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GENERAL ABCTRACT

Twe experiments were conducted on the University farm, Atmadu

Bello University, Zaria to assess the effect of the cyanogenic

glucoside dhurrin present in malted sorghum (sorghum bicolor L.

Moench) on the performance of ratbits, Sorghum was malted using Wan and
wall (1980) technique. The first experiment, conducted with weanling
(l=week 01d) rabbits, had two treatments with six replications per
treatment, The diets were isonitrogenous and isocaloric, Sorghum
inclusion rate was 26%. PFeeding lasted for six weeks and records
of performance were takem., In the second experiment, rabbits
were about 9-10 weeks 0ld, There were three treatments with four
replications per treatment, Sorghum inclusion rate was 32% across the
diets, Yeeding lanted five werks and growth parameters were recorded,
Proximate and oyanide analysis showed that while malting improved
the nmatritional statues of sorghum particularly protein, it alongeide
raised total and free cyanide contents from 22 to 963 ppm and to 22
te 168 ppm respectively, But even at this level, the rabbits did not
show signs of cyanide toxicity. Rather the rabbits on malted
sorghum=based diets had better weight gain and feed efficiency.
And because bound cyanide which constituted about 83 of total
oyanide had to be firat hydrolyzed to exert its toxiefty, the
dangers of the high cyanide levels were already lessened, Malting
did not sffect feed intake and carcass quality. Generally, rabbits
performed better in the first experiment than in the second.

Analysis of physiolegical indices confirmed previous findings
that urine is the major route of cyanide carbon elimination, in form

of thio¢yanate (Bm-). Chronic cyanide intake had cummulative

effect on body thiocyanate concentration, Removal of roots and shoots

from malted sorghum grains deprecsed performance.
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1. GENERAL IH™M®: 5U - (¥

In the foce o cxp viing population and diminishing land
resources, mos: coruries of the world =re forecd to lay
emphasis on in'oor o cerfined management of animals, For
the rabbit whish 2 » suzvive almost exclusively on household
food wastes —iih oco sionel forare inclusion, keepers find it
a convenient wmiunl,

The rabhil has gre bt potential as a meat-producing animal
and can produce novw i ! from forare-based diets than any
species of lives ool ((ho¢e snd Paton, 1980), Indeed the
rabbit is cone of = che pest vroducers of meat but hitherto
neglected in Ni-c:l , Jccor’’n- to Deblaas and Garvey (1975)
the rabbit is sait %lo te roise for ment becruse of its high
fecundity and prolilic ~., short ener:iion interval and
high feed convergion el lciency, Robbit meat is mutritionally
comparable to th % of no dtry, ana at thie time in Nigeria
vhen the high cosi of corroereial poultry feeds has sent many
producera out ot tvitetry the ra'hit is a potent
alternative consilerin- ite eazec of managrement,

Sorshum (2o " Jdeclor I, toench) runks fourth among
the world's leadiay 2ore-ls, In Niperia it ranks first and
occupies about ai - ai"lior heeotares of land, It is one of the nost
ioportant foo! :md - or crones of rain-fed apriculture and
is widely grovm br U iwers in trovisal Africa especially in the
arid and sewi-crid sutir -ioms dur to its partial ability to
resist drourht cow’l! Tomo, Tie apronomie ndvantages include
ease of propag:tion 1ud Jeasser fertilizer requirement compared
to corn, Alon with millet (which is even more drought

resistant), they oo counidered hardy orops (Olufade, 1977).
A ASHIND 1SQAKIM 1 IRRLD v



Sorghum cont:inc more protein and carbohydrates, less

crude fibre and i tiin corn (Bulan and Proudfoot, 1983
Okoh et al,, 12°2). It is also higher than corn in apparent
metabolizable enciy ~nd 211 minoe acids considered essential
for chickens (Hul-n ~nd Froudfoot, 1983), Ross and Webster
(1960) found th & = in sorirhum is about 90 as effective

as corn for feeding pigs, 95 for feeding beef cattle and 98
as effective for dairy cottle, sheep and poultry production,
With pigs, there “re palatsbility factors in the choice of
sorghum grain type, ne-r white #rain being prefered for
feeding to the colcured pr-ing (Loetfel, 1957), Sorghum
silage is quite cormarsrble with corn as maintennnce ration
but needs supplencat:iien with additional grainsg to compete
on a grain brsiz (Gi11, 1971),

Sorghum cont-ins 4 onin which binds lysine and hence makes
lysine a deficient ~mino -cid in sorrhume~bnged diets, This
therefore, reduces .mino acid availability in high=taunnin
sorghums (Schans e -1,, 1996), Tannin is also found to reduce
the metabolizable €03ty of the diets and increase blood

cholesterol lev¢]: (Y ohr:, et al,, 1986),

To increasc 1viine “wailability in sorshum, the tannin content
of the grains hive . le rcduced, The technines that have
been employed to voli e tonrin content include high-moisture
storage or reconaiitution (Mitaru et al,, 1985) and malting
(Wu and wall, 1950 Zubicrel et al., 1984). Malting has the

added advantage of incrersing lysine content in addition to
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reducing tannin levcl (“uticzek et al., 198L). It also
aids in the concent» tion of tetal sugars due to the
conversion of hirsh moleculsr weisht compounds to simpler
ones by enzymes durin peimination (Yakovleve, 1983).

As maltinz neoceccs with reduction in tannin and an
increase in amino reivg, there is however, a corresponding

increase of a cymno;ziic plucoside, dhurrin in the sorshum grain,

This cyanogenic jluccsice, sccording to Doggett (1970),

is a toxic substance which yields hydrocyanic aeid (HCN)

on hydrolysis in the 'oly of the animal (Okoh et al,, 1987).
Apparently, the comzuunption of sorghum sprouts or products
made from them m-y be hnznrdous because of its high cyanide
content, Hydrogen cy:.ride (also called prussic acid) is a
highly toxic subst-nce, 200 ppm being a lethal dose for adults,
resulting in death ithin = few minutes, In small doses,
the cyanide is detoxified to thiocy~nate by the enzyme
rhodanese which n-''e? uce of sulphur amino acids as the
sulphur donors, thei-iv m~kings methionine the second
limiting amine ~cid in sorrbum=hosed diets.

From the forc o, it is cvident that previocus
researches have est Wlished that sorpghum improves in
mitritive status wron m-1ting, Dut while malting improves its
amino acid profile nd 1edi ces it tannin content, there is
a corresponding incre: re in its cyanide content, In <4his

light, the purpose of tl'is study is to:



1.

2

3.

Y

agsess the ro.on ¢ of the rotbits in terme of weight
fain and feed elTiciency in order to determine if the
cyanide formc: Juwive the mnlting of sorghum interfers
with the ef"1:i. .t utilizrtion of the improved
nutritional ~ttribtutc . in the malted graing

determine the meunt:s of thioecyannte and cyanide

(free and bound) ir ‘he strointestinal tract (wall
and contents), pl-rme, freces and urine in order to
establish the not tolie fote of dhurrin and the extent

of its toxicity to r 'litw;

gee if the renov 1 of 100ts and shoots from malted sorghum

will affect ths perfarnsnce of pabhits feeding on it,



2% LITERATIRE REVIT/

THE SORGHUM GRAI:

Sorghum is the semus wnome for puinea corn, and all
cultivated pguine ecorn rrcve are included in the species
bicolor. It i 1 rojor cereal crop of the tropies and
suttropics, OJor-tum rrvie fourth among the major cereals

(after wheat, tri.icus eastivua . rice, oryzs sativa and

corn, zea Maya) in tot-d world production, It is oy far

the largest cultiv tud corcel crep in Nigerian (Oyemugn, 1968)'
occupying about n:1: o Niperin's total cereal hecterage
(Ogunlela et al,, 1951), The bulk of the sorghum is

produged in the o). jrovinelsll arcns of Kano, Hornu,

Adamawa, Bauchi, K tsin-, Zaris snd Sokaoto, Tts main
ceological advantope is thit it does well in areas too dry
for com (maize), Its inmportance in these arens lies in its
being used ag = chern cuerpy source and for various local
aleoholic drinks,

Fhysica} and chemic: 1 ohex-cteristics of the

S0T, ain

There are comp =% “ively wide vorintions in the chemiecal
and mutritive compouilicn of serghum arain as influenced by
the variety and mony envirvormental factors. Trogdom (1968)
reported that 67 sorsinm sopplas collected in Texam by the i
feed control service r reed in protein comtent fram 7.26 to
12,16}, Chemical coirosition of sorghum as reported By Hubbell

(1976) is: protein , 9., fit, 4.50%; fivre, 2,706, Ash, 1,80%

>



dry matter, 8%5; c-lcium, 0.02% and phosphorus, 0.27%}
Samford et al,. (127C) i1tic-ted that ~11 floury types were
much spperior to cormeous pr-ins with respect to both

dn vivo and in vitio digectivility, Nishimuta et =1,
(1969) found that gr iue coatiining waxy starch (ereater
than 75% amylopectin) 1@ higher energy -md protein
digestibility values,

A major provicn encountered in formulnting sorghum—bnsed
diets for liventoe' i: the lnrge differsnces in composition
amony varieties, Tou voricties fed to rnte produced
significant dif'ex necen in ford consumed and weight grin
(Brever, 1966), Hol:ne ot 21, (196L) noted differences
in performance of suice fed scveral varieties of sorghum
grain, Factora th % ~licct nutritive value of sorghum grain
include colour of noodeo t, waxy versus non=waxy starches -nd
moisture content (bd‘irty, 1272),

But in genor L, »rotcin content of grnin sorghum

varies from 6~17% o dv: metier (!‘-’illr-r_f__i_:_ nl., 196L4).
Many varieties ~re¢ x»icter thoncorm in protein, but lower

in soluble carbo > ten, nile »nd mincral motter, Sorchum
protein like other cerc 1 protcins in gener-l, is low in
methionine, cysiinc, iryptophmn smd somewhat low in histidine,
Mcthionine amd lysine - re often, however, the limiting amine
acids in sorshum-b-:ed dicte (Elkin et al,, 1978),

The ash, thouzh somcvh t high in phosphorus, is very l*u in

Ca, Na, C1l, Fe, Co -ud Cuy, Fredinge tests also seem to
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indicate that it i~ 1, Iin vitemin A, and after removing the

4

bron, in members f the I cemplex vitamins,

Nutritive valuc

Sorghum ¢~ ing ~re = voluntle concentrate for man and
livestock, The v i us methads bty which 3orchum grains mey
.ie processed for weo in Jivestock foed include ground, dry-rclled,
soaked, pelleted, aterm~rollcd, extrided, steam~pricessed, flaked,
pressure—ooked, fl-lrcd, recomstituted, early-hervested Fnd
micronized, Steuwneicce sed, flaked sorghum thak iz e-mmonly
used in larpe fe.dlot~ in the United States inerensed rote
of gain by T4 ow= dyv volled, 10/ over ground grain sorghum ’
with an ircrease in feed efficiency of 3 and 7% respectively,
The smaller seod vovieties and the bran afford excellent
feod for all classes of livestock., The dricd leaves nnd
stems form.useful rwu b e or c-~etle and horses, The
well=matured plnt ¢ mn +1s L used as green fodaer or for
silage. As in wost other covends, however, the bislegieal
value of sorghum nrolein is not very hirh,

MFTHODS OF TREAZL G SONGEUM TC TWIHQVE ITS
NUTRITIONAL QUATIYY

Malting

Malting is ~ procese « f eomtrolled perminatiom »f eerecl
fr2in under warm hunid é.ﬂﬂitjnns s that the idenl bicchemienl
and physical ch n#r2> c'n tike place, It ig a way of improving
mtritional valuc of cerepl prrins, Malting produces n marked

improvement in {1 wour over that of ungerminnted grain



(Novellie, 1976), Cocd meltine cerenl usunlly has white
floury or starchy endocperm and low fat which is n
desirable trait,

According Lo Y liavleve (1983), during germinati-n of cerenl
grain, activ-tion ‘n) accumlation of enzymes take place to
cause the converg irn of hirh molecul~r weight compounds into
simpler ones ~nd =~ recult concentration of tot=zl sugars in
the sprouted gr~in inecre-sco ns does the protein quality,

Berk (197€) reportcd th:t during melting of cereal, the
amylolytic activity iucre:ses rapldly and that malt contains
alpha and betr ~mvl.ce cetivity with the whole alpha-amylase
produced durinz germin-ti-n, During malting the starch in
the grain is comyertold inte s-Juble sug-rs by the enzyme
diastase (Barret - ud L rkin, 197L).

Cermination k-2 boen reported (Dalby and Tsai, 1976)
te incre~se the pricir econtent of many cerenls like wheat,
barley, ozts =md rye, Kuhiezek et 21, (198L) weported that
total protein percev* ¢ « f sorphum increased shnrply between
6 and 10 days of pern’ -tin, Wu and Wall (1980) reported
that the six-dny svw outed nermel sorphum hed higher proteiy
thon the at-;.rttn_f’: m-iericl, They also observed .-.? inorcase in
protein and 2 decre ~e in starch contents for the 10-dhy sprouted
rrein, They ob.wvoved thot the percent proteim ig geymimated
sorghum was gre-t-r th'n in the initinl groin during germination,

but the absolute aoun: of peotein per kemo) jas not iu're.'wed.



g
They concluded th L the rerl nutritive volue of sorghum
protein after zprouiing will have to await human or rat-feeding
studies,

Research on loc' 1l v-rieticg of sorghum in Nigeria have
produced simil~r rcuolts, Tkediobi et al, (1987) have
reported protein incrc--ce in the SK 5912 variety during
germination,

In an experiment by Vu ~=nd W-~11 (19H0), normal and
high=lysine sorghums verc gperminated for 1=10 dnys. The
lysine content of ~ vrincted normal sorghum incrensed after
10 days from 2,2 tc 3.0g/16g of nitrogen, For sprouted,
high~lysine sor~hum, lysinc content incrensed from 3.0 to
7.8g/16g nitropen ~ftcr seven duys. A large increase in
albumin (rich in lysine) ~md a lrrge dccrense i‘ kafirin and
eross-linked kafi~ir. ‘Tcth low in lysine) accompanied sprouting,
In an experiment astudying lysine and tryptophan level changes
during germin-tion of m-ize seeds, Tsai et al, (1975) :
reported that within the first four d=ys of germination
of maize ot 2800, the over-11 levels of lysine ~»d %ryptophan
incrensed while theoe s -n aceompanying decrease im the
amount of nutrition-lly-poocr protein, zein (prolamime)., This
increase in lysine md decrece in prrlarine during éermination
strongdy correlaged vith the amino acid changes observed by
Dupuy et Al, (1971) in corn ~nd by Folkes and Yemm (1958) in
barley. Lys¥ne content of germinated ont inereased agter
eight days from B to 5e3¢/ 16 nitrogen (Wu, 4983), Wang and

Fields (1978) foun! th-t available lysine imereased 2,2 times,
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methionine 1,8 times and tryptophan 5.7 times for sorghum
germinated for 3-L days at 3000 over the zome amino acid values
of the control samples based on microblological assay.

Sorghum grains contains tannin which binds lysine. The
presence of tannin in zome cultivars of sgrghum has been
associated with depression of growth r-te, feed intake, protein
digestibility, metabolizable emmrgy (1) ond also with leg
abnormalities in chickens (Chang mnd puller, 1964s mounor et al.,
1969; 19753 Herstard, 1979; Flkin ct 2l, 1978). According to
Butler {1981) tamin content of 2-3% dry weirht sorghum seed
is sifficient under optimal conditions to bind considerably morc
proteins than is present in the sevd, Thue dietary dtamnins
may be available to bind proteins of the digestive tract and
reduce protein ingestion and absorptiomn. He also found that duriﬁg
germination of sorghum grain, the amount of assayable tannin
decreased, which In case of high-tinnin lines should mean an
improvement in their nutritive value., Kublemek et al, {1984)
observed a rapid decrease (30=-T0%) of abzclute tannin content
of grain when two varietles of morghum nrmely SK 5912 and
SSH 3 were germinated for 4=6 days. Dinler (1979)
and Watson end Novellie (1976) reported thot the polyphenol
(tannin) content of sorghum varieties is reduoed by malting.
Reichert et al, (1981) reported th:t germinstion decreased
extractable tannins. Purthermore, weight gnins and feed to
Zain ratios of rat fed germinated sorghunm grrins were

equlvalent to those of the rate given sorghum with low-tammin
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content, Hizh t-nuivn ecovbent of sorphum has been found to
lower the protein Ai-entibility of /raing in pigs (Ford -nd
Hewitt, 1979). “lovowir, roduced digestibility of energy
has also been reooricd in pigs ty Neland et -1, (1981),
Okoh et al, (1232) =t ted th-t an appropriste amino acid
balanece ~nd 2 low £t~ nir ecentent will gencrate o better
utilization effiriency -nd ~1so reduce the cost of supplementing
sorghum=based roti.n: with limiting essentinl amino acids,

The produciion of nrlted sorghum lends to the emcrgence
of the cyanopharic vorei~tive portions with its snttendont high
cyanogenic glucozide (@hurrin) content, which may reach a
eoncentration of 3=5 on dry weight basis within 3 to
days (Conn, 1962), Trresiuk -md Fills (198L) found that
the aver~se of 613 pn HCV obt=ined in the laboratory from
germinated sor hum secod,; execeds the avernge fatal dose ofor
an adult, Conn {127)) reyorted that the young vigorously-—growing
green lenves of tho ~orshum plent ~re - rich cyanide source,
the concentration of%mm reachin- 0,2+ (2,000 ppn) in sueh
leaves, This is vy tbe ycung sprouts are not normally used

a2

as forages, hutl rmore m-ture dried lenves which contnin less
cyanide are used lov livestock feeding,

