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' and,enerqy soucces respectiVely for rephacenent of soybean .

W e LT

%,

- -0.'.' T .

Fababeans

[}

neal (SBH) and cereal gralns 1n plg dlets 1n order to reduce

°

costv of feed1nq nd;_conpetltlon' Hlth humans. Incteased

.
i

se& 'nng“ﬁ experiment to study the effests of partlal or

_ total replacement of SBH by ground nnprocessg% FB and of 0,‘

'»ZQOV‘and 40% cassava 1n the dlet.,Evaluatlon crlterza were

-f G

average dally ﬁeed 1ntake (PI),'éVerage? dalky anln: (ADG),

—e .

_H%One hundred and twenty crossbreﬁ' weanlmng ﬁ&gs ﬁéref?

(FE) (_Lsi_ ﬁa_g L. hxnor) and cassava Jf’
?nan;hot g_gg;gg_g Crantz) are potentlal alternatlve protexn:

- eﬁfac1ency- of feed conver51on (BFC), carcass tralts,'energy,;,

°.

' ;SLgnlflcant effects on FI, ADG or E?C Total replacement of

:w“by both the,

- o T K
and nltrogen dlgest1b111t1esn»aan thyroxxne (TE),’wf‘nd

S

trllodothyronlne (T3) levels 1n the plasma.vThere were 15

dletary treatnents and four plgs per treatnent repl;cated

.-

tche durlng the start;ng phase (9 wk.). EF the end of thls

H

M 3
B8

phase, all plgs were fed the respectlve 0% cassava dlets,zﬂ”

makxng ,a total of 5 dxetaty treatnents durlng the flnlshlng

> 4.

phase. Energy and nltrogen dxgestlbllltles ‘were deternlhed

’

;N—HC1 and total collectlon methods.gff“'T,f

O da
he starE}ng phase, partial replaceaent of SBB

Dnrln'rf

e

by FB or FB supplenented u1th 1ysxne and Qf{hlonlnei had

ER _- %

?foBn wlth ?B.' even when supplenented vlth 1151ne eandjv-

¥ iu

..nethlonlne,-produced s;gnifxcantly lower (P<0 01) YI ahd nDG

; ,;4-..“ N 2 L » :" DR A S o Wy L ,.) i

g T e T S

i

knowieﬁgg,pf the relatlve and 1ntr1nsic worths of andﬂjn
‘bcassava ‘ uould fac111tate_ thelr optlmun'_utillzatlon' toﬂl
'flachleve these goals.r- ."'ﬁ-



’dlets. . ,3", S I A

P . . -
.
0

‘bthan did . the S BN :or Efu—ra diets. Lysine and nethionxnewf

‘supplementatxon of - thﬂ diets wlth FB. as the sole supplement_gw.

.}.\

'51gn1ﬁicantly- lmproved ADG and B?C. Cassava 1nc1usxon at ' a;

- °

ilevel of up*to QOS 41d not 51gnif1eant1y reduce FI, ADG'\or’

-BFC ;n any of the dletary qroups.d.

Energy and nxtrogen dlgestlon coeffxcxents by the total'

collectrou method‘ vere “31gn1ficant1y hlgher (P<0 on than

those By'”thel'uﬁ;ﬂc1 nethod. There vero .uo 51gn1f1cantv

PN

‘.dlfferences betveen treatnents for dlgestlble‘rnergy (DE)
o thed total collectlon method or. dlgestlble nltrogen (DN)

| Qlther method. The feedlng Ofi cassava had. no 51gn1f1cant'7

.; g S

"effect on plasma Ta or Tu 1°vels wlthln treatment groups._

f . -

Durlng; _the' flnlsh;pg phase,-. part1a1 'Eor vtotal

repIacement of SBH by FB had no.sxgnlficant effect :ou'ﬂEPC:

s/

'_The FB dlet supplemented wlth 1y51ne and/nethlonlne produced'}'
sFI' and ADG 51gnif1cant1y 1ouer than SBH or SBH—FB dlets.
: . I

S 51aughter age was 1ncreased for igs fed the sole, EB d1et.

. [

“j_Carcass ewelght and total backfat 4ere reduced for plgs fed

: sole FB dlets unsupplemented Hlth 1y51ne and methlonlne bbut~

Lo

other carcass neasurements were not 1nfluenced by treatnent.f“

6 -

?Theﬂ' resultsd 1nd1cate that ground ugprocessed FB,

osupblemented vlﬂh ly51ne and methlonlne, can’ fully replace :

e

"Sﬁp,nin"tﬁe dlets of flnlshlng plgs but not start1ng plgs.

Cassava can be 1nc1uded 1n the diet of startlng plgs at' up

'dt050>90X-"0f? the dle v1thout slgnlkaanily affectlng

'_perforaance~‘uteu -apprqprlate adjustnents ‘are nade ' in

e

suppleueﬂtal protexn .léVels 4or~yiuf 1y51ne_ 1evels of the'-:“

e
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~ Th'e  ever J“inctoisin¢-‘ voth;‘populitibn doﬂ:ngs°
-] Q. * @
coutinncd 1nt.:..t in lacrcnlinq ke qncuti};'aﬁd qnality ot -

tood produced to aoet tho noods bf tqpto ncv gonorations ando

thuse ro&ucg the ptoblcls of hunqer. ﬁulhut:i&ion nndo, o,
. , i ‘ J 0
kvaoh%?kor that are. so provabont°‘in the vonld today.’ inb

° .o‘

hclpipg to dovelop and expnld ' eaauiaal xnﬂultry to mesut *

ar=

this denanp,_ thé-- anilal an nitionist <mhst try to tcdpce ;e

conpetitlon ‘betveen the hu-an %_d &ni;dl populations fgr ;Aa

-] T

dvailable enorgy ‘and’ ptotein soubces. oo 2_ e 5. '
i ?Ijk- require larqe qdantit}eé of energy dhd -odetgte o
quantitios 14 ptoteiu fot thtir ggovth ale gqvelopneni ’&n ;oag

agny dcf:I;§1u9< éonq}tiog, %he anp&al ptoduction of co:eai o
° 8 ] )

\grains is not enongh to sathfy the nceﬂs df thee hunan e

Population,, much less rivestqdi. Hovevet,”large qnantities";. °

Q

of other bpotential feedsfnffs .exist - if they can be -

o © Q

-anotporated into efficient anQ,econotical tations for piqs.

Even in thé lar;e pomk p@oducing coﬁhtsies, gtains are o
getting short for lives;ock gpeﬁing. in 1973,' the "Mhne.t‘ican'5
and. Canadfan porkaproducer vas faced uith the Hﬁgh;st feedfioc'
"pple-ent pﬁ&ces éve; fgcorded 1T&nks1ey,°

d oilse;;—;:ﬁﬂgftion ghas tpsulted - _,c
< ,

2 (=]

in only pantf&h tel;ef in the years §ince 1973. $ ’ S

. Research studies by svine nnttisiontsts have bhns hgen ST e

]

grain and proteiw

1973).,Ilproved cete

oi g
. c .. - z - vo
\perfortance,a The stnny ‘%epbrted herein uqs gart of.thkis- " o
.o Lo A - o U . ' 0;"0. s . S o .
P c .' »; - s . [ . .o
. c 2 ° A £ e v < °
: ia @ @ N e g . o .o > o o. .
- o e a. ! ° N )
- @ - o % i o £ -~ .



w

f\ T
Sy / L L

-

.

effort. It uas.de51gned to ev;luatef €ue_ feeding value  on

L -

. fababeans and cassava for_ grou1ng f;mlshlng plgs.'-Tﬂe

effects of’ feedlng a loweg level of proteln than recomlended

;by the Natlonal Resea:ch ’Counc31‘ (NRC) _1973‘ and ‘"th.

1nf1uence _of’ supplementatloni with: 1y51ne,,methlon1ne ﬁhd

3

’cystlne on_the. performance of plgs were..also studled., The

.
’ 4

:parameters weasured ‘ig" thg study \were feed 1ntake (FI),f

averaQe _ daily Ly gaih ; (ADG), . ff1c1ency : of\‘ﬁ feed

PR

i converSLOn(EFC), carcass characterls ics-and blood thyroxlne";

(TQ) *and., uptaﬁ“ f trlloaothyronlne (T3) levels..The study

T o

was'dhdextakéﬁ-at the Edmonton"Resea;ch statldn of - the

\ "‘ »

e

‘ betweeé* Aprll, 1975 and &anuafy, 1976.

0"

;Department ;6f Anlmal SCience,‘,The UniverSLty of Alberta -



. v _ LITERATURE REVIEW . /

/

'“Proteln and. Amlno Ac1ds B S

Proteln supplementatlon of dlets fot the grov1ng 'biq
;demands Aa knowledge of the plg sfrequlrements, so that the

vCONPOSltlon of sultable f\tlons ‘can be deC1ded. _ ThlS

-knquledge ;{equlres wh accuraté deflnltlon of the changes 1n

fnofphbloglcalg 'chemlcal,‘ enzymatlc, and phy51ologlcal_'

vchafactetistics “dnring thef,g;onth Cof the animal (Rerat,

b . ) . K | N " .' . ;

& Experlments Hlth t&e growlng flnlshlng pig shdw ,that
\ ' :

f'the lipiad proportlon of’ carcasses 1s Iow at.blrthﬂ lncreases

rapldly durlng the flrst three weeks, stablllzes untll after»\
N

1

*ueam&ng .and theh increases 'agaln. ‘At the:same_tlne the:

proportlon of lean in ca:caSS .decreases gradually

o

-dufing:

-

/,
/

-ngrouth.
| Huscle tissne isv synthe51zed fromlthe pnoteln in. the
diet. Sluée the objectlve of sv1ne productlon 1sﬂto produce
1ean—t5pe plgs, 1t is necessary that th proteln supply,.and
more ;nartlcularly,._the essentlal amlno*ﬁciﬂ snpply should
provlde the dally optlmun for the regulred body ‘and - growth
-characterlstlcs. Hheéj/the ,supply 1& sub-optlmaf,,nlssue'
: protelns are broken dovn fo_‘suppiy ‘amlno.'ac1dsi for;\tne
syntheSLS of eSsentlal body prote1ns.‘ Thus(finf.prctein’
feedlng of plgs we are §\1ded by the ba51c.'1avsi governing;
lean meat and fat formatlon (Clausen, 1965). .
1. No plg can form lean meat up, to the llult detegglned
‘v.by 1ts ﬁEfedlty unless its d1et contalns suff1c1ent



-

:qyantitles of proteln of h1gh b101091Ca1 value.

o

~2. When the- plg's dally reqnlrements for .malntenance
| and lean neat productlon have been met, the rest ofJ
the ratlon must 1nev1tab1y be used ﬁor the formatlon‘-
of fat.. ‘1" - gd o %‘ . .

1gfhenabove".statements' recognlze the fact fthatiubody

. nitrogen ”hasf its orlgin in the protelns contalned in 1ts
e ; .
o

foodeand that these protelns dlffer 1n nutr1t10na1' quallty.“7

[3

',fhe. reason 'for ‘the dlfference °1n nutr1t10na1 quallty of
proteln d1d not cone to 1lght untll the ploneerlng work f
',Hopklns (1906$= and of Qshogne and Hendel (191&) uhlch gavea

rlse to the concept of dlspensable and 1ndlspensable amlno

1ac1ds. Thls concept 1nd1cated that the nutrltlve value of a

,proteln is related to 1ts anlno; ac1d cpmposltlon. -Fnrther‘

.studles (Rose, 4938) revealed that the nutr1t10na1 qualﬁty'

e N

of a proteln depends not only on 1ts amino ac1d comp031tron

_ and the -specific amlno ac1d requlrement of the an1ua1 bnt

;also on the avallablllty of the. amino ac1ds 1n the proteln.
Thus-‘the .idea of availablllty as dlstlnct from total amlno'

acids present' in : dletaryf proteln 1§/ 1mportant ' in
determ1n1ng 5the'i ablllty ‘of - a proteln'~to' supply the

‘.requlrenents of the anlnal Therefore subject to varfations

in dlgestlop and absorptlon, the proteln whlch can meet the.

requlrement oﬁ’the anlmal is that whlch can supply all .theﬁ‘

”_essentlal :allno acrds needed in the proportlon nost'nearly
~1like that”in which they eiist in the “tissue )to"be forned‘
.pins an approprlate non—spec1f1c sonrce of - nltrogen to foram .

Ynon-essentlal ac1ds.3The reports of Bl-an (1939) a&d Helnlck'

]
e . Co
. -



o Q )
";f 3_3 l (19&6) emphasxze that protein synthe51s ‘does notv‘f
S . :
'_occur unless a. complete mixture of the eSSentlal amino ac1ds‘
1s,pre$ent at one‘tlme, : ’_: i ‘:.  X ' . y
;sf'v‘;;JoheS, éﬁ{ al-  (1967) 1nd1cated thati‘ah; excess .or"

a. B

£ .some ,amino acld may 1ead "to “an overall

_ _dep'.SSIOn ~in amlno acid avallabllltyL Jones (1Q6u) had
- : \ - - / ' .n
B ,earll T shovn the 1nf1uence of excess lyslne on the reduced

1 ‘
avall blllty of arglnlne to- chlcks,.Harper et al. (1970) and.

. Chamberlaln (1971) stated the followlng as- condltlons unqer

hlch amino ac1as can affect proteln utlllzatlon- (iﬁl‘an}no
ac1d 1eha1ance, vj2)' amlno ac1d antagonlsm, (3),ahiho;apid .

! toricitya‘KAY'gf%the'_above “condltlons :are ‘nagl=kno§no't§'
infi;eﬁcg_the-oerformance”of pigs. R

reae - - . o < R v ! . s R K

Protein Requireménts

'
ua *
< O. - . hd . .. N . -

[ . | T -—

'Varlous studles have been carrled out over the years to-
_detern;ne the 0pt1nun levels of protelm and amlno ac1ds for
:;f-the growlng plg. uost of these experlnents have been alned

at detern1n1ng ,é. dlfference in'tresponse; tO'.drfferent

~ -
concentratlons of crude proteln.

w

v Wgodnan et al: ,(1939)1nd1cated that pigs-,wou1d~ grbw //

/

satlsfactorlly “oh louer levels éf proteln than recomnendedf'

‘at that ‘time. Woodman and Evans (19“0, 19&1, 1948) therefore}

dlrected thelr studles to determlnlng the mlnlnum levéls of
- o, o

proteln’ 1ntake conslstent wlth rapld grouth rate -~ and

- ”'satlsfactory carcass quallty. They' found ‘that a diet

n
- -

: rcc:ons:Lst:mg : of -cereals an7 vheatlngs and supply:mg 7% flsh



TZ(ARC) ,(1967).‘~ The ARC renarked that it is dlfflcult to~

‘iueal (Fu) and 15% crude proteln- gave satisfactory freiplts.:

ﬁ.vhen fed to bacon plgs frOm ueanxng to u1 kg 11ve Jelght.‘f‘

L P DUV
. \.\ . T | . B . e R * - . P

”The proteln requlrenents iof the growlng ﬁlg -Wwere

ﬁexten51ve1y reV1ewed by the Agrrcultural Research Counc11”

-dlStlngUlSh betueeu responses to the d1fferent crude proteln o

- . . »

flevelsgﬂ'used because most “of. theﬁeexperlnents were ‘mot:

, suff1c1ent1y »sen51t1Ve 1a g, enough in scaleoto allowﬂ

.- . Y

".determ1nat10ns of optlmum 1evels of crude proteln requlred.sglt

Y9

'Maxlmal response appeared to be approached asymptotlcally ‘in.

V. are inot ‘used 16%
'11terature rev1eued suggests that for optimun ADG - and EFC,T

'.slaughter, 15-16 percent.

\ +

‘-most' of the experlnents. The\g\peral 1mpre551on fron tw‘
data rev1ewed by ARC is that if the \;\vel of . proteun fis' R

-5unchanged from weanlng to 90 kg 11ve velgﬁt‘ and antlblotlcs

B atlsfactory:

iﬁvproteln,wlll y;elj

'.grovth rate and feed efflclency for plgs1 fed ad - ff:itumr .

When theA dlet isﬂ changed fron growlng to flnlshlng, thed

Q
-

the” crude proteln requlreﬂent up to QS-SO kg lmwe welght is . .

18.5~ 20% on a dry matter ba51s and from this velght to' _
. \ ) ) . o ,"é\

Bowland (1970) conpared the effects of dlfferent levels‘j_
of proteln on. the perfornance and carcass quality of plgsw

from T to 86 kllogram. The dlets offered 1n the three stagesi
(startlng, growlng and flnlshlng contalned 20 17 -1u 2022i"
1u, s 17, 17, 173 1u, 1a, 14 or 1a, 14, 14% crude.protein -

~ 2

supplenented ulth L—lysune and DL—uethlonlne in the starter .

‘:phase. v,The_~ results showed that the performancé of the p1g5~

.

fed the 17% crude proteln throughout was as good in ADG,,BFCf

- TR - B . - B i s R . :

- . . Soe



o

T S LT IR IO e
L

and carcass quallty as those fed hxgher 1evels of protein 1n

n-‘ o
AT

the startlng perlod._The plgS ‘on the 1u% crude‘ protein ?orj'“

-~

ﬁthé» 14% ; crude ‘ proteln supplemented w1tJ 1y51ne andr
;methlonlne vere 1nfer10r 1n performéhce to the plgs 6n' the

othet treatmentS» andﬂ requlred more days to reachyﬁfrketl_

‘.'uelght., T f,f L io. S L'”, g‘ f,J“ ‘

S ' i o ’ e NI
L e Plerce and Bovland (1972) reported a 51mllar experlment o
. I8 A""\'t, .

s

. %o the above but ulth SOme modlflcatlon.‘Treatments 1, 2, 3,; -
: ,:ﬁ'“ ' B o
v Q were the sane as the ones reported above.vIn treatment 5,.

the 1u1 proteln supplemented Hlth ly51he and methxonlne uas”

)

fed to the pigs durlng the startlng, growlng ands_ flnlshlngu_

. : stages."ihn:. addltlonal . treatment '_wlth nax f protein

c v . . BN

'l supplemented thh ly51ne alone was lncluded and fed 'to the“
plgs_ during the startlng,, growlng and flnlshlng perlods.lt
These latter proteln levels were_Lofes\than reconmended

N t1bna1 Acadeny of 501ences-Natlonal Research Counc1l (NAS—'

S

NRC).'(1968) for plgs of the sane age and llVe welght. They

A found that FI, ADG and EFC -were 1nferlor '1n the. starteE”J

L.

phase ,for~the plgs.fed Lu! proteln throughput conpared wltt -

fthe’ other dietary- con lnatlons.j Amlno acad ‘supplenents’

1mproved FI, ADG and EPC conpared ulth the 1“% proteln dletl

;hut ~ly51ne and ‘methlonlne *asf; dletary addltlons 'lln'

-

e - comblnatlonv d1d not . appear: to have any benef1c1a1 effect
over ly51ne added alone. They therefore suggested that the-
total sulfur;*-am1no~p ac1d : (methlonlne “band; cystlne)

requirements of plgs are . probably lower than reconnended by

e 7

oo  NAS-NRC (1968).3 ;?f” o _v'ff SR ,‘ff e ?*-.“7

’7"£;QZ Kornegay¢'_£' al- (1973) used seueralpproteln&sequences"

& - . ; . 5 . . v

B el e T e
o . e . o e . . : : L e . . e



”i‘.Performance and caneass' qhalitftf'fhéy

c ncluded"tﬁat;a7=
. \ § . A v C
?proteln 1eve1 seguence of ?6416 1u n; 16 1 —1u “in corn-n

’soybean dlets optinlzed galn,.EFC and carcas qualltya The_'

_Kornegays et al (1973) fed a corh—based d1et whereas B uland

(1970) and Elerce and Bouland (1972) fed dlet ‘ based

-"barley and wheat. fThe} dlfference in proteln level of the ".
'tbasal cereals probably explaxns the dlfferences 1n absolute

\

"ilevelﬁ of proteln found to meéet . requlrements.:l;f
, . .

ucConnell d et ~als (1973) - fed, 16% prateln dlet 

ldthroughou ?.thev growlng-finlshlng perlod and’ vobserved

“xlnprovenent fiﬁs rate‘ of: galn and feed’ efflcxencyf

-fconpared v1th plgs changed to a 13% proteln d1et at Sj and

o

180 kg bodywelghts respectlvely.: "‘ wio }

T uahan _; _;. (1973) fed four proteln levels (14, ig;r1e,f
,'qnd 20%) durlng the growlng perlod and ﬂhe ‘same 13% protelnif
;dlet to all treatlents durlng the' flnlshlng perlod., Theyr'
'dobserved hlgher galns on the 16 and 18% proteln dlets than,»

s

~dthe 14 and “20% dlets durlng :the qrowlng perxod. Feed..

