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1. INTRODUCTION

Meatl has formed an important constituent of human
diet since ages. It is highly nutritious, palatable and a rich
source of proteins, vitamins and minerals. Animal proteins have
a higher biological value as compaired to vegelables proteins.

HMence, meat forms a rich wholesome diet.

Meatl consumption pracltices vary from nation to
nation and culture to culture with regards to the species to be
used and the form in which il is consumed i.e. cooked, raw,

frozen or lately as processed in the form of various products.

The mealt production poltential of India is immense,
but the meat industry is still in its formalive stlages. This
industry is largely handled by & few traditional and poor secltions
of the society. Though, lately several business houses as well
as government enterprises have taken up meal processing and
product marketing for indigenous consumplion as well as export.
These modern processing plants are confined to metropolis and can
meet Lhe demand of only a small percentage of meal ctonsumers. ASs

such the common man still depends on the traditional system.

Today, meal consumplion in India is on increase
due to shedding of age old social stigmas and growing awareness
towards wholesome nulrition., It is becoming popular even in
those communities which generally abstain from itl. Thus, by
observing the present trend, it can be safely inferred that the
meat industry in India is on rise, Eut unfortunately,

falsification of meat is also an the rising trend.



Twenty five to thirty per cent of edible meat sold
in wvarious parts of India is adulterated (Jacob, 1976). In
India, apart from sheep and goal, other species of animals are
also used in the meal industry for human consumptian.. The bhan on
slaughter is ﬁot applicable on buffaloes and therefore, religious
or social ban on their slaughter does nol come into picture.
Buffaloes of any age can be freely and legally be slaughtered in
any part of the country. Buffaloes contribule about 14 per cenl
to total meal production in the country (Sengar et al., 1988).
Buffalo meal is cheaper in comparison to The meal of sheep and
goatl. This facl has deviated Lhe poorer seclion of the society
to consume huffaleo meat. In various meal processing industries,
buffalo meat is now regularly used for making various edible

products.

In India, slaughter of cow 1is bhanned from
religious point of view. Illegal slaughter of this animal should
e seriously checked. Also, slaughter of donkey, horse and camel
for edible use is not permitled by the authorities. Buffalo meat
ctan be substituted by meal of donkey, camel, horse, cow and
bullock. Such type of meal originate from dead animals and also

by slaughter of unproductive animals.

There are certain well defined motives to
substitute anolher gradient of lesser cost hy some irresponsikble
people i.e. Lo earn more money or Lo meel out the preferential
demand for a particular type of meat. Slrict measures may check
the markeling of poor qualily meat and slaughtering of animals

whose slaughter is banned in India. "The Food Adulteration



(Amendment) Act of India (1976)" declares food adulieralion as an
of fence. But the detection of adulteration is cumbersome. It is
difficull to identify the species on account of missing of major
anatomical features since the people engaged in this malpractice,
employ various melhods to escape detection e.g. adulteration of

n

meat of regsembling species or homogenously mixing of meal in

products.

Falsification of meal today is an international
phenomenon and is prevalent widely. Hence, determination of
prigin of meal component(s) of meal products is an important and
challenging task from the religious, consumer's satisfaction,

human heallh, quality conirol and economic view points.

Apart from meat, skin and hair also hélp in
identification of species. Pieces of meal, skin or hide and lumps
of hair and wool of animals are confiscated from site by police
or forest authorities (whose slaughter is banned in India) which
pose difficulty in UThe exact identification of species to which
they belong. Somelimes hairs are also found adhered to meatl
samples. Thus, identificaltion of meat, skin or hide and hair 1is
an important aspecl in forensic science. The responsibilities of
a veterinarian in checking fraudulent substitution and illegal
slaughter is well understood. However, since visual grading and
examination do nol warrant complete safely, adulteralion and

illegal slaughter may go unnoliced in many cases.



The fraudulenlt adulteration of good quality meat
with cheaper one 1is objeclionable and ingestion of producls
conlaining undeclared meal may induce allergic reaclions in
sensilive individuals and also hurt vreligious senliments of
various communities like Hindu, Christian, and Jew, who have
various prejudices against various kinds of meal. On account of

this, consumer should be confident thal the product received is

the produclt paid for.

Anatomical, chemical and biochemical methods
employed for idenlification of animal species are time consuming
and inconclusive. weceplt on meat, literature is nol ardently
available in reference to identification of skin and hair but
the identification through immunochemistry have proved to he of
greater wvalue for checking adulteration and identification of
species of animals (Cook, 19633 Cook and Slurgeon, 1966
Thompson, 1961,1968; Simonsen, 1976). Antigenic specificity of
proltein molecules has been of further value in identification of
animal species because of the fact that multiple molecular forms
of protein provide a naturally builtl in genetic marker which help
in determining variabilily in different species. Since the
inherited protein varialion has already been studied, thus
identification of an adulterated and controversial sample is

easily possible through these eastablished processes.

Considering all these facts, il was planned to

atlempt to find oul the anltigenic delerminants of meal, skin and

4



hair proteins of 1lhe animal species under study and to
differentiate tLthem by serological technigues using antispecies
sSerum. Antisera required for these tests was produced in

phylogentically different animal i.e. rabbit,.

Thus, an altempl was made for identification of
different species by using sero-immunolonical technigues applied
to meat, skin and hair as this can conlribute & valuable aid in

checking malpracltices. The study was conducted wilh the

following objeclives & -

(1) To characterize the meal antigens of cow, buffalo and camel

by using gel diffusion test.

(2 To characlerize the skin antigens of cow, buffalo and camel

by using gel diffusion test.

(3) Antigenic characlerization of hairs of cow, buffalo and camel

by using gel diffusion test.

{4) To study the agar gel electrophoretic patltern and
immunoelectrophoretic characterizaltion of meat, skin and hair

antigens of cow, buffalo and camel.

(%) To study the correlation among meat, skin and hair antigens
of cow, buffale and camel. Absorption technigue will be
followed to overcome the presence of cross reactions if

existing among the meatl, skin and hair antigens of tlhe

species under study.
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2. REVIEW OF LITERATURE

Some published reports are available regarding the
serological differentiation of meal of various species. Hardly
few appear 1o have been undertaken to differentiate skin and
hair serologically as il is seen from paucity of available

literature.

Identification of intaclt carcasses poses no
difficulty due to their anatomical and morphological characters.
Bomelimes difficulties are faced in identificaltion, &s carcasses
are dressed prior Lo submission or only skin and lumps of hair of
animalse are confiscaled by the foresl authorities or police in
vetero~legal cases. Keeping in view These difficulties, certlain
methods have been evolved depending upon types of antibodies and
their reaction to homologous antigens. The animal protein depict
& high degree of individuality which is reflected in various
serological melhod., These melhods are s0 versaltile that they are
being commonly used for confirmation of different species in

laboraltovries.

Species identificaltion of animals have been
performed by immunological methods such as  "Tube precipitaltion

test' (Ginsberg, 19483 Weitz, 19523 Pandey and Pathak, 197%),

"Double gel dimmunodiffusion test" (Fugate and Penn, 19714
Sherikar et al. 1979y Tao and Poumevrol, 1989), "Haem—
agglutination test" (Kwapinski , 1965) , "Countler

immunoelectrophoresis®” (Sinell and Mentz, 19693 Ramadass and



liter

Misra 1981 Rautl el al. 1988), "Starch gel eleclrophoresis"
(Ramadass, 1972), "Disc electrophoresis’, (Matolisy and Matollsy,
1963, Shechter et 1. 1969, Simonsen, 197 1) and

PR

"Immunoelectrophoresis”, (Simonsen, 1976).
€.1. Immunizing Antigens

DeFagonde and PRodner (1943), Kaplan and Buck
(1951) and Shaw el al. (1983) recommended the use of serum as

immunizing antigens for: raising anti-species serum in rabhitls.

Proom (1943), Weitz (1952), Weitz and Glasgow
(1954), Heever (1962), 8Boelarjo (1964) and Pandey and Pathak

{(1946) recommended alum—precipitated serum as immunizing antigen.

Oswald (1953), Warnecke and Saffle (1968), Munday
et al (1974) and Sherikar gl al. (1979) advocated the use of

Lon
s opseises

saline exlract of muscle as immunizing antigen.

Ramadass and Misra (1981) used alum—precipiltated

muscle extract for raising anti-species serum in rabbits.

Sinell and Mentz (19469) and Heever and Marais
(1975) used the heat denatured muscles extraclted witlh urea as

immunizing antigen for raising antisera in rabbhits.

Kamiyama (1976) and Kamiyama gt al. (1978) used

PRS-

commercially available serum albumins for raising antisera in

rabbits.



Herran and Meliton (1961) and Bubloz (19462) used

both Serum and muscles extract as immunizing antigens.

Kirrane and Robertson (19468) used Neulral-sali-—
soluble collagen (NSC), Tyrosylated neutral—-salt—-soluble collagen
(TNSC), denatured NSC and THSC and collagenase digested NSC  and
TNEC as immunizing antigens for raising antisera in rabbits and

guinea pigs against ral collagen.

Purohil el al. (1982) used wool lysale for raising
anti species serum in rabbils against sheep wool, They dissolved
the wool sample in 10 per cent sodium hydroxide and subsequently
dialysed, lyphollised, cenltrifuged and finally concentrated il by

freeze drying.

L.ahiri et al. (1983) successfully used the
Ltechnigque of freezing and thawing for preparation of skin extract

of a fish (Heteropneusles fossilis).

Purohilt et &l. (1987) used freezing and thawing
technigque for preparation of cell memhrane and flagellar anligens

of Trypanosoma evansi .

Jain  (1993)  used the saline extract of meat of
avian species as immunizing antigen and used the tltechnigque of

freezing and thawing for preparing the antigens.

2.2. Immunization

Ginsherg (1248) produced specific antiserum for

horse meat in rabbits by intra-peritoneal roule.



Evans (1957) suggested that rabbil is tlhe best

laboratory animal for superior antibody production.

Royd (196&) found thal the antisera produced in
rabbits against antigens, differentiated minor antigens amongst

distantly placed animal species.

Hecht et al. (19243) raised specific anti-skin
antibody by intra-muscular injection of homologous antigen and
intra-dermal injection of staphylococecus toxoid. They reported
that homologous skin antigen when used alone resulted in little

if any, antibody formation.

Furohit et al. (1982) raised antisera in rabbils

against sheep wool.
2.3. Inoculation Schedule

Fireman et al. (1963) reporied thalt most of the
animal species responded slowly on initial stimulation with an
antigen, but much more rapidly on later stimulalions. Sheep

produced more precipitins when antigen was injeclted initially

with incomplete Freund's adjuvant.

Campbell gt al. (1970) applied & schedule of deep
intra-muscular injection of meat antigen emulsified with Freund®s
complete adjuvant &t weekly interval for five weeks and lest

bleeding was performed after seven days of the lasl injeclion.



Kwapinski (1972) recommended seven injections of
meat antigens at four days interval and harveslting the serum
after four days of the last injection. The fourth and fifth

injection were given with Freund's incomplete adjuvant.

Shunmugam and Ranganathan (1972) applied &
schedule of three intra-periltoneal inoculations of meal antigens
per week on alternale days and harveslted the antiserum after

fifteen days of the last inoculation.

Kamiyama (1976) applied & schedule of five
inoculations of meat antigen wilh an interval of one week between
each incculation and harvested the serum &fler one week of tlhe

last inoculation.

Bakshi (1981) raised antisera in sheep (rams and
ewes both) by giving an initial course of seven injections of
saline extract of meal wilh Freund's incomplete adjuvant at four
daysg interval, which did not stimulate any demonstrable
antibodies. However, & second course of lhree injections, each
of 5ml pooled serum witlh 1ml Freund's incomplele adjuvani, given
four days apart and fourth injection of 10m)l inactivated serum

with 2ml adjuvant produced a salisfactory antibody respmﬁse.

Ramadass and Misra (1981) raised anltisera in
rabbits against meal exltract by giving four intra-muscular
injections on alternate days, rested for ten days and than two
subsequent injeclion in similar manner and harvested ‘the SEIUm

after fifteen days of the last injection,

10



Jain {(1993) raised anlisera against muscle
extracts of various avian species by givihg subculaneous
injection of meal antigen along with Freund's incomplete adjuvant
on 0O, 3rd, &th and 16Lh day and harvested the antiserum afler
four days of the last inoculation.

Kirrane and Robertson (1968) raised antiserum
against rat skin (collagen) by giving first injecltion in rabhits
inte the footl pad, second intra—-dermal injection in between tLhe
scapulae afler two weeks of the first injection and then al
fortnightly interval for six months inltravenously. Blood for
collection of antiserum was taken prior to each injection. They
@élso raised antisera against lhe same in guinea pigs.

