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Aflatoxins are a gvoup of highls toxic &nd carcino-

genic secondary metabolites preoduced by c¢ercain strains

of Aspergillus flavus and aspergillus pacasiticus. These

fungi grow rapidly under favourable conditions of temperature
and humidity on a wide variety of feeds. The “oxins gained
importance in 1960 when =severe outbrecak cc:urred among
young turkeys within a vary short space of time in England.
The <cause of heavy mortality among these bicds resulted

with the inclusion of Brazillian giround:t meal zs a protein

[nt]

supplement in their diet. Workers at ctle Centr. ]l Veterinary
Laboratory, Weybridge, isclated the rtoile facicr from the
toxic meal, while the sS<oientists :t Tropfcal Product

"

Institute, cultured the Aspergillus flavis ani from this
culture produced a factor which was similar o that of
toxic groundnut meal. Thisz toxic factcr was given the
name of aflatoxins as a resuls of detaileld inivestigations

of various research workerge [(Leooswmorrs ani Haykson, 1961;:
Sargeant et al., 1961; Van ber YZidéen et 4l.. 1362: Nesbitt

et al., 1962: Carnaghan et 1963 Ailcocroft and Lewls,

i
{u
1=

.

1263a; Barnes and Butler, 1904d; aAsao et al., 1965)

Aflatoxins are a group of clestly relit=d hetero-
cyclic compounds and are fotent hepatotoxins, Aflatoxin

Bl is the most preponderant of the atarallws occurring



aflatoxins and is the most toxic (Wogan and :thank, 1970).
Mest of the animal species ave atfect.d by atlatoxins bhut
the effects vary with dose, duration of expesare, animal

species, breed and nutritional status of the animal.

Aflatoxin toxicity, known as aflatoxicosis has been
reported in vyoung turkeys (Blount, 1961):; -uckling and
chicks (Asplin and Carnaghan, 1961}: swine {Harding et
al., 1963), dog (Newberne et al., 196¢ , calves (Loosmore
and Markson, 1961), monkey (Cuthbertson ¢t al.. 1967) and
trout (Edds, 1973). Aflatoxicosis disglays a wide variety
of symptoms in different species which inclidzs lack of
appetite (Allcroft and Carnaghan, 1943), reduced growth
(Lewis et al., 1967), weight loss and goneral inthriftiness
{Loosmore and Markson, 19€1}). The pgolsnged feeding of
aflatoxin at low concentraticns can lead te hepitic lesions,
reduced growth rate, less productior and decreas.< resistance

to infectious diseases {(Newberne, 1973).

-

It is now well recocniged that aflatorins display
the highest carcinogenic effect n d: fferent species of
animals (WHO, 1979). These toxirs are not only harmful
to animals but egually dangerous to hwran  oeings also
because of consumption of animal originated Ffoods such
as milk, meat and egg (Masri et al., 967: Pclan et al.,

1974 Steloff, 1977: Stubblefield el al., 1983) . Qutbreaks

of hepatitis with high vratess of mortality have also been
described in India (Krishnanachari et gﬂ., 13751 and Kenya
(Ngindu et al., 1982) as a resitlt of ing=stion «f aflatoxin

contaminated diet.



Though wvoluminous literature Thas accumulated on

certain aspects of aflatoxin since &he:r d scovery, vyet
the information is lacking otherwise, particularly with
regards to the effect of dose level «n actabiyiic aspects.
Toleration limit of aflatoxins 11 differsnt species

especially for their young cones ar2 unkiown (Keyl and Booth,
1971) . Certain dietary nutrients having protestive effects
against aflatoxicosis are requirced to be elucidated and
whether there is any effect of its varying dose on nutrient

utilization.

The present research studies +vere uncertaken with

the following objectives:

1, To determine the fprotective effec. of selenium on
cellulose digestion and protzin synthesis in aflatoxin

containing medium,.

2. Teo find out the aflatoxin toleration limit in buffalo

calves and kids.

3. To study the effect of aflatoxin on nitrogen dynamics

in cattle and buffalon,

4, To investigate the tissue distrisation ¢nd excretion

pattern of aflatoxinz in lactatine qoat .



REVIEW OF LITERATURE



Aflatoxins are a group ©of lactones and lactone deri-

vatives, which are produced by several s:vains of Aspergillus

on various feedstuffs, Investigations on aflatoxins were
initiated in 1960 when 'Turkey x di:casce' -aused heavy
mortality in turkeys, pheasants, parrideces a1d ducklings

in England. Since then, efforts of vari»is researrch workers,
throughout the world resulted in accurulation of valuable
information:. An effort has, theref:re, been made to

review the relevant literature under the fol.owing sub-

heads:

2.1 Chemistry of aflatoxing and their mebtabol tes

Major aflatozins

2.1.1 Aflatoxins Bl' 32; Gl and @2

2.1.2 Aflatoxins Ml and M2
2.1.3 Aflatoxins GMJ and GM2 .
2.1.4 Aflatoxins B and G .
2a 2a

2.1.5 Aflatoxin B, or Parasiticol.
2.1.6 Aflatoxin RO or Aflatoxicol.
2.1.7 Aflatoxin Pl .

2.1.8 Aflatoxin Ql .

2.1.9 Compounds D1 and D2 .

2.2 Structure - activity relationship



2.3 Biosynthesis of aflatoxins
2.4 Factors affecting aflatoxin produvctioen
2.5 Relative formation of aflatoxin By By s Gy and (5
2.6 Occurrence of aflatoxins in feedstuffs
2.7 Metabolism of aflatoxin and their mode of action
2.8 Toxicity in different species
2.8.1 Ccattle
2.8.2 BSheep and goats
2.8.3 Swine
2.8.4 Poultry
2.8.5% Human beings
2.816 Other specles
2.9 Effect on nitrogen metabolisn
2.10 Effect on rumen fermentation
2.11 Excretion and tissue distribution of aflacoxins
2.12 Modifying effects of dietary nutrkents
2.13 Effect on immunity
2.14 Aflatoxin residues in foods nf aupnn -rigin
2.1 CHEMISTRY OF AFLATOXINS AND THELR MM ‘A0l 1BS

Chemically, aflatoxins are Fighly s:ibsti:uted couma-

rins. They were named sgo because they were filcst 1solated
from the fungus Aspergilius flavus (A. flatus toxins).
Four major aflatoxing are produced - Blr B7, Gl and G2 .

Several metabolites and derivatives »f  afla:oxins have



been isolated and characterised. Chemical =scructures of
major aflatoxins, their metabolites ind derivatives are
presented in Fig. 1. A list of physical properties of

aflatoxins appear in Table 1.

Major aflatoxins

2.1.1 Aflatoxins %‘, %2 ' Gl and G .

Z
Nesbitt et al (19562) obtained :wo components from
contaminated groundnut meal extract by wians 37 chromato-

graphic analysis, one showing a blue luoresc:nce and the
other a green fluorescence under uv.v. light, which were
called aflatoxin B and 6. Later on It was demonstrated
that therc were two blue (HI end B 2} Fnd Lwe creen (Gl and

G , ) compounds producec by Aspergil us rlavus (Hartley

8L al., 1963). Van Der Zijden ot al. ((962] irolated afla-

" toxin B in crystalline form. Asac ot al. 1963, 1965)

iy

1 . —

1

S-lactone ring system in Gl was arranged around Che ccumarin

: reported that the oyclopentane ring svstem in B or the

system. Carnaghan et al. {1963) observed that ta: reduction
of isolated double bond in the terminc:i dihvarsiuran rings
of aflatoxin 81 and G 1 rezulted tn  allatoxin 82 and G 5
respectively. Presently, it iz known ztrat thes. four forms

are naturally occurring aflatoxing o a wide sariety of

feedstuffs.

"2.1.2  Aflatoxins M, and M .:

1 <

These  compounds were the first hyvdroxy aflatoxins
to be iseolated and characterised as reported Hy Allcroft

and Cavrnaghan (1963) and de Iongh t af. (1962} to be in



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

Aflatoxin Formulae Mol. wt. Crystals M.P. Fluoresence aRf x 100
{°C) under UV
Difurocoumarocycleopentenone series:
B1 C, 5 le O6 312 Pale yellow 267 Blue 56
4 I
! wh ol H el = 303~ B 5 3
52 Cl? 514 06 314 white needles 303306 lue
Bsa Ciqy 31, O 330 Yellow plates 240 Blue
M, C.- B.. O, 328 Colourless rec- 289 Blue 40
1 Ao LA !
tancuvlar plates
M., o i 230 ~3da- 2493 Blue 30
MQ ey, By .o 346 Yellow recta-— 248 Turquoise
= ’ K ngular plates
Difurocoumarclactone wmeries:
G, C.. Ho. 2. 3R Colonel - 2tT ooz Tulguiise e
* - needles
o LE2N ! 230 —-Go- 237240 -do- i
2 i L4 ;
B o . i~ s} R [T - - 1-..
2a C1m e J& 346 Pale vellm 1scC do i
N ~ ~ - P e s : ~-do- )
GJ; T ZLl Pale yelsow 276 do 17
G C.. H.,. O plates
2 17 14 & 346 Colourless 270-272 -do-

rectangular plates

* Heathcote and Hibert {1978); a = sclid phase:silica gel G. Solvent system: chloroform-
methanol (97:3, v/v)



FIG1. STRUCTURES OF MAJOR AFLATOXINS AND
THEIR METABOLITES
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milk of cows fed toxic peanut meal, Butler and Clifford
(1965) detected a similar compound in blood and liver of
rats treated with intraperitoneal irjection of gastric
intubation of aflatcxin Bl_' it was apparent that aflatoxin
was metabolised in liver to form milk toxinp. Allcroft
et al. (1966} observed a similar factor .n “he litver, kidney,
milk and urine of sheep given mixed afls ozin in thelr diet.
Holzapfel et al. (1966} isolated the ccopeunc from sheep

urine and mouldy peanuts. They furthey ooserved by micro-

analysis and mass spectroscopy that M, has ewperical formula

-

01?111207 and thus contains one oxygen &tom more than afla-

toxin Bl . Afletoxin Ml was d-hydroty aflatzxin Bl and
M, is 4d-hydroxy aflatoxin E, (Holzepfel <t al., L966; Masri
et al., 1967: Buchi and Weinreb, 1%69). Tnese hydroxylated

derivatives were also isclated from lactat:ng rat (de Iongh

et 1., 1964) and were as‘ toxic as the aflaztoxins from

which they were derived (Furchase, 1367).

2.1.3 AflatoxinsGM, and GM 5

1

Aflatoxin GMy, was dezected in culidres or fspergillus

flavus as a green “luorescent uspot rcuncin, sl:ghtly below

My on a thin layer chroma neoon leaineor qmd Dutton,
1969 Dutton and Heathceote, J969Y. A win,r wmetabolite,
aflatoxin GM2 was also geperated from a!iato::in'GMl_ on
further fractionation (Heathcote and Hibe-t, 1974).
2.1.4 Aflatoxins Bzaand GEa:

Dutton and Heathccte (1666, 1¢68° obierved that

hydroxylation of aflatoxin By and G | resilted in the forma-

tion of their hemiacetal derivatives, a’'la-oxins B 24 and



Goa - The hydroxy—-aflatoxins were someshat unstable and
tended to decompose to vellow preducts in the presence

of air, l}ight and alkali. tflatoxin 1 ~an be synthesized

72 a

by chemical treatment of aflatoxin B, with dilute acid

(Pohland et al., 1968) or by exposing aflatoxin B, to u.v.

light in the presence of water {(Wei and Chwu, 1972). Pohland
et al. (1968} obtained yield upto 90 per cent cf aflatoxin

B2a by refluxing in acetone, solution of Bl vith 10 per

cent sulphuric acid. Aflatoxin B°a i:: a major metabolite

of aflatoxin Bl in several species (Patterson ond Allcroft,

1970; Patterson and Robert, 1970).

k.

2.1.5 Aflatoxin B3 or Parasiticol:

Aflatoxin B, or the compoand —alled 'Parasiticol’

was 1solated independently by three different groups of

workers (Heathecote and Dutton, 1969: Stubkblefield t al.,

1970: Cole and Kriksey, 1971}, It wag 1 naturazl metabolite

of Aspergillus flavus [Hea:hecote and Dbutton, 1969) and

Asperqgillus parasiticus [(Strubblefield et al., 1970) and

it arose as a product of the metabolisr wf aflatoxin Gl by

Rhizopus species of mould (Coile and Krikesey, 1971).

2.1.6 Aflatoxin RO or afiatorscol:

Aflatoxicol was isolated as .« degradation product
of aflatoxin Bl by «certain micro-orijanisms [Detroy and
Hesseltine, 1970: Robertson et al., 19°0), The aflatoxin

metabolites, aflatoxicel and dihydroafliatoxicol are formed
by the vreduction of the ¢arbenyl grovp of tne terminal

cyclopentane of aflatoxin Bl and B 2respe:tifely.
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Aflatoxicol is alsc formed by the reduct on of afla-
toxin Bl by lithium tris aluminjum hydride f{(Fawlowski et
al., 1977). Aflatoxicel consists of too metabolites, afla-

toxicols A and B, which have been shown to produce many

cf the taxic effectas of 131 . Aflatoxicel A is more toxXic

than aflatoxicol B.

2.1.7 hflatoxin Pl:

Dalezios et al. (1971) identiried a new phenolic

derivative of aflatoxin B, in a conjugated forn, designated

1
as aflatoxin Py This metabolite 1s :ormed by the process
of O-demethylation of the parent compound. Aflatoxin Bl is
excreted mainly as aflatoxin Py in Rhe:us monk.:y {(Dalezious

et al., 1971} and to a significaat e:tent in rats {(Wogan

et al., 1967).

2.1.8 Aflatoxin Ql:

Masri et al. (1974; identified ancther Fydroxylated

derivative of aflatoxin B, o when sflatoxin b wes incubated
with monkey liver micreosonal prepariétions ir  phosphate
buffer. This new metabolite was named as aflatoxin Ql

Aflatoxin Q]_ possesses a hydroxyl grcup which is in the
p-position to the carboxyl group of cyclopentane ring

in aflatoxin B1 . It contains one orygen at-m more than

Bl {Steyn et al., 1974).

2.1.9 Compounds D, and D,:

1

Lee et al. (1974) isvlated in c¢rystalline form the

major product formed durinc the reactici cf pure aflatoxin
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B1 with ammonium hydroxids at 100°C usxder pressure. The

compound having a mclecular waight of 280 was non-fluorescent
and lacked the lactone group characteristics of aflatoxin

Q_ arcse

B . It was postulated that the na2w product CIEHll 5

1

from opening of the lactcne ring of «flatoxin By during

ammoniation. Since this conpound was derived from decarboxy-
latien, the trivial name aflatox:in Dy was proposed for

thisz metabolite.

Cuculln et al, C1O76G) isclatec znd characterised

a second compound forwed during ammoniation rzaction. Tiis product

called as D, was also non-fluorescent phenol ot Jcw molecular

2
weight (206} than I)1 but lacked +the lactone zarbonyl and
cyclopentanone ving, characteristic of atlaztoxi Bl . They

further suggested that the nost likely wayv in which these

compounds formed were by th> wpening :f the zctone ring
of aflatoxin Bl r followed by decarboxv.ation of the resul-
tant PB-keto aclid to preduce Dbobth  ~sompoands D 1 And D2 .
These <compounds were suggested toe e aelier s derived
aflatoxins because of their formarioen fNring Yhae ammonical
detoxification of aflatox.n B. <Heatncor. ard #tilert, 1978}.

2.2 STRUCTURE-ACTIVITY RLLAT:ONSHIF

The various aflatoxins and their coerivacites described

above -differ in their relative toxici:y. & omparative

data on their activitv iz neeful in 1dent ifyine the struc-

tural features of the moalecy'e which cortrols thoe aflatoxin

potency. There is considerable bodv cf lata on “he relative

activities of ] A1) y i ] i f
activities of major aflatexine in evokirng specific biological
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and biochemical responses (Ayres et ol., 1971; Wogan et
al., 1971: Wong and Hsieh, 1376). Tn larae mnajority of
cases a clear-cut potencv of the series - Bl7i}L7 E'.2“7G2 is
evident.

The above mentioned information iidicates that certain
structural features are responsible for the activity of
aflatoxins in biological systems. Clifford and Rees (1966)
observed that the furofuran ring attached to the coumarin
nucleus 1is essential for toxic and carcinogenic responses.
Compounds lacking the furofuran porticn were Inactive in

every system (Lin et al., 1977)}.

The compounds containing lactons ring :ttached to
the coumarin nucleus (e.g. aflatoxins ¢ 7 =zeries) are

less potent than the aflatoxins o’ i c¢rier wiich contain

instead a dihydrofuran moiety. The presznee of a double
bond between 2 and 3 po=zitinsne in thoe dihydrofurofuran
segment of the molecule is important, The eduction Qf
this double bond {as in arlatoxinas E-:'.1 e E."»;_ and Gl to
G > ) brings about significant vreduction in iFe potency.
Detroy and Hesseltine (19648  vepo-ted rthat the reduction

of ketone moiety of the terminal nayoe opoentanore ring of

aflatoxin Bl to form aflatoxicol cauvused loss in potency.

McCann et al. (1975) found that 4-hvdroxrlazion > aflatoxin
Bl to form aflatoxin Ml greatly reduczd its 1wutagenecity
and carcinogenicity (Canton et al., 197%). |Nealy complete
abelition of toxiecity and mutaagenecity hss bean reported

with hydroxvlation of aflatoxir molacule at other positions

as In aflatoxins Pl and Ql and afiatoxicol 3] 1 (Hsieh et
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al., 1974; Salhab and Hsieh, 1975%: Stoloff et al., 1¢72}).
Relatively high mutagenic potency »f the hydroxylated meta-
bolite, aflatoxicel c¢could be attributed to its metabolic
conversion to aflatoxin B (Patteorsen and Roberts, 1972

1
Salhab and Edwards, 1977a).

2.3 BIOSYNTHESIS OF AFLATOXINS

Adye and Mateles {1964) studicd the biosynthesis
of aflatoxin and observed the incorporation of i'K'C labelled
methionine, phenylalanine, tyrosine, trvptophan and acetate
into aflatoxin Bl . Studies on bilosyrthesis »I aflatoxin
By + the major metabolite of most afla:oxiceni: molds have
shown that the basic skeleton of the L:xin nolecule 1is
derived entigely from acetate units via the polyketide
pathway and that methionine contribute: tas mebioxy-methyl

group {Biollaz et al., 19705 Hsieh and Meteles, 1970).

Holker and Underw>od (1964} repo>rt that aflatoxins
are derived from sterigmatocystein which is a towlic secondary

metabolite of Aspergillus versico.or. ftelker and Kagal

(1968) suggested that sterigmetocystein was o.ologically

derived from versicolorin A or & related comiound. But
Tanabe et 1. {(1970) =shcwes tran . Us-ijnatc¢vstein was
biogenetically derived from <we sevarat- polykotide units.

Hsieh et 1. (1973) found tnat lanelled sterigmatocystein

was converted to aflatoxin B 1 by the resting mycellium

of Aspergillus parasiticus.

Lin and Hsieh {1973) and Lin et al. (1973} converted

labelled averufin into aflavoxins Bl . B2 . Gl and G2 .
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The conversion of vwversicolorin 4 an3d acrsclorinic acid

into aflatoxin has been obsevrved (Hsieh 2toal.y 1976; Lee

et al., 1976) . Thus, norsolorinic acic, averufin, versico=-
lorin A4 and sterigmatocystein have been shown to be the

biocgenetic precursor of atflatoxins.

Biollaz et al. (1968,1970) suggested a conmon pathway
for the synthesis of sterigmatocyste.n and :flatoxin B1
They later postulated a biosvnthetic route for aflatoxin
B1 from acetate-malonate derived pol!yhvdrox - napthacene

endoperoxide. A schematic sathway for a lazoxin biosynthesis

is given in Pig., 2.

2.4 FACTORS AFFECTING AFLATOXIN PRODUCT 0N

Spores of Aspergillus flavus ar¢ fovnd in high

proportions in many agricultural comnocities which are

used as animal feeds. Howvever, culbtares of Aspergillus
flavus grown on oillseeds seen o have a jreat :»” potential
for aflatoxin preoduction than those 1 oolated from cereal
products. This 1is confirm=2d4 in ficli surve '@ that the

highest 1levels and frecuency of aflazoxin contamination
occur in groundnuts and coottonsecds, tlowever ,  substrate
is only one factor which determines the synthe. is of afla-
toxins. The other importan: factor iz tic¢ “clak ve humidity

and environmental temperature.

Austwick and Ayerst (1962) observel tiat high relative
humidity was the most important factor for thoe growth of

Aspergillus flavus on a natural substate.

Ciener and

Davis (1969) reported that a few fungi jrew at a humidity
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less than 70 per cent. AL 8% per cent humidity and at
a moisture level of 30 per cent in groindnut, cbe aflatoxin
content increased tremendoustv. When the moeoisture level
was reduced to 15 per cent after dryirg and at a relative

humidity of 50 per cent, little aflitoxi- was proiuced.

Rabie and Smalley (1965) reported optimun temperature

of 24°C for aflatoxin Bl and 30°C foir G- Sorenson et
al. (1967) observed that when aflatoxin B, aid G; were
produced on rice, an ijncreasing temprrature resulted in
more toxin production. The productisn ©f toxin in the
stored corn was enhanced when t“emperatii o we., o ¢cve 25°C and

meisture level above 16 per cert {Shotwe L, 1977,

On  lipid commoditics, the min s <ol itions for
aflatoxin production arec o moisture content of 9-10 per
cent whereas for the starchy cereal gr.ains tne lower limit
for aflatoxin production 1= 18.3-18.5 oner cen. (Davis and

Biener, 1970).

2.% RELATIVE FORMATION OF AFSATOXIMNE B],Ev GI A LG

2

Different strains of .bo Asperdy

aus rlams subgroup

s

show considerable wvariatione in the “ype oz amount  of
aflatoxin production. The amcunt e = - aroportions
of the four major aflatouxias B} N P L depends

upon the strain, balance of nutrients, cultur. conditions
and isolation procedure used (Applegate and Chipley, 1974;

Hesseltine k£ 1., 1966, 1970; Reddy et al

.. 1272:; Mehan

and Chohan, 1973).

Strains preducing only the B and G groups of
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aflatoxins are well documented ({Diencr and Davis, 1966
Diener and Davis, 1969:; Maggon et al., 1¢69). Papa (1977)
found some strains of Aspergillus flavis which produced
only aflatoxin B2 . However, strains capable of producing
only Gl or G2 have not been rveporved s2 far in the litera-

ture. This seems to suggsst that aflztorin Gy is derived

from aflatoxin By by further oxidation (Biollaz et al..,

1970) .

Lower pH and trace metals like munganese &nd vanadium
were found to favour formation of hydroxylated aflatoxins

(Maggon, 1972).

Conditions like aeratior, acibtaticn and bigher
temperature .results in the torwabion »f wmors amount of
Gl than By . Gupta 1(1973) reported = relatively large
amount of aflatexin G formetion irn  svationary cultures

as compared to shake cultures.

2.6 OCCURRENCE OF AFLATOXINS 1IH PEEDSTUVTES

The ubiquitcous fungl Akspergitiu:. tlevus «ften invades
and produces aflatoxin on a wide wvaricty of feeds such
as cotton seed. soyabean, corn, rice, wheat, mi let, barley,

segame, sorghum, peanut, peas, beans, Cowpeas, cassava

and swveet potatoes.

Bean et al. (1972) observed in ¢ survey in Maryland
that 14 out of 28 samples of sovakean :eed con:ained afla-
toxin. Although maize 1is asusceptible oo ¢ ntamination
with aflatoxin, the levels or aflatex n whicl have been

reported to be present in contaminated sampl:s are low
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in comparison with those found in grouidnut meal (Shotwell
et al., 1973). Individual 1lots of grcundnut meal have
been found to contain levels of aflatoxin varying between

1 and 25 ppm in surveys carried out 1in various parts of

the world (FAO, 1979).

In surveys carried out in USA and Finland {Stoloff,
1976: Krogh et al., 1970}, 88 per cent <f{ the scmples tested
contained aflatoxins in  amounts  rang g Ltror traces to
around 30 parts per billicon but individuel lo.¢ have been
recorded as containing upto .5 parts peo aeilllion of the

aflatoxins.

Connole et al. (198l) :onducted a surwvey «rn mycotoxins
in animal feed in Queenslancd between 1971 and 1980 ang
found 67 samples to be contamineted with a latoxin out
of 355 samples. A survey was carried out in Pakistan by
Shaw et al., (1981) and observed that 8 samp ¢s of feed

ingredients out of 52 samples ware positive for aflatoxin.

Sanchis et al. (1936) screened 331 sampls3 comprising

cereal grains, mixed feeds, =dibic¢ nure oo the presence
of aflatoxin in Spain. Aflatocrms oy Cieoed din 4 of
27 samples of mixed feeds. Vtaize sampics were  &ving afla-

toxin invariably and showed the higaesl. proportion of afla-

toxigenic moulds.

Various surveys conductied from tile to tim2 on myco-
toxins in feeds from India rvevealed a tigh lev:l of afla-

toxins in  their feeds {Sreeniwvasmurthy et al., 1965;

Suryanarayan Rao et al., 1965; 1Tulpule, 196¢; Yadagiri

and Tulpule, 1974; Krishnamachari et al., 1975}).
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Fulsounder and Shukla {1977} conducted  a survey
in Gujarat state and found about 42 per cent o! feed samples
to be contaminated with aflatoxin. Thay observed aflatoxin
in each class of feed like o©il meals, .:er2al grains, cereal
byproducts and the compound cattle feeds. aAflatoxin Bl was
present. in nearly all the positive =amples while B, and
-G] in some but aflatoxin G; was only in sovabear meal.

Mishra and Singh (1978} surveyel foud grains in
some villages of ‘Mathura district ot U.F.,, affected by
floods in 1976, They observed that our ol 1 foed samples,
18 were positive for aflatoxin. Ran Pl o al. (1979)
estimated aflatoxins in grourdnut o¢il, qgreoundinit cake and
hydrogenated o0il sold in the warket of Hepur U.P.). They
could not detect any aflatexin n refined criundnut oil
and hydrogenated fat but 63.7 per ent. of crude oil samples
and 70 per cent of groundnult ca<e simples tere positive

for aflatoxin.

Patel et al. (1981} «collected warious oil cakes
and feeds from different s:ates of India, 2 analysis,
it was found that about 64 and 80 per cear sampl:s of grounde

nut cake and cottonseed cake were confaminatel with afla-

toxins. More than 50 per rent sampl-. o+ walz:, sorghum,
rice and wheat contained aflatoxir. At latexing were also
detected in some samples »f linseed, mahua, safflower,

sesame and sunflower cakes.

Reddy et al. (1984) condvcted a survey or aflatoxin
contamination  of some poultry feed ingredients in Andhra

Pradesh. They observed that groundnut cake in general
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contained higher levels (0.587 ppm}t of total aflatoxin

than other feeds.

Singh et gi.(1984) collected 127 samples of different
cattle and poultry feeds from different parts of 1India
for aflatoxin analysis. Grﬁundnut ci:ke samples had the
highest level of aflatoxin Bl followed by cobtbtonseed and
compound feeds, In addition,they ¢lso cbscrved the presence
of aflatoxin Bl in linseed cake, B2ngal gram, coconut cake,

wheat bran and mustard cake. Horse grem ard rice bran

were free from.aflatoxin Bl'

Balasubramanian {1985) analysed 131 samp:es of animal
feeds and feed ingredients collecsted from a-cund Madras
city and alsc from different parts of the Tamil Nadu state
for aflatoxin. Sixty-three wnper cent of the samples had
aflatoxin B1 . Among the, K feed ingrecients analysed only

groundnut cake was contaminated with afletorin B .

Sinha and Arora (1925} analysed &8 feed ingredienks

and compound feeds collected from Agricmizaral Lalversities,
National 1Institutes and Govecnmenr  {arfas ir india, for
the presence of aflatoxin. Sroundnui ek faorles showed
the highest incidence o7 prescnce of xi’atox.ns. These
samples contained aflatoxin B, in the vrange of 0,12 to

1.0 ppm and aflatoxin G1 in the range o? 0.08 1o 0.10 ppm.

Cut of 4 samples each of cattle feed roultry mash and

pig mash, 3 in each were positive for aflitosin B

-
Namaiah et al. {1986! obtserved th: presence of afla-

toxin ranging from 0-66C J¢/xg in vwheat flcur samples

collected from around Bangalore.
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Johri et al. (1986) screened 20t samples comprising
vellow maize, groundnut cake, fish m:al, rice bran and
complete diets for poultry, collected in ard arcund Bareilly
(U.p.} for the presence of aflatoxins. The incidence of
aflatoxin Bl was highest 1in groﬁndnut cike (71.4 per cent}.
followed by maize (47 per cent), fish meal (25 per cent)
and rice bran (16.7 per cent) samples., 3tarter fz2ed mixture
contained aflatoxin Bl at 0 to 2 pg/g ani the grower mixture

contained wupto 1.0 'pg/g. Aflatoxin <cnibtent c¢f the feeds

was high during the hot-humid period.

2,7 METABOLISM OF AFLATOXIN AND THEIR MCDE OF ACTION

The metabolism of aflatoxins plays an  important
role in determining their toxicity {(Camgbell and Hayes,
1976) . Studies on the metabolism of aflatoxin: are mostly
focussed on aflatoxin Bl r as it is th: wost . bundant and
, most toxic member of the aflatexins. Sw:inson et al. (1977)
reported that aflatoxin B1 reguiras m:tayolic activation
to exert its reactivity. Campbell and dayes 7 1376} report
that aflatoxin B may be oxlidisca vy RN microsomal

1

oxygenases to aflatoxin M_I, afsatoxin &, . a4 latoxin P

and aflatoxin B2a or may reduce by cy:ioplasmic reductase
te aflatoxicol (Salhab and Edwards, 1977b) and aflatoxicol
H, (Salhab and Hsieh, 1975} . A generalised scheme for
the metabolism of aflatoxin Bl in the liver 13 given in

Fig. 3 and various possible biotransformetions o aflatoxin

-B1 and their reactions are described nelow.

Aflatoxin Bl may be metabolically activacted by the



FIG. 3. GENERALISED SCHEME FOR THE METABOLISM
OF AFLATOXIN Bt IN LIVER
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mixed function oxidase (MFD) to form 2.3 oxide or epoxide.
This epoxide binds covalently to DNA forming 7N—guanyl
adduct or is hydrolysed by 2poxide hydrase to the dihydro-
diol, The later metabolite, in its disldehydride phenolate
form at physiological pH, forms schiff's base with proteins.
The other metabolites are hydroxylated derivatives. Afla-
toxin Ml , aflatoxin P and aflatoxin Q; are produced by

mixed function oxidases but aflatoxicol is form:d reversibly

by NADP dependent cytoplasmic cehvdrogen.se.

2.8 TOXICITY IN DIFFERENT SPECIES

The toxic effect of aflatoxins varies rom species

to species, and further depends upon 2ge, scx, level of
ingestion, feeding duration and nutritional status of the
animal,

The animal species have bteen divided into three

groups based on the lethal levels of alla:oxin 3 as: (1)

1
extremely susceptible - duckling, ratbit, «c.t, pig and
trout:; (2) moderately susceptible - «oq, sheey and guinea
pig: (3) resistant ~ monkey., chicken, rat, wouse and hamster.

Salhab and Edwards (1277a} c¢lassifiel the nsan in  the
relatively resistant categorv because jt has g2t similar

susceptibility to aflatoxin as monkey.

Wogan and Pong (1970) reported thit aflatoxin B) was

most lethal to. various species of animal: followsd by Gl;B2

and G 5 in order of decreasing potency. LD‘__3 values of
- el

aflatoxins and the dietary concentratiors o; aflatoxin

causing toxicosis in animals are presented in Tables 2

and 3 respectively.



Table 2. LDSO

values of aflatexins in various

(mg per kg body weight)
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animals

Duckling
Rabbit
Cat
Pig

*

Trout

Dog
Sheep

Guinea pig

Monkey

Chicken
It

£

sl

Mouse
Hamster

Chicken embryo

0.81 1.90

0.50-
1.00

1.00-
2.00

1.40

2.20-
7.80

6.30

7.20 (M)
16.00 (F)

9.00

10.20

0.025 per . .00
embryo embryo

Intraperitoneal route

{others by oral route)
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Table 3. Dietary aflatoxin levels causing toxicos:.s in farm

animals®
Animal Age Aflatoxin Dural ion Effects
content of
{(ppm) feed: ng
Calf Weanling 0.22-2.2 16 we eks Stunting.
liver damage.
death
Steer 2 years 0.22-0.66 20 weeks i.iver damage
Cow 2 years 2.4 7 monthe Liver damage
Pig New born 0.22 4 days Stunting
Pig 2 weeks 0.17 23 days Insrexia,
ttanting,
“aindice
Pig 4-6 weeks 0.4-0.7 4-6 mxnths  Stunting,
liver damage
Chicken 1 week 0.84 0 we ks Stunting,
liver damage
Duck Unknown 0.30 6 wee s Liver damage,

death

a Wogan (1977)



24

2.8.1 Cattle

Loosmore and Markson (1961) re»norzed initial cases
of poisoning in calves fed Brazillian groundnut meal,
The symptoms observed were aimlzss ~alking in circles,
frequent falling, ear twitching and grindiny of teeth.
The symptoms were worse in calves than i1 adult cattle. Simi-
lar symptoms were reported in cattle oy “legy and Bryson

(1962} .