-4

”,efflclency however 1ncreased linearly as dletary prote1n-~

. : B
- levels 1ncreased np to- 18 percent During the ”flnlshlnq

'perlod, ADG, and gPC decreased as d1¢tary proteln 1evei fed
._durlng the growlng perlod 1ncreased. ThlS result snggested a
dbcompensatory growth dur;ng the flnlshlng perlod for the plgs_'

o

prev1ously fed lov proteln dlets.s'\r

s,



. . . ~
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Pay and Davies 4(i973) stud;ed dafferent' levels'>of;‘

 ‘d1etary @rotein Q116, 18, 20%) «for boars.and reported no .

S~

‘_251gn1f1cant advantage 1n performance or carcass merlt from

'féedlng d1etary proteln above 16 percent. Helght galns were
sllghtly hlgher on the 18 and 20% d;ets durlng the grouang
fagd” flnlshan perlods nbut resulted in essentlallyp_no

y aﬂvantagé for the higher proteln dlets. - o

[

Davey and Froﬁlsh (1975) fed: varlous proteln 'sequences

to 7 weeh‘oy@ plgs up to 90 kg 11ve velght. The flrst groupr

L

‘::was fed a'16% proteln dlet throughout ihile"the”_Others»

rece%Ved the followlng proteln sequences 16= 1u—12- 16 12*12-"
' f1u 12-12 and a 12% proteln dlet supplenented with L- 1y51ne“-
’to‘equal the 16% dlet..The fastest overall ADG vere made by’

those rede1ving 'the proteln sequences 16 1u 12 or 12% plus

41751ne and the best Ercyby qroups fed 16% proteln throughout
oreTZﬂ\groteln plus lys ne._ R Y »
. R . \ ‘ ° . o ) .. »
It is ev1de&t that, because of varlatlon 1n4.levels of
g, _ »

essentlal amlno*“acn..ds, J.t a.;ert glfflcult to ‘make firm- "

reconnendatlons on reqnlrements .on" the - basis of  crude

a‘proteln levels rn plg dlets.ph' ? ',. T"w_“

Amino Ac1d Regultement and Supplementatlon._ L
. m N : . .
Anlno ac1d Eupplenentation of’ lov proteln dlets and the

e

s e

effects on the performance of growldg—flnlshlng plgs are now ,”

belng ‘Fstudled to:v1dely.. Seveﬂél rev1eus,» 1nclud1ng‘
reconnendatlons on' requlrements, fhave been publlsheﬂ

0

; - l = : _“
recent years,,(ARC, 1967-*§AS—NRC 1973- Rerat and Lougnan,

I

1968;- Tanksley, 1973). ) 0 T TR ST R
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Tanksley (1973) suggested that on &\ corn—soybean meal

°

lou proteln d1et (12 and 10%), 1y51ne proved to be the first

-llmitlng and tryptophan the second llmltlng &ésantlal amlno

' ac1d durlng the groulng and flnlshlng phases.,Aherne et' ak..

'(197“) suggested- that 1ysxne is the flrst 11M1t1ng amlno
. acid’ for plgS 1n vheat and barﬁ%y based dlets. Tanksley f

(1973} put forvard a hypothe51s that the requlrement for a

o € . . .
1111t1ng amlno a01d remalns a constant percent of the.

dletary proteln for proteln levels ranglng from subadequacy

to adequacy. '—‘/’*\ . o -

bfﬁ Brovn g&_ g;_p'(1973a b) | re—evaluated f'the. lysine

requlrement of finlshlng plgs u51ng a 13.3% proteln corn- .

sesame neal d1et contalnlng 3 .50 Hcal Hetabollsable Energyt

»(n E. )/kllOgram. _,The,. results- - showed that tne lysine

requlrenent was 0 u8% of the d1et for raximum gain,.”O 60i:
. \% -
,for max1mumt EPC, 0 51% for maxxmun lean cuts and 0 60% for

maxlnum 101n eye area.
< ‘ -

: ARC (1967) recommended ainimum lysxne 1evels of 0. 9% in
18. SS crude proteln (dry natter ba51s) for plgs up to 50 kg~

and O 7% ly51ne in 15% crude proteln for plgs from 50—90 kg

11ve Welght.

Increased response to 1yslne supplementatlon'chas ‘been:

bobserved 'vhen tryptophan was added to the d1et (Gallo and

ﬁPond, 1968). The superlorlty of 0paque-2 malze tO'A“normalﬂg‘

- maize has been attrlbuted to hlgher concentratlons of 1y51ne

(3.2% cf. 2 6%) and tryptophan (1.3% cf. 1 0%) in the crude

'asprotein.,Cronvell et (1967) supplemented nornal malze' o

.with.fthese]ianino_ acids and got results 51u11ar to those

T

R
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obtarned wlth unsupplenented Opaque-2 corn. ‘Tanksley : (1975)
'1nd1cated that if the'uidely varying tryptophan requ1rements
‘ glven in the llterature for. plgs are recalculated using 80%
ava1lab111ty-factor for DL-tryptophan amd the requlrement 15"

expresseu as a percent of the proteln, the values wlll come

close to0-0.70% for growing-finishlng plgs. o

» Il °

.hlthougn nethxonlne has been - shown to b€ the first

&llﬂltlng amino‘ac1d in soybean proteld, Berry et %l. (1966)

'used dlets based on lalze,‘oats, barley and soybean meal and ~

his results’ shoued no advantage in addlng thlS amino: ac1d.

2

"Thls 1s probably because suff1c1ent sulphur contalnlng amino

ac1ds are provxded from the ‘cereal component of the~e1et “to
ensure that suff1c1ent methlonlne is avallable in the dlet.

Numerous references appear 1n the llterature reportlng

.

the response of pigs to amlno ac1d é‘bplementatlon~ of low

proteln dlets. Representatlve experlments are dlscussed.

Bowland and Grlmson (1969) showed that the addition of

-

0.57% lySLne to dlets contalning 1ux proteln 1ncreased ADG "

and EFC of -3- to -9—weeks :old) weanllng pigs “to a level
»-equlvalent to that obtalned wlth a 22% proteln dlet.
Thrasher’and Slmoneaux (1973) observed 51gn1f1cant1y
'~faster ADG and 1mproved EPC on a 16+ 14 proteln sequence than-»
S en a 1u-12% ~ sequence. Hhen 'the 14 - and f12ﬁ dlets vere
' sunplemented Hlth 0 15% L-lyslme, ADG ana' EPc,‘ vere -
_>essentially the same as those obtalned on the 16- 4% proteln-
Sequence.."v R o S B - Jﬂ o .
’Wahlstrom and leal (1973) obtalned 51n11ar results to

'r,thbse-of‘Thrasher and-anoneaux when hey'-conpared ’17-1&%
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‘and '1u—11% protbin feedxng regilens. Lysine supplelentation
- (0. T or 0.2%) of the 1M-11% proteln sequence inproved fdep

erflc}ency uh}le \0 - 2% lethlonlne supplenentation . had no 5-l
tbeneficial effects iﬁ tne presence otylysine and depreesedx
éain when added H’}one. 'orr €1973) also obseeved .no\
fanoiirable .response f\r'on‘"the additionﬁh of 0“,). OVSS nethi.onine to

a 16% protein corn soybean meal d1et when fed to 10 kg pigs.
. _ Nevnan and Elllot (1975) conducted two experluents to -
. test the effect of 1y51ne and/or nethlonlne supplementatlon-

: o% a 14% barley soybean neal dlet on the performance of pigs

of 23 6 kg 1n1t1al welgwt. In experlment 1, both  the amino -

-

. ac1d supplemented dlets produced slover ADG than the basalv
control contalnlng 16- 1“% proteln. However,+1n experlment 2, .
. galns vwere faster in plgs fed the 1y51ne alone or 1y51ne and.*

%ethionlne supplenented diets than ‘in those fed the‘ basal

2y

ih” control diets. Thef dld not, however,‘ob§erve any dlfferenCe
*“{A elther trlal in ADG betveen'plgs fed'diets\snppremented
Hlth 1y51ne alone or Hlth ly51ne plus nethioninentogetner.
Horrls aag Luckhan (1975) observed» increaSed ADG =and
51nproved EF& vhenoilysxne  ﬁas - added itol 12 and 1u$ high
*';‘ 101sture corn diets for p1gs velghlng 40 to - -90’ kg. There was:.
. ho 51gn1f1cant beneflt in grovth rate an§7 EFG when"
'-nethlonlne was’ added wlxhoqt ly51ne suppLement.,b ;
"f . 4, The. consensus of results is that 1y51ne 1s usually the
flrst Iinltlng allno acid 1n cerea1~based dletii uethlonlne

;selﬂ01‘ seems to be 11-1t1ng 1n such dlets. Supple-ental

R 1ysine' in ‘the diet will repiace‘

\a- .portion"'of the
S R
red to obtain optimum

supple-entalt'proteins nornally requ

G,

‘ .,‘v ‘x’." . \v,
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'perforlenceiin diets based on cerogl grains.

PROTEIN SOQURCES - e

A. Fababeans as a Protein.SQnrce,.

Hlstory ‘and extent of cultlvatlon.

2

[

- s . - -

¢ . - “ "\
" . \
. .
g ~

o’

L4
4

The small fababean (ILQLQ fg&@*i. var. !;ng;) is' one of ”
[ 4

the twvo Sﬂb—lelSlonS of xhe species V1c1a faba y, The other

. 'Sub“dlyLSLOn of the. species 1s Vlcla‘ faba,'!ajgr \or broad

bean.

Conlon 'na-es for the snall fababean are horse bean,

field bean or tlck bean. It is"_referredA tol by “these

different names in_.the various countries.:where it is -

produced. For the purpose of thlS report, theenane.ifabahean

shall be used.» - 7’, - " SR -~ T;.' :J.‘,‘fw

.-

Although the' fababean belongse to the Vicia (vetch)

. genus of the Papllllonaceae,'it} Qiil" . cross with any

-

other V1c1a species and does.not exlst in wlld forls\ bnlike .

"all

other‘ Vicia specxes, V1c1a 5599 has poorly developed

®
tendrlls, the flover 1s thtlsh, the pods are more, on:" 1ess

dovny¢ thxck valled and often more than 7. cm in 1ength~ and,;

. -

K

the seeds are ronnded rectangular to elle501da1 in; shape

.(Canada~.Gra1ns. gounc1l, 1972) . -The- full grown plant 1s

qsnally about * to 2 n in Height 'dependlng on_ the sab- -

spec1es,'varxety, soxl and weather eond1t1ons.gA -

“Ehe, fababean 1s one’. of - the oldest cultlvated faeld

2

crops of Europe. The crop origlnated fron the reglons south

kS -

-



of the

‘Caspian Sea and North Africa
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(vinton, 1935) - froa

“ﬂhora it waa apparentdy bronght 1nto Buropo. ¢ haa;/poan

cultivated sinece' the'days of .the Hebrews and das.iantionedwi

in the-litératurd of ancient Grééce. and Rome. In North

Anerica, it appears that the crop has been planted in nexico ‘

- and surrounding

o,

territories by thehIndians since 5000 B.C.

(norqan, 1970) . It is not’ knovn whether this is tpe sale as

the North African stock.

Horld productlon of fababeans has

years as a result of certain prejud1ces such as” unreliable.

7

yield perfornance, ‘influx of .cheaper

fluctuafed over the

\

', i

and better quallty*

protelns and xhe beans ablllty to bind nltrogen to the soil

and thus
1972)._As a result °§k,P° abovy factors, total productlon ofo

‘ the*fababean in the Eurqpean Econodaic

528r000
1971/72.

stanulate .veed growth (Canada Gralns Councll,

Co-nunity fell Afr‘

'netric_,tons (tonne—t) 1n 1969/70 to 450,000 t {in

¢

In England however, productlon’ 1ncreasedv,frou

103‘000 "t in 1965/66 to 308 000 t in 1969/70. Africa also

'1ncrea5bd productlon fro- 638 000 t 1n 1969 to 683W000 t in

,1971.

The

. ‘ ’ - N
7 SR
fababean fs, a relatlvely new

’

e
[

“crop ‘in Canada. The_ :

firs€ tvo varietlos (Herz Preya and Kleln Thnrlnger) vere

,1ntrodnced into uanltoba in 1969 from West Gerlany (EVans,

197“). Several other- varletles were lntroduced in 1970. Fron}

thlS stock, three varletles, lckerperle.

-

uere llcensed- in tlle for plantlng 1n

Alberta and Saskatehewan %1rst bécane

faoabean.

1n the fall and vlnter of 1971

8

N
'Dlana -ﬁnd Bfordxa

the'Sprlng of 1973.

1nvolved//w1th the

'raspeoglvely._51ncev

-

R
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'tnengo the ecrenqe"devoted' to"thil _cRoOp hll finctoaeeQ .
"'eonud'crnbly'.‘ »lhorne' ns'm ttﬁ:ed tlut, ‘the eb:uqe_. ot ',

fababeans grovn in Jestern Canada has increased froam ‘2Q001 .
'acres- (810 hectares) in 197; to 23,000 actes (8,505
hectares) in 1973, with 50,000 mcres (20,250 hectares)

anticipated for 1974. 10,000 acres (4,050 hectares). vas’
e : W S ? : '
€ultivated in Alberta in 1975.

a

'Conposition _ 5' L ‘ ' ) I
‘ Q : ° ’ 3]

B comparison ofdthe conposition of fababean,’ sogbean b

meal, bariey 'and cassava 1s shovn in Table 1. The avetaqe o
. .0 .

crude protein ccontent of Ganadian grpvn fnbabeans »in.

(u

approxi-ately 26 percent vith a range of 24 to.30 percent.

. uO»~
;.The 1ys1ne content .as a percentage of the proteln is similar.

,

. .to that of'soybepn'legl ‘ana con51q§rab1y higher than thatAef

"barley. Ealthougn the . snlphur' containingf anino "acids
(leth{onine "and cYSlineY content eppears'lower than thﬁt of

. o ¢

;soyhean neal, Aherne (1974) found . that'"supplenentation of'

fababean-based dlets vithv synthetlc‘ ﬂethlonlne qenerally

'ifalied to. ellcit 1nptOVed response in pigs. QAlthongh the

/ o

<]
./

'etber °extract fractlon of fababeans is 1nternediate between s
soybean meal, barley and cassava, "the fatty acid conposxtlon
is sxnilar to that of soybean neal end barley. .Pababeans °
contains more than 60% carbohgdrate on a Ary matter ba51s.

a

“The- vitanmin and llne:al content of fababeans coupare";
. o g

91th other yegetnble,proteln sounces;
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Lo TABLE 1
= AVERAGE NUTRIENT CONTENT OF FEEDSTUFFq "-[ Jf'"
' - e » S
USED IN ThE EXPERIHENT

o

PR (Fababéans,uSoybean ueal, Barley ‘and Cassava) cL
- IS 2 ’ . . ’ i R - . L’Bd);
.................................. ?---_-_-J;_--___-,i_--_-_-
________________________________ e i o g e o e e v . e e o e g
° : Sbybeah?ﬂéalix - B '
Fababeansi; . (un%) o 'Barleyl Cassava2

Dry Matter  $lf'8i;5 ~’ﬁ=:1s89-o © - -89.0 T 91.9.-
.

Crude Fibre. . % , 6.7° 7.0 5.0 8.3 &
 Bther Extract ®g 1.1 . 0.5 0 1.9 1.9
‘Cruge Protein -% 25.7 - 44.0 - .10.6 - . 2170
Ce R e R SRR : S,

-calcdium % 0.08 . 7-0.25  '0.1d . . 0.12
. Phosphorus-  ~“% . 0.35 ~° .~ - 0.60 " 0.35 0.16 .
PN , :

 Lysine

Methionine - % — ~ 0.18 . -0.60 0.18 . 0.0o4 7

e o

‘Bigestlble L _-'n; S e
. Energy kcal/kg ;,2919 - _._-3300 : "3]6§A - 4000 . .

_.__._,......._..- __________ e s e Ak e i e e i i e Al o o i S O S o e e e - —
‘1 © Aherne (1974) . - (uu% crude proteln content ); T,
2 Thailand cassava pellets,‘(ﬂare and Saben, 1@7&).‘
o - ' = ' o : o [ i
\ - 0' ¢ }_.s. . ,“
o |
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“pritchard et ~al., (1973) -found some seasonal and
. ) d N o ‘ ’ R . ] : N . N o
varietal | differences ~in . the amount. of - Aavallable .

carbohydrates '1n\ fababeans-' Tney Jshoued that wlnter sown

varletles prov1de nore avallable carbohydrates (u6 to QO% otk

the dry matter) than sprlng—sown varletles (30 to u2%)..Bond
o>

and" Toynbee—Clarke (1968) had earllé% found dlfferences . in

‘proteln content betueen sprlng and winter varletles. They'
- .

showed that sprlng varletles had con51stent1y hlgher - crude

‘“proteln 7content than ,wlnter var1et1es.° Eden (1968)»also

) <

found that sprlng varletles had a SLgnlflcantly hlgher crude
proteln contenﬁ (average 31. ﬁ% on_ dry matté& .ba51s) than

’v1nter- varieties’ (26 5%). Wlnter varieties had a. hlgher
o : A A o . . -
: cfude,fiber. COntent' {averagev‘9%) than spring varletles

? . -

(average 8%%.

Estlmates _of D'E.' or Hetabollsable Energy (K.E ), fori

fababeans appear to be avallable only for poultry.:Carpenter'
nd Johnson (1968) found that the H;E., values “of threeu‘
varletles of fababeans(for chlcks.were 2.52 to 2 80 kcal/gv
at 90% dry mat?er. Harlng and Shannon (1968)~*;ouever foundr'
“sllghtly lower ‘values of 2.47 kéal/g and 2 39 kcal/g for

7spr1ng and winter varletles respectlvely..

Toxi'c Factors . T ) . S

e " ) . ) . R

. \ . .
It has long been\ assumed. that fababean would

e

icontaln ’ toxic”d components ih ‘the forn, of':cyanogenicf"

v

glyCOSLdes llﬁe all other 71c1a spp. However, as - p01nted out~ee

earller, -snall“\fababeans “have only a very tenuous



o

e a

relationShip ‘iitn other V1c1a species, In a. .survey carried
out by the Canada Gralns Cou9011 (1972) 1n Austrla,. England
and the Federal Republlc of Germany, the nqn—tox1c1ty of the

fababeans 1Was"aff1rmed.l,W1lson et -al. ‘(1972), however,f

)
produced 1n1v1tro ev1dence to show the presence ofv»trypsln o

vlnh%bltor act1v1ty (t- 1 a.) - in_ fleld bean meal in chick
B © / ¥

grovth studles. Aufoclav1ng at 110°C\\for a 'period of uof'
/ ’ .
'm;nsf ellmlnated the t.1 a._They reported that Borchers and

r

Ahkerson found no t.i.a. 1n fleld beans (fababeans) although

J "1n furthen work, the growth rate 6f rats was 51gn1f1cantly ,:

1ncreasedf from 1,58 'to 2.12 g/day when the fahabeans vere
f‘autoclaved at .12t°C for 30 mlns. Aherne (197“) states -that
" {; -0 levels 1n fababeans 1s only one twen:;—fourth that 1n
f‘soybean meal. He \concludes-:from -his studles khat 'the'

°

presence'of t.i.a. in £ababeans'is‘of:little signifiCanCe;f.

a o

Palatability -

5 .
. rababeans have a_/somewhat bitter  taste due .to the

L A

l presence of 0.34 to 6 Sdi tannins} in:the seed (Aherne,
'{197h); ThisV‘mayf therefore‘ lead eto reduced feed‘nlntake'
especiallj “when’ hlgh levels of fababeans'are fed"initiall§:
‘tonliuesrook. .

o

~Fababeans)in;5uine Diets T I e
o ..

vRepQrtSﬁin the_soientifio‘ IlteratureA¢on the. useA»of ‘

;fababeans.iﬁ.pi@\rations are ragherefew; Aherne and ncAlease

o 4
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‘(iésu) carrled out three experlments to evaluate fleld beans,fe
'h(fababeahs) as 'a proteln supplement for growlng—flnlshlnql

/ bacon pigs; In trial one, three levels of fababeans (1q,,:20
andur:BO% " of the air  dry' feed) 7werep‘tested and the
dlgestlblllty of the fababeans was used 5as' a - neasure of‘
'utlllzatlon ‘by, 65 day:old plgs. Although there w;s a w1de
A‘varlatlon betueen the crude ‘protein content of' the, ratlons.
>used they showed that the crude proteln dlgestlbillty for'
’Agthe beans was 80% at the three levels of 1nclu51on. In-trlal

.7two, they fed plgs from u0-120 lb (18—55; kg)  eon rations

contalnlng 10, 20f and 30% fababeans with' and- vithout

. methionine“Supplementation. lhe results shoued that ADG vere

not 51gn1f1cant1y dlfferent for ;thep‘three levels ‘;of:,f-»

,fababeans vlth .or wlthout methloﬁine.cfﬂoweveri.~EFC Has

" poorer for- the; nethionine’ Supplemented ‘diets. In trlalv

- e

three,' the sane three 1evels of fababeans were used but the

E)

‘diets vere unSUpplemented u1th methlonlne. The ratlons awere

. fed . to flnlshlng bacon plgs from 120-200 pounds (55 91f

-

‘klldgrams). They obtalned good growth rates and EFC but. in

o

;all cases, the cbntrol ratlon.vas superlor to the fababean—r“

°

-supple-ented ratlons. They concluded that fababeans can he’“
o e )
subst;tuted' for other protelns oin< flnlshlng fatlons at~u

amounts not exceedlng 20 percent , v

Qlarke’ (1970)' reported that Lu5conbe conpared dthe,
"effects of partlal and conplete replacement of soybean nealﬂ
:dby fababeans in ratlons fed to plgs fron' 32-91 kg llve‘

vvelght. He observed no. s;gnlfacant dlfferences between duetsl"
ADG ?and EFC. There vere also no benef1c1al effects fronﬁ

i
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, mefhionine'ISupplepehtation;"Clarké- also -“rebortéd ~that '
o . 3 . B . _ i o : : /“ A

Clausen dand "Hadsen ‘in Dennark fed bacon”iIEE’ddletsi
;l,,contalnlng up to 30% fababeans. gIncreaslng" the . lewel ‘of

fababeans in ~the d1et

©

'had:‘no 'effect“op 'rheA taste or

con51stency of the meat from the plg carcasses.