Purohit et al. (1982) raised antiserum in rabbils
against sheep wool by giving three injecltion on allternate days
and fourth injection on fifleenth day and serum was harvested on

twentieth day.
2.4. Double Gel Immunodiffusion Test

The species—-specific characlter of proteins was
used in serological tests to differentialte meat, skin and hair of

different species.

Bechold (1905) Was firast to describe

immunodiffusion test in gels.

Oudin (1949) reported precipitation in transparent
gel by allowing the reagents to diffuse Lowards each other and
he Ffurther used this to analyse heterogenous antigen—antibody

sysltems.
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fluchterlony (1949, 1933, 1968) differentiated
three principal types of reactions when velated antigens in
adjacent wells were allowed to react with antibodies against

various antigenic determinants diffusing from the cenlral well.

Mangi (1958) modified Ouchterlony's technique so
as Lo use extremely small quantities of the reagents witlh minimum

time of appearance of precipitin bands.

Yakulis and Heller (1959 recommended the
reapplication of melted agar into the bottom of wells before
receiving the reagents. They also reporled thal Lhe agar slides

‘could be stored in & moist chamber for some days.

Application

Pike . and Sulkin (1957) were amongst the first tlo

employ the agar gel diffusgsion tTest for the delection of

adulteration of beef with horse meat.

Aladiem et al. (1959) reported the double
immunodiffusion test to be more sensitive tThan the single

diffusion test.

SGchlotfeldt and Simon (1960) applied Ouchterlony's
method of double diffusion in agar gel for the detection of

different kinds of meatl in crude sausages.

Pinto (19&61) reported significant cross-reactivity
of unabsorbed sera of rabbil origin amongst proteins of

ruminants.
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Bubloz (1962) applied double diffusion gel method
for the identification of meal extract and deteclted the principal
horse meal anligen in & mixture of one part of horse meat mixed

in nine parts of beef.

Hay (1962) identified the origin of animal protein
by agar gel diffusion method and reported tLhe degree of
precipitation to be correlated to the zoological family of the

animal.

Heever (1962) iddentified the meal from sheep,
cattle and horses by using agar gel diffusion test and further
staled the successful application of the technique to Rilton (air

dried salted strips of meal).

Singh and Yadav (1962) demonstrated close
relationsghip hbelween cow and buffale by using the precipitalion

testl with rabbil antisera.

Soetarjo (1964) reported thal anti-horse, anti-pig
and anti-dog sera prepared by Proom's (1943) method showed high
specificity in gel diffusion tests, only forming precipitin
lines between heef, mutton, buffalo and goat meat and their
antisera. He further stated that, sun—dried meal and meat cooked

0

at 20 C for 20 minutes gave precipitin lines with homologous

antisera.

Pandey and Pathak (194&) compared the antisera

raised in rabbits and in buffalo by cross immunization with alum-

13



precipitated bone and meal extracls reacled specifically forming
three precipitin lines wilh each homologous antisera raised in
rabbits and cross-reacted within the species of bones and meal

extracts.

Warnecke and Saffle (1968) observed thal anti-beef
serum reaclted with beef serum and beef extraclt forming Two
definite precipitation bands. They recorded one precipitin  band
between beef antiserum and lamb muscle extract. After absorption
of anti-beef serum witlh lamb, horse and pork freeze dried meat
extracts, they observed that it becomes species specific and

reacted only with beef extract and beef serum.

Anon (1970) reported that immunoglobulin-G (IgG)
prepared from meal animal species, most freqguently used in
sausages could be used to raise antiserum and which could be made
mono  specific by absorbing with cross reacting antigens. Serum
could detect the species specific meal (pig) from a mixture of

three meat types (in sausages) by immunodiffusion melhods.

Fugate and Penn (1971) recommended agar el
immunodiffusion technique for identification of animal species
and observed thal eleven out of twelve mixed lissue samples were

identified by appearance of precipitin lines.

Ramadass (1972) found gel diffusion test to be
quite uwseful in didentificatlion of meats of closely related

species.
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Kraack (1973) used a Micro~Ouchterlony method for

determining soya prolein, caseinate and egg white added to meatl

products.

Hauser el al. (1974) used immunodiffusion method

to detect fresh and frozen egqg, egyg white, whole eqgqg powder, soya

protein and caseinate in meal product.

Munday gt al. (1974) applied & immunodiffusion

test for the differentiation of meats of kangaroo, bennetis,

wallaby, deer, sheep and cattle.

Heever and Marais (1973) observed species specific

0
difference of raw, heated (70 to 9% ) and air dried malted

astrich meat from chicken, turkey, horse meat and beef by

applying immunodiffusion test in agar gel.

Pandey and Pathak (197%) stated that the sera
produced by the cross—immunization against alum-precipitated
serum was species specific forming Lhree lines wilh homologous
species meat extract and did not react with heterologous species
mealt extracted antigen. They &lso reported thal the absorption
of rabbit antiserum with hetero species tissue had nol only
removed the non specific antibodies but also lowered Lthe species
specific reaclivity of the serum duw to absorption of antibody
molecule,

Hayden (1979) raised antisera in rabbits to
myoglobins from ovine, porcine and equine muscles and used sera
Lo determine the presence of flesh from these species in beef

products by agar gel diffusion lechnique.



Sherikar et al. (1979) ohbserved cross reacltions in
number of precipitation lines with antigens of various food
animals, only the antiserum raised for poullry was specific,

forming three precipitation lines.

Tagore el al. (1977) prepared hyper immune sera
against buffalo and cow meat in rabhils and absorbed i1 wilh
heterologous cross reaclting antigens. The sera so absorbed could

detect agquenus cow and buffalo meal extracls by double

immunodiffusion test.

Bakshi (1981) could not be able to gel any
reaction hbetween anltigens and helerologous anlisera. Anti-
buffalo, anti-camel, anti-~deer and anti-goal sera raised in sheep
were specific forming one precipitin band.

Ramadass and Misra (1983) applied agar gel
diffusion test for differentiation of meal of different species
of animals. They reported that bullock antiserum gave two
distlinct precipilin lines against its homologous antigen and with
goat, sheep and buffalo antigens, it showed two indistinct bands.
This antiserum did not reaclt with antigens of pig and poultry.
Buffalo antiserum with its homologous antigen gave a single
distinct precipitin  line, while it showed cross—-reaction with
sheep, pig and poultry antigen.

Mageau el al. (1984) conducted agar gel
immunodiffusion test by using stabilizing reagenlt on paper discs
for identifying the bovine origin of raw body tissues. The only

species which cross reacled were the American bison and waler

buffaloes.
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Sherikar et al. (1988) recommended the use of
specific sera {absorbed) for identification of species of origin

of meats in case of closely related species such as caltle and

buffalo.

Tao and Poumeyrol (198%) tested IgG's from samples
of meat from six different species (beef, mutiton, pork, horse,
rabbit and chicken) against antisera from the same species. The

method was shown Lo identify meal simply, rapidly and reliably
gven in presence of mixed samples from the different species.
The appearance of the precipitation lines is enhanced by 1lhe

addition of polyethylene glycol to the gel.

Jain  1993) obtained a number of precipitaltion
bands with meatl antigens and unabsorbed antisera of various avian
species. Antisera of all the species cross—reacled except that
of peacock which did not reacted with gola pigeon antigen. Using
absorbed antisera wilh homo and heterologous antigens, species
specific reaction was observed only with homologous meal extiracts

with reduced number of faintly visible precipitation bands.

Kirrane and Robertson (1968} studied the
antigenecily of rat skin (collagen). They used double diffusion
technique to detect precipitating antibody. Antiserum of high
micro—complement (C') fixing and agglutinating activity did notl
contain any precipitating antibody as shown by double diffusion
in agar gel. For this, they concluded that precipitating antibody
m&y mnol have been formed or the optimal conditions for itls

demonstration may nol have oblained.
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Lloyd et al. (1979) deteclted presence of IgM in

skin washings of cattle by radial immuncdiffusion againslt rabhbit

anti-bovine IgM globulin,

Purochit et al. (1982) applied double gel diffusion

test for immunological identificaltion of wool keraltins of sheep.
2.5. Agar Gel Electrophoresis

Fennet and Eoursnell (1962) suggested use of
barbitone buffer with an ionic strength between 0.025 and 0.05
moles because this strength offered the best compromise for most
buffering agents of stable pH, rapid electrophoreltic migraltion
without undue heating of the electrophoretic medium and

protection against exceplional distorlion.

Billon et al. (1980) discussed at lenglh about the
application of electrophoresis in detecltion of the species of
origin of meat. He presented electrophoretograms of muscle
proteins of fopd animals including horse, donkey, wild bear, red

deer, fellow deer, reindeer, rabbit, rat, cat and dog.

Abdallah et al. (1983) studied the eleclrophoretic

o
patterns of the sarcoplasmic proteins of fresh and frozen (~40 C)

meals of buffalo, cattle, camel and sheep. They noticed
variations in digstribution, intensity and number of

electrophoretic bands among lhe species studied.
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figuiari and Parisi (1983%) applied electrophoresis
to sarcoplasmic protein and its esterase enzymes. The tlechnigue
enables goat mealt to be distinguished from sheep meal and chamois

meal from springbok meat.

Slattery and Sinclair (1983), King (1984) and
Slattery el al. (1984) used isoelecltric focussing lechnique for
identification of origin of meals. Sherikar 8l al. (19886) also

used this technique and observed 11 and 10 fractions,

respectively in cow and buffalo.

Jain (19923) oblained & characleristic band pattern
for each avian species meal anligen wilh marked anodic and

cathodic mobilitly.

l.ahiri et al. (1983) oblained adgar gel
electropﬁoretic patterns of protein fractions of skin extract of

a fish (Heteropneusltes fossilis) and observed five fractions in

all.

Using & modified disc electrophoresis technique,
Matoltsy and Matolisy (1963 identified two soluble proteins in

hair and five in straltum corneum scrapped from the leg in humans.

Shechter el al. (196%) in 1their elecltrophorelic
studies on hair keratinsg oblained 9, 14, 13, 9, and 10 distinct
protein fractions in humans, monkey, dog, gquinea pig and rabbitl

respecltively.
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Simonsen (1971) obtained different electirophoretic
patterns of bovine and canine hair. He stated that banding of

bovine pattern (from the calhode) was weak, weak, dense, weak and

dense.

Purohit et al. (1983) characterized the Lkeralins

of sheep wool by using polyacrylamide gel electrophoresis and

oblained three Lo four components.

2.46. Immunoelectrophoresis

Poulik (1952) conducted & two step technique of
immunoelectrophoresis where he characterized the electrophoretic
pattern of the putrefied diptheria toxoid on a filter paper. He
embedded the toxoid under a layer of agar gel and then over laid
upon the qgel layer a second piece of filter paper soaked with
antiserum and observed & precipitin arc between the filter paper
strips in the agar gel.

Grabar and Williams (19%3) carvied outl the
modification of agar gel eleclirophoresis to develop tThe method
for dimmuncelectrophoresis in which the eleclrophoresis and
subsequent double diffusion precipitaltion reactions We e
rerformed simulltanecusly in Lhe same slab of agar gel.

Scheidegger (1935%) modified the technique of
immunoelectrophoresis Lo carry oul it on microscopic slides.

Williams and Grabar (1235) and Marlin et al.
(19%5) used the word "immunocelectrophoresis" for the first time

in technical papers and reporled its utility in analysing human

Seruil.
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Grabar (1959 recommended that after

electrophoresis the agar strips should bhe placed in a suitable

buffer in order to obltain the oplimum conditions before charging

the reactants.

Bubloz (1962) observed a single line resulting

from Lraces of serum in  the meatl exlract during the

identification of beef and horse meat by using

immunoelectrophoresis technigue.

Durand and Schneider (1962 used

immunoelectrophoresis technique for differentialtion of meal by

using meal juices of cattle, horse, donkey, sheep, goatl and camel

and species-specific  immune serum. Antigen and antibody
precipitin arcs were observed in reacting system which were
similar bul fewer in number and of less intensity than those of

blood serum.

Ornstitein (1964) reported best resolution in the

immunodiffusion step of immunoelectrophoresis by allowing to

react the antiserum with antigens &s soon a&s possible di.e. by

electrophoresing at maximum speed and applying antiserum soon

after the electrophoretic run.

Sinell and Mentz (1969) recommended the

immunoeleclrophoresis as most useful test for serological

identification of animal meal species.



Bakshi (1984) obtained one anodic and four
cathodic precipitation bands in both camel and buffalo meal in

immunoelectrophoresis.