Jénes (197°) st ted thot =lthoush severnl animals and
plands ~pg 2ble to ¢t or p rrsitize cyanogenic plants, this
do€s not ddarct fror: the possible basie functions of

cyrnogenesis as o~ dufence mechanism, No defence is absolute



12
»nd so cyrnogcnesis occvld Le considered only in comparative

and not in abaolute Lorme 8 o defensive mechanism,

Reconstitution

The process I .dirn sufficient moisture back to grain
apd sealing the moi ~ s3~in from the environment so that
fermentation e o~rux s teen termed “recomstitution"
(Lichtenwalner ot rl,, 1979)., Mitaru et al, (1983)
undertook 2 three weel: cxperiment with broilers and
discovercd thit rieonclitution (29 w/w distilled wnter
added) of hirh=t-noin corphums decreased their extractable
tannin contents, C-lckens fed diets contnining these
treated sorghume h-@d improved weight grins (23 to 638 )
and feed efficicncice corp red to birds fed diets containing
the untreated gr-in, Tre- tment of low=tannin sorghum did
not, however, imp. ove reicht poins, Regrmstitution of high
tut not low=t-nnin cor s improved protein digestibility
(6 to 16)) nnd dict ry met toliz=ble enerey (0.1 to 0.3
Keal/g) for broilev chickens, Reichert et al, (1980)
showed that ~naeroiic stor ¢ of moist grain deactivated
tanning nnd improve . the mutritional qunlity of the
high=tannin sorsmr or rris,

Fermentation

Grain sorshw: s5il- e (mode in the manner of any standard
gilage) can be f to livcotock (MeGinty, 1972). Results
of trinls over thric wiclds by Pund (1970) showed distinet

gunlity difference Wwtiwen » hird-resistant and a non-resistant
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grain sorghum. 8ilage with the l-tter hybrids was
guperior in all $raits from daily ¢rin nnd feed efficiency
or through dressing percentnge, m-rbling snd cnrcass grade,
Sorghvm eilage 1s qulte comparnble with maize as maintenance
retion but needs supplementntion with cdditional grains to
compete on a grain dvasis (Gill, 1971), Dogrott (1970)
has aleso reported that ensiling completely destroys
hydroeyanic acid in sorghum,

CIAN.IDE IN SORGHUN AND OTHER FOOLSTURRS

About 1000 plant species representing 90 families and
at least 250 genera have been reported to be eyanogenic
(Dilleman, 19585 Hegn=uer, 1963). Severnl dozen species
have been studied in greater detnil, in some instances
because of their economic signi‘icrace, aud 12 cyanogenie
glycosides have been identified {(Conn, 1969)., The majority
of these are formed by the plant from cne of four amine
acids (valine, isoluecine, phenylnlanine nnd tyrosine) by
menns of a biosynthetic pathwny involving oximes, nutriles
and x=hydroxynitriles (Cyanohydirinc),

The ability of plants to produce cyanide from a parent
compound was first reported when Schrnder (1803), a German
pharmacist, recognized the odour of hydrocyanic aeid produced by
the cherry laurel and other plants (Oyenuga, 1988). The prescnce of
hydrocyanic in bitter eassava roots wnz first reported by

Boutron-Charland in 1836. Francie (1878) showed that

the acid is also yielded by the rools of the sweet cassava
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variety (Oyenusr, 1980), Cy-mopenic rlucosides are toxic
becruse they yield | vocen ey nide (HCY) when enzymatically-
degrnded, Enuym Lie horolysis results when the plant
tissue is crushed o ollv viise disruptcd, but hyirolysis
Yy the digestive engrmes »f -n snimnl feedines on cysnophoric
plants may ~lso ocews,

Cyanogenic slucosides (or glycosides) =re compounds
which liberate H.' onc or morc molecules of sugr, and
with one exception (Timinctom, 1935), nn aldehyde or ketone
on treatment with dilute ~cid or the appropriate hydrolytic
enzymes, These compounts h-~ve n wide distribution among
the higher plants (Dillemen, 1955) hut are also found in
insects (Blum -nd 'zodrins, 19623 Eisner et al,, 19633
Jones, 1962) ~nd Tunri (Tschiesch, 1967)., Structures of
known cynnogenic slycc-ides ~ve deseribed in Table 1.

Amygdalin vhiie. i@ piobobly the most familiar of the
eyanogenic glyen:i’cs ~nd is found in many members of the
Rosacene, iz 2 .7 .- plyconide of N( =~ ) Mandelomitrile or
benzaldehyde cy no'i- 'rit, On hydrelysis, this glycoside
yields two molca o7 “lucone and onc mole erch of benzaldehyde
and HCN, An enzyme in = ils (Ciaja, 1919) acts on
amygdnlin to cle-ve tlic linkage between the cyanohydrin
and sugar moietca mnd form rentiobiose, Amypdalin was the
subject of miny clienic 1 ~tudics during the 19th century
(Robinson, 1930), I'¢ utructure wos finally considered
est~blished when Corpin 11 ~nd Howorth (192L) synthesized

the cyanofen,



Table 1 ¢ The twel-
N ¢

Clycoside Susir
Amypdrlin Gentionk
Prunnsin D=Cluco
Sambunigrin "
Prulaurasin "
Vicisnin Viciano
Dhurrin D=Glucos
Trxiphyllin ki
Lin~marin "
Lotaustralin B
Zierin "
Acacipetalin "
Gynoenrdin "

R

io.e

512

e

50

Dillem:-n, 1958).

Di~m-ndelonitrile

Demrndelonitrile

L] ~I'ydroxymandelonitrile

DTl yidroxymandelonitrile
~hvdroxyigsobutyronitrile
(rcetone cyanolhydrin )

~bvdroxy—&-methyl
utvronitrile

(methlethyl ketsne

o *;(.?';','(fl‘ir‘.)

m~_ydroxymandelonitrile

~Dimethyl-d-Hydrox-
vlanitrile

Crnoe - !‘-"'i-'".o.':i‘tl‘ill"

Arlvenne Dccurence
Dem~ndelonitrile Prurmis spp.
B Prunus spp., M7 Roa~cene,
Bucalyptus spp.
LU

Sambucos mipgr-~, Aoaci
spp. (Austrnlin)

Vicia angustifolin L,
and other vicia

Sorghum spp.

Taxus spp.

Manihot spp., Phazeolus
Lunatus, L,; Linum Toit: .~

tissium, L,3 Trifolium
repens, L.; Lotus app,

(See Linamrin)

Zieria laevignt~ sm,
Acacia spp. (South
African

Gynocardia odor-te,
R. Fr. Panguim edule,
Reinw,

- -
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Many of the glycocides contain mandelonitrile as the

aglycon, The ~zswnctric c:rbon ntom at the point of attachment
of the glucose providen the possibility of stereoisomerism, and
the diesterocemer of punczin contsinins L(+) mondelonitrile is

known as sambuni-in ofter the plant sambucos nigra L., in which

it was first detected {l'ourquelot and Danjou, 19053 Guignard,
190g). “n equimol r ni-ture of the two compounds known as
prulaurasin (Hervicney, 190€) is related to amygadalin in that
the sugar component ic dissacharide vicianose, consisting of one
molecule,
The sorshum g-ner- cont-ins the glucoside dhurrin, the
aglycone of which is p~hyt~oxymandelonitrile (Dunstan and Henry, 1902),
A positional isomer of dimvwrin is the compound Zierin which is

found in an Australisn rutaceous shrub, Ziera laevigata s,

(Finnemore and Cooper, 1536,
Still ancther isomer o7 drurrin is p~glucosyloxymandelonitrile,

the labile cyanorenic rlvcoside of

w 0F cq
J |
. ————
g oK \ .E,’-*
oo o4
i ‘\][-‘-‘_-"'"‘"l-q--; ,/ \ }I\
0." ; ¥

Dhurr in OH

Nandina domestica Thund,, the ornamental shrub known as heavenly
bamboo (Abrol et al., 1967). In this compound, the glucose is
attached to the arom .ic hydroxyl, and the compound is unstable,
dissociating to form p-glucoeyloxybenzaldehyde and HCN,

Twe other cv "o waje rlucogides which are widely - distributed

(Butler, 1965) in the hiyher plant Kingdem are linamarin and

LY
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lotawstralin, the slucocides of ~cetone cymnohy’rin and
methylethlketone cy nobycrin, An interesting aspect of these
compounds is th~t they uuslly co-exist in the same plant,
although they m~y be nrecent in widely-differing amounts, Thus, the
linen flax plant cont ine = 50-50 mixture of linamarin and

lotamstralin while lofus arenarius Brot contains the two compounds

in a ratio of 99 to 1, Cn the other hand, the ratio of

linamarin — lot-Ustralin in lotus tenuis L. is 4 to 96. In
tapioca, the ratic in 93 to 7 (Nartey, 1973). Linamarin and
Lotaustralin mirht h ve veen originally identified from other
plants, but it apre-xs its significance in contemporary knowledge is
almost directly lim:ed vith cossava (manihot spp.) research |,
Although the cyﬂnqgenic sJucosides are distributed throughout

the tapioeca plant, the cusntities vary greatly between cultivars
and the sweet varic iy rre generally of lower level than the bitter
one (Cxursey, 1973). The normal ronge of cyanogens is between

15 and LOO ppm, coleunl ted »s my HON per kg fresh weight, but
occagionally 28 low s 10mg per kg or over 2,000mg per pg. Most
commonly, it falls Letiecn 30 and 150mg per kg (Coursey, 1973).
Whole raoets of bit .er Niserian cassava averaged 7L.5 ppm HCN,
whereas those o swect crrsova averaged 32.9 ppm (Tewe, 1983),
According to Mull r et el, (1974), cyanides are the most unst~ble
constituents of the e¢~rs~va plant, The content in fresh tubers
varies from about 9,01 to 0.0L percent, with the bitter varicties

containing 0,02 to 0.03 percent, and the sweet less than 0,01
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percent, Free [I7! i liter-ted from the cyanogenic glucosides
by the action of the ensime, linamarse, which is feund in the
plant, However, thc fluecsides and linamarase come into cont-ct
only when the pl 'ub tircue is damanged in storage, or during
processing and handling like sun~drying, bailing, ensiling,
fermentation e,t.ce Cigsorvn pecls have also been reported
(barsen and Amaning -- Kw rteng, 1976) to contain HCN in the
following proportions: Fresh cassava peels, 156,82 mg/ke;
sun-dried cassava neels, 23,98 mg/ke and pecl silage, 73.80 mg/kz.

The level of these glucosides in tubers is influenced by
environmental conditions, nitroren fertilizatiom licreages while
potassium and farmy rd movure decrease the level (Yeoh and Chew, 1974),
Other factors like gronetics, water, lighting e.t.c. which tend to
affect cyanogenesic in the cnssnva plant have prompted incre~sed
btreeding research by IITA (Intern-tional Institute for Tropical
Agriculture) etc, for the porsible discovery of low or zero
cyanogenic glucoside v ricties (Cock, 19733 Sadik and Hahn,
1973), Fin2lly, it = © been proved thot sun-drying nnd heat
treatment or prefer “1v - combination of both virtually eliminates
HCN (Normanh~, 1957; Lorzengs and Amaning-Kwarteng, 19763
Oke, 196L). Fierce les ting which destroys enzyme action must
be avoided (Grmee, 1971), Investigitions into the addition and
recovery of cyanide " CF) -nd the cyanide retention properties
of various types of chicken feed have revealed that cyanide was
very unstable in feed, Over 90¥ could be loast in 24 hours under
experimental conditions  (Carew, 1981), Practical feeds (composed
of matural ingredients) were especially poor in retaining eyanide,

compared with semi-gwmthetic diets,
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Biosynthesis of cyanosenic glycosiles:

Regearch in several labernterics hove shown that
four of the known cyanogenic glycosices are rderived from
closely-related amino acids (Wig. 1).

Thus tyrosine is known to be effcetively converted
into dhurrin in the sorghum pl-nt (Comn and Akazawa, 1958;
Gander, 1958) and eimilarly, tyrosine is couverted into
taxiphyllin in shoots of the yew tree (Bleichert et al,,
1966}, Phenylalanine has been shown to be converted tn prunnsin
in chexrry laurel leaves (Mentzer ond Fawfe-Bonvin, 1961} and in
young peach seedlings (Ben~Yehoshua and Conn, 196L). Butler
and Butler (1960) first showed the conversion valine to
linamarin in New Zealand colver ng well os the conversiom
of isocleucine to lotﬁﬁstralin. In e~ch of these biosyntheses,
there is a lass of the carboxyl carbon nnd an oxidation of
the amine  oarbon and nitrogen ntome to the levels of a
nitrile, Using tyrosine doubly lnhellog with 1hC in the
alpha carbm and 15¢ in the amino group, Uribe and Comn
(1966} showed that the nitrile group of dhurrin was derived
directly from the precursor amive cciad,

These biosynthetic processes are illustrated with

linamarin and lotaustralin (Figure 2),
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Aming Acids as Precursors of Cyanogens

Fig 1 1+ Amino acid precursors of four cyanogenie gluccsides
(Conn, 1969).
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Figure 2. The biosynthesis of linamarin and lotaustralin in tapioca (Nartey.1973)
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Enzymatic depradation ol cyrnopenic plycosides

Structurally, thc aglycone of dhurrin is p-hydroxymandel aiitrile,
The sugar portion i: D-glorose, Dunstan and Henry ( 1902)
demonstrated an erve (Wt hwdrolyses the glyeosidic linknge between
glucose and p-hydvoxybenz-ldehyde eyanohydrin (p-hydroxymandelonitrile)
ags illustrated below,.

Figure 3 : Dhurvin liirolysis
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Mato and Aaderson (7¢€7) have also reported the isolation of
two B=D-gluconyronozid-ses in sorghum vegetative tissues and aeeds,
tut only one hy'rolyzes dhurrin, Cyanogenic plucoside of sorghum
has also been inve:tig-ted by Lkazawa et al, (1960). They extracted
twenty 3=day old etiol: ted seedlings (1.39 gm) with ethanol and
aerated the ethanoic svrernatant to regove and menrsure HON,

They found 21,0 u molc: of HCN per grem of seedlings, a value which
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gcorresponds to the glycogide content of seedlings of this age,

and indicates thoi no lyiérolygis of p-hydroxymandelonitrile =R-D-
gluconide gccured until]l emulsion was added to- the reaidue of
the ethanol extrrct, The abgence of BCY in the ethanol extract
phows that 1little or no free HON exists in the plant.

Analysis of aqueous extracts from dry ungerminated sorghum
seeds showed neithoer the presence of hydrogyanic acid nor
p-hydroxybenzaldehydes, Since the sesd, conceivably might lack
the B=D—glucosidase ncecessary for hydrolysis of the glucoside, 50g
of emulsion wag added to the agqueouns extracts. Neither aldehyde nor
hydrodyanic acid wog ~lso produced under these conditions.
Subsequent digestion of the extract with H2SOu at 8000 for § hours
alss failed to relense hydrocyanic acid ~ or the aldehyde
(Akazawa et al., 1960),

The localizr-ition of the glycoside within the young plant
was determined. After dipestion and aeration for 16 hours,
the shoots coutsined 18.5 u moles HCN/g. The roots and seed residuies
contained nodetect-ble ICK and, although these tismsues conceivably
could lack the glycosidcge necessary for ensymatie hydrolysis of

)
the glycoside, hydrolysis with 1.LH stoh for 5 hours at 80 c

failed to produce nny hydrocyanic acid. By contrast, the work of
Akazawa et al, (1960) show that »t voom temperature, alkaline
treatment results in hydrolysis of the glycosidic bond to yield
p-hydroxymendelcounitrile vhich in turn decomposes to

p-hydroxybenzaldenyde -nd FCN, However when amygdalin was itreated
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with A,1 N Na0l' under the same conditiong, hydrolysis was not
achieved, This i: in cgreement with the work of Ballou (1954) who
showed that only certrin glycosides are alkaline-labile,

The crude prep-rrtion of enzymes from almends, knowns as
emulsion has lonz Been recognized to carry out the complete
degradation of amydrlin 'md other glycosides into sugax,
hydrocyanic acid ~nd on aldehyde or ketone. The degradation
process may be brolien dowm into two seperate enzymatic steps as
illustrated for the cyanogen linamarin (Figure b,).

Fgure Iy : The enz:mi tic degradrtion of Linamarin (Conn, 1969)
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Only recently b ve the cyanogenic glucosides been purified
and studied, M-'o ni Anderson (1967) have purified the
B~glucosidase in novyhum vhich catalyzes the hydrolysis of
dhurrin and found ta~t it h~s rather broad specificity with

respect to its sulstr-te,
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METABOLISM OF CYANIDE IN ANIMALS

Fellowing injection of Na 1hCN in dogs (Roxer and -
b

Rickards, 1952}, i  appenred in urine, in free cyanide as a
constituent of cy-mocobolamin and in thiocyanate, A part of thg
cyanide and thiocyannte crrbon is oxidized directly to form 0,
which is achieved, nccording to Boxer and Rickards (1952),

probably via cyannte, The carbon of cyanide also appeared in the
carbon of the methyl groups of choline and methionine and in the
urea carbon of allantoin as well. The formic acid isolated in

these experimentz contrined a high amount of 1hc_ Based on this
fact, formic acid w~e cousidered as a starting material for the
intreduction of the cy. nide carbon into one-carbon metnbolism
(Boxer and Rick-rds, 1952),

In another radiorctive tracer experiment, Okoh and Pitt (1982)
showed that rats injectcd with Na1hcm converted the bulk of the
cyanide into thiooysnonte, The thiocyanate formed in the tissues of
the test animals w-8 ahown to be secreted into the stomach and
reabsorbed in the lover p rt of the gut into the body fluid gy’
tn ba partly exerctod in the urine and partly resesreted irito. the
gagtric juice, Thus in the rat, there is A gastrointestinal
circulation of thioceyannte linked with the thiceyanate pool
(Okch and Pitt, 1982}, The major metabolite of cyanide in
animals is thigey-n>te (Poxer and Rickards, 19523 Okoh , 1983)_

and this is excpeted lrrgely in the urine (Crawley and Goddard,

19773 Okoh, 1983).



CYANIDE TOXICITY i) DETCXIWIC/TION

The cyanide  content of animel forage crops such ns sorghu,
New Zealand clover, né lime Peans used as cettle feed hns
frequently been res,onsible for livestock poisoning, Several

ornamental pl-nts «~ hervenly bamboo, Nandina domestica, and the

ornamental Yew (tmous apceies) are cyanophoric, The concentration

in cherry lourel le vcs mey run 2s high as 75 u moles gm fresh
weight correspondi g to rbout 1% hydrocyanic acid on a dry weight
hasis, Infact sounslcd lenves are commonly used by collectors to

kill butterflies ~nd moths, The berries of Nandina domestica con

contain up to 150 u moles per gm. Obviously, if any sigmificant
quantity of these mcterinsls is consumed by a human, particularly
a child, rapid poisonin~ will occur, Fortunately, the plants
menticned usually b ve other bitter components which prevent their
being consumed in rnv 1 rge smount (Conn, 1969).