“ ©

In feedlng trlals at the Harper Adams Coliege, England =
(Anonymous,' 1972) three 1evels of fabaheans_(o, 10_and‘20%)

vere fed to plgs durlng the growlng perlod froh ‘7O~120711be

°

(32—55 kg) live welght awﬂ 0, 15 and 30% durlng flnlsh}ng
from|120-200 pounds (55~91 kg). ‘They: observed ra: depressxonr

'oﬁd welght ga1n at }a 1eve1, if 20% fababeans durlng the

growlng perlod (0.59. °0 58 :and‘ 0. 53 -kg/day).: Fababean

_Z:.1nclu310n -also- adversely affected .EFC at both 10 and 20%

levels dur;ng the growlng perlod In another trlal, they fed

-a ratlon cdntalnlng 20% fababean meal from 50—120 1B (23 55..

g £ R )'_]Zki ve T : ~

.veigbr;‘ﬁTbe dlets‘ ‘were’ ,supplemented Hlth aethlonlne and,d
,cyséiné. They observed ,some \lnprovenent ’from -methlonlnel;-
supplementatlon aado concluded that the growth depre551ngt
effects of fababeans observed 1n the f1rst experlmenb mlght

“be - due 1n part to nethlonlne def1c1ency. . : '

; Canada Gralns Councld (1972) referred to a serles of' 
Gfeedlng trlals 1n Germany thqh proved that fababeans are anfﬂdi'
.excellent proteln source_ and capable ofw»fully replac1n§g‘
-soybean meal in plgjd1eé5. They cautloned hovever,that somei

anlmal proteln nust be . used' in Vthe. ratlon. in\“order tp'l;j"

‘Q"\na1nta1n a proper balance of amlno ac1ds. Peedlng trlals‘iﬁ"

Bavarla where pigs were fed ‘diets, con 'n;ng up to- SO%g:,

. _u.
o



"ffababeans wlthout adverse consaquences uere also repo;ted.
l Stothers (197“) fed up to. 30~ 3“% fababeans to groving

.1and flnlshlng plgs welghlng 80 lb '(35 kg) and ,0ver.,‘The55_

,_-"average dally FI,‘ ADG and EFC uere sllghtly 1over than in

' the barley—soybean dlets but carcass quallty was' 51n11ar.w'

-~ When . fed to plgs 50 lb (23 kg) 1n1t1al welght 20% less’feed,

'A"was_ consumed, gains 'were 20% lower and EFC was 10! poorer

than for plgs on. a barley soybean meal dlet. He also fed. a

'50“50 barley—heated fababeans (autoclaved for 20 min.) and,b

unheated fababeans starter ratlon wlth or. wlthout methlonlne "

trlto plgs welghlng 30 pounds (1a kg)- The results shoued thatkp“

"'heat treatment . and nethlonlne- supplementatlou‘ had

vaddltlve effect 1n, 1mprOV1ng performance.. The' data also"j

vflndlcated that methlon;ne supplementatlon 1mproved FI but o

&

 ‘,1nPa1red EFC.-lu” ,.--,i‘_f*1f°~;"757:f.f;'l ' j i"':*%ffl

Lherne (1975) fed dlfferent levels of fababeans £0,. 15 o

25 and 30%) to plgs from 16 5 up to uo kg llve welght.lﬁ’

“»"In tgo ‘other ,experlments,~r_ fed dletsv‘contaxnlng QS%i.A

,;fababeans, autoclaved for 0, 30 or 60 nln.,and 0, 15 .30, u51:

a‘hor &anlps.‘at 121°C to plgs aver glng 17 kg llVe; Velght.l

- His IQSQIFS conflrned earller recommendatlons that fababeans**i“'

'énouia:IDOf" exceed 20% of the‘dxet for growlng plgs. He dldjf"”

- not 6bserVe:any signlflcaut advantage ln heating fababeans‘

$efore feedlng. ﬂéfifiﬂ :lfll y.,7

Bovland - et _;. (1975) fed several conb;natlons (75/25,}?

agso/so, 25/75, 50/50) of PB, Rapeseed leal (ns.) and san toaf'*“ﬁ

wif}pxgs fron '6 6 kg to narket. Thelr results 1 dlcated thatf’

~fthere ¥

:e no 51gni£1cant dlfferences 1n dally FI,

KDG an{i“'



v

E&C between the< treatuents throughout the feedlng perxod.l~>

e

//They concluded that dthee replapement f SBM by ground:HA'

. unprocessed fababeans or RSH qr 50/50 comblnatlons}of thesef

3Ppplenents v111 not 51gn1f1cantly depressp perfornance :in

startlng, growlng ‘or flnlshlng Plgs.-W'

Sarwar and Bowland (1976) ﬁed tvo levels of . unprocessed”_ku'

fababeans (10 _and 20%)t.to‘ 6. 5 kg 11ve welght pigs for 6*

-

weeks. Thelr results suggest that 20% unprocessed fababeansrf

‘can be fed to young plgs vlthout any adverse effectsf
' °f;The; summary .of the results above‘vsugqests thaﬁ.p

fababeans can be satlsfactorlly 1ncluded 1n growlng rations
R - ot b )
"»at levels of up to 15—20% and 1n flnlshlng ratlons at up to'“

30 50 percent.‘ ',/ L ’
T R ' L /. ’ ' .
',_B}3Soyhean'nealh ' :
ASQYbean_Héal eS,aVProteinNSQHrce» - "
| . ° : . S K ... A ‘;_ 5 o . . - - e .
‘ Soybean meal (Glxg;gg g ) 1s generally accepted -as one.
“of the best plant pr@teln sources and _'al standard ”Bf-

quallty for protexn supplenents because of 1ts hlgh protelna“

content,_anlno -acxd halance and the un;form1ty Qfﬂ the'

processed meal. f-~‘, PR jrw ':“’. h."' l*.e/.‘
' - ‘ : ' ' o,
”J‘Soybean ;orlglnated fron Chlna uhere 1t was recognlzed

as an essent1al food crop before 2 838 B C. (Feree, 1929).'

It 4;" 1ntroduced fron Chlna to nelghbouring countrres and'
Ea other pa rts of the vorld during the Chrlstlan eray ;Tﬁe.
. - " ¥ 'R & R T
”Tjsoybean‘ plant vas orlglnally cultivated nalnly for 1ts 011

I
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by product, after ex%ractlon of the 011, has - been

CW X

LA

.»,

‘ classes of" llvestock = f CLorET oy

\

The Unlted states at Present produces about 60% df'Ithe .

total world productlon of . soybeans. Chlna produces about 21”

\ . @

percent. of the total uorld productlon of 56 8 mllllon t in_

.197u, »the_ Unlted States produced about 33 6 nlllion and
-Chlna 11 9 nllllon t (F A q.,. PTQ). Amerlcan exports» of

‘Soybeans/soybean meal has 1ncreased steadlly QVer the\years.

There f llmlted soybean productlon 1n Canada,lmostly

' ﬁln Ontarlo. In 1974 Canada produced approx1nately 300, dOO A

“of soybeans, about 0. 5% of the vorld total. western\Canada'

_,be' very valuable as a proteln supplenent for all

23

LY

‘ relles almost entlrely on- ‘the Unlted States -for 1ts sdpplles'u

of soybean meal.f””

e

The average chemlcal conp051t10n of soybean meal isd

R
shown in Table 1. . O

fiT proteln content is: relatlvely hlgher than in nost

plant protelns. Soybean ueal products vlth uux, us%, ue 5%

and 50% proteln, are anqtlable. The proteln content in. nost

. cases depends on th hw;ety of seed pﬁoce551ng method used

: and crude flberd e ly51ne content‘ is quite hlgb

'hut 'the‘.méth. J ﬁv_ is. rather lov. The amlno ac1d

—fprofile is hette“ ‘ that of other readlly avallable plant
PSR DR L
prq;elns.*i - o L

The" D E. valne of SBH 1s hlgher than that of FB.:Warlng



: and Shannon (1969) u51ng colostom;zed laylng hens found that i

.<the ‘average H E. value of SBu was 2. 57 kcal/gram. o

‘found that the D E. for SBM (aux) was

_ desplte thelr hlgh proteln and fat content,rcontain-factors}f“

-]

Bowland (197“) 1n tuo separate_ experlnents with pigs

3179 and 3106 kcal/kg

\

‘and M. E. was 3087 and, 3003 kcal/kllogran.n-

Toxic Factors - - L

'cooklng brlngs this value for soybeans ‘close to that of meat -

: It has ‘been knoun for a. 1ong time that raw soybeans,

whlch result in lover feedlng value when fed to . monogastric

- >

»anlmals. (Osborne and Hendel,'1919). It was-alsﬁiknown that .

f:-ﬂ‘ 73»

w

and mllk (Llener, 1958).\Several reports nou~ indicatev that

many factors fare involved. Sone of the factors whlch have

P

been 1np11cated are tryp51n 1nnlbitors, naemagiutrntﬁ——&n&———

'pancreatlc hypertrophy ;factor_ (kwong " and Barnes, 19633

¢

uuelenaere, 1964; Young, --1970) . Rachis (1965) attributes

‘betveen 30 and 60% of the decrease<‘in‘grouth rate and

\

o

proteln effiCiency respectively- and ‘near'ly’ 311' of the

 pancreat1c, hypertrophy “in rrats fed raw. SOybean.meal'to

'tryp51n 1nh1b1tors.- Grovth depressxon by ingestiogfjfof

,tryp51n 1nh1b1tors has been attrlbuted to endogenous loss of

'essentlal amlno ac1ds in the enzynes Secreted by the

hyperactxve pancreas in response to the stluulatory effects

of" the 1nh1b1tors (Lylan and. Lepkovsky, 1957). leeratlon of

a. hornone—llke Q-factor by trypsin 1nh1b1tor has (ﬁeen

R¥ = p
i
(S,

i

suggested as/; ’ nechanxs- for stllulatlon of pancreatlcf
we A C ' -
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secretlon (Khayambash1 and Lyman; 1969' Helmed and Bouchler,»
1969).} Rachls (1965) was able to account for only a part of
the antl-grovth effects of . raw soybean meal in 'terms' of
ftrypsin inhibitors' and haemaglutlnlns. Conseﬁuently, there
‘.st111 appears to be some unldentlfled anti- growth factors in = .’
raw soybean meal-»l » v

‘Rachis (1966) stated that all ‘the trypsin inhibitors in
raw soybean meal are readily 1nact1vated by heat steamlng ar'
j100°C for only 15 min or atmospherlc pressure steamlng . for
20 min. ThlS ‘1nact1vatlon ,also _-takes placeA durlng the
process1ng of soybeans to produce soybean meal.. Hethods used
in proce551ng soybeans and oyerheatlng can however markedly
'affect the nutrltlve value of the resultlng meals (Relsen et
al., 1947‘ Clandlnan, 1949). Clandldln and Robblee (1952)

indicated that the depreased nutr1t1ve value ,of oyeqheated .

meal  was =assoc1ated with rheyvgecreased .Liperarione Qf_g_rr
eSSentlal gnlno ac1ds.. R S e \

Soybean MNeal i!}SHine Rations

°

o

Slnce the acceptance of SBH vas; a very good»'protein
Supplenent. for llvestock feedlng by Anutrltlonlsts, very -
llttle further work has been done re-evaluatlng this proteln" .
.source. It.is now used in nost pract1ca1 feedlng experlments
;as a standarad control s a result . there .arej very few
frecent' references in -the 11terﬁture deallng spec1f1ca11y;

1 with,SBH as a. proteln source for svlne. ‘
| -iSBﬂ is a_very- good protein suppkeaent' for groving-

.




finishlng pigs; hays'g;'gL.'(l959) compared dr1ed skim milk
(DSH) and SBH in . p1g starter rations. ‘He found that ADG ‘and
BFC_ vere 51gn1f1cantly‘ better on the DSH diet than on the'
SBH diet. Supplenentatlon of- the SBH dxet uxth 0.05% pL-
‘methlonlne lnproved the performance of the plgs.b- _
| Combs et al. (1959) also compared DSH, SBM and FH 1n
rations for 2- to 8—week—old plgs.. mhe results indicated
that'>Dsu' vas superlor to . either SBH, or FH, In another .
,'experimeht;.he coupared SBM and peanut meal (Pﬂhynand--fbund
that the SBM diet gave 51gn1f1cant1y hlgher ADG, and EFC than
'PNH. Bowland ‘and Orok (1973) reported ‘that 50 to 100% °
l; usubstltutlon of PNN for SBH in pig ‘diets reduced ADG but EFC
'vas only poorer at the 100% level of substltutlon..

Younggand Smlth '(1973) ~found ‘that p1gs fed cooked

'soybeansf'had- a sihilar"perfornance 'to‘those fed»soyhean

'superlor to that of plgs fed raw soybeans.

-Ali avallable llterature ‘suggests " that " SBM can be

2

1nc1uded in cereal-based pig ratlons at 1evels tequlred to

s

meet the proteln and anino acld requlrements of the animal.
vThlS is why SBN is generally used as a standard control in
‘ pract1ca1 plg feedlng experlnents.

- _ Do ) e o

Cassava as ah Energy Source

“History -+ SR - ' PR

The tropical root crop, cassava, is called by various



conmon names in dlfferfnt parts of-the,world. All apply"Vto<

the ‘one ‘specles Manihot g culenta. Crantz. The nanes nost

frequently encountered are: cassava in. English-speaklng

-

troplcal 'areas- yuca in Spanlsh—speaklng areas' mandloca or
macachelra ln Bra21l-'man10c among French speaking peoples.
Taploca, one of - the products manufactured from the roots 1s

sometlmes used as a comndp name. In thls report, cassavd,

- v

' the most comlon Engllsh ‘name, will. be used throughout.

-

'-Cassava is thought to have orlglnated from Bra211. fr0m_

‘where it spread to other parts‘of Latln Amerlca and in post—v
Columbian tinmes, - to other parts of the ¥ropics (Smith,
1968) . e, | R

ggnihot escglenta Crantz is the only- edlble_ cultlvated .

__sPeoies' of the genus Hanlhot, compr1s1ng about 125 sPec1es.‘ .
4 -4 ‘
The genus belongs to the fanxly‘ Euphorblaceae_ alongs\u1th '

3 g N [

(ngvea hra5111gn515) and castor bean (R1c1gus g !ﬁgn;s).,ﬁ__' .

P

Cassava is a shrqpby perenn1al plant about_1-u -. tall. -
The -stenm is_either unhranéhed, tall and-slender-br uariously
branched’ The sten 15 woody, usually wlth a 1arge pith and

therefore qulte brittle. The nodes are pronlnent y raised on

\\the sten. The leaves are 51nple, palnately 1obed.

N,

Under cultlvatlon, the plant ls propagated vegetatlvely-

by ‘stea cuttlng and adventltlous roots radlate fron ‘the base

o .
of the cuff'ng vhen planted ) Durlng growth, SOle of the
ladventltlous ,roots ~ . beconme tuherouS‘ ‘with vcarbohydrate : f-‘
reseryes. The shape of the tubers vary fron long and slender

A toﬂglohose_aud canAwelgh fron 1-5 kllograus. e



Two groups of cultiva:s of cassava are known: 'bittet

and Sweet. Sweet : cassava ' is’' grown .more’ for food - and

1ivee£ock vhile the 5itter type wth"\m | higher starch
. o

-content is cnltivated for industr1a1 purposes (ﬂyres, 1972) . .

- Godoy (1940) observed that a swbet variety ln‘ohe regibn can

»

becone " bitter under dxfferent condlt‘zps of clxnate and
.altxtude.fBitterness has ‘also been assocxated wlth : ycoside ,
‘ ’ r o
‘]cqntent (Pereira et g;., 1965) . 251nha -and  Nair (1968)

_however  suggested that sugars in the roots influence .

organoleffic ZQaluatipn.'.Dn this:diﬁasis;e caseaﬁai“is
censidered.sweet_ifditdcentains less than So‘pg prussic acid'
_(hYd:oeyanic acid) ~pef kg ‘of utissue' and bitter if it.'
contains mgre-thah 100 mg/kg (delhu%s; 195@);. '
chld'Producfion

. _ ﬂbh." T o ' . .* e -

World cassava productlon has gradually 71ncreased fron

/ K
© 62.5 nllllon t in 1955 ,to 104.9° nlrI*on f/I;/:;7u (P A. 0"{

197&)., ngerla in'"197a produced about - 10 nlllf, " t

equivalent . to about 9. 5% of _the _wo otai.'The Latln .

fAieridan countrres proddced abbut 39% of the vonld/f;tal out

,l——"”‘

of,ehich Bra211 alone_'produced “abqut 33 percent. 'Thesei
ficjuresJ nay.‘dot 'hbﬁevéf -refleét,‘an eceurate p:eduptioﬁ
becduse dcaSSavaw is; still 'largeiy Jgrown' bj fsphsistedcev B
~——farmers en:isnall scatEEfEEWMholdlngs, ueﬁelly .with d&qh"
1ntercropp1ng and under shlftlng cultlvation (Coursey and
-Haynes,f 1970).' The collection and interptetatlon of actnal

productxon statlst1c7 is therefore dlfflcult and 1naccurate."‘ -

~
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? In some areas where cassava is predonipantly grovn, actual

i

Ty pnq@uction statistics are non-existent. This. i%s becauﬁe most

of the crop is produced- as a "backyard“ostaple for home
o cbnsuaptxon¢ ugu- | ’ o ”

"The proninencé of°.cassava AsS a crop in rropical_
eouatries s expiained by its ecological :g;ptabillty and

its suxtabil;ty to the agrfcultural condltlons g;evaLent ~in

’.

T the cassava“ belt. ‘Some “of’ the maxn attrlbutes areo b

) ° .

1. It is easily propagated and, is relat1ve1y hlgh

»
<

yielding. S i " | .

° o
Z. It is inexpensive to produce, requires litt}e-qr
.weeding because of °‘its 1leafy canopy . fas no

. . [ YN
v crltxcalbgiagg;ng time.

‘3,AAI£”’1S 'a reliable and- ent, _'producer» of"
ot ‘ '

.carbohydrates.vlceu 

wlth 176 for rlce, 20Qofer maized, 114 “for .serghunf
and.110 for wheat. ¢ ’

o

4, Itsﬂ hydrocyanlc ac1d (HCN)/cogtent nakes 1t subject

o

“.to- llnllal an1na1 and pest attack,

©

o .

I-portahce ingierld’Fdod'Supply

2
-

Coursey andoHaya\é (1970) 1nd1cated that cassava #ay be
\

regarded as the'staple food.of" about 200 ullllog
L}

suto world food supplies in

.people in

the troplcs. Cassava contrrbu

theafolloving vaxs-“ . . ;
_1;ﬁ The roots are detoxicated and consu-ed as 5pri-ary,

° o cen i . o o i . P -

o,



'fjsecondary h‘orb supﬁi;mentary foods; 95% of_lwoild_l

3

‘v conducted 1n varlous parts of the tropicslAsuppott

thlS .vlew. Culwack '(1950) 1ndlcated that in the

’Congo regl8n 27-72% of the total calorles consuméa

were contrlbuted by cassava. In Southern ngerla,,

2uf;:§5.7%'of ;the.-diet‘-was composed of -cassava

(ﬁicol,"1952); -Oyenuga 'and 0peke (1957) concluded

productlon 1s cd/sumed thus. Several dietary'survejsr'

that the entlre populatlon of N*gerla could rely on‘ﬁ

/ -

‘cassava alonen to ‘meet 80%< of the" 2, 600

¢

- x
o, Teaf

PRSP 34
,.u..\

38-47% Cof the“ calorles in the diet in Ghana (Gold

Coast, 1953r.?Bailey (1961)«indicated . that cassava‘

is the prlmary staple ‘in Java and Nadura reglons of

oL -

4Indone51a uhere 1t contthutes about 67% ,of; the

calorle 1ntake.ff‘_ ff, o . , R

The - roots ;are‘ used in 1ivestock_*feed -and Athe

‘livestock are consumed by humans. Imports of cassava

roots fo;‘thlsopurpose has 1ncréased‘vtrenendouslyf

, - o : -G
over . the years. .