Ramadass and Misra (1981) used
immunoelectrophoresis for the differentiation of meatls of
bullock, buffalo, goal, sheep, pig and chicken. Muscle antigens
of pig and chicken reaclted characteristically with its homologous
system. Members of bovidae family {(bullock, buffalo, goat and
sheep) cross reacted, butl the nature and position of precipilin

arcs were specific for each species.

Raut et al. (1988) used counter

immuncelectrophoresis technique of Hari Babu el al. ((1987) 1to

P

determine species of origin of meal and meal food product heated
0
below 80 C.

Simonsen (1976) obtained S-—carboxymethyl keratin

(GCMK) from hair of man, cattle, horse, dog, cal, pig, sheep and

goat. Their antigenic heterogenecity was investigaled by
immunoelectrophoresis. Identificalion of single hair ancd
differentiation from closely related ruminant species W s

accomplished by indirect haemagglutinaltion inhibition test.

Jain (1993) separalted antigenic fraclions of meals
of avian species in agar gel under electric field and tThen
precipitated them wilh homologous antiserum and observed definite

number of precipilin arcs for each species.
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3. MATERIALS AND METHODS

The present sltudy was conduclted keeping in view of
identification of antigenic determinants of meatl, skin and hair
of the animal species. Further, the cow whose slaughter 1i%
banned in India from religious point of view was also included in
this .$tudy. Serological technigques were adoplted for speedy

identification of meat, skin and hair in the laboralories.
2.1. 6Animal Species Investigated

The following animal species were ltaken under the
proposed study for preparation of meatl, skin and hair antigens

and raising ltheir antisera.

1. Cow - Bos indicus
2. Buffalo — Bubalus hbubalis
3. Camel — Camelus dromedarius

3.2. Collection of Samples

3.2.1. HMeat

A pool of skeletal muscles of thighs, arms, neck
from five apparently healthy carcasses of cow, buffalo and camel
dying of surgical ailments in our College Clinics were collectled

]
and stored under frozen state in deep freeze at ~20 C.
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3.2.2. Skin

Skin flaps from five apparenlly healthy carcasses

of cow, bhuffalo and camel were taken from various body parls

after complete removal of hairs by shaving.

3.2.3. Hair

Lumps of hair from various body parts of five

apparently healthy cow, buffalo and camel were clipped and

collected in clean polythene bags. Hairs were washed with soap

and water and stored after drying.

3.3. Preparation of Antigens

3.3.1. Meal and skin

The tecnhigue of Ginsberqg (1948) as modified by

Jain  (1993) was followed for preparing phosphale buffer saline

(pH  7.5) extracts of meal and skin of the animal species under

study.

Fresh and frozen skeletal muscles and skin of five

animals of respeclive species were pooled and sliced with t1lhe

help of sterilized scissors and forceps in small bils separately

and minced. The minced meal and skin were homogenized in warring

blender in equal weight/volume (w/v) of phosphate buffer saline

solution (pH 7.%, 0.01M, Appendix-I1). The homogenized meal and

skin were Lhen transferred into the respective sterilized plastic

tubes. The tubes were then dipped into liguid nitrogen jar

o
one minute and tThawed in water at 37 C. This

for

procedure was
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repeated for five times for each sample of meat and skin. The
samples so treated were centrifuged at low speed for 30 minules
al room Ltemperalure. The supernatant was transferred into another
centrifugal tube and centrifuged again at 10,000 rpm for 30
minules. The clear supernatanl material was taken inlto screw
capped tubes and two drops of thiomersal (Q.02%) was added. The

0
tubes were then stored in deep freeze at -20 € till further use.

3.3.2. Hair

The technique of Purohit gt al. (1983) with slight
modifications was followed for preparing lysate of hair samples

of Lhe animal species under sltudy.

About B00 mg of washed hair samples of cow,
buffalo and camel each were taken. Their grease was removed by
washing the samples with warm carbon tetrachloride in separale
sterilized petridishes, The bhair samples were hydrolysed by
adding BOml of 10 per cent NaOH. Aflter 24 hours the lysalte of
the three hair samples was dialysed against phosphate buffer
saline solution pH 7.5 for three days. The dialysed hair lysale
was Lthen transferred into the respective plastic centrifuging
tubes. The tubes were then dipped into ligquid nitrogen jar for
one minute and thawed in water at 37OC. This procedure was
repeated for five times for each samples. The samples so treated
were centrifuged at D000 rpm for 1 hour. The supernatant was
concentrated to 3ml by freeze drying and was taken in screw
capped storage tubes and two drops of thiomersal (0.02%4) was

]
added to them. The lubes were kepl in deep freeze at ~-20 C till

further use.
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2.4. Estimation of Protein Contents

3.4.1. Principle

The protein content of immunizing anligens were

determined through Lowry®s (1951) method of protein estimation.

This metlhod is Dbased on the linear relationship belween the

amounts of tyrosine in protein and colour intensity. The prolein

content was eslimated from optical densily a&s measured by

=3

spectrophotomeler.

3.4.2. Reagents

Reagents used for 1this melhod of protein

estimation are given below and lheir composiltion 1is given in

Appendix-I.

1. Sodium hydroxide solution (5N).

v BSalturated tyrosine solution (0.02%).
R, Folin-Ciocalleu reagent (1N},

4, Tyrosine standard.

5., Blank solution.

2.4.3. Procedure

The O.Zml of tlest sample of wmeat antigen was

pipetlted into a 50ml volumelric flask. To this, 2% wml of double

lass distilled water, Zml of SN sodium hydroxide and 3ml of

Folin~Ciocalteu reagent were added and the total volume was made

to 30ml by adding glass distilled water.



The test solution was allowed to stand for five tlo
ten minutes and opltical density was recorded with UVv-V1%
Spectrophotometer—108 (Systronics) against blank solution al &&0
millimicron absorbance. Total gram per cent protein content of
the samples was calculated as follows 3

ODu
Protein Conlenl = % b6.4 gram per cent

Ohs
Where,
ODu is optical densily of lest sample,
ODs is optical densilty of standard tyrasine and

.4 is the constant factor recommended by Greenberg (1929).

3.5. Production of Anti—-Meat, Skin and Hair Sera

3.5.1. Experimental animals

Eighteen apparently healthy New Zealand White
albino rabbits, twoe for each test sample weiqhing individually
aboul 1500 gram to ZOOO gram were used for producltion of rabbit
anti-species sera against meal, skin and hair antigens of cow,
buffalo and camel. All the rabbits used in Lhis study were
maintained under similar practices of feeding and management

throughoul the experimentation.

2.5.2. Immunization

Nine groups with two albino rabbits in each were
constituted for raising antiserum against meal, skin and hair

anligens of cow, buffalo and camel.



Antiserum was produced by giving four dinjeclions
of antigens. Each antigen was emulsified with equal amount of
Freund's incomplete adjuvant (Difco Labs) and one drop of
Gentamicin (4000 I1.U.) was also added to it. In rabbits an
injection containing 40mg of protein of each emulsified antigen
was dgiven subcutaneously in four split doses of 10mg at flank
region. Simultaneously, 0.Zml of injection "Avil" (Pheniramine
maleate) was also given intramuscularly to prevenl occurrence of
anaphylactic shock. Each rabbit received & series of inoculation
given in Table 1 1o yield anti-species serum against Lest

antigens of meat, skin and hairv from respecltive species.

Table 1 ¢ Immunization schedule for production of anti-sera.
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Inoculation Periodicily Dose/rabbit Route of

in d&"ys ) e e e e e e o i 4 4 st s s st w0 s

E injection
mg antigen

S AR RN S

First 0 10
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HBecond | 3rd 10 8%/¢C
Third 6HLh 10 g/
Fourth 16Lh 10 s/cC
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Note ¢ Each rabbil was given 40mg of protein receiving 10mg at
each inoculation.

3.5.3. Collection of Antisera

3.5.3.1. Bleeding

The blood from rabbils was collecled a?ter four
days of the last injection i.e. on the 20th day of immunization

by cardiac puncture in sterilized tubes.
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3.5.3.2. Separation of serum

After collection of blood, the test tubes were
kept in slanting position and blood was allowed to clot. After
allaining & firm clotl, the test tubes were kepl in the incubaltor
at 3700 for one hour. The clot was separated from the walls of
the tlesl tubes wilh the help of a sterile stainless steel wire.
These tubes were then kept in the refrigerator for overnight for
complete ocozing of the serum from TLhe clotted blood. On next
day, the serum was separated in the sterilized centrifugal tubes
and were centrifuged at 3000 rpm for 30 minutes to eliminate
blood cellular components including platelets. The supernatant
tlear straw coloured serum was collected in 10ml  amounts in
sterile tubes and two drops of thiomersal (0.02%) was added. The

]

tubes were later stored in a deep freeze at ~-20 € 1ill further

use.

3.6. Absorption of Antisera with Cross—Reacting Antigens

For this purpose procedure as described by
Warnecke and Saffle (1968) was followed. Immunoabsorplion was
carried out since Lhe antisera cross—reacted olher species. For
Tthis small quantities of freeze dried cross-reacting antigens
were added to the antiserum and mixed thoroughly by avoeoiding
froathing. The tubes were incubated for five hours at ESOC and
then at 40C for 16 hours with intermittent agitation. These tube
were then centrifuged at 5000 rpm for 20 minutes to sediment TUThe

precipitated cross—reacting antibody-antigens complexes and lhe

supernaltants were collected. Concentration of the absorbed
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antisera was carried oul by using lyphollizer and the sera tLhus
o
concenltrated were stored &t -20 C after adding thiomersal

(0.02%) as preservalive.

3.7. Serological Tests

3.7.1. Preparation of agar gel slides

Fresh microscopic slides were soaked in absolute
alcohol and on the day of the test, the slide were dried and
cleaned with muslin cloth. The clean glass slides were placed on
a lable with a leveled base to facilitate the uniform spread of
1.5 per cent agar gel medium {(Appendix-1).

With the help of a pipetle, I.5ml molten agar gel
cooled to BOOC was poured over the glass slides (avoiding any air
bubkble). Prior to this, five drops of thiomersal (0.02%) wer e
added to the molten agar. After solidification of gel, the slide
were placed over a pre-drawn pattern on a graph paper. Wells,
trough and slot of desired size were punched as per tlhe
requirement of the test to he applied i.e. double gel
immunodiffusion lest, agar gel electrophoresis and

immunoelectrophoresis.

3.7.2. Double gel immunodiffusion test

The Technigque advocated by Mansi (1958) was

followed.
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3.7.2.1. Homologous—reacting system

{fin the prepared agar gel slides, wells were

punched out at a distance of &mm with the help of a wmetal

template having an internal diameter of Bmm. A& total of siyw

wells one each for meatl, skin and hair antigens of one species

and one each for rabbil antiserum against lhe respective anligens

were punched. The agar from punched wells was removed by suclion

under negaltive pressure wilh the help of pasteur pipette. The

pottom of the wells were Lthen sealed wilh & drop of molten agar.

Test Procedure :

Using the technique of Crowle (4973) 1the meatl,
skin and hair antigens of cow were filled in left side wells (A)

of a slide and antiserum of the respective antigen in the right

side well of the same slide (As). The test was performed for

tuffalo and camel meatl, skin and hair antigens and antisera in

the similar manner. The antigens and antisera were allowed to

react by incubating the slides by keeping in a refrigeraltor at 4-
o

B C in a moist chamber for 24 hours. Refilling of the antigens

and antisera in the respective wells was repeated after 24 hours.,

On fifth day, the reacltion was observed under oblique

transmitltent 1light for studying the patlern of precipitation

bande developed in belween the wells charged with antigens and

antisevrum.
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3.7.2.2. Homologous and heterologous reaclting system (cross-

reactivity)

The test was carried oul using both unabsorbed and
absorbed antiserum with one homologous and eight helerologous
antigens.

On  the prepared agar gel slides nine wells (3mm
diameter each) were punched out at a distance of Smm from The
centre of the central well (Bom diameter) in & circle with the
help of & metal templalte of desired diametler. The agar from
punched wells was removed by suction under negative pressure with
the help of pasteur pipetie. The bottom of the wells were Then

sealed with a drop of molten agar.

Test Procedure @

The central well was filled wilh the antiserum and
the nine peripheral wells were filled with meat, skin and hair
antigen of camel, buffale and cow respectively in c¢lockwise
direction wusing tlechnigque of Crowle (1973}, The tesl was
performed for all the nine antisera (unabsorbed and absorbed) in
similar manner in their respeclive slides. The antigens and
anlisera were allowed 1o react by incubating the slides by
keeping in refregeraltor at 4w&0C in a moist chamber for 24 hours.
After thalt refilling of the antigens and antisera in tlhe
respective wells was done. On fifth day, the reaction was
observed wunder obligque transmitltent 1light for studying tLthe
pattern of precipitation bands developed in between the wells

charged with antigens and antiserum.



