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NUTRIT]oNÁL EVALUAÎIoN 0F aAPESEED PROÎSIN 
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ftro experiments with growing rats and a hr.man metabolic :

süudyr¡ereeonduetedtoer¡a].uatethenutritÍona3.qr:a1ityofrapeseed.'::

proteÍ-n. iril., 
;,,

::' :ì :: 
_.-

utilization of a low-thioglueoside-eontent napeseed. mear 
;,,.,,,,i,,'.

(ronsrtt¡ by growing rats was.compared wÍth that of a high- r;:'::;:i:'::

.thiogLucoside-content rapeseed meal (IüasM) and casein (cas). Each 
i

lprotein souree served as the sor.e source of dietary nitrogen (a.rrfÃ)., 
1

ïn Experiment 1; 3 maLes and 3 femar-es were ar.lotted to eaeh díet.
Apparent protein digestibility was lor,ver for the rapeseed rneal-s (80

and 8?#) than for easein (gW). Ho¡rever, 4-day nitrogen retentíon
was signifíeantly lower (p-0.05) only for rats fed Iü3^5M (t6g.r,,q¿n

arÅ J26 mg for HiRSM, LoF,SM and Cas resp.). In Ðcperiment Z, Ilg

rats r'¡ere allotted to the same 3 diets for an g-week growth st'dy. 
i.,,,,.,

I{eight gai:esìrþ rats fed cas or r.oRsMwas nearly 3 times that of ,','.,
.:,.:.: ..:

anlmaLs fed IIiRSM' rh¡roid síze (wlg body weíght) was sjmjr-ar fon ,¡,,.,,,,,

the LoRSM and Cas groups whereas a pronou¡jced tþrroÍd en]-argement

as r,reLl as incneased size of li'ep, adrenals, kidne¡rs and testes
i¡ere obserr¡ed in rats féd HÍRSM. Histoehenieal examinati"on of i,',ì-,.;:.

ii;:i:Lrì:ij::

r'epatiotissuerevea1edmarkedchangesinactivityand]-oea1ization

for aeid and aLkaLine phosphatases and adenosine tníphosphatase of

,s



ÌL*:;5#r9-;å;#14ü:t+Eç;þ:r,i2!+;,:t:?::ti¿útÊt:::jijt¿":':8.::r:.;J

fed T,oRSM. Males fed LoRSM and both sexes fed HiRSM exhibited

lipid infiltration in the lir¡er. The results suggest, that

thioglueosides are responsible for the poor perfornance

reported for animals fed rapeseed meaL.

The hurnan netabolic study was undertaken to evaluate the

potentíal- of rapeseed flour (nSf) as a protein supplement in an

a3-l-vegetable dÍet for the hr¡nan. Four subjects were randoml-y

allotted to the RSF diet and 4 sulcjects to a vitamin-free casej¡

(Cas) diet in e cross-over experiment. For:r subjects, tr¡o at each

peri-od, aLso rrere assigned to a wheat gluten (WC) aiet. Each

protein source, rapeseed flour, easein and wheat gluten was

íncorporated into baking powder bíscults at a leveL to provÍde 20 g

of proteín per day (taff" of daily intake) duríng the tr'ro ?-day

træriods. Four-day metaboLic studies showed that apparent protein

digestibÍ3ity was signifieantly (P<0.01) Lower for the RSF diet

than the Cas diet (8L% anð,8@, respectiveLy). However, N

retention data shor¡ed that aL1- subjeets, exeept one, r,rere either

in N equilibriun or positive N balance regardless of diet consuned.

Sinee amino acid analyses revealed each diet to provide adequate

quantities of essential- amino acids, exeept methi-onlne and valine¡

eaution must be exercised ín interpretÌng these results.

1..".'

aa.'.
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r. GEXMRAL TNÎRODUCTTON

Rapeseed meal- is a valuable by-product of the rapeseed ojJ.

i:ndustry. Rapeseed is Canadars largest and most funportant oil-

crop, oceupying t.62 ni-L7-:j.on aeres in I,rlestern Canada in Lg69

(9e11 gt 4. t96?i Canad¿ Year Book L96il. The meal ís potentíally

an excel-lent proteín supplement for farrn lívestock and por:ltrTr

sinee its high quality protein is eomparable to soþean.

UnrestrÍcted use of rapeseed meäl as lfu¡estock feed has been

hampered, however, by the poor performanee obserr¡ed when high

Lerrels of rapeseed meal are fed.

Nutritíonal problerns have been eneountered in the development

of nearlly every oil seed and rapeseed is no exeeption. so¡ibean

possesses a tr¡¡psin lnhíbitor, cottonseed has gossSrpol and fl-ax a

cJ¡anogen faetor (Liener L966). The toxie prineiples present i-:c

rapeseed malnly arise from the thioglueosides, whieh on hydroþsis

by the enzJrme nÐmosinasel yiel-d isothiocyanates, oxazolídíne-

thíone and nítriles. These lrydrolybie produets, of which oxazolidåne-

thione is beLier¡ed to be responsible for the th¡rroid en-largement ln
noh-ruminants (Jaekson t969), have aLso been reported to adverseþ

affeet growbh and reproduction when high dietarl¡ Ier¡els of rapeseed

are eonsumed by animals (Bo¡aland e3 a1. 1965).
iii:'1,',;ithe potential for rapeseed productíon, processing and use by i"''r'':'-'

food and feed manufaeturers is great. During the last two deeades,

RSM has er¡ol-r¡ed frorn use nairfly as a fentilízer to an important

protein'súpplement for Li-r¡estock and poultry. Although mueh has



been done to 5-nprove ra¡rseed, mueh still rrenains to b€ aecompllished.

Expanding research 1n breeding n ï rapeseed varleties, ehanges in
processing methods ar¡d inereased lsoo¡rLedge of the nntrltlonaL

propertLes of napeseed meal (nsu)* suggests that if success is
achleved, repeseed could mean as nuch to canadían agricnlture as

the soytean has neant to the tnited Stetes.

f¡¡o excl.tlng deuelopmrents during the past trro Srears, the

díseoverl¡ of thtogLucoside-fþee varietLes arxl the deveLopnrent of a

process for renoving thiogS.ucosf.des has n¿de possible the eomplete

eLi¡nin¿tlon of these conpounils fbon rapeseed protein supplenents.

The Food Research Instltrrte of the Canada Departnent of Agrieulltwe

bas reported a ¡vater extractlon pnoeess fo¡l the productf.on of
thiog!.ueoside-free rapeseed flor¡¡r (&SF)**. the avaif¿bility of
taj.lonnade thLogl.ucoside-1¡s6 rapeseed varLetiesr ehd edlble¡

nutritlor¡s rapeseed fLours, eoncentretes and/or isoJ¿tes ney trul,y
t¡rensform rapeseed into a tr0l¡¡de¡ella cropno

The wo¡rk presented in thrs thesis attænpted to evalr¡ate a
. r- .ì-:1.:

.:, t'-

Lor-thioglueosidE-contEnt rapeseed. neal and rapeseed flor. Flrper{.- i,,.

ments urlth rets were pronpted by the avail¿biLLty of a lo¡r-

thioglueoslde-eontent rapeseed neal anù the possibi"lity that

thLoglucosldes nay be directþ responsible for the deleterl_ous

effects obsernsd rtth the feedlng of rapeseed meel. since tlle
nutrltional val-ue of rapeseed fllour ¡¡as essentielly umtarorm; a hrman

:* sulosequentþ, the ¿bbrevåation p,sl{ riLL refer üo rapeseed. neaLJ 
I*'F srrbseqrrntly, the abbrevration RSF rill refer to rapeseed fllow.
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netaboLÍc study attenpted to evarr¡ate its potentiar as a protein

suppllenenü in an rtêLl-vegetableil diet for the hrman.

i.:

l ::.. i'.r '.: .

i :.;1,1:ì::'::':: ìl

I

I

t..
i.' : ;.:. : ,: ,
l,:t..;r-:. 1.-i
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IÏ. OBJECT OF RESEARCIT

Ttre pnesence of free bydroLyzed thioglucosides have been

reported to be responsiblle for the deleüerious effects obser¡red

lrtth ths feeding of rapeseed ¡noe1 to farm aninEls. Recently a

genetiea1ly low-thiogJ.ucoside rapeseed, whleh originated in poLand.j

has been gro?m on an experf-raental basLs in saskatehewan. part of
the researeh reponted.:ån thís thesis was prompted by the avail-
abiJ.lty of this Low-thiogS.ueoside rapeseed meal-¡ Brassica napus L.

þan. Bronowski and was undertaken to assess the nutritionaL r¡a}¡e

of this product for grolrtng rats.

Even more necently, the deveLo¡ment of a ¡sater-extracted

thiogJ.ueoside-1¡'s. napeseed fror¡r in otta¡¡a, pnompted the inussüi-
gatLon in srr Laboratory of Lts supplenentaL protein vaLr:e for
hrman use,

lwo rat experiments ad a hunan ¡ptabolie sttdyimøne eord,ueted

to er¡aLnete the nr¡tritlonal r¡alus of the na¡reseed protein sor&css

descnLbed above. tbe ¡at experiments !üere der¡oted to a stuù¡r of
protein netaboLisn, 8-week weight ehanges, orgen weight charrges

and histoeheni.cal exaninatlon of Lirær slices ín groring auimaLs,

Response to the low-thlogLucoslde product lras conpa¡ed to bfuh_

ttrioglucoside-content rapeseed meal and våüanin_flee casEia;, the

hrman netebolic strdy assEssed the suppllenental- protein qualtty of
rapeseed florr in an all-vegetable diet end ![es eompaÌed to rrita¡nln-
free aaseLn and lrheat gl.uten.



ITI. NE.ìIIEW OF TIæRATT'Hts

A. ïNIRODUCIIOII

Ðuring the last t¡uo dEeades researeh on the nutnitive vaLr:e

of rapeseed lr¿s resullted in a substentiaL inerease fn the use of
rapeseed neel- in Lívestock and pouLtry retions. Deleterious effects
on grotrfh arxl effl-ciency of feed utiJ.lzation h¿vrg been obsenedy

horuever, utren high levels of rapeseed ¡yene inc}¡ded:ifn the diet
(nussar and Bo¡rl-and L959a; Manr¡s anl Bowl-ard t963E). Foor perfor.n-

anee in response to rapeseed meal h¿s been attributed. to tÌ¡e
presence of giotnogens (FeLl ant BeLziLe tg6il aS.though tannins bane

aLso been Ínplicated (Gtandinin ard. ifeard Lg6g).

Th¡æoid enlargemnt bas been ttre onlly consistent tissr¡e

eh,arrge obsenrcd in anÍmals fed ralnseed rneal althotrgb slÍght
changes al-so have been reported in other orgens and tissr¡es
(uowl-and 

"¡ +. tg6i¡ Me'r¡rs gg g. t963a). Tþ¡rroid tr¡pertroprry!

however, l¡as been reported to reach a neximrm betrueen 6 atñ. 9

neeks in rats foJlowing ¡rhlcb tlr¡rroid-to-body weight ter¡ùed üo

stabllize (BowLand errt Sta¡xtish L966).

the discoverSr of a genetlc Low-thiogLueoside_content ra¡rcseed

(ooncey \96Ð and the deveLo¡xnent of a wate¡r extaacted thíog¡rcoside-

firee ra¡nseed flor¡r (Eapen 4 g¿, 196Ð has o¡nned. a whoLe rrew

area of researeh. since the thiogLueosides in rapeseed, are water

soLub1e, these toxic principlles can be conplleteþ elf:rnínated by

aquêous ext:raction. ons of the exciüing quaJ.ities ebout this
¡xoduet is its hlgh proteín content (6ú). Consíderable attenüíoui,

l-::.-::j.::.

i::j

i',',-,','
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therefore, has been focr¡sed on the potential of ratrÞseed flour as a

possi-blle firtr¡re suppllenentaS. proteín sonree for the hrman.

B. ST'PPI,E}MNTÂL VAT¡T'E OF N¿,PESFJED PROTETN

8.1. Ëotentiat Use for t¡e. nm¿Jr

lbe rapidJ.y growlng ¡uorrld protein requirenent has directed

naJor attsntion to the use of oiLseed protei.ns sínce ani.m¿ls a¡re

inefficlerrt protein prodncers. OiLseed proteins heve in the past

'_ 
l' t":'been used alnost exclluslvely for fertllLzers. Howeverr:,,,refÍrænents f,¡,,liii,:

in the o5l processing nethods have not only inareased the qtrantÍty

and qual.ity of the oil, but also ínproved ths quality of the;¡neaLs

and' by-products derivrsd fþon ít, the develo¡ments ¡¡hieh b¿r¡e ted

to the use of oLlseed protein conoentrates, ¡rarticullarlly so¡ttean

and eottonseed; as hr¡uan food have been based J.argeþ sn the

resullts of extensive anineL feeding tnÉels (A3.tschr:r tg66),

The use of RSM¡ the by-prsduet of the oiL Í¡rdætrxr¡ as a
potential- protein suppllernental in hr¡nan food is Lj-nit€d. rbe

presence of thloglucosides, high fÍbre content, blaek hi¡ILs and

the possibility of reconte.rninetion with nrynrosirnase are the nain

factors restrieting the use of RSM ts anin¿l_ feeds (Eapen et aL.,

t%8¡ Eapen gg 94. 1969).

A f.ight-eo3.ored, bllarrl, thiogluaoside_ftee flor¡r eontaining 
ir:t.. i*6$ ro.o+,ein (nçr) recentl¡r has been produced flom rapeseed at the lli:'r+ì;::::ir:l

Food Research rnstítute, canada Department of AgrícuJ.ture, Ottara
(Eapen gþ al. 1969). An aqneous exüraetfon proeedure for the i l,

removaL of thioglucosÍdes has pnoved to be praetielaL as sell as
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economieaL sínce rapeseed thioglucosides are eompletely solubLe

in water r^rhile the protein and carbohydrate of rapeseed is onJ¡r

spareþ so}¡l¡Ie. rn order to fu11y realize the potential of this
proeess researeh now must be direeted toward the reductíon of
processing eosts, eval-u¿tion of the nutritional properties of RSF

and Íts by-produet¡ a 3Ø protei.n, thioglucoside-free meal and

deterrnination of the functional properties of rapeseed protein,

owen et g!. (tgZ0) also har¡e devised a suecessful nethod for
the isoLation and detoxification of the proteins of rapeseed

press-eake meal. They were able to reduee the oxazolídinethione

and i-sothiocyanate eontent from origínar 1er¡e1s of l.J anð. t+.9 mg

per g meal, respeetivel-y, to less than 0.2 and 0 ng per g proteín

respectivel-y. ProteÍn efficiency ratios in rats r^¡as 1.86 and. uhen

mixed r,ri-th an equal quantlty of skim mÍLk porader, the pER increased

to 2.J. rn additíon, selected organ weights and,histologieal

exani-nation of livers and th¡rroíds sho¡ved these organs to be norrnal

in rats fed the diets for 2 months. It ís difficuilt to assess these

resuLts as neither the leve1 of protein nor the content of ralæseed.

ísolate i-n the diet is given. Neventhelessr resuLts such as these

and those of Shaåkh gg 11. UgeA) and Eapen e! al. (tg6g) offen
prornise that rapeseed protein eoneentrates and flour may have

tremendous potential as a hr¡man food source, espeeially in
all-eviating proteín shortages ín developing eountries.

8.2, Present Use of tir¡estsrek anll pog]-try

Exeel.lent reviews have been pulclished regar.riing safe and

eeonomical- ler¡el-s of RSM for use in livgstoek and poultzy diets



I
(Bo¡rtand gg 4. t965t Bell et a!. !969a). Ttrese reeomeyritations

ere neeessary because it 1s difficult for the ar¡erage livestock
and po.uLtry feeder to assess the overal3. perforznance of anjmdls

on diets containing FSM. !{ar$r of the str¡ctíes tbat }rave been

condueted r¡ere of short duratlon and ühe resr¡llts were fÞequently

confor¡nd.ed by t'he fact that several- sorrees of proteinl fneLrding

RSMr were used. rn addition, eomaereiaL RsM purchased fron ar6r

one of the four major napeseed processing plants jn ÏfEstern Csneds

wlll vary fron year to year and from prant to pLant de¡nrding rrpon

strneies and veriety of rapeseed and processång method used.i tsven

nore oonf,ustng to the LÍvestoek pnoducêr are the contredietorl¡

resullfs reported by the sene ressarch workens (Menns and BorvLad

r96þt BorLand t965i schrrrd and Bowlar,¡l 196g; Bo¡Eranl and sehuld

1968).

Dlfferenees exLst between speeies of aninaLs in thein

reslronse to the incllusioa of RSM in the diet. Little or no

deleteríous effeet has bEen observed rrith rr¡ninants (ülhiting Lgíili, i:::,:.:,,,.1

while sLight effeets hane been repor.ted rnith grow.ing srrÍne and it,,.tti
-:: .: . :::::

pot¡lt¡y (Bo¡vlad t965¡ tlerxtinin Lg65). B5r eontrast, fmpainnent ;.':,-.,' ',,,

of, reproductiræ abillty has been reported rith breeding sows,¡..

especially grlts fed dÍets containing g.sM dwing rearing¡ gestatioa

and Laetaü1on. Schr¡ld and Bowlend (1968) eonclluded ttr¿t a LevreJ.

of 8fi soLvent-extracted &sM in diets did not influeaæ the perfonm-

anee of nat,re so¡rs or thelr litters during the fi-rst sr secor,ul

reproductive c¡rcles. However, these sane Levers (gÉ) shotü.d. not
be fed to gíIts to be used for reproductive p'rposes as it resr¡ilted 1,.,r.,,",

l::,:i:ii"¡:¡¡

i

lr:.-::
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ín a deereased ntmber of pigs l¡eaned per litter with a eoruespondÍ:rg

deerease in l-itter weaning weÍght in the first reproduetíve cyele,

These results rrere not swprising as Menns and Bowland (tg6Î,a) ira¿

suggested that so}¡ent-extracted RSM should not be used at level_s

above Tfr of the total diet for breeding femal-es dr:ring pregestation,

gestation and laetation. on the other hand, Bowland and schrrLd

(tgøs) found tjnat S RSM in a.sowrs dlet had no effect on the fr¡ture i

¡rerformanee of their l_itters after weani.ng,

An animalts age and sex ar-so affects its response to dietary
nsM. A revie¡v of these factors ín relation to overall weight gain

perforznanee w'iLl- be discussed in Section C.Z.a.

Experiments w"ith por¡ltry stress the need for adjustíng the

energJr ler¡els of RSM diets in or.der to cornpensate for its Lo¡¡

metaboLizabLe energy content as eompered to soybean meal (clandi¡in

1969). rþdhi e! al. (r969ei tg6g]o) for¡nd that the a\¡êrage metabo_

lízable energ'y r¡alues lrere epproxímately one-half the vaLr¡es

reported for soybean (gtllandRenner 1960). This sarne group

(t o¿tri 4 4. L969b) also shoued that the leveL of arrailabl_e

earboÌgnlrate in RSM is lower than ín soybean meal-, whieh may heLp

to expllain the ]-ow metabol-izable energy va}¡e of RSM, B¡r eontrast;.

the energy of RSM appears to be mueh more available to s¡rine than

pouiltry, Aecording to one recent study with pigs (g"u- 1969a),, RsM tX

contai¡s t4 ].ess netabolízable energy than so¡ùean meaL (3rroo

versus 31600 keal per kg).

sunprisingly, in marqr of the experiments eondueted, nsM

n¡as sr¡bstituted on an isonitrogenous basis only for soybean neaL
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(geu. t95?b¡ fiussar and BowLend t9i9a¡ Bo¡¡Land gþ g&. 1963¡ schuld

ar¡d BowLand 1968). Studies (Sibbald et aL. 19Í¡6) h¿ve denonst¡rated

that dlgestible enêrry eonsrnptíon Lnflr¡ence N retention in the

weanLing rat. In the ehick, enenry eontent of the dl-et is a najor

factor controlling feed intake (Iliït and Dansþ tgSU). Ohê

exceptlon to this general oversíght in diet formulation was the

stndy by Dnoulíscos ard Bo¡rLarsl (tg6g) who fo¡ruLated isocaLorie

and isonitrogenous RSM diets for feeding rveanltng and natr¡re rats;'
ftrey aonc.luded that tlre higher ivrdices (u aígestÍbilLty, l.Ipu¡.BV'

PER arrt gro¡rth) with natr¡re rats es eompared to those for weanliag

rats cor¡ld be expl,ained on the basÍs of the nature and avaiLabfJ.iþ

of the carboÌgrdrate fbaetÍon of the diets. Mueh of the variabiSity
in grorrbh ¡rÍth animals fed R.sM nay be due in part to a faíLu.e to

maintain dlets, within arry ona experf-uent, isocarls¡rie as ¡rel] as

isonitrogehous.