Cassava - starch o;-ffIOur’is incorbOrated into,food

products consuned by humans, such as. sauces, grav1es

Lr

and ‘baby foods. Fortlfled products such as ‘taploca,‘

°

Anacaronl (con51sts of cassava flou:, wheat flout»and

kR

' peanut flour)l have" also ’been 'made (Balu, 1958).'

Phllllps (197“) stated’that cassava ‘in- 1970 prov1ded

.¥38% of” calorles in Afrlca, 12% in Latin Amerlca. and

7% iu‘fthe Farvdaast. ﬁe¢ predlcted that by 1980,

“~ -~

s 4

calorle/person/day requlrement. CaSSaVa cOntrlbuted””

o-
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’

cassava will cont;nue to prov1de 37% of calorles_ in

<

gfrlcy’ 11% in Latln Amerlca and 6% in the Far East.
Whether the above- forecast will be net w111 depend

on ;ncreaSed cassava‘productlon,

- o

AR o .

Chemical Composition and Nutritive Value

. Composition g . ' ‘ S .

Cassava roots contaln varylng amounts of carbohydrates,j

11p1ds, protelns, mln%rals and v;tamlns dependlng ;gn. the

'varlety, locatlon,‘ env1ronmenta1 condltlons, the method of

.chemical analysis and whether ‘the’.tubers are’~peeled"or"

'fwater, 30 -35% carbohydrates, 0.2-0. Gxd.éther Aextraot, 21f2%

.erude proteln and ‘relatlvely low contents of mlnerals and

:vitanins; (See Table 1 for the:average composition of dry

EEE

pellets ) . it? woéld .appear. that a con51derab1e amount of -

proteln is lost in the: peel Which i s generally - removed
-_durlng : processxng; ~ Considerable variation dlso  exists
between ,the_'sweet and bitter varieties. .Haner. = (1973) -

reported ac 1arge ‘varlatlon (0.2 -~ 2.3 percent proteln) in

jhls ana1y51s of flfteen cultlvars in Colombla.

Carbohydrates’»

0

\

(energy) to the» dieti_of:?humans;and‘anihals; Johnson‘and

31

dehydrated. .nn estlmated average composition -is 60-65%.

‘The cassawa 'root contribptes mainly rcarbonydratesf



N L e

o

lRamend (1965) indicate that 64-72% of the ‘carbohydrates  is

stanch The two main constlstuents of the starch are amylose
o

and’ amylopectlﬁﬁvhlch make up 99% or more of the dry cassava

starch Recently, Jadot (1968) and Haghu1n Rogister (1968)

"reported a new dlssacharlde called "manloca"o from - cassava

. i. - .v . - . - . . -‘ o
flour‘ Sucrose - can ®be as much ~as  17% . in  ,some ‘sveet

. .
cultlvars.

e e

"The rate of starch deposxtxon’ in cassava,_roots, was

tndled hy"Ketlku and Oyenuga (1972). They\indicatédvthat

N - . ©

the hlghest concentratlon.of starch (81%) was observed elght

months after glantlng -whlle that ffor ’sugars '(5 1%) vas

'attalned nine- months after plantlng. SR ,' S s'b

-

l Sreeramamurthy (19u5) studlgd the ﬂlge§t1b111ty of

dcassava by tvo enZymes and found. values of 48.3% for raw

o ° °

cassava and 77. 9% for cooked cassava. ﬁaner (1973) est1matpd»4

© 0.,

' the.jcalorle »output per hectare per year of a well managed,

0

RN

51mproved cassava to be about three tlmes that qf ,rlce and h

\

;nalze. ;one kl}o of fresh caSSava contalnlng 35% dry matter:

s

e»has a gross energy vaJue of approx1mately 1225 kcal. Coursey =

S0 . e @

:and Haynes (1970) p01nted ~out that graln cropsao'have_?.a

, v1rtually reached thelr genetlc potentlal fqr yleld whereas

.

.the troplcal root -crops (cassaVa) are' Stlll v1rtually.

ljuﬁtouched‘ Thére lS thereforeoa u1de scope for substantialT

lmprovement.‘u‘v”f. e L ",;-“ Sy
0 - - ] < s v ,u‘“ &

‘The lipia 1eve1s_in>CassaVa'are'q;ite }ov;a(abqut 0.5

< L0 T Ty o e

N
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v

etner eitractablevvmaterial) vhlle most anlmals should have

1+2% 11p1ds 1n_‘their diets.' The fatty a01d proflle of "~

cassava 11p1ds is not knovn.

e o e ) S B N S [

Protein and Amino Acids

N N . . o .
o- o . a
. , . o

Mbst -of the cassava now belng produqed has a very Loé@

content of nltroqenous substances. The ctudef proteln (Ni X

6. 25)" content of the majorlty of the varletles tested does
not exceed 3% (Naner, 1973). A majoropropor%\on of. tbe total

nltrogen hovever ex15ts as ’ 51mp1e. nltrogenous compounds

(Sreeramamurthy,i 19&5). Sreeramamurthy (19u5) aIso.founq

'that the dlgestlblllty of the crude proteln vas de% and is

thus comparable to ride. proteln.

°

o

Cassava varletles have been reported ‘to contaln hlgherj

1evels of crude proteln than are normally repOrted.' Maner .

(1973) quoted Beck ~(1969) who reported an Afrlcan varlety

contalnlng up to 9% crude iproteln. Other varieties may

°

°

contaln up,to 2. 3% crude protein on vet basiS'or 7.3% on dry

patter‘ ba51s._ naner and Danxels (1970) 1nd1cated that the

Ievel of total«mltrogen is hlgher ‘in the peel ‘than in. the'

remalnlng portlon of the root but the 1nterna1 portlon

¥,conta1ns nore crude proteln due to 1ts larger volume. naner

. S,
and Danlels _(1971), also 1nd1cated that the percentage of

o

non—proteln—nltrogen is higher in the peel than in: the pulp.

o

These resu1t5~do not agree vlth those reported by Oyenuga

(1955) that 62$=of the nltrogen of the crude root Vas true

protein and that 87% pf the nltrogen of the peel vuasf‘trueh

2
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fw1th hybrld corn Opague—z corn and barley dn Table h3;: The ‘.

o

1y51ne conteht of ~cassava appears “to be adequate,,butfv

°

A

' methionine is low. Cassava is essentlally def1c1ent in" the

The aano aéld comp051t10n of cassava meal 1s qompared

\

f'sulphur-contalnlng amlno acm@s. Balley (v961) also 1ndlcatedt‘

o

ES

, that cassava based dletsf-in, Imdones1a"a. def1c1ent 1nf

sulphur contalnlnge am1no ac1ds (methlonlne,. cystlne }and"

<

.dcystelne). OShuntokun (1968) explalned that both cyst;ne and- -
cystélne are 1nwolved 1n the cyanlde detoxlcatlon (when thed
ycyanogenlc g1ucos1de present 1n cassava is hydrolysed by-

Jllnase Qr ac1d to produce a thlocynate, cystlne and cystelne"
are . used ;up ‘inﬁfthe process). Therefone,' thls may¢.be£7

‘:re5pon51b1e for the 1ow levels of- the»bsulphur hcontainingf,

K-

'HethiOnineosuﬁplenentation of cassava-based‘diets has been
shown to 51gn1f1cant1y 1Mprove velght gain and EFC. (Hahér;
o - - S

- 1973) . Hendershott (1972) ‘warned . that est;hates "of:“tota1;7,

- }

nitrogen in :cassava~ roots will ~have to beé vieﬁedfwith_

-

caution because it 'is not knOun.fﬁhether 1thef breakdown

o

'dproducts“of"cyanogeaic 'qucosides -do venhance .the total,
” nltrogen content. Nartey (1968) showed that the ’Fydrolytlc,f

products of gluc051des are 1ncorporated into’ amlno aClds for .

Proteln synthe51s in cassava.,' T P T

amino ac1ds,' expec;aliy durlng' exéeszve .detoxication.




"TFTABLE 2

AHINO ACID“’1 CONTENT OF THE PROTEIN IN CASSAVA, CASSAVA HEAL, N
: BARLEY AND CORN SRR oo S

: S O U , S N1ger1an X ) '
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Minerals and Vitamins A s ‘ '\M__ww . o g
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’Cassava roots are relatlvely\rlch an ascorblc aeld and~ffv‘

o

vcontaln Sanlflcant amounts- of . thlamlne’W riboflav1n an§

5n1ac1n_ (Hendershott _et al.,.1972).jnaner (1973) con51dered73

fthe levels of ca101um (0. 12%).-‘ph05ph6rus (0 16%),j~sod1um:

8

.(0.06%)- and “magne51um (0 37%) comparable to levels in most -

Toot crops. . | : o - ,: N
.. .Toxic Factors

a

1. Cyanogenlc Gluc051des S /- -

The cyanogenlc gluc051des afe"distributed‘ threuéhout”

a
v

mj'thef cassava\ plant' but the concenttatlon “varies greatly_uva

ﬂbetweenovarletles and 1s lnfluenced by cllmatlc,'edaphlc andf

/

cultural condltions (oke,‘ 1969). ”Ehe~.normal range ' Ofa

_ cyanogen content “is from 15—uuo ppm expressed as mg HCN/kgv.-

fresh wexght but occasxonal samples as 1ow asA’ig mg/kg .or.

over 2000 mq/kg have been reported (Rogers, 1963).

Cassava : plants pOSSess" tvbv types of cyanoeenic
glucosxdes, Llnanarln and Lotaustralln (Clapp et al.,i 1966:£‘
| Bessett g; al., . 1959), ~ Nartey (\963) | indicated. that
i Llnamarln»accounts fot 93% 'of the.‘total gluc051de5»~and;L
"pLotaustralln- for. 7 percent.‘.t" gluc051des conSLSt of a‘

, ’chenlcal conblnatlon of a .sugari'and hydrocyanlc:'ac1d nkp-

pru551c aC1d (HCN) and perhaps other conpounds such as’'an

'aldehyde or a, ketone. For example, Llnanarln 1s composed' of

HCN,, gluccse and a ketone. As 1nd1cated earlier, cassava ls,

AR Ve A T



2

'often descrxbed as - "hltter“':or ‘"sweet" depending on the .
'E i : ) B
amount of cyanlde present elthough there is really 1little
-

[N

correlatlon between so—called sweetness and cyanlde' content

@

¢ )
(Pelrelra and Plntq, 1962). In general, bltter cassava tends

to have a hlgher cyanlde content than sweet cassava (Rogers,' .

1963a-' Nartey, 1973),:'but _there is“ga great deal of

’ overlapplng between the tvo classes (Coursey, 1973).,Courseyi

(1973) also lndlcated that 1n most varxetles and under moa§t»n'

‘ cultural condltlons, the cyanogenlc gluc051de content 1s
much hlgher in the peel than in the, fleshy part of . the

tuber. Wood (1965) had reported that the mean ‘value of HCN

2

‘;for the phelloderm (rlnd) was over ten' tlmes _that gof the

. remalnlng,tuber. Orok and Bowland (197&)-also found 'a hlgherr

3

"c0ncentration "of HCN 'in the peel (0 05%) than in the meal
©- ooe%). | |
. ' The cyanogenic gluc051des of cassava are accompanied in -

thelplant tlssue by a hydrolytlc enzyme,;'Linamarase A(often
{

called Llnase). De Bruljn (1973) showed that the act1v1ty of .

':the 'enzyme is hlghest in the young. expandlng &gpves, in- the’
peel ‘of the tuber and lowest 1nﬂmhe lnner part of the -root;

In he actlve, healthy tlssue of the growlng plant however,

e enzyne and substrate do not conme together. Contact occurs'

. only‘d when the : tlssues are mechanlcally damaged or
» phwsiolog;cal' 1ntegr1ty is‘ulost durlng : post , harvest}
deterloratlon of the tubers ‘Or 1lt1ng of the leaves;h

Hydroly51s then takes place and HCN, acetone and glucose are'
llherated (see Figure 1 for the reactlon). Before feedlng to

‘ livestock and‘hunans, subsequent treatnent of casSava" suach

[

o
~



as ufermem'ing,‘ chopplng or drylng, activate the hydrolytlc

’process and thereby affect the amount of HCN found (Hill,

1973).-

qatqre of‘TQXicitya ' ) ”,- T o .

B

CouchA (1932)~iindicated that‘neither‘the Qlucoside nor

the e?zyme present in cessava are p01sonous by'pthemselyes&
The tox1c1ty fin' cassava and” its prodncts‘is“associated/.
vprinaflly Hlth ‘thev free HCN;’that -,is . formed “dnrind
ruhydroly515. The degree of toxlc1ty .of . cassava roots has been

wldely dlscussed 'and dlfferences in oplnlon ex1st. Desplte

.

theSe dlfferences hovever, it 1s known that HCN 1n itself 1s~

p01sonousu

In anlmals,.the "symptoms of lacute hydrocyanic.'acid

r

poisoning._are increased ‘rate d depth ‘of respiration,
’increased.puise"rate, no response to" Stlmull 'and ISPasmodlc

R : : : -
muscular' movenents'(eke, 1969). Maper (1973) etplalned that

;

'these symptops ‘of HCN p01son1ng ”cgnf be 'exPlalned"IOn. ‘the °-

LY

'ba31s' of afflnlty for metal ions such as copper ana iron.

HCN‘comblnes wlth haemaglobln to forn cyanohaenoglobin and

'thus rednces 4the oxygen Carry;ng ahllity of:the biQodJ HCN
o . . . . . | -
also,forns a reversible ‘combination wlth copper .of the

' cytochrone .oxldase and there by 1nh1b1ts 1ts functlon as an

oxidative enzyme “in electron transfer..,These ’ chehlcalﬂ

abnornalitieS“ cause- neural depres51on in' the medullary
- -

»centres leadlng to resplratory depre551on and death..

o . ~
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1gene:a1 health»and condltlon of the.subject.

"arew not tooasrellable. Exper1nenta1 ev1denoe from feeding
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It is also suggested - (Maner, 1973; Coogsey; 1973) thatd

a

~continued ingestion ‘of! small -amounts of HCN is . more

dangerous than acute tox1c1ty. Although these small ‘amounts

are*_not large enough ‘to cause death,. they can affect the

R .
. |

oshuntokun_ (1971), Oluwasanmi  and “AllE ~ (1968) and

Ekpechl, (1973) 1nd1cated “that hlgh cassava dlets could be.

- ' LA

the cause of endemlc goltre 1n ngerla. Ekpechl‘ ,resultsu"

showed that cassava has an adverse effect on the functlon of

the thyr01d conparable to that of thlonam1de ‘giotrogen.
Thiocyanate, a detoxlcatlon product of cyanlde, . is “a 'well

known ‘g01trogen1c substance.- Studles ibn' the etlology of

‘human atax1c neuropathy in ngerla (Oshuntokun et al., 1969) '

.and 1&_Tanzan1aa(nakene,and_W1lson, 1972) have _1ed to the

hypothesis that this condition is caused by chronic exposufe»
to cyanlde -ar vcyanogehs:“ingested in cassava. Results

obtalned Hlth donestlc anlnals on neuropathologlcal._effects

» trlals is only avallable for rats and dogs. uartiho ‘(1335)‘

reported that rats fed CaSSaV( fpots developed neuronuscular-

8 mptons Experlments wlth anlmals also strongly suggest'
¥ .

that thlocyanate formed dur;ng the detoxlcatlon of 1ngested._

ayan;de 1nterferes with tae utlllzatlon of ilodlne  for

Y

ithyroxine_production[(Ekpeohi;_1967)r

The p0351b111ty ‘of HCN _poisoning and the nrole of ‘
thlocyanates as a poxsonlng agent has been of much interest.
Lang (1933a) postulated the exlstence 1n tbe body of a\heat—

lablle. enzyme called “Rhodanase" whlch 1s-respon51ble for}

~ - .
¢ ~." - . . N . -
Ll . . DY N .
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the reaction of HCN and thiosulfate or" colloidal‘ sulphur

. . \ M © e . . .
under anaerobic conditions to produce the detoxication-

product, thlocyanate. Maner (&?73) 1ndlcated that the anountf

'of" HCN detox1f1ed varies with the spec1es, physical
condifion, “nutrient éonsumption anad 'othe: unidentified
factors.

Rhodanase is wldely dlstrlbuted in all tissues qf- the

I

body bat E}e hlghest concentratlon 1s 1n the llver.yﬂlmulch

and Saundels (19&8) found that. the anount of Rhodanase . in

<

the' llver varies Hlth dlfferent anlmals.A From the .

dlstrlbutlon of the enzyme in the tlssues, they calculated

<

.that the vhole liver of a dog can detoxify'abOut_uQ15”g

~in vivo detoxlcatlon. R : '“ﬁ\

_ by the cyanlde ion to forn thlocyanate.

_that cgudg'extracis'offliVer converted this compound into,

'cyanide,'aud ‘the -skeletal muscles 1743 g. cyanide  to

'sthiotyanate in 15 min;jyet only‘sdall.doses are tequired‘for\’

»

tox1c1ty.‘ Thiocyanate- concentgatidh at 1eaSt'three t;déé*

that of cyanlde is req01red ”fot“ the ' reaction- to proceed

eff1c1ent1yk' Readlly avallable sulphur 1s also required for

7 Subsequent vork by Saunders and Hlmuach '(1950) .threw

more llght on the: functlon of Rhodanase. They 1nd1cated that

-Rhodanase forms a 1oose conblnatlon uath thlosulphate which

R
breaks down to yleld sulphur in’ a forn that ‘can be_ accepted

-

. / : _ . ' , S
The ‘Rhodanase syste- L is vnot the only route of

detoxlcatlon of HCN“to th1ocyanate. ‘Meister and Fries (1953)

) ﬁound that 3--ercaptopyruv1c ac1d can prouide sulphur as

-

rapldlyv ak"th;osulfate for cyanide.defoxication. He‘found‘

-

u
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_and other.eleueuts like copper and‘iron.
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pyruvic ‘acid and free sulphur at PH 7.5-8.5. This was aisoA

conflrmed by Wood and Flelder (1953) using B—mercaptopyruvic
acid and optlmum pPH of 9.1, Qh K T I .
' Vltamin B12 has also been pos;ulated to play a. défedt,

or 1nd1rect role in cyanlde detox1cat10n. Kaczka et al.

(1950) shoved that 1n the presence of .1lght, ‘vitamin B12
.(cyapocobalam;n) is converted  to vitamin ° B12a

(hydrorycobalamin) which can reac£~»uv'th cyaniée to

s f&generate vitanmin B12‘ The cyanlde is 1ncorporated into the

f
1-carban netabollc pool prpbably in the form of fornate. It

therefore appears that the dlfferences 1n tox1c1ty reported°

Egor cyanlde‘may be due to preseucevor absence,of substances - ~“}

o

such as methionine, oysteine. sulphur, uitémin B12, iodine,,'

.“Hokes" a%d Plkard . (1955)_*:explained ftheo pyhnide;/;//QF’

detoxlcatlon in vivo process. When cyanide is inoested, both
v;tauln B12 and Rhodanase conpete‘foriit;»SOme_is detoxified

-

by Rhodanase through the help of sulphur " donors _(sulphur‘ .

containing amino acids, etc.)  to thiocyanate which is oo

excreted. Some-of tue'éyanide combines with hYdroxycobalamin

to form cyanocobalamin which then carries out vqrious
‘metabolic functions. Vitauin B12 cen’ lose ‘SOle' of fhe
cyanlde to supply the 1—carbon fraglent for the synthe51s of‘

inportant conpounds such %s chollne 6r other conponents

3

contalnlng methyl groups. : .[’ ' I N

. The detoxlcatlon nechanlsns ‘in the body dlscussed above AR

can therefore vsuff1c1ently cope Hlth _1ngest10n of‘small:

amounts of cyanlde formed durlng netabollsu (Oke, 1573).j‘&s
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indidated earlieiafhoveyer '(ﬁill, 1973) ., the thiocyanate

formed during- the detoxication of  ingested cyanider can

interfere with iodine utiligation for thyroxine production. - o
s - . ] P r ; . 3 ey
: 0 ae o l ‘ , # o
. ¢ s . . . ! o R
o ; o .o
3 . s . - N N P o o . . R, B
Cyanide Toxicity in ‘Domestic Animals - b S TS et
L . B - . o ) . . e .
! ° ’ . ) P s , co ) ) ’
> ) o -~ 3 - . -

Ry A e

¢ : Although Oke (1969) "showed  the Dbasic :role of -
. 0

hydr0cyan1c ac1d (HCY) in netfitaon, there is no lxterature
deallng spe01flca11y vlth cyanlde‘ tox1c1ty in domestic N

_M;/

nlmals. Acute p01son1ng from theoconsunptlon of c}aﬂcgénlc

T

plants is more of Q‘r;/kytﬂ/ﬁraz1ng é%lmals than to pouitry.

e

/
or s!iﬂe/gh&gﬁ//te, to a large dégree, " fed foraulated diets.

oFeedlng -trials Hlth cattle or sheep us;ng a varlety aof
K 2o 0. '
plants uith cyanogenlc pgtentlal have falled 1nagenera1 ‘to

o

clearly 1nd1cate ChIOl’llC tq;xc:.ty £551s et al. WGZ) ani-

B - , uathur et a1.-(1969) fed cassava 1n Varlous forms,cnncluding;,
‘T

" tapioca neal and choppe&;toats and® %?uld not ﬂ}oduce obvlous

# ) -’

111 effects. Oyenuga and Ana21go (1957) however reported

‘that the, leVels Of HCN (0 034-0. 3121%) they- found in six

varletles ~of cassava vould be toxic to 11vestock §é§hols'-

lest 0

(1957) stated that 0 06g had beéen found to be the

1etha1 dose to adult aniaals. ° di @, e , L

| Results ' with swine ,Eie’ fardahle. Mondonedo (1928),
o ) nondonedo andglllonte (1933) Woednén etb°_l.v-(1931); ‘Albd

(1937) and others have fed 1arge anounts of caséava 1n ; e

e

,varlous forns to svine-=u1th satlsfactory results and no:
ev1dence’ of HCN toxlc1ty. Pelxoto (1965) and Velloso et al.