3.7.3. Agar gel electropharesis

Five samples, each of meal, skin and hair antigens

of cow, buffalo and camel were processed separalely in this test.

3.7.3.1. Technique

For the characterization of meal, skin and hair
antigens of cow, buffalo and camel, agar gel elecltrophoresis was

carvried out by following the technigque of Wieme (1959).

3.7.3.2. Reagénts

Reagents wused for agar gel elecltrophoresis are

given below and their composition is given in Appendix~-I.

1. Veronal buffer (0.05M), pH 8.6

2. Agar qgel medium (1.5%)
3.7.3.3. Procedure

n the prepared agar gel slides, wilh the help of
a Whatman's filter paper no.1 strip (dmm wide), a slol was made
at the centre of each slide.

Betting of the electrophoretic apparaltus @

The electrophoretic apparatus made from acrylic
polymer sheel was used. VYVeronal buffer of pH 8.6 and 0.025M
molarity was filled in both the chambers of This instrument. The
molten agar filled in agar chambers was allowed to solidify. The
continuity of agar chamber with buffer was maintained through the

drilled holes in partition wall beltween the agar chamber and

buffer tank.
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Procedure of electrophoretic run *

After setting Lhe electrophoretic apparatus, the
meat, shkin and hair antigens of cow, buffale and camel were
charged in the slot in the respeclive slides. By using & needle
tip a mark of tracking dye (Bromophenol blue) was made al one
corner near the slot. The slides were then placed in  inverted
position on  agar blocks in electrophorelic apparatus for ‘Lhe
continuity of the eleclric current. The electrodes we e
connected Lo a power pack and a direct currenl (DC) of 30mA with
potential difference of 120 volls was allowed to run 1ill the dye
reached the anodic end of the agar gel slides {(in approximately
35-50 minutes). During electrophorelic run the apparatus was

kept cool by keeping it in the refrigerator.
Fixation and staining of the slides @

After electrophoretic run, the slides were removed
and fFfixed in two per cenl glacial acetic acid. The slides were
Then air dried by placing filter papers soaked in two per cent
glacial aceltic acid solution and then stained wilth protein stain

(0.1% amido black).

Observation @

Using Bystronics Densitometer—201 and green
filter, the opltical densities of prolein fractions of stained

slides were measured. Graphs were plotted for each antigen on
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the basis of oplical densities so measured and percentage of the
various fractions were recorded. The numbers were assigned to
each fraction by following the procedure of Vesselinovitch

(1959) .

3.7.4. Immunoelectrophoresis

3.7.4.1. Technique

The technique of Wieme (1939) was followed for
characterization of anodic and cathodic antigens of meatl, skin
and hair of cow, buffaleo and camel respectivel y, by

immunoelectrophoresis,

3.7.4.2. Reagenls

Reagents used for immunocelectrophoresis are given

below and their composition is given in Appendix—I.

1. Veronal buffer (0.05M), pH 8.6

2. Agar gel medium (1.5%)

3.7.4.3. Procedure

tn & prepared agar gel slides a well was punched
out at the centre of the slide with the help of a metal template
having an internal diameter of 3mm. A long trough of &dcm % 2 mm
was made al side of the well alt a distance of Smm with The help
of & cutter fitted with razor blade. The agar was remove from
the punched well and the long trough by back suction and the

bottom of the well and long trough were sealed wilh molten agar.
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Setting of the electrophorelic apparatus 3

The eleclrophoretic apparatus made from acrylic
polymer sheet was used. Veronal buffer of pH 8.6 and 0.02Z5M
molarity was filled in both the chambers of this instrument. The
molten agar filled in agar chambers was allowed to solidify. The
continuity of agar chamber with buffer was maintained through the

drilled holes in partition wall between the agar chamber and

buffer tank.
Frocedure of electrophoretic run &

Afler setting the electrophoretic apparatus, the
meat, skin and hair antigens of cow, buffalo and camel were
charged in Lthe well in the respeclive slides. By using a needle
tip & mark of tracking dye (Bromophenol blue) was made near tLhe
wells. The slides were Lhen placed in inverled position on agar
blocks in electrophoretic apparatus for the continuity of tLhe
electric current. The electrodes were connected to a power pack
and a direclt currenlt (DC) of B0mA wilh potential difference of
120 volls was allowed to run till the dye reached at the anodic
end of the agar gel slides (in approximaltely 35-50 minutes).
During electrophoretic run the apparatus was kepl cool by keeping

it in the refrigerator.
Step of immunodiffusion :

Afler electrophoretic run the slides were removed
and the corresponding antisera were charged in the long trough.

The slides were then placed in the humid atmosphere in moist
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chamber at & C, after 24 hours the troughs were vrecharged with

corresponding antisera and again placed in the humid almosphere.
On fifth day the slides were examined under oblique transmitlent
light to observe 1lhe development of precipitalion arcs and
results were noted.

32.8. Drying and Staining of the Gel Slides

3.8.1. Drying of slides

To prepare permanent stained slides of double gel
immunodiffusion and immuncelectrophoresis, the slides were Lkept
immersed in 2 per cent physiological saline solution (NES) for &
period of 24-36 hours. The frequent changes of NSE was done in
order to remove the soluble non-reacting constituenls i.e.
antigen or antibody etc. The slides were finally washed by
dipping them in distilled waler to remove excess amount of salt.
After washing, the slides were covered with wet filter paper and
kept for drying at 370C. Precautions were taken, not to leave
any air space while placing the wetl filter paper on gel surface.
3.8.2. Staining of slides

The dried and fixed slides of dimmunodiffusion,
agar gel electrophoresis and immunoeleclirophoresis were stained
as per the technique of Richard el al. (1958) by dipping them in
Q.1 per cent amido black, a protein stain solution (Appendiux-1)
for 15 minutes and destained wilh several changes of destaining
solution (Appendix-1) TLill the excess of stain was removed and a
clear background was observed. The stained slides were finally

air dried at room temperature and were preserved.

oo e



RESULTS AND DISCUSSION



4. RESULTS AND DISCUSSION

The technigues adopled for characlerization of
meal, skin and hair antigens of the animal species in Lhe present
study were primarily based on the basic principles of antigens
and antibody reactions. The protein antigens maintained their
antigenic property in stimulating the reaclion in-vive and in
vitro when administered either parenterally in heterologous hosts
or reacting in a visible form by precipitation test and for tThis

the antigen and antibody were allowed to react in agar gel

medium. Earlier work of various research workers cited in {he
texts are duly acknowledged al approprialte places, although the
literature is not ardently available with reference to

serological work on skin and hair of animal species.
4.1. Immunizing Antigen

In the present study the meal, skin and hair

antigens were prepared by freezing and thawing and were used as

immunizing antigens.

Meal extract anligens were also prepared earlier
by {Oswald 195%3), Herran and Meliten <(1961), FBubloz (1942},

Warnecke and Saffle (1968), Munday el al. (1974), Sherikar el al.

niomes RS-

(1979}, Bakshi (1981) and Jain (1993). Our observalions are also
in agreement with these workers. Further, our work is also in

agreement with the earlier finding of Purohbit et al. (1987) who
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used freering and thawing technique for preparalion of cell

membrane and flagellar antigens of Trypanosoma evansi and Jain

(1993) who also used this technique for preparation of muscle

antigens of nine avian species.

Our observations showed Lhat similar technique of
freezing and thawing when used, il gives satisfaclory resulls in
preparing skin  and hair antigens of cow, buffalo and camel.
Present work is also in collaboration with Lhe work of Lahiri el
al. 19283), who successfully used the technigque of freezing and

Lhawing far preparation of skin exlract of a fish

(Heteropneustes fossilis). Hair samples were dissolved in sodium
hydroxide for preparing its lysate. PFurohit el al. (1982) also
dissolved the wool samples in the similar manner. Presenlly, the
dissolved hair samples afler processing were further subjected tlo
freezing and thawing for preparation of hair antigen. The
technique used for the preparation of hair antigens was quite

satisfactory and the results are also in agreement wilh the work

of Purohit el al. (1982).
4.2, Immunization Schedule

The immunizaltion schedule of O, 3rd, &6th and 16tlh
day for immunization of rabbits with antigens in split doses of
10mg (Lotal 40mg) prolein was observed satisfactory Lo stimulate
the precipitin antibodies. Splil dosing was also used earlier by
Shunmugam and Ranganathan (1972), Bakshi (1981), Ramadass and
Misra (1981) (for mammalian meat anltigens), Jain (1993) (for meal

antigens of avian species), and Purohit el al. 1982) (for wool
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antigens). From the present studies it can be concluded that
such schedule can be used successfully for preparation of meal as

well as skin and hair antigens.
4.3. Production of Antisera Against Meat, Skin and Hair Antigens.

In the present study albino rabbils were used to
raise Lhe antibodies againslt meal, skin and hair anltigens of cow,
buffalo and camel, and it was found to be a suitable laboratory
animal for raising antisera. This is evident from Figure no.
to @ and 13 to 21 which shows that antiserum so produced vyielded
satisfactory sharp precipitation bands in gel diffusion and
immunoelectrophoresis. Evans (195%7) also suaggested thalt rabbitl is
the best laboralory animal for superior anlibody production.
Purohit et al. (1982) also raised anlisera against sheep wool
lysate successfully in rabbits and further, Jain (1993) also
found that rabbil is mosl suitable for raising anli-meal sera

against nine avian species.
4.4. Protein Contents of Immunizing Antigen

The total protein content of antigens was
determined by Lowry's (195%1) method. The resulls calculated by
spectrophotometric observaltions are shown in Table 2. It is
evident that the tolal protein contents of antigens of meal skin
and hair of animal species used in this investigalion ranged from
0.37gm  per cent to 1.3%9gm per cent. The buffalo meat anligen
depicted highest wvalue of 1.39, whereas antigen of cﬁw hair
showed & least quantum of 0.37gm per cent. However, the prolein

content of meat anligens of avian species was found to be Soqm per
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cent approximately by Jain (1993) which is nquite higher in
comparison to meals of animal species used in our study. From Lhe
present investigalion il can be concluded that hair antigens of
cow, huffalo and camel contains less amounlt of gram per cent
protein in comparison to meal and skin anligens.

4.5. Double Gel Immunodiffusion Test

4.5.1. Homologous reaction with unabsorbed antisera

When meat, skin and hair antigens of cow, huffalo
and camel were allowed to react with their homologous unabsorbed
antisera in double gel immunodiffusion test, they showed 4, 3, 13

4, 3, 13 7, 2 and Z precipitation lines, respectively.

The results of the testl are summarized in Table
no. 3 and represented in Fig. 1,2 and 3. The precipitation
reaction with a maximum of 7 precipitation bands was observed in
camel meatl, followed by 4 each in cow and buffalo meal, 2 in cow
and buffaleo skin, 2 in camel skin, 1 each in cow and buffalo hair
and 2 in camel hair. The object of gel diffusion is To bring
together, through diffusion, optimal concentrations of anligen
and antibody to form visible bands of precipitation. The pattern
of precipitin line indicales the characteristics of the antigenic
component, as Lo their diffusion rates and molecular weighls.
The antigenic component having a high rale of diffusion formed
precipitin line near the antiserum well, and so bends tlowards
this well, The diffusion component with lower diffusion rate
formed precipitin lines near lhe antigenic well. The componentis
which had the same rate of diffusion as that of anltiserum formed

a slraight line without exibiling any bending effectl.
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Table 2 * Total protein content of immunizing antigens

Sas40 tarre beats panee meas svom hean S AR SEALS boteb 4000n ermee 44900 SHLAD SSerh S0ose Brent bes EhHen GYPee MURSH Subed Seire SHERR Babe SIS RRSS RS SMAD Bave HiSM etse Shuke Movbe SHHAD DOSBe WOOL Reten Seves HAVS SNRS BHNES SEND S4aee obeip MIFS S0PO8 EVebe TINLE SHELS (TSER Gndee 0e FRRSY SHEED iemp HIOE 10000 Feece Shsmd BN MMonk botds ORSE

S.No. Type of species Total protein content
and antigen (gram per cent)

:jmwwmmm“mmmwm~mg;;w;;;;mmmw*wMWwwmmw”m"mmwmmmwmmw;:;;m”um”““mmw“
2. Cow skin 0.89

3. Cow hair 0.57

4, Huffalo meatl 1.39

5. Buffalo skin 1.13

é&. Buffalo hair 0.67

7. Camel meatl 1.27

&, Camel skin 1.06

9. Camel Hair 0.9%

5eRee more e ese 40300 ovbis breve e $9014 444 beie Sriee drees HEPS WIS BHERE BAURE wmbus Subes Jenbn PoRPe TmERS FRGH TS SO0 eSS Shvee SEbRR JoPD SUME SUTH SIS SR H4TES SeWD TS PSS Mmuse Seml V04 bee Seist TheRe SH4 ePlS drece SART IS SHLLL Seede Seeid Sbise eds NeRFP PRAFE SHIGL bSH IS ABRe Mo bants Benes smeen sema
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For mealt, the results of the study are in
accordance with Heever (1962), who found thal raw meats could be
identified qualitatively, based on The number of precipitin lines
and their characteristic pattern. In the present study, four
precipitation lines Qere observed in the reaction of cow and
buffalo meat antigens and their respective antisera which is in
full agreement with the findings of Ramadass and Misra (1983) and
Sherikar el al. (1988). While findings of Bakshi (1981) shows
that only one precipitation band could bke observed in the
reaction of meal anltigens of huffale and camel, when their
anlisera was raised in sheep. In contrast to this study our
result show better immunological response probably due to
freezing and thawing method used for preparation of antigen as
well as using rabbil for raising antisera.