ït had been literally inpossibl.e Ln the past to assess the

nutritive r¡ah¡e of a thloglucosf-de-free nSMi but today it has become

a real-ity ¡¡ith the discover5r of hassÍca nepus var. IÞons¡rskÍ,f a

genetieally Low-thloglucoside rapeseed which oríginated in f;olann,f

ì.:i ,:11.:
: ..' -,i..

Evah:ation of this rapeseed is eurrentry belng carrled out" BelL
i(I969b) suggests that sueh thiogl-ueoside-frree or thioglucsside-Lor¡

meaLs r¡oulld be nore pa3-atable, fbee of grorrth depressing facüors 
',1,,:i,_ii;
l::...:j :. .J :;

anù likely trigher in netaboLizabLe enorgy va.Lues" Tlre perfortnanee 
,

of turkeys fed rrBnono¡rski rapesee¿rr (10 and z$ of the díet) was

essentially the sane as so¡ùean-fed eontroL bírrùs, suggesting that 
I

thiogLueoslde-free varieties hape the potentiar- to sr¡bst¿ntiail.y 
i::ir.::..ii=
:,'r .1 :

I
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ím¡rove the nutritive r¡al-ue of F,SM (SaLmon L9n).

Although BeLJ. (1969b) or:ly generalizes oR their find.ings

lrith nsM essentíal.ly fbee of thioglucosides (Bronowski ra¡æseed),

he reported that grorüh response was equal to so¡ibeaa meaL wäÍJ.e

digesüibrlity of protein anl energy were sLigbtly better ühan for
so¡fuean ¡neaL. or¡e ¡uould expeet a favorable grorcbh response since

the R'sM is essentially thLoglucosÍde-fbee, but the improved proteÍ.n

dfgestibility, equal to tlre g}.ry reported. for so¡Èeen neaL

(Dnor¡l-tscos and Bor¡larxL 196Ð, is more difficuLt to expJ.aín. rn

fact, resuirts in our Laborator.¡r (oLiver gg g, Lg?o) have shovn

that the grorrth response of rats fed Low-thíogJ-ucoside R^sM was

essentialLy the same as casein-fed controL rats, buü proteln

digestibÍJ-ity fon ühe Low-thioglueosÍ.de FrSM group was sinnllar. to

those fed a high-thiogLucoside contenü ASlf (91 vrersus ?fr).
Brassica napus, var, Bronowski b¿s severaL ur,rdesínabl,e

featr¡res sueh as: low y5.e1-d, ].ong growing season arrl low olL

content (stefannson 19?0). Resr¡.Lts to date suggest thaü eonpllete

removal of all the thioglucosides from rapeseed species is possibLe.

Attempts to deveLop e repeseed witlr the follo¡rÍng cbaracteristies:

thioglucoside-froe, eruric ecid-free, lsl¡ fibre, high protej¡ and

high oil contænt eontinue to ehallenge the pLant geneticist.

Equa'L1y as ehalLengÍng to plant breeders is ühe develo¡ment of a
rapeseed varl.ety ¡rossessing, in additíon to these desirabLe

nutrÍtive qnalities, a high eereage ¡rie1d and bigh oiJ. yleJ.d

eoupLed with earl,y metrnrÍ.ty.

i,t'. ,-.-t"
l.-::,.r'':::r
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C. EVALUAÎION OF RAPESF]ED PNOTEIN QUATTTT

C,1. Protgin MetaboLisg in the Rat and Pig

the laborator¡r rat has been used extensively as an experi-

mental animal to study the effect of rapeseed meaL eonsumption on

growbhr rnetabolism and pþsiology, not onl-y because of its economic

adrrantage over productive speeies, but also,n, beeause its response

appea?s to be sfuni-Lar to that of the pig. with the inereasíng

Smportanee of rapeseed production ín Tüestern canada (canada Tear

Book 1'969), newer varieties of rapeseed (Dow::ey L966; Dolrney et aL.

t969) and better methods of processing (Toungs r96il, extensive

research has oeeumed with this oilseed.

since the amino aeid eomposition of rapeseed is cornparable

i,¡'ith that of so¡Èean, the animalrs quantitatÍr¡e requirernent for
protein and quaJ-itative requirements for amino acids are adequately

net (tfetter L965; Goering g! gI. 1960). rn a re.r,rl_er,qr RobbLee (BoruLand

et 4. 1965) noted thaü the protein level of RSM ranges from 32 to

W. sÍmi1ar1y, Josefsson (t9?o) reported that rapeseed eontained

¿10 to LvJfi pr.o1.,ein in the dr'¡r matter r,rith a r,¡eLL balaneed amino acj.d

eomposition. clandinin and Bayly $gAÐ found that the protein and

amino acid eomposition of rapeseed is affeeted by variety and groiring

condítions. lhey found the lysine content of the proteín of the

Polish variety, Brassica campestris, r¡ras significantþ higher than

that of the Argentine variety, BrassÍ-ea napus. Reeent studies lrith
plants groÌ¡rr on s-deficient soíl showed thet, besi-des species and

varietal differences, the amounts of protein deposited in the

rapeseed and the struetr¡res of complex proteins were affeeted by



t3

the amounts of nutrients in the soil (Finlayson et al. tg6g).

Josefsson and Applequist 1968; Josefsson 19?0 aLso reported that,

thioglucoside eontent and amino aeid eomposition of rapeseed

(Brassiea napus) is affeeted by the presenee of fertilizer containing .,;,.;,1,,,,,

sulfur and nitrogen. They found that a lack of sulfur in the

growthmedi.r¡mofsoi1-freeeu1tureresu1tedinseed1owinthío-

glucosides, protein eontent and methionine eontent. .:....,¡
.,,'..,.,,, .::..:

Relatively low protein digestibility eoeffieients have been ,, 
'

. t.

reported for both rr¡ni.nants and non-rr¡minants (eeff ß55¡ BelI and ¡.,,.;..11i

Linton tg6l). These authors attribute most of the lowered digesti-
bílity to the nitrogen-free extract fraetion and some to the crud_e

fíbre. An avenage of 13.2 to Ll+.ffi eruàe fibre has been reported.

to be present in rapeseéd neal (Ballester g! gf. t9?oa), which ís
higher than that for most other vegetable meals. True proteÍn

digestibílity for solvent and prepressed-solvent proeessed ratræseed

meals has been reported to be signifícantly lower (p=0.01) than that
of casein or so¡rlcean, 18.) and ??.9 versus 96 enð. 90.M nespectively
(onouliseos and BowLand Lg6g). Ballester et a1. (tgzo^) concLud.ed

that 1or,r protein digestibili-ty values eould be explained on the

basis of the presenee of toxic factors and the hígh l_evel of erude

fibre, although they eoncluded that rapeseed meal has an adeqæ,te

ler¡eL of available lysi-ne. youngs (tgøil attrÍbutes the higher

available 1ysíne cgntent of solvent-extracted RsI,f to the redueed

heat danage that oeeurs by this method of processing. However,

Jaekson (L969) reported that the availability of Lysine from RSM

Qtf"l is lor,rer than that of soybean meal (gú).

i:.;:..::r'ir. r.,,:l
i-1: -1' :')
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Hussar and Bo¡rlarÅ (Lglgb) reported that the add:ition of
erpeller-ext'raated Argentine-type RSH, as tú of the totaL dieü for
7; 28 atù 62 kg ptgs and lt- and 6-week-o1d rats depressed apparent

digestlbiJ.ities of protein, ener:gy and dr¡r matter although ühe

¡results were signlficant ¡¡'itJr rats orrLy. NÍtrogen retention ¡uas

r¡naLtered. Ra¡nseed ¡rhen incorporated at t}re $ ler¡eL in the dieü

h,ad no effect on these digestibiJ_fty Èoeffíeients.

Manns and Bo¡vlard (rg6t) suggested that protein digestí-
bitùty and energy anl drXr natter utiLization vaLues !Íere sÍmL1ar

for s olvent-extra eted PoLish B,sÞÍ and expelLer-extreeted Aryenti^ne

BFt- nitb both rats and pígs. rn tÌ¡is strrdy¡ solvent-extraated F,str

nepresented up to tsfi of the totaL diet when stibstltÈted on an

equivalent protein basLs fon so¡ùeen neal-. Apparent proteinii{

enetEy and dry netter dfuestibiJ-fty eoefficients wBrE red.uced ¡rhen

&sM repllaeed 50 or t}oú of dietarSr so¡ðean neeL for grorlng rats.'
sruil¿¡1" nitrogen retention either,:,on the basls of dígested lü or
gross N ¡las slgnificantþ 3-ower for rats wben Rslf repLaeed J0 or

toú of dietary so¡Èean meol. Howewr during gestation N digesti-
biLíty was Lo¡rer when RSM repllaced as titü.e as zjfi of the dfetnrry

sogrbean neal. Less consi.stent resuLts however nere sbtai$sd T!Éth

pigs. end. boars !r€!re more effieient tban gíJ-ts ín ùigesting enersr

ard dr¡nrnatter.

Bo¡rl-and ard Star¡ùisU (f966) reported. thet protein digesti_

biJ.íty of ra¡nseed. neaL ¡uas r¡naffected þ Length of time rats were

fed the diet. Protein digestibirity after 2 ¡¡eeks on tlre diets

j a;ri:.4j: Ì+.:: + +.
f : -:.: . .

i'
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Íras 83.Lø whereas afüer 10-11 weeks it was 83.fr. No signíficant

sex differenees r¡ere obse¡¡¡ed in .¡Ígestibility or N retention;.

C.?. Growbh Perf,om¿nee of Rats and Piss

C.2.&. Ïteight Changes

fhe goitrogenie properties of rapeseed arrl in turlr the

nutrltíve vaLr¡e of ttris produet are ínflLuenced by nunÉ,rous factors,
' 

.. : . . .. ..: : 
t.incJ-uilirg seed varietyr envi:rormrentaL grortrg corxritionsj pro- 

1,r,,¡:i¡,,:ì,i,,

aessing nethods and l-eveL in the diet. In addition, physf.ological, j:',,:,.:
i r' - I r'-j-: -

faetors such as ege, sex arld species of the anj^u¿I heve an

appreeiablle effect on the grolrth responsê obtained. the resuLts

of nunerous experÍrnents have been exceL3.ent1y reviewed. and

sr¡mn¿rized. in sevreraL prrbi-ications (eeil- Lg55; Bo¡rland gg g¿., Lg6j¡

BeLL g! gI. 1969a).

Goening g! ÊI. (fgeO) com¡rared expeller- and solvent-

exüracted RSM fol-lowing enzJimatie treatrnent designed to renove the

torcie factors arul for¡nd th¿t the solvent-e¡ctracted F^gM pronoted

none rapíd gaÍ:c and higher efficS.eney of food utiLÍzation Ln rets.l

clardtnl¡r and co-rvsrkers (L959i Lg6t) conallr¡åed that the improved

ten¡rratnre control in the oill, e¡rtractlon process ¡resr¡Lted in
proteins of higher bioLogíeal, vaLue. Increased Lysiræ eontent anil

altered q¡æo'sÍnase activity ¡rere reported to be responslblle for the

superior ¡rcrformance when soLr¡ent-extracted rapeseed meaL nas fed

to pouLtry. Toungs (tgøÐ attrlbrrùed the lo¡rer protein quaLity of

expe3ler proeessed RSM to a deerease ín 3.ysine eontent.

Aryentine RSM has been fourrl to be more detrinental to growth
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than the Pollsh RSM (Renner É9. L955; clendinin et al. tgsÐ.
Howeverr in tlro separate rat experiments rêsearehers conclnded that
sol-vent-extracted Pollsh RSM depressed rate of gain and efficiency of
food utilization in rats as rnueh as expelJ-er-extracted Argentine RSM

(Hussar and Bot¡l-ana L959a; Manns and Bo¡¡lanð, Lg63a). lfanns and. Bo¡rland

(L963e) for¡nd that rats fed solvent-extraeted po1Ísh RSM at !j.@ of
the diet galned Zfi more sJ.owly and Lgfi Less efficientþ than those

neceiv5-ng Ø nSU, wheneas no d.emonstrable effects vrere obsen¡ed w.ith

nats fed S expeller-êxtreeted RSIrt (Hussar and BorrLana L9|,9a), It
shor¡.Ld be observed thet the Levels of the two rapeseed speeies used,

PoLish and Àrgentíne ¡vere not, identieaL in these tmo studíes and the

authons reported en average oxazolÍdinethione and isothioc¡ranate eon-

tent of 5.65 w and 11.20 mgr per gran of sample, restræetivaly, for the

soLvent-extraeted Polish R.sM, which is considerabl-y hígher than the z

mg oxzaolídinethíone per gram of sample r^eported for the poLÍsh

speeies (BelJ. et g!. L96?).

Food intake has not been io,rn¿ to be signifieantly influenced

by the additÍon of high rever-s of RSM (up to r5.6fi ofthe diet),
aLthough there !ùes a trend to¡¡arrl deereasi-ng food Íntake es l-eveLs

of RSM in the dÍet inereased (Hussar and Bor¡Land L959az Maruas and

Bowland t%þ; Bo¡,¡Land and Standish 1966).

Rets fed t5fi soltent-extracted RsM for 20 ¡seeks had a

redueed rate of gain for only 8 to t0 r,seeks (Bowland and standísh

Lg66). ïhese resuLts eoincide with an earlier report where

dÍfferences ln rate of gaÍn and efficiency of food utilization of
rats fed F,sM at J-8 weeks of age was less marked. than at 3-5 weeks

of age, suggesting that a tor.eranee to RSM appears to deveLop i¡ the

|'r'.
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oLder animaL (llanns and BowLeú L963a). SimiLarlly, older plgs

(above 110 pounds l-lver¡eight) seen to be norE toLerant to high

level-s of rapeseed as body qeight gains and feed ef,fioiency were

equal- to soþean-fed anin¿Ls whereas addition of solvent-ertnacted

RSM as 15.,6í of the diet to gror{p-fsd or lrdivld.r¡ally-fed pigs

weighing 20 +'o J0 porrruts caused a severê depression in rate of
gatn and effieiency of feed uti.lization. These resr¡.lts ¡rÍth rats

and pLgs are 1n agreement ¡rÍth those obtaíned nith poultrXf.

Lodhi gþ g¿. (tg69a) showed that the ability of the chicken to

utilize RsM inrproved ¡rÍth age. By eontrast Hussar and BowLand

(tgilga) observed a signlfiaant reduction in weight gaÍn for 9r,zB

atú. 62 kg pj.gs ted rofi RSM as compared to pigs receívj.ng 0 or zS

df.etary rapeseed. Boït (1965) reported that the i.nellusion of 5

or 10É Pol-ish R.Slf 1n the grower ratlons of pigs (Zj or t+5 ke)

sfunlficantS.y depressed rate of gain and daily feed lntake ¡riùtrout

affecting efflciency of fEed utilization,

Ttre varl.able respons€ to R^S!l may be pertly the result of tÅe

avaiLabiJ.íty of goitrogens to the aninal. Additlon of n¡rroslrrase

to s¡rine gronê¡r ratÍons eontalning RSM depressed weight gain Ln

pigs to or¡e-third that:of aninaLs fed RSH-eontaining díets aLone

(nett tg65). Resul-ts such es these eonfirn previous in vit¡ro

ff.ndings ard studíes rsith miee, in ¡rhieh rn¡rrosinase had been

implricated in the toxicity of F.9úf (BeLziLe et al. t963¡ BelzíLe, amd

BeLl 1966).

Erridenee of sex differences has, been observed for a nr¡nber

[:] ì
Í, :-

I
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of speeies and w'iLl be revie¡¡ed on]-y bi'iefly (Bowland É ar. L965;

Be1l gþ aL. L969a). Femal-e rats appean to be more severely

affected than maLe rats r.¡hereas ¡rith,miee, mal-es are .more susceptible 
i,r,,,,.,,...

than femaS-es (Be3-3- L955i Manns and Bo¡ulanð, Lg63a). The latter 
:::::.':;.::

authors a]-so reported that the rel_ative growbh rate of boars from

t6 tro 210 por:nds lir¡eweight, was superior to the weíght, gain ,: :,..:

performanee of giJ-ts of an identical age, ;::',.,;,
,''various dietary supprements har¡e been i¡reorporated. into 
i:,,.,:n.'

rapeseed diets j-n nunerous strrdies eonducted to deterrn:ine if the

g9ftrogenicpropentiesofrapeseedcou1dbecounteraeted(Be11and
i

T{ílLíams 1953¡ B.LL and Baker t95T Be]]L t9i?a; Bett Lgi?b). 
1

Manns and Bor¡lana (t963a) ror¡¡¿ that additj.on of 0.4 L_rysj¡e to
a diet eontafning t5.&Å RSM had no influence,,on gain, efficiency of ::

food utiJ-izatíon or reprodr¡ctive performanee of rats or pigs. 
,

The Ínc.Lusion of DI,-lysine at, o.J$ of the diet produeed no beneficiaL 
,

effeet fsr mice (neLL ry5?b) suggesting that lysine was not a
l"imiti¡rg anino acid in dÍets contalning RSM. rt likewise has been ,:,..,: ,.,

iì::1' ::: 
':: ':shonrn that supplementation ¡'rith potassiun iodide, iod.inated 

¡;.,r.:,
L 

::::::-::::

and ttgrroxi-ne failed to cor¡nteract the grouüh depnessant effects
which oecr¡ned when mice were fed diets containing t? +,o iú

...-.i .,i.
Argentine or PolÍsh ASM (BelL and hrill-ians I95ji BeLl and Baker [i;;;;ú
tg5?; fu1J Lg5?a¡ BeLL tg5?b). Thus, no practieal nethods of
direetly counteraeti:ng the aetion of the grorbh depressant ha'e

been found.
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C.z.b. Organ lfeight Changes

studies on organ weight changes oecurríng in monogastric

animal-s consuming RSl4 are limited. They th¡n¡oid gland has been the

organ most intensively studied, perhaps, because of the tre]-l kno¡¡n 
;.,.'1..

thyrotoxic effeet obserr¡ed in mice¡ Fâts, sr¡ine and porrltry 
:

(Bowland. e-t aJ. L965; BeLL et at. tg6ga).

