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chapter 1 

INTR )DUCfrON 



1. INTRODUCTION 

Af1atoxins are a gCJUp of highl! toxic end carcino-

genic secondary metabolitefl produceci by c€t:.lin strains 

These 

fungi grow rapidly under fa\l'e'ur.-abl£> conditiol13 elf temperature 

and humidity on a wide variety of feeds. 'l'b e oxins gained 

importance in 1960 when sellere (lutbccak oc :t\rred among 

young turkeys ,within a v2ry short .;;pacc of tim1.:o in England. 

The cause of heavy mortality amc.ng the~l.: bicds resulted 

with the inclusion of Brdzillidn gloun,'\r· t \:,0·,·,1 CS a protein 

supplement in their diet. l.v,)rk':1rfi at cl.o: ( ent t· 1 Veterinary 

LaboratorYI Weybridge, iso:'.21t~,d the ro.;ic lac: cr from the 

toxic meal, Tcop:cal Product 

Institute, cultured the rjovL.S from this 

culture produced a factor \,hich was sildlar :0 that of 

toxic groundnut meal. Thi~ toxjc factcr ' ... e. 3 given the 

nar.1e of aflDtoxins as a rE'suJ.: of deta LIeJ iO\ estigations 

of various research wor!<pt3 (Looslilorr 

Sargeant et cJ.l., 1961; VcJ.n tJpr Zi-jc)en c'l dL., ll(i2; Nesbitt 

Aflatoxins al-e a gr':llp of cloO:i\.ly ~.-01~t2d hetero-

cyclic compounds and are [.ot02nt hepatotnin.3. Aflatoxin 

B1 is the ID:)st pl~eponderilnt of the:- ntJrall", occurring 
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aflatoxins and is the most toxic (Wogdn and ;,hank, 1970). 

Most of the animal species (In: aj.fect,'d by aflatoxins but 

the effacts vary with do~.e, duration of t;'xpC's.Jr'e, animal 

species, breed and nutritional status of the anim.l!. 

Aflatoxin toxicity. known as ,JtlatoxicoSlS has been 

reported in young turkey!! (Blount, 19G1); 'luckling and 

chicks (Asplin and Carnagharl. 1~)61) ; s~ine (Harding et 

a1., 1963), dog (Newberne et 03.1., 19EC calvI s (Loosmore 

and ~1arkson I 1961) I monkey (Cuthbertso:l E't al. 1967) and 

trout (Edds, 1973). Aflatoxicosis dis t lays i'I ",ide variety 

of symptoms in different species \'/hi(11 incll :l?S lack of 

appet it e (Aller-oft and Car-naghan, 19(;3) re:ILced growth 

(Le-wis et aI., 1967), weig:1t loss .lnd g0n(;;l"td lnthriftiness 

(Loos more und Markson, 19E,1). The p'Jl)l.:mgod feeding of 

aflatoxin at low concentc<1.ttcn:" C2rl 1..:;0.(- tc hC[)i tic lesions, 

reduced qrowth rate, less productior and dccreas'-c resistance 

to infectiolJs diseases (Newbe.:nl?, 1973). 

It is now well r:ee,)cr,.ised thal arlar_v} ins display 

the highest carcinogenic I~ffcct n d ftl~reflt species of 

animals (HHO, 1979). 'Ihe:,r, t,,')xir .. s ~lr(~ not only harmful 

to animals but equally d/lng(!rous tG htl:nan ,),!ings also 

because of consumption of animal ori;Jinated foods such 

as milk, meat and egg (Ma~,ri 0t al., \967; Pcl:tll et al., 

1974; Stolaff, 1977: StubblefiEdd e: <11.,1983) Outbreaks 
-- ---

of hepatitis with high lat2t: ::>1 m:>rtality hav also been 

'J0s(:ribt'd in India (Krishnanachari c:t 01., 19-,151 and Kenya 

(Ngindu et £1:.., 1982) as :I t"(>.';Lll of ing?3tion t! aflatoxin 

contaminated diet. 
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Though voluminous 1 iteratlJt:8 ha:; accllmulated on 

certain aspects of aflatoxin sillce t.11l:or d ~coverYI yet 

t h €' information is ] ackinq othErwi.';',1 I [ldrtJcularly with 

regards to the effect of do",:e level (n nc·tilb): ie aspects. 

Toleration 1 im i t of o311atoxi'lS i, difflr?nt species 

especially for. their young on(~s ar2 unkl.own (Kcyl and Booth, 

1971) . Certain dietary nutr-ients havill<J protE:,":t:ive effects 

against aflatoxicosis are rE'quir(:d til he> elucidated and 

whether there is any effect of its vat"} in~! d03(~ on nutrient 

utilization. 

The present research stud} es \'er(~ Uflc.E'rtaken with 

the following objectives: 

1. To determine the r::rctectiv2 E:ffr.'!c_ of 3elenium on 

cellulose digestion ilnd prot~in s(ntho~i~ in aflatoxin 

containing medium. 

2. To find out the aElatnin tcler<l\ 1011 lim't in buffalo 

calves and k~ds. 

3. To study the effect of ,):[lato:<in on nltl-( giJn dynamics 

in cattle and buffal(l. 

4. To investigate tl1(~ tiSElH' di~itt·) )!.1t ion, n4 excretion 

pattern of aflatoxin,: in l£lctfltin( gOclL 



CHAPTER 2 

REvrEW 1)2 LITER,\TURB 



2. REVIEW OF LITERATURE 

Aflatoxins are a group of Inctoncs ilnd lactone deri-

vatives, which are produced by several s:~2Iins of Aspergillus 

on various feedstuffs. Inve;3tigations on aflatoxins wer-e 

initiated ~n 1960 when 'Turkey x eli ':<2.:;13(:' :i!used heavy 

mortality in turkeys, phea:,anI5, pao iclc:e::~ a 1,] ducklings 

in Englund. Since then, ~fforts of 'Jar i )',.1'""' C(,::;0,1,~ch workers, 

throughout the ,,'orid re3u.ltl~d in accur,l~J;!tiort ·)f valuable 

information 

review the relevant literature under the to!._owing sub-

heads: 

2.1 Chemistry of af1at·:)xins ,'Inc] their ·WJ1\)ul tes 

Major aflatoxins 

2.1.1 Aflatoxins B 3 G and G l' ; 2 J I 2 

2.1. 2 Aflatoxins M1 Bl1d M2 

2.1. 3 Aflatox ins ("1'1 , 1 

2.1.4 Aflatoxins 1\ ilnj G 
2c:, 2a 

2.1.5 Aflatoxin B e'r Parasitical. 
,~ 

2.1.6 

2 • I .7 

2.1.8 

2 .1 .9 

Aflatoxin R or Aflatoxico1. o 
Aflatoxin PI 

Aflatox in Q
1 

Compounds D1 arId 112 

2.2 Structure - activity relationtihip 
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2.3 Biosynthesis of a!lilt(lXins 

2.~ Facto~s affecting atI.ltoxin prodlctlon 

2.5 Relative formation of aflatoxin B
J and ~ 

2.6 Occurrence of aflatoxins in feedf'tuj fs 

2.7 Metabolism of aflatoxin and their mode of action 

2.8 Toxicity in different species 

2.8.1 Cattle 

2.8.2 Sheep and goa t~: 

2 .8 .3 Swine 

2.8.4 Poul t ry 

2.8.5 Human beings 

2.8.6 Other speciC'f' 

2.9 Effect on nitrogen nl('ta~)oliB!ll 

2.10 Effect on rumen ferml!ntation 

2.11 Excretion and tissue distriblltion of afl~,:()xins 

2.12 Modifying effects of dietary nutri . .en':s 

2.13 Effect on immunity 

2 .14 Aflatoxin residues in food!:" ('1 ,,(',,1. l;~ 

2.1 CHEMISTRY OF AFLATOX [Nj AND 'l'Hl:.ll{ l",t::,".'"-.e()L 'l1::S 
.-.-------"-.--~ ~-.-- --~- -- ---- --

Chemically, aflatoxins .)t'e riqhl; sJbsr.i :Ilted couma-

r ins. They w€r-e named so b·=<cau::;(? they '-ICrl.' fi::-_3t isolated 

from the fungus Aspc:rg._l""u:3 flavus tla\ llS toxins) 

rour major aElatoxins arc produc,:?d - l3 l' B 2' (, 1 and G 2 

Sevet".::d ml'tabolitc:s and derivati\"cs )f afla :oxins have 
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been isolated and characterised. C1Hrnical ~'C :uctures of 

major aflatoxins, their metaboli":cs 

presented in Fig. 1. A list of physical properties of 

aflatoxins appear in Table 1. 

Major aflatoxins 

2.1.1 Aflatoxins E) I ~ I <) and G 2: 

Nesbitt et a1 (1952) nbt.)ined ',;(" ~:()mll(Jnents from 

contaminated groundnut meal c'xtract uy Lie ~ljl'- ): chromato-

graphic analysis I one shov.<ing a blup. "lu,)ce:.;c !r,ce and the 

other a green fluorescenc(? und(:l" U .'j. 1 i~111ll which were 

called aflatoxin Band G. 

that there were tHO blue (13
1 

cnd B 2 ) '~flci L",;c (reen (G
I 

and 

G 2 compounds p)~oducec by fLn us --- -- (Hartley 

1963) Van Der :~ i:l d:>n ot <ll. (i962J i~ alated afl8,--- .. ~ 

toxin B 1 in (:rystaJline f<H'm. Asao ,'l al. ,]963,1965) 

reported that the (:ycJ,OPQntiln~;> ri~lg ::3:'1Jl'~m ir. B I or the 

S-lactone ring system in G
1 

~as arr1nged around ele eoumar~n , 
system. 

of isolated double bond in the; tGrlTlin,~i d,llyUC duran rings 

of aflatoxin Bland G 1 ~e:3ulted lrl a :la;:czln 82 and G 2 

respectively. Presently, it is f;.no . ..'11 ::.r;:lt thts, four forms 

are naturally occurring al:Lltoxin:: or, d ,,:iUE' Jariety of 

feedstuffs. 

2 • 1 .::: 

']'hr"5(, comrollnd~ \'I~~rp thE' fir.st hydroxy aflatoxins 

t(\ be i~;olat('cl and Chal"ilcteJ'j,sE!d ilS rE.potted l)' Alleroft 

and Carnaghan (1963) and dl~ Iongh et ~J. (196£,) to be in 



Table 1. Some phystco-chemical properties of the aflatoxins* 

-------------------------------------------------------------------------------------------------
Aflatoxin :cor-mulae 1'101. wt. Crystals M. P. 

( °c) 
Fluoresence 
under UV 

a 
R f x 100 

Difurocoumarocyclcpentenone series: 

B] Clf "]2 °6 
B2 C 1 '7 

4 
°6 "" " ., ," 

B2a C17 :-IIi! °7 
M1 C,_ H. _ 0_ 

" , c, ! 

M2 e " 
,-, 

1. .- , 
M 

c] "2a rl., !. 
-, 

ni[urocoumaro!actone ~~ri2s: 

G, C,_ • 1. ~ ) .. 

G" e 11 " 

1 1 ,', 

G
2 "]- " ) 