Allcroft and Lewis {(1963b) studied :the effect of
feeding rations containing 20 per rvent i 2 toric groundnut
meal to calves, heifers and older cows. Fivst abnormality
in the calves was a reductzon in grovih rate followed by
unthriftiness ~and  loss of eppetite. “erminel symptoms
cccurred after 16 to 25 weeks. In heifers, loss cf condition
occurred after 7 months, .while nec «linical abnormality

was seen in older cows.

Horrocks et al. (1975 ipetdoee ) 0 cr 3 per cent
of the toxic groundnut meal in corocentsobe iz Lor early
weaned calves and “found ¢ signifrcant depressiosn in live
weight gain prior to 2 menths, wiich was <due to lowered
feed intake and impaired Ffeed ntilizal ion, out could not
find any adverse effect on the perfo-mance «f fattening
bulls fed a concentrate muixture havinag toxic groundnut

meal.

Sastri et al. (1965) were the f rst to cbhserve the

incidence of groundnut toxicity in livestock in India.
Theiv pathological findings of the an:ma.s who died due

tQ an outbreak in aAndhra Pradesh 'Indii) were similar to
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the conditions vreported by Loosmore and Markson (1961).
Later on, a case of acute aflatoxicosis In cattle was

reported by Gopal et al. (le68).

Garrett et al. (1968&) conducted an experiment on
young beef cattle, divided 1inte five groups ed graded
levels of aflatoxin fortified cotionsexd mesal for 133 to
196 days. The levels of aflatoxin in five difrcrent groups
:were 0, 100, 300, 700 and 1,000 ppb respeclively. Decreased
growth rate alongwith increase in liver and kidiey weights
were recorded in animals given 700 ard 1,000 ppb levels
of aflatoxins,

Lynch et al. (1968) conducted an experiment to see
the effect oﬁ graded levels of aflatorin on c¢srotene and
vitamin A concentration in blecod serum of calves. The calves
were dosed orally with afla;oxin at ra.es of .04 te 0.10
mg/kg body weight. At aflatoxin dose levels o: 0.08 mg/kg
and above, carotene wvalwue: showed a peoygras ive decline

during the dosing period but tL4he vitamir 2~ valua:s decreased

most rapidly from the first to the secoind weel of dosing.
Flatla et al. {196%9] studiec tns 1ot of feeding
a concentrate mixture containing 2% to 30 o0 ool groundnut

meal in twe groups of hulls fron1 3 we-ks o age upto 13
months. Groundnut meal ceontalning 20 toe 50 ppb »f aflatoxin
B] was used in group 1. Groundnut me:l conteining 1,500
to 1,900 ppb aflatoxin B ] wan used in o group II. The animals
fed higher levels of aflatoxin di¢ not show anv c¢linical
sign, though after 2-4 menths tney had less av:cage daily

gqains.
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Lynch et al. (1970! reported trat liver lesions

occurred at 0.02 mg of aflatoxin B, per kg body weight
and above in dairy calves on a 6 wceks toxin feeding.

Gross lesions at postmortem included 1less ¢f colour in
the liver and adrenal hyperplasia. Aflatexins at a level

of 300 ppb in the diet of beet steer: t: fcr 4-5 months

was quite safe (Keyl and Beoth, 1971).

Lynch et al. (1972) studied the letaality of a single
dose of aflatoxin in calves. The dos: levels ranged from
0.6 to 1.8 mg per kg body weight. A1l the calves survived
at dose levels upteo 1.0 mg. “Two of the three calves survi-

ved at dosc levels of 1.2 to 1.6 mg. A1l tht calves died

at the dose level of 1.8 mg.

Neathery et al. (1980} fed younc dairy calves diets
containing 40 to 650 ppm zinc, with or without 5 ppm afla-
toxin for 3 weeks. The aflatoxin f=2d calv:s exhibited
signs of toxicity which :ncluded redu:sd Eceg intake and

less body welight gain. Addition of 600 ppm =z:r.c to diets

did not alleviate the toxic effeocts.

BEddy et al. (1980a) fed Holest:in heliers a diet
containing contaminated «corr, providing 4.8 g aflatoxin
daily for 140 days. They found ne advzrse zfrect on feed
intake, body weight gain and feed effiziency. In another
trial on heifers, Eddy et al. (1980b) obsertved that aflatoxin
dose upto 4.83 mg neither affected the metaboiic profile,

which included BUN, total protein, $GO%, LDH &nd 14 other

constituents nor the length of the ozstrus cycle,

Balaraman and Arcra {19286) stucieé the effect of
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feeding graded levels of aflatoxins in 1 groups of crossbred
calves for 16 weeks. The toxin leveis were 0, 0.5, 1,0
and 1.5 ppm respectively on the basis <f dry matter intake.
The results indicated a decline in weight gain w:th increase
in aflatoxin levels. They elucidated that 0.26 pom aflatoxin

was safe for crossbred calves,.

2.8.2 Sheep and goats:

Aflatoxicosis has not oeen repcrted in sheep under
field conditions. Sheep appear to be relatively resistant

to aflatoxin with LD value of 2 mg/kg body we cht {Patter-

50
son, 1973).

Armbrecht et al. (1970) observed less of appetite
and diarrhocea in wethers, given a sisgle sublethal dose
at the rate of 0.23 mg/kqg body we:ght .and more. Excessive
salivation, frothing from the mouth aid incr.csed rectal
temperature within 12 h wers seen a: a higher jdose of 1.2&

ma/ kg but not at 9.59 ngfegy dose,

Allcrofz et al, { e ) shzerved  che presence of
aflatoxin metabolitaes in varsons bissuo:r o shw i fed afla-
toxin. They alsce detected the weicretinn of .'-.%,! ' Gl and

Ml through urine. Aflatcoxin M) was excetead meinrly through
urine while aflatoxin G1 was excretec tarougn urine and

faeces both (Nabney et al., 1967).

Lewis et al. (1967) observes in 3 Jong -c¢rm feeding
experiment on sheep that weight gJain was sl:ghtly less
cand fertility was also lower due to feeding of toxic

groundnut meal containing 1 to 1.75 ppm a-laccxin.
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Maryamma and Sivadas (1975) reposrted that ingestion
of feed containing 0.7 ppm of aflaloxin produced deletericus
effects 1in adult goats. They also observed iat male is
more susceptible te aflatoxin than female, Intake of afla-
toxin at very low levels, insufficient Lo produce toxic
symptoms, causes testicular degencratior. litstopathological
changes were also noticed in the pituitary, thyroid and

adrenal glands.

Samarajeewa et al. (1975} vrep>rted the incidence
of aflatoxicosis in goats fed a concentratoe mixture contain-
ing Polkucde meal. They alsc rocovered aflaloxins from

the liver and urine of the affected animals.

Hatch et al. (1972) were able to induce wflatoxicosis
in geats and the symptoms obscrved werc ancrexlia, CNS depre-
ssion, swaying and falling, shock, coma and death with

or without corvulsions before death.

Sinha and Arcra (1984h) studied tle effecii of feeding
graded levels of aflatoxins ranging frsm O e 1.0 ppm in
the diet ot kids. They observed thabt 1 ppm flatoxin in
the diet adversely affectel the growrhh vrats, gliconeogene~
sis and muscle preotein synthesis. They alsce observed histole-
gical changes in liver, =<idney and t:stes of the kids.
Tn another study, Arora et al. {(1988b)observed a significant
decrease  in blood serum immunoglsbulla  and gr-owth rate
in kids given 0.5 and 1.0 opm atlavoxin in the diet. They
also reported that 0.147 ppm aflatoxin in the diet of pre-

ruminant kids might be a safe level.
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2.8.3 Swine:

Loosmore and Harding (1961) repcrted the field ocut-
breaks in pigs due to the intake >f contaminated groundnut
meal. Annau et al. (1964) observed iiat diets containing
0.5 to 0.75 ppm aflatoxin were unpalati:ble to growing pigs
resulting in a marked depression in growth and feed conver-

sion efficiency.

Bodnar et al. (1965} conducted f2edinyg trials in
Hungary on plgs and found that dietar: levels of 0.4 ppm
or more caused a reduction in weight gair and fevé conversion
efficiency. Dietary levels of 0.45 ppm aflatoxin Bl or
below had no significant effect on either growth rate or
feed conversion efficiency of growing piys over a period

of 117 days (Hintz et al., 1967).

The LDSO value of aflatoxin for swvine s reported
to be 0.6 wmg/kg body w2ight by .Jones and Jones (1969),

.while Ciegler (1975) found it to be J2.62 mygs/kg bcdy weight,

Barber et al. (1968) studied th+ effect of feeding
aflatoxin contaminated groundrut meal on the performance
of pigs. The symptoms observed ware lcss of eppetite and

reduced growth rate.

Keyl and Booth (1971} did not finc any adverse effect
in growing swine as a result of feeding iz diet having afla-
toxin level upto 233 ppb or less. Growth rate of pigs
receiving aflaéoxin upto 1.1 mg per kg feed was not affected

(Armbrecht et al., 1971).

During the survey of aflatoxicosis in facm animals,
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Smith et al. (1976) found that amcng all the cases of afla-

toxicosis, 88 per cent were in swine.

Southern and Clawson (1979) reoorted that average
daily gain was reduced linearly in p.gs receivsing a diet
containing 355 ppb and higher level:. Fecd efficiency
was not significantly influenced by dietary levels of 385
and 750 ppb aflatoxin but was depresscd at a ligher level

of 1,480 ppb in the diet.

Hale and Wilson (1972) noted th:it pigs fed aflatoxin
free maize showed higher digestibility «coefiicients of
DM, EE and NFE and more N balance than pigs fed diets with

aflatoxin contaminated maize.

Panangala et al. (198¢) report:d that growth rate

and teed conversion efficiency was significantly 1less in

pigs fed aflatoxin as compared to contrel.

2.8.4 PoultrX:

Among the poultry btirds, chicKkens ar: relatively
less susceptible than duckiings and turkev pouslts. Asplin
and Carnaghan (1961) reported firs: evildence of gusceptibi-
lity of duckling to the toxic principle. ot griundnut meal.
The first signs of aflatoxicosis in duck.inyg were inappetance
and poor growth rate, with the onset ¢f nmortality 2 weeks
after the commencemirent »>f tne feeding ol toxic groundnut

meal . They also noticed retardation of growth in Rhode_

R

island c¢hickens at dose levels of 0.5 ppi aflatorin.

Ducklings are extremely sensit . ve to aflatoxins.

Purchase (1967) reported that the ora: 7 days LDSO was
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8.2 jpug aflatoxin B] and 16 ug aflatolin My in the day old

duckling, whereas an acute LD g foxr aflatoxin Bl and G

was 0.335 mg and 0.784 mqg/kg bddy weight respectively.

1

The extreme sensitivity of ducklings provided the earliest
bicassay for aflatoxin contamination of feeds ard detection

of aflatoxin as low as 50 jng/kg fezd was possiblaz.

Carnaghan (1965) fed ducklings a diet containing
approximately 0.3 ppm aflatoxin tfrom 7 days of age over
a 14 meonths periecd. Deaths and sigynificant depression
in weight gain occurred during the fi:-st 4-5 weeks. The

survived birds had hepatic tumour.

Gopal et al. (1969} rvecorded sereral cascs of afla-

toxicosis in chicken. The diseasgse was rore prevalent in

young stock, which showed the symptoms of acute Loxicity.

Smith and Hamilton (1970} reported high mortality
and symptoms of aflatoxicosis within 48 lLouss of introduction
of the mouldy maize in the chicken ration. Hamilton (1971}
observed spontaneous outbreak in UWorth Cerolina, in which
50 per cent of a flock of laying tens died within 48 hours
of being fed highly toxic maize containirg 200 ppm aflatoxin.
Hamilton et al. (1972) recorded a reduced weight gain and
increased relative weights of s=pleen and pancreas in turkeys
as a result of aflatoxin feeding at 3.125 pom level in

the diet.

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

1
kg diet) had a detrimental effect on body weight gain,
feed intake and feed conversion efficiency in chickens.

When the toxin was fed for more than 2 weeks that led to
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increased relative liver weslght ard liser lipid concentra-

tion.

Sinha and Arora (1987) found i pam ievel in the
diet of liyline chicks te be safe from tolercation point
of view, as it did not aifect Lthe growtl ., 1In ancther study,
Arora et al. {1988a) did nct find any adverse effect on

chicks fed a diet supplemented with 1.71 ppm aflatoxin.

2.8.5 Humans:

Systematic studies «n the effects of aflatoxins
on human beings have net been carried out. However, numerous
cases showing symptoms sinilar to aflatoxicosis have been

recorded in human beings througheout the veorid.

Ling et al. (1967) reported dcath of 3 children
aged 4-6 years due to the .ntake of mouldy r:ce for upte

3 wecks.,

Serck-Hansen (1970) gsuspected the deatfh of a 15-
yéar cold African boy in Uganda duc to th: istake of aflatoxin.
contaminate«d cassava. Thz boy had abdom nal pain and swell-
ing and died after 6 days. A\ histopathological examination
indicated interstitial oedena of thoe h@:art, congestion

and oedema of the lungs and centrilobular necrosis of liver,

Robinson (1967) analyénd the urine sample. of cirrho-
tic ¢hildren in India and observed :he invclvement of afla-
‘toxins in these cases. Shank et al. {1971} detccted traces
of aflatoxin Bl + taking specimens on autopsy from 11 of

15 control subjects, probably reflecting chronic low level

ingestion of the toxin Dby the general populaticn of north
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eastern Phal tand, an  orea wheroe  af aroxin contamination

ot Lhe foods was high.

Recroft and Webster (1972) ohserved aflatoxins Bl and
Gl in liver eoxtrvacts from fwo Naw %calaznd cases who died
of Rey's syndrome. They suggested that contamination of
food by aflatoxin migh: navs o role 1n the aetiology of

Rey's syndrome.,

The most convincing account of acute aflatoxicosis
in man was reported from India ({(Krishnamachari et al.,
1975) . The cause of aflatoxicosis was the consumption
of maize conltaminated with upto 15 ng atlatodln Bl per
kg . The persons suffering from aflitoxicosie had acute
henatitis and 106 people die=d. It was estimared that upto

o ng aflatoxin B, per perscon was consumed,

1

Z.83.6 Other species:

Wogan (1966} reported that bhawmterss nre apparently
sensitive to aflatoxin, bont ot ae sensitive s duckl ing
ot the rat, The LDSO far hamszers 1is riported ¢ 10.2 mg/kg

body weight for aflatoxin B, -

Halver et al. {1265} reported :that salmon were 10
to 20 times more resistant to zcute aflatoxicosis than

rainbow trout. They also veported LDSO of aflatoxin Bl for

salmon below 5 and 10 mg/kg body weight .

Chaffee et al. (1969] reported thnet aflatexin contami=-

nated corn caused aflatoxicosis in dogs.

Bountibonnes ({196%) cobserved acate toxie symptoms

in rainbow trout by intrapsritoneal inj:ction of aflatoxin
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Gl . The LDSO value was 1.90 ma/kg fod Gl while 1t was

0.81 mg/kg body weight for ailatoxin B,

Chou et al. (1976) studied the susceptibility of
mink to aflatoxin by giving & single <osc of 320, 600 and
900 npg of aflatoxin/kg body weight. Minks diz2d in three

different doses were 1, 2 and 4 out of 5 minks 1in each

group within 4 days due to acute aflatoxicosis.

Greene and Oehme {1976} =sepor:ed the first case
of acute eqguine aflatoxicosis in a 5 year old Arabian
stallion in Kansas. The zympioms show:d were cf anorexia,
loss in weight and FJaundica. The hoerse feed was found

to be mouldy and centained a very higt level of aflatoxin

5

It appears from tre literature =aat aore studies
are needed in farm animale to elncicate the safe level

of aflatoxins for different cateqgories o liveot ¢k,

2.9 EFFECT OF AFLATOXINS ON NITROGEN ME! ABOLISM

Lynch et Ei' (1970) carried out :xprrimexts to study

the response of dairy calves tc¢ afiatexin zontaminated
feed. Six aflatoxin dose levels frem 008 t> 0.8 mg/kg
body weight were fed to six pairs of yoing :airy calves
for six weeks. There was no sigrific.nt «ffect on total

serum proteins and albumin/clebulian ratio as 2 result of
aflatoxin feeding. In another study, lynch et al. (1973)
studied the effect of graded levels of aflatocin ranging

from O to 0.08 mg/kg body weight in soung dairy calves

. on  nitrogen balance. Nitrogen retention declined
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significantly with increase in dose level. However, none

of the calves showed negativs nitrogen halance.

Hale and Wilson (197%) observed the effect of feeding
aflatoxin contaminated maize on nitrocen retabolism 1in
pigs. Pigs fed aflatoxin free diet coasumed less nitrogen,
excreted less nitregen in uarine and had a hijher niltrogen
balance than pigs fed diets with ajlatoxin contaminated

corn.

Neathery et al. (1980 fed dairy calver aiets contain-

ing 40 to €50 ppm zine with or sitho.t 5 ppa aflatoxins.

The calves given aflatoxins had low nicrogen ba ance.

Osuna and Edds (1982' reported that in plgs given
aflatoxin BY , there was significanf decresze in serum
total proteins, o 'EJ globulins aid fibrinogen but no

effect on klood urea-N.

Maurice et al. (19E3) observed that —<he feeding

of aflatoxin B, at a level of S0 ov 170 pgfke body weight
gignificantly decreased the¢ plasna lysine aad histidine

and significantly increased plasma rerul zplasmin,

Burguera et al. (1283) found b: valies of total
protein, albumin, globulin in tur<ey et |21 aflatoxin

and c¢rotolaria but the values of totszl prota:on, albumin

and ﬁ globulin were higher in groups 3iven atlatoxin plus

selenium,

Murthy et al. (1984) szrudied th: offect of feeding
aflatoxin at a level of 10 or 70 pg/kg body welon: to cattle

and buffalo calves. They found decrcased c¢oIncentration
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of serum proteins in the groups “ed aflatoxin in both the
species,

Wyatt et al. (19853) fed young male Holstein calves
diets containing 40 or 640 ppm zinc w'th 0 or 5 ppm afla-
toxin for 3 weeks. They did not ofserve anv effect on
plasma total protein, albumin, globulin and albunin/globulin
ratio.

Fo£ better understanding, further reisearch wWork
is necessary to study the =zffect of aflatcxin toxicity
en nitrogen dynamics in cattle and buffalo, using latest

avallable techniques.

2.10 TISSUE DISTRIBUTION AND EXCREWION °’ATTERN OF AFLATOXIN

The aflatexins are metabolived ty -he henatic mixed
tunction oxidase (MFO)., to e group of aydroxyla-ed deriva-
tives which are species snecific and ..re excre.ed through

- taeces, urine and milk in lactating anim is.

Allcroft and Carmnaghin  (1S63) e roe first to
detect aflatoxin ME, ir milun. princisslly vizh protein
fractior. The quantity of aflato<in : cerevcd in milk is
directly proportional te <te  inteke. vhen  nigh  levels

of aflatoxin are ingested, 1-3 per cent of rhe ingested
dose appears in milk, Milk levels of sf at~yin drop rapidly
when intake iz disgcontinued allernfr wnd Roberts, l§68).
Similar were the findings of “Masri et al (1969) ir lactating

cows .,

Shank and Wogan (19¢5%) studiec the «aistribution

. 4 . . . . . ,
and excretion pattern of 1 C-aflatoxin followiig its oral
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administration in rats. The vadicact !vity was 12.3, 7.0,
43.8, 20.7 and 5.7 per cent in carbondioxide., 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 e:cration of aflatoxin
Ml was through urine, while aflatoxin G was +xcreted both

in the urine and faeces.

Mabee and Chipley (1973} obscrved the excretion

and tissue distribution of 14C—af1atoxin Bl in breoiler
chickens. The broiler chickens excrotod 90.64 per cent
of the dose administered. The radioactivity distributed

in various ergans was 11.04, 0.84, 4.20, 12.52, 32.66 and
30.13 per cent in bleod, 1liver, heart, gizrard, breast

and leqg respectively.

Polan et al. (1974) srudied th: excrecion pattern

of 3H—aflatoxin B]‘in lactsting cows, h- lapelled aflatoxin
was given orally. Approximately one-hall of the tritium
excreted in urine over 496 hours occurrzd durirg the first
24 hours. In contrast to tne exccetion pattern in urine,
the cumulative tritium content of milk, percentage wise
was increasing at its fastest rate betieen 40 and 60 hour
After 96 hour, total labelled material excreted was less
than 15 per cent of the latelled dose given crally. The

unaccounted tritium was considered pr@sent in different

body tissues.

Lafont and Lafont (1975) fed lactating -cws on hay

and groundnut cake with & mean content of aflatoxin B 1
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about 85 mg/kg. An average of 0.93 per cent of :he ingested
aflatoxin was excreted through milk. I.ngel and Hagemeister
{1978} reported that only 2 to 5 per coent ¢f feed toxin
reached the small intestine of c¢ow and 0.6 per cent of
the feed aflatoxin BI wan oxcreted as hydroxv derivatives
with milk.

Applebaum  and Marth (1981} sradied the excretion
~of atflatoxin Bl into milk »f lactatin) cows ifed L3 mg of
pure aflatoxin for 7 days. The comversionr »f aflatoxin
BI to aflatoxin Ml was not greater thar 1 per c¢ont. Afla-

toxin M, was detected in milk 4 days pest toxin administra-

tien.

Kong et al. (1982} wbserved tho. ecffect of feeding

—

aflatoxin Bl on aflatoxin M1 cxcretion n @milk ot lactating
cows. They found a highly significant correlatioa (r=0.935)
between Lthe toxin intake and excreticn in milk. There
Wwas a wide variation in cenversion of Bl £ N] shich ranged

from 3.45 to 11.39 per cert ir different cows.

Trucksess et al. (1933) gave a singlc oral dose
(0.% ma/kg bhody weight) of aflatoxin *iro o §iciating cows.
Samples of milk, urine and faeces were wo. ieted 3t different
time intevvals for 10 days. Aflatox.col {Rf} iy aflatoxins
Bl and M 1 were found in the milk, plisms anc red blood
corpuscles of both cows at post dosing haur 1. Maximum
concentration of the toxin was observed at 12 aad 60 hours
of aflatoxin dosing. One cow died after 60 hou-s of afla-

toxin deosing. The aflatoxin Bl concentre tion in the samples

of liver, kidney, urine, bile and rumes —:onte.ats of the
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‘dead cow were 5.1, 3.3, 4.1, 1.6 and 20 ng/g respectively

and M, concentrations were 4.3, 20, 37, 16 and 85 ng/g.

Helferich et al. {19843) studied the excration pattern

) . ; : . . 14 .
of atlatexin in lactaking goats by giving C-aflatoxin

By either orally or intraveaocusly. Milk, faecces and urine
i4 . .. .

were collected for 120 h after C {Af-Bl } administration.

Recoveries of 14C in urine, milk and facces were respectively

22.7, 0.97 and 65 per cent {i.v. dose}) and 30.9, 1.05 and

52.3 per cent (oral dose).

The excretion and retention of aflatoxin in different
body compartments of livestcck carries significant importance
because it can cause health hazzrd to human beings who
depend solely for their animal proten requirement from
milk, meat and eqgs. Theretore, <deralled szudies are
regquired to be conducted for ite tissue Jistribubion, reten-

tion and secretion in milk,

2.11 EFFECT OF AFLATOXING ON RUMEN PRERMENTATION

Fehr and Delage (197¢) reported ti1at afitacoxin Bl led

te decrease in volatile fatty acid productien in mixed

rumen culture wunder in vitro copdit:ons. fThey also observed

a decrease in acetic acid and increase in prupionic acid
concentration. Repetto (1976) also nonieed that with
the increase in the level of aflatocin to ¢rtificial rumen,

celiulolysis and production rate of VFA duecreased.

Alleroft (1969) reportod that miture ruminant was
less susceptible than the ycurng rumitant -o the toxic effect

of aflatoxin. This could be related t: come Jetoxifying



40

ability of the microorganisre in tne ruwen of mature animal.
But Mathur et al. (1976) indicated tnat concentration of

aflatoxin By in the sample before and after 24 hours incuba-
tion with rumen fluid was over 90 per cent of its original
concentration and thus ruled out the possibility of degrada-
tion of aflatoxin in rumen. Contrary =0 this Engel and
Hagemeister (1978) observed the presence of aflatoxin Ml in
the rumen sample which confirmed ttle transformation of
aflatoxin Bl in the rumen of dairy cows. In their in vitro
experiments also, the results indicated 40 per cent degrada-

tion of aflatoxin after 24 hours ircubation with rumen

fluid.

Sinhaland Aroral(l982) chbserrsed a significant decrease
in cellulose disappearance, VFA concentratior and protein
synthesis with the Iincrezse in the lovel of dflatoxin in
the artificial media. Iﬁ.another study, Sinha and Arora
(1984nh) reported that the concentraticn of total volatile
fatty acids and propionic acid ir the rumen of kids given
aflatoxin was significantly less than !those not given afla-

toxin.

Balaraman and Arora (1984} renorted [hat addition
of aflatoxin to the artificiesl media tad no sdrerse effect
on protein synthesis or cellulose d gestion or wveolatile
fatty acid production; when “he level ot protein was enhanced
from 100 mg to 150 mg in the incubation vessel. indicating
that protein has got a protective effect against aflatoxin

action on microbes.

Now, it 1is vrather w2ll @estaklished trat protein
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has gobt a protective effext against aflatoxicosis. But
since the availability and cost of protein rich zoncentrates

is limiting, some alternates arce needed to be erplored.

2.12 MODIFYING EFFECTS OF DIETARY NUTRILENTS

The toxic effect of aflatoxin as & dietery contami-
nant depends among other factors, alsco by the nutritional
status of the animal. The dietary nutrient, interact with
aflatoxin during the process of metatolism modifying its
toxic effect. The different nutrients have been found
to interact differently. The knowledge of such interactions

may help in alleviating the toxic effects of the —-oxin.

Madhavan and Gopalar(1965) cobseried that the toxicity
of aflatoxin Bl in rats was more with provein deficient
diet. Adekunle et al. (1577} found thet rh: conversion

of aflatoxin B1 to aflatex:n MI and arlitorin ., was reduced

by 50 per cent in rats, vhen theic cdiat war deficient in
protein.

Smith et al. (1971) reported  thatl shicks were
protected against the adverse ecfiecrs o 5 ppm dietary
aflatoxin on growth when the protein level :n the diet

was Increased from 20 to 30 per cent.

A decrease in hepnatic aflatoxir Eﬁ manromolecule
adduct formation was noted by Praston e- al {(1976) in
rats fed protein deficient diest. Sinha and lrora (19841
observed that pre-ruminant kids reveiviig 1 ppn aflatoxin

in the diet had normal growth comparable to he control

kids due to higher protein lavel in the d: et .
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Wells et al. {(1974) ceported :hat liver was more
affected by aflatoxin when lard was the sourcce of fat than
when groundnut oil was used in the d.et of rat. Though
aflatoxicesis decreases the synthesis of fatty acids and
causes impaired lipid transport, yet diets high in lipids
have a mortality sparing effect against aflatoxicosis and

the fat containing unsaturated fatty acids have a growth

sparing effect (Hamilton, 1977},

Murthy et al. (1975) fed pics on aflatoxir contamina-
ted groundnut meal alongwith hign cacbohydrace: diet and
found that high amount of carbohiydra:e 1in rte combined
ration exerted a protective cffect o~ -he lver. Wise
et al. {1978) reported that rats excreted less aflatoxin
My in the urine when they were fed on o sucrcs> rich diet
as compared to rat fed on starch rich diet, inspite of

the zame level of aflatoxin in both the cietis.

Hamilton and Garlich {1972) cculd row alter the

fatty liver syndrome caused by aflatoxin by :applementing

the diet with 13.2 png/kyg vitamin 312 . Temcharocen et al.
(1978) observed an increass n hepatic carcinoma cases
as a result of feeding vitamin Bl2 {5C ug/kg) to rats fed
aflatoxicated diet.
Barber et al. (1968) observed that aflatoxin By
~reduced the vitamin A content of the liver of piags, Similar
results were vreported by Hamilton (197%) in cattle and
chicks. Addition of vitaming A and K tc —“he ration increased

the growth rate of young rats but dld not stop the develop-

menlL of histopathological changes, mecr.ality «r c¢linical
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" signs of aflatoxicosis {(Todd et al.. 1968&) . Reddy et al.

{1973) reported that rats on a vitamin A& deficient diet

vere more sensitive to a single dos2 of aflatoxin.

Hamilton et al. (1974) observed that a diet deficient
in vitamin D, makes chicks sensitive tc doses of aflatoxin,

while rhiamine deficiency had the opposite effect (Hamilton,

1977).

Neathery et al. {1980) cbuld not find auny beneficial
effect of zinc supplementation in c¢ilves fad aflatoxin

in the diet.

Selenium has been reported o have protccgtive effect
against aflatoxin toxicity., al lowel ievels in olg (Davila
et al., 1983), turkeys {RBurguera «L al., 1'£3; Gregory

and Edds, 1984) and calves [(Burcato ot Q.. 198G

2.13 EFFECT ON IMMUNITY

Aflatoxin adversely effects irmunity in animals
by depressing antibody formation, by altaring the inter-
action between the immunogen and host tissues an: by reducing
the formation of non-humoral sukstances asscciated with

disease resistance (Pier, 1973;.

Aflatoxin was vreportad to redice the resistance
of chicken to infection by Tandida alkicens {.amilton and
Havris, 1071). Fdds et al. (1973) obscrvsed that chicken
previously exposed to aflatoxtin Bl had highor susceptibility
Coccidiosis and infection by Marsk's discase virus. However,

aflatoxin at dose level of 15 Ha per day for 73 days had

no effect on antibody production against almoneliz pullorum
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antigens in chicks {(2dinarayanaiah LA PN 1973).

Paul et al. (1977) reported that aflatoxin signifi -
cantly suppressed the in vitro bovine lymphocyte response
to phytomitogens. Sinha and Arora (1984iJobserved a similar

reducticon in response to phytomitegens by lymphocytes in

.goats.

Southern and Clawson {(197%) ob:erved that aflatoxin
at dietary levels of 750 ppb and above caused an increase

in serum IgM fraction in pigs.

Eddy et al. ({1980a) found thit aflavexin fed to
Holstein heifers upto 4.8 mg per day tfor 110 days, did
not affect the lmmune response Lo certain live * lrus prepara-

tions.

Visalakshan et ai. (1984) founc that ' lymphocytes

and total lymphocytes counts were reduced in picgs fed afla-

toxin @ 0.1% mg/kg body weight for 3 months.

Thurston et al. (1%8€¢, vreportzd that feeding ‘of
aflatoxin to cattle depressed both :omplemenis dependent

and independent seruum bacteriostetic scrivity as measured

by growth inhibitien of Escherchia oli.

Rao (1987) attributed ~he rpersi::ance 2° New Castle

disease in chicks to immunc-suppression cauced by aflatoxin

in feed.

ilgaz ' et al} {1987) observed . mmunosuppression in

chicks as a result of aflatoxin feeding.

2.14  AFLATOXIN RESIDUES TN FOODS OF ANIMAL ORIGIN

The mode of entry of aflatoxing in huuan food is
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given in Fig. 4. The toxic metabolites that accumulate
in milk and tissues of food producing animals rose serious

problem to the human health.

Milk is most commonly found to be contaminated with

aflatoxin M 1 Allcroft and Roberts (1268} measured the

amount of aflatoxin My in milk from cows given diets contain-

ing wvarious levels of aflatoxin. Resilts ind:cated that
the amount of aflatoxin M 1 excreted in milk was in direct

proporkion to the intake of aflatoxin By . Sacretion of

aflatoxin My into milk as percentazge of aflatoxin consumed

varies from less than 1 to 3 per cent Linde et al., 1963;

Masri et al., 1967: Nabney et al., 1267: Polan et al..

1974; Kong et al., 1982; Frobish et al., l98€),

Rodricks and Stoloff(1977) calculated that in general
the raticos of the levels of aflatoxin Bl in the feed to
that in the milk were about 300:1; so that a conpound feed
qnmaining 30 pg/kg of aflatoxin Isl would be e¢xpected to

contaminate milk with 0.1 pg/litre of aflavexin M However .,

1
the conversion wvaries widely ‘fvoxr wpizal o animal and
the overall range of valuss i rorport:=d to sary between

34:1 and 1600:1 {Stoloff, 1980].

Allcroft and Carnaghan (1963: noticed that aflatoxin
Ml in milk of cows was mostly associatad with ~he casein
fraction but McKinney et al., (I1973) otserved c<hat during
rennet precipitation, curd and whey carr ed aflazoxin M lin
the ratio of B0:20, Stoloff et al. (1975) alsc found that

aflatoxin M was distributed both in tre curd and whey

fraction of milk. Survey Iin West Germany revealed the
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presence of aflatoxin Nl Lnoomill o renging fron traces to
0.54 pg/kg {(Polzhofer., 1977). The aslacoxin content was
rather high in milk samples analysed in TIran (Suzanger

et al., 1976},

Yadagiri and Tulpule (1974) rceported the presence
of aflatoxin Ml ranging from traces to 4.8 jpg/litre 1in
buffalo milk samples from the Government Dajry “srm,Kakinada
in Andhra Pradesh, India. Lembe (1977) surveysed the milk
and milk products in and around Karnal, Haryana, India,
for the presence of aflatoxin and detected aflatoxins in

various concentraticon in milk, khoa and :heese sanples.

