overall Mean ., 811  88.2 861



~ wﬂen gilts and barrows werevannlyzed separately, a hlgher signifieance
(P<0.05) existed between treatments for the barrows. Probabillc}es and
result; of Duncan's Multiple Range Test are also given on Table ll;
For barrowT, DN coefficients were increased in the A and P diets at tge
lOOi level of substitution when lysine was added. This result .is sim-
ilar to that obtained by Manns and Bowland (l965b) when lysine was add;
ed to the highest level of RSM-supplemented diets. The S diet at the
100Z level of subst;tution and suppiemen:ed with lysine had a lower
protein content than tﬁe,A or'} diet which ceuld account for the lower
absoiute DN value.‘ The response in DN when lysine was added to the A
and P RSM diets corresponds to £he increéee in daily gain of pigs on
these same treatments (9 and W}) cemﬁared with treatments 6 and 7.

On the basis of digestion coe}ficients, there were no significant
differences between treatments in DF or DN which averaged 86. 8 and
86.1%, respectively. However, ehese were significantly different {in
DE expressed as kcal per kg diet anq in DN expressed as g N per kg diet.
but chése differences are difficult to explain. 'ﬁE and'ME“'followed
similar patterns ta DE and averaged 3442 kcal pef-kg diet and 84.0Z,

respectively.

d) Nitrqgen retained

Nitrogen retained (NR) expressedvas a percentage of N 1ntake
(Table 12) and NR expressed as a percentage of DN (Table 13) -exhibited
coefficiente which did npt differ signiﬁican;ly between treatments or
I‘between‘s‘e:tes. " Skj._fsko‘ aed Bowland (1970) 'repourted.that NR expfe_sse‘d'
'as a percentage of total N :lntake was not sign:lficantly inflvenced by

. diet. Howevet, a lower pergentage of dietary N as a petcentage of

h e dige_sted N \was retained_on a high energy ‘dietvthan on a loy energy‘ ‘

\
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biIable 11. Diéesﬁible nitrogen (DN) expresaed‘gé P N/kg feed.

' - DN/ ke feed

| Diet Supplemental Mean Mean

! N Protein - Female Male
1. SBM 24.9 25.8  24.0° Prob: T 0.08
2 SBM-RSM (S) 50:50 24.2 251 23.37 s 0.21

3 SBM-RSM (A) 50:50 24.9 25.1 24.7 Malé 0.02
"4 SBM-RSM (P) 50:50 264.9 25.4 24,55

5 RSM (5) \ 23.4 23.8  -23.0°

6 RSM (A) -26.9 26.8 27.02

7 RSM (P) 24.8 26,2 25.4),

18y  RSM (S) & lysine 25.9 26.9  26.9;

9 RSM (A) ‘& lysine 27.2 28.7 25.8

110  RSM (P) & lysine 24.5 25.0 - 24.1°

$25.2 25.5  24.9

50verall Mean

* Male treatment interaction tested separately.-

~

Table 12. Nitrogen retained (NR) as a percentage of nitrogen  intake.
‘ ' NR / Nitrogen intake

~

¢

Diet Supplemental ~ Mean Mean . .
Protein ' " Female¥Male )
1. SBM . 50.5 52.5 48.5 Prob: T 0.94
b2 SBM-RSM (§) 50:50 52,4 62.5 42.3 S 0.73
3 °  SBM-RSM (A) 50:50 $3.8 55.8 51.8
4 SBM-RSM (P) '50:50 62.0 61.6 62.5
5 RSM (S) 51.5 47.1 ,56.0 >
6: RSM (A) 63.0 56.6  69.3
7 RSM (P) 53.6 46.8 60.
+ 8 RSM (S) & lysine 60.2 ' 44,0 " 76.
9 RSM (A) & lysine - 62,6 76.0 - . 49, '
' 10  RSM (P) & lysine 59.8 51.0 62.
- Overall Mean - 56.9 55.9, 57.9 '
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i

diet, They felt this differencenmay be‘associated with the diﬁferent
“a

absolute levels of protein 1n the experimental diets. These workers

i

+ also reportzz that sex had no effect on NR expressed: as a percentdge

of N intake. '

\

NR expressed as g N retained per kg feed are given in Table 14

There were no significant differences between treatments or between
. ) L]
sexep in this criterion. Bowland (1971), using unprocessed rapeseed .

as an energy and protein source in diets for growing pigs, also found
no significant differences among dietery treatments in NR coefficients

a

of NR as g N per kg feed.