a '"1< " 
GN. " 1 ! 1 £', " (,1'1

2 c I "7 H] , I, °8 

312 

314 

330 

328 

000 
-' -,,~ 

346 

<?" 
"0 
..J -'~, 

346 

346 

Pale yellow 

white ne""dles 

YellOl,,' plates 

Colourless ct::'c-

tFlnC;l'.lat" t)L:. t es 

-0(1-

Yelloi .. ; 
ngular 

~~~~~~~ 

needles 

l:"'2'2ta-

p10tes 

267 

303-306 

240 

299 

2':).3 

248 

,,~-

-00- 2J7-~4U 

Pale ":"e~ 1. i\'" 19C 

Pal"" i""'i.!,',J't' LIt; 

plates 
Colourless 270-272 
rectangular plates 

Blue 56 

Blue 53 

Blue 13 

Blue 40 

Blue 30 

~iJrquoise 

'';''Ul',-:!U0:''~'" qC 

-do- 46 

-do- 1 --, 

-do- 1? 

-do-

------------------------------------------------------------------------------------------------• Heathcote and Hibert (1978); a ~ solid phase:silica gel G. Solvent system: chloroform­
methanol (97:3, v/v) 

" 



FIG.l. STRUCTURES OF MAJOR AFLt.TOXINS AND 

THEIR METABOLITES 
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milk of cows fed toxic peallut meill. :3utler and Clifford 

(1965) detected a similar compound lrl blood <:lnd liver of 

rats treated with in t t"apel" i t O'neal irje(:tion of gastric 

intubation of aflatoxin B 1 It was apfarE'nt tll0t aflatoxin 

waoS mel'. (1!')ol ised 1n liv('c to [ornl mi l! tuxir·. Alleroft 

et al. (1966) observed a similar' ractor n ".h(; J ",er, kidney, 

milk and urine of sheep qiven miX0(:i ,7,(1;, n/ In ir, their diet. 

Holzapfel et 0.1. (1966) 

urine an(] mouldy !Jeanuts. 1'11"0'1' f!.. rthel o~~:urv,?<1 by micro-

analysis und mass spectroscor.:y tho.t [.1
1 

b:l~' ,~:; lH~l i:::a1 formula 

C
17 

Ii 1207 and thus contain.= one! oxygen .-,l.OI'l lfl()r,~ than afla-

toxin B 1 Af12tox in f11 

IS 4-hydroxy aflatoxin ~2 (Hol::c.pfC?l 1966; Masri 

et al., 1967: Buchi and \:]einl~eb, 1969). T~ese h·,droxy1ated 

derivatives were a1:30 isc-1at:Hl from 1actat:.ng ri·,t (de Iongh 

et al., 1964) and were a;:: t':Jxic as the afL,t:)xins from 

which they were derived (F"urcr.a.:;e, 1)67) 

2.1.3 AflatoxinsGMl and GM 2 

flavus as a green ""lu(lre.c,cpnt. ';P()~ ('.n '1'1; ,d:.ghtly below 

111d Uut ton, 

1969: Dutton and Hpnthc(.tc, 1969: j, 'L.il aetabolite. 

aflatoxin GM~ was 'llso SE!Jt:;r',ltAd t.rC'1ll a! iuto::in GM
1 

on 
I 

further fr<1ctionation (Heath-:-otc i.lnd Hibe 'l"., 1974), 

2.1.4 Aflatoxirls B2 and G~ a ._ a 

Dutton and Heathcctc (196(" ob. erved that 

hydl"Oxylation of aflatoxin B.l dno G l reSl ltod in the forma-

tion of their hemiacetal dE>["C\'.'ltives, iJ'la,::oxili B 2 a and 
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G2o: The hydroxy-aflatox in:3 ware s )fIlc.~hat unstable and 

tended to decompose to y€ Lloi~ products in the presence 

of alt", Jight and alkali. !.flatoxin ]};>} ::an b!~ synthesized 

by chemira.l treatment ·~f clfl:ltoxin 8( with Jilute acid 

(PohL=.lnd (It <'11./ 1968) <)1':" by expo:;inq 'lflatoxin 8
1 

to u.v. 

light in the presence of wat.er: (i~e: anel 2h:J, l,)·/~). Pohland 

et al. (1968) obtained yield upto 90 p,r cent cf aflatoxin 

8
2a 

by refluxing in acetone I solution of B 1 I>'ith 10 per 

cent sulphuric acid. Aflatoxin B ') I:: a major metabolite 
"a 

of aflatoxin B 1 in several .op(~cies (Pil~ter.son ~'nd Alleroft, 

1970: Patterson and RObert', 19,'0). 

2,1.5 Aflatoxin 9
3 

or Parasitical: 

Aflatoxin 8
3 

or the COlflpOJnd "<I1lpd 'Parasitical' 

was isolat<:d independent.ly b" , liiferc=nl: groups of 

workers (Heathcote and [)utt'on, l,)V); ::tut,blefleld et al., 

1970: Cole and Kriksey, 1971:,. It \"af: 1 nature!i metabolite 

of Aspergillus flaVllS ",n (J Dutton, 1969) and 

Aspergillus parasiticus 1970) and 

it arose AS n product of l"hc, !!1I't;aboU,w -lfJa-oxin G
1 

by 

Rhizopu!-'. "3pf'Cif'~S ('If /Tl()llld (Co~(O dlld Krikor-y, 197}). 

2.l.G Aflatoxin Po or. i1L_atc,:: ,co.l: 

Aflat0xicol .. ;a::: iSOlr)\.p(j a!' r!~~radal iQn product 

of clflat.oxin 8
1 

by certain mjc::o-(>r- !arllsrns (Detroy and 

Hesseltine, 1970; RC'Jbcrt""on et a1., 19' 0). ThE aflatoxin 

metaholit:,?:---;, f\f1atoxicol and cihydl"OafLtto:dcol 3re formed 

by the L'.}duction of thE! carb'~lly1 grot p of tn,? terminal 

cyclopcntane of aflatoxin HI ancl B 2 n~spe :'.:i/ely. 
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Aflatoxicol .is a)sc, i'onnecl by 1-].(' c~2dlJCI: on of afla­

toxin B 1 by 'lithium tti~ 31uminium h)'(Jridp U'dwlowski et 

a1., 1977) Aflatoxicol consi.sts of t 10 rnc·ti1b:'dites, afla­

toxicols 1\ and 8, which h:ive been sLovm to r,r-oduce many 

of j"hE; I'nx i c effects of 13 1 

than aflatoxicol O. 

2.1.7 Aflatoxin P
l

: 

AflatoJ< iccl I, L~; more toxic 

!)alezios et al. (1971) iclentiiie(] a new phenolic 

derivative of aflatoxin B] in a C(>njugc,ted [on-I, designated 

as aflatoxin Pl' This metabolite is ~ormed by the process 

of O-demethylation of the- p:'1t'crlt compounJ. /,flat :)xin B1 is 

excreted mainly as aflatoxin P
J 

in Rhc':llS monk,,) {Dalezious 

et ill., 197H and to a :5iani.fic-~lt e:rCllt in rats (Wogan 

et a1., 1967). 

2.1.8 Aflatoxin Q1: 

Masri et 211. (1974/ lCj"n,.ifiNi <mcttler rydroxylated 

derivative of aflatoxin \1 1 '4h,?!; ~ flat.c'X:lIL h 1 '-!cs incubated 

with monkey 1. iver pr 0[)i'I ['i t 1 (In!~ i r. phosphate 

buffer. This new metabolite ~as named <IS atlatoxinQl. 

wh icll is in the Af1atox in Q 1 possesses il hydroxy I 9 rc up 

~-position to the carboxyl group of cyclopentane ring 

in aflatoxin 8
1 

It co!"\t3ins o,)e o:'yg(-n at"'TIl more than 

8
1 

(Stcyn et al., 1974). 

2.1.9 

Lee et al. (1974) isolated in (ry~tal1~ne torm the 

major product formed durin.:; :he rC,lctic l cf pu -E aflatoxin 
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8} with ammonium hyurox [d,.; at: lOO"C ulder prc."sure. The 

compound having a mclccul.)r ,.,t)i,]hl c.f 2S( Wil~~ fIOI.-fluorescent 

and 1.lcked the lactone ;Jr~'up charactr:>ristics ,)f aflatoxin 

8 1 It was postulated th.3.t the rL'h' product C lErlllOS arose 

from op!:'ning of th(~ lactc,nE' ring of fLltox in B 1 during 

"mmon iat ion. Sincf' th is cOllpound was del ived frvIT dec<;l.rboxy-

lot ion, the trivial name aflatox~n D] ",as proposed for 

CUCllllll et a1. I 197(j) isclatc( End ch3racterised 

a ".econd compound fOtlllE:'d ("]lIci~lg arrm::miation t2a.ctiol1. T"lis product 

callen as D2 'v..'aS also non--L.unrcscent pilE no] ot I CH molecular 

weight (206) than 1)1 but lilc;):ed ':he J 3ctone .:<Irbonyl and 

cyc]opentanon0 ring, cho.t"act.el-istic of <3f121.oxil Bl They 

further suggested thCit l:he 110!,t l: kely \.'iJy in \/hich these 

compounds fOL-med WEre by ':10' ";PPrl i nq ;; ctone ring 

of aflatoxin 8
1 

These compounds were SU<:Fj!~3t I'd L{ f't 

aflatox ins because of thei t' fermaT: (">Ii ~ 11r--' 'lfJ 

dC'toxification of afl21tox .. n S., ':!ih-ltnn'" 

2.2 S'l'RUCTURE-l\CTIVITY R[:UITiONSHII-' -------

The vaeious aflato}:ins and the-Ie C0tlV'.1ti', 12.<', described 

above differ in their l'e1al:i"0 to)xici :y. :omparative 

t ',n: I) ,j fpnturGS of th(~ mo] eell:' e \-lhieh COt t_r-ols til!' aflatoxin 

pOletlc'y' • '['heet:' is considerablE' bodv of JAt3 on ':Ile relativ0 

t-Ict'lvit:ies of ma'J"or .)fl<3t r,x'",,<, "n 8'''kl'r'g 'PC"Cl',']'- b' 1 ' 1 
... . .,1 , .,. ,~- 100glea 
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and biochemlcal t'€'sponses (I\yt:es at .. 1. 19'11; wogan et 

a1 . , 1971; wong and Hsieh I '19)6) Tn I.,clc<le najarity of 

cases a clear-cut potency <:of the sE'ries - Bl/(,;.~7B2'7G2 is 

evident. 

The above mentioned infor!nation i ldicates that certain 

structurEd features are responsible for the activity of 

aflatoxin:.; in biological systems. Clifford nnd Rees (1966) 

observed that the furafur-an ring attached to the coumarin 

nucleus 1S essential for to:dc and carcinogen) c responses. 

Compounds lacking the furafuran rorticll we!:"€> :nactive in 

every system (Lin ~~., 1(77). 

Tho compounds contairlj;lg l'lcton" rlnq "ttached to 

the coumarin nucleus (e. 9 . ::eri.es) are 

less potent than the dfLal:.o<ins (J £1 : (t' V:' '" 1 l,ch contain 

instead a dihydrofuran rIlOl ct y. 

bond between ,2 and 3 .i II 

segment of the molecule 15 imporl on~ 

this double bond {as in aflatoxin:; hl 

tll,-

G 2 brings about significant. n~du' __ '1 )1,'[1 

~'jih) drofurofuran 

'j'hc "C duct ion of 

and G
l 

to 

II, ,re potency. 

D8troy and [·jesseltine (J96B I.h It tbf'- ('eduction 

of ketone moiety of th(~ tErmind 1 r;y(; Op'>nt,Hl(1r (. ring of 

aflatoxin to form aflal:oxicol caus~rl los~ in potency. 

McCann at al. (1975) found t.hnt 4-hydrox'lal::ion )" ilflatoxin 

to fOl-m aflatox in M 1 cjreatly lutagenecity 

ilnd carcinogenicity (Canton et a1. 197 S) . 1')(".3 '1y complete 

abolition of toxicity and IWJtagcnE·ciLy has ~)G';~11 reported 

\.Jith hydt-oxy.lCltion of aflatoxir mol,?cule at otlH'r positions 

as in aflatoxins PI and Q} alld ~f13toxicol H 1 (Hsieh et 
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aI" 1974; Salhab and Ht;iE'h, 1975: Stoloft el al o1 1972). 

Relatively high mutageni.:: potency :.:d: the hydroxylated meta-

bolite, aflatoxicol could be attr-ibutf·d to it:, metabolic 

conversion to aflatoxin B1 

Salhab and Edwards, 1977a). 

(Patt-?rson and Roberts, 1972: 

2.3 BIOSYNTHESIS OF APLATOXINS 

Adye and Mateles (1964) ~;tudi,!d the biosynthesis 

of aflatoxin and observed thf< incorporat iOrl of 
it. 

C labelled 

methionine, phenylalanine, tyr':Jsine, tr' pLophan .Htd acetate 

into aflatox in 8
1 

Studies or, bios:"l th,;.'.;i~ ): aflatoxin 

B1 tho major metabolite of most dfliJ .oxic:elll ~ molds have 

shown that thp ba;,;ic skeleton at the L );< j II fI01ecule is 

derived entirely polyketide 

pathway and that m(?thioninE~ contribute, t'\' lilt t loxy-methyl 

group (Biollaz et al., 1970; Hsieh and H~tE']c!s, ,970). 

Balker and Underw)o.J (1964) rcp)rt LhaL aflatoxins 

are derived from sterigmat_O(:YI!t.ein which is a to~ic secondary 

metabol ite of Aspergillus ven-;i cO:.Ot'. fl()lke~ and Kagal 

(19G8) suggested that ) .ologfcally 

derived from versicolorin .\ (.r ,-, l-c';":ecl com )ound. But 

Tanabe et 01. (1970) r '~Ljii:-"_c::'stein was 

biogeneticully deriv!~d f~:om :w,', ,-.e)'Ui't", I_,olyk, tide units. 

Hsieh et al. (1973) four,d t __ lat_ la'Jelle:l .3tGL'i'Jn!atocystein 

was converted to aflatoxirl BIb} thE rest in'] mycellium 

of Aspergillus parasiticus. 

Lin und Hsieh (197~;) and Lin et al. (1973) converted 

labelled averufin into afla~oxins Bl 



The convecsian of ver-sic()lorin 

into aflatoxin has been ob::erved (HsiEh ·:=t dl" 1976; Lee 

et a1., 1976) Thus, norsolo~inic acjc, <lverufjn, versico-

lorin A and sterigmatocystein have bEen sho ... m to be the 

biogenetic precursor of aflatoxins. 

Biollaz et al. (1968,1970) .o:.ugget_:ted a conmon pathway 

for the syntt~esis of sterigmatocyst(>.n and c flatoxin 8 1 

They later postulated a biosynthEtic route fn,' aflatoxin 

from acetate-malonate derivecl po_yhydrox napthacene 

endoperoxide. A schemati::: -,:,atnway for a "la-~oxin (,iosynthesis 

is given in fig. 2. 

2.4 F~CTORS AFFECTING AFLA'[OXIN P!~l'DUC1' UN 

Spores of tlL1vu~; --". _.- ----- tovrd in high 

proport ions ,n many agric,ultlJral C(JI'(1'tIQcjt1ec wh ieh are 

used as animal feeds. Hn\"0ver, cult In-:3 ot. \spergil1us 

flavus grown on oilseed:; !;,{'"",.:. 1'(" nav(' " Jrf.:Clt ~:~ potential 

for aflatoxin production t.hilH hu ;." 

products. This is confirm~d in tic-l .Hn:ve that the 

highest level sand ~t Jfla:oxin ~)!Itamination 

occur 1n groundnuts and C()ttc'n:~Gc(ls. substrate 

is only one factor which detc·rmine:' th(~ S'.!f"lt1l8. is of afla-

toxins. The other jmporLl.O: factor i::> t! (, 'c:l~,-t \e humidity 

and environmental temperature. 

Allst~,;i.ck and l\yerst (196::) ob:;cn,(,j t1;jt hl~lh relative 

humidity ..... 21p· th e mO"it. import~lrlt factor foc t h, growth of 

Asper<]illufl flavus "n " ----- n"ltut"a.l 1)ubst" "~l t .~ . Ciener and 

Dav i s (1969 ) rE'port ed that " f(~H fung i ;re'-J at " humidity 



FIG.2. A SCHEMATIC BIOSYNTHETIC I'ATHWAY OF 
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less than 70 per cent. !~t a5 per (. (;-nt hU11'tdity and at 

a moisture level of 30 per C'E'r.t in grol 1;r1~~liL i '~E' aflatoxin 

content increased t"remendou.31y. Vlllol the lDc'isture level 

was reduced to 15 per cent d::ter dryirg :lnO at a relative 

humidity of 50 per cent, littl(: lfl.ltoxi-: was [n::l.'luced. 

Rabie and Smalley (1965) reported o:JtimuiiI temperature 

of 24°c for aflatoxin B1 and 3Q"'C fOj" G l • Sorenson et 

a1. ( 1967) observed that \"hen aflatoxin B 
1 

were 

-esulted in 

more toxin production. ThE.' product i HI ur t ox in in the 

stored corn was enhanced \.-!he!) ~~')H'PCCc.t l.! 

moisture levcd above 16 PC-L ccrt (S\iot\·.(> l, I'O;FJI 

On lipirl commorlitic's. t:hc· rrd rl 11U 1 ('0 j( it ions for 

aflc:ltoxin pl:'oducticn an' ,"t TJY; ",tU):f' (' rd Cflt ')t 9-10 per 

cent whereaS fot tht, starchy r:i;:[Ci.11 qr.!in", UH lower limit 

for aflatoxin production 10': l-:LJ-J8.S :")er c('n 

Diener, 1970). 

Different strains of 

show considerable variation~ In 1 \")1 -,1,· 

aflatoxin production. The amelll"' 

of the four- major- aflatoxjrJ!; B 
1 

(Davis and 

il!'l'10unt of 

)("')port ions 

';"2 depends 

upon the str-ain, btllance of rtutri':'nts, cl"ltut·, conditions 

and isolation procec:lure lls('d (Applegate and Chir:leYI 1974; 

Hesseltine et al., 1966, 1-:nO; Reddy E:t ,11., 1372; Mehan 

and Ctlotlan, 1973) 

Strains producinq ollly the B 3r,d G gr-oups of 
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aflatoxins are well documented (Oien( 1 and D3.vis, 1966; 

Diener and Davis, 1969; Mag90n et a1., lS69). Papa (1977) 

found some strains of wI'. i ::::h produced 

only aflatoxin B2 HOWE-'JE'r I ::it ra in.s C~l·ctbl (> elf producing 

only G
1 

or G
2 

have not beE!n t"e[!or':ed S~ fat ii, the litera-

ture. This seems to SUggE-'st that afL= to>: in G 1 is derived 

from aflatoxin B1 by further oxidati)n (Biollaz et al., 

1970) • 

Lower pH and trace metals 1j ke m<lTlg.1nese c'.nd vanadivm 

were found to favour format ion 01 hy(:t-oxylatl.·d uflatoxins 

(Maggon I 1972). 

Conditions like a,~rdt lor I d( il ,,1·L·r. -'1nd higher 

temperature rcsult~i in ttlC toc!n,ltiur: ·,r [il()[ amount of 

Gl1pta ;1'17.3) ceVJrtcd J.eI6:lvely large 

amount of aflatoxin G 

as compared to shak~ cultures. 

2.6 OCCURRENCE OF AFLATOX!NS IN fEE:USTUl'fS 

ft~.:>n invades 

ancl produces aflatox in on ;:,. ',Jidr 'Jilt l"t 1 ')t {peds such 

as cotton seed, soyabean. COlon, ric . ..;. ;,'h('dL mi lett barley. 

SI;l:t;:,",me I sorghum, peanu t I r:. eas , bean ~ , cassava 

and aweet potatoes. 

Bean et al. (1972) ":,bserved in i'. ;3\lr"Je¥ '"n Maryland 

that 101 out of 28 samples of soynl:::ean (Jed con :i:dned afla-

tax in. Although maize is ,"L>sceptibl,"- ;:0 C )Iltamination 

with aflatoxin, the leVi?!':; C;: dfjatox II t,"hicl have been 

reported to be present 
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in comparison with those found in grou 1dnut !TILal (Shotwell 

et a1., 1973) Individual lots of gr-cunnnut meal have 

bee, found to contElin levels of ,lflat )xin varying between 

1 and 25 ppm In sueveys carried out 1n various parts of 

the world (FAO, 1979). 

In surveys carried out in USA alld Finland (Sto!off, 

1976: Krogh et al., 1970), SB per cent (f the F,;·mples tested 

cont_ain~rl ~f]atoxins in ?m'Junt oS ranq tlq 11 () I traces to 

around 30 parts per billi.:,n but. indi',j(",,-J l() ~ have been 

rec:)rded .)s containing upto C.S part:·; !!« ;ni.lion of the 

aflatox ins. 

Connolc: et al. (1981.1 :onducted a .cUI '.'(,1' "L mycotoxins 

in animal feed in Quee~lslan(1 between 1971 2)(1 1980 and 

found 67 samples to be c01tamin2ted witl1 a latoxin out 

of 355 samples. A survey .1"",:; carried out in I'akistan by 

Shaw et al. (1981) and observed that a samIC E'S of feed 

ingredients out of 52 samplE-s w!!re positive for i.flatoxin. 

cereal grainsl mixed feed:", ",dinJ(: Ji~;\~' ,_"r 1 h~: presence 

of aflatoxin in Spain. (d in 4 of 

27 samples of mixed feeds. 1"i'l-~ZC ;·;-;l.mp!(:-: ".''-'((_ 2V Ing afla-

toxin invariably and shm,:ec1 the hicF18SL Frq)ort"on of afla-

toxigenic moulds. 

Various surveys condllc':ed frc.m ti \0 to ti:n2 on myco-

toxins in feed . .:; froln Indl.a revealed Cl ~ i9)--. lev,] of afla-

toxins in their feeds (Src2niwasmurthy et al., 1965: 

Suryanarayan Rao et al., l'H)~); 'lulpu] 0, 196~' Yadagiri 

and Tulpule, 1974; Krishnama(:h~ri et al. t 1975). 
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Pulsounder and Shllk la (1977) conCluctr'c a survey 

in Gujarat state and founa ;::.bout '~2 per c(.nt 01 Eeed samples 

to be contaminated with aflatoxin. Th,~y obset"'/'Jd aflatoxin 

in each class of feed likE.' oil meals, ·'Gt>~al gr.uins, cereal 

byproducts and the compound cattle feed3. Aflatoxin B 1 was 

present 

Mishra and Singh (J~I'i'8) 5UrV(j'0C to( d grains in 

some villages of Mathura jistric,t oj ( .. f' • I lffected by 

floods in 1976. They observed th.:ll O'.lt Cl 

18 were positive for aflato:dn. Riln 1-' l.L L' a1. (1979) 

estimated aflatoxins in gt'ouf.dnul oil, (J::-ol.J~!d lut cake and 

hydrogenated oil sold 1n th,~ markc,t (If 1l.?[JllC u . p • ) • They 

could not detect any aflatc:dn _ n u fir,t':(l C l:)undnut oil 

clOd hydrogenated fat. bllt 6'~. j pr.or :en1 elf crud{ oil samples 

and 70 per cent of groundnul: ca<e s,_rnp.Les \ ece positive 

for aflatox in. 

Patel et a 1. (1981) coll(~ct0d v~rl0US oil cakes 

and feeds from differe;nt $': a 1:(,:,. ')f Indi j. ):1 analysis, 

it was found that. about 64 ~!nCl B:) pu: '~11' -;:J;hpj ~;; of ground-

toxins. 

rice and wheat contained ,)fla.tJ.n:lr.. .Af LlLux i!~ were also 

detected in some sampl,-"s ; f safflower, 

se5ame and sunflower cakes. 

Reddy et al. (1984) conduct.·d Cl .SUt-vc>y 'H. aflatoxin 

contamination of some pouJt]')' teed ineJredients in Andhra 

Pradesh. They observed th.lt groundnct cake Ln general 



contained higher levels 

than other feeds. 

(( •• 087 ppm) 
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of tot~l aflatoxin 

Singh ~ ~.(l984) collected 127 samples of different 

cattle and poultry feeds from different pal:s of India 

for aflatoxin analysis. 

highest level of aflatoxin B
J 

folloWEd by c(,ttonseed and 

compound feeds. In addi t ion I they ;;: 1 so (,b~';l"vc>d t he presence 

of aflatoxin Bl in linseed cake, B2ngill glum, (oconut cake, 

wheat bran and mustard cake. 

were free from. aflatoxin 8
1

, 

Balasubramanian (1985) analysed 1)1 samp~_es of animal 

feeds and feed ingredi0nts colle·~te(i frwl d -(,unCI Madras 

city and also from different ;)arts of the 'l'arni l Nadu state 

for aflatoxin. Sixty-three per ':ent of the ~;amples had 

aflatox in Among in9r(>( ients 8a<Llysed only 

groundnut cake was contaminnt,~d ~ith aflfto>in R 

Sinha and Arora (19;35) and] lsnd ~',f', fet-,d ingredien1:.s 

and compound feeds collectej from l\f'jrl,l1t-q:',d .... 1lversities, 

National Institutes and CO\'(,cnrnenr ir. tndia, for 

the presence of afJatoxi'l. ·,.f, : c( 'r:les showed 

the highest incidence 0.: iJt'(,:,:ulce 'oT .)1 .<1[C,X ns. These 

samples contained aflatoxin B. jn the l·.-lfl(Jt> ot 0.12 to 

1.0 ppm and aflatoxin G
1 

ill tho rany8 OC. 0.08 to 0.10 ppm. 

Out of 4 samples each of cat-tIC' feed t.oultty mash and 

pig mash, 3 in each \lere positive foJ.- afllto.dn 13
1 

Namaiah et al. (19136 I :Jcserv(>o th., preser.':') of afla-

tox in rang iog from 0-6G0 ?g/~g fl( uc samples 

collected from around Bangill()r'~. 
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Johri et a1. (1986) :;cI:eened 201, :samplp.3 comprising 

yellow maize, groundnut cake, fi.'lh m·,,":d I ricE' bran and 

complete diets for poultry, collected in ard around Bareilly 

(V.P.) for the presence of afli)toxins. 'I'he incidence of 

aflatoxin B1 was highest in qroundnut Ci ke (71.,1 per cent) I 

followed by rna i ze (47 per cen t ), f ish mea 1 (25 per cent) 

and rice bran (16.7 per cent) :3amples. 3tartcr f2ed mixture 

contained aflatoxin B1 at 0 to 2 }Jglg an:1 the 9r :)'''€r mixture 

contained upto 1.0 }-1g/g. A.f1.3.toxLn c( Jlt:{·nr c( the feeds 

was high during the hot-humid p.:;>riod. 

2.7 METABOLISM OF AFLATOX!fi; ANI) TIlEIR HOOE OF' ACTION 

The metabolism of aflatoxins important 

role in determining their l:oxicity (C~m~bell .snd Hayesl 

1976) . Studies on the m>2tdb:)lism <)f f'lilatoxin: are mostly 

focussed on aflatoxin B 
1 

a~; it is th" Ilost bundant and 

most toxic member of the ·:tflatcxins. Sw~nson et a1. (1977) 

reported that aflatoxin B 
1 

requir,~$ m 't:<l )0] il~ activation 

to exert its reactivity. J ? 76} report 

that aflatoxin B1 may two ~,~. d i, I'U I', . 'uicrosomal 

oxygenases to aflatoxin .lfJ(;Itoxili ~) ,! latoxin PI 

and aflatoxin B 
2a 

or may l:"Educe ty cY;Qplas!I11c reductase 

to anatoxicol (Salhab ancJ E:Jwar-ds, 1977b) and 3flatoxicol 

(Salhab and Hsieh, 1975). A gene.'al lSG'd scheme for 

the metabolism of aflatoxin '\ in the li\'e~ i 3 given in 

Fig. 3 and various possible bLotran~formcti(lns 0 aflatoxin 

Bl and tlleir reactions are described ~elow. 

Aflatoxin B 1 may be mt"tabolicall) activa':od by the 
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mixed fllnctjon oxida.se (MFO) t.o fc·rm ), i OXi<il or. epoxide. 

This epoxide binds covill(~nl:1y to otJA forminq 
7 
N-guanyl 

adduct or is hydrolysed by 2poxidE' hyel ~ase to the dihydro-

dio 1. The later metabolite, :Ln its dL"ldE'hydride phenolate 

form at physiological pH, forms schiff'" bilse with proteins. 

The other metaboli'tes are hydroxylated deriv.:'Itives. Afla-

toxin aflatoxin and aflatoxin are ;n.-odu ceo by 

mixed function oxidases but aflutoxicol is fonn, d reversibly 

by NADP dependent cytoplasmic cehy(h·ogen .. "~C'. 

2.8 TOXICITY IN DIFFERENT SPECIES 

The toxic effect of aflato}:int:~ \'al:i0S Tom species 

to species I and further depends llpon .:~q(!, S( x I level of 

ingestion, feeding dut:'ation and nutL-itton,ll status of the 

anim<ll. 

'l'he animal specil!s Ildvr teen di"ided into three 

groups based on the leth,Ll. ]1?'lc1s ~f .'I 'L"l ~(lxif\ '1 <'I.s: (1) 

extremely susceptible dlJckling, r.-atbit, cut, pig and 

trout: (2) moderately $ll,scept j blp 00'1, .sh(.'fJl and guinea 

pig: (3) resistant - monkE;Y, chic:kp.n, r-ilt, nOUSE' and hamster. 

Salhab and Edwards (19770) clas::;ifie 3. ':he in the 

relatively resistant cat!~gor? beca'Jse ,Ix ha::: g~t similar 

susceptibility to aflatoxin ,)E monker. 

Wogan and Pong (1970) rE'port(>d th It aflato>;in ~ was 

most' lethal to, various species ot animal;: f0110\o e,j by Gl I B2 

and C;? in order of decreasinq potency. values of 

aflatoxins and the diet a r y concentrat iocs 01 aflatoxin 

causing toxicosis in animal~ are prespnt(?d iJ: Tables f 

and 3 respectively. 
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Table 2. LD 50 values of aflCitox ins ir. vdriou", animals 
(mg per kg body Wt!i1lht) 

Species 

Duckling 0.36 

Rabbit 0.30 

Cat 0.55 

Pig 0.62 

• 
Trout 0.81 

Dog 0.50-
1.00 

Sheep 1.00-
2.00 

Guinea pig 1.40 

Mon key 2.20-
7.80 

Chicken 6.30 

flErt 7.20 (M) 
16.00 ( F) 

Mouse 9.00 

Hamster 10 .20 

Chicken embryo 0.025 per 
embryo 

Intraperitoneal route 
(others by oral route) 

1.68 0.78 

1.90 

_ .00 per 
I·mbl~yo 

1.42 



Table J. 

Animal 

Calf 

Steer 

Cow 

Pig 

Pig 

Pig 

Chicken 

Duck 
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Dietary aflatoxin levE'!s cilusinq t::Jxico:;:.s in farm 

animals a 

Age 

Weanling 

2 years 

2 years 

New born 

2 \.Jeeks 

4-6 weeks 

1 week 

Unknown 

Afla.toxin 
content 
(ppm) 

0.22-2.2 

o .2:~-O .66 

2.4 

o .2:: 

0.17 

0.4-0.7 

0.84 

0.30 

Dural iOll 
of 
feed"o(] 

20 'A€ek~ 

7 mor:tho: 

1 days 

1.3 ddr'S 

:\-6 m :'~lti1,; 

0 ,..Ie ~KS 

" wee:.s 

Effects 

.-~tunting I 

~iver damage, 
rleath 

Liver damage 

Liver damage 

~,tunting 

JnJrexia, 
~tJnting, 
.-:1 mdice 

'st1lnting, 
1 her damage 

S':llnting, 
liver damage 

Li.ver damage, 
d.!c!th 

a Wogan (1977) 
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2.8.1 CattlQ 

Loosmore and Markson (1961) re'JOr::ed initial cases 

of poisoning in calves ffrd Brazilli3n groun(lnut meal. 

The symptoms observed werE aiml~ss ~n circles, 

frequent falling, ear twitching and 'jTinclinj of teeth. 

The symptoms were ~'/orse in ca1v(.:0: tha.ll i 1 ,dult ':,lttle. simi­

lar symptoms were reporced in cat tIe ")y (~' le's:r and Bryson 

(1962) 

Allcro£t and Lewis i1363h) stlldied :he effect of 

feeding rations cont.dininq 20 rwr c~nt -,1: ~, to:- ic groundnut 

meal to calves, heifers and ol(]c>t CO .... ,i_~. elr!:;! abnormality 

in the calves was i1 rGc!uct::"O:-1 lr1 9l-'\\' t!l t-at!'. followed by 

unthriftineas and loss of eppct:.te. ':'ermi;,El symptoms 

OCCUrred after 16 to 25 \lc{!k:s. In heifers. l()s~ cf condition 

occurred aftct- 7 months, ,whilE.' no (J illicill abnot:'mality 

wa3 seen in older cows. 

Horrocks et al. I',,'"J 'I' :', j 

of the tax ic qroun(lnut mOil] i r; ','U[ C'-rt' ,. l { 

;1, 1\ per ce.nt 

) J ":; Lor early 

wcunE.'d ci)lves and "ounc! 

weight gain prior to :' rn,:nt.hs, vrlich (.fi'!:; <lu, to lowered 

feed intakE' and impaired [(0d utilizal10/1, DLt could not 

find any ctdverse effect on the perto 'mailce 'f fattening 

bulls fed a concentratE' m~xtur0 h~'!ing tox!c groundnut 

meal. 

Sastrj et al. (1965) \,>,'-r'E' the f r:-'i':: to cbserve the 

inciaence of groun,jnut toxic:.ty in livestock in India. 

'fheir pathological finding:3 of the' iHl Ill,): s W[,Q died due 

to an outbreak in Andhra Prildesh 'In(li \) \-;{;ce ;;imilar to 
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the conditions reported by Loosm~re lnd Markllon (1961)~ 

Later on I case of i11~u'~e dflatoxic( si:; in cattle was 

Garrett et al. (1966) con'Juete j 

yo,mg beef cattle, divided iilto fiv(' Jt:(llJpS :ed graded 

levels ot 2Jflfltoxin fortified col'-on~;e~(1 IlIC'id tor 133 to 

196 days. The levels of (lfJ.al:oxin in [jV0 dif~crent groups 

were 0, laO, 300, 700 and l.OOO ppb rc:spC:CLlv('ly_ Decreased 

growth rate alongwith inct"€'aSE in 1iv0_ ~lljd Jd :1.H?Y weights 

were recorded in animal~l qiven 7(0 ar.a 1,000 ppb levels 

of aflatox ins. 

Lynch et al. (19GB) conC!uct(~c1 all ExpG'rjrnent to see 

the effect of graded levels 1)£ aflato:.in on l:c. rotene and 

vitamin A concentration in blood cer.1m of calves . The calves 

were dosed orally with aflatm:in at r.J COS of . 04 to 0.10 

mg/kg body weight. At a,:lilt'Hin dose l(,IJEI~, (), 0.08 mg/kg 

and above, carotene val'Je~ .,;hCMP( d ~)c:qr'i ,';. i;;e decline 

during the dosing pot:'iod hu-. I."'j,' 'Jitflmir f.. '!;du =:; decreased 

most t:'apidly from the fit:'st t·~.l r,h,-' ~"pc);ld ','c,p! of nosing. 

Flatla et al. (19b~: ,<;t!l<ii.'<· \~l{ ')f teeding 

a conccntr"ate ll1ixtllr(~ cont:"irlino /~; l:( .H 'I,>! It. groundnut: 

\~iF' upt() 13 

months. (--;t'OlItlOnllt ml?al cc'nt.lini;o;':D l.o ~)O [lph )j i:lflatoxin 

B W88 used lrl q,r-'\lp 1. 
I 

(;'~<)\!I\dtlut rncl.l contc:!ining 1/500 

lo dl:LltOX ill H LI :.i" rl I I . The animals 
. 1 

fed hiqrll'l l('vpls of af12loxi.n die not .'.'t I 01.: 0.(1" clinical 

SIgn, lhollqh ,~fter 3-4 mcnth~, t,l!?), had Je.,3 a\ ?'."age daily 

gains. 
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Lynch et al. reported ttat li~er lesions 

occurred at 0.02 I11g of ,?lflatoxirt BI P(,t" kg body weight 

and above in dairy calves on a 6 w, ok:3 toxin feeding. 

Gross lesions at postmortem included 1C'53 (f colour in 

the .Liver und adrenal hypel'plasi0.. 

of 300 ppb in the diet of b''<E!t ",teet": t ,d f( r 4-5 months 

was quite safe (Keyl and Bcoth, ]971). 

dose of aflatoxin in calves. The dos' level~ ranged from 

0.6 to 1.B mg per kg body weight. A11 U.e ci1 l 1,.es survived 

at dos~ levels upto 1.0 mg. 'l'wo of th( till:'e(> c:€,lves survi-

ved at dose levels of 1.2 to 1.6 mq. 

at the dose level of 1.B mg. 

All th, calves died 

Neathery et ()l. (1980) fed yount daiLY c31ves diets 

containing 40 to 650 ppm :dnc, \"ith or without 5 ppm afla-

toxin for 3 weeks. The dfl21toxin [20 (,2'1'J .,~; exhibited 

signs of toxicity which :.n<:lllded l-eou :r?(~ LCE"~ intake and 

less body weight gain. Addition of 600 t'PW Z'.LC to diets 

did not alleviate the toxic effects. 

Eddy el <:il. (10800 ) 

containing contaminated ct'~r. proddin] ~.i-I "9 aflatoxin 

daily for 140 days. They tound tll adv;:' t" ,'-0 f· oO'fr€ct on feed 

intak8, body weight gain <nul feed ('fti :::iency. In another 

trial on heifers, Eddy ~ al. (J.980b) ob.<:enecl tl-at aflatoxin 

-d058 upto 4.83 mg neither affected thE m\~taboljc profile, 

which included BON, total pt'otein, SGO~ [ .. DI! c n:1 14 other 

constituents nor the length of the o2strus cycle. 

Balaraman and Arora flJ86) stllciec t-hE effect of 
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feeding graded levels of aflatoxin:~ in ·1 groups ,)f crossbred 

calves for 16 weeks. The toxin leveLs were 0, 0.5, 1.0 

and 1.5 ppm respectively on the basis c-t dry matter intake. 

The results indicated a dec:line in weig!)!: 'jain \.,r •. th increase 

in aflatoxin levels. They elucidated that 0.26 P?rn aflatoxin 

was safe for crossbred calve~. 

2.8.2 Sheep and goats: 

Aflatoxicosis has nol :)0(>n repcr"tEd itl sheep under 

field conditions. 

to aflatoxin with LD 50 value of 2 mg/kg body \-/p s;ht (Patter­

son, 1973). 

Al:m brecht et al. observe:] loss of appetite 

and diarrhoea in \"'ethers, given :J. si~g10 sUl):.ethal dose 

at the rute of 0.23 mg/kg body \1e:.ght ,lnd more. Excessive 

salivation, frothing from the mouth a 1-:] inCI:- ''" sed rectal 

temperature within 12 h 1,.121:'2 ~eell a: d hi'Jht:i:- Jo.$,:': of: l.2f 

mq/kg but rlut at 0.59 mg/,(::} do):::;,,". 

Allerotc. ot al. .h0 p(esence of 

toxin. They also det('cted t!lI": \~~cr:pt. ')[1 o( J 

fl'11 through urine. 

1 
G 1 and 

urine while aflatoxin G
1 

w,'!s exct"et':=tc t''!:'O\lg:1 urine and 

faec0S both (Nabney ~J:. ill. I 1~ .. 67). 

Lewis et al. (1967) ob:3(?rvQo ltl " Jong E rm feeding 

exrerirnent on sheer) that: w(?iqht Jain was sl:'9ht1y less 

and fertility was also lO .... ,E·r due to feeding of toxic 

groundnut medl containing to 1.)5 ppm a ·la~cxin. 
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MaryamOia and Sivadas (1975) rep:n-ted that ingestion 

of feed conta~ning 0.7 ppm of aflat.oxin produced deleterious 

effects in adult goats. 

more sUGceptible to aflatoKin tharl l"omal0. Intake of afla-

toxin at very low level.s, insufficiel: to p(',)duce tox ic 

symptoms, Ci1uses te::;ticular ,]eq(~neratjor fI i at opathological 

changes ,,'ere also noticed in thE' pituitary, ':hyroid and 

adl.-",ndl glands. 

et a1. ( 1975) 

of aflatoxicosis in goau; :ed a COllcentl atp mixture contain-

ing Polkucdo meal. The'] .1lse c:cQvC't:"ed afI;l!.oxins from 

!-latch at a1. (1979) \ .. !(:n: able to induce "flatoxicosis 

in goats and the symptomfl (,b:i0rv0d wer0 arlct"exi;I, eNS depre-

S310n, swaylng and falling.1 shoe:,-, C·lma dnd death with 

or without co~vu13ions beEo~e death. 

Sinha. and Arora (J9i:\4h) :'3tudied t:l (' effeci: of feeding 

.the:' eli cl. ot kids. 'I'h ey Ob:5 (> r '/ ed t h <'11: pprll lflatoxin in 

thE' dif?t adversely ,)ffecteJ the qr'-)\Jtll l"cl-(:I qll('on~ogf"ne-

sis "md muscle protein ,->ynthc:;i<3. 'l'hl..:Y .:d~,;(, ()bSelV(~d histolo-

gic,,1 changes in liver, :ddn'?¥ and t ?stcs 01 the kids. 

Tn another study, Aroru et al. (198Bb)ob""rJI~d a :;ignificant 

df'CrPdS( in hlood serUlTl inrmtn""ogl_,buli dnd '~ ~owth rate 

in ki d.,:; ':J iven 0.5 and 1 . () ppm afla1:oxin in the diet. They 

also reported that 0.147 ppm ailatc·xin tn the diet of pre-

ruminant kids might be a sa fe lE'vel. 



29 

2.8.3 Swine: 

Loosmore and Harding (1961) repcrtE'd the field out­

breaks in pigs due to the intake :)f contaminated groundnut 

mea 1. Annau et al. (1964) observed <It diet s containing 

0.5 to 0.75 ppm aflatoxin were unpalat;:bl'~ to growing pigs 

resulting in a marked deprps.3:i.on in gro-.Jt:h "Ind feed conver­

sion efficiency. 

Bodnar et al. (1965) condl]cted f3edin0 trials in 

Hungary on pigs and found that di eti'lr~ level.= of 0.4 ppm 

or more caused a reduction in weight gait and fet·( conversion 

efficiency. Dietal~Y levels of 0.45 ppm aflat.c,xin B1 or 

below had no significant ·:·ffect 0:\ eil he;" grow:h rate or 

feed conversion efficiency ()f 9ro,"in9 piqs avec a period 

of 117 dayoS {Ilintz ~ ~.( 19Ci7) 

The LD 50 value of aflatoxin for svine ,'e 8 reported 

to be 0.6 mg/kg body \.J"2iqht: by ,Toops and Jenes (1969), 

while Cicgler (1975) found it to) be ).62 mg/kg bedy weight •. 

Barber ct a1. (1968) st:lldie-J th, Effect of feeding 

aflatoxin contaminated gro~ndrut n,~al on the IJerformance 

of pigs. The symptoms ObSE't"\'C(i \"'~l"(: !(S~ 'Jf <'ppetite and 

reduced growth rate. 

Keyl and Booth (1971:' .:lid not f11H ,lilY ,~d\fErS£ effect 

in growing swine as t1 reE>'Jlt of teeiinq ,J ciiet having afla-

toxin levcl upto 233 ppb (It les8. G("owth r<lte of pigs 

receiving aflatoxin upto 1.1 l:1g per kg fccd was not affected 

(Armbrecht et al. I 1971). 

During the survey of aflatoxicosis :n fanl animalsi 



30 

Smith et al. (1976) found tlliJt amcng aJ 1 ::.ht'", Cd,3(>S of afla-

toxicosis, 88 per cent \·H?r(~ Ln SWIne. 

Southern and Clawson (1'.179) re:)orted tr.at average 

daily giJin was reduced linearly in P 9:3 reCE-'lJing a diet 

containing 355 ppb and higher level:. Fef"d efficiency 

was not significantly influenced by d:'etal:Y levels of 385 

and 750 pph aflatoxin but \lu.~:; depre~;s,'d at ,) ~ igher level 

of 1,480 ppb in the diet. 

Hale and Wilson (1979) noted thi. t pigs r()d aflatoxin 

free mai ze showed higher" digestibillty coef;:icients of 

DM J EE and NFE and more N bi'llance than pigs fcc diets with 

aflatoxin contaminated maiz~. 

Panangala et al. {198(~ n:port:d that 3rowth rate 

and teed conversion AfficIEncy W<,tS sjgnj ficarltly less in 

pigs fed aflatoxin as compared to c,~nt~ol. 

2.8.4 Poultry: 

Among the poultry bit'ds. 

less susceptible thdn dueL_in';;:I_'" ''lnd tUI f:(;:' pOllll:s. Asplin 

and Carnughan (1961) t"cpor:t(-'d tjrs e".t:lt-nc(' o( ;:Hl_'Oceptibi-

lity of duckling to the t.oxic prin.:;ipJ '. ';1 (jL< undnut meal. 

The first signs of aflatoxicosis in duck .in<J wert! inappetance 

and poor growth rate, w:.th th(~ c)nset- r:t trlOr-til',lty 2 weeks 

after the commencemenl )1. I.nt' fepding 01 toX'.C groundnut 

mPFll. -rhey also noti("(,d ret:D.rdal:ior; of gro\1th in Rhod~ 

island chickens at dose levl!ls of 0.5 ppr, al:1atoyin. 

Ducklings are extr2mely sl~nsi t ,ve to ,lflatoxins. 

Purchase (1967) reported thc.t the ora. 7 du.y3 LD 50 was 
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18.2 )J9 aflatoxin Bland If. 119 aJ'lato :in Ml j'1 the day old 

duckling, whereas an acut·= L,I) 50 fo~ 

was 0.335 mg and 0.784 ~0/kg b~dy ~ei1ht l-E'spectively. 

The extreme sensitivity of ducklings provided the earliest 

bioassay for aflatoxin contarnin:.1ti':m of [pcds ar,a detection 

of aflatoxin as low as 50 }Jg/kg fe?d was possibl~. 

Cat:"naghan (1965) feo ducklings a diet containing 

approximately 0.3 ppm aflatoxin from 7 days e·f age over 

a 14 months period. 

in weight gain occurred during the fi ~st 4-5 11eek8. The 

survived birds had tlepatic tumclur. 

Gopal et a1. (1969) t'0o:'ordej se,eLLll ca:-ws of afla-

toxicosis in chicken. The d.i.seaE€ wa 3 rlot"£= 0 :evalent in 

young stock, which showed tne symptoms 0 ;)sute toxicity. 

Smith Clnd Hamilton '(1970) repocted higt! mortality 

and syrnptoms of aflatoxic::osis v.:ithin <18 Lou:-s of introduction 

of the mouldy maize in the chicken rati·ln. Hamilton (l971) 

observed spontaneous outbro2lk in lJorth CE red ina I in which 

50 pee cent of a flock elf ldying r ens diE"i wi til In 48 hours 

of being fed highly toxic rnilize contairlirg :00 pprr aflatoxin. 

Hamilton et al. (1972) reco'cded d reduced wei(]ht gain and 

increased relative weights of :3plee~ and pancrf'.'as in turkeys 