Survey conducted in United St:tes of America on
commercial milk samples =nd various dairy ,roducts did
not reveal the presence of aflatoxin M, (Stoloff et al.,
1981), indicating that it was possible to aveid aflatoxin

residues in milk and its prediass by provont ive lcasures.

Occurrence of aflatosin rod Taen T i dborent bLissues
cf food animals have alze bheen repovtyed by oy research
workers (Keyl and Booth, 1371:; Rodricks and Sty off, 1976

Hayes et al., 1977).

Krogh et al. {1972) showed the presence oFf aflatoxin
residues in liver, kidney, heart, mnscle and adipose tissues

of adult swine fed with afletoxin contaminated r:tLions.

Javeis {(197¢)  reportea the presence of aflatoxin
in liver, kidney and other tissues of piz in feeding trials
Iwith atlatoxin contaminated diets. Lzvels woere highest
in livers and kidneys with cnly traces oczarriw in heart,

muscle and adipeose tissues.
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Staloff (1977) detected aflatexirs i1 tissues of
broiler c¢hickens and eggs of laying nens given aflatoxin

contaminated feed.

Van Egmond et al. (1979) reported that in a survey
of aflatoxin levels in 1livers, from slaught<r houses, a
sample of bovine liver was found to contain aflatoxins

B B, and M, at levels of 0.10, 0.03 and 0.08 ja/kg respec-

1’ 1

tively.

Stubblefield et al. (1983} found aflatoxin Bl and
Ml in all samples., except the thymus of 31 ~ow given aflateoxin
Bl orally at 0.35% mg/kg bedy welght for 3 days and slaugh-

tered after 24 hours of the final dose. RKidney, liver

and mammary gland had the highest concen:irationg.

Aflatoxin contamination of fish and fish products
has been repcorted in Phliippines at an average 1level of
3, 2, 5 and 2 pg/kg in dried fish. fis) sauce, smoked fish
and salted and fermented snall shrimp raospec-ively (FAO,
1979} . Shank et al. (1972, reported that the average afla-
toxin content of dried fish shrimp sanpl: was 166 pg/kg,
while salty fish in Indonesia was founc to contain 5 pg/kg

{FAQ, 1979).

Although the contamination of atlatoxin at varying
levels has been reported in most of the food products,
systematic surveys have bheen carried ocut only in few
countries and:.mostly for selected commodities. Aflatoxin
contamination may vary considerably from year to year as

well as from region to region of a countr/.



Rl

Experirent 1:

Bffect of aflatoxin i 1o vitco rumen
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EFFECT OF AFLATOXIN ON IN VITRO RUNMEN MICROEBIAL ACTIVITY
AS INFLUENCED BY DIFFERENT LEVELS OF SELENIUM

Aflatoxins ave known for suppressing the rumen micro-
bial activity (Mathur et al., 1976:8inha and Arora, 1982).
Higher levels of protein have been reported to have a check
againsgt this suppression (Balaraman and Arora, 1984).
Recently., selenium at low levels has also been reported
to have a protective effect against cflatoxicesis in pigs

(Davila et 1., 1983), turkeys (Burcuera et 1., 1983;:

Gregory and.Edds, 1984) and calves (Burcato et al., 1986).

The purpose o©of the present study wa. Lo examine
the protective effect of different selenium levels on rumen
microbial activity againzt aflatoxin toxiecicy under in
vitro conditions. The rumen microbial activity was estimated
in terms of cellulose disappearance, total velatile fatty

. . : . . 35
acids concentration, microbial prote.n synthesis and 5

incorporation into the microbial pratein.,

MATERIALS AND METHOD.:

3.1.1 Plan of the experiment:

The experiment was conducted in o 3 x 3 factorial
design with three replicates in a complate randonised block
design. Three levels of seleniun, i.e. 0, 0.25 and 0.5
ppm were selected and each level was obscrved for its protec-
tive effect on rumen micreobial activity against the adverse
effect of three levels of arlatoxin, i.¢. O, (.25 and 0.5

ppm, under in vitro conditicne.
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3.1.2 The in vitro system:

The in vitro systems were set up in 130 ml conical
flasks fitted with tight rubber corks having Bunsen gas
release valve (Bentley et al.,1954). M- Dougall's artificial
saliva was used as the buffer in the incubation medium
(McDougall, 1948). Pure cotton cellulose and glucose served
as the carbohydrate substrates. Urea and ammorium sulphate
.provided the nitrogen and sulphur in bthe retio of 10:1
for optimum growth and mualtiplication of rusen microbes
(Arcra et al., 1977). Na, 35SO4r carrier (ree, radiocisotope
obtained from the Bhabha /Ztemic Research Centre, Bombay
was used in the medium to studv the inccrporation of sulphur
into the microbial protein. To each aincubation flask,
20 ml strained rumen liquor was added as the inoculum for
microblal activity. The detalils of t{he in -itro system

and different treatments are given in Talle 4.

3.1.3 Management and feeding of dopnor arimal fo:. rumen

liquor

A male buffalo calf, aged 3 yenr: a4 weighing about
350 kg was operated to make a fistule 1o tne -umen, which
was fitted with a permanent cannula, This arimal served
as the donor of rumen liquor. The animal was housed indivi-
dually and was offered daily with 3 kg of ccncentrate mixture
and 20 kg of green maize. The concentra e mixture consisted
of 40 parts maize, 32 parts groundaut cake, 25 parts wheat
bran and 3 parts mineral mixture ircluding salt. Its
calculated nutritive value was 20.50% 2 and ’0.65% TDN.

The feed was offered once at 9.00 A.M. and the animal hagd



Attribute TREATMENT
Zero | 247 Af Se Af Se Af Sé  Af Se Af Se £ se Af Se Af se 7
hr hr O .25 O .5 .25 0 .25 .25 .25 .50 .50 0 .50 .25 .50 .50
{con- {con- N
trol) trol) {(ppm; {ppm) (pplm) _(ppm) {ppm) {ppm) {ppm) (ppm)
Treatment number
0 1 2 3 4 5 6 7 8 9
McDougall's 190 ic 10 1C 10 10 10 10 10 10
buffer {(ml
Cellulose (mg) K00 500 500 500 500 500 500 500 500 500
Glucose (mg)® 50 50 50 50 50 50 50 50 50 50
Urea (mg)b 32 22 32 32 ' 3z 3£ 32 32 32 32
Ammon lum & © & 6 & 5 G 6 6 6
sulphate (mgjc
M~ 35~ ..4 X ' )
Hi, 50, (ml) J.l Q.1 0.1 0.1 0.1 a.1 0.1 0.1 G.1 0.1
SRL (ml) 20 24 20 20 2 20 2¢C 2C 25 26
Distilled water 9.0 Q9,0 3.8 9.7 GLE 3.7 9.4 9.7 S.& 0.
Aflatoxin (pg)€ - - - 0.2 0.2 0.2 0.4 0.4 0.4
Selenium (pg)e - Nz 9.4 - O.Z Q. - 0.2 -
d8 sod, selenito

a = 50 mg/ml; b = 32 mg/ml: ¢ = 6 mg/ml; d = 0.45 pCi/0.1 ml; e = 0.2 pg/C.1 ml

0S
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free access to ciean water twice daily. The animal was
adapted on tnis diet for 25 days before the collection

of rumen liquor for the in vitro experiment .

3.1.4 In>culum preparation and incubation:

Bunen liguor was collected at 9.00 A.M. before the
schedun.ed feeding and watering with the help of a polythene
tivbe of 1 cm diameter. The polythene tube was inserted
approkimaﬂely 30 ¢m deep into the rumen and rumen liguor
was initially drawn with the help of a 50 ml plastic syringe
and then syphoned off in a smooth flow. The liquer wasg
collected and transpeorted to the laboratory in a pre-warmed
thermos flask and strained through four layers of muslin
cloth. Twenty ml of strained rumen - liquor was transferred
into each incubation flask <¢ontaining the substrates and
was flushed with carbondioxide for 2 minutes Gto ensure
anaerobic conditions and closed with rubber bung having
. Bunsen gas release valve, The flasks were incubated for
24 hours in a waterbath maintained at 39° * 1°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 were stopped for microbial
cactivity with 10 m}! of 1.07 N sulphuric ac¢id and 10 ml
“of 10% sodium tungstate solution to estimate initial protein,
cellulose and total wvolatile fatty acid concentration.
Other flasks were incubated for 24 hours at 39° r 1°C and

at the end of incubation period, the microbial activity
PR
6‘1 L

PR
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was stopoed. After 5 hours, the contents from each flask
were quéantitatively transferred to a polythene tube and
centrifuced at 3,000 rpm for 20 minutes in a centrifuge,.
The supervnatant was transferred to a 100 ml volumetric
flask. <“he protein precipitate alongwith residual cellulase
was washed thrice with 20 ml water, 5 ml of 1.07 N sulphuric
arid and % ml of 10% sodium tungstate solution and centri-
tnged., 'he supernatant was again transferred to the same
volumetri: flesk and the volume was made upto 100 ml mark
and kept for :he estimation of total volatile fatty acids.
The‘residue was treated thrice with 15 ml of 0.1% scodium
hydrox:de with thorcugh mixing each time for one hour and
then centrifuged at 3,000 rpm for 20 minutes each time
¢ gepara.e cellulcese, and other feed particles. The super-
natant ccntaining dissolved protein was Ltransferred every
time to 1 50 ml volumetric flask. The volume was made
upto mark with 0.1N scdium hydroxide and kept for determina-

358 radicactivity. The residue in the

tion of oprotein
centrifuge tube was then transferred to a 50 ml glass tube

for cellulose determination.

3.1.6 Analytical methods:

3.1.6.1 Qellulose estimation:

Zellulose in the residue was determined by the metheod
of Crampton and Maynard (1938). Percent digestibility
of cellulcecse was calculated on the basis of cellulose content

‘at zero hour control.

3.1.6.2 Total volatile fatty acids:

Total wvolatile fatty acids (TVFA) were determined
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by the method of Barnett and Reld ({1957).

3.1.6.3 Microbial protein:

A-fer incubation, protein was precipitated by Che
addition of 10% sodium tungstate solution (Shultz and Shultz,

1970) anl was determined by the method of Lowry et al.

(19511} .

3.1.6.4 Radicactivity measurement for determining 3SS

~incorporation into microbial protein:

Sanples of standard, protein fraction and supernatants
were prepared for radicactivity measurement by the method
of Mahin and Lofberg {1966). The 355 radiocactivity measure-
ments were carried out in PACKARD TRI-CARB PRIAS 1liguid
scintiila~ion c¢ounter (Model BPLDS No.00099) at  20°C.
Net 355 incorporation was arrived at by subtracting the

, . 5
value obtained from zero hour c¢dntrol from the gross 38

incorporation walues obtained from different treatments.

3.1.6.5 Statistical analysis of the data:

The data were analysed as per Snedecor and Cochran

(1967) .

3.1.7 Results and discussion:

The results on the effect of aflatoxin on cellulose
digestion, total volatile fatty acids concentration, micro-
bial protein synthesis and 35 g incorporation and on percent
inhibition are presented in Tables 5 and 6 respectively.
The analysis of variance of the data is presented in Table

7.,

3.1.7.1 Celluliose digestion:

The result on cellulose digestibility at different



Table 5. Effect of Jgifferent levels of aflatoxin and Selenium on cellulose disappearéncea total

volatile fatty acids concentration, microbial protein synthesis and 33 ¢ incorporation*:
_________________________________________________________________________________________ o mm———————
Treatment Treatment Cellulose TVFA Net microbial “”8 incorpora-
NO. e - disappearance concentra- protein synthesis tion
Af {ppm)} Se (ppm) %) tion {mg) {%)
{mM/100 ml
SRL)
1 (24 h 0 ¢ 31.64 + 1.89 2.18 x 0.12 20.99 + 1.81 30.65 + 1,90
control)
2 0 .25 30.91 = 2.09 2.20 = 0.60 19.53 =z Q.78 29.90 x 2.10
3 0 .50 30.42 = 1.67 2.20 z 0.14 20.992 + 1.11 29.40 + 1.70
4 .25 0 21.17 = 2.42 1.08 + 0,23 9.84 + 2.16 20,18 = 2.43
5 .25 .25 1€.87 + 2,70 1.06 = 0,24 5.93 + 2.71 15.80 = 2.70
6 25 .50 17.62 - 3.78 1.07 = 0.3 9.57 + 2.54 1€.62 + %.78
7 .50 9 20.66 * 3.57 1.11 = Q.15 7.59 £ 1.57 19.65 + 3.57
A .50 W25 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 vaiue 1s an average of 3 replicates

&S]



selenium levels without aflatoxin were T (contrel} 31.64 =

Lt
1.89%; 71 2;30.91 t 2.09%; Ié :30.42 *r 1.67%. These results
indicated that there was no effect of these levels of sele-
nium on cellulose digestibility under in vitro conditions.
Little et al. (1958) had alsc earlier reported that cellulose
Jigest - on was not inhibited at such low levels of selenjum.

The results on cellulose digestibility at different javels
of aflatcxin, alongwith different levels of selenium were:
'[‘4 2l T x 2.42%; TS: 16.87 + 2.70%; Te 17.62 £ 3.78%:
T?: 20.66 + 3.57%; T_,: 12.32 * 1.67%; T,.: 15.48 + 3.51% and

3 9
the percentage 1inhibition in cellulose disappearance was
33.09, 46 68, 144.31,34.70, 61.06 and 51.07 with these treat-
nent s raspectively. Statistical analysis of the data
indicated that aflatoxin toxicity at different levels led
te significant decrease (P<l 0.01}) in cellulose digestibility
‘%) showing adverse effect on cellulolytic micreoorganisms.

Further, it was evident that the levels of selenium used

in this study did not protect the microbes.

()

A1.7.2 1Total veolatile fatty acids concentration:

The results on TVYFA concentration {(mM/100 ml SRL)

at different levels of selenium without aflatoxin were:

i}

Tl: 2.18 v 0.12; T.: 2.2 % G.60; T3: 2.2 £ 0.14 indicating

no effect. The results on TVFA concentration(mM/100 ml SRL}

at different levels of aflatoxin with varying levels of

I+

selenium were: le 1.08 £ 0.23; T_: 1.06 * 0.24; T6: 1.67

0.37: T 7: 1.11 + ©0.15; T8 : 0.81 + 0.33; 'P9: 0.33 + 0.17.

The percent inhibition was 50.46, 51.38, 50.92, 49.08,

62.84 and B84.86 vrespectively with the above treatments



Table 6. Percent inhibition in cellulose disappearance, total volatile fatty acids concentration,

. ) . . 35, . )
microbial protein synthesis and 5 1ncorperation

Treatment Treatment Cellulose TVEA Net microbial 355-incorporation
No.  mmm e - dis- ‘concentra- protein

at (ppm) Se {ppm) appearance tion synthesis
1 {Control) 0 0 0 0 0 0
2 ¢ 25 2.31 O 6.986 2.45
3 0 50 2,84 o 0 4.08
4 28 O 33.09 5¢ .46 53.12 14.23
5 .25 .25 46 .68 51.38 66.98 48.25
& .25 .50 44 .31 50.92 54.41 45 .77
7 50 0 34.70 49,08 63.84 35.69
g8 50 25 61.0¢ 62 .84 92.90 A 10
Y .50 .50 51.07 84 .8¢ 82 .85 52.7¢

99
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with dif ‘erent levels of aflatoxin. The .dnta revealed
that there was a significant decrease (P < 0.01) in total
volatile fatty acids concentration with the increase in
the level of aflatoxin at all levels of selenium. Sinha
and Arorz (1982} and Arora et ii' (1988¢) also reported
& decrease wiith the increase in aflatoxin level under in
vitro comilitions. Selenium levels used in this study could
rot check the suppression of microbial activity as a result

of different aflatoxin levels.

2.1.7.3 Erotein synthesis:

The resalts on net microbial protein synthesis at

cifferent selenium levels without aflatoxin were: T (control)

120.99 + 1.81 mg ; T2: 14.53 £ 0.78 mg and TB: 20.89 + 1.1]1 mg.
These levels ol selenium had no effect on microkial protein
synthesis, Khirwar and Arora (1976) reported that selenium
levels higher than 30 pg (1.0 ppm) were detrimental to

the growtt of microorganisms. The results on net micrcbial

protein svnthesis at different levels of aflatoxin with

or wWithout selenium were: sz 9,84 + 2.16 mg; Tq: 6.93
* .7 ; 9.5 - 2. ; : .59 ¢ .57 ;0 T
2.71 mg T6 ). 57 2.54 mg 1‘7 7.5 1.57 mg a
3.5% & 0.77 mg and Tgt 3.60 & 1.06 mg. The corresponding

percent. irhibkition with different levels of aflatoxin and
gelenium vas 52.1%, G66.98, 54.41, &63.84, 82.90 and 82.85
respectively, indicating a significant decline (P<§_ 0.01)
with all the treatments with aflatoxin. Balaraman and
“Arora (1984) also observed less protein synthesis contailning
dflatoxin in the media. It was also apparent that all
the level:: of selenium were ineffective in checking the

artimicrobial action ¢f aflatoxin in this study.



Table 7. 'BAnalysis

of variance

e T ——— ——— — ——— ——— ———

Between replicates

Between Selenium
level

Detween aflatoxin
level

interaction

Error

Net microbial

55— Incorporation

TVFA Cellulose
e dis-
M3s F appearance
MSS B
0.192 1.14 51.70 2.82
0.078 0.47 48 .29 2.64
5.69 33.99*% S570.74 31,14%*
3.03 J.48 18.33 0.59
Q.17 10.00

protein
synthesis
MS5S F
2.55 Q.27
14.09 1.40
586.21 £2.10%%
3.78 0.40
9.43

10.87

0.594

8¢
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3.1.7.4 *°s incorporation into microbial protein:

35

Th«: results on S-incorporation into microbial
protein at different selenium levels without aflatoxin
vere: 'I‘l .control) 30.65 + 1.90%;: T, : 29.90 + 2.10% and

T, : 29.4) + 1.70%, which were not different statistically,

indicatinc that selenium at these three levels in the arti-

ficial runen rermentaticn study did not affect the 358—

incorporation into micreobial protein. Khirwar and Arora

35

{1376} reported that overall S-incorporation was uniform

in proteir fraction of all the treatments upto 30 pg (1.0

ppm) selerium level. The results on 35

S—-incorporation into
microbial protein fraction at different levels of aflatoxin
. with wvarying levels ©f selenium wvere T4: 20.16 * 2.43%;

T_: 15.86 + 2.,70%; T : 16.62 * 3.78%; T _: 19.65 t 3.57%;

+

5 G 7
TS: 11.31 + 1.67% and Tg: 14.47 * 3.51%, The percent inhi-
bi_ion on 35 S-incorporation with different doses of afla-

toxin and selenium was 34.23, 48.25, 45.77, 35.8%, 63.10
and 52.79 respectively in treatments 'I‘4 ke T 5 A signifi-~
cant depression (P<C 0.01) on 35 S~uptake by the microbes
might b2 c¢ue to the bacteriocidal action of the aflatoxin.
Different levels of selenium used in this study could not
overcome tne adverse effect of aflatoxin as observed with
other paraneters. Decrease in S-incorporation into micro-
bial protein fraction, under conditions similar to this
“study have even earlier been reported by Sinha and Arora

(1982) .

The protective effect of selenium at low levels

against texicity reposrted in rats (Newberne and Conner,
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1974}, swine (Davila et 3l.. 1983) and turkeys (Burguera
et al., 1983: Gregory and Edds, 1984) could not be confirmed
on rumen microbes in this study. Selenium probably exerted
i_ts beneficial effect in above studies through glutathione
peroxidase by protecting the hepatic cels agairst the toxic
effect of aflatoxin (Davila et al., 1933). It this study,
the anti-microbial activity of aflatoxin might have an
upper hand and impaired the multiplicetion of celluolytic
as well as proteolvtic micreoorganisms tefcre sclenium could

exert}i( its Pbeneficial effect. Earlier such &n inhibitory

action has also been shown on Lactobacillus bulgaricus

1317 (Lewbe, 1977), Flavobacterium aurantiacum {Lilleho)

et al., 1967) and E. coli (Wragg er a.., 1987) when grown
in presence of aflatoxin B 1+ as a resilt of less activity
of DNA polymerase. Mathur et al. (1976) also reported

inhibition in the growth of varioixs microbes due to afla-

toxin under in vitro conditions.



Experiment 2:

Effects of aflatoxin on growth in kids
and its influence on feed conversion
efficiency
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EFFECTS QOF AFLATOXIN ON GROWTH IN KIDS AND ITS INFLUENCE ON
FEED CONVERSION EFFICIENCY

Adverse effects of aflatoxins 1in various species
are well documented. Young animals are more prone to afla-
toxicosis than the old animals. In the present study,
rate of growth was taken as a criterion for assessing the
safe level of aflatoxins in the diet of <c<rossbred Kkids

fed graded levels.

MATERIALS AND METHODS

4.1.1 Plan of the experiment:

Twenty-four growing male kids of Alpine, Beetal
.and Saanen c¢rosses were used in this study. They were
randomly distributed into 4 groups of six kids each. All

the animals were fed concentrate mixturce and lucerne fodder

as per their requirements. In adéitior, animals of groups
1, 2, 3 and 4 were given aflatoxin a: iLhe levels of 0,
0.3, 0.6 and 1.0 ppm respectively. A{l the animals were
wveighed weekly to assess their growth rate. Daily dry

matter intake was also recorded to know the feed conversion
efficiency 1in different groups. Thig feediigy practice
lasted for 16 weeks. The particulars of kids and their

distribution in different groups are presentcd in Table

8.

4.1.2 Housing and management of kids:

Kids were kept individually in pers of size 1.5 m x
2.0 m. The pens were thoroughly white wa:hed and ¢isinfected

before the start of the experiment. bLisinfection was carried
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Table 8. Particulars of kids and their distribution

M et ke T e e TR n P Ef e e s g h R AR Sam bk e =P b o M e ke ek R e men f % M e Ak - A PRR MR ek M M i A T

Treatment Kid No. Date of Birth {ge at the Initial
group birth welight start of body
{kqg) e Xpoeriment weight
(cays) (kg)

AB 674 12.11.86 3.4 140 10.2
Group 1 AB 678 14.11.86 3.6 1238 11.0
O ppm AL AB 681 17.11.8¢ 2.8 135 11.2
{control) AB 689 24.11.86 3.2 127 11.8
AS5B 419 15.11.8¢ 4.2 137 11.0
sp 297 13.11.8¢ 2.8 139 12.2
 Average z S.E 136 + 1.%3 11.23:0.26
AB 676 13.11.8¢6 2.5 139 10.6
Group 2 AB 883 18.11.86 4.0 134 11.0
0.3 ppm Af -AB 692 7.12.86 3.2 114 11.0
SB 301 21.11.86 3.2 132 11.0
SB 420 15.11.86 3.5 137 - 11.6
SB 425 25.11.86 3.4 127 11.2
Average * S.E 130,58 3.7 -11.07x0.,12
AB €80 16.11.86 4,0 136 11.¢C
AB 688 24.11 .86 3.5 128 12.4
Group 3 AR 691 6.12.86 2.2 1.5 10.0
0.6 ppm AL SB 298 13.11.88 2.6 149 l0.8
ASB 418 14.11.86 3.2 138 11.0
ASB 424 21.11.86 2.8 142 11.0
Average + & .E. 121 .2x3 .60 11.010.29
AB ©77 14.11 .86 4.0 128 10.8
‘Group 4 AB 685 19.11.86 3.4 123 11.2
1.0 ppm Af AB 693 10.12.86 3.0 111 9.2
SB 296 12.11.86 3.0 140 1¢.8
ASB 423 20.11.86 3.2 132 11.2
ASB 426 25.11.86 3.2 127 13.2

Average * S.E,. 133,174,235 11.0720.48

L e b g i = A L W TR b ek M e b e S dm mm ot Fb m e MR b R et A B i MR e Am e e L o ———
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.out daily in the morning at the time of ecleaning of the
pens and white washing was repeated every month during
the experimental pericd. The kids were given ar adaptation
period to their surroundings, management routine and their
feeding regimen for about 2 wecks before starting the experi-

ment .

4.1.3 Feeding .schedule:

NRC recommendations (198l1) for Zeeding of dairy
goats were adopted for developing tne feeding regimen.
The kids were fed concentrate mixturé and lucerne fodder
according to the feeding schedule given in Table 9. The
concentrate mixture was orepared bv usiig diffrrent quanti-
ties of maize, wheat bran and mineral mixture 'Table 10].
Weighed quantity of concenlrate mixture and lu:efne fodder
was offered at ©.30 A.M. .and 12.30 F.M. respectively,
Requisite gquantity of aflatoxin was fod manuslly to each
kid from surety stand point. Clean drinking water was

provided ad lib to kids twice daily.

4.1.4 Recording of weight ga*n and dry matter fced intake:

The kids were weiched at  weekly intecvsals prior
to feeding and watering in the norning. The Jdry matter
of the Concentfate mixture and green lucerne o>ffered to
the kids was determined. Left overs were c¢ollected at
‘the end of 24 hours and weighed, and tleir dry natter was
- also determined for calculating the DM .ntake. Feed effi-

ciency was expressed as feed regquired pe- unit (eight gain.

4.2 RESULTS AND DISCUSSION

Initial body weights <(kg) of <idz in different
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Table 9, Feeding schedule

Body Concentrate Lucerne Total
weight —  mixture ____ __ fodder _ _  ____________________
(kg) FM DM FM DM DM CPp TDN
{q) (g) (kqg) {(g) {g) (a) (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 1.75 262.5 465.0  64.5 335.7
15 - 16 250 225.0 2.0 300.0 525.0 73.0 378.9
17 - 18 275 247.5 2.25 337.% 385,00 31.5 422.3
19 - 20 300 270.0 2.50 375.0 45,0 39,0 465.8
21 - 22 325 292.5 2.75  412.5% "05.0 7. 509.3

23 - 24 350 315.0 3.0 450.0 765.0 106.0 552.8
25 - 26 375 337.5 3.25 487 .5 825.0 114.5 596.3
27 - 28 400 360.0 3.50 525.0 585.0 123.0C 639.8

29 - 30 425 382.5 3.75 562.5 945.0 131.5 683.3
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Table 10. Percent ingredient composition of concentrate
mixture

Ingredient Parts Ccp TDN

Maize &0 8.00 6.0

Wheat bran 17 2.13 1.0

Mineral mixture* 3 - -

Total 100 10.13 9.0

* Composition of mineral mixture:

Ingredient g per 3 kg
_________________________ _mineral mixture
Dicalcium phosphate 1.6300
Sodium chloride 0.9000
Calcium carbonate 0.3312
Magnesium carbonate 0.0%00
Ferrdus sulphate 0.0i50
Zinc sulphate 0.0075
Copper sulphate 0.002]
Manganese dioxide L0021
Cobalt chloride L0015
Potassium iodide L0003

Sodium fluoride L0003
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treatment groups were: Group 1: 11.2% = 0.i6: Group 2:
11.07 + 0.12:; Group 3: 11.00 =+ 0.29 and Group 4: 11.07
t 0.48. They did not vary significantl, ancngst the various
treatment groups. The average weekl; weigh: gains (g}
of kids were: Group l: 508.50 * 41.¢0; Group 2: 408.50
r 43.40: Group 3: 330.10 + 60.50 and¢ Group 4: 228.60 ¢
49.70, indicating the decline in weight gain vizh increase
in aflatoxin levels. The cumulative weekly veight gains
(kg) of kids in different treatmant ¢roupsz :re given in
Table 11 and depicted in Fig. 5. The total Weight gains
(kg) during the 16 week growth period ware: Group l: 8.14 ¢
0.66; Group 2: 6.53 * 0,69; Group 3: 5 28 = 0.77 and Group
4: 3.66. + 0.80. The averayge daily giins (g) of kids in
different treatment groups were: Group 1: 72.33 ¢t 6.43;
Group 2: 58.36 * 6.79; Group 3: 47.15 = 6.43 and Group
4: 32.66 + 7.65, Regressioﬁ analysis (Table 12; of weight
gains of kids during 16 wecks gave tie 'b' values (kg)
per week as follows: Group l: 0.51 % 0.04; Grcup 2: 0.42 ¢
0.04; Group 3: 0.30 t 0.05 and Groap 4: 0.21 * 0.05, indi=~-
cating a progressive reducticn with incremental increase

in the level of aflatoxin feeding.

The statistical analysis of the data indicated a
significant decrease (P< 0.91) in groeth rat: in gqroups
3 and 4, while the decrease wag ron-gs.gnificact in group
2, when compared to control group. S:atistical analysis
of the data also revealed that feeding of aflatoxin had
no adverse effect on growth in any group uptc 11 weeks.

From 12 weeks onwards, the kids of Ircup « showed a
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Table 11. Cumulative weekly weight gain in kids
Weeks Group 1 Group 2 Group 3 Group 4
(0 ppm Af) (0.3 ppm Af) (0.6 ppm Af) (1.0 ppm Af)}
Control -

1 0.52+0.13 | 0.43*0.06 0.3740.06 0.4020.04
2 1.0220,20 0.92:0.15 0.9020.09 0.82+0.16
3 1.48:0.35 1,282£0.23 1.05+0.26 1.0520.29
4 2.0010.43 1.6020.27 1.35£0 .37 1,40+0.38
5 2.3320.54 1.8020.32 1.93£0.53 1.3520.50
& 3.13£0.60 2.40+0 .48 2.45+0.45 2.06+0.50
7 3.68:0.63 2.96:0.41 2.58+0.45 L.77420.63
8 4,1720.62 3.38:0.40 2.90:0.60 2.33x0.71
3 4.43:x0.70 3.70%0.,55 3.00+0.56 2.28+£0.65
10 4.9310.66 4.20%0..66 3.40*0.56 2.46+0.70
11 5.55£0.68 4.37+0.56 3.73x0.58 2.87+0.65
12 5.7220.67 4.600.50 3.47x0.454 *2.80:0.77
13 ©.5610.63 5.30x0.77 *4,00:20.54 *2.92x0.73
14 7.17x0.82 5.60:20.74 ¥4 .,38+0.81 *3,3320.87
15 7.85:0.75 6.200.77 *4 780G .80 %3.57:0.98
16 8.14x0.72 6.5320.76 **5.,28:0.12 *3.672x1.01

A A A e e W Mk o B o B o e e A e ey b R P R e R S e et b SRl W rm ke M e B 1 et A Ak e e A



Table 12. Effect of graded levels of aflatoxin on growth rate in kids

Attributes Group 1 Group 2 Group 3 Group 4

{0 ppm Af) {0.3 ppm Af} {0.6 ppm Af) (1.0 ppm Af)

Control

Initial weight 11.23 £ 0.2% 11.07 x O0.12 11.00 £ 0.29 11.07 = 0.48
(kg)
Final weight (kg) 19.37 + 0O .24 17.60 = Q.87 **16.28 + 0.86 **i4.75 2 0.91
Weilght gain (kg) B.14 + 0.686 6.53 &+ 0.69 5.28 =z 0.77 3.66 F 0,80
Welight gain/week 508 .52 =41.,40 408.50 243.40 **330.10 +60.50 *#228 .70 £49.70
(g)
Weight aain/day T2.LTL T .43 58.36 r ©.7Y **x47 .15 * 6.43 **+32.66 + 7.65
{(g)
Ranvacs ia- L 2.4 e v.de * u.,U4 = .30 2 0.05 ¥** 0,21 = 0.05

A
value/week {kqg)

89
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depression in weilght gain {(Fg 0.05) while the adverse effect
of aflatoxin started from 13 weeks onwards in group 3.
But Balaraman and Arora {1986] observed the retardation
of growth in crossbred calves fed 1.0 ppm aflatoxin from
3rd week onwards. It might be due to the variation in

susceptibility of different species to aflatoxin.

In the present investigation although there was
a depression in growth rate of kids 1t 0.3 n»pm level of
aflatoxin, but statistically it was not signifcantly differ-
ent from control group. Similar vresults were vreported
by Maryamma anq Sivadas {1975) who found no adverse effect
on growth 1in goats fed 0.4 ppm aflatoxin in their diet.
Growth rate was significantly 1less in ®ids of groups 3
and 4, given 0.6 and 1.0 ppm levels recspectively. Earlier,
Arora et al. (1988b) had reported a significant decrease
in growth rate in kids at aflatoxin levels canging from
0.5 to 1.0 ppm. Thus, it may be inferred that even 0.3

ppm level of aflatoxin may not be tolerable to kuds.