Normal- adrenal and gonad weights har¡e been reponted (Fønns

et al-. L963e) for rats and pigs fed diets contaíning ?.g to t5.Ø
RSM for 9 t'o t2 r¡eeks despite poorer reproductive performenee

reported for femal-e rats; and gilts fed similar diets dr:ring gesta_

tion (Bowland and standish L966; schuld and Bor,.rland 196g).

sígnificant inereases in the relative weights of spreen, kíd.neys

and liver of rats fed a 55f, Rsr'r] diet were observed by Ballester

s! 4. Q96?),

lhe liver is knor.vn to undergo variable degrees of eompen_

satory trypertrophy to overconre nutritional stress (Barber et al.
L96r). Although a signifieant degree of lir¡er h¡¡pertropþ was

obserr¡ed only Ís sor¡s fed RsM (L4" of diet); a non-significant

trend towards inerease liver size and likewise obsen¡ed in thís
same study with market pigs was rats (BowLand et 4. tg6Ð. signs

of liver necr:osis and regeneration obserr¡ed ín the study by

Ballester et a1. (196?) further suggest that severe hepatie ehange

may oeeltr i,rhen high 1er¡e1s of RSM are ingested. Fjvidence of
defj.:nite hepatie toxieity has reeently be published by Jackson

(1969). They observed fatty livers ín 1-aying hens fed. a

diet eontaining up to 2€/6 RsM ror z5z days. The main eause of i

i::l ¿:::':: ,-1:'.¡
'-:t -iir:.;-;t .

r":'.:ì:-tt:.

i.....

ì

l



20

death ¡ras h,aemorrbage in the Liver. tr\¡rthEr inuestigation b¡r

fhese workers revealed that nrary of ùhese RSI{-fed bfu"ds Ìrhen

sacrÍ*leed sho¡çed evÍdencE of Liver haenorrhEge whi.ch l,l¿d not

prorrcd. fetaL,l they suggesü that, rrthe fatty Llvers did render

the blrds mor6 susceptiblle to the toxic effeet of the ra¡æseed.

meaL, the ¡nain cause of death belng heemorrh¿ge of the Liver.rt

C,.:,Z.c: Mode of Action on Ttgrrold lfpertr:opþ

Goitrogenesis as å consequÉ¡nce of tþ¡roid n¿lfunctlon is tåe

prinary disor'dler fbequEntry observed wÍth rapeseed torÍcity in
non-trüriaents (BeLL a¡dBElzile L96j). It is r¿eLL established that
napeseed conüaíns a glucoside, whieh on €nzjnnatic bydroþsis by

n¡rrosínase, y5.eLds a goitrogen, ( - ) -5-vir\yL-2-oxazolidi¡ettrtore
(Ast¡rood 4 rl.' r9lÐa¡ Astuood et aL. L9icg]r¡ Etü.ínger rgSo).,

Isothio c¡ranetes ( ¡-Uyterqff a¡tl A-penterryl ) and oceaE iãnally,nitriles
are aLso reLeased on enzJmetie lgnlrolysís. Greer S g¿. $geþ)
state tlrat certain isothioqranates r¡hieh wirl eyeLize to forr
oxazolldinethione derlvativss, hale been fouad to f,om conporaods

possessing sSgnificant antithyliod aetlvity. pitt-Rlvers (1950)

had posttùated that J-buterryL isothiocyan¿te couLd c,yellize ard was

therefo¡er a ¡msslbLe bíoLogica3. precwson of oxazorldl.nethione,

lwo cbaracteristics are evÍdent f,ori;S¡¿ssicae, (l) tlÞ
predonÍ.nanee of allyJ- lsothioe¡ranate and (e) th. ap¡narance of a

mixture of 2 on 3 diffe¡ent i.sothioeyanates. In generaL tlre Latter
is tJre r'ü.le rather ttran the exception (Jensen g! g. tgÍj3.).

Nrme¡ous lsothioo¡ranates in BSM bave been identified by Kþer and.

Go-norkers (s953et rg59b, r9i3e) r¡sir¡g paper cblomatographle .¡,, i,..
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teehniques. ReeentJy, roungs arxr rfettet (Lg6?) h¿ve identífied the

Last of the major isothiocyanetes as 4-netb¡rlühio-buüyl arxl J-
methyLthio-¡nntyl isothioc¡ranates by GLC.

lf¡posinasa, the enzyurg responslble for the b¡nlrol¡rsls of, thp t,',,ii'

nustard oÍ1 thíog3.ucosides, is a Z-eonponent enz¡Ere (caines ant

poering t962). Both components, the sulfat¿se factor ard the

ttrioglueosldase faetor n,rt be present for total_ hydroþsis to

ooo*.' I¡r additionr,:;f¡ie*lucoside bydroþsis f.s favored above 10É

moisture and rapidly increases with inereasing tenperature rutjJ-

inaetívation oecufs (80-9009). üenee, regarrùless of proeessing

methodr rqrrosinase nust be inactlvated es quickly as possíble by a

rapid ríse in tenperatura Ln order to nlni¡nize ühioglueosíde

hydrolysís (BolL t965). Eowener. even thor.lgh the eteyure is l¡actL-
vated duríng proeessing of R.s!Î there is always danger drei¡ntro-
ducing 4mosinase in other feedstr¡ffs (Downey et aL. ry6g). ÞceellenÈ

lr

revie¡vs on the erø¡rmatie raeehsnísm arrjt chenicaL reections ir¡rolved 
i

ia tlrioglueosíde hydrclysis h¿ve been publlished by BeJt (rg5il aø i-:,,:,,:r,
l:::,i::r.: 

.1 
_

G¡¡eer g! gI. Qg6tt) itl ' ' '
1". '.,' ,

Glandinin (196Ð has irdlcated tbat ra¡rseed. pnoducred flom 1,'.,.,, '''

t965 to 196? vas Io¡rer in goitrogenle factors than eerlier produced

erops. T?ris nay be due ln part to the greater use of the pol_ish

ra¡æseed speeies, Bnassíca eanpestnisr' whieb oonteins lower LevreLs ¡,.¡-,':ì
i'l"tç'l+""':'l

of tJriogluaosides tban does the Argentine rape, Brassica napus.,
:

Argentíne rape has an oxazoLldlrpthione eontent of 0,5 +,o r.ofi
on en oiJ--fbee basis conpared to o.zfi for¡¡rd in the poLish narlety

::t.:tr

:'::.:,'.,:,.
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(geil- S 4. t96?; cLand.inin et a1. tg5Ð. complete remor¡aL of
these toxic components may be possible through plant breedÍng or a
combination of proeessÍ:rg and plant breeding programs (Ballester

g! 91. L9?0b; Downey eg g1. L969). Sueeess to date has been

partially attained by the diseovery of Bronor¡ski rapeseed.

Furthermore, varieties even Lower in thioglucoside content har¡e

been aehieved through plant, breeding researeh eunentþ be5_ng

carried out at the university of l{anitoua (stefransson tg?o)"

The literatr:re ís weLL doer:mented r,rith reports (Bell_ and

BeLzi-Le t965) of th¡¡roid hypertrophy and h¡perplasia occurr.Íng Ì.:r

non-runinants as a consêquenee of ingestíng moderate to high ler¡els

of RSM (lM or more). Clandj:rin and Bayly (tg6o) havB deseribed.

the hístology of the th¡rroid glands of growing chickens and layíng
hens fed RSM. They obser¡red that the inerease in th¡rroíd. size

r,ras due to not, only an inerease in the nr¡rnber of fo]-lieles, but

also to an increase in the slze of the epithelial eel-ls in the glands.

clandínin and Robblee (L966) cite a report by New zea].and rvorkers

whieh shor,red thåt thyroid changes in the rat are at a marcimun

after 3 ¡reeks on díets eontainr.ng RSM. Apparently the feeding of
RSM of rats interferes r,rith the abÍIity of the tþroíd to s¡mthesize

th¡æocine. rn turn, the resultant fall in the Ler¡el of circr:Latirrg

tlqrroxine induces the pituitazy to seerete exeessive amounts of
nh¡æotropin whieh acts on the th¡nroíd causÍng hypertroplgr and

?qrperplasia.

i :.r::
t. : ".._
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the effeets of the goLtrogen, (-)-¡-ofnyf -2-oxezoLidÍ:aet¡ionef

on tlp tlryæold aetivity of ehicks have been strdied (ctarrri¡u gÞ gl.,

rg66; Matsrmoto S gl. L968). rtrey suggest tlret earþ effeets of

feeding this goltrogen to ehicks ineLude the suppressíon of

iodfuæ uptake by the t?r¡rrold gLands and neduced secretlon of

fbrrori,ne fbon ühe glards. Afüer feedlng a RSM dfet for 3-4 ¡ueeks

eompansatory ehanges oeeü¡ ån the thyroid gLanls ¡¡hich pe¡r¡tlt a

retr¡rn to normal nates of tlryrocine seeretion. fience, poreltrynen

nEed haue no fear of adverse effeets fÞon goitrogen since compen-

saüor5r adJustnents aro made Ln the tlryrold g3.ands to cormtoract

the absor.l¡ed goltrogen.

MTJEÏ,OFMENI OF NA¡BSÞED ETOTIR

The recent deveLo¡rrent of F,sF et the Food Resea¡rch rnsüiüute-,;

ottawa has attraeted considerable attentlon but in eont¡rast to the

lrell doer¡aented literature avaiLablle on tÌæ developrent and im¡lrove-

nent of RsMr Little literatæe is arrailablle at this tj¡ne on R.sF.

Preltntnar¡r sürdies h¿ve shown thåt lË f.s ¡rosslble to produce a

þilardfì Lfght-coLored, thLog3.ucoside-fbee ; 6Aß protein flor.¡:r fbon

rapeseed (RsF) (napen.g! 3l. L96Ð, although extensíw researeh ar¡ù

devrrlopent a¡e stjjll needed to inprove its palatabiS.ity; fllavoruf

eoLor ard baking quaLitios.

Durtng eomæreial proeessirg crushed ra¡rseed. is cooked for
30 rninutes ¡rithout nater at 80-90oc to ínaetivate nqæosi_nase

(gor¡ngs I%5r. lbe thiogLueosides are stiLL intact in t*re neal arrt

can be subsequentJ.y f.iberated by the enz¡nne prodrrcËd in the

D.

I

l

It ii . ì".iìr,

l

l

i - i..'
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gastro-intestinal tract by certain bacteria, es¡æcially E. coli
and A. Aerogenes (Greer 4 "1. L964¡ Eapen et g. Lg6B). Hence,

toxieity rnight arise if thioglucoside containing rapeseed

products are to be used for food purposes.

Preljminar'¡r investigations hane indÍcated that m¡æosi¡ase

inactivation and oil- color were markedly affeeted by either r"¡et-

or dr¡r-heat processíng treat¡nents. Obserr¡atíons have shor^red ühe

Srnportance of a short¡ contr:olJ-ed heat-treatment for the trrro-

duetion of a 1-lght-col-ored oiJ- and ënzynrß ín¿etivated meaL; both

qua3-ities are eqr:ally important for rapeseed processors, Further_

more, it was obsenred that net-heat treat¡nent resr¡Lted in the

formation of a higher qualíty oil- and mea1. /i¡eother advantËrge of

this proeessÍng method was that fibrous hr¡ilLs uere easil¡r remowd

(Eapen g! al. L96g).

since thloglueosides are eompl-etely water solub]-e, these

toxie pari:nciples ean be eompleteS.y elininated by aqueous extraction,

Hot'rever, thioglucoside removaL by this methoa (2 rnin in 100oC r¡ater)

must precede gr.inding to prevent inereased Loss of protein and fine
solids in the extraet. Eapen et aL, (L96Ð reported t*rat nearþ

U# of the raw matenial (noÍstr:¡re- and oil-¡¡.ss basis) jcen be

separated as a 1-ight-eo1ored, bland t'por¡derrr r¡"ith an exceptiorna$r

high pnotein eontent. The by-product, a thiogl-ucosid.e-free seed

coat fþaction is grey Ín eol-or and eontains approxinareþ 3yÃ

protein. Henee, it coul-d be used for animal pr:rposes althor:gh the

high fibre content of this product reduees its nutrÍtive qual.ity.

i :;:

i.:l'.i

i i:., :-"' - ''
L . -:-.,:-.
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Fi-g. 1. A sÍrnplified diagrarn outlining preparation of F,SF and F"SM.
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A stnpLified diagran outllnirrg the production of RSF for
htm¿n ntrtrition is presented ín Figure 1. Tepe e! aL. (19?o) bave

reported t*¡¿t the proteÍn in RsF was eq,aL to, or better than 
,,:,.,,.,:j.,.,,

easein in promoting grorth fn rats. F\¡r.bher research is neeessar¡r '1:1-:.':1:::r:

horveve¡r to deter'¡aine whether RSF produetion, utilS.zation arxl consrmp-

tion by nan ls feesÍblle.

:,.i:::!::t:li::'.

F. }IffaocEt{ BATANCE rN HIMANS i'"::i:;:;::

:

. 8.1. Assessuent of Proþl.n Requireænü !,:f1"..'¡.;

Most protein reqrúrenent studÍes for adr¡lt man trave been 
ì

Ieoneerned ¡rith the neasterþnt of nltrogen (ltÏ) retention. AvaiLa,blle i

evidence at present favors tlhe view that protein reqrdrement for 
,

aduLts shot¡ld be based upon the nininrm pnoteÍn intake ¡¡trich ¡nill
naÍntaÍn N equl.librirtn. rpnerton et al. (tgSq b¿ve defirpd N

I

IequiJ.ibrium as trthe zovts in rhlch the excretion of N is ¡s.it¡fn 
I

g5-î05fi of tl¡e lntake, rather th¿n tl¡e point at ¡rhich exenetion i

ard intake are nt&eriealLy equaLrr. 
i:,ir ,,.,,:;

An adullt subþet ean be nafnt¿ined in a stete of N equiJ.ibrir¡n i',,tit¡,:rli;
:.

ovìo¡r e w'ide range of l{ intakes and t}æ probl.emi therefore; is to ;¡,, 
'.r,ì,,,,':::.:l : :a:1.:'-::: .'::.':

ftnd the nininrm dietaqy pr:oteÍn LeveL. This can be achieved in
two ways, by Long-te¡n N bal¿nce strrdies or by sepanate evaLuation

of the nagniùrde of eaeh of the conponents of N Loss fþon the body. r,,.....,,, , ,

l,:,ì,,'.i.l t:,,:¡.:l
The Latter procedure is described as the ,factorfaL methodr ir:::'1:ij:r:i!:'j::i:

(Hegsted 1968¡ l[iller and pa¡me tg6g).

Even though the nitrogen baLanee rnethod. ís eostly, tfme i

consrmingr effl difficuLt to ueasu¡e accræateLy, iü wi3l eontlntæ 
., , j :

¡.,:r:,:,i :¡1,: t¡:L:..,
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to be used until- a superior nethod ís developsd (Altison a¡xl Bi¡d

L96t+¡ Fisher g! g!. L96?¡ Mif-Ler arrt pa¡me Lg6g). Idea3.ly,

nitrogen baLence str¡dles shouLd be of relaüively J.orrg term

dwation and provide evidence of continr¡ed maintenance of health

for the f-rdivÍdual,. Howevrsr, it ås inpossibLe üo specify a

nainimrmr pþsÍologieal l-eveJ. of proteinthat ¡¡i]r girrc a person

protecùion against disease or ré.sLstence to rrarious stresses

(lfiLler ard pa¡me 1969).

The rrfactoríaL methodrr of estinating ninÍmrm protein nequire-

ments eonsiders separàte evaluation of the rnajor l"osses of N fþon

the bod¡r: urine, feces, skin ar¡l J.rmgs.

Tbe naJor Loss of N Ís thror¡gh tlre uriræ. ürlnary N

exeretlon deereases rapidLy ¡¡hen a person ís fed a protein-fbee

diet arxl approaches a eonstant excretion (rretrlogenous I{ exoretionn)

uitlltn 7 to t'l+ days. Erdogenous urÍrnr.¡r lt excretion has been

ceLculated at approxinately 2 ng N per basaL eaLorie pen day. rhe 
,

real probLen, however, is ttraü the Longer the N-free diet is !,j1,,,:.:ji i

itl : 
*"t.tt' 

.1',

consrmêdr the nore depLeted the subject becones arul as pointed ont i.:,.,:.:,.:
; ::'l:.':_ .1

by Hegsted (1968) there is no røy to distinguish bet¡reen a nomal i.::::::'i.::::

snbjeet in N EquiJ-ibrirm anl a slightly deplleted one.

FecaL Losses of nitrogen are eomposed of r¡nabso¡rbed resld.ues , '

,.,.t ..l....i,flom ingested food and thetaboLic fecal nitrogenn. rhe latte¡r is ¡.ri¡*
com¡nsed of gastrointestinaL secretíons, mueosa3. eeL].s ard

intestinaL fLora. FeeeL N rosses esnstitute the secorcl najor 1,oss ; ,

of N fþon tbe body and t¡arrc been earcr¡Lated to bE to-zofi of díetery i 
'
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int¿ke. flo¡¡erer the situation is conpJ.leated by the fact that
there ís no satisfaetorTr way to dístirrguish between fosd residr¡es

arul meteboLic fecal nitrogen with possible exceptioa of the use of,

isotopio m¿rkers (Hegsted t9æ), although even the use ef isotopes

is LÍmited by rapid re-cycling of label.

Adequate evidenee ís not arraiLabla at present to state the

actual, Losses of N ria the skin ard Lungs, arthough these rosses

are eonsLderEd to be ni.nitilaL (Munro rg6g¡ Hegsted 196g). lfllLer
arr:l Pa¡me (Lg6g) cite a report bv costa gg g¿. (rgøa) which

suggested tt¡¿t losses of nitrogen f¡on the 1"ungs nay pnovlde an

exp.Lanation for long-çe¡¿inued apparent posltlve N balances in men

ard animal,s unaceonpaniedirby ehanges Ín body weight. Oosta et ar..

$g6A) apparentþ besed this eoncllusion on the obserr¡atio¡l tftat
in ruice, N Losses fron the lungs was equivel.enü to 5_lgft of the

dietaly N Lnteke.

tslng the factoriaL neühod of estinating nÍ.nlrnr¡n protein
requirenents, Ilegsted (1968) suggested tbåt minínal adrrllt protein
requirenent is betr¡een 20 ant 30 g of high quelity pnoteln per day;:

this figræe 1s obtained by adding together the nlninal I{ excretions¡
asswÉng there Ís a Lsss of z rng N (equivaLent üo !z.j w protein)
per basal. caLorie per day in the r'lne, z$ additlonal in the feces
aú IAfi nore in l"osses fræ tbe skin and lungs:

MinLum proteln requireue¡¡ = (BasaL eaLories x !Z.j ng protein) +

(eØ x Iâ.j W protein x basal ealories) +

(t}fi x !Z.j W protein x basal cal.ories).

= L.3 (t2.5 ng p,roteín x basaL calories)

ljl .r"r
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Nomal protein requirenents shor¡ld not be set too low es

Lorrg-1'sla strrdles on Lo¡r N intakes have not been eorrlueted. Cursent

sfudies seen to indicate that ninintm proteÍ.n fntakes for u¡remic

patients (20-n g daily) are probably adequate, provlded the

eaLoríe intake can be neinteined end on1,¡r proteins of highest
quallty ere fed (Tsaltes 1969¡ Berl¡rre tg6g). whether. the 1or:g-

te¡m effeets of such a reginen ere benefieial or not rensins to bE

seên. Fr¡rtherrnorer, whether r¡renfc patlents handte protein in the

same fashion as hearthy peoplle is another question that nust be

anstrered.

8.2.

The pnÍneiple obþetir¡e of dietarya:ilo¡yances is to ensure,

fron a nutrÍti.onaL standpoint, the maintenance of heaLthrfor the
maJority of peopJ.e. Ho¡¡ever, considerable differences ds exist
anong natíoneL end internatlonaL dietary proteín reco¡mendations

as indl.eated belo¡r, although these differences ere gradrra$r

narroring as nore haowl.edge eccrnul¿tes and dietar¡r allowanees

are periodicaLþ rerrised (patwardhan L9fu).