as a result of aflatoxin feEding dt ),125 p':)nt level in 

the diet. 

Bryden ~~. (1979) reported that aflatoxin B (1 mg/ 
1 

kg diet) had a detrirnental .;:>ffect on hody <""eight gain, 

feed intake ~nd feed conversion efficiency in chickens. 

When the toxin was fed for mor-E' than 2 wF,eks that led to 
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increased relative liver \,'e~ght ard Ii Ii]t' lipjd concentra-

t j on. 

d i (~\ 01 l1y1in(> chjck~ tc bc' sdf<= f[":llll t(,j.~"~dtion point 

of view/ ;13 it did not affncl~ the growtl In ~rlcther study, 

Aroeo. ct al. (1988')) did net fincl an;, adven-e effect on 

chicks fed a diet sLlpplemenced l.,rith 1.71 ppln afL:1toxin. 

2.8.5 I-lumans: 

Systematic ~;tudies cn the effects of aflatoxins 

on human beings have not b~2rL carried Qut. Howe\er, numerous 

case~ showing symptoms "",iniL"'l':- ';0 aflatoxicos:'s have been 

recorded in human beingo:; thl~Ol](Jhout the! \- C'r~,d. 

Ling at al. (1967 ) 

aged 4-6 yeat"!::i dUE' to the .flt:akC' of 1l1:'.ll(~y r:ce for upto 

3 wecks. 

Sorck-Hansen (1970) 

contaminntcf] cassava. ThO' hoy had ilbr:Jnrn Ilat pairl and $welJ-

ing and died after 6 daYf. ,\ histc.pnthr,loqical examination 

indicated interstitial {)f?Ci(c'lld uf congestion 

and oedema of the lungs and cEntriloilllLH nect·usi 3 of liver. 

Robinson (1967) anf.lyspd \"h(~ urHI' sdmple. of cirrho-

tic children in India and obset·ved :he i~lvclvem< nt of afla-

toxins in these caset;. Shank E·t al. (J97l) det(cted traces 

of aflatoxin 0
1 takins;: .';p2cimen~; 011 au.topsy tram 11 of 

15 contr'ol subjects, probably CE!flecting ellroni,- low level 

ingestion of the toxin by the genecal ~opulati( n of north 
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'l'h.-li land, ,l. 11 \-Jh'~'rl' {~f d!"jX;n ,-ontamination 

P,ecl:oft and Wc>bster (1'')77) obsr I v(;,d <'lfl<\toxins B1 and 

l~l in 1 iVC'1: cxt':Clct.s ft-Olll 1:110 N::'W -~(alc'nd ecH'es who died 

0f Hc'y'.s syndrome. 

to·::,el by afl21toxin miqh- 1\':1\':; Cl 'col,:· In the <Ietiology of 

[::E>Y'S syndrome. 

Th(' most coovincio:1 acc,_~ur:t cf (j,'Ut0 aflatoxicosis 

in man was reported f ::0:11 India (Kt-j shr:umachari et al" 

1975) . The CCluse of <3El.3toxicc·sis \-!u.:; th0 consumption 

of malZC contaminated Hith upto 15 ng af:lat'-:>.<in per 

kg. The persons suff0rjn~1 from afL Loxicusit had acute 

hooatitis und 106 reopl(' di·"d. It ,,'a~ e~itif1I"U.::d that upto 

6 :ng a[la~oxln o} por person wns corlsume.l. 

2.,:1. G Other ~ecie3: 

h'ogan (1966) 

body ,,,!?ight for aflatoxin FJ
1 

IlalvC'r £Ot al. 

.,'> ';"Il~~it lV, '"",, d\lckl ing 

!: 10.2 mg/kg 

r-eportl?d :hat :30.Jmon were 10 

to ~:cut~ al-latoxicosis than 

salmon below Sand 10 mg/kg b·)dy weigllt. 

Chaffee et til. (J96g) ;-pported thc:-t bflatoxin contami-

nat('d C("lrn caused aflatoxic(Js_i,: ill d()g~'. 

BOlln~ ibonncs (1969 ) aC.1t~ tox i ': symptoms 

in lC"linhc)l.·,I t!."out by inlr.-.:1p-,·rit8!lGaJ il1] :-ction of aflatoxin 
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G
1 

The LOSO value ~lu.t' l.90 mq/kc] 1'0) (; I while it was 

0.81 mg/kg body weight for a:'latoxin HI 

Chou et al. (1976) scudi0d the susc6ptibility of 

mink to aflatoxin by giving a single (IOS(: of 3')0, 600 and 

900 ,19 of aflatoxin/kg body · ... 'eig~,t. 1'1ll1ks eli 2d in three 

different doses \"ere I, 2 nnc1 4 out of 5 miTiks in each 

group within 4 days due to .lcute n!lac0xiro2ls. 

Greene and Oehme (19~16) first case 

of acute equine Qflatoxi(~o~is in a S year <)ld Arabian 

stallion in Kansas. Thc, ,~ymp:oms sh(·,·-, '<"1 \,'{.'t'(> cf anorexia, 

loss In weight and jaund.ic.::. 'I'he; IH t-St' te( d was found 

to be mouldy and contained a very l1igl to'/Pj ':If aflatoxin 

It appears from t~~ If'l"P stud i es 

are needed in farm anim21h: tr) to}I1C.1rAt(- t:ht safe level 

of aflatoxins for differenl c3tegori('s a ilV(;!.:,t ·ek. 

2.9 EFFECT OF AFLATOXINS ON NITI~OGEN ME~ AB()LISM 

Lynch et al. (1970) cdrr.ieu out ~xp_'r·lf'lo? 11 s to study 

the t"E'sponse of dairy ciIIHI;':3 t-e ilLlcltcxin ::-)t1taminated 

feed. Six aflatoxin dOSQ 1.1?'le1s fr-c'll1 O_I'W ) 0.8 mg/kg 

body weight WQre fed to t;i:: pair.~ :)1 /OJtly airy calves 

for six t-leeks. TherQ W,olS r.c> sl.gr jfJr:. fit (-~ff~c~ on total 

afiutoxin feeding. In another study, lyn<:h et al. (1973) 

studipd t,he cdfect of gL"adQ') levels 01 aflato'dn ranging 

from 0 to 0.08 mg/kg body ,,'eight in /ounq d~it"y calves 

0' nitrogen balance. declined 
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significantly with increa~~e in dose levEl. H·)wever I none 

of the ci:llves ShOWE·d negative; nitt:C'gen \"\l,,nc('. 

liale and Wilson (197'7.;) observed the' efil"ct of feeding 

aflatoxin contaminated maizQ on nitro£en ~etabolism in 

pigs. Pigs fed aflatoxin f~ee diot cO'lsumed less nitrogen, 

excreted less nitrogen in ,]cine ,ina h"~d a hi~hcr nitrogen 

balance than pigs fed diets t·:ith 2j l,d c.'xin 20ntaminated 

NCi1thcry et al. (~9HO) 4:(>d dairy ci-l,lv,>! 'iiets contain-

ing 40 to (,~)r) ppm 'line \/iLh 01 -lith().l ill) 1 ,qflatoxins. 

The cdlv0s given df]",toxin,; l\;\d io '" 1I1!.toQ('1I I";, anc-e. 

aflatoxin 8
1 

rieCl.-c' '~,f' in serum 

total proteins/« ,p ''''K <Jlobuljns a ld fjhr'nogen but no 

effect on blood urea-No 

Maur ice et al. ( 1 ,) E 3 ) obsec'!cj that :he feeding 

of uflatoxin 8
1 

at a level '';0 nr body weight 

significantly decreased tIlt pla.t.> Ild ly:;i(l( ·o.lHJ histidine 

and significcmtly inCrGdSed t:1il31!1cl ,Ct-uJ :-c._d:!smLr. 

Durguera ct al. (l)k~) 

protein, Cllbumin, 910bulin in t;llr--;('y ~ (.," t: , " aflatoxin 

and crotolaria but th0 v~luE·.s ()f ~_ot:;,l prot 'on, albumin 

und f3 globulin were hiqh(~r in groups ~iven a!13toxin plus 

selenium. 

Mtll"thy et a1. (1984) 3cudjEd t:h:, (Itteer of feeding 

aflatoxin at. d level of 10 Ot ·10 pg/kg b:-dy \-lei9:"!: to cattle 

and l)uffalo calves. They fourld deC[QR!ed c)llcentration 
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of serum proteins in the gcoups :':ed aflatoxin in both the 

species. 

\\lyatt et al. (l985) fed young ffiaJe !!o11;tein calves 

diets containing 40 or- 640 ppm zinc '...,-th 0 or 5 ppm afla-

toxin for 3 weeks. 

plasma totell protein, ulbU:llin, globulin 'lnr) albullin/globulin 

r.)tlO. 

For better understanding, work 

is necessary to study the effect of aflatoxin toxicity 

on nitrogen dynamics in cattle and bllff,llo, using latest 

availahle techniques. 

2.10 TISSue DISTRIIJUTION AND EXCRETION 'ATTtHN OF AFLATOXIN ----------,--_." .. -----.. --_ ... 

The aflatoxins i'lre JTI(.t_i'l.bol i".0d t ': ~l1c ho:)atic mixed 

function oxidase (MrO) to 'c grour of lydroxyla:ed deriva-

tives which <"Ire species s:,pcific d d h ''In .x.~ ::.>xcr2.e trough 

faeces, urine and milk in IH:~ t' , . '_a 1n9 anl!n; _13_ 

Alleroft and Carnaqhln ( E6J) "'l " :. ' ( first to 
det eet nflntoxin ,. 

" 1 lC mJ ! ,'., pl-irll"'. "',,-, J : 'v \.- i : h protein 

fractior, . The: quantlty ,)~ ,,":lato<in ( C) l'1. cd Ln milk is 

directly proportional tc :.t:. irlti,kl'. ;'-j-,"'P tl igh levels 

of a[]al:oxin are ingesteci, 1--3 P<'t cf-nj ,) t r-hl:" ingested 

dos£' clppear"s in milk. 1'1ilk lE'v!?ls (',f af .;I!~")Xin ll-0P rapidly 

when int"ke is discontinu'",! (l,],]c,.,t'" "I 1 
L: ,tilt ~OJ(rts, 1968). 

were llle findings of ~asri t.t al (1 ;)69) , r lactating 

cows. 

Shank iJnd ~'Jogan (19(.51 studiec thE' uistribution 

and C'xct'c:tinn rattern of 
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administcation in rats. The rad,loact_vity was 12.3, 7.0, 

43.8, 20.7 and 5.7 per cent in carboncli.nide, urine, stomach 

contents, intestinal contents and liver. 

Nabney et al. ( 1967) conducted an experiment to 

study the excretion pattern of aflatoxin in sheep. They 

found that thE' principal routE' of the c- :cr'?tion of aflatoxin 

\,'DS through urine, ,,'hit€' aflCltoxin (; '..Jas xcreted both 

in the urine and faeces. 

1>1abee and ChiplGY (19 7 3) excretion 

and tissup distribution of n 1 'n broiler 

chickens. The broiler chid:cns ex cr.! ted 90.64 per cent 

of the dose administered. The radio,lctivity distributed 

in various organs was 11.04, 0.84, 4.:0, 12.5;~, 32.66 and 

30.13 per cent in blood, liver, hea1-t I giz:'crd, breast 

and leg respectively. 

Polan et al. (1974) .studied l"h? excre,"ion pattern 

of JI-l-aflatoxin B 1 in JaC't6tjn'J r:e't.J;-'. ':'W '-",L<' .. 1: e:] aflatoxin 

was given ot"ally. Approx ima::E:ly onf·-hi;l en the tritium 

excreted 1n urine over 96 hOL1~S o,cut"r2d duri! 9 the first 

24 hours. In contrast to t,lE exccetlo-I [-attci n in urine, 

the cumulative tritium content 01 RIllk, per(:entage wise 

was increasing at its fastest rate l)(>t\'~'(>11 40 and 60 hour. 

After 96 hour, total labelled materiQ.J e:<creted was less 

than 15 per c(>nt of the latp11cd dosr= <ji'Jen (<".:Illy. The 

un-accounted tritium was considered pt"?sent i:l different 

body tissues. 

Lafont and Lafont (1975) feci lElctating ~C'\"S on hay 

and qroundnut cake l.Jith u mean CO'ltcnt 0" afl3toxin B 1 
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about 85 mg/kg. An average of 0.95 per cent of :he ingested 

aflatoxin was excreted through milk. ,ngel Elr.d Hagemeister 

(1978) t"cpot-tc:d that only;! t.o 5 [.lCt" C('llt c ~ feed toxin 

thp fp{~rl df1;'ltoxin D
J 

\-JLl::; (·xcl-ptpd ,j~_, llydroxv derivatives 

with milk. 

App.lebaum and Ml'l r..-t h (1981 ) ~: t- rd i 0'.-1 t 'H' excretion 

of dflatoxin "] into m:ilk )f luctat:in] ( ,)W$ j" (d 13 mg of 

pure af,lutox in for 7 daY:5. The con\ er:;lO{: )( aflatoxin 

B
J 

to aflatoxin Ml was not (jreater thar 1 per c?nt. Afla-

toxin I'll was detected in milk 4 daIs pest toxin administra-

t ien . 

Kong et al. (1982) obsP["vcd th" Effect of feeding 

aflatoxin B1 on aflatoxin t-11 (;xcret ion n ·nilk Jt lactating 

cows. They found a highly aigrliiic3nt c)rrelatio" (r~O.935) 

between the toxin intake a~d excreticn in m:lk. There 

was a wide variation in convEr:,ion of °
1 

t,) ~1] .... hich ranged 

from 3.45 to 11.39 per cer.t ir. diffel:enL ~~o\,s. 

Trucksess et al. (_l983) gav0 ~ ~ingl( <)ra 1 dose 

(O.~, mg/k<j body weiqht) of dflclt-r,xin " 1('1 ating cows. 

Samples of milk, urine and L\c("(>~' I.oJf':(" \'!.!"·j-H1 1\ different. 

time intervals for In days. AiliJtox .. col :f-< 

B 
] 

dnd M werc> found 
] 

In t.hE.> milk, pI \sm', one red blood 

corpusclr:s of both cows at post dosing h,:)ur 1. Maximum 

concentration of the toxin was observed at 12 al(I 60 hours 

of aflatoxin dosing. One em, di(,:d aftot 60 hou"~: of afla-

toxin dosing. The aflatoxin B conCI~ntrD _ion in 1:)18 samples 
] 

of liver, kidney, urinE', bilE- and ru['1E' 1 ,:ontclts of the 
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dE:'Jcl cow were 5.1, 3.3, 4.1, 1.6 and >.20 ng/g l'espectively 

Clnd M] concentrations were 4.3.20,37, 16 "lfH'l 8G ng/g. 

Helferich et 211. (198')) sLucli<2d < he ~'XCt .. "t ion pattern 

of aflatoxin in lactating ,~oat"3 by yiving 
1 ~1 . 

C-aflatox In 

B1 either orally or intr:avc.,olJsly. ~lilk, fa(;c'es and urine 

wert' collected for 120 h after 
14 

C (Af-B 1 ) iOldlldnistration. 

. 14. . . J ,. 1 Recoverles of C In urIne, ml ,..; an{ fae':0~ were l:espectively 

27..7, 0.97 anel 65 per cent (i.v. jose) ()nd 30.9, 1.05 and 

52.3 per cent (oral dose) 

The excretion and retention of aflatoxin in different 

body compartments of livestock carries sjgnificant importance 

because it can cause health haz<'.rd to human beings who 

depend solely for their ilnimal (Jrote'tl requirement from 

milk, meat und eggs. ~0taileri s:udies are 

required to be conducted toe i.t:.s tissue jistribution, reten-

tion ~nd secretion in milk. 

2.11 EFFeCT OF AFLATOXINS ON RUMEN 2ERMEN1'~TIO~ .--.-.. ~--.-,~.,.- .,'-. -,. - .'-

I?ehr and DelaQC? (197 1:) n~pr)r! r;d j'I,I! 'll i,c'l :()xin Bl led 

to decrease in volatiJp ','0',1:'1 <tectO ~:['oduct:icln in mixed 

rumen culture unde~ in vitr:, c0ndit'on~. '1'11 ey ,,1 t;O observed 

a decrease in acetic acid <1:"10 increa::'\.o III pn,pionic acid 

concentration. Repetto (1976) lIse; nO:lcec that with 

the increase in the level of afl<'1tocln t:, i-. t"tiftcial rumen I 

cclJ:UlolySiS and production rate of \lFA d,'cr'o·Zlsed. 

Alleroft (1969 ) rE.>pc)rtc>d that llilture Cllffiinant was 

11255 sllsceptible than the ycur'9 rumi,ant :0 the to-<ic effect 

of cJ[latoxin. This could be t"c]ated t; ,,'ome ,j,?toxifying 
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ability of the micY."oorga:1isrFS in t'l€ rUl\e:l of fl'atur-€ animal. 

But Mathur et al. (1976) incHcat cd tqat conCE~ntrat ion of 

aflatoxin 8
1 

In the samplE' before and ;)i:ter 2.4 h:)urs incuba­

tiDn wjth rumcn fluid \.Jas over" 90 per" c:ellt of its original 

conCoTltration and thus ruled out the possibility of degrada-

tion of (lflatoxin 1n rumen. Contrary -~o this Engel and 

Hagemeister (1978) observed the presencE' of aflcltoxin Ml in 

tho rumen sample tl t: transformation of 

aflatoxin Bl in the rumen of dairy cm .. a. In I_heir in vitro 

experiments also, the results indicated 40 per cent degrada-

of aflatoxin after 24 hours it cubatioli with rumen 

fluid. 

Sinha and Arora(1982) cbserfed a sigllific3nt decrease 

In cellulose disappearancE" VFA concEntr:atioL uod protein 

synthesis with thE' inCrCc.SE' 10 the l"vel of ~.flatoxin in 

the artificial media. r", another Stllc1Y, Sinh3 and Arora 

(l984h) reported that the concentt-aticn :)f total volatile 

fatty acids and pl~opionic oleicl ir th<2 rumen 0f kids given 

aflatoxin was significantly le~:;s their. 

toxin. 

hO.3~ no~ given afla-

Balaroman and Aror',~ (1984 ) '::(> )orted .helt addition 

of aflfltoxin to th~-- artifjcjel m0~Jia r,H-i w, 2J'1eLse effect 

on prntpin synthesi.s or ccllulo:;t--: d CJ'=.;t ion or volatile 

fatty acid production I \-]hell ':h,) 10v(>1 '-.)1 ploteil: I"as enhanced 

from 100 mg to 150 mg Ln the incLibati'in vessel, indicating 

that protein has got u rrotecti"/(> effEct agLli!l~;t aflatoxin 

action on microbes. 

Now, it '5 ruth0r- 0st~tlish0d tlat protein 
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haf; go~_ <, protective I~ffl?,~t: against aflatox lcosis. But 

since th(2 availability and co::;t of prou-'ill rid· ::oncentrates 

is limiting, some altern~ltus ~re needed to be 0~rlored. 

2.12 MODIFYING EFFECTS OF DIETARY NUTRJEN1'S 

The toxic effect ot aflatoxin d.3 2 diet2.ry contami­

nant depends among other fact.orsl alsu toy thL' nutritional 

status of the animal. The dEetary nut rient, ir,tar-act with 

aflatoxin during the process of metatol:sm n,oJ.ifying its 

toxic effect. The different nutrients hav( been found 

to interact differently. The knowledge of such interactions 

may help in alleviating the toxic eEfect; of the ~oxin. 

Madhavan and Gopalar.(J965) obsened thal the toxicity 

of aflatoxin 8
1 

in rats HdS mor·? ~"it h prOCE il1 deficient 

d i ct . 

of aflittoxin 8
1 

to ~!flat(lx:n '1 :-111(1 c)r"!;j:r,;.in C" w(is reduced 

by 50 per cent in t:-i'lts, ',h-:'n thvi,' iI"! .,,'.l! j·,:ficient in 

protein. 

Smith et a1. (1971) r-ppo)- t (>r] 1 hd t ~hick.s were 

protected against the advl'!r riC 0t::(_'cr:~~ 0 ppm dietary 

aflatoxin on growth when thE protein level ,rt the diet 

was increased from 20 to .::0 per cent. 

A decrease in heoatic af12toxir E, IT'.ll~romol eeu 1 e 
1 

adduct form('ltion was not-elj by Pr2ston e~ dl (1976) in 

ruts fed protein deficient cli'o-t. sinh) <md j r:>ra (1984b) 

p[.n aflatoxin 

in the' di,-:>t had normal grO\,th COl1lparC:\I]c to :he control 

kids duC' to higher protein 11~'J'c>1 in thF~ d (>t 
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Wells et a1. (1(17~) 

affected by nflatoxin when lard WdS tb(~ ~O\Jt"C( of fat than 

when groundnut oil was used 1n the d .'2t of rilt. Though 

af]atoxicosis decreases the :3ynthesis of fatty acids and 

causes impairl?d lipid transpot't I yet (!iels high in lipids 

havlO' a mortality sparing effect cigain:;t aflatoxicosis and 

the f.::. t containing unsaturated fatty "clds h,)'Je a growth 

sparing effect (Hamilton, 1977). 

Murthy ~ ~. (l975) fed pis:s on aflatoxir contamina­

ted groundnut meal alongwit:h hign ca(bohydrac·~ diet and 

found that high amount of r.arbohydra:e lrl r.r e combined 

ration exerted a protective effect c' ".hi"' iver. Wise 

et al. (1978) reported tbat rats 0XCl'_'tf'cJ It 3;, aflatoxin 

Ml in the urine whE,n they ,",'GJ:C' fed Oli .J ;:O;'H:r.-C s'" rich diet 

as compared to rat fed on starct· rich diet, inspite of 

the same level of aflatoxin in both the (iets. 

Hamilton and Gar-lidl (1972) c< u 1<1 r,OI alter the 

fatty liver syndrome caUSE-a by aflatoxin by ~ J?plementing 

the diet with 13./. j-lg/kq vitamin '3
12

, 'j'emch"roen et al. 

(1978) observed 

as a resul t of feeding vitamin 

aflatoxicated diet. 

Bar-bet" ct al. (1961l ) 

~n hepatic carcinoma cases 

B12 fSC u9/k9) to rats fed 

observed that aflatoxin BI 

reduced the vitamin A content of the li",'r .)f piq~:. Similar 

results were reported by H~\milt0n (]97S) in cattle and 

chicks. Addjtion of vitamin~;!, Clno f: to he rati·~rl increased 

the qrow'-h r"te of young rats but did not stop the develop-

menl of histopathological changes, mot" .a.] i.ty r clinical 
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signs of aflatoxicosis (Todd et al., J96E:). H~,ddy et 211. 

(l973) reported thi1t ratE on a "itumin A. dvficient diet 

were more sensitive to a single d052 of 3flatoxin. 

Hamilton et 211. (1974) observed that a di€!t deficient 

in vitamin 03 makos chicks 2ensiti~e to dClses of aflatoxin, 

wh.ilE' thiamine deficiency had the OpPosite effect (Hamilton, 

1977) • 

Neathery eL al. (1980) could not [,inC! (),I,y beneficial 

effect of zinc sllpplementation in c,dve::; f·,d aflatoxin 

in the diet. 

Selenium has been n!poI,t(>d o h;:J\'p pI ",1" ct ive effect 

against aflatoxin Loxir.ity, ."11 l'-;\I(-)~.if\I(-:l-'~ LII .)19 (Davila 

et (ll., 1983) I 1 'f 3; Gregory 

and E:dcls, 1984) And calves (l~urc~t0 (d (1 ., 1 '0) H (i ---- ,- . 

2.13 EFFECT ON IMMUNITY 

i\flatoxin adversely effects .if:T'llltJity in animals 

by depressing antibody Eo:-:-m,)tion, by tlt·:r:ing the inter-

act ion between the immuno(Jen ,~nd no!':t t: i! ::,U(~,:cJ aw, by reducing 

the formation of non-hllmar.,l sucstan( ('=; ass, ciated with 

disease resistance (Pier, 197:11. 

Aflatoxin repo!:"ted to resistance 

Har'!"is, 1971). Edd8 et aJ (1973) ob;(,t'/cJ that chicken 

previously exposed to afldtoxin Bl had h;qh,~r su;;ceptibility t 

Coccidiosis ano infection by :'1ar,:-k',:c dis!aSl' vir-u!':. However, 

afl.)tox in at dose 1 evel of 15 pg per d:l Y for ,-, 
-' days had 

no effect on antibody prod"Jction ag::J.inst :·al!:lOl1(·lJe pullor-um 
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antigens chicks 0t 1. .• , 1973) . 

Paul et aI. (1977) reported tho.:: Dflatclxin signifi -

cant 1 Y suppress0d the in vitro bovine lymphocyte respOnse 

to phytomitogens. Sinha and Arora (1984b)observed a similar 

reduction in response to phytomitogens by lymphocytes in 

.goats. 

Southern and Clawson (1979) ob, (>I:1'8d that aflatoxin 

at dietal-Y ] 'SveJ Ei of 7~O pob nnd abovE> ('Eluse(! an increase 

in serum 19M fract ion in pigs. 

11980,,) found thi t- ':'If1,,1 exin fed to 

Holstein heifer."> upto f1.tI mq pel dEl) fo!.- 1·1(1 days, did 

not affect the immune rellpon:3e to cert·J;n lIve' irus prepara-

tions. 

Visalakshan et d1. (19134) foun( thi'd 'I lymphocytes 

and tottd lymphocytes counts \..'erR n~dtlced in pi~s fed afla-

toxin @ 0.15 mg/kg body w0igtlt for 1 month~. 

Thurston et a1. (lS' 86 1 t:"eport2d that feeding of 

aflatnxin to cattle dept:"e~sl~6 b~th :omplcme:li: dependent 

and independent seruum bact-::riost2tic H:tivit J as measured 

by growth inhibition of Cschron:hi(j <ali. 

R;;JO 11987 ) New Castle 

disease in chicks to imrnuno-suppre.3sion caut'.ed by aflatoxin 

in foed. 

j 19az et aL -, 
/ 

(1987) obser'Jed 

chicks as Q result of aflatoxin fee6ing. 

mmnflosup[,-ression in 

2.14 APLATOXIN RESIDUES TN FClons or ANIMAL ORIGIN 

The mode of entry c)f <'lflatoxinf: in hU'.l'::n food is 
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given 1n Fig. 4. The tox ic met abol] te.'> that accumulate 

in milk and tissues of foc,d pt:"odu·:::ing animals t:'ose serious 

problem to the human health. 

Milk is most commonly found to he contaminate"a with 

aflatox in M 1 Allcroft anel Roberts (1968) measured the 

amount of aflatoxin MI in milk from cows gi~en di(!ts contain-

lng v.:orious levels of uflatoxin. Re.sllts i.n,)::cated that 

the amount of aflatoxin M 1 excreted ifl mj lk W,t~i in direct 

proportion to the intake of dflatoxin B} S ?cret ion of 

afltltoxin l'11 into milk as percentc.ge DE aflatoxin consumed 

to .3 pl2t" cent Linde et 211., 1963: -- -

~la.sr.i et al., 1967: Nabnc'y et 01./ 1~67: Pol;ln et al., 

1974; I\ong ~ ~., 1982; F'robLsh (>(: al., J9f'G) 

Rodricks and Stoloff(1977) c"lculltcd th'':lt. in general 

the ratios of the level" of <Iflatoxin 8 
1 

in the feed to 

that in the milk were about 300:1; so that d cOrlpound feed 

containing 30 1-lg/kg of aflato~dn II 1 '",,)uI.:'! be Expected to 

contaminate milk with 0.1 ~g/)itre of af13tcxin ~:l . However, 

the conversion varies Hid."11 ~Torr :d'! a l T_'~ dnimal and 

34:1 and 1600:1 (Stoloft, 19BO) 

Aller-oft and Carnaghan (1963· noticEd thilt t'lt1atoxin 

~11 in milk of cows was mo:~t Lv dss<')ciat ~d .. ,·ith :he casein 

fraction but McKinney el ill. (.197:l) ot:::clved ':hat during 

r-ctlrll'l pr0cipitation, 

the ratio of 80:20. 

curd and .. ,hey carr cd afla,:oxin M 1 in 

Stoloff et al. (19",'5) also found that 

aflZltox in M was distributed both in t,e curd and whey 

fraction of milk. Surv,~y In \<Jest". Gel"many rf>vealed the 
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pn"'SPrlc(' 0f ,4flatoxin 1"1 :11 rni.]J. r";f/~JiIl9 ft)[1 traces to 

0.54 }Jg/kg (Polzhofer, 1977). The a,-lCl.coxin content was 

rathel- high In milk snm[)l,?s ann lysed in (Suzanger 

et a 1. 1976) 

Yadagiri and Tulpule (197.01 ) ("(pot'ted the presence 

of (If.latoxin t11 t'angin'~ from t:r,lC0~' L0 (j,.G pg/litre in 

buffalo milk samples from the:? ':;ovctnmenl l'iljry 'Erm,Kakinada 

in J~ndhra Pradesh, Indiel, 

and milk products in and ,~ro\Jnd Karn:od I IlarYilna I India, 

for the presence of aflatoxin and detE:cted aElatoxins in 

various concentration in milk, khoa and :he2se s,"mples. 

Survey conducted in Lnited of America on 

commercial milk samples ,,-no var:ous da i.r-y .,toduets did 

not reveal the presence of ,,,rl<'ltoxin 1""1 

1981) I indicating that it 'dOlS p013,;i.bl( ,) cl", L,] aflatoxin 

residuGs in milk and it s pr'-/I.l(:'":~ ilj prj "1"11 iv~' I(AStlres. 

J, 

HayC's et a 1. 1977) . 

Krogh et aJ. (197:3) shoued the P"[-,s'mc(' ,):' aflatoxin 

residues In liver, kidnf>Y, heal"t I rn'lscl(~ ,)nd adip,)se tissues 

of adult swine fed with Af'lFt('xi~ COI)tdmj~Atcd rltions. 

,1c11 __ l/i~ ( 19)(,) l h E, Pi"!?::cnC0 c~ aflatoxin 

in livec, kidney and other t is~;ues <)f pi] in [0C-cing trials 

with ,-,tli'ltoxin contnminal:ed d~ets. L ?vels ,,'?l:e highest 

in livCL"s and kidneys '.·lith (·nIl' traces oc.::urri 1([ in heart. 

musclp ilnd i'ldi~ose tissues. 
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~~toloff (i0te{:t.2ci ~flatcxirs i], tissues of 

beoileL- chickens and 8gg~; of laying !lGns given aflatoxin 

contaminated feed. 

Van Egmond et al. (1979) reported that 111 Cl survey 

of aflatoxin levels in liver-sf from sL:\U9hl< r houses, a 

sample of bovine liver \Ja:3 found to contain aflatoxins 

8
1

, 8) and Ml at leve13 of 0.10, 0.03 <'1lld 1).\)[3 )lS!/kg respec­

tiveJy_ 

Stubblefield et cd. (1983) [oulld aflatoxin B1 and 

Ml in all samples, oOxcept the t:hvmu.3 of 'I '.~ow gi',.?n aflatoxin 

8
1 

orally at 0.35 mg/kg bodi wejght fa: ') day~' and slaugh-

tered after 24 hours of the find.1 dl·se. Kidney I 1 iver 

and mammary gland had the high(!st concen:rations. 

Aflatoxin contamination of fish and fi:;h products 

has been reported in PhilipP.lnE>s .'1t ·In --lVerilge level of 

3, 2, 5 and 2 pg/kg in drled fish fisl SAllce, smoked fish 

and salted and fer'mented SI.led] silrimp r :'spE'c':.lvely (PAO, 

1979) . Shank et 031. (1972) reportf'd til It the average afla-

toxin content of dried fish shrimp sallpl~ \.,.a~, 166 )Jg/kg, 

while salty fish in Indone:;ia was foune t,) contain 5 p.g/kg 

(fAO,1979). 

Although the contamination of atlatoxin at varying 

levels has been reported in most of th,~ fOud products, 

systematic su rv ey s have been ca:::-ried out on.l y in few 

countries and· mostly for ~;elect.ed comm.)dities. Aflatoxin 

contamination may vary considf?rabl"{ from year to year as 

well as from region 1:0 regia!r of a c()untr!. 
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EF'PECT Or AFLATOXIN ON IN VITRO RU~8N MICROEIAL ACTIVITY 

AS INFLUENCED BY DIFFERENT LEVELS OF SELENIUM 

Aflatoxins are knowrl for suppre~sing the rumen micro-

bial activity (Mathur et a1., 1976;Sinha and Arora, 1982). 

Higher levels of protein have been rep('t't\~d to have a check 

against this suppression (Balar.:tman and At"ora, 1984) . 

Recently, sel'enium at low levelE has also been reported 

to have a protective effect against ~:fl~ltoxjrcsis in pigs 

(Davila et al. , 1983) turkeys (Burcuera at a1., 1983; 

Gregory and Edds, 1984) and ':i11ves (Bunatc) et ~l.' 1986) 

to examine 

the protective effect of diffprnnl self nillTfl lOVE'ls on rumen 

microbial activity aga in.::\: afJatoxin 

vitro conditions. The rumF'n microbial activiLY W3S estimated 

in terms of cellulose dit;appearance, t_ot,1 V( latile fatty 

acids concentration, miCl"obial 
. 35 

~yrltllE'SlS and s-

incorporation into the microbi:ll pr0tein. 

MATERIALS J'-.ND m:THOD,; 

J .1.1 Plan of th<? experirIle~:!.: 

The experiment was c()nducted .in il 3 x :\ factorial 

design with three replici~t(~S in a ::ompl?le rando·nised block 

design. Three levels of s8-leniun, i.e. OJ 0.25 and 0.5 

ppm were selected and eae!l level wa~ obs{rved for its protec­

tive effect on rumen microbial "ctivity i1g.dnst the adverse 

effect of three levels of anatoxin, i (:. 0, ('.25 and 0.5 

ppm, under in vitro conditicnE .. 
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3.1.2 The in vitro system: 

The in vitro systems \,,'ere set L:p in 150 ml conical 

flasks fitted with tight rubber corb; having Bunsen gas 

release valve (Bentley et:,. al. ,1954). 1>k))Oll9a11 't.; artificial 

saliva was used as the buffer In thE incubation medium 

(McDougall, 1948). Pure cotton eel lulo~ (' dnd gIL-case served 

as the carbohydrate substratE's. Ur.-<:u and ..lTIlITlOr·ium sulphate 

provided the nitrogen ,mel sulphur in Ulf,' r.etio of 10:1 

for ort imum growth and fTll.l] t i pJ ie)l" i.on of ru 1~?n microbes 

(Ar-orC) et al., 1977) 
"5 

Na
2 

- 5°
4

, C:lrriet free I radioisotope 

obtained from the Bhabha l.t0mic ReSClt:"ctl I;erll_re, Bombay 

was used in the medium to lltlJdy the inccrpc)ration of sulphur 

into the microbial protein. To eacli i,ncub,)tion flas-k, 

20 ml strained rumen liquor \"'3S a,ided as the inoculum for 

microbial activity. The d(:;tails of ! he in 'itra system 

and different ~reatments ar(; given :in Tzd Ie 

3.1.3 Management and feedil~g o~ton~cH )mi'~~:. rumen 

liquor 

l\ male buffalo calf, clg,:!d:i ypilr: .';'I,'j 'F-lqbing ;::!bout. 

350 kg \.'n8 operated to makt" <J fist1Jl", LI, rn( "lrnen, which 

was fitted with a permanent cdnnuli:l. j'tl i," at imal served 

as th~ donor of rumen liquor. The ,inimi:ll W3~ Jlol1~ed indivi-

dually and was offered daily with 3 kg of ccncentr3te mixture 

and 20 kg of green mClize. The conc('ntra:e loixturE' consisted 

of 40 parts maize, 32 parts ground:lut c3kc, 25 [::arts wheat 

bran parts mineral mixtut€ ir eluding salt. Its 

c,:dcuLlted nutritive value wa.:: 20.50"(, 'I) and '0.65% TDN. 

The ["c'd wos offered once at '::l.00 .\.t1. (lnc: the ,lnimal had 



'-rab1e 4, Details of in vitro system and particulars of different treatments 

---------------------------------------------------------------------------------------------------------
Attribute TREATMENT 

-Zeio----24-----A-[--S-e---;;X--S-e---;:;f--S-e---A-[--Se---Af--S-e---Af--S-e---A-[--S-e---;:;f--Se'----

hr he 0 .25 0 .5 .25 a .25 .25 .25 .50 .50 a .50 .25 .50 .50 
(con- (con- ( ( 
trol) troll (ppm) (ppm) (ppm) (ppm) (ppm) ppm) ppm) (ppm) 

a 1 2 3 
Treatment number 
456 7 8 9 

---------------------------------------------------------------------------------------------------------
McDougall's 10 10 10 10 10 10 10 10 10 10 
buffer (ml ) 

Cellulose (mg) 500 500 500 500 500 500 500 500 500 500 

Glucose (mg) C\ 50 50 50 50 50 50 50 50 50 50 

Urea . ) b tmg 3/ 32 3.2 32 32 32 32 32 32 32 

Ammonium 6 6 6 6 6 6 6 6 6 6 
sulphate (mg) c 

,,- 35 0 • .. n 0.1 .... 2 JV
4 

( flU. ) u .1 0.1 0.1 o .J 0.1 0.1 0.1 0.1 0.1 

SRL (ml ) 20 .2c 2[' ?n ? " 
?. 2C 20 .- L:V "u 

Di.st i lIed ' .... ater 9.9 q .S"' ::1.8 9.7 <,; • E ).7 Q.0 9,7 9.E 9.5 
1",1 \ 
,''' ... I 

Aflatoxin (pg) 
c 

0.7. 0.2 0.2 0.4 O.~ 0.4 

Selenium (pq)e :'.2 oJ. /1 v.L 0.4 0.2 0.4 
dS sod. oSel<;>nitc 

---------------------------------------------------------------------------------------------------------
a = 50 mg/ml; b = 32 mg/ml: c = 6 mg/ml: d = 0.45 pCi/O.l ml; e::: 0.2 jJg/O.l ml 

~ 

o 
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free dCC·~SS ::0 c;.can water twice daily. The dn imal was 

adapted )0 t,is diet for 25 days before tile collection 

of rumen liquor for' t:hr=: Ln vitro experiment. 

Runen liquOJ~ was collected at 9.00 A.M. before th(~ 

s.:hedu oed feeding and watering with the help of a polytheno 

~t be of 1 em diameter. The polythene tube was inserted 

ar_'proxjma< ely 30 em deep into the rumen and rumen liquor 

was initi lIly drawn \.Jith the help of a 50 ml plastic syringe 

ilno then syphoned off in a smooth flow. The 1 iqu(:)t' was 

collected and transported to the laboratory in a pre-war-med 

thermo!" flask and strained through four layers of muslin 

cloth. Twenty ml of. strained rumen liquor was transferred 

into each incubation flask containing the st.:bstrates und 

"las flushed with carbondioxide for 2 minutes to ensure 

anaerobic conditions and closed with rubber bung having 

Bunsen ga ~ rel ease valve. The flasks were incubated for 

24 hOULS in a water.bath maintained at 39" :t I"C with an 

automatic shaking arrangement. Zero hour controls were 

maintained to record the initial stage of microbial activity 

3.1.5 Analytical procedures: 

The zero hour controls weLe stopped for microbial 

activity ·..,ith 10 rn1 of 1.07 N sulphuric acid and 10 ml 

of -10\ sodium tungstate solution to estimate initial protein, 

cellulose and total volatile fatty acid concentration. 

Other flat-ks w,~re incubated for 24 hours at 39" j; I"C and 

at the elld of incubation period, the microbial activity 

(,'10 %\ , 
\'i5'\ 

!,,,~V\ 
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Aftct- S hours, the contents from each flask 

kere guantitQtively transferred to a polythene tube and 

centt-ifuced at 3,000 rpm for 20 minutes in a centrifuge, 

The supernatant was transferred to a 100 ml volumetric 

flask. ~he protein precipitate alongwith residual cellulose 

WdS washEd thrice with 20 ml water, 5 ml of 1.07 N sulphuric 

al'id and ,; ml of 10% sodium tungstate solution and centri-

['he ~;upenlatilnt was again transfet-r-ed to the same 

vC)lumetri; flc:,sk anel the volume was made uptc 100 ml mark 

1nd kept for ~he estimation of total volat lIe fatty acids. 

'rhe resioue WdS treated thrice with 15 ml of 0.1% sodium 

hydroxj_de with thon,ugh mixing each time for one hour and 

:hen cent rifuqed at 3,000 ("pm for 20 minutes each time 

':(, sepill>l.€ cellulcs(" and other. feed particles. The super­

lli)tant c(ntaining clisI301ved protein wa.s transferred every 

Um0 to 50 ml volumetric flask. The volume was made 

llpto mark with O.lN sodium hydroxide and kept for determina­

tion of protein 35 S radioactivity. The residue in the 

cE'ntrifllgE tub,? was then transferred to a 50 ml glass tube 

for cellulose determination. 

3.1.6 Analytical methods: 

3.1.6.1 Cellulose estimation: 

CelluloEe in the residue was determined by the method 

of Crampton and Maynard (1938) • Percent digestibility 

of celllllcse was calculated on the basis of cellulose content 

at zero hour control. 

3.1.6.2 Total volatile fatty acids: 

Total volatile fatty acids (TVFA) were determined 
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by the method of Barnett and Reid (1957). 

3.1.6.3 Micr'Jbial protein: 

A ter incubation, protein was p.ncipit<lted by the 

addition of 1(1% sodium tungstate solution (Shultz and Shultz, 

1970) ani WB;3 deter-mined by the method of LOHry et al. 

(1951) . 

3.1.6.4 Radioactivity measurement for deter.mining 35 5 

-.in~orpoE~:.ion into microbial protein: 

Sanples of 5tz!ndard, protein fraction and supernatants 

were prepared for: radioactivity measurement by the methoq 

of Mahin and Lofber.g (1966). The 35s radioactivity measure-

ments WAd: cilrried OJt in PACKARD TRI-CARB PRIAS liquid 

countpc {Model BPLDS No.00099) at 20"C. 

Net :-15 5 inC(lrporation was ilrrived at by subtracting the 

'Jdlue obtained from zero hour control from 
35 

the gross S 

iocorporat_ion 'lalues obtained from different treatments. 

3.1.6.5 Statistical analysis of the data: 

Th2 dat.a Her!' analysed as per Snedecor and Cochran 

(1967) 

3.1.7 Re'3ults and discussion: 

The results on the effect of aflatoxin on cellulose 

digestion I total volatile fatty acids concentl-ation, micr-o­

bial pr.otein synthesis and 35 S incor-poration and on percent 

. h·b·t· ar PC"S nted ,·n Tables 5 an," 6 respectively. lOll_lOll 10' ,~.e. 

'rhe dndlysis c.f vnriance of the data is prospnted in Table 

., 

3.1.7.J Cellulose digestion: 

Th(' reEult on cellulose digestibility at different 



Table 5. Effect: of different levels of aflatoxin and Selenium on cellulose disappearance, total 

volatile fatty acids concentration, microbial protein synthesis and 35 S in-corporation* 

T
- -- - ---- -- -- -- --- - -- - ---- - -- - --- - ----- -1 -1 - -1-- -- - - - - - - -- - -- -- - - - - - - - --- - -- - --:-- -- - --: - - - - - - -- -3-5-- -.- - - - - ---

reatment Treatment Ce U ose TV FA Net mIcrobIal S Incorpora-
~o. -------------------- disappearance concentra- protein synthesis tioD 

Af (ppm) Se (ppm) (%) tion (mg) (%) 
(mM/IOO ml 
SRL) 

--------------~-------------------------------------~------------------------------------------------

1 (24 h 0 0 31.64 1 1.89 2.18 = 0.12 20.99 ± 1.81 30.65 ± 1.90 
control) 

2 0 .25 30.91 , 2.09 2.20 , 0.60 19.53 ± 0.78 29.90 ± 2.10 

3 0 .50 30.42 1 .67 2.20 :: 0.14 20.99 ± 1.11 29.40 = 1.70 

4 .25 0 21.17 :': 2.42 1.08.:'::0.23 9.84 ± 2.16 20.16 ± 2.43 

5 .25 .25 16.8 7 ~ 2.:0 1 .OE, -'- " ""'>" _ v • .::.---.- 6.93 ± 2.71 15.86 ::: L.70 

6 '" • L_' .50 17.62 , 3.78 1.07 :: 0.37 9.57 ± 2.54 16.62 ± 3.78 

7 .50 0 20.66 , 3.5 7 1.11 ± 0.15 7.59 ± 1. 57 19.65 ± 3.57 

R .50 .2 ? 12 .32 = 1.67 0.81 ± 0.33 3.59 ± 0.77 11 .31 .:- 1.67 

9 .50 .50 15.48 :- 3.51 0.33 • 0.17 3.60 ± 1.06 14.47 , 3.51 

C • D. 4.28 0.41 3.07 4.26 

• Each \ldlue is an average of 3 repl icates 

en 

" 
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selenium levels kithout aflatoxin were T
1

: (contro]) 31.64 ± 

1.89%; T 2 ;30.91 ± 2.09~;; T
3

:30.42 ± 1.67%. These results 

indicated that thel~e was no effect of these levels of sele-

nium Gn ·-:e11u105e digestibility under 10 vitro conditions. 

Little et a1. (1958) had also earlier reported tha):. cellulose 

jigest"on was ~ot inhibited at such low levels of seidnium. 

Th(, results on celllllos,? digestibility at different i-~vels 

,)f af13tcxin, alon:j\\'ith different levels of selenium were: 

'r 4 
'I' 

5 16.87 ± 2.70%; TC: 17.62 ± 3.78%: 

20.60 1.57%; 12 .32 ± 1.67%; T9: 15.48 ± 3.51% and 