Details of dry matter intake and fe=d tc jain raties
in different treatment groups are given 1in Table 13. Total
dry matter consumption ‘(kg) and averauve daily dry matter
consumption (kg) in different treatment ¢roups were: Group l:
72.78 + 2.52 and 0.650 % 0.024; Group 2: ©B8.43 * 2.33 and
0.611 + 0.023: Group 3: 66.58 =+ 2.67 and 0.3%94 * (§.,026
and Group 4: 63,85 *r 5.01 and 0.570 * 2.040. Statistical
analysis of the data did not reveal any diffcrei:ce as repo-
rted earlier (Sinha and Arora, 1984)») Fe:d to qain ratios

were 8,95 * 0.,40; 10.48 =+ 0.83: 12.60: 1.64 and 17.39 %



Table 13. Dry matter consumption and feed to gain ratio

Attribute Group 1 Group 2 Group 3 Group 4
(0 ppm Af) (0.3 ppm Af) (0.6 ppm Af) (1.0 ppm Af}
Control
Total DM 72.78 + 2.352 68.43 *+ 2.33 66.58 = 2.67 63.85 £+ 5.G1

consumption {kg)

Average daily DM 0.650x0.024 0,61 20.023 0.594 20.02¢ 0.57G x0.04¢C
consumption {kg)

0L
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3.66 in groups 1, 2, 3 and 4 respectively, indicazting higher
dry matter consumption per unit weight gain with increase
in aflatoxin .levels. These Eindings were in accordance
with the earlier reports on feed : gain ratics (Sinha and

Arora, 1984b:Balaraman and Arora, 1986: irora et al., 19881}

In the present study, effect of aflatoxin on growth
was considered as the basis of assesasing the safe level
for kids and thus a regression line (P« 0.0l was drawn
(Fig. 6) depicting the growth rate n different groups
against yraded levels of aflatoxin. 01 the basis of this
vegression  line, it was inferred that 0.14 ppwm might be
the =safe level for growth in the kids, witth developed rumen,
which Confirmed the earlisr finding {.arora et al., 1988 b}
vhere a safe level of aflatoxin was observed to be 0.147 ppm

for pre-ruminant kids.



Experiment 3:

Effects of aflectoxit on immu-ioglobulin

status of blcod and growth :n buffalo
calves
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EFFECTS OF AFLATOXIN ON IMMUNOGLOBULIN STATU3 OF BLOOD
AND GROWTH IN BUFFALGC CALVES

Aflatoxins have been reported to exert less resistance
to infection and development of immunity (Pier, 1973).

Reduced resistance to infection by Candida albicens, Eimeria

tenella and Marek's disease virus was observed in poultry
due to aflatoxin intake (Hamilton and Harris, 1971 Edds‘
et al., 1973). Aflatoxins are also known for the suppression
of bevine and caprine lymphocyte +vesponse to phytomitogens
under in vitro cenditions {(Paul et a:., 1977: Sinha and
Arora, 1984b}. Reduced pas=zive immunity which was correlated
with the low Jlevel of immunoglobwlin in bleod serum of
necnatal calves was also due to aflatoxin intake (Balaraman
and Arora, 1987]),. These advers: ef ects of aflatoxins
vary from species to speclies and furtier it depends upon
duration and amount of aflatoxin ingested and nutritional

status of the animal.

The obijective of this experimert was to study the
effects of graded jevels of aflatoxiai on irmunoglobulin
status In blood serum and qgrowtin of arother spoecies, i.e.

buffalce calves.
MATERIALS AND METHODS

».1.1 Plan of the experinent:

Twenty-four male buffale calves of Murrah breed,
weaned at birth were taker fcr this study., On 10th day.,
they were randomly distribuced into four grousds of six

calves each. GCne group (1) was ka2pt as control and the
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other three groups (2, 3 and 4) were fed aflatoxin at the
levels of 0.3, 0.6 and 1.0 ppm respectively on the basis
of their dry matter intake. This study consisted of two
prhases: Phase 1: started from 10th day te 15 weeks of
age and Phase II: started from 18 weeks to 30 weeks of
age. A1l the buffalo calves were fed on milk in phase
I, while in phase II, they were given concentrate mixture
and green roughage. Fortnightly blood samples were collected
for the estimation of immunogleobulin in phase'I and weekly
body weights were taken to assess their 3Jrowth rate during

both the phases of this study.

5.1.2 Selection and distribution c¢f animals:

All the calves were nct available at the same time,
therefore, the experiment was staggered as per.the calving
aﬁd availability of buffale calves on random basis. The
particulars of buffalo calves and their distribution are

presented in Table 14.

5.1.3 Housing and management:

All the buffale calves were kept 1in well ventilated
individuai pens of size 1.5 m x 2.C m. Fach pen was provided
with a raised iron platform having 2.5 ¢m size, wire net
floor. The pens were thoroughly white-vashed znd disinfec-
ted before the start of the experiment. All the pens were
disinfected daily in the morning at tle time of cleaning
and white-wahsed periodically. To avoil heat stress, cold
water was sprinkled on buffalo calves twice daily. Tarpaulin
was used fto cover the front and sides of tha calf pens

at night hours,. The buffalo calves wvers ta'en out for



Table 14.

Particulars of male
distribution

Murrah buffalc

74

cal-es and their

Treatment
group

Date of
birth

Group 1
(O ppm Af)}
Control

Mean

Group 2
(0.3 ppm Af)

Mean

Group 3
{0.6 ppm Af)

Mean

Group 4
{1.0 ppm Af)

D e o [ N PUR L B g

Lo QL RSN UL B 6 O o

ZTREZRZEZ=E EEZEZEREZ=

RIZIEZEZXR

3157
3158
3161
3166
318¢
3206

315z
315¢
31e¢
317¢
317¢
3184

3154
3165
3172
3178
3189
3237

3213
3228
3244
3245
3246
3247

27.7.8¢6
10.8.86
20.8 .86
10.9.86
20.,9.86
1.10.86

.86
20.8.86
8.86
9.86
8.10 .86
19.1.87

1. ..86
1.87
2 87
.2.87
.2.87
.2.87

313.0
31.0
27.0
39.0
32.0

31.Q
33.17
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exercise daily in the morning for half an hour. The calves
were weaned at birth. After birth, each calf was cleaned
well and the umbilical cord was dividec leaving just 2.5 cm
length from umbilicus. The umbilical area was washed
with an antiseptic lotion and a swab of tincture was inser-
ted. Birth weight of the buffaleo calves was taken on a
platform scale. The buffalo calves were eatr numbered by
tatooing on the first day. They were dechorned by electrical

cauterization on the 6th day.

Package of practices as specified by Arora (1982)
were followed‘ as part of protective health cover. The
details of the practices followed,are presented in Table 15.
At the start of phase II, all the butfalo calves
were dewormed with piperazine citrate 40% solution ICI

at the rate of 5 ml per 10 kg body weight. Deworming was

done at monthly intervals, alternately with piperazine
citrate solution and panacur powder which <contained 25
per cent Fenbendazole (Hoechst). Pana:ur was zdministered

at the rate of 200 mg per 10 kg bcdy weight as & suspension
in water. The buffalo calves were giveil a wash with gamme-
¥xane at the start of the experiment t: remove infestation
by ticks and lice, if any. They were also protected against
Anthrax, Black Quarter, Haewmcrrhagic S£epticaemia and Foot

and Mouth disease by preventive inoculat.ons.

5.1.4 Feeding of buffalo calves:

The buffalec calves were fed c¢elostrum for first
5 davs. The feeding of buffalo calves on colostrum and

milk was based on theilr body weight according to tne feeding
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Table 15. Package of practices for buffa.o ~alves
Age Health cover schedule Dose Freventive
{days} against
1 Orally auromycin 2 spoon- Calf scour
ful
2 Vitablend water Il Night blind-
miscible liquid ness

(1,00,000 I.U, of
vitamin A per ml)

3 & 7 Piperazine adipate 2 spoon- Ascariasis
ful and dysentry
4 Sulphadiamidine L tablet Diarrhoea/
5 g tablet calf scour
8 Sulmet liquid 30 ml coccidiosis

{12.5% sodium sulpha-
dimethyl pyridine)

9,10,11 -do- 20 mi Cocecidiosis
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schedule giﬁen in Table 16 as describ:ed by Arora (1982).
Milk was fed daily in two egual portions, in the morning
at 9.00 A.M. and in the everning at 4.00 P.M. Before feeding,
milk was boiled and cooled to room temperature. Feeding
was done in plastic pails with fingers dipped in the fluid
to enable suckling by the calves. ¥ineral mixturs (Tabie 10)
wag also given daily to all the calves as per their regquire-
ment . Rovimix in oil {10,000 I.U. of wvitamin A) was alsc
administered once a week to all the calves. “his feeding
practice continued throughout the first phase of the experi-
ment,

After the completion of phase 1, buffalo calves
were gradually shifted from milk to c¢oncentrate and green
fodder feeding. During this change ower of 3 weeks, they
were not given aflatoxin. During the post-ruminant age;,
the calves were fed on concentrate mixture and green maize/
cat as per their reqguirements (NRC, 1978}. The details
of feeding schedule are given in Table 17. Th2 concentrate
mixture consisted of c¢rushed maize: 40 parts; groundnut
cake: 32 parts: wheat bren: 25 parts and minaral mixture:
3 parts. The cencentrate mixtur: cortained 20.5% CP and
70.65% TDN on dry matter bacis (Tablé 13). Weighed quantity
of concentrate mixture and greer, focder wa: offered at
about 2.00 A.M. and 12.30 P.M. vespectirsely. Clean drinking

water was provided liberazlly to all the buffalo calves
twice daily.

5.1,

N

Recording of weight gain and dry asatter fesd intake:

Weekly weight gain and daily drv matter intake were

recorded as described in Chapter 4.. .4
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Table 16. Feeding schedule {pre-ruminant)

Body weight Colostrum/milk
(kg) . (kg)

Upto 25 1.0

26 - 35 2.0

36 - 40 2.5

41 - 45 3.0

46 - 50 3.5

51 - 55 4.0

56 - 60 ‘ 4.5

61 and above 5.0
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Table 17. Feeding schedule {post-ruminant!
Body Concentrate Green fodder Total
welght T ess Lo dw i e e
{kg) M DM P DM DM TDN CP
(kg) (kg) {kg) fkqg) (kq) {(kg) {g)
50 ¢.8 0.7 4.0 0.8 1.5 0.98 207
&0 1.0 0.9 4.5 .9 1.8 1.18 257
70 1.2 1.1 5.0 1.0 .8 1.39 307
80 1.4 1.2 5.0 1.2 £ .4 1.58 342
90 1.5 1.3 7.0 1.4 z.7 1.77 378
100 l.6 1.4 a.¢ 1.6 3.0 1.96 413
1i0 1.7 1.5 8.5 1.7 3.2 2.09 442
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Table 18, Composition of concentrate mixtiure

Ingredients Parts CP TDN
Maize 40 14.00 32.00
Groundnut cake 32 13.4% 22.40
Wheat bran 25 ' 3.10 16.25
Mineral mixture 3
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5.1.6 Collection of blood samples:

Ten ml of samples of bploecd were collected under
sterile condit}ons from the ‘Jugular piancture. 4 cm long
stainless steel hypodermic needles of 18 gauge and 30 ml
glass test tubes were used for =the ¢ollectior. of blocd
samples. The initial blood samples werz collected on 10th
day, prior to aflatoxin feeding and subs:quent blood samples

were collected at an interval of 15 days :‘hroughou: phase I.

5.1,7 Determination of total imnunoglobulins in blood

serum

Immunoglobulin levels in the blu: il rerum were deter-—
mined by =zinc sulphate turbidity test (McBwan el al., 1970)

with standard curve prepared from standardéd bovine Ig Cohn

fraction II1, obtained from Sigma Chemical Co., U.S.A.

5.1.8 Producticn of crude aflatoxin mixture:

Crude aflatexin mixture was produced in the laboratory

by growing Aspergillus parasiticus MRRL 3249 on a synthetic

low salt medium (Reddy gt al., 1971} ‘op:ainiig sucrose,
asparagine and various mineral salts {(Table 19) i1 Haffkine's
culture flasks. The «culture flasks were incuosted in a
B.0.D. Incubator at 26°C ¢ l°C for & dJays as stationary
cultures. Toxin was releasszd into 4k nutrieat medium

as a result of extensive mycelial growth.

Nutrient medium from the cultire flasks was collected
in a 5 litre conical flask. 1t was oxtiracted with 1.5
litres of chloroform and re-extracted thrice with 500 ml

chloroform each time. The chloroform extr:cts were pooled
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Table 19. Composition of synthetic low-s3alt medium used for

aflatoxin producticon

A i M i e T kR TR i A M AR e T —

Ingredients Amount
{g)
Sucrose 85.000
Asparagine 10.000
(NH,), 50, 3,500
I'{[-1213‘O4 0.75C
MgSO4.7H20 0.3:C
CaC12.2E120 0.07%
ZnSO4.7H20 .0.0IO
Mn012.4H20 0.005
(N8, ) M0, , 4H,0 0.002
Na28407.lOH2Q 0.0G2
FeSOd.7H20 0.002

Distilled water to make a3 volume of 1,002 mi
{pH adjusted to 4.5 using 0.1 N HC1 before making up
the final volume)

e — A e e W R T W MM WU ER e e M BN TR MR RS e ok YRR M MM e M R W ke MR MR e o e W e e e W e e —



and condensed to a volume of 50 wm} "y evapcrating in a
rotary evaporator under vacuum. The rondensed chloroform
extract was taken in a 1 litre bpeaker ard added with 500
ml hexane, which resulted in the precip-tazien of the crude
aflateoxin. The beaker was kept at 4°2 in a refrigerator
for 12 hours to enable complete precipitation. Crude afla-
toxin was later separated by filtevr:ing through Whatman
filter paper No.l. It was air-dried, weighec and stored
in a c¢lean glass vial, covered with alaiminian foil, at
4°C in a refrigerator. The crude aflatoxin mixture was
guantified by thin layer, chromatograshiz separation and
fluorimetric determination (A.0.A.C., 1980G: Davis et al.,
1880) or on High Pressure Liquic¢ Chiometography (Water,

Model WNo.510) by using aflatcxin standards for B B

17 2!
G1 and G o procured f£rom Sigma Chemical Co., 8t. Louis,

u.s.a.

5,1.9 Administration of aflatoxin:

Fine maize flour was used as a garrier Jor adminis-
tration of aflatexin. Crude aflatoxin mixture {B]‘ = 42%
and Gl = 27%) was thorocughly aad upniforrly mixe!l with maize
flour in appropriate amount so that the fisal mixture
contained 1 mg of pure totzl aflatsxin per grarr. Reguired
amount of this mixture was weighed and taken on a cellulose
paper as per the individual 3dose iwnvel of each wcalf. The
cellulesae paper containing the mixtur: was folded into
a packet and fed directly into the mouth of the calf, prior

to morning feeding. Proper care was takan tc¢ aveid any

spilling while administering the texin. Weskly adjustments
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were made 1in aflatoxin doses according to weekly changes

of dry matter intake.

5.1.10 Statistical analysis of the data:

The data were analysed according to Snedecor and
Cochran (1967). Missing plot technigque in random block
design was used to analyse the growth data in phase 1II
because one calf in group 4 died due to diarrhoea during

the change over period.

RESULTS AND DISCUSSION

5.2.1 Immunoglobulins concentration in hlood serum:

Occasional screening of milk sanples fed to buffalo
calves revealed that milk samples initially did not c¢ontain
any aflatoxin Ml . Hence, all the aiflatoxin received by
the buffalo calves in the various trea-ments were only
by way of supplementation of crude aflatoxin mixture at

the stipulated level of 0, 0.3, 0.6 and !.0 ppm.

The blood serum Ig levels of tuffalo calves of 4
treatment groups during the course 51 ztudy :'n phase I
are presented in Table 20. The initial wvalwue »f Ig (mg/ml
blood serum) on day 10 was 25.39 =* €.90, 28,39 * 6.76,
23.78 + 6.34 and 24.82 * 1.98 respectively in 4 groups.
Statistically these values were rot c¢ififeren' from each
other, but there was a signiticant decrease (0«7 0.01) in
Ig level with incremental increase i2 aflatoxin level{Fig.7).
The decline in Ig concentration in blood serum of buffalo

calves given aflatoxin at 1.0 ppm level, started from 40

days of their age, while in buffalo calses given aflatexin



Table 20. Effect of feeding different levels of aflatoxin on Ig level in blood serum {(mg/ml)

Age GROUP
{Aays) e e e e
1(0 ppm Af) 2 (0.3 ppm Af) 3 (0.6 ppm Af) 4 (1.¢ ppm &f)
190 25.392 £ 6.90 28 .5¢ + 6.76 23.78 *+ ©6.34 24.82 £ 1.98
25 20.49 £ 4.90 26,39 * 5.59 22,12 + 5.33 17.09 + 1.47
b

40* 32.40at 6.17 24.83ai 2.67 24.45%% 4.17 11.237 £ 1.57

55+ 2%.75%% 5.36 19.67°% 2.45 16.51 + 2.62 10.31 + 1.04
a ac be b

70%* 22,11 + £ 8¢ 22.87 2.25 13.35 £ 2.13 8.13 = 1.78
a . b C

85*% 20,22 £ 6,07 20.14 *+ 4.14 14.13 *+ 1.33 8.10 + 0.93
a b bd od

100*+* 2B.3C 2 2.07 16.13 = 2z.4% 11.65 + 1.60 8.19 + 0.87

+ p& 0.05; * p<o.01
Values bearing same supceyr-eript in the zamy row de not differ significantly from each other

S8
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at 0.6 and 0.3 ppm levels it started declining at the age
of 55 and 100 days respectively. Rrora et gl.(l?BBb)reported
a decrease in Ig concentration (mg/ml) in blcod serum of
kids fed graded 1levels of aflatoxin. Balaraman and Arora
(1987} also oﬁserved a significant decrease in Ig concentra-

ticn in blood serum of neonatal crossbred calves as a result

of aflatoxin feeding.

Ig absorption in the bovine neonate is reported
to take place by pinocytotic activity of the intestinal
epethelial cells and the transport to blecod is by way of
lymphatics (Comline et al.,1951). The lg-ferritin conjugate
formed within the absorptive cell ie transported by the
apical tubular system and released at the basal cell membrane
for absorption (Staley et al., 1972). Tne declining trend
of Ig level in blood serum of buftale ralses in the present
study may be due to interference of aflztoxins in Ig-ferritin
conjugate formation and hence 1ts less transpert to the
apical tubular system.

Mo intrinsic synthesis of Ig would occur until the
calves were 4 weeks of age (Logan e: al., 1974). Calf
serum would remain free of intrinsic I3 ifor several weeks:
acquiring typical pattern only after 6 wecks of age (Larson
et al., 1980). In the present study, the Ig ~oncentration
(mg/ml blood serum} was 32.40 * 6€.17 at 40 cays of age
in control group, which remained almost constant upto the
end of this study, i.e. 100 days of age. But in aflatoxin
treatment groups, there was a progressive decline in Ig

concentration {mg/ml blocod serum) at all levels of aflatoxin.
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Decline was more pronounced at higher levels of aflatoxin
as compared to low level. The reaser « low Ig value 1in
these groups may be due to the adverst e’fect of aflatoxin

cen intrinsic synthesis of Ig.

The result of the present study indicated that dietary
aflateoxin at '0.3, 0.6 and 1.0 ppm levels s:ignificantly
decreased the blood serum Ig level {mg/ml) and ~hus affected
the passive imnmunity of vyoung buffalo calvecs. Interference
in the intrinsic synthesis could be =he prircipal reason

for their lowered immune status.

5.2.2 Growth rate and feed efficiency {?hase 1}

X3

Initial body weights of huffalo calves in different
groups wWere: Group I: 35,83 + 2.23, Grouap 2: .6.00 t 1.23;
Group 3: 34.50 * 1.92 and Group 4: (6,33 1+ .12, They
did not wvary significantly amongst taetselves. Details
of weekly weight gains (kg) in different groups are given
in Table 21. The average weekly weijgnt gains (kg) were:
Group 1: 2.82 * 0.10; Group &: 2.23 * 0.13: Croup 3: 1.85
+ 0.04 and Group 4: 1.44 r (.14 indicating the decline
in weight gain with the increase 1in allatoxin level. The
cumulative weekly weight qgains (kg) in diff rent groups
are given in Table 22 and depicted in Fig. 8 The total
weight gains (kg) during 13 weeks pe"iod were: Group 1:
36.61 *+ 2.11, Group 2: 29.3% = 1.17, G oup 3: 24.00 2 2,02

and Group 4: 18.67 * 1.2¢. The aver.ge dally gains (g)

in different groups were: Group 1l: 422.3 =+ 12.8: Group

2: 318.5 + 12.4; Group 3: 264.3 * 2.2 e&nd Croup 4: 205.7 *

13.8. Regression analysis of cumulative weigiht gains of



Table 21.

10

11

12

13

Weekly weight gains

I)

Group 1
(O ppm Af)
Control
2.25%0.42
2.42:0.44
2.7520.41
2.67x0.21
2.92%0.27
2.75+0.,17
3.0920.30
2.92+0.20
2.92+0.27
2.92£0.33
3.00£0.29
2.92+0.53

3.080.46

Group 2

(0.3 ppm Af}

2.58+0.24
1.75+0.21
*%1.89+0.20
**2.08x0.27
2.4220.20
2.25%0.21
¥*1,62+0.,30
*%2,2420.21
**]1.84%0G,28
2.67%x0.33
**2 .33x0.27

2.67+£0.21

(kqg)
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in different groups (phase

Group 3

(0.6 ppm Af)

2.25:0.17
1.92+0.08
¥¥2.,2080.17
2.25¢0.17
t2.25¢:0.,16
**]1.,92:0.2%
¥l 750,26
**1.83+0.28
**%1.58:0.46
*+1.67:=0.33
*41.7520.36
*41.75:0.42

**1.67:0G 444

Group 4

(1.0 ppm Af)

2.0810.27

1.58+0.20
**1;83i0.11
*1.5820.,20
*1.83x0.17
£%1.50+0.22
=1 ,25+0.17
*#0.92+0.20
*#1.17x0.17
*+1.0x0.22
**1.3320.25
“*31.17+0.11

v*].25+0.31



Table 22.

Cumulative weekly weight gains {kg)

groups (phase I)

in different

89

Group 1
{0 ppm Af)
Control

Group 2

(0.3 ppm Af)

Group 3

(0.6 ppm Af)

Group 4

(1.0 ppm Af)

10

11

12

13

2.25+0.42

4.67+0.31

7.4220.46
10.09+0.64
13.01%0.79
15.76+0.84
18.86x0.82
21.77+0.98
24.6921,19
27.61#1,49
30.61+1.62
33.53+1.70

36.61+2,11

2.58:0.24
4.3320.40
**6.2210.44
**8.33:20.52
**10.75+0.62
**13.00:0.62
**14.9210.8¢
**x17.1630.92
**19.0010.97
*¥*21.33120.92
*%24.0021.03
**26.,6721.0¢

*¥*29.3321,17

2.25x0.17
4,17+0.17
**5.0120.00
**8,25%0.17
**10.50£0.22
*%12.4220.,46
**%14.17+0.60
**16.00+0.81
**17.50+1,10
*%15,17+)1.04
**20.58+]1.38
*H22.3321.73

**k24.,00x2.02

2.0B+0.27
3.58£0.38
**5.40+0.33
*+7.,08%x0.27
*%0.00:0.37
**10.50+0.34
*%11.75x0.44
¥%¥12.67+0.56
**13.8320.65
*%14.9210.88
**16.25%1.08
**17.42%1.16

¥*%18.67+£1.28

x* p<” 0.01
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buffalo calves during 13 weeks gave the 'b' wvalue (kg)
per week as follows: Group l: 2.76 x 0.19: Group 2: 2.15 *
0.12: Group 3: 1.86 * 0.18 and Group 4: 1.50 * 0.07, indi-
cating a progressive reduction in weekly weigh= gain with

incremental increase in thne level of aflatoxin (Table 23).

Statistical analysis of the data revealed that weekly
weight gains were significantly reduced (Pg 0.01) from
3rd week onwards in all the aflatoxii led c¢roups. The
data on weight gain thus showed that all tne aflatoxin
levels tested, namely, 0.3, 0.6 and 1.0 ppm adversely

affected the growth rate.

Details of dry matter intake and feed:cain ratios
in different treatment groups are given in Table 24, Total
dry matter consumption {kg) and average daily dry matter
consumption (kg) in different treatment croups were: Group 1l:

49.06

1+

2.44 and 0.540 : 0.027; Group 2: 48.0° =+ 2.07 and

+

0.529 % 0.022; Group 3: 46.€1 =* 1.4 ani 0.512 = 0.015 and
Group 4: 46.28+2.71 and 0.509%:0.030, statlsticel analysis
of the data 4did not reveal any d.ffer:mcz in these para-
meters. Feed to gain ratis>s were 1.34 =+ 0.13¥58, 1.65 ¢
0.05¢6, 2.14 * 0.176 and 2.69 =* 0.184 in groups 1, 2, 3

and 4 respectively, indicating higher dr matter consumption

per unit weight gain with increace i1 aflatoxin lersels.

In the present study effect of 3flatoxin on growth
rate was taken as the basis of assessing the safe level
for buffalo calves and thus a regress.on lin. was drawn
{Fig. 9). For this, growth rate in di.ferent Jroups were

plotted against graded level: of aflato:in. 0. the basis



AVERAGE DAILY WEIGHT GAIN (g)
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Table 23. Effect of graded levels of aflatoxin on growth rate

o At Tt T AR T W= TR P B T PR TR e = e T R = T U e e MW = = e L TP P = e e kAR e W et TR e T A A ey - —

Nk e T T TR Rt TR W e e e hn e e e e e ek ey e e e e e e Fab Ak T M R An R T e ey

wveek {(kg)

Weight gain/day
(g)

Regression (b)
value/week
(kg)

{phase I)

Attributes

1{0 ppm Af)
Initial weight 35.83%2.23
(kg)
Final weight 72.44+3 .96
(kg)
Weight gain 36.6122.11
(kg)
Weight gain/ 2.82+0.10

402.30%12.80

2.76x0.19

36,0+1.23

65.33x0.75

* %
29.33#1.17

* ok
2.23+0.13

**
318.5+412.4Q

* %
2.15+0.12

*

34.50£1.92

58.50%3.49

w
24.0012.02

**1.8540.04

[\

T+
=N
£
1+
ol
o
<

A%
1.86+C.18

36.33%2.12
55.00+2.70
* %
18.67+1.28
* %
1.4410.14

** .
205.70+13.80

s TR B o o e e e e e e e P T TR e ey TR M M WA e w4 B L e e e e e P W Ty e P e ke e e P e W e ——

** pg 0.01
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Table 24. Dry matter consumption and feed:gain ratic (phase I)

Attribute Group 1 Group 2 Group 3 Group 4

(O ppm Af) (0.3 ppm Af) (.6 ppm Af) (1.0 ppm Af)
Control

Total DM 49.06x2.44 48,072 .07 4€ .61+£1 .40 46,282 .71

consumpt ion

(kg)

Adverage daily 0.540+0.027 0.52940.022 0.313:0.015 0.509£0.030

DM consumpt ion

{kg)

Feed:gain 1.3430.058 1.6520.056  **2,1440.17G6 **2.69:20.184

ratio

*% P<0.0l
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of this regression 1line, it was 1inferred that 0.14 ppm
might be the safe level for growth in buffalo calves (pre-

ruminant) .

5.2.3 Growth rate and feed conversion elfficiency (Phase II):

During the second week of change over, one calf
No. 3247 died due teo diarrhoea. So, the data in this group

was based on 5 buffalo calves only.

The initial body weights of pbuffalo calves in differ-
ent treatment groups were: 75.17 * 3.82, 69,41 + 2.23,
62.2%5 * 4.10 and 57.1 % 2.87 in four JEOUPS respectively.
Details of weekly weight gains (kg) in differeni treatment
groups are given in Table 25. The aserage woeekly weight
gaing were: Group 1: 2.80 + 0.18: Group 2: 2.96 * 0.15:
Group 3: 1.58 + 0.19:; and Group 4: 1.4 * 0.07, indicating
the decline in weilght gains-with the incrz2ase in aflatoxin
level. The cumulative weekly weight gaias (kg) iy different
groups are given in Table 2¢ and depicted in Fig. 10.
The total weight gains {(kg) c¢uring 12 wezkz period of growth
were 33.63 * 0.90:; 24.75 * L.79; 18,92 + 2.32 &nd 16.90 £
0.81 respectively. The average daily qgain (kg) in different
groups were: Group l: 0.4006 =+ 7.02: Grcup 2: 0.295 £ 0.02;
Group 3: 0,225 % 0.03 and Group 4: 0.202 ¢t 3>.09. Regression

analysis of cumulative weight gains durirg 12 weeks gave

the b wvalue (kg) per week as follows: Group 1: 2.81 #

0.250; Group 2: 2.03 * 0.180; Group 3. 1.50 + 0.024 and
Group 4: 1.42 2 0.090 indicating an adverse effcct of afla-
toxin on growth (Table 27). Analysis of variance of the rlatarevealed

that weekly weight gains were reduced from 2th wea2k onwards
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Table 25 Weekly weight gains (kg) in different gyroups (Phase II)
Weeks Group 1 Group 2 Group 3 Group 4
{0 ppm Af) (0.3 ppm Af) (0.€ ppm Af) (1.0 ppm Af)
Control
1 2.50+0.22 2.0820.20 2.0820.30 1.50+0.20
2 2.83410.17 2.1520.34 2.25+0.40 1.00£0.32
3 2.67+x0.21 2.12x0.40 2.00+0.50 1.50+0.32
4 2.92+0.20 2.3220.20 *1.92+0.33 *1.90+£0.25
5 2.75+x0.25 2.42+x0.20 1.75+0.25 1.70+0.44
6 2.25x0.51 2.42x0.37 *1.58+0.42 *]1.4020.,17
7 2.67%0.25 1.92+0.24 **1.50:0.22 **() ,70+0.49
B 2.7530.,17 2.08+£0.,27 *%1.00+0.68 *+x],2020.20
Q 2.83x0.17 *1.,.5Gt0.76 ¥1.,75£0.57 k1 .6020.25
190 3.00£0.00 **].42:C .89 **1.58+0.52 k%1.30x0.37
11 2.92+#0.,20 **2.17+0.3. *¥0.,50+0.34 £6]1.600.29
12 3.08+0.08 **2.,17+0.31 **1.50t0,34 ¥+1,70+0.31
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Table 26. Cumulative weight gains (post-runinant)
Weak Group 1 Group 2 Grouy 3 Group 4
(O ppm Af) (0.3 ppm Af) 0.6 ppm Af) (1.0 ppm Af)
e Control . e L
1 2.50+0.22 2.0810,20 2.08+0.30 1.50+0.22
2 5.33x0.21 4.3320.37 4.3320.64 2.5020.22
3 8.00x0.37 6.41%0.51 5.33+£1.08 4.00£0.238
4 10.9220.52 8.67+0.54 *k 3.25%1.09 ** §.70+0.57
5 13.6720.67 10.9210.55 *¥%10.00+1.24 ** 7.,4010.81
& 16.42+0.88 13.3320.85 *%11.58£1.59 ** 3.,00x0.79
7 19.08+1.04 15.25+0.99 *%13.08+1.79 ** 3,7020.92
8 21.83:0.95 17.33+0.99 **14.,0822 .12 **10.90£0.90
9 24.671.,05 18.3321.16 ¥*1%5.50%2.39 *+12,3010.89
10 27.6711.06 **20.42+£1.56 **17.08#2 .45 *+13,601) .04
11 30.58+1,04 *H22.25+1,99 **17.58+2 .48 **15.20+1.10
12 33.67%1.08 *%24.42+) .99 **16,92+2 54 *16.9020.90
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Table 27. Effect of graded levels cof aflatoxin on growth rate (phase IT)

Attribute Group 1 Group 2 Group 3 Group 4
(0 ppm Af) (0.3 ppm Af) (0.6 ppm BAf) {1.0 ppm Af)
Control
Initial weight 75.17+3.82 69,412 .23 62.25x4 .10 57.10+2.87
(kg)
Final weight ({kg} 108.3022 .50 54,1713.05 81.1726.01 74.00:3.18
Weight gain {(kg) 33.863+20.97 24.75x1.79 **18.92+2.,32 *x¥16,09020 .81

Weight qgain/week 2.80:0.1C 2.0620.15 **1.558+0.19 ** 1.41:0.07
(kg)

Waight aainrdz. LIt LiE GazBo1u.uZ *EQL£.25x0.,03 *x(),202+0.0%
{ka}

Regression {b) 2.81%0.25 2.03 :0.18 x*1 50 +0.024 *+1 .42 £0.098

value/week (kg)

96
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in groups 3 and 4 and from 9th week snwards  in

greoup 2.

The details of dry matter intake and feed:gain ratios
in different groups are given in Table 28. Total dry matter

consumption {kg) and average dailv dry matter consumption

I+

{(kg) in different treatment groups were: Group l: 206,83

11.14 and 2.46 % 0.133; Group 2: 206.98 + 2.99 and 2.50

I+

0.127; Group 3: 200.58 * 3.42 and 2.39 *r 1.60; and Group 4:
202.5 * 1.40 and 2.41 + 0.15. There was ne¢ significant
difference in these parameters. Corresponding feed:igain
ratios were: 6.15 + 0.28; 8.62 *+ 0.65; 11.41 + 1.28 and
12,1 + 0.52, indicating higher dry matter consumption per

unit weight gain with increase in aflatorin levels(PL0.01).