Orlgin of
A1lo¡uances

$pieal Body
lJblght, Kg

Reeomreded Protei¡
ALlo¡¡ance. glday

Date

Caneda

United States

tlnlted filngdon

FAolllrHo

L96t+

î968

1969

1965

70

65

65

6S

550

65

68

68

* 
Canadars Standard revised in 196g.
allo¡vance deereased to 48 g,

Recormended proteÍn



3o

the recommended daily proüein allowane¿ for üre ad¿Lt CanadLan

rras based on tlre rrfeetorlailf approaeh, ntrích Ln turn, was based on

N baLance data (sabry Lgn). The forç*¡-la used to caLcuLate the
,t-: .., .,._...:t::

Canadian Stgndafrl ¡gas¡ ,ì:,,¡: 
,,,,,,:,,:

Prsteln allowenee = (u + F + s) x 1.3 x l.llJ
wlrere II' F arxl s reparesented nltrogen J.oss tn the urine, feces

and skin respeetivery. A faator of 1.3 alroued for indirid-
uaL variation ard a factor of 1.43 ad.j'sts for the quaLity

of protein in e typicaS. Canadlan diet i.e. NpU = ?0.

S.3.1.

Nu¡erous faetors affecting N retentÍon in hrm¿ns have been

Ínvestigated and inelt¡iled such itens es, anou't arrl sor¡ree of
toteL l{, prLon protefn intake, nength of tlme on diet anù freq'ency
of eatíng.

there is raek of agreenent anong researchers with respect
to the influenee of N intake on N retention. srerxiseid g! gl.
(tgøo) reported that ehanges in N retentlon of yonng nen and rûorn'n

were neglibLe when dietarSr N ¡¡as l-ncreased fronr 6.5 to 10 g by
additLon of mn-essential nltrogen in üre form of gþclme anrt

dLa,monir¡n eitrate to a diet eontalning whol_e egg. on the other
þndr the N baLence of r¡onen eonswri.ng eitbe¡l purified aniro
aeids or eom shiftEd fÞon éLightly positlve to distinetry negative
wlren N ¡¡as decreased fbom 10 to 6 g (r,**s¡riler et ar. tgfu).
CLark et g& (196Ð reponted thet a daiLy inteke of 9 g N resullted
ln slgrriff-cantJ.y hlgber N retentron then an lntake of 6 g N,

-::t':: t::-

t:
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but no fi:rther 5mprovement in N retention TÀras obtai-ned by inereasÍng

the N intake Lo LZ g per day.

Nitrogen balance has also been reported to be slightly
better when the source of N. was in the form of an íntact proteín

food rathe:r than crystalline amino aeids (ffut 
"t g¿. t96Z¡

Ler¡erton and steel L962; swenseid g! .4. L96t¡ swendseid S g.
19622 ol-dharn and Ðíekinson Lg65; Kolski g! 91. tg6g). More

recentlyr though, studies by Morse et a!. (tg6g) seem to indicate

that a erSrstal-Líne amino acÍd control diet (rno pattern) r,¡as betten

utilized than an amino acid supplemented wheat gluten diet formulated

to contai:e the same ler¡els of aníno acids as the control diet.

The i¡f}:ence of variabLe gr:antíties of amíno aeids on N

retention of adr¡Ltê, has been str:díed for a number of practicaL

?easons' supplementation of naíze with lysine and trxrptophan; for
example, ímproved N retentÍon in men, but neither anino acid gairc

any benefit when adminÍstered al-one (Trusvrell and Broek L96L), Trr

additionr studies on establisfunent of ami-no aeid requirements,;i

intemel-ationshíps among amino aeids and essentÍal- anrino aeid

balances has eontributed information on N retention. Fisher et aI. ,:

(L969) studied lysine and tr54ptophan requirements in young ltromen.

They found thåt, Ì.,rith a daily N intake of approximately 5 g, the

requirements for both essentíaL amino acj-ds were in the range of

50 mg per day. $i¡ree the requirement level-s are considerabþ

Lower than those reported in earl-ier studies (Jones g! g}. 1956; clark

g! 91, L963), Fisher 4 al. (tg6g) suggested that the difference

l-._.r..:::r :-..

I 1.1',4:ri:..i-r:
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may be erpraS.ned by the lorrer lerrcr of the other essentl¿l- a¡ntuo

acids in their strdy.

Another group of i¡rrcstigatons, Kolskí É 4. $g6g) stulied

the intbraetLon bet¡veen brenehed-ehaLn emlno aelds and found a

rride zone of toleranee exísted for leuelne end valíne when adequate

amounts of other essential er¡lno aelds nÞre consuned. Furtherrnore,

data by crark * 4. ftgæ) indl-cates that en intrlo¿te baLanee

mmt exist aurorg the essentlel araino eeLds if they ere to firl"*iJ.L

theír nutritíve roLes.

Prior pnoteÍn inteke has been reported to ir¡flusnce ].ater

nltrogen bal¿nee trtaL results (Ftsher e.el. L96j; tg6?). Another

group of workers (watts et al. Lg6l+) aoted th¿t when a netaboLie

strdy ¡ras conducted in two parts, subþcts rere ln rngatirc N

baLance during the first feru days of the secormadjust¡nent period.

lriatts * 4. $gæ) suggested that the a¡nourrt cf pnotein eaüen before

the beglnning of the second part of the study wes responslbl"e for
the negatf.ve lil baLanees. Rlsher g! aL. (tg6tn Lg6?) also qrresüioned. j,,,..,,,,,,,,

the fnpontance of protein roserres on l{ retention. Ttrey conclrøea r':;i:.,

that the üotaL quantity of N reteined cor¡ld not be accor¡nted for
in terrns of body-weight changes on body-cornposltf.on moesure¡pnts

based "" #Ð whol.e body countíng ard suggested that a nnþr part
of the retslned N mr¡st be ¡rresent as non-protein N.

calories also havrs been reported to affect l{ retention in
hrmans. ttnks¡ríLer 4 g¿. 0958) observed incrEased calorie need

rhen pure amino aeids ráüher than naturEL foods ¡rere used as a
souree of N. They attributed thî.s, however, to the souree of N,

-: -:.1::

i;: -:1..:: f.l,::

lnìrì:.1ijtlrì i;¡
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rather tlren the total anror¡nt Ln the diet, These data colneide ¡rÍüh

those of Doyle É 4. ßg6s) who reported that er¡orage weight J.oss

for naLe snbþets consrming vegetable dfets, whíeh provlded 0¡5 g
protef-n per kg body uerght, vas z.& during the course of the entirE '''i:'.'::,j.',.'

strdy even though thetr caLoric intake was inereased by 23.ú;,
However, when the protein reveL was ínereased to o.?i g per kg body

weÍght the average weíght loss was on\y 0.8f, Ín spatê of tl¡e fact
tbet e¿loric intake lnereased orily 9.4 fn the seeond part of
thelr study.

severeL othen faetors affeeting N retenüion haw aLso been

invdstf¿ated ad rnil.t onþ be briefly srmrerized. Nítrogen

retention has been reported to improve ¡rith time (m"art< et a1,,

t9624 Ðoyle Ë 91. r96il, but wes not influenced by frequeneSr of
eatfng rben diets prorridf.ng 5.3 to 9 g nitrogen rere oonsrmed

(strortridge and rånksn:il-et t963). rn additlon, rþ copelatlon ïras

for¡rd betrreen body reight of ner.e and fenale s'bþcts erxt totel, N

retention 1n experirnents eorduet€d by swenrseid s gl. ug6t i tg6z) ;,,,,,,

and rBverton g! 4. Ggdz). ïhe ti-nes of menstrr¡eL breedlng ard
: 

.,, . ,j.,1. ,ovt¡l¿tíon shor¡ld b.e eonsidered when N bl¿naee studíes ere eonducted i¡,::,',',,;'1:

wlth ¡romEn. sr¡irxtells É g. (rgea) reported that nrinar,¡r N

excretlon tended to vary ritt¡ different phases of the menstrr:eL

cyeLe. Four of theí¡: sÍx srrbJeets sho¡red en íncrease in urinary
Iìl excretion dr'ing the postorrullatory phase and a deerease duni¡¡g

the prenenstnrel phese of the menstruaL cycle. Since the nrmrber

of subJects used in this strdy was snaLL, further investlgation
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of this factor on N retention s€ens Í¡minent.

!ühen one considers the variabjjlity in N retention vaLues

reporfed in these süudies which have been briefly revlewed, orily

tlren does one reaLize that nany factors ere responsíb1e for the

ineonsistent resuLts fÞequenüly obtaLned, Emphasiscrsn amino aeld

balancesr interreLationships and requirements, for examplle¡ have

only rithin the last decade been considered to b€ of, æaL impor-

tence to researabers in their evalr¡atio¡t,,,sf N retentíon data.

Different 3-aboratory procedrres har¡e also contributed to ühe

r¡ariabi.LÍty of N retention resnlts, but at the sane ti¡re, it has

opened new avenues of reseereh.

F. I,TVEB EISII}CHEMT,STRT

Rapid de'velopnent of erøyÍß hlstochemistq¡ during the r.ast

trso decades has uncovered an abr¡nilanee of staineble enuJrmes in tlre
Liver and hes nrede this technique a versatile ard ¡mrerfi¡.L tool
in the LocaLlzation end ídentiflcation of nany c,ytoplasrnic

organe3.Les (Norrikoff and Essner 1960¡ Ìtachsteín tg6jl Tanika¡ua

t968). The correet loealùzation of various er,¡zJrnes tdentified þ
erøJme histochenistry have been confi¡med by differential" centri-

fugatíon stuilÍes and. erectron microscopy. Alkallne phosphatase,

for exanp3iá, hss been shom to be a specifie nerker of eeLL

merabrar-res whereas eertaÍn hyrdrolytic enzJmesr partierrlarlly aeid

phosphatasgr are LoeaLiøed ln the lysosones (wachstein et a1., t96z¡

lanÌkawa 1968). lwo other. hepatic enzJmes, thienfu pgrrophosphetase

ard adenosine triphosphatase have been extensivrgry used as

i r: .. .:,-.i:.i !
l l-r. .:: . i
ri : :: ì.i.r:i 1.' :

is;,.iilrli¡.:Li,

i.'
1...,.
i
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sp€cifie markers, for the Golgi regi-ons in the ease of the former

and bile canaLiculi in the ease of the latter (ttovikoff and Essner

Lg60i Novjkoff and GoLdfischer Lg6t).

lfarked ehanges in the distribution and localization of

histochemica3J-y demonstrable enz¡rmes are considered to reflLect

intraeeLlular disorganizatÍ-on and have been shown to coincid.e r,¡ith

damage in the lir¡er. rn general-, the degree of ehange observed.

ín enz¡rme patterns refrect the degree of damage indueed by the

etrxerÍmentaL treatnent regardless of the means used to j.nduce

expenÍmentaL hepatic injury (trrlaehsteÍn g! 91. L96zi shrader and

zeman L969; Madi et al. Lg?o). Adenosine triphosphatase activity,
fot' exampLe, exhíbits i.nunediate char:ges following adminístratíon of
agents whieh Índuce acute neerosis, folLow.ing the admi¡istration

of car-einogenic diets, during ínfeetions or after experjmental

biLe obstruction. thus, a deerease in adenosi:re triphosphatase

activity is an early and reliable indication of hepatoeellu.Lar

damage and usually rri]-l be followed by díffusion and reduction of
irìacid phosphatase activity. 0n the other hand, alkaLÍne phosphatase 
i,.
ì:lactívity appears to inerease in response to neerosís and inflLam- 
i,

matorXr infections (lfachst elrn L963). l'

Diffieultíes in methodol-ogy have been retræatedly eneountered.

by enz¡rme hístochemists (Gomori t95?; Nov5koff and Essner L96o¡

Burstone tg62i hlaehsteÍn i,g6Ð. Gomori (LgSz) poÍnted, out that

inactívation of the enz¡rme in the course of seetÍoníng, embedding

and storage may resu]-t',=in el-ther rürifor:n or patehy staining

depending on the degnee of enz¡rme inaetír¡atíon. rn additÍon,

..,::'!..:.:.

1,,. rr
l.Ì.. I
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varx¡Íng degrees of eybopS-asnic staining and the pr€sence,.;of

ertifacts, sueh as inpregnatlon of ner¡re erons uitb dyre, nay

result 1n conflieting interpretations of results. lüachstej¡ (tg6il 
¡,;,,;¡,:,¡1

stressed that optirnal proeedures b¿ve not been clearly established ir"'1':',':':,'

for erø¡me histochenistr'¡r and the resr¡Lts obtaired depend noü

only on the techniqtrEs involved in cuttlng erd fixing the tissr¡e 
i:..,r.:;:,,slicesr but aLso the t¡rpe of substreto, composition of the ineubation 1r'',i,,¡r:,.

mixtu¡re ard staining nethod used to visua}lze tåe erø¡me. Another

i-nportant factor in achievi.ng optinaL resuLts i.s the most favorable

pHfor.'the enz¡me itseLf. Arkar.íne phosphatase in the J.íving

organfsar for example, exists at a pH elose to neutraLlty (?;z)

whereas pif 10 has usually been used for opti-na], staíning i¡ v:tfæo

(Burstone 1962). Perhaps a morê aecurate picture of cellu-Lar

actÍvlty wor¡ld bE obtainEd if ptlysiologicaL conËtitions wero üsed.,

consLderable variation in the apparent actlvity of varioræ enz¡¡nês

t¡as been obserr¡ed among dijfE¡rent specles of ani-naI (lfachstein

1963). Acld pbosphatase, for exa,np![å., has not been denonstrated. in r,::,r::,.,:;::.,,.i
i 

. , 1' : : . 

1. 

I 
r, 

. I 
; t 

, ,'the llver cel-ls of the mouse ln spfte of 1ts abrmdance in tÀe rat; i,, 
,r',,.rli

::.: : .:.:,0n the othe¡r hard, sone enuJmatic reactions are ruriversal in alL ,',,",j'''.

s¡reeies, sueh as the presence of edenosine triphosphatase in bfLe

eanallct¡LL. Another point thEt must be kept in nind is ttrat on\y
'l :j ::j; _: ipotential sites of enz¡me actlvity, mot quantity of ehz¡rme, ean bE [iiiì.l:,ìÎ;ii

visueliøed in hÍstoehenical staining reaetÍoas.

ïn spf.te of narSr dif,ficr¡rttes in r¡ethodoLogy, eonsiderable

ProgÎess has been nade in enz¡ine Ìrlstoehenristry. Nevertheless the I

I
l

I



37

technique is stil1 in its infaney and continues to be used almost

exelusívely by researchers to gain an r:nderstanding of the

funetíoning of norrnal and abnorrnaL cells as wel-1 as deljr¡eation of

eeLl structures. Irltimately the technique may have applieatíon

in the early diagnosis of eertain díseases or assessment of the

degree of damage produced by the aecidental or unwittíng intake

of harrnfi¡l substanees.

l-';'

i.+''.;tt.,r
i.ìili=:
l:'.rit:r::::: ìi

L:
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rV. ÐffFJRI}ÍENIAT

A. NTNRITTONAL EVAilIATTON OF A LOI{-THIOGIT'COSTDE NAFESF,ED,
Brassica nepus Ir, var. Brono¡rski

A" 1.9Þ.jgg!

the present study was prornpted w the avaiLabí3.íþ of a low-

thioglueoside-content rapeseed neal and the possibility that

thiogLucosides ney be directþ responsrbl-e for the deLete¡ious

effects observed w:ith the feeding of ratrnseed.

/1.2. Methods and Materials

conposition of the díets, forrruLated to be i.socaloric and

lsonitrogenousr is given in Table 1. Eaeh protein sorrcer Lo¡r-

thiogLueoside rapeseed meal (ønsu), hígh-thioglucoside rapeseed.

meaL (EiRSÞI) and vitanin-free caseln (cas) prov5.ded the sole

source of nltrogen. rhe raposeed near sanrp3-es nere prepared by

comrpreiaL oil- seed processors. I,oa,,9t'I $es prepered fbon seeds of
Brassíca nepus L. var. Bronowski by an ell-solvent pnoeess nhile

lIiR.sM wes prepered flom seed conposed primarlly of B. nÊpus f,.,' by

a prepross-soLvent pnocess. ctrronic oxl.de (2oo ng,lLoo g of diet)
was added for apparenü proteÍn digestlbi3.íty determin¿tions. rhe

diets were ¡n1Letted 1n a Teuapllewood pealet miLL eguipped ¡rÍth a

J.2 mr die.

A¿"a" Experinent I
Three naLe artd 3 fem¿re rats of the Holtzmarur strain ¡vere

randomly allotted to eacb dÍet. The rats were housed in íntlvidrral
netabolisn cages and. fEd ad libitrm tot z weeks. Feces ¡rere
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Table 1. Composition of diets

Ingredients A,mor¡nt of InEred. (Eltoo diet)
IfiRsMl casl toRslfl

Víta¡cin-fbee caseinZ

Ralnseed meal.

Corn oiL (Mazola)

Cerelose (gLucosE)

Mtnere1 MÍx3

Vitarnln !¿ixZ

AJ"phacelz

. 
tg.?5

t+j.n 36.29

4.00 ll.o0 4.00

l+7.6? 1D.55 5,+.II

4.oo ¿¡.oo 4.oo

.60 .@ .60

23.10 1.00

Chenieal Anab¡sis

Crnde Protein, $ I6.L !?.9 t5.g

1?riog3.ucosides, rng/tOOg

OcazoLidinethfone 262.8 --- 2.5

IsothÍ.oc5ranate L5?.1+ --- 5.9

Tannins, f z.6j -r- 2.55

' {t*t - high-thiogS.ueoside-eonteht rapeseed near; cas - vitaruin-
free caseln, and rooa.Su - low-thioglucoside-eontent Bronowski
rapeseed nsal.

:

2 vlþn-tn-fbee casein, vitanin ntix (lrttarnin Diet Fortifieation i'il{ixür¡re) and aLphaceL were obtained fbon NutrÍtionaL Biochenicals ii-ji''+¡r:.

Gorporation, Cleveland, Oh:lo.

3 l{lneraL Mix as deseribed by }fanreesb arrd Johnson, rgsg.



collected on the l-ast l* days of eaeh neek arul protein digestibitity
deterti¡ed by the eh¡omÍc oxide nethsd. ftre thir.ri ¡reek ¡øs devotæd

to a study of protein digestibiLity and nitrogen retentlon, 0n day 
::,;,1 :.,i..r._.:...t-,_¡.-_--.:

15 the anÍmeLs nere restricted to a naxínrm of tj g of diet per rat 1:,.:,.:-::,-:::::-'

per day. DaÍty procedræe f,or eollection of uríne fron thE 18th to
the 21st day Íne3.r:ded: rinsÍng the cages anl colleeting f\u¡neLs 

r ;.
with dístil-led waten¡ adding the ¡rashi.rrgs to ühe rrine and i,,...¡:1",
addl.tion of 1nl of 10 N I{2s04 to eaeh colJ.eeüion botü.e. i:,;.:;::::::,,:

Nítrogen of feed, feces and r¡¡rine ¡res detem.ired by the ":" " '.

maero Kþldalr3. ¡uethod (A.o.A. c. t96i) usir¡g HsO pLus K2so4 as

cataþst. clrronfc ocide ¡ras dete¡smined in feed ard feces using a

Perkin E"Lner l{odeL 303 Atsraie Absorptlon speetrophotoneter

(Wttlrans eü g!. 1962).