Table 13.
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,

0vera11 ﬂean

o 16,2

ﬁitrogen retained (NR) as a percentage of nitrogen
digested (DN).
. , NR/DN
Diet Supplemental Mean Mean
Protein ‘ Female Male
1. SBM Q 61.3 58.1 64.5 Prob: T 0.96
2. SBM-RSM (S) 50:50 62.2 7} . 52.6 S 0.42
- 3. SBM-RSM ' (A) 50:50 62.1 64.0 60.3
4, = SBM-RSM (P) 50:50 70.2 68.4  72.0
"5.. RSM (S) 61.7 +55.3 68.2
" 6. RSM (A) 70.4 64.0 76.8
7. RSM (R) 59.9 53.9  65.8
8. RSM (S) & lysine 66.7 51.3 82.2
9. RSM (A) & lysine 69.8 81.1 58.4 ,
10. RSM (P) & lysine 69.8 ' 65.1 74.4
Overall Mean 65.4 63.3 67.5
/
. ‘ ) b
Table -14. Nitrogen retained (NR) expressed as g N/kg feed.
' : . R
Diet Supplemental Mean Mean
Protein : Female " Male -
1. SBM 15.2 ©15.0 7 15.4  Proby T 0.85
"2 SBM-RSM(S) 50150 15.1 18.0 122 'S 0.68
‘3 SBM-RSM (A) 50:50 15.5 16.1 14.9
4 ~ SBM-RSM (P) 50:50. 17,5 17.4  17.6
5 RSM (S) ' 14.4 13.2° °15,7
6 RSM (A) - 19.1 7.1, 21.0 e _ ‘
7 - RSM (P) . 15.0 13.1 ~ 16. 8‘. o
8 . RSM (8) & lysine "17.5 12.8 22,2 .
9 RSM (A) & lysine - 1. 19,2 23,3 | 15.0
10 RSM (P) & lygine 1 17.1 16.3 | 17.9
16.5 16.9
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‘ SUMMARY AQ{D CONCLUSIONS

| IQ reviewing the performnnéc dnt; of this experiment, the pigs on
the basal diet had average daily feed intake of 1.20 kg, an average
daily gain of 499 g and g feed por gain ratio of 2.40 kg for a 7iyeek
cxperimont;\ period. This level of performancae 1s ;orﬁnl for pigs of
this ngé and weight, Plg;‘on ;hc RSM-containiRg diets at the 50X level
of substitution had an average dafily feed intake of 1.16 kg, average
daily gain of 490 g and a feed per gain ratio of 2.28 kg.s Pigs on the‘l W,
RSM-containing diets at the 100% level of substitution had an average .
. daily feed ;ntake of 1.00 kg, averageldaily‘gain of 365 g and a feed
per gain ratfo of 2.73 kg. At Ag 100X level of substitution plus sup-
plemental L-lysine, there was an average daiiy feed of 1.00 kg, average
daiii gain.of-617 g and a feed per gain ratio of 2.40 kg. Sdb;tituting )
RSM from Span rapeseed for 501 of the SBM in the Q%e;e Rad no influence
on perfornance. . Substituting RSM for 100% of the SBM in the diets d1d
not depress performance significantly but gains were numerically lower,
particularly for pigs fed two (A anéP) of épﬁglhree samp%es of RSM.

The addition of supplemental lysine toﬁthe QSM~conta1ning diets
raised the leveliof lysine in the diets weli above the minimim tequite--
ments and thercfot‘o“-narrmd the.cnlorie—lys%ne ratio to nearer the ‘
suggested optimum of 3500 kcal DE per kg per unit percentagé lysine.
The range of the rstio in this study vas 3500 to 6160 kcal DE per kg

. \ .
porauntt percentage lysine. Pig/: ted‘kluts‘ containing 100% RSM from
A and P samples appeared to respond .to supplemental lysine while those
4 . |
fed uaplgo S did not. These performance erts were not direqtly re-

1ated to levels to lysine 19 the three samples of RSM ag determined by
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qmino acld assays.
Although there were a few sfgnlficant differences between diets
for DE, H%, MRn, DN and NR values, particﬁlnrly for barrows, these d{-
gestibility and retentfon data were not sufficifently closely reclated to
galn and feed conversfon data to be too valuabie 1in assesafng the over-
all substitution value of the three samples of S;nn meal.
Many of the differences which were repqrted as being assdtiated
((with sex are confounded 1{n this experiment by the existence of lighter
*and younger barrows than gilts. The gilts had an overall higher average
daily feedAconsumption, average daily gain and lower feed consumed per

kg gain. In the digestibility and retention studies the advantage of

the male pig over the female pig was again confounded By the age and

~

-

weight difference.