If the concentr-iion of glycoside in a cyanophoric plant i=
sufficiently high, thie plont will be toxic to animals owing to the
production of hydrocy nic ncid when the plant is ingested.
Hydrocyanic 2cid is - highly-toxic material, 200mg being a lethal
dose for an adult hum 'n, 2an atmosphere containing 200 ppm will
result in death vithia » few mimutes. In the cell, HCN is an
effective inhibitor of momy metalloenzymes, tut cytochrome oxid-se
the terminal oxid-se of cerobic organisms, is the primary site of

action, Cyanide poizoning, therefore, results in death due to
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oxygen starvation at the cellulrr lcvel (Conr, 1969), Based on
Boltmis! (1952) cl-uificntion of hyiresyanic ncid toxicity levelu
in root-casanvs, the 155.ﬁma/kg content of the fresh cassava

peels (Larseng ~nl im nin ~‘wrrteng, 1976) mekes it too toxic for
livestock, However, the levels in both the dried mixture 2nd

the peel silage (21,80 ~nd 73.8mg/ks respectively) were mon toxic
on the same cl~asific  tion,

Common manifestations of cyanide toxicity

Experiments co ducted nt Trichur (4inon, 1975) have shown th-t
taricea leaf meal cont-in: about 7.6mg of hydrocyanic acid per 100m
of material, At on int ke level of 0.5 to 0,8 percent of the
body weight, it does not brins about any adverse effect (Ranjhan,
1980)., 1In another exevimeént by Oyelola et al. (1983), samples
of maternal blood, amriotic fluid, breast milk and urine vere
taken from 150 pregn-nt women of different socio-economic status
having been fed caszsnvn diets, The samples were analyzed for
thiocyanate, The me:n thiocynnate level was higher in the plasma
(20.92m mele/1) with - ronge of 0-83.00m mcle, followed by the
urine (18.9 m" mole) vith ~ ronge of 3.10-37.60m mole. Although
the range was smcller in the ammiotic fluid than the foetal plasmn
(6.78 mole). Only the mrtern~l plasma thiocyanate level gave ~
significantly ponitive correlntion with the foetal plasma
(r/0.05). A1l the otlcr correlations were insignificant., The
content in the bre-st milk (16.81M mole) may be sufficiently
high enough to affcet 'he ttyroid function of a breast-fed inf-nt

in the presence of insufficient iodine and this may possibly be
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the etiology of endenmic poltre., A related gituestion 1 the
finding by Carew (1931) thrt the major adverse symptoms exhibited
by chicks chronic:ll: exposed to large amounts of thioccynnate wns
thyroid enlargement. Llzo, cassava intrke has been suspected by
several local clinicirns in South East Nigeria as a cause of
congenital anormnlies if consumed in excess during presmancy.
This, however, reurins o controversianl issuc, and precise
scientific’ data is lroking (Sing, 1981). Nartey (1981) enumerates
the disenses cnused’by oyrnogenesis in cassava as endemic goitre,
depletion of the sulphote pool of the body, vitamin Bqo deficiency,
cretinism {(a form of deficiency caused by hypothyrodism seldom

i
acc‘ﬁpénied by ment-l deficiency) and mental retardation, ataxic
neuropathy, and in the worst cases, death., According to Singh
(1981), reports are on record showing correlation between cagssava
intake and the occurence of various types of neuropathies. Thise
has previously been wcll cstablished (Rose et” al, 19543 Williams
and Osuntokun, 1969; Osuntokun, 1973).

Nifferences in speclies response may be significant.
Unfartunately, the most detailed regearch in relation to dietary
ecyanide content h~g been corried out with small laboratory animals,
and the results of +this work may be of limited relewvance to farm
livestock (Nestel rnd Graham, 1977).

Detoxification of gynnide

Detoxific~tion is @« broad term that denotes any method or process
whereby cyanide is reroved from ite precurssor (the glycoside)

in cyanogens or in Dound forms in the body in any convenieut way
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ag to limit its toxisity in the body of animals., The first fype
is essentially = phy=icol process or a chemical process initinte
by physical measures lilc sorking, boiling cte,

Narashima (1933) found that drying side lranches and young
tillers of sorghum in the shade decrensed only about 134 of
cyanide; sundrying shovred only prrtial decrease (30-40%) while
heating tissues to 100 ¢ »nd maintaining ~t that temperature for
some hours destroyed the poisonous principle, As earlier reportcd
(Doggett, 1970), enziling completely destroys hydrocyamic acid
in sorghum,

Traditional detorificntion methods for cassava and cassava=based
foods include the follovin: (Coursey, 1973):

a. cooking technicues vhich inelude boiling, roasting and frying

b. sundrying, with or without processing like milling, grinding eic,

©, kiln or hotezir drying

d, detoxification by solution which includes soaking and boiling.

e, detoxification by frrmentation which could be followed by
washing and he-t~trecatment like roasting, steaming and dryins

in hot air,

If linamarin iz itcelf non toxic, presumably all that is
necessary would be he ting sufficient to demature the hydrolytic
enzyme and so prevent the relense of free hydrocyanic acid,

In practice, however, mest tradiational food preparation techniaues
appear to be desi/med to bring together enzyme and substrate by

cell rapture, followed by elimination of the liberated hydrocyanie
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acid by either vol-tilizeticn or solution in water. In some
processes, the initi 1 bi'relysis of the linamarin is assisted
by the use of ferment: tion processes (Coursey, 1973).

The pathways for the detoxification of cyanide have been
reviewed by Oke (1973), The major detoxification product of
cyaunide is thiocynnrte, The high amount of thiocyanate found in
the urine, saliva ond tlood of people who eat a Yot of cassava
iz from the detoxific: tion of the cyanide. There are two possible
pathways for the forr-tion of thiocyanate as illustrated in
Figure 5. Im one poihirny, L-cysteine, which serves as the sulphur
donar iz Yrensaminated to 3-mercaptopyruvate and the sulphur in turm
is tranafered to ¢ pulphite radical by sulphur transferase,
forming thiosulphate ond pyruvic acid in the process, Rhodancse
catalyzes the rerction between thiocsulphate and cyanide fto produce
thiocyanate and sulphite, The sulphate combines with sulphur
{catalyzed by sulphvr trrusfernsc) to produce 8,05 thereby enbering
the cycle again, The pyruvete produced goes into the TCh
(tricarboxylic acid} cycle while thiceyanate is excreted,

Methionine enn ~lso provide sulphur for the rhodanese system
by conversion to cy=teine {Figure 6)., 'This important role by
methienine has beon recormized for long (Oke, 1973), Improvement
in poultry performince following methionine supplementation of
eyanide-based diets hrve been reported by Carew (1981) and

Ngoka (1986),.
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The less import nt anlternative pathway is catalyzed by
cyanide sulphur tr-uncfer-se producing thiocyanate and pyruvate
from 3=-mercapto pyruv-te tut without the production of
5504 (Firure 5),

The rhodanese pathway reprecscnts the chief route of
detoxification ~nd occurs in nll p.rts of the body with the
largest concentr~tion of the enzymes in the liver, The amount
of rhodanese in tie liver vories with different animals so that
detyxification may be erpected to take place at different rates.
Himwich and Sounders (19L8) found the following for the livers of
animals:

Dog, 0.78 = 1,45 na/g
Monkey, 10,08 — 15,16 mg/c
Rabbit, 7.98-~ 18,29 mg/s
Rat, 2L - 28,39 ng/g

This probably expl-ir: the results obtained by Mukerji and Smith
(1943) that nearly a2ll the cyanide n ingested by rabbits was recovered
in the form of thiocyrn-te in the urine in 2L4-48 hours, where~s,
in dngs, less th-n 23! wis recovered in 7 days, On the other
hand, the activity of the cnzyme in parts of the brain and the
central nervous svatem secmed to be the same for different species
of animals and thic moy mccount for the LD 50 for intravenously-
injected NaCN to be the some for all species,

Another detoxific-tion process starts with cystine
(Figure 7), Cystine re-cts with cyanide to form cysteine and
B-thincyanoalanine which tautomerises to 2-aminothidizolidine=l=

carboxylic acid or its equivalent 2-imino-l~thiazolidine carboxylic
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Yet, another iudircct dctoxification mechanism ie th-t of

thyroid gland, The tiyroid rland shows some deiloxicrting effect.
In the prescnce of powdicred shecep thyroid the lethal dosc of
acetonitrite for mice ws 1., ng/g wherens it was 0,3%?mg/e for t ose

not fed the powdcred ='ep thyroid,

PERFORMANCE OF NI "L Ci! CYANIDE-BASED DIFTS

Rats
Research conducte? by Hill (1977) produced thc following

results, Youny r-ts fed :d lidtitum, = diet containing 2,L00ppm

potassium cyanide showvet no obvious sisms of distress other then

a decreagse in weirht g in, Oimilarly, rats fed for 12 weeks n

diet deficient in vit min I'yo and methienine and containimg

1,500ppm potassiun gyrnide apperred healthy, althoughs weight

gains were reduced Uy the differences of vitamin Byp and methionine

and by the addition cf KO}, Rats receiving fatal doses of

linamarin showed ¢k xr efirirstic alter~tions in electrocardiograms

similar to those¢ ruesuliine from fatal doses of potassium eyanide,

Alterations in sewveral “iochemical parameters mensured in the

blood and in heart ti:ruwe wvere observed in these rts ~nd ~lso

in rats receivins lcocer but non lethal doses, The severity of the

reaction to pot-cziu: evinide »nd lingmarin wns strongly influenced

by the mauner in wiich @ ey vere administered, Mixed with the

diet and fed over - period of houre they were tolerated in larpe

amountss whereas, de-th resulted Srom single larpe doses,
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In another ervcrinent vith rots on a 50/ cassava diet, Oluzi
et al, (1979) report.dt the »-te hnd sismificantly lower birth
weight and broin weigl® snd never attained th:e same adult weight
ag those of the conivols, Jddult femnle rats fod o diet consisting
entirely of rwr easanyr hrd asimnifiesntly weduced haematoleginnl
and biochemic~l indices, This dict also soused mn inerenged
incidence of cancit+lism »nd n significant reduction in the
frequency*of pregn ncy, the sversge number of the litter =nd the
birth weight among thuve rots, In addition, there was an
incrensed incidence of neonatal denths among; the of faprine which
also had poor devclopment, reduccd brain weight and ar increased
tendency towards bitting their litter mrtes, Those adult female
rats fed diets cont-ining § nnd 107 CN/100g laboratory diet surived
for more than three months but never became pregnant, They
developed enlarged thrroid slonds and turors of the large intcstin:,

Tewe (1983) clzo v vworted thot a dict containing 173ppm HCH,
increagses thiocyon te concentr~tion of urine, serum nnd ammiotic
fluid from geat ting rnts,

Poultry

Experiments sith cnssrvn meal in poultry dicts date back to
1935 in Philippines (Iml) r et al., 1974). Similarly, in
Germany and other countries, a significent growth depression w~»
recorded when the level of cnssave inclusion was higher than 10-20
percent of the tot 1l dici, -1though in some experimeris there
was already a tenlency te substitute cagsmva o1 cereals at

levels up to 50 percent, SHomewhnt better results were obt~ined
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vhen cassava-based dicts were fortified by methionine, Ngoka
(1986) reported the inclusion rate of 79 of cassava root menl
for broilers without cny ~dverse effect provided fishmeal and
methionine are added rs supplements, The inclusion of palmoil as
per Adeyanju et al, (1979) vhich promotes mcthionine utilization
may alse be helpful,

In his work with chicks, Carew (1981) found that the symptoms
of acute toxicity, included respiratory distress, convalsions and
collapse with nerr lethrl doses, Chronie toxicity produced the
classical symptoms of lethargy, depressed growth rate, elevated blood
thiccyanate coutent, enlerged thyroids. Other less well known symptoms
of chronic cyanide intoxiention in this experiment were enlarnement of
the liver and kidneys ~nd elevation of blood thiosulphate
concentrations, indic.ting adaptive improvements in cyanide
detoxification,
Swise

The congumption of chopped fresh eassava by growing-finishing
pigs variles according to the protein content of the supplement
(Gomez, 1979). When o protein pupplement was supplied ad libitum
with chopped, fresh bilter roots, the pigs consumed an excess of
the supplement tc compens~te for the limited intake of the bitter
roots ., Bxperimental results obtained during the different periods
of the swine life-cycle pugrest that fresh sweet roots are
excellent source of encigy for swine feeding programmes when

properly supplemented with protein, minerals and vitamins.
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Rabbits 39

Much less ey-~nide resecrch appears to have b-en conducied 1vii:
rabbits, In onc expesiment with New Zealsmd white amd Coliform’um
breeds fed corn or caouove~bused dicts, Fommym ¢t nl, (1931) fomd
that the rnbbits h d comprrable rcproductive, srowth and carsaas
traits, although feed intoke ~nd avernge daily main were signifi - %y
(2/0.05) greater for robiits fed the cassava-based diets, It v-n
more profitable to r-.ipge r-tbhits on “he cassava-based diets
ghazs on corn-bnsed diet:,

The work of Omole -nd Bshiett (1976) on fecding cassava 4" is
to rabbits shows tht the rote of grin decrensed with increasing
levels of cassava in the r-tion, althourh this decrease was not
significant untill the r-tion contained L5% cassava root meal,
Preliminary reanlts from the work show that the addition of 0,2%
methionine to the control ~nd L5 cassava dicts resulted in very
slight improvement (0,22 ~nd 0,L8% respectively) in liveweight g i
over the unsupplemn-‘xtf-:d dicts, When the 15 and 30¥ cassava diets iere
supplemented, however, there was 5,9 and 3,9% guin over the
unsupplemented r-tions, dditiom of mecthionine to the ration did
not improve the efficiuucy of feed utilization significantly, neitl er
did it affect the cuantity of urinary thiocyanate excreted by the
animals,

Fomunyan et 21, (1983) h~ve 2lso shown thnt cassava levels
up to L9 support good growth in rabbits, Rabbits fed casgav:. and
corn-based diets snoved similarity in reproductive growth and

carcass traits ~t the level of cassava inclusion, There wns also
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similarity in thyroid weishis of the rabbkits on both diets su~ -estings thet

the  levels »f thiocymite werce belcw the threshold
causing goitre (Cke, 1973). The similarity for repreductive, srovth
and carcass traits of the ruhits nt 4T lovel of eassnve inclusior
gugrests that tha ey-iide did not affeet the rabbits or that it wr's
rapidly detoxic~ted by rhodonesc of the liver,

Eshiett et al, (1931) fed New Zealand white does with four
diets without cnsscvr root mesl or with 15, 20 and L% cassavn root
mealy AdAaily, e does were mated and the of fspring of the fivat
breeding study were jiven the s me cassave~bascd diets ns their
mothers for eight weels. Number of young per litter at birth and the
liveweipght of young ~t the seme ages did not differ significantly
among trestments., Thioccyannte in urine and blood serum of the
mothers was simil~r ~moq; trestments., With the offspring of the
same breeding, ~vor ze r-te of goin, feed int=ke, efficiency of
feed conversion "nl corerss cherscters were not significmtly different
Mong Froups,

Mnants

Generally in feeodiig tri-ls, it scems remsomable to distinmaish
between monog-stric "n’ polysnstric mmzmals. The stomachs of rumin-nts
are like fermentation t-nis, in which breakdown of eyanogenic
substances are poszible, Thuminonts hnd a higher tolerance to
hydraeyanic acid thrr the other mammals tested (Nestel and
Graham, 1977).

Dogzett (1970) remorted that as little as 0,5g hydreeyanic

acid is sufficient to kill ~» cow, DNovetrtheless, while clover cont~iniug
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cyanogenic glucosides cculvalent to 129em of cyanide per 100g

dry matter provided no deletercus coffects in dairy cowe, but plama thiocya~
nate inereaged, producing evidence for metsbolic effect (Butler

et al,, 1957Y, High levels of cynnogens (180 ppm hydrocyanic acid) and

low levels of iodine (40,05 ppm I) have beon reported to cause

thyroid dysfunction {ilerrington et al., 1971) in sheep grazing

gyanodon plectostnchys,

The minimum lethsl dose of HCN for shecp is 2.mgfkg body
weight (Coop and Blakley, 1949) in agreement with values found for
other animals, The minimum lethal dose of lotawstroling linamarin is
L.5mg HCN/kg body veight; the telerance to a higher dose can be
ascribed to the time yeouired for consumption of the feed to the time
required for relense of cycnide by linamarase, which may be slower in
the rumen because of dilution, Over long periods, sheep were
able to detoxify rnd tolernte 3.9mg HCN/ke per hour for many
hours, Ne¢ evidence of sdrnptation to cyanide was noticed (Butler_
et al., 1973). VWhrere the ingestion of fornge is relatively slow,
a8 in the normsl grezing situntion, sheep could well tolerate
15-20 mg  HCN/kg body weight per day (Coop znd Blakley, 1949).