Mlcrodeterrnination of the thiogl.ucosj.des in tjre rapeseed

rneaL flas carried out aecord:ing to thE nethod of yourgs ard. I{Etter

ft96?). Method of tannin anarysis ¡vas that descrlbed fo¡r cLoves

and all-spiee by the A.O.A.C. (f96il.
4"2*b.frcperi.uent 2

Forty-eight enín¿Ls were randorul¡r ar.rottsd in uneqr¡aL

nepl.icates to ttre same dÍEtaqy treatments as deseribed ln
Experirnent 1. the anl.naLs were fed ad r.lbitrm for l0 weeks,

welght changes wer€ recor.rùed drring tbe fi¡rst I ¡reeks arrl the

anl¡eLs killed by deeapitation ove¡r the foSlowing Z-week periodJ:

Tlr¡nroid' lÍver, kidneys, spreen¡ ad¡enels anl testes wsre

40

excised, blotted on pep6r toweJ.s, placed in tared gl¿ss-stoppered 
','
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bottles and weighed imnEdiatel.y. A repr.esenteüive sarçre of

Li.ver flon 3 na]-es and 3 fenaLes nlon each t¡reaturent g¡oup lras

pLaced in ioe-cold Bakerrs fluid lot ZLt hours.

Follorring fixation, eaeh Líver speciuren ¡ûes cut ¡¡ith a 1,'r,'1rt:

crSrostat mierotome et -20oC lnto 10 ¡nicro sections. Eistoehenlc¿l-

enzJme asseys for acld and alkaline phosphatases, adenosj.ne tri-
phospbatase and tbianin p¡rrophosphatase rere eonduated on the ; ,,,.,,: ''

free floating sections. 
i::t '';.'

1,- r;.r:..1.

ÀLkaline phosphatase (AIk prase) was dEtermlned þ the i:r,r;¡ì,.';

azo-dyre nethod ¡ritl¡ sodim alpha-naphtlry]. phosphate as substrate
l

and Fast Red violet r,B or Fest BLue RR, diazonirm sal.ts, plf 10

(Burstone î962). Acf.d phosphatese (¿cr¿ prase) ¡sas detErmined

byi.the G,onori Lead saLt raethod rrlth sodlrm beta-gþeeropürosphate

as snbstrate, pH 5,2 (Gon:oú tg|i?) or the ezo-dp nethod, 
i

l

according to slgna lechnicaL Bulletin No. 85, uslng ssdLun 
f

j

naphthoL As-M[ phosphate end Fast Blr¡e RR diazonir¡nr sa1,ü¡ FH 5.2. :

Adenosine triphosphatase (AtPase) ras determined lrlth the Waehstein
It i :.':'.:ì

and lfeiseL nodifieation of oonorlrs netaL sal.t procedure usÍng .,, ..,1

the disodltm salt of ATP as substrate, pH /.2 (Bursbne L96Z). ,.'i,¡,.,,,.'

Thiamin p5rrophosphat¿se (TPFese) was determi.ned by the nretaL salt
nethod ¡riüb thfa¡rin p¡æophosphate chl-oride as sr¡bstrab, pH ?.2
(t¡or¿t<off and Goldflsher 1961). Fatty infiltrattoniof the 1ír¡er i,,.,..,i:,,

i:-:t.i.:r:.t t :,ji1:

was deteruuined using Fast Red ?B (tfi in 6ú ethyl aloohoL) or
011 Red o (Lfi ín 6ofi triettryl phosphate) st¿inine nethods.

I !:',rt::r:tfi:':...i .::.
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A;?.c.StetlsticaL Analyses of Data

the data nere subþcted to anaþsis of variance (Snedeeor

and Cochran t96?) ard differences enong neens wene tested using

Duncanrs ÞfuLtlp1e Renge (Duncan L95Ð.

¡L3- Results and Diseussion

The results ofExperinent I are presented in TabLe 2.

Apparent pnoteini'digestiblllty of the t¡ro ra¡reseed neaLs r¡as
::.,

signlfleanüly (P<,0.05) lo¡¡er than ttrat of easein. No differences ,l'.

in dfuestibility of the lndLviduEs- protein sourees rere obserued

due üo sex of the anína1s, Length of tine on experinrent or

quantity of food constmed. Durlng the first t¡ro weeks of Fhpeninetrt

1r food was provided gg Libltrm whereas duing the third ¡reek food.

¡ras restricted to a rnaxinrm of t5 g per rat per day. Menns arrt

Bo¡rl¿nd (r96ïb) and DnsuLiscos and Bowrand (196Ð aLso reported

lo¡Eer apparent protein digesü1b1llty values for rapeseed neaL than

for casein or so¡rbean meaL, Sini3-arly, BowS.ard ar,rd standrsu (rg66)

fourd no differsnces in proteín digestibiLity whether rats had been

fed a diet containine 15É rapaseed ¡neeL for z, 6, on 10-11 weeks. ¡ii;t''l'
it:";tt.t'''t 

t'

Nltrogen retention, deternrined dwing the tl¡i¡d week, was 1,,',:,:,',',,,.::,

sígnf.fleant].y (P<0.05) Lorrer for rats fed Eia.sM than those

fed cas or roR.S!Í" Iligher evêrege weelcl¡r food oonsunrption by rats

,fed tlre ces arxl rþnsM diets probabþ eontributed to funproved N

retention by these gr:oups, aLthough covarLanee anal¡rsis sho¡ved

a signlfleant (P<0.05) dífference in N retention emong grorq)s

even after adjustlng for differences in food intake.

i!:tì:j: r::. :iì-r ì:r.i:ri,ì:Ì

ll:. .:.:. -ri .r,::',1

I i:jlr:rì:t::. r::rjr.i:i...::
lr:;.i'i:.-,. t:..:. : ;.,.': :..:: .. .. .--'
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labLe 2. Protein utilization by growing rats
.nxporinont 1.

No. of Rats

Av Inltla3. l.It, g

hoteln Dlgestlbllity, f
li¡oek 1

l.leek 2

tfeek 3

Av lrreekty Food Consr¡rptlonrg

lfooks 1, Z and J

Week J only

Itltr.ogon Rotontlon, ng

fed hlgh- and lor¡-thioglucosido contênt raposeoC neals _

3
,

tL9.7+ I.6-

?8.13 o.ea

?8.2+ o.Be

?9.1t.f

5?.21 LL.tc

?o'o

2L2.2+ 3g.zc

L

2

a-b

c-d

Soo footnote 1, Table 1.

t¡oans -+ S.D. ;.
r¡¡eans rrlth the same letter dId, not dlffor signifrcantly, p<0.0J.

t ^-r l{eans ¡rithln the sano sex rLth the samo lottor di.d not differ slgnlflcan1¡.y, p<0.0J.

a)
136,1+ 1.0

?6.43 t.ta

?6.83 o.5a

n.67 t.ze

56'ry 5.*
61.8

72a.73 s5.'f

Dietary g"oup1

3

L22.3+ t.L

9r.53 o.+b

Bg.st o.?b

93.e3 o.+b

à

133.rjo.p

gL.?! o.?b

90.5J o.+b

93,2+ o.6b

112.0+ r+.Sd ro6.tJ ?.jv
g5.3 g8.4

550.8J az.f 4gz3+ r?.oY

3

L77.ry t.t

8c.6J o.f
80.6+ o.2a

80.lJ o.f

99.33-ro.od

87-8

ÎRe.Q a.f

138.0J 1.3

80.5-f O.6e

80.6r o.za

81.9r O.98

L30.5+ a) ],v

B?.3

480.9J g5.rY

: ., ..,
:'r " 
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Elgbt-reek weight galns (Table 3, Fixperlnent z) foLlowed

a sirurlar pattern to N retentlon. Rets fed cas or r,onsM galned

slgnlflcantly (P<0,0J) more rreight thsn those fed Ënslr. Grosth

was partf.eulerþ ¡roor for feuales fed the Eias!,f, ¡rhLeh aeeor¡nts

for the sfunlflcaat (p<0.0J) sex x treatnent interecùion fo¡r

relgbt gala. several ro¡rlcers (¡sll L95fu1 Bor]¡nd arut sahuld

L968i Ðrsullsoos and Bowl¿nd Lg6g) b¿ve observed substeatle]-

reduotloas f.n llvrgwelght gaf:ns of nlee, rats and plgs, regardless

of séx, when hlgh levels of thtogLucoside-coatardrrg rapeseed. was

consrned. rn addltlon, Hussar and Bonl,eñ (tg5ge) and Mewrs ad
Bor¡Laad (tg63e) for¡¡d tbåt hrgb dietary leveLs of ra¡rseed neal

h¿d e more pronou¡eed effeet on the growüh rate of fenele tÌ¡¿a

male ¡rets. sex differences in res¡nnse to rapeseed neal, however;

tend to vary rrtth dlfferEnt s¡ncf.es; fenale rats and pfus appear

noro suÉ¡o€rptlble (¡tanns and BowLand 1g6þ) thsn fenale nlce (geu.

and Beker L95Z).

It¡rrold enlargenent r.n rets fed the ETRSM dlet ¡ras the nost
pronor¡ne€d gross tLssuE ehange observed ln these str¡dles arthough

there ¡ve¡rE aLso slgnlf!.eant ir¡creases in weights, vrhen ex¡rressed

es e ratlo of body weight, of the lLver, adrenals, kidneys and.

testes for these enlnals. The tb¡rroid ¡ras the on\y tf.ssue, however;

¡rhlch was also signlff.eantry (p<o.oi) heavler Ln anrnaLs fed the

au,su dLet when conpared on eD aetual welght basLs. rtgrrotd

bypertrophy and accom¡rar{fing trLstologleal ohanges heve been

reported for a varlety of s¡rcles fed thloglucoside-eontalnrrrg

rapeseed nears (geLl end BelzLle t96il whereas relativeþ ltttle

i::
J.::.

r,:.. :. I t:
i::ìJ:¡ì'11,, :-1:

Irt::.r: i't'....
i
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lable 3' 
H$ll-füt 

and organ weights of ¡ats fed high- and r.ow-thioglucosldo content raposeed mear.s -

No. or rats

Âv fnltlal L't, g

lota1 8 Wk l{t Galn, 92

Organ treights/loo g tsody lüt

Thyroid 
" rng

Livor, g

Âdrenals, ng

Kidnoys, rng

Spleon, ng

îostos, nrg

7

t52.3J 5.32

29.3! 9.6"

t4.03- o.7a

t+.0-r o.2a

37.?J t.s"
858.3+ 36.0^

248.9t.t9.4

1

2

See footnote 1r TabLe 1.

Moans + S.D, ;.

11

t83.?! 2.j
66-ry z.f

10.3J 0.6*

4.6+ O. 1x

2o.6+ l.Zx

992.r+ 28,f
259¿LJ L5.5

Itt3.4+ 46.0x

a-b' x-y Means r¡Lthln the sanre sox l¡1th the same lottor. dÍd not, dlffer signlflcanü-y, pç0.0J.

Dietary gronpl
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L49.?+ 5.Lt L?t+.6J S.u

101.?J tt.4b 2t9,53 n.+Y

+.01 o.9b S.4l o.{
3.03 o.zb 2.9+ o.zv

24.47 L.lb tI.L+ 1.2v

688.!-+ 42.5b e51.63 42.5v

226.9+ 2?.9 zog.z! zz.g

s5o.tt 68.3v

I.
1tt8.8J 11.9

94.4J 9.ob

5.5J o. zb

3.3: O.Zb

22-?J t.+b

?15.8J Ð.6b

285.4J t1.t

11

L?6.6: 8.L

zo9.\ ?.f

3.,o3 o.eY

, 3.r+3 O. rY

tt.3+ t.ZY

6za.s: zs.f
20?.?t 15.5
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inforaretion bas been pubJ.lshed eoneerni¡g the effect of rapeseed

meaL on other body organs. Hepatonegaly hss been re¡nrbed in soss

fed ratrrseöd meel durlng gestatf.on and Lectatlon and. e trerul tornard.s

an increase f¡ llver/body welght retlo wes obeerr¡ed fn growing

rats arrù narket pigs (Bonl-and e gl. tg63\. Adren¿l anl gonad

wef.ghts of rats and pigs bave been reported to be rmeffeeted þ
oonsrmptton of rapeseed neal (Uenns g! g!. I963e).

Illstoeheulcal exa¡nLnetlon of liwr slLces ¡reveeLed strfking

changes in enz¡rme pattenrs 1n rats fed fftRSt{ eonpared to those fed

cas o¡r I,on"SM. slnee st¡ructr¡raL integrrty of the tlssr¡e Ls

n¿intained by hlstochenieaL tecbnlques, changes in actlvlty azul

locellzetloa of thEse hepatlc enzJmes h¿s been taken to reflect
varyrng degrees of Lntracelh¡Ler dlsorganlzatl.on. tbe followjag

snøyuos, Alk Ptase, Acld Prase, ATpase anl rppese rfÞre enpLoyed

es n¿rkens to vLsueLize res¡nctlveþ, cerl nenbnanes, þsosonesi
bile eanellcull and Goþi reglons of the hepatle eell- (Novtkoff

end sssnet t96zi waohsteln N963¡ Novlkoff et aL. !g&+. Tanlka¡sra

1968).

lfaehsteln (L96Ð stetes tbat rel¿tiæly ltttle .Lllc prese

Ls denonstrabLe tn ths nornal 1lver, rlth aetivlty belng linttgd
to the blle oansllcr¡li. and the odd caplllar'¡r in the peripor{aL

tteglons, ¡rbereas Lncreased acttvity ls seen Ln the peripheral

portlons of Lobules es e resrrlt of dtetary reorosf.s, saLnonelLa

infectlon of follorrlng the ertrtn{stratf.on of eerolnogenlc agents.

A noru¿l dlstrlbutlon of Alk ptase activity wes obse¡:qed Ln LLvers

:;r: ,.r..:
'..- "_.;.;

r.:.:,:.;: _:_"
i : 1....1i..'.r:{. i.. : :

i:¡rìrnii.'¡.¡i.:ii:i
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of the cas and LoR.SM groups (Figs. z and l) while an i-:ccreased

Alk Ptase reaction ¡'ras evident on tþs. periphery of liver lobules

of the HjRSM group, espeeially among females (trig. ¿+). In addition,

an intense enz¡rmatic aetÍvíty was seen in many hepatoeeLlular

mernbranes (rig. 5).

The livers of the cas and LoRsM rats exhibíted a normali;

positive Acld ptase activity (wovitorg and Essner Lg6o; hraehstein

196Ð with the þsosomes being located primarily along the bi-l-e

canalieul"i and in the Browicz-Kupffer eelLs (¡'ig. 6). I{owever,

a sLÍght deerease in Acíd Prase aetivity in the eentril-obuJ.ar aneas

of 1ír¡er Lobules and ehanges in lysosomes roealization were *,

sometimes vÍsíble in the IoRSM-fed rats (Fig. ?). Deereased

Aeid Prase activÍty also r^ras observed in the centrilobr:lar areas

of 1ívers of rats fed HíR,SM. rn additíon, forrrnation of cyboly-

somesr enlarged aeid-ri-eh organelles, dislocalizati.on p¡ ryso-

somes and an inerease in the m¡nber of positir¡e Bror,ricz-Kuppfer

cells were visible (Figs. 8 and 9). Decreased or¡eralj- stainíng

for Acid Plase has been associ.ated wíth general hepatoceLlular

damage ('tn[aehstein g! g!. Lg6Z).

A strong, positi'e ATpase reaetion, charaeteristic of
normel rat liver (I{aehstein L96il was obserr¡ed in lii¡ens of rats
fod cas or LoR.sM (tr'ig. 1o). By eontrast, livers nbom rats fed

HiR''SM shor¡ed decroased .arpase activity in the central part of ilre
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Lobnle (tr'1g. 11). In addition, the bile caneLicr¡Li r¡ere wide¡

ard more convoLuted. A reductlon 1n bile eanaLier¡li al-so has been

re¡nrtécl followíng ex¡nrinenta3. hepatic danrage (lùactrstein L963) ;

Distrlbr¡tion of hepatic TPPase actlvity ¡ras identieal for
aLL groups, irres¡nctive of dletarSr regimen, to tlrat described þ
Norrikoff and Essner (tg6Z) for the normal Liver. Ttre Golgi

apparatus r¡as vlsible in only a few cells anl fn general the

S,ightly staf¡ed Golgi Lamell¿e were located near the btle oan¿licuili.,
l:.: :- ._.

Ohanges in the Goþi complex has been reported to be affeeted þ i 
""""

ldietary factors. A high leveL of ra¡reseed. oil in the dLet of rats 
i

Ìtes been recentJy shown to aLter the Goþi conpJ-ex ar¡t to disrnrpt i

íts topognaptrical. Locatíon ín hepatic cells (zier,r:¿árki et aL;r

t9?o).

No J.ipid infiltration was obserned in livers of the Cas-fed

rats or in females fed r,o¡tsM (Fig. 1e). sLight to noderate l,iver

3.ipid infíltration ÌÍas observad, however, r.n mar.es fed roRSM

(tr'ig' 13). By contrast, lipid ínfiltretion !Ías observed in Lir¡ers

of both sexes fed IIiLSM (Fig. 1&).

B. EVAIÜATION OF TM NT]TRITTI/E VATTE OF RAFESEED FIOÎIR AS A

POIENTIAI PROTFJTN SOURCE FOR HUMANS

8.1. Ob.'iect,

the objeet of the hunan netaboli.c study was to deternd:re

the supplementel value of ra¡:eseed fllor:r as p.proteÍn sot¡rce i.n 
, /,

an all--vegetable diet. The rapeseed flour whích was prepared

by the Food Researeh-rnstitute, canada Department of Agrierrltrrre

r.,"t:i':::
lfL:i':r::
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¡üas jr¡eorporated i¡rto the diet at a 1er¡el equi-valent +a lnß of

the total daily proteín intake (8.0 g).

8.2. Methodganjl !{aterials

8.2.à. Diets and Experimental Design

The subjeets were L2 femaLe senior and graduate str¡dents

in IIome Flconomícs at the University of Manitoba. They ranged

in age from 20 Lo 2l years, were of average height and weight,

t-6I.3 cm and 53.3 kg, respectively, and had no reeent history

of íl1-ness or poor heaLth. During the eonduct of the metaboLíc

study the snbjects resíded in the lrome Management apartments

(Home Eeonomies Buílding, University of tfanitoba). They were

al-lowed to maíntain thei¡ normal activitíes, ín fact normal

routines !Íere encor:raged (AppendÍx TabLes 1 and J). The subjects

weighèd thensel-r¡es daily before breakfast and were asked to

attempt to maintain their weight by adjusting their ealoric intake.

Each subjeet was given a notebook in ¡rhich she recorrled her daily
weÍghtr caLorÍe intake and hor¡rs of s3-eep. This same book aLso

was used to record the vohnne of each wine void.ing and the sjøe

of aLiquot preserved for analysis (Appendix Table 6). .,i,,,: :,:

Nitrogen intake of the ex¡:erimental suìrþcts was

standardized dr::ring an initial_ 3-day pre-experi.:mental period in 
, ,, ,,

which subjects consuned a eontrolred diet of ordínarxr foods. lj:ffi
The diet provided approximately 60 g protein per day r¡hiLe calories

were voLr¡ntarily adjusted to need. futra ealories were provided

by sngar cubes, butter, jeJ-ly (applle, graper red eu*ant), :
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Coffee Rieh*1 carbonated drínks and eandies (peppermints,

raspberry dnops, grmrdrops). Coffee and tea r¡ere aLloi,red ad

libitr¡r during the pre-experimental and exper5rnental periods.

Afber the J-day pre-experimentaL period, subjects were

randornly allotted to 3 exFerinental diets ín a modified cross-

over design. lhe diets ¡uere designated rapeseed frorlr (R.sF),

easein (cas) and wheat gluten (wc) on the basis of the major

souree of suppllenental protein ín eaeh*t, The 4 subjeets

rando¡n:ized to the RSF diet in period A were switehed to the cas

diet in Period B. 'SÍmilarly, the 4 subjeet,s on the cas diet ín
Period A were sr¡itehed to the RSF dÍet in period B, sinee onþ
2 subjects eould be assigned to the wheat gluten dÍet ån each

period, 2 new subþcts ¡uere enlisted for this diet during period.