The overall results suggest that RSM from Span cultivar of Brassica

campestris can be completely substituted for SBM giving levels of 25X
. % \
RSM in the tota};dlet of starting pigs without, in most cases, resulting

in no significant‘depréssion.Ln’performaﬁ%e. These levels are far in ex-

c;ss ;f tpe present recommendation that not moré than 5X RSM should be
used in such diets. A 50X level of substitution of RSM for SEM, from
the results of tpis study, would appear to be a safe level of substi-

- tution for the Span cultivar. Thgre vas evidence.of some variability
among the thrée samples S, A, and P of Span meal processed at different

plants by the prepress solvent process in all cases, and these differ-

ences appeared to be associated with lysine availability.

-

’



36

BTIRLTIOGRAPHY

Anderson, G.N. and J.P. Bowland. 1967. Lysine and fat supplementation
“of weanling pig dicta. Can. J. Animal Scl. 47:47-55.

Anderson, G.H. and 7.I. Sabry. 1970. Nutritional quality of rapeseed
protein. TProc. Internatfonal Conference of the Science, Technology
and Marketing of Rapesced and Rapeseed Products. St. Adele, Que.
p539-553.

Assoclation of Offfctial Agricultural Chemists. 1965. Official methods
of ananlysts. 10th ed. Washington, D.C.

Aﬁtwgsd, E.B., MiA. Greer and M.G. Ettlinger. 1949, L-5-vinyl-2-thio~
xazolidone, an antithyroid compound from vellow turnip and from
Brassica seeds. J. Biol. Chem. 181:121-130.

Bayley, L.S., C.Y. Cho and J.D. Summers. 1969. Growth and digestidb~
1141ty studies to evaluate rapeseed meal as a protein Mypplement
for swine: Can. J. Animal Sci. 49:367-373. ‘QQ\

Bell, J.M. 1955. The nutritional vaPue of rapesced oil meal: A review.
Can. J. Agr. Sci. 135:242,

Bell, J.M. 1964. Nutrient requirements for swine. 1iv. A study of the
lysine, tryptophan, riboflavin, and pantothenic acid requirements
of pigs weighing 50 to 100 pounds. Can. J. Animal Sci. 4&4:106-113.

Belzile, R.J. and J.M. Bell. 1966. Growth-depressing factors in rape-
seed oil meal. vifi. Effects of myrosinase activity on toxicity
following treatment with buffered solutions. Can. J. Animal Sci.
46:165-169. . b

Bowland, J.P. 1957. Creep feed starter ratipns for pigs. 36th
Annual Feeders' Day Report, Dept. of Animal Science, University
of Alberta, Edmonton, Alberta.

Bowland, J.P. 1962. Supplements of lysine or a tranquillizer for
growing and finishing pigs. 41st Annual Feeders' Day Report,
Department of Animal Science, University of Alberta, Edmonton,
Alberta,

Bowland, J.P., D.R. Clandinin and L.R. Wetter, ed. *1965. Rapeseed
meal for livestock and poultry - A review. Can. Dep. Agr. Publ.
1257, Octawa, Canada. . )

Bowland, 'J.P. and R.E, Grimson. 1968. Lysine and methionine supple~

ments for young pigs. 47th Annual Feeders' Day Renmort. Depart-

ment of Animal Animal Science, University of Alberta, Edmonton,

Alberta. -

Bowland, J.P. 1971. Rapeseed aé an energy and protein source in diets
for growing pigs. Can. J. Animal Sgi. ‘51:503-510.

*



\
\
i
\

" Bowland, J.P. and J.M. Rell. 1972. Rapesced Meal for Plgs. Canadian

Rapeseed Meal in Poultry and Animal Feeding. Rapeseed Association
of Canada, Pub. No. 16. pl6-20.

Chesney, AM., T.A. Clawson and D. Webster.' 1928. Fndemic poitre in
rabbits. 1. Tncidence and Characteristics. Bull. Johns Hopkins

Hospital. 43:261-277.

Clandinin, D.R., W.W. Cravens, C.A. Elvehjem and J.G. Halpin. 1947.
Deficiencies in overheated soybean oil meal. Poultry Sci. 26:
150-156.

Clandinin, D.R. 1949. The effects of the methods of processing on the
nutritive value of herring meals. Poultry Sci. 28:428-433.

Clandinin, D.R. 1961. Rapéesced oil meal studies. 4. Effects of sin-
apin, the bitter substance in rapeseed oil meal on growth of chick-
ens. Poultry Sci. 40:484-487,

Clandinin, D.R. 1967. Nutrient composition of expeller, prepress-sol-
vent, and solvent processed rapeseed meals. Poultry Sci. 46:1596-

1597.