Shukla ot ~1, (1902) reported thet when seven sheep grazed on

ratoon crop of jower (so:ﬂhum vulgﬁre), they had signs of cyanide

poisoning after half hour of grazing. Four of the sheep died within
cne hour end sodium picrs~te spot test of rumen contents, histopathologicrl
lessjions and bright red colour of blood in asheep at the time of denth

indicated hydrocyanic neid poisoning,
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By way of couparisen, Corkill (1952) bred a strein of white
clover with hydsroeyanic acid levels approaching 3,500 ppm, but ne
evidence of toxioity o grrzing sheep wes observed, nor were
eyanogenic satr-ins lers pnlatntle than acyanogenic clover strmins,
In contrast to white clover; sorghum has often caused death of
grazing cattle and i3 regorded as dangerous to fecd when the level
in the leaves exceeds 500 ppm (dry weight) {Boya et al,, 1930},
However, Rose (1341} rccorded that cattle coutinuoeusly grazing
Sudan grass contnining up to 1,330 ppm HCN were unaffected,
whereas dairy cat:le wvkich ate rapidly when put onto Sudan grass
were affected by lower levels of cyanide. He alsc noticed that
gheep mafely grazed sorghum hybrids which  had been poisonous to
cattle, Since the ma;imum level of cyanide in clover pastures
might be as high ~2 1,000pwm, well above a dangerous level in
gorghum, it apperxs thrl the latter might be more toxie than clover,
This could be euplrincd Ly » fagter hydrelysis of the glucogide
in sorghum (Butler ct al., 1973). Caop and Blakley (1949) noted
that the presence of sugrrs grenily reduced the mic of hydrolysis
of lotayztralin, so the aurntity of free sugar in the forage may

also affect the tOXj.City h}" re'barding hydrolysis of the cy‘anﬂgluco_gide.
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Origin and breedss

The domestic rabbit is Jderived from the Furopean

rabbit (oryctolneas cunicolos In.) whieh o member of the order
lagomorpha that consist of two families mnamely, the ochotonidae

and the leporid:e. The order lagomorpha includes one genus of
hare, eight gener~ of raitite and one gemis of pikag. Oryctologus
cuniculus is the only specics of the entire order that has so
far been domesticited. This species has boen introduced into
every country of the world ss a source of ment, fur, manure and
for use as labor-tory nnimsls and pets (Anonymous, 196%). There
are more than thirty known breeds of domestic rabhit (Okorie,
1977). The common breeds rnised in Nigeria are:
i. PFlemish Giant ~ Siesl-grey, light-grey, black, blue and

white, Wabure weight ie about 6kg, 'md it is used for meat
and show

ii, New Zenlgnd — body is white, red or black, and mature
weight 1 about Ske,

ifi, Californic = Yhite body, coloured noge, ears, feet and
tail. Matuyre weizht is ~hout L,Bkg,

iv, Champagme dllrgent — 4 dark slate blue under colour, and
surface eolour is o bluc - white or silver with some sprinkling
of black hair, Mature veight is about Ske,

v. IHoglish gport ~ White with black, blue or chocolate spots,

Weighs about 4.8ks,

vi. fmerican chincilla - Surface fur grey, under—fur deep blue

gray, belly white, Wrture weight is abowrt l.8ke,
Other breeds of the domestic rabbit include Cheekered Giant,

 Dutab and Belgien,
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Rabbit farming iﬁ of relatively little importance in
developing countyies. Ghrnn is, however considered to have one of
the successful rah it dovelopment programmes in this part of the
world in form of viilrge smell scale production scheme, This h-d led
to the annual comcvmption of five million rakbits in Ghana {Owen,
1976). Villame scle production is also being developed in Zairc,
Tanzania ~nd Malowi, In Sovth America, similar efforts are
under way in Peru, @rnzil snd Fcuador, while in the Caridbean area
and Central Americo, roibit production is actively encouraged,

Novelties of the mabblt

%he follewing ore considered special attributes of rabbits
that have tended to orteh the fancy of onimnl producsrs (Cheeke,
1980):

i. Rabbite c¢-n be fed high«forage, lo—grain diets thet nre
largely non=competitive vith human foed requirements

ii, They con ubilize forrmge protein morc efficiently than othor
livestock, Thizg r.flcete in the high protein content of rabbit
meat ag shown in T-ile 2, Tu their experiment, Reddy et al, (1977}
found that rabbits uvilized protein more efficiently than broilers
(1,13 and 0,83 kg of tody weight grin per kg of protein consumed )
(Fekete, 1985).

1ii, Unlike mny othcx type of livestock, rakbits can be bred
back on the same doy they give birthe In the intersive production
system, it is theoreticrlly possible to have one litter being raised
from weaning to § wecks, onelitter with the doe and one litter in
the uterus, A litter c v be weaned st [ weeks, and another litter

kindled three days loter,
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Table 2 : The mutrient ¢ encrgy content per 100z original

matter of some types of meat (Fekete, 1985)

A

Meat Water CE}ross Protein  Fat (74)
@ em) @
Chicken Thab 110 21.5 2.5
Rabbit 6.4 158 21,0 2.5
Lamb 664 194 19.7 12.7
Lean beef Tha3 116 20.6 3.5
Pork, medium 56.8 295 17.0 25,3
Pish (Carp) T84 100 16.0 4.0
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iv, Rabbits h've - hirh growth rate (nearly equal to broilers),
reaching mrrket weirht in € weeks.

V. HRabbits exhibit n high feed efficiency, Fecd efficicncy
of 1,04 = 1,46 ki feod/ke grin on practical diets, containing
significant amounts of ~1falfa meal or other roughase has been
achieved,

vi. There is o hirh degree of genctic diversity in rabbits, both
within and between brecids, This variability is useful in breeding
pregrammes, since ~ wide genetic base of diversity increases the
likelihood of success of selection programmes,

vii, Rabbit me-t is ~ high quality and nutritious product, It
has high quality proteiun (similer to that of chicken) and low fat
content, Ra'o ~nd Cowolrers (1979) have stated that becausc of its
e;tremoly low cholesterol ~nd sodium levels (136mg % and 393 ppm,
respectively), r=l'it met may play an importsmt role in the
prevention of wvascul r disenses,

viii, From biologic-l point of view, when bred ~t small seale,
the rabbit may be req rded as ~ "biological refriger~tor" since
up te its consumption, the me~t can be kept nlive (Cheeke, 1980),
One animal covers thwe nced for one or two meals of a whole f2mily.
If the animals are l reer, this solves the storage and comservation
problems as well,

Anatomy and physiolesy of the rabbit's digestive tract

The average lengths of some intestinal sections of a mature

rabbit (approximotely L months old, weighing 2.5kg) are as follows:
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Figure: 8 Digestive system of a 4-months old rabbit
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the small int.stine iz 330cmy crecum, LOcms Aappendix, 13em § colom,
130cm (Lebas and Lapl ce, 1972),

The mass of content in the twoe main reservoirs, 1.,e. the
gtomach and tho cneé&gzg é%% digcstive system of the rabbit 1s
approximately idemtic-l, tut the rolative volume of their differcat
sections differs from thit of other domeptic ~mmimals. It is a _
striking fact th .t the cecum ~nd stomach of the robbit are relntively
the largeat among the domestic snimals, except the forestomach
of the ruminants (Pourtcmouth, 1972},

The chemical re ction (particularly the pH) of the different
sectlong of the digestive troct 1s likewise different. The
gastric content is highly acidie, its average pH being ag low as 2.2
the content of the sa 1l intcstine is slightly alkaline (pH 7.2 to
7.3); the coutent of the coecum has a pH of 6,9 while the proximal
third of the colon hns ~ pH of 6.6 viz slightly acidic. The
average dry matter of the cecum iz 284, The pH of the small
intestine showz wvexy little fluctuation. The low pH and higher
acidity of the ccenl content compared to that of the small intestine
can be attributed to micreotinzl fermeuntation which convertss the
fibrous cellulose into volatile fatty acids (Marty and Raymaud,

19663 Vernay and Roynaud, 1975). The totnl bacterinl count in
the caecum is 109/8 on the cvernges 1‘?/@ in the colon and rectum;

and still lower in the jejunum,
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Nutrient requiremcnts of the rablit

Table 3 is o swanery of the wutriemt reguirements of classes
of rabbits (Lebas, 1952). Dicts high in recdily-available
carbohydrates vwhen fed to prithits, especially frycrs, rosult in
"high losses cnised by enterotoxemin or enteritis complex
(mucoid emteritis), which ies reloted to carbohydrate overload of
the hindgut (Cheekc . Poton, 1980)., Tt has been suzrested that
enteritis can bde pruverted by feeding indigestible fibre. It is
arpgucd that fibre h o o serepping effect on the lining of the
intestine, and th-t in the abscnee of this stimlating effect of fidre,
the intestinal cells love their vitality  leading to bncterial
invasion and enteritis, But indigestible dietary fibre is
important in r-tbhit mutrition not only for the prevention of
enteritis, but ~lso for m ximum growth and to prevent fur-chewing,
An additional effeect of fitre in r=bbit nutrition is that it may be
involved in ceerl impretion, Pote et 21, (1980) found thot the
growth rate of frycrs ws lower on a high energy corn-soybean
meal diet thon vhen - fibre source (alfalfa meal) was added,
Hence, optimum crule fibre level of about 14 to 19 should be
maintained in proclicl dicts, Checke and Paton (1981) suggested
a possible involvumeni of hishlover 229) dictory fibre levels,

Rabbits are wellwcd-pted to the use of low energy diets,
Specific energy re-uirinents have not been well studied but 2
dietary level of 2,500 Kerl D/ki of fecd provides for adequate
growth and reproductive nerformunce (Cheeke, 1984). Emergy

requirements are, hovever, gronter for lactation than for other
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Table 3 5 Wutrient Tetuirements of rabbits of various status (Lebes, 1983)

Fl

Constituent Unit L=12 week Nursing doe Pregront dee Adults maintaineq
old (young) 4+ Yeungs msgrdﬁmwwmu including males

Digestitle energy Kezl/kg 2,508 2,800~2,900 2,500 24 100~2,200

Crude protein o4 1517 18-19 15 13

Methionine +

Cystine g/kg 5 6 - -

Lysine a/kg 6 7.5 - -

Crude fitre 03 1315 12 1l 15-16"

Fat (min) & 3 14 3 2

Calcium &/kg 5 il 8 6

Phosphorus &'kg 3 8 5 L

Kacl &kg 10 10 10 -

Vitamin A or IU/%g 6,000 12,000 10,000 ~

Vvitamin D I9/kg 900 900 900 -

Titamin E ngfkg 50 50 50 50

Vitamin ¥ - 3 2 -




31

productive functicns iv » 'lite (Lang, 1961b) because milk procucsion
rclative to body welpht iz higsh ~nd rabhit milk has a high energr
contemt (B4 =~ 12,6 '3 /%g), Thus, it may be desirnble to employ
high encrgy lact tion Cicts,

The protein ~nd mine ~ecid requircments of rabbits arc highe»
for lactation th:n for growth, Frotein requirements are 15-16)° v grouth
and 18-20% for lnct-tion (Omolc, 1982), Checke et al, (1985)
carried out an cxneriment on protein requirements for optimal
growth and reproduction mnd conclused that 2 level of 17.9 crade
protein scems adenu te for sotisfactory reproductive performance
and growth of commerci-l me~t robbits, Rabbits also require
dietary essentinl rminc rcids, Microbial synthesis of protein in
the aecum makes = minor centribution to the amino acid needs of growing
rabbits, tut this phenomcnon is more important in 2dults (Lang,
1981a),

The vitamin ne &3 of r-liits are gener~lly quite easily met
because of the n-ture of common r-thit diets and of the digestive
tract, Convention:l r~bbit diets usually contain 30-60) of dricd
forage such as alfalf: menl, If this is of good quality, the
requirements of frt=soluble vitamins will be met (Cheeke, 198L),

The B vitamins ~re provided by both the diet 2nd from counsumption
of cecotropes (Longy, 19812), Infoct the major function of
coprophagy in the rablit appears to be the provision of B

vitamins symthenized by b-cteria in the cecum,



52
The provision of 0,9 trace mineralized salt in the diet
will provide adequ-te qurntities of these nutrienmts. Alfalfa

meal, a major consgtijuent of most commercial rabbit feeds, iz an

excellent source of c-lcium and potassium {Cheecke, 198L), Grain

by products such o8 vhert bran are excellent zources of phosphorus,

Hence, a combination of alfalfa meal and grain by products as major

ingredient can s~tigfy the calcium and phosphorus reguirement,

Feed utilization by robtiis

The digestion coefficient of rabbit feedstuffs and nutrients
vary tremendously, The rettit utilizes fats very well (90~1003),
proteins, fairly well {60-B0), fibre rather poorly (20-40%),
Accordingly, its cru’e fibre digestiou is Inferior to that of the
ruminants and horses, but betfer than that of poultry and swine
(S1ade and Hintz, 1969), The digestion coefficient varies with
fretors related to the animal itself (individual, age, BeX,
variety, biolegical strte) mnd to the feed (ration composition,
feeding level, additives),

Cecntrophy or biolopical coprophagia

The basis of the cecotrophy (pseudo-rumination} of the
rabbit is that they protuce twoe different kindg of faeces in

their intestinnl cunnl, one of which the animal consumes

regularly. The freces switrble for consumption is called soft freces,

or since it origin~tes from the caecum, cecotrophs while the
other which the »:bbit does not ent is called hard or benuine

faeces, Both types of freges differ in their chemical

composition (Trbtle L), ;
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Table 4 : The composition of the two types of rabbit fasces
(Fekete and Bokori, 198L) |

T I N

Constituents Hard faeces  Soft facees
Dry‘mattef (25) 52,7 3846
Crude protein () 154 2547
Ether extract () 3.0 S.é
Crude fibre (1) 30.0 17.8
Ash (%) 13.7 15.2
Nitrngen free extr-ct ¢ 37.9 36.0

Gross energy (Mkol/kg) Lo3L 4.53
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Cecotrophy ccuniot be chgerved in new-born rabbits, It
develops gradunlly from the third week of their lives onwérds,
parallel with the trrngifion to solid feed. Cecotrophy contributes
tc the vitaming B ond ¥ supply, provides esscontial amino acids,
continuously regencrntes the gnstric microflora and ensur;s a more
efficient and more economical utilization of wnutrients,
particularly of proteins, ond explains why rabbits are to, a
large extent, practically insensitive to the gquality of feeding
proteins, The import:nce of coprophagy is shown by the fact that
if it 1s prevented, the growth rate of the rabbits drops by
12 to 25% (Barnes et al,, 1963) nnd they show symptoms even of
vitemin B defficiency (Kulwich et al,, 1953).

Probvlems and Prospect: of rabbit production

The rabbit iudustry is beset with many problems that have
tended to milit-te ~grinst its development, The problems have
contimied to relegrte r-bhit farming to what could be termed a
"hackyard enterprize, The most serious problems include =

digeages, high fecd cont, high labour reguirements and market

stability. .

The incidences of the two most important diseases, enteritis or
gnuffles and respir-cory diseases like pﬁbumonia have, however,
been greatly minimized, Already the Oregﬁn State University
Rabbit Research Ceatlre hos developed a rabbit strain that is

resistant to pasteurella maltocida, the causal bacteria of

bt

snufiles,
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With respect to hish cost of feeding, it is considered thit
since rabbit feed cocts ~rc brosicqlly similar to those of other livectock,
the relative differcnces in profitanility of poultry and rabhit
produdtion:, ‘for exruple are due to foctors othcr than costs,

There are tio acliern~tives to the high lbour requirements -~
reduce labour ccste tirourh nutomntion, or raise rabbits where
labour is cheap, such ¢ in developing countrics, These may
explain why Chinese ~ imported rabbit into North America are
cheaper than their loc:1lly - produced r2bbit,

Market st-bility or otherwise is a universal phenomenon th-t
affects 211 industrieaz, In sghort, it is a normal feature of a
dynamic economic sy tem,

Thus, inspite of the enumernted problems, there is some
optimism for the fut::¢, gr-nted the present concerted efforts Ly
researchers, After~ll, mrny dec-2¢s back, the poultry industry

was hardly any bet:ier (IcCinty, 1985).



56

SECTION 1

PERFORMANCY OF GRo! ING R’FPITS ON MALTFD SORGHUM
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4. ABSTRACT

Two exnerimenta were counducted %o assess the performance

of growing roblits ou molted sorghum {gorghum biclor L.) which

containg the cyrnogenic glucoside, dhurrin, Sasrghum was malted

using the technic of Wu rnd Wall (1980)., The first experiment

conducted with weonling (L week old) rabbits, had two treatments

with six weplicotions per treatwent, The diets were

isonitrogencous ~nd isocrloric, Sorghum inclusion rate was

26%, PFeeding lasted for six weeks and records of performance

were taken, In the soccond experiment, rabbits were about 9 to

10 weeks old, There vere three treatments with four replications per

treatment, Sorpghum inclusion rete was 3% in all the dicts,

Feeding lasted for five wecks and growth parameters were
recorded.

-

Proximate and oyruide analysis showed that while malting

’

improved the nutritionrl st:tus of sorghum, particularly protein,
it along side rnised tot: 1l and frec cyanide contents from 22 to

963 and 22 to 168 ppm respeetively. But even st this level, the

rabbits did nol show zirms of cyanide ftoxicity.