The antigen—antibody reacltion of skin was nquitle
satisfacltory in case of cow, buffalo and camel as evidenl from
the resulls shown in Fig. (b)), 2() and 3(c). This dis in

agreement, with the work of Lloyd et al. (1979).

Kirrane and Roberison (1968) used sall soluble
antigen of rat collagen and failed to delecl any precipitalting
antibody by using double diffusion test. While successful
detection of antibodies against skin anltigens of cow, buffalo and
camel in present study may be atiribuled to the difference in the
method of preparing antigen and subsequently raising antisera in

rabbits.
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Table 3 =

test between meat, skin and hair

buffalo and camel with fTheir

antiserum.

Type of species Numbe r

and antigen

;.WM*mmwmwmwmmwmg;;w;;;Immmmwmmmm_mmmmmmwmmmmmme
2. Cow skin

3. Cow hair

4. Buffalo meatl

5. Buffalo skin

[ Buffalo hair

7 . Camel meat

&. Camel skin

9. Camel Hair
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Figure

1

Photograph (a) and schemalic diagram (b)) of
double gel dimmunodiffusion test of cow’'s
meal (&), slkin{k) and hailri{c) showing
precipitaltion reaclions of anltigen (A)  and
unabsorbed antiserum {Rs) {unstained

slides).
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Figure &

}

+

Photograph (&) and schematic disagram (b)) of
double gel immunodiffusion test of buffalo’s
meat{a), :ﬁﬁinib) and haivric) showing
precipitation reactions of anltigen (A and

unabsorhbed anliserum (fs) funstained

slidesd.
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Resultls obtained in the reactions of hair antigens
of cow, buffalo and camel with ‘their  respective anlisera are
in fully agreement with the work of Purcohilt el al. (198Z) who
identified the sheep wool keratins by using The gimilar
technique. The main advantage of gel diffusion test lies in the
detection of more than one antigen-~antibody system. The tesl has
a higher degree of sensitivity and provides belter resolution in

identification of components in mixltures and gives a valuable

guide for purification of either anligen or anltibody.

For the present work the double gel diffusion test
was used as it is simple, non—expensive and provides definite
results in short time which is in confirmity regarding efficacy
of the test as used earlier by Sherikar gl al. (197%9), BHakshi

. r————

(1981), Ramadass and Misra (1983) and Jain (1993).

4.5.2. Homologous and heterologous reaction (cross—reaction

studies) with unabsorbed antiserum

In the present investigation the double gel
immunodiffusion tesl was conduclted to delermine the anltigenic
correlation hetween meat, skin and hair of cow, buffalo and
tamel. By using a ten well system, the homologous and

heterologous antigens were characlerized by using the double gel
immunodiffusion test on microscopic slides. Central well of
each slide was charged with unabsorbed antiserum and Lhe
peripheral wells were charged with one homologous and eight

heterologous antigens.
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The results oblained are summarized in Table 4 and
represented in Fig 4, 3% and 6. The precipitin lines were
numbered from peripheral (antigen) wells to the central well,

considering only homologous antigen and antibody reacltion. The

resulls are described as under.

4.5.2.1. Rabbit anti-cow meatl serum with nine antigens of meat,

skin and hair of cow, buffalo and camel.

The cow meat antiserum showed four precipitation
lines when reacted with homologous meat antigen and two each witlh
the anltigen of cow skin and buffaleo meal. Cross—-reaclion was not

observed with other antigens LFig. 4(G)I.

The precipitin line number 1 and 2 were
independent and were found near the anltigen well. Precipilin
Line number 3 showed the common reaction with cow skin

antigen.

Precipitin line number 4 was observed near the central well.

4.5.2.2. Rabbit anti-cow skin serum with nine antigens of meat,

skin and hair of cow, huffalo and camel.

The cow skin antiserum showed three precipitin
lines when it reacted with homologous skin antigen, while

antligens of cow meal, buffalo hair, skin and meal showed 1,1,1

and 3 precipitin lines, respectively [Fig. 4(H)1.

Precipitin line number 1 and 2 were found
to be independent. Precipitin line number 3 was common 1o

antigens of cow meal, buffalo hair, skin and meal.
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Table 4 @ Number of precipiltin  lines observed in homologous and
heterologous reactions in double gel idimmunodiffusion
test wsing unabsorbed anti meat, skin and hair sera

with meal, skin and hair antigens of cow, buffalo and

camel .
Sr. Type of species fintigens
No . and antisera CoOM COS COH BUM BUS RBUH CAM CAS CAH
1. Cow meat (COM) & I T
+
. Cow skin (CDS) + g - e * - -
3. Cow hair (COH) o+ + SR 2 -
4. Buffalo meal (BUM) ++ - SO b - - -
+
3. Buffalo skin (BUS) +y - Bl e S o e -
4
b Buffalo hair (BUH) - - - - -+ - -
7. Camel meal (CAM) ++ - -t - R -
bk
+
8. Camel skin (CAS) e - - - - - S -
. Camel Hair (CAH) - - - - - - - - et

Note : + means one precipitation line
- means no precipitation line
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Figure 4

Pholtograph (&) and schemaltic diagram (b)) of

double gel dimmunodiffusion Ttest showing
cross—reaclivily gf antiserum of cow's

meal (G), skin{(H) and haivr(l) with meat, skin
and hair antigens of cow, buffale and camel
{funstained slides).

Where,

A1~ Camel meal antigen

Az - Camel skin antigen

AZ - Camel hair anltigen

A4 - Buffalo meal antigen

A% - Buffalo skin anligen

Ah - Buffalo hair anltigen

A7 -~ Cow meal anligen

A& -~ Cow shkin antigen

A9 - Cow hair antigen

Ast ~ Rabbilt anti-cow meal serum
AsZ — Rabbil anti-cow skin serum
fAs3 ~ Rabbit anli-cow hair serum

= 4
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Figure 5 ¢ Pholograph (&) and schemaltic diagram (b)) of
double  gel dmmunodiffusion Lest showi g
cross-resctivity  of antiserum of buffalo’s
meal (D), skin(E) and hair(F) with meal, skin
and hair antigens of cow, buffalo and  camel
funstained slides).

Where,

A1 - Camel mesl anligen

A - Camel skin antigen

~d - Camel hair anligen

A4 - Buffalo meal antigen

A% - Buffalo skin antigen

fi& o~ Buffalo hair anltigen

37 - Qow meal antigen

A% -~ Cow skin antigen

4% - Cow hair antigen

fsd ~ Habbit anti-buffalo meal serum
AsS - Rabbit anti-buffalo skin serum
fad o~ Rabbil anti-buffalo halr serum
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Figure & ¢ Pholtograph (&) and schemalic diagram (h)  of

double gel dmmunodiffusion Test showing

cross—-reactivity  of  antiserum of camel’s

meat(A), skindBE) and hair{C) wilth mealt, skin
and hairv anligens of cow, buffalo and  camel
funstained slides).

Where,

1 o~ Camel meat antigen

A - Camel skin antigen

ME o~ Camel hair anligen

A4 -~ Buffalo meal antigen

5 o~ Buffalo skin antigen

AT RS Buffalo hailr anligen

EWEN Cow mealt antigen

A8 ~ Cow i antigen

& - Cow hair o antigen

As7 o~ Rabbilt anti-camel meal serum
fief - Rabbil anti-camel skin serum
Bs9 ~ Rabbit anlti-camel hailr serum

o
et iy
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4.5.2.3. Rabbit anti-cow hair serum with nine antigens of meal,

skin and hair of cow, buffalo and camel.

The Cow hair antiserum showed only gne
precipitation line when it reacted with homologous hair anligen,
while the antigens of cow skin and cow meatl, buffalo hair, skin
and meat showed 1,2,3,3 and 2 precipitin lines, respecltively

CFig. 4¢I)].

Single precipitin line as observed in the reaction
of cow hair antigen with its antibody, further, il was found to
be common to cow skin and cow meal, buffalo hair and skin

antigens.

4.5.2.4. Rabkbit anti-buffalo meat serum with nine antigens of

meat, skin and hair of cow, buffalo and camel.

The buffalo meal antiserum showed four
precipitation lines when il reacled with homologous meat antigen,
while the antigens of buffalo skin and cow meal showed two

precipitin lines each CFig. 3(D)1.

Precipitin  line number 1 and 2 were independent
and were found near the antigen well. Precipitin line number 3
and 4 showed a common reaction with the precipitin line number 1

and 2 of buffalo skin antigen, respecltively.
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4.5.2.5. Rabbit anti-buffalo skin serum with nine antigens of

meat, skin and hair of cow, buffalo and camel.

The buffalo skin antisarum ghowed Three
precipitation lines when it reacled wilh homologous skin antigen,
while antigen of buffalo and cow meat showed five and three
precipitation lines, vrespeclively. Cross—reaction was not

observed with other antigens [Fig. S(E)J,

In the above reaction precipilin line number 1 was
independent and pracipitin line number 7 was common with
precipitin  line number 32 of huffalo meat anligen. Precipitin
line number 3 was common with precipitin line number 5 of buffalo

meat antigen and it was observed very close to the central well.

4.5.2.6. Rabbit anti-buffalo hair serum with nine antigens of

mealt, skin and hair of cow, buffalo and camel.

The buffalo hair entiserum showed only one
precipitation line which was present near the antigen well when
it reacted witlh homologous hair antigen. Cross—veaction witlh

other antigens was nol ohserved CFig. 3(F)1.

4.5.2.7. Rabbit anti-camel mealt serum with nine antigens of

meal, skin and hair of cow, buffalo and camel.

The gamel meat antiserum showed seven
precipitation lines when it reacled with homologous meat antigen,
while antigens of camel skin, buffaleo and cow meal showed 2,3 and

2 precipitation lines, respectively C[Fig. &(A)T,



Precipitin  line number 41 and 2 were independent
and were near Lhe antigen well. Precipitin line number 3 and 4
were merged and were common to the two precipitation lines of
camel skin antigen where they emergéd in the form of & spur.
Precipitation line number 5 and é were present near the central
well and were independent. Precipitation line number 7 was

present just at the periphery of the antiserum well,

4.5.2.8. Rabbit anti-camel skin serum with nine antigens of

meat, skin and hair of cow, buffalo and camel.

The camel skin antiserum showed two precipitation
lines when it reacted wilh homologous skin antigen. Mo cross
reaction with other antigens was observed in the reaclion of this

test LFig. 6(B)1.

The precipitation line number 1 was present near
the antigen well and was independent and precipitation line
number 2 was also independent and was present belween antigen and

antiserum well.

4.5.2.9. Rabhit anti-camel hair serum with nine antigens of

meat, skin and hair of cow, bhuffalo and camel.

The camel hair antiserum showed two precipitation
lines wilh homologous hair antigen. No cross-reaction with other

anligens was ohbserved in this test [Fig. &(C)1.

56



Precipitin line number 1 was present near the
antigen well while, the precipitin line number 2 was present
between anltigen and antiserum well., Both the precipitation lines
were found to be independent.

In Table 4 the reacltion belween homologous and
heterologous antisera wilth homologous and heterolagous antigens
has been summarized, which reveals that cow and buffalo meat
showed cross—reaclion while camel meal antisera cross-—reacled
with both cow and buffalo meat. Such results regarding cross—
reactions between bhuffalo and cow meal has also been reported
earlier by Pinto (1961), Singh and Yadav (1962), Pandey and
Pathak (1973), Mageau el al. (1984) and Sherikar el al. (1988).
Significant cross—reaclivily between sheep and goal meal antigens
have also been reporlted by Pinto (19461) and Bherikar el al.
(1979) . flur result does nol collaborate with the earlier
findings of Rakshi (1281) where camel meal does nol give any
cross-reaction with buffale meat. The probable reason could be
that in his work, anltisera againsl camel meal was raised in
sheep, being a ruminant, an immunizing antigen came from tUlhe
ruminant class of animal, thus mosl of tThe non self common
antigens of ruminants were eliminated.