A regression line {Fig. 11) was :ilso drawn to deter-
mire the safe level of aflatoxin for post-ruminant buffalo
calves as described in phase 1. On the basis of this
regression line, it was inferred that 0.15 popm might be

the safe level for growth in buffalo calves (post-ruminant).

Resulti of the effecst of fz:ediny qraded levels of
aflatexin during phase 1 and phase II :ndicated an adverse
effect on growth rate. The effects w2re more pronounced
at higher levels (0.6 and 1.3 ppm) than at lower level
(0.3 ppm). Similar results have been reported in other
species by some workers (Allcrosft and Lewis. 1963 a,b;

Horrocks t al., 1965; Flatla et al., 1969: Lyach et al.

1971: Neathery et al., 1980: Patterson ind Anderson, 1982;

Balaraman and Arora, 1986},

Allcroft and Lewis (1%63b) obserod the retardation



Table 28. DM consumption and feed to gain ratios (phase II)

Attribute Group 1 Group 2 Group 3 Group 4
(0 ppm Af} (0.3 ppm Af) {0.6 ppm Af) (1.0 ppm Af)
Control
Total DM 206.83+11.14 206.98+2.99 200.58+£3.42 202.50+1 .40
consumption
(kg)
Avevrage daily DM 2.46%1 .33 2.50=x1.27 2.392+1.60 2.41x0.15

consumption (kg)

Feed:gain ratio 6.15x0.28 8.62:0.65 **11.412%1.28 **%12.10+0.52

B6
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of growth in calves fed a diet conta.niang tcxic groundnut
meal. Horrocks et al. (1963} reported a decrease in growth
rate in Ayrshire bull calves fed 0.22 to 0.44 ppm aflatoxin.
Flatla et al. (1969} fournd a depressicn 1in welght gain
in bull calves given 204 to 474 ppb aflatoxin for 4 meonths.
Lynch et al. (1971) studied the effect of different levels
of aflatexin ranging from 0 to (.10 wug/kg body weight in
calves, There was a sgignificant rediction (P« 0.01) in
weight gain with the ilncrease in dose and period of treat-
ment . Neathery et al. (1%580) fed young Helstein bull calves
a diet containing 3 ppm aflatoxin and observel significant
reduction in feed intake, average daily gain and nitregen
retention. Balaraman and Arora(l936) repcrted a significant
decrease 1in weight gain and feed conversicn efficiency
in calves fed a diet containing gradec lavels of aflatoxin

varying from O to 1.5 ppm.

Contrary to above reports, Gerret et al. (1968)
did not observe any adverse effecii on the growth of calves
provided upto 0.3 ppm level of aflatorin. Keyl and Booth
(1971) also observed similar results in youns beef cattle
fed aflatoxin. Similarly, Eddy et al. (198031 could not
find any adverse effect cn the growth of fol:tein heifers
due to aflatoxin, fed upto 4.3 mg {.35 ppm)} tos 140 days.
Keyl and Booth (1971) suggested tha: =2flatonin feeding
at a level of 0.3 ppm in the diet wis safe for calves.
Patterson and Anderson (1982) agreed with tte findings
of Keyl and Booth (1971) and reported aflateo:iin toxicity

in calves appearing only when the diet vas having aflatoxin

more than 30 pg/kg feed.
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In the present study, the dietary safe levels for
pre-ruminant and post-ruminant buffal" calves were found
to be 0.14 and 0.15 ppm respectively. These dietary safe
levels of aflatoxins for buffale calves are similar to
pre-ruminant kids (Arora et al., 1984p), But the levels
are much less as compared to safe value of 0.26 ppm in
crossbred calves {Balaraman and Arora, 1986). This might

be due to the reason that buffalo calves are more susceptible

to aflatoxin toxicity than calves (Murthy et al., 1984).

There was no effect of feeding aflatoxin on total
dry matter consumption in buffalo calves. This indicated
that the decline in growth rate was rot due t> less feed
intake in aflatoxin fed groups, rather impaired utilization
of nutrients at tissue level by aflitexin might be the
cavse of reduced growth and hence higher feed to gain ratios

in these groups.
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EFFECT OF AFLATOXIN ON NITROGEN DYNAMICS IN CATTLE AND BUFFALO
CALVES FED DIFFERENT LEVELS OF DIETARY PROQTEIN

Aflatoxin has been reported to induce wide variety of
adverse effects in different species of Jivestock {Allcroft
and Lewis, 1963: Armbrecht et al., 1970;: Sonthern and Clawson,

1979: Murthy et al., 1984: Arora et al., 1988), particularly

it affects the nitrogen metabolism (Lynch et al., 19733
Hale and Wilson, 1979}). It has alsc been reported that
higher levels of protein in the diet have protective effect
against aflatoxin toxiéity (Edds, 1973:; Match, 1v77; Balaraman
and Arora, 1984). The obijective of this esperiment was
to have a comparative study on the efiesct of aflatoxin on

nitrogen dynamics in calves fed optimum high and low levels

of protein in the diet.

6.1 MATERIALS AND METHODS

6.1.1 Plan of the experiment:

This experiment was conducted on 3 male rumen fistu-
lated, i.e., 4 cattle and 4 buffalo calves of 2-2% vyears
of age, completed in two phazes. One crossbred calf each
was kept in groups 1, 2, 5 and & while one buffalo calf
each was allotted to grouvps 3, 4, 7 and 8. &l the animals
were fed on concentrate mixture, green fodder and wheat
straw to meet their nutrient reguirements (NRC, 1278). Animals
in groups 1, 2, 3 and 4 were given 4.50 per cent more protein

{HP} in phase’ 1I. In phase TI, the arimals we-e provided

51.47 per cent less protein (LP) in grosups 5, 6, 7 and 8
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EFFECT OF AFLATOXIN ON NITROGENM DYNAMICS IN CATTLE AND BUFFALO
CALVES FED DIFFERENT LEVELS OF DIETARY PROTEIN

Aflatoxin has been reported to induce wide variety of
adverse effects in different species of livestock (Allcroft
and Lewis, 1963: Armbrecht et al., 1970: Sonthern and Clawson,
1979; Murthy et al., 1984; Avrora et al., 1988y, particularly

it affects the nitrogen mctabolism (Lynch ¢t al., 1973;
Hale and Wilson, 1979). It has alsc been reported that
higher levels of protein in the diet have protective effect
against aflatoxin toxiéity {Edds, 1973; Match, 1%77; Balaraman
and Arora, 1984). The objective of this exsperiment was
to have a comparative study on the efiect of aflatoxin on

nitrogen dynamics in calves fed optimum high and 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 trumen fistu-
lated, i.e., 4 cattle and 4 buffalo calves of 2-2% vyears
of age, completed in twec phases. One c¢rossbred calf each
was kept in groups 1, 2, 5 and & while one bkuffalc calf
each was allotted to groups 3, 4, 7 and 8. Al the animals
were fed on concentrate wixture, green fodder and wheat
straw to meet their nutrient reguirements (NRC, 1J278). Animals
in groups 1, 2, 3 and 4 were given 4:.50 per cent more protein
{HP} in phase’ 1I. In phase II, the arimals were provided

51.47 per cent less protein {(LP) in groups 5, 6, 7 and 8
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than optimum. In addition, animals ir groups 2, 4, 6 and
8 were given an oral dose of aflatcxin € 1.0 ppm of their dry
matter intake. During phase I, aninéls on this dietary
regimen were adapted for 40 days anc a metabolism trial
was conducted to know the digestib:lity of nutrizsnts. After
the metabolism trial, a single dose of E"l(_‘,rv'r*ll)TI!. and 15N
ammonium sulphate was infused into the rumen o? each animal
and samples of rumen liguor, blood and urine were collected
at various time intervals to know the umen velume, digesta
flow rate and nitrogen dynamics of these arimals. Similarly,

a metabolism trial and isotopic studies were corducted during

phase II, after a preliminary feeding of 40 days.

6.1.2 Animals and feeding regimen

The distribution of animals and particu_ars of the
treatments in phase I and phase II are presented in Table 29.
Parts of different feed ingredients usec fsr the formulation
of concentrate mixtures are given in Tablz 30 and :the chemical
composition of feed ingredient offored :5 anim.ls are given
in Tables 31 énd 32. The feeding sch:dule adacpted during

the experimental period is given in Table 33.

6.1.3 Housing of the animals:

The animals were kept in a well ventilated metabolic
stall during the metabolism trial and later shif:zed to iron
alotted cots for using radiovisotopes to aveid any recontami-

nation. The floor was cleaned daily with phenyl.

6.1.4 Digestibility studies:

The animals of both the species were fod on their



Table 29. Details of experimental calves in different groups

Species Animal Body Group Level of protein Aflatoxin
No. weight Phase I Phase 11 (ppm)
{kg)
Céttle K5-3443 325.0 . 1 High Optimum -
-do- K5-4470 387.5 2 ~do- -do- 1.0
Buffalo M-2680 369.0 3 ~do- ~-do- -
-do- M-2787 337.0 4 ~-do- ~do- 1.0
Cattle KR~2450 235.0 5 Qpt imum Low -
~-do- Ks5-3442 360.0 & ~do- -do- 1.0
Buffalan M 260G 37Z2.0 / -do- -do- -
~do- M-2714 370.0 8 -do- -do- 1.0

€071
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Table 30. Percent composition of concentrate mixtures fed in

Phases T and 11

o Em A N R mm R L LR R W R N R mm mm mm o L A WP R R ME MR N MR M EN LR MR M M M I N M W v e Em mm kA NN R W

In gre dients  —e—-—-=-= P _h_a_s._e_ _I_ ______________ P ..h_a;.s_e.. ._].:_I _______
Concentrate Concen- Concentrate Concen-
mixture trate mixture trate

mixture mixture
PART: 1 2 3 4

Groundnut 85 25 45 15

cake

Maize 5 60 40 72

Wheat bran 7 12 12 10

Mineral 2 2 2 2

mixture *
Salt 1 1 1 1



Table 31.

dry matter basis) Phase I

105

Chemical composition of feed ingredients (percent

Ether extract

Crude fibre

Total ash

Nitrogen free

extract

Organic matter

5.07

5.91

38.40

11.66

44.66

11.28

42.92
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Table 32. Chemical composition of feed incredients (percent

dry matter basis) Phase II

Parameter ) Concen- Concen- Wheat Green

trate Erate straw jowar

3 4
Crude protein 24,05 15.53 3.58 6.23
Ether extract 4,98 4,19 _ 0.31 1.93
Crude fibre 5.00 4.84 a0.03 32.47
Total ash 9.44 7.38 11.40 9.23
Mitrogen free 56.53 68 .06 44.08 50.14
extract

Organic matterv 90.56 92.67 B89.50 90.77
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Table 33. Feeding schedule of calves and buffalce calves

Dry matter  ———a-- E}Jég-e--;- wwwwwwwwwwwwwwwww Eb—éég—ll ———————

intake HE op op LP

{kg) (Groups (Groups (Groups {Groups
1-4) 5-8) 1-4} 5-8)

Concen- 1.8 - - -

trate 1

Concen~ - 1.8 - -

trate 2

Concen- 3 - - 72.07 -

trate

Concen~ 4 - - - 0.46

trate

Green maize 3.1 3.1 - -

Green jowar - - 5.00 4.20

Wheat straw 2.0 2.0 - 2.25
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respective dietary treatments for ® oreliasinary period
of 40 days. Weighed quanﬁity of fexd required in a day
was offered at 10.00 A.M. Clean witer was provided ad
lib twice daily to all the animals, i.e., at around 9.30 A.M.
and 3.30 P.M., throughecut the experiment. After adaptation
of animals, a metabolism trial was conducted for 7 days,
digscarding the collection of the first day. The samples

of feed, residue, faeces and urine werc collected and analy-

sed for proximate principles as per AOAC (1975).

6.1.5 Infusion studies with lSNwammcnium sulphate and

51Cr—E:DTA:

Immediately after the metabolic trial, the animals
were shifted to slotted iron cots and an adaptation period
of 3 weeks was given. The animals were given the same diet

as during the metabolism trial but divided into six equal

parts at 2 hourly intervals. After adeptin¢ the animals
on-2-hour1y feeding for 10 days, 6 g (Nﬁa)?f?)4 of 20 per
cent 15N atom excess dissolved in 60 ml distilled water

was administered inteo the rumen of each animal, as a single
injection with the help of a fuanel attached to a stiff

plastic pipe. This 15(NH4)2SO wé s procured from Rashtriva

4
Chemicals and Fertilizers Ltd., Chemkbur, Bompay (India}.
Following this, SlereenTa {60 pCi in 6C ml dist. water)
was also given intra-ruminally toc eacn animal, 51Cr—E:DTA
was obtained from M/s. Amersham Internatiocnal, U.K. Care

was taken to direct the infusions at Iour diiferent sites
in ventral sac of the rumen. Subsequ:ntly, rhe pipe was
rinsed thoroughly with water and the washings were poured

into the rumen itself.
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The rumen liquor samples were obtained through
suction process with the help of a plastic tube attached
to a estainless 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, 2, 12, 18 and 24 h
of infusion. One drop of concentrated sulphuric acid
was added in the rumen liguor samples at the time of collec-
tion 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 needle by jugular-
venupuncture at 0 (pre-infusion). 1, 2, 23, 5, 7, 9, 12, 18,
24, 36 and 48 h of infusicn. Samples were centrifuged
at 5,000 rpm for 20 min in a refrigerated centrifuge (IEC
model) and plasma was separated. The plasma samples were
transferrea to a plastic wvial and preserved under frozen

conditions awaiting analysis.

Aliqueots of urine samples were collected at O,
&, 12, 18, 24, 36, 48, 530 and 72 h and yjpreserved in a

deep freeze for further analysis.

6.1.6 Analytical technigues:

6.1.6.1 Assay of 51Cr:

51Cr—EDTA was measured with the help of Packard

PRIAS Model PGD Automatic Gamma Scintillation Counterf
taking 3 ml of the standard or rumen liguor sample into
the counting tubes which fitted into the well of a thallium-

activated sodium iodide c¢rystal. Each time <he standard
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of DlCr«-EDTA solution was run alongwith the unknown samples,
in duplicate. The readings were also corrected for the

background counts.

Rumen fluid wvolume and rate of flow of ruminal
ligquid from the rumen were determined using the values
of decrease in vadioactivity in the rumen fluid as a

51

function of time after injection of Cr-EDTA according

to the method of Downes and McDonald (1964).

The natural log specific radiocictivity of SlCr-EDTA

was plotted on a graph paper. The curves nthus obtained
were extrapolated back te zero for getting >1 Cr c¢ncen=-
tration at zero time, From this value and the total amount
of marker injected, the volume of rumen fluid and rate

of flow were determined as explained beclcow:

Rumen vclume (1) = —-e—-m-oro ool cocofo e
Sp. radicactivity at O time

Digesta flow rate l/day= Rumen volume x rate constant x 24

Rate constant = 0.693/tk

Where, t% is the time, where the activi.y {dpm) was half of

its original activity (dpm).

&.1.6.2 Estimation of lSN in rumiral armonia:

15 . . . .
N in ruminal ammonia was dete-mined by the method

of Neolan and Leng (1972). For +this purpose, 2 ml rumen
liguor sample was steam distilled in micro~kjeldahl's
distillation apparatus over 10 mg magnesium oxide [(which
previously had been heated for 3 h at 600°C to decompose

any c¢arbonate}. Ammonia was collected 1into I per cent
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boric acid containing mixed indicator (Bremner, 1965).
After titration with N/100C HCl, the distillate was acidified
further with dilute hydrochloric acid. This acidified
distillate héving ammonical-N  as amﬁonium 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 of 1 pg N/ /ul. About 3C to
40 pl solution of these samples was transferred 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 containing copper oxide wire (1-2 mg)
and calcium oxide (3-6 mg). Dicscharce tuboes Were sealed
in a sample preparation unit (Plate 1) {(Jasco Model DPS-10M
for NIA-I)} under wvacuuny, lO_3 torr (Pirani Gauge Model
PG-34, Wakaida 8ci. Instruments, Japar). Sealed discharge
tubes were heated at 550°C for 3 h in & furnzce for the
conversion of ammonium chloride to pure N 5 9as as per

the following reaction:

550 °C

m————— N H
2NH4C1 + 4 Cul 2 n N2 + 2 Cu + 2 JuCl + 4ﬂ20

This whole process was based on Jumas drv combustion
method as described by Bremner (1965). The ccpper oxide

{Cu0) had been previously heated at E£50°C for 3 to 4 h

and the calcium oxide (Ca0) at 1,000°C for a similar perviod.
15N—isot0pic abundance was determined by scanning
the sealed samples of pure N2 gas in optical emission

15
spectrometer N-analyser, JASCC Model NIA-I N-15 Analyser.

Japan Spectroscopic Co.Ltd., Tokyo, Japan {(Plate 2}.
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To prevent cross-contamination, 30 ml absclute
alcohol was distilled hketween samples @ to remove traces
of ammnia which were adsorbed con to the glassware of the

distillation apparatus (Bremner, 1965),

£6.1.6.3 lSN in rumen liguor suspended bacteria:

Bacteria from the rumen liguor tamples wvere separated
by the method of Salter et al. (1979). The samples of
ruhen fluid were first strained throuch 4 layers of muslin
cloth ;o remove coarse particulate material. The strained
rumen fluid was dilutéd with saline (2:1) and centrifuged
at low speed _(2,000 rpm) for 10 min in a refrigerated
centrifuge: (IEC Model) to remove feced particles. The
supernatant fluid was then centrifuged at 14,000 rpm for
10 min to produce a sediment of crude bacteria. This
sediment was washed twice b? resuspension in saline and
repeating the centrifugation, then finallv washed by resus-
pension in distilled water followed by <centrifugation.
The pure bacterial pellets were susjezted to. kjeldahl
digestion by adding 3 ml of concentrated ﬂ2804 and catalyst
(1.20 g potassium sulphate, 0.05 3 mercuric oxide). After
completion of digestion and cooling, <he digcsted samples
were diluted to 10 ml with water. Portion of the diluted
samples were steam distilled using NiOH as tae alkaline
reagent . Ammonia~N was collected in a beric acid solution
containing mixed indicator and then titrated ahd acidified

15 . .
for the measurement of N-abundance as described earlier.

6.1.6.4 15N in plasma urea:

15N—abundance in plasma urea-N was dotermined by
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the method of Nolan and Leng (1972). The plasma samples
(5 ml) were deproteinized with successive additions of
10 ml water, 5 ml 10 per cent (w/v) snodium tungstate and
5 ml 0.33 M sulphuric acid. After centrifugation at 5,000
rpm for 10 min, the clear supernatant liguid was transferred
to a culture tube and buffered to pH 6.5. This was incubated
with urease enzyme (E.C. 3.5.1.5, 1 unit liberated 1.0 mg
of ammonia-N from urea, procured from Sigma Chemicals,
U.5.4.) at 37°C overnight, Urease-¢nzyvme used in this
study had no detectable ammonia. The buffered filterate
containing urease was subjected to distillation for ammonia

as described previously.

6.1.6.5 lSN in urine samples:

15N in total urinary-N was dezermined as per the

normal kijeldahl procedure using NaOH as the alkaline reagent
during steam distillation. Samples were prccessed and
15

N-abundance was determined according to the method

described earlier.

a
1‘N/l5

6.1.7 N ratio determination by Em ssion Epectrometry:

6.1.7.1 Principle of the detection method:

The analysis of 13 by ti1e enisslon spectrometric
technique depends upon the propsrty of nitrcgen gas at
relatively low pressure tc¢ emit ligrht of characteristic
wave lengths when excited by radic or nicro waves. Gaseous
molecules are excited to higher energy ievels axned on return-
ing to the unexcited state emit enercy over a wide range

of freguencies. Emission sonectrum of nitrojen which is
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compeosed of a succession of bands :s shown in Fig. 12.

. 15
The presence of an extra noubtvon in the N nucleus causes

[

shifts in the energy transitions of ~ "N c¢ontaining molecule
which results 1in <change 1in the wave lengths of each of

the band heads.

6.1.7.2 <Choice of the bands for the analysis:

The 2-0 transition shows a proncunced shift resulting
in readily measurable displacement of thes band heads which
normally appear in the ultra-viclet vregion of 297.7 nm

14 141115N

for end 298.8 nm

N l%ﬂ molecule, 228.3 nm for
for l%d l%h The rezscns for this chgice were that for
this transition, the shifting of tle isctupic molecule
bands and their intensity have an optimum effect, and
the disturbing bands froem possible impurities have a minimum
effect (Leicknam et al., 19868). The, intensities of the
bands are proportional to =their nirrogen content (Fig.
13) =0 that in an equilibrium mixture of the thra2e molecular
forms of nitrogen, the preportion of 15 N can be calculated
from the ratio of the intesnsities o¢f the bands of mass

28N and 29N.

©.1.7.3 Conversion of nitrogen info ni.rojen gas:

Sample nitrogen can be converted to gas20us nitrogen
by various metrhods {Fig. l14). Generallw, biolog:ical samples
are converted to ammonium sulphete cr ammoninm chloride
by kijeldahl digestion, fcllowed by steam <cdistillation
of ammonia from the dicested sample uvider alkaline condi-

tions. Ammonium sulphate or ammonium <l.loride is converted
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under wvacuum to nitrogen gas by (1} oxidation of ammonia
with an alkaline potassium hypobromide =solution, known
as the Rittenberg method or {(ii} by dry aombustion of
the sample in the discharge tube with copper oxide and
calcium oxide (Dumas method) . In the present study,
Cumas method was used for converting nitrecgen to its gaseous

form.

[

6.1.8 Analysis of recorded 7N spectrum:

The emission band spectra separated by the spectro-
photometer are automatically vecorded on the graph. The

spectra are recorded with constant gain for 14N and varied

"1
gains for 14N 15N. For calculation of lbtﬁ ratio, when

it 1s 70 per cent or less, it is derived from the measured

l4N

5 nd l%ﬁlSN using the formula-I, and when

value of

the ratio 1is higher than 70 per cent formula-II is used

with the data of +9n1%n and 15N2.
100
15N (atom %) = = e e r r e e et e I
2R+ 1
where, T
28
R = M
Iy
M = xlf xz, x4, xB, x16, x32 and x64
100
lSN {atom &) = —_ e et II
R'V2 + 1}
where, 129
' =1 —
R 1
30
I..= intensity of 14N spectrum
28 & 2 P
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.
I = intensity of "4N15

29 N spectrum

4

: . .
intensity cof JN2 spectrum

—
I}

30

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.,

Tokyo, Japan. Samples of 1> N enrichment were corrected

15N

with the standard curve to give net atom per cent

excess.,

6.1.10 Mathematical procedure:

6.1.10.1 Analysis of isctope ratio with t'me curve in

primary compartment:

A curve was plotted for 1%I—ahundance or radio
specific activity wversus time. In single inijection tech-
nigue used in this study, the equation for the lines
which were fitted to the enrichment/radiocactivity values
obtained at any time for sample taken from a samples pool

were of the general! form as indicated below:

n .
Bt or SR, = S__ Aie MM
i=1
where,
t = time in hour
Et = enrichment of N (atom % excess)
SR, = specific radicactivity at time t
A= zero time intevcept of each exponertial
componeant
m = vrate constant of each :zompoient
n = humber of exponential compoient

(i) = exponential comporent :ident . fization
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Multi-exponential curves were fitted by the usual
"peeling process” as described by White et al. (1969).
The terminal exponential to the curve against time was
fitted by eye or least sguare method,and then by subtraction
of this line from :the 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 the above eguation, the fcllowing rcalculations

were done as described by Nolan and Leng {(1974):

6.1.10.2 8Size (Q) of the primary compa Viment :

P
Q = =
VIR
i =1
where,
P = number of 15N atems injectaod

6.1,10.3 Total entry rate (E):

It is the rate (mass «— unit time) =&t which all
traces enter and leave the primary c¢ompartment which 1is
in steady state. Hence, in the present study, total entryy

rate (E) was calculated as per the follewing esguation:

n ,
E = Q: himi

i=1

where,
A'i are fractional zero time intercepts, e.q.

Ay

! =
A2
n
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and, therefore,

6.1.10.4 Irreversible loss rate (ILR):

It is the fraction of the toral entry rate (mass>
unit time) through the primary compartment that leaves

but do not return during the experimental pericd.

P
ILR =
n
A,
1
T m
i=1 *

6.1.10.5 Recycling rate:

Recycling rate 1is defined as that part of the total
entry which leaves the compartment and returns to it during

the experimental period and is calculatced as:
Recyceling rate = total entry rate - irreversihle loss rate

6.1.10.6 The area (X} under fitted mult -exponential
curves was determined by the method of Nolan et al. (1976},

i.e.

6.1.10.7 The proportion(Q) of the nitrogen in anv secondary

pool {8) derived from primary pool ‘P) was given by:

Area under the enrichment curve Jor prcl P
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6.2 RESULTS AND DISCUSSICHN

PHASE 1

6.2.1 Effect of aflatoxinh on digestibility of nutrients:

Effect of aflatexin on digestikility of nutrients
fed HP and OP diets is given in Table 34. The digesti-
bility coefficients of DM, OM and crude prctein were in
Group l: €9.08, 72.62, 71.37; Group 2: 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: £€6.29, 69.44, 64.93;
Greoup 7: 69.22, 72.75, 69.06 and Group B8: 68.18, 72.16,
68.13. The results indicated that aflaroxin had neo effect
on the digestibility of these nutrients. In pigs, however,
Hale and Wilson (1979} reported low digestibility coeffi-
cients of DM and CP fed aflatoxin contaminated corn.
The digestibility o¢f crude protein was meore in both the
species fed higher level of protein. Results also indicated
that there was no species difference in the digestibility
of crude proteins, as alsc observed in the earlier experi-
ments {(Dhiman and Arora, 1985}, lrhe digastibility of
crude fibre, ether extract and NFE vas alike in all the

groups.

£.2.2 Effect of aflatoxin on nitrogen balance:

The data on nitrogen balance given HP (Groups 1~
4) and OP (Groups 5-8) levels are presented in Table 35.
The total nitrogen intake in 8 groups was 179.8, 179.8,

179.8, 178.0, 126.5, 125.46, 126.0, 125.5 g/day -espectively.



Table 34. Effect of aflatoxin on digestibility coefficient of nutrients fed HP and OP diets

Group Attribute
DM oM cr

1 69 .08 72.62 71.37

2 64.45 68.03 73.85

3 69 .70 72 .46 73.86

4 67.60 71.21 73.48

5 | 63.27 66,03 64.43

6 e 29 0o Laa 64.93

7 69.22 72.75 RO na

2 65 .18 72.16 68.1

62.15

62.00

59.50

60.20

75.05

73.25

70.55

68.35

071



Table 35.

Effect of feeding aflatoxin on nitrogen balance fed HP and OP diets

Live weight (kg)
N intake {g/d)

N excreted in faéces

{g/d)

N absorbed (g/d)

N excreted in urine

{g/d)

Total N excreted (g/4)

N

N

retained (g/d)

retained as percent
of absorbed

retained as percent
of absorbed per
kg 1live weiaht

digestibility {%)

retained as percent
of intake

nycroted ;. fzlcol
33 percvent of intake
excreted in urine as

percent of intake

325.00
179.80

51.47
128.39

99.26

150.73
29.07

22.64

0.070

71.37

16.17

28.63

387 .50
179.80
47 .00

132.80

106.81

153.81

25.99

19.57

0.051

73.85

14.45

369.0Q
172 .80
47 .00
132.80

$3.80

140.80
39.00

29 .37
0.079
73.86

21.69

26.14

130.80

1G65.40

152.60
25.40

19.42

0.058

73.48

14.27

26.52

335.00
126.50
45.00

81.50

43.40

88 .40
38.10

46.75
0.139
64.43

30.12

35.58

81 .46

48 .50

92.50
32.96

40.46

0.112

64 .93

26.27

35.07

372.00
126.00
39.00

87.00

29.10

68.10

57 .90

66.55

0.179

370.00
125.50
40.00

85 .50

41.20

81.2C
44 .30

51.81
0.140
€8.13

35.30

.57

[

3
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The average N intake was 179.35 and 125.86 c/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 faeces was: Group l: 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, Greup 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 species as even observed
earlier by Dhiman and Arora (1985), but not affected by
1 ppm aflatoxin level. This level of aflatoxin was not
also effective in kids as observed eaxlier in :this labora-
tory (Sinha, 1983}. But Lynch et al. (1973) observed
less N excretion through faeces in young calves fed graded
levels (0.0 - 0.8 mg/kg body weight) of aflatoxin as

compared to control.

The quantity of N excreted (¢/day} through urine
was: Group 1l: 99,26, Group 2: 106.81, Group 3: 93.8, Group
4: 105.4, Group 5: 43.4, Group 6: 8.5, Greup 7: 29.1
and Group 8: 41.2. These results indicated that excretion
of N through urine was more in znima.s fed hLigher amount
of nitrogen as compared to groups 5-8. Results also indi-
cated that excretion of N through u-ine was more as a
result of aflatoxin feeding in calves of both tae species.
Lynch et al. (1973) and Hale and Wilscn (1979} also noted

more nitrogen excretion in calves ana pigs respectively
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as a result of aflatoxin feeding. The percent N excretion
through urine of the intake was: Group l: 55.2, Group 2:
59.40, Group 3: 52.17, Group 4: 59.24, Grdup 5: 34.30
Group 6: 38.66, Group 7: 23.09 and Group 8: 32.83. Nitrogen
retention (g9/d) was: Group 1l: 29.07, Group 2: 25,99, Group
3: 39.00, Group 4: 25.40, Group 5: 38.10, Group 6: 32,96,
Group 7: 57.90 and Gfoup 8: 44,30, Nitrogen retenticn
data indicated fhat all the animals were in pousitive nitro-
gen balance, although the guantity of N retained was less
in aflatoxin fed animals. This trend was observed iﬁ
calves of both the species fed HP and OP diets. Results
alsco indicated that N balances (g/d} were more in buffale
calves as compared to crossbred calves. Further, N balances
were more with OP level as compared to animals fed HP
level. The amount of N retained as percent of abscrbed
N as suéh ard when calcuiated on per kg live weight basis
were: Group 1: 22.64, 0.070; Group 2: 13.57, 0.031; Group 3:
29.37, 0.079: Group 4: 19.42, 0.058; Group 5: 46.75, G.139;
Group 6: 40.46, 0.112; Group 7: 66.35, 0.17% and Group
8: 51.81, 0.14C g/day respectively. The data indicated
that the values of these parameters ‘-ierz more in animals
fed .OP than HP groups and buffalo «<alves seemed to be
superior to crossbred calves, when coupared o»r. the basis
of these parameters. In aflatoxin fed animals. N retention
as percent of absorbed was uniformly le¢ss in all the groups
per unit live weight. Lynch et al. 1973} also observed
a decrease in N retention as percent o. absorbed in calves
given gréded levels (0 - 0.8 mg/kg boldy weight) of afla-

toxin.

.
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6.2.3 Effect of aflatoxin on ruminal NHgnN concentration,

water and ammonia outflow from the rumen fed HP
and 0P diets

The ruminal ammonia-N concentration at different
hours in calves of two species is prezented in Table 36,
The mean ruminal ammonia-N concenzratisn (mg/1C0 ml SRL)
was higher in HP fed animals irrespective of species and
aflatoxin intake. It appeared as 1f 1.0 ppm aflatoxin
in the diet of these animals dié not decrease the rate
of fermentation in the rumen which might be due te¢ microbial
detoxification (Mathur et al., 1976} or high level of
protein giving a protective effect agaiast aflatoxin toxi-

city (Balaraman and Arora, 1984).

Estimates of rumen f£luid volure and water flow
rates to the lower digestive tract determined with the
help of 51Cr—EDTA; using isotopic dc¢ilution techniques
are given in Table 37. The flow of ammonia-N (g/day)
to the lower digestive tract in different treatments was
calculated by multiplying the mean -uminyl ammor.ia-N (mg/l)
conceﬁtration with fluid flow rates {1/day). The rumen
volumes (1) and their values as percent of the nody weight
in different groups were: Group : 37.76, 11.60: Group
2: 56,00, 14.45; Group 3: 45.38, 12.2¢: Group 4: 55.49,
16.47: Group 5: 45.71, 13.64:; Greup 6: 54,90, 15.25:; Group
7: 50.46, 13.56 and Group 8: 43.77, 11.82. Results indicated
that rumen vo;umes vere not influenced either due to afla-

toxin intake, or species difference or level of protein.