- malted sorghum-based Cleds had better welght goin and feesd

-

efficiency, Malting 4id not affect feed intake and carcass quality,

Generally rabhits performed hetter in the first experimeunt than in

the second. This rnd other reasons sugrested that 26% rate of

sorghum inclusion was prefer:ble, Removal of roots and shoots from

malted sorghum deprezsed perfermance.
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Rather, the rabhite on
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2, INTRODUCTION
Limited land resourcesz ond the ever~increasing human
‘population have tended to dictate that emphasis be shifted to
indoor and confined mrvrpement of onimals. With its ability to
survive almost exclusively on household food wagtes, the rabbit
ig apparently favoured with the new treud,

The rabbit (Qrvetolngus cuniculus) has great potential as a

meat=producing cnim~l rud can produce more meat from forage-based
diets than any species of livestock (Cheeke and Palton, 1930),
Indeed the rabbit is one of the cheapest producers of meat but
hitherto neglected in HNigerin, fccording to Deblas and Garvey
{1975), the robbit is suitable to rnise for meat beceuse of its
high fecundity ~nd prolificacy, short generatiou interval and high
feed conversion ef “iciency. Rabblt meat ig mutritionally
comparable to thrt of poultry, and at this time in Nigeria when
the high cost of conrereisl poultry feeds has 'sent many producers
out of the industry, the rrbhhit is a potent altermative couwsidering
its ease of manngement,

Sorghum (sorghum bicoler T, Mocuch) ranks fourth among the

worldts leading cererls, Iun Nigeria, it ranks first and occupies
about gix million hectrres of lemd, Its agronomic advantages

include ease of propoagrtion and lesgser fertilizer reguirement

’

compared to corn. Sorghum conteins more protein and carbohydrates,

less crude fibre .md frt than corn (Hulan and Proudfoot, 1983;

Okoh gt al., 1982}, It is nlso higher than corn in appareut

metabollzable encrgy and o1l aminc acids congidered egsential

aRARA it e e LT
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.for chickens (Hulauw ~nd Froudfoot, 1983), Ross and Webster

(1960) found thet fecding groin sorghum to most livestock species

is comparable to corn. Sorglum contains taunin which binds lysine
and hence makes lycine a deficient amine acid in sorghum=based diets
(Schang, et al, 1936}, Trunin is also found to reduce the
metabolizable enerpgy of the diets and increase hlood cholesterol

(Vohra et al., 1985). Molting (Wu and Wall, 1980) and

R e LA AN 3 iy TG £ T AR R

reconstitution (Mitotur et al,, 1985) are known to reduce tannin ocontent

{Kubiczek et al., 1984).

ks malting procecds with refuction in tannin and an incrense
in amino acids, there is however, a corresponding increase of a
cyenogenic glucoside, dhurrin in the grain, This cyanogenic
glucoside, according to Doggett (1970) is a toxic substance which
yields hydrocyanic acid (HCN) on hydrolysis in the body of the animal
{Okoh et al., 1987). Apperently the consumption of sorghum sprouts
or products mnde from them may be hazardous because of its high
cyanide content., XNvdroeynnic acid also{called prussic acid) is
a highly=toxic subsi-uee, 200ppm being a lethal dose for adults,

resulting in death vithin n few minmutes., In small doses, the cyanide

is detoxified to thiocyomrte by the enmyme, rhodanese which moakes

use of sulphur amino ~cics ag the sulphur donors, thereby making

methionine the second limiting amino acid in sorghum-based diets,
The purpose of this study is to:

(1) assess the ®msponse of the rabbits in terms of feed consumption,

weight gain and feed efyiciency in order to determine if the cyanide

ens e SRR kS

e A
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formed during melting interfers with the ef“icient utilizaticn of
the improved wutrition-1 2ttributes in the malted graing
(2) see if the remov-1 of roots and shoots from mrlted sorghum

grains will afreet the performrnee of rabbits fecding on it,
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3, MATERTALS AND METHOT

,:..—:-_-nw.‘x‘:...- R ] r\ys-n:@f-e-\v

Malting of sorghum

e

Two procedures were tested for thelr suitability for sorghum

|
matling. These were the Wu an? Wall (1980) snd the Mitaru et »1, |
(1983) methods,

Wu and Wall (1980) method

s pmemie

About 3ke of sorghum (mori vrriety) was sosked at a tinc with about

3 volumes of distilled water overnight, with twe changes of  _

water during the day to remove dirt -nd extra husk. The wet grain
wag then soaked in 0,2% formaldehyde solution for LO minutes to

 retard mould growth during germinntion, The soaked grain was then |

washed four timees with distilled witer ond seonked in water for 29

minutes to remove residual formeldehyde, The wet sorghum wos then

spread out thinly on filter papers omturcted with distilled winter

in a gmtainer with plenty of ~ir sprce rnd c¢c-vered with cellophine,
The gralin was then allowed o ge;minmte at room temperature for L
doys. As germinntion progressed, gr-ins were checked for the
appearance of mould, 4 few moully gr-ins were detected on the

‘ A
fourth day and thege were normnlly discaxded, §

This rethnd was used in the largew-scale malting of sorghum

for the experimental diets, In this cige, however, the grains were

e R T

spread thinly «n cellophane sheets,, previcusly spread on tahles
in a room and covered with some of the sheets while allowing for

a film of air abuve the grains, The grains were tummed gently

-ty g e - e

and distilled water was sprinkled ou them for three days to

prevent dehydration and provide aer-tion for the grains, The

SPESTARTR FISET

malting process continued for four drys, The sprouted grains

were then spread on a concreted surface to ¢y by sunrays, The

R AR W i e
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dried grains were then ground and mixed into the
rabbit diets,

To remove shoots and roots in the second experiment,
sprouts were rubbed with the palm of the hand against
the sieve, Most of the roots and shoots readily pacsed
through the pores of the sieve, The small amcunt
(of roots and shkoots) not removed by the above process
were readily cleared by winnowing since they were very

light,

Mitaru et al, (1983) Acetate-propicnate

re te

Preliminary handling Wefore chemical treatment is
as per Wu and Wall (1980), Moisture content of grain was
then raised by aiding 29 (w/w) distilled water, An
acetic and propionic acid mixture (60/L0, v/v) was alse
added 3t 2 w/w, The ingredients were properly mixed

until the sorghum grain imbibed all the water which
was {ydicated by lack of lamp formation by the grain,

The treated grains were stored as in previocus method

for 1=l days' germination,

HB: The 2, w/v mixture of acetate-propionate was

later reduced to ¥, 0,9 and even 0,1% without germination
and without mold formation, This method was therefore

confimed unsuitable for our purpose,
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Animal Experiment @

This study consisted of two treatments with
8ix rabbits per treatment, Preatment T had three New
Zealand White and treatment IT three California White
rabbits, with an average weight of 3L46.78. The
rabbits were randomly allocated singly to individual
cages,

The diet used in this first study were formulated
to meet 20§ crude protein specification, The two
diets contained the same amounts of wheat offals,
groundnut cake, molasses, blood meal, salt and
vitamin-mineral premix, The only differences between
the two diets is that one contained malted sorghum
while the other contained unmalted sorghum, The
components of the two diets are shown in tables 5 and
6.

The rabbits were fed ad libitum in plastic feeders
(which were later changed to metal feeders) and they
had access to water in plastic waterers, Both the
feeders and waterers were tied to the cages to prevent
wastage, To minimise feed wastage, wire mesh was securely
fixed on top of eich feeder leaving a small space through

which the rabbit's head could enter,
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Table 5 : Percent ingredient composition of the malted and
unmalted sorghum~tased diets '

Treatments

Ingredient Diet I (malted) Diet IT (unmalted)
Wheat offal L7 L7

Groundnut cake 20 20

Unmalted sorghum - 26,25

Malted sorghua 26.25 -

Salt 0.5 0.5

Bone meal 3 3

Molacses 3 3
Vitamin/Mineral Premix" 0.25 C.25

Calculated Anglvais of Nulrientse

Futrient Diet I Diet II
Crude protein « 19.08 18.92
DE (Kcal/kg) 2718 2701

Crude fibre ¢ 8.98 8.74
Ether extract ¥ 3.37 3.20
Calcium ¢ 0.470 0.434
Phosphorus ¢ 0,781 0.821
Lysine ¢ 0.92 1.20

Mcthionine + Cystine % 0.616 0.60L

#Contents per kilogramme: Vii A stabilized - 6670,0001.U,, Vit. D
(stabilized) - 1,500,0001,U., Vit E (stabilized) = 3,340I.U.5 Vit, K
(stabilized) - 1,3LOmg; Vit B,, 3000mg; Vit 3, - 2000mgs Niacin -
14,670mg3 Calcium D-Pantothenate - L0OOmgs Vit Byp - 8mg; Choline
Chloride - 133,400mg; D 0.7 - 6,600mg; Manganese - 53,3,0mgs Iron =
33,3L0mg; Zine - 26,670mg; Copper - 1,600mg; Todine ~ 93me; Cobalt -
13mg; and Selenium - 3img.
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Apaxrt from the diets, all othr { ctors were similar throughout
the experimental period, The e periment lasted L2 days. The
feed for each rabbit was wrii hied out crch day and put into
the fceders, Wasted feedl were recovered and weighed, The
rablits were weighed weekly, From the dota collected, weelcly
and cummulative weight gain, feel int-ke and efficiency of
feed conversion (kg fecd/ke bgin' were computed. At the

cnd of the experiment, three » T its from each treatment werc
taken to the meat laberatory nd slou;htered for carcass
anrlysis, The measurements t-lten were liveweight, empty boly
weight and weight >f the various internal organs, All dato
collected were analyzed statisiic 1ly by the one-way analysis
of variance (Steel and Torrie, 19507,

Proximate analysis »f gr-in sov/ghum
Proximate analysis of both m 1tud snd unmalted sorghum wa

done, Consequently, percent composition of aude protein, dry
mettcr, moisture content, ~sh n ethcr extrroct were detemmincd,
This was to assist to determining the apecific mutrient contrilmtion

of sorghum in each diet,
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i ;2;25 of sorghun

At the emd of th. fourth doy of mnlting, there was good
germinntion rete, ~vor sing obout 9P, Very few mouldy groins
observed werc removod bLofcre omd on the fourth day just before
drying.

Proximate composition rn? cy-nide content
of malted ~nd w1t C gr-in

The proxim~te compo: i ion of both malted and unmalted sorghum
are presented in T-Hl. 7. Of porticular intcrest is the incre-se
in crude protuin lcvel from 9,38)¢ to 10,27 on dry matter basis
during the four-day goruin-tion, Ether extrret was found to have
decressed durin: memmin-tion quite remrrk-bly, Total and free
ey~nide incre~scl during the four-day malting fyrom 22 to 795 ppm

and 22 te 169 pou respoctively,

Feed efficiency, Drily wcight smin -nd Dnily feed intoke

The statiztic-l ~n-lycis showed there was sigrifiecant
difference (1/0,05) ir the feod effieicmoy of the two dicts,
melted sorshumebosed dict h-ving ~ lower value ns shown in T-ble 8,
The decresse in f. & efficicney was ~beut 28,196, dropping from 4,30

to 3.35 in thc urm~licd g ine=brscd diet,
Although the me-n of the d~ily feed int-ke of Diet I (51,657) is

slightly lower th-a th t of Dict I1 (53.71g), the difference

between the tvo w's not stotisticnlly sigmificant (2/0,05),
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Trble B: Daily food irt ke, weight goin, feed efficiency, tot~l -n’ free cyeulde intoke
by rhtits £id on malted and unmnlted sorghum-based diets
Treatizents T Taota1 o N o 5 meen .

. : consumed (g) M.HoMMcMM (&) MMMHWMmMmm F M.M- . Daily weicht
nor rabbit . SR Y ef~icicney | pin (gfdey)”®
in 6 weeks per xobbit (s/d=y) (feud/in)

in 6 wecks
121t:8 sorghum=brsed -
dict , 0,39 e.98 T1.65 3.25 15,16
Tnralted sorghume . )
bosed diet 6,02 0.62 53471 1,30 13,11
S.E.D. 2,960 0.332 1.071
a = Statisticmlly siznificent B
b = Not signific-nt [F/C.C5)
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The difference in the memn d-ily weight 7in of rabbits

on the two dicts were stotistically siemificant (P/0,05) with
Diet I hoving hish -z v lue (15.614/d2y) thom Diet IT (13.L1g/d2y).
The resnlt of “n-lysis is shown in t7ble 9. It shows th~t
there was no si-nific-nt differonce (I“L0.0B) between carcnsses of
rabrits fed the tuo separ te diets,
Syznide oonsumption
Values for cvoni’e consumption by the mbbits are shown in
table T. Aver~re tot 1l cy-nidle consumed was 0,39g/rabbit in
gix weeks from Dict T -n’ 0,027/r~btit in six weeks from Diet II,
This me=zns tht aver ge dnily totnal cyanide ceonsumed per rabbits
in six weeks on Dicte I ~mé II were 0,009+ and 00,0005
respectively, The aver e on diets T (0,08g)and IT (0.02)g) were
also simmifieant (F,0,05), This ;swe average Anily free oyanide
consumed to be 0,002 for Diet I amd 0,00057 for Diet II.

-
.
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Toble 93 Crrenss s~nnlysis of rabbits fed malted ~nd unmalted
sorghum=baged dicts, o . _ | |

e e e

Trentmentsb }

Varinb_le o M‘:xl‘bu’k_ Unmal‘ced SED 5
Liveweight {z) 925, 7 1083.3 149,82
Empty body weight {a) 70743 78643 121433
Empty body weight ns o
percentoge of liveweight 71.5 72 .5 . 1,38
Reasted weight (i) 603,13 6657 110,91
Roasted dressing % 6049 6140 | I 2,20
- Stomach weight () 69,0 72.0 ?10.50
Cecum weight () 72.3 79.7 9,18
Large intesting weight (r) 29,C 23.0 | | 8.0
Small intestine weisvt (@) ha.o Lh.7 . 3.07

- b = Not signific nt (E/0,05).
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5, DISCUSSION
Malting of sor«inum
F&whltﬂé resulls, it is evident that the acetate-propionate
chemical treatment is nob an aporopriate malting technicue
since the grains did nol germinate even after further dilution
of the acid, It nev.rticless proved to be an effective
anti=fungal agent ~.:ce there wsg ne mould growth at any stase,
This medium may be torte’ . other experiments other than
malting, \
The fermaldehie tre tment as recommended by Wu and Wall
(1980) was conseruen’ ly confirmed as an appropriate malting

technique as adeou te rlting was abserved,

Proximate compo:itior: 1 cyznide content of
the malted sorghur ;rain

The higher D ‘dizes ille encrgy) level in the malted

sorghum grain as < .owm i: table 8 (3,45L,70 Keal/kg) is explained
on account that some £t v = converted to energy in order to
augment energy t: © in Tturnt in the process of germination, It
is the umitilized sucnlus energy from this reaction that tends

to slightly increrse the energy level in the malted grain as
o.mp;.red to that of the wuwlted grain (3421,30 Keal/kg).

This reflects in loer fat value in the malted groin,

This is somehow contr zy to the findings of Wu and Wall

(1980) who reporied thst fot and agh dontent of sorghum grain
did not show any treal co germinatién proceeded, The roots

and shodts normally h-ve high energy concentration which is
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used t‘ agssist the hirh crergy requirement of the meristematic
regions of the gr in, ‘heir removal (as in the case of malted
grains with shoots md roots removed) naturally made the grains
have relatively lover DT level (3L06.26 Keal/ke).

Protein levels rori ~lso found to be higher (10,274) in
the whole malt thrn in the unmalted grain (9.384), This is in
agrecement with pr viou r.ocerch findings (Dalby and Taai,
19763 Wu and Wall 190 -mi Kubiczek et 2l., 198L). When roots
and shoots were remover, the protein value dropped Iratically
to 6,29 indiecating th-t protein is concentrrted in thc roots
and shoots during geroiu tion, These findings therefore, confimrm
the fact that maltins ic desirable 7nd Weneficial to the animal,

The change in c vrie fibre contents were not so pronounced,
The relatively high:r level in the ones where roots and shoots
were removed it bees =2¢ the roots 2nd shoots which comprise
the easily digentillc po “ions are no more (thereby increasing
slightly the fi're : ¢ oily digestiblc enrbohydrate ratio).

The valuer for tot 1 ~nd bound cyanide which were 963 ppm
and 795 ppm respectively nre cloge to the findings of Parasiuk
and Bills (1981 vhieh ves 613 ppm hydrocyanic acid, Also,
the incresse in totil ~ud free eynnide during malting from 22
to 963 and 22 to 128 roometively Ze in line with the findings
of Conn (1969) who reportid th-t on germinntiom, cy~nide
content of sorghum incrersed. Tince dhurrin 4s the D

pm?%%ﬁeﬂ?r““ﬂﬂi}e:in'aw s (ﬁymg@.;-;muh:aitu o St Gila)

implies that the latter coniritited moat (about 83%)
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of the tot~l cy nide in sorghum, The taxicity »f malted sorghum
therefore, largely donends on the rate of metrbolic hydrolysis
of amrrin (Okoh, 1978), Ordin-rily, if fed ~lone, 613 ppm
hydrocyanic acid is chove lethnl dosage, Besides the hydrolysis
factor, this danger w o further lessened during fi eding as the
rate of sorghum inclusion w s pegped nt 32% of the three diets

in the experimemnt, 'Moen shoots md roots werc renoved, the bound
cyanide levels in th. gr-in was about the same with the unmalted
grain, This shos th-t the eynnide is usually concentrated in

the meristematic xc.jious,

Average daily feed eonsunption, weight
adn and feed efficioncy

Although me'n daily f.« int ke in both experiment I and
IT showed therc w 8 lover fced consunmption in the whole malted
sorghum=besed dic tn, the difference between treatments were not
significant (P/0.05), Tris means malting has very little
influence on feed consurntion by rabbits at both early and

later stages of gro:th,

In the first cxwerinent, menn daily weight gaim in diects
I and IT (Table 8) vere simmificantly different, In beth
experiments thercforc, the trentments with malted serghgum produced

better rate of g-in, Thise resulis can be assmcinted with the
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higher protein -md :mino ncid levels found in malted sbrghﬁﬁ

as reported by Wu ~nd ¥Vall (1980) ~nd Dalby and Teni (1976),

The fecd efficiensy §clues nbt~ined in both experiments I
and TT largely reflecicd the patterm of results for daily weight
gadn in the two ciperinentss As oxpected, the differemce in
fecd efficieney of the meltcd sorshum based dicts compared with
other treatmenta were Vetter, significantly (P/£0:05Y in the
first experiment, Th¢ foed efficiencies of 8,85, 5.15 and T.Th 
| eutained for trentmeate T, IT ~nd IIT respcetively in the |

gecond experimcnt is definitely very poor when compared to

"'f values of L,30 nad 3,35 for trentments IT and T respectively in

the first eyperiment, These levels therefore produced diets with
much higher crude fi%re lcvela and much lower energy levels
(vwhich are desir~tlc) in the fivst experiment os compared to
diets with much lover cmude fibre =and of course higher

. energy levels in the secord experiment, The composition of

© diets dn the second experiment sheuld naturnlly depress performance

in accordance with the findings of Cheeke emd Paton (1980), A

diet with so high ~ lcvel of ersily digestible carbohydrntes has  besides,

depressing growth, ~lso crused high logses in fryers as a

result of enterotoxeni: or enteritis (Chneke ond Paton, 1980),
Crude fibre level of Th to 15 or evem 22% have been recommended
{Cheeke and Patcun, 1981a) e against nbout T in diets of

the flrst cxperiment,
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The fe.d c¢fiicicney of 3,35 obtrined in Diet T of the
first experinment i s)ightly better than 3,5 ébtained by
Harris et n1, (7093 vith Kudzu diet on rabbits. Better results
have Beén obt:ined then permut znd nlfalfa (2,6 ~nd 3.2
respcetively) werc fod by the same author, The rabbit en
attnin feed efficiency ~f 1,04 to 1,46, comparable to th~t of
poultry, undcr idcnl conritions (Checke, 1980), An ideal rabbit
diet, according to L:nz (1981-) should contnin dry forage of
between 306" vhich reruirenent our diet did not meet, This was
because in or er to b -l nee other mutrients following the
inclusion of 3% sou hum, the energy level was unavoldnbly raised,

The improved performonce of rabbtits on the malted sorghum=b-sed
diets confirmed th t the mutritive quality of sorghum improves
upon malting (Perk, 19763 Y-kovleva, 1983), In esssence, the
benefits of r ! iiny sorghun which include inerensed availability
of lysine, methionine, tryptophon "nd other smino acids (W-ng
and Fields, 1978) ~nd th-t of reduced tannin content ns reported
by Kubiczek ct oi. /'08L) werc fully utilized by the rabbits,
This is porticulrrly inport nt =since t-nnin in sorghum has been
reported (Ford -nd liovit , 1979) to lower protein digestibility
in pigs.