B.

The supplernental protein sourees, rapeseed flLour, vitamin_

free easein and wheat gluten, rsere eaeh incorporated ínto isoni.tro-
genous (3.2 Ð, isoealoric (930.4 calories) r'baking powder bj_scuitsr,.

Each subjeet consumed one and one-thir.rt biscuits (f/3 of their
daíJ-y aLlottment at eaeh meaL). lhe daily alLottment, of bi-scuits

of eaeh subjeet riras prerdeighed prior to baking. Fol_Lowing baking

the biseuits were stored at -15oc u:ntil 12 hours prior to beíng

served. sinee the metabolizable energy eontent of RSF is

o coffee Rieh - Trade nane of an artificÍa1 protein-free beverageeream. Rich Products of canada Limited, Fort Erie, canada,
** 

f-ubsegr¡ent3-y, the abbneviations R,sF, cas and I.IG ¡u.jJ-L refer tothe ehief supplemental sor:rces of protein i.n the ?-day åxperi*m9ntal dÍet, ra¡æseed fllour, vitamin-free easein an¿ wtreaigluten, respectively. ":. .!ì l
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unkor'rn, caler:Iatíons were based on the assranption that a1I the

earboþdrate (approxirnately 44) i" avajLabLe.

Canned and fÞozen foods were pnrchased in ease lots to 
:i.:,

ensure reasonabl-e uniforrnity of composition. Fresh vegetables .-,',.',

and fþuj-ts rüere purbhased as requÍ-red. AlLvegetables, except

potatoes, were weighed after eooking durSng both the pre-experimentaL 
,:

and experímental periods. potatoes, which were wrap¡æd in i l'.u
. 

..-!

aJ.uninrm foil and baked, were weíghed prior to baki:rg. Eaeh 
ii.,...i,:.

allotted serving of the diet was weighed to the nearest gram on 
: :i:::r::

a Sartorius top-loading balance. 
i

rngnedient conposiüíon of the basar- portion of the 
I

experimenta3- di-et, which hras common to aLL subjects, the pre_ 
,

experimentaL diets and the bùscuits is shor,¡n in Äppendix rabl_es 
i

2, ) and lr. ALL caLeulated r¡alues Ìrere besed on AgricuLtr¡ral
lIIandbookNo.8(L963).Eachsupp1ementa1proteinsourceprovided

44 of the total pnotein Ín the all--vegetable experirrental diet. j

An extra serving of the entire pre-extrÞrir¿ental diet was . :;¡,;;
ii 

r':::i:1;:r-

weÍghed eaeh day. sirnjJ.arly, an extra senring of the entíre basäl "t t',

,. :::.;:,:'portion of the experi:nental dÍet was weighed on 3 d.ífferent days. '.':::j,:,

A subJectts daÍly allottrhent of RSF, cas and lùG biseuíts also was

taken on 2 separate days. subsequently, aL1 d.iets and biscuits
r¡ere frozen at -l5oc, 3_yophilized and. later. anal¡zed for. crrrde [,..,'''.,;'
protein and amíno aeids,

8.2.b. llrine and Feea]- cou-eetion proeedwes 
i

st¡rrofoam eommodes, 3¡o.s em pol¡rettgrlene funnels, one
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l-itre glass colLeetÍon jars, 10 nL pipettes and polyetlgrlene

storage bottles r,¡'ere used for urlne eoLleetions. .ê, diagram

depicting the design of the apparatus is shown in Figwe 2.

MÍmeographed instructi-ons sr:mnarizing the procedures to be

followed in measuring the volume of urine voided and Ín obtainir:g

aliquots for analyses eras given to each subJect (AppendÍx Table

6). A representatir¡e sample (5fi) of the total wine voided

during eaeh ãLt-ho'r peri-od was collected for each subject.

A 1.0fi aliquot of eaeh voiding also was taken on 2 eonsecutive

days (/bh an¿ dtrr) of eaeh period. Ttrese samples rcere stored l¡r
Írrdíuidual po1¡rettryl-ene botül-es ¡¡hich ¡,sere identified. by s'bjeet
and the precise time of voiding. nhe latter samples were

col]-ected for another: study urder the direction of Dr. B. E.

McDonald, Deparfunent of Foods and'Nutrition. All urÍre samples

T¡rere preserved lnith 0.1 nL toluene and I nl l0 N Hzsoþ and kept
frozen (-f+@C) until- anal:yrzed for erude proteÍn.

Scale: I em = 10 crn

!Ì:

l : :.:: r]::r ; :

FÍgr.rre L5 ¿,r:. Styqlofoam eo¡mrode.
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Feces samples were eoll-eeted on 4 consecutirrc days (/th
to 10th i¡rcl-usive) auring experimental periods A and. B. They

r,rere colLeeted on saran "I.po, wrapped ín brown paperr placed on

dry íce and stored j¡rmediateþ at, -14oc. For:r-day composite feces sam-

pLes were later homogenized i-n a ModeL cB-¿l t{aring B[.ender**,

the finaL volume adjusted to 2 litres with distilLed uater and

three 10{rl- a1-iquots teken r'rith a slulr¡r pipette for nitrogen

determinations.

8.2. G. Che¡uieal Analyses

Díets and bi-seuÍts were lyophiS-Ízed i"n a Mod.eL lo-MR-TR

Virtís freeze driert** and ground in a lìIiley MiJ.l Model No. 2*

using a I nm mesh screen prÍ_or to analyses. ÐÍets, blseuÍts,
ã4-total u:r'ine sampl-es and feees were anar¡zed for totaL nitrogen

content by the nraero Kjeldàtr-1- method as previousS-y described

(Section ¡Y. [.2.a. ).

A representatir¡e samplesof each diet and biscuits rras

hydrolyzed aecording to the method of Bragg g! "1. &%q. These

t4ydrol¡ped samples I'rere then anal¡øed fon amino acids on a Beelcnan

Model 116 Anino Acid Analyzer# aeeording to the method of Benson

and Patterson (1965).

o 
!3r"1 Eap - trede n¿me of a elear plastic film rnaterial-. Dorr
ChemícaL of Canada, Sarnia, Ontario.

** Waring Products Corporation, trùinsted, Conn.
*** Virtis Co. r llae., Gardiner, New ïork.
+ Artht¡r Ttromas and Co., philadelphia, penn.

-* Beclsnan Instruments, Ine., palo A1_to, California.
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8.2.d. Statistiea^l- Analyses of Data

The N retention data r^ras subjected to cross-over analysis

of varianee (coehran and cox L95?), whereas a t-test, for paired

r¡ariance was used in analysis of the protein dígestlbiJ-ity data. r','.', ,'',

8.3. Resul-ts and Diseussion

F.rotein digestibility and nitrogen retention data from

the Hrman Metabol-ic $trrdy are presented in labLes 4, 5 and 6. i,.,'..,,.,.
¡::'i':'l'

Apparent protein digestibiJ-ity was sÍgnificantly lower (p<o,ol) 
:,.,: . .

for the RSF diet than for the cas diet (81É anð. g6fi, respeetívely). i''"',i..

These resr:Lts w'ith the hunan coincide ¡rith those obsenred for the

rat (section rv 4.3,) in ttrat, a Loner apparent protein digesti- i

bí]-ity was observed for ra¡reseed proteÍn ttran for easein. Mean

apparent protein dígestibi]-ity a]-so was higher for the. TiiG dÍet
than for the RSF diet although the data for wheat gluten was not

i

i:reLnded Ín the statistical anaLysis. 
)

:ïf one consíders nitrogen equíJ-íbniun es the range rrithin 
i
:which totaL N exeretion is equal- to 95 _ IOjfi of the total dietary 
jr,,,-.,:,,r,,,

N intake (Ler*tong!4, tgs6), then a1L s'bjeets in the preserrt |.",.1.t"'
',: ;., .,:, 

. ,..

study, except Subject l+, were in N equilibrirm or positive N ;,,','.',,,",:.

baLance during both periods inespeetive of the sorrce of
suppllenental protein. subject þ was in negative N balance dwing

both periods of the study. sub jeet J arso approached negative 1:. '.,,r',i
Íi:r lll?::1.:r.:.1

N baLance Ín Períod B. sinee subject þ was on the F,sF dÍet
during Peri.od A ard the cas diet during period B, dietary treat¡nent

does not appear to be a major factor contributing to these

'

lr-';;¡,.i :,t,',,
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lable l¡. sumnary of nitrogon intake, nftrogen excrêtion and nitrogen bar_anceof subþcts fod exprerimental dÍetã during F;;iJ; À and B - Ìir¡nanliotabolÍc Study

Diet No. of N
subþcts Íntakerg

Urinary
NrE

Fecal
NrB

efrp. prol
digesti-
bilÍty,f,

N
retention

li
absorption,

e

:]

i,

Cas

RSF

Ìr0

B.o + 0.1

8.3 J o.r

8.4 J 0.3

6.2 s o.s

?.3 3 o,z

6.6 + o,g

1.5 J 0.3 81.1 J 4.54 6.4 + 0.4 _0.3 J o.e

L.2 + 0.3 8¡.6 J 3.eb ?.2 J 0,3 _0.1 + 0.5

1.0 J 0.1 8?.4 + L.2 7.4 + o.3 +1.0 + 0.7

1 M"rrr" w-ith a differcnt lotter diffe¡ signJ_ficantly, p<0.01.

lir+: iiil;'
ir :;i: I 1:.



6T

Table J. r'fean dalJ¡r nìtrogen r.ntake, nitrogen excretion ard nitrogen bal-ancofor irrtividua]- subþcts during peiloa n - g;ån iãt"uoti" st,r¿y

Dietl

!::' '.'.¡.1

1...
i-:

Subject N
intakerg

Urlnary N, Focal N, App. pro.c e îrïllø
NN

absorption, retention,
CC

nsF 7 ?.9
2
3
I+

Group mean J S.D.

Cas j B.z
6
?
I

Group roean J S.D.

uc g. B.z
10

Gtoup rnean J S.D.

1.0 8?.01.1 86.5
1.1 J 0.1 86.8 -r 0.4

6.3.
6-tl
6.6
7.1+

6.2 I o.s

?.0
?.3
7.2
?¿2

?..2 3 o.I

5.9
?.o

6.& + 0.8

t.5
1.5
1.2
2.2

1,6 + 0.s

I.2
L.3
1.2
1.0

1.2 + 0.1

81.6
81.0
84.9
n.6

n.8 ! 5.?

8s.e
84.8
85.7
8?.7

86.0 + L.z

+0- 1
f0.0
{O.1
_r.7

-0.1+ + o. g

{o.1
-0.3
_0.1
+0.0

-O.I + O.?

+1.2
{o. 1

+0.7 J o.e

7.t
7.O
?.1
7.2

7,1 ! o.I

7,t
7.1

7.1 J o.o

6.tþ
6.4
6.2
5.6

6.t I o.s

I *', Cas and llG identif!-the supplernental protein sources ¡¡hich r,¡ere:raposeed flour, vitamin-frer 
"riåin ""a uti"i-"ià.;ä;äd respecti'eþ.
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Tabl-o 6. Ì'Íean dail-y.ni-tr.ogerr J.ntake, nitrogen excretion and nitrogon balarrcefor individual subjects auring peiio¿ s --H,*^"-Èfät"rrori" str,ray

Dietl Subjact N Urinary N, Fecal N,lntakerg g C

App. pro. lt Udigosti- absorpt!-on, retenti.on,btlity,f c . È

RSF 5 8.0
6
7
8

Group nean J S.D.

Cas 1 8.4
2
3
4

Group nean J S.D.

l,JG 11 8.6
12'

Group mean J S.D.

7.4
5.9
6.s
6.9

6.2 I o.e

7.1
7.3
?.L
7-8

7.3 ! o.l

?.6
5.8

6.2 I t.g

1.7
7.3
1.1
7.5

1.4 + 0.3

1.5
0.8
o,g
1.8

7.2 + 0.5

0.9
1.1

1.0 J 0.1

78.9
$.e
85.9
81.4'

82.5 ! 3.o

82.2
90.4
89.6
78.9

85.3 t 5.6

89.2
87. o

88.t -r t.6

6.3
6.?
6.9
6.s

6.6 + 0.3

6.9
7.6
7.6
6.2

?.2 ! 0.5

7.7
?.5

7.6 ! 0.1

-1. 1
{o. B
+o.It
_0.+

-0.1 + 0.9

_0.2
.to.&
+0,It
-I.2

-0.1 + 0.7

+o.2
+1.8

+1.0 J 1.1

1 See footnote 1r Table 5.
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labLe 7. Mean uri.nary N excretion of subjects during
experimental peniods A and B - Human Metabol_ic
Study

Sulc ject N intakes, g F¡cperinental Period

Daysl-3 Days4-f

Period A

R.5F

Group mean

Cas 5
6
nI
8

Group mean + S.D.

hIG 9
10

Group meen * S.D.

Pertod B

RSF

Group mean

Cas

6.9 + o.i
---r

7.5 + L.2
7..6 -+ 0.g
7.3 3 a.4

7.6 ! 0.?
5.7 + O.3
6.6'+ o.z

-:-
6.6 + L.e

7.8 + 0.2
7.5 ! L.0
?.2 + 0.2

8.2 + 0.6
5.3 + 0.8
4.t+7 0.5
6.7 + 0.0
6.61 r.z

7.3 3 0,6

7.5 7 0.6
8.4 + 0.5
7.7 ! 0.6

6.3 + 0.6
6.4-+ 0.6
6.6 A o.4
?.4-+ O.Z
6.? 7 o.5

7.o + 0.1t,
7,3 3 t.l+
7.2 ! 0.5
7,2 + 0.t
7i? ! o.t

5.9 + 0.9
7.0 + 0.7
6.4 T 0.8

7.1+ + o.l+
5.9 + I.2
6.5 7 0.5
6.9 ! 0.5
6,1 3 o.:6

7.L ! 0.6
7,3 ! !.t
7.L 7 0.9
7.8 ! 0,3
7.3 ! o.3

L
2
3
4

J S.D.

7.9

8.2

8.2

8.0

9.4

5
6
7
I

j s.D.

1
2
3
l+

+ s.D.Group mean

- ContÍeued -
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labLe 7 (eont¡a)

Diet Subject N intakes, g Exper.imental Períod

Daysl-3 Ðaysl+-l

?¡G LT
12

Group meen + 5.D.

8,6 7.8 + O.l+ 7.6 + A.3
7.9 ! O.5 5.75 J 0.8
?.Lt' ! 0.5 6.7 ! t.3

1 Urirr" not eollected for subject dr:ring this period.

i:.':

:.. .:.- ..



6S

resul-ts. Fkamination of the data indicåtes that low proteÍ.n

dígesüibíl-ity and high urinar'¡r N excretion, especially the latter,
contributed tothe.negative N baLance for these subjects (Tables 5;

6 and ?).

Various investigators (C1ark et Ð. 1962; Clank gþ g!.
t966; Kolski g9 91. 196Ð har¡e observed that N balance of individ-
uaL subjeets ¡¡'ithin a treatment group varied even when experimental

conditíonal- r,rere ídentieal for all-. The individual_ variation

observed Ín the present study coineides r^¡'ith those of cl-ark

e! 4. $gøz; 1966) and KoLskí 9! gl. Q96g).

One subject fed the wG diet r¡as in positive N balanee ín
each perioa (Sub¡ecl 9, Table J and. Subject LZ, TabLe 6).

Examination of the data rer¡ealed that nitrogen losses, ur:like

those of subjects þ and 5, uere lor¡er than average. urínary N 
^

exeretion for subjects p and !2 roere lour only during the L-day

metabolic study i-n Períod A and B, res¡æctively (Tabre /). rn

fact, N excretion was especíalJ-y row for two days of the metabolíc

study (Appendix Table B).

-A'1-1- subjeets maintained fairLy constant body weights

during both periods (Tab-Le q). The subjects appeared to be

suceessfuL Ín adjusting ealoric intakes si.nce the extra calories

consuned by each sr:bject were adequate to maintain a eonstant

body weight. The original assuaption that the carbollydrate

in RSF ¡ras available to the human appeers to be sr:bsántiated

in this study sinee there T,rere no ehanges in body weight ¡,rhether

the subþcts ¡rene on the F,sF or cas diet and the subþets
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Table 8. Ùfean body weíght and extra calories consrmed by
subjects dwing experimentaL periods A and B _
Human Metabolic Study.

ûiet Subjeet Mean daily
body weight,

kg

Body weight
range,

kg

Extra eaLories
eonsl¡red

(mean daily)

Period .4,

RSF t 6,3.9+O.z
2 51.g T O.O
3 45.6 A o.LI+ 56'3+- 0.2

Group mean -f 5.D. 5l+.1þ7 ?.?

Cas 5
6
7I

Group mean -f S.D.

TIG 9
10

Group mean + S.D.

60.5 + 0.3
49.6 a o.t
ht,g 7 o.z
50.8 + 0.1
50.7 ! 7.7

63.5 - 6t+.2
5L.8 ¿ 5I.B
45.5 - l+5.9
56.0 * 56.4

6o.L ,' 6!.0
49.5 - jo.o
l+!.? - vz.j
50.7 - 50.9

232 + t+B

tos t 77
20 +27

339 t 58
Lït. r I40

288 + 158
227!ß
3t9 + 7t
269 A LLþT
z?siæ

3A+ + 9g
5t9 1 t65
432 + LzLþ

208 + 100
260an
z5z-+ t+6

24? 1 tot
24t 1 23

206 + 46
tt+8 + 2t+2

s?¿o
250 I 3?tfi ! ra6

J\.J + o.L 54.2 - St+.s
53.8 ¡ o.z 53.5 - 54.L
5l+.t + o.Lþ

Period B

nsF 5
6
7
B

Group mean -t S.D.

Cas t
2
3
4

Group mean + S.D.

60.8 + 0.1
50.0 + 0.2
I+1.? 7 o.j
50.5 + 0.2
50.8 + 7.8

63.2 + o.z
51.8; o.o
45.9 7 o.z
55.9 t 0.2
51r.2 + ?.3

60.6 - 6o,9
50.0 - 50.5
4t.o - tn.3
50.1 - 50.7

63.3. - 63.5
5L.8 - 51.6
4s.5 - I+6.L
55.8 - 56.3

- Contínued -
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Table I (eontrd).

Subject Mean daily
body weight,

l¡o
'.b

Body weight
range,

kg

Flctra cal"oríes
const¡led

(mean ¿aily)

l,fc t1.
L2

Group mean * S.D.

5t.6 + 0.L
4a.6 a o.z
50.! 4 2.?

5L.5 - 5L.8
t18.2 - L*8.6

t36 + 64
230 + t55
rB3 -+ 

6;,6
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tended to consume the same nr¡nber of extra ealories w:ith both

diets.

The pre-experimental diet, basal portion of the experi-
mental diet and biscuits r+ere formulatedto supply 60, rj and 39 g

protein per day. crude protein analyses revealed that the anaLyzed

values differed considerably from the cal_culated val_ues in sone

instances (taute 9). The fact that the actual protein íntake

on Day 2 of the pre-e¡çpsrimental period was ?? g whereas the

inteke on Ðay J was Jll g illustrates the probS-em r.¡hich eonfronts

nutri-tionists ¡'rhen formulating diets usÍng composition tables
sueh as AgriculturaL llandbook No. g (1.9æ).