!:he perCEntage' inhibition in cellulose disappearance was 

33.09, 46 68, :14.31,34.70, 61.06 and 51.07 with these treat-

menta r~spectively. Statistical annlysis of the data 

indicated that aflatoxin toxicity at different levels led 

to signiflcant decl~ea.se (P~ 0.01) in cellulose digestibility 

:%) showing adverse effect 011 cellulolytic microorganisms. 

Further, il WilE; !:evident that the levels of selenium used 

'in this stlldy did not protect the microbes. 

3.1.7.2 10tal volatile fatty acids concentration: 

ThE results on TV FA concentration (roM/lOO ml SRL) 

at different levels of selenium without aflatoxin were: 

2.18 ~ 0.12; 2.2 ± 0.60; 2.2 ±: 0.14 indicating 

no effect. Th!~ results on TV FA concentration(mM/IOO ml SRL) 

at different levels of aflatoxin with vat"ying levels of 

selenium t,..'ere: T4 : 1.08 " o .23 ; Ts 1.06 , 0.24 ; T 6: 1.07 , 
0.37 ; T 7: 1.11 , o . J 5 ; TS: 0.81 ± o .33; l' 9 : 0.33 , 0.17. 

The percent inhibition was 50.46, 51.38, 50.92, 49.08, 

62.84 and 84.86 respectively with the above treatments 



Table 6. Percent inhibition in cellulose disappearance, total volatile fatty acids concentration, 

microbial protein synthesis and 
35 . . 

S Incorporat Ion 

-----------------------------------------------------------------------------------------------------
Treatment 
No. 

1 (Con t ro1) 

2 

3 

4 

C 

6 

7 

8 

" 

Trea tmen t 

>f (ppm) Se (ppm) 

0 0 

0 .25 

0 .5D 

cc 0 

.25 .25 

.25 .50 

.50 0 

.50 .25 

.50 .50 

Cellulose 
dis­
appearance 

0 

2.31 

3.86 

33.(i'1 

46.68 

44.3J 

34.70 

61.0E-

51.07 

TV FA 
·concentra­
tion 

Net microbial 
protein 
synthesis 

35s-incorporation 

--- - - - -- -- ---- - -- --- - - -- ------ - - - -- -- - - - - --

0 0 0 

0 6.96 2.tJ5 
c. 0 4.08 

~O.46 53.12 34.23 

51 .38 66.98 (~8. 25 

50.92 54.41 45.77 

49.08 63.84 35.89 

62.84 'i7.90 f" 'n 
84.SE 82.85 52.79 

-----------------------------------------------------------------------------------------------------

~ 

'" 
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wjth clif -eren~ le~el:5 of aflatoxin. Th0 tj,lta revealed 

:hat there was a significant decrease (f' '- U.Ol) in total 

~olatiJe fatty ac~ds concentration with the Increase in 

the level of aflatoxin at all levels of selenium. Sinha 

and ArO"C2 (1982) and Arora et a1. (l988c) also reported 

<I decrea.:';+? with th2 inc-rease in nflatoxin IG'vel under In 

vitteo conditio;)s. SI~l<2nium levels used in this study could 

not cheCK the suppre:;siol1 of microbial activity as a r«sLllt 

cof different aflato~in levels. 

c.1.7.3 

ThE resJlts on net microbial protein synthesis at 

GiEferent selenium lOVE-Is without aflutoxin wl2r-e: '1', (contr.ol) , 
20.99 :±: 1.31 mg; T

2
: 19.53 ± 0.78 mg <lna T

J
: 7.0.99 ± 1.11 mg. 

These levE'Is 0:: selenium had no effect on microbLll protein 

synthesis. Khin"ar ancl Arora (1976) repot·ted that seleni.um 

levels hilher than 30 }-lg (l.0 ppm) were detrimental to 

~hf' growtr of microorganisms. The results on net m.lcrobial 

protein s~nthe5is 3t different levels of aflatoxin with 

or without selenium were: '1'4: 9.84 ! 2.16 I11g; '1''1: 6.93 

± 2.71 mg; T , 
6 

9 . ~) 7 2.54 mg; T 7· 7.59 1 .57 mg; T8 
, 

J .59 0.' 7 "g and T . 9 . 3.GO ., 1.06 mg. The con:-esponding 

percent i! h j b i I ion I" i t h different levels of aflatoxin and 

seleniu!1 \·us 53.1.-., 6C.98, 5,1.41, 63.84, >32.90 and 82.85 

respect;.veLy, indicating a significant declln0 (P< 0.01) 

with all the treatmerlts with aflatoxin. Balaraman and 

Arora (1984) also obset"ved less protein !Synthc:.sis containing 

afla.toxj.n in the mecll<:l. It was also appurent that all 

t.le level:: of seIE'nium I"ere ineffective in checking the 

a,~imict-obial a~tion of aflatoxin in this study. 



Table 7. Analysis of variance 

-----------------------------------------------------------------------------------------------------
Source d. f. TVFA 

-------------
MSS F 

Cellulose 
dis­
appearance 

MSS F 

Net microbial 
protein 
synthesis 

MSS F 

35. . 
s- lncorporatlon 

MSS F 

-----------------------------------------------------------------------------------------------------
Between replicates 

Between Selenium 
level 

2 

2 

0.192 1.14 51.70 

0.078 0.47 43.29 

2.82 

Or" 
L.O...,. 

2.55 

14.09 

0.27 51.83 2.80 

1. 40 48.49 2.65 

C,:;-t..J02ell aflatox 10 

level 
2 5.69 33.99** 570.74 31.14** SRh.21 62.19** 571.22 31.77** 

Intprllrr i 0!"! 

Error 

. , 

16 

~ULd~ 26 

8.C~ 0.45 18.jj 0.~9 

O.1()7 10.00 

----------------_._----------------------------------

**PL...o.v~ 

3.78 0.40 

9.43 

10.87 0.594 

en 

'" 
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3.1.7.4 .15 5 illcorpora~ion into microbial protein: 

Th.· re:3ults on 35S-incorporation into microbial 

proteir: different selenium levels without aflatoxin 

~I( r-e: r1,cont::-ol) 30.65 :t 1.90%; T . 29.90 ± 2.10% and 2 . 

~'" 2:).4·) ± 1.70'5/ which were not different statistically, 

indicatins that: selerlium at these three levels in the arti-

tieial runen ~:ermentaticn study did not affect the 

incorporation into micr-obial protein. Kh i rwa r and Arora 

(1976) that overall 35S-incorporation was uniform 

in prot eir fraction of all the treatments upto 30 1.19 (1.0 

ppm) seler-ium level. The results on 35 S-incorpor-at ion into 

microbidl protE'in fraction at different levels of aflatoxin 

with vary: ng levels of selenium were T4 20.16 ± 2.43% ; 

T, 15.86 ± 2.70%; T 16.62 ± 3.78%; T 7· 19.65 , 3.57%; , (, 

T . o· 11. 31 ± 1.67% and T9 14.47 ± 3.51 %. The percent inhi-

bL ion on 35 S-incoeporation with different doses of afla-

t·)Xin and selenium was 34.23, 48.25, 45.77 t 35.89, 63.10 

and 52."/9 respectively in treatments T4 to T 9 A signifi-

cdnt deprEssion o .01 ) on 35 S-uptake by the microbes 

mLght b'2 cue to thE' bacteriocidal action of the aflatoxin. 

DLfferent levels of selenium USGd in this study could not 

overcome> tne a{]verse effect of aflatoxin as observed with 

Decrease 
. 35 . . 
1n S-lncorpor'atlon into micro-

bial proU-in fraction, under conditions similar to this 

"study haVE eveCl earl ier been reported by Sinha and Arora 

(:'982 ) 

Thr> prol;ectivE: effect of selenium aL low levels 

aq<linst t(xicity n~p')rted in r-ats (Newberne and Connee, 
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1974), :,q"ine (Davila et .31., 1983) C.llid t:ur-kt·ys (Bur-guera 

et a1., 1983; Gregory and Edd~, 19(14) c<)ul·j not be confirmed 

on rumen microbes in this study. Seleniunl probably exerted 

its beneficial effect in above studies through glutathione 

peroxidase by protecting the hepatic eels agai:-st the toxic 

effect of aflatoxin (Davila et a!. I 1933) It; this study, 

the anti-microbial activity of aflat)xin might have an 

upper hand and impaired the multiplic"ti()n ot celluolytic 

as well as proteolytic microorganisms tefe're sc::lenium could 

exertl its beneficial effect. 

action has also been shown 

Ear'lier SLlch <.n inhibitory 

on Lact,)bacillu:::; bulgaricus 

1377 (Lcmce, 1977 \ , F 1 a\) abo. c tat" i Hrn en\'!::: alit i a C'-lTll \ L i 11 ehoj 

et al., 1967) and E. coli (~vt'agg et a:." 1967) when grown 

in presence of aflatoxin B 1 as i1 rcsJlt of less activity 

of DNA polymerase. Mathur et al. (1976) al~;o reported 

inhibition in the growth of vario-.lS microbes due to afIa-

toxin under in vitro conditions. 



CHAPTER 4 

Ext:'8r iment_ 2: 

Effects of aflCltoxin on growth In kids 

and its influence 01) 

efficiency 

feed conversion 
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EF'FECTS OF AFLATOXIN ON GROW'l'H IN KIDS AND ITS J NFLUENCE ON 

FEED CONVERSION EFFICIENCY 

Adverse effects of a£latoxin~ in various species 

are well documented. Young animals are more prone to afla-

toxicosis than the old animals. In the present study I 

rate of growth was taken as a criteriun for assessing the 

safe Invel of aflatoxins in the diet of crossbred kids 

fed graded levels. 

MATERIALS AND METHODS 

4.1.1 Plan of the experiment: 

Twenty-four growing male kids of Alpine, Beetal 

and Saanen crosses were used in this study. They were 

randomly distributed into 4 groups of 3ix kid~' each. All 

the animals were fed concent"rate mi.xtur(! and lucerne fodder 

as per their requirements. Tn adcitior, animcJ.ll; of groups 

L 2, 3 and 4 were given aflatoxin a: the levels of 0, 

0.3, 0.6 and 1.0 ppm respecti.vely. All the animals Were 

weighed weekly to assess their grov.'th rute. Daily dry 

matter intake was also recorded to know th(~ fee-l conversion 

efficiency 

lasted for 

in 

16 

different 

weeks. 

This feedi 1q' practice 

The part iculars of Kid" and their 

distribution in different groups are oresentl j in Table 

8. 

4.1.2 Housing and management of kid:!: 

Kids were kept individually in pelS of Biz!! 1.5 m x 

1.0 m. The pens were thoroughly white wa:he(l nnd ~isinfected 

before the start of the experjlnent. Disinfection W!S carried 



Table 8. Particulars of kid.s <1nd their dis! dbutior: 

TreatmC'nt 
group 

Group 1 
\) ppm Af 
(control) 

Average ± 

Group 2 
0.3 ppm Af 

Average ± 

Group 3 
0.6 ppm Af 

Kid No. 

AS 674 
AS 678 
AS 681 
AB 689 
AS8 419 
S8 297 

S. E. 

AS 676 
A8 683 

·AS 692 
S8 301 
58 420 
58 425 

S. E. 

AB 680 
AS 688 
AS 691 
SB 298 
ASB 418 
AS8 424 

Average ± S. E. 

AS 677 
Group 4 AS 685 
1.0 ppm Af AS 693 

5S 296 
AS8 423 
ASB 426 

Ave-rage ± S. E . 

Da teo f 
birth 

12.11.86 
14.11.86 
17.11.86 
24.11.86 
15.11.86 
13.11.86 

13.11.86 
18.11.86 
7.12.86 

21.11.86 
15.11.86 
25.11.86 

16.11.86 
24.11.86 
6.12.86 

13.11.86 
14.11.86 
21.11.06 

14.11.86 
19.11.86 
10.12.86 
12.11.86 
20.11.86 
25.11.86 

Birth 
wed gh t 

(kg) 

3.4 
3.6 
2.8 
3.2 
4.2 
2.8 

2.5 
4.0 
3.2 
3.2 
3.5 
3.4 

4.0 
3.5 
.2 .2 
2.6 
3.2 
:~ .8 

4.0 
5.4 
0..0 
l.O 
3 .;2 

3.2 

IgeatthE 
I tal"t of 
~ xp(!rimerlt 

(days) 

J 40 
JJ8 
135 
127 
137 
139 

136 , 1 .~; 3 

139 
134 
114 
132 
137 
127 

1 10.5 ± 3 . I:' 

1.16 
1::8 
L5 
L)9 
1 :;g 
LQ 

1:1.:1±3.6", 

1 c 8 
1,3 
III 
140 
132 
127 

J3L17±4.;: 5 

62 

Initial 
body 
weight 

(kg) 

10.2 
11.0 
11. 2 
11.8 
11.0 
12.2 

11.23±O.26 

10.6 
11.0 
11.0 
11.0 
11.6 
11.2 

11.O7±O.12 

11.0 
12.4 
10.0 
10.8 
11.0 
11.0 

11.0±0.29 

10.8 
11.2 
9.2 

10.8 
11.2 
13 .2 

11.O7±O.48 
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out daily In the morning at the time; of cledHing of the 

pens and white washing \,;a:, repeated (~very month during 

the experimental period. The kids \.,rerE gJven ·Ir' adaptation 

period to their surrounding:" manctgerr:ollt toutLrJ.e and their 

feeding regimen for about 2 ~eeks before starting the experi­

ment. 

4.1. 3 Feeding -schedule: 

NRC recommenda t i cns (1981 ) fot ::cedin~ of dairy 

goats were adopted for dev~lopi!lg t:\e feeding regimen~ 

The kids were· fed concent rat r? mixture and lL;,;.?rne fodder 

according to the feeding sch€·dule giVEn in T"ble 9. The 

concentrate mixture was 9repared by u5i19 diff'rent quanti­

ties of maize-, "'heat bL"an and minecal mixtllre ,'Table 10J. 

Weighed quantity of concenlr<1te mixturE; und lI.C:,:rne fodder 

was offercd at 9.30 A.M •. and 12.30 1'.1> •• r( spectively. 

Requisite quantity of aflatr)xin W3.S f"c] rnculUi:-11y to each 

kid from surety stand point. Clean rlrinkin'J water was 

provided ad lib to kids t\dce daily. 

4.1.4 Recordinq of tveight._5E!.l:...l2... . .5.~~ry ....!!:~:.!.!:c~ __ J{ ed intake: 

The kids weee t.Jt·iqhH:'i Lit Hc,-;,kly jntEC/als prior 

to feeding and watering 1n the l~ornillq. The :'lry matter 

of the concentrate mixtllrQ and green lucerne ,)ffered to 

the kids was determined. 

the end of 24 hours and HeighE!d, and tt eil dry llatter was 

also determined for calculating the ml nt"lke. Feed effi-

ciency was expressed as feed re'~luirc!d po· unit \ eight gain. 

4.2 RESULTS AND DISCUSSrOl1 

Initial body wcight:5 ( kg) of in different 
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Table 9. Feeding schedule 

--------------------------------------------------------------
Body Concentrate Lucer-ne Total 
weight mixture fodder 
(kg) -------------- ------------- --------------------

eM OM FM OM DM CP TON 
( 9 ) ( 0 ) (kg) (g) ( 9 ) (9) . (g) 

--------------------------------------------------------------

9 - 10 175 157.5 1. 25 187.5 345.0 47.2 249.3 

11 - 12 200 180.0 1.50 225.0 405.0 55.7 292.5 

13 - 14 225 202.5 1. 75 262.5 ·165.0 64.5 335.7 

15 - 16 250 225.0 2.0 300.0 )25.0 'JJ.O 378.9 

17 - 18 275 247.5 2.25 337 . ~; i 8 5 • (j l2 .5 422.3 

19 - 20 300 270.0 2.50 375.0 ,-,45.0 l~) .0 465.8 

21 - 22 325 292.5 2.75 412 .,:, "05.0 'n .5 509.3 

23 - 24 350 315.0 3.0 450.(' '165.0 10E .. 0 552.8 

25 - 26 375 337.5 3.25 487.5 825.0 114.5 596.3 

27 - 28 400 360.0 3.50 525.0 885.0 123.0 639.8 

29 - 30 425 382.5 3.75 562.5 945.0 131.5 683.3 

------------------------------_.+------------------------------
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Table 10. Percent 
mixture 

ingredient composition of concentrate 

Ingredient Parts CP 

Maize lJO 8.00 

Wheat bran 17 2.13 

Mineral mixture* 3 

Total 100 10.13 

* Composition of mineral mixtu~e: 

Ingredient 

Dicalcium phosphate 
Sodium chloride 
Calcium carbonate 
Magnesium carbonate 
Ferr6us sulphate 
Zinc sulphate 
Copper sulphate 
Manganese dioxide 
Cobalt chloride 
Potassillm iodide 
Sodium fluoride 

9 per 3 kg 
mineral mixture -------------------

1.6500 
0.9000 
0.3.312 
0.0900 
0.0,[50 
0.0075 
0.C02l 

.002l 

.0015 

.0(103 

.0(103 

'rDN 

1.0 



treatment groups 'Were: Group 1: 

11.07 ± 0.12; Group 3: 11.00 ± 

66 

11.21 0.:;6; Group 2: 

0.29 and Gr"up 4: 11.07 

± 0.48. They did not val~y slgnificantl) arlongst the various 

treatment groups. The aVE.·rag8 "leekl! 'Neigh': gains (g) 

of kids were: Group 1: 508.50 :t 41.tO; Group 2: 408.50 

± 43.40: Group 3: 330.10 ± 60.50 anc; Group 4: 228.60 ± 

49.70, indicating the decline in weight g.)in ~'i:h increase 

in aflatoxin level.s. ThE' cuwulat:iv(' wcd:ly "(~ight gains 

(kg) of kids in different treatm'?nt ('T.'(111P3 ,re given in 

Table 11 and de-picted in Fig. 5. ThE total ',.J.?ight gains 

(kg) during the 16 week qrowth period w·~re: Group 1: 8.14 ± 

0.66; Group 2: 6.53 ± 0.69; G~'oup 3: 528 :0: 0.7'1 and Group 

4: 3.66 ± 0.80. 'rhe a'/eraqe daily g<in:; (g) of kids in 

differont treatment groups v.Ier.e: G rou.:) 1: 7;.53 ± 6. 43 ~ 

Group 2: 58.313 ± 6.79; Gt·oup 3: 47.15 6.,(3 and Group 

4: 32.66 ± 7.65. I~egression analysis lTable l:'.~ of weight 

gains of kids during 16 · .... eeks gave t 1e Ib' values (kg) 

per week as follows: Group J.: (l.Sl ± 0.04; Gre 1J]) 2: 0.42 ± 

0.04; Group 3: 0.30 ± 0.05 and GroJp 4: 0.21 -:- (1.05, indi­

cating a progressive reducticn with incremental increase 

in the level of aflatoxin feeding. 

The statistical analysis of thE data indicated a 

signifjcant decreasE' (p<', 0. 1)1) in gro,",th rut! in groups 

3 and {l, while the decr,,,a:3€ \,'as ron-,s_qll tica(·t in group 

2, when compared to conLrol ~lrOllp. S >1t ioSt ic;ll analysis 

of the data also revealed that fE'edil"1'3 c,f at liltaxin had 

no adverse effect on growth in any gr,)up upt( 11 weeks. 

From 12 \.Jesks onwards, th·~ kids of ;:It'-CUr .:, showed a 
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FIG.S. CUMULATIVE WEEKl.Y WEIGHT GtIN,; OF KIDS 
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Table 11. Cumulative weekly weight qain in kids 

Weeks 

) 

2 

3 

4 

5 

6 

7 

8 

9 

)0 

II 

12 

13 

14 

)5 

16 

Group 1 
(0 ppm At) 
Control 

O.S2±O.13 

1.O2±O.20 

1.48±O.35 

2.00±0.43 

2.33±O.54 

3.13±0.60 

3.68±0.63 

4.17±O.62 

4.43±0.70 

4.93±O.66 

5.55±0.68 

S.72±O.67 

6.56±0.63 

7.17±O.B2 

7.85±O.75 

8.I4±O.72 

Group 2 Group ~l 

(0.3 ppm Af) (0.6 ppm At) 

O.l13:tO.06 0.37iO.06 

O.92±O.lS O.90±O.O9 

1.28±O.23 1.O5±O.26 

1.60±O.27 1.35±O.37 

1.90±O.32 1.93±O.53 

2.40±O.413 2.'-15:1.:0.45 

2.96±0.41 2.S8±O.4S 

3.38±O.40 2.90±0.60 

3.70±O.S5 3 .OO,W .56 

4 .20±O .. 66 3.40.!:O.S6 

4.37±0.56 3.73'0.58 

4.60±O.50 3.47±O.<S4 

S.30±O.77 ~-4 .00;-:0 .1"')4 

S.60±O.74 oJ> 4.38;:-0 .BI 

6.20±O.77 "'4.7H:(!.ilO 

6.53±O.76 **5.28:,0.J) , 

67 

Group 4 
(1.0 ppm Af) 

0.4010.04 

O.B2±O.16 

1.05±0.29 

1.40±O.38 

1.3S±O.SO 

2.06±O.SO 

1.77±0.63 

1.33:tO.71 

:~ .28±O.65 

2.46±O.70 

2.87±0.65 

*2.80iO.77 

*2 .92±O. 73 

*3.33±O.87 

*3.S7±O.98 

3.67±I.Ol 

-------------------------------------------- --------. -----------

* P< 0.05; ~*P(.O.Ol 



Table 12. Effect of graded levels of aflatoxin on growth rate in kids 

Attribute.s 

Initial weight 
(kg) 

Final weiqht (kg) 

"i.oicight gair, (kg) 

\;'eight 
(S) 

\-.,leiohr 
( 9 ) -

gain/week 

'J~i::/d~':" 

Ro"".'''''~' ~~- r ,~ \ 

value/week (kg) 

Group 1 
(0 ppm A f) 

Control 

11.23 ± 0.26 

19.:17 + n.84 

:3 .14 0.66 

S06.5C' c: 41 .40 

00 c .,~.3 

\) . '-'''' 

Group 2 
(0.3 ppm Af) 

11.07 ± 0.12 

17.60 = 0.67 

6.53 ± 0.69 

40[3.50 ±43.40 

56.36 :!:. 6.79 

v.'-l.::: :! u.u4 

** P<O.Ol 

Group 3 
(0.6 ppm At) 

11.00 ± 0.29 

**16.28 ± 0.86 

5.28 ± 0.77 

**330.10 ±60.50 

"""lr4
c

l.1S ± 6.43 

" U.jl) ± 0.05 

Group 4 
(1.0 ppm At) 

11.07 ± 0.48 

**14.73 :!: 0.91 

3.1515 .+ 0.80 

**228.70 ±49.70 

**32.66 ± 7.65 

** 0.21 :. 0.05 

'" ro 
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depression in weight gain (F< 0.05) whi Ie the fld-J(>rse effect 

of aflatoxin started from 13 weeks :mwi.1rds J.n group 3. 

But Balaraman and Arora (1986) ObS€I"Ved the retardation 

of growth in crossbred culves fed 1.0 ppm aflatoxin from 

3rd week onwards. It might be due to the variation in 

susceptibility of different species to af12toxill. 

In the pr-esent investigation although there was 

a depL~ession in growth rate of kids It 0.3 'Jpm level of 

aflatoxin, but statistic\llly it wa~, not si']rdfcdlltly differ-

ent from control group. Similar results were reported 

by Maryamma and Sivadas (1975) who found no i)dverse effect 

on growth in goats fed 0.4 ppm aflatoxin in their diet. 

Growth rate was significantly less in '-'".ids of groups 3 

and 4, given 0.6 and 1.0 ppm Jevels re!:pective-ly. Earlier, 

Arora et al. (1988b) had repartee a ;ignific.illt decrease 

in growth rate in kids at aflatoxin jevels c.:tnging from 

0.5 to 1.0 ppm. 'rhus, it IT).)Y b" inferred tlli'tt even 0.3 

ppm level of aflatoxin may not be t()lerald(~ to kLels. 

Details of dry mattE!r intakE and fe~d tc Jain ratios 

in different treatment group3 an? givl.ol", ill 'I''-lt.ll~ 13. Total 

dry matter consumption :kq) and CI,vera(..H~ dail} dry matter 

consumption (kg) in different treat!11ent ~,roups Wf're: Group 1: 

72.78 ± 2.52 and 0.650 :!: 0.024; Group Z: 68.4:--: ± 2.33 and 

0.611 :!. 0.023: Group 3: 0.6.58 ± 2.67 and 0.-):)4 ± 0.026 

and Group 4: 63.85 .~ 5.01 and 0.570 ± ).040. :;tatistical 

analysis of the data did not reveal any diffcrel'ce as repo­

rted ear.lier (Sinha and Arora, 1984.») f'e?d to q<.tin ratios 

'Were 8.95 ± 0.40; 10.48 ± 0.B3: 12.60: 1.64 dnd 17.39 ± 



Table 13. Dry matter consumption and feed to gain ratio 

Attribute Group 1 
(0 ppm Ai) 

Control 

Group 2 
(0.3 ppm Ai) 

Group 3 
(0.6 ppm Ai) 

Group 4 
(1.0 ppm Ai) 

-----------------------------------------------------------------------------------------------

Total OM 
consumption (kg) 

Average daily DM 
consumption (kg) 

Pe~d::-,;.::i" :Lc.t..lU 

72.78 ± 2.52 

O.65C=O.024 

6.'0~' .! 0.40 

68.43 ± 7.:"n 

0.611 ::':0.023 

10.48 ::': 0.83 

** P< 0.01 

66.58 ± 2.67 63.85 ± 5.01 

0.594 ±O.02G 0.570 :!:0.040 

**12.60 ± 1.64 **17.39 ± 3.66 

" o 
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3.66 in groups 1, 2, 3 and 4 respective]y, indicc:.ting higher 

dry matter consumption pel~ unit ",eight gain \Jith increase 

in aflatoxin .levels. These findings WErE' in accordance 

with the> earlier reportt: ')0 feed gaJn ratios (Sinha and 

Arot:'i1, 1984b;Balaraman and I\rot"a, 1986; \rora et :!...!../ 1988.hl 

In the present study, ('ffeci: of ,~flatoxi!l on growth 

was considen?c1 ~)S the ba~5i:3 of (lsse-oS.lin,] th, safe level 

for kids und thus a regres~;ion line 

(Pig. 6) depicting the growth r,lte 

against qtdcJed levels of af.latoxin. 

regression line', 11 

:) < 0.01: was drawn 

11 diffetent groups 

0, the bd!;lS of this 

the sari-" lp'.fpl for qcowth in 1")(' kids, "itt- clev(·loped rumen, 

which conlirmed the earli.'~r findinq (.lro .. ,l et al., 1985b) 

wherc~ d Si)fc level of af]at:J>:in \.-:as Ob.~Et·vccl to be 0.147 ppm 

for pre-ruminant kids. 



CHAPTER 5 

Expet"imt~nt.3 : 

Effects of afL,toxil on imnu,oglobulin 

status o~: blood and gt"owth : n buffalo 

ca 1 v es 
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EfFECTS OF AFLATOXIN ON ImmNOGLOBULIN STATUS OF BLOOD 

AND GROWTH IN BUFFALO CALVES 

Aflatoxins have been reported to exert 10283 resistance 

to infection and developmEnt of imm0nity (Pier, 1973). 

Reduced resistance to infection by Candi_da alb~c~.nsl Eimeria 

tenella and Mflrek's disease virus was observed in poultry 

due to aflatoxin intake (H3milton and Hdrris, 1971; Edds 

et al., 1973). Aflatoxins are also know,l for the suppression 

of bovine and caprine lymphocyte -:-esronse to phytomitogens 

under in vitro conditions (Paul et .H., 1977; Sinha and 

Arora J 1984b). Reduced pds:d·H..' immlnity \vhlCh '''''.,E, correlated 

with the low level of immunoglobulin in bloo:] serum of 

neonatal calves was also due to uflat(>xjn intake (Balaraman 

and Arora, 1987) . These advers~ ef ~eccs 01' aflatoxins 

vary from species to speci£,s ,"lnd furt ler it d.~pends upon 

duration and amount of aflatoxin ing("~tecl anc nutritional 

status of the animal. 

The objectiVE' of Uds experimert Aas ("0 study the 

effects of graded If'vel.s cf atliltoxi 1 un ir:munoglobulin 

status .tn blood serum d.ld growth of <11 c)th('r sq,:cies, i.e. 

buffc110 cCllves. 

MATERIALS A~D METHOO~ 

5.1.1 Plan of the experime~t: 

Twenty-four male buffalo calves c,f Murrah breed, 

wE'Clned at birth were taker fer this studr. On 10th day, 

they were randomly dist~ibuced into four grou,'s of six 

calves each. One group. (1) Has k::pt ,I::; cont~ol and the 
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other three groups ( 2 , 3 and 4) were fod afl.-~toxin at the 

level s of 0.3 I 0.6 and 1.0 ppm respE:-ctively on the basis 

of their dry matter intake. This study consisted of two 

phases: Phase 1 : started from 10th day to 15 weeks of 

age and Phase I I : started from 18 v.'eeks to 30 weeks of 

age. All the buffalo calves Wf,re fed on milk in phase 

L while in phase II, they \.;ere givel1 concentrate mixture 

and green roughage. Fortnightly blood samples were collected 

for the estimation of immllnoglobu lin in phase ( and weekly 

body weights were taken to assess the~ r Jrowth rate during 

both the phases of this study. 

5.1.2 Selection and distribution cf anjma]s: 

All the calves were nct available at thf' same time, 

therefore, thp. experiment was staggered as per the calving 

and availability of buffalo calves on n~ndorn basis_ The 

particulars of buffalo calve~," and thE ir distribution are 

presented in Table 14. 

5.1.3 Housing and management: 

All the buffalo calves were kept in weJ 1 ventilated 

individual pens of size 1.5 10 _x 2.C m. f acl. p!:Cn \>,as provided 

with a raised iron platform having 2 •. i cm Si!h wire net 

floor. The pens were thoroughly white- -rash'3d c oj disinfec-

ted before the start of the experiment. All t~(! pens were 

disinfected daily in thE· morning 3t tl e time c,f cleaning 

and white-wahsed periodically. To avoi:1 [,eat .'It ress, cold 

water was sprinkled on buffalo calv8s twice dail·,. Tarpaulin 

was used to cover the front and side.; c,f th<: calf pens 

at night hours. The buffalo cal'les Her-=- ta' en out for 



74 

Table 14. Particulars of male ~lllrrah buff"lc cal' P.S and their 
distribution 

Treatment 
group 

Group 1 
(0 ppm A f) 
Control 

Grau p 2 
(0.3 ppm Af) 

Group 3 
(0.6 ppm At) 

Group 4 
(1.0 ppm At) 

Mean 

Mean 

Mean 

Mean 

51. 
No. 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

Calf No. 

M 3157 
M 3158 
M 3161 
M 3166 
M 3186 
M 3206 

M 315: 
M 31 5~' 
M 316S 
M 317E 
M 317S 
'1 3184 

M 3154 
M 3165 
M 3172 
M 3178 
M 3189 
M 3237 

M 3213 
M 3228 
M 3244 
M 3245 
M 3246 
M 1247 

Da t e of 
birth 

7.8.8E 
9.8.8E 

15.8.8E 
21.8.86 
3.10.86 
18.11.86 

27.7.86 
10.8.86 
20.8.86 
10.9.86 
20.9.86 
1.10.86 

2.8.86 
20.8.86 
29.8.86 
17.9.86 
B.I0.86 
19.1.87 

29.1 .8(, 

19.1 .87 
8.2 87 
8.2 .g7 
8.2 .87 
9.2 .87 

Birth 
weight 
(kg) 

36.0 
39.0 
34.0 
23.0 
34.0 
35.0 
33.50 

35.0 
31.0 
30.0 
37.0 
36.0 
39.0 
34.67 

33.0 
31.0 
27.0 
39.0 
32.0 
l( ,Q 
33.17 

24.0 
41.0 
35.0 
38.0 
35.0 
35.0 
34.67 
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exercise daily in the morning for half an hour. The calves 

were weaned at birth. After birth I each calf was cleaned 

well and the umbilical cord was dividec leaving just 2.5 em 

length fLom umbilicus. The umbilical area was washed 

with an antiseptic lotion and a swab of tincture was inser­

ted. Birth weight of the buffalo calves was taken on a 

platform scale. The buffalo calves \.,rerc ear numbered by 

tatooing on the first day. They were d0horned by electrical 

cauterization on the 6th day. 

Package of practices as specified by Arora (1982) 

were followed as part of pl"otective health ('over. The 

details of the practices followed,are presented in Table 15. 

At the start of phase II, all the buifalo calves 

were dewormed with piperazlne citrate 40% solution leI 

at the rate of 5 ml per 10 kg body ,,,eight. Deworming was 

done at monthly intervals, altE!rnatl!ly with piperazine 

citrate solution and panacur po~der which :ontained 25 

per cent Fenbendazole (lioechst) Pana :ur \"as 2dministered 

at the rate of 200 mg per 10 ~:g bcdy Wt ight uS c suspension 

in water. The buffalo calves were <]lvel a 'v/a~,); with gamme-

xane at the start of the e:<perimEnt t) removE' infestation 

by ticks and lice, if any. 'rhey were a)50 protected against 

Anthrax, Black Quarter, H,,,el!C'l-rha~tic ::ept icaer~ia and Foot 

and Mouth disease by prevencive ino(:ulat_,_on.s. 

5.1.4 Feeding of buffalo calves: 

The buffalo calves were fed colostrulll for first 

5 days. The feeding of buffalo calvE s on colostrum and 

milk was based on their body weight according to t,e feeding 



Table 15. 

Age 
(days) 

1 

2 

3 & 7 

4 

8 

9,10/11 

• 

Package of practices for t)uffa.o ~alve:l 

Health cover schedule 

Orally auromycin 

Vitablend water 
miscible liquid 

(1,00,000 I.U. of 
vitamin A per ml) 

Piperazine adipate 

Sulphadiamidine 
5 g tablet 

SuI met liquid 
(12.5% sodium sulpha­
dimethyl pyridine) 

-do-

Do~;e 

2 f-;poon­
ful 

2 tpoon­
ful 

~ tablet 

30 ml 

20 m 1 

76 

f>reventive 
against 

Calf scour 

Night blind­
ness 

Ascariasis 
and dysentry 

Diarrhoeal 
calf scour 

:,)ccidiosis 

Coccidiosis 
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schedule given in Table L6 as dE'scri\'ed by .ll,rora (1982). 

Milk was fed daily in two equal portl.ons/ in the morning 

at 9.00 A.M. and if 1 the evening at 4.00 P.M. Before feeding, 

milk was boiled and cooled to relom temperature. Feeding 

was done in plastic pails with fingers dipped In the fluid 

to enable suckling by the Ccl'lES. 'lineral mixture (Tabie 10) 

was also given daily to all the calve~ as per their require-

ment. Rovimix in oil (IO/OOO I.U. of vitamin A) was also 

administered once a week to all the c3Ives. "his feeding 

practice continued thr-oughout the first phase of the experi-

ment. 

After the complet ion of phaSE 1 , buffalo calves 

were gradually shifted from milk to ('onccentrelte and green 

fodder feeding. During this change o"er of 3 weeks, they 

were not given aflatoxjn. Durir,g the post-rl.minant age, 

the calves 'Were feo on conc.?nt rate mix\ url~ and qreen maize/ 

oat as per their requirements (NRC, 1978). The details 

of feeding schedul(~ are gi'JE-n in TablE 17. Th:! concentrate 

mixture consisted of crushed maize: 40 parts; groundnut 

cake: 3? parts: wheat tiren: 2.5 p,J.rt,,-, cnd min"ral mixture: 

3 part::~. The concentri1t'~ mlxtur:; cor ta._ned 21).5% CP and 

70.65% 'rON on dry matter bilEi~, (Ta:)le 13). Weiglled quantity 

of concentrate mixture and greer, focde!· wa: offered at 

about 9.00 A.M. and 12.3J P.M. resrectilely. Cl.!an drinking 

water was provided liber~lly to all the buffalo calves 

twice duily. 

5.1.5 Recording of weigh~ain and.dry .oatter- feL~d intake: 

Weekly \Jeight gai. and daily dr" matter intake were 

recorded as described in ChDpt0r 4.: .. 4 



Table 16. Feeding schedule (p~e-ruminant) 

Body weight 
(kg) 

Upto 25 

26 - 35 

36 - 40 

41 - 45 

46 - 50 

51 - 55 

56 - 60 

61 and above 

Colostrum/milk 
(kg) 

1 .0 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

78 



Table 17. Feeding sctledule (post-ruminant! 

Body 
weigh t 
(kg) 

50 

60 

70 

80 

90 

100 

llO 

120 

Concentrate 

FM 01'1 
(kg) (kg) 

0.8 0.7 

1.0 0.9 

1.2 1.1 

1.4 1.2 

1.5 1 .3 

1.6 1.4 

1.7 1.5 

1.8 1.6 

Gn:'en fodde!. 

FM OM 
(kg) rkg) 

4.0 (1.8 

4.5 C'.9 

5.0 1.0 

6.0 1.2 

i'.O 1.4 

8.C· 1.6 

8.S 1.7 

9.0 1.8 

OM 
(kg) 

L .5 

l .8 

~_ .8 

~' .4 

• 7 " .. 

3.0 

3.2 

3.4 

Total 

TON 
(kg) 

0.98 

1.18 

1. 39 

1. 58 

1.77 

1.96 

2.09 

;~ .22 

79 

CP 
(g) 

207 

257 

307 

342 

378 

413 

442 

470 
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Table 18. Composition of con1=Enl:r~te mixLJurc 

I ng red i en t s Parts cr TDN 

1'1ai 20 40 4.0i) 32.00 

Groundnut cake 32 13.4') 22.40 

Wheat bran 25 3.ln 16.25 

Mineral mixture 3 

Total 100 20 .5( 70.65 
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5.1.6 Collection of blood samples: 

Ten rol of s~mples of blood were collected under 

sterile conditions from the jugular p~ncture. 4 em long 

stainless steel hypodermic needles of 18 gauge and 30 ml 

glass test tubes were \ls(~d fOl: -:he collectior. of blood 

samples. The initial blood sample,,; \.Jer2 collected on 10th 

day, prior to aflatoxin feeding and subs,quent blood samples 

were: collected at an interval of 15 days :hroughou': phase r. 

5.1. 7 "D~e~t~e,,-,c~m~l~' n""a~t~l~' o""'n'----'o~f'-_~t~o~tc,a'_=l _ _=i~m,,-.n un og lob u 1 ins 

serum 

in blood 

Immunoglobulin lev€,l:: in thE- bI,,'- 1 EerUfli ... ere deter­

mined hy Zlnc sulphate turbidity te,3t (McEwan et al. I 1970) 

\.Jith standat'd curve preparE'd from stancaro bovine Ig Cohn 

fraction II, obtained from Sigma ChePlical Co .• U.S.A. 

5.1.8 Production of crude aflatoxin mixtlre: 

Crude aflatoxin mixture WdS pI'oducld in thL laboratory 

by growing Aspergillus palEiticus ~IRRL ~24'J on :l synthetic 

low salt rnl?diuHl (Reddy Gt ill .• 1971) :on:ainiw sucrose, 

asparagine and various Trlin(>r~ll :"'llt." (Tat:J](c 19) it Haffkine's 

culture flasks. The cUltUI~C flast, -,.Jtt.'C incu.)ol.ted in a 

lJ..O.D. incubator at 26°C i ~ O( fo:- ~3 jays u!'.; 5tationary 

cultures. Toxin WclS releds2,5 into ~,r'( nut.rielt medium 

as a result of extensive mycelia! grodth. 

Nutrient medium fronl 1:h,? cultlre ftasks was collected 

in a 5 litre conical flask. 

litres of chloroform and r('-o:t:racted thrice with 500 ml 

chloroform each time. The chloco[orm extrlct:; werE' pooled 



82 

Tablp 19. Composition of sYllth~ti~ low-s.lt medj~ln used for 

aflatoxin production 

Ingredients Amount: 
(g) 

Sucrose 85.000 

Asparagine 10.000 

(NH 4 )2 S04 3.500 

KH2 PO 4 O.75( 

MgS0
4

·7H
2

O 0.3,( 

caC1
2

·2B
2

O 0.075 

ZnS04 ·7H
2

O 0.010 

MnC1 2 ·4H 2 O 0.005 

(NH 4 )6 MOO24 4H 2 O 0.002 

Na28407·10B2C: 0.0(2 

f'eS0
4

·7H
2

O 0.002 

Distilled water to make a volume of 1,00) wI 
(pH adjusted to 4.5 using 0.1 N 11el before making up 
the final volume) 
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and condensed to a volumE'~ of 50 m) )'j e'lap( rat ing in a 

rotary evaporator under vacuulll. The r:ondensed chloroform 

extract was taken in a 1 litre beaker al"'d addE<d with 500 

ml hexane, which resulted In the precip'.ta:ion of the crude 

aflatoxin. The beaker \"a5 kept at 4°: in a refrigerator 

for 12 hout's to enable complete precipi1'ltlOll. Crude afla-

tox in was Inter separate(l by filter:ng th!"! ugh Whatman 

filter paper No.1. It '.Jas air-dried, v.'Eighec. and stored 

in a clean glass vial, covered with a1 jmini Hl foil, at 

4°C in a refrigerator. The crude aflatoxin llIixture was 

quantified by thin layer, chromatogra.)hi: sf:\.)aration and 

fluorimptric determination (A.O.A.C., ]98(,; Devis et 211., 

1980) or on High Pressure Liqui~ ChtOmE,togri!phy (Water, 

Model No.SID) by using aflatcxin standauls fer B1 B 2' 

G
l 

and G 2 procun·d from Siqma chemi(.:ll Co., St. Louis, 

U ,$.A. 

5.1.9 Administration of aflatoxin: 

Flne maize flour \-,'as used a~; a C<'(tTlP!" ·(,r adminis-

tration of aflatoxin. Crud(· -3 flat ox in ITlixtun (" 1 42% 

and G
1 

'" 27%) was thorcughly £\'lcl unifon ly mix(~ I with maize 

flour in appropriate amourlt so I:hot th3 fi-l~ll mixture 

contained 1 mg of pure total ilflat:-Jxin ppr 9ra1-' Required 

amount of this mixture was t~'eighed .wd t3k<'n on a cellulose 

paper as per llhe individual jose l(~ve] Dr 'O'ach ,::alf. The 

c~lJ\llo~~ paper containing the m:lxturl was fe,Ided into 

a packet and fed directly il1tO the lnouth of the calf, prior 

to morning feeding. ak.~n tc avoid any 

spiJling while administerin9 the texin. \\'E'-:!kly ajjustments 
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were made in aflatoxin doses according to weekly changes 

of dry matter intake. 

5.1.10 Statistical analysis of the data: 

The data were analysed according to Sne~ecor and 

Cochran (1967). Missing plot technique in random block 

design was used to analyse the growth data in phase II 

because one calf in group 4 died due to diarrhoea during 

the change ove'r period. 

RESULTS AND DISCUSSION 

5.2.1 Immunoglobulins concentration in ~)lood secum: 

Occasional screening of milk sallplf.!s fe-i to buffalo 

calves revealed that milk samples initi·llly did not contain 

any aflatoxin MI HencE', all the a;:la':oxin ::-€ceived by 

the buffalo calves in th/?o various tl'ea':ments were only 

by way of supplementation of crude aflatoxin mixture at 

the stipulated level of 0, 0.3, 0.6 and].O ppm. 

The blood serum Ig le'/els of r uffalo c31ves of 4 

treatment groups during thE COUrtle ~1 :::tudy ~ n phase I 

are presented in Table 20. ThE' init 1,"1J '!i11u,- )f Ig (mg/ml 

blood 

23.78 

serum) 

± 6.34 

on day 10 

and 24.82 

was 25.39 :'. • 9(J , ± 6.76, 

± 1.98 respect iv!'ly i 11 4 groups. 

Statistically these values WE'rf> rot (ifl eren' from each 

other, but there was a signiticant decrease (l),,::::: 0.01) in 

Ig level with incremental increase i, afl3toxin le~el(Fig.7). 

The decline in Ig concentration in blo<-,d serum of buffalo 

calves given aflatoxin at 1.0 ppm level, started from 40 

days of their age, while in buffalo calles given aflatoxin 



Table 20. Effect of feeding different levels of aflatoxin on Ig level in blood serum (mg/ml) 

------------------------------------------------------------------------------------------------
Age 
(days) 

1 (0 ppm Af) 2 (0.3 ppm Af) 

GROUP 

3 (0.6 ppm Af) 4 (l.0 ppm Af) 
------------------------------------------------------------------------------------------------
10 25.39 ± 6.90 28.59 ± 6.76 ~1.78 ~ 6.34 24.82 ± 1.98 

25 30.49 ± 4.90 26.39 +. 5.59 22.12 ± 5.33 17.09 ± 1.47 

40** 32.40a
± 6.17 24.83 a

± 2.67 24.45 a
± 4.17 11.23

b
± 1.57 

a .",.... be: b 
55*+ 29.75 ! S.Jb 19.67~! 2.45 16.51 ± 2.62 10.31 ± 1.04 

a ac bc b 
70* ~~.ll ~ S.5~ 22.37 : 2.25 13.35 = 2.13 8.13 ± 1.73 

a ab be c 
85** 29.22 ± 6.~7 20.14 + 4.14 14.13 ± 1.33 8.10 ± 0.93 

a b bd cr:'! 
100** 25.30 ~ ~.C7 16.13 ~ 2.~b 11.65 ! 1.60 8.19 ± 0.87 

------------------------------------------------------------------------------------------------