The ferd efficicncy of 7.1L in trentment III when compared
with 5,15 and 8,85 iz tre-iments IT ~nd I resvectively (of the
second experimcnt) shovcd thot the beneficinl effects of mlting
were only partially r-t-incd vhen roots nd shoots were removed,
This showed th-t rcmov.l of roots and shoots from malted sorghum

lowered 1ts mytritive value,
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Calcul~ted cy—:idc consumption by the rabbits in the first
experiment showed th-t thiere wns inerement in eynmnide consumption
with increased int 1o of Diet T,
Careass analynis

The results shoving thot there w2z no signifiesnt difference
(P/€.05) betwecn the e~xense annlytienl values for the two
treatments in Dxpervinent I is similar to the findings of Eshiet
et al. (1981), A2thoush Tewe (198L) reported n contrary finding
with cassave=bosed dictc on rnts, the npodes of cyanide int-ke
in cach ense ny viry, Thus it ppears feeding malted sorghum.
based diets did not heve ~ny rmerningful effect on carcass

charaneter of weonling r-1hits,



6, CONCLUSION

The sorghun m~lting technigue of Wu ~nd Wall (1980) which

was adopted in the czperiments here proved nn effective method
for germinntion of sorsimum cvin on commercial basis, Its
ability to kcep low “he v te of mould formtion even on
commercial biusis r.comurnie it for use by brewerics nnd other
industrial conccrns,

Although cyruide eontent of the mnlted sorghum were found
to be quite high (963 ppm total ey-nide), its deleterious
effect were nppiointly ~voided by ensuring thot the maximam
level of sorghunm inclusicn (32()wns below the lowest toxicity
threshold of ~boui L5’ inclusion rnte for cassava-based dicts
(Pshiet et 21,, 1981), 4nd since sorghunm hns a mch lower
cyanide velue (~bout 963 pym) thon the in eassava (about 2,400
ppm), the drngers erc imch less, Agrin, bound oyanide
constituted ~bout 83: of th. tot-1 cynide in the sorghum, ~nd
since toxicity of ecy~utcpgenic zluccsides largely depends on the
rate of metrbolic hy velyeis in the ~nir-1 (Okoh, 1978), the
rceal dangers of toricity in our experinents were further reduced,

The fret th .t rn~lting 2id not affect fee? intake in both
experiments is o welcorw: finding, Thus, e¢ven t the inclusion
rate of 3¢, malted corghvr did uot ~ffeet rote of feed intrke,
M~lting however, ioproved Loth meon daily weight ghin and feed
efficiency of r~*hits., Th. beat results »f 15.61g/day and
3.35 for merm weight 7 in ~n? fecd efficicncy respectively
compare favourably vith rosults of 15,80g/day 2nd 3.30

) »
respectively elsewhere (I-rris et al., 1983).
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The exnerimznts hrwe confirmed rabbits utilized the
mutritiomal bencfits of m~lted sorghum, In particular, the
bencfits of incre rel mrctein ~nd nmino ~ecid utilization as
well as decre~zuvd t-nnin eontent were 21l combined,

The roots ~nd chcots verc found to be the ‘ecustodians' of
the benefits of mrliins sorshun, Henece their removal lowered
its nutritional quelity close to thot of the unmnlted grnin, na
overall performrnce :f the r-bbits sugrested, Although cyanide
is concentrnted in the reots and shoots (Ike@iobi‘gjngla, 1987),
they are better 1.ft int et 3ince their rermovnl drastic-lly
reduced crude protcin lovel from 10,274 to 3,250 and decreased

daily weight gnin,



79

CLOTION II

THE IMPLIC.TIONS 0! F'"DIIGC CY\NCGENIC MALTED SORGHUM
TO R/BBITS.



An

1. ABSTR.CT

In experinent ws ccofveted to astudy metabolice fate in
the mbbit, of dhursin, present in malted sorphum (Sorghum
bieclor L,). The molting of ecrrhun weg done using Wu and Wall
(1980) technique, The cxp¢ riment whs done with nbbits
averaging 9 to 10 we .= 01d, There were three treatments with
four replicatirme pex tre-tment, The “7icts were isonitrogencous
and isoecaloric. Sorghum inclusion rnte wos 32 across the diets,
Fecding lasted for five wiceks, Urine wos collected in the 3rd
and 5th weeks ~m? fcers in the 5th week, These were nnalysed
for cyanide ~nd thiocy n-te (ﬁCN-) contenta, ®n the last dny
of feeding, thrge T ite per treatment were slaughtered ~nd
plasma, stomach, smrll n® 1large intectines and caeca were tnken
and stored for ~n~lymis of cynnide an? thiocyanate,

Proxim~te anclynigs showed that malting improved the
matritive status of - crrhum, prrticularly protein, The levels
of total and free ey ide inercrged from 22 to 963 ppm ~nd 22 to
168 ppm respectively, Tut bec-use bound cyznide which
constituted about 82  of tot-1 cysnile hnd to be first
hydrolyzed to exert its tevieity, the dangers of the high
cyanide levels werc ~lrc-dy lessened, Analysis of physiological
indices confirmed prievicus findings thot urine is the major
route of eyanile coxron climination in the form of thiocyanate,
Chronic cyanide irt k¢ had curnmlative effect on body
thioceymate conccutr tion, The inclugion r~te of 32% malted

sorghum in the diets w-s h-roless to the rabbits,
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2, INTRODUCTION -

Sorghun (cordwn “dcolor L, Moench) rafks fourth ameng the

worldls lezdin- cerenlsy In Nigeris, it ronks first -nd
occupies about six nmilli-v ot res of lond, Sorghum cont~ins
more protein -n' ¢ zboyir-tes, less erule fibre nnd f2t thon
corn (Bulan ~n? Preulfuck, 1973; Okoh ct nl,, 1982), It is
2lso higher th-n corn in ~prrrent met-=boliz-ble cnergy ~nd ~1l
amino acidd consids «Q unmentinl for chicken's (Hulom and Proudfaot,
1983), Peedins tests on nost livestock species has found it to
be comparnble to corn (Ross ~nd Webster, 1960), Eon:rhum contrin:
tammin which binds lysinc <nd hence mrkes lysine n deficient
amino acid in sorphum-b-sed dicts (Schang et al,, 1986). Tannin
is nlso found %o r.luce the met-bolizable encrgy of the diets
amd incrense blood eholesterol levels (Vohrs et 21,, 1986).
'

Malting (Wu =nd Y213, 1980) and recomstitution (Mitaru et 11,y
1985) are knowm to rocuce tannin content of scrghum., In addition,
malting nlso iner. <cs lyvine eomtents ~f the prain (Kubiczek
et 21, 198L).

hs malting vroee A3 with re’uction in tonmin and an
increase in ~mio eil:, there is, however, ~ corresponding
inerense of » cycnozenie gluerside, dmarrin in the sorghum
groin, This oy~ ogenic plucoside, nccording to Dogwett (1970)
is n toxic subst-mec vilch yields hylrocy-nic acid1 on hydrolysis
in the body f the ~=irel (Okeh, 1978; Okoh et nl., 1987).
Apparently the¢ consumption of sorghum sprouts or products

mnce from them m~r bo h-z-rdous Becmuse of its high cyamide
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content, Hy'roecy-nic :eid (nloe e-1led prussic ~ci?) in a
highly toxic sub~t nee, “0Crpm being = lethal 2ome [or adulic,
resulting in denth vithin r few mimtis, In small desca, Yl
cyanide is detoxific’® ve tuicev~mate by the =mzyme, I'i'l'*‘.'mf_-r‘f;
which makes usc of sulobur =minc neids ~a the sulphur denors,
thereby mnking methiownine the secon? limiting ~mino ~cid in
sorghum=bnascd i ts,

The purposc of t.i% otudy is to -
1. Undert-ke the proiute »n-lysis of the sorghun gr-ins us.d
in the various di.is in order . determine the effeet of molting
on the chemical composi’dion of sor~humg
2, to determine th: ~mounte of thioccy"natec »n? cyanide (frec
and bound ) in the g strointestinal tr-ct (wall md contents)
plasma, faeces 'm urine in orer to est~blish the met~belic
route of dhurrin -n’ itc met holites, wnd the extent of its

toxiecity to r-b ita,



3. MATERIALS AND METHOD

Animal Experiment

In this experiment, twelve rabbits were used and

feeding lasted for five weeke, Three-~tier hutches were used
in a reefed house with three treatments fer feur replications
(censisting ef ene rabbit per replicate)

The rabbits were about 9 weeks of age with an average

weight ef abeut 1,06kg.

The three diets used (Table 9) were isenitrogenous
(abeut 18% crude protein) and isecaleric (abeut 2,900

Kcal/kg), Other nutrients viz, ether extract, calcium,
phespherns, lysine, methienine : cystine were also of abeut
the same levels in the threee diets,

The slight variations in the levels of melasses,
seyabean meal and wheat offals was as a result ef slight
adjustments in the process of balancing the diets,

Serghum inclusien rate was 32¢ in all diets, The difference
between the diets in this respect was that diet I contained
unmalted serghum, diet II contained whele malted sorghum,

wvhile diet III contained malted sorghum but with roots

and shoots removed, The differences among the diets was
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to form the basis of comparing the rabhbits fed the

three diets as shewn en page ﬁq.

The weights of rabbits and feed consumed were
determined as reported in the first animal experiment.

Urine samples were taken in the third and fifth weeks
of the experiment, To collect urine, twe wethods were used,
In ene method, very soft cellophane bags were normzlly
tied round the abdominal regicn of the individual rabbits,
As soon as they passed urine, this was enptied in fear
ef the mbkit damaging the cellophane which will antomatically
empty its contents, The second methed involved the use of plastic
pens, about LSem by 30cm by 8cm in length, width and depth
respectively., The plastic pens were usually placed under
each rabbits chamber, And since the hutches were of
slatted wire types, if the rabbit urinated from above it,
the urine was adeguately collected, albeit sometimes with
faecal contamination, This methed proved the better methed
of urine collection,

There was no problem in faecal collection since faeces

were dropped on the upper cage chambers (and therefore, easily

collected) or on the floor, In collecting faeces, those that
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apperred likely to have been contamin ted with urine or cccotrophs
were =voided, Genernlly, frzces collection was in the fifth week,
A1l samples taken were lobelled nc stered in refrigerators at
temperntures belew ﬁoc.

At the end of the fifth week, t'rvc r brits from each
tre-tment (nine robbits in 111) were » adomly removed and
gslausntered at the Ment Labor-tory,

From the data collected, 2~ily -nd cummlative weight gnin
and fccd consumption rate were delernined md feed efficiency
(kz fe: d/kg grin) computed from it,

Proximate analysis of grain sorgiiin

Proximate ~nnlysis of gr-in sor hum wns done in order to

determine the effect of mnlting on the chemiczl composition of
the grrin, The cyanide levels in che three grain sorghunm types
were nlso determined as per proccdurcs deceribed from section 3.5,
Extrnction of cyanogenic glucoside from sorghum

Bxactly 0.1g of e€ach groun? s mplc of the root, shoot -nd
whole seedling, and also 1g of the sced were weighed and
extrncted with 4 ml portions of ),1m sodium phosphate buffer,
pH 6,86, The extroct was then store’ in the freezer untill
analyzed. This prucedure ensurel co plite extraction of the
cyanogenic glucoside present in tin o mples,

Extr:-ction of bound eyanide, {rcc er udde

——

and thiocyanate from animal tlasvio

Bach tissue to be wnnlyzed v o out into smnll pieces

with = pair of scissors and houmomernized, A known weight of the
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homogenate wns then cxtr cted thrice with 5 ml portion of 0,1M
phosphnte fixr pf 0.8, After crch cxtrietion, the homogen~te
wng centrifured, mn’ the surernatant ecllected in amnll
containers, The ti uc comtents (c.iz. stomach, smnll intestine
and large intestine contenin) mnd freces were alse treate? in
the same mamner ~a the ticouce execept thot cutting: with a pair
of soiesors wis ozitled, J11 snple cxtricts were kept frozen
untill requircd foxr ~n-lycis,

Constructirn of , st n' ri curve for cy-nide nssay

.......

using the Konig rerctice (Iunquist ¢t 1,, 1985).

L stock solution wre prepore? by dissolving 3,265 of KCN in
distilled woter an' dituiins to 100 ml, L working standard wns
prepared freshly ~8 oo oded by diluting stock solution 500 fold
with distille? wtere Tist=tubes controining 0,2 to 1.3 ug of
oyanide were act up in luplicote, The volume »f the working
stendrx? in c¢och 4 =t tulv wos nwode up to 4 ml with 0,1 molt:/L
N-OH,

To exch test tute wa ~dled ".L ml of 2 mle/L ~cetic neid
and the mixzturce wvoter mixe” tridfly, Sodium hypochlorite
(0,1m1 ~f 5 m mole, ™) win ~20d “n’ wotexenixed aygmin, Within
1 minute, 0,5m1 of b-w»hituric ~eil = pyridine rengent was ndded
an® mixed. AbLsorl moe of the resultine solution wes *resd at
S80mm in n 1en cuvet between 5 -nd 15 mimutes later, 4 Blank
determin~tion wng wsurlly performefl, The stonlard cyanide
cruve prefuced fro-. the spiectromic renlings is presente? in

Pigure 8,
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F:I.gurr 9: Stamdard curve fer the estimatiem of cyanide Uy the
Kenig reactien.
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Constructicn of - siond-v’ curve for thiseyannte nssoy
using the methel of Tandeuist ¢t -1, 1979

A R R R A e ———

& atand-rd pot. sdwr Ahdseyrects solution wis prepnre? by

disgolvin: 9,72¢ iv 1 1ise I distitled water,; L working

h ]

gtondard was proy-we. o -ily e reede’ By ditatins ctock sojutdeon

S00=fold with Q85043302 w tev, Troe thic stor ned golution, 2
geriea of test tules exnt dndwy from Q.1 o C.7 ml of the
potasgium thiccyu~te golution wes set up., The volunme of cach
w2 male un to 0,7 ol with distilled yrter., To erch of the
stondard wns o2 3.0 ml of sodiyn perchlorate solutfon giving
a total voluce of li 0 nl, ltectiz »eid (7,2 =1 of 0,54 srlution)
wons added to aneh tust bl ml votex mized, The scdium
hypochlorite (9.1 1l of S0r 04le/L sclution) wag added anl
votex-mixed asin, Liihin one minute, 0,571 of dbdarbituric ~oid-
pyridine reazent o 0l ol votexsnmixed, Absorbance of the
resulting solution w2 v ¢t 5 0 v dn n fon suvet between 5
end 15 mimterz 1oter, - bleuk dotormdnotion weon ~lmo performed
using 4 nl of pewchicie ~ci’', The at-nlwr’ thiceynote curve
pfnduceﬁ fron the ap-etievico i~ fwa is  prigentel in

Fiure 10,

Assay cf thioeyzn ic i~ tiseuwe extricts, urine ~nl ploamn

Resin Prepoxation
Amderlit A 21 poch ves srour? in 2 Techitor nedel 1090
rpill uweing the Tincot r'jvetuont, It w=e washe! with wtey

end suspended in ko luochlorie =eist (1 mole/L). The wresin
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vas filtcred m -~ suetlun filter ~nl woshed with wnter untill

the pH of th weshin: -2 1,5 ur jretir, It wng then suspendod
in water an? left to st -7 £ v nt lerst 15 rnimates, The woter
decnnte? of 7 -n’ The mogiv roecusyendod in om rqunl volume of

godium hylroxite 71 0ly1), Lfter 15 mimutes the resin was
wnshed with wotor w0211l tle washin g at*~ine” 2 neutral pH,
It was then rer fo Uit e

Colurm n'tokin__': el ~agnring

The chromnte ao-uiic eolums were corefully packed with the
prepared resin n' combe? from below to retnin water above the
column,

For extr cto from CIV conportrents, 5nl of extract wos
mixed with 0,5m1 of 1. IO ~nl =gl to enlum, This wns wnshed
once: with Sml ~f 0,11 Tled (&~ rerove CNT), Thiocyanate (SCN)
wes exluted from eclurm with Onl sodfum perehlorate (NaclO) )
solution into ~ t st tule,

For urine, 0,3nl ¢f s~mple was ndled to 5,0ml of 0,1M
NahH and apylicd to elarm, In the g¢ose of plasma, 8.5ml wos
added to 5.,0ml of 0,1 NrCH ~nd applic? t0 columm, In ench
ease, the eolum g weohed onece with Sml Aistilled water and
then twice with Sml of 0,17 l'el, Thiocymnte wns then eluted
from colum witl 311 2¢liur perchler-te inte test tube,

To Lml of %1: elw te wos ~ o' 0,2nl »f ~cetic notd
(0,5M) “n” wotexe=nizel, 0,171 of 50r mole/L sodium chlorite

(N2e10) sclution w o+ 7 ~n? votex—nixed agrin. Within one



nimute, N5 ml ~f brruituric ~eil=pyridine rc~ient was n~dded
and votex=rixel, “bsorb nec wrs det: mine! in a spectromic 20
at 580nn within 9 %o 15 miratus ~wminst lictilled woter,
Aggay of free ~n’ Toune. er-nile in scrchum

or tissue cxtr-ets, ~itine o jdasmn
The nethels £fi20 €. Tetervinotim of free, bound and totn}

eyanide wis nitro on ner tln (Tixer ~n’ Rickards, 19%2 and
Lundquist et -1, 1985 iz 7 seribed, Pree cyanide was determined
directly Wy the ner Sicn yvoce 'ure (deseribed lﬂter). To measure
total eynnide, th. 1-vn" ey-ride wag first hy'rolyzed by me-ns
of NaOH nnd the rosulting tot~l free cyanide was assayed, Bound
eyanide wes Aetertiine. by simple lifference between tot~1 nnd
free cyanide,

For practiesl mu - s¢, the method deseribed by Conke (1978)
and 0lusboji (1997) wre coploye? ns follows:

Leration procelure £ froc ey~nicde
1ol ~f gonle o cxtr et was token, 10 nl of distilled

water added(te fase. - velume ), To this wes ndded 5 drops of

3

antifoamin- ~ment, ol 2 rens of methyl orange, This wns
acified by thc Aal'itise F Ml 1 05M Hzmh (if enlour turncd
purple; thcn 2cil we corsilers! ~?cquite), This wns corked
imredintely ~n? cer ted for LY mdimutes (using nitrogen compressed
in a pressurc cylicl. n’ romlote? vin o nossle), The aerate
(cyanide) now sep~r %22 from the zample was trapped in L mls of
0.,1M Na0H in the a2 'ler ~er~tion tubes, After the aeration,

the stoprers from Th 1L 0ON traps were remnvel with erre to
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avoid the suckin: h ez of -ny MN0H frem the inlet tube into the
trap.