Similar results were veported by Arora (1987), in cattle



Table 36. Effect of feeding aflatoxin on ruminal NH,-N (mg/l100 ml SRL)} concentration fed HP and OP

diets 3
Gvow . Hours after isotope injection ______________________ awersge : 5.6
Q 1 2 3 5 7 ] 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 33.0 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 15.0 18.0 23.5 ¢+ 1.76
5 7.0 9.0 10.0 13.0 18.0 12.0 11.0 10.0 3.0 8.5 10.7 = $.88
3] 10.0 1.0 16.0 17.0 20.0 16.0 17.0 10.0 10.0 10.0 13.7 & 1.22
7 5.0 2.0 10.0 12.0 15.0 15.0 11.0 10.0 9.0 8.0 10.4 = 0.97
8 7.0 10.0 | 13.0 12.0 20.0 12.0 10.0 10.0 9.0 2.0 11,3 = 1.18

gcCI



Table 37. Effect of aflatoxin intake on water and ammenia flow from rumen fed HP and OP diets

Group © Bedy Ruminal Rumen Rumen fluid Ammonia out- Rumen volume
weight NHB—N volume outflow rate flow with {1)
{kq) concen- (1) {1/Q) rumen fluid % body wt.
tration {g N/a)~*
(mg/1) -
1 325.0 223.0 37.70 B87.34 19.39 11.60
2 387.5 243.0 56.00 90.20 21.87 14.45
3 365 .0 263.0 45.38 105.90 27 .85 12.29
4 : 337.0 235.0 55.32 ‘ 123.7G 29 .07 16.47
5 3325.0 107.5 45.71 93.95% 10.09 13.54
G e 0 1z7.¢C 54.30 85.14 12.08 15.25
7 372.0 104.0 50.46 89.88 9.35 13.56
8 370.0 113.7 43 .77 107.18 12.18 1r.82
* Calulsted 55 the pruduci ol ourflow {1/d) and measured mean ammonla-N concentration {g/l) in rumen
fluid

9¢T
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and buffalo calves kept under dietary conditions similar

to this experiment.

The ammonia-N outflow from vumen fluid in different
groups was: Group l: 19.39, Group 2: 21.87, Group 3: 27.85,
Group 4: 29.07, Group 5: 10.09, Group 6: 12.08, Group
7: 9.35 and Group 8: 12.18, g/day. The outflow of ammonia-
N was more in HP fed groups 1~4, which was related to
higher nitrogen intake and as a result of greater ruminal
NH concentration. It i1s no different to reports in sheep

3
{Nolan et 1., 1976; Nolan and Stachiw, 1979). The NH

= == 3
outflow rate from rumen was 2.85 g N/day when daily nitrogen
intake was 16.3 g, but it was reduzed to 0.41 g N/day

when the nitrogen intake was only 6.2 g/davy.

6.2.4 Effect of aflatoxin oon the kinetics of ammonia

in rumen and blood fed HP and OP diets:

The change at different tim2 intezrvals in lSN—enrich-
ment of NH3~N in the rumen fluid and enrichment of rumen
bacterial~N, plasma urea-N and urinary-N after single
intra-ruminal injection of 15N—ammonium sulphate fed HP
and OP diets with or without arilatosin are depicted in

Figs. 15 to 22.

The enrvichment of rumen N%E -1 as a function of
time after the intra-ruminal injectinn of 15N~ammonium
sulphate was best described by a curve with two exponential
components. One component described the ragpid decline
in enrichment from hours 1 to £ after inijection. The
other component was described by slower decline in enrich-

ment from 5 to 24.
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Similarly, 15N~enrichment in bacterial and plasma

urea-N was also reflected by the curves with two exponential

components. In case of plasma urea-N, the first component

showed a rapid increase from O to “atween 3 to 5 hours
after isotope injectiocn. The second component indicated
a gqradual decline subsequently upto 24 hour. However,

15N

enrichment of in urinary-H was described by single

exponent.

The above mentioned exponents were used to calculate
the size of the ammonia pool sampled from tre rumen and
its total entry rate, irreversible loss rate and recycling
rate of ammonia which have been prerented alsngwith data
on bacteria-N, plasma urea-N ard urinary-N derived from

ruminal ammonia in Table 38.

The values of ruminaluNH3 pol size in different
groups were: Group l: 4.63, Grovp 2: 3.36, Group 3: 4.87,
Group 4: 4.32, Group 5: 2.90, Group €: 2.80, Group 7:
2.83 and Group 8: 3.06 g nitrogen. The size of ammonia
pool was more in HP fed qgroups 1-4 as expected, irrespec-
tive of species. Since the wvalues in control and aflatoxin
fed animals did neot differ, it appeared as if the present
level of aflatoxin had no effect on rumen microbes under

such dietary feeding conditions.

Ruminal~NH, entry vrates were 27.35, 30.36, 37.12,
36.47, 18.26, 21.23, 20.2}, 19.76 g N/day in 8 groups
respectively, The higher rates of ammoniil production
in first 4 groups were due to higher ¥ intakc as compared

te other 4 groups (5-8). ESpecies difference and aflatoxin



Table 38. Kinetics of ammonia in rumen and blood given aflatoxin with two levels of protein. using

sinlge 1njection of lsNhammonium sulphate (Phase I)

Group Rumen Ruminal Ruminal NH3 irrever- Recycling Suspended Plasma Urinary-»N
NH_ pool NH, entry NH . rate bacterial- urea-N derived
3 3 3 sible loss . :
site . {g N/d) N derived derived from
rate irrever- rate as (%) . .
(g N) X frem rumi- from ruminal
(g N/d) sible of entry nal ruminal ammonia
loss rate rate . (%)
(g N/d) ammonia NH3
(%) (%)
1 4.63 27 .35 19.01 69 .50 8.34 42 .85 36.38 34.15
Z 3.96 30.36 21.35 70.32 9.01 38.41 39.17 38.20
3 T oa.87 37.12 25.77 ©69.40 11.35 28.62 39.45 20.42
4 4.32 36,47 26.91 73.79 9.56 33.75 38.40 25 .44
S 2.90 1a.26 12.59 68 .95 5.67 49.81 32.20 20.57
6 2.80 21.23 14.09 66 .37 7.14 50 .62 30.25 23 .85
7 2.83 20.21 12.74 83 .04 7.47 27 .24 26 .46 16.41
8 3.06 19.76 13.25 68.37 6.51 49 .42 35.85 19.80C

YA
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feeding had no effect on rumen ammonia entry rate.

The irreversible lcss rates of ammcnia-N in different
gqroups  were: Group 1: 19.01, 3Sroup 2: 21.35, Group 3:
25.77, Group 4: 26.91, SGroup 5: 12.59, Group 6: 14.09,
Group 7: 12.74 and Group 8: 13.25 g 1'/day. These results
again showed higher irreversibls Joss rates in groups
1-4 than the animals of aroups 5-8. Uhen the irreversible
loss vates of ammonia-N were calcuiated as percent of
the ruminal*NH3 entry rates, the valucs were 69.50, 70.32,
69.40, 73.79, 68.95, 66.37, 63.04 and 68.37 in groups
1l to 8 respectively, showing uniform positive correlation
(Nolan and Leng, 1972: Nolen et al.. 1976: Kennedy and
Milligan, 1978a). The latter workers fed Llucerne hay
or brome grass pellets to .sheep giving irreversible loss
rate of ruminal NH; to vary from 61 00 to £9.70 percent
of the total entry rate. bh:man and Arora (1985} reported
irreversible loss rates of rnminal—NH: ranging from 57.52
to 73.53 per cent in cattle and baffal> calves fed optimum

and sub-optimum protein diets.

Recycling of ammonia Lt the rrmen~NH, pool is a
continuous process. The recveling of ammonia might take
place within the rumen itself (Rolan and Leng, 1972} or
by way of plesma urea transfer to the rumen {(Xennedy and
Milligan, 1978b}. The rates of recycling of ammonia to
the rumen -Ni, pool were: &.34, ©.,01, 11.35, 9.56, 5.67,
7.14, 7.47 and 6.51 g N/day in grcups . to 8 respectively.
BEarlier, higher recycling rates of ammonia-N to the rumen

ammonta poal given optimum protein 1: both the species
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were observed as compared to sub-optimum protein diets

(Dhiman and Arora, 1985).

Ammeonia 1is produced in the rumern as & result of
deamination of various amino acids, formed during the
process of proteclysis of dietary proteins by rumen microbes.
A significant amount of ammonia produceld during this process
is utilized by the rumen microbes Zor thelr cellular protein
synthesis, Unutilized ammonia 18 abi:orncd  hrough rumen
wall and converted to urea in the lirer, which 1is either
ex creted through urine or recycled back to rumen. In
this study, the values of ruminal—Ml3 conktribution to
suspended bacterial nitrogen fraction in groups 1 to 8
were: 42.85, 38.41, 38.62, 33.75, 9.81, 50.62, 47.24
and 49.42 per cent respectively. The plasma u ea-N derived
values from ruminal ammonia were: 35.33, 32.17, 39.45,
38.40, 32.20, 30.25, 29.40 and 35.85% per cent respectively
in groups 1-8. The urinary-N derived from ri:minal ammonia

were: 34.15, 38.20, 20.42, 25.44, (0.7, 3.85, 16.41

and 19.80 per cent respectively In grours 1-8.

The data indicated that «contriptticn of ruminal
ammonia~-N towards bacterial-nN synthesis was more in QP
ted groups as compared to HF ted groups ir both the species
and irrespective of aflatoxin intake. This indicated
a better wutilization of N by rumnen wnicrobes, when less
amount of N was available whereas e<cess s:emed to be
eitHer absorbed or it flowed more with ingesf:a into the
lower part of digestive tract [Mathison and Milligan,

1971: Kennedy and Milligan, 1978a). Th> latter workers:
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also observed that the proportion of bacterial-N derived

5 . .
from ! NH was consgiderably less when rumen ammonia pool

3
was higher as compared to the proportion of bacterial-N

derived from ruminal lSNH in sheep fed protein deficient
3

diets. Pilgrim et al. (1970) reported on an average 77
per cent of lq.\]—-incorporation cf NH3 from lSN—ammonium
sulphate into bacterial-N, when fed 1-.5 g N/Ad as ccmpared
to 63 per cent inceorporation given 22.r g HN/d in sheep.
Dhiman and Arora (1985) observed earlier a similar trend
in cattle and buffalo given high and low levels of nitrogen
in the diet. They reported that +“he incorporation of
15NH3 inte bacterial-N was 42.¢5 and 51.52 per cent in
calves fed optimum and sub-optimum diets, while the incorpo-

ration was 41.31 and 47.19 per cen: in buffalo calves

Kept under feeding conditions similar to calves.

Plasma urea-N derjﬁed from ruminal—NH3 indicated
that higher amounts of urea-N were d2rived from ruminal-
NH3 in animals fed HP diet as :-ompared to 2P groups in
calves of both the species, without any aflatcxin effect.
The reason might be as a result of more sbsorption of
ammonia through rumen wall iIn HP «roup: and gracter ammonia
release beyond the capacity of microbes teo utilize it.
Earlier workers (Egan and Rellaway, 1971; tennedy and
Milligan, 1978a, 1978b) observed ‘trat contrvribution of
rumiha].~NH3 ko plasma urea-M appeared to vary with the
diet, especially with its protein contert.

A

Superiority of buffalo calves over calves, showing more

positive N balances and better utilization of absorbed N was evident
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from the findings that wurinary-N de¢rived from ammonia-
N was more in calves as compared t3> buffalo calves as
earlier reported from this laboratory {(Dhiman and Arora,

19851} .
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PHASE T1

6.2.5 Cffect of aflatoxin on diges:ibility of nu:rients

Effect of aflatoxin on digestibility c¢f nutrients
in calves and buffalo calves fed OP ¢nd TP _evels in the
diet 1&g given in Table 39, The digestieilitvy of all the

nutrients appeared to be less in LP qgroups a. compared to

OP fed animals, irrespective of species and afla:oxin intake.

6.2.6 ELEffect of aflatoxin on nitrogen balaice

The data on nitroger balance as & result 2f aflatoxin
feeding given OP (groups 1--4) and LP (groups 5-8) levels
.in the diet are presented in Table 40, “he trtal N intake
in 8 groups was: 130.11, 123.02, 13:.80, 1.9.10, 61.72,
62.93, 62.30 and 63.04 respectively. e average N intake
in OP groups and LP groups was 1258.'6 and 62.49 g/day
indicating that groups 5-8 were prov:ded 51.47 per cent
less nitrogen as compared to OPFP groups. Th: nit-ogen (g/day)
excreted 1in faeces was: Croup 1l: 45,03, GCrouwp 2: 43.75,
Group 3: 50.0, Group 4: 44.33, Group 5: 37..C, Group ©6:
36.89, Group 7: 34.37 and Greoup Y: 33.0. Tna2se results
indicated that more N was excreted it faece: of animals
given OP as compared to LP. But when the result were calcu-
lated as percentage o©of the intake excroted through faeces,
the values were: Group 1: 3%.07, Group 2: 35, €, Group 3:
37.65, Group 4: 34,38, Group 3: 60.76, Group £: 53,62, Group
7: 55.16 and Group 8: 52.35, which incicated that maore N

was excreted through faeces in animailsg juavisg 1w N intake.



Table 39. Effect of aflatoxin on digeStibility coefficient of nutrients fed CP and LP diets {Phase II)

Growe et
oM OM CP CF EE NFE
1 61.99 65,21 64.92 55.27 79.90 £9.14
2 63.80 67.29 64 .44 58.67 77.19 70.75
3 a2.13 £5.32 aZ.35 S4.57 74.05 68.58
4 ) 53 .30 62 .80 65.62 55.62 62.17 65.39
S S0 .74 ELLE 25.24 50.16 55.77 61.58
O 52.:20C 57.08 41 2R 1Lt 25 .5 NP
K 55 .4y PN 44.83 51.85 68.80 61.12
& 55 an T 7LD D50 .uD [ACURVL 62.29

ST
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These observations concurred with the rezults obtained in
Phase 1 of this study and =arlier wor: ‘Dlhimin and Arcra,
19857 . Results also indicated Lhet ex:renion of N through
facces wag not affected by aflate.in fooding in either of

the species.

The gquantity of N excreted {(g/¢} :zhroujsh urine and
its percentage of N intake excreted thicuch 1rine were:
Group 1l: 59.63, 45.83: Group 2: 65.0, 5 .Ba; Group 3: 44.30,
33,51; Group 4: 51.06, 39.55; Group 5t 23,00, 37.27: Group
6: 25.56, 40.7%; Group 7: 21.5G, 34.50 and Grcap 8: 27.25,
43,22, These results indicated that excreticn of N through
Urine was more in animals fed optimum amcani. of § as compared
to low nitrogen fed animals. Regsults alse lrdicated that
excretion of N throcugh urine was more in «a ves of both

the species, fed aflatoxin, lvrespective ~f ¢:olcin levels.

Nitrogen retained ({(g/d) wae: Groue L: 21,85, Group
2: 14.27; Greoup 3: 38.30¢, Group 4r 33.5&, Greup 5: 1,22

Group 6: 0.48, Group 7: 6.4% and Group L: Z.79. The results

indicated that all the animals were i1 porir ve nitrogen
balance, but the nitrogen retzntion was wore in OP fed
animals as compared to LP fed groups. witvopen balances

were less in calves of both “te species f2d sflatoxin, irres-
pective of the protein level=z. Rezsults alse iniicated that
N balances (g/d) were more in buffalo calves as compared
to crossbred calves, indicating bettoer vtilizati<r in buffale
calves.

L]

The ameount ot N retainced as i cent of absorkhed N

as  such and when calculated on th: bLasis of Le¢r kg live



Table 40. Effect of feeding affatoxin on nitrogen balance fed OP and LP diets (Phase II)

e e e e e e ek e e A .  ma —— — T i ——n i i M lim . R o = TR M M M M T T 7or S S SR e - e i . dim mp e —————— o — e — e ————— - A m L i e - - i a4 e

Attribute GROUD
1 2 3 i 5 6 7 8
Live weight {kg) 350.0 390.0 375.0 350.0 340.0 370.0 "380.0 375.0
Total N intake (gq/d) 130.11 123.02 132.80 129.10 61.72 - 62.93 62 .30 63 .04
Faecal N {g/4d) 45.63 43.75 50.00 44.38 37.50 36.89 34.37 33.00
N absorbed {g/d) 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/a)
N retained {g/4d) Z4.85 14.27 38.30 33.66 1.22 0.48 6.43 2.79
d retained as 25.41 18,00 46.26 39.73 L.04 1.84 23.02 S.25
coroent of absorbed
¥ retained as pevcent 0.0Ra 046 G.123 0.114 0.015 J.0065 0.0¢1 0.025
of absorbed per
kg live weiaht
N digestibility (g5 Ba .92 S .44 62.35 A5 .62 29 .24 £2.38 44 .83 47 .65
N retained ~o —ororL Py BFECIE 28 .84 26.07 1.98 .76 10.32 4.43
of intake
N excreted in faecesr 358 ThLSG 37 .65 34,38 eG.7¢ 5552 55.16 572 .35
&S percent of intake
e e wed in utlne RS I oL R4 3z 83 20 55 37 .27 4au.70 3a .50 43 .22

as percent of intake

LET
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welght were: Group 1l: 22.41, 0.084; (roup 2: .8.00, 0.046;
Group 3: 46.26, 0.123; Group +«4: 3¢.72, 0.l34: Group 5:
5.04, 0.015; Group 6: 1.84, 0.005; vroap 7: 23.02, 0,061
and Group 8: 9.28, 0.025 g/day. Th: data indicated that
the values of these paramebters were more in animals fed
OP than LP fed groups and buffalo n~alves appeared to be
superior to. crossbred calves, when oxawined o5n the basis
0of these parameters. Aflatoxin fed animals given either
level of protein retained less N as p:ccen. of absorbed
N as well as when it was calculated on the basis of per

kg live weight.

6.2.7 Effect of aflatoxin on ruminal NH3~N cencentration,

water and ammonia outflecs from the camen fed OP

and LP diets

The ruminal ammeonia~N concentracion at different
hours 1s given in Table -i1. The mean rumiial ammonia-N
concentration {(mg/l100 ml SRL} in different dgroups was:

Group 1: 13.72 + 2.44, Group 2 12.6&5 + 1 12, Group 3:

14.0 + 1.96, Group 4: 14.20 * 2.33, Cvrowp 5; 6.16 * 0.51,
Group 6: 7.20 3% 0.71, Group 7: 5.5x = .37 and Group 8:
6.22 * 0.66. These results indiecrted  ha: by mean ruminal-

NH3 -N c¢oncentration irrespective of atlacoy in treatment

was higher in OP fed groups as conparaec .o Lt roups.

Estimates of rumen fluid wveolume and water flow
rates to the lower digestive tract, dezermiied with the
help of SlCr—EDTA using xsaﬁopic di .uwtion technigue are
presented in Table 42. Tﬁe flcw of anmonia-N {g/d) to

the lower digestive tract was also calzulated as described



Table 41. &gffect of feeding aflatoxin on ruminal NH -N {mg/l00 ml SRL) concentration fed OP and LP

diets
Gtow  ____________Mowsatterimtopeimection  rveragetsp.
_8_“ 1 2 3 5 7 2 ) 12 ig 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
Z 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 9.60 6.60 9 .40 14,060 = 1.9%
% ! 2,80 15.26 21.60 22.00 22.60 21.60 9.60 8.00 5.60 6 .00 la. 20 + 2,22
z 4.80 St 7.30 §.4¢ 2 .00 5.60 5.60 5.60 4.80 4.00 6.16 £ G.51
& 6.80 7 .60 8.40 83.80 1l1.60 6 .80 6L RO 640 £.0n 2.8C T.20 L OU7C
7 4,20 ©.60 7.00 7.80 5.00C 5.00 .00 5.C0 5.0¢C 4 .60 5.52 % 0.7
v e .00 S.00 Q.00 2 .00 9.00 5.20 4.50 3.50 £.0C q.00 G.22 * Q.CC

W A o T R TR R T o mm mm mm mm T T S e mm R L M o et o7 Eer W er R T B b o e R r— e R M e mm wre e Emt e e o T A pm Aim A s o A b AR M o m — ma - M . A 4 e G i = M i S dmm = Sm o my  — o —

6LT1



Table 42, Effect of aflatoxin intake on water and ammonta flow from rumen fed OPFP and LP diets (Phase

I1)
Group Body Ruminal Rumen Rumen fluid Ammonia outflow Rumen wvolume
weight NH =N volume  outflow rate with rumen fluid {1}
f ka) comeen— (1) (1/4) (g N/A)=* $ bodv wt.
tration
{mg/1)
1 350.0 13.72 39.50 85.40 11.72 11.28
2 32C.0 12.68 57.45 55.20 12.06 . 14.73
3 375.0 14.00 48 .50 101.430 14,20 12.23
4 3530.0 14.20 56.40 12¢.60 17.13 ERI
5 3400 £.1% 45.5C 32 .50 5.70 13.38
& 270.0 7.20 55.2GC 30.00 6.48 1442
7 380.0 5.72 51.00 $1 .50 5,273 1002
8 375.0 6.22 43.50 110.25 5.86 11.6Q¢

*

Calculated as the product of outflow (1/d) and measured mean NH; -N cencentration {(g/1) in rumen
fluid

op1
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in Phase I (6.2.3}. The rtrunen volime (1) in different
groups was: Group l: 39.50, Group 2: 57.45, Group 3: 48.50,
Group 4: 56.40, Croup 5: 45.50, Group 6: 55.20, Group
7: 51,00 and Group 8: 43.50. Results indicated that rumen
volumes were not affected due to aflatoxin intake, species
difference or 1level of protein. Rum:2n volume as percent
of body weight in different groips ras: Greoup 1: 11.28,
Group 2: 14.73, Group 3: 12,93, Group 4: 15.12, Group
5: 13.38, Group 6: 14.92, Group 7: 13.42 ind Group 8:
11.60. It was apparent froem these da“a that rumen volunme
as percent of body weight varied frcm 11.28 to 14.92 in
crossbred calves and 11.60 to 16.12 ir buffaloc calves.
These values are similar to the values obtained in Phase I

of this experiment,

The ammonia~N outflow from rimen flvid was much
more in animals fed OP diet as compared to 1P fed groups
and the valﬁes in different groups were: Grolp 1: 11.72,
Group 2: 12.06, Group 3: 14.20, droup 4: 17..5, Group 5:

5.70, Group 6: 6.48, Group 7: 5.23 and roup 8: .86

6.2.8 Effect of aflatoxin on the Jinctics of ammonia

in rumen and blcocod fed OPF and LP di=te

The changes at different time interv.ls in lSN

¢nrichment of N, -N in the cumen £ .uild ane  enrichment

of rumen bacterial-N, olasma uvrez-N aand urirarvy-N after
. , . Lo : b

3ingle intra-ruminal injection of "K~ammonium  sulphate

fed 0P and LP diets with or without af .atsxin wre depicted

in Figs, 22 to 30 and the dava is preserted inm ' able 43,



(ATOMS 'SN*» EXCESS)

ENRICHMENT

PLASMA UREA-N AND URINE-N

WITH TIME AFTER A SINGLE INTRA—RUMINAL INJECTION OF ( '°N) AMMORIUM SULPHATE

FIG. 23 . ENRICHMENT OF RUMINAL NH3y -N, BACTERIAL-N,
o0i {~
UREA-N
0-061 : 1 1 1 i L,
) 4 8 12 16 20 24
wl
(&)
Fo 4
wl
z
uw
vy
o1k s
-
=1
=
=
[17]
=
=
1=
o
RUMINAL AMMONIA-N z
a0 t
[ ]
[ ]
0-001 1 1 ! 1 i 1
0 & 8 12 16 20 24
TIME GPOUP 1

013
¢0 M URINE = N
)i 1 i 1 | 1
001
0-001; Y2 24 36 58 60 72
0-0tp-
BACTERIAL = N
L ]
0001 | 1 ] i L 1
Q 4 ) 12 1§ 20 24
(CALF 3443) TIME (h)



S NY EXCESS)

{ ATOMS

ENRICHMENT

FIG. 24, ENRICHMENT OF RUMINAL
TIME AFTER A SINGLE (INTRA-RUMINAL

01

(00!

[}

0.001

1 1 1 ! } 1

o] L 8 12 16 20 24
RUMINAL AMMONIA-N

1 ] | 1 1 ]

0 & 8 12 18 20 24

TIME (h)

NH3~N, BACTERIAL=N,

PrLASMA UDEA-N AND URINE-N WITH

(NJECTION OF { °Nj AMMONIUM SULPHATE
n ol
o
-
o URINE~N
“:1 .
wn
3

0-00 i 3 L ] } i
- 0 2 24 36 %8 60 72
<L
r—
=
uf
¥
-
[# ]
a
=
w001 BACTERIAL- N

-
0001 1 f 1 1 ! 1
0 4 8 12 16 20 24
TIME {h)

GROUP 2 { CALF &4470)



(ATOMS 'Sn*h EXCESS)

ENRICHMENT

FIG. 25, ENRICHMENT OF RUMINAL NY3~N, BACYERIAL -N, PLASMA UREA-N AND URINE-N WITH
TIME AFTER A SINGLE INTRA-RUMINAL INJECTION OF (15N } AMMONIUM SULPHATE

o-or

i ! 1 ] 1 1

000
0

01

0-01—

aol

RUMINAL- NHy - N

I 1 | 1 i i

4 8 12 16 20 24
TIME (h)

(ATOMS "nNvy, EXCESS)

ENRICHMENT

001
. . URINE-N
-
001 i i 1 1 1 |
0000 12 24 36 48 60 72
0-01- -
BACTERIAL-N
ooMm 1 1 1 ] 1 |
O 4 a8 12 16 20 s
2680} TIME { h }

GROUP 3 ( BUFFALCQ CALF



03

01

(atoMs 'Pnv Exce

ENRICHMENT

0-001

FIG. 26. ENRICHMENT OF RUMINAL NHjy-N, BACTERIAL-N, PLASMA UREA-N AND URINE-N WITH

TIME AFTER A SINGLE

INTRA- RUMINAL INIECTION OF (15N} AMMONIUM  SULPHATE

. UREA-N
/4
\\ 3
i i L A ! ! w001
0 4 B 12 % 20 24 ot 00
sl URINE-N
z
©
w
3
= 0001 L 1 H i } i
< 0 12 24 i6 48 &0 72
[ =
z
et -
X
r
=)
RUMINAL AMMOMNIA =N £ .
- Wog.Ql
BACTERIAL -N
»
-
3 | | 1 1 1 o000 1 t 1 1 { J
0 FA 8 12 16 0 24 0 4 8 12 1€ 0 4
TIME (h) GROUP & ( BUFFALO CALF 2787) TIME (h)



{ATOMS lsN‘h EXCESS )

ENRICHMENT

FIG.27.. ENRICHMENT OF RUMINAL AMMONIA- N, BACTERIAL-N, PLASMA UREA-N AND URINE-N

WITH TIME AFTER A SINGLE iNTRA-RUMINAL INJECTION OF (15N ) AMMONIUM SULPHATE

o-mr
. . VUREA-N
f ™
0-00! L a 1 ‘ L oo+ T URINE -N
o 8 12 16 20 26
” :
th
w
o
-
w
z
2 I 1 1 I | ]
- 1
o1 E 00015 12 24 36 48 60 72
o
|
<
RUMINAL AMMONIA-N e
w
=
I
H BACTERIAL -N
G0 g c-0n T
w
0-001 L 1 1 | [ 0-001 ) | i L I I
0 8 ? 1% 20 24 0 4 B iz 16 20 24
GROUP 5 {CALF 34%0) TIME ( h)

TIME {h}



ES3)

~
o

ENRICHMENT (ATOMS '°N*, EX

FIG.28. ENRICHMENT OF RUMINAL AMMONIA-N, BACTERIAL-N, PLASMA UREA-N AND URINE - N
WITH TIME AFTER A SINGLE INTRA-RUMINAL INIJECTION OF (ISN) AMMONIUM SULPHATE

ovm[-
/‘\ e A
001 1 1 1 1 ! i .ok URINE - N
0-00 [+ 4 8 12 % 20 3, -~ 00 .
wr
[Ty)
F1 )
% ]
o
w 2
z
w
E4
. 1 1 | i 1 1 1
o 2 00015 12 24 36 48 60 72
<1
'_
=z
W
RUMINAL AMMONIA-N Z
O
g BACTERIAL-N
o0 w -
&
0-001 | i | | | i 0-00 1 | | L 1 {
0 4 ) 12 18 20 24 0 3 8 12 16 20 24
TIME {h) GROUP § ({ CALF 34412) TIME {(h)



(ATOMS ‘Snw EXCESS )

ENRICHMENT

FIG.29. ENRICHMENT OF PUMINAL
TIME AFTER A SINGLE

MH3-N,
INTRA -RUMINAL

BACTERIAL -N,

PLA
INJECTION OQF

SMA UREA-N AND URINE ~N WIiTH

(15N j AMMONIUM SULPHATE

D-O'lr
0.001 1 | 1 1 | IH b‘O'i -
g 4 8 2 16 20
|17}
Dt() B3
w - UR‘NE"N
z
ur
wy
3 L
; .00t I £ I 1. —
0 ';00 0 12 24 3§ 48 60 72
—
=
w
z
I
L=
RUMINAL  NHj-N =
z
60~ w pal
BACTERIAL- N
0.001 ] 1 | | i L 0001 \ 1 L { 1 |
0 4 8 12 16 20 24 ) A 8 12 18 20 264
TIME (h) GROUP 7 ( BUFFALO CALF 25 86) TIME (h)
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Table 43. Kinetics of ammonia in rumen and blood given aflatoxin with twc levels of oprotein. naine

single Injucticon of lenammonium Sudpadle (Fnase [1)
'
Greoup Rumen Ruminal Ruminal Ni.lrrever- Recvaelinag  Suspended Plaama frminaw ™
NH, pool NH, entry NH -~ : rate bacterial- urea-N derived
> - . 3 sible loss {g N/4) N derived derived from
size rate irrever- rate as (%) ; N
e AN fm NN Sikle af enLp from rom Tumnino.
o v 7 o ruminal ruminal ammeonia
loss rate rate - }
/ . ammonia ammonia {%)
(g 8/2) () (%)
1 3.30 25.87 14.48 55.97 11.3%9 52.64 36 .38 24 .35
2 2.85 24.07 18.06 75.03 6.01 51.50 39 .46 28 .20
3 3.12 21.05 12.95 ©l.52 8.10 53.60 32.56 18.20
4 2.90 19.65 12 .86 65.44 6.79 49.54 33.48 24 .45
5 1.245 15.26 9.87 64,68 5.39 61.75 25.15 20.75
& 1.81 13.45 9.35 69.52 4.10 65.87 22.28 25.78
7 2.158 15.44 9.56 6l1.92 5.88 T0.76 18.20 19.47
3 2.23 16.57 11.05 66 .08 5.52 71.87 19.2¢ 28.32

et
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The ruminal—NH3 peol sivzes ‘n difforent groups
were: Group 1: 3.30, Group 2: 2.8H,Groap 3: 3.12, Group 4:
2.90, Group 5: 1.94, Group 6&: .81, Group 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 intake.

Ruminal-NH3 entry rates were 25.87, 24.07, 21.05,
19.65, 15.26, 13.45, 15.44 and 16.57 g N/d respectively
in 8 groups. Higher ammonia entry retes 1in groups 1 to
4 seemed to be again due to more itrogen intake as
compared to other 4 groups. Species difference and afla-
toxin dose level had no effect on rumen ammonia entry

rates.

The irreversible loss rates of ammonia-N (g N/d) as
such and as a percent of ammonia entry rates in different
groups were: Group l: 14.48, 55.97; Grcup 2: 18.06, 75.03;
Group 3: l2.é5; €1.52: Group 4: 12.85, 65.44; Group 5:
9.87, 64.68: Group 6: 9.35, 69.52: Group 7: 9.56; 61.92
and Group 8: 11.05, ©66.68. These rvesults showed higher
irreversible loss of ammonia-N in grcups fed aflatoxin,

irrespective of species and level o) preo.cin,

The vrates of recycling of ammonia to the rumen
NH3 pOO]. were 11139; 6.01.' 8.10.‘ 6.79: 5.39; 4.10; 5-88
and 5.52 g N/4d in groups 1 t¢ 8 respectively. Recycling

rates were more in animals given more ni rogen,irrespective

cf species and aflatoxin intale.

The contribution of ruminal ammoania to different

nitrogen fractions in groups 1 to 8 wire. 52.5841, 51.50,



144

53.é0, 49.54, 61.75, 65.87, 70.7¢ nd 71.87 per cent
respectively for bacterial--N; 36.38, 139.46, 32.56, 33.48,
25.15, 22.28, 18.20 and 19.26 per cent respectively for
plasma urea-N; 24.35, 28.20, 18.20, 24.45, 20.75, 25.78,

13.47 and 28.32 per cent respectively for urinary-N.

According to the results mentioned above, the
contribution of ruminal ammonia-~-M towarwus suspended
bacterial-N was more in c¢alves and buffalc calves fed
LP diet as compared to 2P fed animcls, which indicated
better utilization of ammonia-N under N sScarcity conditions,
This is further supported by the fac: that olasma urea-
N were less in LP fed groups. Aflitoxin ¢id not seem
to affect the rumen fermentation. Higﬂer irreversible
loss of ammonia-N as percent of total ammcnia-N entry
rate and more excretion of N through wurine 1in aflatoxin
fed calves and buffalo calves a7t all levels of protein
indicated that aflatoxin affected the nitroger metabolism

at tissue levels.