/ 0-* Pz... O.'~; '* P(O.Ol 

Values bearing s~we ;SCO,_'" '~ript in the ~a~~ =ow do not differ signitjcantly from each other 

ill 

'" 
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at 0.6 and 0.3 ppm levels it started cleclinin<; at the age 

of 55 and 100 days respBcti'Jely. Jl.rora Qt ~.(1988b)reported 

a decrease in 19 concentl'ation (rug/roll in bleod serum of 

kids fed graded levels of aflatoxin. B31ararnan and Arora 

(1987) also observed a ::;iqniflcant dect',:.>a.::;e in Ig concentra-

tion in blood serum of neonatal crossbred calves as a result 

of aflatoxin feeding. 

Ig absorption in the bovine ne,)rlate is reported 

to take place by pinocytotic activity of thE- intestinal 

epethelial cells and the transport to blood is by way of 

lymphat les (Camline et al. ,1951). The 19-fcrrjtin conjugate 

fanned within the absorptiVE! cell is transp')Y.'ted by the 

apical tubular system and r.eleasod at U c> baGal cell membrane 

for absorption (Staley <"t al., 1972) Tn0 d~clining trend 

of Ig level in blood serum ,)f buffalo :a1Jes in the present 

study may be due to interfer8nce of aflfto~ins in Ig-ferritin 

conjugate formation and hence its 1e3s tran~1port to the 

apical tubular system. 

No intrinsic synthesis of Ig would OC( ur until the 

calves were 4 weeks of ago? (Logom e: 01., L~174). Calf 

serum would remain free of intrinllic IJ tor several weeks, 

acquiring typical pattern only aft,!r 6 weeks o~ age (Larson 

et al., 1980) In the present study I th(- Ig ,;concentration 

(mg/ml blood serum) ~."as 32.40 ± 6.17 at 40 c'ays of age 

1n control group, which remained almott canst,lllt upto the 

end of this study, I.e. 100 days elf ag\~. But in aflatoxin 

treatment groups, there was a progressive decline in Ig 

concentration (mg/ml blood :3erum) at all le\'els of aflatoxin. 
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Decline was more pronouncE!d at h:.gher IE·vols e·f aflatoxin 

as compared to low levE~l. ']~he reasar (j,' !o\o. Ig value in 

these groups may be due to thE~ advers( e·cfect of aflatoxin 

on intrinsic synthesis of 19. 

The result of the pre~ent study indicated that dietary 

aflatoxin at '0.3, 0.6 and 1.0 ppm levels ~~gnificantly 

decreased the blood serum Ig level (mg/I~l) anJ ':I\U5 affected 

the passive immunity of yOl.lrlg buffalo calve!:. :nterference 

in the intrinsic synth€'sis could be ':hO) pri· cipal reason 

for their lowered immune status. 

5.2.2 Growth rate and feed ef:icielcy (?ha.3I'~ n: 

Initial body weights of huffalo ca1.v(>s 10 different 

groups were: Group I: 3:;.£;3 ± 7..2:\, C;r:'df~ l.: .6.00 ± 1.23; 

Group 3: 34.50 :t 1.92 ar,d Group 4: : 6.:U ~ .12 • They 

did not vary significantly ~mongst t,eIGseIv(s. Details 

of w<?ekly weight gains (k9) in differ('nt gr')U[):3 are given 

in Table 21. The averag''" weekI) wei~nt gc1:1:O (kg) were: 

Group 1: 2.82 ± 0.10; Gi:'OIlP ;: 2.23 -!: O.13~ Cr::>up 3: 1.85 

± 0.04 and Group 4: 1.44 :!: 0.1.:1 indicating t.he decline 

in weight gain with the inerE-asp in ~Ij .1f1\.OXiTI :.evel. The 

cumulative weekly weight gilirls (kg) tn cliff !l"ent. groups 

are given in Table 22 and depicted in Fig. B The total 

weight gains (kg) during 1:1 

36.61 :':; 2.11, Group 2: 29 . .3: 

and Group 4: 18.67 ± 1.25. 

week3 pe'iod we! e: Group 1: 

:. 1.17, G 01.11) 3: ~,1.00 ± 2.02 

The aver·:9l: cCli:!y gains (g) 

in different groups were: Group 1: 4)2.3 ± 12.8: Group 

2: 318.5 ± 12.4; Group 3: 264.3 ± :3.2 end Grou\, 4: 205.7 ± 

13.8. Regression analysis of cumulative ~'eigi1t gains of 
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Table 21. Weekly weight gains (kg) in different groups (phase 

I) 

Weeks 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Group 1 
(0 ppm Ai) 
Contt"ol 

Group 2 
(0.3 ppm Ai) 

2.2S±O.42 2.S8±O.24 

2.42±O.44 1.7S±O.21 

2.75±O.41 **1.89±O.20 

2.67±O.21 **2.08±O.27 

2.92±O.27 2.42±().20 

2.7S±O.17 2.2S±O.21 

3.09±O.30 **1.92±O.30 

2.92±O.20 **2.24±O.21 

2.92±O.27 **1.84±O,28 

2.92±O.33 2.67±O.33 

3.00±O.29 **2.33±O.27 

2.92±O.S3 2.6'7±O.21 

3.08±O.46 2.66±O.22 

Group 3 
(0.6 ppm Ai) 

2.2S±O.17 

1.92±O.08 

**2.2.0tO.17 

2.25tO.17 

'~2.25tO.16 

*'~1.92tU.2t") 

*"1.75_1).26 

**1.83:tO.28 

**1.58,:OA6 

*~·1.67 ':0.33 

*i 1. 75~:O .36 

'·*1.75:'0.-12 

**1.67: 0 .<14 

* p( 0.05; **P<OoOl 

Group 4 
(1.0 ppm Ai) 

2.08±O.27 

1.58±0.20 

1r"<1.83±O.11 

·~1.58±O .20 

·~1.83±O.17 

'''1.50±O.22 

~"1.25±O.17 

*i-O .92±O .20 

*il.0±O.22 

HI .33±0 .25 

-*1.17±0.11 

dl.2S±O.31 
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Table 22. Cumulative weekly weiqht: gains (kg) in different 

groups (phase I) 

Weeks 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Group 1 
(0 ppm Ai) 
Control 

2.25±0.42 

4.67±O.31 

7.42±0.46 

IO.09±O.64 

13.01±0.79 

15.76±0.'84 

IB.86±O.82 

21.77±0.98 

24.69±1.19 

27.61±1.49 

30.6l±1.62 

33.53±1.70 

36.61±2.11 

Group 2 
(0.3 ppm Ai) 

Grou!=- 3 
(0.6 I'pm Ai) 

Group 4 
(1.0 ppm Ai) 

2 .58~,O .24 2.25:1:0.17 2.08±0.27 

4.33:!.0.40 4.17±0.17 3.58±0.38 

**6.22:1:0.44 **6.0±O.OO **5.40±0.33 

**8 .33±O. 52 **8.2S±O.17 **7.08±O.27 

**10.75±0.62 **10.50±0.22 **9.00±0.37 

**13.00±O.62 **12.42±0.46 **10.50!O.34 

**14.92±O.8E, **14 .17±O .60 **]1.75±0.44 

**17.16±0.92 **16.00::1:.0.81 **]2.67±0.56 

**19.0Q.:!O.97 **17.50±1.10 **13.83±0.65 

**21.33:1:0.92 **19.17±1.04 **14.92±0.88 

**24.00±1.O3 **20.58±1.38 **lo.2S±1.OB 

**26.67±1.09 **22.33±1.73 **17.42±1.16 

**29 .33±1 .17 **24.00::2.02 **18.67±1.28 

----------------------------------------------------------------

** P<::: 0.01 
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buffalo calves during 13 \.leeks 'jave th~ 'b' value (kg) 

per week as follows: Group .1: 2.76 ± 0.19; Group 2: 2.15 ± 

0.12: Group 3: 1.86 ± O.la and Group 4: 1.50 ± 0.07/ indi­

cating a pt"ogressive reduction in weekly weigh": gain with 

incremental increase in the level o~ afldtoxin ('ri\ble 23). 

Statistical ,:;nalysis of the data r"e"eale,j that weekly 

weight gains were signifi.cdntly n,(Jucr>d (P< O.OI) from 

3t-d week onwards in all the aflatoxi 1 J.ed ~ r~ups. The 

data on weight gain thu~ showed that all tl1(~ aflatoxin 

levels tested, namely, o .3, 0,6 and 1.0 ppm adversely 

affected the growth rate. 

Details of dry ma.tter intake a'ld feed:s"ain ratios 

in different treatment groups are given in Table 24. Total 

dry matter consumption (ktJ) and olvera'!e daily dry matter 

consumption (kg) in differellt treatrr,ent srOllp3 were: Group 1: 

49.06 ± 2.44 and 0.540 ± 0.027; Gl~OUp 2: 48.0- ± 2.07 and 

0.529 ± 0.022; Group 3: 46.El ± 1 4 anj u.513 0.015 and 

Group 4: 46.2B±2.71 and O.~)09::0.031). ;ta:isti:i:_1 analysis 

of the data did not reveaJ dny d:.ffer ,nC2 in these para-

meters. O.)''i8, 1.65 ± 

0.056, 2.14 ± 0.176 and ?(j9 ± 0.184 in groups 1, 2, 3 

and 4 respectively, indica.ting high.~r dr" m·Oltt.E<Y' consumption 

per unit weight gain with increas0 i1 af1!toxin le/els. 

In the present study effect of 3f1atoxin on growth 

rate was taken as the bas.i.= of assessing the 3dfe level 

for buffalo calves and thus a reqress .on lin, was drawn 

(Pig. 9). For this, growth rate in die fer-ent ;:-oups were 

plotted against graded l€ve1.~ of a::lato :in. o the basis 
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Table 23. Effect of graded levels of ~flatoxin on growth rate 
(phase 1) 

Attributes 
GROOP ------------------------------------------------

1(0 ppm Af) 2(0.3 ppm Af) 3(0.6 ppn At) 4(1.0 ppn At) 

Initial weight 3S.83±2.23 36.011.23 34.50±1.92 36.33±2.12 
(kg) 

Pinal weight 72.44±3.96 65.33±0.75 ~J8.50±3.49 55.00±2.70 
(kg) 

** ** ** Weight gain 36.6l±2.11 29.33±1.17 24.00±2.02 18.67±1.28 
(kg) 

** *' ** Weight gain/ 2.82±0.10 2.23±O.13 1.8S±O.04 1.44±0 .14 
week (kg) 

** ** ** Weight gain/day 402 .30±l2 .80 318.5±12.40 264.3±9.20 205.70±13.80 
(g) 

** '* ** Regression ( b) 2.76±O.19 :~.15±O.12 1.86±0.18 I.SO±D.O? 
value/week 
(kg) 

** p <~ 0.01 
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Tab:e 24. Dry matter consur1pt:io!1 and feed:gain ratio (phase I) 

Attribute 

Total DM 
consumpt ion 
(kg) 

Average daily 
OM consumption 
(kg) 

Feed:gain 
ratio 

Group 1 
(0 ppo At) 

Control 

49 .06±2 .44 

0.540±0.027 

1.34±0.058 

Group 2 
(0.3 ppo At) 

48. 1)7:1:2.07 

Gr:::.up 3 
(( .6 ppm lIn 

4E .6l±1.40 

Group 4 
(1.0 ppo Af) 

46.28±2.71 

O. 5:~9:tO .022 O. :;13;tO .015 0 .509±0 .030 

1.6~)±'O.056 **2.l4±O.17G *1<2.69±0.184 

------------------------------------ .--_ .. _----------- ----------- -------------

** P<O.OI 
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of this regression line, it .... 'as inf€rrcd that: 0.14 ppm 

might be the safe level fot: gro\.,Ith in buffalo c.31ves (pre­

ruminant) • 

S.2.J Growth rate and feed conversion elficienc~ (Phase II): 

During the second week of change over, one calf 

No. 3247 died due to diatThoE"L So, th'': data in this group 

was based on 5 buffalo calves only. 

The initial body weights of buffalo calv~s in differ­

ent treatment groups were: 75.17 ± 3.82, 69.'11 ± 2.23, 

62.25 ± 4.10 and 57.1 ± 2.87 in fout· 'Jro'-.lps respectively. 

Details of weekly weight gClin~i (kg) in r'lifferenL treatment 

groups are given in Table 25. The <l\ er<\ge w~(!kly weight 

gains were: Group 1: 2.80 0.18; Group 2: 2.1)6 ± 0.15; 

Group 3: 1.58 ± 0.19; and GI"OJP 4: 1.4:' ± 0.07, indicating 

the decline in weight gains w.ith th& i)J(:r:?ase i.n aflatoxin 

level. The cumulative w€ek.ly ,.,'eight: gai,s (kg) i1 different 

groups are given in TablE 2E and dC?picted in Fig. 10. 

The total weight gains (kg) during L2 W02ks perio·3 of growth 

were 33.63 ± 0.90: 24.75 ± 1.79; ]8.92 ± 2.32 c:nd 16.90 ± 

0.81 respectively. The average; dai Ly qa in (kg) in different 

groups were: Group 1: 0.400 ± (:1.02; (;!::"CllP 2: 0.295 ± 0.02; 

Group 3: 0.225 ± 0.03 and Group 4: (\.202 ).09. Regression 

analysis of cumulative t...'~i9t-:t gains dll:irq 12 weeks gave 

U10 'b' value (kg) per 

C .250; G rou p 2: 2.03 ± 

week ~IS follo\-/;: Group 1: 2.81 ± 

0.180; Group 3 1.50, 0.024 and 

Group 4: 1.42 :! 0.090 indicating an adverse effe:ct of afla­

toxin on grol,.,'th (Tablt:, 27). lmalY:3b of VJrianCE' or: the data revealed 

that weekly -weight gains \.,'ere r&dUcE!d fc)m 4th "e2k onwards 
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Table 25. Weekly weight gains (kg) jn different gt"oups (Phase II) 

Weeks 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

11 

12 

Group 1 
(0 ppm Af) 

Control 

2.50::':0.22 

2.83±0.17 

2.67±0.21 

2.92±0.20 

2.75±0.25 

2.25::':0.51 

2.67±0.25 

2.75±0.17 

2.83±0.17 

3.00::':0.00 

2.92±0.20 

3.08±0.06 

Group 2 Gn,up 3 
(0 .3 ppm A f) ( 0 • f ppm A f ) 

2.08±O.20 2.08±O.30 

2.15±0.34 2.25±0.40 

2.12±0.40 2.00±0.SO 

2.32±0.20 *1.92±O.33 

2.42±0.20 1.7S±O.2S 

2.42::,:0.37 *1.58±0.42 

1.92±(1 •. 24 **1.SO±O.22 

2.08±0.27 **1.00±0.68 

*1.SO·±"O.76 *1.75±O.S7 

**1.42.±C .139 *"l.S8tO.S2 

**2.17±O.3:. **O.50tO.34 

**2 .17±O .31 *'Q.50tO.34 

* P< 0.05; ** P< 0.01 

Group 4 
(1.0 ppm Af) 

1.50±O.20 

1.00±0.32 

1.SO±O.32 

*1.90±O.2S 

1.70±O.44 

*1.40±0.17 

**0.70±0.49 

* q .20iO .20 

*1.60±0 .25 

.I; ~1.30±O.37 

;, q .60±0 .29 

hl.70±O.31 



Table 26. Cumulative weight gains (po,3t-runinant) 

Week Group 1 
(0 ppm Af) 

Control 

Group 2 
(0.3 ppm Af) 

Group 3 
:0.6 ppm l,f) 

Group 4 
(1.0 ppm Af) 

95 

-------------------------------------------------------------------------------

1 2.50±O.22 2.08±O.20 2.0B±O.30 l.SO±O.22 

2 5.33±0.21 4.33±0.37 1.33±0.64 2.50±0.22 

3 8 .DO±Q .37 6.4l:tO.51 6.33±1.08 4 .OO±O .38 

4 1O.92±0.52 8.67±0.54 ** :3.25±1.09 ** 5. 70±0 .57 

5 13.67±0.67 1O.92±0.55 **)1)'00±1.24 ** 7.40±0.81 

6 16.42±O.88 13.33±0.85 **H.S8±1.S9 ** 3 .OO±O. 79 

7 19.08±1.04 15.25=0.99 **13 .Ga:!:l. 79 ** '1.70±O.92 

8 21.83±O .95 17 .33±0.99 **1'l.O8±2.11 **11) .90±0 .90 

9 24.67:!:l.O5 IB.33±!.l6 **1~).50:l;2 .39 HU .30±O.89 

10 27.67±l.O? **20.42±1.S6 **}"/ .OB±? .45 -.\-+1 J .60±l.O4 

11 30.58±1.O4 **22.2S±l.99 **1',' .58:':2 .48 H l~j .20±l.IO 

12 33 .67±1 .08 **24.42±1.99 HHI.92±2 54 *"1(i.90±0.90 

** p( 0.01 



FIG.l0. CUMULATIVE WEEKLY WEIGHT GAINS OF 

~ 

'" x 
~ 25·0 

/ z -<t 
<!J 

I- 20·0 
:r: 

// <!J 

LIJ 

~ /// , 5·0 

10·0 / 

5·0 

~--~----~_--._~I~--.~~I ____ ~I----~I-o 2 4 6 8 10 12 
WEEKS 



Table 27. Effect of graded levels of aflatoxin on growth rate (phase II) 

------------------------------------------------------------------------------------------------
Attribute Group 1 

(0 ppm At) 

Control 

Group 2 
(0 _ 3 ppm A f) 

Group 3 
(0.6 rrm At) 

Group 4 
(l.OppmAf) 

----------------------------------------------------------------------------------------------

Initial weight 
(kg) 

final 

t·J~i·:;thL 

\veioh r 
(kg) 

W~i'Jnt­
(kg) 

w~i'Jht O:q) 

<.,<;)in (kg) 

<Jo:. ; n,/''',!'2'2}: 

,... .. ~_/~- .. 
-' - --1 

Regression (b) 
va1ue;"·J(~ek (kg) 

75.17:<::.3.82 

108.80::4.5n 

33.63::G.90 

'1 0('\ __ " 'co 
<-- • ~v _ 'J ."'" '-' 

2.81±0.25 

69.41±2.23 62.25"4.10 57.10:::2.87 

94.1"7±3.05 81.17::6.01 74.00.±3.13 

24.75:<::'1.79 **18.92+2.32 **16. 0 0±0.81 

2 • .JGiO.:iS ** 1.58±O.1'::l ** 1.41::0.07 

u . .<.;':;.!-l.j.v2 **O . .::.~::i:!:U.U3 ""*0.207.±0.09 

2.03 ;to.lS **1.50 ±0.024 **1.42 .to.098 

** P< 0.01 

'" '" 
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in groups 3 and 4 and [("orl 9th '."reek )nwards in 

group 2. 

The details of dry mattet:" intake and feed:gain ratios 

in different groups are give!l in Table 28. Totu! dry matter 

consumption (kg) and average daily dry m3tter consumption 

(kg) in different treatment groups wen.': Group 1: 206.83 ± 

11.14 and 2.46 ± 0.133; Group 2: :W6.9B :±- 2.99 and 2.50 ± 

0.127: Group 3: 200.58 ± 3.42 and ~~.39 ±: 1.60; and Group 4: 

202.5 ± 1.40 and 2.41 ± 0.15. 

difference in these parameters. 

There was no significant 

Corresponding feed:gain 

ratios were: 6-.15 ± 0.28; 8.62 ± 0.65; 11.41 ± 1.28 and 

12.1 ± 0.52, indicating highel:" dry mat tel- consumption per 

unit weight gain with increase in afIatoyin levelE(P<:,O.Ol). 

A regression line (Fig. 11) was dlso drawn to deter­

mine the safe level of afla.to:<in for p'lSt-rumin':lnt buffalo 

calves as described in pha<:'0 1. On the basis of this 

regression line, it was inff~l:u~d that 0.15 r~p:n might be 

the safe level for growth in buffalo cal\es (post-ruminant). 

Resu1t·~ of the effe::,t ,)f f";~edinJ (Jeaded levels of 

aflatoxin during phase I and phase II ndicated an adverse 

effect on growth rate. The effects w'2re more pronounced 

at higher levels (0.6 and 1.0 ppm) t:lan at l:.wer level 

(0.3 ppm). 

species by 

Similar results have been reported in other 

some workers {Allcroft a!ld Lewi:,. 1963 a,b; 

Horrocks et a1., 1965; Flatla et .;11.,1969; Ly.1Ch et a1. 

1971: Neathery et a1., 1980: Patterson lnd Anderson, 1982; 

Balaraman and Arora, 1986}. 

Alleroft and Lewis (E'63b) obser' .~d thl? retardation 



Table 28. OM consumption and feed to gain ratios (phase II) 

Attribute 

Total OM 
consumpt ion 
(kg) 

I;verage daily OM 
consumpt ion (kg) 

E'eed:gain ratio 

Group 1 
(0 pp~ Af) 

Control 

206.83~ll.14 

2.46:1:1.33 

6.15:1:0.28 

Group 2 
(0.3 ppm Af) 

206.98±2.99 

2.5001.27 

8.62±0.65 

**0/"'''' 
'~ 

Group 3 
(0.6 ppm Af) 

200.58:1:3.42 

2.39±1.60 

**11.41±1.28 

Group 4 
(1.0 ppm At) 

202.50±1.40 

2.41±O.15 

**12.10±O.S2 

'" '" 
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of growth in calves fed d diet conta _ni:lg tcxic grou:1dnut 

meal. Hot't'ocks et al. (1965) ccported d. dec red 3e in growth 

rate In Ayrshire bull calves fed 0.22 to 0.44 ppm aflatoxin. 

Flatla et a1. (1969) found a depre~ sic,n In Height gain 

in bull calves given 204 to 474 ppb aflatoxin f::>r 4 months. 

Lynch et al. (1971) studiQd the E'ffecl of different levels 

of aflatoxin ranging from 0 to ('.10 11g/kg bucly weight in 

calves. There was a significant redl etion (P<::: 0.01) in 

weight gain '..;ith the incrc>asE~ in dose and per-i,)d of treat-

ment. Neathery ~ ~. (ISSeI) fed young Ilclstein bull calves 

a diet containing 3 ppm aflatoxin <lncl ,)bv.-rv<?l significant 

reduction in feed intako, ,weragE dai ly gain ,Ind nitrogen 

retention. Balaraman and Aro~a(1936) repcrted 3 significant 

decrease in weight gain ilild feed conversicll efficiency 

in calves fed a diet containing gradec lO'vels of aflatoxin 

varying from 0 to 1.5 ppm. 

et al. (1968) 

did not observe any adv'~r.3e pffecl: on thE' gro',·'th of calves 

provided upto 0.3 ppm levE!1 of aflato)in, Keyl and Booth 

(1971) also observed similar !:'esults In youn~ beef cattle 

fed aflatoxin. Similarly, Eddy f:t 0.1. (19HO-a!. could not 

find any adverse E,Efect en thE' grm"th at Hal: eein heifers 

due to aflatoxin, fed upto 4.3 mg (.35 ppm) i'):: 140 days. 

Keyl and Booth (1971 ) suggested tha: lflatol:in feeding 

at a level Olf 0.3 ppm in the niet W'iS sail? for calves. 

Patterson and Anderson (l9B2) aqreed with tre findings 

of Keyl and Booth (1971) and repartee aflato~_.n toxicity 

in calves appearing only when the diet "as havirq aflatoxin 

more than 30 pg/kg feed. 
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In the present .study, the dietary safe levels for 

pre-ruminant and post-runlirlant bJffa~ 

to be 0.14 and 0.15 ppm respecti'rely. 

calves were found 

~~hese (iietary safe 

levels of aflatoxins for buffalo calves are similar to 

pre~l-uminant kids (Arora et a1. I 198Hb). But the levels 

are much less as compared to safe value of 0.26 ppm in 

crossbred calves {Balaruman and Arora, 1986}. This might 

be due to the reason that buffalo calve~ are more susceptible 

to aflatoxin toxicity than calves (Murthy Et a1., 1984). 

There was no effect of feeding aflatoxin on total 

dry matter consumption in buffalo calves. This indicated 

that the decI ine in growth rate ..las rot due t:> less feed 

intake in aflatoxin fed gr'oup,s, rather iIOlpaired utilization 

of nutrients at tissue level by afli toxin might be the 

cause of reduced growth and .hence righel f(:cd to gain ratios 

in these groups. 
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EFFECT OF AFLATOXIN ON NITROGEN DYNAMICS IN CA'l'TLI: AND BUFFALO 

CALVES FED DIFFERENT LEVELS OF DIBT1\RY PIWTEIN 

Aflatoxin has been reported to induce \vide variety of 

adverse effects in different spec:ies of livestock {Aller-oft 

and Lewis, ]963: Armbrecht et al., 1970; SOTlthern and Clawson, 

1979; Murthy et al. I 1984; Arora ot 0.1" 198~ I particularly -- -

it affects the nitrogen m(!tabolism (Lynctl ct 0.1./ 1973; 

Hale and Wilson, 1979). It has alsc· been r'?ported that 

higher levels of protein in the diet h,we protective effect 

against aflatoxin toxicity (Edds, 1973: Hatch, 1',77; Balar-aman 

and Arora, 1984) The objectivt of this €j(leriment was 

to have a campar-at ive study Oil the of :r::ct of ilflatox in on 

nitrogen dynamics in calves fed opt imum high an,), low levels 

of protein in the diet. 

6.1 MATERIALS AND METHODS 

6.1.1 Plan of the experiment: 

This experiment was conducted on 8 male l'umen fistu-

lilted, i .e./ 4 cattle a'1d ,! buffalo (.::;1\'£>s (·f 2-2~ years 

of age, completed in two ph:);,,;:s. On(-e crossbred cal f each 

was kept in groups I, 2 f 5 and {; whjJe one cuffalo calf 

each was allotted to groep::: ~, 4, '/ and B. AI, the animals 

were fed on concentrate mixture, green fortd~r and wheat 

straw to meet their nutrient re~Llirenlents (NJ~C, l)~'8). Animals 

in groups 1, 2, 3 and 4 wer:e given 4; .50 J,er ct?nt more protein 

(HP) in phase' I. In phase II I t:le at itnals \·;e~e provided 

51.47 per cent less protGin (LP) in gr')Ups 5/ 1), 7 and 8 
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Hale and Wilson, 1979). It has a1 $C> been r,~po"("ted that 

higher levels of protein in the diet hi\Ve protective effect 

against aflatoxin toxicity (Edds, 1973; Hatch, 1',77; Balaraman 

and Arora I 1984) The objectiv(; of this e.<periment was 

to have a comparative study on the cf:r::ct of ilflatoxin on 

nitrogen dyna:nics :rn calves fed opt.imum high an':! low levels 

of protein in the diet. 

6.1 MATERIALS AND METHODS 
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This experiment was conducted 0n 8 male t"umen fistu-

lilted, i.e., 4 cattle a,d ,~ buffalo (ali'CS ([ 2-2~ years 

of age, completed in two ph:):3<?S. On(-e crossbred cal f each 

was kept in groups I, 2., 5 and ,; whi.1e one I:uffalc calf 

each was allotted to grOl.,.lp::: 3, 4, " and e. AI, the animals 

were fed on concentrate mixture, green foad~r and wheat 

straw to meet their nutrient rec;uirements (NJ~C, 1)~'8). Animals 

in groups I, 2, 3 and 4 weLt:: given 4~ .50 j,er cent fl;ore protein 

(HP) in phase' I. In phase II, t:le at im,lls w'e=e provided 

51.47 per cent less protGin (LP) in gr')ups 5, \), 7 and 8 
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than opt imum. In additioll, animals ir groups 2, 4, 6 and 

8 were given an oral dose of aflatcxin t 1.0 ppm of their dry 

matter intake. During phasE' I, aninaL; on this dietary 

regImen were adapted for 40 day~; anc a met.lbolism trial 

was conducted to know the dige'stib __ lity of nutrients. After 

the metabolism trial, a sinql(~ do;~e of 

ammonium sulphate was infused into the rUlllen 0': each animal 

and samples of rumen liquoci blood and urine we~e collected 

at varIOUS time intervals to know the .·um.~n 'lOlllme, digesta 

flow rate and nitrogen dynamics of these a~imal~. Similarly, 

a metabolism trial and isotopic stujies were co~ducted during 

phase II, after a preliminary feeding of 40 days. 

6.1. 2 Animals and feeding regimen 

The distribution of an.i.mal~ and particu:_ars of the 

treatments in phase I and ph~se II 3re ~~'esented in Table 29. 

Parts of different feed ingrr?dients useCi f':lr the formulation 

of concentrate mixtures are given in Tab12 30 an~ :he chemical 

composition of feed ingn,dient offered :0 animc.ls are given 

in Tables 31 and 32. The feeding sch "dLlle a(Jepted during 

,the experimental period is giverl in '~able 33. 

6.1.3 Housing of the animal~: 

The animals were kep~ in "1 ;..rell '/erltilated metabolic 

stall during the metabolism trial and l.lter shif:ed to iron 

slotted cots for using radioisotope3 to ave,id any recontami-

nation. The floor was cleaned daily with phenyl. 

6.1.4 Digestibility studies: 

The animals of both th() epE'cies \,'€-re f,"d on their 



Table 29. Details of experimental calves in different groups 

Species 

Cattle 

-do-

Buffalo 

-00-

Cattle 

-do-

Buffi'lln 

Animal 
No. 

KS-3443 

KS-4470 

M-2680 

i'1-2787 

K.s-34S0 

KS-3442 

M 26["(· 

M-2714 

Body 
weight 
(kg) 

325.0 

387.5 

369.0 

337.0 

335.0 

360.0 

312.0 

Group 

1 

2 

3 

4 

5 

6 

Level of protein 
Phase I Phase II 

High Optimum 

-00- -00-

-do- -do-

-00- -do-

Optimum Low 

-do- -do-

-do- -do-

Aflatoxin 
(ppm) 

1.0 

1.0 

1.0 

-do- -80-370.0 8 -00- -80- 1.0 

~ 

o 
w 



Table 30. 

Ingredients 

PART: 

Groundnut 
cake 

Maize 

Wheat bran 

Mineral 
mixture 

Salt 

104 

Percent composition of concentrat~ mixtures fed in 

Phases I and IT 

Phase I Phase II -------------------- ---------------------
Concentrate Concen- Concentrate Conc~n-

mixture t t"Zlte mixture trat~ 

mixture mixture 

1 2 3 4 

85 25 45 15 

5 60 40 72 

7 12 12 10 

2 2 2 2 

1 1 1 1 

----=----------------------------------------------_ .. ----------



Table 31. 

Parameter 

Crude protein 

Ether extract 

Crude fibre 

Total ash 

Nitrogen free 
extract 

105 

Chemical composition of feed ingrediellts (percent 

dry matter basis) Phase I 

Concen­
trate 

1 

37.07 

6.63 

6.54 

7.68 

42.08 

Conc(~n­

t ra t E? 

2 

18.07 

3.19 

5.07 

5.91 

67.76 

Wheat 
~;t --:-aw 

4.63 

0.65 

38.40 

11.66 

44.66 

Green 
maize 

11.86 

1.47 

32.47 

11.28 

42.92 

Organ ie matter 92.32 94 .. 09 88.34 88.72 
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Table 32. Chemical composition of feed inoredientF (percent 

dry matter. basis) PhnSf! II 

Parameter 

Crude protein 

Ether extract 

Crude fibre 

Total ash 

Nitrogen free 
ex tract 

Organic matter 

Concen­
trate 

3 

24.05 

4.98 

5.00 

9.44 

56.53 

90.56 

Concen­
trate 

4 

15.53 

4.19 

4.84 

7.38 

68.06 

Wheat 
straw 

3.58 

(J.Bl 

J 1 . ~,O 

44.(-8 

B':-I.50 

Green 
jO\o,'ar 

6.23 

1.93 

32.47 

9.23 

50.14 

90.77 

~-------------------------------------------------------------
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Table 33. Feeding schedule of calves anei buftalc· calves 

Dry matter 
intake 
(kg) 

Concen-
trate 1 

Concen-
trate 2 

Concen- 3 
trate 

Concen- 4 
trate 

Green maize 

Green j owa r 

Wheat straw 

Total 

HP 
(Groups 
1-4 ) 

1.8 

3 .1 

, -

2.0 

h.9 

Phase I 

01' 
( Groups 

5-8) 

1.8 

3 .1 

2.0 

G.9 

OP 
( Groups 

1-4 ) 

;; .0'7 

5.00 

7.07 

Phase II 

LP 
(Groups 

5-8 ) 

0.46 

4.20 

2.25 

6.91 
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respective dietary treatmen::.s period 

of 40 days. h'eighed quantity of fe·:d l"equjred in a day 

was offered at 10.00 A.f>1. Cle3n wdter was provided ad 

lib twice daily to all the animals, i.e., ·~t around 9.30 A.M. 

and 3.30 P.M., throughout the experiment. l"fter adaptation 

of animalsi a metabolism trial Has concucted for 7 daysl 

discarding the collection of the first day. The samples 

of feed, residue, faeces and urine wer(~ collectE,d and analy-

sed for proximate principles as per' AOAC (1975) 

6.1. 5 . .. 15. d 
.I~n~f~u"-,S~l~o~n"----,s~t~u,,,,d~l~e~s,,---,W~l~t,",h __ . __ N,,-,--,,"a :n men 1 u m :; u 1 ph ate a n 
-51 

Cr-EDTA: 

Immediately after the metal)olic trial, the animals 

were shifted to slotted iron cot~i and un adal-tOltian period 

of 3 weeks was given. The ilnimals were. given the same diet 

as during the metabolism tria] but divide,l into six equal 

parts at 2 hourly intervals. Arter ad2ptin~· the animals 

on 2-hourly feeding for 10 days, 6 9 (NH
4

)2 .'3') 4 of 20 per 

15 
cent N atom excess diss:)lved in 60. ml di,;t illed water 

was administered into the rum!?n of each animal, as a single 

injection with the help of a fu-mel attached to a stiff 

plastic pipe. This 15(NH4)2S0 4 WeS procured fr')m Rashtriya 

Chemicals and Fertilizers I.td., Chemtur, BOI1:D,~y (India). 

Following this, Slcr_EDTlI (60 pCi 1n 6C ml dist. water) 

was also given intra-ruminally to eac: 2nima~. 5ICr-EDTA 

was obtained from Mis. Amersham Intcl~n3tiollal, U.K. Care 

was taken to direct the infusions at :OUt- ail ferent sites 

in ventral sac of the rumen. Subsequ?ntly, rhe pipe was 

rinsed thoroughly with water and the 1.<<lshjngs Here poured 

into the rumeri itself. 
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The rumen liquor sampl!~s W'2re obta ined through 

suction process with thE' help of a plastic tube attached 

to a stainless steel probe, covered with muslin cloth. 

The samples thus collected were free from large particulate 

matter and represented the various places In the rumen 

at 0 (pre-infusion), 1, 2, 3, 5, 7, 9/ 12, 18 and 24 h 

of infusion. One drop of concentrated sulphuric acid 

was added in the rumen liquor samples at the time of collec-

ticn to stop the microbial activity. All the samples 

were stored in a deep freeze till analysEd. 

Blood samples were collected in the heparinized 

test tubes with the help of a hypodermic neeel}e by jugular­

venupuncture at 0 (pre-infu,::.ion) 1,2,3,5,7,9,12,18, 

24,36 and 48 h of infllsion. Sall,pIE s 'i"('C~' centrifuged 

ilt 5,000 rpm for 20 min in 01 r,;drig'~rated centrifuge (lEe 

model) and plasma was separated. The !,1asma samples were 

transferred to a plastic vial clnd preserved under frozen 

conditions awaiting analysis. 

Aliquots of urine samples werE collected at 0, 

G, 12, 18 I 24, 36, 48 I SO and 72 h ,wd !'reserved in a 

deep freeze for further analysis. 

6.1.6 Analytical tcchniqu0s: 

6.1.6.1 51 Assay of Cr: 

51cr_EDTA was measured ",i t h thp help of Packard 

PRIAS Model PGD Automatic GamIna S:intillation Counter/ 

takinq 3 ml of the standCird or rum(n liquor sample into 

the counting tubes ,"hich fitted into LIe 'dell of a thallium-

activated sodium iodide crystal. Eat:h time :he standard 
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51 1 . 1· I I k 1 of Cr-EDTA so utlon was run a or,g,vlt, t 10 un nown samp es, 

1n duplicate. The readings were also cOl-rected for the 

background counts. 

Rumen fluid volume and rate of flow of ruminal 

liquid from the rumen were determined using the values 

of decrease in radioactivity in thE. rumen fluid as a 

function of time after injE'ction of 51 Cr-ED'l'A according 

to the method of Downes and McDonald (1964). 

The natural log specific radio. ct Lvity of 51Cr_EDTA 

was plotted on a graph paper. The curves thus obtained 

were extrapolated back to zero for get-t ing 51 Cr concen-

tration at zerO time. From this valuE and thE" total amount 

of marker injected, the volume of r,lmen flt1:i_d and rate 

of flow were determined as explained bclc~: 

Rumen vclume (1) __ ~ ____ ~~~~_!~i~~~!~I~e~t ____ _ 
Sp. radi'Jacti~ity at 0 time 

Digesta flo\ .... rate l/day= Rumen volume x :-at"..: const;ant x 24 

Rate constant O.693/t~ 

Whece, t~ is the time, where the activi _y (Jpm) \laS half of 

its original activity (dpm). 

6.1.6_2 Estimation of lSN in rumir.al alllHollia: 

lSN in r-uminal ammonla was dete::-mined by the method 

of Nolan and Lcng (1972). For- :his PUI-pose, 2 ml r-umen 

liquor sample was steam distilled in miclo-kjeldahl's 

distillation apparOltus over- .10 m9 magnesium o>:ide (which 

pr-eviously had been heated for 3 h Olt 6(l0°C to decompose 

any carbonate)_ Ammonia was collectE-d into 2 per- cent 
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boric acid containing mixed i nd i ca t ')1- (Bremner, 1965) . 

After titration with N/IOO Hel, the distillate wns acidified 

further with dilute hydrochloric acid. This acidified 

distillate having ammonical-N as ammonium chloride was 

evaporated to dryness at 70~C (Salter et al. , 1979). 

The dried residues were redissolved in glass distilled 

water to give a concentration ot 1 )1g N/pl. Abou t 30 to 

40 pI solution of these samples wa~: trall<5f,n-rcd to capillary 

tubes with the help of a Hamilton micro-syringe, and were 

dried at 70°C. These capillary tubes were transferred 

to discharge tubes containinq copper oxide wire (1-2 mg) 

and calcium oxide (3-6 mg). DiEChal:"S"€ tub,.:s dere sealed 

in a sample preparation unit (Plate 1) (Jasco I'lodel DPS-IOM 

fot" NIA-I) under vaCUUM, 10-3 Tor.r (P] ran i (;auge Model 

PG-3i\, Waka ida Sci. Inst rumerLts i JapCir) Sealed discharge 

tubes \>,'ere heated at 550 ~C for 3 h i'l 2 furn~ ce for the 

conversion of ammonium chloride to p'lre N 
2 

qas as per 

the following reaction: 

o50"C , 
3 h N2 + 2 Cu + 2 :uC 1 

This whole proces.':'; \/a;:; ba::;ec! on Jum--'l[, dr? combustion 

method as described by Bremner (1965). The r:cpper oxide 

(CuO) had been previollsly heated FIt ::50'(' fOt~ 3 to 4 h 

and the calcium oxide (CaO) at 1,oOCloc f,)r .j Similar period. 

15N-isotopic abundarlce was determined by scanning 

the sealed samples of pure N2 gas in :Jpticil:" emission 

15 
spectrometer N-analyser, JASeO Model !\IA-I N-15 Analyser, 

Japan Spectroscopic Co.Ltd.! Tokyol Japan (Plate 2). 
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To prevent cross-colltamination, 30 m1 absolute 

alcohol was distilled between sampl'3s to r~move traces 

of 2l.mmnia which were adsorbed on to thE~ gla:j~jware of the 

dist.illation appat"atu.s (Bremner, 1965) 

6.1.6.3 15 N in rumen liquor suspended bacterin: 

Bacteria from the rumen liquor !am~'les were separated 

by the method of Salter et. <:II. (1979) The samples of 

rumen fluid vlere first. strained throuch ·1 layers of muslin 

cloth to remove coarse particulate material. The strained 

rumen fluid was diluted with saline (2:1) and centrifuged 

at low speed (2,000 rpm) for 10 min in a refrigerated 

centrifuge (lEe Model) to remo\'e feed particles. The 

supernatant. fluid was then centrifuge:'l ilt. 14,000 rpm for 

10 min to produce a sediment of crude bacteria. This 

sediment was washed twice' by resusp€nsion in saline and 

repeating the centrifugation, then finally wash(!d by rGSUS-

pension in distilled water followed by cenl:rifugation. 

The pure bacterial pellets ""er<? su )jested 1:0 kjeldahl 

digestion by adding 3 ml of concelltrated :i SO ,lnd 
2 4 

catalyst 

(1.20 g potassium sulphate, 0.05 J mercuric oxide). After 

completion of digestion and cooling, :he dig!·sted samples 

wer.e diluted to 10 ml with water. Portion of the diluted 

samples were steam distilled using N 10H uS t.1e alkaline 

reagent. AmlOonia-N was collected in a bcric acid solution 

containing mixed indicator and th,?n titrated and acidified 

1" for the measurement of "N-al)urldance as described earlier. 

6.1.6.4 15 . 1 N 1n p 35ma urea: 

lSN-abundance in pJasma urea-N .... '.:IS determined by 
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the method of Nolan and Leng (19"12). 'rile p];'3.3ma samples 

(5 ml) were dept"oteinized 1,..'ith SUCC"flSLve ;lcditions of 

10 ml W<lter, 5 ml 10 per cent (wiv) ::odlum tungstate and 

5 ml 0.33 H sulphuric acid. Afte~ cencrifugation at 5,000 

rpm for 10 min, the clear supernatant liquid was transferred 

to n culture lube and buffel~e() to pi, 6.5. This ~as incubated 

with urease enzyme (C.C. 3.5.1.5, 1 unit liberated 1.0 mg 

of ammonia-N from urea, procured from Sigma Chemicals. 

U.S.A.) at 37°C overnight. UrEaSe-(nz~'me used in this 

study had no detectable ammonia. 'rh. buffered filter-ate 

containing urease was subjected to distillation for ammonia 

as described previously. 

6.1.6.5 15 N in urine samples: 

lSN in total urinarv-N was de"::ermined as per the 

normal kjeldahl procedure u$ing NaOfi as th!J alkaline reagent 

during steam 

15 
N-abundance 

distillation. 

was 

described earlier. 

Samples \o.'e1"e precessed and 

to the method 

14 /15. .. l . 6.1.7 N N catla determ!..!:!.~~_~on 'y Em SSlon SpE'ctrornetry: 

6.1.7.1 Principle of the detcoctiorl metllod: 

The analysis of l=t-l by tH.' en is~;ion spectrometric 

technique depends upon th~' property of nitrcgen gas at 

relatively low pressure te emit lig~t of c!'~lracteristic 

wave lengths when excitE'd bv radie· or llicco W3\'('S. Gaseous 

molecules are excited to higher enE~rgy 1 ev .. ~ls a:lcl on return-

ing to the unexcited state emit ener9Y 'wet' a wide range 

of frequencies. Emission s:)€ctnlrn 0: ldtro·!(n which is 
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composed ()f a succession of bands ~~; shown In Fig. 12. 

The presence of an extra n(,ut~l·on in tL(~ 
1 5 

N nucleus causes 

shifts in the ener.gy transitions of 
1'. 

ON c:ontaining molecule 

which results in chanqe in the waVE' lengths of each of 

the band heads. 

6.1.7.2 Choice of the bands for the analysis: 

The 2-0 transition sho~/s a proncunced shift resulting 

in readily measuruble clispla::ement of the band heads which 

normully appear in the ultri:1-violet rEgion ,)f 297.7 nm 

for 14 N Ii., molecule, 298.3 nm fol': 14 11 15 N cnd 298.8 nm 

for The re2sc,n~: for this chcice '·JEre that for. 

this trnnsition I the shi.fting (If tl e iSClc"pic molecule 

bands and their intensity huVE an opt iml'1Tl effect I and 

the disturbing bands frem possible impurities hale a minimum 

effnct (Leicknam el al., 1(68). The, intensities of the 

bands are proportional to ~heit nirrogerl ('ontent (Fig. 

13) so that in an equilibrium mixt~re of the thr~e molecular 

forms of nitrognn, 
10 the proportion of N can t)~ calculated 

from the ratio of the jnte:lsities 0: the bdl1ds of mass 

28 N anp 

6.1.7.3 Conversion of nitrogE:n into ni .roLen q-~~: 

Sample nitrogen can be converted to gas,?ClUS nitrogen 

by various methods (Fig. 14) GenE'rall", bioloJ:cal samples 

are converted to ammonium sulphEte cr nmmonillm chloride 