Clandinin, D.R., S.J. Slinger and J.M. Bell. 1972. Composition of
Canadian Rapeseed Meal. Canadian Rapeseed Meal in Poultry and
Animal Feeding. Rapeseed Association of Canada, Pub. No. 16.
p8-9.

Drouliscos, N.J. and J.P. Bowland. 1968. Biological evaluation of
rapeseed meal, soya-bean meal and casein fed to the weanling and
the mature rat. Br. J. Nutr. 23:113-123,

Giovannetti, P. and J.M, Beli. 1971.° Research on Rapeseed Meal. lst.
' progress Report, Research Committee, Rapeseed Association of
Canada.

Crimson, R.E. 1969. Urea, lysine and methionine in swine diets.
Y M. Sc. Thesis. University of Alberta, Edmonton, Alberta.

Hﬁbsar; N. 1958. Rapeseed oil meal studies with swine and rats.
! M. Sc. Thesis. University of Alberta, Edmonton, Alberta.

\ .

Hussar, N. and J.P. Bowland. 1959. Rapeseed oil meal as a protein

\supplement for swine and rats. 1. Rate of gain, efficiency of

food utilization, carcass characteristics and thyroid activity.
éan. J. Anim. Sci.’ 39:84-93,

a

Kenned;. T.H. and H.D, Purves. 1941, Studies on experimental goitre.
1.\ The effect of Brassica seed diets on rats. Brit. J. Exp.
pa&\hox. 22:241-246, N

Manns, J\G. 1962. Solvent-extracted rapeseed oil meal as a protein
sourte for pigs and rats., M. Sc. Thesis. University of Alberta,
Fdnfo fon. Alberta, ' -

A



*

38

Manns, J.C. and J.P. Bowland. 1963a. - Solveot uxtracted rapes seed oil
meal as a protein source for pipgn and rats. T. Crovth, carcass
characteristics and reproduction. Can. J. Animal Sci. 43:252-261.

Manns, J.G. and J.P. Bowland. 1963b. Solvent extracted rapeseed oil
meal as a'protefn source for pigs and rats. 11, Nitrogen digest-
ibilicy. Can. J. Animal Sci. 43:264-270.

|
!

Marcin, A.L.D. 1970, Rapeseed production in Canada. Proc Interna-
tional Conference on the Science, Technology and Marketing of
Rapesecd and Rapeseed Products. p31-35.

Riegen, W.H., D.R. Clandinin, C.A. Elvehjem and W.W. Cravens. 1947,
Liberation of essential amino acids from raw, properly heated,
apd over-heated soybean ofl meal. J. Biol. Chem. 167:143-150.

Robblee, A.R. and D.R. Clandinin. 1968. Rapeseed meal in rations for
# brecder turkeys. Can. J. Animal Sci. 47:127-130.

Rutkowski, A. . 1970. FEffect of processing on the chemical composition
of rapeseed meal. Proc. Intcrnational Conference of the Science,
Technology and Marketing of Rapeseed and Rapeseed Products.
p496-514.

Saben, H.S. and J.P. Bowland. 1971. Solvent-extracted rapeseed meal
as a rceplacement for soybean meal in diets for swine reproduction.

Can. J. Animal.Sci. 51:225-232.

Saben, H.S., J.P. Bowland and R.T. Hardin. 1971, Digestible and met-
abolizable energy values for rapeseed meals and for soybean meal
fed to growing pigs. Can. J. Animal Sci. S51:419-425,

Schuld, F.W. 1967." Rapeseed Meal for Swine Reproduction. M. Sc. Thesis.
University of Alberta, Edmonton, Alberta.

Skitsko, P.J. and J.P. Bowland. 1970. Energv and nitrogen digestibility
and retention by pigs as influenced by diet, sex, breeding group and
replicate. Can. J. Animal Sci. 50:685-691.

Smillie, R.W. 1969, ' Alogorythms for orthogonal factorial experiments,
Publ. 181 Department of Computing,Science University of Alberta,

Edmonton, Alberta. pla.

Steel&‘R G.D. and J. H. Torrie. 1960. Principles and:procedures of
statistics with special reference to biological sciences. McGraw-
Hill Book Company Inc. New York, N.Y,. N C
. . .
Youngs, C.G., C.R. Wetter and G.S. Boulter. 1972, Processing of Can-
) adian rapeseed for high quality meal. Canadian Rapeseed Meal in
Poultry and Animal Feeding. Rapeseed Association of Canada.
Pub, No. 16, p4-7. ' '