The resull of present work suggests Uthat camel
meat antisera behaved in a different pattern in comparison to
reaction belween cow and bhuffalo meal antigen. Fascinating fact
observed in the present study as revealed by the resulls thal
antiserum of cow, buffalo and camel meal cross—reacted with their
own  skin  antigens bul such reaction was mnolt observed with

antigens of hairs of any of The species under study.
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In the present study, skin anlisera of cow showed
precipitation reaction with its own antigen and antigen of meatl.
Further, it showed & common reaction with meal, skin and hair
antigens of buffalo. The buffalo skin antisera does not behaved
in the similar manner as thal of cow skin antisera, as it reacted
with its anligen and also wilh meal antigens of buffale and cow.
It is worthy to note thal camel skin did net show any cross-
reaétivity with other eighlt antigens and such resulls can help
very well in velero-legal cases to identify the submitted skin

pieces for examinalion.

The results of cow hair antiserum reaction showed
that apart from its antigen all the other five anltigens ;F cow
and buffalo share common antigenecily, while il did not give any
reaction with any of the camel antigens used in this study. It is -
worthy Lo note that buffalo and camel hair antisera reacted only
wilh their own antigens. From the findings of present woark il
can  concluded buffalo and camel hair can be recognised as tLhey
maintained Ttheir identity of antigenic component and thus can be

used in differentiating the hair samples submitted for velero—

legal cases regarding the species under study.

Literature in reference to the cross-reacltivitly
pattern of ruminant skin and hair antigens by double diffusion
test could mnot be Lraced out and such type of studies may be

helpful in solving disputed cases in the court of law.
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4.5.3. Homologous and heteroclogous reaction with absorbed

antiserum in double immunodiffusion test.

The double immunodiffusion teslt was conducted o
determine UThe species—specific reactivity of absorbed antiserum
with homologous antigens. For tThis, absorbed antiserum of each
antigen was allowed to react with homologous and other eightl
heterologous antigens. The results obtained are summarized in

Table 5 and represented in Fig. 7,8 and 9.

In 1tThe present study the reactivity of the meat,
skin and hair antisera of cow, buffalo and camel was found to be
reduced to some extent, but still it was mono specific and
produced only homologous reaclion. No cross—-reactivily was
observed among &ll the antigens excepl in case of camel meal
anltisera where, even after its absorplion witlh all The
heterologous antigens including camel skin, it showed reaction
with camel skin antigen. The antiserum of buffalo and cow meal

did nol give any cross—reaction with their skin anltigens.

The resulls of this study revealed that species—
specific antisera could be procured for cow and buffalo meal, and
skin and hair antigens of all the three species under study. The
same 1s nol concluded for camel meal antigens as ils antisera

cross—reacted with its skin antigen even after ahsorption.
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Table % ¢ Number of precipitin lines observed in homoloegous and
F F C

heterologous reactions in double immunodiffusion test

using abgorbed anti mealt, skin and hair sera with

meat, skin and hair antigens of cow, buffalo and camel.

Sr. Type of species Antigens
No . and anlisera COM COS COM BUM BUS RUH CAM CAS CAH

tese seaea seose seste Benie Suves bebse SeVeD e Fhese HUURS Suies chave fosma Tooss SPRS FOBOL S0BOY 4bedh dbese Sneep AveFe Beere Sresp SOHYR BheRE Sobss 04445 sured siuo stnbe Pessn Soves 0490 FT0D Gmbts S4bms Sedts sbrsm Soots FOSER PITL 6ND EHSCH 00 Bbe0s Sekeh $abeh SeTIR Sises Sutte Sedin dbele SOROY HOS GEese ORERP L4the Lbdre Seice Mered smees 1430

1. Cow meat (COM) + - - - - - - - -
2. Cow skin (CO&) - + - - - - - - -
3. Cow hair (COH) - - + - - - - -
4. Buffalo meal (BUM) - - + - - - -
5. Buffalo skin (BUS e - - - b - - . -
ba Buffalo hair (BUH) - - - - - + - -
7. Camel meat (CAM) - - - - - -t +
B, Camel skin (CASB) - - - o e - - -
7 Camel Hair (CAHM) - - - - - - - - +

ehias fa0en P0TOH PU00H S4100 U4tIa SH0CD obbun bossd 40T L4dbe Beasa sases Shosh SFeds STR4D Seied SOm4S M SheRe 14LRD Sibra TEARR SORSE PUBID 004D RBISS H4RVD fbmat SSHSS 45098 000D P08 Ahint Hibtn amees SHLSH 1SS FHESH S40ce Shatn 4Dreh GBSEP IOSIR SUPHE $OOIE GBS fuine smsm SASSR SHSRH BSERS S4pns HHIB Rebns Snere Alese Sorre HIPSY e $aTIS bosse vREM SRIES

NMole & + means one precipitation line
- means no precipilation lineg
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Figure 7

Photograph (&) and schemalic diagram (b))
showing effect af immuno abhsorpltion

specificity of antiserum of camel, buffalo

and cow meat, central well containing
absorbed antiserum againsi respecltive
antigen and nine peripheral wells, The

antigens (unstained slides).
Where,

At - Camel meal anligen

A o~ Camel skin antigen

AR~ Camel hair antigen

A4 - RBuffalo meat anligen

A5 - Buffalo skin antigen

Ab - Buffalo hair antigen

A7 - Cow meal anligen

A -~ Cow skin antigen

A9~ Cow hair anligen

As7 -~ Rabbitl anti-camel meal serum
fisd - Rabbil anti-buffalo meal serum
Ast ~ Rabbit anti-~cow meal serum

&
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Figure & * Sechematic diagram showing effecl of  immuno
absorption gpecificity of antiserum af

camel, buffalo and cow skin, central well

containing absorbed antiserum against
respective antigens and nine peripheral

wells, the antigens.
Where,

1 - Camel meal anligen

AZ -~ Camel skin antigen

A3 — Camel hair antigen

a4 — Buffalo meal antigen

A%~ Buffaleo skin antigen

A6 - Buffalo hair anltigen

77— Cow meal anligen

A8 — Cow skin anltigen

A9~ Cow hair antigen

fAsz ~ Rabhbit anti-cow skin serum
MeD — Rabbit anti-buffalo skin serum
As8 ~ Rabbilt anti-camel skin serum
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Figure 9 ¢ Schematic diagram showing effect of immuno
absorplion gpecificity of antiservum of

camel, buffalo and cow hair, central well

containing absorhbed antiserum against
respective antigens and nine peripheral

wells, the antigens.
Where,

A1 - Camel meal antigen

A2 - Camel skin antigen

AR~ Camel hair antigen

A4 ~ Buffalo meal antigen

AS - Buffalo skin antigen

Aé ~ Buffalo hair antigen

A7 o~ Cow meal antigen

Bas - Cow skin antigen

A7 -~ Cow hair antigen

As3 ~ Rabbil anti-cow hair serum
Asbh ~ Rabbilt anti-buffalo hair serum
AsY — Rabbil anti-camel hairv serum

&H3
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For meal antigens (reaction wilh helerologous meatl
antisera), the absorplion process so applied, appeared to be in
confirmation to the observalion made by Pandey and Pathak (1975)
and Jain (1993). The absorption of rabbit antiserum with helero
species antigens remove all the non-specific antibodies and these
“workers found that speciesmspecific reactivity of antiserum was
lowered due to absorplion of ‘antibody molecule and similar

observaltlions were also found in Lthe present study.

Present findings also fall in line wilh the

earlier findings of Tagore el al. (1977), Sherikar gt al. (1988)

and Jain (1992), who earlier used Lhis technique and recommended
That specific antisera is worth to use (afler absorplion) for
identification of species of origin of meals in case of closely
related species. Present findings are also in accordance witlh
the work of Warnecke and Baffle (1968), as they also stated
that after absorplion of antiserum with cross—reaclting freeze
dried meal extract, it becomes species—specific and reaclts only

with homologous meal exlract.

Ramadass (1972) in his study on iddentification of
ctlosely related species found agar gel immunodiffusion test to be
quite useful. From the present study it can be concluded that
meat of cow and buffale and skin and hair of all the animal
species under study can be identified by wuwsing double gel
immunodiffusion test. The wuse of absorbed antiserum is nol
specific to prevent cross-reaction occurring in  camel meal
anltisera and its skin antigen and this needs further

investigation in this respect.

&4



4.6. Agar Gel Electrophoresis

For the characterization of meatl, skin and hair
antigens of cow, huffalo and camel, agar gel electrophoresis was
conducted. The electrophoretic mobility of all the nine antigens
was studied, Results of the electrophoretic mobilitly are
summraized in Table & and 7 and are represented in Fig. 10, 14

and 12. The resultlts recorded are as follows 2~

4.6.1. Cow meal antigen

Flectophoretogram of cow meal antigen revealed six
protein fractions, oul of which three each were present in anodic
and cathodic zone LFig. 1001371,

4.6.2. Cow skin antigen

A total of five protein fracltions of cow skin
antigens were obtained on agar gel electrophoresis. Two out of

five were on anaodic and three were on cathodic side [Fig. 10(2)7].

4.6.3. Cow hair antigen

Agar gel elecirophoresis of this antigen wunfolded
a total of eight protein fractions, three were found to be on
anodic side and five were found to be on cathodic side [Fig.

10(3) 1.

4.6.4, Buffalo meat antigen

This meal anltigen revealed eight protein fractions
in agar gel eleclrophoresis oul of which four each were fpresent

on anodic and cathodic side LFig. 11(4)1.
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Table & ¢ Electrophoretic mobility of meatl, skin and hair
antigens of cow, buffalo and camel in agar el

electrophoresis.

454D orbe S418¢ Senen BERSS oHBR obeh 4Rest Grbee b4ass beI0E autie mese Sarme $604D ess seese bevte 4edd TRbH GRedS Baees BSbpe SHTRY BHASd SOIN4 see 4% B GHARS Sn4RS sepep OO GHeOH fmemn mmpee Sa0ES B0 bnes Shang Seers RS enebs bemrs Sipve $HOeY BN FH sbiee Sver AWML PLEen semn meia 46N e Seird SIELE BIBRE SEME BALH RO RS HRL miabt

S Type of species Number of protein fractions in
Mo . and antisera electrophoretogran
fnodic Cathodic Total

4hees tmmte sness criay sescy bert S4IE Shete seres SRS NS Mo SUATS Shsy MO SHend beres Bsse DIVAP ASPHS SOTOY bousg OHIL HISS PO B4BR SeLSY BeP4S SOORD SHENS Fotor SEpas SHOMR H00ns seess 484 SRR NuAme Q4RSS Sonde boged PISES WHOSY AID Gxbum GINES SBORY AERS LeTH Bhase MBS Bmed KOS SRACS Pt Sedon Geged sppey s SeFiS Serbe seme seses Seess sabes

1. Cow meatl 3 3 &

1

. Cow skin P 3 )

N

3. Cow hair 3 ) &

4., Buffalo meat 4 4 8

5 Buffalo skin 4 3 Va

. Buffalo hair Yo z 4

7 Camel meat 4 3 7

8. Camel skin 4

M

&

9. Camel Hair 4 4 &

enase chmve maate mses deers rinds sbusb sbeee soses svond ineee deres Sousd weves himme bebds eton eses Shiad e Ce0r B4 ik Ghues Beske Soees BIOME P50 0SS FHEN H4RFR Seneh SEeSE 4Sv9 $04E0 SH4RD SoPHY Seete VB WIS rhuad VIR ARG feree Seeks Srlie PS8 srest Seee Griep SeESe SrIbe MEE Seseh NS eSS et hber AR HRCS veren beith Seums metd
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Table 7 : Relative percenlage of meal, skin and hair antigens of
estimated by agar gel as

cow, huffalo and camel,
electrophoresis.