by kjcldahl digest ion I fcllowed by steilm ~istillation 

of ammonia from the digestEod samfle U lder alkaline condi-

tions. l\mmonium sulphate Ot ,1mmonium ,)'lc)ride is converted 
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NITROGEN (2-0 TRANSITION) 
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under vacuum to nitrogen qa!; by (i) oxidatinn of ammonia 

with an alkaline potns~iillm hypobroRiidE' solution, known 

as the Rittenbecg method Ot" (ii) by dry (;(\mbustion of 

the sample in the discharge tube with coppe:: oxide and 

calcium oxide (Dumas method) • In the present study, 

Dumas method was used for converting nitrogen to its gaseous 

form. 

6.1.8 
IS 

Analysis of recorded ON spectruln: 

The emission band spectra separated by the spectro-

photometer are automatically recorded on the qraph. The 

spectra are recorded with constant gaill 14 
for N:! and varied 

gains for 14N lSN. For calculation of 151\ ratio, when 

it is 70 

value of 

per cent or 

14N 
2 and 

less, it is derived from the measured 

1~15N using the formula-[, and when 

the ratio is 

with the data' 

higher than 

of 14N15N and 

15 

where, 

R 

15 

wll ere, 

R' 

N (atom %) 

N (atom %) 

I 
29 

I 

30 

70 per 

15
N 2 • 

100 

2R + 

100 

cent 

1 

H'/2 \- 1 

intensity of 14N spectrUITI 
2 

forrllula·-II is used 

.......•...•••.. I 

•............... I I 
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1
29 

intensity of l4N15 N spect:culll 

130 intensity of 
1 c 
•. :l N spectt"t.rn 

2 

6.1.9 Preparation of standard curve: 

Standard curve was prepared by using "Heavy nitrogen 

gas standards No. 0111" supplied by Hikari Kogyo Co. Ltd., 

TokYOr Japan. Samples of 15 N enrichmE·nt Wel-e corrected 

with the standard curve to giv& net 15 N atom per cent 

excess. 

6.1.10 Mathematical procedure: 

6.1.10.1 Analysis of is,?~~e nltio \-.'it h t "me curve in 

primary compartment: 

A curve was plotted for or radio 

specific activity verSUE; t:jme. [n singlp. in-iE-eticn tech-

nique used in this study, the equa':io'1 for the lines 

which were fitted to the enrichment/radioactivity values 

obtained at any time for sample taken from a samples pool 

were of the general form as indicat.ed b,~lo' .... : 

;.Jhere, 

Et cr SR t 

n 

>-..,­
i = .L 

t time in hour 

Aie-mit 

Et enrichment of N (atom % excus!,) 

SR t ~pecific radioactivity at tiJtlE t 

A zero time intercept of each exroner tial 
component 

m rate constant of each :ompolent 

n humber of exponential compo lent 

(il exponential comporent ;.dent .fio<ltio;l 
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Multi-exponential curves \>'ere fitted by the usual 

"peeling process" as described by \vhite ot a1. (1969). 

The terminal exponential to the curve agaillst time was 

fitted by eye or least square method,and then by subtraction 

of this line from :he earlier part of the curve, a second 

curve was obtained, a second exponential was drawn and 

the procedure repeated. In general. two or three exponen-

tial components were obtained. 

From t,he above equation, the f('llowing calculations 

were done as described by Nolan and Lenrl (1974): 

6.1.10.2 Size (Q) of the primary comruytrnent: 

Q 
p 

L A 
1. 

i = 1 

where, 

P number of 15 N atoms inject(!d 

6.1.10.3 Total entry rate (E): 

It is the rate (ma:::;5 unit time) at which all 

traces enter and leavE' thE- primilr-y compartm'·nt which is 

in steady state. Hence, jn the present study, total entryy 

rate (E) was calculated as p~r the follcwir.g eqLation: 

wherG t 

E 

A'. ace frClctional zero time inte':"cepts! e.g. , 
A' 

2 
n 

z==- A. 
i :: 1 
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and, therefor.e, 

n 

> A' 
1 == 1 

i = 1 

6.1.10.4 Irreversible loss rate (ILR): 

It is the fraction of the tot.al entry rate (mass..!..... 

unit time) thr.ough the p-rimary cor'lpal."tm('nt that leaves 

but do not return during thE' Qxperimental peri(;d. 

p 

ILR 
n 

6.1.10.5 Recycling rate: 

Recycling r-ate is defined ilS that part of the total 

entry which leaves the compartment and returns to it during 

the experimental period and is calculat('d as: 

Recycling rate total entry ratE' - ilreversible loss rate 

6.1.10.6 Tne areu ( X ) fitted mult -exponential 

curves was determined by the method of NoJarl et al. (1976) I 

i. e. 
n Ai 

X L.- --.-ml 
i = 1 

6.1.10.7 The proportion(Q) of the litrogen in any secondary 

pool (S) derived from primary pool (P) w.\s given by: 

o __ ~~~~_~~~~~_~~~_~~~!~~~~~~:_~~~x~_~~£_e~~!_~ __ 
Area under the enrichment cur~e ~or p ,(-1 P 
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6.2 RESULTS AND DISCUSSION 

PHASE I 

6.2.1 Effect of aflatoxih on digestilJility of nutrients: 

Effect of aflatoxin on digestibility of nutrients 

fed HP and OP diets is given in TablE- 34. The digest i-

bility coefficients of DM, OM and crude protein were in 

Group 1 : 69.08, 72.62, 71.37 ; Group L: 64.45, 68.03, 73.85; 

-Group 3 : 69.70, 72.46, 73.86; Group 4 : 67.60, 71.21, 73.48; 

Group 5 : 63.27, 66.03, 64.43; Group 6: E-6.29, 69.44 I 64.93; 

Group 7 : 69.22 I 72.75, 69.06 and G~:oup 8: 68.18 I 72.16, 

68.13. The results indicated that aflat::oxin had no effect 

on the digestibility of these nutrients. In pigs, however, 

Hale and Wilson (1979) reported low digestibility coeffi­

cients of DM and CP fed aflatoxirl contaminated corn. 

The digestibility of crude protein ' .... as morc, in both the 

species fed higher level of protein. '~esults ·1150 indicated 

that there was no species cliffel:ence in the digestibility 

of crude proteins, as alsc observed in the e,1rlier experi-

ments (Dhiman and Arora, 1(85). I'h(' c]ig?:,tibility of 

crude fibre, ether extract nnd NFE I!,~E; ali}.e in all the 

groups. 

6.2.2 Effect of aflatoxirl on nitrogen balance: 

The data on nitr-og!?n balance gi'/en !-iP (Groups 1-

4) and OP (Groups 5-8) levels a::e presented in Table 35. 

The total nitrogen intake in 8 groul'S was li9.8, 179.8, 

179.8, 178.0 1 126.5, 125.461 126.0, 125.5 g/day :espectively. 



Table 34. Effect of aflatoxin on digestibility coefficient of nutrients fed HP and OP diets 

Group Attribute 

OM OM CP CF EE NFE 

1 69.08 72 .62 71 .37 60.40 75.20 68.95 

2 64.45 68.03 73.85 59.80 74.29 69.13 

3 69.70 72 .46 73.86 62.15 75.05 72 .36 

4 67.60 71.7.1 73.48 62.00 73.25 68.71 

5 63 . :u 66.03 64.43 59.50 70.55 66.51 

6 612.29 ro .. 64.93 60.20 68.35 68.85 v.;' ....... 

7 69.22 n.75 (';Q 11('; 63.~: GG.93 71.!J9 

Q btl . .l~ 72.16 66.13 64.40 69.14 66.77 

~ 

N 
o 



Table 35. Effect of feeding aflatoxin on nitrogen balance fed HP and OP diets 

Attribute 

Live weight (kg) 

N intake (g/d) 

N excreted in faeces 
(g/d) 

N absorbed (g/d) 

N excreted in urine 
(g/d) 

Total N excreted (g/d) 

1 

325.00 

179.80 

51.47 

128.39 

99.26 

150.73 

N retained (g/d) 29.07 

N retained as percent 22.64 
of absorbed 

N retained as percent 0.070 
of absorbed per 
kg live weicht 

N digestibility (%) 71.37 

N retained as percent 16.17 
of intake 

N ~x~r0tce .~. ~a_~c_ 28.63 
~.:::; p.:-t:(..:t2f1t of ~ntake 

N excreted in urine as 55.20 
percent of intake 

2 

387.50 

179.80 

47.00 

132.80 

106.81 

153.81 

25.99 

19.57 

0.051 

73.85 

14.45 

26.14 

59.40 

3 

369.00 

179.80 

47.00 

132.80 

93.80 

140.80 

39.00 

29.37 

0.079 

73.86 

21. 69 

26.14 

52.17 

GROUP 

4 

337.00 

178.00 

47.20 

130.80 

105.40 

152.60 

25.40 

19.42 

0.058 

73.48 

14.27 

?~.52 

59.24 

5 

335.00 

126.50 

45.00 

81. 50 

43.40 

88.40 

38.10 

46.75 

0.139 

64.43 

30.12 

35.58 

34.30 

6 

360.00 

125.46 

44.00 

81.46 

48.50 

92.50 

32.96 

40.46 

0.112 

64.93 

26.27 

35.07 

38.66 

7 

372 .00 

126.00 

39.00 

87.00 

29.10 

68.10 

57.90 

66.55 

0.179 

69.06 

45.95 

30.:;5 

23.09 

8 

370.00 

125.50 

40.00 

85.50 

41.20 

81.20 

41.30 

51.81 

0.140 

68.13 

35.30 

31 .87 

32.83 

------------------------------------------------------------------------------------------------------

~ 

N 
~ 
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The average N intake wa~; 179.35 and 125.86 g/day respec­

tively in HP and Op fed groups, which indicated an average 

of 42.5 per cent more N intake 1 in groups 1 to 4. The 

nitrogen (g/day) excreted in faE?CeS was: Group 1: 51.47, 

Group 2: 47'.0, Group 3: 47.0, Group 4: 47.2, Group 5: 

45.0, Group 6: 44.0, Group 7: 39.0 and Group 8: 40.0. 

The percent nitrogen excretion through faeces of the intake 

was: Group 1: 28.63, Group 2: 26.14, Group 3: 26.14, Group 4: 

26.52, Group 5: 35.58, Group 6: 35.07, Group 7: 30.95, 

and Group 8: 31.87. These results indicated that there 

was less nitrogen excretion through faeces at higher levels 

of nitrogen intake in both the spec Les aE'- 8"en observed 

earlier by Dhiman and Arora (1985) I but not affected by 

1 ppm aflatox in level. This level ()f aflatoxin was not 

also effective in kids as observE'd ea :li,n- in :his labora-

tory (Sinha, 1983). Bllt Lynch et al. (1973) observed 

less N excretion through fEle::es in yo\:ng calv'"?!; fed graded 

levels (0.0 - 0.8 mg/kg body ",!eight) of aflatoxin as 

compared to control. 

The quantity of N excret,?d «/day) t.hrough urine 

was: Group 1 : 99.26, Group 2 : 106.81, Group 3 : 93.8, Group 

4 : 105.4, Group 5 : 43.4, Group 6 : '18.5, Greup 7 : 29.1 

and Group 8: 41.2. These re.sults indjcated U,at excretion 

of N through urine was more in 2nima~ s fed Ligher amount 

of nitrogen as compared to groups 5-8. Results also indi-

cated that excretion of N throu')h udn<? \ .. ,'a!: more as a 

result of aflatoxin feeding in calves 'If both tle species. 

Lynch ~ ~. (1973) and Hale and Wilsen (19'79\ also noted 

more nitrogen excretion in calves aO(1 pigs t":!spectively 
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as a result of aflatoxin feeding. 

through urine of the intake was: 

The I)ercent N excretion 

Group 1: 55.2, Group 2: 

59.40, Group 3: 52.17, Group ·1: 59.24, Group 5: 34.30, 

Group 6: 38.66, Group 7: 23.09 and Group 8: 32.83. Nitrogen 

retention 

3: 39.00, 

Group 7: 

(g/o) was: 

Group 4: 

57.90 and 

Group 1: 29.07, Group 2: 25.99, Group 

25.40, Group 5: 38.10, Groull 6: 32.96, 

Group 8: 4"';'.30. Nitrogen retention 

data indicated that all the animals wpre in positive nitro­

gen balance, although the quantity of N retained was less 

in aflatoxin fed animals. This tl end waE observ~d in 

calves of both the species fed HP and OP diet.s. Results 

also indicated that N balances (q/d) wer"e men! in buffalo 

calves as compared to crossbred calves. Further, N balances 

were more with or level as cornparec"i to animals fed HP 

level. The amO'Jnt of N retained as percent of absorbed 

N as such and when calculated on per kg live weight basis 

were: Group 1: 22.64, 0.070; Group 2: 1~.57, 0.051; Group 3: 

29.37, 0.079: Group 4: 19.42, 0.058; Group 5: 415.75,0.139; 

Group 6: 40.46, 0.112; Group 7: 66. ~5, 0.17'0 and Group 

8: 51.81, 0.140 g/day respectivE-ly. The d?.ta indicated 

that the values of these parameters '/er2 more in animals 

fed OP than HP groups and buff,31o ,~al'Jes seemed to be 

superior to crossbred calves, whE'n cOl1pared )L the basis 

of these parameters. In aflatoxin fed animals. N retention 

as percent of absorbed was uniformly lESS in all the groups 

per unit live weight. Lynch et al. 1973) a130 observed 

a decrease In N retention a;', PC-l-C€'nt 0.: absorbed in calves 

given graded levels (0 - 0.8 mg/J:g bojy weight) of afla­

toxin. 



6.2.3 
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oE~f~f=:=e~c~t~~o~f,--~a~fo.=l~a~t~o""x~i~n,--.oo~n,--~r~u""m~i~n~a""l_N~'"H ··N con cen t rat i on I - 3 
water- and ammonia outflow fLom the rumen fed HP 

and OP diets 

The ruminal ammonia-N concentration at different 

hours in calves of two specic·s is pre! ented in Table 36. 

The mean ruminal ammoniil-N concen-:rati')n (mg/ICO rol SRL) 

was higher in HP fed animals irrespect 5.Vf: of st=Jecies and 

aflatoxin intake. It appe6rc·c! al; it J.O pp:n aflatoxin 

in the diet of these animal~, die not decrease the rate 

of fermentation in the rumerJ Wllich might be due tc microbial 

detoxification (Mathur at al. I 1976) or high level of 

protein giving a protectivQ effect agai,lst afla.toxin toxi-

city (J3alaraman and Arora, 1984). 

Estimates of rUmc!n fluid volune and water flow 

rates to the lower digestive tract d2termined with the 

help of 
51 

Cr-EDTA, using isotopic {ilution techniques 

are given in Table 37. The flow of ar.lmonia-N (g/day) 

to the lower digestive tract in different tre,:ltments was 

calculated by mUltiplying the mean ::.-uminll ammor.i3,-N (mg/l) 

concentration with fluid fIe·w rates O/d",y). The rumen 

volumes (1) and their values a,; pc-rcent of the i)ody weight 

in different groups were: Gr.oup 1: 3'.70, 11.60: Group 

2: 56.00, 14.45; Group 3: 45.38, 12.2S Grout: 4: 55.49, 

16.47: Group 5: 45.71, 13.64: ':;roup 6: 4.90, 15.25: Group 

7: 50.46, 13.56 and Group 8: 43.77, 11.82. Result5 indicated 

that rumen volumes \"ere not influenced either dUE to afla-

toxin intake, or species diffE·rencp or le'Jel of protein. 

Similar results were reported by Arora (1~)87) in cattle 



Table 36. Effect of feeding aflatoxin on ruminal NH 3 -N (mg/l00 ml SRL) concentration fed HP and OP 
diets 

------------------------------------------------------------------------------------------------------
Group 

____ ~ ______________ ~~~£~_~f~~~_~~~~~e~_~~j~~~~~~ _______________________ 
Average ~ S.E. 

0 1 2 3 5 7 9 12 18 24 
------------------------------------------------------------------------------------------------------
1 20.0 21.0 23.0 28.0 32.0 26.0 22.0 11.0 21.0 18.0 22.2 ± 1.81 

2 17.0 27.0 25.0 .1.1.0 23.0 29.0 27.0 26.0 17.0 19.0 24.3 ~ 1.67 

3 19.0 22 .0 23.0 27 .0 39.0 37.0 28.0 23.0 23.0 22.0 26.3 !: 2.11 

4 15.0 23.0 26.0 27.0 33.0 30.0 22.0 22.0 19.0 18.0 23.5 !: 1.76 

5 7.0 9.0 10.0 13.0 18.0 12.0 11.0 10 .0 9.0 8.5 10.7 !: 0.98 

6 10.0 11 • U 16.0 17.0 20.0 16.0 17.0 10.0 10.0 10.0 13.7 ± 1.22 

7 " 0 J. '_' 9.0 10.0 12.0 15.0 15.0 11 .0 10.0 9.0 8.0 10.4 c 0.97 

8 7.0 10.0 13.0 l~.O 20.0 12.0 10.0 10.0 q ,(\ 8.0 11':1.!-110 
-'-~.J _ ......... ..., 

------------------------------------------------------------------------------------------------------

~ 

N 

"' 



Table 37. Effect of aflatoxin intake on water and ammonia flow from rumen fed HP and QP diets 

------------------------------------------------------------------------------------------------------
Group Body Ruminal Rumen Rumen fluid Ammonia out- Rumen volume 

weight NH -N volume outflow rate flow with (1) 
(kg) 

3 ( 1) (lid) fluid % body wt. concen- rumen 
tration (g N/d)* 
(mg/l) 

------------------------------------------------------------------------------------------------------

1 325.0 223.0 37.70 87.34 19.39 11 .60 

2 387.5 243.0 56.00 90.20 21.87 14.45 

3 369.0 263.0 45.38 105.90 27.85 12.29 

4 317.0 235.0 55.~') 123.70 29.0 ! 16.47 

5 335.0 107.5 45.71 93. 9~' 10.09 13.6"'; 

3fO.O ' ").., " 54.90 86.14 12.08 15.25 ~ -', • v G 

7 372.0 104.0 50.46 89.88 9.35 13.56 

8 370.0 113.7 43.77 107.18 12.18 ~1.82 

------------------------------------------------------------------------------------------------------

* r~1~13tcd ~~ the ~Lu~ucL uf oucflow (l/d) and measured mean ammonia-N concentration (g/l) in rumen 

fluid 

~ 

~ 

'" 
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and buffalo calves kept under- dietacy conditions similar 

to this experiment. 

The ammonia-N outflow from rumen fluid in different 

groups was: Group 1: 19.39, Group 2: 21.87, Group 3: 27.85, 

Group 4: 29.07, Group 5: 10.09, Gt·oup 6: 12.08, Group 

7: 9.35 and Group 8: 12.18, g/day. TIle outflow of ammonia-

N was more in H? fed groups 1-4, which was related to 

higher nitrogen intake and as a result of greater ruminal 

NH3 concentration. It IS no different to reports in sheep 

(Nolan et a1. I 1976; Nolan and Stachhl, 1979). 

outflow rate from rumen was 2.85 9 Niday when daily nitrogen 

intake was 16.3 g, but it was redu::ed to 0.41 9 .NIday 

when the nitrogen intake was only 6.2 g/day. 

6.2.4 Effect of aflatoxin on the kinetics of ammonia 

in rumen and blood fed HP and OP diets: 

The change at different time intervals in l5N_enrich_ 

ment of NH3 -N in the rumen fluie! and enr ichment of rumen 

bacterial-N, plasma urea-N and urinary-N a[ter single 

intra-ruminal injection of 15 N-ammoniurr. sulphate fed HP 

and OP diets with or without anata.dn are jepicted in 

Figs. 15 to 22. 

The enrichment of rumen -;:r as a :unct ion of 

time after the intra-ruminal in:jecti'ln of l5N-ammonium 

sulphate was best described by a curve with two exponential 

components. One component described tIle ra~id decline 

in enrichment from hours to : after injection. The 

other component was described by ~lO\"el decline in enrich­

ment from 5 to 24. 
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FIG.1'5 ENRICHMENT OF RUMINAL NH)-N, BACTERIAL- N. PLASMA UREA-N AND URINE-N WITH 

TIME AFTER A SINGLE INTRA-RUM[NAL INJECTION OF ('SN) AMMONIUM SULPHATE 
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FIG.16 ENRKHMENT OF RUMINAL NH3~N> SACTERIAL-N, PLASMA UREA-N AND URINE-N WITH 

TIME AFTER A SINGLE INTRA~RUM[NAL INJECTION Of (ISH) AMMONIUM SULPHATE 
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FIG.17 ENRICHMENT OF RUMIHAL NH3 -N, BACTERIAL-N, PLASMA UREA-N AND URIHE-N WITH 

TIME AFTER A SINGLE INTRA - RUMINAL INJECTION OF ('5 N ) AMMONIUM SULPHATE 
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WITH TIME AFTER A SINGLE INTRA RUM1NAL INJECTION OF (15 N ) AMMONIUM SULPHATE 
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FIG _20_ ENRICHMENT OF RUMINAL NH3 -l-r, BACTERIAl -N. Pl ASMA UREA-N AND URINE -N WnH 

TIME AFTER A SINGLE INTRA-RUMINAL INJECTION OF {15 Nl AMMONIUM SULPHATE 
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Similarly, 15N-enrichmenl: in bacteria,[ and plasma 

urea-N was also reflected by the CUrV€3 with tWI) exponential 

components. In case of plasma ul~ea-N, the first component 

showed a rapid increase fr:)m 0 to )'_'2 t ';oJeen 3 to 5 hours 

after isotope injection. The :3econd component indicated 

a gradual decline subsequently upto 24 hour. However, 

enrichment of 15N in urinary-tl wac describf~d by single 

exponent. 

The above mentioned exponents ~ere used to calculate 

the size of the ammonia pool sampled from Ue rumen and 

its total entry rate, irreversib.le loss rate and r:ecycling 

rate of ammonia which have been pre: ented al)ngwith data 

on bacteria-,N, plasma urea-oN ar,d urinary-N derived from 

ruminal ammonia in Table 38. 

The values of rUl'1inal-NH
3 

po·)l size i.n different 

groups were: Group 1: 4.63, Groep 2: 3.'36, Gr)up 3: 4.87, 

Group 4: 4.32, Group 5: 2.90, Group 6: 2.8(), Group 7: 

2.83 and Group 8: 3.06 9 nitrogen. 

pool was more in HP fed groups] -4 a 3 expecte,j, irrespec-

tive of species. Since the values in control a~d aflatoxin 

fed animals did not differ, it appeared as if the present 

level of aflatoxin had no effect on rumen m::'crobes under 

such dietary feeding conditions. 

!~uminal-NH3 entry rat.es "ere ~7.35, 30.36, 37.12, 

36.47, 18.26, 21.23, 20.2] 19.76 9 Niday in 8 groups 

respectively. The higher . rate.:; of amraon i \ production 

In first 4 groups ..... 'ere due to h i'Jher ~ intakt, as compared 

to other 4 groups (5-8) Species difference and aflatoxin 



Table 38. Kinetics of ammonia in rumen and blood given aflatoxin with two levels of protein, using 

sinlge injection of lSN-ammonium sulphate (Phase I) 

Gr-oup Rumen Ruminal Ruminal NH3 irrever- Recycling Suspended Plasm" Urinary-~ 

NH pool NH3 entry NH3 sible loss 
rate bacterial- urea-N derived 

siie (g N/d) N derived derived from 
(g N) 

rate i rrever- rate as (% ) 
from rumi- from ruminal 

(g N/d) sible of entry nal ruminal ammonia 
ioss rate rate ammonia NH ( % ) 
(g N/d) 

( % ) 3 ( % ) 

1 4.63 27 .35 19.01 69.50 8.34 42.85 36.38 34.15 

2 3.96 30.36 21.35 70.32 9.01 38.41 39.17 3R.?O 

3 4.87 37.12 2S.77 69.40 11.35 38.62 39.45 20.42 

4 4.32 3b.47 26.91 73.79 9.56 33.75 38.40 25.44 

5 2.90 lB.Lb 12.59 68.95 5.67 49.81 32.20 20.57 

6 2.80 2l .23 14.09 66.37 7.14 50.62- 30.25 2::<.P5 

7 2.83 20.21 1 7. .74 E 3 • O,~ 7.47 ., '" 29 .... 0 IG.4~ .... , ....... 
8 3.06 19.76 13.25 68.37 6.51 49.42 35.85 19.80 

~ 

N 

"' 
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feeding had on rumen ammonia entry rate. 

The irreversible less ~ates of ammonia-N in different 

groups ·Were: Group 1: 19.01, ::;rou[; 2: 21.35, Group 3: 

25.77, Group 4: 26.91, ·:;rocp 5: 12.59, Gr-oup 6: 14.09, 

Group 7: 12.74 and Grollp 8: 13.25 9 1'/d'lY. These t:"esults 

agoin shol.,Jed higher. irraversib12 loss rates in groups 

1-4 than the animcds of group::; 5-8. I1hcn the: irreversible 

loss rilles of anlmonia-N WCl:0 calcuJat(ld as percent of 

the ruminal-Nl-~ entry rates, the valuEs HQre 6~1.50, 70.32, 

69.40, 73.79, 68.95, 66.37, 63.04 and 68.37 in groups 

1 to 8 respectively, showin~1 uniform pO:5itive correlation 

(Nolun and Leng, 1972; NoLen et al. 1976: Kennedy and 

rhlligan I 1978a) • The 1.!tter workers fed Lucerne hay 

ot" bt"ome grass pellets to shC'ep givillg irreversible loss 

l.-ate of t"uminal NH3 to vary ft"om 61 00 to 69.70 percent 

of the totul entry ratc. rh~_man 3nd f..ro:ca (1985) reported 

irreversible loss rates of r.lminal-Nll, ranging from 57.52 

to 73.53 per cent in cattJe and bJffa):) calve~, fed optimum 

and sub-optimum protein diets. 

Recycling of ammonja to the r'lme:1-NH-1 pool 15 a 

continuous process. ThE' r,?cycling of ctmmania might take 

place within the rumen itseJ.f (l\olan and Leng, 1972) or 

by way of plasma urea transfer t':J the rumen (:{ennedy and 

Milligan, 1978b). The rates of recycling of ammonia to 

the rumen-Nfl3 pool were: e . .34, ~1.Ol, 11.35, ~1.56, 5.67, 

7.14, 7.47 Elnd 6.51 9 Niday in grcups t-e) 8 respectively. 

f~ilrlier, higher recycling rates of amm::;.nia-N to the rumen 

alnmonia pool given optimum orotein 11 l)oth the species 
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were observed as compared to SUb-o(tinlum I'rotein diets 

(Dhiman and Arora, 1985). 

Ammon ia is produced in the n . ..:;mer, as c, resul t of 

deamination of various amino a,~idsl forme6 during the 

process of proteolysis of dietary proteins by rumen microbes. 

A significant amount of ammonia pr,)duce,l durirlg ~his process 

is utilized by the rumen mlcrobes ~or tlleir call1liar protein 

synthesis. Unutilized ammOnl1l 15 J/)sucocd hrough rumen 

wall and converted to urea in the Ii 1(2(", Hhjcn is either 

through urinE or recycled back to rumen. In 

this study, the values of ruminal-~fI3 contr.ibution to 

suspended bacterial 

were: 42.85, 38.41, 

nitJ:"og(~n 

38.62 I 

fract ion in 

33. ~'5 I ·;9 .Bl t j(1.62, 

to 8 

47.24 

and 49.42 per 

values from 

cent respecli\'(;ly. The pla:5ma u '~'a-N derived 

ruminal ammonia were: 33.33, 3).17, 39.45, 

38.40, 32.20, 30.25, 29.40 and 35.85 ree cent respectively 

In groups 1-8. The 

were: 34.15, 38.20 I 

urinary-]\! derived fc)m 

20.42, 25.44, ;0.~.7, 

n :ninal ammonia 

3.85, 16.41 

and 19.80 per cent respectivGly ir, grOU(z ]-8. 

The data indicated that contr ibL ticn of rumina1 

ammonia-N towards bacteria}-N sYl,thesis was Rlore in OP 

fed groups as compared to H~ ted groups i~ bottl the species 

and irrespective of aflatoxin intakE. This indicated 

a better utilization of N by rUllen "jc":;'obes, when less 

amount of N was available whereas e(cess S !E!med to be 

either absorbed or it tlo\J.?d mor·? with inge~-:,J, into the 

low'er part of digestive tract :Mathi~on an·3 Milligan. 

1971: Kennedy and Milli;pfI' 1978a). Th =' lal ter workers 
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also observed that thQ proportion oj bacterial-N derived 

from 15 NH was considerably less whE"-n rumen ,3mmonia pool 
3 

was higher as compared to the proportjon of bacterial-N 

derived from ruminul lSNH in sheep fed protein deficient 
3 

diets. Pilgrim et a1. (1970) reported on an average 77 

per cent of l=k-incorporation cf NH.3 from 15N-ammonium 

sulphate into bactcrial-N, when ted 1;".5 9 N/d as compared 

to 63 per cent incorporation gi-Jen 22.:' 9 N/d in sheep. 

Ohiman and Arora (1985) obseL-ved earlier a 3imilar trend 

in cattle and buffalo given 1,igh and low levels of nitrogen 

in the diet. 'I'hey l~eported that t:he incorporation of 

into bacterial-N \"ras 42.S5 anj ~)1.52 per cent in 

calves fed optimum and sub-c)ptimum diets, whil0 the incorpo-

ration was 41.31 and 47.19 per cen: in buffalo calves 

kept under feeding conditions similar to calves. 

Plasma urea-N derived from rLmirJol-NH3 indicated 

that higher amounts of urEa-N WEre d?rived from ruminal-

NH3 in animals fed HP diet as ::ompaced to .)~) groups in 

calves of both the species, without a"ly aflatcxin effect. 

The reason might be as a resul:'. of mvre o030rption of 

ammon fa through rumen walJ in !-IP ~(roup:: and gl:" ~c ter ammonia 

release beyond the capacity of mict"<·be:, t:o lltilize it. 

Earlier workers (Egan und KeJJflwAY, t 'j 71 ; I<ennedy and 

Milligan, 1978a, 1978b) l':,b:::('rV0~l con:ribution of 

to plasma lJre,I-N apJ'earcl tQ vary with the 

diet, especially with its pr'ltein contert, 

Super iori ty of buffalo c.:llves ovet' calves, showing more 

positive N balances and bettet" utili?ation of at sorbed N was evident 
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from the findings that urinary-N d(ri\ed from ammania­

N was more in calves as c:}mpared t) buffalo calves as 

earlier reported from this laboratoq (Ohlman and Arora, 

1985) • 
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6.2.5 Effect of aflatoxin £0_~Hges:ibi.l~ty of n'J:rients 

Effect of aflatoxirl on djgestihi,Lity cf nutrients 

in calves and buffalo calves fed OP ,:r,d . U evels in the 

diet is given in 'l'able 3~1. The dige ,tioilit" of all the 

nutrienrs appeared to bE) lest"; in LP gt"OUPS a.'~ compared to 

OF fcd animals, ir-respectivE' of species lnd afla :oxin intake. 

The data on nitr-ager ba;.ance as ., ,[0sult )f aflatoxin 

feeding given or (group.:; l--il; .:.;nd LP (gL'OUP! 5-8) levels 

.. in the diet are (:n:'esented in 'l'.3.blE 40. '.'he t ,t a1 N intake 

in 8 groups was: 130.11- 123.02. l' . o. .80, L 9.10 I 61. 72, 

62.93 I 62.30 and 63.04 te:::ic'ctively. 7he ~lvel a:Je N intake 

in OP groups und LP groups \Vas 128. '6 ':lod (,2.49 g!day 

indicating that groups 5-8 I,..'(>re prov dod 51 47 per cent 

less nitrogen as compared t,::. OP groups. Th,} (tit '(Igen (g/day) 

excreted in faeces was: Croup 1: 45.«), Grolp 2: 43.75, 

Group 3: 50.0, Group 4: ,14.38, Group 5: 37 .. (, Group 6: 

36.89, Group 7: 34.37 and (;roup '3: 3l.0. '1 '1 '2se results 

indicated that more N I,..'a:= eXc!.-Gt(:d ir faECe[ of animals 

given OP as compared to LI'. J311t when thE r(·sult were calcu-

lated as percentage of the :.ntake exc:-,·(",oil tht ):lgh faeces, 

the values were: Group 1: 3~j.()7, Crou[:-, 2: 3~i. 'E, Group 3: 

37.65, Group 4t 34.38, "Group 5: 60';"6, G~oup f·: 53.62, Group 

7: 55.16 and Group 8: 5:~.J5, '..;hicl incicilteo that more N 

was excretod through faeces in an:il:111", ; .. vi:-,,] 1· .... - N intake. 



Table 39. Sf feet of aflatoxin on digestibility coefficient of nutrients fed OP and LP diets (Phase II) 

Group Attribute 
-------------------------------------------------------------------------------------------

DM OM CP CF EE NFE 

------------------------------------------------------------------------------------------------------

1 

2 

3 

1 

5 

G 

7 

8 

61.99 65.21 64.92 55.27 79.90 69.14 

63.80 67.29 64.44 58.67 77.19 70.75 

62.13 65.37 62.35 ~/.57 74.05 68.58 

59.30 62.90 65.62 55.63 69.17 65.39 

sn 7~ ~~ ,.~ :9.~4 ~u.16 55.77 61.58 

S2.SC 5;.~6 41 ~R ~1 ,n ~W.~, UL.~I 

~~.~u 44.83 51.85 68.80 6] .19 

5~ ~n :7.~: ~J.u~ jO.u~ 62.29 

~ 

w 
~ 
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These observations concurr(,d '..Jith the Y-'c:."'ult:~ obtained in 

Ph,1SC' of this study and ''?drliel ,,./( [ 

1985) . Results also incic.Olt eel '.h2t (:X .:L'('". j,,)11 of N through 

faeces was not affected by ,:\flatc: .!n ~ ,-,_,lillCj i'1 either of 

the:- species. 

The quantity of N excreted (g/c) ::hrouJh urine and 

its percentage of N intake exct:"(·ted tlltcugh Jrine were: 

Group 1: 59.63, 45.83; Group 2: 65.0, 5; .0';; Gr,Jup 3: 44.S0f 

33.51: Group 4: 51.06, 39.55; Crour c:,. )~3.UO, 37.27: Group 

6: 25.56, 40.76: Group 7: 21.~iO, 34.50 on(l GreJ)) 8: 27.25, 

43.22. These results indi,::a!:ed th,lt ex::r-etion of N through 

urine was more in animals fed optimLm om( LHii. of as compared 

to low nitrogen fed animals. Result:5 dJ sc il jicated that 

excretion of N through urine \.Jas mOl-\ j 1 (',:t ves of both 

the species, fed aflatoxin, ilT(S!,c:c:t:lv, ",j ,.'~ \ i"\ levels. 

Nitrogen r<2tain<2d (q/d) '.-/.-1:-': (;1. nil.' ~'1.85, Group 

2: 14.27; Group 3: 38.3(1, Group <1: 33.!")t, Gr( up 5: 1.22; 

Group 6: 0.48, Group 7: 6.4::, and (;LJUp I. • 'J ~J • The results 

indicated that all the dnim:lls \-IGCC i 1 "o:,_'it \'0 nitrogen 

bD.lanc€', but the ni.trogen r(~t,;,~ntir.)n 'W;:.5 in OP fed 

animals uS compareCl to LP fE,d qrc.up;.-,. 

t.Jere less in calves o[ both :1 c spec.~e:-3 f2cl ',flat :)1(in, irres-

pective of the protE'in lEevel". He:::ult", ,11;0 1;': 'l. ~cated that 

N bulanccs (g/d) 'WE're mot'"(! i.n buffalo ,:~1,:e3 as compared 

to crossbred calves, indicating belt!:!.- ul iJ, ",-.Lie 1 in buffalo 

calves. 

,et' kg live 



Table 40. Eff@·.cL of feec1ing G>l.:f1iatoxin on nitrogen balance fed OP and LP diets (Phase II) 

Attribute GROUP -----------------------------------------------------------------------------
1 2 3 4 5 6 7 8 

Live ""'eight (kg) 350.0 390.0 375.0 350.0 340.0 370.0 380.0 375.0 

Total N intake (g /d) 130.11 123.02 132.80 129.10 61.72 62.93 62.30 63.04 

Faecal N (g/o) 45.63 43.75 50.00 44.38 37.50 36.89 34.37 33.00 

N absorbed (g/o) 84.48 79.27 82.80 84.72 24.22 26.04 27.93 30.04 

N excreted in urine 59.63 65.00 44.50 51.06 23.00 25.56 21.50 27.25 
(g/d) 

N rptai!"!ed (g/d) 24.85 14 . J.:l 38.30 33.66 1. 22 0.48 6.43 2.79 

~J l~ptdirJed ;::.:::; 29.41 IH.OO 46.26 39.73 1).04 1.9 ~ ""J, A'> o 0_ 
"-J.ve. "'.LO 

pC~i:''::ent oi do~orbec 

l"; retained as pe~~ent c: . C8.!', <:.046 0.123 0.114 0.015 -J .005 0.061 0.025 
of abso::-bed pet" 
kq livp wr.>iSh:: 

N digestibility (%) 64.:-'2 ,:~;. 44 62.35 65.62 39.24 ~~.38 44.83 47.65 

N r.Pt-;:.in"''';; -- - - - - • l • <.'\., LtLI:!4 !(') .07 1 .98 !~ .., " 10.32 <;.43 - - - , .. ,"".10 

o[ intuke 

" (';{cr-ctea in faece2 :::;-;J'. -, '-'. SG 37.65 34.38 60.76 58.>:'2 55.16 57 .35 
<..s per.cent 0: i :1 ':. .:-d< c 

__ ~_,--,a --,-H utlJlt! -l-~ • d.;i ',7 . Fit! 33.52 00 e< 
-" .... -'--' 37.27 <iU./b 34.~O 43.22 

as percent of intake 

------------------------------------------------------------------------------------------------------

~ 

w 

" 
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weight were: Group 1: 29.41, 0.084; CrOI!p 2: :.8.00,0.046; 

Group 3: 46.26, 0.123; Group 4: 3~ .7: I 0.1:":'4; Group 5: 

5.04, 0.015; Group 6: 1.84, 0.C05: ,;t:"O-.lP 7: 23.02, 0.061 

and Group 8: 9.28/ 0.025 g/day. Th'! data indicated that 

the values of these parameters were more in animals fed 

OP than LP fed groups and buffalo ,;;::ll'les bppeared to be 

superior to, crossbred calves, VJhen ">:ill.1ined )n the basis 

of these parameters. Aflatox in fed anilllal~ given either 

level of protein retained less N dE P :Leen. of absorbed 

N as well as when it was calculat8d on the basis of per 

kg live weight. 

6.2.7 Effect of aflatoxin on ruminal Ntl
3

-1-J ccncentration, 

water and ammonia outtle"" £r,)/H the L Jmen fed OP 

and LP diets 

The ruminal ammorlia-N CClncenl ra~ion at different 

hours is given in 'rable ,11. The m('an rumi Jal ammonia-N 

concentration (mg/IOO ml SRL) in d L ff crcmt groups was: 

Group 1: 13.72 ± 2.44, Grollp 2, r~.6b t 112, Group 3: 

14.0 :!. 1.96, Group 4: 14.20 ± 2.33, (n,q) ~i; (,.16 ± 0.51, 

Group 6: 7.20 ± 0.71, GroDp 7: 5.S:! 

6.22 ± 0.66. '.1:,; mean ruminal-

NH3 -N concentration irrf~.spectiv" ()f ;,! 10,(0) in treatment 

was higher in OP fed grouj;s a.~ COI;p2r'~( j,) tOUps. 

Estimates of rtlrnen 

rates to the lower digestive tract, (le~,Q:cni led with the 

help of 51 
using :' s·:)tapic oi utian technique Cr-EDTf, are 

presented 10 Table 42. The> f 1 OJ of iHlmon i,'. -N (g/d) to 

the lower digestive tract was 0151) cal=uloted as described 



Table 41. Sffect of feeding aflatoxin on ruminal NH -N (mg/lOO ml SRL) concentration fed OP and LP 

diets 

Group Hours after isotope injection 
Average ± S.E. 

o 1 2 3 5 7 9 12 18 24 

1 7.20 12.40 20.80 25.60 26.00 14.40 8.40 6.40 6.80 9.20 13.72 ± 2.44 

2 8.00 10.00 12.00 14.00 19.20 16.00 14.40 14.00 11.20 8.00 12.68 ± 1.12 

3 10.00 10.40 15.20 18.40 24.00 21.20 18.00 9.GO ' "" v.ov 6.40 14.00 ± 1.90 

, 
B.tW ,,... ... '" 21.60 22.00 23.60 21.60 9.60 8.00 5.(;0 h.no 14.20 ± 2.22 ~ .lJ."'V 

5 ,1.20 ':, .Go 7.20 8.40 g.OO 5.60 5.60 5.60 4.80 4.00 6.16 ± 0.51 

F 6.80 8.80 11.60 h.RO '5.4(1 6.00 0 '" , '" ~, .' ~ .60 8.40 6.RCl 2.30 , • LV _ V. I _ 

7 4.20 6.60 7.00 7.80 :, .00 s.oo 5.00 5.00 5.0C: !l.GO 5.52 ~ O. :;:-: 

Q.OU ,;;. .00 9.00 S • O{~ 9.GO 5.20 e50 3.50 E.OC 4.00 6.22 ± O. (C 

~ 

w 

'" 



Table 42. Effect of aflatoxin intake on water and ammonia flow from rumen fed OP and LP diets (Phase 

II) 

Groc.:p Body Rumiilal 
NH_-N 

Kumen 
volume 

Rumen fluid 
outflow rate 

(1/c1) 

AmmQ~ia outflow 
with rumen fluid 

(9 N/d)* 

Rumen -Jol ume 

1 

2 

3 

4 

5 

6 

7 

8 

* 

-_"eight 
(K9 ) 

350.0 

.0" " ..-"v.v 

375.0 

350.0 

'':\.In n 

:~;O .0 

3tW . (j 

3:'5.0 

~ 

COllcen­
tration 
(mg/I) 

13.72 

12.68 

] 4 .00 

14.20 

6.1S 

7.20 

5.72 

6.22 

(1) 

39.50 

57.45 

--19.50 

56.40 

4:).:;0 

55.20 

51.00 

43.50 

( 1 ) 
% body 'v.,t. 

85.40 11. 72 11.28 

95.20 12.06 14.73 

l ", A" J.vJ. ... v 14.20 12.'?3 

12n.6Cl 17.13 ~.~ .12 

0~.5u 5.70 13.38 

90.00 6.48 :4.97 

9J .50 ') • .? -~ ~ -J • .., 

JlO.}"; 6.86 :'l.6=: 

Calculated as the product of outflow (lid) and measured mean NH3 -N concentration (gil) in rumen 
fluid 

~ 

A 
o 
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in PhdSG I (6.2.3). The nll.,('n vo]! me (1) in different 

<Jroups was: Group 1: 39.50, Group 2: 57,·15, Gr.o:Jp 3: 48.50, 

Group 4: 56.40, Group 5: ::15.50, GC)UP 6: 55.20, Group 

7: 51.00 an-d Group 8: 43.50. ReHults indicated that rumen 

volumes were not affected clue to aflat ox.tn intclke, species 

difference or level of prot,;-in. Rum'?n volun,e as percent 

of body ,,'eight in different g'CD'JPS \21S~ CCC;J;) 1: 11.28, 

Group 2: 14.73, Group :1: 12.93, Gr)up <1: 15.12, Group 

5: 13.38, Group 6: 14.92, Group 7: 13.42 lTld Group 8: 

11.60, It was apparent frc'm these da'a that rumen volume 

as percent of body \.Jeight varied fnm 1l.28 :0 14.92 in 

crossbred calves and 11.60 to J6.12 ir' buff.3;lo calves. 

These values are simil,:}.!:' to the \a1u8.'; obtainl:ci in Phase I 

of this experiment. 

The ammonill-N outfloH from nmEr! flt"id was much 

more in animals fed OP diet as campa) Nl to I P fed groups 

Clnd the values in different grou9s W( ro: (;l::0 lp 1: 11.72, 

Group 2: 12.06, Group ~;: 14.20, ':;t"OUP 1]: 17. __ 'I Group 5: 

5.70, Group G: 6.48, Group 7: 5.23 uncJ .;ru'.lr 13: (i.86 

6.2.8 Effect of aflatoxin on t.he I ilj{ tics of ammonia 

in rumen and blood fed OP and LP di ~ts 
~---

The change.s, at different time i.~ltcrv,.ls in l5 N 

c:nrjchmcnt of Nil, -N in tho? cum::n t ui,'! an' enrichment 

of r-tl!llcn bactcrit).l-N, ::das'Tla urE3-N 3nd uri] at"y-N after 

sirlg]p intra-ruminal injection 01 l~ I':-,,:n;fTion Jum sulphate 

in figs. F? to 30 and the; dona is !==re.sert,,",ci in 'able 43. 



FIG.2J.ENRICHMENT OF RUMINAL NH3-N, BACTERIAL-N .• PLASMA UREA-N AND URINE-N 