To nseay, . =1 cf aligu~t (or 2ml an? mrde up to Lml with
0,™ N“.OH) wvas t-len, O,4ml of 2M ~cetic 1cid was added and
votex-mixe?, Thea 0,711 «f 50 mole/L NaOcl was added and
votex mixed, Vithin onc minute, 0,5ml1 of barbituric acidepyridine
rengent was alticl -nl vobexenixed, With § to 15 minmutes,
absorbance om apcetronic 20 wos rerd at 580mr, The cyanide
concentrtion of the o mple wns re+! frem the cynnide standard

curve (Fiqure 1),

Total cysnidc determin-tion

There was initi-1 - 'volysis, Exnctly 1Tnl of sample extr-et
was pipetted into the 1 voer ger tiom tubes. This was
followed by the ~dditica of 1] ~f 0,14 NaOH solution and the
solution was incub-tcl for 30 ninutes nt room temperature to )
hydrolyze the cymnccioic glucesile, 4t the end of incubation,
5 dr~ps of antifornin: ~pent wos aldded, followed by 2 drops of
methyl oran-c irdic~tor (i- confirm =cidity)., Then Iml of 0,5M
Hys0), wes ndded {("n? sclution twned purple), It corked
immedi~tely ~nd ner te” for LS minutes, tr-pping the cynnide
in 4ml of 0,17 1I~0F i: the lower (smnller) tubes, This was

nssayed ag in frce ¢ 1ile rrocefure alrendy described,
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Proximnte composition "nl eynnide content of malted

and vnmalted sorchum swrin

The proxim-te coxponition of Lioth m1lted ant wwnlted sorghum
grain is shown in T *1z 12, Crude nrotedn of grmin incrensed from
9,38 to 10,275 ou dry mrttcr bosis by the fourth day of [
germinntion, Tais crr . with the work ~f Wu ~nd Wall (1980)
who reported th-t the tixedry sprouted grain had higher protein
compared with the storting material. Kublozek et al, (1984) also
veported 3,7 proteuirv incrumeut durive foursdays! malting of
SK 5912 sorchum voricty. When the rnote and shoots were renmoved,
the protein content ~f the mnlted rroin droppedlfrom 10,27 to
.28 (on dry matier brnis). - l.

Total and free oyrnide inecrenged during the_foqr-day maltiog
frem 22 to 963 ppm ~nd 22 to 168 ppm respectively., This fncre-se
in eyanide as o resvlt of malting is inv anreement with the findings
of Conn (1969). iovever, romovel of rests and shoots resulted in E;ﬂ

Fl

the loss of all tue eyrnide formed durdng malting (Table 10).

Average daily feud concumpticn, weis
feed efficiency

Results woere collocted ot the end of the experiment showing
average daily fe.d consumeld (¢} averiged Anily weight gnin (&)
and efficiency of fued convirsim, The menn values for 2l}
treatments arc prooentcl in -0l 1,
I e
Avernge f~ily fied consumptlion wan hirhest in treatment I:wnﬁ 1owcsf

in trentment IT, M v rirnee ratio showed thot the differvnceﬁ_f#bﬁﬁg-'

between the focd conmumpticn agong the animals (replication)

is statistically si v ifie=nd (P/0.05), The ferd consumption r-ie

between treatments omd weeke was, however gtatistically insignific-nt
{ 'p/0.0%). '
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mitim ~nd eyrnic sontent-of whola

mrlio e wamrliel omi mdted sey-hun without shovt ol roois

L I -

- - +
!." Lt i

goyYphum

Tnonlted

Mnltcd sunlyied
garshum without

(with roots oG raots -al rloets,
Cor‘rpf!'nﬂnt ......... o '3;II;‘I‘t-‘I) P
*DE (Keal/ke) 38k T 3L21,30 3406 ,26
Crude protein () 16,27 9.39 6,2
Dry matter (0°) 97,33 92,07 ¥D
Agh (%) 1.29 1.5 FD
Ether extroct () 1,90 2,92 1340
Crude fidvwe (54) 7.L9 741 7490
Totl cy=nidc (ppm) 963 Ly D
Round oyanile (pun’ 795 22 23
¥ree cymmnile (pom) 168 22 m

- PR L

'# = Conversiom o8 por Oyermym (1967) an? Philips (1977)

ND = Not detertiiiddeumples kempered Wili pacr ke nnalqsis)
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Trble 12 3 Effect of m~1ted sor:hum on avernge daily feed
int-ke (;}, ~yerose daily grin () 2n? feed conversiom

ef Ticiency .

ek - —

Treatment . 'r .
Ao e A L Mean food
dverage dndly ;:gzggﬁggzilf ) conversion
feed intoke (&) & efficiency

Unmalted 66,07 1341 8.85

Malted (with roots

and Bhogta) 6341‘6 15.3; 5015

Malted (shoots ~nd

roots removed) 61,99 13.19 Tk
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.

Average dnily wei-ivt gmin wns highest in treatment II
and Lowest in tre-iment I1TI, The analysis of variance showed
thrt the difference betueen the weight pin among the animals
(replication) was hish 'mut not statistically simificant (B/0,05),
The Aifference betweoen woiks 2nd between tre-tments were farless
sismificant,

Efficiency of foud conversion was lowest (therefore best)

in treatment IT follow.d by trenim nts IIT and I respectively,

The difference between tre-tments, weeks and replication were not

statistically signific nt,

. Cyanide and thioceyanate values

The heparin (anti coagul-nt) w..d in stering the dlood
plasma prior to assay was not eff ctive, As such the
assay of both cyanide and thiocy=n-te of the bloed plasma
was not possidble since there w+s some de.ree of coagulation

previously,



The ecncentr-tion of ho?‘f cyenide ond thiocﬁna;te in the _
gretrointestinal fr-ct (GIT) of the rabbits were Sound to be in
 traces {genernlly lover thon 1 ppm). But even in that aituntion,
the values for robbits on Qivt IT (f.e, treatment II which had
| whole nalted sorgf‘nm} clirys had higher cyanide and thibcya_nate
v2lues, The dlagtridution patiern of oyonide -md‘thiooya.naté in
the wall and contents ¢f the GIT was not distinet, as a result :
- of wvhieh no Ioanclu.aicn could be arrived at as to which of the
.two had higher concentu~iicn of either cyanide or thiocyana't!:e
thza the other, | | [ o
The thinoyantte v lves obtnined in the fneces of the Tabbits are
presented in Table 13, It shows that thiocy-iate was also found
in traces in the freooos, Treatment differenc : were uot
statistically signilic-nt, Cyanide wns, however, hardly detectable
in the same facoes ermples, L X '3
Wrelne thiocym-ufc.- v.'..“lues werc more ap;:fecia'blé II (ﬁ‘m‘ble 13). The meen
thineyanate value for tro-tment IT in first urine oollestion ‘ s
(14.798 ug/ml) wos elerrly hirhcy than that for treatments I and
ITI which were 1,230 'nd 7,476 w+/rl reapectively, The difference
was gtatisticnlly sipnificnt. The sueond urine colleetion
generally had higher {alirhtly more than double on the avernge) thiocyos
L nate VAlues thrn the first urine collection., The differcnce
between treatments wos strtistically sigmificsnt (2/0.05);
treatment I haviag: me-n velue of 34,768 ug/ml as against

3997 and 3.55h ug/ul respectively for treatments I and III,
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Table 13 3 Mc-n #:cerl ul Urinory thioceyana 2

levels of the r~bhrits

- -—

Treatment Frecal soN~" SCN (u{’/ml)a SON (u{_/ml)a.
( u;'/{_’:) i first nrine in second
........... urire
Ummalked soridnm 0,722 1.280 3,097

Whole malted aor;hm
(with roots n shoots) 1.320 1he."23 31,768

Malted sorghum, ®ots '
and shoots rencvel 0.803 RN 2,554

e

a = Statisticlly significant (P/0.07).
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Calculated cyanide lut-ke by the zabbits

Based on the l¢vels of cynnide found in the prain sorghum

(malted and unmaltceld) which were fed 0 the rrbbits, expected
rates of consumption 'nd therefore levels to ™e¢ found in their
bodies were caloul-ted, The »roceiure anl r¢ -altg are in.

Table 14 and Appendix X,
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Table 14: Cyanide intake by the r~blits

Treatment % body totnl % body free
CN consumed CN oggnsumed
X10—6 X1
I 0,62 0.31
1:’_:' 33.90 5,90




5. BISCUS3IION

Malting of sorghum

The Wu an? Well {1§TD} technique of mrltinge was found %o ﬁe
a good method, Tio fun;al control ability was equally good
since very few mouldy gr-ins werc found even under large so~le
malting,

Proximate composition rmd cy~unide content

of the malted sorghum grain ‘ S SR

Malting proved to clirhtly 1n¢fease DE (diﬁesti£15. eﬁéfgig
in sorghum gr-ins (T-%ic 12). The removal of :oots and ehoots
from whole maltied sorshmm ¢id not only decrense DE but also
lowered crude protein level from 10,27 to 6,254, Whole matled
sorghum had higher vrotcin level (10.27%) than wnmalted sorghum
{9.384), Ft content, ~lthough not changing sismificantly,
decreased alishtly le-ding to the conclusion that portioﬁs of it
could have been uged to sument the energy resuirements of the
germinating groin, Thore wns nlso no mach ehonge in crude fibre
levels, The slirhtly higher level in malted grains having roots'
and shoots removeld r¢flects nn expected Increase in fibre relative ta
digestible cnrbohyir tes thrt were depleted as a result of removal
of the roots nnd shoots, On the avernge therefore, malting secmed
to have laproved the mutritive status of the sorgshum grains
useds _ . | l .

Theléﬁoﬁ;ts éf fot#l and  bound oyanide found in the
malted grain which were 963 ppm and 795 ppm reapectively nre
" close to the findings of Paragiuk and Bill. 7 98))Y vhich

vas 6J3 ppm HCON. The inerc~ae in total and = cyanide during
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malting from 22 to 963 ppm and 22-to 18 ppm.res§é$¥1vei§ is in .I;
line with the finlings of Coun (1969) who reported that on germinntion,
eyanide content of por:hun increcsed. The resalts further show
 that bound ey-nide {diu-rin) in this case conctitutes most
(awout 83%) of the tolr1l cyrnide in sorghum. The toxielty of
malted sorpghum thorefore, largely depends on the rate of metnbolic
hydrelysise of churrin {Okoh, 1978). Orinarily, if feéd afdné;:
€13 ppm HCN is nhove lethrl dosrge. Besides the hydrolysis -
factor, danger wrs further lessened during fee'ing as the'ratg Qf_}_'”
sorghum inclusion wrs pegred at 32% of the three diets, The e
Implications of these rre further acnsidered i rel~tion te the levels of
cyanide and thiooyan-te found s physioclopical indices, Wheﬁ
roots and shoots were removed, the bound oyand ‘e levels in the
grain was found to e n~bout the same with the unmatled grain,
This shows that the oyr+ife is usumlly concentrated in the |

w t

- meristematle regions,

Cyanide consumption

+. From the‘cﬁmput'tions.iﬁ faﬁle th, it.is jeen th-t both
total ‘and frec oy..aide velues are very low, he highest |
amount of totnl oy-nide consumed by a rabbit ( ppendix X} in
treatment IT (0,000095' boly weipht) is comparatively too
low to Be effective 1f this 1g ploced ngrinst texie v-luou of 0.2%
(208%ppm) in young soxphum lemves reported by tomn (1969).
Cummalative consumpiion over five weeks gave fotal cyanide -

for the above animnl 135 x 0,000095) a8 0,003’ Cyanide
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level of 0,003%% boly weirht for the animal (which is equivelent
of 33 ppm) is quitc hormless. The toxicity in this I
experiment was furtli.r lessened because of thr metabolic‘
hydreolysie factor nmeationc’ earller {beund g3-.nide congtitutes

8% total eyanide). Becerdly, it hra *een prevol (0koh, 1978)
that under chronic freding of ¢ anide (capecinlly at felatively.
harmless level ng in our own crsc), no cy~nid . -ay be demonstrated
in tissues by known chewmicrl wethods. This, ¢ ::0rding to Okoh

(1978) is becnuse cyanide is rapidly metaboliz-d in animals

largely to thiocyancte (SCN"}_ ) .
At an intake rite of 0,% to 0.8 of body weighf,';agigéﬁ:aeaf

~ containing 7.6m of HCH per 100g of material cid mnot bring about

any adverse effect {M:njhen, 1980), The work <% Omole nd Fahiebl

(1976) on fecding cnssovn diets to rabbits showed that the rnte

cf gain decreased with inerc-sing levels of cassava in the rdtion,

although this deererge wne not significant unt’1 the rat;on

contained L5% cassave. rool me=l, Hence, the level of iﬁc%uéion

of sorghum in our dict could herdly hove A significant effect on

the animals,

Cyanide and thicéxqggﬁg_lévels in physieolosical

Andices of the rabbits

Since the assay of tleed plmsma for Poth cyanide and
thiocyanate was not possible, this will need tH be Aone

in order to prusent o more complete picture of the physiclogieal

inddeess - 0 - L. L L L .“. ._;' '".l;.uﬂlf;if?
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That the conccatr~tion of Both cynnide and thiocyanate
were found only in tr-ces in the GIT may largely be attributed to
ineffective extr-ction procedure prior to assay, This is why
there was no cle~r tren’ especinlly with respect to the higher thioeyo-
nale concentration ir the stomnch as a result of GIT eiroculation
as reported by Okoh -nC Titt (1982), The results (Table L)
nevertheless showe’ th't melting has effect on the eyanide and
thuooyanate levels of urine, and to some extent faeces, of anim-ls
consuming them, This is why frertment II maintained higher
levels of the two in both urine, foeces and GIT,

The little amounts cf thiocynwate found.in facees likely to be as
a reshlt of urine contrminntion of faeees during feeding, The
relative absence of dhurrin in the freces implies that any
unhydrolyzed dhurrin w-s completely absorbed im the GIT, Also,
the absence of thiocoy~n~te in freces even where there were trnocs
in the GIT coupled with the larger amounts of $hiceganate in the urine
shows there was syoten-lic reabsorption of thioceyanate by the kidneys.
This is said to be - contimious metabolie process (Comn, 1969).
Furthermore, urine h~s been confirmed (Okop ~wd, Pitt, 1982,
Okoh, 1983) as the m~jor route of elimination of thioceyanate
in the body, Our results reflected this,

The cummulative cffcet of feeding malted sorghum reflected
in the systemntic Incre-se in thioceoyanate levels, im the urine
collected, For while first, urine colleotion (Table 13) had
144796 ug/ml of 30N on the average in treatment IT, it went to

as high as 34,768 ug/ml in the same treatment dweing seoond
urine collection which c:me two weeks after the first, As usual,

treatment II alw~ys h~d the highest vnlues, This means the higher ~nd
longer the intke of cyrnogens, the more the amoumt of thioceyan-te

accumilated in the boly,



6.  CONCLUSION |
The proceas of m-ltinge bestowed mitritionnl dbemefits to
the sorghum grrinz which were effectively utillzed by the mbbits,
This reflected in better growth rate in rabbits fed maltcd sorshum-
ased diets, . Lo C
But while m~ltiar improved the nutritive status of the sorghum,
1t also incrensed tremcndously the levels of dhurrin in the
graivs, total anl free eyrnide increasing from 22 to 963 ppm
and 22 to 168 ppm respectively, Much as these values wer )
comparable to reportei luthrl values of &13ppm (PnrasiuLléhd T}
Bills, 198L) if fed ~lone, the rate of inclusion in our diets
(32%) was aimed at lessening the possible toxieity, In addition,
the fact that 8% of the totrl cyanide values were bound cyandie
and since cyanide toxicity largely depends on the rate of
metabolic hydrolysis of Churrin, the effective Intake of cyanide
was rendered'virtunlly hh£ﬁ1935 to the rabbits,
Calewlated lew.ls of cysmunide consumed by the rabbits showed
that the highest -nount consumed was 0,009%% of body weight
which is for lower thnn”féiio values of Q.%% reported by _
Cotn (1969) in youns sorrhum lenves, Since even at intake
rate of 0,5 to 0,85 boly weight, tapioca leaf containing
T.& ug of HCN per 100g of material did not bring about any
adverse effect (Ranjh-un, 1980), it is recommended that inorgunie eyanide
be incorporated at groded levels 1n addition to the eyanogenic

glucnri’e frr any menningful cyanide toxicity experiment,

i



The absence ¢f thiocyonate in the freces cven when there
were traces I1n the GI7 shovs thnt there was gystermntic reabaorptim of
thieccyanate by the kiliney, which 1is said to be a continuous
metabnlic process (Cmm__, 1969), This lenls to the high |
copcentration of thiocey~n~te in the urine ng refleotel in our
results, This agrces vith the findings of Okoh (1983) which
reported urive ns fhe wnjor roube of thiocyanate removal from
the body, S S o O I.v

The 1ncre~sc in the rote of thingyanate rencval thew S urine with
time proves th~t the hirher mmd longer the intrke of eynnomens,

the more the amount of thioccyalnte formed from cyanide. | -
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QENIRI SUIZTRY ‘ND CONCLUSION