Sr. Type of species

Protein fractions of antigens in per cent

No.  and anligen fAnodic side cathodic side
st 2nd 3rd 4th 5th bth 7th 8th
#
1. Cow meat 7.22 1374 345 7.4 825 6.2 - -
#
2. Cow skin 13.78  10.74 15.33 34,39 25.56 - - -
#
3. Cow hair 10.45 7.5% 19.%7 1851 2.4 496 418 LD
#
4. Buffalo meat 4,38 5.7 12.08 1B.67 1609 17.24 41,20 15.22
%
5. Buffale skin 6,29 11.33 5.1 9.09 17.07 2642 24.41 -
#
6. Buffale hair 20.14 3.9 1374 2,14 - - - -
#
7. Camel meat 1,37 990 19.08 12.99 16,98 19.05  10.43 -
#
8. Camel skin 27.41  12.44 11,52 13.94 18.54  16.15 - -
#
9. Camel hair 2.72  4.99 12.7¢ B.48 604 5.40 3812 21.54

b7

Note ¢ % denoteé place of feeding of samples.



Figure 10 & Agar gel electrophoretic patltern showing
the different protein fracltions of cow's

meal (1), skind2) and hair(2) antigens.

b






Fagure 11 % fAgar gel electrophoretic palltern showing
Lhe different profein fraclions of
buffalo’s mealid), skind(3)  and Frair (&)

antigens.






Figure 12 ¢ fgar gel elecirophorelic pallern  showing
The different prolein fractions of camel’s

meat (7)), skin{d) and halr{P) anltigens.






4.6.5. Buffalo skin antigen

On agar gel electrophoresis, this antigen yielded
a lLotal of seven prolein fractions and among them four were on

anodic side and three were on cathodic side CFig. 11{(5)1

4.56.6. Buffalo hair antigen

On  agar gel electrophoresis of the said antigen,
four protein fractions were, obtained where twoe each fractions

were seen al anodic and calthodic side CFig. 11(&)1.
4.6.7. Camel meatl antigen

Seven protein fractions were unfolded on the &agar
gel elecltrophoresis of this anligen, and oul of these four were on

anodic side and three were on cathodic side [Fig. 12(7)3.

4.6.8. Camel skin antigen

It was found thal this antigen yielded six protein
fracltions on agar gel electrophoresis, oul of which four were on

anodic side and two were on calthodic side [Fig. 12(8)1.

4.6.9. Camel hair antigen

Agar gel elecltrophoresis of Lhis antigen revealed
a toltal of eight protein fracltions. Four fractions each were seen

on anodic and cathodic side TFig. 12(9 0.
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The antigens prepared from five differenlt samples
of meat, skin and hair of each species showed an identical
protein pattern on  agar gel electrophoresis. In  the present
investigation, 1the electrophorelic paltern showed thal some of
the fractions with higher percentage in all the three species
under study were localted near The feeding line at anodic side.
The resulls of electrophoretic patiern of skin antigens of cow
and buffalo showed some fraclions with higher percentage al
cathodic side while, in the case of camel 1the fraction with
higher perceniage was located al anodic side. The hair antigens
of &ll the t{hree species showed some fractions with highest

percentage towards cathodic side.

Isoelectric focusing technigque has been used by
various researchers viz. 8Blaltery and 8Sinclair (1983), King

(1984) and Slattery el al. (1984). SBherikar el al. (1986) used
this technigue for identificaltion of meal and observed eleven
fractions in cow and ten fraclions in buffalo meal whereas in the
present  study, the agar gel electrophoreltic patiern yielded six
and eight fracltions, respectively for cow and buffalo meal
antigens. The less number of fractions observed in our study is
probably due to the difference in the technigue. The variation
in the number of protein fraction of cow, buffalo and camel meal
have also been observed by Abdallah el al. (1983). The resull of
present work is also in line with the work of above worker where
difference in protein fractions of meal of each species gives a

characteristic pattern. Agar gel electrophoresis technique has

also heen used earlier by Jain (1993) to characlerize proteins of
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raw meal of nine avian species. Further, he emphasized tUhatl
this technigque can be used for identification of meal as 1l gives
a characteristic persistent pattern for meat antigens of each
species. Presently, our findings are also in agreement with  his

work.

The agar gel electrophoretic technique seems Lo be
much easier and the results can be secured in, on an average 43
minutes. It is further helpful due to increasing ogquality
consciousness, demand for specific meal and for enforcemenl of

strict legislation, which is essential for quick iddentificalion

of species of origin of meals.

Matolisy and Malollsy (1963) sbserved five
fractions in stratum corneum in disc electrophoresis while,
l-abiri el al. (1982) observed five fractions in skin of a fish
whereas, in the present investigation 5, 7 and & fracltions were
observed, respecltively in skin antigens of cow, buffalo and
camel. n comparing with the work of ‘these researchers, Uhe

difference in the protein fractions oblained in the present study

is due Lo the change in species.

In the present study, the electrophoretic patlern
of hair anltigens revealed 8, 4 and 8 fractions, respectively in
cow, buffalo and camel. Maloltsy and Matolisy (1963) by using
disc electrophoresis ohserved twoe fractions in human hair while,
Shechter el al. (19469) observed 2, 14, 13, 9 and 10 fraclions
respectively in human, monkey, dog, guinea pig and rabbit.

Simonsen (1971} observed five fractions in  bovine hair. (n



comparison it can be concluded that hair antigen of each species
showed difference in number of fracltions. Resulls of the present
study showed eight fractions in cow hair and four in buffalo hair
which are not in agreement with the work of Simonsen (1971,
This may be probably due to the difference in Lhe technigque used
during present invesligation. However, three to four fractions
were observed in acrylamide gel electrophoresis of sheep wool by
Purohit et al. (1983 which is quite close to the number of
fractions observed in buffalo hair in the present study. It can
be concluded that though The number of fraclions ig same bul each
fraction show difference in protein percentage and on processing

of five samples of each antigen of the three species, a

consistent finding aboul the trend of fracltions was noliced.

Results of tThe present study can be helpful in
vetero—~legal cases &as hairs are nol damaged for a pretly long
time in comparison to meal and skin and the sample can be
processed without any dispute as  there i¢ no question of
pulrefaction. The advantage of agar gel electrophoresis test for
characterization of antigens is thal, it needs less lime 1Llo
characlterize antigenic protein. The test is simple, rapid and a
permanent proof in the form of stained slide for record is also

available.

4.7. Immunoelectrophoresis

Far the characterization of antigens of meatl, skin
and hair of cow, buffalo and camel, immuno electrophoresis

technigque was applied. A1l the antigens and their homologous



antisera raised in rabbits, gave & variable number of precipilin
arcs for each antigen in immunoeleclrophoresis. The resulls are
summarized in Table & and are represented in Fig. 13 to Z1. The

resulls so ohserved are described as under.
4.7.1. Cow meatl antigen with its antiserum

Aflter electrophoresis of cow mealt antigen, when it
was allowed to react with its homologous antiserum, it revealed
three precipitin arce. Two were localed in cathodic zone and one

in anodic zone (Fig. 13).
4.7.2. Cow skin antigen with its antiserum

After elecltrophoresis of cow skin antigen, when it
was allowed to react with its antiserum, it showed three
precipitin arcs. Two were located in calhodic zone and one in

anadic zone (Fig. 14).
4.7.32. Cow hair antigen wilh its antiserum :

Cow hair anltigen was eleclrophoresed and allowed
to react with its homologous antiserum. Two precipitin arcs were

found which were located in cathodic zone (Fig. 1é6).
4.7.4. Buffalo Meal antigen with its antiserum

After eleclrophoresis of buffalo meatl anltigen, when
it was allowed to reaclt with dits homologous antiserum, it
revealed mnine precipitin arcs, oul of which one was in anodic
zone, two in common zone of anode and cathode and six in calhodic

zone (Fig. 1é).



Table & & Distribution of precipitin arcs as observed in
immunoelecltrophorelic reactions of various antigens of

cow, buffalo and camel with their respective anltiserum.

Sr. Type of species Number of precipitin arcs located in

No. and antisera anodic cathodic belween Total
sone Fone both zones

1. Cow meat 4 4 . - 3

. Cow skin 1 el - 3

3. Cow hair - a2 - a2

4, Buffalo meat 1 G

g
~
N

g Buffalo skin 1 ! 1 3

éb. Buffalo hair - - 1 §

7. Camel meal é & 1 13

8. Camel skin 3 e - 3
9. Camel Hair 1 1 - z
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Figure 12 & Pholograph {(a) and schemalic diagram (b))
showing immunoeleclrophoretic palttern of
cow meal antigen{A) and rabbil antli-cow

mealt serum (As) (unstained slides).
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Figure 14 % Pholograph (&) and schemaltic diagram (b))
showing  dmmunoelectrophoretic paltlern  of
cow  skin antigeni{®) and rabbilt anlti-cow

slkin serum (As) (unstained slidesi.
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Figure 13 & Schematic ob i@ am showing
immunoslectrophorelic  pallern of cow hailr

antigen{f)  and rabbit anti-cow halr  serum
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Figure 1é& 8 Pholtograph (&) and schemalic diagram (bl
showing  dmmunoelectrophoretic  palttern  of
buffalo meal antigen{d) and  rabbil  anli-

Buffalo meal serum (As) {unstained slides).
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Figure 17 & Pholograph (&) and schemaltic diagram (k)

showing  dmmunoslectrophoretic  paltlern  of
buffalo skin antigen{d) and rabbil anli-

buffalo skin serum (As) (unsltained slides).
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Figure 18 ¢ Schemalic chd s am showing
immunoelectrophoretic  patltern of buffalo
fair  antigenid) and rabbil anti-buffalo

radr serum (HAs).
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Figure 1% & Pholograph (a) and schematic diagram (b
showing  immunoselectrophoretic palttern of
camel meal antigen{A) and rabbil anti-camel

meal serum (As) {(unstained slides)
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Figure Z0 ¢ Photograph (&) and schematic diagram (k)
showing  immunoeleclrophoretic  paltlern of
camel skin antigen{d) and rabbil anti-camel

shkin serum (As) (unstained slides).
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Figure 21 & Schematic diagram - showing
immuniocelectrophoretlic pattern of camel hair
antigen{A) and rabbil anti-camel hair serum

(Ag).
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4,7.5. Buffalo skin antigen with its antiserum

The skin antigen of buffalo was electrophoresed
and when it reaclted with itls homologous antiserum, il revealed a
total of three precipitin arcs. ne arc each was presenl in
anodic =zone, common zone of anode and cathode and in  cathodic

zone, respectively (Fig. 17).
4.7.6. Buffalo hair antigen with its antiserum

The huffalo hair antigen afler eleclrophoresis was
allowed tlo reactl wilh its homologous antiserum and 1t revealed
only one precipilin arc which was common te both anodic and

cathodic zone (Fig. 18).
4.7.7. Camel meal antigen with its antiserum

After elecltrophoresis of the antigen, when 1l was
allowed to react with its homologous antiserum, il revealed a
total of thirteen precipitlin arcs. BSix arcs each were located in
anodic and cathodic¢ zone. One arc was common to both the =zones

(Fig. 19).
4.7.8. Camel skin antigen with its antiserum

When the skin antigen of camel was electrophoresed
and allowed to react with its homologous antiserum, il revealed

Lhree precipilin arcs which were in the anodic zone (Fig. 2Z0).
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4.7.9. Camel hair antligen wilh its antiserum

When the hair antigen of camel was eleclrophoresed
and allowed to react with its homelogous antiserum, it revealed
two precipitin arcs in which one each was located in the cathodic

and anodic zone (Fig. Z1).

Immunoelectrophoresis is a technique for the study
of antigens and antibodies. It is hased on 1lwo of their
properties of ability to precipitate in agar gel with specific
antibody and antigen (immunodiffusion), and characteristic

mobility in an eleciric field (electrophoresis).

AL the end of electrophoretic separalion, each
protein had moved through the agar gel to a particular distance,
characteristic to ils molecular weight. Arcs of antigen-antlibody
precipitate resulted one for each protein antigen present in  the

original sclution.

The results of electrophoretic migration were
rapid and without undue heating of electrophorelic medium and gel
distortion, when barbitone buffer with pH 8.6 and 0.023 M  ionic
strength was uged. This finding is in accordance with thé worlk

of Bennel and Boursnell (1962) and Ornsttein (194&64).

Ramadass and Misra (1981) in their studies over
L
meat, concluded that nature and position of precipitin arces were
specific for each species and same type of characteristlic

findings are oblained for meat antigens in Lhe present study.
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it is evident from the present study thal meatl

extract yielded 3 to 13 principal immunologically and

serologically active antigen having different charges and

mobility in electric field and these showed specific pattern to

recognize the individual species of cow, buffalo and camel. Cow

meat showed lowest, while camel meat showed the highesl number of
precipitation arcs.

Bubloz (1962) observed single precipitin line in

beef and horse flesh, while Bakshi (1981) observed one anodic and

four catheodic precipitin lines each for camel and buffalo,

respectively. In contrast to the work of BRakshi (1981) one

anodic precipitin line was also seen in the meal of buffalo but

our resulltls disagree wilh his findings in case of tThe number of

cathodic lines a&s more number of cathodic lines in buffalo and

camel were observed in the presenl study.