Results obtained in both the phases incicated that
there was no effect of feeding aflatoxir on d.cestibility
of nutrients, Digestinility of nutriernts was more in
greups fed OP protein as corncared Lo L? groups. Nitrogen
balances {(g/day) were positive 1In all th> animals irres-
pective of level of protein and specizs. Nitrogen excretion
through urine (g/day) was more in calves ard buifalo calves
fed aflatoxin, Buffalo calves seemed to De superior over
calves showing more positive N balance and better utiliza-

tion of absorbed N.
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Results further showed that contributica of ruminal-
NH3 towards ‘bacterial protein and plasma urea-N synthesis
was inversely and directly related with the nitrogen intake,
indicating better utilization _of runinal—NHt3 when less
N was available. The contribution of ruminal—NH3 towards
urinary-N was more in animals fed HP than ©Ol3 and OP fed
animals had more contribution of ruminal HH3 towards
their urinary-N than LP fed gqroups. Aflatoxin effect
was evident 1in the greater excretion pattern of ruminal-

ammonia quantity through uvrinary-N which was recorded

more in cattle than buffalo calves as a species difference.



Experiment 5:

Tissue distr_bution and excretion
pattern of eflatcxin in lactating

goats



146

TISSUE DISTRIBUTION AND EXCRETIONK PATIERN OF AFLATOXIN TN
LACTATING GOATS

The present study was undertaken to examine the effect
of feeding aflatoxin on digestibility of nutrients, excretion
and tissue distribution of radicactive aflatoxin in lactating

goats,

7.1 MATERIALS AND METHODS

7.1.1 Plan of the experiment:

Twelve Alpine, Beetal and Saaren crogses in their
early lactation were selected from the herd of National
Dairy Research Institute, Karnal. They were rardomly divided
into two groups of six goats each. 111 ol - hem were fed
concentrate mixture and green maize a:r per thelr require-
ments (NRC, 1981). Group 1 served as & =contr]l, while the
goats In group 2 were gilven aflatoxin € 1.0 ppm of their
DM intake and was called as experimeital. group. All the
goats were milked twice daily at 6.00 A.M. and 4.00 P.M.
respectively. After adapting the animale on this feeding
regimen for 35 days, a metabolisnt trial wis conducted to
know the digestibility ¢f nutrients,. tfter t e metabolism
trial was over, 3 goats fron experimen al grouo were given
an oral dose of 3H—LFBl and sarples of m 1k, uriie and faeces
were collected at different time intervels upto zZ4 h. After
24 h, these goats were sacrificed and rarious tissues were
collected to know the tissus distribution, of its radio-
activity, The particulars <f goats anmi their distributioen

in two groups are presented in Table 44.
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Table 44, Particulars of lactating goals Ind their distri-
bution
Treatment Goat Body Lacte- Milk
group No. velight tien Nuo. yield
(kg) (kg)
SB 268 40 . 3 1.6
ASB 355 40.5 2 1.2
Group 1
-4 -
(0 ppm Af) ASE 361 4.5 ? 1.1
Control AB 609 38 .5 2 1.3
AB 672 5.2 1 1.2
AB 680 6.5 1 1.5
Mean e ST 1.27 ___
SB 291 42.0 2 1.2
ASE 369 39.0 2 1.5
Group 2 ASE 381* 39,0 2 1.6
(1.0 ppm Af)
ASE 392 32.8 2 1.3
AB 6574 39.5 2 1.7
AR 6&6T77* 32.0 ! 1.5
Mean 37.38 1.47
3
* Goats used for H»AFBl excretion and Lizsusdistribution

studies
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7.1.2 Housing and managament of goats:

Goats were kept individually in peas of size 1.5 m x
2.0 m, The pens were thorcughly white washed and disin-
fected before the start of the experiment. Disinfection
was carried out daily in the morning at the time of cleaning

of the pens.

*

7.1.3 Feeding schedule and milking of the goats:

Goats in both the groups were fed on concentrate
mixture and green maize as per their requirements {NRC,
1981). The concentrate mixture was constituted cof 32 parts
groundnut cake, 40 parts maize, 25 parts wheat bran, 2 parts
mineral mixture and 1 éart common salt. In addition, goats
in greoup 2 were given an oral docge cof aflatoxin @ 1.0 ppm
of their DM intake. Water was offered ad !ibitum twice
daily, 1i.e., at 9.00 A.M..and 3.30 I'.M. throughout this
study. All the goats were milked twice deily, i.e. at 6.00

A.M. and 4.00' P.M. respectively. The chemical composition

of concentrate mixture and green mai:e is presented in

Table 45.

Table 45, Chemical composition of feed(%DM basi:)

Fecd CP BE CF NEFE Ash

Concentrate 24.19 3.€7 4,58 30.36 7 .20
mixture

Grecen maize 9.69 1.71 22.00 . 37.38 9.22

7.1.4 Studies on the digestibility of nu:iriznts:

After a preliminavy feeding of 33 davs, 31l the 12
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lactating goats were shifted to metanolic ¢ :rates, having
an arrangement of separate collection ¢f faecas and urine,
They were given their concentrate mixtuvre cudta at 8.00
AM, and green maize was offerced at 10.00 aA.M. daily. Water

was offered ad libitum twice daily.

A metabolism trial of 7 days was conducted to know
the digestibility of nutrients and nitr>gen balance. During
the metabolism trial, samples of feed, faeces, residue,
urine and milk were collected and stored for the analysis

of proximate principles as per AQAC {19753).

7.1.5 ©Studies on excretion pattern anc¢ tissue distribution

of aflatoxin:

7.1.5.1 Administration of BH—AFBlz

After the metabolism trial was ovver, 3 goats from
group 2, particulars given in Takle 41, were selected for
studying the tissue distribution and 2xcreticn pattern of
aflatoxin B]_. Fach goat was adwinistered orally 200 pci

3

of HHAFBl, procured from M/s. Moravek Biochem, Inc., Mercury

Lane, U.S5.A., along with 3 g of maize flour.

7.1.5.2 Sample collection:

The goats were housed in mecabolism . ages for 24
h after administration cf BH—AFﬂl. Samples ¢f urine were
collected at O (pre-dosing), 3, 6, 12, 18 an 24 h post-
dosing while faeces and milx samples 1ere collected at an
interval of 6 .h upto 24 h. Thozc samples wore ‘tored frozen

£till analysis.

After 24 h, these goats were sacrificed by injecting
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50 ml of saturated soluticn of MgSO hrouah Jugular vein.

K
Tissues were removed, weighed and stored 'nder frozen condi-

tions till analvysed.

7.1.5.3 Assay of radicactivity:

MMliquots of urine were added directly to dioxane
bascd scintillation fluid {Hray., 1960) having the following

composition:

Napthalene = 50 g
PPO 4 g
POPOP = 0.2 g
Methanol {absolute) = 100 ml
Ethylene glycol = 22 ml

P-dioxane to make 1 1

Radicactivity was mecasuved in a Packard 1Tigquid Scinti-

llation Counter (Model Prias BPLD)

Facces and tissue samples were homogenized with water
and 1 ml of homogenate (having about 100 mg s0lid sample)
was transferred to scintillation vial 'Wogan e. al., 1967).
Further processing of the samples was Jone according to
Mabee and Chiple (1973). One ml soluene (tissuve dissolver
cbtained from M/s. Packard Instrument Compary, USA) was
added to each vial and the vials were Incubate in a water-
bath until dissclution was complete. After incubation,
0.01 ml of 30 per cent ayircgen peroxiie wos  dded to each
vial to decolorize the samples. 711 the vial: were shaken
and 0.01 ml of concentrated FCl was acded to each wvial to
neutralize pH. The vials were permitred to stand 15 min
at room temperature and 5 w21 of the ligquid =scintillation

counting solution was added to each via.. The samples were
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counted for radiocactivity as described earlier. Milk samples
were lyvophilized and 530 mg lyophilized sanple was transfervred
to scintillation wvial and processed and counted for radie-

activity as per Mabee and Chipley (1973),

7.1.6 Statistical analysis of the data:

The data were analysed as per Snedecor and Cochran

7.2 RESULTS AND DISCUSSION

7.2.1 Effect of feeding aflatoxins on_ digestibility of

nutrients:

The dry matter intake and digesgtibility of nutrients

in twc groups are presented in Table 46. The digestibility

I+

coefficients of nutrients were: DM 72,1 * 1,58, 73.95
1.22:; oM 75.30 * 1.30, 76.80 % 1.40; CP 74.64 + 1.47, 77.38 +
1.02; CF 68.62 ¢ 1,93, 68.06 £ 1.40:; EE 79.67 * 3.90,77.38
+ 3.66 and QFE 77.96 r 0.97, 78.70 : 1.66 ir ftwo groups
respectively. These rvresults indicated :that there was no
effect of feeding of this level of aflalox:n an any proximate
principleo. Sinha (1983) aluse rvenortel :iwnilor results in
crossbred kids fed a diet with or without 1 ppm aflatoxin.
The dry matter intake was 1.22 * 0.074 and 0.840 +*£
0.072 kg/d respectively in the two grcups. Thi difference
in dry matter intake was significant (P 0.Cl) when the
results were compared on Lhe basis of dry matter intake/kg
0.75

W Similar decrease in dry nmatter intake was observed

by Lynch el al. (1971) in calves fed aflatoxin upto 0.10

mg/kg body weight for six wieks.
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Table 46. Effect of aflatoxin on dr wnatter iIntake and

digestibility coefficients of nutrien ¢

Attribure Group 1 cCroup 2

(0 ppi Af) {1 ¢ ppmAf)
Control

DM intake {(kg/d) 1.22 £ 0.074* 0.840 + 0.072%
Dry matter 73.)1 = 1.58 73.95% + 1,22
Organic matter 75,30 2 3.30 76.00 + 1.40
Crude protein 74.64 x 1.47 77..8 £ 1,02
Crude fibre 6H.62 = 1.93 vB.t6  x 1.40
Cther extract 79,67 & 3.90 77..8 t 3.66
Nitrogen free 77.€5 + 0.97 76,70 1,66
extract
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7.2.2 Effect of aflatoxin on nitrogen balance:

The data presented in Tatle £7 revealad that the

nitrogen intake in groups 1 and 2 was 26.28 + 1.94 and 18.32

+

+ 1.44 g/day, a significant less (P<Z_ 0.01) intake in group
2. The excretion of N through faeces was significantly
more (P < 0.05) in experimental group as compared to centrol

group but with no statistical signilicant lifference in

N excretion calculated as percentage of N intakc.

The excretion of N through urine {g/da;) was 7.83 %

0.69 and 8.56 + 0.76 in groups 1 and 2 respectively, which

was not statistically different. But N excrated in urine

as percent of total N intake was 30.13 & 2.20 and 43.46

£ 2,53 indicating a significant effect (P { €.01), similar

to the observations of earlier workers {Lynch et al., 1871

Hale and Wilsan, 1979).

There was no effect of eflatoxin on N  excretion

through milk as such cor when calculeéted as gz percent of

N intake.

The amount of N retained was 7.63 + 1.33 and 3.13 =
0.69 g in groups 1 and 2 respectively. The resilts indicated

that goats in both the groups were in pesitive N balance

but the quantity of N balance was significantly higher (P~<

0.01} in contreol group as zomparcd teo aflatoxin fed group.

N retained as percent of

absorbed N wasg 27.%6 & 4.57 and
FTrriwm o #.me tnaseabdng Blgler obllizatiog ~nogroup 1 as
compared  to group 2, Similarly, N ritained as percent of
absorbed N per kg live weight wzs also significantly more

in group | tﬁan group 2,%ha resulte supporred by the findings
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Table 47. Bffect of aflatoxin on nitrogen balance

Attribute Group 1 Group 2

{ 0 ppm Af) (1.0 ppm Af)

Control

Body weight {kg} 37.53 * 1.03 37.38 + 1.64
N intake (g/d) *¥06.28 + 1.94 **18.32 + 1.44
N excreted in faeces * 5,59 t (.47 * 4,16 £ 0,42
(g/d)
N absorbed (g/d) *190.,69 r 1.66 *14.16 £ 1.09
N excreted in urine 7.823 * 0.69 8.56 = 0.76
{g/a)
N excreted in milk 4.23 + 0.32 3.13 £ 0.35
{g/a)
N retained (g/d) ¥k 7,63 + 1.33 ** 3,13 ¢+ 0.69
N retained as % of *37,56 + 4.57 *21.35 %2 3.60C

absorbed

N retained as % of * 1.02 + 0.35 * 0.39 = 0.28
absorbed per kg live wt

N digestibility (%) 74.64 + 1.47 77.38 £ 1.02
N retained as % of *28 .33 &£ 3.87 *16..18 = 2,69
intake

N excreted in faeces 25.37 + 1 .47 22.62 * 1.38
as % of intake

N exc¢reted in urine *E3D .1 0+ 2.20 43,46 + 2,53
as % of intake

N excreted in milk as 18,17 £ 0.63 17.44 + 1.98

& of intake
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of earlier workers (Lynch et al., 1971: tale nd Wilson,

1979: Neathery et al., 1980).

7.2.3 Excretion pattern of “Heatlatoxin gl:

7.2.3.1 Urine:

The percent radicactivity of the duouse administered
orally, excreted through urine in 3 goats 1is presented in
Table 48 and depicted in Fig. 231. Trhe radionctivity in
urine was detected as early ag 3 h post-dosing in all the
three goats which indicated a rapid absozption «f aflatoxin
from Lthe gastro-intestinal tract. Polan et al. 11974) and

Helferich o 1. (1986} also observed rapid absorption of

14 . . N .
3H or 1 CwAFBl given orally in cows and joals respectively.
Polan et al. (1974) observed that blcod tritiam counts
increased from 20 CPM/ml at 2 h to 40 CP'HM at 4 h, pist-dosing

of “H-AFB) in lactating cows. Helferich et 1.(1986) reported

14

'C—AFBI orally hac dstectable radio-

activity in bleood within 30 minutes.

that goats receiving

The average cumulative excration of radiocactivity
in 3 lactating goats was 12.93 : 0.883 per cent of :the radio-
active dose administered orvrally. The excreti r rate 1is
guite high as compaved Lo 3.4 pev cent radioactivizy excreted
in 96 h in lactating cows (Polan et al., 1974}, 7This might
be due to the species difference or dose eifcct (Helferich
et al., 1986). They alsc reported that urinar: excretion
in the lactating goat was areater than cbicrvel in rats.
The cause of the species difference nay ke greal.r conjuga-
tion capacity of the O-demethy ated meteébolite of AFBl ;
with soluble nuclcophiles ir lactating coat, which render
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Table 48, Excretion of 3H--AFE‘ tnrough 1rine, faeces and
milk
Time —cecmmscamcmcmno—— Goat No. o _ Average
after 381 657 677
dosing
{(h}
———————— Percent of total dose administered ——————ww-
URINE
3 0.25 0.4C tr.43 0.37
6 1.50 2.10 =1y 1.83
12 2.60 2.50 .20 2.77
18 2.96 3.15 <00 3.39
24 4.10 4.75 -. B 4,57
Total 11.41 12.30 1« .46 12.93
FAECES
6 2.00 1.20 S.20 2.03
12 5.10 6,20 tL8t 5.70
18 4,50 5.15 4,10 4,58
24 6.15 5.085 ¢ .40 5.20
Totel 17.75 18 .30 1e .50 17.51
MILE
6 0.05 .02 (.7 0.05
12 .12 0.01 I 0.13
18 .16 0...2 R 0.14
24 0.13 0.7 .1« 0.15
Total 0.46 0 .62 C.9¢ 0.47
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it excretable as a glucurenide or sulohate (Dzlezios et

1., 1972}).

7.2.3.2 Taeces:

Recovery of vadiocactivity expressed as percent of
administered dose from faeces in lactating goats at different
time 'intervals is presented in Table 48 and depicted in
Fig. 32. The average cumulative axcre:ion of rthe radio-
activity in the three lactating goars wes 17.51 t 0.53 per
cent indicating a significant amount of radioactivity excre-
ted through faeces in 24 h. Helferich et al. {193¢) reported
that the major route of elimination of zflatoxin 1is via
faeces with 50 to 70 per wcent being ercrated in the goat
and 48 to 78 per cent in gut plus faecos 1In the lactating
rat in 120 h. They further reported that the transfer of
radicactivity to faeces 1In both the spoecizs is presumably
via biliary secretion and which is not reabs:rbed (Wong,
logz}. Wogan et al. (1967} cbserved that zbout 90 per cent

¢f the single intra-peritoneal dose cof AFB} 1as excreted

or present in the intestinal tract conten:s withiny» 24 h. But
Polan et al. .(19?4) could detect only 5 per cent of the
orally administered radicactivity | 3H—PFB1 ) in faeces in
96 h in lactating cows. This indicated a wide variation

in the excretion pattern of aflatoxin ir differert species,
inspite of the fact that major route of erxcretion of afla-

toxin is via faeces,

7.2.3.3 Milk:

Milk is the compartmen: of primary conce n for human
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risk assessment. The process of milk synthesis and secretion
actually concentrates AFM 1 from blood against a concentration
gradient ({Helferich et al., 1986} . The escret .on of radio-
activity expressed as percent of administered dose through
milk in 3 lactating geats at diififerent time intervals 1is
presented in Table 48 and depicted in I'ig. 33. The average
cumulative excretion of radicactivity in milk in 24 h was
0.47 * 0,02 per cent, a verv small ‘fraction ot the adminis-
teved radioactivity whiéh indicated that milk 1is not the
primary route of excretion of aflatoxins. Goto and Hsieh
{1985) reperted that milk collected in first 24 h following
low dosiné of 14C—AFBl contained radiloactivity equivalent
te 0.45 to 1.1 per cent of the dose given 1in .Joats. Polan
et al. (1974} could recover only 1.7 per cent of the radio-
activity in milk, as cumulative Fpercertace of administered
dose and concluded on the basis of radiosctivity and chemical
analysis of milk that milk was nob the pvincipel excretory
channel for aflatoxin., Cumulative recov:a:ry of AFBl metaboli-~
tes in milk after 120 h was approximately . per cent
{Helferich et al., 1986) . Thney further reported that excre-
tion rates of aflatoxin in lactating rats anid geoats were

similar, although the lactating goat.s appeared to have

greater conjugaticn capacity.

Excretion of AFMI by the cow occurs relatively quickly

(Lancaster, 1969). Allcroft and Robertes (1948) reported

that AFMl appeared in c¢ow milk within 5 h of an orally

administered dose of purifisd Bl. in tiis expcriment also,

radiocactivity was detected in milk of all the thiee lactating
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geats at € h post-dosing. The reascn fur the rarid appearance

of AFM in milk may be the rapid trinsocrt of AFB

1 1 from

the rumen. This is supported by the obzerva:.on of Engel
and Hagemeister (1978} who recovered only 15 per cent of
AFBl administered into the rumen of cittle at the duodenum
and only 2 to 5 per cent of the fed toxin reached the intes-
tinum, suggesting significant absorption from the
rumen . Similarly, Cook et al. (1986) observed aflatoxin
Ml in rumen contents from steers 2 h atfter an oral adminis-

tration of aflatexin and peointed out the intra-ruminal meta-

bolism of aflatoxin B1 to Ml.

7.2.4 Tissue distributiog:

The welght of different organs and di tribution of
radiocactivity as a percent of total adninistered dose in
three goats are presented ir Table 49, The a erage radio-

activity in liver of three goats was 27.11 + (1,91 per cent
of the radicactive %wAFBl administerec crally, 24 h post-
dosing, which was highest ameng all orhe: orcans observed
for radicactivity imn this experiment. Fidney was having
8,32 £ 0.56 per cent radicactivity of tle administered dose.
The other organs were having percant rad oactivity of the

administered dose as: spleen 1.69 t 0.18:; Jungs 1.91 = 0.12,
heart 1.36 *t 0.20; ovary 0.57 * 0.11; sagary jland 2.40 ¢
0.3%; pancreas 1.18 * 0.19 ard gall b .adler 2.83 * 0.17.
The other organs were having radicactivity i1 the range
of 0.57 to 2.83 per cent of the administ:red do:z 24 h post-

desing.

Wogan t al.{1967) reported that r riisaccirity derived



Table 49. Weight of organ and percent radicactivity present of the administered dose

Organ o ______ SR e SRS
_____ 38) L ._85T 87T .
Weight Radio- Weight Radio- Weight Radio- Weight Percent
{g) activity {g) activity {g) activity (g) radio
as as as activity
percent percent percent
of dose of dose of dose
Liver 625.00 35.45 470.00 37.30 545.00 38 .57 546.70 + 44.75 37.11 + 0.91
Kidney 130.50 7.50 100.00 9.40 91.50 B8.06 107.33 + 11.57 8.32 * 0.56
Spleen 85.00 1.55 7¢.20 2.05 49 .80 1.48 66.67 + H.82 1.69 x 0.18
Lung 390.20 2.18% 290.00 1.75 287 .80 1.84 322.€7 = 23.67 1.9 = 0,12
Heart 180.00 1.26 185.00 1.06 165.10 1.75 176.67 + 6.01 1.36 2 D.20
Qvary n_En nuan 1.46 C.cs 2.300 G.35 2.40 & 0.37 .77 1 0.11
Mammary RAG.0G 2.50 599.80 2.95 525.00 1.74 586.67 ¢ 24.03 2.40 2 0.35
Al oem A
Pancreas G000 1.20 70,80 1.80 54.870 ¢.85 €L.67 £ 4.4 l.lg 2010
.75 20.00 2.58 23.33 =+ 1.67 2.8 + 0.17

Gall 25,05 3.15 24.75 2
bladder -

0ot
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from qu—AF%_ in rats was present at wiximum levels in liver
and kidney 0.5 h after administration with small amounts
present in other organs, The con¢entrition of radicactivity
was five ro fifteen times greater in liver than in other
tissues and at the end of 24 h, the liver contained an amount
equal to the content of the remaincer 2t tlhe ca cass.

Polan et al. (1974} vreported hat #89% per cent of

the radicactivity administered orally s BH—ArEl in lacta-
ting cow wasg retained in wvarious tis:ucs and only 15 per

cent was excreted in 96 hours.

Jarvis (1976) vreported the presence of aflatoxin

in liver, kidney and other tissues of pic fed diets having

aflatoxin. Levels were highest in 1l.ver and kidney with
only trace amount occurring 1in heaygt, musclce and adipose
tissue.

Stubblefield et al. (1S83}) found AB znil Ml in all
samples, except the thymus 3land of a c<ow vl en aflatoxin
Bl orally at 0.35 mg/kg body weignt fcr 3 days and sacri-

ficed after 24 h of the last dese. Kidnoey, live: and mammary

gland had the highest concentzation of total afl.toxins.

Felferich et al. {(198n) could detect only traces
of radicactivity from tissues of voats given in coral dose

14

of C-AFR. after 120 h of administratior, with the exception

1
of liver, indicating clearance from veiricous tissues as a

function of time,

High radioactivity obszrved in liver of :his experi-

ment after 24 h was an indication that liver wa: :he primary
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site of aflatoxin metabolism and 24 n pe-iocd vas not suffi-
cient to metabelize the avsorbec avlaicxin >7 the liver.
Further studies are needed in differcnt species and human
beings to elucidate the time for coaplete elimination of
aflatoxin from various tissues to avcid the gpotent dJdanger

of carcinogenesis.



SUMMARY AN (ONCL:JSTONS



Aflatoxinsg are now known to cause toxiclty of
varying degrees in different species of livestock. These
toxins are not only harmful to animals but egually
dangerous to human beings becaudse of consumption of animal
coriginated foods such as milk, meat and eqgg. Studies
on the role of aflatoxins in relation tc yrowth and meta-
bolism of farm animals; their interaction with various
dietary constituents: intevference withh digeas:» resistance:
their tissuve distribution and exc¢retion pattern will be
most  valuable which may form the basis for determining
the safe dietary levels cof aflatoxins and may help to
provide norme towards quality control meacures, Keeping
in wview the above objectives, the present 2tudies were

undertaken on the following aspectus:

1. To <cetermine the gprotective :fiect of selenium
an  cellulose digestion and preocein syathesis in

atlatoxin containing mediuar.

2. To find out the aflatox:n tole-ation limit in

buffalo calves and kids.
3. To study the effect of aflatoxia cn nitrogen dyna-
mics in cattle and buffalo.

4. To investigate the tissue distribition anl excretion

pattern of aflatoxinsg irn lactating goots.
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Experiment 1

8.1 EFFECTS OF AFLATOXIN ON IN VITRO RUMEN MICROBTAL
ACTIVITY AS INFLUENCED BY DIPFERENT LEVELS OF SELENTUM

An in vitro experiment wag conducted to study the

protective effect of three levels of selenivm (0, 0.25
and 0.5 ppm) against the adverse effoect of three levels
ol awflatoxin (0. 0.25 and 0.5 ppm} on rumen microbial
activity. A male Murrah buffale calfi aged 3 vyears and
welaghing 350 kg fitted with a permanent rumen fistula
served as the donor of rumen liqguor. McDoucall's buffer
was used 1in the medium. Cellulose and gluczcose served
as carbohydrate scource, and urea ard ammoritam sulphate
were used as the sources of nitroger for tae growth of
microbes. Na?B%M% carziz2r frew, radicisotipe was added
in the medium ro study the incorporatien of sulphur into
microbial protein. The fermentation was car-.ed out for
249 h at 39 r 1°C with Z0 m' 3RL :n a 150 ml venical flask

fitted with tight rubber cork having Bunsen gas release

valve under anaerobic conditions.

The results with three respective selenium levels
without aflatoxin were: cellulose disaprearance (%): 31.64,
30.91, 30.42: TVFA production (mii/100 r1l $RL): 2.18, 2.20,
2.20; microbial protein evrnthesis (ng): 2G.99, 19.53,
20,99 355—incorporation into microbial protein '%): 30.65,
29.90, 29.40, These roesults indicatel that aone of.the

selenium levels used in this =study had any eff.ct on rumen

microbial activity, Cellnloze disarpesranc. rates at
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0.25 ppm aflatoxin with 2 different lewv:ls of selenium
were 21.17, 16.87 and 17.62 pec cent while the wvalues
were 20,66, 12.32 and 15.43 per cent at 0.5 ppm aflatoxin
in the artificial rvumen, showing percent inhibition ranging
from 33.09 to 46.68 at 0.25 ppm leve. and 32,70 to 61.06

at 0.5 ppm aflatoxin level.

Total wvolatile fat:y acids concentration values
at 0.25 ppm aflatoxin with I Qifferen: levels of selenium
were 1.08, 1.06 and 1.07 mM/100 =1 5FL, whil: the values
were 1,11, 6.81 and 0.33 at 0.5 ppn aflatexin. These
results indicated percent inhibition from 50 46 to 51 .38
at 0.25 ppm level and 49.08 to 34.86 with 0.5 ppm level

of aflatoxin.

Net microbial protein synthesir at 0.75 ppm afla-
toxin was 9.84, 6.93 and .57 mg, while the values were
7.59, 3.5% and 3.60 mg st ©.5 ppm aflstoxir level. The
corresponding inhibition with different levels of aflatoxin
and selenium were 53.12, €€.98, 54,47, 63.,8:, 82.90 and
82.85 respectively. Inccrperation of 338 ino microbial
prolbein was 20.16, 15.86 and 16.62 at 0.23 pwm aflatoxin
while the wvalues were 19.65, 11.31 ard 14.47 at 0.5 ppm
aflatoxin. The correspending inhibiticn In 355~incorpora—

tion with two levels of aflatoxin aud l:vels of selenium

was 34,23, 48.25, 45.77, 35.39, 63,10 ard 22.79.

These results indicated th.t rumer microbial
activity estimated in rterms of <cellulose diszppearance,
total wvolatile fatty acid concentrat.on, ner microbial

- - '-., . . - + *
protein synthesis and BJbulncorporataor ink> microbilal
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protein was significantly depressed (F<Z 0.01) as a result
of aflatoxin toxicity on the rumen microbes. It was also
evident that different levels of selenium ugfed 1in this

atudy did not preotect the rumen microbes from the adverse

effocts of aflatoxin.

Experiment 2

8.2 EFFECTS OF APFLATOXIN ON CROWTI IN K1 AND TITS
INFLUENKCE ON FEED CONVERSION EFFICIENCY

Twenty four male growing kidse cf Alpi.ne, Saanen
and Beetal crosseg were divided into 4 groups of 6 kids
each. One group was maintained asg control group (1) and
other three groups were fed aflatoxin at 0.3, 0.6 ands
1.0 ppm (2 to 4) respectively or the hesis ot their dry
matter consumption for & period of 16 weeks., Weekly weight

gains and feed intake were reccrded during this neriod.

The average daily werght gain (g} of kids in differ-
ent  treatment groups: Grouap 1: 72.63, Group 2: 58.36,
Group 3: 47.15 and Group Jd: 32,66 irdicating decline 1in
welght gain with increasce in aflatoxin dosage. The effect
of aflatoxin was not noticed in any group uptec 11 weeks.
From 12 weeks onwards, the kids of group 4. showed a
depression in weight gair (P« (C€.05): and from 13 weeks
onwards in group 3. Cumulative weekly weight gains were
accordingly less and varied with the Josage of aflatoxin

toxicity. Dry matter consumption did not vary sicnificantly
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amcng various treatment ¢roups. The results revealed
impaired metabolism of nputrients at the absorption site
or at the tissue level which resulted in vetarded growth
and reduced feed efficiency. Feed to gain raticre in differ-
ent treatment groups were: Group l: 8.95, Greup 2: 10.48,
Group 3: 12.60 and Group 4: 17.3%9, iadizatini higher’dry
matter consumption per unit live weigh: gain with increase
in aflatoxin levels. From regression analyvris of daily
welght gains in different groups, 1t was »wident that
0.14 ppm aflatoxin level might be s:afe for kids since
at this level the deily weight gain of 67 g was not

different from a gain of 72 g in control group.

Experiment 3

8.3 EFFECTS OF AFLATCXIN ON IMMUNCSLCBULIt:  STATUS OF
BLOOD AND GROWTH IN BUFFALO CALVES

Twenty four male Murrah buffaslc calves, weaned
at birth were randomly distributed irnio 4 ygroups of six
calves each at 10 days of age. Group 1 served as control
while the other 3 groups {(2-4) were f¢d aflatosin at 0.3,
0.6 and 1.0 ppm respectively on the basis cf their dry
matbter intake Cthrough milk (10 days of age to 15 weeks,
Phase I} or concentrate mirture plu;r c«reen fodder (18
weeks Lo 30 weeks, Phase IIf). Fortnizhtly blcod sampies

were collected for the analysis of immtnoglobu’in in Phase
I and weekly body weights were taken to assess ftheiv growth

rate during both the phaces.
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8.3.1 Effect of aflatoxin on Iy

The initial wvalues of Ig {(mg/ml blond serum} on
day 10 were 25.39, 28.59, 23.73 amd 24.82 vrespectively
in 4 groups which were not different statisticelly Ifrom
cach other, but there was o significart (P« 2.01) decline
in 1g level with incremental increasec in aflitoxin level.
The decline in TIg level ir blood sernm of buffalo calves
starvrted from day 40, 55 and 100 of agz given aflatoxin
at 1.0, 0.6 and 0.3 ppm level resp=zctively. The mean
Ig concentration (mg/ml blood serum vas 29.21, 21.67,
17.03 and 10.51 in 4 groups tespsctively. Prcebably afla-
toxin affected the intrinsic syntheids of 3aflatoxin in
these groups which led to continuous Jecline in Ig level.
The elfect was more pronounced at hicher leva:ls of afla-

toxin than lower level.

8.3.2 Effect on grvowth rate and feed conversicn efficiency

{FPhase I)

The average daily weight gain g) 'n different
bLreatment groups were: Group i: 40¥.:, Grous 2: 318.5,
Group 3: 264.3 and Greup 4: 205.%, inilcaiting the decline
in weight gain with increase in allato:rin levels. Statis-
tical analysis of the date indicated +that woekly weight

-

gains were significantly reduced ‘P 0.01} f.ocm 3rd week
onwards in all the aflatoxin fed groups CJemulative weekly
weight gains were accordingly less and wvaried with the
level of aflatoxin toxicity. Dry mat .ev consumptionldid

not diftfer among various {(reztmeni: groips. Fred to gain

ratios were: Group 1l: 1.34, Group 2: 1.6%5, GCrap 3: 2.14
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and Group 4: 2.69, indicating higher d:y matter consumption
per unit weight gain witZk 1ncrease 1n aflatoxin level.
Through regression analvsis of dally weight gains, it
was Inferred from growth curve that 0.13 ppn aflatoxin

might he safe for pre-ruminant buffalo calves.

8.2.3 pEifect of aflatoxin on growth and feed conversion

efficiency (Phase IT1}

The effect of feeding aflatoxin on buffalo calves
(post-ruminant stage) was studied for 12 weeks, keeping
the same grouping as in Phase I. The average daily weight
gains (g) in different treatment groups were: Group 13
400, Group 2: 295, Group 3: 225 ard Groeup 4: 20Z,1indicating
a decline in weight gain with the 1increase in aflatoxin
1evel.. Analysis of wvariance of the data revealed that
weekly weight gains were veduced from 4th week onwards
in groups 3 .and 4 and fron 9th Jeek onwards in group 2.
There was no effect of feeding afla:oxin on dry matter
intake. Feed:gain ratios were 6..5, 8,62, 11.41 and 12.10
in 4 aroups vespectivelw, indicating higher dry matter
consumption per unit weight gain with increase in aflatoxin
loavel, The safe level of aflatoxin estimated by drawing
a redression line on the basis of crowth was found to

be .15 ppm.