WITH TIME AFTER A SINGLE INTRA-RUMINAL INJECTION OF ( ISN ) AMMONIUM SULPHATE 
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FIG.24.ENRICHMENT OF RUMINAl NH)-N, BACTERIAl-N. PI,.II,.S",'" IJP~.II,.-t./ ,a.NO UqINE-N WITH 

TIME AFTER A SINGLE INTRA-RUMINAL INJECTION OF' ISN,) AMMONIUM SULPHATE 
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FIG-25. ENRICHMENT OF RUMINAl NHl-N, BACTERIAL -N. PLASMA UREA-H AND URINE-N WITH 

TIME AFTER A SINGlE INTRA-RUMINAL INJECTION OF (15N ) AMMONIUM SULPHATE 
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FIG. 26. ENRICHMENT OF RUMINAl NH3-N, BACTERIAL-N. PLASMA UREA-N AND URINE-N WITH 

TIME AFTER A SINGLE INTRA- RUMINAL INJECTION OF (15 N ) AMMONIUM SULPHATE 
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FIG.21 .. ENRICHMENl OF RUMINAL AMMONIA- N, BACTERIAL· N, PlASMA UREA- NAND URINE-N 

WITH TIME AFTER A SINGLE INTRA-RUMINAl INJECTION OF (lSN l AMVONIUM SULPHATE 
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FIG.2a. ENRICHMENT OF RUMINAL. AMMONIA-N. BACTER1AL.-N. PL.ASMA UREA-N AND 

WITH TIME AFTER A SINGLE INTRA-RUMINAL tNJECTION OF (ISH) AMMONIUM 
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FIG .2S· ENRICHMENT OF r:UMINAl l'lH)-N. lJA.CTERIAL -N, PLASMA UAEA.-N ANC URINE -i-o WiTI; 

TIME AFTER A SINGLE INTRA -RUMrNAL INJECTION OF ('5N i AMMONIUM SULPHATE 
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FIG .30. EN~ICHMENT OF RUMINAL AMMONIA~N> BACTERIAL -N. PLASMA UREA-N AND UAINE-N 

WITH TIME AFTER A SINGLE INTAA-~UMINAL INJECTION OF (15 111 ) AMMCNIUM SULPHATE 
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Table ~3. 

r .. ",,", 
-'" - - o· 

Kinetics of ammonia in rumen and blood given aflatoxin with two levels of ~rotpjn. "Qin~ 

Sir.·J2.L ~Ljv::ticr: cf 

Rumen R~min~l 

NH~ poo~ ~H en~ry 
j 3 

size 
! r< ",' \ ':l •• , 

r-ate 
!~ .,!.~\ 
\ ':l '" ~ I 

1", , 
N-i:lr.lmOL.I._ .. , 5~.1.".. .. ,Jt"" \t:',d2>"" 111 

Rnminal Nii~ in:ever- ReC'v',:l.i.na 

NH3 sible loss 
rate 
(9 Nidi 

irrever- rate as ( % I 
~ " \-. 1 ~ 

_ c 
02":,, t: y .... -'- k' -'- '" vc 

loss rate rate 
(g Nidi 

Su,Sopnrlp<! 1-' 1 r' .:;m~' 1T .. ;~~ .... 

bactprial- urea-N deri'.'cd 
N derlved derived from 
from frnm ~C!::;i,;~2. 

ruminal r-umin<'ll ammonia 
ammoni2. ~lmirl()n i a ( % ) 

{ '! ) .' <:- \ 
, 0 , 

-.--~---------------------------------------------------------------------------------------------

1 3.30 25_87 14.48 55.97 

2 2.85 24.07 18.06 75_03 

3 3.12 21_05 12.95 61 .52 

4 2_90 19.65 12.86 65.44 

5 1 . 9~ 15_26 9.87 64.68 

6 1 .81 13_45 9.35 69.52 

7 ;:: .16 15_44 9.56 61.92 

8 2.23 16_57 11 . as 66.08 

11 .39 52.64 36.38 

6.01 51 .50 39_46 

8.10 53_60 32.56 

6.79 49_54 33_48 

5.39 61 .75 25.15 

4_10 65_8 7 22.28 

5.88 70.76 18.20 

5.52 71.87 19.26 

24.35 

28_20 

18_20 

24.45 

20.75 

25.78 

19.47 

28.32 

~ 

A 
~ 
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The ruminal-NH
3 

pool :~,l::es '0 ditf'-'rent groups 

\,Iere: Group 1: 3.30, Gr')up 2: 2.8!j,Gr-o'lp 3: 3.12, Group 4: 

2.90, Group 5: 1.94, Group 6: ~ .. 81 Gl"OUP 7: 2.16 and 

Group 8: 2.23, indicating that size )f ammonia pool was 

more in animals given OP as compared to LP fed animals 

irrespective of species and aflatoxin illta%e. 

Ruminal-NH 3 entry rates WE're 25.87,24.07,21.05, 

19.65, 15.26, 13.45, 15.44 and 16.57 9 N/d respectively 

in 8 groups. Higher ammonia entry r2te1l in groups 1 to 

4 seemed to be again due to m()re lit ('"ogen intake as 

compared to other 4 groups. Species difference and afla-

toxin dose level had no effect on tumE,n arr.:n,)nia entry 

rates. 

The irreversible 10:35 rates of anmonia-!\ (g N/d) as 

such and as a percent of BJTlmonia '~ntry rates :n different 

groups \>,'er-e: Gt-OUP 1: 1'l.tj8, 55.97; Grcup 2: IB.06, 75.03: 

Group 3: 12.95, 61.52; Group 4: 12.8», 65.44: Gr-oup 5: 

9.87, 64.68: Gr-oup 6: 9.35, 69.52: Gr')up 7: 9.56, 61.92 

and Group 8: 11.05, 66.68. Thes.) re~ults shol.,ed higher 

irr.eversible loss of ammonia-oN in grcupE fed '3f1atoxin, 

irrespective of species and level 01: pro .!iil. 

The rates of recycling of ammonia to the rumen 

NH3 pool were 11.39, 6.01, 8.10, 6.79, 5.39, <:;.10, 5.88 

and 5.S?: 9 N/d in group~, 1 to 8 respe( tively. Recycling 

rates were more in animals given mOl'S ni r00en,i~t'espective 

of species and aflatoxin intal:e. 

The contribution of :cuminal amm::JOia to different 

nit rogen fr-Clctions to 8 52.6·1, 51.50 I 
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53.60, 49.54, 65.87, 70.76 i nd 7l Jli per cent 

respectively for bacterial-oN; 36.38, 39.46, 32.56, 33.48, 

25.15, 22.28, 18.20 and 19.26 per cpnt respectively for 

plasma urea-N; 24.35, 28.20, 18.20, 7.4.45, 20.75, 25.78, 

19.47 and 28.32 per cent respectively for urinary-No 

According to the r~"sults rnEntjoned above, the 

contribuLion of "Cumini]} ammonia-~ t.owarl,IS suspended 

bacterial-N was more ~n (:alves and buftalc calves fed 

LP diet as compared to ell' fed anim"ls, which indicated 

better utilization of ammonia-N un~er N scarcity conditions. 

This is further supported by the fae: that f).'.a5ma urea-

N were less In LP fed grOlJtJs. i:3 not seem 

to affect the rumen ferloe-ntatio,. Hi~dH~r irreversible 

lORS of ammonia-N as percellt o~ tot_Rl ammGnia-N entry 

rate and more excretion of !II tht·ough urine 1fL aflatoxin 

fcc] calves and buffalo calvo,s a": all levels of protein 

indicated that aflatoxin affected the nitrogeL metabolism 

at tissue levels. 

Results obtained In both the ph3ses in(,icated that 

there was no effect of feeeing aflato.xir on d <;estibility 

of nutrients. Digestibility of nuttier.ts vas more in 

groups fed OP protein a " .0 ::,oq:ared U--, L) group",. Nitrogen 

balances (g/day) were positive In all 7_h:: ;)nim3ls ir-r-cs-

pective of level of protoin ilild splcie~" ~!trog,n excretion 

through urine (g/day) wat, 11101"0 in c.)lvC>E ar,d bul fal0 calves 

fed aflatoxin. Buffalo calve:;; seEmed 10 012 su;::)t~rior over 

calves showing more positive N balance ,;nd bGttel~ utiliza-

tion of absorbed N. 



145 

Results further sho~e(} that con~~ibutic~ of ruminal­

NH3 towards 'bacterial protein and pLlsmd urea--N synthesis 

\.las inversely and directly relatecl wit!i the niu"ogen intake, 

indicating better utilizat.ion of runin~l-N~ when less 

N ""as available. 'l'he coot ribution 01 ruminal-NH
3 

towards 

urinary-N \'-"a5 more in anima] s fed I:lP Uno 01 and OP fed 

animals had more contribution of rllminiJl towards 

their urinary-N than LP fed groups. Aflatoxin effect 

was evident In the greater exct:"f~tion pattern of ruminal-

ammonia quantity through urino]"y-N which was recorded 

mor"'.in cattle than buffalo calves as a spE~cjes difference. 
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TISSUE DISTRIBUTION AND r:XCHETIOl\ Pt.Tl'EHN ()F _e.FLATOXIN IN 

LACTATING GOATS 

The present study I..'as llnd0rtaken to {'xamine the effect 

of feeding aflatoxin on digest.Lbility of nutrier!ts, excretion 

and tissue distribution of r~dioactive aflatoxin in lactating 

goats. 

7.1 MATERIALS AND METHODS 

7.1.1 Plan of the expet-iment,: 

Twelve Alpine, Beetal and SaiHErl crOS:"3t?s in their 

early lactation were selected from the her-d of National 

Dairy Research Institute. Kal'naI. They ~ere rardomly divided 

inter two groups of six goats pach. dl 0: . hem were fed 

concentrate mixture and green maize a: t=:€l" tljE·ir require-

ments (NRC, 1981) Group 1 served 2::; C' .:o,]t:c)] I while the 

goats in group 2 \,'ere 9i\'GI1 aflat:oxin @ 1,0 ppm of their 

OM intake and was called as exp,;;-rimeltal gr<...!l:p. All the 

goats \"rere milked twice dail)' at 6.00 A.f1. an!] 4.00 P.M. 

respectively, After adapting the anin2lt, on this feeding 

regimen for 35 days, a metabolis!1 telal \-.'"}.s conducted to 

know the digestibility c-f nlltric-nts, ~ttcr t· e metabolism 

trial was Oller, :3 goats fron expcrimt-n· cl.l grOl? were given 

an orC'll (105(> of 3B-',[o'B
1 

a'ld s.'.HTp1es of: Tn .1k, \])"1. IE' and faeces 

were collected at different tilile interv~ls upto 24 h. After 

24 hi these goats \"rere sacdficed and !.)rio1Js tissues were 

collected to k.no\"r the tissu·" distribut iOI, r::f its radio-

activity. 'rhe particulars (·f goats an,i thl:ir distribution 

in two groups are presented i~ Table 44, 
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Tabl€' :]4. Particulars of }.;)ctdting qoal f~ ~nc1 their distri­
bution 

Treatment 
group 

Group 1 

(0 ppm Ai) 

Control 

Mean 

Group 2 

(l.0 [JDrn A f) 

Mean 

Goat 
No. 

S8 268 

AS8 355 

AS6 361 

AS 609 

AS 672 

A8 680 

SS 291 

ASB 369 

AS8 3131* 

AS6 392 

AS 657* 

AS 677* 

3 
* (;oats 11,s(.'(1 for 

studies 

Doely 
Height 
( kg) 

40.01 

40.5 

:' 4 • 5 

38.5 

:, 5 .2 

:36.5 

:'7.53 

~2.0 

:'9.0 

39.0 

32.8 

39.5 

3:::.0 

37.38 

Lz,ct;:.­
tien N._ •• 

3 

2 

, 
1 

1 

2 

2 

, 

Milk 
yield 
( kg) 

1.6 

1.9 

1 .1 

1.3 

1.2 

1.5 

1. 27 

1.2 

1.5 

1.6 

1.3 

1.7 

1.5 

1.47 

IJx·~r'~tjon ar.e Li:",suedlstribution 
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7.1.2 Housing and managemen~ of goats: 

Goats were kept lndividudlly in pe.1::5 of size 1.5 m x 

2.0 m. The pens were thoroughly white '.Jashed and disin-

fectC'd before the start of the expet-imEmt. Disinfection 

I,.,'CiS carried out daily in the morning at the timE- of cleaning 

of the pens. 

7 . 1 .3 Feeding schedule and nlilking of the goatf~: 

Goats in both the l)rOUpS werE. fed O~l concentrate 

mixture and green maize a:3 per theic requin:ments (NRC, 

1981) . The concentrate mixture was constituted of 32 parts 

groundnut cake, 40 parts maize, 25 part.3 wheat bran, 2 parts 

mineral mixture aCId 1 part common salt. Tn addition, goats 

in group 2 were given an oral do~e cf. ilflatoxin @ 1.0 ppm 

of thei.r. DM intake. Water was off(,1 pel Cld : ibitum twice 

da i I Y f Le., at 9.00 A.M. 3qd 3.30 l'.M. thlOUghout this 

study. All the goats were milked twice d2ily, i.e. at 6.00 

A.M. and 4.00' P.M. respectively. Tho cltE·mica; composition 

of concentrate mixture and green mai:e i~'i :)l'esented 

TZlble 45. 

Table 45. ChC'mical compo~;it:i()n of feed(1Dl'l basi:) 

Feed 

Concent!:OItf~ 

Illixtu!:€ 

GL'ccn rnC).i ze 

7.1. 4 

CP EE 

24.19 3.E7 

9.69 1 .71 

CF NFE 

4.58 30.36 

;:/.: .00 57.38 

Ash 

7.20 

9.22 

in 

A(to!: a prelimina!:y fE'c-ding of 3') days, ~11 the 12 
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lactat.ing goats wC're shifted to meta'::)Qlic C ""ltes, having 

an at"r-angement of separate collection (,f fae!.:>:!; and urine. 

Th0Y \~ere given their concentrate mj"tl're cu)ta at 8.00 

A.M. and greer, maize was offer0d at 10.00 A.M. daily. Water 

was offered ad libitum twice daily. 

A metabolism trial of 7 d.:'ys \{o.8 conducted to know 

tIle digestibility of nutrients and nitr)gen balance. During 

faeces, residue. 

urine and milk were collE'cted {)ncJ stored for I:he analysis 

of proximate principles as per AOAC (19 7 5). 

7.1.5 Studies on excretion p_'?~ter~n~._J:.!~~_UE:- distribution 

of aflatoxin: 

7.1.S.1 
.. . 3 AdmInIstratIon of H-AFB

1 

After the metaboli~;oll t:t:'"ic:~l \Vas u\,c~r/ goats from 

group 2. par'ticulars given in Tal::le <1!' '"',,,,1'(> ~jelected for 

studying the tissue distribution and ~xcrcticn pattern of 

aflatoxin B 1 Each goat <,..a~o adrdnistercd orally 200 pei 

3 
of Il-AFB

1
, procured from M/::o. Hora·lek Blochern. IIlC., Mercury 

Lane, U.S.A., along with 3 9 of maL:e flClur. 

7.1.5.2 Sample collection: 

The goats were housE·d in mecak)olism ages for 24 

h after administration cf 
3 

H-·l\FB, , S<!fllples (f urine were 

collected at 0 (pre-dosing), 3 I 6, 12. Ie un 24 h post-

dosing while faeces and m:i.l~ samples \ c·r,· coll,.?cted at an 

interval of 6 ,h upto 24 11. ThcO"( :':"rll£) ~\:- \/(.'li__ tared frozen 

till analysis. 

After 24 h, these goats \.,Ier(, sac:ifiCl?d by injecting 
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50 rn1 of saturated solu,::i'=n of ~'lgso4 _hL"uLi'j;l jugular vein. 

Tissue's were removed, weigrlecl and stol.'eJ loder frozen condi-

tions till analysed. 

7.1.5.3 Assay of radioac:tiviti: 

Al iquots of urine ,,'ere addecl di ..... C'ctly to dioxane 

based scintillation fluid (Bray, 1960) huving the following 

composition: 

Napthalene 60 9 

pro 4 9 

POPOP 0.2 9 

l'1ethanol (absolutE) lOa 101 

Ethylene glycol 7:) In .1 

P-diox<'Ine to make 1 

Radioactivit'J was mc-.)t;u","cd in a P':lck':ll."r] J i':]uid Scinti­

llation Counter (Model [Jrias BPI.D) 

Paf~C8S und tissue SilWpl<2s WE're h )mo'Jeniz,~d with water 

and ml of homogl?llaLe (ha'llng Clhout IOO f.l0 .solid sample) 

y.'~)S transfcrr0d to scintiLali.C:lrl vial ,vJOCj2.11 2..::.. ~. I 1967). 

rurther processing of the samples W2\3 'Jane according to 

Mabee and Chiple (1973) OnE ml soluEne (tis.il"e dissolver 

obti)ined f("om Mis. Packard Instrument Compel! y, USA) was 

added to each vial and the \ ials W<2re : ncubate in a water-

bath until dissolution \0.1,15 cO!ll[Jletc. Aftel incubation, 

cded to each 

vied tCJ d0colorizC' the suJnplol'. 

and 0.01 ml of concentrilt(;d t'cl \.J)~; (lclled tn e3.ch vial to 

neutraliZe pll. 

at room temperature and:: nl of the liquid :;cintillation 

counting solution h'as added co ead: via Ti,e samples were 
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coullt0.d for rCloioactivity 8!, described eat] i""l-. Milk samples 

werv lyophilized and 50 mg lyophilized ~anlple was transferred 

to scintillation vial '-:lnd proces:,ed ancl count-E'd for radio­

activity as per Mabee and Chipley (1973). 

7.1.6 Stntistical analysis of the data: 

The data were analysed as per Snedecor and Cochran 

(1967) 

7.2 RESULTS AND DISCUSSION 

7.2 .1 =E~t~' ~f~e~c~t,--,o~f,---,f~e=e~d~i~n~g",. a f 1 a t o:d n son dig e s t i b iIi t Y 0 f 

nutrients: 

The dry matter int,3ke and dige:o'tibilit;,'" of nutrients 

in two groups are presented :en Table "6. The cligestibility 

coefficients of nutrients \.J('["e: 01'1 73.1 + .58, 73.95 ± 

1.22: 01-175.30 ± 1.30, 76.60 :! 1.40; CP 74.64 ± ] .47, 77.38 ± 

1.02; CF 68.62 ± 1.93, 68.C16 J: 1.40; EE 79.6-, ± 3.90,77.38 

± 3.66 and NeE 77.96 ± 0.97, 78.70 1.66 ir two gr-oups 

r-espectively. Th(>se r(,sults indicate:'.! ::hat there was no 

eff(>ct of feeding of thi:, 1e'/e1 of aflat c)x n (,n any pr-oximate 

princ:iplo. i,l,lil..r results in 

cros:::;br(>(l kids [eel a diet ""ith or ' .. lithot:t 1 ppm aflatoxin. 

The dry matter int-'lke was 1.22 ! 0.07,\ and 0.840 ± 

0.072 kg/d respectively lL tile tv/<) grcup!:. T!l.; difference 

ll1 (lr)! matter intakG was significant (P Z O.Cl) when the 

l-esulls wore compared on th·? bclsi!; of dry nli.ltt,>r intake/kg 

SimiLlr decrease! ir, ,1[",/ !lattel i!llal:r> \las observed 

by Lynch et al. (1971) III c("ilve::o fed :ll'latoxi,n upto 0.10 

mg/kg t)ody weigllt for six w~eks. 
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1'ahle 4G. Effect of aflatoxin orl dr" I~~tter intake and 

digE-!stibility (:o,:,ffi,:it;·nts of nUI,ricn ~ 

Attribute 

OM intake (kg / d) 

Dry malter 

Organic matter 

Crude protein 

Crude· fibre 

Ether ('xt r<'Jct 

Nitrogc.n free 
extract 

Group J 

(0 ppl:! Af) 
Con:: rc] 

1 . :'. 2 , O.07Ll* 

7] .1 " 1.58 

7 ~i . :',0 " 1.30 

7,I.C4 . 1.47 

6.'.; .(,2 .. l.93 

7':;'. b7 .< 3.90 

7, e' .. ' ':) 
, 0.97 

*2(0.05 

('rClUp 2 

(1 0 ppm At) 

O,H40 , 0.072* 

73.95 , 1.22 

76 ,(0 , 1. 40 

"l7 .• 8 , 1.02 

u8.( 6 , 1.40 

77 •. 8 , 3.66 

78.",0 , 1.66 
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7.2.2 Effect of aflatoxin on 11itrogen balance: 

'rhe dot-a pn~s~\\t.ed in '1: 0.'1:..·1 e 11 'C<?,'H~o l·~d t.hat the 

nitrogen intake in groups 1 and 2 was 2E .28 ~ 1.94 and 18.32 

:t 1.44 g/day, a significant less (P< 0.01) intake in group 

2. 'fhe excret ion of N through faeces was significantly 

morE' (P < 0.05) in exper"imental group as compared to control 

group but with no statistical !dgni ;icant Jj fterence in 

N excretion calculated 0.8 pel-centage of N intakc". 

The excretion of N through urine (g/da-)) was 7 .83 ± 

0.69 and 8.56 ± 0.76 in 9rouPS 1 and 2 r!?spe<tively, which 

was not statistically diffen:~nt. But N excr·~ted in urine 

as percent of total N intake was 30.13 ± 2.20 and 43.46 

± 2.53 indicating a significant e[fect {p.( (-.01) f similar 

to the observations of earli€,r w017kers (Lynch et al., 1971~ 

Hale and Wilson, 1979) 

Then? \>'3S no effect of c:flat(,xill on N excretion 

lht"Ollgh milk as such c·r WhE'n calcul~ ted as e pet"cent of 

N intake. 

The amount of N retained Has 7.63 ± 1.33 and 3.13 ± 

0.69 g in groups land 2 resp~ctiv(!ly. The res 1: ts indicated 

th{)t qoats in both the ~lrOl1pS wl.'re in ~osit tl'e N balance 

but thC' quantity of N b;11iln.-::8 \-"015 significanti? higher (p <-
0.(\1) in control ~Jt:"oup a 1", ::ompan"·d to aflato)':in fed group. 

N uO'tainf>Q as percent of i:lb;;orb"d N waf:. 37.';C; ±. 4.57 and 

./1 group 1 a!:; 

('omprll-(Jd to qroup 2. Sj ,II: l.)rly, N r ~ta· d " InC' as percent of 

per kg 
W2S also sign'ificuntly more 

in group 1 
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Table 47. Effect of aflatoxin on nitrogen balance 

-------------------------------------.---- .-------_ ... _----------
Attcibute Group 1 Group 2 

( 0 ppm Af) (1.0 ppm Af) 
Control 

------------------------------------_._--- .--------_._----------
Body weight (kg ). 17.53 ± 1 .03 37.38 ± 1.64 

N intake (g/d) **;~6.28 ± 1 .94 **lH.32 ± 1.44 

N excreted in faeces • 6.59 ± C .47 * <1.16 ± 0.42 
(g/d) 

N absorbed (g/d) *19.69 , 1.66 *14.16 ± 1.09 

N excreted in ur ine 7.83 ± 0.69 8.56 ± 0.76 
(g/d) 

N excreted in milk 4.2 J ± 0.32 3.13 ± 0.35 
(g/d) 

N retained (g/d) '* 7.63 ± 1 .33 '* 3.13 ± 0.69 

N retained as % of *37.56 , 4.57 --'"21.35 ± 3.60 
absorbed 

N retained as % of * l _ o;! ± 0.35 * 0.59 ± 0.28 
absorbed per kg live 'Nt 

N digestibility ( % ) 7'1.64 ± 1.47 77 . 38 ± 1.02 

N retainr-:d as % of *28.3J ± 3.87 * 16. ·18 ± 2.69 
intah" 

N excrpted in faeces 2 '" ?, .) . -' / , 1 .47 )2.b2 ±. 1. 35 
as % of intake 

N excreted in urine **3:I.J: ± 220 *1<43.'!6 ± 2.53 
as % of intake 

N excreted in milk as L .17 ± 0.63 l'} . i. 4 ± 1.98 
% of intake 

-------------------------------------_._-------------- ----------

, P<O.05: *' P(O.Ol 
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of earlier workers (Lynch et al., 1971; j'"l€'- llld Wilson, 

1979: Neathery et al., 1980) 

7.2.3 Excretion pattern of ~H-aflatoxin ~l: 

7.2.3.1 Urine: 

The percent radioactivity of the dose administered 

orally, excreted through urine in goa t 5 is presented in 

Table 48 and depicted in Fiq. 31. 'fr,e t:"()clio,-J(:tivity in 

urine was detected as early <IS 3 h post-de·sing in all the 

three gOilts which indicated a t-apid abso::ption cf aflatoxin 

from the gastro-intestinal tnlcl. Polan et <11. :1974) and 

Hel[erich et al. (1986) also observed [?tpid ab.;orption of 

or givGn orally in cows and n spectively. 

Polan et al. (1974 ) obsE"c've<l tha t blc.:Jd trit i.Jrn counts 

increased from 20 CPM/ml at 2 h to -10 C!-'1'1 :lL ,) h, p")st-dosing 

3 
of B-AFB

I 
in lactating cm,'s. He.Lferieh et al.(1986) reported 

that goats 
.. III 

recelvlng C-AfB
1 

oral I,! hac detecL)hle radio-

activity in hlood \·Jithin 30 minutes. 

The average cllmulativE excr,~tion oi radioactivity 

in 3 lactating goats \.Jas 12 .'J3 ~ () .8n per cent of :he radio-

active dose administered ot"a)ly. 

quite high as compared to 3.4 ~er c~nl~ rad~oac~ivi':'l excreted 

in 96 h in lactating cows (Polan ~ ~., 19i4). This might 

be due to the species dif£el:ellCI? or do[.;e e1 fc-ct I Helferich 

et al., 1986). They alsc repor~0.d that urinal:~ excretion 

in the lactating goat was ()Teater than (~i.;."t:c,,'(" I in rats. 

'1'he cause of the species difference nay to ~In:::dl, r con juga-

tion ea pa cit Y of the O-demethy::ated met.< bo: it€., c:Jf ArB
l 

with soluble nuclQophiles ir. lactat ~ng ~C'Clt '_-.'h ich render 



Table 48. Excretion of 

milk 

Time 
.after 
dosing 
( tll 

381 

3 
H --ArB 

1 

Goat No. 

657 

156 

tnrough Jrine, faeces and 

Average 
677 

-------- Percent of t.otal do,;e adplinist0r.~d ---------

URINE 

3 

6 

12 

18 

24 

Total 

fAECES 

6 

12 

18 

24 

Tot2.1 

MILK 

6 

12 

18 

24 

Tot" .l 

0.25 

1. 50 

2.60 

2.96 

4.10 

11 .41 

2.00 

5.10 

4,50 

6,15 

17 ,75 

0.05 

0.12 

0.16 

0.13 

0.46 

O.4C () • -'1 ::; 0.37 

2.10 _ '~li) 1.83 

2.50 ;.20 2.77 

3 .15 .O.j 3.39 

4.75 .81) 4.57 
.--~--------

1~.9O 1, .41) 12.93 

l.~O " .20 2.03 , 

(i • 20 .B(l 5,70 

5.15 li .10 4,58 

5.05 .40 5.20 

1B.30 1< .5(1 17.51 

Cl.n;: , 0.05 

o . 1 ( • J :. 0.13 

(I • .. ? ( • 1 : 0.14 

(I • .. '1 <. · 1 ( 0.15 
-~-----.--.- ._--- - ---- -

O. ,i2 C • ':i( 0.47 
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it (>xcret2lble as a glucut:'on i.dc> ot" sul')ha':.(~ (Tlclezios at 

al., L972). 

7.2.3.2 Faeces: 

Recovery of radioactivity expres:sed as ~)ercent of 

administered dose from faeces in lactatin~1 gClats ilt different 

time intervals IS presented in '1'able ,18 and d(~picted in 

Fig. 32. The average cum\ll,~ti'le ::xcl'c:ion (lj r:he radio-

activity in the three lactating gauss w;;.:3 .i7.S1 0.53 per 

cent indicating a significant amount of radiouctivity excre-

ted through faeces in 24 h. Hel ferich et al. (193E) reported 

that the major route of elimination 0' eflatoxin is via 

faeces wi th 50 to 70 per cent being e, cl-pte6 in the goat 

and 48 to 78 per cent in gut plus faec.'~3 in the lactating 

rat in 120 h. They further- reported tLcl.t the transfer of 

radiouctivity to faeces in both the sl?,~ci2.s it-' presumably 

via biliary secretion and \"hi::h i:3 not [cabs, rbed (Wong. 

1982) . Ivogan ~~. (1967) cb!lerved thac 2bout 90 per cent 

of the single intra-peritone3.1 dose of AF [I 
1 

\ as excreted 

or present in the intestinal tract contE-n "~ ,~jthi') 24 h. But 

Polan et al. (1974) could d8tect onl~1 5 per ~Hnt of the 

orally udministered radiouctiv~ty ( 3H - fFB 
1 

faeces in 

96 h in lactating cows. l'hi!:; indicatEd :'1 .... 'ide variation 

in tho:: excretion p,lttern of ilfl'ltoxin ir diffccl-"rt species I 

inspjLe I)r the fact th{lt mc\j()l~ route; of G~cr-E:·t~on of afla-

toxin is via faeces. 

7.2.3.3 ]\lilk: 

]\lilk is the compartm'~n: of primary cone"," n for human 
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risk assessment. The proces:3 of milk s~nttlesis and secretion 

actually conce,ntrates APM 1 from b,[ood 3.gainst a concentration 

gradient (Helfer-ich at al., 1986) Tj-·e e<:crot ~()n of radio-

activity expressed as percent of admltlis:crcd dose through 

milk in 3 lactating goats at dUferG'tt time .intervals is 

presented in Table 48 and d(!'picted in )'ig. 33. The average 

cumulative excretion of radioactivity in milk in 24 h was 

0.47 + 0.02 per cent, a very small 'fra(~ti')n ot :he adminis-

tc>'Ced radioactivity which in(hcated tl,at milk is not the 

primary route of excretion of aflatoxinti. Got·) and Hsieh 

(1985) rc>ported 

low dosing of 

that milk collected in ticst 24 h following 

14 C_ APB contained rad:.oa'2tivity equivalent 
1 

to 0.45 to 1.1 per cent or the dose glvetl In 'loats. Polan 

et ClI. (1974) could recover only 1.7 pEt· ,:ont of the radio-

C)ctivily in milk, as cumulative r::·0rc0rtas:(' of .1dministered 

dose and concluded on the baEi:= of ~adiolclivit~ ,~nd chemical 

analysis of milk that milL ,.,las noe-- thE p·:iJlci!lEI excretory 

channel for aflatoxin. Cumillative 7ecov~ry of A213
1 

metaboli-

tes in milk after 120 h was aJlproximately per cent 

(Helferieh et aI., 1986). 

tion riltes of aflatoxin in lactating t"ats all·] goats were 

similar, although the lactating goat. 

greater conjugation capacity. 

Excr<?tion of AFMI by tne cow OCCLl: s relatively quickly 

(LClncrlster, 1969). Alleroft and RobErtE (19,;1\) reported 

thDt AFMI appeared in cow milk within 5 11 o~ an orally 

admini3tered dose of pudfied [~l In t lis (C):P( riment also, 

radioactivity was detected jn milk of all U:e thl ee lactating 
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goats at 6 h post-dosing. 'rh .", :eascn £01 tIl (> t" <:1 ' ,id appearance 

of /\ F'M 
1 

in milk may bE, thc\ rapid U IllS )cr.t of AFB 
1 

from 

the rumen. 'rh is is supportE,d by the? oi)_-:;I~r\fu ': .. on of Engel 

and Hagemeister- (1978) who recovl?red onJy 15 per cent of 

AFB} administered into the rumen of c, ttle at the duodenum 

and only 2 to 5 per cent of the fed to}<.in reached the intes-

tinuffi, suggesting significilnt 0b",orpt ion from the 

rumen. Similarly, Cook et a1. (19E16) 

Ml in r-um€n contents from steers 2 h a~t.et'" an oral adminis­

tration of aflatoxin and pointed Ollt the intra-ruminal meta­

bolism of aflatoxin Bl to MI' 

7.2.4 Tissue distribution: 

The weight of diffc:rer:t organ:'; .~l!d di tribution of 

r2ldioacl:ivity as a percent of tot . .:d .ld:n!Jll.,t :l"E~d dose in 

thrcC' goats ace pt"esented Lr. TublE: 4:1. The u '(·cage cadio-

activity in livet" of tht"ee qO:lts \-'as 37.11 ± (~.91 pet" cent 

of the t"0dioact ive i1-AFBl ,'I.dllliniftere( orally, 24 h post-

dosing, \.Jhich was highet::t a:ncng all ollle~ ol'0ans observed 

fat- radioactivity in this E'xperiment. ridney was having 

8.32 .± 0.56 pet" cent radioacti· .. ity of tl e ddmini.:tered dose. 

The other. organs \.Jere h,lV.ln'J perc::nt !ad Nlctivity of the 

administered dose as: spleen 1.69 :t 0.18; jungs 1.91 :I:: 0.12, 

hean 1.3G 0.20; ovary 0.57 ~ l1.Jl; -',-,.I,'IC,C/ Jtand 2.40 ± 

0.35; pancreas 1.18 :!: O.E' ar,cl <J<"Ill b i!t'i3er :,.93 :t 0.17. 

The other ot"gans were havin9 ra(!:i.o,OJ.(:tivity i 1 the range 

of 0.57 to 2.83 per cent of th(~ adml~li~;t-::n,d (b~2 24 h post­

dosing. 



Table 49. Weight of organ and percent radioactivity present of the administered dose 

Organ Goat Number 

381 657 -------------------
iV-eight Radio- tV-eight Radio-
(9) activity ( 9 ) activity 

as as 
percent percent 
of dose of dose 

Liver 625.00 35.45 470.00 37.30 

K ion ey 130.50 7.50 100.00 9.40 

Sp12€01 80.00 1 .55 70.20 2.05 

Lunq 390.?n :2 • 1 ':' 290.00 ::. .75 

Heart 180.00 1. 26 185.00 1.06 

Ova ry , t' ;:; o 00 l . ((. n ",co ... , V.'-'J 

t-lammFl ry 5':;C.:' r, 2.50 599.80 :2 .95 
"1=,,,,~' 

Pancrcus (,l,. (,r' 1 .?0 70. S0. ::. . 50 

Gal) ) 5 . :) c; 3.15 24.75 2.75 
blnc1ric., 

677 ------------------
Weight Radio-
(9 ) activity 

as 
percent 
of dose 

545.00 38.57 

91.50 8.06 

49.80 1.48 

22:.80 1.34 

165.10 1 .75 

, .. uu G.3:) 

6~G . .')O 1. 74 

5·~.5·:: O. S 5 

:;::0.00 2 .58 

Average 

i\leight 
(g) 

546.70 ± 44.75 

107.33 , 11 .57 

66.67 , e.B2 

322.67 , 23.67 

176.67 , 6.01 

2.40 i O. J7 

586.67 , 24.03 

61.E7 = 4.. ·'1.1 

23.33 , 1.67 

Percent 
rad io 
activity 

37.11 ± 0.91 

8.32 ± 0.56 

1.69 1: 0.18 

1 . ')::. ~ 0.12 

1 .36 ± 0.20 

o -" o " V.~I V.J.J. 

- ., 
,.~ ..... u :!. 0.35 

' ; C " O.l~ 

2. s.:;: :!. 0.17 

~ 

g 
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from 
14 

C-AF'1. in rats was present at In lxi,nUIli l'~"els in liver 

and kidney 0.5 h afto- a.dm~nistcatio'l '"ith small amounts 

pl-esent tn other organs. 

WLlS fivG to fifteen ti~T1(?!:: groater in liver t:han in other 

tissues and at the end of 24 h, the liv,~r <7ontained an amount 

equal to the content of th<o cetrli1~nCF'r ,~,j L;,E": Cd casso 

PolDn et al. (1974) repa~tcd h(}t H:; per cent of 

the radioactivity administet"ed orally 15 3 H- A:'E1 10 lacta-

ting cow was retained in various tis~uc:, i'lnd only 15 per 

cent was excreted in 96 hourf;. 

Jarvis (1976) the ptesE·~ce of aflatoxin 

in liver, kidney and othel~ tisslle!: of piC! fcd .:'liets having 

aflatox in. Levels were highest in 1 ve-:" and kidney with 

only trace amount occurring in hoat:l {rr,usclr and adipose 

tissue. 

Stubblefield et al. (1983) found ,'\\'B ;; ,d M 1 in all 

samples, except the thymu!:; :Jlanrl ;)f Cl C'_I.' ,::1 En aflatoxin 

Bl orally at 0.35 mg/kg body H(:oig'lt fer: 3 dOllS and sacri-

[iced "fter 24 h of the 13st dc-se. Kidn'~YI J i\'c.- and mammary 

gland har] the highest con.~entcation of t( t.a: ~!fL toxins. 

Felfedch et al. c:Jul(J detect: only traces 

of t"uclloactivity from tissues ()f <!oats ~!ivt:n III oral dose 

of l.'lC_AF13 after 120 h of adl:linistratlor, vith the exception 
1 

of ] iVGr, indicatinq c]E.'aranc.? fn,m v, t"i(J(.ls tissues as a 

functioll of time. 

High radioactivity o\~s'2r\red In liver ,_,f :his experi-

ment utter 24 h was an indication that 1 iver waf. :he primary 
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site of aflatoxin metabolism and 24 Ij pe_:i'xl '/ilS not suffi­

cient to metabolize the aOSOdJ0l ~l!·J,_,Lchi.n )'1 the liver. 

furt.her studies are needed In differ, nt sl?ec ies and human 

bein<]s to elucidate the tilne for cO'lpL~te <-'limination of 

afJatoxin from val~ious tissues to avcid the ~otent danger 

of carcinogenesis. 



CHAPTER 8 

SUMMARY AN I~ONC L Jt; IONS 



8. SUMMARY AND CONCLUSIONS 

Aflatoxins are nov known to cause toxicity of 

vut:"ying degrees in di[fc("(:nt species of liv'~.'ltock. These 

toxins ar.e not only harmful to 1nimals but equally 

(Jungereus to human beings because of (:oll;>U!rtpt~('n of animal 

originated foods sllch a;:> milk, meat and e9<;. Studies 

on thl"'· role of aflatoxins in reL!tion tc groHth and meta­

bolism of farm animals; their inte13ctioJl with various 

dietary constituents; intet-fcrenc(' ,,,itL oi,seCt.'>' resistance; 

their tissuE' distribution a"'1cl e:<cretion patLE·rn will be 

most v2Iluable ,,,hieh may form the> tasis for determining 

the safe? dietary levels c·f afLltoXl.lS and ll;ly help to 

in vie'>-' the above objec-:i·"e31 thE' p~0sent .:;tudies were 

undertaken on the following aspect:;: 

1 . 

? • 

To cetermine the rl:"ctective :..Jf selenium 

on cellulose dige2tion and prctEin ~y~thesis in 

aflatoxin containitlg loediurr. 

To find out the aflatox:n limit in 

buffnlo calves ancl kicl$_ 

3_ To study the eff€-ct nf afl.:ltoxi,\ en nitrogen dyna­

mics in cattle and bllffalo. 

4. To investigate the tissue di;~tribl~i)n an~ excretion 

pattErn of aflatoxin~; ir. lacl.ati:l'l 9·)<)ts. 
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8.1 EFF'ECTS OF APLATOXIN ON l N V] TRO RUt'1EN MICROBIAL 

ACTIVITY AS INFLUENCED BY DII'PERE'IT SEVELS OF SELENIUM 

An in vitro exp~riment 'W~,.=, conducted to study the 

prot~ective (,[feet of :::hrc2 lovnls o~ .;elr;tlllm (0, 0.25 

df.1aloxin (0, O.?') .1no"] 0,5 ppm) on rumen microbial 

activi.ty. A male l'lurrah bllffalo calf aged 3 years and 

wci~11ing 350 kg fitted with a permanent rumen fistula 

SE'rVI20 as the donor of run!)n liquor. ~1cDou{ all's buffer 

\,'as u.sed in the medium. Callulose iu,d 9J'J:05e served 

ClS cat-bohyurate source, and u'Cpa art:' amfn<)t i'Jm sulphate 

were usod elf; the source.-? O.t nit t-OgC'1 for t IE' growth of 

microbos. 35 '0 
~Ja 2 S 4 c.1c~i2r- fre.), raclic-isotr pc- was added 

1n the medium to study thE' incotporat iOll of sulphur into 

microbiul protein. The fErmentation \·:a~i cC\r·~_.ed out for 

2~ h CIt 39 ! lOC with ;::0 rn.'. SHL :.n a 150 [711 "cnical flask 

fit.ted with tight rubber cod: having Bl.nsen qas release 

valve \Jnd~r anaerobic conditions. 

The r0sults \·Jith three respectivE selorlium levels 

without Llflat0xin \,'ere: cE.l1ulose :1isClp?eurance (%): 31.64, 

30.91,30.42: TVPA prodvctic'rl lm/'l/lOO r1 .';RL): ;' .. 18, 2.20, 

2.20 ; microbial proteirl syrlthesis ( og) : 20.<}9, 19.53, 

-I C 

-JS-incorpol-atiofr irlto mict'()bial pr~tein , %): 30.65, 

2g.90, 29.40. These n~Stllt:3 indiclte1 thut 'Ione of the 

s01cnium levels IJ.~c,d in this :~tuc1y h;1<'i <iny ,?ff 'ct on rumen 

microbial activity. Lates at 
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0.:%5 ppm aflatoxin wil:h diffc'rE'nr 1 (\1 ,1:3 ~1f selen ium 

,",'<21:(> 21..17, 16.8'7 and ] 7 .();~ pce CQill: whil. the values 

were ;:>0.66, 12.32 and 15.43 per ;~ent Olt 0.5 I!f:m aflatoxin 

in the urtificial curnen, .sh':l .... ing J:1ercellt lnhib:tion ranging 

from 33.09 to 46.68 at 0.25 ppm lev~. and 31..70 to 61.06 

at 0.5 ppm aflatoxin level, 

Total volatile filt~y acids ('oncentrc.tion values 

at 0.25 ppm uflatoxin \"ith differen: lelre![' of selenium 

were 1.08,1.06 and 1.07 mM/IOO 111 SFL, \.Jhil~ the values 

were 1.11, 0.81 and 0.33 at 0.5 ppll ~lflat( xin. These 

result~; indicated percent inhibition [t:"0~n 50 L.6 to 51.38 

at 0.25 ppm level and 49.08 to :3<1.£:6 \liLlI 0.:. ppm level 

Net microbial pr-ot1dn ;:;ynthesi: at 0.: 5 ppm afla-

toxin W,J,S 9.84, 6.9.1 ancl 9.S7 mq, wt,il( thQ '!"tIues were 

7.59, 3.59 and :L60 me; ">t 1).5 ppm aflatoxil level. The 

corresponding inhibition with diff8rerlt levels of aflatoxin 

~1nc1 :3elenium were 53.12, EE.98, 54.4' 63.8· 82.90 and 

82~85 respectively. Incc:[O[ati.o1 of 3)S in () microbial 

pl~oLein \.,I.)S 20.lG, 15.86 ulld LG.E,;: at 0.2::; p )nl aflatoxin 

wh:ile the values ',,'ere 19.63, 11.1J al.d 14.·1: o.t 0.5 ppm 

aflatoxin. The cOl:"rcspcndlr.'1 inhibiticn :11 
35. . :)'-lncorpora-

l~~e:s ()f selenium 

\.,Ias 34.23,48.25, 45.77, 3~j.ll9, 63.10 elld ::).79 

These results tho .t rume \ microbial 

,lctivity estimated in ,:e:-m3 of ,:ellulose di ;2ppearance, 

total volatile fatty acid concelltt'at .on, ne' microbial 

pl.·otein :::;ynthesis and 3 " ,) :;··incorporat lor' iqt) microbial 
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protein was significantly o02pressed (r-~-:::' 0.01) as a resul.t 

of aflatoxin toxicity on thE' rum,~n microbes. It was also 

f'vidpn\" that different level.s 0f selenium uEed in this 

:;;tudy did nor. protect thE! rumen microbe~ from the adverse 

pffoets of aflatoxin. 

E:xperiment 2 

8.2 EfFECTS OF AFLATOXIN ON (RON'l'1 IN KH'S AND ITS 

INFLUEKCE ON FEED CONVERSION EFFICIENCY 

Twenty four male gro\.Jing kidt cf Alp .. ne, Saanen 

and Beetal crosses were divided into t1 group5 of 6 kids 

each. One group was maintained ,,$ c(·ntJ.-o] gC()UP (1) and 

other three groups we,'e te() 'lfL,t(lx III dt O.)t 0.6 and. 

1.0 ppm (2 to 4) respE~cti\lely or the r'i':si,- d t.heir dry 

matter consumption for il pel"ir)d of Ih ~~e~s. l,'iepkly weight 

gains and feed intake werE tecordp.] dllrinc; this ~)eriod. 

The average daily welgtlt gain (q) of kids in differ­

ent treatment groups: Gr.O"Jp I: ',72.6:::, Group 2: 58.36, 

Group J: 47.15 and Group ·1: 3).lc6 ir<iicl:Iting decline in 

weight gain wj,th increa,;Q 1:1 aflaLoxin dosage. The effect 

of i'lf1aloxin was not nc,ticE'd In dny group upto 11 weeks. 

From 12 weeks onwards, thE kids of group 4 showed a 

depression in weiqht gair (P< ( .05)' Clnd fran 13 weeks 

onwards 1n group 3. CllmllLltive \leeklj height gains were 

acc()rdingly less and vari(~d IJith the ::losa']e of aflatoxin 

toxicity. Dry matter consumption did not v/lry si~nificant1y 
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~mong various treatment ~Iroups. 

imp2lit:"co metabolism of nutr'ientl3 at the> absorption site 

or ut the tissue level ,",'hiel", r0~ult(?(1 in retarded growth 

and reduced feed effici(~ncy. Feed to gE,in rat ins in differ­

(lnt treatment- groups ,,'ere: Group 1: 8.95, G'CCU? 2: 10.48, 

Gt-OllP 3: 12.60 and Group 4: 17.39, iwli'-:::alinJ higher dry 

matter consumption per unit live \"'ej911': gain 1; ith increase 

111 ."lflatoxin levels. 

~ci9ht gains in differe'lt ]!-OUPS, !\'ident that 

0.14 ppm aflatoxin level might be ~afE' for kids since 

at this level the daily 'leight gain of 67 9 was not 

different from a gain of 72 9 in c')ntroi group. 

Expr:-rirnent 3 

13.3 EFFECTS Of AFLATOXIN ON Hn1Ut;C~~LC8ULIt STATUS OF 

BLOOD AND GROWTH IN BUFF~LO Ci\LVES 

Twenty four. male ~u~r.all huff31c calves, weaned 

at birth were randomly disttihut~'d i.! :~(~ 4 'd10Ups of six 

calves Gach at 10 days of ag(~. Group 1 served as control 

Hhilc thf~ other 3 groups (?-,~) were f((J olflat~)).in at 0.3, 

0.6 <.lna 1.0 ppm respectively on the ba~,is cf their dry 