. (1965—66) houever fouud/e reduced gains as the 1eve1 of
b R - [+
; . - . . . o - S . e . :

-’0.‘ ’ I I ;o
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cassava - in ‘swine dlets was 1ncreased. Workers at the Centre -

! . ‘e

. L. .. [ ! i : - N X
for Tropical Agrlcdlture, Gggombla (Hanetg 1973) "have

1nvest;gated othev?use of fresh, QFled aﬁﬁ flnely qround and

& . ‘
en51led cassava roots for growlng and *ﬁfhlshlng svine and

.’-'.-"‘71':; ) x f} -\.'.
"fbr' gestatlon Vand wlactatlon. They found that 1n generaL,

" &

cassava was a satlsﬁactory replacement for corn in- practlcalb

dlets.'However, they found depresse@ﬁgrowth vith the *drled'

- \1-'«

. ‘and' flnely ground cassava vhen the 1eve1 of cassavaaln the

- obtalned vor',recorded ;on; the amount of*HCN presentniatthe

-

‘., -

dlet was 60 70 percent. There vas ho 1nd1cat10n that cassava/;

vas. contrlbutlng a tOXlC level of HCN to the’ dlets. ljﬁf_f”

It could however bé? argued that - most .”Qf ;‘the

publlcatlons referred to above dl% not spec1f;cally test the_’

relatlonshlp of Cassava on performancev,to the lntake of

hydrocyanlc gluc051des or HCN. , No iﬁformatlon Jvasv,e}ther

R

“diet. Nelther aid they evaluate the effects of HCN 1nq

fon thyr01d tlssue.'v ; f . :1@1 f.a’}:-;Lgf}_,“
‘ S co i

Manere and Gomez (1973) fed fresh chopped ;cas :vaf

& . a

'-cdntalnlng 150 " mg BCN/kg} gbrf‘sun—drled:,cassavaf meal

containing~5 mg. HCN/kg to groulng rats for’a perlod of fourff

monihsi’to measure the Ne ct of HCN- on perfepmance..mhe

ey =F

-results show@d that the rats fed a 'proteln suppleméht/ and

/
EY

'fresh cassava galned W ght 51gn1f1cantiy faster than the
ced ’x

others. The . ‘average excretlonﬂof thlocyanate in ‘urine “was

¥ o
ort10na1 ~to the' quantlty Aef HCN cousumed. An‘autopsy
,% 1 ut

e ]

shgued ‘no: dlfference 1n thyr01d sx;i in any of‘the rats -od'

W . EXs

1 deferent treatments. 'The' questioh thus_'remaiﬂs; does

%

oo . et S - s i
chronlc HCN tox1c1ty frou the 1ngest10n of cyanggEnic plants
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‘1iké cassava occur: 1n'domestié anlmals,'and if ' so uhat"is
the nature? Better .coax/olled experlments are needed to
' t.satisfactorily.ansver/yhisfquestion;_naner and’ Gomez (1973)

’conéluded ‘that cyanide‘ is _uithoht measureable effect*on‘

R

‘901tre productlon or nerve degeneratlon 1n the presence ofl
Aadequate. methlonlne :and- 1odlne. Hendershott et al. (1972)'

. e . :
also thlnk that the use of -sweet cultlvars .and proper~

o

'Atreatment to. 11berate the HCN should ‘be adequate to 1nsure-

=

- . . o . °

safe feedlng of cassava.

..Goitﬁoéegs and Thyroid Function e SR ‘:l d

3

.3

As mentloned above, cassavagcontalnS'hsome goiitégéaig.
.substances in the form ofAcyanogenlc gluc051des.-HiL1fji9735f
1ndlcateﬁ rthat ‘ the< Athlogyﬁ%ates formed hduring'tthefho
detoxlcatlon of lngested cyanlde can 1nterfere..with;‘iodinej AR
tutlllzatlon for thyr01d hormones (T3 and Tu) producgyon. —

'The thyr01d gland has a remarkable caﬁgéity to absorb o

&

flodlne from the c1rculat1ng blood so that 1t contalns “some_'

w

20% of the total 1od1ne present ln the body- ThlS 1od1ne'is'

;used for the synthe51s of two major hormones, thyroxlne (Tu)

-

. and trllodothyronlnen,lTB). Iodlne is provlded from the

«1ngested food, and_"vater. The 1odlne is’ absorbed as’ 'S 1de
. / « 3

and c1rcu1ates 1n' the blood as-‘such-; The syﬂ\he51s oﬁ*.u;

, hornones by the thyrold gland 15 brought about by a seguence R

"

‘of actlons. Inorganfé Lodlde lsptrapped by active/);ansport
- ] o e B

(xodlde ,ﬁp7,\h1ch {’

and the trapped

“lodlde ls very'aﬁadlly bound to proteins Hlthln the colloid-r

5, Sy R S
/.. : . . DR ‘,m
B A N .

S WD
%

Y
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%his-_lodlde pump can’ be depressed by thlocyanate and sod;um

J perchlorate. The 1od1de 1ows are. then. oxldlzed to free ;n
6 . )

1odmne' by the actlon of pyroxlddSe. Thé 1od1ne—1s taken upo ,‘o‘f
by tyr051ne to form mono—lodotyroslne '(HIT) and Qheno d1-

1odoty2051ne (DIT). By coupllng of pne or two &blecules of

<

DIT, w;th the - ellmxnatlon qf alanlne, T3 or Tuc are forned.

o . o

These hormones oare QQund to hlghly ospecnallzed storage -

o o

protelns called thyroglobwlln and rele&sed '1ntp' the blood °

streamoas needed when acted upon by>a protease. R Q:”i,,=id,.

i The ;maln‘ lunqxlon -of these hormones hppe&tsoto be the ']
f?;'.stlmulatlon of cellular ox1dat;on and the 'malntenance of

normal‘0 level of netabollg agt1v1ty 1n v1rtua11y all tlssugs.'$

3 P

: of the body (Wblf and ﬂolf,:196u)f° Héderate ' mgentratlons e

L3

~ ° a

a'of thyr01d hornoqes also have an anahollcf' : eaus1ng_ana’

o . a o

1ncrease‘ -in' RNR~ and_ proteln s? / ' *High  or .dlow -

concentratlons resnlt in a state kﬁow

- ion g
o v

nhioh@;determine :

hypotherLdlsm. Since the tuo naln factors

B x‘ ) o o
the amount .of .hormones produced by the thyroid gl&nd are,, °
the thyrotroplc pormonés and the" ava11ab111ty of lodlne to_.

T the thyr01d gland (Keele and Nell,v1966), thyr01d deflclency

|
st
°

"‘can arlse from ‘an 1nadequate intake of iod1ne>or from the. -

presence of substances -(g01trogens) ‘whlch 1nterfere‘ wlth
thyr01d : hormone synthe51s.' In either case,‘>the'fblood

<
‘.

-thyroxine leVel Visi subnormal,~ thyrotrophln secretlon m155

ﬁjlncreased and the thyr01d gland enlargeé ulth hyperpla51a_

(SLuple 901tre)t

. . . o "
L : o . ’ . PR ) » o . [
. N ! : ’ B ) . . . . ) i L e : - ’ ‘. ’
T . : . : I S . <
.




_ T3°and_?u‘as;a Méasure of Thyroid Statdg -~ B

It vas long recognlzed that thyroxxne (Tu) 'constitutes

o

about @Q% of the organlc lodlne-containlng substances 1n the

Ablood (Oppenhelner,- 1968-" Robblns and Rall, 1969). mvelve

v

_years”after the 1n1t1a1 deuonstratlon of Tu 1n plasna:\Gross-

Aand Pltt—Rlverso(1952), ldentifled trllodothyronlne (T3)f as

the second most 1mportant c1rculat1nq lodoamluo a01d. Taurog .

"et«al.f(195§), showed that T3 11ke Tu, 1s a normal thyr01da1

-4fsecretory product Hollander and Shenknan (1972) 1nd1cated

ﬂtﬁat T3 lS more readllyr metabolxzed and occurs in _lowver -
4concentratlon 1n the blood than T4, DeSplte its low level in,
serumn relatlve J*trﬂ_, i.tl hasoh been - estlmated that 'I‘3
icontributes a 'major Aportion 'off the caloric potency of

thyrold hornones (Robblns and Rall, 1967$; Gross and Pltt
%1952) suggested that T3 1s the actlve thqroxd hormone ‘and

8

'ﬂthat -TQ. serves merely as a precussor or prohormonef Recent

' development ‘of - rad101mmunolog1ca1 _ assays ddfor dlrect;

:determlnatlon of T3 and Tu have helped to overcone the earlyv

-

methodologlc problems. The nornal concentratlon of T3 1n

hunan plasma is reported to be’ approxlmately 0. 10 ~to' 0 15 .

" ug/100. r' {100 to. 150 ng/100 ®1} comparea with Tu wh;ch is

S

4. 5 to 10 5 ug7100 ml. Sasuar (1976) found T4 values ffo:f"
plgs “to be 1. 7 to 3 ﬂ ug/100 ml. B _ ‘ ,_'jfv s

whlle 1odineA deprlvatlon mlght 'result in sunnorna}:
~¢flevels of TH in the blood, it leads to a hlgh serum 3 level‘
in anllals aud man (Greer et al., 1968); They explalned that‘

“r

——"preferentlal" synthesms and secretion of T3 OCCUTLS: because

. L Sl ) | S PR . e E - .
P L . X ! . . A Lo . B
s B e " . v . Y RS R
. IR . S i - P !



'?3ﬂ possess about four t1mes the potency of Tu per molecule?“
:and contalns only 75% as nuch 1od1ne. Thus in 'the. face\_of‘
jlodlne def1c1ency, _it is possible to; obtain» avf6¥foldl
vlncrease in hormonal effect from the same number Voé 'iodine'.“
=atoms_»by secretlng T3 rather than Tu Because.of thefmarked
'ﬁrednctlon 1n.thyr01d 1od1ne‘;content durlng Severe '1od1ne l“
Vdef1c1ency however, 2itl\§ou1d be expected that the actual“
: quantlty of T3 secreted ﬁould dbe very lew .and‘ probably;'
llnadequate to malntaln a euthyroxd state.»f ; o Z.- d
Hollander (1970) ;»suggested : that '°the 'féi;tivg,

\

‘ ._hypersecretlon of T3 lay represent an’ 1mportant homeostatic'~‘

.}l

1 I

s

’mechan;sm in  the face of lnadequate '1od;netisuhstratery”"
,Hollander -also'-reported. that’ in’ rall » the,'rcases "oft
Aconventlonal 'hyperthyr01dlsn he:hadIStudied;ln hnmans, thev'
T3 levels #Ere lnvarlably elevated. The excessxve secretlon

*

‘~of \T3 rather “than T4 isﬁ now bexng referred to as;T3v\"L'

. tog1cos1s (5hyrotox1c051s). Hollander et »31. (1971)- also:

”observed that hyperthyr01d patlehts nay pass through a stage

" of T3 tox1c031s before developlng the _usuali form :Qf-}

s B . PR } . . - N ' .

“thyrotox1c0515. . S '*”-': ’-_f '}1.
It 1s thus becomlng apparent that T3 and Tu levels -are‘
probably the best way of determlnlng thyr01d status (HOggrth_

and Haclagan, _1969- Hollander and Shenkman, 1972)..Th}s is.

why these parameters »were. neasured in ‘the experimeénts

reported herexn.~“

2. Aflotoxicxty .i‘ E R
| >‘Cassava, has‘“been_,ihctiminated in ,the',prqbleﬁs;'oﬁr ‘

@ LA



w9
afldtox1c1ty 51nce 1t appears 1to "be7-an excellent grouth,
.m%dlum for pggglllus flavus. Samples of cassava flour from'j

Bra211 have been shown to contaln hlgh levels of af10t011nsf'

',and were at one tlne thought to fhe ~respon51b1e forV,Black‘_.

o

t-Fevef‘ﬁln» chlldren~‘of‘ﬁhheu.gpper” Amazon (Boshell, 1968).

Studies with cassava ‘starch ithhailand 4andrvHong skong by
Hﬁshank 5g§ al..‘{1972) _and. fermented cassava 1n Dahomey bv

Tourv and Glorgl'-(1?66) haveA‘shown the presence of

.

‘_aflotox1ns.;* In'? Ucanda,}j_Serck Hanson ©(1970) provxdedxf'

tc1!:qumstant1a1 evidence to show that ‘hlghly"contamlnated-
Sz
jcassava samples may be lnvolved 1n a documented p01son1ng”

'eplsode.'Nestel (1974) concluded however that because of . thep

v

.‘varled_ways;cassava-ls handled_after harvest, there appears'

’”littlev,evidencer‘that -aflotoxins present '1n cassava Hlllr

present'a'significant.probiem. o
hﬁtilizationfof”Cassava;as_asLivestock'Feed'

The denand for cassava as an 1ngred1ent in animal feed
has vlncreased over fthe, years.‘ Although vor1ld productlon"il
_flgures for cassava roots are vell docunented (P A.0., 1970,

'1972, 197“) the quantlty used for anlmal feed purposes Cis.

”,dinot yell esta%llshed Imports of cassava for anlnal feedlng

into‘fwestern. Eutoped have,ilncreased‘v over: "the]‘ years,_ -

v*¢s§é¢i§11yg since‘ithe. developuent of the eropean Econom1c 
-nicoamunitv;S‘Connon Agricultural Pollcy (Phllllps, 197“) _ The
importsiof- cassava ‘ nto the> E. B C.‘dh: increased frolf

884,000 € _:i.n 1966 to 1.900 ooo t.in. 1974 (Phllllps, 1978) .

Loy
e
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Although‘%ermany alone 1mported 79. ux of the total 1n 1966,

they . - only- lmported | about ‘22% ~of the 1973 flgures;“

'Netherlands has within the sam%'voeriod” increased their -
1mgorts from 96 000 to 700, 000 t. In Germany, cassava nakes
up about uo% of plg dlets whlle in " the Netherlands, about

a

‘-7 5- 15% cassava is usad for growlng—flnxshlng dlets.
“Types of Cassava Products  Used in Animals Feeds

°

Varlous forms of cassava roots and products are. used 1n'
nanlnals feeds.‘The rOSt comnon ones are chlps, broken roots,
pellets, sllces and meals.

cassava “chips - are the mbStl'common'forn»used'inlthe‘
',Aanimals ?eed“indﬁstry; The, standards set are that the "chips-

.must contain a maxlmum of 13 1&% m01sture, 5 6% crude flbre,

-3 5% ash and a minimum of 70% starch. NO' standard is usnally

placed .on proteln conten;. The 51ze of chlps varies but thea“

length should not be more’ than 4-5 cm because of the

itendency for 1ong chlps to jam n1x1ng eguxpment. The Chlps
sh0mld ‘consist of roots thch should be well peeled, washed
k

and drled., The quallty of chlps ,however Stlll varies:

< o ) R

depending on the source.'.

.

2. Broken Roots

Thase are sililar to chlps but usually 1onger.



o —_
g

‘3. Pellets

The pellet sxze 1s usually 1 cm in- dlameter and 2 ca ‘in
’lewgth. Pellets are qore eXpen51Ve than chlps but are ea51er"
to handle~ frelght rates are lover probably because of - 1ess
space ‘requlrement- and “the quallty of the product is mote

L

) unlform. The. use of pellets 1s becom1ng popular because~_ofg

®
the reésons,glyeu above.

-,

‘4. Cassava Heal . o .-' R
Thls 1s the reSLdue of roots and chlps after proce551ng.’
. in manufacture of starch. The»meal st111 contalns as much as
55—65% starch out the quallty lis»ulnferlor‘.to ChlpS or .

S

pellets due to more contamlnatlonr

Cassaua‘in swine Feédin§~; S S o
Studles to evaluate cassava roots as an energy source
for‘ p;gs ‘have been reported in the llterature smnce 1903
(Tracy, 1903{ connor, 1907 (c1ted in Hendershott gt. al.,
1972) ; ,uqndoneao,"1928, “Woodman et al., i931;'xlba, 1937;z
Asico, 1941; Sreeramamurthy, 1945; Oyenuga and opekg.s 1957;
Modebe, 1963- peinota, 1965; uaner: 1973). uast"af—the above’
. work 1nvolved comparlng dlets containing- cassava wlth dlets
) contalnlng other roots, tubers or cereal gralns. Hendershott"
_;;.(1972) »guoted Tracey (1903).‘report1ng lthat. nany_'
farners' ~used cassava ‘exclusivelj -during‘:the. finlshiné.
' périod. The p%Zs ate 1t greedlly and preferred 1t to corn. A

sulnary of the results of stndies between 1927 and- 1941_ by'

~
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1

Maner: showed that the unaiinhn satisfactorj level .of ™

o

‘“1nc1u510n of cassava. for growing and flnlshlng pigs ‘was. 40

\

percent. . In. most of the cases,‘the levels of productlon and.

o

_ feed eff1c1ency wvere 10u. Even the results obtained from the .
, N

controlled experlments vere low when judged by Vourk?présentf‘

| knowledge and advances,ln nutrltlonal resedrch.
_ . _ o : . o .\
Feeding Experiménts -
Hondonedo (1928) compared corn - and cassava (20% of

diet) u51ng 8—month old plgs for a 75 day feeding perlod;

Thev results‘ shoued that the plgs fed the d1et contalnlng.

cassava . galned 8% faster, ate 9% more feed and ‘regulred 9%
1ess_ feed per un1t g Sn than those recer1ng the corn dlet.
Feed cost per unlt gain vas 11% less with the_ cassava - diet

'but the carcasses uere apparently superlor on the corn: diet.

Asico (19&1) used a similar: method to that of. nondonedo

to compare, cassava and~corn. He used young'weanllng plgs_and;

fed them for 210 dayF divided into three 70-day perlods. On

‘j the basis of ADG, hlsoresults shoued that the  cassava . dlet

vas only 9Q$ﬂgas eff1c1ent 'as the corn diet and 95% as

.efficient on the basis_of'EFC. “He “concluded’ thato "vgaplek

meal" ., wvas a goodhsubstitute'for corn in rations for growing
“plgs if the prlce was 95% that of corn. | |

>-0yenuga and- Opeke (1957) utilized 40 and 551' fresh_
'casSava for grovmng and finlshlng - pigs respectlvely and
‘ conpared these levels of cassava ' wlth gulnea corn (sorghum)

The fresh cassava was fed elther rawv or cooked along.vwlth

~,



© 53
supplements supplylng proteln, energy and mlnerals. The plgs
 were hand—fed thrlce a- day in order to eguailze nutrlent

intake of cassava fed anlmals and ontrol "animals. The

, effects of: this hand feedlng 1s not known. They c5nc1uded_'

that cassava was equal to sorghum in feedlng value and that‘

- rawv, cassava Gash highly . palatable -and egual to cooked

cassava. R \

a . T
Later,.at the 'same Station; Modebe '(1963) replaced
'sorghum or maize wlth drled cassava at 32, 37 and 40% of. the

diet for plgs velghlng 23-26, 37- 55, 55—75 kg respectlvely.

':Another group (treatment 2), recelved dr1ed cassava at uz,

u7. and ,50% of the dlet. The plgs fed the 1ower ‘levels of

cassava ‘meal (32, 37 and 40%) grew at a rate- that 'was not

‘1v51gn1f1cant1y dlfferent from that of the control (0. u91 vs.

0. uaz kg/dag) or from that of, the hlgher 1evels of cassava,

meal‘(0,491 vs. 0.473 kg/day). Feed conver51on was about the
'same for treatments 1 and 2 “but pigs. fed the hlgher levels

of cassava requlred sllghtly more (3%) feed per ’unltb‘garn.

The cassava-fed pigs-had a lower carcass grade but feeding

cost per un:Lt gain was 1ouer for the’ cassava diet. uodebe

found that a 1eve1 "of up to 50 to 55% of ‘the dlet can be -~

supplled by elther fresh or dried cassava.
nejla (1960) cited by Maner (1973) used 20 and: uox sun—

dried cassava to replace 51n11ar quantltles of corn in

ratlons for growlng—flnlshlng plgs. His results 1nd1cated»,

-.

that cassava has an avallable energy value 51ﬂllar, but not
necessarily superior;, to that of corn."