The biscuíts rcere formulated to contaín zo g protein
from each protein souree. si'ee the actual protein content of
the biseuits 

'aried from the calculated'alues, possibl_e sources

of error were inr¡estj-gated. A mistake was diseovered in the

formr¡lati-on of the I.IG biscuits whereby the amount of ruheat, gLuten

incorporated in the biscuits resr¡llted in a caLculated protein
content of l+0.21+ g instead of )8.61 g, It was inrpossi-b3_e to
check the analyses fon the biserrits becar¡,se the samples were

inadr¡ertently discarded. Ifowever, the protein content of rapeseed.

flour r^ras checked, this t5me by another person¡ and simíLar

results r¡ere obtained (50.9fi protein by the orÍginar analysís
and J0.1S protein by the re-r'n). Errors may have oecr¡med in
the act'al preparation of the R.sF biseuits whleh anal¡rzed onJ¡r

36.?5 g protein, since two peoplle, the experÍmenter and a



Table 9. ChemicaL analyses of díets and biscuits - Hr¡nan
Metabolic Study

ïtem Cal-culated CaLculated Anal¡zed
ealoríes þrotein protein

s (u x 6.e5)

Pre-,ExpenimentaL Diets 
;:i,:, 

:. Day L 1862.26 5g.go 6j.42 1,,;,,:; ,

My 2 LZLn.o6 6o.t+L ?6.g6 i:: ;;.i:,:
1 .:: :::::l

Mv 3 1,6L7.26 60.09 54.LL

Experimental Diet

Basal Díet Z6t+.t+O 1,2.96 !j.I?
Biscuitsl

.t

Ra¡æseed fïLour' gilo.36 3g.6? j6.25

Vitamin-free cas"irr3 g3o.j6 1]g,6? 1ll.6g 
l

't{heat gLuten& g3o.j6 t1l.ilJt 3g.jg i

I Each supplemental proteín souree provided 20 g protein.
2 sinee eal-orie content of RSF is uriknown, careul-ations were

based on the assr:nption that al-l- carbohydrate present is
availabl-e (approximately 4ffi).

3 vit¿nin-free casein obtained frorn Nutrition Bioehemicals
Corp., Cleveland, Ohio.

l+ 
$r"r! gI-uten obtained from OgÍIv5.e Flour MiLLs Co. Ltd.,
tüinnipeg, Ifanitoba.

5 An ereor r,sas made in the orígina3- formr¡Lation of the IIIG biseuits.

69
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technician, made the biscuits and::,rfoixins facilities and oven spaee

were adequate for onl:y L6 - 20 biscrrlts at one ti¡ne. Ilnfortr:nately

the actual factor(s) responsbile for the lolrer anaLyøed. proteÍn 
r,,,,,i

eontent of the R^sF biscuits could not be d.etermined. ;:::.:

Amino acid analyses of the basal portíon of the.e:rperi-

mental diet and biserrits (¡tppenA:x Tables 9 and.lO) nevealed. that
a]'L 3 experi.rnental diets were adequate in all amino acÍd.s. Daj.ly

lysine intake of the RSF, casæù-dÏfG diets was !.g6, 2.66 and. !.j,g
g respectively (tatiLe 1o), this is considerably higher than the

reeonmended ]-ysine requirements (0.55 e/day) cited. by Hegsted 
i

l(tgæ). rn fact, the rtG diet provided trventy tjmes the lysíne I

requÍrement reeently reported by Fisher et a1. (tg6g) for young

T'rornen. The diets al-so provided substantiaLLy greaten quantities
thanthoseeitedbyHegsted(196B)fortheotheressentia1

anrino acids (TabLe 1o). rn fact, exeept for methion:ine and rraline, 
i

the essentiaL amino acid requi-rements of the sr:bjeets were met

by the basal portion of the experinrental diet in the present

study (Appendix îable 10).

rt is inüerestíng to note that the amino acid. eonposition :':''.:

of ra¡æseed flLo¡rr i.s reasonably well baLanced and Ís companable

to a high qr-ra3-ity protein sueh as easein. Apparent protein

dÍgestibiJ-ity of rapeseed frour, however, was significantly
(P"<0.01) l-ower than easeÍn, whÍch is in agreenent r,sith earlier
results obtained wíth rats in orr laboratory (seetion rv a.J.).
The protein digestibility of wheat gluten, ¡rhieh was similar to

t..... -... ' :

t:: ,,. . :
i..:'. .'-

,1 ,.'. t.a

Li:..trr:

| : ::. ":.
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Table 10. Total amino aeid consunptíon per srrbþct per day -

Hun¿n Metabolic Study

g AmÍno acids

Ðiets A¡rino acid ,
requirement¿

RSF Cas I,IG

Essential-

Lysine

. lhreonÍ-ne

Val-ine

ïeucine

ïsoleucine

Methionine

PhenyS-aLanlne

Non idssentLal

Serine

HistidÍne

Aspartic acid

Gl-utamíc acid

Glyeíne

Alanine

hol-ine

Arginine

Tjæosíne

t".96

r.7t

2.tI

3.45

1 .70

0,84

2.oz

2.66

t.73

2.52

l+.og

t. Bg

0.70

2.2L

1.18

1.36

1.98

3.32

L.58

0.7!

2.37

2.Ig

1.10

3.19

L6.L3

L,2g

L.L5

5.90

2.tg

t.45

4.55

0.38

0"62

o.n

0.55

0.!g

0.26

i..,.;..'.-
i.:::::.Lì.:; .:.:

'

!

i

I

2.30

1.11

3.91+

LL.l4+

2.oz

2.L7

I+.Ll'

3.M

t.32

L.g7

t.22

4.23

L2,27

L,37

1.81

Lþ.83

1.88

t.93

1 Heg"t"d (196s)
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eesein, also was hígher than for rapeseed protei-n. The N

retention data of the present study suggests that rapeseed. frour

is as well utilized by the hr¡nan adult as a high quality protein

sueh as casein,(Table 4 ). However, eautíon must be exereised in
drawing eonelusions from the present study because the basal

portion of the experimental- diet supplied adequate quantities of
the essenti-al anino acids for the adult human.

More experfunental researeh is required at this time to

improve the eolor, palatabiS-ity, texture and bakíng qualities of
rapeseed flour, before any fi:rther hum¿n experÍrnentation is
attempted. rn addition, sinee the amino aeid requi_rements of the

adult hrman are Iow, caution must be exeneised in the formulation

of the experimental dlets in future metabolie stud.ies when protein

qualíty is being er¡al-uated.



n
V. SUMMART

lwo experiments wÍth growing rats and a hrman metaboLie study

rrith eoLLege 'women were eondueted to evaluate the nutr^itionaL

qualfty of rapeseed protein. fhe rat studies r,rere designed to

compare fhe performance of rats fed a high-thioglucoside eontent

and a low+thioglucoside eontent ratræseed meal w.ith easei¡. The

criteria used to evaLuate these rapeseed meals ineh¡ded growbh rate,
organ weights¡ Liver histochemistry and nitrogen metaboLism. Ttre

Huran Metabolíc Study was desígned to assessthe suppS-emental ya-l"ue

of pnotein from a r,,¡ater-extracted thioglucoside-free rapeseed

fr.our (RsF) recently deveJ-otræd by the Food Research rnstitute,i

Canada Ðepartnent of .A,griculture. The ¡rarameters used ín eva¡:ating

the protein quality of RSF included apparent pr.otein dågestíbíLity

and N baLanee.

ïhe resuLts of the rat experiments indieated. that the

thiogLucoside-content of rapeseed rneal had an appreeiabLe effect on

the performance of rats fed rapeseed meal as the sore source of
protein. hotein digestibíJ-ity of ra¡æseed mea3. by growi.:ng rats r,ras

l-ower than that of casein¡ imespective of thioglucoside content,

whereas;4-day N retention and 8-week weight gains were signifieantþ
lor¡er for rats fed the high-thtoglueoside-content nreal (HíRSM),,than

those fed the low-thioglucoside-content meâ1 (LoR,sM) or caseín

(cas). Th¡æoid h¡ryertropþ in theilíR^sM-fed rats was the nost

pronouâced change obsen¡ed in organ weightsj which is in agreement

icith the obsenvations of nrmerous fnr¡estigators. However, there

ii;r¡il.i;,
tt!.: j : .::::.::

ß.l::ir i:irr

i'
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of LoRSM resulted ín a Ê1ígÌ¡t decrease in hepatie aeid phosphatase i:.j,:,:.
i::

acfiuity and slight to moderate 1ipíd infiJ-tration j-n meLes nhen

compared to caseín-fed control rats, but in general-, the histo-

chemieal- pÍcüure r"¡as sjmjl-ar to that of cas-fed anj¡naLs. These

resrrLts suggest that ttæpresenee of thiogl-ucosídes. is the prirnary

faetor responsibl-e for the poor performance reported for anjrnals

fed cormnerciaLly available rapeseed.

The resr:lts of the Hunan Metabo}is,sbudy indieated that the

aptrnrent protein digestlbÍ3-ity of rapeseed flour was sígnificantly
(P<0.01) lor.¡er than that of casein. This observation was in
agreement with the rat extrærÍnents uhere digestibÍlity of rapeseed i,, ,,,,

meal also was signifÍeantly lower than casej-n. fow-day N retentíon ,,,,..

?+

were also ínereases in the weights of liver, kidneyç, adrenaLs and.

testes of the Hi-RsM anj.mals when expressed as a ratio of body

weÍ-ght. Ttre apparent hepatomegaly in the HiRSM-fed rats was

aecompanied by an appreeiabLe derangement of hepatic cell-s as

evÍdeneed by narked changes in activity and localization of

histoenz¡zmatie patterns and sevêre f.ipid infiltration. Consurnptíon

studies with hr¡mans sho¡^red alJ- subjects, except one, to be in N

equiJ-ibrium or positive N balanee whether they r'reaefed the ralrseed

fLour, casei¡ or r¡heat gJ-uten diets. Horcever, eaution must be

used in Ínterpreting these resuLts beeause all experjmental diets

contained adeqr:ate amounts of essential amino acids for the young

adult hrman. rn faet, the basaL portion of the experimentaj_ d:iet

contained adeqrrate amounts of essential amino acids ¡,rith the
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exception of nethionine and rraline. sinee all subjects were able

to maÍntain theír body weight during both periods of the metabolíc

study, it sr:ggests that the carbohydrate in rapeseed flor¡r is
available to the hunan.

ì.;' .:: l-'

I
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Apperdfx Tab1e 1. General Instruetions - Hrman Metabolie Study

(Sept. I - 18th arrt Oct. ? - L?t.,h, Lg69)

L. rn e nEteboJ-ic study sincô food lntake is bEine earefunry ,:..:t,

controlled by exact reÍghLng lt is fmportant tbaü eAL food

on the prellninary ând experfmental diets be eonsr.ued. In

other worr:ls, lt neans }lterally rtscraping ant/on 3.f.eking your 
;. r 

,,

pl¿to cleaRrr. Fìxtra celorLes are provided by frree foods 
i';l':':':

Ì r,,', , . ,

¡ftich ane alJ-oned (see rrconstant dlettr sheets). i'1r:.':'

2. Coffee Rich enit sugar crrbes wtLL be provlded wtrere eoffee and/or.
:

tea Ls belr¡g served. coffee Bleh is a nLlk sribstitute wåth a 
i
:

0 protein content. For ease of caloric ceLeutetf.on sugar 
l

cubes are being used.

3. Meal tines ero es follolrs: breakfast----?245 a.m.

Lnnch---- ---12 zJQ p.a.

SllppOT--- ----5:45 p.m.

If you are unabLe to eat et these tlmes please arrange a, 
i., :,
i. j,,,, , ,.,.aonvenlent ti¡ne for yonrseLf. 
i,;,r;.,;:

l+.' It is desirable to provide a eonstant envl¡orment in e metaboLie i.:.,:.,'li
''....stdy. Iou will naLnteln your olrn ræruel. aetivitiEs. pLeasE

refrain flom partietpating i.n ar,¡r strenous, seldom-occuring

actlvttles. rt ls reqr¡ested that you be baek fu¡ the aparrtment i*t:,.Ì.;..rr.rr,
by 11:00 - 11c30 p.n. ;)::'.1

5. Keep a daily record of your calorie intake, weight (before

breakfast), and horæs of sleep per: nlght f.n the r.rotebook

provided. rt 1s desireble for you ts n¿intain yom welght i;e. :

- continued. - ¡tt': 
"1
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ApperrtÍx lable 1 (conttd)

your er¡srege weight dr¡ring the J-day pre-erperÍ.nentaL ¡nriod.
6. rf you are gf-rrcn keys to the apartnent, it is yow responsi-

bitity that they are not lost.

?. Bei,"sure that elL garbage be ptaeed in paper bags or nelrspapenr'

and tightly rrapped. Hlace in ühe ]reLI conteiner fo¡r rsnovaf-.i

8. It is your responsiblS-ity to keep neat arxl tidy all areas whictr

are being used. lhls is especially fmportant wben leav!:ng the

apar"tments in the norni.ng.

9. rn orrilEr thet there lrilL be rp shortege of hot ¡rater for
dishwashing, please stagger tJre tùiles ¡,ou w:ill be requf:rtng hoü

weter tåroughout the day arel errcning. Bedding ¡rÍlL be

Larmdered at the erd of each t0 day experi¡nentel session.,

ï,eurdrlr faciLlties and detergent are aveifebl_e for yor¡¡r use,,

10. Sr¡lft¡ric acid (10 N) and toLr¡Ene is beÍng added to each aLiqr¡ot

trrLræ bottLe. Be earefi¡} rhen talcir€ yorr allquot and lrandLe

these bstt'Les ¡nith dne preeaution. Other¡rtse your clothes nay

suffer the conseEuences.
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AppendSx Table 2. lhree-Day Pre-rbcperimentaL 6o g hot€in Diets -

Ifi¡n¿n MeteboLic Str¡dy

Ev 1 _- Er-ExeerÍqrenteL Digt

Iteul A¡eount CalcuLated CaLcr¡l¿ted
Calories Protei:r, g

Ereakfas't:
Bran f,Lakes
Dlïlk, homo
Grapefrult guice, uns.
Raisins
Toast, whÍte
Egg, soft-bolled

Lunchl
Gato juice

ç¡il-1ed cheese sand¡rleh
Bread, whlte
Cheese
Butter pat

DiJJ- pickle
CoLesl¿n
Gingerbread
Iee creara

Afüernoon Snack:

-

Orange

Super¡
Tossed salad
Spaghetti, eooked
MeatbaLls ad
Sauce
Cake, angel food
Bh¡Bberries, canned

f Large 5L.O

1.08

5.o
6.,6

1.'0
, J77
3;o

I.'2

3''ll
16.98
---
2"85
.2

z3.I+3

49.:W

- Continued -

2oe
180 e
I2O g
30e
1 sl-ice
I
Sub-total-

60,6
tI¿¡.rts
49.2
96.?
80.0
?2.o

t16i.z5

2¿ot+
6.zj
.6

'.tr75
2.5
5.L

r7J82

tão s

2 sLices
1 sLice

l'o u
2
100 g
76e
Z8e

Sr¡b-tot¡.l

22.8

160.0
105.0
t+3.06

20.0
202.2ß
L63.0

7t6.LLþ

100 g
96.5 g
I2O s
50e
50e

Sub-1ota1

Total Day 1

111.0
3ln,g7

r29.5
(0.5

631Å?

ß6,2.26

,,i:1
':j:i'i ;: 

-:,
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Appendix Table 2

Day 2 - E¡-tþcperinentaL Ðiet

Iten

(eontta)

å¡not¡nt Celcul¿tEd CaLerrlated
Calories Protoin, g

Lq¡ehr

_Breakfastl
0range juiee, sw,
Egg, boí3-ed
Toast, white
Peanut butter
Bran muffln

Afterrroon Sn¿ck¡
Banena

Suppert
lonato Juiee
Si.rLoin steak, E.P.
Potato, baked
Sour erea¡r
Asparagus
Ro1l,
JeLlo

.App1e Juice
Hoü dog

Burr, wiener
lfiener
Butter pat,
Mwtard, as desi.red

Pier"Lenon neringue

LZA g

I
t+O g
6.0 g

100 g

Sub-totaL

100 g

LZA s
100 g
100 g
LL.j g
8je
30e
loe
(powder)

Snb-totaL

TotaL My 2

tzo s
1
2 sLices
LI+ e
1

Sub-total

62.1+

T2.O
160.0
81.0
96.0

Mt,ln

60,o

1éo.o
103"0
t+j.o6

255.0

6zi.o6

89.0

22.8
25Ð.0
96.o
t+t+. j
2A.O
93.0
38.3

568.60

L?+O.06

.&
5;?
5;o
3;7
2a"q

L7.7+

.'t

5;s

2:!

3Ì,7

13'å

LrQ

1;oB
t7;g
2.6

.35
2.a
2.7

'91þ

26.2r.

60.tþt

- Continr¡ed -
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Ðay 3 - Pre-tbrperinental DiS,t

Iten

Appendfx Tabl-e 2 (conttd)

Â¡nount Cal-cul"ated CalcuLated
CaLoríes ProteÍn, g

Breakfast¡
-1Ãñffi-3urce

loast, white
!4irr*; homo
Egg' frled

f,unch¡--ffiaroni and cheese
Selaurl
Apple
Cookie, fÍg bar

SPgt
I{amj cooked, ned.
Rineapple sLiee
Rice, cooked
Beans; green
Pears, canned
Crean, whípping
Atn¡owroot

LZO e
2 slicss
tZO s
I
Sub-totaL

60.o
t60.o
tLl+.75
72.O

tn6.?1

."1
5;o
6.:zj
\:¡7-

t7¿o3

fi..,re
7,L5
.'fi

_:'.79

?0.o7

:,ß

t7¿25
;20

2.10
t ¿,26

.,23
)i;'!17
jÐ.

22;2t

6o;09

75e
30e
tâa s
1

Sub-tot¿l

25tþ.25
130,0
62.t+
7r.6

5t8.25.

fat 75e
50e
100 g
90s

It5 e
30e
t

7t.6

2gø'5
29.0

106.0
2t.6
rc¿,55
92.0t
31.00

620.6Sub-¿e1,¿1

rot¿l My 3 t6t?.26

:';.:::j.1l:.';

Afternoon Snack:
Cookie, fig bar
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Apperdix Table 3. Experf"nental Diet (Basa3. Dleü * Biseuits)
Etman Metabolic Strdy

Iten â¡nount CaLeul¿ted CaLcu.lated
C¿Lories Proteirr¡s g

Breakfast¡
Bíseuits
Sugar eube
Appllesauce
Orange juice;' sYr.

Lunchl
TGcults

Fbuit sel-ad
Ieftuee Leaf
Peaehes, car,med
Gna¡>es, l{al.aga
Oranges
St¡rawberries¡ flozen, unstr,
Benane
GLonlfÍed rice

EgEPg,
Biscuits
Potato, baked
Corn, kernel, eanned,

vacum ¡raek
Peas, fbozen
Oarrots, raw
TonaËô, ra¡¡
Stp¿rubernies, fÞozen
Arro¡rrdot
(Tossed saLad Íf desired)

L LIT
t
100 g
L2O g

Snb-1e¿s1

3IO.32
tt+¿5I
91.00
6?.!o

tr7.8.oj

t2;89

.:20
;'Btr'

tz92

t2.89

.20
;'30
.33
J10
;55

r;47t2

L6¿ß9

12.89
2;@
1J88

L L/3

Sub-total

t tl3
100 g
75e

3to.t2

29.59
33.50
LI+.rc
23.0ø
Lþ2,50

TM.T6

499.56

3to.I2
93.0
6?,25

5Le
50e
3ae
25e
50e
110 g

5ø a 3l+.oo z¿5i
l+o e 16.æ Jrt4
50 e 11.00 .55
75 e 69.00 :30*1 21,00 .¿lo

.å -.:_
sub-toteL 6t?.tz 2t:6L

Dayts TotaL t69t+.?6 5L,62

* l{ay be taken as an afËernoon snack if so desired.,
NOTE; Tt¡e bisctúts: ra¡rseed fr,our, cesein and nheat gl.uten ane

caLaul¿ted to be iso-caloríer ar¡¡l iso-uitrogenous (i.e." sa¡ne
a¡nount of proteínr er!![ ühe sa¡rB nuiber of ea].o¡r'ies per
biscuit regardless of protei¡ ssrree used)

ì

- Continued -



Gl,orified Rice (10 servines):

Iten

Appendl¡c lable 3 (conttd)

Amount

82

Calcul¿ted Galcuil¿ted
CaLorÍes Protein, g

Minute iùice
Salt
lfa¡rshmallows, ninl
Maraschf.no ehErríes
Crushed pineapple, drairæd,

q¡rup paek
Spoon n SEr¡¡e whipped toppi"Bg

L8.7.5 g 7Ot,25
tlz-314 +.sp
100 g 319.0ø
25 e 29.09
2t2.J g t25.ß

ID.6 s L66.þ3

tt+6r.5?