multer intake through milk (10 d3;YS (,f age to 15 weeks, 

PhasG r) or concentrate mi)-ture plu;: (ireen fodder (18 

v..'ceKs Lo 30 .... ,eeks I Phase I [) . F:)rtni?htly bleod samples 

were collected for the analysis of immLno~lobu/in in Phase 

T and weekly body ,,'eights hcce takEn to as:;e.'3S i-r_cit- growth 

L"1tC dlldng both the phaEeE. 
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U.J.l 

The initial V.:1JU€.; c..f. Ig (mg/rlll blo')(! serum) on 

do.y 10 were 25.39, 2El.59, 2J.7;:>J and ):1.82 cespectively 

1 n 4 groups ~"!h i c h \.Jere n·J L dj[[erl2n'~ i;t <'l t i:· tically from 

eAch other, but there waE; " signi ficar, t: ( p ..::. ) .01 ) decl ine 

w 19 1(>v01 Hith incrementaJ increase j !l afl I Lox in 1 ev el . 

Tile, cloc} inc in 19 level ir: blooc S0r'lm of buffalo calves 

stanecl from day <10, 55 <'lfld 100 Ot ,~\g2 gi' en aflatoxin 

at ] .0, 0.6 and 0.3 pp.11 lc!vel resp2ctivel J • The mean 

Ig concerltration (mg/ml blcloJ :;erulo FBS 29.21, 21.67, 

17.03 and 10.51 in 4 groups L,'>sP2ct:!voly. P'''cbably afla-

toxln Elffected the intrinsic s)!lthe: l::O ·,)f ~:latoxin in 

these groups which led to continl'ous )C'clilJ'..o in 19 level. 

'The effect was more pronouncoLl at hi~ llel· l(~'! ":.3 of afla-

toxin than lower level. 

8. J. 2 Effect on grmlth r;:~~:"""'::...!:I(l_~.~.5~~~"""<:~E.! . .Y~_~~~ 0._efficiency 

(Ph0.se I) 

The averagr, daily \-I('igllt gaili '9) ·n different 

Grou(J 3: 264.3 and Group Ij: 21)~~.·;, ifl.!;CILil;\] Ule decline 

in \.Jei~Jht qain with inCl"e"lsi: in ,)fl"to: in le'/col:;. Stat is-

tical analysis of th(' data indicatcr] '~lllt \ .. " E:kly weight 

gains were significantly l~educ,::!d .p,,~: OJl) f em 3rd week 

onwards in all the aflatoxin fed g)·oups ·~l:ll\uLIt.ive weekly 

\.Jcight 9<1ins wc-re accot·u;nqlj' le~s al d var-i\ d with the 

Jpv('d of nflato-xin loxicity. 

F >ed to gain 

rCltio:3 ""ere: Group 1: 1.3 L" Gr·~I.:p 7: 1.6:, Gt"ll(J 3: 2.14 
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and Ct-oup iJ: 2.69, indicatinc:r higher d;:,! llatte!:" consumption 

rot" unit \,Icight gain \-li:~ lnCr(;ase in af12t:)xin level. 

'I'h cough regression analysis of daily woight gainsl it 

\-121.05 In[en:-ecl from gro1,Jth c\~rve that 0.13 rpl1 aflatoxin 

might he safe for pre-t"umin,lnt buffalo c,d.ves. 

B • '3 • J Effect of aflatoxin on growth and feed conversion 

effic:ency (Phasl! II) 

The effo?ct of feeding aflatoxin ::m b\~ffalo calves 

(post-r:uminant stage) ',..,ao: studied fo~ 12 \-leeks, keeping 

tl'~ same grouping as in Phas0 I. The average daily weight 

gcJ.ins (q) in different trccltmen:: gn'llp:; \"('t"e: Group 1: 

·100, Group 2: 295, Group 3: 2~5 .'l;rcl Gn'llp 4: 2()2,indicating 

i1 dc'clinc in weight gain ""ith the i),cr.:>asQ in aflatoxin 

level. l\nalysis of vaLi,anee of the d,ILl re'lealed that 

weekly weight gLlins WErE cE'duc:ed flCIl: 4th \.J(~ek on\.Jards 

in grours 3 and tj and fro]1 9th . .Jeek omlards 2,n group 2. 

There- \-Io.s no effect of f(:0(1ing afla :oxin on dcy matter 

intAke. reed:gajn ratios werE' 6._5, B.62, 11.41 and 12.10 

in 4 grollps respectiv(?ly. i.ndicating higher- dry matter-

consumption per- unit weight g,;(irl with incredse in aflatoxin 

1 ov e 1. The safe level of anatoxin cstimatec by drawing 

Ll I~egr(>ssion line on the basis of S rO~lth ~:.3.S found to 

he O . .\. 5 ppm. 

.s i rH'C' there \.JC\ s l"i') diffC',~ence i.. th 0" intake 

(ll clifLcrent grou[:'s in bo t i. phas~s. . c \'-"'a:= hus deri ved 

tfltl.t impLlir!?d melclbol iS11 oe nutl.·lcnli a ~ lh( absorption 

sit,l' 0r utilization at the ':isslle 1E" ('1 \,';)S tesponsible 

f0r r('L"lrdccl grow·th and l~e'~!llCc(l [(~(;'d p[(ici,cn'~y in buffalQ 

("il,lvc~; fcd graded levels of a (L1.to): In. 
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Expet:iment 4 

8.4 EFFECT OF AFLA'l'OXIN ON NI'rROGEt\ DYNAMICS IN CATTLE 

AND BUFFALO CALVES FED DIFI?EREKT LEVELS OF DIETARY 

PFWTEIN 

An experiment ~"as conductEd on 8 male t'umen fistu-

lat.ed, i.e., 4 ci:lttle anll 4 buffalo :::alves and completed 

Four ct'os~bred calv(~s ',-,en? assigned to 

c;UJUpS 1, 2, 5 and 6 i.lnc! ::::1:11i1'11"1y 4 bl Efal, calves were 

ClJlottc(] to <]roups 3, 4, 7 Llnd 8, onE i'lllimul l"epresenting 

(~i1Ch qroup. All the ani~als ~'ere fe,q on concentrate 

mlxt-urc, fodder .)n,j wheEt .sl L-ut! to meet their 

nutrient A'1imals in 2, 3 and 

optimum protein (OP) in rh0S(~ II, \-l1i1e the animals in 

(Jroups 5, 6, 7 cHid 8 were provid(>d optimum CP (or) in 

phaSe: I and 51.47 per cent less prote tn (LP) than optimum 

in phase II. In addition, animaLs ir g,-OU[,)5 :~, 4, 6 and 

8 we .. e given an ol:al desE. of af13toxir @ 1.0 !)pm of their 

dry [nattar intake. 

Pha,>e I 

8 . .:} . 1 

After adapting the a.r,irr.al.=: for ': pt'Clod clf 40 days, 

i) metabolism trial was conducted to 2: tirwte Ue digest i-

bllity of nutrients. T~e digestibilit)" coefficient of 

ml, O!<1 and cr.ude protejn wet"(;~ in GrOlp 1: 6'9.88, 72.62, 

71.37; GLOUP 2: 64.45, 68.03, 73.8:; Group 3: 69.70, 
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72.4(., 73.86; Group 4: 67.60, 71.21, 73.48; Croup 5: 63.27, 

66.03,64.43; Group 6: 66.?9, 69.44, 64.93; Group 7: 69.22, 

72.7S, 69.06 and Gr-oup E-: 6:3.18, 72.16, G8.1J, The results 

indicated that aflatoxin t,ad no effect en th0 digestibility 

of thQse nutrients. However, the (igestibility of crude 

protein ~"as more in both the species fee higher level 

of protein. There was n~ silecies diJfel~ence :_n the diges-

tibility of crude protein. T1C dj.QC;>3tibi 1.:ty of other 

nutrients was 2l1ike in all t~e gr-oup.s 

8.4.2 Nitrogen balance ;5tudies 

The average N ln1:at:es weJ:e 17?J .35 and 125.86 g/day 

respect ively in HP and 01' fed grOUt s wh ieh indicated an 

average of 42.5 per cent more N iltake in groups 1-4. 

The data revealed that out of 179.8, 1~9p8, 179.8, 178.01 

126.5, 125.46, 126.0, L2').S '3 N lntak,· p,)r d<l~' respectively 

in gr.oups 1 through 8; 51.47, 47.(, 47.0, 47.2, 45.0, 

<14.0, 39.0 and 40.0 0:: 0f nitrog-en ,,"LIS 0XCt ,ted daily in 

the faeces. the n:.trog.,n p.xcrd ion pattern 

thr.ough urine was 55.2.'J, 59.40, 32.1'/,::'9.24/ 34.30/ 38.66, 

23.09 and 32.83 as pet· ::e'1t of nitHger int.lke in groups 

through 8. Corrcsp:>ndingly. nitToqen . etention was 

29.07, 25.99, 39.'), 25.4C, 31:;'10, 32.95, 5'1.9 and 44.30 9 N 

per day amountin9 to IE.J7, 14.45, 21.69, 11.27, 30.12, 

26.27, 45.95 and 35.30 per c(:nt of nit~0gen int·)ke. Results 

indicated that aJI thE anim31s ',>ere in positive nitrogen 

balul1c(> but N balances (g/cl) Here mO'8 in be ffalo calves 

as compared to crossbre:l calves. ~'he qllan :ity 11' N retained 

wos Jess In aflatoxin the species 

irres!1p.ctive of level of prc,t0in. 
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and 

The daily dietary U'ed )"equiJAGments .... 'ere divided 

into six equal parts and \"'\.~re fpd at t\.'o hOlll"ly interval-'l 

dut-ing first 12 hours of the day for 10 days. after which 

51 
C r-EDTl" and l' . [\J-awmon lurn sulphate were administered 

into the; rumen of each <Inimal as " single injection. 

Samples of rumen liquer, urine and ~lood were collected 

at different time intervals to study the effe~t of feeding 

aflatoxin on water and ammonia flow ft"om t'l<~ rumen and 

nitrogen dynamics in these animals fed HP or or diets. 

8.4.4 Effect of aflatoxin on "rat.er a'ld ammonia flow from 

the rumen 

Using 51 Cr-EDTA, the t~tlmen vO.1umes in the animals 

""ere 37.70, 56.0Q, 45.38, '.)5.~1'), 45.'71, 5-1.9:), 50.46 and 

-13.77; r.umen fluid outfLO'h l'atcs ,,'ere 87.:34, 90.20, 105.90, 

123.70/ 93.95, 88.14, nS.t',8 and 10778 l/dbY 1n groups 

1 through 8 respectively. Corres!.=,ondirg value;.i for ammonia 

outflow from rumen fluid \,f,?r.e 19,39, 21.87, ;7.85, 29.07, 

10.09, 12.08, 9.3::i and 12.1g 9 N/d.),) , indic,)1:ing higher 

outflow of ammonLJ-N in HF ['GO 'JrourE (1 t::: ,i), related 

to higher nitrogen intake. 

e.4.5 effect of aflatoxir. on kin(tics of ammc La in rumen 

i..lnd blood of calve,:; and buffal,) calve~ fed HP and 

OP diets 

The values o[ rllm~nill··tm 3 pool 5iZ<2 .:n different 

groups \,fere: Group 1: 4.63, Group 2: 3.9E, (r('up 3: 4.87, 
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Group 4: 4.32, Group 5: 2.90, Group f: 2.'30, Group 7: 

2.83 and--Group 8: 3.06 9 N. Tile run,jn~II-NH3 entry rates 

were 27.35, 30.36, 37.12, 36.47, 18._~6, 21.23, 20.21 and 

19.76 9 Niday L'uminal-NH] iLTeverEdblE' los:' rates were: 

19.01, 21.35, 25.77, 26.91, 12.59,14.09, 12.74 and 13.25 9 

Niday and recycling rat0s 'v.'Qt"e 8.34, 9.01, 11.35, 9.56, 

5.67,7.14,5.47 und 5.51 <;I Niday 1n group!; 1 through 

8, respectively. 

The values for rlJmi.n31-NH
3 

contl ibllt.ion to suspended 

b<lct<:::rial-N, plasma urea-N and uril ar~I-N l~ different 

groups were: Group 1 : 42.85, 36.3,3, 34.15: GrGup 2 : 38.41, 

39.17 J 38.20: Group 3 : 38.62, 39.45, 2(; .4;: : Group 4: 33.75, 

38.40 t 25.4<1; Croup 5 : </9.8.:, 32.)(), )C . :;~' ; (; c' up 6 : 50.62 I 

30.25 I 23.85 ; Group 7 : 47.2'1, 29.<10 , 1 G •• 11 "rd Group 8: 

49.42, 35.85 and 19.80. 

Higher percent incorporation cf rumina L-NH3 into 

bacterial-N In or fed group~ as c'ompaled to HP fed groups 

irrespective of aflatoxin int3.ke, incicat,j a better 

utilization of N by rumen microbes, "11'1(' I Ie: s dmount of 

N was available. Similacly, pl2Slf:i:l Jru:j-N lccived from 

rUII,inLlI-NH
3 

was higher ;_n animals fGcl HP diet[:' .15 compared 

to or feil groups in both thE speci.Js, wi.thout any aflatoxin 

effect. Results also i.ndicated l:i1dt huffalo calves were 

superIor to crossbred calve.co more posi-

tive nitrogen balances; and perCEnt N utiliz2tion of the 

absorbed was better in ti.s~;tl(:s wit.h bot)' n"qimer,s. 
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Phase IJ 

8.4.6 Effect of aflatoxin on digestibility of nutrients 

Digestibility of all th.? nutrients v'as less in 

LP fed animals, irrespective of species and aflatoxin 

intake. 

8.4.7 Effect of aflatoxin on nitcogen_~balanc€ 

The avet"age N intake (g/day) ""as 128.67 and 62.49 

respectively in OP and LP groups, .,hieh incicated that 

51.47 per cent less nitt-agen was pt")vided to animals in 

the latter groups as compared to 0.' qroup.s. The data 

revealed that out of 130.11, 123.U2, 132.80, 12Q.lO, 61.72, 

62.93,62.30 and 63.0 L :J N int'lke j:er day .:-,?spectively, 

45.63, 43.7'5, 50.0, 44.32, :\7.50, 36.89, 34.:n and 33.0 9 

Niday was pxcreted dil:ily :in ttl1.' faece:: of grodps 1 through 

B. Likew.isc, th(-" nitrc'gE'n p.xcretion 112tr;~rn through urine 

was 45.[-11, '52.84, 33.':·1, 39.55, 'n.27, 40.76 34.5] and 

through 

8 . Ij.({5, 14.27, 

-{8.3u, ::U.b6, 1.22, 0.,18, Ei.IJJ, l..Fl ,1 ~/day, the values 

amounted to 19.10, 11.(iO, 28.>34, 26.01, 1.':18, 0.76/ 10.32 

And 4.43 per cent of thc· N 'ntake. 

Inspite of providin'~ 51.<17 pe~ cent ['"55 protein 

'.! LP qt·oups, the £\n ima1 '> llo~~ed p:·sitivC' ~I balances, 

thougll the values Wf!rC lTl.lch hjg~er i 1 C'P gr()LpS in both 

It also appeat~d fro~ tfl~ data th3t aflatoxin 

[vel to decrease in nitl.'0geI1 ba1anc('s in both the species 

of animuls irrespective of di.:;,tary Pt-ot·~in intaiu'. 
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8.4.8 Effect of aflatoxin on water and ammcnia outflow 

from the rumen 

Rumen vol urnes as estimatec. by using as 

a mu("ker were: 39.50, 57.45, 48.50, 56.40, 45.50, 55.20, 

51.0 and 43.50. RUmen fluid outfleld cates were 85.40, 

95.20 I 101.40, 120.60, 92.50, 90.00, 91.50 and 110.25 

l/day in groups 1 througtl 8 respectiv,~ly. The values 

for ammonia outflow from rumen fluid wet"e 11.72, 12.06, 

14.20, 17.13, 5.70, 6.48, :;.23 and 6.BG :;J Niday in groups 

1 th rough 8 respectively, indicating a0ain that higher 

N outflow in groups 1 to 4 was relilted ~o higher N intake. 

8.4.9 Effect of aflatoxin on the kin~tics of ammonia 

in rumen and blood 

The r~minal-NH3 pool sizes irl diffEcant groups 

were: Group 1: 3.30, Group 2: 2.85, GrO"lp 3: 3.1?, Group 4: 

2.90, Group 5: 1.94, Grour:- 6: 1.81, I';roup ': 2.16 and 

Group 8: 2.23 9 Niday. 'l'hf! valUE'S fa: tumin~,1-NH3 entry 

rates \.;ere 25.87,24.07,21.0:-, 19.65, 15.26, 13.45, 15.44 

and 16.57 g Niday; rumina1-KH 
3 

it-rev?rsib1e Joss rates 

were: 14.48, 18.06, 12.95, 12.86, 9.E7, 9.35, 9.56 and 

11.05 g Niday and recycling rates were 11.39, S.OI, 8.10, 

6.79, 5.39, 4.10, 5.88 and 5.52 q N/cay in ~!roups 1 to 

8 respectively. Higher v·~lJ€s for rUllln,Il-NH 3 pool and 

ruminal-NH
3 

entry rates Ln grc'll[)S to 4 "ere- due to more 

protein int()ke and aflatoxin did not dfL'cl 1 hese para­

m0t(~rs. 

The values Po.", Cf'llt c· ntribution 

to sllspended bactet-inl-tl , plOlsma ur0~-N and urinary-N 
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in different groups wer~: GroLlp 1: 52.64, ,(.38, 24.35; 

Group 2 : 51. 50, 39.46, 28.20 ; G.ro'Jp 3 : :,3.60 J 3.~ .56 I 18.20; 

Group 4 : 49.54, 33.48 I 24.45 ; GrO!lp 5 : 61.75, 2').15, 20.75; 

Group 6 : 65.87, 22.28 I 2S. 78; Group 7 : 70.7G, :~8.20, 19.47 

C1nd Group 8 : 71.87 I 19.7.6, 28.32. 

Results obtained in both t.he phases indicated that 

there \.Ius no effect of feeding aflatc,xirl on digestibility 

ot nutrients. Digestibility of nutriE'nts was more in 

groups fed OP diets as comf:.ared to l.P Jroups. Nitrogen 

balances (g/day) ""ere positive in aU the ani:nals irres­

pective of level of protein and specie~ nitronen excretion 

through urine (g/day) w~!s mort", in calves 2nd buffalo calves 

f0d aflatoxin. 

ci11ves 5\10l-.,1n9 more positive N balanc( _ ;fI{J t 2:ter utili-

zation of absorbed N. 

Results further showed that cont:ibution ·Jf ruminal­

Nfl3 towards bacterial protein and pla::ma ured-tl synthesis 

was inversely and directly related with th(! nitrcgen intake, 

respectively indicating bc,tr:er ut Uiza:ion of !-uminal-NH
3 

wh(>n less N ,.,ras available. Tile ::ontribution of ruminal-

NH3 towards urinary-N was more in a 1im::lls F,,·d HP than 

OP; and optimum protein fed cinima:~s had n,ore ccntribution 

of rumjnal Nf-1
3 

towards th(?il: urinary-N th~in LP fed groups. 

!\flLltoxin led to more exct-eLi:H! 01 rurninul Llmn.:J1ia-N into 

urinLiry-N and that too mat"a in cat tIe thd'1 uljf [.110 calves 

fcd any level of protein. 
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Experiment 5 

8.S TISSUE DISTRIBUTION AND EXCRETION PATTERN JF AFLATOXIN 

IN LACTATING GOATS 

Experiment was condlJcted on 12 lact3ting goats 

divided into 2 groups. All the goat~ 1,..wre f:cI on concen-

tratc mixture and green maize. In additi(Jn, goats in 

group 2 (experimental) WE're gi~en Ifl1tO~:i I @ 1.0 ppm 

of their dry matter intake. After :ldaptin~ the animals 

on this dietary regimen, a metabolisrr t!."i;ll TeIS conducted 

to know the digestibility of nutrient t~. Afl01:" the meta-

bolism trial was over, 3 goaLs from tJ (, 2xpc1-'i.nental group 

were given 3 
·H -AFB 

1 
(200 )-lei/goat) anc Ci.ct"eticn of radio-

activity was studied at different ho'n's in '-aeces, urine 

and milk upto 24 hours post-dosing. 1 ftf:r ~4 hours I these 

goats were sacrificed arid varic·us tissues ~,!re removed 

to study the distributicln ot" 3H-AFBl' 

8 .5 . 1 Digestibility of nutl"i~nts 

Results indicated thdt thet"e lola; n"J .:?f' ?::t of feed-

ing uflatoxin at 1.0 ppm lev('l on any c,f thC! digestibility 

of proximate principles btlt dry mattt;t ir:t2ke kg W
O

•
75 was 

signif,lcantly (p <:, 0.01) r,~d1Jccd dUG >.) 2lflato{in feeding 

in group 2. 

8.5.2 Nitrogen balance 

The average N intakE' In gt:"oups 1 ::'Ind 2 was 26,.28 

and 18.32 giday. The delta revEaled that th(:re was no 

effect of aflatoxin on fa2cal N Excret j0r, '.·.'hc calculated 
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as a percent of nitrogen intake. The ~xcl'etion of N through 

urine was 7.83 and 8.56 g/day in groups 1 uHd 2 respec-

tively which was 30.13 and 43.4E per cent of the nitrogen 

intake and indicated a signific,).nt (P<c:--- 0.01) effect of 

aflatoxin on N excretion through urine. , Excretion of 

N through milk was unaffected due ':0 aflatoxin intake. 

Goats in both the groups were in pcsitive N balance but 

the quantity of N balance was significantly (P< 0.01) 

higher in c~ntrol group as compared to aflatoxin group. 

N retained as percent of absorbe8 N a~ such and calculated 

on per kg live weight basis was significantly (P< 0.01) 

more in grou!) 1 than group 2 I indicatin{J poor utilization 

of N due to aflatoxin intake. 

8.5.3 Excretion pattern of 3!:!-AFE'1 

8.5.3.1 Urine: 

The aver?ge excret ion cf r" dioacthity through 

urine in 3 goats was 0.37, .83, 2.7"" 3.39 and 4.57 per 

cent of the oral dose at :~, 6, 12, IS and 2<; hour post-

dosing respectively. ThE' cumulative ex':t"(O'ti-)rJ of radio-

activity in urine in 24 hours ~·ws 12.93 pet"" cent of the 

administered dose. Detecejoll of r"udi·)ilc.:i'.'itl at 3 hours 

post-aflatoxin dosing indic:;:lted a rapjd al sorption of 

the aflatoxin from the gastro-intestinal tract. 

8.5.3.2 Fa eees: 

'I'h e average exct:"E,tion of ra·lio)ctiv~ty through 

faeC0S in 3 goats was 2.03, 5.70, 4.53 and 520 per cent 

of the oral dose at 6,12,18 alld 24 ll(,ur" r~t;pectively. 
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Tho cumulative ex cr.-et 1011 ill 2 -1 hour3 l/tlS 17.51 per cent 
, 

of the administered dO!'ie o( ~H-MT '{he appearance 

of r.adioactivity in faeeE's at 6 hour p03t do.;~.ng indicated 

its faster passage in the gastro-intestinal tract. Faeces 

appeared to be the primary channel of aflatoxin excretion. 

B.S.3.31'>lilk: 

The S{~Cl'el: ion in milk 

1n 3 qoats was 0.05, 0.13, 0.14 and ~l.':) pe'~ cent of the 

dose At 6, 12, 18 Dnd 24 hOUI" respectjvcly. '_ he cumulative 

sccr(~tion of radioactivity in tre mi~k wus u.47 per cent 

of the administered dose, a veey 5i1,111 fr-i'ction, which 

i.ndicated that milk is not the f>rimal y coute of aflatoxin 

excrl2t_ ion. 

8.5.4 Tissue distribution 

The average t"adioElctlvity in I,1ricu:; tissues was: 

.liver: 37.11, kidney: 8.32, sp: een: 1.. f,c,\, 1Jngs: 1.91, 

hE'i"-lrt: 1.36, ovat-y: 0.57, mammury gltnd: 2.-40, pancreas: 

1.18 and gall bladder: 2.83 per cent of Lhc c:dministered 

dose. Livcor was having thE- highe"st ~,-c.('~i(,~cti'.ity followed 

by kidney and oth!?r organ:: \.;ere huvi"IJ the !"adioactivity 

in the lOunge of 0.57 to ;~.i33 pee cent of the administered 

dose. Live!:" seemed to be the primary :;itc )',: aflatoxin 

action where it 'v.'as retained sisnifi("ar.1.1y (v::n upto 24 

hour period. 
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Table AI. Effect of different leveJs of aflatoxin and selenium on in vitro cellulose 
disappearance 

----------------------------------------------------------------------------------------
Treatment 
No. 

Tre.::tment 

So 
(ppm) 

M 
(ppm) 

1 

Ret)licate 

2 3 Average :t S.E. 

--------------------------------------------------------------------------------------------
1 0.0 0.0 27,86 33.55 33.50 31.64 ± 1.89 

2 0.25 0.0 26.77 32.45 33.50 30.91 :t 2.09 

3 0.50 0.0 27.17 31.45 32.66 30.42 + 1. G7 

4 o 0 

" . " '_' • ~ J " ,-.J.b::' 17.32 20.55 21 .17 ± 2.42 

; 0.25 o 00 v. «-_, 22,'34 15.60 12.96 16.87 ± 2.70 

6 0.50 0.25 10·48 19.02 23.37 17.62 ± 3.78 

7 0.0 0.50 14·a5 19.97 27.17 20.66 ± 3.57 

e ~J • L, J V.:JV lL .':11:) 9.15 14.34 12.32 ± 1.67 

" 0.50 D.50 9.16 15.99 21.30 15.48 ± 3.51 

---------------------------------------------------------------- ---_. ---_. -- ----------

x 
x 
x 
~. 

~. 



'Tabl::} , , 
"L . Sffect of different 

co"centration 

levels of aflatoxin and selenium on ~ vitro TVFj., 

--------------------------------------------------------------------~-----------------------

Treatment 
No. 

Se 
(ppm) 

Treatment 

Af 
(ppm) 

Replicate 

1- 2 J Average:': S.E. 

--------------------------------------------------------------------------------------------

1 0.0 0.0 2.25 1.95 2.35 2.18 .:t 0.12 

2 0.25 0.0 2.30 2.20 2.10 2.20 .:t 0.06 

3 G.'.iC 0.0 2.:'W 2.45 1.95 2.20 :: 0.14 

,~ 0.0 0.25 1.00 0.73 1.52 1.08 :': 0.23 

:, 0.25 0.25 0.78 0.87 1.53 1.06 ± 0.24 

G 0.50 0.25 1.20 0.38 1 1;) 1.n? + '1 -:):7 

7 0.0 0.'10 0.93 1.30 8.2~ l.ll -'- C.l:; 

9 0.25 0.'50 1.45 0.35 0.C3 0.81 :': 0.33 

9 0.50 C . .50 0.38 0.03 O.tit.J U.33 ± 0.17 

----------------------------------------------------------------------~---------------------

x 
x 
x 
e· 
e_ 
e_ 



Table A3. Effect of different levels of aflatoxin and selenium on in vitro protein synthesis 

Trea trnen t 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Se 
(ppm) 

0.0 

0.25 

'J.SO 

0.0 

0.25 

0.50 

o 0 

0.25 

0.50 

Treatment 

Ai 
(ppm) 

0.0 

0.0 

0.0 

0.25 

0.25 

0.25 

0.50 

0.50 

0.50 

1 

20.57 

20.73 

21. 51 

14.16 

12.29 

4.43 

5.26 

2.29 

1. 5) 

Repl icate 

2 

24.32 

18.09 

22.60 

7.76 

6.82 

12.13 

1:>.95 

4.95 

4.<?O 

3 

18.07 

19.77 

18.85 

7.60 

4.32 

11.98 

10.57 

3.54 

4.37 

Average :t S.E. 

20.99 ± 1.81 

19.53 ± 0.78 

20.99 , loll 

9.84 ± 2.16 

6.93 :!: 2.71 

9.51 :!: 2.54 

7 . 59 ± 1.37 

3.59 ± 0.77 

3.59 ± 1.08 

---------------------------------------------------------------------------------------------

" " " e· 
< 



Table A4. Effect of different levels of aflatoxin and selenium on in vitro 

Treatment 
No. 

1 

2 

3 

4 

5 

6 

8 

9 

i:lcorpocation 

Treatment 

Se 
(ppm) 

0.0 

0.25 

0.50 

0.0 

0.25 

0.50 

0.0 

0.25 

0.50 

Af 
(ppm) 

0.0 

0.0 

0.0 

0.25 

0.25 

0.25 

0.50 

0.50 

O. ;-0 

Repl icate 

1 2 3 

26.86 32.55 32.55 

25.76 31.44 32.50 

26.16 30.40 31.66 

24.65 16.31 19.53 

21 .04 14.60 11.95 

9.48 18.02 22.36 

13.84 18.96 26.16 

11 .95 8.15 13.84 

8.15 14.98 20.29 

35
5

_ 

Average ± S.B.. 

30.65 ± 1.90 

29.96 ± 2.09 

29.40 ± 1.66 

20.16 ± 2.43 

15.86 ::t 2.70 

16.62 ± 3.78 

19.65 ± 3.57 

11 .31 ± 1.67 

14.47 ± 3.51 

----------------------------------------------------------------------------------------------

x 
x 
x 
< 



Uable AS. Weekly body weights of kids fed different levels of aflatoxin 

~
reat­

ent 
rou£Y 

Kid 
No. 

In i­
tia 1 
body 
wt 
(kg) 

1 2 3 4 5 6 

WEEKS 

7 8 9 10 11 12 13 14 15 16 

Galn 
in ,.,It 

( kg) 

.------------------------------------------------------------------------------------------------------------

~
roup 

(0 ppm 
f) 
ant ral 

(

roup 

0.3 ppm 
f) 

AB 674 10.2 10.5 11.0 11.5 12.0 12.3 13.0 13.6 14.4 14.0 14.6 14.8 15.2 15.8 16.0 16.5 17.0 6.8 

AB 678 

AB 681 

AB 689 

ASB 419 

5B 297 

!~B 676 

.lI.9 632 

AS 692 

-" 

SR .:'1.20 

11.0 

11.2 

11.8 

11.0 

12.2 

10.6 

11.0 

11.0 

..L..L .v 

}! .6 

11.2 11.4 11.5 11.8 11.8 12.4 12.7 14.0 13.5 14.3 14.7 15.1 16.0 16.4 17.0 17.4 

11.5 11.8 11.8 12.1 12.4 13.6 14.0 14.4 14.8 15.2 16.4 16.0 17.2 18.0 19.0 19.2 

12.3 13.0 13.4 13.9 13.9 14.2 15.0 14.4 15.4 15.8 16.4 16.6 17.6 17.6 18.8 19.0 

12.0 12.5 13.4 14.3 14.S 15.5 16.2 17.0 17.3 lS.3 1S.4 18.6 19.2 19.8 20.2 20.4 

13.0 13.8 14.7 15.3 16.2 17.5 18.0 18.2 19.0 18.S 20.0 20.2 21.0 22.6 23.0 23.2 

11.2 11.8 11.5 11.7 12.6 12.4 13.4 14.4 14.2 14.8 15.0 15.0 15.8 16.2 17.0 17.4 

ii.6 12.5 13.2 13.9 14.3 15.8 16.0 16.2 17.4 18.4 18.0 18.0 20.0 20.0 20.420.6 

11.4 11.8 12.8 12.8 12.8 13.0 13.6 14.0 14.0 14.2 14.2 14.6 14.8 14.8 15.0 15.2 

~~.q ~~.H 12.0 12.3 12.0 12.8 13.6 14.0 14.2 14.7 15.3 15.6 16.0 17.0 18.0 18.4 

11.S ,_ 0 

J.':'.u i2.4 12.8 13.0 13.4 13.8 14.1 14.4 14.7 15.0 15.4 15.8 16.2 16.8 17.2 

6.4 

8.0 

7.2 

'3 • .4 

1 1 " ..L..L .v 

6.8 

9.6 

4.2 

7,4 

5.6 

S8425 11.2 11.6 12.0 12.2 12.6 13.0 13.4 13.8 14.0 14.4 14.8 15.1 15.4 15.S 16.0 16.4 16.8 5.6 

._----------------------------------------------------------------------------------------------------------
contd ..... . 

x 
x 
x 
< 
e· 



contd ..... Table AS 

-------------------------------------------------------------------------

Treat­
ment 
group 

::;roup 
J 
(0.6 
ppm A f) 

[

COUP 

1.0 
pm Af) 

Kid 
No. 

Ini­
tial 
body 
wt 
(kg) 

1 2 3 4 

WEEKS 

5 6 7 8 9 10 11 12 13 14 15 16 

Gain 
in \",t 

( kg) 

AB 680 11.0 11.3 11.8 11.5 11.8 12.5 13.4 13.8 14.1 14.014.4 15.4 14.6 15.6 15.8 16.0 16.8 5.8 

AS 688 12.4 12.8 13.2 13.6 14.0 14.4 14.6 15.0 15.4 15.8 16.0 16.2 16.4 16.8 17.0 17.4 17.8 5.4 

A8 691 10.0 10.2 10.7 10.5 10.8 11.0 12.2 12.2 12.4 12.8 13.2 13.4 13.2 13.8 14.0 14.6 14.8 4.8 

SB 298 10.8 11.0 11.5 11.3 11.0 11.2 11.5 11.5 11.3 11.4 11.8 12.0 11.6 12.2 12.2 12.8 13.8 3.0 

ASB 418 11.0 11.5 12.2 13.0 13.5 15.0 15.0 15.0 16.0 15.8 16.2 16.4 16.6 17.2 18.6 19.3 19.9 8.9 

ASB 424 11.0 11.4 12.0 12.6 13.0 13.5 14.0 14.0 14.2 14.2 14.8 15.0 14.4 14.4 15.0 14.6 14.8 3.8 

AB 677 10.8 11.2 11.6 12.0 12.4 12.8 13.0 13.4 13.6 13.8 14.0 14.4 14.8 15.0 15.2 15.6 15.8 5.0 

AS 685 

AB 693 

SB 296 

1 1 .? 

9.2 

10.8 

11 <:; 12.0 ::':::.2 12.C 11.5 12.3 11.4 12.0 12.3 12.6 12.8 12.6 12.8 12.4 12.8 12.8 

9.6 9.S Q.8 10.2 9.8 10.4 ~o.o 10.4 10.2 10.4 10.6 10.2 10.3 10.6 10.6 10.8 

11.4 12.3 13.2 14.0 14.2 15.0 15.2 16.2 15.6 16.0 16.2 16.4 16.2 17.0 17.2 17.4 

1.6 

1.6 

6.6 

ASB 423 11.2 1].~ 12.0 !1.8 12.2 12.7 13.8 13.0 14.0 14.2 14.4 14.8 15.0 15.2 16.2 16.8 16.2 5.0 

.">SD --. "~o Ij.2 13.5 13.9 13.7 14.0 13.5 14.3 14.0 14.2 14.0 13.8 14.8 14.4 14.6 15.0 14.8 15.4 2.2 

-----------------------------------------------------------------------------------------------------------
x 
x 
x 
< 
e­
e· 



Table A6. Effect of feeding aflatoxin on immunoglobulin level in blood serum {mg/mll of buffalo 

calves 

Treatment 
grout=> 

Group 1 
(0 ppm At) 
Control 

Group 2 
(0.3 ppm Af) 

Buffalo 
cal f 
No. 

3157 

3158 

3161 

3166 

3186 

37.06 

3153 

3159 

3169 

3176 

.$1 I':) 

3184 

10 

13.12 

49.68 

24.88 

6.10 

17.33 

41.23 

44.06 

18.75 

15.93 

7.50 

46.86 

38.42 

25 40 

27.89 36.92 

41.25 38.43 

42.09 44.00 

10.32 20.72 

25.77 3?80 

35.61 2:;' .55 

41 .25 32..81 

27.19 23.67 

31.40 2S.06 

12.60 13 .11 

38.42 27.17 

7.49 27.17 

Age (days) 

55 70 85 100 

52.48 59.52 60.92 35.61 

27.19 27.19 29.98 29.98 

35.61 27.16 25.77 27.16 

14.52 14.52 18.74 21.55 

27.17 18.73 21 .55 21 .55 

21 .55 21.55 18.76 15.93 

27.17 24.36 17.37 20.14 

18.73 31.39 27.17 28.42 

25.77 20.99 3').61 , " . a ':( 

13.11 25.77 6.08 8.90 

13 .11 15.93 18.73 13.11 

20.14 18.76 15.93 10.?('; 

--------~-------------------------------------------------------------------------------------------

contd ....... . 
x 
x 
x 
< ". 
"­
"-



contd ......... Table A6 

Buffalo Age (days) Treatment 
group calf --------------------------------------------------------------------------

No. 10 25 40 55 70 85 100 

--------------------------------------------------------------------------------------------------

3154 49.68 44.06 35.62 22.97 18.74 17.33 17.00 

Group 3 3165 7.50 7.50 11.72 9.60 6.08 15.93 13.11 

(0.6 ppm Af) 3172 24.36 24.36 13.13 10.30 10.30 13.11 7.49 

3178 15.93 15.93 27.17 13 .11 15.93 11. 71 10.30 

3189 32.80 27.75 31.39 24.36 18.74 17 .33 14.52 

3213 12.43 13.11 15.84 18.74 10.26 9.35 7.49 

3237 24.36 18.74 10.30 13.11 7.49 8.39 7.50 

Group 4 3238 21. 54 10.30 7.49 9.30 7.50 7.49 8.88 

(1.0 ppm Af) 3244 27.17 18.74 10.30 9.93 7.48 10.30 10.30 

3245 24.36 20.14 10.26 9.26 10.20 7.49 4.59 

3246 18.74 15.93 18.74 10.12 10.32 13.11 7.50 

3247 32.79 18.74 10.26 10.10 18.74 7.50 10.25 

--------------------------------------------------------------------------------------------------

x 
x 
x 
e· 
X 



Table A7. E f f ect of feeding aflatoxin on weight gain in buffalo calves (Phase I) 

------------------------------------------------------------------------------------------------------------

Treat- Buffalo 1ni- h1EEKS Weight 
------------------------------------------------------------------------------

ment calf tial gain 
group No. body 1 2 3 4 5 6 7 8 9 10 II 12 13 (kg) 

wt 
(kg) 

------------------------------------------------------------------------------------------------------------
3157 38.0 39.0 42.5 45.0 48.0 5].0 54.0 57.0 60.0 63.0 66.0 69.0 72.5 75.5 37.5 

Group 
3158 40.0 42.0 45.0 48.0 5],0 54.0 57.0 60.0 63.0 67.0 70.0 73.5 76.5 81.0 4],0 1 

(0 ppm 3161 38.0 41.5 42.0 44.5 46.5 49.0 51.5 55.0 58.0 60.5 62.5 65.5 67.5 69.0 3],0 
Af) 

3166 25.0 27.0 29.0 3],0 33.0 35.0 38.0 4].0 43.0 45.0 47.0 49.0 52.0 55.0 30.0 
Control 

3186 36.0 39.5 42.0 45.0 48.0 51·.0 54.0 57.0 60.0 63.0 67.0 70.0 73.0 76.0 40.0 

3206 38.0 39.5 42.5 46.0 49.0 53.0 55.0 58.5 62.0 65.0 68.5 7].0 75.0 78.0 40.0 

3153 ':11').0 38.5 40.0 42.0 44.0 46.5 49.0 50.0 5],5 54.0 57.0 60.0 63.0 66.0 30.0 

Group 3159 34.0 37.0 38.5 39.5 40.5 42.5 45.0 46.5 49.0 50.0 53.0 55.0 58.0 6],0 27.0 
., llF-Q " 0 3-1.: 3G.S 3;:).v 4.1.\.1 44.u 4:>.5 48.0 51.0 52.0 53.0 55.0 58.0 61.0 29.0 <. 

(0.3 3176 39.0 41 . f) 42.0 4<1.0 46.5 48.5 5G.S 52.0 54.0 56.0 58.0 61.0 63.0 65.0 26.0 
pf'1T' p. f} 

3179 37.0 39.0 41.0 43.0 46.0 49.0 52.0 55.0 57.0 59.0 61.0 64.0 66.0 68.0 31.0 

3184 A{).O 43.5 46.0 48.C 50.:: 52.0 k' . ........... v 56.0 58.5 61.0 64.0 67.0 70.0 73.0 3~.O 

------------------------------------------------------------------------------------------------------------

contd ....... . 
M 
" 



con t d ..... Table .A.7 

------------------------------------------------------------------------------------------------------------

Treat- Bcffi'l.lo Ini- l;JEEKS 
----------------------------------------------------------------------------- l-veight 

rnent cal f tial ga1n 
group No. body 1 2 3 4 5 6 7 8 9 10 11 12, 13 ( kg) 

wt 
(kg) 

----------------------------------------------------------------------------------------------.-------------

3154 33.0 35.0 37.0 39.0 41.5 44.0 46.0 48.0 50.0 51.0 52.0 53.0 54.5 57.0 24.0 

Group 3165 37.0 40.0 42.0 43.0 45.0 47.0 48.5 51.0 52.5 55.0 58.0 61.0 64.0 67.0 30.0 
3 

3172 (0.6 27.0 29.0 31.0 33.0 35.0 37.0 39.0 40.0 41.0 42.0 43.0 44.0 45.5 47.0 20.0 

ppm A f) 3178 40.0 42.5 44.0 46.0 49.0 51.0 53.0 55.0 58.0 61.0 63.0 65.0 68.0 70.0 30.0 

3189 33.0 35.0 37.0 39.0 41.0 44.0 47.0 49.0 51.0 52.0 53.0 53.5 54.0 54.0 21.0 

3237 37.0 19.0 41.0 43.0 45.0 47.0 48.0 49.0 50.5 51.0 53.0 54.0 55.0 56.0 19.0 

321.1 25.0 27.0 29.0 31 .0 32.0 33.0 34.0 35.0 36.0 37.0 38.0 39.0 40.0 42.0 17.0 

Group 3238 40.0 41.0 42.0 44.0 46.0 48.0 50.0 51.0 51.0 52.0 52.0 53.0 54.0 55.0 15.0 
4 

~)/IJI 
., ." ' ';':;.0 40.0 51.0 52.0 53.0 54.5 57.0 58.0 " " 

on c ,~ .0 '"io<..v 4b.U :>0.0 56.0 19.0 
, ..... v 

ppm Af) 3245 38.(1 40.0 42.0 14.0 .'~6 .Q 48.0 49.0 50.0 51.0 52.0 53.0 54.0 55.0 55.0 17 .0 

3246 ~:9. 0 42.0 43.5 45.0 46.0 48.0 50.0 52.0 53.0 54.0 55.0 56.5 57.5 59.0 20.0 

37.47 17." 40.0 42,0 43.5 45.0 .,.., ... , . .:.. ,J.S 50.0 51.5 53.5 55.0 57.5 59.0 61.0 23.5 

------------------------------------------------------------------------------------------------------------

x 
~ 

". 



Table AB. Effect of feeding aflatoxin on weight gain in buffalo calves (Phase II) 

Treat­
ment 
group 

Group 
1 
(0 ppm 
At) 
Control 

Group 
2 
t U • .j 

ppm A f) 

Buffalo 
calf 
No. 

3157 

3158 

3161 

3166 

3186 

3206 

3153 

3159 

3169 

3176 

3179 

3184 

Initial 
body 
weight 
(kg) 

76.0 

85.0 

73.0 

56.0 

AO.O 

81.0 

72 .5 

67.0 

Ii< 0 

64.0 

71.0 

79.0 

l'JEEKS 

1 2 3 4 5 6 7 8 9 10 11 12 

78.0 81.0 83.0 86.0 88.0 90.0 92.0 95.0 97.0 100.0 103.0 106.0 

88.0 91.0 94.0 97.0 100.0 103.5 106.0 109.0 112.0 115.0 117.0 120.0 

75.0 78.0 81.0 84.0 86.0 89.0 92.5 95.0 98.0 101.0 104.0 107.0 

58.0 61.0 63.0 65.0 68.0 70.0 72.0 75.0 78.0 81.0 84.0 87.0 

83.0 86.0 89.0 92.5 96.0 99.0 102.0 104.0 107.0 110.0 113.5 117.0 

84.0 86.0 89.0 92.0 95.0 98.0 101.0 104.0 107.0 110.0 113.0 116.0 

74.0 76.0 :8.0 30.0 82.0 83.0 85.0 87.0 89.0 91.0 93.0 95.0 

69.0 73.0 74.0 
&:1:: r. Cj)"" . .. .-Iv.v 

66.0 fiR.1) 70.0 

76.5 
. 

'J. .v 

72.0 

79.0 

7 .~ .\,) 

"" 0 ..... v 

82.0 

f 4 • :) 

'7-' " , , .v 

83.5 

.'6.U 

78.5 

84.5 

78.0 

81.0 

85.5 

80.0 

134.0 

88.0 

82.0 

87.0 

90.0 92.0 

85.0 88.0 

90.0 92.0 

73.0 75.0 77.0 79.0 82.0 85.0 87.0 90.0 88.0 85.0 86.0 88.0 

R? n A~ n 0R.r 90.0 93.0 )C.~ 93.0 l01.J 104.0 106.0 108.0 110.0 

~'Jeigh t 
gaIn 
(kg) 

30.0 

35.0 

34.0 

31.0 

":1"7.0 

35.0 

22.5 

25.0 

2S .() 

28.C 
,- A 
... I • 'J 

31 .0 
_____ 0__ _ _________________________________________________________________________________________________ _ 

contd ...... . 

x 
~ 

". ". 



contd ...... Table A8 

Treat­
ment 
group 

3uffalo Initial 
cal f body 
No. weight 

( kg ) 

WEEKS ----------------------------------------------------------------------
1 2 3 4 5 6 7 8 9 10 11 12 

Weight 
gain 
( kg) 

------------------------------------------------------------------------------------------------------------

3154 61.0 64.0 68.0 72 .0 73.0 75.0 77 .0 79.0 81.0 82.0 82.0 79.0 80.0 19.0 

Group 3165 72.0 74.0 75.0 77.5 80.0 82.5 84.0 86.0 84.0 84.0 87.0 88.0 91.0 19.0 

3 3172 46.5 48.0 50.0 51.0 52.0 53.0 53.0 54.0 55.0 56.0 58.0 59.0 60.0 l3.5 
(0.6 

3178 77 .0 80.0 82.5 85.0 88.0 90.0 93.0 95.0 98.0 101.0 104.0 106.0 107.0 30.0 
ppm At) 

3189 55.5 57.0 59.0 60.0 62.0 64.0 66.0 67.0 68.0 71.0 72 .0 73 .0 75.0 19.5 

3237 61.5 63.0 65.0 66.0 68.0 69.0 70.0 :1.0 72 .0 72.5 73.0 74.0 74.0 12.0 

3213 45.0 46.0 46.0 48.5 51.0 54.0 55.0 54.0 56.0 58.0 58.0 59.5 62.0 }:.O 

Group .3238 58.0 60.0 62.0 63.0 65.0 66.0 67.5 68.0 69.0 70.0 71.5 72 .0 74.0 16.0 
4 3244 
(1.0 

62.0 63.0 64.0 65.0 67.0 69.0 70.0 71 .n 72.0 74.0 76.0 78.'J 79.C 17.: 

ppm Ai) 3L4S 57.5 59.0 60.0 61.0 62.0 62.5 64.0 65.0 66.0 67.0 68.0 70.0 72.0 14.':> 

3246 103.0 65.0 66.0 68.0 70.0 72 .0 74.0 76.0 77.0 78.0 80.0 82.0 83.0 20.0 

------------------------------------------------------------ ._---------- -----------------------------------

x 
~ 

"-"-"-



Table Ag. Digestibility coefficient of nutrient in lactating goats 

Treatment Goat _______________________ Q~2~~~~~~!~~L_~~~!~~~~~Q~ ______ ___________________ 
group No. OM 0l'1 CP CF EE NeE 

--------------------------------------------------------------------------------------------------

SB 268 71.78 74.08 70.16 67.20 86.12 76.57 

Group 1 ASB 355 74.66 75.69 74.27 69.01 80.22 77.76 

(0 ppm At) ASB 361 75.09 77 .64 78.10 68.40 86.22 79.83 
Control AB 609 68.53 7l .14 71.46 72 .40 64.00 77 .03 

AB 672 69.63 73.25 74.43 60.57 72 .84 74.99 

AB 680 78.91 79.99 79.40 74.12 88.63 B1.56 

AveragE" :'- S.E. 73.10±I.S8 7s.30±1.30. 74.64±1.47 68.62±1.93 79 .67±3 .90 77.96±O.97 

SB 291 75.76 78.42 78.32 66.67 75.54 81.50 

Gr0iJp 2 
ASB 369 71.137 77.95 76.08 73.89 80.49 79.49 

(l.0 ppm ASS 381 72 .83 75.65 74.83 68.36 77 .46 77.94 
At) nC;R 19;> 70.08 n .37 7';.)~ 63.78 61.78 73.25 

AB 657 7B.70 81 .35 81.00 66.32 89.19 84.52 

AS 677 72 .44 14.91 79.11 69.38 79.84 75.57 

Average i :.8. 73.So.5±I.22 76.60±1.40 77.jH±1.02 68.06±1.40 77.38±3.66 7B.70±l.66 

------------------------------------~-------------------------------------------------------------

x 
~ 

"­< 



Table AIO. ~itrogen balance in lactating goats 

Treatr'lent Goat N intake N excreted N exct-eted t, excreted N retained N diges~ 
(}t"0L'p No. (g/d) in faeces in urloe in milk (g/d) tibility 

(g/d) ( g/d) (g/d) ( % ) 

~------------------------------------------------------------------------------------~------------

5S 268 27.08 8.08 9.84 5.02 4.14 70.16 

Group 1 ASS 355 29.85 7.68 9.32 4.78 8.07 74.27 , 
(0 ppm ASS 361 28.50 6.24 8.80 3.96 9.50 78.10 
At) 

AS 609 17 .10 4.88 5.96 2.90 3.36 71 .46 Control 
AB 672 25.69 6.57 6.27 3.98 8.87 74.43 

AS 680 29.48 6.08 6.80 4.76 11 .84 79.40 

~ <J"- Average ± S.E. 26.28±1.94 6.59=0.47 7.83±0.69 4.23:!:0.32 7.63±1.33 74.64.=1.47 

? ~ 
\ ~.. SR 791 13.10 2.84 6.&4 2.04 1.38 78.32 

/ ASB 369 20.07 4.80 9.36 4.30 1.61 76.08 
Group 2 
(1.0 Dom J\CP ,01 1:.8:::: "t."t0 b.2B 3.68 3.36 74.83 
At) 

ASS 392 27.36 5.SC 8.64 2.28 5.84 74.95 

AS 657 21.05 4.00 9.84 3.02 4.19 81.00 

AR f,77 15.51 3.24 0.':"'0 3.48 2.39 )9.11 

Average ± S.E. 18.32±1.44 4 .16±0.42 8.56±O.76 3.13:±O.35 3.13±O.69 77.38±1.O2 

, 
~ 

< 