Aumaitre (1969) cited by . naner compared drled cassava

\
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"meal and COrn, vheat and barley and decorticateﬁ oats vfor
_baby plgs .between the‘ ges of 5 and 9 weeks. The‘c;ssava.i
diet gave max1mum performance (616 g/day). as compared Hlth.
barley, Oats, .corn and Hheat (386, 380,.35u'and 360'§/day).
" . The improueuené due to cassava substltution ﬁas.reported‘>£p"
be ‘due to a reductlon 1n the 1nc1dence of diarrhea observed
.in the plgs. The»dlgestablllty resultS‘ showed uthat wheat,"
-barley,lucorn and. decortlcated oats had DE values of‘3973
L3955, uous and uozu kca&(kg respectlvely, comparable to that »
of cassava meal (4185 kcal/kg). ) ) '
shlmada (1970) -also c1teﬂ by Haner used 0, 25, ruq and.f
66% sun—drled cassava meal to replace corn in diets for plgs;i:
rbetveeu 30 and 90 kg. Although there were 1nsuff1c1ent pigs
for evalidfystatistical analysxs, rthe results . generally
1nd1cated that up.to 44% cassava meai can be. used to replace.
corn vlthout sca051ng's reductlon in overall perfornance.v
Cassava‘at‘a_level qf 66%ecaused both’reduced ADG and poorer
EFC. . | |
’ The most recentfand, e;tensiue vorkw uiih‘ Cassaua in

. swine feeding :has " been conducted in Colombia by Maner

(1973) . The studies involved the use of cassavabmeal,i_fresh,,‘

cassava and cassava silage. =in ;experiments 1 and -2, £he
.practlce of feedlng raw cassava and a protein supplement
free _ch01ce was compared u1th a corn—based completely nlxed’
diet. The-feedlng of protelu supplement vith cassava _was
tested in . two  -ways. Iu.‘one"case, both thegrawfchopped
casSava and supplenent were»fed advlibituua In anbther, the
.rag shopped'vcassava vas fed! ad libitun but the protein-

. . . . - S ..



' -supplement was fed daily~in sufficient gquantities to supply

. : O : :
mininal daily = regquiresents. . The results from both

'experxments indicated that pigs féd. the usupplement"ad

'llbltuﬂ consgned exces ive quantltles of proteln supplementv

and balanced their diet. at nearly 25% crude proteln. Rate of

T

ga1n was. 51m1lnr 1n both experlments except, that the plqs
'

Lfed raw cassava free-choxce_ and a controlled quantlty of |
-proteln supplenent galned sllghtly slouer. EFC Has 1mproved.

"with. the cassava and free choice feedlng'of supplenentg Itl

may -be thattthis*iuproveueht;was.not-que to cassava per se.-

' In experlnent 3, cassava was.offered>ad libitum and tuo";_‘

~basic protein supplements, cottonseed meal (CSH)' and SBM, -

with two 1evels of v1tam1n—trace mlneral supplemeﬁtation,,'

vere compared. The sults showed consxstently ‘that here

»

vas no advantage 1ng hlgher than recomnended 1eveIs of“-

vitamins and trace mD erals. The use Qf csH at a 25% level

v

of supplementation for " 'soybean meal eppeared to *be

: : . - . s < -
acceptable but feed required- per uait gain appeared to

increase with CSH as ‘a supplenent ’
It ‘was observed that the pig does a fairly-,aceeptable
o .

-job of balanc1ng his dlet when offered fresH chobped.‘

cassava and proteln supplement free ch01ce. Llnltlng the-‘

,protein supplelent consumed per day to a level calculated to-

supply. 10X more than the Natiouhl. Researeh .Council's-
requirenents did not result in an inereasegin‘daily CassaVa_i
consunptlon. ' : | | .« | |

one problenA u1th1.the three"trials . was theoeley

consunptlon of cassava at the start of the trlals ﬁy‘.young'
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pigs.krIf supplenent vas available free choice, they repdily
‘ ate the supplement. In general however, the dally voluntary
consumpﬁt_:;on(,“(i or uet~ cassava increased progre551ve1y from
weariing to market ueifht while _ the <da11y voluntary
consumotion of‘ protein snpolement remained almost constant
,throughout the entlre perlod. u‘ . ' - _.;, |
In experlment 4, dried cassava was alsé fed free- ch01ce
with otﬁer protein supplements apart from 581 and CSH ~in
»order to',broaden‘ the appllc;tlon of the data over a wider
geographlcal area. ‘The protein sources used were SBH, neat
meal (Mn), CSH, and comblnatlons of MM~ blood meal (BM) ; ﬁH,h
‘Bn and CSH; f;sh-neal and- CSM. In general, reasonably good
performance was achieved with, SBH, uu;,Bn and.CSu'or FH.
:Rate of‘gain waAS inferior with ~Csm  alone. pigs in -all-

' treatments*‘.over-consumed ‘protein during . thee " entire

gerlod.

 exper1menta1f

Jgdrleg&cassavgyﬁpeal was - incorporated

' L 22 %,
ry» _a?B’s,ﬁse .,andﬁ‘m()&f& the corn in 16%

e 2
Mgz value as

10% oene” nolassqs ”on' reducing

~dustxnagé (especaallyejln 106%fCassa§5 Eeai) and'inproving

.palatahl ty of the dléts,';The’ results showed that each
fk '

'r

iln*1%v61 of cassava caused a correspondlng decrease
& a,

4or ﬁlthout.nolasses. The addltion of nolasses

.aud~ 1ncreased ABG by, 10
_ . : -

. . .
N
4. il - T
kS e N :




Maner also fed cassava silage nade from freskh roots or

Q

a conhxnatlon of the uhole plant (roots, stalks and leaves).

He ged the cassava"root Wsilage and protein supplelent-

cassava 'root, leaf and stalk 51lage plus supplelent, ‘and
o

‘fresh chopped ‘cassava plus protein supplement free choxCe to

' thﬂ%e dlfferent treatment gromps. Plgs recelvlng the root

‘."

“silage galnqd sllghtly faster and consumed leSs feed than

those rece1v1ng fresh cassavé and supplement. .Heo concluded

P o

that root‘ silage- appears to be a good alternatlve vay to’

feed cassava._He suggested that the roots and the leaves be
en511ed for pigs bnt that the stalks should not be 1ncluded.

4
Orok and. Bowland (197&) fed three levels of ngerlan

cassava meal (30, 40 anpd 50%)

that at these levels of substlth

A‘weanllng rats wvas equal to &obtalned ulth 2 corn-soybean
meal.dlet. ‘ 7 A o .

Feedlng tf&als at the Unlver51ty of Brltlsh Colunbla by
Bragg and Kftts (1975) 1ndlcated that 5, 10 or 20% dletary
cassava is an excellent en;rgy source for startlng br01ler
chlcks. They also shoved that uo% dietary cassava can Q@
successfully fed to growlng and fattenlng steers. 7
There thereﬁgre-appears to be adequate evxdenCe to

conclude that cassava cafi- be used 1n-sw1ne feeding. Nost

mrats. Their results showed

*tn, the performance of. the'

authors, hovever, recomiend that it should-mot be ‘used as .

. : %
the 'only energy source in the dlet. Cassaza.s1lage also has

a great potentlal as a livestock, feed but the silage should'

<
-be " the roots alone Or the roots and leaves. ‘Some other

source of dry'nattergcould also be u;xed' Hlth silage to

g
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increase ‘the energy vcontent, and reducé the loss of
o 'nutrlents through dralnage. >
‘ PR Experlmental eresults'-showv that 1evels of cassava,

varylng 'from 10 to 50% of the dlet can: be fed to plgs.bThe"e

9.

dlets hovever have to be velr balanced ‘in“ amino ac1ds,

s mlnerals and v1tam1ns. Ralatablllty xs not a serlous problem

'\('»- \"

R .
{ L beéause# the roots are néarly odourless and have ‘a plgasant
) ' N o ’

taste. Although Haner (1%ﬂ3) had some .1n1t1a1,~palatab1;1ty o

_ problems__ulth. very young pigs, feed consﬂﬂption later =
v . N : . - ' _ : . Ve . e ) ) 7:,‘ o ‘( -
s -increased to a satisfactory;level.

’
7

The use of cassava in llvestock feed is restrlcted /in
many countrles. ,Theseb regulatlons and guldellnes//weref
establlshed to protect llvestock from potentlal tox1c1ty rat
hlgh dletary levels- of 'cassava.‘ Other regulatlons rare

. :related to the low proteln content of cassava.//In Belglum,.

‘the; maxlmuu 1eve1 :allowed is- 5% of the dlet for swlne._In'
) Germany and the Netherlands, the maxlmum Level for grouang;

flnlshlng plgs is_~ 40. ‘percentt.jIn Canad;, the suggested

1evels':inr}5wine"ratlins'fare 1o—uo'lperc6nt' (Hare  anad

Hare'a a aben; 1974), -

r

"’beééife?{theA llnztations' hlghllghted in thls review,'

‘cassava”has' ivery h1gh potentlal 1n _swlne ,feedlng. Jones

(1959Y* summed _up thls potentlal Ain.lhis book "HanioC‘in

<Afr1ca" when he stated that “perhaps the most pronislng ﬁay

to take advantage of

"t'to llvestoc},’ ‘

he'lov cost and great product1v1ty of-

‘manloc 1S
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EXPERIMENTAL PROCEDURE

]Objectivesv; o o I ._" '"J‘ .

S

The objectaves of the study vePe -

1. To assess the nutrltlve value.Of PB' (Vlcla- faba " La

}mi gf) as a sole proteln supplenent or- 1n 50 50 comblnatlon ’

with solvent extracted SBn.for growlng—flnlshlng plgs. e
\ ! .

‘”dietary proteln, supplemented ﬂer not supplemented Hlth L—

lysihe' and. DL—meth10n1ne throughout the, startlng "to

/,
'
]

flnlshlng perlods on the perform nce of plgS.di

3.v To assess the nutrltlv

cassava meal at three levels of supplementatlon (0, 20, 4o%

of the diet) for startlng plgs.*w . ‘ e -
u._ To assess the effe s  of feeding cassava.meal_on

© .
- ST By

-thyr01d functlon u516§ T3 and/TW‘levels in the plasma;”as"a

'measure of thyroxd status. ‘“/'t;” e ’ ,; };

" Animals and Housing j
One hundred and twent

/
of Alberta Ednonton Research Stathh _were 'used in thls_

A

study.~ Their pre—veanlng management folloved the standard

”practlce for Alberta outlzned by Aherne et g_ (197&). After'

_weanlng and before allotnent on the experlnent, the ~p1giets

had, access to creep feed and water ad llbltUl. The pigs vere.

.8 cross between Yorkshlre and Lacombe~Yorksh1re. On April

o

}'23rd and July 22nd, 1975 respectlvely,v51xty plgs‘ equalized -

as:'to' seﬁ and lveight ‘were allotted 'to fifteen dietary -

-1

: . f -
eyl ‘,‘(“

2. To evaluate the effects of feedlng ‘a 16% - level of

value of pressure ‘processed

plgs farroved at The Univer51t1

5

- B - .. .
s ity 7T e i el . el
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o

PYPREE treatments; glv1ng tvo groups in’ tlme. “There' were . thus-.u

w29 -pigs per 1treatment (2 barrows and 2 gllts) each tmme or a

total ofda pigS‘per»treatment.. PlgS in repllcatei-1 ”uere'

allotted at an ‘average age ofﬂ26 days and an aﬁerage‘weight
.of 5.85~kq (range‘ﬁ-u-7 u kg).'lhose on»~replicaté 2 yere

allotted at an average age: of 32 days and an average weight -

i' of 5 98 kg (range u 2 7-9. 0 kg). T ".d' i,\\Q

All plgs vere housed in’, an experlmental barn‘-‘

thermostatlcally malntalned at a temperat e of 21 22°C. The;_'

EI | e

floors _were concrete. Durlng the grovxng phase, there vere,"

2

"two plgs per pen (1 barrow and 1. gllt). Durlng the flnlshlng
perlod (beglmnlng 9 wk after the> experlment started), the

plgs were. moved «to a. separate barn where they vere kept L
o ’ A .
plgs per pen. _

Pen’ size was 0.6 m x 1.2 m durlng the starter phase anda :

1 h m x 3 &5 m durlng-the flnlshlng phase.‘

§é$ . Experlmental Dlets and Design 5
' 'The CGNPOSltlon of the 15 dlets fed during the ugrowingf»

and flnlshlng phases ‘is shown in Table 3 - Diets 1—9'were

D

formulated to contaln approxlmately 161" iﬂi‘;:l6;25) ﬂorude -

proteln,i 3,300 / kcal DE/kg - 0. 70% 'calcium and 0<55%

rv' | phosphorus. Supp emental“ L—1y51ne ‘and DL-methionine were;f
added to dlets 10 15 *to‘ ralse the levels of these amino

ac1ds in these -a ets to approxlmately the same levels as ‘in

‘ the 6% protein
1= 3 was vsupplfed entlrely by solvent extracted SBM. FB wassf
the sole protelh supplenent in dleﬁs 7 8, 9, 13, 14-and 1sf5’

‘ :

L

iets (1+9).‘The prote;n supplement in d1ets’”‘
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" Dlets 4-6 and- 10—12 were a mlxture of SBH and "PB. ¢ The FB

l\ _.0 . . . N

were Alberta grown L : .

7.

' Cassava ‘was substltuted for barley at levels -of 20% and

4‘QQ% respectlvely in dlets 2 and 3- 5 and 6-‘8 and 9. 11 and

l2- and 14 and 15. The cassava was made from the whole root

mechanlcally peeled, pressure processed ,and 1mported fron

'?}Thalland (Saben, personal communlcatlon).. : e ?f BN

The allotment of pigs on experlmental dlets durlng the

-grov1ng and flnlshlng phases is" shown 1n Table u Théh plgs

were kept on the 15 dletary treatments durlng the startlng’mﬁg}“

phase (week 1 -9) . At the end of nthe‘ 9th veek ,they we&g'

“

moved- on .to approprlate no cassava treatments 1, u, 7, 10

“and 13 (u plgs/pen. 12 plgs/treatment in each of 'tnohﬁtine

_perlods) untll they reached market velght (85 kq).'”

Water vas prov;ded ad llbltum by neans of automat;c

3

'fountalns 1nsta11ed in each pen. Feed vas .also provlded ad |

libitum in self.feeders throughout lthe&~durat;on)lof~the‘

Ty .

experiment. .- &

«
)

Growthvétudresa L o . "ﬂ -

hY

Aninagls weref 1nd1v1dually velghed every _ Hednesday o

‘throughout the exper1menta1 perlod..Feed intake durlnq each

weekly period was also recorded. Plgs vere slaughtered when
they reached a. nlnllum of 85" kg live welght In each pen,

the last pig, regardless of Hexght was slaughtered when the

: third p1g teached slaughter uelght..Thls crlterlon could not
- be  strictly” adhered to in both repllcates because the plgs_.

‘on treatment 7 were growing slowly. A deadline vas therefore

‘," Lo

‘_4‘_‘ ’.w‘- .

e
4 .



‘set forffin ‘shipment of pigs. Standard earcaSS ‘valuation'

(Grade__:Index) and ’Record ‘of Performance 1ndexes uere
N | ot .

.

‘determined (C.D.A., 1969). Details of the: Gradlng and R.0.P.

‘syétems‘used areushoun in Appendlx 1. Carcass. data .Vere

m15$1ng for tvo anlmals 1% repllcate 1. These»data were not.*

irecelved from Swlft Canadlan lelted followlng slaughter..

One plg in repllcate one, treatment 10\ dled about VTO_

'days after allotment and<va§ replaced. ‘The postmortem report

5

showed'»that death'vwas duei to gastrlc ulcers leadlng to

profuse bleedlng “and 1nternal haemorrhage. A total .of four..

‘plgs dled ‘in repllcate ,2. Three dled a¢C1dentally durlnqm

bleedlng and the other on the 15th week of the experlment.

Postmortenm report shoued that he suffered from torsion of

\

_the 1ntest1ne, resultlng in compllcatlons and death.

©

_ Blood studleeu" lA ‘ N » '

>

Ind1v1dual blood sa-ples for T3 ag T4 analyses vere

taken .dur;ng the 9th ‘an®% 8th week of the experlment 1n

‘replicatesl1f and .2 ‘respeCtively_ by anterlor vena rcavaf

puncture (Carle and Dewhlrst, 19“2)._ The ‘sanples,wVere

_1mned1ately centrlfuged and’ about 10 ml of plasma collected

‘vfor_ana1y51s. The: ‘samples vere - analyzed “by Krahnwil The

uethod-of'analysis.is‘Shoun in Appendix 2.

P 8 ——

%+ P.N. Krakm, Box 87, R.R. #2, site 9, Sherwood Park,
‘Alberta. = - R AR .

el

‘q".r“-f'
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ﬁetabolism’Trigls

During the 6th to 8th and 5th ' to 7th week of the
:experiﬁent;‘enetgy énd nitrogen diéestibility and- :etention"
:studies were carried out in‘rep1iqafeé51 ana 2 fQSpecfively.
Thirty pigs (ié barrowvs, .?5 'gilts) weére .used .in each
repiicate in groﬁbs of ten each _Veek.. Selection and

.allotment of the pigs bas‘sﬁch that the average weights were

similar.'The,heavierupigs“;n each replicaté were used in the -

 _first week of ‘the digestibility trial and lighter pigs in
subsequént‘triélé, ‘ o - |

7 Pigs were féd “their respe&tive} diets duriﬁg ‘the
'adjuétmen¢ and collectionfperiog a£ a~1evel of:Bb-Qgg éf the
aveﬁage dailygfééd copsuned‘pfior to.thé_cpmmencement of the
trial. _They vere féd»uthreeﬁ'iimes.daily. Unconsumed’feéﬂ
during the period Q;s colleqted,vdried a£0§o°c in a ‘fogfed
_air ovenz. fo: 3 dayé;:ueighéd and déductéd from the feed
'éiven.w | “ .4  | |

"Total fecal and_utinary»collections we;e‘made'foﬁ three

days'after.an,zihitial 3 days acclimitization - period as -

Qescribed- by Castell ~énd Bowland (1968)._R£presen£ative‘_

samples~of“§he;feces uere.bven? dried at 60°C for 72 hours,

'weighéd‘and ground in aAChristy'and-Nortis 8 inch laboratory

mill.s Repfesentative _samples of phe'~urine'§ere freeie—_,-

‘dq1eds'uf389c shelf temperature for 48 hours)_before gross_

Style 31, Dispatch Oven Co., Minneapolis, Minn., U.S.A.
Style 31, Dispatch Oven Co., Minneapolis, Minn., U.S.A.
Christy and Norris Ltd., Chelmsford, England.

-Repp Sublimator, Model , SRC-42, Division ®¥f Virtis Co.
Inc¢., Gardiner, New Yo:k; 12525, U.S.A. . - o

weuWN

i
Al

~
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édefgy:ofligges and ur{ﬁe.we:e‘detérminedfiqﬁa Pa££ SOxygén
l Sonb> Calorineter.5  The eneréchontent b: iﬂpividyal diets
vaé alsp'determined.with thé.sane»instfﬁment..Kjeldahl crude
é{o@éin,(ﬂ‘x 6625) determinations:of the ﬂiét, ‘the driedf?
-feceé. aliqugts'qf‘the¥u&ine and;thg d;y.ﬁatteq‘ahalysis;of
the feed were as described in A.O.A.C, (1%65$f A commercigl
v"kel—pak“? was used as a caéalySt in‘thé'Kjeidah1 ahalySes,
_ihé‘aiponia vas cqllected in 4% boricJacid and titrated iith
.étandafa‘ Hésbq; ﬁétébolizable enéfgy' (ME) and mnitrogen
retention (ﬁﬁr data by total collectiqn 'ﬁethod‘ were. not
inqludéd f}hi Tablé>_11' becauseu th%re. vere np_compérable
fésﬁlts‘byithé HCl—digéétibn method;‘\ - | |

| ' 12
Voo R N

Digestibility of the_diéts Qas-aiso dééermined ‘by . 4w-
HCL’"iﬁﬂicator_méthod (HcCarthf gi‘g;;, 197ui..Thé_insolub1é
ash 6btainéd_after béiling in a§-ﬁc1 for. 30 min>vas uéea‘¢as
an indicaigx; to calculate) the digeétibiliﬁy ,co'eff,i{:ieng 1n a

‘:;éy similar to the 'c romic ‘oxide methdd.‘ Thé: peé;gnt

e diéestibility.was calcul ea'>a5'voutiinéd‘ by Haynarﬁ‘-ahd

Y,

‘2

Loosli (1969). guu
% Digestibility =

b g % Indicator in Peed - % Nutrient in Feces
ho A _ _ , ‘ : ")

L - X
4 % Indicator in Feces

@g - (100'x

\J

y
et
Al

% Nutrient in Feed

Piy
T
%

/)

g

% Pparr Instrument Co., Moline, Illinois, U.S.A. Temperature

- 4.changes recorded by a Brown Electric  Recorder manufactured

" ‘4by Minneapolis-Honeywell Regulator Co., Phil., Pennsylvania.