The sorrhum moltine techuique of Wu and Wall (1980) which

was adopted in the experimcnts proved an effective meth~?1 for

germination of sorshum ¢ven on cormercinl basis, Its ébility

to keep low the rte f mculd formation even on large soale basis

recormends it for use T breweries and other industrial concerns.
Although eyanile contcnt of the malted sorghum were found

to be quite high (963 ppm total cyaniﬂe), its deleterious effectn

were apparantly avoi’el by ensuring that the maxirum level of,;i'ﬁgf._

sorghum inclusion /3% wrs below the lowest toxlcity thresholﬂt

of about L45¥% inclusion Ttc, Since sorghum hnd a much lower

eyanide value (npeut 963 ppm} in this case than the experimenté&

cassava (about 2,L00 ppm), the dnngers were ruch less. Again,

bound cyanide eonciituted ~bcut 834 of the totnl ¢yanide in the

sorghum, and sinse torieity of cyanogenic glucosides largely

depends on the roto of metobolie hydrolysis in the enimel (Okoh,

Lot

1978), the ®al _&tnggrg of toxicity in our experiments were
further reduced, ;'.. f : . . L'ﬁ
The f~et thet mrlting did not affeet feed intake in 5ofh
experiments is n desir-tle finding, Thus, even at the luclusiom
rote of 32%, mrlted sorihum ALl not affeet rte of feed intrke,
Malting, however, imvroved beth menn daily welght galn and feed
efficiency of rabbits, The best resmlts of 15.61g/day and 3.35
for mean weight grin rn? feed efficiéﬁc& réspectively compare

favourably with vesults of 15.80g/day and 3.30 respectively
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elsewhere (Harris et ~1,, 1953),

The experinments have confiymed th-t »nbbits ut}lized the
mitritional benefits of m2lted sor-hum, In particular the benefits
of increased protein and nmine noid utilizntion as well as deorcnred
tannin content were ~11 combincd, It is therefore recommended
that gorghum be mnlted before veing fed to domestie animals,

This practice will be very suit~'lc for backyard farmers tut also
posaible on large scale production wherg m=lting is convenient,

Since fermentation, ecspecinlly ensiling, ie an effective oyanidc
detoxification techniocue (Dogzett, 1970), the poasibility of producing
germinated and subsequently—ensiled soxrghum may be further |
investigated, The nuiritionnl ~nd cconomic benefits of such a
practice must be considered side by side,

The roots and shoote were found to e the 'cuatedinng' of the
benefits of malting sorghum., fHeace their removal lowered its
nutritional quality to about that of the unmnlted grain, as
overall performance of the rabnits sugrested, Although cyanide is
concentrnted in the roots and shoots (Ikediobi et al, 1987),
conzideriug the rather hormless levels of sorghum inclusion in our
experiments, they are better lcft int .ot (cince removal of roots ~nd
shoots drastically reduce! ihe: cru’e protein level from 10,270 to 6.29°),

Calculated levels of cyanide coasumcd by the rabbits showed
that the highest amount consumed wna 0,009%) of body weight
(4ppendix X) which is far lower thon toxic values of 0.2% reported
by Conn (1969) in young sorgium le~ves. Since even at intake rate of
0.5 to 0.8 body weight, tapicca leaf containing 7.6mg of HCN per

100g of material did not bring about any adverse effect (Ranjhan,

1980),
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The absence of thiocyanate in the faneces even when there were
troces in the GIT showed that therc vwos systematic reabsorption
of thiooyanate by the kidney, which is 8-id to be a contimuous
metabolic process (Conn, 1969)., This le~ds to tye high concentration
of thiocyanate in the urine as relfected in the results. This agrces
with the findings of (Okoh and Pitt 1982, Okoh, 1983) which
reported urine as the major route of thiocy~nate removal from the
body,

The increase in the rate of thiocyrnate removal through
urine with time proves that the higher and longer the intake of

cyanogesn the more the detoxific~tion rrte of cyanide to produce

thiocyanate,
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APPENDIX I: THIOCY..M .TE ST iDiHD CURVE FuEP. TION

Potagsiun thioccyanate (X5CH) stamlard S:lution is used tc
prepare a thiocyanate curve frono a graph plot f photospectrometric

absorbance (optical density) against concontroiion of the thiceyanate,

1M KSCN = 97.2g/L
' 0,1M = 9,723/L (standard stock solution)
Dilute 1000 x = 0,1tM/L

If it is 500 x dilution, = 0,2uM

dams %% = 0,019LLz/L

= 0.000019L4g/m1

= 19.Ll ng/=l

= 19.LLngkSCN/nl
Mol. wt. of SCN = S50z

Tc_obtain 200m; SCH:

M SCN = 58g/L
imM SCN = 58Mz/L
o*e 200mM/L SCN = 11600Mz/L = 11.6Mz/ul,
If 658z = 11.6

a.. 97.2 = 11!6
58

1ml of working standard contains 11,.6Mz SCN,

x 97.2 = 19.4lilz/ml

Dilute 10 times to obtuin the desircd and measurable absorbanec in the

spect .ophotcmeter
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APPEMDIX II: CY.NIDE SP.NDARD CURVE i £PiRATION:

Potassium cyanide (KCN) standard working solution is used to
prepara a cysnide curve frum a graph plot of optieal density

(0.D.) against concentration of the eyanide.

Standard Stock Soluticn = 0Q,5M KCH
Working Standard Sclution = 1mMKCN

10 times dilution = OC,1mM KCH

imole KCN = 65.2g
. mole = 65.2 mg
e’e 0.1 mMole = 6.52ng/L
O.1mMole = £.5Mz/ml,
But CN = 26g
If 65.2 = 6.5208/nl

(Mol. wte. of CN = 26)

fe 26 = zﬁ% x 26 = 2,6Wz CNful. in O,1mM KCN,

f.6. 0.1mM Solution KCN eontains 2.6Mg CN/ml.

Since 1ml contain 2,6MaCH
o'e Ouiml ... - 0426
Qi 20] e i oo a3 04 52
I S R e
[0 Y g - 1.0k
3, B & .
(N, PP, 7

(0 % R 5. 1502
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APPENDIX III: Cyanide and thioecyanate standard werking solution
volume, absorbance and concentration as determined

Volume of standard Lbsorbance at SCN™ concentration
—working solution(nls) 580 nm (Mg scN)
0.1 0.110 0,116
0.2 0.200 0,232
0.3 0.330 0.348
‘ Ok 0.400 0.héh
0.5 0.470 0,560
0.6 0.600 0.696
0.7 0,680 0.812
Volume of standard Absorbance at CN concentration
working solution(mls) 580nm (Mg CoN)
0.1 0.2uL 0,260
0.2 0.490 0.520
0.3 0.755 0.780
Ouly 0,945 1.040

0.5 1.250 1.300
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How to Caleulate thiceyanate values £ bance
o _optical density (0.D) readings:

AFPENDIX IV:

1. For GIT and faceal extracty:
p (OCD) X 2 = Y -

To get per ml concentration = Y/8 = 2

To get per gu = 2. x 745
NB: X is multiplicd by 2 because only Lmls out of total 8mls evalu-
ate is used, Y is divided by 5 because 5mls of extract
is eluted through the column <& is multiplied by 7.5 because

15 Mls extract was prodused from 2gm sample (%5 = 7.5).

2. For Urine

Ix2 =Y
To get per ml concentration =Y x 3.33 = 2

NB: Y is aultiplied by 3.33 because O.3mls of urine was

eluted é 5%? = 3.33)

3. For Plasma
Xx2 = Y
To get per ml cuncentration =Y x 2 = 2
NB: Y is nultiplied by 2 because 0.5mls of plasma was eluted.
1
(= = 2)
0.5
In some situations whereinitial eolouration was too thick
for the optiimn strength of the photospeetrometer, the cluate
was diluted with perchlorate in order to get good readings.
Two exanples arc given below with their methods of
ealeculating their coneentration, '

i, 0O.5mls eluate ) X x 16 ¥
= = .
+ 3.5mls perchlurate ) Y x 3.33 =2
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¥,

NB: X is mltiplicd by 16 because only Q.5mls of eluate was

used (ng % 16)

ii. 1ml eluate )

+ 3mls perchlorate ) = Xxx3 =Y,

Yx 3.33=2

NB: X is nultiplied by & becausec 1ml eluate was used out of
total Smls collected.

How to Qalgulate Cyanide values:
Sinee only 1ml is used at a time, therefore per ml values

are the same as 0.D, values. T. get per gm values = X 7.5,
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APPENDIX V : The effeect of m~lted sorszhun on the average daily

fecl int-ke of rablits (g/rabtbit/day)

- .-

-

Trt, Repli- Week 1

-

‘vfeel;; 2

Week 3

Week Week S X
eation
1 1 50,71 72,86  Th.14 F3.43 70,71
. 2 46,29 50,86 50.00 58,57 60,1 66,07
3 52,14 75,71 66,86 '15.00 72,8
L 62,86 72,10 72,29 %3.57 80,29
1 BE.00 50,71  61.1 77,71 8L, 71
2 SE.1h T1.43 68,7% 55.39 7%.;1 63,L6
II 3 4,28 52,86 38.86 L8.57 INEIN
Lo 61,71 663 35.86 59,145 65,57
2 70,86 6L1429 66,29 £7.43 66,00
ITI 3 51,57 57«14 57.57 83.71 65,43 61,99
L 77,00 82,86 7h,00 71.8€ 60,86
X 60,25  67.33 60,01 68,37 68,24
Sourece of
Yoriation L2 B Z
Replication 3 ;89,482 = 78T*
Treatments 2 3lL,.3418 ( 266
Weeks L 223,784 1.731
Trs X Weeks 8 110,26) 0.853
Residual L2 129,202
Total 59
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APPENDIX VI : Effect of melted soxghum on the avernge dail s
weight goin of rabbits {g/rabbit/lay)

— e S — S ———— Rt i e e e Bl - % B

Trt, Replic— Weelk 1 Week 2 Week 3 Wec's 4 Werk § X

_ cation .
I 1 23.59 8,58 T+15 57 17 .72
2 17455 T.52 12,92 22,56 415 13441
3 16,05 16,05 11.33 4.90 299 - o
LI. 5.59 ‘”40.17 ']5‘,1"6 29-25 16090
L 29,98 7ol 15,70 7.2 14,00 |
2 483 11,21 19.23 13.62 15,07 15435
II 3 16,82 £.72 11,77 5.05 20,61 R
in 13,89 20,22 18,20 18,06 17.00 '
1 22,86 .86 T4 9457 1042 -
2 13,16 9.67 16,55 3.30 8.96 13,19
111 3 17,61 16,05 4,02 6,02 9,83 viai_a
L 38.20 15.67 13.43 25, F1 12,09 o
X 18,38 118 12,75 3.4 13,86
Source of o
voriation nF MS . T .
Replications 3 133,846 2082 |
Trertments 2 286,144 0.593
Weeks L 82,100 1273
Trt, X Weeks 3 _ n2JTT 0.837
Residual L2 0 L7481

Total 59
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Bffcot of prlted gorydmr: ~n the avernre efficiency

of fued convercion (- feed/r weirht rrin)

S A

Trt, Repli-  Yeek 1 Veek 2 Woek 3 Week §  Weelk § X
cntion X
S 218 8,50 10,38 12,67 LSO |
R - 2,6L 6475 3.87 2,59 T7.30
toy 11,05 5.09 465 3,20 k.82 -
1 2.8, 11,35 3,90 LJAS 6,07
2. M2 637 3.57 6,26 5,16
I 3 2.63 737 3.30 9,62 154 5.15
1 2,86  21.23 7,06 6,58 8,75 ‘ :
S IIT 3 2.93 3.56 1,32 B,92 £ 66
Co L 2,02 €.29 g 51 2,51 £.03
';(' ll—ahé 7-53 9089 7..81 5055 I
Sou,fce Of-- "
© . yarintion Ir M8 F
" Replicetions 3 76,862 14374
Trentrunts 2 68.273 1.221
Veeks L £3.L69 0.956
Trts, ¥ Weeks 3 53.925 0.964L
Lueidual L2 55.931
Totnld 59




130

LTFENDIT VIII ¢ Slaughter Records

—— - - .

R~btit Cele T=g No Breer Sex Live- Presh Weisht
weisht (kg) Carenss of head k) Dressing %
weirht (ko)
f..r_ 5C CROSS
(Newzerlond
white/Dutch) Male 1.380 €.656 U, 40 47.54
T4l 51 NewZealond
White Fen~le 1,840 1.950 0¢1hls B7.0%
T.B 52 CROB:
LE (NewZecland g
white/Duteh) Fermale 1.469 0,7L0 0,135 50 ok
H_NNL_ L6 NewZerlond .
white Fennle  1,6C¥ 0,789, 0,1L0 L49.31
- . Male 1.615 9,519 0,176 mo.mé
THie L8 " " 1.745 0,865 04179 9457
T3, L9 NewZenlond
White Male 1.490 0, TL7 0,140 50,13

T5Rg 5L " " 1,09 0.678 0.130 L8.13

i ey R - — -
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APPENDIX IX : Weight of ~11 robtit CIT compartments (in grams)
Rabbit 17
Code  gompertment Potal Contents Wall
Stomach 114,849 87.249 27.600
Small intcstine €2,511 31.827 30,68l
T4 Cecun 9L.679 85.571 9.108
Large intcstine 37.516 15.007 22,511
Stomach 121.L48 92.7L3 25,705
Smell intestine 6114920 33.476 31,420
T4Rp Cecum 97550 884739 8.811
Large intestine L5 .Lo8 13,608 31,6800
Stomach 100,900 Tv.758 21,142
Small intcstine 59.045 23,565 30,L80
T4R3 Ceocun 58 «56 88,364 10,196
Large intestine 32,515 10,555 21,960
Stomech 118 00'83 93 .286 21&-797
Small intestine 54,716 23,708 21,008
TR, Cecum 92,008 B2 ,LLE 94560
Lerge intestine L7.676 33.421 14,255
Stomach 119,66 92,002 27.642
Small intestine 60,892 31,492 29,400
Lexrge intestine 42,919 30,044 12,875
110, 8L ,16 26,580
mc?nt; stine 61 ,E#Z 2%.9 31 .;ho
ToR), Cecun ' 92,266 83.22l 9.042
Large intcstine B1.772 26 .9_1 7 24,855
Stomach 76,701 5’5 241 20,
Small intestine 52,375 26,711 25,664
T4H, Cecum 80,040 70.435 9.605
Large intcstine 50,489 18,651 31.808
T4R), Stomach 105,30 83,190 22,114
Sihall intestine 5L .778 25,956 "28,822
Ceounm 81,616 Tk 06C 7.550
Large intcatine 37,590 10,600 26,990
Stomach _ 8l.920 67.936 16,984
Small intcstine 50.851 25.%88 2&.263
T3RB Cecum T1. 7Lk 63,9k 7.800
Large intestine 32,6812 12,956 19,856
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IPPIDIX X 2

Calculatel cyanile intske by the rabhits

- m

Trte  Repl Totel fe 0,32 .  LoCy total
‘ ' Weight of om..._.wdﬁmm A m.mw. mmuu,. fotal Qm £7 consumed mMH domw
Y i - ocnsumec 3 I ce CN
rathit () nm_.\,....ﬁu..@&.u ¢+ Lody weisht % €.5
x 0,0000LL
1 4“mqm 2322,95 Th3.34 21,24  0,00093 0.0000006C  04€000003L
2 1,0 1861,E2 565,53 17.$2 0.00075 0,00000050  €,00000025
I 3 14615 2397.99 767 .36 21,92 0.00056 £ .0020005% 0.00000€29
L 1,555 2650,05 €53.78 24.39 0.0N107 0.07000069  ©0,00000035
x0,000943 a x0,175%

1 1,630 272L.8 871, 2L .91 0802 ~ ),00001 0,000802

2 AHuuw 2507 49 802,55 22493 0,022 000001 0000002

I 3 1,195 1600,97 512,31 1L.6L a0 3.0000118 € ,0000021

L 1,900 2051,00 656.32 18,75  0,01C 0.000095 €,000017

) _
— =4
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Appendix XI : Special Reagents and Chemicals

Scdiun hypochlozite, 5 n Mole/L:

B.1 ml of Nrol0 (respent no, 23039, BDH chemicals, Pole,
Fngland) was dilute? to 10 ml with distillcd wnter, This
solution wna prf:p-:ce-': o ily for cynnide assay,

Snd hypochlorite, 5HO0m Mole/L:

1.0ml of NrelO we Qiluted to 10 ml with distilled woter,

This solution w~a preprred d-ily for thiocynnate assay,

Barbituric necid - pyridine rengent:

6§.0¢ of borbituric ~cid wns dissolved in a mixture of 30ml
of pyridine nan’ 6lml of .~ter, 6,0ml of concintrated
hyidrochloric acid w8 then added nnd mixed,

Formaldehyde:

The formallchylc uscd te prevent mould growth during
m2lting was obt~inel from Hipkin and William and 60,, Chadwell
He~1th, Fssex, Bn, lcnd,

Sodium phosphote tuffor

0,1M solium phosp Lc burfeo, pH 6,8 was prepared by
mixing 24,50 M1 of I, 110) solution (3.582z of Nap HPO) in
100 ml golution) 'nd "5,5m1 NaHpFO), solution (1,56 of
NAH,T0), in 100 ml solution) on? Afluting to 100 ml with

distille? wnter,



13h
Agberlit 421 anion cxehonje resiu.:
This is a pro’uct of Rohm and Hass Co Philadelphin,
P . J. ‘e

Sodium perchlorate, 2 mole/L

281g of acdium porchlorste wes diulted in ~ne litre of
distilled water to ive ? meole/L solution,

A1l snmples cn-lvse’ were obtined from ex)x riments
ponducted in S.etiom I,

Trine gamnles vere t-ken in the third an® fifth weeks of
the experiment, To colleet urine, two metho’s werc used, In
one method, very soft cellophone brgs were normally tied round
the abdominal regien of the individual r»-bbits, As soon as
they passed urinc: this wne emptied in fenr of the rabbit
damrging the ccllophrne vhich will automatic~lly empty its
contents, The sceon) mothol irvelvel the use of plastic pans,
about LSem by 30cm by 8Bem in lenyth, width and depth
respoctively, The plootic pans were usunlly placed under each
r+«btits chamber, .in’ since the hutches were slatted wire types,
if the pabbit urin-tc fron ~bove it, the urine was
adequately enllcoted, ~lleit s~ metimes with faeenl contamination,
I'his method proved thi: better method of urine collection,

There was no p.chlom in freenl collection since faeces
were dropped on the upy.r e chamgers (and easily collected)
or on the floor, Ir collicting faeces, those that nppeared likely
te have been cont-minrtod with urine ar cccotrophs were

avoided, Gener-lly, fruces collection was in the fifth week,
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