Since therc was no difference 131 the DM intake
ot different groups in botih phaszs, :t was hus derived
that impaived metabolism of nutrients a: the absorpt 1on
site or wutilization at the tissue level was responsible
fer retarded growkh and reduced f[ecd efficiency in buffalo

calves fed graded levels of arlatoxin.
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Experiment 4

8.4 EFFECT OF AFLATOXIN ON NITROGEN DYNAMICS IN CATTLE
AND BUFFALO CALVES FED DIFFERENT LEVELS OF DIETARY
PROTEIN °

An experiment was conducted on 8 male rumen fistu-
lated, 1.e., 4 cattle and 4 buffale calves and completed
in two phases. Four crossbred calves were assigned to
croups L, 2, % and 6 and sgiwmilarly 4 buffal. calves wvere
allotted to groups 3, 4, 7 and 8, one animal representing
zach grdhp. A1l the animals wvere fed on concentrate
mixture, green fodder oand whect =lvav to meet their
nutrient requirements. Avimals in  gjroupz ), 2, 3 and
4 were given 42.5% per cent movre C¥P (HE} in phase I and
coptimum protein (OP} in phese II, wiile the animals in
groups 5, 6, 7 and 8 were provided optimum CP (OP) 1in
phase I and 51.47 per cent less protein (LP} than optimum
in phase II. In addition, animals ir groups 2, 4, & and
8 were given an oral dcse of aflatoxir @ 1.0 opm of their

dry matter intake.

8.4.1 Studies on digestibility of nuty. en=ts

After adapting the arimals for : period of 40 days,
a metabolism trial was conducted to e:tinate tre digesti-
bility of nutrients. Tre digestibility coefficient of
DM, OM and crude protein were in Grovp 1: 69.08, 72.62,

71.37: Group 2: 64,45, €8.03, 73.8': Group 3: 69.70,
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72.46¢, 73.86; Group 4: &7.60, 71.21, 73.48; tiroup 5: 63.27,
G6.03, 64.43; Group 6: ©6.2%, 69.44, €4.,93; Group 7: 69.22,
72.75%, 69.06 and Group &: 63.18, 72.16, 68.13. The results
indicated that aflatoxin had no effect ¢n the digestibility
of these nutrients. However, Lhe cigestibility of crude
protein was more in both the species fed higher level
of protein. There was no species diiference :@n the diges-
tibility of crude protzin. Tre digestibiiity of other

nutrients was alike in all the groups

8.4.2 Nitrogen balance studies

The average N intaxes were 173.35 and 125.86 g/day
respectively in HP and CP fed grours which indicated an
average of 42.5 per cent more N istake in groups 1-4.
The data revealed that out of 179.8, 179.8, 179.8, 178.0%
126.5, 125.46, 126.0, 125;3 g N intak: por dat respectively
in groups 1 through 8; 51.47, 47.(, 47.0, 47.2, 45.0,
44.0, 39.0 and 40.0 ¢ ~f nitrogen vas excr:ted daily in
the facces. Likewise, Lthe n.tregen excration pattern
through urine was 55.29, 59.40, 32.17,59.24, 34.30, 38.66,
23.09 and 32.83 as pevr czeat of nitrcger 1intake in grdups
1 through 8. Correspondingly. nirrogen .etention was
29.07, 25.99, 39,0, 25.4C, 38.10, 32.95, 57.9 and 44.30 g N
per day amounting te 1€.17., 14.45, 21.69, 14.27, 30.l2,
26,27, 45,95 and 35.30 per cent of nit<ogen intake. Results
indicated that all the animals were in positive nitrogen
balance but N balances {g,/d) were more in buffalo calves
as compared to crossbred calves. The gquan:ity »f N retained
was less in  aflatoxin fed =zalves o both the species

irrespective of level of protein.
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B
8.4,3 Infusion studies with "JNnaqmgnim[_sulphate and
51C‘r—EDTA

The daily dietarv feed requirements were divided
into six equal parts and wvere fed at twvo hourly intervals
during first 12 hours of the day for 10 days, after which
51 15PJ . -
Cr~EDTA and —ammaenium  sulphate were administered
into the rumen of each animal as & single injection.
Samples of rvumen liguer, urine and blood were collected
at different time intervals to study the effect of feeding

aflatoxin on water and ammonia flow from the rumen and

nitrogen dynamics in these animals fed HP or OP diets.

83.4.4 Effect of aflatexin on water aid ammonia flow from

the rumen

Using 51 ¢y ~EDTA, the rumen volumes in the animals
were 37.70, 56.00, 45.38,.55‘49, 45,71, 54.99, 50.46 and
43.77; rumen fluid outflow rates wvere 87.34, 90,20, 105.90,
123,70, 93.95, 88.14, 8¢.88 and 107.78 1/day in groups
1 through 8 respectively. Correspondirg values for ammonia
outflow from rumen fluid were 19.39, 21.87, 27.85, 29.07,
10.09, 12.08, 9.39 and 12.18 g N/day, indicating higher
outflow of ammonia-N in HF fed group: (1 tc 1), related

to higher nitrogen intake.

8.4.5 Effect of aflatgxir on kinctics of ammea in rumen

and _blood of calves and buffal.y calves fed HP and
0P diets

The values of ruminnl"HH3 pool size in different

groups were: Group 1l: 4.63, Group 2: 3.9€¢, Crcup 3: 4.87,
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Group 4: 4.32, Group 5: 2.90, Group €: 2.30, Group 7:
2.83 and-Group 8: 3.06 g N. The ruminal—NH3 entry rates
were 27.35, 30,36, 37.12, 36.47, 18.26, 21.23, 20.21 and
19.76 g N/da? : ruminal«-NH3 irreversible los: rates were:
19,01, 21.35, 25.77, 26.91, 12.59,14.09, 12.74 and 13.25 g
N/day and recyceling rates were 8.34, 9.01, 11.35, 9.56,
=

5.7, 7.14, 5.47 and 5.51 g HN/day in groups 1 through

8, respectively.

The wvalues for ruminal—NH3 contiibuticn to suspended
bacterial-N, plasma wurea-N and urirarv-N 1irn different
groups were: Group l: 42.85, 36.33, 34.15: Group 2: 38.41,
39,17, 38.20: Group 3: 38.62, 39.45, 2(.42: Group 4: 33.75,
38.40, 25.44; Group 5: 49.8:, 32,20, 20.57: Greup 6: 50.62,
30.25%, 23.85; Group 7: 47.24, 22.40, 16.41 ord Group 8:

49,42, 35,85 and 19.80.

Higher percent incorporation c¢f rumina.L—NH3 into
bacterial-N in OP fed groups as compared to HP fed groups
irrespective of aflatoexin  intake, incicated a better
utiiization of N by rumen microbes, “then le:rs amount of
N was available. Similazlv, plesma drea-N levived from
r_'uminal--NH3 wasg higher in animals fed HP diets as compared
to OFP fed groups in both the species, without any aflatoxin
effect. Results also indicated nthat buffalc calves were
superior to crosshbred calves as the fcrmey hao more posi-

tive nitrogen balances; and percent N utilizstion of the

absorbed was better in tissues with botl regimens.
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Phase I7

8.4.6 Effect of aflatoxin on digestibility of nutrients

Digestibility of all the nutrients was less in
L fed animals, irrespective of species and aflatoxin

intake.,

8.4.7 Effect of aflatoxin on nitfogen:hglance

The average N intake (g/day) was 128.€7 and 62.49
respectively in OP and LP groups, +hich indicated that
51.47 per cent less nitrogen was provided to animals in
the latter groups as compared Lto 02 groups. The data
revealed that out of 130.11, 123.02, 1312.80, 129.10, 61.72,
62.93, 62.30 and 63.042 3 N intake ger day respectively,
45.63, 43.75, 50.0, 44.3&, 37.50, 36.39, 34.37 and 33.0 g
N/day was excreted daily in the faecen of groups 1 through
8. Likewise, the nitrogen excretion petrern through urine
was 45.83, 52.84, 33.21, 39.5%5, 37.27, 40.76. 34.51 and
43.22 per cent of nitrogen intake n aroups 1 through
8. Correspondingly., nitrogen retenti s war [4.85, 14.27,
18.30, 33.66, 1.272, 0.48, 6.43, 2.79 4 N/day. the values
amounted to 19.10, 11.60, 28.34, 26.07, L.98, 0.76, 10.32

and 4.43 per cent of the N intake.

Inspite of providing 51.47 pe: c¢ent Liss protein
o LB groups, the animals -howed prsitive P balances,
though the wvalues were muich higrer 11 (P groups in both
the species. It also appeared from the data that aflatoxin
led to decrease in nitrogen balances in both the species

of animals irrespective of diectary prot-rin intake.
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8.4.8 Effect of aflatoxin on water and ammcnia outflow

from the rumen

Rumen wvolumes as estimated by using 51Cr—E:DTA as
a marker were: 39.50, 57.45, 48.50, 56.40, 45.50, 55.20,
51.0 and 43.50. Rumen fluid outflcw rates were B85.40,
95.20, 101.40, 120.60, 92.50, 90.00, 91.50 and 110.25
i/day in groups 1 through 8 respectively. The values
for ammeonia ocutflow from vumen £fluid were 11.72, 12.06,
14.20, 17.13, 5.70, 6.48, 5.23 and 6.86 3 N/day in groups
1l through 8 respectively, indicating ac¢ain that higher

N cutflow in groups 1 to 4 was related o higher N intake.

8.4.9 Effect of aflatoxin on the kinetics of ammonia

in rumen and blood

The rﬁminal—NH3 pool sizes in different groups
were: Group 1: 3.30, Group é: 2.85, Groap 3: 3.12, Group 4:
2.90, Group 5: 1.24, Group &: 1.81, <Groap 7: 2.16 and
Group 8: 2.23 g N/day. The values for ruminal—NH3 entry
rates were 25.87, 24.07, 21.0%, 19.6%, 15.26, 13.45, 15.44
and 16.57 g N/day: ruminzl-KH 3 irrevarsible loss rates
were: 14.48, 18.06, 12.95, 12.86, 9,87, 9.35, 9.56 and
11.05 g N/day and recycling rates were 11.39, 5.01, B8.10,
6.79, 5.39, 4.10, 5.88 and 5.52 g N/cay 1in dgroups 1 to
8 respectively. Higher wvalaes for ruuinul—NEI3 pool and
ruminal—NH3 entry rates in groups 1 to 4 vere due to more
protein intake and aflatorxin did not .ffz»ct 1hese para-

mebers.

The wvalues for ruminai»NHa peicent ¢ ntribution

te  suspended bacterial-tl, plasma uvres-8¥ and urinary-N
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in different groups were: Croup 1: 32.84, 3¢.38, 24.35;
Group 2: 51.30, 39.46, 28.20; Group 3: 53.60, 32.56, 18.20;
Group 4: 49.54, 33.48, 24.45: Group H: 61.7%, 25.15, 20.75;
Group 6: 65.87, 22.28, 25.78; Group 7: 70.76, 18.20, 19.47

and Group 8: 71.87, 19,26, 28.32.

Results obtained in both the phases indicated that
there was no effect of feeding atflatexin on digestibility
of nutrients, Digestibility of nutrients was wmore in
groups fed OP diets as compared to 1P Jgroups. Nitrogen
balances {(g/day) were positive in all the animals irres-
pective of level of protein and species. MNitroomen excretion
through urine (g/day) was more in calves end buffaloc calves
fed aflatoxin, Buffalo calves seemed to be susrerior over
calves showing.more positive W belancis nd btziter wutili-

zaticn of absorbed N,

Results further showed that contributien of ruminal-
NH3 towards bacterial protein and plauma urea-!l synthesis
was inversely and directly related with the nitrcgen intake,
respectively indicating better utilization of ruminal—NH3
when less N was available. The contribution of ruminal-
NH3 towards urinary-N was more in aiimals Fed HP than
OP; and optimum protein fed animals had more ccntribution
of ruminal NH3 towards their urinary-dN than LP fed groups.
Aflatoxin led to more excreliosn of ruminal amnosaia-N into
urinary-N and Cthat too more in caltle than buffalo calves

fed any level of protein.
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Experiment 5

8.5 TISSUE DISTRIBUTION AND EXCRETION PATTERN DJF AFPLATOXIN
IN LACTATING GOATS

Experiment was conducted on 12 lactating goats
divided into 2 groups. All the geoats were £ on coencen=-
trate mixture and green maize. In addition, goats in
group 2 {experimental) were given flatoxii @ 1.0 ppm
of their dry matter intake. After adaptin¢ the animals
on this dietary regimen, a metabolisr trial sas conducted
to know the digestibility of nutriente, After the meta-
5olism trial was over, 3 goats from tle =2xperinental group
were given 3-H—E\.F‘Bl (200 pCi/goat} and excreticn of radio-
activity was studied at different hoirs in faeces, urine
and milk upto 24 hours peost-dosging. fter 24 hours, these
goats were sacrificed and varicus tissues were removed

. . . .3
to study the distribution ot 'H—AFBl.

8.5.1 Digestibility of nutriants

Results indicated that there wa.:s no afr22t of feed-
ing aflatoxin at 1.0 ppm level on any of the digestibility

of proximate principles but dry mattoer intake kg w0'75w

as
significantly (P < 0.01) reduced due :» aflatocin feeding

in group 2.

8.5.2 Nitrogen balance

The average N intake in groups 1 and 2 was 26.28
and 18.32 g/day. The data revealed that there was no

effect of aflatoxin on fascal N excretiorn whe calculated
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as a percent of nitrogen intake. The excretien of N through
urine was 7.83 and 8.56 g/day in groups 1 and 2 respec-
tively which was 30.13 and 43.4€ per cent of the nitrogen
intake and indicated a significant (Pe«7 0.01) effect of
aflatoxin on N excretion through urine. E%cretion of
N through milk was unaffected .due o aflatoxin intake.
Goats in both the groups were in positive N balance but
the quantity of N balance was significantly (P< 0.01)
higher in control group as compared te aflatoxin group.
N retained as percent of absorbed N as such an3 calculated
on per kg live weight basis was significantly (P« 0.01)
more in group 1 than group 2, indicating poor utilization

of N due to aflatoxin intake.

8.5.3 Excretion pattern of 3H—AFE1

8.5.3.1 Urine:

The average excretion c¢f ridicactivity through
urine in 3 goats was 0.37, 1.83, 2.7%, 3.39 and 4.57 per
cent of the oral dose at 53, 6, 12, 13 and 24 hour post-
dosing rvespectively. The cumulative ex:cretion of radio-
activity in urine in 24 hours was 12.93 per cent of the
administered dose. Detecrion of radioacoivity at 3 hours
post-aflatoxin dosing indicated a rapid al.sorption of

the aflatoxin from the gastro-intestinal tract.
8.5.3.2 Faeces:

The average excretion of raliocactivity through
faeces in 3 goats was 2.03, 5.70, 4.5} and 5 20 per cent

of the oral dose at 6, 12, 18 and 24 hcour roaspectively.
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The ecumulative excretion in 24 hour: was 17.51 per cent
i

of the administered dose of *H—AFF} . “he appearance

of radicactivity in faeces at 6 hour post dosing indicated

its faster passage in the gastro-intestinal tract. Faeces

appeared to be the primary channel of aflatoxin excretion.

B.5.3.3 Milk:

The average secrenion ¢f redicactivity in milk
in 3 goats was 0.05%, 0.13, 0.14 and Q.ﬂSIpef cent of the
dose at 6, 12, 18 and 24 hour respectively. “he cumulative
secretion of radicactivity in the milk was 0.47 per cent
of the administered dose, a wvery snall frection, which
indicated that milk is not the primary -oute of aflatoxin

excrebion.

8.5.4 Tissue distribution

The average radioa&tjvity in raricus tissues was:
liver: 37.11, Kkidney: 8.32, sp.een: 1.6%, lings: 1.91,
heart: 1,36, ovavy: 0.57, mammary glind: 2.40, pancreas:
1.18 and gall bladder: 2.83 per cent of the cdministered
dose. Liver was having the highest wccdicactivity followed
by kidney and other organs were haviag the radioactivity
in the range of 0.57 to 2.83 per cent of the administered
dosa, Liver seemed to bhe the priwmary site I aflatoxin
action where it was retained sicnificantly even upto 24

bhour period.
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Table Al. Effect of different levels of aflatexin and selenium on in vitro cellulose
disappearance *“

Treatment Treatment Replicate
Ne.  smmmmmmmmommeo oo
Se At 1 2 3 Average * S.E
(ppm!} (ppm)
1 6.0 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 + 2.09
3 0.50 0.0 27.17 31.45 32.66 30.42 + 1.A7
4 ¢.0 0.25 2569 17.32 20.55 21.17 + 2.42
3 0.25 0.25 2254 15.60 12.66 16.87 £ 2.70
6 0.50 0.25 10 .48 12.02 23.37 17.62 + 3.78
7 0.0 0.50 14 .85 19.97 27.17 20.66 + 3.57
o 525 v - DU 12 .ge 9.15 14.84 12.32 ¢ 1.67
Y 0.50 .50 9.16 15.39 21.30 15.48 *+ 3.51
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Table A2. Effect of different levels of aflatoxin and selenium on in vitro TVEA
T ——————

concentration

Treatment Treatment Replicate
NO. e
Se Bf I 2 3 Average * S.E
(ppm) (ppm)

1 0.0 0.0 2.25 1.985 2.15 2.18 + 0.12
2 0.25 0.0 2.30 2,20 2.0 2.20 * 0.06
3 0,56 G.0 2.20 2.45 1.95 2.20 * 0.14
4 0.0 0.25 1.00 0.73 1.5 1.08 = 0.23
o 0.25 0.25 0.78 0.87 1.5 1.06 + 0.24
o 0.50 0.25 1.20 0.38 1/ 1,07 + N 27
7 G.C n.50 0,93 1.20 T.20 1.11 4 C.15
8 0.25 0.50 1.45 0.35 0.¢3 0.81 = 0.33
9 050 0.50 0.38 0.03 0.6y U.33 2 0,17
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Table A3. Effect cf different levels of aflatoxin and selenium on 1in vitro protein synthesis

prestment rresteent Replicate
Se af 1 2 3 Average * S.E
{ ppm) {ppm)
1 0.0 0.0 20.57 24.32 18.07 20.99 £ 1.81
2 0.25 0.0 20.73 18.09 19.77 19.53 £ 0.78
3 0.5C 0.0 _ 21.51 22.60 18.85 20,99 = 1.11
4 0.0 0.25 14.10 7.76 7.60 8.84 * 2.16
5 0.25 0.25 12.29 ©.82 4.32 6.93 + 2.71
G Q.50 0.25 4.43 12.13 11.98 9.51 * 2.54
7 s.C .50 5.26 n.95 10.57 7.59 + 1.37
8 _ 0.25 0.50 2.29 4.95 3.54 3.59 + 0.77
9 0.50 0.50 1.51 4.0 4,37 3.59 * 1.08
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Tablé 24, Effect of different levels of aflatoxin and =elenium on in vitro 3 S-

incorporation

Treatment Treatment Replicate
e __g; _____________ ;;h_* 1 2 3 Average + S.E.
{ppm) { ppm)

1 0.0 0.0 26 .86 32.55 32.55 30.65 + 1.90
2 0.25 0.0 25.7¢6 31.44 32.50 29.96 * Z2.09
3 0.50C 0.0 - 26.16 30.40 31.66 29.40 x 1.6¢
4 0.0 0.25 24.65 16.31 19.53 20.16 * 2.43
S 0.25 0.25 21.04 14.60 11.95 15.86 ¢ 2.7C
& | 0.50 0.25 9.48 18.02 22.36 l6.62 + 3.78
’ 0.0 | 0.50 13.84 18.96 26.16 l12.65 + 3.57
8 0.25 0.50 11.95 3.15 13.84 11.31 & 1.67
9 0.50 0.50 8.15 14.98 20.29 14.47 + 3.51
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[FTable A5. Weekly body weights of kids fed different levels of aflatoxin

Treat-— Kid Imi-  _ WEEKS Gain
ent No tial T in e
i 15

coun Coay 1 2 3 4 5 6 7 8 9 10 11 12 13 4 15 1¢ )

Wt

{kg)

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

roup AB 578 11.0 1.2 11.4 11.5 1i1.8 11.8 12.4 12.7 14.0 13.5 14.3 14.7 15.1 16.0 16.4 17.0 17.4 6.4
(0 ppm AB 881 11.2 11.511.8 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 8.0
£) AB 689 11.8 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 7.2
ontroel ,op 419 11.0 12.0 12.5 13.4 14.3 14.8 15.5 16.2 17.0 17.3 18.3 18.4 18.6 19.2 10.8 20.2 20.4 0.4

AB 676 10.6 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 6.8

FOUP am gg2 11.0 11.6 i2.5 13.2 13.9 14.3 15.8 16.0 16.2 17.4 18.4 18.0 18.0 20.0 20.0 20.4 20.6 9.6
?{3 ppm AB 692 11.0 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 4.2
: C0O221 13,0 is.a 11.8 2.0 12.3 12.0 12.8 13.6 14.0 14.2 14.7 15.3 15.6 16.0 17.0 18.0 i8.4 7.4
SR 420 31.6 11.8 12.0 12.4 i2.8 13.0 13.4 13.8 14.1 14.4 14.7 15.0 15.4 15.8 16.2 16.8 17.2 5.¢

SB 425 11.2 11.6 12.0 12.2 12.6 13.0 13.4 13.85 14.0 14.4 14.8 15.1 15.4 15.8 16.0 16.4 16.8 5.6
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Treat- Kid Ini- Gain
ment No. T 1= 2 1 in wt
group body 1 2 3 4 5 & 7 8 o 10 11 12 13 14 15 16 (kg)
Wk
{kg)

AB 680 11.0 11.3 1il1.8 11.5 11.8 12.5 13.4 13.8 14.1 14.0 14.4 15.4 14.6 15.6 15.8 16.0 16.8 5.8
Sroup AB 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
3 AB 69) 10.0 10.2 1¢.7 10.5 10.8 11.0 12.2 12.2 12.4 12.58 13.2 13.4 13.2 13.8 14.0 14.6 14.8
;256Af} sB 298 10.8 111.011.511.3 1i1.¢0 11.2 11.511.511.3 11.4 11.8 12.0 11.6 12.2 12.2 12.8 12.8 3.0
ASB 418 11.0 11.5 12.2 13.0 13.5 15.C 15.0 15.0 16.0 15.8 16.2 16.4 16.6 17.2 18.6 19.3 19.% 8.9
ASR 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 6 2.0 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
roup AB 685 11.» 11 & 12,0 12.2 12.0C 11.5 12.3 11.4 12.0 12.3 12.6 12.8 12.6 12.8 12.4 12.8 12.8 1.6
1.0 AB €93 9.2 9.6 9.5 9.8 10.2 9.8 10.4 106.0 10.4 10.2 10.4 10.6 10.2 10.3 10.6 10.6 10.8 1.6
pm Af) SB 296 310.8 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 6.6
ASB 423 11.2 11.6 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 1€.8 16.2 5.0
7 14.0 514.3 14.0 14.2 14.0 13.8 14.8 14.4 14.6 15.0 14.8 15.4 2.2

ASB 426 13.2 13.5 13.9 13.
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Table A6. Effect of feeding aflatoxin on immunocglobulin level in bleood serum {(mg/ml) of buifalo

calves
Treatment Buffalo hae {days)
group calf = e e e e e e e e e T — -
No - 10 25 40 55 70 85 100
3157 13.12 27 .89 36 .92 52.48 59.52 60.92 35.61
Group 1 3158 49 .68 41 .25 38.43 27.19 27.19 29 .98 29 .98
(0 ppm Af) 3161 24.88 42.09 44 .00 35.61 27.16 25.77 27.16
Contrel
3166 6.10 10.32 20,72 14.52 14.52 18.74 21.55
3186 17.33 25.77 37 .80 27.17 18.73 21.55 21.55
37206 4 .22 35.61 21.55 21.55 21.55 18.76 15.93
3153 44 .06 41.25 32.81 27.17 24.36 17.37 20.14
G 3159 18.75 27.1¢2 23.67 18.73 31.39 27.17 - 28.42
roup 2
(0.3 ppm Af) 3169 15.93 31.40 2%.06 25.77 20.99 35.61 15,02
3176 7.50 12.60 13,11 13.11 25.77 6.08 8.90
3Ls9 46 .86 38.42 27.17 13.11 15.93 18.73 13.11
3184 38.42 7 .42 27 .17 20.14 18.76 15.93 10.724
contd........
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Treatment Buffalo Age (days)

group calf —emcmmme oo e e e e e e e -
No. 10 25 40 55 70 g5 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 L 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 7.5%0 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 15.63 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
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Table A7. Effect of feeding aflatoxin on weight gain in buffalo celves (Phase I)

Treat- Buffalo Ini- WEEKS S Weight
ment calf tial gain
group  No. body 1 > 3 4 5 6 7 8 9 10 11 12 13 {kg)
wi
(kg) .
3157 38.0 39.0 42.5 45.0 48.0 51.0 54.0 57.0 60.C 63.0 66.0 63.0 72.5 75.5 37.5
frcu@ 3158 40.0 42.0 45.0 48.0 51.0 54.0 57.0 60.0 63.0 67.0 70.0 73.5 76.5 81.0 41.0
(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  31.0
Af) 3166 25.0 27.0 29.0 31.0 33.0 35.0 38.0 41.0 43.0 45.0 47.0 439.0 52.0 55.0  30.0
Control 344 36.0 39.5 42.0 45.0 48.0 51.0 54.0 57.0 60.0 63.0 67.0 70.0 72.0 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 63.5 71.0 75.0 78.0  40.0
3153: 6.0 38.5 40.0 42.0 44.0 46.5 49.0 50.0 51.5 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 61.0 27.0
2 3160 M8 34, 36.5 33.0 di.u 4d4.0 45.5 48.0 51.0 52.0 53.0 55.0 58.0 61.0 29.0
;?;BAE} 3176 39.0  41.0 42.0 44.0 46.5 48.5 50.5 52.0 54.0 56.0 58.0 61.0 63.0 65.0  26.0
3179 37.0 39.0 41.0 43.0 46.0 49.0 52.0 55.0 57.0 S59.0 61.0 64.0 66.0 68.0 31.0
3184 AD.0 43.5 46.0 48.C 50.2 52.G 54.0 55.0 S58.5 61.0 64.0 67.0 70.0 73.0  33.0
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Treat - Buffalo Ini- WEEKS Welght
ment calf tial gain
group No. body 1 2 3 4 5 6 7 8 9 10 11 12, 13 {(kg)
wih
(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 8&7.0 30.0
3
(0.6 3172 27.0 29.0 31.0 33.0 35.0 37.0 39.0 40.0 41.0 _ 42.¢ 43.0 44,0 45.5 47.0 20.0
ppm Af) 3178 40.0 42.5 44.0 46.0 49.0 51.0 53.0 55.0 58.0 €61.¢0C 63.0 65.C¢ 68.0 70.0 30.0
3189 33.0 35.0 37.0 39.C 41.0 44.0 47.0 49.0 51.0 52.¢ 53,0 53.5 54.0 54.0 21,0
3237 37.0 33.0 41.0 43.0 45.0 47.0 4B.0 49.0 50.5 51.0 53.0 54.0 55.0 56.0 19.0
3213 2.0 27.0 29.C 1.0 32.0 33.0 24.0 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
?1 - R P 300 1.0 42.0 0 4400 dbB.U 4b.0 50,0 51.0 52.0 53.¢ 54,5 56.0 57.0 58.0 19.0
ppm Af) 3245 38.0 40.0 42.0 44.D 46.2 45.0 4%.0 50.0 51.0 52.0 53.0 54.0 55.0 55.0 17.0
3246 39.0 42 .0 43.5 45.0 46.0 48.0 50.0 52.0 53.0 54.0 55,0 56.5%5 57.5 59.0 20.0
3247 17,5 40C.0 42.9 43.5 45.0 47.L 43.5 50.0 51.5 53.5 55,0 57.5 5%9.0 61.0 23.5
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Table A8. Effect of feeding aflatoxin on weight gain in buffalo calves (Phase II)

Treat- Buffalo Initial WEEKS Weight
gigﬁp gg%f SZ?ght 1 2 3 4 5 6 7 8 9 10 1 12 %;;?
{(kg)
3157 76.0 78.0 81.0 83.0 86.0 B8.0 90.0 97.0 95.0 97.0 100.0 103.0 106.0  30.0
SEOUP 3359 85.0 88.0 91.0 94.0 97.0 100.0 103.5 106.0 109.0 112.0 115.0 117.0 120.0  35.0
(0 ppm 3161 73.0 75.0 78.0 81.0 84.0 86.0 895.0 92.5 95.0 98.0 101.0 104.0 107.0  34.0
ffikrol 3166 56 .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 31.0
o 3186 80 .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  27.0
3206 81.0 84.0 86.0 89.0 92.0 95.0 98.0 101.0 104.0 107.0 110.0 113.0 116.0  35.0
3153 72.5 740 76.0 78.0 80.0 82.0 83.0 &5.0 87.0 89.0 91.0 93.0 95.0 22.5
Group 3159 67.0 69.0 73.0 74.0 76.5 79.0 82.0 83.5 84.5 85.5 88.0 90.0 9$2.0  25.0
2 3169 6.0 £ A €90 70.0 Ti.0 7s.U /4.5 6.0 78.0 80.0 B82.0 85.0 88.6  25.0
Lt ey 3176 64.G 66.0 6R.0 70,0 72.0 74.0 77.0 78.5 81.0 84.0 87.0 90.0 92.0 28.C
3179 71.0 73.0 75.0 77.0 79.0 82.0 85.0 87.0 90.0 88.0 85.0 86.0 88.0 17.0
3184 79.0 85 .0 B4 A fa.0 90.0 92.0 35.0 93.0 101.0 104.u 106.0 108.0 110.0  31.0



Treat- 3uffalo Initial WEEKS Weight
gigﬁp gz%f 22?ght 1 2 3 4 5 6 7 8 9 10 11 12 ?ié?
{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 6.0 58.0 59.0 60.0 13.5
;gé6Af) 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
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 6€6.0 68.0 69.0 70.0 71.C 72.0 72.5 73.0 74.0 74.0 12.5
3213 45.0 46.0 46.0 48.5 51.0 54.0 55.0 54.0 56.0 S58.0 58.0 59.5 62.0 17.0
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
?1 . 3244 62 .0 63.0 64.0 65.0 67.0 69.0 70.0 71.0 72.0 74.0 76.C 78.0 7.0  17.3
opm AE) 3245 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 14.5
3246 63 .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
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Table A2. Digestibility coefficlent of nutrient in lactating goats

Treatment Goat e Digestibility coefficient .. _
group No- DY oM cp CF EE NFE

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 Af) ASB 361 75.09 77.64 78.10 68 .40 86.22 79.83
Control AB 609 68.53 71.14 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  81.56

Average * S.E. 73.1041.58 75.30+1.30 . 74.64%1.47 68.62%1.93 79.67+3.90  77.96:0.97
88 291 75.76 78.42 78.32 66.67 75.54 81.50
Sroup 2 ASB 369 73.87 77.95 76 .08 73.89 80 .49 79.49
(1.0 ppm RSB 381 72.83 15.65 74.83 68.36 77 .46 77.94
Af) 2SR 397 70.08 .37 74.35 63.78 61.78 73.25
BB 657 78.70 81.35 21.00 66.32 89.19 84.52
AB 677 72.44 74.91 79.11 69.38 79 .84 75.57

Average + I.E. 73.55%1.22 76.60£1.40 77.38+1.02 68.06:1.40  77.3843.66  78.70%l.66

. —— . i W i T S o e o S AR e A ik AL et L TE Mt AR i T i A A S T T it Ry B e o e bk et o el AR ek A Bk i . WE e et A M i P S L i T R R i Rk Ak e —

ATTX



Tabxle A10.

Treatment
orouvp

Nitrogen balance in lactating goats

N excreted [

in urine 1

(g/4d)

excreted

n milk

{g/d)

N retained

{g/ad)

N diges-
tibility
(%)

Group 1
. (0 ppm

Control

Averadge

Average

SB 268
ASB 355
ASB 361

AB 609

AR 672

AB 680

t S.E.

sB 201
ASE 369
aAcn a1l
ASB 392

AB 657

AR Q77

* S.E.

N intake N excreted
{g/d) in faeces
(g/ad)
27.08 8.08
29 .85 7 .68
28.50 6.24
17.1¢0 4.88
25.69 6.57
29.48 6.08
26.28+1 .94 6.59+0.,47
12,10 Z2.584
20.07 4.80
17.8C 4 .a0
22 .36 .80
21.05 4.00
15.51 1.24
18.32+1 .44 4.16x0.42

S .84
2.32

-
8.80
5.96
©.27
6.80

7.83206.69

G.84
9.36
b.28
8.64
9.84

RPNy

8.56x0.76

5.02
4.78
3.96
2.90
3.98
4.76

4.23+0.32

2.04
4.30
3.68
2.28
3.02
~3.48

3.13£0.35

4.14
8.07
9.50
3.36
8.87
11.84

7.63x1.33

1.38
1.6l
3.36
5.84
4.19
2.39

3.1320.69

70.16
74.27
78.10
71.4¢6
74.43
79.40

74.64zx1.47

78 .32
76.08
74.83
74,95
81.00
79.11

77.38+1.02
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