;. 7 Mdtheson Scientific, East Rutherford, New Jersey. It
supplied a nixed.czﬁégyst-containing Hgo, k SO ‘and CuSO .

Ay
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"METHODS OF STATISTICAL ANALYSIS:

._‘Anélyses bf\ variance were coﬁpﬁted to aetefmihe if
;significAﬁt' differénces existed . between . .the 'fdiet;ry
combinations}yThe‘squrces of. variatign ahd fraits donsideréd
are presented in Table 5. Diets ‘were considered as fixed
sources of variation. The mqliiple comparison of means ,Qeré
made at tﬁels% (P(0.0S)-level of probability.using Duncan's
“Multiple ééngeftest (Steel and Torrie, 1960) . N

The fol;oﬁing symbols were used to denote tests of

significance.

< 2
SYNBOLS - . S MEANING
. N :
) : |
* e | | f%“}he neans compared are 5ignifi-
‘* >  cantij‘different at §<0.05
a_— ' . | - The means compared’are_signifi—'-
| cantly'differgnt ét‘P<0.01
wk S ' The means compared ‘are signifi-
- cantly different at P<0.001
‘a;.b, c,(d,‘e A ' Means of the samé;serieé (coldnn

'-op row) beafing,the same letter
. . . . 4.

or no letter are nOt‘signifi-
cantly different at P<0.05 .

o |



TABLE 5

SOURCES OF VARIATIGN AND NUMBER OF. TRAITS. STUDIED

— T T W v " —— v— -~ ———— “—’&‘ —————————————————————— —— — i - — o A —— ‘._—

¥ PHASE L © TRAIT . DIET SEX REPLI-
) a, . . CATIOW

TTTTTTTTTITTTTTTT TTTETTTTTTTT T CTTTTTTT T YT T T

Starting Phase Growth and feed consumption: 15 2 2

9 wk. initial wts. . S -
Average daily feed :
Average daily gain
Kg feed/kg gain

.

Metabolism studies: * : 15/, 2 2
Energy and nitrogen /
digestibility by HC1-
‘digestion and total
collection : B

Blood studies: ' 15 2. 2
T3 and T4 levels .

Finjshing Phase Growth agd feed consumption: 5 2 2
~ 9 wk-market wt - B . -
Average daily feed
Averadge daily gain
Kg feed/kg gain

Carcass analysis: 5 2 2
s . Days- to market : ‘
Market weight (kg)
Carcass weight (kg)
QaDressing.(%) :
" Total backfat {(cm)
Length of side (km)
Lean in ham face (%)
Ham wt/carcass wt (%)
Loin area (sq cn)
Lean area ham/ham wt. ,
sq cm/kg . : ‘ ‘ . .
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H

Standard errors of means® are also inﬁicat;d. Digestibilify‘
studies vere computed. co&sidering diets as a' source of
variation. | o

In the case of treatment 3,_rep1icéte 1 vhere 6ne pig

- . ' .
died during the starting phase, data of the ‘surviving pigs

were used. ‘Means were used to estimate missing data ip

tépiicaté 2 (finiéhing phase). Data for feed. qonsumpﬁion/
wvere célculﬁfed 'on.the basis of pig-days and aver&ge'daily
gainé were based on total.gains per pig divided by't§e 'pi§-.
déys. EFC  were basgd on the total feed intake pé¥ peﬁ,~per

phase.” . I . -

ro

Error mean' square

" Number- of observations -

L]



S ansﬁ s mm u(;§c0$sm
N - ~¥f h\ﬂ -j
The tesults of -thi erEMw atezfﬂisJﬂQSed under the

followlng heqdlngs.\

'6!:

hY ¥
A. Growth perfornanCe " during starting and finishing o
phases - : )
(a) Average daily feed intake
{b)> Average dally gain
(c) Feed converS1on eff1c1enc1es
B,'Digestlblllty of the diets : oo &
. (a) DE ‘ :
(b). DN \
C.'Thyr01d status (startlng phase only)
’ T3 .and TU levels
D. Carcass characteristics ' y K
v o o . o . ’Zi_,fj@
A. Growth Performance-—-Starting Phase , , T e

There was no 51gn1f1cant dlfference in ln;tial beights-h

- ,v, : :‘;1‘

of .pigs ‘between treatments and between reprloates. The.Aﬂ

performance of the plgs fed the various diets dunlng the,&J'
. - L

) -y >
L . o

~*start1ng\£tase is shown in Table 6. S Lo

&
e
TR

(a) Av ggg_ Daily Feed Intake (ADFI) - e AN
FPeed consumption data were collected on jpen. basis but
ADF was determined. on the ba51s of plg days ,;of eﬁa%le

. i
conparlson‘ to be made., between dlets. There vas"no

51gn1f1cant dlffecence (P<O. 05) in ADFI between dlets 1.€ 2.'
0

3, 4, 5, 6, 10, 11,'12,,13 and 14. Plgs fed diets 7 8.

"were similar and statistically (P(0.0S)'lowen in ADFI than

those ‘listed above, wvhile those fed .diet’ 15 qere

E Y

\ o ‘ o




TABLE 6

PERFORMANCE OF- PIGS DURING STARTER PHASE

Tttt T R
DIET SOURCE OF _LEVEL OF Avg. daily  Avg daily . KG PEED/
____PROTEIN °  CASSATA  galn Ks @ feet e B . ,,
1 SBﬁ .. 0 _‘ - 0.38abc . 0.97ab 2.92c " K
2 sew 20 0.39a 1.06a C2.71¢ :
3 SBM | 40 0.35abc b.915h¢. 2.82¢c | ;
4 SBM - FB 0 ] b.3uabc 1,022 3.09¢ . E
5 SBM - FB 20 ~ 0.29abc 0.87abe 3.13¢ - . f
6 SBM ~ FB 7 w0 0.30abc G.86abc 2.88c i
7 FB 0 . oLtmet 0.67cd 5.Qsab "§
8 FB 20 " 0.12ef  0.68cd 6.09a %
5 FB wo . 0.09f  0.52d 6.36a - ,‘E
10 SBN-FB+a.a. 0 o0.38a 1.02a 2.72c i
11 SBN-FB+a.a. 20 ¢ 0.32abc ¢ 0.95ab 3.00c :
12 SBM-FB+a.a. 40 0.36ab 0.96ab  2.76c :
13 PB + a.a. o 0.28ca  0.81labc  3.53c é
14 FB 4 a.a. 20 0.27bcd . 0.87abc " 3.19¢
45 B+ a.a. 80 0.19de  0.73bcd . 3.89bc - .
1 g S 0.29 0.90 - . 3.52 !
2 | ~0.26 . 0.82 ~ 3.70
Grand ‘Mean = - o.a + 0.86 3.61.
é;E..qf Mean . | oﬁ%gz . 0.082 0.47 q

. . . . B
- T - .
. .
,

1 EPC = efficiency of feed conversion



/”inter%%diatef in &DFI'? Addltlon of‘~Iysine"+ ‘nethionine

resulted 1n a - noe- s1gnf§1cant trend touard 1ncreased ADFI 1n‘f

‘.’x

dlets 1o,w'11,'123 13, 14 and 15 over u, 5, 6,7, 8, 9. The

1nclus10n of cassaxa at up €o QOS -did not «significantly

—_ . Log

- PR

decrease ADEI ‘v1th1n each dietary group, hut-pigs'fed'uox

cassava ate about 13% less feed than those on  no cassava
{

~d1ets.'VThe, reduced feed 1ntake was most: pronounced on the
e

‘100% FB dlets. The poor palatablI&ty zof- FB -comblned wlth

E reduced feed consumptlon. td i PR '_ 'j?,n 3
(b) Aver_ge Dallx Ga;_ (ADG) , 'uwﬁl’f? ‘5"3‘ L

4', The results for ADG followed a 51m11ar trend to average

' dally FI’ The best ADG were obtalned on’ dlets 2, 10 =12 d

"y
e’

;u; There fvas' no» 51gn1f1cant,_d1fference (P<0 05) betweenf

- @

diets 1'°2' 3i;”'55{ 6:, 10¢ 11/ andl 12. D1ets 3._'8; ﬁ§.
_c;%

i © LR

produced _3he poorest galns and wjre s1gn1f1cant1y dlfferJnt

:vQT (p<o 05) frog a11 other diets. The ADG on dlets 3, 19'agnd

Q/‘_ '15 3gre_ lntermedlate between those of dlets 1, 2,H3. 5,
:6 10, 11, 12 and’ dlets 7 9. The addltlon otl lys;ne .;f
8 e T : i
methtpnlne dxets,.u;; 5,. and (10,_{ 1j 12) did not

s;gnlflcantly improve ADG‘

51gn1f1cant 1mprovement fron‘hethlonlne supplementation of /

G

FB—based dlets. Stothers (197&) got confllcting results. neﬂt

obsegved that methionine SUpplemehtatlon inproved PI and ADG

Rt T

[‘butg impaired EFC.f'DavidSOn (1973) observed imprpved egg

o

'cassava~ at ‘such hlgh levels could have contrlbuted to thls

i

productiOn vhen he supplemented FB laying diets:(15$ -1eve1)

S
LIES
s
-

<

”,;QJ' Aherne (1974) 1ndicated that fthere is generally no;.

- .
&
i



IThe, 1nclus1on of’fCassava at up to- 40% level had no

[

adver?e ‘effect on ADG v1th any of ~the 'diets.< This result

.agrees with that of Aumaltre (1969) thaéﬁcassava can be

1ncluded in starter ratlons at' up. g v 40 1evel wlthoutﬂ
aGVerse 'effects.‘ However. Aumaltre 1ndicated that this wws v
.true Only ‘when . there 1s a proper balancehof amlno ac1ds ein‘
'the dlet. n the current study, amlnd‘ac1d balance of ‘the

x d.}et d %nﬁ‘t}a sagnlflcantly alter the response - to i‘nclusion-‘-

’ of casg va in the dlet-

“‘

Vo "€

There was a 51gn1frcant . sex effect _on welght galn'
udurlng the starter phaSe.ABarrows galned faster: than gllts'

1n all treatments. Thls fxndlng agrees vxth those of Bovland’

(197&) and Bovland et ;; (1975).“‘ :
(c)feedssm_m_sx._»..r,-‘ T

‘ ghere vvas, no signlflcant -difference ingE?C between
~treatment§r1. 2, 3, 4, S. 6 and 10, 11, 12, 134 24. Diets 7,

'8, and 9 were si_‘g’nific_anté}.'y' different (P<0.05) from . the

-

‘other diets. - - . . B .

‘1finc1uded 1n p1g starter ratxons at up to: 21$ of - the diet but

‘should not be fed as a sole proteln source. Cassava 'can 'be'f

;ncluded in pxg starter ratlons at up to uox of the -diet
urthout any adverse effectig ‘ f? ‘ o

o ,' _— : ;#' '..v = 37 . P : B . e

Table 7 shov the effect of 0 20 and DQ; cassava 1n theﬁj"
ol ? -.<.~

o diet n; the psrfornanee q§ pigs durxhg the starting phase.

B

PN

; ‘ : ' |
"The’ parameters measured above: suggest ‘that FB can be

e



TABLE 7

EFFECI OF LEVEL OF CASSAVA ON PERFORHANCE OF PIGS DURING

STARTER, PHASE o .
Level . E CTapF ADG - EFC.

- of R - ' : . (kgfeed/
‘Cassava: . - (kq) _— “(kg) . . kg ga1n) .
-—"—’-—"'——_‘-"——".’“—.‘—-"—-‘-—r ————————————————————————————————

¢ 0.8F 0.27 3.60

20 »0..84 o2 3.85 .

un n.77 0.24 3.97
S R. of mean . ©c.026 - A'iw:H .15,

..—_.__._-._...._.____-......__--_..__.__.._*.____'_.....__.-.._..._.._..__.....___‘_.......»_...—_.‘_

®




'“;pigs o treatnents-jf; 3aaa

15

s
B L/—

The reSults .indicate that there were no significant‘}

differeﬁbes in"ADF, ADG. and EFC - uith up to 40% cassava in

the diety: There was, however, ‘a trend tovards reductlon in -

ADF,, ADG,} and,fEPC! Hlth 1ncrease in the 1eve1 of cassava..

Thxs could be due to the dustiness of ”the ‘diet u1th

.
<.

' increased level of cassava and resultant ‘low ADF.’_

’_The-beffect of the: prevmous 1nc1u51on'of caésava in

. starter * diets on the: performancefkof'-pigs' during "thea

,flnishlng phaSe-»is shown in Table 10. There u»

51gan1cant dlfference in ADF, ADG, 'and lEFk:

didifferent levels of casava inclusion. |

| );The‘iresults\ lndlcate that ;upu to QO! cassava “can be

1ncluded in-pig starter rations wlthout any adverse effect

on their: performance or the subsequent performance of the
b

"~ pigs laﬂef on in life. o e ;:"' ) ,‘"s\‘

~

1_reuth Rsrigrmanse--rinlshins Phase (ADG. ADF and EFC>

The performance data durlng the. finishlnq period of

this ., trial 'is presented in ‘rable 8. Because' pigs~ on
: treatment‘7,aud,13, grew more ‘slowly during the starter

phase, ,they needed more’"total pig-days to reach market

”-weiéht.' These treatm%yts were therefore sxgnificantly.:

¥
It

-

different (P<0 01) fron treatments ; “4 and 10 for total

\

.'gain during the finishing phase‘rand ‘for' ADG. Piqs_zony”

“*treatment 7 and 13 appear to have made adequate daily gains*

'h%in spite oﬁ the poor performa" “Quring the starter ph. e,

:expectation (A R C., 1967 u R c., 1973). These results tendi”

AR,

10 made ADG above average
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TAarE”d-

EFFECT OF STARTER DIETS oN PERFORMANCF, o
». DURING FINISHING PHASE o

"STARTER INITIALLw FINAL "TOTAL . ADG - ADF = °. KG .FEED/
DIETS W (KG)_ NT (KG)  GAIN (KG) . (KG) (KG) KG_GAIN

30.5 8701 566 0.83 . 2,65 ©  3320def
12,2 auwo o e o.en o 2.ds i3.43ab

27.1 . 84.6 - 57,5 0.86 - "2.76  3.22cde

204 g3le. Cs9.2 0 6l79 . 3,73 3,45 ab
6. " 24,9  gu.o e s9.1 oM 2053 3.07ef
7T 1w 79.3 T eu.e . 0.57 C s02  3.56a

S . | 13,4« 80.6 k7.2 | o}éélv\"'1.97» . 3.36bca
L I R '»77.9 U esie o, 60 1oz T a™aer

vjovj‘.u 300 861 . se.3 . o.g3 2.5 3.37bca
| 9 | .86.3_“.,>'63;u ~ 0.84 2,60 B ;3?11ef'

2 28.8 5.0 &1 _‘¥5£81\; 2.73 .. 3.38bc

RES fh. ' ‘21,1“” ‘ ’56,7‘ B 65.6 .77 ‘_2;Si o '3.37bcd
W f  232 ar.2 T 0.80 - 2,46 °  3.08ef .
T 7.8 6.4 ©68.3 %79 . 2.60 3.29bcd.

'SF.. of T o T : | o
CMean 146 U1.9s . 3,32 0.012° 0,042, . 0.752

) Y [
b
T, b -
. Ay g
- [ N . - JC
1 N ) - l N . )
N - - O . . " .
. N PSL g u #
Neg hd "1 s L -
< s ik i
, ’ L
e ° o
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T  TABLE 10

-

EFFECT OF LEVFL OF CASSAVA IN STARTER DIETS ON PERFORHANCE
- : OF PIGS DURING FINISHING PHASE B

v X
TTTTTTTommmm T “""-c ————————————————— —_————
. ’ 'INISHING PHASE
Levé’l ‘ ‘f.n:.t‘;al i F1na1 Lo w ADG ' EFC‘ -
of .~ Weigh# :' Weight = -« . o - kgfeed/
Cassava ““(kG) .J«‘ﬁgkq) v tka) - (kg) . kg gain

S.F. of

C " Mean. | 9.65 . 8.67  0.2019 - 0.005 0.0023 . -
. »‘J L B :
5. wew
S~ : ¥
;‘ﬁ

,
iy

-
v



to spppbrt the concept  of conpensatory growth .responSes

golkﬂﬁing a period -of restrlcted nutrltaon (Zlmnetnan and

‘ﬂh&jarern,1 1973;  Wyllie. gt_ al-.. 1969). There were no
) "significant sex  or repliCate effects. The results for ADF
-"followed the same trend as for RDG. Pigs. on treatments 7 and
i» 13 consuned 51gn1ficantly less %eed per day »(P<0 001) thanﬂ&
;bplgs on treatnents ‘1,\ u and 10. Thege,was no signlflcant ‘;-~
_dlfference betueen treatuents for EFC., - N : ff;}ﬁr
' Ef;,s_t of ';&__te_r; Diets on Berfor nge Dyrind. _h,ﬁ il JWW
. _gase o .‘A-m_g’,,f.,,,,::u{,. G ’ o « 3': s a.?&;:» : e | |
o Tneiziu pidscon each finishing~diet for toth replicatesio)w‘

was made. up of . 8 plgs from each of the starter dlets. .TAbléﬂ

9 shows the eaffect of*‘the starter dxets on perfornancew?" o
Y ' ' : : e

e

| durlng the flnxshlng phase. ' _ SRR .

o - Although plgs fornerly ‘on treatuen}t’ 7, ‘8"a?6*\9

.consuned less .daily feed dur*ng the fln s ing phase than

pigs on the otner treatments, tnere 'was no sxgnificant

dlfference .betweqn. treatnents for ;this parameter. The .

.preJMons 1nc1u51on o: eassana did'not’reduce feed 1ntake; ;n<

any .of ’the dietary groupsdexcept in treatments 7,w§”and‘9,

'where'the»leVel of;fI_decreased aith~increase in the ievel
of’ cassava. , . | | |

. There~ vas no sxgnificant difference between treatments

for ADG, although relatively low ADG were nade on - treatnents p

-37, 8 and 9 uhere plgs were fed FB. The supplenentatlon of‘
~diets 13, 1& and 15 vith lysine i proved ADG over 7, 8 and 9-
althouqm this inprovenent vas not significant. The previous'J

gfinclusion of cassava in diets 7, 8, 9 and 13. 1“, 15 tended'“



%iqnifidant;

phase.l

80

iito increase daily Lgains .but _the increase' wvas ' not

3 R " : \

There vere _significant differences (P<0.09%5) betueen

treatments for EFC. The be EPC were obtained on diets 1,

2

6, 11 and 1uJ The starter diets did not have any sigpificant

- ~

'effect on performance during the finishing phase. Dietsﬂ 2
- an 10 thch vwere the best treatments during the starter’

phase did notygroduce best performange during the finishing-‘

~ . q:g

g7

In sumnary, - this studn@ indicates' ‘that ground

unprocessed fababeans at levels up to 30% of the diet”“

isuppdemented with adequate 1y51ne and nethionine can be fed

to finishing pigs to produce results comparable to - that
obtained on' a SBH—based diet. Castaing and Lewittei (1974)

progressively S“bStltﬂted“PB for SBH at 1evels of 0 - 36% ofg
the diet for »growing_ - finishing pigs. ‘They noted no

significant differenCes betueen diets for feed intake, ADG

'and EPC. They concluded that FB can be used at -high levelsf

in pig ” finishing diets: 'Vithout reducing perﬁormance.

" Stothers C(1974) " however, observed - that a complete

replacement' of SBHN by FB produced pe;fornance ° results

slightly inferior to that"of " a- SBM or SBH/FB' rations.

i"ouland et _l. (1975) fed PB as a sole protein supplement to
'finishing pigs , 5“dJ aid ~ not observe " any significant

‘.,depreSSion in performance. The study also confirss: earlier

C o,

reports that a '161 »prptein- fed throughout to grOVing - .
finishing pigs is adequate for optilun gain, feed effiCiency'J

and carcass quality (A.R C., 1967° Kornegay et gl.,: 1973
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McConnell et al., 1973; Pay and Davis, 1973; Davey and

Probish, 1975).

Y -
Q;ggstibiligl Stydies
Digestibility was estimated by both the 4N -~ HC1

digestion wmethod (McCarthy et al., 1974) .and the, total

; .