The mnature and position of precipitin arc as

observed in immunoelectrophoresis in the present study reveals

A3

that, there is a definile patlern to recognize meat antigen of
species, which has also been reporled earlier by Sinell and Mentz
(196%9), Ramadass and Misra (1981) for characlerization of

ruminant, meat anitigens and recently it has also been recommended

by Jain (1993), who conducled the similar study to identify the

meal of nine avian species.

The presenl observalion revealed three precipitin
lines for cow, buffalo and camel skin, bul there was gharp

differentiation in location and identity of each arcs. Such
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results can be used to identify the skin of these species. It is
worthy to note thalt camel skin showed three precipitin arcs only
alt  anodic zone in comparison Lo the resulls of cow and buffalo
shkin. The references regarding the discussion in tLhis aspect
could nol be traced out, but The results of this investigatlion

will definitely be helpful in solving out the disputed cases.

As  evident from Ulhe present work, the hair
antigens showed a minimum number of precipitation arcs in
comparison lo the meat and skin antigens of the species under
study. Cow and camel hair antigen showed two, while buffalo hair
anligen showed only one precipitation arc. Further, on comparing
the vresults of all the three species, Lhe hair antigen and
antibody after reaclion showed sharp differences in the locatlion
of precipitin arcs. Heterogenecity in the hair antigens of man,
cattle, horse, sheep, goat, pig, cal and dog was also observed
during immunoelectrophoretic studies by Simonsen (1974) and the
results of present investigation for hair antigens of all the

three species yielded similar trends of helerogenecily.

Electrophoretic separation followed by double gel
immunodiffusion provides & higher degree of resolving power. £
more number of precipitin arcs may be due to the resullt of beller
separation of antigenic components under electric field.
Presentely this technique has proved usefulness for detecling and

identifying individual component in a multiple component sysliem.
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Though, our observations on serclogical
identification of skin and hair is preliminary, but this study
will definitely pave way for its application in the field of
disputed cases where only skin and hair samples are submitled for
the iddentification of species. Further, the resull of the
present  study may be utilized in checking adulteration of meatl
supplied for human consumption. The evidences made by the tests
50 applied will certainly be helpful in our court of law Ffor
apprehension of unlawful persons and will provide safeguard to
animals which are rare or whose slaughter is banned. Also, it
will be helpful to safeguard the religious sentiments of tLlhe

various communilies.
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SUMMARY



5. SUMMARY

Increased demand of animal proteins in the form of
meat in human diet has created unlawful temptation af
slaughtering animals whose slaughtier is banned in India or whose
meat consumption is nol allowed by the authorities. The present
investigation on animal species identificaltion was alltempled Lo

help the court of law by complimenting evidence with support.

For characterization of wmeal, skin and hair,
anligens were prepared by using freezing and thawing techniqgue.
The total protein contents were 0.8%, 0.75%, 0.57: 1.39, 1.13,
Q.67 1,27, 1.06 anﬂ 0.26 aram per cent for meatl, skin and hair

antigens of cow, buffalo and camel, respeclively.

fntiserum against each antigen was raised in
rabhbits by inoculating antigens with Freund's incomplete
adjuvant and anltibiotic (Gentamicin). The immunization schedule
followed for raising anliserum against various antigens was 0,
3rd, 6&bth and 1é6th day. A total of 40mg protein in split doses of
10myg  per dinoculation by subculaneous roule was given in  each
rabbit at their flank region. Blood was collected after 4 days of
the last inoculation through cardiac punclture and serum was
separated by centrifugation.  The antiserum and anligens were
stored at wZOOC in deep freezer afler adding Lhiomersal of 1:3000

concenltralion as preservaltive.

Double gel immunodiffusion test was applied to
unabsorbed antiserum and antigens using homologous antigeny

antibody system, The result showed 4, 3, 13 4, 3, 1; 7, 2 and 2

24



precipitation bands with antigens and unabsorbed antiserum of

meat, skin and hair of cow, buffalo and camel, respectively.

To determine antigenic correlation among various
antigens of animal species under study, cross—reaction lests were
performed by using double gel immunodiffusion technigue. For
This, unabsorbed antisera was allowed to reacl with its
homologous and eight helterologous antigens. Cross—reactions were
observed in majority of antigens bul none of anlisera cross—
reacted with all eight heterclogous antigens. Antisera of buffalo
hair, camel skin and hair did nol show cross~reaclion with any of
the helerologous antigens. The meat antiserum of cow, buffalo
and camel showed & common precipitation reaction wilh their own

meal as well as their skin anligen.

Double gel immunodiffusion test was applied by
using absorbed antisera with homologous and heterologous
antigens. Exceplt camel meal, Lhe teslt revealed species-specific
reaction witlh homologous antigens. Camel meal antiserum was
absorbed with eight other antigens bul even then il cross-reacted
with camel skin antigen. With absorbed antiserum weak reactions

with few precipitation lines were observed in this test.

For characlerizalion of various antigens of animal
species, agar gel electrophoresis was carried oul by passing a
current of 50mA with potential difference of 120 volts for 33 tlo
50 minutes. For each antigen, & characleristic pattern of
protein fraction was observed with marked anodic and cathodic

mobility. The number of protein fractions or bands observed witlh



meat, skin and hair antigens of cow, buffalo and camel were &, 5,

By &, 7, 4: 7, & and 8, respeclively.

The electrophoretograms of each antigen wereb put
into densitomelter (BYETRONICS-201) and Their optical densities
were measured. Relative percentage of proltein fractions of each
antigen were estimalted by plotiing the graph by taking optical

density on ordinalte and various fractions on abscissa.

In dimmunoelectrophoresis, anltigenic fraclions of
gach antigen under study were separated in agar gel medium under
electric field and then they were reacted with homologous
antiserum. A definite number of precipitin arcs were ohserved
for each antigen of animal species. A total of 3, 3, 2y 92, 3,
13 13, 3 and Z precipitin arcs were recorded for meat, skin and
hair antigens of cow, buffaleo and camel, respectively. Excepl
cow and buffalo haiv antigen, precipilin arcs were observed in
both anodic and calthodic zones. In the reaction of cow hair
antigen, precipilin arcs were presenlt in cathodic zone and in
antigen of buffalo hair lhe single precipiltin arc was ohserved in
a =zone which was commoen Lo anodic and cathodic side. In
immunoelectrophoresis, more number of precipitin arcs may be dus
to the result of better separaltion of antigenic components of the

antigens used in this study.

The result of the present investigation will  help
in thecking malpractices in meal industry and unlawful slaughtler
of animals so as Lo safeguard the religious sentiments of the

CONnsumers.
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ABSTRACT

The present serological study was undertaken lo
characterize meat, skin and hair antigens of cow, buffalo and
camel. The meal, skin and hair and antigens were prepared by
freezing and thawing technique. For raising antiserum against
&ll the antigens, the rabbitls were inoculated with antigens on O,
3rd, 6th and 1é4th day by subcutaneous route. fintigens were
inoculated at the rate of 40mg of total protein in 10mg split

doses.

The antisera thus obltained was used as a source of
antibodies against desired anltigen in serological reaclions viz.
double gel immunodiffusion and immunoelectrophoresis tests.
Antigens were also processed by agar gel eleclrophoresis for

tharacterization of their antigenic components.



Double gel immunodiffusion test was conducted by
reacting unabsorbed antisera with its homologous antigen and il
showed 4, 2, 1; 4, 3, 1; 7, 2 and 2 precipitation bands in meatl,

skin and hair antigens of cow, huffalo and camel, respectively.

To determine the antigenic correlation among the
various antigens of animal species under study, Uthe unabsorhed
antiserum was reacled with its homologous and eight heterologous
antigens. Cross-reacltions were observed in majority of antigens
bBut none of antisera cross—reaclied with‘all the eight antigens,
Buffalo hair, camel skin and hair antiserum did not show any
cross—reaction. The meal antisera of cow, buffalo and camel
showed & common precipitation reaction with their meat as well

as the skin antigens.

The absorbed antiserum was used in double gel
immunodiffusion Test to demonstrate species-specific reaction.
Except camel meat, Lthe test revealed species—specific weak
reaction with reduced number of precipitin lines. The absorbed

camel meal antisevra also cross—reacted wilh camel skin antigen.

All the antigens were characlterized by using agar
gel electrophoresis technique. A characteristic pattern of
protein fractions was obtained for each antigen. The number of
protein fractions observed were &, %, 8; 8, 7, 4; 7, & and 8 for
meat, skin and hair antigens of cow, buffalo and camel,

respectively and their protein percentage was also determined.



In immunoelectrophoresis the antigenic fracltion
were separalted oul and then these were allowed to react with
their respecitive homologous antiserum. A definite number of
precipitin arcs were observed for each antigens i.e. 3, 3, &3 9,
3, 1y 13, 3 and 2 for antigens of meal, skin and hair of cow,
buffalo and camel, respectively. Precipitalion arcs were present
bhoth in anodic and cathodic zones excepl in the case of cow and
buffalo hair antigens. In the reaction of cow hair antigen ‘the
precipitin arcs were present only in cathodic zone while in case
of buffalo hair antigen the precipitin arc was common to both the

anodic and cathodic zone.

The results of the present study will help in

a3

checking malpractices of unlawful slaughler of animals and
adulteration of meat meant for human consumpltion and will also

safequard the religious sentiments of lhe various communities.
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APPENDIX - 1

Composition and preparalion of buffers and reagents used

I LOWRY'S REAGENTS

(1) Sodium hydroxide solution (BN
Sodium hydroxide flakes 200 g
Distilled waler 1000 ml

{1ii) Standard tyrosine solution (0.0Z2 pev centl)
Tyrosine 0.2 g
Hydrochloric acid (Q.1N) 1000 ml

(iii) Foelin-Ciocalteu reagent

Sodium tungstate (RDH) 100 g
Sodium molybdate (EDH) 25 0
Phosphoric acid (8% per centl) 50 mi
Mydrochloric acid {(concentraled) 100 ml
Lithium sulphale 150 9
Ligquid bromine few drops
11

Glass distilled waler to make volume 1000 m

{iv) Tyrosine standard

Standard tyrosine solution (0.0Z per cent) 4 ml
Sodium hydroxide solution (3N 2 ml
Folin-Ciocalleu reagent 3 ml
Glass distlilled water to make volume 1000 ml
{v) Blank solution
Hodium hydroxide solution (3N) 2 ml
Folin-Ciocalleu reagent _ 3 oml
Glass distilled water to make volume 50 ml

(i)



11 PHOSPHATE BUFFER (0.028M) pH 7.5

Sodium dihydrogen phosphatle 0.154 1
Disodium hydrogen phosphate 1.5%6 4
Glass distilled waler to make volume 1000 ml

111 VERONAL BUFFER (0.05M) pH 8.6

Barbituric acid 1.84 0o
Sodium diethyl barbiturate 10.30 g
Glass distilled water Lo make volume 1000 ml

IV PHOSPHATE BUFFER SALINE (0.01M) pH 7.5

Sodium dihydrogen phosphate 0.380 g
Disodium hydrogen phosphate 1,020 q
Sodium chloride 0.800 g
Glass distilled waler 100 ml

v AGAR GEL MEDIUM (1.5 PER CENT)

(i) For immunodiffusion 3
Moble agar powder (Difco) 1.5 g
Phosphate buffer pH 7.5 50 ml
Glass distilled water 50 ml
(ii) For electrophoresis
Noble agar powder (Difco) 1.9 g
Veronal buffer pH 8.6 5@ ml
Glass distilled water 50 ml

Dissolved by heating over ihe flame and auloclaved at 10

pounds  pressure for 10 minutes. The molten agar was allowed to
o

cool at 50 € and thiomersal was added Lo a final concentration of

0.02 per cent as preservaltive.

{(1i)



VIl AMIDO BLACK STAIN (0.1 PER CENT)

Amido black dye
Glacial acelic acid 1M
Sodium acetate (O.1M)
Glycerol

VI DESTAINING SOLUTION
Glacial acelic acid
Glycerol

Distilled water to make volume

e oress ardse sress Sra bmbae misss setne seves

4% ml
42% ml

150 ml

& ml
10 ml

100 ml

Note * 1. The desired pH of the huffers was adjusted with tihe

felp of Systronics digital

was added Lo a final concentralion

preservalive.

™Y
HEY

Al the solulions were

prepared

in

pH meler—~33% and thiomersal

of 0.02 per cent as

double qlass

distilled walter and the chemicals used were of analar

grade and stored at refrigeration

temperalure. The

chemicals and reagents were used within one month.

(idid