LI+6.L6

1¿+,06

2.€0
.50
;:6t+

tlp
t.,72

i:1:;j. jr i): :rl i : ::a!L:

ir:lili::.'r::: r:-ii: i;:r: ;::'j
|;;ì:.i,i:ì1:+:rìf tljj.r

îota1 for 10¡

Per serrrÍng; 110 g

Qaloric content of fbee foods alJ,owed¡

*Apple, 120 g
Butterr I pat (6.0 e)
Cady:

Di¡ner [fl.nt, t (L.2 g eaeh)
Eng]-lsh lflnt, t (2.6 g each)
Grm drog 1 (13"2 g,eacll)
¡,fint !Íi.r, I (3.0 g each)
R¿spberry Dnop, t (3.5 g eacb)
Seotcå lfint, 1 (3.0,,g eaeh)

Je3.1y (2t.3 g each)
(apft1e, Eteper red currant)

Sugar, white granrrtated, 1 (3.8 S)Coff,eeRich(ttg=ltsp)

o ørtry L-tzo g appLe allorved/day.

CaLculeted
Caloriês

69.6
I+3,06

l+.22
9.M

P;6.21-
ro.g2
t2.63
to.g2
58.01*

Ll+.5L
6.gg
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AppendÍx TabLe 4. RecÍpe for Biseuits - g¡¡,r¿n Metebolic St@y

Ingfedient" årount of Ingred. (g, ) :,,,,,
Rapeseed flLour Casein Wheat gl-uten ,:'::..:.'.:

Vita¡nin-free easein

Ra¡nseed flour

Wheat gLuten

4J.3. purpose flour

Shortening

Salt

Baking powder

trfater, nL

Sucarïrl, ml

23.5

: 110.0 -È
26.6

!.22.,,1+ L22.1+ f2?.4

35.j LW.Z Ut.?

3'o 3'o 3'o

5.3 5.9 5.3

approx tloo.o to;í.o loj,o

i t : ':: :': '.'

5.0

Method¡

L. Sift drXr ingredients

2. Cut in shortening rrith pastæy bleruler

3. Add liquid ingredients

4. Kne¿d 10 - 20 ti¡res

5. Le¿ve 10 ninutes

6. Ro3.1 out, cut w'ith bÍser¡it eutter

?. Beke 4250¡' for L5 - 20 nlnutes

8. Tle1d one subþctts daily allottnent of bis.e.i¡its
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Appendix Table 5. ScbeduLe for Hrman Metebolle Study

PerÍod L

Monday
evening

luesday

tfednesday

lhwsday

Friday

Surday

Monday

Tuesday

Ifednesday

lhursday

Frtday

Sept. 8, L969

$ept. 9, L969

Sept. LO, L969

Sept. 1,I, 1969

Septa L2' 1969

$ept. t4. Lg6g

Sept. 15, Lg6g

sept. L6'- 1969

Sept. L7, t969

Sept. t8, 1969

Sept. L9, L969

Satur.rclay Sept. 13, t969

MovE into Hone Ftrar¡ageraent
apartnents for 10 day poniod

þ.slintnery 60 g proteinr.
1F0 caLorie diet

PreLiminary @ g proteÍan
1700 eeLorie dieü

heLfurinarT 60 g protein,
1740 celorie dÍet

fkperinental 50 g proüein,
1700 (+ 200-4oo ealories)
eaLorie diet beginsI ra¡reseed

easein
r'¡heat g3.rrten

First voidíng at exactly tlre same
tl"ne as previous dayr s rrilL be
consldered¡lpêFt of yesterdayt s
toteL collectionr 1.ê. eomplletf.on
of tlrst 24 hou¡ colleotlon.,

SEcond 2þ hour unÍne eollecüion

fhint 24 horæ rrine coJleotion
CollectÍon of stools begfns

First 2þ hows rnetaboLism

Second 2ll hours netaboLism

Thínt 24 horr metabolLsn

Fourth 2tr hor¡ts raetabolisrn

Rssune a normaL breakfasÈt

Period B

Datþ scheduLe repeated fbon Mor¡day evenf.ng, october 6ta, t96g

ur¡til Frfday mor.rring, October l?th, Lg6g.
'.::i:i: ¡-:,.r'ì.
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Appendlx lable 6. rnstructions for {Irine and Feces collections -
Ilumen MetaboLic Strdy

1. Discard the first voiding on the day the experf-ænta1 dlet

begins as thís reflLects the prevtous dayrs netaboLisn, In

order to corrpleta a 24 hor¡r total r¡rine collection, it is
necessar? for you to LneLude the first voidÍng (between Z - 8

A.tf. ) of eaoh day rith the previous dayr s sanpJ.e aLiquot

botüLe.

2. st¡rroform conmodes, 12tr pol¡rethylene firnnel.s, and 1 J.ítre glass

csllection Jars are provided for rrine eoLlection. Be srre

when uslng the connode that the fu¡rneL and gJ.ass eolLecüion

Jar meet.

Other.lrise an al¿quoti lrill be Lostl

3, Afüer the first volding fn the mor.nf.ng, get clean ítens flon
Roorn 311*¡ 10 nl pipette, firnnel, and urine collection and 

l

sampre bottLes. Be srue the sanple botüre hes aeLd (ron n2so4)

end to}¡ene added to it, Ihis is ídíeeted þr a plece of
L.:.! ì.:''

naskÍng tape on top of tlre bottLe nrarked rith an rrfu er¡l n1tt.r ji,':,,

After the fÍ¡st voldlrrg in the norni$g, please pLace yoæ

dtrüy equipnent in boxes ln the lraLlway so they ean be renoved.

and elear¡ed for next dayrs use.

l+. check whLeh kint of ptpette you ere using - whether it ts
voLrmetrle or graduated. Do this evþqr üÍne. Þnrt_take for

.@.
5. After voiding, place funr¡eL fn grad.uated cyl.irrler. Talce

tnttfal voh¡me, Rinse fbnnel rith disüilled water. Rinse

I .i..:; t:
j. .i,;'::.'Ì;l

':: iì

- Conti:rued -
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Apper¡djx lab1e 6 (conttd)

coLlectíon bottLe wtth distilled ¡rater. Porr lnto fi¡r¡¡æL.

BFirrg the vol,une to the neanest 100th nL - rrittr dlstilled

@.
1..e. after rinsír.rg, vslrme is 230 mL. Brlng tt up to

300 n1 ¡ritl,¡ dfstilLed r¡ater.

Leave funneL in gradnated cyllnde¡r when bninglng the vort¡ne
i^...,.'

to the nearest LOOth nLl. That f.s, rinse the fure¡rel by dtrecütng 1r.,,¡.,.r

the sfurcarn fron the i*eter botüle arowd the üop edge of tùre

firnneL. Renove fi¡rurel last of aIL. 
]

6. Be aarefr¡L not to pess';:this looth nL mark wtth distíLled water.

7. check yorr plpette again to n¿ke sure ¡rou take the conecü

aLlquot (sfi).

ïf ftnaL volue Lsl take aLlqr¡ot of:

100 nlr r . . . . . . . . o . . . . . . . . . . . . . . ¡ . . .'. , . . . . . . . .5 nf.

200 tnl. i... o... o.. . or........... .......,....10 n'l

300 tnl....r....o...o..e .... r.............. r.15 n:L

4O0 Íùr . . . . . . . . a . . . o . . . . . . . . . . . . . . . . Ò . . . r . . .20 Ìt].

500 nl.......... o. .... o...o ............... ..25 mI

600 nLr..'.. 
"'. .. . o.. . .. ... ... o r.... ... .... r..90 nil

700 nLl......¡i¡ ¡o o..r......... r......o..... ..35 ù
800 nL. . . . . . o c . . . . . . . . . . . . . . o . . . . r . . . . . . . . . . {O m:l

900 rr1... r..... o....... oo......,.. o.........45 ml

':il:t::

-;,, l'-l

- Contlnued -
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- dats

9, On the semple bottle narked rtotaL rltne e3.iquef,,rr (i.e. Zu

hour EJ.lquot) pLease rEcor.d the folloring on the bottles:

Apperdfx Table 6 (eonttd)

8. Recor.rit in your book¡

- initiaL nrine voLrme

- fin¿1" ræÍne vol-rue

- eLiquot taken

- ti¡ne (state whethen 1t is ârm. ot. p,ra.i) 
ì:,,,,t,,:,

':

| : :.i.

- gour nrmber i.e. T.AR 
l

- date October l3th

- total rrrine vshme i.e. 3000 r¡L

- toteL aliquot taken (fr ot total) i,e. 150 mL

Be sure to use the eorrect colored p"rr,
:

- r€d - casein 
i

:

- blleek _ repsseed 
i.:rlt.+::

- bLue - wt¡Eat gLuten l,,', ."
,:.: . t.

1,0. On two conseoutlvE days, Septeraber 15 - 16th arrù Oetober 13 - "i',,:;,::1

Î¿ltb, î.969, trdhridr¡al tlme aliqrrots (Iùfi) will be taken at
each voiding. For these ir,xtivldr¡al tines aLiqtot sanples; the

same procedure as nEntloned ebovE should be follo¡sed except a ii;-1,.i''':
10É aLtquot is placed in sanpLe bottLes narked ltirdivi¿uåL sample

botüIeü.

- Continr¡ed -
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Appendfx Table 6 (conttd)

If final volrme is¡ take aliqr¡ot of:

-

100 eL. . . . o . . . ö . . . . . . . . . . . . . . . . . o . o . . . . . . . . . . . . l0 rll

200 mL.......................... o... o. r, o o.....40 nl

300 nL... r...... ....... o. .. o. ........... .......30 tnl

400 ri[. o...... r o...... -....r........ o. t r a......1ro Ìt]L

500 tn]'... r.... o................ r.o....... r.....50 tnf,

600 nL.. o.o.... -...... o... a..o.. )........ r.....60 ütf.

æ0 mlt or..... r..... o....... o.... ?...... Ò...... re fü,

800 ml. . . . . . . o . r . Ò . . . . . . . . . . . . a . o . . a . . . . . . . , . . , 80 n].

9OO n].. r. Ò......... r.o....,.....o......... o....90 nJ.

**Do not forget to add a J$ aLlquot to you¡r total urf.ne aliquot
bottLe on these z days when tlmed trütlqidr¡al aLlqr¡ots are

taken.
*oB" 

"rrr" 
to wrtte the exact ti¡ne on individr¡al ttned allquots -

i.e. whether it is 10:00 A.lf. or p.M.

11. During the l¿st forr da¡rs of each experf:nenta]. perfod, stooL

colleetions wiLL be nade i.e. bet¡rþen g:00 A.M. octobEr ljth
and 8:00 A.M. Oetober 16th.

saran nrap tsrprouided for this purposs. Hlace an anple length
of saran in the funneL. Afber defecating, nrap ülre stooLs in
the saran rrrap and then in brorm pâpêT. use rnasking tepe to
seal tlre sample. On the sanple nrite:

- yottr nurber l.e..IåR

- dgt€ - octobe¡r lt/,tt,'- tg6g

..: :: .; _:; t-:r,1

- Continued -
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Appendix Table 6 (contta)

- ti:ae - 10:00 .â..Þf.

- Be sr¡re to use the eoneet eoLored

marking pen"

Pl¿ce tt¡e stosL sanrple on drSr ice in the st¡noforn conteiner

pLaeed in hallway. j :. .:.,:
.:..::,i:...- ...

tZ." If you get your mensürr¡aL cycLe during ühe 7 day ex¡nrf:nentaL ''.: .:::,:i

period do not take urÍne colleetions.

t3. If an¡r mlstakes at argr time are made in taking allqrrots, be sune

to contacf the experÍmenter - end aLso, ürite it in your book;l



Apperriix Tabl-e 7. Amlno Acid Conposition
Hunan MetaboLic Stuùy

90

of Þoteln Souncesl -

Essentlal

Lysine
threonine
VaLine
Leucíne
IsoLeucine
Methioníne
Pherryla1anine
C¡rstlne

Non-essentiaL

Serine
Ifistidine
Aspartic acid
G.lutanle acid
Gþcine
ALanlne
ProLå¡e
Arginine
lyrosine

RecoverT, É

Protein Content, É

l+.6?
t+.36
l+:i,gI

7.59
3.05
r.69
3.85
neg

4,40
2.118
7.W

18.31
5.39
3.ll¿¡l
4.98
5.68
2.1+r

83. t

50.93

8.?6
t+.38
6.?r

10.07
5.21+
3.1,0
5.28
neg

5.88
3.1+7
7.77

23.77
t.gg
3.20

t2.2t+
l*.04
5.65

98.0

85.52

r.53
3.65
l+.1+3

9"77
3;9L
1.68
6.w
3.48

6.27
r.75
3.O9

12.80
l+.tt
3.n

19.01
3.09
3.91+

9?.1*

81.61

1 RSF, Cas and l{G refers
@.sein, rapeseed fLour

to tt¡e protein solrees, vitemi¡-fbee
ard ¡rheat gl-uten respectivrrþ,

l:t:-i:-: - ' -



Appendix TabLe 8. lndividr¡al urinary N exeretion
experimenta3- periods A and B -

9t

of subjeets durÍng
Human Metabolíc Strdy

Subject Day 1 Day 2 My 3 | y[ lely! DaV6 Day?

Perlod A

asF

Group mean

Cas

Group mean

hIG g
10

Group mean -ù S.D.

Period B

RSF

Gnoup mean

Cas

8.6,,t 6.8
5.8 5.36.9 6.?

1
2
3
I+

+ s.Ð.

5
6
?I

+ s.Ð.

7.2
___t
6.2
8. ¿l

6.5

8.2
7.8

5.7
6.2
6.2
7.t

7.L
7,O
6,5
7.3

6.5
7.5

7.L
6.L
5.9
7.3

6.4
5,5
7.2
7.L

L+.2

6.9

7,9
5.2
5.8
7.o

7.2
7.1+
7.0
8.3

7.3
5.7

' t1.0

9.1
6.6

7,3!J.4

6.ll' i,,^ ¿;r,
5.9 7.3
7.0 6.?
7.6 ?.6

6.2!.'j

?.4 ?.o8.0 8.7
7.5 7.57,r 7.3

7.2+O.t-

6.6 5.'?
7.5 6.0

6.4{o.8

7,6 6.9
6.2 ¿l.9
6.9 6"8
6.9 6.j

6.7to.6

6.6 6.8
5.7 7.78.0 2.6
7.7 7.6

7.3+A.3

7.3 7.64.7 6.0
6.8!.'3

7.9
6.o
6.t+

7.8 7.96.4 8.3

9.6
5.0 6.1-
6.6 6.8

6.6+1.0

7.6
7.7

7.6-to.2

7.8
, ",4.7(ô

6.?
6.6+L,z

6.5

5
6
7I

+ S.D.

t-
2
3
Lt.

+ s.Ð.

7.8
8.8

7.2
7.5
6.1+

7.6

8.0
8.2
5.9
?.7

8.0
6.6

7.6 7.6

Group mean

lfc

Group mean

TL 8.2
L2 7.4
J S.D.

6.8
t."8.0
?.?T4.6

7.5
7.2

7.1+!O.5

ryo

7.7
6.s

;::iì::1.' !,i,;.',
¡:.i:i: :t

I Urinr not coll-eeted for subject dwing this períod.
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Appendix Tabl-e 9. Amino acid eomposition of biseuits, pre-experirnentaL
diets and basal portion of experimental diet -
Hunan Metabolie Study

Jlmino aeid content (e Amino aetdltí s N)l

Diets Biscuits&

Pre-exps¡imentalz Basal portlon3 RSF
of experimental

diet

Cas bIG

'|.1 - .

Fissential

Lysine
Threonine
Valine
l,euefne
ïso].eueine
Methionine
PhenyLalanine

Non essential
Senine
Hístldine
Aspartic aeÍd
Gllutarnie aeid
Glycine
ALanÍne
ProLine
Arginine
$rrrosíne

Reeovety, S

Protein eontent, S

4,2 + 0.L
2.91 0.3
3.7 + 0.9
5.4; O.g
2.6 7+ o.I
I,2;t o.L
2.) -+ O.4

3.7 3 0.7
1.8 + 0.0
g.g a 4.2

il+.4 a 2.1+

3.2 + O.5
t+.r 1 !.j
4.8 J 0.3
5.5 t 2.1.
2.t+10.3

85'L+

L8.7

l+.1+ + o.J
3.0 + 0.3
+.2 a o.L
6.0 T 0.3
2.8 + o.2
0.8 T 0.3
3.1 + 0.1

l+.2 + o.I
23 a O.!

lLt.L 1 L.?
L6.o A o.?
3,5 3 o.L
5.2 ! 0.5
5.0 + 0?0
7.3 + 0.t
2.1þ10.I

87-2

7.t

3.8 5.4 t.5
3.6 3.5 2.5l+.3 s,t 3.6
7.2 8.3 6.1+

3.6 3.9 3,L2.0 t.5 !.5
Lþ.1+ l+.? 5.0

4.9 3.72.2 2.1+

5.7 6.t
25,1+ 26.3
Lþ.j 2.1þ
4.0 2.9

10.1 10.8
6.8 2.1t.
2,7 ll'.2

96.2 86.9

18.8 Lg.z

l+.I
2.0
a,b

35.r+
2.t
L.2

L3..3
3.'L
2.9

96.'5

20,o

1

2

Mean and S.D; for 2 se¡nrate days.

Pre-extrnrimental dÍets anal¡zed fon days 1

Fxperínentalr:dlets anal-:yzed for days 4 and

Biscults anal¡zed for Period A on1y.

and 2.

o3

l+

ii-iì:l

ir.. ::
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ard bÍscuits
sub jeets
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basal portion of experÍmental díet
the daiþ amino aeid i-trtake of
- Human Metabolie Str¡dy

of
to

E Amino acids

Basal pontion
of experímental

dlet

Biseuits

RSF trIG

EssentiaL

Lysine
llreonine
VaLine
teueine
IsoLeueine
Methionine
PheqylalanÍne

Non essentiaL

SerLne
Iiistldi¡e
AspartÍc acid
Gl-utanic aeid
Glycine
/iLaníne
ProLine
Arginine
T¡rrosine

Protein content

o.59
o.39
0.55
0.80
o.37
0.11
0,þ1

0.55
0.30
1,86
2.Lt
0.46
0.69
o.65
0.96
0.31

L3.L7

r.ß
L.32
1.57
2.65
L.33
o.73
L.6T

L.75
0.81
2.A8
0.93
L.57
1.48
3.72
2.50
1.00

36.?5

2.08 o.5gt.* o.g?r.97 t.43
3,2t 2.',53
1.52 I.22o.59 0.61
1.80 L.'96

r.t+z t.63o.g2 o.Bo2.37 t.33
L.02 1.40
0.92 0.8¿f
t .t2 0.l+6
¿1,1B 5.250.92 t-.22
L.62 t.Llt

38,68 39,59
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