Collection method.
The results of thé digestibility studies are shown in

Table 141. Data are presented on ‘DE coeff1C1ents, DE .content

ﬂv&‘s

'of the dlets, average dally DE 1ntake- DN DP of. the dlets,
S oL
average dally DP intake and average dally DN 1ntake.

m
(]

‘The dlgestlon' coe£f1c1ents for DE and DN by the “total
‘collectlon method vere sxgnfflcantly hlgher (P<0.001) tRan
‘those by 4N .- HC1 method. “‘Other. igthots generally agree v1th'
. this flndlng." ﬁe_ Carthy 1&% ai.; (197&) reported in one

eXpernment that total collectlon method‘ gave 'DE and - DN‘
values‘ Uthh ‘were 51gn1f1cant1y hlgher (P<0 01) thaa those
“of un - HC1 uethpd and Ain, exper;nent 2 (wlthout ‘celltey
obtaineq - valnes that were SLnllar- VOgtmann et al. (19752
worklng with' br01ler chlckens also reported signlflcantly

\

hlgher ME = values by the total c011ectlon method asf
iﬁ? insoluble ash method . Va en

cdnpared with 't
(unpubllshed data) obtalned s19n1f1cantly higher dry matten”
~.angd energy dlgestlbillty values (uSLng Sheep) by ‘tﬁe total
-collgctlon method than by the HC1 - digestlon method.v

‘There vas ~no 51gu1f1cant dlfference (P<0 05) :or:ﬁE
;betueen dletary treﬂtments by the total co;lect;on \lethoq;
o

significant dlﬁfetences - (P€0.01) were however qbserved fer.-

~
o
-
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” v

DE by 4% - HC1 nethod and'EOnsequent1§ the/hean of fthet’two
'methods. The ‘mean cOeffic1ents for DE were betveen 76.1 and
81.7 (mean 78.4). 0

The dlgestion cogfficient'for ehergy wae significantly‘
higher (pP<O. 05) ”fer diet 3 than for the other diets. This
lnproved DE was not reflected 1n lnproved betfornance' (ADG,
ADF and EPC). The NRC (1973) recommended 3500 kcal DE/kg in
pig starter diets hut none of ‘the diets  used in thﬁng
expetllent met this reconlended “level. Consxderlug the GE
levels of 't.he dxets Uthh were about 0000 kcal and usmg ‘the
higher DE values obtained by total _collectlon, the energy_
concentratlonx of the dlets ulght ‘be adequate. O'Grady ;igp‘
Bowland (1972) suggested that the optlnun level of Dé' for ‘\
’early weaned plgS fed barley-or vheat based dxets from 3 -feg'v
.'uk wes 3200 - 3uoo kcal/kg. The perforaance of the plgs on .¥f”
the dlfferent dlets 1s more ea511y explalned by the dally D% -
lntake' data. Although ‘none of the . treatnents met'« the
qnconnended dally 1ntake of u37o kcal DE (NRC 1973),‘pigs'
fed-dietsq?, 8, 9, 13 and 15 vere lower in dally DE intake
"than- othet diets vend‘ these plgs\g:nerally had ‘the 1ovest

/
performance.

(11) Q;ggstlble Nit ggg

No 51gn1f1cant dlfferences i

. -

-

' duere observed in this_!g

dlfference in lj-to&al collectlon

nethod and un - HC1 net'f of nltrogen .or . -

proteln © -is usually less, %han ?digestiblllxy of ene%gyff

(Rutledge gg _l., 1961; Okal, 197u~'ﬂcxinnon, 197“) and this

. y e /



P

- of the crud

*
) .
u" o

vas the case in this study. The average DN vas between 71.9
apd 76.9 (uean 7"”!’- This Value app'ears low vhen co-pared

to the results ’itothors (197u) who"obtained 91.1% .

%

95.8% for the Hilaiadt) dfgestibility of unprocessed ground P

re‘age

Waring .and . on (1969)  as indicating  that true

b

and SBM 31’( Hebbethwaite and Davis (1971) c1ted

dlgestibilltj5 cOeffic1ents (using colostonlsed 1ay1ng hens)

totein of sprlng beans was 84.0% and winter

beans 81 percent. Sarwar and Bowland (1976) found the-

apparent proteln dlgest1b111ty of FB to be 82 - 83 percent.

other workers have found values that were lower or silllar

’to those reported 1n thlS experlnent (chlnnon, 197“- Aherne

1975). The digestlble proteln in the' dlet reflected the
dlgestlblllty coeff1c1ents dand are lower ;han recomnended

o

NRC: values, - ‘
“_(cilbloo%pstggigg
r 'Tahle 12 sthS' the Rean éalues ,ofﬂ_ therxine,‘

triiodethyronine ‘{in ug/dl, percentage uptake and ngr/dl) -

.~1evels in the blooad analysed The results wlll be discussed

fpr each treatlent groups vith 1ncrea51ng levels of cassava
}1n the diets (i. e., treatments 1, 2, 3; 4, 5, 6- 7;2'8, 9.-”
10, 411, 12°' and 13, 1u, 15). Tte effects of goitrogens on..

thyrold functlon and’ the. 1mportance‘ of T3 and T4 es.va'

° e

neasure : of thyr01d status had been diseuSSed i the
- 2 -

RS i
S . e R

(Igy'. o — T

r?Theretyaf;neisignifiCant difference' between treatmentb

'{gr ups\ fork“this paraneter except for treatuent group 7,:8',



e .
» . ‘ . . )
. and 9. Por diets 7, 8 and 9, the results show a° decreased’

%feyelu of blood thyroxine with increase‘ in the ievel of.
.Eassava. Diet 9 was signitiéantly 'different (P<O. 05) froi
diets 7 and d It is not Jknown why tbase differences should o
occur for the PB-based diets and not for the SBH or SBH -~ ¥B “
diets. Possibly PB‘itself has a synerglstic effect on this’
vdlfference. Maner and Gonez (1973), suggested that cyanide

is without measurable: effect on goxtre proguctlon .or nerve

~ o,

‘degeneratlon in’ the presence',of' adeqfate pethionine and-

-

iodine. It_this is va1id, it could therefore be suggested

o]

that methionine .level 1p PB based diets containlmg hlgh‘ ' ‘
.levels of casSdua was not adeguate, hence the results
obtained. This could al explaln

)
significant dlfference betveen treatmen s 13, 1u and 15..

vhy hhere vas no'ﬁ

The T4 lévels obtalned in thxs tr;#l appear ‘lover. than-‘f v
~ |

those reported by Hollander and. Shenkﬁan (1972) for humans o=
and Egbulwe (1975) for swine who got values of 4. 5/ - 10. 5.- Py

ug/dl.» The reason for, th;s 1ow value is ndi?#géwn.ﬂThe N

results do not however-show sxgnlfzcant subnornal

: |
Tu when coupared to dlets vithout cassava.

- (a) T3 - up.z.ke'ﬂ‘ /

There was no sagnlficant dxfferenqe betv

or treatment grqups for thlS parameter.fThe v 1ues obtaln dﬂ;

. !
'falso appear to fall wlthxn the euthyto;d range of 20 -

<per cent.,' . _ g s R
®) __g -~ RIa B T ISV N AR |
’RIL' 1ndlcates that the: T3 1eve1 vas determlned byjthf"

radlo-xnmunoassag (RI2) method,n , '~,'43f Tl{_{'vguf R
: Fan R SRS ST R

[ S R PR LS R N TT U

L AN

Ll 3 T Gl T P oy - N A
NI T P . « oL PN SO PR B i e vt s A DR
= B . . . T e [ . | L i o o - h
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ﬁ .+ TRBLE W2 . o F .
Lo T T T N ;
_ . MEAN. VALUES OF THYROID STATUS (T4, T3, T3-RIA)
{" : ' ) v . » C ] .8 L x
el 2 PR : _—

‘ . v Level S
- _ Protein . of T4 4

T3 UPTAKE. T3-RIA

- 0.

~ DIETS Source Cassava ug/d1l ) 'j - ngyz4al
- _‘—'—”_———-f:f_ff’—_?'—*—_'f____"_——-'f__-~—f'f_f": ------
o 170 SBM ; R R 3.§§“. '36.9 ) “‘1173 f
2 sem. - [ 20 23;0abc  _37.0 87bc
by ? 3 SBM . uq 2,§abca 37,2\' ',iQOgQ&iW

M~EB 20
' SBM-FB: Ul
. . b

FR .20 )

" FB - - ug

Q

SBM-FB+a.a. |

SEM—FB+a.a,

" 2.7abc

" 3.2ab

. .3.2ab

| 2.7abcde-

20 .

'35.5

2.9abcd: 40.6

1.8e
2.Shcde

’2.ubéhe

-

38.5 .

81bc

7ihcd:n

“76bcd -
‘83bc

6ééde’

o ‘S'Zde

79bca

_83bq/

A

. .12' \SBH—PB+a.a;'UOw. é.dﬁcdé  ‘37.6 - ' 88bé"
13 FBta.a 0 2.7cds  37.5 Q1abci?
R '"?ﬁ}a.a: o _ébv '2;ubcdeff‘36y8 Jubca
b st : "FBfa;a;" ,AO Z.Odg A@.B vJ’ 'u6é |
, : Y

3vGrandrHean? e o R I | 37}9 'P‘ 80

S.E. OF MEAN . .,~'_ . 0.52
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£ dlets in treatment groups 7. 8, 9 and'13, T4 15. Diets 9

L

. and TS\aereJ51gn1f1cantly dlffer nt from 7:; 8 and 13) 1“ in‘

- .
each group.'The repllcates were also 51gn1f1cant1y dlfferent~ '

L ¥
(P<0 001). There was no 51gn1f1cant dlfferen betveen dlets

‘in the’ other treatmept‘groups. The dlfferences obsé%ved wlth

”-,the~ fBebaSed 'diets ,7, 8, 9; 13,\1“ and 15 mlght be due to

-2

'the\)latter, ~the results obta¥ned in

.

. SN .
meth1on}ne def\clency sxnce both FB and cassava are low  in’

methlonlne._ ‘ Sxﬁ e ',’ o '_§ -

Hollander and gﬁenkman (1972) lndlcated that normal T3

'levels 1n human plasma 1s: 100‘ f 150 ng/100 ‘ml.. By _the>

Ed

found °to  be 72"'—‘ 214 with a mean of 126 ng/100
; . . / -

(Anonymous, Halllnckrodﬁ laborahorlesf/’ﬁhe“
- hlS‘
enthyr01d status except for dlets 9 and 15. This1V:?‘
net readlly explalned srﬂce the. -expec

901trogens in thp ‘cassava 1ngested~éould be an- .

- not a depre551on of T3 level. T "'~<-f L

\ ° ' ‘\ * N
*\‘ yThe 1mportance~of these results lie in .th"'-faCt that

o -

-since. cassava may contaln goltrogenlc substances (Llnamarln

and Lotaustralln), the 1ngest10n of hlghslevels of cassava
-\ | my ‘

'mlght affect the' ah111ty ~of the thyr01d gland to produce ~"“‘

‘ optlmum 1evels of thyr01d hormones: '(Tux‘and ;mé)"or, m;ght

'vlnduce‘ nerVe degenefhtlon.g The results ‘obtained infthis

trlal have not shown that the Tu level is ~subnorma1f or: T3

-

level ;?;ejated:_w;thv a 1evel of up,to‘EO% cassaéajinfthe

There uas a sxgnlflcant differenCe. (P&0.001) Dbeétween

. -radloln:unoassay method. the euthyr01d T3 range for rats zis\\

S




(d) Slaughter Ag_é and Carcass nalzs:.g

R The/mean values for slaughter age and carcass analysist o
T is shown in Table 13. There was no 51gn1f1cant dlfference.

~

between treag}érts 1/}“ and 10 in 'the -number of days to_' .
n a '

market ents nd : '13 (fed: FB --dlets)‘ were'
,s;gnlfliantly dlfferent (P<0 001) from 1, a and 10 and took
loager‘ ‘to get to market welght (85 kg)._Except for the slowtﬁ‘
:ﬁ*_vgrowlng plgs.;n treatment 7, all, the plgs ’on,gthe otherg-
'i: treatments were marketed at an average liveweight " of 85 .kg.
Treatment ; vas therefore 51gn1f1cantly dlfferent »(P<0 05) -
"from,.the other treatments. The carcass gelght followed ther”w~f>
ésame tr d»as llvewelght at slaughter wlth treatment 7 belng'
gs1gn1f1cantly dlfferent (P<0 05) from treatments 1; u;, 10 3
and. 135 PR
| ; Thereh was no.51gn1f1cant dlfference betWeen treatments.u;;x
a“ _ for dressm&g percentage. Treatment 7 contalned 51gn1f1cantly;

a

(P<0 05) less total ‘back fat than the other treatments. Thls

i l

-was-probably due to the slower growth rate of plgs . thls

"treatment. The length " of 51de for, plgs on treatment 7 ‘was

-0

. Q .
C- sxgnlflcantly (P<O 001) shorter than those (of)b other
. , x i, _
\\g\\\‘treatments whlle those on treatments 10 and 13 were longestf
and 51m1'hr. These treatments were statlstlcally dlfferent g
M

(P<0 001) from treatments 1 and a for th1s parameter. There_‘;:
: -mere no statlstlcal dlfferences between treatments for ham S

‘ivt/carcass vt. Although there wvas: no statlstlcal dlfference'd

‘

‘['between treatments for area of lo;n, plgs on treatments 1, : v;ﬂ7

4;-‘10 and 13 tended to have larger 101n areas than plgs on’
- ] v i
tré&fnent;7f'TheFe-"aS ;m?" sxgnlflcant dlfferencg between
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treatnen,s i for 1ean 1n han face, 1ean area han/ham velght ;q

. - LG

'and Grade Index -easureaents. The' overall carcass' results
tlndlcate/ t at -mone of €hersupplementa1 proteln sources fed »f §
‘&ad any:spjor adverse effects Oﬁ carcass ‘neasurementsa-_bhe'

fact that there vere very fev sxgnlflcant dlfferences 1n the
: ] - ? R o »
carcasses as a. vhole, demonstrates among other thlngs, the"
Wremarkable recuperatlwe capac1ty of p@g' tlssues" 'a' fact .

S

LR

?rought'out‘by‘ncueekan (1940 c,). o o f“ﬁ#" T .
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SUHHARY

o Associated /;1th 'the‘ high prlce ’of feed gralns)and“

* ) . had \

v pigtein supplenents 51nce 1973, and tpe 1ncreased ﬁuSe of

these feedstuffs by hunans, efforts have been 1ntensif1ed by

F— R

nutrltLOnasts to find alternatlve energy and proteln SOurces

part1a1 or total replacement of SBM by FB on - the 9erformance
M,

of startlgg - flnlshrng pigs and the- effects of 1nc1n51on of”

wv//up to u}% cassava 1n p1g starter d1ets were carrled out at

The Unlver51ty of Alberta, Eﬁnonton ReSeagﬁh statlon. +

-

v Y“, The results 1nd1cate that,partlal replacement of SBM. by~

BB had Mno adverse effect£~ on: the performance of starter<

1y

.

plgs. ADF, ADG and EPC of plgs rece1v1ng ﬁlets contalnlng up,‘

to 21% FB were not 51gn1f1cantly dlfferent fron the SBH—'
" based dlets;j Lisrne» and methlonlne supplementatlon of the

‘diets containing’ FB“”‘did ., not'_,51gn1f1cantly ' 1mprove’

ifxéperfornance._'when FB conpletely replaced SBH, ADF, ADG and ,

'15‘EPC were 51gn1ficantly depressed. Ly51ne and methionine

‘supplementatlod of‘i these dlets s19n1f1cant1y inprcved

performance but not up tc' a "level equlvaleht te ‘diets _

. - . . 'J-..G
L . ‘ o by

contalnlng GSBH ‘or SBH—FB. The“inclusiOn od

40% of" the dlet had no adverse effects on

'thyr01d functlon as measured by the lev\ls of 13 and Tu in!
‘the plasna._ 'Q‘gl |
o Durlng the flnlshlng phase, “the ¥B/" dlets supplemented

'ﬁith a&ysxne and methlonlne produced 51gn1flcantly lower
/'/, N

(p%O 05) _Anr : and ADG than the~ snn or - SBM- FB dlets.‘

) . E
o Unsnpplemented PB dzets vere SLgnlfrgantly 1nfer10r to the

- ‘ )

fo?t llvestock feedlng. Studles to determlne the effects of”f



5ther d1ets. ' o '7~.»"f , S ,

e E .

Pigs on the unsupplenented PB 'diets-fuere ”liQHter~ a@/
‘slanghter and took lgnger td get ‘to market veight than the:
f' her p&gs.'There vere no signlflcant dlfferenées between

,most of the carcass tra&ts measured (Dressxng %,4 han

\

uelght/carcass welght %, 101n area, lean in ham 'ﬁace, lean

’ area ham/ham welght and Grade Index). L - L e

-
K N hd

questlon 'coeff1c1ents \of DE. 'andg DN. by the 4N-HC1.

nethod were 51gn1f1cant1y lower (P<0 01) than by the_;total

N '

c.lleétlon“method° There were'ZEo 51gn1f1cant dlfferences

b tv en treatments for DE determined by the total cbllectlon

et od or for DN deternlned by elther the total collectlon'

me hod or uN—HC1 nethod.r o f | ,' ’

-— . - ™

T//‘ The present study denonstrates that a. 5Q;50 comblnatlon

‘éf SBH FB,"supplemented or unsupplenented Ulth 1y51ne and

':Dt—methlonlne can b

13

used 1n pr? starter diets to produce

LS

'results 51111ar to hat ob}alned on a SBﬂ supplenented dlet.

Cassava' can also bevlncluded in such d1ets at a lével of up
\

to uo% wlthout a’ <reduct10n in performance, or ~neasurable:“

£

,change 1n thyr01d functlon. FB—supplemented dlets ‘with added
lyly51n3 “' methlonlne may be fed as ﬁlnlshlng dlets to'
':produce comparable, although sllghtly lower performance than
YSBH or SBH-FB supplenented dlets. The results also conflrn-’

earller flndlngs ‘that dletF contalnlng ]6% crude proteln can

.be fed Satlsfactorlly to p1g$ fron startlng to flﬂlShlngg.

e
-
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" APPENDIX 1 I .-

: Gradlng ‘ ,gv‘ ’ .

Aherne et g_ < (1974) rev1ewed the hog gradlng system in
vCanada.‘-The system ls based on total backfat measurements.
;and dressed carcass H%;ght. The total backfat is the sum of

the easurements of max1lum depth of shoulder fat and the
maxlmum depth of 101n fat Carcasses welghlng between 150-
':159 pounds iand hav1ng an average total backfat of 3.2~3. 3'.
_lhches are glven an 1ndex of 100. The 1ndex changes for}
‘véry two—tenths 'ofi anq htﬁ’<bf backfat and nine carcassfd
fyelght brackets (range 90 1b. to over 196 lb).‘The dlfferent
omblnatlons of backfat and carcass welght are glven 1ndexes
ranglng fron'-87 112. Thus plgs havlng lo backfat and
arcass velghts between 150—180 lb recelve ?‘% hlghest 1ndex
'ratlag._The narket prlce of p1gs is. based on carcasses. Hlth"
Aan‘ index\ of» 100 andA a carcass rece;v1ng an 1ndex of 110
~Jvould recelve 10% more per pound-than the base market‘prlce.
1m11ar1y a carcass wlth ;an 1ndex of 90 woaldv'receiVe' 10%
less per pound than the market prlce.j | o :

>

'Record of Performance (R 0. P ) System

o .

Canada approved a revlsed Record of Performance Testing

of Svlne 'in 19‘7(_r It lnvolves the use of a carCass score

[

,whlch prOV1des an estlmate of the comblned yleld of the four

lean cuts of the carcass. Thls score is - derlved from ;the'

e

follovlng-

1. Carcass‘ length - measured in inches from the front.

P . . -



. ‘ v i
. . . . N
N " . . ' -
.

10R

of the rirStirib~to the aitch bone.
2. .Total backfat (measured_ar‘3“points - sum of ‘the
srar;nun ‘shoulder and loin.fat plhsvnicinnp visible
- midback faﬁ). . E - | “‘ .
3. Area of icin; . | | |
_u; Percent ham of sxde.
5. Ratio of: 1ean area in face of ham and wezght of ham. .
The folloylng fornqla is . then Ssed to estimate the
.percentage yield’of‘trirned~curs in the-échaSS; |
ROP y = 51.68 - (3-23“'{,1 ) + (1.038 x X )

-

+ (0.885 x X ) + (11.766 x X ) +E

]

where 51.68 = a constant tern,iesrimated yield ..

X = total .fat (3 mq.furements)'
: X =»101n area
X 'ﬁ'percent ham of carcass

area of lean in ham face

ham ueighf”

E = sex correctlon factor
(+1.1% for barrows, —-1.1% for gllts)

At the present time, this index is too elaborage for

vﬁse ln routine gradlng of market pigs, but is useful in

a55e551ng pig- carcasses in nutrltlonal research stud1es.~
aqg
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lppondix TABLE 3 e
HEAN SQUARBS AND PRO,BABILITY POR DIGBSTIBILITY S‘I‘DDI!S

% DE % DN
———————— - - - - o - oy - = - —
SOURCE OF a.f. ' :
VARIATION B.S Prob. n.s. Prob.
—-—-————-"—" —————————————— —“_-...'-ﬂ —————— S ar - —— - — - -
Methods . 1. 416.19 o.oooo.‘ﬂ 524.42 0.0000s%»
Treataent 14 20.911 .0.0065%+ ! 17.482. 0.2976
mT 14 13.990 0.0802 "20.431  0.1790
Rep. 1 1w.214 0.1942 7 T16.711  0.2880 .
M. R. Lo 14.398 0.1918 18.330 0.2660
TR © 14+ 14.389  0.0708 26.893 0.0516
MTR 12:; . 88853 0.4425 ° - 10.919  0.7152
| Joe . A ) '
Error ““‘leo_ 8.2639 . 14.538  °
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